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—in vivo electron spin resonance (ESR) #:1Z & AWf5e—
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EE%‘~17

A LE
FEH

TEEBRYEMAEEFTREBHELHEE RANBRSHERA TR R
St ERBEREMRL AU RS REGBRTERER R RRER KRR R

F L &I

EEMELTIILDETET U=V AIPBE
COFRBICBEEL TWAHBZ EIZHL T, AL B
DLABIZNTWAIY . BT, fBOREERIZHEN
THROMEBENEL, ATFa—VT I VAR
SRR O & > kBRI N T VWHELEE
Ca'L, o, EEBEORETHEN T 58k
BELSFHETLBETHSH. TODOMTILE
HEBENREL LT, TNICLABEEEXZT
L. FREREROEBTIE, F2E, BKim
EOREIM - FERES, —FVYVIKE, T
YNA =/, TADPAREREICTY -5
AV > TWB EEZ BN THNAEDD,

TAPARIEDERICHITADPAELE R
VCOBRHRBIAEL TN TELR, PMREOT
APABECHTADPAEL EHICEXIVE
G55 & TADARIEOMHIZI R 58 < Bl
N WOHEIRL, BRMEYVAFXVTHE
FIVEIREIDHEINTZEVWIBMEONRD
L. InbE, EZIVORBMEERICKD,
ERBBERIN/IZLDEEZLNTWA.
2 IV C(Vit-C) 1%, KEEDOHMLFITH

508, v& 3 E (VIt-E) 13, JRBHOHEE
fLF &L TESAMBNTNBENIO, fFX )y
(ID) &, */ VROEEBLOEY T, SV
JVIBE(ER 2R 310~ —fic, FuB kA
in vitro R T, EUBRLEEOTI—5IA
WEBRILL THET 55, LA £ EE
ELURBEIT, FDinvivo R TORLETIE
BANOEEIHEL LTI R, b L, HEMbLA
ERG INTERDORITRE BUBLEE) icow
TOBHRPELNNT, O LD EBICKT
BPEBRACRIORFRS R A T+ 5 —B & 70 5.
LB, FIBLRIDEARD SV HIVRTCEES
WY AT ERHLITENT, i LRI T
U —Z VA IVEEERBEEANDIGHE BRI N
5.

TFEF AL 4HE (electron spin resonance ;
ESR) 37 V=SV WNVORKETF # EHE
BHITE AHE—DHETHAH. SHIC, ESR
BT, ROFIKFEETHT7U—5 V=
BEECEIRPICHH TE 5. £ 2T, £H4AT
D7V —=FVAINVOEE T BRI TEET 5
invivo ESREBENHFEI N, BEAOLAD
HADNTWBW~O . BWAED in vivo ESR %

*—"J— K invivo ESR, antioxidants, rat, Tempol
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BT, BT v b OBEMROAEAEGRFHEIL
BRETH H0, BRETEERNTRELTU—
SVUNNVEBRHTESETITIZEL TOxW.
Z I T, W EETH B, EENTRIS
NHETV—SVNVTHAZTEFVFSIVA
WA ERICHES L, @ vivo ESR EE % FH\WT
ZOEEREADOSEBEL, 7UV—5Vh
U & A ARBERE & DBEE % RT3 A BT ED &
NTELIDE), 9225y MIZEE LI
FAFVFSVAIVEFEIL /2R TIE, 2D
ESR § 5 = R HICEEI T % & F B ME O
Bl 2 % 52 DR REIC S U CEARAICHEAD L
7. £TT, ZOBEMBOEZ > BEHASRRD
HNFIAN2) L Z Dk ST L TR D 7R
XU ART vy PO FAFY RS VNIVET
RRERBRL Ckh, ZraFV FSVAVET
=& U CHEROMLETTHRE R T35
L IRTTBEIC 75 » 72192225 | e 2 [T DO BF 52
T, REDREEOYIMALH GEHEDH 100
&) ZHorLORAOKEIN/S5 Y P Tk
C DIRTCEEMDIED B NI T LB L 722,
AEFFTD BRI, FEHBEOTMB A OROH
SRED S Y AIVEITGRRICHE Y RIT T L
IPERLPICTHT ETHSH. 2T, EH
BOPIB LA Z B OER SR 57201 ikt (B
#/) I VItE, Vit-C iZ ID 2L TS v
Fr—EHEHEEL, ChHOBMIc=tad
VRS VNNVEREL Tin vivo ESR 51l % 1T
W, ZOFFHIAE RO T, BEERTHE LX)
WRREDNI & gt L /-,

= BR

1. EBEY & Vit-E, ID Wit Vit-C D51k
ERBWICIIY 4 AX—REEKES v b (o=
24) BV ETEWE, NBHFE (n=9),
VitE# (n=5), ID# (n=5), £L CTVit-C
 (n=5) O4AFITH Tz, RBFICIT 138

fE CIEEARYBHEBEEI /.. VItE BEDOE)
WIZFEAEZEOELXIIVEZTERT A LD
TR -k (VIitE &) 252 C, 11 8E»
H13EKME TO2HEMMAE L. IDFFIX

IDOEMEICHLT2ELXERT S L 51CH
L 7-fet (ID &) TRRIC 2 BREME L 7-.
Vit-C#iZ, EHEOLY X IV CHENTS L
DICTHEL -k (VitC &) TI3HEEBET
D 2AM, F\ELKL.

BERAI, ik 1lkgH4/cn 510D VitE X
25mgDVitCE&F L CT\wiz. VitE &I
X, e FrOEARICHEY T 5 40010 /day
VitE # By DR TE 5 L D ICAEHRE CIE
ERICVE-E Z%ML, @R 1kg Y4/ 100
IUDVItEx# &L L 5ICHAE L. IDAI
%, b FERAEICHY % 100 mg/day © ID
BT 5 KO WCBEEAICID ML, fK
1kg X470 25mg O ID #&dr L 5T L 7-.
Vit-C &£I12id, b FEMED 1,200 mg/day O
BRACHY T2 k51, fk1kg %4720 300
mg O Vit-C # &L L D ICHEL /-

2. ESR &l

13 BEORF ST, #XTD5 v b% ESRE
BNl 7. AR CTHW/A-ESREZERE & 20D
BT, BLUOHERSE Ob—TF v v THIE
g N4l mm, #E 10mm) OFEMIT, BE
WD LB THBHH, FF, KEEOZ
0¥y F S YA INVTH 5 4-hydroxy-2,2,6,6-
tetramethylpiperidine-1-oxyl (Tempol) %,
ABEAEEKICOBMOEBECEMBEL 2. K
2, Ty PRV Ve X — VKRR (50
mg/kg, i.p.) #IT\, TOIFEH % HIFI]AIC
WMAL, ChEZESREEICEEL /- (Fig.
1). TO5 vy i< Tempol B % 66.7 umol/
kg (1.33ml/kg) ODHAETCE#EIR,»OHEL
7z.

FlEEBR T, #E5EHKD S Tempol HRD
3AMMOESR EHEABZE I N/, Fig. 210R

200045 8 8 HZ¥ 200049 A 5 HEET

BIRIEERTE T963-0201 fBEREBILTABITIFRIES 11 $H4 » FBeRER BAER
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Fig. 1. The rat was anesthetized ; its head was
positioned in the resonator and was set in the
ESR system.

T L2510, 2B TCERSMN»OM=+1,M
=0, M= -1~ E@ERFIL TV ARICH, M
=0, M= -1t — 7 BIEEHEEL T\ 7.
CNHEDIEKBOEFDIH, M=0DEFEZK
SiEVit-C oFERZIFe T, M=-185
OHIBRIBREOFELYRIZTLTVOT, M
=+1 OFS B EBINCEIIT A L & L7,
B ORS ORFIRIL, AFFEAEE U TR

M=+1
T_——

Ipp

|

Tehots. TOLDIC, KMETHE, TD3
KFOEZDS LEREH M=+1) OF%
DAEAEEVEL ZAF+ /L, BE5HE (Ipp)
OB EREFNCEBIL 72. COREBIRREBIC
BEL, W35 T/ AAVNVICETIETL
7o, HNTC, 5 MERT, FAED Tempol z
=5 @K ERE L, Tempol DFEDI-TICH
BOFREFT- 7o,

=] %

1. FEHIOFH

B2z X N7z Tempol ® ESR 513, WD
BBy L BITEE L. BEHREOEE AR
EEEICR LTI By A L ERBERAED
N=DT, TOEFOMEE D LFEHMZRD
7-. WEEEOEW T, Tempol DFIEEEE-D
M O YL 50 B T - 7. Tempol
OWET X, FRRIC L CREHIZ RO 7.

2. FHEHIOHER

TR TOBYWETOFEH % Table IR L

M=0 M=-1

Fig. 2. An in vivo ESR spectrum of Tempol from the rat head

The measurement conditions were as follows : microwave frequency,
700 MHz ; microwave power, 10 mW ; scanning time, 2 min/10 mT ;
field modulation, 100 kHz ; modulation width, 0.2 mT.
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Table. Changes of Half-life after Repeated Injections of Tempol

half-life (s)

Group n

1st 2nd 3rd 4th 5th
Control 9 50.1+1.3 54.3+1.4 58.9+1.8' 61.5+£1.7' 64.1+1.8"
Vit-E 5 50.8+1.2 51.1+1.8 49.1+2.5* 50.1+£1.3%* 53.5+1.8*
ID 5 50.4+1.9 54.0+4.1 53.1+3.5 54.0+3.5% 55.4+3.1*
Vit-C 5 39.8+2.1%* 43.8+2.5%* 48.2+1.7** 46.5+1.7*%* 48.4£2.7%*

Five doses of Tempol were given iv at 5 min interval. Note the significant shortening of the half-life (* p<0.05;
** p<0.01, unpaired #test) compared to the corresponding value for controls and significant increase ('* p<
0.01) compared to the first value in the controls. Values are means + SEM. See the Fig. 3 for the tendency.

7=. Tempol D) [E GRFIZIL, RREE L Vit-
E#, IDEHONXBEIHICAEEILRL, Wih
THLHH0R TH -7, —F, Vit-CEHETIEH
408 THD, MREICH L AREICEWFEL
L7z (p<0.01, unpaired #test). Tempol
T REEE LI5S, SRETIEEER O
IMZFEWFEHIIEH 5 L D S FEICLER

0r

L7z. VitE#, IDB T, FRHPoOHts
WICABRERIZRD N - 7. Vit-C B
OFFHNT 2B LELHICHBRELIDEY
fEx7=L (p<0.01), REH#GIZLHEELILE
ELFDONZ - 7. BEETOFRBIHIOFY
O % Fig. 3 1TRY.

)
@
~ 60
()]
-
— 50
Gy
=
= 40}
1st 2nd

3rd 4th 5th

Injections of Tempol

Fig. 3. The changes of the half-life after repeated injections of Tempol

Five doses of Tempol were given iv at 5 min interval. After repeated in-
jections of Tempol, the control group (O) showed a gradual increase
in the half-life compared to the first value. On the contrary, Vit-E group
(C]) and ID group () showed no increase. The half-lives of Vit-C

group (A)
group. Values are means + SEM.
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ABFFECiE, Tempol %5 v M5 L, %
DIEFIRE OWE % in vivo ESR BT & - TE
FFEIC BRI L /2. ABFge CEIEIE 7z Tempol
D ESR f5 5 OB, HB5HEDORERITH L
TEMANCED LD T, ZOBEROBEEH»H
KPR RO, CNIEROFE L L —F
L Tyage1n~25)

AERIERA B EEE L, 7U—5 Y
VI & BB EPGH b EF > T\ 5.
FIZIEA—N—FFV FVALZ—F, Vit-C
2 Vit-E 72 £ O 5V OV RE SRR L EIC &
5T VIIVEERESL 7V - VAT E > T
GERZ T EEEBEE  FETARELRE T
5. IHIT, ERICITEFEESBD, Thb
DOEELE—ZIRE S LT 5NHE TV 5.

Tempol DL > 7=t BFY FS VAT,
RN THECPICELIN T FEFVILT
SVIERY, FOEHMEERSMWD. o
FUNVTIVEEPOHMEIN B2, Tempol
ZDLDBE» HLER S NRFP T FaFy )L
TIVICELINS. L»LBE, Tempol 2
EFBEFVIVT I VOB L OPMICITN 6
REAEZES L. DI, AFFETRD
Tempol DFFHHC KB N TWHDIE, £&
L THAERN O Tempol %70 L CTHEREM 7 &
®HHEN, ThDLETETHSHLEELZ DN
A. Zhik, Tempol & &R OHELHE &
DEHERIE - AEONRGBERE - £EROEFEMZ
27 b O @I L 1AM OBREITREEN T
H5H. L1ch-T, TDE>IIZL T Tempol D
FRHEAORE A B 5 Z &, AEOETHE
DRENEHE T L THBEVWE S, KB
ZECTHE I N/ ESR FHEEL, HIERHNO
Tempol &1Z B4 %A, Tempol i3 I 3% 4B
I @@ TER W20, ThidELLT
F v FOBEFTOMENZIEERL T\ % Tempol
BEXRBL TWAEEZ BN,

REEECIE, Tempol OF5-[EIH OHE I HE

WHEBEEE SR LD AERICERL /-
(Table). THEMRT BT, BB L 72EME
DEFHOBEYZEETLILELDS. BEFEKE
i1, EGEHOBLETRICOVWTHH DALY,
SUNVBECRIGEL TWbEE2bN5. &
BAIZ, SVNNVBRELEE, ExOit
BILIGICE D SV IVBHEEI N TEELSE
5. ZO, DHREOKMEMIT, Inb
DEALETTHERE S T ORBBICR 5 D P EF T
H5. KB CiE, Tempol L XN/ v
M, COEGABLETRE G > CGRIGRIG
L, Tempol Z{HEL7Z. WBREDT v
tClid, ®EHSEICIE Tempol #1HET AHE
NE+5Hh->TEDH, THICRHLTEL. L
»L, 55 HRECHED Tempol % KEH 5
n5E, EENETWEITEEIN, E-&H
B TORLRIIS SETEESETOLVAR
WVIZETREEYS, KEHES Sz Tempol
HAEICIIUE TE 7 Ino 727201, 54T
frCTHREAZEND & FFHROIERPE > 72 &
Ez26Nn5. Zhid, Tempol DREHEIC &
D, WBFETIE, EENETHEOBEE - Hit
HEURIGEOET, EFEEOREEL Y OBRE
BRI PE T L2 & RRLTWA. Tinb
B, WBREEOT v b TlRAEMKNETHES Tem-
POl DXBEHEIC L > TERLIZZEEZRLT
\W%. Tempol # 1 B 5 L7255 v FIZHL,
BHICEERSERY T2 L, TOFEHMIT
CR> TWA (RAET—X) Tepb, Z0
EZ2HRIFELTHLEEbNS.

VitCHTOEE SO, Table &
Fig. 3ICi# L &>, MBHLVLEICE
BICE - o BB EVE WD T i,
FAED Vit-C DB EIZ L 5> TS5 v + D Tempol
ISR ARITAEPHBHLD bEOON/LT L
TR L TWA.

kL, Vit-E#E & ID 3 Cld, Tempol
OFNEFGREOIFHNCIL, WBRH - OFEE
IO BN r o7z (Table). Znid, Vit-E
FHLIDRFTDH, FEIFESED Tempol # &I
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FTHDICKBREERAELRENLH 7= L &R

LTW5. ZD7=DRIFEDEE T Tempol 7574
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Evaluation of Nitroxide-Reducing Activity in Rats after Peroral
Administration of an Antioxidant :
A Study by in vivo Electron Spin Resonance

Seiji MATSUMOTO3, Norio MORIY*, Nobuaki TSUCHIHASHI?,
Tateaki OcaTA%, Yijing LiN¢, Hidekatsu YOKOYAMAL,
Shin-ichi ISHIDA!, Shin-ichi N1wa!l

LDepartment of Neuropsychiatry and 2Radioisotope Center, Fukushima Medical University School of Medicine
1 Hikariga-oka, Fukushima-shi, Fukushima 960 - 1295
3Psychiatry, Haryuga-oka Hospital
4Graduate School of Science and Engineering, Yamagata University
* Department of Psychiatry & Neurology, Hamamatsu University School of Medicine

Using an 7 vivo ESR technique, we evaluated the nitroxide reducing activity of continuing treat-
ments of medicating doses of an antioxidant in rats. The rats were given medicating doses of an an-
tioxidant, vitamin E (Vit-E), idebenone (ID), or vitamin C (Vit-C) in their food for 2 weeks. After
feedings, the rats ability to reduce 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl (Tempol) in terms
of Tempol half-life was examined as a specific marker. A shorter half-life implying a higher reducing
activity. Tempol was injected five times via the tail vein at 5 minute intervals. Its half-life was then
serially observed by an iz vivo ESR system.

The half-life of the control group gradually increased with the injections of Tempol. Although in
the Vit-E and ID groups the half-life of the first injection of Tempol was similar to the control group,
they showed no increase after repeated injections of Tempol. The half-life of the Vit-C group was al-
ways smaller than the corresponding value of the Vit-E, ID, and control groups.

These findings demonstrate that the radical-reducing activity was enhanced by continuous treat-
ment with medicating doses of Vit-E, ID, and Vit-C. However, the enhancement of the activity was
varied between the Vit-E, ID, and Vit-C groups. The effect of Vit-C appeared during the early stages
of repeated injections, while in the other groups effects did not appear until later stages. This differ-
ence is due to whether the antioxidant is water soluble (Vit-C) or not (Vit-E and ID).
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