
• Inhaled Transuranics in Rodents 

The purpose of this project is to examine, in small animals, the fate and effects of 

inhaled transuranic compounds. This project should provide data required for hazard eval
uation and establishment of permissible exposure limits to man for inhaled transuranics, 
particularly with respect to radiation dose and dose-distribution. 

MORPHOMETRY OF RODENT LUNG FOLLOWING INHALATION OF 239 pu02 

Investigator: K. Rhoads 
Technical Assistance: 

S. I. Baker, I. A. Watson, and D. Omta 

Changes in lung structure following exposure of rats and hamsters to 239pu02 were rela
tively small and few in number. However, significant radiation-induced changes were noted 
for volume of major airways and vascular areas in both species, and in the thickness of the 
alveolar air-blood barrier for hamsters. 

Alterations in lung structure following 
exposure to inhaled 239Pu02 aerosols at 
sufficiently high doses resulted in shor
tened life span in both rats and hamsters. 
This was due to development of radiation 
pneumonitis and fibrosis, with subsequent 
impairment in respiratory efficiency. 
However, the dose level required to produce 
a significant shortening of life span was 
substantially higher than that which resul
ted in an optimal yield of lung tumors in 
rats. Hamsters did not develop a signifi
cant number of lung tumors at any dose. In 
this experiment, we attempted to determine 
the type and extent of structural altera
tion in rodent lung following exposure to 
239Pu02 at a dose level near that for 
"optimal" tumor response in rats. 

Young adult, female Wistar rats and 
Syrian hamsters were exposed to an aerosol 
of 239PuO~ and sacrificed up to 1 yr post
exposure. Lungs were instilled with fixa
tive at 20 cm H20 pressure, prior to removal 
from the thoracic cavity. Tissue was then 
selected by systematic and random sampling 
methods for light and electron microscopic 
analysis. 

Micrographs prepared from tissue sections 
were analyzed by point-intersect and direct 
measurement morphometric methods. Light 
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micrographs at 220 X magnification were 
used to investigate the overall structure 
and composition of lung. Electron micro
graphs at 10,500 X were used to investigate 
the thickness of the alveolar air-blood 
barrier. Arithmetic mean thickness (AMT) 
represented the mass of tissue present, 
whereas harmonic mean thickness (HMT) was a 
measure of the diffusion resistance (i.e., 
resistance to gas exchange) of the air
blood barri er. 

The distribution of major lung components 
(Figure 3.13) was similar for rat and ham
ster, and in both control and exposed groups. 
Parenchymal tissue accounted for about 90% 
of lung volume, 60-70% of which was respira
tory air space (alveolar sacs and ducts), 
and the remaining 20-30% was alveolar 
septa. Alveolar macrophages (not included 
in figure) occupied less than 0.5% of the 
total volume. Percentages for conducting 
airways (bronchi and bronchioles) and major 
vascular regions were much more variable, 
ranging from 0.5-3% and 3.5-9%, respectively. 
The volume of conducting airways decreased 
significantly in exposed animals for both 
rat (P <0.03) and hamster (P <0.002). No 
other significant treatment differences 
were found. The only significant species 
difference was the smaller volume of major 
vascular tissue (P <0.02) in hamsters 
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FIGURE 3.13. Volume Distribution of Major lung Components (light level). 

compared to rats when the treatment groups 
were combined, due to the large decrease 
observed in exposed hamsters. 

Statistically significant findings 
in the light-level structural parameters 
(Table 3.8) were the large number of 
alveoli/mm3 in control rats (P <0.0001), 
and the lower surface/volume ratio in rats 
compared to hamsters (P <0.01, treatment 
groups combined). 

The alveolar air-blood barrier data 
(Figure 3.14) awaits final statistical 
analysis, but preliminary results indicated 
that control hamsters may have had a thinner 
air-blood barrier than control rats when 
measured either as AMT or HMT, and that 
this difference was due to the thickness of 
the interstitial tissue. Following exposure, 
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the air-blood barrier thickness appeared to 
increase in hamsters to a greater extent 
than in rats, again due to an increase in 
the interstitium. 

Although some changes in lung composition 
and structure occurred following inhalation 
of 239pu02, they were relatively small in 
magnitude and few in number. These changes 
were in the major airways and vascular 
regions, which together represented less 
than 10% of the total lung volume. The 
increase in thickness of the air-blood 
barrier in hamsters may have contributed in 
some degree to respiratory difficulty. No 
differences were observed in morphology 
between rats and hamsters that could explain 
the lack of carcinogenic effect of 239PuOz 
in hamsters. 
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TABLE 3.8. Structural Parameters.(a) 

Arithmetic Mean 
Thickness-Alveolar Septa, J.I 

Control 

7.3 ± 1.5 

Rat 

Exposed 

6.9 ± 2.9 

Hamster 

Control Exposed 

4.9 ± 0.6 6.7 ± 5.1 

Surface/Volume Ratio
Alveolar Septa,w1 

0.29 ± 0.06 0.33 ± 0.09 0.42 ± 0.06 0.35 ± 0.08 

No. Alveoli/mm3 130 ± 57 80 ± 27 75 ± 17 78 ± 22 

(a) All values are Mean ± SO. 
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FIGURE 3.14. Thickness of Alveolar Air-Blood Barrier. 
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