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Humoral Mediation of
Radiation-Induced Motivation
in Parabiont Rats

Abstract. Parabiont rat pairs with a
skin—vascular anastomosis were used to
test for a radiation-induced . transfer-
able humoral factor which would moti-
vate aversive conditioning in a non-
irradiated (shielded) recipient. The
shielded partner, by tasting saccharin-
flavored fluid shortly after its partner
was x-irradiated (360 roentgens), was
aversively conditioned to saccharin.
This was interpreted as evidence for a
humoral motivating factor.

Exposure to ionizing radiation has
been used as a motivating stimulus in
the conditioning of aversive reactions;
this noxious effect has been demon-
strated in several species and in a varie-
ty of learning situations (I, 2). An
aversion to drinking saccharin-flavored
water has been obtained in rats by
pairing their tasting of saccharin (the
conditioned stimulus) with a single ir-
radiation. There are indications that
radiation-induced motivation may be
initiated by non-neural (humoral) con-
sequences of exposure rather than by
prompt neural stimulation. Aversive
conditioning has been obtained when
the saccharin was presented during ir-
radiation at the rate of 0.7 mr/sec
(1), which is much lower than the
rates that have been used thus far in
eliciting prompt reactions (2). A con-
ditioned saccharin aversion has also
been obtained by presenting the sac-
charin within the first few hours after
exposure at higher rates (3-5). Such
conditioning after exposure does not
depend on trace effects of prompt
neural stimulation since conditioning
has been obtained with this arrange-
ment in rats that were deeply anesthe-
tized (ethyl ether) during their irradia-
tion (6).

Our investigation was designed to
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test for humoral mediation of radia-
tion-induced motivation. Unrestrained
parabiont rat pairs, united by vascular
anastomosis, were used to determine
whether irradiation of one partner
would produce a transferable systemic
humoral factor which would motivate
the conditioning of a saccharin aver-
sion in the nonirradiated (shielded)
partner.

Male littermates of the specific path-
ogen-free strain of Sprague-Dawley
rats bred at the U.S. Naval Radiologi-
cal Defense Laboratory were paired by
weight on removal from their litter at
24 = 3 days of age and the parabiosis
operation was usually performed 1 to 2
days later. A skin-to-skin union, form-
ing a common lateral skin flap, was
made with the Bunster-Meyer tech-
nique (7), modified by deleting the
abdominal muscle union. The skin su-
ture clips were removed 7 to 9 days
after the operation. Losses among
these animals resulted primarily from
parabiosis intoxication (8, 9) and,
much less frequently, from infection,
physical separation, or chronic fighting.
These losses amounted to 43 percent
and always occurred within 3 weeks
after the operation. The remaining
pairs were subjected to the irradiation-
conditioning procedure at 37 to 44 days
of age. Within 24 hours after comple-

tion of the conditioning test, patency
of the vascular anastomosis was tested
in each pair by counting the activity
in blood samples from both partners
1 hour after injection of Fe%%-labeled
red cells into the irradiated partner.
To serve as physical and behavioral
controls approximating the parabiont
condition without anastomosis, addi-
tional animals were physically tied in
pairs by joining lateral skin folds with
wound clips. Losses among tied pairs
arose from tie separation and, some-
times, from chronic fighting. These
losses amounted to 31 percent.

Separate measurement of drinking
behavior for each partner was provid-
ed by a twin-tunnel device leading
from the living cage to the drinking
spouts (Fig. 1). For a period of 4 to 5
days prior to the start of experimental
treatment the animal pairs were habitu-
ated cooperatively to use the tunnels
in drinking.

A double-chambered radiation expo-
sure unit was used to provide nearly
complete shielding of the test partner
of each pair. One member of each
pair, randomly selected as the right-
or left-hand partner, was exposed to
360 r with the x-ray machine operated
at 250 kv (peak) and 15 ma (half-
value layer, 1.5 mm Cu). The expo-
sure rate, measured in air within the

Fig. 1. Twin tunnels used to provide a separate drinking station for each partner of
conjoined rat pairs. Shown in position on living cage (cut-away view). The septum
between tunnels is slotted to accommodate the skin flap that unites the partners.
The length of the tunnels suffices to preclude drinking at the incorrect station. Two
drinking tubes, .as used in the saccharin preference test, are shown at each station,
and center positions are available for single-tube presentations. One-foot (30.5 cm)

scale shown.
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exposure chamber, was 24 r/min. Dur-
ing exposure, the shielded animal was
exposed to less than 0.13 r/min, pri-
marily through scatter to the abdominal
region.

The sequence of irradiation, condi-
tioning, and testing was essentially that
employed with single animals for con-
ditioning of a saccharin aversion after
exposure (4, 6), except that the shield-
ed test animal was presented with sac-
charin fluid following irradiation of its
partner. The main experimental group,
AS, consisted of anastomosed rats that
were shielded during irradiation and
were then presented with the saccharin
fluid (0.1-percent solution of saccharin
sodium, by weight). Two control
groups were used: group A, composed
of shielded anastomosed rats that were
presented with nonflavored water (and,
therefore, lacked the saccharin taste ex-
perience), and group S, composed of
shielded tied rats that experienced the
saccharin (but lacked the possibility of
humoral transfer). The saccharin-fla-
vored and nonflavored fluids were pre-
sented for a I-hour period starting
40 minutes after irradiation. The grey
back and side walls of the cage were
covered with black metal sheeting im-
mediately after irradiation for the pur-
pose of enhancing the distinctiveness
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Fig. 2. Aversive conditioning to saccharin
fluid obtained in shielded parabiont rats
that experienced the taste of saccharin af-
ter the partner was exposed to 360 r of
x-rays (24 r/min). Preference score

(sacchar fluid y ]00)

total
was calculated from 24-hour consumptions
in two-bottle test started 1 day after con-
ditioning. MDN., median; AS, experimen-
tal group; A, control group (anasto-
mosed); S, control group (tied); and CS,
conditioned stimulus.
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of the conditioning situation. Also, wa-
ter deprivation was instituted 12 hours
before presentation of saccharin to pro-
mote drinking, and deprivation was
continued for a 3-hour period after
presentation of saccharin.

The relative preference for saccharin-
flavored or nonflavored water was
used as the test of conditioning. The
preference test was started 1 day after
the conditioning treatment and was
continued for 24 hours. The amount
of saccharin fluid consumed, expressed
as a percentage of the total fluid con-
sumption, served as the preference
score. The location of the saccharin
bottle, to the animal’s right or left,
was assigned so as to balance any
side-preference among groups.

Although the behavior of irradiated
partners of test animals was not of
direct interest in this test, they also
were tested to determine the adequacy
of the situation for producing condi-
tioning after exposure. Irradiated part-
ners of A-group animals were present-
ed with saccharin after irradiation,
while those of the AS- and S-group
animals received nonflavored water. As
expected, the irradiated partners of A-
group animals exhibited a strong con-
ditioned aversion to saccharin in the
subsequent preference test.

The study was completed with six
replications of the experimental design,
with 38 anastomosed and 17 tied
pairs. Behavioral data were discarded
from two pairs that showed failure of
anastomosis patency, from one tied
pair that developed fighting behavior,
and from eight pairs in which one or
both partners failed to consume a mea-
surable amount of fluid during the pe-
riod of conditioned-stimulus presenta-
tion. Data from the remaining pairs,
16, 14, and 14 in groups AS, A, and S,
respectively, were used in the analysis.

Results of the preference test of con-
ditioning in the shielded partners are
summarized in Fig. 2. The experimen-
tal group, AS, in which the postulated
humoral factor and the saccharin-taste
experience were jointly available, re-
jected the saccharin fluid. The control
group A, which was subjected only to
the same humorally mediated effects of
irradiation as group AS, exhibited a
high preference for saccharin. A simi-
larly high saccharin preference was ex-
hibited by control group S, which
lacked the humoral influence and was
subjected only to the saccharin-taste
experience. The chance probability for
the reduced saccharin preference of the
AS group, compared with that of the

combined control groups, was < 0.002,
according to the U-test analysis (/0).
Furthermore, these saccharin prefer-
ences were not related to total fluid
consumptions in the preference test.
The median fluid consumptions were
24, 32, and 26 grams for the AS, A,
and S groups, respectively. It can be
concluded, therefore, that the aversion
to saccharin in the AS group resulted
from conditioning which was motivat-
ed by humoral effects of irradiation.

Our results show that a noxious ef-
fect of irradiation can be mediated by
a systemic humoral factor. To produce
conditioning in the shielded animal, the
factor must persist long enough to be
transferred and to initiate motivation in
the recipient. In order to motivate be-
havior, the factor also must convey
information which in some manner,
perhaps directly, affects the central
nervous system.

This humoral motivating factor has,
as yet, been identified only by be-
havioral analysis. The behavioral ef-
fect conceivably might reflect toxicity
resulting from products of cellular
breakdown or even a loss from the
vascular system of a substance nor-
mally present. However, a more com-
plete specification of the humoral fac-
tor, its source, fate, and dose de-
pendence, depends on further investi-
gation.

Epwarp L. HUNT
Harorp W. CARROLL
DonaLD J. KIMELDORF
U.S. Naval Radiological Defense
Laboratory, San Francisco,
California 94135

References and Notes

1. J. Garcia, D. J. Kimeldorf, E. L. Hunt,
Psychol. Rev. 68, 383 (1961); D. J. Kimeldorf,
in Response of the Nervous System to lonizing
Radiation, T. J. Haley and R. S. Snider, Eds.
(Academic Press, New York, 1962), p. 683.

2. D. J. Kimeldorf and E. L. Hunt, lonizing
Radiation—Neural Function and Behavior
(Academic Press, New York, in press).

3. B. B. Scarborough and W. A. McLaurin,

Radiation Res. 21, 299 (1964).

D. D. Morris and J. C. Smith, ibid., p. 513.

. J. C. Smith, D. D. Morris, J. Hendricks, in

Studies in the Use of lonizing Radiations as
Noxious Stimuli, Bull. 15, FSU-2690-15 (In-
stitute of Molecular Biophysics, Tallahassee,
1964).

6. E. L. Hunt and D. J. Kimeldorf, Radiation
Res. 25, 200 (1965).

7. E. Bunster and R. K. Meyer, Anat. Rec. 57,
339 (1933).

8. J. C. Finerty, Physiol. Rev. 32, 277 (1952).

9. R. T. Binhammer, S. Epstein, A. Whitehouse,
Anat. Rec. 145, 503 (1963).

10. S. Siegel, Nonparametric Statistics (McGraw-
Hill, New York, 1956).

11. Supported through funds provided by the Bu-
reau of Medicine and Surgery, U.S." Navy,
and the Defense Atomic Support Agency. The
opinions or assertions contained herein are
those of the authors ‘and are not to be con-
strued as official views of the Department of
Defense.

22 October 1965

el

SCIENCE, VOL. 150



