PRESENT STATE OF RADIO-STRONTIUM DECORPORATION RESEARCH
WITH CRYPTAND (222) .

Wilhelm H. Miiller

Gesellschaft fiir Strahlen- und Umweltforschung , Abtei-
lung fur Nuklearbiologie , D 8042 Neuherberg, W.Germany

Commission of the European Communities , Contract no.207-
76-BI0O-D , Contribution no. 1645

Strontium-90 appears in high percentages in
reactor burn-up as well as in nuclear fall-out . In ani-
mal experiments it has been demonstrated numerously that
this bone-seeking element provokes skeletal malignancy .
Therefore it is not only potentially hazardous to workers
of nuclear power plants and related industries, but as an
environmental contaminant to every body .

Prevention of intestinal uptake , removal du-
ring circulation , and removal of bone deposits are the
three possibilities of therpeutic onset for decorpora-
ting remedies after Sr-90 incorporation .

Cryptating agent (222) is presented here as a
potent means to remove radioactive strontium during the
circulation of the latter . With (222) the strongest de-
corporation effects ever reached on the radionuclides Sr-
85, Ba-13%, and Ra-224 were obtained by us in rats (1,2,
%,4) . Our results were confirmed by Knajfl et al.(5) and
Batsch et al.(6) . From recent experiments we extrapolate
tentatively from rat to man , presenting here a probable
treatment scheme, demonstrating the decorporation effect
as function of the (222)-dose and the time interval be-
tween incorporation and treatment start .

Some toxicological aspects are also discussed.

MATERIALS AND METHODS

The basic parameter in decorporation experi-
ments is the effectiveness quotient (EQ), which pernits
to judge on the pure decorporation effect of an agent .
In our experiments this quotient is defined as
EQ = 100 x TBR of radionuclide in (222)-treated rats

TBR of radionuclide in untreated rats
(TBR = Total Body Retention) . One obtains this quotient
with high significance, using two groups of 5-6 rats in
general of about 300 g body weight, which were injected
i.v. or i.p. with about 37 KBq Sr-85,(Ba-133 and Ra-224).
One of these groups received additionally either together
with, or after a time delay of the incorporation of the
radionuclide, a constant or varying doses of cryptand
(222) either i.v. or i.p. . The TBR was measured with a
one-channal gamma-spectrometer immediately after the in-
corporation and consecutively after 24 hours .

Two of the three questions , which had to be answered ex-
perimentally, are demanded by what we call Schubert -
Catsch-Heller-Relationship (S-C-H) , valid within the re-
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strictions for E and EQ given by Catsch (7)

log EQq _ log Eq_ T

Tog EQ, ~ log By’ logE = log Kgp(ppp)~ 108 Kyg(pppy*+ 108 A
A comprises the dose of (222). The S-C-H rules decorpora-
tion involving the EQ as dependent of two main physico -
chemical parameters, 1) the stability constant K, of cry-
ptand (222) towards the radionuclide (8), and 2) 'the con-
centration e.g. the dose of (222) (9), e.g. Esz(K1) and
EQ=f(Dose) . Third, the dependency of EQ from the start -
ing point of treatment after incorporation of the nuclide
e.g. EQ as a time-fuction EQ=f(Time) .
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The decorporatioﬁ effect rises, e.g. the EQ drops with a
rising stability constant K, strictly obeying the (8=-C-H)
(Graph 1) . It rises further with a rising dose, obeying
also the S~C-H down to a dose of 25 pmole/Kg; further be-
low it obeys again the S-C-H equations if one introduces
instead of A, root of A (Graph 2)(9). The striking fact
that EQ as time-function (Graph3)represents also a strai-~
ght line in a log-log system is explained by the fact
that decorporation with (222) follows the availability of
strontium in the blood or extracellular space of rats(4).
Graph 4, derived from the results of Graph 2 & 3, repre-
sents the BQ as function of the (222)-dose and a delayed
treatment start (EQ=f(Dose & Time) ), which permited to
extrapolate from rat to man(Table 1), using further

the Sr-retention in blood of rats (10) and men (11); and
the following assumptions : 1) the extracellular space is
as well reaction space as distribution space of (222) and
Sr-85 ; 2) the Sr-retention in the extracellular space
paralells the Sr-retention in the blood; 3) the blood vo-
lume of rats and men corresponds to 6% of the body wei-
sht; the extracellular space of rat and man corresponds
to 16.6% of the body weight;4) the EQ-values obtained
from experiments in rats do not essentially differ from
those in men .
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DISCUSSION

Though, a significant decorporation effect (EQ) in man
(Table 1) may obviously be obtained , even after a few
days of strontium incorporation , it seems hard to obtain
an EQ lower than 50% with a single and relatively high
(222)~dose even after a few minutes of treatment start .
Further, in man the decorporation of strontium seens to
slow much more down with the reduction of the (222)-dose
than with an increasing delay of treatment . Consequent-
ly high doses of (222) are necessary in order to obtain
a sufficient decorporation . High doses of (222) may app-
roach acute toxicity . (LD-50 = 292 umole/Kg rat i.p.(12),
If several protracted small (222)-doses given consecutiv-
ely, may avoid toxicity of a single high dose, eventually
producing the same or even a better decorporation effect
must still be demonstrated. Table 1 permits to conclude
finally : With a (222)-treatment one may obtain a decor-
poration effect of 50% after a very early start of the-
rapy , accopainied by an additional significant percent-
age of naturally excreted strontium , but it seems in-
avoidable, that a certain rest of the nuclide will be
trapped by bone . Decorporation of radiobarium will be
more beneficial because of a higher K, (Graph 1 & 2) .
The therapeutic range of (222) 'deduced from Graph
2, varies from nuclide to nuclide along with its stabi-
1lity constant (8) . For Sr-90-89-85 it equals 100 , for
Ba-140-13% even 146000 but for Ra-226-224 only 1.0 in the
rat. If these ranges are large enough for man, even in
the case of a steep mortality-dose function, cannot be
answered at the moment .

If morphological and biochemical,e.g. engymatical
(5) disorders are limited to the lethal dose range of
(222) or are reversible respectively not existent in the
sub-lethal , therapeutic dose range, is not yet known .

Reversible side effects, such as impairment of
protein- and DNA-synthesis (135 and urinary sodium/pota-
ssium retention (14) observed after single sub-lethal
(222)-doses, may be accepted as those, because (222)- -
treatment will always be an acute-treatment but never a
chronical one .

Future studies will teach us, if (222) becomes an
acceptable agent for the decorporation of radio-stronti-
um barium and perhaps radium during their circulation in
the blood and extracellular space of man .
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