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balloon inflation for an aversion to be formed to a novel
gustatory stimulus presented immediately after the
distentioﬁ period. In addition, these findings sﬁggest
that the shorter duration of exposure to the CS solution
in the Bkd-1 group of Experiment 5 was not responsible for
the absence of aversion learning in that experiment.

One aspect of the design of Experiments 5 and 6
deserves further comment at this point. In both experiments
each backward pairing group ingested tap water just prior
to balloon inflation (see Figure 6). If this led backward
pairing groups to associate water ingestion with stomach
distention and thus to acquire a water aversion, a
preference test based upon choice between water and the
saccharin solution would not have been a very sénsitive
measure of saccharin-aversion learning in these groups.

In general, water aversions are not readily
acquired (Garcia & Koelling, 1966; Garcia, McGowan & Green,
1972) and one important reason for this is the extensive
exposure to water rats typically receive prior to its
pairing with toxicosis (e.g., Nachman, 1970). 1In
Experiments 5 and 6, for example, subjects had continuous
access to water in their home cages from weaningb(Zl days
of age) until they participated in the present experiments
at approximately 100 days of age. Such extensive exposure

to water in the absence of an aversive US would be expected
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to substantially retard, if not prevent entirely, the
subsequent association of water ingestion with aversive
internal events (e.g., Revusky & Garcia, 1970). 1In fact,
only one study has reported water-aversion learning when
subjects had extensive prior exposure to water (Nachman,
1970, Experiment 3). Certain methodological features of
Nachman's (1970) study appear, however, to limit the
generality of his finding. Most notably, Nachman's rats
received substantial exposure to a saccharin solution as
part of the experimental procedures. The presentation

of water as a CS within the context of repeated exposures
to a saccharin solution may have increased the salience of
water as a stimulus and thereby increased its associability.
It seems then, that water-aversion learning is not a
necessary outcome of pairing water ingestion with internal
malaise, but may occur under certain conditions.

Two observations suggest that water-aversion
learning did not occur in Experiments 5 and 6. First, ail
backward pairing subjects avidly drank water when returned
to their home cages shortly after balloon deflation. This
suggests that if a water aversion was being acquired during
treatment sessions it certainly did not generalize to the
home cage where saccharin preference was subsequently
assessed. Second, seven of the fifteen backward pairing
subjects in Experiment 5 actually drank more water prior

to the second balloon inflation experience than prior
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to the first. (Similar data was not available from
Experiment 6 because both water and saccharin solution
was presented by the method of oral infusion.) If
ingestion of water prior to the first distention produced
a water aversion this should have led to(less water
consumption pricr to the second distention. (Subjects
ingesting the saccharin solution prior to the first
distention typically drink less of that solution prior to
the second distention.)

Althougl the possibility of water-aversion learning
was not directly assessed and therefore cannot be entirely
ruled out, the observations presented above certainly

suggest that its role, if any, in the results of

Experiments 5 and 6 was a minor one.

General 'Discussion: Experiments 1-6

Summary of results. The stomach balloon
preparation was developed to obtain direct control over
physical and temporal characteristics of an internal US in
order to investigate the role of these characteristics in
taste-aversion learning. Experiments 1 through 4
investigated balloon inflation parameters of volume and
duration and found: (a) a 20-minute, 20 ml balloon
inflation led to a taste aversion when it followed or

preceded saccharin ingestion (Experiment 1), (b) as
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distention volume was decreased (Experiment 2) or duration
shortened (Experiments 3 and 4) the resulting taste
aversion became weaker, and (c) a 9 ml distention lasting
only 3 minute did not motivate aversion learning.
Experiments 5 and 6 demonstrated that aversions motivated
by the 9 ml, 10-minute balloon inflation represented an
associative rather than a nonassociative consequence of
the distention experience by showing that this distention
produced a taste aversion when it followed, but not when it
preceded, ingestion of a saccharin sclution. In addition,
results from Experiments 5 and 6 indicated that the
aversive consequences of the 9 ml, l0-minute stomach
balloon inflation did not extend substantially beyond the
period of balloon inflation.

Taste aversions as a function of US duration.

Experiments 3 and 4 demonstrated that the magnitude of the
CS aversion was a direct function of balloon inflation
duration. Two interpretations are possible for this
relation of aversion magnitude to US duration. Perhaps
within the range of parameters used in Experiments 3 and
4, inflation d;ration was an important determinant of US
aversiveness. Several studies have shown that all other
conditions equal, more aversive USs produce stronger taste

aversions (e.g., Dragoin, 1971; Revusky, 1968). Thus

subjects that experienced the 10 minute balloon inflation
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may have acquired a stronger aversion than subjects that
experienced 4 minutes of ballon inflation because the 10
minute distention was a more aversive US. The absence of
aversion learning in the group that received only 1/2

minute of balloon inflation could simply reflect insufficient
US aversiveness.

Alternatively, subjects in Experiment 4 might have
shown progressively less taste-aversion learning as the
duration of balloon inflation was decreased because rats
do not readily associate temporally discrete USs with
gustatory stimuli. Krane and Wagner (1975) have recently
suggested that one reason discrete USs, such as shock,
have hot been readily associaied with a gustatory stimulus
is because gustatory stimuli (or, more accurately, a central
trace of such stimuli) persist after removal of a drinking
tube. This persistence extends the gustétory stimulus into
the post-US safety or recovery period which, in turn,
interferes with aversion learning. 1In support of this
hypothesis Krane and Wagner (1975) replicated earlier
findings demonstrating that a brief shock cannot mo;ivate
taste-aversion leaénihg when presented immediately after
removal of a drinking tube but further demonstrated that
this brief shock did motivate taste-aversion learning when
delayed by thirty seconds. Perhaps then, ﬁhg 1/2-minute

distention failed to motivate aversion learning, not because
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it lacked sufficient aversiveness, but because the
gustatory -stimulus persisted into the post-US period. The
4- and 10-minute distentions would bé more effective as

USs since.their durations could have been sufficiently

long to avoid the situation in which the gustatory stimulus
effectively persisted beyond US termination. At this

point either interpretation offered above seems to
adequately account for the relation of balloon inflation
duration to aversion learning.

Experiments 4, 5 and 6 clearly suggest that USs
with a slow onset and a very long duration are not
necessary for the effective motivation of taste-aversion
learhing. ‘With stomaéh distention, onéet of aversiveness
is guite rapid. Overt signs of discomfort usually appeared
as balloon inflation reached 7 to 8 milliliters and were
clearly present in subjects experiencing 9 ml of distention.
In addition, the aversive consequences of the 9 ml
distention are substantially limited to the period’of
balloon inflation: (a) overt signs of discomfert
disappeared when the balloon was deflated, (b) subjects
exposed to the stimulus after balloon inflation was
terminated did not learn an aversion, and (c) the
distention had only a limited effect upon ingestion of the
saccharin solut:ion immediately following the distention

period. Thus, an exogeneous chemical US or exposure to
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ionizing radiation is not necessary for taste—aversion
learning. - Rather, such learning may be studied with
aversive USs having relatively rapid onset and short
duation, and with paramefers which may be manipulated by

~ the experimenter.



CHAPTER 3:

TRACE CONDITIONING WITH BALLOON INFLATION US

The experiments presented in Chapter 2 demonstrate
that an internal US need not have the slow onset and long
duration characteristics of chemical or radiation induced
toxicosis to effectively motivaté taste-aversion learning.
Rather, rats readily associate a flavor CS with a US of
stomach distention when the onset of US aversiveness is
relativeiy rapid and the duration of US application is
rélatively short in comparison to toxicosis. Experiments
presented in the présent chapter were designed to assess
whether aversion learning with a long CS-US trace interval,
another characteristic considered unique to taste-aversion
learning motivaféd by toxic USs, may be found with the
balloon inflation US. If an internal US having a rapid
onset and short duration produces a conditioned taste
aversion even when US onset is delayed for several minutes
after CS offset, then aversion learning with long CS-US
trace intervals would appear attributable to US locus
rather than distinctive onset or duration characteristics.

Rats can associate a flavor with toxicosis even if

flavor termination precedes the onset of illness by several

78
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"hours. With other, more traditional, conditioning
preparations (e.g., when an auditory or visual CS is paired
with a shock US), the maximum CS-US trace interval over
which associative learning may be demonstrated is typically
measured in seconds or, at most, minutes (Mackintosh, 1975,
p.58ff.). If the 10 minute balloon inflation, despite its
relatively rapid onset and short duration, is functionally
equivalent to toxicosis, then rats should associate the
ballon inflation US with a gustatory CS even when the CS-US

trace interval is more than a minute or two.

Experiment 7: Delay of Unconditional Stimulus

Onset (0, 5, 12 or 25 Minutes)

Experiment 7 was designed to investigate taste-
aversion learning when balloon inflation onset was delayed
>

for ¢, 5, 12 or 25 minutes after removal of the gustatory

Cs.

Method

The general methodology was essentially the same
as used inbprevious experiments. Subjects were prepared
with the stomach balloon and allowed five days for recovery
from surgery. fThe recovery period was followed by five

adaptation, two treatment and one test session(s). All
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detail of the acaptation, treatment and test sessions not
specified below remained as previously described.

Treatment sessions. Six operated (prepared with

stomach balloon) subjects were assigned to each of three
delay-of-US conditions (5, 12 or 25 minutes), with five
operated subjects assigned to a 0O-delay condition. Seven
nonoperated subjects were assigned to a CS only condition
(Group NopC) .

Four and one-half hours prior to each of the two
treatment sessions all food was removed from home cages.
During each treatment session CS only subjects (Group NopC)
received access to the .,15% saccharin solution for 110
seccnds from the first lick, remained in the restraint for
fifteen minutes and were returned to their homé cages.
Subjects in the four delay~of-US groups were exposed to the
saccharin solution and, after the specified delay, their
stomach balloons were inflated (9 ml for 10 minutes).
Subjects remained in the restraint during the interval
between removal of the drinking tube and onset of balloon
inflation. Delay-of-US subjects were returned to home
cages immediately following balloon deflation where food
and water were available. The water remained available for
only one-half hour.

Assessment of Aversion Learning. As in Experiments

1 through 6, each subject's saccharin preference was
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assessed with a two-solution (water vs. saccharin solution)
choice test conducted in the subject's home cage 24 hours
after the second treatment session. In addition to the
results obtained from the two-soluticn choice test, results
from a second measure of aversion iearning are reported in
this experiment.

The volume of fluid ingested during a fixed period
of time is frequently used as an index of the aversiveness
(or attractiveness) of that solution (e.g., Domjan &
Bowman, 1974). Thus the 110 seconds of access to the CS
solution during each of‘the treatment sessions may be
treated as a brief assessment of CS solution palatability.
Furthermore, when subjects in the balloon inflation groups
were allowed 110 seconds of access to the CS solution during

}
the second of the two treatment sessions, they had already
experienced one CS5-US pairing. As a result, when compared
to the CS only control group, the volume of saccharin
solution ingested by balloon inflation groups during the
second treatment session provides a measure of taste-

aversion learning as a consequence of the single CS-US

pairing.4

4 Data from this single solution test of aversion
learning were ncot reported in Experiments 1 through 5
because such data did not provide any additional information
beyond that available from the two-solution choice test.
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Results

Preference Test. Figure 10 presents the results
from the two-solution preference test conduéted in home
cages after two treatment sessions. For the balloon
inflation groups, median saccharin preference ratios were
a direct function of CS-US trace interval; the lowest
saccharin preference was found in the O-delay group, and
progressively larger preferences were apparent as US
onset was delayed 5, 12 and 25 minutes. These data
suggest that the delay over which rats can associate the
gustatory CS with the balloon inflation US is measured in
many minutes rather than in seconds or a few minutes as-is
typical for shock motivated aversion learning.
Statistically, both 12- and 25-minute delay groups were
not significantly different from the saccharin only control
group (U=20, p>.20 and U=1l, p=.18, re;pectively). The
difference between the saccharin only control (NopC) group
and the 5-minute delay-of-US group was significant (U=6,
p=.034) but the difference in saccharin preference between
the O-delay group and the control group did not reach
statistical significance (U=9, p=.10).

Ingestion of the saccharin solution during treatment

sessions. Figure 11 presents median milliliters of
saccharin solution ingested by groups during the 110 second

flavor exposure period during each treatment session.
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Figure 10

Experimént 7: Median saccharin preference ratio
for groups that experienced saccharin only (NopC) or
saccharin followed by balloon inflation (9.0 ml for 10
minutes) during each treétment sessiop; The CS—US interval
for the four balloon inflation groups was 0, 5, 12 or 25
minutes. Number of subjects per group is indicated in

parenthesis.
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Figure 11

Experiment 7: Median milliliters of saccharin
solution ingested during the 110 second flavor exposure
period during each of the two treatment sessions. Number

of subjects is indicated in parenthesis.
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Treatment Session 1 (left panel) represents first contact
with the saccharin flavor and, as expected, there are no
significant differences among groups in the volume of

fluid consumed. During Treatment Session 2 (right panel),
however, all four distention groups drank substantially
less than the saccharin only control group (NopC vs.
O-delay, U=6, p=.074; NopC vs. 5-minute delay, U=0, p=.002;
NopC vs. l2-minute delay, U=3, p=.008; NopC vs. 25-minute
delay, U=8, p=.074). There were no significant differences

among the four delay groups.

DASsSCusSs1on

Previous demonstrations of Pavlovian conditioning
with CS-US intervals of more than a minute or two have all
employed exposure to ionizing radiation or administration
of chemical agents as USs. Eacﬁ of these USs produces
internal consequences that have a slow onset and a long
duration. In the present experiment, the effect of
different CS-US delays on taste aversion learning was
assessed with another form of internal US, stomach balloon
inflation, which possesses onset and duration characteristics
very dissimilar from a radiation or chemically induced
malaise.

The volume of saccharin solution ingested during

the 110 second Ilavor exposure period of Treatment Session 2
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clearly suggests that rats can associate a gustatory CS
with the balloon inflation US over a CS-US trace interval
as long as 25 minutes. It appears, therefore, that the
very slow onset and long duration characteristics of
toxicosis are not essential for taste-aversion learning
with CS-US trace intervals longer than a minute or two.
Indeed, with the éingle solution assessment, the magnitude
of the aversion was as strong in the longest delay condition
investigated (25 minutes) as in the 0-=delay condition.

In contrast with the single solution test after the
first treatment session, the preference test (after the
second treatment session) indicated that if a delay of more
than five minutes was interpolated.between the CS and US
there was little aversion learning. One especially
surprising feature of the preference test results was a
failure of the O-delay group to show a statistically
significant aversion (although it does show the lowest
median saccharir preference ratio). This 0-delay group
was subjected to the same treatment as forward péiring
groups (FCd Groups) in Experiments 4, 5 and 6 in which
significant aversions were displayed with the two solution
preference.test.

The following experiment was designed to provide
additional information concerning tﬁe effect of CS-US trace

interval on taste-aversion learning with stomach balloon
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inflation as the US.

Experiment 8: Delay cf US Onset

(0, 10 or 30 Minutes)

The delay-of-US groups in the previous experiment
differed not only with respect to the time between removal
of the gustatory stimulus and onset of balloon inflation
but also with respect to the time from last ingestion of
a fluid to US onset. Perhaps the effectiveness of balloon
inflation as a US is in some way a function of time from
last ingestion of a fluid. For example, each delay-of-US
group in Experiment 7 drank approximately three milliliters
of the éaccharin soluticn prior to balloon inflation during
the first treatmwent session. The ingestion of this
solution would in itself produce, at least temporarily, a
distention of the stomach. In the 0-delay condition, 9 ml
of balloon inflation were immediately added to the volume
of fluid in the stomach. In other delay conditions 5, 12
or 25 minutes intervened between ingestion of the saccharin
solution and onset of balloon inflation. During this
interval the ingested fluid could have been absorbed or
passed through the stomach to the intestines. As a result,
the 5, 12 or 25 minute delay groups may have experienced
effectively less stomach distention than the 0-delay group.

If the above arcument is correct the relation of taste



aversion magnitude to CS-US trace interval observed in
Experiment 7 might reflect US aversiveness rather than the
CS—US traqe interval. In the present experiment, delay
groups (with the exception of the 0-delay group) were
allowed to drink water for 110 seconds‘immediately prior
to balloon inflation. Tﬁus, groups that experienced
several minutes between exposure to the CS and onset of
the US were closely matched to a 0-delay group in volume
of fluid ingested just prior to ballcon inflation.

| Finally, in order to reconfirm that nonoperated
control subjects do not differ from operated control
subjects in their preference for saccharin, both operated

and nonoperated control groups were included in this study.

Method
The general methodology remained as previously
described: (a) five days for récovery from surgery,
(5) five adaptation sessions, (c) two treatment sessions,
and (d) one test session. All detail of the procedure
not specified below also remained as previously de;cribed.
Twenty-four subjects were prepared with stomach
balloons with six subjects being assigned to each of three
delay-of-US groups (0, 10 and 30 minute;). The remaining
six operated subjects (Group OpC) and an additional eight
nonoperated subjects (Group NopC) were assigned to a

saccharin only control condition.
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Experimental procedures during each of the two
treatment sessions are schematized in Figure 12. Each
subject drank the saccharin solution for one 110 second
period and tap water for another 110 second period, the
interval between drinking periods being spent in the
restraint. The two control groups (OpC and NopC) and the
0-delay group drank water first and then eight minutes
later drank the saccharin solution. The two remaining
delay groups drank the saccharin solution first and then
either 8 minutes later (Group 1l0-minute delay) or 28
minutes later (Group 30-minute delay) drank water. All
delay-0of-US groups experienced balloon inflation (9 ml, for
10 minutes) immediately after the second drinking period.

Twenty-four hours after the second treatment
session saccharin preference was assessed in home cages.

As in Experiment 7 results frém both the two-solution
choice test (conducted after the second treatment session)
and the volume of CS solution ingested during each treatment

session are presented.

Results

Preference test. The results of the two-solution

preference test conducted 24 hours after the second treatment
session are presented in Figure 13. The saccharin

preferences showr. by nonoperated control subjects (NopC)
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Figure 12

Experiment 8: Treatment procedures for each of
the five groups. In the treatment column, a vertical
upward deflection of the time line indicate$ onset of the
specified event (i.e., exposure to the saccharin solution,
water, or balloon distention) while the vertical downward
deflection indicates offset of the event. The onset and
offset slopes of balloon inflation have been exaggerated
to indicate the continuous change of the stomach balloon

from deflated to inflated and back to deflated.
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Figure 13

Experiment 8: _Median saccharin preference ratios
for groups that experienced saccharin only (NopC,
nonoperated subjects; and OpC, operated subjects) or
saccharin followed by baiiéon inflatién during each
treatment session. For groups that: experienced balloon
inflation, the interval between gustatory CS and balloon
inflation US was 0, 10 or 30 minutes. Number of subjects

per group is indicated in parenthesis.
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‘were not significantly different from the preferences
shown by operated control subjects (OpC) (U=22, p>.20),
and were therefore combined for statistical comparison
with delay-of-US groups.

The degree of saccharin preference in the different
delay-of-US groups was directly related to the length of
the CS-US interval during treatment sessions. The lowest
preference for the saccharin solution was shown‘by subjects
in the 0-delay condition. Subjects in this group
evidenced a significantly lower saccharin preference than
evidenced by subjects in the 10-minute delay group (U=3,
p<.02), the 30-minute delay group (U=0, g;;002)'and the
combined control groups (U=2, p<.002}.

The next -lowest preference for the saccharin
solution was obtained from subjects in the 10-minute delay
group. The saccharin preferences of subjects in this
group were significantly lower than obtained from subjects

in either the 30-minute delay group (Q;O{,E;.OOZ) or the
vcombined contrel groups (U=11, p<.02).

Finally, the preference for the saccharin solution
shown by subjects in the 30-minute delay group was not
significanfly different from the preference shown by
combined control group subjects (U=24, p>.20), suggesting
that, on the basis of the preference test, subjécts in the

30-minute delay group did not associate the gustatory CS
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with the ballon inflation US.

Ingestion of the saccharin solution during

treatment sessicns. Figure 14 presents the median

milliliters of saccharin solution ingested by each group
during each of the treatment sessions. Since Treatment
Session 1 (left panel) represented the first contact with
the saccharin solution,_no significant difference between
groups in volume of saccharin solution ingested would be
expected, nor was any obtained. During Treatment Session 2
(right panel) operated (OpC) and nonoperated (NopC)

controdl groups did not differ significantly in volume of
saccharin solution ingested and were therefore combined

for statistical comparison with balloon inflation groups.
All three delay-of-US groups drank significantly less than
combined control groups during the second treatment session
(combined control groups vs. 0-delay, U=0, p<.002; control
vs. 10-minute delay, U=1, p<.002; control vs. 30-minute
delay, U=4, p<.002). 1In addition, ingestion of the
saccharin solution was suppressed to a greater extent in
the 0-delay condition than in either the 10- or 30-minute

delay conditions (Us=2 and 3, respectively, both ps<.008).

Discussion

The results of Experiment 8 provided additional

evidence that rats can associate a gustatory CS with
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Figure 14

Experiment 8: Median milliliters of saccharin
solution ingested during the 110 second drinking period
within each of the treatment sessions. Groups are
nonoperated (NopC) and operated (OpC) saccharin only
control groups, and delay-of-US onset groups: 0, 10 and
30 minutes. Number of subjects per group is indicated

in parenthesis.
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‘stomach balloon inflaticn even when US onset is delayed by
moré than"a minute or two. Both measures of aversion
learning, (a) the preference test conducted after two
CS-US pairings and (b) the volume of-sacchérin solution
ingested during the second treatment session, indicated
that subjects acssociated the,gustatéry CS with the balloon
inflation US over a CS-US interval of at least 10 minutes.
In addition, the results from the volume of saccharin
solution ingested during the second treatment session
Suggest that rats can associate a gustatory CS with balloon
inflation US even when CS-US intervals are.as long as 30

minutes.

General! Discussion: Experiments 7 and 8

Ingestion of the saccharin solution during

creatment sessions vs. the two-solution choice test. In

both Experiments 7 and 8 the groups that experienced the
longest interval between CS and US during treatment
sessions evidenced an aversion to the CS solution following
the first CS-~US pairing (as'assessed by the amount of CS
solution ingested when it was the only fluid available)

but not following the second CS-US pairing (as assessed

by choice of CS solution compared with simultaneously
presented water). In Experiment 7, for example, the

25-minute delay group drank significantly less saccharin
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solution than the CS only control group during the 110
second CS exposure period of Treatment Session 2. In
cohtrast, the saccharin preference evidenced by the 25-
minute delay group during the two-solution choice test
which followed the second CS-US pairing was not
significantly different from the preference shown by the
control group. This is a rather anomolous finding
considering that assocations are usually strengthened,
rather than weakened, by a second pairing of CS and US.
In addition, it isrusually suggested that a two-solution
preference test is a more sensitive measure of taste-
aversion learning than a single solution test (Dragoin,
McCleary, 1971; Grote & Brown, 1971).

o An adequate explanation of why é learned aversion
was not observed in the choice test after having been
demonstrated during the second treatment session would
require experiments that are considered outside the scope
of this thesis. Furthermore, the results of such research
could not alter the basic conclusion of Experiments 7 and
8: with either assessment procedure, it is clear that
rats can associate a gustatory CS with the balloon
inflation US over a CS~US_interval of several minutes.

Thus, Experiments 7 and 8 clearly demonstrate that
Pavlovian conditioning with a CS-US interval longer than

a minute or two is not limited to toxic USs which produce
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internal consequenées having a very slow onset (over a
period of‘several minutes) and a long duration (an hour

or longer). Rats readily associated a gustatory CS with a
10-minute distention of a stomach balloon even when 10,

25 or 30 minutes (depending upon assessment technique)
intervened between removal of the CS solution and onset of

balloon inflaticn.

Trace conditioning and US duration. Although the
experiments presented here clearly demonstrate that rats
can associate a flavor CS with a ballon distention US over

a substantial C&-US trace interval, the maximum CS-US

- trace interval consistent with flavor-distention

" association does not appvear to be in the range of several
hours as is the case for flavor-toxicosis assocation. 1In
both Experiments 7 and 8 the two-solution preference test
indicated a maximum CS~-US trace interval of less than 25

to 30 minutes. In addition, the single solution measure
indicated that even a few minutes between CS offset and US
onset attenuated aversion learning. These findings suggest
the maximum flavor-distention interval consistent with
aversion learning may be intermediate between the very
short CS-US intervals necessary for auditory/visual CSs

to be associated with shock, and the very long intervals
over which flavor cues can become associated with toxicosis.

Moreover, the US duration used in these experiments, 10
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minutes, is also intermediate between the US duration in
the experiments using a shock US (ranging from a fraction
of a second to a few secondé) and the US duration in
experiments using a toxicosis US (usually indeterminate
but probably several hours). - Perhaps gustatory CSs are
readily associable with internally applied USs (e.g.,
mechanical distenﬁion of the stomach and toxicosis), and
peripheral CSs with externally applied USs (e.g., electric
shock), but given the favorable CS-US combination, it is
US duration which determines the maximum CS-US interval
~over which associations may be formed.

Although a systematic investigaticn into the role
of US duration in the CS-US interval function is beyond
the scope of this thesis, two experiments were conducted
to determine whether the short CS-US interval necessary
for successful conditioning with external CSs and USs is
due to the short-shock duration typically used in these
experiments. In both experiments conducted by this
investigator subjects learned to avoid an auditory CS if a
12-minute shock was presented immediately after the 'CS but
not if shock onset was delayed by 10 minutes. (Procedures
used to present the auditory CS and shock and to assess
aversion learning were identical to those described in
Chapter 4, Experiment 9). There was no evidence that rats

could associate an appropriate CS with a 1l2-minute shock
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'US when the CS-US interval was 10 minutes. Inasmuch as
rats can associate a flavor CS with a 10-minute stomach
distention US when the CS-US interwval is 10 minutes, it
appears that the long CS-US intervals coﬁducive to taste-
aversion learniﬁg are not attributable merely to the
relatively long US duration used in the taste-aversion
preparations.

Taste—aversion learning and US aversiveness.

Chemical or radiation induced toxicosis readily motivates
taste-aversion learning (as assessed by either single
solution or two-solution choice test) over CS-US trace
intervals of several hours. The 10-minute balloon
inflation, on the other hand, did not motivate taste-
aversion learning (as assessed by a two-solution choice
test) over CS-US trace intervals of 25 to 30 minutes. One
explanation for this apparent difference between toxicosis
and balloon inflation.as internal USs is in terms of US
aversiveness. Revusky (1968), for example, has shown that
the maximum CS-US trace interval over which rats will
associate a gustatory CS with toxicosis is, in part, a
function of US aversiveness, the less aversive the US the
shorter the maximum CS-US trace interval. Although there
have been no experiments in which the delay-of-US function
has been investigated with a minimally aversive US (a US

just capable of »roducing a learned taste aversion when
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presented immediately after the flavor CS) it seems likely
that a minimally aversive US might be readily associated
with a flavor CE only over véry short CS-US trace
intervals.

The balloon inflation US used in these experiments
appears to be far less aversive to rats than a typical
radiation or chemical induced toxicosis. Certainly the
duration of aversiveness with the 10-minute balloon
inflation is less than for a typical toxicosis (Experiments
5 and 6). Also, a further reduction in balloon inflation
volume or duration (Experiments 2 and. 4) substantially
attenuates the effectiveness of balloon inflation as a US
even when presented immediately after the gustatory CS.

The failure of the 10-minute balloon inflation to readily
motivate taste—-aversion learning {as assessed by the
preference test) with a 3C-minute CS-US interval may

simply be another indication that the 10-minute inflation
is onlymildly aversive in comparison to the toxic USs

used in previous studies of the delay-of-US effect in taste

aversion learning.



CHAPTER 4: SELECTIVE ASSOCIATION

Rats readily associate gustatory stimuli with a
chemical or radiaﬁion induced toxicosis but not with
nociceptive shock applied to the surface of the body. 1In
contrast, rats readily associate auditory or visual stimuli
with shock but rot with toxicosis. Garcia and his
associates (e.g., Garcia & Ervin, 1968; Garcia, Hankins
and Rusiniak, 1¢74) have suggested that rats selectively
asscciate gustatery stimuli with toxicosis and auditory
or visual stimuli with shock because the two USs are applied
to different receptor systems. Shock is applied to
somesthetic receptors while toxicosis is primarily a
visceral experience. 1In Chaptef 1, however, it was
suggested that the selective associability of shock and
toxicosis with different CSs may be a functidn of US
temporal characteristics (such as rate cf onset and
duration), rather than the different receptor sites to
which the US is applied. A shock US, for example, is
usually applied as a discrete stimulus with a rapid onset
and short duration. Toxicosis, on the other hand, usually
develops over a period of minutes and lasts for hours. It

was noted, in fact, that demonstrations of selective
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association have confounded US receptor site (internal vs.
external) with US temporal features (slow onset and long
duration vs. rapid onset and short duration).

Although experiments presented in Chapter 2
clearly indicate that the slow onset and very long
duration typical of chemically induced toxicosis is not
necessary for the effective motivation of taste-aversion
- learning, those experiments do not precliude an important
role for US temporal characteristics in the process of
selective asscciation. The experiments presented in this
chapter were designed to assess whether rats selectively
associated an internal US with a gustatofy CS and an
external US with an auditory CS when the temporal

characteristics of US application were closely matched.

Experiment 9: Stomach Distention

vs. Electric Shock

Unlike itoxicosis, stomach balloon inflation permits
direct control over the temporal characteristics oﬁ‘
stimulation, enabling the matching of groups of rats with
respect to the onset, duration and offset of an internal
(stomach distention) and external (electric shock) US.
Exveriment 9 was designed to investigate whether the
selective association phenomenon exists when the different

USs are temporally matched. A demonstratiocn of selective
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~association with temporally matched USs would indicate that
it is locus of US application that is relevant, rather than
the unique temporal characteristics of the toxicosis US

employed in previous demonstrations of the phenomenon.

 Method

Design. Subjects were assigned to groups that
experienced one of the following combinations of CS and US:
(a) gustatory CS, shock US; (b) gustatory CS, distention
US; (c¢) auditory CS. shock US; (d) auditory CS, distention
US. These groups représent the four combinations of a 2
by 2 factorial design with two CSs (one gustatory, one
auditory) and two USs (one stomach balloon distention, one
shock). The USs (and CSs) were equated with respect to
temporal characteristics, making this study unique among
selective association experiments.

A fifth group of subjects experienced the auditory
CS paired with a very brief shock. This group was
included to determine if a long shock, one matched in
temporal characteristics to stomach balloon inflation,
would show a level of associability different from the
level of associability shown by the more typically employed
short duration shock.

Preexperimental preparations. Forty subjects were

prepared with cheek cannula for oral infusion as described
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in Experiment 6. One week later sixteen of thesé subjects
were prepared with stomach balloon and the remaining 24
subjects prepared with a shoék electrode consisting of a
safety pin (2.7 em in length) implanted just above the
- shoulder blades.

Gustatory CS. The gustatory stimulus, a 0.15%
sodium saccharin solution, was orally infused at a rate
of 2.1 mi/minute for 100 seconds. Since it was observed
in Experiment 6 that subjects drank practically all of the
orally infused fluid, no attempt was made to measure
rejected solution, and oral infusion was accomplished while
subjects were restrained.

‘Auditory'gg. The auditory stimulus consisted of a
click, generated 18 times per second (Scientific Prototype
Click Generator, Mcdel 4041) at an intensity of 70 decibels
against a 55 decibel "white noise" background (General
Radio Sound Level Meter, calibrated at 1000 Hz, Scale a),
and presented for a period of 100 seconds. During each
auditory stimulus presentation, subjects experienced oral
infusion cof tap water at the rate of 2.1 ml/minute. Oral
infusion of water accompanied the auditory stimulus to
insure that subjects experiencing distention following
the auditory CS would ingest approximately 3.0 milliliters
of fluid prior to balloon inflation (as had subjects that

expefienced the gustatory CS prior to balloon inflation).
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Interﬁél_gg; As in previous experiments, the
internal US consisted of a 9 ml stomach balloon inflation
of 10-minutes duration. Balloon inflation began at the
termination of the CS (either click presentation or
saccharin infusion) with complete balloon inflation
requiring 7 to 10 seconds. Ballon deflation required 18
to 25 seconds. |

External USs. A 10-minute (long duration)

alternating current shock (Scientific Prototype A.C. Shock
Generator, Model 4007 J) was delivered through the implanted
safety pin and = spring loaded clip attached to the

midpoint of the rat's tail. To facilitate electrode

P B

contact. - Beckman ERKG paste was app L

ed LO Lhne surface oOf

I

the clip electrode. Onset, duration and offset of the
long shock were controlled manually through a variable
resister in series with the rat. Shock onset began as the
click presentation or saccharin infusion ended with
intensity rising from 0 to 90 volts (RMS, measured at
output poles on the shock generator) in a linear manner

. 5 . .
over a 7- to l0-second period. The duration of maximum

> Subsecuent to this experiment six of the subjects
prepared with electrodes were shocked as described above
with peak voltage and current across the rat recorded by
cathode ray oscilloscope. Peak voltage and currents were
found to range between 40 to 60 volts (RMS} and 0.6 to 1.0
milliamps, respectively.
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voltage lasted for 10 minutes, when the shock was
terminated by reducing voltage in a linear fashion from
90 to O vélts over a period of 18 to 25 seconds.

The short duration shock US was presented at full
intensity (90 volts, RMS) through closure of a relay for
500 milliseconds. |

Procedure. Five days were allowed for recdvery
from stomach balloon surgery. Subjects were then placed
on a 231 hour water deprivation schedule and daily
experimental secssions were begun. Each subject
participated in the experiment for eight sessions: five
adaptation, two treatment and one test session.

(1) Adaptation - For the first five experimental
sessiohs, subjects were adapted to restraint, handling and
oral infusion. During each adaptation session subjects
were taken to an experimenfal room and restrained for
fifteen minutes with all appropriate connections (stomach
cannula extenticn, chéek cannula extention, tail electrode
and safety pin electrode) fixed in place. During the
restraint period each subject was orally infused with
water for two minutes (rate approximately 1% ml per minute).
Following the restraint period each subject was returned
to its home cage where it was allowed access to water for
1/2 hour.

(2) Treatment - Each of the two treatment sessions

<
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began with the removal of all food from the home cages.
Four and Qne—half houfs later each subject was removed

to the experimental room and restrained. During the
restraint perioc, two groups of subjects experienced the
oral infusion of the saccharin solution followed either

by 10 minutes of balloon distention (Group Saccharin
Distention, n=8) or thé 10-minute shock (Group Saccharin
Long Shock, n=8). Two additional groups experienced the
combined oral infusion of water plus auditory CS, followed
by either 10 minutes of stomach balloon distention (Group
Click Distention, n=8) orjlo minutes of shock (Group

Click Long Shock, n=8). Finally, a fifth group also
experienced the combined auditory CS plus oral infusion

of water, but in this group the CS was followed by the 500
millisecond shock (Group Click Short Shock, n=8).

Following each treatment session subjects were
returned tc their home cages and allowed access to water
for one-half hour. Food was also returned to the home
cages and remained available until 4 1/2 hours prior to
the next experimental session.

(3) Test - Twenty-four hours after the second
treatment session groups that had the saccharin CS (Groups
Saccharin Distention and Saccharin Long Shock) were tested
for saccharinbpreference and subjects that had the click

CS (Groups Click Distention, Click Long Shock, and Click

[
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Short Shock) were tested for their click preference.
Testing procedures were slightly different from those used
in previous experiments. Each subject was removed to the
experimental room and placed in a cage identical to the
home cage. Saccharin préference was then assessed with
the usual two-solution, saccharin vs. water, phoice test.
Click preference was assessed in the manner used in other
demonstrations of selective association (e.g., Domjan &
Wilson, 1972b): As in the saccharin preference test two
bottles were placed on the test cage. However, both
bottles contained tap water, with one bottle having
arbitrarily been predesignated as the click-water bottle.
When a subject drank from this bottle, the experimenter
activated the click generator and the auditory CS was
presented as long as the subject drank from that bottle.
When the subject drank from the alternate bottle, clicks

. were not presenited. Thus, subjects could choose between
click plus water or water alone. Bcth click and saccharin
preference tests were fifteen minutes in duration.
Saccharin preferences ratios were calculated as before,
and click preference ratios were calculated in an analogous
ménner, that is, milliliters of water ingested from the
click plus water bottle divided by total milliliters of
fluid ingested (ml of click water plus ml of water). Thus,

a click preference ratio has the same range (0 to 1.0) and



114

“interpretation as the saccharin preference ratio.

Results

Preference test results a?e presented in Figure 15
as median saccharin or click preference ratio for each
group. Examination of this figure indicates that
selective association occurred despite the fact that
internal and external USs were matched in terms of their
temporal characteristics. Subjects that experienced the
auditory CS followed by either the long or short electric
shocks drank significantly less water from the click
bottle than did subjects that experienced the auditory CS
followed by balloon inflation (Click Distention vs. Click
Long Shock, U=9, p<.0l14; Click Distention vs. Click Short
Shock, U=0, p<.02). 1In contrast, subjects that
experienced the gustatory stimulus prior to the 1l0-minute
balloon inflation subsequently showed less of a preference
for the CS solution than subjects who experienced the
gustatory CS prior to the long (10 minute) shock. This
difference, however, did not reach statistical significance
(Saccharin Distention vs. Saécharin Long Shock, U=20,
p>.20).

Finally, subjects in the long shock group appeared
to acquire a slightly stronger auditory aversicn than

subjects in -the short shock group. The difference, however,



Figure 15

Experiment 9: Median saccharin preference ratios
for groups that experienced a gustatory stimulus
(saccharin) foliowed by either distention or leng shock,
and click preference ratios for groups that experienced
an auditory stimulus (click) followed by distention, long
shock or short shqck during treatment sessions. Number

of subjects per grcoup is indicated in parenthesis.
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"was not statistically significant (Click Long Shock vs.
Click Short Shock, U=27, p>.20). (Of course both groups
had such low click preference ratios that any difference

between them may have been obscured by a floor effect.)

Discussion

Previous research has demonstrated a selective
associability phenomenon using shock and toxicosis as USs.
Rats readily acquire a gustatory aversion but not an
auditory aversion when the US is an internal malaise having
a slow onset and long duration. 1In contrast, rats readily
acquire an auvditory aversion but not a gustatory aversion
when the US is a painful external stimulus having a rapid
onset and a brief duration.

It is this reversal of CS associability with
different USs which identifies the selective association
process in rat aversion learning. Such a reversal of CS
associability wes obtained in Experiment 9 despite the .
fact that interral and external USs were applied with the
same onset, duration and offset characteristics. Subjects
that experienced a gustatory CS paired with a l0-minute
internal US (stomach balloon inflation) subsequently
evidenced a lower preference for the CS solution than did
rats that experienced the gustatory CS paired with a

10-minute external US (shock) having the same onset/offset
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characteristics as the internal US. On the other hand,
subjects that experienced an auditory CS paired with the
lOfminuteAexternal US subsequently evidenced a stronger
aversion to the auditory CS than subjects who experienced
the auditory CS paired with the 10-minute internal US.
 These results suggest that in previous demonstrations of
selective association (e.g., Domjan & Wilson, 1972b),
demonstrations in which US receptor site was confounded with
distinctive US temporal characteristics, the important
difference between USs was receptor site and not
distinctive US temporal features.

In this experiment, the greater saccharin aversion
acquired by the Saccharin Distention Group than by the
Saccharin Long Shock Group is not statistically significant.
This does not appear to have resulted from a lack of
aversiveness on the part of the balloon inflation US. The
median saccharin preference displayed by the Saccharin
Distention Group (median=.17) is within the range of median
saccharin preference ratios obtained from Saccharin
Distention Groups in previous experiments (medians of .20
to .05). On thé other hand, the saccharin preference ratio
of the Saccharin Long Shock Group (median=.40) is
substantially below the rénge of saccharin preference
ratios observed in saccharin only control groups of

-

Experiments 1 through 8 (medians=.55 to .70). Thus it is
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possible that there was some association between the

flavor and the long shock. (Previous demonstrations of

the selective association phenomenon used brief shocks.)
The interaction in associability between temporally

matchéd CSs (gustatory vé. auditory) and USs (shock vs.

stomach distention) apparent in Figure 15 suggests that

the selective association phenomenon is dependent on locus

of Us application, and not US temporal features.

Experiment 10: Contiguous Presentation of

Auditory CS and Balloon

Experiment ¢ demonstrated that raté readily
associated an auditory CS with shock, but not with visceral
stimulation, even when the temporal features of the two
USs were matched. However, obsérvation of the rats during
Experiment 9 revealed a possible difference in the onset
latency of the affective qualities'of shock and distention.
Shocked rats evidenced an overt reaction to the us
(struggling and vocalization) within two or three seconds
following shock onset. Distended rats, however, evidenced
an overt reaction to the US (rolling and head movement, as
described in General Discussion--Experiments 1-6) about
six to eight seconds following bhalloon inflation onset

(i.e., when balloon inflation volume reached about 7 ml).
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-Thus, although the duration and onset/offset characteristics
of the internél and external USs were nominally equated, it
is possible that: the relatively low associability of the
click US with the stomach distention US resulted from the
relatively long time elapsing between CS offset and US
aversiveness. |

Experiment 10 was designed to assess whether the
differential associability of shock and stomach distention
with an auditory CS (as demconstrated in Experiment 9) would
persist when the confounding of CS offset to US aversiveness
interval and US locus of application was eliminated. In
the present experiment, the duration of the CS was
lengthened to 10 minutes, and it was presented
simultaneously with a 1l0-minute US (either distention or
shock). Thus, CS and US were completely overlapped and

contiguity between CS and US aversiveness assured.

Method

Subjects and pre-experimental preparation. Twenty-

eight subjects were surgically prepared for this experiment:
eight with a cheek cannula for oral infusion, seven with
cheek cannula and safety pin electrode, and thirteen with
cheek cannula and stomach balloon. Stomach balloons and
cheek cannulas were implanted in a single operation and

therefore all subjects were allowed eight days to recover
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from surgical procedures instead of the usual five.

Procedure. All details of the procedure not
specified below were as described in Experiment 9.

Following the eight day recovery period all subjects
were placed on the 233 hour water deprivation schedule, and
adapted to restraint, handling, and oral infusion of water.
Adaptation sessions were conducted once a day for five days.

During each of the two treatment sessions, two
groups experienced a 100-second, oral infusion of water
followed immediately by 10 minutes of the auditory CS
(clicks at the rate of 18 per second). Throughout the 10-
minute auditory CS one group experienced shock (Group Click
Shock, n=7), while the second group experienced stomach
balloon distention (Group Click Distention, n=7). As in
Experiment 9 both USs were 10 minutes in duration and were
matched in onset/offset characteristics. The onset of each
US (shock or balloon inflation) began simultaneously with
onset of the auditory CS. Thus, in koth Click Shock and
Click Distention Groups the overlap between the CS and US
was complete.

A third group also exgerienced the 100-second, oral
infusion of water followed immediately by the 1l0-minute
auditory CS during each treatment session. This group,
however, did not experience either US and therefore

constituted a CS-only control group (Group Click Only, EES).
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Finally, a group was included that experienced a
100-second, oral infusion of the saccharin solution
followed immediately by stomach balloon inflation (Group
Saccharin Distention, n=6) of the same temporal features
as the balloon inflation experienced by subjects in the
Click Distention Group. Such a group was necessary to
determine if any failure of subjects to associate the
auditory CS with the balloon inflation US was due to a
1a¢k of aversiveness on the part of the balloon inflation
procedures.

Twenty~four hours after the second treatment session
saccharin and click preferences were assessed as described

in Experiment 9.

Results

Figure 16 presents median saccharin and click
preference ratios fof groups 1in Experiment 10.

Elimination of the temporal interval between
auditory CS offset and onset of balloon inflation
aversiveness does not appear to have caused rats to
associate the zuditory CS with the balloon inflation US.

In fact, the Click Distention Group showed a higher
preference for water from the bottle that produced the
auditory CS than did the Click Only Control Group, althocugh

this difference was not statistically significant (U=21,
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Figure 16

Experiment 10: Median saccharin preference ratio
for the group experiencing a gustatory stimulus (saccharin)
followed by stomach distention, and median click
preference ratios for groups experiencing the auditory
stimulus (click) alone or paired with distention or shock.

Number of subjects per group is indicated in parenthesis.
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p>.20). Furthermore, the median click preference ratio
for the Click Distention Group of this experiment (median=
.40) is not significantly different from the click
preference of the Click Distention Group of Experiment 9
(median=.47) (U=18, p>.20).

The absence of click-aversion learning in the Click
Distention Group cannot be attributed to any general
ineffectiveness ofjthe 10-minute auditory stimulus as a
CS, an auditory aversion was readily learned by the Click
Shock Group (Click>Shock vs. Click Only, U=0, p<.001).

Nor can the absence of aversion learning in the' Click
Distention Group be attributed to any ineffectiveness of
halloon inflation as a. US. Subjects in the Saccharin
Distention Group clearly acquired a gustatory aversion

(median saccharin preference ratio=.07).

Discussion

The resutlts of Experiment 10 indicate that the
failure of subjeccts in the Click Distention Group of
Experiment 9 to associate the auditory CS with the internal
US was not due to the separation of auditory CS offset from
onset of internal US aversiveness. Even when the auditory
CS was lengthened to 10 minutes and presented
simultaneously with the internal US (as was the case in

this experiment), subjects did not associate the auditory
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CS with the internal US. Thus, Experiment 10 provided
further evidence that US locus of application rather than
US temporal features plays the predominant role in the

selective association phenomenon.

General Discussion: Experiments 9 and 10

Experiments 9 and 10 were designed to determine if
the rat's selective association of toxic USs with gustatory
CSs and shock USs with auditory/visual CSs is attributable
to thé distinctive temporal characteristics of the USs
rather than locus of US application. Previous
demonstrations of seléctive associgtion had confounded
differences between the application sites of toxicosis
and shock (internal vs. external) with differenceé between
the USs in temporal characteristics (slow onset and long
duration vs. rapid onset and short duration). 1In
Experiments 9 and 10, the shock US was lengthened from its
usual span of a few hundred milliseconds to ten minutes
and applied with a slow onset and long duration. 1In
comparison to chemical or radiation induced toxicosis,
stomach balloon inflation applied with the same rate of
onset, duration and rate of offset as the shock constituted
a relatively discrete internal US. Experiment 9
demonstrated selective assocation of CS and US despite

the use of temporally matched internal and external USs.
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Rats clearly learned a taste aversion when the flavor CS
was paired with the balloon inflation US but not when
paired wiéh the long shock. In contrast, rats learned an
auditory aversicn when the auditory CS was paired with the
long (or short) shock but not when paired with the balloon
inflation US. PFurthermore, Experimeht 10 demonstrated
that the absence of aversion learning in the Click
Distention Group was not the result of an artifactual
temporal separation between auditory CS offset and onset
of balloon inflation aversiveness. Rats did not

learn a taste aversion even when auditory CS completely
overlapped the balloon inflation US. These data are
consistent with previous demonstrations of selective
association and suggest that temporal properties of the US
do not play a critical role in the selective association

process.



CHAPTER 5: SUMMARY AND CONCLUSIONS

Previous research has shown that rats readily
acquire a taste aversion when a gustatory stimulus is
followed by toxicosis, but not when the same stimulus is
followed by cutaneous shock. Also, taste aversions, in
contrast to shock motivated auditory or visual aversions,
are learned even when the gustatory CS precedes onset of
toxicosis by several hours. Many investigators (e.gqg.,
Garcia & Ervin, 1968:; Rozin & Kalat, 1971) attribute
these distinctive features of taste-aversion learning to
CS and US receptor sites with little consideration of the
fact that taste and toxicosis differ from the more
conventional stimuli, auditory or visual cues and electric
shock, along a number of dimensions. For example, shock
is usually applied with a rapid onset, short duration and
rapid offset to a localized set of receptors (e.g., the
paws or the tail of a rat). Toxicosis, on the other hand,
is typically a diffuse experience which, in comparison to
shock, has a very slow onset, long duration and slow offset.
The present series of experiments was designed to
investigate the role playved by US temporal characteristics,

such as rate of onset and duration, in the distinctive

128
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features of taste—-aversion learning.

In order to investigate the role of US temporal
characteristics in taste-aversion learning, a conditioning
preparation was developed in which an internal US that had
readily controlled temporal features could be applied
directly to visceral receptors. Inasmuch as this
preparation was unique in the study of taste-aversion
learning, the initial éxperiments (Chapter 2) were designed
to (a) demonstrate taste-aversion learning motivated by
stomach balloon inflation, and (b) investigate the relation
of basic balloon inflation parameters such as volume and
duration to aversion learning. It was demonstrated that a
distention volume of 9 ml which lasted 4 or 10 minutes
effectively motivated taste-aversion learning (Experiments
3 and 4). Furthermore, it was shown that a 9 ml, 10-minute
balloon inflation did not produce an internal malaise that
extended substantially beyond balloon deflation (Experiments
5 and 6). (Balloon inflation volumes larger than 9 ml and
which lasted longér than 10 minutes produced taste
aversions but also appeared to produce internal
consequences that lasfed far longer than the period of
balloon distention (Experiments 1 and 2).) Thus,
experiments presented in Chapter 2 provide the first
unambiguous demonstration that the slow onset and long

duration characteristic of chemical or radiation induced
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‘toxicosis are not prerequisites for effective motivation of
taste—aversion learning.

- Experiments presented in Chapter 3 were designed
to assess taste-aversion learning when CS termination
preceded US onset (i.e., trace conditioning) by more than
a minute or two. It was found that fats did associate
the gustatory CS with stomach balloon inflation even when
the trace interval was 10 to 30 minutes. This finding is
in marked contrast to the close temporal contiguity
necessary for associative learning when the CS is auditory
or visual and the US is shock. Inasmuch as the balloon
inflation used in these experiments constituted a
relatively discrete internal US in comparison to toxicosis,
the rat's association of gustatory CS with balloon inflation
over CS-US trace intervals ten minutes (or longer) suggests
the distinctive temporal characteristics of toxicosis are
not necessary for associative learning with CS-US trace
intervals longer than a minute or two.

Finally, experiments presented in Chapter 4 were
designed to assess the relative associability of internal
(stomach balloor: inflation) and external (shock) USs when
paired with an zuditory or gustatory CS. These experiments
differed from previous studies of selective association in
the rat in that internal and external USs (as well as

gustatory and auditory Css) were closely matched with
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respect to their temporal characteristics. Previous
investigations cf selective association had, in fact,
confounded the site of US application (internal vs.
external) with US temporal characteristics (slow onset and
long duration vs. rapid onset and short duration). It was
found that rats selectively associated the internal US
(balloon inflation) with the gustatory CS and the external
US (shock) with the auditory CS even though shock and
balloon inflation were applied with the same rate of onset
and offset and for the same duration (Experiment 9). In
addition, it was demonstrated that failure of subjects to
associate the auditory CS with the balioon inflation US
was not attributable to any temporal separation between CS
offset and onset of US aversiveness. Rats did not
associate the auditory CS with stomach balloon inflation
even when €S presentation completely overlapped the US
(Experiment 10). Thus, the rat's selective association of
gustatory CSs with toxicosis and auditory or visual CSs
with shock dewes not eppear to ke based upon theAdistinctive
temporal features of the US but rather upon the receptor
sites to which the US is applied.

In summary, the results presented here suggest that
toxicosis is functionally distinct from cutaneous shock
because toxicosis has its effects internally rather than

externally. The distinctive temporal characteristics of
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toxicosis, particularly its duration, may Well play a role
in determining the aversiveness of toxicosis but they are
not necéssary US features for (a) learning of a taste
aversion, (b) aversion learning with CS-US trace intervals
longer than a minute or two, or (c) selective association

of gustatory CS with toxic US.
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APPENDIX

A detailed description of the surgical techniques

used to prepare subjects with stomach balloons.

Preference ratios and total volume of fluid

ingested during preference tests.
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APPENDIX A

Stomach Balloon Construction

Figure 17 indicates the construction of a stomach
balloon. A length (15 cm) of flexible tubing (polyethylene
160 tubing, Intramedic, Clay-Adams, U.S.A.) was flared at
one end by heating, and a short section (0.7-1.0 cm) of
18 guage steel tubing was inserted into the flared end of
the flexible tube. (The steel tubing was obtained by
clipping the hub and bevel from an 18 guage disposable
needle and filing back each end of the shaft until the
lumen has been reopened.) A latex rubber finger cot
(reinfcrced finger cots, size--medium, Sterling Rubber Ltd.,
Guelph, Ontario, Canada) was cut to the length of 4
centimeters and tied as indicated in Figure 17 with: 3-0

surgical silk to the flared end of the tubing.

Pre-surgical Preparation

Subjects weighing 275-300 grams were deprived of
food and water the night prior to surgery. One half hour
before surgery a subject was anesthesized with an
intraperitoneal injection of phenobarbital sodium (64.8
mg/cc, Haver-Lochart Laboratories, Calgary, Alberta, Canada).

All subjects were initially given 0.3 ml of the anesthetic,
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Figure 17

Appendix A: Construction of stomach balloon plus

incision and exit sites.
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and, if a satisfactory depth of anesthesia was not obtained
~in 20 minutes, additional anesthetic was given in units of
0.10 ml.

Two surgical sites were shaved then swabbed with
alcohol. One area (3.5 x 5.0 cm) was along the caudal
curvature of the left rib cage and the other (2 x 2 cm)

was immediately caudal to the shoulder blades.

Surgery

Surgery was pegun with an incision, 2-3 cm in
length parallel and just caudal to the left rib cage (see
FPigure 17 for approximate lccation of the incision). Next,
the stomach was located and externalized. If necessary
the spleen was separated from the stomach and replaced in
the peritoneal cavity. Once externalized, the stomach and
incision were packed with gauze pads soaked in sterile
saline. The stomach was also periodically moistened with
saline to prevent excessive drying. Following placement
of the gauze pads, an oblong (1.5 x 0.7 cm) purse sfring
suture (Markowitz, Archibald & Downie; 1964, pg. 44) was
begun on the greater curvature at the intersection of the

rumen and fundus and extended back into the fundus

(suture material: 5-0 braided silk, Cardiovascular K-880

H, Ethicon Sutures Ltd., Peterborough, Ontario, Canada).

Next, a small incision was made in the center of the purse-
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"string suture and the contents of the sfomach removed by
suctioning to reduce spillage during insertion of the
balloon. Mild tension on the edges of the small incision
was sufficient to stretch this small opening into a hole
large enough for insertion of the balloon. The balloon
was inserted into the stomach and positioned along the
greater curvature, from the point of the incision to the
pyloric sphincter, with the balloon cannula extending out
through the incision. Following placement of the balloon,
" the stomach incision was closed by inverting the edges of
the wound with thumb forceps and then gently drawing the
purse string suture closed. When accomplished
appropriately the cut edge of the stomach was buried and
the serosa was in snug contact with the balloon cannula.
At this point the stomach was flushed with sterile
saline and retﬁrned to the peritoneal cavity. Next the
balloon cannula was passed through a small stab wound in
the muscle anterior to the incision and threaded
subcuténeously to the shoulder blades where it exited
through a second small stab wound. The stomach was then
positioned so that the closed stomach incision opposed the
muscle stab wound. Thus, the balloon cannula passed
immediately from the stomach through the muscle wall. The
stomach was then anchored to the muscle wall with two 5-0

silk sutures, cne on each side of the muscle stab wound.
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Skin and muscle were closed separately with a continuous
suture of 3-0 silk. Finally a small plastic collar was
placed over the externalized porticn of the balloon
cannula. Excessive tube was then cut off and the end of
the tube was flanged by heating. It proved to be guite
important for the external portion of the balloon cannula
to.be flush with the skin; otherwise, the rats were likely
to chew off the end of the cannula and render the

preparation useless.

Post~operative Care

Roth incision sites were cleaned with alcoheol
immediately after surgery and each subject was given a

0.2 ml intramuscular injection of Strephanalean (M.T.C.

Pharmaceuticals, Hamilton, Ontario, Canada), a combination
of penicillin G and streptomyciﬁ. A second injection of
Strephenalean (9.1 ml) was given 24 hours after the first.
Food and water were returned to home cages immediately

following surgery.
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APPENDIX B

Transformation of the data into preference ratios
has the advantage of reducing within group variability
due to individual differenceS-in general level of ingestion.
However, the validity of betﬁeen group preference ratio
comparisons rests, in part, on the assumption that such
comparisons are not confounded by between group differences
in total volume of fluid ingested during a test. Table 1
presents median volume (in milliliters) of. total fluid
ingested by each group-in each experiment during preference
tests. _Within wach experiment all possibie two-group
differences were tested for significance with the
nonparametric Mann-Whitney U at the 10% level (2-tail).
(The data from Zxperiment 2 are not presented because
sample size was insufficient for statistical analysis.)
However, a post hoc search for significant differences
between groups asing multiple, pairwise comparisons
intrcduces another problem. Because many of these
comparisons are not independent, a statistical test is
likely to declare by chance alone more differences as
significant than specified by alpha. To maintain the type
I error probability at alpha or less, criterion levels

were adjusted according to the procedure suggested by
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Ryan (1961).

Only two differences between groups in volume of
fluid consumed during a preference test actually reached
significance. In Experiment 8 the operated, saccharin only
control group (Group OpC)+ drank significantiy more fluid
than did the 10-minute delay group. There was no apparent
reason for this difference. Furthermore, the important
comparisons in Experiment 8 involved the combined OpC
and NopC (nonoperated, saccharin only control) groups with
distended groups. The median volume of fluid ingested
by the combined control groups was 14.5 ml and this volume
was not significantly different from the volume of fluid
ingested by distention groups. In Experiment 10, the
Click-Shock group drank significantiy less fluia than did
the Click-Only c¢roup. In addition, the Click Long Shock
group of Experiment 9 also showed a tendency to drink less
fluid during the preference test than did other groups,
but none of these differences were statistically
significant. The reason Click Long Shock subjects drank
less fluid during the test was clear from their behavior.
Once a Click Long Shock subject experienced the auditory
stimulus while drinking from the designated drinking tube
they were reluctant to drink from either of the available
water filled reservoirs. Thus, the aversion to the auditory

stimulus appeared to generalize from the drinking tube
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associated with that stimulus to the tube not associated
with the stimulus. Fortunately, however, the
‘generalization was not sufficient to obscure the specific
aversion to the auditory stimulus. Click Long Shock
subjects of Experiment ld showed a significantly lower
preference for drinking from the tube associated with the
auditory CS than did the Click Only group.

In summary, differences between groups in total
fluid ingested dces not appear to compromise any of the

comparisons based upon preference ratios.
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TABLE 1: MEDIAN VOLUME OF TOTAL FLUID INGESTED
BY EACH GROUP IN EACH EXPERIMENT

Experiment 1

OpC Fcd Bkd-5
15.0 14.8 15.5
Experiment 3 .
Duration Duration Duration
NopC OpC 8 . 12 16
18.0 14.5 16.8 13.5 12.8
Experiment 4: first Preference Test
Duration Duration Duration
NopC 1/2 4 10
16.0 13.5 14.3 17.0
Experiment 4: second Preference Test
Duration Duration Duration
NopC 1/2 4 10
18.0 19.0 i5.0 18.0
Experiment 5
NopC FCd Bkd-1/2 Bkd-10 Bkd-30
16.0 17.5 ~15.3 15.0 13.5
Experiment 6
NopC FCd Bkd-1/2 Bkd-10
13.3 10.5 12.3 13.0
Experiment 7 .
: Delay Delay Delay
NopC FCd ‘ 5 .12 25
15.0 12.5 14.3 12.3 13.2
Experiment 8
Delay - Delay
NopC opC Fcd 10 30
14.0 15.5 13.0 12.0 12.3
Experiment 9
Saccharin Click Click Click Saccharin
Distention Distention Short Shock Shock Shock
12.5 12.5 11.5 8.8 12.0
Experiment 10
Click Click
rcd Distention Click " Shock
11.3 12.0 14.0 7.0
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