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1% &
% = A4 Fop (diabetes mellitus type2 » T2D) 2B € #2 R 4 it &
hpofz - 0 T2D 1 & F] % %% & % ref(insulin resistance) 0 F] 1T
EFRERT RIS kL g A 25 T2D 27 ehE gk o i

A

# (lotus seedpod) = -4 » @ &vd ¢ 25 R -5 % (procyanidins)
S ATPFE TR AR FEE IR P EL BN F
AR R E T Tl AP Y A AR - I EE 5 P4 (lotus
seedpod extract » LSE)®_F E :x L W +imie L § 2 [z (7% o F 51
o4 & (oleic acid » OA)EJE A 3+ HepG2 5 ## 4t » 4~ H B %
# 30 LSE & fwre & P2 % B 7 % K OA #73 B HepG2 im¥e ph #y %5
foo (O AtRet LSE $*0iL § Z A T R e v 2 A L
FHAY o F AT MR G B L B TF S IRS- LB AR
LSE it #r4] OA #73 # 2 pSer’™-IRS-1 £ | HF35; £ & F # &
pTyr-IRS-1 2 p-AMPK = —‘5 2 E P ws F A Glycogen
synthesis assay = Glucose uptake assay ~ 17 LSE €_% & :x & OA# ¥

M RS AR ER T R W IR o 5d Fatfitl o /) LSE £

7 i 533 ¥ AMPK/IRS-1 3 L B js o s D e ¥ § R 1E4LE 5 2t 3

S

WAk > A B e e § R e e RS S o B AP T

WIEE B 4LT2D 2 B



MaET o % = 3 A (diabetes mellitus type2 » T2D) ~ %% § % fe o
(insulin resistance) ~ # % % P~ 4 (lotus seedpod extract » LSE) ~ * g3+

¥z HepG2
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2R 46 s E A r ¥ 52015 E BT 415 A T e b
WA 0 BE AR TR B e iR] 2020  fe g 4 dT i TIiE 642 1h -
STE K e BB e AR IE BT R 0 Jh 3t 2R E & 9 490
CEOEIRR AR TE 6 Hid - A TRl - R B R
2P FEN P RRPOE L AR E Y §EF L]
kg 7 W eh7ode 30 i -3 3 (lotusseedpod) % % & 75 F % (procyanidins) [2] -
RiEFHe wh f g v~ BAHEE R % h R A E 3] 7]
P A2 AR - 3 X B4 (lotus seedpod extract > LSE)E_F it

595 srendrhlah A BT TR R 2 AR B S AR i
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HIRMRA ARG Ko Rwmie @i ook PR % 0 & TID
NIEEY RS I LR E ST SR 1) EXU

F[4]o % e Bimre gk @ 05§ F DR A2 0% 5 A rda(insulin
resistance) o Lw’%%ﬁﬁﬁFm%%%iﬁﬁ‘%ﬁ%ﬁ’@{
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P efel e s O R TR TR Y - iR
BAE6]-d - LR Eehiessld T2D ¢35 (AT - =7 %
B A ki DNA 2k BN 4efr & 4 95 5 % o (i) E - B4
T2D 2 i fof P EME L E L > AL H F] 5 02F 8k o (i) 3
EGEH BT %RL DR F A L SHE AR SR
BN eniE oh 7095 0 B B > B PEF Ao b = fig o (V)X 45 a0
EBimie » 4ok i@ Bt A EpE R o R EE L E £ 0 R 2
MEANE AR F 2o R s T T R e o (V)IRGE § g
Ao R MRAREHE TR EFNT IR F LA T AITRE
B R RN R R R IR Rl e At R

Bt o (Vi) 2 Bl 53 % o wmie F FH AT I
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BRI L SRR Sere e i ot % 2 A SRR
SHF T FRBERRET]
2.2 % & % re(Insulin resistance)

b RPN e 05§ R R A L B 0 ¥ 2
WHHEI ZZPEG Zh ¥ F R FIMFRIBERIEY
(PpR) & § dEist (HiRfe) 3% g 2pg 48] 7%
FIRALT S LR R T e T2D eiRas[9] < b A IpusiE £ gk
TR SR LTRA R B E 4 TR BHE e
PR R B A R AR AR NP LR ol @opop G B [10] -
LR RS BT AR R AR BE R L IRE S T
frid ¥ e H s B {oR4 X0 3 §F L5 T2D g i %l 1
ARGt 2 R Y gk R EF A EEF X A IR[1L])
BEARAL G R b REIG AR DT R AT RERE R
WEFE LM AEHFApE A PB G - BT AP > I ¢
A2 pE ol 8 7 ERPEERE NP o0k % b A B
PR B ERRBA oo F A E[12] e 8- A o F I A

G E R SRS 0 F 3 S E R A A G S o T A
2.2.1 Insulin-receptor substrate protein (IRS-1)
IRS1 3-v %4+ & % 160-185 kDa > &% § 2Rz v d @ 1>



AV R Ed o F 5 IRSLAFIAPM REDA €455 F A4 1%

Foo Fi JRaE BRI AT R S Rk

)
&
p

BETAERS S F R R S R iF R [13] 0 & T2D dlm e p
b F Bapns P IRS-1 & ¥ > ¥k Shvepi(serine) i BEAARL 14 o i@ &

ik & = fis(glycogen synthase) 8 % > i&m & E (T % o
2.2.2 PI3K/Akt pathway
PI3K/Akt pathway &_t|jgcim®e & @ cha & 3 5 7]5 > A

L% Tl (75 IRS-12 T F e A T2D ¥ » % IRS-1 < 7| B #%

TIgeps € F IR 5 g fempsa it 2 m drd| ™ 254 + PISK/AKL & it [14] -
2.2.3 AMP-activated protein kinase (AMPK)

AMPK % 5 mie p ot £ T frchm e p st £ B BHo A & > Ly
£ % BH15] - AMPK o & B o I 8 =(al ~a2)~ 3 B B & H = (B1 ~ B2)
3B yLTHEE@YI 2 y)EA R 2 R4 2P o Adzii iF
P Bry LA LA RAMAE TS AoH B B¢ AMPKa 4 ¥
172 =50 & prenmipe © £ 2 B ere 300 13 AMPKa2 dE %
1B ZATR AP IR[16] c Al A ¢ o b A RER Tl Ausk N §3FE
B2 5 Jril U AMPK i it o dk § dnte fU R R
EH Y 0 - B RS B @0 G R oA

AMPK e3jE it o
2.2.4 Glycogen synthase kinase-3p (GSK-3p3)
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GSK-3B B & A4 LAVFPE R BHiE* ey » powv { A e wd
HFE A PPN FERINEES SRR TA L3 mw
WA e it s e {5 B 00 R fmYe k= (apoptosis) o § dmfr X P

b & Uiz 150 b e NOTEE S & R H 4o > 42 F) GSK-3P £ B+ 5
F-v FTAKE (EF @ A 2 R W FPE & o fEIL G 4k GSK-3P mpL
g H S [LT] 0
2.3. i i (Lotus seedpod)

ETEATIIFE s TR KT LR FHRAT b TR
FERSEIFLR G chr i P B LR R T IR ER 0 B2
# 3 B om i3 R -7 % (procyanidins of lotus seedpod » LSPCs) & 5 4%
FOOE AAPELFELSPCs ¥ i r § chp d A s g i
F 2 (E% > F]pLEN AR AR L R AR e WA Bop L B ¥
e »2[18] - W3 F7 7 B o7 i if % P-4 (lotus seedpod extract - LSE)+
d G AT AW S LG 4F ki g 48 S e (polyphenol) it & 4
bl e #ILSEVE RS 81 & Adph - ie- H7 73
LSE 2 H {82 cnpudd it 51 > %% LSE fot H 0 3 2 4 f 5
shiufg it 8% s B H R R e B fodng a0 4 & & Ap M [19]e 00 ¢F >
45 AP LSE ™ MUe s B-mie 5 2 B F B 41 [20]0 ¥

FALET B2 0 F 9 B9 § F 8 #3] (bovine serum albumin

-



(BSA)-glucose model)® LSE srggkit 75t » 39 AL HFLY &
114 s 53 BSA tho B HR[21] 0 AEn LSE & B4 5 T2D

ERE- S0 E e S
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OA-induced cell model

|

|

Cell viability analysis

-Cell counting

Cellular metabolism dysfunction
- Oil red O stain

- Glycogen synthesis assay

- Glucose uptake assay

Signal transduction assay
-Western blotting

- Immunoprecipitation
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/5 -

ER e SR el e
4.1. i i 5 P~F (lotus seedpod extract » LSE)% # % = & & 37
4.1.1.LSE z_ 9 %

FEB~go % i 100 g0 4v » 4 L distilled water > 12 100°C & 2
JPE S FAATIS R g SRR TS R T e R TG
EERZIPPF RS LEFLA LT ERE SR K o
4.1.2. % % ps 7 & ¢ =(Total phenolic content assay)

B T fe ez £ 0 2 ogallic acid (GA) (mg/kg) = # % &-(standard) >
FRiffaic m WP g > 0 A K Imlie > &4 0.5 ml 2
2N Folin-Ciocalteu phenol reagent {$ #-3 > £ 4r 3 ml Na,COs (200 g/L)
#3 o TN EFYE IS L4 510 ml 2 ARSI
1250xg #r= 5 & 48 > ik £ 725 nm TRk B (T EREFR) 0 Rk E
R RR SRR F - R M TP B w2 o RS
kR 0 B0l ml RS 0.9 ml PR s T o P RS R

—gﬂ] IF}QIET/ JF);’]O]EI 9 ]KW«ETF ﬁi;\‘;lffﬁ)jmgﬁ .

4.1.3. %% fr 7 £ /B =(Total flavonoid content assay)
B TR fenz & 0 2orutin (mg/ml) B4R 5o T OARIA GRS A W] B

7 el gh o 12 30%2 AR I LAEAE D 10 mldg g - BF L L

0.3 mlz IM NaNO3 £33 » TE# % 6 448 - £ 4 0.3 ml 2 10%
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AINO3 #4432 > ZE# % 6 A48 o B {54 » 4 ml 2 4% NaOH ;3 7%
R LS A 04ml 2 I RT R ARl 1544 0 Ak 510nm

TR R E (2 PREFR) AR E S SRR JRAR SR R - R
WA e P H w S RS e R F e R 0 B 01 ml &4 0.9 ml
TR T IR AR o R SUOE T R R o kW b AR5

2L X N
N i B )

Ik

o

4.1.4. ¥ 1=5 % % £ if = (Total anthocyanin content assay)
oF B W AR ARMBIERRE T T A2 T flavylium
F Y o A= F %4 * Fuleki v Francis chpéag & £ 252 > H
TEFRI & WAV L AP 2 ml 2R Sy Rk
FRLN G F CpARBPH - > pH 5 1.0 ¥ - > pHAS - & i»
MR o w kb B RIE & 520 nm % % B 0 7 AL (pH 1.0 )
2 A2(pH4S5 %) E T A2 EE 100 k%P R RTET

E T °

WIEF A S E(Mg T A/00mg F )

(A-Az) X F X MW x V x 100
EXM®

MW: =+ #% 4 =+ & 4 delphinidin-3-diglycoside 2. 4 + & 5185 3*
_;Eu_;

Bt AR ﬁ%(ml—)
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PR 5 4
g = § % £ ¥ B vk 7% #ic(Molecular extinction coefficient) » 12
delphinidin-3-diglycoside # 7 0.1% Bp&en® 53 % 2wk i dic ¢
7 301.6 & -
o: k% R E(9)

4.2. ¥z 12 % (Cell culture)

4.21. mre s & iE it

[ A R e HepG2 1% 5 F %144 > 2 MEM (mimimum
essential medium eagle)s: & A&7 % - MEM ¢ ¥ “b % 40 10%%: 2
= i (fetal bovine serum > FBS) ~ 2 mM L-glutamine ~ 2.2 g/L sodium
bicarbinate ~ 0.1 mM non-essential amino acids (NEAA)2 2 1.0 mM
sodium pyruvate % e 35 % o #i8 f28 (5 #-mre B 3> 5% CO2 2. 37°C
AFEERARYRERRE  FA A -ARIR T EARAFARRTHE
T o
4.2.2 e by B EIT

¥imiz £ 6-well # > Flwmre pbEE s A e % 218 > 2 PBS B
i #e 15 4o~ starvation medium (7 % § 10% FBS &3 % %) £ *cw
5% CO,2. 37°C Z Fl B % fav 3% « B 24 | Pris > ¥

L/ 10% FBS = medium » 4x » 0.6 mM & f&(oleic acid » OA) > OA

14



% Jp % 4{e BSA (bovine serum albumin)i® & > £ & %[4c > 7 ¢ & £ 0
LSE 5 3~4 > %+ 5% CO, 2. 37°C Z FlZif s 2 fa® 35 % 24 /| P& o
4.2.3. w2 3%~ $7(Cell viability assay)

B A ET o Bu LSE PP rdT 2 n v 4 ér‘ ¥, medium I 4c
» iR E % oo e (trypsin) 0 3t 37°C s da ¢ F O 10 A 48 0 Kime
F77F o & 4 o~ 3 & medium ¥ ok trypsin €0k & 5 14 trypan blue % ¢ >
*omR i e iR T e
4.3. 4 = O %4 ¢ (Oil Red O staining)

Oilred O & — Fg™> A& > ¥ i 0mF 5 7ot > P (5
e ARRR 2. % ’%gri Ad teiniad LIMEF AT Fwlmre g
278 F OilredO 5 243793 43 - B OilredO % 338
g e Smg/ml 2 fuite > g 4e » = Sok#-2 R 15 B2 181 0.22
nm B R VB R A o Hdmre rr PBS Bk 2 = o 4~ 10%
paraformaldehyde % 37Cavg 487 B2 30 A48 0 2 {84 » BiRpiB2
OilredO & &>z B~ F 15 s &k mie R d > L 1 PBS&3 § 4
AR BB RS ETRET RS BREREL TR
BAEHR-AAET o T2 BRAT 2 AH e B Iml B~ 963K
¢ o £ 2 ELISAreader # R4 & 492 nm 2o sk (@ 0 LR L G

B g 33 o
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4.4, & > % 2kL;= (Western blotting)

441, 30 ¥ E

=k

B & w10 o4 dish e » Flowe Bz 2> > 2 PBS B
7 fmPe {4 4e ~ starvation medium > 24 -] FFE{g 4~ 0.6 MM b R 2 A
e 22 R ESLSE 5253 % 24 ) PF o 3 “,f ¥ e medium I 4e »
{8 entrypsine >t 37°C g 46 ¢ F i 10 4 480 #-dmre 4§ 2 1000
rpm 3 5 4480 2 ik o £ 4o r 1mlPBS $74¢im > £ 12 1000
rpm s 54 481843 1 ik 2t AR E A B =0 o 4e » RIPA buffer (150
mM NaCl-~1% NP-40~0.5 % deoxycholic acid~0.1% SDS~100 ug PMSF -
170 pg/ml leupeptin) o 14 328 LK P2 {5 > 3 4°C ~ 12000 rpm ™ 3

10 & 48 0 R R o 1% BCAprotein assay kit = £ - 2 562 nm

Bles kB Ty v ER > BHERY E o
4.4.2. \Western blotting

MEE NG ERAE Y > BT Ry ERAKEI - R
M= FCRAT T AP B B4R (6 £ 4r ~ loading dye 0 #-#7fe B < sample 1o
e E Y 100°C 4egy 10 4 48 H gt o Mgk A dpe > 02 8%R A
A P52 ¥ (polyacrylamide gel electrophoresis, PAGE) & 7 7 & » % it &
70 REFDFTREANZ ) AL I E I a Ao a5 5
i ~ 8%E S RIS AR e Y A S AW E RE

16



BododF o Lt 3Bt R Y > 00 F R 100 R4 100 A 41 v
e R R o Mg R R R PR R S d o 2T
g Hgeu 384 > L 1 TBS (tris-buffered saline)#-ic 4 iFie 4 o 2%
Zie b BOgerR g A gmd jBie - B P L 2 5 109%tween 3 TBS

ez B s o dor — FAY 4°C T K R overnight {6 0 £ 12

=

7 10% tween 1 TBS ik = =t » F 4 A4 > 2 {84 » H s &
A E - B £ 12 7 10% tween 0 TBS iﬁ"‘};’ai KoE L A4
H-BE R R ECL A4c fepd b iasg b > % 2 L iRdp#E > RS A8
BHEFRA PR O TR -

4.5. ¢ ik (Immunoprecipitation - IP)

#)T T iw e A % 0 12 12000 rpm Zes 20 A 480 BF R R v
B2 & % 500 pg > 12 RIPA buffer (150 mM NaCl ~ 1% NP-40 ~ 0.5%
deoxycholic acid ~ 0.1% SDS ~ 50 mM tris-base)4# T 200 puL > £ 4c » 2
ul #7788 IRS-15 2% 4°C /kfap & g 1~15 | pFev F g fe o Bo ) {8 &
H 4c ~ 35 uL beads (protein A beads) fe*c » 4°C /kfap & & 4 /] B >

#: ¥ 12 10000 rpm A 5 4 g (R HedF GRS 2 iR o £ 02 500 pL

RIPA buffer % » 4 4. Kf-i iR f S4vx 30 uL 2
% dye {5 44 100°C > 3 # 48 {8 B~ A1 {8 3 B Ak » £ 1210000 rpm

Yoo 5 A4 B ARk AT ¥ 0 AL R (S ieH > B F

17



4.6. "FpE & = % 17 (Glycogen synthesis assay)

BB dT 15 him e 1 trypsin #-dmfe 37 5 12 1000 rpm s 2 f
it o ¥ T hinte 4o~ 200ul RIPA buffer *c ¥ 2 F ®- | FF » $7ak
e o BB i R B Ao A 100°C 5 4 480 7 i i 10 kDa Spin
column 2 “,f fo¥e g5 11 13000 rpm des 5 A o & F e 4 ) 50 il
dv ~ 96 344 » ¥ 4 » 2ul Hydrolysis Enzyme Mix » /8 30 4 48 °
X t¢ 4 » Development buffer 46 uL ~ Development Enzyme Mix 2 pL -
OxiRed Probe 2 uL » % /8 © ¢ ¥ %k &30 4 45 > & {4 17 OD570 jp| ¥
2ok g o
4.7. § & #E#P- ~ #7(Glucose uptake assay)

R JL (5 Shim ¥ 1L rypsin #-tm#e 47 > 2 1000 rpm g 3tk b
Fik o § T enlwre 4e » 50 pL Glucose assay buffer (7 0.1% SDS)*z %
BT B—- | Frodrplimee > 3 i iF 10 kDa Spin column &< 10000 rpm
4 “,f wmre g > B~d 30 ul & %8 12 Glucose assay buffer 48 = 50 uL »
A r 9634 E ¢ > £ 4o » 46 pl Glucose assay buffer ~ 2 uL Glucose
probe ~ 2 uL Glucose Enzyme Mix » ¥k T 2% 37°C |28 47 30 4
4 > 11 OD570 jp| 18 ex sk {E o

4.8. izt 4

18



12 Sigma-Plot #t #8 ~ 47 #icyg >mean = SD # 57 -] * t-test-Unpaired

RFFEHIZFL R o w*4 57 P<0.05° **p] % 5+ P<0.01 -
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FIF - BEREHH

SIFEHEEZPF 2 IR R

B & 817 i 5 P4~ (lotus seedpod extract » LSE)2. = &> 4 45 >
41 * Folin-Ciocalteu~Jia = ;% ip] = LSE = i» ¥ 5 & ik 29.6% 9.0% %, %
f= 7z £ (Table 1) ; %+ fir (total flavonoid) ¥7 3 85.7+3.2% - @ 7= F 4
2 %4 R pl A 3t Fuleki fe Francis shfég & £ 3572 > o & kR R
245 LSE 2wk B L ol o @ g B AR B0 LSE ahis &
BR KNG 63+28% it ETERMRLEL 57 IR

AHF AR S o

5.2 3 BERLSE H b & # ¥ B AIZH HepG2 tw% 33
R T4

F % 12 0.6 mM 4 & (oleic acid » OA) a2 4 #f 4+ iw*2 HepG2 i ‘m
% U 0 4F 3 LSE $otih g Al 3 LG o (v 2 Rt

FomFale gL f1* 2 kA& LSE (0.1-100 pg/ml) i HepG2
wme o PR LSE $ime 522 B o d e P it RV v B 24 )
pF LSE 2 id2 ™ > S ¥ LSE (| £ 3 4 3 50-100 pg/ml ¢ % HepG2
w24 £ & 4 P4 * (Fig. 1) #7263 LSE #] £ < 50 pg/ml 1% %
BHFERE T | R B B 1% 0.6 MM OA

& ®H % Al £ o LSE (1 pg/mg fr 5pug/mg) e HepG2 ‘wbe » o 'miz
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PEEFZEATTRFEFARE YA A RESPBZER
p -
5.3 #F 3t LSE #37d a3 ¥ HepG2 Jm%e ph %y Finff 2 B3

5 FE3%.0.6 mM OA it 3% ¥ HepG2 im¥e 7y H3afp (H 5 475 A
WWREF LMz - ) £ £ 8 2 R kA LSE (1 ng/mg - 5ug/mg)+ 1
% 24 ) PF o fF3t LSE AF B 5 Frd|HE g Friafi (v o F B
Oil red O &4 » A H 12 OAF Eeniew v 7 HepG2 we p 1130
i 8 F AR G (Fig. 2A) > T fcB~ A A TR L enB kL RIRP A
+ 2 (Fig.2B); m A& OA & & 4e » % Ik B e LSE B2 e ™ » ¥
BRI wme ) 2 d piFsaf e (Fig . 2A) 2 2l sk - PR
T #5 (Fig. 2B) » F1ut % LSE it § »c’% i< OA 3 B9 im % % B 38 44
a5 o
543834 LSE $3¢33 35 % HepG2 sm%e p 3% § & 11 4 @£ F) 3 IRS-1
B 2 R2 B

- W LR TRGE R F 7 BB e p sk g L L LT
+ IRS-1 Bipe it e AFa) o o F 5B % @ oo Ap3tipdle » OA
FHE e IRS-1 o peRp s & B85 0 0 4 IRS-1 ot
PLaps © (pPTYr-IRS-1) & LT "% ; @ F 4 » LSE AdBenfew]? > H 5

& & end LR § H e AR (Fig. 3A) o 41 F ¥ > OA# # ¢ IRS-]
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R a1 (pSer™-IRS-1) & B Ap gl i H tecnlFA) 0 @
4% A8 LSE (5pg/mg)zsk el @ > H pSer’”-IRS-1 % 8 & F i b
(Fig. 3B) » & i e’ % » & ¢ it ed8 % £ M (Fig. 3C) -
5.5 3t LSE % 35 Een HepG2 % p it £ A3 #2 %15 AMPK
2B

AMPK Z_tmwe p R imie it B AT @Fd F s £ 8
B FF o E > BRI AMPK 3-v B ERRL I ek LA o

B 5% 5% % 45 R OA % # o +h p-AMPK 22 AMPK £ {8 4p i B8 o

I

9}5 ‘TR e m LSE R e B et 2 B E'J’}; # = (Fig.
4A) > X Btk gt dp it £ (Fig. 4B) - F1u 4287 LSE ¥ it ffd i
AMPK Bk v £ B 4o O 805 § B g i T L

AR F 20 R IR

56 4%

ﬂ\KC

§ B aAe &R E R LSE i ffd 4w ¢ p-AMPK £
RRE R IRS-1 Feiepemppe = - TR G 4] OA 134 %
SerIRS-1 # 2 ) » & @ & Pl Fimre pory A % § 4
FRpies Hois R F 2 F g o Flut o LSE H# A & R
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Table 1 — Composition of the lotus seedpod extract (LSE)

Composition LSE (%)

Total polyphenol (Folin-Ciocalteu method) 29.6 £ 9.0
Total flavonoid (Jia method) 85.7+ 3.2
Total anthocyanin (Fuleki and Francis method) 6.3+2.8
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Fig. 1. Effect of LSE and/or OA on HepG2 cell viability. (A) HepG2 cells were
treated with various concentrations of LSE (0.1-100 pg/ml) for 24 h. (B) HepG2 cells
were treated with 0.6 mM of OA in the presence or absence of indicated
concentrations of LSE (5 and 10 pg/ml) for 24 h. Cell viability was analyzed by cell
counting assay. The results represent the average of three independent experiments +

SD. *p< 0.05, **p< 0.01 compared with the control.
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Fig. 2. Effect of LSE on the OA-induced lipid accumulation in HepG2 cells. (A)
HepG2 cells were treated with 0.6 mM of OA in the presence or absence of indicated
concentrations of LSE (1 and 5 pg/ml) for 24 h. After the incubation, the cells were
stained with Oil Red O and then observed under the microscope (400 x). The red
droplets accumulated in the cells were indicated as the stained lipid. (B) Adding 1 mL
of isopropanol to the stained culture dish, the extracted dye was diluted 5x in ddH-0,
and then its absorbance was monitored at 492 nm. The quantitative data are presented
as means = SD of three repeats from three independent study. #p< 0.05 compared with
the control. *p< 0.05 compared with the OA-treated group.
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Fig. 3
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Fig. 3. Effect of LSE on insulin signaling in the OA-treated HepG2 cells. HepG2
cells were treated with 0.6 mM of OA in the presence or absence of indicated
concentrations of LSE (1 and 5 npg/ml) for 24 h. (A) Cell extracts were
immunoprecipitated with an IRS antibody. The precipitated complexes were
examined for immunoblotting using pTyr or IRS-1 antibodies. Determined expression
of the protein was subsequently quantified by densitometric analysis with that of
control being 1.00 fold, as shown just below the gel data. Results are representative of
at least three independent experiments. (B) The protein levels of pSer®-IRS-1 and
IRS were determined by Western blotting. B-actin served as an internal control. (C)
The quantitative data are presented as means + SD of three repeats from three
independent study. #p< 0.05 compared with the control. *p< 0.05 compared with the
OA-treated group.
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Fig. 4
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Fig. 4. Effect of LSE on insulin resistance-related protein in the OA-treated
HepG2 cells. HepG2 cells were treated with 0.6 mM of OA in the presence or
absence of indicated concentrations of LSE (1 and 5pg/ml) for 24 h. (A) The protein
levels of p-AMPK and AMPK were determined by Western blotting. B-actin served as
an internal control. (B) The quantitative data are presented as means + SD of three
repeats from three independent study. **p< 0.01 compared with the OA-treated group.
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Fig. 5
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Fig. 5. A proposed model for the inhibitory effect of LSE on OA-induced hepatic
insulin resistance in HepG2 cells. OA induces Ser307 phosphorylation of critical
IRS-1 sites, reducing IRS-1 tyrosine phosphorylation, and thereby inhibiting IRS-1
binding to insulin receptor. These results may downregulate PI3K/Akt/GSK3p3
signaling pathway and reduce insulin-stimulated glucose uptake and glycogen
synthesis. Given that, future experiments will test this possibility. On the other hand,
IRS-1 tyrosine phosphorylation has been demonstrated to be positively regulated by
AMPK activation. In our results, LSE is shown to activate AMPK activity leading to
block IRS-1 serine phosphorylation and attenuate OA-induced insulin signaling
blockade.
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