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PO FHIE A EFE o B R B - MIRERE PET REILEDOHEL

1. F2H0E

Jibd it (CBF) | fibdie 32 A3 & (CMRO,) 6 K UMbz
F TR (OEF) O RE M 4 E s aF Al 25 PET 24
(Positron Emission Tomography, [ W)= i
BAEE) 2~ 7 0- 16 i b A & e 5 Lok
(2 X D A[EETH B (Mintun et al 1984; Shidahara
et al., 2002), Z OMREIEIZ LV M2ZEF OB
BITHOIN TV D,

0-15 FEadklesR (°0,) 1%, FRSR /7 T DIk ZEE) %
FL—2F 52T 0 —TThHHM, TORKNE
RE XA Ak e R AR 7200 e SRR RO 43 1
(H,0) DN L, Tebb il &IcikF+ 5,

& DICEERIUR S IR TIE A0RFRHE L KUV,

I N O B BRI FE SRR CH BRI T 53 5,
IS OBEREDMIED -, BETII TR T
LA )71k (3-step ARG) TIE 3 FlD °0,, H,"0,
C0 % 3 BIOMSL U 7= Bt ol 2 1T b5 L, &
IZ—E O THE G SRR OREE - -
%, WORERBGHIITHOILTND, TOIDRA
REfHI 23 1| IRPRRREE & RWVRFR 2 22 L e 12K
ERAHPPNDL LV ENKS>TVD, 20D
RIBE DD 7= 1,120 & 10, % 3 /y[HIEE v 9

[EAEBR &I T v & — PR S T v & — A R ST

VST = S/ NI =

FLIRE[H] HI R Ca e i IS e -3 2 A Ik & B %S L
72 (DARG #) (Kudomi et al 2006) 23, =X Tb
IR AL 2 5 oFREZ L T,

Z ORFZED BEJIE, H,P0 & 0, & 3 4y b i
TR B Uits L 7o RAIC SV L IS
REMIED R D CPO R GMAZE LWtk
BE%E L (DBFM %) . IRARER] 2 10 29 BA R BEfE 9
LB ERBR T THDH, ZOREEDIE
BIEDORFT DT80, =2 A P % iz PET
12 XV CBF, OEF, CMRO, Z&+#L L. DARG ¥ & b
W5 2 L M ERS R O EERIRE D D RIE
Lo EREE (OEF) & Migd 52 & BT,
fEHFHFICEL D PE THRAZITV DARG 1k & E &
B, O A T S,

2. AB
2.1 IR

0 FERHoK IS KON PO IERRINE SR T A A Efi i G-
L7z PET AT — % DI 6 ¥ 7 VT CBF,
OEF 3 XU CMRO, WHif§ 2 3t 4 2 FH5H % (DBFM
W) BB Lz, ZOHEE, K EEBEEORMM
N OBIREE T WIS S EMRALA I T 5
fibdE Ak OB RE A E R L L, K & ERFE D



HIEIZRHS L, 222l E N ORI &M o O
B ~DHGZ2EE L TV D ENEEMNT bR
5, WEFRI LUK 7 D RSRERRN T O EhIE TR
DX HICFEIRTE 5 (Mintun et al JNM 1994),
dm:Ew.&m®é%+fAﬂQ@é#+w%&m+wWNa)

(1)
72301 PET I X 0 81 & 4 2 MLk h o B RE TR
FEDRFEZAL, AL — BT Oy D2
g, 5 HITEN TORBIC L 0 Ak S ik
T OZE®) I N O RERE 2 R T,
A3, EIXMEEIEE, VO LLD VoVl
ZNEIIMEN OIS & KO HERE. Ao®)
& A, QIR R OEEFER Sy & KA O BUR RE R
FEANHBERZRT, ® IXEEREY. plikoy
Bl E%%(p=0.8 mL/g) (Iida et al 1991), BEFE{H
BIXIEL FARTHLTED, E £ Voisil
TRERMBETH D, XD THBE -HEE A
DEBEDH I DIERECTHY, 2D 21HE £I2
& U CARMFN (0~2 mL/g/min) CHEH
(20.01 mL/g/min &7 — 7 AL LIRD X 9 IZ7E
H#T5. . f
F,(f) = f-Aw®e®
(2
ZHICEDRWITE & Vo OB ERIEETHK
ELTRD L DIZET B,
Cit) =F,+E - F, +V-A (1) +V,)" - A, (1)

©)
KEIFEFED 2k LTI L S i/ A L &
LTRES Z LA TE % (Gunn et a, 1997), =2 T
200 D FIZHOWTE, VB LW VVicxtd 5
i Z N o T2 AR, IRIC

s* = i Ci) — (R +E - F+ Ve A0 +V, - A1)°

4)
EHNET DB EEE £ B VO, VoWIZktd
LffL95, ZOFEIEICLY CBF, OEF, CMRO,
DFFENFREL 725, Z ORFRIEIZK - BER.

F () =f Ao®e”

% « KOWTNDONEIZ B XIS TE 5,

2.2 W=V AHIIZKBBIE

J =7 A (6 88, 5keg)lZ LV CBF, OEF, CMRO,
ZWE LTz, O 2> Tld Human
Care and Use of Animals(Rockville, National
Institute of Health/Office for Protection from
Research Risks, 1996) |ZHDSWTHLEZIT - 7=,
F7o, ENERENE X —OmEE B S DK
1. EOTA RTAIHES T,

W I RRE AL E R PR LE T D £ T
b, Zo%MmAZMKE Lz, PE THRIEIZTTRT
2DE— N TITo 72, HANBIHIEDTZ0D kT
YAy va R (15 53) BTV BEO TR
—BRALIRSER G- K-TRFER R G-, BRR K e
Bh URG 217272, PAERBRHC RN T, &

HRRE, B LY PaC0, #4282 CT/AEFIRAE 2 2l &
7=,

it RBRBY IR > & 8 fse B 1. 22 17V .
REJRFE 2 JE LA ) BA%k % 45 72 (Kudomi et al
2003),

F 72 PET A R K 2 E EE O IE 2 M2 i
D7, BRI E S IREFIRIFD SR IM ATV, 2
O DOBEFEEHREDED S AN OEF 2515 LT,

PET I T3 Hivie T — % & & & IZDBRMYE DG
BEICHE > THEE CBF, OFF, CMRO, Hif§ %35 L
77

2.3 BEEIZLIRE

fH# (n=7)12%f LC PET & Z1T72~7=, B
FIXE BRI ¥ —OMEEE B S DK
i, EDOHA R A1 E- T,
ANV EDTZD F T v A via
% (10 40) ZITV, e Tk — B b R B 5
KR-FRFEER . IR K G LR A2 1T -
7o WEFHEOMAICE LTI, BIEDORM T O
WALA A BEEE OVERR ORI & VD720,



KGR %Z 6 95 & LT,

Bts B Bk D> O e B i & 47 U 1 A S
RER B 2 ) ® LA 1B % % %5 7= (Kudomi et al

2003).

2.4 T30 LEN

TNENDOPETHRENO DT —XIZXD
DARG % (CO fa % %9 2% 4 {%) (Kudomi et al
2006) 35 O DBRM 7% (2-1 ) (2 L 0 Mtk RE {4 %
FE L,

T =27 A4 PILORATH= CBF, OEF, CMRO, [
BERMEOLIE DD, fllx DY /L% MR g L
MR % %2 PET Wiff & A7 E-AH L MR @R T4/
(CBALEE (ROT) % & o7z BT Wi EEED
EEMEE ST, 15 DT E&EOEEIL E
ATV, p0.05 2 b o THEZENRS D L Lz,

R F BT DA T, IKAEHERIC RO & &
0. ZOVH)EE DBFM o Lk Lz, 7=
TR % b U7z,
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EICKYEE L= OEF {EDEEEK,

3. HEREHRE
3.1 A=HUAH)LIZ&K S PET AIE

AV #5552 L A4 OEF & PET JIEC Xk A2k
OEF DDl %X 1 1074, mEitk< —#%L

TE Y FEBEREIL =0.93 THo T,

F1 : 2MHICHIT5H 3-step ARG iE. DARG %, DBFMEH LU

AV EZEM HETE L1= CBF, OEF, CMRO2 OfBDLLER,

3-Step ARG DARG DBFM A-V i
CBF
(mL/min/100g) 30+9 32+11 27+9
OEF 0.51£0.07 0.56+0.06 0.57+0.06 0.54:0.06
CMRO,
(l/min/100g) 2704 2904 2.6:04

DBFM i & DBFM (Z L % ZffIRF D5 /L 0> ROT 1D
CBF, OEF, CMRO, &, ¥ XU E#FIREAIC L
% OFF fEZ % 1 IZ7d, 4 DEREZ LI LT
TR ERANCH BRI R Do T,

3.2 BEEIZLIRE

CBF, OEF and CMRO2 DX A& fEI% T D J{yFr
fE1X DBFM EICB W TEN L 0.75£0.20
0.39+0.03 0.053+0.012
mL/min/g, T&H Y DARG EIZBWTENEN
0.74+0.18 mL/min/g, 0.41+0.02 and 0.053+0.012
mL/min/g > 7=, 2152 H#EFIIZ DBFM %
& DARG EETHEEND D LTV &
I RSN Z, DBFM £ & O DARG (iC &
STCRIA LIZER X 2 12 %R~ d, IEICL VG
FLZEGOEEILFR% TH o7,

(4 2: DARG ;% (EfAI) &KXUTDBFM:E (T
IC& YEE LT CBF, OEF, CMRO, Ei{§ (f@2%
EIZLDE&RE)

mL/min/g, and




3.3 mER

P& T PET A & 0 AEGkER R & Ak
O FEIRE [ PR 515 DRt D A1 K % ik A
972 H DBFM %1% DARG % & Ll L CE &1l
DEMEESNAETHD Z L 2R Lz, BRIk
7212 X % OEF i & bhigs U PET AL oD 1E 24 M % ffe
R LTz, HIZHEEE OREIC XV E&EH DARG
LERIBETHLZ L, MBOBEENRFRFETHD Z
L aERR LTz,
RFEEFERET HICY 72> T, ERAHEDOTD
WCENRA B M TH D, &0 b ARFIEIX
B GIETH D720, M ZHEOE#IEA Y
NEIBICFET DD ZONMENRLETH D, K
FFEIZ G 72> T2 O O EEEZBIR LZ D IE
Y% % RS L 72 (Kudomi et a PMB2007),

B OHGHFALIZ Y 72 > TN IED 726 k7
VA v a UiREBOERB LD BEEARETH
%o AHFIEORF TILEM ORA T 16 43, i H
IZBWT1 040 LTI L, ZO®%OMEIC
BWT, ZORMITRFE T3 HREE M T
HZ EmbhoTz (Kudomi et PMBin
submission) , Z OFREENLIZ L D &A1 05
DLFIZEMCTE D Z EDNRB ST,

AFEIZ IV PET 12 X 5 CBFICMRO, i A8 1A%
RIS HRETITHY ZENTEDL LT oT2, 2
DOFEF BYEM OEFNZKRT L CHEMATREE 720 |
AR ZE 72 & OIEFNZ 3 L CHT- e R e 2
(Hayashi et al 2003) 2315 S 41, IGHRIED IR
MrEsind,

4. £

0-15 fFakk & FEakme 3 2 dfe I - L 2o,
B BEOREZETH L R{TDHZ L
T, WURREDOWBEER 2 FF oL E O A ik %
L LT, ZOJFEIC X0 AR 2 10 0LLF &
THIENTE, HREOHREIZK T HAMER
T 52 ENAREE Mo Tz,
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A VRICHEERDR NS ORX S (ISFET) ZALV:
AR - FEGMRETRE X T LORRE

1. [FL®HIZ

AR AW BE T LR EORIBITZF L L,
ZORMAZIGH LT, BAERERZ & BRI L7
T T4y a2y V=T U T OENKE T
BHZATDOIL TN D, I D OWFTE & BF RIS & Tt
OLTDITIEINAF e A F—T A ADFTEIZL
DEFEAM - ARk D 2 A BB RERTAT 23 L BRI R T
bD, WrIFIA T VEISERNR T P F  Ton
Sensitive Field Effect Transistor (ISFET) & -~—
AL LT A A o2 X DA ae A 12 % B 58
L. BAEERMZEHEDO =B & LT EEZTND,
ISFET | ARG 0.8 u L LA R T, 1RO T T X
BMROK)— T3 D— /&< Ta0y TREMIL LT
FHIR TIEMERE T (1 wL) D pH DY TV H A L
HENATRETH D LB HEIL msec L-UL), £,
OB REIMNT, BERRISEOEEZISH LR

ZBRFETIUE, MO - TR O SR IIE

IMATRE T d D,

ZOE e YL LTORBELENT DT,
ISFET DA A& o ~DIs AR ITERAR LN T
%, Thibodeau H1% 1994 FEIZKEEL F =2 T —F N
A AR Lic~ A 7 a7 4 VA A—=FEZHNT

WIEREE MILRPEZ R AE TR
h#sx & | oM
LFEFTEE IR RZEBLE A A TR
9= 00/ 1= W S B /N
] | LI K 72 2 S PR B A
£ O S U NI v
] LK 572 K 2 e 2 o SRR T SE R
B F o — X

MO HPEEAME 2 1E L, H-K'-ATPase |Z X
0 JUHE U 7o b5 T REAN G O MRS EE PR S BLAE G R
M BIRTREE & L CILH S 4TV 5 omeprazole
komflansZ tawsE LY, £, 2001 4
{2 Lehmann 5 (% ISFET % FV 7= pH & v L& R B
EHAGDYEIFHIY AT A EBIF L, fRpERLE K
iodocetate DEGE KIGEAINIZ 5 2 B8ROV T,
W& VH 2 & R A e MEA L o [RIRFRIE 1 & 2 B A3 7]
BRTHHZIEAHREL TS Y, 5%DAAL It
VRO MEEEZ D L&, Mlafic XY B L
THEHAEE N R D70, SHEEILIIRE 2 B
Thd, AENTMRMER - RENEMEOFHE A B 1) &
L7 ISFET 2 _R— R LT B, 2PV AT L%
BAZE L. Z£OF MM - EHEMEIC OV TG LTz,

2. ISFET HBEMAEMHAE X TLDEBEICON
T

AHAE D PR AT PR A RE U M e SR oD e 1 & T
ET DI LTI VMl S A, MEOMAMNRIZ IS T
2 e MEAEHA K OV DA E DR E 71 2 et L
770

MRS LI R IC I v a— R e T LB I BT



IZ LT REPEEM Th DA e° bR FE & o 72
HEWEIZE DD THD ESINTNDHA, IRERKE
AF DX DT VT VEWE OREA S ERASE 72
HaSMERPEALIC A BB L WD RS D, L
ML, kD~ A a7 4 PF A =2 TIE—AKD pl
T U OFHHR SN TR COERZ G AT RALH pH
DHTHDHIZD, TORAFIZOWTHEET S Z L1
RA[RETH o Tz,

Z T, 00,0 a EHmEICER Lz, 2
ERAT D Z LIS VEASNT CO,NERTE, &
D ERITCDERDBEF SN D DTV E B 2 G
VAT ADT " NEA T EER LT,

2.1 ISFET BEMEHAE S X TLDEE
st 9 & UCTISFET pH 9% 2 AW,
pl & o P TR X A X £ &8 0.45X0. 2X5. 5mm T
HD, PCO, T PIT CO,IC LD pH b AE BT 5
DT, ISFET & Ag/AgCl ZIEM, 6 X OWERIAIK
(EERER) #H 2GS Y avF o —7 THE
Lz, WhwwdeXY 7y 28CHD, BIGH
D DY 2mm OEST OFRFEIX. W LE 0.8 ul
UTEMAOTHY 1ul OB D pH =2 PCO, & %
GICHETE D720, AT 4 AT A& N
feo, I IR A AR C AR L C, RHl AR T o 72
(1% 1),

4 8 2 1 10
Bl: R34 FAS A LOEEMIPH/C0, REL AT L

1: BAIEE 2 A2 m RV IFLFa—7T, 3. £E
BmAO, 4 REE@EEO, 5 AREBELYaVFa—T,
6. C0, I2&5pH EBHOHOISFETE Y 70 #pH ZEib

BRHEDI=HDISFETE 4, 8 SEEE (Ag/AgCl), 91 R34
FAS R, 10: 3R

2.2 |ISFET E=EMAESRIE S AT L4
pH OEALZ SR T 5720, FEWICHWZ

FEEVRRIE NalCO, T pH & 7. 4 ([ZFR%E L 7= @ERE D
RN A 1 — R (D-glucose: 15 mM, NaCl:140 mM,
KC1:5mM, MgCl,:0.9 mM, NaHCO,:0. 34 mM HEPES: 0. 028
mM) % F 2, FHENEIGE A 2L 2 ST & 25 A
BRNEHITATA RH T A%EESE, 37°C DHEIR
AN TIT o7z, FEEIK S 37°CIZR D, 5 47[H]
FEVRS . VAIRHEDR 245 1k U 7= 500 S JIE 2 BAA L
77

NaHCO, & HEPES LISMITMEME TH D720, FHA
(ZHF D FE e pH HLUEK I3 EE K D NalCo, 35 X
OVHEPES & | AHf@ns D yWh S v $LEE, B bR,

IREGRIKFEA A L2, 1T, MR b DR
HEEMIL, CO,. HCO,, LW (Lactic Acid: LA, FLEZ
A AL RCO0 EFKF) D=DO>THDHEEZT, UT
DOV DBER T O pH 2R L TNWDHEEZDHZ &
MWTED,

CO, + H,0 = H' + HCO3 (1)
RCOOH = H" + RCOO %)
H,O=H"+ OH @
Ky = (H")(HCO3)/(CO,) = 10°%%% @
Ky = (H+)(RCOO')/(RCOOH) = 107388 ©)
Ky = (H)(OH) = 10713997 ©)

T FHANC XL D #pH & €O, I kD pH BfbEE
ZHZEI hy hy, FHAIRE O BEIKIZE 41 5 NalCo,,
HEPES Zo. P& 4% & €O, . NaHCO,, LA DEZ D %
DHERD D Z LTV FEER T OBAA
Tdh D Na, H & faA 4 HCO,, OH, Lac™ | HEPES
DENFERETHDH Z &5 LA - NaHC0,, CO, + LA,
EWVSBRELUTO LS ICE BT 2 2 LAk Y,

HEPES (X582 C&H » H'& HEPES (25242 FEHE L T
Wo, YU arFa—7NEEOBA A L LT,
HEW S 2 HERIETICA > TW5 Na* &l kL v pE
Az &7z NaHCO, 725 D Nat, A3 0 | [ar 4 & L
TlE NaHCO; 2>5 > HCO;, OH, LA, % LT HEPES
DIFET D, FHEBRE IS ORfIN%E L Vo



T, VY arF a—FERTOENENOBIEE
‘oL LTHRT L,

(Na+)o + (H+)o =
(HCO3), + (OH), + (RCOO), + (HEPES)  (7)

Z 2T (HEPES) 13V arvFa—7 DN TH
BEETH DD T 0" ZHF Tuiawy, £72.C0, & HCO,
DOFE, CO,. LA, NaHCO, DFEA R (FFFISUGRRT D &)
ETNE p.a. r DL,

(CO)o+(HCO3)o = +p+r 8
FLI&, HEPES (2P L TidEn i,

(RCOOH), + (RCOO), = q (9)
(HEPES) = B (10)

@@ &Y.

(HCO; )o= (o + p+1)/(1 + hy/Ky) (11)

THY ., hlZ(HY) TH DD, (12% KD D FHH
ks,

(RCOO-), = g/(1 + hy/K>) (12)

(NaYo=a+r THY, (7-12kv., (B)EKDS
ZENHRD,

0c+r+h1=(oc+p+r)/(1+h1/K1)+KW/h1
+ /(1 +h/Ky) + B (13)

BB LI OHBA ATV arz2EE v
O, YU arFa—7NTIIHREREIZE W T(14)
DR LD, “i"Fv V) arFa—THNEET)

(Na'); + (H"); = (HCO3); + (OH); + (HEPES) (14)

ZZTNa)=o ThHoHEH, (4)- (6). (14) LY (15)
BRODDHZENHEKS,

o + hy = K1(COy)i/h; + Ky/hy + B (15)

ZZThy= HY), THY., COBENRTY arFa—
T ORI TERITZE L TV D &AL Y ST,

(COy)i = (CO2)o = (H")o(HCO3)/K (16)

(11) & (16) L v |

o+ hy = (hy/hy)(a + p + r)/(1 + hy/Ky)

+Kw/hy + (17)
1> T,
p+q=(a-B+h—Kwhy)(ho/hy)
= (I+ h/Ky) - a (18)

h 1Z10°~107C, KelZB L #1007 THHDT, 1+
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