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MELEBRENRS  KREBBELAMRE > SR RA
BREENLR ERAMAREARMAEMOENER  FEFHEGY
MY BRER-BIAMERORARS BEA B IRl » IpH 8585
FFATR R B VB MBS Z oh 2k BH BN E BT 518 kRS
EZBH - MEBREANAETHI HHEARALELEMER &
SR 5B RSY EANRAIL BRAIH S REZ/ER 0 A8
MREBMICERT EERYT RI08] & F 0 8% % B 68 B AT A
D fis 2 A RFRF I — TR AT E F AR B R 35 35 B 69T R
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Obesity is a disorder of energy imbalance and the most prevalent
nutritional diseases in developed countries. Besides, obesity is also
associated with health problems such as type 2 DM, hypertension,
hyperlipidaemia, cardiovascular diseases and cancers. Nelumbo nucifera
Gaertn is widespread in the middle and southern of Taiwan. Nelumbo
nucifera Gaertn leaf extract (NLE) has been identified a lot of benefit
about anti-oxidant and reduced risk of cardiovascular disease. Our study
has demonstrated NLE could attenuate hepatic lipid accumulation and
reduce visceral adipose tissues elevation by a high-fat diet. The results
suggest that NLE may be an effective health food for the treatment of

obesity and fatty liver.
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o BTFammAEEEMYE 0 BRELE SR - M IEF AR BAE M6 AT
BEENS% Y H—F 5 ¥ HAsA (=B HhEs, triglyceride) 91 i B
BoABRVEAHBERE BETE ANEANOENTE(EERXL
ZEEHhES) BB ENSY AL RAFAK R ABiB10% AL
BIRT e fa B BE R Z 0B OB HRA WK CHBZ AT - iR
28 % #9000 8 Lotk E ARESI 0 B BTG FHE
43% R ¥ B Lg% R HE49% @) A5 BERAREL > 68K
ARSI B ATENZ R HOER KOER - ZBARAETTRE —
AF TRV BRNR TR L BT X(20%) ~ CR AT £(2~6%) »
ReLBEWAT TRE S EAR L BT HGE) - BT RGRBIES
5 AALRGENATHSREVRESHMEFLBSHRET %
BENEMBAZMAEMEYR MUEREEVRAZHEEE e
4 3 o 3 F A5 & & (lipoprotein) $2 3L B #fkr (chylomicrons) % A5 B5i&
BoKAR S BALR D » SRR AR BOERFERAEWE S
TR T A8 AT M RS Ay BR 3810 ik, = B8 H b B5 74 B 4 A5 & & (apoprotein)
k2 > BIETARBRREREEZEG(VLDL) » B ZfH hdF g
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5% (Nelumbo nucifera leaf)
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B B EABARERRR - B ke BHAM B 25~
90 N A4HMERK La4ke > LFEGk TaR&E
Bk FANEF TR BRM PE - HEI~2RCAMLE -

HEEEN (REEE ) FINRAMBEEAT » B4
BhkA LA > HAKFRELA (WEAELE) HEBFAH LD F
HRAB HEAR AEEAM SHAEmT -MEATRHPE-
B e A & (Nelumbo nucifera Gaertn.--8% 3 # Nymphaeaceae)
ay %k o
1. #EN8:

18 4 & £ & Nelumbo nucifera Gaertnero - 3 % East Indian Lotus »
o4 Lotus > P XNHE "7 " 0 RERMSFEKEHY - # L
HE -TRRBAFEEERSAE EFXEABANE HBFAF
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BAT oo B EA S 44 Wik - i ¥k (nuciferine) ~ N-% F 47
# 44 (N-nornuciferine ) ~ 0-% F #7 £ #k (o-nornuciferine ) ~ 4 & F dil
(anonaine ) ~ #:#tdk (roemerine) ~ 3 4 &k (armepavine ) ~ N-F &
#M & #gh (N-methylcoclaurine ) ~ & #7 # & (pronuciferine) ~ #6%
#k&& (liriodenine) & % £, #4428k (dehydroroemerine) (6)% % - fiy 3k
S BARAILHE L % HF (nelumboside) (7) ~ Oligomeric
Procyanidins & E#t& & - E#M ARG, 9 AR ALK C- B
FIMKEE - 3B R EL - HEE - oRaBk - MHBH -BE oA EEWA

o RAER et R 5 (10) °
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ERARE LB AEE S LEA E KB BATBRANE TEEA
BB EG 2R  mAEESRESEREAMTERURERE
BPE % o ERERARTHRT 5 FENFEHREME(DRS RASE 692

F(2) - 2EAER > HEEFEARREOTAREEER 5 4H
RH RGBS EIFAACAER - ENEES KT
(a) P& fi

BHTFETBREERSELEI R TORFERER =B
Bs > HEpdhalkFisE kR W REAKEL - BpHIER (3, 14) -
L 95% 8% ~ 80°C ~ 1.5 /EEERZERY c BT HSELE DR
BRFZEapsER » THAE oF PEEEE(12) HERAF AT
ESmfEE X R RERAEE (20 E ) ERARKTC TG
LDL-C ~ fv AL {4 - &4 &% & 3% & R 39 %] A5 BH AT 6985 £ (15) « #T ¥R
BIfetE 5 Bs ik R &89 TC T 25.6~39.3% » TG F 4 18.99%5~39.2

% > Bl LR m b B > @& iREAKI(6) - 80CRE

30 4 FARpE X O B A BERKRSD K &aF TG & TC(17)-
(b)IL a1t
BL90°C ~ 10BN R ey K ER 20 248 0 FRFZAKE

MR ARERAREA T B AR Fenton R EFTA4A8 OH- » B

FRREAEBOAMAENBEERMEE LM EF - ML 0.1% REK



REABRBTEREEZS 17% AL(4) - FERAFFERAIA
LB Z BN ABRAREERAREEHIHELOFATRHTHETLEIER
3% B9 AL AE A (18)° 24 80°C 30 M E B HEEM ey KER 1S5 /)
AR Z KB BRMEBEALETFAEGAR OH FREHFHRIRK
M EAHBALHETFRENLEENI) UHEEFTKEMRES
X e B TRAE R T RAY T ARBEEIRQO) - 7% ERY
RERFERBEGAEN S L TipH AMBER LDL 89 A L(Q21) -

HEAMETRARZLERARRS 695030 A ILAAC ST o fE R
AT & RBATAHTETAOF LRI ZION  RERBATET O
%8 (flavonoids) & 4 #y# (alkaloids) (19,22,23) & £ & H # &
oo RAFMGARELBETTEERGEFIGH IS - 2T RER

HE PR BE B T 2 4 A (24-26) -
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FROSHRBRHZIBL CEHRRSECEROFE B0 I MK
B EBaBEBEE - ChTEBRRBES  RMCEBTHELRESE
WMTHEFFNepASapAT CETHEERpOERERE
BN ie E S mi AT R IE > B TRERAEZRYA I
TR BB B E—FTEETTEERDTIRHERS
FERF RS B T2 S B H b RS ~ MEEIEE > AP 5 B ARSI ARARAL » 4o
b B RBETRHETRAWH LT RERGRERT  KARRARN
M EERY > H3tBals  ralatm g BEAEEY AR
HHMARBNIEHZ B L REHAERMEA LESEZIBRR L I
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MRS &
HHRERKRS SR A REIITZEA

B X A Syrain 1A RAT B B a R FHARLRTRE
PSRN NEAR BENA 0 LEL  FAENFT L
BEXEHHF o AFBIEH 12 NEER 12 R K
By AT LS BETH6 85> TREHF 22T - EATRATA
SRR AR R BUK o HE BB RREA - MG EARKR - ERITE)
#74 A%, w3 48 > §% %) 48 (normal control) + 3% % 4 (induced control) ~ X5
4 1 (NLE 1%)$23%8 @ II(NLE2%) A &@a 10 € 5 — ey KX &
S AT
Group A : #: 4% 48 (normal control) » Purina Lab Diet 5001
Group B : %5 & 4 (induced control) » 89% Purina LabDiet 5001 + 10%

coconut oil + 0.2% cholesterol

Group C: X 5x# I (NLE 1%)89% Purina LabDiet 5001+ 10% coconut
oil + 0.2% cholesterol) + 1% NLE
Group D: K54 II (NLE 2%) > 89% Purina LabDiet 5001+ 10%
coconut oil + 0.2% cholesterol + 2% NLE
iE % 34+ (Purina Chow)#% & Purina (St. Louis, USA) » A 3% 4
5001 2R EBRT - $E MRk a4 10% coconut oil #2 0.2%
cholesterol - &2 4F > WEB FTHFELEE L 30 » HBRE ah4H
EAMEN La45EA 2 AXHMREL > BHEAKAKEL - TR
2 1038 FTHAMEELEBEIHL  HATRAMER  BE
RAEHIRE kbt~ hEAit T EAST  ALDAF
& (BUN - creaitinine) ~ £ fi§ &~ & 4%~ #7 (& % triglyceride ~ free fatty acid »
total cholesterol ~ LDL-c ~ HDL-c) ~ fo ¥ B 52 8 B R B AL E T 470K A&



W e
% B B B AR W BUY AR B AT Z A X
g CSTBL/6 #et B RAT Y HEHRXHAAIR
EHEMT o NRBAFYHE B BENA2 Lok AR
NeLBEXLHy T AFBHESE 12 AR 12 JHE
P RBEFPAFTEGC BFETF6 8 ER4AIH2+£2C - BAK
AT ot AR B BROK o A BB EIRIEIE 0 P EAKRIRER - ]
e UE & M4 A 48 0 3 %] 48 (normal control) ~ 35 ¥ 48 (induced control) ~
X548 [ (NLE 0.5%) 81385 % 11 (NLE 1.5%) » 54 10 85— @
FREE - T
Group A : ¥4/ #42(normal control) » Purina Lab Diet 5001
Group B : #5 ¥ #a(induced control) * 89% Purina LabDiet 5001 + 20%

lard oil + 0.5% cholesterol

Group C: &% I (NLE 0.5%) > 89% Purina LabDiet 5001+ 20% lard
oil + 0.5% cholesterol) + 0.5% NLE

Group D : X84 II (NLE 1.5%) » 89% Purina LabDiet 5001+ 20% lard

oil + 0.5% cholesterol + 1.5% NLE

iE % #9343+ (Purina Chow)8% A Purina (St. Louis, USA) » # 3% %
5001 » A ERT - HEABRRZ AN LS 20% lard oil £ 0.5%
cholesterol » &#t 24 F » NEB THFREE AL 30 5 HBRE &K
EAMEH > EREEEDAZIBREN  EHEAAKHEL - TR
HEOH  TRPMBALHBEXIHL FERPBNER  H 1A
P IE SR Bl B~ e F AL B ARTHRE(AST ~ ALD R K o4k
(BUN - creaitinine) ~ o fi§ 4~ & % # (8.4 triglyceride ~ free fatty acid ~
total cholesterol ~ LDL-c ~ HDL-c) ~ o VBRI B2 8 E R B A2 E T4k &
SH e
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L S
oA h R & X

AERUBMERE  BEROVBHLEMERL 05z 2B A
@ > F 14 0.5 ml 2 hexane : isopropanol (3:2, v/v) ¥ IRAFEAT4 Z A5
o BT ERMBERBECE T B ARARL > A4 200 pl &
isopropanol 174 » BP 7T 43 AT BEM s B Uk > A AR T 8 2 B R RIE
ERE O REFRAEE S EX %1 (&4 trglycende, total
cholesterol) °
$oit b

WanBEFAY = FH UL » kA Student's t-test &3t o4 A
p<00S A FHATAEELANEER -
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1. #Ex #1t

& Table. 1 TT4F4v > & 2% A (HFD) &2 R B K
T oS$YupsfBEsABREA REERAGBERE N #E
P B b B E(GE 37%) HHAMARRTEERM A
%0 BHANLE 1% %A NLE2% S TUAE BB EMmeyBY - A
B % NLE #9424 M2 23 - e &R LT UKE E T RE 7
(C57BL/6 mice model) F#K43%| > £ HFD AT $imwyi g
HRigw A £F 6 BFwe 21%; MABRTEERYA
Fl % » NLE 0.5%$2 1.5% =T 54 H 23bdp 4] 88 & 3% o (Tab. 2) - d Ll
B RBET  MEERMENAERER EN LA -
2. {HREHUY

EREBRMEXT  TURERRI LA HMOBREIHLLERF HK
34 ey £ B (Fig. 1) R4 CSTBL/6 /s R o9 K ¥ % K& 2| HFD
SEMBE L EA LS MEBANLE sh@3 A TR 248
HOERMREA BRI ELOERFig 11) -
3.NLE £ Z3b/$ 8 F M2 E

£ RALd HFD $% 10 B4 Lo P eyl RS = 8

HRE) SRR LS HSAEEHBE RV ARESAELES



i 0E % HE ey =4 (Fig. 2) - 12 24 F) 15424 NLE 1% 2 NLE 2%
QR Y 0 Ho b2 s BB 9L = B H i AR AN Y e ek EER
LEESE - ZEHREBELAN S TR THAETHBAA
£ K% Fig. 2) - M e R 4T d C57BL/6 /) R e9B X 45 2] Bs
(Fig. 12) - {43 —42 892 » CSTBL/6 A9 X P AT ER a9 £ ¥R
W B AN A R R E  2hF 2 EMMER B AERRY
HEEAB RO PRE(EEEEA BT HEE)2ZZR -
4.NLE A 8 BEnPiEEansE

BEBRMEAENLE #7» HFD FEG#EXT #Hna v ks
R E M ERIF 400 £ HFD 895 5T o F 4918 % B 5 & & (LDL-c)
85 KA ¥ @ LDL-o/HDL-c #yt{i. 7 L e85 - B
£ HFD 4 TR ot aseTALES 2284 NLE-
BRET H o6y LDL-c 47 A BAEMHEK > /2% HDL-c 472 5 AH
EF o E%¥ NLE REBMF/K LDL-c 22 HBAHLTEEEHS
7 %4t(Fig. 3) - mA M RBKX F - AL HFD #9355 T » LDL-c
$2 LDL-c/HDL-c #9tbfi& A L# > M B48& NLE #9354 87T
BRINEHERESTHE  ERAFRALKITELHETR EA4AME
THERPHRES NLE #Re) AT > £ HDL-c £ LA EY -

ARG R LAER BT HE NLE #7704 1% HDL-c 8938



ho R E P B R G 6y # AL (Fig. 14) - Ao £/ BT LT
#5%] NLE #5 %94 20 M5 1K & P 258k 85 B Bk 695 2 (Fig. 13) ©

B EEABETHER TG EHAER AR D ANEX
% > NLE %4 bR ¥ sl - B R a s 2§
BOEHYANTAREENGE S ERm ERMEERIBEY
¥ o o
5.NLE 7 30 8% AT Bé &9 A B 3t

Liiey £ 87 NLE e Rb PR 28 LF > BHbk
PIEZRENLE N R TRV EAGBERHIERLRT - B
KB EESARBETATE EROMATETOBEERETES
¥ BMENLE #RNAFRPEESCENEE - dERTUREE > £
HFD &R T S auiFBTisi s E4T4AARKLE: 85
EHFHBaAY 34 &> BrRaREamBET AT @HmATR
Paghs B3R %L 0 @A NLE 1% s NLE 2% &R BHRRT » AFAR
P EEE R B H s S A T ey RAME R NLE &%)
T2t 0 MmA AR (Fig. 4) o A e %4 4 3R A& CSTBL/6 &5/ &
BA ¥ o 84K EE 6 NLE 0.5% Brec a4 shuhe & HFD A7 § a9ht
B P MR B BE K, = Lk Es o3 (Fig. 15) - /N AATIREM R &

BB EP > AHFD $8 2T Habhd PHEERRKEREY



MR EEANBRT LA BENENRBRMERNELRR 24
F) B 4% £ NLE 0.5% 3 NLE 1.5% #9385k 4 & 7T 504 2]+ s W ol i &%,
@ F AS B A P R 69 T 0 £ 6 9 Bk 2 (Fig. 16) o

B EMERET  MEERYEFRETE T TR ENR
% E%¥ENLE BH K ERMATITRGER -
6. NLE $ WA R AF ROV E

Miktalo B ARMBENEY  EMBEETOREER &
ERTRAEZBRRNENRE RORKE SR NEHEEZEEGTH
EAH A8 B MEHERENLE #$0WF i 2eds &
KR HFD #F @& s AFB P AST 4 ALT #9380 > {2 R4 64
F E 85w A NLE 44 - BA8a3b L & 69 AST #2 ALT &9t F (Fig. 5)
Bl #kb > &AL C5TBL/6 &4/ BE 5 0 LBLE 3] NLE A& 1K
AFshaedai% & & AST $2 ALT #44t /1 (Fig. 17) - 2857 NLE A A {%#
FFBEh e B -

FE R M#EA HFD 935 ToF A F xS RH
T RmA e A (Fig. 6) X4 C5TBLI6 &/ R4 X T (Fig.
18)» A AP R PTIRA &9 HFD X » SR Z57 R F R85 > AT X
EREHELFTEAHEBROELERLAFZLGEER) -

7.NLE 16 ¢ 55 69 L7



EHEABBLEMED @B S, ARE BB ARER - B
WREELA HRRDHERTRSEARAKERLTEBIY Kb
R EREAMERR K MAXBEL T HHBRELA  HAKkfa
LR EMER T AR ARBERRZRBYE  RERRA
BREBEYE RMTUKLERF 40 £ HFD FET > v oy A
TR L 22 A FH4EA NLE 1% % NLE2%TF > & ¥ 698538 &
%A AT % > 88~ NLE #t #5180+ 8928 6938 Ao(Fig. 7) - Bl 4k &Y
Mk R A CSTBLIG /) Gk AR S RE + » 54 HFD 3%

EF g RkaPaEey L M NLE0.5% #2 NLE 1.5% %44
M ek P ehBARE(Fig. 19) - MARZAZNRRT BT €Hhoha ¥
BIREHT - BE R G52 EME AR GEFRE WS} LB H P ER
FEREHEI AR MELR T o PanEspey¥it & Fig. 8 7
s EAREFAHZAGHFD SR ENE R T HERE A TR
Y B3 TMB4ET 0 M CSTBL/6 w9/ & FLRFIKRBER £ &
16 % & %3t £ £ ey & & (Fig. 20)

8. hiEz Bk

EEROBEA T - HFD A ET > aBidZg KKz EFig

9); {2 &4 C5TBL/6 R4+ » BP<T 43 NLE 0.5% $2 NLE

1.5% S ERaige)sE 0 8x NLE EXAEHNEBAEG LT A



B ERATR T RS e H > ER P E ni % Fig 21) -
9.NLE &4 fis By a8 2 38 M
HZAERET > NLE seag Bl et BE 28 Fib
PR R G YA - BLERTERY B 6938 » AR F K NLE #
NERESHB NG BB E - & RET 2 RAAMRRNLE 1%
% NLE 2% #9953 F » A A 2Ob e & HFD 73 % 9 As Byt 434
#o(Fig. 10) : 484t e94E A & C57BL/6 /R 4 X & TH# % 2] » HFD
388 E 3% oo BB S 09 AS A5 a4k > @ NLE 0.5% £ NLE 1.5% %
ARG RN R A (Fig. 22) > BB PGB RFo 0 47
EEBRMEAXERNEN RS RHWRBIEHOES -
10. NLE £t %97 /) B AR 85 2 75 M LR AS B BR & B BB VE ML XA
% THRENLE R4 BB NIRRT A% egiEm » B r1E%
BMELE NLE R T ' AT ¢ HE A % (lipase) 89FH - &ERE
#, > NLE 0.5% $1 NLE 1.5% & F&1& HFD #7354 lipase &1 38 /o
(Fig. 23) » B85 #9437, » NLE 0.5% £ NLE 1.5% .48 #4085 B%
A% 4 X B2 £ (fatty acid synthase) #4975 t£(Fig. 24) B s & A9 7T LA %5 ) >
MEXBRYAZBAGTHEEZEVAORGBEETRER  E—F &

HEEHMB RGN -
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MEADF# 2L PHEF2EEk BB MNERRRE
BRALE N BLERRAREREEZH &K EEEZFER
HER CHRHBETRHELOEE  RRATERGEMT 7R
MAAMERHBARAZER - REAMERRSZHBEMART > MHAS
AT BEFABZFRERLTARIFEHR - RAHEFLCHE RS
TR B A W R % B 4R 36 s M AT BT AR A A 1 AR AR R R O
ST RS BRI LA L HE SBBMEMAK 0 R EH
RAMEAOGTHER  HEASTURBEEEIHN TERLER,
%%ﬁk%%ﬁ’%m%ﬁmﬁﬁéggfiﬁg’%u%ﬁ%ﬁ
RIS o Bt G BE hlsRm AT & - MM EAF BATAR
A% BEMBERIR > BEMBERAEARKR  XBESHHME > AHRE

RHEERMTHES S EARIRERS -
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Table 1. Relative body change of HFD treated hamsters.

Week

Group 2 6 10

Normal 19 + 2.06%" 25+ 1.74% 25+ 1.98%
HFD 33+6.13% 35+ 6.78% 37+ 6.59%
NLE- 1% 26 £ 0.68%" 34+ 5.66% 34 +5.58%
NLE -2% 25+ 9.56%" 34+£0.31% 33+£2.03 %
Silymarin 22 + 8.08%" 36 +4.57% 31 £2.51%
Simvastatin -6 +0.99%" 6+4.71%" 11+ 7.38%"

Normal, normal group; HFD, hamster fed HFD-induced group; NLE 1%, hamster fed
high fat diet with 1% NLE group; NLE 2%, hamster fed high fat diet with 2% NLE
group; Silymarin, hamster fed high fat diet with 100 mg/ml silymarin group;

Simvastatin, hamster fed high fat diet with 1 mg/ml simvastatin group.

#, data = [(week X — week 0) / week 0] x 100 %
a, P <0.05, with respect to high-fat diet-treated group
b, P <0.01, with respect to high-fat diet-treated group
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Figure 1. The feed efficiency of HFD fed hamster. Male Syrian (7 weeks old)
hamsters were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of Syrian hamster was maintained on a high-fat diet (HFD)
containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal group; 1,
hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with 1% NLE
group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster fed high
fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with | mg/ml
simvastatin group. Data are shown as the means £ SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 2. Total cholesterol and triglycerides content of HFD fed hamster. Male
Syrian (7 weeks old) hamsters were individually housed and maintained at 25°C with
a 12-h light/dark cycle. Induced group of Syrian hamster was maintained on a high-fat
diet (HFD) containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal
group; I, hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with
1% NLE group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster
fed high fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1
mg/ml simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 3. Total LDL-c and HDL-c content of HFD fed hamster. Male Syrian (7
weeks old) hamsters were individually housed and maintained at 25°C with a 12-h
light/dark cycle. Induced group of Syrian hamster was maintained on a high-fat diet
(HFD) containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal
group; I, hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with
1% NLE group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster
fed high fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1
mg/ml simvastatin group. Data are shown as the means £ SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 4. Total cholesterol and triglycerides content in liver of HFD fed hamster.
Male Syrian (7 weeks old) hamsters were individually housed and maintained at 25°C
with a 12-h light/dark cycle. Induced group of Syrian hamster was maintained on a
high-fat diet (HFD) containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C,
normal group; I, hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet
with 1% NLE group; NLE 2%, hamster fed high fat diet with 2% NLE group; S,
hamster fed high fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet
with 1 mg/ml simvastatin group. Data are shown as the means + SD. *, P value < 0.05
was compared with induced group. #, P value < 0.05 was compared with normal
group.
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Figure 5. The AST and ALT activities of HFD fed hamster. Male Syrian (7 weeks
old) hamsters were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of Syrian hamster was maintained on a high-fat diet (HFD)
containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal group; I,
hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with 1% NLE
group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster fed high
fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
. compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 6. The BUN and CRE activities of HFD fed hamster. Male Syrian (7 weeks
old) hamsters were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of Syrian hamster was maintained on a high-fat diet (HFD)
containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal group; I,
hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with 1% NLE
group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster fed high
fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means £ SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 7. The keton body content of HFD fed hamster. Male Syrian (7 weeks old)
hamsters were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of Syrian hamster was maintained on a high-fat diet (HFD)
containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal group; I,
hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with 1% NLE
group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster fed high
fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means £ SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 8. The sodium and potassium content of HFD fed hamster. Male Syrian (7
weeks old) hamsters were individually housed and maintained at 25°C with a 12-h
light/dark cycle. Induced group of Syrian hamster was maintained on a high-fat diet
(HFD) containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal
group; I, hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with
1% NLE group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster
fed high fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1
mg/ml simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 9. The blood glucose content of HFD fed hamster. Male Syrian (7 weeks old)
hamsters were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of Syrian hamster was maintained on a high-fat diet (HFD)
containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal group; I,
hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with 1% NLE
group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster fed high
fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 10. Total lipid tissue weight in HFD fed hamster. Male Syrian (7 weeks old)
hamsters were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of Syrian hamster was maintained on a high-fat diet (HFD)
containing 10% coconut oil and 0.2% cholesterol for 10 weeks. C, normal group; I,
hamster fed HFD-induced group; NLE 1%, hamster fed high fat diet with 1% NLE
group; NLE 2%, hamster fed high fat diet with 2% NLE group; S, hamster fed high
fat diet with 100 mg/ml silymarin group; Z, hamster fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. * P value < 0.05 was

compared with induced group. #, P value < 0.05 was compared with normal group.



Table 2. Relative body change of HFD treated mice.

HFD treated

Control NLE . . .
HFD Simvastatin Silymarin

0.5% 1.5%

2 week  0.92+0.41%" 1.18 £0.36% 1.93 +0.38%" 0.73 £2.38% 1.25+1.96% 254+ 1.58%
4 week 926+1.13% 19.82 £ 1.45% 12.47+243%  13.18+2.70%" 15.55+£0.97%" 18.64+1.71%°
6 week  1239+437% 21.00£2.99%  14.14£127%" 13.52+2.43%" 17.56+2.96%" 19.24+1.80%"

Control, normal group; HFD, mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5%
NLE group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; Silymarin, mice fed high fat diet
with 100 mg/ml silymarin group; Simvastatin, mice fed high fat diet with 1 mg/ml simvastatin group.Data
show values from male mice (n = 10) on the indicated treatments for 6 weeks as means + SD.

#, data=[(week X — week 0) / week 0]x100 %
a, P <0.05, with respect to high-fat diet-treated group
b, P <0.01, with respect to high-fat diet-treated group
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Figure 11. The feed efficiency of HFD fed C57BL/6 mice. Male C57BL/6 mice (5
weeks old) were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of mice was maintained on a high-fat diet (HFD) containing
20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0, mice fed
HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE group; NLE
1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat diet with 100
mg/ml silymarin group; Z, mice fed high fat diet with I mg/ml simvastatin group.
Data are shown as the means + SD. *, P value < 0.05 was compared with induced

group. #, P value < 0.05 was compared with normal group.
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Figure 12. Total cholesterol and triglycerides content of HFD fed CS7BL/6 mice.
Male C57BL/6 mice (5 weeks old) were individually housed and maintained at 25°C
with a 12-h light/dark cycle. Induced group of mice was maintained on a high-fat diet
(HFD) containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group;
0, mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.



14

12 1 {
10 -

Free fatty acid (nmol)

[

2 T
0 T T T T I : T
c 0.0 NLE 0.5% NLE 1.5% 2 S

HFD treated

Figure 13. Free fatty acid content of HFD fed C57BL/6 mice. Male C57BL/6 mice
(5 weeks old) were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of mice was maintained on a high-fat diet (HFD) containing
20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0, mice fed
HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE group; NLE
1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat diet with 100
mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml simvastatin group.
Data are shown as the means + SD. *, P value < 0.05 was compared with induced
group. #, P value < 0.05 was compared with normal group
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Figure 14. Total LDL-c and HDL-c content of HFD fed CS7BL/6 mice. Male
C57BL/6 mice (5 weeks old) were individually housed and maintained at 25°C with a
12-h light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 15. Total cholesterol and triglycerides content in liver of HFD fed
C57BL/6 mice. Male C57BL/6 mice (5 weeks old) were individually housed and
maintained at 25°C with a 12-h light/dark cycle. Induced group of mice was
maintained on a high-fat diet (HFD) containing 20% coconut oil and 0.5% cholesterol
for 6 weeks. C, normal group; 0, mice fed HFD-induced group; NLE 0.5%, mice fed
high fat diet with 0.5% NLE group; NLE 1.5%, mice fed high fat diet with 1.5% NLE
group; S, mice fed high fat diet with 100 mg/ml silymarin group; Z, mice fed high fat
diet with 1 mg/ml simvastatin group. Data are shown as the means + SD. *, P value <
0.05 was compared with induced group. #, P value < 0.05 was compared with normal
group.
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Figure 16. H&E staining of liver tissue in hamsters fed with control diet and
HFD. Control, normal diet; HFD, HFD without NLE; 0.5%-NLE, HFD with 0.5 %
NLE; 1.5%-NLE, HFD with 1.5% NLE. C57BL/6 mice in all groups were sacrificed
after 6-week experiments. Liver tissues were obtained immediately after sacrifice and
stained with H&E.
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Figure 17. The AST and ALT activities of HFD fed C57BL/6 mice. Male C57BL/6
mice (5 weeks old) were individually housed and maintained at 25°C with a 12-h
light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. * P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 18. The BUN and CRE activities of HFD fed CS7BL/6 mice. Male
C57BL/6 mice (5 weeks old) were individually housed and maintained at 25°C with a
12-h light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 19. The keton body content of HFD fed C57BL/6 mice. Male C57BL/6
mice (5 weeks old) were individually housed and maintained at 25°C with a 12-h
light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; O,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means = SD. * P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 20. Total sodium and potassium content of HFD fed CS7BL/6 mice. Male
C57BL/6 mice (5 weeks old) were individually housed and maintained at 25°C with a
12-h light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was

compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 21. The blood glucose content of HFD fed C57BL/6 mice. Male C57BL/6
mice (5 weeks old) were individually housed and maintained at 25°C with a 12-h
light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means £ SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 22. Total lipid tissue weight of HFD fed C57BL/6 mice. Male C57BL/6
mice (5 weeks old) were individually housed and maintained at 25°C with a 12-h
light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.
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Figure 23. The lipase activity of HFD fed C57BL/6 mice. Male C57BL/6 mice (5
weeks old) were individually housed and maintained at 25°C with a 12-h light/dark
cycle. Induced group of mice was maintained on a high-fat diet (HFD) containing
20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0, mice fed
HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE group; NLE
1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat diet with 100
mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml simvastatin group.
Data are shown as the means + SD. *, P value < 0.05 was compared with induced
group. #, P value < 0.05 was compared with normal group.
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Figure 24. The fatty acid synthase activity of HFD fed CS7BL/6 mice. Male
C57BL/6 mice (5 weeks old) were individually housed and maintained at 25°C with a
12-h light/dark cycle. Induced group of mice was maintained on a high-fat diet (HFD)
containing 20% coconut oil and 0.5% cholesterol for 6 weeks. C, normal group; 0,
mice fed HFD-induced group; NLE 0.5%, mice fed high fat diet with 0.5% NLE
group; NLE 1.5%, mice fed high fat diet with 1.5% NLE group; S, mice fed high fat
diet with 100 mg/ml silymarin group; Z, mice fed high fat diet with 1 mg/ml
simvastatin group. Data are shown as the means + SD. *, P value < 0.05 was
compared with induced group. #, P value < 0.05 was compared with normal group.



