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This project includes experiments to determine the effects of Zn-DTPA therapy on the retention, trans
location and biological effects of inhaled 241Am02. 

Beagle dogs that received inhalation exposure to 241Am02 developed leukopenia, clinical chemistry 
changes associated with hepatocellular damage, and were euthanized due to respiratory insufficiency 
caused by radiation pneumonitis 120-131 days after pulmonary deposition of 22 to 65 ",Ci 241Am. Eighty 
percent of the initial pulmonary-deposited 241Am was retained in the dogs, with 30% in the liver, 30% in 
the skeleton, and 10% in the lungs. Another group of dogs that received inhalation exposure to 
241Am02 and were treated daily with Zn-DTPA (diethylenetriamine pentaacetic acid trisodium zinc salt) 
had initial pulmonary deposition of 19 to 26 ",Ci 241 Am. These dogs did not develop respiratory insuffi
ciency, and hematologic and clinical chemistry changes were less severe than in the non-DTPA-treated 
dogs. At sacrifice, 195 days after exposure, 4% of the initial pulmonary-deposited 241Am was retained in 
the DTPA-treated dogs, with 2.5% in the lungs, 0.1 % in the liver, and 1 % in the skeleton. 

To determine the effects of DTPA therapy 
on the retention, translocation, and bio
logical effects of inhaled 241Am02 , beagle 
dogs received a single nose-only inhala
tion exposure to 241Am02 and one-half of 
the dogs were treated with Zn-DTPA (dieth
ylenetriamine pentaacetic acid trisodium 
zinc salt). Table 1 shows the experi
mental design. The dogs scheduled for 
sacrifice at 3, 10, 29, and 91 days after 
exposure were used for retention and 
translocation studies only. Those dogs 
scheduled for sacrifice at 270, 810, and 
1600 days after exposure were used for 
retention, translocation, and biological 
effect studies. 

The 241Am02 was prepared by calcining the 
oxa 1 ate at 750°C for 2 hr. Ali quots of 
the dry powder were suspended in double
distilled water adjusted to a pH of 10 
with NH40H. Large particles were removed 
by sedimentation. The supernatant con
taining small particles was readjusted to 
a pH of 10 and nebulized. Aerosol parti
cles were dried by heating an air dilution 
and were presented for nose-only inhala
tion exposure to the dogs. Aerosol parti
cle size distribution ranged from 1.3 ~m 
AMAD with a GSD of 2.32 to 2. 18 ~m AMAD 
with a GSD of 2.39. Electron microscopy 
showed the aerosol particles were clusters 
of primary particles ranging in diameter 
from 0.03 ~m to 1 ~m. 

The beagle dogs ranged from 2.1 to 8.5 yr 
old and weighed 10.7 to 16.9 kg at expo-
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TABLE 1. Experi mental Design. 

Sacrifice Schedule, No. of Dogs 

Days After Exposure 3 10 29 91 270 810 1600 

241Am02 3 3 3 3 3 3 3 

241 Am02 plus Zn·DTPA 3 3 3 3 3 3 3 

Zn·DTPA 6 

Control 6 

sure. DTPA-treated dogs were given 0.50 
mmole Zn-DTPA in single dai 1y subcutane
ous injections beginning 1 hr after inhal
ation exposure to 241Am02. 

The 3, 10, 29, and 91-day sacrifices were 
completed as scheduled. Six of the nine 
non-DTPA-treated dogs exposed to 241Am02 
and schedu1 ed for sacri fi ce duri ng the 
270- to 1600-day postexposure period were 
euthanized due to respiratory insuffi
ciency 120-131 days after exposure. Three 
of the 241Am02-exposed, DTPA-treated dogs 
were sacrificed at 195 days after exposure 
to compare 241Am tissue distribution with 
the euthanized dogs. The three remaining 
non-DTPA-treated and six DTPA-treated 



241Am02-exposed dogs plus the six OTPA
treated contro 1 sand six nontreated con
trols are remaining on the study. 

Table 2 shows the initial 241Am body 
burden obtained by summari zing the 241Am 
content of all excreta and tissues. 
Initial pulmonary burden was estimated by 
subtracting the fecal excretion for the 
first 3 postexposure days from the initial 
body burden. Ouring the 195-day postexpo
sure period the final 241Am body burden of 
the DTPA-treated dogs decreased to ~4% of 
the initial pulmonary burden compared to 
~80% of the initial pulmonary burden re
tained in the non-DTPA-treated dogs. The 
liver and the skeleton of the OTPA-treated 
dogs decreased to <1% of the initial 
pulmonary burden compared to ~30% of the 
initial pulmonary burden in each tissue 
for the nontreated dogs (Figure 1). The 
lungs of the OTPA-treated dogs decreased 
to 2.5% of the initial pulmonary burden 
compared to 10% of the initial pulmonary 
burden in the nontreated dogs. 

During the 195-day postexposure period the 
DTPA-treated dogs excreted ~96% of the in
itial pulmonary burden compared to 20% for 
the nontreated dogs. In the OTPA-treated 
dogs 73% of the initial pulmonary burden 
was excreted in the urine and 23% in the 
feces. I n the nontreated dogs, 6% of the 
in it i a I pul monary burden was excreted in 
the urine and 14% in the feces. 

The fraction of the daily 241Am body 
burden (obtained by subtracting each day's 
241Am excretion from the previous day's 
body burden) excreted decreased from 5% at 
3 days postexposure to 0.1% at 195 days 
postexposure in the DTPA-treated group, 
compared to 1% at 3 days postexposure, de
creasing to 0.02% in the nontreated group 
(Figure 2). After 195 days of treatment 
the OTPA-treated dogs were excreting about 
five times more, as percent of their body 
burden, than the nontreated dogs. 

Hematologic data are shown in Figure 3. 
The 241Am02-only exposed dogs had a modest 
reduction in mean erythrocyte values, which 
were significantly lower (P < 0.05) than 
in control dogs at 10 and 60 days after 
exposure. Erythrocyte values of dogs 
given OTPA after 241Am02 exposure were 
reduced as compared to control dogs, but 
the differences between these groups were 
not statistically significant. There were 
no significant differences in any hemato
logic parameters between dogs given OTPA 
only and the control dogs. Americium-only 
exposed dogs had significant reductions (P 
< 0.05 to 0.001) in mean total leukocyte, 
neutrophil, lymphocyte and platelet con
centrations from 10 days through 9 months 
after exposure compared to values from 
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control dogs. Reticulocyte concentrations 
were reduced at 30 and 60 days after 
241Am02 exposure but the difference from 
control values was significant only at 30 
days (P < 0.0l). Americium-241 exposure 
followed by OTPA treatment resulted in a 
reduction of total leUkocytes, neutrophils 
and lymphocytes at 30 days after 241Am02 
exposure. At 2, 3, and 6 months after 
exposure only lymphocyte values were lower 
than in control dogs (P < 0.05 to 0.001). 
At 9 months after exposure lymphocyte 
values in these dogs were still lower than 
in contro 1 dogs, but the difference was 
not significant. OTPA treatment had an 
obvious "sparing" action on the hemato
logic effects of americium exposure. At 
10 days through 6 months postexposure, 
dogs administered OTPA following 241Am02 
exposure generally had significantly 
higher leukocyte, neutrophil, lymphocyte, 
and platelet concentrations than those not 
treated with OTPA (P < 0.05 to 0.001). At 
9 months following exposure 241Am0 2 -

exposed, OTPA-treated dogs still had 
higher values than untreated dogs but the 
differences were not significant due to 
the small number of old dogs remaining in 
these two groups, i.e., 3 in the 241Am02-
on ly exposed group and 6 in the group 
given OTPA after 241Am02 exposure. 

The effects of americium exposure on 
selected serum chemistry parameters are 
shown in Figure 4. Affected parameters 
were those associated with hepatocellular 
damage, i.e., elevated serum alkaline 
phosphatase (SAP), glutamic pyruvic trans
aminase (SGPT), glutamic oxaloacetic 
transami nase (SGOT) , and reduced cho I es
terol levels. The high variability in 
SGPT values from the control dogs was due 
primarily to one animal that consistently 
had markedly elevated levels in this pa
rameter. Mean SGPT values from 241Am02-
exposed, non-OTPA-treated dogs were higher 
than those from control dogs starting at 3 
mo after exposure, but the differences 
were not statistically significant due to 
the individual variability. Americium
only exposed dogs had significantly higher 
(P < 0.05 to 0.01) SAP levels at 10 days 
through 6 months postexposure. The mean 
value at 9 months was ~80% higher than in 
control dogs but was not significantly 
di fferent between the groups due to the 
sma 11 number of dogs a live in the exposed 
group. Cholesterol values were lower in 
the ameri ci urn-exposed dogs than in the 
controls at all sampling periods after ex
posure, and the difference was statistic
ally significant at 1 and 2 mo after 
exposure (P < 0.05). 

As was observed with the hematologic 
parameters, OTPA treatment reduced the 
effects of americium exposure. Serum 



TABLE 2. Deposition and Retention of 241 Am in Dogs After Inhalation of 241 Am02 and Treatment with Zn-DTPA. 

Initial 
Pulmonary Final 

Burden Body Burden 

Time Initial % % % 
After Body Initial Initial Initial 

Dog Exposure, Sacrificed, S Burden, Body Body Pulmonary 
Number Sex days Euthanized, E Treatment "Ci "Ci Burden "Ci Burden Burden 

1669 M 3 S DTPA 40.2 26.4 65.7 23.2 57.6 87.7 
1161 F 3 5 DTPA 34.5 15.8 45.8 13.0 37.7 82.5 
1295 F 3 5 DTPA 27.4 15.1 55.1 12.8 46.8 85.1 -- --
Mean 34.1 19.1 55.5 16.3 47.4 85.1 

1673 M 3 5 0 34.4 12.3 35.8 12.3 35.7 99.7 
1681 M 3 S 0 24.5 19.7 80.4 19.7 80.5 99.9 
1290 F 3 S 0 29.8 21.2 71.1 21.1 70.7 99.6 

--
Mean 29.5 17.7 62.4 17.7 62.3 99.7 

1677 F 10 S DTPA 34.1 17.4 51.0 12.5 36.6 71.7 
1723 M 10 S DTPA 35.9 21.2 59.1 14.7 40.8 69.2 
1789 M 10 S DTPA 31.4 19.0 60.5 11.2 35.8 59.1 

Mean 33.8 19.2 56.8 12.8 37.7 66.7 

1848 M 10 S 0 31.5 24.9 79.0 23.4 74.3 94.1 
1671 F 10 S 0 40.1 14.9 37.2 14.2 35.4 95.3 
1813 M 10 5 0 43.4 36.3 83.6 35.6 82.1 98.1 

Mean 38.3 25.3 66.6 24.4 63.9 95.8 

1850 M 29 S DTPA 29.7 23.3 78.5 7.0 23.7 30.2 
1795 M 29 S DTPA 34.6 22.1 63.9 7.4 21.5 33.6 
1797 M 29 S DTPA 26.5 16.5 62.3 5.1 19.3 31.1 

Mean 30.3 20.6 68.2 6.5 21.5 31.6 

1807 M 29 S 0 33.5 26.0 77.6 24.8 74.1 95.2 
1835 M 29 5 0 53.5 12.3 23.0 10.7 20.1 87.4 
1163 M 29 5 0 54.4 39.1 71.9 36.3 66.6 92.8 

Mean 47.1 25.8 57.5 23.9 53.6 91.8 

1885 M 91 S DTPA 29.6 14.8 50.0 2.1 7.0 13.9 
1861 M 91 5 DTPA 35.6 20.5 57.6 3.7 10.3 17.9 
1832 M 91 S DTPA 17.9 5.5 30.7 0.5 3.0 9.8 

Mean 27.7 13.6 46.1 2.1 6.8 13.9 

1883 M 91 5 0 26.0 18.9 72.6 16.3 62.7 86.3 
1805 M 91 S 0 25.2 14.9 59.1 12.7 50.6 85.7 
1875 M 91 S 0 25.9 19.7 76.1 17.8 68.7 90.5 

-- -- --
Mean 25.7 17.8 69.3 15.6 60.6 87.5 

1884 M 195 5 DTPA 40.7 25.6 63.0 0.8 1.9 3.0 
1896 M 196 5 DTPA 24.5 19.0 77.5 0.9 3.7 4.8 
1876 M 196 5 DTPA 28.3 23.7 84.0 1.3 4.5 5.4 

Mean 31.1 22.8 74.8 1.0 3.4 4.4 

1812 M 120 E 0 77.1 64.9 84.1 59.1 76.6 91.2 
1874 M 133 E 0 52.3 42.6 81.4 38.5 73.5 90.3 
1781 M 163 E 0 62.5 42.8 68.5 31.2 49.9 72.9 
1898 M 169 E 0 54.9 35.2 64.1 23.6 43.0 67JJ 
1856 M 191 E 0 27.9 21.5 77.0 14.3 51.2 66.5 
1865 M 231 E 0 31.5 21.11 69.3 19.1 60.8 87.8 
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FIGURE 1. Retention of 241 Am in Dogs After Inhalation of 241 AmO 2 and Treatment with Zn-DTPA. 

chemi stry parameters of dogs exposed to 
americium and administered OTPA were not 
significantly different from values ob
tained from the control dogs. 

Dogs administered only OTPA each day for 9 
mo had serum chemistry values similar to, 
and not significantly different, from 
those of the control group. This included 
evaluations of renal function, i.e., blood 
urea ni trogen and creat i ni ne concentra
tions. 

Six dogs exposed to 241Am0 2 that received 
no OTPA treatment died or were euthanized 
between 120 and 231 days after exposure. 
Death was due to respiratory insufficiency 
caused by radiation pneumonitis. The 
clinical signs in these dogs were charac-
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terized by progressive tachypnea, hypoven
tilation, anorexia, weight loss, and dehy
dration. Arterial blood gas analysis con
firmed the presence of primary respiratory 
acidosis, hypercapnea, and hypoxia. Radi
ographic examination immediately prior to 
euthanasia revealed a diffuse, intersti
tial pattern of f·ibrosis consistent with 
radiation pneumonitis. Swabs taken from 
the trachea and main-stem bronchi at ne
cropsy failed to demonstrate any evidence 
of bacterial involvement in the lungs of 
these dogs. None of the controls, DTPA
only-treated, or 241Am02 -exposed dogs 
treated with OTPA have shown respi ratory 
effects. 

The decreased severity of hematological 
and clinical chemistry effects in the 
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FIGURE 2. Excretion of 241 Am in Dogs After Inhalation of 
241 Am02 and Treatment with Zn-DTPA. 

241Am02-exposed, DTPA-treated dogs com
pared to the 241Am02-exposed, non-DTPA
treated dogs was consistent with the large 
decrease in retention of 241Am in the 
skeleton and 1 iver of the DTPA-treated 
dogs (Figure 1). Although DTPA treatment 
was less effective in decreasing lung re-
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tention than skeleton and liver retention, 
the 241Am02-exposed, DTPA-treated dogs 
have not deve loped respi ratory i nsuffi
ciency. The dose-effect relationships 
will be further evaluated to determine the 
influence of DTPA treatment on respiratory 
effects of inhaled 241Am02. 
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FIGURE 3, Mean Hematologic Values in Dogs After Inhalation of 241 Am02 and Treatment with Zn-DTPA, Mean ± 95% 
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FIGURE 4. Mean Clinical Chemistry Values in Dogs After Inhalation of 241 Am0 2 and Treatment with Zn-DTPA, Mean ± 95% 
Confidence Interval of Controls. 
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