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Fig. 1. Flat cell, capillary cell folder and capil-
lary

A : Flat cell

B : Capillary cell folder

C : Capillary
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SOD 5, (Superoxide dismutase ; Sigma)
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SHEL, WHKDODTTy PRIVELEFLES
) — O T SOD &4 & HAL 3 [EIHE L

*—rJ)— kK ESR, capillary, flat cell, SOD, free radical
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7=. 75 v FEIETIE (FR30ESR CoOMEF
DORIGF%), 9.2M DMPO  (5,5-Dimethyl-1-
pynoline N-oxide ; Sigma) 15ul, 2mM HPX
( Hypoxanchine ; Sigma ) 50ul, 5.5mM
DETAPAC (Diethlene triaminepenta acetic
acid ; Sigma) 35 ul, SOD 50 ul, XOD (Xanthine
oxidase ; Boehringer Manheim) 50 ul % REaE
WTERML, 75 v FEIVIZEDRM?2G 45
WO SOD {EEEZ R IE L /2. 75 v bRk
O PIE 13, power:4mW, field: 335.5
mT, sweep width: 5 mT, sweep time: 2 47,
modulation width : 0.079 mT, gain : 320, time
constant: 0.1 Fb & L7-. F+ 5 U —LTI,
9.2M DMPO 4 ul, 2mM HPX 13 ul, 5.5 mM
DETAPAC 9 ul, SOD 13 ul, XOD 13 ul #~ 4
7F 2 —T7HNTRML, EMEHS T
5 ) —% (Microcaps ; Drummond) (28I L
TN~ R 27Uy FHAONT (FIVE) T
OF x5 Y —HER—)L FE (Labotec Co.)
IZAN, BRI 6 45 #1£1C SOD &M % &
Liz. FxUES5)—5EOBESRMEL, power:
4mW, field:336.7mT, sweep width:5mT,
sweep time:2 %5, modulation width:0.079
mT, amplitude : 790, time constant : 0.3 7 & L
7. 72, HHLAZFY S5 U —BLUNNTIE
CNGHEF TNy 7759V FY 7 FIVEERD
Lo,

ZDLE, SODEHEMLEWT TV 7Dy
7> () #&HEALO SOD iEHIC L 5
v vE (1) TRLAME /D) 26, JR
BEBABEMET L7 1w LG\ E (To/
I-1) #7/vy b L THAIEZEICET 5 SOD
DEEEEMRR 2 RO 7z
2) < ALK D SOD & HlE

ddY g~ 7 A 6 VL (7~24 38 i) &AL,
T—7 VKRB TR S PRk K D~y v
WINCRILL, eIl 75y Pk LU
Fr S U—ETD D&M T SOD &tk % HlE

L7
2. v ABREM - FEREBRICST 55970
JVRIGE & DOFHRY

ddy 7 B HE~ 7 A% F v T 2 — )L THREE
L, RENRZICEIE LA B AL B F = Ui L,
EB® - BilkE 7 57 T 45 S, 30
SrFITER L (I - FRERES), AV /o—
7L L TCpH 74 V) VEEREETR ISR L 72 270
mM @ C-PROXYL (3—-Carbamoyl-proxyl) %
0.1 ml/10 g body weight B# k2 65 5L,
1,9, 15, 30, 45 7521 T— 7 )UREE FCHELE &
FTFREIRD SN VERINTERML, HR
IZ, 79y POWERBLUF ¥ ES Y T
V=S UMV EREL . 7t¥s, sham BEIZD
Wi, EEWMEORE YT 5DATE
i - FHERE T RO FAER L. 75 v
FEIVETIE, 56N /-40m 180 wl 12 1 mM
WAV T A 20ul Az B < B
#%, 75 v FEIVICHs| 4 ESR CHIE L
oo FSU—ETE, £Mm27uli2 1mM
BV VEERY T A3l N2 B
%, Fr TV —ICeMiEEMERRL TANN
T TPzt ESR CHIE L7z, Wl e 4%
REIC 212318 (n=3) %A L 7.
3. SOD iEMHMIEIC 3515 % coefficient variation
(CV) i
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X MBI R%X 0.985, F -+ V'5 U —ikTliE 0.993
L & A RO HIBY AR IR MG D7
(Fig. 2A). Fx U5V —&kiZ7 5 v Mk
IZHENERERROE E B 1/2 L RERS S
DD SOD iHME% T EEICHIETE ST
EMREINT. o, WREIEROMEBIIL 0.978
(p<0.0001) +&E< (Fig. 2B), F+x V51U —
ENT7Zy FIVEIC D 5 T SOD &M% IE
MEICHIETE 5 2 L RSN,
2) WHEIEEEIC & 5~ A D SOD i o
FHES

< AMBPED SOD &ML 75 v Pk d
Fr S UK THEL, MEIEEIC X 5HE
BRIz FOFER, Fig. 3ITRINAT &<
y=0.156+0.236x DR TERIN, AEICH
WHEBE (R=0.713, p<0.0031) #H7=. k-
T, FrUES U=k TS5y FVEkRETS
BN Z & » Tx w7 AIMEKR D SOD & M: 7% H)
ECTEDL T LMWL N/
2. =y AEEM - FERERICKT LU0
JVBIE & = DOMEE

<~ ALE M - FEREK D ESRIZ K% A
Yy a—7 Oy 7 F U Fig. 4A 1R S
N EL, 1~95TEABITIETL, 15 5%
T <D EETL, TYVAIVORRHIHER D
RENT. TS5y bRV, FrETU—fkE
LICFARREHERERL, TNOOREIT T Iy
FVEREETH 72, LrL, 75y
VL F 2 ©5 ) —EEIC X S RRHIRIEE O AR
Bi3, Fig. 4BICRES Ny 57D L y=
12.873+0.420x, HHBIFRE R=0.981 & &\ 4
BlarL, FxET5 ) &IV 7T v
YIVERIGR, R - FRHEWRIC &> TRAETH7
V=S VIDVOREDRRETH S Z LRSI N
7.

INHORERIY, ~v7 AR OYIBID &
@ sham FEIC W T ARICRED B4, mHlE
%13 y=13.851 + 0.412x DEIR CTHBIERHR
=0.951 L EWHEBI AR L 7.
3. SOD &M RIEIC I 5 CV O Hiig

6

-

Signal Intensity (Xo/I-1)

o Plat Cell y=0.106x-0075 R=0.985
S PGl Con y=0057x+0.031 R=0.9%

20 30 40 50
SOD Concentration ( Units )

0 10

Signal Intensity (To/ I-1) using Capillary Cell

y=0113 +0544x R=10.978 p <0.0001

-1 0 1 2 3 4 5
Signal Intensity (Io/I-1) using Flat Cell

Fig. 2. Standard curves of SOD using the flat
cell method or capillary cell method and their
correlation coefficient

To : Signal intensity at 0 units of SOD. I : Signal
intensity at each unit of SOD.

For details, see Methods and Materials.

A : Standard curves of SOD using flat cell or
capillary cell

Data are presented as mean = SD for 3 meas-
urements at each point.

B : Correlation coefficient between the standard
curves by flat cell method and capillary cell
method.

75y FEIVEET 25 B LT 10 Hfzo SOD
EHEZ R SEMIEL /- EDCVIX7.04 15 &
U06.32%Th-7/z. ALL, FrEE5 1 —k
T8I LU 4 BArd SOD 1% 4 % 8 [ailE L
7oL EDOCVIE1034B L U732% Th -
7o, MWlER & 12 SOD G HALOE W2
CV fEid @iz L7z, mMlllEsE & & KR
TCEE L THEHT 511457 CV Th - 7.
4, 759 FEVEBSIUFYES U —EDOR
[y
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0.6

Signal Intensity using Capillary Cell

y =0.156 + 0.236 x R =0.713, p=0.0031

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
Signal Intensity using Flat Cell

Fig. 3. Correlation coefficient between mice
blood SOD activities by flat cell method and
capillary cell method

For details, see Methods and Materials.

TSy FEVEBLUTFF S —ETOH
HAIC B 5 g% Table ICRR L 72, 4E
A L7- ESR (FR30;JEOL) I35 75 v
FVETORAD KRS Y AOVRIERET
180 ul (#8&200ul), Fx b5 —ETIE 27
ul (& 30ul) &75 v FEIVEETIEHKT RS
OWEREZNE L L7, SOD HIERIC I\ T
L, TNEN50ul (FeE200ul) & 134l (&
B52ul) L75 v FRIVETIEM A EOBK
BHANETHY, T+ U5 )~k TS R
REOYIEATEI/. TORERE, MEOBKE
L 28570 WELE IR/ NEY T ORIE IC B 4%
Thh.

BARREREL, 5 YAVl W»TY
F v P IVETH S o /k, F+E5 U —k
T35 /BifkE 75y FRIVETIE LT Ol
fMiZ#ZL 7=. SODHEHHEIEICHWTiE, 64
E 45T LS ORI AEL /2. Z ORIERERH
ZORRKDFERIZT S v FIVEICERIT 5L
OWEICHH. Fig. LICRLZC &L, Bl%
ANBT7F5y FEIVEES 0.2mm () O
NIV TH D EEICFR—D» 5. BRICIR
75 ERRE A T S A BE T, ROBIE
IR, BIRIEDRAZ < 7od+ 0 7t n
ETHAH. CHNICHLFr T —EETIEE
BES LICFY S =3 ETTH D, %
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=
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o— Capillary Celi

13
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Time after Injection of C-PROXYL ( min.)
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Signal Intensity using Capillary Cell

y=12.873 + 0420x R =0981
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Fig. 4. Decrease in signal intensity measured
by ESR using flat cell or capillary cell in blood
of ischemia-reperfusion mice after injection of
C-PROXYL and their correlation coefficients.
For details, see Methods and Materials.

A : Decrease in signal intensity measured by
ESR using flat cell or capillary cell in blood of
ischemia-reperfusion mice after injection of C-
PROXYL

Data are presented as mean = SD for 3 meas-
urements at each point.

B : Correlation coeflicient between signal inten-
sity measured by ESR using flat cell and capil-
lary cell

OB e SEORAIT L v, ToOHl
ERFR O ZTBAEBOBEINC WK &7 5D
T, SROREHERICIITFE L5, £,
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BEChH5b.

I E L T SOD DO EEHEdh Fi O FHBI R AT~
Sy bvIVBIUOFA S U —H & H1T0.99
EEWHBE AR L, MEEE & b1 SOD iEMH:
TEIC @ WEEE RO 7.
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Table. Comparison of the Properties between Flat Cell and Capillary Cell

Flat cell |Capillary cell| Ratio
method Method | FlatCapiliary)
Sample Radical 180 &1 27 11 7 times
volume [ gy 50 ul 13yl | 4times
Time Radical 5 min 3 min 1.7 times
(min) SOD 6 min 4min__| L5 times
Correlation coefficient
of SOD standard curve 0.99 0.99 Equal
CV (%) 6.68 8.83 Low
Sensitivity ~ .
( SOD activity) 2~5 1 2~5 times
. . Complication| Easiness
Easiness of operation (cell-aashing) (throw-away)
i Necessary R T
Technique of training Simplicity

CViZowTi, 75 v FEIVEETE6.68%
(25, 10 B iz © SOD T 7.04, 6.32 % O F #
), F+E5 VU —kT883% (8, 4H LD
SOD ¢ 10.34, 7.32% O F¥fi) & 75 v bt
WEDTTH CV K ITES & OEF D7\
ZEDBRIN/. LaL, FrETU—EICE
% 8.83% LR UM HRIC BT 58,
HEOCV L LT+ EEEDS TS CV T
%Ot.

REFEIZ DO \W T RIE LM O amplitude & DES
A H D IEREICITEH TER V2, SOD G
AL 75y P EVEDTBF x5 Y —ik
IZHAH 2~5 fFRREE Ao b,

BAEEORMBEICOWTIE, 75y FRIVET
75y FLAE < fIRWGIZIRTHR D #oo iz
L, OEMTH 57O PNTHEE DD
BETHolo. £, 7Ty FIVETIH G
TEDEMETH L7200, RELRME TS L84
IZR WA 4 5. HHIC S OBRAHIE
T IHES L ICEERRA 22575 v b
TIVEIZHL, BAWOENDI\WT A ATR—
YT NVDOF U5 —ERBEECTH - 72

% £

7 U =5 VIV RAEIREE L, Rtk OB,
RehE, RIEL EHE 4« OBEB ORI~ Lig 5
TWAT EnD, EEICHET LT =59
WHERIEST A EDPTEEINTWS. ESR T
COFGOMDTENT V=5V EHET
LME—DOSMFERCHS. £ T, FH LM~
DM BT H7 Ty FEIVEICRD - T
VEOBERICBWTHHEEIC TV =5V LD
HENTELF S Y LTS A0,
HROT Sy PEIELFYES U —RICBIT
Lk, WIEE OB, e Rk,
CV, RE, HFEORMEEL Y L
2. TOF YT Y —FEIC OV TR
B 5 b DOFFRII 7T IS4 5 E MR
DT Zy Pk E DRI OW T 4 il
T,

% 2 CABIZE Tt ESR % AW TOHRIE Tl
LFEOFHNA—N—FFY A F T F V=R
¥{b9 % SOD DG JIE & i A R M, of
M, ~r7n7 7=Vl CTEAINS NO
a5 VNIVOBEIEICE T, {ERO7 5y
FEVEEFY S —EOWSTHEL, &K
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itk E, WAlEEOMER, WERR, CV,
JREE, PRF ORI S 2 & gt L7

Wefk &N 1/7~1/4 L ETHETEA &
¥, BAEPHEEOBE THHEIE TE HlBIAN
%. %7z, SOD, XOD 7z ¥ OEFE LS VNIV
H%E T4 5 DMPO, C-PROXYL 7% ¥ @
F v V7 FNL NGl Th 5720,
REPVETHETEE LT+ U5 U —EI3 8%
MNTH5.

SOD # &R O MBI M HIE L & $12 0.99 &
B, B OHBEIEEROMR L 0.978 L&\,
BRI - FER CRAET S5 YV VEIBIC B
T AT AIEER T 0.981 & @ \WHIB AR L
7ol &G, BADOTVIIVHIEICEWTFy
VS5 =375y M IVEE L RBRICHER T E
BH T EDRINT.

HEREICBI L <Tid, 1EOBETIE1/1.5
~1/1.7 DEFETH 5D, WAEBEED 556
13 1EC & DOEMEREERREH AL E S HEL
TREMZEL, REENE>ES 55V
HREICE > TERGZMETH->72. LrL,
FrtT ) —ETEREZS LOFVETTH
0, WEHRRISTETH S & & LICHIRADR
ADENB TN 1D, %L O¥fk% IETEDP
ORBICHETE 5. WEMOEE (CV) I
DWTIE, Fr S5 —EOHPETRELNE
B34 55, BREEL L o Esns
HHETH . 7ok, FEIL, RL TRV,
MEZRIC L HMEBOEE LED SN B D
T, —HOBEIEICE L Tl E—BIE & 5 F i
5T EDFEL .

75y FVid, JBE 2mm &< BRG]
RRC B W TRIEP A D 23 il EOE2EICD
DR\, HEIT, SOD RIED kST 45 F
MITHWENICEy M+ 5550 AET 5.

LIk, ESR TO in vitro O 2 F1 )L RIEICEE
LT FrUE5U—Edekorsy Fvdk
IZHAN, BE, CVRETHEZLIDODT7 5 v b
VgL OHBELEL, o7y Pk
D iR CHEIENICESICHIEEETH D, KK
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Simplified Measurement of Free Radicals with ESR Using Disposable Capillary
Cell Method : Comparison with the Conventional Method Using Flat Cell

Youko H. ITon!, Takafumi MizuNo?, Arizumi KIKUCHI3,
Tsuneo ISHIGUCHI!, Yoshio AYAKAWA!

LDepartment of Radiology, Aichi Medical University
Nagakute-cho, Aichi-gun, Aichi 480-1195
2Department of Medical Electronics, Suzuka University of Medical Sciences
3Daiyukai Hospital

Currently, the only analytical means for measuring the very short life of free radicals is ESR. An
easier method for measuring the free radicals which cause disease is anticipated. The conventional
ESR measuring technique using the flat cell is complicated, and specific training is required.

We propose a capillary cell method for use with a smaller sample. We feel that it is easier to use
than the conventional flat cell method. When we used this method, the sample volume was 1/4-1/7,
and the measuring time was shortened to about half. The correlation coefficient was 0.99, sensitivity
was lowered to 1/2-1/5, and the technique was much simpler than the conventional method. The
capillary method is therefore useful for measuring a small sample quickly and very economically.
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