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Abstract

Gjuava leaves extracts (GLE) were prepared by ultrasound-assisted extraction
with 0, 25, 50, and 75% ethanol and denoted as GLEO, GLE25, GLE5S0 and GLE75,
respectively. At first, antioxidant activity and glycolytic activity inhibition of the
extracts were compared. The results showed that GLE50 had the highest total
flavonoid content (TFC) up to 35.1 mg QE/g extract among four extracts, where as
GLE25 had the highest total phenolic content (TPC) up to 254.3 mg GAE /g extract.
However there were no significant difference in the TFC and TPC between GLE25
and GLE50 (p > 0.01). The free radical scavenging capacity was expressed as trolox
equivalent (TE).TE is proportional to total antioxidant capacity (TEAC). GLE25
showed the hightest TEAC, reaching 59.1 ug TE/mL, followed by GLE50 with 49.2
ug TE/mL. GLE25 also had the highest reducing power reaching 113.1 ug ascorbic
acid equivalent/mL, followed by GLE50 with 110.5 ng AAE/mL. Furthermore,
GLE25 and GLES50 also showed the highest inhibitory effect of a-glucosidase and a-
amylase. According to the above resules, GLE25 was selected to study regulation
mechanism of blood glucose in C2C12 cells. Based on cytotoxicity test, GLE25 less
than 300 pg/mL was no toxicity to C2C12 cells. Finally, the effect of 200 ug/mL
GLE25 on glucose regulation in palmitate-induced insulin resistance C2C12 cells was
investigated. The results indicated that GLE25 could activate the increase of
IRS1/PI3K/Akt resuled in glucose uptake in the insulin delivery pathway. GLE25 also
activated AMPK to inhibit ACC, thereby promoting the oxidation of free fatty acids,
releasing a large amount of energy to provide cells for use, reducing the storage of

fatty acids, and improving the insulin resistance induced by free fatty acids.
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Table 1. Phenolicacidcompounds isolated from Psidium guayava L.

Phenolicacid Structure Phenolicacid Structure
OH
0 0
. . OH " . MeO X
Gallic acid Ferulic acid DA)L
HO
HO
OH
OH

Protocatechuic  «q AN i% |
_ os Chlorogenic acid "~
acid N ~

(o]

HO \
Caffeic acid w Ellagic acid

Bz

Guavin B ® e

(Gutiérrez et al., 2008)



oo HEAREY A auEE g & 8
Table 2. Flavonoidsisolated from Psidium guayava L.

Flavonols Flavonoids-glycosides Structure
Avicularin R1 : L-arabinofuranoside
Quercetin 3-O-L-arabinofuranoside Rz : H
Guaijaverin R1 : a-L-arabinopyranoside
Quercetin 3-O-a-L-arabinopyranoside Rz2:H
Isoquercetin R1 : B-D-glucoside
Quercetin 3-O-B-D-glucoside Rz:H
Quercetin Hyperin R1 : B-D-galactoside
o+ Quercetin 3-O-B-D-galactoside Rz:H
.O O| O > Quercitrin R1 : B-L-rhamnoside

K& mpferol

Luteolin

Apigenin

Quercetin 3-O-B-L-rhamnoside

Quercetin 3-O-B-D arabinopyranoside

Quercetin 3-O-gentiobioside

Quercetin 4’-glucuronoide

Morin-3-O-a-LIlyxopyranoside

Morin-3-O-a-L-arabinopyranoside

K& mpferol-3-glucoside

Luteolin-7-O-glucoside

Apigenin-7-O-glucoside

R2:H

R1 : B-D arabinopyranoside
R2:H

R1 : gentiobioside
R2:H
Ri1:H

Rz : glucuronoide

R1 : a-Llyxopyranoside

R1 : a-L-arabinopyranoside

OH

OH

0.~ o ,L mﬂ’
HOﬁ IRG

hd OH ¥ ﬂ
OH OH O

(Metwally et al., 2011)



Table 3. Isoprenoids from Psidium guayava L.

Monoterpenes Terpenoids
Caryophyllene oxide B-bisabolene Guavanoic acid
B-selinene B-sesquiphellandrene Guavacoumaric acid
1,8-cineole B-bisabolol Guajanoic acid
a-pinene aromadendrene Ursolic acid
myrcene a-and B-selinene 2a-hydroxyursolic acid
d-elemene caryophellene epoxide Maslinic acid
d-limonene cayophylladienol Asiatic acid
caryophyllene (E)-nerolidol Jacoumaric acid
linalool Selin-11-en-4-alpha-ol  Isoneriucoumaric acid
eugenol Guajavanoic acid

ethyl 2-methyl-thiazolidine-4-(R)-carboxylate ~ Guajavolide
Me 2-methylthiazolidine-4-(R)-carboxylate Guavenoic acid

(Metwally et al., 2011)
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#r#4] a-amylase %2 a-glucosidase fi%¥ % sac # 0 1L af 3 pEAE ek T it — A i T
o gtk > e Wit - BEFRIIFIFEERA L EY 0 2 EG
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BB s om g B s i k> E P E Bk (Chematet al., 2011;

Kimetal., 2018) -

d L Y S RS B RRE 2EFE ERES P
o A A RER S F AL AHAES AR LR RES A
B AEF AR o FIPL AT P A I R AN I RIERC B TS
PREET NERERSE G AR RO I G2 BB PR F b
FlEHE > TR F B3t e ¢ s L 0L F R Fuihs sk BT Ap B 1T 4
F o

s QI AFEFERLS AT NF B 2 RS IR

Table 4. Comparison of advantages and disadvantages between ultrasonic extraction
and commonly used extraction methods

Supercritical Steam
Ultrasound Heat reflux Soxhlet P 4 .
fluid distillation
Time- ) ) i P )
) Save time Waste time Waste time Save time Waste time
consuming
Energy- Save ener Waste ener Waste ener Waste ener Waste ener
consuming 9)% gy gy ay $)%
Safety of High
y Secure Intense heat Flammable g Intenes heat
process pressure
Safety of Residual
y Secure Secure Secure Secure
extracts solvents
Heat- Residual Heat-
.. ) sensitive solvents does sensitive
Applications  Widely used . Costly :
component is  not apply to component is
limited food limited

(%14 <, 2016)
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1

<l
=N
=
\v

CEESEJEAY 32 cd

B ABASH F AT s By PR R s R K 8 LR S
123 it 4 B (Reactive oxygen species, ROS) #f4v i & R F] > o PF— g
CEER RS PR RBERE FMN 5 - RAGSY R G
FOR g R R G AT @ Y e e
PR E MBI PR o BRI D RS ML R e S

b #AEAMPN R BE F (Greenetal., 2004) o

FEEEEL FRAM AR € E TP pd A2 ARy

fbepie 4 s mig pd RGd 2 g o2 K7 b Afisganp d o o4

1. &4 Nicotine adenine dinucleotide phosphate (NAD(P)H) oxidase # = 4z ¥

it = (Superoxide anion radical, O, ") (Li et al., 2003) -

2.5 5y v F A4 a5 pd i (Hydroxy redical, - OH) (Robertson et

al.,2003)

3.5%d - 5 v+ § & = p+ (Nitric oxide synthase, NOSs) *1 A& 2 - § i* §

(NO) friB § & A A4+ (ONOO') (Hink etal., 2001) -
Hi’,ﬂ;ﬁt‘ rT?B mpé'i}’mgi 'Lﬁb"ﬁ&;‘ﬁ ’iﬁfgdz}_‘kﬁﬁg ,E\,'n%’gﬁﬁtﬁif%ﬁ-ﬁ%
BV E 2 Foa gﬁiﬂ%;ﬁ,,}%ﬁjﬁﬁ;, B AR DD Aehd 2

Py e om pd AREKPlote ARIEE F e i 2 R A3 0 B
14



HR L i .

(=) 8 d BriEif

ROS % A MM § i* MBAEE § AP AT A2 B G REES

$HoROS* & 5 3% pd & (Freeradical) 2 3§ 2tp d &
dARELE M AHT PR ARG FHRFEE B 8

CREER ED TRSS S A RN EE S T 23 EXES S

RypAF AZATADERA S o SR F o Bl g2 e

%t frp2 it (Lietal, 2018) -

%I ~ EFFF (ROS)A 4
Table 5. Sorting of Reactive Oxygen Species

Radicals Non-Radicals
Oy Superoxide anion radical H,0; Hydrogen Peroxide
- OH Hydroxyl radial HOCI Hypochlorous acid
ROO" Peroxyl radical Os Ozone
RO’ Alkoxyl radical 10, Singlet oxygen
HO," Hydroperoxyl ONOO Peroxynitrite
* NO Nitric oxide

(=) B A EEs 22 S48

A Al ® o R 0 F 0 A e ! el (Mitochondria) i
B 4 =i superoxide & dt+ F R B £ 42k F] (Brownlee, 2001) » { -
Fig e BT ERAEROR R S SRR (F-)

15



1. #4cen ) <ps (Polyol) B s i #s
2. i % eopEit ¥ & 4 (Advanced glycation end-product, AGE) 4 &= =
3. %9 Fxp= C (Protein kinase C, PKC) i it
H 4v e Hexosamine B S in s & o

BiEr FERGLBEEFREORBWAIREE ST IERI AL A0 ¢
Fridlimre N F F BN BHEL S ¢ e glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) #1445 Oz € 4= NO (nitric oxide) » J&=} = peroxynitrite (ONOO-)
iT- 5T DNA 2 2 %’ﬁd A A pe g pa (Nitrotyrosine) % ¢ B & 47514 e
G 4f - @ Hexosamine B f2+ € f5d PAI-1 o TGF-B 2 3 4c @ it s ¢ 12
o ORPRFLAR LBENRET ﬂ?f_ﬂﬁ'wﬁ}é FeApE v @ - %y O
A5 o F|PL s TR B O HEIRB ¢ AR Al it A EEpET T

AR R A G A2 5 POy B ERF & IO B AR B -
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.| GAPDH | | eereerenene,

.o"' e,
PARE 1 I T
4 " P;;tgty%sg;e e 4218
DNAZHH i
A -
: Adhesion molecules
. | Proinflammatory cytokines )
5 : 3 & ‘
Peroxynitrite
(ONOO") *Eﬁ(ﬁ
. DFSEE
Superoxide ion (057 .-~ \
\ 1. Polyol f&{%-.. | =~
sorbitol 2 * Vascular
2. Hexosamine E-ﬁ’fﬁﬁ\ occlusion
~
M| PAI-1 1 — fibrinolysis | | 4
A
> Bﬂfl:,%; @Em TGF-B 1 5 collagent 7
*ﬁﬂvﬁﬁﬁ% =| ’ﬁ (AGE)EZK "4 fibronectin 1
%ﬁi@ﬂ%{t{}ﬁﬁﬁ?ﬁ ‘ ..... lhssessnsnsnausssannnnnnnst

(£ 2 % > 2009)
Bl- ~A23 53+ Oz"%@ﬁﬁ%%-‘f,}ﬁ% b P E 2
Fig 1. Mechanism of superoxide anion O, ° causing diabetic hyperglycemia
complications
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—_ 2 =2 2, L
(=) #Fe3 v x5

Pl iy CRBEIR G CEREY 3 AR A IF L ST A

Lopd A ,fr’ffl (Free radical scavenger)
SRR CRALR SR Y B RET I RIHRA A0S
ALDFREHEI DI SHTF EEB D S RUDL RG> J R
Fum|A R S &g F Y P 2 (propagation) > # s - sdng

it & (primary antioxidants) (Labuza & Dugan, 1971; Shahidi et al., 1992) -

2. B A 3 ;‘%",f A (Oxygen scavenger)
ARANHRIF R O RERRARLTREREAER § L EF V5

REF R 0 dobiE £ (riboflavin) 2 Ui i E (3£ 3 0% > 1997) .

3. £ {5 & A& (Metal chelator)
PR AE T By G RFREBHEY G - BAXY DT
RAAERE VERER R RETNN ARG g 5 R RE 4
¥F R B R BT 2 EDTAS > v i e g iV &> @ d

»z% { % (Kochhar & Rossell, 1990) -

4. 5 & iy 3 #+4)# (Singlet oxygen inhibitor)

PLREIE A e e kAR TR S B REE Y RIS F B
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i eh= & i ¥ A i > 4o B-carotene - triethylamine (Kellogg & Fridovich,

(m) Fo3 & A\_ﬁaﬁ%;ﬁ;}%

R R ok AR § SRR AL T A SRR AL B i A
FEROSE =48] > T BB P F RIEY chd R RFrdF LR A g
oA REmEE BRLLG T o now BROSH & TR 5 A
POy #4e > FIAEF RN P BS PF A ARG ARk F L A
%2 - (Evansetal., 2003; Dong et al., 2016) -

4t R AL E E S Bimie h FLd AR R 5 B $0 3 G BT
5182 ROS » fuaatg » Pt ¢ B EOSBmibe A% § 2 AT 2 Mm ER
Bl 54 F o A Benmie R L 2 ROS e » e v 15 B N cdnd 1
f¥ %4z 3 it~ it f= (Superoxidase dismutase, SOD) ~ i ¥ it 2 i+ (Catalase)
% fxw+ Pk § i p¥ % (Glutathione peroxidase, GPX) % [# @ & *& %k i “,f
(Evansetal.,2003) - 4 3% 77 5 « FEFES ¢ adg 1 2 e o dodgF ik >

PR > KA B A BN T B ALk o
wo Rk MRS PEARRE R 2 B

SRR S R R R S SRR Rk S A e M Sl

K3 ﬁx?é'ﬁ“l’f_lj} /J~ F;—__F p‘fm?é er’é}”é’ﬁjéj#g?}%ﬁﬁﬁ’}\ﬁi%\' J[% ‘J ’;‘ ;?}t
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AT R It o A RREHEL S B B A BTG F ARG S
R FIERERFIERL AEESR > B ENF S DM AT > Tt T
FrflpEfRpE % o-dkA~fF (a-amylase) 2 o-F § #H 5 (o-glucosidase) it i

T H ST A M SR S 2 I % (Vadivelan et al., 2018) -

FEfaft % A 2w fE 0 A B 4 MK LS (Endoamylases) - ¢F k45 % &

(Exoamylases) - & * f¥% (Debranchingenzymes) f-i& 4% %% (Transferases) -

Al

(Sivaramakrishnan et al., 2006)

Lpadtpgz > 2p o144k #2422 a-5 %22 4 (a-anomeric) -

RS FEE S R IE FEA APl 4N o-l,64 0 B H A A a-ft B
24 -

3.2 ﬁ?%ly%'l(l-lﬁig‘.’ﬁg’—rﬁéégﬁ%o

P

«K‘

4. & F% %% *7%§zﬁﬁ4mal4+ﬁ:ﬁﬁiv -l i e~ ﬁfi/\ﬁﬁ,',_}%ﬁ‘; s Jm

) & AT Ak o
(—) o-% 4> f#  (a-amylase)

a-amylase (a-(1,4)-D-glucan glucanohydrolase, EC 3.2.1.1) & p *» A% f%
F % 0 BOWEY K fEps &apF 725 13 (GH-13) » 7 #- 5 pE 2 a-1,4-O-glycosidic
bonds it -k f2 & B R % 0 T % F a-anomeric > % #cih a-amylase i & FEE 3

(Metalloenzymes) » 7 @474+ (Ca®™") A H Bl Bz FIE2 .
20



a-amylase A £33 frf FLde g R 2 R Y R fE g m R e g e

(Sindhu et al.,2017) -

(=) o-% % #3 p+ (a-glucosidase)

a-glucosidase (a-D-glucoside glucohydrolase, EC 3.2.1.20) /& ¢t *» 4] % i

% > A8 3 A% A e kg L %% (Brush border) ¢ » ¥ #-%
B d LA R BN X il R D-F 540 2 ¢ 42 glucoamylase

sucrase ~ maltase % isomaltase * fi¥ % - % o-glucosidase 7% +i& B € i -]
BAE AT 0 @ B w0 ¥ ¢b a-glucosidase » MR 213F 5 oA
FPARM o v | A e IV AR R 30 § BB me4pT (T% LB EEH

(Zheng etal., 2018)~a-glucosidase sr 4] 7 2 "% i DM £  "ast £ 5 % (Patel,
2016) f-i 2 *5 &% (Tseng et al., 2015) =p *& )2 % Ji b <5 (Pompe disease)

=M% d HIEM A ¢ #F a-glucosidase (Chan et al., 2017) -

(—:—:-) ﬁ%ﬁ;ﬁ?% /'é'k’i#»w«;ﬁljfﬁ;g e ﬁ%fﬁi%’\ 33(;‘];

B2 f% % a-amylase % o-glucosidase ¥ 7 *5 1< 5 pE-KfE = F § HE2
R EA TR SRS MR B L L R

P # fik B * 2 a-glucosidase inhibitor 7 Acarbose % \oglibose % % 4 >

)

o] ;ﬁia:i’ a-glucosidase & F %@ ciilfed > €2 a4 2 FpEuEAp T Y o

glucosidase » i& & $rl ] % P J pEAF vk s HPEA L o outE AR
21



WA m A RR L Pl el BRBE Y G4 ek pled s - 3
AR R 2 G TS 0 3 E G FA R 5 A L

I AT T EL AR FEULLR

BFEg ) VEEE BT & P B R Y & P Ha-amylase £ a-glucosidase £
Frglivr o 22 (hydroxyl group, -OH) i % & #F % H #r+4]a-glucosidase
z_ R4t (Proenca et al., 2017) - pt ¢t » -OH 22 2 & (carboxylic acid groups, -
COOH) ¢ £ a-amylase ¢3¢ "epi# 78 (Trp residues) 25 = 3 e d 4F4p 3 %
* > B2 Trp residues % B3 8 &4 bm-] mpx%?"l&*ﬁ VAL ¥ CaZtiE i 4 gk

A5 T 1t prdlo-amylase 75 1 (Wu et al., 2017) -
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I BN BEE

mmol/L: 28— 3@ B P23 »d AR SRS D &Ko & HiFgy
Pk B R R AR e A R B RN AL Y F S

B TR rg AR S hovt Bl (Zierath & Kawano, 2003) -

Brain

Splanchnic organs
efc.

A

e Glucose 1 @ Skeletal muscle

Pancreas .
Fat tissue

Bl= - Bl s 22 ¥ e
Fig 2. Maintaining constant blood sugar in peripheral organization

(—)% 5 % o 8 35y

R G 89;9;‘]{ A B NS N AP e’v’ﬂﬂ;ng IR PAS IS S R I -
e A e o f A SRR AR MR o bR
(Pancreatic lipase) ~ Ji # f+ (Amylase) ~ &5 = (Phospholipase) % i fis
(Nucleases) % » x ¥ SGEFEN Lo 4gF 5 P Aidd W g v 5§ A

NhFRF A RF R A AP R EEF KL F N F LR H
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A RT3 A E & iv* (Jouvet & Estall, 2017) -

H%H%ﬁp AL R Kb B R E R 0 2% 0 d LR A ) o (islets of
Langherhans) e = » & 7 547 I cnm®2 53] * o- ~ f-~ -~ e-% vy (Pancreatic

polypeptide, PP) ‘w*¢ (Kojima et al., 2007) -

1. B-dmPe @ & adkds % (Amylin) ~ C-peptide fo3% § % > "% i< 4 > BB
2.0-w% oA pEZ (Glucagon) o ¥ O IRSESFHE R AR R a fEE B o
3.6-fmPe A £ Frd)E (Somatostatin) » § n P H F AR IRAMIER B B
S-fwfe L E A PN ARG I HMEF G F A LR T ;i”%%
A 0 @ AR G RURE S EE R U e R F TRy o
4. e-fm¥e 1 L BEEA £ ek (Ghrelin) f#23c7k o
5.y (PP) imee & 2 st § ok » H AR B 3RAS T H LA B &R AR
FAE T LD o
b A A AR R R o v P AN & FRRLE Y Al
GEcrFEFLEY o -l FlB m fEd AL G I LR o T LR
ELIRSEY FBED ok > A H AFR v o amie 3 B Y B
(Jouvet & Estall, 2017) -

53 5 5l BreAfesa o A% 21 BreARa Az 30 BIRA
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FeenB4as 2 A4z Baap & L sorps (=3 A7 2 B7-A20 ¥ B19) 2
TiAIAREEM A 2 BEAAEES A+ & 5 5808Da L E R €

ARG A ens B3t wre ¢ (Hossain & Bathgate, 2018) -

CELSNIP S T PR SRR N A ke R
A GRS R F A AL Ry RN F AR BB DR
Yo W ELE T S BEE ks (GLUT2) MUBHATE ~ B-int o F F B
i P18 0 5§ § Mpes (Glucokinase) it & 4 glucose-6-phosphate > i
A2 ¢ A RHHA 4 B s (Pyruvate) s NADH 2 ATP - 448 ¢ > Pyruvate o
NADH i i Tricarboxylic acid (TCA) cycle 4= % it gk ps it (Oxidative
phosphorylation) ;& ATP & 4 » @ ATP e e € 3k K-ATP i i B
Boooiem B e igd fe it o B Cattil i 0 R mre pATAR SRR P2 (R

i % & % &% (Mitsuhisa et al., 2013)

b AR 2 PP EPE - B0 TR RSO R F 2

— (Dimitriadis et al., 2011) :

1. PESE
g Cp B2 rg 9k i e EHED > B8 B 4o > BB EPF (Hexokinase)
22 6-phosphofructokinase /& 14 > i& (74 p%f% (Glycolysis) &3 Fp & = » &

Frd¥E 74 (Gluconeogenesis) £ 3%k 4 2 (Glycogenolysis) -
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2. g
"E L s e i R (Lipolysis) 2 dup $2AEREE g RpL g 1 e iR
BERF P Az Y Wy M Y R AR R 0 X e Y gy

Bj%ﬁ’ﬁ.b':” ﬁ’ﬁ.‘b'] /E'lﬁ;:]é\vls\' o ?fg%cﬂi—@ﬁfﬂ v}:@fﬁ%}iﬂa}é z p%]}"}ﬁgé\';\ R

RN SN
Wb e F » e o WGE Fed Fen g A 0 TE MR ¢ ks B0

farez b k& (Urea) 02 o
(=) "ok 2 B

VU s EREZ sadple vy LS G AR e £ H o LA
LHEP-Y B AR ST R Rl MR <3 ehl M & Bl i 50%
21 25% > #1140 2500 & o v ri *  Akr QR G T o e iR i

FHEE2E7590% & i RPN 2 EER

&E

¢l LAy Ak W

R A EMERY L FEF LR RER LG A T T L eME G %

—H|

RCLE R R R PR R R LR R IP A )
FEIEAE 05 i< (JW. et al., 2001; Workeneh & Bajaj, 2013) » #cvvp *# 34§ % @

Mz od  BERETHAS AL RELEIN > Vg A F L
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(=

BERYRDLIE (BZ) FREF AL, FAR KRG > A m SR

) %% & % 4o (Insulin resistance)

WP 2% 5 FRE2 ¥ B dovep SFRRE Fg o $P% 5 iy
54 F i d o S F Y ARl KB D F BT R h G R

WG R I L R FlD & A G BIA > e

LF20F g iR bR Efod 5 aF 2% 5 i
2. F1A A ER o
3IFAARREIR LUARERARBAL o

A4 Fr 2 L FdKa 4o | 2 X MR % o

ok RIEFUE T RRFAR TG FF LB g R B
ook > L Kb iz 3 (Metabolic syndrome) ~ T2D ~ o w ’gﬁlﬁamiilﬁaff’v

Flo kb 2 AL PER KD ¥ ind o F RPE o T §RLLF T HE

o

HEF PR 0 &% 5 & resupF Insulin/glucose £ % o R € v A H 0 A
SaEerZ T gy B InsulinjE & F 2 > L Km EH e (B2 a) i

REARABES TR ERGEE 250 B0t § § B2 R TER TR A L Vmax

wT % (B= b) - (M. &R., 2002) -
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Respones
Response

',- ' . ¥
A .»" A Basal insulin resistance
B Stimulated insulin resistance

Insulin concentration

g],‘ﬂé;%%mﬂ] b"’};)’@;ﬂ]/ﬁ
Fig 3. Insulin dose-response curve

() ¥“p ¢ oL E F R

Insulin concentration

(M. & R., 2002)

LSRR S S 2R JIEV. R FE LR e RO

FEZREEG AR HE S T RS el F AR KRS

o % BN ¢ R T RN 2 TR R R o

Pz C2C12 & Pgiplmrz 3T3-L1 & ¢ 4% 20 3

Plinfe i E AL F 2 BT 0 % 5 sk

\

ﬂ,
W

A x4 pe (Palmitic acid) 3 * 7 3T k7

fatty acid, FFA) 5@ =% § 2132 &€ & 7|5 2

2014; Patel, 2016 ;Chen et al., 2018) -

RY b dmre BN 2 e o oo

HERL Fef £ 4
B PR iaps (Free

(% 4= 3% » 2012; Rachek,

R VARLE 5§ BRI e po'g F (Intramyocellular lipid) % > 614

Diacylglycerol (DAG) % Ceramides - DAG ¢ % Serine Kinases ¢ H gipi i
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& ® *% % Insulin receptor substrate 1 (IRS-1):% .8 ; Ceramides ¢ #r|% §

Z T Akt 2 ILE > & ¥ 3 4 g vepk & f il g4, (Sphingolipids) 1k
"z %% (cytokines) - |4 B 8k 5+ F]+ Tumour necrosis factor (TNF)> @ TNF
fod s Brg gt R Ap M hiwe F]F 4 7 U S L iR T E 4 kE Serine
Kinases ; ~ ¢ i% i 448 ¢ tricarboxylic acid (TCA) cycle {= electron transport
chain (ETC) > i¢ i & cr%; W § 14 R % s (5 34 fo ROS & 40 » 7 i
fm¥e o Stresskinases » @ ¥ it § e § & i8S Akt {r AS106 T v F

LE > iea K GLUTA 4 2 w2 st (Ble ) (Rachek, 2014) -

Cytokines

Insulin receptor TNF Fatty acids
1

1
\
Serine kinases

PKCs, IKKb TG

JNK, mTOR * \A
FFA
\_ DAG ¢

\

Ceramide l

GLUT4 )
vesicle '

Mitochondrid

Blw ~ oo @ R inpl o F a0k § F S
Fig 4. Potential mechanisms of fatty acid-induced insulin resistance in muscle
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AN R fmie oG 2 (T T

PLE B P o BAOLE 22 %0 > ¥ Byl e b AL g
% X %8 (Insulin receptor, IR) eh B K HE ~ 2 & » T A FAKRLE 2 XA
B (Insulin receptor substrate, IRS) 72% » &3 %855 vopg-3-cfs (PI3 Kinase,
PI3K) » 22 PI3K p85 =¥ =~ & » i¢ PI3K & =& PIP; (Phosphatidylinositol-3,4,5-
trisphosphate) » fx#- ™ 5§ H = B (Protein kinase B, PKB, * - Akt) %

Moo ¥ - g s £ 8BNS (RT)-

Insulin

Glucose

cytoplasm

Glucose uptake

i ! Translocation
Serd73 The308
\ /
\
Glycolysis

—1 @ — Glycogen production

(Boulinguiez et al., 2017)

BT ~3%LE & avvp e ¥ (B4 25

Fig 5. insulin signaling in skeletal muscle
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(—) %% 5 % < % (Insulin receptor, IR)

% 6 & X WX Mt gcps (Receptor tyrosine kinase, RTK) 7:2% - d
A B mre b2, o X B A (o-subunits) 23 B 5 % B = H < (B-subunits)
friea Zow R F-9 B o a-subunits ¥ B-subunits B4 EEAEE R i (B )
(Youngren,2007) > % & ;&2 ¢ 3% 5 2B IRa T HE A& Fit B H ~eh X
¢ Tyr 953 2 Tyr 960 fxd p #ppe it » &4 &7 PFeni@n > 4e Tyr 960 ¢
B IRS % &R Bmiphit (Heetal, 1995) § IR&® ¥ 1F > ¢ HRW%L G 4

fEd s i@ sl eikz B g k% (Accilietal., 1996) -

a-subunit

-Tyr 953
-Tyr 960

Tyr 1146

=Tyr 1150
=Tyr 1151

~Tyr 1316
-Tyr 1322

B-subunit

Bl ~ Insulin receptor &
Fig 6. Structure of the insulin receptor
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(=) "% % % <8 AF (Insulin receptor substrate, IRS)

IRS % P Fdidd > % 773 - ® PH %% (Pleckstrin homology
domain) ™ 2 - Bkt Tyr % & % (Phosphotyrosine-binding domain, PTB
domain) ¢ 4% IR =7 Tyr 960 #ifis i* 4o PIBK p85 ¢ & 2 & F. 8L > * 7 #k B Tyr
©2 Ser gipa it =2 (White et al., 1985; Posner, 2017) » & *% 4 IRS e Tyr Bifis
o €% 30%B u BBl S o bos 4o Ser BEFL 1 0 € FF MO f & 1F Y cup

Bom b @2 (Sesti et al., 2001) o

IRS-1 PI3K  Grb2  SHP2
IRS-2 PI3K  Grb2 SHP2
IRS-4 @ PI3K  Grb2

IRS-5/ p—

vocs |4 18]

IRS-6/ P
DOK-5

M=~ IRS b REAPT % 5%
Fig 7. Schematic of the IRS protein family

IRS 7257 1 IRS-1 £ IRS-2 2% § 2 X WA T 7257 1 & FopEH~
ey o 4 EOup mskd SEh g R 0Er 2 39 B 4ok IRS-LAME
APF o g ERA LG R TEY SRR 2§ ABEE
Rl WL 5“]*,% IRS-2 AF|x 2 ¢ FEF|vep ¢ F F 4%~ (Huang et
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(=

al.,2005; Posner, 2017) - F]p* fovp sk ? IRS-1 &2 IRS-2# i 2 4pk » A &

A0 IRS-1 R 5 A 3§ § MR T & BT 2L IRS-2 -

) B "q v pg-3-cfF (Phosphatidylinositol 3 kinase, P13K)

PIBK 3282 4 #4470 4 p85 22 it Ty 4 pl10- 7 A % = 4 (111 2 1)

HY | agr & 5 d Tyrosine Kinases j % 11 Class 1A 224 G protein—coupled
receptors g5 ClassIB > m 2945 F 2 A drso4p b 5 ClasslA > ¥ Class A =
A G a~B O (B ~)PIBK a ¢ 22 IRSEiL i 15 > p85 &2 pll0 A= 2. B = &
4 (Heterodimer) % & I IRS eh¥tdEi= » 2 5 iv @ &4 PIP; (Greenwell et
al., 2017; Matheny et al., 2017) - PIPs ¢ £ & 21 & PI3K/Akt 22 MAPK = ik
Bt o 2@ PIBK/AKE BT 5 587 5 @i § Faldc 3y ¢ 28 4
v FE R NBEE o7 7 BT o34 PISK € i 2 e e GLUT4 (hmRNA
FRETE R EBY FEAREFEFHE, S LDEEH E M (Yeh et al,
1995) - ® PIBK R R A MEF P> ¢ R ¢ % ZERM A ~ § § B0t
RPREFEFLRE & PIBK 3% 5 288 58 s #ahE £ 7]

(Miyake et al., 2002) -
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PI3K Class | family

Regulatory subunit (p85 or p101)

Catalytic subunit (p110)

l l

PI3K Class |4 PI3K Class |IB
|
I ) 1 |
P13 ko PI3KR PI3KS& PI3kKy

Bl ~ ~ PIBK 2% & %
Fig 8. Organization of the Class | PI3K family

(m) 39 F jgps B (Protein kinase B, PKB/Akt)

PIBK /& i 13 ¢ /& it T # Serine/Threonine Kinase » f£2 F-v & jfs B
(Protein kinase B, PKB) » ~ # Akt - iz P& PH domain ihiz 4 £ & ¥ 4 5 PKB
o/Aktl ~ PKB B/Akt2 2 PKBy/Akt3 (B4 ) > H & &2 # 5 530 & = (Alessi
et al., 1996) - Akt #ips i =2k threonine®® (Thri®) 2 & i #9137 » ¥ — pipe i
serine’” (Ser'”®) p|¥ & Akt FiEiE Fs + ( Kim et al., 2005; Elghazi et al.,

2006) - 57§ BP0 AKIL 44 § PP E T o 0 4% AKB AT B

NEFBOE T AN, ok ‘F AKI2 2 51 Rl ERARTEBoBE~B%G
FhE - FEB ARl FEREs SRR 2 NENL A0

[zl

B¢ > AKtl 27 AKE2 co#icE & AKt3 5 (Cho et al., 2001) o 7 4 £ 7 &7 9

—i
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Pl > AKtL ¥ 3 4o SFpE £ = jpepE (Glycogen synthase Kinase 3, GSK3) &%
it RHAGFEEM > & AR 7 H 4§ Gl A gy v RAFpEZE L A
FArdl AK2 Fod AR g EMOTEEZ £ 2§ F ARk £ 0 A g
B ¥ FEH s d (Cleasby et al.,2007) - Akt { %ggl FRpa it T PEAR
AS160 #rd|H FE1 > W4 GLUTS #& =1 w3 ~ § 4 (Dummler &

Hemmings, 2007) -

PKBw/Akt1
PKBpR/Akt2
PKBy/Akt3 Regulator
: 479

e
—

Plekstrin Glycine
domain rich

Regulatory

Catalytic domain
¢ domain

(Elghazi et al., 2006)

B4 -~ PKB/Akt 7% %1k
Fig 9. Structure of PKB/Akt family
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% = ~ Akt guf?_ AR PV
Table 6. Distribution and Function of Akt Heterotypes

Heterotypes Distribution Function
Placental development ~ animal growth
PKB a/Aktl All of organs .
and fat synthesis
PKB B/AKL2 Insulin-sensitive organs Gluco§e metabolism - !ipogenesis and
such as muscle and fat maintenance and animal growth
PKB y/Akt3 Brain and Testis Brain development

(&) AMP & it -9 jgcfs (AMP-activated protein kinase, AMPK)

AMPK % — & serine/threonine kinase » d — B o it T AL B 2 ¢y B
Al e A2 = R (Heterotrimer) » o 5 7 F fps 24 > P& 7 ¥
Whis b B vy T AT T RRA MR & S (Mathenyetal., 2017) - £_
- AHLERREZFRFE O VELD TR A B R EDORBE  olwiz p
AMP/ATP +* &< 7 > )T*n:—liﬁ‘i Jak 2 pE > € @ AMPK threonine™ (Thr'?) i
BLOHRL @ 1t 0 T RLE GLUTA 3 fmoe 5ot B e § 5 4B » 1)
A 4 ATP > # 3 4 ACC (acetyl-CoA carboxylase) mifs it 14 4r4| 5y ipfhcnd &
oo B MO ¢ Z B 7 B 0 LR E T o @ RS 5k f F AR
}+ (Chenetal.,2003) > 4% B+ #7570 © 7 % a‘ 115 AMPK R % > € #7555
ZOTAEOY FHEE N AR PR RBE R d T g P ORI R
e FH O LR % AMPK gt o 7 AMPK it 8248 IRS-1 £ PI3K i

&

36



14 (Coughlan et al., 2014) -

Muscle Heart Hypothalamus

Glucose uptake Glucose uptake Food intake

fatty acid oxidation fatty acid oxidation
glycolysis #
u,‘ \ ,@ ;-.:‘/ __,r'
Liver Adipose tissue Pancreas

Fatty acid synthesis  Fatty acid synthesis Insulin secretion

gluconeogenesis lipolysis

(Coughlan et al., 2014)

B+ - AMPK é_a[”‘;ﬁjljj’f L ;gj—t’ T
Fig 10. Roles of AMPK in the control of whole-body energy metabolism

(%) ¥ 5 #B#:F 39 (Glucose transporter, GLUT)

GLUT ¥ & 52 I~11 2 Il =23 1# 2 GLUTL 2 GLUT4 %77 » & 8] 5 -

1 GLUTL d ek 4 ok dleniy § ibentE v 8 ) o -

2. GLUT2 1 & A58 ~ "R 2 TR B fmre @ 8% o

3.GLUT3 L &3 et < "p? « U HFFHL G & A > SE BT FHEH
HEEEEE Ey TR LR R

4. GLUTA A_ferw 57~ F Reie s Paip e Sdrin® anf § @8 v o 7 03 &30

Wt JY e o R G R aniET T e RS IR

37



@ Il % 5 GLUT5~GLUT7~GLUT9 4= GLUT11 i & § =3/ % fm¥e
B feTaSBEE -0 IR 5 GLUT6~GLUT8~GLUT10~GLUT12
Fo GLUTI3(HMIT) » H & Fov @ B ATt - 8L 0k 9 F > B H = ov gk ]
el #de 1l #54:F -9 7 F (Navale & Paranjape, 2016) - »©¢ ¢ § § &
##& 38 v 2 GLUTL1 &2 GLUT4 = —“F‘f w34 > GLUTL B iZ3* % E_F\a L =
AAEAL DT FHEE m GLUTA § F9% 5 Z Tlp™ o 5 HEE » &5

e Vel gt AL TR AR B o 0 B R > § 90%:0 GLUTA § 47

&

W e ) o R g I i it o F R FPL L R S IR Pl
FolodgE g it GLUTA # -3 -7 F T O~ mrep (Zisman et al.,
2000) « F & F ARG T 0 A 284 GLUTA mvjicd 1 enfie @ o fiein ik
B et chgh b B B E% G [z p GLUTS 3% - B3 5
g b B e R S b A2 o P A 0 dodf 4 GLUTA 2R 5 § e
9% § & PIgcenE F R (77 S g F AT ek b AR R
20 #-GLUTA A FIFI'E Rl § "8 M E 2R > F30p ff §RED"E L Tag

N B AER BV L BB RS e o d Ui GLUTA 2 F §

YN~
—H

N Brend & 4 (Zisman et al., 2000; Lizunov et al., 2005; Navale & Paranjape,

2016)
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LT
vesicle

no insulin o

—-

e e
. insulin
: T
Py :

(Lizunov et al., 2005)

Bl - ~ %5 & Pl GLUTA D] iwmve W09 gk & = Bh el )
Fig 11. Mechanism of insulin-stimulated recruitment of GLUT4 vesicles to fusion
sites in the PM
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3~ e

(—) BA kiR

AR BRE P RE R N F TR (00 SA) A B

md.t_

EERC

Fe

1

FET o

(2) b d A g BT LR E

1. 2,6-dichlorophenol Indophenol (DCPIP) ~ Ascorbic acid - Folin-Ciocalteu’s
phenol reagent (2N) ~ Gallic acid ~ Metaphosphoric Acid (HPO3) ~ Quercetin ~
Sodium carbonate (Na,CO3) % Sodium hydrogen carbonate (NaHCO3) ‘& B
p Sigma-Aldrich (St. Louis, Mo, USA) -

2. Aluminium nitrate (AI(NO3); + 9H,O) % Potassium acetate (CH;COOK) %
ptp J.T.Baker® (PA, USA) -

3. Acetic acid (CH;COOH) =99.0%pp 21 i~ & (Hsinchu, Taiwan) -

(2) 4oF A

1. 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) ~ 6-hydroxy-
2,5,7,8-tetramethyl-2-2 carboxylic acid (Trolox) ~ Ascorbic acid ~ Hydrogen

peroxide (H,0O,) ~ Peroxidase from horseradish ~ Potassium chloride (KCI) -

40



Potassium hexacyanoferrate(l1l) Ks[Fe(CN)¢] ~ Sodium chloride (NaCl) -
Sodium hydrogen carbonate (NaHCQO3) % Trichloroacetic acid & pp Sigma-
Aldrich (St. Louis, Mo, USA) -

2. Potassium dihydrogen phosphate (KH,PO,) % Sodium phosphate dibasic
(Na;HPO,) ‘¢ B p J.T.Baker® (PA, USA) -

3. lron(ll) chloride (FeCI3) =98.0%pp Alfa Aesar (Lancashire, UK) -

(v9) A & 0 WA B 2 5 Roh 2 R E

1. 3,5-dinitrosalicylic acid (DNS) ~ a-amylase (1663 U/mg protein) ~ a-glucosidase
(86 U/mg protein) ~ Acarbose ~ p-nitrophenyl a-D-glucopyranoside (p-NPG) ~
Potato starch ~ Sodium carbonate (Na,COs) ~ Sodium hydroxide (NaOH) %
Sodium potassium tartrate tetrahydrate & Fp Sigma-Aldrich (St. Louis, Mo,
USA) -

2. Potassium dihydrogen phosphate (KH,PO,) % Sodium phosphate dibasic

(Na;HPO,) ‘¢ B p J.T.Baker® (PA, USA) -
(Z) wetk

| B fm Pz gk C2C12 cell line (Mouse myoblast ; BCRC number 60083) >
Mp Ay FiRESFE AL P < (Bioresource Collection and Research Center,

Hsinchu, Taiwan) -
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(55) ey & &2 H s R

1. Dimethyl sulfoxide ~ Palmitic acid ~ Potassium chloride (KCI) ~ Sodium chloride
(NaCl) ~ Sodium hydrogen carbonate (NaHCO3) % Sodium potassium tartrate
tetrahydrate ‘¥ P& p Sigma-Aldrich (St. Louis, Mo, USA) -

2. Bovine serum albumin ~ Dulbecco’s modified eagle’s medium # % (high
glucose) ~ Fetal bovine serum (10437) ~ Horse serum (16050) ~ Insulin, human
Recombinant Zinc (4 mg/mL) % Trypsin-EDTA ptp Gibco (NY, USA) -

3. Potassium dihydrogen phosphate (KH,PO,) % Sodium phosphate dibasic
(Na;HPO,) % B J.T.Baker® (PA, USA) -

4. Alamar Blue® pp Bio-Rad (CA, USA) -

5.  Trypan blue pp Biological Industries (IL, USA) -

(£) me N § 5 B4 ik E2E

1. 2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-Deoxyglucose (2-NBDG)
PEp Invitrogen (OR, USA) -
2. Insulin, human Recombinant Zinc (4 mg/mL) % Trypsin-EDTA ptp Gibco

(NY, USA) -
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(\) 38 A {72 08

1.

Ethylenediaminetetraacetic acid (EDTA) -~ Protease inhibitor cocktail 2 Sodium
chloride (NaCl) ‘¥ pp Sigma-Aldrich (St. Louis, MO, USA) -

Phosphatase inhibitor cocktail Set VV (50X) % Protease inhibitor cocktail Set
Il % pp Millipore (CA, USA)

BCA™ Protein Assay Kit p-p Pierce Biotechnology (IL, USA) -
Hydrochloric acid (HCI) 36.5%~38%¢p%p ¥ 1 it & (Hsinchu, Taiwan) o
Nonidet P-40 substitute (NP-40) Bt p USB (OH, USA) -

Tris-base pt-p J.T.Baker® (PA, USA) -

() & > HF 2 pE

1.

2.

Sodium chloride (NaCl) % Sodium dodecyl sulfate (SDS) ‘¥ B p Sigma-
Aldrich (St. Louis, MO, USA) -

Immobilon™ western chemiluminescent HRP substrate %2 Sodium tetraborate
decahydrate (Na;B.O7) % B p Merck (Darmstadt, DE) -

Blgk Noise Cancelling Reagents % Polyvinylidene Fluoride (PVDF)
Membranes # Fp Millipore (MA, USA) -
N,N,N,N,-Tetramethylethylenediamine (TEMED) p p  Alfa Aesar

(Lancashire, UK) -
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10.

11.

12.

13.

Glycine 2 Tris-base % pp J.T.Baker® (PA, USA) -

Glycerol 2 Tween-20 ¥ £ p Panreac Quimca Sa (Barcelona, ES) -
Hydrochloric acid (HCI) 36.5%~38%¢p&p ¥ 1 it & (Hsinchu, Taiwan) o
Acryamide-bis solution 40%¢p# p SERVA (BW, DE) -

Ammonium persulfate ultrapure (APS) F£p GERBU (Gaiberg, DE) -
Bovine serum albumin g Gibco (NY, USA) -

Methyl alcohol f&p Mallinckrodt Baker (NJ, USA) -

BlueRAY prestained protein ladder p&p GeneDireX (Bruges, Belgium) -

Blotting paper pp Whatman plc. (Kent, UK) -
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(-) Fo&i4z

( WUREGRERET AWM RR T aned
R LB ERY A BHASME [ amEms R
. (GLEO ~ GLE25 ~ GLESO ~ GLE75) )
— WA FCHE
- ABTSHLEL /1 247

(R FRRECHERZ Ga0 | [ HALANE o T
¥ ERY E R EACE R o iE - — SRR A

Bl B2 FHpH 5B —amylaseE 8] &
A R B A i J_{ﬁﬁﬁﬁwﬂ%ﬁ}[mmwMﬁﬁl&

a-glucosidase /& 14 78] &

£ 1% a-amylase i a-glucosidasedp ‘t oM EHC2C124a i 2 5 M5 ’
HEM B 6 & 541G EE

1F B HC2C 1 24m o 2 F 1
C2C124m B bk & _
s AZ A EE 3 FC2C1 24 ik

Eradnz &

Wt & AR ERYHILA e i
C2C123 8 4% 2 A FA 4 )

GLE#C2C12 4 it H HIE¥ mi %
DR KLk ZaS TR I BR B A b e 0 B

MEffRBertAz | U wpgnsers
£ 518 ERY

Bl = ~ F i A2H
Fig 12. Experimental flow chart.
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(=) F=>i2

LartmEe misr iy
FEDD TIGE R OREE T RIS 0 3 50°Ceie 48 ¢ IR RREE o G2
WS R s RS Y R iE 100 R P 2 el A S 0 4% Liuet
al., (2015) eidg 3 L F B~ E > 1 FR L 1012 4wl 4e » Fok ~25%2 %~ 50%
v iz % 75%¢ fig 0 f 60°C ~ i#F ki T A S i F 3k w A 15 kHz
(BRANSON, Danbury, CT, USA) 5 min % & ¥ 8~ » & & & * § 7 k454 k45
Ak fE R R 552 8 % 0 A w11 GLEO ~ GLE25 ~ GLES0 ™ 2 GLE75

5 BT F3 3 HEL-200CE s R L7 o

2. %.p> 7 £ (Total phenolic content, TPC) iB] z_
Folin-Ciocalteu’s phenol reagent &2 TPC 2. OH A&7 F & » #-2 4 d |
RE2Zppd 1o E 735 nm & A sRkiE o FRkEARg A A ATg
TPC 5 £4%% » iz 83 f (Gallic acid) i* 5 £ S8 (180 8 ("Hér

- ) > ¥ =12 mg gallic acid equivalent/g extract % -+ °

% P& Julkunen-Titto (1985) 2. = ;% » A w|B~ 50 pL & 5 & 7 bk B 228
& Gallic acid &2 1 mL H20 % 500 pL Folin-Ciocalteu’s phenol reagent ;&
3 > £ 4 r 25mL 2. 20% Na,COz:% i & Jis » >k ~ 2 T# F 20min »

ARG e E 735 nm T 2o vk iE o
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3. %% % pr 2 £ ¢ % (Total flavonoid content, TFC) ] 2_
TFC* g Ik ™ v Sl fhde 7, S 87 § B &4 > ¥ 7 300 £ 415
nm £ 5 &3kl > gy fdsry TFC 7 24% 75 » iRl #
(Quercetin) ¥ 5 &% % (T %W & (4= ) H =12 mg quercetin

equivalent/g extract # - o

%P Sarikurkcu (2008) z_ = ;2 » #-250 pL # 52 7 F k& 2. Quercetin
ik g0 o 10 %R pL4E 2 1 M Aspedn & 50 uL o £ 4~ 14 mL 2 g3 0k
B L 5 gk s 2R TR R 40 min o A Sk BRI & 415 nm T
Z_vx K iE o
4. Trolox § & #v% it it 4 (Trolox equivalent antioxidant capacity, TEAC) ] z_
Horseradish peroxidase #.it H,O, 2 ABTS * &2, = ABTS "> ot 5 f& %_
NESS pd AFF o E 73 0m F R kiE o FHREE G RE M

PR ABTS ) £ - RSB KBTI R KB R AREL

BF i g -

Trolox &~ s 4ng &> 37 5 v pre HR R G A2 425 4 > F
retrolox fE 5 =g a4 iR o SRR Rap d AR S AR T S

v trolox § & (ug trolox equivalent/mg extract) » = % #& 2. TEAC o
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%P Miller (1993) % Arnao (1996) & A 2= 2 4c 1 i3 4% > #-22" -azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) ~ peroxidase ¥2 H,0, R & 35
3o BHBM FIER LB E 100 uM ~ 4.4 unit/mL £ 50 uM > 3+ 30°C T @
XEFE s lh> 75T angEsd ABTS™ £ 4 w4 » 250 ul # & (mg/mL)
2 H kR 2 trolox o iR &35 FavgEk ~ TR B 10 mins s kKR
FHPIAE 734 nm T s ke > WIEEREY M (M) MR RS2

¥t trolox § & -

5. :% & 4 ~ +7 (Reducing power)
A B (KFe(CN)e) ¢ #t4ig “AEB R~ & B (KiFe(CN)g) » M & 2
WL FeMiEr A AL E A RE T00NmM T E G BB kiE o B

F%'E?—ﬁ#’i‘iﬂ;;’;%’?%}i 0 li‘gﬁ—gg—l m’lq\:’uvlom@r‘g’

RS BRI Y f5 HF fatdeT

%P8 Oyaizu (1986) 2z = j24c i3 45 o & W #4250l £ &8 * FER &

4% Cia 250 ul 70.2 M PBS (pH6.6) % 250 pl 11 %64 § it 4973 i

prul
R

¥a4 5 P MR AR B 50CF B30 mine F sz 18 0 40~ 250 pl

~‘.

10 %= F e e R EHF > 1112298 x g i E s 3 min o B~ 0.5 mL
bFaRe 05mL 3 g3 k{01 mL 9 1%z § L4EIB3 R E R
B 10 mins e sk 2Rl LR 700 nm s sk B BT HE Y R (Y
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o) i B A dp¥tz 4 % C oy £ 012 pgascorbic acid equivalent/mg

extract % 7+ -

6. a-amylase #r#]it 4 4 7 (a-Amylase inhibitory activities)
Bk i a-amylase K RS RAE N A BUR T £ 0 BRI RT
23 BRA 2ZFM HH#EG § 04 5 DNS R R = 3-Amino-5-nitrosalicylic
acid > A2 9 R 5oz ggd it > WAL BM0MM T E G RF IR KE -

2k E g M AR &2 e a-amylase v 4 g 5

B~ a-amylase ;% *+ 0.02 M phosphate-buffered saline (PBS, pH 6.9) ¢ > fe
Bl BB AEE S L SU/MML enf 2 3 % o B~ 100 uL shp% & % 4 » 100 pl £
HorY R L3535 37°C2 FEF & 10 min e 4 ~ 800 uL =71 % starch
solution=3 /2 £ »»> 37°C¥ F B 3mine F = = {8 » £ 4 » 200 uL 5%
dinitrosalicylic acid :##| » R £353 {632 90CF B 10 min @ g2 4 Fm @ o
F g > A4r: 08 e RERIPIAE 540nm T ek @0 5 F R
Pk @ o F2d] 2R 2 100 ul 0.02 M PBS B~ it 4k 5 o 3 B # S-4r 4] a-amylase
50%z k& > ™ ICs % 5% o 4y ié * Acarbose » & - iR & = AMEAK

:fl*ﬁz’v’ﬂgs%i;» » FAPHIBERRRE 0T > REAS B o4 (Zhang et al., 2017) -

7. a-glucosidase #r#1]ic # 4 #7 (a-Glucosidase inhibitory activities)

a-glucosidase ¥ #-& ¢ 11 P-NPG -k f# = % ¢ 7 P-NP £ glucorunic acid -
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FlAAd BRI TS 2 Rt T2 A E 400 nm BFE G B4 e
ok fE o E k& E F drdl a-glucosidase it 4 pF o Blac R P-NP 25 € 5

R KE TR g kid ;ﬁx*ﬂ N R 2o Frd A 4 ARG o

—_—

%+ Adam (2010) 2. = ;= I f 4 2 & > B~ 5 mL 0.1 M sodium phosphate
buffer (pH 6.8) 2 0.2 mL 3 mM GSH (L-glutathione reduced) ~ 0.2 mL o-
glucosidase % ;% (0.15 U/mL) 32328 & > > 37°C ™ ¥ J& 5 min {& T v 0.5
mL 0.3 mM <X & 4-nitrophenyl-o-D-glucopyranoside (p-NPG) % % £ 1 mL
FplE e X3 37°C T F B 20min §4 0 R £ B 2mL £ 4 ~ 3] § 8mL
100mMNa,CO3 3% v AR E » B2 4 ¥ b HF > WA LR PE

7 400nm T ek B 0 2 1Cso & T o I 44 i@ * Acarbose -

8. mPe 1 %

(m’

Bl § 4 ¢ Brdimee b 5 0 3T°C KB MR 15 B R TS
dwre BER T 0 R RA B EAREBI B BN E 5%

CO,2 37 CrAH > Fwed L1 T8, RFEFEARER -

e MBI L w4 BT T8 Akt H#-H g2 %Z%V}Jﬁ‘f » ¥. 11 PBS ‘;_ﬁt-
#is 0 der IX Trypsin-EDTA »t 35 % 45 ¢ (8% » Flmfe @iF(S » v > 7 0 i

YUE & K Trypsin-EDTA i8% » I Rptmie Lo fig dm @ o
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dmve 2t gcis o0 10% cells/well #8324 344 & 63445 @ 2 2 5000 cells/well

> X
%

209647 AL ARE > M ERRE S or A ERL

Ao s it B 23 ( FH- ABERE Foel it 80%5 g e

fTrJ i ‘%\: °

EiF

| -

10. FEme A 4 % 5 % 1P

¥ moe B0 A 1t L mie pE o MeA 3 K A4 L 5 2%BSA 2 075

mM palmitic acid 2. & & F 32 % 2k > Hlwre L § 16 h» L 0§ ks 2-

1 LY ELY P JiFOE

R
r

NBDG # > & » H[%74_

Alamar blue 5 - B % 3> A 4738 H 8 X S 3w i X i ] 4 3

cmt i R RHREAHE F I RRE 0 A s sy

N3
=

-

NADH/NAD* % R4 #1350 Alamarblue *t % Y i T R IRE E

dmAkME . n BRRARLET BRI IR s FRNBRRAS T

% gy ™ emalamar blue 42 R BtpF 2 4 o NADH B R s do e iz d 3 ke
BRAY T E A ESTONMPFE § X e kg § R LEARR > A 4w

Bwmre i &3 5 x 100 cell i B A 6 AFR AL > FH AR
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U e s ;,alwm BRI GLE rme £ ez % 24 h> ﬁ%%i AR

PBS 7% 2 =i » 4 » i€ * DMEM - 50X ¢ alamar blue®+t 37°C i % 12

% 15-3h> s kR RZRIH ASONM T kiE > M3 EF AT o

12. § 5 w4k~ 3%
2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-amino]-2-deoxy-D-glucose

(2NBDG) i - f6# ¥ ##tiud > 43 £ 5 342260 S 4B+ = o H gy

A E S 465 nm o o (83 540 nm 2 Sk o Bim e et AeER TR B T B R

ERESX M %;';;‘;’Jz%n 2NBDG & Pz & % 3 » P2 > @ {54 % ¥ L iRP|IE 7

Bl = ~ 2-NBDG % 3
Fig 13. 2-NBDG Structure

#mre i &3 5 x 108 cell i B fa» B E AR AL > FH AL
L B LES IR S SRR I R AR LA RTINSy i 3 4:A
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ez L % PF%MJ AR R .9,,9]\4‘:1 kR 2 GLE25 2 & ' 'wmbe
£ k3% 30min > 2 2 300 pg/mL 2. GLE25 & w2z = 32 % 30~ 60~ 90 %
120 min» 2_ {4 4 » 100 pg/mL 3% & &3z 2-NBDG *t 37°C #F £ 32 % 50 mine
ik ikt PBS L 3t 0 % IXTrypsin-EDTA #-lm#z *» 70 it -2
53 PBS ¢ o M-y sk &k sk R 2+ (TECAN, Salzburg, Austria) 2k U gcs 6

£ 5 465 nm e skt £ 5 540 nm 2 1 Gp] kR T B F F AR 1

F A
TR (%) = (@“M@&)x 100
4 %7 0) = D, ..
ol e ko
13. i FEB

#-C2C12 fmrz 35 % > 6well & 10cmdish # > & it Svvg e fs » FFH &
fLirvg iz {0 A S F e e e AL e (Bpg/mL) - ik g
FIEfie 2 LG & FE AL AL g F e o@ :91’}‘4\: 300 pug/mL z. GLE25 £ 'w
e % 24h o H Tt Gk x * PBS ik 2 =t {6 > 4e » 300 pL Lysis buffer
(50 mM Tris-HCI, pH 7.5 ~ 150 mM NaCl ~ 1% NP-40 ~ 2 mM EDTA -~ Phosphatase
Inhibitor Cocktail Set V (50X) % Protease Inhibitor Cocktail Set Ill) » & * 21 7
#Pdmie 3o oo 3 4°C 12 13200rpm s 20 min o A7 R G e

6 > 530-20°C # % o

53



14. Fv T2
d C2C12 wmre 4 P~2_ 4% §-v H - ¢ * BCA™ Protein Assay Kit i {7 &
T ooy Ty i > P~ 10 ub 22 200 pb = 7 & 2 334 (Reagent A -
Reagent=50 : 1) »* 37°C * %k & & 30 min » o ;p];& £ 570 nm 2_¥x 5k i@ >

TR 5 BSA R R S R )L 2B i d Mdd TRA -

15. @ = #F A 7
B~ 20 ng #v Bk &£ Lysis buffer 2 1X Dye /R £353 > 2 95°C 4e 24 5
min {¢ » & Running buffer (192 mM glycine ~ 24.8 mM Tris-base 2 0.1%SDS) * -
v 8% K BEie 5 SDS-PAGE > % 3-v H A4 &5 A {83t 10 mM Na:B.O;
Transfer buffer @ » #-3 A% + §-v B #F T Polyvinylidene fluoride (PVDF)
b o K- AT 2% BSA-TBST (20 MM Tris-base~150 mM NaCl %2 0.1% Tween-
20) & Blgk Noise Cancelling Reagents » - 2 100-150 rpm 2 1 h & > 4c »
PR P e de 2 - ik () W3R ETRYFT 2h a1 4°C
Overnight ; @ {5 %% 3 — %t 39 7 PVDF %04 TBST &% 3~5 =t » & =
5min £ 4er - BFutl () W FRTREFLh> 21 TBST Bk 3~5=x » &
= 5min > & {8308 F 4c ~ Chemiluminescent HRP Substrate » & » 5d LI-

COR, Inc. Odyssey® Fc # #s 1 4 Image Studio software i& = & o
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P R BREFENMZEAF L TIHELEREL LT o A 470 ANOVA 2|

T F &£ £ 31 £ 2 Duncan’s multiple range test & = & 2. fF £ F 3

B % p<0.05 3+ 5izt+

WEFTHFALR -

SN WERY R 2 B~ Z BFAY o

Table 7. Primary antibody and secondary antibody used in the experiment

B¥ L

frt R kY R
p-ACC (Ser 79) Merck Millipore 1:1000 07-303
p-AMPKa (Thr172) Merck Millipore 1:500 07-626
GAPDH Merck Millipore 1:1000 MAB374
GLUT4 Merck Millipore 1:1000 07-1404
GT X MS Merck Millipore 1:10000  AP124P
GT XRb Merck Millipore 1:10000  AP132P
p-IRS-1 Merck Millipore 1:1000 05-1087
p-PI3K Merck Millipore 1:2000 MABS831
PKB/Akta-p (Ser 473)  Merck Millipore 1:1000 05-669
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N Y
- CEERERHEERS Y AR AN R LB Y

ABEATREY ZR&E S KPR FARF (9 ¢ 0 0F) 2V RCF
FRE L R AR o BISRE T s B RS U ER 1112 A Bt ~ B
k& o2 fg (GLEO ~ GLE25 ~ GLES0 2 GLE75) > % 60°C ~ 15kHz 4z 5

AAEFTEB Emin: £ hseah k> UL EBRSILRE ¢ RS E REEF
itz B S5k T o AERF? AT M E 4 21.3-35.1 mg QE/g
extract > @ s 7 & 0 B 4 > 158.9-254.3 mg GAE /g extract (Bl -+ =) » % ¥
o Rk BB 4e 35 AR 1SR endB% > B ¢ GLE25 2 GLESO ehid g % fir %
B 7 £398 ¥ 3 GLEO 2 GLE75 > 4~ %] 5 32.9 £ 35.1 mg QE/g extract

3 254.3 ¥2 250.3 mg GAE/g extract » 78 s GLE25 2 GLES0 z. FF iy fis 2

Ik

YIS o A A /.—' =
BEITMmIETAaEFALAR o

Qian & Nihorimbere (2004) @ * -k 12 2 50%¢ R 5B~ 4 FHsE & e i
ER2 b rERY B £ R F B YR E B> m Tachakittirungrod et al.,
(2007) 12 95% EtOH i&27F 5P~ 48 hr @ (s £ & * 7 AR % 5 83 &= =0 5B
Bh> FREBEPF2Z AP EHFRFTELFRPBMNIP T2 757
foE ¢ aiE A A arfid i3k o Nantitanon etal., (2010) 45 di g dr 2 i 5 =

AeX gD R -BEIR D3 R
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Fig 14. Effects of ethanol extraction concentration of GLES on their total phenolic
and total flavonoid content. Bar represent mean £ SD, n=3. Mean with
different letters are significantly different (p < 0.01) by Duncan’s multiple
range test. Different capital letters and small letters represent a significant
different within total phenolic and total flavonoid content, respectively.
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BZ X AAWHLBER AN PR AN D BERZ RS E
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#es 25-50%¢ R X B~ B E hiEs 7 £ i 250.3-254.3 mg GEA/g extract o
TR RFIGRFAESFE - AL T TE4 5 BEPRA A EZBS
B 7 #3555 (Chemat et al., 2011) o v F % dp h § 745 ™ 25-

50%2 k4 1A F k2 BALR KA K2 e FB TOEE A S R

la R S
COEEPRERHEEDS Y Ly L4 2 B

BEREP ZHFIFREL  GU I G afpT FF g IR
it #4243 (Pineloetal., 2004) - iz 5 i & 47 ’,‘f’gc} KET Iz R+ %p
HA o d APDFREE DI IRTF EEB A SRR REH A
EASHAGF Y Ao LR R 2 AR ARG
o RERRREDRER SRR 3 aEy o RES TRE T
AT RY AT g IEF SR ER 0 AN 5 RIE X Ry A
o B henit 4 L TEAC 477 2 B Rt 4 Rl 2 AEE 47
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Fig 15. Effects of ethanol extraction concentration of GLE and its dosage on Trolox equivalent antioxidant capacity (TEAC). (A)
Trolox equivalent antioxidant capacity (TEAC). (B) Reducing power. Bar represent mean + SD, n=3. Mean with different
letters are significantly different (p <0.01) by Duncan’s multiple range test.
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Bl-t7 A s TEAC Bz > 2 Trolox § £ &7 » § =483 & g 1t i
A ARG o B RBT O EFIRATH S T TP ﬁﬂi—ﬁ*“ﬁfé NP ST &
H4e o H P 0u GLE25 »x% B3 7 iE 59.1 ug TE/mL » # =& 5 GLES50 749.2
ug TE/mL > » GLEO 2 GLE75 mi"f A S S WL %ﬂr 4v 20-120
ng/mL GLE25 p¥ » # p & fhifok it 4 4p % *> 20.3-59.1 pg TE/mL » & GLES0
P %_16.6-49.2 ug TE/mL - B+ 7 B 5 :& & # /gl 2 > 2 Ascorbic acid § & %
7o BB R 4 2 TEAC cnd$iip e » 395 GLE25 »c % & & » # :F 113.1pg
AAE/mL » 2 = % GLE50 (110.5 ug AAE/mL) > » GLEO £2 GLE75 & & 4
# & B 0S5 7 4 50-250 pg/mL GLE25 p¥ > H iR 4 4p 5 >+ 34.1-113.1 pg
AAE/mL > @ GLE50 R| £_38.5-110.5 pg AAE/mL » % % 45 ¥ ¥ B4 1 TEAC
BB R4 P aipkit (R=0.61, p<0.78) > i 7 & B HFBFH NP 9137 A
¥ b2 A B3 7 anie® > gt 2 5% ¢ Tachakittirungrodetal., (2007) <. %

- R o

Nantitanon et al., (2010) & * /% -k & /* & %% 30 sec {s > £ * /k-kiEie
15min > #7E 2. E F 7 50°C~20min 52k S ks > T2 L e f7 B
SRR EFEP B AEALS A FE P 10min 2 TEAC »x% & & > ¥ i 15.06
mM TE/mg extract » & #~# 3 GLEO 7 14.48 mM TE/mg extract 3.4 % 4piT >

e 22 GLE25 720.28 MM TE/mg extract #r4p £ 1.3 & - Tachakittirungrod et al.,
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(2007) & * 7 fiidenn 3 AW G TR C R TR~ C AT g2

3

o MR TEE FIGE 48h X3 R BEFP i p o AL

B % i 491 mM TE/mg extract » H =x 7 ? A% 0 3.78 mM TE/mg extract > @

[

&
4

P i1 140 1.06 MM TE/mg extract 5 3 ¢ ¢ g e g cnirk fod A
e 4 WAt ARy 25-43 % o Liuetal, (2014) & * Az A RZBF B E
B B 625 ug/mLpE o HB R4 G 29.03 upg AAE/ML > @ AT R R H

50 ug/mL. £ GLEO ¥ » 4% § #2f s A4 7 i 38.5 ug AAE/ML -

Rt e S ARy R RERFAL RIS ARAET
TEALHFREGHES SRR TR R §F LB W
(/iR 4% » 2007) - & Bl = 4531 » GLE25 2 GLESQ {7 f® shi fin 2 a5 fi

282 B+ T %7 GLE25 edng (“»c% & » H =t 2 GLES5O0 - Suntornsuk,
etal, (2002) 4p & FH5E P 7 VitaminC > & ki3 dhende [ > 7 & @ drihin
F VR 2 RER AF S RBEEARY LR TS piEd ‘J}i"ﬁ*ﬁ T ehp o
# (Zhaoetal., 2018) - d gt 4234 GLE25 3 VitaminC 7 & ¢ % * GLES0 > 7]

g it 4 GLE25 s %k S B iE o
Ve ERE PR RS FrdlpE R R L B

p&f2p% % o-amylase %2 o-glucosidase #r#4|# » ¥ "5 ™M S pE-KE S F F OB

ZoiR B o iBE@ "E A ﬁgé‘j’%‘f T T o R ‘i'g:lﬁrrg_ﬂ-‘b%‘i kil B‘_in:.u.‘f%
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oAt SR &5 ¥ a-amylase &2 a-glucosidase £ Fr iF
(Shobana et al., 2009; Zhang et al., 2017) o @ % 2 AL F A ffré e 5 B2
FERES PSR ENRIBHE LS BE G IR L BIES o T
R R R T LB FHFN T RERC BEBEEER AP

Flac 4 2 B PUR AN S A S pEIREE R Fobla 4 2 M o

Bt e BEPRERHE FIE Z 25 304 aamylase 2 o-
glucosidase 2z #2458 » ICsp B AR M & £ Frd|sa ik 4858 o« S5 BT > § FiES
B~ F e q-amylase #r 41 7% 1 1Cso & 4 *t 19.16-59.29 pg/mL 2. BF » &g % 0 1
Fr4l e Fop # 4 Acarbose 71Cs088.3 pg/mL> @ # ¢ x 12 GLE25 £ GLE5S0
5P g gk o H 1Cs 4 B 5 23.14 pg/mL £ 19.16 ug/mL > 3 ¥ 354
% 43> GLEO 2 GLE75 e 1Cs0 > @ 4 % #5 & % B~4 ¢ a-glucosidase I1Csp & /i
»+ 3.68-5.97 ug/ml 2_ & » ¥ &g F >t Acarbose 77 1Cs0952.64 ug/mL > = H ¢
% 11 GLE25 #r GLES0 Z 4 $i it erdr s % » 3 1Cs A ] 5 3.86 pg/ml £
3.68 pg/ml > & % 287 ¥ $3* GLEO 2 GLET75 1 1Cs © Liu et al. (2014) i¢
R REBF T ER% a-amylase £ a-glucosidase H 1Csp 4 & % 50.5
ug/mL % 34.6 pg/mL ; Wang et al. (2018) #-4 7 #5# SHcd F 3 fEis 11 80%

v A% % B~ > H g-glucosidase (1 1Csp 5 19.2pug/mL » & A= 3 eni S 4pit > 2
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Fig 16. Effect of ethanol extraction concentration of GLEs on their a—amylase and
a—glucosidase inhibitory activities in terms of 1Cs,. Bar represent mean =
SD, n=3. Mean with different letters are significantly different (p < 0.01) by
Duncan’s multiple range test; p<0.01 as compared with the GLEO, GLE25,
GLES0 and GLET75. Different capital letters and small letters represent a
significant different within a—amylase and a—glucosidase inhibitory
activities, respectively.
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ICso 328§ » F* 277§ 14 25-50%2 b 14T F A F Bt b o g

LA % S 12 4 Bid ik > 4 B4 Bk Acarbose 1t 5 g pEITF 3

+ GLE25 jk & #F C2C12 %2 5 & 5 2. F2 %
RpH i p 7 £ RS Bk 7 £ 2 #edIphiaps £l e % 4p &) GLE25

2 GLESO £ § #iikermad » ¥ 30 4n§ (440 4 11 GLE25 £ § Ssrenie® o
Fp i E % GLE25 kit (7 C2C12 !me 33 & i MBS ARt 5 F £ % )
¥_GLE25 e £ % C2C12 ‘m%e 8 F 2. B2 88 mrr # GLE25 # £ & ek

B R o %% 4cBl - > 2 100-600 ug/mL GLE25 2 C2C12 'm¥z 24 h {2

Pl R Fe 15 5 0 g e 100-300 pg/mL GLE25 p > $fim%e 7 € 3¢ = & 14

,\'4.

H 3% 535220 100% - i 4ok B = 30 400 pgiml P fmve i 0 5 R A0 BT E

TRE > E 15 RS #1113 300 pg/mL GLE25 3£ 34 C2C12 e 3 & i 4%

CBAPEAE R 2 R C2C12 i te A 4 5k § b B

FEIAy ;f}e] N 3 # C2C12 w2 F 24 % & % re e (Insulin
resistant) ( Talbot et al., 2014; Kwak et al., 2016; Abu & Tan, 2017) - a2y 5 fk

)

FED I F AR AT B e R AT ¢ 4 % 8 27k (Citrate)
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Fig 17. Effect of GLE25 concentration on the survival of C2C12 cells. Bar represent
mean + SD, n=3. Mean with different letters are significantly different
(p<0.01) by Duncan’s multiple range test.
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& ¢ fgl ' A(acetyl-CoA) - i& @ $r4| 5 Brfi 24 & p* (Pyruvate dehydrogenase)

% Fr4| Hexokinase Il (HK 1) eia 44> @ 25drg smpe 7+ € 7% - PKCO - # IRS1

FfEfuo ¢ 5 Akt 2 GLUT4 (E4%% 1> § § #% » £ T 4 (Bhattacharya
etal., 2007; Glatzetal., 2010) - ~# % %2 0.25~0.5+0.75 2 1 Mm # i >
b B dR C2C12 fmPe 24 h {8 B T w2 2. 355 > NFETHRIFE S £ F (4
EREFER TEFAY - BRRFARWEAERFT (2-12216 2 24h) 3

C2Cl12 'mPe & 24 3% E 2 ]x_g_#;_‘ﬁj_g;/% .

Bt s RE ) Bvepg e C2C12 5 F 2858 % KT o
B AER 1 mM i3s3 5 72.33%  BgFdr4] C2C12 me 4 £ > @
0.25-0.75mM %t im*e t2m F W IiT* > d >+ }g%ii:lu 0.75mM :& = &= *2 Insulin
resistant 3% ¥ (Labuza & Dugan, 1971; & 4=/ » 2012; Talbot et al., 2014;
Kwak et al., 2016; Abu & Tan, 2017) » F]pt t5 F 2k * 0.75 mM 43 AL 2
7% I EpE 4 C2C12 M2 Insulin resistant z_ #2 45> # ¢ 4 % & Insulin =
R 5 ug/mL Insulin ;% %2 > # Insulin & * JE R %% % &% (2012)% Liu

etal. (2015)z. 7= 7 -

B4 5 0.75mM {717 fash P52 9% 5 & 7% 4o $H4p $1 2NBDG 4 »~ £

S

5

c MR BT A HET 7 4 Insulin ehjew] » & 2h e b e > B 5 5
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Fig 18. Effect of palmitic acid concentration on the survival of C2C12 cells. Bar
represent mean = SD, n=3. Mean with different letters are significantly
different (p<<0.01) by Duncan’s multiple range test.
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Fig 19. Effect of induced time with 0.75 mM palmitic acid and insulin added on
relative 2NBDG uptake in C2C12 cells. Bar represent mean + SD, n=3. Mean
with different letters are significantly different (p<<0.01) by Duncan’s
multiple range test. Different capital letters and small letters represent a
significant different within. With or without insulin added (5 pg/mL),

respectively. * p<0.01 as compared to without insulin added

68



st il d~ 2NBDG #& ~ £ 398 F 7 "% > N &) 7t 2 h 9+ 2% % C2Cl12 m% &
4 Insulinresistante # =t » 14z FfL A 12h 2 & ,] 4e Insulin F¥ 4p ¥ 2NBDG
¥ T '% 1 52.2-56.0% ° & 7 b Insulin p 0 ts chim 2 307 i E /2 5 5 %
~ 8 Rm % 2-12h 4 A2 4 Insulinresistant 57 C2C12 ‘m*e T i# ,T 4¢ Insulin
Hip¥ 2NBDG # ~ & » & % 13t 1 §F % - Mazibuko et al. (2013) ~ Talbot et
al. (2014)% Abuand Tan (2017) 32 H25 ¢ 3% 0.75mM ez g e # 16
h & mre 2 2 Insulin resistant » *#7 3 eng % = 4g 1) 0.75 MM {7 1# e 7 ¢ i@
& C2C12 mPe eni M > ¥ 7 2-24h 3% E C2C12 m*2 A2 # Insulinresistant > %

2~ GLE25 jE & $19% & % 241 C2C12 'wPz 2. 2NBDG # 372 3 48

Pl FRBEIEERE T EH R, FRELRY FERTE

i

FEALRY PERERIAFEF LV REFRASF A T QA ESRE
7 Insulinresistant’%? ERFLAE T EIFRLB 0 BV - FARE

m g R LR o AT U kIR T i § 4B ud 2-NBDG 45 3+ GLE25

321}

TOF AR IEpLfi 2 ) B dmrr C2C12 ¢ F A B

Bl- - 5747 FERSGLE2S i ¥ fs & redafy C2C12 fm¥# g2 30

min %40 $ 2NBDG # » £ 2 24 - & |3} 4 0-300 pg/mL 2. GLE25 - %

B

? & % & Insulin = % 7 e S5ug/mLinsulin 7% %2> 2 25 5 & ¥ i 75 & J_FEda
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Fig 20. Effects of GLE25 concentration on relative 2-NBDG uptake in C2C12 cells after 30 min treatment. (A) normal cells. (B)
insulin-resistant cells. Bar represent mean = SD, n=3. Mean with different letters are significantly different (p<0.01) by
Duncan’s multiple range. Different capital letters and small letters represent a significant different within treated with or
without insulin (5 ng/mL), respectively.* p<0.01 as compared to without insulin.
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iy e > H @ Insulin & % Jp e Insulin je o 2o A de 2 ARt H 1p ¥+ 2NBDG
Wr R F AR o F e Insulin S~ 2155 50 & 7 e Insulin h 1.4
BoRB-LTALTFAEZ e  "FEGLES kR A HF EREEHF
4 (p<0.01) 5 # ¢ j& Insulin ok 4 GLE25300 pg/mL p* 2 i 5 44~ £ &
Bof E g dle gk 43.3%:0ik £ 5 @ Insulin s % b GLE25 il »

B dip kRS T 0 A F kA ST 200 pg/mL pF o B F i £

df_.l;f%i"uﬂ_ &P:g A8 o

Bl= - BalEfijiz b » 20§ jtiw?e 5 F A0 e a4 > & Insulin
@ % 4 GLE25 200 pg/mL p*¥ {24 3 Control % — % » @ i 4= GLE25 300
po/mL e gyl et T AR F RS 12 B ol £ 5 2 4 Insulin je g 16 o
$OF B B R fe Rk T o f 4 GLE25100 pg/mlL 2 4 - £
fefrdliez BERBMEFLR > Ei5% %% o ¥ GLE25 7+ 200 pg/mL 2 300

po/mL i i~ 2303 b % > e X AR FLE -

Chuan et al. (2008) = 3 & Z 3 E -k F F H > MA & STZ & & ik b fie=
HENE  ABRR RS L gk o BERET O CBUES F R E kS
s fg 3 14 (400 mglkg) = s o s ¥ ehf B R B F B 'E M o Guo et
al. (2013) # * 70%2 it {7 2N 5Bz = > &= 2 h “rE H FB$ 2 (29
GLE/Kg) # & SHRSP/ZF <« & 6 % » F:4 % 15 tovp wie ¥ s d R 3pE
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FHEITE c GEET O HTREIPPF I AR I HLBIRL F
avPRE F et < 3F % (Oral Glucose Tolerance Test, OGTT) *# % 3.3t 60 %
120 min 7 AR E v MH w BB 0 4 E KL G F gl % G & edueh
C57BL/6J) /| B4k & 4 1 E X4 10 % (5 » $ &S § r o E X P ¢ 3
ARG FE L, FERER AT T e Y FEBORRRGH
Feap P v ol RE G FP R E kR BHEFSRFLE D
AR M I EfuehiR (Bl 8 2 0 2016) o d 3t AR F 200 pg/mL
GLE25 { & B ik e L 5% § F1nfimie cnf 5 B~ i 4 > Tl bk B
(5 (5 R Senif & 4734 4r 200 ng/mL GLE25 4 2 %% § % 4p b 81 7] 5

R o
« GLE25 (200 ppm) % C2C12 ‘m®% H 5 & % 4p B @20 7|5 g &

) AR G & ek 0§ R Bt FIR A B ) 4 3
w R oo gravp e s boInsulin receptor e Bt H A R & ¥ i5iF IRSL 1
Tyr = BLEsf: * @202 PI3K » £ 22 PIBK p85 ¥ <& & » # PI3K & & PIP; »
T R0 AKt erE o @ H O Serd73 i Bhpps it o g GLUTA ## = 3 %
F R F T ~ e (Jouvet & Estall, 2017) - m AMPK & - fa ¥t £ 50
2 gfE 0 TR Fr e poa R AR R R o doimie 0 AMP/ATP v B

" ,Tk‘a{ﬁ‘i k2 pr oo € 1@ AMPKThrl27 i ghgepiiv @ & > i GLUTA #
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Fig 21. Effects of 200 pg/mL GLE25 on insulin-related signaling factors in C2C12
cells. Cells were incubated with or without palmitic acid (0.75 mM) for 16
h, transferred to incubation with or without GLE25 (200 pug/mL) for 24 h,
and then incubated with or without insulin (5 pg/mL) for an additional 24 h.
The relative expression of p-IRS , p-PI3K, p-Akt Ser473, GLUT4, p-AMPK
and p-ACC in each treatment group were calculated using GAPDH as the
standard. 1:control cells, 2: 5 ug/mL insulin treated control cells, 3: insulin-
resistant cells, 4: 200 pg/mL GLE25 treated insulin-resistant cells, 5: 5
ug/mL insulin treated insulin-resistant cells, 6: 200 pg/mL GLE25 and 5
ug/mL insulin treated insulin-resistant cells. Bar represent mean+SD, n=3.
Mean with different letters are significantly different (p<<0.01) by Duncan’s
multiple range.
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Pt N S e R R~ 1AL ATP > gl i & A
o ¢ Sl g g B0 BLER AR 1Y o @ B o ik FOATR 1L
(Chen et al., 2003) o % f % > P54 q AR TR BT 4L ZAM B
Fv chRRE N AL 0 ¢ 35 IRS1~PISK ~ Akt~ AMPK 2 GLUT4 > @ A
A G F PR 0 @51t AMPK T 530 ACC € i3 & %9 & & @ 4
BEL A ARk ¢ i e i S B RTR o Ft A S B9
*IEIF ‘T/J seik B 200 pg/mL GLE25 ¥+ C2C12 ‘w¥®e H % & % 4p B &30 7]

A - (S
m,‘y‘-g-

Bl= - - % 200 ug/mL GLE25 % C2C12 we H 5% § % 4p B @31 5] o

2 v M2oA 2 s A 2 O L ) 2 Yo .
PR ¥ w2 Efifiiw > HY 1§ iLwie o ﬁ;@g;fltéck A )

pug/mL Insulin /5% % > @ [EFLfy w2 & 5 & e~ e 200 ug/mL GLE25 ~

7y e 5ug/mL Insulin ;5% 2% & X X 7y e T* aysfle o 2% 8T o 2§
i mre +’/] sv 5ug/mLInsulin {4 » $-v % L& 5% % + 2 38-66% ; FE iy fm

e 7R 0.75mM xR e s oL § 2 rede s B p-IRS1 ~ p-PI3K ~ p-Akt Ser473 -

GLUT4-p-AMPK 2 ACC 3-v # ¥ 8 ¥ 301 ¥ fi m® 2 ¢ p-IRS1/p-

PI3K/p-Akt Serd73 crdr+| 5 46-80% > ¥ GLUT4 endr4|F B 5 69% -
@ p-AMPK/p-ACC R & #r+#] 63-76% : H B v 200 pg/mL GLE25 pE o H B

v R AIRLE IS F 2 B2 X p-IRS1/p-PI3K/p-Akt Serd73 e IR & i+ F
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x e 7 R ERD Y AR E o P B H i 4e 5 ug/mL Insulin 75
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§ PR EF 5T Y % pIRSY p-PISK / p-Akt Ser 473 %% § # @ if#
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Guoetal. (2013) # * SHRSP.Z-Leprfa/lzm (SHRSP/ZF) = & » f %445
FMA L U E G R S PR Y BB R - 87 2
SHRSP/ZF % &4 = 2g/kg % 7433 TO%EOH » % # = ik « %% 51 » 2
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