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shoul d [ppt be [Eemsdlaupd as limting the scope and spirit of the present

i nventi [66] Exanple 1: Preventive effects of tartrate of Compound 1 and
srtaglﬂgﬂrn phosphage on high fat diet-induced sinple steatosis in mce
[67] In order to invEstigate preventive effects of the tartrate of Conpound
1 (prepared acggrdrn; to the method described in Korean Patent Application
No. 2008- 00360521z 5 ; ghosphate on sinple steatosis, the
foll owi ng experi e [68] 6-week old nmale C57BL/ 6 mi ce

were stabilized angs 5.4roups. One group was given a
standard di et contal™ _1éﬂﬁ319: D12450B, manuf actured by
Research Diets), andione group was giyen akhigh fat diet containing 60% fat
(trade name: D12492, Fmanufactured b segNH# Di ets). Remmining 3 groups as
drug-treated groups were given a dfug- mfked diet specially fornul ated by

m xing a high fat diet and a drug. _WthJitegard to tartrate of Conpound 1,
in order to supply 100ng/ kg a [ k&fwhich are daily target doses of
tartrate of Conmpound 1 based the daily average high fat diet consunption
amount, diets were fornulated by mxing a high fat diet and 0.2% by wei ght
and 0.5% by weight of tartrate of Conpound 1, respectively. Wth regard to
sitagliggin pqgﬁgmggg in order to supply 300ng/ kg which is a daily target
dose baséd on y average high fat diet consunption anount, a diet
was forlill ated by mixing a high fat diet and about 0.5% by wei ght of
sitagliptin phosphate. Individual drug-treated groups were given the
drug-m xed diets thus fornul ated. 8 weeks, 16 weeks, and 24 weeks after a
supply of each diet, aninmals were dissected and sera were separated. Then,
serum ALT | evel s (al ani ne am notransferase, GPT, glutam c pyruvate

transam nase) were neasured using a blood analyzer (Table 1 and Fig. 1).
The excised |iver was honogenized in a 5(v/v)% Triton-X solution, and a
triglyceride working reagent [which was prepared by m xing a free glycerol
reagent (F6428 Srgna) and a trrglycerrde reagent (T2449 Srgna) |n a ratro
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[70] [71][Table 11 Fatty Iiver-preventicfng effects of tartrate of Conpound 1
and sitagliptin phosphate on high fat diet-induced sinple steatosis in mce
Pl asma ALWO(Qui1)is97blepati ¢ TO (rna/g wet |iver) 8 weelsRR61 vwoedss 24
weeks 8 weeks 16 weeks 24 weeks St andard di et -

[25] [Formula 3]
[26] A~ CN

[27] [Formula 4]
[28]

0 f,,:—:z/"
Ny N
|

[29] Compounds 1 to 4 in accordance with the present invention may be synthesized by a

NH2

conventionally known method or are commercially available (for example, vildagliptin
is commercially available from Trademax, China).

[30] As shown in formula 1 or 2 above, Compound 1 or 2 may have asymmetric centers at
the beta carbon and at the carbon of the 3-position of the piperazinone ring. Single
enantiomers, single diastereoisomers, racemates, or mixtures of diastereoisomers may
fall within the scope of Compound 1 or 2 of formula 1 or 2 in accordance with the
present invention. Further, Compound 1 or 2 of formula 1 or 2 in accordance with the
present invention may be in the form of a tautomer, and individual tautomers as well as
mixtures thereof may fall within the scope of Compound 1 or 2 in accordance with the
present invention. The beta amino group-containing hetero compound of Compound 1
or 2 in accordance with the present invention includes a pharmaceutically acceptable

salt thereof, as well as a hydrate and solvate that may be prepared therefrom. A phar-
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[31]

[32]

[33]

[34]

maceutically acceptable salt of the beta amino group-containing hetero compound of
Compound 1 or 2 may be prepared by any conventional method for the preparation of
salts known in the art. Further, Compounds 3 and 4 include all of possible optical
isomers and pharmaceutically acceptable salts thereof.

As used herein, the term “pharmaceutically acceptable salt” refers to a salt prepared
from a pharmaceutically acceptable non-toxic base or acid, including an inorganic or
organic base and an inorganic or organic acid. Examples of the salt derived from an
inorganic base include salts with aluminum, ammonium, calcium, copper, iron (I), iron
(II), lithium, magnesium, manganese, potassium, sodium and zinc. In particular, an
ammonium, calcium, magnesium, potassium or sodium salt is preferable. A solid salt
may be present in the form of one or more crystal structures or in the form of a
hydrate. Examples of the salt derived from a pharmaceutically acceptable non-toxic
organic base include salts of primary, secondary, and tertiary amines, substituted
amines including naturally occurring substituted amines, cyclic amines, and basic ion
exchange resins, such as arginine, betaine, caffeine, choline,
N’.,N’-dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol,
2-dimethylaminoethanol, ethanolamine, ethylendiamine, N-ethylmorpholine, N-
ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine,
lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine, and
tromethamine.

When the compound of the present invention is basic, a salt thereof may be prepared
from a pharmaceutically acceptable non-toxic acid including an inorganic or organic
acid. Examples of the acid include acetic acid, benzenesulfonic acid, benzoic acid,
camphorsulfonic acid, citric acid, ethanesulfonic acid, fumaric acid, gluconic acid,
glutamic acid, hydrobromic acid, hydrochloric acid, isethionic acid, lactic acid, maleic
acid, malic acid, mandelic acid, methanesulfonic acid, mucic acid, nitric acid, pamoic
acid, pantothenic acid, phosphoric acid, succinic acid, sulfuric acid, tartaric acid, and
p-toluenesulfonic acid. Citric acid, hydrobromic acid, hydrochloric acid, maleic acid,
phosphoric acid, sulfuric acid, fumaric acid or tartaric acid is preferable.

The hydrate of Compound 1, 2, 3 or 4 of the present invention or a pharmaceutically
acceptable salt thereof may be understood to contain a stoichiometric or non-
stoichiometric amount of water bound via non-covalent intermolecular forces. The
hydrate may contain more than 1 equivalent of water, typically 1 to 5 equivalents of
water. Such a hydrate may be prepared by crystallizing Compound 1 or 2 of the present
invention or a pharmaceutically acceptable salt thereof in water or a water-containing
solvent.

In the pharmaceutical composition of the present invention, the active ingredient is
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preferably Compound 1 represented by formula 1 or a pharmaceutically acceptable salt
thereof, and the active ingredient is more preferably tartrate of Compound 1.

[35] In the pharmaceutical composition of the present invention, the active ingredient is
preferably sitagliptin or a pharmaceutically acceptable salt thereof and is more
preferably sitagliptin phosphate.

[36] In the pharmaceutical composition of the present invention, the active ingredient is
preferably vildagliptin or a pharmaceutically acceptable salt thereof.

[37] In the pharmaceutical composition of the present invention, the active ingredient is
preferably linagliptin or a pharmaceutically acceptable salt thereof.

[38] The pharmaceutical composition for the prevention or treatment of a non-alcoholic
fatty liver disease in accordance with the present invention may be used in the form of
a conventional pharmaceutical preparation. That is, upon practical clinical admin-
istration, the pharmaceutical composition may be administered in the form of various
oral and parenteral dosage forms. In the present invention, oral administration is
preferable. Further, a diluent or excipient conventionally known and used in the art,
such as a filler, an extender, a binding agent, a wetting agent, a disintegrating agent or
a surfactant, may be used upon the formulation of the pharmaceutical composition into
a desired dosage form. A solid preparation for oral administration may include a tablet,
a pill, a powder, a granule, a capsule, etc., and such a solid preparation is formulated
by mixing an active ingredient with at least one excipient such as starch, calcium
carbonate, sucrose, lactose, and gelatin. Further, a lubricant such as magnesium
stearate or talc may also be used in addition to the excipient.

[39] A liquid preparation for oral administration includes a suspension, a liquid for
internal use, an emulsion, a syrup, etc. In addition to a frequently used diluent such as
water or liquid paraffin, the liquid preparation may contain a variety of excipients such
as a wetting agent, a sweetening agent, an aromatic agent and a preservative. A
preparation for parenteral administration includes a sterile aqueous solution, a non-
aqueous solution, a suspension, an emulsion, a freeze-dried preparation and a sup-
pository. As a solvent for the non-aqueous solution or suspension, propylene glycol,
polyethylene glycol, vegetable oil such as olive oil, injectable ester such as ethyl
oleate, or the like may be used. As a base for the suppository, Witepsol, macrogol,
Tween 61, cacao butter, laurin butter, glycerogelatin, or the like may be used.

[40] A daily dose or dosage of an active ingredient of the pharmaceutical composition in
accordance with the present invention is in the range of 0.1 to 1000mg/kg, but may
vary depending on weight, age, sex, health status and dietary habits of patients, admin-
istration times and routes, excretion rates, and severity of disease.

[41] Non-alcoholic fatty liver disease (NAFLD) in the present invention includes both

primary and secondary non-alcoholic fatty liver diseases and preferably refers to a non-
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[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

alcoholic fatty liver disease resulting from primary hyperlipidemia, diabetes or obesity.
Further, the non-alcoholic fatty liver disease (NAFLD) in the present invention

includes simple steatosis, non-alcoholic steatohepatitis (NASH), and liver fibrosis and
liver cirrhosis occurring due to the progression of these diseases.

The pharmaceutical composition of the present invention may contain at least one
active ingredient exhibiting the same or similar function, in addition to the compound
of formula 1, 2, 3 or 4 or a pharmaceutically acceptable salt thereof.

Further, the present invention provides a method for the prevention or treatment of a
non-alcoholic fatty liver disease, including administering an effective amount of the
compound represented by formula 1, 2, 3 or 4 or a pharmaceutically acceptable salt
thereof to a mammal (including a human) in need thereof.

As used herein, the term “administration” means the introduction of the pharma-
ceutical composition of the present invention to a patient via any appropriate method.
The pharmaceutical composition of the present invention may be administered via any
conventional administration route as long as the pharmaceutical composition can reach
a target tissue. For example, the composition may be administered orally, intraperi-
toneally, intravenously, intramuscularly, subcutaneously, transdermally, intranasally,
intrapulmonary, rectally, intracavitally or intrathecally without being limited thereto.

The pharmaceutical composition of the present invention may be administered once a
day or may be administered at regular time intervals twice or more a day.

For the prevention and treatment of non-alcoholic fatty liver diseases, the pharma-
ceutical composition of the present invention may be used alone or in combination
with methods employing surgical operation, hormone therapy, medication therapy and
biological response modifiers.

Further, the present invention provides use of a compound of formula 1, 2,3 or4 or a
pharmaceutically acceptable salt thereof for manufacturing a pharmaceutical com-

position for the prevention and treatment of a non-alcoholic fatty liver disease.

Advantageous Effects of Invention

The pharmaceutical composition of the present invention has effects of preventing
and treating the accumulation of triglyceride (TG) appearing as a typical lesion of non-
alcoholic fatty liver, and effects of normalizing alanine aminotransferase (ALT) which
is a damage indicator of hepatocytes detected in the blood. Further, the pharmaceutical
composition of the present invention inhibits the activation and differentiation of
hepatic stellate cells (HSCs) leading to liver fibrosis, thereby suppressing liver fibrosis
and furthermore, the progression of liver fibrosis into liver cirrhosis, which provides
effects of preventing and treating liver fibrosis or liver cirrhosis. Therefore, the phar-

maceutical composition of the present invention may be used as an agent for the
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prevention or treatment of non-alcoholic fatty liver.
[50] The treatment method of the present invention is useful for the prevention and

treatment of non-alcoholic fatty liver diseases.
Brief Description of Drawings

[51] Fig. 1 shows serum alanine aminotransferase (ALT)-lowering effects of tartrate of
Compound 1 or sitagliptin phosphate in non-alcoholic fatty liver-induced mice.

[52] Fig. 2 is a hepatic triglyceride content analysis graph showing hepatic triglyceride-
lowering effects of tartrate of Compound 1 or sitagliptin phosphate in non-alcoholic
fatty liver-induced mice.

[53] Fig. 3 is a tissue sample photograph showing hepatic triglyceride-lowering effects of
tartrate of Compound 1 in non-alcoholic fatty liver-induced mice.

[54] Fig. 4 shows serum ALT-lowering effects of tartrate of Compound 1 in non-alcoholic
fatty liver-induced rats.

[55] Fig. 5 is a hepatic triglyceride content analysis graph showing hepatic triglyceride-
lowering effects of tartrate of Compound 1 in non-alcoholic fatty liver-induced rats.

[56] Fig. 6 is a tissue sample photograph showing hepatic triglyceride-lowering effects of
tartrate of Compound 1 in non-alcoholic fatty liver-induced rats.

[57] Fig. 7 is photograph showing an area of lipid droplets/unit area of a sample through
image analysis of a tissue sample exhibiting hepatic triglyceride-lowering effects of
tartrate of Compound 1 in non-alcoholic fatty liver-induced rats.

[58] Fig. 8 is a tissue sample image showing hepatic triglyceride accumulation-preventing
effects of tartrate of Compound 1, sitagliptin phosphate and vildagliptin on high fat
diet-induced fatty liver in mice.

[59] Fig. 9 is an electrophoretic photograph showing target protein expression-lowering
effects of tartrate of Compound 1, sitagliptin phosphate, vildagliptin and linagliptin in
activated hepatic stellate cells.

[60] Fig. 10 is a graph showing inhibitory effects of tartrate of Compound 1, sitagliptin
phosphate and vildagliptin on free fatty acid-induced hepatocytic fat accumulation.

[61] Fig. 11 is an analysis graph showing inhibitory effects of tartrate of Compound 1,
sitagliptin phosphate and vildagliptin on TGF-1 mRNA expression in a CCls-induced
acute hepatic damage animal model.

[62] <Description of Reference Numerals and Signs>

[63] In Figs. 1, 2,4, 5 and 7, *: significant increase within the 95% confidence interval
(p<0.05), as compared to a standard diet group, and #: significant decrease within the
95% confidence interval (p<0.05), as compared to a high fat diet group.

[64] In Fig. 10, *: significant decrease within the 95% confidence interval (p<0.05), as
compared to a 0.1% DMSO control group, and **: significant decrease within the 99%
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[65]

[66]

[67]

[68]

confidence interval (P<0.01), as compared to a 0.1% DMSO control group.
Mode for the Invention

Hereinafter, the present invention will be described in more detail with reference to
the following Examples. However, the following Examples are provided only for il-
lustrating the present invention and should not be construed as limiting the scope and

spirit of the present invention.

Example 1: Preventive effects of tartrate of Compound 1 and sitagliptin

phosphate on high fat diet-induced simple steatosis in mice
In order to investigate preventive effects of the tartrate of Compound 1 (prepared

according to the method described in Korean Patent Application No. 2008-0036052)
and sitagliptin phosphate on simple steatosis, the following experiment was carried
out.

6-week old male C57BL/6 mice were stabilized and then divided into 5 groups. One
group was given a standard diet containing 10% fat (trade name: D12450B, manu-
factured by Research Diets), and one group was given a high fat diet containing 60%
fat (trade name: D12492, manufactured by Research Diets). Remaining 3 groups as
drug-treated groups were given a drug-mixed diet specially formulated by mixing a
high fat diet and a drug. With regard to tartrate of Compound 1, in order to supply
100mg/kg and 300mg/kg which are daily target doses of tartrate of Compound 1 based
on the daily average high fat diet consumption amount, diets were formulated by
mixing a high fat diet and 0.2% by weight and 0.5% by weight of tartrate of
Compound 1, respectively. With regard to sitagliptin phosphate, in order to supply
300mg/kg which is a daily target dose based on the daily average high fat diet con-
sumption amount, a diet was formulated by mixing a high fat diet and about 0.5% by
weight of sitagliptin phosphate. Individual drug-treated groups were given the drug-
mixed diets thus formulated. 8 weeks, 16 weeks, and 24 weeks after a supply of each
diet, animals were dissected and sera were separated. Then, serum ALT levels (alanine
aminotransferase, GPT, glutamic pyruvate transaminase) were measured using a blood
analyzer (Table 1 and Fig. 1). The excised liver was homogenized in a 5(v/v)% Triton-
X solution, and a triglyceride working reagent [which was prepared by mixing a free
glycerol reagent (F6428, Sigma) and a triglyceride reagent (T2449, Sigma) in a ratio of
4:1(v/v)] was added thereto, followed by measurement of an absorbance at 540nm to
determine the content of triglyceride (Table 1 and Fig. 2). In addition, in order to
observe histological fat distribution, a portion of the excised liver was fixed in a
10(v/v)% formalin solution and then a tissue sample was prepared, followed by
hematoxylin & eosin staining and photographing using an image analysis program

(computerized image analysis) (Fig. 3, the violet-stained portion represents a normal
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liver tissue, and white-stained portion represents lipid droplets).
[69] As aresult, as shown in Fig. 1, supplies of tartrate of Compound 1 and sitagliptin
phosphate exhibited significant decreases in serum alanine aminotransferase (ALT) at
16 weeks and 24 weeks. Further, the hepatic triglyceride content also exhibited a sig-
nificant decrease in a hepatic triglyceride analysis (Fig. 2) and a histological analysis
(Fig. 3), as compared to a high fat diet-fed group. These results represent that tartrate
of Compound 1 and sitagliptin phosphate decrease the hepatic triglyceride content
against high fat diet-induced fatty liver and therefore have preventive efficacy on fatty
liver.
[70]
[71] [Table 1] Fatty liver-preventing effects of tartrate of Compound 1 and sitagliptin
phosphate on high fat diet-induced simple steatosis in mice
[72] Plasma ALT (U/1) Hepatic TG (mg/g wet liver)
8 weeks 16 weeks | 24 weeks | 8 weeks 16 weeks | 24 weeks
Standard diet-
25414 [340+23 |446+55 |85+1.0 |94+19 [66+1.2
fed group
High fat diet- 1211 +(2300 168 + 1624 +|47.8 +
27.6+25
fed group 25.7* 41.5% 1.7* 3.6% 1.0*
High fat diet +
tartrate ___of 205 =315 = 205 =
20.6+0.9 15520 38.2+5.8
Compound 1, 1.2# 4.2#% 0.7#
0.2%
High fat diet +
tartrate of 27.5 +|43.8 + 15.8 =] 15.1 +
39.3+£3.6 1.4 +2.0#
Compound 1, 1.5# 4.34 2.0# 3.5#
0.5%
High fat diet +
sitagliptin 2654138 22.2 +§27.0 +£(118 +]100 + 168566
phosphate, 1.3# 1.7# 2.1 1.24
0.5% :
* represents a significant increase (p<0.05), as compared to a standard diet-fed group
# represents a significant decrease (p<0.05), as compared to a high fat diet-fed group
[73]
[74] Example 2: Therapeutic effects of tartrate of Compound 1 on high fat diet-
induced simple steatosis in rats
[75] In order to investigate therapeutic effects of the tartrate of Compound 1 (prepared



0.5% * represents a significant increase (p<0.05), as
conpared to a standard diet-fed group # represents a significant decrease
(p<0. 05) ,wa=orioirpEmsed to a high fat diet-fed group [ 73] PCi/idj20Exmnmgs8e 2:
Therapeutic effects of tartrate of Conpound 1 on high fat diet-induced
sinple steatosis in rats 11751In order to investigate therapeutic effects

of the tartrat&r@hg®meabiBodlddspiilgdicn @tbreah3Patent Application No. 2008-0036052)
on simple steatosis, the following experiment was carried out.

[76] 6-week old male rats (Wistar rats) were stabilized and then divided into 2 groups.
Animal groups were respectively given a standard diet containing 10% fat (trade name:
D12450B, manufactured by Research Diets) and a high fat diet containing 60% fat
(trade name: D12492, manufactured by Research Diets) for 24 weeks. When a diet
consumption amount was calculated at Week 22 of diet supply, the high fat diet-fed
group exhibited a diet intake of 33.40g/kg. In order to supply 10mg/kg which is a daily
target dose of tartrate of Compound 1, a diet was formulated by mixing a high fat diet
and 0.03% by weight of tartrate of Compound 1. 24 weeks after a supply of each diet,
animals were divided into a high fat diet-fed group (n=8), a group fed with a high fat
diet + 0.03% by weight of tartrate of Compound 1 (n=8), and a standard diet-fed group
(n=8), followed by feeding for another 14 weeks. Then, animals were dissected and
sera were separated. Then, serum ALT levels (alanine aminotransferase), GPT,
(glutamic pyruvate transaminase) were measured using a blood analyzer (Fig. 4). The
excised liver was homogenized in a 5(v/v)% Triton-X solution, and a triglyceride
working reagent [which was prepared by mixing a free glycerol reagent (F6428,
Sigma) and a triglyceride reagent (T2449, Sigma) in a ratio of 4:1(v/v)] was added
thereto, followed by measurement of an absorbance at 540nm to determine the content
of triglyceride (Fig. 5). In addition, in order to observe histological fat distribution, a
portion of the excised liver was fixed in a 10(v/v)% formalin solution and then a tissue
sample was prepared, followed by hematoxylin & eosin(HE) staining and pho-
tographing using an image analysis program (computerized image analysis) (Fig. 6, the
violet-stained portion represents a normal liver tissue, and white portion represents
lipid droplets). Thereafter, an area of lipid droplets/unit area of a sample was
calculated (Fig. 7).

[77] As aresult, as shown in Fig. 4, the administration of tartrate of Compound 1
exhibited a significant decrease in serum alanine aminotransferase (ALT). Further, the
hepatic triglyceride content also exhibited a significant decrease in a hepatic
triglyceride analysis (Fig. 5) and a histological analysis (Fig. 7), as compared to a high
fat diet-fed group. These results represent that tartrate of Compound 1 decreases the
hepatic triglyceride content against the existing fatty liver and therefore can be used as

an agent for the treatment of fatty liver.

[78]

[79] Example 3: Non-alcoholic fatty liver-preventing effects of tartrate of Compound
1, sitagliptin phosphate and vildagliptin on high fat diet-induced simple steatosis
in mice

[80] In order to investigate preventive effects of the tartrate of Compound 1 on non-



WO 2011/ 118976PCT/ KR2011/ 001988 accordiyhg to the nethod described in Korean
Pat ent Application No. 2008-0036052) on sinple steatosis, the foll ow ng
experi merwowasl/lase76i ed out. [76] 6-week old male rats (WIIKR20T1210$98SWer €
stabilized and then divided into 2 groups. Animal groups were respectively
given a standard diet containing 10%fat (trade nanme: D 2450B,
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of a s | e was calculated (Fig. 7). [77] As a result, as shown in Fig. 4,
the admnistration of tartrate of Conpound 1 exhibited a significant
decrease in serum al ani ne am notransferase (ALT). Further, the hepatic
triglyceride content also exhibited a significant decrease in a hepatic
triglyceride analysis (Fig. 5) and a histological analysis (Fig. 7), as
conpared to a high fat diet-fed group. These results represent that
tartrate of Compound 1 decreases the hepatic triglyceride content agai nst
the existing fatty liver and therefore can be used as an agent for the
treatnent of fatty liver. [78] [79] Exanple 3. Non-al coholic fatty

| iver-preventing effects of tartrate of Conpound 1. sitagliptin phosphate
and vildagliptin on high fat diet-induced sinple steatosis in mce

11801l n order to investigate preventive effects of the tartrate of Conpound
1 on non- 14 WD 2011/118976PCT/ KR2011/ 001988 al coholic fatty liver (sinple
steatosis), the follow ng experinent was carried out. [81] 7-week old nale
C57BL/ 6 mice were stabilized and then divided into 9 groups (n=9) according
to the body wei ght and bl ood gl ucose level. A standard diet-fed group and a
high fat diet-fed group were orally adm nistered a vehicle solution (0.5%
MC( et hyl ene cel lul ose)) of each diet once a day at a dose of 10nl/kg, and
the remai ning groups were orally given once a day for 28 days a high fat
diet in conjunction with tartrate of Conpound 1 at doses of 30, 100 and
300ng/ kg, sitagliptin phosphate at doses of 100 and 300ng/ kg, and
vildagliptin at doses of 100 ng/ kg and 300ng/ kg, respectively, according to
t he designated groups. 24 hours after the final oral adm nistration,
animal s were dissected and the excised |iver was honogenized in a 5(v/v)%
Triton-X solution to which a triglyceride working reagent was then added,
foll owed by neasurenent of an absorbance at 540nmto determ ne the content
of triglyceride (Table 2). In addition, a portion of the excised |liver was
fixed in a 10(v/v)% formalin solution and then a tissue sanple was
prepared, followed by hematoxylin & eosin(HE) staining and phot ographi ng
(Fig. 8). [82] [Table 21 Non-al coholic fatty liver-preventing effects of
tartrate of Conpound 1, sitagliptin phosphate and vildagliptin on high fat
di et-induced sinple steatosis in mce 11831 15 WD

2011/ 118976PCT/ KR2011/ 001988 Experi nental group Treatnment drug and dose
Triglyceride increment (%relative to standard diet-fed group Triglyceride
* increase inhibition (% relative to high fat diet-fed group Standard di et
0.5%MC 1 Onl/kg - -



H gh fat diet 0.5% MC 10nl/kg 54 Highifat diet + tartrate of Conpound 1
Tartrate of Conpound 1, 30ng/kg 35 34 Tartrate of Conpound 1, 100ng/ kg 47
12 Tart rebeoofti€@rapound 1, 300ny/ kg 11 81 High fat di eCFR20ugloNys8i n
phosphate Sitagliptin phosphate 100ng/ kg 21 61 Sitagliptin phosphate
300nmg/ kg 45 15 High fat diet + vildagliptin Vildagliptin 100ng/ kg 38

Triglyceride Triglyceride
increment {%o) ) e e *
Experimental group Treatment drug and ‘ increase inhibition
relative to o . .
dose tard dict.fod (%) relative to high
stan etted | fat diet-fed group
group
Standard diet 0.5% MC 10mlkg - -
High fat diet 0.5% MC 10ml/kg 54 -
Tartrate of Compound
35 34
1, 30mg/kg
High fat diet + tartrate of | Tartrate of Compound o -
Compound 1 1, 100mg/kg
Tartrate of Compound
11 81
1, 300mg/kg
Sitagliptin phosphate
21 61
. . ... | 100mg/kg
High fat diet + sitagliptin
phosphate .
Sitagliptin phosphate
45
300mg'kg 15
High fat diet + Vildagliptin 100mg/kg 38 24
vildagliptin
Vildagliptin 300mg/kg 11 79

*% inhibition production increase by taking an increase width of a high fat diet relative to a
standard diet to be 100%

[84] As shown in Table 2, when compared with the standard diet-fed group, the high fat
diet-fed group exhibited a 54% increase in the hepatic triglyceride content; the group
with administration of tartrate of Compound 1 at a dose of 300mg/kg exhibited an 11%
increase in the hepatic triglyceride content; the group with administration of sitagliptin
phosphate at a dose of

[85] 100mg/kg exhibited a 21% increase in the hepatic triglyceride content; and the group
with administration of vildagliptin at a dose of 300mg/kg exhibited an 11% increase in
the hepatic triglyceride content, thus demonstrating that compounds of the present
invention have preventive effects against the occurrence of high fat diet-induced fatty

liver.
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1 ng/mL TGFI 31-induced protein expression inhibition rate (N=3) TGl
cc-SMA Sitagliptin phosphate -651.9 % 467.3% Vildagliptin 1432.8 % -56+8. 4%
Tartrat e wh 2Comperad 1 7817. 2 % 251. 9% Li nagl i ptin 6417 PRYKIRROL70059%8 [ 94]

As a result, as shown in Table 3 and Fig. 9, it was confirmed that protein
expression |levels of TGFI 31 and a- SMA, which are inportant factors for the
pat hophyegi ol ogyftedf7 dal :yyef thfeldblﬁgnﬁéa&mkmcmaﬁ@ﬂmdms m@rvlait&mhcmamadaﬁﬂi avat ed

o Do ot oheeREtuTreb s Al oo iR b e s Bl RS S

_conf ir rreg t hdysed. Thent pioreiiesxypere sjgamifiedeeleanphbreséd a'rcfnaw@m BsMeli s 9.

| NCreased W r | r

These resul tgﬁVﬁrdggg?Q{‘%&? I&? %F%drtgiaen% C%Eofogéhl %ﬁj%mg T&%%ﬁl ]péﬁgfs“gh te,

vi |l dagl i pti nWeam@acfpdaaguhumqmaiyanfebczﬁa%ébecéﬁ@for@kﬁnmthmtgclpr@émaﬁe&M® @f f ect s

on steat ohepatdrgis amelll kasted it Iﬁﬁéesrad{sﬁélarogi%ﬁgm&ﬁl @atéd%ta&h& QEbnghdyect s
of tartrate of ngp F 1 and Slt gliptin phosp ate? free fatty

aci d- | nduced ANRIURSel P FHFEIN 15V B P46 PR TGP HaphHORRE CEPmdlu-
11961Tr eat memiin@cemap@idayit@srevted n ferr@eof atiihy pactia) ¢xpedshibs ldvel @hg.iMNCTi@ase
in intracell I ar fn fO%’ eV\%f 2061/ 113%97S%P /%@28@1{0 19 8 accurrul at#@n By a
conbi ned tre F?FSWF o‘? PR BPIN SRS Ya RGO PANTBRE SHyPantaet §€ of

i ndi vi dual dpugentanvantion acekkpriessed hat parcentagd mlgolrrdumecrl éecqementl basedlamsi ng a

triglyceri deuﬁ&h&&wﬁf&élﬁg%reh%l 1n-IEH§Tble rEre Qjﬁﬁf/&e 8&13%)}] tgfd’ﬁﬁ’rel'a'ﬁ@é%

cells were culture mum essenti a ing 10(v/v)%
fetal bovi neﬂseetrqgﬁﬁwwonmalWP@WWHIXHMSQWW eﬁé@ablﬁﬁwas exchanged
with af9ip mMMfree fatty acid mxture made by di ssol ving ol eate and

pal mt (Si a nolar ratio Mcontalnln ) %

bovi mﬁé@r TSN E e GG oo ot Ay BUPPOHPRB LR B edn ¢ est
drug was addedpzttheteﬂ]tatm,ceﬂml | owed by cell culture for 24 hours. For the
negat i g control group, a MEM contai ni ng 1(v/v) % bovi ne serum al bum n was
treate - 1(v/v) % dirmethyl sul Ioxg/fle TUFB M idduccaGiidih exbrbioh i®itdoal t y
aci d. After t1e culture was conpl etle, the nmediumwas renoved and the gells
were washed wyfth a phosphate buffer.m'iﬁ\lﬁNu??dl | uted solution of 10mMM N Ille Red
(Si gma) dissol T@Econtar ni ng gg}(@() %% Pruront c F127
(I'nvitrogen) pwas 1.000-fold di I ut ed in a phosphate er and added tg¢ the
cell's, foll oweHitdgliptat ghiosphatg of intraéeﬁllﬁﬂéar fat af4@7CG%nd 200 rpm under

|'i ght - shi el def—gonrgit+ons—For—30—+HRHEES H-er—t+hp—St-pr AL, wes—eotpl et e,
t he supernataqu%égptlﬂ scarded and re%lj:g%%é’nvmth a Jﬁgﬁg?‘ldte buf f er,

fol |l oned by npaguieBROImgdlind [ UOT esclenacer 2 9 ensi T epaindes condrfrons of a
488 nm excit atian mnvplpnnfh and a I550 nm eni ssi an mnvplpnnfh Then _in

order to corr gbmaglipdevi ati on accor |Q4§1?2)/Dt he cel | | E9&hT-5%a phosphat e
buf f er ContalTFHg‘TﬁfTﬁ*TESHZUTTﬂ‘ﬁS|gnu) grssotvet—therermTwas—added t o
the sang well. Thereafte bef.or r.the reaction at 37C for .1 hour
under TO8ht - sihet HOdoCOSNYE Bricitns § gt B Srie o rogaed s Psth Sxofsin
usi ng a f | uolorBtETGFflemdasAMA ivadiish af impbdimt fate@x corttht pathopigsel@ygith and

3,550 nm e el OR IO ELENI 0 BSRRY R, LRSTEIREMD SIURIGREESR, Lakensi 1Y

due to resorufrn 't and-1or me ' ' ondria
activity was lereersdibp thrirdds jof Fotmpeundal retagliptin fhosiiraes sddagipiing anddinaglipin, Ni | e

Red correct edpj it vl%a%rfﬁﬁh&fcoﬂf‘rn'lélﬁthﬁaasﬁo{eﬂa QL RACREEmeh W eRSES 1y afdUg-to the

A
reducti on of resazuri n, t he exp eri nent al é%% [ts were exp ressed as a
percent age f&oM4 wnﬁlﬁeseéc\ﬁl&h@.hﬁl?wnp%%@g ot tapate of P@@Pﬁ@m 1 (gt r ee

fatty acid, %emmsadgge@t thhetanegabil @@mﬁ@ﬂltdrlo kit tﬂa phbs%hteA&mgnp@Iul t, as
shown in Fig an& Plhagthprl% I’a(’ra'e gapgblec?n%gjﬁlltlng therapeuag: Ea& &t grtl Istgatgﬂc%sap Qs and liver

fibrosis.

[95] Example 5: Inhibitory effects of tartrate of Compound 1 and sitagliptin

hosphate on free fattv acid-induced intracellular fat accumulation in human

hepatoma cells
[96] Treatment of hepatocytes with free fatty acid results in an increase in intracellular fat




exhi bi ted dose-dependent inhibition of ;§ree fatty acid-induced fat
accumul ation in hepatocytes. 28.73.2% inhibitory effects thereof exhibited
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35.6+6.5% inhibitory effects of fenofibrate (Hahn SE & Goldgerg DM, Biochem



57r for nmPActin 60 sec 25 N 62 r for pJG--i31 30 sec 32N Elongation 72 t
60 sec Post-Elongation 72t 7 mn Post-Cooling 8t PCR primer miGHl 31
FI 5" - togwogeti/tigmeaga gat taa aa -3 (20) mMiGFp 1 Rl 5PCTMRPOTINY1488C aac
tcc agt ga -3 (20) 156bp npActin F
Pharmacol 1992, 43(3):625-33), which is known to decrease fat accumulation through
the promotion of fatty acid oxidation, exhibited at a dose of 30uM, and 23.6+5.0% in-
hibitory effects of metformin (Zang M et al., J Biol Chem, 2004,
279(46):47898-47905), which is reported to promote fatty acid oxidation and inhibit
fatty acid biosynthesis through the activation of AMPK-activated protein kinase
(AMPK), exhibited at a dose of 1mM. These results suggest that tartrate of Compound
1 and sitagliptin phosphate are capable of exhibiting fatty liver-preventing effects by
direct action on hepatocytes to inhibit fat accumulation, in conjunction with indirect
effects due to an increased level of endogenous GLP-1.
[99]
[100] Example 6: Inhibitory effects of tartrate of Compound 1, sitagliptin phosphate

and vildagliptin on activation of TGF-f1 in CCl , -induced acute hepatic damage
animal model of mice

[101] In order to investigate inhibitory effects of compounds of the present invention on
expression of TGF-f1 which is known to play a crucial role in a fibrosis process of
hepatocytes in a CCls-induced acute hepatic damage mouse model, the following ex-
periment was carried out. 7-week old male C57BL/6 mice were stabilized and divided
into 9 groups (n=7) according to the body weight, followed by intraperitoneal admin-
istration of CCl, (0.1ml/kg). The normal control group was administered an olive oil.
The control group was orally administered a vehicle solution (0.5% MC) once a day at
a dose of 10ml/kg, at intervals of 24 hours for 3 days. The remaining groups were
orally administered once a day tartrate of Compound 1 at doses of 30, 100 and
300mg/kg, sitagliptin phosphate (prepared according to the method described in
W02004/085378 or WO2005/003135) at doses of 100 and 300mg/kg, and vildagliptin
(Trademax, China) at doses of 100 and 300mg/kg, respectively, according to the
designated groups. 1 hour after the final oral administration, animals were dissected
and the excised liver was subjected to evaluation of TGF-f1 mRNA expression. The
liver tissue stored in liquid nitrogen was homogenized in a TRIZOL solution and then
the total RNAs were extracted. The isolated RNAs were diluted to a concentration of
Ipg/uL in 0.1(v/v)% DEPC(diethyl pyrocarbonate), and then the RNA mixture
[2ug/ul each RNA + 2uL of 0.5ug/uL. oligo d(T)15 + up to 15uL of 0.1% DEPC
water] was incubated using a PCR apparatus at 72°C for 5 minutes, followed by
quenching on ice. The mixture [1uL of PCR nucleotide mix + SuL of 5X MMLV RT
bf.(Promega, M531A) + 1uL of 200ug/ul. M-MLYV reverse] was prepared, and then
subjected to elongation at 42°C for 60 minutes, denaturation at 95°C for 5 minutes and
quenching at 8°C to synthesize cDNAs which were stored at -20°C until subsequent
use. In order to carry out RT-PCR, the mixture [1uL of 20pmol each Primer + 9.5uL of

Nuclease-free water] was prepared and then 2uLL of each cDNA was placed in sterile



5' - cca gag caa gag agg tat cc -3' (20pynPActin R 5'- agg tct tta cgg atg
tea acg -3 (21) 704bp [105] [106] [Table 51 Inhibitory effects of
tartrate wb 2€ompered 1, sitagliptin phosphate and vi | dagCirR20110001988
activation of TG-131 in CCl4-induced acute hepatic danmage nouse nodel

[ 107] 21 WO 2011/ 118976PCT/ KR2011/ 001988 Experinental group Treat nment

drug and dose@CRAmbéslosxitiess5aD of RefiiHlal Pe®BO0BAL TAKaRSwds3hén xRUESS] ON
Icgm PIO][ ! SP gﬁ;&&%ﬁiﬁgg%ﬁw g ((:)alillqu (')\ll?tru%fl:r He Polﬁ?)WQﬁgS g/gn 1 iojfl's 9’9961% 9), 14
using Thermal Cycler (PTC-200, MJ Research). PCT products were electrophoresed
and analyzed using an Image Analyzer (Vilber Lourmat). Using 3-actin expression, the
expression of a target gene TGF-[31 was subjected to normalization (Fig. 11). The

results are given in Table 5.

[102]
[103] [Table 4] RT-PCR test conditions and PCR primer sequence
[104] Temperature Duration Cycle No.
Pre-Denaturation 94T 5 min
Denaturation 94T 30 sec
Annealing 57°C for mBActin 60 sec 25N
62T for mTGF-§1 30 sec 32N
Elongation 72°C 60 sec
Post-Elongation 72T 7 min
Post-Cooling 8T
PCR primer
mTGFpR1 F1 5'- tge get tge aga gat taa aa -3° (20)
mTGFp1 R1 5’- ctg ceg tac aac tce agt ga -3° (20)
156bp
mpActin F 5’- cca gag caa gag agg tat cc -3° (20)
mpBActin R 5°- agg tet tta cgg atg tea acg -3° (21)
704bp
[105]

[106] [Table 5] Inhibitory effects of tartrate of Compound 1, sitagliptin phosphate and
vildagliptin on activation of TGF-31 in CCls-induced acute hepatic damage mouse
model

[107]



1.22-10.13 - CCl4+tartrateof Conpound 3, Tartrate of Conpound 1, 30ny/kg
0.9210.13 135 Tartrate of Conpound 1, 100ng/kg 0.930.10 128 Tartrate of
Conmpound wQ 2800igY7kg 1. 000. 13 100 CCl 4+sitagliptin phosplatker2011/001988
Sitagliptinphosphate 100ng/ kg 1.130.19 41 Sitagliptinphosphate 300ny/ kg
1.260.13 -17 CCl4+ vildagliptin

Experimental group Treatment drug and dose TGF-$1 TGF-p1
expression expression
(normalized by | inhibition  rate”
actin) (% CCls control
group}
Normal group 0.5% MC 1.0010.10
CCly control group 0.5% MC 1.2240.13 -
CCly + tartrate of | Tartrate of Compound 1, 0.9240.13 135
Compound 1 30mg/kg
Tartrate of Compound 1, | 0.9340.10 128
100mg/kg
Tartrate of Compound 1, | 1.00+0.13 100
300mg/kg
CCly; + sitagliptin | Sitagliptin phosphate | 1.13+0.19 41
phosphate 100mg/kg
Sitagliptin phosphate | 1.2610.13 -17
300mg/kg
CCly+ vildagliptin Vildagliptin 100mg/kg 1.02+0.09 R
Vildagliptin 300mg/kg 0.9610.12 115

*% inhibition production increase by taking an increase width of a CCly control group relative

to a normal group to be 100%

[108] As aresult, as shown in Table 5 and Fig. 11, the CCl4 control group exhibited a 22%
increase in expression of mRNA of TGF-f1 of the liver, as compared to the normal
group, and the expression of TGF-f31 was subjected to normalization in terms of
tartrate of Compound 1 and vildagliptin. The sitagliptin phosphate-treated group also
exhibited decreased expression of TGF-f31 as compared to the CCl, group, thus
showing inhibitory effects on CCl -induced TGF-31 expression. Further, a decrement
in TGF-31 mRNA expression of the liver relative to the CCl, control group was a
maximum of 135% in the group with administration of tartrate of Compound 1, a
maximum of 41% in the group with administration of sitagliptin, and a maximum of
115% in the group with administration of vildagliptin, thus suggesting that the
compounds of the present invention have medicinal efficacy against the occurrence of
liver fibrosis due to increased expression of TGF-{1.

[109]

[110] Example 7: Alanine aminotransferase-lowering effects of tartrate of Compound

1 and sitagliptin phosphate in obesity animal model ob/ob mice
[111] In order to investigate therapeutic effects of tartrate of Compound 1 and sitagliptin

phosphate on simple steatosis, the following experiment was carried out.



Vildagliptin 100my/ kg 1.020.09 92 Vildagliptin 300nmy/ kg 0.960.12 115 *%

i nhi bition production increase by taking an increase width of a CCl4
control gwoupiweBei ve to a normal group to be 100% [ 10BLTASR2a1 @988t , as
shown in Table 5 and Fig. 11, the CCl4 control group exhibited a 22%
increase in expression of MRNA of TG--131 of the liver, as conpared to the
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110] Exanpl e 7, ani ne am.not ransf erase-lowering effects of tartrate o
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[ 111] I n or detanine anmvetsinstyatse laviebrwagre mdasured figug s bbfodtaaalyrat(@aldfé 6Conpound 1
and si t@gj]i ptin phosphate on sinple steatosis, the follow ng experinent was
carri ecg out. 22 WD 2011/118976PCT/ KR2011/001988 [112] 5-week old nal e
c57BL/ 6lHlce (habledl Plowa alaginspyinetisishrse AL oV inesiiets wb trseatgobup) wer e
stabi | i zed agthnipghand diavd dRshliphh @h&sphhRUR Sb&HS AhfhA1enddel btreb kaely wei ght and
bl ood ?iﬁﬂose | evel, followed by feeding with a standard diet and a
drug-m di Bt The dret cnsunption amount] of r fl.eRefXNART Sc@asd! €t I nt ake
of about 1g/1D0g of nouse body weight. Therefiore, in order to supply 10, 100
and 300 ny/ kg| which are dailly target doses df(pdasletvate ofinhibiigsolitt 1, [diets
wer e fornul at pE*BSFmeR §59FPa | Jirerherat HugREdossi |t b 0.1 019aDY | veitgbte o6lobl% by
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ani mal s were ONsSREh&H: 896h SehmdnerR: separ atjed. Plasna al ani ne-
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[113] [114] [9%% &OB¥ ﬁna%rr%t%h%@higte ami not|r ansfgyase (ALT)-Iowering
effects of targmate of Conpagun and sitagl|i ptin phosphate in obesity
ani mal nodel eobfeb—ce—ExpeLnEntal Freatmmemt—drug anddose ALT
increment (% |relative to ncr?\}[r#é r?gétsarel&g%iﬁp ALT increase inhibition* (%
rel ative to olvafatersd Gsmpanadt| mith tyyirgepf Nor mal| mouseo group Standsrd dief -

Compound 1, 0.01%

Mixture of standard diet
with tartrate of 653 39
Compound 1, 0.1%

Mixture of standard diet
with tartrate of 757 27
Compound 1, 0.3%

Mixture of standard diet

Sitagliptin phosphate | with sitagliptin 869 15
phosphate 0.3%

*% inhibition production increase by taking an increase width of a high fat diet relative to a

standard diet to be 100%

[116]

[117] As a result, it was confirmed that the administration of tartrate of Compound 1 or



- ob/ob nouse control group Standard dihgt 1001 - Tartrate of Conpound 1

M xture of standard diet with tartrate of Conpound 1, 0.01% 610 43 M xture
of standawd 2diletisawth tartrate of Conpound 1, 0.1% 653 POT/HW2R1100¢988f
standard diet with tartrate of Conpound 1, 0.3% 757 27 Sitagliptin
phosphate M xture of standard diet with sitagliptin phosphate 0.3% 869 15
*% i nhi bi ti oRit@NPHYPhbPhaiened@sea badutadi plavind deiigasQintindhite@afe. Thbiegh f at

diet relative to a st rd djet. to be 100% [116] .11117 a result, it was
cont i 1red 1 ha TSR GBS S Birba ¢ ARy T uE RS RAS £ T 0
creasing action on alanine aminotransferase increased due to fatty liver and therefore

can be used as a therapeutic agent for the treatment of simple steatosis.



23 WD 2011/ 118976PCT/ KR2011/ 001988 sitagliptin phosphate results in a
reduction of plasma al ani ne am notransferase. These results suggest that
tartrate wb2€ompsrad 1 and sitagliptin phosphate exhi bi PCa/KiRzoTiemsIsRg
action on al ani ne am notransferase increased due to fatty |liver and
therefore can be used as a therapeutic agent for the treatnment of sinple
steatosis. 24 WO 2011/118976PCT/ K - 988 [Caim1l] Cains A

phar maceutical conposition for theagﬂébéﬁgﬁon or treatnment of a

nonal cepplihqfatty !iV%&pﬁ&%ﬁ@&ﬁmaﬁﬂﬂm&kﬁkﬂgb@ﬁc?ﬁ%&ﬂﬁbﬂ6E&£M%§ﬁbfﬁﬁh§&ted
fromthe group consisting of Conmpound 1 represented bﬁ formula 1,

sitagliptin, vildagli ptalgpholic fiyilivst disease. compiispigedeastiy e ligrsrlicnt sdegtethl e
salt thereof. [Fornula fidm the groGp Corsskiag ot 2mpeusdNMRPsdsthtd bataaiudi ng to
claim1l1, wherein the actng ingrgdﬁegt]}s ﬁﬁggouan% rggpqi nt ed q% qunula
1 or a pharmaceuti cal |y AeWREy 3ALRLP g Pr 2 PERARUE S R E O oE Pt on
according to claim2, wheeei.n the active ingredient is tartrate of Conpound
1. [Caim4lThe conposikhﬁﬂmgq?ording to claim1, wherein the active
ingredient is sitagliptﬁn or a pharmaceutically acceptable salt thereof.
[Cl ai m51The conposition according to claim4, wherein the active
ingredient is sitagliptin phofbhate. [ aim61The conposition according to
claim1l1, wherein the active irngredient is vildagliptin or a
pharmaceutically accept ther$@E' [& aim 71The conposition

't |* ¥

according to claim1l1, where act ﬂ-nﬂ edient is linagliptin or a
phar maceutical |y acceptabl e t her epf . ] ai m 81The conposition

[

trhe™qon- al coholic fatty
r obesity.

NH

[Claim 2] The composition according to claim 1, wherein the active ingredient is
Compound 1 represented by formula 1 or a pharmaceutically ac-
ceptable salt thereof.

[Claim 3] The composition according to claim 2, wherein the active ingredient is
tartrate of Compound 1.

[Claim 4] The composition according to claim 1, wherein the active ingredient is

sitagliptin or a pharmaceutically acceptable salt thereof.

[Claim 5] The composition according to claim 4, wherein the active ingredient is
sitagliptin phosphate.
[Claim 6] The composition according to claim 1, wherein the active ingredient is

vildagliptin or a pharmaceutically acceptable salt thereof.

[Claim 7] The composition according to claim 1, wherein the active ingredient is
linagliptin or a pharmaceutically acceptable salt thereof.

[Claim 8] The composition according to any one of claims 1 to 7, wherein the
non-alcoholic fatty liver disease results from hyperlipidemia, diabetes
or obesity.

[Claim 9] The composition according to any one of claims 1 to 7, wherein the
non-alcoholic fatty liver disease is selected from the group consisting

of simple steatosis, non-alcoholic steatohepatitis, liver fibrosis and liver



[Cl ai m91The conposition according to g?y one of clainms 1 to 7, wherein the
non-al coholic fatty liver disease is selected fromthe group consisting of
si npl e stweatwosi”gI7aoN- al cohol i ¢ steatohepatitis, |iver PChor0s/@$s] i ver
25 WO 2011/ 118976PCT/ KR2011/ 001988 [C aim 10] cirrhosis. A method for the
prevention or treatment of a non-alcoholic fatty |iver disease, conprising
adm ni stering an effectdidgossyyount of an active ingredient selected fromthe

i st f Co d .ed by f la 1, si | ipti
Vi 1 dagit B0 [ Pagi i prr AegrosobREmRRERteT eaysy et fogbrd b8k Fyaler oo
a manmal includi ng a hulsmsd, comessing hémadterifgror effdcvd dmour of @h actimelibi The

nmet hod according to cl aj.m:10, i ti I: i i 1
represented by fornul aaqgad%lgase]\gﬁ%??r%%le‘%@ %é%&léf%%&%%%ﬁ%?@%ugﬂ tSl rtgﬁfeg?ée}lg%d

[ ai m121The met hod adwordnwlg 1t sitagliting villaghitiey Bnagliphs oae Phyaaceigicedy ent
is tartrate of Conmpoundicdeptdtfit @1MMhd B33 Re: MBHLHARY I RALM M MEmAPinGledd Medddt.
wherein the active ingredient is sitagliptin or a pharnmaceutically

accept abl e salt thereoflForedlailh 141The net hod according to clai m 13,
wherein the active ingredient is sitagliptin phosphate. [C aim 151The

met hod according to claim 10, frherein the active ingredient is vildagliptin
or a pharmaceutically acceptalgle salt thereof. [C aim 161The net hod
according to claim 10, vhegreisthe active ingredient is linagliptin or a
dH, [Q ai m 171The nethod according to

] al coholic fatty liver disease
results from hyperlipi dem a=<ugi st e Cl ai m 181The et hod
according to any one of clai n theg non- al coholic fatty

liver disease is selected frogthe group consi §ti ng si npl e steatosis,
non- al cohol i ¢ steatohepatitis} liver fibrosi th)»

>rc} 0

[Claim 11] The method according to claim 10, wherein the active ingredient is

any one of claims 10 to 16,| whergi

Compound 1 represented by formula 1 or a pharmaceutically ac-
ceptable salt thereof.

[Claim 12] The method according to claim 11, wherein the active ingredient is
tartrate of Compound 1.

[Claim 13] The method according to claim 10, wherein the active ingredient is

sitagliptin or a pharmaceutically acceptable salt thereof.

[Claim 14] The method according to claim 13, wherein the active ingredient is
sitagliptin phosphate.
[Claim 15] The method according to claim 10, wherein the active ingredient is

vildagliptin or a pharmaceutically acceptable salt thereof.

[Claim 16] The method according to claim 10, wherein the active ingredient is
linagliptin or a pharmaceutically acceptable salt thereof.

[Claim 17] The method according to any one of claims 10 to 16, wherein the non-
alcoholic fatty liver disease results from hyperlipidemia, diabetes or
obesity.

[Claim 18] The method according to any one of claims 10 to 16, wherein the non-
alcoholic fatty liver disease is selected from the group consisting of

simple steatosis, non-alcoholic steatohepatitis, liver fibrosis and liver
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[Claim 20] The use according to claim 19, wherein the active ingredient is

Compound 1 represented by formula 1 or a pharmaceutically ac-
ceptable salt thereof.

[Claim 21] The use according to claim 20, wherein the active ingredient is tartrate
of Compound 1.

[Claim 22] The use according to claim 19, wherein the active ingredient is

sitagliptin or a pharmaceutically acceptable salt thereof.

[Claim 23] The use according to claim 22, wherein the active ingredient is
sitagliptin phosphate.
[Claim 24] The use according to claim 19, wherein the active ingredient is

vildagliptin or a pharmaceutically acceptable salt thereof.

[Claim 25] The use according to claim 19, wherein the active ingredient is
linagliptin or a pharmaceutically acceptable salt thereof.

[Claim 26] The use according to any one of claims 19 to 25, wherein the non-
alcoholic fatty liver disease results from hyperlipidemia, diabetes or
obesity.

[Claim 27] The use according to any one of claims 19 to 25, wherein the non-
alcoholic fatty liver disease is selected from the group consisting of
simple steatosis, non-alcoholic steatohepatitis, liver fibrosis and liver

cirrhosis.



