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ABSTRACT

We investigated whether Soybean lipophilic proteins (LP) and its enzymatic
hydrolysate, LP-peptide (LP-Pep) were effective for prevention of a metabolic
syndrome in mouse which was maintained on high fat diet for 28 and 70 days to
induce obesity. Feeding of LP and LP-Pep decreased plasma concentrations of
triacylglycerol (TG) and total bile acid (TBA) concomitant with the increase of fecal
excretion of TBA. Although LP-Pep was more effective than LP itself, the effects of
LP-Pep were less than those of HMF (high-molecular-weight fraction of soy protein
digest) and SPI (soy protein isolate). Unlike previous many reports, these dietary
protein and peptide did not decrease a plasma concentration of cholesterol though
they increased fecal excretion of TBA in C57BL/6] mouse maintained on high fat diet.
LP-Pep and HMF slightly reduced the accumulation of body fat caused by high fat
diet. The expression of Cholesterol 7«-hydroxylase (CYP7A1), HMG-CoA reductase
and Acetyl-CoA carboxylase (ACC) mRNA in liver were changed by experimental
diets. However, the expression did not correlated with the plasma concentrations of
TG, TCHO and TBA. Soy Protein Research, Japan 11, 75-81, 2008.

Key words : lipophilic proteins, metabolic syndrome, bile acids, triacylglycerol,
cholesterol
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XEEY w7y Fa—ald, B0 E I
B - BT - SARMIAED D B 2 DU L% A0k L 72IREE
EEV, BIREEREE OB S0 2 BER Y 2
JRERETH 5. FRIGEERMER - REFEICLIN
1, 30 ~60 BN, 60O LMEDHK 3 ENLT
e SN TBY, 20054 ICIEE S N-bAEICE
FABMIRELZ L TIZD D L, 40 ~T4HD A ¥ K1)
v 7y Fa— AOFRERE PREEEZ, T
1,960 A& RFEL 5N TWh, fit-> TEFDOXFEIZA
BTHY, BEFTHTA7-008REMHARICbER
PEF->TWD. BT, KEFH/ZABE (SPD) %,
ZOFEERSTH 5 p-conglycinin (7S) (kMg L
AFa—=VETHERR N 7YV o) a— VT
HMods iz {HoNnTwEBY, 25Ky
TV RO = LT B ZOREDSIEIN T BT,

KREWUERESEEG-AHE (LP) &, Ek0%E
SRR AR LI L o TREGHE-AHE
(SPI) iz 7R WA SR EEKS T, SPID
40% % G, BXZ10%0DY) VIFEE&ATWDY,
INFET, LPBL 20K ENTHLLPRTF
FralAru—LVEzEmLEZT Y M52, RER
HCB LB THREZMET L CE R, LPBLULP
NRIFREDPEERIMBEILATE— VMBI T
V) ka— VETERE2ET A LWL E %
2729 F72, LPLYLPRTF FIZHEWEIENSA L
7o, LTAY, ALV ATU-VETEHEAET 2EY
ZARBEIZRECALNAIEP~DZ T 1 1 FHRIEE
TERIERBO N o72. ThHDZ LIZLPEN
RER#ZODDIIEH L, ZOEMAREL T S
HERBLTWA, £2T, 40, SIRIECERA
FHME N BHCE57BL/6JY 7 A & FWT, LPH X ULP

Table 1. Experimental diets

7T RWFRAET B EHR T, RPIIEE OfCHHE
HOHY % 2 E & R 7B ORBAB OB, S 1F
WL, COEROSTHREEZHLPIITHAIETAY
R v vy Fa—LzTPHTa&EERRE LTO
AT RE 1 & MR L7z,

5 &

KEFABRE
KEWERERGG-ARE (LP) &, #naxME
o7a 7T —EThKSHLLP-~<7F F (LP-
Pep), K&/ #7zAHE (SPI, 72V 70R, AT#
W) B L CHMF (High molecular weight fraction of
soy protein digest) (FARTHEH T — N4 A =2 ARFZE
B AR L )T, &3, LP-PepldWitk:
Wb, T —F — PRI TR L 7.
HERE

IR (HF) SIERHE S "OMBEIHE- T, 40% 7
—RF&E36% N EA v EELL)ICTHR L. hrk
KIZHE¥A 0 m%, LP, LP-Pep, HMF, SPIIZ
BERZ-OOZREBAE Lz, $72, @HED20%H
YA % Control& & L THW/z (Tablel).
7 ANEAG

5 AW HECS7BL/6]~ 7 AIEHARSLCE W EA L 7-.
fTIL, SILEIZAVEE —DDEMEY — V1D AN,
K22+ 2°C, BESLE10%, 120 E O EE T
(W 6:00~18:00) TIrvy, FHifHE & L CREEH
BEEMEBRESE 0L, REFIRHID Y B2 7.
AITHBERE L, fRE L EAREIZ 2 BHEICE L.
FEER1TlE, 4RI L 4EMEAE Lz, EH2T
F6IREL3LE 17— JICANIOGHMEE L

Control HF HF+LP HF+LP-Pep HF+HMF HF+SPI
(g/kg)
Casein 250 360 180 180 180 180
LP 0 0 205 0 0 0
LP-Peptide 0 0 0 220 0 0
HMF 0 0 0 0 245 0
SPT° 0 0 0 0 0 182
Sucrose 90 90 90 90 90 90
Lard 0 400 400 400 400 400
Soybean Oil 5 5 5 5 5 5
Cornstarch 447.5 47.5 22.5 7.5 32.5 45.5
Cellulose 50 50 50 50 0 50
AIN-93 Vitamin Mix 10 10 10 10 10 10
AIN-93G Mineral Mix 35 35 35 35 35 35
Choline bitartrate 2.5 2.5 2.5 2.5 2.5 2.5
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72, INLOERIE, TEVRKFERSMEERO
ABER72) 2T, WML RFERHWEE T A N
FA Vi TiThhrz,
A O ERE

FERT HOMB 00 IZ =Y 24k &, 8IFHZICH
YT = VKRBT, RERIR & O BRI LIS 2 58 L7z,
TR, BB IS & OS2 AR BRI & £F
WL, KeAHERK TG, HEofk, WEEHET
THAE L7z, SRAEREHI AT E T30 C TIRIF L 72,
FEEA 3 HMO®EL 1 HEICHRE L, BUETER
B L C—30C CTHRAF L 7-.
MDA

migwa L A7 —) (TCHO) & )77
o —)v (TG) BB B By % v ClllE
L7z, MAERABHEE (TBA) JREEIGKIEITEET A b
TI—%HWTERD 7.
EFRAREEDRE

MBI E R Yy NIy ) —VEIZ X VT 72,
FOWIERHR0 mg#99.8% T & / — V2.5 mLIZ %
LT65CT1HERIA > Fax— » L7zfk, w00l
FiEEHB. SHIhE%E99.8% % / — VT 2 [k
WV, ZORBEED LIFEAbE ok, BEEERBY
L7z, 2z, 0% T4/ —1.0 mLEMAENL
b0 EHY Ve L, BIEHEBT AT a—
THWTERE L.
Cholesterol 7a-hydroxylase (CYP7A1), HMG-CoA
reductase¥ & UAcetyl-CoA carboxylase (ACC)
mRNARIRE DAIE

BUERA L2 RE N9 A4 74 AR THIEL, 20
0.2 g2*5AGPCH:  (Acid Guanidinium-Phenol-Chloroform
) X VRNAZRE L 72, KEETOmMRNAOZKH]
X)) 7V 4 LPCRETRKYD, p-actin mRNAE T
e L7z, w794 ~v—ty FEDTICRT.
B-actin; 5'-ATGAGCTGCGTGTGGC -3' (sense), 5'-
TGGCTGGGGTGTTGAAGG -3' (antisense), HMG-CoA-
Reductase; 5- CGAGCCACGACCTAATGAAG -3' (sense),

5- CCGGCGAATAGACACACCA -3' (antisense), Cyp7al;
5'- CAAGAGCAACTAAACAACCTGCC -3' (sense), 5'-
GTGCATTAACTGTGGGTAAAGAGC -3' (antisense),
ACC; 5'- TCTGACAGGAGCAGGTGCC -3' (sense), 5-
GCCAGTGTAAGACTGTGAAGACTC -3' (antisense).
WEt g

FMEMIE, —TRESHRITEIT, AEREY
BO72b DI DO WT, TukeyMiE CHMEOA &%
(p<0.05) ZKD7.

] R

X 1

RERAC28H AT L2k 1 HY 72 ) B AL
F—g L REHEINE, BLY, FAERTEOEAEM
JelfflE & I EE % 100 gfkE Y72 ) (ICHE L7
b D% Table 21373 F. BEEIIMICL-THEREY,
HF £ Tli3ControlfED80% & 72 - 7245, T £ L ¥
— & 1XControlLM115% TH - 72, (KEH N & Pl
Hial BN A V¥ —212, 2ITHBELTRBY, KE
Wim#E, BHEEL DHFETRKDRKEWI Lh5,
IR LY ERSHE s Nzb oL Bbis, 68
DOHIT, LP-PepEDE AR IIHE P % <, Control&
D0% LR, ZTODER T AV F—=&(ZControl
BLIZIFFEL G o/2n, FREMMEITHBETRD
INEL, F 7, HEMICE RO S h o 7225,
EIFEREd RV Rro7. T/, HMFALSPIAET
X, TANVF—EIED ControlL X W LD IZH
b Y, REHINESL X IR ER I Control & &
BIEELL o, I Ens, LP-Pep,
HMF, SPUCIEEMRIEIC & 2 M 2 #0603 2 zhF %
HT 5 EDTRE ST,

Table 3IZIM4ETG, TCHO, TBAEE X /RL 7. TG
RETEEHECL s TRT I 2@EABAON, Z0
E)I3LP, LP-Pep, HMF, SPIDJEIZH#® < %Y, SPI
fClxControlfLD60% F T T L7z, TCHOJEEE &

Table 2. Food intake, body weight gain, white adipose tissue and liver weight of C57BL/6] mouse fed experimental

diets for 28 day
Diet Food intake Bw gain Adipose Liver
(kj/d/mouse) (fold) (g/100g Bw) (g/100g Bw)

Control 40.5 1.16+0.03*¢ 2.02+0.45 3.82+0.21
HF 46.0 1.22+0.04° 2.44+043 3.85+0.22
LP 45.2 1.20+0.02* 2.17+0.54 3.87+0.12
LP-Pep 41.9 1.13+0.03¢ 1.62+£0.42 4.05+0.51
HMF 43.8 1.15+0.03* 2.04+0.22 3.794+0.13
SPI 45.0 1.18 +£0.03%*¢ 2.03+0.46 3.69+0.51
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72 ABE ORI b 5 3 Control &2 X E MBI
HTE L B A ED R S MHMF & CControl & D 1.54%
&7 o7z, MEETBAIXControlf & HF &, LPEFER T
137 {, LP-PepbB & HMF& T F 3 AT
51, SPIFTIZControlfEMD30% 2 F THKT L. —
Ji, EHRICHEE SN A TBARIEEIEA TS { 421
2R SN, HMFETROZ ko,

RITRERH I RZTEE LR T 572012, [HiT
B, aLATua—), EIFEREHR, €O ER
# Td % Cholesterol 7a-hydroxylase (CYP7A1),
HMG-CoA reductase® & (FAcetyl-CoA carboxylase
mRNA (ACC) D% = % real-time PCREFEIZ & - Tl
E L7 (Fig. 1). CYP7A1EB X O'HMG-CoA reductase
mRNADFEH EIILP-Pep, HMFH L U'SPIETHE L %
L IEMAH 54, CYP7Al mRNAD % B 13 Control &
I ZHERSPTA T 8 fi%, HMG-CoA reductase mRNAD%E
HWEIIHMFET 25122 -7, LaL, HFB X ULP
ZToREHEIIControl&E L Eb L o7, ACC
mRNA# %, Controlf & SPIA CHEIEM D/NT Y F 3
KEL, 6HBTHREOEZTED SN Lo 7.
x5 2

FENMEZT0EMICER L, BEMMICI2R)FR1C
B HHE ) »RE L.

Table 3. Plasma concentrations of triacylglycerol (TG),
total cholesterol (TCHO) and total bile acid
(TBA) in C57BL/6] mouse fed experimental

diets for 28 day
Diet TG TCHO TBA
(mg/100mL) (mg/100mL)  (xM)
Control 41+ & 79+ 6° 3244
HF 37+ 5® 102+ 5® 31£8
LP 34+ 4® 110+ 4 33£4*
LP-Pep 33+10® 107+ 2% 22+7%
HMF 28+ 6% 119+ 5° 21£8®
SPI 25+ 4° 111+10® 11+1°
g 30 a b
S ab 2P [ab
gm-
-'g b
& 10}
(]
E
0 Control HF LP LP-Pep HMF SPI

Fig. 1. Fecal excretion of bile acids in C57BL/6] mouse
fed experimental diets for 28 day.
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FEW&HHIZX - CControl& E HFADZEDTE & |25
FIh b0 W LD, REOBEIMKICHIEL 2
BroEEBE e ro72. L L, BIESIIHFAE
TControlEDIFIF2fE1C %> THY, EYFMEFICE
S THERATCHEL /-2 L 2R L TWw5 (Table 4). —
Ji, LP-Pepfid28H B O fE TIEATH OB % R~ $
BIERE S NIZDS, TORMOME T, REHIIE
IZControlE L D/hEWiZd 20 b5d, KIEIFEE
DEEDVREL Y, MEIHERES LS ko
7z, LPE D MR IEHIHISE 50 s ho 7.
HMFAEIER T AV F -8 HFE L IZIZFRLETH 5
A, REBMEREGGEFHFEIIC NS (o
72. %72, SPIEIEEBENI A LF—E1KEVIZL D
b o, REMNESCEEEISHFAE L VKR
AEMABR SN, L7zd> T, HMF& & SPIEIZE
HFE 12X o COIEMIIRIZR % & 2 BEMF L T
LH0LEZLND.

M%ETG, TCHO, TBARMEIZ28H MfiH & [AIH: 2

31(0)
HMG-CoA

mRNA (relative ratio)

0 Control HF

LP LP-PepHMF SPI

Fig. 2. Expression of liver Cyp7al, HMG-CoA
reductase and ACC mRNA in C57BL/6] mouse
fed experimental diets for 28 day.
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Table 4. Food intake, body weight gain, white adipose tissue and liver weight of C57BL/6] mouse fed experimental

diets for 70 day

Diet Food intake Bw gain Adipose Liver
(kj/d/mouse) (fold) (g/100 g Bw) (g/100 g Bw)
Control 484 1.44+0.06° 2.36+0.49° 3.62+0.21°
HF 52.0 1.62+0.16* 4.20+1.21* 3.11+0.39°
LP 47.5 1.57£0.07* 3.89+0.89 3.18£0.18
LP-Pep 47.9 1.40+0.04¢ 3.64+0.37® 3.25+0.10*¢
HMF 51.0 1.48+0.06%¢ 3.28+0.54® 3.58+0.30®
SPI 58.9 1.50+0.12%¢ 4.09+1.04* 3.01+0.21¢
Table 5. Plasma concentrations of triacylglycerol (TG), —

total cholesterol (TCHO) and total bile acid _§‘ 60 a a

(TBA) in C57BL/6] mouse fed experimental 3 -

diets for 70 day g 40F b
Diet TG TCHO TBA 5 | &

(mg/100mL) (mg/100mL)  (xM) S o0} C
Control 3448 94£10°  23+5® Yy .
HF 2742 1174100 31+5° .,
LP 24+ 4k 145+ 9° 24 +5% Control HF  LP LP-Pep HMF SPI
cd a ab

Eiﬂl;:ep }gigd ggi l;b g?igb Fig. 3. Fecal excretion of bile acids in C57BL/6] mouse
SPI 1443 115+ 14° 27+ 4 fed experimental diets for 70 day.

%R L7z (Table 5). TGEEIIEIIIAICL > T
BT @A R ON525, ZNIESPITEDORIZK D
AT, ControlfEM40% i < ¥ T4 L, TCHO#E
JEIX 7 A OFEHIZ 2 h b 5 3 Control & IZ W
THhoOEEHETY &L 22 HAP RS NLPAET
ControlED15fF L o7z, F72, MMMETBAIZHFE T
WIS 252 O8Nt KE 7 A - THIH S5 En
HROEN, HMFEDPR L EMWAIR D 72, —7,
HERIZHEE SN2 TBARIZMAETBIRE S HH L C,
HMFETHRb% % >72 (Fig.3).

Fig. 41ZCholesterol 7«-hydroxylase (CYP7Al),
HMG-CoA reductased & UFAcetyl-CoA carboxylase
mRNA (ACC) oZHEx /R L7z, CYP7TALIZ28H M
flE L3R %), TBAOMILRE B L O#PHREEDS
FEEEHECTRZ LI 2hb 6T, HEMICEEZEITRR
Do o72. F72, HMG-CoA reductase mRNA
DHFBPEHHMFETHONT Y F05KE L, HETO
FEEIZFOLNLro7-. L2L, ACC mRNA®
13, MAETGREEIZIZIZMHE L2 BHEE2 R L.

Z =

C57BL/6]J~ 7 AZEENI A% 525 2 &C, M
ZFHBL7. RO EIZ28H M OFT T b # O
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B LN, T0HMOMETL ) HEICER.
BRI AVF—BIPMICL > TRE - 2720, WL
HRIES N2 o 7228, BT AV F—& L IR
M= O A 5LP-Pep, HMF, SPIIZ i % i
B A REMEATRE S 7z (Table 2, 4).

M4 TG EEIZLP, LP-Pep, HMF, SPIf&®JiEIZHF
HIZHAREL o7z, ZOMEMIZTOABOFHETLD
HECH o7z (Table 3, 5). 2L &, ACC mRNA
BEORBEEL IZITME L O LTz (Fig. 4a).
SPI& % i3 B-conglycinin 2SI ER & R & ¥ L, AR
TR ERET 5 2 e SN TB Y, RIEED
FOZERFTHFLTWBHLESY L7225 T, LP, LP-
Pepd SPIFABGEET LAV CIEE L, MAETGHLEE %
BAEEDL Db A2, ZO%FIISPIICIEE
TEwbnEZ 5N,

MAETBARE  MATTGREE & 1T IZFEEDOZALAS
5#, LP, LP-Pep, HMF, SPIA®EIZIEL & - 7=
(Table 3, 5). FH~OTBAPEMEIZ, MAETBANLNE
EAILT AL ICIMLAZ s, RO
HEIZL > TIETGAREME T LAzdb 0L bbb
(Fig. 1, 3). 2ok &, 28HMEHE DO~ 7 A TIE
fEIEEE AL AT E— VAR, FNENOHERBEET
& %A CYP7A1 £ HMG-CoA reductase ®mRNA & A3l
BEMBETL L) L2 (Fig. 2a, b). AR &
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JVATH— VAR, IhOEERBELIREL N
T74—= KNy Z7Hlfl§5 2 ETHRHINTWS, L
7230 T, BERAONTFERIHE OB Ey, I LR
T 0=V 5 IO RMREE S N, ZORRa
VATH—VEEbEESND LEZ X, Thbo
mRNAZEH R OZELIEFHHTE 2. L L, T0H M
B OB EEPEE ORI 28 H AT IC N, &
DEEZETHHICH b 5T, mRNAEROZEILIZR S
Neho7z (Fig. 4a, b). 615, TNFTHELLD
W Ry, ETERIEEESSENST 5120 2hb b
¥, MFETCHORE XL L AT A @mA RS hiz
(Table 2, 4). ZOEKREBIED L ZARHETH 5.
L OEBTIIEICE > CTHEARBPRL Y, FATHM
LI EMBCH 5720, KNICBITA IV AT
—VOBEOEN ZEDOERICL T, 20L& 4ff
RIZG o2 REMDSEZ BN D,

=

| (b)
HMG-CoA

mRNA (relative ratio)

0
Control HF

LP LP-Pep HMF SPI

Fig. 4. Expression of liver Cyp7al, HMG-CoA
reductase and ACC mRNA in C57BL/6] mouse
fed experimental diets for 70 day.
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KEBUNRERE7-ABE (LP) &, ZOBEERINKSHEDN THHLP-XTF F (LP-Pep) 75X
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YRy 7y FO— LT AN Z AT 2000 2 SIEHEIC X > TRHIFESI NS
C57BL/6]~ 7 A% WV CTHEf L7z, LPELP-Pep%k 72 AFHERE L-EIRAE% ~ 7 2125 2 28H
W, &2V IZ7T0HMAF L7z, LPELP-Pepldi#E b ) 7 v 7y vu— v (TG) &#MHE
(TBA) DL RIS, 72, EPA~OTBAPEEE 2N ¥72. ZOREIFILPL Y LP-PepT
JEECTH - 72758, HMF (high-molecular-weight fraction of soy protein digest) %°SPI (soy protein
isolate) IZHRZ EHoTWiz, F2, WTFNOZAHE, 5WVIERTF FHTBAOIE R HE%
RAE L7225, SNFTHOLLOMELIFELY, MFEIL AT O VBELRIEEL I LT Lr
o7z, FIEREIZ &L o THE SN B BRI OFERIIH L TI&, LP-Pep & HMFAME A IZEIHIZI R D
HDH T EDREENT. BB 5 Cholesterol 7e-hydroxylase (CYP7A1), HMG-CoA
reductase and Acetyl-CoA carboxylase (ACC) mRNADFHL b FNFNDOEERAIC X ) B4 Z 15
gy L72A%, MAETG, TCHO, TBAMREE & OWHMEZAHBIIFED S o 7.
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