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Measurement of Radical in Irradiated
Experimental Tumor : Direct Detection of Ascorbate
Radical in Mice Using ESR

Hiroyoshi Isoda”, Kiyoshi Akagi', Takeo Hasegawa®,
Yoshimasa Tanaka", Shigeru Sakata® and Masato Ikeda”

We measured ascorbate radical (AR) produced by the
reaction of ascorbic acid (Asc) with hydroxyl radical ( + OH)
or superoxide (Oz) after irradiation in normal muscle and SCC-
VII tumor of C3H/He mice. AR can be measured using electron
spin resonance (ESR) equipment and the dialysis method. The
tube for collecting AR was inserted such that the dialysis
membrane was in contact with the normal thigh or the center of
the tumor lesion. The AR in the interstitial fluid around the
membrane was collected through the dialysis membrane. After
irradiation with 10 Gy, AR increased in both the normal muscle
and tumor tissue ; the percent increase was 53.1% for normal
muscle tissue and 33.8% for tumor tissue. The maximum
percent increases in AR in the normal muscle and the tumor
tissue were 11.7 and 9.5% for 2.5 Gy, 28.5 and 18.5% for 5
Gy, 53.1 and 33.8% for 10 Gy, and 88.5 and 44.8% for 15 Gy,
respectively. The amount of AR increased to maximums of
144.3% and 160.1% after treatment with H:0: and FeCl,
respectively, while it decreased to minimums of 65.3% and
81.3% after treatment with superoxide dismutase (SOD) and
catalase, respectively. These results suggest that the amount
of + OH and O: is reflected in the amount of AR production.
This method is useful for the following reasons. First, no special
treatment, such as freezing of the samples, and no
administration of noxious agents are necessary. Second,
irradiation using a dose of only several Gy shows an increase in
the production of AR. Third, this method is less invasive. In this
method, it is possible to estimate the amount of + OH and O:
produced by irradiation.

Research Code No. : 401.1

Key words : Ascorbate radical, Irradiation, ESR

Received Mar. 1, 1994 ; revision accepted Sep. 21, 1994

1) Department of Radiology, Kansai Medical University

2) The Suzuka University of Medical Science and Technology

3) Kanzakigawa Laboratory, Shionogi Research Laboratories,
Shionogi and Co., Ltd.

NIPPON ACTA RADIOLOGICA 1995 ; 55 : 769-773

# =

BOSHEEESHC X W EENICAE LS - OH, O, KAET
% Dfree radical D%y < AIFULHEDT <, 1072- 100 & 45
WTHH, FOLOEFENLZHEIIRNETH 2. 1k
l%, methionine$MWH & T VAN EDFHZ LY E L
ethyleneX D A& 2 WwE T 5 HED ¥, BB & RAGIZIR
L, #FO:E8%HIELT, VD VOFERGERL
THIETAHED 9, AEY b v THZERWT, WL
ERTIHNEUET B HEEET, L free radical &
2T HHESRE SN TELID, Likl, SN
TORER, EEFERNHETIE, radical BT 512135
KGy» WL TH ), methioninell & 5581, - OH7ZIFT
WL, BeDEBVTFTITANMCIVBEENRT
ehylene % 4 U 25, JFRMEAMR® 7 HHllE IR (R H
0, RIZHAFNDradical lIEHEAHEL L TV \WODHUIRT
H5b.

FZ ThNbIIIITTREENHFET AT AINVE VBR
(Asc) VT, BEHBRERNIZET S - OHRO & UG L
HU7TAINVE VBT S HIV(AR) RHIET 2 2 & 234
fz. COARBIMFEP TIIEFRTHEFAE VABEE
(Electron Spin Resonance . LLFESR) CHIETHETH V),
KEREE T —AMRETH L EHE S TWEY., Keko
B\ free radical DS D 7 A )V LR & FUG L7-RESR,
2 RENZAER S N/ARZIUER L, ESRTHlEEY 5 Z &L TH
5144 U fzradical ELEAIE CTE 5. TOHBEEZHWTHR
FHEOIEE DS & OVEHHEECOARENEDESR, B
DO ARA R ELOREIFAIZALE L UIBSHRE1C X A AR
BOERIZOWTIRE L7z, E72ARIC X Bradical fll5E 75,
BEEHC X D A U eradical Tdh A Z L R AT A7:0, FU7
WV B % i 4 % 3 #) T3 % H202, FeClz, superoxide
dismutase (LI FS0D), catalase % F\V>"TARAE i O HE i 12
DWTHIREF L 72,

KBRMEBLULE
1. EREMS L VES

43



770 ESREHWET ALY PHES VH IV ERO#IR

EERNESS &, C3H/He~ ™ A {H 6 G © i FEERE)Y
(¥) | BB B2 SCC-VIIE FiV 72, SCC-VIRES; R I
BRSO b O THE TEBMTHA STV 5. SCC-VIES;
IIEGR A MCE D & D IBR L, ) BRI (PBS) NG
)L CH M LT 5. 2 OB %5-8 x 10°
{#/0.05mUZFHEE L, e~ A4 KBEREE T120.05mliE:
ABR L7z, FEBRIIEREA 8+ ImmiZR LD D%
Jii LAYAN
2. RUFHRRS A&

OCoyil &M L, SSDIX55cm™T, 2.5 — 15Gy % i@
1.6Gy/minlZ CHESF L7, IR Ahilikds X OREEHED 2 (3B
¥ 2 x 2em TORPTIRS 217 - 7-.

3. AR H &

Fig. l2 7 Y IV OillEE 2wy, & (R S6mm, PiE
0.2mm) DFj¥EI2F 2. — 7 (#44%0.15mm, PI1%0.075mm) %%
BLI 1 ROBNF 2—TEERL, SWEOHT %<
A DR RBRER IS X OKBRIZFBHE L 72 FEBRIE LR o) B 5T
MLOHRIIHIA Lz, ) 7 V(K *4mM, Na*147mM,
Ca**3.1lmM, Cl-157.2mM) 2 ERA AL DE#R L, g
FT5. 20N Y FVETF 2—TH% 1ul/minDiiET
HEDE L, BHTEE % A L T2 0 E OB 5 BE
FOARE F 2 — 7PNINUET B, HERTLE 1550, FHsSul
FEMEICHELL. COARDIEIIERTTTo7:. %
7o, BREIRES XU TVIER, < AXEIEREICT
MUz Bl L, MEREFTICTITo 7.

4, ESREEH L UARBDBITESZE

ESRE{E (X HAETAH R (OES-REIX) % L7z, #lEs
ffiZx band 9.5GHZ, microwave power = 20mW, Modula-
tion Width = 0.1mT 4T o572, ARDgfi£2.0054, hfcit1.70
gaussTH 5%, ARDFHIME % BT ABICiE~ v 7 v

(Mn)~=—H %L L L7,
5. AREOBIE

Fa - 7THIARER | FFHE L D AROIUEZ BIG L 72, &
WEEEH AT TFTOEB I TR L7,

(1) IEE4E#E S & VIEEERS TOARDERBNDERICOWNT

IR AR & L CRESREHEERAT o BUGHE 45 KHRER % H
W7z, NEBHHARE I E S RS mm O HL U, 2 T 3-4mm D&
frcifllsE L7z,

(2)BEHIREIC L DARDERE & L UEREDFIFAVE(L
I2DWT

ARDWUEIXF 2 —7THIA, EERE, 155 L4717,
TSR 3 [, 45570 2 FERS OXBEREL L, RiZ2.5, 5,
10, 15Gy% &L, FE&Fd (1 ) B X OHEEHR150Z L 12
i 6 [, 904, ARZIUEL 7=,

(8) * OH, O B #HEH & € 2HEHITH BH202, FeCle,
SOD, catalase(® 54 AARDERBROT(LIZDNT

Fig. 21240l D EER - B D 3 B G IERR TR & Asc & DG
BLOTERBEEH S O4K, HEROIGRERT. B
HIZEDAEK SN - OH, OridkEI&hERIES, —&
fWE, AEEANOHNRE, BFEHCEDE DT
VIS ZEFRI T, ARIZAscE DEFBEIFUGIC L AL
A1, 10 02, FeCliZMA % &, Fenton[BASE A « OH
AT 2203t L, SODEMR 5 E, Or DAL
BOBIZ & DO i3 L, catalase® Mz 5 &, AL F 57—
RSO 72 HH0203 300 LIERAGIZ - OHARILZIRA T 2
tEZLNS.

AFEREE LT, SHIMIRTIZIST 12 3 [, 459°FAR
2ETH, F0OH - OHZ NS ¥ 2 3H| & L TH20:(0.3
%, 10pl), FeCl(2mM, 10ul)%, - OH, Or %R 34
% 3EH| & L TSOD (350unit), catalase (450unit) @ FLZi

(A)
Irradiation
Ringer Solution a
1l / min.
/\ﬂ/ 2 Tumor
MICRO- ‘j Z/Q/\
INJECTION —
PUMP / )
o _,
XXX XXX
/ XXX XXX \
XXX XXX
- XXX XXX 200um
Dialysis Memb\ran Tumor

Samp]e

(B)

NN Dialysis |
Drug injection tube lalyslaMemibrane

Hz0z \ R
P

FeClz 6mm

catalase ) KKK K ><;'i

SCD KKK XXX

- OO XX X
MK KX X X %0
200pm

Tumor

Fig.1(A) A Scheme of Method for Collection of AR

Fig.1(B) A Scheme of Method for Infusing of Agents (Hz02 0.3%, 10ul ; FeCla 2mM, 10g! ; SOD 350 unit ; catalase 450 unit)
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