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FEEMEFE—

A

AGEs:
BAT-

DEGs:
ENaC:
FDR:
GO:

HEATOX: heat-generated food toxicants (JIZMZ XY kT 26 EWHE)

HP:

H ##:
IPA:

L #%:
MSG:
M #f:
PFC:
PPAR:
SD:
SEM:

SREBF:

TCA:
TG:

(WIS RE 2 LA P IR,

advanced glycation end-products (FF&BEVIEY)

brown adipose tissue (#&{afgHHRLHR)

glycoprotein hormone alpha polypeptide

differentially expressed genes (HEICHIALHE) L8 T)

epithelial sodium channel (EFMET R U 7 AF ¥ xL)
false discovery rate ({&HMEDEIE)

gene ontology (EinfA> hr—)

hypothalamus - pituitary (FK TFi— T HEK)

high fat diet group (FfENIREE5E)

ingenuity pathway analysis

low fat diet group (KA & G-#E)

monosodium glutamate (7 V% I Vg KU 7 L)
medium fat diet group (AR 5-8E)

protein - fat - carbohydrate (¥ > /X7 & - f5'& - [k (D
peroxisome proliferator-activated receptor

standard deviation (fE¥E{RF )

standard error of the mean (HE#ERRZE)

sterol regulatory element binding transcription factor
tricarboxylic acid (cycle) (7 = Fg[A]#5)

triglyceride (R 27UtV K- N Z Uk —/)

&)



TH: thyroid hormone (FRFRA/LE )
TRH: thyrotropin releasing hormone (FRARFIFL A VE A LVE V)
WAT: white adipose tissue (HEAENHEAL)
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FLDIZ

INEIFHAR TR BE R L TWDHEDO—D>ThH D, R EERITEMN 78
FAZBLIY, 205 4TEB N DEHAELTHEIR TS, BHAANZ
1 A% 90g D/NEMEZRLTEY | By QB TIZEHAZERL WD (K
Fe. 2014), BEOZ <78 JFE. Ix 7/, B IUNEEN, RERT
HEREREZ O LRIFFIC, ML BB, FiAE LU0 LT 5 2Rk LA,
PEBLILTW D,

INEDEWINLREL, FICAMDOBERKERD7VT DOy MU — 7 ik
WZE D, INERITKEIMARBNRDOL NV EED L, ZV TV T VT =00
2D Z AT EPFAITERE . SS A KFME. A A UHEE. BUkME
FMAFEHECE>TRY v— kL, MMEICENTZX Yy Y= BBRIND
(K2, 2014), AEHP ORI O EIERICOWT, %< ORIHEILEHTOIGH
PR S, RS O FTHUEAR A LTV D, Bl X, ITAE TR S
OREIEBLET W DAL, FERE TG I =TGR O AL H% v RE /o8l
WPIETHLIIER L —F—BMBEIC LY, BER L7V T VB LY
VT = KT B EPURE W TR AOBIE M TN (B 5. 2014),
NRUEHMOI X 2B WTC, Ya— b= F AP O VT o T
HERICE L, 7T VAL O ORE 2 R4 2 & T Ao MR
PEDSE L9 2 Z EDNHMBIL TV (SFE G, 1992) £ OFEMIIARH TH - 72,
R OIE R L — P —BAMERBIE ORI, 7 U 7 Y U IRIROM B REE & T
THEY, Ya— M= 73RO & LTZ U T ¥y OMMEEEOE
IZAHE D D VIFEFIZIRD AERTZRETHMLCND 2 &, BLXO, 7T
=UEZ I TV R BRRRWER O A S A IS TR Y | EAKICY =
— b= T HEOBUNRRIT B3 LT D 2 E BN RS L (R 5, 2014),
Fro. Ik, T MY U LMbEY & G e BRI TN Ry th o KE ) %



ERL L, BB L 7= 7T o =kockEEE TRL) 35 A b1Thbh
7= ORI« 5FF, 2016), R OXSHMEICEREMICES L, TEXHN WO
HaREDT D7 NT o OWE « EBHIE. 20X REFEMICL > TS
OlziETe Z L HIfF S LTV D,

INFERELL & L C o Fif O T

TINT ORI RIF L, N2 h#EDA - D EA c NAZFEORNE, B
FEZFEO/NZUEPESNTWD, HT/NERY NFEOBEMITKEZIMZ T
i, MERWIRICHEEZ, MBGHET 20T, 77 « Bokz iz 5t
PTEINTWD, AARTIEL, EOAE, A, A, ~ e =5,
ZOMIZKE L SN, 205 LindAKE, B ASE, ~ e =321 JAS
BUENED G TWD, EARYEL LTI, iRRO—ELE—YIH L H D
L LARIC K v Bl E D, i 2T En % (Figure 1),
RSO, /I LE%RE DO REAHAKICHE L THER S S, BIE
KERDDTDE, KTRROT LA LKL T, AT X 0@mAIcE
FRE AV, MO LR RT D Z LR, T IR H I LD RN
RN O B E 7> TWDH A VNHE, 2003), 7 /VT v & BHLOBIGHEME D

AT BT, ER L7 T R EEINIC L 0 i s s 2 LN E
nn, hEMREOLS, AREKICIZ T, REFTNY DA KB T A
FHY) VERED DTN VIR TH D T3 (K E72i38AK) | 23
HHIND, 7T ATKT DUBAIER . ZEWRITIA., 7 A7 VT XD/
ZW 7 TR A FOERE L FEA DR RIEKA HT 720 TH S (NH.2003).
BB CIx, Y AR ROAEMAEBES e — B L, HiTE P T 5, RO
JEIE THRC, M2 < s, v—EEClE, B4 L s —FEICiiE
DEHFIZETHEIEL LD &T5 &, WHFHICHPBEIZLNY, Bk Sz v



T UM S N T LE 9 O T, HIENI /T TIEREIE S ek, B0 s
MCHMR L 72 %, FIENFHLREE 9 EAFTIIREIC LV B SN D, £z,
¥ a =R ANT T A O AR, A I RERE D X A X B ET) %0
JTHLE L TRIET %,

B Jis i D 1l i

R E I TDH, HOWIFEBE LT VT Uk, 7 T A & 2 WIXEVRRL RS
TR e IR E L LIREZ R FF L7 b O RNFERICTH 5 (Figure 1), A
JEFE D F—F R inIE 1958 A L7 (% T —2X v - BiERM) ., Zh
1T, ARLHEZWEMNT U OB LS Th Y . R, AREVLER, BRA)
L AT LR & S RIS i 0O RS TR A TEEAOICHENT L, BE A TERIC LT,
b OBEERERROBERE b~y F L, WGERE EbIHEM ELXD
Nice 19T FICE, By T2 A 70 (17 y 7 X—Fv) - ATERM) 235
76 ST, MER 1 > TVTIRAT T Al 2 G L | SRS R U 72 BA 2 iR 2 72 i
ML EFRICEF 2 b6 Lic, Rana a5 &, JFHICIES & & 13mE
ML SRERF IS 27 < & ST S OICRERFICITRIRE 20, Al
3 ODMRE A D, 1974 FFEICa LV PV AR RNTRBLE L2 b H D .
BT B ARANORAETEDOTIZES LT,

oI, AEELT 7 o7 AV 1, 33—y NEITETIRAY . HIEREY
BB TZITANDIND X9 IZe o7, KT, 1990 FA00 b ik EETOFE/KYE
(ZRE S TIHE AR L, 1990 4EI213 150 BRI & HEE S - MRS
23, 2001 4E(21E 500 (E&ICE L, 2012 4EIC1E 1,000 EEZ 22 Lz (R
— A BRI X HHEENE) . AR OBLIL, BRI 24 - AR 22
T, fEEM - RIEEE AL, 2R TH D0, EEA B BN IEZ b
DB ThDLEEZLND, o, FHIBORMCWATTIZEIYA . EEOR




MOBREE L2 ELET 65,

2005 X FHET —A ) B, JAXA (FHMZEMEEZERE) & BiG
B XV IEFEBRFE SN (R - Hf1, 2008), KO WEARSIC—ATA
ADFE A= BMPEAS L, BEIPREBTA =T N A=A v FLE
IR S 720K D2 & ABDMFTIT B, K TOCTHERY T4 X okt
7o

Plboi@y . HifEiittitos®, OIEFHEL LTHLEFICR-T
W5,

ARG LD H Y

B E DO FEAE > S AL L B2 T, WL D0 ORMERIRRED F E L TE 72,
ABFFEIE TRLIRT (1) RE - INTEIROBITE, (2) SKF&mEn» b ORI A D
dhE (YY) MREE. (3) HBEmIA D QRN O A B B O, 1DV THFZE
#ITH e EE LT,

(1) B - T o B %
HEZOREE#ROSEY 22T, K e ) —8G . RWEHEE RN L7
B, R R B L AR AR R OB R RO LTS, 7T
AHE, 7T AL E > TH LN RA OREKRPNHEFR I E L ZIT AN
LML, —FH., 774 FITME L Ghelcdmhin ) —& 7%, BUEL
EHETIE, =R AF—OBFHERIC L S &5 2 505 RO R 2 fE &
725 T 5% (WHO Fii#E, 2016), A 4i132 < OETHE BRI L TV D75,
ERLIFZDOEETHIR Y —DRWT T A i % RO DIHEE 1TV 7 < T2y,

FZT, 7I9AHIOBETRRICBIT A 7 VT OB L HlEE & & ORI

WTHRRTE T o 72 (B 2 ),

(2) KZEHE D DORIELOE (B5y) DOREE

©



o 2 BRI HMETORR, BT OMIEE EOMEINTREL Lol b
M, H3ETIE, BRMCEEND X X7E (P) - IBE (F) - kAK{E® (C)
DXT A (PFC RNT o A) (AR L. NT 2 AZAITHE S iTlids K O
NS SIPRAY A TN (o 2 T O

PF Lt & ATEEEG & OBSEIZOW T, RO X5 & n H 5 (BAET S
H. 2015), KK DZ JEE DD 72O B F1T, B% A F K O2EE
e R U T o7 ) e —/WREZEINSE, i HDL = U A7 v — /LR FE %5
HERED EHEIN TS (Food and Nutrition Board, 2005; Mensink et al.,
2003), fEHHDOHGE ., mRAKIY ARIEE O RS Th - TH/AEEEER N
THEOHMEITRNEDD, ZD XD RIMPIRE N Z — BRI & &
BRMEIREDO Y A7 BEED, £2C, MHAFHDL 2L AT r—/L A3l X
Tr—//HDLa b AT a—/LEBIO LY 77 o — Lo PR 4 @
BRIz, BB 20% (=L —th) LB S TG (74
Ve X OBFEEERE, Food and Nutrition Board, 2005), —EZI& D
TRENLELRERE LTROZEBZE T OND, WmRMEEERICLY, B4
IV AFEDIREMEE X I ORI NEL 72 % (Jayarajan et al,, 1980), B hhH
DIFEORITZ XV EEEMHBET 720, BEEBRENDZ2WGE, +507k
2N BB LS 2Rt D, £io, IBEIXT 2L X —EE D i
LEWOT, IRENDRWGEITTRVE—RRE LR LD,

—J7. RIKAE DD I SNEE DLV DO ST, HDL =2 L 27 v —/L 23
¥ 5, £, BB OWERAENEE (Bickerton et al, 2007) ° U 7T L7 U+
12— L (Cohen et al., 1988) 2HEIMNT 5, 6T, 2D L D IO R TIL,

BHICEEND IR TABRREL, X7 EERENEL 2D | FRIET RS 2
TR RIBFE R OB IMN RS SN TV 5D (Pedersen et al, 2013), R D

RWHARANTIE, IBim VT =R EEDL L, BN AZRY v 7 v
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v Rr—A, BERFB, HEIRERO) R NEEDLZ ENBEIND, BIFY
BRI ENRE OE R 2 N L, faFENiEIE LDL = L A7 v — /LR
EA S, BBREEDO Y A7 2&ELS T4, 2oL AN, KE
National Cholesterol Education Program TiX, 27 v~ 1 & L CHlEIf=x/1
F— R 30% A, FUFIIENA = X L — R 10% AR, 2 L AT r—/L

300 mg/day Kiiii, & HIZAT v 7 2 TIINEN = RV —LhEE 30% A0, AFfnlE
B 2L ¥ — R 7%A0E, 2 L A7 1—/L 200 mg/day KliEx BEELE LTV

(Ernst et al, 1988),

Fiko X oz, BFED PF UAIEE « 2 L A7 v — L EHIEENICE L,
AETEEER EBEBRICEEL WA Z <ML TSI ETHhD, Lo,
PF LA @Al 2 b S B RO RBAEIZ OV TGRS AT L 72 i 1
BloBRv, £ T, #H3FEIZBWT, BEFO PFC AT U AR T v FOJTF
it L OMENIHRRIC BT 2R X 2 EEZ T 27 U 7 b — LENTIC X
S>THATLZ & & LT,

(3) HERETH 7> H 0 B[ 4l 0D A BRD SR O bt

AR AR &7, B s S EIRT 5 BT FEZ R TR E kL2
HENTWD, INHICEENLIWEOFIZIL, AENERRRTZ T TR EL
BELREZRHT 26005, ZOXIITHFFROMWENL, 7 L—1—%1fF
B3 5720 T xR aRobo by, BREREBERDOEADD
EWVHEMBIE, IR, BAEETDITI VB THHLI A I VERITH VX

7 EDORERRR Y TH Y . IR b RIKE 5 2 DML, &R bLIED
RIEETHD, SOICHHEZIZICD LT 5 HKREZ AT 2L, KK TH D,
INOD=IEREREATOMEENT, B E LS 2535, HORE
DARIRITFEERD B 5 0 S D, AMRIITRLEF—IHTHH L, @i
EIZb LRt snNg, Thud, TRAX—JHE LTORMEND L0, JEHK

_11_



WX DMOAEKZBESE LN THD LB BN TS, HHIX, NaCl, KC1
HEOWBIZL-oThlebEnd, WY VAT M) U AIEND I RT LNT
VAL R DUARBEFRTHY, HERE 525, HROGE ., KIEEOHEKIZKT
LTI Z R L, miREICRD ol EnD, v U7 AT, £ 100mM L
T NaCl 1Zxf L CIImELEE R L, 500mM #i#8x % & 2illEd 5 X 9icie s
(Chandrashekar et al, 2010), Z D X H1Z, KENRFHEOF AL L)
TR - B LTS EEZ DIV, EHRMEN, &2 OREFRL L TOFE
ERTHE Lo TWD, LD Xz, FEHFEE L TCORMENTFET
D07, EHERMERAE R T 5 OINFIT TN THEREZTH D, BRI
DO R HAMENTIIIAERD ) & L THREREMRRIE CZAEIND,
ZDEITERD EFFRRHEEHNT, KBEHRLE L ThHDOIWITIRERL L
TEMORHAEHIES DO LIMER LS 25, Lb, FxldRLE AR
BT EITMN L CTERT 2O TIE RS, pEE LI T8F) L LTHE
RMLTWD, (bbb d, BFICEENDI L ORMEDL., OIS
EDXOBREELGZDDONFREMA SN TWRY, 22T, # 4 =TI, H
FERT2R8LOME LCAEE (17307 —22)) 27y ML, &
L SRR HEH TR U R & Tl T 5 = & ¢ R s K OMEE
M OEBZ RN LTz, S HIT, RHRHE I EAS B PR 2 L TIRER
WAL CTOWD AL LS T D72, HUR TE— TER, ATl L O
AR D N7 A7 )V h—2L% DNA~A 7 a7 LAIZ X0 fiEeT Lz,
Binld 3 >OkRe, RIBREEE, KT (BAFRE) . ERHEIKEZ b
2, AIFAS [FERIC 3 HREZ AT 220, T E TR - F Y FOMFE - B
FENFLTH Y BIFEAR A O RRERE ICET 2MmalIRsh TI o
Too BRI, FHENCTH DR/ S— A0, RSN, SisE Ry (7 v
HIVIBEOT I L 6— v a— A —VE) ET, AT, MEATREFIC
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HEUDAAT— RRISERDE S BHE CE o, TGRS E $ D57
RTCEMNBICABEREZZR L LOIFEETH 72N, KETHLMNILE
BUR T — TR 2T D N E AR RE X, RUF 2O 7= 7effifE & LT
NESITON D,

LED X 91z, RifFgEIE, PFC T 2 AZACITEE S R EAL OB D F 72
T BRI O RETS K USRERMIEICE L TEERAMISBZE LI b D TH 5,

2 ETHIR LIS BORWT T A Flid, {HE A OREFRMERHZ BRI ' B
Do FHBWTIEPFC AT U RAICEH L, Fiz, 54 BONKEL, AFEHR L0
ZIUTE EN DWW E OREMEZ B 2AIZGE L2/ e TH b | ikl
W7 L NZRMEEDREEO—B & 700 Z LIS D,
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Gk, &R, pATVE)
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Figure 1: RV 2l S T2 O
(B8 - BIRS o0 AN ) (A ARRIS £ 8 T3S AARRETEL, 1998) A %)
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I.

B EIL, BEOEWIC L > TT7 744 (MHHA) & /27744 (afk
A) ITRBIEIVD (p. 14, Figure 1), 77 A 4L /) 7 7 A FiDORIEDE N
[FROE@Y Th D, 7 T7AMEETIE, ZKFS LAIRA NV TRICTELAEZ o
L7, 140~150COMTT 74 SNFHES N D, UKD | EHOBM
T 30~40%AF1E LTe /KN 2~5%\270 %, —Ji, /7 7 A & Tid, Bl
Hofh U <RS2 L0 ey T o s (A ARRE &M T3, 1998), Wi
NOBAETH, B CTHEBRICATAREBICR T Z ERAETHS, HSRED LD
2T 570, FEEBRBROM LSO TIRN2IND, B, Bk,
JEUEHRLER &\ o 7l OB I X BLE R R O N K 0 B T L 2R e o T D,
ZAVE TR OVEEIZ DWW TIE, /N OSBRI TR O 8 HFJE S
nCx7z (UhH, 2003), FFlZ, 7 7 A RESCREORE, RIS
DMBIOREE BDO X S RBODDRETTOINT Ry U —7 DEHIZ
DWTHFZEA TN T & 7= (Gulia and Khatkar, 2015), 7 7 #ilL, &iRoO
M T T A S 2R T afb & FIRFICENE O K DZEFE L, SHEHE
DI, WIMEN BV, Flo, 7T AT K > THRA DO RBR DD |
ST T AFIIRNREAN D VNEL 2003), 7 T A FliD EBRITIH A &
L<ZIFTANGNLN, —HFTT7I7AFIATmEL aleollminl —
B & 2%, WETRLF—OBEBHEIIE L 72> TODIRW T T, "B
PE7ZT TR < 2 AR A - OB IINHATH 5, BIEEZRFEL-DODOD
1) —DRNWT T A HDOBHFEN RO A TWD
T7IAHMOMEEGEIZOVWTIZ, ZhETWO0@lERH 5, filxiL, &
By & o &, WMEFEMET L2 ERHE ST D (Bae et al, 2016),
o, FUBKERFET L LW @GS H DM, i RIS LTV,

_16_



S, AL EMEZE0NAOHENH 5 L oWmENH D (Gulia and
Khatkar, 2014) —J7C., #WIIREARMAENT 5 LMIEEES EFHT5 &0
IMENF 7 N—T N5 TEY (Gulia and Khatkar, 2013), <72
N, BT, INAVT VB E 7 T A MOMIEE & L OFHBEAMEIZ >V TS
NETICHREDR 2 < M T 20813 H D,

KRETIL, 7I7AHMOMIBEREE ZNVT VIEARENFEET 2 2 & 2 IR
Lic, VT orxy MU= 2 BRHEIC L THIEZEZETIES 1o
DFEE LT, m—VERETRIZWELZINZ . REEEA T — VI THIES &
ARIRT 2 HiEE U CRESE LT,
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I. et XUk

1) #kk

AWFFETIL, HROUERI)NENRy, 2 A DK, B, BEA Y UmiE (R
VYT N ULZFMEETHED), AT (REET MY UL EREE
Vo bzl e Tob0), ZAVZ IS NI UL, El, SRTF AL
ML LTHWE,

2) HFHE
2-1. IxXvT

HEGR )Ny 900g & Z B4 Ry 100g Z1RA L. ZAUZ 340mL OfdK (&
#E 15g, ATV 2.3g ., AU VR 0.4g Z/KICIAME L 340mL I A AT v 7

L77) #IBAEL., ZIEAKRDO Ry 2ER LT,

2-2. FHROY
2-2-1. AL LAH (Figure 2-1-1) O{FHR

2-1 CIERIL7Z Fo &2, fLH LEEZ VT, 230mm X Tmm O L H LR X
D% 360g/min DOHiHEAM LI L, JES 9mm DK (FF L LAIH) % (FERY
L7,
2-2-2. v — LA (Figure 2-1-11) OfEHR

A< 2.1 TIERLZE RU &2, AIE e —Lz W TOHERIC Lz, £ 0
%, MAT 2 %, HEr— L EHCTESG L, JEE Imm OFiH (m— L EHE

FiHy) 12 L7z,
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2-3. JE4E

X, 1~6MELEL, Imm EOHHIC LT,

2-3-1. L HY LZlHY

JEIEZ LR D X 9121 ~ 6 [EfTVy, 3FFEOHH 2 /FR L 7=,
JEIE 18] (B2 7v A ORI @ 9 mm O L LAIA A 1A T, 9mm 2>
5 1.0mm J&F THIEL T,
JESE 3 [B] (Yo7 v B OFESEAAT) @ 9—2.0—1.5—1.0mm /& E THIE LT,
JEAE 6 [B] (Yo 7V C OFEIESN) @ 9—4.0—8.0—2.5—-2.0—1.5~1.0mm /%
ETCTHEIELT,

2-3-2. B — /LIE LAy
JEZE 1 [B] (Yo7 D OFEFELS) © 9 mm O — V@A Z 1 BT, 9mm
725 1.0mm F CTHIEL -,
JEAE 6 5] (7 E OJELEARHF) « #7UH LA (FEZE6 [7]) & FER, 9—4.0

—3.0—2.5—2.0—1.5—1.0mm £ £ T/EIE L7,

2-4. Y1 L
JESEALER C 1.0mm OFHE(Z L7 FiHr 2 H (1.5mmP i8) (L v glr L. 149)
LB & LTz,

2-5. KHE
AR IE, ARFIKZRS (240kg/h, 1 5JE) ZHHE L7-ZKSENT 2 oA E L

7’9—
—o

2-6. AW
REWFRA T -1, B 90g/L., /% I ) U v 13.5g/L., il

_19_



10ml/L, W% R 30g/L & & Te 5 Wik I HiRR 2 1215 L 7=,

2-7. 7 T A Wk

FEWRAEL 2 AT - 7214, 150°CRIICHNE L 7= & Al i S, Ffoksy
AR SETCH A ST, FDKITIT1~3 EEDIZRD X OIZT T A Hilg
=¥,

3) M

3-1. i 4 L O U AR 0O 81 BB 52

Fit 3 L OFIfR & AL~ U VIR CREE L o — 7 2 7 — BB, BB
(A AE AR JCM-6000. 400 53 LT 60 fi5) & W TG 08l
BElToTe, 7IATMOMILT ¥ b 2 RHOTHIEH%, EFHME (AASE
TR 8 JSM-6380LA, 60 fi735 LUV 400 fi5) & HWTHIZE L,

3-2. UIH LEEHR OO R

BEBERHOT 7 AF ¥ —7 F 7 A ¥ (EZTest EZ-S) #fEH L T
200mm/min OME THIFRZ 5| -5k D | W TOMERE (B s & 2o
FlaRFRE (RGBT Z0E L7, MET 8 BT 72,

3-3. MiEE &
HEOWMEEEIIY 2 FLo—T L E RN v 7 AL —HiHEIC X D HIE L
Yl

3-4. WrimfE - ML - Z2pRR
HI W E AL, 7 T A £ R T IE B T SRS O AL TR 1T L v kT,
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MK L OHIALIIAE OB 51T, 100 p m2 LLEDOAMALZ X R & L THRIH L,
o, ZERERITHMALEE OGRS X ORI 5RO 7,

3-5. 7 7 A AW O HHE 53 A

T I A FRR A ATV ANTYIRT L, FT'IR A4 A —Y 0 7> A7 A (Perkin
Elmer # Spotlight400-Spectrum400) ZfEH LT, /2f#HE 16ecm™, FEA[FIEL
2 BDOZAET, Wriki DG /A IRAE 2 lE L 72,

3-6. RO ol (HHL) &

iAo ) —LBIOTE FrE2HWTHIE - BiALE% . BE S (1981)
DIFFEIZ LY afLEERIE L=,
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M. #EFR

1) HHHERITIEOBE NN TN T Ry b U — 7 JERRREDE N KT 524

MU UEZ AW EHTIX, 7T Ry 8T — 7 OEENBZIRAE DAL T
Ho7c (Figure 2-2-1), — 5, v— /VEARICXVIER LI IX, 7 vT7 D
ODBRMNONELE RS> TED FlLWVR Yy U —7 PR8I Sz (Figure 2-2-11)

2) BEDEIN D T T A FHOMAR

YIH LR 2 288, B, 79 A WE L7, A~E O 7 A oW CTHifRD
rr s, RFLA, MIFLIAAE, ZeBREREs KOS o AR S B A HIE L7 (Table 2-1
B L Figure 2-3-11), Wriifdds L OHIFLEFREIZ A<KD<B<C<E DJIEHT
HY. A0/, E (BERE) PERKERo7T, MFAEDIZERRC A<D
B, O<E DET, AWK/, ERKE o7, MU LA Z 1[50 B EIE
L7eSa. Z07 oy U= MK BICZRY . 2O, 77 A KT
WZE o TR LT RICTE D22, mE» /NS < %252 L% Eito
ZEIIRLTWA, ZERFRITA<D<B<C<EDIETH Y . A NR/NTH -T2,
7T A FICHICER Y IAENDHIEE EIX AKD<B,0O)<E DIETH Y, A 2k
K& 7o Tz,

7 IAFIRBT HHEO A E FTIIR 2 HWCHELE A, 7 7 A fifR
W 5 A K D ZEBR OB & FREIC xS LT, B TS LT
(Figure 2-4) . fix b IR E EDOD 720 A TIZHIEDO AT FIXHIC2>TEY
DAVREETHARTH D Z R TE DWIPLIRREDIENT S & DX FFRNE O
HED D7 leoTWnD, AL EIZDOWT, ZE®R, 77 ABIOHRRD o {LEZ
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HELEDAEEREIR DN -7 (A:63.720.67 %, E:64.3£1.30 %),

3) I NT IERIRAE DHERR

Figure 2-2 TYERL L 72 2 FHEH O AiHr 4 [ IERE T 1mm OFHFEIC £ THIE L 72,

Z D%, G LB 2T Fli 2~ © B U SRR 2 AERR U7z, BOHY U AR oo I if oD
BB E % Figure 2-3-1 [Z"7, HIERIE AL T5H&, ZT o FRy
N =3B/ oloZ Einh, B— VEIEZ VT oy N U — VR %
R+ 5 Z LR an,

TINT R R % 1o 12 Ol LR O W & € L 7= (Figure 2-5).
FifR O G E TOMENL, E O LAI#HTI3K 80mm TH L DI L, A D
B LR G130 25mm & K& < Bipo Tz (Figure 2-5°1), FIERIEZ %
KTHZETEVHOOBLFE -T2 ENRSNTz, £, HKEEDS] -
ARV AL, E TI3K 0.12N, A Ti3# 0.08N THh 7= (Figure 2-5-11), E @
YU LR O 5 DEWIRFIC R & 22 AL Lz Z &ED, E Tl KU 3 iEE
W S ILTWe Z B R s,

HHEE &1L, 2T VIO A DFBE LD &7z Z b, T
TRy NT—T HEBERWNWZ LKV EEELZRLSTHZ N TED L
fham o ATz,
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IV. B8

R w7 O 08 O SR I F R P B L OV e — VR TR OB A% 5, Hi
mOR—AEEB IR — VEIEX, VT Ry N —7 OB EIRET S
TN, EBTEMEEIC L AWEBEND baRINTL, v— VG L EIERE A
WO LU TERE L, MR VT Ry MU — gz 8 (E) 1, 774

TRV ARG U, AR RS K OVER RS RELS 2D, ZRUCES T
JEEZENE SR TWDERTFR 6Nz, —J7, ML LAIFREIE R L O 72
WEEOEILEDOMAE DT LY | M BR 7 VT Ry MU — 7 & FED
AR ZE (A) 1%, FFROBALSINH] S 4L, ZFRWETE AL RS L OERE /N < e
D HIEEEMELS o TV D23 AL B 7z (Figure 2-3, Figure 2-4), £72,
T IAROHTIL, ZNVT o3y U —7 ORI L LB R 3 LT
%o MHLIBRRIIZE ENDKTIE. 7 T ARORIBMBIZ L > THEFEL, Zh
IZ X o THECTZERO—HAh e B S LD, RIMAEHE T, ZEARErmfE R KL
QZERRDNSNWZ ENOEBMINDMOEN D72 720 FOMEE &K
{TpofzbZBz b, EbIC, HOBALRRE (Z2RF) MNhEL, fiEol
BRI DM o 72,

HOWIEE &IXT 7 v D afbEICEZE I LS (Gulia and Khatkar, 2014)
KIMARH & th ol & T afLEEICEN R o722 b, MRS EMRNZ LI
U, afbiFFEE Lz R ans, b, WEEENMEoIX, 74T
YF oy R RN EICEKRLTWS EEZ bR, RN ORET
Z. FUZIKEELTINVT U2y N =7 Z+RIlBRSE D, HUOOH
5 R3S VICHRBETH D, JAT U Fy BT =7 BHFICEmREND &,
R 7e a > 0 b 2 BIENHIC L - b &b, —F, KlEHIL 7 LT v %
N —27 MERTIEH D0, AEH L LTl enNT U A THRY K ERBKRER

_24_



Wy o2 EMTET,

AR 2/ OWHE T, H—(LOFA 1,409 T hory 73073
1,238 T~ (CFpk 28 R BAMOKEER ZXOZEWEERLY) THDH, 72
bbb, BRIZBTD/NERTRBACZ ML TWD, Fiid, {WEmRE (F
B, wAm) . ONEJTYE T, Z&A L, WS, BURELE) | BORTEREOEV (4]
ML, LU, X L) OBEBWEICI> CTHEIND, HIFEMITE CRTE
T TERDLZENDHERLZF LWy oo THE ] THY ., RO 5N THO
WERW o2z b b, MoOFE & R A AORAEFITRMANTND, KET
(%, T LWRIE A o fdiE . BPH U LA AP & SR RIS 2 AL 5 o
HZET, IATUEEMREI L, 1EROEZ 7AiM THT o2 &
(2R DRk RO, B E O R R 2 PrFE L7 E S oW 2 Al L7z,
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Sample

Mixing: coarse and crumbly dough formation

.

Extruded Noodle Sheet

(1)

l

Rolled Noodle Sheet

l

Rolling-press
1 ~6times

l

|

(1)

Cutting ( Noodle String Making )

|

Steam Treatment

A

y

A

Extruded sheet
Rolling-press
1 time

Flavoring
Deep-frying
B.C D E
Extruded sheet Rolled sheet
Rolling-press Rolling-press
3 or 6 times 1 time 6 times

Figure 2-1: Schematic representation of sample preparation.
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Rolled sheet
Rolling-press




Cross section

Extruded
Noodle
Sheet

(1)

Rolled
Noodle
Sheet

Figure 2-2: Scanning electron microscope of cross-section of noodle sheets
produced by extruder (1) and roller (11).
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Noodle sheet | Rolling (1) Raw cut noodle strings (11') End-product
Making method ;r())rf:ts (After rolling-press) (After deep-frying
A Extruder 1
B Extruder 3
C Extruder 6
x400 _ x60 x60
D Roller 1
E Roller 6

Figure 2-3: Scanning electron microscope of cross-section of raw cut noodle
strings (I) and end-products (l1).
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Noodle g Noodle ;
cake F_{orlgr;g cake l_?orlel;gg
making fount making cF:)ount
method method
A | Extruder 1 D | Roller 1
B | Extruder 3 E | Roller 6

C | Extruder 6 Low me=====——m High

Figure 2-4: FT-IR imaging of fried noodles. Oil distribution of fried noodles are
shown (Samples A-E correspond to Figure 2-1).
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(1) (n)

0.14

0.12

0.1

0.08 -

0.06 -

Force (N)

Elongation (mm)

0.04 -

0.02 -

Figure 2-5: Viscoelasticity of raw cut noodle strings (I; elongation at the breaking
points, Il; tensile strengths at the breaking points) (Samples A and E correspond
to Figure 2-1). The data were obtained from each 8 trials (means = SD).
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Table 2-1: Characterization of fried-noodles made by different procedures.

Sheet | Rolling- | Cross- | g talvoid | Void o
, Qil content | sectional 2 Void ratio
making press o ., | area (um) | number o
method count (%) area (um) x10° (%)
x108
A Extruder 1 1.4 1.49 1.62 153 109
B Extruder 3 14.6 1.74 2.80 354 16.1
C Extruder 6 14.5 1.79 3.29 352 18.4
D Roller 1 13.0 1.59 2.31 276 14.6
E Roller 6 17.2 2.18 6.08 636 27.9
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H3E

FUNRIE - EHE - BEEONT O AEMITED
fHigids & OB HHERR D AR L DT
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I.

FIEEICB W THIEE BOIERW T A OSSR L, LhL 7 IA4T
X, MIEEEZ 0l T 52 LIIAMETH L, BFTOMIENAEMRIZERD
SCBICOWTERT LN FADOERICHLETH D LB R, AETIT
FEED PFC 3T o 2B b3 Figds K ORIk 3 1 2 AAEHT 5 2 5 580D
WTT v MERWTHEN Lz, IS &2 ©7e < A 2 k4~ 2 IR IAREHLAL
HEFIZ AT, AW & NRE OB 2 2 X TR DIRNE B A2 N T R
U7 h—AHTIC L VB BT LT,

WHEOREYH OB TIX, X0 EDOERE 15%LL BICHRF+5 2 N E
ETH% (Even et al, 2003; Itoh et al, 2002; Minana-Solis MeC and Escobar,
2008), EEFHDIT oW TIZ, ¥ /37 - 20% (=3 F—Eg) OB4,
C:F 7% 50:30 7»5 70:10 OFEFHDEAEA G52 54T 5 (Shahkhalili et al,
2011), AL ERFE DT o ABALRREEB RT A —F ~ED L) 7pig

BAET DT, W rEmE (Rl a—ah) » Bt (408
RT—RE) DCEkoTvRRD, J—FTHEINTEENE (CFP=
30:40:20) %, Ko CHE I nZ@mENIE LY b, A R U ARGWECIENIT
(CHR R MIET 2 LA RENTWD (Wang et al,, 2013; Zhao et al., 2013),
2O XD RENT, EARMICEEEIEEONRMFBHROZICERT B2 56
NTwW? (Aguila et al, 2003; Crescenzo et al, 2015; Enns et al, 2014;
Hanke et al, 2013; Pimentel et al, 2012; Portillo et al, 2001), $:i2, ZAfif
fAFIARRA R S R EEMENE E O ABEEICE 22 FHEEZ L TnbH B2 6N TIN5
KREMIE 16%DfFENIRE, 55% D i N fafEiime a4 2, —Jh. 7—
NIE 40% D faFIENE & 10% DR gafgiie 2 & A3 %, £z, TENiREEH
ROEWHIFERBHIEZEL KT, #l2X, RemEazaty il (1:1)
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THERR L2 @B & IE. Tt v Vi ok L2 @I & L v & i 2 5
FEILSTWVZ ERFE SN TWD (Deol et al, 2015), Ziix, =t v
MCEENDHEENEEL, R# ST ERINIK NI EICERT D &
EZbND,

REROMEWN & Lo i Z2 Az | BREEEHIR L7203 2% O R &t
TT. KA ENE-E D NT o A ERAIZESETZLE, D NT AT
T =L EDI I BRNRPH LML TIE, ZhETIEEALERESNT
W, I TARE T, KEMCE TR Z AV o L —19 125l 72 305
ATV, JIFlgdS L OB D s 7 A7 V7 b — LT 24T > 7,

_34_



I. et XUk

1) @hiwIEsk

EERL, mREREAE R PR EREE S KR EG THEME LT, 3 B0
Wistar %M Z ~ b (Charles River Laboratories Japan) %, {8 & {823
ay hu—)L SRR T 12 RO BE YA 7 v (V& 06:30-18:30, & 18:30-
06:30) CTHEIHE L7z, 7 v MEREIZES I 720, 1 BEEFEE (MF, 4U =
VA OVEERE) CHRIE LT, SERREN T2 5 K 91T 3 B URIEM B 58#E (L
B PR R G M B B OEBEHEESE H D) 1201 (% n=5),
KIEMI & (= L X —HB T C:F =65:15), FEIAE (60:20) & 5\ iEmHEL
= (35:45) o 3FHORME L 27z, REHEKZ Table 3-1 (¥, (KIENI&
X, AIN-93G % EICIRER AN RV F—Lh 15% £ 725 L 5 IR L= (Lien
et al, 2001), ZOFREOIFEIX., 7— K 11%, KEH 4% (=xL¥—tb) &L
oo PIEVIEB LOEENRIL. 77— B2 EE L TREMORIE 28NS
B, T NEREHEGDOETIEEGEDN., ZNE1 20%., 456% (Z=xR/LF—
) &b X0l L, U7 HEORIGIT3HEBEOREE L bIZmRLF—LT
20% CEE L, FREHIEG ORIt > TRAMDOFIG ZWS Lz, REFE
Research Diets KV BEA L7z, &0 1HARIIERERLE L. TO%., KIS
BFIIABER, TOMORIIERIEN &R L FETRLX 1205 L) ICREE
b2 T, 9HEMEEE L7,

iR o> 17 eI AT AR 2 B BRuie, e e NS igs Uy ik - P - B
MRk - EIESZ M Lz, MBS HERCET 5 18> (JikE S
M_7 & H_11) ORFERENDeholzicd, 20 2 JBIET X TOMHI D
BRAN L7z (8% n=4~5), IMiE & MAEITAEHER 72 ik TRl HEE L 72, TR
iX. /% RNAlater (Qiagen) (Zi2iE L7-, g% v - AEfEV#EME (white
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adipose tissue, WAT) - 8 lElifl#k (brown adipose tissue, BAT) %, #&iK
BRTRAEFE L, £ TOH U7 iE, —80CH HWE—150°C IZHR-IE LT,

2) MIRAELTF T A —F ORE

MK NT A —21F, BTRETA 79 A = ATHE Lz, itz A
WTZ)a—R - B g BIEE - UV UIRE - o PR ERE LT, £
DOMLD/RT A —21F, MiEEHNTHE L, migA 2 Y SREE, 7 b
A A Y ELISA % v b (BRKAEFZERT, M) &AW THE Lz,

3) NFHEhEE oMlE

FIFRRE BT 1 BEIEIC L7228 » THltHE L7=, BlD . 100 mg O S FFIEGRERE 7 %
suanaf/bh o AKX —)L (211) R 2mL FC, AT E—R g v h— (&
) ZHWTHREVTA A LT, REVFAALEY T AEAEL, 7
RV A ) — VR AmL IR L7c%, K0.8mL T L, /=
RV 2 AL ) —)b K (2:1:0.75) ¥R 3.76mL TS HIZHEF L, 7 mriR
IV TN L— 2 —CHEfE U, ol Sl A2 . A Y 7'r /X —)L 1mL
R LT,

g S 7o kr—, fRa L AT e —/b3 JONRARTFRRTR I,
1% Cholestest TG. Cholestest CHO (f/k £ « #1/L) . total bile acids

assay kit (Diazyme Laboratories) % F\CHlllE L7=,

4) DNA~A 7 a7 LA &

1 L TR W FlE. WAT 5 X OV BAT 75 TRIzol reagent (Invitrogen) %
FAWT4 RNA Z#iH L. RNeasy mini kits (Qiagen) THRI L 7=, HERIL7-4
RNA (100 £721% 200ng) 757 > F & 2 RNA Z4 5 L. GeneChip 3’ IVT
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Express Kit (Affymetrix) % H\\CE 4T 1k cRNA Z3f8L L 7=, &iZ. cRNA
ZWr it L. GeneChip Rat Genome 230 2.0 Array (Affymetrix) (2

45°C T 16 B[/ NA 7V Z A4 X L7z, 7 L A IZ. GeneChip Fluidics Station 450
(Affymetrix) #HW T, EEFB L7 s a2 RV Yuth L7z, Affymetrix
GeneChip Scanner 3000 7G C&ET 7% A% ¥ L, Affymetrix
GeneChip Command Console Software T CEL 7 7 1 /L Z{ERk L 7=,

5) DNA~A 7 a7 LA fif#tr

T, WAT 3 KO BAT 7264572 CEL 7 7 A V%, #titY 7 R R (2.7.1)
(http://www.r-project) & Bioconductor (2.2) (http://www.bioconductor.org/)
(Gentleman et al., 2004) % H\T, Zi <1 quantified using robust
multi-array average (RMA). factor analysis for robust microarray
summarization (quantile normalization, gFARMS), GCRMA TE#H(k L 7=
(Hochreiter et al, 2006; Irizarry et al, 2003; Wu et al., 2004), BEEE) 7 Z A
21 7% R ® pvelust #6E T3HIT L (Suzuki and Shimodaira, 2006)., rank
products (RP) &# W CTHRICRB LB 7 rn—7®y MERE LT
(Breitling et al., 2004), N OEER (L-M, M-H, L-H) T false discovery
rate (FDR) <0.06 7' v —7t v b, AREICHEBREB) LI A7 LT,

FDR<0.05 THit &7 58 EF K Tl#{5 1%, the Functional
Annotation Tool of the Database for Annotation, Visualization, and
Integrated Discovery (DAVID) (Dennis et al., 2003; Huang da et al, 2009) &
Quick GO (http://www.ebi.ac.uk/QuickGO/) (Hosack et al, 2003) % T,
BIs 74 hrv— (gene ontology, GO) 2 » CHEBEMIIC0FE L 7=, AFiEC

X, 74 v Y —DOIEMEMRTEIZ LD pfEDS 0.01 RiEDOLEIZ, AEIZEN S
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72 GO #—2u L LTHIH L7z, WAT & BAT ®O#413%, Benjamini-Hochberg
D plEAS 0.05 K DHE . AEICERM S L2 GO Z—Lh & LTHIH LT,

T & IERGRLAR D b T > 22 U 7 b — 2B AHEE BN+ %, Ingenuity
Pathway Analysis (IPA, Qiagen, www.qiagen.com/ingenuity) % F\>ClalE L
7=, Activation z-scores DX 2.5 LA % | A EIIEMEAL F 7 1380 7= K
T B LTI LTz,

FERITEY £ #E R 2 (SD) T/ L7z, One-way ANOVA Tukey-Kramer i
TE 2 Z BBV, p<0.05 DBEICAEENA L & HIE L, 1 ohliE
7WT (One-way ANOVA) %, 3 BRIV, £ D12 Tukey-Kramer
RE TR ORT U A Xl 21T o 7,
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M. #EFR

1) BEEHORAKIE ERRED/NT o ABAIT K » TREE 2T D TEE R T
DFFEDT

7w M, R EIRE ORISR 22 3O R L, M, H (Table 3-1)
. BT FNF—EN—ELRD L IICE T, 9ROFHETHIM S, (KEITHERH
237 o7z (Figure 3-1), & 512, & ARGV OE&IZ S BRI 21X
72ho 7z (Figure 3-1, inset) . MIRAACFRIENT 21T o7& 2 A, WL DD
~— N —CREEZEN R 57z (Table 3-2), HEHIZT 7 =07/ b7 A7 =
S—PlEENEL, NITIAZUkta—L - JUJEE -HDL oL A5 m—)L
BEME)-72, MBIZY VIEE - oL A7 o —/)L - HDL 2L A7 10—/ L
FENME o T, MAZT, HEOA LT 21T o7 2 A, HEECT R T
NT VR —L R L AT )b - R ERRE S S LT,

HEEO h T o227 V7 =A%, 77 A —RHEMHICBNTLEEEM
BEDNDITAMNE L7z (Figure 3-2), 2 O2ARAIE W&l 2 OFA& T L~V Tfif
T 5700, FHOLE TAHEICRBIAE) L&+ (differentially expressed
genes, DEGs) DO EZ Y #fi##r L7~ (Figure 3-3a), Zi15® DEGs %, B4
EWERGERTHCIESZ & & 95, #lxiE, LM43 +83 1%, MH131 + 106 X
LH206 + 230 L HE_RTHR /NSRRI —F 2K L, ZOR¥E% (15+5 B k&
W40+1) %, LH206+230 & LT\ 5, £72, MH131 + 106 DO 2/3 73
LH206+230 LA LTS, ZOZ&iX, L6 HA~DNF A7 Y 7 h—
AOEIZ, Lo M &LV, M6 HAAOZUIZIEWT &2 R L TN D,

Kz, GO EHafEtT (Dennis et al, 2003; Huang et al., 2009) % T
L -H THRMIZES) L7 DEGs (LH186 + 189, Fig. 3-3a, #@#MNT) OfE%:
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AT UToo £ DGR 54 BAsF23 9Bl D TE GO # — A IZ)7)E L7 (Table 3-3),
6D GO H—LD )5, 4 DITAFEAHHCEE L Tz (GO0019216,
0006633, 0008203, 0033189), il & AL 7= BT 1213 8 A D FHBER BAS T 23
GEN TV, Fadsl (fatty acid desaturase 1), Msmol (methylsterol
monooxygenase 1), Cyp7b1 (cytochrome P450), Idil
(isopentenyl-diphosphate delta isomerase 1), Sqle (squalene epoxidase) %

H B TREN EH L. Cyp4al (cytochrome P450), Elovi5 (ELOVL fatty acid
elongase 5), Scdl (stearoyl-Coenzyme A desaturase 1) XX F L7= (Table3-4
MHNT) o 2D LiF, SR EERIIEIIR G R TLE S L, Elea L AT r—)L
JEVFRR AR S TSN 2 L 2R 5, AT, BERB I OIFEO F U 7~
N7 a— Lk O FEHEIK T D Apoad (apolipoprotein A-IV) 73, HHET
FEBAL T L7z, Regulation of lipid metabolic process (GO:0019216) (Z& £i
%i&fsF1%. PrkaaZ2 bl (protein kinase, AMP-activated, alpha 2, beta 1),
SrebfI (sterol regulatory element binding transcription factor 1), I/1a
(interleukin 1 alpha), glucocorticoid receptor &\ 7= REHIFHIZ 230 5 1&
¥ TodH o7 (Table 3-4), ZIHD 55, Srebfl (sterol regulatory element
binding transcription factor 1) 7217728 H B CHEL EH L MIZHIUL T L7z,
EOICH—=HT 47U XL (GO0007623) (2@ DB T3 6 DdbhoTz, B
Bin¥ Td D Arntl/Clock (aryl hydrocarbon receptor nuclear
translocator-like), Npas2 Clock (neuronal PAS domain protein 2) paralog,
Egfr (epidermal growth factor receptor) 78 H B CREK F L, KiEETTh
% Prfl (perforin 1), Per2, 3 (period circadian clock) 2% EH- L7, HEET
FINOOBEFREDOMMALR TN TN EEZEHRL TR, BEEED
DENRY =T 4 7 ) ALET 2B FRBUCEEL KT T 2 P56
WE7potn, M T, 178517 RNA KR U A 7 —F IKRIFR 855
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% LRE S N7223(G00045944), ZH D 5 6, Ppargelb (peroxisome
proliferator-activated receptor gamma coactivator 1 beta) 727 7% H FE CTHRH
EHU, MIFZEHIET L7,

LH186 + 189 & (x2S F BB B L 72 GO % — LA BT S fL7= D

(2% LT, LM43 + 83 BAn FIE D 7a <. ZO XD R NEEL o7,
ZTINHDOEEBT% M-H £721% L-H ® DEGs Oz S\ THB LTz

(Figure 3-3b), 14+ 26 > 7" v —7& » |k (Figure 3-3b #g#M7) 73, L-M M-H
& CEMRX ORI %% Tz (Table 3-5), ZiLbD7 r—7t% v M
11 A OHIEER B{s T2 5 A Tuie (Table 3-5, #d#i7), BIBEEFEMET I /82
DOFHIZEE 59 % Sds (serine dehydratase). B Bé{k & EIZHl4EH3 5 Acotl
(acyl-CoA thioesterase 1), fENilEE A% EIZHIHT 5 Acsm2 (acyl-CoA
synthetase medium-chain family member 2) . F U 727 U & o —/ LA R
RBI5-9 % Agpat9 (1-acylglycerol-3-phosphate O-acyltransferase 9). 7' Ut
— LIS OFEFEIZB S35 Gpd2 (glycerol-3-phosphate dehydrogenase 2,
mitochondrial), fE#:(ZB95-9°% Cyp2bl1 (cytochrome P450, family 2,
subfamily b, polypeptide 1), Akr7a3 (aldo-keto reductase family 7, member
A3 (aflatoxin aldehyde reductase)), Cyp26b1 (cytochrome P450, family 26,
subfamily b, polypeptide 1), Cyp4a8 (cytochrome P450, family 4, subfamily a,
polypeptide 8), Gstt3 (glutathione S-transterase, theta 3), Sqrd/ (sulfide
quinone reductase-like(yeast)) TH 25, Z OFEFRIL, M EER Z 1 6 OHNER
FOHMHAA v F o 7%= bu—/L§ LHRERNLIR FICEPNTWND Z &
Zad,

2) R EREE DT o AZAITHT T D IEMRRD - Z 27 U 7 h— A
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FEOME ST X7 U T b — LS, BN S O oGk & o= kL
X —WRMHAEHOEEBIZ OV TRE L TWeD T, ZNENDFIEBRSEMETO
WAT & BAT O 7> 227 U7 h—Lzfgfr L7 (Table 3-6), 216D L-H
DEGs % Il & [FIERIC GO & — Afifaftricfit L7z & 2 A, WAT LH235 + 336
DEGs 2MEEARHNCBEET 2 ¥ — AT TR S iz (GO:0008610,
0006635, 0045444 |2 43 iz ) (Table 3-7), & L CTEOR#EER BT DIZ
EAENHBECTRIVLT L7z (Table 3-8 JREHEHNT) . Z OS5 TIIIRE A
& BEALOWIT A Shizd b LivZavy, WAT LH235 + 336 DEGs Al
DFFE LT, Zva—2A{@eA v R vy 7T U v 7ICBEET D GO ¥ —
L (£ GO:006006, GO:0032868) MIZHIEIA T & 722 % BT 23 MSHE T
GENTWE (GO:006006: Pik3rl (phosphoinositide-3-kinase, regulatory
subunit 1), Lep (leptin), 165t (interleukin 6 signal transducer), [gf2
(insulin-like growth factor 2), A#£3 (activating transcription factor 3), Crem
(cAMP responsive element modulator), PdkI (pyruvate dehydrogenase
kinase, isozyme 1), PppIrla (protein phosphatase 1, regulatory (inhibitor)
subunit 1A), 16 i&{s 1+ 8 E{x 7 (Table 3-8 k@ T). GO:0032868: Lyn
(LYN proto-oncogene, Src family tyrosine kinase), Foxol (Forkhead box O1A),
Acvrlc (activin A receptor, type IC), Pde3b ( phosphodiesterase 3B,
cGMP-inhibited ) and ShcI (Src homology 2 domain containing transforming
protein 1) , 15 i&{5+H 5 (s (Table 3-8 B HIT) ), 115 DE(EFD
IFEAEIR WERLVESTHD LT F % a— RT% Lep (leptin), IL-6 %%
VI FNNT AT a—H—%a— K95 [l6st (interleukin 6 signal
transducer), 1 ¥ ¥ F—¥% a— K925 Lyn (LYN proto-oncogene, Src

family tyrosine kinase) #FR\NC, HBECTHRIUKT Lz, BEHIZEET 5 GO
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H— LT, 15 OB 7-2V7)E L7z (GO:0060348 and GO:0001503) (Table 3-8
HHEHET)

BAT LH212 + 405 DEGs /%, WAT & {Ll7= il < % — > % 7= L 7= (Table 3-9),
BTG, IEERHNCEE T 2R ERTOR T, HEETHIKT Lz

(GO:0006631 & 0006695 > 24 j&fxF-. Table 3-10, FEEAHMEET), fthod 23 A
DEEFBIR 1L, BLEICo N7 3 U —IEF £47z (GO:0055114) (Table 3-10,
FREMEENT), 2 B 15 Ea 11X H B CREUK T L7z, BAT ® DEGs I3 response
to organic substance |27 I N A ER 128 64 B3 £ T2 (GO:0010033)
IO OEETIE, HIEKEFPEE K (SREBF2, glucagon receptor), kJ
VAR—H—Fa— R T 5, ZTOMD 12 ElInfix. T Fr - 34 b
A=V, HANEICE ST 55D Th -7 (GO:0006936),

3) & & e Ikm T 2 LR dl A 1 DR

BN X o TR CIE B O A~Mafnfb & =2 L AT v — LS it S 4

(Table 3-3) . AEMGFARE CARNGEE A RLAME T L7 (Table 3-7 # L Uf Table 3-9)
VD GO T DRSS . 2D OBA TR A, & & TRk w3
HHEACFEHI Y T L - CBI &R Z &b D)%, Ingenuity Pathway
Analysis (IPA) % F\C#HT L7=, Table 3-11 {Z L-H DEGs O 7 —# % #2715
PEAL E 7213 Sz S HEE Sz TPA _BIREIEIN 74222072 (Z 237 offs
*HE > 2.5), HEAIEWZ 227 23, WAT (3.07) & BAT (2.73) D[ F 21
T LY294002 (PI3 7 —EHEH) THih =47z (Vlahos et al, 1994), =
DZLiF, HETA VAV I F U VIR EISNTZ EE2RET 5, AV
2V RS 7Y o7 (RGBS 53 % SREBFL &, 2L X7 m—/L
AR5+ % SREBF2) (#E7% - 41, 2007) 73 WAT (—3.68/—3.52) &
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BAT (—4.18/—4.17) OWGTHHENIZ (Z AT RATHH-72) LW )ik
REBEET L, RAIUKEATREFALE LT, AR Y THEI N SREBF
DY 7L yH—L L THERET 5 INSIGL, 2 (Yabe et al, 2002; Yang et al., 2002)
23, BAT TiRMEL &5 EHEE STz (3.61/2.93), I %2 T, PPAR (peroxisome
proliferator-activated receptor) alpha ORRM)T I =A N THDHE U =7 AfiE
2, WAT & BAT (2@ BiifiliEA 7 & LTS iz, ZAa7RATH D
Z &5 (WAT;—3.07, BAT; —2.99) . BV =7 ARRIZ & » THIEHI SN D T mt
A & T T & DRI ST,
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IV. Z£

KN DIRACCIRE N =L F— AR SN D & &, BiOE NI
BREGIC Ko CRIHER #7225, Hl21E, IFEIZEICKRBRETHHIN SO
FIHEIR TR —0DK) 90%I2H 725 (Coyle, 1995; Romijn et al., 1993) 73,
SRR TET R ITIEN 10%ICF TR R L. IRAMEH OG- F 7o 138 e (G
ko TREEEN D, £, AUERIREE TIZRAK(ESA 1 BLNICHEEB L CLE
5 DT, ZD%HOE B BITIERMROK 4/5 BIFEIZ L > T, MU BT I/
IZ ko> THERF S5 (Cahill, 1976),

R & HEE ORI EBI O h X L 2 EMLEMBGFEET 5, B,
N TN T Y — VS RER ORI EDEE THH ) e ——3—
Ui, Ry b= R Y CEREIE O KRB BRI ONENIIE G R OKFEEGATH
% NADP(H). TCA A1 27 VO EE D OREIER AR OIEE ThH 57 £ F /L CoA
SRS D b, AT AETH D, o T, BEFIZE LD K
k¥ EIREOEIG L, O I N F—HEEICKRE REBE 525520
nNs,

ARETIE, Fr R F—F&M T TRAMD EIFEDO= V¥ —1k (CF ) %
AL S RO Flgd L ONENERRIZI T D N7 A7 U 7 N — LRE 2 T
L7z, 3TEDEED CF AT 5 M TE FOBFIZBWTEELRMETH D
RKEWmzE RNz, RO R 7 227 U 7 h— AT KREMORHEN L
7= wREM S H 5 (Hashimoto et al, 2013) 23, FE/p 31 /L X —JRAIRAKY
(LE) B8 HE) IS0 BboTWAHZENEETHS, FMEERIC
BWT, 7 v FOKE &R E &I ZIIERD 5o 725 (Figure
3-1),. HEEOME7 7=073 ) b7 A7 27— BRENLEBIOMAEEL
e_Tmno7z (Table 3-2), OMEH ~—h —ICHEREEBN RSN
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e, HHEOFRFIIER TII Rt BEZONT, ZOIZ &iE, KIE
MM LS DORTRESE (Kamei et al., 2015) ([ZB#ET 5 GO ¥ — A DNE B IR
SNl b bR,

FFlE I BT 523 & 72 - 72 LM43 + 83 DEGs  (Figure 3-3) 1%, NEEIE
PEIZBES- 32D THS (Table 3-5), HIL, HEHIZHIT H Aesm2 (acyl-CoA
synthease medium-chain family member2) ¥ L% Agpat9
(1-acylglycerol-3-phosphate O-acyltransferase 9) ®_LEFH026 g THO MU 7
AT U — L OEENTUE LT B b, M T, ABFERFE TRV
F—L&EFTirbn=Z s, HEETO Sds (serine dehydratase) DK T i
T2 BHBRER A~ S D O &M L, Gpd2 (glycerol-3-phosphate
dehydrogenase 2, mitochondrial) ® EHIZ N U 77U o — L3Rl &
STHEREND 7 U B u— bR EZRET S L EX bR, ZhbdD
B FORBNZ =B MHETHLZ b, M &M (FEME) izl
AT D oyl ji73 8 B & HELR S LT,

H#DOZ vy FTELEFLEELT IWEN) 77U r—/13 L0 HDL
ALV AT VREMET Lz, £, iKY 7o Ut —, a L X
T =Lk LN IEIEIREE DS 5L (Table 3-2) . ffl@ick 75227 m—
VI LU A R AMEE S 7z (Table 3-4), ZOFE N T 227 V7 h—2
JIREIND AL AT m— /LB LSO R 2 I LT 7 2 F /L CoA THE A
R L= Z &8 E 2 bhie (Vidon et al, 2001), —J5, WAT (2851 2 IFE A Ak
B LOBMEIL (Table 3-8) & BAT IZF1F %5 = L AT w— /LR HIH S 47 2
& (Table 3-10) 23~ 7 A7 U7 b— LT BRI Si7z, WAT (21T 2
NEE AR OMIE, 2R MIE ~ DB HNHENIC S 7R3 5, 2D X D1,
HTlE CIINEE & plfede, —J7NENGAERR TN E & B & v 5 i Ay 28 s

FENH S E 72 o7- (Figure 3-4),
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Z B HER KOs D 7 27 U 7 b — A O ES o 2 Hlfa i o
T NER BT 7207 > 72 TPA _Eihl#IK 7t~ 6, A A o —
PISK—SREBF + 7' F VU 7 & PPAR o ¥ 7' F U > 7 Dl J5 DARTF 236 Wik
T S 72y, g CIImit Shizio7- (Table 3-11), ZOZ &b, A
YA DRy 7T (IEIEEARL) & PPARa O RAb> 7 v (HRNiEEREE
b)) ol GFAIEVEE cIRlsn-Z E g sni-, HEEDOZ v b, Lt
LMBEOT v b EIZIEFEFREOKER (Figure 3-1) BLOUMIFA > AV i
J£ (Table 3-2) TholZ &mb, A AV 27 F Y 7 OMfIITAMOZER
T2 < BERRRN O - BEZIICE D b D L HEZR SN D (Poletto et al,
2010; Shankar et al, 2010; Xue et al., 2015), F7=, HEOMiE ~ U 717
U m— VRO T, IENRR CONEIRIEE I C#2 L, PPARa > 27TV
> T OMFNZ DTN o - AREMEN B 2 b T,

UbZzEldn &, REIZBWT, B L IEERHNCEET 2T s 7
2, L-M & M-H CTERFHCHIffl ENnD Z 2 RWELe, 202 &iX, FEN
£ (CF=60:20) 728, =3 X —JHE L TR D HIFE ~E s T-FHHN A
AT THE—=VTHRA L NEEXLNDZEEERTDH, 612, L'HO
FENT S, BRI CO = L AT o —)b - JAHRA R A T L, JEVHE
fkCcoarxra—L - BIBEREZIHT L N A SN, £z, LR
HIEIK F T2 5. WAT & BAT IZBWT, A > AU v BEXOPPARa > 7'
V7N HBHZBW TR S22 LRI Sz, G- T, il L OB
FRRIL, N 7T ITRET 27200 Th< |, B Rz LfsEs 2L
WZE o T, RKIEMENRED N T o ARG ENEN R S TS 2w d 2 &

DB E 72 o7 (Figure 3-4),
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Figure 3-1. Physical parameters of the animals. a, Energy intake during the
experimental period. The intakes of the rats in the M- and H-groups were
restricted to the average intake of the rats in the L-group. Data for the M- and
H-groups after day 0 were omitted. b, Body and tissue weights. The inset
represents the relative tissue weights (% to body weight) at the time of sacrifice
(week 9). Values are represented as mean + SD (n=4-5).

LFD, low-fat diet; MFD, middle-fat diet; HFD, high-fat diet.
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Figure 3-2. Cluster analysis of each liver transcriptome in experimental groups.
RMA-normalized expression data were subjected to hierarchical clustering
analysis and represented in a dendrogram. Each sample name consists of a
letter corresponding to the feeding condition (L, LFD; M, MFD; H, HFD) and a
number corresponding to the individual rat. The vertical scale represents the
distance between each transcriptome.
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Figure 3-3. Number of liver probe sets that were differentially expressed
between experimental groups. a, Coincidence of DEGs among experimental
groups. The subsets of DEGs specific to the L vs H change are indicated by
shaded areas. b, Oppositely regulated DEGs (shaded areas).
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Figure 3-4 Transcriptomic and metabolic changes in H-condition compared to
L-condition. Shaded molecules indicate metabolites, and others indicate
transcripts specific to L vs H change (Liver LH186+189, WAT LH235+336 and
BAT LH212+405). Upward arrows indicate H-up genes (italic) or predicted
pathways compared to L-condition, and vice versa. TG, triacylglycerol; Chl,
cholesterol; BA, bile acid; FA, fatty acid; PUFA, polyunsaturated fatty acid.
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Table 3-1. Composition of diets.

Macronutrient Ingredients Low-fat diet (L) Middle-fat diet (M) High-fat diet (H)

Weight Energy Energy Weight Energy Energy Weight Energy Energy
(@) (kcal) (%) (g) (kecal) (%) (9) (kcal) (%)

Protein casein 200 800 200 800 200 800

: . 20 20 20
Amino acid | _cystine 3 12 3 12 3 12
corn starch 4482 1793 396 1584 144 576

Carbohydrate maltodextrin 10 100 400 64 100 400 59 100 400 34

sucrose 100 400 100 400 100 400
cellulose BW200 50 0 - 50 0 - 50 0 -
soybean ol 17.8 160 41 369 153 1377

Fat 15 20
lard 50 450 50 450 50 450
mineral mix
S10026 10 0 - 10 0 - 10 0 -
dicalcium 3 0 - 1 0 - 13 0 -
phosphate
calcium 55 0 - 55 0 - 55 0 -
carbonate
potassium
citrate- 1H,0 16.5 0 - 16.5 0 - 16.5 0 -
vitamin mix
V10001 10 40 1 10 40 1 10 40 1
choline bitartrate 2 0 - 2 0 - 2 0 -
Total 1026 4055 100 997 4055 100 857 4055 100
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Table 3-2. Blood and liver biochemical analysis.

L-group M-group H-group
Aspartate Aminotransferase (IU/L) 12816 1265 15422
Alanine Aminotransferase (IU / L) 25+2a 23*+4a 52+13b
Alkaline Phosphatase (IU / L) 232143 194 +52 247139
Lactate Dehydrogenase (IU / L) 2136+375 2183+310 1866 +228
Leucine Aminopeptidase (IU /L) 71*+4 71*+5 79+5
Choline Esterase (IU / L) 13+2 13£2 14=£3
Total Bilirubin (mg / dL) 0.07£0.02 0.07+0.01 0.07£0.02
Glucose (mg / dL) 15417 160*20 160*=14
Pyruvic Acid (mg / dL) 2.37£1.07 1.68+1.50 2.45+1.61
Blood Total Lipid (mg / dL) 259+45a 193+31ab 172+35b
Triacylglycerol (mg / dL) 76+19a 58+21ab 28+14b
Phospholipid (mg / dL) 12011 a 101+7b 93+8b
Non-esterified Fatty Acid (WEq /L) 435+104 364+121 275+40
Total Cholesterol (mg / dL) 76+10a 58+4 b 659 ab
LDL-Cholesterol (mg / dL) 7*1 61 5+1
HDL-Cholesterol (mg / dL) 22+1a 18+2b 19+1b
Total Ketone Body (umol / L) 11311249 923+398 1068 =374
Total Bile Acid (pmol / L) 8+4 5+3 75
Insulin (ng / mL) 0.946+0.547 1.278=+=0.277 0.843+0.458
Triacylglycerol (mg / g-tissue) 11.0x27a 145*t13ab 186=*3.1b
Liver Total Cholesterol (mg / g-tissue) 1.97+0.18a 2.53+0.22ab 2.81+0.56Db
Total Bile Acid (nmol / g-tissue) 13.8+1.7a 17.4+34a 256*2.3b

Values are represented as mean + SD.
Shaded column: significant difference detected by Tukey-Kramer comparison (p
< 0.05).
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Table 3-3. Significantly enriched GO terms found in liver LH186+189 genes

GO-ID Term p-value gene
count
biological process
0007623 b circadian rhythm 1.82E-03 7
0007568 e aging 5.77E-03 10
0009991  f response to extracellular stimulus 5.66E-04 17
0031667 — response to nutrient levels 2.20E-03 15
0033189 Lresponse to vitamin A 4.30E-02 9
0016525 ~  f negative regulation of angiogenesis 9.58E-03 4
0006882 ~cellular zinc ion homeostasis 9.78E-03 3
0019216 [ regulation of lipid metabolic process 4.72E-03 9
0016053 ~  F- organic acid biosynthetic process 3.59E-04 12
0046394 b carboxylic acid biosynthetic process 3.59E-04 12
0006633 fatty acid biosynthetic process 4.39E-03 7
0006631 oo} fatty acid metabolic process 1.49E-04 14
0008610 --lipid biosynthetic process 9.86E-03 13
0008203 cholesterol metabolic process 7.85E-04 8
0008202 e steroid metabolic process 7.11E-04 12
0016125 — sterol metabolic process 2.15E-04 9
0051254 b positive regulation of RNA metabolic process 7.84E-03 18
0045893 B positive regulation of transcription, DNA-dependent 7.11E-03 18
0045944 — positive regulation of transcription from RNA polymerase Il promoter  7.29E-03 16

Shaded column: GO terms at the lowest hierarchy.
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Table 3-4. The list of Liver LH186+189 genes that
located at the lowest level of hierarchy

belong to the GO terms

Gene Symbol Description L<H|L>H B|C/IDIE|F|G|H|I
abhydrolase domain
Abhd5 containing 5 L>H
: cell death-inducing
Cidea DFFA-like effector a L<H
llla interleukin 1 alpha L>H
nuclear receptor
Nr3cl subfamily 3, L>H
Glucocorticoid receptor
Yyl YY1 transcription factor L>H
Protein Kinase,
Prkabl AMP-Activated, Beta 1 L>H +
Non-Catalytic Subunit
Protein Kinase,
Prkaa2 AMP-Activated, Alpha 2 L>H + |+
Catalytic Subunit
Apoad apolipoprotein A-1V L>H +
sterol regulatory element
Srebfl binding transcription L<H + | + + | +
factor 1
Fads1 fatty acid desaturase 1 L<H + + +
methylsterol
Msmol monooxygenase 1 L<H +
Cyp4al cytochrome P450 L>H +
ELOVL fatty acid
Elovl5 elongase 5 L>H +
stearoyl-Coenzyme A
seal desaturase 1 L>H *
Cyp7bl cytochrome P450 L<H +
: isopentenyl-diphosphate
ol delta isomerase 1 L<H +
Sqle squalene epoxidase L<H +
Lepr leptin receptor L>H +
proprotein convertase
Pcsk9 subtilisin/kexin type 9 L<H +
insulin-like growth factor
lgfbp2 binding protein 2 L<H * +
Serpina? serpin peptidase inhibitor | L<H + +
dual specificity
Duspl phosphatase 1 L>H *
aryl hydrocarbon receptor
Arntl/Clock nuclear translocator-like L>H tt
neuronal PAS domain
Npas2/Clock protein 2 L>H + |+
epidermal growth factor
Egfr receptor L>H +
perforin 1 (pore forming
Prfl protein) L<H +
Per2 period circadian clock 2 L<H +
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Gene Symbol Description L<H|L>H|A|B|C

Per3 period circadian clock 3 L<H
hematopoietically

Hhex expressed homeobox L>H

Atxn7 ataxin 7 L>H

Foxal forkhead box Al L>H

Foxa2 forkhead box A2 L>H

Hdacl histone deacetylase 1 L>H

Inhba inhibin beta-A L>H
myelocytomatosis

Myc oncogene L>H

Onecutl one cut homeobox 1 L>H
peroxisome
proliferator-activated

Ppargclb receptor gamma L<H
coactivator 1 beta
Thyroid Hormone

Thrapl Receptor Associated L>H
Protein 1
TNF receptor-associated

Traf6 factor 6 L>H
transducin (beta)-like 1

Thllx X-linked L>H
v-maf avian
musculoaponeurotic

Matb fibrosarcoma oncogene L>H
homolog B
suppressor of cytokine

Socs2 signaling 2 L>H

Thbs1 Thrombospondin 1 L<H
chemokine (C-C motif)

Ccls ligand 5 L<H

Dcn decorin L>H

Pik3rl phosphoinositide-3-kinase L>H
solute carrier family 1

Sicla2 (glial high affinity L<H
glutamate transporter)

Zfp354a zinc finger protein 354A L<H
chemokine (C-X-C moitif)

Cxcl10 ligand 10 L<H

Pf4 platelet factor 4 L<H
hypothetical protein

LOC100362769, | LOC100362769 , L<H

Mtla, Ttr metallothionein 1a,
transthyretin

Mt2A metallothionein 2A L<H
solute carrier family 39

Slc39a4 (zinc transporter) L>H

Shaded cell entries: metabolic enzyme genes related to lipid.
A: G0O:0019216 regulation of lipid metabolic process
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B: GO:0006633 fatty acid biosynthetic process

C: G0O:0008203 cholesterol metabolic process

D: GO:0033189 response to vitamin A

E: GO:0007623 circadian rhythm

F: GO:0045944 positive regulation of transcription from RNA polymerase I
promoter

G: GO:0007568 aging

H: GO:0016525 negative regulation of angiogenesis

I: GO:0006882 cellular zinc ion homeostasis
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Table 3-5. The list of the reversely regulated liver LM43 + 83 genes

Expression

Probe ID | Gene symbol Description
pattern
1369268 _at | Atf3 activating transcription factor 3
L > H | 1370988_at | Cyp2b1 cytochrome P450, family 2, subfamily b,
polypeptide 1
1393510_at | Golsyn Golgi-localized protein
1382451_at [ Hebp2 heme binding protein 2
similar to NIMA (never in mitosis gene a)-
1382284 _at LOCE85440, related expressed kinase 5, NIMA (never in
Nek3 L .
mitosis gene a)-related kinase 3
14 probe 1397745_at | Mib1 mindbomb homolog 1
sets
1369202_at | Mx2 myxovirus (influenza virus) resistance 2
L<M
and L>H [ 1389990 _at| RGD15637 similar to Gene model 609
M>H
1383956 _at| RGD1565709 | similar to ovostatin-2
12?7859—)( RT1-A3 RT1 class |, locus A3
L>H 12?9864—6 Sds serine dehydratase
1373740_at | --- -
1382517_at | --- -
1392860_at | --- -
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Exprassion Probe ID | Gene symbol Description
pattern
L <H [1398250_at | Acot1 acyl-CoA thioesterase 1
1370436_at | Acsm2 acyl-CoA synthetase medium-chain family
member 2
L <H |1374610_at | Agpat9 1-acylglycerol-3-phosphate O-acyltransferase
aldo-keto reductase family 7, member A3
1368121_at EElE (aflatoxin aldehyde reductase)
1383242_a CCAAT/enhancer binding protein (C/EBP),
Cebpa
at alpha
1389625_at | Chchdd co|Ied—goﬂ-hel|x—c0|led—c0|l-hel|x domain
containing 4
1384392_at | Cyp26b1 cytochrome P450, family 26, subfamily b,
polypeptide 1
1368607 _at | Cyp4as cytochrome P450, family 4, subfamily a,
polypeptide 8
1388342 _at | Etv3 Ets variant 3
1387670_at | Gpd2 egceroI—B—phosphate dehydrogenase 2,
mitochondrial
26 probe L<H|[1371942_at| Gstt3 glutathione S-transferase, theta 3
sets 1370912_at | Hspa1ia, heat shock 70kD protein 1A, heat shock 70kD
1368247 at|Hspailb protein 1B (mapped)
L>M nudix (nucleoside diphosphate linked moiety
and 1389251_at | Nudt7 X)-type motif 7
M<H 1397164 _at | Pola2 polymerase (DNA directed), alpha 2
1392854_at | RGD1564560 | Similar to RCK
1373777_at| Rgs16 regulator of G-protein signaling 16
serine (or cysteine) peptidase inhibitor, clade
L<H [1371143_at | Serpina? A (alpha-1 antiproteinase, antitrypsin),
member 7
L <H |[1389142_at | Sqrdl sulfide quinone reductase-like (yeast)
1393160_at | Tbx3 T-box 3
UPF3 regulator of nonsense transcripts
1374924 _at| Upf3b homolog B (yeast) (predicted)
1380306_at
1381553_at | Zbth16 zinc finger and BTB domain containing 16
1392613 at
1393192 at|--- ---
1397225_at | --- ---

Shaded column: metabolic enzyme genes related to lipid.
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Table 3-6. Differentially expressed genes in the liver and the adipose tissues

Compared
groups L<H L>H
Tissue
Liver 206 230
WAT 235 336
BAT 212 405
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Table 3-7. Significantly enriched GO terms found in WAT LH235+336 genes

GO-ID Term P-Value Count
biological process

0008610 lipid biosynthetic process = 6.17E-06 25
0045444 fat cell differentiation 1.96E-04 10
0001503 ossification 2.57E-04 13
0060348 bone development 4.80E-05 15
0005996 monosaccharide metabolic process 4.41E-06 21
0019318 - hexose metabolic process 8.08E-06 19
0006006 Lo glucose metabolic process = 1.18E-05 17
0009991 response to extracellular stimulus 1.43E-06 28
0031667 . response to nutrient levels 1.20E-05 25
0007584 O response to nutrient 2.84E-04 18
0009719 e response to endogenous stimulus 1.89E-08 47
0009725 :::::::::::::::: response to hormone 1.25E-07 42
0043434 — response to peptide hormone 1.59E-04 20
0032868 b response to insulin 4.31E-04 14
0010033  imeem response to organic substance 4.50E-09 65
0016042 lipid catabolic process 3.15E-04 14
0044242 B cellular lipid catabolic process 1.33E-04 11
0009062 r...............’:-:::.-::::: fatty acid catabolic process 2.42E-05 9
0006635 ;“—'-'-'-'-'-' fatty acid beta-oxidation 2.70E-05 8
0046395 L carboxylic acid catabolie:; process 1.17E-05 14
0016054 i organic acid catabolic process 1.17E-05 14
0006631 fatty acid metabolic process 3.43E-08 24
0019395 === fatty acid oxidation 3.85E-04 8
0034440 A lipid oxidation 3.85E-04 8
0055114 i oxidation-reduction process 1.62E-04 34

Shaded column: GO terms at the lowest hierarchy.
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Table 3-8. The list of WAT LH235+336 genes that

located at the lowest level of hierarchy

belong to the GO terms

Gene Symbol Description L<H|L>H|A|/B|C|D|E|F|G|H

fatty acid binding protein 3,

Fabp3 muscle and heart L<H T +
stearoyl-Coenzyme A

el desaturase 1 L>H |+ *

Pc pyruvate carboxylase L>H | + +
steroidogenic acute

Star regulatory protein L>H ]+ T

; insulin induced gene 1 L>H | + + +

prostaglandin-endoperoxide

Ptgs2 synthase 2 L>H | + + |+ |+
aldehyde dehydrogenase 1

Aldhla2 family, member A2 L>H [+ +

ELOVL6 ELOVL family member 6 L>H |+
patatin-like phospholipase

Pnpla3 domain containing 3 L>H |+
abhydrolase domain

Abhds containing 5 L>H |+
acetyl-CoA carboxylase

Acaca alpha L>H | +

Acly ATP citrate lyase L>H | +
acyl-CoA synthetase

e short-chain family member 2 L>H |+
alkylglycerol

g monooxygenase L>H |+

Chka choline kinase alpha L>H | +
diazepam binding inhibitor

Dbi (GABA receptor modulator, L>H | +
acyl-CoA binding protein)
diacylglycerol

Dgatl O-acyltransferase 1 L>H |+

Etnk1 ethanolamine kinase 1 L>H | +

Fasn fatty acid synthase L>H | +

Ggt5 gamma-glutamyltransferase L<H +
3-hydroxy-3-methylglutaryl-

kimgesl CoA synthase 1 (soluble) L>H |+
hydroxysteroid (17-beta)

Hsd17b12 dehydrogenase 12 L>H |+
lysophosphatidylcholine

Lpcat3 acyltransferase 3 L>H |+

Lrrna Ifucme rich repeat neuronal Lsn |+
patatin-like phospholipase

Pnpla3 domain containing 3 L>H |+
scavenger receptor class B,

Scarbl member 1 L<H +

: adiponectin, C1Q and
Adipog collagen domain containing L>H Y +
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Gene Symbol Description L<H|L>H
enoyl CoA hydratase, short

Echsi, chain, 1, mitochondrial, L>H

LOC100911186 | enoyl-CoA hydratase,
mitochondrial-like

3 enoyl-CoA delta isomerase
Ecil 1 L>H
3 enoyl-CoA delta isomerase

Eci2 2 L>H
enoyl-CoA,

Ehhadh hydratase/3-hydroxyacyl L>H
CoA dehydrogenase
electron-transferring-flavopr

Etfdh otein dehydrogenase L>H
short/branched chain
specific acyl-CoA

LOC100912409 dehydrogenase, L<H
mitochondrial-like

RETN resistin L>H

Aacs acetoacetyl-CoA synthetase L>H
Transcription factor 7-like 2,

Tef7i2 T-cell specific, HMG-box L>H
adrenergic, beta-1-,

ADRB1 receptor L>H

Adrb3 adrenoceptor beta 3 L>H
leucine-rich

Lrgl alpha-2-glycoprotein 1 L<H
regulator of G-protein

Rgs2 signaling 2 L>H
WAP four-disulfide core

Wifdc21 domain 21 L>H
phosphoinositide-3-kinase,

PIK3R1 regulatory subunit 1 (alpha) L>H

Lep leptin L<H
interleukin 6 signal

ll6st transducer L<H

Igf2 insulin-like growth factor 2 L>H
Glycerol-3-phosphate

GPD1 dehydrogenase 1 (soluble) L>H
activating transcription

Atf3 factor 3 L>H
cAMP responsive element

crem modulator L>H

Cryab crystallin, alpha B L<H
pyruvate dehydrogenase

Pdhal (lipoamide) alpha 1 L>H
pyruvate dehydrogenase

Pdk1 kinase, isozyme 1 L>H
protein phosphatase 1,

Ppplrla regulatory (inhibitor) subunit L>H
1A
stress-associated

Serpl endoplasmic reticulum L>H
protein 1
serpin peptidase inhibitor,

Serpinal2 clade A (alpha-1 L>H

antiproteinase, antitrypsin),
member 12
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Gene Symbol

Description

L<H

L>H

Taldol

transaldolase 1

L>H

LYN

LYN proto-oncogene, Src
family tyrosine kinase

L<H

FOXO01

Forkhead box O1A

L>H

L>H

Acvrlc

activin A receptor, type IC

L>H

Apobecl

apolipoprotein B mRNA
editing enzyme, catalytic
polypeptide 1

L<H

Cyp2b1l,
Cyp2b2,
LOC100909962

cytochrome P450, family 2,
subfamily b, polypeptide 1,
cytochrome P450, family 2,
subfamily b, polypeptide 2,
cytochrome P450 2B1-like

L<H

Enppl

ectonucleotide
pyrophosphatase/phosphod
iesterase 1

L>H

Pde3b

phosphodiesterase 3B,
cGMP-inhibited

L>H

Shcl

SHC (Src homology 2
domain containing)
transforming protein 1

L>H

Acsl1

acyl-CoA synthetase
long-chain family member 1

L>H

Bckdhb

branched chain keto acid
dehydrogenase E1, beta
polypeptide

L>H

Cubn

cubilin (intrinsic
factor-cobalamin receptor)

L<H

Duspl

dual specificity phosphatase
1

L>H

Gatm

glycine amidinotransferase
(L-arginine:glycine
amidinotransferase)

L<H

Igfar

insulin-like growth factor 2
receptor

L>H

Igfbp2

insulin-like growth factor
binding protein 2

L>H

Serpinfl

serpin peptidase inhibitor,
clade F (alpha-2
antiplasmin, pigment
epithelium derived factor),
member 1

L<H

Timp3

TIMP metallopeptidase
inhibitor 3

L<H

bone morphogenetic protein
4

L<H

secreted protein, acidic,
cysteine-rich (osteonectin)

L<H

secreted phosphoprotein 1

L<H

bone morphogenetic protein
3

L>H

chordin-like 1

L<H

four and a half LIM domains
2

L<H

gamma-aminobutyric acid
(GABA) B receptor 1

L>H
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http://www.uniprot.org/uniprot/Q12778

Gene Symbol Description L<H|L>H|A|B|C|D|E|F|G|H
glycoprotein
(transmembrane) nmb L<H T
myocyte enhancer factor 2C | L<H + | +
pleiotrophin L<H + | +
transforming growth factor,
beta 3 L<H + | +
3'-phosphoadenosine

Papss2 5'-phosphosulfate synthase | L <H +

2

Shaded cell entries: metabolic enzyme genes related to lipid.

Green column shows the molecule contained in GO0060006 related to glucose
metabolism (Igf2: related both to bone development and glucose metabolism).
Yellow column shows the molecule contained in GO0032868 related to insulin
signaling.

Blue column shows the molecule related to bone development (Ptgs2, Papss2:
related both to lipid and bone development).

A: GO:0008610 lipid biosynthetic process
B: GO:0006635 fatty acid beta-oxidation

C: G0O:0045444 fat cell differentiation

D: GO:0006006 glucose metabolic process
E: GO:0032868 response to insulin stimulus
F: GO:0007584 response to nutrient

G: G0O:0060348 bone development

H: GO:0001503 ossification
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Table 3-9. Significantly enriched GO terms found in BAT LH212+405 genes

GO-ID Term P-Value Count
biological process

0055114 oxidation-reduction process 4.18E-06 41
0010033 response to organic substance 6.50E-06 61
0006631 fatty acid metabolic process 4.40E-05 20
0003012 muscle system process 1.43E-05 15
0006936 S— muscle contraction 8.02E-05 13
0008610 - lipid biosynthetic process 2.59E-11 36
0006694 i;.-.-.-.-.-.-.-.-.-.-.-.-.-.-; steroid biosynthetic process 6.54E-05 12
0016126 :t----=-=------ sterol biosynthetic procell 4.38E-08 11
0006695 ;‘-'-'-'-'-'-'-'-'-'-' cholesterol biosynthetic process 7.52E-09 11
0008203 { {7 cholesterol metabolic process 3.75E-08 16
0016125 i~ sterol metabolic process 1.01E-07 16
0008202 - steroid metabolic process 7.84E-06 20

Shaded column: GO terms at the lowest hierarchy.
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Table 3-10. The list of BAT LH212+405 genes that belong to the GO terms
located at the lowest level of hierarchy

Gene Symbol Description L<H|L>H|A|B|C|D|E
Fads1 fatty acid desaturase 1 L>H | + + | +
Agmo alkylglycerol monooxygenase L>H | + +
enoyl-CoA, hydratase/3-hydroxyacyl

Ehhadh CoA dehydrogenase L>H | + +

Fasn fatty acid synthase L>H | + +
fatty acid hydroxylase domain

Faxdc2 containing 2 L>H | + +
acyl-CoA desaturase 2-like,

gcc)dc LIRS, stearoyl-CoA desaturase L>H | + +
(delta-9-desaturase)

Schd sterol-C5-desaturase L>H | + +

Scdl stearoyl-Coenzyme A desaturase 1 L>H | + +

- --- L>H | + +

Acaca acetyl-CoA carboxylase alpha L>H | + +

ACC2 acetyl-CoA carboxylase beta L>H | + +
acyl-CoA synthetase long-chain family

Acsld member 4 L>H | + +
acyl-CoA synthetase long-chain family

Acsl5 member 5 L>H | + +

FABP3 Fatty acid binding protein 3 L<H + +

Lep leptin L>H | + +
peroxisome proliferator activated

Ppara receptor alpha L<H * +
solute carrier family 27 (fatty acid

Slc27al transporter), member 1 L>H | + +

Acsf2 acyl-CoA synthetase family member 2 L>H | +
acyl-CoA synthetase medium-chain

——— family member 5 L>H | +

Elovl6 ELOVL fatty acid elongase 6 L>H | +
solute carrier family 27 (fatty acid

Slc27a2 transporter), member 2 L<H *

Insigl insulin induced gene 1 L>H + +
emopamil binding protein (sterol

Ebp isomerase) L>H +

Fdps farnesyl diphosphate synthase L>H +
lanosterol synthase

Lss (2,3-oxidosqualene-lanosterol cyclase) L>H +

Pmvk phosphomevalonate kinase L>H +

Gépd glucose-6-phosphate dehydrogenase L>H + |+ |+

Cyb5r3 cytochrome b5 reductase 3 L>H + |+

Cyp51 cytochrome P450, family 51 L>H + |+

Dhcr7 7-dehydrocholesterol reductase L>H + |+
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Gene Symbol Description L<H|L>H

farnesyl diphosphate farnesyl

Fditl transferase 1 L>H
NAD(P) dependent steroid

Nsdhl dehydrogenase-like L>H
cytochrome P450, family 1, subfamily

Cyp1bl b, polypeptide 1 L>H

Hmox1 heme oxygenase (decycling) 1 L>H
isocitrate dehydrogenase 1 (NADP+),
malic enzyme 1, NADP(+)-dependent,

Mel cytosolic L>H
alcohol dehydrogenase, iron

Adhiel containing, 1 . L<H

AKribs %Igo-keto reductase family 1, member L<H

Akricld ecllgg-keto reductase family 1, member L>H

Cbr3 carbonyl reductase 3 L>H

Chdh choline dehydrogenase L>H

Cox8b cytochrome c¢ oxidase, subunit VIiIb L<H
cytochrome b5 type B (outer

Cyb5b mitochondrial membrane) L>H
cytochrome P450, family 2, subfamily

Cyp2el e, polypeptide 1 L<H
cytochrome P450, family 2, subfamily

Cyp2ul u, polypeptide 1 L>H
cytochrome P450, family 4, subfamily

Cyp4bl b, polypeptide 1 L>H

Dcxr dicarbonyl L-xylulose reductase L<H
dehydrogenase/reductase (SDR

Dhrs9 family) member 9 L>H
dehydrogenase E1 and transketolase

Dhtkd1 domain containing 1 L<H

Fmo2 flavin containing monooxygenase 2 L<H
IMP (inosine 5'-monophosphate)

Impdh2 dehydrogenase 2 L>H

Maob monoamine oxidase B L>H
malate dehydrogenase 1, NAD
malic enzyme 3, NADP(+)-dependent,

Mes mitochondrial L<H
pyruvate dehydrogenase (lipoamide)

Pdhal alpha 1 L>H

PPARGC1A PPARYy coactivator 1a L<H

Pxdn peroxidasin homolog (Drosophila) L>H
reticulocalbin 3, EF-hand calcium

Ren3 binding domain L>H

RGD1560015, similar to glycoprotein, synaptic 2, L>H

Tecr trans-2,3-enoyl-CoA reductase
endoplasmic reticulum to nucleus

ERN1 signaling 1 L>H
Sterol-regulatory element-binding

SREBP2 protein-2 L>H

Abcb11 ATP-binding cassette, subfamily B L>H

(MDR/TAP), member 11
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Gene Symbol Description L<H | L>H
Apoc3 apolipoprotein C-III L<H
ATP synthase, H+ transporting,
AtD591 mitochondrial Fo complex, subunit C1
L£C28§961 (subunit 9), similar to ATP synthase L>H
lipid-binding protein, mitochondrial
precursor
Car2 carbonic anhydrase 2 L<H
Ccls chemokine (C-C motif) ligand 5 L<H
Ccnd2 cyclin D2 L>H
Cdi4 CD14 molecule L>H
Collal collagen, type I, alpha 1 L>H
Cyr6l cysteine-rich, angiogenic inducer, 61 L<H
Egrl early growth response 1 L>H
FBJ murine osteosarcoma viral
FOS oncogene homolog L<H
Gegr glucagon receptor L>H
Gnas GNAS complex locus L<H
guanine nucleotide binding protein (G
Gngl3 protein), gamma 13 L>H
Gstm7 glutathione S-transferase, mu 7 L<H
heat shock 70kD protein 1A, heat
Hspala, Hspalb shock 70kD protein 1B (mapped) L>H
Hspa4l heat shock protein 4-like L>H
Id1i inhibitor of DNA binding 1 L<H
Id2 inhibitor of DNA binding 2 L>H
Igfl insulin-like growth factor 1 L>H
insulin-like growth factor binding
lgfbp2 protein 2 L<H
LDLR low density lipoprotein receptor L>H
low density lipoprotein receptor-related
LRPS protein 6 L<H
Mgst3 microsomal glutathione S-transferase 3 | L<H
Mmp2 matrix metallopeptidase 2 L>H
Myc myelocytomatosis oncogene L>H
nuclear receptor subfamily 0, group B,
NrOb2 member 2, small heterodimer partner L<H
(SHP)
nuclear receptor subfamily 4, group A,
Nrda3 member 3, orphan L>H
purinergic receptor P2X, ligand-gated
P2rx1 ion channel, 1 L>H
phosphoinositide-3-kinase, regulatory
PIK3R1 subunit 1 (alpha) L>H
. phosphoinositide-3-kinase, regulatory
Pikarl subunit 1 (alpha) L>H
Plin2 perilipin 2 L>H
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Gene Symbol Description L<H|L>H

peroxisome proliferator-activated

Ppargclb receptor gamma, coactivator 1 beta L<H
Protein phosphatase 2 (formerly 2A),

PPP2R2A regulatory subunit B (PR 52), alpha L<H
isoform

Sdc2 syndecan 2 L>H
serpin peptidase inhibitor, clade F

Serpinfl (alpha-2 antiplasmin, pigment L>H
epithelium derived factor), member 1

Sgk1 ierum/glucocortlcmd regulated kinase L<H
Solute carrier family 6

Slc6a9 (neurotransmitter transporter, glycine), L>H
member 9

Socs2 Suppressor of cytokine signaling 2 L>H

Tfrc transferrin receptor L<H

Timp4 tissue inhibitor of metalloproteinase 4 L<H

Tribl tribbles pseudokinase 1 L<H

Txnip thioredoxin interacting protein L>H

Xbpl X-box binding protein 1 L>H

Actal actin, alpha 1, skeletal muscle L<H

Mb myoglobin L<H

Actn3 actinin alpha 3 L<H
angiotensinogen (serpin peptidase

Agt inhibitor, clade A, member 8) L<H

Mybpc2 myosin binding protein C, fast-type L<H
myosin, heavy chain 1, skeletal muscle,
adult, myosin, heavy chain 2, skeletal

Myhl muscle, adult, myosin, heavy chain 8, L<H
skeletal muscle, perinatal
myosin, heavy chain 11, smooth

Myh11 muscle L>H

Myll myosin, light chain 1 L<H
myosin light chain, phosphorylatable,

Mylpf fast skeletal muscle L<H

Tnnc2 troponin C type 2 (fast) L<H

Tnni2 troponin | type 2 (skeletal, fast) L<H

Tnnt3 troponin T type 3 (skeletal, fast) L<H

Tpm1l tropomyosin 1, alpha L<H

Shaded cell entries: metabolic enzyme genes related to lipid.
A: GO:0006631 fatty acid metabolic process

B: GO:0006695 cholesterol biosynthetic process
C: GO:0055114 oxidation reduction

D: GO:0010033 response to organic substance
E: GO:0006936 muscle contraction
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Table 3-11. Comparison of IPA-upstream regulators among the liver and the
adipose tissue transcriptomes

Upstream Regulator Activation z-score
Abbreviation Description Liver WAT BAT
LY294002  PI3 kinase inhibitor -0.756 3.07 2.73

SREBF1 Sterol regulatory element-binding transcription factor 1 1.27 -3.68 -4.18
SREBF2 Sterol regulatory element-binding transcription factor 2 1.12 -3.52 -4.17

INSIG1 Insulin induced gene 1 -2.15 1.61 3.61
INSIG2 insulin induced gene 2 - 2.39 2.93
PPARG peroxisome proliferator-activated receptor (PPAR) 101 273 215
gamma
gemfibrozil PPAR alpha activator -1.57 -2.21 -2.80
pirinixic acid PPAR alpha activator -1.79 -3.07 -2.99
CREB1 cAMP responsive element binding protein 1 0.751 -3.17 -2.14
IL4 interleukin 4 0.789 -2.64 -2.41

MLX interacting protein-like, Carbohydrate-responsive

MLXIPL o . -2.41 -2.61
element-binding protein

CD38 CD38 molecule -0.269 -2.28 -3.41

paclitaxel taxol 1.19 -2.19 -2.66

PPIF peptidylprolyl isomerase F, cyclophilin D 2.83 0.200 2.00

The absolute Z-scores of larger than 2.5 are represented by the shaded columns.
-; no significant Z-score. Upstream Regulators are classified according to their
relevance to each other.

_71_



HA4E

AEACSENDIHWIME « A A 7 — FRIGERY
(Z X DR TE—TEER Z I 5 AEE A

_72-



I.

% 3 ETIIRETORAK Y., IBEOMKEZELSEDZ EICE-T, =%
X — R BHIRICB W TEET 5 2 L2 O L, £ OEEIIHFE b
INSIEERBE~ LUV BB X —= 2 VRA » EBFETH 2 EThoTz, K
KW & B E ORI B O ZALIZ RS O —IRERED 5 © The b LIRS &
ZEAONDHD, EEORMTIEL, 3 RKREBRIZMA, METH > TH AR
REAET DM PFIET Do RETIE, EEORME L THFEMARY EiTFH
BT DIRE O REREET 5,

A T2 BT 2 BWIII SR 2TRECF SRR E EN TN D, &
NHICEENLIWEOFITIL, APENERFR7ZT T < WHIkE LR AR T 5
LOLH D, PlZIX, EEGIE, 1%D 7 v2 I U Y va (MSG) wiR%E
YU AICHHBKSELE ZA, EEEEN AL TEL BN OHERE
M L7z &34 LT % (Kondoh and Torii, 2008) , % 7= Shinozaki & (2016)
X, 19RO T I VBRIEAY (Gly Z 19 mol% & Z D7 X /% 0.5—
18 mol%&ie) ZHMTRALF—D 0.38%I27/2 5 K HIMx2ET Rt Uiz
KD T FIRED TR & N CICHET 2 LA LT\ D, FEHRE TH
BHT YA TR0y 3 —H A —/iE TRP (transient receptor potential) I+
MK TREIN, =X VF—PEEZTET 5 2 P RE SN TS (Riera
et al, 2009), Z DX 5 REBHIEIA B =X L LTI, HARRR 72134
PR SR DV Bl A PRUBER DA R 23 B A AL B L T D ATREPE S/ RIE S 40T
%o BIZIE, MSG (60mM) Z#HHN&E G L72T v kTR FEAEMEL SN
DH, HEMRRZIEFINIC L - TOWr§ 2 LIEHIITE Z 622 o 72 v )
fMRI % H W 7= #5213 H D (Uematsu et al, 2010), £7-. b FaExt® b L-F
JETIX, TRP ©7 F =2 F 2B, 10 57 LIRS = 1)L % —{H % & R miE
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FENEH L= Z L ST (Michlig et al, 2016),

EBRIC B ERT 2 BMICE ENDTEE - FERROA A T — RRIGERY
D, Bl L CAERORBRENICEEEL 5 XA TWD EBZLNDHN, BRkx iy
EETDREMTOLDEMEGRE LTI LTelIZE A LR, 22T, fix
(T HEANCEBRT 2O T T, JHHRE - FERROA A T — FROSERD R E
FEN TV DRI E A I C L B E RN 2 SLR &3 2 HARARRER (central nerve
system, CNS) ~DfEf &, ZORERA U DA LR L OREEY 0L 8) %
Rt L. MR T D EEEO RS T THERE 2 I DI SE 21T 72 > 72,
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I. et XUk

1) @himIEsk

FERIT, HRKRFHYERZB D) AR EZ A CTHEM L7z, 8 Hkd Wistar
RIEMEZ v NERARZ LT BIEA LT, BIE=IL 22CITR D, 12 B 3728
W5 & Uz, T E BB EL KIZE ROk E L, 1 EM AIN-93 THIHE L7z,
Z 0%, KREOVFHHEMEERCICRD LTy b 2 BHZOT (% n=7),
FNENRER TH 5 N-diet & 5\ T C-diet Z R SH 72,

N-diet (ZIXHIRKOENES [F%2 7 — A2 (RIERMS) ZEA Lz, 8
GR LE T L, =RV X —1k 34% (EfE 30%) &725 K 5. AIN-93G
WZIRG Lo S HIT, Rk 25 FFEERERE - REFAR RICESE, BAAD
WX —HBRREFE L RDL L), a— AF—F INTHEAL
R MZ T L (PF:C=14.9:25.6:59.5) ,

C-diet |ZLA T D v FHR L 72, N-diet 100g ICEENDFF T — A L HED
N—Al, ZNT v, BERIZZENEI 17.00g, 5.81g, 6.59g THHT-Z &b,
AIN-93G IZxt L CRIED S— Al « VT v - BR¥fZENA, Sl —Lhb
IR EGH, INTIHEAS Y, a— 2 AZ—F 2R L0 ERME LT,
B, INHLOEEHIAARZ LT IZB W TER S Lz,

N-diet EBEFHIABEIRE L, Bz F—8n8%E L s o1, _7
T4 =T 4T EITV, 60g/ kg RKEH LD EOEELY 30 HHEBIRIET,
FBERTOER, A 7/V7 BT TR L, Ilasoft, o 7 V8

1T-77,

2) IMyE « & « P OELE T A — X OREHT
JFligds L OEF OMIBEIZ 7 v kL L/ AR ) —)LEIC X - THi L=,
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-0 CIZHEIE L TRV 50mg OV > Fa B — X g v h— (L) it
e, zoakih : AX =02 DOEREZMZ, Vortex T L <HE#RL
TlEEZHME L, it oar2so—1re U 2ZUkY R (TG) 1.

Cholestest N CHO Kit 3 XU Cholestest N TG kit (Kyokuto Seiyaku) % Fu>

TEEL,

3) DNA ~A 7 a7 LA it

4 RNA Oflitid KO cRNA OFETEITLHE 3 & (PFC N7 o ARER) & [AER
DIETIToTe, Flo, BTG RERIAT o 7223 7 —Z OIERYEIT gFARMS 4
W,

4) RPATa—L7 I ORE
6N HCl % 150 uL Il 272 50mL F = — 7|2 24 Bl JR 252D etER & L=,

BT a—)L7 I kERERE (Thermo Fischer) 3. 77 a2 — 7 I U # RAEE TR
ZHWT 10 ng » 5\ iE 500 ng/mL REIC/RDERICAHR L, 20 pL @
3,4-dihydroxybenzylamine (DHBA) & 50 nL. @ 1 M KH2PO,4 (pH 8.0) % /Il %,
DHBA D5 DS 200 ng/mL 272 2FRICHFE L7z, 1 mL OJR% 10,000 X g
T 1 =4 EEZ L, 180 pL @ EiFic 20 pL @ DHBA (2 ng/mL) &

50 uL. @ 1 M KH2POs (pH 8.0) % il .72, MonoSpin PBA 7 7 A% 1% OFERE
% 1p 100 mM KH2PO4 (pH 8.0) Tk L7z, ZDH T AT 250 pL DRV
TNBDHNEIH T A=) T I UFERER 250 uL 2 — KL, 100 mM KH2PO,
(pH 8.0) T L7=1%. 200 uL @ 1 %HFiEE ClAH L7z, ¥ 7 V% HPLC 71 7
2 (Acclaim 120C18 3um, Thermo Fischer) (25 +v— L. 75 mM NaHsPOu,
25 mM ~UZwaliE, TER=FUL AZ—L (85:10:5) OWIK%E

FAWCTEEE L=, Yo 7 v ofix, ECD-3000 & 27 A% W, chl=—50 mV,
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ch2=300 mV |2 T{T~ 7=,
RO 7N a— 28t BT A4 7% A4 0 AR L, ~F Y — A/

TN a—Rx-6-V UEET & Ko 7 —B I TR LT,

5) MiEHfo7T I/ BEE
100 pL. @ 1fiil % HITACHI CF15RXII #%
15 sy OB L, 90 uL @ EyEIC 6% Y 7 o o4 90 nL Nz /-1, &

B O A VT 9,000 rpm,

J£ 9,000 rpm, 15 ZrfElim DBt L2, 567z RiGIE, 0.22pm O 7 4 V¥ —%
WL, ZoOW 7% HITACHI L-8900 HE T X / /it W CEE L

7"/,
—o
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M. #EFR

1) Bz & e B2 BE L7727 v b OB FERINE OfET

EF, AEAA Y OFRBRETIS L ORI R E 22 284 i L 7= (Table 4-1), W7
NbT R F R TH X7 14.9%., IEE 25.6%. KA 59.5%IZ7%
EL7z, IBEEEIZT v hOE#ER L LT American Institute of Nutrition T
HELE L T D AIN-93G DFE 18.7%IZ R TRORLE O DR ETH 5, Z DOIEIT,
EHER D 3D 1 ZAFEHClE X 2 72356 0 PFC L S FIEFRBE L LT
DA, EAER & U CHFRICEBEICHO BN D 40%I12_2 EIRUVME L 22> T
W5,

ABREE (N-diet) (X, HFE#iZ 30%&te, *IHREE (C-diet) i3 30% B4l &
O PFC LLRIZEDELTDIT, WETNAVT v R—Afll, a—r2AZ—F
FMATHE L, N-diet 1Z, FF¥2T7— A HROWERET 2 7 BRoFFE -
PRy (F—V v, A=A, Vv —5%) BLOAA T — FRSERK
WaateZ L2 ET 5, 2O OO E%Z Table 4-2 (2777, FFIC
WEEO T X RS N-diet [ZIZZ < EENTEY (0.404%), T THL I/ AZ I
FRIX 0.326wt% &<, MTRALF—&ED 0.29%I2MHYT 5, SEIFAVWZTF
VT = A UHOFERNIIX eycloalliin (H—V v 7 HK), rrktFr K=+
VHR), 6—Ta—HA— (avTHk) EoOEMPEEND, EOM
(FEOE SRR CTHEAT DREIEY TH L LHEE SIS (1.64g/100g N-diet) 7235, 1tk
FROTERFEE TH 5,

30 HHOE Tld, =/ —EHlvE, (KH, s ERIC N-diet #£ & C-diet
MECEI oz (Figure 4-1), F72MEAELFRIT —ZIZBWTH N-diet
& C-diet BECITHFHIAE L HE SN DA L2 o 7= (Table 4-3), LAL,
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JFigH TG 2% N-diet HE CHEIZIRT L, #EHoRalL X7 o—/L&lX, N-diet
BECAHZICHM L T\ (Table 4-4)

2) RIKRTE—THEIKD T A7 U Tk — LMY

N-diet FHHEOHTIET TG DD B I VHEF 2 L AT 0 —/LOWEN&E V-7
HAR G| SR ITAD =L EHTT D702, HIK TS LT ERE

(hypothalamus - pituitary, HP) . IFl. BEEVHEMEE (WAT) (230 538
BAn T OMFENIT 21T > 7o, %% Oligds > A L7z RNA % VW T N-diet
BB L O C-diet BE T2 BEM L 21T > 72, CEL 7 7 A V& Bif% L 7= % . qFARMS
TIE#ML% L. Rank products ¥ % FV /- 2 BEMLL#EC X W FDR<0.05 OiEfx
FZEHH L7z, HP TiX, N-diet #D 5725 C-diet H X O FBH EH L7 DI
82 nf. WA LI=bd 101 BinF Th o7z, —FETIZ N-diet T LA
L72b? 417, 073 358, WAT Tl L5 314, #4377 s+ TH - 7= (Table
4-5), = ZC, HP OB TFHBMH 76 N-diet |2 Lo THEESNTZERL L 7
TV HP ONGZWMRDIEE 2 ED X 5125 i Z LIz i~

HP O~ T 27 V7 h—Lfft CHith S 4172 DEGs 1%, 82 (N-diet ff T £
F) & 101 (N-diet B TR & HERH D720 o 72728 (BH 1T 9 GO enrichment
analysis X IPA % [\ "7z DEGs O#reZfhii 5 KL% & 67 fllx D411
BT 2BEMmOEHREZTRD Z & T, HP TEET 2 BIR FI2 OV THERE B Z 1T
ST, ZORR, NHMRDIGEIZEEGT 202 63 fitisniz, Zhbosy
TSRS T D L =2 — a7 F N 9 B s 7. BEHR 16 Bis 1. M
#7307 16 BT, R TFEE 23 Bio A& £ TV (Table
4-6), TEH T RE HILHRIRAI A L~ Tshb (thyroid stimulating hormone,

beta) & Cga (glycoprotein hormone alpha polypeptide) 7% N-diet T h5H L T

_79-



Wl EThHD, INHDORTF REAVENIFRETHARS L, ~Tr & A
~—ZRk L., FRARA L E  (thyroid hormone, TH) D4y WMiEE(Z 595
(Bargi-Souza et al, 2015), & HICMJEIWCE G35 2D KR/LE L Avp
(arginine vasopressin) 2% N-diet #f T _EH L. Vip (vasoactive intestinal
peptide) 2% N-diet #f T L CW\Wiz, MR EEMEORHICEDL S Hde
(histidine decarboxylase) & Maob (monoamine oxidase B) % N-diet £f T3
EHLTWE, Mz T, IBERBICEDLEMETL LT, Acsmb (acyl-CoA
synthase medium-chain family member5) 7% N-diet #f C_EZ L. Ch25h
(cholesterol 25-hydroxylase) & Gpdl (Glycerol-3-phosplate dehydrogenase
1) BEL B E N-diet #ECHID LT,

3) gk KOXWAT ~Z 27 U7 h— LT & 2 Bk OHEE

HP O+ 7 A7 U7 b= LT ORGRN B | AT NS L DRIk O3
A Z > TW D ATREMER R STz, ZORREZHE X, IPA V7 FU =
TR SN TWD B2 Pl 5> — vz 0T, Tl s WAT OE{sF
FH 2 HET 5 L Bbnd Lita 7ot 217 572, Z-score 78 2.5 L LD L
[KI-+-% Table 4-7 2739, ZDOfES, B Tix SREBF1,2 (Sterol regulator
element binding transcription factor 1, 2) M %HAS N-diet BT FF3 2 ATHE
PR SN, SREBF1,2 (%, lFEB I =2 L AT — @z iig+52 &
MHIHGNTWD, S BICAEREDIC L > TEME(L S 552551k PXR (Pregnane
X Receptor). 3 & Oz 4 7-(SMARCH1 (SWI/SNF related, matrix
associated, actin dependent regulator of chromatin, subfamily b, member 1)
& XBP1 (X-box binding protein 1)) 7%, ##l A9 5 LK+ & L Thitl 4
76

_80-



WAT O+ > 227 U7 b — LT OFERTIZ, ALY &2 < o LK T8
i Ehk, Bah Ly 7 FrinEZIZEHO LR 72342 <. ANGTP2
(Angiopoietin 2) & ERBB4 (Erb-B2 Receptor Tyrosine Kinase 4) % N-diet #¥
TiEMAL L. TGFFRB1 (Transforming Growth Factor Beta Receptor 1).
WNT3A (Wingless-Type MMTV Integration Site Family Member 3A).
NEDD9 (Neural Precursor Cell Expressed, Deve lopmentally
Down-Regulated 9). F2R (Coagulation Factor II Thrombin Receptor) i,
L-AATINRATATHY, ZNHDHFIZERAT LV 7T MR T 5 LT
R Xi7z, ANGPT2 (angiopoietin-2) 1%, I #H4E% 1 LT WAT O % &
EIHERNH D 2 &N iriRE &7z Mullur et al, 2014), EWiR+& LT
MR EHT2 & PRISHHIES FITIE, AZF U HO—FfTal AT o—
VA& PHE 9 5 cerivastatin 235 £4L TV 7= (Gbelcova et al, 2017), & DA,
5 S DEREHIE >+ 23 & 72 (SPDEF (SAM Pointed Domain Containing
ETS Transcription Factor) 3 X U'SPI1 (Spi-1 Proto-oncogene) I N-diet £ C
5. CREB (CAMP Responsive Element Binding Protein), NFkB (Nuaclear
Factor Kappa B complex) 15 J 08 STAT4 (Signal Transducer and Activator of
Transcription 4, transcription regulator) (J#), T 6 OFERN S, N-diet

fEL C-diet FETIE, W LNITRBHIEISEN D H D Z LIVRSNIZ,

4) RPDOATa—=AT I VBBIUMETOT I RE

IR T8 — FEAMHP), ITlE. WAT @ k5 > 227 U 7 b — LN OFE RS |
N-diet BECITMRERI L OYCHSRESE > T ORBL Y — 03, SPHRBEL b T
BIpDZ EDBRBINTZ, £ 2T, WRWROEAEREET D T2 DIZRT OF

BHEE AT (WTa— T vr) ZHELE (Figure 4-2), EOREE, /
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T RLF U U BEM C-diet BEIZHK LT N-diet BECHEIC EF L=, Hib,
N-diet OFERUZL Y, /T FLF U OEN B L2 &R siviz,
S BT, MyEFOWEEEY X/ BAOREZHE L7 2 A, Ala, Val, His, Tyr,
Met 23 N-diet FEIZIH W TR EHBEMICH Y . 1-methyl-His & 3-methyl-His
I% N-diet #£ICHBWTE T LT/ (Table 4-8),
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IV. Z£

AWFFETIE, R & PREEE S o B RROTME 2 & O BB 2N EIN S 41,
EIAA T — NRIGERM Z EH T 2 M E B L2560 ERA~G 2 2 5
BT T D10 D ER A D, EFAL LT, EHEZ 1 B9 b 1 AER
LB aEBEL, PFC NI UANELL 25 K912, T v N OEAERfEEC
&5 AIN-93G & (RAIFEHIOMAIZ A DE D 7280) N—Ajl, WEITALT |
ZMATUWZE LT REE (C-diet) ZEH LGS L. AIN-93G D 353D 1 %
BG4l ClE #2272 (N-diet) ZFH L7z, —AROBEDOH, UK TEH—T
ER (HP), g, WAT O T 2227 U7 b— AT & RIFIZEBIT 5 40F
T — & % B LT,

FBRICH W RIS & EN D FRBI O ET2 5550 1E, 7 /BE 6— v a—
HA—=NTHD, HEHEOT I/ BIIRBERRLSZADFLEORITIEENTES
T ROEGENDIINZ I URITHRT RN F—REITH LT 0.29% TH D,
S HIZ N-diet Ff & C-diet FEOIKE & SRR EEIENR RN L BEEREYT </
B2 TH (ZRAF—JHE LTO) REEMZEVITRNVESZ D, IbHIC
MEF O Glu £iX N-diet B L C-diet BETEN2D o724, 1-methyl His &
3-methyl-His (%, N-diet HE TR F LT\, 2D 2507 2/ BEFHERIL, b
WHIERFIC W SN DT 2 /B Th D (Aranibar et al, 2011), 2D DOHR%E
MELTEZRD L, WEREY X BAMRERRIER L, S6l26—a—HA4—
LR E B < HAHRIR R 2/ L CREEORBERE, Bl ZBEASLa L AT 1
— K NICERT 5 & T s 2 (Iwasaki et al, 2006; Lei et al, 2014;
Uyama et al., 2004; Watanabe and Terada, 2015),

INBLO—HEDOY 7 FNAOfL, BIBEMENSOT LTI/ T R

&

LTV Dl ko THIEHSL TWD b0 L Blbn D, RIFEHEE XA
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ICXELESNDZ LD, 66— a—HA— LT 2 BRIEAYM OB T B3R RIC
HEEGXT-OTIIRONEEZEZOND, 5%, A T7— RRISERDHE D,

(CHFET DA O HBE - FIER. EERLIC L DR OB P MLET
H 5,

HP ® rZ7 0227 )7 b =L CIE, FIRRALVEY (TH) O50 % il
T 5 FRIEDOA/NLE L THD Tshb & Cga 7 N-diet HTEHFLTHY, TH D
TEME B AR S 7o, BUR FERRRRICHEEL L Tshb & Cga @ RIRICAIET 5
HR BRI AR V€ > i A V€ > Trh (thyrotropin releasing hormone) I3
N-diet #ETHINE LTz, Trh OB TH IZX>TAD T 4 — RNy
IR 2T D 2 &0 s TH O EFAIZ XY Trh 3R T L7z TiEuna s
EZbNiz, EHIT, AFERICBWT N-diet BE T/ L7 KLU B BRI 5
ZEERHLE, ZOZEIF AT RULT U ARSI, AETHE DIEET
o DRI R ERIRHE O/ VT R U AEFERKRILVE N X - THIE
SINTWLZEZRTHEDOTHD, RFDFR VT FLF U AR N-diet
BCEALEN, h7a—nAT7 I OFiBEATH LT 1 b N-diet BEO M
PCERLEEZENE, RAEAATKHDRBHIEHIEZ > TS Z &3 HEE S
e,

AWFFEIZBNT, FRIRALVEY (TH) & 207 Rud U U3 iaRe 3
EHIEHL CWDZ 2 XTIV OnDT — 4 257, #—FHIZ, N-diet
#£C SREBF1 & SREBF2 OifE A BFIICE W TR E T\ 5 2 & AMHfEE X
M7=, SREBF1, 2 [ZEEHIEIK T CTh 523, [FERICEGHIEKN 7 CTH 5 TH %
FIRCMAEMEA L, JEMBARE a L AT o — A ARE T TR ERSE5 2
RSN TWS (SREBF1 23N G R, SREBF2 2321 L A7 1 — /L& Ak
IZZENnEFNRYS) (Desvergne et al, 2006; Mullur et al, 2014; Zhang et al,
2003), ZWAT IZBWTHR OGP/ Z 52 & T, /T KLU Ui
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RVE VREEZMHREER@Z R L, R TRMbEZ 5 Z B TRIS
7= (Damiano et al, 2017; Lee et al, 2014; Uyama et al, 2004), KF=E|ZFIT 5
FEBRTIZ, /T R U UARER 7 ek & SREBF1 (KTEROARNIIE &
BEOLHAEDOHIBES>TWD EE b, OB L LT, flEfo TG 7
N-diet #CTHEIZHD LW Z L3d D,

DX IR OEIL, TEF L CANSARENS 2L AT a— /LD
PO N-diet TEWZ L b TE S, G, BMLTAR LT BF
L CoA T = L AT v — /LA RUTHIH S4v, REYTHEE & 72 o THEM S U7 aTRB M2
5%, WAT TliZ ANGPT2 > 771 ® LR BRE Sh7-, ANGPT2 X WAT (2
BOTMEREZE L CHER#LZSET 21FH2®H 5 (An et al, 2017), TH
VT I KD MAEFAOFHEEIZEAT HHE S H D (Cao, 2010; Vasilopoulou

et al., 2014),

LI EDOREHIZE(L % Figure 4-3 1% L7, AT L 1K T — FTH®RiA%
I LTeARE A K 2L, BEfCEENnNL sy —X=07 (7%
RNV 72— V) FBIZEDHRLEBZOND, LLRREL, 2T b0
(Z N-diet IZITRFECHEIC L 2B b H L &b, HlzX, FomEn
THICAERT DA A T — REISERD O > HO—Eix, FHEEHH AL —
BEYVEG 2D EE BT, BEREERY & LTS O ER (B 2 IXFALTENE Lee
et al, 2017) Z R AN H D, AWFZETIL, N-diet ICFEN DL —A =
73 EE U CHUR FE— TR R & AP 2R L, i Ko THIR
fRENVEE VT LT U oWzl L, IREREE8ET 5 Z L2
HEMT LTz,
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Figure 4-1. Time course of physical parameters. A, Energy intake during the
experimental period. The drop at the day 27 reflect the urine sampling in the
closed cage. B, Body and tissue weight. The inset represents the relative tissue
weights (% to BW) at the time of sacrifice (9th week). Values are represented as
mean + SD (n=6).

_86-



B .
Noradrenaline Adrenaline Dopamine

6000 H—‘ 600 . 11000

= 5000 - > 500 T = 10000
‘gj 4000 :3,400 e 9000
¥ 3000 X 300 2 8000
8 2000 & 200 & 7000
£ 1000 2100 2 6000
0 0 5000

[ON-group @EC-group

Figure 4-2. Catecholamine amount in the urine.The urine of each rat was
collected for 24 hours and analyzed by HPLC (Materials and Methods).
T: significant difference detected by t-test (n=6, p < 0.05).
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Maillard reaction products
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Hypothalamic pituitary

thyroid stimulating hormone up
TSH, Cga

Sympathetic nerve
Adrenal cortex
noradrenalin up

Thyroid gland

/‘
Liver \
TG down White adipose tissue
SREBP signal up angiogenesis up
PXR, SMRCB1, SREBF1,2 ANGPT2

Regulation of lipid homeostasis

Feces
cholesterol excretion up

Figure 4-3. Summary of physiological pathway accelerated by seasoning
ingredients in instant noodle.

_88_



Table 4-1. Composition of the diets

N-diet C-diet AIN-93G
Weight (g) Energy (%) | Weight (g) Energy (%) Weight (g) Energy (%)

milk casein 13.0 13.9 20.0
wheat gluten 2.05
protein derived from the

2.89 14.9 14.8 19.1
instant noodle
L-cystine 0.300 0.300 0.300
free amino acids 0.404
soybean oil 5.50 5.25 7.00
palm oil 5.10

25.6 25.9 18.7

palm oil derived from the

5.12
instant noodle
alpha-corn starch 13.2 13.2 13.2
beta-corn starch 18.2 38.5 39.7
sucrose 10.0 10.0 10.0

59.5 59.3 62.2

wheat carbohydrate
derived from the instant 18.9
noodle
cellulose 5.00 5.00 5.00
choline bitartrate 0.250 0.250 0.250
vitamin mx (AIN-93VX) 1.00 1.00 1.00
mineral mix (AIN-93G) 3.50 3.50 3.50
NaCl 1.98 1.98 (0.259)*
tertiary butylhydroquinon 0.00140 0.00140 0.00140
other materials derived

2.04
from the instant noodle
total weight (g) 100 100 88.9
total energy (kcal/100g) 388 380 369

Shaded columns; compounds derived from the instant noodle. * content of NaCl
in the mineral mix.
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Table 4-2. Composition of seasoning materials in Noodle diet

Chemicals N-diet C-diet
glycine 5.67 n.d.
alanine 6.15 1.00
valine 6.09 n.d.
leucine 7.53 n.d.
isoleucine 5.07 n.d.
serine 5.91 n.d.
threonine 3.69 n.d.
cysteine n.d. n.d.
cystine n.d. n.d.
Amino acids methionine 1.2 n.d.
derived from aspartate 11.7 n.d.
chicken extract glutamine n.d. n.d.
(mg /100g) glutamate 326 n.d.
arginine 5.91 n.d.
lysine 4.95 n.d.
histidine 1.38 n.d.
phenylalanine 417 n.d.
tyrosine 2.01 n.d.
tryptophan n.d. n.d.
proline 6.57 n.d.
anserine n.d. n.d.
carnosine n.d. n.d.
Phytochemicals cycloaliin n.d. n.d.
derived from spices | quercetin n.d. n.d.
(mg /1009) 6-shogaol 0.236 n.d.
total (mg / 100gq) 404

Values are mean + SEM (n=5).
n.d: not detectable
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Table 4-3. Biochemical analysis of the sera

Biochemical parameters N-group C-group
Aspartate Aminotransferase (IU /L) 79.0+6.5 84.2+8.7
Alanine Aminotransferase (IU /L) 20.2+1.1 19.4+0.8
Alkaline Phosphatase (IU / L) 629.2+53.9 633.0+£28.6
Lactate Dehydrogenase (IU / L) 1396.6+£248.3 1483.0+£316.3
Leucine Aminopeptidase (IU /L) 28.8+0.7 29.0+0.3
Choline Esterase (IU /L) 50.8+2.7 54.2+3.0
Total Bilirubin (mg / dL) 0.090+0.007 0.080+0.006
Glucose (mg/dL) 179.2+54 184.4+15.0
Pyruvic Acid (mg / dL) 1.00+0.08 0.87+0.07
Total Lipid (mg / dL) 405.31£55.7 473.3£69.7
Triacylglycerol (mg / dL) 170.4+44.2 214.8+57.7
Phospholipid (mg / dL) 130.849.2 146.6+£9.8
Non-esterified Fatty Acid (UEqQ /L) 268.0+23.8 395.6+91.6
Total Cholesterol (mg / dL) 69.4+4.0 74.6£3.9
LDL-Cholesterol (mg / dL) 7.8£0.5 8.2+0.6
HDL-Cholesterol (mg / dL) 25.6x1.4 25.2+1.4
Total Ketone Body (umol / L) 192.4+23.3 217.2+15.2
Total Bile Acid (umol / L) 9.2+2.5 8.0+1.3
Hemoglobin A1C (%) 4.76+0.03 4.83+0.04
Insulin (ng / mL) 1.40+0.14 1.52+0.17

Values are mean + SEM (n=5).
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Table 4-4. Biochemical analysis of the liver and the feces

Tissue Metabolite N-group C-group
. Triacylglycerol (mg / g-tissue) 15.74+2.06 22.76%1.65
Hver Total Cholesterol (mg / g-tissue) 2.41+0.07 2.96x0.36
Triacylglycerol (mg / g-feces) 4.41+1.39 4.72+0.80

Feces [Total Cholesterol (mg / g-feces) 4.42+0.37 3.27+0.13
Total Bile Acid (nmol / g-feces) 2.18+0.34 2.43+0.78
Urine |Glucose (mg / day*kg BW) 10.26+0.67 11.61+1.35

Values are mean £ SEM. Shaded column: significant difference detected by
Tukey-Kramer test (n=5, p < 0.05).
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Table 4-5. Differentially expressed genes in the hypothalamic-pituitary, the liver
and the white adipose tissue

Compared
groups N<C N>C
Tissue
Hypothalamic-pituitary 101 (124) 82 (101)
Liver 358 (501) 417 (519)
White adipose tissue 377 (477) 314 (351)

Numbers in parenthesis indicate non-annotated genes.
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Table 4-6. The hypothalamic-pituitary DEGs classified into neuropeptide or other
functional categories

Function Probe ID Gene Symbol Gene Title N>C N<C
1387317_at Avp arginine vasopressin +
1369659 _at Cga glycoprotein hormones, alpha polypeptide +
1369717 _at Nmu neuromedin U +
1369750_at Tshb thyroid stimulating hormone, beta +
Neuropeptide
1380967_at Nts neurotensin +
9 genes
1368312_at Oxt oxytocin/neurophysin 1 prepropeptide +
1367762_at Sst somatostatin +
1368912_at Trh thyrotropin releasing hormone +
1377146_at Vip vasoactive intestinal peptide +
acyl-CoA synthetase medium-chain family
1377407 _at Acsmb5 +
member 5
1388689 _at Acyp2 acylphosphatase 2, muscle type +
1375412_at Arsb arylsulfatase B +
1370363_at Cesld carboxylesterase 1D +

cytochrome P450, family 26, subfamily b,
1384392_at Cyp26bl +
polypeptide 1

1370491_a_at Hdc histidine decarboxylase +
1368514 _at Maob monoamine oxidase B +
Amyla /l/
1369502_a_at amylase, alpha 1A (salivary) /// amylase 2a3 +
Amy2a3
Enzyme
1380063_at Ch25h cholesterol 25-hydroxylase +
16 genes
1372846_at Cyb561a3 cytochrome b561 family, member A3 +
glycerol-3-phosphate dehydrogenase 1
1371363_at Gpdl +
(soluble)
1369473 _at Pgm1 phosphoglucomutase 1 +
1367851 _at Ptgds prostaglandin D2 synthase (brain) +

retinol dehydrogenase 12
1382949 _at Rdh12 +
(all-trans/9-cis/11-cis)

sulfotransferase family, cytosolic, 1A,
1370019 _at Sultlal +
phenol-preferring, member 1

ectonucleotide
1391864 _at Enpp6 +
pyrophosphatase/phosphodiesterase 6
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Function Probe ID Gene Symbol Gene Title N>C N<C
1398340 _at Ccndbpl cyclin D-type binding-protein 1 +
nuclear casein kinase & cyclin-dependent
1390722_at Nucks +
kinase substrate 1
1384587_at Pak3 p21 protein (Cdc42/Rac)-activated kinase 3 +
1372101 _at Ppap2b phosphatidic acid phosphatase type 2B +
protein phosphatase 1, catalytic subunit,
1386950 _at Ppplcbh +
beta isozyme
protein tyrosine phosphatase, receptor type,
1368589 _at Ptprj +
J
1372299 at Cdknlc cyclin-dependent kinase inhibitor 1C +
1394689_at Csnklal Casein kinase 1, alpha 1 +
Cell signaling mitogen activated protein kinase 10, similar
1397130_at Mapk10 +
15 genes to binding protein
phosphatidylinositol-4-phosphate 3-kinase,
1379433 _at Pik3c2a +
catalytic subunit type 2 alpha
protein kinase domain containing,
1372316_at Pkdcc +
cytoplasmic
1383191 _at, protein phosphatase 1, regulatory (inhibitor)
Ppplria +
1386968_at subunit 1A
PROTEIN PHOSPHATASE 3, CATALYTIC
1395436_at PPP3CA +
SUBUNIT, ALPHA ISOFORM
1396148_at Prkcbpl Protein kinase C binding protein 1 +
1367802_at Sgk1 serum/glucocorticoid regulated kinase 1 +
1374061_at Cd302 CD302 molecule +
1388583_at Cxcl12 chemokine (C-X-C motif) ligand 12 +
LOC1009097 RT1 class | histocompatibility antigen, AA
1388694 _at 97 1l alpha chain-like /// RT1 class I, locus T24, +
Immune RT1-T24-3 gene 3
function RT1-A2, A3, RT1 class la, locus A2 /// RT1 class I, locus
1370428 x_at +
23 genes EC2 A3/l RT1 class Ib, locus EC2
1377334 _at RT1-Ba RT1 class Il, locus Ba +
1388164 _at RT1-S3 RT1 class Ib, locus S3 +
1389734 _x_at RT1-T24-4 RT1 class |, locus T24, gene 4 +
1368000 _at C3 complement component 3 +
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Function Probe ID Gene Symbol Gene Title N>C N<C
complement component 1, g subcomponent,
1376652_at Clga +
A chain
complement component 1, g subcomponent,
1370215_at Clgb +
B chain
complement component 1, g subcomponent,
1373025_at Clqc +
C chain
Cd74 molecule, major histocompatibility
1367679_at Cd74 +
complex, class Il invariant chain
1390529 at Cds3 CD83 molecule +
Fc fragment of IgG, low affinity Ilb, receptor
1371079 _at Fcgr2b +
Immune (CD32)
function 1395126_at Fcrl2 Fc receptor-like 2 +
23 genes 1390916_at H13 histocompatibility 13 +
1389210_at Lepl lymphocyte cytosolic protein 1 +
similar to RT1 class Il histocompatibility
LOC688090
1371033_at antigen, B-1 beta chain precursor +
/Il RT1-Bb
(RT1.B-beta(1)) /// RT1 class Il, locus Bb
1393108_at Mhc histocompatability antigen Class | +
1367847_at Nuprl nuclear protein, transcriptional regulator, 1 +
1370463_x_at RT1-CE16 RT1 class |, locus CE16 +
1388071_x_at RT1-EC2 RT1 class Ib, locus EC2 +
RT1-N1/// RT1 class Ib, locus N1 /// RT1 class Ib, locus
1387839_at +
RT1-N2 N2
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Table 4-7. IPA upstream regulator analysis of the liver and the white adipose

tissue DEGs
Predicted
Upstream
Tissue Molecule Type Activation Target molecules in the dataset
Regulator
State
N>C
Tp53,Tmem97,Tm7sf2,Sqle*,Rdh11,Pmvk*,P
csk9,Nsdhl*,Nfil3,Msmol1*,Miox*,Lss*,Insigl,l
Sterol Regulatory
dil,Hmgcs1*,Gpam,Gck,Fdps*, Fdftl,Fasn,Dh
Element Binding
cr7*,Cyp51al*,Csad,Cidea,Cdknla,Acss2* A
SREBF1 | Transcription Factor | Activated
cly,Adhlc,Fas,PIs3
1, transcription
N<C
regulator
Pck1,Irs2,Dpy19I3,Cyp7al,Vegfa, Thrsp,Scd,
NrOb2,Hmgcr*,Fads2,Fabp5,Elovi6,Cebpa,Bh
Ihe40,Acacb,Cebpb,Ethel, Tf
N>C
Tmem97,Tm7sf2,Sqgle*,Rdh11,Pmvk*,Pcsk9,
Sterol Regulatory
Nsdhl*,Msmol1*,Lss* Insigl,ldil,Hmgcs1*,Fdp
Element Binding
s* Fdftl,Fasn,Dhcr7*,Cyp5l1al*,Cdknla,Acss
SREBF2 | Transcription Factor | Activated
2* Acly,Acaa2,Ebp,Plin2
2, transcription
Liver N<C
regulator
Thrsp,Scd,Hmgcr*,Hes6,Fads2,Fabp5,Elovi6,
Irs2
N>C
Tgm2,Pgrmc2,Insig2,Insigl,Hmgcs1,Gstmb,
Pregnane X
Gstm1,Fasn,Cyp2b6,Cth,Ceslc,Cesl,Cdknl
NR1I2, Receptor,
Activated | a,Fmo5,Aldhlal,Cypla2
PXR Xeno-sensing
N<C
nuclear receptor
Tf,Ppara,NrOb2,Nat8,Jun,Cyp7al,Cptla,Scd,
Elovl6,Cebpa,Alas1,Abcc2,Por
Regulator of N>C
Chromatin, Tp53,Ppplr3c,0asl,Mx1,lgfbp2,Gjb2,Fas,Cy
Subfamily B, p4ald,Cdknla,Atplbl,A2m,Btgl,Dapkl
SMARCB1 Activated
Member 1, N<C
transcription Dhfr,Ccnd1,SIc37a4,Pckl,ll1a,Cyp4f8,Bnip3,
regulator Fos,Gadd45a
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Predicted

Upstream
Tissue Molecule Type Activation Target molecules in the dataset
Regulator
State
N>C
X-Box Binding Stard5,Sdf211,Mcfd2,Lman2,Hsp90b1,Ggcx,F
Protein 1, asn,Fas,Esrl,Dnajc10,Cypla2,Apoal,Erp29,
Liver XBP1 Activated
transcription Cxcl2,S1prl
regulator N<C
Xbpl,Vamp7,Herpudl
N>C
Vcaml,Sod2,Serpingl,Ptges,Hspa5,Hspala/
Angiopoietin 2,
ANGPT2 Activated | Hspalb,Hsp90aal,Hmox1,Cyba,Cd68
growth factor
N<C
Txnip,Thbs2,Agtrl,Cryab,Collal
N>C
Erb-B2 Receptor Igfbp5,Gap43,Adam19,Hmox1
ERBB4 Tyrosine Kinase 4, Activated | N<C
kinase Wisp2,Vegfd, TIn1,Timp3,Sfrpl,Rasa3,Ptgis,H
bal/Hba2,FbIn2,Egrl,Duspl,Myc,Gjal
SAM Pointed
N>C
Domain Containing
Ucp3
SPDEF ETS Transcription Activated
N<C
Factor, transcription
WAT Vegfb,Fzd8,Dkk3,Ctgf,Collal,Cdh11,Ptprf
regulator
N>C
Spi-1
Sppl,Psmb8,Mrcl,Lyz,Fos,Cybb,Ctss,Adgrel
Proto-oncogene,
SPI1 Activated | ,Actb,Bcl6,C1qgc,Cd68,Ddx21,Hspa8,Klf4
transcription
N<C
regulator
Myc,Foxpl
N>C
Vcaml1,Hmox1,Fdps,Cd36,5100a9
hydroxymethyl-glutaryl
cerivastatin Activated | N<C

coenzyme A inhibitor

F3,Ctgf,Collal,Myc,Netl
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Predicted

Upstream
Tissue Molecule Type Activation Target molecules in the dataset
Regulator
State
N>C
Transforming Hmox1
TGFBR1 | Growth Factor Beta Inhibited | N<C
Receptor 1, kinase Rgs3,ld4,Fmod,Fgf9,Ctgf,Collal,Bmp4,Bhlh
e40,Bgn,Cldn5,Zfp36
N>C
Vcaml,Serpinbl,Pnpla3,Pmp22,igfbp5,Cd68,
Wingless-Type App,Pxylp1,KIf4,Gap43,Adamts4
MMTYV Integration N<C
WNT3A Inhibited
Site Family Member Wisp2,Timp3,Tcf4,Sparc,Sfrp2,Sdc4,Nek6,My
3A, cytokine ¢,Mmd,Mitf,Gadd45g,Fmod,Fhl2,Cyr61,Ctdf,
Collal,Bmp4,Xbpl,Txnip,Rhoa,Eng,Ddit4,Bg
n
N>C
CAMP Responsive Fos,Adk,Cntf,Nedd9,Pde3b,Rgs2,Sp1,Ucpl
CREB Element Binding Inhibited | N<C
WAT Protein Synpo,Prkaa2,Mitf,Gjal,Foxpl,Egrl,Duspl,C
xcl10,Adm,Gabbrl,ler3,Lmo4,Perl,Per2,Star
N>C
Sppl,Rtl-Ec2,Hmox1,Hla-a,Fos,Cyp3a5,Vca
m1,Tfrc,Sod2,SIc2a4,Ptges,Plk2,Hspa9,G0s2
,Fst,Cybb,Cgrefl,Adgrel,App,Cd36,Clu,ltgav
NFkB Nuclear Factor
Inhibited | N<C
(complex) | Kappa B complex

Zfp36,Zc3h12a,Sdc4,Rsad2,Pim3,Nr1d1,Nfkb
ia,Myc,Krt19,lgfbp2,ler3,Fam46a,F3,Egrl,Dm
bt1,Dbp,Cxcl10,Ctgf,Cdh22,Cdc25b,Cbr3,Abc
g1,Cyr61,Fgfl
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Predicted

transcription

regulator

Upstream
Tissue Molecule Type Activation Target molecules in the dataset
Regulator
State
N>C
Vcaml,Ucpl,Sp1l,Sod2,Cyb5a,Cdkn2c,Adipo
r2,Adk,Cavl,Fos,Hspa8,Maf,Plk2
transcription N<C
E2F1 Inhibited
regulator Ybx3,Vegfb,Rrm2,Prkaa2,Pola2,Nrp1,Myc,Krt
14,Egr1,Duspl,Cryab,Ca2,Bnip3,Nfkbia,Bmp
4,Cdc25b,Cited2,Hist2h2aa3/Hist2h2aa4,Inmt
,Zfp36
Coagulation Factor N>C
Il Thrombin Fos,Vcaml,Hmox1
F2R Inhibited
Receptor, g-protein N<C
WAT coupled receptor Rhoa,Gjal,F3,F2r,Egrl,Duspl,Cyr61,Ctgf
Neural Precursor
N>C
Cell Expressed,
Fos,App
NEDD9 Developmentally Inhibited
N<C
Down-Regulated 9,
Txnip,Plac8,Errfil,Ddit4,Bnip3,Bhlhe40,Adm
other
N>C
Signal Transducer
Serpinbl,Hla-dgb1,Stat1,Ccr5
and Activator of
N<C
STAT4 Transcription 4, Inhibited

Sh3glbl,Rgcc,Ramp2,Plac8,Perl,Ndrgl,Myc,
Lpin1,Krt18,KIf9,ltga7,ler3,Hist2h2aa3/Hist2h
2aa4,Gjal,Gcent2,Gadd45g,Errfil,Cxcl10

Only those with the absolute z-scores larger than 2.5 were shown.
Shaded column: predicted to be inhibited in N-group (negative z-score).
*: enzyme genes involved in cholesterol synthesis
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Table 4-8. Amino acid and peptide concentration in the sera

Amino acid, peptide N-group C-group

glycine 2.63+0.091 3.10+0.213
alanine 8.34+0.313 6.38+0.396
Isoleucine 1.133+0.041 1.111+0.048
leucine 1.907+0.063 1.778+0.058
valine 2.43+0.055 2.11+0.046
serine 3.15+0.117 3.27+0.144
threonine 4.08+0.139 3.75+0.156
aspartate 0.440+0.062 0.457+0.098
glutamate 2.22+0.205 2.64+0.275
arginine 2.13+0.121 2.30+0.133
lysine 5.70+0.246 5.31+0.174
histidine 0.727+0.017 0.611+0.020
1-methylhistidine 0.076+0.001 0.087+0.003
3-methylhistidine 0.016+0.001 0.026+0.003
tyrosine 1.076+0.039 0.866+0.062
phenylalanine 0.699+0.017 0.719+0.024
cysteine 0.191+0.025 0.221+0.020
methionine 0.772+0.021 0.688+0.017
anserine 0.062+0.008 0.039+0.016
carnosine 0.248+0.010 0.264+0.015
g-aminobutyric acid 0.005+0.001 0.005+0.001
ethanolamine 0.217+0.019 0.231+0.023
ornithine 0.611+0.020 0.615+0.053

Shaded column: significant difference detected by t-test (n=6, p < 0.05).

Concentration in nmol / 20 pL
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5-1. HRfE

#J 60 FATICELHE AR K o T S RERN, 4 B CIREBEMIC ST
RMEES “BFE” AEST R TS, T, LWL, ZfieER
ELTHARBD—AZENTET, BTLELRD [98A - 21T 728 LRk
RINERRGTH DN, hEEL (T—AV) BAAZ N (HF) RIZLE
RCESBRRDMOTL ML TE T,

AWFETIIFERE LTOAFHOBRESE LT, (1) B LFENLDT T A
H O AR OBAFE, (2) BUSHORKEMIE : PRC NT AL =R LF—
RAORENT. (3) BEREMEH 2D DT F 2 T — X OEBN RO N % Fhis L7,
LU IR E TR 2R~ 5,

(1) ‘b TEE DD D7 F A Fi 0 i FRKIE o B %

INEITHRA TR OERL L THEEHO—DTHY | Ha RN ELRT
Wb, FihZDO—2T, FTHLANFEIAR L, HBEMZH72FTTSICETS
ZLEMTED I D, BHEOME E HE O£ I E RS TR M 2
TWo, Z7AFMDGE, 7T AWK > TH LD R A OJRBKRITIHRE T
HELIZITANONDLR, —FH, 774 PIdiTmeZ< ateizdminay
— &b, TRAXF—OBFEIUC K D LB X 5L JEHONERIp A - & 72
STWNWAHZENDL, ERLIZHMFLIEEI e Y —D7 7 A HO BRI A 5
L. AWFFEoEHER L Lz,

TIAMDOMIEE & E 7 VT OBURIZOWTRET Lo kG S, BTk %2 28
ZDHZETINT U OREE (Fy NU— 7 ) BDRESEBLL, MBS
WNT o F oy NU— 2 RO TR MIEG ENMENWZ E 2B L., 51
TNT v Fy MU — 7 B AT D BRI 72 Gk 1o & LT, L LA
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WG I KO 72 WEEDOIFIEOMAE DY 2~ Lz (IKHAEA) ., 7 7 A RiD
HClX, Z7VvT oy MU —7 FUTHHL LT R 0B L T D, il ks
BIZEENDHKTIE, 7 TAREOEIRMENZ L > THEB L, ZNITX-oTEL
T ZEBR D — AN L B S D, ARIHARAE T, RIS K OMZERRER 3
SN ENHEBINDIMOENR DL 2D FOMBEENMEL ol &
2O, HXTNT B R E LR D EHECRE A O T L TIRRO A
AT 205, IRIMARENI TR D o (LEEIZZE D D RWETHL Y T A 4l & (&S
bIvd,

P DKM A OBRFE DR A > ME, ZNAVT o Fy MU —7 5 TiER<
B EEICT 22 LllhoTe, ZORE, MREHERER L OZEREN/NE
W2 EMBEMINDMENDVR D, S b, #MOLERE (ZE=R) 73
NS, MEE ST BIEIC R DI D, — IS, FOWEEAAT S [=
VTN T xRy VU= OF53 7R E BT 5, — IR SEIX, 7
TUXy NI BETIEH S0, B S L THEERNT A THRED KL
BEERBTHZENTE D,

AW TIE, 7 T A ORI & U TR OM LM LK, =—1
P, ERELEE, U Ui & & TR 2 AT U, B 2o R iE 2 D BE (Fy
FF) AR U7, ARRNEIC XD ARMAREE O K IR STV D,

(2) BIEHIOSREIE . PFC NT v R & = 3)L X — G O kT

B 7 2 A T —RENCIRE O O 2B EREmNEBZZ LN TND, BFT
ba KAE, IR IS Z TE 52, PFC
NT U APRTANF—RETHREICEEG T2 2 énmbnTnd, LavL,

oot

I

DIFE DR « BT =1/ — TS

731 L oL T ORI FENT XD 720,

T ZTH 3 E T, AUSRIORBNR AT 572012, PFC RT » ADE
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v (P=20 IZ[EE, L C:F=65:15, M Bf; C:F=60:20, H #¥; C:F=35:45) 73 E(K
DTN F—RFN G 2 DL 5+ LIV TN Lo, BRI, ITlsF
L OVEM#ERE (WAT - BAT) (2B 2 M7 227 U7 h— AT &24T0, IBE
FlG &L —RFH B 2 A RGRETE R O — s 2 T Uiz, BHENZ &
(2. L #EE M BEROITIEICK T 28I FREICREREITR ORI -7

(Figure 3-2), FREL &S 20% F TiX, FIRICI T 2 = F A2 LA e
WEHIMFTE 5, — . HEE (F=45) T L (M) BHCHANEE RIS K
<HE7p> Tz (Figure 3-2), #talFRlchlitt S V- A8BE R, FER
HCHENG RN B 5 DEGs B2 & TV e HERX LAE L g LT,
JFigF o F U 7o) —L a2 7 a—)Li LUK E5A- L
7o HThe DNA ~ A 7 a7 LA fEHrofE R, FBEHEICEEG T2 serine
dehydratase <° f 21k & A3 % acyl-CoA thioesterase 1 %578 [A A v F
Bia 7 L LTHRHES. M BHEOREEOFEDN, =X —R& L TRAKIEY
MWOIEEEZFHAT 27 OICBEBTFRENAL v TFTLH—=TRA L FTH
HEEZ BN, £1-, At - BEAEHKICEEO L F 2 L—F—L LT,
NEE AR OFEIR T T 5 SREBF-1, -2 X insulin induced gene-1, -2, ¥ Xk
OHRB AT (NFkB 36 KO PPAR « ) F523 R S v, Tl & ME AR Z 35T
THNF—FM  BEOBIRTFREUCRRDIEE L EX 2P LNk
72,

BRU7ZE 51z, BIIEEE 20%fREIZENT, BEENORE~DOT R LF
— B EER T ORANN O T X —= T HRA  FOr[aetE 2 HEE Lz,
A1, 20~45% D ONEE & TOHZE S BUKEV, Tk TOZ < OHFFETIE
7 — ROHZERNTEEEIRNIZE A ETHY . JBE 20% T KLl FT —#
MBS D 2 ERME SN TS, ST RGMAZMA TR, NEafEliE
DRNRDPEE LT/ RBMEN S 5, ARSI EIC N — 2B AW TR
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. PFC NT v AD I 5T, BIJiEH & [R5 ORRE Ry &2 V7= 35/ 72 fig b s
‘,IZ‘E:VG‘E?) %)o

(3) HEREMEIRIDN B DF %0 T — A DEFN R OfEMT

FXU T =A% Ty MG LRI A UG b X OMREEYD 02
B A fENT L7 (4 %), 830% DT F 2 T — A U &G d JRE T XX —HD 26%
ThoHrREE%Z 30 HFEHR L7 N B (noodle #f) Tix, FEOREREZETOR
£ (C B - XIBERE) Ll L, AN Y 77 Ve — MK, FEha L
AT =R Emrole, £, N BHETIIFETO SREBF & 7 L oiE b &
HEfE S CoOmEFES 7 roiER TR IR, N BETRY LT R
VFUUm@EholeT —28F26b8E 5 &, b ldast OER 2 HIRIR
WIVEE VT FLFT Uil oTHIEESATWD ZEnExbhz, N
ORI NVE I Ve ETelElt T 2 /B, F¥E (Va—A4—1%)
BROMMOWE (A —F— FRIGERDE) DEENTEY ., 2 b OKRYE
DR T — TR Z N L TCIRER A A AY VAT EE 2 1= LRI
72,

R IE = R VX — R EHEORNT VR T AL TELD, BRENT
Y Z (PFC AT U R) OENPEERIFRTHD EEZLNTNWD, D20
AEE OUCEI TR a U —, L IIREOBEEIRAREE S TS, [
IRFL . MERELZ 6 U CARIZR By 2 A3 2 i 2 FEmAYIC B IS 5 Z L (1
L0, T WETHAEERHLNCRS>TWDS, 20X 9 REmBEM OB
RELT, =X —HE L ohE - [FER EORING, BFEATUE, ER
i, ISR EE OB E R & OBREMES R STV D, ARIFFED N BEHZE
ENDT I BEREFRHIT LR O ELEN RO T BT AR 6T
S TS, ELIZHFFRHIBEL T, =L F—REHRIE, JIRIER & DOikkE
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MWD EMD, 3T LrULTO AT = X LENTITEBRGEV, E72, BUR T
— FRAIIRERHZ & 0L F— GBI D 2k Ch D 2 L2 |
FHX T = ATEHEENLHRWEDGE 2 L CHMRIZRIT & sz 3 5 ArREdE
HEZHID,

St TRERBUGEZH 5 IGTER Y O Bl - FE, EE 05 XL 5H
FAEM O, S DITITEFEMND 2L < G LAFEORF R LETH D, H
JEEIO> 3 WRBERE (ZEIRFHEIMERE) 13X, TN E THRERFISNTI 2D o7 h,
AR REE L 720 S ORDIBRENBRSND Z LTS D,

DN ETREA U7 B Al I 8 e UL AERTEE S0 1,000 (ERIZO
o TWD, 1958 FFEICH—HFRAMMAFTINTOLEIEICE L £ T, " TR
[CHE A OYRBMZ B, HEEOKKE (R - RE%E) 2@ X 00T e,
WhD 2 AkREE LI LEET T\ D, Ahb . B A J RX—T 3
VAR A MR S OB SR S D, AREFZEIE, PFC /3T v A KL
5 R AMPT 5 L & bic, AR ORER X OSREMFEICRE T 2%
SR E CREAIAATCTEILIZ DO TH D, # 2 B Tiemn LTS &K
W7 T A L, B ORERGERFIC BRIICE IR T 5, £72, 5 4 EONAEIL,
FH T = AUBILOENICE EN 2 WWE OWREMEZ B FRIZEER L 7o 84
WIETH Y . BEBANELR O RICRBLEEDRRBIZTFGTLHLOLEZI LN
5.
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N

5-2. S DOEE

B 22 55D & 2 N TR anid, FIED FHE AL & ik U TORENICR D 28 &
HLEZDMEEND LI, — B AIE NIV TRE N T o 2R M
EERDDIE, EXI A-EXIV C, TRV UL - W EDOIRT
IWRBYRBHEN D722 & BRI (BiR) BXOT7 T A MOGEIXIME (R
BIFIIENOIE) NN &, ET I/ MBAT U ADRTH D, 1 BRORF [I—
V] ELTEMLIAHDICT LD, RERBZDOHANRDLND,
AL OB A, RRERBFZEOF~DOHE Y ABRLA—T ~OFM, £ 7= B
(BRI 1K DRENT  2DUEE GIOGEIZIET I/ BA a7 m k)
BRI E L TEZOND, ZOE, IRINT 2HE O RWMEA~ORESINENZ E
PECOWTHRBET D2LENH D, BYMHED K 5 ITMBRIE & 72 6720
b HLR, —J, MBUZ LV KIET 2 bz oWk, B“EIhbd
MEE I MERD S, BlziE, B4 ClzZva—2efEd SEping e
#3v C (L7 Aa)v e g 2-7vay R) &, B - BT 2 k- 8k
FIZL D - R E =TTV, ZhUE, MBI BW T a7 vavZ—EI
FolkafEsin, v4 1y C & L TmPIcWI S VRN CHfE 2 B35 =
EMHABLNZEIN TS (Taniguchi et al., 2012), TREFFE R 2 it L 72 B
FiL, AR & ZAUTHE D B R RICHE Lie A2 ~OEBEEOHE D D b #fF S
%, World Food Program (WFP) (2L 5 &, #k CHfEXREDER), B4
YA R, I BB -~ T VTSR B E Y 278, 3 vE (MR
FOEARIZ L2 o mMmagEE) | #gh DM OMRRIAE & aER4E) O
RIEDFHICIRA & 72> T Y (Nutrition Service of the World Food Program,
2006) . Z L5 & b U7 BE X AR R O —Bh & 22 0 155,

Qs OMEZ 22 ER] L LTEDDEDITE, Filo X ) e REx
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BROMAICED 1 WEEREM EITNZ . AIRFAEERE & 79 2 Aoy & RN LT
7o7p 3 WKEREZTINT 5 Z L LRI D —>2 L7725, ZHETOWENSL, &
Vo7x )= (WhTxy T hyv 7=y I FrsE), on
TIARE (haT - Vaxr - vrA0) F¥Ey (a—Ad—n (6
4FE) AV FHVT F— b BTHA %) BREMESRT TN (TrkY v -
NIy A URARSNT T RE) et T X 28 (v-7 X EsE (v
-amino butyric acid, GABA) + 77 =V5), T uNAFT 4 T R« T LA S
T4 7 AEOEBBERENHAL NS, ALEEI TS (BaEREME DR
WMEZES, 2008), ZNHEV T AL NELTHATZORRLY, Hizs
HYEOX ¥ V7 & L TESIT CHICEA ST, BMICEENL 6 A Y
BEFBAT2EICED . BEI TR ZRBED vl RE A EREME RN R 2T L & 72
Do

BE, BEOBEERAESEEEL TV, BARIZBTSAD 1 B
D OREEFEEEEIT, B 10.8g. KM 9.2g THY (2016 FFEEMEEE - K
FMA) . THUTRFEIUELE (2015 4) O HEMETH 5 HIE 8.0 g A,
7.0g Kiifiz B> TRY, BHHE1T) 2 EBBEL SR TWS, HAADHES
BIED 60~T0%7%, #Fil - RIGEOFRUE 2 0 & LI LR HES L
TWLHZenb, AFAIEICRNTS, BRMEEZELR S Z L R<BRE1T 9
ZEMRDOHNTVD, ZOFE, HEEIIZTANLNDT-OIZ, SHICHE Y
ZOTOTITZR L R Z T TEREEMIZ (B2 13X 5 FM T 15%) b LT
W ZEBRHEHTHA D, BHEE BRE LT, HWRABYE R R E
ZEN TS, NaCl UM EZEKZ I ZIZ T HEER LT 2T 2% HEIL LICl Th 5
(Murphy et al, 1981) #3, BMEAHDH-ORME L THERIT L Z LiXTak
VWV, Z T, ARG E LT KC MEL R LTWDY, RN H 0 5247
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NaCl fOB 5 L1 EE W, 21 A4 D R7e % NasSOs. CHsCOONa %0 Na
#H . NaCl L3 e B 2%r2 275,

BB BE OB L LT, WA ERE2EEESE 2608 E b5,
HRZ RIROEERITIE S S AHTH o724, II4F epithelial sodium channel
(ENaC) N~v ADHEWEZRIKE L THE &7z (Chandrashekar et al,
2010), ENaC (T ERVET R U U AF v 2O —F T, JRMEPEDFURFOT T
ULz faRICASELBE 2 6o, FERICHAFAEL, ENaC 2Rk L
Te~ U A TIHMRRE DI T DIEZMENME T L72Z ehn, Dt b~vy
ADERSZRIZEGE L TWALZ EIFHALNLTHD, L, DL 2
TR Z&iF7e<, ENaC LIAMC b AR T 500 FOFERRZ STV D,
SHIZ, B MIBWTIE ENaC OFEBREIZERWZ L3 EfM ST, & MZ
B WS EORFOMPANR KO BN TND, b MBI HHERZRK
DER S 4L, 2 OZRRETEML LER AR S E2WERE R A, D
BROVEHETHOHERARCIEK LD Z LRI T THL, 2L 520 F 1L
JU T O R B ICAAL, R TN DRE A % 3t 72 3700 LA S O Al
F o THR 16 BEANDENRBE LA DTZOOMEPMLETH D,

AR D3, RO REMEFERIINAOFHETH VMO TEETH S,
JREHC A EWE N EENTWRND & 2 B E THMN LIERT 2 DA 6T,
e (GRHE - 774 « §olf) FOMLEBRIZIB W TRz R faEEME N E L]
WE S EEZL O LENR D D, BEOMBIITE EMEY ORE, Bk oMt
B2 WA L= "—=DAEREO HIAH Y . AEROIMNTIZ W TINEYIAR
AIRTHD, —FH, MBUT K> T, BIZIEXT 7 VAT I RREEE(LED

(advanced glycation end-products, AGEs) &\ > 7= EW'E (heat-generated

food toxicants, HEATOX) MNAEKT A Z ENHALNER->TETEY (Table
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5-1), HEATOX 23R S 72K 9 M L LREOMENLAEHE Th %,

AGEs 1%, # /37 'H LHE L OMOIFERERIFHLEOE (XA T — FEUS) D%
HIBPE TR T DMERORIT T, BRI OERFETELL X "I H
DOREIER - BERERAME &L OBIENER SN D%, ITFEL < OGN 72 SHEHR
SN TW5 (Ajith and Vinodkumar, 2016; Sharma et al,, 2015), #H#D{b5
HENRHESNTEHEY, FTH Ne -(carboxymethyl) lysine (CML) X° N ¢
-(carboxyethyl) lysine (CEL) 2 EELHERTH Y . FERIF~O BG4 =
N T 5 (Beisswenger, 2014) , £ 7=, AGEs Z & 1A (receptor for AGEs, RAGE)
(3% 7 T 2DV T REMBAERT 232 — RS AETH Y . SRk
b, BEEiR, T2 TV g ~—EFORBICEDD L EZ BN TS (Ajith
and Vinodkumar, 2016), —J. A% RAGE (soluble AGEs, sSRAGE) (X
HEH TR TE, RAGE OBREA M2 w2 d 0 . migH o sRAGE 7
Enmuv e EBREE, SiE, AZRY vy 7 Re—a Bk, 7Y
INA—IRD Y A7 PMEL 725 LR B STV D (Geroldi et al, 2006)
BiP DAL T — FRISERD T Ommt b e mEnNIicERm L, Eiko X9
PRIEIR OEITICHEBRCB 5T 2 BN OV THER T2 AHTH Y, 4
BAEMICHERT SN D BERDH D,

Fox P HEERT 2 2HoHIciE, HEATOX @ X 5 IZBECH bz & oo
b DIEFEWE LS, g, mtE. BRI ORI 2 W E DAFAET D WREMED
b5, MLEDEWEMOENERTEHEITIT, Z6I26 LTERDY LTTRIK
itk COMEN RO BN D, BRI, FHHEHE RO SR 2 an L,
B RBIZ LA HBENICHT 5 hX v 25 ) I 7 A (toxicogenomics) D
F OB AT, RO FIEE DA M2 T LIS 2 HF OB A SLET
bHEBZEZDLND, IHIZ, RTOMNIK L TCRERAFEERM L 2Rt 57
DOIZIE, NET VLR —EBEDTODIRT L7 A, vV 7 v 7 REEH

- 111 -



DT NT 7Y —BEOBRLEEND,

INERICEEND I NT U B LOBICET 2880, SAhisxEHEL 8o
TL b, hNEOLOMIEEIZ, X RXT-ED 80%ELHODL TV TV TN
ZUDBEREND IAT AL D E ZANRKEN, AT AINEROF
IZAFERE T, NEIZKEMZTENRSD Z LI K> THID TR SN S &0
BEAERTH D, 7 VT AAEEOSFEIT 1,000,000 (26 kSE5F T 7
VT7oy, FNT=00 3~5 OV Ta=y bbb, BRVWINEZ T ED
W Dh T, VTV AT =0T =y MNElLEBRER T A2 EE R
(RN RIC IR > T&E ey, VANT 4 FfEEIE. ZVT =001 Tl
TG EER L, B TEOEGERZIEH L T, B >KRERIP T =y

N R 5 (Anjum et al, 2007), L2xL72N 6, VAT 4 RFEETIET T
TNT OREME, AT S 2 SITEERH Y . DAL T 4 REER LSO
fa (BUKRES. KFHES) FOFELEMINTE, 2001 Fi2iF, Frv
UG T D RERENFET S 2 b E S (Tilley et al, 2001) 73,
TNT DT LIV TORIIL, TOBEMEI NS EFFIIZIEIE > T
RN,

INERYRLEL DRI A R T BRI FRRE SRS L SR LTV D
FVFHVRHE T 2 RSP R M T, OIS TRICH W T b BB O )
LHLEHHETHY, 7InrI7 TV TTT 2RI T UV TTTITES
T RUOTFRRFENIIE S D, TIPS A . kS (Z7 0T A
W) EATT oA b A U EEEN G, AR (B 2 ) BV THW
AEAEFPMEEIC L > THL NI SN S HHRT. B E OXISBERE H 5
EEz2 B, FTIR IC X5 HABOMIT HIE TR, Bl OEEREIZT TR 54
iz AL LRI 5 2 & 2Nk 5, MBI s mc B L <k, Fam (1
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) ICBWTHBRZL IS, TV T Vv - AT = U BRI X Dot L |
WA L DKL - RS ORGEHAGHE T, MO0 2 RiEEx
T3 2 Z IC k- T 3 RockEz PRI 24571 (B G. 2014) X0, Mizd
B AT - TR L 7%, 2 PR s EBAERIC L > TENE TO 2 )7
MOWEEZRE LDHZET, LYIRFPAD 3 ookt x altib+ 2 ik (b
JIL - BAFE, 2016) DR FESL SO DB D, S, I T T L0 LL
TOfEHT, J1FRY - MERFRIRIT O Z 038 LWEIR 20 A, | o
) b & BGERFR IS BT 2 RICHF ST 2 2 EnEENRD,

FNEANRIFR R 2 S R SEL e aBExDHE . TOEOEUERRRER, &
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ATV Er— RN L, T O R 7oA ) Er—L oL 2T r—/L3 L UO¥AEY
B L5 L7z, BTl DNA ~ A 7 a7 LA fitr 24T o702 & 2 A L - HBEF T 436 Bis 28
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FEHEE LIz BB LA 206, FHKT 230), 209 H, L - MBH TIERIANLED 5,
M #f - H B CTE(L LTz 376 BIa %, Bl Ay bro—MrofER, F& L TRIBEE K
RV =BT 47V ARIHTHLOTHY, H HTI VAT m—/b - AIHRRE MR L7
LR ENTZ, £, LoM-H BETORBZEAER TR, #8 MBETHRIK) &
DU (M BEClem) &R oclin Tt (AA v F8IEF) & LT, #EFAEICE ST % serine
dehydratase <° 8 li&{l. &2 AIZHI4H9 5 acyl-CoA thioesterase 1 RN A &N/, ZDZ &b,
M HEOBEEOAIER, =R F—HE L TRAKEDD BIRE 2R T 5 72 OB sFH B A
AT THE—=VIHRA L N ThDHEBER LI,

SO N T A7 )7 b= L RED | RIS O fth oo — oL — B & & o

O NHHEANEHS 2 D ZEfRITT 25 BB T, AEfEERk S L O IR IC VT [FERIC

figtr U, NEEACHEER B2 H BECRRENICERBUR T L2 Z L2 6N L, BIsFAH)
D EFRLF 2 L —Z —fENT (Ingenuity Pathways Analysis, IPA) #{T-o7=2¢ 24, B - B
eI B L ¥ 2 L—F— L LT, IREAEAKOMEKR - TH 5 sterol regulatory
element-binding transcription factor 1 8 X' 2 (SREBF-1, -2) X° insulin induced gene 1 ¥
L2, BERT (PPAR«) ERAH ST,

ok oz, RETIEZ, REFD CF (A, FlEE BT, =3 r¥F —&H - BE)
DR FRBUCER LB B2 -2 L 260 LT,

AT, WA ITRM BRI Z LML L TR 2 O Tl le < | BRIE OBV Ak
Wb Ebic TRE] ELTERLTWD, L0 0boT, BRFICEENDIZL OWRWERLAA
Z— NEUSERD D B DRGENC ED K 5 10 B%h 5.2 5 DFh EfEF S Tn7gun, £ 2T,
B4 BT, AFERTLIRLOE L LT (FXr7—2A0) 27y Mo&E LRI
AU DA LR K OMRHTPEY O BB 2 f#T LT=, 30%DF X T — A v &EdHh, RE= RV
F—Ld 26% Th 5 REEA 30 HEER L7 N B (noodle #f) Tix, RIEOKRERL GRS
(CRE - SRR LEbBEL, AFIE R 727 U e n—AMEL , R a L AT 0 —L8Eho
72 BUR FE— F AR, IR X OB @iEifkcBI s h T o227 U 7 h— At 217 - 7=
L2 A, HIETEH—FEAZRIZBWT thyroid stimulating hormone (FURRARHIEEALE L) -
B EET 9 FEHOMRESRTF RORBL S — U NEI2 5Tz,

RIVE N X D RO MEHHE AL = > T D e R S =2 LB TPA YV 7 b
U = TICHER S T 2 FHEY — v & IV TS X OV GBI OB AS R BLE I3 5
b Bty FoMt 21T o7z, TOME. REBIOa VAT v — AR R 2
SREBF-1 35 L OV SREBF-2 78 N B C LR J 2 a[getEr S vz, 72, BEIEVHERICBT 5
MEFES 7T VR NEETLHEL TWDL Z ERTRINT,

PR K OMHER B /) 7 D3 BN Z — 28 BERICHRAR D Z L AVRIE SN2 DT, NS
ROEACERFET B2 OICRTORIBEMERNVEY (BT a—AT ) ZRE LE, BT
T RUF U R NBETENTZ &b, IThEE X OO RS FRRESLVE &
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LT RUFJrEicloTHIfISNTWD Z EREX Lz, N BOREZIZI VY I VL
DLeWEHET X R, BHEE (g — A —VE) BIOMOME (X —TF — RRISERDE) 2
BENTND, 2O OWWENHIR TE— T RIAREZNT L TIRER AT A Z v AT EE 5 2
T2 ENRBEE T,

LED XS IZ, A#FIEIE. PFC N7 v AZAITHE S (AL ORI O 2 7e &3, B4l oo Y
5B L ORENMEIZEET 2 FERIVIBIE CTHAAATEMLIZbD TH D, F 2 ETHRRL
TR B OIRNT T A JlE, HEF ORI BARICERT 5, £72. B4 EZORNEIT
R A3 J OV AU S E 402 W ORSREN:E 2 BHAH9IZRER L 7= 5 ﬁﬁi&m'ﬁmﬂ%ﬁh
ROWCRMEEDREO B LD T ERMGFEND,
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