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INTRODUCTION

For many essential and non-essential elements are the details of the
intestinal absorptive pathways still poorly understood. There is increasing
evidence that the walls of the small intestine are a more selective tissue
than previously thought. As an example, Figure 1 illustrates the phenomenon
of a transient intestinal retention component for ingested iron in man.
After oral administration, there is a continuing excretion of iron for seve-
ral weeks, far longer than the gastrointestinal transit time (as evidenced
by the whole body retention of 21Cr, which was administered simultaneously
as a non-absorbable marker), and also far beyond the lifespan of the entero-
cytes. This fraction of the ingested iron can not have been transferred to
the blood before, since after intravenous administration there is only a
marginal excretion during that period (Fig.1l). Since this transient iron
retention in the gut walls depends on the body iron status and on patho-
physiological conditions (1,2), it appears to reflect a hitherto unknown
physiological mechanism which regulates iron absorption. Similar fine struc-
tures in the absorptive pathways are likely to exist also for other essen-
tial and non-essential elements.
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FIGURE 1. Whole body retention of intravenously administered 59Fe

(a), orally administered 5%Fe (b), and orally admini-
stered dl¢cr (c¢) in a healthy male subject.
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These findings suggest that the current ICRP model for the gastroin-
testinal tract (3) might considerably underestimate radiation doses to
the intestine, since this model does not account for any details in the
absorptive processes. In the present study we therefore used the example
of intestinal radioiron absorption in humans to evaluate the dosimetric
consequences of a modified GI tract model.

RETENTION OF IRON IN THE GI TRACT

Absorption studies were performed in 23 healthy subjects with nor-
mal body iron status. The protocol of the absorption test is outlined
in Table 1.

Figure 2 shows our suggested TABLE 1. Protocol of the radio-
modification of the dosimetric mo- iron absorption test.
del for the gastrointestinal tract.
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activity from the small intestine with normal bedy iron status
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FIGURE 2. Modified dosimetric model for the gastro-
intestinal tract.
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t
Rep = f1 * TooRyu(t) + (1-f - ) -R (2] + fz-[Rw(t')-RL(t-t')-dt'
4

with f : fraction of administered activity transferred to the
blood and tissue compartments,

fz : fraction of administered activity taken up by the gut
walls but not transferred to the circulation,

Rw(t) : retention function of fz; Rw(t) = fz-exp(-x w-t),

RL(t) : retention of non-absorbed activity (gastro-intestinal
passage).

Table 2 shows the values ob-

tained for the absorbed fraction TABLE 2. Absorbed fraction (f;) and

(f1) and the submucosal retention temporarily retained activity com-
component (fp, Ay ). In normal ponent (£, Ay) of orally administered
subjects, abo&t 1/3 of the radio- radioiron in healthy subjects (mean
iron taken up initially by the ab- values % SD).

sorptive cells is finally trans-

. Modified
ferred to the blood and tissue ICRP - Model GI-Tract
compartments, whereas 2/3 are tem- Model
porarily retained in the gut walls
and re-excreted.into the lumen du- £ 0.1 0.20 + 0.09
ring the following weeks. 1

DOSE CALCULATIONS f, - 0.41 + 0.24
The calculations of absorbed
doses were based on the MIRD con- A (d'l) - 0.24 + 0.18
cept (4) and were performed accor- W
ding to ICRP Publication 30, with (n = 23)

the modifications of the GI tract
mode] as described above.

The doses to the inner organs differ between the two models only with
regard to the individual fi-values (ICRP: f3 = 0.1). According to the modi-
fied GI tract model, the dose to the gut wall has three sources: 1. from ac-
tivity transferred to the bicod and tissues; 2. from the activity retained
in the gut walls (and re-excreted into the intestinal lumen); 3. from the
activity in the lumen (non-absorbed and re-excreted). It was assumed that
2/3 of the absorption occurs in the duodenum and 1/3 in the jejunum. Iron,
temporarily retained in the gut walls was thought to be uniformly distribu-
ted in half of the organ masses (duodenum: 30g; jejunum: 140g (males), and
1259 (females)). This was based on the assumption that the iron is retained
in the gut wall but not in the muscles of the gut.

Table 3 compares the doses to the gut from orally administered 55Fe
and 99Fe as calculated according to the two GI tract models. The doses to
the gut walls from activity in the Tumen and in the blood and tissues
(Dp+L—syw) are very similar for both models. The additional dose component
to the gut wall (Dy—ay), Which is not considered in the ICRP model, however,
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changes the total doses significantly. For 59Fe as well as for 55Fe, the
doses to the duodenum increase by a factor of about 20, and to the jejunum
by a factor of 3, as compared to the ICRP values.

TABLE 3. Radiation doses to the gut after oral administration of 59Fe and

55Fe, Comparison of ICRP data and values calculated according to
the modified GI tract model.

T
I
Radio- Dosimetric Dy (NSv/Ba) : Dyy (nSv/Ba)
nuclide mode 1 )
S1I LI LLI ) Duodenum Jejunum
i
ICRP 30 2.1 3.9 8.4 | —_ —_
59 1
Fe N h
Modified 2.6 (+0.6) 4.3 (+0.9) 8.4(x2.0) | 38.5 4.4 4.2(2.6)
ICRP model |
t
{
55 ICRP 30 0.12 0.17 0.30 i — —
Fe 1
Modified 0.21 (#0.09) O.26 (#0.08) 0.37 (:(1.08)I 1.82 (+1.10) O .19 (+0.12)
ICRP model - :
1
D B+l — W : Radiation dose to the gut wall from activity in blood and lumen,
D W : Radiation dose to the gut wall from activity retained in the gut wall {and re-excreted later).

CONCLUSTONS

Although radioiron is of limited interest in the field of radiation

protection, it serves as a good illustration that the absorptive pathways
of radionuclides deserve further investigations, especially in humans.
Furthermore, any particular element should be considered in its own pe-
cutiarities and dosimetric models used should be based on a more physio-
logical foundation, whenever such information is available.
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