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F1 EfEMK

B diet F diet
Beef tallow 13.25
Fish oil 13.25
Casein 21.11 21.11
Sucrose 9.21 9.21
B-Cornstarch 46.07 46.07
Vitamin mix 1.06 1.06
Mineral mix 3.69 3.69
Cellulose 5.28 5.28
1-Cystine 0.32 0.32
t-BHT 0.003 0.003
Total 100.00 100.00
Energy (kcal/100 g) 404.3 400.6
Fat energy ratio (%) 30.8 30.2
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VR TE(BR)) 252, 2ok, #= 3, W
W2aMBLOY N Y R 1AM O 6 HEIL, £%E
BEZHWTHE Lz, WMEHMB XY Ny v FilZ7
B 7, RN H BRI THE Lz, KKA ~
T 2N FVETH 720, BEHTFICBVWTY
REDZFE LI 5, bhvbid I TIZ, KKA
XU ADOERERZBEIMEET IRV 2 MRS L7012
i, WERBO7 KU 7TEAERO 60-80%| ’f"‘ﬁﬂ%%%ﬂ[‘ﬁ
TLUEDOH DL ZHREL TV, Lo T, Kifg
AR, WEMCBFAY Y AL DT N 73‘5@2%
D50% 0SB L, REDNED %L b T TR R
L LORMBIICIBRES 20% & L, WX vE
o2 M T10gMEZ HIEE L2224 E 7 n
FILEHB L, B, fFEMRBIRE L,

EBIEE, BEBIUFEOLDS S OFTHENDH
LZVIEY Ny Y AT L7z THB L (K1), ¥
BT RTCBEZL2, Z0%, BETHELBAET
YN FL7-#% BB#, BETHELFATY N
YRL7Z#EZBEFH, FETHRELBETYNY Y FL
7oHEFBH#, FECRELFETUNY Y FL#E
FF#E L, Aft4BECoT 72, SHICHKELT, BE
7R ZICTCEERME O 6B HER X 728
(Control #) BLX U, MF&EZ 7 FVU 72T 6 :BHEH
SE7-H (Normal #) ZMzxGRF6#EE L7z

6 HBOEFHBFRTH, XY IV ES =T M7 A
(R HARMERBEE (FR)) % 0.648 mg/g IRE, MEFENTEYS
THI Lo THIREL, 7 20K EZNE L
%, ﬂﬁﬁ*ﬂffﬁi V)?*Eﬂ%ﬁof_o Z D%, JFEZ R,
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MFE& Normal
BE Control
BE&
F-BH
F&
wEm . 2Em T W
(E=H) GREHD) (1782 RER)

1 FEBREEB X O
Akt v 5 — o (B FEER O IE 2 TR T 72 4
A RIAL I TIT - 720
2. REATE
ﬁiifﬂll &, M1 EDEREICAT o 72,
. MERHREEDRIE

%%ﬁh B IMEEY Y IV E T, IR
(PTG), #Ha L AFa— Vi (PTC) B X OHERENE;
M (P-NEFA) #ill5€ L7zo PTG, P-TCiE, B4+ F
SAr A (BEL740va(HR)) ’Eﬁﬁb‘f(ﬁ“iﬁbﬁo
P-NEFA i3, NEFAC- 7 Z b7 22— (FDBHISE T3 (Fk))
WZTHE L7z

4. FHiEREEDAIE

JERSRHE A 72 PR A v, R R (LTG),
walAya— g (LTC) B X 0%k kg i i &
(L-NEFA) #il5E L7z,

JFFNE HORLIE & ol &, Bligh & Dyer #:125¢ > TiT o
7=, BFiE (0.1-0.19 g/~ Z) Z# 5mL ® PBS (1.5M
NaCl, 30 mM KCl, 0.1 M NaHPO, - 12H,0, 15 mM
KH,PO,4 [pH7.4]) & & $12AY b w ¥ (PT 3100 POLY-
TRON) THEYFA X Lto ZhiZ, 3mLo1, 2CM
solution (CHCl; : Methanol (MtOH) =1:2), 1mL ® 7%
TRV AB IO 1mL ®PBS %bux, 1.@1&7 ==
VAREZEEILL72e & 512, EfmE g cHREICR S T
TEHR L, MPREZ ML,

LTG, L'TC B X ' LNEFAJIE D729, 7 maki A
WP 729 TV EZFENZEN200ul, 100l B X O°

300 uL 733k L, i 0%, 2,1-CM solution (CHCI; :
MtOH=2:1) : 1,1-TM solution (Triton X-100 : MtOH =

1:1)=1:1TMA7 51T, FNEnz i L
10 R OBMAKTHERELE, M) 7)) EI4 FE T
AbJa—, ALAFA—)VEFAMTI—BIY
NEFA C- 7 A b7 2 — (GRS T3 RR)) (2 TllE%
fTo720

5. AHiEDREEHEEEEF mRNA EDIRET

5.1 RNA O BB R 285 72 R &2 v,
mRNA 2O EEIT> 720 7B, TOWEIE 1H#E 4D
T—= IV TN T o 72
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g (0.1-0.19 g/~ A) % 4.2 mL @ TRIzol Reagent
(invitrogen) & & BIZKRY b Yy THREVF A X L7,
Z D%, TRIzol Reagent ® 0.3 & D 7 ma k)L 4z
R THEOMR, EEZRz, RiFERED 2-7 a8 — )
Mz, wOH%, LEWE 70% =¥ 2 — )V THRiFL, &
LMY B 2 X T RNA #7372, RNA 1& DEPC (diethyl
pyrocarbonate) WLERIK B A2 i L, WOBIERT (Ultrospec
2100 pro UV/visible spectrophotometer) % F\>C, 260 nm
WCCHRE AL L7z L7 RNA 1L, —80TITTHAE
L7z

52 mRNAE®OHE 5.1 TH 72 RNA % 100 ng/uL
WZFET%, iCycler —~ V4% {1 75— (BIO RAD) 2
C, Real-Time RT-PCR % 17 - 72, QuantiTect SYBR Green
RT-PCRKit (QIAGEN) %\, #fnT % IWIEL 72

Hl %€ 1%, sterol regulatory element binding protein
(SREBP)-1c, fatty acid synthase (FAS), peroxisome pro-
liferator-activated receptor-alpha (PPAR-«), hormone-
sensitive lipase (HSL), microsomal triglyceride transfer
protein (MTP) O 5fIZDWTATo7z0 LTI A
~—EHB LT == ¥ 7mElE, SREBP-1c Tld For-
ward; 5-TTGTGGAGCTCAAAGACCTG-3", Reverse;
5 TGCAAGAAGCGGATGTAGTC-3", 60C, FAS T I For-
ward; 5-GAGCTGCGGCTACGTGGCTA-3", Reverse; 5
GCCGCCGTGAGGTTGCTGTT -3", 63C, PPAR-a T i
Forward; 5-GTGGCTGCTATAATTTGCTGTG-3", Reverse;
5-GAAGGTGTCATCTGGATGGTT-3", 62C, HSL T i
Forward; 5-TGCCCAGGAGTGTGTCTGAG-3", Reverse;
5-AGGACACCTTGGCTTGAGCG-3, 63 T, MTP T &
Forward; 5-GCTCCCTCAGCTGGTGGAT-3", Reverse;
5-CAGGATGGCTTCTAGCGAGTCT-3, 66C & L7z 7
B, HRIZOWTIE, Control HEOfiZ 1 & Lz &0
FEoMxrE TR L7,

6. MTP 5V \UBEDHIE

6.1 7 7 EOME RILZHEE Y, Fy 28
JHEOMEBIOY v BOUER T2 ok,
DOBRFZ1IBEAVED T — VW ¥ TV TIF 5 72 20mM
TrisHCl /8v 77 (pH7.4) 12, 025 M 227 a—2Z (fl
et T2 (b)), 2 mM EDTA (ethylenediaminetetraacet-
icacid ; FIEHESE T3 (#R)), 2 mM EGTA (ethyleneglycol
bis (beta-aminoethylether)-N, N, N, N-tetraacetic acid : 1t
#idE T3 (BR)), 0.7g/mL PMSF (phenylmethylsulfonyl
fluoride ; FDEAIIE T3 (Fk)) B X 0¥ 4 ug/mL Leupeptin
(CALBIOCHEM) %Nz 7=l 2fEk L, ThzikEA
L L7,

IS (0.5g/~™ A) 1%, 10mL DFRBA L & HITEY
% —MRE Y+ 4 ¥ — (Iuchi Digital Homogenizer) T
EBVFA ALz ZO%, H—EEBTRAMMR &%
&, s (8,000xg, 10min, 4C) L7z EFEEES
(B L (100,000% g, 60min, 4C) L, 37 0v—
DM E ST, L7723 7 0y — A4 HIZ 1 mL DR

A % hN 2 C## L, Bio-Rad Protein Assay (BIO RAD)
WZCTH U HERE T T2 TOHBY VTV, EF
IR 2 i L7212, —30C TIRAEL 72,

6.2 MTP % > /37 a0l 7.5% resolving gel
B X 173.0% O stacking gel 75 7 B kB 7V # VERK L
720 S0ug DY YR HEGATZY VTN ELIIZB W
THBL, I =7u5+17 >3 (BIO RAD) |2 CHELIK
B (150V, 90 min) #4770 A4 Av—F—L LTI,
kaleidoscope prestained standards (BIO RAD) # v 7z,

VKB, CBB-R250 (FIDGAESE T (#k)) HtaB X
ZhaEVE—RARX T LY (GSANIVAFT TINA FH
ATV A) NOEE %17~ 72, CBBR250 #4112 C, ¢
RCOBTTTIA Ly VR ERICEDR VI L%
MR L%, I=bF 270y b (BIORAD) %
JAWT, A 7L UyA®OiEE. (100V, 75min) %175 72,

MTPHifk & LT, ¥ FHY 7 1 —F L MTPHifk
(SANTA CRUZ) % 200 f5ABUC 1 R SO S 720 AL
#5856, ECLY T A% v 7ay 54 Y 7Ry 27 4
(Amersham Japan) @710 b I — VIZH#EL T o 720 K
JERERIE 2 BRI & L 72

7. # BT AL IE

AREFIE TS N7 FBE R, Il + e
(Mean+SE) T/R L7z, #talLFIZ, StatView J-5.0 ((#k)
ta—UrrR) &y, —ERESHGH (ANOVA)
HwTIT v, 28 W ©f % 7 & Fisher ® PLSD
(protected least significant difference test) 2 X ) #E L
720 p<0.05 Z MM FIICHE R EHEL, 7TV 77Xy b
DRLDHMICBWTHBEED Y E L, T/, UNY
VRBP4 % (BB, BF, FB, FF#) 12ow
i, Dr.SPSSII for Windows (A «+ ¥—+ X - A
(BR)) =M, ZICBEES RGN 21T, FRR EZH
BRIV THET L7,

X B &G R

1. UNDY RBIEBIFPERIXRILF—ESKIUHE
Bz

oSy v FEHOER T A L F—71%, Normal # : 20.2
+1.5, Control # :23.0=x0.9, B-B# :26.6*0.5, B-F
# :22.6=x0.8, F-B#f :254=0.9, F-F# :215=
0.4 kcal/H/~ ™ XA CT& - 725 Normal # & Control #f i%
[FFEEECTdH 0, Control #EIZIL-X, B-B #ECIldA I8N
LTWwiz, T/, WEEITo-4BTlRT 2L, BB
¥, FBHICIEX, BFH#, FFHETIIZENENAZICTK
B UTze 204 BB B TICELE AT O E, R
IR A B L h o 7228, U Ny v N
BRI IZE BN A DN REMBICHES T,
oz,

FEERIN P OREHER O R L 2 1R, ol AR E
\2B T, Control FEIZIHA, fFETIZ SN THEIZRD
L7zo T/ WEZITo48CIET 5L, BB,
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50
—%-No
40 b |—%—Cont
S ——B-B
= —0—B-F
—O0—F-B
30| ——FF
20 L L L L L L L

(week)

X2 fREHR

JREZANVF—Iba 30%IC%EL, ZOTRTEAREIGMMICESIEZ -8 BEBLUOFLE) 2w
T, SHMoOMEMB X2 @8MOREY, 1 AMOY Ny Y FHZHF L7, Kk, ZoREHEEZRLTY
%o fHiZ Mean£SE (n=4) TR L7z WEIH TR (5 3:8), MElE TR 58 BXUOBRKEOZENE
NICBVT, B 7 0V 77Xy MITERESDRMOFERENH S LERT, B, WEIZ2H
(Normal #f, B A ER), WEMIZ 48 (Normal #, Control #, B EKEMB X O'F &I ER) (200 TH
L7z (—IERBESRIN) . 72, U Ny F2FHRL/-48 (BB, BF, FB, FF#) OBEFEAEIZBWY
T, ZIRES AN 21T o720 FRE  MEHEIGIR A EAEL L, Ny v FHEIGIIRE p=0.006, &
HAR  FEHAEL L THo 7 No, Normal; Cont, Control.

a) P-TG b) P-TC c) P-NEFA
250 [ 250 15
a
| | N.S
200 a a 200
-y -~ —~10f
§ 150 | ab ab 3 150} ~
=) > o
E 100 b £E 100f £
= 05
50 | 50|
0 0.0
No Cont BB BF F-B F-F No Cont BB B-F F-B F-F No Cont BB B-F F-B FF
3 ImEEFIRY

FEBRIIE (6 EM) TR~ A2 R L, BRIy 7V wT, S RE %2 e Lk,
PTG, P-TC B X O°PNEFA I&, Zh2zh, migEhodiEliz, 3V A7u— il L OlEEREEcH %,
fiilX, Mean=SE (n=4) T/RL, BL2ZT7NV 77Xy MEITERE S RMOFEENEH LI EERLTWS (—
TCEE SN 72, VY Y FEHBLA 48 (BB, BF, FB, FF#f) 12BWT, ZIolES B %
Tolze a) TRIE - EMERINRIZ p=0.069, U N ¥ FEEBOIIEIIAEAE R L, KHAE  p=0.041,
b) FxDE  REMHERGRIRIEA AR L, U NY v BRI E p=0.052, ZHEZE : p=0.090, c) FERIE,
BHGRE S ICHEA% L Tdh-72. No, Normal; Cont, Control.

F-B#iCltx, BF#, FFHETCEIZENRZENHEEIHRSL
Too ZICEEDERGATICB VTS, YNy v FHHEEG
PRVZA BT BTz,

2. MEEHEEE

P-TG, P-TC B X UF P-NEFA O #5 % %, 3T,
PTG (2B LC, Normal # & g L C Control FEIZIKT
T 5%~ L, Control #: & JLik L T F-B # X R,
BB HIZARIICT L, BF#B XU FF BT @
BRL7:e F72, BF#E FFHEIABETH 2D

L, BB# & FBHTIIBADAREICE P72 =0
BB AT IS B Wi, IREIIEIGIIEE X O HA)
RICHEBEDVRD b,

P-TC 12Bd L, Normal #IZk-X, Control BHl3A HI2 L
A L7 ¥72, PTG A, Control B & ik L, F-B#
WFEAEE, BB, BFEBIUOFRFHEEIAZIIKTL
7273, BF#EE FFHIEFRBEETH - 72012 L, BB
L FBRHTREAVPHBICHED o 720 IChLHE /3-8t
ZBWTIE, Uy r FHEEIGIES X O ERR A



Bk 57 2 A4 NN 2 R TORRBIFEIE
a) FFigEE b) L-TG
4. 1.0

a a c
s | b 0.8 ¢

5, c c ¢ g 0.6 b
S 04
1t
02 d a

0.0

No Cont B-B B-F F-B F-F

d) L-NEFA
60
c
0 d - 50 d
g g 40
2 30 5 b
= b S 30
2 20 w a
£ a 2 20| a a
a
0 0

No Cont B-B B-F F-B F-F No Cont B-B B-F F-B F-F

4 WFEE=B X OFEPIEYE =

FRM (6 M) #TRHII 7 A2 B L, BRI EZ v, IFRERB X OSIIRE =% e
L7zc TG B XU LTC, LNEFA X, Fheh, homtEiEliz, 2V A7u—ved L OEERRE TH
%o %, Mean=SE (n=4) TRL, BL5T7NV 77Xy MUTERR S RGOFEEN DI EEZRLTW
% (—ICRE SN o F72, VN Y FEHILL- 48 (BB, BF, FB, FF#) 28T, ZiohliES s
MafTo720 a) ERFE MEEIONRIEEZEZ2 L, U Ny v FIERGIRE p<0.001, ZRERE - FEEs
L. b) E3F - MEHEIGHIRIEEZEZR L, U Ny v FEHEIOIIRE p<0.001, KHERE  AEELRL, o £
A R EBGMIG I p=0.065, VN v FEHERGMIG I p<0.001, KERE  FEERL, d) FRE R
HIEEGMIR I A E2 % L, )Ny » FEIERGRIR X p<0.001, ZZHE)SE « A% L Tdh o7, No, Normal; Cont,
Control.

a) SREBP-1c b) FAS c) PPAR-a
1.5 25 25
2.0 2.0
10 15 1.5
1.0 1.0
0.5
0.5 0.5
0.0 0.0 0.0
No Cont B-B B-F F-B F-F No Cont B-B B-F F-B F-F No Cont B-B B-F F-B F-F
d) HSL e) MTP
20118 1.7 1.5
1.5
1.5
1.0
1.0 1.1
1.0 0.8
0.5
0.5
0.0 0.0
No Cont B-B B-F F-B F-F No Cont B-B B-F F-B F-F

5 JPlsH IE A B 5 T mRNA &

TR (6 TR A BRL, BRFFICEIEE T, B IREH B EE (R T mRNA &%
Mt UZze MEMRRE LT, BHOT—VH 7N (n=4) %72 mRNA &3 Control # % 1 & LA E 2R
L CTw%, No, Normal; Cont, Control; SREBP-1c, sterol regulatory element bindind protein-1c; FAS, fatty acid synthase;
PPAR-«, peroxisome proliferator-activated receptor-a; HSL, hormone-sensitive lipase; MTP, microsomal triglyceride
transfer protein.
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WB (MTPHi{%)

CBB#f

¥ 63% %27 (2010)

No Cont B-B

6 ATl MTP ¥ > 87 B

B-F

FB F-F

T (6 M) ¥ TR AR BRL, BRIEIR 7% H T, Microsomal triglyceride transfer protein
(MTP) % > 732 E &% Western blot {2 Tl L7z JEMIKE LT, HFHOT—NVH 2TV (n=4) %7z,
BE Western blot {12 & % MTP ¥ v 87 Hm a2 /R L, TERIERKEHZO 7 VoGt (CBBR250) fiHERL

72o No, Normal; Cont, Control.

BAADSFRD H N7z,

PNEFA IZ L CiE, TRTOBICBVT, FiEEid
BOLNL DTz,

3. HiHEE8 KUHETIEE

B E R B L O o RE &2l EHREL K4 1R
T o MEERICBWTIE, Control L I L, B-B#E
JOFBHIAREICHML, BFEBLIOFRFHTIEA
B L7ze $72, Normal # &, BF#:B XU FF#
&, FEEERo7z, ZRESMIIIIBNTS, )
N v R ERARIE I A BAENRD H iz,

LTG 8 X UL TC, L-NEFA IZBJ L, Normal #f & i
L. Control BHIZ A FICHM L 720 F 72, Control #EIZ L
N, BB#HBIUOFBHIIARICEML, BFHFEB LY
FFBIIAZICHRY Lze BB S IcB W T,
L'TC T O &t WHEIGHIR (2 A BN 25380 5 7228,
LTG B X ULTC, LNEFAD$XTTY N ¥ NI#E
BOHIR (2 B AEDFRD bz,

4. FFHiERIEEHBELESE T mRNA B

% mRNA O FEIZDOWT, K 512/8F . SREBP-1c
(2B L Cid, Normal #f & Control #IZFFEETH - 72,
F 72, Control BE L FX, VN ¥ FEFI L7z 4B TlE
WAL, 85 CBBH#, FBH# LKL BF#, FF#E
TIRBOBOK1/28E B o7,

FAS 1B L CiZ, Control# & b L, BBH#B LU
F-B # T L 7228, B-F #38 X " F-F # Tt Normal #
LIREEE TELIBA L,

PPAR-o (2B L Cid, Control #:3 X O B-B #, F-B#f
13 Normal # & M ETH Y, BFHEB LU FFHICB
WML 72,

HSL (2B L Ci&, Normal #: & It-X, Control # Tl
A L72s £72, Control # & [LX, B-B#B X U FB #fid
FFETHY, BFIHFEB IO FFRICBWTHML .

MTP (2B L CiZ, Normal # & [£-X, Control 1%
L72. F72, Control HEE L, VN v FEFHH L4
FETIZWEA L7z,

5. MTP YV )\UEE

Western blot #:12 X 5 MTP % > 7% 7 B & Ol & #% F
#[M 6 127R”T, kB V% CBB-R250 4eta L, Jk#L 72
EWED S vy BEDPFARTHDL 2R LT: (M6
TEB)o MTPHifka Hvy, KHEO MTP ¥ v /87 HiE %
Wi L7282, Normal BEIZH-X, Control B Tl
L7z %72, Control # & i L, B-B#EIFFEE, FB
TR L7z 25612, BF#B IO FF T,
ffE I, B L 72 (K6 BB,

=1 =

AWFZETIE, MG - BRBET VY7 A EHWT, 4
fE& T ANF—130%TEH LIBT3 AR
WAER, B X OMilmE AL X1 30% CHEA
L7zl z2 e, 2 MomMENE 1 EKOY N7 >~
FIIZRT, BEOY A YN Y FEGTICBIT5
FIMOAREL L O - PR E I3 2 BEIZOw
THES 247> 720

AT BT 2 EEREOMPRIRIE, Mumd L 3405
OH (13.25%FEmtt) TH Y, LIIRIBRZHHRES
b, L L, Stribosch et al. IZ & 5 5E47HIZETIX, £
X 10% EE L CTREICE TN T IUE, n6 RIRNHE
HAPALERIGELTBY (ZAVF—HTY /) — ViR
0.393%., 7 7% F ¥ 0.236%. n-6 RERNIEE 0.629%),
VIR R ZIZE U W E RSN LTW AR,
AT TH -z, n6 RN 2V ¥ -1t
T0990%mENTEY () /7 —)IVEE 0390%, 7 7%
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Fish Oil Suppresses Weight Gain and Fat Accumulation in the Liver on
Weight Rebound in KK-A” Mice
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Summary: We investigated the effect of fish oil on weight rebound in KK-A’ mice. We used two types of experi-
mental diet: one containing beef tallow (diet B) and one containing fish oil (diet F). All the mice were fed diet B
ad libitum to induce obesity, and then divided into four groups as follows: 1) B-B group: fed diet B with calorie
restriction during the weight reduction period, then fed diet B ad libitum during the weight rebound period, and
—using the same protocol— 2) B-F group, 3) F-B group, and 4) F-F group. In addition, a control group were fed
diet B ad libitum during the entire experimental period. Final body weight was decreased in the B-F and F-F
groups in comparison with the B-B and F-B groups. Compared with the control group, liver weight and the level of
liver lipid were increased in the B-B and F-B groups and decreased in the B-F and F-F groups. In the B-F and F-F
groups, SREBP-1¢ and FAS mRNA in the liver were decreased and PPAR-« and HSL mRNA in the liver were
increased, in comparison with the B-B and F-B groups. The present findings suggest that fish oil suppresses body
weight gain and fat accumulation in the liver on weight rebound in mice. Suppression of fat accumulation in the
liver is attributed to inhibition of fatty acid synthesis, enhancement of lipolysis and fatty acid oxidation, and nor-
malization of lipoprotein secretion from the liver.
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