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B 1% ¥ (metabolism syndrome) & - f& & 7 &~ & B{cd &k
BUE R PR R I A TR E A ROTRAEAE > PREF B
& M Fl S el e o Pg& N ? f;;}% N #%);Ti-‘lfﬁ‘f‘"’?% E8F(fatty
liver)» AR = -t iNPA g5 © AWEP ¥ ¥ &8 Ripdl o Flut
JI* R &SR Al MR EE LT P BT A1 B2
3R Y 5P 4 (Artemisia argyi extracts, AAE)Y 7§ & &
A PRI EGEIME LRI CEE G R R
HIFEEE o AL 2P R GG AMERA SR FELEY o g A
F1* % *a4¢ & (high fat diet, HFD) & #4a*kiz /%
(streptozotocin, STZ)# % A #tmiEH 2z e HN > T uF ST
(simvastatin) 1% & Feik 4 $tpe e o B % B rFD & & STZ+ $ e
(HS)z #+ 4 w F¢ 3 *2F A% ~ LDL-C ~ AST ~ ALT ~ BUN ~ CRE% & #% 2
B3 it dE € Tl pFod AKAAED *E X o AR P 8% ) & e
OGTT # 3R~ v HSM 5 3% § 5 3 8 RAAEW $rd)d HS#73 S AF9%0 1T
ApE v R 5 0 MEFAAERIZ A B b B prd ok ARP RE o ¥
12 moe BERS AR S AAR S 9 hm e Ry RS 2 B 1R L el X
BRI I E LR L A A A o F B %8 AAET "E MR R
(free fatty acid, FFA)-# f&(oleic acid, OA)Z& {z{Eps
(palmitic acid, PA) & &3 % A #5522 HepG22g B3 2 1)

» T F AAET v 5 BAMPK s 1 A 30T 25 F 841 > & @ e iF
fmfe g B2 = (lipogenesis) iT* 2 AR A3 Fv £ IR 0 12 Hi 4o
Ppipfc § i (fatty acid oxidation)4p B 445 -9 £ IR > WEE"
A f2(lipolysis) (£ % » JEpL D3 mie p g B dafh o d 0 F k%
SRt 0 AAEE F "8 5 48 - "B P o sT L B R I Ro s TR A
R PR G 2 A Hc e

R I FHE S g R TH L EEd s " L %‘rﬁlﬁ s A EaE
mre ~ g g*g£1$ s P g*é>ﬁ;

: Metabolic syndrome is characterized by obesity,

hypertension, hyperglycemia and dyslipidemia as well as a
cluster of risk factors. Along with these risk factors
rising, the probability of suffering from cardiovascular
disease, diabetes and fatty liver would be increased.
Artemisia argyi, a perennial herb plant, has been shown to
be rich in terpenoids and flavonoids, and to possess
antioxidant, anticancer and hepatoprotective activities.
Artemisia argyi extracts (AAE) has been demonstrated to
possess antioxidant, antiradical, antiparasitic,
hepatoprotective, and anticancer activities. Here, we
investigated the in vitro and in vivo inhibitory effects of
AAE on metabolism syndrome. In vivo, the mice were fed high
fat diet combined with streptozotocin (HS) supplemented
with AAE (100 and 200 mg/kg) or simvastatin for 6 weeks. To
analyze metabolic syndrome, fasting serum glucose, insulin,
HOMA-IR, and oral glucose tolerance (OGTT) were used as
indicators of insulin resistance. Serum total lipids,
including total cholesterol (TC), LDL-C, and HDL-C, blood



o M

pressure, and albuminuria were also measured. For exploring
the possible mechanism for diet-induced metabolic syndrome,
the presence of fat droplets in liver was examined
histologically. Feeding AAE to mice significantly reduced
these hallmarks of metabolic syndrome induced by HS
treatment. AAE improved metabolic syndrome in vivo via
possessing hypoglycemic, hypolipidemic, and anti-insulin
resistance activities. In vitro, we examined the effect of
AAE on reducing lipid accumulation in human hepatic HepG2
cells. The result showed AAE suppressed free fatty acid
(FFA), a mixture of oleic acid (0A) and palmitic acid (PA),
—-induced lipid accumulation. Molecular data showed these
influences of AAE might be mediated via AMPK-mediated
downregulation of lipogenesis-regulatory proteins and
upregulation of lipolysis-regulatory proteins. In
conclusion, these data demonstrated that AAE potentially
could be developed as an anti-metabolic syndrome agent.

metabolic syndrome, fatty liver, Artemisia argyi, insulin
resistance, hepatic lipid accumulation, human hepatic HepG2
cells, lipogenesis, lipolysis
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* $BPR % ¥ (metabolism syndrome) & - f& s 7 ik g BRirn kB M2 o B2 & 5§
TR TGS A RDTRA A 0 WREF L AR TG e v B P~ BB
Forg 755 (fatty liver)» AP 33 = o St PR R C AREP T 49 g Rgpdle Flt It 2R 8
SR L NBEEEER HFE OV (T T BT VR 5 P-4 (Artemisia argyi
extracts, AAE)® 7 7 B X fEp fiq ~ e & 55w fr % pi CHAVITEG M Bk
ﬂ}fr'FEE-T—:—E, S e ﬂx,{zw 2o P e G AAE i S 3 32 (7% o FT i’f %Ak G & (high
fat diet, HFD) & i 4%k iz 7] % (streptozotocin, STZ):5 % H#bp iz #H 2 50 > T3 s @
iT (simvastatin) (% 3 Tk #4 4 e o %% 37 HFD & & STZ 3 FeHS)Z #4147 ° 3%
“&E i ~ LDL-C ~ AST ~ ALT ~BUN ~ CRE % % #6 3 £ 4 & 5 1 it #cfd § F1F p¥ # 4k AAE
Mm% o AAE ¢ W ZEFAr OGTT £~ W HS e >3 5 | T # M AAE ¥ "P'FF‘J
HS #73 $537%00 Tt 2 3o Fez 3 0 ¥ AAE A 8 3 4 B Frdsc b AR Bg o
Pk e N R 3 AAE H AR Im e R T N TE Y 2 AR (R L e B R R A
SR 4 o B % B I AAE T "E MPFHR L b6 ﬁfr?z(free fatty acid, FFA)-7# & (oleic acid, OA)
2 12 {E & (palmitic acid, PA) & & 3 £ 4 #57% w7 HepG2 "y F3aff 2 3> T & AAE ¥ i
2356 AMPK 07 94 457 754 3 #8410 i @ r43in s B 7 2 & (lipogenesis) (r * 2. 4p
BEA -9 £ 3R 0 Z M4 Pg kP § 1 (fatty acid oxidation)4p BE 33 457 -0 A IR MGEFG A
fE(lipolysis) 1% % » Jgut jgt > AFimee o Pq PSR o d 111 R ARG R &pﬁ » AAE £ § %% i
g T AR RSO RC B 0 X PR N BhE G R Ak

F&é{gﬂ;;{{’ : f—k;&j—]iﬁj:%a: N F;]H'ﬁE-T—\ K N H,i,% % fEFu ~ H-T—*"’F* ?ﬁ.{}g%g . A —LF,');_T_B-JN? N Fq?ﬁ"L
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Metabolic syndrome is characterized by obesity, hypertension, hyperglycemia and
dyslipidemia as well as a cluster of risk factors. Along with these risk factors rising, the
probability of suffering from cardiovascular disease, diabetes and fatty liver would be increased.
Artemisia argyi, a perennial herb plant, has been shown to be rich in terpenoids and flavonoids,
and to possess antioxidant, anticancer and hepatoprotective activities. Artemisia argyi extracts
(AAE) has been demonstrated to possess antioxidant, antiradical, antiparasitic, hepatoprotective,
and anticancer activities. Here, we investigated the in vifro and in vivo inhibitory effects of AAE
on metabolism syndrome. /n vivo, the mice were fed high fat diet combined with streptozotocin
(HS) supplemented with AAE (100 and 200 mg/kg) or simvastatin for 6 weeks. To analyze
metabolic syndrome, fasting serum glucose, insulin, HOMA-IR, and oral glucose tolerance
(OGTT) were used as indicators of insulin resistance. Serum total lipids, including total
cholesterol (TC), LDL-C, and HDL-C, blood pressure, and albuminuria were also measured. For
exploring the possible mechanism for diet-induced metabolic syndrome, the presence of fat
droplets in liver was examined histologically. Feeding AAE to mice significantly reduced these
hallmarks of metabolic syndrome induced by HS treatment. AAE improved metabolic syndrome
in vivo via possessing hypoglycemic, hypolipidemic, and anti-insulin resistance activities. In vitro,
we examined the effect of AAE on reducing lipid accumulation in human hepatic HepG2 cells.
The result showed AAE suppressed free fatty acid (FFA), a mixture of oleic acid (OA) and
palmitic acid (PA), -induced lipid accumulation. Molecular data showed these influences of AAE
might be mediated via AMPK-mediated downregulation of lipogenesis-regulatory proteins and
upregulation of lipolysis-regulatory proteins. In conclusion, these data demonstrated that AAE

potentially could be developed as an anti-metabolic syndrome agent.

Keywords: metabolic syndrome, fatty liver, Artemisia argyi, insulin resistance, hepatic lipid

accumulation, human hepatic HepG2 cells, lipogenesis, lipolysis
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- ~ A ¥hE 3 (Metabolism syndrome )
KR GEHA-fEe 39 BREF - BhE Y E L MR RS ERT]S
T ARTRA MIE 0 REF L B TS i 4 0 e Boo s F B s (cardiovascular
diaease) » #% R (diabetes mellitus) ~ #5 %7+ (fatty liver)~ 4p $+3% = (1, 2) - *% 1998 EX R
(WHO) AR R B RO A 0 335 % 5 & 12 FY(insulin resistance) ¥_3% i
ﬁxs‘!ﬁlﬂ g YU EE M T AR A IR A L A > TS NP R Bl dgthe Fp e
B B Py T RGHR Y S B E-d R(B) o BIPN R RS L A R (R 2007 £ 2
%@%%%%2%%)%%mﬁ‘i@‘*ﬁi%%&\:ﬁﬂﬁmisﬁﬁwﬁé%ﬂ
fes SHpRFF o BEHY 3 HTRILAFEGHELY BRFERACEF RILE
(hypertension) ~ ?‘5 i %;%(hyperglycemla) ~ B Py (hyper11p1dem1a)~ EHAEAFTET D RA
R EFE A 120 & 5 19.7% (F 203% 0 % 19.3%) £ sgE & 2 a5 i\gécmﬁ\
oo RPPRIFHEHSOLGE LA T ES 2 ”'H%ffxffﬁi ik B RRE ARG TS LB R
Bl @ %G FIEE 5 2 B AORN § i % #% Al i (atherosclerosis)# 2 > F]@ P o
AXFERBD cFidpd o &5 Txéi’rﬁf'%%ii?tﬂl%ﬁcﬁﬁ&jﬁ Piefed s 2 300 s
FHE A A AR el F AR R ERIH e 30% (4) 0 KB i 0T S {8 18
ARDRGF > RARTFFANWRALL F o f AL § AL AR Y
A NP LA o - WIS RIS R R FR RS o P T
PEFE LI L B BE R v B R R F”m%rﬁ°“P’”q?¥#Umm
disorder) % % % (inflammation)¥. % » A3 5 T E R A Bhp il B 412 - (5, 6) o N HF
EGHDLFT R B LI FEEACERALFE M RAERERLT FH S 0 EH
AEAEE S A T s 4 AR 2 WD AR T L ST R TR o Ao RN BbE G

- . 2,

FEAR B A O 2 ZE 52 5 o 4o statin £ £ F 3-hydroxy-3-methylglutaryl (HMG)-Coenzyme A

\f‘“k

(CoA) reductase #r#] 1F % 2 Z4» ¥ AR % 205 ME H ok 7 *BFM(T) @ 7 H e BRI
8 PEFARZ niacin ¥ 5 P WK AL L A (8)c P WD %'}L”E WEH T
FPfou IR RBER T > FIPBEFF AT X 2P R BPREE D \QH% CEAR o

= ~ ¥ ¥ (Artemisia argyi)

Y E B § A (Asteraceae) § F(Artemisia) 5 E 2 F AES 0 X LRI B ATE  F
FEoXET ARSI EE o LG E AR BARRY BIE(9) YENLMWE W
PRMNELFRAFETZY > AEHPBTIRIEFTRES > L5 AR HRIERES
87 4L o v‘;i—z. F %‘rm;;‘;% b%%v%mﬁi aga i A gmiaw H# A-Bl1-B2-C ¥
;7%#%* BUENFEF S RAERTRAH 4 B 3O x frfuE ATt o @ TER® TG ]
Il BRLE M W ~RE G EeE LR T 115»‘!4“3_ ‘B ‘ki 2% (9, 10)o i3 AL Bom U H X B
4= (Artemisia argyi extract, AAE)® 7 3 ¥ % fr3 FF?IJ Sl N ﬁq (sesqulterpene lactones) ~
* %‘r fi= (lignans) > fi» Bk (phenic acid)4 % g & [ (flavonoids) % (11) e w2 F % ¥ ¢ ##F AAE

F e s~ iy CefuRanE (12, 13) s m R R &Y R P?{ #P OAAE % 2 A
iE* (14) o BT 7 A I AAE 2 5 #9755 {308 5 144 £ % (acetaminophen,
APAP) ~ it & 4w & it g (carbon tetrachloride, CCly) (15, 16) » ™ 2 ‘w F 1%y 5 B
(lipopolysaccharide, LPS) 313 2 3¥4f i & § ik sa % (16)°i& - ¥ < prdp I AAE L & & (> 5
¥2 4 % (quercetin)fr i 3 % (apigenin) (17) BETRER M LG AR AR DA
e ARPFHRFAH ALY BT AAE ® 4% % fe(pilyphenol) 2 % K R EF 3 £ & W 5
26.9%%- 14.3% (Table 1) > » 7 AAEH;% BB ERP .



(=) Fg R
FEFFALEDER MU EFDR 2 30U L > RFREGHF ALY R G S
B R o e R fEd mRs > 2R EEG 1700 A ATl FAR 0 d RS
A /A SR Ra S R AL § o ® TR T 2016 &£ B/ A S < FEE
SRR S Mo B R O AR CFTARM R R R B 8 BRI R E P18 S i F A
Meng o 0 B FEF 0 08 - B o SR EE RS ‘%%W&ﬂ%&
AEPELE oL FL R CBLEGHEIF LM A REB L 2 B 7 R DR
ER o FP LRGSR E R s 2 o AT friof A AR FE 0 LA KRG rER
R 7PeF &S 324 & 4 /5% % = % (Adult Treatment Panel III of National Cholesterol
Education Program)z_23& » & i e P& 07 0~ 3 4 R S RO/ 2 S ol R/ ¥ - A2
FE Moo m 2 RSz E L 8 Mad o= B S BHEA K% 2 W 0E ~ 7 B0 r
B BRCARER TR ATG Rl e Flpt Ut R S R R e PR E A B
&m?ﬁﬁ°ﬁﬂ%’Fd%'ﬂ%ﬁiﬁﬁﬁﬁgﬁﬁ’@%%ﬁ&ﬁi*ﬁ%ﬁ#%
B DPIEAR D FSFEFIEP R T L NBRRFEEES 2 T EZ I RGEHLIER o o
%dﬁﬁ%%%wmjéwbw**wﬁmﬁw\%iiﬁ_M%ﬁ%ﬂm\@meW%
LB oF kv s e LDL & fY s FEOF & R e e B M g i eimre mﬁg 4 38
FIE RGN L2 LD D 0 PR A G T it NPhR G E S o #
AR TS YE R Vg i g U s Bl s IF“:}anp TE T iTL
Al APPEEEZ R REES Y AR E RN E R R 2 ET G
H AT S BEREERBL L DI EHERELLAR2 PUPE L
VL BB R ¢ A ST P i F 2 S F] s ROFEARfoAs F B R BPE  E DI e
EHE ARG LR Tk
VELZIEATAfEd > P LARLHPANELY > 2RV AFE o AT H P BB
ﬁ%%“ﬁ%’iéi&ﬁﬁ‘ﬁ&ﬁ%m#$ﬁm°ﬁﬁﬁ7“'{%?Kiﬁ%’g
- fAEa A kg o AR HGETH S G f’f"f\?/«lg ,ﬁm,"écﬁ‘l(9) o4}
FE g R I F e s MEERTM A B 4 £ Mo fediiacans * (10, 11) o H - B
*irEF ERILE LA E rth\ A5 (sesquiterpene lactone)™ % % fis % (12) » B *h 2 57 5%

Fr¥tpla A (pend L H T § S PERBHIE o LA m%g‘fj“/{n"ﬂﬁggﬁ PRCEIEY
F e s AR I LR -é——,—’\jﬁ:—f}\/rr'};% Mol B R o FR o AR # ]LQ,# }_#
o874 2 fj” R e o370 U E FRik DR EE ST o B ﬁ“’li— S A F

EY S e ;&’rfillfiiﬁﬁlyi X E FP A bk,,a‘,/fgl}m#W§i S EPE R F“L/w +#§
Ao R RPRAPPEREFL A BT RBHN IR IS FRE TR A S
RBPEEFESI AU A m (oo B AR AR E T RF) i 2 s+ Rk R E &
PELGf  F B LARER ST TR - R R0 R P A 2
EEAGTEL k- EF P Rig VR LA AF LI & B N BhE iE
XX LS R IR R LR

(2) 2

1. ;#%F?Ea‘g SFERBHADIFA A% T FREE dml,F e 2 TG s
A
po

(18, 19) 7 /i 4 %ok A 5 H g e s AT o Wu % A QOONEFE T+ ¢ R B ET 1
%Txgé‘fv‘fﬁiﬁ%%i" 53 M dp R(20) -

2B LA S et 2R %2 G kR 2 AW T T R R
&j‘}j; A0 BN AR~ n ’»TC{VTG'}&E{i EOAEET Y B RS & 3]%%“#1‘%



for 2R > BV EFR Ao B fr” i e g & ¢ adiponectingk & % fui Y fiE#
Ao AL EFWAE F9 ¢y —f”’aﬁli. % 7 iﬁ?’ % 1 PPAR0frPPARY #2881 75 B
mA#ﬁ&%%m,L’%3?%@i%@’kﬁﬁﬁ§§5%W§ﬁQU°

3. i P Y L HF VX Z P AAEL 3 ddg S~ 3 M e eaiE (12, 13) 5 A
‘a‘h#f"‘" v PG AL P AAERE 2 f T (14) o BT 7 7H 3 IRAAEW u’fi,”- ’
o E 5 APAP ~ i . CClL (15, 16) ~ M 2 A ELPS51 4 2 374 5 B 5 ik »c %k
(16) -

- ERVE [BFHKEN  HYEF LA R 2 A 5 {84 (MOST
105-2320-B-040-023 -)] 4~ # = i» #2_ AAE § 7 #F % it % fi» fc(phenic acid) = i»(Table 1) >
Fy7he g AAE £ G prdlftpieie 4 £ 2 RAEH AR A M- 208 > U E AAE £ 5
REY (leptm);j; %~ JL«}%' wmie T it 4 E »W)a,;r% % $8 (estrogen receptors, ER)iE & % > ¥
BT AAE 5§ ¥rd 0w A FUR 2 B4 o @A Y g VX R 4R s U o TR
4 o ,E—Lw&u 3 mzﬂ;g B AP AAE B E & F AN BE 2 R R RS Hangs %
S EEREEAGETE A EFERF RS FTIRLRER L IR P 2 PR & 2R
& AR 0 &4r tea polyphenoic extracts ~ curcuminoid extracts % broccoli extracts (sulforaphane)
SR LT LIV EEF S E(22, 23)c A AR HRFRATEFE X R P AT RS
o AET D RS ERETTFY A EE A B LD e T KPR SRR b
PREOFEL-VF > G H PP Mg GE L EL o mE AAE ANV FE ARG KT
Fha k> BFARESF A LB R A5 EN - K7 €3 ARG WBAL e - R
PEAA T LA AMTLF VG T o AT R LA B
HYPRLFEASE RFZBFREY TG ke

(z) P33
N S I IR IIRT.
1.1. ¥¥-kF B4 2 %] & (Preparation of AAE)
F=B~ 100 g §2% ¥ ¥ (Artemisia argyi, AAE) » 4 » 6 L distilled water > 12 100°C ;& 2 | B »
FL W RRREFL R RETER X TLEFES AAE -
1.2. % % g ¢ £ 8] 2(Total phenolic content assay)

Bl Efseny £ > 2 gallic acid (GA) (mg/kg) 5 &8 5 7 AR (38 4 B|B7 g » 11 ¥
AT 1l ml té > % 4v 0.5 ml 2. 2N Folin-Ciocalteu phenol reagent 4 # 3 > £ 4¢ 3 ml Na,CO;
(200 g/L)4 3 > T3 EHFE 15 24815 > 4e S& 10 ml 2 35 k533 > 11 1250xg g 5 4
8 0 k£ 725 nm TOReR R E o Rk E L AAE ER LA F- R R T Ew
B AR o ek R 0 P00 ml R4 0.9 ml P AR o 0T BRI RS AR AT
Rl fE > Rw fFS A2 P A R
1.3. 3§ B¢ 2z £ iRl 2(Total flavonoid content assay)

BlEF ez £ 2 orutin (mg/ml) 548 5 o 7 ARA fR1S 4 W B2 i 0 12 30%2
@ﬁ%zﬁi@filmm%%oigéﬁo3M7lMNmmwﬁﬁvi£%“60%°
v 03ml2 10%AINO; #6443 » 3 HEFE 6 245 fé4e » 4ml2 4% NaOH 3 %R £353 >
A04ml2 3+ KT %A 2%y 1544 k& 510 nm TR kE (2 ﬁ%ﬁﬁ? ) Bk E R
A RRGE R B AREY R PP B v A2 o R RR O P01 ml RS
0.9ml ? A& > 20 SRS BAREF RAF TR AE > RRFSRSGEE@RAEE
Z ~HFD £ & STZ# ¥ A4 Sz

1% Balb/c/| BiE 7 F % > B4 F St & et 4o (D ¥ %~ ()% 75 4 (high fat diet,



HFD) & & & # 7% /1 $+40 mg/kgda?i iz % (streptozotocin, STZ)# ¥ 2 (HS) ~ (IIT) HS + 100 mg/kg
AAE ~ (IV) HS + 200 mg/kg ~ (V) HS + 200 mg/kg simvastatin ( i 3z iF 358 Z 4 416 )
& ¥ & unormal dieték & > % 2-5%2 12 HFD : 89.8% chow ° 10% coconut oil %2 0.2%%% # f% - HFD
AFHETEE  LUSTZAFF5%EF- 2D BB ERREME (1724 pF) S 4@ > &
& FAZE13 mM (230 + 10 mg %)P¥ > BIAR 5 F 4B Ao o %3-S B 44 B] 00§ # 4210040200
mg/kg AAE » 1 % simvastatinék & 63 (Fig. 1A) - § Z%iE42? TP edrd s ~ Gk~ WL -
EAEE o RO > TR kP AR BRIETEER LB A B
2E- & (EE: £:4 PR LIN I AR AR T 4 R WP e R AT g5 @ BETC TG -
HDL ~ LDL ; ¥ — 2RipB3+Fm %/?Jiﬁ SRR 2 ER o F B Wt B R A B
CRBRE A 0 3~ 10%7 AR5 +k F T(neutral buffered formalin) » 2 7 ¥ & 32 > 12 g A
A - = 4 ¢ (hematoxylin and eosin, H&E) % 4 ﬁ’ﬁi/ﬁi oo
Z s AR EERRATER
3.1. = #%(blood sugar)ip| Z_
S AR T PR A BIER A B ¢ 0 5K BT E
T > 2 4-aminophenazone %# phenol ¥ * 2 quinoneimine % (= ¢ & $ o # 10 pl s er{r HaE
# &4c » 7 3 phosphate buffer ~ MOPS buffer ~ phenol ~ 4-aminophenazone - glucose oxidase fr
peroxidase ;2% ¥ R &353 » A 37CIEE#® F R 10 245 >t & 500nm sk @ T » 11 e 5o
Ve Rz AR TR 2 E MR EAEER > B 2N e D F kA (mmol/L) =ik k5
oSk g /R mheso sk (@ x5.5 e
3.2. & % § % (insulin) £ 5
4 #-50 pléfconjugate solution ¥ 796 well plate » £ #25 plif- 2 & (i 71 )~ o iRk & 4
e drdE e o IR R OR2) PERS > i Fwasho # A B & iR £ e 200 pl peroxidase
substrates ¥ . T F 15448 0 B fS e 2R RKIEEZ RS K N A L4500 nmT ¥R H =
kil o HBHME ZER -
3.3. %% § 2 5% § 2 e FUp| i#[the homeostasis model assessment-estimated insulin resistance
(HOMA-IR) index]
$# * Matthews % 4 3t 1985 # 3% 112 HOMA-IR 0= j2 » 1% 7 "o 4 e ~ % 5 3 B %
B AR RTRRAE LS A A B KAk A i
PE CZan BE(mmol/L) x # & w % g F (U/L)
22.5
34. 5’5’ ¥t X Rl (oral glucose tolerance test, OGTT)
<4 Andrikopoulos & A #7iE 2 13 2 o F B E S 7 L A~6 ) PERS 0 1L E D VA 2 g/kg
H F %r% » B1E 230~ 60~ 90 ~ 120 A 48P cn BEE 0 14 d AT 5 f (area under curve, AUC)Z
0TS SEUARE o JE BRI RN AR )
3.5. #4 i Py 0k R SFERRP SRR A T
PP BB o R R R R SR s ¢ AR F12-14 ) L R P RS AT
IR A AT
3.5.1. ,°% % f% (total cholesterol, TC)
# * enzymatic colorimetric method » T & e 5 % SFHIDF R ¢ 4o~ & 4 R K3TCKiE o
% 2 374 akd P a8 > s RERI500nmAk £ TR R kE o A ETCER °
3.52. = pkH ¥ fq (tr1acylglycerol TG)
FI* pEk i > TRl 2 FHISFR Y G r B4 A 922-25°CT ki o e R RS
2500 nm T B Rk E 0 P ETGER o




3.53. 1% & %5 3-v & s (LDL-C)

FrpEA T Bt 8 Rl RIL o B R ik 2 ﬂ*’?%i’a%*iré Podeor i g TSR A o M-
chylomicrons ~ VLDL ~ LDLi7#k » %% = 2 {8 3 » Br LT E iR 4o » PEFI AR P 588 0 1
AR R AR E AR (500nm) TRIESGEE - 3RS0 £ RVEFE 'Ei\?"fi FRPEE
fg & » ¥ LDL-CIE & -

354, B %A %5 kv & F g (HDL-C)

BHREIEY BT RITRIE  BLE R w—ﬁfa@‘r;‘,@ LIPS DS . IR
chylomicrons ~ VLDL ~ LDLi7#k » %% = > {8 3 » Br LT E i 4o » PEF AR P 588 » 1
kR AE AL (500nm) TRl TRk E o @ 35 HDL-CEA -

36 Hism 4 L ELH

AP ERY A M w4 VB e glutamic oxaloacetic transaminase (GOP) ~ glutamic
pyruvic transaminase (GPT) ~ blood urea nitrogen (BUN) ~ creatinine (CRE)» - & &£ 47 » T 5 &%
R A7 % AAEZ B
o~ ERREY 2 R ¢ (HKE stain)

BAOMRRESRLL AR MRS (2 FaLF TE ) 0 BN 10%
AwS AR B R ”l'@l%‘v‘/ﬁifi’—'—” oo B ?@l'Fﬁﬁq T Kk-EFoRE—e B
WA R d >4 E 0 28159 * H&E staing. &7 5 A g o
4.1. # =% ¢ (Oil red O stain)

Wi - AT R PR A T RS ¢ e R A T B e o LA B kA 0.25%
i fstock>t & [ pg ¢ o @& % A g rstock  ddH,0=6 © 45t B AF = working solution > + 4 &
1R A ® o gl ® & 114% paraformaldehyde? T S54 480 & F * ddH0%3=% o
hiclosss @ » BAMmY 2S5 BFLE i 491004 185 %R 4410
A 4a 0 % ddH,O/ %2 » £ * hematoxylin 104, » * /i-kKi* 2104 48 > M ddHOR %S - b 523
M e o B8 B IR # 1S englycerol gelatindt § 0 T O BB R 40 R 1S * Image JE 1t o
4.2. R %% ¢ (Nile red stain)

Rl E - 5 nq B kA A AR 0 TR ¢ M e i R E A R e o B
KBHAT EIRF I 2d g ko A k& 500 pg/mliNile red stock solution*tacetone ®
FF 4T o @& a g T75% glycerolfie = )k &2 pg/mlshworking solution i¥ i@ * o B~ficjf
working solution*?i‘;}h PR PER TR E ?7%\; FEog hut A RIS ¢ SA AR (8 1R K 470
nmeng Stk R A & 590 nmegc stk 0 12 T dp s * Image JE ¥ kA o
4.3. &= 1114 ¢ (Sudan III stain)

£ B 0.2%: Sudan 111 *:70%2 g8 ¢ > U37°CoKis2 ] PF > * RAERE TF @ % o sl
Sgk ¥ 114% paraformaldehyde 7 % 14 48 > * ddH,OiB L2 {6 £ 1170%2 fRiB k1= » &% & »
Sudan 1117 % ¢ 10~204 48 > £ * 70%¢ figie3 % 4% % > * ddH,OF % - = > £ 2 hematoxylin
AdS5mdsot ok R104 4818 M ddH OB 1 0 b 52 3 F R0 B (8 FE #4F eiglycerol gelatin
R TE AR F R Y ImageJR 1 -

I ~ @ & BLE% /Z (Western blotting)

F A B E P 3 (protein extracts) © jz f TR A w35 % 0 4e » RIPA buffer & 3o fif
4 #4104 (sodium orthovanadate ~ leupeptin 2 PMSF) > 2 0CT R 30 #4858 > 2 {634 C 3
@ (10000 xg) 10 4 48 > #7118 + 7 FRITELFPF o FREGN-TOCH® BT ORLATE R
v ZE 0 #30 ul P3¢ 4~ 1 ml coomassie brilliant blue G-250 > &3 E T~ & 1 ~ 45> |
* Coomassie brilliant blue G-250 € frd-d B & S FJ 247 EF L £ 595nm 7 — &+ 2
¥ 5k (@ 0 12 Spectrophotomete ( HITACHIU-3210) 2. 7 Rk ¥ #h skt & iRpla_» ¥ 12 BSA 5 3



BRI o H B e FTP R 2 Fd FTORAR o B~ 50 pug 39 £ 5X loading dye 14 4: 1 v R
&> 10 95 CHAv# 10 ~4d 0 L B3 kA4 EIFL T AR A o 13 SDS-RP iR A
(SDS-PAGE)# & chfie gk » ** & HCR] 2830 = = {5 » T & " (separating gel)iz g » + & #7F @ fie
B 6-15% > F & M(stacking gel)R| 5 4% o #-fediz e T ARBPMEES > T AR+
runnlng buffer 4c » p %1“1 ARG L rdBF2 F0 FiRA A well? 0 p RERAE
dwell » # ¥ — i well /X » color protein markers » #X {4 running buffer 4c » ¢t 4+ 7 FET
%3;‘35{ CBETARETRERE AL TOV REFT Ak AT stacking gel £ separating gel 2 2
Bl RAFETIRE 90V ¢ loading dye §8 T A ARPF A 2k A o 2 (S8 (7 hov #F o 29 5
B FPEM2ZIMBPUEENARJAT > B oG B L] 2 AR R
(nitrocellulose transfer membrane, NC paper) » £ % @ #Rjg 8 b » H ¢ #75 jg i ~NC paper 3%
& R 14 transfer buffer /%/RiE o * BIFHALA F 2 0 L UP 2B FWMBADAHF X Bf v AT~
WP otk U EE TR 100V IEE 92 B BF o gEF =2 15 > B4 NC paper » ¢ > 5% milk
blocking buffer » % % § T # % 1| P 12 washing buffer (TBS + 0.1 % Tween 20) &= = »
E 10 A 4B 0 2 (84~ - bRl (A 47T ?’r % 2+4p B 3% HMGCoA reductase ~ SREBPs ~
FAS ~ ACC ~ PPARs ~ CPT-4 - AMPK % 3¢ )> & 4CT F & > I = 5 } 12 washing buffer i 7 e
Lo F N0 A4 HFRL Avr - Bl BT FRIEY 1] B > 1 washing buffer % =
X0 & 10 A 48 o B {8 - NC paper 2% » 43 & (tray) + > * & M#x3 % 4o washing buffer » £
12 Western Lightning ( Enhanced chemiluminol Reagent: OxidizingReagent= 1: 1; % ECL substrate )
% E B NCpaper 23T OF - #4808 #3 % 4 ECL substrate’ #-4 3 2z » FUJIFILM
LAS 3000 24 %5 LA 45 A %7 > 2 ImageReader LAS-3000 Life & B354t > &
Chemiluminescence % it 45 ¥ 8 > ¥ 12 FUJIFILM-Multi Gauge V2.2 it T £ %9 R R -
2 ~ fm¥2 3 24 47 (Cytotoxicity analysis)
6.1. m% 32 % (Cell culture)
A 3 F e (HepG2 fm?e )@ * 90% Dulbecco's modified Eagle's medium (DMEM)#: & % » &
?k 4 1.5 g/L sodium bicarbonate ~ 2.5 g/L glucose ~ 10 mM HEPES ~ 1.0 mM sodium pyruvate ~ 2 mM
L-glutamine ~ 1% penicillin/streptomycin > pH 7.3 » £ 4r + 10% FBS i* 2 A 2 A - B % & 75
cm® NunclonTM delta treated flask * » #3c% 37°C ~ 5% CO, T B 7 8 4448 o & 2~3 % { -
SR AR 0 ST B A e - 5 o
6.2. jw % 1% 5 W R dm % 7% 5 # Rl (3-[4, S-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium
bromide) assay, MTT assay)
Lt 2445 Alley F 4 90T § s R TR 2 5% 0 B RIL S hh S M s e 8 MTT

’_’d 23U Y dehydrogenase 8% 3B & 5 FK :\:l':BB 2 {8 £ 11 R [ f (isopropanol)#-ig &
7‘}51 s Atk B 563 nm TR FUA R GRER N o d kBt ) T Faeg S mie Bich 2

HFood e g E I > FPL SRR R s Andwie g S R E RN
SFMTT 2% chifa5 o #-me 13 % >+ 24 well culture plate » 4c » % ¢k & ¢ AAE &% AAP a2 24
| PELE B ,Ttt-,mi%%‘ﬁk e N e & e MTT £ g 4 ) B> f?"%i%%é s 4 x B R
Sl A R 563 nm TR Rk B g o

s m¥e NPy BT 3 ff 385 (Cellular lipid accumulation assay)
7.1. # =% ¢ (Oil red staining)

Oilred O & #&=* 2 &2 - » HihapE G et » Z 73 Ead B Rra B RBER P
MEBE S 5 Ty Lt%ﬁg AdtEEMenicd Falaiz p g F 7 £ o #lore i £ 6-well dish ¢ >
Fwre PLEEA L = 216 > 11 PBS Bk {4 4e ~ starvation medium > 24 /| FF{s > 4c ~ FFA £
A Elde xR AR G AAE A B3 & 24 ) pF o HKoilred B AR fE R A R S Smg/ml Rk o



o kAR LS & #3510 441507 0.22 pm e filter i3 o % 1 PBS %2 % » 4~ 10%
paraformaldehyde ¥ %_30 -] F¥ > £ 4c » oilred 2 # >t 2 BT F R 15445 > * PBS 23 4 4%
ot 0] N AR B R BB MR P Iml s » 963445 = T # ELISA
reader B4 & 492 nm 2 ¥ K {E o

7.2. kRl ¢ foz E 3% (Nile red staining and quantization)

BBl AR A FEAR > T US> R gk T g N d Fok o a § ke
R RAR TR > FILT U @armie p g F R o e £ 10 24 dish ¢ 0 Fliwrepk
EEA AL = 218 > 11 PBS Bk m¥e {8 4e ~ starvation medium ° 24 -] BFiE > 4c » FFA £9 & &) 4c ~
7 A E 5 AAE & AAP & B3 & 24 [ pF o 3 G ¥ e medium T 4c » if £ ¢ trypsin 0 3t 37°C
gy e F R 10 245 > #lwmre d T T4 1000 rpm/ Smin 0 £ 3 ¢ b 4% o ¥ 11 PBS wash 2
= > 4v » 10% paraformaldehyde ¥ %_30 -] B¥ » 12 1 mg/ml PBS FRAH > EZERTELLS S
4ot PBS e FARLR] RN mre R R Bk 488 nm e e ¥ R R T BT AT o
7.3. W% N = B2 W 5 7 £ B Z(cellular TG analysis)

i ® &2 plE = f&ﬁ/ﬂ!”q”‘f‘/ B APl E @M Bl mep ZREY W7 22 %0 o
P10 plz e o2y ”p‘r_,. R I mIZFAE L A E R TR RLI0A 4 £ 500 nm TP Rk
kgt e wERZEELIFHRB T Nmep 2 2B H 255407 C=200
x AAsample/AASTD [mg/dl] -

A~ B3t 4 47 (Statistical Analysis)

#cdy 1 means £ SD % 57 o 12 Student t-test - Unpaired ® 3%z 5i3- £ £ - P<0.05 £ 77 & 5
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(1) B8 (3 8wmadiR)
- T FB P (AAE)¥ HFD & & STZ (HS)# %] 8 A #p 2 H2 15
1.1. 2 @ #HciE s 47

R L B 0 B d
ﬁi*oﬁﬁﬁﬁﬁ“ii%?&’i

2B LI B R -
, -;- % 85 7 40 4] e feAAES fim 2
JBRREAIE P o HA R AL RAF S B TR o s £ 5—1 w,s X% ;A% STZ2 e w] ] R
RiESHH ER - F ek (TR - 2 Ba Jc,% SR Y RERFR A PR
A STZavi bt ¢ 345 | BUREAopA~ Bk » 2457 AAE (1009-200 mg/kg) & simvastatin<
>R R4S ﬂf\?%’*"f‘f % 2 HS# W w2 % & 4& B (Fig. I1Band C) -
1.2, %3P 5 Fom A 25

w HS 3 %) ué.i MR G HAGR 2 6 0 Rtk 05 5 R s g T AHE R
Moo PR B B oS f FIEFE U M % & HOMA-IR &% OGTT & # % i (Fig.
2A-D)FAERIAD >R AL FHRE A EA L XA WY > L L HSHFE 7 1
PRI 7 77 B bEEcE 0 % B HOMA-IR &3 4efr OGTT & & 7 #2335+
ARE O ML L R R J‘E'#m‘f“*~z\4’§t ; 1 TRl B2 SR A e RERE & BB
fi (data not shown) ; g% *b » P 3bg i3 7 e d-d Sidp R0 SDS-PAGE &7 k@ o F-9
(albumin) z € 4 47 » d Flg 3VEZRIFEE? albumin 39 AR EH 4 0 AAE ¥ B FHr
FIHER > P EFERZRM - L A TRE%RF PR HS v #r 38 KA Mﬁz
EFE oA LG FEfp iR o RECE R ey Sl AR ALMAE & F A E h AAE £
s1mvastat1n._E'_*Ksb L RN Ea S
1.3. = Pq %‘r/? :

AdE ) HSH H0) 13 (6 > F e o FTCRI#let 2 91518 > & L 74

pizs
=

V‘V ‘7"
«-\\ \“b
(

Ak
T it
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‘bS5 AAEZ %) > 200 mg/mL AAE e &2 3f H e dpd2. T > *F 11 .5 56.7% ; statinfe B *F 143
413% > ¥ B s benR & o TG 6 > & ¥ % 516834 £34.13 mg/dL » 254 HS# %
TogEepidrd e g b 2 2 A8 A A 4545 AAEZ w0 & A E AAE (100 mg/mL)
G T ol B ¥ TGS 122.00 + 15. 94mg/dL A sw %200 mg/mL AAE {5 2 35 &
TGH] 5 120.75 + 4.86 mg/dL » £2 4] e 2\ 3 W e Apdez. ™ ¢ 4 "% Mehd% o e % & LDL-C
P > AAEE#5 23 épffuTCm#mﬁ:J oo HAY R F AR FF G Ko AR
AAE#5 =¥ LDL-C/HDL-C_'rmL e 510140091 » 223 Hwmfp s &
FIA8F o ¥ b AIFRH AR G o rgfﬁﬂJBAAEJ, i 598 F B ] d HS#73% HenALT -
BUN{rCREz # € (Table 2) » * # AAEB$ R dpp iz HE R GFRI G £ 4 - 2ehiiilx
Bod BV «z‘r’AAEﬁﬁ? PVE R Py s f pEfen B R LG F 0 i@ g s
B iy R
1.4. H%Fﬁ.‘ﬂ@ﬁrj%/}ﬁ

ﬂ@¢#%%%ﬁ¢éﬁ%®“%¢ﬁgﬁk”% W% e Al fi2 %1 o d Fig.
4 PREFIFFRAEL Y e % WP R 2 AR ﬁiﬁi‘_“/»\%%ia&ﬂ&
fr¥m 5 50% EFHS H AAE A E i‘;g%v_ LB e G FT PR TS e g o SR
a3 AAE $#> SBbr iz E B % § e AL 5 Rk 0 8- ) AAE -&mv”i‘gﬁ,‘em’?e ¥
L EEAARME BN w3 L S KBk#E > U= AAE a F e T2D e
__4_ °
1.5. »*w® % ;ﬁmhlﬁ; Xd B

k%“ﬁm%éﬁﬁﬁwwmﬁﬁﬁ@ﬁh¥ﬁﬁ BATFRRAEE A G b
RAT o b it e s ¥R f;r}zﬁa,s s ehAs A o A HS B e g o0 A
FRABE & 1§ PR REH > B e BRI RPN ERLIZRE A %S 100
=200 mg/mL AAE & » 3582 i 3 2 F’T P P B "% (Fig. SA) Febo Nz FRdiw
R TR Y GG o R R RARS o & om Ry T Gk R g B E (Fig.
5B-D) - Fig. 5B 2 =% d &g TL,,‘@'—;—% ) ¥R B3 ey ?ia;}%&?%’ﬁa bo L P Eeh
133 8 > @ Mfrd B E AAE R4 A BR S SFH 2089 B2 0791 - RREAF A
EERT g I ER ey i s ndled 33 B AAE VR R R ea
0.59-0.81 & » w4 drdliez 44 %% & B (Fig. 5C) o k2> Z L4 4 & T IAF T+ ik iy
;@m ¢ e % (Fig. SD) o 4% Fig. 54857 AAE $t HS 3% A 3hp i 3| B7 M F R0

4-—,,\, %‘rishfp riq v d P 7 4% AAE B 4 ;}’»’p«;’,’?]’?q nﬁw—;;f‘a,fi»;;xfzi T#% o

1.6, 3 ghomy i - A 4T

o PE AR M 4 Fo k% ¢ o SREBP-1 4 SREBP-2 4 W] f § i& 7 7y ek 2 " B chd &

=+ A dro i@ 4 HMG CoAreductase F~v % o & E’/w\ﬁ SREBP-1 # ZLE u* fizz_ ik

% 2 SREBP-2 39 2 & frqlleprt F 2 9458 & AAE RS e B Elejp it g™ %%
054 - 5 ¢t > 43 E ¢ HMG CoAreductase F-v % JLE ¥R wipt + 2 2525 4 AAE
Heh ey et T 5 9 0.4 2 (Fig. 6A) o A 4% AAE ¥ #r4] SREBP-2 3-v 347 » i_
# H @472 HMG CoA reductase F=v £ IR T "5 > 82— H " MPEFRB L+ o A58 TG & =
2239 FAS v 2 e Rt > X3 BEF ™ o & AAE sk 2 ¥ FAS
ZIMBr A g mAp PIP BT % 5 0.7 B (Fig. 6B) 5 49 5 ¥ » AAE it # 4¢ p-ACC/ACC +* & >
AP B FR FAS 4 IR 3] AAE Frdlenie® 7 P A » & adrd] ACC 0304 B4 P &g ch
ek o € Pg iR & & Rfl(malonyl CoA)R b » i TG & 2" o Argihfe sy CpM A
3% (54 PPAR-0~CPT1 % )4 3> & » & AAE 2% w293 %;:smg ok g b A2 4B % (Fig.
6C) o B AAE F it - 3 & R Frqli e potg A S E 2 Ap AR 0 ¥ -

”}g ﬁ"‘—‘- 2 pr



G ORIR e T AR AR ME AR R0 AR LT A R 1T 0 RS RS T im e p Ry LA o
I~ T EB (AAE)H FFA 3 %57 m% p 23 F3af 2 85 2
2.1. ‘¥ 3R

L o $F i sar g sk (free fatty acids, FFA) © 400 pM OA + 200 uM PA ~ 600 upM OA +
300 1M PA ~ 800 pM OA + 400 M PA % ¢ ‘2 & kB $t 4 #8977 HepG2 i 7% chf: 58 o o
MTT % % ¥ 5 24 -] p5 FFA AJ2 T » % ¥ FFA h#| & i‘;g%c"m”ELx%/r—fﬂg{P,}é\ SR
#0 Bk R FFA & 4 ¥rdlimve 4 £ 2 (7% (Fig. 7TA)» 4 9 %11 7 § 88 HepG2 fwe 2 &
e £ FFA (OA 600 uM + PA300 uM) » 1% 5 3 3% im w2 7o w3 ff 2 fm i 050 o ¢ > o
41% 2 FER AAE (0~ 10255075~ 100 ~ 200 ~ 300 ~ 500 pg/ml)EJ2 HepG2 ‘m*? -
BLERAAE tme 32 B8 d w388 % ¥ oo 24 ) B AAE 2 AJE T - ¥ AAE
e B 3 4 7] 100 pg/ml € % HepG2 iw#e 2. 4 £ & 4 ¥r4| i+ # (Fig. 7B) » #7141 é % AAE |
F< 100 pg/ml i 5 15 F 4774 3 42095 m 56 23 30 ff 2 248 o 15 5 Fig. 7C RI&E+ 1 FFA &
# AAE g simvastatin ¥ HepG2 w% 375 2. w3 it % » FFA 2 % ¥_& & AAE (2550 ~
100 pg/ml) & simvastatin (10 pM)¥+>+ HepG2 fm*e 2. 3B 5 ¢ & P Ag2 58 “,% & e
Himre 4 £ 2 S0 &0 § B RJE dim ' BN 45 31 AAE $43° FFA 3 % HepG2 ‘w7z *g 7
TE N -
2.2, e Ry FIEAR A 4T

d b =4 ¢ (Fig. 8A, B)2 R B4 & (Fig. 8C, D)% 2 /& % 8577 » {o FFA AU® tmbe ¢
S d i F T R(BE AT d 3VA S F) 0 (7 5 3% ¥ e (Fig. 8A) - Fig. 8B £ f* )t FFA
FE 2 HepG2 fm?z ¥ fyipdaff 2 BLHBEip F HER 9128 4o r 2 FHE D
AAE £ simvastatin ¥7 34 3 2t fi> £ B fm e ) PG bR 3R fp‘ 7 % ¢ &% T 5 (Fig. 8B) 4% AAE
2 simvastatin ¥ ¥ it "F (L mre P fg ik 2 daff o ¥ 0 4 FFA /%&.,;,9 e L IR iR d
Al e kT P F R R R RIT > ¥k RARE N A e p R A RAX § (Fig.
8C) » T3 {7ii3t 47887 + d FFA # %1 HepG2 'm¥e *qiptafs 7 E L2 HR eApt 5 P &g
HAvABS > 4o~ 7 A E 0 AAE 2 simvastatin 2 F et o Hgipiaff 2 €5 7 "§ 2 4%
#.(Fig. 8D) - 14§ A 47 mve ¥ TG 5 £ (Fig. 8E)» FFA# #2 v TG § EP BRI H 23 >
EhAled6.03 % AL FERZ AAE > 2 HHE T T P ERE P wme? TG 7 £ 2 48
$ o 10 b BdE AT FFA i & # 3% HepG2 im ¥ #%; ;ﬁgﬁ » L 43 2 kR 2 AAE £
FOR L R (o
23. e N Ry E A XA RAPR B kY LA 4T

v2 HepG2 im¥e 4t » FFA 2 % [k & AAE £ F &J2 24 ] fE 4% & & & BL2 JF 31 PE
AR 4 & X ApM A F 0 4 HMGCoA reductase ~ SREBP-1/2 % 3¢ 2 L€ b lwie F % 2
g PR Red FokE% ¥ ¥ H b4 » FFA 93 % 2 ¢ HMGCoA reductase~ SREBP -1 -
SREBP-2 #-v % ez i) eqprt P zpfrg teidm fd AAE & B g2 inie w2 b it iy ke eh
2B FF T8 edB$(Fig. 9A) > F m AAE ¥ a5 d tE MOE RIS & 2 Ap B 4 B
ehd I k4] FFA 973 5% e | 7y %‘r 4 %‘«(hpogenesm)zﬂ* o B FI TG & & M4t F-v
FEENAAE o b e? ¥ UP BEERT p-ACC/ACC v E 27412 194 2 5 @
FAS 3-v % JAc p-ACC/ACC +* i& & AAE EJZ (5 B4 T % 484 (Fig. 9B) o 11+ #chh BT o
AAE » ¥ it B3R " TG & = krd] FFA 3£ % HepG2 ‘w¥e 2 %q [ fi o iy ihfiks it 4p
A ddv (6]4- PPAR-0.~ PPAR-y ~CPTI-L %) £ 5 > d 9% 2% T Hjp4e »
FFA 7% 3% %2 7 PPARofr CPTI-L 3-v % Ef'u'“k’#"’ﬁ?] e Ap e AT > m A ECG & B g in
wuld A xR MERG A g (Fig 9C) » Flut 4k AAE 7 i JEd ®2 a pped - (fatty
acid oxidation)4p M 33 #2 3-v h& R > A HEEIFImrE ) fg B 4 fE(lipolysis) IE* o



24, e poa R HM AR A+ AMPK £ R4 41

Pﬁﬁf‘ ® HepG2 e fs » M a > BB ZiEmie p it £ A MRS F AMPK 3
6 BEARL T 4 T2 B o Fig. 9D F Bk 5 % % T FFA 3% % 2.7 p-AMPK 22 AMPK it & 19
mfv?ﬂﬁﬁaim,ﬁT o m AAE @RSk fmgpt 2 @R &2 0 Flutdeih AAE W
,%gd %i¢ AMPK ghpk it & B 4v > MRS F 58 S fg T ABRISMA T 2 A0} 3i
AL FERF T RAITEINRZRE - 5 R AMPK A% £ AAE 33 42 FFA
3 g TSR fpent 5 E S 1 AMPK #»Pﬁ:l?ﬁﬂ] dorsomorphin (3 uM)3f £ 2
HepG2 fm® {6 » £ 4t » FFA 2 AAE £ F 524 [ P> f1% b o4 4 R iF F R HE dri
£ % (Fig. 10) o A pcd™ 2 5 % o7 dorsomorphln FRILiS > Himre? 'od g2 740
w2t FFA & 3 AAE 2 %)% ¥ 3% 2 (Fig. 10A) > * & i 2%~ P &g+ 2 (Fig. 10B) > F]t daeh
dorsomorphin #/z§ & 3 w4 AAE #r4] FFA #7134 % HepG2 m¥e ¢ Poipsafh 2 3) > » #7
AAE 3 & 5353 AMPK e/ iU B 4p ™ 254 F 4] -
2~ TEFBH(AAE)H* FFA 3 5% p g Foafi 2 2 58
3.1.in vivo

AR &P HFD & & STZ FECHpiHEL Apd i  #3% A4 & 7
EOEE T AHB O > AL e R BE s AR AL REEE R EEN - ALY
B AAE & 31T B FE MOL L R R du o g R R MO TR
LG e R (R S ARG ARR 4 G PR OREE .
3.2. in vitro

2 a:—gmséf;r‘%;% % B4F 3t AAE Fr) aqr— W R %ﬁg;&, iT% «f | * 3+m? HepG2 4 » FFA
SHAER L e N o AR RN BRI AH W AR R R R AR LR
A ﬁu;f—l; fmie N PRI R 0 Bk YR AAEREF R U TR DIEF - A
FUr & 2 g2 2 prd A e 17T AAE ¥ i L3538 AMPK 907F AT R S ) ik
f e ) T A S TE R PR RY AR LR e R ARM B I Y A
B MR AR IER o JE LGRS e ) 3 Af o 00 AAE endr ] (5% g6 s A 47
T340 I 2. 5 % (Fig. 11) ° F]3t > AAE £ § $rd| 3950 T ff 1 2 sod S Bhg g2 B4
WHFEARVEVT UBRF SR S & RIPH 2 et g 95608 (R 3B i 540 B .}i«)’%mé_i o
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Table 1. Composition of the artemisia arygi extracts (AAE)
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! Vol !

Composition AAE
Total polyphenol (Folin-Ciocalten method) 143£0.7%
Total flavonoid (Jia method) 269+32%
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Fig. 1. Effect of AAE on food intake and body weight after HFD
combined with STZ (HS) treatment in mice. HS treatment-induced
the metabolism syndrome of mice were treated with AAE (100 and
200 mg/kg) or simvastatin (200 mg/kg) for 6 weeks. (A) Flow chart of
AAE attenuated the HS treatment-induced the metabolism syndrome.
The Food intake (B), and body weight (C) were recorded weekly. The
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Fig. 2. Effect of AAE on insulin resistance after HS treatment in mice. HS treatment-induced the metabolism syndrome of mice were treated
with AAE (100 and 200 mg/kg) or simvastatin (200 mg/kg) for 6 weeks. The mice were sacrificed after 6 weeks, serum were collected for analysis.
Fasting bood sugar (A) and insulin levels (B) were detected. (C) HOMA-IR was calculated by the fasting blood sugar and insulin levels. (D) Oral
glucose tolerance (OGTT) was measured in 6th week. The quantitative data are presented as meas + SD (n=9) from the independent experiments.
#p <0.05, ##P < 0.01 compared with the control group. *p < 0.05, **p <0.01 compared with the group of HS treatment group.

Table 2. Effects of AAE on the serum biochemical parameters of mice induced by HS treatment in mice.

Control HS HS + A100 HS +A200 HS + statin A200
TC (mg/dl) 151.08+16.43 227.81422.14% 203.67+7.23 184.28+9.02° 196.10+9.90% 161.71+12.15
TG (mg/dl) 168.34+34.13 150.00+8.19 122.00+15.94° 120.754.86™ 14733+22.05 216.33+45.24
HDL-c (mg/dl) 53.14+10.88 67.667+9.56% €3.00+4.30° 85.00+8.29™ 84.00=5.48" 59.88+6.90
LDL-c (mg/dl) 6543774 86.00=1.00= 83.50=1.29" 75.002.00™* 78.00=1.41% 63.50=5.01
LDL-¢/HDL-c 1.29=0.34 1.26=0.15 1.01+0.06" 0.91=0.10% 0.89=0.04" 1.08+0.167
AST (UL) 156.80+26.65 237.00+27.51% 190.67=9.29 215.33+2.08 178.67+35.44 156.50+35.52
ALT (UL) 24.00=4.12 43.50+6.36™ 203324.04157 29.25+5.5603" 31.33+2.8868 223857056
BUN (mg/dl) 17.23+1.54 2153192 14.84+1.07° 15.16£1.44° 14.43£1.59% 15.79+2.78
CRE (mg/dl) 0.3120.03 0.38£0.04% 0.38=0.05 0.3220.04" 0.33x0.05 0.30=0.00

Each value is expressed as the mean = SD (n=9). Duration of the experiment = 6 weeks. Results were statistically
analyzed with Student’s t text. TC. total cholesterol; TG triglyceride; HDL, high-density lipoprotein; LDL. low-density
lipoprotein; GLU. glucose; BUN, blood urea nitrogen: CRE, creatinine; AST. aspartate aminotransferase; ALT, alanine
aminotransferase. ®p < 0.05, *P < 0.01 compared with the control group. "p < 0.05, "“p= 0.01 compared with the group of
HS treatment group.

0.01 compared with the control group. *p<0.05, **p<0.01 compared with the group of HS.
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Fig. 3. Effect of AAE on urinary albumin after HS

treatment

in mice.

HS treatment-induced the

metabolism syndrome of mice were treated with
AAE (100 and 200 mg/kg) or simvastatin (200
mg/kg) for 6 weeks. The 6™ urine was collected for
SDS-PAGE analysis of albumin expression was carried out with urine from them. The quantitative data are presented as mean + SD (n = 3) from
three independent experiments. The quantitative data are presented as mean + SD (n =10) from three independent experiments. #p< 0.05, ##p<
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Fig. 4. Effect of AAE on pancreas histopathology after HS treatment in mice. HS treatment-induced the metabolism syndrome of mice
were treated with AAE (100 and 200 mg/kg) or simvastatin (200 mg/kg) for 6 weeks. The mice were sacrificed after 6 weeks, and pancreas
tissue was collected for analysis. Representative and 200X images of pancreas sections from different dietary treatments (n=9/group)

stained with H&E to display the pancreas tissue architecture and the morphology of islets cells.
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Fig. 5. The effect of AAE on liver histopathology and lipid accumulation after HS treatment in mice. HS treatment-induced the
metabolism syndrome of mice were treated with AAE (100 and 200 mg/kg) or Simvastatin (200 mg/kg) for 6 weeks. The mice were
sacrificed after 6 weeks, serum were collected for analysis. (A) The liver was made into paraffin section and forzen section. Paraffin sections
were stained with H&E stain and forzen sections were stained with Oil Red O, Nile Red and Sudan IIL. Statistic analysis of Oil Red O (B),
Nile Red (C) and Sudan III (D)-postive area was expressed as % of total area among different groups (n=9/ group). The
quantitative data are presented as means + SD of three independent study.. P < 0.01, compared with control. ‘P < 0.05, P < 0.01,

compared with the group of Hs treatment group.
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Fig. 6. The in vivo effect of AAE on hepatic lipid metabolism after HS treatment in mice. HS treatment-induced the metabolism syndrome
of mice were treated with AAE (100 and 200 mg/kg) or simvastatin (200 mg/kg) for 6 weeks, liver tissue were collected for analysis. The
protein levels of cholesterol and TG lipogenesis-related factors, including SREBP-1, SREBP-2, HMGCR and LDLR (A), and p-ACC, ACC,
and FAS (B) and lipolysis-related factors, including PPARo and CPT-1 (C) were determined by Western blotting. -actin was served as an
internal control of protein level. The quantitative data are presented as means + SD from three independent study. “P<0.05, #P<0.01, compared

with control. "P<0.05, “P<0.01, compared with the group of HS.
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Fig. 7. The effect of AAE and free fatty acid alone or in combination on HepG2 cell viability. (A- B) HepG2 cell were treated with
mixture of OA (400-800 uM) plus PA (200-400 uM, A), or various concentration of AAE (0-500 pg/ml, B) or for 24 h. (C) HepG2 cells were
treated with FFA (600 uM of OA and 300 uM of PA) in the presence or absence of indicated concentrations of AAE (25, 50 and 75 pg/ml) or
statin (10 uM) for 24 h. The cell viability was analyzed by cell counting assay. The result represent the average of three independent
experiments = SD. “P<0.05, #P<0.01 compared with of control.
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Fig. 8. Inhibitory effect of AAE on the
FFA-induced intracellular lipid accumulation.
(A) HepG2 cells were treated with FFA in the
presence or absence of indicated concentrations of
AAE (25, 50 and 75 pg/ml) or statin (10 uM) for 24
h. After the incubation, the cells were stained with
Oil Red O and then observed under the microscope
(400X). The red droplets accumulated in the cells
were indicated as the stained lipid. Adding 1 mL of
isopropanol to the stained culture dish, and then its
absorbance was monitored at 492 nm. (B)
Quantification of intracellular fat content with flow
cytometric analysis, as assessed by Nile red
staining. (C) Total intracellular triglyceride was
analyzed using enzymatic colorimetric method and
expressed as pg/mg protein. The quantitative data
are presented as means = SD from three
independent study. *p< 0.01 compared with the
control. *p< 0.05, **p< 0.01 compared with the
FFA-treated group.

Fig. 9. The in vitro effect of AAE on hepatic lipid
metabolism in the FFA-treated HepG2 cells.
HepG2 cells were treated with FFA in the presence
or absence of indicated concentrations of AAE (25,
50 and 75 pg/ml) or statin (10 uM) for 24 h. The
protein  levels of cholesterol and TG
lipogenesis-related factors, including SREBP-1,
SREBP-2, HMGCR and LDLR (A), and p-ACC,
ACC, and FAS (B), lipolysis-related factors,
including PPARa and CPT-1 (C), and p-AMPK,
and AMPK were determined by Western blotting.
B-actin was served as an internal control of protein
level. The quantitative data are presented as means
+ SD from three independent study. "P<0.05,
#Pp<0.01, compared with control. P<0.05,
"P<0.01, compared with FFA-treated group.
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Fig. 10. Effect of AMPK inhibitor dorsomorphin on
AAE-inhibited lipid accumulation in the FFA-treated
cells. (A) HepG2 cells were pretreated with dorsomorphin (3
uM) for 15 min, and then treated with FFA in the presence
or absence of indicated concentrations of AAE (50 pg/ml)
for 24 h. (A) After the incubation, the cells were stained
with Oil Red O and then observed under the microscope
(200x). 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,0O, 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< 0.01
compared with the control. **p< 0.01 compared with the
FFA-treated group. &p< 0.05 compared with the FFA
combined AAE-treated group.
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Fig. 11. A proposed model for the anti-metabolism potential
of AAE on hepatic lipid accumulation via AMPK-mediated
downregulation of lipogenesis-regulatory proteins and
upregulation of lipolysis-regulatory proteins in vitro and in
vivo.



106 R &4gm 3 % a4

33 %% 1 106-2320-B-040-010-

L E
b AR S B AR ]

N 1"
CLEEE TS ﬁm it
BEP o Ao A ?%P— L N
AR A ND,

=~ % I8 P

]

H >

> 5

Yu-Ting Hsueh, Jing-Hsien Chen,
Cheng-Chin Hsu, and Hui-Hsuan Lin*.
The study of the inhibitory effect
3% = 1 of Artemisia argyi extracts on
metabolic syndrome and hepatic
lipid accumulation. Food Chemistry.
prepared, 2018.

1. Yu-Ting Hsueh, Hui-Hsuan Lin,
Cheng-Chin Hsu, Jing-Hsien Chen*.
Study of Artemisia argyi extracts
on metabolic syndrome. The 44th
% Joint Annual Conference of
Nutrition Society of Taiwan. New
Taipei City, R.0.C. May 26, 2018.
2.Yu-Ting Hsueh, Yue-Ching Wong,
it g~ 2 Cheng-Chin Hsu, Jing-Hsien Chenk,
B ikl i 2 Hui-Hsuan Lin*. Inhibitory effect
of Artemisia argyi extracts on
hepatic lipid accumulation in vivo
and in vitro. 9th International
Conference on Nutrition and

Physical Activity (NAPA2018),
Taichung City, R.0.C. Dec 17-19,
2018.
Yu-Ting Hsueh, The study of the
inhibitory effect of Artemisia
%3 1| ~ |argyi extracts on metabolic
syndrome and hepatic lipid
accumulation, Master Thesis, 2018.
L= 0f %
PR 2 0| &
3 o &
v ;%-a 0
7P -
£ f48  EE 0
FTA/K % A 0
FEMAR|m 5w 0|
Z = &
¥R 0
HMTRTET b 0
it 0




A

5
3N

>

T hetiis

I |

5
3N

FeFS

o
i
ArS
(=08 =N E=N =N =N E=—N =N =N =N =N =N =N =N =N =N =N =1 =N =1 =N K=

fEFyHR(E e & WEE - f
£y HEE E Rl

A-
d

na
NG

LEPmy (L) ¢ L phrp s 5k

P
RS

~
o)
\L
Ja
DO

AR

A =K

S~ T T W

AR [

e
oclo|lo|lolo|lolo|lo

Bk EREEA vt BEY £ E € TR EBER YR
(gt 22 S5 doppR Biieed (FAAF X 0 ipspk
CEEER CELRHEE T AL AER
BREA 2 e e g FE R LM
PE FBE G FAEE ] )




PHIRBREF L E S AR

ﬁ%ﬁiﬁ?ﬁ@#éﬁ PARR R AT PR AL RS T
B Riatr R A2 L& B E BN E- %55?77*’“?*) NI T
LA Lo ’f‘—%? AEBR (HRAESSEEILF iRy £
%E££%@M&%J¥7i HIH) AHE MY EE - FETR .
L FAET R FERP R AR ~ ESTFH R RFR - FLER
W=
[Ixd=p % GG > 21005 5 ')
[ % 4 j<
HEIES- A
(8 & & 7
P p
2. FE Ak R EH TR 4 e @Lgfiiﬁ(%ﬁf*meiﬁﬁﬁEN@
RIS e A /r'F}k';'; 1““’?‘\ FR‘>
wmr e wd [awdz2z~f% WBER? &
2027 B3¢ O&
e HFE s’ EE
Hi oo (1200% 2)
3. iR F TR GE ~ PAFAIRT ﬁﬁ‘g?‘/%ﬂi@%ﬁ 3

PR xR BN R B
it - %b’?f;\\f sb}i’.'15005’?-

-mh‘fgf =8

5
(ﬁ?.ﬁﬁ’{f]’%k%”"l’lj‘%\,&%‘% B~
; xf!)
“)%&ﬂp”;$%ﬁ&VK¢%#$@EJ%i@‘%i%‘%i%‘
S T R A AR o Sa SE LY | SN M S L S
Uﬁﬁhﬁﬁw¥%ﬁvﬁﬁ“k%ﬁﬁ@(:ﬂﬂ*)& AT R o o

(2) ~F 332 #%,1#?u¢&%w4§?%»wq%#£ AR
PUECE PP R S ] SRR AT L A R 2 AR MR iﬂUm+%%
fRig A A ST PR IEEL A Flfes F Rp ] # S HE B D o g L
FERFRR
@)igy%ﬁﬁﬁpiﬂ’kﬁx%ﬁ?ii%#iﬁ#iﬂ?%°

(4) w3 = HFDE # STZ H X Php 3 2 § S b 4 130 > 02 gy v
e oh 3 VTR A 4 0y )?frjg;fi7 R EER IR A e fll%ﬁ\j‘f};ﬂ?:&“if;(‘}?:,%\; Flz_ T 5
VR GRKRPEL ABEGREFES SR B LY AEFET LG
-

(5) 5d 2P T RFEIYEXZPP L 8 ?gi?i*f’ P B i S
R FIFnE - R SR 2 FOLIELIE SR s MR R RS &
BT o




4.

J R FIR

AT EsrRE Y e lE LA 2R LB
(98 TH_ HoFTIRERY R BSOS LKA}
AEFEREEF2E AR E A




