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A nonlethal dose of ionizing radiation can
serve as an unconditioned stimulus for rats to
produce spatial avoidance of a distinctive
radiation compartment (2), and to establish a
conditioned aversion toward a normally pre-
ferred saccharin solution (4). It has been
observed that X irradiation of the eye in
dark-adapted humans produces a phosphene
which has been described as a homogeneous,
luminous glow completely covering the visual
field (5, 9). Lipetz (8), in his recent review on
the X-ray and radium phosphenes, cites
earlier experiments which demonstrate that
positively phototropic insects and crustaceans
in a dark compartment move toward an
area exposed to X rays. Blinded animals did
not respond in a similar manner, and the
conclusion was drawn that a sensation of
light was produced which elicited the behavior.

Since visible light has been used to motivate
rats in avoidance-conditioning experiments
(7), it seems plausible that a visible stimulus
could explain the avoidance behavior ob-
served in rats following radiation exposure.
The studies reported upon here were con-
ducted with ophthalmectomized rats in order
to test the hypothesis that a radiation phos-
phene, acting in a manner similar to a strong
light, established the avoidance responses.
The ophthalmectomy per se produced inter-
esting effects upon the rat’s response to taste
stimuli, radiation exposure, and confinement
which were reflected in the fluid-consumption
scores. ;

METHOD

Sprague-Dawley male rats bred in the colony at this
laboratory were employed in this study. The animals
were maintained in individual cages under constant
illumination, and were 70 days of age at the time of the
ophthalmectomy. Litters were represented propor-
tionately in both operated and normal groups.

1 The opinions or assertions contained herein are
the private ones of the authors, and are not to be con-
strued as reflecting the official views of the Defense
Department. A short discussion of Experiment B was
presented at the 1956 APA Convention.
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The ophthalmectomy was performed on rats under
ether anesthesia and the entire eye excised by severing
the muscles and nerves posterior to the sclera. The
normal animals were anesthetized as a sham treatment.

Experiment A was conducted to determine the con-
sumption level for food, water, and saccharin solution
following ophthalmectomy. Daily food and water
consumption was measured for 35 days following the
operation ih both blind and normal animals. Following
these measurements, saccharin consumption of both
groups was measured in a series of 12, 4-hr. tests con-
ducted on an irregular schedule. For this test, the home-
cage water bottle was replaced by a bottle containing
a solution of 1 gm. of saccharin per liter of water, and
the consumption was measured over a 4-hr. period from
1000 to 1400 hr.

Experiment B was conducted to test the radiation-
phosphene hypothesis. Six weeks after enucleation a
group of ophthalmectomized animals was irradiated
concurrently with a group of normal animals. For
radiation exposure the animals were confined indi-
vidually for 6 hr. (0900 to 1500 hr.) in Lucite chambers
arranged at isodose distances around a cobalt-60 point
source described in a previous paper (3). Total doses of
30 r. and 60 r., measured in air by Victoreen chambers,
were administered simultaneously by placing the two
groups of animals at different distances from the radia-
tion source for the 6-hr. exposure period. The non-
irradiated ophthalmectomized and normal controls
were confined to Lucite chambers behind a lead shield
which reduced the radiation to background-level in
one quadrant of the field. The Lucite chambers were
734 by 414 by 314 in., and were equipped with a plas-
tic water bottle which provided the saccharin solution
to the animal during exposure.

In Experiment B, the test for saccharin preference
consisted of measuring the saccharin-solution con-
sumption from a single bottle in the home cage over a
6-hr. period between 0900 and 1500 hr. The animals
were tested one day prior to irradiation and 2, 5, 8,
and 13 days after irradiation.

Deprivation was not employed at any time during
either experiment. The groups and numbers of animals
used in both experiments are given in Table 1.

RESULTS

The data from Experiment A indicate that
ophthalmectomized animals tend to drink
more water than normal rats (Fig. 1). Thirty-
five days after the operation they were drinking
approximately 20 per cent more than their
littermate controls. There were no differences
in food consumption between the two groups
during this period.
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The results of the 4-hr. saccharin-solution
consumption tests which followed the 35 days
of food- and water-intake measurements are
illustrated in Figure 2. With repeated testing
the saccharin consumption of blind animals is
markedly increased, and in later tests the
blind animals drank 30 per cent more of the
saccharin solution than the normal animals
consumed.

In Experiment B the ocphthalmectomized
animals drank significantly less (p < .01)
than their shielded controls during the period
of radiation exposure (Fig. 3); this effect of
radiation was not significant in the normal
animals. Furthermore, sham-irradiation of the
controls, which involved only confinement to
the irradiation chamber, produced a decre-
ment in the consumption level of the operated
controls but had little or no effect upon the
normal controls.

There was a marked decrement in saccharin
consumption following irradiation of the
ophthalmectomized rats. The operated ani-
mals which drank saccharin-flavored water

TABLE 1

Tabulation of Experimental Groups, Treatments, and
Numbers of Animals for Both Experiments

Number of
Experiment |Radiation (r.)| Animals oph- | Normal
thalmectomized
A (none) | 13 12
B -0 9 7
30 10 7
60 10 7
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F1c. 1. Mean daily water consumption (24 hr.)
of ophthalmectomized rats and littermate controls
for 35 days following the operation (Experiment A).
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Frc. 2. Mean consumption of saccharin solution
(4 hn) of ophthalmectomized and normal rats ob-
tained in a series of 12 tests conducted in the home
cages, 36 days following the operation (Experiment A).
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Fic. 3. Mean consumption of saccharin solution
(6 hr.) of normal and ophthalmectomized rats during:
(@) the preirradiation test in the home cage, (b) confine-
ment to the irradiation chamber, (¢) four postirradia-
tion tests in the home cage.

during exposure to radiation showed a signif-
icant decrease (p < .01) in consumption of
the fluid during the first postirradiation test

~when compared with their sham-irradiated

littermates (Fig. 3). The decrement in con-
sumption was apparent in all the subsequent
tests conducted in the home cages during the
two weeks following exposure, although the
ophthalmectomized animals progressively in-
creased their consumption with repeated



as was noted in Experiment A. The
ge in saccharin consumption following
irradiation is also evident in the normal
animals (Fig. 3).

DISCUSSION

Previous studies (1, 4) have demonstrated
that decrement in consumption is dependent
upon the association of radiation exposure
and saccharin consumption in a conditioning
paradigm rather than adipsia in animals
suffering from radiation sickness. It is apparent
from the present study that the avoidance
conditioning is not established through action
of radiation upon the retina. Although oph-
thalmectomized animals differ from normal
rats in their pattern of responses, the effect of
the single 6-hr. association of radiation and
saccharin upon their consumption scores is no
less obvious. An alternative hypothesis to
account for the avoidance behavior has been
discussed previously (1, 2); it was suggested
that radiation exposure produced prompt
effects in autonomic function with attendant
gastrointestinal disturbances.

The blinded animals appeared to be more
responsive to the influence of radiation during
the actual exposure period while manifesting
a milder aversion for the test fluid during
the postirradiation period. This apparently
greater extinction rate may be related to two
factors: the reduced consumption during ex-
posure, which made the conditioning less
effective, and/or, perhaps more important, the
reward value of saccharin may be higher for
the operated animals. The progressive increase
in saccharin intake by the blind animals with
repeated tests indicated that they learned to
drink large quantities of the solution during
the limited periods, of availability. Since this
progressive change was small in the normal
groups, it follows that saccharin is a greater
incentive for the blind animals.

The increased ingestion of the nonnutritive
saccharin solution is difficult to explain except
in terms of compensation for the effect of the
ophthalmectomy. One effect of this operation
is obviously the reduction in the avenues of
sensory stimulation. Hebb (6) has emphasized
that organisms manifest an “exploratory
curiosity-manipulatory drive, which essen-
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tially comes down to a tendency to seek stimu-
lation.” In the home-cage tests, the operated
rats in the present studies appear to seek
more taste stimuli through drinking the
saccharin-flavored water; however, under the
novel environmenltal conditions of confinement
and/or irradiation, they show a decrement in
consumption of the fluid. If this hypothesis is
true, then ophthalmectomized animals should
demonstrate this stimulus-seeking behavior
through other modalities. Some evidence for
this view has already been obtained by Rhodes
and Wyers (10), who recently reported that
blind animals tended to show a higher manipu-
latory behavior with a clicker device placed in
their home cage.

SUMMARY

Ophthalmectomized rats, as well as normal
controls, were exposed to radiation and simul-
taneously drank saccharin-flavored water.
Both blind and normal animals exhibited a
subsequent decrement in consumption of the
solution in postirradiation tests; therefore,
the hypothesis that the avoidance behavior
was established through the action of radiation
upon the retina (radiation phosphene) was
rejected. Blind animals progressively increased
their intake of the saccharin solution with
repeated testing in the home cage, and drank
significantly more of the fluid compared with
normal controls. It was suggested that this
increased ingestion of the nonnutritive solu-
tion may be a compensatory reaction to the
ophthalmectomy.
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