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Summary

I. Title

Assay of Material of Activating AMP-activated Protein Kinase
and Development of Drug for Prevention and Treatment of Diabetes

Using the Same

O. Objective and necessity of research and

development

It has been well known that physical exercise can make a patient
suffered from diabetes better, and also that the regular physical exercise
is greatly helpful to prevent NIDDM. For example, it has been known
that physical exercise facilitates the glucose transport 4 (Glut 4) protein,
which accelerates absorption of glucose, to move toward cell membrane,
likewise insulin. This phenomenon is also observed in a patient
suffered from NIDDM, and it can be understood from this observation
that the mechanism involving reduction of the blood sugar level is
independent from the mechanism involving insulin, which 1is
substantially supported by a lot of experimental results. While most
commercially available drugs for diabetes treatment act to accelerate
secretion of insulin or increase the sensitivity of cells to insulin, the
functional materials or foods to be developed through the instant project
target a mimic effect to physical exercise therefore, this new art is
believed to have sufficient competitiveness in the foreign market as well

as domestic market, and development of substantially effective materials



will make new domestic and foreign markets.

IM. Contents and scope of research and development

1. Establishment of Extract Library based upon Food Stock

2. Selection of Effective Active Materials

1) Assay of AMPK-activating material using Cell-based assay
system

2) Assay of materials accelerating absorption of glucose using AMPK
activation material

3) Verification of effect using cells and animal models

3. Development of production process of AMPK activation agent

1) Isolation and purification of physiological activation materials

2) Development of analysis method of effective components and index
materials

3) Development of mass production process

4) Identification of isolated materials containing effective component

4. Preparation of raw material and commercial product
1) Development of formulation and foods for treatment of
diabetes-related diseases

2) Verification of function mechanism



IV. Suggestion on the result and utilization of research

and development

It has been intended to search materials activating the
AMP-activated protein kinase from edible stock and develop drugs for
prevention and treatment of obesity, diabetes and metabolic syndromes
using them.

1) Search Target:

- 1%search about 700 or more raw food materials, additives,
agricultural and marine products and editable herb medicine (Chinese
medicine)

- selection of 10 candidates by performing the effectiveness
test in vivo about diseased animals with materials showing the activity
of 2.0 or more in comparison with control group

- Selection of three materials (F0218, F0475, F0330) as final
candidates and performance of experiments about the other materials at
the level of isolating a single component

2) Experiments of Effectiveness Test with Extracts

- Preparation of F0330, F0218 and F0475 as extracts and then
performance of various effectiveness testes about diseased animals in
view of obesity, diabetes, hypertension, stamina, lipid metabolism,

physical exercise ability and the like.

3) Isolation of Single Compound and Identification thereof
- Isolation of single compound was tried about 10 and more
materials, but the trial succeeded about only 5 materials. Total 9 single

compounds were isolated, and one compound was identified to be the



same compound, and the other compound failed to be obtained in view
of crystal determination. The single compounds were categorized to
Flavonoid-based compound, Coumarin-based compound, Alkaloid-based

compound, etc.

4) Development of Mass Production Process of Single
Compound

- The mass production process was developed capable of
producing economically F0218C of a high purity. The purity is
approximately 35% and the yield is about 75%.

- Based upon the above, established was a process in which
FO0218C of a high purity was obtained at a purity of 99.9% in a mass
production. The yield is about 70% when starting the process with one

of 409 purity.

5) Function Mechanism and Effectiveness Measurement

- Single compounds from FO0218C and F0475C3 were orally
administered to diseased animals to see the effectiveness in association
with obesity, diabetes, hypertension, endurance, lipid metabolism,
physical exercise ability and the like. It was ascertained from these
experiments that the same results as those of extract-related
experiments as mentioned above are reproduced and also that the
relevant activities are obtained through control of genes and proteins
involving energy metabolism, lipid oxidation and mitochondria

generation.

6) Synthesis of TF0218C Derivatives and Comparison of

_10_



Effectiveness

- A variety of derivatives were synthesized using F0218C as a
raw material so as to see a possibility of new drug, a functional
mechanism, and the variation of effectiveness according to change of
moiety, and some candidates were established showing the more
excellent effectiveness than F0218C but not exhibiting the cell toxicity
at the level of cells, which suggests a possibility of new synthesized

drugs in the future.

7) Development of Natural Food and Rice Cake for Treatment
of Diabetes with AMPK Activation Agent

- The ability of controlling the blood sugar level, physical
exercise ability and endurance were tested about diabetes—diseased
animals with compounds having been confirmed to activate AMPK, and
also an optimal composition for natural food was determined in
consideration with taste, rheology color, flavor, etc., and also, and from
these results, a possibility of preparation for commercial product was
confirmed. Also, as an example for optimization, a possibility of
application to commercial product was confirmed in view of taste,
rheology and color when the compounds are added to a functional rice

food in the range of 3 = 5%.

8) Intellectual Property Rights
- Four domestic patent applications has been filed, and one
PCT international application is now being prepared, and more than four

patent applications will be filed in the near future.

_11_



<Suggestion about Uses and Applications>

The toxicity test regarding F0218 and F0475 will be performed
to get the certification to functional food, and among them, F0218 will
be first handled.

In the case of F0218, the natural drug project and synthesis
drug project will be simultaneously carried out through supplemental
experiments to confirm a possibility of new drug,

In the case of F0475, the commercial product preparation will
be planned based upon supplementation to a mass production process,
and also a possibility of new drug will be confirmed through synthesis
of moiety.

In the case of natural food associated with the treatment of
diabetes, the commercial product preparation will be tried through
cooperation with the existing product-selling companies.

The wuses and applications to fermentation foods, functional
beverages and functional foods will be secured to accelerate the
commercial product prepared, and for the purpose of this plan, additional

experiments is now being prepared.

_12_
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2. Multiple effect of AMPK

Nutritional Deprivation or Exercise
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Hexane : EtOAc = 10:1782 gradient® AH&3te] 971 AT F oz Uie
S o]F 5 AEFS thA] Hexane : EtOAc = 10:0.2 &v] & silica gel
column chromatography &t th. o€ A 3le] dojxl 579 A7 oz
5 o]F 5-3H AEFE MeOH:H:0=1:1"614 gradient &v|E A}-&3}o]
RP-18 column chromatography3t® compound 1(60mg)s #E|3tsix
5-6¥ A& 3S UhA] Hexane : EtOAc = 4 @ 1 §v & silica gel column

chromatography 3t%] compound 3(1g)E @ sgoen 5-4H AEF

tlo

silica gel columng ©]&3 £v]l hexane : EtOAc = 5 : 1 3}olA
chromatography st th. == 23 compound 2(20g)E AAJtt. &3 7H A&

3

tlo

£ H.O:MeOH (gradient)® A}&3te] RP-18 column

S

chromatography 3t th. == 23} compound 4 (2g)2 &3t}
. F0475 83HEe 7254

F0475 Compound 1 ; mp: 109°C; 'H-NMR(400MHz, CDCls)
§:1.70(3H, s, H-6"), 1.80(3H, s, H-5"), 492(2H, d, J=7.2Hz, H-2"),
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554(1H, t-like, J=7.2Hz, H-3"), 6.27(1H, d, J=10Hz, H-3), 6.96(1H, d, J=
2.4Hz, H-3'), 716(1H, s, H-8), 760(1H, d, J=2.4Hz, H-2'), 8.16(1H, d,
J=10Hz, H-4)

PH-NMR(100MHz,  CDCL)6:161.5(C-2),  158.3(C-7),  152.9(C-9),
149.2(C-5), 145.1(C-2"), 140.1(C-4"), 139.8(C-4), 119.3(C-3"), 114.4(C-6),
112.8(C-3), 107.7(C-10), 105.3(C-3"), 94.4(C-8), 69.9(C-2"), 26.1(C-6"),
18.5(C-5")

F0475Compound 2 ; mp: 102C ; 'H-NMR(400MHz, CDCls)

§:1.72(3H, s, H-6"), 1.74(3H, s, H-5"), 501(2H, d, J=7.2Hz, H-2"),
561(1H, t-like, J=7.2Hz, H-3"), 6.37(1H, d, J=9.4Hz, H-3), 6.82(1H, d, J=
2.4Hz, H-3'), 7.36(1H, s, H-5), 7.69(1H, d, J=2.4Hz, H-2'), 7.76(1H, d,
J=9.4Hz, H-4)
PH-NMR(100MHz,  CDCIL)6:160.8(C-2),  1488(C-7),  146.8(C-9),
144.6(C-8), 144.0(C-2"), 140.0(C-4"), 131.9(C-4), 126.1(C-3"), 120.0(C-6),
116.7(C-3), 114.9(C-10), 113.4(C-3"), 106.9(C-5), 70.4(C-2"), 26.0(C-6"),
18.3(C-5")

F0475 Compound 3: mp. 82-83 C; 'H-NMR (400 MHz, CDCls) §:

165 (3H, s, H-5'), 1.82 (3H, s, H-4'), 351 (2H, d, J = 7.2 Hz, H-1'),
390 (3H, s, 7-OMe), 520 (1H, t, J = 7.2 Hz, H-2'), 621 (1H, d, J = 94
Hz, H-3), 681 (1H, d, J = 88 Hz, H-6), 727 (IH, d, / = 88 Hz,
H-5), 759 (1H, d, J = 94 Hz, H-4)
BC-NMR (100 MHz, CDCly) & 161.6 (C-2), 1604 (C-7), 153.0 (C-9),
144.0 (C-4), 1329 (C-3'), 1264 (C-5), 121.3 (C-2"), 1182 (C-8), 1132
(C-10), 1132 (C-3), 107.5 (C-6), 56.3 (7-OMe), 26.1 (C-5'), 22.1 (C-1"),
182 (C-4").

F0475 Compound 4 ; 'H-NMR(400MHz, CDCly)8:1.34(3H, s,
gem-CHs), 136(3H s, gem-CHs), 1.85(3H, s, 4"-CHs), 2.12(3H, s,
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3"-CHa), 2.84(1H, dd, J=17.0 and 4.8Hz, H-4'y), 317 (1H, dd, J=17.0,
48Hz, H-4",), 506(1H, t, J=4.6Hz, H-3'), 564(1H, s, H-2"), 6.20(1H, d,
J=9.2Hz, H-3), 6.77(1H, s, H-8), 7.12(1H, s, H-5), 756(1H, d, J=9.2Hz,
H-4)

“C-NMR(100MHz,  CDCly)8:166.0(C-1"),  161.6(C-2),  158.7(C-3"),
156.7(C-7), 154.4(C-9), 143.4(C-4), 1289(C-5), 116.0(C-6), 115.7(C-2"),
1135(C-3), 113.0(C-10), 104.9(C-8), 76.9(C-2'), 69.3(C-3'), 28.1(C-4"),
27.7(4"-CHs), 25.2(gem—-CHs), 23.4(gem-CHs), 20.6(3"-CHs)

). F0475 single compound @ AMPK &4

AMPK ELISA
6.0
50 r
40 r
o
O’
L|_3'0
2.0
1.0
0.0
N DD DD DD DD DD D
IR R I DR RO R PR RIS
SRR NSNS RS RS
SRR NN S N2 O N A S AN
O AR GNP S G LI D, ) G L D S AN
S O o O o OO T O O s O
T A R AR IR SRS IR
Q &P P X (O QX X
PSS P P S SR S S D S R SIS

Z. F0475%3 229 &%%7}
1) £3Ed 3= #HY 43

FO475= 78 2 AAS @dsg=F475-C15-E F475-C39] 3+
55 oo ® AMPKe #4& 5743 43 F475-Cl, F475-C2, F475-C3
o A e gddEgEdM AMPKE 4317 Aoz 5o oE
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ol A=AE gelstaat skt

AMPK= l4kstol ejaid 2A4ds dehdisd dikstd AMPKE
A ek & 429 Acetyl-CoA CarboxylaseZ 2AMSIAIA AWEA S oA
ANNeE Aow d#xa o &8 AMPKE 2SAE e xxgo] &
FE5 9ste] GLUTI, 49 AMxuo =g o]FE {3l AktE A A I =

Aoz A4y A ot wretA furanocoumarin F+E=A ¢ GLUTIL, 49 A=
o 2ol olFS FESHIAE AktY] E43tE FXATIEH] sEEE g

Ayt BA Akte] FYHE AAAOE THAZAN TEY FoH

5 =A25 g2lsA . furanocoumarin A Ao o] Ao o] o]

rl
>

= A X2 FeSd Beojsts duidsS 2454
7 s

o
o
r
H
r U
Ih
>
>

B AMPK 2 ACCY 2%t3}d v 9

F0475 F0473 F0475
DMSO c1 c2 C3 P.C

P-ACC \ S G——————__ . \

P—ANJPK‘ PPy ——— ‘

AMPEK Activity

12
10 ] ] O Sug E10ug| |
— O20ug O30ug
= 8
=
£ 5
= _
= 4
e |
O 1 1 1 m L

Fo475 C1 o475 C2 F0475 C3 DMS O P.C

~1:51020,30 pg P.C : Positive Control
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B AKTSY Atstd mA= 9%

0475 0475 0475
DMSO C1 C2 c3

P-AKT | J S ———

AKT activity

O Sug @ 10ug

O20ug O30ugz

Relative Fold
I

Fo475 C1 F0475 C2 Fo475 C3 DMSO P.C

-1 :5.10,20,30 pg P.C : Positive Control

B 2SAXAdN =23 F5 A= 9%

Glucose Uptake

12
10 1 @ Sug m10ug T
O20ug O30ug T
= 8
S
=
o
' T
g © JI
= .
=g
> &
) Mlle
F0475C1 F0475C2 F0475C3 DMSO P.C
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2) M A #FEQ ob/ob miced] AFZHE I

1053 C54BL/6]-0ob/ob mice &
FAA o 8A% o F 8AIE 7o R sto] 12417 FU71E s wHte] F
B 5ol AS7IhE T AbRs APARS ARSI Vehicle, FO475C3
300mg/kg 222 Uxlon AMEL oralFAstch A3 847 WY F TR
3!

HES7IE2(%)

90% r
——Vehicle

—O—F0475 C3

60% r

30% r

00%

O\N\7T 2 3 4 5 6 7 8 91011121314151617 18 19 2021 22 23 24 25 26 27 28

-30%

-60% - Time(days)

3) HHHEAS FE<Q DIO miced] AF2E 4F
473 CHMBL/6J mice T2& &% 22T, F55615% 49 A4

A 2 8Ao oF BAE VIEoR dto] 1243 FU|R Weks wHte] F1 54
o H37|17+s 7HAth AFEE 45kcal% fat IAWALRE(D12451, Research dietAh)Z
Aol 2 DIO(MDiets induced obesity)EF% A7l & AF

45g o] FES WyHoRE Al T tiERd, FM7BC3 150mg/kg 2722 LA
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o

W AES oral Folstelth, A e 8Y AW,

Body weight (g)

55.0 —o—=
—— F0475C3
50.0
@45.0 r
=
[=)
2
40.0
350 |
30.0
0 4 8 12 16 20 24 28

Time(days)

4) 293 xARFE ZDF ratol N9 Fx §7
6% ZDF rat T2 &% 22427, FE565% 3749 AFAA 94 8
sk 0F 8AE 1FOR de] 12417 F/12 HL uhiel Fo) 5U0] 8]

e Y AtsE 2PAEE (6053, Labdiet)E  ARESEATE diE

F0475C3 400mg/kg 2o = v o™ samplex oral FoFolth. o] dd
< 299 nde didde SR stal gk A9 2593 Wd Fo
.
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HESIIE(%)
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—O—F0475C3
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20.0%
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0 5 10 15 20
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Glucose (mg/dlL) —=— Control
600 - —0— F0475C3
500 r
400
3
o 300
S
200
too | H\ﬂ\mﬂ
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 1 2 3 4 5 6 8 10 12 15 19 23
Time(days)
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2. F0218¢ A& ZAA
7k F0218 & &8
F02185 MeOH=Z 1Y% 33 F%3t9] 2 &5 9S rotary vacuum
evaporator® %39 MeOHFEES AAUY. MeOHFEES =
o]7]dl n-Hexane® 7}3ste] ZEZd7|2 n-Hexane? 522 £33
5 n-Hexanes S #9553t9 n-Hexane extract® 43 Al 5
2 79

el

flo

S

2o v o7 CHyCly, EtOAc, BUOH+ O 2 WA 4 o
3]

o] Z4zte] EFES ddon olF CHXLEEES silica gel column
chromatography st % th. CHoCl, : MeOH gradient&vjA] 2~ €S- o] 8-3}o] 6

o}
Aol AEFES ARR oF S AEFS ©A] RP-18  column
chromatography 3t th. &m+= CHiCN: HO gradientE AF&3Fed & 1071
o] %3S dglon olF SUA AR IS &vl H:0:MeOH (gradient) S
ALg3le] sephadex LH-20 column< AFE3}¢] compound 1(20g)E & s}
ATt

. F0218 st§&Eo 254

F0218Compound 1 ; 'H-NMR(250MHz, DMS0)§: 1.32(3Hx2, s,
CH3-2"), 2.68(1H, dd, J=156 and 4Hz, H-4), 2.88(1H, dd, J=156 and
11Hz, H-4), 329(1H, m, H-3), 391(1H, t, J=10.2Hz, H-2), 421(1H, br d,
J=10.2Hz, H-2), 5.63(1H, d, J=10Hz, H-3"), 6.17(dd, J=82Hz and 2.2Hz,
H-5"), 6.2576.32(2H, overrapped H-6 and H-3’), 652(1H, d, J=10Hz,
H-4"), 6.82(1H, d, J=7.7Hz, H-5), 6.85(1H, d, J=8.2Hz, H-6")
PH-NMR(625MHz, ~ DMSO)&  70.0(C-2),  31.1(C-3),  30.2(C-4),
115.0(C-10), 129.6(C-5), 102.7(C-6), 149.5(C-7), 109.3(C-8), 157.1(C-9),
117.7(C-1"),  151.4(C-2"),  1065(C-3"),  156.1(C-4'),  108.3(C-5"),
1295(C-6'),  116.7(C-4"),  127.8(C-3"),  755(C-6"),  27.6(2"-CHy),
27.5(2"-CHa)
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t}. F0218 single compound®] AMPK &4

AMPK ELISA

50

40
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Fold

20

.
00

DMS0(0.5%) positive C  F0218 C(5uM) F0218 C(10uM)

g. F0218 #3 E29 &%%97}
1) A 8FE9 ob/ob miced AFZH AT

1073 CHBL/6]J-0b/ob mice FH-& &% 22+2TC, FE55+5% 2749 A}
S oA 8N 9t oF BAE VFEoR Fto] 1243t FU|=
u 5o A7tk JHHTL AlRE u¥AIRE ARSEIATh Vehicle, FO218C
150mg/kg, 300mg/kg 322 v om AEL oralfFolst
) F FEach
A4 olge afelM BHEo] T JEHOR AFHL AW UEE L F

sk

>

o

o
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HEEIE(%)

0.0% HRg=—"
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-16.0% L]
[} (] m
L 1]
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(3]

~20.0% | —{1— F0218C 300mg/kg T T ¢

—— F0218C 150mg/kg
-25.0% C Time (days)

2) M=% FE<Q DIO miced] AF2E 4F

473 % CHMBL/A] mice T2& &% 2242, FE56+5% 3749 A2l
A oA 8A% &F 8AIE TlEo® sto] 12413 FU1® Weke vHte] F1 54
] 7
obesity) RS §% F 135"l © AT 42g olHH FAHS AT AlEe
A5kcal% fat TAALE(D12451, Research dietAhE AFE-38lAT}. Vehicle, FO218C
100mg/kg, Pair-fed 3722 Wi om MZ-2 oral FA3tth Ad2 289 713
SFoATt.

cxd

)
)
o
i

£

ALNE Fu 857 mAAlolE DIODiets induced
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) 4 4 insulin ¥4

% dHY insulin 2 Linco ResearchAtollA vt 9l&
mouse serum adipokine lincoplex kitg ©]-&3lo] ZA3IA ) vty H & o]
0.2 uM pore size filter2 WEo]Z 96-welloll serum, standards, —L&] il
kit 191 QC control LIIE F %o & 7tz Wi, insulin Ab7} 52
beadE F7Fste] oF 16A17F & W ez 3 xeste] RESAZATH
T FU7IE ol &3t whgeta e AS AASI THA] detection Ab
9} streptavidin—phycoerythrine 21 z+z} 3087F A0 A 3d 2Es)
of wkeAZY. v wew 33 AHF F, BIO-PLEX 200 luminex
XMAP technology( BIO-RAD Aol A Zuf)= =23t}
A AT} ol Z=FolA HEo] dade AAlo] thFETY pair-feeding

ol vste] w2 ol= dds xAe=H dede] W= v
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o
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4) 193= F=%29 3= 9
659 SD rats FAS 2% 2

e 7Y AbEE I PALE(GE53, Labdiet) S ARESFATE B AlE 200-220g)
FES AP 6hr EH2 & 0IM citrate buffer(pH45)]  &3iAIZ]
streptozotocin(STZ, sigma co.USA30mg/kg)s #FAF ok & o), vehicle,

F0218C(300mg/kg)3w 2.2 o] +10¢ 58 AES oral 78t 492 19

Fufn F 28U DS,

Glucose (mg/dL)
——F0218C
—&— Vehicle
—— control

600

500

400

300 1

mg/dl

200 1

100
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5) HITFud3aFES db/db micedl X A RF=EA e FHH|wAE
1077 C57BLKS/J-db/db mice +H& &% 22427,

Sl oA 8A9F &% SAIE 7|Eo & dlo] 12413t FIE WS npte] F

w5 H77he Mt AlRE 1PAME(5053, Labdiet)E AR

Vehicle, FO218C 200mg/kg, Pair-Fed, Rosiglitazone 300mg/kg 47-0.% o

A& oral Fofstainh A 4297 W8

A& A A 2ol xRl rosiglitazoned] HlEM] AE7A7F AF glow o

HEEIE(g)
——VEH control
55 - —{—F0218C 200mg/kg

—&—VHC & Pair-fed
—=—Rosi 300mg/kg
50 +
4%
2
=
[<)
©
=
40 |-
35 |-
30

0 7 14 21 28 35 42
Time(days)
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Glucose level (mg/dL)
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100 | —&— VHC & Pair-fed
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0 .
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SHR rat9] AF €L ¢ 943

6% SHR rat 5718 &% 242C, 5755545% 8749 AHFAAM 24 8
At 0% BAE 7IFoR she] 12417 F712 WS vt ) 5o 487
e MY AbRE LHAFR(G053, Labdiet)E AHEEHITE Vehicle, FO218C
200mg/kg, 300mg/kg 3wo® vHow AMEFS oralfolsioith. 2~ LSI
LWTICAAF LES002 EQAIZ 797402 g9k A8 23e 3047 13
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SHR, A &EZ7IE ——Vehicle

—&—F0218C 200mg/kg
10.0%

—I1—F0218C 300mg/kg

5.0% 1

0.0%

-5.0% 1

-10.0% -

Time (days)
Systoric (+%7/2) iﬁgﬂéf 200mg/ka
—B— F0218C 300mg/kg
20 ¢
20 |
T
£
150
100
-8 0 5 11 18 27
Time (days)
7) %A (activity)ol ¥X& 43
FO218CE A & 12717+ SA80irh 4 =g 107" ob/ob +
AE L% 22427C, F50025% 73] AFFAdA o 8x % 0% 8AE 7eL

2 sto] 12413 F71= Weke nHre] i 5ol H871E 7T 48717 #
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Distance travel (Cm)
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8) F0218 fr=419 &4 ® 4va 43
flavonoid®! F0218C2] hydroxyphenyl”]2] methyl 32 benzyldlE X3}
o] 9 isoprenyl”’| & WA FO218Ceke] 24& nlwdtat FAd 247
Ao ARl AT qrdetaat stk AAl T AP AEUd B Z
4%77F x& Fel Sl

45759 C57BL/6 mice A& 2% 22+2°C, % 55+5%

HU NS
rlet
o
lo

At A 2 8AI9E 05 8AE TIEo® sto] 1243F F7I
upto] = 7o) A E7|3kE HAT AE7E T 85 LA NAIRR
DIO ®dS #E% 135%°] & AT 42g o d +2& A&tk
AlE = 4bkcal% fat T A HALE(D12451, Research dietAh)E AR&-3}S T}
i+, Vehicle, F0218C (150mg/kg), F0218C-3, F0218C-4, F0218C-5,
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F0218C-62. 2 UH oW sampled oral Fo Fo|t}. A& 14Ux A3
=

DIO mice, AEZIIE(%)

100% r

50%
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-50% [
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—&—control —O—Vihicle
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3. F0479¢ A EZ ZAA
7} FO4A79 S8 &
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=
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7 =

Aar A7leh 2 WP o R CHCl, EtOAc, BUOHTE 2 X
g ato] 195.37g, 102.16g, 504.66g2 27 dow ymA =32 184.17g
S At Aol UL CH)Cl 38 50gS column chromatographyall
t}. silica gel(No. 7734, )columne] ¥ i &1} Hexane: EtOAc = 10:05=
SEAA F 15709 22 8-S dgloen olF 6WA 2wds MeOHE A
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ZAA 3] compound 62 AUt 4H A2EFS thA] Hexane : EtOAc = 4
: 1 v & silica gel column chromatography 3te] compound 1S &2l 3}

At

. F0479 #8232 AMPK &4

sample AMPK
sample name weight(me) | 24 prep TLC solvent
F0479 CHoCly w35- 1 8.8 1.18
F0479 CH,Cly %-38- 2 8.3 3.20
F0479 CH.Cly ¥3- 3 7.3 1.26 | Hexane @ EtOAc = 1
F0479 CHuCle w38 -4 10.7 3.76 |
F0479 CHuCl, & ﬁ 5 18.3 5.14
F0479 CHyCl, 3@.] 6 10.6 4.35
F0479 Hexane &% -1 4.7 2.29
F0479 Hexane &% - 2 10.4 3.02
F0479 Hexane l"i_rig. -3 9.9 3.48 Hexane : EtOAc = 8
F0479 Hexane &% -4 12.3 3.47 )
F0479 Hexane +% -5 9.6 2.97 $ O
F0479 Hexane % -6 9.9 4.11
F0479 Hexane ¥+3% -7 13.7 2.09

o FO479 88 7253

F0479 Compound 1 'H-NMR(400MHz, CDCl3)8:7.64(1H, d, J=9.4Hz,
H-4), 7.36(1H, d, J=84Hz, H-5), 6.86(1H, m, H-6), 6.82(1H, m, H-8),
6.25(1H, d, J=9.4Hz, H-3), 547(1H, t, J=6.4Hz, H-2"), 5.08(1H, t, J=6.4Hz,
H-6'), 461(2H, d, J=64Hz, H-1'), 2.11(4H, m, H-4', 5'), 176(3H, s,
10’-CHz), 1.67(3H, s, 8'-CHz), 1.61(3H, s, 9'-CHa)
YC-NMR(100MHz, ~ CDCl3)8:162.4(C-7), 161.5(C-2), 156.1(C-9),
143.7(C-4), 142.6(C-3'), 132.2(C-7"), 128.9(C-5), 123.8(C-6'), 118.6(C-2"),
1135(C-6), 113.2(C-3), 112.6(C-10), 101.8(C-8), 65.7(C-1'), 39.7(C-5"),
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26.4(C-4"), 25.9(C-9"), 17.9(C-8"), 17.0(C-10")

g}. F0479 sing compound AMPK &A

AMPK ELISA
6.0
50
o 40
530 |
20
0| gy [
0.0
A AN A NY
o @O @\\9 03‘\'9 %Q\)Q
S R
O o D Q S
§ d & & R
Q % <<Q <<Q
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4. F05462 SAEZ EHYAHA
7}. F0546 3135 £

F0546(F ) A% 1.3kgS MeOHZE 15943t 333380 1 F&9
S rotary vacuum evaporator® §%3lo] MeOHFEE 1661ge I3t}
MeOHFE5S & 39 o7]d n-Hexanes 7}ste] #9407 =
n-Hexane? FZo=z H3F3 + n-HexaneZdS #4s53td
n-Hexane extract(4.02g)S A3 ©A =52 79 22 o=

CH:Cl,, EtOAc, n-BuOHs=2. 2 F=3F9] CH.Cly extract 8.18g, EtOAc
extract 0.35g, n-BuOH extract 0.49gS A%t} ©l% HexaneZ} CHCl #
gS5 3 A silica gel column chromatographyS  Hexane
EtOAc(gradient)-& " Al =8l & o] &3te] &l 1 A3 F 13709 &
32 dgon o]F 7TH AEFS RP-18 columne AF&3ted MeOH :
HO =6:477:3 8wz &AZ A3 F 89 LA2gs dRem 5

H 22 A compound 1& £ 89th.

. F0546 #2&2 AMPK €4

sample AMPK
sample name weight(mg)| 24 prep TLC solvent
F0546 Hexane®3 -1 5.9 1.40
F0546 Hexane®3¥ - 2 5.5 1.21
F0546 Hexane®3¥ - 3 6.2 1.41
F0546 Hexane¥-3 - 4 9.3 2.38 | Hexane : EtOAc = 8
F0546 Hexane®3¥ -5 4.8 3.61 :5
F0546 Hexane¥2 - 6 13.6 4.38
F0546 Hexane®3¥ -7 15.6 2.16
F0546 Hexane+32 - 8 13.2 2.08
F0546 CHyClot8 - 1 4.9 1.61
F0546 CH.Clo®-3 - 2 4.0 1.51 | Hexane : EtOAc =1
F0546 CH.Clo®3 -3 4.9 3.33 |
FO0546 CH:Clxitgl - 4 4.4 5.00
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F0546 CH.Cli-%l - 5 7.0 491
F0546 CH.Cli-%l - 6 11.2 2.61
F0546 CH.Cloit-gl - 7 8.3 3.96
F0546 CH.Cloit-%l - 8 7.9 1.63

o} F0546 33E9 7254
F0546 Compound 1 'H-NMR(400MHz, DMSO-d;) §:6.97(1H, dd,
J=15.2Hz and 10.4Hz), 6.21-6.04(2H, m), 5.94(1H, d, J=14.8Hz), 2.94(2H, t,

J=6.4Hz)
BC-NMR(100MHz, DMSO-dy) 6:165.9(C-1), 142.2(C-5), 139.7(C-3),
129.3(C-4), 124.1(C-2), 46.8(C-1"), 329(C-6), 31.5(C-8), 288(C-2),
28.7(C-17), 22.6(C-9), 20.8(2"-CH3x2), 14.6(C-10)
2}. F0546 single compound AMPK &4
AMPK ELISA
70
60
50
T 40
£ 30
20
]
oL B ‘
oo O o S S
o Ny N) N
© Qo% <O§> © o
Q S & &
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A5 4d FAME

1. FO475 W ZF A3 A

7l FR=
FO0475MeOH ext
g
Hexane CHCl; H>O
Silica column
Hexane/EtOAC| 5:1
Compound 3
¥ . 95 49Kg FF A 8
Az 98 MeOH ext. CHCIl3 = |Compound 3
e 4,900g 1,200g 389g 39¢g
AA &8 100% 24.5% 7.9% 0.8%
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2. F0218 o) FA3 4
7}.

ol

A

| 40" 50% EtOH

—

4XN 7F| Sonication

0.2um <3}

FH54 (195)

56%
46% EtOH(90BV, 2SV) washing °IBV, 25V)
EtOH (40
FT 56% EtOH elution

o
2
off

100mg/ml o &t &3] 5 o7 ol& A7

dE. 98 100g 7= A F&

50% Ethanol % | 46% EtOH FT 56% EtOH Elution
F0218% = 0.5% 0.0% 36.7%
A8 35.8¢ 33.7g 0.4g
TATE 10096 0.0% 73%
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A6 d FENH

719 AAREEH 2 AAE AMPKE #4341 7]+ F0218Ce}
F0475C39] oA Zv] F AWdjAbe] #Hofstes FAx 2 gade] W)
S Huz FHAED C2CI2HEE o] &3t 23t
HA7AA ARSI FaF 4TS e ez ¥ UCPL3,
AMPK, "EZ=egoto] A 8, AWiatel] FaF <Al PGCl-a,
A A L Zuakste] A acetyl CoA carboxylasee] 14Fsho]

5 AMPK®] 21akslo] 5 S #l3to] FO218C % F0475Ce] oy =] thAt

AP} ofef Aol Ho]l FO218C F-& F0475C3 3tete W
C2CI2AEAN A oY= thAl, Adakst @ mEZegol QA Boss
FoFAA S o] R e fo] ]l S-S 2o e Ao el
of Ax 8 TEAAY FYAPS JTohe ARE FHT 5 U3
o}

1. Effect of F0281C on AMPKal/GAPDH in C2C12 by RT-PCR

GAPDH mae| ——— e e e e— o o—

16 9

14 1

12 9

10
0.8 9
0.6 9

AMPKa1/ GAPDH

0.4 1
02 1

0.0
0 10 20 30 60 180 360 (Min}

Cell were freated of FO218C(20uM) for 10min ~ 360min in DMEM 0.5% FBS medium
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2. Effect of F0281C on AMPKa2/GAPDH in C2C12 by RT-PCR

ANMPKo2 mmm—] s — —

GAPDH o | ——— e o S S —oe——e—

251

2.0 7

AMPKa2 /| GAPDH

0.5 1

0.0

0 10 20 30 60 180 360 (Min)

Cell were freated of FO218C(20uM) for 10min ~ 360min in DMEM 0.6% FBS medium

3. Effect of F0281C on PGC1/GAPDH in C2C12 by RT-PCR

PGClc mmm— TR WS TR TER W e

GAPDH oo | = —— s S S S —

PGC1c / GAPDH
[
[}

0 10 20 30 60 180 360 (Min)

Cell were freated of FO218C(20uM) for 10min ~ 360min in DMEM 0.6% FBS medium
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4. Effect of F0281C on UCP1/GAPDH in C2C12 by RT-PCR

UCP1 e
GAPDH o

25 1

20 1

15 1

1.0 9

UCP1/ GAPDH

05 1

0.0

0 10 20 30 60 180 360 (Min)

Cell were freated of FO218C(20uM) for 10min ~ 360min in DMEM 0.5% FBS medium

5. Effect of F0281C on UCP3/GAPDH in C2C12 by RT-PCR

UCP3
GAPDH o
30
25

UCP3/ GAPDH
o

0 10 20 30 60 180 360 (Min)

Cell were freated of FO218C(20uM) for 10min ~ 360min in DMEM 0.6% FBS medium
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6. Effect of F0281C and derivative on pAMPK/AMPK in C2Cl12 by

western blot

pAMPK-- — . . — D .

8.0 -
7.0
& 6.0 - 1533
= 3234
= 5.0 4 $481
= 33
X 4.0 4 331 33
o 3: 233
= 3.0 4 * $eed
< 31 $i3
220 33 3it
] *4 3894
o b oo
23S 44
1.0 4 34 $481
| | 34 3234
0.0 +4 584
Positive C - + - - - - - - - _
Foz1sc - - + - - - -+ -
3 - - - *+ - - - - - -
ca - - - - % - - - - -
cs - - - - - + - - + -
ce - - - - - - + - -+

1hr 3hr

C2C12 were treated of Positive C{BuM), FOZ18C({20uM) & products{20uM) for 1hr~ 3hr
in DMEM 0.5% FBS medium

7. Effect of F0281C and F0475C3 on pAMPK/Bactin in C2Cl12 by

western blot

pAMPK — o . — — — — —— D ——— e
p-actin  m—

9.0 -

8.0

7.0

PAMPK | g-actin
&
(=]

Hlannnnilaes

16 16 112 1 2 4 (3 8 116 1 2

Positive C - + - - - - - - - - -
Fo218C - - + + + + + + + - - -
FO475C3 - - - - - - - - - + + -+

Cell were treated of Positive € (BuM), FO218C(20uM) and FO475C3(20um)
for 10min ~ 8hr in DMEM 0.5%FBS medium
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8. Effect of F0281C and F0475C3 on pACC/Bactin in C2C12 by western
blot

pACC .- el _ 2 T T 0

E
p-actin  m—

6.0

5.0

4.0 4
3.0 4
2.0 4
1.0 4 H
0.0 |_|
1

0 118 16 12
Positive C - +

F0218C - - + + + + + + + - -
FO475C3 - - - - - - - - - + + o+

pACC / p-actin

N
B
(2]
w

Cell were treated of Positive € (BuM), FO218C(20uM) and FO475C3{20uM)
for 10min ~ 8hr in DAMEM 0.5%FBS medium

9. Effect of F0281C and F0475C3 on pERK/Bactin in C2C12 by western
blot

PERK  mm—

p-actin  me—
7.0
6.0

5.0 4

4.0 4

3.0 4

PERK | p-actin

2.0 4

I 1UUUU§§@

0 18 16 12 1 2 {hr)
Positive C - + - - - - - - - - - -
F0218C - - + + + + + + +
FO476C3 - - - - - - - - - + + +

Cell were treated of Positive € (BuM), FO218C(20uM) and FO476C3(20uM)
for 10min ~ 8hr in DMEM 0.5%FBS medium
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A 7d Brdd H4FY AE 2 2ANT

1. A g 7/l & (micronization A F 7] &)
7LARFEL A0

1073 E vuh 289 =22 39 ob/ob mice (Jackson Lab)E
(F) SFdEA Fdste] 109 5 A&A17 = Aol AF&stdct A

g2 ol LPALE(PH053, Labdiet) & 7142 o] & AF-&-3F3lth

A&713bs 7H Y @A el A8 A1 ob/ob mices= I He wel H]Fo
Wz FO218C AMZH o) Z++, Micro Fluidizer® micronization 3F
FO218C 200mg/kgv o2 w3 7ohe]¥ 371502 vir & 2047 ATF
o (PO) L =3 AlE = A Eo] A3 st=S sttt

t}. VehicleZ A

ZYU2ERZ2(523%), HPMC 2910(Shin-Etsu Chemical 606),
Lecithin, Poloxamer 188, A 2~7tA 2 A~ E S HAF G514 Zogd
28 #6,0005 FAF TA A AR ¥ Microfluidizer M-110 EHs
£ Abgate] ¢4 5000 PSIOA 33 EAlA T8t skt

G AAEDZA

F0218C(52.3%), HPMC 2910(Shin-Etsu Chemical 606), Lecithin,
Poloxamer 188, AZ 27t g A~UER, HAAFF4H Z@odasa &
#,000 = BAlFol #A stA EAFg ¥ Microfluidizer M-110 EHsE A}
g3to] g 5000 PSIONA 33 E3AA #23F a3tk



o 5% 97}

DIO mice, HEZIFE(%)

100% r

50% r

00%

-50%

-100% 1
—&— control

—4&— F0218C Micronize
-150% 1
—O0—F0218C

—200% -
Time(days)

N

A9 vlolaz #As W AP AANE Felo] FO28CY o
A

fols
mlm
fols
o
X
[o
fr
o2t
o
>
i)
4>
32,
dlo
o
Kl

X

=< 5t

o
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2. Y =& AANE

R EEEERE 5 3

1) ¥ %wA% 529 db/db miced A
105% C57BLK/J-db/db mice F3< && 22427, H=56+5% 7]

ol
e
oft
kr
o
oﬂ:

A oA 8AIS oF 8AE VEo® dte] 1243 F712 WS whte]
Fr 5%l 48717 7Hith AbEE EEARR(5053, Labdiet)E AH&-3t5itt %
i

o

A& 2FF F0163S, FO083S, F0539S(%), F0534S(#18),

y

F0330S (8t 2), F0320S(3H# %), F0014S(F+1 <), F0552S(F+%), F0246S

’

il
ot

Feba)

(¥9]), Pair-Fed 22 Y o™ samples AlRo| 4o Folstsict A3

& 20973 skt
49 A% 2R 9 A8 BARyY fo49 AT % ¥YEA 2
AL FrE 5 A
HEZEHE(%)
100%
00% e
\'Q 5 10 15 20
\ \3
e -_\,
NE
\\
AN
.\‘iix %
-100% 5 ¥ S >
£l P TR P ERg s g
—— Control —&— Pair fed N . . -
—>¢—F05345 (7 2) —e— F0539S(x) e~ o
—{3—F0163S —==— F0083S

-200% -

Time (days)
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Glucose (mg/dL) —&— Control —A— Pair fed
—X—F0534S(#2|) ——F0539S(%)
—O—F0163S ———F0083S

400

300

mg/dL

200

100 |

Time(days)

HESI/2(%)

60%

40%

20%

00%

-20%

-40%

~60% —4— Control

—&— F0330S —=— FO014S(ZH YY)
—>¢— F0552S (%) —— F0246S(& %)

-80% -
Time(days)
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Glucose (mg/dL) —m— Control A F03208
—&— F0330S e FO014S(E£712)

600 - —%— F05525(F5&) —— F0246S(£9))

500

400 -

ma/dl

200 -

100

0 1 2 3 7 1" 14 17
Time(days)

Y. A2 formular &% 937}

1. 93 uA35EQ db/db miced AF %L B T

ol
W

10 C57BLK/J-db/db mice A& 2% 2242, 57555+5% %H7 <]
AFEAA 0 8ASE oF 8AIE VFoR 3§ 12A7F F712 WS Hto]
Fu] 590 A3V MY AlEE EEAR(G053, Labdiet) & AHEEH3iTh tl®
T, 50% A4 formular, pair fed 37o.2 WHom, MEHE AlFo| 4o Fodle]
oh AL 2897 A

AP A7 ddo] hE7 ¥ pair-feeding 15 Wr] EFH o2 ZHHE A

o

ol

J
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HEZIHE2(%)

10.0%
0.0% :
-1
-10.0% r
St E
-20.0%
—&— 4 AlFormular
—8—Pair-Fed
-30.0% *
Time(days)
Glucose(mg/dL)
ot E
eoo —a— YA Formular
—8— Pair-Fed
500
400
-
o
S 300
€

200

100 |

Time(days)

2) 283 xAd5EQ ZDF ratdl A9 Fx 4F

ZxgwAl 1059 ZDF rat 728 25 242T, $E5545% 879 A2
oA 2d BA9F oF BAE Vo R o] 12A7F F7|& Weks whre] FH 5
Aol A-&7|7He 7T AlEw PARE(5053, Labdiet) & AHEsFT diz, A
2 formular, pair-fed 3.2 Hon MZS Algo] 4lo] Folsigitt AYS

2027+ A3 F Frsd,
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.
ot
i
B
il
ofl
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BN
Sy
E=)
o

2.
7

g
ol
=

@

&
il
=
=
ol
K3)
)
o
fetl
BN
i)
1,
rir
pos
o
J

ro,

DN
%L T /\)\Sfj\li]-
HESI2(%)
20.0%
10.0%
0.0%
-10.0%
—20.0%
—&— Control
—&— MAlFormular
-30.0% - —O— Pair fed
Time(days)
—&— Control
Glucose (mg/dlL) Al Formular
700 —O— Pair fed
600
500 r
-
o
5
€
400 r
300 r
200
0 1 2 3 4 6 7 12 16 19 27 31 33 39 42
Time(days)
3)OzconsumptionZ 34

7h Az
AccuScan Instruments’ PhysioPlot version 1.50
Experiment Duration : 720 (minutes)

Channel scan time : 24 (seconds)
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Cycle delay time : 0 (seconds)

02 - 20.0%° +2%, CO2 - 0.4996%°] #2%9] Tank(RIGASAZ)Z
LOW CALS 02%F 20.170%, STPD(Flow) 0.5¢]3}= Calibration &}l
HIGHCALS room airZ 20.940% STPD(Flow) 0.5% Calibration & 12
A1 ZHPM 8:00%E AM 8:0071#])& operation 3} th.

é
AR ZaE B 10 7% ob/ob FHE & ® 212°C, % 5k
% 79 AN A 8ASH LF 8AE VFOE o] 1247 F7)
Wekg who] %1 50 4871k AR A7} B F =
o

=
i+, 50% A 2AFormular, pair fed 3722 vUd o A3 347 &
=

a1

FER ANSAT AE Fol F 1247 B A}

Azkel WsE ABsHe,
AR AHE FolF T1FAMe] W Fol RT3 pair-

feeding 15l Wlstel el o R F/sHE o vehgd ol 44

formulaZs E&3l2 g 7]e® Aot}

Vo2 (mL/ka/Min)

=z
s
5%
X
<
3
E 20
15 —e— Control
w0 L —o— Y4 formular
—=—Pair fed

10 60 10 160 210 260 310 360 410
min
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4) 35 A (activity)el mA= I

Med Associates’ Activity Monitor versionb.

Actual Run Time ¢ 720min.
Data Save Interval : 600sec.
Units : Cm
Detail Reporting Mode . Absolute

A2 formulars 3¥97F A8l 3 1241 ZHPM 8:005-8 AM 8:007}4])S
operation 39t 4E g~ 1053 ob/ob FAEL & % 2242°C,
2 5515% Ao Ao 24 8Al9 2% BAIE V|FOo R Flo] 12

712 wehe uhe] Foj 590l M3k AR A8 £

A T
T gz, 50% A2 formular, pair fed 3vo2 v o AL 3A3t
Folgk &2 AAlssd. A4S Fof F 1247 ¢ AR Tas A

Distance Traveled(Cm)

Pair fed

Control Al formular
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R

F~glH 2~ 10 5% C57BL/6

5) AT (Endurance)d] ¥ X]

2 %= 224+2°C, %

2~ [e]
P

ks

SAIS} 2% BAIE 7]FOo =& FFo] 124

E e wate] Ful 5eo) A7k sHA T

2=, 509% A2 formular 2

A

%

55+5%

==
T

o4

oot

B
file)

]

£

AA A7

=
=]

T Aol A

&)
=

[e]
™

T x| LAl ZE(sec)

(09s)owi|

M Al Formular

Control
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Distance Trevel(Cm)
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YA 1=
A 4% ExSAHAE 2 FHFEoY 9 7o =
H7bel Zeokyd 9 AHnE
T
2k QF A} g 2 = (E54)
50070 o4 library T3(30)
B g 24 0] 4207 o]/
O %+l library 75 i
E==(20)
OAMPK &4 7
g 2nf o] d-1071 o]/
IAdE OXEY &4 XA AHA
) =220
(2004) Oin vivo &4 =4
) 2z H] 20%°]4 7T
053 &Y
A x4 &4 37 o)A+
2 1.(30)
E3]&Y 2104
OFHAA Ha A
GAdEA 27) o] &K (30)
owdErd Fx 9@ EA
. 24 Gz 27 ol FH(10)
[e]
HPLC +4% % QC(10)
22 d= |OXEEH &4 2 QC
purity 20%°]% &7 712(30)
(2005) 5EAA
30%°1% A g3 2=4(10)
O &g/
insulin independent @ x#
0 & 5% 7Hin vitro/in vivo) 10
10
o287 1
7158 E teEE 27 ol
O=x4d 2 bAAd B} (20)
32t d = | Oformulation dgz2d 30%0l4 A AA
(2006) O A7} (20)
OAE3 &4 50%°]4(50)
A2 1AE 3E10)
# = #|Olibrary -3 50078 o]+ library T3(30)
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Oin vivo A TF5Fo &4 44

gl ol 30%01 3 47
E

24 A 370 oA

271 0] 7(20)

71%4 A2A 270 0] 410)

[}

TEA 50% ol AA AlEst

=W 531017, =9l 23101
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