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ACC; acetyl-CoA carboxylase

ACS; acyl-CoA synthetase

AdipoR; adiponectin receptor

ALT; alanine aminotransferase

AMPK; AMP-activated protein kinase

AOX; acyl-CoA oxidase

AST; asparatate aminotransferase

BAT; brown adipose tissue

CHD:; coronary heart disease

CYP7A1; cholesterol 7 « -hydroxylase

CYP8B1; sterol 12 o -hydroxylase

DHA; docosahexaenoic acid

EPA; eicosapentaenoic acid

FAS; fatty acid synthase

FF; fenofibrate

HDL; high-density lipoprotein

HMG-CoA; 3-hydroxy-3-methylglutaryl coenzyme A
Insig; insulin inducing gene

LDL; low-density lipoprotein

LPL; lipoprotein lipase

LXR; liver X receptor

MCAD; medium-chain acyl-CoA dehydrogenase
OGTT; oral glucose tolerance test

PPAR; peroxisome proliferator-activated receptor
PPRE; PPAR response element

PUFA; polyunsaturated fatty acid

RXR; retinoid X receptor

SCAP; SREBP-cleavage activating protein
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SCD; stearoyl-CoA desaturase

SREBPs; sterol regulatory element binding proteins
SREs; sterol regulatory elements

SSD; sterol-sensing domain

TNF o ; tumor necrosis factor «

UCP; uncoupling protein

WAT; white adipose tissue
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=
FIMIZIE, n-3 RTINS EE (polyunsaturated fatty acid. PUFA)
ThdTA aP ¥ x fleicosapentaenoic acid, EPA)R Nz~
% (docosahexaenoic acid, DHA) & £ T\ 5, n-3 5% PUFA /&, Il
Y ZUEY FMEOKT, BElRGEECHD)R LA & OO0 7 E
D TR ERT T &P HE STV D 19, n-3 % PUFA RATMIZ L - T,
TEEERITIET L. IEREBRICIE EF$ 5 Z ERHLNICSh TN G 410,
JFigZIZCO & LT, BIIRERR L 2 VAT 0 — VERRELRTIL, 85
[Kl+T& % sterol regulatory element binding proteins (SREBPs)iZ k. > T
flfE LT s W, SREBPs (X, /MEEE LIZHKIE L., sterol-sensing
domain (SSD)% £ 4 % SREBP-cleavage activating protein (SCAP) & — &
EWEFER L TWD, MlaN= VAT o— L7 — L35y 7285E, SSD 2=
L AT — /L35S LT SCAP O#iE4 2 L. 2+, insulin inducing gene
(Insig) & =&AL ZEA L, MIEIZBE > TS, LorL, MlaRo=
TE—ANEETLE, ZEXKOERIHEERIN, ZEERKE Lo
SREBPs/SCAP 13 =V VRIZHE S D, EO%, 2 FEDRRNR T v
7 —¥ CTH D Site-l protease & Site-2 protease (T K-> THIHr Xiu,
SREBPs D&Mt N £ A > (NHa-terminal basic helix-loop-helix leucine
zipper domain) WEE~BATT 5, BENICAD &, ERNERTOTa®T—F—
\ZIE1E$ 5 sterol regulatory elements (SREs)X° E-box [ZFE5& T2 Z &1 &
STEEZHIEL TW5S 1219, FuE—~F—|Z SREs °° E-box # RO
BIEF L& LT, IENFRARRRKIZEED 5 acetyl-CoA carboxylase (ACC).
fatty acid synthase (FAS), stearoyl-CoA desaturase (SCD) O#E{x 1 & =
L AT — LA ICE P D 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase, HMG-CoA synthase, LDL-receptor D&M
»H5H, 61T, SREBPs (213, SREBP-1a, SREBP-1¢c, SREBP-2 ® 3 -2
OV T EALTNE D, Invivo TiE. SREBP-1a & SREBP-1c¢ 78 1:9 0E|&
THIBLLTEY 19, SREBP-lc HEDZLHIEIIRERICRE BT D
®, SREBP-1 X ACC. FAS, SCD 7z FeMhle& R & EICiEMb L.,
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SREBP-2 i3 HMG-CoA reductase, HMG-CoA synthase, LDL-receptor
AL AT o —VERRE EICTEEET S 1619, n-3 5% PUFA A HE
BUZ L9, SREBP-1c @ mRNA RIS S 27 H L~V R L
TEMIRR G AR B LU= L AT n— L& FCRIER BRI F O mRNA FEH 5 E
THZ LT, IREAEPIHISND Z ERHEMNISN TN D 49,

— 7. lEMiBERBILIL. BNZERE TH 5 peroxisome proliferator-
activated receptor (PPAR) o (ZX o CTHlEI&ENLTW3, PPARa 1.
retinoid X receptor RXR) & “&EZ AL L1214, HEGETO T onE—4
—|Z1F7ET % PPAR response element (PPRENZFEAT 5 Z L2k » Cir
Bzl L T2 1920, 2 LT PPRE % 7' 0 & — & — IR OBIEFIZIE
AR L CBAPEE 12 B840 D acyl-CoA oxidase (AOX). lipoprotein lipase
(LPL) . medium-chain acyl-CoA dehydrogenase (MCAD). acyl-CoA
synthetase (ACS). uncoupling protein (UCP)-2 72 ¥ 3415 T 5, EPA
X DHA, 2N 6 ORBED I PPARe DV HY FTH Y FAMEBERIZ LY
TSR LSS 7 O mRNA FH0H X7 BEIEME DO TTHEN 7R &
TN D 4810

Ao FEERTEMAZ, ZIZEPA L DHAICEA LD EBZHNT
Y. EPA £ DHA OERHDENZIOWTHE L OIFZENITHILT W5, In
vitro DFERRIZIV T, EPA, DHA & bIZKEVY SREBP-1 & > /37 B %78
DX HH, DHA 2L ViR g SREBP-1 &4 VRV H AR/ EE S 2
EDPRENTND 2, F£72, EPA & DHA 3¢ $1Z PPAR o 21EME(LT S
23, EPA R L VREM LT 2 Z EBMEIN TS 2, 7y MEHWE
FEERTiZ, EPA, DHA & $12 AOX @ mRNA & ¥ 80 BEFHE L1228,
M NY 708U FETEHAIL EPA OATRENEZ EBRESHLTWD
23, ZO X512, EPA &L DHA &b, IBEEZE T SEHEAZTRTH,
TORSIITENRH DL ZENRESILTND, L LR 6, BHEAIE T,
EPA & DHA /X, NNz BMTES Z L 13D TR ¢, B komib
ELTERLTWS, ZOX52ERNLL, % 1 FETITEPA L DHA 0F
AHRPRRD 2 FEOBME Y, 2 DOMS O LLEOBENAE - FRER
AN RIT S EBIT DWTRRET LT,



PPARa @V # > F& LT EPA X DHA bi8Ed %525, X v 3R> PPAR«
DERIY T e LT, IBE., ¥V 70 Y ROKT % B S ME
BEEE LTHWLR WA Y2 ) 74T T7— b 3d 5D, 747 7— M,
PPAR o OIEMEGIZE Y, VR 378 Y =B (LPL)DERE L~ L TD
HKEFFEL, N7V EY FCED YR 7 BoR#ERET 5, =
7o, IR R b2 TTEL, N 7 U 'Y FERCBIREE Y R
& 37 E(VLDL) DA & Wz il 5, S5, 7THRAL, AT OZH
EHEL, BEEYFREZ R EHDL) LAV EEEINSE A 2480, GEE, T
=2/ T AT T=FDAZRY v 7 v Fa—5R0 2 BERF~OHE LR
TT—ERHESN, RS TND 3,

MO L TTEERIZH XV RV b O TR ZOIREE TERIX,
FIREAROIMFNZ LA LD THEEEIZLND, —FH, 7=/ 7477
— MIMEIHIRE L 2R < B ET D Z & CIREERTIERA 27T, 20X 5 205
BERTOERBENRRZAME 7 =) 74 77— NaetlBBbEs &
THFAZIRIC L 0 ENERE O N D ATREMEIEE W E B X DL D S, Z Dt
S FETEINTWRNR2T, 22T, FHIETIE, AE 7=/ 74075 —
FOPERIZE T A0 - IREREIOS T 2 BB REZALCT 57202, 5
BT B IREMEN E VY C5TBLI6I < 7 2 3% W THE LTz,

Fish oil feeding Fenofibrate

/

PPARa activation

|

SREBP~1targetgene mRNA decrease PPARa target gene mRNA increase
(FAS,SCD etal.) (AOX,UCP et al.)

Hepatic SREBP-1¢ mRNA and/or
mature protein decrease

Fatty acid oxfdation and

Lipogenesis su sion X .
Pog PP thgrmogenesis stimulation

Plasma and hepatic triglyceride
and cholesterol decrease

Fig.1 Hypolipidemic mechanism by fish oil and fenofibrate



JEGEE CiE, BIRIMIECA o A Y IRRIFIEE RS (2 BUBEIR ) DI U

RN ERL, CHD &R A5 &8 Z 3 famtEsmE 5 3339, Fak 19
FEOE REER - RBRAETIE. B OBIRE R 2L ¥ —HED 30%LL =
DED, 20 LA EDOBIETIX 20.6%, ZHETIZ 281%% 5D TWVD 30, £
LT, ZOEIEIIF LML TW5, BEERB L OMEIMaD IR kIZ
D\774$%4%ﬁ%V?%5774$z7%/@m¢vxwiﬁ&b\
L7 F & TNFo WML T, AR UEPIEE 2 L, REICITHER
FBRRIET D, 77 4K8F%27F L. AMP-activated protein kinase
(AMPK) Z &ML U CRERTAE 2806 L, IFIRA~OFEDIR Y AR 2 TTHE S E D,
F£7-. PPARa &7 L, JENIME(LZ TTESE S 2 L T VAU
HEmDDHEEZ LILTWD 3739, JEE TiX, 2D X 5 REHRETEEIC
KT L, B - IRERBSICET 2 &L 005, £22C, B2ETIE, B
ﬁm%%@&m%t6@@&7:/7477~\®€%Wﬁ%%%ﬁ:¢
HZEEBEMNE L BMAEER LA AY VEFIEEET KK YU A% E
TAEE LT, BMERELITARE 7 =) 7 07 T — MO AER
DOFE - IEERBNS T 2 UCEED R & T F L7,

SO, ERIC B 2RISR T 2 BHOERZHA LT D22 & bild T
BEECHDHEEZELT, 220, KK~v R Ic—EHHEEIELY 52, BE
NEG 2 55 H S E RIS, RORELRFT D Z LI Lk, BEDOBARAD
AP LES TOVAIREOEAIT. 25%T R —IZiBE /RN, Ll
RING, Fox OBIFEEED., 2N E TORBOMIEMT 2 BV L L7ZFFET
3. REFOFEEZ 2 TABICLZbLORE <, @EOAMEBIREITH~,
D0 ZBOMPEARN LI-&ECTOERZEBE L CD, T2 C, F3F
TIE KK~ v R —FEHHEEN &% 542 T e EEREHFES %I
BEEFOBMO TRV —% 2.5%, 12.5%., 25%IZ5%E L. MIERER X
OMEN = L — LR OEWIZ L 288 - IFERBC T 2 UWEDH R EMEIL
7



13 CHTBL/6 ¥ 7 A%t 25 EPA & DHA O&GHLLRMNELR D
M7=/ 7 47T — O - JBERBHC KT T

FMERIC L DIFEK TIEAIZ, EICEPA £ DHAICLAbDEEZS
NTHY,EPA & DHA OEADENTHONTHE L OFFERITHI TS
F v ORI O #IC EPA £ 7213 DHA % 100 u M #i0 L7- 5
(2B T, DHA 28 EPA £ 0 88 < s SREBP-1 % LV B 2 ) ¥ 5
TEDRREINTND 2, Fo, FIUITFMlaORRIRICE £ S F 7 PUFA %
250 uM FML7ZERIZBWT, EPA & DHA 13 & $12 PPAR o OEEAL
BT A0, EPA ML ViE< PPARa Z1EMHILT 2 Z En@EIh Ty
52, Tv AW ERTHE, EPA £7213 DHA % 1000 mg/day/kg BW
BESw7- L%, EPA. DHA 3 & $12 AOX @ mRNA & Z L7 B L~L
EHMEEA, W NY 7YY METEHIX EPA OAL TR bl Z
ERHEINTWS 28, LiEXY, EPA & DHA I3 & bz, IBEIKRTIEH
BT, FORIITIIEDH D ENRRBRIND,

AKETIZ, EPA & DHA O&F RS EZ D AIME RV, B - lBEAHIC
BIETVEROBNMIOWTHRE LT, &5I2, PPARe DA/ H R TH
57x)T7477—bEHWT, AL OHFHERIC L A ERIC OV TIHE
L7, ERREMW L LT 8o C5TBL/6I Mt~ 7 A&\, 37 T U —iil
(SO #H), EPA & HEDOE = (MO #), DHA O&AFHLEDOE W
~ 7 ai(TO FHEEEIRE LBl ENEFNOREIC T =) 7 4T F—
N % 0.1%(w/w)ERN L7 &R (SO+FF #£, MO+FF #£, TO+FF i) C 8 i
fE Lz, Z0%, ¥ IEERBNCED D /3T A—F Offifi #1757, EB
BOEN= RV X—HITET 20% & L(Table 1-1) fEIAEEMELK I Table1-2
2R LTz,



Table 1-1. Composition of the experimental diets

Experimental group SO MO TO SO+FF MO+FF TO+FF
Safflower oil 8.00 8.00

Menhaden oil 8.00 8.00

Tuna oil 8.00 8.00
Casein 20.00 20.00 20.00 20.00 20.00 20.00
Sucrose 10.37 10.37 10.37 10.37 10.37 10.37
B —starch 51.83 51.83 51.83 51.83 51.83 51.83
Vitamin mix 1.00 1.00 1.00 1.00 1.00 1.00
Mineral mix 3.50 3.50 3.50 3.50 3.50 3.50
Cellulose powder 5.00 5.00 5.00 5.00 5.00 5.00
L-cystine 0.30 0.30 0.30 0.30 0.30 0.30

t-Butylhydroquinone 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016
Fenofibrate 0.10 0.10 0.10

Total (g) 100.00 100.00 100.00 100.10 100.10 100.10

Table 1-2. Composition of the fatty acid

% SO, SO+FF MO, MO+FF TO, TO+FF
14:0 1.5 3.0
16:0 44 175 18.2
16:1 0.2 115 4.2
18:0 2.1 3.5 4.9
18:1 715 8.5 18.8
18:2 142 <3 1.3
18:3 04 <3 0.8
20:4 05 <3 20
20:5 125 7.3
22:6 115 241

Others 0.7 <185 15.4

1A SRR, AR L ORTIRIEE L~L

RAAEIE, SO FE& iR LT, MO #., TO ##CHEREL kol
T2/ 747 7= MFPEZRMLUIZETOREN, SO B LKL THEICK

EZR L, MO+FF B TII MO B L LN THHFEICIERE Ch - 7o, MflfER
6



X, MO ., TO HCTHEICEKEZ R L, & HiT SO HD 81% Th o 7oid,
MO+FF & TO+FF #TiX, 22 MO B & TO BHZEH~, 2.0 %, 2.2
fEEn L, FEEMEEmEEWAT ERIL, BEROENCESHE
BT leh o 70y, FF BIERIEE & tb~C FF ¥INEET 30-60% % T L
7o, £, BEREMBEEHEGEBAT EEIT, WAT B& L R, BZEED
BV K 22T 0o 123 FF BIREE & b~ T FF RN T 85-60% £ T
Wb L7=(Table 2),
Table 2. Body weight, liver weight and white adipose tissue and brown adipose

tissue in C57BL/6J mice fed safflower oil, menhaden oil and tuna oil
with/without 0.1% fenofibrate diet for 8 weeks.

Body weight Liver weight WAT weight BAT weight

(®) (® (& (mg)
SO 24.16+3.38° 1.17+0.25° 0.740.37° 114.6£35.4°
MO 24.69+2.26° 0.940.08° 0.83+0.35° 111.3£39.0°
TO 22.67+1.76%° 0.94+0.149 0.59+0.212° 101.6+41.9°
SO+FF 20.07+1.70° 1.74+0.21° 0.29:£0.10° 40.7+109°
MO+FF 20611155 1.93+0.172° 0.26+0.04° 49.7:£59°

TO+FF 21.70-0.92b¢ 2.08+0.14° 0.3540.08b¢ 585+14.9°

Values represent the mean &= S.D. (n = 5). Groups with different letters are
significantly different, ANOVA with by Fisher’'s protected least significant
difference (PLSD) test, P < 0.05. SO: safflower oil fed group, MO: menhaden oil
fed group, TO: tuna oil fed group. FF: fenofibrate. BAT: brown adipose tissue,
WAT: white adipose tissue.

g~V 2 YUY Rk, SO # & ik LT MO ## K @7 (P=0.087)
Za L, TO B CHBEIRE A R Lic, FF BSINEECIX FF SRINEE & Ll L
THEIKMEZ R L, SO+FF #1X SO#£ D 61%  MO+FF #13 MO #£D 78%,
TO+FF #£iX TO # D 83% Tdh o7z, M= L AT n—/EiL, SO #f&
T MO BET 70%, TOBET 63% Th o7, 72, MO+FF ##., TO+FF
BETIHEENEN MO FE, TO#EE A, 2015, 22fF&EE R LT, £,
4% HDL-= L 27 v —/ Vit . FF RMEE T FF MEINEE & g R

EfEZ R L, MO+FF #13 MO ##12%f L T 1.7 %, TO+FF #£13 TO B 2.1
7



&N L 7= (Table 3),

Table 3. Plasma triglyceride, total cholesterol and HDL—cholesterol concentration and liver
triglyceride and total cholesterol concentration in C57BL/6J mice fed safflower oil,
menhaden oil and tuna oil with/without 0.1% fenofibrate diet for 8 weeks.

Plasma Plasmatotal Plasma HDL- Liver Liver total
triglyceride  cholesterol cholesterol triglyceride cholesterol
(mg/dL) (mg/dL) (mg/dL) (mg/totalliver)  (mg/totalliver)
SO 65+£13° 79+ 18° 47£13° 65.82+39.632 3.68k2212
MO 58+ 320 55+8° 33x7° 8.16:4.95b 1.15+0.16¢
TO 537" 49+11° 28+5° 447+£221° 0.95+0.22°
SO+FF 40+3¢ 66 240¢ 5872 20.95+14.09° 262410220
MO+FF 45+3° 108122 5748 6.88+4.77° 1.79:£0.430¢
TO+FF 44+6° 109+13? 575 6.72£147° 1.98+0.13b¢

Values represent the mean &= S.D. (n = 5). Groups with different letters are significantly
different, ANOVA with by Fisher's protected least significant difference (PLSD) test, P <
0.05. SO: safflower oil fed group, MO: menhaden oil fed group, TO: tuna oil fed group. FF:
fenofibrate

JHig RV 27U &V RER, MO &, TO BECHEICEKEERL, SO #&
T MO B 12%. TO BEHZ 7% CThHo7-, E£7-. SO+FF ££id SO #E &
T 32% Th o 72n3, MO+FF B & TO+FF BEXF24 MO #. TO B
L ORNIEIZ 22T, g L AT ua—UES b 7V 'Y NME & R
(2, SO B &tz LT MO B, TO BECHEIIKMA R L. MO BT 31%.
TO BT 26% T o7z, L L., FF RN L 2 213580 bivieh - 7= (Table
3)s

MAET 7 1 AR FAEIE, MO B, TO BECHEILEEZ L, SO
ST MO BT 1.8 1%, TO BET 1.9 58N L7, FF IRINEEOR TIL,
SO+FF #f & MO+FF BOMICHE 22172, TO+FF BIIA RIS
AL, K 1.3 FoEMce EEo7z, £72. SO #EL SO+FF O T
EXipinote, —J, MEL 7T UEIE, BEUEROEVNC L 2 EERE
[X7e o 7248, SO+FF B & MO+FF ik, SO B, MO L L L CHE
WAKfEZ = L, TO+FF Bfd TO L TR TEM AR LT, IFEEDO~
—H—THDIMPET ANRTX BT I N7 AT727—BASDET 7=
YT NI URAT7 =T —BALDEIL. IFEREOEVCEITRD 2 7203,
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MO+FF . TO+FF B TIZI MO B, TO B L R THEEICE AR L, AST
ITFNFI 1.6 1%, 1.4f%, ALT 13 3.41%. 3.2 5T -7~ (Table 4),

Table 4. Plasma adiponectin, leptin, AST and ALT levels in C57BL/6J mice
fed safflower oil, menhaden oil and tuna oil with/without 0.1%
fenofibrate diet for 8 weeks.

aJQiiZihl Plasmaleptin  Plasma AST  PlasmaALT

(W g/mb) (ng/mL) (Tu/L) (Iu/L)
e} 36.5+3.7°° 202:110° 41=11be 8+3P
MO 67.3+523° 16.8+11.2° 33+2° 720
TO 705+12.3° 13.4411.8%° 38+7° 83>
SO+FF 327+40° 2.340.6° 32:+3° 1330
MO+FF 39,5840 25+0.9° 524152 24:+9°
TO+FF 435+51° 46315 54+11° 2778

Values represent the mean = S.D. (n = 5). Groups with different letters are
significantly different, ANOVA with by Fisher’s protected least significant
difference (PLSD) test, P < 0.05. AST: aspartate aminotransferase, ALT:
alanine aminotransferase. SO: safflower oil fed group, MO: menhaden oil fed
group, TO: tuna oil fed group. FF: fenofibrate

B2 ATIRIC R o8 - IRE A EER G REA

AWML T7 = ) 7 4 77— M OARIZ X B IERITIRIEE ~ D EIZ O
T, EBIWCEOTrERAER LT S0, FIRIZR T 2 58 R H S
{ZT® mRNA L-~UL% E & RT-RCR % AV TR~ 7,

Fig. 2 Z SREBP-1c, Insig-1, FAS, SCD-1 ® mRNA L~L&7R L7z,
SREBP-1c ® mRNA b~yLid, FF ERMOBSHERICH BRET 2D o1
. FF RINEED SO+FF #E & TO+FF i, SO BE, TO BEL L THEI
WLz, LaL, = lMO)TIE Y =/ 7 4 7 7 — MRIITCHEMATR
Do hoTz, SREBP-1 OERERRT CTH 2 Insig-l, FAS, SCD-1 ©
mRNA L~ SO #EL i LT MO B, TO B THEIZIKT L, Insig-1
12 MO T 31%.TO B£ T 32%. FAS 13 MO £ T 17%. TO £ T 12%.SCD-1
X MO BT 18%. TO #ET 8%IZE TIRT L7, WIT. FF #MEE & DL

TlE, Insig-l ® mRNA V- LT FFESINC X 52813 AR bR oz, —
9



J. FAS ® mRNA %%, SO+FF #T SO B & HLAAFE BRI T L7223,
MO+FF #£ & TO+FF B Tid, MO B, TO B & OFIZEIT 22272, SCD-1
» mRNA LUt SO B & SO+FF BE TEMN 2D 2 DT LT,
MO+FF #£ & TO+FF B Tid, MO #., TO # & H~THEIZHEM L7,

SREBP-2, HMG-CoA reductase, LDL-receptor ® mRNA L ~L % Fig.
3127~ L7z, SREBP-2 ® mRNA L~ULiX, AEEIRZ f&il & L7z MO B,
TOBETHEIZIELS . SOHLEESTMOBHT68%. TORTHT% Th o7z,
L2>L, FF BN K58 EITRD b /g o7, HMG-CoA reductase @
mRNA L~ULid, MO #£& TO B CTHEITES . SO #EL T MO #T
17%. TO BT 21% CTh o7z, £/, SO+FF #id SO M & i L THEIC
KN L7225, MO+FF #£ & TO+FF BTN 24 MO £, TO B & Oz

WEER® HivZe o 72, LDL-receptor @ mRNA L%, SO R L i LT
TO HTHEIEDS 7225, MO BETITABEREIT D> T, £7-, TO+FF
METIZTO R L el L THEIZHEMM L7,

A (B)

2.50 2,00

2.00

3

SREBP-1c
g

i bi L x|
iy “%,_V_ .%_ W ,_H%@@MT_MM?.

SO SO+FF MO+FF TO+FF SO MO TO SO+FF MO+FF TO+FF

Fig.2. Effects of menhaden oil and tuna oil with/without 0.1% fenofibrate treatment for 8 weeks on expression of genes involved in fatty acid
synthesis in liver from C57BL/6J mice.

Panels show mRNA expression levels of SREBP-1c (A), Insig-1 (B), FAS (C) and SCD~1 (D). mRNA levels were determined by real-time
quantitative RT-PCR. Results are expressed as the ratio of the obtained value to that of the 20% safflower oil group. Values represent the
mean * S.D. (n = 5). Groups with different letters are significantly different, ANOVA with by Fisher ‘s protected least significant difference
(PLSD)test, P < 0.05. Insig-1: insulin-induced gene-1, FAS: fatty acid synthase, SCD-1: stearoyl-CoA desaturase. SO: safflower oil fed
group, MO: menhaden oil fed group, TO: tuna oil fed group. FF: fenofibrate.
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=)

1.50

B
8 B

0.75

HMG-CoAreductase

Fig.3. Effects of menhaden oil and tuna oil with/without 0.1%
fenofibrate treatment for 8 weeks on expression of genes involved
in cholesterol synthesis in liver from C57BL/6J mice.

Panels show mRNA expression levels of SREBP-2 (A), HMG-CoA
reductase (B) and LDL-receptor (G). mRNA levels were determined
by real-time quantitative RT~PCR. Results are expressed as the
ratio of the obtained value to that of the 20% safflower oil group.
Values represent the mean = S.D. (n = 5). Groups with different
letters are significantly different, ANOVA with by Fisher’s protected
least significant difference (PLSD) test, P < 0.05. SO: safflower oil
fed group, MO: menhaden oil fed group, TO: tuna oil fed group. FF:
fenofibrate.

LDL-receptor

Fig. 4 12 PPAR«. AOX, UCP-2 ®» mRNA L)L %R L7z, PPARa O
mRNA L3, SO # & fhilik LT MO #.TO B CTHEICHI L 7=, SO+FF
B SO BE & LN THEICHEM L7223, MO+FF # & TO+FF Bixeh i
MO & TO BEOMICEN 7272, AOX @ mRNA L~Li2ix, FF R
INOFEFCH B2 ZTED b o 7203, SO B & i LT MO # T 1.6

B TO BEC LOMEIEMM L7z, & B FF IRIEECTIEE L < BEFHFE I,
ZNEND FF EGINEE & b~ SO+FF BT 5.7 £, MO+FF BT 4.5 &,
TO+FF BT 4.3 {5880 L7z, UCP-2 ® mRNA L-Ld, | SO BE & bl LT
MO B, TO BETEITAeh 722, FF FIEECIE s BEE bAEICHEINL,
FNFNo FF ERMEE L t~T SO+FF # T 3.4 f MO+FF #£ T 2.8 {4,
TO+FF BET 2.4 FHN L 7=,
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Fig4. Effects of menhaden oil and tuna oil with/without 0.1%
fenofibrate treatment for 8 weeks on expression of genes involved
in fatty acid oxidation and thermogenesis in liver from C57BL/6J
mice.

Panels show mRNA expression levels of PPAR alpha (A), AOX (B)
and UCP-2 (C). mRNA levels were determined by real-time
quantitative RT-PCR. Results are expressed as the ratio of the
obtained value to that of the 20% safflower oil group. Values
represent the mean £ S.D. (n = 5). Groups with different letters
are significantly different, ANOVA with by Fisher’s protected least

; - s significant difference (PLSD) test, P < 0.05. AOX: acyl-CoA
SO+FF MO+FF TO+FF oxidase, UCP~2: uncoupling protein-2. SO: safflower oil fed group,
MO: menhaden oil fed group, TO: tuna oil fed group. FF: fenofibrate

3.00

0.00

Fig. 5 IZaA” L7, a L AT — VEOHEEKE TH D cholesterol
7 o -hydroxylase (CYP7A1)?® mRNA LU, SO Bf & b~ TAaMERGEE
O MO #& TO BECTEB L o7z, E7z. FF MO SO+FF #i3 SO ##
EDORITEZT 2o, AME 7 ) 74 7T — FEFAEBRLE
MO+FF B, TO+FF B Cid, MO B, TO Bt & b THEITHM L 7=, sterol
12 a -hydroxylase (CYP8B1)?® mRNA L -~ULix, CYP7A1l &[E#RIZ, FF
HEFIMORER] TIZZEN 22> 7258, MO+FF # T3 MO #45 L O SO+FF #f
CHERTHEIZHEML 72(Fig. 5).

A (B)

5.00 i 400
400
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< 300 o
E & 200
>
& 2.00 o
1.00
1.00
0.00 g R i - 0.00

SO MO  TO SO+FF MO+FF TO+FF TO  SO+FF MO+FF TO+FF

Fig.5. Effects of menhaden oil and tuna oil with/without 0.1% fenofibrate treatment for 8 weeks on expression of genes involved in
cholesterol metabolism in liver from C57BL/6J mice.

Panels show mRNA expression levels of CYP7A1 (A) and CYP8B1 (B). mRNA levels were determined by real-time quantitative RT-PCR.
Results are expressed as the ratio of the obtained value to that of the 20% safflower oil group. Values represent the mean &= S.D. (n = 5).
Groups with different letters are significantly different, ANOVA with by Fisher's protected least significant difference (PLSD) test, P < 0.05.
CYP7AT1: cholesterol 7alpha-hydroxylase, CYP8B1: sterol 12alpha—hydroxylase. SO: safflower oil fed group, MO: menhaden oil fed group, TO:
tuna oil fed group. FF: fenofibrate
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H3E IMERBIUOEBE

FihE W/ VLT, n-3 5% PUFA @ EPA & DHA OEREX
MO BT, EPA 7 1374 mg/kg BW/day, DHA 7% 1264 mg/kg BW/day T
HY . TO BT, EPA 806 mg/kg BW/day., DHA 2661 mg/kg BW/day T
bHolc, £7-. MO+FF #13, EPA 1144 mg/kg BW/day, DHA 1053 mg/kg
BW/day. TO+FF /%, EPA 731mg/kg BW/day. DHA 2414 mg/kg BW/day
OERUME L7z, SHIZ. 7=/ 7477 — FOAMEIL 125-140 mg/kg
BW/day Th o7, FAEEES X OEAMEEOHMNZ, BIf=x1L¥—
2R 20% D EPA G H RO E =2 H, & 5VE DHA EHLEROFEN
7 uHOBERICE Tl SN hoTe N, T2/ T 47T — b
0.1%(wW/w)IRINZ X 0 R E I L ORI EE O L < Il S iz,
gz T, BB aRIcE i 5 FAS, SCD-1 =2 L 27 g — /AT
B3> %5 HMG-CoA reductase ., LDL-receptor ® mRNA L~ HERR
WCEOTELLBA LN, 7=/ 7477 — MRINZ L DB A 7
Dxolz, —K5, FRIFEEEALCREAIZE < AOX X UCP-2 ® mRNA L)L
T, MBI T EICEMNA R SR 072, 7=/ T 47T — MM
k> THELLLBIANFESNZ, 22T o VRO ERETH D
CYP7A1 ® mRNA LU, s 7=/ 7 4 77— b AERT 52
ETHELUEML, Sbik=v MO 7=/ 7 47 T7— e+
LR o TEDOREDPBIFEEIND Z EVHLMNI R ST,

AREOKRFI T, FEBIVEEMERICIX, Y77V —lEiRL T
BRI L 2EERL NPT, 7=/ 7 47T — MEIMZ LD K
& {AKF L7=(Table 2), C57BL/6J MPE~ 7 AT 60% = R /LF —D il %
1 MG 2 72 TiE, O REEBDBHLILTND 8, ZO X 574k
OB, AT, AlE 20% =R VX—ICRE LI 00, B
TARNF—HEOEPMEECEHBEZEOEMIEE LI BN,
=T, 7=/ 747 T — MRIEETIE, AT IR E I BEET 5
FAS.SCD-1 ® mRNA L ~U3Z{k Lehy - 7223, AOX & UCP-2 ® mRNA
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LoyLd FRETIMBHC A, 2L <ML 7=Fig. 9, 202 &iE, 7=/
74 77— Mk, IBEOBGBRIZET D IEHBBLoREA T FE L. K
ERIOBEESREROWMAE KT 52 L 2R8I 5, AL, AOX,
UCP-2 ® mRNA FHLL &# LR/ B & JEWZ & IS E 2 2 LRl
ENTND 84142 “ N HOFIZIE, MHPBIOHFET hY 7 UEY RED
KFLEZ 2R/ TH0LHL 4, £/c, 7=/ 7475 —MiE, PPARe
B L~ULTCIIAEET, PPARo # V37 BOEMLZHE L, EiE
5T ThHsH AOX, UCP-2 728D mRNA L-LaELEMEELZ &R
WA SN TS 4349, KAFFEIZEB VT, PPAR« @ mRNA LV idais
LT =2/ 747 7= RMCE-oTHEEIZHEMLZ, LL, AOX,
UCP-2 ® mRNA L-ULid, MERTEFEINT. 7=/ 747 F—h
BHIZL > THFLIFEIN/-(Fig. 4), Nakatani & DL Tk, B>
X —LEE 60% & ERE O/ 5T, AOX X° UCP-2 ® mRNA ZIL3TL
T BHZEEFRLTVWES Y, SEOKRIFICHBNT, AMOBREIIEHT %
A —LEER 20% T, RERGEEIERL & BEAIZEEH D AOX, UCP-2 ® mRNA
FEUTFEI NV Z Enaah, NV 7 V&Y FIMETF LARdo7,
L7 F AINENERE D IE R AT R I E 3N L | i L~ s BSR4
Do 7=/ T 477 — MAIMEETIX, B O MM A EIZHEl S,
FL7FUELE LTI ENRENT, —FH. TTFA BRI F D
UM, REI L OWIBIEN & & UHEB A R 2 & VR STV D 45.46),
AMFZE Tl AR & - TRE & B AR ERICELIZ R0 o 72D,
FT T ¢ WA F B SO BE & H K 2 {550 L 7= (Table 2), L7>L
FME 7 =/ 7477 — FOUFHEREETE, ARBMERECA LM
BT T4 RRT FAEOEMBRD b ie 2ofc, TT A HRRT F T
TTARRT F sl Z—IfET 52 & TEMAEZ®ET 5, Tsuchida
blE, PPARa 7EZ=RX M ThDH Wy-14,643 HHIZ IV MIFET T 4 AR 7
FAETEEM U202, BREHEEICST2 7T R F e 77—
DOFEBREEML, A AV S ENTUET D EHEL TS 47, F7o,
AVAY UG EA LAY VEZEOTLETL T T T 4 RR 7 FUEST

FARXTF LT T ARETF L7 % —0 mRNA 33 - BOME%
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RTZENHEIN TN D 850, KEFFETIE, 7=/ 7477 — MRNEEO
Mgz BT, AOX, UCP-2 D mRNA ULRARE L ERLIEZ &b,
BEA bR L FE SN, JEFEBOEMEZRIIMGHI LB ZbND, £
LT, NN DI RAb DI L0 | A > 2 U ARFHEDOFEB IR b
t:&f\m¢7%4$X7%VL@%MLﬁwotk%zaﬂéo
JEIF = V¥ —h= 26% DM TT v M 1 EEEE LIFESCam
60% = /LX — T C57BL/6 ¥ 7 A% 4 ) HEE L 758 Tid, SREBP-1c
® mRNA FHL & AV & 37 B L~V b Ui Ll SILT0n 5 40,
T, BIF= R —HEE 40% 0T 1 WREEE Lz C57BL6I ~ 7 A
TlX. SREBP-1c mRNA ¥H WD Liehro7ons, sl & X7 B 1L~
DD LTz &9 i & SREBP-1c mRNA JEL & pli@l & o /80 B L
VORGP Uiz 0D ENRH B 152, £z, C5TBL6J =7 A% A
T, BRI = R F —LEEE 60% D 5 B 1/6(10% T /L —) & FRlHIC E i L
ToREIE, AR 2 2 R 7 B EO I L. 1/2(380% /L ¥ —) PA_E 2 Fa i
B L7288 mRNA & # LRI B L UL E Bzl Lz & v o ik
b 8, AWFFETIE, 8 EMEE 21T o722, B =R F —Lh=)S 20%
TH ol dAMIBIREN V72 <. SREBP-1c ® mRNA L UL &b &8
HRABICIIES ol EZBND, LoxL, SREBP-1 OREEET T
& % Insig-1 ® mRNA UL i3 AMERIC Lo THEIZED Lz, Insig-l
® mRNA &% 27 B L~upd, fEVE SREBP-1 4 287 BT X o CHfil
HEIL T D 38, ARHFFET Insig-l O mRNA ULz LTW5D Z &
H. SREBP-1 # U X7 B OB~ T o 2030l &4, moEVR
SREBP-1 # v XV B L~ L TnA I ENEZLND, £, Al
%7213 n-3PUFA 12 L - T, SREBP-1 OEMEREF THSH FAS % SCD-1
? mRNA & % 237 EIEMEITES L TR T 95 2 &8s STV 5 5459,
MO # & TO BEOAMEREETIZ, FAS, SCD-1 ® mRNA L~UL3# L <
Wb U, BENAER A SIS S iz Z & DR S 7o 2%, (RECEN Rk E &
WX B4 5 2 72 hv- 72, SREBP-2 mRNA BRI & 0 E .+ D
BRABAR 71259 2 REF B I AImIZ K 2 BT — R b O TR W
4752 fAIAEEIC L > T, SREBP-2 BBV & L%y BIXRED LR nas,
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HMG-CoA reductase = LDL-receptor @ mRNA ¥IULEL T2 &0 H
EXRHY, TP =2 v A7 e —EIFET L, 2.9 mg/g liver Th o7z 9,
F 7z, MIERUC X 5T, HMG-CoA reductase %> LDL-receptor ® mRNA
VoL & Z oS BIEED L bIZEUD LI REDR D D 5657, KBS
SREBP-2 @ mRNA L~V 3B L - THfl sh, £ OREEEF
T# 5 HMG-CoA reductase & LDL-receptor @ mRNA L~V &R LTz,
Fio, FAMEREE T, LhB X OMET R L AT o— U E LA EICEE
2R L. TLRAT a— LAk 2 HlENE, SRRV CARERETHA
DHThHDLZ LRI, FHRTRa VAT o — /U ETELETE 1
mg/g liver) L7225, 5B OBIER I, fFIE B O M IZERD Sz - 7,
F7o. AROZEMETHRET LI OER TIE, FlET#HR= L AT o — L ENR
0.6 mg/g liver TH-> T, AL OB W THMROREIZ R

IO BN o7- Z LA H(data not shown), L AT B — /LK FIZ X
HEFITERE T ARVLDLEER LN, LLEDRER)N G, C57TBL/6J M
T AR T, JE T R —HE 20% DA, B L0hT7 5T —
Wiz~ FELEAREEZ R T SELZ LIITERVLA, 7FL~b
ToflzZr LT BhBaREs L a L 27 o — /Ll ifldo 2 & T
BT DB T ER 284 Z LR s/,

CYP7A1 ® mRNA 3BT, AMELIET7 =/ 74 77— MZ k- THE
I 5860 FlIC LY | B E 2 L AT e — /L ORI 2 FHENYT S Z
ERE SN TS 9, F7z, CYPTAL R CYP8BL D& L/ Bl 2D
EVEIE mRNA LUV TR SN TV D Z ERNHE ST b 6169, KEFSE
2T, CYPTAL © mRNA YT, AMELEIT7 =/ 7477 — hOH
MIERCRFESAT, Al e 7= ) 74 75— MHERTORELH
X7 (Fig. 5). CYP7TAl HIUL, BNZHFEO~AT oA ~v—ThHd
PPAR/RXR X° LXR/RXR IZ £ - TFF&E =41, PPAR/LXR IZ L » THfl =4
% 69 failiE RXR o OFRBLAHNSE 5 Z L RRE STV D 58, MO+FF
#EL TO+FF BECIE, AMICL 2 RXR BEHFEL 7=/ 717 F— MI X
% PPAR o OEMHALD BVITIER L& - T PPAR/RXR DAL TUIEE S 41,

CYP7A1 ® mRNA BHAFHEE SN & EZ b b, £/ MO+FF BTl
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TO+FF R & beils L THEIC CYPTAL O mRNA LUV MBI L 72 Z & 2 b,
EPA %% < oMl DHA 22 < Sl & ¥ . RXR OFBFHEEZN L
7= PPAR/RXR OFEZ & ViR FE S S AleetEnsrc an/e, LasL, Al
BBt e 7= /) 7 4 77— bOBFAROB CTHIETO 2 L AT 0 —
MEDZEIIIRPoTe 2D, ZOZ L ITE LTI, EPA L DHA OEHE
IV EOIEMEELANT, SLRIMEDLETH D,

YL ~_TE L9z, Ak, Bl X 0= b 27 v —/ L& p & 3]
L. Wi s 7V ) Fefhis L OMFmFRa L AT e — L2 KT8
LZEERLIL, —H., 7=/ 74075 — NI lEhEgEvEZTE L, o
DLV ZVEY RERTSE, RERIOMEHHEEOENEZ T2 2 &%
ALz, TR0z enb, Al 7=/ 74 77— FOATIR, Z0E
NWOERPHMAIE X | IEEA SIS ST, IBiEm s tEsh s
T, MPBLIOVFEFO Y YUY FERa L AT e — O T, K
TR L ONEIEMOBEME IR cE 5 LELDND,
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2% KK~URIIKT 5 EPA & DHA OFFENER S
7=/ 7477 — Ok - lRERBNCRIT SR

KK~ Ak, RECEHHBEEENE LIEL, BEOEA AV
fE, SRS X OEIRINEZ 292 2 BHERKFET L THDH KK-AYy~w 7 A
IZHARD & REEMBZESHTH Y | REEIMNIES T, ETIEEA A
VU ME & EiEE 2T A8, MTIEEA VAV VIEFETHH 0D, &
M ERER STUT S WA FF> T 5 ), 5 2 BT, PREDILmS
FOERFFHBEEOET L E LT KK =7 2% HV, EPA & DHA O& 4
PR HfRME T2 ) T 4T T — N OFE - IRERBA~OIEAEM~T, 6
W KK Mt~ o7 2% H HARAD BE ARG CEIRL TO S IENEROTE
B L OBIEISEDT, 8D 7 — R, YOS 77 U —il% 46 T
A Lizm(ay ha—L i), EPA BB ERAMEPA #), DHA BNE M
HMDOHARZIEERE LA, SOICDHAREERAMII Y=/ 747
T — b & 0.2%(wiw)iR L 7= B EF(DHA+FF #) T 8 HEFAE L7, £ Dk,
BE - IRERHICED 2837 A2 OfffT 21T o 7o, ERAEDIE =R ¥ —
=134 T 25% & L(Table 5-1), JEMAEAREAIT Table 5-2 (TR L7z,
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Table 5-1. Composition of the experimental diets

Experimental group Lard/SO EPA DHA DHA+FF
Lard 420
Safflower oil 6.30
EPA-rich fish oil 10.50
DHA-rich fish oil 10.50 10.50
Casein 21.00 21.00 21.00 21.00
Sucrose 10.50 10.50 10.50 10.50
B —starch 4745 47.45 47.45 4745
Vitamin mix 1.31 1.31 1.31 1.31
Mineral mix 3.68 3.68 3.68 3.68
Cellulose powder 5.25 5.25 5.25 525
L-cystine 0.32 032 0.32 0.32
t—Butylhydroquinone 0.0021 0.0021 0.0021 0.0021
Fenofibrate 0.2000
Total (g) 10000 10000 100.00 100.20
Table 5-2. Composition of the fatty acid
% Lard/SO EPA DHA, DHA+FF
14:0 0.7 6.3 3.0
16:0 12.2 14.4 18.2
16:1 1.2 9.1 4.2
18:0 7.0 4.8 49
18:1 64.1 15.6 18.8
18:2 12.2 1.8 1.3
18:3 05 02 08
20:4 0.3 0.7 2.0
205 20.3 7.3
22:6 13.0 241
Others 1.8 13.8 154
B O1HET ARk, iR K ONTIRIEE L-v

BT O~ 7 2D E % Fig. 6 (2 L=, fFAEBILE 1 B s
T. DHA+FF BEOREEMEIIMORE L b 1/2 1T 6, KEX= v
Fo— LB S B L CHEEICD o 7=, EPA B, DHA BE i fa g Bt
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OERENFEIKMEEZ R LIAD = 01%, HERG»D 5 BB TH o7,
Table 6 (TR L7z K 912, 8 EMBOREKAEEL, MMERO 3HTHEI
KEEZRL, = ha—/ VL T EPA BET 85%., DHA #£T 89%CTH
v . DHA+FF Bfix, DHA BRI T 73% Th - 72, FFIMEEIT EPA BE L
DHA FEOMifamEREE THEILD e a2 b —/VEE L T EPA T
42%., DHA BT 52% Th o7z, Lo L, DHA+FF #£1%, =2 ha—Lfd
[ L~V Eodiz, FEREE WAT S8, AERO 3 B THEICKEE =
L.z2v ha—L#t L T EPARET62% . DHARETT77% CTd Y . DHA+FF
HCIIDHABLIY ESHIZ63%ET Lz, BFEH BAT E&iX, 2 b=
—/VEE & s LT EPA, DHA BE T3/ 0o 724, DHA+FF #fi3, DHA
FELHANTHEBICRELZ R L, /NEEREY A O X # CT 2E5& OffATRE R
% Fig. TR Lz, WIBIERS &13, AERO S THREICEKEZRL, =
¥ b\ —/LREE BT EPA BT 68%, DHA BT 72%3% ¥ . DHA+FF B
DHA Bt & 0 S 512 7%V 72inot-, K TR EIX. DHA B CHEICIKE
Z 7~ L. DHA+FF #13 DHA B & b~ T 75% D 7e o 7z,
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Weeks

Fig.6. Body weight curves for female KK mice fed lard/safflower oil,
EPA-~rich fish oil, and DHA-rich fish oil with or without 0.2%

fenofibrate for 8 weeks.
Values represent the mean = S.D. (n = 5). Statistical significance is

indicated for the Ye—EPA-rich fish oil group, %~DHA-rich fish oil
group, * ~DHA-rich fish oil with fenofibrate group compared to the
Lard/SO group. ANOVA by Fisher's protected least significant
difference (PLSD) test, P < 0.05.
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Table 6. Feeding energy, body weight, liver weight and white adipose tissue
and brown adipose tissue weight in KK mice fed lard/safflower oil,
EPA-rich fish oil and DHA-rich fish oil with or without 0.2%
fenofibrate diet for 8 weeks.

Lard/SO EPA DHA DHA+FF
Feeding energy ™ 174 153 165 139
(kcal/mouse/day) : : . :
Initial body weight (g) 217410 2182410 216411 21711

Final body weight (g)  46.9-+3.2° 400+3.6° 416+30° 30.3+24°
Liver weight (g) 3274050 136=+0.14° 170+029° 324+013°
WAT weight (g) 4204031 302+0.16° 364+033° 134+042°

BAT weight (mg) 2073+£534° 2432+603° 256.1+246° 780%218"

Values represent the mean = S.D. (n = 5). Groups with different letters are
significantly different, ANOVA with by Fisher's protected least significant
difference (PLSD) test, P < 0.05. *Mean daily feeding energy calculated from
total feeding energy in feeding period for 8weeks.

(A) (B)
9.00 1.75
8.00
E 180 ab
% 70 5
G 6.00 b b F ]- b
B 500 1 e g 1o I :
T 400 2475
@
S 300 2
2 3 050
> 2.00 ¢ 2 ¢
=3
1.00 i 3 025 -
0.00 . 0.00 —
Lard/SO EPA DHA DHA+FF Lard/SO EPA DHA DHA+FF

Lard/SO EPA DHA DHA+FF

Fig7]. CT-based body fat composition analysis of female KK mice fed lard/safflower oil, EPA-rich fish oil, and DHA-rich fish oil with or
without 0.2% fenofibrate diet for 8 weeks.

CT-estimated amounts of visceral fat (A) and subcutaneous fat (B). Representative CT images (C). The purple and yellow areas represent
the visceral and subcutaneous fat, respectively. Values represent the mean & S.D. {n = 5). Groups with different letters are significantly
different. ANOVA by Fisher's protected least significant difference (PLSD) test, P < 0.05.
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MAEEE, B THBEREITRD 6o 72(Table 7), MAE1( 2V
EIE, AERO 3 HETABEICEELZRL, 2 e — Ll T EPA
BT 19%. DHA BT 28% CTH Y. DHA+FF BfiX DHA B XV 82%IKfE %
LT, ML F o fHIE, 2> he—/UBE L bl L C EPA B, DHA B0
Wi L b ICEIZ o 7228, DHA BE L T DHA+FF BECHEICE
%R 5% Chotz, MET T K% 7 FEik, EPA B, DHA BETH
BICEMELARL, oy ha—A L~ TCEPA#T22 (%, DHARET25
{5 Cho7oH, DHA+FF BECIE 2 0 & 5 72 & EIZR S 22725 72(Table 7),

Mg RV 7YY FMEIE, = be—AREL ik LT EPA B, DHA B0
Wi & b ICEE/REIL A o 7278, DHA Bf &t~ C DHA+FF BIEEIC
RfEZ R L, 59% Th o7, MR = L A7 o—/LEiL, EPA#E S DHA #
ORMBECTHEERICERMEARL, 3> bo— BT, ZhEh 44%,
61%THHTN, 7=/ 7 477 — bEHFMLU DHA+FF B CIL, #ICH
EBip PR BB BT (Table 7), 4 HDL-= L A7 o —/UEd Mgk 2 L2
T —)L L EREDOMHEBE A A STz, Fig. 8InLi-XHc, Highy 7 V%
U MEE, ARERO 3 HTABIEEZRL, 2 br— L T
EPA #C 9%, DHA # T 27%Th v , DHA+FF BfiZ DHA BE & HT 89%
A% R Ui I = L A7 m— Ul b BRI 3 3 THEICKE2-3
mg/g liver) 7R L, BIEDY 75 U —li&% 5 27 C57BL/6J v U X L[FE L
IMEVMETdH -7, 7=, DHA # L DHA+FF BERCa3 e o7, Tl
gk A HE Yefa U7-fER, o0 b e — A BEONTIETIE. IERSTE O S0 Bl
SV, BRI O 3FETIZZ O X 5 2B OBENEE Iz 6h-
(Fig. 8A),
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Table 7. Blood glucose and plasma insulin, leptin and adiponectin level and
plasma triglyceride, total cholesterol and HDL—cholesterol concentration
in KK mice fed lard/safflower oil, EPA-rich fish oil and DHA-rich fish oil
with or without 0.2% fenofibrate diet for 8 weeks.

Lard/SO EPA DHA DHA+FF
s 18018 190+77 23436 18134
(mg/dL) - - - N
Plasmainsulin 158345760 294145 43742500 0770245
(ng/mL)
Plasnialeed 89.7434°  T0.1:£107>  837+86°  44+19°
(ng/mL)
Plasmaadiponectin  y564p1b 366567  410£76° 20816
(p &/mL)
Plasma triglyceride 110298 9315 974172 5720b
(mg/dL) - - - B
Plasma cholesterol
=+ 25b + =+ =+
(e dL> 12125 5340 73120 154242
Plesmi HoL= 4521 17440 29:+8b¢ 6613

cholesterol (mg/dL)

Values represent the mean = S.D. (n = 4-5). Groups with different letters are
significantly different, ANOVA with by Fisher's protected least significant
difference (PLSD) test, P < 0.05. .

DHA+FF

8
E 400 a z %
= 350 E e
L £ 4
£ 300 g
Ej —= B0
& 250 [
° é: 50
€ 200 @
S 40
5 2
o 150 S
E 5 ®
§ 100 2w
5 b.c 5 i b
50 T = 2z 10 s b b- =
- -2 o = e 25
LardiSO EPA DHA DHA+FF Lard/SO EPA DHA DHA+FF

Fig.8. Liver histopathology, liver triglyceride, and total cholesterol concentrations of lard/safflower oil, EPA-rich fish oil, and DHA-rich fish ail
with or without 0.2% fenofibrate diet.

Liver tissue isolated from female KK mice fed lard/safflower oil, EPA-rich fish oil, and DHA-rich fish oil with or without 0.2% fenofibrate diet
for B weeks. Histopathology of isolated liver tissues from each group embedded in paraffin and then stained with hematoxylin and eosin
{H&E) and examined under a microscope at 400-fold magnification (A). Liver triglyceride (B) and total cholesterol (C) concentrations. Values
represents the mean % S.D. (n = 5). Groups with different letters are significantly different. ANOVA by Fisher's protected least significant
difference (PLSD) test, P < 0.05.
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H2H MIERICRT D0 - IEEAHEER TR

AMBIOT =/ 74 75— M LD JEERI~DEBL ST L1
TS D720, FFIRICI T D8 - IFEAHBEEEE T O mRNA L~L
&8 RT-PCR {EZ HWTaHtr LT,

Fig. 912 SREBP-1c. Insig-l. FAS., SCD-1 ® mRNA L~ %5 Lz,
SREBP-1c ® mRNA L~ULid, AlEBRHE THRICKS, 22 br—Lgt
& T EPA BT 31%. DHA T 71% Td -7z, SREBP-1 OIF#E T
T 5 Insig-1. FAS, SCD-1 @ mRNA L~L b AMEBIEE CA BT,
Ay be—/AREL T Insigrl 14 EPA BE T 22%, DHA B£ T 39%. FAS
X EPA B£ T 3%, DHA # T 6%, SCD-1 % EPA BT 5%, DHA #£ T 4% T
bole, TNLDOEIEFIHBLL, DHA B & DHA+FF BEOM TEIT 20>
7o

SREBP-2, HMG-CoA reductase, LDL-receptor ® mRNA L/l % Fig.
10 {27~ L7z, SREBP-2 @ mRNA L~LiZ, = b a— Vi L BT, EPA
FECHEIZIE D - 723, DHA #° DHA+FF B Cl3ER R ho7c, L L,
SREBP-2 OEH#EE T ThH 2D HMG-CoA reductase X° LDL-receptor ®
mRNA L~Lid, MMERTHEICETL, = he— VLT
HMG-CoA reductase (X, EPA # T 29%. DHA BT 4% TH Y |
LDL-receptor }Z. EPA BT 33%. DHA BT 52% CTh 7=, TN b DEK
3L, DHA BE L DHA+FF B O CTEIX e o7,
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Fig.9. Effects of EPA-rich fish oil and DHA-rich fish oil with or without 0.2% fenofibrate diet for 8 weeks on mRNA expression of genes

involved in fatty acid synthesis in liver.

Panels show mRNA expression levels of SREBP~1¢ (A), Insig-1(B), FAS (C) and SCD-1 (D). mRNA levels were determined by real-time
quantitative RT-PCR. Results are expressed as the ratio of the obtained value to that of the lard/safflower oil group. Values represent the
mean = S.D. (n= 4~5). Groups with different letters are significantly different. ANOVA by Fisher's protected least significant difference
(PLSD)test, P < 0.05. Insig-1: insulin-induced gene-1,FAS: fatty acid synthase, SCD-1: stearoyl~CoA desaturase.
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Fig.10. Effects of EPA-rich fish oil and DHA-rich fish oil with or
without 0.2% fenofibrate diet for 8 weeks on mRNA expression of
genes involved in cholesterol metabolism in liver.

Panels show mRNA expression levels of SREBP-2 (A), HMG~
CoA reductase (B) and LDL-receptor (C). mRNA levels were
determined by real-time quantitative RT-PCR. Results are
expressed as the ratio of the obtained value to that of the
lard/safflower oil group. Values represent the mean £ SD.(n =
5). Groups with different letters are significantly different.
ANOVA by Fisher's protected least significant difference (PLSD)
test, P < 0.05.
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A& AT AOX I 4 15, UCP-2 134 8 {5 Th oo, T b OFEBT O
AT THSD PPARa @ mRNA L-Lid, £ CTORMTEITRD S an
oz, Fiz, EIHBIZEBE L TWAT T A RR I F U LT Z—Th 5,
AdipoR2 @ mRNA L ~Lid, SlEREE CHEREIK ) o 72,
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Fig.11. Effects of EPA-rich fish oil and DHA-rich fish oil with or without 0.2% fenofibrate diet for 8 weeks on mRNA expression of genes
involved in fatty acid oxidation and thermogenesis in liver.

Panels show mRNA expression levels of AOX (A), UCP-2 (B), PPARa (C) and AdipoR2 (D). mRNA levels were determined by real-time
quantitative RT-PCR. Results are expressed as the ratio of the obtained value to that of the lard/safflower oil group. Values represent the
mean £ SD. (n=5). Groups with different letters are significantly different. ANOVA by Fisher’s protected least significant difference
(PLSD) test, P < 0.05. AOX: acyl-CoA oxidase, UCP-2: uncoupling protein—2, AdipoR2: adiponectin receptor 2.

BB HE R LB

fAilE AW RICBWT, EPA & DHA oflvElX, EPA ## T, EPA
2508 mg/kg BW/day, DHA 1606 mg/kg BW/day & 729 | DHA # Tid, EPA
958 mg/kg BW/day, DHA 3163 mg/kg BW/day Th -7, F£7=. DHA+FF
13, EPA 990 mg/kg BW/day. DHA 3267 mg/kg BW/day, 7=/ 7 47
Z— FOAREIZ, 258 mgkg BW/day IZfE L7z, KK <7 RIZBWTH,
el = RV — R 25% O RIS LV FFIBOIEE & R B AT O
mRNA FEHMET L, KER LOEEHEOHNAR RN bz, &
bIZ, AlE 7=/ 747 7 — MIFRERUC XV | TR NEIL ML & BAE
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A REEF O mRNA LUV H N L, EEBREAME 1M 5% L < REHM
Bz b, £, AMEBEIRBRIZ X > T, MET7 7 4 AR 7 FUE0I3E
LML, e 7=/ 7477 — MABITIE, #xREn2
hol,

KK ~ 7 A% C5TBL/6J ~ 7 AT A THEICHE ) REOBEMAE L L,
6-8 JEERIF O — XA 7R E L, CHTBL/6J ik~ 7 253 16-18 g TH 5 D%t
L. KK it~ 213 24-30 g TR 1.5 512725, REORFHIBOTH,
BRAARE 6 Tl ORE DK 22 g O FH 72 KK Mk~ » 2 % fv 72 (Table 6),
FIEI O EPA #f & DHA 813, & bICERMW 5 B#»LHREORE
RIETRROONT, £/, B1ETT =/ 747 T—MILkoT, KERN
AREIET LD, AFEIZBWTH, Ak L b7/ 74T F7— %
N L7- DHA+FF B¢ 1 B & BOREEIN S HEIET L= (Fig. 6), &
D &5 R AREIEININH S — E, REEBEICH KBS, 2> b — U
>EPA-DHA #£ >DHA+FF B OfE R & 725 72, [T SREBP-1c ® mRNA
Loybid, AMHEIRO 3 ETE I Le(Fig. 9, Ziud, 1 E0#K
H(20% - %)L X —) & & L7 C57BL/6J ~ 7 A Tid SREBP-1c mRNA %
BAIH SN2 o e iR L ITR R 5 b D7 o7, LirL, SREBP-1 O
AE{EF T 5 Insig-1 ° FAS ® mRNA L~Lt, % 1 D C57BL/6J <
T ATOFRER L EREC, AMERIC L > TELLIET L, KK-Avy=° oblob
DIEHE T /L~ 7 AT, C5TBL/6J =7 2 LY ¢, SREBP-1c mRNA
MENFNRI 25, 24 TTHEL TV D Z ERME I N TS 6668, 4[]
Az KK <7 2 ¢, SREBP-1c mRNA BERNFE SN TWVAHIREET
B, EBaRrELLUEL, Bz 2L7cEBZEZObND, 2L
Ehnh, (RERMAE LW KK <% 2T, AIMERIC L % FAS, SCD-1
® mRNA LUK THL, 8 1ED C5TBL6 ~ 7 A L i<, EIFMEA
RAMEIER A BEE L7220 | FURIERARRO bR LB Z b b,

Bl ET =/ 7 47T — MPAEREE TR, ARBEMEREE L 0 B 5
REHMAISI S i, 7=/ 747 77— ME, PPARa OEHEIZE 5T
NERhERIR LR & BAEA RO AOX, UCP2 2 EORBLZFE L{FETHZ L

BEILNTEY 84 SEOBRNTL, 7=/ 7477 — MAZRICL -
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THFgIZ BT 5 AOX. UCP-2 ® mRNA I NE L < FHE S 7=(Fig. 11),
ZOZEE AMET =) T 4T T — N OPFHD, BERFEEA B OIHNITM
Z. NElmemeAl & BGEANE L FFE S, KER L ORI O 2 ik
<HMRDZEETFRTLHLDOTHD,

av b= LT, A A URFELLEEERL, B 1ETHY
72 C57BL/6I =T AD 3y ha—EEDA LAY 1EH(4.11+4.99 ng/mL)
EHERTH AfEDETH - 7z(Table 7). Lo L., AMEIO 3 o MmiEA
AY AEE, 2 b — VR AR THBICRME AR L, ibEEiEeTo
B CEN e AMERLIEZT =) 74 77— MIAICL2E (L b RS
Dote, ZNHLOFRENS, KKt~ ATiE, BHFEOA 2 Y U
PEZ BRT A28, AITERIC L U A > R Y U MEHER SN D T &SRR
&7z, EPA B & DHA # OSBRI Tl 7 7 1« R 7 F 0D H
Bl bR Lz, 75 4 R 2 F 213 AMPK ORI X 0 FEFTAE 2 3 L
PPAR« #IEMHAL L C BB ZTIHET 52 & T, A v A U VRS E TTHET
%8189, Fim, M T T 4 RR S FoEIE BMI TS 49, Zhbo
ZENG, KK U RAIZBWT, AlMARER ZOMEEoEMmEMm,
W7 T ARFR T FUAEOEMEN L TA A VEZEEZED D 2 DR
Iz, LarL, e 7= 70 77— b a BRI 7- DHA+FF ##
TR, RER L OB oM 23 . fih BEAMEDUE X 0 sgh o foic b
LT, MET T A RR T F UL ER Ui ole, £ VRV e A
VAV VSO TUEIZMF T T 4 RR I TFERT T AR T T
TARRTF LT E—0 mRNA FE L AOHBEZRTZ LEndE sh
TG 488D, 7= )7 77— MRNIMZXL Y, DHA+FF #TiE, gD
AOX mRNA L~ R&EEML, BER{k2E LT L, KE LI
fREEOBEIMNAR IR Shic, 7o, miEA R Y AfEiL, EPA #5° DHA
HLOBES, A VRV VEEHENRRIFTHD Z VRSN, T7 4R
X7 F 0%, FICHAIICTFET D AdipoR1 & FHIEZBTET 5 AdipoR2 O 2
DSDEATDTF 4 RAX T F o b7 E—TiEETD 2L TEAZRET
% 39, SEIOMRFHIBNT, FIRICEBE L TWAT7 T4 AR F 1kt

4 —AdipoR2 ® mRNA L~ Lk #iliEIR O 3 THEICK T Lz (Fig. 11),
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e 7= 7477 — MNERBREEOMIES 2 ) EQ.77£0.24
ng/mL)iZ. 5 B0 KK it~ 7 2(2.66+1.16 ng/mL) & Y HIEKL~LTh
HZEmb, e T2 7477 — FOMFREBRIZLY , AE OIS
R OFENR INZ AL, 1 A Y VIRFIEORBBIH St EZ 5
Nohe ETle, TOZERTTARR I FUATL DA VR VEEMETUEER
ELBEL LIgNolcln MR OT T 4 R 7 F AR L 2o T & #E
217,

PLEIRAT & 72 K 512, FRE DR L OWERE T O T T /2B
<. AT, BFBB L0 L AT — LA EIE L, iR Ry 27U
U REMmHEs I ONFBTR D L 2T o — Lo, (RE L IEIFEGOIE T &
RLTz, EBIE, MHPETT A RRI F U EENSE, £ R VRS HE
FIO2L0IB< 2R LI, £, AL 7=/ 74 77— A2 0FAT
52 LT, ENENOERANHEMBICE X, IEMBEIE L<FES .,
M N 7Y FOKT, FELS ZIOIEFABEOMENE S SI2ifl+25 2
EaR LT, ZOXHIC, 72/ 7 477 — MEFATIE, AIHEMEIRIC
ASEEWPURHEI RN A DI, A VA VEEERTLEL, TT AR R T F
WCEDIERELEE Lighrole B2 N5,

REOBRFHIEB T, KK~ U Ak HAMOEBRIT, B, 122U
VPO R A S Z ERBHLMNNI o T, EBIZ, A VA Y VEEED
WEITIT, MTT T 4 WX F U EOEMNEE R X% L TWD I L AR
eI ic, MP7 T 4 WK 7 FAEE, FEOEME & HITEDTHZ L
5, KK 7 ARSI bz 2 LIoREBITR W T, Al &0 &5 s
ZRIETPBRET LI REELRBRETHLLEZ LD,
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F3E EEVRICIVIENFELZ KK ~ v AT 2 AlERED
B - BEEABNT RIT T

BT E Tk, BREHICHD2EEOLER =RV ¥—hZ 20-25%) % f
Iz LT, C57BL/6J F£72ix KK ~ 7 AT 5 Al ORE - IEERH~DK
BEMETLTE R, LL, TR 14 FOEREER - EfAEIcLD L, B
FEDOAARADEAPLE S TV DEEOEIEIE. K 25% T2 LF—ThHDH T
ERHESNTND 0, 22T, F 3BT, BEHEICED. FLVWE
a2 L7z KK w7 RZR LT, 2.5, 12,5, 25% T/ —DfAale &t
BifE 52, AMOBIREOEOIE - ITEEAHIZ T TR OV TR
L7z, XUz, KKHEE~ T 212kt L, @RI &I & 2 JE O 75 S 2
Bt Lo IR = R L% — R 50% OB &% 5 X R EL B % B Lo
F. BAA 10 BN OEREOEMERNEE Lz, £0%, 20 # B £ TEH)
RN TH o7 b, BRI K S EMFEEOHIF % 12 B &5
7€ L 7-(data not shown),

AREORFTIE, 6 Hiind KK it~ 7 22 H, 283 ha—Lf
THW=Z7— REY 7T U —h4:6 THRE L7HMELT, Lard/SO #RE&H) %
TEEW & Li-@misli &£ G0% = x /L% — 50Lard/SO 8)% 12 #E 5 x JEii
EHELE, FO%, Bz LVF—HEE 25%¢ L, Lard/SO fH& W%
[BER & L= Rff(25Lard/SO #), 2.5, 12,5, 25% =R /L F—DRHEE
e fif(2.5F0 #f, 12.5F0 B, 25FO #H)T 9 WMIEME Lz, D%, R
B L OCIEERBNCBE D D T A —F O &1T -7, £7-. IBIF= 3L ¥
—HROBENMCLDIEELRFT 570, 50Lard/SO &% 5 2 #T 5
(50Lard/SO ) Z &% J 7= (Table 8-1), FEBRADIENEEHAK T Table8-2 (277
L7,
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Table 8—1. Composition of the experimental diets

Experimental group 50Lard/SO 25Lard/SO  2.5FO 12.5FO 25F0
Lard 10.00 420 3.78 2.10

Safflower oil 15.00 6.30 5.67 3.15

Fish oil 1.05 5.25 10.50
Casein 25.00 21.00 21.00 21.00 21.00
Sucrose 12.50 10.50 10.50 10.50 10.50
B —starch 2493 4745 4745 4745 47.45
Vitamin mix 1.56 1.31 1.31 1.31 1.31
Mineral mix 4.38 3.68 3.68 3.68 3.68
Cellulose powder 6.25 5.25 5.25 5.25 5.25
L-cystine 0.38 0.32 0.32 0.32 0.32
t-Butylhydroquinone 0.0050 0.0021 0.0021 0.0021 0.0021
Total (g) 100.00 100.00 100.00 100.00 100.00

Table 8—2. Composition of the fatty acid

. 50Lard/SO,

% 95Lard/SO 2.5F0 12.5F0 25F0
14:0 0.7 0.9 18 3.0
16:0 12.2 128 15.2 18.2
16:1 1.2 15 2.7 4.2
18:0 7.0 6.8 6.0 49
18:1 64.1 595 414 18.8
18:2 12.2 11 6.7 1.3
18:3 0.5 0.5 0.7 0.8
20:4 0.3 0.5 1.2 2.0
20:5 0.7 37 7.3
22:6 2.4 121 241

Others 1.8 3.2 8.6 154

B O1ET ARHERL. Ml X OWHiENEE L

SRR D 50Lard/SO & Z ke L CIER S 7= BTl EARMRG 13 E LU
#%LEEKT £ THRESM L) 72(Fig. 12), —77, BT R L ¥ —E
25%DEARIZHEAT LT 25Lard/SO #f, MAMEIEECIIEENRBD Lz, 9
B O BR TROBRMKMAEIL, 25Lard/SO BETliE, 50Lard/SO £ 91%
PR L 25Lard/SO #f & 3 DD FAMEBIEED M T B/ 2137 - 7= (Fig.
12, Table 9), fFiE &%, 50Lard/SO #f & 25Lard/SO DM CHE LML H)
1372 < .25Lard/SO & T 12.5F0 & 25FO B CITABICIREZ R L.
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12.5F0 #£T 67%., 25FO T 62% Th o7, TEHEH WAT HEET,
50Lard/SO #f & 25Lard/SO ., £ 7. 25Lard/SO #f & B 3 FEORM
THERZETRD bgholc, EFEM BAT E&iX, 50Lard/SO & b
T 25Lard/SO #: T 21%1K T L7z, £72. 25Lard/SO #t & bk L T, 2.5FO
HETITERICET LA, 2l balEREDOZ Y 12.5F0 X 25F0
BETIEEN 2D > 1=(Table 9), X ## CT HE&E OENTIC L v EEIL L =ANgiE

BlE, 50Lard/SO B & T 25Lard/SO BEC 23%i Lz, LovL,
25Lard/SO & 8 »OMMBRHOM CHERZEIT ko7, K TIENE
H FEIERIC, 50Lard/SO #f & th~T 25Lard/SO BETHRUD L7z, Az
B L7z 3 BE L 25Lard/SO B & ORI ZEIT 220> - 7= (Fig. 13),

700 epumiolard/SO  =Cm25lard/SO A 25F0
“X12.5F0 @0m25F0
65.0
L}
ey
5
H
Se0 bt I
© "
(=3
m F

55.0 e M A
A TR —egmne] | s

45.0 -

Weeks

Fig.12. Growth curve for 8 weeks of experimental diets fed.
Values represent the mean = SD. (n =5).
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Table 9. Energy intake, final body weight, body weight gain volume, liver weight and white adipose tissue and brown
adipose tissue weight in KK mice fed 0, 2.5, 12.5, 25% fish oil diet for 9 weeks.

Groups Feeding energy™ Final Body weight Liver weight ~ WAT weight BAT weight
(keal/mouse/day)  hody weight (g}  gain volume (g) (g) (® (mg)

50Lard/S0O 17.90 58.61£5.312 322274 3200812  3.30+0.79"  4626+926°

25Lard/S0 15.87 53.15::3.54" -257+508°  385:141° 2631480  366.7+4120

2.5F0 16.44 51.98+3.68° -406+2.17° 2.80+087>¢ 270+0.34*° 278.6+21.3¢

12.5FO 1542 49.07+3.18° -7.13+£3.89° 2.140.44b¢ 224+038" 3206%£31.1b¢

25F0 14,74 50.4543.36° -5.771x272° 1.99+0.16¢ 24840220  3525+58.3°

Values represent the mean == S.D. (n = 5). Groups with different letters are significantly different, ANOVA with by
Fisher's protected least significant difference (PLSD) test, P < 0.05. *Mean daily feeding energy calculated from total
feeding energy in feeding period for 9weeks.
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Fig.13. The difference of CT-based body fat compesition by experimental diets fed for 9 weeks.

Representative CT images (A), CT-estimated amounts of visceral fat (B) and subcutaneous fat (C). The purple and yellow areas represent
the visceral and subcutaneous fat, respectively. Values represent the mean £ S.D. (n = 5). Groups with different letters are significantly
different. ANOVA by Fisher's protected least significant difference (PLSD) test, P < 0.05.

mPEfEIL, 50Lard/SO B & 25Lard/SO BEDM] TILzEN 2 - 7208,
25Lard/SO #f & i L T 256FO B CHBIZIKT L, M1 > R U i,
ETOHTHELZT L, BRICBT2EZXRO bhRnotc, L TF
fEi%. 50Lard/SO #f & 25Lard/SO Ef O[] THHAERENZRN -T2,
25Lard/SO B & Lh#z L T 2.5F0 #f & 12.5F0 #E THEICKEZ R Lz, M
WT T 4R FAEDRERSL, VT F Al & REROM R % 7= L7z (Table
10),
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Table 10. Blood glucose and plasma insulin, leptin and adiponectin level in KK mice fed
0, 2.5, 12.5, 25% fish oil diet for 9 weeks.

Groups Blood glucose  Plasmainsulin  Plasmaleptin  Plasma adiponectin
(mg/dL) (ng/mL) (ng/mL) (u g/mL)
50Lard/SO 150560 38%25 1794252 16.3x4.12
251 ard/SO 180602 5366 14244520 13.5£2.5%0
2.5FO 15623820 29433 94427¢ 9.5+1.8¢
12.5FO 14842520 8364 77+25¢ 11.42.4b°
25F0 11714° 52+40 105£39bc 12.1£2.3b

Values represent the mean == S.D. (n = 4-5). Groups with different letters are
significantly different, ANOVA with by Fisher’s protected least significant difference
(PLSD)test, P < 0.05.

Mg~V 7)Y FEiE, 25Lard/SO B & LR L C 2.5FO O AAEIC
BEE R LTz, ZaUcxt LT, migR= L A7 o —/LfE L non HDL-=1 L' 2
7 a—/Uffilt, 25Lard/SO Bf &t L CAMERO 3 B THEICIRMEZ =~
L7, —F. 4 HDL-= v 27 a— U id. 2 CTOEETENRI T,
FH& S U 77U &Y MEIL, 50Lard/SO # & 25Lard/SO BEOM THE LR LH)
1372 <, 25Lard/SO Bf & bl LT 12.5F0 #£ & 25F0 B CHEICIKE 2R
L., #RENT 42%, 1T%ICETET Lz, Mk =a L 27—V ED
50Lard/SO & & 25Lard/SO #HOMICHEEZEIL72 < . 25Lard/SO & Ll L
T 2.5F0 B CIK FEMA(P=0.058) 27~ L, 12.5F0 £f & 25F0 B CIIA RIS
T L. 12.5F0 #£ T 15%. 25F0 #£ T 9% CT& - /=(Table 11, Fig. 14), 25F0
BED 2.2 mg/g liver DfEIL, 8 1 EOMAMASL 5 2 7= C57BL/6J ~ U A DIF

R L AT —MELRLSNLVOLEDOTH D, £, MFERIZB T,
C5TBL/6J =7 A A Y & — K chow B% 5 2 1=K, fflge= 1L X7 a—
JAEDS 2-3 mgl/g liver TH D Z & @S LT 5 6970,
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Table 11. Plasma triglyceride, total cholesterol, HDL-cholesteral and non—HDL-cholesterol concentration and liver triglyceride and
total cholesterol concentration in KK mice fed 0, 2.5, 12.5 25% fish oil diet for 9 weeks.

Plasma Plasma Plasma Plasma Liver Liver
triglyceride  totalcholesterol  HDL-Cholesterel nenHDL-Cholesterol triglyceride total cholesterol
(mg/dL) (mg/dL) (mg/dL) (mg/dL} (mg/total weight)  (mg/total weight)
50Lard/SO  129%12b 1434232 Ta4t4 70£31% 299.3+98.0° 35.5+34.0°
25Lard/SO  148£12° 14525 52430 954342 348.7£7186" 457+£21.0°
25F0 22159 110260 584133 54+24b 298.9+98.0° 19.4+65%
12,5F0 148200 115220 7029 48220 1450643 70+£19"
25F0 134370 92+19b 57427 38+18° 59.9421.7" 43=05"

Values represent the mean * S.D. (n = 5). Groups with different letters are significantly different, ANOVA with by Fisher's protected
least significant difference (PLSD) test, P < 0.05.

50Lard/SO 25Lard/SO 25F0 12.5F0O 25FO0

Fig14. The alteration of hepatic condition and histopathology by exparimental dizts fed for 9 weeks
Megascopic state (A), Histopathology of isolated liver tissues from each group embedded in paraffin and then stained with hematoxylin
and eosin (H&E) and ssamined undera microssope at 400—fold magnification (B)

A A ARFHEOWEDNRERFT 20, ERBICBITLTTHEET
& O FEARTRE(OGTT) & £ L7z, HEAMT 2 e oo b it ™ E R,
25Lard/SO Bf & bhiz LT, 12.5F0 #fL 25F0 B THEIZEMEZ T L,
12.5FO0 #f 88%. 25FO #£ T 72%w> L 7= (Fig. 15),
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Fig.15. Oral glucose tolerance test on 7 weeks of experimental diets fed.

Mice in several groups were subjected to oral glucose tolerance test (OGTT) after a 4-hour fasting period. The mice were orally
administered a 10% glucose solution at a dose 1g/kg, and blood sample were obtained immediately before and 30, 60, 90 and 120 minutes
after glucose loading. (A) Curve of blood glucose levels, (B) Blood glucose area under the curve. Values represent the mean &= S.D. (n = 5).
Groups with different letters are significantly different, ANOVA with by Fisher's protected least significant difference (PLSD) test, P < 0.05.

B2E AR T o8 - IRERBBEEEE TR

R R EOEVAITET O - IREREREERF O mRNA L-ULiZ
MAET BT~

Fig. 16 iZ SREBP-1c, Insig-1. Insig-2a, FAS, SCD-1 @ mRNA X
WER LTz, SREBP-1c ® mRNA L~bid, fBIAT /L — L3 25% 0D %
BRETEOR CTHERZENRD b h o 7o 3 25F0 B CIK i M (P=0.061)
%~ L72. SREBP-1c DIEHER T TH 5 Insig-1.Insig-2a, FAS @ mRNA
LU, 25Lard/SO Bf & b LT 25FO BECHEICIE T L7, SCD-1®
mRNA L~ 25Lard/SO B & i LT, 12.5FO B & 25F0 R CTHE
AR T L, ENEI 28%, 5% TH 7, 72, 50Lard/SO #D SREBP-1c,
Insig-1. FAS ® mRNA LU, 25Lard/SO #f & i L CTHEICHED L
7273, Insig-2a & SCD-1 ® mRNA LT3 ZENR 2o T,
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Fig.16. The regulation of experimental diets

1.50 on mRNA expression of genes invoived in

fatty acid synthesis in liver.

Panels show mRNA expression levels of
SREBP-1c (A), Insig-1 (B), Insig—2a (C),
FAS(D)and SCD-1 (E). mRNA levels were
determined by real~time quantitative RT—
PCR. Results are expressed as the ratio of
the obtained value to that of the 25%
lard/safflower oil group. Values represent
the mean £ S.D. (n = 5). Groups with
different letters are significantly different.
ANOVA by Fisher's protected least
significant difference (PLSD) test, P < 0.05.
Insig-1: insulin-induced gene-1, Insig-2a:
insulin-induced gene~2a, FAS: fatty acid
synthase, SCD~1: stearoyi-CoA desaturase.

AOX, UCP-2, PPAR«., RXRa . AdipoR2 ® mRNA L ~/L % Fig. 17
W Lie, MEIAEEEA(LIZBE o 5 AOX @ mRNA L~ 25Lard/SO BE &
Lol U C 12.5F0 B CHEBICHEM L7=23, 2.5F0 B & 25F0 B CiiaE /2
MR ENT2 o772, UCP-2 ® mRNA LUl & TORMTEEREL
W7o 7, PPARe @ mRNA L%, 25Lard/SO B & bt L T AhiE
B 3EETHEIZHEM L, RXRa ® mRNA L~ULld, 2.5F0 BECTHELIZ
WL, 12.5FO BE L 25F0 FETid, AE TIIARVWBSEIMER ISR SNz,
AdipoR2 ® mRNA L~ULix, AMERO 3 THEIET L, 25F0 8T
81%, 12.5FO £ T 77%., 25FO #£T60% Th o7z, F7-, 50Lard/SO #f &
25Lard/SO #£ D[ T AOX, UCP-2, PPARa, RXR « . AdipoR2 ® mRNA
LoVE, BEREN R -T,

BN O = 3L X — & 21512072 0 #1425 AMPK o 2 @ mRNA L
~LiE, 50Lard/SO Ff & bl L C 25Lard/SO BETHEICHEML, 51
25Lard/SO B & Hi LT 2.5FO BECHEIDHM L 722, AlhEREDOLZ
12.5FO #t & 25FO HETITAEEDRE O bl 72>, AMPK IZ X v &M
W 2215 %5 ACC2 @ mRNA L ~<LiE. 50Lard/SO B & ik LT

25Lard/SO # CHIAMEM(P=0.052) %7~ L7z, 25Lard/SO #» ACC2 ®
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mRNA L~ & Hilig LT 2.5FOFE L 12 5FO M THEEITRD SNV,
25F0 FECITEEICHD L 7= (Fig. 18),
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Fig. 17. The regulation of experimental diets
on mRNA expression of genes involved in
fatty acid oxidation and thermogenesis in
fiver.

Panels show mRNA expression levels of
AOX (A), UCP-2 (B), PPARa (C), RXRa
(D) and AdipoR2 (E). mRNA levels were
determined by real-time quantitative RT-
PCR. Results are expressed as the ratio of
the obtained value to that of the 25%
lard/safflower oil group. Values represent
the mean + S.D. (n = 5). Groups with
different letters are significantly different.
ANOVA by Fisher's protected least
significant difference (PLSD) test, P < 0.05.
AOX: acyl~CoA oxidase, UCP-2: uncoupling
protein—2, RXRa : retinoid X receptor~
alpha, AdipoR2: adiponectin receptor 2.

b,c
T

o

50Lard/SO  25Lard/SO

12.5F0 25F0

2.5F0

Fig. 18. The regulation of experimental diets on mRNA expression of genes involved in energy metabolism in liver.

Panels show mRNA expression levels of AMPKa 2 (A) and ACC2 (B) mRNA levels were determined by real~time quantitative RT-PCR.
Results are expressed as the ratio of the obtained value to that of the 25% lard/safflower oil group. Values represent the mean & SD. (n =
5). Groups with different letters are significantly different. ANOVA by Fisher's protected least significant difference (PLSD) test, P < 0.05.
AMPKa 2: AMP-activated protein kinase, ACC2: acetyl-CoA carboxylase 2.

5 3 i

INER LUOBE

iz AVZRICEBW T, EPA & DHA OfER&EIL. 2.5F0 BT, 261
mg/kg BW/day. 12.5FO £ Cid, 1284 mg/kg BW/day. 25F0 £ T, 2401
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mg/kg BW/day TH-o7-, AETIL, KK Mt~ 22 6 85 18 Hi
FTO 12 BE., B RAX R 0%DEMEREE 54, EEOKEY
INCIEsH) 2 3538 U=tk . BMEMICERE L AMOBREIC L 2 HES R L
7o BRI ED BRRIF = 3L ¥ — LR 25% DO RANIIHEAT LI 2 TO TIX
RECIENASEES B Lz, BRI F—L 26% D 5 6| 12.5%%F
7o 25% F MRS B X #i X 72 12.5F0 B & 25F0 B L, TR AEIGEE & AL
FREBETO mRNA LV HEICEK T L, HEBEZESED Lz, OGTT
IBWThH, 12.5F0 £ & 25F0 BE T, 25Lard/SO £ & ik L CTHEATT.
DIBEED EAPIMA b,

EIEIAEC X DIEMF G b, REISREFAICIN L 12 BEE%IZIEY)
HREOK 2.5 FICETHIML, ZOfEE, @%O KK-Ay~ 7 A0 18 i
UBDOEBRLFL~LTHholz, LT, KK-Ay = 2 8 &EEOEIMEHT
RER, BEOEMETANELTHWDZ EIZLT, 2B, n=4 TOEE
ETIEH D, ZORFE TOMPHEILX 340137 mg/dL, A > A U HIX 73
+46 ng/dL(& HIZ mean+=SD)TH - 7=,

AR FEEL ., IR RV ¥ —h=RE 25%IC T o R fICBIT L2 Z & T,
B EICEGR KRE, NIBIEFR X OR TG, EHEM BAT &
DB Uiz, IBIA= 2L — L3 25% DOFETIE, B, 5 OIFEIER
EMNZE L < L., 50Lard/SO BEIZHA~T 1/2 £ T Lz, T8E O BALIE

[ZBE5-9% AOX <° UCP-2 O3B, ARG~ BB RIS ERIC X
S TILHET D Z &P WE STV D 1172, RBFFET, MO AOX & UCP-2
@O mRNA U~ L@ B & % ket L7 50Lard/SO R4 & & TOR TR E
REAGIER S Bivieh o 7o (Fig. 17), BB = 1L — L3 25% D REFIIHAT
L-BETIE, EEEROBA L &b, KELIEHEBERNED L2,
KIRE L CEREIRIEEROIRETH 0 | JBIERRA L & BAEEAD TTE L T
DIRAET, AMIZ KA EHPBINIZ S Do To W REMEN B 2 6%50 E i
50Lard/SO #ETix, NEMMRG i BEEREFOEERF ThH S5 SREBP-1c ®°
FDERBLET THAH FAS B L W insig-1 ® mRNA L~Ly | 25Lard/SO
BEL R U CHRBIIRT Lic, B2 —H 36% D EET &% 12 #

MBI ESE 5 & RE L NIBIE ORI, ACS =0 FAS 72 FREIFEE A Rk
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(CBEY 2 BAF 0 mRNA FEHBIH SN0 T NI TnD 3, K
FFEICB VT, 50Lard/SO BETiL, RER L UNEEMEREDE LU g
Mz X v, BEARZOBETFRAM MR EN-LEZ NS, BEERKO
KK~ 7 2 T @Rl I oFRIC S L UEERBMOEFHEE RO,
NE Wl O TUHE & JE MR B R D MH 2N & TWD Z &R S v,
25Lard/SO #£ % 721% 2.5F0 BETlE, 50Lard/SO & & it L CIRER L UV
WA B BT Les . s K OVFIRONEE L~ VIdRb Lo T,
AMPK &, BEFAEZIHT 5 & & BITIEDEICETE L IR o o ik 2 {7
T2, MHF~HH ST ERERIA BRI, R % A U TR~ S 4,
ACC2 OFBLA M5 Z LIC X VB &R AT 2 RRICIEIA e b 4 2
32 1479, JFEO AMPK o 2 mRNA L ~ULiZ, 50Lard/SO # & it LT
25Lard/SO Bt CH ZITHEAM L, 25Lard/SO #f & L~ T 2.5F0 #ECTHEIZH
ML=, —7J. ACC2 @ mRNA L)%, 50Lard/SO Bf & bz LT
25Lard/SO #f CHAME R % 7~ L, 25Lard/SO #f & k=T 2.5FO §%, 12.5F0
IRV L ThH otz 25Lard/SO # & 2.5F0 #Tld, AMPK & 2 mRNA
PEIN L. B ORI FHE S hz s, ACC2 @ mRNA (34,
JERFBEALAFHE SN2 ho T B Z O D, BREIRMD KK ~ 7 AT,
PEEEREAHIRT 2 2 & T, IENERICERR S LI NEN O 23 fif & JBERERE s
BOMP~OBEIZE > T, EEEEES B L, Ll HiEhY 7

U+ U KLU, 25Lard/SO i & 2.5F0 ## T 50Lard/SO B & OFEZEN
RN END, TR COERBBRILITFE ST, BV IAATSEREAENIEE DS
MY Z VY RELTHEESTWNAZ ERREINT,

PR 2 TARIMICEE# % /- 25F0 #£TiX, SREBP-1c ® mRNA X
SR A ZR L, TORERETFTHD Insigsl @ mRNA L-UL
25Lard/SO #£ & ik L CTHEICET L7=(Fig. 16), Z DFEENG | & IR
DO KK <7 AZRBNTHmAEORMERICL Y, SREBP-1 # /X7 ED
AITBRI ) & AL~ D 7 m & 230 < 4, BREE s+ FAS < SCD-1
mBRNA VALV ERT S, IBESREIRT L 2 LR Esive., £/,
SCD-1 ® mRNA L~uid, 12.5FO BEIZBWTHAREICE T L, FAS &1

RipDRERETR Uiz, FHBICEIT 2 SCD-1 O XL, RAMHFHEICL D
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JEWHER K OB ORAELZ S Z ERHRESNTEIBY ., SCD-1 OFREMN
BB ETREARPIMHEND ZEAHALBIZENTND 0, KR
FHIBWTH, 12.5F0 £ TiE, SCD-1 mRNA LUV MR T L7z Z &k
ST ETO MY 7YY FEEAIHI SN ERE L bND, 12.5F0
B, 25FO #£ & 12, M Lard/SO & 2.5F0 HETHHE ChHoTATIERE &
DHEMIF2%E T 5 2 & b 2R T 7= (Fig. 14),

R LT 7 4 R F DR T L7 F R TNFa OEIIZLD .
AARY SEHFMEFER L, OBV IAL AR T ¥ LRKEICZR 5, OGTT

1238\ C, 50Lard/SO # & 25Lard/SO B Tid, FEAMTEH O IMFEHEA 300
mg/dL LA FIZ BR/ U7z, 2 RERIE O MFEE S A L~ VICR 63, b dh
MTHEEEEEER L, —J5, 12.5F0 BE & 25F0 BECIHEL, MPEE AR T
gL, 25Lard/SO B & biii LC, 12.5F0 B & 25F0 BECHEICED L,
2 BEf%, MHOEE TR T, Z0L5RZ s, SEEMO KK <
ZZRNTEH, HAEOAMERIZEID A R ) VESERSET L2 N
R I N7z, 12.5F0 & 25F0 OAMIEREE TIL, FECIEIEME &5
DU R 7Y FEELEEICHED L), P07 T 1 R F
EOEIMEA B0 o7, 51, 2 FED CHTBL/6J ° KK = 7 A D fail
BRI, AMEZERL CWARWI Yy o — B Ll 75 4 R R
I FAMENRE LS EMT HRREITERDIbDERoT, Elo, g A A
VoAES, ARBERIC L 2RO ONTEMEEZ R LZ, 2L, fiET
D KK <=7 2A~ORMERT, fFA AU AMEOEEMBSMmE S, =2 b
12— VEEDRK] 30%D L~V Th oo L5 & RESTHET HFRT
b, RETHWEREEMHOSERR KK <7 A0 Lard/SO #ED L A
YA Y AfIE, CBTBL/BI ~ 7 AT~ THI 10 (5T, B2 BNy fhu—
NEED KK =7 A0 Lard/SO B & LE_TH 2L EEBEA v AU RRET
bolz, £iz, AED 25F0 FEORAAEL 50.45+3.36 g TH Y, RIED
DHA AREREEOH 41.5912.99 g (Tl T, KK ELTEWVWLLTH
D MHT T 4 R FUAEIZBMI & HFHEE T2 Z E R BN TN DD 49
EEBAICES WP T 7 4 AR 7 F o EOBEMZE, & 5RHEERE L

BT b LN, A RY e A A UEESEOTUE XM F T
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TARR I FNERLT T ARR I F LT T A RRXIF LT H—D
mRNA B L BOMEERT I LBRREINTND 850, KK-AY v AT
&, CBTBL/BS =~ 7 AT, TT 4 KRR F L7 —0 BElE
#15% (AdipoR1D) Tiadsid L. FFlE(AdipoRICHE W THINT 5 Z Lic L W 1E
WHEERSTWD, —JF7, BEIC K o TA VAU VMR m LR, %
DORBUTFEE L, FFIETO AdipoR2 OFREIUTE T4 5 ™, KRIED & E I
KK <7 AZBWT, g 277 4 K7 F 2 L7 % —AdipoR2 O
mRNA L~uid, AHEREECHBIET L, SAEORMERICLY
JERFEEARMET L, F NV 7V &) FEEBED L2 8T, A RY
VIESHELEEBINTLEBIONDS, LNLEBRL, KARELTEA R
VIREETH D Z L h b, RYIICAEAERT 5 2 LT, (KEB L UEIEL
EILIIEO S ENMIFFCTE, M T T A AR FUBEML, A
AY R TUESE D Z ERHHGTELI LD EEL LIS,
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I
e

ARFFE T, BERAL LT =/ 7 4 77— bOJHHERIC X 25 -
TEEARBHIE S R 7 A RITTEBIZOWTHE L, 81 E T, BEIC
xt3 DIGEH OB C5TBL/6I ~ U 2% FVWT, DfalizE Eh b EPA &
DHA OEFLFEDENNC L ZHE, AME 7=/ 747 7— FOHAE
BUZ X DB OWTIRET L7, 25 2 BT, EMAEEZHS, JEHICeE
WA RY UEBUEE 2T 5 KK v U A ZRIETAMERB L UM E 7
/) 7477 — FORERORELF~, &3 ETIL, VEEHRIC
DVEEOEmEZHE L KK~ 22 HO T, AHEREDENC K 578
[ZDOWTHR, SBIT, 5 - [BEMRBCBIT DT T 4 R F L DEE L
A A B RIE T RIER OB RE LT,

AR OFEFNCEDSE, UTOZLEHONITHI LN TER,

1. C57BL/6J ~ 7 A DRAMHEIREN = R LF — b3 20%, 8 HMH) TIL
EPA & DHA OEH LEOEVZBERA < IFIRICIS T 2 5184 A
EE{EFO mRNA L~Lid, 855 K F SREBP-1c DD % 3, 1%
HIEAEF D FAS & SCD-1 13 L=, —F. Wigo=z L 27 a—14
Ak BE B LT O mRNA L~Lid SREBP-2 O & & 12, HMG-CoA
reductase, LDL-receptor HIX F L7z, £/, AP bV 7V &Y K&
MR L ORFEE R I VAT o — WS T L, 2305 OFEEM 5k
LT, Al BFBBL L AT o—LElEz2iHd 2 EE2 6N
%o

2. Tx /747 7— bk 01%ww)DOE5IX, FFigCE T AOX X UCP-2
D mRNA U~V BEINS 7o, £OfERE LT, BVl b & 2pE~
MILEL, REB I OEHASEEOHEMZE LMK L EEZ LN
B, BT, AL T2/ 7 477 — bOFATIE, FRENLOERAN
FNEGIC@ & | IEEARIEIIH S, B b i shd Z & T,
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AR LOHBRFO MY 7V EY Fefar2T7o— Lo T, (AER
L OB DM Z IR TE D LB b D,

IR AE 2 55 D BRI A v R Y VIR R TS KK <7 A0
6 > H O IMBERIEN = 3L X — L 25%, 8 W) TIE, EPA &
DHA OEAIFEDENZER <. SREBP-1c ® mRNA UL 73

DI B L L iz, IEMEERIZEE T 5 FAS, SCD-1 @ mRNA FELN
KT L7, £, FigF rY 7V 'Y Femp L OHEYRa VAT
o — /L3R U, (R K OMEIEA MBI 2 biviz, ZOfERN G,
B & @A A Y CIEOHEERE T 256 TH . AMBERUIIER~
OBATEMRIT D L 2R L, £/, e 72/ 74077 — %
DFHT 2 2 & T, ZNENOEMPEMAIC@ & | Ahic X5 ER M
2. 7x /7477 — M MIXBEBEEAFESL, P Y E
U FOAX T, B KOOI Z S HICHlfl 5 2 L 2R L,
AV RY ARBUEE BT HEENRNO KK < v A5 LT, BARANH
WA CEIRL T D E%E K L7 2.5%T R VX — O IME (9 #H )
T, IEEARBEERE T O mRNA BEICH EREBITE 2 2205,

AMPK o 2 ® mRNA $54% 5 Lis, — 7 & A0 12.5% % 7213 25%
THRVF —OREITIE, IEE SR EEEE T O mRNA BEMET
L. HigfEE L~ L, ZoZ Ens, BAEOAMBRTIE
NEE G RO MHNIIIR C & A3, TR B L 2B 0 4l K
HIEFEOBA VBB TEL & 2R Lo, £o, BAEOMMER
XY, BEREGO KK~ 7 AR THIEEAME IS L, JBE L~
IWNHEBTEDZ EERB LT,

C57BL/6I R KK ¥V AR WTC, 7=/ 7 477 — FaiRIMLRV
HEMIE R T T T ¢ RN R 7 FAEIREN L, fAROBRE,
BT T4 HRAR T FUAEOWENMZ LD A VR VSRR TH 2 &
DRIBENTZ, LovL, e 7=/ 7477 — MEAEBIRTE, @M
TTARKRI FUBNEM U lehode, e 7=/ 7 477 — NOUFH
TiE, REB L OEE OB TR I Z GNTHBR, 4 R Y UK

FUEDFEBPINA S, TT 4 WR T F AL DA A Y B EHERE
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TERZMEE LRWRIETH D Z EAVRR SN, —F, BERm D
KK~7U ATk, SlERICL > THOMFTT 4 AR 7 F o i38mL 7
Motm, LA L, ROBARRRICEON T, SAE0ABEREE T,
MFHED ERAMZ bz, o, IBMEEEEORAITMA ., ITE b
V7Y REEMETL TV, 202 Ehb, mEIERD KK <~ v
AThH, AHERICEOFBIEE L~V BMETT522E T A AT
BHERSESND EEA OGNS, Ll @ABORMERETHLS
A AY CIERBETH D Z L0 L0 RHIMICRRRE 22 Al OB
B, FKEEEENZ I DB I, SR BAEEXLLDLTEEZXD
nb,

BIFFROFER NS, 7= /) 7 47 F— b & & HICRalE2BBNICERT 2

Tl BB LA R Y ARFIEO TR, KEICETHDE I L ERL
o %, EEOERPNTER THLE M) 7 VY FIAEDIFRIZE
T 7=/ 7477 — bRV iEwEREANMEREZ NS E2FR
EEOGL 50 ITAN OB EFREF I L TE, EPA AL
PFHRIEZ o179 D87 RIGFRIE DRI RIL Db DIZR D L B A D,
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A

AWFTICBE L, THER THER D N THIER IR 0 F L 7o iivE RS
TR AR MERICEE R DHBEERLET,

AWFFEICEE L, Ia ZHE & ZBE A £ LIl KIS T
T @ EEREATICER O LET,

ARFECBE L, @8 THEE B £ U7 KD T R
FHERBIZIO LY EHR L BT ET,

KRFALR L OIERIC DT . TR L THRZ B0 £ Uil KIS
ARBHEE AR H B ER B HIR 7 & ONTYRPE R 3K R AR 5
INPRIBZ I RE A CIGHR L B E T,

AR, & BICHFTEATE 20 O L 7ol R 3R AE B0 o) 7 R 38 R IR RE 1T
AL L BT ET,

H;
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EBREW I LU H S

C57BL/6J ¥ LU KK Mt~ v A1 XRR B ERIM A bHA LT, Th
Fhve v A LERBLE 1 BERD OEEEREECTH D5 CE2AMRD A L
TV bz, REHIREZ RE S, MEREIL, =R 23:2°C. W 55210%
o 12 ReBREEHIAE) : 7:00-19:00) & L7z, F7o, BEE, SOBKILE miE
Be L=,

FBER THOMENE, 3 FEHER S %Q0:00IZ L FTORIETIT o7,
UOIT, v b e X — v R U AEFHR () K B ARRER) & 51
S LRI A 5E L, /NEBREMA X R CT 25/ (La Theta LCT100. (07
o B &RV, R SIEEIE T 2 mm HFECHIE LAIIE B L O
RTEEEFEE U, RERIER., B, D ORMmIc X fmfEHE 2 [E
B VT TU=X BRAA I AT 4 A LT, WIS, BRRE L T RER
76, EDTA-2Na A2 L 7o ERR 2 AW TERIL L7, Mgz 7
BABL, &L EEEC, 10,000 rpm, 10 4912 XY A& [EUR L7z, RIZ,
T, 5 BB A a5 L OVE FE e el smy L CEREE:
HEL., ATICHV D ET-80CTHERT Lc, £72, TR —#iT 10%
FRPERRE R L= U RGBT YEMIZE T3) CHEE L. Hematoxylin eosin %
% (BTSRRI L. R B Bl 21T o 72,

B, AR, BERELA, B EE R ORER OB R B E
BRE 21T O BIRE - FAEZOREMHEOBAN S B ERSE O E H LS
DT TR FEMEREE] 12V, BIMEREZESRIC L D5
DFEBICED FRARBEH TEMm LI,
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ESTN TV

EREFEBOBEMBOTE AL v, 2 a—R B AZ—F AIN-93G I F

FVRA ., AIN-93G X I EA(= U iR, Bam— 230 Z—d, (1K)
FV 2 ZVERTENGEBAL, LY AFy, 7 Fe Fafx /) L,
ROFEMEETENSHA Lz, 7 7V —HZEIERHND, T—F
IEERDA Y = Z VR TENDBIEEA LT, = 2 illld Sigma-Aldrich Co.
PHEAL, v 7 ellB LU 2 ®, & 3ETHW AL, NOF Co.rb
ks e b oE Ao, WIEOIENEMAE Tablel2 RL7c, 7=/ 7
47— b, Sigma-Aldrich Co.BHEA L72, 256 O EHE FHAWVT,
KR L SRR S & ERICAV A RMIE R L7, Ak, KR
WL BEEYHE I EHRE S RIS REF 2 ASH L R EZAE L7,

AR A —ZJE

meELY 7YY MEOHIEIZIZ NI 7V €T A4 K E-T A MW,
MR = L 2T 0 — UEOREICIE, 2L AT e—L E-F 2 &l

M4 HDL-= L AT v —/L1EOHIEIZIZ, HDL- 2 L X572 —/v E-7T A + &
FIV 7z, ¥ AST 550 ALT EORIEIE, R T2 A7 35— CI-7
ANUa—%An, k4 oOES y MIEROFIEMBTIENSEAL
Too MEA RV AMEE VT FAEDREIZIE, TY FHA 2D ARE
ELISA v F &~ U A L 7F U HIE ELISA & v b ((BR)ZK AR 05857
ERWE, MIET 7 4 BR 7 FUoEOBEICIE, ~TRIT v bT T 4 BFR
7 F > ELISA % v MERREZEMED) % iz,

JPRER P R B b - IR EEAE

15mL F=2—7 (N2 0.IMKCL: A Z 7 —/LiE#(1 : 2.5)1.75 mL #4551k
L. JFEEs G 0.15 g/lD) % A, REDFA A LTz, #2100, ZaaikiL

2 0.625 mL 2Nz L, 0.IMKCl Z 1.12 mL Iz HOHE#H LT, 3
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MEEIEZ, 0%, 4°C, 3,000 rpm, 15 SEELSEEL., FEZ A
vV E@NCEML L7z, ODOF 2 —TIZHW 0.1M KCl: A% 2 —ViRik%
0.875mL, 7 m /L A 1.425 mL &M x X < HHR L 72, 10 5 ERE#% . 4°C,
3,000 rpm, 15 IR LSBEL, TREZQOOAY vy YEFIZEM Lz, £DA
oy VEITEMAKE 0.25 mL A, L<HEHBEL, mw v a LRBBIC L,
10 s3H#ER% . 4°C. 3,000 rpm, 15 i LABEL . TREEZEIN LEE Y
TR TRIF Lz, SHRITIBIRERIER E LCTHW, TR Y 77U &
U P&z VAT o — U L, HIBIEE MR Z 50 ul /7F LAREE S
Lt TFATAIT— s R T A X100 A —/WEHR(B:11:D) % 0.05
mLMz, K<HEHLEEL0ZFEE L, mAEERE & Rz, MY 27
54 F EFTAMEaLARTFa—1 B-5 2 M RWTHEE LT,

AT total RNA Dl 36 X U8 mRNA EDHIE

FFB#E® total RNA X, Trizol (Invitrogen., CA)% V>, Chirgwin & D
YEFNEIZHES THIH L 7= ™, mRNA L-ULHAIEIZIE, QuantiTect SYBR
Green Real-time PCR kit (QTAGEN, Germany)% f\ >, #/EFIEIZHE-> T
BEYA 7 vEE > ML ABI Prism 7000 Sequence Detection Systems
(Applied Biosystems, CA) TH#T L7z, st e L BEFIIT577
A~ — OIS Table 13 (2R L7z,

& D pE AR BR (oral glucose tolerance test : OGTT)

55 3 EOEBREMMS 7 EBREA I T, BN B 4 MR FERATAT
(R & PEE A RIE L, RIS, 10% 27 v 32— R @K% 1 glkg RE Tt
A5 L, &5 304, 604y, 904y, 120 & O mBEEZRE L7,

A ALER

BT 2 T E (mean) R HER Z(S.DIIC TH Uiz, #EHAENTICI,
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SYSTAT 11 (Systat ¥ 7 b =7)& AV, — It E S BT L 5 2 Efif
M7 %47 - 72, Fisher’s protected least significant difference (PLSD) test T
e L, AEKEET P<0.05 & LT,

Table 12. Composition of the fatty acid

, . . Tuna oil, e .
% Lard Safflower oil  Menhaden ol DHA rich fish oil EPA rich fish oil
140 17 7.5 3.0 6.3
16:0 240 44 175 18.2 144
16:1 26 0.2 115 4.2 9.1
18:0 144 2.1 3.5 4.9 48
18:1 439 775 8.5 18.8 156
18:2 9.1 14.2 <3 1.3 1.8
18:3 0.7 04 <3 0.8 0.2
20:4 0.1 0.5 <3 20 0.7
20:5 125 7.3 203
22:6 115 241 13.0
Others 3.5 0.7 <18.5 154 138
Table 13. PCR primers
Genes Sense (5'—3) Antisense (3'—5")
SREBP-1¢ GGAGCCATGGATTGCACATT GGCCCGGGAAGTCACTGT
FAS TCACCACTGTGGGCTCTGCAGAGAAGCGAG TGTCATTGGCCTCCTCAAAAAGGGCGTCCA
SCDh-1 CCGGAGACCCCTTAGATCGA TAGCCTGTAAAAGATTTCTGCAAACC
SREBP-2 GCGTTCTGGAGACCATGGA ACAAAGTTGCTCTGAAAACAAATCA
HMG-CoA reductase CTTGTGGAATGCCTTGTGATTG AGCCGAAGCAGCACATGAT
LDL-receptor AGGCTGTGGGCTCCATAGG TGCGGTCCAGGGTCATCT
PPARa GTGGCTGCTATAATTTGCTGTG GAAGGTGTCATCTGGATGGTT
AOX TCAACAGCCCAACTGTGACTTCCATTA TCAGGTAGCCATTATCCATCTCTTCA
ucpP-2 GTTCCTCTGTCTCGTCTTGC GGCCTTGAAACCAACCA
CYPTA1 CTGTGTTCACTTTCTGAAGCCATG CCCAGGCATTGCTCTTTGAT
CYP8B1 TTCGACTTCAAGCTGGTCGA CAAAGCCCCAGCGCCT
Insig—1 TCACAGTGACTGAGCTTCAGCA TCATCTTCATCACACCCAGGAC
Insig-2a CCCTCAATGAATGTACTGAAGGATT TGTGAAGTGAAGCAGACCAATGT
RXRa GGCTTCTTCAAGAGGACAGTACG TCGGCTTCCAGAATCTTCTCTAC
AdipoR2 ACCCACAACCTTGCTTCATCTAC CCATAAGCATTAGCCAGCCTATC
AMPKa 2 GGCAAAGTGAAGATTGGAGAACA AACTGCCACTTTATGGCCTGTC
ACC2 CACCATGCCCACCTCGTTAC CATACACAGAGCTGGTGTTGGACT
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