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As part of a study designed to examine various means of solubilizing actinide particles 

within macrophages, we have measured the in vitro effects of 241Am02 and 239PU02 on these 

cells. Dose distribution within the cell population was estimated by autoradiography and 
compared to cell detachment as a function of time. The 241Am02 and 239PU02 were toxic in 

proportion to their radioactivity rather than their mass. Approximately 385 intracellular 

disintegrations are required from either radionuclide to cause cells to detach from the flask 

surface. 

Macrophages containing actinide particles 
are being cultured for in vitro studies of 
actinide intracellular solubility, and to 
evaluate methods for increasing their 
removal from the lung. 

In the course of these studies, it was 
necessary to relate intracellular dose 
levels of 241Am02 and 239PU02 to detachment 
of the cells from culture flasks. This 
parameter is a measure of cellular integrity, 
since cells that detach are either dead or 
nonfunctional, and die after release. When 
treatments are tested, the cell detachment 
rate, compared with that in the absence of 
treatment, gives an indication of treatment 
success or possible cumulative effect 
(toxicity) . 

Rabbit alveolar macrophages were incu
bated for 2 hr with 3.1 vCi/ml of 241Am02 
or 0.6 vCi/ml 239PU02' Filtration of the 
241Am02 suspension showed that 71%, 77%, 
81%, and 100%, respectively, of the sus
pension passed through Nucleopore filters 
with pore sizes of 0.1 vm, 0.4 vm, 1.0 vm, 
and 5.0 vm. Electron microscopy revealed 
that the 239Pu02 particles had a count 
median diameter of 0.14 vm and a mass 
median diameter of 0.57 vm. Cells incu
bated with 241Am02 were separated from the 
unphagocytized particles of radionuclide by 
means of density gradient centrifugation 
(Robinson and Schneider, this Annual Report). 
Cells exposed to PU02 were centrifuged to a 
pellet, resuspended, and placed in culture 
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flasks. The cells remalnlng attached after 
exposure to both radionuclides were counted 
daily for 3 days. 

Prior to culturing, samples of cells 
were smeared on microscope slides, dipped 
in emulsion and autoradiographed. Smears 
were then observed by light microscopy and 
the number of alpha tracks in each of 200 
individual cells were counted. A plot of 
the percentage of cells which contained 
from 0 to 30 tracks shows that cells 
exposed to Am02 phagocytized more radio
activity than those exposed to PU02 (Figure 
3.40). When there were >30 tracks in 
a cell, it was impossible to be certain of 
the exact number; thus these cells were 
counted simply as containing >30. About 
10% of the cells from each suspension 
contained more than 30 tracks. 

As a working hypothesis, we assumed a 
simple relationship, i.e., that cells will 
detach from the flask when they have accu
mulated a sufficient number of intracellular 
disintegrations. The number of disintegra
tions required to release the cells from 
the flask surface was estimated by comparing 
the percentage of the cell population that 
accumulated a fixed number of disintegra
tions to the percentage of the cells that 
released with time. Using the data shown 
in Figure 3.40, the percentage of cells that 
accumulated 20, 30, 40, 50, 60, and 70 
tracks from 241Am02 was calculated for 1, 
2, and 3 days of culture and plotted as a 
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FIGURE 3.40. Percentage of 200 Macrophages Con
taining from 1 to 30 Observable Alpha Tracks. Cells 
were exposed to 3.1 MCi/ml 241Am02 and 0.61lCilml 
2J9PU02' Autoradiographic exposure was 16 hr for AmOr 
exposed and 24 hr for 2J9Pu02-exposed cells. 

function of time (Figure 3.41). This calcu
lation generates a family of curves, with 
one describing the percentage that accumu
lated each number of tracks selected. The 
curve describing the percentage of cells 
that detached as a function of time falls 
between the 60- and 70-track lines, suggest
ing that the number of distintegrations 
equivalent to 60-70 tracks is that required 
to cause cell detachment. 

A similar plot of accumulated tracks and 
percentages of cells which detached for 
those containing 239pu02 (Figure 3.42) shows 
that the detachment curve falls between the 
40- and 50-track curves. Due to errors 
inherent in the counting of alpha tracks, 
it is probable that the correlation between 
alpha tracks and cell release is the same 
for the two nuclides, i.e., the mean number 
of disintegrations from either emitter 
required to generate about 50 tracks cause 
cell release. This suggests that the 
toxicity of the two isotopes is due only to 
radiation, since the specific activity of 
241Am is 44 times that of 239pu; and the 
energies of the alpha particles are about 
the same: The cells in the 241Am02-
culture contained more radioactivity than 
those containing PU02 (Figure 3.40) and accu
mulated radiation more rapidly (steeper 
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curves in Figure 3.41 compared to Figure 
3.42). In both cultures the slope of the 
detachment curves increased relative to the 
track accumulation curves between 2 and 
3 days. Apparently, a hypothesis describing 
cell injury that depends only on the accumu
lation of intracellular disintegrations is 
not sufficient to fully explain the data. 
The track-accumulation curves underestimate 
the injury to cells between the second and 
third day, suggesting that injury is time
dependent as well as dose-dependent. 

The exact counting efficiency of the 
autoradiographic system is unknown, hence 
the number of disintegrations per cell can 
only be estimated from the track-counting 
data. The autoradiographic emulsion used 
was 2-5 ~m in thickness, suggesting that 
the efficiency was relatively low (~13%), 
as reported by Sanders (Health Phys. 
22:391 [1972J). By counting an aliquot of 
the 241Am02-exposed cells by liquid scintil
lation after separation of particles and 
cells, we ascertained that the mean dose 
per cell was 230 disintegrations per day. 
To compare this number to that ascertained 
by autoradiography, the cells that contained 
too many tracks to count were assumed to 
have 30 tracks. The resulting average 
number of tracks counted per cell (Figure 
3.40) was 14.4 from a 16-hr autoradiographic 
exposure, or 22 per cell per day. Assuming 
an efficiency of 13%, this number of tracks 
is equivalent to 169 distintegrations per 
day per cell. The difference between 169 
and the mean measured by liquid scintilla
tion (230) can be accounted for by assign
ing a mean of 118 tracks per cell per day 
to the cells that could not be counted 
because they contained over 30 tracks. 
This is a reasonable number, and suggests 
that an efficiency of 13% is also a reason
able estimate. The number of disintegra
tions that would generate the 50 tracks 
required to detach a macrophage is about 
385. The uncertainty in this estimate 
results primarily from the estimate of 
counting efficiency, since the correlations 
between tracks and cell detachment for 
241Am02 and 239pu02 were in good agreement. 

These studies enable us to predict the 
effects of intracellular actinides and, as 
a result, to load the cells with the maxi
mum amount of actinide for solubility 
studies without killing them. Although 
most measurements of solubility consist of 
lysing the cells with detergents and ascer
taining filterability of the resultant 
solution, we will also use these autoradio
graphic techniques to estimate changes of 
various solubilizing agents on the dose 
distribution within the cell population. 
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FIGURE 3.41. Percent of Macrophages Remaining Attached (.---.; bars show SE), 
and Those that Accumulated 20 ("),30 (0), 40 (e), 50 (~), 60 (D), and 70 (0) Alpha Tracks, 
Calculated from Data in Figure 3.40, as a Function of Time. Cells were exposed 
to 3.11lCilml 241Am02 for 2 hr prior to autoradiography and culture. 
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FIGURE 3.42. Percent of Macrophages Remaining Attached (.---.; bars show SE), 
and Those that Accumulated 20 (£), 30 (0), 40 (£), 50 (~), and 60 (D) Alpha Tracks, 
Calculated from Intracellular mPU02 Data in Figure 3.40 as a Function of Time. Cells 
were exposed to 0.6 J..LCi/ml mpU02 for 2 hr prior to autoradiography and culture. 
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