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Compositions and Methods for Treating Neurodegenerative Disorders

RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application serial number 62/785,903, filed December 28, 2018, hereby incorporated by

reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to pharmaceutical compositions for treating cognitive
disorder in aging companion animals, comprising a 5-benzylaminosalicylic acid compound
of formula (I), or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient suitable for oral administration. The present disclosure relates to
methods for treatment of cognitive decline including canine CDS, dysthymia, involutive

depression, and confusional syndrome.

BACKGROUND

[0003] The number of companion animals worldwide is steadily increasing. The number of
household dogs and cats in top 20 countries is estimated to be approximately 256 million and
approximately 236 million, respectively. Household dogs and cats live much longer these
days, due to improvement in nutrition, disease treatment, and outstanding veterinary and pet-
owner care. Therefore, there is growing interest in the treatment of age-related diseases in
companion animals.

[0004] A number of aged or aging dogs and cats suffer from cognitive impairment that results
from nervous system disorders including CDS, dysthymia, involutive depression, and
confusional syndrome. Cognitive impairment is defined as trouble in remembering, learning
new things, concentrating, or making decisions that can affect daily life. CDS is an age-
related degenerative brain disease in dogs and cats. The prevalence of CDS has been reported
to range from 14% to 60% in dogs over 8 years old [1-4]. Other reports show that 62% of
companion dogs at 11-16 years old suffer from CDS, with the prevalence increasing markedly

with age [5]. Therefore, a large number of dogs are afflicted with CDS, which can worsen
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human-animal bond, lower the quality of life in animals, and consequently shorten the life
span of the animals [6-8].

[0005] Pathophysiological changes seen in canine CDS include cerebrocortical and basal
ganglia atrophy; increase in ventricle size; demyelination; an increase in the size and number
of glial cells; neuronal loss especially in the cortical regions over the hippocampus; axonal
degeneration; an accumulation of beta-amyloid plaques [6, 9, 10]. Cats with CDS are also
accompanied by decreased number of neurons, beta amyloid deposition, and increased glial
cells similar to canine CDS. In contrast to Alzheimer’s disease (AD) in humans,
neurofibrillary tangles widespread in AD have not been identified in the brains of dogs and
cats with CDS, suggesting that CDS in dogs and cats is distinguishable from AD [11].
[0006] Dogs and cats diagnosed with CDS exhibit progressive impairment in cognitive and
neurological functions. They show various behavioral problems such as getting lost in house,
showing less daytime activity, no longer greeting to their families or other familiar animals,
no reaction when called by name, going around in a circle or urination in unusual region [10,
12-15].

[0007] Although the rapidly growing population of dogs and cats with CDS is recently
observed, CDS remains an unmet medical need. Selegiline, a selective irreversible inhibitor
of monoamine oxidase B (MAQO-B), is the only pharmaceutical medication that is approved
by FDA for treating CDS [16]. Previous reports showed that selegiline enhanced cognitive
function and improved behavioral function. However, recent data indicate that its beneficial
effects are not maintained for a long time, indicating that selegiline therapy is just a
symptomatological treatment. For example, the cognitive function in CDS dogs were
improved within the first 2 weeks after selegiline treatment, but the beneficial effect in most
of the dogs disappeared at 8 weeks after treatment [17-19]. Moreover, a large clinical trial
involving 474 dogs with CDS over the age of 8 years old concluded that selegiline treatment
should be administered at early onset of clinical signs [19].

[0008] A number of non-pharmacological therapies have been commercially available
including dietary supplementation with antioxidants, L-carnitine, and omega-3 fatty acids
that is just to improve the welfare of the dog by relieving the anxiety and supporting cognitive
function. For optimal results, such dietary supplement should begin at the early stage of

canine CDS. As there is no cure for CDS in canine and feline, disease-modifying compounds
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and methods that can halt or slow down the progression of CDS need to be developed.

[0009] Over 400 clinical trials for the treatment of AD were conducted between 2002 and
2012, but memantine, a low to moderate affinity N-methyl-D-aspartate receptor antagonist,
was the only drug approved for symptomatic treatment of AD based upon findings that it
showed a small improvement in mental function and ability to perform daily activities in
moderate-to-severe AD. Since then, large phase III clinical trials of drugs targeting beta
amyloid, inflammation, or oxidative stress have been conducted for AD but all failed in
showing beneficial effects, making the situation worse. However, nearly all the failed drugs
reduced amyloid plaque burden and improved cognitive function in the two standard mouse
models of AD, Tg2576 and APP/PS1 that overexpress familial AD mutations of genes,
mutant amyloid precursor protein (APP), or APP and presenilin, respectively. Thus,
pharmacological efficacy of drug candidates proven in preclinical animal models of AD is

not translated for the treatment of AD in humans.

DETAILED DESCRIPTION

[0010] A 5-benzylaminosalicylic acid compound, or a pharmaceutically acceptable salt
thereof, has been used for the treatment of AD and neurodegenerative diseases (US. Pat. No.
6,964,982). In a previous study, 2-hydroxy-5-[2-(4-trifluoromethyl-
phenyl)ethylamino]benzoic acid is verified as a potent spin-trapping molecule and
microsomal prostaglandin E(2) synthase-1 (mPGES-1) inhibitor effective at nanomolar
concentrations, which results in not only blockade of neuronal death, axonopathy, and
autophagosome formation but also increases of motor function activity and life span in a
mouse model of amyotrophic lateral sclerosis [20].

[0011] A S-benzylaminosalicylic acid compound, or a pharmaceutically acceptable salt
thereof, was explored for the treatment of CDS in companion animals. Surprisingly, oral
administration of 2-hydroxy-5-[2-(4-trifluoromethyl-phenyl)ethylamino]benzoic acid for
longer than 4 weeks markedly improved cognitive and neurobehavioral functions in aged
companion dogs suffering from severe CDS. Moreover, the beneficial effects of 2-hydroxy-
5-[2-(4-trifluoromethyl-phenyl)ethylamino]benzoic acid were maintained for at least 4 weeks
after the last administration. It was thus suggested that 2-hydroxy-5-[2-(4-trifluoromethyl-

phenyl)ethylamino]benzoic acid could be a potential therapeutic option for treating CDS
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through inhibiting both oxidative stress and inflammation. In some embodiments, the present
disclosure is directed to compositions and methods comprising a S-benzylaminosalicylic acid
compound of formula (I), or a pharmaceutically acceptable salt thereof, for the treatment for
cognitive and/or neurobehavioral impairment, e.g., in a neurological disease, in a companion

animal.

Technical Problem

[0012] Accordingly, the present disclosure provides pharmaceutical compositions and
methods useful for treating cognitive and/or neurobehavioral impairment, e.g., in a
neurological disease, such as CDS, dysthymia, involutive depression, and confusional

syndrome, in a companion animal.

Technical Solution
[0013] The present disclosure provides a compound of formula (I) for treating cognitive
and/or neurobehavioral impairment, e.g., in a neurological disease, in a companion animal:

R,00C,

wherein,

X is selected from CO, SOz and (CH2)z»;

R is selected from hydrogen, C1-Cs alkyl and C1-Cs alkanoyl;

R2 is selected from hydrogen and C1-Cs alkyl,;

Rj3 is selected from hydrogen and a Ci-Cs acetyl group; and

R4 is selected from a phenyl group, a phenoxy group, and a 5- to 10-membered aryl group,
which is unsubstituted or substituted with one or more substituents each
independently selected from nitro, halogen, Ci-Cs alkyl, Ci1-Cs haloalkyl, Ci-Cs
alkoxy, and Ci-Cs haloalkoxy;

n is an integer from 1 to 5, inclusive;

or a pharmaceutically acceptable salt thereof.
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[0014] The present disclosure provides methods of treating cognitive and/or neurobehavioral
impairment, e.g., in neurological diseases, comprising administering to a companion animal
in need thereof a compound of formula (I):

R,00C

wherein,

X is selected from CO, SOz and (CH2)z»;

R is selected from hydrogen, C1-Cs alkyl and C1-Cs alkanoyl;

R2 is selected from hydrogen and C1-Cs alkyl,;

Rj3 is selected from hydrogen and a Ci-Cs acetyl group; and

R4 is selected from a phenyl group, a phenoxy group, and a 5- to 10-membered aryl group,
which is unsubstituted or substituted with one or more substituents each
independently selected from nitro, halogen, Ci-Cs alkyl, Ci1-Cs haloalkyl, Ci-Cs
alkoxy, and Ci-Cs haloalkoxy;

n is an integer from 1 to 5, inclusive;

or a pharmaceutically acceptable salt thereof.

[0015] In some embodiments, a number of compounds of formula (I) have been prepared

and evaluated. In some embodiments, the compositions and methods comprise a 5-

benzylaminosalicylic acid compound of formula (I) or its pharmaceutically acceptable salt.

[0016] In some embodiments, the 5-benzylaminosalicylic acid compound is 5-

benzylaminosalicylic acid itself.

[0017] Preferable examples of 5-benzylaminosalicylic acid compounds include, but are not

limited to, 2-hydroxy-5-phenethylamino-benzoic acid (Compound 1), 2-hydroxy-5-[2-(4-

trifluoromethyl-phenyl)-ethylamino]-benzoic acid (Compound 2), 2-hydroxy-5-[2-(3-

trifluoromethyl-phenyl)-ethylamino]-benzoic  acid  (Compound  3),  5-[2-(3,5-bis-

trifluoromethyl-phenyl)-ethylamino]-2-hydroxy-benzoic acid (Compound 4), 2-hydroxy-5-

[2-(2-nitro-phenyl)-ethylamino]-benzoic acid (Compound 5), 5-[2-(4-chloro-phenyl)-

ethylamino]-2-hydroxy-benzoic  acid (Compound 6), 5-[2-(3,4-difluoro-phenyl)-
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ethylamino]-2-hydroxy-benzoic  acid (Compound 7), 5-[2-(3,4-dichloro-phenyl)-
ethylamino]-2-hydroxy-benzoic acid (Compound 8), 5-[2-(4-fluoro-2-trifluoromethyl-
phenyl)-ethylamino]-2-hydroxy-benzoic  acid  (Compound 9),  5-[2-(2-fluoro-4-
trifluoromethyl-phenyl)-ethylamino]-2-hydroxy-benzoic acid (Compound 10), 2-hydroxy-5-
[2-(4-methoxy-phenyl)-ethylamino]-benzoic acid (Compound 11), 2-hydroxy-5-(2-o-tolyl-
ethylamino)-benzoic acid (Compound 12), 2-hydroxy-5-(3-phenyl-propylamino)-benzoic
acid (Compound 13), 2-hydroxy-5-[3-(4-trifluoromethyl-phenyl)-propylamino]-benzoic acid
(Compound 14), 5-[3-(4-fluoro-phenyl)-propylamino]-2-hydroxy-benzoic acid (Compound
15), 5-[3-(3,4-dichloro-phenyl)-propylamino]-2-hydroxy-benzoic acid (Compound 16), 2-
hydroxy-5-(3-p-tolyl-propylamino)-benzoic acid (Compound 17), 2-acetoxy-5-[2-(4-
trifluoromethyl-phenyl)-ethylamino]-benzoic acid (Compound 18), 5-[2-(2-chloro-phenyl)-

ethylamino]-2-hydroxy-benzoic acid (Compound 19), S-benzylaminosalicylic acid

(Compound  20), 5-(4-nitrobenzyl)aminosalicylic acid (Compound 21), 5-(4-
chlorobenzyl)aminosalicylic acid (Compound 22), 5-(4-
trifluoromethylbenzyl)aminosalicylic acid (Compound 23), 5-(4-
fluorobenzyl)aminosalicylic acid (Compound 24), 5-(4-methoxybenzyl)aminosalicylic acid
(Compound 25), 5-(2,3,4,5,6-pentafluorobenzyl)aminosalicylic acid (Compound 26), 5-(4-
nitrobenzyl)amino-2-hydroxy ethylbenzoate (Compound 27), 5-(4-nitrobenzyl)-N-
acetylamino-2-hydroxy ethylbenzoate (Compound 28), 5-(4-nitrobenzyl)-N-acetylamino-2-
acetoxy ethylbenzoate (Compound 29), 5-(4-nitrobenzoyl)aminosalicylic acid (Compound
30), 5-(4-nitrobenzenesulfonyl)aminosalicylic acid (Compound 31), 5-[2-(4-nitrophenyl)-
ethyl]aminosalicylic acid (Compound 32), and 5-[3-(4-nitro-phenyl)-n-

propyl]aminosalicylic acid (Compound 33). In certain preferred embodiments, the compound

of formula D is Compound 2 2-hydroxy-5-[2-(4-trifluoromethyl-

phenyl)ethylamino]benzoic acid or a pharmaceutically acceptable salt thereof. In some
embodiments, the compound of formula (I) has the structure

HOOC

HO \ / H (CH,), \ / CF3‘

[0018] The S-benzylaminosalicylic acid compound or its pharmaceutically acceptable salt
6
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of the present disclosure can be prepared by, but is not limited to, the reaction schemes
represented in US. Pat. No. 6,573,402.

[0019] In some embodiments, the cognitive and/or neurobehavioral impairment is CDS,
dysthymia, involutive depression, or confusional syndrome. In some embodiments, the
compounds of formula (I) treat cognitive and/or neurobehavioral impairment in a companion
animal. In some embodiments, the cognitive and/or neurobehavioral impairment is CDS.
[0020] In some embodiments, the treatment of cognitive and/or neurobehavioral impairment
is through concurrent pharmacological inhibition of oxidative stress and inflammation. In
some embodiments, the treatment of cognitive and/or neurobehavioral impairment is through
inhibiting oxidative stress and prostaglandin E» synthesis. In some embodiments, the
treatment of cognitive and/or neurobehavioral impairment is through inhibiting oxidative
stress and microsomal prostaglandin E synthase-1.

[0021] In some embodiments, the companion animal exhibits symptoms involving
behavioral changes selected from appetite, drinking behavior, vocalization, elimination
behavior, sleeping pattern, aimless behavior, adaptive capabilities, social behavior,
perceptual ability, disorientation, and memory. In some embodiments, the companion animal
exhibits symptoms involving behavioral changes selected from vocalization, elimination
behavior, sleeping pattern, aimless behavior, social behavior, perceptual ability,
disorientation, and memory. In some embodiments, the companion animal exhibits
symptoms involving behavioral changes selected from sleeping pattern, social behavior,
disorientation, and memory. In some embodiments, the companion animal exhibits
symptoms involving changes in memory. In some embodiments, the companion animal
exhibits symptoms involving behavioral changes selected from orientation (e.g., staring
blankly and getting lost in the home), memory (e.g., lack of recognition of owners and house-
soiling), apathy (e.g., reduced time spent active and avoiding contact with owners), impaired
olfaction (e.g., difficulty finding food), and locomotion.

[0022] In some embodiments, the companion animal exhibits symptoms involving
behavioral changes selected from spatial orientation, social interaction, sleep—wake cycle,
and house soiling.

[0023] In some embodiments, the companion animal exhibits pathophysiological changes.

In some embodiments, the pathophysiological changes are selected from cerebrocortical
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atrophy; basal ganglia atrophy; increase in ventricle size; demyelination; an increase in the
size of glial cells; an increase in the number of glial cells; neuronal loss especially in the
cortical regions over the hippocampus; axonal degeneration; and an accumulation of beta-
amyloid plaques. In some embodiments, the pathophysiological changes are selected from an
increase in the size of glial cells; an increase in the number of glial cells; neuronal loss; and
an increase in beta-amyloid deposition.

[0024] In some embodiments, the companion animal is selected from a cat, a chinchilla, a
dog, a ferret, a gerbil, a guinea pig, a hamster, a hedgehog, a mouse, a rabbit, and a rat. In
certain preferred embodiments, the companion animal is a cat or a dog. In some embodiments,

the companion animal is a canine or a feline.

[0025] Definitions

[0026] The definitions for the terms described below are applicable to the use of the term
by itself or in combination with another term.

[0027] The term “acetoxy” refers to a group represented by the general formula
hydrocarbylC(O)O-, preferably alkylC(O)O-.

[0028] The term “acetyl” refers to a group represented by the general formula CH3C(O)-.
[0029] An “alkyl” group (including ‘alkyl” of haloalkyl) or “alkane” is a straight chained or
branched non-aromatic hydrocarbon which is completely saturated. Typically, a straight
chained or branched alkyl group has from 1 to about 20 carbon atoms, preferably from 1 to
about 10 unless otherwise defined. A Ci-Cs straight chained or branched alkyl group is also
referred to as a "lower alkyl" group. In some embodiments, the alkyl is Ci-Cs alkyl, and more
preferably Ci-C3 alkyl. More specifically, preferable alkyl groups include, but are not limited
to, methyl, ethyl, propyl, isopropyl, butyl, sec-butyl and tert-butyl.

[0030] Moreover, the term “alkyl” (or “lower alkyl”) as used throughout the specification,
examples, and claims is intended to include both “unsubstituted alkyls” and “substituted
alkyls”, the latter of which refers to alkyl moieties having substituents replacing a hydrogen
on one or more carbons of the hydrocarbon backbone. Such substituents, if not otherwise
specified, can include, for example, a halogen, a hydroxyl, a carbonyl (such as a carboxyl, an
alkoxycarbonyl, a formyl, or an acyl such as an alkylC(Q)), a thiocarbonyl (such as a thioester,
a thioacetate, or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a

phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro, an azido, a silyl

8
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ether, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfony],
a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be understood
by those skilled in the art that the moieties substituted on the hydrocarbon chain can
themselves be substituted, if appropriate. For instance, the substituents of a substituted
alkyl may include substituted and unsubstituted forms of amino, azido, imino, amido,
phosphoryl (including phosphonate and phosphinate), sulfonyl (including sulfate,
sulfonamido, sulfamoyl and sulfonate), and silyl groups, as well as ethers, alkylthiols,
carbonyls (including ketones, aldehydes, carboxylates, and esters), -CF3, -CN and the like.
Exemplary substituted alkyls are described below. Cycloalkyls can be further substituted
with alkyls, alkenyls, alkoxys, alkylthios, aminoalkyls, carbonyl-substituted alkyls, -CF3, -
CN, and the like.

[0031] The term “Cx.y” when used in conjunction with a chemical moiety, such as, acyl,
acyloxy, alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups that contain from x to
y carbons in the chain. For example, the term “Cxvyalkyl” refers to substituted or
unsubstituted saturated hydrocarbon groups, including straight-chain alkyl and branched-
chain alkyl groups that contain from x to y carbons in the chain, including haloalkyl groups
such as trifluoromethyl and 2,2,2-tirfluoroethyl, etc. Co alkyl indicates a hydrogen where
the group is in a terminal position, a bond if internal. The terms “Czyalkenyl” and “Ca-
yalkynyl” refer to substituted or unsubstituted unsaturated aliphatic groups analogous in
length and possible substitution to the alkyls described above, but that contain at least one
double or triple bond respectively.

[0032] The term “alkanoyl” refers to a group represented by the general formula
hydrocarbyl-C(O)-, preferably alkyl-C(O)-.

[0033] The term “alkoxy” (including ‘alkoxy’ of haloalkoxy) refers to an alkyl group,
preferably a lower alkyl group, having an oxygen attached thereto. In some embodiments,
preferably, the alkoxy is Ci-Cs alkoxy, and more preferably Ci-C3 alkoxy. More specifically,
preferable alkoxy includes, but is not limited to, methoxy, ethoxy, and propanoxy. Halogen
includes, but is not limited to, fluoride, chloride, bromide, and iodide. Preferably, alkanoyl is
C2-Cio alkanoyl, and more preferably Cs-Cs alkanoyl. More specifically, preferable alkanoyl

includes, but is not limited to, ethanoyl, propanoyl, and cyclohexanecarbonyl.
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[0034] The terms “amine” and “amino” are art-recognized and refer to both unsubstituted

and substituted amines and salts thereof, e.g., a moiety that can be represented by

R10 R10
—N/ —N4—R1°
\R10 or \R10

wherein each R!° independently represents a hydrogen or a hydrocarbyl group, or two R!°
are taken together with the N atom to which they are attached complete a heterocycle having
from 4 to 8 atoms in the ring structure.

[0035] The term “aryl” as used herein include substituted or unsubstituted single-ring
aromatic groups in which each atom of the ring is carbon. Preferably the ring is a 5- to 10-
membered ring, more preferably a 6- to 10-membered ring or a 6-membered ring. The term
“aryl” also includes polycyclic ring systems having two or more cyclic rings in which two or
more carbons are common to two adjoining rings wherein at least one of the rings is aromatic,
e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls,
and/or heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene, phenol,
aniline, and the like. Exemplary substitution on an aryl group can include, for example, a
halogen, a haloalkyl such as trifluoromethyl, a hydroxyl, a carbonyl (such as a carboxyl, an
alkoxycarbonyl, a formyl, or an acyl such as an alkylC(Q)), a thiocarbonyl (such as a thioester,
a thioacetate, or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a
phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro, an azido, a silyl
ether, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfony],
a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety

[0036] The terms “halo” and “halogen” as used herein means halogen and includes chloro,
fluoro, bromo, and iodo.

[0037] The term “lower” when used in conjunction with a chemical moiety, such as, acyl,
acyloxy, alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups where there are ten or
fewer non-hydrogen atoms in the substituent, preferably six or fewer. A “lower alkyl”, for
example, refers to an alkyl group that contains ten or fewer carbon atoms, preferably six or
fewer. In certain embodiments, acyl, acyloxy, alkyl, alkenyl, alkynyl, or alkoxy substituents
defined herein are respectively lower acyl, lower acyloxy, lower alkyl, lower alkenyl, lower
alkynyl, or lower alkoxy, whether they appear alone or in combination with other substituents,

such as in the recitations hydroxyalkyl and aralkyl (in which case, for example, the atoms
10
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within the aryl group are not counted when counting the carbon atoms in the alkyl substituent).
[0038] The term “substituted” refers to moieties having substituents replacing a hydrogen
on one or more carbons of the backbone. It will be understood that “substitution” or
“substituted with” includes the implicit proviso that such substitution is in accordance with
permitted valence of the substituted atom and the substituent, and that the substitution results
in a stable compound, e.g., which does not spontaneously undergo transformation such as by
rearrangement, cyclization, elimination, etc. ~As used herein, the term “substituted” is
contemplated to include all permissible substituents of organic compounds. In a broad
aspect, the permissible substituents include acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and non-aromatic substituents of organic compounds.
The permissible substituents can be one or more and the same or different for appropriate
organic compounds. For purposes of this invention, the heteroatoms such as nitrogen may
have hydrogen substituents and/or any permissible substituents of organic compounds
described herein which satisfy the valences of the heteroatoms. Substituents can include
any substituents described herein, for example, a halogen, a haloalkyl, a hydroxyl, a carbonyl
(such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a
thioester, a thioacetate, or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a
phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro, an
azido, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfony],
a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be understood
by those skilled in the art that substituents can themselves be substituted, if appropriate.
Unless specifically stated as “unsubstituted,” references to chemical moieties herein are
understood to include substituted variants. For example, reference to an “aryl” group or
moiety implicitly includes both substituted and unsubstituted variants.

[0039] The term “pharmaceutically acceptable salt” of the present disclosure means salts
produced by non-toxic or little toxic acid or base. In case that the compound of the present
disclosure is acidic, base addition salts of the compound of the present disclosure can be made
by reacting the free base of the compound with enough amount of desirable base and adequate
inert solvent. Pharmaceutically acceptable base addition salt includes, but is not limited to,
sodium, potassium, calcium, ammonium, magnesium or salt made by organic amino. In case

that the compound of the present disclosure is basic, acid addition salts of the compound of
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the compound can be made by reacting the free base of the compound with enough amount
of desirable acid and adequate inert solvent. Pharmaceutically acceptable acid addition salt
includes, but is not limited to, propionic acid, isobutylic acid, oxalic acid, malic acid, malonic
acid, benzoic acid, succinic acid, suberic acid, fumaric acid, mandelic acid, phthalic acid,
benzenesulfonic acid, p-tolylsulfonic acid, citric acid, tartaric acid, methanesulfonic acid,
hydrochloric acid, bromic acid, nitric acid, carbonic acid, monohydrogen-carbonic acid,
phosphoric acid, monohydrogen-phosphoric acid, dihydrogen-phosphoric acid, sulfuric acid,
monohydrogen-sulfuric acid, hydrogen iodide, and phosphorous acid. In addition, the
pharmaceutically acceptable salt of the present disclosure includes, but is not limited to, a
salt of amino acid like arginate and an analog of organic acid like glucuronic or galactunoric.
[0040] For example, a pharmaceutically acceptable salt of 2-hydroxy-5-[2-(4-
trifluoromethyl-phenyl)-ethylamino]-benzoic acid (Compound 2), one preferable example of
the present disclosure, can be prepared by the below reaction scheme 1. However, the
following reaction methods are offered by way of illustration and are not intended to limit

the scope of the disclosure.

<Reaction scheme 1>

G &

Q\/ j\l : :t'i’.()()M
FC 3T

[0041] In Scheme 1, M is a pharmaceutically acceptable metal or basic organic compound
such as diethylamine, lithium, sodium and potassium.

[0042] In more detail, diethylamine salt can be prepared by dissolving a compound in
alcohol, adding dropwise diethylamine, stirring the mixture, distilling in vacuo, and
crystallizing the residue by adding ether. Alkali metal salt can be made by preparing desirable
salt with inorganic reagent like lithium hydroxide, sodium hydroxide, potassium hydroxide
in solvent like alcohol, acetone, acetonitrile and then freeze-drying. In addition, according to

the similar method, lithium salt can be made with lithium acetate, sodium salt can be made
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with sodium 2-ethylhexanoate or sodium acetate, and potassium salt can be made with
potassium acetate.

[0043] Some of the compounds of the present disclosure may be hydrated form and may
exist as solvated or unsolvated form. A part of compounds according to the present disclosure
exist as crystal form or amorphous form, and any physical form is included in the scope of
the present disclosure. In addition, some compounds of the present disclosure may contain
one or more asymmetric carbon atoms or double bond, and therefore exists in two or more
stereoisomeric forms like racemate, enantiomer, diastereomer, geometric isomer, etc. The

present disclosure includes these individual stereoisomers of the compounds.

Compositions

[0044] The present disclosure also provides a composition comprising the 5-
benzylaminosalicylic acid derivative represented by the above chemical formula (I) or its
pharmaceutically acceptable salt; and pharmaceutically acceptable excipient or additive. The
5-benzylaminosalicylic acid derivative represented by the above chemical formula (I) or its
pharmaceutically acceptable salt of the present disclosure may be administered alone. In
some embodiments, the composition comprising a compound of formula (I) is administered
with any convenient carrier, diluent, etc.

[0045] In some embodiments, the composition comprises from about 1 mg to about 1,000
mg of the compound of formula (I). In some embodiments, the composition comprises from
about 10 mg to about 1,000 mg of the compound of formula (I). In some embodiments, the
composition comprises from about 1 mg to about 500 mg of the compound of formula (I). In
some embodiments, the composition comprises from about 1 mg to about 100 mg of the
compound of formula (I). In some embodiments, the composition comprises from about 2
mg to about 50 mg of the compound of formula (I).

[0046] In some embodiments, a formulation for administration may be single-dose unit or
multiple-dose unit. In some embodiments, the composition comprises a single dose unit. In
some embodiments, the composition comprises a multiple-dose unit.

[0047] The composition for oral administration of the present disclosure may be formulated
in a solid or liquid form. The solid formulation includes, but is not limited to, a powder, a

granule, atablet, a capsule, a suppository, etc. Also, the solid formulation may further include,

13



WO 2020/136441 PCT/IB2019/001409

but is not limited to, a diluent, a flavoring agent, a binder, a preservative, a disintegrating
agent, a lubricant, a filler, a plasticizer, etc. The liquid formulation includes, but is not limited
to, a solution such as water solution and propylene glycol solution, a suspension, an emulsion,
etc., and may be prepared by adding suitable additives such as a coloring agent, a flavoring
agent, a stabilizer, a thickener, etc. In some embodiments, the composition is administered in
a form selected from a capsule, a tablet, a powder, and a solution. In some embodiments, the
composition is administered by mixing with a dietary supplement. In some embodiments, the
composition is administered as a dietary supplement. In some embodiments, the composition
is administered by mixing with food. In some embodiments, the composition is administered
as a food composition. In some embodiments, the composition is administered by dissolving
in water. In some embodiments, the composition is administered as a capsule with water. In
some embodiments, the composition is administered as a chewable tablet.

[0048] For example, a powder can be made by simply mixing the 5-benzylaminosalicylic
acid derivative of the present disclosure and pharmaceutically acceptable excipients like
lactose, starch, microcrystalline cellulose. A granule can be prepared as follows: mixing the
compound, a pharmaceutically acceptable excipient. In some embodiments, the
pharmaceutically acceptable excipient comprises a diluent and/or a pharmaceutically
acceptable binder. In some embodiments, the binder 1is polyvinylpyrrolidone,
hydroxypropylcellulose, etc.

[0049] In some embodiments, the composition is formed by wet-granulating with adequate
solvent like water, ethanol, isopropanol, etc. In some embodiments, the composition is
formed by direct-compressing with compressing power. In addition, a tablet can be made by
mixing the granule with a pharmaceutically acceptable lubricant such as magnesium stearate
and tableting the mixture.

[0050] The pharmaceutical composition of the present disclosure may be administered in
forms of, but not limited to, oral formulation, injectable formulation (for example,
intramuscular, intraperitoneal, intravenous, infusion, subcutaneous, implant), inhalable,
intranasal, vaginal, rectal, sublingual, transdermal, topical, etc. depending on the disorders to
be treated and the animal’s conditions. The composition of the present disclosure may be
formulated in a suitable dosage unit comprising a pharmaceutically acceptable and non-toxic

carrier, additive and/ or vehicle, which all are generally used in the art, depending on the
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routes to be administered. Depot type of formulation being able to continuously release drug
for desirable time also is included in the scope of the present disclosure.

[0051] In some embodiments, the composition is a capsule comprising:

about 1 mg to about 1000 mg of the compound of formula (I);

about 50% w/w to about 70% w/w lactose monohydrate;

about 2% w/w to about 8% w/w croscarmellose sodium;

about 0.1% w/w to about 1% w/w magnesium stearate; and

about 0.1% w/w to about 2% w/w sodium lauryl sulfate.

[0052] In some embodiments, the composition is a capsule comprising:

about 1 mg to about 1000 mg of the compound of formula (I);

about 60% w/w lactose monohydrate;

about 5% w/w croscarmellose sodium;

about 0.5% w/w magnesium stearate; and

about 1% w/w sodium lauryl sulfate.

[0053] In some embodiments, the composition is a food composition comprising:
about 1 mg to about 1000 mg of the compound of formula (I);

about 30% w/w to about 50% w/w starch;

about 15% w/w to about 25% w/w crude protein;

about 10% w/w to about 20% crude fat;

about 0.1% w/w to about 5% w/w crude fiber;

about 1% w/w to about 10% w/w crude ash;

about 0.1% w/w to about 5% w/w arginine;

about 0.1% w/w to about 2.5% w/w calcium,;

about 0.1% w/w to about 3% w/w lysine;

about 0.1% w/w to about 3% w/w methionine plus cystine; and

about 0.1% w/w to about 2.5% w/w phosphorus.

[0054] In some embodiments, the composition is a food composition comprising:
about 1 mg to about 1000 mg of the compound of formula (I);

about 42.7% w/w starch;

about 21.0% w/w crude protein;

about 14% w/w crude fat;
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about 1.9% w/w crude fiber;

about 6.1% w/w crude ash;

about 1.4% w/w arginine;

about 0.75% w/w calcium;

about 1.1% w/w lysine;

about 1.18% w/w methionine plus cystine; and

about 0.5% w/w phosphorus.

[0055] In some embodiments, the composition is a dietary supplement comprising:
about 1 mg to about 1000 mg of the compound of formula (I);

about 5% w/w to about 20% w/w crude protein,

about 0.1% w/w to about 5% w/w crude fat;

about 0.1% w/w to about 5% w/w crude fiber;

about 0.1% w/w to about 5% w/w crude ash,;

about 0% w/w to about 1% w/w calcium;

about 0% w/w to about 2% w/w potassium; and

about 60% w/w to about 95% w/w water.

[0056] In some embodiments, the composition is a dietary supplement comprising:
about 1 mg to about 1000 mg of the compound of formula (I);

about 12.0% w/w crude protein;

about 1.5% w/w crude fat;

about 0.4% w/w crude fiber;

about 1.5% w/w crude ash;

about 0.02% w/w calcium;

about 0.1% w/w potassium; and

about 78.0% w/w water.

[0057] In some embodiments, the composition is a chewable tablet comprising:
about 1 mg to about 1000 mg of the compound of formula (I);

about 0.1% w/w to about 5% w/w silicon dioxide;

about 0% w/w to about 2% w/w benzoic acid;

about 0% w/w to about 1% w/w sorbic acid;

about 0.1% w/w to about 10% w/w magnesium stearate;
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about 10% w/w to about 30% w/w cellulose;

about 30% w/w to about 50% w/w chicken source;

about 0.1% w/w to about 5% w/w dry yeast; and

about 10% w/w to about 30% w/w glucose.

[0058] In some embodiments, the composition is a chewable tablet comprising:

about 1 mg to about 1000 mg of the compound of formula (I);

about 3% w/w silicon dioxide;

about 0.05% w/w benzoic acid;

about 0.01% w/w sorbic acid;

about 5% w/w magnesium stearate;

about 20% w/w cellulose;

about 40% w/w chicken powder;

about 3% w/w dry yeast; and

about 19% w/w glucose.

[0059] The present disclosure also provides a use of the 5-benzylaminosalicylic acid
derivative or its pharmaceutically acceptable salt for treatment of cognitive decline in animals.
That is, the present disclosure provides a pharmaceutical composition for treatment of
cognitive decline in animals, comprising the S5-benzylaminosalicylic acid derivative
represented by the above chemical formula (I) or its pharmaceutically acceptable salt. More
specifically, the 5-benzylaminosalicylic acid derivative or its pharmaceutically acceptable
salt can be used for treatment of cognitive decline in animals including cognitive dysfunction
syndrome (e.g., canine cognitive dysfunction syndrome), dysthymia, involutive depression,
and confusional syndrome. In some embodiments, the cognitive decline is caused by CDS.
[0060] In some embodiments, the compositions are used in the manufacture of a
medicament for the treatment of cognitive dysfunction syndrome (CDS) in a companion
animal. In some embodiments, the compositions are used in the manufacture of a medicament
for treating CDS through concurrent pharmacological inhibition of oxidative stress and
inflammation. In some embodiments, the compositions are used in the manufacture of a
medicament for treating CDS through inhibiting oxidative stress and prostaglandin Ea
synthesis. In some embodiments, the compositions are used in the manufacture of a

medicament for treating CDS through inhibiting oxidative stress and microsomal
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prostaglandin E synthase-1. However, the use of the 5-benzylaminosalicylic acid derivative
or its pharmaceutically acceptable salt according to the present disclosure is not limited to
the above concrete disease names.

[0061] The disclosure provides for use of the S-benzylaminosalicylic acid derivative or its
pharmaceutically acceptable salt to prepare a pharmaceutical product for treating cognitive
and/or neurobehavioral impairment, such as reducing or slowing down a decline of social
interaction, reducing age-related behavioral changes, increasing of ability in training,
improving attention, keeping healthy of brain function, reducing memory loss, and treating
cognitive decline in a companion animal, such as a canine or a feline. In some embodiments,
the companion animal exhibits symptoms involving behavioral changes selected from
appetite, drinking behavior, vocalization, elimination behavior, sleeping pattern, aimless
behavior, adaptive capabilities, social behavior, perceptual ability, disorientation, and
memory. In some embodiments, the companion animal exhibits symptoms involving
behavioral changes selected from vocalization, elimination behavior, sleeping pattern,
aimless behavior, social behavior, perceptual ability, disorientation, and memory. In some
embodiments, the companion animal exhibits symptoms involving behavioral changes
selected from sleeping pattern, social behavior, disorientation, and memory. In some
embodiments, the companion animal exhibits symptoms involving changes in memory. In
some embodiments, the companion animal exhibits symptoms involving behavioral changes
selected from orientation (e.g., staring blankly and getting lost in the home), memory (e.g.,
lack of recognition of owners and house-soiling), apathy (e.g., reduced time spent active and
avoiding contact with owners), impaired olfaction (e.g., difficulty finding food), and
locomotion.

[0062] In some embodiments, the companion animal exhibits symptoms involving
behavioral changes selected from spatial orientation, social interaction, sleep—wake cycle,
and house soiling.

[0063] In some embodiments, the companion animal exhibits pathophysiological changes.
In some embodiments, the pathophysiological changes are selected from cerebrocortical
atrophy; basal ganglia atrophy; increase in ventricle size; demyelination; an increase in the
size of glial cells; an increase in the number of glial cells; neuronal loss especially in the

cortical regions over the hippocampus; axonal degeneration; and an accumulation of beta-
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amyloid plaques. In some embodiments, the pathophysiological changes are selected from an
increase in the size of glial cells; an increase in the number of glial cells; neuronal loss; and
an increase in beta-amyloid deposition.

[0064] For treating cognitive decline in feline companion animal, the compound of the
present disclosure may be administered daily at a dose of approximately 0.01 mg/kg to
approximately 200 mg/kg, preferably approximately 0.1 mg/kg to approximately 30 mg/kg.
In some embodiments, the compound of formula (I) is administered in a dose from about 0.1
mg per kilogram of body weight to about 10 mg per kilogram of body weight. However, the
dosage may be varied according to the animal’s conditions (age, sex, body weight, etc.), the
severity of disease in animals in need thereof, the used effective components, diets, etc. The
compound of the present disclosure may be administered once a day or several times a day
in divided doses, if necessary. In some embodiments, the compound of formula (I) is
administered one, two, or three times daily. In some embodiments, the compound of formula

(D) 1s administered once daily.

EXAMPLES

[0065] Compound 2, 2-hydroxy-5-[2-(4-trifluoromethyl-phenyl)ethylamino]benzoic acid,
was used as a representative compound. Hereinafter, the present disclosure is described in
considerable detail to help those skilled in the art understand the present disclosure. However,
the following examples are offered by way of illustration and are not intended to limit the
scope of the disclosure. It is apparent that various changes may be made without departing
from the spirit and scope of the disclosure or sacrificing all its material advantages.

1. Study design and subjects

[0066] In preliminary data, the maximally beneficial effects such as improvement in
cognitive and motor functions were shown in animal models of AD (APP/PS1 mice) and
amyotrophic lateral sclerosis (G93A mice) following oral administration of Compound 2 at
the dose of 2.5 mg/kg.

[0067] Following the oral administration of Compound 2 at the dose of 2.5 mg/kg in mice,
Cmax (mean maximum plasma concentration) and AUC (area under the plasma level-time
curve) were measured 5.19 + 0.96 pg/mL and 9.61 + 1.38 pg-hr/mL, respectively.

[0068] The systemic toxic potential of Compound 2 in beagle dogs was investigated in
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Huntington Life Science, a large non-clinical contract research organization in
Cambridgeshire, England. Three groups each comprising three males and three females,
received Compound 2 at doses of 20, 65, or 200 mg/kg/day for 13 weeks. Daily oral
administration of Compound 2 to beagle dogs caused adaptive changes in the liver and kidney
and secondary finding in the thyroid. There was no evidence of toxicity, though treated
animals tended to struggle at the time of dose administration. The principal treatment-related
findings all showed at least partial recovery during the four-week recovery period, with most
showing full recovery. Consequently, 200 mg/kg/day was considered the no-observed-
adverse-effect level (NOAEL) in dogs.

[0069] In pharmacokinetic study, Cmax and AUC in beagle dogs were 10.6 pg/mL and 75.1
ug-hr/mL, respectively, following oral administration of 20 mg/kg/day Compound 2. Based
upon the safety and pharmacokinetic profile of Compound 2, a dose of 10 mg/kg/day was
chosen to investigate safety and efficacy of Compound 2 in canine CDS.

[0070] In stability test, Compound 2 was stable at 25 °C for at least 60 months. Additionally,
the capsule and chewable formulations of Compound 2 were stable at 25 °C for at least 24
and 12 months, respectively.

[0071] The companion animals tested in the study were 22 elderly dogs (12-19 years of age)
diagnosed with CDS. The subjects of the examples are presented in Table 1. Each dog
enrolled for the present study met the following criteria: body weight <12 kg (regardless of
gender), dogs which had lived with the owner for at least 90 days, dogs which were able to
take oral medicine, dogs with CDS diagnosed by investigator (canine cognitive dysfunction
rating (CCDR) scale > 50 points) and dogs with informed consent of their owners. Dogs with
a pregnancy or lactating, with hypersensitivity against salicylic acid derivatives, or with the
underlying disease (i.e. renal dysfunction, visual loss, heart failure, or renal failure) were
excluded. In addition, dogs which had participated any other clinical trials within 90 days or
dogs which had not only CDS but also other neurodegenerative diseases were excluded.
[0072] This study was a randomized, blind, placebo-controlled clinical trial to investigate
the efficacy and safety of Compound 2 in dogs with CDS. To investigate the efficacy of
Compound 2, two questionnaires were evaluated: CCDR scale and canine dementia scale
(CADES). To measure the safety of Compound 2, not only the occurrence of adverse events

was investigated but also the vital signs, physical examination, and blood tests were
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performed in the dogs. Compound 2 was prescribed for oral administration of 10 mg/kg once-
daily dosing for 8 weeks. Subjects 3 and 4 received Compound 2 additionally for 4 weeks
with approval of the principal investigator. Instead of Compound 2, subjects 18-22 received
placebo for 8 weeks. In this study, we allowed the dogs to be administered Compound 2 in
various ways: mix with dietary supplement (subjects 1 and 3), mix with food (subjects 2 and
6), dissolve in water (subject 4), or capsule with water (subject 5), or chewable tablet with

water (subjects 7-22).

Subject Dog
No. Name Breed Sex Age Wt (kgs)
1 Rich Poodle M 15 1.9
2 Sarang Mix F 18 6.7
3 Ggandol Miniature Pinscher M 15 4.6
4 Ddol Yorkshire terrier F 13 L5
5 Wanggun Shih Tzu M 14 7.1
6 Taro Mix F 18 3.8
7 Donggun Mixed M 12 5.7
8 Sarang I1 Schnauzer F 16 5.0
9 Dream Schnauzer F 15 3.6
10 Goldstar Maltese F 15 24
11 Fullmoon Schnauzer F 15 52
12 Youngsik Dachshund M 19 5.1
13 Genie Toy Poodle F 15 2.8
14 Danvi Schnauzer F 14 10.5
15 Cherry Poodle M 15 35
16 Wangbok Maltese M 18 44
17 Jorong Maltese M 16 4.0
18 Sorong Schnauzer F 15 38
19 Wooju Chihuahua M 12 35
20 Luna Yorkshire terrier F 15 2.8

21



WO 2020/136441 PCT/IB2019/001409

21 Choco Cocker Spaniel M 13 10.5

22 Ming Yorkshire terrier F 16 3.1

Table 1. Subjects of Examples

2. Questionnaires in dogs with CDS

[0073] Rating scales are essential tools for CDS diagnosis, staging, assessment, and careful
monitoring of the disease symptoms as well as for evaluation of the efficacy of therapeutic
strategies. Several rating scales have been developed during the last decade e.g. CCDR scale
[21-24]. To assess the severity of CDS in this study, two questionnaires (CCDR scale and
CADES) were performed before and after oral administration of Compound 2 by a
veterinarian. Questionnaires include a broad range of items measuring appetite, drinking
behavior, barking, elimination behavior, day/night sleeping pattern, aimless behavior,

adaptive capabilities, social behavior, perceptual ability, disorientation, and memory.

2.1 The examination according to CCDR scale

[0074] CCDR scale consists of 13 items based on CDS symptoms (Table 2). The 13 kinds
of behaviors included various problems related to orientation (staring blankly, getting lost in
the home), memory (lack of recognition of owners, house-soiling), apathy (reduced time
spent active, avoiding contact with owners), impaired olfaction (difficulty finding food), and
locomotion. These problems compromise both the dog’s quality of life and the dog-owner
bond [25, 26]. Scores >50 on the CCDR are indicative of CDS in the aged dogs (12-19 years
of age). In this study, we compared the CCDR scores before and after administration of

Compound 2 in dogs with CDS.

0 @ G @ ®

Oncea Once Oncea >once
Never Score
month a week day a day

How often does your dog pace up and down, walk
in circles and/or wander with no direction or
purpose?

How often does your dog stare blankly at the walls
or floor?

How often does your dog get stuck behind objects
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and is unable to get around?

How often does your dog fail to recognize familiar
people or pets?

How often does your dog walk into walls or doors?

How often does your dog walk away while, or
avoid, being patted?

PCT/IB2019/001409

Much Slightly
less less

The
same

Slightly Much

more¢

more¢

Compared with 6 months ago, does your dog now
pace up and down, walk in circles and/or wander
with no direction or purpose

Compared with 6 months ago, does your dog now
stare blankly at the walls or floor

Compared with 6 months ago, does your dog urinate
or defecate in an area it has previously kept clean (if
your dog has never house-soiled, tick ‘the same’)
Compared with 6 months ago, does your dog have
difficulty finding food dropped on the floor

Compare with 6 months ago, does your dog fail to
recognize familiar people or pets

Much Slightly
more  more

The
same

Slightly Much

less

less

Compared with 6 months ago, is the amount of time
your dog spends active

x2

x3

Table 2. Canine cognitive dysfunction rating (CCDR) scale

[0075] Although a total of 22 companion dogs with CDS were initiated in the study, 17
companion dogs received 8-week treatment with Compound 2, and subjects 1 and 2
underwent aging-dependent nephrotoxicity and natural death at 7 weeks after administration.
Even four weeks after oral administration of Compound 2, most companion dogs with CDS
showed the remarkably reduced tendencies for behaviors on the CCDR scale, indicating that
dogs treated with Compound 2 showed near normal cognitive function within 4 weeks (Table
3). Also, the frequency of abnormal behaviors was decreased, and their social interaction was

improved in most of the dogs. The improved CCDR score after administration of Compound

2 was observed up to 8 weeks.
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Subjects | 0 week 4 weeks 8 weeks
No. Score score change score change

1 69 53 -16 - -

2 59 49 -10 - -

3 74 30 -44 30 -44
4 62 49 -13 42 -20
5 60 38 -22 34 -26
6 51 40 -11 46 -5

7 64 55 -9 41 -23
8 67 56 -11 51 -16
9 65 53 -12 54 -11
10 67 55 -12 27 -40
11 74 56 -18 50 -24
12 59 54 -5 53 -6
13 61 60 -1 59 -2
14 63 52 -11 53 -10
15 59 50 -9 50 -9
16 50 43 -7 43 -7
17 69 63 -6 50 -19

Table 3. CCDR Scores of subjects following administration of Compound 2

[0076] To determine whether the beneficial effects of Compound 2 could be maintained
after discontinuation of the drug treatment, follow-up studies were performed in 6 companion
dogs. In subjects 3, 4, 7, 8, 10, and 11 that received 8- or 12-week treatment with Compound
2, the beneficial effects of Compound 2 were observed over the 4 or 8 weeks after the last
administration of the drug (Tables 4 and 5). Importantly, the social interaction, appropriate
elimination, and changes in the sleep-wake activity cycle were remarkably improved. This

implies that Compound 2 can be applied to treat CDS by improving cognitive deficits and

slowing down progression of the disease.
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Discontinuation
l
Subject
N 0 week 4 weeks 8 weeks | 12 weeks | 16 weeks | 20 weeks

0.

3 74 30 30 32 38 36
4 62 49 42 43 44 43

Discontinuation
)
Subjects
0 week 4 weeks 8 weeks | 12 weeks
No.
7 64 55 41 50
8 67 56 51 54
10 67 55 27 48
11 74 56 50 48

Table 4. CCDR Scores of subjects following administration and discontinuation of Compound 2

Table 5. CCDR Scores of subjects following administration and discontinuation of Compound 2

2.2 The examination according to CADES

[0077] To ensure and confirm the CCDR scale, we used an additional questionnaire,
CADES which contains 17 items distributed into four domains, related to changes in dogs’
behaviors: spatial orientation, social interaction, sleep—wake cycle, and house soiling (Table
6) [3]. It can be classified according to various stages of cognitive impairment: mild,
moderate, and severe cognitive impairment. It is known well that CADES is also suitable for
long-term assessment of the progression of cognitive impairment in canine, and potentially

as efficacy readout for treatments.
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Domain/items Score

A. Spatial orientation

1. disorientation in a familiar environment (inside/outside)

2. to recognize familiar people and animals inside or outside the house/apartment
3. abnormally respond to familiar objects (a chair, a wastebasket)

4. aimlessly wandering (motorically restless during day)

5. a reduced ability to do previously learned task

SCORE (0-25)

B. Social interaction

6. changes in interaction a man/dog, dog/other dog (playing, petting, welcoming)
7. changes in individual behavior of dog (exploration behavior, play, performance)
8. response to commands and ability to learn new task

9. irritable

10. expression of aggression

SCORE (0-25)

C. Sleep—wake cycles

11. abnormally responds in night (wandering, vocalization, motorically restless)
12. switch over from insomnia to hypersomnia

SCORE x2 (0-20)

D. House soiling

13. eliminate at home at random locations

14. eliminate in its kennel or sleeping arca

15. changes in signalization for elimination activity
16. eliminate indoors after a recent walk outside

17. eliminate at uncommon locations (grass, concrete)
SCORE (0-25)

Frequency: 0 points — abnormal behavior of the dog was never observed
2 points — abnormal behavior of the dog was detected at least once in the last 6 months
3 points — abnormal behavior appeared at least once per month
4 points — abnormal behavior was seen 2—4 times per month
5 points — abnormal behavior was observed several times a week.

Total score (A + B + C + D) (0-95) Clinical stage: Normal aging (Score 0-7), Mild
cognitive impairment (8—23), Moderate cognitive impairment (24—44), Severe cognitive
impairment (45-95)

Table 6. Canine dementia scale (CADES)

[0078] The scores on spatial orientation and variation were presented in Table 7. At 4 weeks
after administration, 10 (59%) of 17 companion dogs showed improvement in their spatial
disorientation. Subjects 3, 4, and 10 showed almost normal behavior in spatial orientation

items. In 9 (60%) of 15 companion dogs, the beneficial effects were observed at 8 weeks after
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oral administration of Compound 2. Overall, these results indicate that Compound 2 improves

the spatial-oriented ability in dogs with CDS.

Subjects | 0 week 4 weeks 8 weeks
No. score score change score change
1 24 21 -3 - -
2 25 24 -1 - -
3 24 5 -19 4 -20
4 14 5 -9 9 -5
5 23 20 -3 15 -8
6 19 18 -1 13 -6
7 18 16 -2 15 -3
8 18 17 -1 17 -1
9 22 24 2 25 3
10 16 5 -11 0 -16
11 24 24 0 24 0
12 20 20 0 20 0
13 25 25 0 22 -3
14 20 20 0 20 0
15 15 13 -2 13 -2
16 15 18 3 15 0
17 20 25 5 23 3

Table 7. CADES scores of spatial orientation (items 1-5) in subjects at 0, 4, and 8 weeks following

administration of Compound 2

[0079] The social interaction scores in CADES are presented in the Table 8. After 4 weeks
administration of Compound 2, social interaction in most participant dogs, except subjects 5,
8, 11, 12, 14, and 17 were markedly improved. Although 3 dogs (subjects 3, 4, and 10) had
showed severe abnormal social behaviors before treatment with Compound 2, their social

behavior was nearly similar to normal aged dogs at 4 weeks after treatment. In addition, most
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dogs showed improved social activities at 8 weeks after Compound 2 treatment. More
importantly, 8 (53%) of the 15 companion dogs at 8 weeks after administration of Compound
2 showed further improvement in the social interaction compared with improvement at 4
weeks after administration of Compound 2. Overall, these results indicate that Compound 2

improves the social interaction activity in dogs with CDS.

Subjects | 0 week 4 weeks 8 weeks
No. score score change score change
1 20 19 -1 - -
2 20 13 -7 - -
3 16 5 -11 3 -13
4 15 5 -10 15 0
5 14 14 0 5 -9
6 18 17 -1 10 -8
7 19 17 -2 14 -5
8 13 13 0 11 -2
9 18 14 -4 19 1
10 14 0 -14 4 -10
11 25 25 0 24 -1
12 15 15 0 15 0
13 19 14 -5 16 -3
14 10 10 0 10 0
15 19 18 -1 18 -1
16 15 13 -2 9 -6
17 20 20 0 13 -7

Table 8. CADES scores of social interaction (items 6-10) in subjects at 0, 4, and 8 weeks following

administration of Compound 2

[0080] The changes of sleep-wake cycle in CADES were quantified in Table 9. Before

administration of Compound 2 all dogs except subject 14 had severe abnormal behaviors on
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sleep-wake cycle (item 11), but 10 (67%) of 15 companion dogs were significantly improved
at 8 weeks after administration of Compound 2. Meanwhile, switch over from insomnia to
hypersomnia (item 12) had been observed in 14 (82%) of 17 companion dogs, but the

abnormal changes almost disappeared after administration of Compound 2.

Subjects 0 week 4 weeks 8 weeks
No. score score Change score change
1 10 8 -2 - -
2 16 10 -6 - -
3 16 4 -12 0 -16
4 20 18 -2 10 -10
5 10 6 -4 0 -10
6 18 16 -2 14 -4
7 14 18 4 12 -2
8 18 16 -2 12 -6
9 20 20 0 20 0
10 18 0 -18 0 -18
11 18 18 0 16 -2
12 10 10 0 0 -10
13 20 20 0 20 0
14 8 8 0 8 0
15 20 18 -2 16 -4
16 10 14 4 12 2
17 20 20 0 6 -14

Table 9. CADES scores of sleep—wake cycles (items 11-12) in subjects at 0, 4, and 8 weeks following

administration of Compound 2

[0081] The frequency of house soiling was shown in Table 10. After 8 weeks of

administration of Compound 2, the house soiling behavior was decreased in all subjects
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except subjects 4, 12, 13, and 17. Especially, subjects 3, 5, and 10 showed no soiling at 8

weeks after administration of Compound 2.

Subjects 0 week 4 weeks 8 weeks
No. score score Change score change
1 23 18 -5 - -
2 5 4 -1 - -
3 10 0 -10 0 -10
4 4 5 1 4 0
5 15 9 -6 0 -15
6 18 16 -2 8 -10
7 19 14 -5 12 -7
8 23 22 -1 18 -5
9 15 11 -4 14 -1
10 18 3 -15 0 -18
11 22 22 0 21 -1
12 19 19 0 20 1
13 5 5 0 5 0
14 21 19 -2 19 -2
15 20 17 -3 17 -3
16 10 10 0 4 -6
17 25 25 0 25 0

Table 10. CADES scores of house soiling (items 13-17) in subjects at 0, 4, and 8 weeks following

administration of Compound 2

[0082] Total CADES score was shown in Table 11. The score revealed that the cognitive
dysfunction behaviors in all companion dogs with CDS, except subject 9, were gradually
decreased after administration of Compound 2. At 8 weeks after oral administration of
Compound 2, the significant improvement in cognitive function was observed from severe to

moderate, weak, or normal level.
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Subjects | 0 week 4 weeks 8 weeks
No. score score change Score change

1 77 66 -11 - -

2 66 51 -15 - -

3 66 14 -52 7 -59

4 53 33 -20 38 -15

5 62 49 -13 20 -42

6 73 67 -6 45 -28

7 70 65 -5 53 -17

8 72 68 -4 58 -14

9 75 69 -6 78 3

10 66 8 -58 4 -62
11 89 89 0 85 -4
12 64 64 0 55 -9
13 69 64 -5 63 -6
14 59 57 -2 57 -2
15 74 66 -8 64 -10
16 50 55 5 40 -10
17 85 90 5 67 -18

Table 11. Total CADES Scores of subjects at 0, 4, and 8 weeks following administration of Compound 2

[0083] The beneficial effects of Compound 2 in 6 companion dogs (subjects 3, 4, 7, 8, 10,
and 11) were observed even over the next 4 or 8 weeks after the administration was
discontinued (Tables 12 and 13). The sleep patterns, house soiling, social interaction, and
behavioral activities were significantly improved after treatment with Compound 2. Also, the
subjects became more obedient to their owners and showed reduced aggressiveness. These

results imply that Compound 2 can be administered to reduce cognitive impairment and slow

down disease progression in canine CDS.
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Discontinuation
!
Subjects
N 0 week 4 weeks | 8 weeks | 12 weeks | 16 weeks | 20 weeks
0.
3 66 14 7 0 0 0
4 53 33 38 24 33 31
Table 12. Total CADES Scores of subjects following administration and discontinuation of Compound
2
Discontinuation
!
Subjects
0 week 4 weeks | 8 weeks | 12 weeks
No.
7 70 65 53 58
8 72 68 58 51
10 66 8 4 36
11 89 89 85 77
Table 13. Total CADES Scores of subjects following administration and discontinuation of Compound
2

2.3 Results of CCDR and CADES in dogs receiving placebo

[0084] To clarify the effects of Compound 2 on the cognitive impairment, 5 dogs (subjects
18-22) with CDS received placebo. CCDR and CADES scores in most dogs receiving

placebo

showed no significant changes or increases at 8 weeks after placebo treatment,

indicating that placebo treatment did not affect the cognitive function. Overall, it is strongly

implied that Compound 2 can be administered to reduce cognitive impairment in canine CDS.

Subjects
No.

0 week

4 weeks

8 weeks

SCOrc

SCOrc

change

Score

change
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18 60 60 0 77 17
19 66 61 -5 63 -3
20 58 52 -6 52 -6
21 53 64 11 66 13
22 60 72 12 72 12

Table 14. CCDR Scores of subjects following administration of placebo

Subjects | 0 week 4 weeks 8 weeks
No. score score change Score change
18 85 95 10 94 9
19 73 72 -1 82 9
20 58 52 -6 52 -6
21 45 56 11 58 13
22 79 70 -9 93 14

Table 15, Total CADES Scores of subjects following administration of placebo

3. Safety assessment in dogs with CDS
[0085] During this study, the safety of Compound 2 in dogs with CDS was evaluated at
every visit. As a result, no significant changes in the blood toxicity test were observed, and

treatment-related adverse events did not occurr as well.

4, Conclusion

[0086] Two questionnaires were used to evaluate the effects of Compound 2 on cognitive
function in the companion dogs with CDS. In the CCDR scale, the administration of
Compound 2 substantially improved cognitive function almost back to normal score.
Consistent with CCDR scale, severe cognitive and neurobehavioral impairment in dogs with
CDS was significantly alleviated within 8 weeks after administration of Compound 2. These
beneficial effects were maintained over 4 or 8 weeks after 8- or 12-week administration of
Compound 2 was completed. Also, no adverse events or toxicity were observed during the
study. On the other hand, there was no significant improvement in placebo group. Taken
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together, these findings strongly imply that Compound 2 can be applied to treat CDS in

canines and also felines.

INDUSTRIAL APPLICABILITY

[0087] The present disclosure provides compositions comprising Compound 2 and methods

administering a therapeutically effective amount of Compound 2 for treating cognitive and

neurobehavioral impairment in neurological diseases including CDS, dysthymia, involutive

depression, and confusional syndrome in canines or felines. The compositions and methods

of the present disclosure are very useful for reducing or slowing down cognitive and

neurobehavioral impairments in the age-related neurological diseases in canines or felines.
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What is claimed is:

1. A composition comprising a compound of formula (I):

R,00C

R1O \ / T X R4

Rs wherein

X is selected from CO, SOz and (CH2)z;

R is selected from hydrogen, C1-Cs alkyl and C1-Cs alkanoyl;

Rz is selected from hydrogen and Ci-Cs alkyl,

Rs3 is selected from hydrogen and a Ci-Cs acetyl group; and

R4 s selected from a phenyl group, a phenoxy group, and a 5- to 10-membered aryl group
which is unsubstituted or substituted with one or more of the group consisting of nitro,
halogen, C1-Cs alkyl, C1-Cs haloalkyl, C1-Cs alkoxy, and C1-Cs haloalkoxy;

n is an integer from 1 to 5, inclusive;

or a pharmaceutically acceptable salt thereof;, and

a pharmaceutically acceptable excipient, e.g., suitable for oral administration.

2. The composition of claim 1, wherein the compound of formula (I) is selected from the
group consisting of 2-hydroxy-5-phenethylamino-benzoic acid, 2-hydroxy-5-[2-(4-
trifluoromethyl-phenyl)-ethylamino]-benzoic acid, 2-hydroxy-5-[2-(3-trifluoromethyl-
phenyl)-ethylamino]-benzoic acid, 5-[2-(3,5-bis-trifluoromethyl-phenyl)-ethylamino]-2-
hydroxy-benzoic acid, 2-hydroxy-5-[2-(2-nitro-phenyl)-ethylamino]-benzoic acid, 5-[2-
(4-chloro-phenyl)-ethylamino]-2-hydroxy-benzoic  acid, 5-[2-(3,4-difluoro-phenyl)-
ethylamino]-2-hydroxy-benzoic acid, 5-[2-(3,4-dichloro-phenyl)-ethylamino]-2-
hydroxy-benzoic acid, 5-[2-(4-fluoro-2-trifluoromethyl-phenyl)-ethylamino]-2-hydroxy-
benzoic acid, 5-[2-(2-fluoro-4-trifluoromethyl-phenyl)-ethylamino]-2-hydroxy-benzoic
acid, 2-hydroxy-5-[2-(4-methoxy-phenyl)-ethylamino]-benzoic acid, 2-hydroxy-5-(2-o-
tolyl-ethylamino)-benzoic acid, 2-hydroxy-5-(3-phenyl-propylamino)-benzoic acid, 2-
hydroxy-5-[3-(4-trifluoromethyl-phenyl)-propylamino]-benzoic acid, 5-[3-(4-fluoro-
phenyl)-propylamino]-2-hydroxy-benzoic acid, 5-[3-(3,4-dichloro-phenyl)-
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propylamino]-2-hydroxy-benzoic acid, 2-hydroxy-5-(3-p-tolyl-propylamino)-benzoic
acid, 2-acetoxy-5-[2-(4-trifluoromethyl-phenyl)-ethylamino]-benzoic acid, 5-[2-(2-
chloro-phenyl)-ethylamino]-2-hydroxy-benzoic acid, 5-benzylaminosalicylic acid, 5-(4-
nitrobenzyl)aminosalicylic  acid,  5-(4-chlorobenzyl)aminosalicylic  acid, 5-(4-
trifluoromethylbenzyl)aminosalicylic acid, 5-(4-fluorobenzyl)aminosalicylic acid, 5-(4-
methoxybenzyl)aminosalicylic acid, 5-(2,3,4,5,6-pentafluorobenzyl)aminosalicylic acid,
5-(4-nitrobenzyl)amino-2-hydroxy ethylbenzoate, 5-(4-nitrobenzyl)-N-acetylamino-2-
hydroxy ethylbenzoate, 5-(4-nitrobenzyl)-N-acetylamino-2-acetoxy ethylbenzoate, 5-(4-
nitrobenzoyl)aminosalicylic acid, 5-(4-nitrobenzenesulfonyl)aminosalicylic acid, 5-[2-
(4-nitrophenyl)-ethyl]Jaminosalicylic acid, and 5-[3-(4-nitro-phenyl)-n-

propyl]aminosalicylic acid.

3. The composition of claim 2, wherein the compound of formula (I) is 2-hydroxy-5-[2-(4-

trifluoromethyl-phenyl)-ethylamino]-benzoic acid.

4. The composition of any one of claims 1-3, which comprises 1 mg to 1000 mg of the

compound of formula (I) or its pharmaceutically acceptable salt.

5. The composition of any one of claims 1-4, which is a capsule comprising:
1 mg to 1000 mg of the compound of formula (1),
60% w/w lactose monohydrate,
5% w/w croscarmellose sodium,
0.5% w/w magnesium stearate, and

1% w/w sodium lauryl sulfate.

6. The composition of any one of claims 1-4, which is a food composition comprising:
1 mg to 1000 mg of the compound of formula (1),
42 .7% w/w starch,
21.0% w/w crude protein,
14% w/w crude fat,

1.9% w/w crude fiber,
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6.1% w/w crude ash,

1.4% w/w arginine,

0.75% w/w calcium,

1.1% w/w lysine,

1.18% w/w methionine plus cystine, and

0.5% w/w phosphorus.

7. The composition of any one of claims 1-4, which is a dietary supplement comprising:
1 mg to 1000 mg of the compound of formula (1),
12.0% w/w crude protein,
1.5% w/w crude fat,
0.4% w/w crude fiber,
1.5% w/w crude ash,
0.02% w/w calcium,
0.1% w/w potassium, and

78.0% w/w water.

8. The composition of any one of claims 1-4, which is a chewable tablet comprising:
1 mg to 1000 mg of the compound of formula (1),
3% w/w silicon dioxide,
0.05% w/w benzoic acid,
0.01% w/w sorbic acid,
5% w/w magnesium stearate,
20% w/w cellulose,
40% w/w chicken source,
3% w/w dry yeast, and

19% w/w glucose.

9. A use of the composition according to any one of claims 1 to 8 for manufacture of
medicaments for treating cognitive dysfunction syndrome (CDS) through concurrent

pharmacological inhibition of oxidative stress and inflammation.
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10.

11.

12.

13.

A use of the compound according to any one of claims 1 to 8 for manufacture of
medicaments for treating CDS through inhibiting of oxidative stress and prostaglandin Ex

synthesis.

A use of the compound according to any one of claims 1 to 8 for manufacture of
medicaments for treating CDS through inhibiting of oxidative stress and microsomal

prostaglandin E synthase-1.

A method of treating cognitive and/or neurobehavioral impairment, e.g., in neurological
disease, comprising administering to a companion animal in need thereof a compound of

formula (I):

R,00C

wherein

X is selected from CO, SOz and (CH2)z;

R is selected from hydrogen, Ci-Cs alkyl and C1-Cs alkanoyl,

Rz is selected from hydrogen and C1-Cs alkyl,

Rj3 is selected from hydrogen and a Ci-Cs acetyl group; and

R4 s selected from a phenyl group, a phenoxy group, and a 5- to 10-membered aryl group
which is unsubstituted or substituted with one or more of the group consisting of nitro,
halogen, C1-Cs alkyl, C1-Cs haloalkyl, C1-Cs alkoxy, and C1-Cs haloalkoxy;

where n is an integer of 1 to 5, inclusive;

or a pharmaceutically acceptable salt thereof.

The method of claim 12, wherein the compound of formula (I) is selected from the group
consisting of  2-hydroxy-5-phenethylamino-benzoic  acid, 2-hydroxy-5-[2-(4-
trifluoromethyl-phenyl)-ethylamino]-benzoic acid, 2-hydroxy-5-[2-(3-trifluoromethyl-
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14.

15.

phenyl)-ethylamino]-benzoic acid, 5-[2-(3,5-bis-trifluoromethyl-phenyl)-ethylamino]-2-
hydroxy-benzoic acid, 2-hydroxy-5-[2-(2-nitro-phenyl)-ethylamino]-benzoic acid, 5-[2-
(4-chloro-phenyl)-ethylamino]-2-hydroxy-benzoic  acid, 5-[2-(3,4-difluoro-phenyl)-
ethylamino]-2-hydroxy-benzoic acid, 5-[2-(3,4-dichloro-phenyl)-ethylamino]-2-
hydroxy-benzoic acid, 5-[2-(4-fluoro-2-trifluoromethyl-phenyl)-ethylamino]-2-hydroxy-
benzoic acid, 5-[2-(2-fluoro-4-trifluoromethyl-phenyl)-ethylamino]-2-hydroxy-benzoic
acid, 2-hydroxy-5-[2-(4-methoxy-phenyl)-ethylamino]-benzoic acid, 2-hydroxy-5-(2-o-
tolyl-ethylamino)-benzoic acid, 2-hydroxy-5-(3-phenyl-propylamino)-benzoic acid, 2-
hydroxy-5-[3-(4-trifluoromethyl-phenyl)-propylamino]-benzoic acid, 5-[3-(4-fluoro-
phenyl)-propylamino]-2-hydroxy-benzoic acid, 5-[3-(3,4-dichloro-phenyl)-
propylamino]-2-hydroxy-benzoic acid, 2-hydroxy-5-(3-p-tolyl-propylamino)-benzoic
acid, 2-acetoxy-5-[2-(4-trifluoromethyl-phenyl)-ethylamino]-benzoic acid, 5-[2-(2-
chloro-phenyl)-ethylamino]-2-hydroxy-benzoic acid, 5-benzylaminosalicylic acid, 5-(4-
nitrobenzyl)aminosalicylic  acid,  5-(4-chlorobenzyl)aminosalicylic  acid, 5-(4-
trifluoromethylbenzyl)aminosalicylic acid, 5-(4-fluorobenzyl)aminosalicylic acid, 5-(4-
methoxybenzyl)aminosalicylic acid, 5-(2,3,4,5,6-pentafluorobenzyl)aminosalicylic acid,
5-(4-nitrobenzyl)amino-2-hydroxy ethylbenzoate, 5-(4-nitrobenzyl)-N-acetylamino-2-
hydroxy ethylbenzoate, 5-(4-nitrobenzyl)-N-acetylamino-2-acetoxy ethylbenzoate, 5-(4-
nitrobenzoyl)aminosalicylic acid, 5-(4-nitrobenzenesulfonyl)aminosalicylic acid, 5-[2-
(4-nitrophenyl)-ethyl]Jaminosalicylic acid, and 5-[3-(4-nitro-phenyl)-n-

propyl]aminosalicylic acid.

The method of claim 13, wherein the compound of formula (I) is 2-hydroxy-5-[2-(4-

trifluoromethyl-phenyl)-ethylamino]-benzoic acid.

The method of claim 12, wherein 2-hydroxy-5-[2-(4-trifluoromethyl-phenyl)-
ethylamino]-benzoic acid is administered in a dose from 1 mg/kg of body weight to 200

mg/kg of body weight once a day.
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16. The method of claim 12, comprising administering a composition, wherein the
composition is a capsule comprising:
1 mg to 1000 mg of the compound of formula (1),
60% w/w lactose monohydrate,
5% w/w croscarmellose sodium,
0.5% w/w magnesium stearate, and

1% w/w sodium lauryl sulfate.

17. The method of claim 12, comprising administering a composition, wherein the
composition is a food composition comprising:
1 mg to 1000 mg of the compound of formula (1),
42 .7% w/w starch,
21.0% w/w crude protein,
14% w/w crude fat,
1.9% w/w crude fiber,
6.1% w/w crude ash,
1.4% w/w arginine,
0.75% w/w calcium,
1.1% w/w lysine,
1.18% w/w methionine plus cystine, and

0.5% w/w phosphorus.

18. The method of claim 12, comprising administering a composition, wherein the
composition is a dietary supplement comprising:
1 mg to 1000 mg of the compound of formula (1),
12.0% w/w crude protein,
1.5% w/w crude fat,
0.4% w/w crude fiber,

1.5% w/w crude ash,
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19.

20.

0.02% w/w calcium,
0.1% w/w potassium, and

78.0% w/w water.

The method of claim 12, comprising administering a composition, wherein the
composition is a chewable tablet formula comprising:

1 mg to 1000 mg of the compound of formula (1),

3% w/w silicon dioxide,

0.05% w/w benzoic acid,

0.01% w/w sorbic acid,

5% w/w magnesium stearate,

20% w/w cellulose,

40% w/w chicken source,

3% w/w dry yeast, and

19% w/w glucose.
The method of any one of claim 12 to claim 19, wherein the cognitive and/or

neurobehavioral impairment is selected from cognitive dysfunction syndrome, dysthymia,

involutive depression, and confusional syndrome.
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