
• Cigarette Smoke and Plutonium 

Cigarette-smoke-induced changes in pulmonary airways of humans and laboratory animals 
include epithelial squamous metaplasia, with loss of cilia. These changes may impair the 
mucociliary clearance mechanism, thereby increasing the probability of pulmonary neoplasia 
induction by inhaled plutonium. The overall objective of this study is to determine whether 

cigarette smoking increases the probability of plutonium-induced lung cancer. Initial 
experiments were designed to characterize the effect of chronic cigarette smoke exposure on 
pulmonary clearance of plutonium aerosols. 

AUTORADIOGRAPHIC DETECTION OF RADIONUCLIDES 
ON THE EPITHELIAL SURFACES OF PULMONARY AIRWAYS 

Investigators: 
J. L. Pappin, R. E. Filipy, and R. M. Madison 

Technical Assistance: B. G. Moore 

We are developing an autoradiographic method for detection of radionuclide deposition 
sites on the internal surfaces of pulmonary airways. The method is expected to generate 
information on the distribution as well as on the quantity of radionuclides deposited in 
pulmonary airways. 

The inner surface of a pulmonary airway 
is lined with a continuous sheet of epi
thelial cells that extends the entire 
length of each airway. The usual cross
sectional view of an airway allows us to 
see only a limited section of epithelium; 
serial sections are required in order to 
view the epithelium of an entire airway. 
The technique described here allows us to 
isolate, on one microscope slide, epi
thelium representative of an entire, 
specific airway. Used in conjunction with 
autoradiography, this technique makes it 
possible to detect radionuclides on the 
epithelial surfaces, allowing the areas of 
radionuclide deposition to be identified. 
The technique consists of five steps, 
outlined in Figure 3.51. 
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Briefly, the technique is as follows: 
The lungs are inflated with air to 25 cm 
water pressure and fixed in situ by 
injecting cacodylate-buffered glutaralde
hyde into the right ventricle. The trachea 
is then ligated, and the lungs removed and 
immersed in glutaraldehyde for 24 hr. 
Following thorough fixation, specific 
bronchi and the trachea are bisected longi
tudinally, pressed flat between glass 
slides, and returned to the fixative solu
tion overnight. The flattened tissues are 
then dehydrated in graded alcohol solutions 
and the epithelial surface is fixed to a 
slide with celloidin and rehydrated. The 
cartilage and adventitial tissues are 
stripped away, leaving the epithelial 
surface adhering to the glass slide 
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FIGURE 3.51. Sequence of Histologic Technique for 
Autoradiographic Detection of Radionuclide Deposition 
on Pulmonary Airway Epithelial Surfaces. 
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FICURE 3.52. Tissue Position in Step 3: (a) adhesion 
of epithelial surface to celloidin and removal of adventitia; 
(b) inversion of tissue and adhesion of subepithelial 
surface to glass NTA plate. 
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(Figure 3.52A). Next the epithelium is cut 
from the celloidin, transferred to a devel
oped and cleared NTA plate (Figure 3.52B), 
and ultimately dipped into a liquid photogra
phic emulsion. After an appropriate expo
sure period, the emulsion is developed and 
the tissue is stained with hematoxylin and 
eosin-phloxine B. Microscopic examination 
reveals exposed areas in the photographic 
emulsion that correspond to radionuclide 
deposition sites (Figure 3.53). 

This technique is being developed for 
quantitative evaluation of plutonium 
deposition in pulmonary airways of rats 
that are currently being exposed to ciga
rette smoke. After a period of chronic 
smoke exposure or sham exposure, the rats 
will be given an acute inhalation exposure 
to 239Pu02' after which the technique 
described here will be applied. Results 
are expected to include information on the 
distribution of plutonium in pulmonary 
airways of smoke-exposed and sham-exposed 
rats. Later application of the technique 
to larger animals, such as dogs, is also 
anticipated. 

FIGURE 3.53. Microscopic Surface View of a Bronchial 
Epithelial Autoradiograph. 




