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B2 OFRPE R o2 [ 00 fa AR O 0 < B Bod P ¥R RRGRE I
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Abstract

The aim of this study was to investigate the effects of soy protein on insulin
resistance and hepatic steatosis in non-alcoholic steatohepatitis (NASH). Forty
male Sprague-Dawley rats were fed a high-fat diet for 4 weeks to induce NASH and
then were divided into four groups: the N group (NASH diet), S group (standard
diet), NS group (NASH diet + soy protein), and SS group (standard diet + soy
protein). After the 10-week experimental period, the results showed that soy protein
significantly improved insulin resistance induced by NASH diet and it lowered
plasma cholesterol concentrations and body fat accumulation. Additionally, soy
protein intake also reduced the hepatic lipid depots of triglycerides and cholesterol,
and decreased the concentrations of lipid peroxides. In an analysis of the
antioxidant status, rats fed the soy protein diet showed improved antioxidant
potential due to increases in superoxide dismutase and catalase activities and a
decrease in the protein expression of CYP2E1. In conclusion, soy protein may
improve the liver function in patients with NASH by lowering lipid levels in the blood
and liver, increasing the antioxidant capacity, and improving insulin resistance.

Key words: Soy protein, Non-alcoholic steatohepatitis, insulin resistance, blood

lipids profile
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Bt = B AERCR R DR e s 4 DR B S 0 199 T RO 1 2RIEPH LR AT
(Non-alcoholic fatty liver disease, NAFLD) & "5 5 I PERGE R A P gA
FE E B e chdg% (Baconetal, 1994) - - & %3 - NAFLD 4 m 4R &4 2 %%
MR AR RIRE L R BB IRE T H B AR 2LFH 1L
SRBEIFL T F L SR 2R HIFE MR RARR G D (Mulhall
et al., 2002) - @ & NAFLD £ B I & it chi 42 ¢ - 2L M 12 5 v 1200
(Non—alcoholic steatohepatitis, NASH) Rl F 7 - Bipg £ & ek & o

NASH 7 s>t 1980 #4d Ludwig * =73 M (1980) i & F5 it & 4 iF )¢ o & 0
R S RERE PR 2 Rk G BIFR T R E R A F R
AL B g e MR E B o BERHR W gm0 g+ NASH G e FlS o
FEL s ¥ oA Bipl B ATig 96 kg B (Marchesini et al., 1999) -

L AT EROAST T ¢ R L Y PRprgap kR S 8 (Sanyal et
al.,, 2001) > @ § #q "#pk ik B AT B A9 S B 4 pF oo 1} g2 Fedngh o g R
e g WAk o Y - 2 oo B AR RRRER € 5% Cytochrome P450 2E1
(CYP2E1) AMeni > A4 EBT A d A RFF RS 2 FEi 0%
(Robertson et al., 2001) » Fr & ¢ i = e 3 Lfodk ™ o i {7 )]35% G B S A
LS BRSO 2 R e R B R G F f I“*#Bfﬁﬁﬂrﬁffﬁs C R A K P A AR g

Mot 3 N sk NASH »r#i sk eniy 2 £4p ¢ & & hikdE -

SIS A ﬁ%%%@@ﬁ%§’§§W%éi$%}é?%%
(Hodgson et al., 1996) - Lr’g =g
p201999 & - £ W & G &
?%*Eﬁlé%j%ﬁri%%%252i%3}ﬁﬁy%ﬁﬁwiﬁﬁ%Ji%
B (FDA, 1999) - it Fm E 4 3 4p 8+ 2 B NASH i 4 5 5 23% > p gt £
B> preogd L 14% (Nomuraetal , 1988) v 22 E¥ 24 a7 ~ 29
SOERE M ARA 0 BPE AT EREAHS B Y 22 NASH Fip bl {8 v 3
FE oo

72 A4 NASH e & BR O fsc L 8B — il > dodh ) R Fuls ~ 5 K E (LR 4
2 Bk % e ehiz R 5 (Harlander et al., 2001; Harrison et al., 2002) » 3¢ 5 7
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MR G o KRR B Rd R E T A IEHS 5 40 NASH B o Az
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N A &

S~ 2¢ R0 AN 40% 0 Sd A JL T E TR < 24 (soybean
flour) » & § 50%:3=s 5 #mirg« 2 ? 7B LAEAE AR A A 2R Al
Jk¥E~ 2 3¢ (soybean protein concentration; SPC) » # ¢ F-d ¥ 7z 3 65%; @

Jan

~ 3+ B §-v  (soybean protein isolate; SPI) % - kiE+ & v ¢ 2Eded FINA
2% 7@ SPI 3= g 8 > Nk 90%m1t -

M\

% gy v FeAE A (@mino acid score) kiERE Rd & A S R
R R M TR AR, > BT BORERITLE ¥ - UPDRAR ARG A E R
B %4 ;gv_f%: CRF & %fr o Mg F B Pl T F-9 F o (protein efficiency ratio;
PER):» * & 3-vd B0 2 0 b » (e (o M3 de b Jod 0 FPlin i X B 3o F 2L A 4
A Fee T ohkife Ra ARapy L B FHREFFRE LR R HRT TR
kg RE FARARPEERYLAMNIS B FRLRZEIF B9 &
SR g o L BEFIT T ARG T R R RSN T
AL AT AR B R > DET A A F 2 K e

A e F A AR TR S TVRETEAMMNEI RO ARG F RS EE
¥ iTrckh (FDA) &2 7 w2 5% (World Health Organization; WHO) -+ *+ 1991
# 3 * Protein digestibility corrected amino acid score (PDCAAS) - i %k =% j-v

(Zezulka and Calloway, 1976) ; ¥ ¢t & Young % (1991) %= 3 &7 > &% 2k

FEi a3 r i RAGRABB A, anThm 22 o I T v T it 555 2
B i BE GG TERANR o AT w?wk é%iﬂ@}éﬁo
< By % BB~ li‘f’i%ﬁi.l‘&)% & g7 R e F ’?ﬁj\/}ﬁ, =

ag /{
U FINE AL EFF AW A RE BEFIBFTR (Nagataet
al., 1981; Yashiro et al., 1985) % « %% % (Carroll and Kurowska, 1995) # ¢



BV LM P ERMRIER > AP FAFSEL b 5 2 SR
E 9 VMR ORI R R 2B aE# s (Kritchevsky, 1995; Sirtori et al.,
1995) - FDA £ * 1999 &4% 4 "5 p %P~ 25 5% 8 3v § B4 IEP o n § A
iy 2 BER Ak o B P Wy BATY AL B Bd & NASH Randa b1t o XA 1o
MG e prerie s A 29 TR g HH NASH s T s S x 239 2 < 2 RS

Z~x e kv B ég‘,_ia %%;}mr Fﬁﬁﬁﬁi

WATRREFSFRH? PER B2 R0 EREBUMPFEFTORR Y
vy B (gerbil) B R SR BFMAE R B HFMP thyroxine (kR 0 @
thyroxine ¢ :z% "&£ Ff ek 38> 4o P F AR 2L 1 48 ¢+ (Forsythe, 1986; Ness et al.,
1990) o ¥ #h o AL SHEB-% B 3 4 TR S BAERE hA L 0 T MR O G £ ik
& (Forsythe, 1990; Sanchez and Hubbard, 1991) "‘f K ;%g SR Ry BB
2 b BT LR FiM e F IR PRI R A AR T B EASLMER
FTERFMAORE R P VIRY BB AR RE L B RRR
(Bartk et al., 2004; Davis et al., 2005) ; p* ¢ # 3 4r + & & 7g35 2 "FRle
receptor MRNA e I % 3 4o $4309% § 2 chac g 4 (Irtanietal., 1997)c @ & ¥ - &
iﬁ?ﬁﬁﬁ‘]:}ﬁ Do ApEOTEERY 0 A B R VA A9 RAE S L BEOE T TR %
§ % eh& % ;14 hepatic insulin extraction » F]p 7 ez L d F g F OMEAL 8 AT =
+ v Heavs | 2 ot (Lavigne et al., 2000) -

2 insulin

_15‘

o EBR BRER TV R BE

LW DRR R Sedpd 0 A2 R0 T E B RAML R b2 FRR
(Yashiro and Sugano, 1985) » ¥ *t & & P B+ & » 1 % B Fov BN H o 4 Foo
o ¥ e gk ' JkR (Andersonetal, 1995) - 4 G H i o B L&,&ﬁgi
P25 25 h B Fd W o2kt i g B F (Erdman, 2000) 0 @ R b F % G
MAhw RAR%REE FRAGY T Pﬁﬁéﬁﬁ}é (SR A pa;rﬁnggs,;q ¢ e
BERBLTIER 0 A X B 9 R " M %y ek (Nagata et al., 1981) -
GRS R Sk S RS-SRS S Y L AR =
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w2 AE ok B (Potter, 1996) 5 < & 30 A 3d LRI 5 7T 0 b & "% ifs By e &
(Weihua et al., 1998) -

PEA RS ALAMTHRY > PFRS B D A g g R P T
Tioe S 2 F L 27 A e fheT

() 5 B QAL ERPE N D AT LR 2 Fd VIR Sl s P PEFRE
H Ao X0 ¢ PR EEE R PEREE D > o P OTIRTR 0 Sk M PR R T
* oo 4 K5 2 F AR (Potter, 1995; Sugano et al., 1988) ; I & Bakhit & 4+ %
A ERY AP B sl aamid ,—ag:w‘:»;ﬁ;:s:;- M oRsE R i ¢ PERL e )
foig VEERY MR L O£ N PERL i 0 B B T eni Ft (Bakhit et al., 1994) -
FLCHLR] % B ded VAR B ¢ B REE g FTR R ANRE B LR 2k

(=) BEFY LR OR B 1 B R0 Y EERAHOPTEIL TS S S G
Tt TR MOERE S S 2 @ RO P p A TS ST o F R
SR SEE R Ay BFIRS E v ¥ M SREBP & o ;ﬁrz;‘% & Py BN
fix % 712 b|4c : fatty acid synthase~ malic enzyme ~ hydroxyl-methylglutaryl-CoA
reductase % synthase > 1% 53 B eh g = g 5§ (Ascencio etal., 2004) - @ e
HEEFROEHT 6 0 3 FF @R (Linetal, 2004) > 4 5 @ P18 God T e tE
Ff% #pE % 7o-hydroxylase &1+ 0 @ 7o-hydroxylase 3 %+7 *4p: & % > 7]
R EERE I LU

() *2REMAHTLGADP A8 FEREMA LR 5 genistein 2
daidzein » SHEAF I S B 2 ppcd S A ERFMA LGS ALER ol
L~ PR (Wang etal., 1997; Davis et al., 1998)% - *£ 7 A" % L 2 FE
L N S -A o A

o]

JEenit* 2 ¢ > 4 Honore % (1997) erw= 3 @ { #IM ' F 2
B Mg ek B 53 B M AR E RY 0§ b
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iRk o v LDU/HDL & (Potter, 1995) > ¥ i ¢ fid " i m e i}
receptor z_ i & A ¥rf% % - tyrosine kinase =iE 1 > @ 2 33 & LDL-receptor 7#14
ez % (Ogawara etal., 1989) - & a » » 5 vzgk (Greaves et al., 2000) 45 ! >
%$%ﬂ§m%iﬁ%ﬁ*Mi§§@ﬁ%’z HE G F R g Famk D Fpo B
T FEATRFL TSN AT P RETH



EoA B Rs BT RS LT

I A 2R R ARE MR DV REL MR A R DF
PURE s B Ao o F AT Y B IR TF] paraquat frildzz f FiEF PR g %“gé < E
Fv A A EEedL o 118 KE VR4 (Takenaka etal., 2003) - o L T 7
5::}}5 dox B dd TR g g LER TR R S B R o EEk (Chen et
al. 1996) & B F Mpapif rsmemE S gk F 0 TR L 2 5 TR
d HerE 4 ehpig > v %] NASH #rig 2 eng v 3 o

pd ARAMAHL CHAF  FIhpd AERHAMERSF T bldeo MR
Bfadvd 25 1 ieakFod gapafkt s (Steinberg, 1997) - 7 7 © #EF >
BRI A T E S e f R R B i B S MR R B
§ eni 4 (Kapiofis etal., 1997) ¥ ¢ > 4 § &7 34n H B § i % @ 2 genistein
Tk O AR AT 2 MR R R hE VIR o F :Ff:v‘ malondialdehyde
(MDA) = ' i< (Kerry and Abbey, 1998) « F]ptini + 2 B k& 972 § 2 #if 1 4
17 g NASH #rig & ehf it i3 -

FRFAATRLAEREM AL T RF LR L AR N AT KA P ApH S
P - ReD@Gh d 7 %40 7 it 2 2 41857 tyrosine kinase inhibitor
ek ¢ 3 M (Duanetal, 2003) - @ tyrosine kinase z # W lm?s & 4 £ 75 b chRd 4

F o P F L BT S AR E RS TR ;;‘gc} tyrosine kinase +4c 1z it #
(Mellado et al., 2001)- 514 Fa36 + & £ 5 ik & 7 2 r2 3 Fusf L ehie ™ 2o 4 #) NASH

“rig d AT AL o
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Sprague-Dawley & izzf+ 6 &> %840 & > pp AprF HBHFE w2 277
Pou s B F R 234£2°C 0 BRI 55% 2 10% 0 12 [ P w { Fehe T R
%+ HA]4 (Rodent Laboratory Chow 5001) 2 2 d+ -k » g% - k6387 2 &
Lk o AP B A 1 & 54 Lieber ¥ (2004) #75 £ 2 NASH 5
PAEFESLAH FALI A0 He XA d (P EERE 7T1%) W3 #
PM$+@¢EE%€¢é4£(m4m #omdeT > N 2 NASH #3 4 & -

p L% H S NS ®2: NASH #4486 + * 2 3%v ~ SS w1 LB G + &
EFv > H¢ NS & SS 2 + & Fv £ 50%fE 3y chiE £ & b

Jﬁa—% -&r% — L’”—i—ﬁ o
NI

Pt IiE A - LT NASH #8486 5 p ek ad 5 pE- =
BT o SRTIEEANS L e AT NASH %% 48 ~ #£84 4 « NASH %
FHAEG £ A2 h9 ~HBEHES + 2B hd CHEIEEIMERE I ZR L A
WEFUIRTFHALER F L FRELTHEA FHRARHESP > Ha 3B
FE R R R (T A 4T o

= EERE

£ FAXEBECTRIIEBEALBHR  OSECHRIFTEREIR (19
glucose/kg-BW) » & &3+ % 0~30~60+~90 120 2 180 ~ 4ad 7 sk b %4
g ooow Rtz EDTA axngg @ » LR EH3 1 > 111,700 xg ~ 4°Cas 15
A RE R 0 ;’F]%i,!’k%*v?-70°C1;¢ AR UES YT TR L BIER o T %R P R
Porre ot L 4@ (50 mg/kg-BW) Jrpsts k4t B IEd SRR PR 0o R BT
FARGREE Y AR LS AP R > Mg 51%1%@%?-700125 o
FEP AT o

R B RS 0 1 0.9%2 S Bokd PP EIREL {8 MRy 0 2 ®E @k
Fik o T SR g R B g E LR P RE L ER B 19%
S Y AL SRR F e Y AR - TR
(haematoxylin & eosinstain; H & E stain) » ¥ %k § B ACH™ L% o 950~ d /L

6



FEP 23 0 =45 Teramoto ¥ (1993) = & » =i & v BUIFHKIN e b 7y Ak
FAER o FIBOTRIE SN L AR R B -T0°C §ED LA o
Mgy BEEEG LRSS RE TR Moo 2L E Rk
LR AR ST o

2 WFELEREEFL > SRFLLTENIRE > NESTE > B A4k
Bpat o 557530-20°C FEP 544 o

T~ L F7IE P

®R ]\*" PR~ ZFAH g~ B R R P 9 ERER - KRR g v MEFIER R
BBl > p B A7k (HITACHI 7170 Autoanalyzer, Tokyo, Japan) 4 37 =
]\*”&E” Ak R R v e ALT & AST-§ 43k & ¢ 13 &334 e (Randox
FA115 ~ AS407 ~ GL1611; Antrim, U.K.) :&£{7 & 37 o = ’Iﬂiu% FOER 2P E i D
g <x# % (Rat Insulin Mercodia 10-1124-01; Uppsala, Sweden) i f%% ¢ % & 472
(ELISA) » %450 nm £ = » &L B3 2 Sk RR » 7 H% L 2R

BERR R4 PR fRL 0 & Folch ® (1957) 2 o 1B @RI 0 e

» 5B~ 4 (chloroform:methanol = 2:1, v/v) » ki » M2 F 8 Bmpts > @ip i §

FRp o ouEPRTEIA0OML 4 r 2mL 2 0.05% CaCly (wiv) » % § 15 4 45 »
o (3500 xg, 4°C) 3 ~ 458 > 2 ",fj #i® » £ 1 chloroform:methanol:water =
3:48:47 (viviv) T B 3 12mL > % 4 15 » 48 > 3.~ (3500 xg, 4°C) 3 » 4515 » 2 ‘%
bR A r @I I0mL E 0 FER A TR D 25 ML qe gk A
g o 3 -20°CH F o POTERE PO 10 plbo AR RIRMGER R IR 0 T ]
#4 2 (Randox CH201; Antrim, U.K.) & {74 47 o 4v » & & 1000 yL ;& 3 - 37°C
TR S A& A kERT A 500 nm oA E T RIE SR E R RS L BER
FESFRPE R R R o VBT PR 10 pl o A R BROR SRS TS 0 P B R
# (Randox TR213; Antrim, U.K.) &7 2 47  4v » F Jie&] 1000 yL 78 3 » 37°C™ -k
E b mds o KRR AEB00 nm ok E TR ERKE  HEERR L ERE F
R kR o BTHILY PR LEF AT e 0 P05 g

1 4°C2 ¥ =% (0.25 M sucrose » 1 mM EDTA » 10 mM Tris-HCI) & & » (g3 F i
f¢ 3o 10 4 48 (4500 xg, 4°C) > & 3pi+Fagimre Fitse » 53 30-80°CT #4475 o

Catalase 4 47 i 95 HugoAebi (1947) == ;2|2 > 2 50 mM phosphate buffer
RAFFIOT R AL @5 RS 58P 400 ub niFpPFH9 T % 4~ 30 MM
H202200 pL > »>* 240 nm & & T p|- 242 sk @8t » 7 HO ) b2 3¢ F » &

3
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e bEs s 3 Lowery method kiRl ROFHRBSE AR dy B E R k(T
0 B 7 & R o 5% superoxidase dismutase (SOD) E42 BlZ > & > B 14
7 & # 2 (Rondox SD125; Antrim, U.K.) A 47 o A3 5GE 5 i 4 Fk & 2 B 2
oo i * W B 2EH 2 (Lipid peroxidation assay kit, CALBIOCHEM®; San Diego, CA)
Yok kR 586 nm ok K TR E R kR E o AR R Rk B4R A F
malondialdehyde (MDA) + 4-hydroxyalkenals (4-HNE) k& - i 2 Lowery method
KR EIFHIE T R chEw TR R F R0 F i R o
% CYP2ET1 3-v F2 #E8 TP 0.5 g #Fesk » 4 » 25 mL o f s ibe
7% (0.25 M sucrose © 10 mM Tris-HCI, 0.25 mM Phenyl-methyl-sulfonyl fluoride) -
HIOF 15 s 20 A4 (10000 xg, 4°C) > Bt Kip A I AR @ Ao th g
g~ ¢ (Beckman 362305, 13 x 56 mm, 3.2 mL) > &< 1 -] {2 (105,000 xg,
4°C) > 4 9g 1 KR o R A sk 4 R 50 50 mM potassium phosphate buffer @
I R R R o AR MR R Y TR 0 B FIRABE - 10 mg/mL -
P~ 10 L &4 » E 484 Protein dye R £353 » 3t 100°Cig it T 4e £ 5 2 dg > 2
{$# 1 4% acrylamide gels t& &1 ¢ > 2 100 R § RE (7T A A 47 o #Bririd

AR I RN E R 0 B R E 80 mA THEE 18 ] pF o BIR Y ehged %7
& & 1 & & - (polyvinylidene difluoride membrane » PVDF) o #-% 5 3-9 B
PVDF =x ~ z 5%™ "3 £ 4 v blocking buffer » 4°C ™ g & - 211 PVDF 12
PBS-Tbuffer i# = = » &= 5 4 4 - #& ¥ % » ©2 PBS-Tbuffer ## 100 &
CYP2E1 - & H k#2488 (monoclonal anti-rat CYP2E1 antibody, Oxford PM32) » ¥
WF R TIER 21 pF ;2 (8B~ 0 PVDF > 502 PBS-Tbuffer #i= % > &= 5 4
# > £ 4~ 2 PBS-Touffer 4 5,000 & = =448 (goatanti-mouselgG (H & L)

peroxidase conjugated antibody - Chemicon AP124P) » % 3t 3 BT i¥% 2 /| B ; {3
»~ 41 PVDF » 12 PBS-Tbuffer i#i= = » *# 5 5 445 ; & i{s4c» 1 mL &4 k|
(chemiluminescence reagent - Western lighting™ > Perkinelmer) » =% 1 2 4% »
RS B H IR PR e 5 ¢ ¥ Fuji medicalx-ray film 2o~ B P w g
FRP S CRERETFE RS #E B D%+ ¢ (Konica, RX-1300, Japan) i+ % &
PR RS H6d Image-ProPlus #8447 H F-9 AR E 0 ¥ internal
control it o

58 TNF-a JER 2 ipl% #04 f aF5B~ 0 24 > = Das % (2005) = ;2 » 1B~
0.5 g*Fs e » 4 » 1.5 mL B & (50 mM Tris-base, 150 mM NaCl,




1%Triton-X100) R & » GaF it 1 » 30 4°CT 2 90 A 45 > 2 4w 15 ~ 48 (3000
xg, 4°C) > B~ K% > 535 >0-80°CT Fa 47 o @ % B & 2@ 2 (Rat TNF-a/TNF
SF1A, DuoSet® ELISA Development System; Abingdon, U.K.) 11 %% & 7 A~ 452
(ELISA) > #£.450nm A&7 > SEERZ2 kLR ¥R > a8 TNF-a kA -
% iedx Folch & (1957) =2 > #4059 LTk % > 4 » 15 mL B3 &
(chloroform : methanol = 2:1, v/v) » 3= F & " Ak * *Tigik ® 4r » 0.05% CaCl,
w3 omg 156 245 Hrw (3500 xg,4°C)5 ~ 4818 » 2 L F oo v E B R T
I 25mL e atahd e g Y o B n-20°CH o B R Y MR E R
10 b » 2 ;ﬁ‘/ﬁif;éﬁﬁﬁ&ﬁ gois o &3 & 2 (Randox CH201; Antrim, U.K.) &=
A7 e de o E A 1000 L R 3 > 37°CToRkip 5 o ds 0 e Rk R 2R A 500 nm i
£TW§&%E’ﬁ%ﬁﬁ&%E%%ﬁﬂﬁwiﬁﬂﬁqﬁkﬁofP’m%
Grundy %2 (1965) #4019 £ A2 2mL # g P 4o ImL ook
FPER S > w156 A4 > 3t (3500 xg, 20°C) 15 4 481 » Br b ik 1 R R m%&%
Pc o EAFHRIES S AR B2 FERr Lo I mL FMmEORS > Ry
15 ~ 45 > #< (3500 xg, 20°C) 15 » 4518 » 2 i T EAFE TS X Bnk e
VURR RS ECE 0 T @iz AT R 2 2mL > g (3500 xg, 20°C) 15 4 4B 1S
Bolb iRl Ak R e g ¢ o 555 0-20°CHK oo B K I UMERL K PR 200 Wb o
& A e (Randox BI1605; Antrim, U.K.)i& 7 4~ 47 » 1 * 3a-hydroxysteroidde
hydrogenase % diaphorase £ bile acids i#* » & 4 % £ ¢ formazan =2 >
540 nm A E TR RS R o FHREEY RREFRR

" .
_’VT N ./L;;’L-’ /é'-‘.

F % %% 12 SAS (the Statistical Analysis System, version 8.2) izt #icd8ie (=
A7 975 Hedpial Mean = SEM £ 10 7 B2 £ B % B A 47 (Analysis
of variance, ANOVA) ¢ 2. One-way ANOVA :t {7 4 47 » ¥ 11 least significant
difference (LSD) & {7 e @t g > v p B> 0.05 753 5 A& ©



51
‘36 %

PR A G BE PSR PP AR ¢ T o R R KT AT R
Bt i Bo(p > 0.05) 0 # &g X 6 BB E B oA 2 ¢ AT o B A
Tl EEFHRAMES gL B (p>0.05)-

AR AE T B R R OB TR - T R AT bl R
FAEERES T EMARG 30 AMER A E o a LR AKFELE (p >
0.05) o # e &t ¥ 20 s Ok § IR R R R FIeW = ¥ 07 c BERT L e
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- ~tedples

Ingredients/Group (g/L) N S NS SS
Casein 84 84 42 42
Soy protein - - 42 42
Methionine 0.6 0.6 0.6 0.6
Corn oil 97 17 97 17
Olive oll 56.8 56.8 56.8 56.8
Safflower oil 54 54 54 5.4
Dextrin 51.2 230.4 51.2 230.4
Choline 1.06 1.06 1.06 1.06
Fiber 20 20 20 20
Xanthan gum 6 6 6 6
Vitamins 10 10 10 10
Minerals 30 30 30 30

Casein, oils, dextrin, cellulose (non-nutritive bulk), AIN-93M vitamin/mineral mixture, and methionine were obtained from ICN
Biochemicals (Aurora, OH). Soy protein was purchased from Fuiji oil Co. (Fujipro®, Osaka, Japan). Xanthan and Choline
bitartrate were obtained form Sigma (St. Louis, MO). Group S and SS were fed a standard liquid diet with 35% of the energy
derived from fat, 18% from protein, and 46% from carbohydrates. Group N and NS were fed a high-fat liquid diet with 71%
energy of the derived from fat, 18% form protein, and 11% from carbohydrates.

22~ RBRANME - GFJ/RPZ LRI L
N S NA SA
Weight (g) 535.88 + 18.50 529.60 + 10.00 530.26 +8.81  523.06 + 8.95
Food Intake (g/d) 59.30 + 3.16 59.97 + 3.31 58.13 £ 3.15 58.10 + 3.09
Plasma
Triglyceride (mmol/L) 0.29+0.02%*  0.37+0.02° 0.21 +0.03° 0.37 £ 0.04°

Total cholesterol b b b
1.89+£0.07° 1.56 £ 0.05 1.56 £ 0.07 1.60 £ 0.07

(mmol/L)
HDL-C (mmol/L) 1.48 +0.03 1.42 +0.04 1.44 +0.05 1.42 +0.06
LDL-C (mmol/L) 0.23 +0.03° 0.06 +0.00° 0.1940.03° 0.14 +0.02°
HDL-C/LDL-C 6.46+0.92° 19.09+176° 10.30+1.33°  17.64+1.39°
Free fatty acid (mmol/L) ~ 1.43 +0.05° 0.85+0.13° 0.46 + 0.02° 0.54 +0.06°
GOT (IU/L) 171.80+£7.36% 130.30 £4.72° 130.00 £8.54° 107.73 +£2.56"
GPT (IU/L) 38.40+1.63% 2710+081° 26.30+1.08° 27.40+0.60°"
Uric acid (mmol/L) 1.48 +0.08 1.25 + 0.09 1.25 +0.05 1.42 +0.08

Values are presented as the mean + SEM (n = 10). ** Values in a row with different letters of superscript mean significant
difference (p < 0.05).
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R Rl R B BJF-F;%‘EEI?'},

§ R A

N S NA SA
Fat weight (g) 30.24+3.05° 2660+1.13° 2250+147°  23.58+0.83"°
Liver
Liver Weight (g) 15.80+0.53%  13.06+0.20°  12.73+0.24°  12.02+0.19°
Hepatosomatic Index 0.03 £ 0.00° 0.02 +0.00° 0.02 £ 0.00° 0.02 £ 0.00°
Cholesterol a b b c
, 104.24 + 4.76 91.02 + 1.93 83.25 + 3.51 60.29 + 1.83
(umol/liver)
Triglyceride a ab be .
, 171.82 +16.78% 132.97+6.52° 116.82 +8.19 79.16 + 5.65
(umol/liver)
MDA + 4-HNE 1313.48 + 73.34 1148.70 +43.76 1070.00 + 58.38 1033.91 + 29.90

(mmol/mg protein) 2

SOD (U/mg protein) 343.02 +20.07°
Catalase (U/mg

_ 434.30 + 45.94°
protein)

ab

461.23 +24.92°

499.18 + 16.14°

b

530.08 + 34.80°

508.58 + 17.35°

b

748.51 +31.17°

509.62 + 33.22°

Values are presented as the mean + SEM (n = 10).abc Values in a row with different letters of superscript mean significant
difference (p < 0.05). HI: Hepatosomatic Index = Liver weight/Body weight x 100%.
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