Correlation of Magnetic Susceptibility and R2* with iron in ferritin
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Introduction. Iron is an important endogenous biomarker for many neurological diseases as well as for normal aging. However, correlating iron with susceptibility
mapping has proven to be a challenging problem. Values from the literature vary largely (1-3) when different background removal and susceptibility mapping methods
are used. Since most of the iron in the brain is stored in ferritin as a paramagnetic iron oxide (4), an iron-loaded ferritin phantom was used here to investigate the
correlation of iron with susceptibility and the other commonly used iron predictor, R2* (1/T2%).

Methods. Horse spleen ferritin (Ref. F4503, Sigma-Aldrich.) was serially diluted in warm gelatin. Ferritin phantoms were prepared for MRI by aspirating this solution
into straws embedded in the same concentration of gelatin in cylindrical containers. Empty straw phantoms were also made to validate the background removal and
susceptibility mapping methods against the known air-gelatin susceptibility.
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We determined that susceptibility change per microgram of iron (as
determined with XRF) in a gram of tissue was 0.57+0.1 ppb (see Fig. 2). Table
1 compares our results with previous correlations obtained from in vivo human
data at 3T and 7T using the non-heme iron estimation equation developed by
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mapping methods.

We also found that R2* correlated with iron concentration (R2*(HZ)=0.0098*Cj.oi(ug Fe/g wet tissue)+1.2116, R*=0.9953). Our results are compared with previous
published results in Table 2. R2* varies not only with the field strength but also with the tissue composition and chemical environment. This is because R2*¥*=R2+R2’
and R2’ is sensitive to many other factors besides iron content and changes from ferritin gelatin to tissue and from tissue to tissue (12). The big difference between our
ferritin R2* results and in vivo results indicates ferritin in gelatin phantoms cannot be used to reliably estimate human brain iron using R2*.

Conclusion. Susceptibility mapping predicts iron more reliably than does R2*. Ferritin gelatin phantoms may are a feasible model for human brain iron susceptibility
studies. The effect of myelin and chemical exchange may not be negligible when predicting iron using susceptibility mapping and this needs to be further explored in
order to accurately predict ferritin iron concentrations in vivo.
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