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Abstract

In this study, the extract GVEx was prepared by ultrasound-assisted 25% ethanol
extraction of guava leaves, and the signaling protein expressions of GVEX in anti-
lipogenesis, stimulating lipolysis and improving insulin resistance in 3T3-L1 cells
were investigated. First of all, in anti-lipogenesis, incrense of GVEX concentration
resulted in significant incrense of glycerol release ( GR ) and significant decrease of
triglyceride residual ( TR ) in 3T3-L1 preadipocytes. Bases on Oil-red O staining,
the amount of oil droplets decreased as the amount of GVEX increased. Addition of
100-400 pg/mL GvEx showed the effect of anti-lipogenesis. Its inhibitory
mechanism is through reducing the protein expression of transcription factors such
as SREBPIc, PPARy, C/EBPa and C/EBPf. Secondly, in the lipolysis, the addition
of 100-400 ug/mL GvEXx resulted in stimulating lipolysis for both 3T3-L1
adipocytes and their insulin resistance cells. Increasing addition of GVEX, protein
expression of adipose triglyceride lipase ( ATGL ), hormone-sensitive lipase
( HSL ) and phosphorylated HSL ( p-HSL ) increased in adipocytes respectively.
Finally, In improving insulin resistance, 3T3-L1 adipocytes was induced hy high
glucose concentrance to cause insulin resistance. Regardless of the presence of high
glucose concentrance, adding 100-400 ug/mL GVEx increased the uptake of 2-
NBDG for insulin resistance. Furthermore, with the increase of adding GVEX,

protein expression of IRS 1, PI3K, AKT, p-IRS 1, p-AKT, and GLUT4 increased
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Increase of these beneficial factors for glucose uptake might result in ameliorating

insliun resistance.
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% 7 ¥5E 7 $74) a-glucosidase 2 a-amylase fi¥ % i 4 0 24 R BB SRR JTaE T

DL AR 0 w3 5 0 F IR E T §oonk A W m e chi § R~

|k

PR Gt AL R R SR IR B A
% guiajaverin(Zechner et al., 2012) °
SN LY A

APPEGEHE A Eod PRRBREREGFF RIS L - BRD Wy AR
2T RERGBE o L RARAL L F IR o B I F e e Tl
FoiE o doprn] s Ede S fE% 4 E

AL ~ R ikz R H oé#%lﬂigiﬂﬂ i

1

SR G E Mo FARE ¥ UBR SRS FA G D g

A

Ry A g R FRASEGHEEFFHFF A > eSS E Lo
frd RA(Hsu & Yen, 2007) » FIP 2 S AT A B g Fang 2 17 A w &
[oe ipde BEFIF B L AT TR Tk A SRR R R
BEAH RN o SPEEEFESURE S (1) v (KR T iz
90cm -~ +{t= 80cm) - (2) i /& : fcge & (SBP) = 130 mmHg/4+

sk B (DBP) = 85mmHg- (3) a4 2%apEiE (FG) = 100



mg/dl = (4) % % B fg &v *2% @ (HDL-C) : ¥ #£<40mg/dl ~ % {4#<50
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mg/dl ~ %+ #<50mg/dl - (5) B =peH#fy (TG) = 150mg/dl o 12+ T 78
ERFF P B EZI T R G RPIAE G AHREF e
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FEAS BRABA P A SRS TP el s A ABERNEP -
Acd FORRE PEE D 0 B TG R0 0 R FAERERE IR
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P R ARIE ORI AR M B A S S 4 e FiARIRE PR

VLERMUBMER 2 Mo BRI T L HEEA STHA 7 28008 T
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"% & " T * (Langin, 2011) -
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Ko MR

P\ %o%g‘n ﬂﬁﬁg‘m 2 > ;_d i;‘,’i@%?]’g*’?ﬁﬁ? gm],g R

—

th
fé‘::\' %,7]' ‘—’E’,_ﬁ’x ,F’Jﬁpjigé\g - L_gm];é o g#f’f}?‘”%% %;’%Qf’

N

% o T MFEER P

g

f P Y B R ER S aniE o E ML | AR iR m M 4 2 faH P g
3 f# (Titchenell, Lazar, & Birnbaum, 2017) - w2 # % ¥ § § #527 P5aL g vl 3
te g PR R SR Fa g aa P g FER B (hyperinsulinemia)

PR 0h ) AR SRR B2 I SR FHE S
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AREER G F AT A L - 5L e > AEs SSRGS
11,500 Da & § 2 w4 a + 18 » % 25480 3 5d fE R 2la A2 5% 4
FoowmiLE AL ARG ERFIPRLGE M ERELLE F 0 AL S #
38 56000Da: @ %4 %24 51 Brehpi g fd 21 B ere

Asariz o 30 Brefphrrie s Badle & 10 fFanstipid a & (Caselli,

=1

2014) » @ e Bt SR CARR| T U E PR E G R E F iR 0 BH
MR B B2 E R SAOERR S

S ARF o RN L Y o wmie AR BAER T U RGEIR A RS F F M
R L E o HER R F it E RGN RS KA R T
4 £ 4r A 1 (Reilly & Saltiel, 2015) -
()% 5 & i

w b pE ] EOAER B dme N b eniiE ded GLUTA > gd R 3Hfs & 2
ATP > % ATP/ADP 1" e B R € 2 4733 BB > Jo e N dmap 3 kB b
A E R L AR AR IR AT AT W B e AT e

» AR mre p FREALIE e (B 5 GLUTA d fm¥e 4 T fm¥e 5% 5§ 5 4k %%

i #”/ffl- ¥ oh o

G ARG g R BB G A N D
RTIRCS I S gy B & Y o g s e R PEAT Y L LA

BoomH PR F AN 2 OB E R £ F 2 - o LERR R (D)3 4T
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Wb =~ (QFrdPFpE s 3 - Q)ESEF F a4 32 (AFrdIETATL > 239 T
R 3% B R BH(1) g B A R 2 (2) sk g 95 & (Kusminski & Scherer, 2012) o

P R RBRRA A S A RE WAE AL S F A a fRE 0 | & 1y
Bl ket fra & frdl g fRpE s o B0 Z e @ g A RS H 9 2 R
Uil BLE ;}J{::’ ENPFAE VAL T B iER CE MO fRIT Y o R F AL & A%
bR EH e ARl AT ERR S “$ TSR AR E oy M AR e
FEFeE N o RERFAY W 4 2 4B A S P8k & = (Sanchez-Gurmaches &
Guertin, 2014)

LG ZRLIFY FRAZ e AT o 4 B P R iade ik
(ERZRRP M R £ R IR S RED 9 ¥ A WA i AL
e~ Z P b P 2 BER TR g e 0 B R AEARE I OTRGETE Y 0 R LR
WREAXE AL G S 5~ JuEd = (Zou, Wang, &
Shen, 2005)

(m)% g % wm% k w B3RS

L5 2R nim® G g R m e s SUR e R A FRmYe o = fwre Y G L g #
BXEOFLLZELLFRIBE LT EFET B E i=atyrosine
phosphorylation 2 # — & ¢ chpipe it & B2 4 0 & w2 TP 0y § R E &
VI mie i oA B F R T o KT %G 2TE R
i i f § EEE Ry L& §_GLUTL 2 GLUT4 » & Fpipsimie 2 vup fmbe 0

9 5 b~ 24 GLUT4 #7§  (Morigny etal., 2016) - # 7 3 3 TNF-a ¢
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I

LG FR BN mEERE R FRBRE TR FXBATE K
3T3-L1 e p GLUTA 3o 73 € > % u %5 TZDs P2 3 £ %
Bk E % % BAF R 2 PISK ciE i 0§ skt d TNF-o #3142 6% §
Z G4 G o B R4 R GLUTA "% M7 & 48 & "y sl e W% § & I fuih
'_ﬂ o
()% 6 F G ppsg 3
Wk %t it 81 |RS-L B A S d L @R MUE e B R
o 1wl F g RER  cHERAHPEET AL B2 G (1)
H 4o FBE & = 1 ¥ RGE glycogen synthase 2 glucokinase % jyr% & 1 > B iEAF
fE & = (Sanchez-Gurmaches et al., 2016) o (2) Fr#|*+p & i @ #r+4] glycogen
synthase %2 glucokinase % jpr% M S IFEEA fEA A F M R E 2 7 R
§ &~ MR A PSR F e (Vinayagam & Xu, 2015) © (3) RLE § F M4
f% @ mi& 6-phosphfructo-2-kinase # pyruvate dehydrogenase % fiz % /54 3| P
0 (4) FrflHEE T2 - Fr4] fructosel,6-diphosphatase 2 phosphoenolpyruvate
carboxylase % fi% % i ¥|#r+](Ramage et al., 2016)

MG RV BRI G L F BB AL BT Rl Rs L4 b
IR E LR LR U TS E S T Bt ]
4 Glo-6-P im ¢ "ok & S e alcc i & BHE 1L > 38 3 Ak do TAERIR
IRIEER S E R, R FREE R TR L A a M e AT

WenT b o ATPES SAF LIRS A g B IR A > AR FPES 8 IR aE 1
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§ X IPFPE L AR FEBRRL T AT ] o 0% g & BOFRY  BEd BRpk i 4] GSK-
32 PKA it d PPL i » HRAFES 2 F /3 M Vi L & > s mie
DEPREER T FBES - R RERETATLINN L f F T IR
pEA Rl @ B AR s A A A TREE AT o RTE R e g d 2 B
2R 1 B R I PEAT (TR R U e BT ATA 2 SFEEA 24P
MASE A FIhA TR o 5 b 7 FrdlpE A4 B2 % 855 HNF4-22 FOX i@
Frd|pE B AT i 5 U4 s PEPCK 2 F]ehig 45(Reilly & Saltiel, 2015) - ;
LG EV UG E BT AT P M s % G-6-Pase 2 F-1,6-Pase # ¥ 5
HApEfaprf 2 A S 0% > FIP v B RF B OARY § AL

M RE G F AT RS F F ka0 2(Rudich et al., 2007) -

pl g - EREAEG RS FHA TN AL BB P L
e N B F LA A P Ak R 2 LR F D WP VA e ATl 5 R 0l ve
AR e Rme AL PR mE e ks A P R m e A 1 B § d w Ay
ipmie B A TR N 0 P B RPN PR S A BN € 2 B g2 A5t
T rapmre ? > @ smte AR S o FHLFLEARAEPLE > e
e crRB AR I 4o I € o Fg ik P B 4 (Lamming & Sabatini, 2013) o - E g 5

o B R AR LR R EAD S sinre 4 ) R e s A

4

% (Ahmadian, Wang, & Sul, 2010) -

(<)¢ ¢ i
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gt

LA D IR RPN G M g T fREY Rk

i

T
=4
%
(

- 7 ehie & (Lafontan, 2014) -
(2 ) ¢ s ek

ol Alanf SR ARES Y o Rire Rl g ERGAEHN 0 LA
Rt E R A A wEeE G Rd fqlhle s it S RiEARY P ¢ iE b7
e BT EH T Y ’Sﬁfsf_f%%z ) N E PR G R Berhr 4 Rl
ARFIL A TG d e o R d iR Bd § PR e RE G AR R
e 0w d g s oA e £ (Mueller, 2014) » @ 5 ¢ g 95 e SORT Y 4 i
LG AL SSER o AN 4 A FEEE #% £ 3-v -1(uncoupling protein
1 5 UCPL)#73spaididt 5 #7, 8 » ATP & & ¢ eng CAhpe (£ 2117 %
BEY A o R GRS G R e AR e A 1 2 T T R
ép%@mﬁfﬁﬁﬁoUGu?%&%ﬁ5%%@$ﬂ’é—ﬁﬁﬁﬁ}é
Fovagdflp #iad 22 5 T gr(Harwood, 2012) o g2 3@+ > 2
§ PRl AT R LR EY > Rt WA DR o A ) Al AR R
Rk B R U XX i P

A RO F fmPe 2 'y
N R kmte 27 Y
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(-) g 5

AApfl* A FREF % U RER Y TR R L RO

$o AR PPN BE S A MRS R R Lt AR g

Fl o AT AP e T < 5 B g8 0 v 2 & (Mueller, 2014) -
(=) # st
o dwie 3 & g PN 2B im0 BRECHIR Y O S ch2 2

By it riAfteed Lorgan s o @ H 4 £ X HFR G m;;':ﬁ_ °

T3 R Al A 2 2 2R wfe 4p e (Gallant et al., 2009) o *F 3
12 3T3-L1 % P 3ptmbe iT 5773 B Hlwie » okt 7 < B £ e s
E AR N LR M R LR S i R Rl S S L
i @RI Awmrl it > FRANFTRAA wEL AT B
# 0 % dwre i CHEH/18 ~ 10T1/2 2 RCJ3.1 » % = 3¢ 5z = g ¥hlmbe » 4%
BT YL AR ke 0 4 dme 5 3T3-L1 2 3T3-F422A(Lamming &

Sabatini, 2013) -

1. 3T3-L1 % % % m % tk
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3T3-L1 2w PghrlmPe p i | * RFT T Faihlmie 4 £ & (N Bfenimie K o

AR X BRI e o g B g A AR 4 h 3T3LL S wre iE H R4 )

Bt aigiplmie a4 am Py inlmie ik 0 RH B R EART TR R s
HEH R EEF we THEH Fenimh > hA| B ER me 4 12

(Lefterova & Lazar, 2009) -
2. E Vv e it

e B3I AT R AP E A SR Bdrd] > @ mre e~

-3

Go/Gr#pm ik 4 £ » — Sk e ™ 3T3-L1 %0 *g ik mPe ¢ B o4 b = 2 3 0%y
35 mPe s e d ﬂ‘s?@ﬁz_ﬂ r-"rﬁ?_xg_ B3 > géﬂﬁﬁk-ﬁggf ;F pﬂ;;ﬂ& 1 K ,z}fL*éﬁ?IJ
beig 3F WA 1 o &t 3RA L Dexamethasone(DEX) ~ 3-methyl-isobutylxanthine

(IBMX)# Insulin = 2 & @ & » DEX £.- 64 2 7 BEM P 73773 e

PEA B A Akl P AL TS EF L wmie p 45 %]+ C/EBPB & 3
FHwmre s ibrnk > H AR MR PN IR L (B4 g EH > F kT e
BRI E RGE T AN g B sk i 3R (Fu et al., 2006) © IBMX i b4 B %
CAMP fr cGMP #r %l %] > ¢ i¢ ¥ cAMP JE R % & > & %5 d Camp-dependent
protein kinase i < 7% it C/EBPS @ 3 % #e 4 it (Wallberg-Henriksson &
Zierath, 2009) - Insulin % %4 ’3%..“:,5'_31%‘3 R dr b mre N P fREFESDIT Y 5 B PR
S faH W g A R RS F bR iE ﬁi%J(Samuel & Shulman, 2012) -

4 & ik Hy
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SRR SR AT I S LI L L et K Vi
oot § BF & GO/GL I o I g A RS gk mie & 1t dp 4R LPL e
¥ = A% R A Flea04 i (Richard & Stephens, 2011) »

582 ¢ Hpens it LT A IR

3T3-L1 w7 il i A (b 2B o 1t 15 0 i £ ATE » lw b2 S ) ih4f
WA > 5 - | Pt A chiE 4573 C/EBPB £ C/EBPS T B 454 3
DEX 2 IBMX 4 %% % C/EBPB 2 C/EBPS i JLT f i BATA iv% » ig
BB FF ORI G A A LA B BG5BT T M FS
PPARy £ C/EBPa 1% TR » g Wpimbe A it A2 5 -1 F@ma & A% %8 3y
(ADD1/SREBP1)+ § fcs b 4 4452 PPARy fiedfl - 50 7% i PPARy(Sell,
Dietze-Schroeder, & Eckel, 2006) -

LB Y ihmr ARt S At E o A mrlEr 2t EBFL Gp
Hp oot pF DNA BB sgd~ B @ 4T3 7 AR R 5w A fE i i F
e tem (s 3R fmPe sk ¥p - 4 C/EBPP 2 C/EBPS 3% ¥ 17 PPARy £2 C/EBPa #
BT g gh= > %2R e 2 T 5T ik e A i S ap B 2k B
@ % PPARy ¥? C/EBPa fx#: s » C/EBPB %2 C/EBP& # Zi% b 33 (Olarescu &
Bollerslev, 2016) -

AV kEPE AP b
% 5] PPARy ¥ C/EBPo kx> crdF B 4 A FIB 4o < £ £ m 2 r A 1L R g)p >

R R A SR e o 32 e h R T g a ) s [fl D 2 AR end)
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fo > VEREBRIIDFORFL BHERE S AR B o PR RIS E & D
Tl 5 AT > & 5 fa% B AT2 2 P f2 1% 5o mRNA -~ protein 2 enzyme B
42 % 3. (Glass & Olefsky, 2012) -

()&=

— A P A HEPE S AR GlheRUR 1 B ra sk Fed PR 6 OMH 8
LR PR N R RN o q IR RIS A SRR > S
X IAEE T Z Fa M A BT o g ipimrte LB G & A PR T 2 f
fi ehrt it (Kanzaki & Pessin, 2003) » H 3 & 2 /3 5 SRR Y o0 fr ph
(pyruvate) # it = 5 2 i #f fis A (Acetyl-CoA) 2 & & % e e (oxaloacetate)
A5 = 1§ fgpa(cirate) - w5 ATP & ¥k A f2p= (ATP-cirtatelyase) 4 f# 5 ¢ fig
WAF A B B BF O ARNAT A 5 o flfps A 2 itpF (acetyl-
CoAlyse) # it = 5 = fiedi i+ A (manlony-CoA) » B8 25 1 L - @ 1217
pa¥ &1 5y isps £ = pa (fatty acid synthesis ; FAS) 8% -2 $ f8 P 2 5535 i
Fhudf B3 a{oitt z]jztff%{, A § 7 4r ey ispk o (Chaves, Frasson, &
Kawashita, 2011)

ZEY SRR 2 A F e - A F e s S hmira R
B F PN o e TS BN 45 2 4 b ' (glycerol kinase 5 Gyk) o i
DR D LY N g Pl E R IREREY Y A
= > = = p mraifc (dihydroxyacetone phosphate ; DHAP) 1% 5 w0 Bpd7 2 4 Jd

= #ipad 2 pr (glycerol-3-phosphate dehydrogenase ; GPDH) & J& » ## 34 i -
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3-#ipa (glycerol-3-phosphate, G3P) ; #g3#fs4c + ATP £ CoA > 54 figfk-
CoA & = fi= (acyl-CoA synthase, ACS) @ & it 25 = & A& & enfiE £ -CoA (acyl-
CoA) ; & & F 2 fig#-CoA 224 b -3-mapait* A5 1 2-= g+ @ mpe (1,
2-diaclglycerol phosphate) » @ ¥ - &~ 3 i £ -CoA € &2 = fpH o fpsl 45 pF
(diaclglycerol acyltransferase) i®#* = & &8 1, 2-= fAgflH b Bapa )= = faH W fiy
(Lafontan, 2014) -
CORERZN £

PRI SR M 2 B Pg kiR o QLI R g B = 2
AR - AT A R A RIER T UL TR s gk iR
b @ EEE R bR STR (5 s 4 f2fF  (hormone-sensitive lipase ; HSL)
=¥ LY b g B 954 f2EE (monoglyceride lipase) » HSL & 5 7 7 B & fLit =
Fed i fin Kk f3F e 3 0 BB M IFF g A R4eT I ERFHARN R EEE
# % dmPz % b 0 B-adrenergic  teceptor 0 i ¥ (-adrenergic teceptor % i 11 G
protein &1 % 45 7% b S 4 ik 3 1 s (adenylate cyclase) > @ U eIk i fix
(adenylate cyclase) # 12 #- ATP # it 5 CAMP » &8 2 3 Fixps A
(protein kinase A) =37 3% Bk & AR 1 Pg kA fRES AR (b 0 BRER (Y g R AT
Bl he jips AR EEI M F Y P K fH Mg 0 HEH W g Pl 23538
H e b fig v A fRPE 2 17 oK f2(Mueller, 2014) o 17 - 3 chE_» Fy s imie ¢
SR ek EEd 2 BB B R BT A g ARG 2 Y

o fig -k f2 5% (adipose triglyceride lipase ) i = A& H 7 fig K f& ~ & TR 4% 9

24



/& p= (hormone-sensitive lipase,HSL)- #.i* = f&+ o fig K fZ 2 2 H paH ¥ fig *q
v7 4 f2fF (monoglyceride lipase)- i i* B &+ & fig -k f% o
PR A RIS T A A PERLI AL € B N “Ff: ¥ ¥y F-v (albumin)® & >

Ut @4';”7; péyﬁﬁ/j‘zi‘ TLEEFEI’FFQFST.L,L-@;;’E‘%/}J—? ’ "_‘—?_E; wREZED )’é'll?—%k

N
G

2
|

§ X Tllesimee ? i pE A 1Y S 5 fafikdf 5 A (fatty acyl CoA) > g ¢

% (carnitine)

it

EiErRMAY -5 (4 iT* (B-oxidation) & & o

L FedlT AT deE S

SREBPlo—0
/ PPARY —— Adipocytes
N\ C/EBP S /

—— C/EBP
C/EBP ¢

Preadipocytes

d & BURHOE R 0 Fli 2 fkd S+ ch CCAAT % 2 s+ $ém b b L
£ % leucine zipper motif 7 DNA % & F-d 42 % 2% (super family) e 45 7]

F oo EE R FE A LS R N (N-terminal) £ 5 &% i > C 23(C-
terminal) ] £ 5= = B A48 2 22 DNA B & it 4 o HA frigsrivy {i%’gé C =

1 leucine zipper £2 # = C/EBPs 2 = [ 7| = & 42 (homodimer) s« £ 25 = % 44

(heterodimer){s > basic region £ E{EH Y HFIT A |G ETFFREFTAI - P
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b » ¢ 2+ C/EBPs # 7z C/EBPa ~ C/EBPB ~ C/EBPy ~ C/EBPS ~ C/EBPg %

&k
C/EBP{(Zechner et al., 2012) -
1. C/EBPa # it

C/EBPo #_C/EBPs % — B g F+ > 72 2a SR 45 > 43
€ 4 %W 5 42kDa 2 30kDa o C/EBPo 2L & # JRLATAFEK ~ Ppikle B ~ B} HJTL

E%i‘ﬁ N s#:s;g;; ﬁﬁ‘gmsa:gﬁ y X 1Y ax—s;g;; 7 n;p_%k L L ILE o BBy VR e ¢

gk L ILE PR ELE_ A MCE % R (& eha i 8 (Gutierrez et al., 2008) -

C/EBPa. %75 % ¥z & i 5 X 3| C/EBPB 2 C/EBPS A 47 » ¥ C/EBPa fx#

I

+ 13 CEBP A w2 HELFNFTAFHREEEEFE - EARE ¢ &t
{6 B 2320 55 e A5 Rk 5 cAp B 02k T & TR o

2. C/EBPP # it

C/EBPB £ 1 »=f &4+ » ¥ L 5 38 kDa (LAP*) ~ 35 kDa (LAP)% 20
kDa (LIP) » m#2 ¥ 3 & 13 end LAP 2 LIP3 48 o H 3 & & AT~ "3 5
Bk~ BAE SRR PRRE 9 i 3f w2 & (EI-Abhar & Schaalan, 2014) o §
i XDk R EFE MCER - B ARE ¢ <~ gk > § e MCE
s rd ERFY(Gol) HARE T XIFTHE o A igisimiz P 4o »
IBMX ¥ E-i# :£% C/EBPp ¥ # %2452 MCE > m % § % ¥ iii¢ C/EBPP &2
DNA =% & it # - C/EBPP L4 MAPK (mitogen-activated) #* GSK3 (glycogen
synthase kinase 3B)#R & it {5 » p PF 4 & 5 22 DNA % & &b » & B (S

F- P EeFF AR T FAT4 (Chengetal., 2009) -
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3. C/EBPs #}7; %5 fm¥z & iv 2_ 82 5%

3]

F %R CIEBPs 7 iy e ine A 1t o e ifs o b iRIEA TSR

arl
-\
e
A

4 £ BF(GO/IGL)z #g ¥hmPe hit » Pz iEHp i {74 it > pF C/EBPP %
C/EBP9 # 3% % % 3.(Gonzales & Orlando, 2007) - C/EBPB # C/EBPS £ % it
C/EBPa £ PPARy > C/EBPa & PPARy & 45 Sia Hae 4 0 @& fwie L Mgt m e
FH TG TR AT LA 72 )E%#F, C/EBPs %t 7g %% 'm %2
v g B Moo B hw g bk e 7 e C/EBPa 2. ¥ #& RNA(antisense) #| ¢ #r]
By ik im e e U B o C/EBPa crkg &% 15 dmie A (L% 3 2 B TS o E
a# wredt 2 C/EBPB 2 C/EBPO #-a i i » d & 1V 22%]34 % chk it (Lamming
& Sabatini, 2013) -
(= )i 3 | B3 @5 i < % (Peroxisome proliferator-activated receptor; PPARS)
PPAR 5 m% %7 i 5 X t842 % 72% (nuclear hormone receptor superfamily)

2. - FFd e (ligand) 278 4T 5 - PPARS B F 1 & 5 = 5 i

\t\

Foo- s N#» R eRRERAMRAT|F L PPARS § i 28 > 3% e 3

=i

AF-1(activation function-1)¥ < gifc it * A & X E;- 5 DNA R EF -
BB PR T EBRMRARETAIZ A CH o 4§ AR
2(activation function-2)fe %8 f# &2 pt % % & (Ikeda, Tsuchiya, Hama, Kajimoto, &

Kogure, 2013; Jang, 2016a) - PPAR £ fe 48 % & & & retinoid X receptor (RXR)#;
=~ R & = F W (heterodimer) » £ 27 T 253 F] DNA iz 3 [4e g

(enhancer)PPAR & J& % (PPAR response element ; PPRE) % & k& it 5 a3 7] o
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FAEmE S AT sy BE R S 4 g4 B oo PPARS (e
REG 5 % 22 e fory i T N 8H 9 G B AR A
(thiazolidinedione;TZD) ~ j= § % % (Ahmadian et al., 2010) -

PPARs %y fiafif L B4td ¢ - PPARs ¢ 2 = AR 4 - A % %
PPARa ~ PPARB(8)2 PPARy > & 2 7 |¢ A # 3R~ 2 fiedli & & 35 B 12 - PPAR«
AIERE S B w2 BBEE R AT PPARB R L M E T F R HAR S
FW L AEEF AR M A FlenA R o PPARy 2 FIEH FS LW A KA S oyl
v2~v3 % y4 > 27 PPARy3 2 PPARy4 mRNA ‘7 #&:¥ 141 22 PPARyl 4p Fr 93
¢ § A4 o PPARyl 2 PPARy2 {e%3%5 .5 ¥ § 4 JL e PPARyl 2 PPARy2 ¥
w0 Py W dm e e i o fe ) PPARY2 B $a B 3 Brg s dm e ch (L gp 4 o
PPARy &0 5 ¥ 74 #32(Carmean, Cohen, & Brady, 2014) (1)% & 31 % f# (PPARy
R R s TG R R T EHARPRER A o A AR
% ¢ PPARy 2% P 02 ¥ B AMEE TS o R iz § 5k
» > F4#r4] PPARy 2 A1 = fat i " en ki ff £ % 12 dm¥e | 5] (Farmer,

2006) ° (2)im*e 3 4 1§ PPARy /& i pF > Frd)mbe ik ) 4 F) 5 mbe X Fov

-

& DNA R &kl mibe 2 > g > PPARy » ¢ A% mbe p A%

Rl

(Lefterova & Lazar, 2009) o (3)im¥»e A it g lmoz A it chm ) > EHMWp &
W ¥ dp 8 PPARy & P dzae it enE & @4+ - PPARy s 12282 % 5 &
FAET R R AR PPARY hA R § S5 e 4 K B IF 2 pods i v e

B 4z 4 1 (Sanchez-Gurmaches & Guertin, 2014) » (4) . # & e 8 53k o v 34
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Eegimse 99 F PPARy € Ahih 4 » 5117 5 BERIE S 31428 L F oy & 1

PPARy # 3% 3§ -
()% e it iz 73 -1 FHEEHD &~ % % & d-v -1(adipocyte determination and
differentiation-dependent factor-/sterol regulatory element-binding protein-

1:ADD1/SREBP-1)
4 A KET e Cdna @ #IF = 46 SREBP 3% :hk 7] & #7 SRE /&

& > A w2 L SREBP-1 - SREBPIC 2 SREBP2 » SREBP &#— 2358 p B
ML L2, X% 4 SREBP » &g o o 8 414455 1t £ » SREBPIC i &
AT BT S R WE g B ¢ T A PR A A R g i A (L i AR b
£ & & %rd (Marral, 2003) -

& 3T3-L1 #g%5m5 A i ¥ ADD/SREBP-1 thi 555 24> H 28
UEAS PR A 4o it K 0 JE 1Y PPARy 13 7p s kmte A (4] b § e p
4 1+ 57 PPARy pedd > # fe 3T3L1 #59%4m% ¥ 5 & ADD/SREBP-1c # it & %
LInR BIRR] § R Pk e A VAR R 0 48 $Heh 0 £ *F 40 ADD/SREBP-
1c F-0 Pl § Tljgcim e 4oid " 95 im e A {438 5 o 727 4541 ADD/SREBP-1c ¢ &

¥ 54 [ PPARy el & 2 R EIRE - PPARy  F & * 5
SREBP1 # H £ %+ 3% § % 1 € x42 = ¥ E(Rosen & Spiegelman, 2006) -

L iR A R A

Trigl id ATGL Digl id HTSL>M I id MGL Gl I
riglyceride \ » Diglyceride onoglyceride T» ycerole
FFA FFA FFA

Fl= ~ e A RS

29



(-) = [ % 7R 175 f#p+ (Hormone-sensitive lipase ;HSL )

B P HSL g e ARG &9 ¢ ki @ s fRd L £ &
% o HSL % ToRfRZ B b gt > & FoRFRPE AR Ay ( cholesteryl ester) -
a4 % Apg¥ fa (retinyester) -~ % FARfy (Steroid ester) 22 p-# 2z fq (p-
nitrophenyl ester) - % 58§ 5 © %M HSL *t 74 %5 kP2 et i > 3T3-F442A 75
ipmie P i E AL HSL 0 ¢ @ e 2 R ff = peH ¥ fg(Sanchez-Gurmaches &
Guertin, 2014); ¥ ¢t » HSL z‘;kfﬂ;"ﬂ,f | Bkeiqdpmefm g ¢ o 820G A
P R R IER (e gF R AT ety iR (E i k PP AR e Al de ] (Wang et
al.,2001) e HSL ¥ = % fdja i % i 1 > 42 & fo desg ~ 1.5 1 Bﬁiﬁt o R
(ACTH) 2 2322 (glucagon) % ¥ ;=i HSL BB R 1T % o H 2 prge o
B RE RS i e BTk ’”}1% XMWEE o £ .5 wiep A G R
v (‘guanine nucleotide-binding regulatory proteins , G protein ) 5 it ijl#] i A
fi= (adentlate cyclase) » # it s mﬂﬁﬁj feTg it pe R LI ATP 2 4 Camp > i ‘wm¥z
P Camp kR #H S 0 B fs bt PKA » PKA 7% i 7 i@ HSL gips it 3 17, %%
W & G 45 B (translocation) o 4p & &> % & R B G i R Tl s e R
fe 40 5d E I EREL = fg fr 3B(Phosphodiesterase 3B):E - # 'F i1 m e . Camp
Sk B oo i@ Prd] HSL chghps (v 8% > %% i 2 17 a3 (Park et al.,
2014) -

(=) = &4 ¥ fa "5 f2 0+ (Adipose triglyceride lipase;ATGL)
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ATGL 3 4 & %A 48 & 3 Rehry faps o ATGL 3 " slm®e ¥ = e id
fia 9B 475 {2 % o HSL A %1 71% (HSL-knock out)er| &% » = e jb fia @ §
AR iR R B Een R A o SRR BT A fRfEE 4 R HSL fhiE
@ s iEm FHATGL - ATGL 7 i3 AN kimie » 5 33 s veimbe
Pl et Bl e Brimre  FRe S0 2 H B #EF) dhin vz (Bates,
Kulkarni, Seifert, & Myers, 2005) - a3t H & fe s > ATGL frg 9k e 5 1%
Bend R o bt s PR H ATGL £ RE ¢ B F g 2 o b
e ¥ ATGL &t A 3= fad ¥ fin A 2 R B o 2 054 ppk > HHZ i
H b fig (T B B SRR b fig #iT 10 & (Feve, 2005) » d g7 2+ ATGL
WM R B RGAJRIER > dekdrg]n ATGL F 1R ¢ B E #r i bw e
d e fRIET o ko ATGL & § Bl 8 Fldh fs v i 2 o e o0 2 &
o £ H o AoPE FE fin 2 AR Fin T K R AL

ATGL A4 ®#41adw 3 ¢ » - #%  F-v (coactivators):o/f hydrolase
domain 288 containing protein 5, ABHD5;~» #- % comparative gene 289
identification-58(CGI-58) ¢ f1j ATGL E{t o & CGI-58 5 T » + R
ATGL &= 20 B+ g > A FEen ATGL & X #ge CGI-58 5 &2 » ¢ 3%
ARATE BaE o PE M Y T3 I B ARF R FIIF L IER AN E L ap
TG 4 fRfis » 4ofy Jod A fRfF 804 g R 3R 5 5 5 44 34 (apolipoprotein-CIT#
co-lipase) » 2k @ CGI-58 ¥ ATGL w1 FEd 78411 4 % A P g7 (Chaves et al.,

2011) -
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2,

Pahe §3F S AR RIE 2 B BRI A B g A e
SRR 50 9 P Py R TR PP ART] S ) AT 5 AU 3T3-LL Py imimie s &R @
i Z iR S gt T RERE e A CLEREY ERl AT A
Frime P Nz S AR T R ITiRE- B PP 2 BERER 0 Y
MREAZ BB ATE  VRP R FY Y B iR RS RS
Z B PF AR > T3] ez ¢k (EI-Abhar & Schaalan, 2014) -

(=) =2 (Leptin)

Kok A% 1994 & Friedman #74g 087 7+ 25 L & ob/ob (£ % 39 ik).)
S I 6 ob A TFIEEH L R ehgen B 8 PR A8 R B G
Leptin » H*vdo e ¢ 22038 ~ g ihig ~ e et E 7% » £d igine
e b I & 4% % 2 — (Farmer, 2006) - @ > ob/ob /] RF % ¢ F o b
fa] Rl E v ] B4k Leptin; @ db/db -] & (5 - f&4 2 Leptin %
e B) Hp Leptin cnE frigF ons Flitd PSR v pF He P T
PR ARG g amre d S B S BBl o B2 6 0 Leptin
FEIVER s VBTSSR SR N ime s (LR g BiEYE
C/EBP ~ PPARy ¥2 SREBP1 1% & ¢ {F Leptin fxds F /5 b o 30 1F % p& o =

W R (T 3T ARE P A ik si(lkeda

&

w o Leptin d Pgikimiz A ikis 0 €
etal., 2013) » 77 % &7 leptin ¥ 58 5 4 P NPY eh8 & @ ded] 8 5 o 2
Fedp 20 3 s 2 oblob (£ = 57 k)t Z_db/db (34 £ Leptin < #) ] & > ¥ § 5

L) RO FROR S st (Jang, 2016b) o fe 4o B 324 ob/ob -] B 7 i & leptin
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RIT 02 og ) R E SRR gtk o @ RT3 G o Leptin ' 0 35 B
Frde 3+ &g ik i & i fp B F]5 C/EBP ~ PPARy &2 SREBP1 @ /& i 2.

o BHRL XA LN BB 2 N A SR T o 4 4R Lpetin A
FlEBEE T ENG > Hu ke hleptin 28775 5 F 2 A 5Hp

42

Leptin 2 £~ ¢ F12#a ~ 8 8% 5 £ B

mbs
3
P
<l

(=) P5 %% (Visfatin)
Visfatin 378 e s w2 e 2 > % 2.d Samal & 4 > 1994 & 3 7 »

FI* e RAF BT R IALF BRES DR B R RENLE

e
3
&
o
1A

B FE ARG R S TET 5N HE RaEry e

gy

ARG S £ o T gy A1 5 S Al Ao < o ® Visfatin B A B
o BRER A > ¥ Visfatin R A B HTHEAOR < 6 B g A R P $H
= o ek e IR Visfatin k& &2 A 5 25 ¢ 4p R - (Lago et al., 2009)
B 2% ¢ 33 Visfatin € 13 IRS-1 2 PI3-Kinase 2 fit "=z pifis (* v AKT %
MAPK 2_%: 5 fasapa it B 35 § 2 X feniv® > ApiRIT 1 ,,9]‘ 4 Visfatin &
insulin > e = 7 4c Visfatin & insulin >* jw e § e 5 2% i+ Pl3-Kinase i /2 5775
t > Bgor Visfatin 2 frinsulin st B 6% 5 2 XM > ™72 € 2 IGF-IR % & »

7

WP LA Y A F A BREETLE 2 XD I % o Visfatin AL

&

mPe B¢ @ 2w s e s R AR e % 0 P Visfatin 2 7 FEE R

@ w4 ip] Visfatin €% @28 @ SLpe s 2 m & 8 | e ¢k > ¥ o Visfatin 4c
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» 3T3-L1Pasmimie € 4 i F ModE» £ > F2ddd ~ #8502 dub ik
BT R Visfatin k& € F 2 R wre @ £ = (Leeetal., 2016) o
() "5 B2 (Adiponectin)

9B E ~ AL 5 Acrp30 ~ apM1 ~ GBP28 & §_adipoQ > & - fhid rq ¥k mre o1
v #rE o BrgikE - o HEARFIFL R s A RABEDER
B FE ST RN R R AR L U R e R AR
B pude R 1Y & 4 18 % 4 (Ikeda et al., 2013) -

B E EXTNF LRG0 AR e s VT A LT N
4e 75,9]‘ oL B Z e € TlpE At B R ik by X T PPARYy B2 B R
* E e ok iRaE PPARY LR kel AR 2 % G A ILdUE o RIP T A TR
% & xx ¢ $& 2 (Gustafson, Hedjazifar, Gogg, Hammarstedt, & Smith, 2015) -

d FERF B AL W 2 R g - AR RE AT :Pf; s el
PR o R E A B T e L i o s BRI FERE &
W~ REZFEH AT R F R MBI R RGN G
oo F 2 ABARBEHUE sL B RFEE FL T AR > 23 R b
AL N HR N E 2 Fd A iR AR enE & 4 (Gustafson et al., 2015; Kanzaki &

Pessin, 2003; Langin & Arner, 2006; Lee et al., 2016) -

Lo P gL ES
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High Glucose

Glucose
l | .
—IR ® ( GLUT4 )
\Q Y
P
Glycogen

oo

Glycogen

Rl ~ 9% 5 & L i
(- )% & % < #(IRS1)

Pave drih f 2 XM H %Y £ 4 2480 A 8 5 IRS-1 -~ IRS-2 ~ IRS-
3+ IRS-4 ~ IRS5/DOK-4 % IRS6-6/DOS-5 » A %] 13t | o ¥ &5 7 I 5
i THELTF SH2 A A F 0 4o PIBK (p85 #ir3nin)e £ 2 i
eed AFPIGRHE R H- 2L IRSL g+ FHMA2 s > 2 B
N T R RISV R Pgimgravp 2 4G FiEd s @ IRS-

2 LRI RREEG G RPTE RS FR A% IRS-L & IRS-2

—%

R § 3RS i 0% § & feda(Tontonoz & Spiegelman, 2008) < % € &
BB P > AFra IR L IRS-L 2 IRS-2 & 46 o frd|pt A A A3
PRI B TR R T AMA L WF . A7 R (PR
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FUR s Rg )L B R BB T e AT o 3 ARk e A L B T
o e pe 3-cf= (PI3K) (Zou et al., 2005)
(= )Biigpevvps 3-p= (Phosphoinositide 3-kinase ;PI13K)

A RHRFE S T AT PIBKIAKE BT 0 gt B E S d sE R 5
A2 B b o PIBK 2 7 & 5 = 28 tclassla~classlb % class2 - 2 7 i &
Fodh & 29 any F S M i class la - PIBK 5 - 88 - B H
(heterodimer) » # 3 p85 (85 KDa)# 4+ H ~ %2 pl10 (110 KDa)iE (£ 8 ~ #7 %
N AL E Fod BT BFE R & > @ T % serine/threonine kinase
Akt & v o @ F PIBK £% £ » & 3255 & & Tl § 5 47 o ~ M ~ 3% ~
F0 FE A2 ATFIARAFLY € X FlFrdl(van Dam, Kooijman, Schilperoort,
Rensen, & Boon, 2015) -

(=) %% po/fRa phd-v jopz % (AKT)

Protein kinase B * #£ & Akt > & £ 7 % grfie 0 45 PIBK #7441 PDK1
i+ o p A Akt iz Pleckstrin homology (PH domain) & #chZ & % 4 5 = f8 2
;& 3| (isoform) » & %] & AKtl ~ Akt2 2 Akt3 > 13 A3 & %~ SR~ IFREER L
FEZ e o5 FA R * o Akt a3+ 1 Thr308 % Serd73 & B ak
et e ¥ f &L F B 4 o Akt & B BaEEE © GSK3 (glycogen

synthase kinase 3) 8383 FfE & = » 7= %27 GLUT # = 1 "2 5% o Akt 5 it ¢

M2 ~ Fo FEF - F L FEIZFERAHEIESN - & AKR
S SVIPE R R CUESEE R R E - AL
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TIkc & MakPocniT® 42 "8 MO6 § & BUEPPRY B e 4 B
AK2 5 = R AT A R d S G F Moy FREERY 5 Akl &
Akt3 B & =t & en(Sanchez-Gurmaches et al., 2016) -
(2)§ 5430 4(GLUT4)
B2 F R AEE DR S R e 2 me P > 1 R BB E T
iy 2. B — (438 F-9 (Glucose transporters, GLUTS) (Singh et al., 2013) - B
A GLUTs 32% favf S8 2 3 > 5 + v a3 4 4] (isoform) o it # 18 F-

2 BWAST I e S SO

i

PREF AR A R B
(translocation) e1ac 4 > G4 GLUT2 &2 GLUT4 » GLUT2 5 43358 ~ B9 2
A R G EF R R AR A 12 A

% '% % ?ii— Kﬁjgm]}ﬁ l_;}’j }?E_l 35 B

>‘I S

Sl FEBRRBE - GLUT4 Bl + £ £ 3t
B oo f LG AT g B AEEE o & ¥ RRT o AL+ e GLUT4
g hE i fen e oo R R kot R F SR i s R R
e T et > BEH Z TN F F FHEF e (Morigny et
al., 2016) » p v & &hL % B E VI E S i B 1 IRS/PISK £ RAS-MAPK 4
oS53 Ragir o d 2 Pfiding GLUTA A FIPI% R S 5% 7 7 o
GLUTA 2 3R & jp -~ ip 1 " M i0f) ol » > Tig & § a2 Vop 27997
Y A2 BE G I A 2 A D A F RS GLUTA 23 E

GRS RIP et S A P AR T =R LRy
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BLh ZrEFT F Reeed > GLUTA IPL{%EE* AMPK jgcis & > 3 fm e b

(Arner & Langin, 2014) -
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Taiwan) > % B~if i Bz 1:12.1 0 B &R 59.8°C » il 5.1 4 45 -
(= )mve 12 %
1. 3T3-L1 = #g %% w2 (BCRC Number : 60159)-] & Pq %% mP $RpEE R & 51
* 3 B 7 #7 (Hsinchu,Taiwan )
2. Dulbecco's modified eagle dedium 3 % (low glucose) fp Gibco (NY,
USA)
3. Fetal bovine serum (FBS 10437) Pt p Gibco (NY, USA)
4. Penicillin Streptomycin fp Gibco (NY, USA)
5. Potassium chloride pp Sigma-Aldrich ( St.Louis,Mo, USA )
6. Potassium dihydrogen phosphate f#p Sigma-Aldrich ( St.Louis,Mo, USA )
7. Sodium chloride p£p Sigma-Aldrich (St.Louis,Mo, USA)
8. Sodium hydrogen carbonate pp Sigma-Aldrich ( St.Louis,Mo, USA)
9. Sodium phosphate dibasic pp J.T.Baker (PA, USA)
10.Trypsin-EDTA ptp Gibco (NY, USA)
(2 )2 5% 5 Rk

1. Alamar blue® pp Bio-Rad (CA,USA)
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() amwe A 1
1. Dexamethasone pp Sigma-Aldrich ( St.Louis,Mo, USA)
2. Insulin,human Recombinant Zinc(4 mg/mL)pEp Gibco (NY, USA)
3. 1-Methyl-3-(2-methylpropyl)-7H-purine-2,6-dione Fp Sigma-Aldrich
( St.Louis,Mo, USA)
)P =mE B2 MY s 2R T
1. GY105 - g p Randox (Antrim,United Kingdom )
2. TR213 > p# p Randox (Antrim,United Kingdom )
(+)Oil-red O % ¢
1. Ethanol p£p Sigma-Aldrich (St.Louis,Mo, USA)
2. Oil-red O pp Sigma-Aldrich ( St.Louis,Mo, USA )
3. Paraformaldehyde F#p Sigma-Aldrich ( St.Louis,Mo, USA )
()% 6 # et &
1. Glucose pp Sigma-Aldrich ( St.Louis,Mo, USA)
(M) FBHEnyF % £35%
1. Glucose ptp Sigma-Aldrich ('St.Louis,Mo, USA )
2. 2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-y1)Amino)-2-Deoxyglucose (2-NBDG)
FEp Invitrogen (OR,USA)
(1) FEE

1. BCA™ Protein Assay Kit Fip Pierce biotechnology (IL, USA)
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2. Bovine serum albumin pp Gibco (NY, USA)
()5 > &2

1. Acrylamide-bis solution 40%#-p SERVA (BW.DE)

2. Aminopropyltriethoxysilane (APS) ptp GERBU (Gaiberg,DE)

3. N,N,N,N-Tetramethylethylenediamine (TEMED) p#p Alfa Aesar
(Lancashire,UK)

4. Tris-base fp J.T.Baker® (PA, USA)

5. Tween-20 pp Panreac Quimca Sa (Barcelona,ES)

6. Immobilon ™western chemiluminescent HRP Substrate pi p
Merk(Darmstadt,DE)

7. Glycine ptp J.T.Baker® (PA, USA)

8. Glycerol p#p Panreac Quimca Sa (Barcelona,ES)

9. Hydrochloric acid F£p 36.5%~38% pp 1 i & (Hsinchu, Taiwan)

10.Hydrogen chloride £ p Sigma-Aldrich ( St.Louis,Mo, USA )

11.Polyethylene glycol sorbitan monolaurate F#p Sigma-Aldrich ( St.Louis,Mo,
USA)

12.Polyvinylidene fluoride (PVDF) Membranes pp Milipore ( MA,USA )

13.Sodium chloride B p Sigma-Aldrich ( St.Louis,Mo, USA )

14.Soudium dodecyl sulphate (SDS) F£p Sigma-Aldrich ( St.Louis,Mo, USA)

15.Sodium trtraborate decahydrate & p Merk(Darmstadt,DE)
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16.BlueRAY prestained protein ladder f£p GeneDireX (Bruges,Belgium)
17.Blotting paper Fp Whatman plc.(Kent,UK)

- ? 2% x

(- )wmre 1z %

ARy % N+LL & 3T3-L1 % #q ielmbe > ikdx 7 %2 3 F48 » 1%10°
4*10* ~ 1*10* 4= 5*10° cell/well >+ & /= 10cm ~ 6well ~ 24well 2 96well 3 % %
¢ o3& 25 4 1.59/LNaHCO; 2 10%FBS 2. DMEM » % %% & 37°C
5%CO, > *d % { - XA 4L > wie &k 8~9 A KPR F47H > * & K
AR BB (T o
(= )m%e 5 iE 5%

w2 A - X0 F o A B rREEFF - 2 0 B Es )k
7 {5 4c »~ 1:10 =7 Alamar blue:medium & = & Bz -] ¥ > FiE ¥ £ B ‘ﬁ H_
ook E 570nm TR issEE RS 0 F OUE R A B A S a4
Flm A TR e i g

percentage reduction of alamar blue = ( SX - Seontrol) / (S100%reduced _ Geontroly
(Z) e & it

Fwmre LR EE Te geEa it 2t N 2E Kim & 4 (2006)2 > 2
TREABH > G EABALE TR 245 0% > phpEAe 2 &L ER T
DMEM ¢ » ¥ #2 % 4 it 33 % A (Differentiation medium > DM) 1z i8¢ 'z B

4> s HREEEEA @ § 5uM Insulin ~ 0.25uM DEX 2 0.5mM IBMX; 4 it %
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2 x f1* PBS(5.36mM KCI > 0.44 mM KH2PO4 > 4.17 mM NaHCO; > 0.14 mM
NaCl » 0.35 MM Na;HPOy)iji% ‘m*e { #% 7z 7 5SuM Insulin 2. DMEM(Culture
medium> CM) > #3 X U CM { #- TR ZAI % 8% » 58X {#7 7
THEEP 42 DMEM » »t % 10 = 12 PBS jritimfe {5 = 2 o

GO ik 2
Fawed B RA R T84 BapEE o {43 55 FBS g2 % A % 24hr
2 fo #etmre R & 7 7 FBS g & A A gR hi 4 60MM S BRI £
A MER R 28hr MG ELE F g 2 o
(E)F=mAELzmYN AT Rl

Jofk A i 3T3-L1 fmPe s & A%~ 15mL g 3 ¢ fiplwee @ 3 = iEf %
B odpe A0 BT3LL wee s £ A2 PBS i i > 4o » B00uL 2 Lysis
buffer » #-lnre gpsts » @ * 2] 9 3| B-lmie Tfc > 1.5mL g g ¢ > & 4°C
T 12 12000rpm #eo 20min v jc b b Fi kil ¢ 2 YR gAY E o
1. pzmfxd

Fadpimie hocnz fRY b fip S d FafEfs v KA A A ZpRECYE mrett > R
PR ) TR fRIEY e R > AR Hi® * EH 2 (GY105 - Randox)
BlEIEERY A ZFER o % 30ul P 12 & % 2 ImL & R13EH > 37°CT &
J& 5min >
Glycerol + ATP — Glycerol-3-phosphate + ADP

Glycerol-3-phosphate + O, — H,0, + DAP
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2 H,0;, + DCHBS + 4-aminophenazone — ACSB

DAP : Dihydroxyacetone-phosphate

GK : Glycerol kinase

GPO : Glycerol phosphate oxidase

POD : Peroxidase

DCHBS : 3,5-dichloro-2-hydroxybenzene sulphonic acid

ACSB : n-(4-antipytyl)-3-chloro-5-sulphonic-p-benzoquinoneimine
Sample — Sample blank = ASample

Standard — Standard blank = AStandard

umol) _ A Sample

1 A Standard * Standard Concentration

Glycerol Concentration(

2. ZRHEMATE
@ v 4% TG & 2 (TR213 » Randox)#s ip| s ¥ fm 7% @ = Fe 4 b fin 2. 2%

FE oY BRI RITLE R F BFEH Y 417 2 g faps(Lipase) €
Medmre bR 2 Z R g A R b SRR R 0 A R Ay W
#cpx (Glycerol kinase)# & it 5 Glycerol-3-phosphate(G-3-P) » G-3-P 4% F 44 ¥
-3-#fc ¥ 1t p= (Glycerol phosphate oxidase)# it 5 Dihydroxyacetone
phosphate(DHAP) %2 i& ¥ i* & (H202) » £ 5 d 1% i* & fi=(Peroxidase) * & & *
d= ¢ 2 Quinonemine &£ ¢ 4~ & > H & 500nm T F A < Gk E o MRt £ 4
TE L N pme P 2 a2 A G R o BT B L B 10Ul St

ImL 7 f&:##|(Rla > Reagent buffer ; Rlb - Enzyme reagent » & 4 “v 4 i )14
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Wik gFsk > $3037°CF s dmin s & R & {82 T3dpk b @ b F ok 5 3
500nm @ plex kB I & lhr p Rl & o

Triglycerides + H20 — glycerol + fatty acids

Glycerol + ATP — Glycerol-3-phosphate + ADP

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

2 H,0, + 4-aminophenazone + 4 cholorphenol — quinoneimine + HCI + 4H,0

Triol 4 ey Sample By ey (mmol)
= — .
riglyceride concentration Standard andard conc l
Sample nda mg
= — % (—
Standard s "¢ (dl )

(= )Oil-red O % ¢

3 K,ért S 4 fv 3T3-L1 iz s & K » L imie 3 ek PBS fEfc Bk mie =
= > 4v » 3§ £ e 5% Paraformaldehyde 20 3.7 %® pE# & - /| pF)1 B w7 >
A % % Oil-Red O stock solution » £ fiz @] == working solution » &£ & chim 72 4c
»F RN EAREFTLS > R 2 “f—flb § % > ™ 40%¢e fRE k-
T e r g BB RITEONREACET BLRRAR -
(C)F F & 23R

#-dmre 2 & 30 1%10%ell e B A8~ 24well 32 % F > 3N EER 37°Ce &
BEPRHERDL A RERTE FHREI B S w2 X 4 30min e
4 “,fj kA2 4o~ Sug/ml 0% § % (Gibco - Life Technology » Grand
Island > NY)#2 % 10min {5 4c » 100ug/mL =% k& 2§ F #E# 24 (2-NBDG ;

Invitrogen - Life Technology - Grand Island » NY)*t &< 37°CigF k12 %
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50min o #% & F F i &% PBS fi% 3 = 0 * lysis buffer #-imie > T £ -H R
E5 PBS ® oo 2o ¥ Sk & sk sk & 2+ (TECAN » Salzburg » Austria)ip] &_» i 2
Lo ko B 465nm fozst sk 540nm 1 Rl A ks B ¥R E 5 A £
Bl o AREEE F R~ v 5 (%)=(RIT /] 2)*100%
()9 FEE
f1#* BCAKIt #hiplim®e ¢ Fed kAR » 4% BCAKIt 324 A 22324 B

B0 B & K F iAo A B4 x Fod Bk B 8 5 BSA(0-2000ug/mL)
2 n e R b Fi% 10uL > £ 4e > 200pL < RERIES S R & 37°CT 1B 30
min > & * ELISA reader 14 ;& £ 570nm # B[ H sk & > ] * BSA k& #7182
TS R F e P dged FER o
()8 > @72

PoFd Jik R 10UL chim e pLp iR SR S R R 6 0 e 95°CT 4o f
5min & # %42 > 12 10%SDS-PAGE i {7 & i k-Fov A4 > 5 1 # Fv i
BRBEFE - B & A8 * Trans buffer (Tris-Bis 25 mM %
Glycine 190mM) & * i #-3-9 B & 250v/200mA/4°C/14hr ™ & /5 »>
polyvinylidene fluoride » PVDF (Millipore,Inc.,USA) %+ o #-3g% >t
2%BSA/TBST (Tris-HCI 200mM ~ NaCl 1.5M % 1% tween-20) 2 150rpm & &
lhr & {7 Blocking » o *v4d8 1 2 P R G-d R R0 T FIAIRE A Y AR
AR o TP BlhFed B IVRES BRI B E P R il

ARG EEFN o L - BFEFERP R o R T BF 2hr & 4°C
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overnight » > TBST # ;2 3=t {84 » = ikl > A2 R T2 lhro &is i
12 TBST ¥ ;&% 3 =39+ 4 ~ chemiluminescent HRP Substrate x & » & *

ARRER I FARERAR
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3 5L by 21 =)
2~ B¥RE3w

-~ HFEREEIBHFHITILL et s s F 2 B8

AT E A1 AR et 0-75%2 FE(EtOH) 5 B~ f 45 » #1E X Bt @

(o]

ol 25%EIOH 524 (GVEX) 2 7 B E @R 7 & ~ Bl M 2 £ ~ ¥ * &t

s

.

~ #rd] a-amylase /& 422 Fri| a-glucoside iE R F B E o FIR AT ARG T

4

PR PP g Nt & ek R e LR T 5 4851 25%EtOH Jk A ¥ 3T3-L1 W
PR 3R 2B e BT T*‘c GVEX 1000pg/mL 12 p o4 mie 4 |4 > H
P4 400pug/mL 3 E S BB ik 168% 0 A il f g e o BV U fTes
£ oo TP {5 FIE GUEX Sk R ACEEE T A £ ik N e 3 ek A 0 1k
100-400pug/mL % J B ©
=0 h TR E 5 P 4 3T3-L1 50 % i v i Py B ATA 2 B2 50
AMEF P A = ey @ pr(TG)zE & £ (TR213 » Randox) s i ¢ 5 35 fmve & it
w42 Y TG # ¥ £ (Triglyceride residual, TR) 2 41 * (GY) ##] %2 (GY105 -
Randox):p| #_m*s #3332 & % ¥ 7 = 5 f# 22 £ (Glycerol releas,GR) - Control &
LW Fo dkdm e A L IEAR Y R 7 4vixz ™ GVEX > Stagelf|&#_f4 i* % 0 X 4e 4 it
R e pF e » GVEX - =X » Stagell 5 "$ 7% 0= 7 4e GVEX 2. IR PAREIIES
AEFE 2 X 3% pFe jnsulin — & 4 » GVEX s W 18 7 Xodr 4 oo plo- ﬁé‘ﬁlﬁ 403

,\m"&tﬁ-“}gyxﬁdz e €% s §m/]4\:mi sl iy FATA

50



200

€
d
150 A d
S
2 ; c
5100 { gy & a
a¥]
E
)
@)
50 |
0 T T T T T T
0 100 200 400 600 800 1000

Concentration (ug/mL)

BT~ & ripEe BEEr kR 3T3-LL i fgipimie w55 52 B2 58

Fig. 5. Effect of guava leaves extract concentration cell viability of 3T3-L1
preadipocytes. Bar represent mean = SD - Bar represent mean £ SD > n=3. Means
with different letters are significantly different (p<<0.05) by Duncan’s multiple range
test.

51



THrglimie s oo Bl GG FIREF B R E 2 R4S N4 3T3-LL
i ipme? A ZBEREE B RATELRE 2 HPAL
Vo F GUEX v B M4 o GR EF 2 > TR PIEE F ™ ' » 358 £ 045y
AT eiE R ¥ GVEX 7 e E W 4o @ M4 o @ Stage [% Stage IVt #p -
v ¥ 3R Stage [I4p 3t Stage [3 #2389 GR 2 M cn TR > ¥ B 4 it 342 ¥
:}fré’g‘]‘ sv GVEX 3 B4 drif] Py %T%‘ri o A - 1B /,’]‘ 4e > 3% 5 B F GVEX /,”J‘ ok
BH 4> CREF 2 > TRPIA X 7% > ok & drdng Fitd chd g ¥
GVEX i de £ v e £ > £ TP 35 F 7 40 GUEX AP — S 4 5 47
Fl5a FATE ok o

3T3-L1 w0 2 37 smbe 30 4 L Hp B ¢ & bpif e g T AT4 » 7 & ADD/SREBP-1
ARG ZAL O REL R T EEAL PR R Sea 2L A E L
PPARy W = #q i fmPe & it ¢ty ¢ Exds o 4 140 PPARy fed8(Ali, Hochfeld,
Myburgh, & Pepper, 2013) » PPARy & "% im?e 2 R end B AL 5> X Bl f 5
#E A itis PPARy 2 RE X @ER 4> L fiwie? AR EETEE >
C/EBPB % PPARy B 4+ & 2 ps € et » 7 o P 54 37 P
PET % > ¥ e B4 38 PPARy ¥2 C/EBPa # I # % PPARy £ C/EBPa B 4533
FrTEA Y R R A F) 0 T de e e B T X A R

7z e pr(Jang, 2016a; Lehrke & Lazar, 2005; Zhou, Peng, & Jiang, 2014) - & &

52



)
I
o F

e+

600 -  fa 12
€ e —~
— 500 = ood £3 -10 £
E C C d g
£ 400 I v B A g 5
= C I C =
A b Bl Fh + ] a S
S 300 a ] = 6 2
E B &
— (B}
S 200 | -4 B
8 7
5 >
100 - F2 2
|_
0 0
Stagel - + + + - - -
Stagell - - - 3 + + +

GvEx(ng/ml 0 10 200 40 100 200 400

Bl FGEFPF R B2 R SR BT3LL % g minte ¥ 5 2 R

LN S BLR RS R A R

Fig. 6. Effect of guava leaves to concentration and different adding stage on
glycerol release (GR) and triglyceride residual (TR) in 3T3-L1 preadipocytes. Bar

represent mean + SD > n=3. Means with different letters are significantly different

in GR and TR respectively (p<0.05) by Duncan’s multiple range test.

53



Bk FP:‘/"]‘ o R R E R P drdl e S TS ang g B E g g B
ATA o W R S5 % dp 0 GVEX 7y e 100-400pg/mL £ 5 F#ri| 3T3-L1 = #5955
fmg P FTRTA R 5 Flptig - R H Vo enig A2 0 Bl - L $F 7 GVEX
BB A et S ITRLL B pme ) B FARBL WY BN
7 0 GVEX 7 #A_» &% 4 2 3¢ » 2 SREBP 1c ~ PPARy ~ p-PPARy ~ C/EBPa
2 C/EBPP % 39 B4 ILE » 5L ¥ GVEX F 4 & el = 19kg F 4k = Jr | chv
%0 2 s e FAIRE & A GVEX 7 v § % @ o Stage [¥rdlac # 328 ¥
/] %+ Stage Il » = >+ C/EBPB % 3 & “,f T e 400ug/mL GVEx #rdic 4 H_
Stage 11+ ** Stage [ z_ *F > 7 4v 100-200ug/mL GVvEx 17 #8 &_Stage [#r#1] it 4
BF [0 Stage T o 57 & 12 b 5% 7 Bav > 35 8T3-LL # % 7 dmse & 14 91 FF 35
4¢ 100-400ug/mL GvEx & 5 #7#1%5 %Tr%‘r;{ g o H e 4] 5 % i< SREBP
1c ~ PPARy - p-PPARy » C/EBPa 2 C/EBPP % #4575 eigev F A2 - ©
G 4 GVEX e % BT § 205 4o - sk ch GVEX e
2~ HEPHBEEFESHE3ITILL gnme 2 HALE 2 e blm e HaE P 954 &

2 5

B pimie i (S > dmre g A 1Y T OE 2 MRAR AR R > A UR A 3] R RE I

A e com g iRm0 REF dwe 2R e b P BT eree g R 0 TR 4

AR F BN ZHEAEPREF G R HITILL ke ¥ [ = iR

54



1 2 3 4 5 6 7

D-PPARY me 5 v e - o= C/EBPP ~v e e

C/EBP( " amm e — PPAR’Y R S— — e — — -
Stagel - + + + - - - Stagel - + + +* - - -
StageII - - - - + + + StageII - = - - + + +

GvEx(ug/ml) 0 100200 400100200400 GyEx(ug/ml) © 100200 400 100200 400

SREBP 1c p-PPARY
3.0 1.6
9 . " g
2.5 A1 ] e
S d c 12 f .
o S e
g 2 = 2 10 1 d
< a o — c
£ ] g L ] a
S 15 % 08 1
g g
B 10 g 061
] (5]
x X o4
05
02 1
0.0 : : : : : : : 0.0
1 2 3 4 5 6 7 12 3 4 5 6 7
C/EBPa C/EBPB
1.0 0.4
g
9 1 L
0.8 1 —=
c < 0.3 e
2 e 2 —
g 061 ] 2 d
o
% d S 02 c b
QL (5]
E 0.4 1 b ¢ E a
) ()
o X o1 -
0.0 : : ‘ ‘ ‘ |——| 0.0
5 6 7

55



2.0
184 9

1.6 f
1.4 4
1.2 4 d c
1.0 4 a
0.8
0.6
0.4
0.2
0.0

Relative expression

B~ 6 P EF Pt B b 34 8T3-LL 2 moe @ gl 7y Jrar

il v A RE 2 B

Fig. 7. Effect of guava leaves extrat concentration andadding stages on signaling
protein expression in 3T3-L1 preadipocytes.

56



—— [ =%

1000 7 | —o— =4 ¥ g c - 12
900 - 11 o
= E
£ 5
= 800 - - 10 £
= =
1 T
% 700 - - 9 E
2 )
L 600 - -8 &
IS 3
p - " —
L 500 - - 7 g
> >
© 00 6 2
a - o
|_

300 . . . . 5

0 100 200 400
Concentration (ug/mL)

BN e ESPd R B HITLL v ? 2w 2 Z @y
ARYEZRE

Fig. 8. Effect of guava leaves concentration on glycerol release (GR) and
triglyceride residual (TR) in 3T3-L1 adipocytes. Means with different letters are
significantly different in GR and TR respectively (p<0.05) by Duncan’s multiple
range test.

57



WEE R AT ELREE 5T J 4r 4% F GR kg gngz =
% o@m TRPIE2Z BF T > GRE £_381.3 nmol/mL # = 1 939.9
nmol/mL - & TR R & ¥ /4 10.53 nmol/mL *¥ 2 6.32 nmol/mL - & 354 7
GVEX E’ﬁ RAB Py W fmbe A fR A > F Kgffg‘,fl\ dv B PR b 0 SR IR A R
Pk AR o Bl A HFEHEFRMESI P L 3 BAER L F 124 3T3-LL 79
we? AT B ARMATEZRE BE T 0 B E4X3 GR

¥z 23 0@ TR & % /%.10.83 nmol/mL "3 = 9.33 nmol/mL » = —‘ﬁi”z\

|l

GVEX $ § # ILien; vadm%e B WUEP A fREnfE ™ o 7 HEFin b i
dv oo BEEFR IR A fRamtk A%dE o Fp o B - 43T GVEX 5 iFVRL P ik s
e% LB B 4v KRR P Ik A & 3T3-L1 #q 95 o fe B8 P ik 4 fREGd = A%
FOr R R BT N 0 AW G Z R W fia g fEF(ATGL) ~ AR R AR 1
Po fRAE(HSL) 2 8 a4 o fig *5 f25 (MGL) » #* = 52 R B (% 2. T ¥ 1 #
Pt fig o fR R = PRE P IAEL o ftgfRfs Y o HSL B 5 A R plH i i 2
R b fpens e 0 ATGL F4) % 300 enz B i fig e fR 15 % - 5 fmie @
AR e gl B HSL & 2R Y B fg 0 BH B ATGL ch& mE R ¢ i1
@A IRRL S B = pr e 2 (Park et al., 2014) - ¢+ #b 5 Adiponectin £ - fad *g %
MR AT L G Rew R o a2z - o BARTITL i s C S RA
HE Rt S FE MRS FE Y Mg 7 £ & F v (Sanchez-

Gurmaches & Guertin, 2014) - Leptin #] 22 Adiponectin 4p 5 - Leptin 3 ¥ %
58



o R
o = /e iy
1000 - F . 12
= R

Ex d d cd f 10 =

= 800 S 41 @ - £
= = Bl [
£ 8 5
£ 600 1 B | ¢ | C =
% ag | aj | | = 6 <
o g=
- (72]
2 400 - L
£ -4 T
S 3
o E >
B 200 P
[

I—

0 0

Insulin(5 ug/mL) + + + + + + + +
Glucose(67 mM) - - - - + o
GvEx(ug/ml) 0 100 200 400 O 100 200 400

+

B4~ B RWESPF G R 3R 85 F% 5 & LI 8T3-L1 "y imiz ¥ 3

EHERER CEA A mA T E LB

Fig. 9. Effect of guava leaves to concentration and high-glucose induced on
glycerol release (GY) and triglyceride residual (TR) in 3T3-L1 adipocytes. Bar

represent mean + SD > n=3. Means with different letters are significantly different

in GR and TR respectively (p<0.05) by Duncan’s multiple range test.

59



b"iﬂ 95 m b A L#B% r‘]_+ A mF% 5% 0 e A 'Lfg‘gz.'zj"k’ C/EBP -~
PPARy & SREBP1 i & i 7 Leptin fxd»+ /&1t > F ot e W 4e BN & #g 95
24 = 3 4c(Lee etal., 2016) - Visfatin E_A7%# g xmie ek > L3 & 5 802
M FENTER o TR ML R G R R T § RN ey s

fe Py BT R B &7 & = (Sanchez-Gurmaches & Guertin, 2014) - Bl & % F 5 ¥

Rl

Pt b £ 3T8-LL tmie ¥ Bake FAREZLE  BEET T
GVEX i 4v £ 8100 3 ¢ 7] 400ug/mL > p-HSL - HSL * ATGL s # # &
PR EFEH A S GVEX/’]‘4tﬂi§§4tm§«E—g“¢7 TR (N A g ed A TE N
Adiponectin # & 7 5L F GVEX e Z 54 @ Hf e o & AR mie T 1
¥ 18 17 > GVEX R ¥F Visfatin 2 E 2§ e B 5L o

3]

T~ HPRESEPFHEIBAELS A EI3TILL s mie 2 ¢

H\
e
k>
=
S5

BT EHR AT Y 0 R E e ST L R L e
BPOARGEMES L G F mc&?’*‘ﬁ’xﬁ‘ﬁ ke FENFET #m‘}%}rf‘)ﬁ

BB B T G Red A @

V)

L ET 12

3
=

»c% (Gutierrez et al., 2008) » 2-NBDG 3 # % 20 § Mk iudr » # # 0 ik

.
-?\W,‘T

4o 5 Mk~ B el (Livetal, 2015) o 55 1 § 5 44~ B L M EnE B

%}‘ggﬁ:'-uj s l}]ﬁbi\. o oH L3k b J‘_,——é}.*wjﬁ:gx*pu g_‘f%mﬁ S afj}*w—'_

60



Relative expression

Relative expression

p-HSL -

ATGL ™= == o=

Adiponectin -

LeDtin — a— - —

HSL
visfatin (NGNS 0

GAPDH o= b s =i
GvEx(ug/ml) 0 100200 400

p-HSL
1.2
d
1.0
0.8 c
0.6
b
0.4 4 a
0.2
0.0 .
1 2 3 4
ATGL
4
c d
31 a kj
2
1 4
0 :
1 2 3 4

GAPDH S s e sa
GvEx(ug/ml) 0 100 200 400

2.0 d
C
b
c 15
Q
a
o a
[oR
& 1.0
(5]
=
=
]
[5)
¥ o5
0.0 r
1 2 3 4
Adiponectin
10
d
8 4
c
2
&a c
L 61
o
x
o b
Ea a
ke
(]
@
2 4
0 "
1 2 3 4

61



Visfatin Leptin

2.0 4

1.5 A

1.0 4

Relative expression
w
Relative expression

Bl FFGE St e B 3T3LL fhpimie @ B ded L RE2Z BT

Fig. 10. Effect of guava leaves extract concentration on singnaling protein
expression in 3T3-L1 adipocytes.

62



Bl 5 SRt R R Y SRt iR SRS
o B A F ARG A i § s R RS R P o R

(Cheng et al., 2009) * Bl — 5 45+ § % 4 & 3 B4 i 4o £ 4 3T3-LL %t %

T A B BE R F R B A4 2-NBDG#» B4 L HFL 2
¥ 4R 5 400ug/mL BF o B D 175% 0 EP G d S E T kR

A EE R B - GFEHEERE SRR R G R v
O R LR BRI ARG A RER DR
GVEX i #¢ £ /¢ 100 # # 3 400ug/mL % -  2-NBDG # » £ ~ & ¥ #= i
121%% 139% o H =« > #?‘3”,9]‘ LR B E R ERE R s B
J_100%"% 3 53.1% - % i += 100-400pg/mL GvEx ¥ & # 2-NBDG #:» £ it
- i€ 53.1%4% ! 1 85.3% - 5 & ~1 b & {7 av > GVEX SR S dbis § R Id

S EmiE S 0 B G A BAEOESRT 0 {3 2-NBDG i~ £

" BN

3

o A8 B MR E GvExﬂ]w\: © i 4e 0 H 2-NBDG #% ~ £ 2% 2 3 4 > 32
FreLL G R M AT A E B o RS 8 S REZHR
GVEX ¥ st L % § 3 e fiim®e B 4o § 5 4P B en7 st 541 IRSL + £ 4 &
BiT* ol S ppasepin A Keipiv - ape it IRSL it fg g & v ™
Prem L 8L o @ PIBK AL 1Y 15 ¥ it — h 51 3d T AP B AKT gifk

o R RAE S cGLUTA 5 - Bhpme i@ o - 23§ 5 8

63



200 -

180 - %
o
S 160 -
(¢D]
C
= 140 - 7
= b
S 120 - D
O a =
A 100 -
m
Z g0
(q\]
.02, 60 -
<
S 40 -
20 -
O T T T T
0 100 200 400

Concentration (ug/mL)
F-  FPHEF PR R HOT3LL i § F iR 22 5
Fig. 11 Effect of guava leaves extract concentration on relative 2-NBDG uptake in

3T3-L1 adipocytes. Bar represent mean + SD » n=3. Mean with different letters are

significantly different (p<0.05) by Duncan’s multiple range test.

64



160 -

%l
< 140 - f
S e T |+
@ 120 - (1
£ d
2 100 A ;
o T
O 80 - b Db [
2 = [
~ 60 2
CI>.) i
E 40 1
(5]
X 20 -

O I I I I I I I I
Insulin(5ug/mL) + + + + + + + +
Glucose(67 mM) - - - A + + + +

GvEx(pg/ml) 0 100 200 400 O 100 200 400

B PR ESEI R AL HF T FBA IS L F 12 3T3LL g nleie

§ IR 2 B

Fig. 12. Effect of guava leaves extract concentration in high-glucose-induced
insulin resistance on relative 2-NBDG uptake 3T3-L1 adipocytes. Bar represent

mean = SD - n=3. Mean with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.

65



TEFADL G AR ST AR E AR A AL G R
I % (Morigny etal., 2016) » #== 2B § F BIHEF T i H I B LTV 5
WG RApR @y Fend E 2 BRI R Flec g 0L § B e fuehm g o
BiE- HiE T o W2 GVEX B4 BB F A% 5 & 1 3T3LL
rimed B dd FARBLRFF T RFFFARBRIKRR > EF
GVEX i 4r £ 98 4 » IRSL~ PI3K ~ AKT ~ GLUT4 - p-IRS1 ~ p-AKT % p-
PI3K % 3% H & M B E 8 ¥ H 4 (p<0.05).: 50 3d FLMEH 4 A 4 &

TR B R

66



1 2 3 4 5 6 7 8

IRS! o 4 B o o oo
L P e S ——— .

p-IRS 1

2 3 4 5 6 7 8

AKT

P-AKT e GLUTZ v v oo o

GAPDH

InsulinGBug/mL) + + + + + + + +
Glucose(67 mM) - - - - +

Insulin(bug/mL) + + + + + + + +

Lt Glucose(67 mM) - - - -

+ o+ o+ 4+

GvEx(ng/ml) 0 100200400 0 100200 400 GvEx(pg/ml) 0 100200400 0 100200 400
IRS1 PI3K

18 - 1.4

16 1 9 h

1.4 A —d f_ C = H
5 b a [] S 1.0 4 -
7 1.2 1 2 f
% 1.0 g 0.8 d ] e
8 g6 | s 2
& & 044

0.4 1

02 0.2 1

0.0 0.0

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
AKT p-AKT

1.6 ; 1.4

1.4 4 e [ 1.2 | <2
g 121 4 d c 4 £ 10| f
g’_ 1.0 | a = %’_ 05 | ¢ [ -
3 08 1 & b b
S S 06 =
& 061 s
& 04 | & 044

0.2 1 0.2 1

0.0 0.0 '

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

67



0.4 1.6

: £ 06 1
1 0.4 1
0.2 1

0.0 e B B 0.0 — L

L= S PRESPFFHEHT T RS FEL F R4 3T3LL #y 7 me B

Relative expression
o o

N w

o

-

Relative expression
<} =

=) N}

@

o
[N

Mo FERE 2 BE

Fig. 13. Effect of guava leaves extract concentration on signaling protein expression
in high-glucose-induced insulin resistance 3T3-L1 adipocytes. Bar represent mean +

SD - n=3. Mean with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.

68



AEFTEEHT O ARERYMMATE S % 0 ¥ GVEX ,’an £ €100

B4 7] 400pg/mL 30 Fr 4] fg FATA ~ RAEP A R e L s G F el
TR 3 8F7% >m GR» BF A o ¥ Aix4cf 2HE 0 F sadrd| o iy
Rmie gk 2 2 RAES RR e Py s iR o Bt o B f B AEES 0
B o0 At GVEX ¥ 3 scde A B F FpiRime 2 % § F I im e cng § bR
£ o pd 2 iR A4 ].\ ‘v GVEX ¥ *% 4w Pgikim ¢ SREBP 1c -
PPARy ~ p-PPARy ~ C/EBPa 2 C/EBPP * ## 4k %]+ cnjv FAME > ¥ @
'§,’]‘ te GVEX e7c %k g ¥ § > ﬁzéc— L e GVEX 0 ¥ & #rd) i FFATA gk
% o gt eb s A 4r GUEX W R 2 #iPg ik ame ¥ p-HSL ~ HSL 2 ATGL &% %
FIREIDR FH A 0 NEA SRR A o B 7 4r GVEX ¥ i€ 7% I J LR L
IRS1 ~ PI3K ~ AKT ~» GLUT4 ~ p-IRS1 ~ p-AKT % p-PI3K % F—v H % R 35
REH G BT PG Fim R A e AR R o AP S A

T fE GVEX $LF g FATA N WAE AL R R s L 0L G R IEFLIE B 48

Akit- H* GEXBHF 2 REXNZh &

o

T”+

69



E

Frcle b £ ¢ (2011) 2011 & B ¥ %3t & 3%

HAE (2005) § 745 -8 4 o B BERE A -

Abdullahi, A., & Jeschke, M. G. (2016). White Adipose Tissue Browning: A Double-edged Sword.
Trends Endocrinol Metab, 27(8), 542-552.

Ahmadian, M., Wang, Y., & Sul, H. S. (2010). Lipolysis in adipocytes. Int J Biochem Cell Biol,
42(5), 555-559.

Ali, A. T., Hochfeld, W. E., Myburgh, R., & Pepper, M. S. (2013). Adipocyte and adipogenesis. Eur
J Cell Biol, 92(6-7), 229-236.

Arner, P., & Langin, D. (2014). Lipolysis in lipid turnover, cancer cachexia, and obesity-induced
insulin resistance. Trends Endocrinol Metab, 25(5), 255-262.

Awazawa, M., Ueki, K., Inabe, K., Yamauchi, T., Kubota, N., Kaneko, K., et al. (2011).
Adiponectin enhances insulin sensitivity by increasing hepatic IRS-2 expression via a
macrophage-derived IL-6-dependent pathway. Cell Metab, 13(4), 401-412.

Bates, S. H., Kulkarni, R. N., Seifert, M., & Myers, M. G., Jr. (2005). Roles for leptin
receptor/STAT3-dependent and -independent signals in the regulation of glucose
homeostasis. Cell Metab, 1(3), 169-178.

Brasaemle, D. L. (2010). Lipolysis control: the plot thickens. Cell Metab, 11(3), 173-174.

Carmean, C. M., Cohen, R. N., & Brady, M. J. (2014). Systemic regulation of adipose metabolism.
Biochim Biophys Acta, 1842(3), 424-430.

Caselli, C. (2014). Role of adiponectin system in insulin resistance. Mol Genet Metab, 113(3), 155-
160.

Chaves, V. E., Frasson, D., & Kawashita, N. H. (2011). Several agents and pathways regulate
lipolysis in adipocytes. Biochimie, 93(10), 1631-1640.

Cheng, F. C., Shen, S. C., & Wu, J. S. (2009). Effect of guava (Psidium guajava L.) leaf extract on
glucose uptake in rat hepatocytes. J Food Sci, 74(5), H132-138.

El-Abhar, H. S., & Schaalan, M. F. (2014). Phytotherapy in diabetes: Review on potential
mechanistic perspectives. World J Diabetes, 5(2), 176-197.

Farmer, S. R. (2006). Transcriptional control of adipocyte formation. Cell Metab, 4(4), 263-273.

Farmer, S. R. (2008). Molecular determinants of brown adipocyte formation and function. Genes
Dev, 22(10), 1269-1275.

Feve, B. (2005). Adipogenesis: cellular and molecular aspects. Best Pract Res Clin Endocrinol
Metab, 19(4), 483-499.

Fu, Y., Luo, L., Luo, N., & Garvey, W. T. (2006). Proinflammatory cytokine production and insulin
sensitivity regulated by overexpression of resistin in 3T3-L1 adipocytes. Nutr Metab (Lond),
3, 28.

\\\?’gr

3

70



Gallant, M., Odei-Addo, F., Frost, C. L., & Levendal, R. A. (2009). Biological effects of THC and a
lipophilic cannabis extract on normal and insulin resistant 3T3-L1 adipocytes.
Phytomedicine, 16(10), 942-949.

Giralt, A., & Villarroya, F. (2012). SIRT3, a pivotal actor in mitochondrial functions: metabolism,
cell death and aging. Biochem J, 444(1), 1-10.

Glass, C. K., & Olefsky, J. M. (2012). Inflammation and lipid signaling in the etiology of insulin
resistance. Cell Metab, 15(5), 635-645.

Gonzales, A. M., & Orlando, R. A. (2007). Role of adipocyte-derived lipoprotein lipase in adipocyte
hypertrophy. Nutr Metab (Lond), 4, 22.

Gustafson, B., Hedjazifar, S., Gogg, S., Hammarstedt, A., & Smith, U. (2015). Insulin resistance and
impaired adipogenesis. Trends Endocrinol Metab, 26(4), 193-200.

Gutierrez, R. M., Mitchell, S., & Solis, R. V. (2008). Psidium guajava: a review of its traditional
uses, phytochemistry and pharmacology. J Ethnopharmacol, 117(1), 1-27.

Harwood, H. J., Jr. (2012). The adipocyte as an endocrine organ in the regulation of metabolic
homeostasis. Neuropharmacology, 63(1), 57-75.

Hsu, C. L., & Yen, G. C. (2007). Effect of gallic acid on high fat diet-induced dyslipidaemia,
hepatosteatosis and oxidative stress in rats. Br J Nutr, 98(4), 727-735.

Ikeda, Y., Tsuchiya, H., Hama, S., Kajimoto, K., & Kogure, K. (2013). Resistin affects lipid
metabolism during adipocyte maturation of 3T3-L1 cells. FEBS J, 280(22), 5884-5895.

Jang, B. C. (2016a). Artesunate inhibits adipogeneis in 3T3-L1 preadipocytes by reducing the
expression and/or phosphorylation levels of C/EBP-alpha, PPAR-gamma, FAS, perilipin A,
and STAT-3. Biochem Biophys Res Commun, 474(1), 220-225.

Jang, B. C. (2016b). Tetrandrine has anti-adipogenic effect on 3T3-L1 preadipocytes through the
reduced expression and/or phosphorylation levels of C/EBP-alpha, PPAR-gamma, FAS,
perilipin A, and STAT-3. Biochem Biophys Res Commun, 476(4), 481-486.

Kanzaki, M., & Pessin, J. E. (2003). Insulin Signaling: GLUT4 Vesicles Exit via the Exocyst.
Current Biology, 13(14), R574-R576.

Kusminski, C. M., & Scherer, P. E. (2012). Mitochondrial dysfunction in white adipose tissue.
Trends Endocrinol Metab, 23(9), 435-443.

Lafontan, M. (2014). Adipose tissue and adipocyte dysregulation. Diabetes Metab, 40(1), 16-28.

Lago, F., Gomez, R., Gomez-Reino, J. J., Dieguez, C., & Gualillo, O. (2009). Adipokines as novel
modulators of lipid metabolism. Trends Biochem Sci, 34(10), 500-510.

Lamming, D. W., & Sabatini, D. M. (2013). A Central role for mTOR in lipid homeostasis. Cell
Metab, 18(4), 465-4609.

Langin, D. (2011). In and out: adipose tissue lipid turnover in obesity and dyslipidemia. Cell Metab,
14(5), 569-570.

71



Langin, D., & Arner, P. (2006). Importance of TNFalpha and neutral lipases in human adipose tissue
lipolysis. Trends Endocrinol Metab, 17(8), 314-320.

Lee, B. C., Kim, M. S., Pae, M., Yamamoto, Y., Eberle, D., Shimada, T., etal. (2016). Adipose
Natural Killer Cells Regulate Adipose Tissue Macrophages to Promote Insulin Resistance in
Obesity. Cell Metab, 23(4), 685-698.

Lefterova, M. I., & Lazar, M. A. (2009). New developments in adipogenesis. Trends Endocrinol
Metab, 20(3), 107-114.

Lehrke, M., & Lazar, M. A. (2005). The many faces of PPARgamma. Cell, 123(6), 993-999.

Liu, C.-W., Wang, Y.-C., Huang, C.-Y., Lu, H.-C., & Chiang, W.-D. (2015). Optimization
Extraction Conditions with Ultrasound for Anti-hyperglycemic Activities from <i>Psidium
guajava</i> Leaf. Food Science and Technology Research, 21(4), 615-621.

Morigny, P., Houssier, M., Mouisel, E., & Langin, D. (2016). Adipocyte lipolysis and insulin
resistance. Biochimie, 125, 259-266.

Morral, N. (2003). Novel targets and therapeutic strategies for type 2 diabetes. Trends in
Endocrinology & Metabolism, 14(4), 169-175.

Mueller, E. (2014). Understanding the variegation of fat: novel regulators of adipocyte
differentiation and fat tissue biology. Biochim Biophys Acta, 1842(3), 352-357.

Olarescu, N. C., & Bollerslev, J. (2016). The Impact of Adipose Tissue on Insulin Resistance in
Acromegaly. Trends Endocrinol Metab, 27(4), 226-237.

Park, Y. K, Lee, T. Y., Choi, J. S., Hong, V. S, Lee, J., Park, J. W., et al. (2014). Inhibition of
adipogenesis and leptin production in 3T3-L1 adipocytes by a derivative of meridianin C.
Biochem Biophys Res Commun, 452(4), 1078-1083.

Ramage, L. E., Akyol, M., Fletcher, A. M., Forsythe, J., Nixon, M., Carter, R. N., et al. (2016).
Glucocorticoids Acutely Increase Brown Adipose Tissue Activity in Humans, Revealing
Species-Specific Differences in UCP-1 Regulation. Cell Metab, 24(1), 130-141.

Reilly, S. M., & Saltiel, A. R. (2015). A futile approach to fighting obesity? Cell, 163(3), 539-540.

Richard, A. J., & Stephens, J. M. (2011). Emerging roles of JAK-STAT signaling pathways in
adipocytes. Trends Endocrinol Metab, 22(8), 325-332.

Rosen, E. D., & Spiegelman, B. M. (2006). Adipocytes as regulators of energy balance and glucose
homeostasis. Nature, 444(7121), 847-853.

Rudich, A., Kanety, H., & Bashan, N. (2007). Adipose stress-sensing kinases: linking obesity to
malfunction. Trends Endocrinol Metab, 18(8), 291-299.

Samuel, V. T., & Shulman, G. I. (2012). Mechanisms for insulin resistance: common threads and
missing links. Cell, 148(5), 852-871.

Sanchez-Gurmaches, J., & Guertin, D. A. (2014). Adipocyte lineages: tracing back the origins of fat.
Biochim Biophys Acta, 1842(3), 340-351.

72



Sanchez-Gurmaches, J., Hung, C. M., & Guertin, D. A. (2016). Emerging Complexities in
Adipocyte Origins and Identity. Trends Cell Biol, 26(5), 313-326.

Sell, H., Dietze-Schroeder, D., & Eckel, J. (2006). The adipocyte-myocyte axis in insulin resistance.
Trends Endocrinol Metab, 17(10), 416-422.

Shimoyama, T., Yamaguchi, S., Takahashi, K., Katsuta, H., Ito, E., Seki, H., et al. (2006). Gliclazide
protects 3T3L1 adipocytes against insulin resistance induced by hydrogen peroxide with
restoration of GLUT4 translocation. Metabolism, 55(6), 722-730.

Singh, R., De Aguiar, R. B., Naik, S., Mani, S., Ostadsharif, K., Wencker, D., et al. (2013). LRP6
enhances glucose metabolism by promoting TCF7L2-dependent insulin receptor expression
and IGF receptor stabilization in humans. Cell Metab, 17(2), 197-2009.

Titchenell, P. M., Lazar, M. A., & Birnbaum, M. J. (2017). Unraveling the Regulation of Hepatic
Metabolism by Insulin. Trends Endocrinol Metab, 28(7), 497-505.

Tontonoz, P., & Spiegelman, B. M. (2008). Fat and beyond: the diverse biology of PPARgamma.
Annu Rev Biochem, 77, 289-312.

van Dam, A. D., Kooijman, S., Schilperoort, M., Rensen, P. C., & Boon, M. R. (2015). Regulation
of brown fat by AMP-activated protein kinase. Trends Mol Med, 21(9), 571-579.

Vinayagam, R., & Xu, B. (2015). Antidiabetic properties of dietary flavonoids: a cellular
mechanism review. Nutr Metab (Lond), 12, 60.

Wallberg-Henriksson, H., & Zierath, J. R. (2009). A new twist on brown fat metabolism. Cell,
137(1), 22-24.

Yoshitomi, H., Guo, X., Liu, T., & Gao, M. (2012). Guava leaf extracts alleviate fatty liver via
expression of adiponectin receptors in SHRSP.Z-Leprfa/lzm rats. Nutr Metab (Lond), 9, 13.

Zechner, R., Zimmermann, R., Eichmann, T. O., Kohlwein, S. D., Haemmerle, G., Lass, A., et al.
(2012). FAT SIGNALS--lipases and lipolysis in lipid metabolism and signaling. Cell Metab,
15(3), 279-291.

Zhou, Y., Peng, J., & Jiang, S. (2014). Role of histone acetyltransferases and histone deacetylases in
adipocyte differentiation and adipogenesis. Eur J Cell Biol, 93(4), 170-177.

Zou, C., Wang, Y., & Shen, Z. (2005). 2-NBDG as a fluorescent indicator for direct glucose uptake
measurement. J Biochem Biophys Methods, 64(3), 207-215.

73



N
T
/
E— 9
T\
g
S
Yy

250 - —— - 35
S a — Yol ¥ =
© a [&]
o a -|' 30 O
% 200 - T % s
o b L 25 O
z | g
E b 2 S
= 150 | c b L 20 &=
< %—I— d T 5
: T
S 100 - S
54 g
o 10 £
+—
S 501 &
= TS 2
R o
0 0
0 25 50 75
EtOH(%)

M- T EECREPEARSE B2 R R B

Appendix 1. Effect of guava leaves extract concentration on total flavonoids in terms
of gallic acid equivalent and total phenolics in terms of quercetin
equivalent
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Appendix 2. Effect of guava leaves extract concentration on trolox equivalent
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Appendix 3. Effect of guava leaves extract concentration on a-amylase inhibitory

activity
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Appendix 5. Standard curve of quercetin
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Appendix 6. Standard curve of gallic acid
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Appendix 7. Standard curve of trolox
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Appendix 9. Effect of guava leaves extract concentration and different adding methods on oil-red O in 3T3-L1 preadipocytes.
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Appendix 10. Effect of guava leaves extract concentration on oil-red O in 3T3-L1
adipocytes.
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Appendix 11. Effect of guava leaves extract concentration on oil-red O in high-glucose-induced insulin resistance 3T3-L1
adipocytes.
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