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BHT
CYP
CYP7A1
DDT
DR
FADS
FAS
FCE

G6PD
HDL
HMG-CoA
HNF

LD
LDL
LPS

ME
NADPH
NAFLD
NASH
NF-«B
PCB
PCSK9

6-phosphogluconate dehydrogenase
ATP-binding cassette
angiotensin-converting enzyme
alkaline phosphatase

alanine aminotransferase

analysis of variance

apolipoprotein A-I

alcoholic steatohepatitis

aspartate aminotransferase

area under the ethanol concentration-time curve
bile acid response element
butylated hydroxytoluene
cytochrome P450

cholesterol 7 alpha-hydroxylase
dichlorodiphenyltrichloroethane
direct repeat

fatty acid desaturase

fatty acid synthase

freshwater clam extract

farnesoid X receptor
glucose-6-phosphate dehydrogenase
high density lipoprotein
hydroxymethylglutaryl-CoA
hepatocyte nuclear factor

leucine aminopeptidase

lactate dehydrogenase

low density lipoprotein
lipopolysaccharide

liver X receptor

malic enzyme

nicotinamide adenine dinucleotide phosphate
non-alcoholic fatty liver disease
non-alcoholic steatohepatitis
nuclear factor-kappa B
polychlorinated biphenyl

proprotein convertase subtilisin/kexin 9
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PUFA
RNA
ROS
SCD
SEM
SHP
SREBP
TLR
TMS
TNF
UDP
UTP
VLDL

polyunsaturated fatty acid
ribonucleic acid

reactive oxygen species
stearoyl-CoA desaturase
standard error of mean
small heterodimer partner
sterol regulatory element binding protein
Toll like Receptor
Trimethylsilyl

Tumor Necrosis Factor
uridine diphosphate
uridine triphosphate

very low-density lipoprotein
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il

AERY w7 vy Ra—AE, WOPOBERRRF &, EHEEE, 4R EORREERIC X
STHIERZIND, R, A2V ARGUE, REABRE . SiiE, MFERERT 2 5 R
BETh 5, WRANCHRD LFERD 31% 03 LFEEICHR L, 4 1750 T APEL LT D
(Hajar, 2016), Z O F F TIROEAIZ L 2L EHEHUL, 2030 FFI121%, 4 2360 I AIZE THIR
T 5 ETHREINTND (Hajar, 2016), JEAE5EE OFREKICKL D L 2016 0 HARIZEIT H5ERD
20013 15.1% % 5 2 0RE T, 40003 8.4% % ) DML ERE TH 5, DRI E P ED
JRRCTh dEIREA S SR T —RBAZRY v 7 v Fr—AThHD, BMPELEED—K
THIHA KT A2 (2006 ELGETHD (X5 & AARICHBWTIE, 1970 AFEZ BRI, Mg B ER
FOEMMAELSERAERK E LIZETRITIE T LTS, —F T, HARAM Ky 75220
5L 1990 R kT % & mhHE 2R E . B, ma VAT u—b &t iRERE S
HOFIEITH 2~3 512N L T2 (HARAM Ry 754, 2016), 2F 0, EEEIECAEANE
7 EOEIEEEDOWEICL > TAZRY v 7y Fa—ABREINL TS EEX 6D, ERE
L CEIREEA LR IR Td 5 DRI E R E L TRA & T2 TRMET L TND Z L & AZR
Uy 7y RE—AEIMLTWDZ SIXFEREL TS, oRMaHERIL RS 5720
DD, CEIELEIEFAMT OBERFE I, EDETITE SRV DR BRI E R BT LA L TV 5
AREMER B D, ZOGEE, BloE VEORBIEIC K > THEAEFEEHCAEFEOENE L HEFES
N5z Ll d,

AL AT v — /W IE ML O MR A AR T 2 EERIFE D 1 D Th D, £, IV ATr—
MEL AT aA RRALEY, X220 D, HHROFEYE THH 2, WALBMICE W TL, =
VAT B— /W EIFR CAERR SN OINEEDO LD L BEFHKONMREDO L DORH 5, —f%
NS, EENICBIT 22 VAT r— V&L, ALV AT O VR AFTAZ VAL 5 TRT VAR
WOHNTWDER, MENOEEICE > T, RAFAZ ARMHHEL, MFDOa L 27— 1
NDEFNT e D & BRRE(L OSERIK T & 72 %, FrIZIR{bre & OB %2 % T 72221 low density
lipoprotein (LDL) 2SEREE(L OMERIZERICE S L T\a, LDLiIFa L A7a—LE U 7Y
U RBEEE 720 ZORFEIZEBERESCY VIREOERH Y . 145510 apoB # > /37 M
fir LT %, apoB % > /327 EI%, LDL 1 OAREAFAENIEER EER{E 252 1 09 WAL 77 D 5
BEIZ LD EMNT D, LDLIXMERENEE~ZA L, MEBENTAEUZERIEA b LRI Xk > TEgfk
LDL £ 725, BM{ELDL X~/ v 7 7 —VIZ Lo CERZ2<BVIAER, v/ uv 7y —ViFal
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AT v —)LNERE LTIk IE & 72 5 (Takeya et al., 1999; Witztum & Steinberg, 1991;
Lara-Guzman et al., 2018), & 52, &b LDL (Xif & PRI IZ & B Y 3A F Auii & N R fIE T oz
LA P L AEHIN S5 2 L7 & THRRBIIREEL R OTERL, ERIZBED 2 & S Tuv% (Gopaul
et al., 1994; Kataoka et al., 2001), ZNHDZ LMD, @A L AT R —/VIEEZEFLAZRY v
7y Ra—AO TR, DRER X OMMIME REFIED TR/ 0 B 2 RFEADFHFHO
FIp BT, R OUMER R L OERE DR OHE D bIEFICHETH D,

— KAV, AFIRITTEEROERR & Wb TR Y | BEAFIZR O Z L BNEERES TH D, T
ATIE, BRI, CHIFRE VD UA L RIZ L - THI &R Z S oEEDMIZ, 7= — YRR
JIF - BERMERF 28 (ASH), FE7 v 2 — VARG (NAFLD) - fgiitEiF% (NASH) 23d 5, HA
ANH Ry 7 #zc &% 2015 45 TAR Ky 7 OFGL) (12X D L 2015 FOFRAIC I THFHKRE SR
WL 332% LFEAHML TR Y | 1984 4 L HEET 5 & #9 3 fiFICE TRFEHENEML TWD,
A VAR ORBEENIIER IS LT FENER L7 2 & T ARIZBW TR 200 T AR
FIZETRA LIz snTws (L5, 2015), ASH 35 XU NASH [ZRJEMEICER 2B
HHDD, WIS GIFIEE SR AR T 5 Z LMo Tl (AL, 2015),
TR L WEENEE CTHSH, NAFLD 5L UNASH (IA XA v 7 v v Re— A0 Eici T
HREYLEZEZLNTNWD, 1k, IET NV a— W EFRBIZER SN TR o 72y, ATEEE
DRELSEb-T2Z &5, NAFLD B3 X O'NASH OARENEML, EH I TW5DH, HARIZ
F1F 5 NAFLD OAJRERITHEFFIC L > TH R DA, 2009~2010 FI2FE i S 7-fiA Tl
REE D 29.7%75 NAFLD Th o7z W) #iENH 5 (Eguchi et al., 2012), F7iZ NAFLD 35 X
O'NASH 1%, FREA L LT, 28R, @=L AT m—/VIifE, SlERERH Y, T b
KT DIRRIEILH DS DO, Bl RUZ BV TR R U CTAHMED fESL L 7o IR SRS e v
(NAFLD/NASH #ZA K74 > 2014), TD7=, FFEEREREE . Frlo 7 A VAL O T
W2 TG - IRRTIEDOMSLITREEND L 2 AT D,

INET. ZL OFHEDEE LA ORI S, K SITAB SN TE L, LLRRb,
b2 A OMGHED OIFZEIED TR D EEA TS T, Bl etEiEx FF ok E R8T 52 &0
VP LOREG TIERLS 2> TETWD, KEEMIZREIZE S, AHEDERENEEIZHD &
BExonTBY, vV oA 4T 7 7 ao—3~OMfELE L Molinski, 2009), [ F4EY &
X DB AR D, O TW o T AKAEEMITITH LS 2 GETED & LTk
DHDHEDRLRNEBZ BND, FRIC, TRIBAEMITIZNE THEGRE > TV RPoT2 b D
D, HNEEREMCURIBRER 2 EORMAERIZEY . ZhE TR TH o oY
bRRLET D LENRHERTEY , WL OnOFHEMHMRBEIZHE R S T % (Xiong et al., 2013),
— 5T, REMIL, ZOABRENRHRTH D120, AHME LS5 20 OWRIEEY OEES
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BHELZT L EDNRETHL LV ERbH D, O, BBICERT 2KEEDIT, HIHE
DT ENLBIAES TH Y BEUCRIEHINERHLL TV D D HEL DD, LN LRNR D,
PRI AEE L TR Y, TRE THREEIR S L TR SN TE TKEEMITK L THTE
W% Kb HIFFRITESIMCE < 7,

FREIFHR T CHE SN WL EERAARER CH L, HRABRRLEZTHS S HOIFETaH
(H#%) DR L7 BB IERFTROD > T0D Z e h, BEIFHLS Ao RASICHMAENT
WHRBER Cho 7o, BRUICBWTE Y T I B R I HA R EDER ENX0A A (L
—/VE), YATA ~THA, mET <7V, THI, vUIREO AR RPTRES
NTW5% (Food and Agriculture Organization of the United Nations, FishStat Plus), [EH
ARRREERRE (FAO) OMEHC L5 L, HRICH T 5 BEOAER (/LR X OFhE
PEROEFE (ZFE LML TRV KRB LI O#EO B CBH L “KEET) OiERIL, 2000
D 10,974kt 75 2010 H121X 15,752kt ~HEHI L T 5 (Food and Agriculture Organization
of the United Nations, FishStat Plus), ZDH T, “HAIFHELREFRTH Y . 2010 F40E
w®D I 5, 15,226kt (FFHEFEREDK] 96.7%) P _BHTH Y, F7z, R TOKEERDK 1 F
Z TV % (Food and Agriculture Organization of the United Nations, FishStat Plus), H
AKTIE, e, FrlpL e LTRMEEZERTL2EENHY, Y, 7 EREDER, I%,
RETREOTHABERT D, AR TR, BEGORMNESKRE AT 5B R
RO, BFICOWTHECKEEICH DA A AL — "= ETERTHI L L H D, KR HE
HOERDOXLE LT, =a—Y =T RO VIEREA TAZEBEL TV W) UL H
D, VUIIHART, BME LTHEFICRLADEVEMD 1 5TH D, BRMEH-OME L LT,
FASNDOB—EATHDH, —I T, BIETIE. A—TEORMAFIELIMNC, FEORIED
VIEEMETICLTRT D2 HELH D, L, BEOERITETHESIR Y A LV ZADKGLD
VDRI MBLHTD, MEAFGHIH L TRIND Z NI TH S,

B E L TOFAMERET T, BEITREREEE L CRH S TE 7 (Mahawar &
Jaroli, 2007; Wakimoto et al., 2011), ==2—Y—7 > R T AU BENERL TVl Shb A A
A1E, WEBHEOZDIZERE L Tz L EN T 5 (Wakimoto et al., 2011), ##TIX, I XA
U awYa v A (Thorny Oyster: Spondylus varius) |ZNFHICEWE SN THA SN TE -
(Koyama et al., 2006), #EFEIZOWTRAMICEH SN GET2EMOF THOLDOTH S
AREHIE ) 1ZiE, VT TRREEY, BEBICL, MEXFIL, 8K, WK, WHEEZ T
L. EEAEELMT, BRLEHZRTIUIHEBEZRT) Ldo, TE. B, BAREDORT YV
TIZENWTE Y Y IO EHCHIKR (A—7) BFRICRWE ShFISh ek, F2, =
KEO—ETIFREO &2 Tlde . BRBEREMR LI b O BIEEFELE LT s TE e



(Mahawar & Jaroli, 2007), Z®D X 512, BEITEM & L TOMMEDO A2 53, ke 7 A BRIEM
WEEZAETL2ERE LTHOARBABMERDH L, LNLRBEL, ZOFRFEARILIC DWW TIXER
EELIRINTWRY, — T THEREMEP KRR THD LD T LT, x2S E
EEATWD AR MW E Bbitd, ZE COEBYEEME 2 BT 5720 O8I, FEIT
b2 EAMNTROTE T, LnL, KEEMT, AREENRE FEME SRR D2, ZORH
RS B2 D, Fivl, KEAEWD G, B EEYTIIR DD > TWed o T BBl AEBE Y E )
FRINDAREERENEEZOND, THE, vV oA FT 7 ) n P —~ORLREE > T
D3, FBUEEM DR FIZ L DRIFES — X2 R4 27217 TiE AR < ERE SN TV L IKEERTR
ThIVUIHEEEREMN & L TOFIHOREMES mV, KEEYOHFTEH, HIEOEREMESBIEFIC

B ENDEIEEME ZOW TIPS EA TE LT, FHERSIBELE M S d v
MR CEL b0 L Bbis, £, HEICHEENAEEMEIZIZ, AT a—A0haT
A Rip R E BN bdH 5, W< D00 BB, BRICAREER E L CORMEINIT
N SN TWD, —FH T, #kx 2 HEOEBEEYE DN O 2272 X, BRTIEIC L0 ABE
PV % BAb LT etE R s OB, AEBNEMME 2 AEPET D270 DEM T & L TORMT b
WS 5, 20X, BRICIIEL R RErsmo b ThD 2, ZhvE TIXEEOAEE
PEIZHOWT DR Z S RWDOBBURTH 2, T E TIZHRE STV 2 HEOHIFIZ OV TR
R %,

HEIZ—ROIZT I VBPREETHLLEELNTWD, 7T VBITHERLERKE LTI T
372 < . ZOMRRE—DT IV BRIC K > TIRERBFEOREEZ R T 2 LML TND, Fr
W2, BT I B THLZ U Y SIEERM A RET D 2 LBRE STV S (Oda, 2006), *
7o, 70 o b IREREHEES SR (Park et al., 1999; Hafidi et al., 2004) <CHFHERE PR 2h R
(Stachlewitz et al., 1999) BN#E SN TNWET X /DO 1> THDH, HEMARTIZT I /BB
FRIXDN 720 OIFENRH Y . HEOT I /e —DIZERKET 2O TiEeunn s LIV,
FARNZXFR LT 5L, MUTHRZXFAOT I VBRI, EAFTURDR, 7T v,
TI=v, TNEI VR, TAX= Tal . TARTXUER, X0 RSN LR
ENTVD (FEARD, 1970),

—RAICEAIC SN T HBEITPEHB L O HHETH L, BHTHH T I, = K
7 Hig EOAPNEMIZET 2MEIIRONTND, 7V EIMsAMIZHIZREWEEbTWnD,
LU 5, ZORFRIRIBIUIR S 72 5720, — T, 7 U B OB L 0E O
PERE  PUBBHEVE, FULIEE A A3 2 2 LA |E ST % (Sun et al., 2010; Zhu et al., 2010),
Flo, VP HATRESBEINGEHD 1 THDHH, £ OEBEEIZ OV TOMIEERE X
RE7=670, BLEO X512, BUIR, BB OAMEMEICET 2R EITEAL TH R, D7



D, SHOEREMDHIF SN 2BMTHH 5,

“HEIZOWTIE, WL ONOAEBEEONIFERE N A 5N D, TEIFEO HED 1 TH
DY LA TTF a v A OSHERIITHBLEERH 5 2 LGS TS (Qiao et al., 2009),
7% 7Y VIR ERHSEDNR P H D Z L BRE SN TS (Iritani et al., 1979a; Iritani et
al., 1980), #lZ. b BEO PRI M AR faFIIEIEE 4 2 < & 7. I 351T 2 MR e
A BCR OEESEIGTE A i U CHRERENCR R Z KT R R ST % (Iritani et al.,
1980), F7-. APFEMEEZH T HRENMIBE L LT, fkA A OIEER &V | FRHIRIETEYER 5y
ELTT7 T VRIS RIE ST\ % (Wakimoto et al., 2011), &% 71X HAT LR A H
DKED 1O THLD, RETOREIBIIEICEETH Y TH LSO IREED L 72 D720,
ML 72> TV D, ZDRZTRAMERDOANFITIT R0 DHEREME & LT, ERAMRIT L 5
RSk U CERERD RS L OV RS SRR OB R e 2 R~ A 2 AR VBT X /i
DA TIVRICEETNTVWD Z ERHESN TS (Oyamada et al., 2008), £7=. 7~ FDH
G E &2 D ST LR, RETOHBREMRIL LI bDIZH D Z ERHRESATY
% (Liu & Hasegawa, 2006), 7 %X, DLEi SRR & L TR S TV REM 22 B
D12ThD, AFATEEHCHEMITINEERB AEEST 2 Z L HESN TS (Tanaka et al.,
2003; Kimura et al., 1998), S/ HEY 2 /37 EONKZFRYNNET > AT oo AR
(ACE) FHEWEMENH D Z L BHRE S TS (Wijesekara & Kim, 2010), /N~ 27V B¥% | A
— VRO Z R ENKGHED TS ACE LFEMER & 5 Z & WA STV 5 (Wijesekara &
Kim, 2010), [A C =M BEEETH > T MAKDED GR350 D LERT 27 F P 0 |
ZOER O ECHERNITE 2 D, FlxiX, Je & (2005) 1358 L= % Y —A1ZH ACE [H
EIEERH Y . ZOMHEHEAIHEPIRE TCH L Z LA M LTS3, Wang & (2008) 17 %
DT KGR D ACE BRE OB ERAIIFETIHE TH L L LT D,

U, AEHEICHERENTOWEAEED 1 2TH Y, BATHEN O IFHEREICKTT 540
RPEEABZELNTVDL ZKEAD 15Th D, vV INEAN=F U HFRAEN T L RRES
T\ 5% (Wu & Shiau, 2002), 7 X /D 1 fETH LA /N =F 1%, FREERZR EW < Oh
DOEEREVEDS s KT 5 (Bucci et al., 1990), Uchisawa & (2004) X3 ¥ 25T 5 2 & T,
AN =F U EERNMEMT M T HEEZRE L CWD, £, v UE, Av=F &5 U~
7"F K (acorbine : f-Ala-Orn-Orn) Z#&Te = E ARV ST 5 (Uchisawa et al., 2007),
UIEHEAHTHZ LT, WY T =0 B AV =F U ENENT 50, —FTZO
acorbine B i/ &5 Z & A XL T % (Uchisawa et al., 2007), ARE RS & LTiE, &
TR b ORI S MR IR 5 415 (Iritani et al., 1980), £7z ¥ I DJF
BHEa L 27 e — ORI EZIHIT 2 AT v —L b EER TS (ritani etal., 1979b),



BT AT B — VDOAEBREINTIR N ERFHN TN DT, vV IEF=HTh LY
T NUNERLTEMAT e — L ERDIAALTEREL TS b0 L Bbind, £/, ¥
SENSITHHAT O — L E LTRY B AT o — AR RESN TS (Kong et al., 2011),
IV OOFH AT ) A4 FHEHEN TS (Maoka et al., 2005), ¥ IHDh R
T A RIZOWTHHEM AT v — VEERIZ YV IBEBIRL T DM 77 7 gk LTy
0L BDI, WAKOT VI EVUKIICAERT LY ILTEIIeT /A ROMENAEZRY |
ZOFRRPERL TV 2477 7 b OFFEDENT L 5 ATREMEA VR ST (Maoka
etal,2005), 26D &ix, HEIXH OABIGEWE % AT 2 /ReMEIZ T Tlde . =% &
L COMEY ., FAEDRSROAEBEEME 2 T 2 a2 > T a2 b Bbhd, Z0
2. WS ODDOABIEEDE R L VU ITEHEENTND ZERMESNLTNDIR, vV INEF
T 5 AEBIEMERSREIC DV COBFZE It BEERIERICZAUZ E L < 220,

ZIT, AL TIEHY Y, FRCHBAKTERLTNDHZA VUV U ICERLT, 24T
¥ Y (freshwater clam extract: FCE) O/EFIEM 2T L, S B2 OABRENMED FCE O
EDXI BT ED L DRONERE LT, VY ITENOIHERICEVWE SN TS, 20
7o, H2ETIXFCE XA 7 7 MY I VB8RSR £ T /W RITTRBE R LTz, £ ORR,
FCENHZ 7 b I Ko TRHEE SN DITEF IO LIEDIREATHZ LM BN L,
3B TIE FCE N7 /v a— 3B L O L a— A ST RIS T >\ T, =¥ ) —)L
AER OB EET M KITTRBERT Ui, ZORE. FCE X7 Vo — L REHEES R, f5l)
MIHEER R 5 Z LA BLMNT Lz, FA4ETIE, @ma L AT e — B2 &G LIS RS =
L AT a— ) VIIEET VT v b & HWT, FCE D2 L 27— UK TF1EH, BEIOZEOI/ERA D
= A5, EHACEMORRE1T o2, ZTOREL LT, FCEIZa L AT m—/ KT EHZA L,
Z DO EFER Y TH D NREE DB L O LV EE O EL BIZHZOERARH L Z L3
O EIrolz, BHCHIROMM S TIFEBE/IICONT, & DICREMICIE LA ERE LT &
ZAH, AT 4 AIRE., TYERRE. AT u— LT AT NV EGRESICIRENH D Z ERHLNE
Tpolm, Flo, IO OIEEESNICENTa L AT a—LO RO L O#EP A~ it
FEPEEE I L > Ta L AT v — VIR TERA RSN D AIREMEA R STz, HEETIE, 71
LV b AC R THRE SN L2NRMER 2 L AT v — L ilfiEds KON, FREEIC %35 FCE %)
REBFI LT, TORE, FCE BLOZDIFEE /7, 7HEY 7 HBigZa VAT v —/ KT
TR IEMAITIEIEN 3 L OB EMHER R H 2 2 L RH LML e o T,

U ED X DAL TIE, ma L AT r—/VilfiE7s EORBERMEEEELA X R v v
R — A2 OFIBIZ BT % RBA CdH 5 NAFLD/NASH (Zx19 5 H HWE & KEAW TH 5 >
DI BB EOMSI L TWAEA UV OBUKIIHM N DIERTH LA AL LT



WHFEZAT > T, FEBREW 2 MWIEBEHI K> TH A U vV 0BUKIIEY TéH % FCE 23 IEE R
TRFUGEIR, BLOERESEIREAT LI L 2N L, 61T

Tl

. FCEIZEEND
NEER S WAERNTED LS IMEA L THNDDNE NS A =X LD b B BN Lz,
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ATV I RFEEET VT v MIRIETE

21. WS

DU BT UTRIC, AR, TE ABTRCEINTW S KAD1S5TH D, iz,
BHLELTEITIIARL, REFE, EERL L THHWLRTE 2, R, THHEREICS T 2 45K
DL1oOELTHFIHALTE,

IHETOMEICBNT, 4TI (FCE) (21, MHELRFE UL, ity = >
ZIZXVFEINDFEEICKT 2 PHERH D 2 EBME SN TS (Peng et al., 2008; Hsu
et al., 2010),

77 MY UFENEEE T T Y A L AATREE SIRREA R > TV D & LTESCHIAE
NLZBNETNDLOTHD, HT77 M I L VFERSNDAFFEE DA N =X LMT5ERITIT
BGMNE 2o TDRNA, WSODD A= ALNIRBINTND, 1 DODAB=AALE LT,
77 MY RS DR IC B C uridine diphosphate (UDP) -4 7 R4 v b 720 | fiF
&= F31F % uridine triphosphate (UTP) 238035 Z & TU AR (RNA) BLOX 7 B AR
DOIENEE TWD I ENRBEZ LN TWD (Decker & Keppler, 1974), £7-, iA=L L L
T 77 b I v~ MilazEib L, e X7 IOtz fetEd 5, e A% I i3ho
FWPEA NS, IBNMEIC LV EASND YRR IS 74 K (LPS) i ~BiTL
Kupffer ffa 23 E ML S5, TEME(L S 37z Kupffer Sl CIEBEEEESER T (TNF) -ad A2
HInd, T UTRIEMYA FUA D 15THD TNF-all & o THFIEO 7 A b — 2 23355
INbHEEZLNTND (Stachlewitz etal., 1999), F7=, & MIBWTIHFR Y A NV AIZEG L T
WD EMIER LPSIRENEEL 200, HT7 7 M I VAT AV APEFRIZB W TS LPS
I LT-T AR b= ADOFFEO A FEME  oRIB XL TS (Sheron et al., 1991; Nelson et al., 1997),
Fo T a— WERFREEIZ OV T B[RRI LPS 240 LT 2 AIREMEDSVRIZ S LTV D (Enomoto
etal., 1998),

ZZT, AT M UBEFREEET LV E AV T, FCE BIFHEEICRIET B VW THD
MZTHIEEAME L TR ZITo 7,



2.2. EBHE

2.2.1. FCE OFRE L Oy ot

BELHIE TR S NI Z A U P2 (C. fluminea) 50kg 2 7% L7-. JEW & & L Tk%
B0 Rz, iR B ERD BRO B OREEE LT 48kg 213 TC, I — FF 3 v —THWEH %k
L7z, PEIBICHK L 2 (FEOMKZ L, BUkic T 2 ReE i L7z, A% 80 2 v v = 0jf
A CUEIE L7z, IR A T L, FCE 7459 % 15372 (FCE DIUE : DX A U VI HDOK
1.5%) » LAF. AT DHFZEICBWT FCE IXF UFEIC L » TR SR b0 % HnT,
FCE O— Mok, a7 BB X O a— 7 U X BARGEEWRER ST 2 —12, O
BRI LT, KO EINEGLIRE, HLA v Ry BIix v 2 — ik, e & = — 7 L%,
JROTZERERACIE, a7 BIZHPLC Ik, 7Y a— 7 U3 Y EX—BEIC Lo Totr LTz, Rk
{Eixz= Ll ZIEIC IV EH Ui, KD ET X 7 BRId i o drBi Rt o 2 —Ic&RGE LTz, ik
DNRT VDI BT ARG XU, ALt =v BV IAEI UV, TV T T=
Ny, . Avafyy, aAfvy, Fuyy, 7o)V T 7=, BAFV, VP, TILF
=y, 7a V) U EEBRINKSE LI O, AT A= B IOV AT i3 SRR L LR
SfRE LIcbOZT IV BBEBOHIEHC I Vot Lz, Y7 h7 7 AdOKERIE N O A2 KD
MRS LT=t%, HPLCIZ X - TotT Lz, # v ) v BRIV =F Uid, RAERERERSIC
ToMTaEERt Lic, B %7 Lictk, 72V BREEBGHTFHZ Ko Tl & 1T -7, FCE oAl
MAT =V (T HATa— )L, HoXATa—)L, AT 4 V<ATa— LB~ kA
7 —/L) (X Delaney H D J5E (2003) (2L VAL, U AFLT UL (TMS) b L7z, PHEME
el L Cha-a L AZ v ZHWe, TMSIL LT TN E AT a~ N7 T T AARY ha A
kU — (GC/MS : GC6890/5973MSD, 7' L' > k « 77 /Ja o — ) I2L > TH#rL7=, GCIMS
DEWERMEIUFOEY Thd, A Y7 ZWE 300C, 717 27 X : 230C, BT 4
30mXx0.25mmHP-5ms (7 Lo b« 77/ ao—f), BT LIRE : 245°CT 2 pERFE. Dk
300°CE T 2CHHy TR S ® 72,

2.2.2. EREMW

5 AR Wistar SBHEMET ~ A B AT AT L —B) () L VEEA L, =R 23+1°C, 12
REF OSSR A 7 VOB EET, 1 LT HORAT VLA — VI ANEE Lz, fEHHF.
ARk K OVKIE/KIL B BHBE L U, RS+ 7 1%, B 8:00-20:00, 5 # 20:00-8:00 & L 7=,
AREN FEBRITE SR FE N KR KRS TERLR FHEAR G KT B TR BUE IOV K K78

EREB R OKBEH T T2,



Bt S & 27200 Tifds & L CHiERER (MF: 4V = 2OV T M) <2 HiEL
A REAEE (Table 2.1 FoOXAE) T4 AT L, BRICHE L7z, *IHE#EZ 6 JT, FCE #f% 8L
D2REE LT, R Z Table 2.1 1Z/R Lz, HRERIZ S X7 HEDN 20% L7220 KO IZHEA
ZUSINL, FCE BflX, FCE % 2%iRM L, # > /7 EENFECICRDEIICHES Y, a—r R
A —F, v afE T L7z (Table 2.1),

R AOEGHEIZ 10 AME Lz, RBREKRE 9 AEIC, D-H7 7 b v (FORMEZEE : K
) % 350mg/kg B.W.DEIE TG 2mL/kg BW. & 72 5 X 9 I AFREKICIAR LT, EHeN#
b Ule, D-H7 7 MY I UFEGRIMEOMEITITORN -T2, D-77 7 M Uixh 22 R
T—7 VIR ATV, BRIE LD L D R L7z,

Table 2.1 Compositions of each diet for the animal experiment regarded with the hepato-protective effect of
freshwater clam extract (FCE) in rats injected D-galactosamine.

Control FCE
a/kg
Casein 222.0 210.0
Corn starch 435.0 430.0
Sucrose 218.0 215.0
Cellulose 30.0 30.0
Corn oll 50.0 50.0
AIN-76 mineral mixture 35.0 35.0
AIN-76 vitamin mixture 10.0 10.0
FCE — 20.0

2.2.3. HAbFESHT

BRintg, Mg % =iRiC 30 /RS L7ct, #0508k (1,500 g, 10 43fH) 9756 2 &2 k- T
E 2372, MIBRDIEHIRSE v b & AW CHRIE L7z, Mg aspartate aminotransferase (AST, EC
2.6.L1)IEMEIZT # X —AST Il (BFfn A7 ¢~ 7 A@K). alanine aminotransferase (ALT, EC 2.6.1.2)
IEMEXT % 2 —ALT | (Bfn AT ¢~ 7 A#K). lactate dehydrogenase (LD, ,EC1.1.1.27) &1EIXT
Z 2 F—LD (HFa AT 4 v 7 A#). alkaline phosphatase (ALP, EC 3.1.3.1) 7135 % 2 7 —ALP
(BHFAT 4 > 7 AM). FYERRIIZ TG-EN B A J A(B A/ A[K), =2 L 27 1 —/LE T-CHO %
A A (A7 A, UV UBREIRY UHEE-C 7 A b U a— (Foyehlisii), wEEEAsIGER1E NEFA
I B (AR v 7 AEBEM) &2z,
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2.2.4. BEFARNT
2 BEFIOFE IR EZEOREIL, Student D t-HEIC XL V1T-7= (p<0.050r0.01),
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23. fER

N7 FCE DINEIT, ADF A T vV IHDOK) 1.5% Th Tz, £D728, FCE 2% 2%HN
Sz (Table 2.1) 1kg 121X, #9 1.3kg IZHIY T HEDBRMN O X A T T INbELNT
TR EEND Z &7 D, £, FCEIFKFEHEIZT T < K 35%M K AREE Th - 72,
FCE O — &Rl % Table 2.2 {27k L7z, FCE O EEMERK T Y v X7 ETE1% CTh -7, %
oo BUKICE VIR L2 b O TH o8, HIRHIIEE N Z < 72% Th o7z, £72. KD 6.4%T
bole, YUITMRANT AN BELL Gy, KK OEREITE LG ZIEIL > TITEh D
7o, AN BOEIZ I > TR EITRKRE R B % RTINS 5 L& 2 bl io ),
anIELER LT, FCEIZEEND NI EIT 114% E TR TERNETho 72729, KKL
MO EZIEICHW, 70 a—ruid, 98%TH Y, RO RE 7% DTz,

Table 2.2 Proximate composition of freshwater clam extract (FCE).

Components (%) FCE
Moisture 8.1
Crude protein 57.0
Crude fat 7.2
Ash 6.4
Carbohydrate 9.9
Succinic acid 11.4

Each components were analyzed by following method; moisture: heat-drying method, crude protein: Kjeldahl method,
crude fat: Soxhlet extraction using diethyl ether, ash: direct ashing method, succinic acid: HPLC method. Carbohydrate
content was caluclated by subtracting the sum of the percentage of moisture, crude protein, crude fat, ash and succinic
acid from 100%.

72, FCE FOMKSET X /BRI OV T Table 2.3 128 Lz, BtES v XV BED B A
VEDWEERB I 2o iR, FCEWZIZZ U vy, TAF=URENEZL, £ vl Uk
WAV 7e o7 (Table 2.3), 7z, HEAIC—EAICZWE b X2 7 ) &, UV ITRIZE WD
EENDFN=F D2 ODERET SV BRICOWT b 24TV, Table 2.3 (27k L7z, FCE100g
oL BI04V =F 81T 69mg & 51mg TH -7,

VUSRI AT B — LN EENTND Z ERHE I TV (Iritani et al., 1979b), Z D7
O, FCEH DM AT o—NE L TT IV HATR—)b XA TR—)b AT (VAT H
—VEBLOB-V FATr—LD A FEEDOAT a—LVDOaraitolz, £lc, aLATr—Lb0f

BTN EIT -T2, TOFEHR% Fig. 2.1, Table 2.4 (28 LTz, O Lz A FEOREM AT 0 — 139

12



RTFCE FUIZHEN TR, TOHTH I U _XATr— /L3 kb %< 3.31umollg Th-7-.,

Table 2.3 Amino acids composition of freshwater clam extract (FCE).

FCE' Casein’
(mg/g Nitrogen)
Aspartic acid 677 ( 659, 696 ) 460
Threonine 333 ( 354, 312) 270
Serine 299 ( 304, 295 ) 340
Glutamic acid 877 ( 803, 951 ) 1400
Glycine 316 ( 272, 360 ) 120
Alanine 332 ( 315, 349) 200
Valine 332( 334, 330) 440
Cystine 58 ( 68, 49) 32
Methionine 158 ( 164, 152 ) 200
Isoleucine 289 ( 275, 302 ) 360
Leucine 469 ( 453, 486 ) 620
Tyrosine 249 ( 240, 257 ) 370
Phenylalanine 266 ( 266, 266 ) 340
Histidine 159 ( 138, 180 ) 200
Lysine 462 ( 455, 468 ) 530
Tryptophan 80( 76, 84) 84
Arginine 428 ( 416, 440 ) 240
Proline 263 ( 251, 275) 750
(mg/100g)
Taurine 69 —
Ornithine 51 —

1 Analysis of amino acids other than tryptophan were performed by amino acid analyzer. Tryptophan content was
analyzed by HPLC. Analyses of amino acids after hydrolysis were performed in duplicate. Each data were shown
in parentheses. Each values represents the mean.

2 The data of casein was quoted from Standard of Food Composition in Japan, 4th ed
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Figure 2.1 Chromatogram of sterol in the freshwater clam extact (FCE)
Serols in FCE were extraced and trimethylsililated by the method described by Delany et al. (2003). The sterols as

trimethylsilil esters were analyzed by GC/MS.
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Table 2.4 Sterol concentraiton in the freshwater clam extact (FCE)

Sterol FCE
(umolig)
Brassicasterol 1.80
Campesterol 3.31
Stigmasterol 1.42
B-sitosterol 0.33
Cholesterol 8.54

Sterols in FCE were analyzed by GC/MS. Quantification of each sterols were calculated by ratio of the peak area of
each sterol to that of internal standard (5a-cholestane).

7 v NOWIKE, ARE, FEHERE, FiRE &% Table 2.5 (2R Lic, #IKE, fEHERUER
F O E &1L 2 B CEIT A b o T,

RS OFREE Td 2 fiF AST. ALT 35 L OV LD IEME, JEHEIOIEIED 1 > Th 5 ALP G %
Table 25 (277 L7z, 1MiE AST. ALT 38X ONLD ihMEE $ I, *HHEEE & i L C FCE BECIFA R
WIREZ R LTz, E£72, ALPIEMEICIWT S, FCE BEIR, P HREE & A BRI A2 R LTz,

MIENEE (PR, e L X7 m—n U URE, IERENENEE) IR % Table 2.5 (/R L7,
MIENEE X, 2 M CHEZITIR N2 T,

Table 2.5 Effect of freshwater clam extract (FCE) on food intake, body weight, relative liver weight, serum
parameter in rats injected D-galactosamine!

Group Control FCE?

Initial body weight (g) 122 + 3 125 + 2
Final body weight (g) 155 + 4 162 + 3
Food intake (g for 10 days) 126 + 2 128 + 4
Liver/Body weight (g/100g of body weight) 3.61 +0.08 3.68 + 0.12
Serum

AST (IU/L) 9908 + 1028 5321 + 892"
ALT (IU/L) 7728 + 647 4383 + 689"
LD (IU/L) 40280 + 5555 17695 + 3561°
ALP (1U/L) 2134 + 24 1979 + 49"
Triacylglycerol (mg/dL) 328 + 6.8 48.6 + 10.6
Total cholesterol (mg/dL) 595 + 3.6 540 + 26
Phospholipids (mg/dL) 1132 + 3.7 1134 + 51
Free fatty acid (mEq/L) 121 +0.11 1.05 + 0.09

1 Each value represents the mean =+ standard error of mean (SEM) for the 6-8 rats in each dietary group. The
statistical differences amang the values were analyzed by Student's t test. ™ Significantly different from each of
control (p <0.05and < 0.01).

2 FCE:Freshwater clam extract
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2.4, Z5%

AKEOMFEIZLY FCEIZ LT . D-H 77 M I v OBRGICE>THESNLMIENT AT
IS EASFREICIH S, 2OZ LN, FCEIZIED-H 77 b I IC Lo THES
NDORFBEFI LFRIRR O 5 Z LR S iz, NG (1981a) 13, & 2 I 2Kt
Gy LSV URIEREZT, D-H T 7 MR UHEMEEFEICHT 2R ERFI LT D, &
DFERE LT, KEMEB S F 72 130KEEMER 5y & ~F 3 mliEtEE S oI - T FFEE T
R ERE LTS (RN D, 1981a), Hsu B (2010) 1XDUHEALIRFEIC & - TiF#E S 5 iFkEEIC
%f L FCE BN TPishFa T+ 2 &2 @E L TWv5, Peng © (2008) & FCE 23 Hiffhs =2 v 7 1C X
STHBEINDOMFEEICH L, PUIRIRELRTZEaWmE LTS, /o, FCEIZHMMT 3 »
JIZE > THFEIND TNF-aDFEAZIMHIT 2 2 & b#E I TD (Leeetal., 2012), 77 7 b
P IR DMBEEZFERTHA D= AL HONTIE, VAT Z M I ORBEBFEICHBNT
UDP-#Z 7 b2 k720 BFIRICE T 5 UTP OFEBIZ L5 RNA B L O v 7 AR DRE,
A7 7 NI U, IHOFEEMEAEMISE, LPS BBV AENLT <720 LPS A3 TNF-ad j#
EEFHEL, INF-oll Lo TIFHIO T R =Y ANFHFEIND EN D, 2DOD A=A LN
Z BN TW5 (Decker & Keppler, 1974; Stachlewitz et al., 1999), A&iDO#FFEIZ B Tlk, FCE & D-
77 MY UFEEEICT 2 THRIRD A T = X L2 OWNTORGHI 2T R TV,
L22Led D, Bk L 51, Hififks o v 712 X o> TR SN A FEEFEET VICxd 2% FCE @
TR D A T1 = X 2 & [FIRRIZ TNF-aD EEA Z ] L T2 ATREMEIE S 2 415 (Lee et al., 2012),

AFERIZHEH L7z FCE T Z VNI EN 51% & %< £ T\ % (Table 2.2), Wang © (1999)
X, D-H 77 NI UBEFEEET LT v MIBWT, 72/ BAKIET ROV TR Z
fToTCn5b, TORER, INFZIy, TARTXEY U, BERAFVY FrVY, VDU,
7 AR EICH T A RENRDB S D Z LA LT LTS (Wangetal., 1999), ZiuH D
T2 BRIZOWT, KREITCTHWZRBREDIE 21T > 72, FCE OIRMNEITL 2% TH v fiktak &
LTO7 X/ BRI Z KIFTIEE TR R L FCERIMBIZE £ D7 X/ BRI
M2 21X A ST e (Table 2.3), D728, FCEH DT X JRIZ K DIERA Tl E &2
b7z, LML, FCEH DX VNI BERNTF RN ED LI R THFEAEL T DINIE, 40k 2
AHRHATH D, TDID, D-U 77 Y I UFEIFEEICH L, FCE DX /7 HE7id3~T
FRPMMER LTV DN E I DEMEIT L Z LTS BOBETH D, £lo, RIEXLTIIH 578, FCE
DKBEVERSICE B LT, D-A T 27 MY X UENFRE T 2 EBEEME ORE bIT o712,
IREEVER Sy % S dE R B XK ENEIZ KLV 2y 95 J71E (Hashimoto et al., 2006) 23#kE S TH D |
FCE Oy EIZATV, T v & HWTD-H 77 b A2 L BIFREHE TR & Bt Uiz, Z Ok
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K& UTEBRMEEITTEEDN DAL, S BICEOBIEw S Z 7 u~ s 77 7 4 —IZ X > T
LFFEDBICIEER D Z L2 A Le, IEERSOFER S Z oLz ZA, VI TVUEB
LU T UNVERE L, VIV IED-AT77 b IVHEEEZTHTE 0 @ ELH D
(Stachlewitz etal., 1999), L2>L72d 5, HilAIEDO 7 Y P B L 0T 7 VL& REERE- L, D-4
T M IR THIEEZ SNAHEELZ T 20RNH 5008 5 hEE LRI
BWTCIE, HEETHRB LN o772, FCE DIEETHHRILIT ) B LY 7
VIZ KD ATREMEIFR VW E B 2 b,

F72. FCEIZIX7.2% & LEHIIEE H £ < & TV /2 (Table 2.2), Lin © (2012) (%, FCE 2>
57 1 aR )L W AAES & BUK AR ER 2 fHEL LT, invitro B8 X OV invivo (231 5 LPS IZ X - T
BINDRIEVET A DA VEAICRIETTRELZHRF LT 5, Lin b (2012) O#RETIX, 7=
R L D AIERER DI R X 8.2% ThH Y . AHiD FCE OFHE & [FRETH S, Invitro IZB W T, b
I A L7 A AR 4 L OV i B ER AR 2 AV, E 72 invivo IZBWT T » &AW T, LPSIZ X
STHEEND TNF-aDPEA FCE 7 0 0 ARV ATIRE CARZICHHl S s Z L2 b MnIC L
T\W% (Linetal,2012), FCE JEE M7 D-H T 7 M UFEIFREEETT LT v MOk LIR#
HFEERTNEI D, FLZOERA D =ALE LT INFaDEAMKIZ L 208 2, 5H%E
R BRBBMETH D,

AENZFBWTFCE 23 D-A 7 7 M I U iBEIFEF IO LIREDI R A RT 2 RN E 2o
Too LINL72H 6. FCE HOTEMALEWOHEE - FIER LN DA N =X LIZHOWTIEH S M
295 Z EBHBRTWARW, 5%, D-T 77 M UFEFESET T ACMONESEET L
WIRI3 B FCE DIFRFEERIC OV THEMHAL EWDRIETR L ORI = X L O 2 1D T < i
EhdoHERLND,
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HIE

FAT VIR T v MTBIT D
T a—nEENFRB L O v a— A REHCRIE T

31. WS

AIEICBWNT, 77 P I Ko THESNOMEEFEET VT v M2 AW, ZOfFE
FEHEA N = ALUTNL OO BHH DD, BT 7 M Lo THE OFRIEHHE N
THZELIZRY, BNMEIC L > TREASHETZ U R XU Th D LPS i ~BAT L,
Kupffer i - IGHE(L L. TNF-aDBEERFHE S, IR0 T R h—v AnFHESND EEZD
LT 5 (Stachlewitz et al., 1999), 7 /L2 — /LABRUZ L - CH & Z SN DHAFREED A 1 =X L
D1oELTH, HT7 M I FEIFEERERIC, LPS 241 LT TNF-a® EEA DTS S FUITRE
ENRGIEHIENDIEVIZENRADI=ALD1 DL LTEZDLZ TS (Enomono et al., 1998),
AIFEICBWTFCEIE T 7 7 MY X UFENIEE 7 v MZBW T, AST BLTALT fED L5721
Hil L, TREEZMET 2R 26322 Lam@ani, £/, LT g v 712> TiHE
SNDHIEET v MZBWTH, FCEIZ L > T TINFadEEARIH S TnD eV RELH D
(Leeetal., 2012), 7 /L2 — /LI L > CH & Z SN DO IINENIF CH 5, 7 v 2 — i,
sterol regulatory element binding protein (SREBP) 1 # 41 L C. fatty acid syntase (FAS) <> stearoyl-CoA
desaturase (SCD) 72 & OB A R B E R B R T OB 2 RET 5 Z E N5 TW5D (You et
al., 2002; Yin et al., 2007),

PUIEF. BMELTRETTIERLS,, RIEE, AL LTHHWLNTE 2, £EFETHO>NT
AN INTZ b DOOP TR EWED THLIAREME (F) 121X vV T TEBEED |
HZBZ L, /MEZFIL, &, WK, BFEZ FL, WEHEERT, = L2 RTIUIES
PR EHDH, ZOXCvTUITET A= L TEMERS SEEENAH Y, Nz T,
ZHERNO & ZIZT Y IWB RN ET L3 — LRI T D RIS it TV S, L
ML, T a— VB K DIFSRERE SIS L, vV IR RIETREIC OV TRSERIC
RS L7 gEid7a v,

Z T, HxlE, T T3 VBRI XD AERZEITK L FCE BN ED & 9 g a KIET O
R LTz, RIS, T a— BB LD FE SN NTRIEE OERIC KT TRE, Tra—n
FEREO ML T L a—VREIZKIETEZEICONWTT v 2V THRE 21T 72,
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3.2. EBRFIE

3.2.1. FCE DA%l

FCE I%. % 2 % 2.2.1. FCE Ol LU ATICREMA LR L TH L2 HIE TR Lz, # A
T Y3 (C. fluminea) & 78 & L & WEIRIC T 72, WEHZ I — M Fa v X—THiik L7,
BRI T 2 RS L7z, KA 80 A » o = OJEAT TS L7z, IMIRAEHE % L, FCE
s Y

3.22. RMET N a—NEEIZ XV FHRINDEMFICRIETRE
3.2.2.1. EBREW

Wistar REEME T » b TIET & /) — VI K D RTFEA~OREN D #8725 97, Donryu % 7 > kTl
TH )=V OBMEROE G X > TERE O EHB L ORFB~OIREOSEER 5 i &b
Z e I TV 5 (Mochizuki and Yoshida, 1991), % 7= 4 ik Donryu R M ~ b (H
AR ATV —W - §il) 27 0 a— A BEICLVFE SN DIENIFICT 282 BT 57
DIZHAWE, B 23E1°C, 12 R OHREY A 7 VOB ERET, LILTORAT U LA —
CANEAE Lz, SEHIE, fkhi L OvkGEAIT A BB E Lo, BIRE A1 2 vid, 91
8:00-20:00, M5H] 20:00-8:00 & L7z, A@hyIERIEE T RZF1E N KRG R TENRZFEEANR S
KB EBHE AN K KRB ERE B2 OKRE/F AT 72,

B S8 5 72 OISR ETR AR (MF @ A4 U =2 2 OVEERE T M) <2 B/, A AR (Table
31 OXRE) T3 B, PhifaE Lo RICHBRICHE L2 L BES PR 2 BE & L7, sBR & % Table
3LITR L7z, AIRRET 25% 0 BA &L L, FCERET., xIB&OY 2o H H—#% FCE IZ#&
X#az 7= (Table 3.1),

AR O 5845 10 H B2, 25% (Wiv) =& J —/L/KIRiE % 20mL/kgB.W. (&4 / —/L L LT
5g/kg BW) &7 5 K52V T AW AR NS Lz, =& ) — L &E5#%, fRSEz, i
REAEN G 16 RFfE#ZIC = — 7 /LRI N CRAE L. (D& 0 il L 72, ATl A 1572,
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Table 3.1 Compositions of diets for the animal experiment of the effect of freshwater clam extract (FCE) on
fatty liver in rats induced by alcohol.

Control FCE
g/kg
Casein 250.0 250.0
Sucrose 465.0 445.0
Dextrin 200.0 200.0
Cellulose 30.0 30.0
Soy bean oil 10.0 10.0
AIN-76 mineral mixture 35.0 35.0
AIN-76 vitamin mixture 10.0 10.0
FCE — 20.0

3.2.2.2. HALESHT

PRIM %, IR & SRR 30 A MIikE L=, =048 (1,500X g, 10 43) +5 Z Lic k- T
B3, M+ AST, ALT, LD, ALP{&ME, tPEfENI. #e= L AT m—L U U IEHE. kS
g % TR > b & AW CHEIE L7z, Mg AST, ALT, LD, ALP{EHOHIESF> & LT, %
NENTHIF—ASTI, T4 IF—ALTIl, T4 IF—LD, 74 I F—ALP (X CWHfMAT 1
v 7 AW E Wz, myFFROFEEN., o xATre—n U UIRE., EREVIEEZ 2 Eh
TG-EN B A J A (F1A J ZWK). T-CHO A/ % (B A / AMR). VU IEE-CT A FU a— (Rt
FIHERN), NEFA FREE B (2 A A v 7 Z[EE) % IV CRIE LT,

JIFNBAEE 1% Folch & D J51E (1957) (C X Wl L7=t4, &L CRIFE&EZHE Lo, sk
JEWG, v 27 e— U REIZMIERERRICT RO F >y FTRIE L

323, T a—AEEROMB T Vo — VEBEICRIETRE
3.23.1. EBREY

5 D Wistar SAHEMET »~ &2 AT 2o Lo —M) (B) LA L, =ik 23+£1C, 12
RE OBRF A 7 VOB ERET, LILTORT VLA —VIC ANEE Lz, fE BT,
ALk K OVKIEKIZE BB E U, RS 7 1%, B 8:00-20:00, WE# 20:00-8:00 & L7z,
AREN RBRIE E LR FHEN KRG RS TEISLRFE N RS RS I IR E (2 EV Ry RS
FBREB R DKREGTUTo T,

Bifk &85 7= DIl E AR (5L37 : BAT R /Lo —(R) T3 B, A ETkE (Table 3.2
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HoOXHRE) T4 HRE, THEAE L-RICHEBRICHL L7, 1RE6ED 28EE L7-, ERAE% Table
32T LTz, *HREEIZ 20% 0B 1 /2L L, FCERBEE, BB DH R E a2 TFCEDX v
NWIBETEESMWMRAT, 2o\ 7E0EEGEMBELF LI LS E L, hBAS oz N
B8 82.65% T 7D T, XETHD 20% W EA o EOFEFOZ /327 HI1% 16.53% & 72
% FCE DX /X7 H57.0% (Table2.2) T 5 7= i FCE % 29%IRA L 7= (Table 3.2),

Table 3.2 Compositions of diets for the animal experiment of the effect of freshwater clam extract (FCE) on
alcohol metabolism in rats administered with ethanol.

Control FCE
g/kg

Casein 200.0 —
Corn starch 437.0 390.0
Sucrose 218.0 195.0
Cellulose 50.0 50.0
Corn oll 50.0 30.0
AIN-93G mineral mixture 35.0 35.0
AIN-93 vitamin mixture 10.0 10.0
FCE — 290.0

AR O HBAAG 13 B B ICHE R S, #E R 16 FFRITRIC, 20% (Wiv) =& J — LKIEIK &
10mL/KkgB.W. (=% /—/L & LT 29/kg BW) L7225 K512V T # WG O#& L L, =4
J =BG 1% S 11 RFEE £ T 1R I BRIk DRI U = % 2 — LR EE O JIE
W, BRI T, = —7 VRREE T CRIE L. TPl O NEIGAE R 2 15 7,

3.2.3.2. AfbZEoHT

~RY AVER U7 BRI Ko TERIML L 72 44.7 u L DI 0.4mL @ 0.33mol/L i SRR KA
a4, = 0508E (1,500Xg, 243f#) LCREEZHW:, FX¥y b= ) —L QKA & —F
va i) AW CEX ) = VIBEARIE Lz, =X ) — A REHOIMP T X ) — L -

HiBR T i fd (area under the ethanol concentration-time curve: AUC) % B21EIC L » THEH LT,

3.2.4. MREHEHT
B FEERIC BT 2 BB ORI A B EOREE, Student D t-FREIZL VW IT->72 (p < 0.05 or
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0.01).
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33 MR

331 AMET N a—NEEZ XV FER SN EHFICRIETE

7 v NOWIKRE, ARE, FEHERE, FiRE &% Table 3.3 (27 Lz, #IKE, fEHEIUER
KON E &1L 2 BRI CEIT A b o T,

Mg/ ST A —%—3 JOVFHIEE % Table 3.3 12/~ L7z, HEEEDIEE CTH 2 MigH AST, ALT
BELOLDIEMEIX, 2B CEN A O oTz, -, IBHEROEIETH D ALP IHMHED 2 Bf
MTEITALNRoT,

Table 3.3 Effect of freshwater clam extract (FCE) on food intake, body weight, relative liver weight, serum
parameter and hepatic lipids in rats administered with ethanol*

Control FCE?

Initial body weight (g) 142 + 2 142 + 2
Final body weight (g) 221 + 2 223 + 4
Food intake (g for 10 days) 210 £ 6 211 + 6
Liver weight (g/100g of body weight) 484 + 0.18 449 + 0.10
Serum

AST (IU/L) 136.6 + 16.6 126.4 + 10.3
ALT (IU/L) 266 + 14 252 =27
LD (IU/L) 1985 + 522 1608 + 255
ALP (1U/L) 840 + 52 834 + 52
Triacylglycerol (mg/dL) 61.0 = 20.1 60.2 * 6.2
Total cholesterol (mg/dL) 108.2 + 3.8 106.2 + 25
Phospholipids (mg/dL) 191.2 = 6.5 1916 + 3.3
Free fatty acid (mEqg/L) 0.98 + 0.09 1.00 + 0.08
Liver

Total lipids (mg/g liver) 1222 + 148 937 =178
Triacylglycerol (mg/g liver) 93.0 + 16.7 577 +09.1
Cholesterol (mg/g liver) 523 + 021 419 + 0.17*%*
Phaospholipids (mg/g liver) 274 £ 0.6 276 *= 0.6

1 Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed by Student's t test. ™™ Significantly different from each of control (p < 0.05 and < 0.01).
2 FCE:Freshwater clam extract
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MIENEE (= L2 7 m— HEIEN. U CIEE 6 X ONERENRIAEE) (2 oW Tid, 2 BEMCF
BRETIRONR Do T, AEEIIADIRDN -T2 ODOEEIEE S L ORI IX. 22
AU FCE BEII G BEED 76.7% (p = 0.127). 62.0% (p = 0.101) & KME & /R I 8 > 7=, ATl = 1
AT 17— UL FCE BEIC IV TRIFRRE & GBI EZ 7~ L7 (Table 3.3),

3.32. M= x ) —/VIREICRIET R

7y NOYWRE, #AE, SEHERE, MFkERE Table 3.4 1R L7z, MIKE, fBHEREX
2 I CEITA LN oTe, REEICAEETRON R o7 b OO, REHNEIL, *FHREE
L i U C FCE BECH RIS Z 7~ Lo (kFEEE - 63.7+2.5g for 13 days, FCE #f : 71.3+1.9g for
13 days. p<0.05), F 7z, XIHAE & bl L C FCE BEDO IO F VIR L, S ANk (@
SEALEM, BAEMR X ONER) EeldAEICRED L,

Table 3.4 Effect of freshwater clam extract (FCE) on food intake, body weight, relative organ weight in rats for
14 days!

Control FCE?

Initial body weight (9) 141 + 2 141 + 2
Final body weight (g) 205 = 4 213 £ 5
Food intake (g for 13days ) 210 £ 5 220 + 4
Relative organ weight (g/100g of body weight)

Liver 319 + 0.03 3.37 +0.03"
Adipose tissue

Epididymal 1.67 + 0.06 1.47 #+ 0.05

Perirenal 028 =+ 0.01 023 + 0.02°

Abdominal 0.75 + 0.03 0.60 + 0.06°

1 Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed by Student's t test. ™™ Significantly different from each of control (p < 0.05 and < 0.01).
2 FCE:Freshwater clam extract

RER R CTOFBERME 13 BRI X ) — 2@l H ARG Lz omh o 2 ) — ViR EORE
25k % Fig. 3.1 128 L7z, %5 2 BifE1#41213 FCE BECXRIIBEE S i L CHREICL =% /) —)L
IRENEEZ TR LR, £k, #5455 REHEUREIEL T =5 2 — L Ek+ 2 £ T, WERS
TIZBWT, T WEE & i L C FCE B A BICIRVMEA R L7, 72, FCERFTIT™ & /) — /L%
B2 10 BRI i3t = % 2 — 3@k Lc, LasL, ffIBEETIE, M=% /7 —)Las 11 FFfH
BlzBW bt ant, 7, M=y /—/LRED AUC I3 IREE & il L C, FCE BECH
B2 R Lz,
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Figure 3.1 Effect of freshwater clam extract (FCE) on (A) plasma ethanol concentration and (B) area under the
plasma ethanol concentration-time curve in rats administered with ethanol.

Each data are shown as mean = SEM for 6 rats in each dietary group. *, ** The statistical differences among the values
were analyzed by Student's t test. *, ** Significantly different from each of control (p < 0.05 and <0.01). FCE:
freshwater clam extract.
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3.4 E8

KEDOWIFEZB T, FCE 253252 LT, =¥/ =V ERMROKRE LT v ~OiTIEIE
BOERMMEMEZ R THIICH 0 = L AT 0 — U ERHBRICKEEZ R L, 202 Ehb,
FCE 13— /) —/WZ K o TaHE S 2 IFIARE O R 2 4019 2 IetE AR S re, &7 FCE
ARETHILT, =¥ = VERHEROKE LT v MZBnw Tl o/ — /LR E O T H
BaEnHZ L, M=%/ —nd AUC N4 2 Z LS, D2 &b, FCE I
T2 )= NREREDNRDB D LD EEZ BT,

T ) —)VOEBUIAENEE - PR S RGR OERGIRF T D SREBPL 24T LT, JIFIROIEN;
feDOER AT D = LR SN TWD (Youetal, 2002; Yinetal., 2007), =4 / — /L& 5T
VTIERWA, Foxld, FCE M@ 7 » IS T FAS X° SCD 72 & DRI G R IEAR T DFE
BlZ . SREBP1 %4 L CHifil LT\ % AlfEME 4 7~ L7z (Laurent et al., 2013),

— BRIz 2E ATV RAN=F R EOWRET X VBB EEENTNDH L ENT
W5, 20V rBRIORANV=F AZOWTIE, IRERBUCE R RE SN TS (Kerai et al.,
1998; Cantafora et al., 1986; Choi et al., 2006; Hunold, 1973; Wotzka & Weber, 1972; Melzer et al., 1969),
FCE H 7 X VBT OFEE. ¥ 7V 1% 69mg/100g. A /L=F 1% 51mg/100g T ~7- (Table
23), KETIL 2 DOMT LEEEWEREZIT-o T, =% ) —L2aMEROKREICL > THHE X
NDIEMIFIC R 2 EHc W TiE, kb~ FCE ORI, 2% L, —F Tz /) —/L &
PEREA$S- T v MCBIT D=4 /) — AR OGN BT, il ~D FCE OIRINED 29% & L
TWb, ZRHDZ ENBEMT D L, ikl 100g Foox 7 U &%, 1.38mg £ 721% 20.01mg.
A =F &I, 1.02mg 7215 14.79mg TH Y IEFITD 7R VE LG EALTORN, ZDT2,
FCE DT % /) —/WZ X > THE SN D MRS 2 MR LU= &7 7 — ARGEHEER R I
B4V v BIOALV=F L OFHIENbOEZZLND,

RN DI, X VY 2 KEME Sy &~ 2 mEMEE 0T SRIE N 00, K

B 5y & ~F U REEEES ORI L > T, =% ) — /WS Lo THRES N DRI T 2 6%
PEA RIS DR 2R LTV D (N5, 1981a), £72. R BIE, X ¥ I T oAMHEEYE
RER LI5S & LT, 2-Octadecenoic acid D a,o0’-35 & U, B-diglyceride ThH 5 Z L AR LT 5
(P9 5, 1981b), AHi T H L= FCE X2 A U vV 28K THIH LM RIL L= b D TH DA,
IR T ORERN S MR T & 2 < G E TV (Table 2.2), ZD7=%, FCE O 7
Jba— R B NN B0 5 % | 2-Octadecenoic acid @ diglyceride T 2 AJREMENZ 2 B 5,
FCE DRFEIZE D NEEHRUIC DWW Tt 21T - 72 (Table 4.2.2), AENEE53#T1X,. mono, di,
triglyceride Z /K3 fiE L CHEMIR = AT L & LT LCW0D, LU G, JNBIERE L LT
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. BMICEEND W72 iR &2 xf4 & L7- Spelco® 37 FAME mix (Cat. N0.47885-U,
Sigma-Aldrich, Inc.) Z i L T\5, Zd7=%, 2-Octadecenoic acid 1X 34Tt DHRIAERIZ & F 41
TELT, FCE I EDREZEN TV DONIAHTH D,

Stk FCE D% ) — WAHEHEEZI R B L =% /) — W Lo THl & 2 S D g~ DB
FEREOMEBRIZONT, IHEHEEYE L OZOMER A B =X MOV TEEIZRRF AL E TH
HLEZBND,
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HAE

2A TV IMHD ARSI VAT 2o — VIR RITTEER L OF OIEHIL S 0%
-y

5 18

AT I N YR VAT e —/VIEET VT v MZRIETE

41.1. %S5

7 b 3 — )L OE RIS @ very low-density lipoprotein (VLDL) D43 is % i34~ 5 Z & 3k

HENTEBY (Venkatesan et al., 1988), =1 L AT 1 — LB MEAIRE L, T2 L 2T 0 —LDE

Hom 2 VAT B VIEZFFET 5 2 &R HE S TWD (Wang et al., 2010), 55 3 F (2T,
Fex i TT7 N ma =G & - THl & Z S DA~ DIENFEFEIZ X% FCE DR &2 ET L
7o ZTORER, FCEICL DM L AT 0 — VR FIERR b, ZOREN D, FCE 1T
lEcB T 5= L AT n— L 2GR E NG el 5 et B 2 b,

WS OMDOEBENAT L a L AT o — /R FERIZ DWW TERE ST (Iritani et al., 1979;
Lin et al., 1984; Tanaka et al., 2003; Tanaka et al., 2004; Yanagita et al., 1991; Childs et al., 1987; VVanouny
etal,1981), Y~ Fo PV ITma L AT e — L BEZEAIELT v NORERHLRET L Z &
DA TS (Iritani et al., 1979b; Iritani et al., 1980), A 5%, A[&#E (Iritani et al., 1979D)
B RO RE BRI L7z HERENS (Iritani etal., 1980) ZHWWT, ¥~ F ¥ JTMiFR LOWF
g2 L 2T =B L OPHEEZ IR TS T8RN HH 2 L2l LT D, RS, T~ b
VILFENDAT I 8- ATF L al AT a— VBRI UB- NATr—)L) BRa L AT H
— VW % [ E S 5 AREMEZ R LT D (Iritani et al., 19790), L L7e3 B, ¥ 2 3 HHERR
AN KA R BIC BT 2078132 < 7auy,

Z 2T, Bxld, FCERAT DAL AT n—/HMEFERIZONT, —iRIIES AnbshTn
LAV AT R —/VIYEET AV THY @ VIDLIEZ R ma VAT n— L Ba2 5277 v M &
MW TRRE 21T~ 72,
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4.1.2. EBFH:

4.1.2.1. AEtOFHR
FCE |%, % 2 % 2.2.1. FCE OfHHldE LU AT I FEMIRL RO TIETHB L7z, A DY
I (C. fluminea)Z 78 LA S HREHZ MY L7, WEHAZ I — M Fa v/ 3—THikL, #
AT C 2 BEREITEFPIE U724, 80 A v = DURAT CIEM L7-, IRIKAEEWE L. FCE #1537,

4.1.22. EREY

4 WD Wistar REEVET » b Z2 AT 2 Lo —F) (F) LA L, =iR 23+1°C, 12
REM OBARE Y A 7 L OBHERABRT, 1 LT ORAT U LA —ICANEE Lz, BT,
Bk X OVKGEAKIT A RER S Uiz, BN+ 27 1, B18) 8:00-20:00, F5# 20:00-8:00 & L7-,
KRB EERI L E N RFEN KRG RS TEISLRFE N RS RSB IR E (2 E R R 8
EREBEZOER LT TYTo T2,

B S B 57200 PfaE & L ClilkERiE (5L37 : AR A /Lo —({) T 3 HI#. 20%
NEA L BOVEMEET 4 HHAE L-RICHRBRICHE L2, 1BE6 LD 4REE L, HBR%
Table 4.1.1 (2% L7, <ERREEIE 2000 £ 1 L &I1205% = L 2T m—/L L 0.25% = —/Lfg) h U &
LM Licma L AT e —/ V&S L, FCE BEIE, 3%, 15%., 30%® FCE ZiRINL ., M= L A
TR VEOHEA RN afiCEZZT-, R TOERETOZ V7 ETREE LD LI
L7,

Table 4.1.1 Compositions of each diet for the animal experiment regarded with the cholesterol-lowering effect of
freshwater clam extract (FCE) in rats fed a high-cholestreol diet.

Control 3%FCE 15%FCE 30%FCE
g/kg

Casein 200.0 180.0 100.0 —

Sucrose 637.5 627.5 587.5 537.5
Corn oil 10.0 10.0 10.0 10.0
Lard 100.0 100.0 100.0 100.0
AIN-76 mineral mixture 35.0 35.0 35.0 35.0
AIN-76 vitamin mixture 10.0 10.0 10.0 10.0
Cholesterol 5.0 5.0 5.0 5.0
Sodium cholate 25 25 25 25
FCE — 30.0 150.0 300.0
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RER A OGP 14 H H D 18:00 26 4 BREfaR L7z, 22:00 (2= —F LFEE R CRAE L. O
i & v BRI L7, IR E A7, FFIRIZE HICERE LT, o £ THsiiRE L7z, 72, g
WE OGO 3 BEICEAZ BRI 72,

4.1.2.3. AR5

Bt Mk 4 iR 30 o MikE Liztk, w050BE (1,500 g, 10 77[H) 956 2 &Ik - T
2157, MmiFH AST, ALT, ALP &M, EfEE U L E | . oL ATa—L U
MRE. EREAEIIERIZCL FOHARF » b & HWTHIE L7z, AST, ALT. ALPIEMEDRIEIZ, Eh
EFNTHIFT—ASTI, TH#IFT—ALTIl, 74 I F—ALP (T XTWHFAT 1 v 7 AK)) %= H
7o BEEEE UL L, HMIE. Rl xTa—L, U UIRE. WEEEEROREICIE, 4Tk
0 LQ-BIL (ZZbF AT = AWR) . TG-EN 1A /A (IA J AM), T-CHO 1A /A (hA
ZMH), V UNEE-C T A MU a— (FOEHIZERR). NEFA B3E B (3 2 A v 7 Z[EERIR) & Fv o, 1
JEHLDL 2 L AT u— U, a7 e —A 7 VEKKEI THE L, ZD%, BERIEICL ST
Yea LCHIE L7z,

JFNEAGE 1% Folch & @51k (1957) 1T L W flid L7-1%, B EE CRIBEEZHE Lz, M
NN, a v 2T a—u, U UREIRMERERECH RO % FTHIE LT,

BREL U 7o 3% RS B2z U T, Wl L 7o 32 R 7 v — )L ds JOMEHEE O 3BT i -V 7,
AT v — 11X Delaney & 5% (2003) (2 X v L, TMSAL L7z, PIHBIEHE L LT 5a-=2
LAZ Wz, TMSAE L7=¥ 7 /L% GCIMS (GC6890/5973MSD, 7L h « 727 /Y
— ) IC &> TOW L. GCIMS OHIE&MIILI T D@ Th b, AP =2 X : 300C,
F 4T ZIRE 230C, BT A 30mX0.25mmHP-5ms (7L k- Ty s uY—(R), T A
JRJE : 245°C T 2 3EIMRFr, Z D% 300°C £ T 2°CHy CHIE S E 7=, MEHERIL, Sheltawy 38 LY
Lowsky D J5{% (1975) (Z KV EEAIETRIEL, U b — gz fEnE L LTV,

Jitligith cholesterol 7 alpha-hydroxylase (CYP7AL), liver X receptor (LXR). small heterodimer partner
(SHP). hepatocyte nuclear factor-4 (HNF-4), apolipoprotein (apo) A-l 35 & OY apoE mRNA &% / —H
7 a sy METHIE L7, Chomczynski 33 & OF Sacchi @ J5i5 (1987) THFli&+ RNA Z i L 7=,
20ug @ RNA % / —H > 7 a v MEIZ XK D00 HW =, Megaprime DNA XY > 72 27 A
(7~ v L) TF7 > hCYPTAL, 7> hLXR, 7 v bk SHP, 7 v bk HNF-4, 7 > b apoA-l
F O~ 2 apoE D cDNAZIEFH L NA TV XA E—2 3 VZ2IT0D A A=V T F 74— (BAS
2000, B+ 4 L L) Z AW THRIE L7-, apoE mRNA &1 Z 0o@iE 7 /L TldZfb Lns &
25y 0xo> Tuvd (Odaetal., 1995; Yoshida et al., 1996), < D 7= apo E mRNA % PNERIEHE L L C

AV
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4.1.2.4. ¥EEHENT
— B E D OTEE W THEEEN RO NT-HAIT. Tukey (1949) DL E/SHTIZ LV BEF D
HEEREEITo T2,
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4.13. R

7 v NOYIRE, KARE, SEHERE, IFIRE &% Table 4.1.2 (2R L7z, fEHERET L OWF
T L 4 B CREITR O h o7z, Ly LEIREIT 15%36 & OF 30%FCE #EIZ 350 TXF RIS
E_EEICHEM LU,

MEVFEE DFRIE & 72 2 MG EHEE Y LB &, ALP IEPEIZ- DUV T Table 4.1.2 (TR L7o, B2
B U LB E LOVALP IE1EIE, 15%, 30%FCE BEIZ 33U Txf AL & bl L TR EICIRE A R~ L7z,
FrREE DS L 72 5 AST KON ALT iEMEIC OV T 4 BEB TN o 7= (Table 4.1.2),

Table 4.1.2 Effect of freshwater clam extract (FCE) on food intake, body weight, relative liver weight, serum
parameter and hepatic lipids in rats fed a high-cholesterol diet for 14 days*

Control 3%FCE? 15%FCE 30%FCE
Initial body weight (g ) 109+ 1 109+ 1 109+ 1 109+ 1
Final body weight (g ) 182+ 3 188+ 1% 194+ 3° 193+ 2°
Food intake (g for 14 days) 201 £ 5 199 + 2 213 £ 5 212 + 4
Liver (g/100g of body weight) 488 + 0.09 514 + 0.05 512 + 0.15 481 + 0.07
Serum
Direct bilirubin (mg/dL ) 0.02 + 0.00° 0.02 + 0.00° 0.01 + 0.00% 001 % 0.00°
AST (IU/L) 97.7 % 7.0 982 + 122 86.3 * 4.1 80.0 + 3.8
ALT (IU/L) 53.3 + 4.2 53.0 + 5.1 455 + 35 440 + 32
ALP (IU/L) 2429 + 61° 2283 + 87° 2003 =+ 43° 1636 + 28°
Triacylglycerol (mg/dL) 112 + 15° 20.0 + 2.6% 32.0 + 4.2 428 + 52°
Total cholesterol (mg/dL) 395.0 + 14.7° 369.8 + 17.2° 173.0 + 8.7 1025 * 3.0°
LDL-cholesterol (mg/dL ) 3235 * 12.4° 2955 + 15.2° 117.8 + 6.4° 50.7 + 2.1°
Phospholipids (mg/dL) 1735 + 6.9° 179.3 + 5.3° 136.5 * 6.6° 1208 + 4.5°
Free fatty acid (mEq/L) 142 + 0.07° 159 + 0.06° 1.02 + 0.08" 0.86 = 0.06"
Liver
Total lipids (mg/g liver) 1832 + 3.4 1747 + 86" 168.6 + 2.6° 139.0 + 6.8
Triacylglycerol (mg/g liver) 646 + 25 63.8 = 7.1 747 £ 3.7 609 + 4.6
Cholesterol (mg/g liver) 19.68 + 1.99° 15.26 + 0.81° 13.68 * 0.42° 11.91 + 0.33°
Phospholipids (mg/g liver) 264 + 0.9% 269 * 0.5° 254 + 0.6% 242 + 0.6°

1 Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way analysis of variance (ANOVA) and then by Tukey's maltiple-range test. Mean
values within a column with different superscript letters (a,b,c) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

HLEIEE % Table 4.1.2 1R L7z, MiFR =L AFn—/ LDL=aLxFu—L, U JSH,

WEEERE NG R 3%FCE B ClIkt IR & Ehilt L CTEN R SN hy - 72708, 15%3 L O 30%FCE A Tli.
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SFRRRE & Pl U CH BRI 2R U7z, E 72, Mg PEIENG IR, 15%36 K O 30%FCE #EIZ 38U\ T
BRICEMZ R LT,

Il E & % Table 4.1.2 (7R L7z, HPIEGRIEEIZ. *IHEE & Ll L T 30%FCE D4 THEIC
A Z R L, 3%3 K OV 15%FCE #E CITA BRI SN0 o 7o, IR T, FEF A
RN o7, M= L AT 5—/L34eToO FCE BGRHCB W T, RREE L il L THEIC
M 2R LTz, AFIRY S IEEIT FCE # 58S W T, MIREE L il 5 LA EEIT R LN
77

3HMOESPHEL IR T o —/L(a L AT —/L, aFuR¥ ) —LELa oz
& ) OAFHHEIER L OB PR B2 Table 4.1.3 (28 L7z, O P EIXFE~0 FCE
GHBRIFNICAEBITHEM U, AT v —/v 3 L O EEIT 3%FCE #E Tl Rt & AR S
MIpDr o 1oy, 15%33 KON 30%FCE FfCldoxt FREE & bl U CHEIC PRI &3 8 L 7=,

Table 4.1.3 Effect of freshwater clam extract (FCE) on fecal dry weight, neutral sterol and bile acids in rats fed a
high-cholesterol diet for 14 days*

Control 3%FCE? 15%FCE 30%FCE
Fecal dry weight (9/3 d) 0.78 + 0.08° 125 + 0.03° 2.39 + 0.09° 353 + 0.12°
Cholesterol (umol/3 d) 7.96 + 1.18° 106 *+ 1.9° 123 + 12° 174 + 18°
Coprostanol (umol/3 d) 2.06 + 0.75° 568 + 2.36® 1.96 + 0.74° 8.64 + 0.77°
Coprostanone (umol/3 d) 0 0.218 + 0.102®  0.0900 + 0.0573® 0.341 + 0.071°
Total neutral sterols® (umol/3 d) 10.0 + 0.9° 165 + 1.0° 125 + 12° 183 + 17°
Total bile acids (umol/3 d) 241 + 28 333 + 29° 441 + 17° 597 + 22°

1 Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Tukey's maltiple-range test. Mean values within a column with
different superscript letters (a,b,c) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

3 Total neutral sterols = cholesterol + coprostanol + coprostanone.

Fio, BERA~OEY AT v —/LOYRtE L e O FCE G &M% Fig. 411 1R LTz, &
TOMEMAT B —)LIZBWT R 085 LLETHY | ko FCE & & MWEREZ R LT, £
DI, PO AT 1 —/ViT FCE IR ThH 5 AlREME 2 a8 3 572, FCE T OMEM A T v —
NEZERE LTz, TOEZ Table 24 B X OVFig. 21 1ZR LTz, 77V AT a—/b, BN RA
TRV AT 4 T AT R VB L OB-v AT B— LD 4 FEOHY AT 1 — L’ FCE HiZ
GERTV,

a2 L AT — LB OEERESE TH D CYPTAL O mRNA fEIIRIREE & Lb#k L T 15%FCE
HTHEEET 2V ODOEMEZ R ITMAIZH Y . 30%FCE # CTHEICHEIEZ R Lz (Fig. 4.1.2),
CYP7AL D EDOFHEIN 7T 5 SHP ® mRNA BT TORERM TEMN A b2y > 72, CYPTAL
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DO IEDOFHIN T TH 5 HNF-4 3 I ' LXR mRNA &% Fig. 4.1.2 (27~ L 72, HNF-4 mRNA /% FCE
DETE~ DTN BARAFANZIEIN L, 15%F & O 30%FCE #f CHEICHEEE L L1z, —F T, LXR
MRNA E/FHEH CHERETIRON e o7-, £72. apoA-l MRNA & & B THERZENR A LI
2o 7o (Fig. 4.1.2),

80 -

0 ® ® Brassicasterol
- (R?=0.9894)
g 60 - ¢ Campesterol
3 (R2=0.9892)
E 50 - < Stigmasterol
E (R?=0.982)
c @
% 40 - 4 beta-sitosterol
Q (R?=0.8674)
® 30 - *
g @ Total phytosterol
= (R2=0.9814)
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Figure 4.1.1 Correcation between freshwater clam extract (FCE) content in diet and fecal excretion of
phytosterols in rats fed a high-cholesterol diet for 14 days.

Each value represents the mean for the 6 rats in each dietary group. Total pytosterols = brassicasterol + campesterol +
stigmasterol + 3-sitosterol.
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Figure 4.1.2 Effect of freshwater clam extract (FCE) on hepatic (A) CYP7AL, (B) HNF-4, (C) LXR, (D) SHP

and (E) ApoA-1 mRNA in rats fed a high-cholesterol diet for 14 days!

Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Tukey's maltiple-range test. In each graph, different letters (a,b,c)
indicate statistically significant differences (p < 0.05). FCE:Freshwater clam extract
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414, EE

Iritani 5(1979b)IXH A L AT B — L BEZEAIELT v MW Ty YV IsikbEToLalL
TH=VLULNMETTH L 2R LTS, hxid, AFiICENTRma L AT — L ZEER
SHEZT y MK L FCE AP B LU= L AT B — L LV AR T SED 2 LA LT
L7, Iritani 5(19790)iF£ 72, P IHFICa L AT o —LOWINELET LN DD AT 1—
AREENTNDZ EARL TS, £z, Iritani 1%, v YIDalb A7 e —UETFEH
DA T = A LT VAT v — VIRINOFHIRAE (1979b) (2 X 2 AlHetEZ " LT\ %, FCE B
BWTHEAOHEY AT o — /LRl &I, &G EERAITHEM L7 (Fig.4.1.1), £7o. #EPhpER
T o —/LyEitE Y . FCE &5 BARMFICHM L= (Table 4.1.3), L2>L7243 5, FCE Hfiid A
Tr—AR MEBLOE=a L AT B — L LNV E KT S5 H0REE B AT D0 E)N
I B TIEAR D> 72, Sugano & (1976) ILE I VAT B — A RICL>THEL-EaAL AT 0
— VIJEET VT v MBI DM AT 0 — L O EIRFE OB 217> T\ 5, Sugano 5
(1976) DOWFFTHERIZIES < & RHINZ BV THW - 30%FCE BRIl L A7 2 — /L L~UL &K
TEELIEIZEATHNDHOD, ML AT a— L L LERFEELETII RN, i
T, 3%35 L O 15%FCE &2, MiFRB LU= L AT =L L L ELLIZBNTHIER T S
DI+ EREEN TR o, 2O D, FCEIZEENIMHMAT B —/L DA LA
T — /UK TERITR < W AR RIB S 7e, L LR G, FCE 25 ekt & 595 2
L2k, 7y MZBWTER~OFMERT v — LRt EIX, BRI L7z (Table 4.1.3), =
N ORERNS, FCE PUTITE AT v — LIS b Frprph 2 7 o — LR e e/ E ) 2 FFo
B DMFAET D ATREME N 2 B LT,

KEIOWIFRIZIBNT, FCE BETIZT MR T v — LD Hdp 63, #h~o JEy ek & & §in L
7c (Table 4.1.3), 1 AT m—) L3, BEHRA~OE R Z(EET 5 Z L i3 o Ty
(Subbiah, 1973; Raicht et al., 1975; Sugano et al., 1976), FCE |Z., =2 L A7 o — /LK FERICEH S L
TV A MEHERRENCREE KIT L TS LB X DLz, Tanaka b (2003) X, I X B#EHF~OH
PR T v — B KO R A (RS 5 Z L 2 L TWD, IFxDa b 27 o — LK TFEM
I IBE BT DI I B AR OEIC L D EF 2 50TV % (Tanaka et al., 2003), F ~ 1%
AENZBWTHNEMES 2 V2T 0 — VIJEE T /WZEWW T, FCE 1T & - TIRHEE & koo HEE R
Th 5 CYPTAL BAG NS5 Z L #5202 L (Fig. 4.1.2), 2D Z &%, FCE I X A1k
2L A7 — VK FMEHOERKRODO 1 D ThDH0E LitZey, W O OERER T2 CYPTAL Dix
GIREICEEREE 2R L TWD Z ERHIE STV (Chiang, 2002), CYPTAL 11 DFEEL
IZ SHP Z 4 L CHHHERIZ L - T, ADFHi AT, —J7THNF-4 X LXRIZEIZFHFH L T\ 5
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(Chiang, 2002), FCE ¢ 5-#£1251F 5 CYPTAL Bn - EBLOFHE X, SHP mRNA L~ L D25 E) % 4
S X T (Fig. 4.1.2), M T, AEICBWTH L 1L, CYPTAL BIETFOFEANED L ST
FBEINTWDDONEIHLNTT 572012, HNF-4 3 L TUVLXR @ mRNA L~ULZHIE L 7= (Fig.
4.1.2), Direct repeat (DR) 4 (Zf54& L CYPTAL B T DIRGAEHET 5 Z L 03HE ST LXR
(Lehmann et al., 1997) Di&fnFFHIL, FCEIZ X » CTEB L7220 > 7=, HNF-4 &1, AN
B L AT — VIIJEET /VIZEBW T FCE IZ X - THIM L7= (Fig. 4.1.2), HNF-4 [ ZARER)G A E
1 (BARE) -l IZf#7E9 % DR1L > —/4 v AIHEA LT, CYPTAL 7o — % —iHtE AR+ 5
(Crestani et al., 1998; Stroup and Chiang, 2000), FCE (Z X % CYP7AL i&{x+ DR HFHEE L, HNF-4
BEFHREOFLE LN L TODATREMENE 2 G L7z, HNF-4 X E7, HDL O EER TR Y R ¥
RIETH DS apoA-l HFHET L TS (Harnishetal., 1996), LU 72236, AEHiIOHZEIZIH T,
HNF-4 35 O3 BT EFH L7 b 00, apoA-l mMRNA E(Zxtd % FCE D2 L 720> - 7= (Fig.
4.12), ZNHDOFERD S, CYPTAL BIS T DFRBLATFHES DD A J1 = X LBNFET D ATREMED
EZbNT, FORED, EHITHD A I = XL E2BEFTTHHLERD D,

AEICBWT, FCEIXa L AT u— MR T ERZ R T 226N LT, £o, ZDOA T =
ALELTFCEHIZEEND WL DD AT v —/VIC LD a3 L AT v — VIR OFEHTHE
DHIEH T MDD LD 3 AT m— Lkl JOELAEOMRE S E 2 bz, o, =
L AT 10— /)LD EE~D BALRHHNE CYPTAL OFFEEZ N L CWD EEZ b,
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5 2 8

AL IO EESB L OSEEY R 7 BESPNEENE 2 VAT o —/ VL EE
FNTy MIRIETE

421 ¥=

KEHL1HICBWNT, FCERma L AT o —LAZERSELT v MIX L, a L zxTo
— K TERZ74 2 25 Lz (Table4.1.2), £7- FCE ® = L 27 o — UK FERADIE
A=A L E LT, #EPAOFPERT 1 —/L R ORI O PRt O BN K OTIEO CYPTAL &
G+ DFRBURIED FTREM: 27~ L 7= (Table 4.1.3, Fig. 4.1.2), L2>L72A 5, FCEDa L A5 m—/b
ETERICOWTHBTE S0 ORFEICITE > TH72RL,

HEIFW < O DM AT 0 — VL RBRADOAT v — 2 G0 2 L RHESHLTND
(Iritani et al., 1979b; Kritchevsky et al., 1967; Vahouny et al., 1981), Z L6 D AT m— /LFHEIZB W
Ta L AT —ARIREZHETHZENRABILTWS (Iritani et al., 1979b; Vahouny et al.,
1981; Sugano et al., 1976; Uchida et al., 1984; Plsoch et al., 2006), 1z C. AR (1976b) 1L, ¥~
PP Ioalb AT — /UK TERR, 2 VAT v —VIRINEZ HE S DM AT v —/ 2k
DAREMEZ R L TV D, L2 L2 s, BIfli TR Lz L 22, o AT e—roDa L 27
a1 — VK TEIC BT 2P JE DR R & Bl S % & FCE O = L 2T i — UK FER 233 25 0
(R AT 0 — W E EN TV o7 (Table2.4), 62, fERAA =X LTHAE
MAT B =T TS E T 5 2 LSRR o To, Fexld, FCE IZFEF~DRTHERHE
MEAEHE L, £72 CYPTAL BIn ORI AZ(EETHZ L AW LT LTS (Table 4.1.3, Fig.
41.2), L2L723 o i) AT v —) ) VIFNAyTHEEERIE IS X O CYPTAL BT DOFBUITEE L 2k
L &N T3 (Uchida et al., 1984; Plosch et al., 2006),

Fo. ABRD (1980) X, Y~ MU OFMEER 2 L AT o — UK TFEREZRT 2 & bR
LTWb, 2O~ bV IHOHHERE O 2 U AT 71— UK FERZ R T BRIV TR
fafifgAEE (PUFA) O RJREMEZ 7R LT % (Iritani etal., 1980), L2> L7273 5 PUFA OfER A =
R IIARHAE B2, Morise 5 (2004) 13N A X —IZBWT PUFA %24 < e fiUf i
BAFIENIIE & e L C CYPTALTEE B L OB F RIS LA SEL Z 2 WE L T D, — 5T,
De Schrijver & (1992) 17 » FIZHWT n-3 5% PUFA O\ AR, FIER & bl L CHEf~
DOHFPEAT B =)L OYE IS E L b OO0, RyHRIEIICITRBE L 2N 2 L 2R LTV D,
S 51T, Hestmark & (1989) 1%, kEx ZRIEENERA~OHMERT v —)L & B ~O PRI 1
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TR AR LTCRE R, PUFA IR B A RITIRNWZ L2 WA LT D, Fiil, 2L AT r—
IR TERIZOWT, FCE F1OIRE R OV TRBZ S 2 0,

FCE lZHlfy, # L/ B u2 %< &G TND (Table 2.2), RERET DX /R EOE & &I,
AL AT r—LRFOEERERD 1 OTHD, W ONOHEWN ORIz R 7 Eide
B LOERBICENTa L AT e — R TEHEZRTZ E0NME SN TS (Roy &
Schneeman, 1981; Tanaka et al., 1984; Kayashita et al., 1997; Wong et al., 1998; Higaki et al., 2006), 72,
REFZ N I7EDaL AT —/METFERIZR<H 51TV % (Roy & Schneeman, 1981; Tanaka
et al., 1984; Wong et al., 1998; Higaki et al., 2006), L/ L7Z2R 5, # /37 EOH KDY T 5 H>
YT 5 HNEEETIL/2 VY (Oda, 2006), Higaki & (2006) 1&, KE&Z /™7 BHITBOKMET 2/
W3 %< . MRIHEE L BUKFE G T2 Z L &R LTV D, ZOXIITFCE # v /37 BHITREH 3
I ELFREEREAA N = AL Ta L AT u— UK FERZRTAREELEZ b5,

AWFZECBNTIE, FCE D= L AT i — /UK FERIZOWT, EEHRRS THHIEERB LT
GHEZ R EES D EL B a L AT a— UK NMEREZ R T ONRET AT o7,
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4.2.2. EBFIE

4.2.2.1. FCE [EEE /385 o 37 BHE 5y DFARE X OS2

FCE 1%, 5 2 % (2.2.1. FCE DI L O 7o) ICFLsk D FiE T L7z, # A4 V93
(C. fluminea) % 7%& LB O S AEE 20 H L7-, WEEZMEL, WEEHO 2 &0k E L
2 REANEEFPRh Y U721, 80 A w3 = YA CTlie L7z, TRk Z Egsici L, FCE 21587,

FCE Z 5f5BD 7 nnak/Lh 0 A X /) —)b (2:1,viv) T—BeEHH U, 388 Lz, HioskE
WZIRBRDEBE 2 N2 IS, B L7, Zaadkih A% ) — i aE o —2 ) —xT /3R
L— & —% T 40°CLL T Cigfs - #2[E L FCE IR M5y % #37-, FCE lRE M/ DILHEIX, FCE
D 18% T o 7=, FCE IR 5y D ARMAEERLAI XK 53 KP4 S HE MRS S B S0 B g P~ 2
FELT-, JBEE S Z AT L AT L LT, GCIMS IZTHtr Lz, NU a¥ ) gz NEFERE L
L CHW, E724MRIEYE & L Spelco® 37 FAME mix (Cat. N0.47885-U, Sigma-Aldrich, Inc.) % fii
L7,

FCEZZunuh/Lbh i AX ) — )V T Lo %O % SR CR Lo, L7 REx 415
O 8mM FEET N U U AEEER (pH 4.8) ITHRE LTz, ERRKIEMTH L 7Y a—7 w0k
T 5720 . B-7 27— (EC3.2.1.2, 723 nkat/mg, type 11-B, from barley; Sigma-Aldrich, Inc., St Louis,
MO, USA) Z gk : FUE SN 1:1000 72D K92z, S| T2 A v F 2 X—v 3
L7z, 1547 Wb L7-Kigrh TN L TR & RIE S8 72, S|iE TS £ L7k, -20CI2mAD
L7 hog 3Rz, —Bi-20C CHUB L Cair 72 Th S8 7o, TR 2 i U S=iR C R
L. FCE 53l » v /37 Eli5y #4572, FCE 7B % o /37 Bl Gy DI, FCE O 7T1% T -7,
FCE /yfit % > R BOME v X7 B o r V24— BT LT,

4.2.2.2. REREY)

4 Fln o> Wistar REEM T » M A2 B AT 2L —) (F#R) L OBEA L7, iR 23£1C, 12
R OBREY A 7 VOBPEFEE T, 1ILTDOAT U LAy — VI AT Uiz, fAE SR,
fAlEkdS K OVKIEKIZE BB E Lz, BIRGY 71k, Bifi4 20:00-8:00, Wfii4 8:00-20:00 &
L7ce AREMWFHIZESL K FIEAKRIY KPS TENLRFE AR RFEB EFHE RO KK
FERWFRT B R OERE G TT 272,

B S ® 57200 s & L ChilkEREE (5L37 : HA= 2 /Lo —() T3 HIH. 20%
NEA L BEOFAHEE T4 AT Lo RICRBRICH L7z, 1HE6ILOSHEE Lz, HBiE%
Table 4.2.1 (2R L7z, JEARRRET 20% 0 BA o &IT L Uiz, IREET 20% 0 A &2 0.5% = L
AT =)L 0.25% T — /R N U AERMLIZEa VAT —/L& L Lz, FCE BEOfEHZ
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WAL AT —LRIZ, XFURNTEREETFCE E 258512z, hEA v, 77— K, v akk
TEXMZ 2, 2, IFEBES B L OB 87 BlisrE, IR S FCE BEOfEHIE £ 5
ZNENOREE S5 L OV BEY 37 By B E R T2 5 £ 5 ICERI~ DR E 2 RE Lz,
ETCOEEHNEY VBB I OIREEBF TSRS KoL,

RO G544 14 HH O 6:00 2~ 5 4 FEfEAGEA L7z, 10:00 KV WrEEIZ L 0 £l L7, T
B RO A Sz, ITIRIEE BICHHE LT, o & CHmsiReE Lz, £z, BRERE DR
%o 3 AMICEA BRI LT,

Table 4.2.1 Compositions of each diet for the animal experiment regarded with the cholesterol-lowering effect of
freshwater clam extract (FCE), fat fraction of FCE or FCE protein isolate fraction in rats fed a high-cholestreol
diet.

High-cholesterol diet

Cholesterol _ _
g/kg

Casein 200.0 200.0 — 200.0 38.8
Sucrose 645.0 637.5 598.5 637.5 591.7
Corn oil 10.0 10.0 10.0 10.0 10.0
Lard 100.0 100.0 475 475 100.0
AIN-93G mineral mixture 35.0 35.0 35.0 35.0 35.0
AIN-93 vitamin mixture 10.0 10.0 10.0 10.0 10.0
Cholesterol — 5.0 5.0 5.0 5.0
Sodium cholate — 25 25 25 25
FCE — — 291.5 — —

Fat fraction of FCE — — — 52.5 —

FCE protein isolate fraction — — — — 207.0

4.2.2.3. HEALZ2oHT

PRI, MR & SR 30 Zr Rl e L 7=, =00 (1,500Xg, 10 73f) 925 2 &2 k- Tl
Eaf3lz, MiEH AST, ALT, ALP &M, EEE YV L e RN, oL x7e—nL U »
NEE. WG, 77 A FrzdiliFy b (T4 IF—ASTI, 7% IF—ALTIl, 7%
I F—ALP, (TRTHMAT 4 v 27 AM). 47 b LQ-BIL (ZZE(LF AT 1+ = Z(#K). TG-EN
A A (BA A T-CHO 1A 7 A (A /7 AMK), UV VIRE-C 7 A MU 22— (FIYeHiZEiR).
NEFAFRIEB (3 A A v 7 AEBEMR).~ T AT v b T 5 4 RF3 7 F 2 ELISA & v b (KREFERIKIR))
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ZMWTHIE L7z, LDL 2L AT u—/Wd, MiFE7 Ha— 27 )VEKKEI THm L, £ 0%,
FEFRVEIC K » CTYuta L CHIIE L7z,

JIFigAEZ 1% Folch & 5% (1957) (2 L 0 il L7-% ., EEE THRIEE &2 WE Uiz, T
JeWG, v 27 e—n U UIREIRMERERRICT RO F v »THIE L7z,

#hAT o — UL, R EE | RS E 2 LR T v —L 38 KOV EE O 434 12
720 HPEAT 1 —/ L1 Delaney & D5 (2003) (2L 04 L. TMS AL L7, WEBIEHE L L T 5a-
AL RAZERWE, TMSAL L7z 7 /L% GCIMS (GC6890/5973MSD, 7' L' k- 77 /1
U—R) 12X o THMT LTz, GCIMS O SAHITLL T D@ Y Th b, A ¥ =7 XS :300°C,
F 4T ZIRE 0 230°C, BT A 30mX0.25mmHP-5ms (7L k- T 7 uY—), BT L
IR : 245°CC 2 p[EIfRFE, £ D% 300°C % T 2°Cl1oy CHIR S W7z, JHyHERIL, Sheltawy 35 L Y
Lowsky @51k (1975) IC X VEERIETHIE L, UV ha— e iZuEl LT\, /-, #£Fo
BUKMEWEICH G LT D Iy ERE B JE L7, 34 5mM U U BRERETK (pH 7.4) T 2 [AHh L
Ttk FREAE T5% X ) — )L CTHItE L7z, 75% T & J — LG &7 IR & R AR IS SR 1A
WCEDHE L, BUKMEMERSBITERE Lz,

il CYP7AL, ATP-binding cassette (ABC) G5 33 L UV apoE mRNA &% / —H% 7 1 v MET
HIE L7z, Chomczynski 35 X O Sacchi ™ 575 (1987) CTHFiE+ RNA ZfhH L, 20ug @ RNA %/
—H 7 ay MEIZE D00V Z, Megaprime DNA XY > 7V 27 A (T~ L) T
Z > K CYPTALl, 7 v b ABCG5, B LU~ 7 X apoE @ cDNA ik L. "M 7V XA EB— 37
VEATWV, A A= T T A% — (BAS 2000, & 17 1 /L AW EHWTHIE L2, apoE mRNA
HILZOWET NV TITEL LN T 30> Tvd (Odaetal., 1995; Yoshida et al., 1996), %+
D7-% apo E MRNA % PNIEEAE L LT HW =,

4.2.2.4. WEHENT

— TR E D BTEE AW THEEZEN R LN 5E1Z, Duncan (1955) O EATIC X 0 BER
DHBEMREZITo 12,
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4.2.3. &R

FCE f5'& 5> DA NIEAHH AL % Table 4.2.2 (27~ L 7=, FCE fRE M7y D EE /2 fGIRIZ VI T
f2 (16:0) ToH V. FCE iEEH 4y 100g H1Z 18.2%&H F N Tz, 77— K, =—il, filE Dkt
WaEI ol SMEAREFEIERIL, DieioTc, FCE /iy v /30 Elisy D2 730
EIX70.7% TH -7,

Table 4.2.2 Fatty acids compositon of in the fat fraction of freshwater clam extract (FCE), lard, corn oil and fish
oil.

Fat fraction of FCE! Lard? Corn oil® Fish oil®
(g/100g)
Fatty acid

Cl14:0 L5 1.9 5.0
Cl4:1 03 0.1
C15:0 0.3 0.4
C15:1 0.1

C16:0 182 253 10.5 19.5
Cl6:1 6.3 35 6.0
Cl16:2 0.8
Cl6:4 0.8
C17:0 13 0.5 1.1
C17:1 1.2 0.4

C18:0 39 115 2.0 45
C18:1(n-9) 24 40.5 325 16.0
C18:1(n-7) 2.8
C18:2(n-6) 0.9 93 473 20.5
C183(n-3) 1.7 0.7 1.4 25
C18:4(n-3) 1.9
C20:0 0.5 0.2

C20:1(n-9) 0.5 0.6 0.9
C20:4(n-6) 0.6 0.3 0.4
C20:5(n-3) 9.0
C22:5(n-3) 1.0
C22:6(n-3) 0.7 6.0
C24:1(n-9) 0.4

PUFASs 43 10.3 48.7 429
MUFASs 104 454 32.5 25.8

! Fatty acids in fat fracion of FCE were analyzed by GC/MS. Quantification of each sterols were calculated by ratio of
the peak area of each fatty acid to that of internal standard (tricosanoic acid). Spelco® 37 FAME mix (Cat.
No0.47885-U, Sigma-Aldrich, Inc.) was used as external standard.

2The data concerning lard and corn oil were quoted from the Standard Tables of Food Composition in Japan, 4th
ed.(1982).

3 The data concerning fish oil was published in De Schrijver et al. (1992).

7 v FOPIRTE, RARE, SPEHERCE., FPlEds L OVENMERRE B4 Table 4.2.3 (R L7z, #&K
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FIL 5 BER CAET A b e o7z, Lo LEEHEEUE T FCE BRI CTxfIRBRIC Lb A~ B
L7, IFlgERIL, AR LKL T, ma L AT o — LB THIABECAEICHMEEZ T
72 FCE B KL OVIBES o/} 7 Bl RE L, e BRRE & Hl L CH BRI Z 7R L7228, IR 5y
BRI, SIRRBEL EN R DR h o7, BISEIEFRIBNHER I AR L i L ¢, HIBETAHE
AR Z R LT, 72, BEPEIEVMLRERS KO AR C I, FARRE & I REECE
biviemolo, FCE BER KO Dy HE (IFEE Sy, /085 o /37 Bl 5y) Tlrdoe BRE L 203 7 5
nighnoiz,

ARHEH OIS L R B EEE U AL E VB I OVALP (2o T Table 423 1IZ/R L7z, BEfEE Y L E
YBIOALP IZRWNT, SEAREE L il U T CAHRICEMEZ R LIz, L2 L. FCE B, Jii
W3 RER L OB S o X7 BHEDEECE O CIE, S REE & ik L CAEICREZ R LTz,
FFBEEE DFRIE & 72 % i AST KOV ALT % Table 4.2.3 (Z/R L7z, AST X5 B CAn2h -T2
3. ALT [3HEARRE L I U, BN THRICSEL R LIz, FCERRB L UDHEtY 378

Ty BEI IR RE & el L CAHBE AN R 1228, IFEE ORI A E ISR 2 R~ Lz,
MEREE (PHEENG. e L AT m— L LDL = L AT u—/b, U UEE ., WWHENETIE) % Table
42.312R Uz, MG PEREIG XA RRE & bl UsHREE CA B ISR 2 /8 L7o, FCE Btk L OV

Oy CITARRRE & e L. ARICEEZ R LT22S, BES o /37 Bl ) Clxt BREE L 203 R 5
Niehoi-, MiERa L AFa—/L, LDL 2 LA Fa—/IL, U Uf8EE L OSSR T AR
BEL LR U, BB CHEICEMZ R L, L L FCE B, IREMEI SRR L OVl > 87 Bl
SIRETTIR, AR & i LA BRI EZ R LT,

MIET 7 4 A7 F PRI, AR L ik U IR A BICIRE A 7R L7z, FCE #ECldxt
FETE & el LA IS S A R Loy, IR HEdS KOVl & o X 7 B 43 T C ok FRRE & e
LENR LN T (Table 4.2.3),

JHIRAEE (elRE. TR, 2 V2T m—n U UEHE) % Table 4.2.3 127 L7z, ATHEHIEHE.
HYERERG, 2L AT B — T EARRRE L L, R CHERICEEEZ R Lz, IFBRIEE.
PERSRGIZ, FCE BEd K OMEE M43 K OB » /7 i 4y THRIFRIE & ol LA B IREZ R L
2o BFliE = L 27 1 —/ U3 FCE Ffds & OME BB 40 HE Tk R & Pble LA I ARIE 2 7R L7223, 29
BiE 2 o /X ISy BE IR IR & Lol UIRE A R B8 8 2 b O OF BN R o72, U VIR
BITHEARRRE & RRERIC 22N e < FokIREE L FCE B K ONREBE I BES » /37 B BiSy
HEENRN-T,
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Table 4.2.3 Effect of freshwater clam extract (FCE), fat fraction of FCE or FCE protein isolate fraction on food
intake, body weight, relative organ weight, serum parameter and hepatic lipids in rats fed a high-cholesterol
diet for 14 days*

High-cholesterol diet

Cholesterol free diet FCE protein
Control FCE? Fat fraction of FCE? .,
isolate fraction
Initial body weight (g) 108 * 2 108 * 2 108 * 2 108 * 2 108 * 2
Final body weight (g) 176 + 4 178 + 4 184 + 4 176 + 3 183 + 3
Food intake (g for 14 days) 185 + 3 187 + 5° 207 + 4 185 + 2 201 + 5%
Relative organ weights (g/100g of body weight)
Liver 434 + 0.07° 518 + 0.08° 478 + 0.05° 5.07 + 0.05° 484 + 0.07°
Adipose tissue
Epididymal 192 + 0.09° 1.31 + 0.08° 151 #* 0.09° 146 + 0.08° 1.35 + 0.08°
Perirenal 0.13 + 0.01 0.14 + 0.01 012 + 0.01 0.14 + 0.01 011 * 0.01
Abdominal 129 + 0.07° 101 + 0.10% 112 + 0.08% 0.86 + 0.10° 0.99 * 0.10°
Serum
Direct bilirubin (mg/dL ) 0.01 * 0.00° 0.02 * 0.00° 0.01 * 0.00° 0.01 * 0.00° 0.01 * 0.00°
AST (IU/L) 186 + 13 199 + 12 231 + 21 220 + 13 236 + 22
ALT (IU/L) 55.7 + 4.9° 793 + 8.0° 67.5 + 6.5% 585 * 3.5° 700 + 6.2%
ALP (IU/L) 1435 + 41° 2323 + 79° 1566 + 47° 1667 + 66° 1885 + 58°
Triacylglycerol (mg/dL) 51.7 + 4.8° 173 + 1.9° 46.2 + 10.5° 477 + 12.6° 132 + 1.9°
Total cholesterol (mg/dL) 933 * 47° 447 + 36° 107 + 4 145 + 7° 273 + 25°
LDL-cholesterol (mg/dL ) 125 + 0.8 350 + 30° 540 + 38% 82.7 + 56° 203 + 21°
Phospholipids (mg/dL) 167 + 6 189 + 11° 122 =+ 2 139 =+ 6° 146 + 6°
Free fatty acid (mEq/L) 0.99 + 0.03% 144 + 0.05° 0.99 + 0.05% 1.17 + 0.05° 117 + 0.07°
Adiponectin (mg/L) 299  012° 259  0.08° 374 007 252 012 212 011
Liver
Total lipids (mg/g liver) 819 * 6.8° 173 + 5° 126 + 2° 114 + #° 156+ £
Triacylglycerol (mg/g liver) 293 * 3.4° 528 + 5.7° 310 + 1.7 30.1 + 1L.0° 428+ 27°
Cholesterol (mg/g liver) 408 + 0.19° 219 + 2.0° 144 * 0.7 152 + 0.7° 188+ 11°
Phospholipids (mg/g liver) 243 + 0.3° 26.1+ 1.0% 259 + 4% 26.6 + 0.6° 243+ 08

1 Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan’s maltiple-range test. Mean values within a column
with different superscript letters (a,b,c,d) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

RERIE T RT3 HOEDO YRR & #h 25 10— L% Table 4.2.4 (TR L7z, Rz E 306
WL AR CHEEDN R LN o7z, FCEBE, TEEHE DR L OVHEY 37 Bl #ET
P HRRE & el U CAHBICHEM U7z, MBI L AT 2 — VORI X 0 FEARRRE L Il LT
HE AT 1 — L O IR A~O YRR EITHIN L7z, FCE BER L ONREE /S BEOHE~D FE R T
n—/LEiE (2L AT e—), ayaxy ) —ArBlNara Ry ) o OAF) TR S T

LT, 6Tl
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Table 4.2.4 Effect of freshwater clam extract (FCE), fat fraction of FCE or FCE protein isolate fraction on fecal
dry weight, nutral sterol and bile acids in rats fed a high-cholesterol diet for 14 days*

High-cholesterol diet

Cholesterol free diet FCE protein
Control FCE? Fat fraction of FCE? .,
isolate fraction
Fecal dry weight (g/3 d) 0.94 * 0.07° 0.94 * 0.08° 37 +0.1° 16 + 0.0° 27 +0.1°
Cholesterol (umol/3 d) 4.80 £ 0.96" 729 + 11.5° 381 + 24° 302  16° 13 + 7°
Coprostanol (umol/3 d) 216 + 1.5 123 + 1.2° 1.29 + 0.87° 461 + 1.84° 0.09 + 0.04°
Coprostanone (umol/3 d) 0.84 + 0.10" 0.73 £ 0.16" 2.99 + 1.98" 105 * 4.0° 0.71 £ 048"
Total neutral sterols® (umol/3 d) 27.3 + 2.0° 859 + 11.4° 386 + 26° 317 + 18 14 + 7
Total bile acids (umol/3 d) 204 + 3.4° 154 + 12° 325 + 20° 287 £ 10° 282 £ 7°

Bile acids binding to

hydrophobic substance*
(umol/3 d) 11.9 + 2.0° 89.3 + 7.7° 134 + 16° 114 + 8" 99 + 10.5°

1 Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan's maltiple-range test. Mean values within a column
with different superscript letters (a,b,c) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

3 Total neutral sterols = cholesterol + coprostanol + coprostanone.

BEAOHWAT v —VPilkE (T AT =, D RATa—)V AT 4T AT H—
NBLUB-v AT o —LBEDOEE) bE7-, FCE BB L OUEEE SR TRt L i L CTHE
[ZHEIN L7- (Table 4.2.5), L2>L72i3 s, JpBfEs Xy BB NTHEP PR T 71— /L3 L OEY
AT 10— )L DERA~OPE R L 2o 72 (Table 4.2.4 3 XY 4.2.5), ABfg D3~ D Pk
B, ARSI LB CHEICHIN L7z (Table 4.2.4), FCE £, JRE B/ L OV
B 5 /Ry Gy BECRTIREE & bl U C R B e P S XA SN L7e, FCE ICE £ 58
KB IE R AE S L TV 2 BN E G 272 D10 A2 37U EREETIR TUd L7k,
P& 5%~ % / — /L CHiH L, 75% =% / — )L Chill SNy EEE A JIE L, P BUKEY
RS A AT EE R L Lo, FCE BETIE, xfHHE & bk U CEPBUKMEDER G IR B ES A EICH
MU7z, UL L3 s, IREESHER KOGBEY 87 BT, xHREEL ik L TR ER
ZZM L B o T2 (Table 4.2.4),

fiFliE& CYP7AL mRNA £ & ABCG5 mRNA % Fig. 4.2.1 (28 L7z, 2 L AT a—/Lnb R HEE
~ORFHTIIT 5 HEEE#% TH D CYPTAL O mRNA 13 FCE #f. JEEEi#Es L OV~ o8
7 W REZIVN T, KRR & bl L CHREICHEMN L7s (Fig. 4.2.1), £7-. ABCG5 [TEIZ/Th#
LIRS CHREL L, FFE DI~ L 2T — AR BV CEE AR A R LTS, I
igi ABCG5 > mRNA BTk HFE CHARRE L I LU CHRICHIN L7z, S 512, FCE#E. NEEME
ORERS KOV & X 7 G Sy B CIEo FRAE & bl L CA RIS ABCGS mRNA &3 L 7= (Fig.
4.2.1),
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Table 4.2.5 Effect of freshwater clam extract (FCE), fat fraction of FCE or FCE protein isolate fraction on fecal
dry weight, nutral sterol and bile acids in rats fed a high-cholesterol diet for 14 days*
High-cholesterol diet

Cholesterol free diet FCE protein
Control FCE? Fat fraction of FCE®> o,
isolate fraction
Brassicasterol (umol/3 d) o 0 31.00 + 2.1° 237 + 1.1° 0
Campesterol (umol/3 d) 0.30 + 0.11° 0.83 + 0.13° 489 + 3.8° 385 + 2.4° 1.01 + 0.11°
Stigmasterol (umol/3 d) 0 0 241 + 1.9° 189 + 1.1° 0
B-sitosterol (umol/3 d) 0.490 + 0.13* 2.690 + 0.61° 19.90 + 1.7° 17.70 + 1.2° 2.08 + 0.11°
Total phytosterols® (umol/3 d) 0.780 + 0.22° 3520 + 0.74" 1240 + & 98.8 + 5.8° 31 + 021°

+
1 Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan's maltiple-range test. Mean values within a column
with different superscript letters (a,b,c) are significantly different (p < 0.05).
2 FCE:Freshwater clam extract
3 Total pytosterols = brassicasterol + campesterol + stigmasterol + -sitosterol.

A CYP7A1 mRNA
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B ABCG5 mRNA
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High-cholesterol diet
Figure 4.2.1 Effect of freshwater clam extract (FCE), fat fraction of FCE or FCE protein isolate fraction on
hepatic (A)CYP7Al and (B)ABCG5 mRNA in rats fed a high-cholesterol diet for 14 days*
Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan's maltiple-range test. In each graph, different letters (a,b,c)
indicate statistically significant differences (p < 0.05). FCE:Freshwater clam extract
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424 EE

HIfiC BT, AT FCE RN E AL AT o — A BRI > THE SN E 2 L AT 1 —/VILEE
TNTy MIxtL, a b A7 — KR TEREZRTZ LA LM LT (Table 4.1.2), FCE =
L 27 m— /R TEMIL, #Eh~o P25 o —/Lk LOREHERYEIEEE (Table 4.1.3), E7-AT
& CYPTAL &5 T DFBUEHEZ I LTV D A = X ADA[FEMENRE S v (Fig. 41.2), L)L
BN, TDOA VAT H—/UKFEMZ, FCEFTD LD L DRI K> TR I SN DD
TH LN E 22> TRV, AFICEBWTIEL, FCE O EEREE Y THHIFEL LY v 7 I
EHEHLT, ZOIREBES EIT0BEY VX7 BN a L AT v — UK TEREZRTNE > g
FHaALATR—LRBICL > THE LmalL AT e — VIJEET VT v hEHWTHREF Lz, &
DOFER, TEE W LODRBEY X7 Elisy & b2, AEICMER JONF#= L AT v — LA
KT &7 (Table4.2.3), F7=. IREMIS DS HRoaEES 37 Blisy LDV L AT 2 —/1
KTFERZRTZEBH LN RoT,

Iritani 5133 Y 2 FICEEN DM AT 10— /VE L OSAMAREFfEIIER S 2 L AT 1 — VKT
YER Z 7~ 3 Al REME &2 7”2 LT % (Iritani et al., 1979b; Iritani et al., 1980), Sugano © (1976) (/& =
LATO— LB CHFEENIEI VAT o — VIIJEET VT v hZ2HWT, AT a—
DAL AT v — UK TERA OB GEEFIEIC O THREZ1T-> TV 5, ZOREE, 0.1%FHY =
TR+ 1% I LV AT B AR TIE P AT e — L a2 EE RN 1% L AT r— /LR LMEa L
AT — ) VREICEEED ORI LRI TS (Sugano etal., 1976), FCE REd L OVE
R BEOFIEHT G F D FCE HROBAEM AT 1 — L &lE 0.04%LL FCTdh -7 (Table 2.4), %
DIz AEIOWFEZ BV THWZ FCE HOfEM AT v — /L BT, FCE DA L AT 1 —/LVIKTF
TEROMRORTEBAT 51210 Tidien e Bbhiz, E7-. FCE F1 DAl fafufl i &
I, T RFEHBRLTHERBETHY . Eoa— il X VRV EZ R L. (Table4.2.2),
5, FCE @2 L AT u— UK FER 2 A 7 a— /L & SR fafufig g cilil+ 28546, »
KOOI T ARENC BT D 2EHRER L T JET DR REN TS Jia b (2007) 1%
NEAZ—=IZBNTa AT e — & EERWEEE iR LT, 0.25% = L 27 1 — /LRI
ABCGh B DR B 2t L, — 5T, ma VAT o —/LE+I%EY A T 0 —/ /L& TI3ATR
ABCG5 BT ORBMEME S NN Z AR L TWD, &R T LI, ZMAREFIARNEE DT
i ABCG5 7213 G8 IS I RIEFTREAMET L2 b DITIT L A LR LN, S HIT, AT

IZBWTHEM A 7 1 — Lo AT RN B FIAB R X3 ~ D B BRI i 2Rt L7 2 L R &
FU T % (Uchida et al., 1984; PlIsoch et al., 2006; De Schrijver et al., 1992; Hgstmark et al., 1989), il
B, WA T v— I KOS EafENERIE. FCE Dt 2 7 v —/ L ds K ORI ER Rt
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EERIZBOTHLIIER LT A LA TR B2 bz, U bEoZ &b, FCEIZIE
) AT 1 — v O GaFfE R LA iR = L 2 7 1 — UK NER 2 R LA D F(E
AN <V W

ARFEF 3 HCREMIEIR 2 A3 FCE IR /y % TLC 7' L— h RICET 25 L~ e LB g
ENDHZENS1D (Fig. 4.3.1), Maoka & (2005) (332 2 b EROBH A 0T 7 4 ROTF
FEEHE LTS, £7-, Maoka & (2005) 133 VI FOEEARI T ) A RTHDHLTA VI,
PUIOHPICEEND ZEBRLTWD, KEIZBWTIE, FCEHhDA v T /A RRZ OO
NEEEMEAL SN ED K 9 727 TH DT DN TORFHIIT - TV WA, JREmEICE END
KINDONREEMHEALE D O FREMENRE 2 b,

Ikeda 5 (2009) 1L KE. % > /7 B3 ATl ABCG5 3 LY G8 BRI ZeE L, Ay~
a L AT u— LA RET B 23, FHA~OHFERT v — LHRIN T 2 KT S 2 2 & &R
LCW5, FCE 5B » R 7 El43 kB0 Th, lkeda © (2009) O [FIERIZ, ABCGS #fn 1
DFBAFEST L5 OO, Fh PR T v — L& 38 % KT S 72> 72 (Fig. 4.2.1, Table
4.2.4), Higaki © (2006) IZARHEEN KRG X L7 BEHOLTF Rz, A LT, #EhF~JEItSh
TV A AREMEZ /R L T 5, FCE BER X NV D4 BfE & L /X 7 BB 350 C L FE DO PEIEE )Y
KERRRE & bl L CH RSN LT (Table 4.2.4), Z O Z &%, FCE DN¥EHE(LMESY XV E A2 G A
TWOHEEMAZRLTWD, L LRRD, i X7 SO T v FOdiit L&k
B BKMEMEICAE S LT DB R IXIIN L 72 v> 7= (Table 4.2.4), FCE |2 X - Tl
CYP7AL i3 BLHEdE X /=28, farnesoid X receptor (FXR) %71 L 7= CYP7TAL O DL A
1T D SHP BIE T OIBUIIXFEE KT X 72 - 7= (Luetal., 2000; Goodwin et al., 2000) (Fig.
4.12), Thilg, T ORERNG SHEEY o8y BN E D BUKYERE S P~ O R 2
PEEOMEERCIE 2 L AT 0 — ME FI/ERA L T b L idE 2 onidoiz, — 5T, XXy
Bo7 2 BRI, 2L AT s — U REHcB W TEE e &kE 2 72 LT\ 2 (Oda, 2006), FCE
To7 ) o RmITAEA LR L TR 2355 ENTEY . FEM7 I/ BEEIIFCE &
BA BN TER - T (Table2.3), 77U 0w 7T 2 /BRI, @3 L AT a—/L&I|Z

THEINLIEALVAT R —/VIEET VT v MZBW T L AT e — L L~ UL AT &
W52 ENME STV D (Sugiyama et al., 1985; Oda, 2006), L7>L72235 ., Fx X FCE D #
YNTENEDL DI L AT o — /R TIER Z RSO BNIT 5 2 L IFHBRTW 22U,
FCEH DT X /BRI DO ABERERTF R a L A7 v — /UK FEHZ R LTV 5 AlgelE
HLEZDBND,

AENZIBWT, Fex 13 FCE IREBE DB L Ot N7 HBE A2 VAT n—/WE ER 24
THIEEHLMNIC LIz, M T AREITHLNIZFERD S FCEIZA X R v 7 v Fr—A,
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PR 36 KX OB L Ch A MRz R 2 md rlRetE A R S iz, FCE IREMIC L - T
HTREE DR Td 5 ME ALT FEPEDIIH] S iv7z, B8R OEE TH 2 MFEEE ) L e B X
ALP IEPEIEE 2 L AT B — L ZIZ K - T B L7223 FCE DIREEH 512 X - T EA-B Il & 4
Too AZRY w7 Fu—AF, BICHKRT DR THY . —RIIZA R Y ARG L 18
PERY 72 M AEHFEERR AR L~ v D EFJ 2D Z LR T 5 (Lametal., 2002), AFiiZFW T,
FCE 3 KL OMRE M5y, BEY o 7 By 2B R LT v MW CIEERENRIEE L~ 3K
T45ZL%R L (Table4.2.3), S5HI2, FCEICL » TMIFET 74 KRR 7 Fo Ui BFH L
7= (Table 4.2.3), ZNOHDOFEEIT. FCE XA X RY v 7 v R — AR EEERIC LA
BREATHZ EERBL TN D,

AENCIN T, FCE JFEE /Y KOS v 7 Bl ik a L AT a— WK FERZ R+ 2 &
W BINE o Tz, NEE W & rBES X Bl DIREWM T % FCE 1%, VW a L AT m—/L
KTERZR Lz, S5, FCE @=L AT n—/VK FEHIE, ABCGS 3 LU CYPTAL Diffx
FHREOEEBZ I L TNWDZENRHLNE ST, LOLAENRL, —HTIDDBE ORI
MFCEBLOLDOMFIZL AT, EQOLIITHIEIS N TVD DLWV I EFIEA S L 72> T
20, TR, 2 L AT 1 — LR & LT B0 < 9230 microRNA 23S ST % (Esau et
al., 2006; Takagi et al., 2010), Z D 7= #RE[K 1D /73H7<° microRNA ~ -1 7 17 L A fi#friL, FCE
R° FCE IR 1B S v XV BN E 2 L AT o — LB EZER LT v MCBWTED LD
AER L TV D00 EHONCT20ICAENTHL L bhd, — 5T, BEh~OFHEZT v —
JvEs K OMEYFREHRI 3 2 FCE IR E 7y & 0l o /37 EH 5y DT R > Tz, Z D7z
D, IND 2OOEGIZEDIER A=A LT, BigoTnd LBbid, BUE, BxlE~A7
a7 LA %47V, FCE IREME 3 L OV » 0 BRIy S E D X 5 IHER LTV 5 OO
BIToTCWb, EHIZ, FCE REE M lEY v /37 EHl5r X0 i 2 L AT v — /UK FER %
R LTEDT, FCE H O RRE MR Sy Rt IEEEMORIEZIT I 2 ENLEEND,
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%3 E

AEMEI VAT o —VIEET VT v bE2RAWZZ A U oY I MO IREE 4 h OTEME
LB DOTRR

4.3.1. %=

AREBEE2HICBNT, XA UV It (FCE) 13Tl ABCGS5 ¥ L O CYPTAL Eis+%
BobERZNLI-avATra— VKR TEREZRTZ 2o LT (Fig. 4.2.1), £7-. FCE ®
2L AT — VKR TFERIX, TOEERMS ThHIRER GBS L OGREY v X7 EEZIZEL D

CHHKLTNDZ EEZHLNIC LT (Table 42.3), F£7-. FCE OASE M /31X 0 BES L /X7 B
SED bRV L AT e — R TEHEZR LT,

AEITFNTIE, FCE OIRE B DOWINR D R a L AT v — UK TER 2R D0z iR
KT DHZExHME Lz, FCE OIFEE 7%, ITlED ABCGS 3 XU CYPTAL Bin T D¥EH = b
AIEDHTENRPLNITRS>TWD (Fig. 42.1), EHIZ, FCE OIEEM /3L, FH~DOHFHER T
2 —/LB LU RO 222 Z LA 50T > T D (Table 42.4), ABDITY~ b
YIDAL AT a— /MR TEIE, BT AT B — LB L OPUFA ICHRL TWVWD & LT
% (Iritani et al., 1979b; Iritani et al., 1980), L72>L72A 5, Fex D 21 E TOMFZEICHWT, FCE
HEEE 5y D) A7 7 — /L3 LUOVPUFA O & Tt FCE IFEEI D = L AT m— /UK FEM D
BRI A5 2 L IIHIk 7R o 72, A T, FCE FREHIS3Z K 5 CYPTAL BiR T OFEBL EH-R0
F PO YR OIRER FAZ SV TIE, R T 1 — /LR PUFA OAFETITHRMHT 2 2 L3
Hik72vy, i, FCE ONFE 7y I3 A 7 v —/L=° PUFA DIAMC =2 L 2T v — /U R
HETRTRAN DD ENE2x NS, #E7 v~ N7 F 7 +—TFCE OREHE S Z 5015 &,
k& 72O B EITND T ENRn D, ITH, Maoka & (2005) 1d, ¥ IND 3 FEO I 0
T4 REHEEL, SHICZOFONW ODBHHOIaT /A4 RTHH I LE2HEL TS,

AENZIBWTIE, FCEH D = L AT v —/UR MEMZ R TILEmOREDO—BR & LT, =
VAT e — /R TEM AR LIZFCEDRE I 2> U W SN T T 8 u~ N5 7 4—T9DD
BT T, ERHDEGIZONT, Ty FEHWTa L AT v —/ VR TERZ#BRE L7,
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4.3.2. EBFH:

4.3.2.1. Bt DR

FCE (X, % 2 % (2.2.1. FCE Ol KL Oy o) ([CFEMZfisll L2 FiE Tl Lz, 2 AU
¥R (C.fluminea) & Z8# LBA N S WA Y Uiz, WEIZ L., WEIO 2 fF &
DOAKZ L 2 B InEdE i Lo, 80 A v o = OJEAR Tl L7c, IBiKEEFE L, FCE
%157, FCE JIFEM/yIT5 4 3 55 2 {i(4.2.2.1. FCE 5531558 % o 7 7 B4y OFHlks L
AT ICEEE D HIE TS -, FCE 27 naik/Lh » AKX ) —/L (2:1, vv) THFPHIH L, 8
U 7o, BICTRIEICRER OV I 2 it 68 L7, IBikE v — % ) —Z SR b — & — i -
Hol[E L FCE R M7y 2 1572, FCE ZAHilZ31F 5 FCE JFE Hi5 ORI 25.1% Th - 7=,

HEE % n-~FF AL, WIEE S VA S N T Ao a~ 7T T 0 — (BEIF -
AFHFEETF L ; 10:00:10, 7 B R AR LA K ) —)L ; 10:0—5:5) (2K Y 8 A4 L
72 (H5y 1-8)y n-~FH U RIFEILME 5 9 & Uiz, & TOMmsy 2L izE LT, FCE 2>5 OISR
RO WNRB LRy EHE s o~ N7 T 7 0 —IZ X0 E LR % Fig. 43.1 [TR LTz,

4.3.2.2. EBREY)

4 8D Wistar BHEMET » & B AR ALy — #0) KJOBEA L, =i 23+1C, 12
OB A 7 LV OBPFHABTET, LILTORT VLA — VI ANEE Lz, BB,
falptds JOVKEARIZH MBI E L7z, BIREY A 7 vid, B4 20:00-8:00, iz 8:00-20:00 &
U7co AREWFBRITE N R 715 N RSy KPS CTERLRFE AR RFE EBREUE 206V Ry K
ZEMEBRE R R OEKRES T 12,

AL S 27200 PifdE & L CHlREF L (5137 1 AAR= AL —(#) T4 HE, 20%
NEA L BEOFA RT3 AT Lo RICRBRICH Lz, 1HE6 Lo 11 #f & Lz, a4
Table 4.3.1 |Z7R L7z, FEARBEIL 20% 0 B A o &IZE Lo, MREET 20% 0 B A - &IZ 0.5%= L
AT a—LE 025% T —LEEFT N U LAERIRINLIEEa L AT e—L &L Lz, FCERE®E 5 E
FOEDOYTEy (Fr. 1:9) (3R DRI LT 30%FCE IZ& b BAREHI T — N & E &
ZTHIMUTz, BTOEEHIZ 7 BB X OREENFR CIZ2 2 K oic Lz, MBRREOR 5
4h 14 H H® 6:00 725 4 REfEfEE L7z, 10:00 K 0 WrERIC K 0 Bl U722, A 157, s ZE
LIZHHE LT, T E CHEIRE Lz, £, MBEREOR%ED 3 HRIZ#ARIL 7,

51



FCE
A

|— Extracted with chloroform—methanol (2:1)

Fat fraction Residue

Dissolved in 7 -hexane

Soluble Insoluble

— Separated by a silca gel column
(solvent: n -hexane—ethyl acetate, 10:0 to 0:10, chloroform—methanol, 10:0 to 5:5)

Subfraction 1 Subfraction 2 Subfraction 3 Subfraction 4 Subfraction 5 Subfraction 6 Subfraction 7 Subfraction 8 Subfraction 9
(13.7%) (3.50%) (0.600%) (0.975%) (0.750%) (0.610%) (0.470%) (0.850%) (3.72%)

B C D

Solvent: n-hexane/AcOEt=95:5  Solvent: n-hexane/AcOEt=85:15 Solvent: CHCl;/MeOH=85:15

' Sterol ester . .
' :
Tnacylglycerol S
' Sphingoligld h
|
'0
? s8a0 Siut j 1
2:3.4:5 784% h12345678& 123456789{
Fat subfraction No. Fat subfraction No. Fat subfraction No.

Figure 4.3.1 Preparation scheme and TLC analysis of fat subfraction of freshwater clam extrct (FCE).

FCE was extracted two times with a chloroform-methanol (2:1). (A) The evaporated chloroform—methanol extract was
used as the fat fraction of FCE. The fat fraction was suspended in n-hexane. The soluble part in #-hexane was separated
into eight subfractions (fat subfraction 1-8) by silica gel column chromatography (solvent: n-hexane—ethyl acetate, 10:0
to 0:10, chloroform—methanol, 10:0 to 5:5). The insoluble part was designated as fat subfraction 9. The yields of each
fat subfraction of FCE are shown in parentheses under the fraction names. TLC plates containing fat subfraction1-9
separated by silica gel column chromatography. The developing solvents of each plate were as follows: (B)
n-hexane/ethyl acetate (95:5), (C) n-hexane/ethyl acetate (85:15), or (D) chloroform/methanol (85:15).
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Table 4.3.1 Compositions of each diet for the animal experiment regarded with the cholesterol-lowering effect of
fat sub-fraction of freshwater clam extract (FCE) in rats fed a high-cholestreol diet.
AIN-93G  AIN-93G

Sodium  Experimental

Casein Sucrose Corn ol lard m.ineral viFamin Cholesterol cholate substance
mixture mixture

Cholesterol free diet 200.0 645.0 10.0 100.0 35.0 10.0 — — —

High-cholesterol diet
Control 200.0 637.5 10.0 100.0 35.0 10.0 5.0 2.5 —
Fat fraction 200.0 637.5 10.0 24.6 35.0 10.0 5.0 25 75.4
Fat subfraction 1 200.0 637.5 10.0 59.0 35.0 10.0 5.0 2.5 41.0
Fat subfraction 2 200.0 637.5 10.0 89.5 35.0 10.0 5.0 2.5 10.5
Fat subfraction 3 200.0 637.5 10.0 98.2 35.0 10.0 5.0 25 18
Fat subfraction 4 200.0 637.5 10.0 97.1 35.0 10.0 5.0 2.5 2.9
Fat subfraction 5 200.0 637.5 10.0 97.7 35.0 10.0 5.0 25 2.3
Fat subfraction 6 200.0 637.5 10.0 98.2 35.0 10.0 5.0 25 1.8
Fat subfraction 7 200.0 637.5 10.0 98.6 35.0 10.0 5.0 2.5 14
Fat subfraction 8 200.0 637.5 10.0 97.4 35.0 10.0 5.0 25 2.6
Fat subfraction 9 200.0 637.5 10.0 88.8 35.0 10.0 5.0 2.5 11.2

4.3.2.3. AL

Mm% AST. ALT. ALP. leucine aminopeptidase (LAP, EC 3.4.11.1) &M, FPERRRL, ez L&
Tr—/ U IR, EEEENIE A TR v R CHIE Lz, WEX v ME, 7 ¥ I F—ASTII,
FHIF—ALTI, 7% I F—LAP (T _XTWHMAT 1 v 7 AK)., TG-EN A / A, T-CHO /1A
JA(EBLL LA AM), Y UHRE-CT A R a— (REHEEE), NEFAREB (A A7
A [EBEE) &2 Wz,

JFFIEAEE X Folch & @51k (1957) 12 L 0 i L7-1% ., E&EJE CRIBEEZE L=,
JEMG. 22T a—n, U MREIRMIERERECTRO % > hTHIE LT,
L -# A R ZE R U P R T 0 — L B X OMRHEE O ST AV 2, FiEAT v — i
Delaney & D J5i% (2003) (2L HhiHH L, TMS Ak L7z, WEBIEAEL LT ba-21 L A X & Wz,
TMS 1k L7=% > 7% GCIMS (GC6890/5973MSD, 7 ¥ L > b « 77 J v ¥—() 12L& - THHF
L72. GCIMS DI GAHZLA F DY Th D, A ¥ =7 Z i :300°C. 7 « 7 7 Z I :230°C,
717 2 :30mX0.25mm HP-5ms (7 YL b« 77 J a P —R), BT NIRE : 245°C T 2 4y R,
Z D% 300C £ T 2CHHr CHIR S 72, MRIFERIX, Sheltawy 35 X O Lowsky @ 51k (1975) 128D
BERIECHIE L, U ha— LEREfEYE L LTV,

fHli& > CYP7A1. ABCGS, SHP 3 £ O FXR mRNA #% H|E L7, CYP7Al, ABCGS ¥ X U apoE
mRNA £% / —H% 71y FET, SHP, FXR X N apoE mRNA &% E& Y 7 /L4 A L PCR {4
\ZE D HIE L7, Chomezynski 33 & OF Sacchi @5k (1987) THFfiEH RNA Z i L7z, 20ug @
RNA %/ —H# o 7ay MEEIZY 7 VZ A L PCRIEICL B oHTICHW, /—¥FrTmry b
FEIZEDHMILL T D X 51217 - 72, Megaprime DNA 77X 7V AT A (T~ v L) TF
v k CYP7ALl, 7~ b ABCG5 3 L8~ 7 % apoE @ cDNA ZHEik L, A TV Z A ¥ —a v &
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1TV, A A—=UTF T4 % — (BAS2000, BL7 4 /L AMREZHANTHIELEZ, E&YTALZA L
PCR {£IZ X %5 SHP, FXR mRNA EDHIEILLLFD X 512177, High-capacity cDNA reverse
transcription kit (Applied Biosystems, Inc.) Z M T ¢DNA 7 n—> %A L7c, HWe 7' I A4 ~—
IFLLTDEY TH D,

Rat SHP forward primer, 5’-CAGCTTGGATTTCCTCGGTTT-3’; rat SHP reverse primer,
5’-GTCTGGAGGAATTCTGCCCTG-3’; rat FXR forward primer,
5’-AGCCACAGATCTCCTCCTCG-3’; rat FXR reverse primer, 5’~ACAGGCATCTCGGATACCTCA-3’;
rat apo E forward primer, 5-TGAACCGCTTCTGGGATTAC-3’; rat apo E reverse primer,
5’-TGTGTGACTTGGGAGCTCTG-3’

PCR <)% StepOne real time PCR system (Applied Biosystems, Inc.) TITVMRERRIEIZ L - T
mRNA &% B L7, apoE mRNA &L Z OEWET NV TIIEL LN L300 ->TW% (Oda
etal., 1995; Yoshida et al., 1996), & ® 7= apo E mRNA [TPNHHEHE & LT Hu =,

4.3.2.4 WEHAEMT

—ICRLE B ONTEE W THEZEN A SN -8A12. Duncan (1955) DL E/HTIZ LV BERH]
DHBEMREEITo T2,
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43.3. R

7w hORE, FEHERE, FMER% Table 4.3.2 (IR Lz, RER L OEEHEREIZETO
FECRWTEITA N o 7o, ITFIREEITEARFHICHK L T, fRETHEICHM L2,
53 7 BE TR & e U T B IFIBE E OIS R Oz, &Moo Clas it & A
BERITAONR ST,

Table 4.3.2 Effect of fat sub-fraction of freshwater clam extract (FCE) on body weight, food intake and relative
liver weight in rats fed a high-cholesterol diet for 14 days'

Body wt (g) Food intake Relative liver wt
Initial Final (g for 14 d) (9/100 g body wt)
Cholesterol-free diet 106 £ 2 174 £ 3 174 £ 2 4.02 = 0.12°
High-cholesterol diet
Control 106 + 2 174 + 3 177 + 2 492 + 0.08"
Fat fraction 106 + 2 179 + 4 184 + 4 5.01 + 0.08"®
Fat subfraction 1 106 + 2 177 + 3 183 + 3 478 + 0.08°
Fat subfraction 2 106 + 2 177 + 4 176 + 4 5.05 + 0.11°®
Fat subfraction 3 106 + 1 178 + 2 178 + 3 503 + 0.09°®
Fat subfraction 4 106 + 1 179 + 3 182 + 4 5.17 + 0.10%
Fat subfraction 5 106 + 1 179 + 1 182 + 3 522 + 0.12%
Fat subfraction 6 106 + 1 175 + 3 178 + 3 5.08 + 0.08°®
Fat subfraction 7 106 + 1 180 = 3 184 + 3 529 + 0.04°
Fat subfraction 8 106 + 1 179 + 2 180 + 3 515 + 0.07%
Fat subfraction 9 106 + 1 177 + 3 176 + 4 520 + 0.17%

Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan’s maltiple-range test. Mean values within a column
with different superscript letters (a,b,c,d) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

1M3E AST IGMEIT A CORER TEDB A L7205 72 (Table 4.3.3), ALT {FMEIL, AR & Mg
L OB CEMEAZ RS -7 b OO, Mgy 13 XM 2 BRSO CIIR BRE L it L CF
Bl Z R Uiz, A8 OMRIETH 5 Mg ALP 3 XU LAP JEVEIZ AR & ik L CxbiR
HECHBICEMZ R L, IREESTE T, MR L CHRICKMEE R LZ, £72, H
53 1 BETIE ALP TEMEISORBREE & ol L CHEICIREZ R L, Eisy 9 BECIIAEICEMEZ R Lz
(Table 4.3.3),

MIEFPERRIA T A BRE L it L. *BIFCAEICIKIEA /R L= (Table 4.3.4), —J5C, Ji5
By, W5y 136 L O Sy 2 BECIIoa IR & bel U Tl e i3 A Bl e g4 R Lz, g
AT\ —VTEARERE L R LT, MHRIEFETHEICHEL R LT (Table 4.3.4), L22L,
> 1L HS 2 BEOESY 4 BECKIHREE L i L CRBICIREZ R Lz, iy 18X
OVESy 2 BRI, By 4 BEE R LT, S OICIRMEZ R L7z (Table 4.3.4), —J5 T, B4y 9 #idxt

I3

TR
s
B <
$
E
tl\
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Table 4.3.3 Effect of fat sub-fraction of freshwater clam extract (FCE) on serum deviation enzyme activities in
rats fed a high-cholesterol diet for 14 days'

Serum
AST ALT ALP LAP
(IUL) (IUL) (IUL) (1U/L)
Cholesterol-free diet 218 + 13 555 + 2.4%° 1500 + 53° 58.7 + 1.1%
High-cholesterol diet
Control 233 + 18 69.2 + 7.0°® 2181 + 98" 64.8 + 15°
Fat fraction 215 + 6 55.2 + 2.5% 1738 + 81° 60.5 + 15%
Fat subfraction 1 220 + 12 51.8 + 3.1° 1892 + 70° 617 + 1.4%°
Fat subfraction 2 222 + 12 515 + 1.9° 2005 + 49° 62.7 + 1.1°
Fat subfraction 3 232 + 30 56.0 + 5.4%° 2371 + 102® 61.8 + 1.1%°
Fat subfraction 4 203 + 12 59.0 + 2.4%% 2178 + 55 61.2 + 0.9%°
Fat subfraction 5 232 + 11 64.3 + 53%™ 2297 + 89 62.5 + 1.4
Fat subfraction 6 218 + 20 65.2 + 520 2163 + 34“ 61.7 + 0.2%¢
Fat subfraction 7 256 + 26 735 + 2.9° 2365 + 68% 63.3 + 0.7%
Fat subfraction 8 228 + 6 70.3 + 3.0% 2142 + 54 63.2 + 0.5%
Fat subfraction 9 235 + 17 735 + 8.7° 2453 + 73° 64.2 + 12"

Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan’s maltiple-range test. Mean values within a column
with different superscript letters (a,b,c) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

Table 4.3.4 Effect of fat sub-fraction of freshwater clam extract (FCE) on serum lipids in rats fed a
high-cholesterol diet for 14 days!

Serum
Triacylglycerol Total cholesterol Phosholipids Free fatty acid
(mg/dL) (mg/dL) (mg/dL) (mEq/L)
Cholesterol-free diet 53.0 + 8.8° 79.8 + 1.8 146 + 6° 129 + 0.07°
High-cholesterol diet
Control 115 + 1.9% 434 + 23%® 189 + 5° 1.62 + 0.07™
Fat fraction 39.3 + 35 151 + & 138 + 4° 1.32 + 0.06°
Fat subfraction 1 277 + 40° 194 + 12 142 + 5° 143 + 0.13%
Fat subfraction 2 29.0 £ 3.5° 218 + 10° 147 £ 6° 1.40 + 0.05®
Fat subfraction 3 127 + 1.6* 389 + 4% 181 + 6 1.81 + 0.15"
Fat subfraction 4 21.3 + 35" 366 + 19° 186 + 7° 150 + 0.07%
Fat subfraction 5 130 + 1.1* 418 + 18% 195 + 7° 1.71 + 0.05™
Fat subfraction 6 142 + 0.8% 406 + 9%f 185 + 3° 1.79 + 0.05°
Fat subfraction 7 117 + 1.2* 461 + 320 198 + 7° 1.63 + 0.05™
Fat subfraction 8 9.50 + 1.41% 485 + 29° 200 + & 1.74 + 0.06™
Fat subfraction 9 122 + 2.4% 540 + 20 219 + O 1.78 + 0.08"

Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan’s maltiple-range test. Mean values within a column
with different superscript letters (a,b,c,d,e.f,g,h) are significantly different (p < 0.05).

FCE:Freshwater clam extract

MEE LI L, ARICEEZR LI, € OMOBZHE TIIXEE & ik L THERETR 62
o le, MG Y REEITA REECISW THEARRRE LI L TRRICHIN L7z, —J7 CIRE®Z),
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FOVE 4y 2 BECIIcHBREE & il U CH BRI Z /R Lo, E7-Hi%y 9 BECIIRHIREE &
B U CA IS Al AR U Tz, I EERIEAR IR 3ok IRBE CHEAR BRI Il LA EIC A E 2 R L7223,
HEE B A3 Cld, *HIREE & bl U CTHEICIRE Z 7R L 72 (Table 4.3.4).

RIS GAREE. eSS, =L 27—, U EE) % Table 43.5 (T3 L7Z, S4F L7
2 TOMEIEE O GRIRE. FHEN, 2vxT7e—n U UEE) It TizisnT, i
AREFE L e U CHIRBE CABIC A AR Lz, IFIBRIRE Cix. IREE 3 KOsy 1 BECxt
FERE L i U CHBICIRE 2 7R L7, IR YRR CIafeEmisy, misy 1. W5y 2 3
BECRHREE L bl L CHBICIMEZ R Lz, M= L AT m—uid, IREESy, Eigy 13 X O
5y 2 BECKHIRRE & Ll U CABICIRIE 28 U e, IFI Y IR EX®Ioy 1, M5y 2, [

53 7T HECTRIRERE & bl U CH EICIRIEZ 7~ L7z (Table 4.3.5),

Table 4.3.5 Effect of fat sub-fraction of freshwater clam extract (FCE) on hepatic lipids in rats fed a
high-cholesterol diet for 14 days!

Liver
Total lipid Triacylglycerol Cholesterol Phosholipids
(mg/g liver) (mg/g liver) (mg/g liver) (mg/g liver)
Cholesterol-free diet 71.3 + 5.1° 209 + 3.2° 420 = 0.07% 244 = 0.3°
High-cholesterol diet
Control 176 + 2% 50.1 + 2.0° 183 + 0.5% 28.9 + 0.6°
Fat fraction 121 + 3 260 + 15° 140 + 0.4° 272 + 04"
Fat subfraction 1 127 + 3 270 + 1.3° 14.8 + 0.5% 26.6 + 0.3°
Fat subfraction 2 166 + 4° B7 £ L7 144 + 0.4° 26.6 + 0.4°
Fat subfraction 3 176 + 4% 405 + 0.8 17.1 + 0.5% 27.2 + 0.4
Fat subfraction 4 184 + 5° 492 + 2. 17.8 + 0.6% 26.7 + 1.0°
Fat subfraction 5 187 + 7° 488 + 2.4% 165 + 0.5 27.8 + 0.8
Fat subfraction 6 167 + 3 430 + 1.5 184 + 05% 27.2 + 0.4
Fat subfraction 7 185 + 4° 462 + 2.8 188 + 1.0° 26.8 + 0.7°
Fat subfraction 8 189 + 1° 53.9 + 2.0' 17.2 + 0.8% 27.2 + 0.6
Fat subfraction 9 185 + 5° 50.3 + 2.67 17.8 + 1.0% 276 + 0.7

Each value represents the mean & SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan’s maltiple-range test. Mean values within a column
with different superscript letters (a,b,c,d,e,f) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

#EH AT m—)L (FERT o —/L i JONEYTER) OHFtE% Table 4.3.6 IR LTz, THEAT B
—UE, ALRATER— avrRE ) —ABLRaTa Ry ) o0 E L, FEXT R —
i LOVEH BRI g, ARSIV ORIRBEIC W TR EICEIN LT, PR T 7 — L4k
VIR ) 4 L OV 5) 4 BECRIIREE & bl U CR BRSNS, —J7 Ty fe gk
(X, NEE S HED e CHRPHREE & Hi L CHEICHEM L 72 (Table 4.3.6),
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Table 4.3.6 Effect of fat sub-fraction of freshwater clam extract (FCE) on fecal nutral sterols and bile acids in
rats fed a high-cholesterol diet for 14 days'

Fecal
Neutral sterols’ Bile acids
(zmol/3d) (xmol/3d)
Cholesterol-free diet 380 + 1.3° 19.0 + 45
High-cholesterol diet
Control 221 + 13% 180 + 12"
Fat fraction 347 + 7 245 + g
Fat subfraction 1 209 + 18°™ 165 + 25°
Fat subfraction 2 215 + o~ 182 + 10™
Fat subfraction 3 181 + 13" 169 + 11°
Fat subfraction 4 289 + 12° 213 + 12%
Fat subfraction 5 173 + 20° 161 + 11°
Fat subfraction 6 228 + 15° 174 + 11™
Fat subfraction 7 220 + 16% 174 + 12"
Fat subfraction 8 184 + 9 155 + 11°
Fat subfraction 9 212 + 12" 178 + 11™

Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan’s maltiple-range test. Mean values within a column
with different superscript letters (a,b,c,d,e,f) are significantly different (» <0.05).

2 FCE:Freshwater clam extract

> CYP7AL, FXR, SHP 35 & OV ABCG5 mRNA % Fig. 43.2 (/R L7=, IFlgickBVWwC=a L
AT 1 =L B IR A~O SR O HEEESR ThH D CYPTAL O mRNA SIFIHARHE L xf IR
TENRP-T-bOO, IREESY, By 13 KOsy 2 BECxf I & ik L CHRICHEAZ R L
7o (Fig. 4.3.2), CYPTAl O EER#AEN 1T D FXR & SHP ZHE L7=A%, FXR £ L SHP
mRNA BICHBERZLITR 5N > 72, ABCG5 mRNA &(TEARRICHA, MR CTHEIC
B AR LTz, L LR BISEHE 4y 5 L O OO /3 123U TxBREE & el L T ABCGS O
BERZTIR N ho T2 (Fig. 4.3.2),
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A CYP7A1 mRNA B FxR mRNA

T S —
s f-a S —
3 o§l T — ‘a ]
SIS I I 5 | S ——
2 255 fa 5 S5/ 5. —iab
8 Swl 4 ] a 3 Suw| 4 ——ab
I e A I 1Y "
p (73] & 0 I
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Figure 4.3.2 Effect of fat sub-fraction of freshwater clam extract (FCE) on hepatic mRNA in rats fed a
high-cholesterol diet for 14 days'

Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Duncan's maltiple-range test. In each graph, different letters
(a,b,c,d,e) indicate statistically significant differences (p < 0.05). FCE:Freshwater clam extract
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4.3.4. EE

REFFHIZBONT, HxlTEI L AT e — A Bl Lo CHFEINEEI L AT o — VIGEET
V7w MZX L, FCE REEE 733 KOVt X7 Bl na v A7e — UK MEHZ -T2 &
BT LTz, F£72, FCENREE ML, m#E» o/~ 7 Elsy L Vi a L AT o — UK FER
Z Rk L7= (Table 4.2.3), FCEJEE 5y D 2L AT 0 — /WK FEMAIL, Eh~0fPE2To—1%
K ONEH EE D PEAE PP CYPTAL 33 £ OV ABCGS BB - RBLOMEHER &, 2 b oM L
IFEEMRER A D =X LT E D Z LB &7z (Table 4.2.4, Fig. 42.1), Al \TH F
7. FCE JRE W3 1IN Em = L AT v — VIUEET AT v FOffa L AT a— L 2K F S8
HZ EhMER LT (Table4.3.4), L2AL722RD, ZHLE THMAR A=A LB IRED X S 22 lF
BHERFIC L > Tab AT e — R TERZRT ORI LN E o TN Tz, KEIZHBWD
T. FCE DIEAN, ED XD kT 200 60T 5729, FCE fRERZ A Y B 5
NHTHTa~< NI T 7 4—T9 OOMW%y (B4 1~9) [T L, ZNENOHsNa L AT 1
— /AR AT B 2 Mt L7z (Fig. 4.3.1),

E5y 11X, a2 T7 e — UK MMERZ/7R L7 (Table 4.3.4), Hi5y 1 DL A7 —/ KT
YER I3l CYPTAL & DR BUEHEE N L T2 (Fig. 4.3.2), L2>L2RAA S, 4y 1 X3P~

DORRVTFR P BT A RIE S 72 o 72 (Table 4.3.6), W4y 11X U B AN AT A~ b
7 7 4 — CIXRFFFE N BRI L > CEIM L7, 202 Lid, Eiy LIZEEN DK

DB L EM TCH DL Z AR LTS EBbIs, L L6, #4514 TLC RITRfmE:
BIEA W CRET 2 &0 RV RIETH 0 LS OME 2R L7z (Fig. 43.1), ZhbHd?2
OO TR VBTN T A~ NI T 7 —& TLC OFER) 13, E5y 1 235 BUEE
ThbHZlamLTWD, BLEDZ b, i 1IZEENDILEWIT, ERMmEEEZ T
UYATNIT LTa~s T 57 0 —Tol LToBRIC JEALEEHK LT, —HTTLC 7'L—
b ETIRRET DN I B ANENTZ RTINS, TLC o ORER TIX, By 1IEA 7
+4 v IIRE T o7, Duivenvoorden © (2006) I, APOE*3Leiden ¥ 7 AZIBWT AT ¢ FfiF
BOBGENMFEI L AT a— L LV ERTFTSEDLZEERLTNWD, o, ZOEAAI=X
LELTIHEICBIT a2 L A7 B — VIRINOHEN RS TV 5 (Duivenvoorden et al., 2006), L
DU, BEEVER T ¢ v THRE D CYPTAL BB T ORBEWL» SEHZ LR LTS
(Duivenvoorden et al., 2006),

By 2 HESy 1Rk, a2 T7 e — /UK TEHZ/R L7z (Table 4.3.4), M%) 2 (21
BB X ORT o — VAT ANEEND I ENRPH LN E o7 (Fig. 4.3.1), Hi%) 2 35 KX Oy
30, FYERRRI N CH ST, ARIENTR Y | B 2 O 0NE Sy 3 X AREETH o
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7= (Fig. 4.3.1), ZAulk, iy 2 X5y 3 L U<, K ofafmERm <, BROKRZHL EW
NS, BBV T, FCE IRE ISy & 7 — RORRIFEEMAL & /34T L7/ Rz C
W2 A2 RIT R Do 7o (Table 4.2.2), AMEHEAES LT, —MRAYZR B DRI O 53 4
\Z3# L 7= Spelco®37 FAME mix (Cat. N0.47885-U, Sigma-Aldrich, Inc.) % H\W Tt &{T-7-, T
M, W5y 2 TIHAMBEEIC S ENCORWRAOEEEN 2 L AT o — /R TERZ R LTV
AREMER B D & B D, GCMSIT £ 5 5 TR 2 1T EDORM A T o — LB E N TV,
LU S, B2 IZE8ENTWAHEM AT a— VTl 4 IZEEN T DM AT a—/L 0
130 DETH Y (W52 DAL AT m—/ UK TERORE 2384 512130723 E5 L bk,
TDID F2IEENDHEMAT a— L OEBI/ NIV D LBz b,

Iritani & (1979b) 1Z> Y I D a L AT u— VK FERAPMED AT 0 — LIk 55D THDH Z &
BRL TS, LI L2RR S, Fx OWFEICHWZ FCE IZE EN AW AT 1 — /L O &E T, FCE
DAL AT — UK TERZ+3CHT 2 2 & idtskzan e Bbivsd, FCE RO AT 17—
IV DRERGIDIESY 4 127 S 4, 593 L AT v —/ VK FEH A 7R L7z (Table 4.3.4), FCE 10
AT 1 —/ VI FCEIZL D 2 L AT n—/VEKMMERICHEG LT DD iYW AT n—/1T
FCE fEEl 7y D a L A7 v — /WK N ERZHIT 2 2 L1k & Bbiv7z (Sugano et al.,
1976), E53 4 DHTEP~OHFMERT o —/ VYRS L7 (Table 4.3.6), £ D7-%, FCE fi5
BHEIZEDE P ~OPERT 1 — VHRIEERN R IT, AT a— R EICHFELTWDLHO
EEbND, ZNHDRRENS, ERF~OHFHRAT v —/LOJEEEIL, FCE lFEBEZIZE D =
VAT — /MK FERICEWT, EBERIEHA I =ALTIIRNWEE X HTZ, Maoka © (2005)
F VU IHIZEEND VL ODOFHRI e T ) A4 RIZHONWTHREL TWD, W 20nDhaT )
A RBRa L AT — K FERZ R 2 L RHE S TWD (Fuhrman etal., 1997), L2 L7223 5
AvT ) A R LT WIEEZ o, AFIOIZEICRBWT, FxidhvT /A Fa B
T2 2 &Nk Tz,

T, AEITBWT, FCENREE L, = L AT m—/ R FTERZIT Tide < Hi-Ens
FORAZRY w7 Fr—AZ L TCOAMBRIRERTZ L LN LT, RiFEa LR
T — /UL DB OEED LR %, FCE IEEE /7341 L 7= (Table 4.3.3, Table 4.3.4), A
ZRY v 7 Ra—LNTlE, A oA ARG L OUMEERERR I RIRE O FH- A2 2
WEN BTV S (Lam, et al., 2002), AHBFZEICIBVNT, ML > X U B TAIE L TRV, T
Y MZBWTH I VAT 71— V&2 & o T & 2 Mg EaE AR R o E5-% | FCE fRE
IIVEINEIT 5 Z E BB E 7 572 (Table 4.3.4), Ziuilf, FCE I3AETREIBFICHR L CTHEX 724
MR A9 5 ATREMED R S 472,

AEINZHBNT, 2 LATa—UETERRRONTES 1 BLOES 2 ICEENDLIAT 1T
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TRE. FHIENIR L ORAT B — L2 2T Vi EONRE M. ZRETICHLNL 2> TS Z
NODIRER Y EITRRSTEA D= AL E > Ta b AT v —/UE MEMZ R LTV % Al RErED
b5, Flo, KBV T, Fxixa b A7 a— VK FERZ R bEW % HEE - FET 5121%
BORPoTZ, T, By 1 BEIOED 2ICEEND 2 VAT —/WEMER 2RI bz
Hiff - FE L., ZOMEMOERNERBIZOWTHE R DR Z2 FZ T 2 MR B 5,
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%4 fi

/NG

AEIZBWT @ma b AT =LA ZICEL > THEESND @ VAT v —)VIEET /L& VT,
FCE ®a L 27 u—/VKTEHZBRF L, 722 OEBIEMME OWRR 21T 12, £ OR5R, FCE
WZITna L AT e — R TERR® 2 Z R L Eleo7c, FCE OABIEMEME ZREKET 5
7o, EONEEm S X OVBEY 7 HlirDa L AT v — VK TER & it L. FCE fRE
DRIONEEY X7 ERSEBHICbalb AT e — R TERRS L Z 2L L, &
[V L AT a— VR TFEM AR L7 FCEIREBID 2L VDTN A T Lo u< NI T 7 4 —
THWE L, ZNENDHE O AL AT v — /UK MERZBE LTICRER, A7 4 v TRE 2 tem
Oy RUTIAT U er = AT a— LT AT )V EERESICERO T L AT v — UK FER A
bz, ¥HZAT 4 v TREZ E L5y VIZIRWIEMERZ 1, CYPTAL Bin DRI FHE
SNTWe, ZDZ &b, FCE DAEMEMMEIIA Y 4 » IRE ThH L RN RS, £
OIERBER & LCix, HRicBIT 2 a L 27 a—nun b EHB~0 BbEt 2325 2 & T,
AL 2T = VR TMERZ RS2 enZxoni, HEOA7 4 TFEE LTE, B2 PR
WCEENTNDEETIR2TI ) ZFURARF— b E2IFLHE LT, CPHEAEZAT HLOR
LTV RO RBE LR BRI TS, A7 3 VIREITHBEOK S
72y T b & S Tnb (K, 1971), Maoka © (2005) (X, YR OfHEICL -~ TE TN
LhaT ) A ROFEN RS 2 L 2HE LTS, FRFAOMNRERREICINZ, & 725D
R I L DHBEENERL TN B2 OND, INHLDIENL, KRB Ta L AT
2K TER DB 7227 ¢ v TRE 2 Gy B LGB R S D aTRetE b 01
EZob, 5%, BRLFRICE ST, FCEHhDalLx7ru— KT EREHT bW E H
B - [FETHZEDREEND,

MMA T, REIZBW T RBRFHETE RN o7 b DD, FCE 0BEX /37 B 532 H iR
AL AT e — UK TMERN RO, B2 27 X 7 BEHECE TlE 2Bl s TE RN 2o,
NTF REOHBELEZOND, WEBA LR EOEMMES T EORE e E OIS X7
R a L A7 e — VRN KIETEEBITMEN H D0, MIBEOKEEMDZ T ERa L
2T 1w — /RN RIET B DWW TIIIER &S 23D 72, 41, FCE 3B » v /37 4y & [F)
FOT X B A BERET X B THARL TG D o X ox 7 IR AR O i O
AT R EIC L > TEHEMAHA LN T L 2 ENEEND,

Flo, KRB THWEEYET VIZE 2 VAT o — VB8535 2 LI X D4 RS =
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VAT e —VIEET NV TH D, ZOFT/VIiEm VLDL MIEET V& L OEFICANRET LT
bbb, LNLARMRS, 2O VLDL MAET T /ViE, @Rl Bt a L 27 a0 —c X - Tl
BIF5aL2ro—LalidmalllE S TS (Dietschy & Siperstein, 1967), K IZ3) T,
a2 VAT m— VIIEIFAMNANERS TOWNERE L AT o — L ELLIZHER LTS, D7D,
P MR D I 7e B FNRMEE 2 L 2T 0 — VIIEE T BT H T 5 2 E NEETH
HEBEZTND, BIZITEEREYIZ L > THEINDANEMER 2 L A7 12— VIEET L 83
bHLEZOND, RKEIIZIZ, FCEfoalL 25 o — VR T ERZ RS ZRE L, PR
BIWINAMERE 2 L AT — VIJEET L ELHIZBWTYH, TONREMHRT D ENMET
bHHEZEZTND,
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HLE

AL IFHBERREIC XV HEIND
FFEER L OE 2 VAT o — /VILEIC RIT RS

5 18

ATV IR a L b UFHE
B VAT u—/VIEET VT v MIRIETEE

511 #5

HAEIBOWTERAIZFCE RS2 L 270 — B84 EA L2 L AT — LIJEET /LT
v ML, 2L ATe—UMETMEHZRTZEE2HLNILE, malbATrn—Lg82#HAES
T, @AV ATr— VIEZS SR ZTEWET VIZIA H s T2 (Iritani et al.,
1979b; Iritani et al., 1980; Xu et al., 2000; Asahina et al., 2005), L2> L7235, ZDET /LI,
WE 2SR (BEE) DO L AT E—LIZL> T, I VAT ALARPHEEIRL TN
(Dietschy & Siperstein, 1967), EFRIZEBWT, @2 VAT B —/LMAEOHERIZIT, 2L AT 1
—NVERBKREREERT L TWDEERHDH, TDd, maLATr—/LEICL > THY
INDHEA VAT B —/VIIEET AT TORETIE, £TLba b AT r— A AHON5EICE
WTHDTHDH EITF R,

smalb hy, ~ hSEZ—/1, polychlorinated biphenyl (PCB). butylated hydroxytoluene
(BHT). dichlorodiphenyltrichloroethane (DDT) 72 & DAEKEY 25925 & HDL-= L 27
n—/LEB I apoA-l D EFEHEIE LV AT o= VIEAFI SR TZERRESINTND
(Oda et al., 1990; Oda & Yoshida,1994), F7=AEREYOEE1X, DIFIE~DIEN O (Kato et
al., 1980; Oda et al., 1994). i)/iThiE T O3B OIEMEAL (Poland et al., 1982), iiDRF X
O o7 2 2 e ERIEE O B (Kato et al., 1980; Horio & Yoshida, 1982) 72 X% 5| & i
THTZLEBRMESNTVWD, EEEYICLoTllEE I IS Ema L AT v —/VIEE, EIC
HMG-CoA L & 7 % —EDiFH b L OEIEFHRIADFHIC L > ThHlEEZ & D (Kato et al.,
1980; Nagaoka, et al., 1986), & 7o AEMEMIIIENINL G HREER OBIZTFHBAFET 52 LIk
ST, lGiFEGIE#E 27 (Odaetal, 1999), Zivlg, EEREMIZ L - THEINLET L AT
o—/VIIEIL, B MBI A2NRMEE 2L AT o — VIIEORWET L EEZ Hd, AEIZE
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WTIE, EREMDO 1 H>THD/7u L b 2RETHIEICI-THIERZEND, aL AT
7 — VIMGER K OMEIAIF DT T /v & AV C FCE O R a2 /a Lz,
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5.1.2. EBRFE

5.1.2.1. BTN

FCE I%, % 2 % (2.2.1. FCE O L O /0#T) ICFEM A fisk Lo FiE T L7z, #1D
Y3 (C.fluminea) Z 784 Lk A B N SHWEHZ 0 H L7-, WEEHEZ ML, WEEHO 2
BEOMAKE L 2 REEINEMEFRh M L7, 80 A v ¥ = OTEAT Tl L7z, I8 A EHTLE L,
FCE #1372,

5.1.2.2. EREWY

4 Jln o> Wistar REEMT v &2 BART 2L —) (FRR) L OBEA L7, IR 23£1C, 12
FEOBARE A 7 LV OBMEFAEE T, LILTORAT U LA —VIZ ANEE Lz, SEHIMT,
fREERS K OVKGE/KIZ B BB E U, BIRE1 27 vid, B 8:00-20:00, WE# 20:00-8:00 & L7z,
BN FERI L E N R FE N R 93 KIS CTEISLRFE N KRSy RS E) B E 06V R R84
EREBSOERER TIT 2T,

Bt X270 PlEfAE & L ClilRERER (BL37 : HATZ AT /Ly —(@) T5 H#., 20%
NEA L BONEMEET 4 HEEE LRICHRBRIC L7, LBE6ICD4REL L, RBRE%
Table 5.1.1 1Z/R L7z, FEARREL 20% 7 B A o &IZE LT,

Table 5.1.1 Compositions of each diet for the animal experiment regarded with the cholesterol-lowering effect of
freshwater clam extract (FCE) in rats fed a chloretone diet.

Control FCE Chloretone Chloretone+
group group group FCE group
g/kg

Casein 200.0 - 200.0 200.0
Sucrose 235.0 202.0 234.0 201.0
Corn all 50.0 50.0 50.0 50.0
a-Corn starch 470.0 403.0 468.0 401.0
AIN-76 mineral mixture 35.0 35.0 35.0 35.0
AIN-76 vitamin mixture 10.0 10.0 10.0 10.0
Chlorate — — 3.0 3.0
FCE — 300.0 — 300.0

FCEBEIL, # /X EFEAZ2TCFCEL LT, W EAS L, vali, a-a— L AZ—F CEIHZ
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Too 70 L N URRITEARRIC03% 7 r L U AIRIILY a b o2 — 0 AX —F CTEEH AT,
sulL h+FCEREZZ n L hoBOX R EREZETFCE L LT, AEBA L, vaki o
A=A —F TEEBER T, BETOEHIZ 7 EERFRECICRD X1 Lz,

AR B OB GBAR 14 B H O 18:00 205 4 KEfFER L7z, 22:00 (Z=—7 /LARERF TR L, L
g & VR U 72 4%, AFiEARS7o, APIBIRE HICHAT LT, o £ THmEiE Lc, £o. ARE
FH- DR D 3 ARIC#E AR LT,

5.1.2.3. AAbZESHT

MiEH AST, ALT, ALP B XU LAP &M, E#E U e RN, a L AT m—1,
HDL-=2 L 27 m—/L, U UARE, BRI 2 il » b CRIE L7z, fill¥y MIT &I —
ASTIl, 7Z I F—ALTIl, 7% IF—ALP, 7% IJ—LAP (T _XCWFIAT 4 v 7 AW, 47
o LQ-BIL (Z#(bH¥ AT 4 = A), TG-EN A /A (B A/ AM), T-CHO hA J A (hA
J AM). HDL-=2 L A7 v —/L7 A U 22— (FEHiEEER), U U HRE-C 7 A b U = — (Ftffis
). NEFA RIEB (32 A v 7 AHBEM) & F -,

JFNEAGE 1% Folch & @51k (1957) 1T L W flid L7-1%, B EE CRIBEEZHE Lz, s
NN, 2 v 2T e—n, U NREIZMIERERARCH RO F >~ FTHIE L7z

BB L7-3%  fSEZEwE L PR T o — B L O EEO SIS AV, FER T a1 —
JU1L Delaney 5% (2003) (X WH L, TMSAEL7-, WNEBIEREL LT 5a-2 L A X & H
Wiz, TMS AL L7=% > 7L % GCIMS (GC6890/5973MSD, 7L b + 77 / u Vo —() 12k -
THM LTz, GCIMS OHTEAHILL T O Th b, A ¥ =7 ZiE :300C, 747 7 Xl
JE 2 230C. H T A 30mX0.25mmHP-5ms (7L k- T ) mP—R), BT LIRS 245°C

MRFR, Z D% 300°C E T 2°C/y CTHIE S W7, MHHERIL, Sheltawy 35 KUY Lowsky @ J5 1k
(1975) IZKVEFEFIETHE L, U ha— A RAfRHEL L THW,

JiFfigith cytochrome P450 (CYP) 1A1/1A2, CYP2B1/2B2. hydroxymethylglutaryl-CoA (HMG-CoA)
LA 72—+, CYPTAL, LXR, SHP, HNF-4, apoA-1 33X Ot apoE mRNA &% / —# 7 v v
ECHIE L7, Megaprime DNA 7 XY > 7'V 257 A (T~ % LK) T7 > k CYP2BL, 7 v b
CYP1A2, NAAZ—HMG-CoA L% 27 % —E, 7 F CYPTAL, 7 v FLXR, 7 v k SHP, 7
v N HNF-4, 7 v b apoA-l 3 KLU~ 7 & apoE @ cDNA ZHEZik L, A TV XA B—1 3 »&1T
W, A A= T F T AP — (BAS 2000, &+ 7 1 /L AR E UV CHIE L7z, apoE mRNA &ixZ
OEW)ET IV TITEN LT 253> T d (Odaetal., 1995; Yoshida et al., 1996), % D 7=
apo E mRNA % WNHEHRE L LTV,
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5.1.2.4. HEARMT
TR E SO NTIEZ IO THAEMER (2 v L b XFCE) ICABENRLNZEAIC, tRE
EATWEEM O BEZEREEZIT -T2,
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5.1.3. fER

7 v FOfAEHERE, (KE, FEER% Table5.1.2 (/R L7z, KAREIZZ 1L kB X OFCE
DRI RONR o T2D, AR AGIL, Z78u b b CBRZB W TS i L CTHEIC
mfEZ R Uiz, SIEHEREIX 7 oL by, FCE B LI UOMAMEAICL 28BN A LN, Z7alL by
BRICBWCxIRBE L i L THEICEEA "L, —HF T/ L h+FCE #ECr L b URE L b
L CABICIERE AR L, IFBERIZZ oL bk ViS4 R L (p<0.01), —5TFCEIZ

X VIRfEZE R L7 (p<0.01),

FRH-EMOFIE L 2 pEBEE VL E Y ALP, LAP 2O\ T Table 5.1.2 IZR L7z, EHEE Y L
ENT e L MK DRIy, FCEWC K VM LT (p < 0.05), ALP (X7 2L k>
WXV TFL(p<0.01), FCEIZCL > THIEF L7 (p<0.01), LAP (X7 2L b ORENR S,
FMEMFEMAS RO, LAPIX, 7 v L bR CIEABEICHHRRE & i LA RIS EEE R LT
M, 7l hAFCERETIZZ v L P& Bl U CHEICIREAZ = LT,

FFFEEDFERE L 725 AST BEVALT 13, 7 u L by, FCE B L UOFHAEMEMIC X D HENR S
7= (Table 5.1.2), AST BLWNALT 1Z7 a2 L U BECTRIPRRE L bl L CTHEICEE A /R L7223,
/a b h+FCERETZ m L M URE L HEG L THEICIREL R LT,

MIEAEE (PR = L AT m—/L HDL = L AT m—/b U URE, WEHERNGER) % Table
5.1.2 (TR L7z, MigHPERRIZZ 7L b, FCE B X UM AEERIC L 2 BT R O o 7z,
MR =a L A7 m—/L HDL 2 L AT r— LB LY VFEIZOWTIEZ r L AW FEIC
EfEZ /R L7- (p<001) 23, —F CTFCEIZL W AHREIZEMZ/R LT (p<0.01), MmigiEREfsLRE
L, 78 b NATRDEBII o720, FCEIZL W ARIZEMEZ R L7 (p<0.01),

FFEIEE (RISE. TMIE;., L 2T —L, U U8E) % Table 5.1.2 (27 L7-, NFIEHANE
HBIOHMEREMIZZ e b hAZK D FR2EML, Z7e b RO W TR ik L TF
BlZmELR L, L Lans, IFlEeiEE s X OFEEDIIL 7 v L U +FCE BETlE7 v b
MRS LT, ARICEMEA R L, B2 L AT m—LZenTh, Z7a b b UREZRBY
TR L CHBEICEEZ R LI DD, 7oL h+FCE BETIXZ L b UREE R L
THRICEMEAZ TR L, S612, VURE B £, FEC7 2 b b BRI W CrEREE L bl L
THEICEMEARL, 70 L b +FCE BETIZZ oL bl S il L THEICIEIEA R LT, %
TN PEREG & = L AT v — Uik, FCE BRI BRI & i L TR EICIREZ R L 72,
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Table 5.1.2 Effect of freshwater clam extract (FCE) on food intake, body weight, relative liver weight, serum
parameter and hepatic lipids in rats fed a chloretone-containing diet for 14 days*

Control FCE Chloretone Chloretone+ ANOVA

group® group® group® FCEgroup” 3 g p
Initial body weight (g) 105 = 1 105 + 1 105 + 1 105 = 1 NS NS NS
Final body weight (g) 182 + 2 187 + 2 191 + 3 185 + 2 NS NS 0.05
Food intake (g for 14d) 224 £ 5 215 = 3 290 £ 15%* 228 + g** 0.01 0.01 0.05

Relateive liver weight
(9/100g of body weight)

I+
o
=
S

437 = 0.16 4.11 0.01 0.01 NS

I+

0.09 6.26 = 0.12 5.61

Serum
Direct bilirubin (mg/dL) 002 £000 002 #000 001 +000 001 =000 NS 005 NS
AST (1U/L) 935 + 63 808 * 61 2565 #* 57.2** 582 + 1.7 0.01 0.05 0.01
ALT (IUL) 488 +52 347 +29 1293 + 243 335 + 28" 001 001 001
ALP (IU/L) 1365 =+ 51 1207 + 43 1289 + 25 980 +35  0.01 001 NS
LAP (1U/L) 1350 + 1.1 1353 + 26 1440 =+ 37 1278 * 1.0% 001 NS 001
Triacylglycerol (mg/dL) 432 + 65 332 £ 26 293 £20 368 +56 NS NS NS
Total cholesterol (mg/dL) 126.2 + 5.6 60.7 + 2.2 1847 + 84  107.3 * 6.7 0.01 0.01 NS
HDL- cholesterol (mg/dL) 91.8 + 3.0 50.8 + 1.7 1280 # 42 830 + 48 001 001 NS
Phospholipids (mg/dL) 2042 + 116 1092 + 24 2685 + 109 1732 =97 0.01 001 NS
Free fatty acid (mEq/L) 103 £ 007 076 + 004 108 =003 077 £003 NS 001 NS

Liver
Total lipids (mg/g liver) 748 + 102 563 + 1.1 2061 + 11.8** 64.0 + 0.9% 001 0.01 001

Triacylglycerol (mg/g liver) 438 + 145 157 + 1.2* 169.8 + 10.0** 14.0 + 0.8% 0.01 0.01 0.01
Cholesterol (mg/g liver) 362 + 026 305 # 007* 601 + 023 322 + 01" 001 001 001
Phospholipids (mg/g liver) 23.7 + 0.7 241 = 0.2 271 + 06 299 + 03" 001 001 0.05
1 Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the values
were analyzed two-way ANOVA. When the interaction (chloretone X FCE) was significant, Student’s t test was performed.
NS, not significant (p > 0.05). * and ** indicate that these values differed significantly at p < 0.05 or < 0.01 from the
values of the control group. # and ## indicate that these values differed significantly at p < 0.05 or < 0.01 from the values
of the chloretone group.
2 Control group, basal diet; FCE group, FCE-supplemented basal diet; chloretone group, chloretonesupplemented basal diet;
chloretone + FCE group, chloretone and FCE-supplemented basal dietFCE:Freshwater clam extract
3 C, Chloretone; F, FCE; I, Interraction

#HEHA~OFEZT O —)L (AL AT R—)L, aFaRZ ) —LBLRaraxy ) 045
B L OMHT ekt & 4 Table 5.1.3 (2R L7z, ERHPERT o— Lt E 3 iEE 7 o b h R
TENA LN ST, —5 T, FCE BRIAHEEE i L T, £/ FCE+/ r L F BT v L
MUREL R L CEP PR T o — /WA BICHIN U, 2 EPR IRt RIX 7 v L b i
K BRI 2o 728, FCEIZ X VL7 (p<0.01),

T, EPAORHYAT o —VOPEME (T 7V AT a—b, HoRXATa—)L AT 47
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FATHR—=LVBLUB-V FATr—L) (X, 7 e b b A KD oTe s, FCE IRV A

BECHN L7 (p <0.01, Table 5.1.4),

Table 5.1.3 Effect of freshwater clam extract (FCE) on fecal dry weight, nutral sterol and bile acids in rats fed
a chloretone-containing diet for 14 dayst

Control FCE Chloretone Chloretone+ ANOVA
group’ group’ group® FCE group® ﬁ
Feces dry weight (g/3 d) 1.24 + 0.06 3.67 + 0.09 1.24 + 0.08 425 £ 029 NS 001 NS
Cholesterol (umol/3 d) 0.81 + 0.15 250 + 57 131 £ 0.17 231 + 45 NS 0.01 NS
Coprostanol (umol/3 d) 449 + 0.38 13.8 + 35 7.00 + 113 426 + 105" 0.05 0.01 0.05
Coprostanone (umol/3 d) 0 7.45 + 1.73 0 942 + 210 NS 001 NS
Total neutral sterols* (umol/3 d) 530 * 051 462 * 38 831 * 127 752 * 104" 001 001 0.05
Total bile acids (umol/3 d) 375 + 2.6 303 + 36 429 + 37 275 £ 32 NS 001 NS

1 Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the values
were analyzed two-way ANOVA. When the interaction (chloretone X FCE) was significant, Student’s t test was performed.
NS, not significant (p > 0.05). ** indicates that these values differed significantly at p < 0.01 from the values of the control
group. ## indicates that these values differed significantly at p < 0.01 from the values of the chloretone group.

2 Control group, basal diet; FCE group, FCE-supplemented basal diet; chloretone group, chloretonesupplemented basal diet;
chloretone + FCE group, chloretone and FCE-supplemented basal dietFCE:Freshwater clam extract

3 C, Chloretone; F, FCE; I, Interraction

4 Total neutral sterols, cholesterol + coprostanol + coprostanone.

Table 5.1.4 Effect of freshwater clam extract (FCE) on fecal phytosterol in rats fed a hloretone-containing diet
for 14 dayst

Control FCE Chloretone Chloretone+ ANOVA

group® group® group? FCE group® ﬁ
Brassicasterol (umol/3 d) 0 9.41 + 1.83 0 800 + 1.23 NS 001 NS
Campesterol (umol/3 d) 0.398 + 0.060 17.3 + 38 0573 + 0.098 153 +25 NS 001 NS
Stigmasterol (umol/3 d) 0 8.76 + 1.50 0 810 + 0.92 NS 001 NS
B-sitosterol (umol/3 d) 0.758 + 0.136 9.94 + 220 127 + 023  9.06 + 1.47 NS 001 NS

Total phytosterols* (umol/3 d) 116 + 019 454 + 9.3 1.85 + 033 405 + 61 NS 0.01 NS

1 Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the values
were analyzed two-way ANOVA. When the interaction (chloretone x FCE) was significant, Student’s t test was performed.
NS, not significant (p > 0.05).

2 Control group, basal diet; FCE group, FCE-supplemented basal diet; chloretone group, chloretonesupplemented basal diet;
chloretone + FCE group, chloretone and FCE-supplemented basal dietFCE:Freshwater clam extract

3 C, Chloretone; F, FCE; I, Interraction

4 Total phytosterols, brassicasterol + campesterol + stigmasterol + B-sitosterol.

fFigi> CYP1A1/1A2, CYP2B1/2B2, HMG-CoA L ¥ 7 #—+E¥  CYP7Al, LXR, HNF-4, SHP
F LY ApoA-I mRNA &% Fig. 5.1.1 {27~k L7z, CYPIAL/IA2 mRNA &I 7 1 L bz X 5580k
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ol b D, FCEIZL W ARIZHEML (p < 0.01), CYP2B1/2B2 mRNA &I Z7 o L k(2
LVABITHEML (p<0.01) 28, FCE I X DEIT RN >72, 7 m L 2L ) HMG-CoA L
X7 24— mRNA EQNEIMER Z R L7 b OOFERETR LN o7, £7-, FCEIZ L5
B 72572, CYPTALMRNA 1Z7 v L R AZ K D887 o 723, FCEIZ L VAL
7= (p <0.01, Fig. 5.1.1), CYP7AL D#H K1 Tdh 5 LXR, HNF-4 35 L U SHP mRNA &4 JI7E L T
W5, ZBal kX SHP mRNA B2 A BN S E7- (p<0.05) 723, LXR £ £ UVHNF-4 mRNA
BIIIEE L) o7, 72, FCE X LXR, HNF-4 35 X OYSHP mRNA BEO WUk L THE
LI oTz, Apo Al mMRNA &(X7 n L b AR BIIR oMol b DD, FCEIZLD

HEIZED LTz (p<0.01, Fig. 5.1.1),
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Figure 5.1.1 Effect of freshwater clam extract (FCE) on hepatic (A) CYP1AL/1A2 (B) CYP2B1/2B2, (C)
HMG-CoA reductse, (D) CYP7AL, (E) LXR, (F) HNF-4, (G) SHP and (H) apoA-1 mRNA in rats fed a
chroletone-containing diet for 14 days'.

Each value represents the mean == SEM for the 6 rats in each dietary group. The statistical differences among the values
were analyzed two-way ANOVA. . When the interaction (chloretone x FCE) was significant, Student’s t test was performed.
NS, not significant (p > 0.05). Control group, basal diet; FCE group, FCE-supplemented basal diet; chloretone group,
chloretonesupplemented basal diet; chloretone + FCE group, chloretone and FCE-supplemented basal diet.

74



5.1.4. 2

FATHIRIC LD, vV FEmalL AT e— A BIC Lo THEESh G2 L AT o — VIEET
Ty Mk La L AT a— UK FERZ7R9 2 & 288G ST (ritani et al., 1979b; Iritani
etal, 1980), VLD AL AT — /R FERIZERIC, v UIICHEENDIEMAT m—/LIZ
KX aL 27— VIRINAEIZ XL D & 2 LTV (Iritani et al., 1979b), L2>L7en B, Fex
FAEIZBWTE I VAT R LRBIZE > THFEINLIEI L AT B —VIET v Mk 5
FCE ® = L 27 u— /UK FEAIE, CYPTAL BInFO#FELZ I Lz 2 L AT o —/ L) b YR~

O BACAHHEMEVERIC X 5 ATt 2R LTz,

rsnl b EOAKREYL, MiERL X O L AT m— L LV S D Z LR ED
N T2 (Kato et al., 1980; Nagaoka, et al., 1986; Oda et al., 1999), ‘EAEYIZ L > CTHFEIND
a L A7 v—/VIJEIX, HMG-CoA L ¥ 7 % —E{EM: (Kato et al., 1980; Nagaoka, et al., 1986) 5 &
OZ OB 1Bl (Odaetal., 1999) MEdES D Z L2k, lgick T a2 L A7 v —/LE/k
DREIZ L > THFEIND, RHIIZBWT, Z7r L hAZE-TT7 v hofjER LU= LA
Tu— I R L, TR & RO RS R 2k L7z (Table 5.1.2, Kato et al., 1980; Nagaoka, et al.,
1986; Odaetal., 1999), L7 L72A 5. AFlE HMG-CoA L % 7 Z —FP D fnFRHIL 7 oL b i
LoTRESNLZBERICH T b DD, AEEIFTAONR)-T- (Fig. 5.1.1), £7-. HMG-CoA
L& Z—BIEMITAE L TW AW b 00, MR LU VAT o —/VREIZ 7 v L bl
Ko THIML7- (Table 5.1.2), AHIZHBITHMETIE, 2RTOT v MIa AT —LEEER
WEEHZ L TWD, Z£hil, 7L hrOREICE-TT v FORFBIZE N Ta L AT n—
WERNMEE S, IV ATe— VIIERFEINTZLOEEZ LD,

Fexix WIZBWT, BalbA7a—LRBICE>THFEINLIEI VAT B —/VIEET VT

IZxt3 % FCE ® 2 L A7 v — VK FEMIX, CYPTAL Bl T ORBUEEZ N Liza L AT m
— A O R~ DOBACREOREIC LD EEEZ R LTz, £, malbATue— L RBIZLDE
I L AT B —)VIIAEE T MZEB W TIE, FCE @ CYPTAL &5 7 OFEIZIE HNF-4 28355 L T\
LRz R L7z (Fig. 4.1.2), L2 L7eds, AHilckEWTZr L h Ak THESNLE =
VAT B—)VIEET LT v MZEBWT FCE IX CYPTAL Bin 2758 L7273, HNF-4 {5112
I3RS IFE S ) - 7= (Fig. 5.1.1),

HEREY 2535 L Eal) RZ 87 MAER KO apoA-l DEMAFEIND Z ENHHNT
V% (Odaetal., 1990; Oda & Yoshida 1994), A=A %41 apoA-1 & HDL = L 27 1 — )L DI fIpEA
EHET 52 EAUREN TS (Oda & Yoshida 1994), Walsh & (1989)i%t | apoA-l & {14 H
TAHBGTFWE~ T AIZB T, HDL 2L AT m—/ L& apoA-l LU FRBRGRA A T5 2 &
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Zx L CW %, Sorci-Thomas & (1989) (X MLi% apoA-1 #& % & il apoA-1 (2 IE D FHBEBEIR A &
HZLaERLTVD, LEDZ &nh, KEiIIZIBWT, FCEIZ L 2= L AT m—/Lis LU'HDL
AL AT =R TEMIL, apoA-l BT OFEEME 2/ L TH D WREMEDR B X b D,

BB ORESIE, B 252352 b T 5, Hitomi 5 (1993) X PCB 2 k-
THE XN 5B FIZ. malic enzyme (ME). glucose-6-phosphate dehydrogenase (G6PD)3s & O
6-phosphogluconate dehydrogenase (6PGD) 72 £ @ nicotinamide adenine dinucleotide phosphate
(NADPH) FEAREFEOFEEZN L TRIDZEE2RLTND, AFHIZBWTFCE X7 a L bz
Ko TolE Z SNDNITEA~DOIRESEFE % #f L7- (Table5.1.2), DNA~A 27 a7 LAIZX 5%
Hr CIL FCE 138 7 » MZFB VT ME 3 L UNGOPD BT DOFBLAMEIT 5 Z LR b 7o o
TV % (Laurentetal., 2013), 7 2L b Z2EEL7ZT v MZBWTH, 2D OBELHENH
fil SN TWD AR B 2 DT,

KEIZBWT FCE I3 L AT 0 — A RBICL > THEESNSEI L AT v —/VIJEICH LT
DIHI2 BT, FEEREYIZ L > THESNDHEa ) RE U RTMFEZED 2 PR THLm = L
AT H—/VIFEET /IR L Th AL AT m—UMETERZRT Z LR ot S HIT,
FCE IZAEMEMIZ Lo THEINOENITICH L THEEDRZ RTZ 0 bnE o7,
b FCE OFEMIE, CYPTAL, apoA-l, ME 35 XU G6PD 72 & DR E R B ¥ 58 is D&
bZI LI D THDHATREIEN R E T, LU H, FCE FOWNZR DR MEH LT,
NS DHEBRIEMZ R T ONT RITHY . HRDWMFEOLENRD D,
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5 2 8

AUV IHMONREE S B X OOBES v )7 HES 55

sol b rBEEalL AT e— VIEETAT Y MIERIETE

5.2.1. #&=

sual b EOEKEMERGTHE, HDL-2 L AT 0 — LB LT R A1 O EFZ/ES
MALVATR—VMEEZGIEREITIERREIN TS (Oda et al, 1990; Oda &
Yoshida,1994), AFF 1 filcB W TH 4 (X FCE NAERREY THL 7L b 2BRLET v b
WXL, 2L AT e — R TER 2R3 Z L 2B LI LT,

FTAREYORE1X, D FE~OIEIO&HE (Kato et al., 1980; Oda et al., 1994), i1) fiFhi#
TOHEMIHEER OTEME(L (Poland et al., 1982), iil) fRE (LR (Kato et al., 1981;
Oda et al., 1987), iv) TR (Sturgill & Lambert, 1997) 72X %3S 2+ 2 LG SHT
WD, EREYIZ L > TolER I SN DB, EVREREER B OB (EET L Z &
k2 EEZHNS (Hitomi et al., 1993), AEKEY OFEITAENINT & BMERY 7o ITREE 2 5] &
23 (Odaetal., 1987), Zivilk, A EREYHE 512 X DT HE T VLER T SASL T L a—/LE
RAEDRWIFEEET L L LTHE L TWD, Biffilicisn T, FCE Z7 r L b k- THES
NONENITRE LOME 7 o A7 IF =80 EF 2T 22 L 2R L, 72, # 2 BBV
T FCE 1347 7 b ¥ I Lo THEIND RMHITEE IS LIHN R R T2 L 2B 600
L7z, F7z, itk s v 2 (Penget al., 2008) MU R (Hsu et al., 2010) 12 L - THkiE
SNHIFEFICH LTS, FCE IR R4 R4 Z Ll Sh T o,

i, AEiTIE, FCE #6 X O O EEAMERN S C b 2 B 36 L OV BEY o )7 Bl Sy
B, 7ulb AL THEINDEMITB L OIFEEICK LT, ED X9 R ER"T 00
ACHRETT 222 HME Lz, 2, 8T, 2272 — A REHCKIETREICO VT HHKR
AaITo T,
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5.2.2. EBRFIE

5.2.2.1. FBtOFHR

FCE |%. % 2 % (2.2.1. FCE OFiflds LU o) ICeFMafid L2 TE Tl Lz, 24U
VX (C. fluminea) & 7% Uik & Bl 0 SHREMMA I H L7, WEEZ ML, WEHO 2
BEOMAKZ L 2 BERINEEEH L7215, 80 A v 3 = DA Tl L7-, IEREZEHTE L.,
FCE %#157-, FCE IRE /33 L OGBS v 37 i35 4 3 5 2 81 (4.2.2.1. FCE lRE i 53/5y
Bt 5 o X B Gy OFRES KOG o AT REM A& Fedl L7 L Tl L=, FCE 22 mmikL
Lo AR —)b (21, viv) TBREEERRIE U, S U 7o, RIS OB 2 N 2 BICHH, U8
W U7z, T8I 2 BE N Ol - HolE L FCE IRE My 2137, TREmy B OREL R L, &
LR L, B-7 I 7B TCRBEL L=, Whig L 7oK CEERIE S, |IBEEFTIEL
Teth, WA LTET ' Mg 3MEINA, o FELBRIS T, AR UEIR Cmbz L, 5t
Z o8y E 5 3T, FCE NRE B3 L OHES 7 Bilisy OILERIL, T FCE @ 21%
BLOT1%TH- 7,

5.2.2.2. EEREY)

4 RO Wistar RHEMET » M HARTZ AT L —M) FF) LVA LK, =R 23+1C, 12
RO B Y 1 7 VOB FET, 1 IEFORT U LA — VI ANEE Lz, fEHIRT,
falEkRS K OVKEZKIZE BB E Lz, BAREY+ 71k, B4 20:00-8:00, M54 8:00-20:00 &
U7co AREWFBRITE N R 715 N RSy KPS CTERLRFE AR RFE EBREUE 206V Ry K
W ERE B R OEKREH T T,

Bt S E 272D FEtaE & L CiliiRkERER (5L37 : HART AT /L —(#K) T 2 HH., 20%7%
A U BOYERETET 3 AMEE Lo RICRBRICEE L7 LR 6 PCo 5 FE L L7, iR & % Table
5211~ L7,

HEARBBEL 2000 P A > BICE Lin, MR, EARBIC03% 7 oL M 2RI S = b,
A=A —FCEEWA T /a L ol Lz, FCERIZZ v L B8O X N FRE4
TFCE & LT, HEAY, valhi, o-a—rA¥—F a—WCEXH2T-, £z, FEEY
e LOVBEY v RV EEFED . 2N LN OBy OEEHRINEIL, IE» 5 FCE FEOFRHIE
FNLENENOBE S EEFE CIZRD L OICRE LT, RTOEBHIZ N7 BB LORE &N
FCIZen L oIT Lz,

RBR RO H-BAR 14 B H 0 6:00 726 4 BfEjf i L7z, 10:00 K0 WrEHIZ 0 £Rif L 7= %2 HTHR
AT HFIRIZE HICHURE LC. i E THERIRE Lz, £, RBRag5 0% 3 AMICH#
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PRI L 72,

Table 5.2.1 Compositions of each diet for the animal experiment regarded with the lipid-lowering and
hepato-protective effect of freshwater clam extract (FCE), fat fraciton of FCE and FCE protein isolate fraction
in rats fed a chloretone diet.

Chloretone diet

Basal diet Control FCE Fat fraction of _FCE protein
FCE isolate fraction
a/kg

Casein 200.0 200.0 — 200.0 —
Sucrose 228.3 227.3 217.6 227.3 213.0
a-Corn starch 456.7 454.7 435.1 454.7 426.0
Corn ol 70.0 70.0 9.5 9.5 70.0
AIN-93G mineral mixture 35.0 35.0 35.0 35.0 35.0
AIN-93 vitamin mixture 10.0 10.0 10.0 10.0 10.0
Chloretone — 3.0 3.0 3.0 3.0
FCE — — 289.8 — —
Fat fraction of FCE — — — 60.5 —
FCE protein isolate fraction — — — — 243.0
5.2.2.3. H{LZEHHT

MG AST, ALT. ALP B X ONLAPIEME, ER:E U L IR, oL A7 m—1,

HDL-=t L 27 m—/L, U URE, EBEIENSZ kRO % v F2 W THIE Lic(EnEnT & 2
F—ASTIl, % IF—ALTIl, % IF—ALP, 5% I F—LAP (T XTHIAT 1 v 7 ZH).
A7 ha LQ-BIL(ZZbF AT 4 = AM). TG-EN A /A, T-CHO A/ A (EBHH A
J AM), HDL-a L A7 r— /L7 A hUa— UVIEE-CT A MU a— (E5 5 b FEMIKR),
NEFA i3 B (3 & A v 7 A [FEFEH)).

JIFNBAEE 1% Folch & D J51E (1957) (C X Wl L7=t4, SEEyE CRIFE & HE Lo, s
JEWG. v 27 e— U REIZMIERERERICTH RO % v FTHIE LT,

BRELL7-#%2, BEEEE L, AT v — s KOMEHEEO ST AWz, R T e —
JUE Delaney & D J7#E (2003) (2L D HiHI L, TMS fb L7z, WNEMEREL LC Sa-2 L A X V% [
W=, TMS b L7=% 7 /L% GCIMS (GC6890/5973MSD, 7L > k « 77 /7 uy—H) Ik -
THMT LTz, GCIMS DT RIHILLTOEY ThDH, A ¥ =27 ZIRE 1 300C, 747 7 Zik
FE : 230°C. #7741 30mX0.25mm HP-5ms (7L b« 77/ ad—M). BT LIEE : 245C

SyTEIRFR . % D% 300°C % T 2°Cl4oy THIR S® 7=, IBYFERIZ. Sheltawy 35 & O Lowsky 0 J57k
(1975) IC X VEERIETHIEL, U ha— A @aifdEl U THWe, JER 2T o — L ORIEIFEAR
HISEBR D715 743 IZREHD TIETIT - 72,

Chomczynski # & UF Sacchi @ J5i% (1987) THFET RNA Zflith L7z, 20ug @ RNA %/ —H# -
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Ty MEEIZY 7V Z A L PCRIEIC K D53HTIC IV o, JiTlEF CYP1A1/1A2, CYP2B1/2B2
¥ LUV apoE mRNA &% / —H > 7 1w (AT, FAS, fatty acid desaturase (FADS) 1, ME, CYP7AL,
ABCG5 mRNA &3V 7 /v # A L PCRIETHHMT LIz, /= 7wy MEIZE S CYP2BL/2B2,
CYP1A1/1A2 35 L UF apoE mRNA &I LL F O FHETIT -7, Megaprime DNA T XU 72 25 I
(7~ AH) T v kCYP2BL, T~ k CYP1A2 3L TA~ 7 % apoE @ cDNA Z A=k L. /A
TVHEA =T a VEITD, A A=V T T4 — (BAS 2000, &+ 7 1 /v AMK)E W THIZEL
72, apoE MRNA &% Z OEME T /L TIEZ L L2 Z & 235> Tuvs (Oda et al., 1995; Yoshida
etal., 1996), = D 7= apo E mRNA Z NEEHE L L CHW=, &Y 7V A APCRIEIZ X 5 FAS,
FADSI, ME, CYP7A1, ABCG5 mRNA &£OHIEILLLT D &L 5 121T - 7=, High-capacity cDNA reverse
transcription kit (Applied Biosystems, Inc.) Z VT cDNA 7 v — 2 Gk L7, HWie 7T A ~—
IFLLF DY) Th 5,

Rat FAS forward, 5’-CCAAGCAGGCACACACAATG-3’; rat FAS reverse,
5’-GATACCTCCGTCGACAATAG-3’, rat FADS1 forward, 5’-GCTGAAAGGCCTCCTATGTC-3’; rat
FADSI1 reverse, 5’-TTCCGGTCATGATCAATGTG-3’, rat ME forward,
5’-CTTGTTGCCACCCTGCATTG-3’; rat ME reverse, 5’-TAAGCACACTGTAGAAGAGC-3’, rat
CYP7A1 forward, 5’-TGTGTGAGGGACCAGGTCTCT-3’; rat CYP7A1 reverse,
5’-AGCTCCAAAAGGTTGGAGGA-3’, rat ABCGS forward, 5’-TGTCCTTCAGCGTCAGCAAC-3’; rat
ABCG5 reverse, 5’-TCTGGCCACTCTCGATGTAC-3’, rat 18s forward,
5’-CGCCGCTAGAGGTGAAATTC-3’; rat 18s reverse, 5’-TTGGCAAATGCTTTCGCTC-3’

PCR it~ StepOne real time PCR system (Applied Biosystems, Inc.) TITWMREAIEIZ L - T
mRNA ## M L7, FAS, FADSI, ME, CYP7Al, ABCGS5 mRNA (% 18s mRNA % PNHiZ
L LCTHWTHIE LT,

5.2.2.4. JREERERR AT
IR Z AL~ ) VEELAT T o L A~ bRV ) oA Yy (H&E) LTz,
FEME LA AL Ly RO Yt LTz, T 20U 2 R iames F CRlZ L,

5.2.2.5. HEAENT

— TR E SO EE W THEZEN AL NHEI, Tukey (1949) D ZE/SHTIC L 0 FEM D
HEEMREZITo 72,
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5.2.3. &R

7 v hOFIEHERE, (KHE, IFiMER% Table 5.2.2 (TR L7z, RER L OEDEHE BRI 5 #EH
THERENR N7z, ITEERITSRIHCIS W TEARRRE L R L THRICEE L R L
oo NN E S 13 FCE Bfds K OV BEX o /"7 By FE IR R L i L CREICIREAZ L LT
. — T CHEE B HE I IREE E ARREN R ONZ20 o7, FCE OERIZ L 2RITA b
Motz Loy LIKEIGINEIE 15%35 K OV 30%FCE #fIZI\ T ot v b m— VBRI L~ EITHN
L7,

Table5.2.2 Effect of freshwater clam extract (FCE) and fat fraction of FCE or FCE protein isolate fraction on

food intake, body weight, relative liver weight, serum parameter and hepatic lipids in rats fed a
chloretone-containing diet for 14 days?

Chloretone diet

Basal diet Fat fraction FCE protein
Control FCE? 2 . L2
of FCE isolate fraction
Initial body weight (g) 89.4 + 1.6 89.4 + 1.6 89.4 + 2.2 89.3 + 1.9 89.4 4 25
Final body weight (g) 160 + 4 151 + 3 153 + 3 156 + 4 145 + 4
Food intake (g for 14 days) 190 + 5 181 + 3 193 + 2 191 +5 181 . 6
Relative liver weight
(9/100g of body weight) 4.00 + 0.09° 6.78 + 0.23° 549 + 0.03° 6.24 + 0.16° 507 + 0.11°
Serum
Direct bilirubin (mg/dL ) 0.015 + 0.002 0.010 + 0.000 0.012 + 0.002 0.013 + 0.002 0.013 + 0.002
AST (IU/L) 192 + 12° 397 + 78° 171 + & 161 + 11° 158 + 8
ALT (IU/L) 50.0 + 3.4° 181 + 43° 52.8 + 2.9" 54.8 + 4.9° 56.7 + 3.7
ALP (1U/L) 1529 + 64° 1524 + 65° 908 + 31° 937 + 24° 1080 + 29°
Triacylglycerol (mg/dL) 345 £ 3.6 22,7 £ 2.7 327 £ 1.4 28.8 + 2.5 25.0 £ 6.9
Total cholesterol (mg/dL) 99.0 + 7.0° 215 + 6° 114 + 5 131+ 7 173 + 11°
HDL-cholesterol (mg/dL) 69.5 + 4.3 129 + 3° 76.8 + 2.9° 90.7 + 4.1° 13 + 7°
Phospholipids (mg/dL) 163 + 7 296 + 10° 184 + 6° 201 + 9° 246 + 11°
Free fatty acid (mEq/L) 1.02 + 0.05 L11 + 0.04 1.07 + 0.03 0.93 + 0.05 1.02 + 0.06
Liver
Total lipids (mg/g liver) 58.1 + 2.5° 167 + 5° 68.4 + 0.8% 61.0 = 0.9 71.8 + 2.4°
Triacylglycerol (mg/g liver) 18.0 + 0.8° 557 + 2.1° 15.6 + 0.5° 9.89 + 0.54° 174 + 1.8°
Cholesterol (mg/g liver) 3.11 + 0.10® 491 + 0.15° 2.99 + 0.07° 313 + 0.11%® 3.55 + 0.16°
Phospholipids (mg/g liver) 23.9 + 0.3° 282 + 0.5° 295 + 0.3 282 + 0.5 29.7 + 0.6°

1 Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the
values were analyzed one-way ANOVA and then by Tukey's maltiple-range test. Mean values within a column with
different superscript letters (a,b,c,d) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

A EEoE L A BEBEE Y LE Y ALP IZOWT Table5.22 IR L BHEE U L E V(T
ETCOMBTHEREENRONR o7, ALP IZHEABRE L M CAREZIIA OGN o725 D
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@, FCE #f. NREW /3 EES L OVBEY » /37 B BRSO TR IR & i U O R ITRE %
R LTz, FFREEORE L /2% AST KON ALT IZOW T BB CIT AR SR L ik L CTHEICE
fli% 7R L7278, FCE #f, NREEI/FER KOS » /8 7 Bl o fE Cldoch BREE & b L TR EICIR
il 7R UHEARRE L RIFLE T - 7= (Table 5.2.2),

MHNEE (FPHEEN . oL AT n—/L HDL-2 L AT n— L U VI8E . EREIEIGER) % Table
522 TR L7z, MWL AT o —/L, HDL 2L AT a—LB L0 VIRE I RIS\ T
BEARE L i LABICHEEZ R L, IR L 27— LX) VIFE L, FCE R, IFHE

W RERS KOV S v X7 BB EEDO TR TUTEW T, xHHREE L ik L CH B Z R LT,
HDL-= L 27 1 —/ L% FCE Ffds K OMRE WIS HED 2 TxEREE & i LA IR 2R L7228,
STHES X S RECII IR & A L S e o e, g R PEREN F L ONEBEREIER IZ D
TIIREHITEN R b7 D> 72 (Table 5.2.2),

NFIBREE (RIEE. TPERERG, =L 2T r—L, U UEE) % Table 522 (2R L=, FIEIEHE
TR TREBIC W T, AR E R LA RICEEE R Lic, ITRRIEE. PEENR L O
a L AT u—/UE, FCE B, TREBEI SRR L OEES o7 BB FEDO T XTI W T RRE L
W U CH B A R LTz, —J5 CHFIR Y »BEE X FCE B, MRE MBS L OBy v R0 &
B FEC IV T, PIREE & 2200 72 (Table 5.2.2),

AR O BRI BE 5 5.4 Fig. 5.2.1 (A4 /L L > KO Yefa: (A)-(E), H & E Y+ta : (F)—()) &R L7,
FA Ny RO Yeta U7k I Tt IRBE CIIAB R 23 fei8 S 4172 (Fig. 5.2.1(A)—(E)), H&E
Yett, U 7= J% I FRREIC B W CRIRIR O 2 OB FEAC A RE & bl LTI L Cve, Ln L
FCE 7. IEEBEIDHER L OSHESY o7 BB ISR TR, ARk D22 OFERANA & 2240
flan Tz, b0 RIT, FBEEEOZERMOME L —& L T /- (Table 5.2.2),

FEOPER LO#ET~D X T 0 — LR % Table 5.2.3 (2R L7z, O GREEITIASR
¥ KON AR & bbie L C. FCE #¥. FEEE /v HEd L OV Y o X7 BHE BV TR BIC & E
ZRLTc, BHRAOHERAT O —)L (2L ATR—L, aFrRAY ) —LBIRaTsary )

BEh BROMEHERORMTRIT, oS EARBICHEEATIR OGN T, Z7u b hr o8I
inoTe, — T, FCE RE, 3B X OMBEBEHEZIHB W CITRIREE & Il LT, B~ fPEx 7
VPR RN B A R Le, £, B~ EERPEE L, FCE B, JEE R/ HER X
OGS 2 X 7 BRSO TR IREE & el L CH RICHE A7~ L7- (Table 5.2.3),
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Figure 5.2.1 Histological changes of liver lobes in rats fed a basal, chloretone-containing diet, supplemented with
an FCE total, fat fraction of FCE, or FCE protein isolate fraction diet for 14 days.

All images are light micrograph liver sections from rats fed a (A), (F) basal diet; (B), (G) chloretone-containing diet; (C), (H)
chloretone-containing diet supplemented with FCE; (D), (I) chloretone-containing diet supplemented with the fat fraction of
FCE; (E), (J) diet that contained chloretone supplemented with the FCE protein isolate fraction. In figure (A)-(E), sections
were stained with Oil Red-O, and scale bar indicate 500 pum. In figure (F)—(J), sections were stained with H & E, and scale bar
indicate 100 um. P, portal veiurn; C, central vein.
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Table 5.2.3 Effect of freshwater clam extract (FCE) and fat fracion of FCE or FCE protein isolate fraction on
fecal dry weight, nutral sterols and bile acids in rats fed a chloretone-containing diet for 14 days*

Chloretone diet

Basal diet Fat fraction FCE protein
Control FCE? ) . .
of FCE isolate fraction
Feces dry weight (g/3 d) 0.81 + 0.05° 0.88 + 0.05" 31 = o0.1° 16 +0.1° 24 +02°
Total neutral sterols® (umol/3 d) 331+ 07 30.8 + 3.7° 162 + 8 157 + 12° 37.6 = 3.3°
Total bile acids (umol/3 d) 187 + 1.8° 253 + 2.7 86.0 + 6.0° 61.8 + 6.0° 84.6 + 10.5"

1 Each value represents the mean = SEM for the 6 rats in each dietary group. The statistical differences among the values
were analyzed one-way ANOVA and then by Tukey's maltiple-range test. Mean values within a column with different
superscript letters (a,b,c) are significantly different (p < 0.05).

2 FCE:Freshwater clam extract

8 Total neutral sterols means the sum of cholesterol, coprostanol and coprostanone.

FCE (2 & D TP 3 L OMBWIITIC R 3 2 R8I D A B = X LD — bz RIA4 5 72, X
AR L ONEEAHIC AL 2 BIn FREZAIE Lz, —RAVRFEDEHER L LT
CYP1A1/1A2 35 X (Y CYP2B1/2B2 mRNA &% Fig. 5.2.2 |27k L7z, FCE B8 X U H /5t CTIX
KPHREE & bl LT CYPLAL/1A2 mRNA &2 & Z =3 mIC&H > 72 (p>0.05), — 5 CTxIHHE L
FEARRAETIX CYPLIAYIA2 MRNA RICHE AT/ 7 v L b OB L) 7=, CYP2B1/2B2
MRNA &EiX7 7 L h SR D FE S, SR CIIEARAR L I L CABICRMEE R LT, L
U7 B, FCE BE, JREE /3 EER KOV HE Y v )7 EHEyEEC BV T CYP2B1/2B2 mRNA &
IIRTIRBE L I L CHEZEEF A O T, BE Lo T,

REE R O EE /2l Th 5 FAS,FADSL 3 L O ME O+ mRNA &% Fig. 5.2.2 |ZR L7z,
FAS 35 J UV FADSL mRNA BT FEARRRE L bl U CRIBBEIC B W CEEZ R LI b o0, FEE
Xenotz, 7 a b i AZ K-> ChE &5 FAS mRNA OFH % FCE 1 X OV 73 133 L
FEARBEL I L CH BB AZ /R L7z, FADSLI mRNA &iX, xHPREEE ik L C FCE BElZR W
TIRfEA R~ TEAICH Y . FREERSFEICB W TTARICKEEZ R Lz, Lo Laed bty
X7 B FAS 3 J U FADSL mRNA #ICEE L7220 72, T ME mRNA & (T EEAR R &
i LT, AR THBICEMEARL, Z7e L bk EES T, — T, FCE B, EEHE
SRR KOV S o 3 7 I FEC I TR HREE & iTliE ME mRNA &3 A 5720372 | FCE
KD 2 DOEGFIZ R DT oTc, AL AT v — OB G OHEREER TH D
CYP7AL O fiflil mMRNA BEIZOWTHEZEIZ Wb OO, RFHRRE & ik LC FCE BE. TRE W/
BLODHEY v EENTICB W CREfE 2 Lz, AT ABCGS mRNA B3t FREEHZ B0 T,
B & i LA BRI % 7R Uiz, JEE WSRO Il ABCGS mRNA &, st e &tk
L CEEZRTEAN S -2, FEEIRLNR)-T,
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Figure 5.2.2 Effect of freshwater clam extract (FCE) and fat fraction of FCE or FCE protein isolate fraction on
hepatic (A) CYP1AL/1A2 (B) CYP2B1/2B2, (C) FAS, (D) FADSL, (E) ME, (F) CYP7A1 and (G) ABCG5

mRNA in rats fed a chroletone-containing diet for 14 days.

! Data represents the mean + SEM for the 6 rats in each dietary group. The statistical differences among the values were
analyzed one-way ANOVA and Tukey’s multiple range test.
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5.2.4. B

INETOMRET, 7y MZBWTD-#Z7 7 b (2%, Hifit s v~ (Pengetal,
2008) ¥ L WU LRFE (Hsu et al., 2010) (2 & 0 #F#E S 5 FREEICK L, FCE 2 FAR7#30F
EHTDIERINTND, KFEIZENT, Fxld FCE B L UE O EER M5 Th 5 N5 E 15y
BLOGEEY X7 BB, AEREME LTI L oL, HiBE~EENERE LT v

M U REEER 2R3 B 0 2 et Lz,

sualb hrxTy MIEET L2 L1280, MiE~DOIREOHERN RS 7z (Table 5.2.2, Fig.
52.1), SSICIFEEDIETHLME RN T AT I F—EiEED RN R L= (Table 5.2.2),
Fx i, RBFEIZBWT, FCE A7 B L kI Ko Tl SN 5 iFiB~ O IR E O FRiE L O
fDREEZ SFHET D2 2L L, £72 FCE IRE M /3 L OVHES v 7 Eily b Rk D %h
REHTHZL%EZR LT (Table5.2.2, Fig. 5.2.1), FCE B X OF OMi%y (FriCIEE I 4y) 1358V IE
BIRTER B KO AR#EER 27~ L7z (Table 5.2.2, Fig. 5.2.1),

REIZIBWT, FCE B L OB ST A~DOIEE (RIS IERERG) O &R % #nl L7z
(Table 5.2.2, Fig. 5.2.1), A= REY T, FFIRIZ IV TREEPIZ NADPH PEAER4SE Cd % G6PD., ME,
B LOU6PGD DFFELZ T L CHENIF 25| SR Z T Z &AVRmI ST 5% (Hitomi et al., 1993),
Fxlx, TR Z VT NI AT K DHFFRITIBNT FCE I X 2 IR MERE K TAER X, TR
G L O 7 F BT 5B R BLORENIZ K 25 AlRetE 2R LT\ % (Laurent et al., 2013),
SHIZ, A 7uT LA DORy FT—=ZHTICLY . IFEREHOPLNRETER D1 5THD
SREBP1 7* FCE O FEAX FTEMIZE o > TV 2D IREMED s S 4L7- (Laurent et al., 2013), 1z T,
FCEIINEERMOBEER{EFE 2 72— FL TV OB FOFRIBUZE L T /o (Laurent et al., 2013),

s a L bk, PCBs, BHT 72 ED/AEKEY)IZ CYP OFBAFHLET L Z LARENTNS (Oda &
Yoshida, 1994), CYP (X3 7 1 YV — ADE RIERIZEBIT D A—/\—FF ¥ R (b Kk#E 2 LD
IEVERRFFE (ROS) ZEATHZ LML TV D (Zangar et al., 2004), Iz T, AKREYIT IR
DOIRE iR %25 & 23 (Fadhel et al., 2002), AREYIC K 2 MO 37 R 1T R 2 R

WL ThH D EEX LTS, JIFik CYP2BL/2B2 #1157 v L b AZ K-> THEINTZH,
FCEIZ L 22172~ 7= (Fig. 5.2.2), T D=8, HEEECIEINIFIZA 42 FCE O#ER R
7L h X o THEE SN 5T CYP2BL/2B2 s - DAL CIXaiA 45 Z L ke o 7z,
Hsu & (2010) 1%, PUH{bmFEEZG L7277 v NIV T FCE Oft 0503 g o i5 & im s b %
M2z L a2RELTND, — 5T, Oda > (1987) (X, PCB 25 L7-7 v hmHEDOE X
IV E R NEE LIEHE IR W TITFIROIFE BB LTI SN b DD, PCBIZL > THES
NAOEEIEXY I VEILL - THESNZWVWI E2HE LTV D, AT, Gulauert & (2005)
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IZE-oT, Zy MZBWTEEFTESX I E FFETo-Fa 7= — &% ERISELH0D,
PCBIZ L > THEINDMEEICKH L TUIMEMA LN &bl ST, i, IFRIRE
LI, BRI L A NS ORRE T2\ ITHEM 2 3 % (Oda et al., 1987), ROS 134875
FIZBD 5 BIGF OFBUBIR T 2 ENIK F-B (NF-kB) OFHREFET 52 LRAMONTND
(Sen & Packer, 1996; Baeuerle & Henkel, 1994), Hifit:s =2 v 7 IZ L > THFEINAHEEET LT
v MZEWT, FCE (T TNF-aDEAZMEIT 2 2 & THEE 2+ 2 Z L AlE ST D
(Peng etal., 2008), 7, RHEETIEH LN, Frx ODMEICENTH 7 v L b FRTFEEET L
(Z%9% FCE BLOIREME 7y, iy X7 Bl O EE N7 A7 VT I 7 A28 -T
BEtLefER, 7 b bl ko THl &R Z S d TNF-o mRNA L~vd E573 FCE B LW
NEE W5y, B 7 EBEIZ L > THEICHHI SN D Z L BHLNIIL TS, EEREMIZ
Lo THEINLIFHEEET LT v MIBWT, FCE B L OZDIFE I/ LUV HEY v 78
53 73 TNF-o0D EEAEM ] 2 AT U CHFRE E 4 209~ 2 AIREME DS s S vz,

Iritani & (1980) (XY~ K3 (Corbicula japonica) 75 FH%L L 7= HhPEAG G 23l G6PD I35 X
OME 20K FZ5I &R T2 L 2R L TWD, Iritani & (1980) DOAFZETY / —/Lfig (C18:2) %
ZLGLa—UAANOEDVICHWONZY~ b P IHOFTHERIICE £ 5 RES IR
FORE NI (C18:4, C20:5 3 L N C22:6) DA FHEIX AR D fEIiEE 7 35%LL T - 7=, Iritani © (1980)
X, 2D ORESAAERFIENEED Y~ k> ¥ I FERIIC BT 2 IR G AR T VER OTE %
DEERTHLHELTWVD, E6IT, n-3 RBMAEEFMIENIEIT, BlaFUwELE2EbnIET L=
—WAERRIAPEIFRET VT v MZBWT INFadD EAZ IR L, IFEEZIHT 25 2 LaREh
TV % (Svegliati-Baroni et al., 2006), AHFFEIZ IV TH = FCE IR M4y FIC I B DIFE T
bHa— MEHEB LT, LA VBB IO/ —AERE, £ 113 B3R 150 & TH -
7= (Table 4.2.2), —J7C FCE JRE /312 & £ 5 RS M A AR & % X8 o72, 126
2300 B FCE NEE M43 1 XTI E o & d L OWFEE 2 8 L7z, Zivl, FCE IR /7
BT DEMALE YT RES M A SRR IER LS OIREMEAL S W O ATREMEAVRIZ S LT,

REEMES X7 BB KO 2 BRI B DB G I B2 T 2 L mbh
TV % (Iritani et al., 1986; Iritani et al., 1996; Shimizu et al., 2006), 1z T, —# D7 I/ BEIZIFIR

&

RN D D Z ENME SN TWD (Komano et al., 2009), FCE JI5 8 18 31 X g~ o 5 B i 4y D 2
B L O % A — 240 L7 (Table 5.2.2, Fig. 5.2.1), RiZ(ZH\W\ T, FCE D7 2 / EH
BIXAEA L EIFERICTH L2, FCE FO 7 U vV &iF, BEBA Ll LT 2~3 fFEEE
NTNBHZEERLTND (Table 2.3), WL O DOHFZEIZEBWT, BEHMES Y o> LUV IRRE
e I B % RITT 2 L5 ST\ % (Hafidi et al., 2004; Park et al., 1999), Nz T,
Stachlewitz © (1999) (X7 v MZIBWT, BEFEZ U U, D-HT7 7 M IV ICk o THES
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IO MHEFITH T HIREDRE R L TWD, £, 7V 37 v =Ml £ 5 TNF-afEE %
M4 2 2 LN SN TWb (Wheeler etal., 1999), FCE 1o 7' U o> & T, FCE 12 X A IRE
BHEEIER 3 X O REFEHZFI TE 220G 0TBREWE Z A TH %, Iritani © (1986) 13L&
EIVEDREMI K 2 R (NEITNT B XOKRE X X7 E) mElkx o8 (B
A BRIk ]2 E) LU T, THE~OP B OS2+ 52 &0 2060
FA 5 REE# (G6PD 38 LUV ME) 1R EWZ L2 WA LT\ D, MATREX U7 EIX, I8
A L U TR A R SR DR B A FHET 5 2 L 2/~ LT 5 (Irinani et al., 1996),
Ascencio 5 (2004) X KT > /37 & SREBPL &fn+ DB A4 2 = & TIRIIFICR 5

WEEAEAETLHZLEZ R LTS, RGNV ELERBEOMEOT 2/ BRIEAWIZITFIED
G6PD 5 LU ME TEMEZINHIT 225, AFlE~D PPENEI OFBRITITZE LN 2 EnlE ST
% (Iritani et al., 1986), i, FCE /B~ > /X7 B3 X D RFig~DOIREERIZ, 7 /%

FHARIZ X DB TIT RSO AT = AL LD AREMENRB 2 biLb,

AREIZBITH70 L P AL THIER I SNAFEEET NV EFH2ETONT 7 IV
BIFREEET L OBENMI, MBSO OERTH L, EF., AEBHEOZEMIZE > TAZKRY
v 7y Ra—ARE ORFIETOREAETHSH NASH <° NAFLD 2L 72> T\ %, NASH
DFFEA T = AL & LTH—BEIEE L TITIE~DIEN OFR, F B L L TRRIER LAY
A MHA LS TRIENG| EE Z &5 two hit theory 2MEE Z N TV % (Day et al., 1998),
FCE [ZHICIFEE 2 T 2 720 TidZe < TR~ DOIEN O ZE b TT 5 Z LB BNE 2
ST, 72, FCE OfFE M /33 L OB Z o 37 E 5y & I~ DRE O£/ % TBiT 5 1E
7238 0 | FCE (ZIdKEEMR L ONREMEAY & B bIEMHELAE WD E £ TV D ATREME DRI
SN, TNSOEBORLGPEEEE L TERT 22 8T, WS D00 A ) = X L THEMIEM
ZRLTWSHZ &, £/ FCE I[ZNEMIMEIFRIIE A J1 = X LD F— B O Il ~D g D% b+
K OH IS TH D RIEMEY A A OIHFEOFEFF TN THIHIINI/EN T2 Z & Tl
WHPERTF R % T B3 2 ATREME DS RIE STz,

AEOWZEIC W bNTZT > MR K OTESE DA 253, FEicsnwTar AT m—
AAEMEE SN2 LICkVEa L AT o — L MAESL S X 2 LTW5 (Table 5.2.2), FCE %
KO DIREE Sy, BEZ VX7 EENE, Za L Rl TS ESREE 2 L AT B— L
JEET /LT » MZBWT, abA7e—/ K TEHAZR L7 (Table 52.2), FCEIZL D aL AT
B—/UE FEHDOA =X AIINETOMRICE Y, i) FRiCBWTa L AT a—/Linb R
fe~DRACRG, i) i D IRE ~D 2 L 27 v — V4Rt o e, i) PR~ hERT e —1
BLOMEHRBOPEEIC L2 B2 BbND, REOEIZEWN TR, a b AT a—/Linb
PR ~DORHTIRIZ IC BT 2HHER TH D CYPTAL BIETORBENFEI N LEMICH 7
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(Fig. 5.2.2), FCE lEE#i4r & FCE B & v /7 EHES3 1%, EHRA~ORAT v — LRIz BV TR
HAEM 2R L7- (Table 5.2.3), FCE JEEF 3%, 7oL b ko TSN ZEa L AT 10—
JVLE T v MZBWT, #2570 —/ Lk L ORI O Pk 2 e L7~ (Table 5.2.3),
—JiC. FCE Mt /37 Esri%, #Eh~OM BRIt (2E L7z b DD, FEZXT 1 —1 0
PRI I3 B % KIE S 72 o 72 (Table 5.2.3), AFHOERETHEOLNTZ/7n L b Ak THES
No@Ea L A7 e —/VIAEET /VIZEIT 5 FCE IBREE /B L OVl X v X7 glipickba L
27— ETIEMIZ, 2EOEa L AT e — LBl Lo THEINLIEH I L AT 0 —/LIEE
TNTy MZBWTHEETH o7z, MAT, Fx OFfRIT. 7o b brpy, gD BIEE ~O
L AT B — Uik Z BV CEEREE A2 R 72 LT\ 5 ABCGS B OB A M+ 5Z & %
L7 (Fig. 5.2.2), i, Z @ ABCG5 BinFORBUMEWEMIZZ v L F itk dma L AT
2 —/VIEFEER O A B =X LO—FZ27R L TWD RN S - 72, RIEICBWT, @al X
TR LEBIZE> THEINZHIA VAT B—VIEET VT v MZBWTIX, ABCGS i#Efs 1
DIEBT FCE DRRE /33 K OVl & > X7 B3 XTIl S vz (Fig. 4.2.1), L L7

O ARFOHMIEIZIENTZ oL F AT > THFEIN DL E 2 VAT B — VIEET /WZE N TR
FCE OEE M4y X OVrHEs > /37 B 55 % ABCGS Bin 1 O BUIITE L KIS oz
(Fig. 5.2.2),

RENZFWT, FCE 38 L O 0 EH A RAL Sy T b D IR 473 L OVl 2 v /37 B4y I,
7wl b A E o THE SN D ITIRIEE OSBRI LIHI{EM 27~ L7z (Fig. 5.2.1, Table 5.2.2),
DNA ~ 1 7 a7 L ALK DHFFRIZ L - T FCE 1%, &% 7 v ~ Oz CHEM G Iz b
LG MHIT 5 2 ENH LMo TS (Laurentetal., 2013), ABFZEIZB W TH, FCE B
X O DREEWE /31X, g FAS 38 X OV FADSL 1B s DO H A& #ifl| L 7= (Fig. 5.2.2), —J7 T,
BES R EEE, 2D OB ICITEEE KT S0 o 7 (Fig. 5.2.2), 2D X 5 IZ FCE
REE 5y & By X7 BB X, BR2BEFIEHAHL TS L bhs, BLEDZ Lk,
FCE I3 DIENER 0 & G 7. FTEBOERA =X LML o THEREZ R LTS EB X bR
770
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% 3 Hii

/NG

FAEIIBNT, MaLATe—LBICL>THEINLIEmILVAT R —/VIEET VT v b
ZHWTFCE ®Da L AT m— /UK TEAZBEI L. S BICEDIEHILEMORRE 2T o7z, £
DOFER, FCE ITIFmWa L 27— /MR TERRH 2 Z & £ OREE 3 L OV s o)
JEESDOELLICHEALAT R ARICE S THEINLIEm I L AT B —/VIJEZWET 5
IRD DD Z LB BMNE T, Fo, FRICEOEMEEME L LTAT 4 CFFEA A LA
Fu— VBRI A RET A 2L Tal 2 TF o — UK FERZ7R LTV A ATREMER RIB X7,
EaAL AT — LB L>THFEINSE 2 L AT 1 — UIiEE T /Vide VLDL fifiE 4 5] % i
ZTETNELT, KAWL TWAEMET VL ThH LA, BEFHROBRIZ2MNAME = LA T
2=/ oT, Higlck T2 a2 27— L&l HE STV (Dietschy & Siperstein,
1967), b MR\ TiE, — RIS, BFAROARME= VAT o1 — L TENOKI 2 FITH Y |
OO SENIR CAREININAE L AT u— L THDH, FDd, BERMCIZ, iFETE
ESNDNEMET L AT B — VOB OWTIHRHT 22 L bHEETH D, EREWITNTIETO
AL AT ERERET S CHRaA L AT e — VIJEZ S SR 252 EBRMLA TN D,
DI, KEIZBWTEL, AREYIZL > THIRICBIT 2 a L 2T e — LGl EE > ToE =
VAT u—VIEETF AT v k& HWT, FCE 232 L 25 1 — VREHT RIE T HEIC SV T
2117,

AREYE LTI/ L 2 RET52 LIk THIEREZENANRMER 2 L AT B —/LF
FNFy Mt L, FCE %5252 & TFCE @=L 27 o— UK FIER %3 L7-, FCE i3,
NERMERE 2 L AT B —VIJEET MZBWTHBna L A7 e — UK MEHZR LT, ZDEH
AN =R BRI EIT 172 & 25, Tl CYPTAL @l F DO %N EH L, FEh~ohtE x5 o —
JVE L ONEHEE OHEE &I L CTuvie, FCE IC X » THIBICE T 2 2 L AT v — /Lo BB
MMEEESNTWDEZ NG, I ToalLATu—LAEREmELZ&bE2 bRz, LavL,
FCE 1 HMG-CoA L 4 7 # —ElIn T OFRBUITHE L 2 h o7z, ZhbOREEN S FCE I,
SARPER A VAT B — VIEE T VB LONEMEEG 2 L AT B — VIEET LV EDL HIZBWTH,
L AT a— VORI EAT A LI s Talb AT e — VK FEMZRL TS &
FERAbN, HB4EIHIZBWNTFCE 2@ L, EHALEMORKZ{T-7-, FCEDaL x7
2 /UK TEIEA 7 0 VAREZ SRS 15 ) 77 Y v e — 2 G Telisy 2 [ZHRVE
PERH Y FCE ®a L 27 v — /UK TEROHRLHREREZH I lianEEnTtnd &2 bh
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Ao OO, KEICBTLEKREMIZ L > THEShDE I L AT r—/LIET v MIxtd
HZFCEDaL AT a— VR FEAOA T =ALLLTHa L AT o — LR bREDEEEM
ANZANTHDEEZDNIZ, FAEBIOKEDOHRNH, FCEIZL S a L 2T n—/UEKT
TERIZNEE 3 L OV HES o 7 HEICEEND WL DD EMIC L > THEIZH R
ENTVE LD, JHICHT 5 2L 27 1 — L0 BLREHEENE T %2 B3 2 IR MER S 23t
BFUAEH LTV D b o EHEHI STz,

Flo, KEIZBWTHW=Z v b b &5 7 v MIMBICK T 2 EEBEER bIREST 52 LT
NEMIF B L OB bR ZTET LV THDH, FCE X7 rn L it o ThlEEZShD
JHFEFEIZRT 2 TR EZ R LT, REICBW TR LT AEEREMIC L > THl & Z S b iFE
EETNEB2ETONT 7 MY UFEMEEET AV OENL, ME~DENOSERETH 5,
FCE [ZHIZFEE 2 T4 27210 Tldle <. Il ~DOlEio&ER S PP L7z, FCE Z= L%
71— /UK FERFEIRRIZ, FCE ORFEE 433 K OVRESX »37 Bilsr & b I~ B O %4
Z T 21 & Y | FCE IZI3KEM R K ONREHEAD EH LI b IEHLEMREEN TN D
EHER I D, 2N DEBOMSNEERE UTERT 5 Z & TUABEEREZRL TS Z &
F 72 FCE [ZNENIMENTRIERE A T3 = K b OB — B P& DTN~ REN; Z il 2 Z & THEMIMERT 2
Z TR % ATREME DRI S U7,
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F6E
weIE

AERY w7 v Ra— AT E R RS R R & OBIRE(COfERIN T+ Td 5, £72.
AHRY v 7y Ra—AORICE T 5 KB NAFLD ° NASH ThH 5 52 LT 5,
NASH (22 ASH H (L O IF AR ANCERT 5 Z E DML TS, ZILD O
(T, REE. EEFEE, MUE. BUE, (KRB COETTEEDS, TORIELERBICRESBEBRLT
WD, TAHAEEEERIL. BEICBT2RFOEOUE, HEEEIER LT X D Tk X oAk
WEE LY, —FHT, BRIV TR, D50 EICk i) 2 HEEFESLHE & KEz
BT 7 FU—h =BT, A Y XLA0ENAR—KE L TAEEEERF LS SR 3 2
EMASMNE > TS (Fujino et al., 2006), = D X 912 24 FFRETESD i) TV B BRI
BOWTL BOOERLZT TIIAEREELZUET 2 EnRERY G H L5, 26D Z Lnb,
FEOHREME R A 72 & 2 TR EIER O P ERICIEN T2 2L b 1 DOFETH L EEZBND,

AZRY v 7 Fa—LORROD 1 >THLHEERFIEDIRFE L L THRP TR HEH S
NTWHAZF %, Hh Y (Penicillium citrinum) 7>5% .81 (Endo et al., 1976), HiS A
HITHD XY —/IARTH LA FANBRALIN TS (Wani et al,, 1971), ZHbHD XD
I, ZNETICEZL OREIDHEELPHBE SN THED, 2DOZL B3k AL R E L
HDOTh D, TFE, KEEMEMNTENGE LT~V oA FT 7 /P —nNERZHEOTEY .,
B2 AR &I 5 AETRERERIC & 0 AR 2 272 D T OB 6 & b D ARAEM & D70 < 72
WEBZBND, RIINDREASNIAIMEED Z AT 2 Z &k, REERGERHY ., &
IR &I DA EeaR, s, B SICID2EM TS L LT, BBET 560D L IEFRIE
5B bH 5, TOHEITIE, FHEINERE FIZREWN T, EWEWINITRICHE S &
HZMEVIEE DY, v U oA A U —ZBWTHEH SIVTW AR 72 Rk 7R BRI T
FRENTEMOLEIT, FERREL VI 5E S H S (Fusetani, 2002), FFIZ/KAE DGR
FEOMBE A 7 E 3 b ST 722 D ATEBR R IC K 0 AR S B D -0t &M a A L T\ D
EHIRF SN T WD, WK VKR T 2 iEeda 721 T 10 FRJELL EH D LHEES N TE Y,
FEFIFEDR LV, F72 2O OBHEESCME IR T O b ORKRE S pnizd, ZoHiC
BENTVWLIHERAMEOE L DRV EMEESND, ZO720, T OMHREES M EE) O
EREARWEZ A7 V== 7325 Z IR NN ZERESIBESND, b
OBHIBECHFEE OB E TH 2 ANMEIT. T O AMEZENICER L CO DR H 1 |
RERNRE L CRERABBMELRHD LB DN, FIC KA THLI VY ITERERT S 2 &
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T, BETOMA B EEDTND I L, SOICEER TR TERWMEDE, FREE
PEALEW 2 ARNIZIRE L TV D72 AKRAEDOHHIBECME O O MWE A L T\ 5 ke
PWRd D LB BT,

K LIZBN TR, Z< ORBERNH D FITRIAETIEH 508, ZNETHEDOHE VAT
WIR Do TR O KREEY THL YV I FITHRAKTEEL TV XA TV (C
fluminea) OFUKHY TH 2L FCE MAEIEEEFICH L TLED & 5 2gBa KT Ozt
L. S5 OEBEMLEMOREZITO 22 AL LTHIEZIT 272,

£ B2ETIE, FCENT T 7 M U EEEE T VIS RIT B E T Lic, TOR
F FCE I, IFFEE DOFEIECH 5 MiF AST 8 L NALT{EMED ER-Z M4 2 2 & 3R S iz,
ZOZEMB FCERIH T 7 M I X > THEE SN ONREE IS LIGEDRZ AT 5 Z &0
R E T,

WNT, FI3ETIE, FCE R TV a—/LZ Lo Tl &l Z S IFREE, FRZAFg~DRER O
FICKIETHEIZONWT, =% ) — VAl n&EE7 v AW TR ZITo 72, ZORR L

LT, FCE 2 X » THIEA~DIEN OFREZ M2 Z L 26N Liz, =& =/l &k »THl
X ENBFEEEZIHITEAD=ZLD 1> LT, FCE N7 /L a— Rz e+ 5 T he
HENREZ Bz, £D72 FCE 237 v a— RN KIETRBIZ DWW THREF 21T > 72, £ Dl
RELTFCE (ICXo Tl TNV a— VREOIRTARED Z L 2R LT, £/, TbH DR
Hno FCE X7 v a—AREHetE A (etET 2 2 & T, 7ra— il ko Tl &k 2 S 2
O EN OFERNT 5 UHHE M 2 773 ArREME D VR S vz,

FABRBIOESETIE, MalbATe—LRBRICL>THFESNLIEmA VAT B —/VIEET

B

NTy MBROZ L b Al THFESNDE I VAT B —/LEET /LT > hD 2 DD FEER
#ET NV EHWT, FCE 82 L AT v — /MR MEM 2R MFt %2170 £72 FCE TICE %
o alb A7 a— R FER 2R3 AREEME ORE %217 > 72, FCE O EEREM A Th 2 JIE
HE5y, S X7 HEWTRICRBW TS, 2L AT e — R MERR S 5 Z & 2H LN
L7z, &6, FRCHRWEIRZ R LTCIREE 7D, WP 2 rd 27 ¢ v TRE R E % %<
Gl 1 EFPERB L AT BV 2T N E S L GTHES 2 D 2 DOOESFIHN T L AT
— /K FERRDH S Z &2 50T LT,

77 MY UFEREEET UL, WEAMEUTWLZ b, YA NVAMEFRET LV ELT
HOBRTWD, LnLRB S, 73— /LIEIFEERS NASH 78 & & S JIE A 1 = X L D—FA
FERILTWDHERHLEEZBND, HT7 7 I UE~ A MilAZTEELESE, e 2AZ 100
ez e L, HEGREEZ RS E, BNMBEOELET 2 F X U ORAREKL,
Kupffer i 23E ML L, TNF-aDEANE KL, FEEZIIsEIFLELLATND
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(Stachlewitz et al., 1999), 7 /L = — /LPEFREFIL, £ 9FI 72 7 L 2 — VB IGE iM% T
L, RWNT/MGD 7T AR OHEKIED, ff=s BRSO RED EH L, Toll like
Receptor (TLR) 4 %/ L C, Kupffer Ml ZiEE(L L, ROS SSEJEMEY A b A > Th D TNF-a
X interleukin-1 OEANH AL, HEEZFI SR ITLEEL LN TS (Uesugi et al., 2001),
$£7- NAFLD BFICHEWTH, BEZEERERT 5 2 & (Miele et al., 2009), if>> F k¥
VUBREN EH LTV DZ L (Harte et al., 20100885 STV 5, @RI RIC X - TRER
FIZBWTH, M RS UK T 52 EbHESIN TS (Pendyala et al., 2012),
F7-. NASH BHICHWTIE, @HE £7-13 NASH ZEb RV RilsE & T 5 & BN
ENBL VBN TOT V3 — VEEANE R LT, NASH OHERICEEE KT L T D alREMED R
BINHRRBHRE SN TS (Zhuetal,, 2013), FEFEL IS EZTHEEITN OrdH 0+
DIIFEA T = AL BN ONHDEBEZLNDD, AILNOFERIZE-T 1) BEGEEMEDTT
. 2) BWMEOELT L B FR O ADEER, 3) Kupffer Mild 3 &AL, 4) SIENE
YA NI A OFEANEKR, B) IO RIE, &\ ) —HOIFRERIE A 7 = X AFEBEL T
HEBLND, W OPDOWZEIZIB T, FCE 28 TNF-a®DEAZIHIT 5 Z & 3lE STy
% (Peng et al., 2008, Lee et al., 2012, Huang et al., 2013, Peng et al., 2017), £ ®7-%, FCE
B ENEN &7 EOAEFEEEIZ L - Tl E i Z &7vH ASH X° NAFLD/NASH 7¢ & O fiffEE
WXL Ch TR Z R i REMED B 2 BT, FCE 135 2 |IZHBWTH T 7 M I VBRI
FOBLEIIBW T v L b UBERIFEE 2 L, 20 2 SO FERET VDK E 2REN
. HE~DOIEOEETH D, 7 a b b r7p EOEREY ORGSR & B IR 72 TS
Hl&iE 29 (Oda et al, 1987), ITHFERERMEL 72> T D NASH OFIEA I = AL & LTH
—BePE & U TR~ DREN OFHE, 5 B & LTIEA R LAY A M A T Ko TRIED
Sl Z &5 two hit theory 232 ST % (Day et al., 1998), FCE |ZELIZFREE %2 T 15
T 2723 TiE7R < NASH JIE A W = A LOFE—BRETH 2 I ~DIEN &R S TR+ 2 2
LB BENE o7, £7-, FCE OFEE 73 KOV EEY v 37 BB & b I~ DR 0%
&% T T 21EHAD ® 0, FCE IZIdKkENER L OMREMEAY &6 I bIEHE LA E T
5 AREMEANVRIZ S LTc, T DD HMERT % Z & T, FCE OIFEEMHIEMI RS
TWb EEZ BT, £72 FCE [ZEMMERTRIIEA 1 = X L O — B D RFlg~ DN O #1%
BLOE B TH D RIEVEY A~ A > OIfilF DK BEFFICB W T HIHI/EHN T2 2L T
RERIMEIF R & TR T D ATREME N ZE 2 bivle, b D Z &b, FCE IXEGECRAE &7 & D&
EEIBIC L > Thl&# = &b ASH X° NAFLD/NASH 72 E O fiffEEIckt L, PR 24w
REMEDS R STz,

KiHSIZBWTIL. FCE RN T 5 a L 27 0 — UK FIERICOWT 2 SO EREMET L4 H
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WTHRTEZIT 272, 1 213@ma b A7 e — L BICL-s T ER I ENDHEm 2 VAT B —/LIEE
TNTy hThHDH, ZOETNMIMRAFT TR EI VAT o —VIFEET V& LTHEMN SN TR
0| Kkx RIATIIRE DN TEH E W) Z & & W VLDL MEZ 5| & i 24 & 0 ) FEs &
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