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Erythrocytes.” (17320) 
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Xt is well known that ionizing radiartions 
produce hemolysis of red b l d  cells in vitro, 
and this seems to be asswilated with swe1ling.l 
Nearly all investigators have studied these 
phenomena with large populations of erythro- 
cytes so that variation in behavior of the 
individual cells can be smoothed out to get 
reproducible data. As far as we know, only 
one previous worker has used a microbeam to 
irradiate polttions of a single cell. Tchakho- 
tine2 irradiated egg cells with ultraviolet rays 
focused Ito a 5 micron “point” and described 
local damage of the membrane and underly- 
ing cytoplasm. We are aware of no similar 
studies with ionizing radiation. 

I n  this study we have sacrificed the m y  
advantages of using massive populations of 
erythrocytes in order to dirmt OUT attention 
to the microscopic changes that can be ob- 
served in individual cells before, during and 
after irradiation. This method 1 h . s  revealed 
a #striking effect ,that seems to have escaped 
attention. Using erythrocytes of Amphiuma 
and of man, we have observed that between 
the time of irrad8ilation and the well-known 
swelling and hemolysis there occurs a shrink- 
age of the cells. After total alpha irradiation 
of a cell the whole cell shrinks. After irradia- 
tion of a portion of a cell only the irradiated 
portion shrinks. 

Methods and materials. Two methods of  ir- 
radiation were used, total cell irradiation in 
which cells in tissue cultures on coverslips 
were exposed, and, microbeam or partial cell 
irmdiation in which only portions of celils were 
exposed. Two sources of alpha pa~ticles were 

used.+ For total cell irradiation the source 
was polonium deposited on a palladium disc 
4 mm in diameter. This was mounted in a 
brass holder which simulated a microscope 
objective and could be screwed into thle nose- 
pilece of the microscope. In some experiments 
irradiation was administered from above by 
selecting a suitable field and then revolving 
the nosepiece #to bring the sourceholder over 
it.3 In  other experiments the source-holder 
was mounted in the microscope condenser- 
holdm so #that cells could be irradiated from 
below. In  the latter case, the cells were first 
observed with the condenser in place, then 
irradiated by substituting the source for the 
condenser, and finally observed with the con- 
denser back in place. Allternatively, the cells 
could be observed continuously before, during 
anldl after irradiation by using ventical illum- 
imtion without the exchanges of source and 
condenser. 

For microbeam or partial cell irradiat’ ! ion a 
smaller murce was used. The polon’ lium w ~ l s  
deposited on the end of it pallladium wire, 
0.3 mm in diameter, which was then inserted 
into a steel sheath made from hypodermic 
needle. One end of the sheath was covered 
with an duminum cap, the top of which was 
perforated with a small hole for the exit of 
lalph!a particles. This small source was mount- 
ed on the condens-er-holder. In use, a prep- 
aration was focused on the microscope stage 
with vertical illumination. The body tube 
was then racked down 20 p, and the con- 
denser-holder bearing the source racked up 
until the top of the aluminum cover with the 
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hole came into focus. By this procedure the 
source was brought as close as feasible to the 
cells. The hole was centered with respect to 
ocular cross hairs. To make an exposure a 
piece of coverslip was withdrawn anld rein- 
serted as a shutter in the space between the 
aluminum cap of the sheath and the 4 ,.I, 
mica slip at  the bottom of the preparation. 

The radiation consisted exclusively of pol- 
onium alpha particles (energy 5.3 MeV) . Since 
lthese particles have a total range of only 
about 35 p in tissue, the path from the source 
to the cells was made as short as possible to 
permit maximal penetration into the cells. 
The 4 mm source had an initial activity of 
790 pc. The distance between source and cell 
was 490 p and the dose rate was calculated 
to be about 132,000 rep per minute. Ex- 
posurles lasted from one to 50 minutes. The 
microbeam source had an activity of 275 pc 
a t  the start of cbhese experiments. The total 
number of particles reaching the field of ir- 
radiation was determined by direct count of 
those passing through the small holes used. In 
,the case of the 21.6 p hole, which was used 
most extensively, 12,500 particles emerged 
per minute. The area covered by the parti- 
cles was determined directly. An Eastman 
NTA plate was substituted for a cell prepara- 
tion and bombarded, for one minute. A pho- 
tograph of a stage micrometer was also made 
at the same time. Superimposing these two 
images gave the area of bombardment. Ex- 
posures ranged from one to 90 minutes; the 
average dose rate was 84,000 rep per minute. 

Time of exposure was corrected for radioactive 
decay of the sources. 

Cell preparations were madle as foll0;ws. 
-4f ter partial caudal amputation, a drop of 
Amphiuma blood was allowed to fall upon a 
coverslip and was covlered immediately with 
a mica coverslip 3.5 to 4.5 p thick (0.7 to 
0.8 mg per ecm2). Blood from man was drawn 
by skin puncture. The preprations were 
sealed with vaseline. *Cell ehanges were re- 
corded both by fast-motion cine-photornicro- 
graphy and by still photomicrography. Cyto- 
logical details not visible by vertical ilhmi- 
nation were studied with phiase microscopy. 

Results of Total  Cell Irradiation. Groups 
of irradiated ery'throcytes from Amphiuma or 
man generally show the same type af response 
with respect to hemolysis. A typical response 
is shown in Fig. 1.  After irradiation the cells 
shvink, becoming very wrinkled. Later they 
swell until they reach or exceed $heir inlitial 
size, after which they hemolyze. Cells which 
shrink thae earliest and to [the greatest extent 
take t'he longest tfo swell and to hemdyze. 

Results of partial cell irradiation. Individ- 
ual Ampbiuma erybhrocptes, after irradiation 
as described above, shrink in the irradiated 
portion only. However, the subsequent swell- 
ing involves the entire cell and results in 
hemdysis (Fig. 2 ) .  

Cells irradiated over their central portions 
shrink less and hemolyze significantly sooner 
than those irradiated at  their ends. The ends 
olf bhe Amphiurna erythrocyte are thinner than 
the center, which contains the nucleus. Since 
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FIG. 2. 
Photomicrographs of 2 Amphiumn erythrocytes exposed to partial cell irradiation wit11 

polonium alpha particles through a 21.6 p hole. Each exposure lasted 90 minutes and corrcs- 
ponded to a dose of 7.5 X 106 rep. (A) Cell being irradiated a t  one end; outline of opening 
through aluminum cap is also shown by focusing down 20 p and making a second exposure; 
(B) normal unirradiated control. ( C )  15 minutes later, one end of irradiated cell is severely 
slirunken; (D) the other end of the same cell is being irradiated. (E) The second end is 
shrinking; body of cell is swelling. (F) Swelling continues; nuclear change is evident; (G)  
Control cell is now being irradiated a t  i ts  center. (H) First  cell has liemolyzed 143 minutes 
nf'ter beginning of irradiation. (I) Second cell beginning to shrink, particularly 011 the lower 
side 48 minutes after beginning of irradiation; (J) Second cell begins to  hemolyze 94 minutes 
after beginning of irradiation, (complete hemolysis, not shown in figure, occurred 120 minutes 
after beginning of irradiation). 

i t  is likely that the alpha particles pass com- 
pletely through the ends of the cells', whereas 
they do not pass completely through the cell 
at  its center, irradiation at either end of the 
cell involves twice as much membrane area as 
is the case for irradiation at  the center. I t  is 
not 'clear whether ithe longer hemolysis time 
of the cel~ls irradiated at  their ends is due to 
greater shrinkage or to tlhe fact that thfe nu- 
cleus was not irradilated. Experiments are in 
progress It0 determine this point. 

Summary. Erythrocytes from A*mphiuma 
and fmrn 'man were irradiated in vitro with 
polonium alpha particles (a) from an ex- 
tended source (4 mrn in diameter) and (b) 
with a smlall beam (20 p in  diiameter). The 
cells first shlrank, th'en swelled and hemolyzed. 
Local irradiation of a park of a single cell re- 
sulted in! shrinkage only in, the irradiated 
portion. This was followed by swelling of tshe 
whfole cell and hemolysis. 
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