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INTRODUCTION
Alzheimer Disease (AD), the most common cause of dementia in the

elderly, is a progressive neurodegenerative disorder of unknown origin that
gradually robs the patient of cognitive function and eventually causes death
[1]. Recently, we showed that radon daughters selectively accrue in both the
gray and white brain matter proteins in AD [2,3]. There, we proposed that
AD is the systemic disease of the brain cells involving the cell membrane
protein structures of ion gates, pores and channels, with the consequent
chlorine leaking into the cells and fall of the cell membrane gradient. The
quoted studies were performed on the cortex and subcortex of the frontal
and temporal human brain lobe and, therefore, the aim of this case report is
to further investigate the distribution of radon daughters in the brain of an
AD subject.

MATERIAL AND METHODS
We studied the distribution of naturally occuring radioactive radon

daughters (RAD) polonium-210 (210Po, alpha emitter) and bismuth-210
(2l°Bi, beta emitter) in the nine different brain regions of an 86 year old
deceased women who suffered from the Alzheimer Disease. Samples were
taken from all the four brain lobes (frontal, parietal, occipital and temporal)
and from the well defined brain subcortical structures of Hippocampus,
Nucleus Amygdale, Substantia Nigra, Locus Ceruleus and Nucleus Basalis.
The proteins were extracted according to Bradford [4] and assessed for their
alpha and beta particle activity in Alpha Spectrometer System with a
radionuclide library software package (EG&G ORTEC, Oak Ridge, TN,
USA) and Beckman scintillation spectrometer (Beckman Co, Fullerton, CA,
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USA), respectively. The samples were plated on a silver disc [5) and spiked
with a standard stock solution of 208Po of known activity (Isotope Products
Laboratories, Burbank, CA, USA). We separated 210Po from 2l°Bi by
passing the protein fractions through a polymembrane under a negative
pressure gradient [6].

2l°Pb decays to 210Bi which in turn decays to 2l°Po; each decays at a
different rate and after 600 days a "secular equilibrium" is reached, meaning
that the activities of the 2l°Bi and the 2l°Po in the sample are equal to the
2l°Pb activity. The standard Bateman differential equation of growth and
decay of radionuclides in a decay chain was used to correct for 2l°Po
formation from 210Bi directly and from 210Pb indirectly via 2l°Bi [7]. The
results are expressed as u.Bq g"1 tissue. Two replicates of every tissue
sample were analyzed; the difference between the specific brain region
tissue radioactivity was assessed by ANOVA and the pair-wise comparisons
were performed by Schaffe's post-hoc test (SAS Institute Inc., Gary, NC,
USA).

RESULTS
We observed a twenty- and twentyfive-fold difference in the

accumulation of 210Po and 2l°Bi in the gray and white brain matter proteins
from the different brain structures, respectively (Table 1). The highest
radioactivity in the brain proteins from the gray matter was recorded in the
Hippocampus and Nucleus Amygdale and the lowest in the Locus Ceruleus
and Nucleus Basalis; the range between the highest and the lowest values
was almost 20:1. However, the highest radioactivity in the brain proteins
from the white matter was observed in the Temporal and Frontal Lobe of the
brain, and the lowest, now again in the Locus Ceruleus and Nucleus Basalis;
the range between the extreme values was even the higher, almost 25:1.

The respective ratio between 210Po and 210Bi in the gray and white
matter proteins from the Hippocampus was almost 6:1 and 4:1. The same
ratio was about 1:1 for the Temporal Lobe and, then, 3:1 and 2:1 for the
Nucleus Basalis. The values for 210Po were generally slightly higher than
that for 2l°Bi, as evident from the 2l°Po/2l°Bi ratio.

The radon daughters accrued in the brain proteins from the gray
matter showed the following sequence in the decreasing order:
Hippocampus > Nucleus Amygdala > Temporal Lobe ~ Frontal Lobe >
Occipital Lobe ~ Parietal Lobe > Substantia Nigra > Locus Ceruleus =
Nucleus Basalis. Somewhat different series was observed for the radon
daughter distribution in the proteins from the white brain matter: Temporal
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Lobe ~ Frontal Lobe > Occipital Lobe ~ Parietal Lobe > Hippocampus >
Substantia Nigra > Locus Ceruleus > Nucleus Basalis.

Table 1. Distribution of 2l°Po and 2l°Bi in the brain proteins from the gray
and white brain matter from the different brain structures (uBq g"1 tissue).

Brain Structure

Hippocampus
Nucleus
Amygdale
Temporal Lobe
Frontal Lobe
Occipital Lobe
Parietal Lobe
Substantia
Nigra
Locus Ceruleus
Nucleus Basalis

Brain proteins
Gray matter

910 910 • 910 *9 1 0 •

2906

1737

1453
1453
1202
1169

969

150
150

2138

2087

1152
1052
835
785

651

117
100

0.736

1.202

0.793
0.724
0.694
0.671

0.672

0.778
0.667

White matter
2IOpQ 210gj 2 l°Po/2IOBi

568

150

1252
1136
668
601

217

69
50

501

134

1119
985
534
417

167

69
50

0.882

0.889

0.893
0.868
0.800
0.694

0.796

1.000
1.000

CONCLUSION
The respective radioactivity of polonium-210 and bismuth-210

accumulated in the frontal and temporal lobe of this subject is in a close
agreement with that of the group of subjects who suffered from AD and
what we reported earlier [2,3]- That fact allows us to assume with the great
deal of certainty that the distribution of RAD in the other studied brain
structures is reliable in this single subject case report.

Hippocampus has been long considered to be an essential part of so
called Papez circle involved in the memory process of the brain [8].
Therefor, considering our previous report that RAD accumulate in the brain
proteins in AD [2,3], their high accumulation in the hippocampus was
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somewhat anticipated. Hippocampus was shown to be the seat of generation
of new brain cells [9], the type of specific nerve cells which occur in the
three out of six cell layers of the brain cortex [8]. Interestingly enough, the
RAD in Hippocampus are about two times higher than that in the brain
cortext what indicates the intriguing possibility that these three common
layers in these two different brain structures may have some identical
features.

Nucleus Amygdala, an anatomical structure close anterior and lateral
to the Hippocampus [10], thus far has been associated with the emotions [8]
and this is the first published work known to the authors that imply the
involvement of the Amygdala in the memory process and to the AD. Our
results are also the first to show that the deep subcortical structures of the
brain, i.e., Substantia Nigra, Locus Ceruleus and Nucleus Basalis, are not
involved in the AD as much as the brain cell membrane proteins are
concerned. It remains to be elucidated why the RAD in the Gray brain
matter proteins of Hippocampus and Nucleus Amygdale was considerably
higher of that in the Gray brain matter proteins

The possible damaging role of high-energy alpha particle has been
reviewed recently [11]. It was shown that a high-energy alpha particle like
that released from the RAD 2i°Po can damage the DNA even when it misses
the cell nucleus. In other words, the classical assumption on alpha particle
destructive penetration into the living cell should be upgraded from the
current 20-30 um to almost 50 um; the later is equivalent to the diameter of
the two nerve cells of average size laid one next to the other. Both
Hippocampus and Nucleus Amygdala are small brain structures less than
2 cm in diameter and less than 6 cm long at the most, i.e., not more then
25 cm3 in the worst case scenario. If we assume that approximately 64 brain
cells can be found in the one mm3, then we may expect 64 000 cells
per cm3. Thus, we will have a population of about 1 600 00 cells exposed to
the high energy RAD 2l°Po at a rate of 2906 and 1737 uBq g"1 in the
Hippocampus and Nucleus Amygdala, respectively.

Evidently, this simple microdosimetry showed that increased RAD are
an important factor, if not in the etiology of AD, but then certainly in its
clinical progress towards the dementia.
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