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DURATION OF MEMORY LOSS DUE TO ELECTRON BEAM EXPOSURE

INTRODUCTION

The biological effects of particle beams have been studied only in
terms of tissue disruption and ionization capabilities at relatively high
dose levels. No one would have predicted a biological effect, ionizing or
otherwise, at very low doses. However, McNulty and Pease (16) have demon-
strated retrograde amnesia (RA) production in mice following an 8-rad expo-
sure. More recently, Wheeler et al. (24) have examined the experimental
parameters most effective in amnesia production; they found that RA was
producgd in a dose range from 0.1 to 10 rad and the most effective dose rate
was 10° rad/sec. !
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The objective of the research reported here was to evaluate the duration
of retrograde amnesia due to electron beam exposure and to determine if
other forms of ionizing radiation also produced RA. It is important to know
if exposure to ionizing radiation produces a memory loss of the events which
occurred in the preceding 1 sec or memory loss of the preceding minute's
events. From an operational standpoint, the difference between a 1-sec
and 1-min memory loss could dictate mission completion or failure. The
duration of memory loss was evaluated on a behavioral task by varying the
time interval between the stimulus to be recalled (footshock) and the pulsed
electron beam exposure. i
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METHODS

The task and apparatus have previously been described in detail (23,24).

Briefly, the task was a single-trial avoidance paradigm. The test procedure

began when the animal was placed in a small aversive chamber. After a

90-sec adaptation period, a door opened that provided access to a large,

dark "preferred" chamber. The time required for the animal to leave the

illuminated "aversive" chamber and enter the preferred chamber was the

dependent variable (denoted T). Once inside the preferred chamber, a

footshock of 85 V (peak to peak) was delivered to the animal for 1 sec. At

a preset time delay (aT), after the termination of the shock, the linear

electron accelerator (LINAC) was pulsed, thus exposing the animal to the

electron beam. The animal was then returned to its home cage. A second

trial on the same task was run 2 hr postexposure. The second trial con-

sisted of placing the animal in the aversive chamber and monitoring the

time (T') required for the animal to enter the preferred chamber. No shock

or LINAC pulse was presented on the second trial. If the animal recalled

the shock treatment on the first trial, the values of T' (second trial

latency) would be large. If the electron beam exposure interfered with the

animal's ability to recall the shock, T' would be greatly reduced as compared
i ; with the sham controls. The operational definition of RA for this study was &
i the value of T' - T, between the 1imits of complete recall of the shock (a E

b shock, no exposure condition), and no recall of a shock (no shock presented).




The data of the control groups provided reference points to which could be
compared the data from test groups receiving exposures at various time
intervals after the shock (AT). The duration between shock and beam expo-
sure (A T) was the experimental variable. Radiation exposure consisted of
a 10-usec pulse of either 30-MeV electrons or 30-MeV X-rays. A1l exposures
were 10 + 1 rad.

A sufficient number of animals (Sprague-Dawley male rats, 175 + 25 mg)
were purchased to make up seven test groups (24 rats/group). The test groups
were: electron beam exposure at AT = 1, 3, 5, and 10 sec; X-ray exposure at
T = 1 sec; and two control groups. The control groups were: (1) No shock
but a 10-rad electron beam exposure; to determine if the beam itself was
aversive; and (2) Shock and no radiation exposure. The first groups tested
were with AT = 1 and 5 sec intermixed with sham, shock-only controls. These
data dictated the time delays for the next test groups (AT = 3 and 10 sec).
These groups were also tested intermixed with shock-only controls. The X-ray
and no shock groups were tested on the_third test day. The animals were
maintained on a 12/12 light-dark cyclel with free access to food and water.

i
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1It was discovered upon initiation of this study that the rats had been

exposed to 10 days of continuous room 1ighting immediately prior to the test

period. Five animals were randomly selected from the population; perfused i
and retinal sections were prepared and viewed. From these sections, it appears
that there was some rod outer segment (ROS) degeneration. The extent of
degeneration or how such ROS degeneration would effect flash blindness
potential is being evaluated. A complete report on the retinal pathology of
these animals is in preparation.




RESULTS

N

The results are presented in Table 1 and summarized in Figure 1. ¢

TABLE 1. RAW DATA FROM EACH TEST GROUP AND SUMMARY OF DATA.
The raw data are T' - T values (in seconds) and
the summary of the data include mean, standard
deviation (SD), standard error of the mean (SEM),
and number of animals per group (N).

L e

Test Condition ?
Shock Electron Beam X-Ray Electron :
No Exposure Exposure Exposure H
Radiation AT = AT=1  No Shock F
1 3 5 10 i
-0.5 -1.5 -0.2 12.5 20.8 14.8 -0.8
97.0 55.6 40.4 5.5 94.9 -0.3 -3.9 3
45.8 0.8 28.7 4.2 29.7  -8.3 1.8 ‘
30.3 4.4 -2.8 1.9 42.9 6.7 -6.0
95.0 -2.2 7.7 11.5 9.9 16.6 -1.0 g
11.4 -1.0 2.3 95.9 23.9 26.6 -4.0 f
9.6 -0.2 9.0 9.9 -3.1 2.0 -1.1
3.1 -1.6 -0.8 94.9 2.9 -0.2 0.0 y
12.5 0.3 18.6 1.5 38.7 0.6 0.2
23.7 11.6 1.7 2.6 21.2 30.0 -8.7 |
15.1 2.0 60.0 11.3 92.0 -0.7 -1.2 )
41.4 0.7 -6.5 93.9 6.2 -3.4 |
54.7 2.4 -0.4 8.8 37.0
9.3 0.2 -0.7 18.1 -1.6 ;
3.9 1.3 -3.7 7.9 91.6
80.2 -1.4 28.1 92.8 '
13.1 5.9 -0.4 .
44, 4.6 21.8 ‘
-6.2 21.8
i Mean 32.8 4.0 11.3 26.8 31.2 8.0 -2.4
SO 31.3 13.1 18.9 36.3 35.6 12.3 2.9
SEM 7.4 3.0 4.7 8.3 9.2 2.7 0.8
N 18 19 16 19 15 1 12
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Figure 1. Mean response (T' - T) + SEM.




Experiments such as this which use complicated radiation sources,
operating at the limits of their intended desian, are prone to malfunctions,
thus eliminating subjects from the test groups. For example, on test days
and 3 of this study, the linear accelerator malfunctioned a number of times,
supplying two rather than one pulse and presenting unwanted pulses before
the door opened, etc. In such cases, the experimental animal under test was
eliminated from the test group.

DISCUSSION

Numerous findings in the data can be related to previous reports. The
most prominent finding is that both electron and X-ray exposure produce RA.
This finding provides some indication of possible mechanisms. Since storage
of information (memory) is a central nervous system (CNS) function, any
stimulus which disrupts memory must activate the CNS. Activation of the CNS
occurs normally via the sensory systems, but can also be achieved by experi-
mental manipulations (e.g., local drug injection, temperature changes,
induced current, or ionizing radiation). The most 1ikely mechanisms of CNS
activation by ionizing radiation exposure are: (a) direct stimulation of
CNS neurons via ionization or induced current; or (b) stimulation of one or
more of the sensory systems. Each of these possibilities will be considered

in turn.

Direct activation of neurons in the CNS via ionization has been shown
to require doses greater than 1000 rad across radiation sources, with larger
doses producing larger effects (14). The data reported by Wheeler et al.
(24) indicate RA production at 0.1 rad, the lowest level tested. This Tow-
dose effect argues against ionization as a mechanism of CNS activation.

Current induction via electroconvulsive shock (ECS) is known to produce
RA (15,18). However, no data are available on the amount of current at the
neural level required to produce RA. Also unknown is whether the secondary
or Compton currents produced by electron beam exposure are qualitatively or
quantitatively similar to currents produced by ECS. Although direct com-
parison between ECS and electron beam currents cannot be made, reports
indicate that repeated preexposures to ECS are required to reduce the RA
effect (13). In contrast, a single preexposure to an electron beam totally
eliminates the RA effect, thus suggesting that CNS activation via induced
current was probably not the mechanism of RA production (24). Also, as
reported here, X-ray exposure produces RA and X-rays are not known to produce
internal currents.

The low-dose effect strongly suggests sensory activation. Every sensory
system studied appears to be sensitive to ionizing radiation, some at very
Tow doses (less than 0.1 rad). The olfactory response threshold to ionizing
radiation has been shown to be less than 10 mrad (4,5,8). The visual system
is sensitive to radiation levels below 0.5 mrad (10,17). lonizing radiation
has been shown to be as efficient as light in producing retinal activity, as
monitored by the electroretincoram (1,21,22). Also, sensory systems are
primarily sensitive to dose rate, not absolute dose (11). For the visual
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svstem, U-shaped dose-rate response functions are commonly observed (12,19,
20). The olfactory system is more sensitive to dose rate than total dose
for low-level X-ray exposures (5). Therefore, an hypothesis is that radia-
tion exposure could have produced RA via activation of one or more of the
sensory systems.

Irrespective of how many sensory systems may be involved or the extent
of activation of each, exposure would obviously constitute a novel stimulus,
particularly since the stimulus was presented in an unfamiliar environment.
The "recency theory" appears to apply here. This theory states that, if two
or more novel stimuli are sequentially presented, the subject will recall
the last stimulus most vividly; i.e., will recall the most recent event (2).
In this experiment, two novel stimuli were sequentially presented--a mild
shock followed by radiation exposure. When both stimuli were presented, the
animal recalled the most recent (forgot the former). When the animal was
preexposed to the beam, thereby reducing its novelty, the animal again
recalled the most recent novel stimulus, the shock (24).

If radiation exposure produced a novel stimulus via sensory system
activation, then activation by conventional stimuli would regsonab]y be
assumed also to produce RA. This theory was tested by a 107°-sec photoflash
in place of electron beam exposure, and RA resulted (23). The same study
demonstrated that the extent of RA production was related to photoflash
intensity. Also, when the animals were preexposed to a photoflash, the
photoflash was no longer an effective amnesiac, just as was the case for
electron beam preexposure (24). The duration of memory loss and ability to
produce RA with electrons, X-rays, and photoflash supports the contention
that the basic mechanism was sensory activation.

Any experiment that utilizes ionizing radiation as a stimulus raises
the question of potential biological hazards. Simply stated, we had no
indication of harmful effects from the data presented here; i.e., a 10-rad
exposure was not aversive, and it has been shown that preexposure eliminated
the RA effect (24). This exposure produced no sign of physiological stress
and no learning deficit (24). However, other amnesiacs have been shown to
be harmful if administered repeatedly (3,6,7,9). The major focus of study
hare was RA production. The extent to which other biological systems may be
affected and the effects of electron beam exposure on other CNS functions
remain virtually unknown.
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