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Although radiological incidents due to radiocesum are relatively rare events, in
recent years some accidents involving “'Cs have occurred. Among them, the
Chernobyl nuclear accident in April 1986 is well known. That disaster demonstrated
that large areas of land might be contaminated in an accidental release of
radionuclides. Fallout from the Chernobyl accident resulted in a significant increase
in the inventory of radiocesum in many areas over the world (Higgitt et al. 1993;
Irlweck et al. 1993; Dahlgaard 1994; Kirchner 1994; Bunzl et al. 1995; Igarashi et
al. 1996). In addition to *'Cs, the shorter-lived radioisotope *Cs was also deposited
(Higgitt et al. 1993).

Degspite the fact that in the last decades of this century the Chernobyl accident has
been the most serious nuclear incident, other incidents involving Cs have been aso
reported. In the Goiania accident (Brazil, 1987), about 250 individuals suffered
external and internal contamination after “'Cs exposition, mainly via ingestion and
penetration through wounds, from an abandoned radiotherapy unit (Oliveira et a.
1991; Rosenthal et al. 1991). More recently, radiocesium contamination also occurred
a a sted plant in Ireland. Fortunately, the radiological impact of that incident on
both the personnel and the environment was negligible (O'Grady et al. 1996).

After deposition on the soil surface, Cs can be transferred to man via terrestria
pathways (plant uptake, resuspension into the air, contamination of the groundwater)
(Bunzl et a. 1995). In turn, widespread Cs contamination of the food chain can aso
result by transfer from grass to meat and milk (Assimakopoulos et a. 1993; Belli et
al. 1993; Karlen et a. 1995).

In humans, the main adverse effects due to environmental radiocesium are based on
the radiation damage caused by internal contamination. In the body, due to similar
chemical properties, Cs has a pattern of distribution similar to potassium. Although
Prussian blue salts can be given to inhibit the intestinal Cs absorption from
contaminated foodstuffs (Nielsen et a. 1991), the most serious problem appears
when radiocesium has already been absorbed. In those cases, treatment with
chelators should be initiated as soon as possible in order to eliminate radiocesium
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from the body.

In a recent investigation the ability of 21 chelating agents to remove Cs from Cs-
exposed mice was assessed (De la Torre et a. 1996). Although the study included
the main chelator groups (aminocarboxylic acids, salicylic derivatives, crown ethers,
cryptates and pyridones), the results were rather disappointing for most compounds.
However, 5-aminosalicylic acid (5AS), sodium p-aminosalicylate (PAS),
4,7,13,16,21,24-hexaoxa-1,10-diazabicycl o[ 8.8.8]-hexacosane (Kryptofix® 222),
and 1,4,7,10,13-pentaoxacyclopentadecane (15-crown-5) significantly enhanced Cs
excretion into urine.

Since in that study chelation treatment consisted of a single dose of each agent (De
la Torre et a. 1996), to extend the knowledge on the potential use of chelators in the
remova of Cs from the body, the purpose of the current study was to test in mice the
relative efficacy of repeated intraperitoneal administration of a number of chelators
in increasing Cs excretion and decreasing Cs tissue accumulation after an acute ora
exposure.

The polyaminocarboxylic acids disodium calcium ethylenediaminetetraacetate
(Na,CaeEDTA, EDTA) and ethylene-glycol-bis-(b-aminoethyl ether)-N,N,N’,N’-
tetraacetic acid (EGTA) were aso included. It is well established that the first 1-3
hours following an accident with internal contamination usualy provides the best
and perhaps the only opportunity to prevent uptake of radionuclides. Therefore,
chelation therapy was initiated 10 minutes after Cs exposure.

MATERIALS AND METHODS

Cesium chloride and disodium cacium ethylenediaminetetracetate (Na,CaEDTA)
were purchased from E. Merck (Darmstadt, Germany). Ethylene-glycol-bis-(b-
aminoethyl ether)-N,N,N’,N’-tetraacetic acid (EGTA), sodium p-aminosalicylate
(PAS) and 5-aminosdlicylic acid (5AS) were obtained from Sigma Chemical Co (St
Louis, MO, USA). 4,7,13,16,21,24-Hexaoxa-1,10-diazabicyclo[8.8.8]-hexacosane
(Kryptofix® 222) and 1,4,7,10,13-pentaoxacyclopentadecane (15-crown-5) were
purchased from Aldrich (Steinheim, Germany). The disodium calcium sat of EGTA
was prepared by adding 2:1:1 mole ratio amounts of NaOH, EGTA, and Ca(OH),,
in that order, to 0.9% saine. The sodium salt of 5AS was prepared by adding 1:1
mole ratio amounts of NaCl and 5AS respectively to 0.9% sdline.

Mae Swiss mice (Interfauna Iberica, Barcelona, Spain) weighing 32 + 2 g were
used. Animals were housed in a fully ar-conditioned facility with a constant day-
night cycle (dark period from 8:00 pm to 8:00 am) at a temperature of 22 + 2°C and
a relative humidity of 50 + 10%. Food (Panlab rodent chow, Barcelona, Spain) and
drinking water were allowed ad libitum.

After a quarantine period of 10 days, mice were randomly distributed into six groups
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each congisting of 20 animals. Each mouse was given by gavage a single ora dose
of agueous CsCl(1.016 mmol/kg). In a preliminary study, the oral LD, of CsCl was
estimated to be 10.16 mmol/kg. Ten minutes after Cs administration, chelation
treatment was initiated. Chelators were injected ip for five consecutive days in two
equally divided administrations at a total daily dose equal to 1/4 of their respective
LD, ( LD, values. NaCaEDTA, 17.5 mmol/kg; NaCaEGTA, 23.7 mmol/kg; PAS,
38.9 mmol/kg; 5AS, 13.5 mmol/kg; Kryptofix® 222, 1.3 mmol/kg; 15-crown-5,2.1
mmol/kg). An additional group of mice (control group) received 0.9% saline instead
of chelators. Immediately after the first injection, mice were placed in metabolic
cages (five animals per cage) and urine and feces were collected daily from each
group for seven consecutive days. The animals were then anesthetized with diethyl
ether and euthanized by cervical dislocation. Blood samples were obtained by
inferior cava puncture. Liver, kidneys, muscle (gastrocnemius), testes, spleen, bone
(femur), and brain were removed. The concentration of Cs in urine, feces and tissues
were determined by atomic emission spectrophotometry (Philips PU 9200X) after
sample digestion (Llobet et al. 1991 ,1992; De la Torre et a. 1996).

Data for excretion and distribution studies were compared by a one-way analysis of
variance (ANOVA). When the analysis indicated that a significant difference
existed, the chelator-treated groups were compared with the control group by
Duncan’s new multiple range test. The level of significance was set a p < 0.05.

RESULTS AND DISCUSSION

As for other radionuclides, internal Cs contamination of human population requires
to maximize protection. If given early, hexacyanoferrates suppress the absorption of
approximately 99% of the oral doses of Cs (Catsch and Harmuth-Hoene 1979;
Dresow et al. 1993a). However, when Cs has been absorbed administration of an
effective antidotal treatment is essential. Although Prussian blue salts are used in
clinical practice as antidotes for the treatment of humans contaminated with
radioactive Cs (Lipsztein et a. 1991; Dresow et a. 1993b; Verzijl et a. 1993),
patients with radiocesium contamination need to be treated with those salts for long
time periods. Moreover, long treatments can be associated with chronic exposure to
low doses of cyanide (Verzijl et al. 1993).

Figure 1 shows the effects of various chelating agents on Cs excretion into urine and
feces. Amounts depicted correspond to the percentage of Cs excreted during the
period of treatment (5 days) as well as the total period of observation (7 days). In all
groups, most Cs was excreted during the first day decreasing over subsequent days
(data not shown). However, seven days after Cs exposure (two days after the end of
the chelation therapy) remarkable amounts of Cs were ill excreted into urine.
During chelation treatment, urinary elimination of Cs was significantly enhanced by
5AS (15%), EGTA (7%), 15-crown-5 (22%), Kryptofix® 222 (21%) and PAS
(19%). In contrast, none of the chelators significantly increased the percentage of Cs
excreted into feces, a minor Cs excretion route (De la Torre et al. 1996).
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Figure 1. The effect of parenteral administration (five days) of the indicated
chelators on the cumulative urinary (top) and fecal (bottom) excretion of Cs five and
seven days after an acute oral exposure to Cs.

***Significantly different from the control group: *p < 0.05, °p < 0.01,°p < 0.001,
respectively.
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Figure 2. The effect of parenteral administration (five days) of the indicated
chelators on Cs concentrations in muscle of mice sacrificed seven days after an acute
ora exposure to Cs.

*Significantly different from the control group: “p < 0.05, "p < 0.001, respectively.

The effects on tissue Cs distribution by repesated parenteral administration of the six
chelators tested are shown in Figure 2 (muscle) and Table 1 (blood, testes, brain,
kidneys, bone, liver and spleen). The muscle is the primary storage site of Cs under
norma conditions (De la Torre et al. 1996). Only Kryptofix® 222 (18%) and 15
crown-5 (17%) significantly diminished (p < 0.001) the levels of Cs in muscle. In
contrast, EDTA (20%) increased the Cs concentrations in that tissue. Kryptofix®
222 reduced the levels of Cs in the remaining tissues analyzed, while Cs
concentrations in blood, testes, brain and kidneys were also decreased by treatment
with 15-crown-5. In turn, bone and kidney concentrations were significantly reduced
by PAS and 5AS administration. Notwithstanding, treatment with EGTA diminished

the levels of Cs in kidneys, bone and spleen. No beneficia mobilizing effects of
EDTA could be observed (Table 1).

The above results suggest that both Kryptofix® 222 and 15-crown-5 could be
effective chelators to reduce the body burden of Cs following an acute oral exposure
to this element. However, before considering those chelating agents as potentia
alternatives to the use of Prussian blue salts in Cs mobilization, some questions still
require further investigations. Those studies should include the toxicological
evauation of the chelators, as well as the assessment of the therapy effectiveness in
relation to the time interval between Cs exposure and the beginning of the treatment.
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Table 1. Effects of chelating agents on cesium concentrations (mg/ kg) in mouse tissues exposed to 1.016 mmol/kg cesium chloride

BLOOD KIDNEY LIVER TESTES SPLEEN BONE BRAIN
Control 8.2+14 59.4+ 8.5 32.0+5.7 68.0£10.1 344+ 6.0 37.8+6.5 29.6+3.3
EDTA 9.943.7 69.6+22.0 345+ 7.8 86.9+21.6 ° 42.1£13.0 3514 9.4 37.6+83°
EGTA 8.1+1.6 432+£74° 29.6+ 6.3 68.2+10.1 27.5:65° 32.1£5.7° 31.7£4.9
PAS 8.442.8 46.1x132° 29.7+ 8.1 65.7£15.0 31.0+12.8 323£135° 32.7£9.5
5AS 8.7+2.4 457149 28.0£10.8 70.0+21.0 24.5410.0° 26.6£7.9° 31.0£7.6
Kryptofix® 222 6.4+13° 41.1£83° 245+5.6° 47.9+10.6 24.9+5.1° 224+73° 25.9+338"
15-Crown-5 6.6+1.6" 39.5£9.0° 32.6+ 7.2 55.7+8.7° 372467 34.4+13.9 25.3+32°

Results are expressed as means = SD. “Significantly different from control group (p<0.05). "Significantly different from control group
(p<0.01). ‘Significantly different from control group (p<0.001).
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