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The health effects of a composite treatment for the early and
late therapy of internal contamination with several radionuclides
were evaluated in rats. The rats were given a mixture of calcium
alginate, ferrihexacyanoferrate(II) and potassium iodide orally for
10 days together with the intraperitoneal administration of Ca-
-DTPA in the first three days and the oral administration of Zn-
-DTPA during the remaining seven days. The health effects of this
treatment were evaluated by body weight measurements, haema-
tological and histopathological examinations and trace element
analysis. The treated animals had a slightly lower number of ery-
throcytes, slightly lower haemoglobin and I%aematocrit values and
very mild histopathological changes in the kidneys in the form
of hydropic degeneration of proximal convoluted tubules. The
observed changes were consistent with the known effects of in-
dividual therapeutic agents (alginate, Ca-DTPA) and therefore the
simultaneous administration of several agents did not alter toxi-
city or produce new adverse effects.

The results of our previous studies showed that the simultaneous oral
administration of a mixture of calcium alginate, ferrihexacyanoferrate
(IT) and potassium iodide (antidotes for radioactive strontium, caesium
and iodine) and intraperitoneal administration of Ca-DTPA (antidote for
transuranium elements) presents a very efficient method for the early
therapy of internal contamination with several radionuclides (1). Oral
administration of the same mixture together with orally administered
Zn-DTPA proved effective for delayed and prolonged therapy (2). There
could be situations when early as well as delayed treatment after an in-
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ternal contamination with several radionuclides would be necessary. The
health effects of such treatment consisting of several different therape-
utic agents are, however, unknown.

Alginates (3, 4), ferrihexacyanoferrate(Il) (5, 6) and potassium iodide
(7) have been found mon-toxic if administered singly or together in the
form of a mixture (8). Numerous studies on animals have shown Ca-DTPA
to cause severe lesions of the kidneys (9 .. 12), the intestinal mucosa (13,
14), and the liver (15), to impair haematopoietic proliferation (16, 17) and
to be embriotoxic (18). The observed lesions were, however, caused by
doses much higher than those recommended for human use. Ca-DTPA
was shown to increase urinary excretion of zinc and manganese causing
decreased zinc concentration in the small intestine, skeleton, pancreas,
testes and increased zinc concentration in the kidneys (19) and decre-
asing manganese concentration in the small intestine (20). The toxic ac-
tion of Ca-DTPA has been therefore ascribed to mobilization or binding
of endogenous essential trace metals in exchange for calcium and a con-
sequent impairment of metal-controlled or activated systems (e. g. DNA
synthesis — 21..23). The chelates with a higher stability than calcium
chelates proved less toxic. Thus, Zn-DTPA has lower toxicity shown by
a lower mortality (24), absence of kidney, liver or small intestine lesions
(14, 17) and lower embryotoxicity (18, 25). Its toxicity does not depend
on the treatment schedule and even high doses given over a period of
time are well tolerated (26).

Based on our pharmacokinetic studies (1, 2), the need for early use of
the highly efficient Ca-DTPA therapy against transuranium elements
(27), the need for the less toxic Zn-DTPA in prolonged treatment (28)
which gives good results when administered orally (29) in present ex-
periment the following treatment was used: the mixture of calcium al-
ginate, ferrihexacyanoferrate(Il) and potassium iodide was given as a
supplement to food for 10 days, Ca-DTPA was administered intraperito-
neally on the first three days and Zn-DTPA orally during the remaining
seven days of the experiment. Such treatment limitates the possible use
of these therapeutic agents in cases of prolonged simultaneous exposure
to several radionuclides in the environment. The aim of this work was
to find out whether simultaneous administration of these therapeutic
agents, because of their mutual interference, could cause untoward he-
alth effects. The effects of such combined treatment were evaluated by
measurements of body weights, haematological and histopathological
examinations and trace element analysis.

MATERIALS AND METHODS
The experiment was performed on six-week-old female outbred albino
rats, 119 + 2 g body weight, from the Institute’s breeding farm. It lasted
10 days. The animals were divided into two groups. The controls were
on standard rat diet and for the first three days of the experiment they
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received 0.9%/, saline solution intraperitoneally. The experimental group
was on food supplemented with a mixture of 15 g calcium alginate (Al-
ginate Industries Ltd., London), 2.5 g ferrihexacyanoferrate(II) (Heyl and
Co., Berlin) and 0.015 g potassium iodide (Kemika, Zagreb) throughout
the experiment. An intraperitoneal dose of 100 umol/kg b. w. Ca-DTPA
was given on the first three days of the experiment and during the re-
maining seven days Zn-DTPA was added to the diet together with the
above mixture in a dose of 3.3 mmol per 100 g of food. The complexing
agents Ca-DTPA and Zn-DTPA were prepared by dissolving H.DTPA
(diethylenetriaminepentaacetic acid, Fluka A. G., Buch S. G, Switzerland)
in distilled water in the presence of an equimolar amount of CaCl, or
ZnCl, and neutralizing it with 209 NaOH to pH 6.4.

The body weight of animals was determined on the first, fifth and ele-
venth day of the experiment. Other health parameters were determined
at the end of the experiment. Haematological examination was carried
out on 10 animals from each group. These animals were later subjected
to trace element analysis. Histological examination was performed in
six control and seven experimental animals.

Haematological examination. Blood samples were taken from the tip of
the tail. Leucocyte and erythrocyte counts were made with standard
diluting pipettes and counting chambers. Packed cell volume (PCV) was
determined by the microhaematocrit method in heparinized 'microhae-
matocrit tubes, centrifuged for two minutes at 12000 rpm. Haemoglobin
concentration was determined by standard acid haematin method (with
haemiglobincyanide solution — International Reference Preparation,
RIJKS Institute, Bilthoven the Netherlands — as a standard) on a Uni-
cam SP-600 spectrophotometer at 540 nm wavelength. Mean corpuscular
volume (MCV), mean corpuscular haemoglobin level (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were calculated.
Trace element analysis. Animals were anaesthetized and exsanguinated
from the abdominal aorta. The liver, kidneys, femur and a 20 cm long
segment of the small intestine were dissected, blotted on filter paper
and wet weights were determined. The samples were then ashed with
nitric acid or stored at —18 °C before wet ashing. Femurs were first
dried (105 °C) and then ashed (450 °C). Trace elements (irom, zinc and
manganese) were determined by flame atomic absorption spectrophoto-
metry (Varian Instrument, Model AA-375). The results are expressed as
micrograms per gram of wet weight of the respective tissues.

Histopathological examination. Animals were anaesthetized and exsan-
guinated from the abdominal aorta. Gross necropsy observation was per-
formed on all the organs. The following tissues: lung, heart, liver, spleen
and both kidneys were histologically analysed from HE-stained paraffin
sections (7—8 ym) by means of light microscopy.
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RESULTS

The weight increase was 239/ in control and 189/y in experimental ani-
mals (Table 1).
Table 1.
Body weights (g)

Days Group Body weight P Increase /o
c 120.88+1.93
1 E 11694+286 01
, c 137355149 gy 1618081 14
E 131.67+2.94 : 1472%£1.03 13
C 149.12+2.07 28.24%1.82 23
1 E 138331386 <002 04%161 18

Results are presented as arithmetic mean * SE of 18 animals in each group.

C — control group — standard rat diet and saline i. p.

E — experimental group — mixture of calcium alginate, ferrihexacyanoferrate
(IT) and potassium iodide supplemented to food during 10 days, Ca-DTPA
i. p. for the first three days of the experiment and Zn-DTPA in food
during the remaining seven days.

Table 2.
Haematological parameters
. Group
C E
Leucocytes (X10%/ul) 127411 10.8+09
Erythrocytes (X10%/ul) 6.5%0.1 6.0£0.12
PCV (%) 473107 449+0.8b
Haemoglobin (%) 13.8+0.3 129+0.3b
MCV (um3) 731413 75219
MCH (pg) 21.3%£0.1 21604
MCHC (%) 298+0.5 28.8+0.5

Results are presented as arithmetic mean = SE of 10 animals in each group.
. Difference between the control and experimental group — level of signifi-
cance, P <0.01.

b P <0.05.

The number of erythrocytes (P <C0.01), haemoglobin (P < 0.05) and
packed cell volume (PCV) values (P <C0.05) were slightly lower in expe-
rimental animals (Table 2). The concentrations of iron (P < 0.05) and
zinc (P < 0.001) in the kidneys, manganese in the liver (P <<0.02) and
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zinc (P < 0.02) in the small intestine were higher in experimental than
control animals. Manganese concentrations, with the exception of the
liver, were less than could be detected. Other iron and zinc values did
not differ in control and experimental animals (Table 3).

The histopathological examination showed changes only in the kidney
tissue, confined to proximal convoluted tubules. These changes were in
the form of granular-hydropic degeneration of a very mild grade.

DISCUSSION

The results of our previous studies showed that the mixture of calci-
um alginate, ferrihexacyanoferrate(II) and potassium iodide administered
in food for four weeks produced no adverse health effects (8). The only
differences found between control and treated animals were slightly lo-
wer haemoglobin values in blood and slightly lower iron concentration
in the liver. This was related to the possible inhibition of iron absorption
caused by alginate (30, 31). Ebel (16) showed that toxic doses of Ca-DTPA
caused inhibition of DNA-synthesis in the lymphocytes, erythro- and
myelopoietic cells of the rat and impaired the inconporation of 59Fe into
the erythrocytes. Lower erythrocyte, haemoglobin and PCV values obser-
ved in the present experiment may be therefore ascribed partly to the
effect of alginate on iron absorption and partly to the influence of che-
lation therapy on haematopoiesis.

In the present experiment we did not observe a decrease but a slight
increase in trace element concentrations. Decreases in zinc and manga-
nese concentration observed by other authors were always caused by
very high doses of Ca-DTPA (2 mmol/kg b. w.; 19, 20). In the present
experiment Ca-DTPA doses were much lower, and Zn-DTPA given for
seven days probably contributed the observed increases in zinc concen-
tration. The mild pathological changes in the kidney tissue corresponded
to those described after Ca-DTPA treatment (12). It is known that these
changes are reversible as shown by complete recovery after the termi-
nation of treatment (32) and therefore they do not elicit the long-term
health prospect of animals. The Ca-DTPA dose used in the present ex-
periment was about three times higher than the recommended dose for
humans. No lesions were observed when Ca-DTPA was administered at
doses within the therapeutic range (33, 34). Planas-Bohne and Lohbreier
(26) administered 100 ymol/kg b. w. Ca-DTPA or Zn-DTPA twice weekly
for 44 weeks and observed no adverse effects in treated animals or their
offspring.

We may conclude that the observed decrease in erythrocyte counts,
haemoglobin and PCV values as well as the small changes in the kidney
tissue may be related to the influence of alginate and Ca-DTPA which are
known and are described in the literature. It is important to note that
no additional deleterious effects were caused by the simultaneous admi-
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nistration of the different therapeutic agents. On balance, the signifi-
cance of the small changes found in this experiment is megligible when
compared to the nisk of internal contamination with radionuclides. The
composite treatment, being highly efficient in reducing body burden of
several radionuclides, should be considered as the therapy of choice in
cases of simultaneous exposure to several radionuclides in the environ-
ment.
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Sazetak

UTJECAJ KOMBINIRANE TERAPIJE KOD INTERNE
KONTAMINACIJE S VISE RADIONUKLIDA NA NEKE ZDRAVSTVENE
PARAMETRE U STAKORA

U radu su odredeni zdravstveni udinci kombinirane terapije za ranu i kasnu
primjenu kod interne kontaminacije s vise radionuklida u $takora. Terapija
se sastojala u istodobnoj oralnoj primjeni mjesavine kalcijeva alginata, feri-
“ferocijanida i kalijeva jodida tijekom 10 dana, intraperitonealnoj primjeni
Ca-DTPA tijekom prva tri dana pokusa te oralnoj primjeni Zn-DTPA tijekom
preostalih 7 dana pokusa. Zdravstveni udinci takvog tretmana odredeni su
mjerenjem tjelesne tezine, hematologkih parametara, analizom elemenata u
tragovima i histopatoloS$kom pretragom.

Tretirane Zivotinje su imale ne$to niZi broj eritrocita, ne$to mize vrijedno-
sti hemoglobina i hematokrita i vrlo diskretne promjene u tkivu bubrega ka-
rakterizirane kao granularno-hidropska degeneracija zavinutih kanalica, Ta-
kve promjene mogu se pripisati ucinku pojedinih terapijskih sredstava (algi-
nata, kelatogene terapije) koji su poznati i opisani u literaturi, dok nova dje-
lovanja odnosno $tetni ucinci na zdravlje koji bi nastali zbog istodobne pri-
mjene vide terapijskih sredstava nisu opazeni.

Institut za medicinska istraZivanja
i medicinu rada, Zagreb Primljeno 5. VI 1985.
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