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(insulin sensitivity) "% i< » F28n 1% > ERAMEDPETFEFRALLT 2 o
X 8 + & (gallic acid) = ¥ 7 p& (benzoic acid) en jm 4 = > i § %
3,4,5-trihydroxybenzoic acid » B i35 &3t & 5p{E 4 ¥ - T AT B R T &
P& 5 Fiy it 2 ezt F F #E3% ~ (glucose uptake) 2 ¥ vz o AR T IRFHIL @ F R
BRMBEEAER LA R R R TR R o &S 6690 F F B 12
Figz Wistar ~ Bla Sw (26 &) A8 5  F R RAEBTRET
(pioglitazone hydrochloride) s ~ %€ (10 mg/kg B.W.):x & 3 pa = ~ B & & (30
mg/kg BW.)ix & + fiele » Ak * #EER G I RE P F k- S0 TR Yle(D
FAR)Er e RN HREF 17 LR SRHT BB S B&s 30
mg/kg BW.iZ & + % 4 F 4Rt 3 % bk 25 P AR M # S & (fasting glucose)
(1£_224.17 mg/dL "% T 84.83 mg/dL)% " % & 3% § % & 5 (£.0.99 pg/l "% K3
042 pg/L)ensc % ; ® g % > & > & F 5 % 5 %5 (perirenal fat) 2 & & 75 7%
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Abstract
Hyperglycemia is a major symptom of diabetes mellitus. It often associated with
insulin resistance which will lower the insulin sensitivity of liver, muscles and adipose,
futher effect the assimilation of blood sugar and lead to long-term impaired glucose
tolerance (IGT). Gallic acid is the derivatives of benzoic acid (formula: 3,4,5
-trihydroxybenzoic acid) exists in various kinds of plants. Recent researches
demonstrated that phenoic compounds exhibit anti-oxidation and improve glucose
uptake activities in vitro. This study investigated the effect of gallic acid on
hypoglycemia and lipid metabolism in high-fructose diet (HFD)-induced diabetic rats.
After fed the 66% fructose for twelve weeks, the Wistar rats were devided into 4
groups (6 rats each group): HFD, pioglitazone hydrochloride, low dose (10 mg/kg
B.W.) gallic acid, high dose (30 mg/kg B.W.) gallic acid groups. Rats fed the
pioglitazone hydrochloride and the high dose (30 mg/kg B.W.) gallic acid once a day
and were sacrified after experimenting for 17 weeks. The the fasting glucose and
insulin levels of HFD rats significantly reduced (the former declined from 224.17
mg/dL to 84.83mg/dL, the latter declined from 0.99 ug/L to 0.42 ug/L) after a 4-week
feeding of gallic acid (30 mg/kg B.W.). The perirenal and epididymal fats of the high
dose gallic acid group significantly decreased compared to the HFD rats (the former
declined from from 6.7 mg to 5.58 mg, the latter declined from 2.95 mg to 2.02 mg).
The western blot analysis was conducted to evaluate the effect of gallic acid on
insulin signal transduction pathway in adipose tissue of HFD rats. The high dose
gallic acid increased 5496 glucose transporter-4 (GLUT4) compared with the HFD
rats. We postulate that gallic acid may alleviate hyperglycemia and modulate lipid

metabolism of adipose in HFD rats.



Keywords: gallic acid; hypoglycemia; lipid metabolism; insulin signaling; diabetic

rats.
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Ty FrclafEd § 2011 £ O G AT 0 T E K SRR A T 2
FER A TP LA AT RFET e 2 F 2AMRGHLEFF ERD
HARE > B0 2003 £ xR P B A TR ST 8 2 AR RR
© i@ REFASA2%  BATEF LAMER o ¥ 2B Aop a2 A & d 0
bR eSS T B AER P REA R 4 AR RS B e A 2
Wish £ & 4 aH Koom i %% & & e de(insulin resistanse) - ;2 & + 4 (gallic acids)

= fm fe (phenolic acids) i & 4 ih— 47 » B 3> L fEd Y - THA T MR G5

s

fal 3 o BETEL Fpot L BN G F o "E M ARk 3 T ¥ (Hsu and Yen,
2007, Latha and Daisy, 2011; Prince et al., 2011; Paunithavathi et al., 2011) - F]* >
RAIEHT AL AGBFAHE T AL A o AT E E RS SR
Wistar = & = % B & ¥z (Hyperglycemia) » £ 4 %] ¢ 4 B % £ (30mg/kg B.W.)¢&#

A £ (30mg/kg B.W.)ix & + fik » 2 (SR R 5B s (S g B2 £ R4

BiEdv > UL G I Ric L B A R B Y - K R AT @

ERLETE- I EON ERE W AR A IR

ﬂ\—k
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CEE A 2
21k

211 el A

fi= ik (phenolic acids) & % fi= it & 4~ (polyphenols) - 5> & 3T 2 85+ & (448
o odetp Y hEE et LFp EH S Y DL A PR F
EER FROFESE BRI BRUPR LY B B0
o 5(¢ EARER o § FF jedk, 2011) phenolic acids B 4 b i e
%+ #%73 OH A(hydroxyl group)¥ #x -3 B+ > £ 3 B R4 > F]t 5 24F e
L 3 5 o 3F 57 1 B or phenolic acids #F«it & 4 5 3% § 2 B shedu ~ 23

TR B~ Sl # (3 ,2004) -

2.1.2 5 i hfb A7

Phenolicacids 1 & ¥ &4 5 & ~ # > — 5 ¥ 7 fz(benzoicacid)iw4 + » 7 7
7 BA R+ 4ol & & ph(gallicacid) 0 ¥ - #E 5 P fEfL(cinnamicacid)iTA & 0 £ 3
9 BB+ 4ofe 274 (ferulic acid) ~ ere2fé (caffeic acid) » & #gi74 4 H F IR ¥4k

hydroxy # B2 X (%, 2004) -

2.1.3 fm P &2 HE SR

Caffeic acid ¥2 cinnamic acid >~ %8 ¢t 2 2% ¢ > & 49 F ¥ /] BUF%K w2 (FL83B)
3%, & % /= (Huang and Shen, 2012) - Caffeic acid »*#> 4= % & ¢ ZEF i & ¥ s
C57BL/KsJ-db/db mice % s #% ~ B %% § % & g % 7 3 4o 00 F F AR E oo
# & (Jung et al., 2006) - % i fix (chlorogenic acid) ** db/db mice # &3 vimrz @
Br 7m il "E M G R Al B EREE D D et o B A R ¥

# % #i 4 - Teminalia bellerica Roxb % 2~ gallic acid $t>* STZ 3 $-#% g &
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o B EF R M :Pf: # % #(Rosemary and Daisy, 2010) o d jt ¥ *wfs fasg it & 3 &

Fored R L AAEL A

2.2 M s
2.2.1 4 o

¥ 7 (Diabetes mellitus) £_d — % 1% L 73 % 0 1 & 5% § % (insulin)
RAE XSG AR FREWEFHT F R Qlucose) T L 4 T
H 3Rl d# Al g i b (hyperglycemia) - (< )RR R ¢ §
% & (polyphagia) ~ % 4t (polydipsia) ~ % /i (polyuria) ~ j & (asthenia) ~ 4 £ j* 4=
(weight loss) ~ 4L 4 4 (blurred vision) ~ # g % (infection) ~ § = % % i & ~ # 7k
(glycouria) ~ i A (ketonuria)» (= ) b s 4% 5 4 7 (1)4 o i # 4 (diabetes

ketoacidosis ; DKA) : i 418 + 3+ 250mg/dL © (2)® 7% 5 B B s b 2k fl 12 0§ i

=

(non-ketotic hyperosmolar hyperglycemic reaction ; HHNK) : =& &
600~2000mg/dL » i% % /& ~ ** 350mOsm/kg = (3)% & % rk i (insulin shock) © s #&
B 43> 60mg/dL - (= )R IE% o # & e (1) % s F 5 s (macrovascular): % 5 &
ok B IR > ok BOR R~ ¥ F a8 B AR (2)) 5 F A s (micorvascular) © px
¥ o % (ophthalmologic) ~ %" 5 % (Nephropathy) ~ %= % & (Kimmelstiel-Wilson
Disease) - (3)4? 5. % (nuropathy) = % #¢ 55 % (polyneuropathy) ~ p =47 5o %

(autonomic neuropathy) - (4) # %‘f:}ﬁa %% (osteopenia) °

2.2.2 4 Fup A 4
-~ B - ARk

ARG SEARRR LA 30 AW LD ko TP E R A o
PR LR ELR N B B e o £ b5 g 2 A R PR (insulin

antoantibody; IAA) ¥ insulin sz > ERITREP G sl TR § R R BB 11§
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B imre chficE &2 4 it 4 X B >909% B R AR B P T} ¢ d e 19%/7\,];3«/\ Grip 1
B R B M ERS L AR 2EL o & A HY & kPR A F](human
leukocyte antigen; HLA) 7 B > 426 90% % - A4 pm v &+ 2" (HLA-DR3
# HLA-DRA) « L ¥ M £ ¥ (d o § 58 2 enifo 3 B Ak ot o % ) 4 dwoe

Fiig (Islet cell antibody; ICA) R Bt o ¥ B 2 X B2 § » L@k L p RN E £ o

SRS AR
AFSFEAMRR > L HF N 0 RELEN ko T EELYRG T AR o
RO b SRR R0 98% B E RPN LB LR FRARE - o ¥
WRSRRL L FAaR RN 5 IFG s i Fg B s S5 G & I da(insulin
resistance) - 2B @ j M ie &2 HLA &M o B H WIS B L0790 72 5 4 ik
PR AP g AL RRY  RPRRR L A REL(YF

W s % ¢, 2010) -

=~ R RO

Gestational diabetes (GDM) : >R A#H B = & § 5 Hat< 3 L2 > 7
WARRIEE T A G AR d IR BB R P A SR PRTIR %
PARE S URTEBEEREA 2 5 TR AL LG F AT
o~ Bl R AR
(- )B-imee s i AT 0§ 1292 ¢ ROFe P TS5 -la)~ ¥ 20 $4 ¢ RE(F
e P F) S o) s B T H A F (T F PR -
(= )% § & (7% Shi Flaxkat A 3% § & 4 5~ Rabson-Mendenhall syndrome ~ 4%
VMR B AR
()74 WA s DR~ B PERE L S i s SRR i 8 R F

< GRCRAT RO B



(B)R Ao s et B3 CURGH BB f LB T RN
B e REETR B~ R ORI R

()8 & 4 olds : FFiRp ~ AL TR~ " RA ~TZD B TR L
N e T

(F)E% L% BARFD < E et -

()P FFUS ARG AMRRL D R E LG R B

(M & E R opand s @ @E i 0 B i - Klinefelter < g %3 ~ Tumer <
i 3%~ Wolfram " i # - Friendreich *% i& # % 2% ~Huntington = # k&7 ~Lawrence

Moon Biedl jz iz # ~ #v3 B {22 & & ~ % & (porphyria) ~ Prader Willi iz ik ## o

2.2.3 4k o S S0 4R 0

ZHDEHP Y E-A RV DESBRR - R EEET - (D)
T Tf'( # § #%=200mg/dL (2) = "KL & f’j{f%“%’f}%z 126mg/dL(Zx "2 = > 8 ] B¥) (3)
T IRY F @R 14 iE5% (oral glucose tolerance test; OGTT) : ¢ PR 750 % % #& » 2
| PES ’]\, # & #5=200mg/dL o #& Fi Jp 50 #P (Pre-diabetes) &, 4p o #f 12 X 4 ch it
Bk AR F R BB B R LEIE R ¢ 7 A 9E o (1) Pk #E ek (impaired
fasting glucose ; IFG) @ 7 "L #%k & =100mg/dL > e <126mg/dL - (2) % & #& @t

% 7 % (impair glucose tolerance ; IGT) : OGTT & =140 » fe <200mg/dL -

2.2.4 HE P e 7 R &

§te pehid oAk g S E s 20 R E - ABAREFF ERY 2 ABE
2007 & 23 e § 5 e+ FFAHESRp A T 0 T 2025 & 2R B 7S
#d 6.0%6/ = T 7.3% > AR A T MRS RN FF 4 o 23 IGT 4 dich 2007
ENEE T @ AFH A 0 B 2025 & IGT F 7 F#-d 75%#% < 1 8.09% -

IGT & v ek -+ AT &4 o SR e AR DL R S R o 2
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WRops 2 Edg e TN 2 AR o B oY 2002 ERARE HhZ 5 G

P BRAERREFF L T47% 0 2

B o R g g, 2010) -

oo 0 3 1087 EAsE R RA R B A A Fle W T

3 100 & 7 F]A 5 3t

g5 82%m 4~ i 6.2%(F FX

iRy T A

FFE = A

PR £ B s 7 A 4 9080 A
Bk = A e 6.006 0 &= A B 15 10.696 0 TioF p 2 BHcs 25 40 K IE

57 4 53 45F — 4 7 o (7 FcraiiFd ¥, 2012) -

A
45000 42,550
30,000 |
1004 994E
41,046
16,513
15,000 |
10,823
9,081 9,047
J 6,726 < 515
15675 5,084 5153 1,631 1368 2207
L] 8211 8,909 A _ ¥
; 5,107 4912 4174 4105 3,889
: o B ] % o &

%;%w@ Ea ™ ‘@ﬁ%{?‘ &® % o & kyﬁ“ e %{Q

% W A" & & o C

) il & & g C # ]

5 “ & k3 W R
N4 ?&335}’ %&3\% % B
o S & &* 52

o . g
& %
-

Bl2-1~ 100& -« 1 &5 F)7 = A fco

23 % § FEdn
231% 5 % 4
¥, § % (Insulin) £ # » #5152 (glucose homeostasis):He & jrd o d %57
<] § (Islets of langerhans) @ & B-cell #74 i > S#EFiE* (25 L ¢ B nLg
% (proinsulin) » ptpFE 5 = B

475 (polypeptide) » 4 %] 5 A-chain(d 21 B =4

Fath 4 )g B-chain(d 30 Bkt a) Cchain(d 31 Bieipiips) it
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& F {5 13 & (post-translational modification) - C-chain ¢ 4 j# % & # it f=
(prohormone convertase; POMC) 3“7 4 > ™ A 4a% B 4ad & 5 4p 1 R4t
(disulfide bond)4 s » A5 B 1 £ 4 4 5 beivh % > 2 51 BrorfAp» 23 £
5808KDa - 4 *» K,f 54 C-chain x f£ 5 C-peptide > ¥ iF 5 & iRl:" iz W R o ¢
2 Beell # i 4 2 p R insulin 7 £ dp ke (3%, 2010) - insulin ¢ > & 2 E
FAI ALGREY o ko S FEOM~ > 24 glycolysis o i )7 5
W ehp eho 35 E % CREE S EAR T o B AR R A R IEY S Ht s
Pz S F R R N H e R L RGRFPE S A s Fd A s f A
CAMP -k fi& » 3| P52 f3 ~ BEFTATE SR 2 2 5 e B DM TRE S S
R T s B9 A S Frl hed AR AR RARE N pr R e
PR A S W B 2P AR S BB P R P fRfe St ] =

e i fig A 3 ~ PEALE AR ) o

% 2-1 ~ Insulin function in target tissue

Tissue Enhance Reduce
Liver Glycogen synthesis Glycogenolysis
Protein synthesis Gluconeogenesis
Fatty acid synthesis Ketogenesis
Muscle Protein synthesis Protein degradation
Adipose Lipogenesis Hormone sensitive lipase
Lipoprotein lipase

2.3.2 PI3K (phosphatidylinositol-3-kinase) pathway

5 5 % 0 B R B (target tissue) i FUR ~ Mup s Fodk o 3L E # ;%gsi 13K
3 L BIRR T AR e R F MR c BRhmi L oG ¥ - R
(dimer)Z] 3¢ %% & % £ < 48 (insulin receptor; IR) » 4 insulin £2 receptor % & s »

¢ ¢ receptor B =t H = C =} tyrosine p ##pk i* (autophosphorylation) » I i ™ 7%

18



er1 (insulin receptor substrate; IRS) %2 (growth factor receptor-binding protein; Grbl)
B it o IRS & % IRS1 2 RS2 » # 7y 3mE3 e E,»F\t‘ ™ JRS1 & A o it“*’«’%ﬁféﬂf%‘z
RIS F X e 1Al IRS (tyrosine B aEpL fv) 2 Grbl o o 4y E I
(phosphatidylinositol-3-kinase; PI3K) - & (phosphatidylinositol 4,5-bisphosphate;
PIP2) 7 p& i+ = (phosphatidylinositol 3,4,5-triphosphate; PIP3) > PIP3 #- £
(3-phosphoinositide-dependent protein kinase-1; PDK1).3% & - i@ T 1 AKT (PKB,
protein kinase B){= Protein kinase C zeta (PKCQ)i& it ;ﬁd DRI N R A

(glucose transporter 4; GLUT4)# i (translocation) & fm?z %+ » & w2 (F U~ §

% #E(glucose uptake) (Eriksson, 2007) -

Insulin
7
d % A
Glucose
IR
= Plasma
PIP, 2 i
membrane
— U
/ PDI\ l @
aPKC
v —
\ ‘_—______. Cell survival
Gene
, N transcription
, \ Protein
Gly cogen synthesis
synthesis
Lipogenesis/
antilipolysis

B12-2~ 3% § 730 L BERID -

Insulin signalling via the PI3K-dependent pathway in adipocytes and skeletal muscle.
Insulin binding to its receptor will lead to glucose transport activation and other
metabolic effects and this is exerted via a cascade of signaling proteins. GLUT4,
glucose transporter 4; IR, insulin receptor; IRS1/2, insulin receptor substrates 1 and 2;

19



PDK1, phosphatidylinositol dependent protein kinase 1, PI3K, phosphatidylinositol
3-kinase;PIP2,phosphatidylinositol-3,4-phosphate;P1P3,phosphatidylinositol-3,4,5-ph
osphate; aPKC, atypical protein kinase C; PKB, protein kinase B. (Eriksson, 2007)

2.3.3 § % ## & v (glucose transporter; GLUT)

B e A ffeny FHEERY 7257 3 13 X PRI BYTRY
AR 12 5 BN s 2 C o timie B o 1 B 7 Ie FiE8
HAp iz R > T L Z¥ D F -5 GLUTIA - 4 9§ F @6 5 ¥ - #3
GLUT5,79,11» 4 @ %a‘;%éf‘ﬁi%] ; % =¥ 5 GLUT68,10- % - #¥+¢ GLUT1-3 1 &
fgamre AR BT HT F R §HF A 7 L% R e e
b endic P oo GLUT-2 4 & fa4F wre chiBie 47 i * (facilitated diffusion) & :&
glucose > 7= % X ¥4 & Z R 5 o @ GLUT4 Eri— 5¢ % insulin §]jk @ 3 4 glucose

uptake s iE 3-v o 02 RRIUE i le s e IR E B F o (%, 2010; %, 2008)

Sugar moiety

Plasma
membrane &

Cytoplasm

Nature Reviews | Molecular Cell Biology

Bl 2-3~ § MEE R Bk 1] -

GLUT family of proteins comprises 13 members at present, which are predicted to
span the membrane 12 times with both amino- and carboxyl-termini located in the
cytosol. On the basis of sequence homology and structural similarity, three subclasses

of sugar transporters have been defined: Class | (GLUTs 1-4) are glucose transporters;
20



Class Il (GLUTs 5, 7, 9 and 11) are fructose transporters; and Class 111 (GLUTSs 6, 8,
10, 12 and HMIT1) are structurally atypical members of the GLUT family, which are
poorly defined at present. The diagram shows a homology plot between GLUT1 and
GLUTA4. Residues that are unique to GLUT4 are shown in red. (Bryant, 2002)

GLUT12
. GLUT3
GLUTZ GLutt GLUT1
\ / GLUT4

/

GLUTI0 ———
T~ GLUTS
GLUT?

HMIT
GLUTS

0.1 GLUTG
—

Bl 2-4 5 5 ABHE v 7OF o

Dendrogram of the glucose transporter (GLUT) family. An unrooted radial phylogram
was drawn from a multiple sequence alignment of the thirteen members of the human
GLUT family. The tree was constructed using neighbour-joining analysis of a
distance matrix generated with PHYLIP software (Felsenstein, 1989). The three
classes of GLUT proteins are colour-coded as: blue, class I; red, class I1; green, class
[1l. The scale bar represents 0-1 substitutions per amino acid position. HMIT,
H*-coupled myo-inositol transporter. (Wood and Trayhurn, 2003)
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AR ISR

Glucose transporter (GLUT) family

Present in
Previous Insulin sen-  Functional character- skeletal Present in white

|soform name Class Main tissue localization sitive? istics (transport) muscle?* adipose tissue?*

GLUT1 - | Erythrocytes, brain, No Glucose Yes Yes
ubiquitous

GLUT2 - | Liver, pancreas, MNo Glucose (low affinity); No No
intestine, kidney fructose

GLUT3 - | Brain Mo Glucose (high affinity) Mo Yes (m)

GLUT4 - | Heart, muscle, WAT, Yes Glucose (high affinity)  Yes Yes
BAT, brain

GLUTS Il Intestine, testes, kidney No Fructose; glucose Yes Yes

(very low affinity)

GLUTE GLUT9 I Brain, spleen, No Glucose No n.d.
leucocytes

GLUT? Il n.d. n.d. n.d. n.d. n.d.

GLUTS GLUT X1 I Testes, brain and other No (yes in Glucose Yes (m) Yes (m)
tissues blastocytes)

GLUTS GLUT X 1l Liver, kidney n.d. n.d. No n.d.

GLUT10 ] Liver, pancreas No Glucose Yes (m) n.d.

GLUT11t GLUT10 NI Heart, muscle No Glucose (low affinity); Yes (m) Mo

Fructose (long form)

GLUT12 GgLuTe I Heart, prostate, muscle, Yes n.d. Yes Yes
small intestine, WAT

HMIT ] Brain n.d. H*=myo=inositol Mo (m) Yes (m)
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234 B EBEEWLE 1 f

% #& (fructose) v & #& i P [ @ 35 d % 4% e pe (fructokinase) ~ fiE %55 B
(aldolase B) ~ = & #& j p= (triosekinase) i* * & 4 H ¥ fF -3- m B
(glyceraldehyde-3-phosphate, GA3P) » GA3P + = it » #& &  #f(glycolysis
pathway) » F] ¢t 4p 3> glucose @ 3 fructose it 43 { P& e1id »~ glycolysis & {7
B & % 3 o glycolysis & ¥ & 4= % pyruvate £ 5 d 5 fF fe % & = (pyruvate
dehydrogenase; PDH)4g & %8 i % # = Acetyl-CoA » Acetyl-CoA ;‘gz’ BEfe & =
fi= (citrate synthase) sHi® * » {7 v/ i G AT dnfe B 0 T30 e B ASd C fig
i pF A 2 i s (Acetyl-CoA carboxylase; ACC) - #5 'k & = fis (Fatty acid synthase;
FAS)it 7 #n 3s & ch4 & = (de novo synthesis) (& , 2009) - = f& 4 ¥ fig (triglycerol;
TG)en#h Sp4» 5 % F #f %8 A chiq vhpL 2 2 H 4 -3-g fk (gycerol-3-phosphate;
G3P):> 4 14 + e fructose L% N FHs ¢ 2 = — & F 9 GA3P 2 — & F hpifk
B =i fr (dihtdroxyacetone pgosphate; DHAP) GA3P ¥ £ # 4% = DHAP> @ DHAP
& d 4 b gipa s & = (glycerolphosphate dehydrogenase) =& i it # ¥ 4 & G3P
BRAEA G BN A ey FH 4 0 G3P & fatty acid *t 4 ¢ fp it 2 TG £ 55
d &M% & fp k-9 (very low density lipoprotein; VLDL)i& % 3 w & 5%k > & =+ 3
= 5 (hyperlipidemia) - % #% ~ & TG ¢ VLDL ¢ # % = (intermediate density
lipoprotein; IDL) > ¢ # s & B¢ % F-v *q f2f= (lipoprotein lipase; LPL) 4 i = i<
% & "5 39 (low density lipoprotein; LDL) > & #- TG 4 f% = Free fatty acid 2 DG -
MG > & » 73 “FE’.#« R pait = TG i » ERWAFIEH o d BT EH
foo TR At mie o 95 ) & 3% F (insulin receptor)#c B R v 0 BFR L R
WA G uL o insulin & 2 drd] fp vsdm e ¢ enja {5 ATR 175 3 ' (hormone-sensitive

lipase; HSL) » & = #q ¥ lm¥e & 2 TG I 11 < £ free fatty acids = = % V7% » i3
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= insulin resistence (3, 2005; Johnson et al., 2008) -

rREEE T M AR R Rl A LG N ARG
Fiv oo v g b fhmre ek o KL vk e & (adipocytokine) o B 4o Py B
% (adiponectin; ApN) ~ %8 % (leptin) ~ *& ;3% 5+ F]5 -o (TNF-0)~ /7 & % -6 (IL-6) -
S G- 3 25 R s #r] & (plasminogen activator inhibitor-1; PAI-1) i 53k 4
% J (angiotensinogen; AGT) ~ AL % % & 3-v (retinol-binding protein-4; RBP-4) -
H %7k AE 1 F-d -1(monocyte chemoattractant protein-1; MCP-1) » - ¢ 258 & o

BT % & % AR+ (Maury and Brichard, 2010) -
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(GLUT1, GLUT4)

Gl K )
ucose p Now_wl,,
Hexokinase K : O::
H.OPO.2
ADP e

Glucose-6-phosphate X % \i)H Uric Acid (GLUT2, GLUTS)
Phosphoglucose H OH - - CHOHO . CH,OH
isomerase lT ~opom/°\?w T Xanthine oxidase l H% ﬁ
Fructose-6-phosphate N Xanthine o
I R Fructose % "
- ATP q ATP
Phosphofructokinase Hypoxanthine Fructokinase
{» 155 H. .2 ¥
ADP :oroc o G\}?W”O . f ADP. (ketohexokinase)
Fructose-1,6-bisphosphate "\—%w O% ’ IMP «<— AMP<— Fructose-1-phosphate HO?H‘/O\\“C“.‘CPOS
H OF
Aldolase = & CH,0PO;? \ yj
Dyhydroxyaceton Aldolase b b
hosphate OH H
Ene Glyceraldehyde
Glyceraldehyde-3-
phosphate Trlosoklnase Ho C,,o
H- (]) OH
H- C OH CH,OH
Glycerol 3-Phosphate (Metabohsm of triosophosphates:

5 enzymatic steps)

Acetyl-CoA

Diacylglycerol €— Monoacylglycerol ¢— AcyI-CoA4—J LP TCA cyclew

Mitochondrial respiratory chain

v

Triglycerides (VLDL) ATP

B12-5 ~ % 4% 5 e

Fructose metabolism.

Fructose enters cells via a transporter (typically Glut 5, Glut 2, or SLC2A9) where it
is preferentially metabolized by fructokinase (KHK) to generate fructose-1-phosphate.
Unlike phosphofructokinase, which is involved in glucose metabolism, fructokinase
has no negative feedback system to prevent it from continuing to phosphorylate
substrate, and as a consequence ATP can be depleted, causing intracellular phosphate
depletion, activation of AMP deaminase, and uric acid generation. In addition,
fructose is lipogenic and can generate both glycerol phosphate and acyl coenzyme A,
resulting in triglyceride formation that is both secreted and stored in hepatocytes. IMP,
Inosine monophosphate; TCA, trichloroacetic acid. (Johnson et al., 2008)
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Activates taste centers

Addicting behaviors
(dopaminergic and opioid
receptors)

Brain Leptin n_esistance
Neurostimulant
Fatty liver
s Elevated triglycerides
ATP depletion
Sugar : Inflammation

Liver  yric acid generation

Inflammation
HFCS » Fructose —» Endothelial dysfunction
Vasculature

Renal vasoconstriction
Glomerular hypertension
Renal injury

Renal inflammation

Honey, Fruits

Kidney

Oxidative stress

Inflammation

Reduced adiponectin
Adipocyte

B 26~ R MEst L e BT HL -
Effect of fructose on various organ systems.

Metabolic Syndrome

Insulin resistance
Elevated blood pressure
Abdominal obesity
Dyslipidemia

Fatty Liver
Inflammation

Oxidative stress
Endothelial dysfunction
Hyperuricemia

Type |l

Diabetes

Table sugar, HFCS, and natural sources provide fructose, which in excess has
numerous effects on the brain, liver, vasculature, kidney, and adipocyte. The net
effects induce all features of the metabolic syndrome and ultimately type 2 diabetes.

(Johnson et al., 2008)
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Vascular tissue

Skeletal

muscle /

7 7 Liver

x‘ Cardiovascular function V ’

Blood pressure, fibrinolysis, Insulin
anti-atherogenesis sensitivity
Kidney f::tin

ApN Apelin
PAI-1 Apelin TNF-o.
AGT RBP-4?
IL-6?

vasculature

Pancreas
Visfatin P

B ESEEmmm—
\Qmphages Insulin
secretion
Leptin

ApN
Apelin ApN
TNF-o Expanded TNF-a

fat mass MCP-1
IL-6 Inflammation

adipocytes

————— Stimulation

= Inhibition
BI2-7 ~ o 97 lm %2 ek 518 X BERE i ¥ 2 IR A8 o

Adipokines involved in the pathogenesis of the metabolic syndrome

Adipokines may modulate insulin sensitivity, cardiovascular homeostasis,
inflammation and fat mass. Adiponectin (ApN) and omentin are downregulated in
obesity, while most adipokines are overproduced. ApN, leptin and possibly vaspin are
adipocyte-specific, while other adipokines may also be produced by non-adipose cells
(including macrophages) of adipose tissue and by non-adipose tissues as well. PAI-1,
plasminogen activator inhibitor type 1; AGT, angiotensinogen; TNF-a, tumor necrosis
factor-a; RBP-4, retinol-binding protein-4; MCP-1, monocyte chemoattractant
protein-1; IL-6, interleukin-6. (Maury and Brichard, 2010)
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Pathophysiology of insulin resistance.

Free fatty acids (FFAS) released from adipose tissue increase production of glucose
and triglycerides (TGs) and secretion of very-low-density lipoprotein(VLDL) in the
liver. Associated lipid/lipoprotein abnormalities include decreased levels of
high-density lipoprotein cholesterol (HDL-C) and increased levels of small dense
low-density lipoprotein (LDL) particles. FFAs also reduce insulin sensitivity in
muscle by inhibiting insulin mediated glucose uptake. Increases in circulating glucose
increase pancreatic insulin secretion, resulting in hyperinsulinemia. Hyperinsulinemia
may result in enhanced sodium reabsorption and increased sympathetic nervous
system activity. It also may contribute to the development of hypertension. (Jellinger,
2007)
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D4 n AT PR T B AR

2.4.1 Glycolysis pathway

) ERRI O r VA R il
(= )= & pE = (Hexokinase; HK)

Glycolysis % — # 2% - 7 &£ &+ (I\/Igz+) ¥ % 51+ > #-glucose # % = 6-#4
& § § # (glucose-6-phosphate; G-6-P) » i 4= 1 4# + o = Bifk
(adenosine-5'-triphosphate; ATP) » 24 = 1 & % mﬂ:f\ * H§ = #i pk (adenosine

diphosphate; ADP) » ¥ Ji ¢ % §] G-6-P e f 3347 -

(= Ywips % #& = (Phosphofructokinase; PFK)

Glycolysis % = # 2% » #- 6-g&fit % #&(fructose-6-phosphate; F-6-P)#& % 5 1,6
B BL % & (fructose-1,6-bisphosphate; F-1,6BP) » if'4= 1 »~ 3+ ATP» 4 =& 1 & 3
ADP > st 4 % glycolysis e0*2ig ¥ 2 > 41 & # ik (citrate) ~ ATP f = 33 & > 2,6 #

B Fe % #& (fructose-2,6-bisphosphate) ~ ADP ~ AMP ¢ i ) # & Ji -

(=) fk fesgcpis (Pyruvate kinase; PK)
Glycolysis % -+ 4 ¥ » % fic % i /5 it fix (phosphoenolpyruvate; PEP) i % % 5
ff f& (pyruvate) » & BiEA2Y Rpifa IS % ADP > 4 = 1 &2 3 e ATP > B3 4

£ PR e o

2.4.2 De novo lipogenesis pathway
(- ) pestps A = it f= (Acetyl-CoA carboxylase; ACC)

s & A F & A2 4s A 5 Acetyl-CoA 2 B B A - fia i fF A
(Malonyl-CoA) » i i i ele & o gt 3 P ipfe & = % — ) 382 BAE 1299 3¢

£ % % cytosol ~ F & 2 4 % (biotin)§ (4 = & (prosthetic group) » % 2 it i *
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http://en.wikipedia.org/wiki/Adenosine_diphosphate
http://en.wikipedia.org/wiki/Adenosine_diphosphate

(carboxylation) » #-— 4 3 ¢ Acetyl-CoA &2 CO, #: i+ & Malonyl-CoA » = ij 4 -

&+ ATP 2 HyO 0 % Acetyl-CoA f + 3 4 ~ citrate € Rag st F i »

(= )Pq%»pa & = f= (Fatty acid synthase; FAS)

ainRk £ N fs LA &8 0 A7 3 7 4apE £ % 120 polypeptide > Zf 4 dimer
SR R E T RFEA 245 Fatty acide 5 - w £ F A G
E R AR CBR AR LT ABAR cAFERFES b
a.fiesh 48 ¥ 35 (Acyl carrier protein; ACP) @ »t4F & s chd o > L 21 fip Ak ¢ B (% 3

Pyl o
- e v

b.ACP-2 fi 7 ¥ # s (ACP-acetyltransferase; AT) @ & % — % 2% » - Acetyl-CoA i

o fipsh % ACP -

C.ACP-p» = fisz % #5 = (ACP-malonyltransferase; MT) : #- Malonyl-CoA 5 = fii

& 7% % ACP -

d.B-fv £ -fis £ -ACP- & = fi# (B-ketoacyl-ACP-synthase; KS) @ #-¢ figk 22 5 - figie

Fag e A 0 Bl - A3 CO, v 2) & e g e fig A (acetoacetyl group)

e.p-fr & -fis £& -ACP-:& J fi= (B-ketoacyl-ACP-reductase; KR) @tz fig e fig ACP
(acetoacetyl-S-ACP) *+ z_ = #k (carbonyl group) : 2 2 B R & & > 35 D-p-#%~

fi-ACP (D-B-hydroxybutyryl-S-ACP) - % i} 4~ NADPH # =& R 4 -

fB- #& it fg #& -ACP- % -k f# (B-Hydroxyacyl-ACP dehydratase; HD) : #-
D-B-hydroxybutyryl-S-ACP > 3% -k A} = & 3% -A2 -7 Z % i ACP (trans-A2
-butenoyl-S-ACP) -
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g.'% fie-ACP & J fi* (Enoyl-ACP reductase; ER) * #- trans-delta Zbutenoyl-S-ACP =

grar® B & 7 fR-ACP (butyryl-S-ACP) » % NADPH # i & & #

2.4.3 Lipolysis pathway

PRI RS M AR R AT
(= )P P5imre = FaH i fig *q f%f+ (adipose triglyceride lipase; ATGL)

AT R R B o L TG A f S AR ¥ g (diglycerides; DG) ¥ §§ 2 ) free
fatty acid » = % £ 3 4 2 DG i # (Braseamle,2010;Lass etal., 2006) » # ¢ < %2 p
¥ CAMP-dependent protein Kinase & fs it 4 ¥ 2 % 2 %+ (Langin, 2006) - ATGL
i LY Z fH W faehig fR R o A L A L ATGL $ = B4 W fig eh% - Bfgdt 0 &
~ AT HSL (% o B4 % ¢ HHSL A APISE Ragp o v g R ATGL

#1421 DG # f4 o (Braseamle, 2010)

(= )7 % "R 127 % p= (hormone sensitive triacylglycerol lipase; HSL)

T R E R BTGA f3 & DG i Ui free fatty acid » 7 f2iF * '
# 3o dwie ? CAMP G B &Echy - L @4 (second messenger) it fr s imfe i
fa L @ vEE /= (Chen et al., 2010) > cCAMP¥ ¢ cCAMP-dependent protein kinasei#
b o @ BHSLERRE - @ BT o BiEEE (glucagon);gr} f&g@ﬂ;juf;ﬁ it p# (adenylate
cyclase; AC) % /& i* CAMPR_i¢ HSLEARL (@ 5 b o m 3L B % 2 7 H =t F eLeh st
7 (methyl xanthines)4w : caffeine - -3 d R &:fk = fia f* (phosphodiesterase; PDE)

% Fr4cCAMPE_i¢ HSL2 gt i @ £ 5 (Cluas et al., 2005) »
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Domain I Domain 11 Domain I

Subsfrate
Entry

Chain 4", Elongation Chain ~SH Elongation  SUBUNIT
DIVISION

Substrate AcCoA
Entry

Domain III Domain I Domain I

B2-9~ A5 L3 # b RB i sk & = 5 - ~ WA

The structural and functional organization of animal and human FAS dimer. The
linear arrangement of the component activities and their domains are indicated in the
subunits of FAS. The dimer formation results in two active centers. The functional
division indicates the participation of DI of one subunit and DIl and DIII of the
second subunit in generating the active center. The ID regions (ID) have no known
catalytic activities but play an essential role in the structural organization of
catalytically active FAS. AT, acetyl transacylase; MT, malonyl transacylase; ER,
enoyl reductase; KR, b-ketoacyl reductase; DH, b-hydroxyacyl dehydratase. (Chirala
et al., 2000)

32



\
ANABOLIC CATABOLIC

Synthesis

Glycerolipid
Synthesis

FA FA

DG  ——————p PL

MGAT (
FA MG FA
*

FA > FA

Esterification

Lipases
enzymes
Glycerol
FA
\_ Adipocyte | Y,

Bloodstream

B12-10 ~ FpiplmPe ¥ AP = faH i figfe 1t 2 B L 0T 2 (R T

Model of anabolic and catabolic pathways that regulate triglyceride (TG) levels in
adipocytes.

The catabolic pathways involve ATGL, HSL, and monoacylglycerol lipases, which
act on TG in a series of reactions to yield glycerol and fatty acids. CGI-58, which
binds to perilipin and localizes to adiposomes, is an activator of ATGL. The nature of
this activation is unknown. Intermediates of this catabolic pathway may also be
recycled for phospholipids and TG synthesis. The anabolic pathways involve the
esterification of fatty acids to glycerol. Fatty acids, derived from cellular uptake, de
novo synthesis, or lipolytic breakdown of intracellular TG, are ‘‘activated’’ by the
addition of a CoA moiety (via the action of acyl CoA synthetases, not shown for
simplicity), and are subsequently esterified to glycerol through the actions of enzymes
of the glycerolipid synthesis pathways. Significant amounts of hydrolysis products are
normally reesterified (Leibel and Hirsch, 1985), a process that may be regulated. The
model proposes that MGAT and DGAT enzymes are involved in this reesterification.
TG, triacylglycerol; DG, diacylglycerol; MG, monacylglycerol; FA, fatty acid; ATGL,
adipose triglyceride lipase; HSL, hormone-sensitive lipase; MGL, monoacylglycerol
lipase; DGAT, acyl CoA:diacylglycerol acyltransferase; MGAT, acyl

CoA:monacylglycerol acyltransferase. (Yen and Farese, 2006)
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D) Glycogen

\ o —{ Key to numbered enzymes |—
UDP-glucose ‘J_@ - .
) 1 Glucose-6-phosphatase
Glucose-1-P — 2 Glucokinase
(1) 3 Phosphofructokinase-1
— Fructose-1,6-bisphosphatase
Glucose-6-P > Glucose LAl -0-0ISPROSP
‘l — 5 Pyruvate kinase
f @J 6 Pyruvate dehydrogenase
Fructose-6-P 7 Pyruvate carboxylase
r\lc )(‘\ 8 PEPCK
4 3
S Ry 9 Glycogen synthase
Frucm*si-LS-Pg 10 Glycogen phosphorylase
¥+
o YA Alanine
@ree & 5
Oxaloacflate > Pyruvate == Lactate Cytosol
Oxaloacetate «=—=—— Pyruvate
. Acelyl-CoA‘ Mitochondrion
TCA
cycle \
NEFA

B12-11 ~ 3R A 405 § A S -
Important pathways regulating glucose metabolism in the liver.

include fructose-1,6- bisphosphatase,

Excessive hepatic glucose output occurs in diabetes through increases
glycogenolysis and/or gluconeogenesis. Inhibitors of glycogen phosphorylase inhibit
glucose output by decreasing hepatic glycogen catabolism. Other relevant targets
which controls a rate-limiting step
gluconeogenesis, and glucose-6-phosphatase, which catalyses the final common step
required for release of glucose from the liver. NEFA, non-essential fatty acids; PEP,

phosphoenolpyruvate. (Moller, 2001)

34



2.5 % 58 Pk o B

251 ;283

2 & % pa(gallic acid; GA) & i & (phenolic acids) i* & ¥ - i3t % 7 & (benzoic
acis)sg im4 4= » v & ¢ 3,4,5-= 2 L ¥ ¥ A4 (3,4,5-trihydroxybenzoic acid) » 4 + ;¢
CeH2(OH);COOH » 4~ 3 & 170.12 g/nmol » g % v ¢ 3 % » B Rk

(hydrophobic) » # * ** % i 3 £ #%& T £ % % - (Jang et al., 2008)

252§ %4

G

L HE(ACTOS) 5 T PRI o & 4+ > A & 8% 5 7% 14 insulin resistance > 1
e % 27 | ¥ A H # sz = & % pioglitazone hydrochloride it :x & svp 2 Fpipte
S e insulin sensitivity - 2 #r#4]3F3% gluconeogenesis » F P& it " 4. # 5 insulin
kR o
(- )Pioglitazone hydrochloride =732 it 3+

Pioglitazone hydrochloride % 8 & % &k % » & 5 ;% CioHN203SHCL ~ &
+ & 392.9> ¥ 3% N,N-dimethyl-formamide » ;3 * & -k JFp# - #& % 3 %% acetone

% acetonitrile » 7 33K ~ ¢ i o

(= )Pioglitazone hydrochloride =% 12 4% &
Pioglitazone hydrochloride _thiazolidinedione #f sr Fops * % > § & § 3% §
FraTdagEsn 27 ¥ if sk gFsg 0 insilin resistance IR % 0 3

fo RS G R 0f B AR o 2 O (glycogen) 7 R o A R URIA KR F

oo B ZE2 € BEE insulin ~ e > B 5 PPARy ehig 4 B iER M ITH H > PPAR

<r

R

BT 5L G R AR R e s e s rg 9k o i 4 PPARY fn s
P Insulin ©£% BARE AR 2 g B B A Pl iT o
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b g F S W5 T o pioglitazone At ' % 2 A1 A e hyperglycemia ~ &

% & % o Jg (hyperinsulinemia) 2 % = f& 4 ¥ *5 & Jg (hypertriglyceridemia) % 5% %

% Fe$u sk (http://www.takeda.com.tw/products_actos.html) -
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4.1 F S
411 F k& Kk
Gallic acid (Sigma, St. Louis, MO, USA)

Pioglitazone Hydrochloride( » #f 7t v £ &1 £ > 5 L2 @)

412 F b 4

e Wistar < Bl > pp 802 Y oo B FE L 61 o

4.1.3 ¥ 4 £
+ &4 (Rodent Chow diet) » H % = {» % 23% Crude protein ~ 4.5% Crude fat

6.0% Crude fiber ~ 8.0% Ash ~ 2.5% Minerals ~ 56% Carbohydrate -

4.1.4 7 5% 50 A

4141 i B & x,

Bio-Rad Laboratories (Richmond, VA, USA) :
Ammonium persulfate (APS)

N,N,N,N-Tetramethyl-ethylenediamine (TEMED)

Cell Signaling Technology (Beverly, MA, USA) :

RIPA buffer (10X)

J.T.Baker (Phillipsburg):
Sodium dodecylsulfate (SDS)

Sodium chloride (NaCl)
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Merck KgaA (Darmstadt , Germany) :

Tween-20

Millipore(Billerica, MA, USA)
Anti-Acetyl-CoA Carboxylase-1

Anti-phospho-Acetyl-CoA Carboxylase-1(Ser79)

Sigma (St. Louis, MO, USA) :

Bovine serum albumin (BSA)

bromophenol blue

glycerol molecular biology reagent

2-mercaptoethanol (2-ME)

Phenylmethanesulfonyl fluoride (PMSF)
Phosphatase Inhibitor Cocktail 2

Phosphatase Inhibitor Cocktail 3

Skim milk powder

PerkinElmer(Boston, MA, USA) :
Transfer Membrane

Western Lightning

Thermo

Albumin Standard

4142 % ¢ e

Bio-Rad Laboratories (Richmond, VA, USA) :
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Bio-Rad protein assay dye reagent

Mercodia(Uppsala, Sweden)

Rat Insulin ELISA Kits

RANDOX

glucose(GLUC-PAP)

4.1.4.3 Fi8

Cell Signaling Technology (Beverly, MA, USA) :

ATGL antibody

Insulin Receptor  (L55B10) Mouse mADb

Gene Tex (Irvine, CA, USA) :

alpha Tubuin 4a antibody

Actin antibody

Fatty Acid Synthase antibody [N1], N-term

GLUT4 antibody [EP(2)AY], C-term

PFKL antibody

PKC zeta antibody

Pyruvate Kinase (liver/RBC) antibody

Mouse IgG antibody (HRP)

Rabbit 1gG antibody (HRP)

4144 FBX G

w & ;82 7 % ORBITAL SHAKER(TS-500, H—j& ot B )
sk 8] 13 % (Milli-Q ultrapure water system) (Millipore, Bedford, MA, USA)
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% i 4. % (Centrifugator)(Sorvall RC 5C, DUPONT, CT, USA)

£+ A3 4w 4% (Centrifugator)(KUBOTAS5100, Tokyo,Japan)

% % %% & ¥7 i (Precision microplate reader)

(Bio tek,Epoch, Thermo Fisher Scientific Inc.,\Vermont, USA)

< #*= Balance(HR-200, A& D,USA)

2 ik 3w # (Universal 30RF, Hettich, German)

%8 4 i % -20°C refrigerator(CH-401 » &% » 5 %)

2 " & % Vortex mixer(G-560, Scientific industries, Inc.,Bohemia, NY, USA)

fi& 4% P T_¥% Hanna instruments(HI19017, Italy)

423 % %
421 $ k0%

BB Y N 6 E s Wistar % B R S8 S
AP T TR 4 5 0 R R JadF 25°C o light-dark cycle sdF 12 ) pEk g 0 12 )
PR AR AR RER DY BE  E R EHMERT N E 1T R

B o

422 4 & 02

R (S cnze s Wistar + B 40 & 5 25 6696:0% S A E 8t
BECIRYT F AL G LR AR EMES L5 R
NN T RS R T S

Bl § A E R gk

|

o]

(3= %)7 # %5 .« #> # 4 Pioglitazone hydrochloride 2 # F ik & Gallic

|

acid -
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4.2.3 # 54k & | E

Pioglitazone hydrochloride = (Pio30) : /4 %)k & 5 30mg/mL » 4 & € 5 30 mg/kg
B.W.

Gallic acid % #) £ 2 (GA30) : 2/ k& 5 30mg/mL > 4 & £ % 30 mg/kg B.W.

Gallic acid < #) £ 2 (GA10) : ;2 k & 5 30mg/mL > 4 & £ % 10 mg/kg B.W.

4.24 ¢ JRf F ORI

S+ R 12 ] pFH el AEPF 0 42 £ 4 1.59/mL/kg BW.ehg
FHEk > 2 154820 30-60-90120 A 4(5 0448 SBERL) @& * $k
SR AR - 0 R 16 Mk st 4°C T dtes 3000 rpm ~ 20 min o B b idi A 4

FHEA -

425 5 T § 27 T
B Bt 7 15 mL g F oo M Rt 4C T g (3000 rpm ~ 20 min) o B~

’ﬁ-‘xi’/’v\’]“?"

4.2.6 5B B

CORBRPPE 4 B AR BIE 0 4 E 15 k-20C

A2.7 5 B W FARE AR

P x :Ff: 10 uL ¥ F % # Enzymatic Kits(Audit Diagnostics):## 1lmL ;& & 32
3 > 37C-kip 10 245 > 1% & kR P 2 500 nm gk £ TekiE > HEEF
FHEZE o RITLRIEEL glucose 5 d glucose oxidese iF* » % i = gluconic acid
% Hy0, £ ¢ peroxidase # # phenol 2 4-aminoantipyrine =8 % red quinine > &

500 nm ;& £ T jp] %_red quinine 7 € -
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4.2.8 = :!f: o FRR BT
B~ 25uL & ;]\ % 50 uL Enzyme conjugate > & F BT 2 70rpm#EH BT 2 )
P o 2 wash buffer %8 > 4e » TMB 328 5 Jis 16 4 48 > & Ji 1 e » 50 uL stop

solution » I #* 4 5k & 3Pl 2 450 nm = £ B o

4.2.9 P B AR B U L B B TR
a.% Vv Feoo BE DS R

##5~ 0.5-1 g ¥ ¥ 7y *%(perirenal fat pad) » 4c » 232 & B kG > e r 3B
(1:3) RIPA buffer »> 328 & ¢ » »v ks ™ 1 _EL]%& PESE g 10 44
#2315 mL g F 0 30 4C T 4 3000 rpm/5 min fs o BT E R 3
eppendorff » ** 4°C = &t.< 15000 g/20 min » f B~ & & 5% I 7 eppendorff » ik

80Cprs »

b.ds WEBRARARE
ddw 8.7 mL / 10x RIPA buffer 1 mL / 100mM PMSF 100 uL / Phosphatase Inhibitor

Cocktail2 100 uL / Phosphatase Inhibitor Cocktail3 100 uL

C.O % L EE AT
1L.kv T2

st G (BSA) R G v FHRER CREd R ERTHES TRER
(0-500 ug/mL)> 4 | B~ 10 uL shie 532 ik 2 BSA 1 96 well» 4 » 190 uL Bio-Rad
protein assay dye » 41 % 4 k& & 3+ p| £.595nm k@ o 2 v RE Bk R

Bk BRI A RERERY FER -

2.3 F % 1% (denature)

H#erq ik Feo BAR 0 4v ~ sample buffer ;2 & > 0 95°C 4 £ 10 4 48 0 Sokip
43



AErts 0 Pk-20C R o

3.3-9 & T (electrophoresis)

FH R IR B A (1015 mm)sE g3 Bl i 1092 & B 5% (stacking gel)
% 4 Hrvy(separation gel) - G {8 M- B e & 2 T T A e b i RAEBRR o
FI# & F 532 stacking gel p 5% % » @& B 2~ protein marker 2 F-v 3k 0 7 H

& B 50V it 7 7 & 40 mins ¥ 4% 5 F-v & ~ separation gel F¥ £ 0z * 100-120V
BT A FE LA (Dye)ia g tis o B P e i e g 9% % 10min o
4. 30 F 4 £ (transfer)

#- PVDF "%z 2 @ fg (Methanol);3 /% 10 min & > & * & &0 5 7% ik i@ 10
mine £@* Liz gt AANEBETEE - 2 L RETEF R
Bd Tat5mdA~PVDE s B8 vImi o FF 3% 2T & 10-15V ~ 30-60
Adio FEFBRNTAN S BIH ORI  LI e i BB ERd 24
AREREREZRASBE SPVDFSE S gl 0 24 AP gow 24 ol o0
TOAH P Ao FEE4R(Stir bar) ¥ B N IEAEE F S F O F KX R R 100V -~ 60

min > 3% 4°C MB 15 & T BT o

5.3 ' re #7(blocking)

¥ F = = PVDF B> ¥~ 7 5 5% Fq v 45 i Blocking Buffer » % 73 2-8
P o
- Rl (primary antibody)

#-Blocking % & 57 PVDF %> 4] * TBST buffer 2% 1= £ 2% 5 7 3%
e g eh- PUlll > - FUE R 5 1:1000-1:2000 0t 4°CHE T 0 g 37 2-8
,J‘ ;;13‘;— o

= B F48 (secondary antibody)
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¥z g - Byl s e PVDE %C > 1% TBST buffer /2% 2 & > & & 10 »

&

R EA T SWR s chs skl > - kR 5 1:5000-1:10000 5 *t % R

T T 2 e

6.8 = B B2 A 47

Bzd o Pl is e PVDF oo 4% TBST buffer £7%:% 3 % > & =x 10 »
4 B X E % TBShuffer /&% 1 =x{&4c » ECL buffer » >S9 % sud 2% 2 & %
PR T g T AR o dpEis Ho MiBE OB Y 0 2R 1 K 5] Image Tool & 5 -
Pe Y - AR T ELE Crop WRFERIIR- Bid iz e B oG BT
#ir® end o fgB-d k> 5 Crop B H F 2 1 £ 5| File — Export — Export for
Publication» ¢t pF#-1 - BALE »:E 4% Current View 600 dpi - g-:% = > Export >

EH/ TR R - (tif,jpg,bmp,png) °

7.6 % 5 BRE 2 A REEE
2X Sample buffer
ddw 3.55 mL / 0.5 M Tris-Base (pH6.8) 1.25 mL / glycerol 2.5 mL / 10% SDS 2

mL / 0.5% Bromophenol blue 0.2 mL/ 3 -mercaptoethanol 500 uL

1.5 M Tris-Base / pH 8.8

5 MW BIER 100 mL
Tris-base 121.14 15M 189
Add ddH0 dilute to 100 mL /0.22 & 0.45 filter i&jm/4°C

0.5 M Tris-Base / pH 6.8

5, MW HER 100mL
Tris-base 121.14 05M 60
Add ddH0 dilute to 100 mL /0.22 & 0.45 filter &g/ 4°C

10%SDS buffer
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b MW kR 100 mL
SDS 288.38 10% 10¢
Add ddH,0 dilute to 100 mL
10%APS
b MW HOER 100 uL
APS 228.18 10% 10 mg

b2 33 -k 100 UL FRpe

Stacking gel(10%)

ddw 4.1 mL / 30% Degassed Acryamide 3.3 mL /0.5 M Tris-Base(pH6.8) 2.5 mL /

10% SDS 0.1 mL / 10% APS 50 uL / TEMED 10 uL

Separating gel(10%)

ddw 4.1 mL / 30% Degassed Acryamide 3.3 mL / 1.5 M Tris-Base(pH8.8) 2.5 mL /

10% SDS 0.1 mL /10% APS 50 uL. / TEMED 10 uL

Running buffer

&5 MW BIER 1L
Tris-base 121.14 25 mM 50
Glycine 75.07 192 mM 14 ¢
SDS 288.38 0.1% 1lg
Add ddH0 dilute to 1L
Transfer buffer
= 5 MW BER 1L
Tris-base 121.14 25 mM 50
Glycine 75.07 192 mM 14 ¢
Methanol 20% 200 mL
Add ddH0 diluteto 1 L
TBS buffer
&5 MW HIER 1L
Tris-base 121.14 4 mM 24 ¢
NaCl 58.44 100 mM 299
Add ddH,0 dilute to 1L / pH=7.6
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TBST buffer

& 5, MW BER 1L
Tris-base 121.14 4 mM 24 ¢
NaCl 58.44 100 mM 299
Tween-20 0.01% 1mL
Add ddH,0 diluteto 1 L / pH=7.6
Blocking Buffer 3% (for primary antibody)
BSA3 g /100 mL TBST buffer
Blocking Buffer 5% (for blocking & secondary antibody)
Skim milk powder 5 g /100 mL TBST buffer
Stripping buffer
Z 5 MW BIER 1L
Glycine 75.07 192 mM 14 ¢
SDS 288.38 0.1% 1lg
Tween-20 0.1% 10 mL
Add ddH0 diluteto 1 L / pH=2.2

4.3 ¥tz

PHEFE TG ER L (MeantSD) % 7 > #cdp it * SAS
(‘Statistical Analysis System, SAS Institute Inc., USA) it %2 #4 (= One way ANOVA ~
¥7 0 X RE X 4 %8P % (Duncan’s multiplerangetest) & % 4 sk e B2 £ B

hrt b P<OO05ALL EAEE¥ LR o
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(%
il
‘;\\-
3=

S1EQiR T AT BUEF v IRy FMaf < odskd A FMERL RN
CEB GG TR A U RT AR L% B % 4o F 5-1 407 o HF
bk EF F R 0 0 0306090+ 120 4 45350 BEF 20 ¥ ¢ 4 o GA3D

CHEE R 0 >N 0~ 30 4 4a35P &g K3 GAL0 oo et 60~ 90 ~ 120 &

|

3

F
7
lt
<=1
~

PEBRBIMAGE S RNAOWRETARS T RRRLRL
CRER TR R %%ﬁ—/”\%ﬁ'— ﬂ]{fa FEEER > B% 4B 52 AT o
HF & éh o § 5 0k BT 3 %% 7 4 4 2(p<0.05) - Normal .82 Pio i GA30

2 ~GAI0 ez i x4 8 -

5.3 /E%/}z%;ﬁﬁ%‘lﬁfé‘]\ &I"%"J/_l?f ’;‘,:ﬁ—/r‘:—rl ,jﬁ‘:; g‘ﬁ%“@,}é}i_@éﬁéﬂ
CREE 1T G S REAfTE R M ERER - B oF 53 i .
HF i s 9 S pp ek & B % %20 7 *h 4 2 (p<<0.05)-Normal & # Pio 2 GA30

#GAI0 22 iR BE¥ 4B o

BABGREFRAFUARNFGHRT LRI MY FRALEN
SR 1T B GRS Y G FIRAE B FAoR] 54 4

HF fechoi %% § % 0k R B § >0 ¥ ¢ 4 22 (p<0.05) - Normal .2 Pio k.~ GA30

BEE& LI AT ENLEFRT L ﬁjﬁﬂ CrLaIE e 2 % 1t
CERER ITER > FERLSHTL R FEMRE > HRA0R 55 T

HF e et i 308k & B F 100 ¥ 4 4 e (p<0.05) - Normal & Pio =~ GA30
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e~ GALO ez ¥ X &F'gﬁ:ﬂ

5.6 G 83k 411 RPN g p e g2 B
SRR LT 8 EBERETYR 2R EBEEE 0 B 4cB] 56
777 o HF e enig 3 s s dichp % & 0 ¥ ¢h 4 2 (p<0.05) - Normal ‘= £ Pio s -

GA30 & ~ GA10 =2 H /)»4}5 &f%iﬁ °

574 et Apiisc RN B SHmT LY R kR B0
<R 170 0 B AP AT Y SR kR 0 B doR] 57

7 o HF e in P EREF Y ¢ 4 2 (p<0.05)- Normal £ Pio

2~ GA30 £~ GAL0 22 B 2% BgF £ B - Pio kR ¥ K3 GA30 & (p<

005) > e GALO el 7 Bg ¥ £ 8

53@%&%4&4ﬁ@kﬁ%ﬁ%%%fiﬁé%%%%&k&i%ﬂ
SRR LT3R FakPEA L 5}%" PRYLPg AP E R 0 % % 4oR) 5-8 of

57 o HF % ehn ’J‘ P psaproa kR E F % T Normal 2 %2 Pio % v &2 GA30 %~

GAL0 =i 5 B ¥ A % - Normal ek & % ¥ % > Pio & » iz 22 GA30 & -~ GAL0

T HELE -

bOala I Aikis EQ*?;%%%;‘ETJ&?I%E‘ FRRT R ERZ RN
“f\ﬁ?’%‘ 17 3 \%w’ﬁ%\l%*}é}‘f‘?ﬂ_’rérﬁ?ﬁ& r]ﬁ‘“ ,&ﬁ; ‘—é,‘—%{ir’%] 59
#r57 o HF 2 s ﬂ]%r’ B %R Pn v kR B F M3t Normal 2% Pio %z &2 GA30

2 ~GAL10 ‘223 2% £ % - Normal =2 Pio 2 ~ GA30 = ~ GA10 2z FilF

RELE -
5A0E SR aF M AFUH AT 5w Glutd v 2 RE2Z PP
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< B4& % 17 Fi o %3{}3}%% il 4 pqgﬁi—j’%ﬁ—w A g_“«%/z‘ B 2 ‘J’%izr
B 5-10 #177 « HF ‘2 en Glutd 3-v % 3 & & ¥ >t Normal % ~ Pio 2 ~ GA30 & -

g7 GALO i1 4 BE LD -

Blliga il a3+ AT H A KTE» IR 2RELEE
S EAE 1T X8 RPRETY BTG BT 2 REZR TR S
Bl 5-11 #r5r - HF 2 IR 3¢ % 3 & % ¥ > Normal = ~ Pio & -~ GA30 %« -

fe gt GALO 2i2 F BiE LB

BA2EG IR G F R Ak {64+ BT % p9s PKC-¢ 3% 2 B2 258
= éﬁ 17—$f9 ’%#’*%ﬁ%%"&” Bﬁij%ﬁ]’g ’t@]”rﬂ"g_ﬂ‘!:,/z/ﬁvj “L—‘;:-Qr'
Bl 5-12 #5% o HF 2 PKC-¢ B-v £ B E F M3 ¥ b 4 = - GA30 22 GAIL0

AR EEFF > Normal =

ar

BAB3EG 8+ 44~ BT % % PFK 3-v 2 & 2 32 58
A RAE LT RPEHRETE BB E > 870 2 BB R T 54
B 5-13 #7157 - HF 26 PFK J-v # L& & ¥ <" Normal %= -~ HF = - GA10 = -

et Pioeil 7 EELER -

N,

5147882 65 M A S BT % 5 PK v ARE2

T
< B 17&19’%4&_&%?&” Bﬁij%&ly’?g—f:"ﬁl%g_%/z‘/ﬂ J'%'lif'
B 5-14 #7575 o HF 22 PFK 3-v 2 L8 B¢ % ™3t Normal 2> w22 57 ¢F 4 2 5

a2

MxL® o
BASIE G & F M 4 ta%t X BT % s FAS 3ov 2 ILE 2 48

< B & {‘ 17 ¥ 18 > %*}%3 %x&” ’;Fi"’?ﬁ‘w A S %_,ﬁ'%é’—-/;/?qi%—%-&r
50



B 5-15 #7577 c HF 2 FAS 3-v 2 & & ¥ M3t Pio 22 GA30 > e &2 ¥ ¢ 2

516 &8 F e Ak s+ BT % 79 ATGL 30 2 E 2 B

M-

% 1730 REHFETH T  E8FF > EB2R T 54
B] 5-16 #771  HF 2 ATGL 3-v % 3L £ & ¥ ™3 Normal &~ Pio %= ~GA30 =& >

L2 GALO =il F B F L E - Pio g F g >rory mn o
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6.1 % %o 4~ s

AP U F SRR AR 1L F Ay R

—r‘#'

LA
m(};—?}igﬁl‘%jﬁét o F| A E Hp Ak & _‘;:Jrﬁ;épjuﬂ EX =L NN R = HE

~ B % 5 2% o g & L % (Punithavathi et al., 2011; Prince, 2011) -

62FS X IHEHEBEBFIEFT LB AF o BRrl P

Fob PRSI AT BB OCTT ~ koo FH FHEAZ & &
i

TJ\

%% > GA30 22 GAL0 2 H & pEEF HF 2 > d L7 L4
HEFEF B A E S R E il FIR R S TE A e B o gr
Ry EIRBE - /Fﬂ,’f:}ﬂ fis ik 58 4 8" (4 caffeic acid ~ cinnamic acid ~ gallic acid)
e E L FEfume i § 4B ~ 2 it 4 (Huangand Shen, 2012) - A G 7= 31 %
¥ 4 5 A £ (10 mg/kg BW.)2 3 # & (30 mg/kg BW.)ix & + falg Fec L 8 %
Fe Ao JoE Ao < BUR B o R e ?)‘Hﬁ > i 4k & 10 mg/kg BW.2 20
mg/kg B.W.iz & 5 e 21 = » 350 B F % STZ 3 Herp o Rk 0 5 MBI R
(Prince etal. 2011) » 37 14 fAf# L & F pic Jg B R T2 AP F i p o A2
T LR P-lwre cEt i 2 gk o R G F R B F A dFendg i i 4 (Yeh, 2008) - 4R
Heed 3L MR FEEHD G Mo SB%ES J\“ g I R S el
AR A AY 0 Tkt T 0L PG Rk R ey 15 (Jakus et al.,2012)
AEFT B5%8T GA30 22 GAIO ea 67 & B ol 8 3 fL Y it zs:ﬂj,i;’u’]:%ﬂ

Rk R

63 GG FIHMEFEBFET LB AF Y 20 g2 1
Bt p a1 E T AT BB ,]\ 5%, & % 22 Cpeptidelk & » B % 7
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GA30.%& %2 GAL0e H x :Pf: %, & % 22 C-peptide’k B B FHF 2 M » d L7 B35

AT EIA LB HELAMAE L AL FIBEBETELINBERE F L RR

Y
&)
R

3
¥
~=ie
fm

TIRAE R e []?e:}ﬁ 414k @ 10 mg/kg B.W.% 20 mg/kg B.W.1;2
3 21 o SR F T MSTZA Fr - A op B BR b R R A
(Punithavathi et al., 2011) » 47 3 R % 222 JpH & -y BT 3 S BF EH 5

PSS FLF Y F A st B % 6 F £ e (Faureetal., 1997 ; Lee et al., 2012)

b2
o

=
M-
=
>
=
)‘J‘

RS LS S N 1 IR Rl

BABG RO IHHBEIBFET LB BB 8 R BT
FEBES RSP AP R g B g BRI
£ 3%d glycerolphosphate dehydrogenase it # # = gycerol-3-phosphate > G3P £
¢ 2 free fatty acid fig i* > #f 4c VLDL éh2 =& 2 28> 3¢ & 8 o #58 (7%, 2007; 3,
2005) - F kbt BG83 6 (3 LR f]\:* = e i fin PR R
B R A0 kA kBT GA30 2 GAL0 M il tE M B Y =k vy
e o B e papta a2 HE B 5 B F L R © GA30 22 GAILO f282 HF ‘4
‘e EEHE L ’]\r‘ HDL-C k& - i & F fa e 3% i 53 5 d "% ™ G3P £ free fatty
acid fig 1t » " N 242 L b flg 0 AR R R S SRR AL 0 R R

Fd & HDL-C k& R4 i #q 1 A5 i 3 o

B5IEGIRGFMHB XBAED LM R Fafpz B F
R 95 ke sk (visceral adipose tissue, VAT) W iz H & 5§ %
# %% (mesenteric fat) ~ & & 75 %% (epididymal fat) ~ ¥ % 75 %= (perirenal fat) {=# #5875
¥7(dorsal fat) (Gesta etal., 2006) » F S 6 4~ # @2 & F fh6F 15 - H BT % 7g9n2
Bl RSB EFE 0 % 81 GA30E 2 GALOE Ap st HF e ' ac B % "% Mg T

g o 2 /I%a‘;] 1B P53 Y0 Ao B 0 8 50 mg/kg B.W. 2 100 mg/kg B.W. 2
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8 FRRI0F > R FEEAE BT a2 22 EIRAE s (Hsu

and Yen, 2007) - & j # 7 & * 10 mg/kg B.W.2 30 mg/kg BW.sn# € » v L3 &

o4

BME o HUE A e £ 2 07 ¥V - B H ¢ 5* 3T3-Llmreth » &
100pM it & =+ Fed8 |- P ip] Lim™e k= > B AT L & F PR R RS A ik T
(mitochondria-mediated pathway) # < #3 %5 'm#2 /% = @ " (88 #; %38 4% (Hsu et al.,

2007) c A BAT T B S IL G FFhaE ML BB et 0 T 2 2% M o

66 LI I HEHUBEIBFEFT B RTE L 0 L0k 28

i B P A e chiAe o § RIS R ey it s
e P W Rn LGlutd s A g Baidaed - o L iR s i > i
R EE T FER TS REL SRS S R R S
P2 s fm P2 41 #* (Czech and Silva, 1999 ; Wood and Trayhum, 2003) o *% 75 35 w72 ¢
6 F e 4 B YEE S ¢ ¥ 8 d AMPKER /€ (Long and Zierath, 2006; Gauthier et
al., 2008) 2 PI3K#:. i (Dresner et al., 1999; Eriksson, 2007) % &_i § % #& 4 :8 kv
T e o
a.3 § 8 39 4 (Glucose transporter 4; Glut4)

T WAL~ dove F R R OBIEAE v cnph et @ g e G R AR
thiskz — o B f T2 § F ek~ i v 5 glucose transporter-4 - < zguﬂ
DR B EF P F ok L R T e p R Glutd Giged AR
£ (Hwei etal.,, 2007) - F]pt ## 40> Pgdple i ? Glutd ehd-v & R E i LR §
AL B AEM T SRS BEBETE BN Glutd 3y AR EEE
s F e %3 2 85 fs 30 mg/kg BW.2 10 mglkg B.W. 5 kB Ap T B %
Bed i RB G 2B wi ERA B d B FIREIRT

Fid B E I 5 A E A4 AL L R T S
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b.%% & % # % 2 (Insulin receptor; IR)

W AR e Bmre ? 4 (Fw JF Preif b ) & X B A i &7 (Minokoshi
etal,,2003) "% § 24X F 2 wie it £ 3 PR o d A3 BRRD S
Hiz2 Bl GEmeatsa 3 Y% 38 o s e €54zl
rrg A ag = B =t H entyrosine kinase p R ERRL 1Y o 2 {8 @ IR-SERfL b A B4 T
PEET L BRI > T H 5 I E by o 3 4 § F #24& ~ (Birnbaum, 2001;
White, 2002) - * £ 77 5 S5 &7 > & S Be TR s p IR AR EHE ML

¥ o % L85 e 30 mg/kg B.W. 2 10 mg/kg B.W. 7 6k & AP #3 F % 4y

gt
T
F

B IRARE » wing TRAEC o S % B SIR ST

R S S R T

C.#v jgfiz C-{ (Protein kinase C-zeta; PKC- ()

N e N *“lf TP EALE R R R 0 BT FDPIBK R
T8 474 »PBKEEEFT R A 5 PKB(AKT)%2 PKC & if g2 i (Eriksson, 2007) - =

Lf%#g 2135 3T3-L1 dmre P > 2 a3 pa¥ 5 i PISKEL/Z 2 Glutd 30 % L& 3 4 »
a8 Fgd E PKCMVG @ 225 d PKB B 5 (Prasad et al., 2010) - & { #7 %

R BREMETH ah PKCL A M B ERE F &0 533263 30

mg/kg BW.2 10 mg/kg BW.= @k A& ¢ i 48 8 PKC-Leh& ME 225 T A
el B b ITE P REARN A SR AT EE N F A BA T Tk

E L N EU A o

67 Fa R FTHHEBEBAER L B KT ¥ izt B8
a4 s % #& cp# (Phosphfructokinase; PFK)
Z 3R ) S B YR s R R R T IR B

Mo ¥ gy A RF B o g p BN PRK 3o A B ApROT D F i ehids
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ZIE W @ 5 d metformin ZFde o 18 3 AR s vup AR E T R 3 PFK
kv & I E (Silvaetal,2010) - %% & 27 A3 PFK B> %% 5 & 2 Pk

H > e ? PFK E2(Silvaetal, 2004) - 4 3 7 %% &1 > HF 2 PFK £ 3L

l“‘h

g% 1> Normal 2 GA30 2 GAIO ‘e lg ¥ 3 ** HF 2* L) FFiv 8 5 ¥ 4

pE:]
Tk
i
Y5
o
4y
]53“
ﬁn‘f
e
<
=8
W
/\‘
En
ﬂt
N

POREfEE - 3 2 ERA L e

b.[7 Ak & fcfs (Pyruvate kinase; PK)

P An ROl RA 8% G Fink S F A Y PK o mRNA £ REH ¥
B +4v (Yamada, 1999) - #-SD = & 14 alloxan monohydrate 3£ %;G\w}}%f]lffﬁ AT S
TAMYAREL A 10 0 2 BRIEITRER? PK g R AR 2 F 20 BEE
AR O A % Fip e (8 e A PK O NEE R E AR BB B o AR
i (Parks and Drake,1982) « & & 77 7 % % &g 1 Pio 2% GA30 = HF 2 4pt »
deBl? T3 B PKAREDAEY > b AZFRFLIE HrlaTRen
EI OB B A I ARAL Y XA IEARDF LA RS
PPFK B frm i ERF PKAIRE » %87 st PEK & 315 2 F+ GA3P
e 3t 5 d glycerolphosphate dehydrogenase 1% * 4 = glycerol-3-phosphate(3#,

2005) -

4y

68T HEBEBAES LB BT iy T A#H2 BF
a."y 5 f4 & = fis (Fatty acid synthase; FAS)

FASic it g pfe & % F s> Brr R A g b £ 2 @ fER - A 1 37
I H pERE T FASa R By U &R { £ B F B (Semenkovich, 1997) - & B
T EERT OHFET % "a9sh FASE-Y A M E AR Normalie » § A ik F w2

TRFLE LS LA H30mMIKgBWIER T o AR F SRR P B3 4 FAS

56



B0 AME T ERFALAR -

b.7q ¥m m Pz = FaH b fig Pq f% = (Adipose triglyceride lipase; ATGL)
PEMLR AR R PqEE AR A M ae Ko R N R ¥ RERGE N
SR 0 3lAeveakz 0% £ % e g (Zimmermann etal., 2004) - #8 R} 2 & 4 2 TG b
P fEfF ¢ 32 HSL 221 ATGL A R s M7 F 5B 82 8 3 L 615 - HF &=

ATGL % ¥ 13t Normal 2> B or B S 4834 Ficst ¢ "% g2 (% - GA30 ‘e g

&

¥R HF & 2 GALO 2§ B ¥ £ B0 d o7 4l § 2 & 5 i 30 mglkg B.W,

TR FER S OATGL i 4e g f2 v » e j# a2 a9+ fk 10 mg/kg B.W.R] X 3 ‘2%@0
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3\1\}
ﬂ\*—

TR SR

1% & 30 mg/kg BW.i2 & 5 ™ § »cicd B % #4P403% % & 4% Wistar + &3
EAESFRLFLEFRE

2% % 30 mg/kg BW.il & F e v 7 »c'% M3 S 40404 3 & 4% Wistar + &4
L I ﬁv’ ZHEHBER o

3¢ & 30mg/kgBW.iz § 3 ¥ jEd & % Glutd~ IR~PKC-¢ %% § 21 L @:E
B0 R B R A SR LM Wistar < By AR

4% 6 30 mgkg BW.jz & + v fd % ATGL 3-v 2 E - hH4e d %5

ALeE EF b Wistar ~ B = BeH b fig 4 f# > " M A8k o
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Figure.5-1 Oral glucose tolerance test (OGTT) curve on plasma glucose level of rats
after 4 weeks feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

% : Indicates a signify difference (p<0.05) compared with the other group.

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-2 Plasma glucose levels of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)
a~b Letter is significantly different among all samples tested( P< 0.05 ).
Values were calculated as mean+S.E for six rats in each group.
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Figure.5-3 Plasma fructosamine levels of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~c Letter is significantly different among all samples tested( P< 0.05).
Values were calculated as mean+S.E for six rats in each group.
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Figure.5-4 Plasma insulin levels of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)
a~b Letter is significantly different among all samples tested( P< 0.05 ).
Values were calculated as mean+S.E for six rats in each group.
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Figure.5-5 Plasma C-peptide levels of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)
a~c Letter is significantly different among all samples tested( P< 0.05).
Values were calculated as mean+S.E for six rats in each group.
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Figure.5-6 Adipose tissue accumulation of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)
a~b Letter is significantly different among all samples tested( P< 0.05 ).
Values were calculated as mean+S.E for six rats in each group.
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Figure.5-7 Plasma triglyceride levels of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~c Letter is significantly different among all samples tested( P< 0.05)

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-8 Plasma free fatty acid levels of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline
HF: High fructose diet rats treated with saline
HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)
a~c Letter is significantly different among all samples tested( P< 0.05)
Values were calculated as mean+S.E for six rats in each group.
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Figure.5-9 Plasma high density lipoprotein levels of rats after 4 weeks feeding test.
Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~b Letter is significantly different among all samples tested( P< 0.05 ).

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-10 Relative expression of glucose transporter 4 in perirenal fat isolated from
rats after 4 week feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~c Letter is significantly different among all samples tested( P< 0.05).

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-11 Relative expression of insulin receptor in perirenal fat isolated from rats
after 4 week feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~c Letter is significantly different among all samples tested( P< 0.05).

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-12 Relative expression of protein kinasein C-zeta in perirenal fat isolated
from rats after 4 week feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~c Letter is significantly different among all samples tested( P< 0.05).

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-13 Relative expression of phosphofructokinase in perirenal fat isolated from
rats after 4 week feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~c Letter is significantly different among all samples tested( P< 0.05).

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-14 Relative expression of pyruvate kinase in perirenal fat isolated from rats
after 4 week feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~b Letter is significantly different among all samples tested( P< 0.05).

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-15 Relative expression of fatty acid synthase in perirenal fat isolated from
rats after 4 week feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~c Letter is significantly different among all samples tested( P< 0.05).

Values were calculated as mean+S.E for six rats in each group.
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Figure.5-16 Relative expression of adipose triglyceride lipase in perirenal fat isolated
from rats after 4 week feeding test.

Normal:Normal rats treated with saline

HF: High fructose diet rats treated with saline

HF+Pio(30):High fructose diet rats treated with pioglitazone(30 mg/kg B.W.)
HF+GA(30):High fuctose rdiet rats treated with gallic acid(30 mg/kg B.W.)
HF+GA(10):High fructose diet rats treated with gallic acid(10 mg/kg B.W.)

a~d Letter is significantly different among all samples tested( P< 0.05 ).

Values were calculated as mean+S.E for six rats in each group.
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