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In vivo redox reaction is involved in processes of oxidative diseases. The redox imaging technique is important to di-
agnose redox-induced diseases and to assess cure effects of pharmaceutical drugs. A group of nitroxyl radicals is sensitive
to redox reactions and we have investigated mechanisms of oxidative diseases, including diabetes, ischemia reperfusion
injuries and gastric ulcer. ESR technique has been utilized in analysis of free radicals, which is generated through im-
balance of in vivo redox status. We have been developing magnetic resonance approaches for imaging free radicals/re-
dox status in living animals. Overhauser enhanced MRI (OMRI) is a new technique for imaging in vivo redox status in
animals via Overhauser effect. We have developed nanometer-scale imaging and simultaneous assessment of redox
processes by using OMRI with “N- and N- labeled nitroxyl probes with different distribution properties. We also deve-
loped a home-built OMRI imager based on an electromagnet for L-band ESRI. This OMRI technique with dual probes
may become a powerful tool to clarify mechanisms of disease and to monitor pharmaceutical therapy.
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Table 1. Typical Nitroxyl Radicals Used in Researches for In vivo Redox Status

Basic Structure R Abbreviation Po/w
—CONH, Carbamoyl PROXYL 0.68
—COOH Carboxy PROXYL 0.01
—COOCH; MC PROXYL 8.7
—COOCH,0COCH; AMC PROXYL 4.1
—N* (CH;) ;I CAT-1 0.0004
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Fig. 1. Reduction Pathway of Nitroxyl Radical
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Fig. 2. In vivo ESR Signal Intensity of Nitroxyl Radicals and
Effects of Antioxidants on the Decay Rates

A) After intravenous injection of carbamoyl PROXYL, ESR signal in-
tensity at lower magnetic field were plotted and signal decay rates were calcu-
lated by linear fitting of semi-logarithmic plot of the ESR signal intensities.
B) Effect of antioxidants on the signal decay of carbamoyl-PROXYL in
NL-17 treated footpad. Four days after the treatment, mannitol, DMTU,
1000U SOD or 1000U catalase was intravenously injected with carbamoyl-
PROXYL. The data are expressed as ratio in the signal decay rates between
control and tumor footpads. All values represent means of 4 to 5 mice with
S.D. *p<0.05.
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Fig. 3. Time Courses of Signal Decay Ratio after NL-17 Treatment by Using Carbamoyl- or Carboxy-PROXYL as the Nitroxyl

Probes

Signal decay rates were calculated by linear fitting of semi-logarithmic plot of the ESR signal intensities. The data are expressed as ratio in the signal decay rates
between control and tumor footpads. ESR spectra at footpad domain were measured at 0.5, 1, 2, 4 day after NL-17 treatment. All values represent means of 4 mice

with S.D. **p<0.05, *p<0.01.
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Fig. 4. Typical Demonstration of ESRI and MRI Coregistra-
tion
Both images were superimposed by using 6 fiducials which contaioned
nitroxyl radical solution. Free radicals were artificially generated by intragas-
tric injection of Haber-Weiss regents (0.33 mm Cu ion, 3.3 mM hypoxan-
thine and 0.5 units of xanthine oxidase with nitroxyl radicals. A) vehicle
group, B) Haber-Weiss group.
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Fig. 5. Simultaneous OMRI of “N-MC-PROXYL and SN-
carboxy-PROXYL in liposomes encapsulating AsA (100
mM)

Seven phantom tubes containing '“N-labeled or 'SN-labeled nitroxyl rad-
icals and liposomes were placed in the OMRI scanner (A). The 1SN-nitroxyl
radicals are shown by the red color, and ¥N-nitoroxyl radicals are in the blue
color. The OMRI images were shown for !’N-, or 4N-nitroxyl radicals (B, or
C). The decay rates in the image intensity were calculated by assuming first-
order kinetics for the time-dependent decrease of the contrast for !*N-, or
14N-nitroxyl radicals (D, E). Note that only MC-PROXYL showed decay
images in OMRI. FOV: 48 X48 mm, matrix: 64 X 64, slice thickness: 10 mm,
Tr/Tg/Tesg: 1200/25/600 ms.
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