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Abstract

Sarcopenia is a gradual loss of skeletal muscle mass, function and strength
associated with ageing. The main causes of sarcopenia include loss of motor neurons,
physical inactivity or a decline in anabolic hormones such as testosterone and
insulin-like growth factor-1 (IGF-1), which lead to reduction in regenerative capacity or
increased protein degradation in skeletal muscle. Currently, the validated strategies are
exercise and nutritional supplementation. On the other hand, the pathways which
stimulate muscle hypertrophy have been actively investigated. Wild bitter gourd (WBG)
has been shown to ameliorate metabolic disorders such as hyperglycemia and
hyperlipidemia. However, little research was focussed on muscle growth. Hence, the
aim of this study is to examine the effect of WBG on skeletal muscle growth and

function as an initial approach.

In the cell model, C2C12 myoblasts were treared with WBG extracts for 48 hours
to determine the proliferation ability of WBG. The results showed that the WBG
cultivar 1758 ethyl acetate extract (EAE) enchanced the activity of citrate synthase, a
marker of mitochondria, and, in the presence of IGF-I, promoted myoblasts
proliferation. The effect of 1758 EAE on IGF-1-mediated proliferation was diminished
in the presence of PI3K inhibitor LY294002. Western blot analysis further showed that
1758 EAE increased Akt phosphorylation of C2C12 myaoblasts in the presence of IGF-I
after 1 hour of treatment. In the short-term animal study, C57/BL/6J male mice were fed
a high-fat diet supplemented without or with 4% various cultivars of WBG for 4 weeks.
WBG reduced total body weight, white adipose mass, insulin resistance, and increased

relative gastrocnemius muscle mass. 1758 WBG specifically enhanced mRNA
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expression levels of IGF-1, Igflr, Akt2, Hk2 in gastrocnemius muscle. These results
indicate that 1758 WBG may enhance the proliferation effect of IGF-1 in myoblasts,

and might regulate IGF-1 signaling pathway in skeletal muscle.

Key words: Wild bitter gourd, C2C12 myoblasts, IGF-1, Mitochondria

doi:10.6342/NTU201704166



B HE

E B Ex
AKT Protein kinase B
AMPK 5’ AMP-activated kinase
Bcl2 B-cell lymphoma 2
Ccendl G1/S-specific cyclin D1
CLN c9, t11, t13-conjugated linolenic acid
Drpl Dynamin-related protein 1
EAE Ethyl acetate extract
Fis Fission protein, mitochondria
FoxO Forkhead box protein O
Gapdh Gyceraldehyde 3-phosphate dehydrogenase
GLUT4 Glucose transporter 4
Hk?2 Hexokinase 2
IGF-1 Insulin-like growth factor-1
IGF-1R Insulin-like growth factor-1 receptor
IL-1 Interleukin-1
IR Insulin receptor
IRS Insulin receptor substrate
JNK c-Jun N-terminal kinase
Mfn Mitofusin
MRFs Myogenic regulatory factors
Mstn Myostatin
mtDNA Mitochondrial DNA
mTOR Mammalian target of rapamycin
Myf5 Myogenic factor 5
MyoD Myogenic differentiation antigen 1
NRF Nuclear respiratory factor
OPA1l Optic atrophy 1
OXPHOS Oxidative phosphorylation
Pax7 Paired-box transcription factor 7
PBS Phosphate buffered saline
PGC-la Peroxisome proliferator-activated receptor gamma coactivator 1-a
PI3K Phosphoinositide 3-kinase
PKC Protein kinase C
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PPAR Peroxisome proliferator-activated receptor
ROS Reactive oxygen species
SIRT NAD-dependent deacetylase sirtuin
TCAccycle Tricarboxylic acid cycle
Tfam Mitochondrial transcription factor A
TGF-p Transforming growth factor f3
TNF-a Tumor necrosis factor a
UPS Ubiquitin-proteasome system
WBG Wild bitter gourd
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Figure 1-2. Signalling pathways leading to muscle atrophy (Cohen et al., 2015)
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= ~ F %23~ (Skeletal muscles)

¥ #eo (Skeletal muscles) B»tHg v Eip9ry < L feeneigi@ s o 4

W

P EE P G0 45%-55% 0 2 B Gd B RERA G AR F L R g

PRI E N LR T B o gttt b R B B TR

B FE & BT 2 - o FROIRD AP FERD LA R e F
CA R sk acg & (Defronzoetal, 1981) o £ » A fpvueng € Bejiotan
I N RE R T e S RAVCRE TG F L endd [ el B A TiEE B
WRehdgd e Pt v PR EOETHNIRIIHLINER - it D
R s Bed fFend & fRAST T Rt i (Burd etal, 2009) 0 24 A % 3
VAR A T o e dmie e T g R T R B el £ R

(C. Cooper et al., 2012) -
1. #»vgm (Muscle fibers)

bR ei@ b4 a k bud EE B = (motor unit) A e o @ 7 - EREEA Y
2P erd fedmegle o A enF R me R s w2 g REG 3 R AE > A
A_ type | fibers £ type Il fibers - Type | fibers ~ fL 5 farv d 305 7 fe g > 7 K

)
=

lv‘b

FF O FIE o R A E S 0 AR PRMWETE A

=k

ki £ 0P MAEF A DG FFER o Uk L a4 % o Type Il fibers =~ FLpsv
i Pl Rl A 7 £ 4 5 type lla fibers 2 type lIx/d fibers - # # - type
lx/d fibers ~ #fv 3o Al 2 RS > 1 B BBFY 2T F SHk AL
GR o BRE PRL > RA JuiE AL T R EERE S £ 2 R4 - Type lla
fibers P] g e e 43t type | fibers £ type lIx/d fibers z_ & » +* 4= type lIx/d
fibers 7 7 & F e MBS e FopFd R d P T FG 5 ABDSURY N R
@ jesgae 4 R type | fibers 4 (Angione et al,, 2011) - ¥ #t » & aFH ¢ § &

7 type llb fibers - H A5 85 2 # it &2 type lIx/d fibers 4p 02 > e 8 % JEfZ T 2 (7
6
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# % 3 (Spangenburg & Booth, 2003) - s -p 4] ik 7 2L FH 7% mEELF BREGE
Telten 357 @8 RS AN - BBl T g g Rl R

#% (Bassel-Duby & Olson, 2006; Rana et al., 2008) -
2. Vp iplmrzgavep L4 g4
(1) »ep izlmre—fFk wre (Satellite cell)

PRACZIDFEGHFLF BAPL 404 > HE 43 8 d FsEsrdadya
Vup §R e —fprk mve (satellite cell) #7333 o fFh wfe 3 Rt Ar R S 2
e Rk ek s (sarcolemma) 12 2 R if chre b ALET (extracellular matrix,
ECM) 2z B chtFsk etk st (niche) A A %C (basal lamina) 2 ¢ > #icp € 58 F & #43
ded Pk Rt o R R RIE G R e - 3 G § b K2 X L R ugie
¥- 235 &5 p L AT (self-renewal) g 4 > (7 adF fh e chlich (B 1-3)

(Charge & Rudnicki, 2004)
(2) "o FiE 2 g 4R ey 4

Bt ¥ RNk e §OIREF OF gk B (quiescent state) T € £ IR Pax7
(paired box transcriptopn factor) o § #vk X PG (5 0 Fh e g X FIE LT T
i r e ik (cell cycle) BB 4s4-i 3 4 (proliferation) - Ai% B 3 4 P L eniFh fm
P AR L ITAICR 4 & W SR fe (myogenic precursor cells, MPCs) g\ = A& svp w0 5 hm
¢ (adult myoblasts) > ¢ pFim?z ¢ B & % L= B MRFs (myogenic regulatory factors) -
> 5| -#_MyoD (myogenic differentiation antigen 1) ¥ Myf5 (myogenic factor 5) -
MyoD ¥ 17 B8 w2 i 42 > & myoblasts :&£- # & it ; & Myfs P ¥ 113 ¢ e
7 self-renewal> 7 $fis & 113 | 3 nve > - 384 1 myoblasts #4541 >

2% 4 e myoblasts & 37w FIF O Gk R 0 AFFLE e B p MNEFP (S

i 4% - Myoblasts # # {5 - € i&- J % 7L myogenin & MRF4 &% # MRFs * $r
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#] Pax7- 7x g & i ez kP e % (cell cycle arrest) 4p Bf 3-v p2l T m e i B 12
Ao B s i o~ T A fv (differentiation) eoFF B o dme B4 A 7 (migrate) ~ b F
(adhere) - # 4 it FrE ek #F 0 MHC (myosin heavy-chain) B 424 I > fm¥e b =
PR s B ISR 5P R gk are ] (myotube) o R XA L X AE e e (]

1-3 ~ B] 1-4) (Charge & Rudnicki, 2004) -
Z o 2 R AIED

BB e B s ol O T RIS R TG AR e ) By s
SR R DI BB e BT AT T AR o - L 4 3T s FIRUR - %

Fab g BT ANRE

Fheivd B2 £ 34 B4 ) F 5 4 £ F]5 A3 - HGF (Hepatocyte
growth factor) 2 FGF (fibroblast growth factor) & fc#: #k e cnld 4 %]+ » ¥ 12
&1t MTORCL ## 1L ik fmre i n?e 3 ¥ Gp phase & » 3| Gy phase » I ¢ ¢
Frdl4 it (Jones et al., 2001; Rodgers et al., 2014) - IGF-1 (insulin-like growth factor-1)
PR IT A g 4 B SR T F (3G 48T - 2 5 TGF-B
(transforming growth factor B) ¥t3tsvp ch2 £ 5 rqladdpiv* > TGF-B 735 =
A myostatin A2 L7 M F S 1 Smad ELAS RfEFIep aond 4 g2 o it (Allen &
Unterman, 2007) - Kf 74 & %S > Notch 2 Wnt 2 4 @ik 52 BFend {78 4p 3

E% 77 ¢ Adrimie {4 &2 4 b ahie 42 (Brack et al., 2008) -

1. %% § % 4 & %]3 -1 1GF-1 (Insulin-like growth factor-1)

o FIEVR0 % A 4 8L | % 4 & F]5 -1 (insulin-like growth factor-1, IGF-1) »
10 4 JTRIF E (circulating hormone) FliE i i % i @ g AT i dEd f

# 4 s (autocrine) ® 7 F ik e Fpewp s A 4 (Daughaday et al, 1972;
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Isaksson et al., 1982) = #1 § 3 3R » f23Foge s ? GH #734 & 0 IGF-1 &2 5

g pesie ¥ 2 £ (Yakaretal, 1999) -

IGF-1 # 2§ ¥ koo h b fods #& % = myoblast~ & myoblast # 4
g4 it = myotube o I¢ % > IGF-1 7+ ¢ ¢ myotube ‘m*z #84% 3 4« (hypertrophy)
TRLERY F AL a2 F Ry # (Rommel etal, 2001) o H 4] 5 158
PIBK/Akt/mTOR pathway £ MAPK/Erk pathway > — = & & i858 sn e 3 4 ~ F-v
& - 35 @ ugrd] FoxO transcription factors » & > F-v 5 4 f2 < A @ > IGF-1
WRARET S B DTS mie 2 A HHABR L ERA LR
" 3 4v (Baserga et al., 2003) - F]p* > F e Ef M EsEyep P 7 IGF-1 signaling 3

deo RIF BRI L R KR A 3 B SRR EAEOT i
2. PI3K/Akt i (B 1-5) (Gonzalez-Franquesa et al., 2012)

Faeryend X3 SRS B Y o PIBKIAKE BT f Fdr % fambe &

= R3S (anabolic pathway) > kxd & ¥ 12 igagsepg 4 £ o PIBK/AKt g5 # 5 d
%, 5 % (insulin) & #5%% § % 4 & %3 -1 (Insulin-like growth factor-1, IGF-1) fx# »
A w5 f = e e insulin receptor & IGF-1 receptor b s gxdein i i@ iEEe
i o Insulin receptor # IGF-1 receptor ¢ — i# o subunit * [} subunit 22 ¥ - # «
subunit 2 B subunit £+ = F 4 (dimer) #;5% o § o subunit = F| insulin
IGF-1 % & & > receptor p ¥ & tyrosine kinase € %751 » ¥ * gifki* B subunit
e tyrosine - Receptor % I|/i# it 18 » .  F gipe it IRS 1/2 (insulin receptor
substrates 1/2) » £ & 4§ 7 & £ - % 42 (heterodimer) p85/p110-PI3K » PI3K =7
regulatory subunit p85 % & ¥ IRS1/2 }+ i {812 % iv catalytic subunit p110 > I -
phosphatidylinositol (4,5)-bisphosphate (PIP2) # % % = % & %  (secondary

messenger)  phosphatidylinositol ~ (3,4,5)-trisphosphate  (PIP3) - & & &
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serine/threonine-specific protein kinase B (PKB)/Akt i& {7 ga#fs iv o & it o Akt &1 8

g Eets S HEE B DM F L0 ¢ 35

(1) mipaiv &% i mammalian target of rapamycin (mTOR) £ p70/S6 kinase (S6K)-

AR E B AR R A

(2) mapai- @ #r4] glycogen synthase kinase-3 (GSK3) =14 » i&m HIEH F 4& N

BATFEL & o
(3) ®.it glucose transpoter GLUT4 # = 3| fm®e %+ > 34 § § A B~ o
3. Hu AL

Py 4 K2 Fod B L &Y - iE RSP E_mitogen-activated protein Kinase
(MAPK) cascade - i i # 4 7 1* mitogen-activated protein kinase kinase (MEK) &
extra-cellular signal-regulated kinase (ERK) » fx#- f@ % ‘m?s i& » ‘w2 3 #p B 403 24

ek s g iR 1t S6K » aE F-v F & =& (Glass, 2005) -

¥ - %G d-v F 4 f#Ed transcription factor forkhead box O (FoxO) #7344 »
F1* ubiquitin-proteasomal system % :ig {7 4 % o § Akt /F {2 X > € i@ FoxO ¥ »
4 BEpL 1 o075 R e X 554 7] (atrogenes) I 7E i+ muscle-specific E3 ligases
¢ % atrogin-1 (muscle atrophy F-box, MAFbx) ¥ MuRF1 - ;‘gvi F-v fiT 48

(proteasome) % p v (¥ * (autophagy) i%i¢ F-v B 4 f# (Zhao etal., 2007) -

PRI iR 2 P E R E Y 7 RRAGR YRS kTR
FABGA EF FERER PP AL GG LS R e iR
e AT L AR R R AR sk o AL REACT AR P F ReT Y
AEFDT VA IEH N o R oy L A Ak %&iﬁ@z\ﬁ b A BT g

PR AR R o T W R RA A BB R0 A S AL~ Tl R
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e

FA R4 > 2a SR PRI EE I F 2L 0 T R FAREF AN

Sk HRyup fr 4 £ F S iﬁﬂ!ﬁif{ﬁ"

A Quiescent satellite cells B Activated satellite cells C Activated satellite cells during skeletal muscle regeneration
. i m
Pax7
c-met/FGFRs
B

Quiescent satellite cell Activated satellite cells E s MyoD/Myf5
| TGF-p—
Basal lamina l a Pax7
Myofiber T(;Zl; Gl lc
Quiescent satellite cell markers Activated satellite cell markers . FGF -
Nuclear | Surface Nuclear | Surface @ Myoganio
Pax7 a7-integrin  N-CAM Pax7 a7-integrin - M-cadherin ¢ D @MRF‘
emerin caveolin 1 M-cadherin MyoD caveolin 1 syndecan 3/4
lamin A/C | Calr syndecan 3/4 emerin Cxcrd V-CAM m
p57 CD34 V-CAM lamin A/C | desmin N-CAM
Cxcrd Ki67

Bl 1-3.3F 1 chiieh fm%e ~ fode chiirh fmve 11 o 1 4

Figure 1-3. (A) Quiescent satellite cell (B) Activated satellite cell (C) The molecular
events regulating muscle satellite cell activation during skeletal muscle regeneration.

(Charge & Rudnicki, 2004; Dumon et al., 2015)
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Bl 1-4. ff S apvep 7 2 AR

Figure 1-4. Development and maturation of mammalian skeletal muscles (Enwere et al.,
2014)

11

doi:10.6342/NTU201704166



Insulin/IGF-1

Insulin/IGF-1

iy
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7
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v
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B 1-5. Insulin & IGF-1 3t 4 &y i

Figure 1-5. Insulin & IGF-1 signaling pathway (Gonzalez-Franquesa et al., 2012)
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VN S

PRI G A B B e e B o B IR A B S 4 E (outer
membrane) ~ %CFF 14 (intermembrane space) ~ ¥ (inner membrane) £ A 5 (matrix) e
B3 & AR AR (tricarboxylic acid cycle, TCA cycle) 1 % 5 i Bipk
(oxidative phosphorylation, OXPHOS) # # ATP > i ‘w2 3% & X 4g i & o F|t
A Y 4 F et R E RS > B AR E BB e fpmie B
FoREFRR R ErE- F p o Tk % DNA (mitochondrial DNA, mtDNA)
dgwf fLagre Booe 70 37 BT H Y & ¢ 35 ribosomal RNA (rRNA) ¢ transfer
RNA(RNA) AL 517 1238 (7 g > 7 4 2 01 OXPHOS #73% «hd-v F (Kelly

& Scarpulla, 2004) -

“,% T himE R ERN R TS HE LR e s ARRMEF 0 & ERA
Fk 2275 95 ik e0 % 3~ ketone bodies (& &~ ik P (ureacycle) Z 4T4r kA&
oo gt b s sy 2 DNA ig4h ~ 22 5% Y $ (reactive oxygen

species , ROS) 11 % ;ﬁﬂ ficiwrz ¢ 3 C (cytochromec) # ¥ 'm?2 &= (apoptosis)

% (Youle & van der Bliek, 2012) -

B NP LR N AFEEE e Y s B R KRB L § 3 A Rk Ao

FI o RGO R et i BB o

B

1. k4% 4 & = (Mitochondrial biogenesis) #2 > % %2 # i (mitochondrial

dynamics)

Y e £ IE R R A AR

W

LHPF > w28 { 5 &0 ﬁbf‘f@:g;};%

PR A S RPN AT ER A KRR EF Ko d Wwie B

FRESE PELT IS PRBTEET R F et R EASE @ E
(fusion) = 4 % (fission) o f= R EG 2 & = 2 § fFH 7 B30 w2 A IRATAE T ~
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B2 ¥4 ROS chg 2 » FIp § & BEARZT ¥ 0 Al § ERERMN

# it 2w (H. C. Chen & Chan, 2005; Soubannier & McBride, 2009)

PAMEFBEFE > PR REFREEAH o F AWM IF
PB4 ERWT 2 MpF s f § 23 Drpl (dynamin-related protein 1) % Fisl
(mitochondrial fission 1 protein) » Ei& s 548 & 4 > L4 R € 225 0 & F oD
AR RS AP ERE S S DR S N BB A P (mitophagy) %
4f~i £EBRRRW e Ll £ F KRB A R AL ¢ 43R Minl (mitofusin
1) ~ Mfn2 (mitofusin 2) % OPAL (optic atrophy 1) Flesfsmifeiip & » kg

OXPHOS e (Youle & van der Bliek, 2012) -

LRSI § a2 B BRI ROl ER iy e ¥l 2

2. AL EAAETS

PR A s AR A H R REY G BRI s R kR ¥
FiTeo pRAWAE L2 - BAEROER > FTERBFLILAMATY

(mitochondrial genome) £ m®z ¥ & F148 (nuclear genome) 3 47 o > 248 2L 7148 e
fEard 3 A fmve % AL TR g 4+ F) 3 (transcription factor) TFAM (mitochondrial
transcription factor A) ~ TFB1M (mitochondrial transcription factor B1) 2 TFB2M
(mitochondrial transcription factor B2) #t454] o F|pt » R E we P L Fle2 B
FEAFDEA > AN FHARPAEE EXT 2 F0 T REAFY TR
% F|- ¥ tm¥z 4% transcription factor 0% > @ transcription factor * &- # % ¥
cofactor =734 ¥ - 2 ¢ » PGC-la (peroxisome proliferator-activated receptor y
coactivator 1-a) #_2£% & & &0 transcriptional coactivator» 2% 37 3% % % 22:8 i ¥ 7

22 SR8 20 4 0 transcription factor (Kelly & Scarpulla, 2004) -
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PGC-la ¥ 1 ixypIE B % it > Rfadpmigd & A4 - PGC-la » &
i* 2. DNA-binding domain- X @ v ¥ 1z %ﬁfg} 22 NRF-1 (nuclear respiratory factor 1) ~
NRF-2 (nuclear respiratory factor 2) -~ ERRa (estrogen-related receptor alpha) %

;./,

PPARs (peroxisome proliferator-activated receptors) % transcription factor =< 3 %
* %k @ v e DNA-binding domain % & & promotor * - 34 A AP M
A Flendg g o NRF-1 22 NRF-2 %222 fook g ef w348 (mitochondrial respiratory
chain) » ¥ 7 124 % TFAM ~ TFBIM 4= TFB2M ¢4 3. » ERRo B f F 2 452% wfk

A P~3% % i+ > @ PPARs (peroxisome proliferator-activated receptors) & & ®

\\\?’;r

RARA &Ry Bl FEAT 2 F9 T B (B 1-6) (Jornayvaz &

Shulman, 2010) -

PGC-lo ¢ 13pimie ¢ & 2 LR > A f sl 2 & = 2 § 1 K9 2 f
£ L4 o & Bk & (NAD'/NADH ratio) ehic % ¢ 7% i NAD-dependent
deacetylase sirtuin-1 (SIRT1) » I ® %‘gc} 4 ¢ fg (deacetylation) 775;% i2ig PGC-la
751 (Gerhart-Hines et al., 2007) o &8 & p% > # §25%5 £ F £33 4e » AMP/ATP 1+t
w + A g5 it AMPK (AMP-activated protein kinase)  #if& it PGC-la > ;ﬁL e i
i fE X g T (catabolic pathways) * iBsga £ 4 & 2 % 5484 & 2 (Jager et

., 2007) o g ¢t > AMPK fads i+ ¢ imi¢ NAD'™ Jk &+ > iga 3+ SIRTL ¢

&1 (Cantoetal., 2010) -
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Figure 1-6. The PGC-1a regulatory cascade. (Finck & Kelly, 2007)

=g

SN EEF SR P
1. vop frimie § X

LFE RS op DRSS R

FORRI A A R 2 g

CFTFI o X E A R R

B R BRI 0

RAR T ehic 4 DA AL (Baranietal, 2003) o g A At REE TR L& P

B s Exdevep anfEEs e > 7 ¢ self-renewal

gy 4 IR A R S R

i

=

e g R enE A A 4 R g

G A B Ao RiEpEA 0 BRo

Wk ot kK T LN S 2 A
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% frds 1S R dme w PO R

4 en% £ (senescence) K Rk o i XA eniEL dm

i R4 g AT B A bk AR R T A R

J& (Jangetal., 2011) -
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G B FF hIRA s fEE e REF R LA RAEAE G 0 i B brbE N 384 4
FHa o Fhimie LR AR > w2 { 37 5 (turnoverrate) ™Moo Fp T E 4
FALF NP E I g ehy VRS B LTS 0 i DNA @ 241§

$ w2 R & w2 k= (Bohr,2002) o H =X o A it e AR o i“f’fﬁ'??‘?'—#ﬁ%”}

]
% ¢ UPS ¢ chaperones »c ™ X » HR 3ov 2 @fEm i o &a & #Fh

¢ @ % ¥ & 1% (Narita, 2010) »

hEFG e Fpmre A s 3 LS R e e i s L e
FAn@FEA G - R BRBENTF 2 F L F]F o 5 A L Notch
signaling € /&> > @ ik Wiz @2 & ¥ fxd R 4 o TGF-B 5K % > phps i
Smad  Frdlimie i » e ik o B iR LA a4 ol g H AR
v B Tl X dm e ek Ao g PIBKIAKE BofE > #aep 4 K IR A
(Carlson et al., 2016)- £ —‘ﬁ’ oo P |GF-1 € ST F E# 5 4o 00 i@ PIBK/AKE B
JLRGEeR 4 R Fed A A amuEl4 4 v > ¥ ¢ FoxO signaling it 0 i@

Fo#- atrogene i = F-v FAk 4 f2 (Zhaoetal., 2007) -

%

w7

A

£t Rt e RvE AT AR Bk i 2 B 24 SR

Wl 2 Ep hr b wFS o P RS R B o
2. R ARG X R HE A

PR AR e N P FE Rk d o Yt Ffered B R A T B b
mrr ERALH TR ¢ RHAE R AR BN LR A2
15 it B (ROS) ~ a4F47 T {72 Ay wre k= (apoptosis) o Fut > A48 5 iy
AREHEIE DR AR I LG B R EE PRI SRR

TRt 2 SR ERL G Fefuag B
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(1) o sgger 5 %

ekt dhimie ¢ LR DR R G A K DA o BT dp ) o Mol s

i (mitochondrial myopathy) T BAvpg ¢ okl o g kst IR
OXPHOS 2. % 3 @4 (electron transport chain, ETC) # it 4% 4 ~mtDNA #7174 &
£% 7 &FripM (). Cooperetal, 1992)-Wagatsuma ¥ &  # 1> e - chi 42
S A4 @3 it BA DN EFHF > & OXPHOS 2 § + @ if4 (electron transport
chain, ETC) »c " it i & i 3 - vop Jedgmr @ 2 B0 g £ » HRoep o
FiFrrx TR @ g e X4 (Dirksetal, 2006) » ¢+ *F - ROS e} ff~ § ¥t
MDNA &+ 2 > @ s s 2 1 ¥ ok Foie- # ERPMRMA L LD

(Wagatsuma & Sakuma, 2012) -

¥-23 5 > itqmmie? 2 LRI H__zgﬂ\%*"ﬁﬁl‘ BRI A T GEAIR f o

R & ROS %€ 7 pr ¢ i8:E mitophagy k' <3 it B+ o k@ mitophagy »<

FOETREF E ALK e d VIR SRR & rn i bk A An o # B4
BAPRMALRNE A FFEZREFEF P00 B ERwe A= T FEp £

4 (W 1-7) (Calvani etal., 2013) -

XL AR T RS e R B T b A A r 0 Tt o defe IR

BT FFE7 IR ILF IS oo
(2) fsuager SR

RHA P epale AR EV s s FRILPEESE FRy 4
M R TR AT TR ABEE Y £ FAERAML G L Faw 4 o
BIT i s IR e B R BB ST 0 - 2 5 € s ROS
WA AL ¥ MDNA @ 2§ 2 £ 8% OXPHOS # it ; ¥ - 26 » wm% faR

4 @Rl F1+ INK (c-Jun N-terminal kinase) r 2 PKC (protein kinase C) ¢ < ¥z
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B e q frd] insulin BYERL ST G A F BRGNS T % ;a;ﬂva;g, :
1-8) (Riera & Dillin, 2015) « %

Bl 1-7. g s~ A AR ERp EX
Figure 1-7. Synoptic representation of the putative mitochondrial pathways contributing
to sarcopenia of aging and disuse muscle atrophy. (Calvani et al., 2013)
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Figure 1-8. Effect of mitochondrial dysfunction and insulin resistance (Riera & Dillin,
2015)
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3. up B E g
Nl FIEpLE EREHE Y L g R PRI 4GS A B .
(1) "% § % e duiie g

Bh g R fuE B4 o insulin 2 i @RS A R 0 mUE B 9 1S Pl F R
VU 7 E R 0 R B 0 E T RS e B mee A s % ¢ insulin -
e mIE KR F BTN R o e st (fattyacid) (T A AL E ORIk o RPN R
‘2% lipolysis 3 +r & #3x fatty acid ¥l i @ > ¥ insulin &2 2z FrdPFoR A 2
TEMUE BB ES > ERPEFE T EFTF D hed % F it B

(Saltiel, 2001) -
(2) ¥ v 2 41* B ¥

FALe Al B FE AR TR B R e AR RO R
BB 3 R A% s g lipolysis A 2 2 pEEra AR kA2 R i AR
S FERBER D F L Ml insulin A s o Fed] g s g fR R T L e
glucose transporter 4 (GLUT4) #& i~ 3| 'm®e 9 » B 4c § § ABAP » L5 1 § BN
WTRE4EFE 2 hexokinase Il > iUk -5 FAEE % S AL 558 & SRR G A N
WAEANE - REORW R DR EABATE AT RE RS2 T o R
R R R | S VTR RS I S S B R b i

4 235 (Kelley et al., 1999; Kelley et al., 2002) -
(3) A ep A4 B

p;:;}% 4 ws;l'_—?]’ ERTRLNA § L RO R ) W S SR A I o P
e @ g RS FEMASTIN R AR B R AFEE

Z f&4 ¥ fiy ~ diacylglycerol 2 ceramides % 75 Fit4 4+ o 77 € flcs e TNF-o
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IL-1-1L-6 % i Limbe g 2 @ oMMl e o4k 4 > i8m F 3y w2 ¢ insulin
% IGF-1 ™ 752 PISK/AKt B&j& @ > B it 5% § F e s 22500 a4 5 4

(Akhmedov & Berdeaux, 2013) -

=A% ¢ 5 MomordicacharantiaL > 1 & 42 £ A£F 2 TH£F+ %> ik
FEAREAAE L AP B ADEALZ A TA A AFETRY 2 0LE

AR S 5k 0 2R > A LIRSS 0 T ErRiRR o

ERADE oo iR hlaa? FLAEXIRET S EFDEY 0 ¢

Tg iR o PR EEY L (AR WD) Y TEARE S BER

=0

E-D
e
|

FOEONR RRL PR o B AR e F ARG FR o R R
MR RS 2R AR Fons 50 B s R (TRROR) R

RN T T

MESHEIRZHEIALEAL BRI AFT R I I a A FLFL R
Mo RFANTBEPFAEGRET S AMRREL R T iR
H2%  fE(Alietal, 1993) - 12 A Ak S % B F I el L e
# % 4 (Manabe et al., 2003) o #1232 Nk g4 kAR 89 3L Bl F LT U R U B8
TR g TR S B FARA R B rd MR R e (G AR

2005) o } AL I 0 EAF Ak~ kg~ PR LS HPUT R Hox s B4

FRETRF LG E -

Pt s A AR AR Y > UA S BRGNS S RATR G D o iF

EY IR B IR NP ST i c L éj“fa“a‘?%ﬁﬁl #v GLUT4 (glucose transporter 4)

Fmve N A T e s B Ao vop MO FBA B 4 0 A L BB E

(Shih et al., 2009) - 7= 3 #7 3 4p h » & A~ 8l R ehd fE = § 47 (triterpenoids)
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3p.,25-dihydroxy-7p-methoxycucurbita-5,23(E)-diene (DHM) Lo
3B,7p,25-trihydroxycucurbita-5,23(E)-dien-19-al (THC) %3 % § R vz &7 » ¥ 12
WA g 24 @iEE. /2 ¢ IRS (Insulin Receptor Substrate) tyrosine chgifis it » T

FH A ARG BT 3 % § & # so®) (insulin sensitizer) <774 i (Chang et al., 2015) -

b R ET 4R F AL 3 E T PIBK/AKE pathway » 33 fpaep 4 £ cged o
FoARREEL AL ARSI BLLE A T E LK R PGC-la & TR

BB AR R (FvA,2014) A m LE AR G @ R R e R R Rk e
Hed o pt b d 3t PGC-1a 7 2 $r4] FoxO transcription factors » & @ $r4] atrogene
ch T @ Vup Fev FAfETE 5 B soovp g £ (Brault et al, 2010; Lee &
Goldberg, 2013; Sandri et al., 2006) » F]u* &7 L35 A F dc s K § drdvp X g4 T
I 18 Fv ?fr/»\ﬁir’;‘)éﬂ e 4 o FE P LE AT £ BTt PIBK/AKL ~ g

B Aot 3 BRI B 4 o B AT R R L A T R

o

4 B R e
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Fz8& FPIBRZIFERFHE
- "F’Hiﬁ‘éj‘;

WL AT LEAT Y ;ﬁfd AR F s r R RsE% ) AT
B £ (Shih et al., 2009) » ¥ + 24 PGC-la 4 ¥ fie | R¥ kv sms & 2
(33747, 2014) L= Ro9r 5 2 = fh4F DHM 2 THC ¥ 235 B Rk © Akt 3 i
R ed A P~ic 4+ (Changetal, 2015) - ® = §#%f Ursolic acid (UA) ¥ %k 7%
it IGF-1 2Bl E > e sep G F 4 & (Kunkel etal, 2011) - F 347 5 &7 >
EAT L G ot PIBKIAKE 75 1Y B~ gpoep 4 £ B X 2 g A i 2 B

Ao FIM AR BERE LB AFT AR med ko FIEGEPABAN -
S REkRER

" C2C12 wup i Ho8 0 21 CHTBL/G) 2 B iT 5 w4 fo5 » 2t i A 4

LR S i LSRR Ao -

C2C12 Myoblasts Proliferation \g
MTT Assay ,

C2C12 Myoblasts Proliferation | Citrate Synthase
Cell Number Counting Activity Analysis

To Gain Mechanistic Insight Into How
Bitter Gourd Mediates Proliferation

A 4

The Effect of Bitter Gourd Powder on Skeletal Muscle
Function of C57BL/6 Mice Induced by High Fat Diet
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$-% LA F % C2C12 Myoblast # 4 i 4

-

5

- % LEAFHFE C2CL12myoblasts # 2 it 4 2 B
F- 8§ BTERHRE
—_— N —é‘l'l —g
C2C12 #_ ] &% %ewvi 55 w2 $& (mouse myoblast cell line) » ¥ 12 & i & 5w,
# (myotube) > F 1% 5 F7 F vp g T Pheie 050 ot lm e R BB PR & (invitro) &
myoblast » % v & eIk T g 27 2 (proliferate) - @ At ehiE 2 R g

4 iv (differentiate) = myocytes » £ i&- # # {5 (migrate) ~ & ¥ (adhere) - f& &

(fuse) = % +% emmyotube (Abmayr & Pavlath, 2012) (] 2-1) -

R e 4

A~

/4

P RN BRI F R FEY

ISEEE

Raq

#£31 - Myoblast iLoa LR ey

% € % 1 myoblast

P AR g AdFH L E A S T myoblast 3 4 s 4 e

=

H

P

I A

&

£ #]+ -1 (Insulin-like growth factor-1, IGF-1) + r2# -
2L

Wit LE AT A2 4 IGF-1

A -

)

a-

3 s

]

P

ﬂk

e /A %1 myoblast g2 IGF-1 &% 7

ey

o

é’_*ﬂ‘ P_} T“

”

E]

oo Bl o AR E R
AP LR SR ER B -

R PR

I-L’]~ ) 3@4’

e

fF /k mnb

24

‘l %’{,L—l—“ /\rTJX IE + TW

A ekl

(' myoblast & {7yep

AT I B A ol I 27 - AN S T N PR i =0 2
P
prep 4
Bl B AR RS

£ IF 32 % ¥ C2C12 myoblasts # 4

1

— ik e i d T ok 2R 1w C2C12 wm

4«‘45,1

At

' % Mmyoblast # 4 3 4c > 2 A

= o d &;{FU?;,

E
™

) '37]1}'-' j\p

S

g e

ie 3 gl

M T

ZRNEVLR e

=
\

},;Jcifﬂ._ﬂ’—?‘é

= #% iz (Tanetal., 2008) -
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Iy
s

cF R Y B L A 1 B-glucosidase e d® 3 pE L T4 L LT fig
(ethyl acetate, EA) % B~ > 3% L N Hppm i 5 7 i ehr s (B R, 2013) - F]pt
AR ERED FIEART (37°C ~ 50°Cr2 2 60°C) » & L2 A 1 HOp Rl g
B-glucosidase & {7-kf# i 112 fhe fig 5B~ KIFIH>T myoblast ¥4 £.F 3 7

14 75;(0

s
4=
ST

o

Fato A F AL ERAF T LS8 $30 C2C12 myoblasts 3 4 e e H iT

Bl o R AW 22

A
' o % Migration Fusion with
® Differentiation i adhesion Fusmn myotubes
—_— —_— P
® &
Myocytes Nascent myotubes Mature myotubes

Myoblasts

Bl 2-1. vop # Spinte A1t 4 X Rw] F

Figure 2-1. Myoblast fusion in cultured muscle cells (Abmayr & Pavlath, 2012)
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A 4

C2C12 Myoblasts Proliferation l:
MTT Assay ’

C2C12 Myoblasts Proliferation
Cell Number Counting

Citrate Synthase
Activity Analysis

v

To Gain Mechanistic Insight Into How
Bitter Gourd Mediates Proliferation

1. PI3K Inhibitor LY294002
2. Western-Blot Analysis

B 2-2. F %% —we il

Figure 2-2. Experimental design of cell model
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i

S g

Cell Seeding Treatment Harvest

I overnight I 48hr I

Cell line
C2C12 myoblast

Treatment

1. IGF-1 (Positive control)

2. BGPEAE : 1758 ~ CKP55 ~ P81 ~ N&I1 ~ H4 ~ 55M ~ V&I
3. BGP 37°C, 50°C, 60°C EAE : 1758 ~ CKP55 -~ P81

4. LY294002 (PI3K inhibitor)

Analysis after harvest

1. MTT assay

2. Cell number counting

3. Citrate synthase activity assay
4. Western-Blot Analyses
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¥ 8 REMHEEDE
—
1. C2C12 »~p = 5% m¥s (myoblast cells) (ATCC CRL-1772)

(1) =% %k : myoblast, Mus musculus

(2) A 451 %% BT #r (BCRC 60083)
2. B A REE LR

(1) # % % Dulbecco’s modified Eagle’s medium (DMEM, Gibco 31600, 11995)

(2) *»# & i Fetal bovine serum (FBS, Gibco 26140)

(3) Charcoal stripped, delipidated calf bovine serum (CSF) : #-FBS ‘5 d &4
RAHE Bk S

(4) Phosphate-buffered saline (PBS) buffer

e
|
& e

Potassium chloride (KCI, Nacalaitesque 28513-85

Potassium dihydrogen phosphate (KH,PO,, Nacalaitesque 28720-65)
Sodium chloride (NaCl, Nacalaitesque 31320-65)

Sodium hydrogen phosphate (Na,HPO,, Nacalaitesque 31726-05)

(5) Trypsin-EDTA (0.25 % Trypsin, 1 nM EDTA -4Na) (Gibco 25200)

(6) 0.4 % Trypan blue (Sigma T8154)

(7) Bovine serum albumin (BSA) (Sigma A8806)

(8) #’% % % 4 £ %13 Insulin-like Growth Factor 1 (IGF-1) (Sigma 18779)

(9) MTT : 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide ;
Thiazoyl blue (Sigma A2128)

(10) 10 % FBS/DMEM : p 7 10 % FBS 5 DMEM /% /%

(11) 10 % CSF/DMEM : p 7 10 % CSF =2 DMEM % i%

28
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(12) LY294002 (Sigma L9908)
g CLER R W S

C2C12 sp % Sg2m*s (myoblast cells) 2 10 % FBS/DMEM 3 % ** 25 cm? 32
HFL B 37°C-5%CO 244 Fwe £ 3 Ak B% 5 B4R #* PBS
buffer /e » &% 0.25 % Trypsin-EDTA #-w®z ;&7 > 12 0.4 % Trypan blue
BT 4 ¢ ¥l % 3x10° e AT AT 250m® B A FL 0 BT 37°C 5%

CO Ao F = R MIABR- X -
=~ ,:L;/\i ﬁivﬁ
1. Lim A&

ARSHRRET TEREFE AR R LE A 0 kL e 5L - 1758 -
CKP55 ~ P81 ~ H4 ~ N81 ~ 556M % V81 o #-% 5.k Lz Ak o 27 & JF 5 {8 5 3%
ARESEFREFALTEF R R RGO LEIAFESE > L LEA S

s iz # (bitter gourd power, BGP) » #1333t -20°Crk 4 o
2. L= AR & ]\ﬁ

#"3‘\—'—"“ /‘/i#c‘f’v o 1:20 (W/V) PG k3 B - =X K (ddeO) LU= RN HCI F’% p

&

50 & A 37°C50°CH 60°C R EFRAWHF L 24 > L@l

FATE o P ES TR LA 37°C ~ 50°C 60°C L AoRfzifdch o
3. LEAHRER

#elim A 2 &R gol 2 37°C ~ 50°CE 60°C WLiE Ak ko A B 20 @
MfE 2 o phe a5 P24 | o iBp2 B TR RN X NS HFH Y

%8B fae fn X F (ethyl acetate extract, EAE) o
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i

& +7—MTT assay

_L,s

7~ ¥ ’5&

#- C2C12 myoblasts 12 10 % CSF/IDMEM ##+# & 2x10* cells/mL > # »
96-well plate (100 pL/well) » % > 37°C ~5% CO, 22 % a2 E R - 1 01 %
BSA/DMEM ﬁr'ﬁ‘ g% & % 4 £ ] (Insulin-like Growth Factor 1, IGF-1) » ¥ “t £
2 0.1% BSA/DMEM # # § 50 ng/mL IGF-1 7 0.1 % BSA/DMEM #+ & &
2oL Ao fah RJR e (treatment) ; 0.1 % BSA/DMEM : vehicle & ; 50

ng/mL IGF-1 3 & ¥4 % (positive control) o #-‘m%% 2_32 & % N IR Y

W2 AR B3 37°C-5%CO 22 % #2% 48 | P& o

1%&%%%%;& dAe xR 24 A DMEM R 11 B9 MTT 3
i 55 puL/well » % » 37°C ~5% CO2 232 % 44 F fis 3 -] F¥ o B~ 1 96-well plate £
4r 0.04 N HCl isopropanol (100 pL/well) » B fe R T 20 4 48 Fifmie o RE P 97
Ay 2 formazan 3 410 ppd d f F R S E% F >0 ELISAreader 3 B~ 540 nm

2Bk E o
I ~ oz 3 2 3EB%—Trypan Blue Exclusion ‘w?z 3+ #c

#- C2C12 myoblasts r+ 10 % CSF/DMEM ### & 2.5x10* cells/mL » #& »
12-well plate (1 mL/well) » % % 37°C ~5% CO, 2 £ & fas £ H & - 2 0.1 %
BSA/IDMEM ## #% § % 2 & ]+ (Insulin-like Growth Factor 1, IGF-1) » ¥ £
0.1 % BSA/IDMEM & 7z 5 50 ng/mL IGF-1 7 0.1 % BSA/DMEM ﬁrﬁ > % e
JE B e 1758 L= A 4 (10, 20, 50, 100 pg/mL) » # 5 AJ2 & (treatment) ; 0.1 %
BSA/DMEM 3 vehicle % ;50 ng/mL IGF-1 5 i #7741 %& (positive control) o #-‘m
WA o Hher LT A 0 B 37°C 5% CO, 233 & fiss & 48

/J‘ % o
2 feHimie 2 RAE FApEE o AR AR 0 #* PBS buffer Bt iwmre
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i

% 0.25 % Trypsin-EDTA #-sm?z ;2™ » 12 0.4 % Trypan blue /% % i& (7 fm% 4 ¢

Tt Hc o
Ao R R AT E SRR S A AT
1L HEdd

#- C2C12 myoblasts r+ 10 % CSF/DMEM # & 2.5x10* cells/mL » & »
12-well plate (1 mL/well) » % % 37°C ~5% CO, 2. 2 % fas £ B - 2 01 %
BSA/DMEM #-ff & 7 Ik & ¢1 1758 L2 5 54 (100, 50, 20, 10 pg/mL ) #5 s
72 % (treatment) ; 0.1 % BSA/DMEM % vehicle & o #-im2 2 32 % % e

AP ERASLE B3t 37°C 5% CO, 212 % 42 % 48 | pF o

2t # Mfi‘* %% > ¢ * PBSbuffer Bixw®e > ¥ % 0.25% Trypsin-EDTA #-
fnre T > % PBS buffer & iximre > B0 € 3 500 plo @ * A2 A wrE ok ik
RLE ke B2 0 12 12000 rpm 4°C o 10min feB~F R FRIFEA S S PR

R

e

%5 Stock conc.
5,5’-Dithio-bis-(2-nitrobenzoic Acid) (DTNB, Sigma D8130) 2mM
Acetyl coenzyme A lithium salt (Sigma A2181) 12 mM
Oxaloacetic acid (OAA, Sigma 04126) 10 mM
Tris base (J.T. Baker 4109-02) 1M
Triton X-100 (Sigma X100) 10 %

Tris base = = k423 % f2> 2 6 NHCI (Sigma 30721) # % pH w2 8.0
TF 3 250mL kR 5 1M - DTNB £ OAA M plz g p » %2 IM & 05 M

z_ Tris-HCI #7# pe ¥ - Acetyl coenzyme A £ Triton X-100 RJr4 = =k -kfe ¥ o
3. R

31
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*
Iy
i

Wy 2-30 RIFEL S S fF € Kk A F OAA £ Acetyl coenzyme A » &
= citrate £ coenzyme A>coenzyme A ¥ iE - # H#-F Rk ® ¥ - AF DTINB &k

4 TNB > # AL £ 412nm T4 S <k in o sk @2t 5 RIFM A S A A

Iri o
Oxadloacetate Acetyl CoA
Citrate
Synthase
Citrate CoA-SH DTNB
TNB-$-5-CoA TNR o 412nm

B 23 RHFM L S A A 4T R

Figure 2-3. The mechanism of citrate synthase activity assay
4. FEHH

#- Reagent mixture ;& & 353 572 » 96 well-plate ¥ 37°C 12 4% 10 4 4 -
EF 4~ OAA (20 uL/well, final conc. 1 mM) &7 F & » 12 ELISAreader i B~ %
4 405 nm L& T kiE o Frg 30 sk 0k 15 A4E o Bo R B PER
W A2 ‘?’ﬁr’?,%ﬁl R®>0.99 & Flehal S 3 B % 761> ¥ ¢ * BCAprotein assay 2

7 LA E e (Thermo) i e R (v F X U RIFRL S N pF2 - F o

Reagent mixture

Volume (pL)

5 Final conc.
Sample Blank

Cell sample 20 20

ddH,0 140 145

Triton X-100 5 5 0.25%
Tris-base - - 0.1M
DTNB 10 10 0.1 mM
Acetyl coenzyme A 5 - 0.3mM
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Total volume 180 180

= ~ PI3-Kinase #r4]#] LY294002 4 » :#%

#- C2C12 myoblasts 12 10 % CSF/IDMEM ##+# & 2x10* cells/mL > #& »
96-well plate (100 pL/well) » ¥ >+ 37°C ~ 5% CO, 232 % $a3% & B & o L Fr] A
LY294002 (L, 5, 10 puM) A %] 4> IGF-1 (25, 50, 75, 100 ng/mL) # 5 § 50
ng/mL IGF-1 z_ 1758 .= A %4 (10, 20, 50, 100 pg/mL) > ¥ 5 g2 8 o #-fmPe 2
%%ﬁ&%,jﬁxzkﬁ%ﬁﬂnﬁ*3?C6%Ubi%%%%%48%%0

2 s MTT e 3ia S 47 o
A Fd FARE AT —T BB
1. #HsEF

#- C2C12 myoblasts r+ 10 % CSF/IDMEM #+¥ 5 3x10% cells/mL > & » 6.cm
culture dish (5 mL/well) » % % 37°C ~5% CO, 2 B 2 fas B - 1 0.1 %
BSA/DMEM ﬁr% PR J2E P AW G4l e (0.1 % BSA/IDMEM) ~ IGF-1
@ (50 ng/mL) ~ 1758 EAE (100 pg/mL) + IGF-1 (50 ng/mL) ~ LY294002 (50 uM) +
IGF-1 (50 ng/mL) ~ 1758 EAE (100 pg/mL) + LY294002 (50 uM) + IGF-1 (50 ng/mL)
LT o #imre 2 1 %;‘,’%Wﬁ% s e 2 A ARIE e 0 B3 37°C 5% COp 2 18 4%

%éi%%‘ 1- Flé*: £ ﬁ‘xﬁ.fﬂ}n ’Ffr_f

(1) fwre 3w FE P

> F0 FEPER

I 7 74t & (each well)
RIPA buffer (Thermo scientific 89901) 80 uL
Protease inhibitor cocktail (Sigma P8340) 1/100 of total volume

33
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Phosphatase inhibitor cocktail I (Sigma P2850) 1/100 of total volume

(@) T

» 40 % Acrylamide-bisacrylamide (29:1) (Bioman ACR004.500), A /%

»  Separation buffer, B ;%

5 aEE
Tris-Base (J.T.Baker 4109-02), 1.5 M 90.9¢
TEMED (Sigma T-8133) 1.8 mL

7% 300mLddH,0 # > 33 &1 pH=88> 4 ddH,0 %= & 5 500 mL -

»  Stacking buffer, C /%

B AeE
Tris-Base (J.T.Baker 4109-02), 0.5 M 69
TEMED (Sigma T-8133) 0.4 mL

%% 40mLddH0 ¢ > A& % pH=6.8> 4 ddH,O =& 5 100mL -
> 10% SDS %
P~ 10 g Sodium Dodecyl Sulfate (SDS, J.T.Baker 4095-04) ;% *+ 100 mL = =t
Koo H Hcte# (30-40°C) LIV fE o
> 10%APS 3%
B~ 0.1 g Ammonium persulfate (Sigma A3678) 4 >* 1 mL ddH,0 -

» i g A% % (Running buffer) 10x Stock

&5 aEE
Tris-Base (J.T.Baker 4109-02) 30.3¢g
Glycine (J.T.Baker 4059) 137.37 g
SDS (J.T.Baker 4095-04) 10g

* ddH,0 & G 1L @ * prfFfd 10 & o
»  Sample buffer, 4x (Bio-Rad)

» Isopropanol (Merck Millipore)
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i

» e % (Transfer buffer) 10x Stock

ko Lk
Tris-Base (J.T.Baker 4109-02) 309
Glycine (J.T.Baker 4059) 142.63 g

* ddH,O =z # 5 1L @ % B?ﬁ%-% 10 # > I 4c » Methanol (Merck Millipore)

(1/10 of total volume) -
3) Ak %4

»  PBST (Washing buffer)
#- PBS 4c » Tween 20 (Nacalai Tesque) (& % & & 0.1%) -
> Blocking buffer : * %t 75473 (Anchor) pe ¥ 5% milk -
»  Methanol
> - il
Phospho-Akt (Ser473) rabbit antibody (Cell Signaling 9271)
Akt rabbit antibody (Cell Signaling 9272)
GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase) mouse antibody (Merck
Millipore MAB374)
> - ik
Anti-rabbit 19G, HRP-linked antibody (Epitomics 3053-1)
Anti-mouse 1gG, HRP-linked antibody (Cell Signaling 70763)
> 39 A3 %5 (Marker) : PageRuler™ Prestained Protein Ladder, 10 to
180 kDa (Thermo scientific 26616)
» 4k % d & Western Chemiluminescent HRP Substrate (ECL) (Merck Millipore

WBKLS0500)

35

doi:10.6342/NTU201704166



%=

i

438 E 444 C2C12 Myoblast # # it 4 2 8258

3. RERA

(1) 4% % ¢ (Hoefer)

(2) FAEERE (Amersham Pharmacia Biotech 301, Major Science MP250)
(3) E =V T AH (Hoefer SE-250)

(4) T AgEef (Hoefer TE22)

(5) PVDF &= 5 (Millipoe IPVH00010)

6 *:RIEF

(7) &4 kB v (UVP autochemi system)

3

3

4. FEm™ 2
(1) ‘% 3o [P~

B IRt 0 # %r?i—g &% > % PBSbuffer Bt 1 # “$ PBS > 4t » 3-v
T3 B A0 scrapper T dmfe > Btk b 30 A 481 e g 0 12000 rpm~ 4°C
.o 10 min et ik o 2 BCA protein assay 2 # & :## % & (Thermo) & {7
B0 R E £ 4o r 13 R4 sample buffer- ;2 3 {5 % »t 100°C -kix 10 4 4 >

T4 e Fev TS o

(2) SDS =A% 2 Hlu

TR
10% A #%48 (FH) (ML) 4% & %A (2 %) (ML)

A % 2 0.45

B & 2 -

C - 1.116

10 % SDS 0.08 0.045

ddH,0 3.88 2.799

APS 0.04 0.09

Total 8/- % 45/- %
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BEME R e ER AR RT TR B EAR P ARARTY L A
Fi G E AR Ao de F A e B A R T M A R BY B Ple i A
4e ~ Isopropanol BTk 0 ) 40 S4BV RS o R A b R R B “,f
Isopropanol {84c » £ B MR 7 PR dE P AL 0 K 15 S4BT RS o MRS

Rl R A I T T R 0 Bl S R A
(3) SDS v T &

Helm®e v THREY TESFAESAPRIRAE > DA 3od TR S22 3o
ot ihkferpmirfefs PP o {2 (54 5% Phospho-Akt %
Akt Fdf e 12 80V & {7 T4 30 A 4Bk R0 RS RE £ 4 140V i 7 40 A

T TN
(4) e

PVDF #r2 ® FRiB R 3 S ok H1s » B o e g iben? T 67 10 A48 - i
Btk agergien o By SN B gLkt PVDF e
P T ARZ R P BT o T PVDF B o L F e 0 RIBRZ B g N
RELSivamasRE L EErF Lot BN ESR Y o L e

ok o FHAE BRI w5 f I 2 400mA #E 60 44 -

#er A2 PVDF #02 PBST 3£ 5 A4a== (75rpm) > £ 2 3 5% milk
2 blocking buffer i¢ {75 % i€ * » & & 1 | % (50 rpm)- ig|*4 blocking buffer 1
4o~ if § AR 2 - = 4aAg (Phospho-Akt ~ AKt) » 4°C & Jsi & (50 rpm) = 45 %% -
sl > 14 PBST ik 5 A dg= =t (75rpm) - 4o » i § iR = Sqkl o £ L
| & (50 rpm) - # ",%: 4kl > 1 PBST iFi£ 5 A4z = (75rpm)> 4e » Ak &

¢ B i BL R AT s KR F t8o 1 PBST ik b A= =& (75rpm)
37
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sen 3§ 482 - ZFulll (GAPDH) » 4°C F ki e (50 rpm) - 327 kA3 1 -

SEREE S5 L ST
(6) HcysiE

A RE AT Y Image P S F G A A LT AR - ¥
- ¥¢ 36 %52 Phospho-Akt ¢ # 4 A @2 p 2 GAPDH ¢ # # A &
#E“ﬁf@fﬂ%#@“ s by - BoY Fow B2 Akt 4 A f A 8N R

GAPDH ¢ # # A E4pp i (748 (L » ¥ 4L (L 15 2 Phospho-Akt 2 Akt + &
1 T

5 RS S $ AKE BERL T 2 B
NG

Fok? & @y r b= £ % #i@ 2 mean £ SD (standard deviation)

S

7§ %% 12 Excel 2016 (Microsoft, USA) i& i Student’s t-test 4 47 & &2
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Figure 2-4. The MTT assay of C2C12 myoblasts treated with bitter gourd ethyl acetate

extracts with or without IGF-1.

Cell viability was assessed by MTT assay. The optical density (OD) was measured at
540 nm. C2C12 myoblasts were treated with vehicle or various concentrations of (A)
IGF-1 (B) 1758 (C) CKP55 (D) P81 (E) H4 (F) N81 (G) 55M (H) V81 bitter gourd
ethyl acetate extracts for 48 hours. Data were pressented as folds of vehicle-treated cells.
Values are the means + SD of nine replicates. Significance of differences is analyzed by
Student’s t test. * denotes significant different form vehicle (0.1% BSA/DMEM) and #

denotes significant different form positive control (50 ng/mL IGF-1) at p<0.05.
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Figure 2-5. The MTT assay of C2C12 myoblasts treated with hydrolyzed 1758 bitter gourd ethyl acetate extracts with or without IGF-1.

Cell viability was assessed by MTT assay. The optical density (OD) was measured at 540 nm. C2C12 myoblasts were treated with vehicle or
hydrolyzed (A) 1758 (B) CKP55 (C) P81 bitter gourd ethyl acetate extracts for 48 hours. Data were pressented as folds of vehicle-treated cells.
Values are the means = SD of nine replicates. Significance of differences is analyzed by Student’s t test. * denotes significant different form
vehicle (0.1% BSA/DMEM) and # denotes significant different form positive control (50 ng/mL IGF-1) at p<0.05.
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(A)

Cell number counting
(Fold of vehicle-treated cells)

1758 (ng/mL) 0 10 20 50 100 0 10 20 50 100
IGF-1 (50 ng/mL) - - - - - = w # w

(B) ©

Bl 2-6.1758 .= A e fhe fig¥ 4 H ka2 2 & IGF-1 £ &J2 4+ C2C12

myoblasts 3 4 825 (Trypan Blue Exclusion m ¥z 2+ #c)
Figure 2-6. Trypan Blue Exclusion Cell Counting Assay of C2C12 myoblasts treated

with 1758 bitter gourd ethyl acetate extracts with or without IGF-1.
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i

C2C12 myoblasts were treated with 1758 bitter gourd ethyl acetate extracts for 48 hours,
(A) dissociated with Trypsin-EDTA, and counted after Trypan Blue staining. C2C12
myoblasts were treated with 100 uM 1758 bitter gourd ethyl acetate extracts (B) with or
(C) without IGF-1 for 48 hours (40X magnification). Objective with scale bar = 100 um.
Data were pressented as folds of vehicle-treated cells. Values are the means + SD of
nine replicates. Significance of differences is analyzed by Student’s t test. * denotes
significant different form vehicle (0.1% BSA/DMEM) and # denotes significant

different form positive control (50 ng/mL IGF-1) at p<0.05.
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Citrate Synthase Activity
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g i

Figure 2-7. Citrate synthase activity of C2C12 myoblasts treated with 1758 bitter gourd

ethyl acetate extracts

C2C12 myoblasts were treated with 1758 bitter gourd ethyl acetate extracts for 48 hours.
Data were pressented as folds of vehicle-treated cells. Values are the means + SD (n=3).
Significance of differences is analyzed by Student’s t test. * denotes significant different

form vehicle (0.1% BSA/DMEM).
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Figure 2-8. The effect of PI3-Kinase Inhibitor LY294002 on the proliferation of C2C12

myoblasts co-treated with IGF-1 and 1758 bitter gourd ethyl acetate extracts

C2C12 myoblasts were treated with (A) various concentrations of LY294002 and IGF-1
(B) LY294002 and 1758 bitter gourd ethyl acetate extracts (C) LY294002 (10 uM) and
IGF-1 (50 ng/mL) (D) 1758 (100 pg/mL), LY294002 (10 uM) and IGF-1 (50 ng/mL)
for 48 hours. Cell viability was assessed by MTT assay (A)(B) and digital photos were
taken using 40X magnification Objective with scale bar = 100 um (C)(D). Data were
pressented as folds of vehicle-treated cells. Values are the means + SD (n=3).
Significance of differences is analyzed by Student’s t test. * denotes significant different
form (A) vehicle (B) IGF-1 (50 ng/mL) and # denotes significant different form (A)

LY 294002 (5 M) at p<0.05.
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Figure 2-9. Western-Blot Analyses to detect phospho-Akt (p-Akt) and Akt in C2C12

myoblasts extracts treated with 1758 EAE for 1 hr
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Representative Western blot analysis of (A) phospho-Akt, (B) total-Akt, and GAPDH in
the lysates of C2C12 myoblasts treated with IGF-1 (50 ng/mL), 1758 (100 pg/mL) +
IGF-1 (50 ng/mL), LY294002 (10 pM) + IGF-1 (50 ng/mL), 1758 (100 pg/mL) +
LY294002 (10 uM) + IGF-1 (50 ng/mL) for 1 hr. Quantification of (C) phospho-Akt and
(D) total-Akt were normalized based on the levels of GAPDH, and quantification of (E)
phospho-Akt/GADPH was normalized based on the levels of total-Akt/GADPH. Data
were pressented as folds of IGF-1-treated cells. Values are the means + SD (n=3).

Significance of differences is analyzed by Student’s t test. * p<0.05.
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Table 2-1. Effects of various cultivars of bitter gourd ethyl acetate extracts on the

proliferation of C2C12 myoblasts

C2C12 myoblasts Proliferation Assay (MTT)

BGP conc. Maximal activity
(ng/mL) :
% by vehicle % by 50 ng/mL IGF-1
50 ng/mL IGF-1 - + - +
1758 100 100 42.8%7 48.2%7
CKP55 50 100 23.5%7 44.2%7
P81 - 50 - 19.6%1
H4 - 100 - 50.7%1
N81 100 47.2%1
55M - 100 - 60.5%1
V81 - - - -
1. 14757 MTTO.D.540 B FH 4w ;- 278 HREA AT HFEE -
2. % %7 % vehicle (¥ #bAJ2) & .50 ng/mL IGF-1 (% F A&J2) »c% 5 100%

FF o 54 e MTT O.D. 540 B3 4 cag A vt o
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Table 2-2. Effects of various cultivars of hydrolyzed 1758, CKP55, P81 bitter gourd

ethyl acetate extracts on the proliferation of C2C12 myoblasts

C2C12 myaoblasts Proliferation Assay (MTT)
BGP conc.
Maximal activity
(ng/mL) ;
% by vehicle % by 50 ng/mL IGF-1
50 ng/mL IGF-1 - + - +

1758 EAE 100 100 42.8%1 48.2%1
1758 37°C EAE 100 50 31.2%1 21.1%1
1758 50°C EAE 50 25 16.7%7 17.3%7
1758 60°C EAE 5 5 24.3%1 24.9%1
CKP55 EAE 50 100 23.5%71 44.2%1
CKP55 37°C EAE 50 50 29.7%1 43.9%1
CKP55 50°C EAE 50 50 24.3%1 43.1%1
CKP55 60°C EAE 5 50 11%17 27.6%1
P81 - 50 - 19.6%1
P81 37°C EAE 100 50 19.9%] 29.7%1
P8150°C EAE 100 25 44%] 18.4%1
P81 60°C EAE 100 50 39.9%| 14.2%1

1. 145 MTTO.D.540 & & & 3 4v ;- THEHRE AT REFREE

2. % %57 § vehicle (¥ fprag2) £ £ 50 ng/mL IGF-1 (% FF/aJd2) »x% 5 100%

B > 34 e MTT O.D. 540 18 5§ 4c e A1t o
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IHE R PERIFESAY s S EEREA R s I F S FHP T
7 e {eiyisfil 2 5 gt it % (phytochemicals) « 1293 B4 2 4 > 5 8 g 2 S
PABL G T RN
(1) p=#g (Phenolic compounds) ¥ & gk #f (flavonoids compounds) (Kubola &
Siriamornpun, 2008)
(2) # A *=31= ##8 (Cucurbitane type triterpenoids) (J.-C. Chen et al., 2009)
(3) # g =31z WY (Cucurbitane type triterpenoids glycoside) : 7

PEA D EILEE > A RN ERE G §

1

}{‘\ ¢ o é ;}é
momordicosides ~ charantosides ~ karavilosides % (Yen etal., 2014)
(4) B3rE'=zA=z {2 BN (Oleanane type triterpene saponins) (Liu et al., 2009)

(5) r#7x (Peptides) (He et al., 2013)

IRt AR e A 0T G G ohn e 0 R RE RS R LE A R

JR oAt Z A ¥ (RAE myoblast H 4 i 4 2 dp Mt o

1. = ## (Triterpenoids)

FAPREN A aE i e e f A2 fEdg o 2 ¢ charantin A E R
FELAE LT E MR B AR ER S 4 2 (Joseph & Jini,

2013) o gt ek 5 AP g g R AL (ursolic acid) ~ &3 % f4 (oleanolic acid) * 7 7k

SN FEREE 0 TR G BB >~ B L E H ook o

— B

#9754 ursolic acid wep 4 & 2o 2 B - Kunkel 5 4 45
a1 ﬁ]\ 4v oursolic acid >t 4L = ¥ 0 T i B Fa Ak 8 38 7 e & (Kunkel et al.,
2012) # #esedE £ 3 4o B g BEAERE 55 s L §F A f L & R g s a
a5 o Ursolic acid 7~ ¥ 3 4c -] &l frk w% SIRT1 2 PGC-la A F &R > I < 52
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R E v (rectus femoris) & ) i d e glycolytic fiber ep-sedid 8 5 5w
oxidative fiber 3~ (Bakhtiari etal., 2015) - 2@ > 7= 3 &7 3 45 1} ‘ursolic acid #z
¥ g 4 v 23 {8 e C2C12 myotubes F-v 7 £ 4c > £r& 2 & myoblast 3 4

(Figueiredo & Nader, 2012) - & {¥ - #% «h¥_> 2§ % ursolic acid & A ¥ IGF-1 %

AL 5 Frig % 75 i Fetal bovine serum (FBS) 32 % tmie » B¢ #3554 © £
AEFE D RAFHAILLE APFE RIS AR E S 0.1%BSA Y Flut A w ¥ E

™

8RB A H ST A i H 4 myoblast 3 4 chi &ee £ o

Br Rk LEAZZ i AR (R L) (Bdpd AT RERE)
AP ELET|EE R 1758 &k Z AR BRI HARN A 2% A s eng kv 3 HA -
N8L % 55M = fh#F 5 B 2P| 3 o ¥4 5 4 L2 A2 = g5 82 e
myoblast 3 2 sc 4 & {740 B 24 47 0 B BMEDpM (B 2-10) » &igp L=
AEBF IGF-1 £ b AL EGEVCp e 4 K g oS T 04 L iR o A
Moo 1758 &k = A 7 BAP R M e R 4 se kB2 £ Ad NG R A F
PEAhZz = RSN ESFES Y § H U E RSP R H AT T
FHFELATHFER 0 SEd 50°C 2 60°C (kjrz HA &% it W mE
Bl kz = S BRACKIEZE 37°C KRR Mo X d BIROKfRES Z Rl
BB 4 (B34 36, 2016) - i=d 60°C -kfEfs CKPS5 EAE ~ H4 EAE = 5% 7 &
744 (27 > unpublished data) » #X @ & 7 #B % 3|k f218 ¢ BGP EAE i
Ve 2 R4 A A E R RRIT R FG Z R R E G e d TR

L AR R tE G oS PR A bE A N G Rik- H AT
2. R = I ri e (9c, 11t, 13t-Conjugated Linolenic Acid, CLN)

pPAARY T35 e a o VA L E AR - B B F LahE g
7 18 & 2 B Bt ehk I frid fe (conjugated linoleic acid, CLA) » @ i i ipk #7

T H G R PEFIRR R0 LN R g f AR A R E S (Gaullier et al,
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2004; Kamphuis et al., 2003; Riserus et al., 2001)> 7= ¥ 12 3 4o 37 3% &1 4 $e3oF § 4

T PR M f R AR [ ¥R A KTVUR Snte bR ARAE 4 £ & 2 S (Ryderetal,

2001; Vaughan et al.,

13t-Conjugated Linolenic Acid) > z 7 18 & 3 i fFéE »

+2 % % PPAR-a (Chuang et al., 2006) > i &

2012) o WL A A A Ak chd g sy ape £ CLN (9c, 11t
FOOLGE (Y3 Ry 9 1N Hen

3 "E P~ PR fug L E o (Hennessy

etal., 2016; Hennessy et al., 2011) - CLN P # fe3vp = o T 7 fie > > Ra H %f#

2 CLA 49> 2 $% CLN thzfsdai 7

(Vroegrijk et al., 2011) » F)t 7= & 5 4 svp % & &

Ao S Bge i Ak X B2 459r5 CLN 2% &7 - CLN 4 B8 12

B A RafregF KRR RS A onerT ' (B 2-12

Fatromw g die gokfEZ LEFAZP4 CLN 7 242

P ayE R R AR (B 2-14) -

e
g 100-
55 —-
g g —h—
s g 60+ ——
S o
S5 401 Y g
8__;5 } 8
= Q
2o 201 r=0.388
I: ° p=0.012*
g_ 0 T L T 1
= 1.0 1.2 1.4 1.6 1.8
Proliferation Fold
(by 50 ng/mL IGF-1)
B 2-10. & & & L= Nz fREE

r4IRE T L B eh

LA B ek T

% 5 AR L

%%’im%*‘ o j&—il—‘- A ]ﬁ&

W,:\F'&;

Bl 2-13) o * 4p B it

H iz & myoblast 3 4 i

itd CLN #rF

1758 EAE
CKP55 EAE
P81 EAE
H4 EAE
N81 EAE
55M EAE

£ @ tise C2C12 myoblasts 3 # & 4 2z 4p B %

Figure 2-10. Correlation between tritenoids content and C2C12 myoblasts proliferation

activity of various cultivars of wild bitter gourd

59

doi:10.6342/NTU201704166



k2

£ A 5 4 41 C2C12 Myoblast 3 # it 4 2. #2458

-

w7
Iy
i

Data were analyzed by Pearson’s Correlation.

270 nm

1

061 BGP EAE (5 pg/mL)
— N8t
— H4
0.4 — 55V
— 1758
8 \ — V81
§ \ — P81
£ o2l
g 2 / — CKP55
7]
K]
=y
0.04
0
Wavelength (nm
. gth (nm)

Bl 2-11. & 5 kL Ac e figEBodez CLN s %2

Figure 2-11. Absorption spectrum of CLN of various cultivars of wild bitter gourd ethyl
acetate extracts

Absorption spectrum was analyzed by spectrophotometer.

CLN (mmole/g EAE)

B 2-12. L& i LE AL fa¥ed2 CLN 7 £
Figure 2-12. CLN content of various cultivars of wild bitter gourd ethyl acetate extracts

The values represent mean £ SD (n=3). Significance of differences is analyzed by

Student’s t test. ** (p<0.01) and *** (p<0.001) denote significant different form
non-hydrolyzed EAE of the same cultivar.
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B s —— P81 - 4
49 —& USITC —F= py3rc @ 55M
- 1758500 == P8150°C
— -@- 175860°C  —@— P8160°C
Iél
w37 .
. i
s z
o 24
S
£
Z 14
- v r=0.649
& . p =0.042*
® ®
0 1 1 1 1
1.0 1.2 1.4 1.6 1.8

Proliferation Fold
(by 50 ng/mL IGF-1)

B 2-13. &% kL fe e fa¥E B4 CLN 3 £ 2 itie C2C12 myoblasts 3
A PR ol Xed

Figure 2-13. Correlation between CLN content and C2C12 myoblasts proliferation
activity of various cultivars of wild bitter gourd ethyl acetate extracts
Data were analyzed by Pearson’s Correlation.

=~ LEAFBF A C2C12 myoblasts 3 4 5o 4 2.3 & T3 49 M 4E T
1. PPAR-6 (Peroxisome proliferator-activated receptor )

PPARs (Peroxisome proliferator-activated receptors) >t Ffg 8517 % B 725> ¢
1% PPAR-a ~ PPAR-y ~ PPAR-0 = f8 & 2588 » 2 & # &0 2 58 g | S ehad 4y
He > PPAR-§ + £ £ A F geved > TR BE T A s N A T ¥ S
BREE R T LA PEGE F Reroregh e type | fiber (v 9v) 3% ) type | fiber
(f=#?v) 03 i (Holness et al., 2000; Luquet et al., 2003; Y. X. Wang et al., 2004) - p*
*t > PPAR-§ AR R E AP 4 £ G Ml o ¥ PPAR-O A F pp il &
*ﬁﬂ%%’+Q%§@%&E%%‘ﬁiﬁ4ﬁﬁ’%M#iﬁﬁﬂiQJ%

tg * % (Angione et al., 2011) - » Schuler :@% Bz 1| PGC-la promoter %
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i

¥ 3 i1 12" PPRE (PPAR response element) 15 7] i&— # % C2C12 myoblasts #
2+ 3 PGCla promoter = luciferase reporter gene (0GL-PGCla)’ £ & ‘w4 it =
myotubes > 7 3. PPAR-0 agonist GW501516 + 12 &g PGC-la # 4% + (Schuler
etal, 2006) - A% & T3 » PGC-la # ¥ 7 M i MAl 2 & & 2 (53 A7 fgd
Frd] FOXO ks 4rovp chE & o & ik o PPAR-S 724 4 B4 & L g syep

4R HR RS

d CHO-K1 m?2 2. PPAR-§ #ériv M #% B %R EI > A& Lz A
L Lt fig X B4 307 iR PPAR-O g &iE it (HERR 2) (Bdpd L AR ER
B)e A R RBKRELEAFTEFE PPAR-S i 4 § 3 4e 0 § LR 0 (iHk
B 3) (Bcdpd B LR 54 &) 1758 37°C EAE 2 50°C EAE % it PPAR-§ ## 4%
Sla A BERA-KfRES > HAE AP A KRS PPAR-O #4rE 1 F @ 'F
Moo B2 kL AR Y PPAR-D ehdg 45 E |22 1858 myoblast H 2 i 4 38 {7 4p
Ml Aadr > R T R EAM (p>0.1) (B 2-14) - &a > v RLEZ A% FER
kR X P-4 kg PPAR-6 &2 myoblast 3 4 codp BE M > F IR G T Ap B AR
(0.05<p<0.1) (B 2-15) » B2 2% » iS4k erp M T SR p 3 % 5 & ok fgs s
PPAR-5 ¢ myoblast 3 4 e 4 & § " Menifec o gt o L R KB ge aE ep

w4 R FEE kp A& PPARS i 4 o A G- HA%EY -
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o 50-
o = 1758 EAE
§ @ 40- -+ CKP55 EAE
5o -~ P81EAE
> 8 301 - H4 EAE
z3 } - N81EAE
<% 20+ 8 55M EAE
g = 10- I r=-0.433
g p=0.155
E 0 T L e B L]

1.0 1.2 1.4 1.6 1.8

Proliferation Fold
(by 50 ng/mL IGF-1)

B 2-14. & 5 5 L= At fee fig E B s i PPAR-S chil i 128 e C2C12

myoblasts 3 2 ic 4 2 4p B 2

Figure 2-14. Correlation between transactivation of PPAR-3 and C2C12 myoblasts
proliferation activity of various cultivars of wild bitter gourd ethyl acetate extracts

Data were analyzed by Pearson’s Correlation.

—k— 173 B ckrss -@- rsi
'9 809 - i7maoc =@ CKPSs3T°C =M= PBISTC
14 —— 17850°C == CKP5550°C == PB150°C
<< _ —@— 17860°C —@— CKPS560°C —@— P8160°C
Q. ©
O« 604
2 0
> = 404
o0
< 4=
- © I
o -
g 20 I $ r=0.229
% p=0.06
©
E 0 1 1 1 1 1 1
1.0 1.1 1.2 1.3 1.4 1.5 1.6

Proliferation Fold
(by 50 ng/mL IGF-1)

B 2-15. L A-KfEe fhe fig 5 B4 % 1 PPAR-§ end 45 M 22 inie C2C12

myoblasts 3 2 i 4 2 4p B 2

Figure 2-15. Correlation between transactivation of PPAR-3 and C2C12 myoblasts
proliferation activity of various cultivars of wild bitter gourd hydrolyzed ethyl acetate

extracts

Data were analyzed by Pearson’s Correlation.
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z ~ 1758 L A X B4 i IGF-1 #+ C2C12 myoblasts 3 4 i 4 20 i% * g2 %

h

HhEN L BRI YE IGFL L BRE s F IR e R R
(Insulin receptor, IR) & IGF-1 % %% (IGF-1R) ¥ d — i a subunit 2 [ subunit
£ ¥ - ® osubunit # Psubunit = dimercIR * 7z 3 & B £ A4~ W £ IR-A
2 |IR-B> —*‘Ff 7 ¥ 4 ug IGF-1R # = IGF-1R/IR-A & IGF-1R/IR-B 3 & < 18
(hybrid receptor) > 7= - i IR-A g IR-B 70 2 Bsubunit % & - # IGF-1R
a ¥ B subunit (Slaaby et al., 2006) - % & % ¥ & &£ 5] IR-A %2 IR-B }+ » =7 g2
IGF-1R % & » e B fr 4 £ - IGF-1 p]# 2 IGF-1R -~ IGF-1IR/IR-A &
IGF-1IR/IR-B % & - % IR-A~ IGF-1IR & IGF-1IR/IR-A F it > i ¥ ¢ %“ﬁ“v}
PIBK/Akt fx#: w4 L 4phinE ; IR-B & IGF-1IR/IR-B Zi-pF» pli & ﬂ%‘ﬁﬂ
PI3K/AKt v gz tmre % B+4p i 20 52 (Gallagher et al., 2010) (@] 2-16) » &+ H_5 @

f E 2 IGF-1 ML BEPA S F EHA RS 2 B TApR T (e o

ag

FIRB B FEFIFLER S BA

F_‘-

NN N SIh N S

3

|

R B R LSS SUELS VSR IR R R N AR

{

kend fEz fRa DHM 2 THC fd %4 2ehs o™ » P A% g R fimie?
H4ews b 4 @yEEe 2 IRS (insulin receptor substrates) tyrosine shgific it 0 i 3
4§ &1 Akt (Chang et al., 2015) - = /& ¥ 3 5 &1— f#&327% polypeptide-p » £ 5 £25%
%%ﬁWﬁ%ﬁﬁﬁﬁ’?”ﬁ
Raychaudhuri, 2010) - 5 /& 473

&

FE Il g yaaxi (Paul &

A= W28 Charantin 2 2 jE&= A5 e g &

ﬂ'&

g 2 P dg (glycoalkaloid) Vicine 7 44 B 5 3 *% i 4% chr 2 (Patel et al,
2010; Slaaby et al., 2006) - F 2% 3 2 A7 5 "~ HF R > LZ A-RE PR KRS T T
fRi R ORE PR RORfRS L fhe g T A S g Sk im e AKE BIREL 1Y 0 T
L6 svp fmee AKt BEFL - Rl E BT F R 4c » R A ¥ ¥ B hmie vE mie T F

BB (% 4e%,2010) 0 BEom LB A S E S ENT P ERTG F P aiTh o
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AESREEEART] 1758 LB AT e faE BT LA IGF-1 % A
T oo oig- Hh iRaE Akt BRpL 1Y £ IR > I B C2C12 myoblasts 4 & o PISK Fr
et Akt BRpL T o e i A I ) A BT ik - HEF 1758 LiE A L Lo fiy
FPeaerep e 2 £ A58 PIBKIAKE BEAE - A o LE AR RS A
B4 PIBKIAKE B/ BIR & - HHR3E o 5 A7 B0 § 300257 1 jFd B & IR
KEcHs % b & BIEE T 0 R AP R E AT L A F Bt ik e Jn Pz B
Ao dfaiple fie fla kAT LR IGF-IR Ak F B Ak o B o LE AL
REFT U RRR e Akt BRET A AR %R T & & AKL © SALERRL (Y en
Bim™ o @ie- A HBR AR AR 2 K B LEABERS TR
BT S Hhrbchif B yrd T OUB s AR © AL Bl o AWk F) DHM &

THC & f5 N 7 3 0= f# > A% R 7 4] PTP-1B (protein-tyrosine

phosphatase-1B) /%44 - PTP-1B ¢ #5 “,f’i HZ %42 IRS ¢ tyrosine shgifs it

a3 E & GRS F MR E TR T LE AT i%gr} Fr4] phosphatase

=1
-n\
~

gt ki £ OIGF-1 24 BikR /o £ R A WA AT o L3 RS R

i r P10 g - IR -

Insulin

_IGF-1

ity P

\\.___ ‘L ’
\\/ MMogenlc Slgnalmg P
B 2-16. %% 5 2 <48 - IGF-1 X% & X4

Figure 2-16. The insulin receptors (IR-A and IR-B), the IGF-1 receptor (IGF-1R), and
the hybrid receptors (IGF-1R/IR-A and IGF-1R/IR-B) (Gallagher et al., 2010)
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R
Iy
s

7 ~1758 L= A F B4 ik C2C12 myoblasts 2. s 4w 8 54 it

>.

bl
ot
=1
—anl

FHRFEIFATRRZINLE AR E I e BE - L
o F R BURCEY L E AT LG AR R A & A s g s A
M&ﬂ%m,uagnﬁﬁﬁﬁ@iﬁﬁw%&ﬂ%m(E*&ZMG;%%E,
2016 ; iz 3”42, unpublished data) - flm?z ;8 ¢ > AR LE AR @EHF T
1RGSR A i = {8 e C2C12 myotubes 2 L6 myotubes A s ¥ it 4p 1% citrate
synthase &1+ (4k78#, 2015) ° A F % 7w L% F| 1758 L= A2 fac fig%k 4= 7 12
i C2C12 mtoblast citrate synthase /&> &g o1 H #3050 A 5 5 B3EhiE* o
Citrate synthase & i& » TCAcycle % — BfEF - L= N 540 i iR B4 4 o
TR AT TCAcycle FiEq 7% » Bie ¥ %3 N a4 w £ T @yop

e D § A B o
Y18 BH

AR HBBRI A FE A LE AL fp X B2 IGF-1 £ B g2 C2C12
myoblasts »“p # Bgimie tk 48 o] BEV L RAE T Spamre 4 0 @ 1758 Lim A o g
o fig F P47 04 b PISKIAKL Be S © el cnfin ™ o i - A4 AKE B 4
oo WEEAURE mBRimie 2 K o AP HRTERARTE Pl 1758 LE A R i E

Pofe 48 O] PEF LR SR A dptR Citrate synthase %+ -
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FIE FAR&EALENESE A S HESG ) BT Reest i e

E!
I
Sy
»
T
Py
=
H
>
e
a»
vﬂ?
&
¥
‘vf
E‘Is‘
aq;

e vrt 5y 0B f§3

- FFATY AP LA e fip B4 A2 C2C12 myoblasts ¢ ¥ gL
IHEF ;ﬁr‘ PIBK/AKt § 3 a4 IGF-1 igsvp w0 Spimie 4 £ o F]Pt » A F &
BEFEPFR {20 P FHES L AR RICERS T A2 & s P2

o

R

’“‘ﬁ

RS T k 5 CH7TBL/6) = & » T i * § b & 3 Hw etV iF
FHLEAA BRI A G PR e el gL E b A ¢ PR
diacylglycerols (DAG) £ ceramides % 73 Bk R &8 >~ {4 W5 L nre ek 23R o
ai»fc -~ DAG % ceramides ¢ & 1 myostatin > ;g d ¥ 4] MyoD (myogenic
differentiation antigen 1) £ myogenin # 312 2 3% % m % k= K fr4| myoblast 3
4 2 & it o Ceramides ™ 2 g W e jrE € W 4] IGF-1/PIBK/AKL B s % #r
Flirh fmre fods o ' Mol X FIAE G s 4 a4 (B 3-1) (Akhmedov & Berdeaux,

2013)

IR R SR F S A A P A R
AR o A Y Kor 0 ek fH S ovep &t dr 4k MyoD % myogenin
MRNA % 7.4 ¥ #4121 (Allen et al., 2008) - Obese Zucker rats 't 42 = £ #% lean
rats » %= %l 2 ATP A 4 # 5 e MHCL (myosin heavy chain 1) mMRNA # L& %
i (Peterson et al., 2007) o ¢t ¢+ » | B4k & B "q4k 8 v iF o RF w e d|aep 4

£ &0 myostatin MRNA # 7L F#dr4]e 3 (Allenetal., 2008)- | B4k & F "54¢ &
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F2% RS ALE AT A S G B R i i

N3 R £ 557 atrogin-1 2 MURFLmRNA £ 5.7 % > @ %4 macadamia oil
(B g%) Pl E w4 (Hirabaraetal,2013) - /| 48 % g4 8= B > i
s4 54 CTX (cardiotoxin) # ¥ &% w3 df G R op £ 4 i 4 > vep 34 2 0
f“3p % Pax7 - Myf5 > MyoD % myogenin mRNA % L& ¥ fdy il et (Fu et al,

2016) > 11k F S H BT B ki 9 X LI §H AN K2 R 40 S

¥-25 o AL

St

ETE 22 TREERIALE Y] BUF R e B s G 5

BAENIT* o A F a4 8 P bk 4e = FR3F ursolic acid 4k & ) Bl 3 o 3 BLF KR
Igfl 2 2 = 253 47§ § #5 HK2 (hexokinase 2) 734 % n ¥ 72 < Vegfa (vascular
endothelial growth factor A) mMRNA % s+ 2 (Kunkel et al., 2012) - & 2% 3 £ o 42

FERIET] 0 % FOREA @ H L B ks B% LA 25 ik T iR

o+

LU RS &2 2 B APRE A TR IR (A, 2014) ;v B oAk S SN th iR 4
5% L AAk G & 20 i 0 it pogoierl 2 i e type Hlb fiber o g e g
ML L&A~ A Mg s 2 OXPHOS Ap B A F14 4% (72242, unpublished

data) o F12 » LA R F P ] S AR R AU S

Flpt s AFHREHRH LI A 2RI FighaY > TRFFEIUFHRE
Lag gL, g

VLR A B AR R A TR AR A 2 BT AT R R0 2 insulin &2

®
4% 8 % 1 duen C57BL/6I o) Bt ’%’EE’ BE R AICE E

IGF-1 A 4riic T AT AR FH L AL F 7 00 d B 54 6§50 F doreid
T F o AR RS ATLE AR B R (B 5 A L iR foie
gd 5o (tibialis anterior, TA) £ 9% 5 (gastrocnemius, Gas) % ff ¢k susnt

B 4 % (Soleus, Sol) (% 3-1) -
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4 3-1.C57BL/6I 2 B & 33 chh a3 A

Table 3-1. Skeletal muscle fiber types in C57BL6J mice (Augusto et al., 2004)

) Muscle
Fiber type
TA GAS SOL

I 0.00£ 0.0 0.81+234 4150+ 12.2
lla 25.25+ 15.15 17.01 + 12.64 57.56 + 13.32
Id 0.00+0.0 0.00+ 0.0 0.15+2.82
b 74.48 £ 15.15 84.50 + 15.29 0.00+ 0.0

Obesity

« ¥ NN\

leptin  fatty DAG ceramides TNF-a

/ acids | oD IL-1
// /1A : ,’ 2 '\B

\ IGF-1
I : / R
/ PKC
0 [ i PI3K
| Apoptosis v Lo /
| Myostatin | |

7/ \
|

""9\ P"gNA /6 h‘,:;obLl 0 \\\mTOR
o5 =0 N\
BB

injured proliferation differentiation growth regenerated
muscle muscle

Bl 3-1. s ilgpep g4 g0 4 LRz 84

Figure 3-1. Mechanisms linking obesity with impaired muscle regeneration. (Akhmedov

& Berdeaux, 2013)
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ml
A
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b

6-week old male CS7BL/6J mice (n=39)

1-week chow diet
Assigned mto 7 groups randomly according to body weight

1-week bitter taste acclimatization

BGP 1% (2days)—2% (3days)—4% (2days)

l

l

\ 4 \ 4
C HF HF+ HF+ HF+ HF+ HF+
_5 -5 4% P81 4% P81 50°C 4% 1758 4% 55M 4% H4
(0=5) (n=5) (n=6) (n=6) (n=6) (n=6) (n=5)
v
Serum biochemical analysis (week 0)
Serum biochemical analysis (week 2)
Sacrifice (week 4)
Diet groups:

C: Chow diet (powder)

HF: High fat diet, 30% (w/w) fat

4% BGP: 4% wild bitter gourd powder in HF diet

BGP Cultivars: 1758, 55M, H4, P81, P81 50°C hydrolyzed bitter gourd

Analysis after sacrifice:

Serum: glucose, triglyceride, cholesterol and insulin
Muscle: mRNA expression of gastrocnemius and soleus
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IR OFAR&EALEAHE ARG B Rus i e B

A BT 6 Fde C57BL/B6) 2~ & 39 & > prp RpF skd P o oo B ¥
chow diet (LabDiet 5001, PMI Nutrition International Inc. Bretwood, MO) i Jis— i
fs R ELEW A 5 C & (chowdiet) (n=5)~HF & (high fat diet) (n=5) 2 HF+4%
L& kL= A (BGP) 2°BGP & %4 5 P81-P8150°C (P81 51 50°C -k jz)-
1758 ~ 55M %2 H4 > =212 4% ”T st HF diet » - C &3t 4% 8 P 354 8 bk
chow diet - BGP 2 ¢ jbrie 55 1%~ 2% ~ 4% BGP &7 = skif - ¥ > L&~ 1
PRk (P 0 @) Blfdsds 00 24kG0% 2 4 FEBFHRL B 4 T
oy  LRFF L@ T3S Nel  FRPTHEp I | BTG L
Bodr IR R gt 23-25°C ki 2 2y & 12 ] pF (08:00-20:00 A kPR o
20:00-08:00 % 2w #p) - 4% iARY > B Fed- ZEIELEMLE o

s ép;-}:iﬁa%ﬂ
1. Chow diet &t

C ¥ Bz dk chowdiet » 12 *t 3k | Bl a £ o aflens o ~

AP AL S Bk @ o e B A 330 A AE S
x5 AIN-93G 4l (7B FE > B g4 812 30% &-Rid 1T 5 2 &g Kik
GF® ¥, 2006) o e ¥ = 2 5 M AR R R {edB g 15 4o r R TE 6 R
3 E R BRI GEE -20°C Ak o A i~ o BAPH £ W - R IE R
kB~ g o
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*L
s
A

i * 2. 4%BGP ‘e d&flir 2 mekig i * 22 1%BGP %2 2%BGP
e Al e ] H_ B R Rp AR a e Fre 4%~ 1% &£ 2% LA Rk T RN
Ak A sl 5 1758 ~B5M ~ foiE e B (H4) ~P81 11 %2 4 50°C mu Tk Ak E ok
22 P81 (P8150°C )« 4ife = hod 3-2 #r7 » BGP e &l iz B L2 Ak 045 4
S ARFERY B SRR R el o ol 02 ST R
KRB o b » PRI THE IR g 0 K A BB R -20°C ke

G BR ] B L T - RISk Ay R
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Table 3-2. Composition of the commercial chow diet

B

Laboratory Rodent Diet

5001*

DESCRIPTION

Laboratory Rodent Diet is recommended for rats, mice, hamsters
and gerbils. This diet is a complete life cycle diet formulated
using managed formulation, delivering Constant Nutrition®. This
is paired with the selection of highest quality ingredients to
assure minimal inherent biological variation in long-term studies.
It is formulated for life-cycle nutrition; however, it is not
designed for maximizing production in mouse breeding colonies.
This product has been the standard of biomedical research for
over 70 years.
Features and Benefits
* Managed Formulation delivers Constant Nutrition®
* High quality animal protein added to create a superior balance
of amino acids for optimum performance
* Formulated for multiple species for single
product inventory
* The rodent diet standard for biomedical research

Product Forms Available
* Oval pellet, 10 mm x 16 mm x 25 mm length (3/8"x5/8"x1")
* Meal (ground pellets)

Other Versions Available
* 5LOD PicoLab® Laboratory Rodent Diet (Minimum order required)

GUARANTEED ANALYSIS

Crude protein not lessthan .................. .23.0%
Crude fat-motdess'than 4 swwsimanspsy e s 4.5%
Crude fibermot moreithan i svseswmnsvs v ww 6.0%
Ash:not:morethan s s smee e v 8.0%
Moisture:not:more-than i siu sin 5o agsssseveas 12.0%

INGREDIENTS

Dehulled soybean meal, ground corn, dried beet pulp, fish meal,
ground oats, dehydrated alfalfa meal, cane molasses, brewers dried
yeast, wheat germ, whey, porcine animal fat preserved with BHA
and citric acid, wheat middlings, porcine meat and bone meal,
salt, calcium carbonate, DL-methionine, choline chloride, chole-
calciferol, folic acid, vitamin A acetate, menadione dimethylpyrim-
idinol bisulfite (source of vitamin K), pyridoxine hydrochloride,
thiamine mononitrate, biotin, nicotinic acid, calcium pantothen-
ate, dl-alpha tocopheryl acetate (form of vitamin E), vitamin By,
supplement, riboflavin supplement, ferrous sulfate, manganous
oxide, zinc oxide, ferrous carbonate, copper sulfate, zinc sulfate,
calcium iodate, cobalt carbonate, sodium selenite.

FEEDING DIRECTIONS

Feed ad libitum to rodents. Plenty of fresh, clean water should be
available to the animals at all times.

Rats- All rats will eat varying amounts of feed depending on
their genetic origin. Larger strains will eat up to 30 grams per
day. Smaller strains will eat up to 15 grams per day. Feeders in rat
cages should be designed to hold two to three days supply of
feed at one time.

Mice-Adult mice will eat up to 5 grams of pelleted ration daily.
Some of the larger strains may eat as much as 8 grams per day
per animal. Feed should be available on a free choice basis in
wire feeders above the floor of the cage.

Hamsters-Adults will eat up to 14 grams per day.

For information regarding shelf life please visit www.labdiet.com.

03/19/15

CHEMICAL COMPOSITION'

Nutrients’
PEGLEISYS = wororeconmmsmassnn 25.0
ATEININE W - sremenmaan s & 1.57
Cystingi W scwwammpeies swn i 0.39
Glyeine;% «wmmasains wva & 1.28
.............. 0.62
s 1.06
Leucine,% ............... 1.89
Lysine,% ................ 1.48
Methionine, % . ........... 0.59
Phenylalanine, % ........... 1.11
1 0T (R R 0.77
Threoning, %' «wwwsaan s d 0.97
Tryptophan, % ............ 0.28
Valine; %snsnsmenvan o ¢ 1.16
Serine, % 1.18
Aspartic Acid, 2.81
Glutamic Acid, % . ......... 4.74
ATINEIE wrosonemmmame won § 1.44
Prolitie; % «vssssmsvsssen s § 1.47
Tautine, % wwwwamvasavas v J 0.03
Fat (ether extract), % ...... 5.0
Fat (acid hydrolysis), % ....6.4
Cholesterol, ppm . .......... 209
Linoleic Acid, % ........... 1.05
Linolenic Acid, % . ......... 0.09
Arachidonic Acid, % . ....... 0.02

Omega-3 Fatty Acids, % .. ...0.30
Total Saturated Fatty Acids, % .1.48
Total Monounsaturated

Fatty Acids; % «ionvaann v o 1.62
Fiber (Crude), % .......... 5.3
Neutral Detergent Fiber’, % . . .16.7
Acid Detergent Fiber,% . .. ... 6.9
Nitrogen-Free Extract

(by difference), % .......... 47.5
Statchs % wrvwremsarven rws & 21.0
Glucose; X v wven s 0.19

Fructose, %
Sucrose, %
Lactose; Y0/::s 5wt s 945 o24
Total Digestible Nutrients,% ..73.8

Gross Energy, kcal/gm ... .. 4.09
Physiological Fuel Value®,
Keal/gm cuoremmmamsensaned 3.35
Metabolizable Energy,

Keal/gMws s e wanmad 2.91
Minerals

Ash, % .70
Calcium, % .. ... 0.95
Phosphorus, % ............ 0.70
Phosphorus (non-phytate), % . .0.42
POEaSSIUNG %0« wsmmavenma s & 1.28
Magnesium,% ............ 0.23

74

Sulfur,% ... Ll 0.36
SOAFLDO! cammmens som wovprred 0.39
GHISHAE N sximin som wwnered 0.64
Fluorine, ppm. « o smswmisis 15
IOn; PPOY o sona s v s

Zinc,ppm .......
Manganese, ppm . .

Copper, ppm . ... .

Cobalt,ppm .............. 0.91
TGAIE PP oo s somwsien 0.99
Chromium (added), ppm . . . .. 0.01
Selenium, ppm ............ 0.41
Vitamins

Carotene, Ppmy s aiiise 23
Vitamin K,ppm ............ 1.3
Thiamin Hydrochloride, ppm . . .16
Riboflavin, ppm ............ 4.7
INIBGIT, PPN wiace s wosin missmions 120
Pantothenic Acid, ppm . ....... 24
Choline Chloride, ppm .. .. .2250
Folic Acid, ppm:: s wawmmnad 7.1
Pyridoxine, ppm . ........... 6.0
Biotinsppmy: waswn s v an 0.30
Biiimneg/Ke:. o cosioimosinimoss 51
Vitamin A, IU/gm . .......... 15

Vitamin D; (added), I[U/gm . . . 4.6
Vitamin E, IU/kg . ....
Ascorbic Acid, mg/gm

Calories provided by:

Protein; I i s onisnins 29.829
Fat (ether extract), % . ..... 13.427
Carbohydrates, % .. ....... 56.744

*Product Code

. Formulation based on calculated
values from the latest ingredient
analysis information. Since nutri-
ent composition of natural ingre-
dients varies and some nutrient

loss will occur due to manufac-

turing processes, analysis will

differ accordingly.

Nutrients expressed as percent of

ration except where otherwise

indicated. Moisture content is
assumed to be 10.0% for the
purpose of calculations.

NDF = approximately cellulose,

hemi-cellulose and lignin.

. ADF = approximately cellulose
and lignin.

. Physiological Fuel Value
(kcal/gm) = Sum of decimal
fractions of protein, fat and carbo-
hydrate (use Nitrogen Free
Extract) x 4,9,4 kcal/gm respec-

tively. I_ab Di e1'

www.labdiet.com

&)

»

~

w
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Table 3-3. Composition of the commercial chow diet

_ ) HF 1% BGP 2% BGP 4% BGP
Ingredient of diet (%)

g/ 100g diet

Casein 25.4 25.36 25.31 25.23
Cellulose 6.1 5.72 5.33 4.57
Sucrose 32.1 31.55 31.01 29.91
Soybean Oil 1 1 1 1
Butter 29 28.97 28.95 28.89
Mineral Mix 4.45 4.45 4.45 4.45
Vitamin Mix 1.25 1.25 1.25 1.25
L-Cystine 0.4 0.4 0.4 0.4
Choline 0.3 0.3 0.3 0.3
BGP 0 1 2 4
kcal/g 5.016 5.016 5.016 5.016
CHO calorie/ total calories (%) 25.6 25.6 25.6 25.6
Fat calorie/ total calories (%) 53.8 53.8 53.8 53.8
Protein calories/ total calories (%) 20.6 20.6 20.6 20.6

1. The composition of AIN-93 Mineral Mixture and AIN-93 Vitamin Mixture is as

described in J, Nur, 123:1939-1951 (1993) (Reeves et al., 1993)

2. MR

. casein (ICN, USA) -~ cellulose (JRS, Germany) -~ sucrose (o #&) ~

soybean oil ( ~ #&) ~ butter (anhydrous milkfat, Fonterra, New Zealand) -~ AIN-93G

mineral mix (ICN, USA) ~ AIN-93G vitamin mix (ICN, USA) - L-cysteine (Wako,

Japan) ~ choline bitartate (Sigma, USA)

3. Bitter gourd powder (BGP) diet is modified according to the proximate

composition of the bitter gourd. BGP contains crude protein 4.5%, carbohydrate

54.6%, crude fat 2.7% and dietary fiber 38.2%.
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R R e N f S

N
—

B R SNBSS 24 R BEF L FHRA R REAT
- RB 12 Ifpp P s 12 BAS 12 o o pdE o) R R R
so0at 8% 100 pl o 5% 12 12000 rpm > 4°C g 20 A 483 =0 JeB- b iR i
A R P EFLEST > BRI -80°C kda o B S AT T

R G 4 o
o B RS R S B
1. FLEn

BfEp)* B2 Pt g e 15 mL kB e F R 3 RFFHE L 121°C

2. REiAR

C57BL/B) -] %1 sk 4 shst - | REPo 28 12 | pr (£ 12
BRIFRR P E 12 BR) o P UL RURRL B RERFHEE 100 pl o fe o
FEe R - F LT LERE FESFME o @Y L TN ) B
BYER 02 15mL 4 (7o RS 0 5% 7 12000 rppm 0 4°C #w 20 4 4EA
oo feB b FR TR L A o et -B0°C k4R o B AUAEERT R R S
FOTRCR LR E R R R T § g a gt (BT T (IWAT):
BT E B v e s (EWAT) - 5% B2 v e s (RWAT))~ 16 sk ] sl sk (5

U WL P g a%%—g“,’,am) _;’g.f—?;p’»_;g: °
3. EMEG

W o] RSB rrepg m s e R e b p g ez agd w15 mL
MR Fo R EE P AL i -80°C sk M EFIS B RNA i
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1. 4 & # (glucose) ~ 17

R

0 F AT S 8% e (Randox GL2623, UK) # /32 5 glucose ,’f‘gvj

glucose oxidase (GOD) 4= peroxidase (POD) f%% i*% » @ 3| &L A FME 2 d »

o

ek

FEd ok ER R P ENT IR

Tk LR FBIEE RS R (100 mg/dl) - =k A AR O,

>

6.25, 12.5, 25, 50, 100 mg/dL) » {8 3| % F Jk & 2 R 503 % o B 10 L R4 503
AR EE AR (D B) LA Au4ed 96-well plate - = £AF S 0 £ 4
*~ 100 pL/well £ fi&] » 37°C F i 10 A 4815 > 2 490 nm w3k & o -4k &
ok BT o R AR R B R TR R R R AY §F
WEER o RIL4oT o

GOD
Glucose + O, + H,0

gluconic + H,0,

quinoneimine + HCI + 4 H,O

(%t )

2 H,0, + 4-aminophenazone + 4 chlorophenol

2. = pkH ¥ fq (triglycerides) ip| =

Lz M~ % # & F 2 (Randox TR213, UK) - # R 32 triglycerides
(TG) %‘ﬁf d lipase ~ glycerokinase (GK) -~ glycerol-3-phosphate oxidase (GPO) %
peroxidase (POD) ¢ % it* » FI B L A FME 2d > ;ﬁd Bk B 0 e

TG 7

\f‘“\ﬂ

F % > £ 5 % buffer (z pipes buffer, pH 7.6, 4-cholorophenol, magnesium-ions)
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22 enzyme reagent (z 4-aminophenazone, ATP, lipase, glycerol-kinase, GPO, POD)
Reo e b @R F REA o R Y 9 R S03 (200 mgldL) - = kg

;ljﬁrﬁ (0, 12.5, 25, 50, 100, 200 mg/dL) » #F 3| % k& 2. &8 22 % o B~ 10
UL B n e N g Y TR (2 ) 2w A Aul4ed 96-well plate > =
FaF sk o L 4o r 200 pL/well & i R4 8 10 A 414 0 Bl % 490 nm =
SENTRRIE S A QTR IO T R ANUNE - Y 32 N R s SR ol T AR 5 2 S

FHRAY ZEY B EDER o RIEACT o

lipase

Triglycerides + O, + H,O glycerol + fatty acids

Glycerol + ATP glycerol-3-phosphate + ADP

Glycerol-3-phosphate + O, dihydroxyacetone + phosphate + H,0,

2 H,0, + 4-aminophenazone + 4 chlorophenol _POD | quinoneimine + HCI + 4 H,0O

(K4 i)

3. 27 A (cholesterol) ]

MEEfR A ¢ 7 % 8 % & (Randox CH7945, UK) » # & 1 cholesterol # s i
® 3 & 4 cholesterol esters fesae FfE (free cholesterol) =53¢ 3% & o n i ¥
cholesterol esters # i cholesterol esterase -k % = free cholesterol » £ 5 d
cholesterol oxidase % peroxidase (POD) f¥% 1% » (FR| B X% AP & R = d ;%’

g:;%@_;glji,*La»ﬁrjﬁ 2

T oo™ E L APERREEE &R R (200 mg/dL) - =ookig i A FIEE (O
12.5, 25, 50, 100, 200 mg/dL) » # 3] 7 F k& 2 8 503 0% o B~ 10 pL =28 503 7%
fEER AR (2 R) 28R4 & 96-well plate > = £45E% 0 £ 4

~ 200 uL/well * 4 (% pipes buffer, pH 6.8, 4-aminophenazone, phenol, POD,
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cholesterol esterase, cholesterol oxidase) >  :## % 10 ~48f - Bl < 490 nm ¥ &
B oo B S R BT I RO R R Rk B N T IE 2 AR R R

Bh o REm LR o RILhoT o

cholesterol esterase )
Cholesterol ester + H,O » cholesterol + fatty acids

cholesterol oxidase
Cholesterol + O, » cholestene-3-one + H,0,

2 H,0, + phenol + 4-aminophenazone ﬂ quinoneimine + H,O

(F4rd)

4. % & % (insulin) & 47

LEE A48 % 7 & 2 2 (Mouse insulin ELISA, Mercodia, Sweden) » 4] #* f%
% % 5 P T /72 (Enzyme-linked immunosorbent assay, ELISA) ~ {7k &7 % § %

kR o

FH AR R FRE SR G e F (04 )5 250
dvon R AT R e B 7 - &3k monoclonal anti-insulin antibody 2. 96-well
plate ¢ > ¢ & - 2z HRFMEL g 243+ P daih s R £
A i# % o K4~ 100 pL/well enzyme conjugate solution ¥ E 2T~ & 2 /] P >
i# — Fug? = F peroxidase conjugated anti-insulin antibody i {7 & - &% & o 2 350
uL/well washing buffer & {77 % 5 =t » ek g & 2 fE 7 1 Tt > "% % ZEE —
MFE R o 2 te 4 » 200 pL peroxidase 2 % & 3,3°,5,5°-tetramethylbenzidine (TMB)
whkE R 15 A&7k BES (FF) »F 4e > 50 uL stop solution (1 M H,SO4)
BobF T R S ’ﬁx%é;‘ﬁé Heg & 47k (ELISAreader) Bl€ 450 nm =k & >

AR R AR B Y Bl F2 kR -

79

doi:10.6342/NTU201704166



F2% RS ALE AT A S G B R i i

5. %4 % ity HOMA-IR index 3 ¥

% § & fuibdp % HOMA-IR index 5 Matthews v 1985 & A2 c®
= * ;% (Matthews etal., 1985)> ] * ki Rk xen#Z o 2L g 2 B8 1L §

Fi o EGR A TN R RE o R N5
HOMA-IR index = serum glucose (mmol/L) x serum insulin (mU/L)/22.5
= ~ e L7 mRNA £ 4 47

1. =% total RNA 3 B~

vup 28 RNA ¢ % Direct-zol™ RNA MiniPrep (ZYMO research, R2052) i&
T4h Br o RIEEE LA L P g N RIS E Y 0 & w];f]: v 1 mL g 200 uL
TRIzol® Reagent (Invitrogen 15596-018, USA) » 1135 T 5 & (20 /=) > ™
12000 rpm ~ 4°C o — 2 4b > P~ 3R LEmL g g o e WA S
HFH R 3 0 s A ~ spin column > £ 2 12000 rpm ~ 4°C g - A 4 o s
< B & B o 4~ 400 pL Direct-zol™ RNA Prewash » 12 12000 rpm ~ 4°C &< —
A RN R AT e he r 700 L Direct-zol™ RNA wash buffer

2 12000 rpm~4°C #f.s — A 4 > E'J“,ﬁ% Yo B ¢ Ak o £ 2 12000 rpm 4°C gps 2 A

4 - - spin column # I A7éhe FMCE 4w § o 4e ~ 30 uL RNase/DNase-free water

£ 12 12000 rpm ~4°C g — A 4d o % RNA e ™ k> @3] it e RNA 307 o
p

#- RNA % 2 Nanodrop (ND-2000, Thermo scientific, USA) | & = sk & » 3+
% RNA JE&E (ng/uLl) = Ageox 40 x #F-# # #ic (1 unit =40 pg RNA/mL) - F p*ipl £
AgsolAogo 2] % RNA F 5 » vt E453F 2.0 £ 7 5 % i 0 RNA > B2 Agso/Azo
FZHETFEGFFPREAT OZRE A 20-24-RNA 37k = e (7 F s i3

* -80°C kg °
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2. Total RNA & #& 4= cDNA

# % W Bk #4e&F A 2 2 High-capacity cDNA Reverse Transcription Kit
(Applied Biosystems, USA) - #- RNA 3% v+ RNase/DNase-free water #-f# = 0.2
ug/uL e RNA» ¥ B~ 10 uL £ 4 » 10 puL 2x Reverse Transcription Master mix (2 pL
10x RT buffer ~ 0.8 pL 25x dNTP buffer ~ 2 pL 10x RT Random Primers ~ 1 pL 10x
Mulitiscibe™ Reverse Transcription ~ 4.2 pL ddH,0) * RNA 12 2 pg /20 pL it 7 & &%
B o F i EIE R S 25°C 10 £ 45~ 37°C 120 4~ 48 ~ 85°C 5 & 45> Bt 4 Fr fads
4°C> 7% % RNA F f4- - % 2 2 cDNA 2 4 %53 -80°C 7k it 7 L F14 I

P
3. Quantitative Real-Time PCR

# cDNA & 5= Z k48 5 1ng/mL > B 10 UL cDNA » e » 125 pL 2x
Tagman® Universal PCR Master Mix (K00861, Applied Biosystems, USA) ~ 1.25 uL
Probe/Primer Mixture 2 1.25puL & F-k > 384 5 25Ul F5 &% - B &
%3 » Multiple™ 96 well PCR plates (bio-rad, USA) » ‘&< ¢ hF e R
plate *c ~ CFX Connect™ Real-Time PCR Detection System (BIO-RAD, 185-2000)
e R A RNA 238 « F e % 50°C, 2 min (Step 1) — 95°C, 10
min (Step 2) — 95°C, 15 sec (Step 2) — 60°C, 1 min (Step 4) » £ = 5| Step 3 & 4§
40 1 95% - 12 Gadph i¥ % internal control o #-ip| 18 2. Ct (& 7% 8 A 47 A 7]

# & o “3 Probe/primer AssayMix ID (Applied Biosystems) % % 3-4 -
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% 3-4. ~F=

7 QPCR A 47it # 513 fF78 4

Table 3-4. Tagman ® Probe/Primer ID used in the qPCR in this study

Probe/primer  AssayMix ID

Gene symbol Gene names (Applied Biosystems, USA)
Akt2 AKT Serine/Threonine Kinase 2 Mm02026778 g1
Bcl2 B-cell lymphoma 2 MmO00477631_m1l
Ccndl G1/S-specific cyclin D1 Mm00432359 ml
Cox7al Cytochrome c oxidase subunit 7A1 Mm00438296_m1
Cox7a2 Cytochrome c oxidase subunit 7A2 Mm00438299 _m1l
Cox8a Cytochrome c oxidase Subunit 8A Mm02342396 gl
Fisl fission 1 (mitochondrial outer membrane) Mm00481850 m1
homolog (yeast) -
Gapdh Gyceraldehyde 3-phosphate Mm99999915, g1
dehydrogenase
Hk2 Hexokinase 2 MmO00443385_m1
Igfl Insulin-like growth factor 1 MmO00439560_m1
Igflr Insulin-like growth factor 1 receptor MmO00802831_m1
Mfnl Mitofusin 1 Mm00612599 m1l
Mfn2 Mitofusin 2 MmO00500120_m1
Mstn Myostatin Mm01254559 m1l
Myf5 Myogenic factor 5 Mm00435125 ml
Myh4 Myosin heavy chain 4, MyHC-I1b Mm01332541 ml
Myod1 Myogenic differentiation 1 MmO00440387_m1
Myog Myogenic factor 4 MmO00446194 m1
Nrfl Nuclear respiratory factor 1 Mm01135606_m1
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Opal Optic atrophy 1 MmO01349707 gl
Pax7 Paired box 7 Mm01354484 m1

Peroxisome proliferator-activated receptor
Pgc-la ' Mm01208835_m1
gamma coactivator la

Tfam transcription factor A, mitochondrial MmO00447485_m1

Tfb2m transcription factor B2, mitochondrial Mm01620397_ sl

¥ 7% : ACt = Ct value of target gene — Ct value of internal control
AACt = ACt of each sample — average ACt of control group

Fold of change = 2042

RIS L

#yx 1 mean + SD (standard deviation) £ mean = SEM (standard error of mean)
% 5t ° 12 SPSS version 21 (IBM Corporation, USA) & 7 H ]+ % £ #& (one-way
ANOVA) 2 Duncan's multiple range test % f&# @t & = £ B ~ 12 Excel 2016
(Microsoft, USA) i& {7 Student t-test # 2 4 47 - ™ p<0.05 % 7 &/ 5 3t 4

2o
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1. Z2ZE4 REWLPH

¥ o 4 0 C57TBL/G) -] Bl i chow diet if - Fis xmMELgEHL» 5 C
i (chow diet)»HF = (high fat diet) ™ 2 HF+4% = A % % (P81, P8150°C, 1758,
55M,H4)» t ez RHEERBEF LR (p>009) - f k> F AL e Q= AR (1%
BGP2 = —»2%BGP3 = —»4%BGP2 2) - & "HF &2~35 A e Clefe e
EOMEFLRE O EALeE HF 28 E e B > 55M et E g ¥ it HF &

(p<0.05) e i » F A F s  HF 2 A L w2 BFE BARKAXS o F N F - ik

50 E AL A E PIMEMS HE 287 P8l H4 2 55M # £ C e
HAR o ARGAFS HF 2Lt HtgR T A Eeg o aE Aeds f LR

*h 21758 fener Clembi¥ £ P8L50°C RE R B E R CleoF ik = it o

TREE L ¥R E K HF & (B 3-2) -

H
R
{w
—%‘

FRREFIERL - T RFHRE AL PHME HF 2T E 5 312+£36¢°

AL W3 26280 2 0 C BT E L 2441139 (% 3-5) ¢ HF ‘o 54

EHFFN C e o Bakadl 4 R AF G FF R AL
MEHF M HE 2o AT UREF & e+ Dl EH e GRS RBREN 4
F2 e P HF BMEM L EHEFR S C e | A F AL wpgEF A HF

o Cuily A8 (B3I~

TR ERR 4 Xk E C BEFF HF 2 A ied 2t chow

3
diet ¥ i # E s (3.36 keallg) » Flot it BB H 6 £ mming L8 (p>0.05) ¢
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Baqlr & (B6EE @R GH e E) 4 v R e RS LK 1 PBL
1758 w4k & £ s>t HF S BHEPS R HF Mo X AE S L wh
FBOR LN ERPTE HF B 48 B2 AL oo 32 EF M HE 2

i
]

¥
4
b
b
:ﬁ!
P
Ik
1
>
et

B Fe EFY HF K> a5 C iy &
HAcaMBE A F HE 2> o g A2 gk > AR FI L\ T il
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Figure 3-2. The body weight of C57BL/6J male mice fed test diet for 4 weeks.

The values represent mean + SD (n=5-6/ group). The diets are C: powdered chow diet,
HF : high fat diet, 4% BGP of various cultivars (P81, 50°C hydrolyzed P81, 1758, 55M,
H4) in HF diet. Data were analyzed by one-way ANOVA and Duncan's multiple range

test. Values with different letters are significantly different (p<0.05).
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Figure 3-3. Weight gains of C57BL/6J male mice fed test diet for 4 weeks.

The values represent mean + SD (n=5-6/ group). The diets are C: powdered chow diet,
HF : high fat diet, 4% BGP of various cultivars (P81, 50°C hydrolyzed P81, 1758, 55M,
H4) in HF diet. Data were analyzed by one-way ANOVA and Duncan's multiple range

test. Values with different letters are significantly different (p<0.05).
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Table 3-5. The initial body weights, final body weights, and weight gains of C57BL/6J

male mice fed test diet for 4 weeks.

Initial Body Weight Final Body Weight Weight Gain
Dietary Group
()
c 20.76 £ 0.98° 24.42 £1.34° 3.66 +0.86°"
HE 23.90+1.11° 31.19+361° 7.29+213°
P81 22.67+0.95% 27.17+0.93° 450+ 0.43°
P81 50°C 22.83+0.96 % 27.93+ 1.53° 510+ 1.11°
1758 22.84+1.05% 2719+ 1.86° 4.35+0.71°
55M 22.14+1.10" 26.94+1.15°" 4.79+0.87°
Ha 2240+ 1.30% 26.70+ 1.50 ° 430+ 1.66°

1. The values represent mean + SD (n=5-6/ group).

2. The diets are C: powdered chow diet, HF : high fat diet, 4% BGP of various

cultivars (P81, 50°C hydrolyzed P81, 1758, 55M, H4) in HF diet.

3. Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values

with different letters are significantly different (p<0.05).
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Table 3-6. The food intake, feed efficiency, energy intake and energy efficiency of

C57BL/6J male mice fed test diet for 4 weeks.

Food Intake  Feed Efficiency  Energy Intake  Energy Efficiency

Dietary
Group (g/day) (g BW/100g diet)  (kcaliday) (g BW/ 1000 kcal)
C 5 358+020% 3.79+093° 1204+066%  11.29+278°
HF 5 266+033° 999+182% 1336+1.65%  19.91+3.632
P81 6 233+012° 7.16+069° 11.68+0.62°  14.27+1.38"
P8150°C 6 258+035™ 7.33+130° 1293+178%  14.62+259"
1758 6 233+014° 696+135° 11.70+0.71"  13.88+2.69°
55M 6 245+0.07° 727+138° 1227+035%®  1450+2.75°
H4 5 261+0.32" 602+195° 13.07+163%®  12.01+3.89°

1. The values represent mean + SD (n=5-6/ group).

2. The diets are C: powdered chow diet, HF : high fat diet, 4% BGP of various

cultivars (P81, 50°C hydrolyzed P81, 1758, 55M, H4) in HF diet.

3. Feed efficiency = body weight gain/ total food intake x 100; energy efficiency =

body weight gain/ total energy intake x 1000

4. Calorie content: 3.36 kcal/g chow diet; 5.016 kcal/g.HF diet and BGP contained

HF diet.

5. Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values

with different letters are significantly different (p<0.05).
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Figure 3-4. The energy intake and the energy efficiency of C57BL/6J male mice fed test

diet for 4 weeks.

The values represent mean = SD (n=5-6/ group). The diets are C: powdered chow diet,
HF : high fat diet, 4% BGP of various cultivars in HF diet. Energy efficiency = body
weight gain/ total energy intake x 1000. Data were analyzed by one-way ANOVA and
Duncan's multiple range test. Values with different letters are significantly different

(p<0.05).
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Table 3-7. The body weights and absolute organ weights of C57BL/6J male mice fed test diets for 4 weeks.

Dietary Group  n Body Weight (g) Heart (g) Liver (g) Lung (g) Spleen (g)

C 5 22.12+0.62°¢ 0.122 + 0.005 1.065 + 0.072° 0.134 + 0.009 ™ 0.054 + 0.005 "

HF 5 29.76 £ 3.24° 0.133 + 0.013 1.272 +0.199 ® 0.148 + 0.014 @ 0.071 + 0.005 2

P81 6 25.77 + 1.18"° 0.121 + 0.008 1.065 + 0.096 " 0.131 + 0.007 0.068 + 0.005 ?

P81 50°C 6 26.52 +1.29° 0.125 + 0.011 1.093 + 0.086 " 0.158 + 0.023 2 0.069 + 0.004 2

1758 6 25.83+1.73° 0.130 + 0.012 1.082+0.112° 0.142 + 0.011 ®° 0.069 + 0.004 2

55M 6 25.48 + 1.24° 0.121 + 0.014 1.031+0.052° 0.151 + 0.022 &° 0.069 + 0.006 *

H4 5 25.02 + 1.56° 0.128 + 0.017 1.039 + 0.104° 0.154 + 0.017 ® 0.072 +0.014 ®
Dietary Group  n Kidney (g) Testis () Epididymis (g) Prostate (Q) Seminal Vesicle (g)

C 5 0.307 £ 0.014° 0.169 + 0.011° 0.091 + 0.011 0.045 + 0.005 " 0.182 + 0.020 ¢

HF 5 0.376 + 0.055 2 0.182 + 0.007 ® 0.086 + 0.018 0.056 + 0.015 ° 0.271 + 0.029

P81 6 0.359 + 0.021 2 0.178 £ 0.011 % 0.096 + 0.012 0.053 + 0.007 ° 0.240 + 0.018 ™

P81 50°C 6 0.381+ 0.029 2 0.180 + 0.007 ® 0.103 + 0.015 0.057 + 0.011 2 0.262 £ 0.019 ®

1758 6 0.360 + 0.019 2 0.177 £ 0.007 ® 0.092 + 0.007 0.056 + 0.007 ° 0.231+0.014°

55M 6 0.358 + 0.011 ° 0.176 £ 0.010 ® 0.098 + 0.015 0.059 + 0.008 0.246 + 0.007 ™

H4 5 0.387 + 0.066 2 0.175 + 0.008 ® 0.098 + 0.013 0.054 + 0.005 ° 0.221+0.024°

1. The values represent mean + SD (n=5-6/ group).

2. The diets are C: chow diet, HF : high fat diet, 4% BGP of various cultivars (P81, 50°C hydrolyzed P81, 1758, 55M, H4) in HF diet.
3. Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with different letters are significantly different (p<0.05).
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Table 3-8. The absolute skeletal muscle and adpose tissue weights of C57BL/6J male mice fed test diets for 4 weeks.

Dietary Group n EWAT (9) RWAT () IWAT (g) BAT (g)
C 5 0.257 + 0.034 ° 0.072 + 0.029 0.178 + 0.069 0.085 + 0.009 °
HF 5 1.261 + 0.370 ° 0.484 + 0.162 2 0.695 + 0.160 0.146 + 0.017 2
P81 6 0.737+0.139° 0.224 + 0.047 ° 0.435 + 0.075 " 0.109 + 0.033 "
P81 50°C 6 0.801 + 0.167 " 0.261 + 0.060 " 0.457 + 0.083 " 0.114 + 0.021°
1758 6 0.723+0.249° 0.222 + 0.089 ° 0.391 + 0.097 ™ 0.111 + 0.022°
55M 6 0.680 + 0.197 ° 0.210 + 0.060 " 0.387 + 0.094 ™ 0.107 + 0.016 "
H4 5 0.540 + 0.182 " 0.159 + 0.078 0.284 + 0.096 ™ 0.107 + 0.026 °
Dietary Group n Gastrocnemius (g) Soleus (g) TA(Q) LA (9)
C 5 0.145 + 0.008 0.011 + 0.002 0.046 + 0.005 0.055 + 0.015
HF 5 0.155 + 0.018 0.011 + 0.002 0.045 + 0.014 0.060 + 0.013
P81 6 0.150 + 0.004 0.010 + 0.001 0.048 + 0.010 0.055 + 0.008
P81 50°C 6 0.154 + 0.006 0.010 + 0.001 0.048 + 0.011 0.055 + 0.009
1758 6 0.152 + 0.009 0.011 + 0.002 0.050 + 0.010 0.058 + 0.006
55M 6 0.153 + 0.007 0.010 + 0.002 0.047 + 0.015 0.054 + 0.011
H4 5 0.155 + 0.012 0.010 + 0.001 0.048 + 0.005 0.49 +0.012

1. The values represent mean + SD (n=5-6/ group), data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with
different letters are significantly different (p<0.05).

2. EWAT : epididymal white adipose tissue, RWAT : retroperitoneal white adipose tissue, IWAT : inguinal white adipose tissue, BAT : brown
adipose tissue, TA: tibialis anterior muscle, LA: levator ani muscle.
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Table 3-9. The relative organ weights of C57BL/6J male mice fed test diets for 4 weeks.

Dietary Group  n Heart (%) Liver (%) Lung (%) Spleen (%) Kidney (%)
C 5 0.55 + 0.01° 4.81+0.30° 0.61+ 0.03° 0.24+0.02° 1.39+ 0.06 ®
HF 5 0.45 + 0.05 © 4.26+0.24° 0.50 + 0.05°" 0.24+0.04° 1.26+0.10°
P81 6 0.47 + 0.04 * 413+0.24° 0.51+0.03° 0.26 + 0.02 ® 1.40 + 0.08 ®
P81 50°C 6 0.47 +0.04 ™ 412 +0.23°" 0.60 + 0.07 0.26 + 0.02® 1.44 +0.08 2
1758 6 0.50 + 0.05 *° 420+ 0.49° 0.55+ 0.06 ® 0.27+0.02%® 1.40+0.12®
55M 6 0.48 + 0.05 ™ 4.05+0.10°" 0.59 + 0.08 0.27+0.02%® 1.41+0.08%
H4 5 0.51+0.05% 416 +0.46° 0.61+ 0.05° 0.29 + 0.05° 1.54 +0.22°2
Dietary Group  n Testis (%) Epididymis (%) Prostate (%) Seminal Vesicle (%)
C 5 0.76 + 0.04 ° 0.41+0.05 2 0.20 % 0.02 0.82+0.09
HF 5 0.62 + 0.06 © 0.30+ 0.09° 0.19 + 0.05 0.91 + 0.04 ®°
P81 6 0.69 + 0.03" 0.37+0.05° 0.21+0.03 0.93+0.05%®
P81 50°C 6 0.68  0.04° 0.39 + 0.06 0.22 + 0.04 0.99 + 0.08 °
1758 6 0.69 + 0.05°" 0.36+0.05%® 0.22 + 0.04 0.89 + 0.04 ™
55M 6 0.69 + 0.05°" 0.37 + 0.06 ° 0.23 + 0.03 0.97 + 0.06 ®
H4 5 0.70 + 0.03" 0.39+ 0.03° 0.22 + 0.03 0.89+0.10 ™

1. Relative organ weight (%) = absolute organ weight/body weight x 100%
The values represent mean + SD (n=5-6/ group), data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with
different letters are significantly different (p<0.05).
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Table 3-10. The relative skeletal muscle and adpose tissue weights of C57BL/6J male mice fed test diets for 4 weeks.

Dietary Group n EWAT (%) RWAT (%) IWAT (%) BAT (%)
C 5 1.16 + 0.14 ¢ 0.33+0.13°¢ 0.81+0.321 0.39 + 0.05
HF 5 417 +0.88°2 1.60 + 0.482 2.33+0.47°2 0.49 + 0.04
P81 6 2.85+ 042" 0.87+0.16°" 1.69 +0.25° 0.42 +0.11
P81 50°C 6 3.00+0.51° 0.98+0.19° 1.72+0.26° 0.43 + 0.07
1758 6 2.76+0.78 " 0.84+0.29°" 1.50 + 0.29 *° 0.43+0.08
55M 6 2.64+ 068" 0.82+021° 1.51+0.31"% 0.42 + 0.06
H4 5 2.13+0.59° 0.63+0.27"% 1.12+0.31% 0.43+0.11
Dietary Group n Gastrocnemius (%) Soleus (%) TA (%) LA (%)
C 5 0.65+ 0.04 2 0.050 + 0.009 ? 0.21 +0.02 0.25+ 0.07
HF 5 0.52+0.05°¢ 0.036 + 0.007 ° 0.15 + 0.05 0.21 + 0.07
P81 6 0.58 + 0.02° 0.039 + 0.004 ° 0.19 + 0.04 0.21+ 0.03
P81 50°C 6 0.58 + 0.02° 0.038 + 0.002° 0.18 + 0.04 0.21+ 0.03
1758 6 0.59 + 0.05° 0.044 + 0.010 0.19 + 0.05 0.23+0.03
55M 6 0.60 + 0.03° 0.039 + 0.006 ° 0.18 + 0.06 0.21+ 0.05
H4 5 0.62 +0.04 % 0.040 + 0.005 ° 0.19 + 0.02 0.20 + 0.04

1. The values represent mean + SD (n=5-6/ group), data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with
different letters are significantly different (p<0.05).

2. EWAT : epididymal white adipose tissue, RWAT : retroperitoneal white adipose tissue, IWAT : inguinal white adipose tissue, BAT : brown
adipose tissue, TA: tibialis anterior muscle, LA: levator ani muscle.
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Figure 3-5. The absolute and relative weights of adipose tissues of C57BL/6J male mice
fed test diets for 4 weeks.
(A) Absolute and (B) relative weights of white adipose tissues. (C) Absolute and (D) relative weights of

brown adipose tissues. The values represent mean + SD (n=5-6/ group). Relative tissue weight (%) =

absolute tissue weight/body weight x 100%. EWAT : epididymal white adipose tissue, RWAT :

retroperitoneal white adipose tissue, IWAT : inguinal white adipose tissue, BAT : brown adipose tissue.

Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with different letters

are significantly different (p<0.05).
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and tibialis anterior muscle of C57BL/6J male mice fed test diets for 4 weeks.

(A) Absolute and (B) relative weights of gastrocnemius muscle. (C) Absolute and (D) relative weights of
soleus muscle. (E) Absolute and (F) relative weights of tibialis anterior muscle. Relative muscle weight
(%) = absolute muscle weight/body weight x 100%. The values represent mean + SD (n=5-6/ group).
Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with different letters

are significantly different (p<0.05).
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Table 3-11. The fasting serum biochemical analysis of C57BL/6J male mice .

43

+

Dietary Grou . Serum Glucose Serum TG Serum Cholesterol
yroup (mg/dL) (mg/dL) (mg/dL)
Week 0

C 5 241.8+27.0° 55.3 + 10.9 " 68.7+8.7°¢

HF 5 337.7 + 36.3 2 81.4 + 16.1°2 126.2+ 9.6 %
P81 6 297.3+65.4%® 769+ 17.7 2 138.3+11.42
P81 50°C 6 328.4 + 63.7 2 709+ 109 % 1252+ 11.9%®
1758 6 336.6 + 83.4 2 70.6 + 153 % 129.0+185%
55M 6 2442 +30.2° 79.0+17.6°2 1143+ 16.8°
H4 5 216.8 + 43.4° 76.4+11.1° 108.8 + 26.9°

Week 2

C 5 3243 +68.1%° 49.8+4.6° 715+62°¢
HF 5 379.6 + 73.4 2 102.2+12.0% 147.3+18.1°%
P81 6 304.6 + 51.8%° 84.3+16.4% 138.8+5.72
P81 50°C 6 301.3+59.1% 885+ 24.6% 138.3+10.02
1758 6 270.4 +72.2° 89.3+27.0% 138.1+ 2522
55M 6 3045+ 67.8° 78.8+89%® 132.6+17.8%
H4 5 317.3+831%® 738+ 14.4° 108.8+22.9°

Week 4

C 5 216.5 + 98.8 " 595+ 17.2°¢ 73.7+10.4¢
HF 5 318.8+ 71.8°2 103.2+20.12 171.6+19.02
P81 6 201.2 +49.9% 90.5+ 20.2 147.1+12.0°
P81 50°C 6 280.9 + 38.6 100.8 + 22.32 151.5+ 10.2°
1758 6 2428 +42.2%® 93.1+199% 146.7 + 12.5°
55M 6 255.0 + 33.6 86.1+ 22.8 % 133.2+13.9°"
H4 5 230.7 +51.5° 67.1+ 16.5 " 112.4 +20.4°¢

The values represent mean + SD (n=5-6/ group). Data were analyzed by one-way

ANOVA and Duncan's multiple range test. Values with different letters at the same time
point are significantly different (p<0.05).
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Fig. 3-7. The serum biochemical analysis of C57BL/6J mice fed test diets for 4 weeks.
(A) Fasting serum glucose level, (B) fasting serum triacylglycerol level and (C) fasting
serum cholesterol level at week 0, 2, 4. The values represent mean = SD (n=5-6/ group).
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Fig. 3-8. Fasting serum insulin level, serum glucose level and HOMA-IR index of
C57BL/6J mice fed test diets for 4 weeks.

(A) Fasting serum insulin level. (B) Fasting serum glucose level. (C) HOMA-IR index. HOMA-IR index
= serum glucose (mmol/L) x serum insulin (mU/L). The values represent mean + SD (n=5-6/ group).
Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with different letters

are significantly different (p<0.05).
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Figure 3-9. The mRNA expression levels of genes related to mitochondrial
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The values represent mean + SEM (n=4-6/ group). Data were analyzed by one-way ANOVA,
Duncan's multiple range test and Student’s t test. Values with different letters are significantly
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Figure 3-10. The mRNA expression levels of genes related to muscle proliferation and differentiation in gastrocnemius muscle of C57BL/6J mice
fed test diet for 4 weeks.

The values represent mean = SEM (n=4-6/ group). Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with different letters are significantly
different (p<0.05). Pax7 : Paired box 7, Myf5 : Myogenic factor 5, Myod1 : Myogenic differentiation 1, Myh4 : Myosin heavy chain 4, Myog : Myogenic factor 4, Mstn :
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Figure 3-11. The mRNA expression levels of genes related to IGF-1, IGF-1R, Akt and its downstream in gastrocnemius muscle of C57BL/6J
mice fed test diet for 4 weeks.

The values represent mean = SEM (n=4-6/ group). The values represent mean + SEM (n=4-6/ group). Data were analyzed by one-way ANOVA, Duncan's multiple range test
and Student’s t test. Values with different letters are significantly different (p<0.05).* denotes significant different form HF group (p<0.05). Igfl : Insulin-like growth factor 1,
Igflr : Insulin-like growth factor 1 receptor, Akt2 : AKT Serine/Threonine Kinase 2, Hk2 : Hexokinase 2, Ccndl : G1/S-specific cyclin D1, Bcl2 : B-cell lymphoma 2.
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factor 1, Mfn1 : Mitofusin 1, Mfn2 : Mitofusin 2,Fis1 : fission 1 (mitochondrial outer
membrane) homolog (yeast),Opal : Optic atrophy 1, Cox7al : Cytochrome c,Cox7a2 :

Cytochrome c oxidase subunit 7A2,Cox8a : Cytochrome c oxidase Subunit 8A.
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Figure 3-13. The mRNA expression levels of genes related to muscle proliferation and differentiation in soleus muscle of C57BL/6J mice fed test

diet for 4 weeks.

The values represent mean + SEM (n=4-6/ group). Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with different letters are significantly

different (p<0.05). Pax7 : Paired box 7, Myf5 : Myogenic factor 5, Myod1 : Myogenic differentiation 1, Myh4 : Myosin heavy chain 4, Myog : Myogenic factor 4, Mstn :

Myostatin.
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Figure 3-14. The mRNA expression levels of genes related to IGF-1, IGF-1R, Akt and its downstream in soleus muscle of C57BL/6J mice fed
test diet for 4 weeks.

The values represent mean = SEM (n=4-6/ group). Data were analyzed by one-way ANOVA and Duncan's multiple range test. Values with different letters are significantly
different (p<0.05). Igfl : Insulin-like growth factor 1, Igflr : Insulin-like growth factor 1 receptor, Akt2 : AKT Serine/Threonine Kinase 2, Hk2 : Hexokinase 2, Ccnd1 :
G1/s-specific cyclin D1, Bcl2 : B-cell lymphoma 2.

110

d0i:10.6342/NTU201704166



ZF PR ECLERAHE S R R i e

Sed

3

Y

TFEFESAEN Y AR &S L EARE ) RRHE Y2 AT
78 fmPz H50 ¢ PeiE 1) P81P8150°C (P81 5 i 50°C -kjf2)-~1758-55M % H4 3
ALE NS uH }_%&359@%?] AR ar ARG ) R TR LI AEH
Fafho# ¢ 1758 5k it B ¥ fiie C2C12 myoblasts ‘w¥¢ 34 ;P81 £ P8150°C
g 1 éﬂﬂ&‘m”e AEi A RiE (F%d FIXAFEEF),; 55M & & TR
P 3 AF AR (Fekd AT RFEF) HE Z Rk zE2 & * I wve
BEFR R T N E Y AL E AL R AR A
AL R MERT A R BT ERE R R ARy o

- FH I L A BF Resed B v (NEEE #2908 o

R HFELAT Y R CHTBL/6) o &t B g aA ek 16 i 0 £

# 3% & 5% H4 J,*Mﬂwlw* FrodiY 7 20 E PR E% o BB

EOA ) RSkl RBrR ¥ it 4 > R R AT 0 B%HA i o] &
RE e 4 apiRE s 3% HA scd R A RlRdE (B~ %, 2016

gray 76, 2016 ; ;17 42, unpublished data) » A3t & 2% » AF % T R H
PRE% O BEBRES 4 BHY ) RAHE Y2 RERE > TRLEI AR R A

BA e D ARG R AR Y O R A LG O B ] BN Rt 9 Y A

o

LF7 RS RHE LT R R Rl £ R

- LA R EN A AR B bR A R

BE g C BREE A TH o RFT A LSS A A A RRESRETE 0

111

doi:10.6342/NTU201704166



R A& LI AR A S ) B R i i

ZEa m B S ROEFTHRIFFEFOHF e e A L el E L BRI e
FEREG B FTT R ALE RS EAT R BB R BT KD
MERE) > 77 BufEEFFH 4o d 2N F %] 4 % ) BEEF
11 i¥#> PR ME PG A ZF -V RPHTEL LD HFRBHR 0 F ks R
MEv g 23 30 &4 Fldeafok i (Ex &, 2016 ; #8436, 2016 ;

1 7 42, unpublished data) - 777 » A AF 7 EHE%KY B gb a0 R LR A

4 v MEES C pED LR RAa Wi R AL A KT o

WHE R AP RRI R &SR S 4 F2 R gRE
FlAH ABEFF > ad LA S A LE AR FAEEE RIEAHE Y - HF
d d AR gl g GV E R0 0 R i g e PEFER S A

FREAZREOHER Y C e X7 AR (312 IFLH

-

Tog AR B S o ke s? ML 3| Eme (macrophage) if § 4 ¢ TNF-a
RS L X S SRR ARRCT] R R o R e P B
IJNK ~ PKC % Ser/Thr kinase » & * 3§ IRS giptit » @ 9% 5 23 4 @b /o £ e
wWoo Ry gHeglieg 2 & (B 3-15) (Guilherme et al., 2008 ; Akhmedov &
Berdeaux, 2013 ; Riera & Dillin, 2015) c ~F Z X L5 A4 2Lfs » v & Ppiple A
P8 G o g E Bt de HE g i s 2 iRt o
FE o A EALERACET 2ok o BTN E AT UEE PIBK/AKL B
=& AMPK B e & i4e GLUT # 3] fm e 9t > B 4o § Revedht 7 5 ehia B

igm B e fE (Tanetal, 2008 ; Z. Q. Wang etal.,, 2011) > 2 7 7~ ELZ I LE AT
VUREE B ek S R s B R 0 TR R F o R A d
Pl HA B kg Bt o & FRA K T MR M MR > O ME M P ehdB o
OHA RLET OB E R M a2 PR 0 A B R kg R

B o AL > L ASPYEY 4 R a b Gk K5F P A gk o

112

doi:10.6342/NTU201704166



FZ2F AR&EALIAHE A S RG] B R i el

2. EEPHF LRGN BEL T 2R

Al 4 %o HF e SHEE ik, Ra wilip B AnRATiE 2 P %
S e BV RAT T EFHRTEL Y RY) 8 AP kR (B,
2014 ; 4 £, 2014) > 2 EHddriEsk (F~ %,2016; #9474, 2016 ; /13 42,
unpublished data) » ¥ 3¢ B 54k & 5% 7 T PF RV 34 3 50 enfFa) o 1 & 4o i3
JRRE R P ST ki & (£ 3-18) 0 ¥ ¢ mE B 0SS 0 F SAe 4 5% HA L
AR ERGOTE AR DSB8 R HAF RN AP
s ) BRI i ar gL 16 1% o £ 7 5% HA LiE f g Aor A A
P20 gk eod AWK LE ALY 5 HA Tt AT 0l i 4% H4

LA AD }E/Tw\.- Borobl s YRS )B4 B2 % o

Ay d CHF 2k %HE 1 3122369 M 8 %2 348+289g- #
TEEEEDT R 49.0£27 g MEH BT BEEA I DEAFFY L F &
#E_ EWAT ~ RWAT ~ IWAT %8 ¥# C =& > Ra ot ddas By 0 5
FERE 2P ERZF A RARS BT R RY B RE ) X2 g

ﬂ;;,g:r;z b'-rug?_g/ﬁkg&,gﬁ—g- ﬁ‘ﬁﬁi»v—*}’\‘ﬂﬁx*"ﬁﬁ

I

AW AR o e LM S B
Trgy HF 2 14% -8 9 @hm g " 1%  a EHFAFT R 5 18% -
LERAGERFET P BDFAG NV RE D § s Ra LEDE G Y

RI AR BEZICE A Fand 07 R 5 B> e AN Aae e ihigk o
ARy HF 258 pF e A E 9 5 171 mg/dL > 4% H4 112 mg/dL (HF ‘e %
Fff 2 65%) 0 AEHFT Y o HF B G F a4 i 35 & S EEMC G4
#8 400 mg/dL > 5% H4 %% 300 mg/dL (HF & "2 F A% @2 77%) o » £
Fi® oHF 2 g AFudp it 5008 A 49 200825 BEE S C 2o
e BT AR § A ) 2 B o R AT P 05% HA B ) R Flidn R 35 (HF
Bk Pt 70%) AR f HA 2 5(HF 29% § % Fultda iz 25%)-

113

doi:10.6342/NTU201704166



FZR AR&EELEAEB A GG B R

bR 0 i) 4 ¥R B 0 BEARE gk &3 o endr B RGE o

S R Y

Cytokine stimulus

Macrophage

Muscle

Hyperphagia

INK
MAP4K4

Glucose

TNFo
cLuts &
TNFo
Adipocyt/
\
| eyl T FFA
| %
\( ) \

Mitochondrion

Bl 3-15. g vmle sl it L ERCE RO G F i

helas

i s

AL

&

Figure 3-15. Chronic inflammation impairs triglyceride deposition in adipose tissue.

(Guilherme et al., 2008)

114

doi:10.6342/NTU201704166



FIE FAR&EALENESE A S HESG ) BT Reest i e

oy L AR BUR Bell A L2 B

TEEH R &L E AR B 4 6 R ] R R BB

ETTRS

R B A AT ) BGE L] AL R aURR R AT L B od U SR EH s ep 4 B 2

IGF-1/Insulin Bz 4p i AL F1 & LE o
1. kMM £ s me s HE ik

g i»]tfﬁéﬁ’%%@ﬁ@ﬁ% R B R RS FE R AMARE T R

#3023 R TR £ RS AR AT R R FRR N

[&“

RRT RIS B EER o FREEPES  RERMER [ FEF AR
p-oxidation > 24 ROS % 4% B4 Fig= mIDNA %72 - 2% » A% ERPA

W2 E g ma IR s s (Farissetal., 2005) - 5% H4 L= A 42 & Hp 6 4 47
¢ (£ %,2016; #i+ 38,2016 ; ;= 3”42, unpublished data) » L% 5|7 112 L 3
Pk G o] R 2 SR ¥ o RueEsuk g4 &4 (Pge-lo ~ Tfam ~ Nrfl)

B &~ (Mfnl ~ Mfn2 ~ Fisl ~ Opal) % § i gipk i (Cox7al) 4p B 7 %14 3. >
MEL P gk A4 & (Pge-la ~ Tfam ~ Nrfl) ~ g & 4~ &) (Fisl) % § i g}

fa i (Cox7al) #ph# 2L 14 R -

Ra o AT o FihT AREI]L A B R A A B A T
ZRF RGEONA o b HF o g ruRAs p QA FARY C g 0 AR
Pl- e A A FI LR HF o (£ 3-14) - TH s vz i Age
4 xRk oHF 2F L EPRTRE o FIURRM Y A A | e SR R
FRfe s smgp v n g (LgLEL it o Cox7al ~ Cox8a A FI£ € B > @ 5 N BF i
RHE Y RRG S R AP F AT R AP R - &8
2P E) 8 R &Y 0 TRBEIE A Y LS e A HATFIAR

H400 HE o3 (% 3-13) (v 4%, 2014 ; 8 ir ik, 2014) » 4eipl¥ & 8 & %44

115

doi:10.6342/NTU201704166



F2% RS ALE AT A S G B R i i

S F KA P LRI E AR N ATt d o AFERET 0 AE
B4 XF%k VEEERRIE A S ERPMMA N RPN N RE R

SR LT R
2. K4 &

PR e EHRF > A E XTI G FLE e g1 g m SRl
(myoblast) # % 3R Pax7 ~ MyoD % Myf5» i& » ‘mPe (¥ 8 B 400 4 > T 38— 2
Fait o A 5 s MyoD 2 Myfs d#F5 ¢ &M ™ & 4 Myog: ek i
BB € AT Myhd > e 5 dpge & & & g erveidh e (Charge & Rudnicki, 2004) -
kel w g R a2 B R Gt TGR-B R2% < i myostatin (Mstn)
Z T Frd] MyoD £ myogenin % IR o Friqsep i 4 22 4 ib (Akhmedov &
Berdeaux, 2013) - f¢ BF > myostatin AR E R L E F LR RAPM B T F R
#] BUAL T A% myostatin (15 pg/kg/day) 7 % 0 € Fripl | B v Akt BREE T £

oo FEER B 2 gL (Hittel etal., 2010) -

AT P > APERED @ ] B P gt Mstn A IREFR C 23 o
e HE 2 Mstn A JRBe@Ag ¥ £ e r g b2 (4 3-14~ 4 3-15) - KAp B 124
150 AP ELR D] myostatin GRS E LS ZF R R FLDL APM (p<0.05) 1
g RIS R RARS T Ap B (p=0.059) (W] 3-16) - 11} BT > ‘B 4 F B
AR G ERRBAEH e o ¢ K g B RYET myostatin TP F i iEm
Frplih G A UEL 0 HL SR § R Ll Tk o o 98 HE & Mstn #3R
g oo F AP ) B A Bt dpdh g g e e A o ) &’
s£g st HE ' Pax7 22 MyoD1l £ R 4r8 C 2:RE 3 v f0p v i £.7 5
BRASHERTRE v A g O Eeg A2 2 o B 0 Epd T RER
P d o R SR MR BT ERME 0 F A @R A& 0 30

Al gesed AT AR Bl B F o & PBLB0C ¥ %
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Flszrgaw Myfb A LB F i HF 2% > & A2 5 kB 2R 7 R F| 9% v Pax7 ~
Myf5 > v B g oo Myfs ~Myhd 2 38 HF 23 > Ad 225 BF AR o pteh o d
WARHREN T AZEIE G BEERRI RSB G a4 o 2 A AL

ARAFATEARNEAT AR I ARE

-\}‘3}

T P dr 8§ ] BUCE 2 L AR M A ]

el > B L A ETIUE 2 LT RS TR BT
3. IGF-1+AKt 2 ¥ 538 pis it

Seakaep e 2 e b Pa R A TR KT A e € IR PIBKIAKL BT
Tldrdl o %G E 2 IGF-1 ML BERFIEa . - G4l Fed, ¥ - 2
o Frd]iep 4 £ (Akhmedov & Berdeaux, 2013) - A % F 5 ¢ » 2 i PR T4k
G348 4 k2 ) B |GF-1-Cendl~Bel2 % 3m# C 23 - CyclinD1
(G1/S-specific cyclin D1) % & im@z k8 GL # » fad> Gl $| S H e % > @
IGF-1 ¢ % PISK/AKUmTOR pathway @ MAPK/Erk pathway 3 #; Cyclin D1
ik F1% F-9 4 3 (Baldin et al., 1993; Musgrove, 2006) - Bcl-2 (B-cell lymphoma
2) Bl prdlimee k= chjo FoH A FARE L D] Akt E i@ F# (Romashkova
& Makarov, 1999) - HF 2 IGF-1 B d-v 2 A Fl& g - fLRIR F]7 0 5 4k
SRR G 4% ¥ s BEYAPE A R EERRSE O F a4
ML % IGF-1 B scp 272 MF B ¥ RiEme A R4 E - EF O HF &

WERE =y g HEEZRFF " C aalf¥FiLo

Fobo B aa L LS ART L RaE IGF-1 2 B T sy s AFA R o
AFE G KR T 0 1758 v 2 b3 IGF-1 - Igfir ~ Akt2 ~ Hk2 # %4 3> P81 50°C
B+ AKt2 ~Hk2 A FIE I o HA fevgr b3 Hk2 F F) 4 3 - Hexokinase 2 &
FEMEASS - BREE T BT BEE S L glucose-6-phosphate » i ¥ B ExkE
R & OFEEGY G hdh 3¢ (Berg et al, 2002) o § &L= A T o LR F BRI

Hexokinase 2 # 3R > & ¥ ¥ % M 36§ 2 2 > w7 LE AT UHEW G
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Table 3-12. Effects of wild bitter gourd on growing, tissue weights and biochemical
analysis of mice.

P81 P81 50°C 1758 55M H4
HF vs. C
vs. HF
Final body weight 1 ! ! ! ! !
Body weight gain 0 ! ! ! l !
Energy efficiency 1 ! ! ! ! l
Relative adipose tissue weights
EWAT i 1 1 1 ! I
RWAT i 1 1 1 ! I
IWAT T ! ! l ! l
Relative muscle weights

Gastrocnemius l 0 1 1 ) )

Soleus ! M

Tibialis anterior
Biochemical analysis (4™ week)

Serum glucose ) () () () () |
Serum insulin 0 ! ) ! } )
HOMA-IR index ) ! l ! ! l
Serum triacylglycerol 0 (1) () ) }
Serum cholesterol 0 ! ! i) } )

EWAT : epididymal white adipose tissue, RWAT : retroperitoneal white adipose tissue,
IWAT : inguinal white adipose tissue. Data were analyzed by one-way ANOVA and
Student’s t test. 1/| means significant different between groups according to the result of
one-way ANOVA and Student’s t test (p<0.05). (1)/(]) indicates 0.05<p<0.1 according
to the result of one-way ANOVA and Student’s t test.
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Table 3-13. Comparison between the results of previous studies and this study.

4535 p A s i E(2014) X% B3~y 42 (2016) rEEY
A 8 o5 5% BGP + HF 8 wk HF 15 wk—5% BGP + HF 20 wk 4% BGP + HF 4 wk
HEY 19 wk 44 wk 12 wk
| HF = H4 (vs. HF) HF 2 (vs.C) H4 (vs. HF) HF 2 (vs.C) H4 (vs. HF)
Final body weight (g) 348+28 30.7+24 | 49.0+2.71 40.1+35] 31.2+3.67 26715
Body weight gain 100+ 1.7 6.6+£2.0 | 106+2.6 1 63+1.7] 7.3+217 43+17]
Energy efficiency . l 1 l 1 l

Relative adipose tissue weights (%)

EWAT 6.12+1.73 3734128 | 624021 6.2+08- 417 +0.881 2.13+059 |
RWAT 1.78 £ 0.82 1.14+0.74 | 334021 27+04- 1.6 +0.481 0.63£0.27 |
IWAT x x 49+0.71 38+06- 2.33£0471 112+031}

Relative muscle weights

Gastrocnemius . - 1 1 ! 1
Soleus X x - - ! R
Tibialis anterior X x ! 1 _ _

Biochemical analysis

Serum glucose . 6wk | 11 wk120 wkt 11 wk120 wk - 4 wkt 4wk |
Serum insulin . - 20 wkt 20wk | 4 wkt 4wk |
Serum triacylglycerol . 6wk | 8wk | 11 wk120 wk? 11 wk - 20 wk - 4 wk1 4wk |
Serum cholesterol . 8wk | 11 wk120 wk? 11 wk | 20 wk | 4 wk1 4wk |

Skeletal muscle mRNA expression level of genes related to mitochondria

Muscle Gas Gas Sol Gas Sol Gas Sol Gas Sol
Pgc-/a . - - - 1 i - -

Tfam . - - - 1 1 . - !

Nrfl . - - ! 1 1 - -

Mfnl . - . . N i i

Mfn2 . - . . N i i

Fisl . - - - 1 1 - - !

T FHREEFR S M HERE (p<O05),-: A FFRFHEFLE, x A4,
. =
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Table 3-14. Effects of wild bitter gourd on the mRNA expression in gastrocnemius
muscle of mice.

P81 P81 50°C 1758 55M H4
Gene HF vs. C
vs. HF
Mitochondria related gene
Pgc-7a () ()
Tfam () l () l !
Tfbm2
Nrfl l l
Mfnl )
Mfn2 )
Fisl (1) () () ! ! |
Opal ) !
Cox7al ) () ()
Cox7a2 (1) () () () () |
Cox8a 1 () () () ! |
Proliferation and differentiation marker
Pax7 1
Myf5 (1) ) (1) (1) (M
MyoD1 1
Myh4
Myog () (M
Mstn
IGF-1 and Akt downstream
IGF-1 ) (1) ) (1) (M
lgfir 0
Akt2 (1) (1) ) ) (1) (M
Hk2 ™M (M 1 1 M 1
Ccendl 1
Bcl2 1

Data were analyzed by one-way ANOVA and Student’s t test. 1/| means significant
different between groups according to the analysis of one-way ANOVA and Student’s t
test (p<0.05). (1)/(]) indicates 0.05<p<0.1 according to the result of one-way ANOVA
and Student’s t test.
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Table 3-15. Effects of wild bitter gourd on the mRNA expression in soleus muscle of
mice.

P81 P81 50°C 1758 55M H4
vs. HF

Gene HF vs. C

Mitochondria related gene

Pgc-la
Tfam
Tfbm2 (})
Nrfl
Mfnl
Mfn2 0
Fisl
Opal (1) ()
Cox7al
Cox7a2

Cox8a @) ()

Proliferation and differentiation marker

Pax7
Myf5
MyoD1
Myh4
Myog
Mstn T () (€)) () () ()

IGF-1 and Akt downstream

IGF-1
Igflr
Akt2
Hk2

Cendl ™M M) M ™M) ™M) M
Bcl2 ™M M ()

Data were analyzed by one-way ANOVA and Student’s t test. 1/| means significant
different between groups according to the analysis of one-way ANOVA and Student’s t
test (p<0.05). (1)/(]) indicates 0.05<p<0.1 according to the result of one-way ANOVA
and Student’s t test.
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Figure 3-16. Correlation between body weights, serum insulin, HOMA-IR Index and
soleus muscle Mstn relative mMRNA expression of mice fed test diet for 4 weeks.

Data were analyzed by Pearson’s Correlation.
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AFTF e HORN ARAR 3L B A H R H BRiw ez myoblast 3 4 i 4 g i
ME AT AT A PEERTE gl LE AL fie fa 5 B3 (EAE)48 ) pF
1758 2 CKP55 EAE # 13 4r myoblast w#z 3% 5 (MTT assay) @ - #H &
mrE gt o R R T g el X AT B bF A H BaIT
myoblast #4485 28 B2 7 i fr o> £ % 1758 EAE H HAJT myoblast 48 -]
P ok AR i dp ik citrate synthase Bt arr g BB AT 4 0 Bon o LERA
R 2 2% o pteb s % 1758 EAE ¥2 IGF-1 % F &2 myoblast 48 | pF > m¥e
FES (MTT assay) % ‘wmre #icp & 7 # £ >3 4 > B2 1758 EAE # 84
IGF-1 #:& myoblast 3§ # o IGF-1 E A4 p 2 & gL ¥ d yop p (7458
I fads Fmh wre ~ Ay myoblast 3 4 224 v > L RsE Fe 4 & (Rommel etal.,
2001) o AFF 45T RIFF a0 S8 s Flt %S IGF-1 @R T PIBK 2
A LY294002 |2 T 25 AKt cgipl it R IEET IGF-1 SR k7 5 0
¥ LY294002 k& &~ > 1758 EAE &+ IGF-1 it myoblast 3 2 e % iF
B Fldrd] o - H T S BBEARY FARE LR A7 0 1758 ¢ gl
IGF-1 # 4 Akt #ps i 2 BE o

T ko AT R FEY B R B TR S ) BT R R L 4%
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IGF-1R 2 H T 5 e AKI2 s HK2 AFIA IR o At P gved » L A7 G 3
e kPR A A F] Condl £ 7~ T AR 4 Efrd|E Mstn A Fl A RGBS o 10 b

BE A 1758 LB P HIN Y H ) B R Toe B .

Banre N AR 1758 EAE ¥ 1156 PIBK/AKL B = es IGF-1 12
S Tl ;Fmﬂeig4 v BT L R YR 4 B iE ARG er’Ig, o B BN P
4 BLET) 1758 v A IGF-1 T AR T v B2 A TR R o Tt A daip
1758 ¥ it & %8 IGF-1 jejsiase ¥ 4aved £ G4 o d 3% IGF-1 st #
W R ERE S 4 Pk & (Chanet al, 1998) s %¥ A ¥ Bz R A B HiE (T2

A7 (FHFELEAER S R LA SN AR BEET 0 LS A S
[E
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Appendix fig 1. Tritenoids content of various cultivars of wild bitter gourd (#ic¥3 4 #2
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Appendix fig 2. Transactivation of PPAR-8 by various cultivars of wild bitter gourd
ethyl acetate extracts (#cpd & L&k 5 & &)

The values represent the transactivation activity of maximum effective concentration
(50 pg/mL). GW501516 (10 nM), a PPAR-$ agonist, is the positive control. Data were

mean + SD and were analyzed by one-way ANOVA (p<0.05).
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Appendix fig 3. Transactivation of PPAR-6 by hydrolyzed wild bitter gourd ethyl
acetate extracts (#icdy d ¥ L% I § & i)

The values represent the transactivation activity of maximum effective concentration
(1758 EAE : 50 ug/mL, 1758 37°C EAE : 50 ug/mL, 1758 50°C EAE : 50 ug/mL, 1758
60°C EAE : 50 ug/mL, CKP55 EAE : 50 pg/mL, CKP55 37°C EAE : 50 pg/mL, CKP55
50°C EAE : 50 ug/mL, CKP55 60°C EAE : 25 ug/mL, P81 EAE : 50 pg/mL, P81 37°C
EAE : 50 ug/mL, P81 50°C EAE : 50 pg/mL, P81 60°C EAE : 25 pug/mL). GW501516
(10 nM), a PPAR-6 agonist, is the positive control. Data were mean + SD and were
analyzed by Student’s t test. * (p<0.05) denotes significant different form

non-hydrolyzed EAE of the same cultivar.
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