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RABIN, B. M., W. A. HUNT AND J. LEE. Artcnuation and cross-attenuation in taste aversion learning in the rat:
Studies with ionizing radiation. lithium chloride and ethanol. PHARMACOL BIOCHEM BEHAYV 31(4) 909-918, 1988.—

" ~—  The preexposure paradigm was utilized to evaluate the similarity of ionizing radiation, lithium chioride and ethano! as
unconditioned stimuli for the acquisition of a conditioned taste aversion. Three unpaired preexposures to lithium chloride
/(3.0 mEq/kg. IP) blocked the acquisition of a taste aversion when a novel sucrose solution was paired with either the
injection of the same dose of lithium chloride or exposure to ionizing radiation (100 rad). Similar pretreatment with
radiation blocked the acquisition of a radiation-induced aversion, but had no effect on taste aversions produced by lithium
chloride/(3.0 or 1.5 mEqg/kg). Preexposure to ethanol {4 g/kg."PO) disrupted the acquisition of an ethanol-induced taste
aversion. but not radiation- or lithium chloride-induced aversions. In contast, preexposure to either radiation or lithium
chloride attenuated an ethanol-induced taste aversion in intact rats, but not in rats with lesions of the area postrema. The
results are discussed in terms of relationships between these three unconditioned stimuli and in terms of implications of
these results for understanding the nature of the proximal unconditioned stimuius in taste aversion learning.

14 " "Conditioned taste aversion |  Attenuation . Cross-attenuation ' lonizing radiation ' Lithium chloride -
Ethanol - Area postrema (¢ Pt ,.( 1y v p

A conditioned taste aversion (CTA) is produced when inges- pairing different toxins in a UCS preexposure paradigm. In
tion of a novel tasting solution is paired with a novel uncon- this design, the subject is exposed to a UCS before it is
ditioned stimulus (UCS), such that the organism will avoid paired with the conditioned stimulus. When this UCS is later
ingestion of that solution at a subseguent presentation. This paired with ingestion of a novel solution, a CTA does not

avoidance behavior can be produced by pairing a novel sac- develop (3. 5, 7). While the mechanisms underlying the UCS
charin or sucrose solution with a wide variety of stimuli, preexposure effect vary depending upon the nature of the
including treatment with lithium chloride (LiCI). ethanol. or drug UCS (2, 4, 6, 7, 10), the previous experience with the
exposure to ionizing radiation (13,33). drug-induced effects disrupts the CTA learning. The attenu-

Rabin and Hunt (25) have proposed that exposure to ation of the CTA may be due to th¢" development of physi-
ionizing radiation or injection of LiCl causes the release of  ological tolerance, as with morphiné-(8, 9, 34), or to the as-

the same endogenous humoral factor which mediates the ac- sociative effects of prior experience with the UCS, as with
quisition of a CTA following treatment with these stimuli. LiCl (2-6, 10). While tolerance produces a broad change in
However, the support for this hypothesis is based, for the the sensitivity of the central nervous system resulting in a
most part, on the indirect evidence provided by the observa- reduced capacity to respond to a variety of stimuli, preexpo-
tion that lesions of the area postrema (AP) disrupt the acqui- sure that does not cause tolerance has a more limited effect
sition of both LiCl- and radiation-induced taste aversions because it is restricted to learned generalization gradients.
(19, 24, 27, 30). The more similar the effects of the unconditioned stimuli, the

A more direct test of this hvpothesis may be provided by greater the generalization and the greater the preexposure

'Requests for reprints should be addressed to Bernard M. Rahin, Department of Psychology. University of Maryland Baltimore County,
Baltimore. MD 21228.
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effect, such that the greatest disruption of CTA learning by
preexposure would be expected from the use of the same UCS
in both the conditioning and test phases of the experiment.

In addition to single-drug effects. the preexposure
paradigm can also be utilized to assess the similarity of dif-
ferent unconditioned stimuli [e.g., (1.22)]. If preexposure to
one UCS disrupts the acquisition of a CTA to treatment with
a second UCS, the clear implication is that the effects of
treatment with the preexposure UCS have generalized to the
conditioning UCS. This suggests that the two different stim-
uli must be similar in some way in order for the experience
with one UCS to affect the novelty of the second UCS.
Therefore, if taste aversions produced by radiation and LiCl,
both of which are dependent upon the integrity of the AP,
result from the action of a common endogenous factor, then
it should be possible to disrupt the acquisition of a CTA
produced by one UCS by preexposure to the other UCS.
Conversely. since the acquisition of a CTA following treat-
ment with ethanol does not depend upon the integrity of the
AP (16) and may, therefore. in.olve different mechanisms,
preexposure to one UCS should not affect the capcity of the
other UCS to produce a CTA. These experiments were de-
signed to evaluate these hypotheses.

GENERAL METHOD
Subjects
The subjects were male Sprague-Dawley-derived rats
weighing 300-400 g at the start of the experiment. Rats were
maintained in an AAALAC-accredited facility. Animal hold-
ing rooms were maintained at 21+ 1°C with 50+ 1007 relative
humidity. The rats were maintained on a 12-hr light:dark
cycle. Focd and water were continually available. except as
required by the experimental protocol.

Procedure

The general procedure was to place the subjects on a
23.5-hr water deprivation schedule during which water was
available for 30 min during the early light part of the diurnal
cycle. During the preexposure phase, the rats were treated
with one UCS or with a control treatment immediately fol-
lowing the drinking period on days 2. § and 8. On the condi-
tioning day (day 10). they were presented with two calibrated
drinking tubes, one containing tap water and the other con-
taining a 1077 sucrose solution. Immediately following the
30-min drinking period. the rats were treated with either the
UCS that they received during the preexposure phase, with a
second UCS. or with a control treatment. On the test day
(day 12). all rats were again given a choice betv.een the tap
water and sucrose solution.

Data Analvsis

For all experiments, the relative intake of water and su-
crose solution was transformed into preference score: su-
crose intake divided by total fluid intake. A preference score
fess than 0.50 indicates a greater intake of water than sucrose
and, therefore. an aversion to the normally preferred sucrose
solution. For statistical analyses, the arcsin transformation
was used to normalize the distribution of preference scores,
and initial data analyses were done with mixed analyses of
variance. Where necessary, comparisons between relevant
groups were made using planned comparisons with the
Scheffe test to correct for familywise Type I error (18).
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FIG. 1. Effects of pretreatment with lithium chloride (LiCl) or saline
(Sal) on LiCl or radiation-induced (Rad) conditioned taste aversions,
or sham-irradiated (Sham) rats. Pre: Preexposure UCS: Cond:
Conditioning Day UCS. Error bars indicate the standard error of the
mean.

EXPERIMENT |

The first set of experiments was designed to evaluate the
hypothesis that a similar factor mediates the acquisition of
both radiation- and LiCl-induced taste aversions, but not
ethanol-induced aversions, by determining whether or not
preexposure to one UCS would disrupt the acquisition of a
CTA following treatment with the other UCS.

Metiod

The subjects were 252 male rats divided into 24 groups of
9-13 rats each. Each UCS served as both preexposure and
conditioning day treatment.

For irradiation, the rats were placed in ventilated plastic
restraining boxes and carried to a **Co source. The radiation
UCS for both preexposure and conditioning consisted of 100
rad at a dose rate of 40 rad/min. Dosimetry was accom-
plished using thermoluminescent detectors (LiF TLD 100s)
and a 3.3-ml Victoreen chamber. The sham-irradiated rats
were placed in plastic boxes and carried to the source. but
not exposed. Two doses of LiCl were used. For the preexpo-
sure phase, all rats were given 3.0 mEqg/kg. IP. On the condi-
tioning day. rats were given either 3.0 or 1.5 mEq/kg. IP. The
control animals were given equivalent volume injections of
isotonic saline. Ethanol (4 g/kg) was administered intra-
gastrically with an infant feeding tube in both preexposure
and conditioning phases of the experiment. Control rats were
intubated with an equivalent volume of water.

Results

Repeated treatment with radiation or LiCl produced no
major effects on either conditioning day water or sucrose
intake in comparison to the control treatments. Preexposure
to LiCl disrupted the acquisition of a CTA to both LiCl and
ionizing radiation (Fig. 1). For the LiCl-induced aversion,
the analysis with planned comparisons showed that there
were no differences in sucrose preference between the group
preexposed to LiCl and given saline on the conditioning day
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FIG. 2. Effects of preexposure to radiation on the acquisition of radiation- and LiC)-
induced taste aversions. LiCl-induced aversions were produced by injection of either 3.0
mEqg/kg or 1.5 mEqg/kg. as indicated. Abbreviations as in Fig. 1.
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FIG. 3. Effect of preexposure to ethanol (4 g/kg. PO) on the acquisition of a CTA produced by
intubation of ethanol or by injection of LiCl (3.0 mEqg/kg) or exposure to ionizing radiation (100 R).

Abbreviations as in Fig. 1.

and the group preexposed to LiCl and given LiCl on the
conditioning day. F(1.27)=7.45, p >0.05. Both LiCl preexpo-
sure groups differed significantly from the group given saline
during the preexposure phase and LiCl on the conditioning
day. F(1.27)=42.31. p<0.01.

For the radiation-induced CTA following preexposure to
LiCl, the planned comparisons indicated that the sucrose
preference of the two groups given LiCl during the preexpo-
sure phase did not differ significantly from each other,
F(1.27)=4.33, p>0.05. Both of these groups differed signifi-
cantlv from the group given saline injections during the pre-
exposure phase and exposed to radiation on the conditioning
day. F(1,27)=150.06. p<0.00f.

As shown in the first panel of Fig. 2. preexposure to ioniz-
ing radiation prevented the acquisition of a radiation-induced
CTA. Planned comparisons showed that the two radiation
preexposure groups did not differ significantly from each
other. F(1.30)=1.25, p>0.05, in test day sucrose preference
even though one group was exposed to radiation on the con-
ditioning day while the other group was given a sham expo-
sure. Both of these groups did differ from the group that was

subjected to sham irradiation procedures during the preex-
posure phase of the experiment and irradiated on the condi-
tioning day. F(1.30)=1{1.64. p<0.01.

In contrast, preexposure to radiation had no effect on a
CTA produced by treatment with either 3.0 or 1.5 mEqg/kg
LiCl (Fig. 2). Analysis of the data using a three-way analysis
of variance with one repeated factor showed that the main
effects for the dose. F(1.40)=34.14, p<0.001, and for day.
F(1.40)=280.99, »<0.001. were significant. However. the
observation that neither the main effect for treatment be-
tween the radiation- and sham-preexposed groups.
F(1.40)=1.14, p>0.05. nor the dose by treatment.
F(1,40)=1.80. p>0.05, nor day by treatment. F(i.40)=0.69.
p>0.05, interactions were significant would indicate that
there were no differences in sucrose preferences between the
radiation- and sham-preexposed groups at either dose level.

Preexposing the organism to ethanol (4 g/kg. PO) blocks
the acquisition of a CTA folloving intubation with the same
dose of ethanol (Fig. 3). The analysis with planned compari-
sons showed that the group preexposed to ethanof and given
ethanol on the conditioning day did not show a significant
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test day decrease in sucrose preference. F(1,24)=0.03,
p>>0.10. In coatrast. the controls given water intubation dur-
ing the preexposure phase did show a significant decrease in
sucrose preference on the test day. F(1.24)=26.04, p<0.01.

Preexposing rats to ethanol had no effect on the acquisi-
tion of either a LiCl- or radiation-induced CTA (Fig. 3). For
the LiCl-induced CTA., the analysis of variance showed that
the main effect for treatment for the comparison between the
ethanol- or water-treated rats was not significant,
F(1.20)=0.20. p >0.10. while the main effect for the compari-
son between conditioning and test day was highly significant.
F(1,20)=306.74. p<0.001. The treatment by day interaction
was not significant, F(1,22)=0.58, p>0.10. indicating that
the rats developed an LiCl-induced aversion to the sucrose
regardless of whether they received ethanol or water during
the preexposure phase of the experiment.

Similar results were obtained with the analysis of the
radiation-induced CTA. Neither the main effect for treat-
ment. F(1,16)=0.28, p>0.10. nor the treatment by day in-
teraction, F(1,16)=0.005, p =1.00, was significant. The main
effect for day was significant, F(1,16)=57.79, p>0.001. indi-
cating that preexposure to ethanol does not attenuate the
development of a CTA when the rats are subsequently ex-
posed to radiation on the conditioning day.

In contrast, pretreatment with LiCl blocks the acquisition
of an ethanol-induced CTA (Fig. 4). The analysis using
plarned comparisons showed that there were no significant
differences between the animals pretreated with LiCl and
given ethanol on the conditioning day and those given water
on the conditioning day, F(1.28)=2.02, p=>0.05. However,
the test day sucrose preference of these groups of animals
did differ significantly from the preference of the animals
pretreated with saline and given ethanol on the conditioning
day. F(1.28)=32.30. p<0.01.

Discussion

These results only partially support the original hypoth-
esis that radiation and LiCl utilize a common humoral factor
to produce CTA learning. The observation of asymmetrical
preexposure effects between LiCl and radiation suggests that
these two stimuli do have some effects in common. How-
ever, the failure of radiation preexposure to attenuate a
LiCl-induced CTA would indicate that preexposure to ioniz-
ing radiation did not produce effects sufficiently similar to
those produced by LiCl to attenuate a CTA in response to
treatment with LiCl or the conditioning day. This failure to
attenuate an LiCl-induced CTA cannot be due to a general
inability of the radiation UCS to produce a preexposure ef-
fect because preexposure did attenuate a radiation-induced
CTA. Also, because attenuation of the LiCl-induced CTA
was seen with neither the high nor the low dose of LiCl. it
would not seem likely that the failure to observe a cross-
attenuation between the radiation preexposure and LiCl
could be due to inappropriate doses of either UCS.

The results with ethanol agree with previous research
showing that preexposure to ethanol will block the acquisi-
tion of an ethanol-induced CTA (6). They are also consistent
with the hypothesis that different mechanisms are involved
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FIG. 4. Fffects of preexposure to LiCl (3.0 mEq/kg) on the acquisi-
tion of ethanol-induced CTA. Abbreviations as in Fig. 1. Black bars:
Cond: hatched bars: Test.

in CTA learning with these different stimuli, so that exposure
to radiation or LiCl on the conditioning day may be per-
ceived as a novel UCS resulting in the acquisition of a CTA,
despite the prior exposure to ethanol. Because there is the
possibility that the failure of ethanol preexposure to at-
tenuate a LiCl-induced CTA is dose-dependent, some addi-
tional animals were run using 1.5 mEq LiCl as the condition-
ing day UCS. At this dose. there was also no effect of
ethanol preexposure on the LiCl-induced aversion.

These results apparently differ from those of Cannon er
al. (6) who reported that preexposure to ethanol could block
a LiCl-induced CTA. However, they did not verify that their
procedure of 4 consecutive daily intubations of 5 g/kg
ethanol did not produce tolerance to ethanol. In contrast to
the present procedures which have been shown not to
produce tolerance. their procedure is very similar to a pro-
cedure which has been shown to produce ethanol tolerance
as measured by sleep times (15). Ethanol tolerance. unlike
simple preexposure to ethanol. does produce an attenuation
of both radiation- and LiCl-induced taste aversions [(15);
Rabin and Hunt. unpublished observations].

In contrast to the effects of ethanol preexposure on a
LiCl-induced CTA., the observation that preexposing rats to
LiCl will block the acquisition of an ethanol-induced CTA is
in agreement with the results reported by Cannon ¢t al. (6).
and therefore not consistent with the present hypothesis.
This asymmetrical cross-attenuation between LiCl preexpo-
sure and ethanol-induced CTA learning may derive from the
fact that LiCl. which crosses the blood-brain barrier (21).
does have central effects similar enough to those produced
by ethanol to result in the attenuation of the ethanol-induced
CTA following pretreatment with LiCl.

FIG. 5. Sample photomicrographs showing the area postrema (A, arrow) and a representative lesion (B, arrow). The lesion includes the area
postrema and parts of the dorsal nucleus of the solitary tract,
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EXPERIMENT 2

Although lesions of the AP will disrupt the acquisition of a
LiCl-induced CTA (27.30). if it is the central actions of LiCl
that are responsible for the attenuation of an ethanol-induced
CTA by preexposure to LiCl, then destruction of the AP
should have no effects on the cross-attenuation of the
ethanol-induced CTA because LiCl should still be expected
to cross the blood-brain barrier even in the absence of the
AP. The present experiment was designed to evaluate the
role of the AP in the LiCl-induced attenuation of an ethanol-
induced CTA by preexposing rats with AP lesions to LiCl.

Method

The subjects were 21 rats with lesions of the AP. The
behavioral methods were identical to those detailed above.
except that only two conditions were run: LiCl and saline
pretreatment groups. Both groups received ethanol on the
conditioning day.

The surgical procedures have been detailed in previous
reports (27-29). Briefly, all rats were anesthetized with
sodium pentobarbital (35 mg/kg. 1P). The AP was exposed
and thermal lesions were made using a cautery probe under
direct visual control. After surgery, the rats were given an
injection of bicillin (60.000 units) and allowed to recover in
their home cages for a period of 2-4 weeks before beginning
behavioral testing.

A the conclusion of the testing. all rats were anesthetized
with sodium pentobarbital (S0 mg) and perfused intra-
cardially with isotonic saline followed by 100/ formalin
saline. Sections were cut through the brainstem at the level
of the AP at 50 pm and stained with thionin. Representative
sections from an intact rat and one with AP lesions are pre-
sented in Fig. 5. Examination of the histological material
indicated that for the most part the lesions were restricted to
the AP. although they did occasionally affect the dorsal parts
of the nucleus of the solitary tract.

Results

Pretreating rats with AP lesions with LiCl did not affect
conditioning day fluid intake relative to rats that were given
saline injections. In rats with AP lesions, preexposure to
LiCl does not attenuate the acquisition of an ethanol-induced
CTA (Fig. 6). The analysis of variance showed that neither
the main effect for treatment. F(1.19=0.01, »>0.10. nor the
treatment by day interaction, F(1.19=0.02, p>0.10. was
significant. The main effect for day, however, F(1,19)=
38.41, p<0.001. was significant, indicating that both the LiCl-
and saline-preexposed rats showed identical aversions fol-
lowing conditioning day intubation with ethanol regardless of
the nature of the preexposure treatment.

Discussion

These results do not support the hypothesis that the
cross-attenuation of an ethanol-induced CTA by preexpo-
sure to LiClin intact rats is dua to the central actions of LiCl.
Rather. the failure to observe a cross-attenuation in rats with
lesions of the AP suggests that the AP is somehow involved
in this effect. Because AP lesions do not disrupt the acquisi-
tion of an ethanol-induced CTA (16}, the nature of the AP
involvement in the cross-attenuation of an ethanol-induced
CTA by LiCl is not certain. It may be that the effects of
treatment with specific toxins on AP neurons is a sufficient
condition for the cross-attenuation of a CTA produced by a
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ethanol-induced CTA in rats with lesions of the area postrema. Ab-
breviations as in Fig. 1. Black bars: Cond: hatched bars: Test.

UCS that does not require the mediation of the AP for the
original learning.
EXPERIMENT 3

If. as suggested above. the action of specific toxins on AP
neurons is sufficient for the attenuation of an ethanol-
induced CTA by LiCl, thea preexposure to radiation. which
also involves the AP, should result in a similar attenuation of
an ethanoi-induced CTA in intact rats. but not in rats with

lesions of the AP. The present experiment was designed to
evaluate this hypothesis.

Method

The first phase of the experiment utilized 8 intact rats
divided into two groups of 9 rats each. The second phase of
the experiment utilized 19 rats. all of which had histologi-
cally verified lesions of the AP and which were divided into
two groups of 10 and 9 rats. The surgical and histological
procedures were identical to those detailed above. In each
phase. the first group of rats was given three preexposures to
ionizing radiation (100 rad) while the second group was given
sham exposures. On the conditioning day. all rats were
treated with ethanol (4 g/kg. PO) immediately following su-
crose ingestion.

Results

For the intact rats. preexposure to ionizing radiation re-
sulted in the attenuation of an ethanol-induced CTA com-
pared to the sham preexposed rats (Fig. 7). The analysis of
variance indicated that the main effect for day,
F(1.16)=13.16, p<0.01. and the preexposure by day interac-
tion, F(1,16)=11.62, p<0.0!, were both significant. Al-
though the main effect for preexposure condition did not
achieve significance. F(1,16)=1.39, p>0.10, the significant
interaction would indicate that the test day sucrose prefer-
ence of the rats preexposed to radiation was different than
the preference of the groups given the sham preexposures.
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of the area postrema. Abbreviations as in Fig. 1. Black bars: Cond:
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In contrast, preexposing rats with lesions of the AP to
radiation had no effect on an ethanol-induced CTA (Fig. 7).
The analysis of variance showed that neither the main effect
tor preexposure. F(1,17)=0.17, p>0.10, nor the preexposure
by day interaction. F(1.17)=0.10. p>0.10, were significant.
Only the main etfect for day. F(1,17)=24.80, p<0.001, was
significant, indicating that equivalent reductions in test day
sucrose preference were observed in both the radiation- and
sham-preexposed rats with lesions of the AP.

Discussion

The observation that preexposure to ionizing radiation
disrupts the acquisition of an ethanol-induced aversion in
intact rats, but not in rats with lesions of the AP, is concor-
dant with the hypothesis that activation of the AP by a UCS
may be a sufficient condition for the UCS preexposure effect
even though the conditioning day UCS itself does not require
the mediation of the AP for CTA learning to occur.

GENERAL DISCUSSION

The initial experiments were designed to test two hypoth-
eses about the nature of the proximal UCS in taste aversion
learning and the relationships between ionizing radiation,
LiCl and ethanol as unconditioned stimuli for CTA learning.
First, that because radiation and LiC] may utilize a common
mediator, preexposure to one UCS should block the acquisi-
tion of a CTA following treatment with the other UCS. Sec-
ond. that ethanol, which does not require the mediation of
the AP. may involve different mechanisms for CTA learning
and. therefore. that preexposure to one UCS would not dis-
rupt the acquisition of a CTA following treatment with an-
other UCS. The re<ults of the experiments, which show
asymmetrical preexposure effects between radiation and
LiCl and between ethanol and both radiation and LiCl. pro-
vide only partial support for these hypotheses.

The results of the first series of experiments, which
showed that preexposure to LiCl blocks the acquisition of
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a radiation-induced CTA. would be consistent with the hy-
pothesis that the stimulus effects produced by treatment with
LiCl encompass those produced by exposure to radia-
tion. The attenuation of a LiCl-induced CTA by preexposure
to LiCl seems to be primarily an associative phenomenon
because changing the environmental conditions between the
two phases of the experiment disrupts the UCS preexposure
effect (4.10). As such, the cross-attenuation between LiCl
and radiation would seem to require generalization from the
effects of the pretreatment UCS to those of the conditioning
UCS. The greater the perceived similarity of the UCS effects
by the organism across the two phases of the experiment. the
greater the degree of cross-attenuation. Because the degree
of LiCl attenuation of a radiation-induced CTA was nearly
identical to the degree of LiCl attenuation of a LiCl-induced
CTA. the stimulus effects of treatment with LiCl must be
very similar to those of treatment with ionizing radiation.
Otherwise. such strong stimulus generalization would not
occur and. consequently, cross-attenuation would not occur.

Conversely, the failure to observe cross-attenuation of a
LiCl-induced CTA by preexposure to radiation would
suggest that the stimulus effects which result from exposing
an organism to ionizing radiation are not similar enough to
those produced by LiCl for generalization and cross-
attenuation to occur. It may be that treating an organism
with LiCl, which crosses the blood-brain barrier (21),
produces a series of changes in neural functioning which are
not produced by exposure to ionizing radiation at the dose
levels used in the present experiment (28). Thus, for exam-
ple. injection of LiCl has been reported to produce changes
in neurohypophyseal functioning (23). in phospholipid me-
tabolism (17). and in dopamine and serotonin receptor activ-
ity in the brain (20.35). Although these changes in neural
functioning following treatment with LiCl do not constitute a
sufficient condition for CTA learning (32). they form a part of
the stimulus configuration when peripheral LiCl is used as a
UCS for CTA learning. The failure of radiation to reproduce
the complete constellation of stimulus events associated with
LiC) treatment would mean that there is a weaker gener-
alization gradient when radiation is used as the preexposure
UCS and, consequently, preexposure to radiation does not
produce cross-attenuation of a LiCl-induced CTA because
LiCl is perceived as a novel discriminative UCS on the con-
ditioning day.

Similar factors may be involved in the asymmetrical rela-
tionship between ethanol and radiation and LiCl. Preexpo-
sure to ethanol does not produce cross-attenuation of a
radiation- or LiCl-induced CTA because ethanol. as a UCS
for taste aversion learning, does not require the mediation of
the AP (16). As a result, the pattern of neural activity
produced by pretreatment with ethanol may not be similar
enough to that produced by LiCl or radiation. particularly
since it might not result in similar effects on the AP. Con-
versely, it is possible that anatomical connections of the AP
are sufficiently broad that the stimulus pattern resulting from
stimulation of the AP by pretreatment with a radiation or
LiCl UCS will encompass the stimulus pattern produced by
treatment with ethanol leading to the generalization from one
UCS to the others and. therefore. to the cross-attenuation of an
ethanol-induced CTA by preexposure to LiCl or radiation,

Similarly. an intact AP is necessary for preexposure to
LiCl or radiation to produce an attenuation of an ethanol-
induced CTA because the AP is necessary for CTA learning
when either of these stimuli is used as the UCS (19. 24, 27,
30). it is only when the AP is intact that a pattern of neural
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FIG. 8. (A) Diagrammatic representation of the neural pathways associated with the
response of the organism to the UCS leading to the acquisition of a CTA following
exposure to ionizing radiation or treatment with LiCl or ethanol. (B) Schematic
illustration of the range of the stimulus configuration produced by exposure to ionizing
radiation or by treatment with LiCl or ethanol. Each labelled oval represents the
stimulus complex associated with the UCS. Preexposure to a UCS having a greater
range of effects will disrupt the acquisition of a CTA produced by a UCS having a
smaller range of stimulus effects. See text for details.

activity relevant to CTA learning with these stimuli can be
initiated. In the ahsence of the AP, this pattern of acural
activity is not produced by preexposure and. therefore. there
is no generalization related to CTA learning from the preex-
posure stimuli to the conditioning day UCS. As a result,
preexposure to radiation or LiCl cannot lead to the cross-
attenuation of an ethanol-induced CTA in rats with lesions of
ithe AP.

The proposed role of the AP in the UCS preexposure
effect between radiation, LiCl and ethanol is shown schemat-
ically in Fig. 8A. Treatment with either ionizing radiation or
LiCl produces changes in the activity of the AP which, in
turn, affects the activity of some distal brain structure lead-
ing to the acquisition of a CTA (29). Although presently

vailable data do not allow the specification of this inter-
mediate structure. anatomical studies have shown that the
AP sends projections to both the nucleus of the solitary tract
and the parabrachial nuclei (31.36). Ethanol, which does not
require the mediation of the AP for CTA learning. may affect
this distal structure directly. Preexposure to LiCl or radia-
tion produces an attenuation of an ethanol-induced CTA
only when the AP is intact because treatment with these
stimuli can affect the activity of this distal structure only
through the mediation of the AP. In contrast, ethanol. which
may affect this distal structure directly. cannot produce an
attenuation of a radiation- or LiCl-induced CTA because the
ethanol pretreatment does not affect the activity of the AP.

With regard to the determination of the proximal UCS in
CTA learning, a number of different effects of treatment
have been proposed. Because most stimuli that will lead te
CTA learning also make the organism sick, Garcia (13) has
proposed that the experience of a UCS-induced gastrointes-
tinal illness is the proximal UCS for the acquisition of a
CTA. In contrast, Gamzu (11,12) and Hunt and Amit (14),
noting that a CTA will develop with nontoxic stimuli such as

amphetamine that do not produce overt signs of illness, have
cuzgested that any stimnins that produces a novel pattern of
neural activity will also produce a CTA. Rabin and Rabin
(26) obtained a« CTA in anesthetized rats treated with LiCl or
exposed to ionizing radiation. Since these rats could not
have experienced a UCS-induced illness under the
anesthesia, they suggested that any stimulus that excited the
neural pathways associated with illness would lead to the
acquisition of a CTA. independently of any possible expe-
riential factor.

The present observation of an asymmetrical UCS preex-
posure effect between LiCl and ionizing radiation would be
most consistent with the hypothesis that the proximal UCS
for CTA learning involves activation of the neural pathways
associated with iliness (26). If an experienced gastrointesti-
nal illness itself were the proximal UCS, then preexposure to
the radiation-induced "illness™" should have attenuated the
CTA response to the LiCl-induced “‘illness’” just as preexpo-
sure to the LiCl-induced “‘illness’” attenuated the CTA re-
sponse to the radiation-induced “illness.”” While it is possi-
ble that the cross-attenuation between radiation preexposure
and LiCl might be dose-dependent. then cross-attenuation
between radiation and LiCl should have been obtained when
the conditioning day dose of LiCl was reduced if dose were a
significant factor. The failure to observe such an effect (Fig.
2} does not support this possibility.

Rather, as discussed above and illustrated in Fig. 8B, the
observation of asymmetrical preexposure effects would
seem to derive from the total pattern of neural activity result-
ing frumi treatment with a specific UCS. . uzre the pattern of
neural activity produced by the preexposure UCS fully en-
compasses the pattern of such activity produced by the con-
ditioning day UCS. either because the same stimuli are used
in both phases of the experiment or because the preexposure
UCS produces 21l the neural stimulus effects of the condi-
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tioning day UCS. then attenuation of the CTA will result.
Since both LiCl and irradiation produce a CTA using an
AP-dependent peripheral mediator. preexposure to LiCl at-
tenuates a radiation-induced CTA. However. because LiCl
apparently has effects in addition to those produced by the
low dose of radiation. preexposure to radiation does not at-
tenuate a LiCl-induced aversion. Similarly. preexposure to
ethanol does not attenuate either a radiation- or LiCl-
induced CTA because the ethanol-induced CTA. unlike one
produced by radiation or LiCl. is independent of the AP and
may not. therefore. produce an appropriate pattern of neural
activity which involves the AP. Conversely. both LiCl and
radiation may attenuate an ethanol-induced CTA. in rats
with an intact AP, because the pattern of peural activity
induced by these stimuli completely mimics the pattern of
neural activity produced by intubation of ethanol.

In summary, preexposure to ionizing radiation or LiCl
attenuates the CTA produced by conditioning day treatment
with the same UCS and an asymmetrical cross-attenuation
following treatment with the other UCS: such ihat LiCl at-
tenuates a radiation-induced CTA. but radiation does not
attenuate a LiCl-induced aversion. Because the UCS preex-
posure paradigm. in contrast to a tolerance paradigm. is
based upon a generalization gradient from the preexposure
UCS 1o the conditioning UCS. these results are consistent
with the hypothesis that, as stimuli for CTA learning. both
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radiation and LiCl have common components, although they
are not identical sumuli. Both LiCl and ionizing radiation
attenuate an ethanol-induced CTA in intact rats. but not in
rats with lesions of the AP. In contrast. preexposure to
ethanol. which Jdocs not require the integrity of the AP tor
CTA learning. does not attenuate cither radiation- or LiCl-
induced taste aversions. These observations are consistent
with the hypothesis that the critical stimulus for the acquisi-
tion of a CTA 1s the generation of a particular pattern of
activity. perhaps related to the neural circuits associated
with illness. in the central nervous system.

ACKNOWLEDGEMENTS

We wish to acknowledge the support of the Computer Science
Center Facilities of the Umiversity of Maryvland Baltimore County.
This research was supported by the Armed Forces Radiobiology
Research Institute. Defense Nuclear Agency. under work unit
B4123. Views presented in this paper are those of the authors: no
endorsement by the Defense Nuclear Agency has been given or
should be inferred. This research was conducted according to the
principles described in the “*Guide for the Care and Use of Labora-
tory Animals™™ prepared by the Institute of Laboratory Animal Re-
search. National Research Council. A prelimimary report of some of
the data was presented at the 17th Mecting of the Society for Neuro-
science, New Orleans. LA, 1987,

REFERENCES

1. Aragon. C. M. G.: Abibtol, M. Amit, 7. Acectaldehyde may
mediate reinforcement and aversion by ethanol. An examination
using a conditioned taste-aversion paradigm. Neuropharmacol-
ogy 25:79-83: 1986.

. Batson. J. D.. Best. P. J. Drug preexposure etfects in tlavor-
aversion leaming: Associative interference by conditioned cn-
vironmental stimuli. J. Exp. Psychol. [Anim. Behav. Proc.|
§:273-283. 1979.

. Braveman. N. S. Formation of taste aversions in rats following
prior exposure to sickness. Learn. Motiv. 6:512-534; 1975,

4. Braveman, N. S. The role of blocking and compensatory condi-

tioning in the treatment preexposure effect. Psychopharmacol-
ogy (Berlin) 61:177-189: 1979.

2]

-

S. Cain. N. W.: Baenninger, R. Habituation to iliness: Etfects of

prior experience with US on the tormation ot learned taste
aversions in rats. Anim. Learn Behav. 5:359-364: 1977.

6. Canpon. D. S.: Baker. T. B.: Berman. R. F. Taste aversion
disruption by drug pretreatment: Dissociative and drug-specific
affects. Pharmacol. Biochem. Behav. 6:93-100; 1977.

7. Cannon, D. S.; Berman. R. F.: Baker. T. B.; Atkinson, C. A.
Effect of preconditioning unconditioned stimulus experience to
learned taste aversions. J. Exp. Psychol. [Anim. Behav. Proc.]
104:270-284: 1975,

8. Cappell. H.. Le Blanc, A. E. Parametric investigations of the
effects of prior exposure to amphetamine and morphine on
conditioned gustatory aversion. Psychopharmacology (Berlin)
51:265-271. 1977.

9. Cappell. H.: Poulos. C. X. Associative factors in drug pretreat-
ment ¢ fects on gustatory conditi~ring: Cross drug effects. Psy-
chopharmacology (Berlin) 64:209-213: 1979.

10. Dacanay. R. J.: Riley. A. T. The UCS preexposure etfect in
taste aversion learning: Tolerance and blocking are drug spe-
cific. Anim. Learn. Behav. [0:9]-96; [982.

1t. Gamzu. E. The multifaceted nature of taste-aversion-inducing
agents: Is there a single common factor? In: Barker, L. M.:
Best, M. R.. Domjam. M., eds. Learning mechanisms in food
selection. Waco, TX: Baylor University Press. 1977:477-509.

12. Gamzu. E.: Vincent. G.: Boff, £. A pharmacological perspec-
tive of drugs used in establishing conditioned tood aversions.
Ann. NY Acad. Sci. 443:231-249; 1985,

13, Garcia. J.; Lasiter, P. A.: Bermudez-Ratoni. F.: Deems. D. A.
A general theory of aversion learning. Ann. NY Acad. S
443:8-21: 1985,

14. Hunt, T.; Amit. Z. Conditioned taste aversions induced by
self-administered  drugs:  Paradox  revisited.  Neuroscr.
Biobehav. Rev. 11:107-130; 1987.

1>, Hunt, W. A, Rabin, B. M. Attenuation of 2 radintion-induced
conditioned taste aversion after the development of ethanol
tolerance. Life Sci. 43:59-66; 198K,

16. Hunt. W. A.; Rabin, B. M.: Lee. J. Ethanol-induced taste aver-
sions: Lack of involvement of acetaldehyde and the area
postrema. Alcohol 4:169-173; 1987.

17. Joseph. N. E.. Renshaw, P. F.: Leigh. J. S.. Jr. Syslemi&.‘
lithium administration alters rat cerebral cortex phospholipids.
Biol. Psychiatry 22:540-544. 19%7.

18. Keppel. G. Design and analysis: A researcher’s handbook.
Englewood Clitfs. NJ: Prentice-Hall: 1973.

19. Ladowski. R. L.: Ossenkopp. K.-P. Conditioned taste aver-
sions and changes in motor activity in lithium treated rats:
Mediating role of the area postrema. Neuropharmacology
25:71-77. 1986.

20. Mclntyre, . M.; Kuhn, C.. Demitriou, S.; Flick. F. R.: Stanley.
M. Modulating role of lithium on dopamine turnover, prolactin
release. and behavioral supersensitivity following halopenidol
and reserpine. Psychopharmacology (Berlin) 81:150-154; 19%3.

21. Nclson. S. C.: Herman. M. M.: Bensch, K. G.: Barchas, J. D.
Localization and quantitation of lithium in rat tissue following
intraperitoneal injections of lithium chloride. 1. Brain. J. Phar-
macol. Exp. Ther. 212:11-15: 1980.

22. Ng Cheong Ton. }. M.; Amit, Z. Symmetrical effect of preexpo-
sure between alcohol and morphine on conditioned taste aver-
sion. Lite Sci. 33:665-670; 1983.




918

Yonnor, K. Foo Cheng, S0 W T Nornth, W T Etfects of

intraperitoncal injection ot lithwm chloride on neurohy poph-
yaeal activity - Imphcations tor behavioral studies. Physiol. Be-
hav. $:91-95; 1987,

- Ossenkopp. K.-P.o Taste aversions conditioned with gammua

rudiahion: Attenuation by ared postrema lesions in rats. Behay.
Bramn Res. 7:295-308; (953,

. Rabin, B. Mo Hunt, W, AL Mechanisms of radurtion-induced

condiioned taste aversion learning. Neurosci. Biobehan . Rev
10: 5565, 1986,

- Rabin, B. M Rabin, ). S0 Acquisition of radiation- and hthium

chlonde-mduced conditioned taste aversions in anesthetized
rats. Amim. Learn. Behavy, 12:439 3410 1984,

Rubin. B M. Hunt, W. A Lee. J. Acquisition of radiation and
drug-induced  conditoned  taste  aversions  following
postrema lesions ain the raut. Radiat, Res. 93:388-394; 19K3.

ared

CRabin, BOMO Hunt. WAL Eee. b Ettects of dose and of partial

body wonizing radiation on taste wversion learning i rats with
lestons of the area postreni. Physiol, Behay . 32:T19-122; [9%4.
Ruabin. B Mo Hunt, WO A Lee. J. Recall of a previously ac-
quired conditioned taste aversion in rats follow mg lesions of the
arca postrema. Physiol, Behav, 32:503-306: 1984,

AMtE iRy !
| 238tributson, ]
Ivatlariagey ¢

st

M"aii aﬂd—/v,f; C-
Spesoia)

30

3.

KRR

KN

is.

6.

RABIN. HUNT AND L.EE

CRatter, S0 MceGlone, J. T Kellv, K0 W, Absence of ithium-
induced taste aversion atter area postrema lesions. Bramn Res.
201:501-506: 1980,

Shapiro, R.E.Misehs, R.R. The central neural connections of
the area postrema of the rat. J. Comp. Neurol, 234:344-364:
19KS,

- Smith. DL F. Central and peripheral eftects of hithwum on con-
ditoned tiste aversions an rats. Psychopharmacology (Berhing
6X:315-317: 19R0.

Smuth, J. C. Radiavon® Its detection and its effects on taste
preferences. In: Stellar, E.o Sprague. J. M., eds. Progress in
physiological psychology. vol. 4. New York: Academic Press:
1971:53-117.

Stewart. J.: Eikelboom. R. Pre-exposure to morphine and the
attenuation of condinoned taste aversion n rais. Pharmacol.
Biochem. Behuy. 9:639-645: 197K,

Tammoto, K.. Maeda. K.. Terada. 1. Inhibitory effect of
Iithium on neuroleptic and serotonin receptors n rat brain.
Briun Res, 265 1481510 1983,

van der Kooy, Do Koda. 1Y, Organization of the projections
of a arcumventricular organ: The area postrema in the rat. J.
Comp. Neurol. 219:3258-338: [953.




