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URIDINE TRIACETATE AMORPHOUS FORMULATION

BACKGROUND OF THE INVENTION

The pyrimidine nucleoside uridine has several potential clinical applications, including
treatment of fluoropyrimidine toxicity and mitochondrial energy failure disorders. A
barrier to therapeutic use of uridine is poor oral bioavailability, which has been measured
at approximately 7% in both humans and mice. Uridine triacetate, an ester prodrug of
uridine, in its crystalline form, improves oral bioavailability to approximately 50%.
However, because relatively large doses of uridine triacetate are required for its
therapeutic use in some disorders, up to 5 to 10 grams per dose, further improvement in
bioavailability is important, both for reducing the amount of drug needed (and
corresponding costs), and especially for therapeutic indications that benefit from a high
peak concentration (Cmax) of plasma uridine, such as mitochondrial diseases and other
energy failure disorders including but not limited to Huntington’s Disease, Down
Syndrome Dementia, age-related dementia and neuromuscular degeneration (sarcopenia),
and vulnerability to secondary injury after acute brain injury such as traumatic brain
injury, concussions, ischemic or hemorrhagic strokes, and asphyxia.

One important factor regulating the rate and extent of delivery of plasma uridine after
oral administration of uridine triacetate is the rate of dissolution of crystals of this
compound. Uridine triacetate has limited solubility in water, approximately 10
milligrams per milliliter.

Because relatively large doses of uridine triacetate are required, a high ratio of uridine
triacetate to formulation excipients is important; however, a high ratio of uridine
triacetate to excipients may result in poor stability, including crystal formation over time,
creating both functional and regulatory problems. Furthermore, excipients must be safe

in quantities compatible with the requisite amounts of uridine triacetate.
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SUMMARY OF THE INVENTION

This invention provides a composition comprising amorphous uridine triacetate dispersed
in one or more excipients, wherein the amount of the amorphous uridine triacetate is from
about fifty to about sixty percent by weight of the composition; one of the one or more
excipients is Hypromellose Acetate Succinate-MG; and the amount of the Hypromellose
Acetate Succinate-MG is from about thirty-seven to about forty percent by weight of the

composition.

DETAILED DESCRIPTION OF THE INVENTION

In an embodiment of the composition according to this invention, one of the one or more
excipients is Copovidone. When the composition comprises Copovidone it is convenient
for the amount of Copovidone to be about twelve percent by weight of the composition,

for example about 12.5 percent by weight.

In a preferred embodiment of the composition according to this invention, the amount of
amorphous uridine triacetate is about sixty percent by weight of the composition and the
amount of the Hypromellose Acetate Succinate-MG is about forty percent by weight of
the composition. In another preferred embodiment the amount of amorphous uridine
triacetate is about fifty percent by weight of the composition, and the one or more
excipients comprise Hypromellose Acetate Succinate-MG in an amount of about 37.5
percent by weight of the composition and Copovidone in an amount of about 12.5 percent

by weight of the composition.

The amorphous dispersion compositions according to this invention allow high loading of
uridine triacetate, adequate stability during storage, and improved oral bioavailability in
comparison to equimolar doses of crystalline uridine triacetate particles. Moreover the
compositions in accordance with this invention have improved taste and texture
compared to the coated granules of crystalline uridine triacetate currently being
commercialized. The compositions in accordance with this invention can optionally be
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mixed with soft foods such as applesauce, pudding or yogurt up to about thirty minutes

before being ingested.

Generally, amorphous formulations are used when the active pharmaceutical ingredient
(API) is very sparingly soluble and thus small amounts of API are made more soluble and
thus bioavailable. It is not generally used with APIs, such as uridine triacetate, that are
moderately soluble. An amorphous formulation of uridine triacetate allows practical oral
delivery of a large amount of APL In the expressions “amorphous formulation™” and
“amorphous dispersion” of uridine triacetate, the term “amorphous” refers to the fact of

the uridine triacetate being non-crystalline.

Amorphous dispersions are produced by one of two basic methods, spray drying or hot
melt extrusion. In spray drying, the drug and excipients (generally including a polymer)
are dissolved in a volatile solvent. The solution is sprayed as a fine mist and solvent is
evaporated by heat or vacuum, leaving fine particles that are collected. In hot melt
extrusion, the drug and excipients are melted together, mixed, extruded and cooled,
yielding a solid material that can be milled to form particles of suitable size. In
accordance with this invention the particles can be milled to any conventional size. For

example it is convenient for the particles to have a D50 of about 200 microns.

Amorphous dispersion particles are optionally further formulated into aggregates, coated
with taste masking or modified release excipients. Particles can also be incorporated into
suspensions, capsules or tablets, including miniature tablets that are small enough to pass
through gastrostomy or nasogastric tubes, or to be administered via an oral dosing

syringe.

Uridine triacetate readily crystallizes under aqueous conditions. Therefore it was
unexpected that hot melt extrusion compositions, such as formulation 1(60% AP1/40%
HPMCAS-MG) and formulation 2 (50% AP1/37.5%HPMCAS-MG/12.5% Copovidione),

could be made successfully, display stability and overcome the challenge of targeting a



10

15

20

25

WO 2022/164985 PCT/US2022/014031

very high drug load (> 50% uridine triacetate) of an API prone to reverting to a

crystallized form, especially in the presence of moisture.

In the field of hot melt extrusion it is common to add a surfactant or plasticizer.
Nevertheless it was found that the hot melt extrusion of the formulations according to this
invention did not require addition of a surfactant or plasticizer (Example 1 and Example
2). Without wishing to be bound by theory, it appears that uridine triacetate itself may be

acting as a plasticizer.

Abbreviations and definitions:

HPMCAS means Hypromellose Acetate Succinate (a/k/a Hydroxypropyl Methyl
Cellulose Acetate Succinate).

KF refers to the Karl Fischer method for the determination of moisture content.
RH means Relative Humidity.

Uridine triacetate is also known as 2°,3°,5’-Tri-O-acetyluridine or triacetyluridine.

The invention will be better understood by reference to the following examples, which

illustrate but do not limit the invention described herein.

EXAMPLES

Example 1: Amorphous Solid Dispersion Consisting of 60% Uridine Triacetate and

40% Hypromellose Acetate Succinate-MG

An amorphous solid dispersion (ASD) consisting of 60% Uridine Triacetate (w/w) active
pharmaceutical ingredient (API) and 40% Hypromellose Acetate Succinate-MG
(HPMCAS-MG) polymer was prepared by mixing Uridine Triacetate with
Hydroxypropyl Methyl Cellulose Acetate Succinate-MG in ratios as described in Table 1,
followed by hot melt extrusion with a twin screw extruder. The cooled extrusion was

milled to a D50 of approximately 200 microns.
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Table 1: Materials for 40% Uridine Triacetate and 60% Polymer Amorphous

Solid Dispersion

MG

% of
Chemical Name Trade Name Source
Formulation
Uridine Triacetate NA 60% Wellstat
Hypromellose AquaSolve™ HPMCAS- | 40% Ashland
Acetate Succinate- MG

Example 2: Amorphous Solid Dispersion Consisting of 50% Uridine Triacetate and

37.5% Hypromellose Acetate Succinate-MG and 12.5% Copovidone

An amorphous solid dispersion (ASD) consisting of 50% Uridine Triacetate (w/w) active

pharmaceutical ingredient (API), 37.5% Hypromellose Acetate Succinate-MG

(HPMCAS-MG) and 12.5% Copovidone was prepared by mixing Uridine Triacetate with

Hypromellose Acetate Succinate-MG and Copovidone polymers in the ratios as described

in Table 2, followed by hot melt extrusion with a twin screw extruder. The cooled

extrusion was milled to a D50 of approximately 200 microns.
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Table 2: Materials for 60% Uridine Triacetate and 40% Polymer Amorphous

Solid Dispersion

Vinyl Acetate)

% of
Chemical Name Trade Name Source
Formulation
Uridine Triacetate NA 50% Wellstat
Hypromellose AquaSolve™ HPMCAS- | 37.5% Ashland
Acetate Succinate- MG
MG
Poly(1- Copovidone 35 M3 12.5% BASF
vinylpyrrolidone-co- | H.LEUR./NF Type K28

Example 3: Stability of ASD Formulations 1 and 2 Under Long Term

(25°C/60% RH) and Accelerated (40°C/75%RH) Conditions

Formulation 1 (60% API) was stable for 12 weeks under long term (Table 3:

25°C/60%RH) and accelerated conditions (Table 4: 40°C/75%RH) with no increase in

impurities or crystallinity as detected by HPLC and light microscopy, respectively.

Formulation 2 (50% API) was stable for 12 weeks under long term (Table 5:

25°C/60%RH) and accelerated conditions (Table 6: 40°C/75%RH) with no increase in

impurities or crystallinity as detected by HPLC and light microscopy, respectively.
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Table 3: Formulation 1 (60% API): 25°C/60% RH Stability

Test Initial 4 Weeks 6 Weeks 12 Weeks
Appearance and Off-white Off-white Off-white Off-white
Color granules granules granules granules
Assay 100.9% 98.3% 99.9% 100.1%
Impurities
Uridine | ND ND ND ND
2’5’ diacetyluridine | < 0.03% 0.04% <0.03% 0.03%
(0.02%)
2’-acetyluridine + 3’- | ND ND ND ND
acetyluridine
5’-acetyluridine | ND ND ND ND
2°,3’- diacetyluridine | 0.04% 0.08% 0.03% 0.06%
2°,5°-10.05% 0.10% <0.03% 0.07%
diacetyluridine +
3°,5’-diacetyluridine
Individual Unknown | ND ND ND ND
Impurity
Total Impurities | 0.09% 0.22% 0.03% 0.16%
Crystallinity No No No No
Crystallinity | Crystallinity | Crystallinity | Crystallinity
Detected Detected Detected Detected
Moisture by KF 0.73% 0.61% 0.56%
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Table 4: Formulation 1 (60% API): 40°C/75% RH Stability

Test Initial 4 Weeks 6 Weeks 12 Weeks
Appearance and Off-white Off-white Off-white Off-white
Color granules granules granules granules
Assay 100.9% 98.4% 100.3% 100.0%
Impurities

Uridine | ND ND ND ND
2°,5’-diacetyluridine | < 0.03% 0.04% 0.03% 0.06%
(0.02%)
2’-acetyluridine + 3’- | ND ND ND ND
acetyluridine
5’-acetyluridine | ND ND ND ND
2°,3’- diacetyluridine | 0.04% 0.09% 0.05% 0.14%
2°,5°-10.05% 0.10% 0.07% 0.16%
diacetyluridine +
3°,5’-diacetyluridine
Individual Unknown | ND ND ND ND
Impurity
Total Impurities | 0.09% 0.232% 0.15% 0.36%
Crystallinity No No No No
Crystallinity | Crystallinity | Crystallinity | Crystallinity
Detected Detected Detected Detected
Moisture by KF 0.73% 0.60% 0.56%
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Table 5: Formulation 2 (50% API): 25°C/60% RH Stability

Test Initial 4 Weeks 6 Weeks 12 Weeks
Appearance and Off-white Off-white Off-white Off-white
Color granules granules granules granules
Assay 100.5% 98.9% 100.9% 100.2%
Impurities
Uridine ND ND ND ND

2°,5’-diacetyluridine | 0.03% 0.04% <0.03% 0.04%
2’-acetyluridine + 3’- | ND ND ND ND
acetyluridine
5’-acetyluridine | ND ND ND ND
2°,3’- diacetyluridine | 0.05% 0.07% 0.03% 0.07%
2°,5°-10.07% 0.09% <0.03% 0.09%
diacetyluridine +
3°,5’-diacetyluridine
Individual Unknown | ND ND ND ND
Impurity
Total Impurities | 0.15% 0.20% 0.03% 0.20%
Crystallinity No No No No
Crystallinity | Crystallinity | Crystallinity | Crystallinity
Detected Detected Detected Detected
Moisture by KF 0.88% 0.78% 0.76%
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Table 6: Formulation 2 (50% API): 40°C/75% RH Stability

Test Initial 4 Weeks 6 Weeks 12 Weeks
Appearance and Off-white Off-white Off-white Off-white
Color granules granules granules granules
Assay 100.5% 98.8% 100.5% 100.8%
Impurities
Uridine | ND ND ND ND
2°,5’-diacetyluridine | 0.03% 0.05% 0.03% 0.08%
2’-acetyluridine + 3’- | ND ND ND ND
acetyluridine
5’-acetyluridine | ND ND ND ND
2°,3’- diacetyluridine | 0.05% 0.11% 0.06% 0.20%
2°.,5°-10.07% 0.13% 0.07% 0.22%
diacetyluridine +
3°,5’-diacetyluridine
Individual Unknown | ND ND ND ND
Impurity
Total Impurities | 0.15% 0.28% 0.16% 0.50%
Crystallinity No No No No
Crystallinity | Crystallinity | Crystallinity | Crystallinity
Detected Detected Detected Detected
Moisture by KF 0.88% 0.82% 0.80%
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CLAIMS

What is claimed is:

1. A composition comprising amorphous uridine triacetate dispersed in one or more
excipients, wherein

the amount of the amorphous uridine triacetate is from about fifty to about sixty percent
by weight of the composition;

one of the one or more excipients is Hypromellose Acetate Succinate-MG; and

the amount of the Hypromellose Acetate Succinate-MG is from about thirty-seven to

about forty percent by weight of the composition.

2. The composition of claim 1, wherein one of the one or more excipients is
Copovidone.
3. The composition of claim 2, wherein the amount of Copovidone is about twelve

percent by weight of the composition

4. The composition of claim 1, wherein the amount of amorphous uridine triacetate
is about sixty percent by weight of the composition and the amount of the Hypromellose

Acetate Succinate-MG is about forty percent by weight of the composition.

5. The composition of claim 1, wherein the amount of amorphous uridine triacetate
is about fifty percent by weight of the composition, and the one or more excipients
comprise Hypromellose Acetate Succinate-MG in an amount of about 37.5 percent by
weight of the composition and Copovidone in an amount of about 12.5 percent by weight

of the composition.

6. The composition of any one of claims 1 to 5, produced by hot melt extrusion.
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7. The composition of claim 6, wherein the composition comprises particles having
a D50 of about 200 microns.

8. The composition of any one of claims 1 to 5, wherein the composition does not

comprise a plasticizer other than the amorphous uridine triacetate.
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