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The cerebral metabolic rate for oxygen (CMRO,) and cerebral oxygen extraction fraction (OEF) are two fun-
damental parameters used to characterize the pathophysiologic status of cerebral tissues. Although the O-15-labeled gas
inhalation method is used to measure these parameters in clinical studies, applying this method to small animals requires
many intensive procedures. Thus the development of a new method to measure CMRO, and OEF in small animals is of
interest. This study aimed to develop a method to assess CMRO, and OEF using intravenously injectable oxygen (inject-
able 1°0-0,) and Positron Emission Tomography (PET) for small animals such as rats. Injectable !50-O, was obtained
after 1°0O-0, gas circulation into an artificial lung. The OEF in normal rats was calculated using the same equation as that
used for the bolus inhalation in the 30-O, gas method. The obtained value of 0.54+0.11 of OEF was similar to the
value determined from the arterial-venous difference in the oxygen concentration. Furthermore, we evaluated the useful-
ness of the injectable 10-0, system in rats occluded in the right middle cerebral artery. A decrease in cerebral blood flow
(CBF) and compensatory increase in OEF were observed 1 h after occlusion. In contrast, a marked decrease in CBF and
CMRO, and a collapse of the compensatory OEF mechanism were found 24 h after occlusion. Thus injectable 130-O,
with PET can be used to estimate oxygen metabolism reliably in stroke animal models, and may be useful for accelerat-
ing basic research on cerebral diseases.

Key words——cerebral metabolic rate for oxygen; oxygen extraction fraction; small animals; positron-emission
tomography (PET); injectable 3O-O,; stroke
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H 51213, I sE (Cerebral Blood Flow; CBF), BERZE EOBHRIIMD TEWn, F=2, TIVYNA
it ZEER (Oxygen Extraction Fraction; OEF), IR DN RR BB DR e AR B SERORFZE S, TR
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BRIEE OB ER O &7x> TE k.

ZTITbhbhbhiE, 7v NEO/NHMITHITS
OEF, CMRO, HIE Z AliE & I D Ia FiLZ B %
I5HZEEFELE. LLMARRETIE, BRIZBTS
OEF, CMRO, HliEiEICDWTHKZRL D5,
INEI T OONDNOREFNT DN TR S,

2. BRARTOBRZRARBAE

HEIRIZB1F 5 OEF, CMRO, OHIFE I, iR D@
D 150-0O, T A DA &I H| & i < BEHE PET %
BRizEoirbn T3,

J4E Tl Blood oxygenation level-dependent (BOLD)
BhRICE D < B RE ML R L WS R 15 % (functional
Magnetic Resonance Imaging; fMRI) Zf /=
CMRO, HIEEDHEINTETHBD, TOHAM
NRENDDH 5.9 LinLIaA s BOLD {EDJH
13, KEMHAERTHHBIENTETOE > EERMEART
HBHFBILNET OE > OFEHIGITHED < KL
FEEOELZRA S Z & THIEMIZ CMRO, % H H
TH5HbDTHD, < OEBNUHZRD I L0, £
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(50-0,) HHDON—% 75 2T > TR S
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PET HEICK D EHEHNET S PET k1L, B{EDH
REZWT 2B\ T OEF, CMRO, JllE DfZE#EE E LT
JR<EDHNTWVWS,

150-0, § Z DWW AIZE D < PET {5 TlE, 0-0,
HAZWALEDS, BEEE PET SR 2170y, [FIKE
12, B U ZZ Bh R ik o D O-15 5 he 2 I E 9
5. INETIZ, HABRASLHRBDY A I 2T DE
252 O\ T O R ANPERINTE TN,
130-0, 7 A % Fifie AT A U IBUN BESREE 8 — 7 12
72572 & T PET iR 2175 steady-state j2:89 %,
B0-0, H A ZHEIR AT 5 EFKICY A F v
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Fig. 1. The Pharmacokinetic Scheme for Injectable 0-O,

OEF: oxygen extraction fraction, ROI: region of interest.

CMRO, NEHEINTWD (Fig. 1).
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i, BETFHEMOBEREICID Ty hovY
AZEDINEIYIT BN TR A IR BT T )L OERLATH]
fEElao /= iy, INEWESTILITBITS
OEF, CMRO, OHIENHRS EEN DL DIT/E->T
ETW5, LML, BRTIA<HWLNTWVSD
150-0, T AWM AEZ /NPT WS Z &3 Hm
WCHREETH S, RS, Ty N2 EO/NEYTIE
b &R, B0-0, N AZREETLIHAF 2 —T
KMOWANE, PET R 5TdH 5 M &A1 24 MY
WCIEHITEET 2720, IKNO O-15 psittian
2 {HWHHFR T R 9 5 EORFFEHE DI NI, W%
AF 12— T RO ADHIZEET D @ W REN &
> LR EENES Y7 —F 77 7 hORKR &
252 &ET, BEHINZINT A=Y DHIEHEZE
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2 /NEh A PET 35 & o ek B 15 12 %mfﬁ;%;ﬁ
WNEEZ N T 20BN D 570 EMRIRT R EEEEL
20,
Z 2 Thitb i 50-0, 7 AW AJEIZRD D /I
BB W THE D&\ OEF, CMRO, O&E H 23]
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RE/R T HIEE OB ZBHMNE LT, MR~ DRL
HEEDA > 7w NEERETITO 2L D TE 25k
N# 554 150-0, /7 A#| (injectable 150-0,) DBHF
LNz H W= F OEF, CMRO, O & MHTED
W2 GHE L7z, 1D

4. EFIRAZSE 150-0, 17 X &l (injectable 50-0,)
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DOEFITHYZD, M P0-0, TAZERIES
BN H DD, EREMARIZ 50-0, HAZ/NT ) >
7B HETIRMG S > )N 7 E DEED 720 g A
WD EMSZTDEXHWICERMANIE G TER
W, 7z, O-15 139 2 7 o I T
& %728 PET #RfQICHE 7 IS i ien Rz %
TLENETHEZRET D ZEEIMO THRETDH
0, N7 2T EOEBIFFEN TR,
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Wiz iEmR RIMERPANEZ OE > EDFEE) D2
ANTHizFHAT2ZEE2EZ, RTERTEDH
ZETHERE0.1-0.13m2 OR Y F OV L > HZeh
DHREFT BHZRNTRRRE DT v NHNIAT
ffizfER U7z, fERL 72 ATHE, TIVEEr >
Ta—2ariArFy hOUF—-N—F& U O
CFa—TEAVWTHERIIDORE, JBER> 7%
YA Fa—TIky bl Ty MEEEERES
DEIL M3 ZrEL 7206, £ 18ml %
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T4 R NTIICERT S ET, mREREOH
A M & L T injectable 0-0, &> 2T L & H
#® /= (Fig. 2).

A 7O EANWTEEL 2 50-0, T AD
B REIREE R NN LAt ~GE DA T A g, Abfa
EBORKBEICEHEL TEBRZITo 2. 50-0,
V—ZELTHRIND T AIEREZERD E LR
FBEIZ05% THDBIEMNE, 150-0, T ADEEFH
NEZEEDD I ETNES OE >V HEREh -,
HiIZy 7 hLEarREZRL, £D£Z<O
50-0, DIMENDI O AHNFREFENSD. LirL
150-0, T AWCEEFEN A I ZELRZHRMU THEEH
BRI LB, 150-0, 7 2 @ FL S REIS /D 2V 5E
BB LEDBDEBZONZ. £/ 50-0, H X
FIMAIIER L 7= OB RMERPABITT 2720, 12
A FICIIMKIREZ T2 2 ENETHS &
EiZoN5. LML Oy T ADKNDEMEIL 0°C
E25CTI8MERELNEDLST, £z, =ik
%, BMAEEGTICIERCETLENH O,
O-15 DWW (2753) 2EET 2 &M RERED
HENRNZENTRIND 2 ENS, EHEE
27°CIZHEE L 7z

ZOLM T, E#s AT LAITBY 5 MG
7% 20, 50, 100 ml/min 2L THEZ2T-o =
EZA, WITHNIZTBWTHAER L 7z injectable
150-0, D REIREEIZRERFAYIC EF- Uz, KFIT 100

(B)

Fig. 2. (A) Diagram and (B) Photograph of the Injectable 130-O, Preparation System
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ml/min O & EHRHEWERNEEZRL, ERFEG
MBS PRRICT I h—ITELE. ZOLEEDK
BIBEJEREIX 130 MBg/ml ICEL /22 &5, 154
D 150-0, H AR IC K O PET i@t 2 EH
DI TR REIRE 26 3 5 f kN i 55
B50-0, T AHN ZFELT 5 T LITHlIN L Iz

% Z TXIZ injectable 0-0, 12 & % OEF, CMRO,
BHOMEEICDNT, E¥Ty bZEHAWTIEML
7z,

5. IE®7 v b TOREMMUEFFMEER

5-1. B% PET SEBRIIEM A b =27 ZtE8UN
% M PET #{& (SHR-7700L) % MW TiT> /=,
EARYENE (full width at half maximum; FWHM)
VX, WimE{R ET2.7mm, KK AHET3.3mm T
5. 12)

BO-O, 1T ICIM D IAEN D LN
BO-H,O 1T S NIKNZ H T 5V /29, PET
EHSMRATICIE Z OME DT 525 2R TR 67k
W (Fig. 1), L7275 T OEF, CMRO, #& 13 %
Z®HITiE, B0-0, B HGHROMNKHMESME LD
IZ, CBF OHIE % ¥4z BO-H,0 D fiT — 45 %
BLMEND D, T TETHEER, T v b KBRS
WRICH = 2 — L Z& A LB H E E B I AP EAVL TR
FL=DB, 50-H,0 (148 MBq) % RB#EIREL D
B U PET #2175 7z, [FKRFIC KBEBYAR & 0 R
R 2TV, 32 8— b A2 MEF [(AR] 12
X0 CBF Z2HH L7 (Fig.3).® 512 PET &4
T, 59200 pl O IR 2 BREL « 3070 BE U i 4
&R & O EERE DL ERH L /.

DWTHRANERERHNEOHEEZHF>DE (K

(A) R(¢) = CBF - 4, (£)* e_[ »

(B) R(t) = OEF - CBF - A, () * e{ > +CBF -4, ()* e_( B

(1.39 x Hb x %Sat)
100

x OEF x CBF

(C) CMRO, =

20 431%), injectable 10-0, (74 MBq) % B# k&
D5 U PET ffg & R EIRER M 217> 7=, %
530, 60, 90, 120 M2 EREL L 7= MR 2 35 0 Bl L
IM3EH K O MK R RERE 2 JIE L, &5/
e REIERE 1, CBF #lE B THE SN M
HE U BRI IS S IR P R EIRE O L) &
i3 2 &T, BRI SO-H,O R R i 5 RE dh R
(TAC) Zf57=. Bfkin+ 0-0, TAC 3Bk ifn
L EHED TAC 72 5 150-H,0 TAC 235 Z &
TH7=. Fick OFEHIZHE> T 150-0,, 50-H,0 12D
WT ORI R T HERXZLT, 51T
& NIZTFIE T 2 JERERR 7 DFF 52 20 T &
FL7z [(B)A] (Fig. 3). 119 PET EgE» 5 H L
72l TAC KU Bk @ i TAC 2 WT, &R
MMEDYA LTV %FIEL LMEITZ1T W OEF,
CMRO, ZHH L= [(C)R] (Fig. 3). £/, 4
BHIIZ2fid®D OEF #H 9 %729, PET %
DM KRR K O ERAREIRI K O £ L = h e
NogFEIEEREL .

52, R Injectable 150-0, % E% T v MIC
BHELEEZA, #5 30 BB TR KFEED 90
% LA EDY 150-0, TH o 72743, 90 BEZITILIZIE 100
% M BO-H,0 IZR# SN T/ (Fig.4). £/
PET Hf#% 7R Th 25 120 121213, Bk
ifn H R RE SR S & PET M5 & O 75 7= i PN B RE TR
EMFEFRUCMEZRLZZ ENG, KRN TDK
DODHHILHMEEIET 2 EARAEBRRDHNTHD T &
MO LN,

REIRE D 5 U 72 U AN O~ BT L 2
DB, KBERANEBITTS. TOLD, REEZEKX

CBF+Z

)" +V, -R-(1-V; -OEF)- 4,(¢)

Fig. 3. Equations for Calculating (A) CBF, (B) OEF and (C) CMRO,

R () : tissue concentration of O-15 radioactivity, Ay (t) : arterial concentration of 150-H,O radioactivity, Ao (t) : arterial concentration of 130-O, radioactivity,
p: partition coefficient of water between the brain and blood (0.8'317), A: physical decay constant of O-15, Vy: cerebral blood volume (0.04 m1/g ), R: central to
peripheral hematocrit ratio (0.85'®), V{: effective venous fraction in the brain (0.835), Hb: gram hemoglobin/ml blood, % Sat: percent saturation of O,, *: con-

volution operator, t: time after injection.
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BREIAR 7 = 2 — L & 3 2 BRI TAC &
TAC EORICIEIY A LT TMELD I EERD,
INZEMETHIENEELERS, 22T, Iv b
DEERLME, MR, BRlKkE h-a—1
DN, EIFOHESEMENS, BikH TAC &K
TAC EDF A LAT71T4-8IRETH D & HEM
L, d>Fa—4¥>3Ial—Iarickozuits
S L 7=, EBILZM TACIZY 1 LT RIEZTT
VW, BRI TAC # WY TEFTIVERTICTED
CBF, OEF & i L7z, & 5ICHH L/~ CBF, OEF
EFHWTIMTACZ a2 —FL7EEZA, 55
NizIalb—2arh—7R3HIEZDR TAC &
FL<—FHT5LEbiZ, CBF, OEF OHEHIZEET 3
fRAT IR H K I BIER L (Fig. 5). 202
EMNS, A LT DFRE KRR AW - &
INT A= DEZBENRI N
PLEof@tricBd 2t a i, EEI v b (n

1200
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Radioactivity in the arterial blood
(kBg/mL)

Time after injection (sec)

Fig. 4. Decay-corrected Time Curve Showing Radioactivity

in Arterial Blood after Administration of Injectable 10-O,

At (t): total radioactivity concentration in the blood, Ag(t): 150-0,
fraction in the blood, AW (t): 10-H,O fraction in the blood.

=13) @2 fK¥iZ DWW T CBF, OEF, CMRO, % &}
L7z (Table1). D4R, OEF I3 E#NKEL 77
JEREN S BEHEROEEE—FL, £/, £0
OEF & 0 HH L /= CMRO, {344 B 72 1 £ 38 1
WCROMELBE#HY & —H L. LidioT, B
¥ U 72 & IR N #%& 5 8 150-0, /7 A &l (injectable
50-0,) 1, /NEMWIEBRIZBT BT AW AICERT
% [ 5 % gy L, OEF, CMRO, O £ i1 Affi 2 AJ
REELED Z EnRENT.

6. WEREZTETILT v b ZERVCKRE

RTIE £ TIZIEHR 7 v MIZB T 5 injectable 150-0,
ODENMEZERLUZ. £ TRIFEREET IV TOA A
HaFHRD7=0, BRI D AR RIKENRAAS
Z£ (middle cerebral artery occlusion; MCAO) < v
NEERL, PAZRE (1 FME, n=7), %
(24 FsfE 8, n=6) ODOfE{K % H Y, injectable
50-0, 12& % PET faff k21> 72. 19

T ORER, FEMTH 2 HMKE, % 1RRERIC
PBWTCBFEA (A :0.444+0.17ml/min/g, X

(A) (B)
08 r 1r
08 -
06
o é 06 | %
£
£ 04 w
E S 04 |
L
8 02 | | ©060sec o 060 sec
0 0-90 sec 02 | hooosec
A 0120 sec A O120sec
0 ‘ { 0
- ‘ -+ ~ +
Delay cormrection Delay correction

Fig. 5. Time-range Dependence of Estimated (A) CBF and
(B) OEF

Table 1. Averaged Values of CBF (ml/min/g), OEF and CMRO, (ml/min/100g) in

Normal Rats

OEF

CBF CMRO, CMRO,"
(ml/min/g) Kinetic Surgical (ml/min/100 g) (ml/min/100 g)
44+4.5 0.54%0.11 0.57%0.13 43+1.3 3.7£1.2
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fid : 0.67+0.22ml/min/g, p<0.05) EMEM 7
OEF & (FHMiK :0.50+0.19, 724 : 0.42+0.13, p
<0.05) ZRLU 727, 24 K% TidEE L W CBF i
A (F54 ¢ 0.26+0.07 ml/min/g, 2% : 0.50+0.08
ml/min/g, p<0.05) & & H1Z OEF OfLEMN EFIZ
Mo (AR :0.49+0.19, MM @ 0.51+£0.12, not
significant) L TW/=. CMRO, lZ I EEM TH 3 &
BT BNT 1R, 24 FF TR L L =0 /2
(1 FffE#% : 6.2+1.3 ml/min/100 g, 24 FF[E# © 6.2
+1.4ml/min/100g). —7%, FfD CMRO, Id /4
i EERTHERITNNS L, 517, 24 F%ETIZ L
Rrf e SR THBICIE T L TW A (1 ReR# ¢
45+ 1.1ml/min/100g, 24 FFf# : 2.9+0.8ml/
min/100g). FEEM/EHEMELZHFRLE A
(Fig. 6), I XTDNNTA—=FIZBNWT 1K &
24 Fefie E OMICHERENRI SN, #ETHEDORE
EERAD LI LI ENRENZ. UL,
injectable 150-0, & i\ /= PET 12 & D EEMIIC
BWTHZERMTO OEF OEMW LR 2 A, B
ERMTIZORMERBEDHAET 2 I & THER
CMRO, IR FANE B EE R L. ERIEEM
CMRO, 1F, PAZE 1 KE[#IER, 24 Fefilfd & BRI
FEIZKDKRDZT Y MEEKOMES EFEFETH-> 7
ZEnD, WEREEETIVICBT 2R EOZ LM
MRS NI,

1. &HYIC

PLE, ARBETIEERIRN G5 150-0, 7 A Hl
(injectable 1°0-0,) ZHFTH I &IZXD, Fv b
LEO/NEWYITfEH A EE7R 1 > E R B AP OFF,
CMRO, HIEEZHHET D LI L2, A%
RN, Ak &2 TR BN R O IR REAR I B W THGIE B O
EBRThorMIxI)F—R#PENSOTY T O—F
EEREET2H60TH Y, IKEIMD AR S T R
FRER, WRAETR & DRI D FEBITRKWICER L
BErEBZBZL5NB. £, BAF L % injectable
150-0, 13, fE3k D WA 72 TV E B At AL A% O = i
RE D 7= O JTE /3RO T IR EE T & - 7= 0 i I 2 A
ExbAREE TS EMFEIN5S.

BEE ARORTITELD, KRIABERSH
B, HEEE O £ U2 REBR R 2B S A 5E
B EIRRIBIRICR LI D IRRER2#BEZRL X
T, FARC, BYBLEEECHBREZREELE

16 1

14 e e T

12

1.0

08 r

06

Ratio (Right / Left)

04 r

02 r

. , 1 . p b
CBF OEF CMRO,[ CBF OEF CMRO,
1hr 24 hr

Fig. 6. Right to Left Hemisphere (Lesion to Normal) Ratios
of CBF, OEF and CMRO, after Onset of Middle Cerebral
Artery Occlusion

Significant differences for each parameter were determined using the

Mann-Whitney U test, *p<{0.05, 'p<{0.01, *p<0.001.

EREMRACRTEEWIIE > 5 — - MEHRE
FHRITIR<EHHP L B £, PET 57— % O
SEYFEBRICE L TR, ENEREGH T > Y -5
PR RRIE AR - RS R, Bl e =k, <F
ARER, ENLEREWT Y AT R ES
OB D ZHE X L2, Z TITHR S EHW
UET. £fmamafliss s flnizHE £
U 7o bRl R AR Z R A IER - A MR T80,
SRR LB A TRR B RE AT 2 0 B,
HWRZFE A ER Y 1 7 0 b0 2= O BRI
K DEH WL ET.
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