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KX THWEKEZUTICEED R,

ACE
Acly
AGEs

AST
AUC

CAT
CpT

Cyp7al

Cypl7al

Cypb51

DBP
DEPC
dNTP
DTNB
DTIT

EDTA
ENaC

FAS
FAB/MS

angiotensin I —converting enzyme (7 > ¥4 5> 7> | BHEER)

gene symbol of ATP citrate lyase (ATP & kL — b 7~ DEBREF >HI))
advanced glycation endproducts (FE{LRAKEY)

protein kinase B (7 051 > FF+—+ B)

alanine amino transferase (P 5 =73 J b S A7 = 5—T)

gene symbol of angiopoietin-like 4 (7 > VA RITF 5 NNV E 4 DERV >
)

aspartate amino transferase (7 A/NNTF¥ L B7I ) S5 A 725 —F)

area under the curve (R FEE)

catalase (1 ¥ 5 —¥)

carnitine palmitoyl transferase (J)V=F /NI I bWV IS A7 2 5—F)
gene symbol of cytochrome P450, family 7, subfamily a, polypeptide 1 (3 b %
O—LAP450, 773 U—7, ¥72Zy ba, RYRTFR1OERTI R
gene symbol of cytochrome P450, family 17, subfamily a, polypeptide 1 (3 b
/0—LP450, 77 3 —17, 72Ty ba, RUXTF R 1 OBETI IR
V)

gene symbol of cytochrome P450, subfamily 51 (3 + 27 O0—/A P450, Y77 7
2 Y—51 OBETFT ORI

diastolic blood pressure (L3R H7 1 )

dietyl pyrocarbonate (Z TF)LE O N —KRZ— )

2'-deoxyribonuclecside 5'-triphosphate (F4 ¥ X7 LA R 3 U U E)
dithio bis -2- nitorobenzoic acid (2-= s D& BEE)

dithiothreitol (FF kL h—J1)

ethylenediaminetetraacetic acid (LF L > 27 X > IHEEE)

epithelial Nat* channel (L& G MU D AF ¥ 2

fatty acid synthase (JEIEE S B R

fast Atom Bombardment Mass Spectrometry (GERETFEHELE BESITER)



Faftl

FFA

Foxol

Gck
GK rat
GLK
GLUT4
G6Pase

Gépc

G6PD

GPDH

GPx
GSH
GSSG

HbAlc
HEPES

HDL-C
H20:
HPLC
Hnf4o
HSL

LC/MS

LDL-C
LPL

gene symbol of farnesyl disphosphate farnesyl transferase 1 (7 7 )L %)l 2
UIEBT 7 VEIV R T PR T 25— 1 DRETFY R

free fatty acid (GEEEIEIFES)

gene symbol of forkhead box 01 (7 4 =7 A\ v F&E HFOERET T >HI)

gene symbol of glucokinase (7)) AF F—HEDEEF > HI))
Goto-Kakizaki rat (BREE-fhiE = v 1)

giucokinase (FaFih—+)

glucose transpoter 4 (7 )V 3 — A% EH 4 &)

glucose-6-phosphatase (7)bﬁ—x-6-7 A7y F—E)

gene symbol of glucose-6-phosphatase (/' )V I—X-6-7 4 A7z —h7Fk RO
FF—EDRET R

glucose-6-phosphate dehydrogenase (7' )V 1—Z-6-7 4 X7 z— h5F b K0
7F—E)

glycerol-3-phosphate dehydrogenase (Ut O—J)l3 7+ A7 xz—hFt RO
¥ —+t)

glutathione peroxidase (F V¥ F7 2 R FF 5 —F)

reduced glutathione GETLEI S N5 F7F )

oxide glutathione (B{LHEI S )V & F4 )

hemoglobin Aic (NTZRE 2 Ar)

4- (2-hydroxyethyl) - 1-piperazineethanesulfonic acid (4- (2-& FOF > TF))
Sl-ERSTDIIANT F V)

high density lipoprotein cholesterol (BFE ) RY NI 2V AF0-)))
hydrogen peroxide GEER{L/AE)

high Performance Liquid Chromatography (BEREI O M 57 4 —)
hepatocyte nuclear factor 4o (FFHIfERZEF 4a DEETF S > HIV)

hormone sensitive lipase (7)VE 2 BZEY /X—7T)

liquid chromatography electrospray ionization / mass spectrometric (&7
0w T 7EESINER)
low density lipoprotein cholesterol (EBE YR > /X7 2L X7 0—)))

lipoprotein lipase () R 7051 > U )X—)



MeCN
MeOH

NA
NMR

OGTT
8-OHdG

Pdk4

Pfkbl

6PGD

PL
PI3K

PI (3,4,5)P3

Pten

SBP
SHR

TBARS
T-Chol
TG
TFA
TNF-a
TRG

acetonitrile (FZ = MU J)
methanol (A% ./ —))

nicotinic acid (=3 F &)

nuclear magnetic resonance (REKFLR)

oral glucose tolerance test (&1 27)L J3— AT EFER)

8-hydroxydeoxyguanosine (8-t ROZF 77 )32

pyroglutamic acid (¥ 07 V% X )

gene symbol of pyruvate dehydrogenase kinase isozyme 4 (EJVR— k5 R
Oy F—EFF—ET71 VA L 4 DB REFT ORI

gene symbol of 6-phosphofructo-2-kinaze/ fructose-2,6-biphosphatase (6-7 %
A7 7NT b-2-FF—EITNY b—R-2,6-E T+ AT 75 —EDEEBETY
>Ry

6-phosphogluconate dehydrogenase (6-7# A 7% 7 2F— hFE RndF
—¥)

phospholipid (U > F8&)

phosphoinositide 3-kinase (K AHK-T / ¥ F R 3-FF—F)
phosphatidylinositol (3,4,5) trisphosphate (74 A7 ¥ FZIVA /2 b—)b
(3,4,5) 3 ) V&)

phosphatase and tensin homolog (74 A7 7 ¥ —X & T >3
BF BRIV

COMRIERDE
systolic blood pressure (IUHEHA M)
spontaneously hypertensive rat (FGILEBRARE T Y b)

thiobarbituric acid reactive substances (4 /)L W — )L K iS4

total cholesterol (& 1 |- 2 7 0—J1)

triglyceride (h VY 77U U K)

trifluoroacetic acid (~ 1) 7 )L A OEFEE)
tumor necrosis factor-a (BEEEIER Fo)

trigonelline (F V) TR 2)



1.1 APROER
Bhm@ENSRRIN: THR 18 F EREBE - REFEOME) 2XdL. T8
MAEREAFE] 1 E 3970 A A, TIEFEELER] 13K 15620 TAT, G595 EH
5490 FATH U, EEEEROLRNTIEIRDEEOEVWHER THS. —FH T, SiLE
S EREECHEREER CEEQOMERBEOROB BEERERKF L0,
2008 fF 4 AKX DS N ERD - BERBEREOEAI T N THDIAZRY
v RO—ADOBREFEL THhEIMEIEERBREREE L L>TNS, 20
L2, HDAERBWYTERIER. MNEREOEZENZERAMEEL L TEETDH
D, MATHERRK. BEERBRREARNERELSERRBEEZAL T, HMENICHOL
MEREREICG> TS, BIER, FIIEEZFEROPLELT, TOEEND
BEIZBNWTKRERRETH S, THIHEDET, 40~7T4 % TO [HIMEERFEH]
DR TEYRIEEZIT TS NTERB EHRE SN, ZANEMEEELNNETH S
2, MEZBEEMEICTSIETHEMMERINASENTES,
KBERFADELEML TS, TRIFER 19 FE ERERE - REFREEROB
BeEli—HThs,

Tk 9 £ TRk 14 4 TRk 19 £
MHERE R < Febil s Al #1690 5 A #1740 B A #1890 T A
MRS DRIREHEN B E TER VAL #1680 T A #1880 A A #1320 5 A
MERFAR< BN B Al & TERR
) #1370 A A #1620 A A #2210 A A
DR[EEENBE TER VAL

(FBk 19 FFEIRMEER - SREAEHEROMELD)
AL 19 FE T, BRFENES EOND AR 890 T A, WREENEETERVWAZ

BHOEDLER 2210 T A EHFT SN TS, —7 10 FRIDOER 9 FEOFE TIIHER




FER < BONTZADKI 690 T, AJREEZBETERVWALEDOES LN 13T0 A
THho/lzleeEZ DL, 10FMIDBEERITHEML TH D,

IO LEERTONERICEFEDOEZRE BB SEZH D, TOUNGRDOT—F
ERVZABDEASERARSIFEOMKICLWEM 2 BERNICERTREZETE.
BrRICEREMBBEELRVW] EVWOEBRFFEOEAEHEICLETETHS. HEORE
TRUOFLHETFH S L IIHET S Z ENHENIE, 7B A DD TRRNWES

DM

1.2 AHEOEM
R TOEMET 2 DHB, OEDIR, BERBEOFNSTY U FFTF VIR

=

A
B¢% (ACE) HEEESEVWDHOZAI ) -2 T 95ETHD. HERTORNZLD

PN
D7 2 EVESEFEM OB EICB T 5 EENEE i EEEE DR, Ubifbiéifu’é?‘fﬁ
FOTHICENTHS EHFTES,

CEIMESFIEEEEROTTH LD 5EENE WD, ACE OBEZ2HET

AV =227 OfER. BERIZEHW ACE HEEEN#RSNZOT, S5
DWW TH O ZREKRT 2 BN THRRFRITER L TRN 2175 2,

1.3 BMERS OEEEDIHSE

SREERICAWZEML, BillEZ20H T2 ACE BEFEEERIELZEIA, &L
2R LS 5 R —< &L bDTHD.

EADOEOERIIE <. KX 104 (1541 F) ITRDITESE L7zR)V AV, K
BORKZBH RO TEOEREZE > ZONAATORNE TN TN D, BRIEY
DRTHO, HERNDAHHEOZ WAANEE 2 &, HRAHR < IZ<IEL L2 mED
EHE20D 2 BRH0, BEOFTIE, boEbT U ICEATNSEDIT, ﬁDU
—FEELTHAEINS 2L HS, 2OT T OEENERO R EEZEZERNRDD.
FUTUEBNENHDEFEERERINENDNTVWDS (1) « RAELTIE, phosF



UL EEND (700~3900 mg/AI & ER 100 g) 1, Ca (15~20 mg/100 g) . Mg (15~25
mg/100 g) . K (400~450 mg/100 g) MZNWDOHEBEMTH5(2) . THXBICHNZE
RLZBFBEAARBHTHEEAINTNT, RELZEND EHEIZMD SN EDRENSD
B0 BN TN,

BEMORENRS &L TORHOT L, HBIERCBOFHDREFT S &M
WEZINTNWD (8-5) . phnT 2L <BHITSETIIM. #E. fiE. =58,
IR EDBBEMENEINTND 6) » FEBOEICBWTHRENHSDy-7 I/
BEE(GABA) BEIZEENTWAH (7) . ZOMERTERIEZ. R DOZRMMRER
DOILEDOHHFNI LD DD EHRINTND 8) o 1 BERFICBWTHEAFDY /XY
BERVT YIS REMBEA AV LRV EETFZEVNIHRE 9 ©
pumpkin-seed oil 2VLERE FER (10) . BEETER (11) 2HEIT5L0WO MEDDH
%, LML, 2BERFIZBITDHRISOVTERENH SN2,

FHEOHBIOODEDEEWACE HEEEZE I 2HXEANT I ETHSA, &
MO ACE FHEERIZ DOV TR INETIZEEHE S OMELUN R 510720 BR»N 5 ACE
EYEERRLEEIA, FRBSELTZIAFTFI ONEEE - FAEIN/z. &Y
B9 TIZTEOANL POHBE, K. NV EDULSDIMER TEAYE & U THEEE
FAZEENTNS (12-16) .

FZaF BN IRY 2, ZFLTEOQIZNVSY R VBROTERBERIZDOWVT,
AR WE T 2V, ZaF VBIENERMEES U THKRTHOERA SN TWS, £0
ERBFICEZRARENZ N REDE A IAF UBRICEFBTOa L ZA570—)V
EHROMHFHCHEREHONTMOREEANEBOVEDELTEALNTWVD
(17,18) o« £ IN5OHFRIEEEYRF >N aVAT0—)VMEz LREE (19) .
SIEMEDTRHIZED THD, BEHREGETIIA A CEZHRIEDEOHREDDS
(20) o =7, PUOXRY VISRBAEEEUEIER (21,22) CHIEER 23) 0HLH T L
ENHEINTNS, NUIRY IOV TIEHI—E—IZHFENTWSA, 2008 4
IHERIRY U A DFEREHREEEZ I - —PNWEL. ZOFIRIN N TR 2T



BB AR AR S (24) o« Lo LIERIRF S S0 WTHEIC R =% > DR
HROBRFHIAZNTIAV, ZaFSBE M) TR ATEEENLTED . AF))
BEETIAMBEATDRTRERE> TS, I—b—TIFKRIZID N TRY > D—
HRZaAF BANEBLTEZEDMENTVWSER 25) . 1V AY¥ > hd—k—2 ¢
Wi, MU ORY 2 5~15mg. ZOFEN0.2~12mg BENTNDEEDHEHH S
@26) . —H. AMETHZIFUBIMERTER NI AF)L-2-BU K25 HLRFTI
K (NMPC) & NL-AFIN=OF L7 I ReERE Nk an 5% —miz b)) d%Y
JICEWINDERESINTNS (27-30) . BLSIEE FRAT v MZBiTS NMPC
OHEEE ) TR > OERBIEIC DN TREL, TERTS R T30 SARHI
PN B &, EEoOF VB RUTRY L ERESTHE NMPC, RYUdRY >
OHEMEINENT DI EE2RELZ (30-32) « ZNHDIENS, ZIFBENY
XY DEL SNEOPAEEODOMKERKROB S EZ5THD, LA LBHDE
WERLEF—#3475< . in vitro o BT BKES Uh)L (OHY) . —BLEESY
J1)b (NO-) 1,1-971:)1/-2-57‘) IWERSDNVS PRI OPPH:) ITRHT2ID
FOVEEREOHEETIE. R TR DA IF B ED bENERIESN TS
33) .

EO VI P BIEINE I VBOANREINEET I ) ENDTFRRERIEE
BILT, 5755 GIVEFVNERET I ) EDHFRICBOTHAGS L. BER
HLIALEMORI) BBEOT I B THB, COTI JBIL. ey RIETH
SNTHD. REMSI TV B E LTI, MRS (34) . fBS. Hiks
e (35) BTSN TS, Lo Las s e OlRAREERCIEE RS DEEIC
Bd 2®mEIT /I N Tz,

ZDED TN ETOWRE DAL BV TH S DTS N BIL RS 1B D H5
A5, RO ME EFHEIER . BRBOTTEFEER. 3510325 IKEb 3R
DR EERBFOBRPIEFEDEROTFHICFSTEANKENEEL, 1.4 THEN

5—EDOWMEEITo /=,



1.4 FOURERL

FHRIITO 9 ENSERIN, wWNEBEINTVWD,

FTIE [FH TR KFRZTORESEER, BAEOWR. BB I UG THER
IDWTRR L 7z,

552 F P30 ACE HEFEHRE] TREBRAHAICOIES HFiERTFEDHMN S &M
FEOLFIHEICENZbOZRNT I EE2HNEL. N5 in vitrolZHBT5 ACER
EEEERE L.

553 % MAOFMERE FMERRS TIHE2ETEHEWN ACE BEFER2HFD 2 &8
Bl 5 M2 72 T FINBHEMIC DWW T, ZORERS AR IMEEAFES v b (SHR) O

WRITTRE, isJ:U‘ﬁEWJE'J&:h‘b‘f:%—é@?«ﬁ%@iﬁ&mL:Dmﬂﬁ%ﬂbto IHIZ
WEFRE SN MEIRITTEEICDONT, MEREL NVAOEELSHOETSHR &
RAWTHEH L.

5 4 IR S MERE TIERAMEORR - Bl - RE£fTo 7.

55 5 B TIIRNRIEY ORERIE O TTE IZK T 2 MEHER OB EIZ DWW T, JERBHERER
JAET ). Goto-Kakizaki (GK) T v b EHWTHRE L. |
2 6 HIIRMD SHERBOTEICH T 5MEME GRERFIERYE) OFRE - B

HE - M ZfTo 7z,

57 ETIE 6 STHEE - MESNAZIF 8 NA) . bR > (TRG) 12D
WOHERIAE OTUEMBIER GUBEREZIR) 2IERE 5 v MO 2 MERRET
WELTDGK Iv b, £EEHEERBETINTHS KK-AYTUXERNTRFNZIT
7%, |

%8 BETHEMICREINZEOIIVY IV E (P) OFFERBEZIR & OIERERE

IZDWTEE 7TEEFEMRIC Wistar v b.GK v M KK-A"IY T A ZBWTHRE L/,

EOE [RE TR, FRXORBEREL TEREMA T,



28 B¥O ACE HEENRE

2.1 #3

ACEW., Voo -T2 PF T RIEBWTARERER T > PF T2 1D CK
WO His-Lew ZYMFL . MWL S ORVIE FREREET BT > Id 5>
SMEAU SR, ELFRIEH Y2 LA > — %= S R BOTHER MR &4
TETIDFUENBIIBEOARERERTHS (BH Fig.2-1-1) . 2O ACE Off)
EEMET S LIk OB IE RN <EIETES,

2 THEERT BEADSVELORM S, £FEE ACE HEEE2ET 25
EDAY Y= %{To/-. ACE BEEEZLDERETHZIITUINRI T
TV VIEIER & L TZMAuS 55 (36,37) « ACE BTG &4 L fEK FIE
FERTRAEIE < BENENTNEN (3841) . T OFEH OB WTEEERTS
CREELEDOTHOALZST., BEREZERT 2 ETHHRNEEZ SND,

2.2 EBHE .

FANTHZ, FZ, OV, b b, =5, BREHRS EER Lz, AR%50g
IZAREK 200 g 23U THREDF A AL, mOLSEE (900 X g, 30 min, FiR) 0D
EERREYINELE, ROF4 Ta2 b né)ba ULTACE [HEEZESTHD A
TRTUN (B0nM) EFERLZ,

ACE MZ##13 Cushman& Cheung (42) OZEHETHIE L7z, HIEY > 7 15
12125 mM R #/Ny 7 7 — (pH 8.3, 608 mM NaCl&d) ICIEMNL=HE (7.6 mM
Hippuryl-L-histidyl-L-leucine) 125 pl 0%, 5 5 37C TR L7z, RN THRUE
INY T 7 —IZEMRE L7 60 mM O ACE 7 50 pwl ZiRML . 37°CT 30 731 > Fa—
bU7z. RISE 1IN HC1 125 pl Z2iA TEIEL. TOREE: TF)V 750 ul ZinZ 4
RLUEBREBEERE OB L2, RO (900 X g, 10 min, 15C) TLiEDOHEE T
FIVEZ 250 pl FRELL . ZRICFHE L%, RE/K 1 mlNZ TER L THRE 2 5%



L. 228 nm TIEIE (UV-1200 SHIMADSU) ##iE L7z, HEY > 7IVIZ 228 nm
DORINERTIEEMNEZENLBEOHBIEEEEL. TORIMEILKD HCl 2k
MU CRRRICLE LG oNBIEEET 520 & LT,

FRER 3EAEEL THLNSEOFEHESEM &L TRLZ,

2.3 HR-BR
EIEZER. BN THHEERLOTWHREOEBRICL > THET S E2HNE
LT, BEREED in vitro T BV % ACE BEEHIC DOV TR 217572,
TR0 gIZDONTHADE, TANTHAERRIZ 89.03%., 83.07% L E W\ ACE [H
FBEEDNDLENS Mo (Fig2-1-2) o TANTHARERLDOTMIEHEETH
o728, 50 g DEWMZEEZ S EXVBENOAENES EEZ, AR TEEICEMNIE
HL. zOSMEER G TER) KOWThRFEED,
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Renin-Angiotensin System Kinin - Kallikrein System

Angiotensinogen Kininogen
<4— Renin . Kaliikrein ————>»
Angiotensin 1 ' Bradykinin

(Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu) (Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg)
- Vasodilatation action

Angiotensin T -
<: Converting :|J>
Enzyme(ACE)
A\ v
Angiotensin 11 Inactivated Peptide

(Asp-Arg-Val-Tyr-lle-His-Pro-Phe) (Arg-Pro-Pro-Gly-Phe + Ser-Pro + Phe-Arg)
Vasoconstriction action

Fig.2-1-1  Action mechanism of the angiotensin I converting enzyme.

100

~
(6]

25 ¢

ACE inhibitory activity (%)
(€)]
o

Q(\\ g\)"o \@0‘ \Qﬂ

X0
?/ggﬂ) ce °

< o

o
\ ° \)((\Q

Fig.2-1-2 ACE inhibitory activities of vegetables.
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$3%E wWAORIMmER FMERBRN
18 BEEREOR

3.1.1 #s
FoBIIPBVWTHAMOBTELDHEW ACE HEZEEZ2RLULZOT, AETIEH
Y BTAENERETEROBFEIZDOWTRN L,

3.1.2 EEHk

YNVt BRENORBIN-ENEBEDEER L. K. BF. U
EHRWEmNEREIC 2 FEBOKEMAZ, X301 5 — (miaH) TR—Z MRIC
Lie#g, A7) a—FAUF—THE> 7z, #HEE 99C. 10 HRMELE 2T, B

JETMBUZTRMEL 150 AvaDAMLF—TABLEZLOZENERMELTZ,
m/R 600 g (brix 6%) M 5 iBHEY) 100 g (brix 36%) 7315 517z, mMIEMREY DR
100 gH., /K4 383¢g. F/NUHE 12 g, IFE 0.6 g. KLY 50.2 g, K73 4.2gTH
27,

AEMEEMEETIELTO SHRAzm (H4 SLC 9 ARG A {KE 220-250 g) 15
LEAWTHRBHEYOERKBREEREZTo>/z, MEREIIER 22+2C BE
40~60% BHREEHA 12 FERH (B 6 : 00-18 : 00) & L. @EW'M?—?T—:/“T“@%%
To/z. KIZEHERELZ. Ty MIGEHILE (SBP) OFHENEL /25X D
124 BICHT. HREREY 0. 6.25. 12.5, 25.0 mg (0.5% HIVARZ IV AF L)L -
O—X (CMC) 1 mliZIEfF) Z2R0O#%E5 L (0 mgH5H#HIdn=3, MBEHIIn=4) .
M. 10 K OMA%, HEHER Oh) t#H5#% 2. 4. 6. SEMICHIEE L
it EFIE IR ettty 7 h o B oS BB ERELLE BP-98A 2,

Tail cuff IKIZK D707z, T v MIMERIZERNIZ 37°CTH 10 /MO FHEER L. ME
I3EFEL T3 EHIEL 2, BIEEE 3 BOFEES L TGRL, HFHLEITIE—Th&E
DB (ANOVA) % vy, B EKEEIL p<0.05 & L7z,

12



3.1.3 #ER - BE

FB2ETOAZY—Z7IZBNT, @\ ACE HEERZRLUZRAD in vivoll
B BIMERETERERTT 2720.4 DOBEICHEL 2T TNV ORREREZTN
TR ERFT L2,

TOMRE., BRBHGEMERS Ladho/2# Omg) KBNT CMC B#EBRELREE
WA SN2 T2 A8, 6.25 me, 12.5 mg. 25 mg BETIIIRE 2 REIBICEBIETF L,
4 IR TIL 6.25 mg BEAMMEK TN, 12.5 mg. 25 mg BONFERETFE2RLZ. 6.
8 FZICIIBMICERAE s o7z (Fig. 3-1) » ERIGEHMmMEICBNWTHRU
KO ICREKGFEICIEDK FAR 5Nz,

EAIZIEAY A K) BEEXEENTED, KDF MDA (Na) BHRIIHEIC
KBRPAD Na HEMEMNTMERE FMERDE SN2 TREERS 5, LML K OBRE
I AE D MERE FIZDWTIRE < DERERFEICB W TERE SN TV S BEDAN
5ETRMARORED K ZBRLATNE RSN &, £RmERTOREMENT
ENG (43) . AETHWETRBEDRN KICKSAiERR/NENnEEZ 5N,

13



SBP (mmHg)

—e—0mg

+6.25mg

180 r —=12.5mg
—=—25.0mg

160 |

140 -

120 +

100

—

0 2 4 6 8 (h)

Fig.3-1 Changes in systolic blood pressure after oral administration
of pumpkin paste concentrate. Means with different letters differ
significantly (p <0.05).
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EIE E28 KD SHR ITHBITBHED LB

3.2.1 #®E

AEE 1 HICLVENBEDNITEE TS &, R RITBERENTHI L
PSRN E N, TITHAH TREAEREYZ SBP OREICEDW TR, R
TLEYOME & MERETERE OREEIZ DWW TR Lz,

E b T, SBP 2" 140 mmHg B b, #R3RHIME (DBP) %% 90 mmHg M B3 I E
EEINTVWS, SEITHIMEOH TS SBP % 3 EREIC/HT. 140~159 mmHg OEE
SIfE, 160~179 mmHg OFEESIME,. 180 mmHg U EOEESMEE L T3,
KETH ZOHNEERA L. SHR ZHAR SBP IZEDWT 4 BREIIHT. ThETh
IZBWTrRLREY O MmERE FMER ORI RISDOWTHRE L 72,

3.2.2 ZEBRFIE

SHR/Izm (9 BSF X {KE 220~250 g) 15 VL% AW TR /REREY ORI T2
ROBEVWEZHREREICE > TRE L. v hORAFRE L MEAEEL 3.1.2 &
BlciTolz. 859> 7, FREHEY 12.5 mg % 0.5%CMC 1 ml IZH88 L TIRL
L7z, 8. 10 BREMEERAIEL/ SBP #b &1 4 # (E#E ( ~139 mmHg)
(0=3) . WIEH (140~159) (n=4) . HZEEH (160~179) (n=4) . FIEH (180~)
(=4)) AT TERALZ, Y7 oRO%EGE 2, 4. 6 BEICIMEZRE Lz,

BERITPBUTDEERT O K &85 2. 4 HDNIT 6 BRI EDEDILEIL t BEIC
Ko TV, FRERMICBILHM OB BEEE—TEES BHH (ANOVA) ZfEH
U. B8P EL T Fisher'sPLSD 2 W THRE L7z, B EKER p<0.05 & L7z,

3.2.3 fER - BE
HIERIC T, BB in vivo ICBWTHIER TEREZE T2 ZENHE M ERo
Tz AHEITIE 10 Bl &% 7 v b O SBP 2H;IE L. T DOEICE D W TIEH B, BIEH,
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HPEES, EREBO 4 BIIHT. TNTNORICHENBEY OERERS 217\, Sl
JEAEIR &RV & OBIEIC D W THRF 21T o 7z,

RN B & 5 a MENEFEEICH 58 TR ERMICI 2 EDOKRER
BEWERSNAMho 7/, BER BITBWTIE 2 REBIETNR SN2, etz
ZIH NIz o7, PEESR B EEER BB TIRESHNITHARD &, PEES
HTIE 2 %, BER BT 4 BEgICERRETHAR N (Fig3-2-4) . &5
Bl (0 Kifdl) 20 mmHg & LZRORMTOEZAS &, 2 RFMRICIEEE #ICL
U CRES, B, PEIER 3. EES #2AFERETERL. 4 BRERICBNTIESF
LRES B, BEEE VAR REKTERLE (Fig.3-2-B) . . IEWE B TIEMED
EKTFHRRLENT, HEERFO SBP EMETHDITE, HELE TERANERZIN.

16



(A) —6—Normal group
—e— Group wuth slight hypertension

200 r —B— Group with moderate hypertension

—&— Group with severe hypertension
180 '

160

140 -

SBP(mmHg)

120 +

100 1 | 1 |

(B)

Change in SBP (mmHg)
R
(e

Fig.3-2 Changes in systolic blood pressure (SBP) after oral administration of
pumpkin paste concentrate in SHR groups with different SBP.

(A) Relationship between SBP of SHR and SBP-depressing effects of pumpkin.
Normal group (n=3) ; in SHR with SBP less than 139mmHg.

Group with slight hypertension (n=4) ; in SHR with 140~159mmHg of SBP.
Group with moderate hypertension (n=4) ; in SHR with 160~179mmHg of SBP .
Group with severe hypertension (n=4) ; in SHR with SBP higher than 180mmHg.
*p<0.05, **p<0.01 vs. valuse before the dosage (0h) of same group.

(B) Blood pressure expresed as differences between SBP at Oh and that at 2, 4
or 6h. Value without a common letter at the same time differ significantly
(p<0.05).
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BIE HIH HERSOPR

3.3.1 #5

AEHE L 2HOBERREERT. MRBEMNEMNES v SOMEETERZET
LZOMNESNIIEo T, T TAH T, 1 BRAEL. ER{EN/mEICRIETESE
EZDERBEIIOW TR 21To 2.

3.3.2 EEAHE

BEEHELBEY ZHEEEL 20 Z AW, BHEY 100 g N5 37.5 g DELERY)
Z157z.

)L SHR/Izm (10 44 A AE 250-280 g) &M\, FHEEEIT S.1.2 LEHKIC
U7ze v bid5 IEdD CON %, +NaCl #, +NaCl+Pumpkin #®D 3 #IZHT. 7
EIF'_aﬁﬁﬂ’é%ﬁo 7z, BfEMRIE Table 3-3-1 1ZRT. HEAY FUILFIVEERT
EHAS) 15%. 0-d— 225 —F (FU LI NVERTEKRSE)  Ar7o—2A
(BFEEgRat) =2 @ 1 BE 70.56%. a—F 1)V GROFEKRAEE) 5%. &IV
D2 (FU T 5 LB TEERAM) 5% 2 5%)VEE (American Institute of
Nutrition (AIN) -93G., F ) T2 7 )V B TEKRNEH) 3.5%. EY X VEE (AIN-93G.
FU I INVEBERTREKRISH) 1% 6582 EARE L. 2% CON #iZiE
U7z. +NaCl BEOY > 7IVICII & i ERIE 2{EE T 572 H I NaCl 1% X .
+NaClH+Pumpkin #1213 & 5 ICH IRV RELZEY 0.08% (BEY THET D L
213 mg/100 g) A /=¥ =5 27, +NaCl #. +NaCl+Pumpkin B DOfEHIo- 12—
JAY—=F A=A =2 : 1 BEZELFNWTEET100%E/25 XD ITHIEL
7. BEEIIUKFERKICEHEREL 2.

REFERE. AEZEARAEL. LEEFEE 1. 3, 5. 7 HEIKBEEL &, 10 K
ME%, 2T —IVHE T THREL, DRIV MEERRL 7z, G LR, EZEE
L. MERRASERICKIVERL. BlEET-80°CTITHEERE L,

18



Table3-3-1 Composition of the diets (%)

Constituent CON +NaCl +NaCl+ Pumpkin

Casein 15 15 15
o-Cornstarch : sucrose=2:1 70.5 69.5 69.42
Corn oil 5 5 5
Celulose 5 5 5
Mineral mixture 3.5 35 3.5
Vitamin mixture 2 1 1 1
NaCl 1 1
Pumpkin 0.08

100 100 100

1AIN-93G-MX and 2 AIN-93-VX which contained 25g bitartrate per 100g were obtained from Oriental Yeast

Co, Ltd.
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3.3.2.1 IFEHEIE
MEHEE 8.1.2 EFEEIC{T- 7=,

3.3.2.2 mERE. 7IWRAFu#lE -

MEDOFENL, OlRL O BRI L Z ik ZEE 078 (1,000 X g, 15 min, 15C) 7
5 ETHE,

MmER IV AT 0—)) (T-Chol) . EHEEVU RS >/ aL AFo—)L (HDL-C) .
M) ZUEU R (TG) .V VIEE PL) BTNTNfrMETEMAEctoaL 2570
—) E-SAMTJa—, HDL-abX5uo—)V E A3 —, NUZUE5A R E-
TARTO—, VVIBE BTANTOA—Z2HWTHIELZ, KEEURSY Ny alL
A7 0—) (LDL-C) (44) &7 FO—LTRIEE 45) ZLATORICEHL 7.

LDL-C= (T-Chol) — (HDL-C) — (TG/5)
7 70— AT ={ (T-Chol) — (HDL-C) }/ (HDL-C)

ME 7 )V R A5 0 2 BIEIZIE Cayman Chemical #:® Aldosterone EIA Kit &\ /=,

3.3.2.3 ACE iE1E#E

¥, D& 2L TEBRO ACE EHEZRIE Lz, OlEEFBE 10 fFEORTE/N
v 77— (125 mM, pH 8.3) THREYDF M XL, EDL7EE (1,300 X g, 30 min, 4C)
U REZHEIERY TNV &L,

HIEFE Lieberman D75k (46) IZHEWTo 7z, BIEY > 7)1 156 pliz 1256 mM iR
TNy 77— (pH 83, 608 mM NaCl &) iENL 7~ 76 mM O
Hippuryl-L-histidyl -L-leucine125ul %12, 37°C. 30 MRk & &7z, KL 1 N HCl
125 pl ZMA TEIEEE, ZTOREEE LTIV 750 pl ZMATRE S LBRBOME %
To 7. BWAOMEE (900 X g 10 min, 15C) T_EIEDEHE TF VB % 250 pl KR L.
FE L7288 REKL mlMATRHBL THEREREZEHEL. 228 nm ITBIT2LEE
PIE L7z, BIEY > TV 228 nm IZB B RINERTHENE ENS 0 EEDEZEL.
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TS U EERD BT KIMEILR O HCL & T80 G ERIZIN A FRRICEBRIEZ T 72,

3.2.2.4 HREtDHT
F—HIIFHYESEM TE L. T— 513, — BB BO L (ANOVA) 2 A L.
BT & LT Fisher’'s PLSD EZ W, #HEHNE B/KEEL p<0.05 & LT,

3.3.3 MR-’

B F I ICIE L7z SBP. DBP iZW\y g CON BITHAT, 1% NaCl Zi#mL
7 BB B 5 L7 +NaCl B THEIC L3528 +NaClPumpkin B ClE_E R,
EWEMEHER A 517z (Fig.3-3-1) &

WK, BAE, RAEERE. FASHEL 0. BROERIC SRR
BT 2FELEL/N D7 (Table3-3-2) .

[fiiiF T-Chol, LDL-C. 7 7 O — ATRIEEII+NaCl F#IZH~T, +NaCl+Pumpkin
BICBWTHERBIBEWEZRLZ, INSOKEIVBEAICEMEI VAT O—)Vi&E
BREDSH B Z ENH SN E/R o7 (Table3-3-2) .

BIBERERINESTHO. BRORME EITEAL T, F MU LARKG OEBKIL,
AV LBHRROWHR EZREL ., RROBEERHICEES L TS T7IVRATO>0
MFEBLVANINZHFANZHER, CON BICHXT+NaCl #TREZRL., £k
+NaCl+Pumpkin #Tld CON #LJVETEEL TWAEZERL (Table3-3-2) .

FmANELERE MEAEZ2E T3 REREZRS2DI1Z. IE. DT L TERBORE
DR—hERELZOACEEREZRIE Lz, MEFOOE TIEIERICB O TEROZEN
B 5Nah o zh, BiE TId+NaCl+Pumpkin #2%+NaCl BIZHART, AEITEWN
{EHERLAZ (Fig.3-3-2) -

3.3.4 EZ®

AECRHELNRHEY OB RN 2 EE TEERS L. TOMENDOEE, 51T
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(A)

225

N
Q
[e]

SBP(mmHg)
g
()]

Fig.3-3-1 Changes over time in SBP and DBP levels of SHR fed dietary pumpkin paste concentrate.
(A) Changes in SBP. (B) Changes in DBP. Means with different letters differ significantly (p <0.05).

—— CON
—eo— +NaCl
—8— +NaCl+Pumpkin

1 3 5 7 (day)

DBP(mmHg)

(B)

140

-
N W
o O

-
=
o

1 3 5 7 (day)

Table3-3-2 Effect of diatary pumpkin paste concentrate on organs weight, serum lipid and
aldosterone levels.

Dietary group CON . +NaCl +NaCl+Pumpkin
Initial body weight (g) 266 £5 270 +5 267 £2
Final body weight (g) 272 + 4 283 + 4 279 +3
Total food intake (g) 107 +3 1M1 +£2 112 1

Organs weight (% of body weight)
Heart
Kidney, left
Serum lipid
T-Chol (mg/dl)
HDL-C (mg/di)
LDL-C (mg/dl)
Atherogenic index
TG (mg/dl)

PL

(mg/dl)

Hormone
Serum aldosterone (pg/ml)

0.384 £0.007 0.391 +£0.013 0.387 £0.008
0.412 £0.005 0.406 +0.004 0.416 +0.009

115+16 ® 133 2332 79.7 £125°
521 +3.4 576 +3.7 63.2 + 3.1

425+556°% 628+13.82 592+26°
118 +023% 126+024% 053+0.13°

168 +152 134 +15° 124 +10°
197 +10 183 + 25 146 + 17

575+0.09% 543+008° 579+0.06°2

Values are the mean+SEM. Means with different letters differ significantly (p <0.05).
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100

~
4]

ACE activity (mU/ml of blood) >
N a1
(] (6)] (@]

=

ein)

OCON
E+NaCl

+NaCl+Pumpkin

Serum

ACE activity (mU/mg of prot

Heart Kidney

Fig.3-3-2 ACE activities of serum, heart and kidney.
(A) Serum ACE activity. (B) ACE activities of Heart and Kidney.
Means with different letters differ significantly (p <0.05).
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ZTOEEODEDITDNWTHRFE{To 72,

R R OEFRSITBNW TS SBP., DBP M T EZMETOEmMERL, TOHEOD
DEDREIMD ACE FHOE FIc k3 = EAERE N, M. i FEMEHH & OBD
DIZDVWTHARHATH 58, SEOERTIE+NaCl+Pumpkin #THEIL AT O—
VOB BIMXTRER SNz OITHEKEN,

—RIZ, BESARREEZENT S L. AKE (ILE) OBEXICRELTYIVRATFO Y
FWBHZ 5., ZNICKDHIEEZT S EERF N OAF Y %) (ENaC) Eiz
FORBEMETL. 7 M) ULAOBERNAED L CEERERE (IE) MHHFIND
EENTWS, LML BERZESIEREICBEV TR, 7V RAF 02 uHENE
THBITHEHOLET, PIVRATOVICLS ENaC OELETFREREIHEL . AR
ENEARLTIHERNER TSI EMHEINTNS @7) . FEBRTH+NaCl # Tl
ENRERLUEZCHEDS T, ME7IVRATOVERMEEEZRLE. 2O ENS
+NaCl #TIIENaCELGFREDORE L ZNTIDEAFT MU TLNT 2 AOEEN
—RERVBMEZFIEEI LD TN EHREINS,

I dy-7 2 /B8 (GABA) NS ENTH Y. GABA ITIIE % T 55 R0 %
HINTND (48-50) « AFEH 1. 2H THA L Zm/LBHEY., XAHTERALZE
IBHEY) OBRAEELIEYNIZ S GABA W& £, RENZHEIT GABAITK 5 AREEDH+
NEBEND, LML GABA IZ ACE HEEMHEENMES . MK TEAIIRMEIRS ME
255 BMPERDWRERG DR EZEZMFIL T, MBI BN T ILETHS &
HERINTWS (61,52) o LNLNSmIEBHEDIC K2 ER TERIZ ACE HERE
HDHRIZED ERFEZANZ<.GABA LOHEROLEZEERT 2HENDH 2 EBDNS,
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B4E BAORMERTERZET 5MEORE

o

)

4.1 %4
%2 ETHHED ACE HEEE 2B L. BlMOBRIC L L TRV REEEEE
THT EERLE, B3 ETHERICARIES IEETF) & LT SHR 2/,
SO IR FIERIC D W TRE BT o7, TOME. BLEHYOBRERENSVE
E. ¥7- SHR QMENE VI EKE FIEA OB ENF SN ERoT, & 5ICHEEER
5anie SHR T, BEO ACE EHEMES ., TOT EBNMEEEL LE—HTHS
FHERLE,

7 I TAETIHREILAD 5 ACE S 2R T WE O - AEzfiolk. $HAE
UL &M ORI Iz B3 555 b Bt THRE L 72,

4.2 EBAE

BIMK 75 kg 2 5 EEHUKTHIHE L. Z® DOWEX50W-4X (5.5cm X 12cm) % 1
N, 2 N HCl ZHWTHEHLZ, TNZNICOWTEBHEEZEE. t7r7T v X G1b
THEL., TO36@m\W ACE HEEHZRUZESZ, WEIJ7O T 5T 40—
(HPLC) (1 5. ; DEVELOSIL ODS-HG5 20 X 250 mm {2k ASH) &8
WTRER L 72, MEREBEICIZ AR 0.1% MU 7L OEEE (TFA)) B (0.1% TFA
in 20% YEZr=bhUJ)L MeCN) ) ZHW, AITEL BAY90 9T 100%&E725 KD
ICEGAE T /2. FiElE 2.0 mUmin & L7z RNTHO ACE AZEME 2R LZHE

431722\ T I DEVELOSIL 300 Diol (8.0 X 300 mm FAHbEékRAtt. BEEHE,

N

AHEK) ZAVWS5E HPLC THRELILEY | 2187z, ACE [HEEEOWEE 2.2 &
FERICL TiTo 7.

BEOWUEIZITRAEI O N5 TEEMTERE (LCMS) ZHW, L7 b7
L=tk T F b ETo77. LCIZIX Agilent 1100 series HPLC system. 715 A

12713 Zorbax SB-C18 (2.1 X 50 mm) . BRAEHIZIE 1% BEEE/KERWE, 26
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BT 4> E—RTiro 2.

FELZLEY | ORF O R EHET 5720127 2 JBANGHIKSBEZETT
o7, MM 0.4 giT#EB/K4ml 2%, 100°CT 6 FEREIMELL . =OHEE (1,000 X g,
20 min, =iR) #OEE 1 mliZ 32% ARV UFIVEE 0.2 ml ZI0Z. & HITELD
BE (15,000 X g, 20 min ER) Lz, H5/z LIEZE 0.45 pm 7 4 )V F—TAHIEE,
ST HI L-8800 ¥ X /BT ;T4 F—ITX 0 ERRDHIE (53) KTERELZ,
15 LT HI 26501 2RV, BRI ER) DEICL s, ERELTOZOFY
F I VEERNERMRASH LI DBEAL &,

LM I DTAARY MV ORER, m/z 303.3 ICHTA A IEEI N~ &
XTI BRARICBNWTBMO - aF 7 I D ERURAFREZRT I ENE, 20
FYFIVEREENE (Figd-1~4-2) , ZOFT7FIVITOVNTEER (100 gH D
B) ZHELZERIZ Tabled- 1 IRLZ, ZaAF7F I VIRRKL O BEFIIBNTE
< BFICBNTHEREZOMITHTTANT 2 & J0%E<PBEICFENTNS
EHHBFL 7= (Table4-2) . |

EeIDZOFT7F IO ACE HEEM ICs0id 84 nM TH VD, ACEHEZERIEL T
BRTHWSNTWDS TN TU)L (ICso 72 nM) EFRIZEDFWEEEBHEDODENS -
7z

4.4 E#R

55 3 ETO SHR IZBW TIER FEM 2R L2 BIBHYIC DWW T, ZhRES OB
REFDOREZITO . TOBRINRBESDOOEDELTCZIAFTFIVERMTIE
NTCE, ZaAFTFIVEEOANAMVOHBE, KE. NV U UL DEEERES
NTHY, MEETMERAZRT ZENREINTVS (12-16) .
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"W TICof +Q1: e Sampe 3 [1-P0G, 1 Bam, TAAR T AAAZH) of LEMSWEI (1 750 Speay)
169 COOH COOH COOH
1 /\)\ /\/|\ :
10 N H NH,
2 109
<,
%:; B0
2 H -
L . Molecular Weight 303.3°
.2 B N
2068 -
00% 18 20 2z 24 26 28 30 31 3% 36
Tme, min
S, SRR (202 R TR
w2
2'12
§ 052 ¢
M 3
5
£ -}
%2 :
3;5.3
[ W wsa ¥
it : W2 W2 4033 5 B3, ET4AT
A LA PR il it o b
2 00 20 M KD D AWM 0 a0 40 40 50
T, 2%

Fig.4-1 LC/MS spetrum of

| (mV)

signa

solated compound I and its chemical strucure.

(min)

Fig.4-2 Chromatograms of authentic nicotianamine (A) and pumpkin

extract(B) in amino acid analysis.
The arrow shows nicotianamine.
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Table4-1 Nicotianamine content in the part of the
pumpkin.

parts mg/100g
Seed 6.56
Seed skin  89.93%
Others 10.07%
Entrails* 4.24
Fruit - 3.05
Peel 2.09

* It is around the seed, and is said "wata" in Japanese.
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E5E BAOHERFEDR

5.1 ¥

il

INETHAOEMER FERIZDOWT, £-2T0GRS OBEE - AEI OV TR
HEfTolk. FI3EE IHIBNWTIL, BRBENOKRSIEa VAT —)VEDLENE
B BB ERIETCENFSMENZOT, TOME. FEIEEL VADEE, =
SITIIIEE L~ & OBEAER X N5 & D Ichs o R I T B s S 1T
DNTHRHETIZ L& LT,

HEBTHEODZWLEMIZIDOWTOEEERMREL TOREIZNIZEELEFRN,
1 BEUERIRICH L CREMH D5 > X7 AR Y v H 54 RBMEA > 2 > LAY
2 EFBEVSEE (9) ® pumpkin-seed oil ASTEMR FEM (10) . FEEE FIEM
(A1) 2HTBENSWEDH D 2 BERFEICBT 2ROV TOREIRA LN
VW, AETIE, B 2 BRI RIET BT OV TR R oz,

SRR (WHO) I2d5 &, 2006 £ ORETHIITIIARL & 1447100 7
ANDHERBEENND ENS, BHFRIIABEL THD, 2030 £ TIIZOEIIBHET
BEREINTOD, FH 19 FEOEREE - LRREOKRIT. AAEN CHER
DEENTERN AR 890 FATHY. BRBOTHEESTETERZVADEZD D
L1 2210 FAK B OIS, SEEOBREE. BHlLE 517251 L OEHIED
RN BERNS 0. REFED TFERIL CEEL THDHREENSS. ZOZE
B ERERFICE (RERE) BEOEESAZEOo T BEEALNTHE &
B L OBEIZDW T EZFHMARF I THOIN TR,

GK T v MIFEERD 2 BERFETIVTH 0. MHEE 200~300 mg/dl DEIERER
FICHYT 5B 5N5, BAHROME ERIIE<, BESTMEEREETRT
(54) .

5.2 EETGIL
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5.2.1 EREY

BWIGK Zv b~ (GK/Sle 8 4 H#) ZAWeE, MEREI3.1.2 c‘:lﬁ*%é:bf:o 3
HEOBMEEREER. 5 ILg DX (CON) B, RMBMHEYHRM (Pumpkin) BO 2 B
W2, 76 HEERE L7z, BEHRIE Table5-1 12779, Pumpkin #I213R /N IBHEY
RASELRY) 1% ZMAFRE52, FMULEEZa-I—2AF—F 1 AZ0O—RA =
2 1IEREELIIKIETHEL .

fE 49 HBICHRERERBR ATV, BB 10 BRHMEARBR O T¥ —IVKEE T T
BEIE L. OEL D MK ZERER L 7.

5.2.2 TipERESR

10 B OMERE. mEEEZRIEL 042) . RANT2 gkg (KE) OD-ZIVa—2
KERZE Y > T TROF AR 15, 30, 60, 120, 180 /7T MHEE DB E 217> /2.
MEEIIAT  2—7 3= GR-102 GNVEMRREL) ZHWT, BRIRCKD B#H
ARERN SERIMUBIE L 72, E-IEERBETIINEL T, ACES (15 #f) @ Wistar
v hERAWRROEREZT- 72,

5.2.8 MET AU, 7T4RRIF >, TNF-aBERE

% OFARIL 3.3.2.2 LFERICIT o 7.

Mg > AU AMEEHEREFY b, LEZXA AU -5y b U-E RS/ NTVF)
ZERALUTRHELZ. MEY T4 "1 F >, TNF-oBEORIEITHROF Y hEAWN
2o 7T 4 RRY F UEIREBEHRAIMET IR/ M7 T4 R*% T F > ELISA F
v b %, TNF-ald Amersham Biosciences #¢) Tumour Necrosis Factor Alpha[ (r)
TNFa],Rat,Biotrak ELISA system Z{#f L /=,

5.2.4 [MiEIREEERFE

% T-Chol, HDL-C. TG 3 3.3.2.2 EFHRITU T, E/-EBEEEE (FFA) (SR
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Table 5-1 Composition of the diets (%)

Constituent CON Pumpkin
Casein 15 15
o~ Cornstarch:sucrose=2:1 69.5 68.5
Corn oil 5 5
Celulose 5 5
Mineral mixture 3.5 3.5
Vitamin mixture 2 1 1
NaCl 1 1
Pumpkin 1
100 100

1 AIN-93G-MX and 2 AIN-93-VX which contained 25g bitartrate per 100g were

obtained from Oriental Yeast Co,Ltd.
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YT MR S NEFA C-5 2 k70— % AW CHE L.

5.2.5 BERALIEE OREIE
5.2.5.1 I ERECIEE

mHAELIEEIL/ KRS 0806 (TBA ) (55) ZAWTHIE L. B8 OB LIZ
STHERLUEFINIINEY —)VEERIEY) (TBARS) fEE L TRUZBEIILANTOLD
2o 7z,

MK 0.1 ml ZAEEE/K 1.9 ml ITE 0 BHNTHEEELZB=ROHEE (1,000 X g 10
min, 4C) LTHNZ LB ZBERY >IN ELE, Y27V 05 ml IZ 1/12 N
H2SO4 4.0 ml ZMABA L. 10% V¥ X528 0.5 ml £ THRSICE
BL7z. BRTHHEMEL 2%, =OSBE (1,000 X g, 10 min EiR) L. LEZET
H2TF—2alTHRE, BokhiEbAMTHRWERDBRELZ, ZOWRKRIC 1/12 N
H2S0s4 2.0 ml, 10% ) > ¥ AT 8 0.3ml 2%, BWILERZRS BE I/,
SIS (1,000 X g, 10 min Z|iR) L. AR LZFETEE ZRER. REK
Z 4.0 ml MA THRSMEE L. BOBEICH W, ZINSIZFFNIVEY —)VEE (TBA)
I (0.67% TBAEIK) 1.0 ml ZMNA THAMUBE L. BEBE T T60 0 BIMNRL 7.
ZTOBIMKTTEHEBAIL. n-7% /—)V 5.0 ml A, BRELHMHZIT>/Z. &
NEZELTHE 400 X g, 10 min TiE) L. B5N LBEOHNEERERE (Ex) 5156
nm, HYGKE (Em) 553 nm THIEL 72, BT 5 nmol/m] 1,1,3,3,57 h T T hF
TONEE (EEAEK) 0.1 mlIiZZEEK3Iml ZMAZED, T2 7IITEREK

4.0 ml ZRAWEIERY > TV ERIBRICERIEL 7.

5.2.5.2 HlgEE LiEERIE
iSRS E TN, ZBE50EE 66) ICit-> TRIERY > TV EREL., 58
BEE b & TBA E DG TBARS O#EZHEL TEELZ, FFlE0.2g 2770

CEURED AT —ICTSHRED LI MU VEBAUTANY 77— (pH 7.4, 1 mM
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EDTA &%) & 4 BED 2.3% KCl ZMATHREDF A X&fro/, BEIR— MR
0.5 ml Z@BLIEEREY > TV &Lz,
Bl At > 7V 0.5 mliZ 1% U 28 0.3 ml. TBAZE 1.0 ml ZMA. FHIC
. BIEBIET 45 SR LK T TS 4REMALZ. n- 7% /—)1 4.0 ml ZMA.

BELUTHEL., BOO8 (400 X g, 10 min, 15C) B0 LFZHEKE (Ex) 515
nm, HEKEE (Em) 553 nm THIE L7z, H, #R%I1213 10 nmol/ml 1,1,3,3,7 h 5L
MRITONRCER EEAEK) 2. T2 CREBEREKEFNENRED 2 —
MEORDDITHWL, FERRIZEBIEL 72,

5.2.6 WMmMIRMER. FESZOBRICBTHHYT— (CAT) . FNVFFF > R)vA
FIH—¥ (GPx) DIEHEHIE
5.2.6.1 WMRIMERY > T OFHE

R L 7z iR 0.1 ml Z 4B AEK 1.9 mlLIT AN L 2%, B8 (1,000 X g,
5 min, 4C) Zfro7z. BHENAMLEBICEEREKEZMATREB L. HEREOHBEL
Bl FMREE 3 BiEORL 28, W U7-RmERIZEREK 29 ml 22 #BHL
WIMARMERZFEL 72, OB MARMEREREY > 7V EL, CAT EHEORIE AN
7z,

i?l/\%ﬁml:/lmg H72 0 OEEREEZRD D 7-0I12, BilRMERONETOE
CEEZIMELERASHEOF Yy b, ARJOEY B-FA MV I—-ZAWTHIE
U7z,

5.2.6.2 BB LOEEY > T osast

FRIES L OV D 5 ORIMABTE B IR Uz, B U2 S L OB 0.6 g
EEMHSAMBEDFAYP—IZED, 5 FEDOIMY BHYTLNY 77— (pH
7.4 1 mM EDTA &%) RU'2 BE®D 2.3% KCl Z2FEMLEFEDFTI XL, IhE

= OB (1,000 X g, 10 min, 4C) L. EE% 2 DHEBETRLELZ, TOBEER
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DB (10,000 X g, 20 min 4°C) 27\, Fon/= EE%E, CAT R U GPx {E#E OB
EWH W, ‘

BEREBRIEEZEZI NI E 1 mg B0 TRDS7=D1Z. O0.H.Lowry 5DHIE (57)
WWEDF NI EEEELRE, BIEAY> 710 w12 0.2 N NaOH 10 ul ZMA TR
AL, ZHUZEAE (2% NaCOs &%F 0.1 N NaOH : 2% HEABHIUTA @ 1%
CuS0:=50: 1: 1) 3.0 ml ZIMAMEE, HET 10 HEKELEZ. KNT
Folin-Ciocalteuphenol i3 0.6 ml ZMAE S IH@H L. FET 30 HHER. THE
(660 nm) FHE L7,

5.2.6.3 CAT OIETERIE

HeO2 DARIZET < 240 nm DOWEILE DR ZHEN RN (58) TREFMICHEIE
L7z,

BEROEIC0mM J VEESF YU ANy 77— (pH 7.0) 2.0 ml, 30 mM H:20:
1.0 ml. ¥ > 7))V BMKRMERY > 7L 50 ul. BF - BH> )b 20 ) ZAN, BSL
721, RERFAYIC 240 nm IZ BT BWAEERE Lz, Ny 77 —& H20:13 25CTT 1V
A2FaX—FL. B TNOROVIINY 77 —ZRAWTRERRRICEIE L/2D D ZHHIE
BEL7=,

WIRIMER D CAT {EHEIL. 1 HRIC HeO2: % 1 pmol NIRRT HERES 1 U S L TEK
R ANEZOEY 1 mg =0 TEHLZ. FBRBLUEROL S 5 —EE#. 1
532 HaOe % 1 umol HMETEMREZ 1 UELTERL, FONTE 1 mgHZD
TEHL .

5.2.6.4 GPx OIEHEEIE

Frigd L OBBORE Y > 7 ZHWT, NADPH O ENS GPx {EMEZRIEL

7= (59,60) .

BEROENZ25C T LA oFaX— 701 MU VEBFRITANY T 7—
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(pH 7.0, 4 mM EDTA &%) 1.0 ml. 0.01 M NaNs 0.2 ml, 0.01 M BB TN TFF
> (GSH) 0.2ml, 1.5 M NADPH 0.2 ml, #%/K 1.0 ml ZlEXAN. EE&LE. K
T 0.3% @zﬂ:@ﬁ‘)w?ﬁ‘/ (GSSG-R. EEREHL 200 U/mg) 0.2 ml, ¥ > 7))L 50 pl.
0% tert- 7 F )L E RORJ)VAF R 20 ul 2 AN, FHICIES L72%. 340 nm TRER
WWIRAEEZEZRIE Uiz, £ tert- 7 FI)VE ROV AF T REAKIZEL S NADPH O
HEETERNWED. TN OROVDIINY Ty —Z2RAWTHIEL .. fEEEZRDZ,

GPx #&EEIL. 1 2 NADPH % 1 pmol 79 58FREZ 1UEL. FONJE1L
mg B0 TEH L,

5.2.7 WREHDHT
F—FIIEHESEM TE L7z, HeHLEIL 2 BEOEEHII tREETWV, p<0.05
2HEEMENHBELT,

5.3 MR

fE 49 BEIZfTo 7% D-Z7 )N 3 —A DTtk BE., | U5 OFEFERE D Wistar
Ty MRS & TN OA-AREGBERICEWEEZRLZ, LML CON # LT
% L5 16 7312I1C Pumpkin ¥ T EFHERNEE SN, 30 2 TREE R LFH0H
RVEEINZ (Fig.h) . 60, 120 HRICHBICERZETR SN o748 180
SRIIE THEmZRL 7z, TiWERERERE O TEE (AUC) 25f1E 35L&, CON
HLOBHRITENMEIZ R T2,

76 HEEAR EBEIVANAETHE LR, AELERECKREEMNEICIE 2 #H
WZBITZENR SN o7z (Table.5-2) . ZEERF D MEE & MET AU EICHE
MESNZMo 7z, BN WSNDYA NI > THD, FTTARRIF &
TNF-oBEIZBNTIE, 774 K% F2BEZ Pumpkin #T CON BTN ER
fEmZRL 720, TNF-oBE T 2 BRICENRMN o7z (Table.5-2) .

1M¥E T-Chol. LDL-C . 7 7 O — ARFEEITH T CON FIZHA Pumpkin #
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Blood glucose (mg/dh)

—8—CON

—8— Pumpkin

—o— Wistar

Fig.5 Effect of pumpkin on blood glucose levels during oral glucose tolerance

test (OGTT).
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E c
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(A) OGTT was carried out (15wk-old) in GK rats fed a diet with or without

piumpkin for 49d. Nomal wistar strain rats (15wk-old) fed a commercial diet were
aiso measured for OGTT in the same way as the GK rats. Values without a

common letters at the same time differ significantly (p <0.05). (B) Area under the
curve(AUC) of blood glucose. Values without a common letters differ

significantly (p <0.05).

Table 5-2 Effects of pumpkin on serum glucose,insulin,adiponectin, TNF-o,

and lipid levels of GK rats.

Dietary group CON Pumpkin

Initaial body weight (g) 142 + 4 1385
Food intake (g/76d) 799 £ 17 812 £10
Body weight gain (g) 191 27 196 £ 3
Blood glucose (mg/dl) 216 + 23 223+ 8
Serum

Insulin (pg/ml) 756+04 76.5+£0.9

Adiponectin (ng/ml) 90.9+4.0 97.5+23

TNF-a (pg/mi) 89.4+20 88.5+0.4
Serum lipid

T-Chol (mg/dL) 109 +4 93.6+£3.1*

HDL-C (mg/dL) 63.6 £4.6 66.5 £2.6

LDL-C (mg/dtl) 36.3+£29 18.0 £ 2.8 **

Atherogenic index 0.74 £0.09 0.41+0.04"*

TG (mg/dL) 479 £6.7 457 £4.6

FFA (mEg/L) 0.68 £0.17 0.11+£0.06 *

* Significantly different from the control group, p <0.05.

36



Table5-3 Effects of pumpkin on TBARS and antioxidant enzyme levels of GK rats.

Dietary group CON Pumpkin
TBARS
Serum (nmol/ml) 7.52 +0.51 6.10 £0.84
Liver (nmol/g) 127 £ 8 123 +8
Kidney (nmol/g) 1395 150 £10
CAT
Blood (U/ml) 2.69 £1.10 3.48 £ 0.51
Liver (U/mg of protein) 122 +6 91.5+124*
Kidney (U/mg of protein) 97.0+5.9 775+7.6
GPx
Liver (U/mg of protein) 0.436 £0.035 0.450 +0.007
Kidney (U/mg of protein) 0.255 £ 0.032 0.148 +0.018 *

* Significantly different from the control group, p <0.05.
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J

THEIEWERR 5N /z (Table.5-2) o FHENEN D TGIREICHRM ICENR WA FFA
#RE13 Pumpkin # THRITEWEERLZ,

BEALDOIEE D — 71— & L TO TBARS B &, FFiE. BIRICHW THRIE L 72/
R, WTNIZBW THRERBHEYRNIC LD REREIR S N2N o7 (Table.5-3) o
4B CAT ALV MR MER, FHES JORIRIC BN T, £ GPx EMRIFRS LT
BIRICBNWTHEIEL 7z, FFi& CAT #E#:1X CON EiZ b~ Pumpkin B THEIKL,

B CAT & TIHE TEMICH o 7z (Table.5-3) . £/= GPx {EHEISFFRIC BN T 2 B
M THEERETIR S Nah o 0% BIRICHB N T Pumpkin #2VEBERETNA LN,

5.4 HEER
$%Tm‘%m%ﬁ%wﬁ%%ﬁ%®2@%ﬁ%%?naGK?vFK%H%ﬁ%%
FENBRIZ DN THRE 2172 72,

OGTT T. $EERT 30 712 CON BT TIMEBED LENEREIZHSans I &
5. Pumpkin BXBOROABBEKEEINTND ZEMRETE S, BEOMDAA
WEIZIE, 1A D OBRZEOWECEZEOEDBAATUENRESBEHD> TWd,
FEREBICA SN S ZEERIMEE S MIE1 > AU 22 2 BEICKREREN P o7
Z&EMNS, Pumpkin BIZBWTA AU DOEZEENWEIN TN ZEEEEZIZ< N,
P DEOAA D TIE SN TN D DM BHHNIRN,

ifi#% T-Chol % LDL-C. FFA f# CON #IZ T Pumpkin #AERIEN T &
N5 EINBRYDNIEERBICEEEZE X TS aReENHER S Nz, S5 e i E
PHRA & EDICEBRTEROOVOEDTH D, INE ORERNER D BifjiEL 25 Sk
LT ZERESHEINTND (61-63) - BIIREE(LIEE (7 7 O —ABRKER)
& DRECHERBOETT L 72 IREE T3 LDL-C @MY 5 Z EAMER I LTV 50,
Pumpkin ¥ TIZZOEMNEEICHH N TV, 2D ENS5 D Pumpkin Tl
BERFECIEEAHEE ZHEL CTWSARENRE A 5%, SEIOWR T MIERE O
KT 2WERFOER 28N e DD, T & HYERE OBRHNMERE DK T ZELZD
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MIFHATH D, LML WTHUTL ARAOIRESIC L D ithEREtE & MigIEE & 0 b
MEI VAT O, FFA LR)VOE T EWSRERRRI N,

BALA LAY 01— &L TR, BigoO TBARS 2HELZD, WINHE
TBREYREMI L5 E IR o NRMho 7z, UM LUAFEE CAT E#1X CON #ITHART
Pumpkin #THRIET L. Bl CAT {&£TH Pumpkin # TR FOHEMANR 5N
7zo Pl GPx iE IR MBREYIRINC X 2 B8R s ah - 727, BiE GPx &I
Pumpkin #THEERE T ERL/Z. INSEEEAFIIBIOT EOHBEIYNE X
N, BREOEHRZLBEELRWZHEDHEZLSNDN, FHIZOWTIIRENHEES
N5,
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BeE MLLOLOHBERFHRMEORE - FE

6.1 #&

T

ESEICPNWTHNEBEY OBRBTEYZHES U7 2 BIBERRBE T v M. IitHEEENSR
%éhk:&&%bt«%Zszﬁfm%m#5%%%%&%?6@%@@%%%@
HE . FEz2{To7z.

6.2 ZEBRAIE

%M5kg%5%%@%x5/—w(Mamyfsﬁﬁmmb‘%@ﬂ%@ﬁmvm
TIUATNATLZOY NI T T 4— (B.5ecm X 38cm. EBRAVAEL; CHCL: : MeOH
=9:1, 7:3, 5:5. MeOH100%) IZX> THEL~Z, RNTHRYENES ENLHE
AT DWT HPLC ( /75 4; DEVELOSIL ODS-UG5 (20 X 250 mm; FrAH kR
=) WE#; 2.5 mV/min) THRE L/, EBREBEIXA® (6% MeCN in 1% FiEE) B &
(40% MeCN) Z Y, BgRAY 180 7T 100% &725 K D IWEBAERIZL > TITWES
W, MEE~,

F-mAK 75 kg & 5 FREVKTHHL., TO7N—51 k CG120 (O—L4 -7 >
R-N—Z%. 5.5 cm X 12 cm) KFEMHES %2 2N HCl THEH L2, T 5ICERES %
DOWEX50W- X4 (H* form. Bio-Rad#t. 5.5cm X 12cm) 2L, ZOWEES %
1N, 2NHCl THEHIZ{T o7z, RWTERHEELEL T HCl Z2kREL. T OKAEBEITIC
DNWTETI7TVIAGIE (TR TINAFT o) RN THEZE{To/7. B
MENEG ENS5ESS 250 L HPLC (DEVELOSIL ODS-HG5 (20 X 250 mm; B4
LS KX D S o ITHBEZET oz, BEABEICIE A (0.1%TFA) . B #&
(0.1%TFA in 20%MeCN) Z ), 90 5T B N 100% LB 2 EBAE TITo/z. iR
id 2.0 ml/min & L7z, F®D#% DEVELOSIL 300 Diol (8.0 X 300 mm, ZFA{LFHR.
FEBAVAME; ZKEEK, FiiE; 1.0 mVmin) THEL, BE—RoMbamN 257z,

FNENOLEYD H-, BC-NMR., FAB-MS #&EICL VR &EiTo =, &tk
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13 D20 IZIEML T NMR O ZEf7-o 7=, NMR HlZEIZHBNTIE JEOL JNM-EX
400FT-NMR A7 b A—%—T, FAB-MS #liElZ JEOL JMX-D 300 A7 ~11
A=F— BRI,

ML EET. 7Y, AW, Bich, TNENOSBIIE TN REEEL
7ro TOBREEA 1g 27KDHLIEAY /=) 1 ml IZAVARE ST DWW T HPLC 7347
BT o7, EREEIICBOTHE LMD ET 7.

6.3 KR - BE

MeOH THHU/Zb&® 0. Mid. —aF> @, hUIRY > ERESNE (Fig
6-1~6-3) o Bk S BEES N2 LEWIVIE, NMR O RN SBEAME THDHE
Oy Ny 2 B ERE SNz (Fig 6-4~6-5) .

ZaAFUE. NUIRV 2 BOPIY 2 VBRIZDWTEAOEEA (&, s R,
J5, ) I ERORIEETo R % Table6 IIRT . ZOF > BIITFI12£ <,
HEHERITBWTEREN 2N o7z, MY IRY VIZDWTHEBEFIZARLS, U5,
AR, RIZBWTIHFEBRBEDZSE THo/z, EOTINY I VBIEIETIIRICESL. U
Y., TR, BEIMNFESRNDIRN S . M. FERERY D ORLEY O RITF
BHOK 6 FETHD, ZNIIRMIBHEY 100 g NFEAO R EE 600 g N5ELNS7ZD
ZEBEDbN5,

BRDRAY /=)Ll EHEY O HPLC 2 G, TOFENHBRNZNH
IF DB, FIEEMEES L THRETHERINTB Y., BERH#C1 R V&R
HEOWBRENRBENTND (20) . —F. BEOELL THL MU IR 22D
Tﬁ\%m@6®ﬁﬁ%ﬁﬁﬁﬁ(2@%%%)@%KDMT@%%QKWO%ZTF
DR HaF BEFRUL IR, LRI DBNWHIRERFDARENSE X
53, RETIRELZ DILEVORNRIZDODWTHRL BNS®EFZ2{To /.

EeEANSOEOTIVE I CBORE &EZOFERFEIRICDNTHMENZW
ZEMS, FEEBEXBNTIIHERHFET I Iy b - TUXEZHN., TOHMHERFEIIRIZ
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DNWTHRZ{To 7z,
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Signal intensity
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Molecular Weight
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Fig.6-1 >C-NMR spectrum of isolated compound I and its chemical

strucure.

Carbon signals of isolated compound II: 128.3(C-5), 136.9(C-3), 143.8(C-2),

144.4(C-4), 147.3(C-6), 169.7(C-7)
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Signal intensity

Relative intensity

6:2 RERCR o CH3,

. \\\ | . _— L o : Moleculér : E
T ' B | | Weight:
R (I g e 13714

Fig. 6-2 ®*C-NMR spectrum of isolated compound Iand its chemical structure.
Carbon signals of isolated compound II: 49.0(CH3), 128.4(C-5), 137.5(C-3), 145.6(C-4),
146.6(C-2), 146.8(C-6), 168.4(C-7)
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Fig. 6-3 FAB-MS spectrum of isolated compound II.
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Fig. 6-4 13C-NMR spectrum of isolated compound IV and its chemical strucure .
Carbon signals of isolated compound IV: 25.2(C-3), 30.1(C-4), 56.8(C-2), 177.5(C-
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Fig. 6-5 FAB-MS spectrum of isolated compound IV.
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Table 6 Nicotic acid, trigonelline and pyroglutamic acid contents in the parts of

pumpkin.

(mg/1009) Nicotinic acid Trigonelline  Pyroglutamic acid
Seed 90.97 4.941 1319
Entrails ' 521.6 12.87 109.1
Fruit 210.8 11.97 65.85
Peel 231.1 10.81 37.59
Pumpkin paste concentrate >3 1182 (197.0) 84.62 (14.10)  418.7 (69.79)

1 It is around the seed, and is said "wata" in Japanese.

2 The edible portion of raw pumpkin homogenized with 2 volumes of water by a Mascolloider was centrifuged
with a screw decantor to remove the large particles. The supernatant was boiled at 99 C’ for 10 min and then
concentrated under reduced pressure. The concentrate passed through a filter with 150- pm pores (the

pumpkin paste concentrate). The Concentration 100g were provided from pumpkin 600g.
3 The parenthesis shows a one-sixth value.
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WI1E —aF BEN) IR COYIERFE RS
B JERERM D v MR DR

711 &

FMECHEMAELEZZIF VB NA) & RYTXU > (TRG) KDWT, AHiTIIE
WRFETFINTHS Wistar v MBI BEEBERHL .

NAWRESZIO—BTHD 1 HDOLEREIT 10~20 mg TH DA, 500 mg/H Ll EE
RT3 EEY I AR B OIRE RBSEH RTINS, T D) NA I 1950 £48
2 5 B IS MR & U CHRRRICIS A S 1T E 2% T OIFEE TR Oz D\ T
W EERERANS N, BEOE I BFBTO L ZF 0—ILa R OME IR
DREDRENANZZALDUNEDELTEALNTNS (17,18) . £INHDF)
RI2&0 HDL-C % ERS® (19) . AIEMEETH L. BHRES T > A VR
BHICRDOEOBREL DD (20) .

—%. TRG IIXRAMEEREIER (21,22) ©HRIEA (23) 26T 5 &GS
NTV3, £ZTRGIEI—E—IZHFENTNT, I—b—2FERFEDIREZ/RD S
WSBRER R ENTWSA, H5LTWSWEN TRG TH D EFRIN TV BHER
720 (24) o

ZONA & TRGIIHEENELYML TSR TRGIEIAFNEETSAEWEET LR
CHEEB, TORBOENVEEDLIBEEELESTON, KETIREBERRED
Wistar 5 v M2, BRHECBILA L AT—h—, IBEL L EHMTLEEDE
WERE L 7z, |

7.1.2 FEBERFIE

7.1.2.1 Y7

ERITHWE NA JEFE/LSE#% a4, TRG 13 Sigma-Aldrich M S8A Lz,
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7.1.2.2 EEEMW)

Wistar 87 v b (HAZAIZ)N P —X DA 8ET #) 2RV HEREL3.1.2
ERUTHD. Tv ML 3 HEPHLERE L%, 5 LT DR (CON) . NA #RM#EH
(NA 0.05%. 0.1%#5MEE : NAO. NAQ #) . TRG #NEE (TRG 0.056%. 0.112%¥#
g - TRGO. TRGO #) O 5 I/, 46 AMIEAHE L. KREMEHHKII Table7-1-1
WZRT . |

BEEENE., AEIEHRAEL. EER, Mk OMEE. NEJ/DOE > Ax (HbAw)
WEE 1. 6 EEICAIE L. EOEEL 34-36 A BIZITW. fHAREE T-80C THRE
L7z ﬁﬂ’éﬁ%’ém:& 10 FFEME R > 7 — VB FTHRE L. OIEX D EER
. = ORI 2% SalEiin (BRE. Z%EE. 2FRER) 2ZR0HL.,
BERWERRAERTHEL, FAKETI0CTREL.

7.1.2.3 M¥EEREE
ZeRERE MAEIE 10 R ARIC. MFMERBAR 1 BRI AT E—732
GR-102 (FIVEHRAR) ZANWT, FRINACE D BFEIRE TR, #EL 7z,

7.1.2.4 1fi® HbA HlE
BEIRD S ZHRINR I D EIm L. Bio-Rad #® Micromat [ Z{#EH LEIEL =,

7125 . FFI. 3EROISEMENE

7 OB 3.3.2.2 12 TIT > 72,

FERASEE OHEHIE Folch 5D (64) Ick> TiT o7z, BIb. BASHRE LI FFIEK
0.5 g ZEMH 5 AREDFA P —ITED, MeOH 5ml # ANTHEIFA XLz, &
512 CHCls 10 ml #MAREDF A X L7z, ThE No.2 AETHEBL, SiREHRA
HRBREIC AN, BRI HRE EEUORE DA F—1cB L. MeOH-CHCLs ¥

(1:2,vR) 15ml EMATE SITREDFA XUk, FRICEBL, Aicii Lz 5%
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ER— L7z 2SS DAEDH VATED 0.88% KCl ZMATIRED L. —BMEL T,
EEMeOH Jg) & T8 (CHCL/B) IchBEL7z. EEEREXLEH%. THEE CHC T
20 mlIZER L. 2055 5 mlid 10 ml ¥ > )VIRICERI L. BREEL 2%, =
SICEEHBREZTV, TOEEZREL THRIBEEERD =,

E[SE D Folch 5 OHEIHE D TIT o7z, Bl L- B2 HRBER L%, )V TH.
<KL, 205 0.5 g ZBRE T, MeOH-CHCLEER (1:2) 10 ml Z0A
T—BHH L7z, DT No.2 AHITHEEBL. MeOH-CHCL AR (1 : 2) 20 ml IZER
U7z, IR 5 ml ZHD . BMEE L 2REEERETHY, BEEZRIEL .

Myg. FFiE. #EH @ T-Chol. HDL-C. TG. FFA [Zafl OFYEMSE T2k A8
Fv bRV, BEHBSIAME TERRN2HEOFy MEBEHE- T A MY a—%
AWTHIE L=,

7.1.2.6 EEALIEE ORIE

M EERELIEE 5.2.6 EFEUAETREL 2.

7127 ME7I=0F73I/)RI52AT7x25—¥ ALT) - TANSFUBTI/MT
AT x7—¥ (AST) {EEHEE

ALT &M & AST &M ORIEITRNEBRIE (65,66) Z2—HEEL Tfrolz.

ALT BELOAST IFEHEBIE AAEIITEIOR U, BIEICERL., Al S IKE
I:M=1:6 OEETRAELL. RLWERE I RBIVI + BKZHSNUD
BOCTIEL ., AELIVITEHE 500 ul, >V 10 ul. 1T + IMIEHK 175 Wl ZIER
mzZEE U7z, UV-VIS Y EE Z AV, 340 nm OWRILE ZRFRFIVICEIE L 7z,
ALT #l5E
[ I %] 88 mM Tris-HCI buffer (pH 7.8) (0.27 mM B-NADH B &8 56.25 U/l

LDH %11) . 5 NKOH 2\ pH 3%

A3 D] 300 mM o7 k27 )L )V in 176 mM Tris-HCl buffer (pH 7.8)
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[EAEM#K] 1.25 M L-7 5 = in 88 mM Tris-HCl buffer (pH 7.8)

AST #@l5E

[#3 I #] 88 mM Tris-HCl buffer (pH 7.8) (0.27 mM B-NADH $ J ) 28.13 U/l MDH
&%) . 5 N KOH #H\WT pH F8l

I O] 300 mM o-7 k7 )V ¥ VB in 176 mM Tris-HCl buffer (pH 7.8)

[FAEIHK] 1L.OML-7 A/ F B in 88 mM Tris-HCI buffer (pH 7.8)

7.1.2.8 Ifi¥E TRG. NA 747
BEHHRO TRG LRED 2 WISERNEEDO NAITDWT, mMEZHAWTHEEL .
R O 5 EHERE L - Mg 2 3.3.2.2 IRV fiEICFAR L . Sep-Pak Plus C18
Ji— kU wY (Waters ) IZIRIL7Z, ZO®BBEKEZS /£y T - BODBET/NA
A 3K (MM T EMESH) I8 L. RBODEE (14,000 X g, 20 min, 4°C) 217>
THEABREREY > TNV EUTZ,

SHT1E HPLC TfT 2 72 1 5 A2 Wako Sil- 15 C18 HG 250 mm X 4.6 mm i.d.
FIAME T EBR KA & 40CITRB L THW, BEIMICIE 10 mM U B /KEH
DO ANY Ty — (pH2.4) &4V 70/8/ =)L (92:8) IZ. 6 mM F 7 2 ¥ > 2K
CEBEFRITALBRL, 020um AT LT 4 NI —TABLEHDERANW, FHE
0.8 mVmin, #HIE 225 nm TfFo7z. TRG. NA OEMIL Sigma-Aldrich, BIH{L
BRASHEE AN,

7.1.2.9 WO
F— 53 £ SEM THE L2, F— 13, —TRENMAHIE ANOVA) ZEAL.
EBOM E LT Fisher’'s PLSD 52 Wz, ¥EHHE Z/KEIL p<0.05 &L 7=,

7.1.3 HER

fE 46 HEOAHEERE. AEEMBIVW TN O ERICEN 2N > 7% (Table7-1-2) .
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ZeMER OB IS B 1T BV T b SBMITENH S ah o (Table7-1.9) . S/
HEPMKE TBARS. FEEY—H—& L TOME ALT. AST HEHICBWTHRERIC
BRI TOENABSNIEN 572 (Table7-1-2) . HbAw{EIZ CON BEDOAT 1ABIZHA
T 68 E THMOMER (0.05<p<0.1) ZRL7ZA, TRG® NA B TRHZOL S 2HE
BRSNeh o (Figr1-1) . NAQ BIZFMO T-Chol, TG E4 LF L 7
(Table7-1-3) . MIFEF D TRG. NAH DR, TRGO #< TRGD #13 CON #iZ
BanwE—rNRsi. £7z 0.06% BHO TRGO #LDH 0.1% EHLZ TRGO
BOBNBENE—r 2R L= Fig7-1-2) . BREBETHWLEZEZS, E—U0E
RBEENSIOE—JIETRG EFE L. LML NAQ B. @ BHITITESR NA &F
CRHERDODE—ZIRR N>/ (Fig7-1-2) «

7.1.4 EER

TRG. NA ORERFET NP\ DEEERITT DRI, TN 5 OIEBERHET I T
Y MANDOEBRZRNT 5720, RETIIENS & Wistar v MG LHERKB<— N1
—PBIEA NV AT —, BELNINHEOEEL L. WEFL 7z,

ZORE. AEEREOAEMNE. Mk TBARS 8. f# ALT - AST EHEICIE
BRICBI2EEREN M. LHL NA BIZBWTIE. FFIED T-Chol % TG &
OEREMAE SNz, NARSEIIERTHO, FiETOa L AF0—)VEROMEH
PRI O REOREICL D, mMEPoa L X7a—)LV EHEEKZERE S5 L. HDL-C &
EETSZEMHMENTNS (19) . LD LABETORBIIINEEZRRZSZHD LD
72o TRG BT 0.1% ¥5BICBWTHE T-Chol WEBERBEZERLZ. TOER
DOEDIZIE TRG #ITHIT 2 HDL-C OEINAE 2 517z, HFEIEEICHW TIEERM
TER Mo =,

WERIF DY —J1—TdH 2 HbAic ® CON #ITRIT2EIE. #HF 1 HEICHT6A
ETHEMLZM (9<0.1) . TRG., NA BIZBWTIZFOEMNEEINN >, B
IOV TIIHERBFIMIC BT D L0 O U AENEZRL ., ZILOETIZHE-> THEN
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Fig. 7-1-1 Effects of trigonelline and nicotinic acid on hemoglobin Ase

levels in the experimental animals.

t Significantly differ from the value at 1week in each group, p<0.1 .
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The amounts of whole blood was calculated as 6% of the body weight.

TRGOD
TRG@

Fig. 7-1-2 HPLC chromatograms of trigonelline and nicotinic acid contained in the serum.



95 ZENRHASNTR DT,

TRG. NA#E T v FOMESICBTS TRG. NA OO &7 o724 R, R 10 &
M#OMmEFTH TRG biﬁﬁﬂﬂf:?%)gbztt%b’cﬁ 5Nz, NA OE—Z7id 7 ov
NS LATRBERINZN -7, TRGO #HOMIEFITIE 4.2 pg/ml, TRGD #TIL 7.5
pg/ml DI|ETHEETHZEN D277y FOEZMBIIAEDKI 6% THDHDT (67) .
FHET 5 & TRGO #TIERLMERFIZ 70.01 nge TRGO B T13L9 ugEENTNS
&G, AAARANCERL - 2fET O TRG &3 TRGO A% 7.75 mg. TRGO #

T15.72 mg 20T, TNINMKHEEEL TS DIZ 0.903%, 0.839%I775% .,
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BTE EH JIEH2 MERRETI GK) Tv Mok amE

7.2.1 ¥E |

AEE 1 TIIEERE T v MIBWT NA & TRG BEBEHERKE < —H—%IkiZ

HEIIDWTHNZT> 2R, TRG #TRESFEBIZBW THMIIBITHEN
Roniaholz, UHALRMNS NA BIZMECHIBEDOEE (T-Chol, TG E) IZHWT
CON BIZHN, ZETHMHEMZRLZ,

AEIIIEAER O 2 BRERBET ) GK T v b ZHWT, fifi TEENNE Mo KR
EDNA . TRG (NA 0.05%. TRG 0.056%) Z ), Z15DBERBTOBMLA ML
T—h—. BELANVIERIETEEEZRTTL .

7.2.2 EBRAE
7221 BT EEMER

EHITI 7.1.2.1 LU TRG. NA 2 AWz,

FERER 2 BIBER £ 7)) GK (GK/Sle 8 B #E) T v bERWTHH &I 7. fAF
14 3.1.2 ERIUBRE T TTo/z. 7w MMI 4 HMEHEAER. 6 ILT DX (CON) £,
NA ¥Rin#: (NA #) . TRG #m# (TRG #) © 3 BN, 43 AMMAE L. GK
Ty bORIEE L THEES O Wistar T v k&2 AWz, BEE#RLZ Table7-2-1 12 L7z,
NA. TRG EiZlZ NA., TRG #ZNZH 0.05%. 0.056%FML 7=fptEE 277, .
BIUEEERe-O—2AF—F A7 0—ZA=2: 1 BENGELIIWTEHEIFHAEL /&,
£z, NA & TRG OFMEEFETIVBES L=

BEERE. AEREAEEL . ZERODEE. ERnEEIHFRSE L 3. 5
HEEIICHE LU, HbAwlX 1, 4. 6 HEICHIE L7z, OGTIT 13fF 26-27 HHIZ, #
EROEEE 34-35 HHIZITW, HARET-80CTREL /2. MERKHIZIE, 10 K
RMERE R > T F —)VRRE T CRIE L. DL 0 K 28R L 7z, = ORI, 2.
ERBEEAFOGRERzROML. ERRERRAERTHEL ., EARE T-80CTH
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Table7-2-1 Composition of the experimental diets (%)

] Wistar

Constituent CON TRG NA
Casein 15 15 15
o~ Cornstarch:sucrose=2:1 70.5 70.444 70.45
Corn oil 5 5 5
Celulose 5 5 5
Mineral mixture * 3.5 3.5 3.5
Vitamin mixture 2 1 1 1
trigonelline 0.056
nicotinic acid 0.05

100 100 100

1 AIN-93G-MX and 2 AIN-93-VX which contained 25g bitartrate per 100g were obtained
from Oriental Yeast Co,Ltd.

* Trigonelline and nicotinic acid were added so that molecular weight agreed.
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FL7z.

7.2.2.2 MHEMERIE. OGTT

ZefEiE, RERF Mg 7.1.2.3 EEBRICITo 2.

OGTT I3 10 BR#R L 2%, MEEZREL 04) . D% 2 gkg ((KE) O D-
TNaA—X&FY T ITTROBEFAL 15, 30, 60. 120 HZImpEEZzREE L T

277

7.2.2.3 MEA AU BE, A HbAwBIE

OGTT (fA%& 26-27 HEH) KO > AU UMERIERE#HIREL O, B EE 43 HE)
BDA A MEGOIEL O ERER M Uz iR E AW, 5.2.8 EFEERICAIE L7z,

f1H HbAw 1d 7.1.24 D LB VHEIE L 7=,

7.2.2.4 IM¥E. FE. EPOREIRERE

PR & P IEE ORMMEL 7.1.25 LR THD.

Mm%, AP, 2% T-Chol. HDL-C. TG. PL. FFA OHIFEICIZ 3.3.2.2 THEAL
ZFy bRV, REHE ORI TERASHEEOF v MEEITE-T A
r7a—ZEmHWeE,

7.2.25 MET7 T4 HR%XTF>. TNF-a. R 8-OHAG HEERIE

IM¥E7 74 R3xTF> . TNF-olgEld 5.2.8 SRRICHEIE L 7=,

R 8-OHAG IBEDHEIFEX. HiEL TBWEREE LS EE (1,000 X g, 20 min, ZE
B LTHELNS LEEZAWE, BIEd HAZLHEZER S0 ELIZA v b New
8-OHdG Check £/ L T o/co RRMNMBELEMASHBI LT F o Fo b (F
VPFZU-TARNTO-) EBRWTI VY FZUEEBIEL. 8-0HAG BV LT F
Z2HBODOEELTRLUE,
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7.2.2.6 BBACIEE OHEE
Mmik. FFEEEE(LIsE L 5.2.5 ERIUAFETRIEL =,

7.2.2.7 FETMI NI FF > (GSH) . BILB /I FF > (GSSG) DHEIE

ERIVER-80C THAEIRTE L THBWITHE 0.5 g 1T 10 f5ED 0.4 N iBiE Rl &bux K
FTIZBNTEHREDF A AL, ZOFREDFR—M2ELDEE (13,500 X g, 5 min
4C) LTRY >N #. 2O LEE0.20 um 7 4 VA —2BLBEIEY > AL E LT,
F7ARMEYE & LT GSH (100 pg/ml 0.2 N B HRE) : GSSG (100 pg/ml 0.2 N &R
%) =1:1 &AL, 5ul # HPLCIZIFEA L7z, T OBHEYEORE L ¥ —JHE.
BOY TR BE—J NS, TNETNOY > TV Hd GSH, GSSG BE2HEH
L7z,

HPLC O} 5 41212 250 nm X 4.6 mm id. C18 DF-5-120A MCM 73 5 A (MC
MEDICAL, INC) M\, #MHIZIE Coulochem I ER ¥ HEE (MC MEDICAL,
INC) 2Rz, BEMHIZIZ01M U VB —KHBF R U AE 0.15mM A% 5 > 2 )y
ROBRF NI TLDESGK (J B TpH 2.7125%) CHsCN=98:2 1L%0,
BE{LBE IR & LT 50 ul @ Reagent MB 2R L /=8 & BV /-,

7.2.2.8 WWHARIMER, FFREOHER CBERIEERIE
AR Bk & FFgY > TOVERELE, &7z CAT ® GPx iE 1 OWIE LT 5.2.6 TRz

BT To 7%,

7.2.2.9 FFBIEBE SR, DEERAE
7.2.2.9.1 [GIFE & RkEER (FAS) #HlE
BlEY > 7N OFEL Burton 5D HE (68) IT&-> Tiro/z. EHBIEIX Fsu,

Carey 5 D HE (69,70) 129> 7z,

61



FARERTEL TBWERTIR 2 g BEEBFL. 1580 01IM UEBAVIANY T
7— (PH7.0 1mMEDTA, 1 mM2-AVAT RNLH ) —VE) &MA, FEDFAX
L. @O 8E (1,000 X g, 15 min, 4C) L7z, 51270 LEERE OB (100,000 X
g, 45 min, 4C) L. =D EFZHEIZH W=,

EHERIZEIZ30CTTITo& 1 ml OAEEINOFIZ 143 mM U BRI Y D LANY 7
7— (pH7.0 143 mMEDTA, 7.15 mM 2- AV A7 N L%/ —)VE) 0.7ml, 2.5 mM
7+t F)V CoA20 pl, 10 mM <2 =)L CoA20 pl, 10 mM NADPH 30 ul, Z&%/K 0.21
ml ZMZA 5 BT LA > Fa_— g, BEY 7)) 20 pl ZEHMLU TRGERBL
/2o NADPH ORI £ 340 nm T 3 A #IEL =,

7.2.2.9.2 =2 6- 7 A7z —hTeRoryF—€L 674 AT7 )N I%—
ke ROy —+ (G6PD + 6PGD) {&EHHHRIE |
FFIEY > 7V 0%, #Eicid BIOXYTECH G6PD/6PGD-340 F v k (OXIS
international #t) ZfEH L 7z,

7.22.93 ANVZF NNV "IV T AT 25— (CPT) EEHIE

EERIEAOY > T INE, K 0.5 gi2 6 {587 3 mM Tris-HC1 (0.25 M A7 01—
A 1mMEDTAE) ZMATHREDFA XL, ARELE,

HE WL Guglielmo 5 DAL (T1) o7z, ?ﬁ'li?ﬁ'l@i 30CFTfiofz. 1ml DA
E )N OFIT 116 mM Tris-HCl Nv 7 7 — (pH 8.0 2.5 mM EDTA 0.2%
TritonX-100, 5 pmol DTNB &) 0.5 ml, B Y > 7))L 10 pl, ZEZK 0.46 ml 20 % 412
nm T3 HENELZREL., BEEDO LFNASN2<E>725, 2mM /X)L 21
JV-CoA 20 pl Nz, X 5IZ3 AEEEEDHEIEETo/m. WAEN—EITELZE,

1.2 mMI- IV ZF 2 ARR 10 pl 202, 25123 AEOBIEZEITo 2.

7.2.2.10 DNAT 7 O7 L1 ITXDBETHREMEN
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CON #. TRG HEOMBIZB I SEETRARZIMET 570I1IZ. DNAT1 707
LA o &fro 7z,
7.2.2.10.1 FFiE RNA > 7))L OFRH

FFRE 5 D b —4 )L RNA fiHil ik + v + RNeasy Mini Kit (QIAGEN %) #H
WTITo 72, #itiL7z b—% )1 RNA ¥ > 7FIVIEAANEFERNTEEREL.
Agilent2100 Bioanalyzer (Agilent technology #t) ZRW THMEREZITo . X
Y TNVEBERT 2 ET-80CTHREL 2.

7.2.2.10.2 FEBRAT

WT Sense Target Labeling Kit (NuGEN #) ZMH W T cDNA HigZ1T\,
Affymetrix #: GeneChip Array ( Rat Gene 1.0 ST Array &= T3 29215) 12\ 71
FA4Y¥—3a#f7o7. GeneChip 3000 Scanner 12X % Array D AF v > EHEH{ET
—% ZWB L7z, cDNA HEETENS Array ODAF v £ TIX, NuGEN &L
Affymetrix #0700 h I— VI - 7=,

T = f#HT X5 GeneChip® Operating Software ZHWT, BF LY > T
@ Array @@7’:;‘ 5 R U7z, GeneChip 7— ¥ fE#TY 7 kU =7 Expression
Console ZA T, BETHAREEBMEE L THIB LA txt 7 7 (VAT LUz HHE
1L DFEVL Expression Console IZFREINTWAEHF 7 TY XA RMA ZERL 7=,

CON # (n=3) & TRG (n=3) H#OHRICBI2ETREEZHKRL 2,

7.2.2.10.3 RT-PCRICLZDEEFHRELLOWHER
Real-timePCR & Z F\ /= RT-PCRIKICK VB L2 BEFREEEZHEL /=,
F—% )V RNA Y>> 7)1 pug % DEPC/K TS5 WIZFHEL, 5> F ANFHT—14l
ZINA.72°C. 10 MR L ZF OB KFTHRLZ. T 51T 5 X RT-buffer 4 ul, INTP
4 ul, 100 mM DTT 2 ul. ReverTra-Ace 0.5 p1 (100 units/pl HEFRRNSHE) 20

>

A, 42C. 1 KHEIOBEREE cDNAY > IV 2/,
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PCR &istd, 2V Q3.2 ul. SYBERGreen Real-Time PCR Master Mix 5 pl, 10 pM
57I4<— 0.4pl, 100uM 3T T4 — 04l 51T cDNAL Wl ZEHEFHD 96 ;XA
a7 b — MIARL U7z, OGS HEE 95°C (30 sec) —*95C (5 sec) —55°C (15
sec) —T72°C (15 sec) **—95C (5 sec) —65C (1 min) —98C (coutinuous) —50C
(30 sec) & L. *NE**FET% 45 Y1 V)& L7z, %EIT LightCycler®480 System
(Roche Applied Science #) ZfEHA L. FHREWEF., YNV I1—X6-T+A 775 —F
(Gene symbol; G6pc, sence, 5-CTACCTTGCGGCTCACTTTC-3’; antisence, 5-ATCC
AAGTGCGAAACCA AAC-3) . VU PFRIF U¥Y 2 /NJE 4 (Angptl4, sense,
5-CAGAACAGCAAGATCCAGCA-3’; antisence, 5-CCTCTTTCCCCTCGAAGTCT-
3), ¥Fra—2A P450, 77 7 2 Y —51(Cyp5l, sense, 5-GTGCCAAATGCAGTT
TTCCT-3’; antisense, 5-TCAGACAGCGCTTCAAACA C-3) IZDWTHE L7z, NER
BEHEIZR-7 7 F > (sense, 5-ACCCACACTGTGCCCATCTA-3, antisense, 5-CGTCA
CACTTCATGATG-3) #f\, BEFREREMELL, ERICANET T4 71
IR TR wF Py NKERASHIOERLEHOZBALERL 2,

7.2.2.11 BEHH
F—FIFE +SEM TE L2, F— 13, — LB 8O (ANOVA) 2R L.
E®HH & L T Fisher’s PLSD % Z V=, HeHE Z/KEIX p<0.05 & LT,

7.2.3 %

EHEPOAREEMEL CON BT 42 HEICHZz> THEMERLZDIZH L. TRG.
NA # T 21 HHLREICZ QEIMNZHEERZAR 57z, 37 HHUKETIE NA #12
PBVWTHERBEMOMBEINR SN, AEHORMERRIIIHMICBT 55 EEIN
nolz (Fig.7-2-1) o

FEMEE, 3. 5 EBICHEIE U 7z 225 mpEE I IERE IR D Wistar #2YGK T v
b BITHLU T, HEMEWEZRLZD, GK v D CON #. TRG HBLK
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NA HOBEITIX, FEARERIR SN ok, BE 1 KERIZBT 25 iiEE,
FEFHITBWTERRBBE & 3 A EHOMITIIERERENWN LN 57278, TRG BITBNT
& 5 BEICBRIERHIIHEANERBE T ER L. NA BIZBWTIHME MERAR S 1z
(Fig.7-2-2) .

fHE 26-27 HEHIZfTo 72 OGTT iI2BW T, #KE% 60, 120 4T CON itk
NTTRG BWNEER EROMEZRLZ (Fig.7-2-3) . LAL. NA BHIZBWTEH
HINRSN2N 272, OGTT D AUCIZBNWTH . H UL DIZ CON BITHRTTRG #
WWBWTARIZEWEZRLZD, NA BIZBWTIHETRR s nholz, £/2Z0
OGTT it iE FFA IBE 2WE Lz & 2 5. Wistar # & TRG BIZB W TITHEA R
DIBSEAME< 725758, CON B & NA HIZBWTIE 15 /8 NEDEMEIZ/RD T ORI
F U7, OGTT ilizH 10 BREOERNS D . OB ERST S5 & Wistar B & TRG
BT ORI F—HEL TOMA EETLU TR OF A DHEIZITH 2 DITH
L. CON & NA #HTIREHBEOFMANHEIZITON TN I ENHER I NZ,

43 HEOEHTHB L ZFBEEICIIGK v M THBICERE I o2, &
I, fBRAMBAaREERERIL CON BIZE8WTHE<. TRG. NA BETIIENWEL
WIEWNERNIC® 57z (Table7-2-2) A 4 HHEIZIT> 72 OGTT TOMER G #T (ZEERS)
CHRACEAMSERE A, Ml >R B CON BICHAT, TRG BCB:
TI&R<. NA # & CON ERITIEXENRMN oz (Table7-2-2) . FEIFMIREIEO Y1 H
AT TARRIF2TIECON ORI SDENRKEL FHMIIBIT L2HMEINER
R 5NN o 7 (Table7-2-2) o TNF-ald CON BT TRG B TEK<. NA #
TIiX CON B EENBR DTz, VT4 KR F 2 & INF-aldBEWOERZHFIL &
W, BRI BNWTIHEBREEL XN TENENOEADHIHI SN TS I ENHa6NT
W5 (72,73) «

% T-Chol. TG. FFA {EIIIERERIE D Wistar #IZHEXT CON B THEW, E2iE
EWEEZR L7724, TRG. NA B THEHAEERITE T Lz (Table7-2-3) . /= TRG #
ENA BOD 2 BEICBWTEIRR S h o7z, IFl& T-Chol. TG, FFA & Wistar &
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Fig. 7-2-1 Body weight gain and total food intake .
(A) Body weight gain. (B) Total food intake for 43 d.

> K =

£ 120 §-<i\i % 200 |

% 100 % a
5 80 L § 150 - a
3 60 1 < 100 | b
2 40 | —o— Wistar 3

o —e—CON S 5l

§ 20 r —E—LiG 2

—-—
L O ) ¢ 0 . ) ,
1 3 5 (week) 1 3 5  (week)

Fig.7-2-2 Fasting and fed blood glucose levels.

(A) Fasting blood glucose was measured after 10h of fasting at 1, 3 and 5 week. (B)
Fed blood glucose was measured 1h after diet intake at 1, 3 and 5 week. Values are
means*SEM. Values without a common letter at the same week differ significantly.
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—6— Wistar a
—e—CON 800 a
450 ¢ —=—TRG . ﬁ b
~ —m—NA 600 .
S < T
> a £
£ 300 5 400 |
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8 Q c
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-9 C 0 1 L L] 1
fan]

Wistar CON TRG NA

0 60 120 (min) GK

Serum FFA (mEg/L)

0 30 60 90 120

30 60 90 120 (min)

Fig.7-2-3 Effect of trigonelline or nicotinic acid on OGTT in experimental animals.
(A) Glucose loading was carried out (12wk old) in experimental GK rats on days 26-
27. (B) Calculated areas under the curve (AUC) of the OGTT. (C) Serum insulin
concentration before and after glucose administration. (D) Serum free fatty acid
concentration before and after glucose administration. Values are means+SEM, n=5
(Wistar), n=6 (CON, TRG, NA group). Means with different letters differ significantly
(p <0.05).
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Table 7-2-2 Effects of trigonelline and nicotinic acid on serum insulin and adiponectin, and TNF-a levels.

. . GK
Dietary group Wistar CON TRG NA
“Organs weight (% of body weught) ’
Liver 3.19+0.06° 3.44+0.09° 3.32+0.05° 3.27 +0.07 2
Kidney 0.312+0.006° 0.424+0.007% 0.411+0.010*® 0.393 +£0.008°
Fat tissue :
Mesentery 0.251+£0.055  0.355+0.042  0.284 +0.031 0.316 +0.031
Pararenal 1.09+£0.10 1.16 £0.04 1.00 £ 0.05 1.00 £0.05
Epididymal 0.751+0.050° 1.02+006% 0.686+0.040° 0.736+0.019°
Serum
Insulin (pg/ml) 87.2+0.4° 116.9+49°2 103.7 +3.4° 1185+6.9°
Adiponectin (ng/ml) 96.3+6.4 82.4+258 92.8 +19.1 1009 £ 2.4
TNF-o (pg/mi) 121 +1°2 123 £ 42 111+ 3P 116 +2®

~ Values are meanstSEM, n=5 (Wistar, NA group), n=6 (CON, TRG group). Means with different
letters differ significantly (p <0.05).

Table 7-2-3 Effects of trigonelline and nicotinic acid on serum, liver and feces lipid levels.

Dietary group Wistar CON TGRlE-) NA
Serum
T-Chol (mg/dL) 66.0+5.8°" 123.3+21.5° 87.7+29° 83.6+20°
HDL-C (mg/dL) 452+21° 72.7+3.4° 67.4+53° 66.3+2.0°
LDL-C (mg/dL) 10.4+4.7° 66.9 +16.7 2 148 +4.4° 83+1.1"
Atherogenic index ' 0.451 +0.076  0.680 + 0.271 0.334+0.092  0.263 +0.023
TG (mg/dL) 82.2+53° 90.9 +16.6° 438+46° 453 +28°
FFA (mEq/L) 0.629+0.040° 0.705+0.045% 0567 +0.060° 0.724 +£0.106°
“Total Bile Acid (umol/l) 1.84+0.40° 7.25+1.49° 3.72+0.69° 3.78£0.88°
Liver .
Total lipid (mg/g of liver) . 517+55° 587 +5.6° 37.0+3.3° 451 £24 %
T-Chol (mg/g of liver) 315+0.62° 496 +0.64° 2.90+0.25° 2.79+0.32°
TG (mg/g of liver) 16.0+2.2° 52.2+85° 156 +1.6° 18.4+26°
- PL (mg/g of liver) 165+ 1.6 23.0+35 19.5+2.1 16.1 £2.4
FFA (mEq/g of liver) 651+1.4% 66.8+2.0° 575+31° 619146
Feces
Total excretion (g/40h) 1.96+0.17° 2.03+0.11° 2.50+0.21° 2.05+0.12°
Total lipid (mg/g of total feces)  35.1 £1.4° 405+1.7° 324+16° 344 +18°
T-Chol (mg/g of total feces) 0.809 +0.039 0.883 +0.081 0.878 £0.075 0.755 £ 0.085
TG (mg/g of feces) 135+55"° 571+7.0° 185+47° - 31.8+7.8°

Values are meanstSEM, n=5 (Wistar, NA group), n=6 (CON, TRG group). Means with different letters differ significantly
{(p<0.05).
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IZEERT CON #ENBEWEZRL. TRG. NA BB WT CON BITHXRTET X
R TEmMEZRLZ.AEF 6 BETERIRLZEZSNLER. BIBEHETEE (mg/g of
total feces) X Wistar BIZEE~X CON B TEWEZR LD, TRG . NA BEizBW
T3 CON BTHANTHEITK F L2 TG HEMBIZHB W TH R R ER L 7z M.
A D T-Chol HEHHEITIIHMIZBIT B RKEREVTR NS 72,

ZHO HhA EOEIT., &HO 4. 6 HHDEZZNEN 1 BREE OfE &L
TiFo7z (Fig.7-2-4) . Wistar 8. CON #id1 EB & &L T4 BETLEHEM,
6 EETEER LENMERENZ, L2L TRG B. NA B 4 BECTAZIC LAY
Ronzd, 6 BRICIMETL 1 BEEIEFERC L NJVITEL =, |

FFIRONEIGEE SRR ZBEE D 1 D TH 5 FAS L EIEE & RRICHL B NADPH @ 60% %
EM725 TWWD G6PD & 6PGD (74) . 7 L TIgNE: DB R DEESE CPT iEHEHIE D
FEE % Fig.7-2-5 17779 . FAS. G6PD + 6PGD {&M & H1Z TRG BEDANAE ZITIKE
BRL7z. —F. CPTIEHEIE NA BEOAME WEREER L,

¥ & AFIE @ TBARS {13 & 12 CON B2 tbL T TRG BBV THBIENES
RU7 (Table7-2-4) . NA B Difii& TBARS {3 CON BT A TRV %R LIz
A5, FFRE TBARS fEIIBERTIC & 28N R 5 s o 7=,

BtA N ADT—H—THDRP 8-0HAG I3 Wistar BEL D CON BT WM
 #RL. TRG BICBTIE CON B L DIENMEER L7, NA BT CON BED b
DL ABWAEMICH -7 (Table7-2-4) .

BIELAFVAOREZHDZDICHFBTO GSH, GSSG OHIE Z{T> 2
(Table7-2-5) . Wistar BI1ZJtX, CON #. TRG B TEWMEZRLZ GSH B3,
NA BICBWTIERFZERLE. —H. GSSG H CON BTEWEERLEDN ¥ 7
WO TIRZ O LR ICHHIMR SNz, 87V FFH 2D GSH OEI&IE. CON #
TRTULZEN, Y2 IEE5E T Wistar BEOL RV ERIZETH- -,

VSMARMERD CAT. GPx ¥E M Wistar BEIZHA, CON BETHWEER LTZAS
TRG. NA Ei‘mgu:%?mﬁﬂitL;wuﬁ%u{tﬁrﬁm?ﬁ 5317z (Table7-2-6) . FFIETDHOINS
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Fig.7-2-4 Effect of trigonelline and nicotinic acid on hemoglobin A4, levels in

experimental animals.
Means with different letters among the same group differ significantly (p <0.05).

14 - DOWistar ECON HBETRG HNA

12 -
10 *

o N B~ OO @
T 1

FAS (mol/hr/Kg) G6PD+6PGD (mU/g CPT (mU/g of
of liver) liver)*10

Fig.7-2-5 Effect of trigonelline and nicotinic acid on liver FAS, G6PD+6PGD and CPT
activities.

Liver fatty acid synthase (FAS), glucose 6-phosphate dehydrogenase (G6PD) + 6-
phosphogluconate dehydrogenase (6PGD) and carnitine palmitoyl transferase (CPT)
activities. Values are means+SEM, n=5 (Wistar, NA group), n=6 (CON, TRG group).
Means with different letters differ significantly (p <0.05).

70



Table 7-2-4 Effects of trigonelline and nicotinic acid on oxidative status and urea creatinine levels.

. . GK
Dietary group Wistar ON TRG NA

TBARS

Blood (nmol/ml) 1.32+035%® 146 £0.46%  0.47+015° 0531025%®

Liver (nmol/g of liver) 172 £14 % 178 +5° 148 +6° 188 + 16 2
Urea

8-OHdG (ng/g of creatinine) 442 + 852 665 + 158 @ 239 +59 P 727 +185 2

Creatinine (g/40h) 0.701+0.111 0.933+0.098 1.002+0.088  0.849 +0.114

Values are meanstSEM, n=5 (Wistar, NA group), n=6 (CON, TRG group). Means with different letters differ significantly
(p<0.05). .

Table 7-2-5 Effects of trigonelline and nicotinic acid on liver glutathione levels.

Dietary group Wistar CON TCISQKG A
GSH (mmol/kg of liver) 3.72+0.20° 427 £011°2 416 +0.09 ? 3.67+0.19°
GSSG (mmol/kg of liver) 0.0196 + 0.0064 °0.0592 + 0.0123 20.0239 + 0.0054 °0.0269 + 0.0069 °
GSH/ (GSH+GSSG) ratio 0.995+0.002% 0.986+0.003° 0.994 +0.001% 0.992 +0.0023?

Valugs are meansSEM, n=5 (Wistar, NA group), n=6 (CON, TRG group). Means with different letters differ significantly
(p <0.05).

Table 7-2-6 Effects of trigonelline and nicotinic acid on blood and liver antioxidant enzymes activities.

Dietary group Wistar CON T(;Ié NA
Blood
CAT (U/mg of Hb) 474+072° 796+121% 670+038% 6.75+073%
GPx (U/mg of Hb) 276+42°%® 34.0+3.3° 248+20° 239+26°
Liver
CAT (U/mg of protein) 70.8+35° 76.0+1.1° 50.5+6.3° 64.4+44%
GPx (U/mg of protein) 1.04 +0.07 2 1.15+0.05° 0.75 +0.09 ° 1.00 £0.06 °

Jalues are means+SEM, n=5 (Wistar, NA group), n=6 (CON, TRG group). Means with different letters differ significantly
2<0.05). .
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DOEERIEEIL. FRMEROEFE &> T Wistar B & CON # & ORITENRDN o T2,
TRG. NA #TI3 CON BIZHANFRIMEN, EEMENWEMIZS > 72,

DNAXA 707 VAR L DB THREALCERTLIZEIS, 2 FULEITERL
BEFEIT 369, (KT LZEETFHILZ669 THo/z, FTHSEOERICBEEDH S
FERH SIRERBICTK > TRRL 2B D%, Table7-2-7 IZRT, Gépe, 7+ —T v
REERT (Foxol) . FFMEHATF 40 (Hnfia) ZOREHEICED LB TRENME
TLTHD. TRG ITXZDHERBORIEN L X DEPIEOLELREEL TWD
ZEMXZFEIN/Z T EF I CoA DERIZEAHZ ATP >~ —F U7 —¥ (Acly) ®
RBEUET. R EZHET L2 ENAR—- T ROr P —EFF—ET7 A VT A L 4 (Pdk4)
DFEBEIMNTEZO T EFIV CoA ERMIIFIEN TV, S5V ATFO—)V S
% Cypsl ® LPL W 2#M T 5 Angptld ORBEEFHEENE, Fie
real-timePCR T8 L 7= 8= F Gépe. Angptld. Cyp51 & CON Bt & TRG BEDLHE
WEEREZ Fig7-2-6 ITRT. WINHIA4 707 L1 OFEREFUHEMZRL TRWHEN
DN Tz,

7.2.4 BE

HITIE TRG & NA SEEN A5 REE GK 5 v e 43 HRGE L ERER
277,

OGTT DEEEA 5. CON BEEA 22 1) > DS NI bR 5 FISHEAET L
TENER S A AR TV D EE X 5N B, TRG BEXET v MoBw
CITREI BRI R 5 A%, NA BECHBEAE 5 s ho 7o, L LI E b
W >R B CON Bk DRI > T, DED TRG B OGTT o
B, 1SR S AEAMES . NA BAEMBEA >R ) S EREN. S0 2 BEEL
BT 5E, L0 TRG BIAA 22D VBZERRNEB R 5N5, TRG BICHITBHE
EFOREE DNA <1 2 07 L1 TRELZRER. CON BicH LT TRG BT,
I EDF - BETHD Gope ET 42Ty F—BEF L OMAY PN
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(Pten) OFEMETLTHD, TOETFNA A U EIEHEO—ERIZ/Z> T
3 ENEZLBNE (8% Fig.7-2-7~1-2-9) .

BRBEERTTH% Foxol ® Hnf4aDFEBRMETL THWD I ENE, TDETICH
5T Gépc DRJFICAENE DD EEZ, TRG OHREIIINSORHEMHIL. BH
EEMHILTNEHDEEZ5NS (B35 Fig.7-2-8) , /= Foxol &1 A Y > Offl
HEZT TR, A AV CEETTRIART 7y FINA /b= 3-FF—F
(PI3K) /7051 >FF—H B (Akt) I2& D V) > E{t %21 Foxol 3N LGS
EHEEIREINT, Gépe ORBUIMK T TS, LALA A VEIETHLES.
Foxol ZAEMIZIRE L . BEFEREROBMLETHREIMER SN, BMEICESEDRS
ENTWS (75) - TRG BEZZ DA > A 3 T HVAHBIITHND I & THFE
ERHIL T2 EHRIND, M. BERBRTHZ /) aFF—F (Gek) OFRBFE
M CON BELDBHETLTWAEDI, RO HAME 10 BRBIZTHhN/Z%. TRG
BT M OEIBED CON LD BIEL 2o TWe 2 ENEROVEDEEZ Bh
%,

Pten {31 > AU > ORFBTENT, POLBRREZHED PISK EYT 5 AT 7 FV
VA ¥ b=l (3,4,5) 3V B (PI(3,4,5)P3) ZR#L. 1 VAU T FNEEI
T S, P1(3,4,5) P3 1L Akt Zi{EHILT 2 2 ETHIIVa—A#EEHEE 4 3 (GLUTY)
EHINIEE THET D (76) - TRG BITHIT 2 Pten DKFEHII, PI(3,4,5) P REZ
EFTGLUTA DM AT —2 a b 2HE L. BOBAARMEE L ZEEZEND
(3% Fig.7-2-9) . #& 10 BICHED 5T, TRG BHOHPEDOEAAZFEL =&
TSR TOBBGAAIL TRG BT CON BLD b, LDMHBITHONTNE I &
PHRTES, \

BRI A END 2V DA DS < 3. BIERA 5 TCA 2 &4 ATP &2 1 FIF
INB, BEERETIEIRY - IVREEOFEREEED XI5, kﬁ‘)l/:3~7«
BRARUF—IRBBICE VD VIVE =), T b= ZEMEINBN. TOLHEIC
NADPH NABIZHEINS/ZH, NO® GSH OARMET L. BBIEX N L ADTLE
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Glu

[ gluconeogenesis ﬁ ﬂ glycolysis

—I G6pc Gck (Gene symbol) F

G6P NADP*
A Pentose FFA
J— l phosphate G6PD,6PGD V¥
: Pfkfb1 pathway /'/
F2,6BP _>' F6P NADPH

| T

/v F1,6BP
/ Fatty acid biosynthesis FAS Vv
G3P l

Malonyl-CoA
Pyruvate ‘ T
/ \Pdk4(AcetyI CoA synthesis inhibitor) Acly
Acetyl-CoA
Acetyl-CoA +——» Citrate / l Cholesterol
\ ' biosynthesis
\ CPT l
Oxaloa etate Citrate HMG-CoA
Asylcarnitine *
TCA cycle
l Fdft1 I_
mitochondrig Acyl-CoA Squalene

/

Glycerol ‘7/7 FFA
*

v Cypsi I—

B oxidation  Cholesterol

l \fyp7a1 F
’ Cyp17a1

‘ Angptl4

(LPL acitivity inhibitor) Bile Acid

TG
VLDL Chylomicron
Steroid Hormones
G6P glucose 6-phosphate
FeP Fructose 6-phosphate

F1,6BP  Fructose 2,6-bisphosphate
F2,6BP  Fructose 1,7-bisphosphate

FFA Free fatty acid
TG Triglyceride
LPL Lipoprotein lipase

Fig.7-2-7 Effect of trigonelline on glucose and lipid metabolism.
1 ; Promotion.
-1 Suppression.

- ¥; Enzyme decreased its activity in TRG-fed group.
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PERNCDY core

mRNA

DNA promoter gene

Fig 7-2-8 Trigonelline restrained expression of Foxo1 and Hnf4 which is
transcription factor of G6pc. :
- Suppression.

Insulin

SHIP2 PI3 kinase

PI(3,4P2¥— PI(3,4,5)P3 Pl (4,5)P2

SKIP

IRS insulin receptor substrates 2 O O

P13 kinase phosphoinositide-3 kinase Glucose
Pl (3,4)P2 phosphatidylinositol (3,4) bisphosphate

PI (3,4,5)P3 phosphatidylinositol (3,4,5) trisphosphate

PI (4,5)P2 phosphatidylinositol (4,6) bisphosphate

Akt Protein Kinase B

PKC protein kinase C

Fig.7-2-9 Effect of trigonelline on glucose uptake in the liver.
—; Suppression.
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Insurin resistance V¥ Hyperlipidemia

T~

hyperglycemla

Glycatlon\ \
NADPH HbA1c
oxidase Self-oxidation AGEs ¥~ Polyol TNFo ¥
activation of glucose hypermetabolism FFA V¥

)\ /

ROS (05, H,0,, OH- etc) generation

*GSHI(GSH+GSSG) A

o
, GSH GSSG Vv
SOD Qxy . o
\CAT v
Fe® H,O + O,

Fe?

R
Lipid peroxidation
\ (TBARS V)

DNA damage
(8-OHdG V)

Fig.7-2-10 Generation of ROS in vivo and its regulation by TRG.

A; Activity or concentration was increased in TRG-fed group, compared to the CON
group,. ¥; Activity or concentration was decreased in TRG-fed group, compared to
the CON group.
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T5EEZ Ehfb\%o LZTNT F—=ARZ TN a—AITHR, EEOBIEA NV A Z
LDEIEFRILFNIEMREINTNS (77) . ISHITIIERFBOETICE DN,
TNF-o (78) H{LEKEY (AGEs) (79,80) OEAENEML . ZHIZH>TROS O
EAEMIRESINTHS (BB Fig.7-2-10) . T I TEROERTIIBILA RV AT
—7/1—& LT TBARS % 8-OHdG L' N, HiB{LREROINE. ANOHBRLYE L
LTO GSH, #{tAE/ O BEZMEL, |

ROS ICEO2BPEHEBEOH TH, MK, FFE TBARS & 8-OHAG. FFEOHIEE
{L%ZEER (CAT. GPx) 13 CON BICHL TEEENHD. HDONA BHLD HENEE
7307z, BE EKE (He02) LEmEELIBE 28t T % CAT © GPx OEWEHIL. &£
BEALOENL L TOMBICLBbDEEX NS, BRFT v kTN TO
H:0: LAV ER L. ZOBREDEDIC CATEE FREMEZ 2 LN SWESREINT
W5 (81) . ¥7= in vitro TOEBRTIZ. NAXTRG X0 % OH- NO- DPPH- #
KT HEANRNEDORENH DA (33) . TRG 78 NA L D ARNER(LICHIEIEI /R
T5EHERINDIEAEROBREIIER S, TRG BEEBROWEEIVDOLAERANT
DHBALEREANOEEZEBL TRILOTIEZNHL TNWD I ENEZ 5N 5,

Wistar . CON B0 HbALld, & 1. 4. 6 BEICHE> TRBICEREL TS
A% TRG. NA BHIZBWTIZ 4 BERKIERET 2500 6 BBRICIETL 1 BEEO
BEEVRRBNoZ. TUADOFRMBOFEMIIN 50 ATHOERKT T A
C57BL/Ksd-db/db IZ BT 5 HbA 13 2-3 JAREIC HbAw NTEBICEILT S (82) .
v hOFRMERDFMIIH 60 A THV. HbA IMELLEIN DN IR LB
WHDETSHE, SEOERTHELZ 4 EME O HbAw S EREIA 1 ERE O
LRNVERBRLTWSHDEEZ SN, ,GLiEEOD{ELi TRG. NA 2EHifs5 /e
ROMEL I THD, TR TEINSWEDOERMIZOZSGENNET O E > O
EIZMBICE< 2L E2RB LTINS,

SEDEHTIE TBARS ERIU L 51T HbA b CON #ITH R TRG. NA EiZH

TEWEZRRZL THD. TBARS & HbAw HIEOMBEZRT LT HHE L —HT D
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(83-85) » YT VT7ILTER (MDA) OEWMANETOE > OFLICEEERITTE
HRESNTNWD (86,87) o &> TEALSEHT THRIMERDRIE L SN, EK L7z MDA
WEO>TXOBEREINST <D, HhALD LR ZFIEEI LI ENEZENS. £
72 HbAw 2 ED Y RUALEMLBEIZBIT 2 7)) r— 3 VHBHEE KRG (AGEs B
%) % TRG ® NA ﬁi‘ﬁiﬂﬁfﬁﬂb WERFEOTUEZIHT DI BRI NDSMN, bl
AMOERBEBFREILNE N L5, 2 OBBOBIC L5 FERAHRINE
EEZEND, |

TRG. NA W EHITME. FFROBEL NNV E2%ETS &, IBEOE DM 28
SED I ETRRENZ, FFIETIIIE I & R R EESE OTEFEIIE & PERIE DTTEN R S
N7z, TRG BITBWTIE. 7EFIL CoA DEFKEES ATP ¥ hL—h U7—¥
(Acly) RAT TV EBREBEET 7 NVFINVZU VB I VRIINENI VAT 5
(Fdftl) . AL AFO0—)EREBEDT M O—A P450 Y77 7 3 1) —51 (Cyp51) .
LPL ¥EMZMHT DY ¥4 RA TF HEEH 4 (Angptld) MEEL TW 2B
FTEN5 (3% Fig.7-2-7) . B Angptld OFEBK FICE D LPLANEHALT B I &T
BIEEE ) RY >y ALV AF0—) (VLDL-C) % LDL-C 72 ED U RGY > /80 DR
LMEE L THDATREMEDYE 2 5., MmiEH O LDL-C {4 CON # XD bERITKT
LT —HEBEZSND NAGEHMEOBES >N TH2 G U NIENDIE
AZEMNMLT. N cAMP OEHZNIHEIL . TORERIVE S EZE) /N—F (HSL)
DIEHEREEZZ T T, TG ORBHIHNHEISND EOREN DD (88,89) . £z 2
BRFICHBNTD, TG OEADEFIEEIL., #HRELT FFA 2B L. BEOIODA
ADREB L OEFEMH OBENH S (90) . SEOFERTIE NABRIZL 2D
DIABTUERHETEOHHIIR SN/ o720, NA N TG FFA ICEEEZRIILT
NAERTEH—HL TS, RS LENABRSRBTEZINI-AL )V e fbsE5

TN ol CENHEREN, BRTHLPEOERE T IV I —A L N)VCEE
LiznwELTWS 91) .

TRG & NA IIEENELME T, AFNVEETS AHBOBELTOENTH S,
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LU GEOEBHERTE, 2 DOWEDOHROBVWRHENIRo7. EB5BIEE
VAWVICHEZS5 A5, MEEBIOCERNFBCHEOL )b, BRERICIE. NA
L O TRGOHA LD ?ﬁ%z‘ﬁj:%u} T EMIRENIZ. TRG I NA AR TIREEN R <.
MRIE OBFEAS VWD LN, UL > THRRAOBGAARHIEN ORI H
WTESED, HROENELTHENEONS LI,

NA BAERTRBSNEIZ NI-AF)NL-2-FY R25HVRFHI R (NMPC) &
NLAFNZIF>T7 I RELTHHES NS, —#f TRG ~NR#EHLIND Z LML
5NTV5 (27-30) . B 51E NMPC O E OB & 4 kN TO TRG DITAHICD
Wi, kb %&U‘? v b L:Dwﬂﬁéﬂ;\ LEATH TRG VRPICHHEINTNS Z &,
¥£7zNA.TRG #5495 & TRG.NMPC OHiMEIEMT D I LERLE (30-32)
ZA5 D 5 NA OB B —HAH 317z TRG 555 LT B 00 S LA,
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BTE BEIH M2 BERFETIN KK-A) YURICK DB

7.3.1 ¥E

% 2 #1T, TRG & NA OIEERE 2 BRERFET )V GK 7 v MBI D HERFEZIR
ERA Lz, %K. TRG B TIIMMEENUEIND I EERLEN NA B TORE
WRLNAN- Tz, LALAEEDEERBICIEZE2KIL. mE. O TG LA
Vi CON BHXD BEWEZRL 7z, GK T v M T 6~13 BR OEFEHITRRIITHE
BEABEREZETS2ENWESINTNDIEEEZADES E (92) . TRG. NA X
KRERFEOUBPIREF DI LENVTHHIFTE S, JOEMHMENED 2 BERMB T
NA OIEER#REXEZEZN L T HERKE EZBEB T 5 6% HE 2 5N, £H T TRG.
NA OB 2 BERBETINICBIT BB ET o 7.

1997 7 XU HEERFEHS (American-Diabetes-Association; ADA) O —7%7 7))
—THRUTEH LR OAE TR, 1 AU IR R T > AU
WEELEBEL] LIIUDITHREINTNSAY (93) . 1999 FO HAEERFRFER
@%@ﬁﬁfﬁffyxuyﬁwXQﬁ%%JZ&ﬁﬁtEoTW%(%)ozhm\
=AY AREBKAADHEB MDA > X 23 WRED, T INROET V7 ITFED
RBEOZNICHERTELSEVNEVWIBEHBZABEZICEDSDBOTH S, — IR
KRNI ER O 2 BERFEZFENE <. BERANIEBRBHEOFANL L, DED, HEA
AT 2R 2 RMAE E NI BEERRE S DEERNZ N D X, O NI I DM
KRLTA A EHEEHRT< (95) . 2 BERKRIZZDRPTVWERED DA
BThDLEEA5,

%%KmME#mﬁZEﬁﬁ%GKivhw%%&%ﬁﬁ%®mﬁtﬁm%<%t
M L1 AN WAL ERT EFAKHIZ, ARRBOMES > A VfEERDL AED T
BEODOA AU EFIED RSN, BENZEZWIEEHR 2 BERBETIN Iy hEFX
B0 4 A) AWAETHIRREL T, RERIOES > TFIN ABOBREAE
B MBI A NWE SNTHO., k& &BITHRE L OET. REERECEED
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FREE, M/NMEREREOGHENRSND (96) .

AECHER LB 2 B RR KK-A <7 AR EERIER - RiEERET5I L
N5 KB OB 2 BIERF ISR T 2 EEZ 5N TN, 2O T AL R, LK,
LR, REGE, S &1 >0 VME. 1 >R S BTSN A
JBERZEL.6EEDSRERE /20 ORERBFRELRD 100%IZET 5 (97,98) .

AHEITE TRG. NA OEFEBERBNOEE L KK- AT A ZHNWTHREHF L7z,

7.3.2 ZEBRFGE
7.3.2.1 Y7), EREY)

EBRICA Nz NA & TRG 1 7.1.2.1 EFMU B D ZEMN,

B3 2 BIBERRIE £ T )L KK-47 (KK-ATadcl 6 A4S #) <IAZEWTHRNET
o7z, FBERER 3.1.2 LRAUTHS, YUXIT 2 HHMEEULEER. X (CON) #
n=8) . NA # (n=7) . TRG B (m=7) ® 3 FIZHV). 28 HEWAE L=, FASD
C57BL/6J (n=7) % KK-Ar OXtHEEE (C57BL #) & L7z, BEEFHRKII Table7-3-1 1278
ER ,

ﬁﬁﬁi‘%&% ﬁ(i\ Sk BV3E BRI U, ZeREmE, RERS IR E I ERE L 2.
HbAs 1E 1. 4 HHEHICHIEL 2. IPERERRIEET 22-23 HHIZTo 7z, EOREL
23-27 HRIZITW, AKX TS0CTRELZ. HERKBITE, 12 BEERETR >
TH—)VEREE T CRBEL. LXK EFR Lz, 2ORFE. Z5E. Z%EEB
BIEN. ERRARRGIEN. FREMBaEHEZROEL, EEERREER TR
fL. HRARET-80CTRELE,

7.3.2.2 [MFEERIE. OGTT

Zefghs MBS 12 BERTME A%, MIFMEIE AR 1 BEBICy 72 A N BRAHLE
GEWEFE —REESR NI -IANWERE) 2FERAL TRIEL .

OGTT i3 12 Bsf#aRT%, 7.2.2.2 LR UAETIT o/, V)V I—A#5 0, 30. 60,
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Table7-3-1 Composition of the experimental diets(%)

) C57BL

Constituent CON TRG NA
Casein 15 15 15
o- Cornstarch:sucrose=2:1 70.5 70.444 70.45
Corn oil : 5 5 5
Celulose 5 5 5
Mineral mixture : 3.5 3.5 3.5
Vitamin mixture 1 1 1
trigonelline B 0.056
nicotinic acid 0.05

100 100 100

1 AIN-93G-MX and 2 AIN-93-VX which contained 25g bitartrate per 100g were

obtained from Oriental Yeast Co,Ltd.

* Equimolar trigonelline and nicotinic acid (0.406mmoie) were added to respective

diets.
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120 i imBHERIE L 7z,

7.3.2.3 M{FAT AU RE, fH HbAw DEIE

OGTT (fF¥& 22-23 HE) FLMHE @F 28 HE) O YA fEdkAady
NYEBOFy b, LEZAA VAU >Fy b-v92 S 2RWTHELE,

s HbAw IBERIEL 7.1.24 ERICTH 5,

7.3.2.4 MmiE. KIS, ﬁ#@ﬂ%’iﬁ?&ﬁ?ﬁli

MFEOFEL, g - EhEEoMH. £/28Ed 3.3.2.2. 7.1.25 W To7. H
GIEIFID TG IZDOWTHFETOML. HIEEEETH S,

7.3.2.5 Ifi{E TNF-oE2ERIE

TNF-o.DE &I Mouse TNF-o. Immunoassay Kit (Biosource ) ZRWTITo 7z,

7.3.2.6 FFIEERIEMERIE _
7.3.2.6.1 fTl& FAS. G6PD+6PDG. CPT &

BIEY > 7N OFENIAFRE 0.2 g % 10 fEED 3 mM Tris-HC1 (0.25 M A7 O—X 1
mM EDTA &) ZMATERI I AREDFA T -—THREDFA XL RNTH LN
REYR— MERLDEE (1,000 X g, 15 min, 4°C) L7z, S5 EEEELHEE
(100,000 X g, 45 min, 4°C) L7z#. =D k%% FAS, G6PD-6PDG DiEHEIEIZMH
ALz,

CPT. FAS. G6PD+6PDG DOIEMEIEIL 7.2.2.9 DHETITo /2.

7.3.26.2 /N aA—AFF—+ (GLK) . JIVI—R 6-T 4 A7 75—t (G6Pase)
EERE

GLK. G6Pase HlIEY > 7))L OFEL FAS ° G6PD + 6PDG HIEAY > 7NV OBE
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ERICXDIZL Uo7z,

GLK #lEikld Davidson 5 DOAEICHS = (99) » EHRIEIL 27C T TfTo7z. K
HEFHD 1 ml DAFEEIOFIZ 50 mM HEPES Nv 7 7 — (pH 7.4. 100 mM KCI.
7.5 mM MgCls, 2.5 mM P FF LU A h—)L %) 300 ul. 10 mg/ml BSA 100 pl.
0.5 mM £721d 100 mM 7/ )l 21— X 100 pl, 4 U/ml G6PD (Leuconostoc mesenteroides)
100 pl. 0.5 mM NAD 100 pl. #IEH > 7))L 200 ul ZHMA. HBEIZ 5 mM-ATP 100 pl
ERMMLU TRBZRIE Lz, 340 nm TH54MRIELZ. . ~FVUFIF—LELEEE
B L T100 mM )L 3 —AEHMEE QRSCEELMED S 0.5 mM 7))L 32— AGNk Ok
NEEEEZEZLFINWTHIEL 2.

G6Pase 5T Lange 5 O AEIZHE> 7= (100) , REBREIZHAE/K 1 ml, 10 mM G6P
50 pl, BIEY > 7L 10 pl 2 AT 37°C. 20 A > F 2 X— K~ L. 270 mM Hig (3.7
mMEYTF BT CEZTA, 240 mM RFIVIVEREETF MY U4 (SDS) &) 220 ul
TRIEZEEIELZ, RAT12M 7 AZ)VE 2B 50 pl iz TER 30 S REHRTE
(820 nm) Z@PEL =, 0.1, 1. 3. 5. 10 MDY > BEZRIEY > 7 INORDVIZMA
MREREERL .

7.3.2.7 HEIEEEREERE

HEfEIIE-80C THREREL TRWR RABIBH &# A L .

DRTaTA U —¥ (LPL) IEHERIER O B &R OFHEE Bergs 5 DAk
TfTo7z (101,102) . BEJENZ 0025 M7 >EZT7 Ny 77— (pH 8.2, 1 mg/ml
BSA, 10 pg/ml O R7F >, 1 pg/ml R A& F >, 25 [U/ml b 51V —), 5 mM
EDTA, 5 IU/ml /XY >, 1% Triton-X-100, 0.1%SDS &) THEI F1 X%, =&
Do EE (700 X g, 16 min, 4C) L. EEZRET TNV EL. BEE Roar
Biomedical, Inc. 8 ® Roar LPL-Activity-Assay Kit Z& A \/=, #lERIcHEZ LPL I
Merck&Co., Inc.8 Pseudomonas sp B3k {EH L 7=,

J)ta—)b 3-74xAT7xz—bF RS —+ (GPDH) EHAIER OFEIT 4
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EED 0.256 M ¥ a ER TRED I XERLTHE (700 X g, 10 min, 4C) L. &
DLEZEZ S SIELDEE (54,000 X g, 1h, 4C) Lz EEZBEIEY TN ELTHN
7zo WEIIMASHL N —280 GPDH EERIEF Y b &AWz,

7.3.2.8 BRAEYIFYER

FEEI TR Z IR O L PBS () THo/z%. 15% ¥ afiRikIcET 4°CT—Bit
KU, E5IT30% ¥ aEBERTACT—llikzfTo7%z. RWTO.CT.a> NI R
BT IT7A 0TIy NOBRREL) TEEL YA ERE T-80C THIERELZ.

BREYIAIEY 514 A% v b (LEICA CM 1850) A L. 10 pm QEXIHD,
ANIRFIY I OREBELRE, 4% NTHENVALATIVTERTEEL. 1V
— AT I GO TRRARH) 5 min—iK (BHL) b min—1% T4 >

Y R (e T4 EHE) 5 min—95% T4 /—)/ 3 min—9% L% /—) 3
min—95% L% /—)V 3 min—100% L% /—)/ 3 min—100% L% /—) 3 min—
100% L% /—)L 3 min OFETREEFTo /2. TOH%. EMH (NIKON ECLIPSE
551)) FCTEIEZITo /.

7.3.2.9 HREHOHT
T —FEFEELSEM TE L, T—F 1, —nB BN O HiE (ANOVA) ZEH L.
EHHHTE LT Fisher’s PLSD & W=, #etA E/KEIL p<0.05 &L 7=,

7.3.3 #R /

AEHENE. AEEREIL TRG B TRWHEHRZR L ZNERICB T2 Rho 7z
(Fig.7-3-1) o K/ZHERFIZHE > TKEREDEBNAH 5N TW S A, H#k&ld C57BL
BICHEAR CON #THEICEL . NA BTETHER. TRG BTETHAR SN,

ZEfE IR MAEEIEE 2, 3B H T KK-A B TENR 5&7‘&73\9 7ZH%, 4 BT
CON BT, Y2 TIVRIBETEDICERER LANGINEE INE (Fig.7-3-2) .
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REfS MAEEIL 1EHZ Omg/dl EL=ELETRS &, 2. 3 HEIZ CON BITHIT5
E{EA TRG B CHBIZ N5 ER. NA B CEMEIURI NN 4 BEICRERLE
KK-A"WTNORICBNTHERR< o7k,

OGTIT TOMEEEIZ BN TIE. CON BAMITHWMETHY, TRG® NA BTIRZ
DEFPHHENTNS (Fig.7-3-3) - NA BOWAR 120 HRICBT 2 MIEFEI
C57BL HOEEIZIIAEEDKMEEZRL Z. OGTT RFERTOME- > AV MERTT
iZ CON #723TRG. NA BLDEW, H2WIEEWERICH - 70 BEH 60 DI
BOTENED SNAM D2, TNEDT ENS CON BEFZMERTH MBEHE &1 > X
USRS . A 2R ST 5 TN T ERRE S e,

RO B G ER ZEE L& 2 5, C57BL BITHAT CON BIIEE
WZE <720, TRG, NA BiZZNE=ME L7/~ (Table7-3-2) . £7/=1ifiiE TNF-ofE}d CON
BTAHZICE<,. TRG, NA BT LESME XN (Table7-3-2) ., |

I#% T-Chol fi3 CON Bizth~. NA BT C57BL BEFEEDE T, TRG #T
[EFHIRZR L7 (Table7-3-3) . LDL-C flild. C57BL B HAT CON BETHIEE
REAS, TRG, NA B TIEE O EFICHZRMEINA 50, C57BL BOL~JUITHEN
%R U7z, I TG D %7 CON B THEMEERLAZD NA #TLEME. TRG #
THIHHEM TH o7z, IBFEFICH L T AU VI OEEREERD I3 EHEEINT
W% TG/HDL fE% (103) . CON B THMETH D TRG. NA B THEEICHHENE,
FFREASE 12 B Tid, T-Chol, TG {&1E C57BL BIZH~_T CON B TERL. TRG B
TEHEERIZET. NA B TR TEMNE 5N (Table7-3-3) . EfgEHH &I KK-A<
U AR TIRENRSNT, BIEE. T-Chol. TG, KEHBETHRLEKTH >~
(Table7-3-3) .

HbAw EIZFHF 1 BEICHART 4 BEICEMERLZN. TRG B TOEMOES
i CON. NA BEICHAT/IENo7z (Fig.7-3-4) o

TeIGEE & B LR (FAS. G6PD + 6PGD) . BEE{LOF—#E L L TD CPT DIF
HEZFRICBNTAIE L/2/ER. FASTENET CON # &L T TRG HTHERH
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Body weight gain (g)

Water intake (g)

—e—C57BL

—e— CON
2 r B-TRG
——NA
9
6
3
o J
1 7 14 21 27 (day)
600 -

3 6 9 121518212427 (day)

C

Total food intake (g)

Total water intake (g)

200

150

100

50

600

400

200

C57BL CON TRG NA
KK-A”
. a
L b ab
c
C57BL CON TRG NA
KK-AY

Fig.7-3-1 Body weight gain(A), total food intake(B) and water

intake(C,D).

Means with different letters are sianificantlv diffent (o <0.05)
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Fig.7-3-2 Fasting(A) and fed(B,C) blood glucose levels.

(A) Blood glucose level after 10h fasting. (B) Blood glucose level after 1h feeding. (C)
Changes in fed blood glucose levels. Values without a common letter at the same
week differ significantly (p <0.05) .
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Blood glucose (mg/dl)
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0 30 60 (min)
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. —8—CON

—&—TRG
—m—NA

C
S

a
1200
3 B b b
£ 800 - T
&
5 c
E
O 400 -
=)
<
0 | 1 1 §
Cs57BL CON TRG NA
KK-AY
(D)
25 | a
2 1
z 15 °
< 7
< b
o 1+
I
05 c

0 p— 1 ) | |

C57BL CON TRG NA

KK-A”

Fig.7-3-3 Effects of trigonelline and nicotinic acid
on OGTT in experimental animals.
(A) Glucose loading was carried out (9wk old) in

C57BL and KK-AY mice at 22-23d after start of
feeding. (B) An area under the curve (AUC) of the
OGTT. (C) Serum insulin concentration before and
after glucose administration. (D) HOMA-IR was
calculated from { (fasting blood glucose xfasting
serum insurin ) / 405 }. (E) Serum free fatty acid
concentration before and after glucose
administration. Values are meanszSEM, n=6 (NA
group), n=7 (C57BL, TRG group), n=8 (CON
group). Means with different letters differ
significantly (p <0.05).
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Table 7-3-2 Effects of trigonelline and nicotinic acid on serum insulin and TNF-o levels.

, KK-A”
Dietary group C57BL CON TRG NA

Organs (% of body weight)

Liver 423+007° 458+147% 413+012° 4.07+0.12°
Kidney 0.606 +0.023° 0.704 +0.017° 0.691 £0.015° 0.784 £ 0.023 2
White adipo tissue

Pararenal 0.391 £0.122° 0.715+0.080 * 0.652 +0.059 2 0.755 + 0.084 ®

Epididymal 1.04+007° 213+010% 1.70+0.06° 1.90+0.06"°

Brown adipo tissue
(between scapula)
Serum

Insulin (pg/ml)

TNF-o (pg/ml)

0.363 +0.027° 0.807 +0.068° 0.957 +0.056 % 0.756 +0.045°

483.5+103.3° 2328 +304°

6.89+2.16°

34.1+36°

1335 + 207 °
16.4+22°

1802 + 209 ®
148 +2.4°

C57BL and KKAy mice (10wk old) were given the each diet for 28d. Values are means+SEM, n=6 (NA group), n=7
(C57BL, TRGgroup), n=8 (CON group). Means with different letters differ significantly (p <0.05).

Table7-3-3 Effects of trigonelline and nicotinic acid on serum, liver and feces lipid levels.

. KK-AY
Dietary group C57BL CON TRG NA
Serum
T-Chol (mg/dL) 108 £17 ° 164 +18 @ 121 £12%° 95.0+16.6°
HDL-C (mg/dL) 268+21°  278:35°  480£40° 432:87°
LDL-C (mg/dL) 735+175°  124:x18%  61.0x112° 515:97°
Atherogenic index 318+081* 586+131% 159+025° 1.37+0.33°
TG (mg/dL) 38.8+6.1°" 633+55% 605+52% 449+58°
FFA (mEq/L) 0.843 £0.028 0.939+0.058 0.890 +0.034 0.764 +0.132
TG/HDL 161+041® 271+061% 1.29+011° 0.932+0141°
Liver
Total lipid (mg/g of liver) 178 £ 15 186 £ 19 175 +£13 187 + 24
T-Chol (mg/g of liver) 0.478+0.160° 280%0.31° 205+031° 236+0.18%
TG (mg/g of liver) 13.9+1.2° 26.2+25° 202+26° 21.4+237%®
FFA (mEgq/g of liver) 491+020° 926+0.88% 8.84+048° 10.0+0.51°2
Feces
Total excretion (g/40h) 0.845+0.058° 1.35+0.04% 141+0122 1.22+0.12°
Total lipid (mg/g of feces) 19.0+16°" 258+20° 254+21° 206+25°
T-Chol (mg/g of feces) 356+027° 49240227 492+024% 524+0.27°
TG (mg/g of feces) 9.81+1.22% 7.02+017° 7.02+031° 6.96+067°

Total bile acid (mg/g of feces)

0.463 +0.097 © 0.757 +0.070 ® 0.725 + 0.079 ® 0.790 + 0.046 °

Serum, liver and feces lipid levels were measured in C57BL and KK-A” mice (10wk old) frd each diet for 28d.
Values are meanstSEM, n=7 (C57BL, TRG, NAgroup), n=8 (CON group). Means with different letters differ

significantly (p <0.05).
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C57BL CON TRG NA
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Fig.7-3-4 Effects of trigonelline or nicotinic acid on hemoglobin A4,

levels. ,
*, ** differ signicicantly when compared to the value at 1st week in
the same group (p <0.05, 0.01).
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Fig. 7-3-5 Effects of trigonelline and nicotinic acid on liver FAS, G6PD+6PGD and CPT
" activities in experimental animals. '
(A) Liver fatty acid synthase-(FAS) activity. (B) Sum of glucose 6- phosphate
dehydrogenase (G6PD) and 6-phosphogluconate dehydrogenase (6PGD) activity. (C)
Carnitine palmitoyl transferase (CPT) activities. Values are means+*SEM, n=6 (NA
group), n=7 (C57BL, TRG group), n=8 (CON group). Means with different letters differ
significantly (p <0.05).
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Fig.7-3-6 Effects of trigonelline and nicotinic acid on liver GLK, G6Pase and
GLK/G6Pase activities in experimental animals.

(A) Glukokinase (GLK) acitivity (B) Glucose 6-phosphatase (G6Pase) activity. (C)
Activity ratio of GLK/G6Pase. Values are means+SEM, n=6 (NA group), n=7 (C57BL,
TRG group), n=8 (CON group). Means with different letters differ significantly (o <0.05).
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Fig.7-3-7 Effects of trigonelline and nicotinic acid on epididymal TG levels, and GPDH
and LPL activities in experimental animals.

(A) TG levels. (B) Glycerol-3-phosphate dehydrogenase(GPDH) activity. (C)
Lipoprotein lipase(LPL) activity. Values are meanstSEM, n=6 (NA group), n=7 (C57BL,
TRG group), n=8 (CON group). Means with different letters differ significantly (p <0.05).
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Fig.7-3-8 Micrographs of pancreas islets (x200).
Islets were stained with hematoxylin and eosin.
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. NA B CHIBERSER S 1 (Fig.7-3-6) » L/, L G6PD + 6PGD % CPT {EHE
Tid. KK-A< ZBTRERBICER RS hahork (Fig.7-3-5) .

F- R REERD GLK B, #EHERD G6Pase IETEIL CON #iZit L T TRG,
NA BTHET. BETHEMERL., MERLEHERONT DV ABBELLTO
GLK/G6Pase X CON BEIZH~RT TRG. NA BAEMEERLE (Fig.7-3-6)

FBEEBEAGREHMED TG EEIT CON #BIZH~T TRG, NA #THEIZKETL
7= (Fig.7-3-7) U > TSR OMBERNICH S TG EEDOR{LEZRE1ED XD & FFA
DAL O, LPL¥E#: & GPDH ¥ 22T % = & U/, GPDH FE I C57BL BEICLE
AT CON BEE&EZRL. TRG, NA BHIAEICET Lz, LPLIEHIZH 1T TRG
B3 CON BEE M0 5 Nad oA, NA BIREBICHEERLE.

$7= TRG B AOKIBO S > 7 VN> ARBOEMBEE SR 5 &, CON BT
BT AR 51708 TRG BTN S OESME 5Nah-o 7 (Fig7-3-8) .
F7- CON E?HZL;’;ﬁ TN ARE EANDZWER E DBERNRHAR TH - =08, TRG
HTIIHARTH -,

7.3.4 FHE

B 2 BIERRET )L E LT RKK-AY U X EAN, BRSO TRG. NA OHiRER
PRI DN, MHFEE. £ > 2D >R HbAw, EZ[EET— I —~OEEELRFL 7=,

ZefERE DA > A ) B HOMA-IR % C57BL B & #5595 &, CON B13ED T
HERA DAY ERGEDOREBIZH 5%, TRG, NA HTIEZOEFNRASNS, L
L4 EBIZBNTEERMEEEIX TRG. NA # T CON # XD HEWEZRTH, £
&1 FEBOMEEICIZ. Y2 TIVREICKDDRBE SN 2R KK-AT T
TRA PR VEFENE SISEATND 2 EMHRE N,

KK-47 XU A28 % TRG. NA BOERABEERNT 220, KO GLK ©
G6Pase [EHZRHEL /2L A, HEEED CON FITHXT TRG #THEIZKT.
NA #TEMAAZRL 7z, COBERRITEDLIBREOEEDOENDMPEBEICHEEL .
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A AN D DRZMITENECT EHRTED AEB2HOMHERERFURIC,. CON #
IR EARNIZHEO 5T, BHEDF—BRETHS Goépe NEmAH L. TOFEEN
BRI SN TND ZEPHEREND, £72 CON HTRA A V3t+oE SN
TWBH, A AU VEEEBLI GLUT O RS> 205 —2a»ETOY /)
75\@ ERT. Y UTINVRERRBENS OBREZEEL THWDONDHNIZ N,
Hotamisligil 513ME# T v MZBNWT TNF-a23f > AU itk zE R T2 2 &, £
O TNF-alZ k51 AU USBFEEE ARS)- 10U Y VBTHEI 2R
HLZ (104) . IRS D&Y Y VEEIE, 2RV ks Fns ) VB
U.ESIZIRS- 1 ZEDHDDNREERET 2 I ETA AU VEFIEESIESEITAD
ZXLDVEDELTEZLNTNWD (105) . AHTHIMFE TNF-offEDHEME
HOMA-IR {EQ#MILAIT S Z &2 5, CON BTOA > AY ikt D TRG, NA
#a5IC L S UEE. TNF-aOEEME SR L T2 Or b,

KRR H Sk TNF-oli fm T RIRAPEHE T 2 BLULITEL THO. B OBER
KL TEZOREDETARLSND ZEN/ESNTND (106) . HREAHDAALE
Ml OEES TG &L CON #X0DH TRG. NA HTRETHDSZ N5, fEH
MOEPRESIZENDHD, TN INFoEEIZHEEL TV ONHHINR,
JEMMROREE LZNICKVERESNS YT P IA IOV TORERLSHEINT
Wo (107-111) . XBBEABEENERO TG E#HIIE, J)Va—X & TG ITEHT
% GDPH #EHEDEW EBEL TWHEPHRI N,

EHORHEMOBEIIEHMRERIZ, CON B NA HICHTTRG #EEI
miEZR LIz, BAEIHRS TNV F—RELTORDBERSREZEASEERTHD

R LT, BAIEIAIII RS D B 2L 5 > /%2 (uncoupling protein;

UCP) 289 %, UCP iZfEHiBZ#MIEMICERDRAA, BERH LAZERICR> T
%, TRG FIZHBWTIL, CON.NA BL OB AEIMRERNERIIRENI ENS,
CON B NA BEE D bEELMBAITHN TS ORBENIL (112) .
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Fig.7-3-9 The metabolism of lipids in white adipo tissue.
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E8E Enl/Iy I UBROHBERARRE
B1H JEERFED v MK AR

8.1.1 #5

AHTIE 6 ETHERELZEOINVY I VBOEERKFETIVI v b, Wistar
T MNOFEITDNWTHRE L,

COr/NVy IV (P) BTNVIIVBOINRFINEET IV BIDTAKER
BERILT, SVYLERRLEY I JBTHD, 2O7 I )BT e izminT
EELZEBMICEHINTED, £EEEE L THREERIE 34) . HiEE. HlsR
IR (35) A SR ENT NG, L L 2 TR & OBIRIC DV T ORI B 5
VW, AETIIIEERAHME LT Wistar T bBXIU 2 BERKFETNEMELT
GK Iy b, KK-AYTRAZEEML T, PAENS OBRFEESEY - —ICRIET
FEIIDODWTHRHFLEZ. F1H TE Wistar 7y MIEkB P ORIITEEE R,

8.1.2 ZEBRAIL

ERICAWZEOI VY 2 VEBR. BEEFODL-EOZ NI I VB 1IVR 8BS
MR (>98.0%) ZMRAL 7=,

Wistar # 7w b (HAZZX NP —LDEA 8% #) ZHNWTPAIERKEY—N
—UfiE, FFEEEL N NVICRIZTEEERS L. AFREIL312EFAC. Iy b
13 3 AEIBIMLEE. B (CON) # (n=5) . /)V¥ I EikmE (P0.05%.0.1%
winge PO, PO B, % n=6) O 3 BFIZ/HT. 46 HREIFEE L /=, REMERIL Table8-1-1
RS, P BICIIETO VY I VB 0.05%. 0.1%&MALEREEZ. RMLZEE
a-d—2YAF—F : A70—R =21 BREZELFE. EEZ 100%IZ725LDITL
7o

EREAEEE BERFE<—A— SEEEL )V BEANVAT—=A—xE) ©fl
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Table8-1-1 Composition of the experimental diets (%)

Constituent CON P @ P ®
Casein 15 15 16
o- Cornstarch:sucrose=2:1 70.5 70.45 69.4
Corn oil 5 5 5
Celulose 5 5 5
Mineral mixture ' 3.5 35 35
Vitamin mixture 2 1 1 1
Pyroglutamic acid 0.05 0.1
100 100 100

1 AIN-93G-MX and 2 AIN-93-VX which contained 25g bitartrate per 100g were obtained from Oriental
Yeast Co,Ltd.
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EHEL 7.1.2.3~7.1.2.7 L E¥ETH 5,
F—HFVIEE+SEM TE LUz, T—F 13, —mBES | HE (ANOVA) 2R L.
E#%HH & LT Fisher's PLSD 2B W=, #sHA /KU p<0.05 & L7,

8.1.3 R | ~

H#F 46 HEOAHEBEIREIIHM TEII/ <, KAEEMEICE L THHMITEERD
-7z (Table8-1-2) , %Hﬁﬂ%’@ﬁjﬁﬁ%m%{lﬁ&:ﬁmf%bﬁ59%73%6 H D DREITRE
137207z (Table8-1-2) . EXIBBEELMIZR TBARS, FEE<Y—H—& L THIE
L7zIf{E ALT, AST EHICHBWTHRBICEN22 57 (Table8-1-2) . HbAy fEIS
CON #OAT1 EBITHNRTE EET10% ORETHEMNA SN0 PO.PO #
BWTIEEMMRE s ahorz (Fig.8-1) . AERKBICEMm. RELZEEICDOW
THDE. PO BIZHBNWT CON BTk~ i LDL-C ENEBEEWEZRL
(Table8-1-3) . FFIEAEE @ P BEUC X Z BB R S o720 &b O TG HEilt 2 E
I3 POQ BITBWTAREREK AR SN,

8.1.4 EE

KRETHE P HBEDNIEBERFET IV v MZBWTHERBSEY— 71—, miE. i
DB L NIVFRICRFTEEIIDN TR L,

BEBNECAEEMNME. MK TBARS &, MiF ALT. AST EEMEICHWTERIC
EERER RN, LOLMEREIZBNTIE CON Bk~ PO BIZBWNWT
LDL-C [EZMEKMEZ xR L 7=,

BERFEOT—H—ELTO HbAwL BIZHBNWTIE, CON BIZBWTHE 1 @HICH
NRT 6 BEHIZEMLUZD (p<0.1) . P BIZBWTIEZ0OEINEEI NN/ T
NEDIENSIERERF T v MTBWTH, BIEOETIZNE D TAEZ O E > ORE{EA
EDZ &, TP ZMRT 5 2 &AM 2.
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Table8-1-2 Effects of pyroglutamic acid on organ weights, blood glucose and TBARS

levels, and liver enzyme activities.

Dietary group CON P® P ®
Initial body weight (g) 179+ 3 183 +2 180 £2
Final body weight (g) 284 +4 2925 286 5
Total food intake (g/46d) 722 +6 724 15 706 £ 8
Feeding Blood glucose (mg/dl)
1st week 68.4 £ 8.0 70.7£55 70.7+£40
6th week 93.8+27 925+57 94.5+6.1
Fed Blood glucose (mg/dl)
1st week 1102 104+ 4 120+ 4
6th week 120+ 4 1134 117 6
Organ (% of body weight)
Liver 3.14+£0.08 3.12+0.08 3.99+£0.10
Kidney 0.333+0.004 0.324+£0.009 0.312+0.004
White fat
Mesentery 1.36 £0.07 1.41 £0.11 1.39 £0.03
Pararenal 0.331 £0.027 0.333+0.026 0.343 +£0.023
Epididymal 1.24 £0.11 1.26 £ 0.06 1.28 £0.05
Blood
Glucose (mg/dL) 118 £7 1145 107 £ 4
TBARS (nmol/ml) 0.905+£0.090 0.927 £0.032 0.741 £0.040
Serum enzyme
ALT (umol/min/L) 445 +10.2 42079 39.3+11.9
AST (umol/min/L) 74.9 +6.7 79.5+5.9 65.0 +4.49

Values are means+SEM, n=5 (CON groups), n=6 (P @D, @ group). Means with different letters differ

significantly (p <0.05).
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PO

O 1wk
6wk

Fig.8-1 Effect of pyroglutamic acid on hemoglobin A4, levels in experimental

animals.

T vs. value at 1st week, p<0.1.

Table 8-1-3 Effects of pyroglutamic acid on serum, liver and feces lipid level of

experimental rats.

Dietary group CON P @ P @
Serum
T-Chol (mg/dL) 107 £6 ® 114 +5° 98.1 £2.3°
HDL-C (mg/dL) 405+40%® 38.4+19° 46.0 +3.0°
LDL-C (mg/dL) 46.4+39°  544+32°3 30.4+6.4°
Atherogenic index 0.623 £0.016 0.660 +0.020 0.532 + 0.022
TG (mg/dL) 97.7 +14.9 105 + 17 108 + 29
FFA (mEq/L) 0.180 £0.009 0.247 £0.011  0.222 +0.014
Liver
Total lipid (mg/g of liver) 452 + 1.1 40.7 £ 2.4 432 +23
T-Chol (mg/g of liver) 1.31 £0.09 1.39 £0.04 1.34 £ 0.06
TG (mg/g of liver) 8.95+1.15 9.77 £0.71 8.33+1.14
FFA (mEq/mg of liver) 15.1 £0.9 16.4 +1.8 15.4 + 0.7
Feces
Total excretion (g/40h) 2.14 +0.01 2.25+0.12 217 £0.11
Total lipid (mg/g of total feces) 27.0+1.6 276 +4.8 32.4 +3.1
T-Chol (mg/g of total feces) 6.41 +0.31 717 £0.10 6.95 +0.33
TG (mg/g of feces) 16.5£1.1° 14.6+1.0° 11.5+0.8"°

Values are meanstSEM, n=5 (CON group), n=6 (P @, @ group). Means with different letters differ

significantly (p <0.05).
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B8E FE2H JEIEW2MERFET I (GK) Jv Lok

8.2.1 &

AEE 1HTP OBEIEERFE T v NOBRBSEY ——, miE. FEEEL
N HEEEOY — -2 ECRIETEEEZBRF Lz, TORRP £ 0.1%0DEET
il 7z e, 1fiyE LDL-C & 385 &, £/ 0.06% P B TOZEII/NI W
ZEMBAENITIzo T,

AHiZ. P & 0.06% OFIEG THRMLU 2B OFG5-H, FELH 2 BIRERFETILEL
TOGK 7y MIERIFTEELRTF L,

8.2.2 ERAIE

JERLI 2 BBERFE )L GK  (GK/Sle 8 4 #) 5 v b 2AWTHBERFYDROR
METo 2, ,

2 TNE 812 LFRIUTH 2. £LBMORERED 3.1.2 LEKTHS, Fv b
% 4 HEOPULEFER. X (CON) # (n=6) . 0.056% P HiI#E (n=5) @ 2 i
. 43 HEIRE L7z, BfEMMRIE Tables-2-1 IRT . IEBERKETIVEICIE Wistar
vk @=5) ZFEALL. AERKEIC 10 KFEHEAERAR 75 —)VRE T THL &
R DR ZITVWIMTICAW I EE AL 7.2.2.2~7.2.2.9 LA TH 5.

T FIEFEHESEM TR LU, 713, —EES 8O HTE (ANOVA) 2@ L.
E8TE L T Fisher’s PLSD k& AWz, #atHIAEBEKEL p<0.05 &Lk,

8.2.3 #&

| CON BIZBUI BEEIL 43 BRI THMLZA, P BTO 21 HENS O

M CON BITHAD2 <. Wistar # &R UHEMRZ/H Wz (Fig.8-2-1) .
SB35 8 BICHIRE L7 2ol mBEE LSRR RS O Wistar B T3 GK 5

9 M U TIREIS M EWNMEE R L4 GK 5 v b ORI CHEAZIEE 5 Nsh
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Table8-2-1 Compaosition of the experimental diets (%)

. Wistar
Constituent CON P
Casein ' 15 15
a- Cornstarch:sucrose=2:1 70.5 70.45
Corn oil 5 5
Celulose 5 5
Mineral mixture 35 3.5
Vitamin mixture 2 1 1
Pyroglutamic acid 0.05
100 100

1 AIN-93G-MX and 2 AIN-93-VX which contained 25g bitartrate per 100g were
obtained from Oriental Yeast Co,Ltd.
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o7z (Fig.8-2-2) . R 1 FFREZICHIE U 7= M mbE @I, BRaROEMNIS DWWzl
B, AUCHETORBME{E 1 BEE 3. 5 HEDZE) 2#ETHELZ, Wistar,
CON i3 18& 8.5 BEDHETELD2N o/ P HTIH 1 BB EETS &,

3, 5 MEOMEMETZRLZ., MESMEED 1 BEZ0mg/diE LT3, 5 BHEDE
{tEZHMTHET 2 &, 3. 5EHBIC CON FITHARTP #IIFEREIEN >,

fAF 26-27 HHEIZIT> 72 OGTT i3, #ATHH 60 43T CON BICHNTP BTHE
72 EREIERR 5z (Fig.8-2-3) B 5N MMEEIZH N TAUC HEZFET S &,
P BT CON BICHARTHEEIUEWEZ 572, £/220 OGTT THOA AU VRED
RRZMEIT CON B THICEMEERLZDIIN L. P B TIIREATN 30 7B ERVWTH
B LAOMRER L. |

RERICHL L 2B EES IO EABROB AEHMBERIZ. CON #IT~NT
P BTERWER., BEREKMEERLZ (Table8-2-2) . fEHIFOMEL > AU fETD,
Wistar BIZHXT CON HTHERICEWEZRL. P Bld CON BIZHNTHFRITE
WEZRL % (Table8-2-2) . EIFMIREISRDYA NAA > THZT T4 BRI FUIE
CON #HDE S DENAEHIMNERIIA SN o7z, TNFaBEIZBNWTH GK
Ty MNERICEERERIR SN o7 (Table8-2-2) ,

f{% ® T-Chol. LDL-C JEEEIIIERER T D Wistar BT CON B THWMEZER
L. P BTHERMREME, £2ME<22@MEZRLE (Table8-2-3) . FFIED TG LA
JVid CON BT Wistar L O ®WEZERLZM. P BTl CON #IDERITKEWE
ZRU7Z. HE 6 BEME THERLZEPIIHITS TG HHitES CON #ITHA, P B
MEEIENMEER L, |

HbA1. DEEFERIZDOWT, HHT 4. 6/ HEE 1 GAMBOEICODWTEEREREZ
fro7z#Rk% Fig.8-2-4 [Z/RL 7z, Wistar #.CON BIZBWT 1 HE &L T4 @
HTERMER. 6 HEHTERER LEAMNERIN, LALP BIZBWT4 BETEER
B EFERE SN, 6 BHIIHETERLZ,

FFIE DS SRR RBER D 1 DTdH S FAS & JBIHEE & RICHE 7 NADPH % EAT
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Fig.8-2-1 Body weight gain (A) and total food intake (B).
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Fig.8-2-2 Fasting and fed blood glucose levels.

(A) Blood gluose after 10h fasting. (B) Blood glucose after 1h feeding. (C) Change
in fed blood glucose levels. Values without a common letter at the same
week.Values are meanszSEM, n=5 (Wistar,P), n=6 (CON group). Means with
different letters differ significantly (p <0.05).
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Fig.8-2-3 Effects of pyroglutamic acid on OGTT in experimental animals.

(A) Glucose loading was carried out at 26-27d (10wk old) after feeding of the-
experimental diet. (B) An area under the curve (AUC) of the OGTT. (C) Serum insulin
concentrations before and after glucose loading. (D) Serum free fatty acid
concentrations before and after glucose loading. Values are meanstSEM, n=5
(Wistar,P), n=6 (CON group). Means with different letters differ significantly (p <0.05).

109



pu}
Table8-2-2 Effects of pyroglutamic acid on serum insulin and adiponectin, and TNF-o.
levels of experimental rats. ~

. . GK

Dietary group Wistar CON B
Organ (% of body weight)
Liver 3.19+0.06° 3.44 +0.09 ® 3.28+0.13 %
Kidney 0.312+0.006° 0.424+0.007% 0.405+0.012°
Epidimal adipo tissue 0.751 £ 0.049 ° 1.02 +0.06 ® 0.577 +0.093°
Serum
Insulin (pg/ml) 87.2+04° 116.9+4.9°2 99.0+29°
Adiponectin (ng/ml) 96.3 +6.4 82.4+258 90.0 £5.7
TNF-o. (pg/mi) 121 +1 123 + 4 115 + 1

Values are meanszSEM, n=5 (Wistar, P group), n=6 (CON group). Means with different letters differ
significantly (p <0.05).

Table8-2-3 Effects of pyrogutamic acid on serum and liver lipid levels,and fecal excretion of
lipids in the experimental rats.

. . GK
Dietary group Wistar CON =
Serum
T-Chol (mg/dL) 66.0+5.8° 123.3+215° 93.8+36%
HDL-C (mg/dL) 452+21° 72.7+34° 66.2+3.4°
LDL-C (mg/dL) 104 +4.7° © 66.9+16.7 2 20.4+6.2°
Atherogenic index 0.451 £ 0.076 0.680 + 0.271 0.438 +0.142
TG (mg/dL) 82.2+53°2 90.9+16.6 2 35.8+39°
FFA (mEq/L) 0.629 + 0.040 0.705 + 0.046 0.671 +0.860
Total bile acid (pmol/l) 1.84 £0.40° 7.25+1.49 2 6.70 +0.59 %
Liver )
Total lipid (mg/g of liver) 51.7%55 58.7 +5.6 447 +7.7
T-Chol (mg/g of liver) 3.15+0.62° 4.96 +0.64° 3.91+059°
TG (mg/g of liver) 16.0+2.2° 522+85% 18.8 £5.8°
PL (mg/g of liver) 16.5+1.6 23.0+35 17.0 £ 0.8
FFA (mEg/g of liver) 65.1+1.4 66.8 + 2.0 66.2 +0.4
Feces -
Total excretion (g/40h) , 1.96 +0.17 2.03+0.11 214 +0.11
Total lipid (mg/g of total feces) 351+14 40517 381122
T-Chol (mg/g of total feces) 0.809 + 0.039 0.883 + 0.081 0.996 + 0.080
TG (mg/g of feces) 13.5+5.5° 571+7.0° 15.7 +3.5°

Values are means+SEM, n=5 (Wistar,P group), n=6 (CON group). Means with different letters differ significantly
(p<0.05).
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HbA1C (%)
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GK

Fig.8-2-4 Effects of pyrogrutamic acid on hemoglobin A, levels in experimental
animals.

Values are means+*SEM, n=5 (Wistar, P group), n=6 (CON group). Means with
different letters differ significantly (p <0.05).
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) g Fig.8-2-5 Effects of pyroglutamic acid on liver

FAS, G6PD+6PGD and CPT activities in
15 + experimental animals. (A) Liver fatty acid
synthase (FAS) activity. (B) Sum of glucose 6-
- b phosphate dehydrogenase (G6PD) and 6-
b phosphogluconate dehydrogenase (6PGD)

| ‘—L’ ’il activities. (C) Carnitine palmitoy! transferase

. ] o (CPT) activity. Values are meanst+SEM, n=5
Wistar. CON = (Wistar, P group), n=6 (CON group). Means
with different letters differ significantly (p <0.05).
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% G6PD & 6PGD. Z L THgHils DBBILRDEER CPT SISOV THIE Lk R
Fig.8-2-5 IZT/R L7z, FAS {E#IX CON BIZHNP #THEICKTL. CPTHEETIE
B EME %R L7z, G6PD + 6PGD HEMEIIRMIC G EENRD S ho I,

% & B TBARS I3 BRI A B3 381373 0 5 /2 (Table8-2-4) . BELA h LA
DY—HN—ELTORHF 8-0HAG BIZDVWTH GK Tv METREEREN 227z
(TableB-2-4) ,

Vv EFAITDNTIE, GSH & GSSG {l74 Wistar B LD CON BE&E <721,
P BTIHMEFEMZER L7, GSH (GSH+GSSG) Hid CON Bz TP BAEL
Em %R Lf: (Table8-2-5) , ,

E /- AR MR CAT &1k &P CAT. GPx FE1£13 CON BE T Wistar BL D@V E/213
BOWERICH O, P BT CON BLOABIEWEERLZ (Table8-2-6) .

DNA XA 707 LA #E&HEN, PHREKLIEEEZI-BETIIOV TR LE
EZA, EEN 2 FULET ERUZERTFEIL 105, K TFLABETEIZ 179 THo
oo MTHSEDQORRICBEED D2 HAM EIFERB TR TRELZLD %,
Table8-2-7 IZ/RL 7z, G6pe. Foxol., Hnfda s O¥EFH EICBO D BEBETREAIMETL
THO. Pz L BMRBOGEIA > 2D VEFEOUE LR EEL TN 2 ENFE
HENT, 7 EFI Coh DBREMET S Pdkd OFEEMM, LPLIELEZHIHT
% Angptld ORBE TR 517,

8.2.4 HE

SEOERI P 2 GK Zv M5 L., TOKRGMEREEREY——. M.
BHRE L NNVEICRIETHEICDOWTRE L.

Z OB CON BIZHAT P BT OFEEMENE, OEARHOHBERR
R D MBEEAMEYY  @HbAL 2MEVY @BLA DL AR —H—MMEEZERT REN
BTz

OIZDNWTRFECHAEHEOEEN CON #EIDDH P BHTERT. EAIHMETHE
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Table8-2-4 Effects of pyroglutamic acid on oxidative status of experimental rats.

: . GK
Dietary group Wistar CON B
TBARS
Blood (nmol/ml) 1.32+£0.35 1.46 £ 0.46 1.29 £0.29
Liver (nmol/g of liver) 172 £15 178 £ 5 195 £14
Urea 8-OHdG (ng/g of creatinine) 442 + 85 665 £ 158 678 £173

Values are means+SEM, n=5 (Wistar, P group), n=6 (CON group). Means with different letters differ significantly
(p<0.05).

Table8-2-5 Effects of pyroglutamic acid on liver glutathione levels of experimental rats.

R . GK

Dietary group Wistar CON =
GSH (mmol/kg of liver) 3.72+0.20°" 427 £0.11 2 425+0.26 %
GSSG (mmol/kg of liver) 0.0196 £ 0.0064° 0.0592 +0.0123° 0.0381 £0.0019 %
GSH/ (GSH + GSSG) ratio 0.995 + 0.002 ® 0.986 +0.003 ° 0.991 + 0.004 ®

Wistar and GK rats (14wk old) were given the each diet for 43d. Values are means+SEM, n=5 (Wistar, P group),
n=6 (CON group). Means with different letters differ significantly (p <0.05).

Table8-2-6 Effects of pyroglutamic acid on blood and liver antioxidant enzymes activities of
experimental rats.

. . GK

Dietary group Wistar CON =
Blood
CAT (U/mg of Hb) 474 £0.72° 7.96+1.21°2 4.91+0.69°
GPx (U/mg of Hb) 276 +4.2 34.0+33 26.2+1.8
Liver
CAT (U/mg of protein) 708+35%® 76.0+1.1°2 60.8+7.7°
GPx (U/mg of protein) 1.04 +0.07 ® 1.15+0.05 2 0.82 +0.08 P

Wistar and GK rats (14wk old) were given the each diet for 43d. Values are means+SEM, n=5 (Wistar, P group),
n=6 (CON group). Means with different letters differ significantly (p <0.05).
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_ Liver
Glu VLDL

ﬂ glycolysis

—I G6pc Gck (Gene symbol) I—

v NADP* FFA

A
gluconeogenesis ﬂ

Nucleus Pentose G6PD,6PGD /'/
T phosphate '
« i mRNA \4 pathway NADPH A
[ F6P |
A— Hnf4a

ono1

\1 Fatty acid biosynthesis FAS V¥V

Promotow

‘ "~ Malonyl-CoA
Pyruvate

’ / \Pdk4(AcetyI-CoA synthesis inhibitor) . T
——— Acetyl-CoA
Acetyl-CoA — l Cholesterol

\ biosynthesis
\ CPT A HMG-CoA

Oxaloagetate Citrate

Asylcarnitine Squalene
TCA cycle ¢
mitochondriag
Acyl-CoA Cholesterol

Glycerol / ) ' i
FFA
’ Cyp7a1
B oxidation

~] Angptia @
+

(LPL activity inhibitor) | Bile Acid
TG FFA LDL

VLDL —j‘-' Chylomicron Steroid Hormones

Fig.8-2-6 Effects of pyroglutamic acid on glucose and lipid metabolism in the liver.
1 ; Promotion.

- Suppression.

A; Enzyme activated in P-fed group.

V; Enzyme decreased its activity in P-fed group.
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255 2 &, EIfFI TG IEE CON BED BENT £ 805, P Itk HHE0
JEEREIEIDER OO EDIT/> TWD Z EAMERIN D, FFRIC BT 2 IENEE & &
REERD FAS B L REERD CPT EHZREL/ZE T A, P #T CON FITHA
FAS {EHAME T L. CPT EHEAEL< 2o/, DD, PREICIVISHBARITET
L. IEIBARIITET D 2820, PAMEHOSHENHIL ThD 2 EAVRB I N
7z

@Iz T, OGTT D#ELD. PEEXZT Y ME1 AV y%ﬁﬁﬁm&%ém
TWBZENERDUEDEEZSNS. DNA X707 LA BFICHBW TS,
REER Gek EHEFTAEREER G6pe @%ﬁ@f&?ﬁfﬁ 5Nz, E25E 7 EE 2 @i LR
IZ. G6pc FHIT Foxol %> Hnf4ah P DHEERZ T Z I LITKDETLTNRD I &M
RN/ (BRFig.8-2-7) .

@D P #H5I1CLD HbAw DETFIZDOWTIE, P DEIZE> T > A VEZHEN
E I N, FOBEMPEED LRI S N OB SN ZENEROVEDE
LTEZ BN,

BRRICZODEALA LAY — /1 —EDHEITDWTIL TBARS % 8-OHAG IZHB W T
EEEICE R SN0z P B TIHMEARNOR S VY F4 > o> GSH @45 CON
BLOEWEMZRL TS Z &, ERmEk. FIE GPx [EHE2Y CON B L D{EWE
THR SN TNDZEPEEL TNS I EMHRTES, P B TIX CON BITHNT
FERBALIHI SN THO ., HBREL TRRICHIFIAICH < GSH 2'EifEh. GSH/
(GSH + GSSG) OEWHE. GSH OEAITHES GPx DIERWEENED SNZdD &
RN,
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ERE HEIH IEE2BERFTT I KK-4) I TAITL 585

8.3.1 &5

AEFE2HT, EOJ)NF I VB (P) O 2 BERFETI GK 7 v MBI
DYERFREME U7z, TORKE P BRISMEEL2YWE T 5EREE L. £mif.
FrigZe ED TG LNV EETFTEE2 2 &R U, AH T KO 2 2RRFEET
Wy KK-AITZERN, POERBSEY——. % FRIEEREICKITEZE
R ETDWTHREL =,

8.3.2 EBFE

KK-AY(KK-AY/TaJclV 6 HE ) TUREZRAWTHRNET >/, U AL 2 HREH
{LfEH. CON B (n=8) . PiHIIEE (n=7) ® 2 MITH\T. 28 HEEAEE Lz, W
4@ C57BL/6I (n=7) % KK-A*OxEEE &L L7z, BRI Table8-3-1 TR, &
BRICAWE PIIBRAZHRASED SHEALME 98% L EOBDOEER Lz, HER
A 12 BHRMEAER. X277 )V T, BERORRETY, SBRAEICHY
7zo BIEEEPHEL 7.8.2.2~7.8.2.6 LREICITS 72,

T—HEEHESEM TR LU, T— 3. —TEEBESBOHTE (ANOVA) ZM L.
FE#%HT & LT Fisher's PLSD & Wz, $iFHE BKEERX p<0.05 & L7z,

8.3.3 HER

BEFENT KK-Arv 7 AFTER WD, FEHEMEIX CON L0 P #TH
E27 HEIZERICEWEZ/R L7 (Table8-3-1) .&fk/KEL C57BL I th~X, CON
HTEREIZES P BTETHEAZRLUZA, BRERERZN.

ZefERF PR E A E 2. 3 AR THEICERRENR S o 7208, 4 BRITIEP
BN CON HIDEKWEZRLZ (Fig.8-3-2) . MEfFMkEMEIZ 1 AHZ Omg/dl & L7Z
FOSKBEOMEEZHEETHET 2 &, 2. 3 HEIZP #2' CON # XD EWEMIZH
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Table8-3-1 Copsition of the experimental diets(%).

. C57BL
Constituent CON P
Casein 15 15
o~ Cornstarch:sucrose=2:1 70.5 70.45
Corn oil 5 5
Celulose 5 S
Mineral mixture ' 3.5 35
Vitamin mixture 2 - 1 1
Pyroglutamic acid 0.05
100 100

1 AIN-93G-MX and 2 AIN-93-VX which contained 25g bitartrate per 100g were obtained from
Oriental Yeast Co,Ltd.
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o7z, LINLZRDYS 4 HBIZIE KK;AYV'7;(@bX“fmwﬁcz;l:sm'c%m%ﬁﬁﬁ%tﬁ
UBERICEDN < Tao Tz,

OGTIT TOMBEBEITHBNTIE, AR 30, 60, 90, 120 FONTIUZBNTH
CON BITHANT, P BHOMBEEIIEWVEEZRL = (Fig.8-3-3) . HAR 120 &I
12 P BOMmBEEIL C57BL BDMEEZENTWEEIZE T Lz, OGTT #HlE 0 /iR
BIMEA A AEIE CON BITHA P BETRWEZR LA, $EEARTE TIIBMIC
BEREIR ST~ (Fig.8-3-3) « TNHDI EMS CON BIIZMER TH b
BEA ) AMEDEL ., A AU HARFIHEIC R TW B ORI Nz, 1 A >
P OEE & 72 % HOMA-IR 0 5 CON BIZBWT 51 > AU S EHiED LM
R EIND (Fig.8-3-3) . OGTT Tk D % FFA EBEIL KK- AU XA THEICER
RENRE SN0 T,

BRECERARAORARHMEOEEZRELZET A, #EITEN MO
(Table8-3-2) . L L I{E TNF-offiid CON # THEEIKE<. P #TLEIMHIEN
7. BAEBHMENEX LTSI EICLDAWENS TNF-aTHSN, BIHFEEEL
L7Z2WIZHED 5T IMEICHHEN TN S BIZEHB TENA 5N S DR, EIHERO
KEINELSDNS NI N,

f17% T-Chol ff 1z 51\ Tid CON BETHREICE S . £/ P BTId O57BL B RS E
TIE T L7z (Table8-3-3) . i#iic HDL-C fEiZ CON # CHAPL P HTHEICHML T
W5, LDL-C fEid CON #23ERIZHEML. P BIZBW T ZOEMOMEINE SN
72o TG % FFA fEAN®D P #5851 X A EENIR S o Tz, BEYA T4 A0 >
it OfEtE L 725 TG/HDL &3 CON BTERL., P #TETLZ. §FE T-Chol
Vi yE & FIEkIC, C57BL B#IZHLX CON FIEmWEZSRL. P #1d CON #XL D HIK
WEZERLTZ, £ TG © FFA S MiEFREE. BRICBT2ENR SNaho 72
(Table8-3-3) . E[FEITRNWTIIZE 1 g D T-Chol © TG, HRIBMTEEEIEMICERR
RN, RREEEIL P #0S CON BICHNTHERIEWEZRL /= (Table8-3-3)

Wistar, CON #iZBW T, HbALEIEEE 1 BRICKRT4ERIC EFZRL
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—6—C57BL 200 r a a
15 —e—CON
—=—P - = N
R ] Z150 b
212 o =
< b B
(“ N’
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29 <
5 c g
2 =
26 g 07
a i)
3 ¢ s 0 ' |
A C57BL CON P
0 — ) .
1 7 14 21 g7 [(day) KK-AY
(C) (D) a
600 600 r a
5 T
N T
= :./-, 400 +
S 400 o b
~ 4
IS 8 e
E E 200
[F) (0]
w 200 ©
=z 2
s 0 l |
0 : P C57BL CON P
3 6 9 12 15 18 21 24 27 (day) KKAY

Fig.8-3-1 Body weight gain(A), total food intake(B) and water intake(C,D).
Means with different lettrs differ significantly (p <0.05).
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(A) 350 ~ —e—C57BL
—e— CON
300 | —8—P

250 |
200
160 r
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50

Fasting blood glucose (mg/dl)
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Fig.8-3-2 Fasting (A) and fed (B,C) blood glucose.

(A) Blood glucose level after 10h fasting. (B) Blood glucose level after 1h
feeding. (C) Changes in fed blood glucose levels. Values that obtained by
subtracting the value at 1 week from that at 2,3 or 4 week, are shown. Means
with different letters at same week differ significantly (p <0.05).
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0 L }
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Fig.8-3-3 Effects of pyroglutamic acid on OGTT in experimental animals.

(A) Glucose loading was carried out in C57BL and KK-A” mice (9wk old) at 22-
23d after start of feeding the experimental diet. (B) Area calculated under the curve
(AUC) of the OGTT. (C) Serum insulin concentrations just before and after glucose
loading. (D) HOMA-IR was calculated by following formula { (fasting blood glucose
xfasting serum insurin ) / 405 }. (E) Serum free fatty acid just before and after
glucose loading. Values are means+SEM, n=7 (C57BL, P group), n=8 (CON group).
Means with different letters differ significantly (p <0.05).
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Table8-3-2 Effects of pyroglutamic acid on serum insulin and TNF-o levels of experimental i

Dietary group

C57BL

KK-A”Y

CON

P

Organs (% of body weight)
Liver
Kidney
White adipo tissue
Pararenal
Epididymal
Brown adipo tissue
Serum
Insulin (pg/ml)
TNF-o. (pg/ml)

423+0.07°
0.606 % 0.023 °

0.391+0.122°
1.04+0.07°
0.363 +0.028 °

483.5+103.3 °
6.89+2.16 ¢

458 +1.47°
0.704 £0.018 @

0.708 £0.080 ®
1.92+0.11°
0.807 +0.068 ®

2328 + 304 ®
341+36°

435+0.09%®
0.727 +0.006 2

0.812 £0.088 °
2143+0.10°
0.761 £0.031 ®

1308 + 267 °
158 £2.0°

C57BL and KK-A” mice (10wk old) were given the each diet for 28d. Values are meanstSEM, n=7
(C57BL, P group), n=8 (CON group). Means with different letters differ significantly (p <0.05).

Table8-3-3 Effects of pyroglutamic acid on serum, liver and feces lipid levels of experiment:

. KK-AY
Dietary group C57BL CON 5

Serum

T-Chol (mg/dL) 108 +17° 164 + 18 2 108 £10°

HDL-C (mg/dL) 26.8+21° 27.8+35° 49.7 +4.8°

LDL-C (mg/dL) 73.5+17.5° 124 + 18 @ 463 +13.4°

Atherogenic index 3.18+0.81% 586 +1.31° 1.36£0.38 "

TG (mg/dL) 388+6.1° 63.3+55° 57.3+7.4°

FFA (mEg/L) 0.844 +0.027  0.939 +0.058 0.918 + 0.081

TG/HDL 1614041 % 2.71+0.61° 118 £0.12°
Liver

Total lipid (mg/g of liver) 178 + 15 186 + 19 159 + 20

T-Chol (mg/g of liver) 0.48 +0.16 ° 2.80+0.31° 218+0.16°

TG (mg/g of liver) 13.9+£1.2° 26.2+2.5°2 215+19°

FFA (mEgq/g of liver) 491+0.20° 8.84+0.48 % 9.38+1.05°
Feces

Total excretion (g/40h) 0.845+0.058° 1.35+0.04° 111+0.10°

Total lipid (mg/g of total feces) 19.0+1.6° 25.8+2.0°2 27.7+26°

T-Chol (mg/g of feces) 3.56 +0.27°" 492+022° 5.03+0.24°

TG (mg/g of feces) 9.81+1.22° 7.02+017° 6.57 +0.29°

Total bile acid (mg/g of feces)

0.463 + 0.097 °

0.757 £0.070 ®

0.901 +0.027 °

Serum and liver lipid levels, and fecal lipid were measured in C57BL and KK-A” mice given the each diet for
28d. Values are means+SEM, n=7 (C57BL, P group), n=8 (CON group). Means with different letters differ

significantly (p <0.05).
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2%, P BTN ERR ERNR SN >7 (Fig.8-3-4) .

T8 & hi B 5% FAS & A RRICHAET: NADPH B4 EER G6PD. 6PGD, 7 L TPE1t
DF—EER E72% CPT ZRFBIC B W THIE L7=#5 5. FAS{&1%IX CON B EHEL T
TRG B THEIEWEZRLZ (Figs-3-5) . L2 L G6PD + 6PGD ® CPT T
W KK-A< D AR TEEMICENR s iah o7,

R RPEREERO GLK &, BHERD G6Pase EIEDOEIEZRIL. MBRED
CON BHICHL TP HTHEREIEEZRL., BEREIEFERONT DA &R
GLK/G6Pase /3 P B THE B LR ZRLZ (Fig.8-3-6) . TOREREFEFREDINT
AN, AT B ERIEL TV DB B2 515,

8.34 HE

BN 2 BERFET VD KK- AT AZANWT, BARASELTRESHNAEPIZD
WTOFRERFZIRZ, MEEE. 1> A1) > HbAw. F/ziiiE. FEOIEEIRE &H
E L THRET L7z,

REEBENEICALRZVICHED 5T, CON BITLRT P BOERICEWVWHE
DEMERL/. P H#TERICERENMET U /=FEBHHERE GK v N TORE (K&
% 2 Hi) EOBRVIIMTHSSM. Hofmann 5131 A VRHFIEEREL TND
KK-ARTADEENFEDTSE 2 &, EFNIERFBEROELT 7Y & 51
KOBEOCEMERT ZELEZRELTVND (118) « BRI FINF—EERDHENT >
AU IR OB TERATET, O NVEPREZ LX) F—RE L THHE
LTWB 70 EEANSMN, FRIOEROAUENE A DD TIERNWES DM, AH
O KK-AE 28D GK Iy hEdRA2D, B, &1 22 VIENR S NEER
AR EFIEEZRTENTH S, GK Ty FTRENE PISIc L 2 iikRESLE®
B EIEFMIEORS (REEMOET) 2% KK-A CEREEDOAIHEINTNDD
W BB S 2 BERE ORER DETESVOEVWIZE 2 DT Rnh EEbn
%,
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Fig.8-3-56 Effects of pyroglutamic acid on liver FAS,
G6PD+6PGD and CPT activities in experimental
animals.

(A) Liver fatty acid synthase (FAS) activity. (B) Sum of
glucose 6- phosphate dehydrogenase (G6PD) and 6-
phosphogluconate dehydrogenase (6PGD) activities. (C)

_ Carnitine palmitoyl transferase (CPT) activity. Values
are means+SEM, n=7 (C57BL, P group), n=8 (CON

group). Means with different letters differ significantly
(p <0.05).

w

G6Pase (nmol/min/mg of protein) ~—

- N N
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T T 1
jo}
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T
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o
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Fig.8-3-6 Effects of pyroglutamic acid on liver GLK
and G6Pase activities, and relative activity of GLK to
G6Pase (GLK/G6Pase) in experimental animals.

(A) Glukokinase (GLK) acitivity. (B) Glucose 6-
phosphatase (G6Pase) activity. (C) Relative activity
of GLK/G6Pase. Values are meanszSEM, n=7
(C57BL, P group), n=8 (CON group). Means with
different letters differ significantly (p <0.05).
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BIOE K

AEFENL, BEDOHFN BEmEBﬁ‘:W’EFﬁ EZETLHOERRAR RAET2ILz2HNE
LT PoRF7> 0> | ZHME%E (ACE) i1k £ BT 2 ME OBERA 5 Bt L.
BiRBEHEEY SN ELER, FTHEWACE BERZFEOBMIIDVWT, HiE
BRAFEET v M (SHR) ZRWTIER TER O 217572,

A D SHRIZHIT 2 BER G- MEICRITTZEIZDWTIL IGERMLE (SBP) 28
160 mmHg 2O SHR 17 3 BMCBEREE L Z/LEBHENEHRE L. EDED)
ZRERFRVICHEE U THRET L 7o SERITIREREFEICIER MERDRD 51, TOR
WSR2 BREBE TR ZEMHLSNMIINE.EE Ty hOZEER: SBP & 4 RO
FERIZHVT (E® (~139 mmHg) 8. BE (140~159 mmHg) . $%E (160~179
mmHg) #. TU TEE (180 mmHg~) #) . BEE&EZ2fT->72EIZ5, EERH T
BRERBBETVROSNT —EMEZERS THD DI LT, ZERMEN S WEE T,
TERELL TS S O ERMREY O 5L D MEORE TEHEIE&E <, TOHR
26 BRichizo THEaNnz.

BWT 1 EMEEICHRINL TERRG EZITWRS L/ZE I 5. SBP. #RAIME
(DBP) &Hiz NaCl #iMEE +NaCl F) 12~ NaCl EEMBHEMERML /28
(+NaCl+Pumpkin #) \JETZRL7Z. BERO ACEFEZ E L2 & T 5. +NaCl #
2R T+NaCltPumpkin HTHRBRIIKTL TWB I ENSNo/z, ZOZEXDE
MEETOEROOEDIE, B TO ACEEENHEIN/Z I EITX20REENE X
5Nz, ERMBEREZEEL /=& 25, +NaCl+Pumpkin BTl X 570—)1
(T-Chol) , EBEV RS > aVATO—)L (LDL-C) BNEEIETLTHY, Bl
IR ERBOEELICO BRI HRTIICE S 2,

IR MERE TERA2E T 2ENHSMNIR o= L EZ1T. RICACE HEENE
EHTO2MEORRET o7z, MROBKHLYO S S DOWEX 1 5 AICKESND
5> Z HPLC THE, 7Bl . TNZNOES O ACE HEEEDRIE 217> 2. &iE

127



BEMIOWTE SITERL. BRIICIET I VBAHP LOMS 12X % AT MUV
Hiic ko TEMWEOREEF 5%k, Bl AEL-WERESNE TH D, hOmEy
5 - BN ERE FER SRS N TWS S OF 7+ 3> Tho k.

X B ITEROF - /s Bt 2 R T 5 BT, SR ARV N E e T SRR
#E L. BLOBRFELIEROGHE, BIRFET )L Goto-Kakizaki (GK) 7 v h%
AV TRE L 72, BIEE OB 2 EETHELE GK 5y McoWT, #E
18 BEICENZ )V I—ARERR OGTT) ORE. £ 76 B BRI - i
DRIE L . JE OB RAIES — 71— ORI 2707, ZORE. OGTT 250 T
7 30 55T CON BHICHATHME 5B THES ERMEIAE SNz, M EOH
BFEM AUC) KB TH CON BT U TR SRIIE B LR MRS =
L. BRI GK 5y MeBWTHRREBRT 2 ER DB 5 2 LA RSNk,

RICHIAD S BERRERICE EE X SN WEORRET > 7. FILHBAY ) —)L
MEmES VNIV AST LA NT T 74—, HPLC THBEL, 8EDEZNWE—7IZ
DWTHREZT-, BENHEICDNWT NMR ® FAB-MS iz k58 @ARY b
WA EFoRED S, ZOF V8 (NA) &R TR (TRG) EREENE, £
Bk D > 5 DOWEX KEH D 27 HPLC TR L . Y u /iy 8 P) %
FE L7z,

TRG. NA ORRFEMI B HHRERT B, BRI Wistar 7 v M
FBHEIONT, MEEE. FFEEY—h— BN AT—h—, & FFRISE
VAUV T LIRES L. SR I U 220, BaRs i o P o< — b
—&UTALT® AST . B{LA kL A< —H—& L TOMmik TBARS {121 TRG.
NA 5D EEMNE 5NN o, TRG BOIE L L~ OZEILE 510 721,
NA BB TIREFE T-Chol. TG BXNOMEMEISIE (FFA) A0 L % ERERL
2o ZOETIIIEERKE T v MZBWT TRG HBEIIREREEN/L, NAKETIK
1% SRR OIS BB 7 5 OB B & BIE T TR SRR = 7.

FEWT2RERKFETILEMEL TGK v kEA1., TRG, NA fﬁ%'ﬂ‘ﬁ*&ﬁ?ﬁ%ﬁ
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T—h— AR P LAY A — i, FERIRE L VS RIS T BB D TRE
L7z. TRG & NA % 0.056%. 0.05% EE/-T. 43 HEWE L=, 8% 4 HEIC
i OGTT %77, ZDE, OGTT IzH 5 MIEEE NA #5512 & 5 HEMR 51
73 7zht, TRG BTIX CON BEIzH~, BER 60, 120 HEICERRET 2R
7o FIRFICHIZE Lz 1 > A0 613 0 5 ORST CON BAERICH <. T 0%
BIEFT 3 /< BEERLEAN. TRG © NA BCIHENMEZRL. CON B R
51B1 >R ARHM AR S T W B ATREIASE X 51, TRG M5Ic L S%E
DAAZZXLEIDNATA 707 LA BN G, iﬁﬁéﬁmi%{ﬁ?ﬁ‘)b:—x-ﬁv AT
75— (G6p) « T+ —/ Ay REBET (Foxol) . FAIMAET 4o (Hnfda), 7
FRTy H—CEFL LS OHFER (Pten) ORBUE FABIbHo TV 5 Z & 4HEeR
X7z, G6pe FHIZEIL CIEEET Foxol & Hnfs OREMEI 2/ LT, ERFL
TN EHBENE. EBORABICEDS Pren OREMETLTNB &M,
ZVa—ZREEE 4 B GLUTY) AR50 A07— 3> L, BORDARERE
LTWBEFRT B ENTES,

$7- TRG. NA Bk CON Bz, fil. Pl T-Chol. TG EAAEICETF S8
Fe. CIUIEIFEEAREER (FAS) . /L O—26-77 ATz hFE KOV F—t
(G6PD) ., 6- 77y A7y JNVaAFx—hrFE Ry F—¥ 6PGD) {EHEOHMHSHIINLZ
FIIUVI RV T YR T £ 5—F (CPT) D LR, TRG 51k B ATP &k
L—hUT7—F Ady) 77 VRN 2 USBT 7RIV R TIVRT £ T—F 1
(Fdftl) . > b7 0O0—A P450 8B 77 7 21 —51 (Cyp5l) ORFUKTFICADL U H 2 &R
X, %72 TRG BT LDL-C EAEEIETL TN30H, 72U RIF IS
SO 4 (Angptld) ORBEUETIZ LD LPL ANEHALL TW B TTEERAE X 55,
BALEO%EN S TRG DR 51 R &< —h —ORBIH, M35, FWOSEITEL
NV OYEETE L THIERAE SR WA ARE S 17z, NA O 512 IIEEO%
BIIRERE AN A, JREL AL OREIT A T LR S N

G60s TILE 2 TEIRIEE )L KK-A7< ™ A1 55 TRG. NA BRI T 5 1)
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IZDOVWTREE(To/k. GK v MILDEREFEED TRG, NA 2HIZEE 4 &
MOFAE 2fTo 7z, 2R, MR IBI&SBHEE L. B&E OGTT ZfTo7z. %2
s I B SV A 4 SEE T CON BEICBWTAMA ERAR 517245 TRG, NA BiZ
BT EERNMHI S N7z, MFMEETIE2. 3 BEHIZBWTNA B TEER LEFEN
#l. TRG BT EEMGIERSERE SN, OGTT 12543 H MM TRG. NA B
CON Bz HAENMETORBER Ui, Ml > 2 MERHER 0 5 0ZBST
CON BIZHAT NA BAYE FMEM. TRG BV BZEFERLE. GK Ty MIB
Wi NA BT & 5 MBS OOBGE 2SR B 5 s o o 5, KK-AP 3 AU BT
i NA BHZ & 0 Z2igi O REE M E D%, OGTT 12315 MEE D -7 HH 1 8
X7z, SRS DSEME FEIZ BT, CON B THIDIEANER X 117245 TRG
BTRZNBHH SN TND X572, ZEEO > XY EBE CON izl T
TRG BNEERETERLTWVWAS I ENS, CON B TIIA AU OREHWDTZ
DREEBMHIAAIEA L Z &, TRG BETIEA > AU VAWM X 515 o MO
KAEDHFNEZNTNBEHDEEZ 5N5, TRG IZL BHFIED GLK % G6pase IEHEDOH]
Blid GK v MZBI25BE LA TH O, ERBOHIHE TRG O RICHEREICED
5 TNWBZ ENHRIN,

RULA 5 BEERIZE L7 b 5 OEDOWE P Iz OV TH Wistar T ~, GK I v k.
RKR-A RTABNWTHERFEESEY - —PREL NIV AOEEEZBL THRTL
2o GK v MIBITBRETTIZ0.05% OP ZEML. 7 BREELE. AEERE
I ERERN 28, REMMETIE 3 MELK CON Bz b L C ERICHIHIA
Reoh, FE4O Wistar 5 b ERIU & S & 07z, BEsIcEm L -5
BABIEHED CON BED S P BONS WEA S, AEEIHRIROENTHE
NTVWBDOTIRARNWNEE X 5N/, ZERFMEEE CK 5 v MERICBWTERRS
NizIno 72 A% P BEORR S EIIAEBARICHANT 3, 5 BEICEERETERL
7zo 7z OGIT DO MMEEIZHBNTH, HEER 60 24T CON BITHNTP #NEE
BAENEZERL. PEIROTHEEEREL TWAENRR I N, FEO DNA A2
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07 LA fight FAS. G6PD + 6PGD. CPT BEOIEHEIEREICBNTH, TRCG 14
BEOBRAEEEIUEDAEREZRL, PH TRG &R U LS 2 TlisEsE OEICEAD
9TM6Z&$%§T%EO‘

PO RKARIAIZBITDEEIZDNTS 0.06% O P ZHRMLUZFEZ 4 BREK
ELBFLUZ. 4 AEHOEERIMEHEB LS 2. 3 BEHOMFmMEBEIZINTNS CON
BICHARP BIIEWEZERL . OGTT IZHBIT 5 MBEEIX CON BIZHLL TP BENE
IR HER L. £72 OGTT IC BT B HEAMER OME > AU &3P #4 CON B
K OENEZEFR LU, Mm%, M T-Chol VX CON Bz L TP BEBICKWEE
SRUZ.GK Tv Mk B4 RIS PIC L D85 4E RBER G6pe MRS Gek A3
PEMETIE S EB T TS I &R IN,

B DEEHIZDONT, AF T aDORE THITH 7000 F~5500 FEDHEMN 5 IR
Fy DEPBRIN.PEANEEMEINDEXDITR 572 HRITIER 10 £ (1541
) 1T KRMITIEE U2V NIV, k%d)jcﬁ%lﬁf}!ﬂ:ﬁ SR TEDHRTF ¥ B
STRERINEZESDLN TS, ZORKIZH R TNERE> TREDTH RS TR
BESTHRF Y ERSIEDICRD, MAEESOE TEEENS &2 255R & &
NTW5, ENWERREEOENATH S, HENRSIZONTIESEDM SN TNV
Mol MEZTIF3 ESHI TS GABA RHBRLENE WBIOTF U IIRET 2E
BROESTH B0, ARAFETENLSN DRSS & DOEBBITDOWTIEH LIS EfTHo 72,
FORRZAFTFIRZaAF OB MIRY D, EOaFIVy I DB, SlER
WERBICE RN & U TRIET Z &R,

131



ey
@)
®3)

4

®)

©®

M

®

&)

(10

(1D

(12)

51 A 3R
YI-ZXRGORE BRORYE SENEHRE #lat S8FERT p190-101 1997)
REVEWRBRAE 2006 F)IFTFEE KTRERFHREFET (2005)
Smith AH, Waller KD. Serum beta-carotene in persons with cancer and their immediate
families. Am J Epidemiol 133, 661-71 (1991)
Harris RW, K'ey Td, Silcocks i’B, BullJD, Wald NJ. A case-control study of dietary carotene in
men with lung cancer and in men with other epithelial cancers. Nufr Cancer. 15, 63-8 (1991)
Potischman N, McCulloch CE, Byers T, Nemoto T, Stubbe N, Milch R, Parker R,. Rasmussen
KM, Root M, Graham S, et al Breast cancer and dietary and plasma concentrations of
carotenoids and vitamin A. Am J Clin Nutr. 52, 909-15 (1990)
B4 UHMEOFHFL W HEILE LEF%IE% 45 45 (1992)
Liu HW. Determination of 4-aminobutyric acid in pumpkin powder by high performance liquid
chromatography. Se Pu. 19, 532-3 (2001) |
Fujimura S, Shimakage H, Tanioka H, Yoshida M, Suzuki-Kusaba M, Hisa H, Satoh S.
Effects of GABA on noradrenaline release and vasoconstriction induced by renal nerve
stimulation in isolated perfused rat kidney. Br J. Pharmacol 127, 109-114 (1999)
Quanhong, L. I, Caili, F. U., Yukui, R. U. I, Guanghui, H. U,, Tongyi, C. A. I. Effects of
protein-bound polysaccharide isolated from pumpkin on insulin in diabetic rats. Plant Foods
Hum. thz: 60, 13-16 (2005)
Zuhair, H. A, L., El-Fattah, A. A. A, El-Sayed, M. . Pumpkin-seed oil modulates the effect of
felodipine and captc;pril i;x spontaneously hypertensive rats. Pharmacol Res. 41, 555-563
(2000)
Al-Zuhair, H, El-Fattah, A. A. A, Latif, H. A. A. E. Efficacy of simvastatin and pumpkin-seed
oil in the management of dietary-induced hypercholesterolemia. Pharmacol. Res. 35, 403-

408 (1997)

Kimoto K, Kuroda Y, Saito Y, Yamamoto J, Murakami T, Aoyagi Y. Purification and

132



(13)

(19
(15)
(16)

17

18

(19)

(20)
@D
22)

@3)

identification of angiotensin I-converting enzyme inhibitor from Moroheiya ( Corchorus
olitorius) . Food Sci Technol Int Tbkyo. 4, 223-6 (1998)

Shimizu E, Hayashi A, Takahashi R, Aoyagi Y, Murakami T. Effects of angiotensin
I-converting enzyme inhibitor from Ashitaba ( Angelica keiskel) on blood pressure of
spontaneously hypertensive rats. J Nutr Sei Vitaminol 45, 375-83 (2000)

Kataoka S. Functional effects of Japanese style fermented soy sauce (shoyu) and its

components, JJ. Biosci. Bioeng.*100, 227-234 (2005)

HHOH. umn%u% BURER. ATEE— N\Y RV UDSOZIFTFI L ERHHINE T O

BIEOEY. HARSRRZETI %A 52, 1564-159 (2005)

MH DB, WPAT, NI, FRk AnE— D<EBOIEYY AOMEICRIEFT 3

FPFIL OB AFRMEFETHEE 53, 31521 (2005)

Schlierf G. Dorow E. Diurnal patterns of triglycerides, free fatty acids, blood sugar, and
insulin during carbohydrate-induction in man and their modification by nocturnal
suppression of lipolysis. /. Clin. Invest. 52, 732-740 (1973)

Karpe F. Frayn KN. The nicotinic acid receptor-a new mechamsm for an old drug. Lancet. 363,
1892-1894 (2004)

Vogt A. Kassner U. Hostalek U. Steinhagen-Thiessen E. Prolonged-release nicotinic acid for
the management of dyslipidemia: an update including results from the NAUTILUS study.

Vasc Health Risk Manag. 3, 467-479 (2007)

Guyton JR. Niacin in cardiovascular prevention: mechanisms, efficacy, and safety. Curr Opin
Lipidol. 18, 415-420 (\2007)

Tohda C. Kuboyama T. Komatsu K. Seaxrch for natural products related to regeneration of the
neuronal netwoxk. Neurosignals 14, 34-45 (2005)

Tohda C. Nakamura N. Komatsu K. Hattori M. Trigonelline- induced neurite outgrowth in
human neuroblastoma SK-N-SH cells. Biol Pharm Bull. 22, 679-682 (1999)

Hirakawa N. Okauchi R. Miura Y. Yagasaki K. Anti-invasive activity of niacin and

133



29

(25)

(26)

@7

28)

29

(30)

31

(32)

(33)

(39)

(35)

trigonelline against cancer cells. Biosci Biotechnol Biochem. 69, 653-658 (2005)

Hoﬁg BN. Yi TH. Park R. Kim SY. Kang TH. Coffee improves auditory neuropathy in diabetic
mice. Neurosci Lett. 29,441, 302-306 (2008)

Macrae R, in Coffee, Vol.1 chemistry, Eds R. J. Clarke and R. Macrae, Elsevir Applied Science
Publishers, London, p127-136 (1985)

Taguchi H, Sakaguchi M, and Shimabayashi Y. Agric. Biol Chem. 49 3467-3471 (1985)
Mason BJB. Kodicek E. The metabolism of niacytin in the rat: studies of the excretion of
nicotinic acid metabolites. Biochem. J. 120, 509-513 (1970)

Mason BJB. Kodicek E. The metabolism of niacytin in ‘the rat: trigonelline as a major
metabolite of nigcytin in the urine. Biochem. J. 120, 515-521 (1970)

Sandhu JS. Fraser DR. The metabolic origin of trigonelline in the rat. Biochem. J. 200,
495-500 (1981)

Yuyama S. Suzuki T. Isolation and identification of N1- methylnicotinic acid ( trigonelline)
from rat urine. J Nutr Sci Vitaminol. 31, 157-167 (1985)

Yuyama S. Suzuki T. The excretion of Nl-methyl-Z-pyridone-S- carboxylic acid and related
compounds in human subjects after oral administration of nicotinic acid, trigonelline and
N1-methyl-2- pyridone-5-carboxylic acid. Adv Exp Med Biol. 294, 475-9 (1991)

Yuyama S. Kawano Y. Urinary excretion of N1-methyl-2-pyridone- 5-carboxylic acid and the
fate of remaining of trigonelline. Adv Exp Med Biol. 398, 599-603 (1996)

Ogata S. Takeuchi M. Teradaira S. Yamamoto N. Iwata K. Okumura K. Taguchi H. Radical
scavenging a(;tivities of niacin-related compounds. Biosci. Biotechnol. Biochem. 66, 641-645
(2002)

Silva AR. Silva CG.Ruschel C. Helegda C. Wyse AT. Wannmacher CM. Wajner M. Dutra-Filho
CS. L-pyroglutamic acid inhibits energy production and lipid synthesis in cerebral cortex of
young rats in vitro. Neurochem. Res. 26, 1277-1283 (2001)

Kimura Y. Kido T. Takaku T. Sumiyoshi M. Baba K. Isolation of an anti-angiogenic substance

134



(36)

(37

(39

39)

(40)

(41)

(42)

(43)

(49)

(45)

(46)

from - Agaricus blazei Murill: its antitumor and antimetastatic actions. Cancer Sei. 95,
758-764 (2004)

Doering W, Maass L, Irmisch R, Kénig E. Pharmacokinetic interaction study with ramipril
and Aigoxin in healthy volunteers. Am J Cardiol 59, 60-64 (1987)

Robertson J I, Tillman DM, Ball SG, Lever AF, Angiotensin converting enzyme inhibition in
hypertension. J Hypertens Suppl. 5, 19-25 (1987)

Yokoyama K, éhiba H, foshika;;;/a M, Peptide inhibitors for angiotensin I-converting enzyme
from thermolysin digest of dried bonito. Biosci Biotechnol Biochem. 56, 1541-1545 (1992)
BERZ, TkE— EAIBE KE—@ HoBET)INTFFILEBE METTA

TIZARTHMERETIER (1) HEIBE 25(8) (1997)

Suetsuna K, Purification and identification of angiotensin [ -converting enzyme inhibitors
from the red algae Porphyrayezoensis. o/ Marine Biotechnology 6, 163-167 (1998)

FEMHE, RBET. &IEE. NESER. PERF. BEFY IRTF ROEEBLUENEE
IR 5B EF LIS 44, 297-306 (2000)
Cushman DW, Cheung HS. Spectrophotometriq assay and properties of the
angiotensin-converting enzyme of rabbit lung. Biochem Pharmacol. 20, 1637-1648 (1971)
Whelton PK, He J, Cutler JA, Brancati FL, Appel LJ, Follmann D, Klag MdJ. Effects of oral
potassium on blopd pressure. Meta-analysis of randomized controlled clinical trials. JAMA.
277, 1624-1632 (1?97)

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 1
ipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem.
18, 499-502 (1972)

Chot J8S, Yokozawa T, Oura H, Antihyperlipidemic effect of flavonoids from Prunus davidiana.

J Nat Prod. 54, 218-24 (1991)
Lieberman J. Elevation of serum angiotensin-converting-enzyme ( ACE) level in

sarcoidosis. Am J Med. 59, 365-72 (1975)

135



47

(48)

(49) -

(60)

(61

(52)

(63)

(59

(55)

(56)

(67

Aoi1 W, Niisato N, Miyazaki H, Marunaka Y. Flavonoid-induced reduction of ENaC
expréssion in the kidney of Dahl salt-sensitive hypertensive rat. Biochem Biophys Res
Commun. 19;315, 892-896 (2004)
TakahashiJH, Tiba M, Iino M & Takayasu T. The effect of g-aminobutyric acid on blood
pressureia.&Jpn. J. Physiol. 5, 334-341 (1955)
Elliott KAE) & Hobbiger F. Gamma aminobutyric acid: circulatory and respiratory effects in
different speéies: re-investigation of the anti-strychnine action in mice. J. Physiol 146, 70-84
(1959)
Stanton HC. Mode of action of gamma amincbutyric acid on the cardiovascular system. Arch.
Int. Pharmacodyn. 143, 195-204 (1963)
Hayakawa K, Kimura M, Kamata K. Mechanism underlying gamma-aminobutyric
acid-induced antihypertensive effect in spontaneously hypertensive rats. Eur J. Pharmac.
438, 107-113 (2002)
Fujimura S, Shimakage H, Tanioka H, Yoshida M, Suzuki-Kusaba M, Hisa H, Satoh S. Effects
of GABA on noradrenaline release and vasoconstriction i’nduced by renal nerve stimulation in
isolated perfused rat kidney. Br. J. Pharmacol. 127, 109-114 (1999)
1-8800 il Y X/ BOHTEr ( BKRE) BURGHHE b E ISASWE KETE 2 R (A
SEEUYERT, RE)  HILBMERTRE pl-24 (1997)

METEIM EFERY-_27INIY—X BERFHEA NI TFO— #EHE

E
o
=
i
33

FiEt AR (1995) .

Yagi K. A simple fluorometric assay for lipoperoxide in blood plasma. Brochem Med. 15,

212-216 (1976)

Uchiyama M, Mihara M. Determination of malondialdehyde precursor in tissue by
thiobarbituric acid test. Anal Biochem. 86, 271-278 (1978)

Lowry O.H. Rosenbrough N.J.,Farr A.J., Randall R.J. Protein measurement with the Folin

phenol reagent. /. Biol. Chem. 193, 265-275 (1951)

136



(68)

(69)

(60)

61)

(62)

(63)

(69)

(65)

(66)

(67)

(63)

(69)

(70)

Chance B.VMeahly A.C. Assay of Catalase and peroxidase. Academic press Vol.2.764-775
(1955)
Paglia D.E. Valentine W.N. Studies on the quantitative and qualitative characterization of
erythrocyte’ glutathione peroxidase. J.Lab. Clin.Med. 70, 158-169 (1967)
Whanger P.]S: Weswing PH. Schmitz J.A. Oldfield J.E. Effects of selenium and vitamin E on
blood selenium levels, tissue glutathione peroxidase activities and white muscle disease in
sheep fed-purified-or hay diets. J. Nutr 107, 1298-1307 (1977)
Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. Diabetes. 37,
1595-1607 ‘(1988)
Kaplan NM. The deadly quartet. Upper-body obesity, glucose intolerance,
hypertriglyceridemia, and hypertension. Arch Intern Med. 149, 1514-1520 (1989)
DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted syndrome responsible for
NIDDM, obesity, hypertension, dyslipidemia, and atherosclerotic cardiovr«;lscular disease.
Diabetes Care. 14, 173-194 (1991)
Folch J. Lees M. Sloanestanley GH. A simple method forlﬂ the isolation and purification of total
lipides from animal tissues. J.Biol. Chem. 226, 497-509 (1957)
HABRATHGERBERIEICET 2 BRBRICFANTKFERIEREZES 1979
EHEMEBER ElHﬂj ST No. 24 p94-96 (1955)
AWECFERE 1 EOMBORINS FIEE—. MERR, BNER. WEBEE, WAE—
BRimEe BN p40 (1979
Burton DN. Haavis AG. Potter JW. Comparative studies of the rat and pigeon liver fatty acid
synthetases. Arch Biochem. Biophys. 126, 141-154 (1968)
Kumar S. Dorsey JA. Muesing RA. Porter JW. Comparative studies of the pigeon liver fatty
acid synthetase complex and its subunits. Kinetics of partial reactions and the number of
binding sites for acetyl and malonyl groups. J. Boil. Chem. 245, 47 32;47 44 (1970)

Carey EM. Dils R. Fatty acid biosynthesis. V. Purification and characterisation of fatty acid

137



(TH

(72)

(73)

(74

(75)

(76)

)

(78)

synthetase from lactating-rabbit mammary gland. Biochem. Biophys. Acta. 210, 371-387

(1970)

Guglielmo CG. Norbert NH. Hochachka PW. Williams TD. Seasonal dynamics of flight

muscle fatty acid binding protein and catabolic enzymes in a migratory shorebird. Am J

Physiol. 282, 1405-1413 (2002)

Yamauchi T. Kamon J. Waki H. Terauchi Y. Kubota N. Hara K. Mori Y. Ide T. Murakami K.

Tsuboyama-Kasaocka N. Ezaki O. Akanuma Y. Gavrilova O. Vinson C. Reitman ML.

Kagechika H. Shudd K. Yoda M. Nakano Y. Tobe K. Nagai R. Kimura S. Tomita M. Froguel P.

Kadowaki T. The fat-derived hormone adiponectin reverses insulin resistance associated

with both lipoatrophy and obesity. Nat. Med. 7, 941-946 (2001)

Berg AH. Combs TP. Du X. Brownlee M. Scherer PE. The adip;)cyte-secreted protein acrp30

enhances hepatic insulin action. Nat. Med. 7, 947-953 (2001)

A= AF > 7HEEY £ 5 R BEER/NAAREZR RIELFF ALK p38l (1992)
Altomonte J. Richter A. Harbaran S. Suriawinata J. Nakae J. Thung NS. Meseck M. Accili D.
Dong H. Inhibition of Foxol function is associated with ?mproved fasting glycemia in diabetic
mice. Am. J. Physiol. Endocrinol. Metab, 285, 718-E728 (2003)

Butler M. McKay ‘AR. Popoff JI. Gaarde AW. Witchell D. Murray FS. Dean MN. Bhanot S.
Monia PB. Specific Inhibition of PTEN Expression Reverses Hyperglycemia in Diabetic Mice.
Diabetes; 51, 1028-1034 (2002)

Srivastava SK. Ramana KV. Bhatnagar A. Role of aldose reductase and oxidative damage in
diabetes and the consequent potential for therapeutic options. Zndocr. Rev. 26, 380-392
(2005)

Imoto K. Kukidome D. Nishikawa T. Matsuhusa T. Sonoda K. Fujisawa K. Yano M.
Motoshima T. Taguchi T. Tsuruzoe K. Matsumura T. Ichijo H. Araki E. Impact of
mitochondrial reactive oxygen species and apoptosis signal-regulating kinase 1 on insulin

signaling. Diabetes, 55, 1197-1204 (20086)

138



(79)

(80)

(81)

(82)

(83)

(84)

(85)

(86)

(87)

(89)

Su‘zuki D.JMiyata T. Saotome N. Horie K. Inagi R. Yasuda Y. Uchida K. Izuhara Y. Yagame
M. Sakai H. Kurokawa K. Immunohistochemical evidence for an increased oxidative stress
and carbonyl mc;diﬁcation of proteins in diabetic glomerular lesions. J. Am. Soc. Nephrol. 10,
822-832 (1999)

Wautier MP. Chappet O. Corda S. Stern DM. Schmidt AM. Wautier JL. Activation of NADPH

oxidase by age links oxidant stress to altered gene expression via rage. Am. J. Physiol,

Endocrinol Metab. 280, 685-694 (2001)

Langenstrc;er P. Pieper GM. Regulation of spontaneous EDRF release in diabetic rat aorta by
oxygen free radicals. Am. J. Physiol. 263, 257-265 (1992)

Koenig RJ. Cerami A. Synthesis of hemoglobin aic in normal and diabetic mice: potential
model of basement membrane thickening. Proc. Nat. Acad. Sci. 72, 3687-3691 (1975)

Jain Sk. Palmer M. The effect of oxygen radicals metabolites and vitamin e on
glycosylation of proteins. Free Radic. Boil. Med. 22, 593-596 (1997)

Mendez JD. Balderas Fl. Inhibition by l-arginine and spermidine of hemoglobin glycation and
lipid peroxidation in rats with induced diadetes. Bfomea{. Pharmacother 60, 26-31 (2005)
Mohamadin AMA. Hammad LNA. El-Bab MF. Gawad HAS. Can nitric oxide-generating
compounds improve the oxidative stress response in experimentally diabetic rat? Clin. Exp.
Pharmacol. Physiol. 34, 586-593 (2007)

Jain Sk. Palmer M. The effect of oxygen radicals metabolites and vitamin e on glycosylation of

proteins. Free Radic. Boil Med. 22, 593-596 (1997)

Mendez JD. Balderas FL. Inhibition by l-arginine and spermidine of hemoglobin glycation
and lipid peroxidation in rats with induced diadetes. Biomed. Pharmacother, 60, 26-31 (2005)
Wise A. Foord SM. Fraser NJ. Barnes AA. Elshourbagy N. Eilert M. Ignar DM. Murdock PR.
Steplewski K. Green A. Brown AdJ. Dowell SJ. Szekeres PG. Hassall DG. Marshall FH. Wilson
S. Pike N. Molecular identification of high and low affinity receptors for nicotic acid. /. Boil,

Chem. 278, 9869-9874 (2003)

139



(89)

(90)

(CAY

(92)

(93)

(99

(95)

(96)

(97)

(98)

(99)

Tunaru S Kero J. Schaub A. Wufka C. Blaukat A. Pfeffer K. Offermanns S. PUMA-G and
HM74 are receptors for nicotinic acid and mediate its anti-lipolytic effect. Nat. Med. 9,
352-355 (2003)

Hawkins M. Tonelli J. Kishore P. Stein D. Ragucci E. Gitig A. Reddy K. Contribution of
elevated free fatty acid levels to the lack of glucose effectiveness in type 2 diabetes. Diabetes.
52, 2748-2758 (2003)

Hevener AL. Reichart D. Janez A. Olefsky J. Thiazolidinedione treatment prevents free fatty
acid-induced insulin resistance in male wistar rats. Diabetes 50, 2316-2322 (2001)

Maekawa F. Fujiwara K. Kohno D, Kuramochi M. Kurita H. Yada T. Young adult-specific
hyperphagia in diabetic Goto-kakizaki rats is associated with leptin resistance and elevation
of neuropeptide Y mRNA in the arcuate nucleus. J. Neuroendocrinol 18, 748-756 (2006)

The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus: Report of the
Expert Committee on Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 20,
1183-1197 (1997)

ﬂ%ﬁf?z‘%ﬁ%ﬁ*ﬁ%ﬁ%ﬁx (ZBE B7 ) BERFRONMRIBHEECRTIZRAR
&, BERRHE, p385-401 (1999)

Tanaka Y. Atsumi Y. Asahina T. Hosckawa K. Matsuoka K. Kinoshita J. Onuma T. Kawamori
R. Usefulness of revised Fasting plasma glucose criterion and characteristics of the insulin
response to an oral glucose load in newly diagnosed Japanese diabetic subjects. Diabetes
‘Care 21, 1133-1137 (1998)

HAEZ L T7HAE GKId Iy hF—4%

Iwatsuka H. Shino A. Suzuoki Z. General survey of diabetic features of yellow KK mice.
Endocrinol Jpn. 17, 23-35 (1970)

2 BIEEFRYE (NIDDM) £5) KKAy/Ta Jd <UA5F—#% CREA JAPAN, INC
Davidson AL. Arion WJ. Factors underlying significant underestimations of glucokinase

activity in crude liver extracts: physiological implications of higher cellular activity. Arch.

140



(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

Biochem. biophys. 253, 156-167 (1987)

Lange AJ. Arion WJ. Burchell A. Burchell B. Aluminum ions are required for stabilization
and inhibition of hepatic microsomal glucose-6-phoshatase by sodium fluoride. J Boil Chem.
261, 101-107 (1986)

Bergo M. Olivecrona G. Olivecrona T. Forms of lipoprotein lipase in rat tissues: in adipose
tissue the proportion of inactive lipase increases on fasting. Biochem J. 313, 893-898 (1996)
Bergo M. Wu G. Ruge T. Olivecrona T. Down-regulation of adipose tissue lipoprotein lipase
during fasting requires that a gene, separate from the lipase gene, is switched on. J Biol
Chem. 277, 11927-11932 (2002)
Reaven G. D. The insulin resistance syndrome: Definition and dietary approaches to
treatment. Annu. Rev. Nutr. 25, 391-406 (2005)
Hotamisligil GS. Shargill NS. Spiegelman BM. Adipose expression of tumor necrosis
factor-Alpha: direct role in obesity-linked insulin resistance. Science 259, 87-91 (1993)
Taniguchi CM. Emanﬁelli B. Kahn CR. Critical nodes in signalling pathways: insights into
insulin-Action. Na¢ Rev Mol Cell Biol. 7, 85-96 (2006)’

Hotamisligil GS. Arner P. Caro JF.‘ Increased adipose tissue expression of tumar necrosis
factor-alpha in human obesity and insulin resistance. /. Clin. Invest. 95, 2409-2415 (1995)
BRI & AT 220 maiiiR & BRMItk AR BRI 20, 1730-1733 (2002)

A DAY EGIEREE LR SR FRILE. WEEE BT 7, 9-14 (2001)
RVFTINIRT 77 75 —E@IBME MTFEE. RJIE— Mebio 19, 92-97 (2002)

Okuno A. Tamemoto H. Tobe K. Ueki K. Mori Y. Iwamoto K. Umesono K. Akanuma Y.
Fujiwara T. Horikoshi H. Yazaki Y. Kadowaki T. Troglitazone increases the number of
small adipocytes without the change of white adipose tissue mass in obese Zucker rats. /.
Clin. Invest. 101, 1354-1361 (1998)

Suganami T. Nishida J. Ogawa Y. A paracrine loop between adipocytes and macrophages

aggravates inflammatory changes: role of free fatty acids and tumor necrosis factor alpha.

141



(112)

(113)

Arterioscler. Thromb. Vasc. Biol. 25, 2062-2068 (2005)

EWCFERE 38 ARTOEKEERGHENRZEE JIBRARE FRURE 45—
pi44 (1997)

Hofmann C. Lorenz K. Braithwaite SS. Colca JR. Palazuk BJ. Hotamisligil GS. Spiegelman
BM. Altered gene expression for tumor necrosis factor-alpha and its receptors during drug

and dietary modulation of insulin resistance. Endocrinology: 134, 264-270 (1994)

142



EIF

AR DIIT B LA L DIERIT 72 DA TH%, CHIE 210 % L7z g A
Bl AHREREEICOE VEHEL ETET. S ST AYMEE BIEEEY
B, UG MSEE (R S . BIEEE R AR RIS
CHLEOBILEL EFET, £< OTHE. THANEEEE LTk R
TR, SO E AREERE. BATERRAE HOWER, LY
BIDKREFEMAY ARSIHT. DRERAS JIRERE (HAEmEs
RE—BRICEHH L ET, £ AL BEIA SRR LIRS, =L T
HIAOEEZ5A TN 4 FELAMCERSET MRS A2
ERITD L OBBE L EFET, BEBICH < S AOLEENT. BHREL LT
< N R AR bERHE L £ T |

ZDAFEXIILDEERN, ISEE, B0 LE0NE, SEVIES ;‘:éﬁ’éblﬂ
BOYTLE,

143





