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Chapter 1: Introduction

Electron Paramagnetic Resonance (EPR) method has been developed for many decades. With the

development, EPR spectrometers are capable of detecting paramagnetic species in living animals in real

time and now EPR imaging is an alternative technology that can, like magnetic resonance imaging (MRI),

be used to obtain many biologically important information, such as tissue redox status, pO,, and pH. In

resent years, the EPR imaging of the brain becomes a promising area of research because PET requires

introduction of a radioactive label into the body with a drawback of exposure to ionizing radiation.

However, the challenge has been the synthesis of available stable spin probes that can provide important

biological information.

Nitroxide radicals have wide range of applications base on their paramagnetic properties and

redox properties. However, fast in vivo reduction of nitroxide radical to corresponding hydroxylamines by

antioxidants, such as ascorbic acid (AsA) or
enzymatic systems, limits their application in
biological studies. Since this kind of bioreducton is
especially fast in brain, development of EPR spin
probes for brain imaging is a big challenge. In fact,

there are few nitroxides are

very
blood-brain-barrier (BBB) permeable that can be
used for brain imaging. Moreover, synthesis of spin
probes for selective imaging of specific receptors
in brain is even a bigger challenge because they
must be not only stable and BBB permeable, but
also able to bind to target receptors that ligands or
pharmaceutical drugs bind to. So far there was no
report of a spin probe can localized in a specific
area of brain. Therefore, design and synthesis of

spin probes for brain imaging is an urgent need for

EPR in biological studies.

Chapter 2: Isotope Labeled Nitroxide Radical
Probes for EPR Imaging

This chapter focused on the synthesis of
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Fig.1 EPR imaging of mouse heads with injected
*N-TEEPONE and '“N-TEEPONE. (A) Chemical
structures of '’N-TEEPONE and '*N-TEEPONE (B)
3D-EPR images of mouse heads with injected
N-TEEPONE ~ and  "“N-TEEPONE.  (C)
Slice-selective EPR image of a mouse head after data
accumulation for 3 min following injection of
N-TEEPONE. (D) Slice-selective EPR image of a

mouse head after data accumulation for 3 min

following injection of “N-TEEPONE.



stable spin probes for brain imaging by EPR. Thus, I presented a developed scalable synthesis of
BN-4-0x0-2.2.6.6-tetraethylpiperidine nitroxide (’N-TEEPONE), and its first use for the brain imaging

of mice. A comparison of "N-TEEPONE and "*N-TEEPONE was performed in mouse brain imaging and

2D-slice-selective images are depicted in Fig.1
C and D. These images showed that TEEPONE
was distributed in the mouse brain, and that the in
vivo half lives of “N-TEEPONE and
“N-TEEPONE were both approximately 80 min.
These results were consistent with a previous
study of !N-TEEPONE.” N-TEEPONE
showed a finer image because of its signal
intensity was 50% greater then “N-TEEPONE.
The higher signal intensity of the >N-probe has
significant advantages in brain imaging studies.
In addition, N-TEEPONE in combination
with N-TEEPONE has great potential as a
spin label precursor for use in simultaneous

EPR imaging techniques.

Chapter 3: Design and Synthesis of Brain
Imaging Spin Probes for EPR Imaging of
Mouse Brain

The nicotine acetylcholine receptors
(nAChRs) are widely distributed throughout the
central and peripheral nervous systems, where
mediate a variety of brain function. Central
nervous diseases, such as Alzheimer’s disease,
have been associated with changes in nAChRs. > It
suggests that imaging of nAChRs might provide
valuable in vivo information in the early course of

the disease and on the efficacy of treatment.

Considering the role of nAChR in the
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Fig. 2 Chemical structures of synthesized spin probes

for EPR imaging of nAChRs
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Fig. 3 EPR imaging of mouse heads with injected
G2-S-probe and G2-R-probe. (A) Slice-selective EPR
image of a mouse head with G2-S-probe; (B)
Slice-selective EPR image of a mouse head with
G2-R-probe (C) The EPR spectral signal ratio of 100
mM (-)-nicotine added samples to non-added samples

for G2-S-probe or G2-R-probe (N=4).



pathophysiology of Alzheimer’s disease, it is of great interest to study nAChR in brain of living object.
Thus I designed and synthesized a series of spin probes (Fig. 2) for EPR brain imaging by using nAChRs
ligands, 3-pyridyl-ether compounds,” which generally possess subnanomolar affinity for brain nAChRs.
The first generation spin probe (G1-S-probe) was not BBB permeable. To overcome this problem, the
second generation of spin probes (G2-S-probe and G2-R-probe), which have lower molecular weight and
higher lipophilicity, were synthesized. The results of mouse brain in vivo EPR imaging indicated that
G2-S-probe and G2-R-probe were BBB-permeable, and the highest signal intensities were found in
thalamusthe and colliculus regions of mouse brain was similar to that of the radiolabeled trace
5-['®1]-A-85380 for nAChRs by PET.> Futhermore, it is essential to illuminate that synthesized spin
probes are specifically bound to nAChRs, the difference in binding affinities of two enantiomeric probes
was clarified according to inhibit effect by nicotine. This result indicated that G2-S-probe was selectively
bound to nAChRs acting like a nicotinic agonist, and (-)-nicotine didn’t show any inhibit effect to
G2-R-probe. It implied that G2-S-probe has greater specific binding affinity to nAChRs than G2-R-probe,
which is corresponding with the characteristics of their mother molecules. Although G2-S-probe was
successfully use as a spin probe for brain imaging, toxicity still a problem for animal experiments. An
attempt (G3-S-probe) to avoid toxicity was the introduction of TEEPONE to probe instead of TEMPONE,

but the broadened linewidth EPR spectrum were observed.

Conclusion

I successfully synthesized '"N-TEEPONE and EPR results implied that '"N-TEEPONE was
suitable for EPR brain imaging, and its higher sensitivity is an important advantage for brain imaging
studies. In order to study nAChRs in brain of living object, a series of spin probes were synthesized.
Among them, G2-S-probe was successfully used as a spin probe for brain imaging and its specific
binding affinity to nAChRs was indicated. The G3-S-probe, an attempt to reduce the toxicity for
animal experiments didn’t work. Thus, the work presented here is still in progress. I suggest that a
perdeuterated spin probe derivative would be the next option because deuteration of the nitroxide

moiety could narrowing EPR linewidth and therefore make reduced injection dose possible.
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