
• 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 expo
sure of larger segments of the population. We are attempting to develop methods that will 
prevent absorption, hasten excretion, improve decontamination, or alter translocation of the 

radionuclides so as to minimize radiation dose to sensitive tissue. 

PHAGOCYTOSIS OF 241 Am02 BY PULMONARY MACROPHAGES IN VITRO 

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

Technical Assistance: L. M. Butcher 

A method has been developed for separating macrophages from nonphagocytized actinide oxide 

particles after incubation of suspensions of cells and actinides. It involves increasing the 
density of the suspension medium with albumin and centrifuging to pellet the.actinide and 
float the cells. Using this procedure, we have found that phagocytosis is ·increased by the 
presence of albumin and that a constant proportion of available particles is taken up by the 
cells from 0.07 to 0.86 ~Ci/ml suspensions of 241Am02' 

Particulate forms of actinides reaching 
the lung are phagocytized by macrophages 
and sequestered in phagolysozomes. This 
sequestered material is largely inaccessible 
to the chelator, DTPA, currently used in 
the treatment of inhaled or ingested actin
ide. We are developing an in vitro culture 
system to assess the toxicity of actinides 
and various chelating agents to macrophages 
and the ability of the chelating agents to 
solublize phagocytized actinide particles. 
Previous reports (Annual Reports, 1975, 
1976, 1977) described initial survival 
data, cell culture, and cell-loading tech
niques. 

To make an accurate assessment of uptake 
and measurement of subsequently solubilized 
actinide without high background activity 
due to unphagocytized actinide, it is 
necessary to separate the macrophages from 
unphagocytized particles. This report will 
describe the development of a method to 
achieve this separation and the use of the 
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method to investigate the effects of media 
composition and time on phagocytosis of 
americium oxide. Figure 3.38 is a flow dia
gram of the technique developed. The cells 
and actinide particles were incubated with 
shaking at 37°C. Following the desired 
incubation period, cells and particles were 
mixed with 2 volumes of ice-cold 35% bovine 
serum albumin (BSA) solution (Pathocyte 4, 
Miles Laboratories) and overlaid with 1 to 
2 ml of saline or Hanks' balanced salt 
solution. This layer was necessary to 
obtain a sharp, stable band of cells after 
the next step, which is centrifugation at 
1000 x g for 10 min. At the end of the 
centrifugation step, the cells were banded 
at the top of the tube and the particles 
were at the bottom. Cells were then aspi
rated and diluted approximately 2X with 
M-199 salts (10% in rabbit serum [RS]), 
pelleted, and resuspended in appropriate 
media for further manipulation. 
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FIGURE 3.38. Flotation Method of Removing Unphagocytized Am02 from 
Macrophages, 

Results of separating nonphagocytized Am 
from cells by various methods are compared 
in Table 3.42. Data is expressed as % of 
added Am02 associated with cells (after the 
indicated separation method) at two dif
ferent times following incubation. In the 
first case, the americium particles were 
pelleted along with the cells; there was no 
difference in the amount of cell-associated 
americium at 0 hr versus 2 hr of incuba
tion. Addition of a BSA step gradient 
decreased the amount of cell-associated 
americium, but there was no difference in 
cell-associated americium between 0 hr and 
2 hr of incubation. The flotation pro
cedure showed there was 4% of americium 
cell-associated at 0 hr; this rose to 61% 
at 2 hr. Pelleting the same cells with 
americium particles prior to flotation 
resulted in cell-associated americium 
increasing to 81% at 2 hr, an apparent 20% 
overestimate of the ability of the macro
phages to phagocytize Am02' Subjecting the 
same cells to a second flotation did not 
remove any additional Am02' Thus, the 
flotation procedure clearly showed the time 
dependence of the in vitro phagocytic 
activity of the macrophages, and resulted 
in cells free of unphagocytized Am02' 

The phagocytosis of Am02 as a function 
of actinide concentration and incubation 
media was investigated, using the flotation 
procedure. Three levels of activity, 
ranging from 0.07 to 0.86 ~Ci/ml of incu
bation media, and three different incuba
tion media (Hanks' salts, Hanks' + 10% RS, 
and Hanks' + 4% BSA) were used for a 2-hr 
incubation. Data in Figure 3.39 show Am02 
uptake to be a simple linear function of 
its concentration in the incubation media. 
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Among the media, Hanks' salts exhibited the 
lowest uptake, followed by Hanks' + 10% RS, 
and Hanks' + 4% BSA. Use of 4% BSA instead 
of 10% RS, for example, achieved the same 
amount of Am02 in macrophages from sus
pensions with 40% lower actinide incubation 
concentrations. This is important because 
it reduces secondary radiation effects in 
the media and direct radiation damage from 
extracellular Am02 during the loading 
phases of the experiment. 

For each medium, a characteristic percent 
of added Am02 was taken up, regardless of 
incubation dose. This may be a reflection 
of the various rates of phagocytosis and of 
the 2-hr sample time. It may also have 
resulted from cell injury or the depeletion 
of available Am02' To test these hypothe
ses, an experiment was performed with 
incubation at two different cell concentra
tions (1.4 x 106 cells/ml and 6.6 x 10 6 

cells/ml), and one Am02 concentration 
(0.11 ~Ci/ml). Cells and medium were 
subjected to the flotation procedure, and 
the amount of cell-associated Am02 was 
calculated as a function of time. Data 
showed that the higher concentration of 
cells attained maximum uptake of Am02 by 
2 hr, while the lower concentration of 
cells was still phagocytizing at the end of 
3 hr. The latter attained approximately 
twice the final activity per cell as did 
the higher concentration of cells, indi
cating that the phagocytic ability of the 
cells was not impaired over the 3-hr time 
period examined. It also supports the 
notion that 2-hr uptake is a measure of 
available phagocytizable Am02' not a mea
sure of rate of uptake. 



(a) Celis and americium spun down together (10 min at 
350 X g), supernatant aspirated and discarded, and 
pellet resuspended. 

(b) Celis and americium layered on a two-step gradient of 
6% BSA on 22% BSA. Sample spun at 350 X g for 10 min 
and celis recovered at interface between 6% and 22% 
BSA. 

Since BSA is known to stimulate pino
cytosis in macrophages, such stimulation is 
a likely explanation of the apparent 
increase in the AmOz uptake when cells were 
incubated in BSA, resulting in increased 
uptake of small particles. Investigations 
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FIGURE 3.39. Medium and Dose Dependence of In Vitro 
Uptake of AmOl in Rabbit Alveolar Macrophages. 

are underway to more closely define the 
size of the fraction taken up by the macro
phages under these in vitro conditions. 
The toxicity of the phagocytized AmOz to 
macrophages is reported elsewhere in this 
Annual Report. 




