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(57) ABSTRACT

A composition for preventing or treating muscular atrophy or
promoting muscular regeneration in a subject including a
sulfonamide compound, a pharmaceutically acceptable salt,
solvate, or polymorph thereof, or a combination of at least
two of the foregoing, and a method of preventing or treating
muscular atrophy or promoting muscular regeneration by
using the composition.



Patent Application Publication Jun. 9,2016 Sheet1 of 3

i

FIG.

US 2016/0158251 A1l

=
&2
=
<I
o e
]
= TR
o=
{3
=
>
()
1Ll
- &3
E
S g
D N ) N
N“\ DN A &5
<
" -5
\\ \\\.\ N N b ;-:g
\ \\ \\\ \\ N \L\ d
R R R "
- =
*
A =z
i
—
=
175
v
\:\’x, :k <o ﬂ
") R S TS
=3
- 2
[ \\\\ > R (-:I:%
3 \\. R L el ~—
; <
* ™ ~<E
e
> ) T
\\ N N A A )
N D
R )
TR
NS
- =
o
<
k3
4!
+ LR T S I SR I S S S P
PP LR (:f;f( 5%
5] ‘v%’"
f ¥ ¥ T T T ¥ ¥ F T ’%}
To JRNET o B (To TN <5 SRRT o BN X' [ TPt e S W
=t [as] [aV] Rl ]

ST140 G31¥H34104d 40 F14HLTNR



Patent Application Publication Jun. 9,2016 Sheet2 of3 US 2016/0158251 A1

FIG. ZA

4 -
3 T
= 2
S L
% > \ \\:'\\\ ) B
= ; S =L CONCENTRATION
o w 1 10 100 (M)
& 23 . y .
& o = SULFADIAZINE
=2 ==
w 2 =
e =
(&8 £
LAl
=
¥IG. 2B
|, 20
{43
-
[RR]
i o
=
S
[op]
&3
Ll
.
[l
5
[N * * »*
2 niininls. inininil
- S -
- '
= 2 WA ==L CONCENTRATION
1 10 100 {uh)
SULFADIAZINE

NEGATIVE CONTROL
GROUP
DEXAMETHASONE



US 2016/0158251 A1l

Jun. 9,2016 Sheet 3 of 3

Patent Application Publication

3

FlG.

(W} Y381 T108NKW 40 H313WWa

AZINE

EXAMETHASONE  SULFAD

3}

NEGATIVE

CONTROL
GROUP



US 2016/0158251 Al

COMPOSITION FOR PREVENTING OR
TREATING MUSCULAR ATROPHY OR
PROMOTING MUSCULAR REGENERATION
IN SUBJECT COMPRISING SULFONAMIDE
COMPOUND AND USE THEREOF

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0175873, filed on Dec. 9, 2014, in
the Korean Intellectual Property Office, the entire disclosure
of which is hereby incorporated by reference.

INCORPORATION BY REFERENCE OF
ELECTRONICALLY SUBMITTED MATERIALS

[0002] Incorporated by reference in its entirety herein is a
computer-readable nucleotide/amino acid sequence listing
submitted herewith and identified as follows: One 1,630 byte
ASCII (Text) file named “720627_ST25.TXT” created Jul.
22,2015.

BACKGROUND
[0003] 1.Field

[0004] The present disclosure relates to compositions for
preventing or treating muscular atrophy or promoting mus-
cular regeneration in a subject including a sulfonamide com-
pound, and methods employing the compositions.

[0005] 2. Description of the Related Art

[0006] Muscle is tissue that is essential for human move-
ment and performance. When the amount of proteins consti-
tuting muscle fibers decreases or loss of muscle fibers
increases under various pathological conditions, muscle mass
decreases and the decreased muscle mass causes muscular
atrophy. Muscle mass may decrease by aging, dystrophy,
non-use of muscles, damaged nerves, and use of glucocorti-
coid hormones. Under pathological conditions causing dam-
age to muscles, satellite cells, which are stem cells differen-
tiating into muscle cells for muscular regeneration, are
activated. The activated satellite cells proliferate, differenti-
ate, and fuse into existing muscle fiber cells or muscle cells to
constitute new muscle fibers, thereby restoring damaged
muscles. Thus, muscular atrophy may be prevented or treated
by promoting muscular regeneration and restoring functions
of muscles by promoting proliferation of skeletal muscle
satellite cells.

[0007] Also, glucocorticoid hormones administered to a
body or overproduced in a body (e.g., Cushing’s syndrome)
may cause loss of muscle mass. One of the side effects of
treatment with glucocorticoid hormone formulations is
decreased muscle mass. Research indicates that glucocorti-
coid hormone formulations activate a signal transmission
process mediated by a glucocorticoid receptor, thereby
increasing the expression of ubiquitin ligases, such as Atro-
gin-1 or MuRF-1 protein, which degrade muscle proteins.
These ubiquitin ligases degrade proteins essential for synthe-
sis of muscles, such as MyoD or myosin heavy chains,
thereby causing loss of muscle mass.

[0008] Thus, there is still a need to develop methods of
preventing or treating muscular atrophy by promoting prolif-
eration of skeletal muscle satellite cells and inhibiting loss of
muscle mass.

Jun. 9, 2016

SUMMARY

[0009] Provided is a method of preventing or treating mus-
cular atrophy in a subject including administering a sulfona-
mide compound, a pharmaceutically acceptable salt, solvate,
or polymorph thereof, or a combination of at least two of the
foregoing to the subject.

[0010] Provided is a method of promoting muscular regen-
eration in a subject including administering a sulfonamide
compound, a pharmaceutically acceptable salt, solvate, or
polymorph thereof, or a combination of at least two of the
foregoing to the subject.

[0011] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the presented
exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and/or other aspects will become apparent
and more readily appreciated from the following description
of'the exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0013] FIG. 1is a graph illustrating the fold increase (mul-
tiples) in proliferation of skeletal muscle satellite cells using
0.1 uM, 1 uM, and 10 uM of each of sulfadiazine, sul-
famethoxazole, sulfadoxine, and sulfaguanidine (*: p<0.05);

[0014] FIG. 2A is a graph illustrating relative expression
levels (arbitrary unit (AU)) of mRNA of Atrogin-1 when
C2C12 myoblast cells were cultured in the presence of 1 uM,
10 uM, or 100 uM of sulfadiazine (*: p<0.05 vs. dexametha-
sone);

[0015] FIG. 2B is a graph illustrating relative expression
levels (arbitrary unit (AU)) of mRNA of MURF-1 when
C2C12 myoblast cells were cultured in the presence of 1 uM,
10 uM, or 100 uM of sulfadiazine (*: p<0.05 vs. dexametha-
sone); and

[0016] FIG. 3 is a graph illustrating diameters (um) of
muscle fibers when C2C12 myoblast cells were cultured in
the presence of dexamethasone, or in the presence of dexam-
ethasone and 100 uM of sulfadiazine (*: p<0.05).

DETAILED DESCRIPTION

[0017] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the figures, to explain
aspects. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0018] Provided is a pharmaceutical composition for pre-
venting or treating muscular atrophy in a subject includes a
compound represented by Formula 1 below, a pharmaceuti-
cally acceptable salt, solvate, or polymorph thereof, or a
combination of at least two of the foregoing.
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Formula 1

[0019] The compound represented by Formula 1 is a sul-
fonamide compound. Optionally, group A is double bonded
to the nitrogen (N) shown in the above Formula. When group
A is single bonded to the nitrogen, the nitrogen may be also be
bound to hydrogen (e.g., —NH—). Thus, Formula 1 may be
presented as:

wherein the dotted line is an optional double bond. The sul-
fonamide compound is used as a generic name that covers all
forms in which a hydroxyl group of a sulfonic acid (—SO;H)
is substituted with an amino acid group.

[0020] In Formula 1, A is a 5-membered to 10-membered
heterocyclic group including one or two heteroatoms selected
from the group consisting of oxygen and nitrogen, or a linear
or branched C,-C; alkylene group. The heterocyclic group
may be unsubstituted or substituted with a hydroxyl group, a
halogen atom, a cyano group, —C(—O)R ,, —C(—O)OR_,
—OCO(0OR,), —C—N(R,),—SR,,,—S(—O)R,,,—S(=0)
>R, —PR,, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,-C,, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a C,-C,, alky-
lene oxide group, a substituted or unsubstituted C,-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,, aryl
group, a substituted or unsubstituted C4-C,, aryloxy group, a
substituted or unsubstituted C4-C;, heteroaryl group, or any
combination thereof. In this regard, R, may be a hydrogen
atom, a C,-C; alkyl group, a C,-C; alkenyl group, ora C,-Cgq
alkynyl group. The heterocyclic group may be a pyrimidine
group or an isoxazole group. For example the heterocyclic
group may be substituted with a methyl group or a methoxy
group. The alkylene group may be unsubstituted or substi-
tuted with an amine group. R, may be a hydrogen atom, a
hydroxyl group, an amine group, a ketone group, a halogen
atom, a substituted or unsubstituted C,-C,, alkyl group, a
cyano group, or any combination thereof. For example, R,
may be an amine group.

[0021] The compound represented by Formula 1 may be
sulfadiazine, sulfamethoxazole, sulfadoxine, or sulfaguani-
dine.
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[0022] The compound represented by Formula 1 may be
purchased from commercially available products, directly
synthesized, or extracted, separated, or filtered from natural
substances.

[0023] The pharmaceutically acceptable salt refers to a salt
of'a compound that does not cause significant irritation to an
organism to which the salt is administered and does not dam-
age the biological activity and physical properties of the
compound. For example, the salt may be an inorganic acid
salt, an organic acid salt, or a metal salt. Examples of the
inorganic acid salt include hydrochloride, bromate, phos-
phate, sulfate, and disulfate. Examples of the organic acid salt
include formate, acetate, propionate, lactate, oxalate, tartrate,
malate, maleate, citrate, fumarate, besylate, camsylate, edi-
sylate, trichloroacetate, trifluoroacetate, benzoate, gluconate,
methane sulfonate, glycolate, succinate, 4-toluene sulfonate,
galacturonate, embonate, glutamate, ethane sulfonate, ben-
zene sulfonate, p-toluene sulfonate, or aspartate. Examples of
the metal salt include calcium salt, sodium salt, magnesium
salt, strontium salt, or potassium salt.

[0024] The solvate may be a compound produced by inter-
molecular attraction between a solute and a solvent. The
solvate may be a hydrate.

[0025] The polymorph may be a substance present in more
than one form or crystal structure.

[0026] The subject may be a mammal, such as a human, a
cow, a horse, a pig, a dog, a sheep, a goat, or a cat. The subject
may be a subject having muscular atrophy as a side effect of
glucocorticoid treatment or glucocorticoid overproduction
(e.g., elevated glucocorticoid levels as compared to a non-
diseased subject of the same type not undergoing glucocorti-
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coid treatment, whether due to increased production or
decreased clearance of glucocorticoid from the body). Glu-
cocorticoid overproduction can be caused by certain diseases
(e.g., Cushing’s syndrome).

[0027] The muscular atrophy may be caused by central
nervous system damage, peripheral nerve damage, or a lesion
of any portion of muscles and have various symptoms. The
muscular atrophy may include diseases or states accompa-
nied by loss of muscle strength accompanied by muscular
atrophy, particularly, decreased muscle weight and loss of
muscle strength of proximal muscles, decreased muscle func-
tion, loss of muscle mass, and the like. The loss of muscle may
be caused by various factors such as genetic factors; age-
related diseases such as hypertension, impaired glucose tol-
erance, diabetes, obesity, dyslipidemia, atherosclerosis, and
cardiovascular diseases; chronic diseases such as cancer,
autoimmune diseases, infectious diseases, acquired immuno-
deficiency syndrome (AIDS), chronic inflammatory diseases,
arthritis, dystrophy, renal diseases, chronic obstructive pul-
monary diseases, emphysema, rachitis, chronic lower back
pain, peripheral nerve damage, central nervous system dam-
age, and chemical damage; long-term fixed posture, fracture
or trauma, and bed recovery from surgery; and progressive
decrease in skeletal muscle mass and muscle strength asso-
ciated with aging. The muscular atrophy may include amyo-
trophic lateral sclerosis, spinal progressive muscular atrophy,
muscular dystrophy, or any combination thereof.

[0028] The muscular atrophy may be caused by side effects
of glucocorticoid, for instance, due to glucocorticoid over-
production or glucocorticoid treatment. The term “glucocor-
ticoid (GC)” refers to a steroid hormone binding to a gluco-
corticoid receptor (GR) or (GCR). The glucocorticoid may
include at least one selected from the group consisting of
cortisol, hydrocortine, cortisone, prednisolone, methylpred-
nisolone,  triamcinolone,  triamcinolone  acetonide,
paramethasone, dexamethasone, betamethasone, hexestrol,
methimazole, fluocinonide, fluocinolone acetonide, fluo-
rometholone, beclomethasone dipropionate, estriol, diflo-
rasone diacetate, diflucortolone valerate, and difluprednate.

[0029] Without wishing to be bound by any particular
theory or mechanism of action, it is believed the muscular
atrophy side effect of glucocorticoid treatment may be caused
by an increase in Atrogin-1 activity as compared to Atrogin-1
activity levels in a subject not receiving glucocortocoid treat-
ment, an increase in activity of muscle ring-finger protein-1
(MuRF-1) as compared to MuRF-1 activity levels in a subject
not receiving glucocortocoid treatment, or any combination
thereof. Atrogin-1, so called F-box only protein 32 (Fbox-32),
is an F-box protein family encoded by an Fbox-32 gene in
humans. The Atrogin-1 activity is an ability of constituting an
ubiquitin protein ligase complex or an activity of the ubiquitin
protein ligase complex. The Atrogin-1 may have
NP_001229392 (human) and NP_080622 (mouse) amino
acid sequences. In addition, the Atrogin-1 may be encoded by
NM_001242463 (human) and NM_026346 (mouse) nucle-
otide sequences.MuRF-1, also called E3 ubiquitin-protein
ligase TRIM63, is an enzyme encoded by a TRIM63 gene in
humans. The MuRF-1 activity may be an activity of the E3
ubiquitin-protein ligase. The MuRF-1 may have NP_115977
(human) and NP_001034137 (mouse) amino acid sequences.
In addition, the MuRF-1 may be encoded by NM_032588
(human) and NM_001039048 (mouse) nucleotide sequences.
The term “increase in activity” refers to an increase in protein
biosynthesis, an increase in specific activity of protein, or any
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combination thereof as compared to levels of protein biosyn-
thesis or a protein’s specific activity in a normal, non-dis-
eased subject that does not have glucocorticoid overproduc-
tion and is not receiving glucocortocoid treatment.

[0030] The compound represented by Formula 1, a phar-
maceutically acceptable salt, solvate, or polymorph thereof,
ora combination of at least two of the foregoing may promote
proliferation of skeletal muscle satellite cells, reduce the
activity of Atrogin-1, reduce the activity of MuRF-1, or any
combination thereof. The skeletal muscle satellite cells, also
called satellite cells, refer to spindle-shaped mononuclear
cells located between skeletal muscle fibers and basal lamina.
When muscles are damaged, satellite cells may divide to
regenerate muscles. The promoting of proliferation may be a
decrease in doubling time of cell division, an increase in the
number of cell divisions, or any combination thereof. The
term “decrease in activity” refers to a decrease in protein
biosynthesis, a decrease in specific activity of protein, or a
combination thereof as compared to levels of protein biosyn-
thesis or a protein’s specific activity in a subject not receiving
treatment with the compound represented by Formula 1.
Thus, the compound represented by Formula 1, a pharmaceu-
tically acceptable salt, solvate, or polymorph thereof, or a
combination of at least two of the foregoing may prevent or
treat muscular atrophy by promoting proliferation of skeletal
muscle satellite cells and inhibiting muscle loss.

[0031] Theterm “preventing” refers to inhibiting or regard-
ing side effects of glucocorticoid or the occurrence of dis-
eases caused thereby by administering a composition. The
term “treating” refers to relieving or alleviating side effects of
glucocorticoid and diseases caused thereby by administering
the composition.

[0032] The pharmaceutical composition may include the
compound represented by Formula 1, a pharmaceutically
acceptable salt, solvate, or polymorph thereof, or a combina-
tion of at least two of the foregoing in an effective amount.
The effective amount may vary according to cells or subjects
selected by those of ordinary skill in the art. The effective
amount may be determined in accordance with side effects of
glucocorticoid or seriousness of diseases caused thereby, age,
weight, health, gender, and sensitivity to drugs of patients,
administration time, administration route, and excretion rate
of the patient, treatment time period, ingredients including
drugs combined with or simultaneously used with the com-
position according to an exemplary embodiment, and other
ingredients that are well known in medicines. The compound
represented by Formula 1, a pharmaceutically acceptable salt,
solvate, or polymorph thereof, or a combination of at least
two of the foregoing may be included in a range of about 10
mg to about 10 g, about 50 mg to about 9 g, about 100 mg to
about 8 g, about 200 mg to about 7 g, about 300 mg to about
6 g, about 400 mg to about 5 g, about 500 mg to about 4 g,
about 500 mgto about 3 g, about 500 mg to about 2 g, or about
500 mg to about 1 g per the composition.

[0033] The pharmaceutical composition may be adminis-
tered in adose of about 0.001 mg/kg to about 100 mg/kg, 0.01
mg/kg to about 10 mg/kg, or 0.1 mg/kg to about 1 mg/kg of
bodyweight for adults once a day, multiple times a day, or
once every few days.

[0034] The pharmaceutical composition may further
include a pharmaceutically acceptable additive. The pharma-
ceutical composition may be formulated into oral formula-
tions or parenteral formulations. The oral formulations may
be granules, powders, liquids, tablets, capsules, dry syrups, or
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any combination thereof. The parenteral formulations may be
injections, or formulations for external use. Examples of the
formulations for external use include cream, gel, ointment,
skin emulsions, skin suspensions, transdermal patch, medi-
cation-containing bandage, lotions, or any combination
thereof.

[0035] Also provided is a method of preventing or treating
muscular atrophy in a subject includes administering the
compound represented by Formula 1, a pharmaceutically
acceptable salt, solvate, or polymorph thereof, or a combina-
tion of at least two of the foregoing to the subject.

[0036] The compound represented by Formula 1, the phar-
maceutically acceptable salt, solvate, or polymorph thereof,
the subject, the muscular atrophy, the preventing, and the
treating are as described above.

[0037] The administration may be performed in a dose of
about 0.001 mg/kg of bodyweight to about 100 mg/kg of
bodyweight for adults once a day, multiple times a day, or
once every few days for one day to one year. The administra-
tion may be performed using any known method. The admin-
istration may be performed directly to the subject via oral,
intravenous, intramuscular, transdermal, mucosal, intranasal,
intratracheal, or subcutaneous administration. The adminis-
tration may be systemic or local administration.

[0038] Furtherprovidedis a method of promoting muscular
regeneration in a subject includes administering the com-
pound represented by Formula 1, a pharmaceutically accept-
able salt, solvate, or polymorph thereof, or a combination of
at least two of the foregoing into to subject.

[0039] The compound represented by Formula 1, the phar-
maceutically acceptable salt, solvate, or polymorph thereof,
the subject, and the administering are as described above.
[0040] The compound represented by Formula 1, a phar-
maceutically acceptable salt, solvate, or polymorph thereof,
or a combination of at least two of the foregoing may promote
regeneration of muscular tissue by promoting proliferation of
skeletal muscle satellite cells, thereby increasing muscle
mass.

[0041] According to the methods of preventing or treating
muscular atrophy or promoting muscular regeneration by
using the compositions including the compound represented
by Formula 1, a pharmaceutically acceptable salt, solvate, or
polymorph thereof, or a combination of at least two of the
foregoing, muscular atrophy may be efficiently prevented or
treated or muscular regeneration may be efficiently promoted
by promoting proliferation of skeletal muscle satellite cells
and inhibiting degradation of muscular proteins.

[0042] Hereinafter, the following examples will be
described in detail. These examples are not intended to limit
the purpose and scope of the one or more embodiments of the
inventive concept.

EXAMPLE 1

Identification of Preventive or Therapeutic Effects of
Sulfonamide Compound on Muscular Atrophy

[0043] (1)Proliferation of Human Skeletal Muscle Satellite
Cell by Sulfonamide Compound

[0044] Human skeletal muscle satellite (HSKMS) cells
were prepared to identify whether proliferation of skeletal
muscle satellite cells is promoted by sulfonamide com-
pounds.

[0045] HSKMS cells (Innoprot) were seeded on a Skeletal
Muscle Cell Medium (SkMCM), which does not include
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serum and a stem cell growth factor. Since the SKMCM does
not include serum and a stem cell growth factor, the HSkMS
cells may be induced into a state of serum starvation and
growth factor starvation. The seeded HSkMS cells were cul-
tured at 37° C. ina 5% CO, incubator for 24 hours. Then, 0.1
uM, 1 uM, and 10 uM of each of sulfadiazine (Sigma-Ald-
rich), sulfamethoxazole (Sigma-Aldrich), sulfadoxine
(Sigma-Aldrich), and sulfaguanidine (Sigma-Aldrich), as
sulfonamide compounds, were added to the HSkMS cells,
and the cells were incubated at 37° C. in a 5% CO, incubator
for 24 hours. After the incubation, the numbers of HSKMS
cells were calculated using a hemocytometer. The numbers of
HSKMS cells are shown in FIG. 1 as multiples of the number
of HSKMS cells of a negative control group to which the
sulfonamide compound was not added (*: p<0.05).

[0046] As illustrated in FIG. 1, the proliferation of the
HSKMS cells was promoted in all groups, in comparison with
serum starvation, except for the groups using 10 uM of sul-
fadiazine, sulfamethoxazole or sulfaguanidine, or 1 uM of
sulfadiazine. Particularly, it was confirmed that muscular
regeneration may be promoted by using low concentrations of
a sulfonamide compound since proliferation of the HSkMS
cells was promoted by using 0.1 uM and 1 pM of several
sulfonamide compounds.

[0047] (2) Effect of Sulfadiazine on Inhibition of Activity
of Muscle Protease

[0048] C2C12 cell lines (mouse gastrocnemius muscle,
ATCC® CRL-1772™) were seeded in a 10% FBS/DMEM
and incubated at 37° C. in a 5% CO, incubator. When the cells
were 70% confluent, the culture medium was replaced with
2% FBS/DMEM and the cells were cultured for 4 days to
completely induce differentiation into muscle cells. C2C12
cell lines are mouse myoblast cell lines obtained by continu-
ous culture of myoblast cells cultured from gastrocnemius
muscle of C3H mice.

[0049] When C2C12 cells were completely differentiated
into muscle cells, the culture medium was removed there-
from, and 4 ml of a fresh culture medium including 1 uM, 10
uM, or 100 uM of sulfadiazine (Sigma Aldrich) was added
thereto, and then, the cells were cultured at 37° C. in a 5%
CO, incubator for 24 hours. 2 uM of dexamethasone (Sigma
Aldrich) was added to the cultured cells and the cells were
further cultured for 24 hours. A negative control group was
not treated with sulfadiazine and dexamethasone.

[0050] A Trizol reagent (Invitrogen) was added to the col-
lected cells, and total RNA was separated therefrom accord-
ing to manufacturer’s protocols. Complementary DNA
(cDNA) was synthesized from the separated total RNA by
using areverse transcriptase. Amounts of mRNA of Atrogin-1
and MuRF-1 were quantified using a real time PCR device
(MyiQPCR instrument, BioRad) that is a device measuring
SYBR Green. The results were normalized with respect to an
amount of GAPDH mRNA. Amplification of Atrogin-1,
MuRF-1, and GAPDH mRNA was performed using an oli-
gonucleotide set of SEQ ID NOs: 1 and 2, an oligonucleotide
set of SEQ ID NOs: 3 and 4, and an oligonucleotide set of
SEQ ID NOs: 5 and 6 as primers, respectively.

[0051] Values obtained via amplification were normalized
to GAPDH gene expression, and relative expression levels of
mRNA of Atrogin-1 and MURF-1 were quantified. The quan-
tified relative expression levels (arbitrary unit (AU)) of
mRNA of Atrogin-1 and MURF-1 are illustrated in FIGS. 2A
and 2B, respectively (*: p<0.05 vs. dexamethasone)
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[0052] Asillustrated in FIGS. 2A and 2B, while the expres-
sion level of Atrogin-1 and MuRF1 increased in cells treated
with only dexamethasone, the expression of mRNA of Atro-
gin-1 and MuRF1 decreased in cells treated with both sulfa-
diazine and dexamethasone. Thus, it was confirmed that the
sulfonamide compound including sulfadiazine inhibited the
expression of Atrogin-1 and MuRF1, which are components
of ubiquitin ligase complex in ubiquitin-mediated protein
degradation pathway thereby causing muscle loss, and thus,
the degradation of muscle fiber caused by dexamethasone
was inhibited, thereby preventing or treating muscle loss.

[0053] (3) Effects of Sulfadiazine on Protection of Muscle
Fiber
[0054] Diameters of muscle fibers according to the addition

of dexamethasone and/or sulfadiazine were measured to
identify the effects of sulfonamide compounds including sul-
fadiazine on the protection of muscle fiber.

[0055] As described above with reference to Example 1(2),
C2C12 cells were completely differentiated into muscle cells.
After removing the culture medium, 4 ml of a fresh culture
medium including 100 uM of sulfadiazine (Sigma Aldrich)
was added thereto, and then, the cells were cultured at 37° C.
in a 5% CO, incubator for 24 hours. 2 uM of dexamethasone
(Sigma Aldrich) was added to the cultured cells, and the cells
were further cultured for 24 hours. A negative control group
was not treated with sulfadiazine and dexamethasone.
[0056] A diameter (um) of a muscle fiber was measured
from a microscopic image (X400) of the muscle fiber of the
cells, and the results are shown in FIG. 3 (*: p<0.05).
[0057] Asillustrated in FIG. 3, in a group treated with only
dexamethasone but not with sulfadiazine, muscular atrophy
was observed since the diameter of the muscle fiber was
reduced. However, the diameter of the muscle fiber of a group
pre-treated with sulfadiazine was similar to that of the control
group. Thus, it was confirmed that the sulfonamide com-
pound including sulfadiazine may inhibit loss of muscle
mass.

[0058] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.

[0059] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope as defined by the following claims.
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[0060] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were indi-
vidually and specifically indicated to be incorporated by ref-
erence and were set forth in its entirety herein.

[0061] The use of the terms “a” and “an” and “the” and “at
least one” and similar referents in the context of describing
the invention (especially in the context of the following
claims) are to be construed to cover both the singular and the
plural, unless otherwise indicated herein or clearly contra-
dicted by context. The use of the term “at least one” followed
by a list of one or more items (for example, “at least one of A
and B”) is to be construed to mean one item selected from the
listed items (A or B) or any combination of two or more of the
listed items (A and B), unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,”
“having,” “including,” and “containing” are to be construed
as open-ended terms (i.e., meaning “including, but not lim-
ited to,”) unless otherwise noted. Recitation of ranges of
values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling
within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it
were individually recited herein. All methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary lan-
guage (e.g., “such as”) provided herein, is intended merely to
better illuminate the invention and does not pose a limitation
on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicat-
ing any non-claimed element as essential to the practice of the
invention.

[0062] Preferred embodiments of this invention are
described herein, including the best mode known to the inven-
tors for carrying out the invention. Variations of those pre-
ferred embodiments may become apparent to those of ordi-
nary skill in the art upon reading the foregoing description.
The inventors expect skilled artisans to employ such varia-
tions as appropriate, and the inventors intend for the invention
to be practiced otherwise than as specifically described
herein. Accordingly, this invention includes all modifications
and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all pos-
sible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer for mouse atrogin-1/MAFbx

<400> SEQUENCE: 1

cacattctet cctggaaggg ¢

21
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-continued
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<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for mouse atrogin-1/MAFbx

<400> SEQUENCE: 2

ttgataaagt cttgagggga a 21

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for mouse MuRF-1

<400> SEQUENCE: 3

acgagaagaa gagcgagctg 20

<210> SEQ ID NO 4

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for mouse MuRF-1

<400> SEQUENCE: 4

cttggcactt gagagaggaa gg 22

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for mouse GAPDH

<400> SEQUENCE: 5

catggcctte cgtgttcecta 20
<210> SEQ ID NO 6

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer for mouse GAPDH

<400> SEQUENCE: 6

gcggcacgte agatcca 17
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What is claimed is:

1. A method of preventing or treating muscular atrophy in
a subject, the method comprising administering to the subject
a compound of Formula 1, or pharmaceutically acceptable
salt, solvate, or polymorph thereof, or a combination thereof:

Formula 1
o 0
\Y4
Xy Dn=a,

S

R1

wherein the dotted line is an optional double bond,

wherein A is a 5-membered to 10-membered heterocyclic

group including one or two heteroatoms selected from
the group consisting of oxygen and nitrogen, or a linear
or branched C,-C; alkyl group,

wherein the heterocyclic group is unsubstituted or substi-

tuted with a hydroxyl group, a halogen atom, a cyano
group, —C(—=0O)R,, —C(—0O)OR,, —OCO(OR)),
4CZN(Ra)s 7SRas 78(:O)Ras 78(:0)2Ra3
—PR,, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C,-C,, alkenyl
group, a substituted or unsubstituted C,-C,, alkynyl
group, a C,-C,, alkylene oxide group, a substituted or
unsubstituted C5-C;,, cycloalkyl group, a substituted or
unsubstituted C,-C,, aryl group, a substituted or unsub-
stituted C4-C; aryloxy group, a substituted or unsubsti-
tuted C4-C;, heteroaryl group, or any combination
thereof,

and R, is a hydrogen atom, a C,-C; alkyl group, a C,-Cgq

alkenyl group, or a C,-C alkynyl group,

and wherein the alkyl group is unsubstituted or substituted

with one or more amine groups, and

R, is a hydrogen atom, a hydroxyl group, an amine group,

a ketone group, a halogen atom, a substituted or unsub-
stituted C, -C,, alkyl group, a cyano group, or any com-
bination thereof.

2. The method of claim 1, wherein the heterocyclic group is
a pyrimidine group or an isoxazole group.

3. The method of claim 1, wherein the compound repre-
sented by Formula 1 is sulfadiazine, sulfamethoxazole, sul-
fadoxine, or sulfaguanidine.

4. The method of claim 1, wherein the muscular atrophy is
caused by side effects of glucocorticoid.

5. The method of claim 1, wherein the subject has muscular
atrophy as a side effect of a glucocorticoid.

6. The method of claim 5, wherein the muscular atrophy as
a side effect of glucocorticoid is caused by an increase in
Atrogin-1 activity, an increase in MuRF-1 activity, or both, as
compared to Atrogin-1 or MuRF-1 activity levels in a normal,
non-diseased subject.

7. The method of claim 1, wherein the administering pro-
motes proliferation of skeletal muscle satellite cells, reduces
Atrogin-1 activity, reduces MuRF-1 activity, or achieves any
combination thereof.

8. The method of claim 1, wherein the subject has amyo-
trophic lateral sclerosis, spinal progressive muscular atrophy,
muscular dystrophy, or any combination thereof.
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9. A method of promoting regeneration of muscle tissue in
a subject, the method comprising administering to the subject
the compound of Formula 1, a pharmaceutically acceptable
salt, solvate, or polymorph thereof, or a combination thereof:

o o Formula 1
\/

| N7 Snzza,

A

Ry

wherein the dotted line is an optional double bond,

wherein A is a 5-membered to 10-membered heterocyclic

group including one or two heteroatoms selected from
the group consisting of oxygen and nitrogen, or a linear
or branched C,-C; alkyl group,

wherein the heterocyclic group is unsubstituted or substi-

tuted with a hydroxyl group, a halogen atom, a cyano
group, —C(—O)R,, —C(=0)OR,, —OCO(OR,),
“C—NR,). —SR, —SE=OR, —S(=O)R,,
—PR,, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C,-C,, alkenyl
group, a substituted or unsubstituted C,-C,, alkynyl
group, a C,-C,, alkylene oxide group, a substituted or
unsubstituted C5-C;,, cycloalkyl group, a substituted or
unsubstituted C,-C,, aryl group, a substituted or unsub-
stituted C4-C5, aryloxy group, a substituted or unsubsti-
tuted C4-C,, heteroaryl group, or any combination
thereof, and R , is a hydrogen atom, a C,-C alkyl group,
a C,-C; alkenyl group, or a C,-C, alkynyl group,

and wherein the alkyl group is unsubstituted or substituted

with one or more amine groups, and

R, is a hydrogen atom, a hydroxyl group, an amine group,

a ketone group, a halogen atom, a substituted or unsub-
stituted C, -C,, alkyl group, a cyano group, or any com-
bination thereof.

10. The method of claim 9, wherein the heterocyclic group
is a pyrimidine group or an isoxazole group.

11. The method of claim 9 wherein the compound repre-
sented by Formula 1 is sulfadiazine, sulfamethoxazole, sul-
fadoxine, or sulfaguanidine.

12. The method of claim 9, wherein the administering
promotes proliferation of skeletal muscle satellite cells.

13. The method of claim 1, wherein the compound of
Formula 1, the pharmaceutically acceptable salt, solvate, or
polymorph thereof, or the combination thereof, is adminis-
tered in a dose of about 0.001 mg/kg to about 100 mg/kg.

14. The method of claim 1, wherein the compound of
Formula 1, the pharmaceutically acceptable salt, solvate, or
polymorph thereof, or the combination thereof, is adminis-
tered via oral, intravenous, intramuscular, transdermal,
mucosal, intranasal, intratracheal, or subcutaneous adminis-
tration.

15. The method of claim 1, wherein the compound of
Formula 1, the pharmaceutically acceptable salt, solvate, or
polymorph thereof, or the combination thereof is adminis-
tered once a day, multiple times a day, or once every second
day to once a year.

16. The method of claim 9, wherein the compound of
Formula 1, the pharmaceutically acceptable salt, solvate, or
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polymorph thereof, or the combination thereof, is adminis-
tered in a dose of about 0.001 mg/kg to about 100 mg/kg.

17. The method of claim 9, wherein the compound of
Formula 1, the pharmaceutically acceptable salt, solvate, or
polymorph thereof, or the combination thereof, is adminis-
tered via oral, intravenous, intramuscular, transdermal,
mucosal, intranasal, intratracheal, or subcutaneous adminis-
tration.

18. The method of claim 9, wherein the compound of
Formula 1, the pharmaceutically acceptable salt, solvate, or
polymorph thereof, or the combination thereof is adminis-
tered once a day, multiple times a day, or once every second
day to once a year.
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