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Abstract

Title: Development and application of Electron Spin Resonance (ESR) spectroscopy to study effects of
free radical reaction, antioxidant and iron chelator on pathophysiology of thalassemia

Principle investigator: Noppawan Phumala Morales, Ph.D.
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Abstract:

Electron spin resonance (ESR) spectroscopy with spin labeling and spin trapping techniques
have been developed to study iron induced free radical reactions that are associated with complications
in thalassemia. In order to localize the specific site and kinetics of iron induced free radical reactions in
low density lipoprotein (LDL), paramagnetic fatty acid 5- and 16-doxyl stearic acid (5- and 16 DS) were
used to label phospholipids layer near hydrophilic surface and the deeper hydrophobic region of LDL,
respectively. By mean of the rate of ESR signal decay indicated that the deeper hydrophobic region of
LDL was a primary site of LDL oxidation. Moreover hemin, a denaturative product of hemoglobin, was
a potent iron complex that induced free radical reaction in lipoprotein.

An ESR spin trapping technique has been developed to demonstrate free radical activity in
serum of thalassemia. Ascorbate was used to enhance redox cycling reaction and DMPO was used as a
spin trapping agent. Addition of +-BuOOH, only ascorbyl radical, a doublet signal with a,=1.81 G, was
generated in normal serum. While serum of thalassemic patients showed an additional ESR signal, a
sextet signal with a,=16.5 and a,=23.7 G. It was a typical ESR signal for carbon centered radical adduct
of DMPO (DMPO-C adduct). The signal height of ascorbyl radical and DMPO-C adduct in serum were
correlated with non-transferrin bound iron (NTBI) and were changed accordingly to the catalytic
activity of iron as well as levels of an iron chelator, deferiprone. This technique is recently employed to
monitor free radical activity that could produce by incomplete iron and deferiprone complexes in
thalassemic patients. With the advanced L-band ESR spectroscopy and OMRI technique, kinetics and
imaging of free radical generation were studied in living animals. Enhanced ESR signal decay of
nitroxyl spin probe was observed in iron overloaded mice. The techniques need future development to
demonstrated free radical reaction in vivo models.

In conclusion, we success to develop ESR technique to study iron induced free radical reaction
both in vitro to in vivo models. The techniques will be applied to study the effect of iron chelatos and

antioxidants in further clinical studies.



