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Abstract

Metabolic syndrome and insulin resistance have become worldwide
epidemiological issues. Dietary supplement and traditional medicines may be a natural
source of for the development of the treatment to counteract insulin resistance in stead
of those widely used agents with many side effects. Yam and bitter gourd are common
vegetable and tonic foods in Asian and have been shown to exert hypoglycemic effects
in animal models and humans, but the mechanism and active constituents are not totally
understood. Here we measured *H-labeled 2-deoxyglucose uptake by normal and
pamitate-induced insulin resistance 3T3-L1 : adipocytes and C2C12 myotubes, and
evaluated whether various extracts from yam aﬁd bitter gourd could improve. It is found

that yam EA extract showed an insulit-l—,li_lgg. p’_a-t.tern n rhyotubes but not in adipocytes.

-
—

Bitter gourd water extract is_the most ;:gti;e _fractio_r_l that showed a promotion of
glucose uptake in both normal ér: insulin ;:Qsistant 3T3-L1 adipocytes in a
dose-dependent manner. This activity is diminished by heating the extract at 100°C for
10 min. The activity was not inhibited by compound ¢ but was partially inhibited by
wortmannin. Neither AMPK phosphorylation nor Akt activation was changed.
Interestingly, the water extract of bitter gourd could not improve the insulin resistance
that induced by chronic insulin treatment. It has also been found that constituents with a
MW less than 3 kDa were also active. The precise structure in bitter gourd water extract
and mechanism of action of those active molecules are worth to be further examined.

Bitter gourd thus has the potential for ameliorating insulin resistance.

[Key word]) insulin resistance, bitter gourd, yam, adipocyte, myotube, glucose

VI



i

VII



PEEE G B EE oo I

>
~
N
~

|
3
B!
&+
Zh
&
3%
ppas}
3

e

g é}gk'}ﬂéﬁ ........................................................................ 2
— o RBRRBE L A A et 2

(") A;&T)’iﬁ?%ﬂlg‘ﬁiﬁ‘ C R e T e 2

o e
“ |

[ : :._-'_ | 1
() AREE ;&f;ﬁuﬁxmxﬁﬁ» A - 2

| 1]

:\%5%ﬁﬁ“QOm+mﬁQﬁ¢mf .................................. 4

(z ) AMPK (AMP-activating protein kinase) pathway ................ccceee. 8
(I) Pep JBSRE5 G F R 10
(#) Fa P BB AU s 10

(5 ) 2 B F T oot 13

Ji

SR ERRTE T A PR 15
(=) PPAR FEETE (57 45F] ooooooooooeeoeecceeoeeeeeeeeee oo 15

(Z) PPAR 2255 5 F Ful oo 15

B B R o et 17

VIII



[SX)

N

N

~

N

~

LB L fig 5 Whe A qe 3T3L] fqdh it §E M2 B 35

2381 LA e fEe fig e A 1 3T3-L1 %3 95sim e § § AR 4EE

2B B e 36
2381 Lim AR B it de gt b 3T3-L1 #p w2 i § P2 2258 36

2381 L ROk E g e A Q 3T3-L1 g v imee § 5 R 2 B8 37
CK L= Ao G5 g 4te A 1 3T3-L1 7y 95 ime § 5§ & 5-2 348 .37

B ACRES e A 3T3-L1 fypimie § R ER L B 38

B e 47
i 50

IX



- &

~
N
7~
7~
= N

— N
>
=~
7~
I\
45 4%
L
%I &

Ji

g

/

B BT BT B35 A5 e

-\III :Il'
R b e f i L 8 6 AMPK i
§ 2Rk E 1303 kDa | /,,\o;&:al ; ;;rs./,S"e’z Lok f % faulb ek d
. !
HEH L Em Y SRR,
i

Bh BT B S AT )

.. 60



Z o9 EARESE A CCI20p etk R ER 2 B 78

Z ®F

XI



Bl A &

B 1-1
 1-2
13
B 1-4
B 1-5
B 1-6
B 1-7
 1-8
B 1-9
2-1
B 2-2
 2-3
B 2-4
Bl 2-5
 2-6
 2-7
® 2-8
 3-1

i 3-2
B 3-3
® 3-4
1) 3-5

W P &%

A #F proinsulin AR B B R T 5
B I B T 6
GLUTA S8 A C ot 7
e A E GLUTA 8 e BRI e 8
LR P A A M T AR L F R T B 9
B AR L E G L R U 11

P VRTE A B L B R FUEIB ] 14

PPAR £ 4 22§ % § 3 FUM e ® B3] e 16

& A it 3T3-L1 7y bt b ;3“5,}%%3’»7 FrRTE B Y 3 e 39
F ek B f & EE YR A ,L ﬁsum P VAR AR ... 40
Li#E BT fin R e /»\x”| 3% m"eqja—}%#&ﬁw -0 LI 41

2381 ‘:'r:',2 \—'-"“ Ao ﬁ’xz‘ ﬁq'rv‘}"’if A lL e g 7% g gj 3 'f)%%ﬁ’* fg_ii ...42

2381 -k LA F B ittt il nimie § R BRI 43
2381 5 i E AR E e AR e § R B B 44
CK & i hZ A mEfpyte Aitgpsee i FRERLZPE ... 45

Fhe sttt i ERBEERZPEE 46

-k
BEACRERHEERLE ZASLA ALY Ay § AR

FEPN 2 BB et 61
B S0 BEAREFHELE Mgy rmie §§ BEER PR 62
B2 ACKE S 0 R e v e ok B L YRR T 2 LR 63
0B R CRE R EL G R Uy s ime ARUERRE 1Y 22 B 64
B3 AR E H B § & fld g s imie AMPK I, B YRR T2 825K 65

XII



] 3-6
®l 3-7

®l 3-8

B 4-1
) 4-2
) 4-3

Fl 4-4

R

B8 f & Pl ety s im e AMPK B L 14 2. B0 %

pol A 4B (<3 kDa) $E W E Ry mlmie i F

b%g\:’,

RN

| A3 5 (<3 kDa) $HE %% § F Fuld e v o

B2 A B AEFETN 20 1Y B oo
C2C12 3 dmPe R A 1 T e
PRERME B RIEYC &Y C2CI20vp fmPe § § BHEPTR ...
LB R in e At e R BER B
BOEACRE R At e i R BRPZE

f‘“x,l fﬁ.

(= :'.{;W a

!{E?H

X1



%

S

%

S

%

S

%

S

%

I-1

1-2

1-3

1-4

1-5

1-6

3-1

4-1

5-1

R B T 3
AR2006 & 23T BE EEI AR 4
Adipokines e1F % B2 B A T oo 12
PPAR A 852 B A (5 B 5 0L et 15
m%"‘iifr%#ﬁfﬁé?‘}%ﬁgﬂ—l .......................................................... 18
ER g g S AR M PAETE 20
BB FF % b PGS T D s 69

C2C12 % L6 ¥f fm%e fhit Fe ...
S

5% -

A a1 Gl b g .1'1:.'./ 32— " ey L
a4 5 by e amﬁmﬁv Bx\ét %f?&ﬁgﬂ ..................... 91

b3

XIv



% P &

XV



X
|
Hels
hul g
Exs

|
il
=
W

OB RIS L BRPLY KL
2003 E& R e -l FEEF A EBARITE T B 2025 £ ¢ L g
i = g b (Erkelens, 2001; Petersen and Shulman, 2006) - H # % = 4] a&%fj\)}% B

FlRA oL FA RGN Y LHC ABABLDLERER T

,y«- ﬂ% am.

LEE

% % 3t (insulin resistance) AR 5 -fg 2. end & MAETF)S 0 4246 90% E
il ¥ P B¢ NI E % § & it (Reaven, 2008) o F]yt 5 3% F 0§ & M A0
(insulin-sensitizing agents) Pip AT BT m 40 P o1 R @ % B2 1 (5% P
% 4_4- ¥ PPARs (peroxisome.‘ proliferator—acfivating receptors) # & AMPK
(AMP-activated protein kinase)' i ﬁ*’éﬁﬁfdiﬂﬂ 2 m TZDs (thiazolidinedione) ¥
biguanides #f # 1 » v 5 7 :f'_ =) i%.-b*i fl;;-[roiler, 2001)e @ i se Y 3TE L E R

Wo Ry S ﬁwn+mﬁﬁ%%%%wﬁ’@ﬁé4W%éﬁo

= /A (momordica charantia) £ % (D|oscorea Spp.) & 3F 5 TR T L
FEEAL a2 - o BE AT IR E CHERY 10 AL
L% & % put g% (Grover and Yadav, 2004) 0 @ {4 Jﬁ M3 EE AT &R TR

HEen F o« Ben JE 8357 et F o g Y §oond s BT 4y
Flir s E AR e B R LR g e RS L R A R
HEA A HESH e T B 2 BP R ARG B 1 f kin

FRMTAI VAT R § B ok > NER- B A E R T

RSN N S



Fo8 RvAE

- ~ A#PEEE (metabolic syndrome)
(- ) A3 i 3Tk
FEE AW AP GHFRIE TR B REREELR G F R
bl (BRX4,1994) 0 B 2 Lk o B S P T A 1B R kP
G BRI CATE BB L EFE ek, £ H F YR e,
R A RAR B BRI AR DB HIARE LB
i DR ol e 1Y e 4 (DeFronzo and Ferrannini, 1991; Vague, 1956) - 1988
# > Reaven F A N %G FRPEAPEGHNILERGAT B ¥ 23
b ki FE A wh R S B R Y RRART
B BREFF T AG E%:t%—f%i ;ij-);i =254 3 ; syndrome X (Reaven, 1988) -
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JE % ¥ (metabolic syndrome) ! ?Lf;;& IFL/‘ = i" BB R S i TR A
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Table 1-1. Diagnostic criteria for the metabolic syndrome (modified from Day, 2007)

components WHO EGIR NCEP (ATP 1) AACE IDF AHA/NHLBI
IFG (FPG) or =6.1 =6.1 =56 =6.1 =5.6 or Rx >5.6 or Rx

IGT (2h PG) (mmol/L) =7.8 or NIDDM >7.8 not NIDDM

Waist (cm) or WHR WHR>0.9/ 0.85* =94/ 80 >102/ 88 =94/ 80* >120/ 88**
BMI (kg/m?) >30 >25

BP (mmHg) =140/90 =140/90 =130/85 >=130/85 >130/85 or Rx =130/85 or Rx
TG (mmol/L) =17 >2.0 =17 =17 =1.7 or Rx =1.7 or Rx
HDL-C (mmol/L) <0.9/1.0 <1.0 <1.04/1.29 <1.04/1.29 <1.03/1.29 or Rx <0.9/1.1 or Rx

Number of components

for diagnosis

IRor IFG or IGT plus =2
others from: central obesity
(using WHR +/or BMI),
1BP, dyslipidaemia (1 TG
+/- |HDL-C) or

microalbuminuria

IR plus =2 others from:
central obesity (waist
circumference), IFG, 1BP,
dyslipidaemia (1 TG +/-

IHDL-C)

=3 of the components

above

Diagnosis depends on
clinical judgement
based on risk factors/
features of insulin

resistance

Central obesity (waist
circumference) plus 2
other components.
Waist circumference
defined for different

ethnic groups

=3 of the components

above

*Italics: values in females; **In Europids

Abbreviations: WHO = World Health Organization; EGIR = European Group for the Study of Insulin Resistance; NCEP (ATP II) = National Cholesterol Education Program (Adult Treatment Panel

1M); AACE = Association of American Clinical Endocrinologists; IDF = International Diabetes Federation; AHA/NHLBI = American Heart Association/ National Heart, Lung and Blood Institute; IFG =

impaired fasting glucose; FPG = fasting plasma glucose; IGT = impaired glucose tolerance; PG = plasma glucose; WHR = waist: hip ratio; BMI = body mass index; BP = blood pressure; TG =

triglycerides; HDL-C = high-density lipoprotein cholesterol; IR = insulin resistance; Rx = receiving treatment
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Table 1-2. Diagnostic criteria for the metabolic syndrome in Taiwan

I I 2 ¥ B
WS ERTFIFR o E e Z 3N} % A - S TR

PR 87 1L (central obesity) " [F) (waist):
g4 =90 cm
4 =80 cm

=~ & (BP) + & SBP =130 mmHg
DBP =85 mmHg

B R R g 30 " EHEE (HDL-C) i i< ¥ 4 <40 mg/dl
+ 4+ <50 mg/dl

Z i w #E @ (fasting glucose) FG =100 mg/dl

= paH W fg (triglyceride) TG =150 mg/dl

P R(BP) 3 AE(FG) B2 p T LH R ¢ F A 7
SRS X £G5S 3\

ii;”
| | r; :

10.6% o 12 B 50 1 2hhp 3 202 15 2] 41 %$’%k%ﬁlﬁ1M%’m$ﬁuH
WERA FTHEFFL 16.9% AH?13ww;;_kém“”%ﬁ¥ﬁﬁﬁi

2 (Frlrird ¥) -

= ~ 3% 5 % Fut (insulin resistance)
(=) % % % (insulin)

A AR L BHF TR LI MAERFRE Y o v A SRR
] & (islets of Langerhans) § ® = B-cell #74 & » 5 d &k ¥ 1) 0 proinsulin
&R AR g 374 S 25 90 A-chain ¥ B-chain ™ fEandgAp4t s £ 59 prohormone
convertase (PC1 £ PC2) 1% *» » 3 “$ C-chain & Nz ~C3eita B 7 4 = &
rS1 RBrRAETe R s A3 F 5 5808Da £ F A AL, FAF o R

Fr o ARG AR TRAE S (B 1) i LR g as g R4 T
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Figure 1-1. Amino acid sequences and homology of proinsulin in human.
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" dimer 7558 5 gL G % X B (insulin receptor) 0 § ML E 2 X BEL 5 # X
® B =t C =3 entyrosin p 4 FkpL i (autophosphorylation) » I Fifs i+ = #57 IRS
(insulin receptor substrate) - IRS1 ¥7 IRS2 ¥ % 5 2 A3 F § B T h i & o0
foo e B R e ) ﬁ 500 @ AFRER| A S Ml Py 7 3 48 (Thirone et
al., 2006) o * pF tyrosine AL BEfE b e iE 4] IRS x* ¥ 4 E 4 PIBK
(Phosphatidylinositol-3-kinase) » & PI3K 4 f# 5 PIP2 (Phosphatidylinositol 4,
5-bisphosphate) % PIP3 (Phosphatidylinositol 3, 4, 5-tiphosphate) > {& —*‘ #-2 PDK1
% & MY R 7T #Feh Akt (24 £ PKB, protein kinase B)2 PKC( # r47& it o F]a
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(White and Kahn, 1994) -



Nutrient availibility =—— | Appetite control

-—

CNS Regulatory System
Nutrient utilization -—— | Metabolic actions | «——

o nnnnns | EOHN ..

—

Stimulatory action
———1 Inhibitory action
Interpathway links

Amino acids

Diseases associated with metabolic imbalance _ A / f
Cancer Dyslipidemia == s
Inflammation Obesity S 2
Cardiovascular disease Diabetes

Hexosamine - AMPK signaling axis

Fig. 1. Model of nutrient- and hormone-signaling pathways. The AMPK pathway (blue) senses diminished ATP levels and restores ATP
concentration by phosphorylating downstream targets that stimulate catabolic pathways generating ATP and inhibit anabolic pathways
that consume ATP. The mTOR-GbL-raptor (mTORC1) pathway (green) senses amino acid availability and functions to regulate cell
proliferation and the growth of cells, tissues, and organs. The mTORC1 pathway enhances the rate of protein synthesis, inhibits au-
tophagy, and stimulates ribosomal biogenesis. The mTOR-GbL-rictor (MTORC2) pathway regulates actin organization and activates
Akt. The hexosamine pathway (orange) functions as a glucose sensor coupled to a transductional cascade that directly regulates intra-
cellular fuel metabalism, controls glucose metabolism by modulating insulin signaling. and facilitates the release of metabolic hormones
(such as leptin and adiponectin) from adipose tissue. In the central nervous system (CNS), leptin acts to influence appetite and modu-
late neurcendocrine secretion, thereby altering nutrient utilization in various peripheral tissues. In muscle and liver, leptin and
adiponectin influence fuel metabolism. The insulin pathway (yellow) regulates glucose and lipid metabolism, facilitates cell growth and
proliferation, promotes cell survival through inhibition of apoptosis, and protects cells from oxidative stress and DNA damage. The
insulin pathway also modulates the actions of various nutrient-signaling pathways. Interpathway reactions are shown by dotted lines
and illustrate that these four pathways comprise a metabolic regulatory network.

W 1-2. %% & % 4 @yEEL /S (Marshall, 2006)
Figure 1-2. Insulin signaling pathway
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(Z) § 5 ##EEFS (glucose transporter)
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Wimre 12 20 2 B A N s C B it TR o kB A S ihlE RS B

Heodpin g o Vs S Z BEHE - ¥e 7 GLUTI-4 . 3 & 18% S §ak

2

iy B X AR AW ¥ 2 ¥ e 3 GLUTS, 7,9, 110 3 & f 0 % feni@f 5 %
= = # P E_GLUTG, 8, 10 v HMITI1 » # i & 248 4] e GLUT 2%+

¥ FH IR fE EH 0 (Bryantetal., 2002) -

a2

§ - Z3d ¢ GLUTI-3 3 & 8§ # % Adlh i ohi 5 ks> ¥ 2354

%> GLUTA Pl Esi— i £ 9% 6 & flicn H 4o me § 5 1B ES g8 3 o

GLUT4 & 887 migipe i f RAvihd RE 5§ > B Boles kg o iop

EAERE #)%L‘»F@%‘]m T3 £ GLUTI,.5,12 (Stuart et al., 2000; Stuart et

i'«m.

al., 2006) > @ 75 5% ke R 2 GLUT.8,~12 ;E?-HMIT (Wood et al., 2003; Wood and
Trayhurn, 2003) - GLUT4 = & 5% “"!;5 @1‘@1& f£0F E  EIRT RS e

FRro2dey a7 86 %L'Jz%r‘d Zfﬁ»ﬁiﬂ % Tl 9% 3 b (Czech and Corvera, 1999)°

The Insulin-sensitive Glucose Transporter GLUT4

— Major Exofacial Loop:
Site of Epitope Tags Substrate

Cytochalasin B,
Substrate Binding
Unigue . -
oy g Dileucine g

5 .
(489,490 %, Acigic

Divergent COOH "

[ 7 Major Cytoplasmic Loop Terminus o
MPSGFQQIGSED &« COOH

SSsdssscnns

PSLLEQEVKPSTELEYLGPDEND

Figure 1. Structural Features of the Insulin-Regulated GLUT4 Glucose Transporter Protein

The unigue sensitivity of GLUT4 to insulin-mediated translocation appears to derive from sequences shown in the N-terminal (required phenylalanine)
and COOH-terminal {required dileucine and acidic residues) regions, These sequences are likely involved in rapid internalization and sorting of GLUT4
in intracellular membranes termed GLUT4 storage vesicles (GSV), as outlined in Figure 3. See taxt for further details.

® 1-3. GLUT4 s’ # 4 f#c (Huang and Czech, 2007)
Figure 1-3. Structual features of GLUT4.
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(= ) AMPK (AMP-activating proteti_r_}. klrfefge)”péﬂa‘w‘,ay
@ 3 B R

:"'.’:- 4 b ", _- L . ,
CI S AR TR e ok oL ks b R

-
(SN

a

AMPK 7 - E?ﬁitﬁwf%@vﬂng

Fisgpenk d >0 ¥ itk i £ e AMPK d £ %
\.;.
h3

. . T
. = s U P
- — il
S ERETE JEl-
Nutrient Supply Energy Demand
(glucose, AAs) (muscle contraction)
ﬁ FFAs = i

- Cytokines
ER Stress

B 1-4. w22 347 GLUTS # i~ 03 & #2 /& (Huang and Czech, 2007)
Figurel-4. Two independent pathways mainly regulate GLUT4 translocation.
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wd Thr-172 0% BRpk (@ 455 4 o po P& AMPK ¢ g 4oig dhpheng it ik e
%tz & 4 ATP > fe pFdr] lipogenisis ~ #& 5 AT24 ~ = a4 i fig & = % )" 4£ ATP
3R T 01T R0 7§ 7 7 &R CaMKK (calmodulin-dependent protein kinase kinase)
» Z_AMPK e} 250 3 > e lwi2 4T 4T Jk & 3 4o cnpF g 5 1Y AMPK > A Qb EL S
IB AP RIS K AP A8 I (Gauthier et al., 2008; Long and Zierath, 2006) (]
1-4) -

AMPK ApRBE 7 ic 2 30410 o A 2P B > G T Ao &

Simbe o m ¥4I R 8k e G 3 E"Jgf'*."i- - 3 B 5 sk ims AMPK ik it H
ettt
_*:;I!-l: g .:_1,_ = j{
F A% lipolysis % B Egsrri‘éf?,(
& )

3

_et\g};:];ago& e ¥ — #% ¥ metformin

e -
% thiazolidinedione % i& @ #&§ e ADE R HE > § i3 ¥ AMPK
o \" B

il Fr AMPK A & LTl LEESATER $ I
2 Lo IS

oy 18
e

(Moller, 2001) °

N
l IRS-1 tyrosine phosphorylation

T IRS-1 serine phosphorylation

o
t;- 1Ssrﬂ'hr Kinase activity \

fatty acyl CoA

| f
1
Y s
o
Vi

IRS-1

¢ Mitochondrion density/function

B 1-5. vup fwre e SRR R T i A% ) F R OT A B ]
Figure 1-5. Mechanism of mitochondrial dysfunction induced insulin

resistance in skeletal muscle. (Lowell and Shulman, 2005)
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PR AR e o F@ i A% § &t (Kovesetal, 2008) <yt #hs 5 #7345 1 o
£ 4ady {r iy 95 s 4o palmitic acid <1 B4 ceramide ¥ 12 %ﬁ d 7% i* PKC 2 NFkB>
% TNFa 23R8 2 > 24 @ 7 IL-6 £ REH 4 > F 3k GLUT4 mRNA # %
B ORI e X% G R TPy §BER Y - 2 5 4 € i 2 PGC-la

A ILE T > Fla sl L &l (Jove etal., 2005; Jove et al., 2006) -
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Flier, 1996) » H #7/4 it e 5 fd % jgr% » St 5 adipokines ° TR g v e

FRHS e AAFE v F AR
#F 4 4 4K (4 1-3) (Rabe etal., 2008) o

CLER BTG A ELR

s e dp ke oS- T 5

Pg 0 & ¥ P-oxidation T F %
HEE LN 4 3 KRS S B PR R B A e g g
L F g 4 o ¥ iR e g 4piT (Bhattacharya et al., 2007; Petersen

and Shulman, 2006) ° 4v } #3%% % 54« B sk aiE T 0 g B PR

e

G R 0 FIR 95 G R FUE P E P (Smith, 2002) (] 1-6) -

Obesity
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Figure 1-6. Obesity and the development of inflammation and insulin resistance.
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(er o) § ARBEL » fef ¢ SRS FIE A P o B BIAE Ror 5o ey N
P = TSR FIEEp
E R M wre L $ STR B b4 IL-6, IL-8, TNFo % (Hoene and Weigert, 2008;
Nieto-Vazquez et al., 2008) » #.2 ek B > o 2 L F Bt B 5]se i3 § 2 o
fededn TS R R AL AR o Bk i A AR - IR ALY f s G
FES A AETH A 3 RN FOER LS fwie A2 RS o i
Wamre p FAA S NI Al me it > slden 3 LF el %5
BTEE o gt by e i ST A g AR T e (% 5] B e R SR 8 g s
oo R R ST iﬁﬁh‘“a . mﬂq ipla iz & [ o i ErimE s AR
it o Fa @ @ 3P UARGE | S5 5 R 7§ bn g
I 4R € i A AR _rrj’s:é ‘l\,%,{_f;tﬁ‘ ? Kupffer cell A5 it 18 & AR it 2
3% 5 & Uty (de Luca"-'and IQlefsky, 2008; Goossens, 2008) -

THET ﬁ | # in vitross %mfﬂu‘mﬂe’%ma#ﬂ‘ ¥ Rk datefory
iRE& € 75 Y 2 TLR4 (toll-like receptor 4) & = IL-6, TNFa c34 ;&3 e (Shi et al.,
2006) o L - Ty S B AR s me TLR4 JE 1Y I K 4 e
resistin 4 ;& & (Schaeffler et al., 2008; Tschop and Thomas, 2006) - F]* TLR4 P

PARL BABAREFLAII AR R - £ R84 (R -

FAEE LR EA L AU Bl T g R SRR Bl B A MR
P iR TNFo > Adedflp 3 8 BO0% § Z 4t oo o IL-6 82 § 2 3F
S 2 s hm e IS [ F 2y ) TL-6 § BRI 82 0 0 e e )

ATR B (Steensberg et al., 2002) °
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<t
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L ,J *s=-===--- Amino acids
Insulin-dependent

Protein .synthesis Cl

3 Stress response : Al
Nutrional overload
response, E;tsth?:s?ms feedback < 3

lular  proiferation Energy storage
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Trarslesstion Figure 4 | Excess fatty acids induce insulin resistance and metabolic syndrome. Insulin controls glucose uptake

s TS through tyrosine phosphorylation of insulin receptor substrate (IRS) proteins. Activation of phosphatidylinositol 3-kinase
— Activation (PI3K) and generation of phosphatidylinositol-3,4,5-trisphosphate (Ptdlns(3,4,5)P ) activates protein kinase B (PKB/Akt),
= Inhibition which, in turn, supports recycling of the glucose (Glc) transporter GLUT4 to the plasma membrane. The mammalian target
<+— Interaction of rapamycin complex-1 (mTORC1) coordinates protein synthesis with available nutrients and energy, and desensitizes
--—-—— Indirect action the pathway through inhibitory phospharylation of IRS. Excess levels of fatty acids increase the synthesis of ceramide and

© Pphyr inhibit the activity of PKB/Akt through protein phosphatase-2A (PP2A) and protein kinase-{ (PKCE). Excess fatty acids also

© PplyrXX-Met activate the nuclear receptor peroxisome proliferator-activated receptor (PPAR)-yto induce adipocyte differentiation,

a» PH domain which is dampened by the fatty acid-binding protein-4 (FABP4). Excess fatty acids induce increased lipid synthesis, further

© Ubiquitin raising the levels of diacylglycerol (DAG), acyl CoA and triacylglycerol (TG). Elevated levels of DAG and acyl CoA result

@® Phosphate in activation of PKC& and PKC8 and the subsequent induction of a pro-inflammatory programme, which culminates in

the activation of nuclear factor-kB (NF-kB). The increased lipid load in the endoplasmic reticulum induces a stress
response and leads to the production of reactive oxygen species (ROS). This leads to the activation of c-Jun N-terminal
kinase (JNK) and induction of activator protein-1 (AP-1). Both molecules inhibit PPARy, which further increases the
detrimental action of elevated levels of fatty acids, and induces the synthesis of pro-inflammatory cytokines such as
tumour necrosis factor-ct (TNFax). This response is further amplified by activation of the Toll-like receptor-4 (TLR4) and its
effectors by elevated plasma fatty acid levels, which then results in chronic inflammation. Both inhibitor of NF-xB kinase
(IKK)-B and NK further desensitize insulin responsiveness through inhibitory serine phosphorylation of IRS.

B 1-7. "g#pait 3% & % Fult 4] (Wymann and Schneiter, 2008)

Figure 1-7. Mechanism of fatty acid induced insulin resistance
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) PPAR fauggr (€% {54

PPAR (peroxisome proliferators-activated receptor) &_% %X % superfamily & *

- B B2 &rj = & isoform: o, B/S, y (% 1-4) e PPARa 2 & £ JLATAF5E A
PP H i dt PPARP/S B iiA 3t 2 ¥ 4 R A= fhH b fia chit 3 PPARy
* ¥ & 5 PPARyl 2 PPARy2 » = '*Ff ER RN S AR S A ”F—%\ ’ Ié'-fqz
Bl % - 3 2R inle i d » Bigihimie & L S g Moo

% PPAR &2 H % /& — M’ £ 155 i § 2 RXR (retinoid X receptor).& &
= heterodimer > £ 2 &0k Flegzd +  (promotor) * @ ﬁ-; PPRE (peroxisome

proliferator responsive element) :li’r «LE 7 IJ BE o EnEH T HELAFoL IR (B
Bt

,
.\.1 ’ j?’ L __‘

) PPAR %;,,:‘] };% ‘% % %I—T:‘L‘,ri & ") ‘\..__Ia' L _‘H--\.- 5

= I E"\ |. =

e E Ben > U EF AR Y 2

= O

PPARa ¥ 14 %’ﬁ d
o Y. B
! ;l‘ﬁt }9;]] /,l“;gj—p ¥ 5 e g iv* (Chawla
.-i::\\_._', N

FL

2 & £ 1 W N
etal., 2001; Motojima et al., 1998) PPARoc m/ L «Jf" LAF I E R P
% 1-4.PPAR ~ #g %2 H & 227 it (Semple et al., 2006)
Figure 1-4. Roles and distribution of PPARs
Table 1
Simplified overview of current understanding of the metabolic roles of the 3 PPAR isoforms
PPARc PPARy PPARS
Sites of highest expression  Liver, kidney, heart Adipose tissue, macrophages Adipose tissue, skin, brain,
but widespread
Cellular processes activated  Fatty acid f-oxidation, lipoprotein Adipocyte differentiation, Fatty acid p-oxidation
synthesis, amino acid catabolism triglyceride synthesis
Physiological function Coordination of metabolic Differentiation of adipocyles, Muscle fiber type determination?
response to fasting FA trapping
Examples of targel genes Carnitine pafmitow transferase |, Falty acid=binding protein 4, Acyl-CoA oxidase, carnitine palmitoy!
HMG CoA synthase 2, apoA-I lipoprotein lipase, adiponectin transferase |
Metabalic phenotype Fasting hypoglycemia, hypothermia, ~/- Lethal, —/+ more insulin Reduced base-line adiposity; increased
of knockout mice hypoketonemia, and hepatic steatosis sensitive at baseline obesity on high-fat feeding
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B0 A TE R S R AR R B R AR R R Tt
L% § % At R % (Guerre-Millo et al., 2000; Kim et al., 2003) - Fibrate {v

bezafibrate & PPARq 33 x5 i &l e 4 % Ak & = BaH W fao ok o

)—U
)—U
>
Z
=
(dm

Ry R B g s dm e 0 1 & R A 14 (Rosen et al,
1999)» & ® 4 *F F AT F 7 £ & 14 ¢ o TZD (thiazolidinedione) i&#f
Z {0 PPARy s fhenkec L A g R > #4558 § A2 e d 2R
¥ % 1 troglitazone » 11 % {& % #x 2 7 rosiglitazone ¥¥ pioglitazone & » 357¥ 14 g
@EL?%‘« WH 5 BER SRR BB D)% o ok (Saltiel and

Olefsky, 1996) -

Adipenectin
CI%C

Metformin AdipoR1 AdipoR2

Wy-14 463
fibrate

AlC
Mlehundrm D( £
g S

+
T r\Dl}'.-'ﬂl]-‘r.lllts . PPARa PPARy
il ”ﬂ é] ®

Contral protein activity

i:m]k]

f.umn.ﬂ gene transcription

{simulation or inhibtion)
.EL PPARy 1|Ean:it

_.-“" T .-‘\dlpum ctin

CAPpre: mnn

TZDs

AR
PGI2

(+]

Example: antidiabetic effects

W 1-8. PPAR &2 & 47 st L 3% § 2 fupd eni® % %4 (www.hindawi.com)

Figure 1-8. Mechanism of PPAR activation and drug target to improve insulin resistance.
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Exs

L% § & i 4L (Dioscoreaceae) ~ & 77 5 (Dioscorea) 1% & § 4 45 0 H
RE RIS ALME FAAG ¥ Lhar Rivdh o LMY F L 5EL
(AEHp) 37 Ho st Z TETF > %3 0 LA e BA
Ey o KRR RO BIA S g R LELG S e
¢ B (% 1-5) (Iwuetal, 1990; g # 4, 2003) > 4 & 4 & # it (Choi et al.,
2002) ~ g S (83 7, 2007) » PPARa/y /& (MR 4e, 2007) ~ #§ it 3 %%
Mo Y Z A H{ 4 ® %R % 39 (Araghiniknam et al,, 1996) - Fif;
(Wang et al., 2006) * o @ LEF 3 ¢ ' 0 A 5 5 8 HA o ¢ fravehs b

% % p% (dioscoran C) ¥ dioscoreting ©

5
%A F (Momordica) - i’?l’fi—"r ﬂwL# CS Rk

FOEEA R A A E T JI%E#EL,;,,%\— c B AEGS F g KBS E D

ﬁ;’_%_ ~N fé‘_% L_”J"’JI%?‘,‘/{O i_%q”‘%’:\%f%ﬁ, ~ !—4 % \,‘%‘J_‘ﬁ_ ~ E] f}a" ~ ‘D%‘;} o m JF
FreS#ER FALT #m}?aa #LF (Huang et al., 1999; Lee-Huang et al., 1995;
Takemoto et al., 1983) ~ #f% ~ 33 & 4. % (Spreafico et al., 1983) ~ "% n 5 ~ "% n &

er¥ 3z (Basch et al., 2003; Grover and Yadav, 2004; Raza et al., 1996) -
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Table 1-5. Literature review of hypoglycemic effects of Dioscorea

& F Bt RILPE B M
D. opposite 80% EtOH (1) DexIRSD + & (1) 14 = (1) serumins & glc| Gao et al., 2007
(2) Dex IR 3T3-L1 2) 2= (2) GLUT4 mRNA?
2DG uptaket
D. rhizoma 60% % % &4 & male Wistar A3 (1) IPGTT Insulin & glc 2. AUC #5|  Hsu et al., 2007
D. rhizoma 40% EtOH SD + & 6 & serum glc| Jeon et al., 2006
D. polygonoides + 4 15 3.5 MHCI w2 £ 2 7 STZ induced diabetic Wistar 3% plasma glc| ¥ it €_7] McAnuff-Harding et al.,

(Jamaican bitter

W LR > 4 17 saponin

(2) intestinal Na'-K*-ATPase 7% 1|

2006;

. e
yam) (3) liver GBPDH =121 McAnuff et al., 2005a:

McAnuff et al., 2005b
D. rhizoma Male Wistar B AR PSR bR 2 control +* & §2 5% Liou et al., 2004

D. cayenesis

STZ induced diabetic Wistar

4%

serum glc|
malic enzyme = 141

Grindley et al., 2001

D. dumetorum

(1) normal rabbits
(2) alloxan diabetic rabbits

NORER o IR v I 4

plasma glc|

Iwu et al., 1990

D. japonica

MeOH/water % {5 % » 11 = f&
glycan £ dioscoran #f } »
(3.9 -110 kDa)

(1) normal mice
(2) alloxan-induced

hyperglycemic mice

hypoglycemic effects

Hikino et al., 1986
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D. dumetorum hydroalcoholic % # % 4 (1) mice, rabbits and T Re ] Undie and Akubue, 1986
(1) alkaloid-containing alloxan-diabetic rabbits
fraction (2) alloxan-diabetic rabbits

(2) glycosidic portion

19



!
Hels

%
5

16 FAEBHIE % dn M AL

Table 1-6. Literature review of effects of Momordica charantia in adipocytes and myotubes.

FemA Fo 5t o % M &
freeze-dried fruit powder 80% EtOH % 4 2 % #/n-BuOH % 4 > 3T3-L1 % 4 #& triterpenoids: Tan et al., 2008
1A 45 n-BUOH 7 ;3 3%~ » -k iz L6 GLUT4 #& =1
AMPK & 41

M. charantia L.
freeze-dried whole fruit

powder

% 7 male Wistar

Fat mass, TG content, large
adipocytes|

"7 e 5% FAS, ACC1, LPL, aP2
mRNA|

Huang et al., 2008

LRFAEFRESLA

% 7% male Wistar

# 4 10 ml/kg/day & ¥

Fasting insulin, TAG, cholesterol,
epidydimal fat| ; skeletal muscle

IRS1 phosphorylation?

Sridhar et al., 2008

“moonlight” variety
freeze-dried unripe whole

fruit powder

(1) ddH.0 ¥
(2) # 7 F A A 95% EtOH % »

3T3-L1

(1) ™R 5% E 4% T 2DG uptaket
fe ¥ 4% wortmannin Fr41;
adiponectint

(2) 2DG uptake|

Roffey et al., 2007

Thai BG pulp

S o P BRAKRY T 514710
kDa

(1) STZ-induced diabetic
male Wistar & T ;i it

(2) 3T3-L1,C2C12

Slow acting protein
(1) 4h % plasma gic|
insuin secretion?

(2) AJm 4h i 2DG uptaket

Yibchok-Anun et al., 2006
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FemA Fo 5t o % M &
TR AEE B % 7% male Sprague-Dawley  Muscle: TG | ; UCP-3 1 mitochondria  Chan et al., 2005
rats CPT1, acyl-CoA DH?
visceral fat mass|
BAT: UCP-11
2RI AERE S (1) =AFdpeitic L6 Basal 2DG uptake? (5 pg/mL &% #<),  Singh et al., 2004
(2) A ECicis & D EB 4 wortmannin Fr ]
insulin-like bioactivity
il ST L6 5 pg/mL1 basal 2DG uptake, ¥ #t Ahmed et al., 2004

wortmannin Fr

10-200 pg/mL | basal 2DG uptake

Isolated rat and hamster

adipocytes

(1) Mannose-binding and
N-acetylglucosamine binding
lectins: antilipolytic and
lipogenic activities

(2) Fucose-binding lectins:

antilypolytic activity

Ng et al., 1989
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FemA Fo 5t o % M &
seeds PP 5 0 pHB Ak L F AL A 4T Isolated rat adipocytes 2 % %) 8 kDa peptides: Ng et al., 1987b

antilipolytic and lipogenic activities

Fruits and seeds

FLiFpE > pH3 A sk e B B
¥ o P % 4 12 fetuin agarose #

unadsorbed fraction (F) » £ %% %88 g ¥
unretarded fraction (F1) and a retarded

fraction (F2)

Isolated rat adipocytes

P fraction: antilipolytic
g 3H-glucose—lipids
F1: saponin containing fraction
Fr#1 lipolysis ¥ glucose—lipid

F2:i_i¢ glucose—lipid

Ng et al., 1987a

seeds

PR E 0 SR AE R ~ A L

@ ET RS R

isolated adipocytes

3 % 4~ : antilipolytic and lipogenic
1 % 4 : lipogenic

insulin-like bioactivity

Ng et al., 1986b

T At % 0 PBS §B 0 Bk
BN

Isolated rat adipocytes

3 subunits == 124 kDa
galactose-binding lectin:
antilipolytic and lipogenic activities
that could be destructed by heat,
trypsin, chymotrypsin, glutathione

and galactose

Ng et al., 1986¢
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Hels

%
5

A Fo L e 5 M &
seeds 4 g fr 15 saline ¥ > miphdeilik s F i isolated rat adipocytes Saponin resistant to heat, trypsin, Ng et al., 1986d

™ n-BuOH %

chymotrypsin, pronase, and
glutathione:

noncompetitive inhibitor of
corticotropin, glucagon, and
epinephrine in lipolysis; antagonize
dibutyryl cAMP induced lipolysis
Fr#1] glucose—lipid

M. charantia L.

fruit, seeds, and tissue

PR pH3 r [ LR B0 T S
17>6 kDa « /& 17 9 22 BSA #p i1 8

Gerbils, langurs, % - 4] #%

o & 1A T L et

Polypeptide-P
Blood glc |

Khanna et al., 1981
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A. Glucose Uptake Assay

normal

adipocytes or
myotubes

insulin resistance

i

l

hicl 1 mM
i e R Palmitic acid’
‘ food extracts? ‘ food extracts?
12 hr 12 hr 12 hr
food extracts? l l
r r - r r
1 nM 100 nM 100 nM 100 nM
basal : / : : basal : : basal : :
insulin insulin insulin insulin
30 min? 30 min? 30 min?
) 4 r A A b A A r v
2DG uptake assay
B. Mechanism Priview
WBG WE*
y A 4
Western blot partition

v

mechanism?

0.75 mM in myotubes

2DG uptake assay

active
constituents?

? Food extracts include yam ethyl acetate extract, bitter gourd water/ethanol/ethyl acetate extract

? 6h in myotubes

* White bitter gourd water extract. It could improve palmitic acid-induced insulin resistance in

adipocytes in part A.

W 1-9. F %% 4

Figure 1-9. Scheme of experimental design
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Po R e Tt B B R T e enimie 2 — 0 T

R e S g o T
7|~ F }375 ‘E' ¢i‘q

5 Mo s BREEE P L /'{»E’g

H 7§ e 48 adipokines & adF ¥

Bl
B BT s £ 8 ¢4 ¢ (Spiegelman and Flier, 1996) o #; % 2

Ak
APl BiE G AL T U S AR R R 2 EY B i i g S kT
Flgre §MpPES i RPeRR &2 2 THrpr > & 16 dod i
I o g 4 = L fadifE 0 B E 4% g % it (Goossens, 2008) o
b i %

7R O SFHE G W Ao BB BT ATZ (gluconeogensis) 1T o E ML § &
lfﬁ (Fanelli et al., 1993; Lewis et'al., 1997)

EE R F AT L
BULG AL RESF o

.". 7 %
L7

% 1* PPARa 7 112 & A*&j'}ixufl fﬂi”?qﬂ ¥ % o@m %1 PPARy P ¥ 2 s

Jﬁiﬁéi%5%hﬁmﬁ§g%wmmlm%)mmm L& £OIR
.:E'.,.:F‘« ) VT‘ 3R e A T mu—hk\ ivorget

IR By vk
A RR FHETY B &
4 ¢ (Rosenetal., 1999) -

Ay aflr 3T3-Ll mre ke 22> > R AF % T LS 4o
PPARy #{z2 L&Ea LE AL

=7
fae fa¥ i o 2B B E AT 000 S
B himte o BAHHE L P FRRT RN Rt o e
HH 5 BRSO
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FoF EBIHFTEHE e F RS2

FoE ppe

— ~

et

3T3-L1 fw*z tk (ATCC CL-173)

.

G

(=)

1.

S % ik embryo, Mus musculus (mouse)

P e&ElERT P O/RRFELF T Rme E (BCRC60159) »

oo BA IR

KHEERS-E - AN

Dulbecco’s modified Eagle’s medium (DMEM, Gibco 11995)
£ ”J 7 4t 2 mM L-glutamine (Gibco 25030)

‘]2 5 5 (BS, Gibeo 16170)

0.25% Trypsin-EDTA (GleO 25200)

0.4% Trypan blue solution (Sigma: T8154)

1 | I'E 1
Insulin (Sigma 16634) | B
Biotin (Sigma B4510)
Dexamethasone (DEX, Sigma D4902)

3-Isobytyl-1-methyl-xanthine (IMX, Sigma 15879)
CER T

£ 9 &9 (BSA, Sigma A8806)

Insulin (Sigma 16634)

Palmitic acid (Sigma P5585)

SDS (J. T. Baker 4109-02)

2-Deoxy-D-[1-"H] glucose (GE Healthcare TRK383, Moravek Biochemicals

MT-1611)
2-Deoxy-D-glucose (Sigma D6134)

Cytochalasin B (Sigma C6762)
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o % BASHIEFH et aER

e Ap PP % (Amersham NBCS-104)

-0 B & A {7:8%] (Bio-rad 500-0006)

kRS B 5 - Slig A (Whatman) iR s 0 T 4C RS o

10. Phosphate buffered saline (PBS) 10X stock

NaCl (Mallinckrodt 7581-06) 80.0¢g
Na,HPO4 (Nacalai tesque 317-26) 292 ¢
KH,PO4 (Nacalai tesque 28720-65) 20¢g
KCI (Nacalai tesque 28513-85) 20¢g

Tz =okiR 518 INKOH & NaOH# % pH7.4> %% 2 1L

% % 0= SRR 10 % 0 121°C, 30 min o

11. KRHP bufter

1.

o

(O8]

e

NaCl (Mallinckrodt chemicals- 7581 06) - 6.90 g
HEPES (Sigma H3375) ||| :: || 5.96 g
MgSO, + 7TH,0 (Hana.v_s;a_) | | | : ! 032 ¢
KCI (Nacalai tesque 28513-85) "+ | b 035¢g
KH,PO,4 (Nacalai tesque 28720-65) 0.14 ¢
CaCl, (Hanawa 030-00715) 028 ¢

71z ZokiAfEfS 12 NaOH 3 % pH7.4> %% % 1 Lo 022 um

Jatr (Millipore SCGPTOSRE ) g T @ i+ fFju ¥ ©

7 ih %2 Bici®k (Beckman LS5000CE)
= F i“BEE % §8 (REVCO RCO3000, Thermo Forma 310)

#£ #3175 (ESCO AC2-4S2)

i§] = 3% B pcdi. (Nikon DIAPHOT)

e 2t ® (Hausser Scientific)
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%o % BfE 6P E 4 e R 2 3R

6.

Hcdz & 47 1k (BioTek EL311)

ik 359 8 (SFD-25)

.o (KUBOTA 6500) £ &3 (RS-720G)

F B k¥ (Panchum vecuum controller VC-7600, Eyela rotary evaporator

N-1000, Panchum cooling circulator model CC-2000, water bath RB-100)

§ %Ak E 4 (WBG WE)

3
s

N,

pa
H

R (R P FAET) ek d FiE o R SA R RE o
B F A2 R RITH A 0 B0 200 R o FEpR LS L B HA

4 B3k AT S E B R o B2 A {812 3000 rpm, 4°C A

10 A48 0 v e - Sk SGEIES = Bion B 20CHRER Y o kE

Pk de4 R 00 ] PBS % 5 4 (100 mgmL - T f 5 stock 0 B T -20°C @ %
. - | 2=

#75 o A

L e i ¥ (yam EAE)i ; 1y

SR EE KL% (DNG2, Dralatal., pep s 45 & B ARA M FD) 5k 4 -
PO Ae A R cE o TR R GcR R B 200 T o BB L R
e el Fd B F PR R 0 RF RS- RN TR § B R RGN IR
Ao B fEy o NBHFH YR > BMER L 50 mgmL > £ 5 5

stock » -20°C #F & %13 o

. 2381 LE Ak E (2381 WE)

2381 S ibm A (R ER R E ) kI FlE P KLk
o MERBFRELE RIS R B 20CHET  FEEEL 5
A2 4 ko AT S H P IE k FBR 2 {507 3000 rpm, 4°C
B 10 2 48 0 FiFiR - SRAERS TSR bir 0 B 20CHEE T
kK EF$ ik k2 & F PBS w3 5 100 mg/mL 0 T 5 % & stock 0 B3 -20

30



%o % BfE 6P E 4 e R 2 3R

=g

CHEELFF o

2381 L= A2 Fie iy B4 (2381 EAE)

2381 & i B AR FEER RS P B B BB IR RS
G- BT F B FREFRICEH > FoEL REY o B HIA
Fwd o BMEER S 100 mg/mL » &5 # & stock » -20°C #F & %73 ©

2381 L2 A2 A L3 (2381 NS)

heay

d AFzE L leéfi““:}ftii’—°2381 LE AT B fa R Rt T T%%_%ﬁfim
ey (THF) @ > f 4 ~ dp e B4R 2 40% & § 1“4 kipir > 72 60°C 4e 48

7% THF {5 » ez » B & 2.

#16-20 /] B o F R SRRIEGFRFHR Y T

ﬂ>$

D

é\‘x

Tz R REFEE > X7 35 0 o e P AT kR
%@%ﬁaaﬁazﬁﬂﬁigg&ugﬁmﬁ@ﬁ’&ﬁ%&é1%
mg/mL > £_% # & stock:y -20°C»ﬁj'o' T,—"*;-T%C °

CK LE A BEF (CKED) || =)
ﬁigﬁzﬁiﬂ%ﬂﬁxogkw;mé»(ia EER L £ ) 4o
FERSNAF RS oy St Ty ”‘Fﬂﬁgp@w %

Tt e 1o~ B e IR PRk > % F 15— BANE TR
Wi FIRICEA AL B HIPP R F P BB EIRE R RIERER i

BAS > B BEFES . LEHIFH E R 5 100 mgmL > 207C# X R .

E R
CCLER R

1z 10% BS DMEM 32 %t 37°C, 5% CO, ¥ - § £ 7] 70% % & P>
# “f B4 % PBS jrikimied {5 o 4e » 0.25% trypsin-EDTA 323 % B '
B 24t 37°C, 3 A AR A A B0y 0 4o 0 10% BS DMEM 25 B i i % o
P~ L 2F fo %7 & 15-0% 14 trypan blue solution & 7 % ¢ > J|* fmre 2t oz ot (5] 2 50

BE AR T fn e 3h e 11 2.5x10° fm v Bofd ~ 3T 75 cm’ 38 A ALY iR (T MR R K
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$o % BfE S HE P e b2 B

A3 pHEEE- o
K ILEANE

ez pE T e 2l 0 1 6x10% e i 123V T Rt A A
B £33 37C,5%C0O,% >3 p i8¥ i 2% (confluence) o L #32 & & > B
% 2 P (post-confluence)’ #x 12 7 4t 7 7 0.25 uM Dex, 0.5 mM IMX, 100 ng/mL
biotin, 10 pg/mL insulin 2. 10% BS DMEM 4 it 32 % & (DM1I) 2% 3 p » {
# % 7 100 ng/mL biotin ¥ 10 pg/mL insulin 2. 10% BS DMEM 4 it & &
(DMI)» % 2 p {# DMII - =% » 12 p 3 A it o
N R 3 S I R

ik

\\\?{r

% A e gE F 4o 2 12 2z (Singh et al., 2004; Van Epps-Fung et al.,
1997; Verma ct al., 2004) o5 ok i 1o # =~ = DM 2 1t KRHP %
fbrife ik dm e — = 0 # palmitic- aQ1d 2 fatty acid-free BSA conjugate » fie ] 3
* 7 w2 1 mM palmitic amd#’T& nM glucose, 2% fatty acid-free BSA
KRHP » ** 37°C, 5% COzi‘“ % 1£ H% iﬁ"”f‘?’}”i’% % Fult o 215 12 KRHP
¥R RmE - 200 AU T #7100.6M insulin KRHP Birrz & 30
A4 o #ce » 0.2 uCi/mL 2-Deoxy-D-[1-°H] glucose (fe #+* 10 uM 2 = %
7 2. 2-deoxy-glucose KRHP 3 7% # ) » #53s % 30 245> ¥ ¥ %4 10
UM cytochalasin B (§ 5 #8883 dri|4) 2wt i 2Ls - BB £ B & -
2 {8 14 ice-cold PBS jixim®e 3 =t » 13k F T “f AF 2T ET AR T
2DG e %2 12 0.1% SDS % f# s B~ 30 A ik Feo B E i > HARIRL E“J‘),’J?

£ . oy 2— N s ’
be PR BR G (T R PR o
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4. k&2
(1) % § & futtsg 5 e w]

Pretreatment with 1 mM palmitate for 12h

0 12 125 hr
| | | »
I I I gl
1mM 0 or 100 nM 0.2 uCi/mL
palmitate insulin 2DG

+ treatment

(2) &3% § F il ¥ 2w

Pretreatment without 1 mM palmitate for 12h

0 12 125 hr
| | | »
| | | e
+ treatment 0 or 100 nM 0.2 uCi/mL
insulin 2DG

No pretreatment

0 12 125 hr

0,1 or 100 0.2 uCi/mL
nM insulin 2DG
+ treatment

v

5 EEP % TR E CPM #E 'y 3 FEd % Re i CPM/mg
T vehicle P E L AR Y L e pHE AR FHEFEFZ AL b2
Ao BENTaE + £RE LT oo

I * SAS 9.0 = 3t3-#c#8 (Cary, NC, USA) & {7 RCBD (randomized

complete block design) ¥ one-way ANOVA it {7 2 & &~ 45 » I 12 Tukey’s test &
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% BERBEGHEFHRE T RER P

"‘,i)’l ‘?'E’_EF ¥ 4 """‘, ° %
z AP I FFEFM TR Student’s t test > & % 27 vehicle &/

LB FY ¥ v s
éﬁ_ﬁ‘t‘ $mO'OS%Rﬁﬁ%E?‘&D?LJi;%E%i_ﬂo
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%o % BfE 6P E 4 e R 2 3R

- ~ w2k
AT AT EY §EBERRROER TR RERF O FM LA e R
PR 2DG 2 > FOUE R 30 AR A AR FTET O me i §
WP OSpEF S APk > ¥ 5 A2 AR R (B 2-1) -
¥ ook % B ar 3T3-L1 % %5 v dm oo FRISA 1L 5 & B4 99 s dm e 15 0 fm e 40
TEREFELTTFILLE & Tl ¥4 22 1% 1 mM palmitic acid # ke
2 ARV AF wie A2 G 0 Flm R Minre 1 AR

FL A R Rk RS G R 30 A e T T F BB R (B122) Lk

—l\

% b A flgeene w357 i yehicle ,E_E'_éﬁfr?ifg b AR T G L G

‘«a&w

k}iF-—‘rTvi‘g4c7%\’-§l°°m?ﬁ'ﬁ$%%% 325 nM M B F DT B ek by

gﬂ“éﬁf‘? X nﬁ‘ﬂ ﬁ%[giﬁ 4‘“— g‘t’-% '% 4%&"7 {ﬁ- pER L géﬁ‘i% 4 m”?§+§§+;§m«flj% ,

,—l- -

NERLEE SNESE I S .)pzldr*f:[;,%% amzl,—;?o

% 4 17 1 mM palmitic acrd .,=év.’?s?}§@5_’_ 12 -/J~ PR S LR 2 T e
IR EE g RS 4L %ﬁ'ﬂmf et RMEEUY FBER DA o
100nM %% §  TljT™ A8 % Fit e b RAA S Liwie i 5 BH>5 T
£ 40% -

BisF AR L R T I AR Y £ (basal, 0nM) £ iK%
% (1nM) & % (100 nM) 3T o 48 58 F 725 30 A A R4 e A

s T S T e R L I
BEITr o ¥ VLI R SAIE 12 | EREFT NI F AL 2
M2 il Pg sk etz > & F 2 1 mM palmitic acid 3% % %% § & fuftane & i gk

e 0 100nM % g & T T 5 Rl B o

H

-~ Fe o mE e A 3T3-L1 g ket iR RS B (] 2-3)

B
B L FIULOET o L 1 aM % G R T R ORI S L E
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L et il P adl o P tRimie i F EHEP-E & 50 pg/mL F F mJ2 T L vehicle

B UK 14% (p<0.05) > R S a2k B E 4% B PFRI R MRAR 22 vehicle 4P o

100 nM %% § & et | % § % chbasal iR T 775 e AR% o (e A i gt b
12 1 mM palmitic acid kg2 % 12 -] EI??,%%'J‘J EX AR LA Foh RN

¢ L ELRL B EFEEERY PRFLS 28 UG E B

BEEE R gl Ak Mm%l TR o BREIL

e il F R G & Tl geaak iR T 5 100 & 200 pg/mL R 5 adR e daik vehicle f

%v.

O R RN 4 2 41% (p<0.05)e X @ 7 100 M % § # fgeniEin T

Pl ipimie P S a4 T alks F R -

—Q%l¢?ﬂbmbm¢#ﬁ Aw3BL1”%mw§§%%% 2 5(§) 2-4)

RN % £ %#whnL#hﬂT’ﬂéwwmﬁéimrwtﬁﬁ

2381 LA phe ﬁr,_r#n)%@“' I3‘O %% 1 9 m_ GRS S IE W R

15-20% (p<0.01) » fe ;ﬂ&mﬂk&.mﬁom% Atk s e ER (1 nM) &

BOER (100 0M) % § % & ALz T »25 ug/mL 2381 E E ¢ 5 ¥% S
BT 2 uliE 25% 2 15% (p<0.05) » R A2 kB P& P R o

P i AFEERE Fan F R o WA %S 2381 LE A Ee

fo5f Ao 120 FFr 2 (58 53044 0n0M & 100nM %% & % {150 B

F AR RS e B R e T - 2 G R RIS 12

Y s N e P AJE | mM palmitic acid 1435 Py s ke 258 | & Ful o BRNE R

FRSLE R H 4 o 015 F g e S AR B e E AR E A

2381 LA B e 20t 3T3-L1 Ppnlmie i 5 REE-2Z B8 (B 2-5)

KA AP B F T 0 T vl AR 2381 7 & i 4 12 )

F_&
y..

24 % § & {2 T 010 pg/mL 1S TR F H 4 n e 20-30% (p<0.05)
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(RN T AR ETS T LSRR s R

§ 5 BEHEP-F A LS 100nM %% & F g2 {8 0 P 25 ng/mL ik S a2 ®

B 5 23% § § w4 (p<0.05)

#2 @ f12 1 mM palmitic acid 3% % ‘w2 5% § 2 bk LS 5 A2 &
W2 AT R AR BES LR R RS RILT R - endg

#0506 10 pg/mL TR F o L AERP L ETF

T 2381 LEACRE e A G 3T3-L1 %y hsimte § 5 BER 2 B8 (B 2-6)
hiawbe LG AE LG Ao R 0 #2381 L E AR E S H R
30 A 40 A € ¥ v il § R A 4 B R LU S 1 oM & 100
MG ZERFaIZ2T os XFHFLE L 12 )FREJIET » Tt A
%5 B & Tl (basal) > 50 pg/mL ™ +12381 -k X REE R e g bR e
IR 2 ii"lﬁf:i‘,}@ ’ iLSOd -ug/niL ok & T v vehicle & F 3 4
£ 90% (p<0.05) + 5 % A £ SRS IR JERES O\ FIE 100 nM W% § e o v

el 5 ERE o T basal H»T wﬁ Wk ock o SR A 250 pg/ml

7 G KK 8 Vehlclei'g % 160% (p%() 01)

$L k> A 1 mM palmitic a01d G L AR 55 2381 L AR
P2 12 o hmth g F Pl o 2381 AR E 4 Ak B 250 pg/mL 2 b ¥
B e iy ke 3 5 AEHEP i 4 0 500 pg/mL o vehicle B E A 4 102%
(p<0.05) » ¥ % # i %% & % Fult2 T oy 9p e vehicle o (E S AST) 2§
5 WP~ 4 { 532 (datanotshown) e m %+ 100 nM %% § 2 {l™ chf §
PR > PIEY 100 pg/mL 2 i § & F 3 4e > 500 pg/mL v vehicle & F
3 4r 88% (p<0.05) > 7= # i 3% § % bt enig 9% fm e vehicle ez § § pEH#EP- i 4

{ 5 # = (datanot shown) e

A NCK LE A IR o 3T3-L1 %0k § § &2 258 (B 2-7)
EE ERMETEET 30 4548) B5 CK LI AL @EER > AER

Pl g s e ARSI o 22 100 nM R § F R RJIPE > Fa iR § §
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VDR R R SRR R A 0 BFIAT R (S A adEd > & 100 pg/mL &
vehicle B % T % 1 47% (p<0.05) «

© i dhimie N R AR 12 oS B T T CK LE AT R
B g i EEE-G P42, 100 pg/mL 5 A F T "%t vehicle
% 4 4 30-35% (p<0.001)° f AU % 51 %5 s m v i 100 nM % § & Tl
F D 7T 4 DT ABF T 500 ug/mL A - vehicle ¥ i 25% (p<0.05) -

# AR 12 ) P PF %3 1 mM palmitic acid 3% % % & % it > B #

fr
W
P

LFF G R T P s ime o FEARD b b kR R ST 3542 vehicle

S E R e S ST LIRS L B (W29)

- MR A 9 R KoY 30 #A8 + 500 ng/mL 45 & AJE 4y 5k b

"z basal ;T 2 55‘}%%9‘}3 #""ﬂ’

ﬁm

J (p<001)’ ARG AR PIET (1S

-&f‘y‘

100 nM) % kB # & f@"mw w|% fa'“ _.B";!im/%“i‘%ﬁfi%@%%&
3 12 /) s > 250 pg/mL w **b’ J\Sivf” %-gig%ik?z{%“é’ﬁ%%ﬁ&éé 27%
(basal, p<0.05) » 500 pg/mL P¥ L %+ 5 49%(p<0.01) = & 4 100 nM % ¥ % {135
PR sk ey B OEERP-E R X RS AR .

@ 7 1 mM palmitic acid 3% % § Z folbefiis P » 23R A7 S8 % 5 & 1)
Foo $0 R B AR 4 20 100 pg/mL 1 b PE 4 BT E RLE Ry s e ve B § AR ek
% > basal R T B F kR (500 ug/mL WBG WE) ¥ #& vehicle 3 4r 266%
(p<0.001) » 100 nM %% & % 1™ B 5 115% (p<0.001) » = 3o AL 5-chE

G Fu s mie 2§ 5 E#EP-E 5 B (data not shown) o
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10000

O basal

® 100 nM insulin
= 8000 A
&
o
o
(@]
£ 6000 A
=
o
Q
2 4000 -
S
o
-}
2
N 2000 A

0 T T T

10 20 30

2DG incubation time (min)

B 2-1. ¢ A it 3T3-L1 "y vsimve § 5 4P BFRP K a8

Figure 2-1. Time course of glucose uptake in 3T3-L1 adipocytes incubated with 0.2 uCi/mL 2DG.. After
the 12-hour incubation with 2% BSA KRHP buffer, cells were incubated with 0 (basal) or 100 nM insulin

for 30 minutes. Then cells were assayed for 2DG uptake for indicated time.
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FoF BASHIEFHRwE R B2 B

3.0

[ normal
B R

o

o

o
o

2.0 ~

o
—
t*

2-DG uptake (fold)

o o

Ho

|
I

: **

§ 1+

H*

0.5 -

0.0
0 6.25 125 25 50 100 200

insulin (nM)

Bl 22 2 FERME % AJE4e & (v 3T3-L1 fabkimie § § HHEP R

Figure 2-2. The insulin dose response curve of 2DG assay in 3T3-L1 adipocytes. Cells were treated with
(IR) or without (normal) ImM palmitic acid for 12 hours and incubated with various concentration of
insulin for 30 minutes. The 2DG uptake by untreated 3T3-L1 adipocyte was taken as 1.0. Data are shown
in mean + SD and are analyzed by one-way ANOVA, p<0.05 is considered statistically significant. #

indicates p<0.05 versus corresponding normal groups by Student’s t test.
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$o% BB A HER MR RER B

A No pretreatment
3.0

basal 1nMinsulin 100 nM insulin

2.5 A :|: :[ :I:

T 20 A II

S b

X

8 1.5 A ab ab * abI

5 T a L

(O]

Q 1ot+—~+t+TF41 1 HH =4 HHHH—
0.5
0.0

veh 25 50 100200 veh 25 50 100 200 veh 25 50 100200
yam EAE (ug/mL)

B Pretreatment w/ 1 mM palmitate for 12h

14
basal 100 nM insulin
1.2 4
a

“WwtrQr—-— -t 4 ———
§ ab
= 0.8 l ab ®
g ] b 1
4
©
g T4
S 0.6
O
)]
N

0.4 1

* *
- ﬂ ’—L‘
0.0
veh 10 50 100 200 veh 10 50 100 200

yam EAE (ug/mL)

W23, Lo fho fiafpde A5 me § 5 RS2 B8

Figure 2-3. Effects of yam EA extract on glucose uptake in differentiated 3T3-L1 adipocytes. (A) Cells
were treated with yam EAE in the presence of various concentrations of inslin for 6 hours. (B) Following
an 12-hour pretreatment with yam EAE and 1 mM palmitic acid, cells were incubated with or without 100
nM insulin for 30 minutes. The 2DG uptake by untreated 3T3-L1 adipocyte was taken as 1.0. Data are
shown in mean + SD and are analyzed by one-way ANOVA. * indicates significant difference (p<0.05)

from vehicle by Student’s t test.
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Figure 2-4. Effects of 2381 bitter gourd EA extract on glucose uptake in differentiated 3T3-L1 adipocytes.
(A) 2381 EAE were treated with various concentrations of inslin for 30 minutes. In the other hand,
samples were treated w/o (B) or w/ (C) 1 mM palmitic acid for 12 hours followed by a 30-minute
incubation with or without 100 nM insulin. The 2DG uptake by untreated 3T3-L1 adipocyte was taken as
1.0. Data are shown in mean + SD and are analyzed by one-way ANOVA. * indicates significant different

(p<0.05) from vehicle by Student’s t test.
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Figure 2-5. Effects of 2381 bitter gourd unesterfied extract on glucose uptake in differentiated 3T3-L1

adipocytes. 2381 NS were treated without (A) or with (B) 1 mM palmitic acid for 12 hours followed by a

30-minute incubation under basal or 100 nM insulin stimulation. The 2DG uptake by untreated 3T3-L1

adipocyte was taken as 1.0. Data are shown in mean + SD and are analyzed by one-way ANOVA. *

indicates significant different (p<0.05) from vehicle by Student’s t test.
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44

Bl 2-6.2381 & % L& Aok E e e A 1 s veime R R 2 B

Figure 2-6. Effects of 2381 bitter gourd water extract on glucose uptake in differentiated 3T3-L1
adipocytes. (A) 2381 WE were treated with various concentrations of inslin for 30 minutes. In the other
hand, samples were treated w/o (B) or w/ (C) 1 mM palmitic acid for 12 hours followed by a 30-minute
incubation under basal or 100 nM insulin stimulation. The 2DG uptake by untreated 3T3-L1 adipocyte

was taken as 1.0. Data are shown in mean = SD and are analyzed by one-way ANOVA. * indicates
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Figure 2-7. Effects of CK bitter gourd ethanol extract on glucose uptake in differentiated 3T3-L1
adipocytes. (A) CK EE were treated with various concentrations of inslin for 30 minutes. In the other
hand, samples were treated w/o (B) or w/ (C) 1 mM palmitic acid for 12 hours followed by a 30-minute
incubation under basal or 100 nM insulin stimulation. The 2DG uptake by untreated 3T3-L1 adipocyte
was taken as 1.0. Data are shown in mean = SD and are analyzed by one-way ANOVA. * indicates

significant different (p<0.05) from vehicle by Student’s t test.
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Figure 2-8. Effects of white bitter gourd water extract on glucose uptake in differentiated 3T3-L1
adipocytes. (A) WBG WE were treated with various concentrations of inslin for 30 minutes. In the other
hand, samples were treated w/o (B) or w/ (C) 1 mM palmitic acid for 12 hours followed by a 30-minute
incubation under basal or 100 nM insulin stimulation. The 2DG uptake by untreated 3T3-L1 adipocyte

was taken as 1.0. Data are shown in mean = SD and are analyzed by one-way ANOVA. * indicates
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1. wortmannin (Sigma W1628)
2. compound ¢ (Sigma P5499)
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1. IGEPAL CA-630 (Sigma I7771) *'*;" “

2. Protease inhibitor cocktall (Slgma P8340)

3. Phosphatase inhibitor cocktail 1/2(Sigma P2850/P5726)

4. BCA protein assay kit (Pierce 23227)
5. Buffer A
Tris-HCI (Sigma T3253)

Dithiothreitol (DTT, Sigma D0632)

788.0 mg

7.7 mg

ZF kR 3EEH I pHBO =F 2 100 mL o 4°C %15 o

SDS 3-v B T A
APS (Sigma A3678)

SDS (J. T. Baker 4095-04)
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5. A% 40% acrylamide/bis-acrylamide 37.5:1 (Bioshop ACR005.500)

%A kA R 30%

6. B
Tris (J. T. Baker 4109-02) 182 ¢
TEMED (Merck K22419132 702) 0.36 mL
ZFkR3{6B 2 pHBS =7 1 100 mL - 4°C sk °
7. C R
Tris (J. T. Baker 4109-02) 6g
TEMED (Merck K22419132 702) 0.4 mL

SRR3R I pHES, T EI 100 mLe4CELEG o

8. SDS %L %8 7 & ’]51 AR VEAs K 5X StQCk f"“*.

Tris (J. T. Baker 4109:02) |i f:,_ | | 0.75 g
EDTA + 2Na (Merck K3788’{1|18) | fl_ ey 3725 ¢
SDS (I. T. Baker 4095-08) © 5+ . 1.00 g
B-mercaptoethanol (Sigma M3148) 2.50 mL

S kR4t pH68 s % 1 10mL

9. SDS & /A& % W 5X stock

Tris (J. T. Baker 4109-02) 545¢
EDTA - 2Na (Merck K37887118) 4.7 ¢
Boric acid (Sigma B6768) 248 ¢

'.“:"\ }\/yh—glbp)%,J_pH84, ", 1L°]’§)}’>T§T"|}~::’K7kﬁﬁ"%$

58 T4~ 1% SDS -
(1) 36 FRAWE 2R LARS

1. - = sy
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Phospho-AMPKa (Thr172) rabbit mAb (Cell signaling 2535)
Phospho-Akt (Ser 473) rabbit mAb (Cell signaling 9271)
AMPKa rabbit mAb (Cell signaling 2532)
Akt rabbit mAb (Cell signaling 9272)
GAPDH rabbit mAb (Cell signaling 14C10)
-actin mouse mAb (Sigma A5441)
2. = =X kY
Anti-rabbit IgG, HRP-linked antibody (Cell signaling 7074)
Anti-mouse IgG, HRP-linked antibody (Cell signaling 7076)
3. % ¢ A ECL plus (GE Healthcare RPN2132)
4. PBST |
PBS 5X stock 14 = kA H.%%-n&% 0.05% Tween 20
5. 7 fg (Merck) . fi“’ “ \

6. #E 4% % 10X stock AN

Tris (J. T. Baker 4109-02). T 303 ¢

Glycine (J.T. Backer 4059-02) 144 g

Mk R E pHS3 R I 1 Lo R % W u S Sk
10 &

7. P -NET

Gelatin (Sigma G2500) 250 ¢g
NaCl (Mallinckrodt 7581-06) 875¢
EDTA -« 2Na (Merck K37887118) 1.80 g
Tris (J. T. Baker 4109-02) 6.05¢
Tween 20 (Merck S4927784-802) 0.5 mL

D Fok4eEGR 35 2 pH8O TE T 1L e
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8. PBS 5X stock
NaCl (Mallinckrodt 7581-06) 380¢g

NaH,PO4 (Nacalai tesque 317-20) 78 ¢

IR 38R pHT.0 LF L L. @ % md = SRR
5
9. PBST
PBS 5X stock 14 = = -k ﬁrﬁ P4 ~ 0.05% Tween 20

10. ECL plus (GE Healthcare RPN2132)

Pty

:RER
(=)t & 90§ HEES R

# %

SR S i NS
C]

I

(2) s A

| q.‘-",__t_‘. |
1. 3kDa A2 g il "5 g £ (PA}L JUMBOSEP disc and starter)

2. #tf$ (KUBOTA 3700) #4655 (AF-2724A)
(2) 306 FRA oo inld
1. &% % E
4% B (Hoefer dual gel caster, 4-gel caster)
E Sy
T
e
0.75 mm ¥ F§ 1%
10-well & A~ $x
2. RihERKE (Amersham Pharmacia Biotech 301, Major Science MP250)
3. E 232 A (Hoefer SE-250)

4. R A#EeH (Hoefer TE22)
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5. PVDF # &% (Millipore Immobilon-P)
T4 % Jf B2

7. -84 ki k % (UVP autochemi system)

- Ak E$ (cooked WBG WE)

N
ds
wv
‘KH

A

100 pg/mL %% v = -k Z 5 stock F w11 100°C-Kig 10 ~ 48 > = %] B

vk b g

/\
4

3.<3kDa -] &3 6 & Rk E 4
B R KE e 3kDa¢E4§ﬁ BEE (7 AR A 0 <3 kDa %A Sk icE 0w
o 5 52% » *-20C i o o 2 KW 3 A 100 pg/mL stock » -20°C # % i
e : .!| m |}

5\ i}
1 !

SRk
| imve s & g A 1L
(1) ¥ 5 B2 % e

Fe_-F%- &

Q) Bv FE D 5w
Mg A P e PS> 12 3x10° dw e Bifd ~ 10 om T K dm e s & g
2 %3 37C,5%C0, % -4 p i 2% (confluence) PF { 332 & & » 44
¥ 4% 2P (post-confluence) » #x12; "]‘ﬁ z 7 0.25 uM Dex, 0.5 mM IMX, 100
ng/mL biotin, 10 pg/mL insulin 2. 10% BS DMEM 4 i+ 32 % & (DM 1) & %
4p o { ¥ 5 %% 100 ng/mL biotin # 10 pg/mL insulin 2. 10% BS DMEM

Afv gL (DMID) > % 2 p {4 DMII- % - 12 p gA -2 o
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2% 5 AU A 2§ RERP R R
FH - F %2 & ol - MPrd] AKt/PI3K 275 & AMPK /5@ % ¢ -
400 nM wortmannin ¥ 40 uM compound ¢ £zJ2 ¥ | mM palmitic acid, 10 nM
glucose, 2% fatty acid-free BSAKRHP F ¥ » £ 12 /| PFRJEPERE o

3. imve Fov fE B
i & %4 Nishiumi # Ashida &= j* ¥ 4c 12 2 :2 (Nishiumi and Ashida,
2007) o smz 127k KRHP jiets » 2z 0.1% IGEPAL CA-630, 1% protease
inhibitor, 1% phosphatase inhibitor 2_ /k buffer A 2] m¥e » 3278 {5 2 1 mL &
F ok i 25G 485 = St 55 4°C, 1000xg Hro 10 A 450 7Lk $8 4 11 1% protease
inhibitor, 1% phosphatase inhibitor 2. 2k buffer A & %> 7kiz 10 » 45> £ 2 4C,
1000xg & 10 4 45 0 A & = f. "Lrla LRl A 0 12 4°C, 16000xg Hres 10
AdE o b Rn e TG mE R ?’T%;t r‘% 11 BCA protein assay kit B € 39 Tk
R 4B %-80°C R iF ff

Tp4% SDS 3-v r%‘rﬂ”\g){1h 1

T AR T A G A ] (F =imL) &

RIS R 10% ~ H%% 4 4% & B8
- %ok 4.0 2.95

AR 3.3 0.66

B i 2.5 _

C i - 1.24

10% SDS 0.1 0.05

10% APS 0.1 0.10

KR 10 5.00

MR L A s o b~ ARRRET 233 34 F B £ 2 e~ 6 200
WL B AARRT G o8 AR 2EREG B S BAR o il B
B 23 Ao 58 B R DATG > R SRR
SaA R 0 TE RS SR B9 B 4CH -
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%

L s R 2 SDS T IR ik A o By RS RS 4
itz R SRS EARI A 0 L 120V F T A o

6. #HEr
PVDF #Er s 10 P FRiB g » E g irp? T o 53075 e e
PRI Y - RN oY B0 0 B R PVDF EEE (§ K
BATF ) T FF - RpAE 3 ag, et ® % Bf cHEt E R

i Sl £ 3 ¢ PVDE 5 47 1 480 4 + ™ § 52 17 400 mA

v
[t
B
o
\;\3\
Sh{\\
‘5‘

ETHEE 60 448 o
T A ARSI A
e % & 2. PVDF i &g PBST;%if,F #A10 & 48w = > e » 0P -NET
1:1000 (Thr172 p-AMPK, AMFJK Ser473 Akt Akt, GAPDH) # 1:5000 (p-
actin) ¥ eh- Al T i )af 1; o) CHy oA “f - = k8 1 1 PBST
R e 10 A 482 =0 4o » 1P BNET 1:5000 ##% 57= = 248 (anti-rabbit
IgG HRP-linked Ab & anti-mouse [gG HRP-linked Ab) > 2B BT 1 | FF o #
%o PSR 1 PBST R i 10 2 42 %t otp % PBST (504 » % 6 A

YT B R R kI RIPRAR

Ao Bl TR S A
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- 8 EARERE S B R Ry e 2 95 ] F i (R 3-1)
2202 100 nM % 5 F ed®iE 12 ) pF > g F ¢ 1% 1 mM palmitic acid
RIFZILE ZH g #H SR RA A7 3 100 pg/mL T 7 & F 2 d %

b AR TIET plete i B OEERDRk e EAKE R At g RlER ARy

B AP chat ok o
SN B RCKE o H s R 53 R m e % ) & Fulb e 4 # ok (R 3-2)

FI* Se g fs cne B A RE S RJZ Y 1 mM palmitic acid 3% % %% § # fulben
R e 3500 ng/mL kR T A $H F R A F e Kt vehicle
BH e 35% 0 i H - % AN Ak 500 pg/mL T R4 115% ARz

TRk R S 0 4 WA se 2 AR in e § R R chin 4 5
i};%'ji‘:’fj,:_&\i— ° L II?“;‘

~ 8 %’}ﬁ?]ﬁi%&%ﬁ—q’iﬁ'm"e@i;,%—%im}‘“*‘ L NN 5 B i B

Ji

"1

PI3K (phosphatidylinositol 3-kinasé) 21 Akt (£ # PKB, protein kinase B) &_
hh A AL BERETENER AT b R ATV SBER AR
AL B YR o Wortmannin ¥ 4 i i lm e 0 fo PI3K 0 110kD i =t 48
(catalytic subunit) 4p.% & » & — {¥r4] PI3K » F]@ $#r4] PI3K/Akt e 4 B
i 4% o A 1 mM palmitic acid 3% 3 % § % ot ¥ AR # S0 P 43 400 nM

wortmannin > ¥ 14 5 3|/t & 7 3 f basal & 100 nM %% § % Tl 0 327 5 sy

ppiu}

be iy s m e g AR MR S H s e on g G R 40 wortmannin
A AR 2] (R 3-3)

A Al E 2 EREGE A 4T Akt T O LAY P s B % | & Pl Akt
G A B IR HE > Ghd TAREE R KA FE% G RS
Pa il ie i § ok T T 6 Akt BREL AR R T > 8 basal (25 BF O A 4
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%

500 pg/ml 6 A K E st b D g e ¥ A E I AT 2 BFE (B

3-4) o

,\>.

T~ 8 B ARI P L e 5 g & i 4 3 2EiE i AMPK # T

(=%}

AMPK (AMP-activated protein kinase) {“f B E A T
- 2 & ¥ 5l GLUTS & = 5] fwPe 5L ¢ chpt 5 (Huang and Czech, 2007) o @
compound ¢ 3 — ¥ #iFme i 0 & - Mdrd] AMPK ehit &5 o ARa ARtk
il PFLS S 40 pM compound ¢0 T F B2 ARG = A K ZF 4 basal & 100 nM %%
LB T el Boh g By mre ek (B 3-5) 0 T - 2 a0 I F
L5 2 2 47imre P AMPK cnZd L Hpape it o ¥ M L | 2 b8 B

% vemee AMPK 7,3 R SRR 2 o AMPK 12§ B ¥

2y

S

H

R 42, AT5 F IR (W 3-6) -

]

F* 4238 /g (ultrafiltration) rfﬂ %;\ %—9 = /’ WkEF P AsFE 3kData
as’/rﬁskDamﬁkugﬁ%%,~w%%ﬁﬁmf’?rwyWﬁ%ﬂwﬂm%?l
R BRI A L O RER “."ﬁ R 0 A 50 pg/mL b F R F R
vehicle 3 4c 5] 12-14% (p<0.05) » @ %} % & & {1 P > P& % 25 pg/mL k&
K T # vehicle 2 B F 3 4v 39% (p=0.03) - (¥ 3-7)

#eo] ¥ 3 kDa A3 B aRRA (G ARG 2 AR E S eh 52%) R =
AR E S ol iT- b g0 7A0 100 pg/mL v 58 R E 4B E O e T § pR R
Wﬁ%%é*¢94%?’ﬁ%ﬂ%¢$%4%?ﬁT?ﬂ%¥iﬂ°E$%

BTG A RE S amek T oAk s e § (] 3-8)
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Pretreatment w/ 100 nM insulin for 12h

2.0
100 nM insulin
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X
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Figure 3-1. Effects of white bitter gourd water extract on glucose uptake in differentiated 3T3-L1
adipocytes which were induced insulin resistance by chronic insulin. Cells were cotreated with WBG WE
and 100 nM insulin for 12 hours followed by the measurement of insulin-stimulated glucose uptake. The
2DG uptake by untreated 3T3-L1 adipocyte was taken as 1.0. Data are shown in mean + SD and are

analyzed by one-way ANOVA and Student’s t test. p<0.05 is considered as significantly difference.
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Pretreatment w/ 1 mM palmitate for 12h

100 nM insulin *
—~ 4 i b
[
S ab ab T
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(_cg 3 a T T
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o
8 i
o
S
Q 2-
0}
v
8
Q
-]
O 17
(m)
N
0

veh 100 250 500
cooked WBG WE (ug/mL)

B 3-2 segidd FARZTPHELL FiEg e i §REZTE

Figure 3-2. Effects of cooked white bitter gourd water extract on glucose uptake in differentiated 3T3-L1
adipocytes with insulin resistance. WBG WE was heated at 100°C  water bath for 10 minutes and cooled
on ice immdiately. Cells were cotreated with cooked WBG WE and 1 mM palmitic acid for 12 hours
followed by the measurement of insulin-stimulated glucose uptake. The 2DG uptake by untreated 3T3-L1
adipocyte was taken as 1.0. Data are shown in mean + SD and are analyzed by one-way ANOVA. *

p<0.05 versus vehicle group by Student’s t test.
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I - wortmannin

Pretreatment w/ 1 mM palmitate for 12h 3 + wortmannin
basal 100 nM insulin .
)
s+ :
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®
8 37
Y— *
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S
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2?7
© #
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=
2 1
N
0
vehicle 100 500 vehicle 100 500

WBG WE (ug/mL)

W33 v 2 A KELPHESLL FFEa g mie s B L Boip itz B2

Figure 3-3. Effects of white bitter gourd water extract on insulin signalling pathway in differentiated
3T3-L1 adipocytes with insulin resistance. Cells were cotreated with cooked WBG WE, 1 mM palmitic
acid in the presence of vehicle or 400 nM wortmannin for 12 hours followed by a 30-minute incubation
under basal or 100 nM insulin stimulation. Data are shown in mean + SD and are analyzed by paired t test.

* p<0.05 versus vehicle group. # p<0.05 versus corresponding group.
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pAkt e —

tAkt i TR R AR G S TR SR

20 B
15 -
:%: ab
£ 104
<
X
<
& a
5 | ‘{
a a a a
a | - — -
0
1 2 3 4 5 6 7 8
acute insulin - + - + - - - -
WBG WE (ug/mt) - - - - 500 250 100 50

1 mM palmitic acid

W 3-4. v = A RE S E LG & iy s me Akt Bk 1 2 B

Figure 3-4. Effects of white bitter gourd water extract on Akt phosphorylation in differentiated 3T3-L1
adipocytes with insulin resistance. Cells were cotreated with cooked WBG WE, 1 mM palmitic acid for
12 hours followed by a 30-minute incubation under basal or 100 nM insulin (acute insulin) stimulation.
Equal amounts of cell lysates were resolved by SDS-PAGE and immunobloted for phospho-Akt (Ser473)

and Akt. Quantifications are shown in mean £ SD of three independent experiments and analyzed by

one-way ANOVA (p<0.05).
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I - compound ¢

Pretreatment w/ 1 mM palmitate for 12h 1 + compound ¢
basal 100 nM insulin
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X
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(O]

(m]
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0
vehicle 100 500 vehicle 100 500

WBG WE (ug/mL)

Bl 35, 6 2 /K 5 HE 0§ & Fuld oy vein e AMPK 2L 4 8 YEES fT 2 B8

Figure 3-5. Effects of white bitter gourd water extract on AMPK pathway in differentiated 3T3-L1
adipocytes with insulin resistance. Cells were cotreated with WBG WE, 1 mM palmitic acid in the
presence of vehicle or 40 uM compound ¢ for 12 hours followed by a 30-minute incubation under basal

or 100 nM insulin stimulation. Data are shown in mean £ SD and are analyzed by Student’s t test.
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Figure 3-6. Effects of white bitter gourd water extract on AMPK phosphorylation in differentiated
3T3-L1 adipocytes with insulin resistance. Cells were cotreated with WBG WE, 1 mM palmitic acid for
12 hours followed by a 30-minute incubation under basal or 100 nM insulin (acute insulin) stimulation.
Equal amounts of cell lysates were resolved by SDS-PAGE and immunobloted for phospho-AMPK
(Thr172) and AMPK. Quantifications are shown in mean £ SD of three independent experiments and

analyzed by one-way ANOVA (p<0.05).
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2.5
basal 100 nM insulin

2.0 l l
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N

Figure 3-7. Effects of the small molecule fraction (<3 kDa) of white bitter gourd water extract on glucose
uptake in differentiated 3T3-L1 adipocytes with insulin resistance. Cells were cotreated with the <3 kDa
fraction of WBG WE and 1 mM palmitic acid for 12 hours followed by a 30-minute incubation under
basal or 100 nM insulin stimulation. The 2DG uptake by untreated 3T3-L1 adipocyte was taken as 1.0.
Data are shown in mean + SD and are analyzed by one-way ANOVA.* p<0.05 versus vehicle by

Student’s t test.
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—3 WBG WE <3 kDa
Pretreatment w/ 1 mM palmitate for 12h . \WBG WE

4
basal

2DG uptake (fold)
N

100 nM insulin

2DG uptake (fold)
N

WBG WE<3 kDa  vehicle 50 250 ug/mL
WBG WE vehicle 100 500

W3-8 o EAKEHEE S | A5 T (BkDa) HE % § % pufbensy vimee §

A2 R
Figure 3-8. Comparison of the small molecule fraction (<3 kDa) and white bitter gourd water extract on
glucose uptake in differentiated 3T3-L1 adipocytes with insulin resistance. Cells were cotreated with the
<3 kDa fraction of WBG WE and 1 mM palmitic acid for 12 hours followed by a 30-minute incubation
under basal or 100 nM insulin stimulation. The 2DG uptake by untreated 3T3-L1 adipocyte was taken as
1.0. Data are shown in mean £ SD and are analyzed by one-way ANOVA. * p<0.05 versus vehicle group.

# p<0.05 versus vehicle by Student’s t test.
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st @ GLUTA dhil i U8 7 5% § % T i 5 B3ED > 4 2 B8 5 % 71
TFAET G Fad A% R o BT UG L GLUTS hd 4 7 Sk e M B8
(Minokoshi et al., 2003) > @ "% § % & ¥t'mre 2 4 (7% X FHFwmie it L § £ %
BIR-FI R AL RFFAT 2 )*k&l%]%,ﬂiﬁ\ 7] GLUT4 2. F 3% & (Govers et
al.,2004) HZ ¥ PEOL L FHUE SR P oom § ¢ BdBAARL S A & i
4_IRSI1 (Dresner et al., 1999; White, 2002; Zick, 2005)° &4 * invitro -3t #5334 % §
%ﬁﬁwp;é,g%m%?u%ﬁ&ﬁ%%éﬂ%%%%%ﬁﬁﬁﬁ%,éﬁ
(1) Htclwre ¥ VR4 (Houstis et al. 2006) » (2) dexamethasone (Sakoda et al.,
2000; Turnbow et al., 1994) > (3) TNFa' (Ish_lzuka et al., 2007; Stephens and Pekala,

1992) > (4) tziFpass 2 & ’&j';i —{ﬂ ceradee (Drésner gt al 1999; Mei et al., 2003) - (5)

LA Ry %L (HaJduch et/ al £ 6) & B’}FE'P 3 5 a2 (Hosaka et al.,

: |
1999) o £ » 1T kT 7 4p H ;E.ﬁ’* i E el A SR E E PR :ﬂ{%—ﬁ“d 7 e
i 5 9riE = g0 (Hoehn et al., 2008) .(4\ 3 1) llrﬂfb ,fﬁd H vkl 285 XA

R ER Y FAKE P P AR i&%% F At o o

% 3-1. BcfBF % & F Ui 07 a0 272 (Hoehn et al., 2008)

Table 3-1. The possible defects of several insulin resistance models

Table 1. Summary of Defects

IRS1 Defect Phospho-Akt Phospho-TBC1D4 GLUT4/2-DOG

Phospho-Tyr Expression Insulin PDGF Insulin PDGF Insulin PDGF Primary Defect
Glucose oxidase - - 1l 1l 1l Ll IRS-independent
Chronic insulin e 1l 1l ! IRS-dependent
TNFz 11 1l o} = = = 11 11 both
Dexamethasone LI 1l il 1l 11| both
Palmitate 1l 1| IRS-independent
17 days HFD - - - - - - 1l 1l IRS-independent

Summary of defects in insulin- and PDGF-stimulated signal transduction and GLUT4 translocation (for cell culture models) and 2-DOG uptake (for
animal model). Arrows indicate the severity of the defect for each variable, and minus sign () represents the absence of a defect. The last column
indicates the existence of IRS-dependent and/or -independent defects.
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A BiEp s Y IRS1 e mE s P AT E g N A B ATELR T a8 % (Hoehn,
etal., 2008)c & F K E S IrF R S A REFEIR B2 el L 2ildvhl 25
feod R ERHEFEFTD BARFHFTRHEF L g pme F i F 2%
R (Bl 2-8C) > Agon v B A k4 2P 4 F2 - 7 i & IRSI
B e v 100 nM 35 & AJE 12 0] PR AL 1 0 IRST R0 A i % § &
P8 B RCKE S W LE et § R AEED o

¥- 25 BiFpslAeavld 282t Hoehn 3 A cpr gy @ @ g ity
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OIRST 6T v 0§ & Fult A s ik Rk ST A TS e
9% B F Pl A T UK (,Ajuwop and Sputlock, 2005; Bhattacharya et al.,
2007) Flt A REEAF L L R m'w¢* (- IRSI T e L g
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CARLAF TS% i F A RE IR D A R EE G A Er hi R
ek ehim e (Bhattacharya et al., 2007) ° %% & % ¥ 5142 GLUT4 # = 3 ‘w2 % b > i

_\Eé—i‘_—g‘;},% e L N ﬁ-ﬂE‘?J‘l@—ﬂ‘b@G\;

SRR R W g~ R0 B R

FI

;9 4e ¢ (Chavez and Summers, 2003) -

I RN E R L AR D ARARRE TR e R ih
FOCRRERIC A0 4 R F A M A P A ECP 0 IR % (Delarue and Magnan,
2007; Lim et al., 2006; Lowell and Shulman, 2_(_)05) o B PR S PFAIFRRAREE T

mPe > e B-oxidation e B 7 K4 4 A% B fatty acyl-CoA % ¢ ¥ A eh

-

B e BEL L B L WL,:&V M’“# LR S I T R A

7% 1 PPARa ¥ iz i A’&j’)inf| rr?JL qaﬁl#m@ » @ &1t PPARy B ¥ 11
EY - ARRBLE R L Bz g (Flevet_:gt al,/2006) - 82 2% PPARy %3vf 'm
v ek LB R R m e 0 T iéﬂﬂ"{ < ;’g{? PPARYy eni Jefg ¥ 1133 17
C2CI12 ¢ - # fervimie pheh § 2 Ac B (Vermaetal., 2004) - ® 3% % § % 4o
M7 A TZD #p % = 22 % (Kumar and Dey, 2003) -

AE g el CCI2 MmN 222 =R AFHR T LD S w8
PPARy j# {22 Lo e fia i 2 # % ¢ T e et § RS2 6 F

CE P RS L AT AL FE o HN s R Rap mie g
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C2C12 ' th (ATCC CRL-1772)

Mouse muscle myoblast. Strain: C3H

PEp 851 ¥ 7 ¢ /R RFEL L i B (BCRC 60083) ©
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1.

aN

Dulbecco’s modified Eagle’s medium (DMEM, Gibco 12800)

7 % #c 1.5 g/L NaHCO; (Sigma 85761) "z ECREEAED 2% 0 4 2N NaOH

(Nacalai tesque 31511-05) 3 f{pH B3 727332 1L 12022 umig

# (Millipore SCGPTOSRE) g & 3= Ak s %
Pa4 i iF (FBS, Gibeo26140) | = |
1 R

A s i (HS, Gibeo 16050) | 1

0.25% Trypsin-EDTA (Gibeo 25200)
0.4% Trypan blue solution (Sigma T8154)

VURL e 5 1R 2 2 (Randox CK355)

IR s

%%

Bl o N
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1. %R %
7 10% FBS DMEM #: & 3t 37°C, 5% CO, ® o § fmreiE 7] 80% % R
o A3 il %4k 0 % PBS jrikimie 3 15 0 4v » 0.25% trypsin-EDTA 23 %
Biwre > B3 37C,3 A4 Fwiesrgis Bodl o 4 » 10% FBS DMEM 32 3 J&
M dm ¥ o Beob 2F fm e f 0% 14 trypan blue solution i {7 % & | ¥ fmve 3t HcdiF
i N AEACHLT Mot 3l o 12 2.5x10° dm v Bofd AT 75 em i A ALY B
BMAEE > E3pBABE- o
2. P AL
BN % PR e 2B T 1><i65 sare fefs ~ 1230 R & o
g%&wtj%cmﬂ?@2i@f%ﬁéﬂ£ﬁ%’a%g%£»ﬁuﬁa

HSDMEM 35 % » 5 2. 0 b5 % B~ o 4 p 65 2 5 -
3. #Ug s (creatine kinase)t v H‘.A\ “f.‘r ;, :l / :
ﬁwﬂHBS%%&ﬁ’%&*Fm@;ﬁﬁﬁ*%ﬂ%§$iﬁﬁ@@
{8 0 4v~ 300 ul = KRkiF 1B £33 80CA K 1| FaLim o 8 ik
FER R SRR R G enim et T 353 g 4°C e 12000 rpm, 10 4 48
e -;Fi;',’ir H AR &R o P& 20 pul 4o » 500 L 2 47 2 EB3EH 0 30°CF R 2
Aaais o PIRE S 0,1,2,3 A4 A A AT IR LG L T iaE
3B OVUpL R S e T U/ = 4127x A A340nm/min e
4. WG EFUEZAE B RED AR
A& SF ¥4l e & i3 2 (Chavez and Summers, 2003; Singh et al.,
2004; Verma et al., 2004) - fm¥ & i 3 p {& » ¥% ",% vz & AL ¥ KRHP %
fbrife i P — = » #-palmitic acid £ fatty acid-free BSA conjugate » fic fl %

# 1 j2 1 mM palmitic acid, 2% fatty acid-free BSA DMEM » *+ 37°C, 5% CO,
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BA& 12 JE A% § R Pk o 2 1800 KRHP 3 @i 2 mie — =2 4
»% % (basal) & z 7 100 nM insulin KRHP & % 35 & 6 -] BF o :x4e » 0.2
uCi/mL 2-Deoxy-D-[1-’H] glucose (fie #l * 10 puM 2t = % # %2
2-deoxy-glucose KRHP % fimz ¥ ) » #§3 % 30 ~45 > 1 ° 14 e 10 M
cytochalasin B %] ¥ 5 2L % — f#3%P~2 # § & - 2 {5 1/ ice-cold PBS jji%w
30 B F RE AR 2 tcstaR R 2DG o 0% 1 0.1% SDS i3
JRIGB- IR i Fd FRERY o BAIS PR AP RREFRER
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NECLCE

AR Z 2% B DMEM i85 C2CI12 wmiefhz &~ 33 & 28 B2
creatine kinase fi¥ % & 1217 5 e 4 it A f 2 dpik (B 4-1) 4t 5 53 g2
BB E LA T8RS At Ed A2 vehicle AR > £ L
B3 X2 % CKiFf i A& v (vehicle) 227 & o = X {dmre R 4p= » 7]
PRI EEA MRS AR 5 BRERT %

2 EACCI2 v etk oA A IV RAF S RE A FFX%E 2 1K
Hivme 5 5Bk > FP 83 A R EAENE EEK6 L BEw
ﬁﬁ?%%y$’%%%@42%%°$%%%%&é2ﬁMUJ’mﬁqw
[N A azgg.giﬁﬁgg‘ﬁ;%;\ } n“r ums_u»:, W G &k BB 4e A B 4e 2
AR o RS FHRY TV R ﬁﬁ%ﬁ;@u&ﬂ;*ﬁﬁ’&“ﬁ”%?ﬁ%@
%%k&vm¢W%ﬁﬁmWH§a%ﬁm*°“*%*%@T’mMMu&
FRARTIET o w2 '§%§ﬁ§@%%%ﬂﬁgm18P°wimﬁ
ST E &Y 0 2 EH A0, 12100 hMaa BETIET  FHRRRST RSk
WEFVHR AR e i AEERE o T MR E AR 12
JPE RIS E L B I R S G R v e
B B

H

S Fo e fE e A C2CI2 R vtk F § MR 2 B8 (W 4-3)

GAMEE L A Puban ¥ HRT 0 0 EER (1 nM) % & Tl b
B4 LB MEFRIY RS RILER R A Vo e i RERE R
A AT B A > A 10 pg/ml AT e R AR
vehicle o B ¥ 5 4r 4 7% (p=0.01) » 3 £_2 100 nM % § % e » 1 S ALt ¢

MR RS G R DT L AR e i RS 4 o 10 pg/mL L E e e iy
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3 4 A2 ¥ i vehicle (o AF ¥ H 4o vep e AR 20% (p=0.01)° & 2
FH A %G E flj GLUT4 #=pF (basal) » b3 LB fe iais 5
ug/mL ¢ vehicle ‘e %8 % 3 ¢ 10% (p=0.001) #*} lm% ¥ § 4 o

12 0.75 mM palmitic acid £ w12 /| PF3E 5 vup e W g F o anficl

P LEe R Xt AR AR RSS2 8 % | F ik Bl Ek

AT LF LR AR W el FERBTES c BEFR R
T 5 100nM % § & TlE™ o th S aJT 398 2 2 vehicle B 4e 7§ AEEE i

4 o Hd 3 f basal KT > 5 pug/mL LT o iy 34 eI2 ¥ vehicle AP F @

}MET 5 Sl (p=0.01) -

28 ESORE S 4 i COCLReRRRRA § 2 B (R 4-4)
finfe A H % g %htﬂimﬂ *#“"fnii‘f»'r” AP EA LG F Tl TR 7 dvw
E R F AL 6 ) P wéaa%&? WO R AR A R K 4 S

g% > P 3 100 pg/mL in )@T’;Bﬁﬁf“ Vehlcle g %;J FTE T 17% (p<0.001) °

%5 1nM % § % 1] Rl mﬂ? éf. o ;w EA0100nM % 6 & flgET 0 2 a
N RAP gk L B */\ J\_riﬂ)%@ﬂ’g L AUp e R R Ak 0

% > 50 pg/mL #* 5 AJE # vehicle fe &8 F T %% 1 31% (p<0.05) o
B R L ARMT o M 6 A RE AL 12 )R 2
2561 PF100 nM 5% § & Tl RIF 3 DR S AIE IR e 55§ § AR
o Fz > FALAEFNET > 100 pg/mL v = A-RE 0 EE @S
% i E 0 % T 14% (p<0.05) 2 % o
¥ - 2 5 > 2 0.75 mM palmitic acid ZJZ % 12 /| PF T PFad2e = AR
FrHE 2 h2 B ETE % F TlEo 55 2 NEgT 2 vehicle 2 Y B F
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Figure 4-1. The differenciation status of C2C12 myocytes. (A) The time effects of differenciation of
C2C12 in 2% HS DMEM. The differenciation rate is evaluated by creatine kinase activity. Data are
shown in mean * SD. (B) The morphology of C2C12 myocytes in microscopy at 40X. (C) The

morphology of mature myotubes in microscopy at 40X.
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Figure 4-2. The dose response curve of insulin on 2DG assay in C2C12 myotubes. Cells were incubated
with different concentration of insulin for 6 hours. Data are shown in mean £ SD and are analyzed by

one-way ANOVA. Those not sharing the same superscript letters are significantly different from one

another (p<0.05).
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Figure 4-3. Effects of yam EA extract on glucose uptake in differentiated C2C12 myotubes. (A) Cells
were treated with yam EAE in the presence of various concentrations of inslin for 6 hours. (B) Cells were
cotreated with yam EAE and 0.75 mM palmitic acid for 12 hours followed by a 6-hour incubation with or
without 100 nM insulin. The 2DG uptake by untreated C2C12 myotubes was taken as 1.0. Data are
shown in mean + SD and are analyzed by one-way ANOVA. * indicates significant difference (p<0.05)

from vehicle by Student’s t test.
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Figure 4-4. Effects of white bitter gourd water extract on glucose uptake in differentiated C2C12

(p<0.05) from vehicle by Student’s t test.
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myotubes. WBG WE were treated with various concentrations of inslin for 6 hours (A). In the other hand,
samples were treated w/o (B) or w/ (C) 0.75 mM palmitic acid for 12 hours followed by a 6-hour
incubation with or without 100 nM insulin. The 2DG uptake by untreated C2C12 myotubes was taken as

1.0. Data are shown in mean + SD and are analyzed by one-way ANOVA. * indicates significant different
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Fr & 1

gt e dmie f % iRl 2 4p R ¢ 4% myosin, myogenin, myoD, creatine
kinase ¥ (Kumar and Dey, 2002)° 1 = § 3 & 1 S B R 2 d AR F LR 70
17 oom BHRIF I R R B FRIE o § R % (myoblast, myocyte)
confluence s/ ™ » 4o+ MOER B L F I T U E S & GER D OO e

(myotube) > creatine kinase B4p# M od AF %V g I s it 3 X {8 F D8

pau)

vehicle &+ £ 8 % 2.7 & » &5 A 2 7 417 (Goto et al., 1999) o

BAvp e R OEED- i P %Y “éf 1A (AU ek F O chimPE tR
AEF C2CI28 L6 A fi > o % kiR 5| 8o (54 B4 B krvmeth o i@
BBt 3 5 2 R (Fed-1) 0 4p A K L6 dm e Fhend S50 0 & 100 nM
g F kT Oy §oRERE baéal m?L 2] g WC2C12 i & F % (Kumar and

‘.

Dey, 2003)» & C2C12 m*z $h2_ PPARy ﬁ JEATES o Ft AF %E* C2C12

I'E A 2 P e o, )
b 485 4 e B4 e § R R 1

=2 i N o KA BT Y '?i ',i
22 Singh % 4 (Singh et al., 2004) %‘i L6 fm¥e %s-i\ 100 nM. % § & g i 4eid 3
BApd Hig o BV MR C2CI2 . m”eﬁiﬁa W E dov chd IR A GLUTI & 4
B A55% > ;@ 2L 05§ £ A £ 9 GLUT4 (Berti et al., 1997) ©
L6 i it o B L FIUET Y (1) 3%E R F T 5 R
(Huang et al., 2002) » (2) % "= & aJ2 (Tremblay and Marette, 2001) > (3) palmitic
acid #2 (Turpin et al., 2006) % > v “ﬁ%ﬁ%f‘l% LB E T R R ERT R
& GLUT4 # 25> > & A 507 2 L35 § 2P B 5 Al w i 8 # a ahi
- HF T em w C2CI2 fmPe i3V B+ ﬁd (1) & PFRF% E % &J2Z (Kumar and Dey,
2003) (2) TNFa (del Aguila et al., 1999) # (3) palmitic acid (Schmitz-Peiffer et al.,
1999) mJZ Kif % mie A 2 9% § 4t o L i8- w7 dp 0 palmitic acid 0t
#4» ceramide ¥ J‘!}’%'d %1 PKC 2 NFkB > i# TNFo # & + 2 » F)a 3l 8% §

% it (Jove et al., 2006) °
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Table 4-1. Comparison of C2C12 and L6 skeletal mucle cell lines

C2C12 L6 reference
Species Mus musculus Rattus norvegicus
(mouse) (rat)
myogenesis repressed by activated by Tortorella et al., 2001
ERK1/2 ERK1/2 with IGF-1 Coolican et al., 1997

differentiation

serum-free condition

serum is obsolutely

Lawson and Purslow,

medium is possible required 2000
|GFsexpression high low Rosen et al., 1993
Yoshiko et al., 1996
MyoD expression yes no
PPARsexpression PPARa PPARS 3 i Cabrero et al., 2000
PPARYy
PPARS

ERK, extracellular signal regulated kinase

IGFs, insulin-like growth factors

PPAR, peroxisome proliferator activated receptor

A F %A 0.75 mM palmitic acid edZAvp m¥e 12 0] BF > %% K5 5 &
BTy FOBEHEP-£ 10-15% (data not shown) > 2 7 % 4c %% & % dhbasal [T P

ZRF LR o 145 Schmitz-Peiffer & 4 12 0.75 mM palmitic acid &JZs+p w7 16

A

PR A HETE G RS F T R L ety 20% § § -

(Schmitz-Peiffer et al., 1999) - & Jove % 4 12 0.5 mM palmitic acid EJ2 v op fm¥e

16 /|- F¥ » B] % 2o % basal iz § 5 4P 100 nM % § 3 {1 % M F 5

£ 5 34% (Jove et al., 2005) - F]* palmitic acid &J2 3 B 27 pFF £ & > 3%

C2C12 »ep fmPe th A A W | 23T 3 2 B IFEORE > 2300 - i R
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ka1 * CHO-K1 ‘&% 4 % 5L :}F] ML #Ee pLe fig 54 & 10 pg/mL
{E FE 14 PPARy s 4 5 4 3% ) 5 0.1 uM rosiglitazone (BRL 49653) &1
10% (F A 4e, 2007) o @ 395 = /,?H% 21 PPARy £ ¥ 113§ C2C12 ¢ - F §2vvim
e tkevh K 2 AR B (Vermaetal,2004) o A F % ® > 1% LT e g 3 5
BARADC2C1I2m% 6/ FREI BT HREZ T 8T vV M2 § §
PP~ 0 B M A% g AR AR TEY c R AFFLE ZREDRFLES RS
2t 2 A _trbasal & F 100 nM % § & g™ > vop ot i F REEE- A 4 Frie
AEE L o HPHT R F A S RUE e g0 At 27 2 CHO-KI %
WE o At R A B SRR T A PPARy SR A P 2 K g - ey
BREE 2L FAUE o R AP T nguﬁ » 3 C2C12 A v 24701 B W%
% RJR 0% | & ful B3 pioglitazone o g 4 7% {© PPARy (1 TZD %f % 3 >
2 25 uM (9 pg/mL) 17 _H Egd2 24 El%j I i d ons st (Kumar and Dey,

2003) 0 K A F ST LD ] bﬁqﬁ'a—'/ﬂé‘.#ﬁ’},‘?ﬁ .4 PPARy &2 &

A\ﬁggf?%%ipg%‘: ’ ;E!‘Ir,nttlg\.fq\.b'-rlthlsb i;]lj‘\;‘ﬂ-‘q,\l_tﬂ&}ii,‘%%#m:r}’}’g_ ¢ jﬂ_/z—
A BB T2 - o F— & G Apdst TZD AR - 413 me T B Ok PR ESL

e lrndk o LEL e Ay niiagsk L A Pad o o LB fho fig F

—=

£

_\Q‘T ol “m“‘\
= »

— =
v R &

His Bl o BiE7r b REFEIp wm%e § 5 EE -

= »

=i

3

NRER AAFTERBGY P EN AL S FATR R 9wkt > F @ e basal

H

B 100nM L F - B AJZ§ G O"E Kk o éjp%it‘ Singh & A 2 L6 3 % fic
R SpgmL 2 EREESE AL iR B E P E G T R b b B 1
BT ey F P> w3 kAR sk F @ T ' (Singhetal, 2004) o iz H s

Feap A SR F P AR R T R R AR IRRF A L 1
;wAp 4 (Platel and Srinivasan, 1997) o & & A F 2% ¢ » T A MER T A RE
e G- Frglafii o @ el ARk € R R SRR L 2 A B e o d ABF g Ko

B o5 A CRE e AT E & chantagonist 3 i o B 5 e R C2C12 Mwte 55N i
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AT IR S P st B SR B AR BT LRE 22 R iy
BRI F BN DI R F AR Fapame o FLERSHESA
FRARRT £ G BN Hrnk o APEOTF S U S BEE I @ T e g
G R AR R o B Rk PLEER S BgsL £ GLUTL & GLUT4 “7# % ex
Mo ArE 1 GLUT4 & (v Zvgd & é-ﬁ%fg@ (Michelle Furtado et al., 2003) -

BEPNEE Wﬂ%”iﬁm“%ogﬁf

o8 A EIRECEL PPARYIF |z }g’f‘;,,,: Al Fop & & s 4 # ke R
(Fievet et al., 2006) > ®* TZD wﬁ% - H* = PPARy rﬂ%#ﬂ B¢ & A& i a0y %5 m e
Wb AAHY FHEEST O T GLUT tha hh = 7 s L vop fmv fogs 25 55 crnt,

§ % #ui£ (Kumar and Dey, 2003; Tafuri, 1996) o g+ ¢+ 7+ 5 < )I§J<;}F, 21 TZD ¥ B e &
i 13 L6 vop fm% th GLUT1 ¥ GLUT4 mRNA % L2 (el-Kebbi et al, 1994) o L
FLLWr R vl o 0 F AN BRI AR S B Y o p B
FoawTy 2 }f%%f B L 5 pE (dioscoran C) ¥ dioscoretine £ F "% i n #Ecrvc &
(Hikino et al., 1986; Jg % 4r,2003) » L Z ¥ % n fg2 EH A 55 a3 7 R i
B (1St Ee iy s Y R RN A R K F‘J“,f e BUIT 5 3754 38
EEFER G AR Y o L e iR T R M B AR L TIRY
¥ ek (X 54, 2008)c AL EL i fp F ot Aw et e ¢
@ §_PPARy &g it #) (FAcke, 2007) » AR 2 ? » P B ASL 30 vop 0% i

IR RE R G e 5 (R 7 Rt L R APRR I AR L § R du 0 HAY ik lm e
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v BT R fig Z4 i Sg8 4o v dmfe GLUTI
% GLUT4 sh& 2 » g 7 i s & basal &% § & 11T § § #aP~ 403 4o
Rt e R A N 30 A BT S ARIEH Y ot AP AL E L AT
pLeb s BARBRR AT L B A B Z 318 B U F BREdrd] GLUTS e i
(Ajuwon and Spurlock, 2005; Hoehn et al., 2008; Wei et al., 2008) » L1 # ¢ iz fig 3 47
£7 H 4 GLUT] 22 GLUT4 h# RE > &} 4% 5 2lafa T » Lo @
L g E e S EGENEk c A e R faR Y T F s AT
Bk AR R R LF R BT o Flt LFC e faF PR e
wﬁ?%%&ﬁ@ﬁﬁ%;ﬁ{ﬁ@wﬁ%ﬂ;gﬂ{@g SR AT

Yk G Fik- HET o

'l. 7 %

FAFALHEFARALH :f (FY T3 SRy T

m 1}
WO e A HRE YRR ﬁi' (Gro 'Ier andYadaV, 2004)c p 2 e = A
Tl A wme }r%a‘%% s M e #z 7 polypeptide-p, flavonid,

saponin (triterpenoid) ¥2 H ¥ X Fx Z_¢7 peptides (Anila and Vijayalakshmi, 2000;
Khanna et al., 1981; Ng et al., 1987b; Tan et al., 2008; Yibchok-Anun et al., 2006) i& £
PLARECBARARNTERAE o AT RAITEMES AL L > R
KE o %S R R R e R R s ik 2 o L B4
i re AR B e phdp TN BRSO HEGE B R s 2 R AR
7 »z (Roffey et al., 2007; Singh et al., 2004) » e A % | L1 £ PR (12 /] PF) e
BIEERR e F O Feniagank o

FlP A AT LR h R Y o R B ARE S g F R dock
7 2% AMPK i 25 4 GLUT4 4 = > & L5 ¥ g ¥ 74 %5 triterpenoids 7 F

(Tan et al., 2008) » 4245 & F i % 42l F 7 i 84 2% L5 B IRS1 & & » T 7b o
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Moo ¥ A 2id s apEiE 458 TLRA A0S & 50 & > F 7 a0 S5aErg ve ik {17y v
fmre & 45 p R ligand (Schaeffler et ., 2008) o & gLyvp ' > TLR4 8 A
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