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C

fARLRINY T D 7T =/ HilE (CAS No. 352-97-6) (22T, fal BN
M EFEEHERE L H VT, B AN 2 FEhE L 72,

PRI W =R BB X, (AN ENRE (T > b A O RIENSIREEY T H
L7 VTFonTE M, EE (K BLKOS T 600, Biowmtt, 2tEEM%E
(Zv h), HaE=EE (Fy ) HFORBETH S,

18 M 1 K OVEE DS AU PR DN BB RS AL T PRI D WD T ORBR T EfE S L T 72
WS, AFEBFEICOWTEB L Fo2HWERBENE R I TW\5b,
BnEwPEIC DWW T, in vivo DRBRITE i S TWRWA, In vitro \Z8 W
T, MEZHWCEIFZRARE R, BEMRZ AW oE s 22082 B R &
Ot PRI Y o ERE AW RERBROoOVWTbBETH - 72 2 &
5. 77 =V EEEE (GAA) [TIXAERICE > THRERMBE L R 2B imm T 20
EE 2T,

A EEREBR TN EREME AT, KREET. BEA 4. Chol A
KFCThHoT,

18 M 7 1 M VIS 3 A BRI OM AR RS AR B MR U BRI JEHE S AL TV 722 Vs |

BEGRTHDHIHLOD, B () AOH>T 6 (BHERE) (X T HEEEIIA L
VIR INo T2,

APt MR R T 5 17z NOAEL @ 9 L /MEIX, 7 v & W2 90 H [
fiAaPEFMERER TAH S-S Chol DB ICEE-S< 66 mgkg KEH/H Th
> 77,

GAA RO CchH b7 L7 F U513, BRBMOLEEANME TH D Z &
b5, B MIERZBUTCHENIZERLTWS, 612, ZLT7F 2o T
I, REFN TOkg Dt FOKERNIZIZ 120 g FEL. TEYS7Z0H 1.7% (K 2 2
M7 LT F=lifR@#Eans, RSN 27 L7 F RN TOES K XITE
NS DOERIZ L - THi» T\ 5,

T, BEOBEOBEERBRICB W T, GAA 2N & L GaEfE a4 2
WINFEE CTlX. GAA RGO AT GAA & O Hey 1 135 FBEE & bl L CTHY
MU otz, D GAA BEREO 7 V7 F U BEIIMNT 2 & 6 iz
N, ZTOEEIZ, BRI THRESN TVWIHATRELHE VRS0,

LbErS, BIEB LN TV D E A R ARG LR, GAA 23 BHR
e LTI EN SR IZHEWT, ADI 28 E T 2 LB T 200 &k
L7,
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1. A&
i Bk D S fl 4y & O D RSy D ARG

2. — &4
ma . 77 = ) ke

4, - Guanidineacetic acid

3. LZE4
TUPAC
#4, : 2-(diaminomethylideneamino)acetic acid

CAS No. 352-97-6
#4, : N(Aminoiminomethyl)-glycine (M)

4. HFR
CsH7N302 (M 1)

H
H,N N COOH
NH (B 1)

7. FHEMRUOERIKR

77 = 7 EEE (GAA) X, b MR OEY OB KL ORIV T, 7 v
X2V DOT IV IER, TV T IV T A7 2T —8 (AGAT) 12 &
STV iR TLHZ ETHkEND, GAA X, FiRicB\WTrZ 7T =
A F NV T AT 2T —F (GAMT) I2L->TST7TT /N AF 4=
v (SAM) b AFUENREEIN, ZJLTF s (K1), 7X =
LT Vvt ®D GAA DB, 7 VT F o DA RRKICB T 5 25
P chy, BEEBETH D,

LRFFIEIC BV T RS L CRBRBW AR D & 7 SRR I 00 B e &
725 B LI U OB 2872 TR 5
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1 KNIZEBIT D GAA DA R

WeoONDIFZET, 7 LT Fid, 74— RNy 7T AGAT O FEH %2 31
L TCWD0, GAMT OFIUIHRE L T\ ARnZ LRS-, £72. GAA
MO VT F AT, RAlWiRKCch 5,

GAAD I VT F U ~ODEBIZEBNT. ST T ) VNVKRETAT A (SAH)
NEUT S, SAH X, afWifc T 5T 7 v EOVEES AT A4 > (Hey) (2hnxk
RIS, B MIBITDLATFNAVIEEANT U ZAOHES G DT2%D 0 D5
KOAFNACEREOHETE NS, GAMT 12125 GAA DI LT F o ~D A F
JABIZAEDDOETDOAFNUALIE LV & SAM 22 < HET D2 ENRIR S
i,

GAADFIZHB T 2NN =RIZE L C A HERIT D0, L Ll b,
s i B2 D i 308 B A 8 0 R D Al R I D figi ik & [FAR R T 2 e b I1X . MBI H
5 GAA OB HRITEm W EBZOND, . 20X I BWETH D GAA
X, Bl S PR S S D,

2007 FITHE S NTHE HOTZHE TR, GAA OEWRIGERDZ RIE S
77

GAA OB <hor 7 vTrFriE, 27v7F ¥ —8 (CK) IT&-T
ATP oV U BREZ I, RAKRIZ LT F 280 SR X—1 R
OO E O%E 2 Ri1-3, (BZH2~4)

SO EDND, AR ~D GAA WINC X 2 B O fial B R R O g S W AR &
nTwna,

WA TliE, GAA Z UK L 3 2 fEHsix, EU L OCKEZEBD &9 25 20
MEL EIZBWTRIIEIN TR, BXFBEAEEICEH SN TS, (R
5. 6)

HATIE, SRS ST 3 & LTl S v Tnin, £,
WAMZIB W T, & PAHERS ITESBFMY E L THER IR TW2Rn,



AL RMOKEER DY GAA ZFRHRINMIZHE E T2 2 LITftEv. R A 571
BHD GAA O f dn @ RN O Zig s 7 STz,



I Z2HICERIMEOHEE
REHE T, SRR EREEHER 212, GAA OFEMIZET % £
A ST - S A

1. ANBERER
(1) AREIREHAR (Fv k)

Z v kb (Wistar %. 6 B, ) (& GAA ZiREEHE G L, % 51% o i K&
Ol A Hey #82 B3 DN AFIg R SAM & Y SAH & £ 4 HPLC (2 X - T #l
E LTz, £, Mg 2Z F4=2 B &akifEFE (CBS) OIEMHEZHIE L
77

FEBr1 L LT, 7> b (XX 6IL/HEE) IZ GAA % 10 HEIREFH 5 (0,
2.5, 5, 7.5 XX 10 glkg fifl) L. m&E 5% O MEEF Hey . g
SAM J O SAH 2 EEF Mg CBSiE M2 Ml E L 7=,

5 KON 10 glkg k&% 5-BF O M E T Hey I IX, MITBEEE LKL T, £
NE I 255 F T8 421% 2480 L 7=,

AFlE T SAM i B 1L, GAA O HEKAFRITHEA L7223, SAH XU Hey =
FEIX . GAA O HERAFIZEM LIz, /R E LT SAM/SAH i3,
GAA & E5ICX > TIK T L=,

Al CBS i& M1, GAA @ A EEFHICIK T LT,

FEBr 2L LT, 7> b (6VL/AEE) 12 GAA % 1, 5 XX 10 H IR & 5
(5 glkg filkl) L. m&EEHOMES Hey 5. T+ SAM &k 8 SAH
BN N AT CBS{EMEAHIE Lz, 1 LT 5 HEGREIZIX, GAA #
BRI 222 9 L O 5 HIMARET Lz, xR Ix, JEas ikt
el L7z,

MmEH Hey JREEIX, 1 BB GEEORENSKREE & i L CHE M
LTRY, FHEIRREDEREIZEL TV,

JFHE P SAM 2 B ) O CBS 1&EIE. 1 H B 4% 58 0 12 K O ME 28 it FR
HLHEBLCHEICKTFTLTRBY, 5 B LRGSR L REOKE TH -
7=

JFNEH SAH JREEIL. 1 BRI G ORENS KT REE & i L CTHE IS
LT\, 5 HREILL BB EREDERE N EHEAIREDIERE CTh - 7=,

FFfig SAM/SAH kbiZ, 1 HREIBGEEOLA AL & bl L CTH B I2IK
Mmofon, B AMMU ERGHOBENLVKMECTH- =,

i Hey 321X, 5 HREILL LR GREORENKREE & i L TH RIS
m<, FEREDRE CTH -T2, (BT



(2) ANEIREHAER (])
® 8 BHMIEEHZRSHAR

FEBIC ) =2 — L&A U8 (WA, 34 Hiln, & 8PI/HE) 12 GAA
A Z 8 HFEEIEYS (GAA L L TO0, 0.6 XX 6.0 ghkgfikl) L=, &
I 4 BRIZBEIMEMR E L, 720 4 B CREVEZRER L, GAA, 7 L
TFRRI VT F=RES HPLCIZ X » THIE L 7=,

JREOFHEFR GAA, ZJ LT F UK VT F=VBEZFR LITR LT,

STBEEDOR T GAA, 7 VT F U RO LT F = BEITETRELD &
Motz 6.0 ghkg Akt GREDOR K NEFR GAA, Z VT F KO VT F
SUBEIL, REEL 0.6 gk fEHRSREI DV AEICE NS T,

IREE B B0 #Ep GAA B DR U 72 W IRIF N BEit Y GAA, 7
L7 FURRI LT F=vENCER LIZENAIHEEZR 21T LT,

WU R IE GAA DG EICEEBE IR o TN, REVHES GAAEN D
BHL7-ENFHRIZ, 0.6 X 6.0 gkg ik 5 TEhEh 83.28 &
N T71.34% ThH o712, ZDFET, GAA DREEMOEEINIC LD LD TH - 7=,

JREDFHEF GAA, VLT F U RO LT F=vBLEH L-ENFH
Fix, 0.6 X1 6.0 ghkg fakt 5 TENEN 76.21 LN 45.6% T H - 7=,
ZOEIIT101ED GAAEBRGEDOSGRITHENAHENIREIIK N LEZZ &
BN GAAD I LT F U RO LT F = ~OEBOEEIC K 25404 8
FZRMSTF, oo R#EIRICHEMT DEN2HEEEHFLTWVWD 2 &
ZoRIBLTWS, (BHS8)

K1 W=a—LEEELEBICEIT S GAA RA| 8 A MR G- O R J O
FHGAA, Z LT F R LT F =8 (mglke5/H)

GAA #5.8 (g/kg kD
et W E x4 0 0.6 6.0

(0) = (37.68) 2 (359.2) 2
GAA 3.374 b 9.549 b 102.624 ©
bR LT F 1.072 P 2.141 " 29.430 ©
I VT F= 3.395 b 4.789 b 66.965 ©

GAA 0.098 b 0.334 b 4.217 ¢

£ g LT F 0.169 P 0.266 b 0.826 ¢

I VT F= 0.000 0.000 0.000

n=8

a: FEMAE YD O GAAEEE  (mg/ke75/H)
b, c: MIEXNLRT LI, RILTAV 7 7Ry MREENIHEEIFEEZL, LT V7 7
Ry MREENRWVWEGIIAEEZES Y (p<0.05),

2 REVPEEZRX L THRIT 2720 =a— LV EHEEF L,



2 H=ma—LrIELIEHICET S GAA WK 8 A MR 5D GAA K
IR K O FTH R (%)

GAA 5.8 (g/kg fk})
WIS =8 SV AR PRI T \8Ixs
0.6 6.0
WL 2 99.40 98.80
GAA BEDH DD FH L 72 RKPNFI R b 83.28 71.34
GAA, JVLT7F U RO LT F=v &
BB L7 R PRI R 76.21 45.6

a: I R=(GAA B & — % 5% 0 h GAAE+HNEMED GAA B)+-GAAE R & X100

b: ANFIHR=(GAA B E — & 5% 0P GAA & —# 5% ORF GAA &+ W IK M
GAA &+ WNKMEJR T GAA &) + GAA #EHE X 100

c: Fik b 0BEHKD 7o, EHBOEKWNRFZ LT FUROY7 LT F=vE&% GAA
wICHBEL-EZ ML, NAEEEOVRT 7 LT F U RO7 LT F=v %z GAA IZH#
BLE-BE2MAT-6 D% GAABRE TR LT,

@ 35 BFEEEH®R 5 HER

% (P AFE, 1 B, 1t 256 PI/EE) (I GAA BIF % 35 A BRI S (GAA
ELTO0, 0.6 Xix6.0 gkgfilkl) L7, &5 14 AT A X — % —fi
BE, 750 OWIRNIZ 7 v U —fE 208 L7, RERS BICEE 1008226 M
Wagl L, miEh s L7 F ozt 7 V7 F =% HPLC, Hcey &
fEZ LC-MSIZX-oTHIE L, £72, HEKEGHOERICAH 202006
FFlg & O ER s 2 BB L, S REZ S 5Py okl 2 1 RBHcE L ® 5
ZETARBE LT, HIREOWEGHAY GAA, 7 LT F KO VT F
= VEBELZ HPLCIZ X > THIE L7 (EEBAREH),

mEEF 7 vrFr, 7v7F = AW HeyEEZFK 3ITR LT,

6.0 ghkg Akt GREO MAFHR 7 L7 F o 7 LT F =2 KO Hey B 13,
0.6 ghkg fEHEGREL LB L CHBICHM L7, 2 b 0EELE (L., g
K OWE A P CA BN & K L CTuie,

I M O i A GAA, Z LT F U RO LT F =V BE R 4 10K
L7,

GAA G- B0V, IFIRE A AICEIT 5 GAA RE X, B
BB LN, 2V T FUBEIIEM UL, 7 VLT F= U EBET, 28
DR TR S N> 722y, MEFH A TIEZ V7 F 2 & REROE W 23 A
b7z,

INHLORERNE, GAAZREER G LA, TAX=0 K07 ) v v
NHD GAA DT 7 RGP LR vic, BREFE G L7 GAAR 7 L
TFUDOEAICHER SN, ZOEE L THMT GAABENKTT S 2 &
DR X Tz,

T2, GAABREEXENT L, MEH 7L T7F o RRT LT F= i
FERBEML TWD Z Eid, IFIRE OBEA A CAhA b= ZB{bE K LT
D, IO ORI OIMEBE ~OBENH KL TNDLZ ERRBRINT,



7ok, ARBRTIE. 6.0 glkg fkhEE 5 BE O (K AR % OV A B . Xt
eI R 0.6 glkg Sl BHESBE L Wl L CA IO LT A8, Skl 1o
I DR o, (BB 8)

#3 WITHT D GAA RN 35 AMRME GHROMFEH 7 LT F o 7 LT F
= & Hey & E

W GAA %5 & (g/kg filk})
0 0.6 6.0
7 L7 F > (mg/dL) 1.18 a 1.07 & 2.59 b
7 L7 F =2 (umol/L) 3.6 2 3.7 ab 420
Hey (umol/L) 42.9 2 39.1 2 56.1 b

n=10
a. b: MERNET LI, RILTA 77Xy "REENLIEAITAEER L, RMILT V7 7
Ry PREGEFENL2WVWEAITAEZED Y (p<0.05),

# 4 BB ITDH GAA ®HK 35 HMIREEHR 5% O Flg & O i A+ GAA,
JVTF RN LT F=BE (uglg)

. —— GAA #5-8 (g/kg ik}
0 0.6 6.0
GAA 45.00 2 49.25 2 6.13 b
Ji sk JVTF 67.4 2 90.0 ® 132.5 ¢
JVTF= ND ND ND
GAA 4.57 a 3.01 ab 0.85 P
JaE A5 P I VT Fv 4,741 & 5,157 b 5,920 ¢
JVTF= 11.78 & 12.28 a 21.38 b
n=4 ND : R ARG  (5 R SR B)
a, b, c: WERR T LIT HL?»77~\/ MR EERLIGAEITAEEZL, LT VT

7y ]\75>E.iﬂf£1/‘ iﬁ?%é@@(pga%)

(3) AWEREHER (E M)
® HEZOKREHAER
fw7ae b (22E25%. B LK 6 LM GAA Z B[R O &5 (0, 1.2,
2.4 X% 48 g W7 EANEE) L, EEFIECICESG% 1, 2, 4. 6, 8,
12 KON 24 BERIICEMm U, m4Edh GAA KOV V7 F U igE &2 HE LT,
Pe5% D GAAKNBNE R T XA —X —% K52, 7 LT FU(KNEIRE T
A—H—%FK 6L,
B H-RT O mAEF GAA JREIX 2.920.3 pmol/L Th -7, GAA O #
H B8OV, AUC X 24~9.3FICHM L=, 4.8 g AEEHEDOIH K
Tz 23, D GAABEGH LIV ERICE T, AR IT, BGEO R E %
ST, NELBRDLEmMB AL,
1.2, 24 LN 4.8 gl NEGHOMEF 7 L7 F U REIL. HERHEEN D



ZIVE I 80%., 116% K Y 293%HE N L 7=,

HE#E A 5% 0 GAA OFEYERRIL, &G 8D [R)

7=, (ZPR9)

SILIEMETH -

#£5 b MIBITS GAA HERE O G% D GAAIKNEIRE/ X T X — X —

5 R BHE (g/N)
1.2 2.4 4.8

Crmax (umol/L) 56.9+9.2a 151.3+ 175" 418.4 + 89.6 ©
Tmax (h) 1.33 = 0.49 = 1.33 = 0.49 = 2.17 + 0.58 b
AUCo~» (umol * h/L) 224.8 + 38.0 & 531.4 £ 64.11 | 2092.4 +453.2 ¢
eI Tz (h) 0.66 + 0.13 0.67 + 0.06 0.93 + 0.44
H2< Tz (h) 1.54 + 0.26 2 1.74 £ 0.30 @ 2.10 + 0.36P
HNTFOHHE (L) 102.6 + 17.3 » 975+ 15.7 a 61.1 + 12.7"P
BT ORE TV T T A
(L/h) 46.9 + 8.32 39.1 + 4.6° 205 +4.4c¢
PR E S (hY) 1.08 + 0.21 1.04 + 0.08 1.22 + 1.21
HAHEEES () 0.46 + 0.07 2 0.41 + 0.072 0.34 + 0.06"
7 7k (h) 0.14 + 0.17 0.31 + 0.18 0.38 + 0.32

n=12 WVt + AR AE(R

a, b.c: XTA—HF—TLIZ . RLT L7 7Ry bRGENDILETFEELERZL, RUT
N7 7 Xy "INEENLRWERITIFEEZED Y (p<0.05),

#6 b MIBITDGAAHEBERAOKGE®ZDOZ LT F U (KNEIRE T X — X —

5 R wEHE (g/N)
1.2 2.4 4.8
e 5-Rie A 28.7 + 6.9 31.5 + 10.5 28.8 + 8.8
Crmax (umol/L) 51.7 + 7.82 67.9 £ 17.12 113.3 + 31.3P
Tmax (h) 1.82 + 0.87 1.33 + 0.49 1.75 + 0.45
AUCo~» (umol - h/L) 223.2 £ 173.42 | 311.83 +199.82 | 536.9 + 264.8P
TH2 Tz (h) 8.78 + 4.86 8.79 + 9.00 5.76 + 4.40

n=12 )+ FEER S

a b: BHENRNTA—F—RHNIZBWT, RAILTIL 77Xy bREFENLIESITIEEER L, [F
CT7LV7 7y hREENRVESITAE®ED Y (p<0.05),

@ ocEAMEAKSHER
(22.3 = 1.5, B 6 L4 /ME (BEHICIZ GAARE 12 4,

fFE e R

XHRRE 1140)) 12 GAA & 6 BHEE®E N &5 (0 3% 2.4 g/ N/H) Lz, %
FEIZIE, A XV raikb Lz, &G &5 2 KO 4 8EZI N &
AR GBI MK 2 RIS 5 & & BITIRZ 24 B EREC L | i & ORH GAA,
JVTFUoRRNIT VT F=REZ HPLC (I X - THlE L, miEH Hey =



BEAA L) T oA LoTHIELEZ BONZEENS, AUC 25 H L.
B GRE L XPRRRECrege L7z, 1y + AST, ALT, CK. y-GT &k OV ALP O %
FIEMEBWIE L, £, BEHHEPICAHAONTZEEHNZHH 7,

BeHh R OEEHOMIEST GAA, 7 V7 F >, 7 LT F = kN Hey &
EAERTITTLE,

BHGHROFREHRORT GAA, J LT F U ORI VT Fo v BER2%K 8
R LTz,

RTROBIIRLERBENSHEHBE L AUCZR 9ITR LT,

GAA B EREOIMIET GAA, 7 V7 F v, 7L T7F =Kk Hey Il2E D
AUC 1%, ®HBBEE B L CHEBICKRE D272, —FH., JRFP GAA, 7 LT F
YR LT F = REO AUC I, WMBEMICARRZITA DD o T2,

F 7o, miFH AST. ALT., CK. y-GT K& Y ALP OFEFIEMEIC & M #f ] 12
BEREZTEONIR ST,

WHE#ORBERN, GAARGERET 124 74 (58.3%) ., R T 114
H 54 (45.6%) (ZH DAL, MBET . M8, FH. HIRKEEDRER TH -
oo TNUHRIWEHOBEE X, MERICAEREZTAON R T-, BIEH O
KIS, B EHHOFKE 155% 05 2% £ CICHBTRAELZL O
Tholc, HEHIE2~6 HE TIX, BUEAIZA N oTc, £o, MK
AAC SRR IE I R N A B T-TH B I E Hey MIESTH Y . GAA & 5 HE D
T4, XMBEO 24 12H N, (B4, 10)

KT b MBI S GAA 6 B AKREG TR OEREZOMET GAA, 7 LT
Fr, 77 F =2k Hey i2E (umol/L)

P E 652 isa G-l Fo TR G —
2 4 6 (&4 5-1%)

XPHE | 2.8 +0.2 2.8+0.4 2.8+0.4 2.8+0.2

GAA GAA| 28+0.3 4.1+3.1 4.3+25 43+1.5

7 LT F %I | 33.1+5.9 34.4 + 5.3 34.0 + 7.2 33.7+ 6.6
> GAA | 31.5+10.5 46.1 + 14.0 48.1 + 18.1 46.8 + 15.6
7 VT F XPHE | 82.7 £ 12.1 86.5 + 11.1 85.8 £ 9.9 79.9 + 10.1
= GAA | 87.6+10.8 | 100.5+13.5 | 106.7+ 14.3 | 106.8 = 11.1

Hey *fH 88+1.9 8.8 +1.7 9.1+2.0 8.8+1.9
GAA | 9.3+20 10.2 + 2.7 11.2+ 1.8 11.9+ 1.8

n=12 (/=72 L. xfBEIE n=11)

3 AEHh Hey JEEEAY, BMETIX 11.4 pmol/L, ZMETIX 10.4umol/L 2 55 & % &

Hey HiLE & W L 7=,




#8 t MIBITDH GAA6H
KO LTy F=japE

M A5G A OEREZDORT GAA, 7 V7T F

N \ o B 5Ba% (F)

B E x5 fiE3 e 5-Ril 5 6 B
GAA %fHE | 158.3 £44.9 | 1953 +51.5 | 190.7+59.0 | 183.4 = 53.2
(umol/L) GAA | 162.1 + 43.7 | 231.3 +£109.9 | 239.8+ 90.1 | 264.3 + 105.2
7 v 7 F| | 22.0+5.3 26.3 + 7.5 25.7+ 11.2 27.1 + 13.0
> (mg/l) | GAA| 21.0+ 3.5 32.7 + 17.7 34.8 + 15.6 40.4 + 26.3
7 L7 F R 1.1+£04 1.2 +0.4 1.2 +0.4 1.2 +0.3
=y (g/l) |GAA| 1.1+0.4 1.3+ 0.6 1.3+ 0.4 1.8 +0.4

n=12 (/=72 L. xfB#EIL n=11)

#*9 bl

BT % GAA 6 Bl 0 &G RERIC

BiFsMmigH GAA, 7 L7 F

VRO VT F 2 BET NIRRT GAAL 7 LT F U RN LT T =

EEMNSHETE L7 AUC

& x5 Poiyicd GAA F 5.7t
1fMy% | GAA (umol - /L) 16.9 + 1.6 23.8+11.6¢2
7 L7 F > (umol - #/L) 204.3 + 31.2 266.7 = 87.5 =
7 L7 F=> (umol « /L) 509.2 + 53.3 608.9 = 54.2 =
Hcy (umol - #/L) 53.3 + 11.3 64.1 +11.32
JR | GAA  (umol - #H/L) 1111.6 £ 256.7 1368.6 + 468.6
7 L7 F > (mg + #/L) 153.6 + 45.0 196.4 + 61.6
JVvr7F=r (g-i#H/L) 72 +1.9 8.0 +2.1

n=12 (=77 L. X HREIX n=11)
a: STHEEL KL THEEZED Y (p<0.05),

(4) P L7FVICHAT 2ANBERER
® AKHEREHER (E )

fiEFE/ e b (24041 5%, B84, LM T4) I, BHMAZ LT F
ZERLLVWESR (A G ERVWEHE) 2387 %., EHF GAA, 7 L7
F, Hey KOV V7 FUREZRIE L, RE 24 FFERILL, JRF 27 L
TF=EERE LT,

Fo. ERoORBO 2~16 HE%ZIZ, R—0OHBREICSAMZ LT F
—KFMEROES (21 g/ (Tg/Mm% 3E/H)) Lz, Z®5HMI
HORFETH-7, OB L RIS, mMEH GAA, Zv7 5, 7L
Y%SV&@Hw%Eﬁ@Kﬁ¢7V?%:V%%wﬁbko

R GAA, 7 LT F U RN LT F = BETNNIRFPZ LT F =
E@Mﬁﬁﬁ%ﬁlogTbto

J VT FUoEREOREE O S GAAREIX, 7 V7 F o IEE I

LV EHEIE»- T,



Mg 7 L7 F = kO Hey IBEW IR Z LT F &L, 7LV T F
YOBROEEIIRL LN o T, (BRI

#£10 b RMIBUTAMEEF GAA, 7 LT F R OT LT F = EEW N IR
7 L7 F=m

. 7 v

N I:—'—»JA‘ E J 4 5

T 7E %F 52 I Bk Mk BB
mAEd GAA — 3.12 *+ 0.66 2.02 * 0.54 2.61 *+ 0.82
(umol/L) + 1.66 = 0.88 0.89 =+ 0.252 1.30 = 0.76b
m #Ef 7 v - 39.16+10.14 37.92 + 873 38.58 + 9.19
7 F

320.01 =+
+ + d

(nmol/L) + 302.22 =+ 198.61¢ | 340.34 =+ 89.05 153,395
i #Ef 7 v — 0.93 + 0.21 0.74 =+ 0.12 0.84 =+ 0.19
TF=
(mg/dL) + 0.94 *+ 0.16 0.68 = 0.09 0.82 =+ 0.18
i %% & Hey — 9.2 + 1.6 7.4 + 1.3 84 + 1.7
R
(umol/L) + 9.7 + 2.3 84 *+ 0.9 91 + 1.8
Rz LT — 2.07 *+ 0.59 1.04 *= 0.17 1.59 *= 0.68
F=r (g) + 2.40 + 0.60 1.26 + 0.38 1.87 + 0.77

B n=8 Mk n=7 L2WEBRE n=15

a: 7 VL7 FURBREE LKL THEZED Y (p<0.0002),
b: 7 V7 FUIHEEREEL L CHEED D (pEAH),
c: Z LT FUIBEREL i L THEZDH U (p<0.008),
d: 7 V7 FURBREE LKL THEZD Y (p<0.0001),

@ JL7FUoRBICEIMR
RN T, 1AL 2 LT F o T — 0K LT%0R 7 LT F = 10
ENDHEVWIRENHY, (AE 70 kg D b (7L T7F LT 120 g
REte,) T, KEMCIBESEV I LT FU2gR 7 LT F=iofh
WENDZ LN, TOHOIT LT F U2/ E TH 1A LT

DRI, (ZR12)

FRROT v FE2HWEI7 LT F U RO LT F=0 OREHIE T2
RN FEENTND, IO KRIBFEIR 7 LT Fora&khb 3 25 &
BEW) CIIHR G 5 BRIt 7 V7 F U RE X REMIZE L., 1K
MREE CHREGATOKEICR LN, BRI T, 5 300 ~1Kj#%IC7 LT
FURBEIIREMIZEL, TOMIIEEW I EEE <. H5% 2 FFE#%
W TR TIET 2000 4l Z#&%E L T RBmEEDMER ST,
—FH., VL7 F=ro&E TR, BEWTIE, &5 5 HRICKREEICEL
Tt%, BT 0N, R TIEX, BE% 5~ nRERICRESMEICE L%,
—EECTHR L., TOEIIKGERBEMEB LS Z &3 o7c, UL EDORE



RBEHEIZ, 7 V7 F % BBRICHRELZE L TRIE A~ % S b
B, Z VT F = BICEEEZBE L CTREBMNORIE~TRE S D Z

ENTRIBREND & LT,

2. REHAR

(= 13)

PR (1) ~ (9) 2B\ T, Mg (M i) KO+ GAA,
JVvTF . 7L T F=2 KW Hey I EOWEFIEKOBRHERT, £ 110
EtkBhThsr, (H14)

F 11 Mg (WX TmyE) LOHHEET GAA, 7 v 7 F v, JvT7F= K
O Hey 12 ORI E 71 K OV H BR 5

fEvas W E x5 (L7 e Ik T HH PR
Mg GAA K - 55 LC-MS/MS 0.9 pmol/L
J VT F K - 55 gk 0.00131 mg/dL
JVTF=r 73 ERERR 0.177 umol/L
2 B 8o Il 0.1 pmol/LL
Hey J LC-MS/MS 0.1 umol/L
7 LC-MS 0.1 pmol/L
% GAA K - % HPLC-UV 0.2 pglg
VT F WK - 55 HPLC-UV 3 uglg
AV =S 73 HPLC-UV 0.02 ngls
P HPLC-UV 1 pnglg
Hcey iZ HPLC-FL JFli&. A7 0.42 nmol/g
i 1.98 nmol/g
Fes HPLC-FL JFlge. AW 0.42 nmol/g
g 0.65 nmol/g

(1) BEHER (K

PR (CHEFE, 33 Hilin, MERES 24 BE/BDIC GAA #lKI %2 42 BIMIREE & 5
(0. 600. 900. 1,200, 4,500 X% 6,000 mg/kg k) L 7=, fikhiL, # 5 B
14 BB ETIE TV AZ — & —fikl, %0 OWIRIIT A ¥ — &% —fi k5%
Wiz,

B GZRICAE 12O MRERIL, GAA, 7 LT F, J LT F
=V A O Hey IREZWE Lz, 7o, B&EBESRICERE 6500 O TR, &
g R AZEERL.GAA, 7 LT F o 7 LT F = KO Hey IBEL 7=,

Akt GAARE 2R 1212 LT,

4 215 TW O IKAEERO NZILMA ] oMo T oMMICHET 28E (7L
H—H—) tEz2bNhD,

5 215 TV O KR NZHIMH) ORI o B £ To MR ET 3 5 ok
(A —H—) LEZDBND,



# 12 fakrh GAA R (mg/kg k)

falEh T GAA JEFE
GAA £ 5-& -
TVAL — K — AL —H—

0 <1 <1

600 727 571

900 996 779
1,200 1,230 1,150
4,500 4,480 4,600
6,000 6,040 6,020

mgE, Mg, BIREOHAY GAA, 7 V7 F v, ZLT7F =KW
Hey IRE 2% 13128 LTz,

4,500 mg/kg fal kUL B G EOFEY GAAREIX. 1,200 mg/kg fil Bt LA
THRERELHB L TEN-T-, 4,500 mgkg flkLL B3 55 O I g & VR
g7 L7 F U IR, RTREE L B L TENE NN 8~15 K TN 5 {F DR
JETH o 7=, 6,000 mgkg fil B 58O E T Hey B 1T, <HREE & ik
LTHEICENS T,

B, HIM LS R 900 KUY 6,000 mglkg iRl GHE D BT O He 5k K
OB BT, <AL & LEfe L CHEICE 2> > 7243, 6,000 mg/kg fi K} # 5
PO EMAMFHREIT RIX AN o Tz, £z, (KE & Ok
BEREZHE L., MR 2EH LR, BSICE2EBIAL N0
STz, MR FH K MR AL F R A 2 £ L 72/ SR>\ Tix, &5
L AHEEEBIIHL N1, (B 4)

6 ZMATIHIIZ LT Fo v ERFH-EINTWER, ZJLTFUroEidtEx N5,



# 13 Kz

BIT5D GAA 42 HEREE&R 5% O msE, i,
GAA, 7 v 7T, 7 vT7F= KO Hey &

B Mt K OV A o oD

e e 5.8 (mg/kg fakh

AR W5 0 600 900 1,200 | 4,500 | 6,000
GAA(umol/L) 8.02 9.2a 9.4a 9.72 | 27.7° | 20.9%
AtAad 180 | 250 | 25 | 22 | 39 | 4.3

J]ﬁlﬂﬁf (mg/dL) —
Aahtad 88.8 90.8 90.6 92.5 | 101.3 | 96.3
(umol/L)
Hey(umol/L) 15.6° | 1552 | 15.42 | 19.6®> | 20.2a> | 23.1b
GAA 2.22 2.02 3.5% 5.7 | 117.22 | 293.7b

PPNk JLTF v 1300 | 2762 | 3952 [ 3392 | 1,056" [ 1,940¢

(ngle) | 7Vv7F=v 10.32 | 14.5a | 12.2a | 13.08 | 44.8> | 17.02
Hcey 1.47 NA NA NA NA 1.23
GAA 154 131 133 89 134 135

R fi JLTF 81a 146% | 215> | 137> | 387T° 378¢

(ngle) | 7v7F=vr 73 63 67 58 116 56
Hcy 1.37% | 1.69% | 1.66° | 2.28® | 1.932 | 2.96P
GAA <1.0 1.0 <1.0 <1.0 2.24 1.24

15 A JLTFv 5,759 | 5,704 | 5,555 | 5,831 | 6,019 | 5,938

(ngle) |[7v7F=> 41.00» | 78.7¢ | 40.52 | 45.8®> | 80.5¢ | 54.0P
Hcey 0.37 NA NA NA NA 0.57

n=6 (=77 L. 1o I n=12) NA : HlE+®+7,
a,. b, c:ALT A7 7Ry EREENLIEAITAEEZERL., LT A7 7 Xy bRE £

N7eWEEITAEED Y (p<0.05),
d: 7 v7F=rohfiEeEREE LTS,

(2) %EBHER (8B) O

% (WHTE, 1 B, I 256 PI/EE)IC GAA % 35 HIBEEE 5 (0. 600,
1,500, 38,000 X% 6,000 mg/kg falkl) L7c, fkHI, #5845 14 B# £
TEFEAZ—FZ—fp7, R oMEIE 7 U —fess Huviz,

B 1 B IS RE 20 P 2> & g & O 50 /7 N &2 BRI L LR R G
JLTFURORI VLT FoRERNE L, 72, KEES 1 B# %
BE 10 Pmbim@zsRlL, Z2v7F v, 77 F =2k Hey (}%E% i
E L7,

Akt GAARE 2R 1412 LT,

T W 1512
8 M 15 |2

Bsa7uaA4 7 —HaEo TRi#AH] |
B 7 w47 —HAaEO LA |

WCHET2LEZ6ND,
WCHET2LEZ6ND,



* 14 R GAA R (mglkg k)

GAA 5.5 fAkl T GAA A
(mg/kg GilE}) AR —H— Jay—
0 <0.05 <0.05
600 592 586
1,500 1,451 1,529
3,000 3,496 2,966
6,000 5,634 5,883

APl e M5 i  GAA. 7 VT F U ROV LT F = U BEZ K 1512,
Mg 7 v7rFor, 2V 7F = kO Hey IBE 2% 16 127 LT,

I GAA ¥ 1% 3,000 mg/kg fil Ll B BRET, MR T GAA B
J£1% 1,500 mglkg BEHLL B GRET, GAA BH5 &0 EWED LTz,
APl e OB A A Je DML 7 L7 F o ROV V7 F = R B R AE
PEIZEEIN U7z, At Hey IRE O EH-23 5 & H & 6,000 mg/kg fil B % 5-
FEOHIZH BT,

72k MK SR A FEME L 7= 5. 1,500 mg/kg filBELL E# BRI MCV
DEBELRBEMB RS-, ZhiZ>\WT EFSA 1%, IR EMSEE o v 4
2V B2, EREDRY VORBIZEIDALEERL TS, (= 3. 4. 16)

#£ 15 BHWITBIT D GAA 35 HHIREE# 5% ORFIE & OEs i A GAA, 7 L
TFUoRRT VT F=EE (ugle)

P e GAA ¥ 58 (mg/kg fi#h)

ik BTE RS 0 600 1,500 3,000 6,000

JiT ek GAA 45.02 49.32 47.32 13.5P 6.2b
JLVrF 67.3¢ 90.0bc 113.2ab 114.2ab 132.42
A = ND ND ND ND ND

g s GAA 4.572 3.012 1.26P 0.78b 0.85P

A JLVTrF 4,741¢ 5,157b 5,6782 5,8632 5,9202
A = 11.8¢ 12.3¢ 15.3bc 17.92b 21.42

n=4 ND : H H PR S fitd
a b e HIERNE LI, AULTA 7 7Ry "R SENIEATAEERL. LT LT
7 Xy MBREENLRVWEAIXAEEZED Y (p<0.05),

* 16 HITBIT S GAA 35 HIREIR G #OMKF 7 VT F v, Z VT F =
> K O¥ Hey B E

GAA # 5% (mg/kg fkh)

RS SES
0 600 1,500 3,000 6,000
7 L7 F > (mg/dL) 1.2¢ 1.1¢ 1.3be 1.8b 2.62
7 V7 F = (umol/L) 3.6P 3.7 4.0% 4.22 4.22
Hcy (umol/L) 42.9b 39.1P 42.9P 39.6P 56.12

n=10
a. b c:HIERET LI, ILTALT7 7y "R GENIHEAITIAEER L. AU T LT
7Ry MREENRROGAITAEEZES Y (p<0.05),



(3) BEHER (8B) O
¥ (PR, 1 Bn, HE 17 PI/EE?) 12 GAA #HKI10% 35 H MR 5
(0. 600, 1,200, 3,000 X i 6,000 mg/kg fikt) L7z, fEHE., & D 21
AIZA X —% —fk, 70 O 14 A7 e v —fakte o, k&5
BIZ, FREI0P 0, KL OHEZBRILL, GAA, 7 VL7 F 2, 77T
F= U REK O Hey IBEZHIE LT,
Akt GAAREZ R 1712 LT,

# 17  fikEkd GAA BE  (mg/kg fikh)

B PE G GAA £ 5 & ER T GAA R
(mg/kg £k} (mg/kg fialk}) R — 7y —
0 0 10 1
600 536 602 579
1,200 1,171 1,185 1,147
3,000 2,928 2,752 2,728
6,000 5,856 5,843 5,495

MAEH GAA. 7 V7 F o 7 V7 F = KON Hey IBE 2% 18 IC/R L 72,
GAA BLANZ 5 B O E WIS GAABREIZ LR L=, /-, miEd
7 VT F PR 3,000 mg/kg falkFLL R 58 T Hey IR 1T 6,000 mg/kg
BEHTHEIC A L,

#* 18 HITHIT 5 GAA HA| 35 HRMIIREER G- Z O MEFR GAA, 7 L7 F |
7 V7 F =2 KON Hey #BE  (umol/L)
) 1] =N 8
WE R 0 600 %{ﬁj&hfflioémg/kg ET:ifr())oo 6,000
GAA 0.8 2 9.2b 13.7 44.8 ¢ 116.2 4
JVTF 118 a 134 ab 123 abe 183 4 281 e
JLTF= 4.1 2 3.8 2 3.1 4.9 a 4.4 2
Hcey 74 2 79 ab 58 abe 88 abd 131 ¢
n=10

a. b.c.d e IESRTEIC, MUT A7 7y hRGENDIEBITHEEELR L, AL
TIT 7Ry RREENRVWEEIIAEED V (p<0.01),

FEfe . IR S O ER i th GAA, 7 LT F o, 7 LT F = KO Hey 2
FE &2 191C7R LTz,

6,000 mg/kg il Bk G- HE O AT, B NE & OB 7 I P GAA JREE 1%, kT I
i L THEIZE» -T2, BiEF GAAREIX., 600 & 3,000 mgkg
AR GO RITBEEL E L TAHBEICE -T2, Z LT F AL, 3,000

9 1,200 mg/kg k& GERED 2 n=16 TH > 7=,
10 #lHX., GAA % 97.6% 5 A T 5,



mg/kg il BFLL & 57 O FT g A O 1,200 mgrkg SEFLL B GO B 2 B
WT, AR L THEICE -T2, (R4, 17)

19 BT D GAA BK| 35 A MIREEHK 5% ORFlE . B M OV 356 75 K
GAA, 7V T7F v, 77 F =KD Hey iIBE (pglg)

ot oo N A 5 & (mg/kg ik}

ik WE RS 0 600 1,200 3,000 6,000
ikl GAA 26 22 24 19 3192
JLTF 97 76 106 4062 8932

JVTF = 0.6 0.6 0.6 1.1 2.62

Hecy 1.1 1.0 1.0 1.0 1.1

R ik GAA 27 502 45 1392 2532
I LT F 65 73 91a 123 2252

JVTF = 0.9 0.9 1.0 1.0 1.0

Hcy 1.6 2.0 1.6 1.9 2.42

3513 GAA 6 5 5 4 122
A JLTF 5,026 5,036 5,373 5,687 5,825
s LT F = 8.0 7.4 9.4 10.5 8.6

Hcy 2.8 2.6 2.6 3.1 4.42

n=10 ND : F i B 5 R i
a: LKL THEEEDD,

(4) “REBHER (8) O

% (AT, 1 Biln, B, GAA B5RBEA 240 PIEE. BtE K OV Mt BB
% 280 PI/EE) IZ GAA % 42 HFIREFHK G (0. 314, 628, 942 X% 1,256
mg/kg fikl) L7z, BBMEXIREEICIZ, faa&E L, fEHT., K90 21
HEIE A X —% —filkl, %0 o 14 BIZZ7 0 U —fktz Huvi-, kK& 5
%Iz, B ER GHEOS 18P, BtE X O MO 21 P06 i K
ZEERL., GAAROZ L7 F U EELZRIE LT,

ikt GAAREZ R 2012~ LT,

#£ 20 fAkEd GAABEE (mg/kg fikl) 2

BhH&
fil —
R 0 314 628 942 1,256 £k
A K — K — — 240 600 950 1,100 —
7 — — 200 600 970 1,400 —

a: Z M3 ORI 2 FLH LT,

AT GAAR O VT F B 2% 21 12R LTz,

2 GAA B GHEOBAY GAA REIX., FBEIESREE L ik L T RITE
ST, —h. ZGAABREHOFRAF 7 L7 F UL, R REE & g
LCHEIZE»S T,

BV TERZEHT S L & HIC, REEMNE K O EHE I E 2 JlE L&




Bl Rz B Lz, ZOREK, ECRIZOWTE, KB EOKRGIZ X 2 %
BIIHB SN o T, REEINER OCEGEHEREIZSOWTIE, #BRYE O
BREGHT. BB L L THEREITH DR > 205, kB R
(ZOWTIE, 628 mglkg fREHE 51 2 RO 7o BB B % 5T, < IREE &
i L TABICSEE ST, (2R3, 4)

# 21 HBITBITDH GAA & 42 AR GZOHAY GAA K7 V7T F v
= (nglg)

B 55 (mg/kg )
HIE 52 ok
0 314 628 942 1,256 L
’ (B ME %) HR)
GAA 7.592 1.30b 1.78Pb 1.21b 0.91° 1.41b
JVvrFY 4,6652 5,337 5,370b 5,322b 5,689¢ 5,2154

n=18 (/=72 L. &0 mgkg firh) & O M (fa 85 BB X n=21)
a, b, c. d: HIEXMRTLIZ, ALTAT7 77Xy "REENILEITEEREZELR L, ALT
N7 7Ry I EENRWERITEEXAED Y (p<0.05),

(5) “REHER (8 @
% (W HTE, 1 H s, 1t 780 PI/EE) I GAA % 41 H [R5 (0, 200,
400 X 1X 600 mg/kg falkl) L7z, fifhid, HBRHB 10 B EFTA Y — & —
fARE, 11~28 HZE T/ v U —fEh, 0 OWMIZ7 1 = v > v — ik
A W T, e &4 540 & RE 302> & I & OV i Y 2 BR B L . GAA.,
JVTFURRNI LT F = EERZRIE LT,
Ak GAAREZ R 22127 LT,

# 22 Ak GAAEE (mgkg k)

" B b
ikt 0 200 400 600
AR —H— <0.08 158 338 499
ray— <0.08 177 375 542
T4 =T — <0.08 189 394 587

g GAA KOV 7 L7 F oIS AT GAA, 2 v T7 F U KDY
VT F=UREER 23R LT,

2 GAA BB O A GAA IR IL, xFIREE L il L THEICIK
ST, MIEHRAF 7 V7 F UREIL, 400 mgkg GBI ERGREIZEB W T
KTRRE L L L CHREICE - T,

RBUFECEZENT L L & b2, (KEREIN&E &K OGBHE B s 2 J5E LA
B2 R LR, B EORGICI2EBIIA LN RN, (B
M3, 4)

R TWS 7 A7 —HfEo TEHMA] ITHYT25EE R 650, KIS AT
DRI D 8E (K EFH) &L 5,



7 23 HWITBITH GAA4l HHIRHEE GEZOFBE OHWT GAA, 7 v 7 F
VRO VT F = BE (uglg)

i e WhH& (mg/kg Bkl

HH HIE k51 3 500 200 )

T GAA 161.22 215.00 205.02b 222.5b
JLVTrF 45.3 52.0 48.8 54.2

| CAA 53.7% 13.7° 6.0° 3.7¢

ﬁ%;ﬂ J VT I 38962 40062 4357P 4560¢
JLVrF= 10.7a 13.0b 14.0b 14.5P

n=30

a. b, c:MERELT LI, MUTA 7 7_y "R EGENIESIIAEER L. MU T LT
7Ry MREENLRWESIIAEZED Y (p<0.05),

(6) “EHER (8) ©®

% (R HHE, 1 B #, M 96 P/EE) 1 GAA BAKI % 42 AR REHR S (GAA
& LT 0 X% 800 mg/kg fifl) L7z, fafHE, &AID 21 HEIZA ¥ — %
—fEAek, Vo 21 HEIEZ m U —fetE iz, k& ER%IC, KB 24
PO MEAHNEZFHI L., GAA, VLT F U RO LT F =B E 2 HE
L7,

FIE AR GAA, 7 VT F U RO VT F = BERE 2427 LT,

GAA #5RED GAA BE XK TFTEAA AL, 7 VT FURERA R
B o T,

BB CERZEMNT 5 & &I, KRB E & OV EHE B 2 31 E LA
BIh 2R U=/, B E & GO FEIX, L i LT
BEICHEI NN, FHEE, REHMNE L O EHE R IZH B Y E o B
BIlZX 2B IR hoT-, (B3, 4, 14)

#£ 24 FEIIBIT D GAA A 42 HRENREER GEZOWTHAT GAA, 7 L 7T
FUROT VLT F=RE (uglg)

58 (mg/kg fEHGAA & L Q)
T E x5 0 300
(737/765)2
GAA 1.81 0.70
LT F 4,481 5,045P
JVvVrF= 6.7 8.0

n=24
a : Akt GAA BE OGN E (XA X —F2 —fE, Hid7Z7 v —fe) —
bt HREE & el L THEZEA Y (p<0.05),

(7) “REBHER (8) ©®
% (AR, 1 B, PEAH) (2 GAA Z ikl 42 B FEE# 5 (0, 785,
1,178 31X 7,850 mgl/kg filkt & 72 B X DT BRI X A ¥ — & —fal BT,
FER T v U —@EHZZE N ENIREER ) Lz, &k 5%RIC, 8 5



P S Tl OB R 5 A 2 BB L. BFIR Tl GAA OV V7 F >, ER i
WTIZTGAA, ZJ L7 F U ROV LT F=vBELZAEL,
fi Bl GAARE 23 25 12" LT,

# 25 Ak GAAEE (mg/kg k)

. 55
Bkt 0 785 1,178 7,850
A — K — NA 690 1,090 6,600
Jna— NA 700 NA 7,750
NA : Hfr&3

Frig e O MR o> GAA, 72 VT F U RO LT F= U BE 2K 26
s L7,

FFig > W Tk, xmHED 7,850 mgkg fikEHE 5RO GAA KOV L
TFURENGBEEE L THRICE NS T,

M ER I D W T, B3R5 RED GAA JEEE I REE L il L CAHE I X
B bhhol-y, JVLT7F LRI LT F = BET, HBREE L T
HECEN-T-, (B 4)

# 26 HITHBIT D GAA 42 HIHIREEH 5% Ok OB H R+ GAA, 7
TFoRRT VT F =% (uglg)

o . 58 (mg/kg k)

ik W5 0 785 1.178 7.850

e, GAA 922.7 14.6 ¢ 12.4 2 103.9 "

T T T 8547 131.6 7 116.0 ° 1.667.5°

— GAA 1.5 0.67 0.4 7 26"

ol LT T 1,051 ¢ 5,109 b 5.192° 5.667 b
EVS ==t 14.9 7 23.6 9 2440 34.0 ¢

n=>5

a b e HIERNE LI, AULTA 7 7Ry FRASENIESTIAEERL. LT LT
7 Xy MBREFEENLTWEAIFAEEZED Y (p<0.05),

(8) HBEHR (8) @

% (MR, 8 Bilfn, PEBIAEA, 40 PI/EE) 12 GAA ®AI %2 14 A WIREY
#h (GAA & LT 0, 600 XI% 1,200 mg/kg fil¥t) L7z, GAA & 5 50
(213, BT AR = RZ OB A Lo, % GAA BGRETEIC 2
FE (T AF = ORI 0 X 1.6 gkg filkh) (253172, AL 3R (7
LLE=OWM 0, 1.6 X% 3.2 glkg k) 1245172, m&EHERIZ, %
BE 16 P DM 2R L, MiET GAA, 27 LT FUr RO LT F =
A OV L BE T Hey 2 B 2 I E U 7m, £ 7 & BE 8 370 & M S i 9 & 2 5 L
GAA, 7 VT F v, 7V T7F =, Hey KOVR AR Z LT F L 1BJE % H
E L7,



MET GAA KO L7 F o N i rh Hey 1B 2 263 2712 M /5
W7 LT F o, 7 T7F =, Hey KOVR AR LT F B % % 28
s L7,

MG GAA KO V7 FUREX, 7 X¥ =2 1.6 gkg Sk 58 I1C
BT GAA O H BKAFMEICHM Lz, iGH 27 LT F= @I, BRMR
AR CTHoT- (F—=HIIrENehoT=,), MiET Hey IBE X, GAA &
HlzkoTEELR)NhoT,

AR GAARE X, Z< OB TRIHBBARB THoT2Z b
W SN ol MEHRTRZ LT F U RORARYZ LT F U BEEL,
T VX = U INEREHE B RN TIE GAA 2N B EME IS U=, i i A
H Hey IREIX, 7 VX = RZAEBHE 5N TIX GAA #5128 - TH N
T AN RSN, Ll TAAF= RN R G5 RENTIE. GAA @
MR GREOREIT, MEBERELEE L TARICEN-7, (B4, 14)

#® 27T FHITHT D GAA A 14 A MR G % OMET GAA K O7 V7 F
>R BEE N ST Hey 3 B
Be5E (mg/kg fEHGAA & L 0)
TTE x5 0 600 1,200
101 | 11.62 | 13.12 | 10.12 | 11.62 | 10.12 | 11.5¢®
N=23
i GAA 0.39 | 048 | 091 | 385 | 491 | 984 | 13.95
(umol/L)
vE N
MFPTVTT N 149 | 198 | 283 | 223 | 260 | 871 | 432
(umol/L)
Jires
3% Hey 155.4 | 178.2 | 134.4 | 151.6 | 170.5 | 150.5 | 157.7
(umol/L)
n=8

a: fRHHFR T L = R (g/kg fED

# 28 HWICBITH GAA BH| 14 HFHREEE G ZOMESHAHR T LT F |
I V7 F =2, Hey MOVR AR Z LT F IR E

55 (mg/ke fAEHGAA & L Q)
HIE x5 0 600 1,200

10.12 | 11.62 | 18.1=2 | 10.12 | 11.62 | 10.12 | 11.5=
w7 VT T 2.4 3.3 3.7 3.0 4.1 4.0 5.1
(mg/g)
s VT T = 5.1 6.5 8.3 6.8 12.3 12.6 8.0
(ugl/g)
Hey (nmol/kg) 75.3 108.6 | 119.0 | 114.3 78.3 82.7 70.9
RAKRZ LT F o
(nmol/g 1) 37.6 61.7 74.4 56.1 82.4 91.0 108.7

n=8

a: fRHHFRT L = RE (g/kg fED




(9) ZBHER (])

% (AT, 1 Bln, K 192 D/8E) 12 GAA % 39 HREREEHE 5 (0. 600
XX 1,200 mglkg falkl) L7z, 7o, BPERREEICIE, SN £08 fF
BE2 N U 7=kt 2 #5608 U7z, R, SBRBEAE 13 B E T A X — ¥ —
fAlkl, 14 205 26 BB ETIEZ e U —fikl, Y oWMIE7 =y ¥ v —
fA k2 o, 554G 26 HIZIZ, &8 12 P O A N 250 L, GAA
IO VT F oA VT F=VREEMNERIAZ LT F=2/ATP %
HIE LT,

Akt GAAREZ R 2912~ LT,

# 29 Ak GAAEE (mgkg k)

BER
it e
0 600 1,200 (Bt )
AR — K — 1 658 1,240 <1
Jnav— <1 575 1,196 <1
TA=0 T — <1 545 1,190 <1

M GAA, Z LT F U RO LT F =V BERRICAARZ LT
FIATP (b &2 3% 30 12~ LTz,

% GAA B HEREOREHH A GAAREIFIE T L, 7 L7 F U EIEXHm
L7,

B REEERIC,ECRERHT S & &b IC, (REHNINE K O EHE
BEzflE LERIEREEH Lz, ZOME, SACRICHBRYME O £ 512
LB IAONE -T2, 7o, GAARGREORE, (REHEMNE & O
BEZhRIT, BRESREES ER L THEICWEI N, KRG & 13E
XA NPT, (B 4)

# 30 BHWITBITD GAA 26 HHIREEHE G OB R F GAA, 7 V7 F o &
W7 VT F = BE (png/lg) WONZEHEARZ LT F 2 /ATP t

58 (mg/kg fakh
Wl et e 139
0 600 1,200 (U5 AR
GAA 8.2 a 2.2b 1.47% 5.9a
AV a4 4,789 a 5,322 b 5,541 " 4,904 a
VAV = 5.5 6.0 6.1 5.7
RARTZ LT F/ATP bt 2.4 4 2.7 ab 3.0b 2.6 ab

a, b: MERMRIT LI, LTV 7 7Ry "REENILEEFAEELRL, RICT V7 7
Ry MREENRWVWESIIAEZES Y (p<0.05),

(10) %RBHEK (5) @
o O(WMRE, 1 R, fE, SBRYWE G 240 PIRE, 2 K OV 1 %



RE 280 PI/BE) I GAA /A ix 7 L7 F o 8H %2 42 AMEERE L, &
BREEDORE L L C.CGAARAFIEEREN AR (/7 =2 /7 Fifg & L C 0.031,
0.063, 0.094 XX 0.126%¥RM), 7 L7 F o RAIFEGREN 37E (7 LT F
> & LT 0.04, 0.08 i 0.12%FRN1) M QN B2 M K& OB ME T FRBE 23 45 1 &
Tholz, fEHX, BGHIA%E 21 BRIZA X — % — ik, %0 o#EIx 7
0 U —fikt a2 Az, R RRE I R s B Rk D R AR R & L S
PERFFRBE I MBI 7 0 vy v 2 I — VBRI L I2EE (R Z — % —fid
BE 50 glkg fAlgk, 7'm U —fkl : 30 glkg fikl) ZFAEHL -,

B5BG 21 BRELAOREERGHRICEELREBHEEZHE L, kx5
BRI E R G REITA 18, KRB IZA 21 P o M A 2 BB L |
T GAA KOV L7 F Ui 4 HPLC I K> THIE L7z (B EBRAR
EDIN

GAA ®AIJ N7 V7 F o 8RN F 5RO R ER &L, B REE L [
BETHoi-,

M GAA ROV LT F A% 31 ISR LT,

GAA WK G D5, 7 L7 F o 8A#F 5 0 0.800 mg/kg &l # DL
P G N OV ME T FREE O BB /5 I o GAA B 1L, [at e BEE L v A & I2K
MoT=N, —FH T, ZNOLORBREED 7 LT F U BEL, BESBIEL Y H
BlommnhoT,

BB, HCRECEHEBICREOZEIAON R -T2, (ZH18)

#3881 HICBITH GAA ®AI T 7 L7 F oA A 42 B BIREE & 5% O @

AT GAA RO LT F U E (uglg)

oy B e TR JE 2 503 50 A HH R
o (mg/kg FFED GAA JLVTF v
GAA HiA 314 1.30 1 5,337 be
628 1.78 b 5,370 be
942 1.21b 5,322 be
1,256 091" 5,689 d
7 LT F o BE| 400 6.96 © 4,718 ¢
800 1.15b 5,472 b
1,200 0.00 b 5,893 f
Fax i ot 7.59 ¢ 4,665 ©
B 55t R 1.41" 5,215 ¢

n=18 (/=72 L. [Vt &k OB et B EE 1L n=21)
a:GCGAAXIFZZ LT F o L TORMERE

b.c. di e f:TEMEZLIZ, RILTNAL 77Xy bR EGENIERITAEERL., AL
TNT 7y FINGENRWEAITAEEZD D (p<0.05),

(11) RERE (59 500)

295

(F—m oy Xy X7 25w, M 32 PI/RF)

(2 GAA & 4 # [ 17

fE# 5 (0.00, 0.06, 0.12, 0.18 X% 0.24%) L. HH&HE H#IZI0 % & #f




24 HEREL L, PR 3HAZFE LD LDE 1 ODRELE LT GAA, 7 LT F
VRO VT F = EEE HPLCIZ X > THIE L7 (EERAARE),
G GAA, Z LT F U RO VT F=RBERZERK 321K LT,
GAA 5 EDOHEMIZHEN, JIF GAA, 7 LT F U RO LT F = RE

LML=, (BH19)
#£ 32 9T HITBITS GAA 4 HREREBEHR G#ZOIIH GAA, 7 V7 F L KW
J VT F=RE (uglg)
wE5E (%)
B 7E x5 0.00 0.06 0.12 0.18 0.24
(0.010) = (0.059) = (0.118) = (0.182) = (0.270) =
GAA 0.00 0.25 1.50 1.88 3.00
g LT F 19.63 24.88 24.13 25.38 26.75
JLTF = 2.25 2.88 2.63 2.88 3.25
n=§
a: fEH GAA 45 BT fE
3. EnEMRER
GAA OB EMERBREREE 33I12F L DT,
7 33  GAA O i {s 7 MR R
kbR k5 & it S 2R
in #1722 | Salmonella 62, 185, 556, 1,667, (S 3. 20
vitro | A % typhimurium 5,000 pg/plate
kR TA97a, TA98, (+89)
TA100. TA102.
TA1535
BRT | TryA=—A A | EBRI (S 21
ZEIRAE | A &2 —VT79 Hifa 0. 75, 150, 300, 600,
FE | (Hprt FEAT) 1,200 pg/mL
(£S9, 4 FEfLER)
Fh 11 Y03
0. 75, 150, 300, 600,
1,200 pg/mL
(—S9, 24 HpfEALER)
(+S9. 4 FFILLER)
et iR | B MR U o8 | FEBR A (=33 3. 22
B | Bk 0.13. 0.39., 1.17 mg/mL
B (£S89, 3 HEfLH)
F5 B Rt
0.13. 0.39, 1.17 mg/mL
(—S9, 20 HrfEuLER)
0.39. 1.17 mg/mL
(+S9. 3 HEfLEL




GAA IZ2W T, 1n vivo DFRBRITFEM S TWR WA, in vitrolZHB W T,
A 2 W EIR 2R A B, SRRz HnWicBa 2R ERHAR,
ARG Y o ERE TR R R R BRoWTh @t Thbo7z, Ltn
ST, BREZEEZERIT. GAAIZITARIZE - THEMME & 72 5@ 53T
N EFE T,

4. AEBEHER
7 v MBI 5 GAA OBMEFIERRO M RE K 34105 L1,

% 34 GAA Otk MERBRRE R

B PRI BEGRERE LDso (mg/kg A H) Z R
7 v b i sl F >2,000 3. 23

5. BRMEHHAR
(1) 28 HEIESMEMERAER (Sv M)
7w b (F344 %, ¥ 7l n, MERER 5 VL/EE) 12 GAA % 28 H MR fF
5 (0. 0.5, 1.5, 5.0, 15 X% 50 g/kg filkl) 2 Mark@mrERBR N £ S
Niz, £7=. 50 glkg filBH e 58 L O RBEIC DWW Tk, BT 1TRE (O ik 4%
5 VL/EE) 5% 1T, GAA % 28 HEIREFH G- L, 14 H B o a1E W %2 5% 1 7=,
— R, (K, B, MRS &R R AR R A, FRR I 0N R B
KRR R A & e L 7z,
2 GAA 5D GAABRE %% 3512 LTz,

#3 TvhEHWE 28 HEAMEREERBRIZE T 5 GAAEBHRE (mg/kg

KE/A)
58 GAA EHE
(g/kg %) T T
0.5 45 46
1.5 135 138
5.0 449 455
15 1,246 1,259
50 4,390 3,864
50 ([E]18 HIRTRE) 4,626 3,826

MR R 2% 36 IR LT,

Z DIENT 15 glkg Bl B 5 BE O K Y 50 glkg i Bl H-7E D M T,

1fn 4 Hcy?»;%r“@hﬁﬁﬁﬁgﬂto

R E A 1L ARBRICEH T D5 NOAEL % 15 mg/ke fil kBt (£ 1,250 mg/kg
RE/IA) L&, £, ﬁ@t%ﬁ B} % NOEL % —/# Tix 1.5 mg/kg £
Br M T 15 me/kg fikE E 2 7,



B eEZE ST, b gkg FEHERGEHEORE T Chol DA HLTZZ &

26, HEIZ K%Y 5 NOAEL 1E 135 mg/kg K &E/H &

50 g/kg fial BB 5-FE D

MEC—MRIREEAR R, KEK T, BB AERAONTZZ b, Mo 5
NOAEL % 1,259 mg/kg (KRE/H &SR LW L=, (B3, 5. 24)

%36 T v hEHAVW 28 O A MEE M

A R —

28T D EMERT R

B58E (g/kg Gk i i3
50 + Chol BV, y-GT DN B R, IREAK T,
REMINERD . 15 8] &
s
- k% EH
- EREAE A
15 + Chol JE/> AR L
5 + Chol B4
1.5 A7 L

(2) OHMBEAMEEHER (Tv k)

Z v b (F344 %

. MERESR 14 DT/EE) I
0.5, 1, 3. 10 X@i 50 glkg fAEL) 35 MM FEMERER N Sk S T,
50 glkg il B8 55 M OV FRBE (2

DOWVWTIiX., EIiZ

GAA 7% 90 H[F12iRH#& 5 (0,

E N
18 (MERES 10PC/RE) %

R GAA % 90 HEIEEER 5 L. 28 H D [RIEHAR 2 5% () 7=, — %k Ae

{ZIK;E\
AN N

Bl & MR i) N NI AL F A, TR
IR %2 £hE L 7=,

EN

TR ﬁﬁﬁ%m

HHE 4 o MR Ok Z . HBRY

B O FERNE K O i A8 R A 2 SR S i B AR AL IS TV T2
2 GAA RGO GAAEHE 2 # 37T 1ZR LTz,

#3717 T v hMEHWEZ 9 HEHEMEFEERRIZEIT S GAA B E (mg/kg
KE/H)
P b GAA 11 &
(g/kg fikh) 1 i
0.05 34 39
1 66 74
3 210 234
10 685 754
50 3,468 3,448
50 ([E118 HIFIRE) 3,544 3,523

& G- 1% K ONRIAE I FET 2 o0 f 4 o Hey 2 &2 % 38 (278 L7z,
10 g/kg f Ll L4 G- EEOMERE T, MET Hey IRE D LA DSz,

12 M2 iX 90 H ., HEICIX 91 HE# G S v,




#38 T v hEMWE 90 HEHEAVEEMERER I T D Rk 5% K UM a8 15
M o M4 18 Hey & (pmol/L)

BhHE (g/kg &iEH JiiE il
& G-1% 8.25 + 0.87 7.20 + 0.92
0 195 11 FH % 9.56 + 0.78 9.41 + 1.09
0.5 & G-1% 8.42 + 0.76 6.756 + 0.88
& 515 8.24 + 0.87 5.95 + 1.082
3 & G-1% 9.07 + 0.86 7.06 + 0.62
10 & 515 11.47 + 0.942 9.64 + 1.322
s H-1% 49.44 + 6.432 25.54 + 3.372
°0 (115 1 ] 1% 8.93 + 0.81 7.93 + 0.932

n=10(7=72 L. 0.056%% 5-# D & n=9) S5 A2 UE R 7
a: MEREL L THEZEH Y (p<0.05)

BT H 22 39 IR LT,

REREMEH X, 50 glkg ARG HECTRA OFBEEERL LN LD,
AR BT DM IC %95 NOAEL % 10 g/kg fift (M : % 690 mg/kg
RE/AFEY . M - %9 750 mg/kg IRE/AFHY) &z 7=, £7-. 3 gkg ik
BHEHOBETMIEY Chol D/ NRALNT-Z Enb | RREBRICE T 5 1T
%4 % NOEL % 1 g/kg fii#l. 10 g/kg fil Bt 5- ¢ o Mt < 1fin 4 1 Hey 32 FE o
RPN ED KRR T DM 3 5 NOEL % 3 g/kg fil £}
EE T,

EFSA (. ARBRICH T H NOAEL IZHOWT, RO XL HIIZEx T, KK
Br oot BClT, ARBRICE T D5 NOAEL 1% 3 g/kg fikl (M 210 mg/kg 1A &
[H. M 234 mg/kg KE/H) THDH, LiL. GAARF N FEERMY & L
THERENATH, RS HRkRORML T Hey IBEIX EFET, - HEE
IZxt L TAREMIIZC GAA BIEOER L 22T b, Ledo T,
R EHAI ) OFFAN TlX, Hey IEEITEE T2 <, 2O Hey IRE O EF 13 IE
TT& 5 &M LTz, 10 ghkg Sk 5B CIIMICEEN LGN RN - T2 2
b, ARRBRICEB T D NOAEL IX 10 g/kg fikt (M 685 mg/kg (AHE/H |
M 754 mg/kg RE/H) &t Ah7cIsnbELTWD, (1 3, 5. 25)

BMEERTESIL., 3 gkg fEHE 5 REO I THAEFH Chol DI %% 3 A 5
iz Ene ., x4+ 5 NOAEL % 66 mg/kg IK#E/H . 10 g/kg ikl #% 5-
HEOWECIiEH Chol DR ALNTZ &b, HZk 35 NOAEL %
234 mg/kg (RE/H &M L 7=,



#39 T v &Mz 90 B MRSk R J 1 D mE T A

#hH& Tk i
(g/kg fi#h)
50 - LPHAESEER JE D O i B . 5 | - FLP9ZEGE AR JE0 O i Fe | f& AL Rk TR 25 )
B ERILAE W) - REK T
PR T Lk ALP. ALT % 0% y-GT k5
- M Chol J4. TG JiA | - R, IREM A, BEMEAE A 8 b BE AR
- BEE D PR bRz 1 J=

- B OV Fa D JR 1% b R HE Bl
o 12 PR R R R

- i iR o> ZERE
10 - 4 Chol J4, TG WA | - miEH Chol J4
3 - 4%+ Chol B/ ATR72 L

10T PR L

6. EHEERUEINAERE
Ehi STV,

7. EBEERESHHAR

Eifi S TR, 2B, 2EERTHLIN, BEOITHICET L TO
WENH -T2,
(1) £EEHHR (B) <5EEH>

% (AR, 29 B, M 5 P/HE) 12 GAA % 26 AR5 (0. 600,
1,200 X% 1,800 mg/kg fikt) L7z, &5 24 % CHERKZBERL .
FEURIR B ¥ 72k, RidEEEN G 72 K O Ml I aE 2 3~ 7=, & 5 11 4
D 2 BRI U 72wk, % (WHTE, b4 @k, M 17 PI/FE) 1282
L, BTrRAELOZEREROBRAEIZH W,

1,200 mg/kg falkF 5B O R HR IR FE | RS 730 VR EBNR 7313, %R
Lo EEICEN>TZ, 600 KT 1,800 mg/kg fil Bl 5- 1 00 K ik 12 FE K O
403, RREL A% CTh o 7=, 600 mgkg filkh# 51 o fij ik & 8h k5 1
L, R E RS TH Y, 1,800 mgkg B GHETITAEEICE N> 12,

GAA B 5.8 O ¥5 1 B fa e pe M O TR AMEIZ EREM 2 A2 5Tz,

GAA B HHEOZHERIZ, MELVAEICE2oT, (B31E26)

(2) 4BEEHHBR (S TFB)<SEEH">
DT (F—wyNUXT 25 kN, M 16 PI/EE, ME 32 PI/HE) 1 GAA
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