
• Removal of Deposited Radionuclides 

The objective of this project is to decrease the damage potential from inhaled, skin-, wound-absorbed, 

or ingested radionuclides. While primarily addressing the need for worker protection in the nuclear 

industry and in the laboratory and cooperating with needs of the industrial physician, we are also 

investigating possible treatment needs arising from exposure of larger segments of the population. We 

are attempting to develop methods that will prevent absorption, hasten excretion, improve decon
tamination, or altertranslocation of the rad ion uclides so as to minimize rad iation dose to sensitive tissue. 

SOLUBILIZATION OF 241 Am02 IN ALVEOLAR MACROPHAGE CULTURES 

Investigators: 
A. V. Robinson and R. P. Schneider 

Technical Assistance: M. Butcher 

Cultured rabbit alveolar macrophages were used to study the effect of phagocytosis on the 

solubilization of 241Am02. A comparison was made of the solubility of phagocytized Am02 and 

Am02 in cell-free media, in the presence and absence of 0.1 mM DTPA. A time-dependent 
increase of 26% in the soluble (O.l-~m filtrate) intracellular americium fraction was seen in 

macrophages cultured for 3 days. The addition of 0.1 mM DTPA to culture medium resulted in 
an increase of 36% over the same time period. In contrast, cell-free media without DTPA 
resulted in less than a 2% increase in solubility 
of 0.1 mM DTPA resulted in a 5% increase over the 
cell-mediated solubilization of phagocytized Am02 

The macrophage figures prominently in the 
clearance of inhaled particulates from the 
lung. Within minutes of inhalation, parti
culates deposited in the deep lung are phago
cytized by macrophages. We have developed 
an in vitro assay system utilizing the macrc
phage as a test cell (Annual Reports, 1975-
1978) to screen agents potentially useful 
in the solubilization and removal of actinide 
particulates from the lung. This system 
mimics some of the problems involved in the 
in vivo removal of inhaled transuranics, 
most notably the enclosing of the particles 
within cells with membranes that are nearly 
impermeable to the highly charged DTPA 
molecules commonly used in treating exposed 
subjects. This report describes work 
intended to define the role of the macro
phage in solubilizing 241Am02' as well as 
the effect of DTPA on the process. 
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after 4 days of incubation, while addition 
same time period. These results indicate 
by macro phages. 

Macrophages were obtained by lung lavage 
from 3- to 5-lb New Zealand White rabbits 
(either sex). The Am02 sus pens ions were 
freshly prepared for each experiment. Cells 
and particles were incubated in Hanks + 4% 
BSA for 2 hr at 37°C with shaking. Cells 
and unphagocytized actinide particles were 
separated by density gradient flotation in 
BSA as previously described (Robinson and 
Schneider, Annual Report, 1978). Sa.mples of 
resuspended cells were saved for subsequent 
counting and filtration. Macrophages 
(5 x 106 ) were added to a 25-cm2 tissue 
culture flask containing 5 ml M-199 tissue 
culture medium plus 10% rabbit serum (RS). 
The flasks were then incubated at 37°C in a 
5% CO 2 atmosphere, and the macro phages were 
allowed to settle and attach to the bottom 
of the flask for 1 to 2 hr. The media and 
unattached cells were then aspirated, and 



5.0 ml of fresh media (M-199 + 10% RS, or 
media plus 0.1 mM CaNa3DTPA) were added. 
The cells were incubated for a total of 
3 days following attachment, and at 3, 9, 24 
and 72 hr, cells were lysed by adding 0.5 ml 
10% sodium dodecyl sulfate (SDS) to 4 to 
5 ml of media in the flasks. The exposure 
duration was measured from the beginning of 
the phagocytosis phase. The addition of 
SDS dissolved the cell membrane and allowed 
subsequent filtration of cell lysates through 
a O.l-l1li1 polycarbonate filter (Nuclepore). 
Radioactivity was measured by liquid scin
tillation. 

The data in Table 60 are expressed as the 
percentage of total americium that passed 
through a O.l-l1m filter at a given time. 
The data indicate a time-dependent, cell
mediated increase in the solubility of the 
phagocytized Am0 2. This increase was not 
seen in the cell-free medium control. 
The use of DTPA clearly enhanced the solu
bility of Am02 in the presence of cells; 
however, there was no time-dependent increase 
in solubility in the cell-free control 
medium. 

TABLE GO. Filterability of Intracellular 2·'AmO, as a 
Function of Time and DTPA Treatment 

CompositIon of Incubation '}" of Tota! Activity in O.l-~m Filtrdte 
Media la) Time in Culture, hr 

)\..0. Hours In Culture: 0 24 72 96 

Cell, + 0.1 mM OTPA 14 30 48 82 89 

Cell, 14 30 41 63 67 

Cell-Free .r\1~d;d 

Cell-Free Media + 0.1 mM OTPA 10 12 12 

(a) Cells were incubated in M-199 salts containing 10% rabbit serum. 

CelJ-free samples were incubated in H.lnks'SdltS containing 10'X, rabbit 
serum. 
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It is not possible to ascertain if the 
fraction of activity which passed through a 
O.l-l1m filter was truly soluble, or consisted 
of particles less than 0.1 11m in size. Data 
in the literature (Stradling, et al., Radiat. 
Res. ~: 549-560, 1978) indicate that~ 
AmOz, this distinction is not particularly 
important since the behavior of inhaled 
particles less than 0.1 11m in size approaches 
that of soluble actinide. There are appar
ently factors in the macrophage which greatly 
increase the disaggregation or solubility of 
Am02 over that observed in cell-free media. 
These factors may be naturally occurring 
chelators, the low pH of the lysosome, 
oxidation reduction reactions or surfactant 
action (disaggregation). Some of these 
mechanisms will be investigated, since 
understanding of these processes may provide 
insight into methods of enhancing naturally 
occurring mechanisms of solubilization and, 
ultimately, clearance. 

Our observations in the macrophage system 
correlate with the results observed by others 
(Stradling, et al. Radiat. Res. 76: 549-560, 
1978); i.e., that the solubility-of AmOz in 
vivo is much greater than that measured in 
vitro (Boyd, et al., Radiat. Res. 76: 
549-560, 1978). With regard to screening, 
the macrophage system correctly predicted 
that DTPA could be efficacious, and more 
closely mimics the in vivo solubilization 
than simple in vitro incubations in media 
designed to simulate body fluids, and is 
therefore worthy of further study. 

The macrophage system will be used to 
screen several chelons of bacterial origin, 
as well as to assess the use of DTPA encap
sulated in a phagocytizable, biodegradable 
polymer. 




