
creases markedly (Bragg effect) and 
makes dosage calculation very difficult. 

Round apertures with a diameter of 
1, 0.075, and 0.025 mm, respectively, 
in 0.4-mm platinum foil were placed 
directly in front of the target area to 
achieve the desired beam profile. After 
passing the aperture the beam was rela- 
tively well collimated to a depth of 1.5 
mm, but beyond this scattering broadens 
the beam considerably for the smaller 
beam diameters. 

One hundred Carworth CF1 female 
mice 6 to 7 weeks old and weighing 
25 to 32 gm were used. The beam 
was directed to the exposed skull at a 
point 1.5 mm to the right of the 
longitudinal suture and 1.5 mm anterior 
to the lambda suture. The head was 
kept in a fixed position by placing the 
upper front teeth over a bar and in- 
serting two metal pins into the outer 
auditory meatus on each side. The 
animals were kept under light Nem- 
butal anesthesia. None of the animals 
exhibited any abnormal reactions after 
irradiation. 

After 3, 6, 12, 24, and 48 days, 
respectively, the mice were anesthetized 
with Nembutal and perfused with Susa 
fixative. The brains were embedded in 
paraffin and cut in serial sections at 
8,t. The following staining methods 
were used: gallocyanin, hematoxylin- 
van Gieson, and PAS-gallocyanin. 

With a 1-mm beam, a single exposure 
with 30,000 rad produced within 12 
days a cavitation-that is, complete de- 
struction of all tissue components in the 
center of the beam. After 24 days the 
lesion had grown somewhat larger and 
comprised almost the entire beam path 
(Fig. 1, A). A dose of 60,000 rad 
produced a larger and more uniformly 
shaped cavity within 24 days (Fig. 
1, B). No lesion was observed at 
15,000 rad. This means that the thresh- 
old for a destructive lesion along the 
first half of the beam path is between 
15,000 and 30,000 rad for a 24-day 
latency. 

With a 0.075-mm beam, a dose of 
150,000 rad resulted in complete loss 
of ganglion cells along the beam path 
within 6 days. Mice that had survived 
for 24 days after exposure to the same 
dose exhibited a similar lesion. With 
a dose four times higher, the histologic 
character of the lesions did not change. 
The tract, however, became somewhat 
broader, reaching a diameter of 100 ,t 
as compared to one of 70-,u diameter 
produced by 150,000 rad. With 75,000 
rad no lesions developed until the 24th 
day. It may therefore be concluded that 
the threshold dose for producing a 
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Fig. 1. Frontal sections of visual cortex 
of mice irradiated with deuteron beams. 
The arrows indicate the direction of the 
beam. (A) 1-mm beam, 30,000 rad, 24-day 
survival; (B) 1-mm beam, 60,000 rad, 
24-day survival; (C) 0.025-mm beam, 
1.1 x 106 rad, 6-day survival; (D) 0.025- 
mm beam, 1.1 x 106 rad, 48-day survival. 

rad was required (Fig. 1, C and D). 
A dose of 550,000 rad did not result 
in any histopathologic changes. A dose 
of 2.2 X 106 rad did not alter the 
histologic appearance of the lesion, al- 
though it widened the tract from 25 to 
40 tz. Cavitation have never been ob- 
served, even at very high dosages, and 
this constitutes a striking qualitative 
difference between these findings and 
those with the l-mm beam. 

For production of a histologic lesion 
24 days after exposure to deuteron 
beams of 1.0, 0.075, and 0.025 mm, 
radiation doses of approximately 25,000, 
75,000, and 106 rad, respectively, are 
necessary. These results indicate that 
there is an inverse relationship for small 
volumes between radiosensitivity and 
tissue volume exposed, and that if the 
beam size were further decreased the 
sensitivity might be very low indeed. 

The decease in sensitivity found for 
small exposure volumes is quite con- 
sistent with the finding of Kereiakes 
et al. (1)-that grids with small holes 
afford more x-ray protection for rats 
than grids of the same exposure area 
with large holes. These findings also 
correlate well with results of Devik 
(2), who used very small wires to shield 
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skin areas, and of Chase (3), who ex- 
posed skin to small proton and x-ray 
beams. The basis of this increased 
tolerance is not well understood; it has 
been surmised that it results from a 
protection of the irradiated tissue by 
its unirradiated surroundings. Another 
explanation, more appropriate to the 
experiments described here, would be 
that the microbeams cause a pre- 
dominantly direct radiation injury, 
whereas the large beams produce addi- 
tional indirect effects. Indeed, the 
studies of Larsson, Leksell, Rexed, and 
Sourander (4) suggest that in large 
radiation areas vascular disturbances in 
the form of plasma exudation, hemor- 
rhages, and edema play an important 
role in the pathological development of 
radiogenic lesions of the nervous sys- 
tem. Such factors hardly apply to the 
lesions produced by microbeams, be- 
cause vessels are only occasionally 
located within the beam path, as seen 
in serial sections. If a length of 1400 
mm of capillaries per 1 mm3 of brain 
tissue is assumed (5), the capillaries 
would be spaced about 78 /x apart, from 
outside wall to outside wall. This would 
theoretically permit even a 75-,u beam 
to pass through the tissue without hitting 
a significant number of vessels. Further 
support for a direct action by the micro- 
beams is derived from the observation 
that the lesions are sharply delimited 
and do not follow any vascular distribu- 
tion pattern. 

It would appear from these results 
that the biological effects of primary 
cosmic rays may not be as damaging 
as has been supposed (6). These data 
also have very important implications 
for basic radiobiology (7). 
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