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RABIN, B. M., W. A. HUNT AND J. LEE. Attenuation and cross-attenuation in taste aversion learning in the rat: 
Studies with ionizing radiation, lithium chloride and ethanol. PHARMACOL BIOCHEM BEHAV 31(4) 909-918, 1988.- 
The preexposure paradigm was utilized to evaluate the similarity of ionizing radiation, lithium chloride and ethanol 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 mEq/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 stimulus in taste aversion learning. 

Conditioned taste aversion Attenuation Cross-attenuation Ionizing radiation Lithium chloride 
Ethanol Area postrema 

A conditioned taste aversion (CTA) is produced when inges- 
tion of a novel tasting solution is paired with a novel uncon- 
ditioned stimulus (UCS), such that the organism will avoid 
ingestion of that solution at a subsequent presentation. This 
avoidance behavior can be produced by pairing a novel sac- 
charin or sucrose solution with a wide variety of stimuli, 
including treatment with lithium chloride (LiCI), ethanol, or 
exposure to ionizing radiation (13,33). 

Rabin and Hunt (25) have proposed that exposure to 
ionizing radiation or injection of LiCI causes the release of 
the same endogenous humoral factor which mediates the ac- 
quisition of a CTA following treatment with these stimuli. 
However, the support for this hypothesis is based, for the 
most part, on the indirect evidence provided by the observa- 
tion that lesions of the area postrema (AP) disrupt the acqui- 
sition of both LiCI- and radiation-induced taste aversions 
(19, 24, 27, 30). 

A more direct test of this hypothesis may be provided by 
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Baltimore, MD 21228. 

pairing different toxins in a UCS preexposure paradigm. In 
this design, the subject is exposed to a UCS before it is 
paired with the conditioned stimulus. When this UCS is later 
paired with ingestion of a novel solution, a CTA does not 
develop (3, 5, 7). While the mechanisms underlying the UCS 
preexposure effect vary depending upon the nature of the 
drug UCS (2, 4, 6, 7, 10), the previous experience with the 
drug-induced effects disrupts the CTA learning. The attenu- 
ation of the CTA may be due to the development of physi- 
ological tolerance, as with morphine (8, 9, 34), or to the as- 
sociative effects of prior experience with the UCS, as with 
LiCI (2-6, 10). While tolerance produces a broad change in 
the sensitivity of the central nervous system resulting in a 
reduced capacity to respond to a variety of stimuli, preexpo- 
sure that does not cause tolerance has a more limited effect 
because it is restricted to learned generalization gradients. 
The more similar the effects of the unconditioned stimuli, the 
greater the generalization and the greater the preexposure 

Department of Psychology, University of Maryland Baltimore County, 

909 



910 RABIN, HUNT AND LEE 

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 LiCI, 
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, involve 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 _+ I°C with 50_ + 10% relative 
humidity. The rats were maintained on a 12-hr light:dark 
cycle. Food 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 rain 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, 5 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 10% 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 between the tap 
water and sucrose solution. 

Data Analysis 

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 
less 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 LiCI 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. 

E X P E R I M E N T  1 

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. 

Method 

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 6°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 LiC1 were used. For the preexpo- 
sure phase, all rats were given 3.0 mEq/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 LiC1 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 LiC1 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 LiCI- 
induced taste aversions. LiCl-induced aversions were produced by injection of either 3.0 
mEq/kg or 1.5 mEq/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 LiC1 (3.0 mEq/kg) or exposure to ionizing radiation (100 R). 
Abbreviations as in Fig. 1. 

and the group preexposed to LiC1 and given LiCI on the 
conditioning day, F(1,27) =7.45, p >0.05. Both LiCI preexpo- 
sure groups differed significantly from the group given saline 
during the preexposure phase and LiC1 on the conditioning 
day, F(1,27)=42.31, p<0.01. 

For the radiation-induced CTA following preexposure to 
LiCI, the planned comparisons indicated that the sucrose 
preference of the two groups given LiC1 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- 
cantly 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<0.001. 

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) = 11.64, p <0.01. 

In contrast, preexposure to radiation had no effect on a 
CTA produced by treatment with either 3.0 or 1.5 mEq/kg 
LiC1 (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, p<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(1,40)=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 following intubation with the same 
dose of ethanol (Fig. 3). The analysis with planned compari- 
sons showed that the group preexposed to ethanol 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 contrast, 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 LiCI- 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 LiC1 blocks the acquisition 
of an ethanol-induced CTA (Fig. 4). The analysis using 
planned comparisons showed that there were no significant 
differences between the animals pretreated with LiCI 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. 

D i s c u s s i o n  

These results only partially support the original hypoth- 
esis that radiation and LiCI utilize a common humoral factor 
to produce CTA learning. The observation of asymmetrical 
preexposure effects between LiCI 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 LiC1 to attenuate a CTA in response to 
treatment with LiCl on 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 LiCI, it 
would not seem likely that the failure to observe a cross- 
attenuation between the radiation preexposure and LiCI 
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. Effects 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 LiC1 on the conditioning day may be per- 
ceived as a novel UCS resulting in the acquisition o fa  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 !.5 mEq LiC1 as the condition- 
ing day UCS. At this dose, there was also no effect ot 
ethanol preexposure on the LiCl-induced aversion. 

These results apparently differ from those of Cannon et  
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 
LiCI will block the acquisition of an ethanol-induced CTA is 
in agreement with the results reported by Cannon et  al.  (6), 
and therefore not consistent with the present hypothesis. 
This asymmetrical cross-attenuation between LiC1 preexpo- 
sure and ethanol-induced CTA learning may derive from the 
fact that LiC1, 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 LiCI. 

FACING PAGE 

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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E X P E R I M E N T  2 

Although lesions of the AP will disrupt the acquisition of a 
LiCl-induced CTA (27,30), if it is the central actions of LiC1 
that are responsible for the attenuation of an ethanol-induced 
CTA by preexposure to LiCI, then destruction of the AP 
should have no effects on the cross-attenuation of the 
ethanol-induced CTA because LiC1 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: LiCI 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, IP). 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. 

At the conclusion of the testing, all rats were anesthetized 
with sodium pentobarbital (50 rag) and perfused intra- 
cardially with isotonic saline followed by l(F/b formalin 
saline. Sections were cut through the brainstem at the level 
of the AP at 50 #m 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 LiC1 did not affect 
conditioning day fluid intake relative to rats that were given 
saline injections. In rats with AP lesions, preexposure to 
LiC1 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(I, 19)=0.01, p >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 LiCI- 
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 LiC1 in intact rats is due to the central actions of LiCI. 
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 LiC1 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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FIG. 6. Effects of preexposure to LiCI on the acquisition of an 
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. 

E X P E R I M E N T  3 

If, as suggested above, the action of specific toxins on AP 
neurons is sufficient for the attenuation of an ethanol- 
induced CTA by LiC1, then preexposure to radiation, which 
also involves the AP, should result in a similar attenuation of 
an ethanol-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 18 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<0.01, 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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FIG. 7. Effects of preexposure to ionizing radiation on the acquisi- 
tion of an ethanol-induced CTA in intact rats and in rats with lesions 
of the area postrema. Abbreviations as in Fig. 1. Black bars: Cond; 
hatched bars: Test. 

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 
for preexposure, F(1,17)=0.17, p>0.10, nor the preexposure 
by day interaction, F(I, 17)=0,10, p>0.10, were significant. 
Only the main effect 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, 
LiCI and ethanol as unconditioned stimuli for CTA learning. 
First, that because radiation and LiC1 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 results of the experiments, which show 
asymmetrical preexposure effects between radiation and 
LiC1 and between ethanol and both radiation and LiC1, pro- 
vide only partial support for these hypotheses. 

The results of the first series of experiments, which 
showed that preexposure to LiC1 blocks the acquisition of 

a radiation-induced CTA, would be consistent with the hy- 
pothesis that the stimulus effects produced by treatment with 
LiC1 encompass those produced by exposure to radia- 
tion. The attenuation of a LiCl-induced CTA by preexposure 
to LiC1 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 LiC1 
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 LiCI attenuation of a radiation-induced CTA was nearly 
identical to the degree of LiC1 attenuation of a LiCl-induced 
CTA, the stimulus effects of treatment with LiC1 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 
LiCI-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 LiC1 for generalization and cross- 
attenuation to occur. It may be that treating an organism 
with LiCI, 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 LiC1 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 LiCI do not constitute a 
sufficient condition for CTA learning (32), they form a part of 
the stimulus configuration when peripheral LiCI is used as a 
UCS for CTA learning. The failure of radiation to reproduce 
the complete constellation of stimulus events associated with 
LiC1 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 
LiCI 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 LiCI. 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 LiCI 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 
LiCI 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 LiCI or radiation. 

Similarly, an intact AP is necessary for preexposure to 
LiC1 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 LiC1 or ethanol. (B) Schematic 
illustration of the range of the stimulus configuration produced by exposure to ionizing 
radiation or by treatment with LiCI 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 absence of the AP, this pattern of neural 
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 LiC1 cannot lead to the cross- 
attenuation of an ethanol-induced CTA in rats with lesions of 
the AP. 

The proposed role of the AP in the UCS preexposure 
effect between radiation, LiC1 and ethanol is shown schemat- 
ically in Fig. 8A. Treatment with either ionizing radiation or 
LiC1 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 
available 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 LiCI 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 to 
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 
suggested that any stimulus 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 LiC1 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 LiC1 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 illness (26). If an experienced gastrointesti- 
nal illness itself were the proximal UCS, then preexposure to 
the radiation-induced "il lness" should have attenuated the 
CTA response to the LiCl-induced "il lness" just  as preexpo- 
sure to the LiCl-induced "il lness" attenuated the CTA re- 
sponse to the radiation-induced "il lness." While it is possi- 
ble that the cross-attenuation between radiation preexposure 
and LiC1 might be dose-dependent, then cross-attenuation 
between radiation and LiC1 should have been obtained when 
the conditioning day dose of LiC1 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 from treatment with a specific UCS. Where 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 all the neural stimulus effects of the condi- 
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tioning day U C S ,  then at tenuat ion o f  the CTA will result .  
Since both LiC1 and irradiation produce a C T A  using an 
AP-dependent  peripheral  mediator ,  p reexposure  to LiCI at- 
tenuates  a radiat ion-induced CTA.  However ,  because  LiC1 
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  at tenuate ei ther a radiation- or  LiCI- 
induced C T A  because  the ethanol- induced CTA,  unlike one 
produced by radiation or LiC1, is independent  of  the AP  and 
may not, therefore ,  produce an appropriate  pattern of  neural 
activity which involves the AP. Converse ly ,  both LiC1 and 
radiation may at tenuate an ethanol- induced CTA,  in rats 
with an intact AP, because  the pattern of  neural activity 
induced by these stimuli complete ly  mimics the pattern of  
neural act ivi ty produced by intubation of  ethanol.  

In summary,  preexposure  to ionizing radiation or  LiCI 
at tenuates the C T A  produced by condit ioning day t rea tment  
with the same U C S  and an asymmetr ica l  cross-at tenuation 
following t rea tment  with the o ther  U C S ;  such that LiCI at- 
tenuates  a radiat ion-induced CTA,  but radiation does not 
at tenuate a LiCl- induced aversion.  Because  the U C S  preex-  
posure paradigm, in contrast  to a tolerance paradigm, is 
based upon a generalization gradient  from the preexposure  
U C S  to the condit ioning U C S ,  these results are consistent  
with the hypothesis  that, as stimuli for CTA learning, both 

radiation and LiCI have c o m m o n  components ,  although they 
are not  identical  stimuli. Both LiCI and ionizing radiation 
at tenuate an ethanol- induced C T A  in intact rats, but  not  in 
rats with lesions o f  the AP. In contrast ,  preexposure  to 
ethanol,  which does not  require the integrity o f  the AP for 
C T A  learning, does not  at tenuate ei ther radiation- or  LiCI- 
induced taste aversions.  These  observat ions  are consis tent  
with the hypothesis  that the critical stimulus for the acquisi- 
t ion of  a C T A  is the generat ion o f  a particular pattern of  
activity,  perhaps related to the neural circuits associated 
with illness, in the central  nervous  system. 
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