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Fig. 2. Active-oxygen family
Names underlined are active-oxygen free radicals.
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Fig. 3. Spin trapping of active-oxygen species

63



AL 2821525 (2001)

O, #r5v7LIR

cus[_Lcom b
CH3 E H - JV“‘ g W‘«' g V S

OH . #+5vTLIzE
[
CHj3 OH —— 7,",4;‘ ’ ;;‘/7
CH3>:I|‘1: <H f ;‘ i
0.
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Fig. 5. In vivo L-band ESR spectra of (MGD)2-
Fe(II)-NO in septic-shock mice

A : mouse doped with 1“N-L-arginine, B : mouse
doped with 15N-L-arginine.
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Fig. 6. ESR spectra of the NO spin-trapping
adducts, (DETC)2-Fe(II)-NO and (MGD)2-
Fe(I1)-NO, in septic-shock rats
ESR spectra of (MGD)2-Fe (II)-NO in liver (a)

and brain (b), whereas (DETC)2-Fe (II)-NO in
liver (c) and brain (d).
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Fig. 7. Effect of oxygen on the ESR spectra of
the glucose char

A : ESR spectra of char in the presence of 0.001
and 2% oxygen.

B : ESR linewidth of the glucose char against
oxygen concentration in the range of 0-1%.

7 FOVINBFE R AR EAL T 5 O FIH
L (BERELERETHFEICOVTHRA.
—7i, AV TE—=NIxd SR ORISR
WROEG W EAEGL TS -, BRREYH
HALT B2 ERAETH L. 77V F LDB
% Fig. 8 ITRL72M2, 6 K& A2~DF 2 —TIC
= FBAFF (15N-labeled 4-0x0-2,2,5,5-
tetrametylpyrrolinyl-d16-N-oxy : perdeuterated
tempone (PDT)) KEWHBANTH 5. %
Fa—THNOBEEEIT Fig. 8ITRLckD
ICZNENEL > T b7, BRFRITREKT
FICPDT O ESR AX 7 F)bAw 71— F ik
L, #IEABEINT A, COMIBOERIE, RN
OEFREE%Z KL T\ %D T PDT OFiE



ESR 5 LU MRI % i\ 7= iG IS O in vivo JIE

Equivalent [Oxygen]

100%

Oxygen Map

75%

50%

25%

0%

Fig. 8. Imaging of oxygen in a six-tube phantom by ESR oximetry
A phantom was constructed of six identical tubes filled with different

concentrations of PDT
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Fig. 9. Spin trapping of radical R- with DEPMPO
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Fig. 10. 3P-NMR and ESR spectra of spin ad-
ducts from DEPMPO and O:~ from neutrophils
A : 02~ was generated from a stimulated hu-
man neutrohils.

B:Same as A, except that resting neutrophils
were used.
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Fig. 11. Imaging of NO in the liver of a septic-shock rat by MRI
A : T1-weighted MR image of the liver in a control rat.
B : Ti-weighted MR image of the liver in an NO-generated rat.
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Fig. 12. Dynamic nuclear polarization

Proton NMR FIDs obtained at 10 mT from a 60
ml aqueous sample contained 2 mM nitroxide
free radical. The bottom trace was obtained
without ESR irradiation, and the rests were ob-
tained while continuously irradiating the sam-
ple at 288 MHz with the power indicated.
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In Vivo Measurement of Active Oxygen Free Radicals by ESR and MRI

Hirotada Fuju
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The ultimate goal of iz vivo ESR spin trapping is to provide a window into the characterization and
quantification of free radicals in living organisms in real time. The practical application of i vivo ESR
to biological systems involving reactive oxygen radicals has been challenging. Some of the limitations
relate to i vivo ESR instrumental sensitivity, particularly to the relative stability of the radicals and
their nitrone adducts. Our aim is to review the strengths and weaknesses of both traditional and in
vivo ESR spin trapping with methodologies that pledge to overcome some of the problems, particular-
ly radical adduct decomposition. The new complementary techniques include : NMR spin trapping,
detection of NO by ESR with dithiocarbamate-Fe (II) spin trap complexes, MRI spin trapping, oxyg-
en mapping by ESR imaging methodology using oxygen sensitive paramagnetic material, and PEDRI
(proton-electron double resonance imaging). NMR spin trapping monitors new NMR lines resulting
from diamagnetic products of radical spin adduct degradation and reduction. MRI spin trapping im-
ages the dithiocarbamate-Fe (II)-NO complexes by proton relaxation contrast enhancement. PEDRI
is a new visualization method of free radicals. Although some of these approaches are in their infancy,
they are showing promise as versatile techniques to measure and possibly image oxidative stress in
living systems.
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