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Study and application of Morus alba L.
leaves extract to attenuate fatty liver
formation by decreasing hepatic lipid
accumulation
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‘i I 73 08 P S R A P o B4 I P Mo < J\B: > B3R ~ ARG - SmER
Bk B B R B R A i = 2 BRI ME - (H PRI TR 2S5 28 5] S 1 A4 e 1ol B R ER Y
RERGTERTE 3R - P AR (AT BHE A HERR 2 (LR 8 L B R AR AIGH 3% » Ry E
AEFERER AT R R —THE VRS - REFZEEEE (Morus spp. ) FHISRIESL W)z
H¥) (MLPE) w88 EAREMYE - M - S REiREE L% LB wEinaba A
+ » ZAMLPEZ & E A I FF B Ha B AR 2 DA Feiead - SO sm S A AR =R
BV PREIMLPE R/ T et His By s As < 1F R B - S0 Bl DUR BRI = R RS BR &
(high fat diet, HFD) ZhZERfdEfH = RTHHERHERS - 45548 BRMLPE ] (R g Al
FHigREE (=B H OGS - FEREIRS ~ AERNlE) HERRAVES - IiEerhlsai e HEEe
RS o [A] 2 S BMLPE A LU/ D Be B A= sl B & > B4 © FAS (fatty acid
synthase) ~ ACC (Acetyl-CoA carboxylase) ~ HMGCR (HMG-CoA reductase) JEAH
FAEEERN T (SREBP1 » SREBP2 * PPARy ) ZZEHFRIL « $h4h » MLPE T B2 /A #AMPK
(AMP-activating kinase) Z{HERRSIEHRIE FulliEte TS » 2 T A Bt A
B3R - HhHZE s EMLPER] LI R R R g iR E & 8 - RS st
N EEIER - B HIHIBER - EA R 88 2 B8] 28 - SR FRETERAN
sese EMPLE(E RSB FH -
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Fat accumulation in the liver increases the risk of developing
progressive liver injuries, and may have implication abount obesity,
dyslipidemia, hypertension, insulin resistance and diabetes. It 1s a very
important to develop specific pharmacological or nutritional agents to
reduce lipid content and prevent the development of more severe forms of
liver disease. Mulberry leaf polyphenol extracts (MLPEs) were extracted
from dry mulberry leaves (Morus spp.), which have been known to modulate
serum fasting glucose, lipid and antiatherosclerosis. However, the effect
of MLPEs on regulating hepatic lipid metabolism 1s unclear. This study
was evaluate the effects and mechanisms of MLPEs in reducing hepatic
lipid accumulation when administered in fat overload conditions both in
cell culture and in an animal experimental model. We found that MLPEs
could regulate serum and hepatic lipid contents (e.g. triglyceride,
cholesterol, and free faty acid) and about range of weight gain was also
reduced 1n HFD (high-fat diet) mice. Furthermore, numerous lipogenic
enzymes, such as FAS (fatty acid synthetase), ACC (acetyl-CoA
carboxylase), HMGCR (HMG-CoA reductase) and associated-lipigenic
transcriptional factors (SREBP1, SREBP2, and PPARY ) were suppressed by
MLPEs. Our results show that MLPEs are able to reduce the hepatic lipid
accumulation through the AMPK (AMP-activaing protein kinase) signaling
pathway. And 1t may have potential therapeutic implications for human
dyslipidemias. However, more evidences are still required to demonstrate
the effects of MLPEs on lipid metabolism.

453

990!


http://www.coa.gov.tw

goooooo
1. SHEEERERYBEE = ERT B VIR S BYIRERERT -
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— ~ HET{FIEH
FEIL B E AT AR AR AR P
SER SRS AE I P AR A AT AR S8R
il SR IR AUk =1 HE BB FTaAs S5 ) Z HEHIHT -
SIMTENPIHEREATHERE - A0MuREHT ~ RTBsHER K TR ThRERE 2RI
PR ALY AT AR PR R S A R A 2

DN B~ W N

— -~ EhIE

. =HealiEsh s N e A AER T 2 1=

YN LACSTBL/ 6 T/ NE B A EREY) - BB ERE L - /INE
fE B Ry /S8l - eE i R IUBE 2 REEh Y0 - BB BN iiuaE - $2ed4l
(normal control) ~ 55240 (HFD induced control) ~ sES4HT (MLE 0.5%)EistER4H
IT (MLE 1.5%) » DUS4H10E B—aHAY )7 =06 - sF 84 e 2 ke 320% lard
011820.5% cholesterol &Rl Z 45T » 4Bk H/NEZ EUSH - EEalESHE
 FPE AR AR - B MR MU E AL - BERFIIEE ~ BBl & 85047 ~ 1o
&&= Mt (B&TG6 ~ cholesterol) °

I1. FF4fiRERERT R

HepG2HH4HAEBEEE A EREHIMLE 1% @ KFEE R8s » Flloil-Red OF¥HIZE = » &%
B 15-2057 81 BRIV - DIPBSIE R =K « LS T BIZ4iAN R En
RERT R - Bl R REHGHERE -

I11. Hr4HREREEE s €&

ErHe pG24MRE N AR [EEREAIMLE 483824/ N4 - BERRIFE A DIPBSTHE T R -
Dnile redZ¥HI7Ez > £ tryps infFdHAETT T » B &R BEREFE - DIPBSKF4
AREY - DURSCHHRE R T T -

IV. FF4fRERERG &R R oo fidt 2 FERE & B R A

B E A LAPE JTBEE LT+ DLS% blocking bufferfEFH » FELATBS- t/ELE =2 - 4 |-
— R Fi A (HMG-CoA reductase, FAS, SREBP-1EZPPAR) @ Ei’4 CF » fEFH12~16/
BF > FDATBS- AR =K » #8E > # L Z4kPuhe » NEDR NMORATER /NG - 2L
TBS- t ERE =2 - s & NI ABCLEEE » W LUASYE R EMN -

VI. &Etortr

AU —EELLE - BEAStudent 's t-test4EETHT -
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HERGER
— ~ FEEEWIIRT T
DARZRR SR BT R M TR IR BRI R 270 - ZMBZAFAERT S EE T - A

1 BLAFRRIMES ~ FLEIEDI - FRILFIFIBEEE S B L& (Gallic acid, GA) 1%
BESHHEAY (Rutin) (FRNEHSH SR FRG - GRER(Table
1) » MLES = BB B L S5 i B2 ] . | 6% RIS BE S (L A& 8 526, 6% - %5
EOMLE 35 30 EUR R A BV » FTAEBLE B 2 SEREAN - RIS ma
S GTNLERA X925 SR ITEE « SISME S, 37% + HAR(58. 4% -

Z B - REXAW R EESIZEYEHepG2 MRRARZ AR

DI [EREFE 2 0A ~ MLE K MLPERE BiHe pG24HRMEIE > 24/NEEIR 3 M 4B f7 /&5 - Fig
1A, B&ESEURREAE0.7 mM OAEAT » 4HREAE/ER A 252%8E - Hig480.9 M LA
BRI E A > SHAFEL.0 oM OAMERI T » 4IiEER L A20%E 4 - Fig
1C, DHIMTT&ESASHIMLEFIMLPESEY 2SRRI E (1C,) 77 AlE8.29 mg/mlA10.417
mg/ml - REEETERAEZA BRI NG E4M - Rt EERRLL
1°2°3 mg/ml MLEFI0.1°0.2 0.3 mg/ml MLPEA4HRRE RN -

=~ FEREHEEEHepG2 MR R e

FH_EAftAE SRS > 0.1~0.7 mM OAYHREAE BARRE AT - 4R SR A REF100% -
HEBEFELL0.2 0 0.5 0.7 mM OARSEHepCAIUER ZZ HERHHERR IS » Fig 2A75F(F
el (BL) 24558 0 HE T o] RARE AR MRS 2 ISR (SiBEPTE4L
EEb oy Fong) 5 DARJEERALE R tikEs (Bh) &R - BRI EEEEE T
BAL R - WA RIS B RANARE N A BRI TE(E o 1 B RS i B
S > HE > HOAREINAICLUEELL A6 > e AR A o R
SRS LR > R MR ARSI - NS & 22 L ETTHRET 7
Mr e Fig 2B #FRLL0.2 > 0.5 0.7 mM ZONEFEERFRANNE - 43 AIA 2~ 35 R E Ak
PRERFRE D ("p < 0.001) o [EIFFEEEE - AEERFHATCRIO0AZ AR (Ethanol)
HEAESRGREREERE B > HFREEEESE - SRS EF g 204G AR
B EIA S - B AN ERSEE). S oM OABEITIREE S -

Mo ~ SREXINY R ZE LSRRI P HepG2 A A E R

P bt 45 S E A B PR Y S R PR > 1% - % N R E B0 AMLE ~ MLPELL K2
BlcStatin (FIEEREEERFIEE) [hfis = Mgy D Ani N BE B HERE 2 SR » Fig
3A, BESHALFvE R ELEAL A tamllin 2 455 - AP ALESHREEW T & - OASEE{%HY
HepG24Mf g i & Edc ST hn2 . 3% ("p<0.05) » 43 AIIIAL > 2> 3 mg/ml
MLEAI0.1>0.2> 0.3 mg/ml MLPEETTHREAMEILSHT - Fig 3I0AL > 2 mg/ml
MLETER T 4HREfER & &% 7 4 A%k > 3 mg/ml MLEfEFHEL0AZEZAH LS - HEHT
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Sl 3REFIEEL.56Z > ("p < 0.05) > Stat infHOASEEAH FLlsth A 61 . SRk
FI(p < 0.05) ° Fig 4A, BewifE a4t RS ] 18] > MLPEHIHIAE A RERG HERR Y
BE B RS RS RERAIARE » Fig 4C BHOASEELHHIE 2 T0.1- 0.2 0.3 mg/ml
MLPERENESH 2 B4 A3/ > 1.065 - 0.8f2 (p < 0.05°>"p <
0.001) > Statintt AR/ VEVEIR - (DL =FEEEyny g 5nds S ss il S A HIEII A R
EHERR 2 R (HDAMPLERYR SR i » MLEFIStatinZ 2 ©

h - REXNYEEESHENY EHepC24IREER#HER I RE

HiRFig 3%[Fig 4ry4&SFagEMLERMLPESOASS E N E HEfE A M HIHIRIE A - (At
e — Ui HE Ay E R - FEREE AU AT - 2% (iR AE B A A BRI 2R
PYEIREEM A > 140 © FAS ~ ACC ~ A-FABPRFR S HHEA Y& F B8 - HMGCRFN
LDLR B2 S ] 5 4= 15 e {872 FEE FE [T B i vy (X A B~ REFH I 32 IS LR i R 2R3
» F B T E#MLEAIMLPE {EHT 4 A B 5 s R vy o 71

1. FASZ i

FASTEREN TS BIREHEEH4: (fatty acid synthesis) @ FRPLE & AIEEEDY,
AER B2 » GRIHFASKERI - HFig 545 AT H, - &R0ASHE 2 AR HFASTRE Ky
1.176% - BB EBAHAHEE T > AL 23 mg/ml MLEEHEBEOEHRESHIE
1.02>0.95°0.971% - MFig 6%455%E > OASEE 2 4HAUFAST IR B 1. 244 - I A
0.1>0.2>0.3 mg/ml MLPERRHEFINE/THIEL. 20 1.05 0.60f% - B RMLEA
MLPE:5 & 8 DHe pG2 4t LLOAZE &L {£ FASHYZ 3R » HHdose-dependent B {4 o

2. HMGCRZ ##&

Fig 54 - OAR%ZE Z 4HAEHMGCREE H IR A1 . 756% - BB IRAAAMHE ~ > AL > 2 3
mg/ml MLEEEHEEE ORI ESHIZE0.97 > 1.07 » 0.98f% - Fig 65 » OASRZE > 4HHf
HMGCRZE H #2357 By 1. 20% o EL¥FIRAHAHE T » JIA0.1> 0.2 0.3 mg/ml MLPEREH{%
FIEHIE0.92 0 0.50 » 0.396% - B RMLEFIMLPESAE R/ He pG24THAE PLOASE 2B 1%
HMGCRAYZEIA -

3. LDLRZ ##

Fig 5 455#0UR » OAB A AHFHLDLRZRIA /0. 91f% - BELHRAAAMLEET » JOAL > 20 3
mg/ml MLEERHET% » BERHEDHIE0.78 > 0.64 > 0.55(% - Fig 6455HREDUR - OAZH
B 7 HIRELDLRZ I Ky 1. 071 o B HRAHARE T > fA0.1> 0.2 0.3 mg/ml MLPEjZ
% EAEEHESTHIE0.80 0 0.74 > 0.47(% - BURMLEFIMLPERSAEJE ) He pG24H A
DIOASEZEIZLDLRAYZRIR » H A dose-pependent {4 o

4. A-FABP %
Fig SZEOAFHE 2 AHAEA-FABPE H 30 fl . 2445 - B IBZHAEES N » ALl > 20 3
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mg/ml MLEBRHRTEZE RN E S HIEL.03 0 0.89 » 0.89f% - Fig 64C0AEE > 4HAHA-
FABPZE [ F By 1 . S0f% - BA¥FHE4HAHE T » J1A0.1> 0.2 0.3 mg/ml MLPEEEHE{Z
FIESRIEL.61 0 1.51 0 1.30f% - BE/RMLEFIMLPESAE IR/ He pG24THAE LLOASE 2B 1%
A-FABPHYZEIR » HAdose-pependent {4 o {EFig SAIFig 6455 56HH » sR0AZEE %
HY4HFfRELFAS ~ HMGCR ~ A-FABPZE =& A » i fE s S MLEEMLPE &5 mH[IH] 5 Lk
EAZFEIR > HENSEETRE LA HIHIIEIHEE -~ IEERE AR ER -

5. ACCEZAMPK
ACCHYZHEE FIFASEIBE B A & R HaHHlE 2 B2 » ACCE E i {bacety] -CoABEEE LY
malnoyl-CoA ; FASHIEfmalnoyl -CoA& Rk H#EAEAG L - AMPK ] DUFE H gk g (B AE A
(phosphorylation) FIHIACCTEM: LUK/ D AERIRE &K » ZRIMAMPKA Bt AR s _LkF
EHEWES (APK kinase) BERR{LRIAATENE - BRI 24N > AMPKAERES ~ AEfH (G
e b 2B R E R P ER T
Fig 7TALIOA F%ZE1% > 4HRNACCE AR ] . 8165 » BURAHRMEITHERIA &
RAEF o iERS: ELEIEAHAEE ™ > MLEEE R E 71 51.70 > 1.68 > 1.596% » p
ACCEI HE » BHIEAMAEK T MLEEHZE L ZHSHENK I
1.63 > 1.68 > 2.511% - FEAMPKEE LRI TH » 1EFTA 4HAE4H A AMPKE H £ 5572
%L 5 ifip-AMPKEE [ 23R J7 1] - B HRAHAREL T - MLEREFR 1% &5 1 23R S BH 2RI BS
F51.18 0 1.35 1.80f% - B EEFEIRLAp-ACC/ACC ratiostE 3R MeantSD&RET @ #HE=
ACCIEMEFRIRIBEIY - fFig TBEHI » p-ACC/ACC ratio® (b EFEEMLER: FH & i
13 mg/ml BERIER S > MEOAFELAFINE RIS - (AFRMLERR T FERACCEH
FILEAN > EHIHIACCTEY: (Tp<0.001) » A 7 i#E— S EIEACCEM K E E
EB?EEIAMPKﬁﬁéHTWEﬁ BN Al E— 2 22 AMPKFIp - AMPK > F 35 © i p- AMPK / AMPKZE 1
AL EETE 3R MeantSDAS A /R Fig 7C o A& AT/~ » p-AMPK/AMPK ratioff3
mg/ml MLE*DJ%EE{ﬁﬁLﬁE’Jt% (p<0.05) » {RFEMLEEE(EAMPK - SEEH LR 1%
» [E] 5% EEFRMLPESFACCEEAMPK &R ) 2 5228 - HHFig 8AfSAl » MLPEfEACCEE H#3R T H
SrAEEO0. 1T mg/ml (2.07f%) » 0.2 mg/ml (1.31F%) > 0.3 mg/ml (1.07£%) » BHOAZH
EIH (2.301%) MHE NARC DRSS § p-ACCHYFRIR HHE 53 A1E0.1 mg/ml (1.40f%
) > 0.2 mg/ml (2.10f%) > 0.3 mg/ml (2.011%) » BHOASEZELH (1.24(%) fHER NAEHY
IneviEEss s AMPKEEE IR 771580, 1 mg/ml (0.98£%) > 0.2 mg/ml (1.46f%) > 0.3
mg/ml (1.28f%) » BHOAZEELH (0.83f%) MHE NABSMAVEIZS 5 fEp- AMPKZRIR J7H
SRE0.1 mg/ml (1.43 f%) > 0.2 mg/ml (1.66f%) > 0.3 mg/ml (2.07£%) » BHOAZE
A (1.106%) M TAEMIN#ES - NEHEREEETHEDp-ACC/ACC ratioflp-
AMPK/AMPK ratiofEiAFig 8B, C - HFig SBEAI » OAZEE4H AN E R/ Dp-ACC/ACC
ratio ('p<0.05) 1M0.3 mg/ml MLPE&#fp-ACC/ACC ratio%J2.0fE/AE4A
("p<0.001) » B RMLPEEHIIHIACCTE M3 - HFig 8CH54I1 > 0.3 mg/ml MLPEErig
Mip-AMPK/AMPK ratio%y2.3f%/:4 ('p<0.05) » BE/RMLPE®E(CAMPKIE MR -
I B Bt B S HAMLE FIMLPE S A 35 385 { L AMPKER (A A ARIACC S 1 - 3 i P (e 4H

7. Il
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6. SREBPI - SREBP2 * PPAR v 7 ZE [ %5

SREBP1 ~ SREBP247 Al & 55 #E 17 Ha B Bk B [E B2 Y A= & R 122 - BT gkFAS ~ ACC
HMGCR ~ LDLRZEZE H © PPAR v » 71T & SRS AR R — B HOH BT T
 TERERAHRER EH ML - BRI R E g E(k > #ERFABP ~ LDLRZEZE
M - HFig 9A, B&EIRASAI - BHOASHEAHAHE: T - MLEFIMLPERS % 7] DAF%{ESREBP]
SREBP2 ~ PPAR v 7 HE IR - HHdose-dependent HIRE. - FILEGSE S L FE k=g
T SREETRE A IS LR N AV IIRIE A o R EEAER R ~ REGEIRREHY A -

7~ MLE - MLPERIStat indffisE & O 2 FIR

TR Y S B S BAMLEAIMLPEAS F#IAIFAS ~ HMGCR ~ LDLRZEZE [ 2 £ - 1k s Hh
%~ EERE SR ER > SR B By AMPK R 8425 o B2 N2 B B i A B PRI BE E i
g —Statin > ZAMLE ~ MLPECGH# S [ #ltis So 78 8% 2 3R - 4R LI0ASE 2 - 4771
IAStatin (5 M) ~MLE (3 mg/ml) FIMLPE (0.3 mg/ml) » FFHVE 7 2ELETHT
EAFRIE (Fig 10) ° FFASE AR HH - OAGFE4LHAYE(EZ1.076% > Statin
MLEFIMLPE & 4H =3 &5y B1.10 ~ 0.85 ~ 0.80f% » B RMLPEAYHIHIR S 524 » 1M
Statin’4 A% L s HMGCRE H =3 1 » OASBE4HAYSE b1 . 14£% » Statin ~ MLEAI
MLPE 4= E 57 Al721.06 ~ 0.88 ~ 0.90f% » BE/RMLEFIMLPEAYR SR 2R %% » 2L
Statin#f ; LDLRE A FEIRTIH @ OAFEELHATE(LE0.96% > Statin ~ MLEAIMLPER4H
FKHEHIEL.05~0.95~ 0.94(% - HEESFLDLRAVSR —FEEEHNIHER - L E R
4RSS HAMLERIMLPERS A HIHIASAEE ~ MEE R SR EE HRIAAVAE ST » MiStat inZEH
TS HMGCRIN I > #U L BEFHIEIMGCR . ZE H F=IR & » (H A E Bids 5 i mT 51 LLS
M StatinfE e pG24M A K HE 722 £ (AR E B &k 2 30 - (HIRF 220 A
SETE RS HU R AR AIMLEFIMLPE -

T - REXAY) - FEISMFEAYI K Stat inBHREEE HER RE
F|Freverse transcription-PCROTMTHEE (LT FEIRAEMLE ~ MLPEFIStatinfEfH F~2
BB WOy HT 2 FEINELHE . FAS ~ ACC ~ HMGCREZLDLR (Fig 11) - BE¥IELHAHEL
» FAS ~ ACCE R A #ZE L MEHMGCREMLPESE FH MBIV Z #3%  (490.84-
0.89f%) o 5540 > felE Hh 35 B LDLRIEOAE B4l R IR E[FK o HHILE B ds S HEM]
» MLE ~ MLPERIS tat in{F F 04 S fEAE AR g R L -

BIEER

— - &HERREERERL

C57BL/ 6/ Bl OB B » 2 eHENY) 2 B a5 B 2 HIRER S - HE
HFE R I E RO E GkE - GUKIRIIES » BEREESN IR - KIESTE - Fig
RFRFHEPI LR YERESENEY - GREUR - Sl B ERZ Y
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(HRZ I 2 MBS LIS ER E S L H o tbokRE - SIRAE0. SPAIL. 5%
MLE#H 2 = B2 4G EE 3% fIIAY IR FE HHtHFDAR (R - (HA HEE SR - DISE61E A6 > HFDAH
HEE S f522.01% > 0. 5%F11. 5% MLE&H 371 £519.46% ~ 20.78%

— 2t
HaHE R EU AR, > DA R KB R R K A FEE S EEEE -
Fig 13HH4MNE AR rf RHFDEAZEAH BAEE 60, 5% MLEAHAYATREEE iRty (EH AHF4L
7)o HEEE. 5% MLEZ TR e A IRAL - K 4HEYT g E 2L & SR8 =
br > CLECEI ATV E 8L - SR B SHHYRTIHE SN0 2R - eIl T
BRI RATRERET T R A BN EHREY - A RAE
2l 2 e - 45 8UR - HFDAEAHIA 1] R0 2 W IR A4 - RS
HIEBALAFR &k (central vein) JHEIE REZE » 0. 5% MLE4H ~ 45 5 EBIHFDZH HH
AT 0 1.5% MLESHH 22N A/ ~ BEEHEER VS (Fig 14)  BURSEEER]
BEA BB VR B RE R RS -

= FR=EEEHEAGEE RS 'O

RS HBYIRTitea E (TIE > ZEHUHAR#E T2 B 01T - {EHFDRAE Ay L n] 35
S B E R AR TG I DO R = B H U MERIIRE - =REH SRy
MrésEsR (Fig 15A) BLGERERERS & 804558 (Fig 15B, p<0.05) > {#1.5%
MLESH A B/ DAYEES - e A s Bt Rk EMLERE A FEFR AT B A e 2 5 -

o~ 4 beE

75 AT EaIiEsT - FELEIEMERERS « =BEH MFs OO P IERERD ) - BREE DU
BERERTEE - BEEER S0y R WRE SRS - (R FERE EIREFa A = B AR - R E0E]
FPBRETT o A (G - — ELRPBRE AR (U S8 A %, SRR A HERR I AR AR 2= 00
ERAEIRT - NIt mAste & BEEARHEEEE (Table 2) -

1. SEHEEER (TCHO) ~ =R H MEs (TG) EdlfrdEAshniE (FFA)

E&HESYMmET - LL0.5 % MLEK1.S5 % MLEZ#EERSE
(101.11%£9.75° "p<0.05:81.37%8.11°°'p<0.05): ZBHHE
(42.11%8.84 > "p<0.05:32.75%5.75 > 'p<0.05) %8 fs By s
(6.52%0.17 » 'p<0.05: 5.57%0.92 > *p<0.05) » ¥IHEFHK - HAERAER - SHEEREH
Vel o = EE HHES - HEE R e AE Ny R A HERT -

2. MAHREEHSEAMEERR (LDL) ~ S#EEREE I MEERF (HDL) BALDL/HDL ratio
I 1 60~7 0% A [E] i 2 F (% FEE B 2 Y RE [ R R - 2 S R S 5 e e B B 21
B —HMRMEREREARERES - BHENERPRERESn &R L
o 11T fe 78 T M 2 1 Y e 2 R AR AR A 4 2 S 51 B 7 B AT P BB B (bile salt)
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%HEbr > IEEEREME THEM S S(LE > TTEE S EEYI R - S0F T iFHIiBE RS |
2Tl o BRR Pl R REREE A IEERFE#E160 mg/dl > S EREE A IEE R/ NA35
mg /ml 55 ¥ R TRl IREIREE (AL LB 2 ke - RIL o (R REEE R S B e
B REILE RGN T (44) -

FHTable 2bE#EEIR - [ LDLEFEEME - fE53AILL0. 5%k 1. 5% MLEER B 1% » HFE
HEHEZERGTEEFEMEK (68.66 £ 7.76° 'p<0.05;43.25 ¢+
4.50 > *p<0.001) ° SFHMLEZIMAFIDLIER > FEHFDRYAH BRI AR IS (68.88
+ 20.28 mg/dl > p<0.05) ° [fifE W FEMLEE ERAH 1 2 (AT HIES (33,11 =
3.06° 'p<0.05:33.75 £ 4.30 > *p<<0.05) » AJAEREHH = HAE BB B AR HE [E s
EEIVEESR o (HHAHFDA] Z HDL & & 3R IFFARA Z fRrsr » P A2 2ELDL/HDL ratiofy
M NI A A E IS S SRE RS & Re R O B 5 2 Elbs -

fi - FREERSEERER ZRE

1. FAS ~ HMGCR ~ LDLR ~ A-FABP & [ #53R

FH 4R B Bdts S 8 BAMLE KRMLPE 77 A ER B fIHIRE B BRI & O 2 EH > B ARk
S LE LY ERIRIIEE - HFig 1655515H - HFDAH BBAZEE A& 42K
FEZEN

(FAS, HMGCR, LDLR, A-FABP) I - BURE HEXBEWHES (CERMASI &kER ~
F3H o DL0.5% MLEFz1.5% MLESE&CSTBL/6/NEO6HE > 18 » B tbE I IERE N BN 2
B/ DHIEES - IHE R SE R RS ISR E B ISR A R ZBE ST - HEHI AT
AE BAMLERE S = % H H B FO4EBE & B > /F AR -

2. ACCEAAMPKZEE 23R 73T

Fig 17455 > ACCE A {EHFDAH R AE (2.02F%) > M0.5% MLE (1.08f%) K
1.5% MLE&H (0.92f%) FIHEFFK > SEEHSREAIRIACCZ EM: » HANMERGERTE
o p-ACCAEHFDAR IR I (1.296%) » M70.5% MLEKZ1.5% MLEER E4H Al £ K Es
(0.80f%F10.914%) » {HYEE AT EHZZH1 . 5% MLEEEA4HAHL0. 5% MLERS |- o RN E
B2 AMPKOE ML - AMPKAEHFDAHAYFRIR S FE(R (0.89f%) » i RIfE S A e 4H Al
FERARES (0.96811.011%)  {Hp-AMPKEHHIFRILEIE]. 5% MLESE &40 AR I
» ZEEEp-AMPK/AMPK ratiof&288 - AMPKIEMEFEIATRELE] . 5% MLEEE &4HRHEE E7t
» 47 RHFDEEE4H > 2% » (Fig 17B,p < 0.05) o FR&SSEHEN - DUSEXIYEE
= HAEE & 2 CSTBL/ 6/NEa T DL 385 EAMPK - T N RE B Ul > SRERFEE A E A
HYZH -

3. %K F-SREBP1 ~ SREBP2 ~ PPAR v > ¥

ARG B s ST SR EE SR G AR I R Y o0 -1l o] BB 2 228 1 A 1l g X 7~ SREBP1 ~
SREBP2 ~ PPAR v EHEJERFI » DA HETRIERECSTBL/ 6/NR 2 B » 455140
53 SREBP 1718490 844% (0. 5% MLE) F10.81f% (1.5% MLE) ; SREBP2F#{ELI1.19f%

NI
990

453


http://www.coa.gov.tw

(0.5% MLE) #11.07f% (1.5% MLE) : PPAR 7 [#{£491.00£%(0.5% MLE) #F10.914%
(1.5% MLE) - s8FHZZEEAIHIIEE M EG AN FERNERFRIE - HAdose-
dependent#® » IR LB ERMHTTES (Fig 18) °

SRR

AR5z e g R EEAII ST E N AR E B R L DA RS R B AR (LAY ERET - BEZRFT L
EEFEPZEARE - (MBI R R A E - st E A R E R E T
FEBRKAVEZ o {ETRFERB NS MNERTE S E AT 23R A O REE20%095H
o Hrp N EFE S YRR RO 3R 285 [RERY AT » (RIRsFERE A CIRYEE 0 - {5
SR B R ZRFEF > T ARSER Y 2/0F LR EUR IR R 2 AERR - 15
SRR AR AR AR BB & BB R AV A TR -

By TSR 2 o T 6] - AEERETL T LUHEE (Oleic acid, OA) Ak
Iy A pE i = o SR R CL8 - 1 BT AN eMIAERNIE - 2K T & & & 2 IR R
(48) » MEFTARAE S B H B LR =B HHEE (triglyceride) HEFEAVASHHER
(53) » DAHEEHER ARG R 2 45 R IRE A (H 20 MR IC B 7 S Bh R
FUEE  BHIKZESRENARL - (—) MRS RIEHAE - IIA GRS SR 2 Al
HEAE ELFIAYEZEE (bovine serum albumin » BSA) JRE&HE) » IIHAEAMEE
o () HBESESLLIEHEICHUFR - BB RTFHKIEEHELEIRRE . - RH
TEREHERNETNEETNFEEEERE AN - —f&ME > 0. 1%L THVEIEE T
DIt ez ivsaE - #212K » S AR E Bnss R B iEE st -

SPAL AT SRR P AR AR RE

FraRE A S BIEA SRR Z R 7] - AR ik ia st N B S REl - 20 AT S
HEE HERR R B M AR RERGYE 7 (58 FH TR AE PR — AT (oil red 0) LA
FJCEEALAA (nile red) SEnEinbalaiiERAiEE - Fig AR (145 RA
— GG - SATTMAL AL _ R RO - A G A UL - AF
HIERE MR T Wiz BTG R AT - iR S 5 LB B 4L
RGBT EHEREREE - Fig 3fIFig 48t ERAW) (MLE) MISEES A
P (MLPE) HIHIAE A RS HERRS R i B > 28 ] DL R BRI Y/ N R
ffii - (B fEADAAIRE 7> th R R EACHUY) 2 T2 5 - tA0AZ A [FRIE 2 HIHY
S o KBRS S —(E A TRVARA T 2 © difSe URRRAL etk - FHIE
IR AR R RO LR b 2 ThRE - B E MR (ARG - RN EE
SALM TR AT o AR DEIPR B IR HE AN ZOCE - wie) D aHS AR
& F > HURERIRRHIERE) -

AMPKFERT FgtHVERIZ A&
AMPK = LA FEAHREARRE A E 1T AR IR LI GG BB - EREE (U ) 0
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IRETAE  METHEES FTEZACC (acetyl-CoA carboxylase) » FAS (fatty
acid synthase) FIHMGCR (HMG-CoA reductase) - AEFE=EE = B GHIHIEL &
R FRIRMEE ST » &8 Fig 7, 8, 18 in vitro#lin vivos R EEEEE RIS EN
RPN T B AMPK . SSE TR E DAL A B (theaflavins) (49) &% 2R
(resveratrol) (54) R BRETREEA-4HAEHe pG2RE L HERE & (F IR - 455835
o EWESIE L EY) B 2 B ECAMPKAE M /1% Nl E A EN 2RI - I
HF RN =R HRES & » EAERERE N S -

ACC (acetyl-CoA carboxylase) HY{E R &M {Emalonyl-CoA&RL » malonyl-CoAfE
HERRTE & B L 1 BC, donor » ZBH#EFAS (fatty acid synthase) &SRV FEY
RERGRL45RS . {Hmalony 1 -CoA[E|Hf 2 (E #EAER L £ LIF FHEVHIGIR] - ACCIERENA
P AE A [FIFY T 20— ACCTEHACC » <7 AMPKE % (L7 B AFACC] F 22 Ser80F1Ser81: 1E
ACC2FZEZSer219M1Ser220 » 73 Al FE TR I fEA [E B A E FCH T -

ACCI (acetyl-CoA carboxylase 1) Y EMEFRIRAZAMPKESRE L AE A i #lIs] - HEL
RERfIE & R R —malony 1 -CoAG REIR/D » RS ERE « NIt » ACCIRZ H
PRI e HERERG A 445 E 2% (1ipogenic tissue) » ZIHFHE - FERHAHARFIALER - AT
figh = ACC1 = IRAYENY) (liver ACCl knockout mice » LACCIKO) » &RIH2fZLL FAY
FASHEgRENE » DAKIETIPPAR v R E - HF MR = H 2 28K ERD
(55) « TEARE Fig 7, &EFEP I DUEHR RE|  4HHLI0ATE B2 EHNACCI FER B A

C MIIIASREZREY) (MLE) FISEEEZLRY (MLPE) R 2 1RACCIHYZRIRA IR KA HES

» p-ACCIRINETRY - B nSxBEu] DIIIHIACCUE M EFRIR M 2 ZE s & R EM -

ACC2EAHImalonyl -CoA/E A carnitine palmitoyl tranferasel (CPT-1) WAEM:
SIS > HIACC2H)E 14 <2 AMPK IR % 2 2ma lony 1 - CoAJEk/V » PRIFECPT - 1B R G
HIDHREf DLEETT - (P AHRE B A ik S R B I 2 2 Ak 4R RS 1 TR ABPEA © BTRA
ACC2F BERIATE LML ASHSR R 4788 L > (L45REE > D EFIENATEE - Fig 84%
REUT > I ASEIES B (MLPE) Z 1RV ENACC2RIAE D » BURHEER
B LR TREAG IR E(LIER] o (EfEFig TRASRIERRY) (MLE) R 2 45 RAMEK

 HEHITT BE B 2 & A BT B RS HUY) AR [FIFTEL -

SREBP FERTB&HVEREI A

EASEHT 48 » SREBP (sterol regulatory element-binding protein)fEfaA
FHEIREREE - EERE SRR NIRRT B A28 IR AT = fESREBP{E FH e sk & M b
ZHREHITIEE - B4 © SREBP-1a » SREBP-1c[E#E 4 H SREBPIF: NFr &L - 2
SREBP- 1 cEEFSRIE & A B8 SREBP-1afISREBP- 21 3= EL R ERE & H(39) » MAE
KRERHFSF > SREBPL, 2EARMERNEEin vitrosiin vivolYIgEERsH F#)
e/ VY o DRI HEA R AT R 22 A gk N 5~ HIHIFAS ~ ACC ~ HMGCR (41-43) AILDLR
(56) ZHEEgEEMEMRC D s ~ IEEEZRY &R - A#RYE > LDLR/Y SRS LDL -
CHY T BEERAR » [RIRFE R S B N AR E ) - (H{ETable 2455A138 3 M
MELDL-CE& &2 A R B LDLRFE IR FER T/ D - 152 S #URLDL ] RE B B H TRk ik
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A - TR ETE LN ERAGEEH < Metformin » —EUEFEMEIRE EREZ
DUMERVEEY) - (RS ZEDiMEob/ob/ Nk ER R 383 - FLRTREFHNIHISREBP1 2 FF » 24
=/NERERGHEREAYIE . (57) © [EHF 0 Met formintl & FIMAMPKIEAL - {8 FigAa 414k
B%Z& (lipogenic enzymes) KRZEVEMEAR - HIHIHEHG S RAER - RFLLEEV LS 1/
NEAZEAMPKZEEE - 2837 t B A TR (ESREBP- 1c mRNAZERAVIER - (H EAHRBA R s Rt
H (58) -

REAARE =T EHAVHEE (0A) ELUBEHRECEM Y - R EE 75
HEFREWEER T (FIA0fFEFig SHIFASHEINL. 176%) » Ik EHIELHE (Solvent
control) tALLEFAVRZEL « H—45 R IEFI PRI A B & RSN B B
BB YERERGIT (AFLD) » ARE RS BRET B aiflRE S [#E2 BEAHRT (NAFLD) » {H
INE 22 S50 S & (€ #ESREBP1 (sterol regulatory element-binding
proteinl)fIperoxisome proliferators activate receptor 7 (PPAR7Y)
coactivator a (PGC-1a )¥EERFEHERREE R (1ipogenesis) HYFEFT < 1M HIM
FErTREREH S bsirtuin 1-AMPKE&TR » FE{EPGC- 1 o B4 1= SREBP 1 HEg:R i 141 11 -k
ERCRERT(59) -

FEERR T HE R
IEEEMERER AR IE 2 e LT &1e » W% - HAB0HIEEHH A A SZEE
AR Rt — A B R B AR R EE - BIR D PE TR - TRE R EEN B T o BRI
Fil Rt A REE IEARIEGIRE 3 A& - sHEAREI 2 IR B EEY A
: Thiazolidinedions (TZD > —fEPPARy agonist) AJHEHIMESZHUENE » MM
JBEGOTHIFFAHREAERGHERE (steatosis) AH&RERRIEEAS » (H{E FHIAR s B A RS EE Y
e ARHEE ZBITER (60) » R R ARG MR o 250 8 S @y it
AfbEEY) (vitamins C, E) FIFFHEEEEERUrsodeoxycholic acid (or metformin)
(61) EEZRTE ABEPRERERIST » WHUSEM IR > (HiE R E S AMSIRAT AR RE
ERREERE R - 55 UATZDEEY Rosiglita ~ Pioglitazone KR T B — &Y 5
PRV - (B B e - (HVE SRR R FAE (60, 62)  StatinAY/E IS,
HIFMEREIEE SR (cholesterol synthetase) » SEIAFBRLDLIESZAG - (EAFHTET
non-HDL lipoproteinfyFUY » 8/ HLDL ~ VLDL ~ IDL(45) ° [MLDLRIFAE A RF4H

Mok - TR Al B AR A8 % LDL ~ VLDLAS&E H & & - EEAERA RFigS, 6,

1740 B 2LDLR S 5 pi HEMLEEKMLPE B 2 3R /D 2 #8855 » 280 M AFLDLAG S H- = 2 15

MR BT REBLLDLE AW F AR (63) « i —HStatingky)
—simvastatin » A CBER ~ R ~ BERPSECE B ME THEER LAY B > &K
oI B BRI 25~30%HY 2 £ (p<<0.00001) (64) - i5 LLEzy[a]Hth w8 H G R
SHEERE P A Ry B A HANEAR — R B Z P - NIt FIARECHMEREE » 7
HRtR &R 5 o] DUA XU TEBR AE A AT Y 28 4 -
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& N OFERAVE(L - PIEm 2R - Al B RIRY B KRR RE 2 5
s NIEHEARANERHEER - EEGREE > AoE > B RTHGRSEAE
o ERRPTIERHIHEREE S B R TP R £ - (K H AT R B an 2 B 383
AR > TR S AT I _EATARUE 2 PRI & A R - 1 H AT S e R D EE
an AR AR AL - A e PURTE HBBE IS 70K - Biitis i mE e S Eha
YVE R Ry BT AR M RER iR T8 sh st A LB A oA - AN E
b H AT E S R ZEM) 2 DORe VRO ARRST - S8R S 25 B [ A
» HIHL I E BRI Z TRL(65-67) - FHEABUR C S RAEBIRIITIE & - AT FEEE
LAY E o] DUA SRR AT i T e E & &8 - HERFSEE A BEIEH
» SRR ERGAT RIS A A A 88 2 BB - MREAG HAITH®RA S » &
AN RBEATRHRAAR K > BAE G (E > ERef# EFE L —EEAHEZ TS
TEST o R
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Table 1 Composition of MLE (mulberry leaf extract)

MLE %
Polyphenol

Gallic acid 10.20 * 0.05

Quercetin 6.74 t 0.09
Carbohydrate 25.43 * 3.56
Protein 243 + 0.26
Lipid 5.44 t 1.83
Fiber 42.64 + 12.87

Gallic acid and quercetin are the standards of polyphenol content assay. The MLE was

prepared as described in Materials and Methods.
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Table 2 Clinical characteristics of CS7BL/6 mice after 6 weeks on experimental

diets
HFD
MLE
Variable C — 0.5% 1.5%
GOT (U/L) 16.2243.07  279.28+116.61  28.55+12.94  24.12+6.38
GPT (U/L) 10.33+1.12  60.66+12.45 14.33+7.45 13.50+4.00
TCHO (mg/dL) 71.66+7.43  157.33+£38.58" 101.11+9.75"  81.37+8.11°
TG (mg/dL) 29.0045.61  125.77+34.95  42.11+8.84"  32.75+5.75°
HDL (mg/dL) 16.66+2.35  68.88+20.28"  33.11+3.06"  33.75+4.30°
LDL (mg/dL) 45.88+4.04 79.33+12.7°  68.66+7.76"  43.25+4.50°
LDL/HDL-C 2.80+0.47 1.21+£0.27" 2.07+0.19 1.30+0.22°
Free fatty acid (nmol) ~ 6.42+0.51 6.89+0.44" 6.52+0.17" 5.57+0.92%

HFD group were maintained on a high-fat diet containing 20% lard oil and 2%
cholesterol for 6 weeks (n=10). C, normal group; HFD, high fat diet without MLE
group; 0.5% MLE, C57BL/6 mice fed high fat diet with 0.5% MLE powder; 1.5%
MLE, C57BL/6 mice fed high fat diet with 1.5% MLE powder. All data are expressed

as the mean * SD. C, control; HFD, high fat diet; GOT, Glutamic-oxaloacetic
transaminase; GPT, Glutamic-pyruvic transaminase; TCHO, total cholesterol; TG,

triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

“p<0.05 for HFD group versus Control
9 <0.05 for 0.5%MLE-treated group versus HFD
$p <0.001 for 1.5%MLE-treated group versus HFD
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Figure 1 Cell viability of HepG2 cells were treatment with oleic acid, MLE and
MLPE. (A-B) HepG2 cells were treated with Oleic acid under different concentration
(0.1-3.5 mM) for 16 hours and analyzed by MTT assay. The data were meantSD from
4 samples for each group. (C-D) Cultured HepG2 cells were treated with various
concentrations of MLE and MLPE for 24 hours and analyzed by MTT assay. The data
were meantSD from 4 samples for each group. C, control; E, ethanol.
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Figure 2 Oleic acid (OA) induced lipid accumulation in HepG2 cells. (A) Cultured
cells were induced lipid accumulation with oleic acid (OA). To measure cellular
neutral lipid accumulation by using Oil red O statining (left) and Nile red staining.
(right) The white arrow indicated lipid dropt. HepG2 cells were incubated at 2.4x10°
cells/well. A representative fluorescent photomicrographs are shown (x 200). (B)
Quantification of intracellular fat content with flow cytometric analysis. The data
were meantSD from 3 samples for each group. **p < 0.001 in relation to control

group. C, control; E, ethanol
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Figure 3 Inhibition of OA-induced lipid accumulation by MLE in HepG2 cells.
(A-B) Cultured cells were induce lipid accumulation with oleic acid (OA) for 16
hours and treated with MLE (1-3 mg/ml) or statin (5 uM) for 24 hours. To measure
cellular neutral lipid accumulation by using Oil red O statining andNile red staining.
HepG2 cells were incubated at 2.4x10° cells/well. A representative fluorescent
photomicrographs are shown (x 100). (C) Quantification of intracellular fat content
with flow cytometric analysis. The data were meantSD from 3 samples for each
group. “p < 0.05 in relation to control group. *p < 0.05 in relation to OA-induced

group. **p < 0.001 1in relation to oleic acid-induced group. C, control; E, ethanol; S,

statin
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Figure 4 Inhibition of OA-induced lipid accumulation by MLPE in HepG2 cells.
(A-B) Cultured cells were induce lipid accumulation with oleic acid (OA) for 16
hours and treated with MLPE (0.1-0.3 mg/ml) or statin (5 uM) for 24 hours. To
measure cellular neutral lipid accumulation by using Oil red O statining and Nile red
staining. HepG2 cells were incubated at 2.4x10° cells/well. A representative
fluorescent photomicrographs are shown (x 100). (C) Quantification of intracellular
fat content with flow cytometric analysis. The data were meantSD from 3 samples for
each group. “p < 0.05 in relation to control. *p < 0.05 in relation to OA-induced group.

**p < 0.001 in relation to oleic acid-induced group. C, control; E, ethanol; S, statin
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Figure 5 MLE can influence the expression of several enzymes involved in lipid
metabolism. Cultured cells were induced lipid accumulation with oleic acid (OA) for
24 hours and treated with MLE (1, 2, 3 mg/ml). Protein expressions were detected by
Western blot analysis. BSA was used as a control. C, control; E, ethanol
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Figure 6 MLPE can influence the expression of several enzymes involved in lipid
metabolism. Cultured cells were induced lipid accumulation with oleic acid (OA) for
24 hours and treated with MLPE (0.1, 0.2, 0.3 mg/ml). Protein expressions were

detected by Western blot analysis. BSA was used as a control. C, control; E, ethanol

453

NI
990


http://www.coa.gov.tw

A Oleic acid (mM)
MLE (mg/ml)
C E — 1 2 3
TS S e — € ACC2
ACC -;L-¢ Accl
1.00 1.01 1.81 1.70 1.68 1.59
R — - —— ¢ p-ACC2
p-ACC e — S — = € P-ACCI
1.00 1.05 0.85 1.63 1.68 2.51

AMPK — — — " — — "

1.00 1.04 0.93 1.00 1.05 1.03
U W o —— __‘
1.00 0.91 1.02 1.18 1.35 1.80

Actin | " T S S eSS

vy
O

1
*
4 2.0
= M
]
o g 31 E % 1.5 i
<3 <5
Q oy sk Q Lf'_f
O o
[aFpNe]
< % 21 ok =3 104
= e
- &8
14 ﬂ i 0.5 1
0 ‘ ‘ ‘ ‘ ‘ ‘ 00 : : :
C E — 1 2 3 C E -
MLE (mg/ml) MLE (mg/ml)
Oleic acid (mM) Oleic acid (mM)

Figure 7 MLE stimulated AMPK activity in OA-induced HepG2 cells. (A)
Cultured cells were induced lipid accumulation with oleic acid (OA) for 24 hours and
treated with MLE (1, 2, 3 mg/ml). BSA was used as a control. AMPK
phosphorylation and its substrate ACC phosphorylation were detected by Western
blot analysis. (B-C) Quantification of p-ACC/ACC ansd p-AMPK/AMPK were
depicted meanstSD from 3 samples for each group. *p < 0.001 in relation to control.
*p < 0.05 in relation to OA-induced group. **p < 0.001 in relation to OA-induced
group. C, control; E, ethanol.
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Figure 8 MLPE stimulated AMPK activity in OA-induced HepG2 cells.
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Cultured cells were induce lipid accumulation with oleic acid (OA) for 24 hours and
treated with MLPE (0.1, 0.2, 0.3 mg/m ). BSA was used as a control. AMPK
phosphorylation and its substrate ACC phosphorylation were detected by Western blot
analysis. (B-C) Quantification of p-ACC/ACC ansd p-AMPK/AMPK were depicted

meanstSD from 3 samples for each group “p < 0.05 in relation to control. *p <0.051in

relation to OA-induced group. **p < 0.001 in relation to OA-induced group. C, control;

E, ethanol.
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Figure 9 MLE and MLPE can influence the expression of several transcriptional
factors involved in lipid metabolism. (A) Cultured cells were induced lipid
accumulation with oleic acid (OA) for 24 hours and treated with MLE (1, 2, 3 mg/ml)
or (B) MLPE (0.1, 0.2, 0.3 mg/ml). Protein expressions were detected by Western
blot analysis. BSA was used as a control. C, control; E, ethanol
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Figure 10 Comparative MLE, MLPE and Statin for lipogenic enzymes
expression. Cultured cells were induced lipid accumulation with oleic acid (OA) for
24 hours and treated with MLE (3 mg/ml), MLPE (0.3 mg/ml) and statin (5uM).
Protein expressions were detected by Western blot analysis. BSA was used as a
control. C, control; E, ethanol; S, statin
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Figure 11 Effect of MLE, MLPE and Statin on mRNA level in lipid metabolism.
Cultured cells were induce lipid accumulation with oleic acid (OA) and treated with
MLE (1, 2, 3 mg/ml), MLPE (0.1, 0.2, 0.3 mg/ml) or statin (5 uM) for 24 hours.

Cellular mRNA expression levels were measured by RT-PCR. GADPH as a internal

control. C, control; E, ethanol; S, statin
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Group 0 2 4 6
C 21.55+£1.54 22.63£1.69 24.56+1.39 25.57+1.38
(5.05%) (14.09%) (18.79%)
HFD 21.80+1.26 22.73+1.93 24.96+1.5 26.60+1.7
(8.87%) (14.52%) (22.01%)
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Figure 12 Body weight change of C57BL/6 mice fed basal laboratory diet or high
fat diet during the 6 weeks feeding period. (A) Body weight cruve of four group
C57BL/6 mice during 6 weeks. (B) All values are expressed as the meantS.D and
body weight change (%) every two weeks. HFD group were maintained on a high-fat
diet containing 20% lard oil and 2% cholesterol for 6 weeks (n=20). C, normal group;
HFD, high fat diet without MLE group; 0.5% MLE, C57BL/6 mice fed high fat diet
with 0.5% MLE powder; 1.5% MLE, C57BL/6 mice fed high fat diet with 1.5% MLE

powder.
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Figure 13 The ratio of liver weight/body weight in C57BL/6 mice. HFD group were
maintained on a high-fat diet containing 20% lard oil and 2% cholesterol for 6 weeks
(n=20). C, normal group; HFD, high fat diet without MLE powder; MLE-0.5%,
C57BL/6 mice fed high fat diet with 0.5% MLE powder; MLE-1.5%, C57BL/6 mice
fed high fat diet with 1.5% MLE powder.
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Figure 14 Histologic features of lipid accumulation in livers of C57BL/6 mice.

HFD group were maintained on a high-fat diet containing 20% lard oil and 2%
cholesterol for 6 weeks (n=20). C, normal group; HFD, high fat diet without MLE
powder; MLE-0.5%, C57BL/6 mice fed high fat diet with 0.5% MLE powder;
MLE-1.5%, C57BL/6 mice fed high fat diet with 1.5% MLE powder.
Paraffin-embedded sections of liver from C57BL/6 mice were stained with
hematoxylin and eosin. Representative photomicrographs are shown. (x100X). CV,

central vein.

990453


http://www.coa.gov.tw

Hepatic triglyceride (mg/g liver)
W

MLE (%)

1 #

Hepatic cholesterol (mg/g liver)
[\

MLE (%)

HFD

Figure 15 Quantitative determination revealed that hepatic triglyceride and
cholesterol content in CS7BL/6 mice. Relative amounts of liver triglyceride (A) and
cholesterol (B) contents in C57BL/6 mice (n=20). Lipids were extracted from liver
tissue obtained from four group mice and analyzed by spectrometry. “p < 0.001 in
relation to control group. *p < 0.05 in relation to HFD group. C, control; HFD, high
fat diet; MLE-0.5%, C57BL/6 mice fed high fat diet with 0.5% MLE powder;
MLE-1.5%, C57BL/6 mice fed high fat diet with 1.5% MLE powder.
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Figure 16 Hepatic expressions of several lipogenic enzymes in C57BL/6 mice.
HFD group were maintained on a high-fat diet containing 20% lard oil and 2%
cholesterol for 6 weeks (n=20). Protein expressions were detected by Western blot
analysis. C, normal group; HFD, high fat diet without MLE powder; MLE-0.5%,
C57BL/6 mice fed high fat diet with 0.5% MLE powder; MLE-1.5%, C57BL/6 mice
fed high fat diet with 1.5% MLE powder.
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Figure 17 MLE treated increase AMP-activated protein kinase (AMPK) and
acetyl-coA carboxylase (ACC) phosphorylation in CS7BL/6 mice. (A) AMPK
phosphorylation and its substrate ACC phosphorylation were detected by Western
blot analysis. (B) All values are expressed as the meantS.D. *p < 0.05 in relation to

high fat diet group. C, control; HFD, high fat diet group
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Figure 18 MLE suppressed expression of several lipogenic transcriptional factors
in C57BL/6 mice. HFD group were maintained on a high-fat diet containing 20% lard
oil and 2% cholesterol for 6 weeks (n=20). Protein expressions were detected by
Western blot analysis. C, normal group; HFD, high fat diet without MLE powder;
MLE-0.5%, C57BL/6 mice fed high fat diet with 0.5% MLE powder; MLE-1.5%,
CS57BL/6 mice fed high fat diet with 1.5% MLE powder.
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Figure 19 Proposed scheme for the role of mulberry leaf extracts and
polyphenols in hepatocyte lipid metabolism.
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