(m %)

1429

"CO, D wva—REREZE~DOEE: FY b e v EEILEDD
BEDEEZ L D 7 v K E A 72 EER 5

Il EB
LR S

wH R

SR IEBR***

g #/A* AR ERY

BE UCO: o\ HiEE2 FARZ BAIT, NCOERBAEZD T v MiRTFRJEH O 2T & 1T-
7o. MIRIZ MY 7 v VEERRTHLE L, 3L { A% L 7= double column chromatography T4 #7 L 7z. &%
BoOFEICE 1C- R E ALY, BRIVREOERRLI U T I/ BAWE Tolk. 11C0:2 5 47
FERABED T v FIIRPIZIZ, BAREERS (H1COs—, 11CO2, H2'1COs) 23 94.2 %, EARIVAMERS (PiE
YR, fREERBERBED) 2339 %8 X UBRAERS (BH, BBALOMBIINETh TV . BRI
4y % double column chromatography T4 L 72k, 11C-glucose i% 44.9%, 11C-urea $341.4% % 5%
TWe, BB 7 V4HIE2 v~ M XU Dowex (Borate) column chromatography % #ifT U7z fE 5, %
fh e LTHW 1Cglucose L & RILAHASF — v &5RLIZ & &Y, 11CO-glucose MFEN BRER &
iz, UEXVEKF D 1CO:2 237 v MR D glucose & urea iICEE S5 Z L3RS v,

L EZC®Ic

IREE A 2 (CO2) iIZ NI B W TR 4 DRHFR
EET 3, Fra—=z (glu) ~o 1H4CO: EE
X gluconeogenesis DIFE L 75 LEZXZLR T W
%. £ RognstadD 35 v MFHIBE 2 W2 E
Exiz X v, phosphoenolpyravate carboxykinase ¢
Kt 12 & - T L-glutamine %> & glu ~ 14CO2 &
EXfTbhs LHELTWS. bhbhix 11CO:
B7 v MENT = CERREIROFBERICEE S h
BT LEBELEY. ZOERCBWTHENE
(glu 72 &) ~o RIBD AL BBE S H T W7z 2
KRAETH -7z, ZZTHEIbADbNIZ, v b
OMEERWT, PHEMEOFREEEHE LY,

* ESrEERETT N AR
¥ B RERETTR ¥ —
ST B R
ZAF: 59425 141
B TEZ AL 1 S94E7 B18H

BIRIFERSE @ HENEd/NIGRET 4-1-1  (B187)
E SRR/ R AR
® N ' B

Rognstadd kg% in vivo TEEA L7- D THiE
+5. SHLICEKERIZBWTREZSEIZD glu &
EERIBED RIRYVAAZBPBE S0 T,
1CO: DAEKNOREIEEEIC DWW TEET 3.

. 7 &

HCO2 HRIFIRE—HFA7u b 2fANnTE
FE&h, 800°C N3 CuO » 5 LICELTH & B
Wiz, Wistar 5 v b2 H 5 2BBN QIERKEE =
23— T EERE) 12 AR, 11CO:2 (50~100 mCi)
¥REATE. SHMTy b & 1CO: KRB LLE
BEF0H%BICT v PEMEAL, ~%Y b
Tk EAEBIcRM Lz, iko—Ei, FHFE
YUFLU—varvhy s —CHEEZRIEL .
Mg 4 m) % 0.1 KED +Y 7 »n LEEEE (TCA)
THRET T4 XL, 10 5fELT 5. 20 TCA
fLFz X v acid soluble fraction (2 7] 75 £ 4> )
L acid insoluble fraction (FEAREEMES D) 345 &
R, BHEORBEHE % FEICHIE L.

Acid labile fraction (BEN%E RS 1%, KA
MEOHHEL VRE L Tk, RICETIAN
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B4+ % INNaOH iz THfa L T# 5, double
column chromatography # 17 - 7z.
Double column chromatography: Dowex AG-1

04N, 2N
- I
o DW 0.05N 1.0N,
S0 acetic acid  KCI
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Fig. 1 Elution profile of double column chromato-
graphy. Abscissor indicates the fraction num-
ber. More detailes were described in the text.

HIZU(F4 AR Y ¥, 10ml) & Dowex 50
WXx8 I A (FT4AKRYY VY, Sml)ZHEfFs
¥, BBKTHYICESET D, BRBEESEE S
FAZH L T b, ZKEKRIOM THH T2
(fraction 1). KizH FLDEREZIZFTLTH» D
Table 1 & Fig. 1 » EEIZE L2 IE/F CHRH 24T
o, HEHENCE TN YR DOFE & X Table 1
R LT

FUFME s v~ b T T 7 4 =k BREANERR
DETANE—ZBLTID, BEEEY a< b
(AR Ic THHF L7z, & 5 Aiz Aminex HPX-87
H (Bio Rad), X 0.6 ml/4y, ¥EHEIX 0.01
NH:SO4 TH 3. 7 7 2BBHROBEHIEE T 7w
vFa—TICBE, HFRAY O —LERSE
5. £LTavta—4% — (CLCS) L L
INFF ¥ RXNT F T4 F NAIG) 2 THHT L 7.
FHRURERE 180T, 1,000 FRTER RIE L, %
NE—VEBEIE. EBERE s e LY
SIS NI EHIE DA E (120 pl) 2 HFRA &
v & —T UC KB ETIE L.

WIZ UWC HEREDRE & o T 2 b, FEHES,
L LT R 2 1T - 7z 14C-glucose o 14C fikt
ErkEy vFL—ya vy & — (Packard,
PRIAS) CHIE L 7.

Borate column chromatography: Double col-
umn chromatography iz X - T45 5 7= fraction
1 % Dowex AG-1 # 7 LIZBUM»T TH 5 K-

Table 1 Double column chromatography of the acid soluble fraction

Fraction Column Elution Volume Chemical species Identification
1. Dowex AG-1 Distiled water 30m/  Glucose 14C-glucose
(acetate) and Dowex (borate)
Dowex 50 W(H*) column chromato.
Glucose oxidase’s method
2. Dowex 50 W 0.05 N AcOH* 40m/ Urea 14C-urea
Urease’s method
3. Dowex 50 W 1 N KCl 30 m/ Neutral amino Amino acid autoanalyzer
acids
4. Dowex AG-1 0.1 N AcOH* 30 m/ Not defined Not defined
5. Dowex AG-1 2 N HCI 30 m/ Glutamic acid 14C-glutamic acid

TCA organic acid
Pyruvate, lactate

*AcOH: acetic acid.
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tetraborate % il x T 5 mM O#HIIEEAK & T
%. Dowex AG-1 7% 5 A ZFRERHERIC L Th 67
BT L, ®iZ, 5 mM K-tetraborate T3
ft+%. EROWHEEEN 7 L2 3T, SmM,
20 mM, 30 mM X 5 iz 100 mM o K-tetraborate

Table 2 Distribution of 11C-radioactivity in each
fractions obtained by TCA treatment and
double column chromatography

A(n=3—5) B(n=2-3)

Experiments

Acid labile fraction® 94.2+2.4 61.0+ 1.0
Acid soluble fraction® 39+1.8 255+ 3.1
Acid insoluble fraction® 1.940.7 13.6+ 2.0
Fraction 1P 449429 52.9+13.9
Fraction 2P 41.44-2.5 35.5+12.6
Fraction 3? 4.140.5 09+ 0.3
Fraction 4 1.9+0.6 1.6+ 1.0
Fraction 5P 8.2+0.9 9.0+ 04

Experiment A used rats sacrificed soon after exposure
to 11CO; for 5 min.

Experiment B used rats sacrificed 20 min after exposure
to 11CO; for 5 min.

(a) expressed as percentile of 3 fractions obtained by
TCA treatment.

Acid labile fraction was estimated by subtraction the
counts of acid soluble and insoluble fractions from total
counts.

(b) expressed as percentile of each fraction obtained
by double column chromatography of acid soluble
fraction.

Table 3 Blood contents of amino acids, glucose and

urea
Fraction 1 2 3 4 5

Asp. ND ND 0.5 ND 33.0
Glu. ND ND 5.5 ND 18.8
Gly. ND ND 13.0 ND ND
Ala. trace trace 18.5 1.7 ND
Val. trace ND 10.5 ND ND
Met. ND ND 2.5 ND ND
Tleu. ND ND 3.5 ND ND
Leu. ND ND 6.0 ND ND
Tyr. ND ND ND ND ND
Phen. ND ND ND ND ND
Cit. ND ND 8.0 ND ND
Glucose 100 trace  trace ND ND
Urea ND 642 ND ND ND

Units expressed as pg/ml blood. ND, not detectable.

CIEREHRT 3. 7720 KR 2.5 ml, FER
1.5 ml/4y CEIRIC TIT » 2. &5 ml D4 E % 53 B
L, #F8ly v FL—& —2 T UC S HER BIE
L7z, E7-FEcFERICH vz 14C-glucose i
UC HURBEDBEEF - Th b, iR v FL—
vavhyra—itkoTHUCHHEERZRE L.

m. # &8

HEET D 11CO:2 IR A E B T, 1CO: AR
R—EBIREOLBARAETHED, Ty b E
11CO:z (50~100 mCi) JRAZERIC 5 /7 [HREE T 5
FHiEE R,

J v Mijfkz TCA 2 TRET % &, BAKE
45 (H1COs~, 11CO2, H2!1CO3), BRRI VA 4 E
(glu, [RFE, BB L) BIUBAEESE (B
B, ek E) 248 T & 5. 1CO: 5 4y
WAES O MR I E, BARTEMEM 9427
(1 m! fuiEFEEEiC T 25800 FET 5
2, 20508121261 %Iz Lie. BRFIAMERR T,
3.9%0 525.5% iz L, 11CO: [EE 23Ryt
LMY Az LERE LTS (Table 2).

KIZEERTYAMERR 4> % double column #: iz T 4
Br L 7R, 11CO2 5 Syl RAE % o L &+
iziX, Fraction 1 23 44.9% (BRRIIAMER S D Hahk
SEEIC X B B4 ) & Fraction 2 2341.4% % |5
W5 e LI (Table2). 22T, 2T
SR L7287 L < B% L 7= double column chromato-
graphy iz oWT, ZOENEORS O FE &
1T - 7= (Table 3).

7 R v {LERFEEIC X Y £ fraction © 7' K 7
FEFRIEL 28, fraction 11z 1% 100 p2g/ml
blood #&4 L, fraction2 L 3 3MERH s h
e,

Urease-diffnsion IElI2 X > TIREFEEZ L 7 F
B fraction 2 |2 ® # 6.42 pg/ml blood D fRFE &
PRHTE. ET7IBEBSWORE,
fraction 3 B RFHOFHE T IV BEEHRL,
fraction 4 IXfE D7 5 =, fraction ST 7 &~
SELVEBESNVEIVEBEERALTNS Z LMY
Lk, &bic MC-EH & (4Cgly, MC-
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urea, 14C-glutamine, 14C-glutamate) iz X % 4yBf
[FIE 21T » I=#5 &, fraction 1 |z 1% 14C-glu, frac-
tion 2 |2{% 4C-urea, fraction 3 |z % 4C-gluta-
mine, X & (T fraction 5 iz {% 4C-glutamate 7% ¥
Hahaz L Lk (Fig D).

UL E X v double column chromatography i,
R b v VRHEEH OL5HTIC LR i E Th 2
BEORWAHEETH Y, FicHEWEONEEE
Bic3BEY R FEThs o LREHES A, HE
LT, HCO: A% D T v MLIEFIZ X, 11C-
glu & VC-RFE~DEENRIZIFERRIZITDATY
3T LA L .

RECBFABEERS 250K 7 v = bS5
74— Lo THMTLIRER, Mshke752
vavOEMAE—v L, HUCglu OFEH N K —
vEL—ELTRY, 1CO:2 A D Mg H i
UCglu LLTEHESHTWAEENREHS W 7
(Fig. 2).

2
@ 200 ? j00 o
5 b !
3 || |
3 1 -150 *
© l[ = s
o ” [¢) o
: | g8 | &
§ 100, II 11005 45 2
i < T
L;
-
[ 50 2
N i

10 20 30 4050 60 70 80

Fig. 2 Elution profile of radio-liquid-chromato-
graphy. Column; Aminex HPX-87H (Bio-Rad).
Flow rate; 0.6 m//min. Elution buffer; 0.01N
H2SO4. Elution profile from fractionated
samples was obtained by measurement 11C
(O--+0O) with well-type gamma scintilation
counter and 1%C (@---@) with liquid scintila-
tion counter. A—A indicated the elution
profile of radio-liquid chromatography obtain-
ed by using MCA system (NAIG) with a
computer (CLC-5).

212 11 5 (1984)

Z 7-double column chromatography ¢ fraction
1iz - v T, Borate cloumn chromatography #%
HifT L7 & 5, 100 mM K-tetraborate |z T 11C-
feamhiEtsh, ZoWEER “Celu L2<FH

~ 4015 20
] =
E
23015 15
2 |2
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L30 2
o L20 =
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Fig. 3 Step-wise elution profile of Dowex AG-1
(Borate) column chromatography. 14C-glucose
was eluted at the same time for identification
O---O indicates the 1!C-count profile and
®— @, the 1“C-counts profile.

Glucose

Glucose-6-P — — 5 6-phosphogluconate

8. yco.

Fructose-6-P D-ribulosg-S-P

6.
Fructose 1,6-diphosphate Nucleic acid

Alanine Lipid

u-Kf;/'
Phosphoenol pyruvate — Puruvafe =2Lactate

Malonyl-CoA
L 02« 5,
xaloacetate Acety1-CoA
a-KG
Malate Asparatate Citrate

€0z

a-ketoglutarate (7“'_>Isocitrate
€02

. Pyruvate carobxylase

. Phosphoenolpyruvate carboxykinase
. Malic enzyme

Isocitrate dehydrogenase (NAD)

. Acetyl-CoA Carboxylase

. Fructose 1,6-diphosphatase

. Glucose-6-phosphatase

8. 6-phosphogluconate dehydrogenase

NowvEWNRE

Fig. 4 Area of intermediate metabolism involving
COz as a crucial component and various CO2
fixation enzymes.
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U —v &Rzt X b, = o UC-{k
Az Cglu rFEIES vz,

Iv. # =0

CO2 (Z MR ~BEAA R (TLBE R Bk D20
f£) + 5—J5, Carbonic anhydrase D{EFIZ X b
HCOs™ Lz » TIRIB—ERBEE R L L TEHE
REBEERLY. 72 CO 37 = VBEKICE
iF B AR IRNE R D BAEEY & L TR i A
Eha®, —FHTR7T FUERERCRARKE
/L, Wb 3 LUCO: BEENTOI B Z & H
EHEHhTWSD, 2D X 512 COz i =¥
—RoXBEERCEEL, —HEFHENS
RTH22, TOEEFHERIDEIVALLT
Xz, 206k D CO:2 iR L7 78 1% “C-
bicarbonate # Fj\ 7z in vitro EBR 3% <, ¥ 1

in vivo EBR T T TITbh b Z L KL o
T, BENHBIZE L L CRRIE S .

ZZ CThivbiit carrier free ® R ¥ b v Uik
HttbAcdh 5 11CO2: VT, HADIKE
(REET) TOERE2T- 1.

HCO2: #FWERIZ & v, 14C 238 P-enolpy-
ruvate carboxykinase D RIGRICEWTHEHTE & hv
T, ST RUBEHERCBWTZDORERE
iz MC 2425 Z LAGEH S TN 3D, Zo
EERIT S v MFHIEE B W e 1CO: BEIE EBRT
Y, FNa—z~0 HCO:EEMN, 7 Full
WEOREILRVEL LEXLRATWS. bhb
Hix 1CO:z: A% D 7 v ML Hic, 1C-glu o
FEZTHLER, Zhizsz b R XUE
i35 7 FUBHEOKR, 1CO:2 BEES
nTUCglu iy, MPREHEh LD LE

B B
1CO: 1CO: nco;
2|® WEBNE
10, A AR 1COo;
H"CO: MCO2: . H"COs H"COs
Hgb-1'CO2 1"COz ——= Hgb-''CO:
%%
11C0: YR MWW | 11001 (62)
:';C?lgo HRBIL | [ % | HMCOS
gb- 2 (60~90 %)
11C-Metabolite BN ‘é)C%Elii Hgb-11C02
(1'C-glucose)
("C-ﬁr‘:a C) | 11C-glucose, 11C-urea | “C(? 10 f)].
-metabolite
2 (1*C-glucose)
ETEME Gicare )
~—H"1COx 11€0:
MPIRA [} 1CO: HMCOs LILUES
WCOz " H¥CO
1
i
T T
1 1
[ 1CO:2 = 1CO:
HCOr @ H1COr
I 1Co; = HMCOr
AL AREY
FELRE 30
B NCO: BE ®

Kig. 5 Schematic model of human 11CO2 metabolism.
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z2bh3. EkofiEic ks, 1CO: BEICHE
T 3FER%E % Fig. 4 177 L7z. RognstadPiZ,
HEL I LE I uhbo CO HEN T K vhES
AZROTELARIETHS LHREL TS, B
PN Tix oxaloacetate & oxalosuccinate D L ~X/LiZ
BiFs UCO: HEMNEZEZLATR DY, FEFHER
SERHEhTWwWiRW., L2aL Ty Minfic11CO:z [F
E&hiz UCglu 0FERFEATE Iz LiTX Y,
Bi~DzxAF—JHL LTl H 1Cglu RFfH &

NTWBHREERBETERL Aok, ZDLD

IC in vivo BT X 5 Py 1CO: FEEIZE T 2 BF
geix, Mmoo 1C-glu 0L ERET 2 LB
BddLEZZ.

—7F UC-JR#E~D UCO: EHEDL B % b < fFlig
TfTbhb. T/ b carbamoyl phosphate syn-
thetase DfE/ERIC X » 1CO2 23 NHs & Kt~
LT, carbamoyl phosphate 2ME S, RFEH A
INMIZA-TRFELERY, MLPICEHEShLE
263, 2Dk Hiz 1CO:2 i3 NHs nfiFstkE
CLEEABREEZRIZLTWS Z LARRE T,
%z T UCO: EEED R X% Fig. 5 TRL
79, Firbhbho s v—71%, 1C0:2ick3
dynamic positron emission tomography® # 47 > T
W3, HEgERICH Y, 1CO: RBIHHE % B
BT 2 VEND B, iz 11CO2 AT # o H {4
RN R KT 5 LB X bh TV %,
1CO2 | A3045342 T, M CO2 RHEEY HIEPIHEAL
FEEDIOLICETZ L b T W 39, Z0RA,
FloRR7EZE L, M UC-glu o FizF&EIC
ST, 2LKMBETHY, SERMESHBL
ERbHD. 20k H Iz ET Positron emission to-
mography DY RIC kY, = OEEKE O E EH
PR L T& e, BERERICH-T, EAL
TWBKRY b v VSRR E k& o L&
PIC B 1 2 RHBIE O BRI ZEELBTTIRTH B

21 % 11 5 (1984)

TLEBHALIZ.
V. 8 B

HCO: nHRHIENEELMET 2 HMNT, v b
BAwniz 1CO: MAERE fTo7. TR bnm
VIR LA ONITICH Y, BETHORKE
DENWFHEERES Lic. AFEORE, BRGD
HCO: %%, 7 v MuIEF D glu 3 X VRFRICEE
Shaz A sh. ZoREREICLT,
UCO: KBEEDHERK Z/ER L TEREE M /.

AWFFEL AR 58 4FEE AR FE SR BATE R FL B No.
83-12iz X - TiThhi.

ARXOBEEIZBASGEI A23H~25H, Bt TH
SN H2E A AKEF SRR TRR L.
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Summary

Incorporation of 11CO, into Glucose and Urea: Experimental Study by Using
Rat Blood which was Analyzed by Newly Developed Methods for
Positron Emitting Chemical Compounds

Norio SAKURAGAWA*.** Akira MATSUI*, Yoshiyasu KoNo*, Masataka
ARIMA**, Satoyoshi EDIRO* and Masaaki Iro***

* Department of Pediatric Neurology, National Musashi Institute for Mental Diseases
**National Center for Nervous, Mental and Muscular Diosrderes
*** National Nakano Chest Hospital

In order to clearify the 11COz dynamic meta-
bolism in vivo, we performed the experimental
studies by using rats which were exposed to 11COz2
for 5 minutes. Rats were sacrificed soon after
11CO; exposure. Blood was collected in a hepari-
nized glass contener, homogenized with 0.3 M
trichloro acetic acid on ice and separated by
centrifugation (4,000xg for 10 min) into the
clear supernatant, acid soluble (A-S) fraction, and
pellet, acid-insoluble (A-I) fraction. 1!C-content
of a part of blood was measured by well-type
scintilation counter as well as A-S and A-I
fraction. An acid-labile (A-L) fraction was esti-
mated by subtraction of A-S and A-I fraction
from the 11C-counts of the total blood and ap-
propriate half-life correction was made. A-L
fraction (H11CO3-, 11CO2, H211CO3) was 94.29
of the total blood count, A-S fraction (neutral
substance, intermediates of glycolysis), 3.99% and
A-I fraction (protein, nucleic acid etc), 1.9%

respectively. Then A-S fraction was applied to
the double column chromatography, which com-
posed of Dowex AG-1 (upper column) and Dowex
50 W x 8 (lower column). It gave the 5 differents
fractions which were identified by using 14C-
labelled compounds. Major components in the
A-S fraction was 11C-glucose (44.99) and urea
(41.4%). Furthermore, 11C-glucose was identified
by radioliquid column chromatography and
Dowex (Borate) column chromatography.

We interpret these data to suggest that 11CO2
was incorporated into urea in the liver and into
glucose in the liver and kidney. Incorporated
11C-glucose was carried out through the body,
even into the brain. We proposed the 11CO:
dynamic metabolism in human and made its
schematic presentation which probably is useful
for 11CO2 dynamic positron emission tomography.

Key words: 11CO2, CO: fixation, Glucose,
Urea.
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