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SOLID COMPOSITIONS OF TRIGLYCERIPES AND USES THEREQF

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Patent Application No.

W

61/904 369 filed November 14, 2013, which is herein incorporated by reference in its

entirety.

FIELD OF THE INVENTION
The present invention relates to solid compositions of triglycerides with one or more

10 fatty acids, such as triheptanoin and glycerol phenylbutyrate, and the therapeutic use thereof,

BACKGROUND OF THE INVENTION

Current dosage form of the ériglycerides drug, ¢.g., triheptancin, is a liquid with the

counsistency of o, Several problems are associated with the liguid dosage form due to its

15 physical and physiclogical propertics. First, the liquid dosage forms, such as oil, ave difficudt to
be administered due to low miscibility with food or drinks. Sccond, the oil formulations are
difficult to be handled, carried, and dispensed. Furthermore, upon admivistration, the oif
composition is hydrolyzed and released rapidly in the stomach leading to gastric upset,
gastric retention, and hkely gastrin-relaied stomach spasm and emesis. In addition, the il

20 formulations can cause diarrhea by reforming oil droplets and causing a mineral-oil like
excess lubrication. Upon repetitive administration of the oil, some patients experience gastric
stress which causes vomiting and/or diarthea. Thus, the tolerability in the oil form can be a
dose-limiting toxicity or lead to adverse effecis, and the reduced administrable dose would
negatively tmapact the treatinent effect for a fatty acid oxidation disorder or deficiency

25 {FAQGD); adult polyvglucosan body disease; a mitochondrial fat oxidation defect; a glveogen
storage disease; a mitochondrial myopathy; gluocose transporter type 1 (GLUTHY deficiency

syndrome, or other related diseases.

SUMMARY OF THE INVENTION
34 Among other things, the present mvention is directed to a solid composition
comprising an oster derived from a polyol and one or more fatty acids as an active ingredient,
and a sohid substance. To give an example of the ester, triglycerides with one or more fatty

acids are suitable for use in accordance with the present invention,
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In one aspect, the presemt invention provides a solid composition comprising
triglycerides with one or more odd-numbered carbon faity acids as an active ingredicnt and a
solid substance; wherein the active ingredient bas purity greater than 98% and the one or
more odd-numbered carbon fatty acids are selected from the group consisting of CS, C7, €9,

5 CH1, €13, €15, and any combinations thereof; and the solid composition comprises at least

about 50% by weight the triglycerides. The present invention also provides a solid
composition comprising a phirality of solid particles, cach particie comprising triglycerides
with one or more odd-numbered carbon fatty acids as an active ingredient adsorbed onto a
solid substance; wherein the active ingredient has purity greater than 98% and the one or

10 more odd-numbered carbon fatty acids are selected from the group consisting of C3, C7, €9,
C11, C13, C15, and any combinations thereof; and the sohid composition comprises at least
about 50% by weight the triglycerides.

In another aspect, the present invention provides a solid composition comprising
trighyeerides with one or more phenylalkanoic acids and/or phenylalkenoic acids as an active

15 ingredient and a solid substance; wherein the active ingredient has purity greater than 93%
and the solid composition comprises at least about 50% by weight the triglycerides. The
present invention also provides a solid composition comprising a plurality of solid patticles,
each particle comprising triglycerides with one or more phenylalkanoic acids and/or
phenyialkenoic acids as an active ingredient adsorbed onto a solid substance; wherein the

20 active ingredient has purity greater than 95% and the solid composition comprises at least
about 50% by weight the triglveerides.

In some embodiments, the solid composition comprises at least about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, or about 90%
of the active ingredient by weight of the composition.

25 In some embodiments, the solid substance includes a sohid carrier. The solid carrier
can be a fumed silica. Additionally or alternatively, the solid carrier can be selected from the
group consisting of SiQy, TiO,, AL{s, zeolites, Cab-O-Sil, and combinations thereof.

The solid substance can further comprise one or more sustained release polymers.
In some embodiments, the sustained release polymer is a film-forming, water

30 insoluble polymer. The film-forming, waler insoluble polymer can be selected from the
group consisting of ethylcellulose, cellulose acctate, cellulose propionate (lower, medium or
higher molecular weight), cellulose acetate propionate, cellulose acetate butyrate, celiulose
acetate phthalate, cellulose triacetate, poly{methyl methacrylate), poly{ethyl methacrylate),

poly(butyl  methacrylate), poly{isobutyl methacrylate), polythexyl  wmethacrylate),
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poly(isodecyl  methacrylate), poly(lauryl  methacrylate), poly(phenyl methacrylate),
poly(methyl acrylaie), pely(isopropyl acrylate), poly{isobutyl acrylate), poly{octadecyl
acrylate), poly{ethylene), poly(ethylene) low dewsity, poly(ethylene) high density,
poly{propyiene), poly(ethylene oxide), poly{ethyiene tercphthalate), poly{viny]l isobutyl
ether), poly{vinyl acetate), poly(vinyl chloride) or polyurcthane, or mixtures thereof In one
embodiment, the film-forming, water insoluble polymer is eclulose acctate.

In some cmbodiments, the sustained release polymer comprises one or more pH
dependent polymers. The pH dependent polymer can be selected from a groap consisting of
a methyl acrylate-methacrylic acid copolymer, a cellulose acetate succinate, a hydroxy propyl
methyl cellulose phtbalate, a hydroxy propyl methyl cellulose acetate  succinate
{hypromellose acetate succinate}, a polyvinyl acctate phthalate (PVAP), a methyl
methacrylate-methacrylic acid copolymer, alginate and stearic acid, and any combinations
thereof.

In some embodiments, the solid composttion comprises, by weight of the
composition, about 50% to about 30% of the active ingredient; about 10% to about 30% of
the solid carrier; and about 10% to about 30% of the sustained release polymer. In some
embodiments, the active ingredient, the solid carrier, and the sustained release polymer are in
a weight ratio of about 2:1: 1.

The sclid composition in accordance with the present invention can be in form of a
powder. In some cmbodiments, the powder comprises particies having an average diameter
of less than about 10 micron. The particles can have an average diameter of less than about 9
microns, less than about 8 microns, less than about 7 microns, less than about 6 micrens, less
than about 5 microns, less than about 4 microns, less than about 3 microns, less than about 2
microns, less than about 1000 nm, less than about 900 nm, less than about 800 run, less than
about 700 nm, less than about 600 nm, less than about 500 nm, less than about 400 nm, less
than about 300 nm, less than about 290 nm, less than about 280 nm, less than about 270 nm,
fess than abowt 260 nm, less than about 250 nm, less than about 240 nm, less than about 230
nm, less than about 220 nm, less than about 210 nm, less than about 200 nmy, less than about
190 nm, less than about 180 nm, less than about 170 nm, less than about 160 nm, less than
about 150 nm, less than about 140 nm, less than about 130 nm, less than about 120 nm, less
than about 110 nm, less than about 100 nm, less than about 90 nm, less than aboui 80 nm,
tess than about 70 nm, less than about 60 nm, less than about 50 nm, less than about 40 nm,
fess than about 30 nm, fess than about 20 nm, fess than about 10 nm, less than about 9 nm,

o~
7

fess than about § nm, less than about 7 nm, less than about 6 nm, or less than about 5 nm.
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In some embodiments, the solid substance has a surface area of at least 20 m”/ .

In some embodiments, the solid particles are formed by spray drying a spray
suspension comprising the friglycerides with one or more odd-nunbered carbon fatty acids as
an active ingredient and the solid substance.

The solid composition in accordance with the present invention can include
triglycerides with seven carbon fatty acids. In some embodiments, the solid composition
further comprises trighycerides with one or more edd-nunbered carbon faity acids selected
from the group consisting of C5, 09, CH1, C13, €15, and any combinations thereof.

In some cmbodiments, the iriglycerides is a triheptanoin oil comprising greater than
about 98% pure glveerol tribeptanoate as an active ingredient. The friheptancin oil can
comprise less than % w/w of a pon-C7 triglycernide or a combination of non-C7
triglycerides.

The solid composition in accordance with the prescnt mvention can forther nclude a
pharmaceuntically acceptable excipient.

In some embodiments, the solid composition includes an active ingredient that has
purity greater than 97% after about four weeks of exposure to about 25°C at about 60%
refative humidity when package in a sealed condainer. 1o some embodiments, the sohid
composition has a water content of no more than 1.0% by weight after about four weeks of
exposure to about 25°C at about 60% relative humidity when package in a scaled container.
In some cmbodiments, the solid composition includes an active ingredient that has purity
greater than 98% after about four weeks of expoesure to about 25°C at about 60% relative
humidity when package in a sealed container. In some embodiments, the sohid composition
has a water content of no more than .5% by weight after about four weeks of exposure to
about 25°C at about 60% rclative humidity when package in a sealed contziner. In some
embodiments, the solid composition includes an active ingredicnt that has purity greater than
89% after about four woeks of exposure to about 25°C at about 60% relative humidity when
package in a scaled container. In some embodiments, the solid composition has a water
content of no more than 0.35% by weight after about four weeks of exposure to about 25°C at
about 60% relative humidity when package in a scaled container.

In some embodiments, the solid composition includes an active ingredient that has
purity greater than 97% after about four weeks of exposure to about 40°C at about 75%
relative homidity when package in a8 sealed container. T some embodiments, the sohd
composition has a waler content of no more than 1.0% by weight after about four weeks of

exposure to 40°C at about 75% relative humidity when package in a scaled container. In some
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embodiments, the solid composition includes an active ingredient that has purity greater than
08Y% after about four wecks of exposure to about 40°C at about 75% relative humidity when
package in a sealed container. In some cmbodiments, the solid composition has a water
content of no more than 0.5% by weight after about four weeks of exposure to 40°C at about
5 75% relative humidity when package tn a sealed container. In some embodiments, the solid
composition includes an active ingredicnt that bas purity greater than 99% after about four
weeks of exposure to about 40°C at about 75% relative humidity when package in a sealed
container. In some embodiments, the solid composition has a water content of no more than
(.45% by weight after about four weeks of exposure to 40°C at about 75% relative humidity
10 when package in a sealed container.

The present invention provides a method of treating a disease, disorder, or condition
i a subject comprising orally administering o the subject a therapeutically effective amount
of a solid composition in accordance with the present invention, wherein the discase,
disorder, or condition is selected from any one or more of the following: a fatty acid
15 oxidation disorder or deficiency; adult polyghicosan body disease; a mitochondrial fat
oxidation defect {(c.g., relating to carnitine palmitoyl transferase 1, carnitine pafmiioyl
transferase U, carnitine acylcarnitine translocase, very fong chain acyl-CoA dehydrogenase,
trifonctional protein, long chain hydroxyacyl-CoA  dehydrogenase, multiple acyl-CoA
dehydrogenase, short chain acyl CoA dehydrogenase, alpha glucosidase, braocher enzyme,
20 debrancher enzyme, myophosphoryiase, or phosphofruciokinase); a glycogen storage discase
{e.g., glycogen storage disease Type I); ghicose tramsporter type | (GLUTI) deficiency

syndrome; and a mitochondrial myopathy.
Alse provided is a method of treating a discase, disorder, or condition in a subjoct

comprising orally administering to the subject a therapeutically effective amount of a solid

25 composition in accordance with the present invention, wherein the discase, disorder, or
condition is selected from any one or more of the following: urea cyele disorders (UCD) and
hepatic encephalopathy (HE).

fn some embodiments, the solid composition is co-administered with a food, drink, or
comestible composition.

30

BRIEF DESCRIPTION OF FIGURES
Figure 1 is the metabolite pharmacokinetics (PK) profile of triheptancin and
heptancate following triheptanoin oil dosing on Day 1 i male and female mini-pigs

combined.

o
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Figure 2 is the metabolite PK profile of triheptanoin and heptancate following
triheptancin powder-ER dosing on Day 1 in male and female mini-pigs combined.

Figure 3 is the metabolite PR profile of triheptanoin and heptancate following
triheptanoin powder dosing on Day 1 in male and female mini-pigs combined.

5 Figare 4 is the metabolite PK profile up to 48 howrs (left) or 8 hours (right) of
heptanoaic following wriheptanoin oil, powder and powder-ER dosing on Day 1 in male and
female moini-pigs combined.

Figure § is the metabolite PK profile of B-hydroxybutyrie acid (C4-CH) and B-
hydroxyvaleric acid (C5-OH) following iriheptancin powder-ER dosing on Day 1 in male

10 and female mini-pigs combined.

Figare 6 is the metabolite PK profile of B-hyvdroxybutyric acid (C4-OH) and B-
hydroxyvalerie acid {CS-OH) following triheptancin oil dosing on Day 1 in male and female
mini-pigs combined.

Figare 7 is the metabolite PK profile of B-hydroxybutyric acid (C4-OH) and B-

15 hydroxyvaleric acid (C35-0OH) following triheptanoin powder dosing on Day 1 in male and

female mint-pigs combined.

Figure 8 is the metabolite PK profile up to 48 hours (lefty or 8 hours (right) of B-
hydroxybutyric acid (C4-OH) following triheptanoin oil, powder and powder-ER dosing on
Day | inmale and female mini-pigs combined.

20 Figure 9 is the metabolite PK profile up (o 48 hours (Ieft) or 8 hours {right) of B-

hydroxyvaleric acid (C5-OH) following wiheptanoin oil, powder and powder-ER dosing on
Day 1 in male and female mini-pigs combined.

Figure 10 is the metabolite PK profile of aspartate following triheptanoin powder-ER
dosing on Day 1 in male and fomale mini-pigs combined.

25 Figare 11 15 the metabolite PK profile of aspartate following triheptancin oil dosing

on Day 1 in male and female mini-pigs combined.

Figure 12 is the metabolite PK profile of aspartate following triheptancin powder
dostug on Day 1 in male and female mini-pigs combined.

Figure 13 is the metabolite PK profile of glutamate following triheptanoin powder-ER

30 dosing on Day 1 in male and female mini-pigs combined.

Figure 14 is the metabolite PK profile of ghitamate following triheptanoin ot dosing
on Day | in male and female mini-pigs combined.

Figure 15 is the metabolite PK profile of glutamate following triheptanoin powder

dosing on Pay 1 in male and female mini-pigs combined.

6
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Figire 16 is the metabelite PK profile of pimelic acid, 3-hydroxypropionate and
propionyi glycine following iriheptancin powder-ER dosing on Day | in male and female
mint-pigs combined.

Figare 17 is the metabelite PK profile of pimehic acid, 3-hydroxypropionate and

5 propionyl glycine following triheptanoin oil dosing on Day 1 in male and female mim-pigs
combined.

Figare 18 is the metabolitc PK profile of pimelic acid, 3-bydroxypropionate and
propionyl glyeine following triheptanoin powder dosing on Day | in male and female mim-
pigs combined.

10 Figare 19 is the profile of average cnergy and altomative metabolites following
triheptanoin powder-ER dosing on Day 1 in male and female mini-pigs combined.
Figare 20 is the profile of average energy and aliernative metabolites following
trilieptanoin oil dosing on Day 1 in male and fomale mini-pigs combined.
Figare 21 is the profile of average coergy and alternative metabolites following
13 wiheptanoin powder dosing on Day | in male and female mini-pigs combined.
Figure 22 is the metabolite PK profile of heptansic acid following triheptancin oil
dosing on Day | and Day 7 in male and fomale mint-pigs combined.
Figure 23 is the metabolite PK profile of Céd-hydroxy following triheptanoin oil,
powder and powder-ER dosing on Day | and Day 7 in male and female mini-pigs combined.
20 Figare 24 is the metabolite PK profile of C5-bhydroxy following trihepiancin oil,
powder and powder-ER dostng on Day | and Day 7 in male and female mini-pigs combined.
Figure 25 is the metabolite PR profile of aspartic acid following triheptanoin oil,
powder and powder-ER dosing on Day 1 and Day 7 in male and female mini-pigs combined.
Figure 26 is the metabolite PK profie of glutamic acid following triheptanoin oil,
25 powder and powder-ER dosing on Day | and Day 7 in malc and fomale min-pigs combined.
Figare 27 is the metabolite PK profile of pimelic acid following tribeptancin oil,
powder and powder-ER dosing on Day | and Day 7 in male and female mini-pigs combined.
Figare 28 15 the metabolite PK profile of 3-bydroxypropionate following tribeptanocin
oil, powder and powder-ER dosing on Day | and Day 7 in male and fomale mini-pigs
33 combined.
Figure 29 is the metabolite PK profile of propionyl glyeine following triheptanoin oil,
powder and powder-ER dosing on Day | and Day 7 in male and fomale mini-pigs combined.
Figare 30 is the sum of all metabolite PK profiles following tribeptanoin oil, powder

and powder-ER dosing on Day | and Day 7 in male and female mini-pigs combined.

7
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Figure 31 is the metabolite PK profile of Cd-hydroxy following triheptanoin powder
and powder-ER dosing (fold change relative to the oil dosing) on Day 1 and Day 7 in male
and female mini-pigs.

Figare 32 is the metabolite PK profile of CS-hydroxy following triheptanoin powder

5 and powder-ER dosing {fold change relative to the oil dosing) on Day 1 and Day 7 in male

and fonmale mini-pigs.

Figure 33 is the metabolite PK profile of heptanoic acid following tribeptanocin
powder and powder-ER dosing {fold change relative to the oil dosing) on Day 1 and Day 7 n
male and fomale mini-pigs.

10 Figare 34 is the metabolite PK profile of pimelic acid following triheptanoin powder
and powder-ER dosing (fold change relative to the oil dosing) on Day | and Day 7 in male
and fomale mini-pigs.

Figure 35 is the metabolite PK profile of glotaric acid following tribeptanoin powder
and powder-ER dosing (fold change relative to the oil dosing) on Day 1 and Day 7 in male

15 and fomale mini-pigs.

Figure 36 is the metabolite PK profile of aspartic acid following triheptanoin powder
and powder-ER dosing (fold change relative to the oil dosing) on Day 1 and Day 7 in male
and female nuini-pigs.

Figare 37 is the metabolite PK profile of glutamie acid following triheptancin powder

20 and powder-ER dosing {fold change relative io the oil dosing) on Day 1 and Day 7 in male
and fomale mini-pigs.

Figure 38 is the metabolite PK profile of alanine following triheptanoin powder and
powder-ER dosing (fold change relative to the oif dosing} on Day 1 and Day 7 in male and
fernale mini-pigs.

25 Figare 39 1s the metabolite PK profile of 3-hydroxypropionate following triheptanoin
powder and powder-ER dosing (fold change relative to the oil dosing) on Day 1 and Day 7 in
male and female mini-pigs.

Figare 40 is the metabolite PK profile of propiony! glveine following tribeptanocin
powder and powder-ER dosing {(fold change relative to the oil dosing) on Day 1 and Day 7 m

30 male and fomale mini-pigs.

DETAILED DESCRIPTION OF THE INVENTION
A solid composition in accordance with the present invention comprises an ester

derived from a polyol and one or more fatty acids as an active ingredicnt, and a solid

8
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substance. The term “polyol” denotes an alcohol containing two or more hydroxyl groups.
Examples of polyols inchude, but are not limited to, dicl {(c.g., sthylene glyeol, propylens
glveol, and resorcinol), triol {e.g., glyvcerol and cthave-1,1,2-tri0l), tetraol (e.g.,
pentacrythritol), and sugar alcohols {e.g., maltitol, sorbitol, xylitol, and erythritol, ). In one
5 embodiment, the polyol is glycerol.

In opne cmbodiment, the present solid compositions are particolarly vscfisl as
pharmacentical forowdation with both tmoproved physical propertics and physiolegical
propertics. In one embodiment, the solid compositions are casier to be administered because
they are miscible with food, drink, or other comestible compositions with ease. In another

10 embodiment, the solid compositions, such as powder or granule dosage forms, are more
portable and casier to handle and dispense during regular daily use or while raveling. In
another embodiment, the solid compositions are more stable during storage and easigr to be
handied and transported doring manufactore and commercialization. In another embodiment,
the solid compositions may have masked taste and improve dose tolerability and reduce side

15 effects. In another embodiment, the solid compositions, ¢.g., the powder dosage forms, have
delayed release characteristics in the stomach, with limited gastric upset, distress, or spasms.
o another embodiment, the solid compositions do not cause diarrhea from the oil leading to
excess hubrication of the GI tract through s delaved release and stabilized physical presence
allowing better and more complete digestion during passage in the gastrointestinal tract. In

20 another embodiment, the solid compositions comprising a plurality of particles wherein the
active ingredient oil is adsorbed on the surface of solid substance thereby enhancing the
surface avea of the oil on substrate particles. Soch enhanced surface area of the o1l can
enhance absorption cfficiency for cach dose thereby improving efficacy and reducing
diarchea at the same time. fo one embodiment, the solid composition can reduce the gastric

25 stress and other side effects, enhance the therapeutic effect, and improve patient compliance.
In another embodiment, the solid composition can reduce gastric and diarrheal tolerability
issucs, allow higher daily doses of triheptanoin to be achicved and aliow for better, and more
complete digestion and absorption via the suspended stabilized particles in the Gl tract with

high surface arca.

Friglycerides Solid Compositions
In the present mvention, “triglyceride” refers to an ester derived from glycerol and
one or more fatty acids. The fatty acids can have a carbon chain that is optionally substituted

alkyl, optionally substituted alkenyl, or optionally substituted aryl

9
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“Alkyl” by itself or as part of another substituent, refers to a satorated branched,
straight-chain or cyclic monovalent hydrocarbon radical derived by the removal of one
bydrogen atom from a single carbon atom of a parent alkanc. The termo “alkyl” mchudes
“cycloaky!” as defined herein below. Typical alky! groups inchude, but are not hmited to,
methyl, ethyl: propyls such as propan-1-yi propan-2-yl {isopropyl), cyclopropan-1-yl, et
butanyls such as butan-1-yl, buwtan-2-yl {sec-butyl), Z-methyl-propan-1-y1 (isobuiyl),
2-racthyvl-propan-2-vi {(f-butyl), cyclobutan-1-vi, efc.; and the like. In some enbodunents, an
alkyl group comprises from 1 to 20 carbon atoms (C-Cyp alkyl). In other embodiments, an
afkyl group comprises from 1 to 10 carbon atoms (C-Cyp alky D). In still other embodiments,
an alkyi group comprises from 1 to 6 carbon atoms (C)-Cg alkyly or 1 to 4 carbon atoms
(C1-Cq alkyl), C-Cg alkyl is also known as “lower alkyl”,

“Alkenyl,” by itself or as part of another substituent, refers to an unsaturated
branched, straight-chain or cyelic monovalent hydrocarbon radical having at least one
carbon-carbon double bound derived by the removal of one hydrogen atom from a single
carbon atom of a parent alkenc. The term “alkenyl” inchides “cycloalkeny!” as defined
herein below. The group may be in either the cis or frans conformation about the double
bond{s). Typical alkenyl groups include, but are not Hmited to, ethenyl; propenyls such as
prop-1-en-1-yl, prop-l-en-2-yl, prop-2-en-1-yi (aliyl), prop-2Z-en-2-vl, cycloprop-t-en-1-yl;
cycloprop-2-en-1-yl; butenyls such as but-1-en-1-yl, bot-1-en-2-yl, 2-methyl-prop-1-en-1-yl,
but-Z-en-1-yb ., but-Z-en-i-yi  but-Z-en-Z-vl,  buta-13-dien-1-yl,  buis-1,3-dien-2-yi,
cyelobut-1-en-1-vl, cyclobut-1-en-3-yi, cyclobuta-1,3-dien-1-vl, efc.; and the like. In some
embodiments, an alkenyl group comprises from 2 to 20 carbon atoms {Cp-Cy alkenyl). In
other embodiments, an alkenyl group comprises from 2 to 10 carbon atoms {Cp-Cip atkenyl).
In stili other cmbodiments, an alkenyl group comprises from 2 to 6 carbon atoms {(Cs-Cs
alkeny!) or 2 1o 4 carbon atoms (Co-Cy alkenyl). C3-Cg alkenyl 15 also known as “lower
alkeny!”.

“Aryl,” by stself or as part of another substituent, refers to a monovalent aromatic
hydrocarbon group derived by the removal of one hydrogen atom from a single carbon atom
of a parent aromatic ring system, as defined herein.  Typical aryl groups inchude, but are not
Hmited to, groups derived from aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulenc, benzene, chrysene, coronene, fluoranthene, fluorene, hexacene,
hexaphene, hexalene, as-indacene, s-indacene, indane, indene, naphthalene, octacene,
octaphene, cetalene, ovalene, penta-2.4-diene, pentacene, pentalene, pentaphene, perylene,

phenalene, phenanthrene, picene, pleiadene, pyrene, pyranthrene, rubicene, triphenylene,

10
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trinaphthalene and the like. In some embodiments, an aryi group comprises from 6 to 20

carbon atoms {Ce-Cyy aryhy.  In other embodiments, an aryl group comprises from 6 to 13

carbon atoms (Cs-Cys aryl). In still other erabodiments, an aryl group comprises from 6 1o 10

carbon atoms (Ce-Cro aryl). In a specific embodiment, an aryl group comprises a phenyl
5  group.

The term “substituted” specifically envisions and allows for one or more substitutions
that are common in the art. However, it 18 generally understood by those skilled in the art
that the substituents should be selected 50 as to not adversely affect the useful characteristics
of the compound or adversely interfere with its function. Suitable substitucnts may include,

10 for example, halogen groups, perfluoroalkyl groups, perflocroalkoxy groups, atkyl groups,
alkeny! groups, alkynyl groups, hydroxy groups, oxo groups, mercapto groups, alkylthio
groups, alkoxy groups, aryl or heteroaryl groups, aryloxy or heteroaryloxy groups, arylalkyl
or heteroarylalky!l groups, arvialkoxy or heteroaryialkoxy groups, anvdno groups, alkyl- and
dialkylamine  groups, carbamoyl groups, alkylearbonyl groups, carboxyl groups,

15 alkoxycarbonyl groups, alkylaminocarbonyl groups, dislkylamine carbonyl groups,
arylcarbonyl groups, aryloxycarbonyf groups, slkvisulfonyi groups, aryisulfomyl groups,
cycloalkyl groups, cyano groups, C1-Cs alkylthic groups, aryithio groups, nitre groups, keto
groaps, acyl groups, boronate or boronyl groups, phosphate or phosphonyl groups, sulfamyl
groups, sulfonyl groups, sulfinyi groups, and combinations thercof In the case of substituted

4

20 combinations, such ag “substituted arvialkyl” cither the aryl or the alkyl group may be
substituted, or both the aryl and the alkyl groups may be substituted with one or more
substituents. Additionally, in some cases, suitable substituents may combine to form one or
more rings as knowa to those of skill in the art.

The term “optionally substitited” denotes the presence or absence of the substituent

25 group(s). That is, it means “substituled or unsubstituted”. For example, optionally
substituted alkyl inclodes both unsubstituted alkyl and substituted alkyl. The substituents
used to substitute a specified group can be further substituted, typically with one or more of
the same or ditferent groups selected from the various groups specified above,

In some embodiments, the triglyeeride i an ester derived from glycerol and three

(43
<

fatty acids independently selected from the odd-numbered carbon fatty acids of C§, C7, C9,
C11, C13, and C15. In some embodiments, the triglyceride is an ester derived from glyeerol
and three fatty acids independently selected from phenylalkanoic acids and phenylalkenoic

acids.

1
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The present invention is based, in part, on the discovery that triglycerides with one or
more odd-nombered carbon fatty acids, such as €5, €7, €9, Cii, Ci3, C15, and any
combinations thereof, having a purity greater than food grade can be formulated with a solid
substance to form a solid composition. In one embodiment, the solid composition contains at
feast about 50% by weight the triglycerides, which can be in either solid or ol form prior to
being formulated with the solid substance. In one embodiment, the triglycerides are an oil
prior to being formulated with the solid substance to form the solid composition.

In one embodiment, the present invention provides a solid composition comprising
triglycerides with one or more odd-numbered carbon faity acids as an active ingredicnt and 2
solid substance; wherein the active ingredient bas purity greater than 98% and the one or

e

more odd-numbered carbon fatty acids are selected from the group consisting of C§, C7, 9,
C11, €13, C1§, and any combinations thereof, and the solid composition comprises at least
about 50% by weight the triglycerides. In one cmbodiment, the triglyceride is an ester
derived from glycerol and three fatty acids independently selected from the odd-numbered
carbon fatty acids of C5, C7, €9, Ci1, C13, and Cl15. In one specitic embodiment, the
triglyceride is an ester derived from glycerol and three C7 fatty acids, i.e., iriheptancin, In
one embodiment, the solid composition comprises trigiycerides with seven carbon fatty acids.
In another embodiment, the solid composition further comprises triglycerides with one or
more odd-numbered carbon fatty acids selected from the group consisting of 5, €9, Cl1,
C13, C15, and any combinations thercof. In ancther embodiment, the triglycerides with
seven carbon fatty acids is a triheptanoin oil comprising greater than about 98% pure glycerol
triheptanoate as an active ingredient.

In some cmbodiment, the present invention provides a solid composition comprising
triglycerides with one or more phenylalkanoeic acids and/or phenylalkenoic acids as an active
mgredient and a solid substance; wherein the active ingredient has purity greater than 95%
and the solid composition comprises at least about 50% by weight the triglycerides. In one
embodiment, the trigiyceride is an ester derived from glycerol and thuee fatty acids
independently selected from phenvialkenoic acids and pheuylalkenoic acids.  In one

embodiment, the triglyceride 1 a compound of fornuda (1)
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and n is Zero or an even number from 2-24 and 1o is an even number from 2-24, provided that
at least one of Ry, R, and R; is other than H. In one embodiment, n and m are an even
number from 2 to 24, In one cmbodiment, n and m are §, 2, 4, or 6. In ong specific
embodiment, the triglveeride is an ester derived from glycerol and three phenylbutyrate, i.c.,
glycerol phenylbutyrate (e.g, RAVICTI®). Examples of triglycerides with one or more
phenylalkanoic acids and/or phenylalkenoic acids are further described in U.S. 5,968,979, the
contents of which are hereby incorporated by reference in entirety for all purpose.

In one embodiment, the solid composition comprises at least about 30%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 8(%, about §5%, or about 90% of the
triglycerides. In another embodiment, the solid composition comprises at least about 55%,
about 60%, about 65%, about 70%, about 73%, about 80%, or about 85% of the trighycerides.
In one specific embodiment, the solid composition comprises about 60% of the trighycerides.
In one specific embodiment, the solid composition comprises about 75%, about 80%, or
about 85% of the triglycerides.

In some crubodiments, the active ingredient in the solid composition has a purity of
about or at feast about 95, 95.5, 96, 96.5, 97, 97.5, 97.6, 97.7, 97.8, 97.9, 98, 98.1, 98.2, 98.3,
08.4, 98.5,98.6, 98.7, 98.%, 98.9, 99.0, 99.1, 99.2, 99.3, 99 4, 99.5, 99.6, 99.7, 99.8, or 99.9%

o1 mote, ot any range derivable therein,
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In one embodiment, the solid composition i3 In a powder form which comprises a
plurality of particles, and cach particle comprises triglycerides with one or more odd-
onumbered carbon fatty acids as an active ingredient adsorbed onto a solid substance. In one
embodiment, the solid substance has a surface area of at least 20 mi'/g.

In one embodiment, the solid substance comprises a solid carrier. The term “solid
carrier”, as used herein, denotes any pharmaccutically acceptable sofid material, which has a
high surface arca and docs not adversely imteract with the present trighycerides. By “high

surface area”, it 1s meant that the solid carrier has a surface area of at least 20 m'/g, or at least

)
L

30 mYg, or at feast 50 m*/g, or at least 70 m¥/g, or at least 100 m™/g, or at least 150 m/g, or at
least 180 m™/g. To one embodiment, the solid carrier can have surface areas of up to 200
m/g, up to 400 m/g, or up to 600 m'/g, or more. The surface arca of the substrate can be
measured using standard procedures, such as low-temperature mtrogen adsorption, based on
the Brunauver, Emmett, and Teller (BET) method, which is well known in the art.

In one embodiment, the particles have an average dismeter of less than about 100
micron. In one embodiment, the particles have an average diameter of less than about 90
micron, fess than about 80 microns, less than about 70 microns, less than about 60 microns,
tess than about 30 nucrons, less than about 40 microns, less than about 30 microns, less than
abowut 20 microns, or less than about 10 microns. In another embodiment, the particles have
an average diameter of less than abouot 9 microns, less than about 8 microns, less than about 7
microns, less than about 6 microns, less than about 5 microns, less than about 4 microns, less
than about 3 microns, less than about 2 microns, less than about 1000 nm, fess than about 800
nm, fess than about 800 run, less than about 700 nm, less than about 600 nm, less than about
500 nm, less than about 400 num, kess than about 300 nm, less than about 290 nm, less than
about 280 nm, less than about 270 nm, less than about 260 nm, less than about 250 nm, less
than about 240 nm, less than about 230 nm, less than abowut 220 nm, less than about 210 nm,
fess than about 200 nm, less than about 190 nm, less than aboot 180 nm, less than about 170
nm, less than about 160 nm, less than about 150 nm, less than about 140 nm, less than about
130 nm, less than about 120 nm, less than about 110 nm, less than about 100 nm, less than
about 90 nm, less than about 80 nm, less than about 70 nm, less than about 60 num, less than
about 50 nm, less than about 40 nm, fess than about 30 nm, less than about 20 nm, less than
about 10 nm, fess than about 9 nm, less than about 8 nm, less than about 7 num, less than about
6 nm, or less than about S nm. The powder may first be formed in the form of small particles
ranging in size of from about 5 nm to about 1 micron, or from aboot 10 nm to about 50 am,

or from about 20 nm to about 1060 nm. These particles may in turn form agglomerates

14
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ranging i size from about 10 am to about 100 micron, or 20 am to about 100 micron, or
about 50 nm to about 100 micron,

Examples of the solud carrier include fumed silica and inorganic oxides, such as Si0;,
Ti0n, ZnOy, 200, AhOs, MgAlSilicate, CaSilicate, A{OH),, zeolites, and other inorganic
molecular steves; water insoluble polymers, such as cross-linked cellulose acetate phthalate,
cross-linked hydroxypropyl methyl cellulose acctate suceimate, cross-linked polyvinyl
pyrrolidinone,  (alse  known as  cross  povidone}  microcrystalline  celiulose,
polyethylene/polyvinyl alcohol copolymer, polyethylene polyvinyl pyrrolidone copolymer,
cross-iinked carboxymethyl cellulose, sodivim starch glycolate, cross-linked polystyrene
divinyl benzene; and activated carbouns, ncluding those made by carbonization of polymers
such as polyimides, polyacylonitrile, phenolic resins, cellulose acetate, regenerated cellulose,
and rayon.  In some specific embodiments, the solid carrier can be Cab-0-5il, Neusilin,
hypromeliose acctate succinate (HPMCAS), Cascin, or combinations thereof In one
embodiment, the solid carrier is fumed silica. Switable fimed silica are availble from any
major producers under various brand names, such as are Evonik (who sells it under the name
Acrosil), Cabot Corporation (Cab-0O-5il), Wacker Chemie (HDK), Bow Coring, and OCI
{Konasil}.

In one embodiment, the solid substance further comprises one or more sustained
release polymer. In one embodiment, the one or more sustained release polymer comprises
one or more pH dependent polymers. In one cmbodiment, the pH dependent polymer is
selected from a group consisting of a methy! acrylate-methacrylic acid copolymer, a cellulose
acetate succinate, a hydroxy propyl methyl cellulose phthalate, a hydroxy propyl methyl
celluiose acetate succinate {hypromellose acctate succinate), a polyviuyl acetate phthalate
(PVAP}, a methy] methacrylate-methacrylic acid copolymer, alginate and stearic acid, and
any combinations thereof.

In one embodiment, the solid composition may further comprise one or more
additional pharmaceutically acceptable excipient, such as fillers, surfactants, and flavorants.
Those excipients can be added to taprove the powder flowability, dissolvability, and taste.

“Pharmaceutically acceptable”™ refers to being suitable for use in contact with the
tissues of humans and animals without godue toxicity, irntation, allergic response, and the
like, commensurate with a reasonable benefit/risk ratio, and effective for their intended use
within the scope of sound medical judgment. “Excipient” denotes a diluent, adjuvant, vehicle

or carrier with which the active ingredient is administered. Examples of the pharmaceutically
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acceptable excipient tnclude, are not limited to a filler (or dihient), a binder, a disintegrant, a
hibricant, or a combination thercof.

Fillers may be one or more compounds which are capable of providing compactability
and good flow. Examples of fillers include microcrystalline cellulose, starch, lactose,
sucrose, ghicose, mannitol, maliodextrin, sorbitol, dextrose, silicic acid, dibasic calcium
phosphate, or a combination comprising at least one of the foregoing fillers. Excmplary
factose forms tnclude lactose monohydrate, NF (Fast Flo), lactose spray-dried monohydrate,
and lactose anhydrous. Exemplary microcrystalline celinloses (MCC) include, for example,
AVICEL® PHI01 and AVICELR PHIGZ, which are commercially available from FMC
Biopolymer, Philadelphia, PA.

Binders may be used to impart cohesive qualities to a formulation, for example, a
tablet formulation, and thus ensure that the tablet remains intact after compaction. Examples
of binders include starches (for example, Starch 1500® or pregelatinized starch), alignates,
gelatin, carboxymethyleslivlose, sugars (for example, sucrose, glucose, dextrose, and
maltodextrin), polyethylene glycol, waxes, natural and synthetic gums, polyvinylpyrrolidone,
and ccllulosic polymers (for example, microcrystalline cellulose, hydroxypropyl cellulose,
bydroxypropyl methyicellulose, methyl cellulose, and  hydroxyethyl celluiose) and
combinations comprising one or more of the foregoing binders.

Disintegrants are used to facilitate disintegration or "breakup” of a composition, for
example, a tablet, after administration. Examples of disintegrants imclude sodivm starch
glveolate, sodiurn croscarmellose (cross-linked carboxy wmethyl cellulose), crosslinked
polyvinylpyrrolidone (PVP-XL), anhydroos calcium hydrogen phosphate, agar-agar, potato
or tapioca starch, alginic acid, or a combination comprising one or more of the foregoing
disintegranis.

A lubricant may be added to the composition for @ minimum period of time to obtain
good dispersal. Examples of lubricanis inchude magnesium stearate, calcium stearate, zing
stearate, stearic acid, tale, glyceryl behenate, polyethyvlene glveol, polyethylene glycol,
polvethylene oxide, sodium lauryl sulfate, magnesiom lauryl sulfate, sodium oleate, sodium
steary! fumarate, DE-leucine, colloidal silica, or a combination comprising one or more of the
foregoing lubricants.

If desired, the solid composition may optionally comprise small amounts of nontoxic
auxiliary substances such as wetting or emulsifying agents, or pH buffering agents, for

example, sodium  acctate, sorbitan  monolaurate, tricthanclamine  sodium  acetate,
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tricthanolamine  oleate, sodiom  lawryl sulfate, dioctyl sodhmm  sulfossceinate, and
polyoxyethyicne sorbitan fatty acid esters.

In another embodiment of the present invention, the solid composition comprises one
or more sustained release polymer. In one embodiment, the solid substance comprises one or
more sustained release polymer. By “sustained release polymer”, it is meant any polymer
which can conirel the release of the active ingredient from the composition in such a way to
obtain the destred release profile. In one embodiment, the sustained release polymer is a
hydrophilic polymer. The term “hydrophilic polymer” refers to a polymer having a strong
affinity for water and tending to dissolve in, mix with, or be weited by water. Examples of
the hydrophilic pelymer include, but are not limited 1o polyethylene oxide, hydrexypropyl
cellulose,  hydroxypropyl  methyl  cellulose,  hydroxyethyl  cellulose,  sodium
carboxymethylcellalose, calcium carboxymethyl cellulose, methyl cellulose, polyacrylic acid,
maliodextrin, pre-gelatinized starch, guar gum, sodium alginate, polyviuyl aicchol, chitosan,
focust bean gum, amylase, any other water-swelling polymer, and & combination thereof. In
another embodiment, the sustained release polymer is a film-forming, water nsoluble
polymer. Examples of the film-forming, water insoluble polymer include, but are not hmited
to ethyicellulose, cellulose acetate, cellulose propionate (lower, medium or higher molecular
weight), cellulose acetate propionate, cellulose acetate butyrate, cellulose acetate phihalate,
cellulose iriacetate, poly(methyl methacrylaie), poly{ethyl methacrylate), poly{butyl
methacrylate), poly(isobutyl methacrylate), polylhexyl methacrylate), poly(isodecyl
methacrylate), poly(lavryl methacrylate), poly(phenyl methacrylate), poly(methy! acrylate),
poly{isopropyl acrylate), poly(isobutyl acrylate), poly{octadecyl acrylate), poly(ethylene),
poly{ethylene) low density, poly{ethylene) high density, poly{propylene), poly{ethylens
oxide), poly{cthylene terephthalate), polyivinyl isobutyl ether), poly{vinyl acctate),
poly{viny! chloride) ov polyurethane, or any other water mschluble polymer, or mixtures
thereof. In another embodiment, the sustained release polymer i3 a film-forming, water
soloble polymer. Examples of the film-forming, water soluble polymer imclude, but are not
fimited to0 polyvinyl alcohol, polyvinylpyirolidone, methyl cellulose, hydroxypropyl
cellulose, hydroxypropyimethyl cellulose and polyethylene glyeol, Pluronic Fi08, Pluronic
F127, Pluronic F68 or mixtures thereof, In one embodiment, the present solid composition
comprises one of more the film-forming, water insoluble polymers. In one specific
embodiment, the present solid composition comprises cellulose acetate,

In another embodiment, the sustained release polymer comprises one or more pH

dependent polymers. By “pH dependent polymers™, it is meant polymers which are not
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sohible at the highly acidic pH but sohible in neutral to basic pH environment. Examples of
pH dependent polymers include, but are not Hmited to, methyl acrylate-methacrylic acid
copolymers, cellulose acetate succinates, hydroxy propyl methyl cellulose phthalates,
hydroxy propyl methyl cellulose acetate succmates (hypromellose acetate succinates),
polyvinyl acetate phthalates (PVAP), methyl methacrylate-methacrylic acid copolymers,
alginatc and sicaric acid, and any combinations thereof. Furthermore, materials, such as fatty
acids, waxes, shellac, plastics, and plant fibers, moay also be suitable for pH dependent
polymers.

The solid compositions as described herein can be used alone for various purposes,
such as in treatment methods as described herein, To this regard, the solid compositions can
be pharmaccutically acceptable.

The present solid compositions can be formed by a spray-drying process. In one
embodiment, the solid particles are formed by spray drving a spray suspension comprising
the triglycerides with one or more odd-nubered carbon fatty acids as an active ingredient
and the sohd substance. The spray suspension contains the friglycerides dissolved in a
solvent and the solid substance suspended thergin. Such spray suspension is spray-dried to
form a solid powder by rapidly removing the solvent. The formed powder particles may have
the triglycerides adsorbed on the surface of the solid substance or the triglycerides and the
solid substance toterspersed with one another to form a matrix. In another embodiment, the
solid composition further comprises a sustained release polymer. For example, the solid
particles may be formed by spray drying a spray suspension comprising the trighveerides and
the sustained release polymer dissolved in 2 solvent with the solid substance suspended
therein., The spray suspension is spray-dried to form a solid powder by rapidly removing the
solvent.

fn one embodiment, some powder fornulations (with 75%, 80%, §3%, snd 90%
loading of triheptanoin on solid carrier) were prepared. The irtheptanoin oif as described
herein was first dissolved in acetone and then mixed with the solid carrier, such as Cab-O-Sii,
to form a suspension. The sustained release polymer, e.g., Eudragit, was optionally added.
The resulting suspension was spray dried to obtamn a powder. The spray dried powder is then

dried firther to reduce the amount of solvent (acetone) to a2 desirable level

Tribeptangin O
In one embodiment, the triglyceride in the present solid composition is a tribeptanoin

oil.  Tribeptanoin oil as described hercin comprises triglycerides with seven carbon fatly
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Triheptanoin, alse known as glyeerol triheptancate, glycerol trienanthate, glyceryl

heptancate, friemanthin, 1, 2, 3-

tricnanthoylglycerol, and propane-1,2,3-triyl triheptanocate, is a triglyceride of the seven

oy

carbon (C7) fatty acid heptanoate {CAS Registry No. 620-67-7) and has the following

structure:
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Triheptanoin oil as described herein is of a purity or grade greater than food grade

triheptanoin oil.

pharmaceutical grade wiheptanoin oil.

In some cmbodiments, the triheptancin oif is considered ultrapure

In one embodiment, the present triheptancin ol has the general properties listed in

Table 1;

Physical and chemical property

Triheptangin with Pharmaceutical Grade Purity

Form

Liquid

Color Light vellow
Cloud point <{"C

Flash poit

ca. 220 °C

Vapor pressure

< (.01 hPa; 20 °C

Relative Density

ca. 0.96 g,f'cnf; 20 °C

Water solubility

<0.01g/L 20 °C

Partition coefficient (n-octanol/water)

Log Pow: > 3.0; glycerides of
saturated C7 fatty acid

Viscosity, dynamic

ca. 20 mPas at 20 °C

Refractive Index

1.4440 10 1.4463

Typically, the total concentration of impurities in triheptancin oil is less than the total

concentration of impurities in food grade triheptanoin ¢il. In some embodiments, food grade

triheptanoin oil can have a purity of about or at most about 95, 95.5, 96, 96.5, 97, or 97.5%,

or any range derivable therein.

In some embodiments, total tmpuritics in irtheptanoin ¢il amount to less than 5%

w/w, In some embodiments, total iropurities in triheptanoin oil amount to less than §, 4.5, 4,

- -

3.5,3,2.5,2, 1.5, 1, or 0.5% w/w or less, or any range derivable therein.

In onc embodiment, tribeptanoin oil comprises less than 2% w/w of trighycerides

estorified with acids other than C7 acids {e.g., C2, C3, C4, C5, €6, C8, or CY acuds, or others,

or combinations thereof (“non-C7 trighyeerides™}). In some embodiments, triheptanoin otl
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comprises less than 2, 1.9, 1.8, 1.7, 1.6, 1.5, 1.4, 1.3, 1.2, 1.1, 1, 0.9, 0.8, 0.7, 4.6, 0.5, (0.4,
0.3, 0.2 or 0.1% wiw or less of non-C7 triglycerides, or any range derivable therein.

In one embodiment, triheptanoin oil comprises glycerol triheptancate of a purity of
greater than 97.5%. In some embodiments, tribeptanoin oil comprises glycerol friheptanoate
of a purity of about or at least about 97.5, §7.6, 97,7, 97.8, §7.9, 98, 98.1, 98.2, 98.3, 98.4,
98.5, 98.6, 98.7, 98.8, 98.9, 99.0, 99.1, 99.2, 99.3, 69.4, 89.5, 99.6, 99.7, 998, or 99.9% or
more, ot any range derivable therein.

In one embodiment, triheptanoin oil comprises less than 0.01% w/w ash. In some
embodiments, triheptancin oil comprises less than about 0.01, 0.009, (.008, 0.007, 0.006,
0.005, 0.004, 0.003, 0.002, or 0.001% w/w ash or less, or any range derivable therein.

In onc embodiment, triheptanoin oil comprises less than 0.04% w/w water. In some
embodiments, triheptanoin oil comprises less than about 0.04, 0,035, 0.03, 0.028, (1.02, 0.015,
(.01, 0.003, or 0.001% w/w water or less, or any range derivable therein.

In one embodiment, triheptanein oil comprises less than 2.5% w/w glycerol. 1o some
embodiments, triheptanoin oil comprises less than 2.5, 2.4,2.3,2.2, 2.1, 2.0, 1.9, 1.8, 1.7, 1.6,
1.5, 1.3, or 1.2% w/w glycerol or less, or any range derivable therein

In onc embodiment, tribeptanoin oil comprises less than 1.5% w/w moncheptanoate.
In some embodiments, triheptanoin oil comprises less than 1.5, 1.4, 1.3, 1.2, 1.1, 1.0, 0.9, (0.8,
8.7, 1.6% w/w monoheptanoateor less, or any range derivable therein.

In onc embodiment, triheptanocin oil comprises less than 3.0% w/w dibeptanoate. In
some embodiments, riheptanoin oil comprises less than 3.0, 2.9, 2.8, 2.7, 2.6, 2.5, 2.4, 2.3,
2.2,2.1, 1.9, L8, or 1.7% w/w diheptanoateor less, or any range derivable therein.

In one cmbodiment, tribeptanoin oil comprises less than 2.5% w/w Hexano-
Diheptanoate. In some embodiments, tritheptanoin oil comprises less than 2.5, 2.4, 2.3, 2.2,
2.1, 2.0, 1.9, 1.8, 1.7, 1.6, 1.5, 1.3, or 1.2% w/w Hexano-Diheptanoateor less, or any range
derivable therein.

In one embodiment, triheptanocin oil comprises less than 2.5% w/w Hexanoic acid. In
some embodiments, wriheptanoin oil comprises less than 2.5, 2.4, 2.3, 2.2, 2.1, 2.0, 1.9, 1.8,
1.7, 1.6, 1.5, 1.3, or 1.2% w/w glycerol or less, or any range derivable therein,

In some embodiments, the triheptanoin oil as described herein is a colorless oil of low
viscosity and is odorless and tasteless. Triheptanoin oil as described hercin is typically stored
at room temperature and protected from hght, and its stability can exceed 24 months under

such conditions.



10

WO 2015/073816 PCT/US2014/065693

In one embodiment, the present mvention provides a solid composition comprises
triheptancin as the active ingredient; fumed silica; and cellulose aceiate. In a further
embodiment, the solid composition a plurality of solid particles, cach particle comprising
triheptanoin adsorbed onte a sohid substance comprising fumed silica and cellalose acerate,
In a firther embodiment, the solid composition comprises, by weight of the composition,
about 50% to about 80% of triheptanoin; about 10% to about 30% of fumed silica; and about
10% to about 30% of cellulose acetate.  In another embodiment, the solid composition

comprises, by weight of the composition, about 60% of triheptanoin; about 20% of fumed

silica; and about 20% of cellulose acetate.

In one specitic embodiment, the present triheptanoin ot has the characteristics listed

i Table 2:

substance is not more
mtensely colored than
reference solution Ys

Pavameter l Specification [ Method
IBDENTITY
Triheptanoate l Comparable to reference [ Ph.Bur. 2.2.28
QUALITY
Appearance Clear substance and Ph.Eur. 2.2.1, 2.2.2. method |

Hexanoic acid
All other, each

Max. 8.8 %
<0.03 %

Relative deosity (.95 - 0.98 Ph.Ear. 2.2.5

Refractive index 1.4440 - 1.4465 PhEur. 2.2.6

Yiscosity 15 mPa.s - 23 mPas Ph.Eur. 2.2.9

PURITY

Compuosition of fatty acids

Heptanoic acid > 99% Ph.Eur. 2.4.22 method C

Saponification valoe 360 10 410 mg KOH/g Ph.Eur. 2.5.6
Acid vahue Max. 0.2 mg KOH/g Ph.Euw. 2.5.1
Hydroxyl value Max. 10 mg KOH/g Ph.Eur. 2.5.3 method A

Peroxide value

Max. 1.0 mg KOH/g

Ph.Eur.

Water Max. 1.2 % Ph.Ew. 2.5.12
Total ash Max. 0.1 % Ph.Eur. 2.4.16
Heavy metals Max. 10 ppm Ph.Fur. 24.8
POTENCY/STRENGTH

Triheptanoate 9% to 110% Ph.Eur. 2.2.28

In one specific embodiment, the present tribeptanoin oil has the characteristics listed

in Table 3;
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Parameter Specification Method
IDENTITY
Triheptanoate Comparable to reference Ph.Eor. 2.2.28
IR (mfraved) Comparable 1o reference Ph.Fur. 2.2.24
QUALITY
Appearance

Clarity and Opalescence

Clear substance

PhEur. 2.2.1

Substance 15 not nore

Color intensely colored than Ph.Eur. 2.2.2. mothod |
reference solution Vs
PURITY

Compaesition of fatty acids
Heptanoie acid

>9800

R R B R B R R N X N R R F O R TR

Individual Unidentified
Impurities

R N RN K R RN R R A AR R A AR

SBRAARRE §‘k)?).).h‘.E)?)Z)."o‘.?‘.%}ZX}‘.’&.&%&X‘A‘?}R?REEE}Z.‘

<0.5%

AR AL A A RN A AN R A A A N AR KA R R R R A N

Total Impurities

<50%

Hexanaic acid (<10%  {PhFur 2 ethod C
PARIBAXZRIECKAPEELRRDPCKXAREECR AP C LR ID P CER KR P TR ISR KDDL XX RS LR RAR PR NN XK NS

Ifxdwidua,i Unidentified <0.10%

Impurities

Impurities

Olveerod < 1.0%

Mom)hf,gtdmmtu <0.5 %
B P B B R A R P T T B B0 R T A N R e 0 T P T 0 o T T A T T T D R A B R e S o T T P R S B R R W 2

Diheptanoate <1.5% _
N AR R NAN N :A‘Avv AR N A X N NN A ; :.a NN AR Ph.Euf, 222&

Hexano-Dibeptanoate < 1.0 %

Flemental Inpuorities

As <0.02 ppm
d <0.19 ppm Ph.Bur. 2.2.57 or 2.2.5%
Ph < (.08 ppm
Hg <0.12 ppm
Acid valae Max. 0.2 mg KOH/g Ph.Eur. 2.5.1
Water Max. .2 % Ph.Bur. 2.5.12
Total ash Max. (.1 % Ph.Eur. 2.4.16
ASSAY
Triheptanoate 95% to 103% Ph.Ewr. 2.2.28
In certain specific embodiments, the tribeptanoin oil has the characteristics listed in
Table 4

Parameter Example A Example B

Trikeptanoaic Comparable Comparable
1o reference to reference

Triheptanoate 99.0% 98.2%

Tpoittes:
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Parameter Fxample A Exampple B
Glycerol not detectable | not detectable
M Qnohgptan()ate not detectable | not detectable

AR AN R ERLE LR TR DR R LR XL TR TILRE RN R i
Diheptanoate 0.66 % 0.62 %

ﬁﬁexan&:?iﬁlff?m%@a}ﬂg N 0.39 % 0.40 %
Individual Umidentitied | 0.20 % 0.18 %
Lmpuritics (RRT* 1.258) | (RRT 1.258)
Total Impuritics 125 % 1.20 %

Elemental Inpurities

As not detected not detected
Cd not detected not detected
Pb not detected not detecied
Hg not detected not detected

*RRT: relative retention tinie.

Trifieptanoin Oil Precursors and Manufacture of Trikeptanain O
Also provided herein are precursors to tribeptanoin oil. T some embodiments, a

precursor is n-heptanoic acid. n-Heptanoic acid has the following structure:
O

\/\V/\/JJ\OH

n-Heptaneic acid as deseribed herein is of a purity or grade greater than food grade o-
heptanoic acid. In some embodiments, purity of food grade n-heptanoic acid is between 90%
and 98%. In some embodiments, purity of food grade n-heptanoic acid is between 95% and
08%. In some embodiments, pority of food grade n-heptanoic acid is between 95% and
7.5%. lIn some cmbodiments, purity of food grade n-heptancic acid has a maxinwum purity
of 98, 97.9, 97.6, 67.5, 97.4, 97.3, 97.2, 97.1, 97.0, 96.9, 96.8, 96.7, 96.6, 96.5, 96.4, 96.3%,

96.2,96.1,96.0,959 958, 95.7,95.6,95.5, 954,953, 952, or 95.1%.

N

In some cmbodiments, n-heptancic acid as described herein is considered ultrapure
pharmacentical grade n-heptanoic acid.

Typically, the total concentration of impurities In n-heptanocic acid is less than the
total concentration of impurities in food grade n-heptanoic acid. In some embodiments, total
impurities in n-heptanoic acid amount to less than 4.0% w/w. In some embodiments, total
impuritics amount to less than about 4.0, 3.9, 3.8, 3.7,3.6,3.5, 3.4, 3.3,3.2, 3.1, 3.0, 2.9, 2.8,
2.7,26,25,24,23,22,2.1,2.0, 1.9, 1.8, 1.7, 1.6, 1.5, 14, 1.3, 1.2, 1.1, 1.0, 0.9, 0.8, 4.7,
(.6,0.5,04, 03,02, 0.1, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03, 0.02, or 0.01% w/w or less,

or any range derivable therein.
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In one embodiment, n-heptanoic acid comprises less than 2% w/w of triglycerides
esterified with acids other than C7 acids (e.g., C2, C3, C4, C35, €6, C8, or €9 acids, or others,
ot combinations thereof (“non-C7 tfriglycerides™)). In some embodiments, n-heptancic acid
comprises less than 2, 1.9, 1.8, 1.7, 1.6, 1.5, 1.4, 1.3, 1.2, 1.1, 1.0, 0.9, 0.8, 0.7, 0.6, 0.5, (.4,

5 03,012 or 0.1% w/w or less of non-C7 triglycenides, or any range derivable therein.

In one embodiment, an o-heptanoic acid composition comprises a sum of 7
carboxylic acids having greater than 97% purtty. In some embodiments, the purity is greater
than 97, 97.1, 97.2, §7.3, 874, 97.5, 97.6, 87.7, 97.8, 97.9, 98, 98.1, 98.2, 98.3, 98.4, 98.5,
98.6, 98.7, 98.8, 98.9, 99, 99.1, 99.2, 99.3, 69.4, 99.5, 99.6, 99.7, 99.8 or 99.9%, or more, or

10 any range derivable thercin. Compositions, such as pharmaceutical compositions, comprising
n-heptanoic acid are also provided. Further, any composition comprising n-heptanoic acid
can optionally be further defined as a pharmaceutical composition.

Triheptanoin oil can be prepared from n-heptanoic acid as described herein or a
composition comaprising n-heptanoic acid.  For cxample, n-heptanoic acid can be esterified

15 with glycerol to produce triheptanoin oil, such as in the presence of a basic catalyst and heat.

In one embodiment, an n-heptanoic acid composition comprises less than 3.0% w/w
of 2-methylthexanoic acid. In some embodiments, the composition comaprises less than 3.0,
29,28, 2.7,26,25,24,23,22,2.1,20,19 18, 1.7, 1.6, 1.5, 1.4, 1.3, 1.2, 1.1, 1.0, 0.9,
(1.8, 0.7, 0.6, 0.5, 0.4, 0.3, 4.2, or 0.1% w/w Z-methylhexanoic acid, or less, or any range

20 derivable thercin.

In one embodiment, an v-heptanoic acid composition comprises less than 0.1% wiw
water. In some embodiments, a composition comprises less than (1.1, 0.09, 0.08, 0.07, 0.06,
0.05, 0.04, 0.03, .02, or 0.01% w/w of water or less, or any range derivable therein

In one embodiment, an v-heptanoic acid composition conprises a carbonyl content of

25 less than 0.2% w/w. Carbonyl content measurements are well-known in the art.  In some
embodiments, the carbonyl content is less than (.15, 0.1, 0.05, or (.01% w/w, or less, or any
range derivable therein.

In one cobodumend, an n-heptancic acid composition comprises an iodine muber of
fess than 0.5%. {odine number measwrements are well-known in the art.  In some

30 cmbodiments, the iodine number is less than 0.5, 0.4, (1.3, 0.2, or 0.1% or less, or any range
derivable therein.

In one embodiment, an n-heptanoic acid composition coroprises less than 0.2 mg/kg
iron. In some embodiments, a composition comprises less than .2, 0.15, 0.1, 0.05, or O.01

mg/ke iron, or any range derivable therein.
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In one embodiment, a composition comprising n-heptanoic acid has a platinuny/cobalt
color mumber of fess than 0.25. Determination of the platinomv/cobalt color number is weli-
known in the art. Tn some embodiments, the platinunv/cobalt color nunber is less than 0.25,

(.2, 0,18, 0.1, or 8,085 or less, or any range derivable therein,

Fherapeuntic Treaimenis
Provided herein in some embodiments are methods of using the present solid
composition for freatment. The solid composition can be administered to a subject in need
thereof in an amount effective to freat the subject.
10 For example, a subject may suffer from any one or more of the following: a fatty acid
oxidation disorder or deficiency; adult polyglacosan body disease; a mitochondrial fat
oxidation defect {(e.g., relating to camitine palmitoyl transferase 1, carnitine pahmitoyl
transferase I, carnitine acylcarpitine translocase, very long chain acyl-CoA dehydrogenase,
trifunctional protein, long chain hydroxyacyl-CoA  dehydrogenase, multiple acyl-CoA
dehydrogenase, short chain acyl CoA dehydrogenase, alpha glucosidase, brancher enzyme,
debrancher enzyme, myophosphorylase, or phosphofructokinase); a glycogen storage diseasc
{e.g., glycogen storage discase Type II); glocose transporter type 1 (GLUTI) deficiency
syndrome; or a mitochondrial myopathy. In some embodiments, triheptancin oil as described
herein or a pharmaceutical composition comprising tribepianoin oil can be used to treat any
20 condition described in U.S, Patent No. 8,106,003,
In another embodiment, a subject may suffer from wrea cycle disorders (UCD), which
mclade several inherited deficiencies of enzymes or transporters necessary for the synthesis
of wrea from ammonia, including enzymes invoived i the wrea cycle; or hepatic

encephalopathy (HE), which a spectrum of neurclogic signs and symptoms belioved to result

b
N

from hyperammonemia, which frequently ocour in subjects with cirrhosis or certain other
types of liver disease. In some embodiments, glycerel phenylbutyrate as deseribed herein or
a pharmaccoutical composition comprising glycerol phenvibutyrate can be used to treat these
conditions. Further details of methods of treatment using glycerol phenylbutyrate can be
found in U.S, 8,404,215 and U.K. §,642,012, the contents ¢f which are hereby incorporated
30 by reference in entirety for all purpose.

In one embodiment, the solid compositions can be administered fo a patient directly in
various dosage forms {c.g., powders, granules, tablets, capsules, and the like) without mixing
with food, drink, or other comestible compositions. In another embodiment, the solid
compositions, such as powders or granules, can be taken together with food, drink, or other

25
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comestibie compositions by mixing the sohid compesitions inte the food, drink, or comestible
compositions. The food, drink, or comestible compositions can be in any form inchuding
Hquid, solid, semi-solid, foamy material, paste, gel, cream, lotion, and combinations thercof.
The solid compositions can provide therapeutic effects while minimize gastric upset and
gastrin release, and co-administration with food, drink, or other comestible compositions can
enhance such tolerabifity benefit.  In addition, co-administration of food, drink, or other
comestible compositions with the solid composition can provide delayed and/or extended
release of the active ingredients and thus allow less frequent dosing, longer term of encrgy
exposure, and potentially higher cfficicncy in absorption from the (I tract. The delayed
and/or cxtonded release charactoristic of the solid composition can also be independently
achicved by including one or more sustained release polymers i the solid compositions as
discussed above.

As used herein, the term “effective” (e.g., “an cffective amount”) means adequate {o
accomplish a desired, cxpected, or mtended result.  An effective amoumt can be a
therapeutically effective amount. A “therapeutically effective amoont” refers to the amount
of an active ingredient that, when administered fo a subject, is sufficient to offect such
treatment of a particular discase or condition. The “therapeutically ctfective amount” will
vary depending on, e.g., the disease or condition, the severity of the disease or condition, and
the age, weight, etc., of the subject to be treated.

In general, “treating” or “freatment” of any condition, discase or disorder refers, in
some embodiments, to amecliorating the condition, disease or disorder (i.c., arresting or
reducing the development of the disease or at least one of the clinical symptoms thereof). In
some cmbodiments “treating” or “treatment” refers to ameliorating at least one physical

s

parameter, which may not be discernible by the subject. In some embodiments, “treating” or
“treatment” refers to inhibiting the condition, disease or disorder, either physically, {e.g.,
stabilization of a discermible symptom), physiclogically, (e.g., stabilization of a physical
parameter) or both. In some embodiments, “treating” or “ireatment” refers to delaying the

onset of a condition, discase, or disorder,

EXAMPLES
Example ¥
Table § shows the high purity of exemplary wiheptanoin oil samples and solid

samples comprising triheptancin oil in accordance with the present invention.
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Further, the stability of an exemplary solid composition (solid sample 2 in Table 5)
comprising friheptanoin oil was tosted. Measurements were conducted after storage at
25°CI60%RH (relative bumidity) in double LDPE (low density polyethylene) bags in a 60ce
mduction sealed HDPE (high density polyethylene) bottle and resulis are shown in Table 6.
Measurements were also conducted after storage at 40°C/75% RH in dooble LDPE bags in a

Ace induction sealed HDPE botile and results are shown in Table 7.

27
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Tuble 5:

Initia! Purity Test Resulty

Parameler Specification OEE Sample 3 GIL Sample 2 SOLID Sample 1 SCGLID Sample 2 | SOLID Sample 3
{mpuritics

Glycerol <1.0% ND N ND ND WD
Monohepiancate <8.5% NB Nb NB ND NP
Diheptanoate <15% 1.2% 0.7% L% 11% 1.1%
Hexano- <10% 0.4% 0.4% 0.4% 4% 0.4%

Diheptanoate
Individual
Umidentified
Impurities:
RET* (%)

Total Tmpurities

<0.5%

RRT 0.91: 0.06%
RRT 1.05: 0.16%
RRT 1.06: 0.17%

RRT

1.07: 0.11%
RRT 1
RRT 1
RRT 1
RRT 1

25:0.06%
26:023%
30:0.10%
36:0.11%

2.6%

RRT 1.26: 0.20%

RRT 0.91: 0.06%
RRT 1.05: 0.16%
RRT 1.06: 0.17%
RRT 1.07: 0.11%
RRT 1.25: 0.06%
ERT 1.26: 0.23%
RRT 1.30: 0.10%
RRT 1.36: 0.11%

2.6%

RET 0.91: 0.06%
RET 1.65: 0.16%
RET 1.66: 0.17%
RET 1.67: 0.11%
RET 1.25: 0.66%
RRT 1.26: 6.23%
RET 1.30: 0.10%
RET 1.36: 0.11%

2.6%

RRT 0.91: 0.06%
RRT 1.05:0.16%
RRT 1.06: 0.17%
RRT 1.07:0.11%
RET 1.25: 0.06%
RET 1.26: 0.24%
RET 1.30: 0.10%
RET 1.36: 0.11%

2.6%

RRT = relative retention time.

MND = not detected.

9I8€L0/ST0T O

£€69590/¥10TSN/LDd
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Table 6:

Stability Study Resulls for an exemplary solid composition stored ai 25°C/ 60%RH:

Time points (rwonths)

Freshly Made

(Five raonihs
Parameter Specification before) ] i

o White to off- s e e

Appearance white powder Contorms Conforms Contforms
Impurities
Glycerol <1.0% N N Ny
Monoheptanocate <05 % ND D N
Diheptanoate <13% 1.1% 1.1% 1%
Hexano-Dihepianoate <1.0% 0.4% 0.4% 0.4%

Individual
Unidentified
bnpurities: RRT (%)

<0.5%

KRBT 091 0.06%
RET 1.65:6,16%

RET 0.91: 0.06%
RET 1.65: 6.16%

RRT 091: 0.05%
RRT 1.85:0.16%

RET 1.06: 0.17% RET 1.06: 0.17% RRT 1.06: 0.17%
RRT 1.07:0.11% RET 1.07: 0.11% RRT 1.07: 0.11%
RRT 1.25: 0.06% RET 1.25: 0.06% RRT 1.25: 0.06%
RRT 1.26: 0.23% RET 1.26: 0.24% RRT 1.26: 0.23%
RRT 1.3¢: 0.10% RRT 1.3¢: 0.10% RRT 1.30: 0.09%
RRT 1.36: 0.11% RRT 1.36: 0.11% RRT 1.36: 0.09%
Total Towpurities <50% 2.6% 2.6% 2.5%
Water NMT 5% NS 0.29% 0.35%
Trihepianoate 90%-110% 49% 101% 160%
Acetone <200 ppro <106 ppom NS NS

RRT = relative retention time.

NMT = not more than.

NI = not detected.

918€L0O/STOT O

€69590/¥102SN/LDd
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Table 7

Stability Study Resulls for an exemplary solid composition stored ai 40°C/ 75%RH.:

Time points (months)

Freshly Made f
{Five moenths
Parameter Specification before) L]
Appearance Whm to off- Conforms Conforms Conforms
white powder
bpurnities
Glycerol <1.0% N N3 N
Mongcheptanoate <0.5% N ND ND
[nheptanocate <1.5% L% 1.i% 1.1%
Hexano- <1.06% 0.4% (.4% 0.4%
Drheptanoate
Individual
Unidentified < 8.5 % RRT 0.91: 0.06% BRT 0.91: 0.06% RRT 0.91: 0.05%
Impuritics: RRT RRT 1.05: 0.16% RRT 1.05: 0.16% RRT 1.05: 0.16%
(%) RRT 1.06: 0.17% RRT 1.06: 0.17% RRT 1.06: 0.17%
RRT 1.07: 0.11% RRT 1.07: 0.11% RRT 1.07: 6.11%
RRT 1.25: 0.06% RRT 1.25: 0.06% RRT 1.25: 0.06%
RRT 1.26: 0.23% RRT 1.26: 0.24% RRT 1.26: 0.23%
RRT 1.30: 0.10% RRT 1.30: 6.10% RRT 1.30: 0.09%
RRT 1.36: 0.11% RRT 1.36: 6.11% RRT 1.36: ¢.10%
<5.8% 2.6% 2.6% 2.5%
Total mpurities
Water NMT 5% NS 0.29% 0.45%
Triheptancate G0%-110% 99% 101% 98%
Acstone <200 ppm <100 ppm NS NS
RET = relative retention time. NMT = not more than.  NI» = not detected.

918€L0O/STOT O

€69590/¥102SN/LDd
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Example 2
Single dose study of cach arm with full pharmacokinetics {(PK) profile through 48
hours post dose was performed to determined when metabolites return to baschine (one week
5 washout between each arm) as well as 1f acute release of gastrin and cholesystokinin (CCK)
hormones cause spasmodic stomach contractions. Blood samples were collecied from cach
aro §-90 min plus anytime outside this window if gastric distress observed.
More specifically, animals (n=3/sex) were fasted prior to dose and fed 4 hrs post dose.
Blood samples for PK analysis of tribeptanoin and metabolites were collected pre-dose
10 through 48 brs post dose.  As seen in the mouliiple dose study (Example 3), there were no
major differences between males and females thus data was combined for all metabolites.
In Figures 1- 21, animals were administered a single oral gavage dose level of a
trihieptanoin oil sample (Le., the oil) or excrmplary solid samples comprising riheptancin oil
in accordance with the present tnvention. The two exemplary solid conpositions conprise 1)
15 60%:20%:20% of triheptancin oil: Cab-0-5il: cellulose acetate (1.2, the Powder-ER); and 2)

80%6:20% of inheptanoin oil: Cab-0-8il {i.c., the Powder), respeciively.

Triheptanoin and Heptanoic Acid
Triheptanoin is metabolized to heptanoie acid. The metabolite PK profiles for the
20 three samples are shown in Figures 1-4, Bio-modal peaks were observed for heptanopic acid
on three arms. It is contemplated that: 1) the first peak may be when the triheptanoin hits the
stomach and the second peak may be when the triheptanoin hits the duodenum; 2) fat soluble
materials can be dissclved in the stomach but free heptancin is absorbed in the ducdenum
{higher 2™ peak for the powders); and 3) the cellulose acetate in the Powder-ER formulation

25 delays dehvery by ~one hour,

Energy Metabolites: Ketones
As seen in Figures 3-9, we observed comparable levels of ketones with oil treatment
and powder-ER treatment. Delivery of C4 ketones were faster with powders buot also blunted
30 by the powders. The ratio C4 ketone: C5 ketone indicates the state of feeding; as this ratio

increases it indicates that tribeptanoin is being used as a source of calories.

Energy Metabolites: Aspartate
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The levels of aspartate of the three samples are shown in Figoures 10-12. We observed
sustained relcase with the Powder-ER. 1t also showed a more favorable effect on
gluconeogenic precursors because of the delay in release. The levels of aspartate of the Ol
and the powder retarn to baseline at 8hrs, while that of the powder-ER retarms to baseline at

5 24hrs post dose.

Energy Metabolites: Glutamate
The levels of glotamate of the three samples are shown in Figiwes 13-15. When
glutamate increascs, the trend indicates that triheptancin protects against hypoglycemia.
10 Tribeptanoin increases the chernicals that can be made nto glucose. Livers o minipigs store

gluconeogenic precursoers in the form of glutamate based on presence in the blood.

Alternative Metabolites
The metabelite PK profiles of aliomative metabelites including pimelic acid, 3-
15 hydroxypropionate and propiony! glyeine are shown in Figures 16-18. Pimelic acid and 3-
hydroxypropionate production was not increased with the Powder-ER when compared to the
oil. The levels were lower for the powder. 3-hydroxyproprionate is a normal acid made by
gut bacteria, but very dependent on the mdividaal animal.
We have increased co-enzyme A activity by giving tiheptanoin. In addition, the

20 levels of average encrgy and alternative metabolites are shown in Figures 19-21.

Example 3
Multiple dose study was performed on the oil, the Powder and the Powder-ER as used

in Exanple 2 and the results are shown below.

NS
o

°  Powder Arm:
Day I: Animal #6501 vomited ~1 hour post dose
Day 3: Animal #6502 vomited
Day 3: Animal #6510 gastric disiressed observed
» O A
34 Day 1: Animal #6501 vomited ~3 hours post dose
Day 1: Animal #6516 vomited ~3 hours post dose
Day 5: Animal #6309 gastric distressed observed
*  Powder ER Armu
No vomiting or gastric distress observed

32
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Heptanoic Acid Across Dose Groups
Overall, vesults as cupected, the tribeptanoin releases heptancic acid.  Referring to
Figure 22, triheptanoin was metabolized primarily in iver to C7 fatty acids and ketone bodies
5 which distribute via circulation to other tissues to provide an energy source. There were no
triieptanoin values in oil arm. All tribeptanoin oil was converted to C7.
Trace amounts of friheptanoin were observed n powder aron. The powder matrix may
have caused a delay in the lipase action, this delay is slowing the release of C7. The Powder
ER arm released shightly higher levels of heptanoic acid than the powder arm but not as high

10 as the o1l

Energy Metabolites

As seen in Figures 23 and 24, beta hydroxy levels rose 10-fold above resting state
while ketone bodies did not increase from Day 1 to Day 7, which indicated no chance for

15 ketosis.

Referring to Figures 25 and 26, we observed glutamic acid and aspartic acid increased
and the Powder had higher levels of both metabolites than the powder ER. Glutanic acid and
aspartic acid are gluconeogenic amino acids, and can represent a novel source of energy.

Figures 27-29 shows PK profiles of additional metabohites: A) pimelic acid, B} 3-

20 hydroxypropicnate, and C) propionyiglycine following dosing on Day | and Day 7. The oil
had the highest amount of pimelic acid compared to the powders., 3-Hydroxypropionate was
imereasing in all 3 groups but the powder-ER had the smallest increase and the lowest levels.
Propionyiglycine was cssentially zero for the oil and the powder-ER but the powder dosing
caused an increase. Overall, the Powder ER produced the least ammount of excess metabolites.

25 The PK profiles of all metabolites are shown in Figure 30. The metabolites include
Triheptanoin, C4 (Hydroxy and Keto), C5 (Hydroxy and Keto), Heptanoic acid, Pimelic acid,
Glutaric acid, Aspartic acid, Glutamic acid, Alanine and 3-Hydroxypropionic acid.

The results of the powder and the powder-ER as compared to that of the oif are shown
i Figures 31-40. The Powder ER raised the C5-hydroxy levels the most of all the

30 treatments, which indicates 1t's the most effective at delivering fatty acids to the cells. We
observed differences between Days 1 and Day 7 for the powders. Day 7 levels were lower
than Day i, spike at 240min on Day 1, which indicates that PK sampling can be camied out
fonger. The Powder-ER dosing resulted in lowest levels of pimelic acid. The Powder had a

higher release of aspartic acid than the Powder-ER. The Powder had higher lcvels of

¥
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glutamic acid and alanine than the Powder-ER. The Powder also had hgher levels of 3-
Hydroxypropionate than the Powder-ER.

Following long-standing patent law convention, the terms “a”,"an”, and “the” refer to
"one or more” when used in this application, including the claims.

The use of the term “or” in the claims is used to mean “and/or” unless explicitly
indicated to refer to alternatives onby or the altornatives are mutually exclusive. It s
specifically contemplated that any Bsting of items using the term “or” means that any of those
listed items may also be specifically excluded from the related embodiment.

Throughout this application, the term “about” is used to indicate that a value inclhades
the standard deviation of error for the device or method being emploved to determine the
value.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in the art to which the present
application belongs.  Although any methods and matenials similar or equivalent to those
described herein can be wsed in the practice or testing of the present application,
represeniative methods and materials are herein described.

The patents listed herein describe the general skill in the art and are hereby
meorporated by reference in thelr entireties for all purposes and to the same extent as if each
was specifically and individually indicated to be incorporaied by reference. In the case of
any conflict botween a cited reference and this specification, the specification shall control.
In describing embodiments of the present application, specific terminology is employed for
the sake of clarity. However, the invention is not intended to be limited to the specific
terminology so selected. Nothing in this specification should be counsidered as limiting the
scope of the present invention. All examples presented are representative and non-limiting.
The above-described embodiments may be modified or varied, without departing from the

invention, as appreciated by those skilled in the art in light of the above teachings.
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What is claimed is:

i. A solid composition comprising iriglycerides with one or more fatty acids as an active
mgredient and a solid substance;
wherein the active ingredient has purity greater than 95% and the solid composition

comprises at least about 50% by weight the triglycerides.

2. The solid composition of claim [, wherein the one or more fatty acids are one or more
odd-numbered carbon fatty acids selected from the group consisting of C5, C7, €9, Ci1,
C13, C135, and any combinations thereof] and wherein the active ingredient has purity greater

than 9895,

3. The solid composition of claim 2, wherein the triglycerides comprise triheptancin oil.

4. The solid composition of claim 1, wherein the one or more fatty acids are one or more

phenylalkanocie acids and/or phenylaliienoic acids.

5. The solid composition of claim 4, whercin the triglycerides comprise a compound of
formula (I):

H

s (S s (o 3,

H C O Ra

H {h

5]
LN
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and n is zero or an cven number from 2-24 and m is an even mumber from 2-24, with the

proviso that at least one of Ry, Ry, and Rj is other than H.

6. The solid composition of claim 5, wherein the compound is glycerol phenylbutyrate.

7. The solid composition of any one of claims 1-6, which comprises at least about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, or about

90% of the active ingredicut by weight of the composition.

8. The solid composition of any one of claims 1-7, wherein the solid sobstance

comprises a solid carrier,

9. The solid composition of claim 8, wherein the solid carmrier is a fumed silica.

18, The solid composition of claim 8, wherein the solid carrier is selected from the group

counsisting of 810y, Ti0s, AL O,, zeolites, Cab-O-Sil, and combinations thereof,

11, The solid composition of any of the preceding claims, wherein the solid sebstance

further comprises one or more sustaingd release polymers.

i12. The solid composition of claim 11, wherein the sustained release polymer is a film-

forming, water inscluble polymer.

13, The solid composition of claim 12, wherein the film-forming, water msolable
polymer is selected from the group consisting of ethylcellulose, cellulose acetate, cellulose
propionate {lower, medium or higher molecular weight), celivlose acetate propionate,
cellulose acctate butyrate, celluiose acetate pbhthalate, cellulose triacetate, poly(methyl
methacrylate),  poly(ethyl  methacrylate), polytbutyl  methacrylate), poly(iscobutyl
methacrylate), polylhexyl methacrylate), poly(isodecyl methacrylate), poly{iauryl

methacrylate), poly{pheny! methacrylate), poly(methyl acrylate), poly(isopropyl acrylate),
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poly(isobutyl acrylate), poly(octadecyl acrylate), poly{sthylene), poly(ethylene) low density,
poly({cthylene} high depsity, poly{propylene), poly(cthylene oxide), poly{cthyione
terephthalate), poly(viny! tsobutyl ether), poly(vinyl acetate), poly{vinyl chloride) or

polyurethane, or mixtures thereof.

14.  The solid composition of claim 13, wherein the film-forming, waler insoluble

polymer is cellulose acctate,

15. The solid composition of claim 11, wherein the ong or more sustained release polymer

comprises one or more pH dependent polymers.

i6. The solid composition of claim 1S, whercin the pH dependent polymer is selected
from a group consisting of a methyl acrylate-methacrylic acid copolymer, a cellulose acetate
succinate, a hydroxy propyl methyl cellulose phthalate, a hydroxy propyl methyl cellulose
acetate succinate Chypromellose acetate succinate), 8 polyvinyl acetate phthalate (PVAP), a
methyl methacrylate-methacrylic acid copolymer, alginate and stearic acid, and any

commbinations thereof

17.  The sohid composition of any of the preceding claims, which is n form of a powder.
18, The solid composition of claim 17, which comprises, by weight of the composition,

about 50% to about 80% of the active ingredient;
about 10% to about 30% of the solid carrier; and

about 10% to about 30% of the sustained release polymer.,

19. The solid composition of claim 18, wherein the active ingredient, the solid carrier, and

the sustained release polymer ave in g weight ratio of about 2:1:1.

20, The sohd composition of claim 17, whercein the powder comprises particles having an

average diameter of less than about 10 micron

2%, The solid composition of claim 20, whercin the particles have an average diameter of
fess than about 9 microns, less than aboul 8 microns, less than about 7 microns, less than

about 6 microns, less than about 5 microns, less than about 4 microns, less than about 3
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microns, less than about 2 microns, less than about 1060 nm, less than about 900 nm, less
than about 800 run, less than about 700 nm, less than about 600 nm, less than about 500 nm,
less than about 400 mum, less than about 300 nm, less than about 290 nm, less than about 280
um, tess than about 270 nm, less than about 260 num, less than about 250 nm, less than about
240 nm, less than about 230 nm, less than about 220 nm, less than about 210 nm, less than
about 200 nm, less than about 190 nm, less than about 180 nm, less than about 170 nm, less
than about 160 nm, less than about 150 num, less than about 140 nm, less than about 130 nm,
less than about 120 nm, less than about 110 nm, fess than about 100 nm, less than about 90
nm, fess than about 80 nm, less than about 70 nm, less than about 60 nm, less than about 50
nm, fess than about 40 nm, less than about 30 mim, less than about 20 nm, less than about 10
nm, less than about 8 nm, less than about & nm, less than about 7 nm, less than about 6 nm, or

less than about § nm.

22, A solid composition comprising a plurality of solid particles, each particle comprising
miglycerides with one or more fatty acids as an active mgredient adsorbed onte a solid
substance;

wherein the active ingredient has purity greater than 959 and the solid corposition

comprises at least about 50% by weight the triglycernides.
o ' 4}:)

23.  The solid composition of claim 22, wherein the onc or more fatty acids are onc or
more odd-numbered carbon fatty acids selected from the group consisting of C5, C7, €9,
C11, C13, C15, and any combinations thercof; and wherein the active ingredient has purity

greater than 98%.

24, The sohid composition of claim 23, wherein the miglycerides comprise triheptanoin
oil.
25, The solid composition of claim 22, wherein the one or more fatty acids are one or

more phenylalkanoic acids and/or phenylalkenoic acids.

26. The solid composition of claim 25, wherein the trighycerides comprise a compound of

fornula (I):



WO 2015/073816 PCT/US2014/065693

H
e (2 e (0} e R 4
s T o T o 8
e G eeeee O e R
H ey

Ha
e Ot d (012 DY Il

O

CrCoatama

o
H

andd 1 is zero or an even number from 2-24 and m 8 an even number from 2-24, with the

proviso that at feast one of By, Ry, and R, is other than H.

27. The solid composition of claim 26, wherein the compound is glyveerol phenylbutyrate.
28. The sohid composition of any one of claims 22-27, which comprises at least about

50%, about 55%, about 60%, about 63%, about 70%, about 75%, about 80%, about 85%, or

about 90% of the active ingredient by weight of the composition.

29. The solid composition of any one of claims 22-28, wherein the solid substance

comprises a solid carrier.

30. The solid compesition of claim 29, wherein the sohid carrier is a fumed silica.

>

31, The solid composition of claim 29, wherein the solid camier is selected from the

group consisting of S0, Ti0,, ALOx, zeolites, Cab-O-5il, and combinations thereof.
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32, The sohd composition of any one of claims 22-31, wherein the solid substance has a
surface arca of at icast 20 m"/g.

33, The solid composition of any one of claims 22-32, wherein the sohd substance further
comprises one or more sustained release polymer.

34.  The solid composition of claim 33, wherein the one or more sustained release polymer
comprises a film-forming, water insohible polymer.

35, The solid composttion of claim 34, wherein the fibn-forming, water insoluble

polymer 15 selected from the group consisting of ethyleetiulose, ecliulose acetate, cellulose
propicnate (lower, mediom or higher molecudar weight), celhilose acetate propionate,
celluiose aceiate butyrate, cecllulose acctate phthalate, cellulose triacetate, poly(methyl
methacrylate),  poly{ethyl  methacrylate), poly(butyl  methacrylate),  polyiisobutyl
methacrylate), polythexyl methacrylate), poly(iscdecyl  methacrylate), poely(lauryl
methacrylate), poly{phenyl methacrylate), poly{methyl acrylate), poly{iscpropyl acrylate),
poly{isobutyl acryiate), poly{octadecyl acrvlate), poly(ethylene), poly(ethylene) low density,
poly(ethylene) high demsity, poly(propylene), poly(ethylene oxide), poly{ethylene
terephthalate), poly(vinyl isobutyl ether), poly(vinyl acetate), polyivinyl chloride} or

polyurethane, or mixtures thercof,

36. The solid composition of claim 35, wherein the film-forming, water insoluble

polymer is cellulose acetate.

37.  The solid composition of claim 36, which comprises, by weight of the composition,
about S0% to about 80% of the active ingredient;
about 10% to about 30% of the solid carrier; and
about 10% to about 30% of the sustained release polymer.

38. The solid compoesition of claim 37, wherein the active ingredient, the solid carrier, and

the sustained relcase polymer are in a weight ratio of about 2:1: 1.

39. The solid composition of any one of claims 22-38, wherein the particles have an

average diamoeter of less than asbout 10 micron.
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40.  The solid composition of claim 30, whercin the solid particles have an average
diameter of less than about 9 microns, less than about 8 microns, less than about 7 microns,
fess than about 6 microns, less than about 5 mucrons, less than about 4 microns, less than
about 3 mucrons, less than about 2 microns, less than about 1000 nm, less than about 900 nm,
fess than about 800 run, less than about 700 nm, less than about 600 nm, less than about 500
nm, less than about 400 nm, less than about 300 nm, less than about 290 nm, less than about
280 nm, less than about 270 nm, less than about 260 nm, less than about 250 nm, less than
about 240 om, less than about 230 nm, less than about 220 nm, less than about 210 nm, less
than about 200 nm, less than about 190 nm, less than about 180 nm, less than about 170 nm,
tess than abowt 160 num, less than about 150 nm, less than about 140 nm, less than about 130
nm, less than about 120 nmy, iess than about 110 om, less than about 100 nm, less than about
90 nm, less than about 80 nm, less than about 70 nm, less than about 60 nm, less than about
50 nm, less than about 40 nm, less than about 30 nm, less than about 20 nm, less than about
180 nm, less than about 9 nm, less than about § nm, less than about 7 nm, less than about 6

nm, or less than about 5 nm.

41, The sohid composition of any one of claims 22-40, wherein the solid particles are
formed by spray drying a spray suspension comprising the triglycerides with one or more

odd-numbered carbon fatly acids as an active ingredient and the solid substance.

42 The solid composition of any one of the preceding clatms, which further comprises a

pharmaceutically acceptable excipient.

43, The sohd composition of any one of the preceding claims, wherein the active
mgredient has puarity greater than 97% after about four weeks of exposure to about 25°C at

about 6% relative homidity when package in a scaled container.
44,  The solid composition of any one of the preceding claims, wherein the composition

has a water content of no more than 0.35% by weight after aboot four weeks of exposure to

about 25°C at about 6(% relative humidity when package in a scaled container.
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45. The solid composttion of any one of the preceding claims, wherein the active
ingredient has purity greater than 97% after about four weeks of exposure to about 40°C at

about 75% relative humidity when package in a sealed container.

46.  The solid composition of any one of the preceding claims, wherein the composition
has a water content of no more than $.45% by weight after about four wecks of exposure to

40°C at about 75% relative humidity when package in a scaled container.

47, A method of reating a discase, disorder, or condition in a subject comprising orally
administering to the subject 2 therapeutically effective amount of a solid composition of any
one of claim 1-3, wherein the disease, disorder, or condition is selected from any one or more
of the following: a fatty acid oxidation disorder or deficiency; adult polvghicosan body
discase; a mitochondrial fat oxidation defect (e.g., relating to carnitine palmitoy! transferase 1,
carniting palmitoyl transforase 1, carnitine acylcarnitine translocase, veory long chain
acyl-CoA dehydrogenase, trifunctional protein, long chain hydroxyacybCoA dehydrogenase,
multiple acyl-CoA dehydrogenase, short chain acyl CoA dehydrogenase, alpha ghucosidase,
brancher enzyme, debrancher enzyme, myophosphorylase, or phosphofructokinase); a
glycogen storage disease (e.g., glycogen storage disease Type II); glucose transporter type |

{(GLUTL) deficiency syndrome; and a mitochondrial myopathy.

48, The method of claim 41, wherein the solid composition is co-administered with a

food, drink, or comestible composition.

49. A mothod of treating a discase, disorder, or condition in a subject comprising orally
administering to the subject a therapeutically effective amount of a solid composition of any
one of claim 1 and 4-6, wherein the discase, disorder, or condition is selected from any one or

more of the following: urea cycle disorders (UCD) and hepatic encephalopathy (HE).



