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COMPARTMENT MODELLING STUDY COF STABLE TCDINE PROPUYLAKIG IMN ELATIGH 1O
THE DAILY IODINE SUPPLY

I. TURAI and B. KANYAR
"Frédéric Joliot~-Curie” National Research Institute for iladiobiology and
Radiohygiene, 1775 Budapest, Hungary

The aim of our compartment modelling studies is the prognostication
of the protective effectiveness of the stable iodine intaken to decrease
the radiation damage of the thyroid resulting from accidental radioiodine
incorporation. The protective capacity of stable iodine pronhylaxis is
investigated in relation to the daily iodine supply.

Calculations have been done according to Johnson’s modified version
of Riggs iodine kinetics model with parameters taken from tiiem and ICRP’s
Reference Man, In this four-compartment model kinetics of the radiocac-
tive and of stable iodine is described by 10 differential equations.
According to our model-analysis solutions of 5 equations can be given
in analytical forms, thus only a 5-dimensional system should be inte-
grated numerically. Method of Runge-Kutta-Fehlberg was used for this
purpose. The radiation burden is characterized by the residence times
/cumulative activities/ of 131-I in thyroid gland treated with stable
iodine related to control subjects.

According to our results at iodine supply of a quarter of the nor-
mal dietary iodine intake (75 /ug/day) the residence times of 131-I in
the thyroid gland are doubled @and the protective effect of stable io-
dine given in the same large doses and at the same time-intervals are
decreased by 30-50 % in comparison with that at normal iodine supply.

As another example the elevation of standard iodine supply by 50 ;; leads
to a 30 % reduction of residence times with a 20 § enhancement of pro-
tective effectiveness of stable iodine prophylaxis,.

Antroduction

It is well known that stable iodine compounds provide significant
blocking or protective effect on the thyroidal uptake of radioiodine
accidentally or purposely intaken [1,2]. According to experimental data
of other authors |1-7 as well as to our previous experimental results

8-11] the protective capacity of stable iodine given in large doses
- i.e8., in doses a few hundred times exceeding the daily need of the
organism in iodine - strongly depends on the length of the time-interval
between the intake of radioactive and stable iodine, on the average daily
iodine supply and depends in a smaller rate on the amount of stable iodine
used for thyroid blocking.

The aim of our compartment modelling is to clear whether our program
is suitable for the modelling of the experimental observations as well as
for the prognostication of the protective effectiveness of large /so called
protective or therapeutic/ doses of stable iodine intaken in case of ra-
diation emergency by the nuclear workers and the population at different
levels of the daily iodine supply.
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Cur calculations have been done according to Johnson's modified ver-
sion of 2iggs iowine kinetics wmodel (12, 13| given in Fig.l. The applied
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Fig.l. Block diagram of the kinetics of iodine

Table I
Kinetic parameters of iodine in man

Rf 192 ¢t ﬂ4= 0.053 d~1 Ref, man:
Mg A -1
8,= 65=5 /ud 5" 1.92 d Mg= 70 kg body weight
(rify (8} A -1 T
ro= s,Y Y = 0.005 d M = 12 mg iodine in the
2 22 / 2 6 T thyroid
~1 . L

,& = 5, M ﬁ.: 9.1 d I_= 200 mg/d daily iodine

3 2 7 s /M intake

Note: s - stable iodine, r - radioactive iodine

Besides the normal daily iodine intake of reéference man we have also
modelled a decresased and an elevated level of iodine supply /75 and 300
respectively/. Protective doses of stable iodine /30, 100 or 200 mg/
1311 incorporation.

/UQ/d.

were administered within 3 hours following the
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Solutions of 5 from the 10 differential equations describing the kine-
tics of the radiocactive and of stable iodine in this model can be given in
analytical forms according to our model-analysis, To integrate the remained
5 equations the method of Runge-Kutta-Fehlberg was used hS].

The reduction in the radiation burden (fractional dose reduction, FDR}
at different schemes of stable iodine prophylaxis and at different levels
of stable iodine supply is characterized by the ratio of the residence
times (i.e. cumulative activities.'f) of 1311 in the thyroid gland trea-
ted with stable iodine (Q;) and of control (T;} subjects as follows:

FOR %] = 100 ’I’I/’fc

Results

Due to analytical solution of one half of the differential equations
of the applied model the running time of the program could be considerably
decreased.

At the same daily iodine supply the reduction of the radiation burden
of the thyroid gland is more dependent on the time-interval between the
intake of radioactive and stable iodine, than on the amount of stable
iodine administered at the same time ~ Table II. The maximal reduction of
thyroid dose is calculated for the simultaneous intake of the radiocactive
and stable iodines /as is shown in Table II/,

Table II

Modelled decrease of thyroid dose by stable iodine given in
different doses and time-points at standard iodine supply of
200 /ug/d as compared to the control [in %

Amount of Dose~ratios [in % | depending on the time of admin-
iodine, istration of stable iodine versus the time-point
(mg] of 131-I incorporation,(h]
-2 [0} 1 2 3
30 2.4 2.0 7.3 17.3 26.1
100 0.8 0.7 6.1 16.2 25.2
200 0.5 0.4 5.8 15.9 24.9

At decreased level of dietary iodine intake the residence time of
1311 in the thyroid gland increases by a factor of 2 than at normal iodine
supply - Table III, Thus, the protective capacity of large amounts of io-
dine given at the same time-intervals is reduced by 30-50 ;. On the con=-
trary, elevation of the daily iodine supply leaqds to a 30 [) decrease of
residence time of 1311 in the critical organ with a moderate enhancement
/up to 20 %/ in the protective efficacy of the iodine prophylaxis as is
demonstrated in Table III.
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Table III

Cffect of daily iodine supply on the residence time of 1311
in the thyroid gland and on the effectiveness of stable io-
dine prophylaxis as compared to the control [in %)

Time of intake [h] Residence times [h] /and dose-ratios Tin %l/

of 200 mg iodine
following the 131-I

depending on the daily iodine supply {/ug/d]

incorporation 75 200 300
- /Jcontrol/ 71.6 36.4 26.1
1 5.7 /7.9/ 2.1 /5.8/ 1.4 /5.5/
2 15.6 /21.7/ 5.8 /15.9/ 3.9 /l4.9/
3 24.0 /33.5/ 9.1 /24.9/ 6.1 /23.3/
Conclusion

The results of our compartment modelling studies have proved the data

and tendencies obtained in investigations on volunteers [1—7]. A moderate

increase of the daily iodine supply have enhanced the protective capacity

of the stable iodine prophylaxis in our numerous laboratory experiments

as well as in the present computer modelling [S-IU . Thus, our program is

suitable for the prognostication of the effectiveness of stable iodine

propiylaxis both in man and experimental animals.
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