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CS preexposure: Latent inhibition and Pavlovian
conditioning of heart rate and eyeblink responses
as a function of sex andCSintensity in rabbits

,
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Male and female rabbits received Pavlovian conditioning in which a 1,216oHz tone served
as the CS and a 30mA paraorbital electric shock train served as the US. Eyeblink (EB) and heart
rate (HR) CRs were assessed. Half of the animals received prior exposure to the CS, while half
were restrained in the chamber for a similar length of time but did not receive prior CS exposure.
Different groups of each sex received three different CS intensities including 60,75, and 90 dB
(SPL) during both preexposure and conditioning. The results revealed that latent inhibition of
the EB CR occurred only at the intermediate CS intensity, as indicated by a significant impair
ment of EB conditioning in this group. However, the magnitude of the decelerative HR CR was
attenuated by prior CS exposure at all three CS intensities. Females showed faster EB condi
tioning than males, but latent inhibition occurred in both sexes. These results suggest that
somatomotor and autonomic systems are affected differently by prior CS exposure.

Lubow (1973) termed the presentation of a condi
tioning stimulus (CS), unpaired with an uncondi
tioned stimulus (US) prior to conditioning training,
"latent inhibition." Such a procedure usually results
in a retardation of classical conditioning (Solomon,
Brennan, & Moore, 1974); organisms preexposed to
the CS reveal deficits compared with nonexposed ani
mals when later tested in a classical conditioning sit
uation. The present study examined the effects of CS
intensity on latent inhibition of classically condi
tioned heart rate (HR) and eyeblink (EB) responses in
the rabbit.

Previous experiments investigating the effects of
CS intensity on latent inhibition have yielded mixed
results. Crowell and Anderson (1972) found latent in
hibition of the CER in rats to be a direct function of
CS intensity. Schnur and Lubow (1976) also found
that latent inhibition of the CER was a direct func
tion of CS intensity provided that the CS was of the
same intensity during acquisition as during preex
posure. However, Lubow, Markman, and Allen
(1968) found no effect of CS intensity on latent in
hibition of the rabbit's pinna response, and Solomon
et al. (1974) reported similar negative results in a
classical conditioning experiment in which the nic
titating membrane reflex was examined. In the same
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paper, however, conditioning deficits were found
with CS preexposure to a 75-dB, but not a 95-dB,
tone.

In the present experiment, we studied the effects of
preexposure of CSs of different intensities on both
somatomotor (i.e., eyeblink) and autonomic (i.e.,
heart rate) conditioning in the rabbit to see if differ
ences obtained in prior studies could be related to the
differential involvement of autonomic systems in dif
ferent conditioning situations. The studies in which a
direct relationship between stimulus intensity and
latent inhibition was found involved the CER para
digm, which would be more likely to reflect condi
tioning of autonomic responses than more punctate
responses such as the nictitating membrane and pinna
responses. Possible differential sensitivity to CS pre
exposure by autonomic and somatomotor response
systems might explain discrepancies in the results of
prior studies. Since we had previously found that fe
male rabbits showed faster tonic HR and smaller HR
CRs than males (Buchanan, Hernandez, & Powell,
1979), CS preexposure was also studied as a function
of sex.

METHOD

Subjects
Seventy-two experimentally naive male and female New Zealand

albino rabbits (Oryctolagus cuniculus), obtained locally, were used
as subjects. They were approximately 6 months old at the begin
ning of the experiment and weighed 2-3 kg each. The animals were
housed in same-sex pairs in a room maintained on a l2-h (7 a.m.z
7 p.rn.) light/dark cycle at a constant temperature (20°C) and
humidity. Food and water were available ad lib.
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RESULTS

Figure 1. Trials to criterion (top) and total number of CRs
(bottom) of male and female rabbits either exposed or not exposed
to three different CS intensities prior to classical conditioning.

Eyeblink Conditioning
Figure 1 shows mean trials to reach a criterion of

five consecutive EB CRs (top) and total number of
CRs (bottom) as a function of sex and CS intensity.
There was a significant increase in number of EB
CRs and a significant decrease in trials to criterion as
CS intensity increased [F(2,60}== 15.5, p < .0001,
and F(2,60}== 13.11, p < .0001, respectively]. Post hoc
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tudes and EB latency were calculated for each subject for each pre
exposure and acquisition session. Data for the preconditioning and
acquisition sessions were treated separately. Each dependent mea
sure was assessed by separate mixed-design ANOVAs (group x
CS x sex x session x subject). In addition, the total number of
acquisition trials required to reach an acquisition criterion of five
consecutive EB responses (trials to criterion, TTC) was calculated
and subjected to separate between-subjects ANOVAs (group x
CS x sex x subject). Post hoc application of Duncan's multiple
range test was used to determine the sources of significant F ratios.
The HR data were analyzed in a similar fashion. Mean baseline
HR for each test trial was calculated as the average HR (in BPM)
for the four l-sec blocks preceding CS onset. The HR CR was
then calculated as the mean HR associated with each post-CS
second. These data were transformed to change-from-baseline
scores by subtracting each post-CS second from the mean pre
CS HR score. These change-from-baseline scores were subjected to
mixed-designANOVAs (group x CS X sex x session x block x
subject); again, data from the preconditioning and acquisition
sessionswere treated separately.Procedure

Half the animals were male and half female. Within each sex,
the subjects were randomly assigned to one of six subgroups
formed by the factorial arrangement of two preconditioning ex
posure conditions (viz., exposed or not exposed) and three CS
intensities (60,75, or 90 dB SPL).

On the first 2 days of testing, half of the animals (the "PRE"
group) in each CS intensity condition received 100 nonreinforced
presentations of the to-be-conditioned CS, which was a 500-msec
1,216-Hz square-wave tone at the appropriate intensity. The inter
trial interval was 120 sec. The remaining animals (the "SIT"
group) were treated in an identical manner except that the to-be
conditioned CS was not presented. On Day 3, each animal in the
PRE group received 32 further tone-alone trials, and the SIT
group was further adapted to the chamber cues. One hundred
tone-shock pairings followed during Session 3 for both the PRE
and SIT groups. During these trials, all animals were exposed to
the appropriate tone CS, immediately followed by a 500-msec
3.0-mA ac paraorbital shock train, which served as the US. The
latter was delivered through Michel wound clips chronically
implanted in the skin approximately 1 em above and below the
eye. The shock was omitted on four test trials in each session,
during which HR was measured. During conditioning, the inter
trial interval remained constant at 120 sec. On Days 4 and 5 of
training, all animals received 100 conditioning trials, as above.
Thus, each subject received a total of 300 conditioning trials pre
ceded by (for the PRE group) 232 nonreinforced presentations of
the to-be-conditioned CS or (for the SIT group) 232 trials during
which data were collected but no stimuli, other than those asso
ciated with the chamber itself, were presented.

The EB response-consisting of eyelid closure, nictitating mem
brane extension, and/or eyeball retraction (see VanDercar,
Swadlow, Elster, & Schneiderman, 1969)-was measured on each
trial by stainless steel electrodes inserted underneath the eyelids.
A conditioned response was defined as a response occurring dur
ing the CS interval and exceedinga 2OO-,N change from baseline.
Trials on which the EB response was not at baseline at the begin
ning of the CS interval were not included in the data analysis.
EMG was recorded on each trial from stainless steel insect pins
acutely inserted into the neck muscles, and, like the EB response,
was defined as a 2OO-,N change from baseline during the CS in
terval. Again, trials in which EMG was not at baseline at the be
ginning of the CS interval were not included. This procedure re
sulted in discarding less than 1010 of the EMG or EB data. HR was
recorded during four preselected nonreinforced "test" trials from
stainless steel safety pins inserted subcutaneously over the right
shoulder and left flank. Mean HR was measured in beats per min
ute for four l-sec blocks preceding and eight l-sec blocks follow
ing the beginning of the CS interval.

The total number of EB responses, percent trials on which EB
and EMG responses occurred, and mean EB and EMG ampli-

Apparatus
Behavioral testing occurred during daylight hours in ventilated

sound- and light-attenuating animal enclosures equipped with
overhead speakers for deliveryof auditory stimuli. During testing,
each subject was restrained in a standard Plexiglasrabbit restrainer
(Gormezano, 1966). All experimental events were controlled from
an adjoining room by a minicomputer, which also collected and
summarized the behavioral data from a Grass polygraph. Corneo
retinal potential (EB) and electromyographic (EMG) recording
electrodes were connected to wide-band preamplifiers and integra
tors, which were calibrated so that a l-mm pen deflection corre
sponded to a loo-,N potential across the recordingelectrodes. Poly
graph outputs were integrated over the CS interval (24 samples per
channel for each CS interval), and the maximum amplitude of EB
and EMG responses (in millimeters)and the latency from CS onset
data were stored for subsequent analysis. Heart rate data were
sampled eight times per half-second interval, averaged for l-sec
blocks, and stored for later analysis.
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ing conditioning and had essentially disappeared by
the 2nd and 3rd days of training. As Figure 2 also
shows, the HR CR became less deceIerative over ac
quisition sessions [F(2,120) = 26.82, p < .0001].

Figure 2 also indicates that stimulus intensity af
fected the magnitude of the HR CR [F(2,60)= 3.19,
p < .05]. Thus, in general, the HR response to the
9O-dB tone was smaller than that observed in re
sponse to the 60- and 75-dB tones. This finding was
especially true of the PRE animals that had been pre
viously exposed to this tone and appeared to be more
characteristic of males than females. Moreover, in
the males, this relatively small bradycardiac CR
changed during training to rather large HR accelera
tions in both the SIT and PRE groups. Although fe
male subjects also showed an attenuation of HR CR
magnitude at the 9O-dB CS intensity, overall it was
somewhat smaller than that of the males. These dif
ferential changes over sessions as a function of sex
and preexposure conditions produced two significant
complex interactions, that is, CS x sex X session x

Figure 2. Heart rate changes from pre-CS baseline of male and
female rabbits either exposed or not exposed to three different CS
intensities prior to classical conditioning training. Data are shown
for three consecutive daily acquisition sessions, from top to bottom.
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Eyeblink, Preconditioning
During the preconditioning phase of the study, a

small number of EB responses were recorded from
most subjects in both groups during tone presenta
tion. Analysis of the total number of EB responses
during preexposure showed that more EB responses
occurred in the PRE than SIT groups [F(l ,60) = 8.94,
p < .01]; this finding was obtained during both 75
and 9O-dB PRE conditions, whereas the 6O-dB PRE
animals did not differ significantly from the SIT con
trols [F(2,60) = 3.64, P < .05, for the group X CS
interaction]. Also, males tended to show more "spon
taneous" EB responses than did females [F(l,60)
= 3.97, p < .05], and the amplitude of the EB re
sponses during preexposure tended to be greater in
males [F(l ,60) = 3.55, p = .05] than in females. Too
few EMG responses were again recorded from any
group during preexposure to allow for a meaningful
analysis of the data.

Heart Rate Conditioning
The HR data obtained during conditioning are

shown in Figure 2. During conditioning, the HR CR
was a deceleration; the magnitude of this response
was greater for the SIT groups, indicating latent in
hibition of the HR CR. However, these differences
were most pronounced during the first session and
decreased thereafter. The ANOVA performed on
these data revealed that the group main effect as well
as the group x sessions interaction were significant
[group: F(l,60)=3.87, p < .05; group x sessions:
F(2,12) =7.68, p < .001]. These findings thus suggest
that latent inhibition occurred in the HR response
system, but its effects were most dramatic early dur-

tests revealed that animals trained to the 60- and
75-dB CSs did not differ significantly on these mea
sures, whereas the 9O-dB group showed more rapid
conditioning. Females exhibited more EB CRs and
required fewer trials to reach criterion than did males
[F(1,60)=6.59, p < .01, and F(l,60) =4.27, p < .05,
respectively]. The overall differences between the SIT
and PRE groups were not significant for any of the
EB measures. The group x CS interaction for TTC
approached but did not quite reach statistical signifi
cance [F(2,60)=2.89, p= .06]. However, post hoc
tests, as well as planned ANOVAs performed on the
TTC data from the three CS intensity groups, sep
arately showed that there was a significant (p < .05)
retardation of conditioning produced by preexposure,
but only in the group preexposed to the 75-dB tone;
thus, preexposure of the 60- and 9O-dB CSs did not
produce reliable latent inhibition of the eyeblink re
sponse. No significant differences between groups
were observed for the other EB measures. Too few
EMGs were recorded during acquisition to allow for
a valid analysis of the data.



Figure 3. Heart rate change from a prestimulus baseline of rab
bits exposed or not exposed to tones of three different intensities.
Data are shown for three consecutive daily sessions.
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block [F(28,840)= 1.73, P < .01] and group x CS x
sex x session x block [F(28,840)= 1.84, P < .001].
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Heart Rate During Preconditioning
Relatively large HR decelerations also occurred

during preexposure of the CSs in the PRE groups.
These data are shown in Figure 3, which depicts the
mean HR change of both the SIT and PRE animals
during the three sessions of CS preexposure. These
HR changes represent the cardiac component of the
orienting reflex (OR) as defined by Sokolov (1963),
since they occurred in response to nonreinforced
tones. Figure 3 shows that the cardiac OR consisted
of bradycardia beginning within 2 sec following CS
onset and persisting throughout the 8-sec post-CS
period. This response was somewhat greater to the
9O-dB tone and appears to have habituated during
the second and third preconditioning sessions. How
ever, it actually became accelerative for the 9O-dB
group during the second session. ANOVAs revealed
these differences to be significant: group [F(1,6O)
= 42.77, P < .0001];group x CS x block [F(14,420)
=2.02, p < .02); session [F(2,120)=4.62, p < .02];
group x session [F(2,120)=8.38, p< .001]; group
x session x block [F(14,840)=2.41, p < .003]; and
CS x session [F(4,120)=4.68, p < .002].

Baseline Heart Rate
Analysis of the prestimulus (viz., baseline) HR

data during both preconditioning and acquisition ses
sions showed a variety of significant effects.. Since
the HR CR has been shown in some cases to be at
least partially determined by pre-CS baseline HR
(Lacey, 1956), the HR CRs for each post-CS second
were transformed by the method of Lacey into stan
dard scores (M = SO, SD = 10) in which the regression
of baseline HR on change from baseline scores has
been removed. ANOVAs were thus recomputed on
these corrected scores. However, there were no dif
ferences between the results of these analyses and the
analyses performed on the uncorrected scores, indi
cating that differences in the HR CR between the
groups could not be attributed to differences in pre-CS
baseline HR.

DISCUSSION

The results of the present experiment suggest that
the effects of preconditioning CS exposure differ for
somatic (EB) and autonomic (HR) responses. Pre
training exposure of low-intensity (6O-dB) or high
intensity (90-dB) tone CSs produced no reliable ef
fects on subsequent eyeblink conditioning as assessed
by any measure used in the present experiment. How
ever, preexposure of an intermediate-intensity (7S-dB)
CS retarded eyeblink conditioning, as measured by
trials to reach a preestablished criterion. In contrast
with the EB results, CS preexposure produced reli
able attenuation of the bradycardiac HR CR during
the first 100 trial conditioning sessions at all three
intensities, although no differences attributable to
CS preexposure occurred during later training. Thus,
while HR conditioning was a direct function of pre
conditioning CS intensity, demonstrable latent in
hibition of the EB CR occurred only in animals pre
exposed to the 7S-dBtone.

The deficits in the HR CR produced by CS pre
exposure are in contrast with those reported by
Fitzgerald and Hoffman (1976), who found that SO
preconditioning CS exposures enhanced conditioning
of a decelerative HR CR in rats. However, differ
ences between the results of Fitzgerald and Hoffman
(1976) and those of the present study are probably
related to the larger number of CS preexposure trials
used in the present study. Analogous results have
been found for human electrodermal conditioning;
up to 16 preexposures of the to-be-conditioned CS
were found to enhance the magnitude of a condi
tioned skin-conductance response (Silver, 1973),
whereas SO or 100CS preexposures reduced the prob
ability of occurrence of short-latency electrodermal
changes during conditioning (Surwit & Poser, 1974).
This differential increase in responding after a few
nonreinforced CS preexposures, followed by a de-
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crease after many nonreinforced CS presentations, is
compatible with the dual process model of habitua
tion and sensitization proposed by Groves and
Thompson (1970).

In general, the results of the present study are not
easily explained by current theories of latent inhibi
tion, at least in their most recent formulations. Such
theories generally attribute latent inhibition to "at
tentional deficits" resulting from preexposure to the
CS, that is, to the CS losing either "salience" or
"associability" through a process resembling habitu
ation (Lubow, Schnur, & Rifkin, 1976; Mackintosh,
1975; Maltzman, Raskin, & Wolff, 1979; Rescorla
& Wagner, 1972). The conditioned attention theory
of Lubow et al., which basically states that the "at
tentional response" elicited by the first CS presenta
tion is maintained by the US and, conversely, is lost
by nonreinforced CS preexposure, is not inconsistent
with the present HR results if it is assumed, as sug
gested by others (e.g., Maltzman et aI., 1979), that
this response is in fact an OR that eventually displays
characteristic habituation. The finding that the 60-dB
tone produced little retardation of eyeblink condi
tioning compared with the 75-dB tone is also consis
tent with conditioned attention theory (as well as
other theories, e.g., Mackintosh, 1975; Rescorla &
Wagner, 1972), since the faster habituation charac
teristic of low-intensity stimuli (Groves & Thompson,
1970) should also produce less latent inhibition.
However, the lack of a latent inhibition effect on the
EB response subsequent to preexposure of the 9O-dB
tone is clearly inconsistent with a simple habituation
model of latent inhibition, although it may not be
inconsistent with more sophisticated models of the
habituation process. For example, Sokolov's (1963)
analysis of orienting and habituation as well as the
dual process model of habituation proposed by Groves
and Thompson (1970) suggest that habituation might
be reduced or retarded in response to relatively in
tense stimulation. If habituation is the primary pro
cess underlying latent inhibition, such retardation
should also reduce the magnitude of the latent in
hibition produced by intense stimuli.

According to these models, the presentation of
stimuli of high intensities elicits autonomic changes
that might affect later learned behaviors in a fashion
different from that associated with habituation
namely, a phenomenon similar to sensitization rather
than habituation may be the end result of high
intensity stimulation (Groves & Thompson, 1970).
The HR results of the present study, especially those
obtained during the preconditioning phase, support
these conclusions. Thus, although the initial HR re
sponse to the 9O-dB tone was pronounced brady
cardia, this response reverted to tachycardia as a re
sult of subsequent training. Tachycardia is obviously
incompatible with the cardiac CR (which normally

consists of HR decelerations) and thus produced HR
conditioning deficits compared with animals without
CS preexposure. Previous studies have shown that
relative increases in the HR CR are also positively
correlated with EB conditioning (Powell & Kazis,
1976). Thus, tachycardia would not be incompatible
with the acquisition of the eyeblink response and in
deed may reflect ongoing processes similar to "sensi
tization" (Groves & Thompson, 1970)that may facil
itate increases in somatomotor responding. The find
ing that animals in the 9O-dB group showed more
rapid EB conditioning than the 60- or 75-dB groups,
regardless of CS preexposure, supports this conten
tion, since subjects in this group revealed relative
HR increases as CRs. In this regard, it should also
be noted that the cardiac "sensitization" response in
the rabbit consists of HR increases (powell & Milligan,
1975). These considerations thus suggest that the ef
fects of CS preexposure on conditioning depend not
only on the characteristics of the CS and preexposure
conditions (see Lubow et aI., 1976), but also on the
response being measured and its relationship to other
ongoing behavior.
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