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INTRODUCTION

The broad objective of the present research was to provide
new information that will hopefully lead to a better understanding
of those processes contributing to classically conditioned changes
in heart rate. An attempt was made to examine the effects of instru-
mental contingencies on the direction of the conditioned heart-rate
responses of unrestrained and restrained rats and to determine ff
conditioned changes in skeletal-motor activity comparable to those
shown by heart rate occurred during conditioning. As the review of
the Tliterature presented later will indicate, both of these factors
have been frequently mentioned in theories attempting to account
for the complex nature of the conditioned heart-rate response.

Despite an outpouring of experimental and theoretical contri-
butions in the last decade concerning the physiological and psy-
chophysiological mechanisms underlying classically conditioned
changes in heart rate, it has not been possible to formulate a
unified conceptual framework that embraces the diverse and often
conflicting findings reported in the literature. There has been
an all-too-frequent absence of appropriate contfo] groups in this
work, and an occasional misuse of statistical tests. However the
major reason for the apparent lack of consistency in the experi-
mental results may be attributable to the failure to distinguish
between studies using traditional classical conditioning procedurés
with those failing to adhere strictly to these procedures, or with
those employing a combination of classical and instrumental paradigms.

In the present treatment of the literature, a distinction was made



between these various kinds of investigations in the hope that
this would help identify some of the variables that may have contri-
buted to the divergent findings that have been reported.
Traditionally, classical conditioning has been defined as a
procedure'in which a relatively neutral conditioned Stimu]us (cS)
is paired with an unconditioned stimulus (US) that reliably e]ic{ts
an unconditioned response. After a number of pairings the CS evokes
a conditioned response which usually involves a change in adtivity
in the same response system as that of the unconditioned response.
Rarely, however, does the magnitude of the conditioned response
approach that of the unconditioned response.
An important aspect of the classical conditioning procedure
is that the presentation of the US should nof be contingent upon
the presence or absence of the conditioned response. In other words,
the occurrence of the US should be independent of the behavior of
the subject, and at least in principle the latter should not alter
the effectiveness or modify the consequences of the US. In at-
tempting to meet these requirements, investigators employing an elec-
tric shock as the US have usually restrained the subjects and attached
the shock electrodes directly to the subject's body on the assumption
that this would minimize response-contingent modifications of’the us.
Aside from the formal proéedura1 aspects of classical condi-
tioning it is also necessary to employ adequate control groups to
assess unlearned changes in behavior to the CS. This is especially
important in the case of responses such as heart-rate changes in
that, prior to conditioning, the CS may elicite an unlearned orienting

response that is similar to the conditioned response. Although



- preconditioning trials with the CS alone are usually given to ha-
bituate this original response, controls are nevertheless needed
to evaluate the extent to which it might recover following the
application of the US.
|  Most major learning theorists have emphasized either a “stimulus
substitution" (Konorski, 1967; Pavlov, 1927) or “"stimulus response"
(Guthrie, 1959; Hull, 1943; Spence, 1956) view of the classical
conditioning process. In stimulus substitution formulations an
association is presumably formed between the CS and the US while
in the stimulus-response treatments the association is between the
CS and the unconditioned response. Regardless of the association
that is assumed to be formed, both types of theories lead to the
expectation of a relatively close resemblance between the conditioned
and unconditioned responses. Such a resemblance has been demon-
strated in hundreds of classical conditioning studies involving a
wide variety of responses including salivation, leg flexion, eyeblink,
and nictitating-membrane closure. It has also been recognized,
however, that the conditioned response rarely”dup1icates the uncon-
ditioned response (Kimble, 1961).

In apparent contradiction to this vast literature, investi-
gators who have studied classically conditioned changes in the cardio-
vaécu]ar systems of dogs, rats, rabbits, cats, pigeons, monkeys,
and humans have found that conditioned heart-rate reactions were
frequently grossly dissimilar to the unconditioned responses. In
fact, in some species the directions of the conditioned responses
have been exactly opposite to that of the unconditioned responses,

that is, the unconditioned responses may be increases in heart rate



while the conditioned responses prove to be decreases. Furthermore,
the direction of the conditioned heart-rate responsé of a given
species has varied with the particular situation in whiéh conditioning
was carried out.

In dogs, classically conditioned changes in heart rate may
take the form of an acceleration (Black, Carlson, & Sb]omon, 1962;
Church & Black, 1958; Fitzgerald, Vardaris, & Teyler, 1966) of a
deceleration (Black, Carlson, & Solomon, 1962) while the uncon-
ditioned response has consistently been an acceleration. Simi-
larly, in the rat both heart-rate accelerations (B]ack'&‘B1ack,

1967; Duncan, 1972; Fehr & Stern, 1965; McDonald, Stern, & Hahn,
1963; Miller, Banks, & Caul, 1967; Werboff, Duane, & Cohen, 1964)

and decelerations (Fitzgerald & Martin, 1971; Fitzgerald & Teyler,
1970; Fitzgerald, Martin, & 0'Brien, 1973; Holdstock, 1970; Holdstock
& Schwartzbaum, 1965; Teyler, 1971) have been reported with the
unconditioned response generally being an acceleration in heart rate.
Instances of decelerative unconditioned responses in rats within
certain portions of the post-US period have also been reported
(Fitzgerald & Teyler, 1970; Stainbrook, 1975; Teyler, 1971).

Similar discrepancies between the direction of the conditioned
and unconditioned heart-rate reactions have been found in rabbits
(Schneiderman, 1970), monkeys (Brady, Kelly, & Plumlee, 1969;

Smith & Stebbins, 1965) and humans (Obrist, Sutterer, & Howard, 1972;
Obrist, Wood, & Perez-Reyes, 1965; Wilson, 1969).

In an initial attempt to account for the direction of the con-

ditioned responses of rats, Fitzgerald and Teyler (1970) noted that

in those studies in which the response was heart-rate acceleration



the shock US was delivered through a grid floor to the foot pads
of unrestrained rats (B]ack & Black, 1967; Feher & Stern, 1965)
whereas in those studies in which the response was a deceleration
(Fitzgerald, Vardaris, & Brown, 1966; Holdstock & Schwartzbaum,
1965; Vardaris, 1968) the shock US was presented through electrodes
attached to the tail or chest of restrained subjects. They pos-
tulated that shock to the sensitive foot pads may have been more
painful than shock delivered via the tail or chest and that this
difference may have contributed to the conditioned heart-rate
reactions. This suggestion was prompted in part by previous findings
indicating that at high intensities of shock the conditioned heart-
rate response shown by dogs was predominantly an acceleration in
heart rate, but that at low intgnsities the conditioned respbnse
was frequently a deceleration (Lang & Black, 1963). To test their
hypothesis, Fitzgerald and Teyler (1970) employed restrained rats
receiving one of six intensities of the shock US; ranging from
0.4 ma up to 5.0 ma. Contrary to expectation they fdund that the
conditioned responses consisted of deceleration at every intensity.
In discussing their results, Fitzgerald and Teyler (1970)
pointed out that unrestrained rats are able to make instrumental
escape responses, such as jumping off the e]ectrified‘grid floor,
which may provide temporary relief from the foot shock. It was
suggested that this escape contingency might lead to a state of
readiness or heightened excitement that could result in hearthate
acceleration as the conditioned response. This excitatory‘state
would prepare the rat to make short-latency escape responses to the

shock. On the assumption that the opportunity to make jumping



responses can only provide escape from shock when the shock 1is
applied to the feet, it was reasoned that unrestrained animals
shocked through electrodes attached to their'body wou1d show con-
ditioned deceleration in heart rate.

To test this hypothesis, Teyler (1971) examined the effects
of degree of restraint (restrained vs. unrestrained); location of
shock (chest-shock vs. foot-shock) and US intensity on classically
conditiohed heart-rate changes in rats. Contrary to what had
been reported in previous studies (Black & Black, 1967; Fehr & Stern,
1965; McDonald et al., 1963) the unrestrained foot-shock group on
the whole failed to show reliable conditioning since one-half of
the subjects developed decelerative reactions and the other half
showed accelerative reactions. In the three remaining groups,
the direction of the conditioned response was uniformly decelerative,
the magnitude of the heart-rate response being larger in the re-
strained groups than fn the unrestrained chest-shock group. Tey]ér
~noted that the conditioned decelerations shown by the unrestrained
chest-shock group were consistent with the notion th&t in restrained
rats a state of behavioral inhibition may develop which augments
conditioned decelerative reactions based on inescapable shock. This
state was viewed as being opposite to the excitatory state that
Fitzgerald and Teyler (1970) proposed mighf develop in unrestrained
rats receiving potentially escapable shock.

In summary, the above studies offer some support for the
position that development of decelerative conditioned heart-rate
reaction in restrained rats may be related to a central inhibitory

state that is acquired when the rat learns that it cannot escape



from the shock US. The results also suggest that if escape from the
shock is possible an excitatory condition may be fostered that trig-
gers heart-rate accelerations to the CS.

Alternative explanations of the heart-rate responses that are
seen in both classical conditioning and other more complex learning
situations have placed considerable emphasis on changesyin skeletal-
motor activity. These formulations were prompted in part by the
observation that increases or decreases in somatic activity are
sometimes accompanied by comparable changes in heart rate. In
order to account for this relationship it has been suggested’that
the somatic and cardiac response systems may be coupled together
centrally (Black and deToledo, 1972; Obrist et al., 1972).

In outlining their position, Obrist et al. (1972) described
the results of several classical heart-rate conditioning experi-
ments that did not seem to agree with traditional theories of clas-
sical conditioning. For example, the conditioned heart-rate decel-
erations that have been reported in humans were consistently op-
posite to the accelerative unconditioned responses ﬁn humans which
were always accelerative (Notterman, Schoenfeld, & Bersh, 1952;
Zeaman, Deane, & Wegner, 1954). Furthermore, contrary to the
results of most classical conditioning studies, US intensity failed
to influence the magnitude of the conditioned response (Obrist et
al., 1965). Finally, manipulations of the direction of the uncon-
ditioned response did not alter the direction of the conditioned
reaction (Hastings & Obrist, 1967; Obrist, 1968; Wood and Obrist,
1968).

As an alternative to traditional theories of conditioning,



Obrist et al. (1972) proposed that learned modifications in skeletal-
motor activity may trigger changes in heart rate that are appropriate

to meet the metabolic demands of the activity,'even before the oc-
currence of increased metabolic requirements. Within this conceptual
framework, learning paradigms that yield increases in motor activity

are likely to produce cardioaccelerations while those resulting in
decreases in motor responding may lead to cardiodecelerations. In

their view, heart-rate reactions are mediated not by peripheral

feedback from skeletal muscles but by central nervous system processes
controlling the initiation of skeletal-motor activity. In short,

they argue that changes in heart rate obtained in classical conditioning
situations and in other learning paradigms may reflect changes in somatic
activity in preparation for the presentation of the US.

A second hypothesis that has been offered as an explanation of
conditioned heart rate is that of Black and deToledo (1972). In
outlining this hypothesis emphasis was also placed on the apparent
coupling of skeletal-motor activity and heart rate. According to
Black and deToledo, during classical conditioning, the CS comes to
elicit a centrally located motivational state. Moreover, the neural
centers controlling this state are assumed to be connected to central-
motor structuresthat are in turn linked directly to cardiovascular
response centers. On the basis of this model, increases in heart
rate to the CS should be associated with elicitation of those moti-
vational states leading to skeletal-motor activity whereas decreaseé
in heart rate to the CS might be expected given the elicitation of a

motivational state that inhibits motor responding. The question of



whether conditioned changes in heart rate could occur in the complete
absence of motor activity was left open. Black and deToledo also
argued that specific measures of motor responding such as bar pressing,
gross movements, and EMG activity would not be éorre1ated with heart
rate unless they reflect the overall general activity of the organism.

The above formulations derive some support From neurophysiolo-
gical and behavioral studies demonstrating a central 1inkage between
autonomic and motor reactions. Electrical stimulation of restricted
central pathways in both anesthetized and unanesthetized animals
has in general resulted in short latency changes in heart rate.
Hsu, Hwang, and Chu (1942) reported that stimulation of the motor
cortex in dogs often resulted in a 20% increase in heart rate.
Landau (1952) found that heart rate accelerated upon stimulation of
the pyramidal tract in cats. Kaada (1960) showed that electrical
stimulation of limbic structures frequently elicited a cessation of
motor activity accompanied by cardiac deceleration. Simi]érly,
Lofving (1961) stimulated 1imbic structures in unanesthetized cats
and found a generalized inhibition of spontaneous motor activity and
a depression of respiration. Abrahams, Hilton, and Zbrozyna (1960)
presented evidence that the hypothalamus participated in the control
of muscle blood flow in preparation for movement. They stimulated
hypothalamic areas in free-moving cats and elicited defense reactions
consisting of an alerting response followed by either rapid move-
ments or attack. The concomitant cardiovascular effects were char-
acteristic of vigorous muscular exercise. |

In addition to the neurophysiological evidence, several be-
havioral studies have furnished support for the position that

heart rate and motor activity systems may overlap in the central
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nervous system. Rushmer, Smith, and Lasher (1960) found that the
heart-rate response of dogs was sustained tachyéardia beginning
two or three_beats after the start of an unsignalled beriod of
enforced exercise (i.e., too soon to result from the metabolic
demands of exercise). Similar changes in heart rate occurred during
a stimulus signalling imminent exercise. The latency of heart-
rate changes, prior to any vigorous muscular activity led the
authors to suggest that higher nervous centers controlled both
heart rate and motor activity. |

Results comparable to those reported by Rushmer et al. (1960)
have been found in humans. Petro, Hollander and Bouman (1970)
demonstrated that cardiac acceleration occurred during the first
interbeat interval following the onset of a short isometric con-
traction of the flexor muscles of the arm. Their results sug-
gested that the accelerations were mediated either by decrease in
vagaT tone initiated by the motor cortex, or by afferents from
muscle spindles. Freyschuss (1970), using selective pharmacological
blockade of autonomic functioning in humans, demonstrated that
heart-rate acceleration at the onset of muscle contraction was pre-
dominately elicited by a decrease of vagal tone. Further studies,
in which neuromuscular block was used, indicated that the increase
in heart rate did not originate in reflex involvement of muscle
spindle afferents but was primarily of central origin. |

In summary, the results of the above studies indicate that there
are sévera] areas in the brain capable of initiating simultaneous
changes in heart rate and motor activity. However, it remains unclear
what role if any this apparent coupling plays in mediating classically

conditioned changes in heart rate.
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In surveying the literature, it is possible to identify twovbasic
groups (types) of experiments that have provided specific evidénce bear-
ing on the question of the degree to which changés in‘skeletal—motor
activity are associated with classically conditioned heart rate. The
first classification includes traditional classical conditioning studies
as well as studies in which modified versions of the classical condition-
ing procedure have been employed. Experiments of this general type would
seem to offer the most direct approach to obtaining information on the
possible linkage between classically conditioned hearf rate and movement.

The second classification contains those investigations in which
a combination of classical conditioning and instrumental 1éarningvpara-
digms has been employed. Many of these experiments involved the use of
the conditioned-emotional-response (CER) or conditioned-suppression para-
digm. Basically, this procedure consists of the presentation of aversive
classical conditioning trials when subjects are engaged in a food-rein-
forced instrumental task such as lever pressing. In the case of rats,
the general outcome of these experiments has been fhat after relatively
few conditioning trials, the CS elicits a deceleration in heart rate and
a reduction in rate of lever pressing. |

In considering experiments of this second type, it is impoftant to
note that certain problems may exist in using the CER paradigm to pravide
an estimate of classically conditioned heart rate. First, CS-US
intervals of 2 to 3 minutes have routinely been employed on the condi-
tioning trials. Such intervals far exceed those that have been shown

to produce behavioral effects in traditional classical conditioning



studies (Kimble, 1961; Mackintosh, 1974), Although Paylov (1927) was
apparently able to maintain conditioned salivation in dogs with

CS-US intervals of several minutes the conditioned response was
initially established using much shorter intervals of about 5 sec.
after which extensive training was given with progressively longer
intervals. In CER studies, comparable training procedures have

not been employed and yet behavioral changes to the CS have heen

observed after only four to eight conditioning trials.

Second, the use‘of both food and shock in the same situation
provides an opportunity for aversively reinforced changes in heart
rate to compete, or interact with, those heart-rate changes that
are reinforced by food. Schoenfeld, Matos, and Snapper (1967) re-
ported that conditioned accelerations in heart rate develop 1in rats
receiving food reinforcement as the US. It has also been observed
(Ehrlich & Malmo, 1967; Sutterer, Petrella, Orlick, & Gutman, 1974)
that changes in heart rate accompany the delivery of food and the

lever-press response.

A third point is that with the exception of one study (Roberts
& Young, 1972), the rats in CER paradigms have been unrestrained with
the shock US delivered to the foot pads through an electrified
grid floor. As was noted earlier, this arrangement fails to meet
the usual definition of classical conditioning in that instrumental
escape responses can he made to the shock. A final point is that

the heart-rate reactions to the CS occurred simultaneously with

12
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marked shifts in skeletal-motor activity. In summary, the CER
paradigm involves a number of features inc]udingvunusually long

CS-US intervals, introduction of food rewards, possible con-

founding instrumental contingencies, and lack of control over

| skeletal-motor activity all of which make it exceedingly difficult

to determine if the heart-rate changes observed using these procedures
reflect classical conditioning processes.

While some authors have carefully avoided the use of the term
"conditioned" in referring to the changes in heart rate that are
found in CER procedures others have not. In fact, in é recent
treatment of the heart-rate conditioning Titerature (Mackintosh, 1974)
results obtained with the CER paradigm were used uncritically to
support the view of a connection between classically conditioned
heart rate and skeletal-motor activity. The issue of whether the
heart-rate responses were in fact the result of classical conditioning
processes or simply due to the reduction in skeletal-motor activity
associated with the cessation of Tever pressing was not directly ad-
dressed.

The results of two recent experiments have provided revealing
information bearing directly on this question. Duncan (]972) first
trained rats to press a lever for food and thén gave them six
classical conditioning trials consisting of a toneCSpaired with a
foot-shock US on each of 6 days. Four of the trials were presented
with the lever present in the chamber while the subjects were
acfive]y responding. The two reméining trials were g1ven with the
lever removed from the chamber, thereby preventing lever pressing.

The results revealed that with the lever in the chamber the heart-



rate response to the first CS presentation was a deceleration whereas
on later trials it was an acceleration. However, when the lever was
not in the chamber the CS consistently elicited cardiac accelerations
that were always greater in magnitude than those occurrfng with the
lever available. Thus, direction of the heart-rate change to the CS
was determined in part by the presence or absence of ongoing lever
pressing suggesting that base-line motor activity may have been an
important factor controlling not only the ongoing heart rate, but
also conditioned changes in rate.

Further evidence in support of this possibility was provided
by Borgealt, Donahoe and Weinstein (1972). In the first phase of
the experiment, rats were trained over a period of days to Tever
press for a food reinforcement. In the second phase the lever was
retracted from the chamber and 10 classical conditidning trials with
a foot-shock US were given on each of 15 days. The conditioned
response measured during this phase was cardiac acceleration which is
consistent with what unrestrained rats receiving foot shock have
shown in other experiments (Black & Black, 1967; Duncan, 1972;
Fehr & Stern, 1965; McDonald et al., 1963). However, when the
lever was inserted into the chamber allowing lever-press responses
to occur the CS elicited decelerations in heart rate and suppression
of lever pressing. The authors suggested that this heart-rate
deceleration was directly related to the suppression of lever pres-
sing and that its occurrence may have masked the accelerative
reaction that was found in the absence of lever pressing. The re-

sults of these two experiments reinforce the serious doubts raised

above regarding the usefulness of the CER procedure to study classically

14



conditioned heart rate in rats.

The results of several recent'studies indicate that heart-
raté responses during conditfoned suppression tfaining may at times
be relatively independeﬁt of changes in 1evér-pressing rate; ‘Brady
et al. (1969) recorded heart rate and b1ood'bres§ure during CER
training in five mchkeys. ‘They found that in four of the subjects
bartia] suppression of 1ever‘preésing deve1bped early in training
without the occurrence of'concomitant autonomic responses. During
the next tew trials almost comp]éte suppreSsion was observed along
with decelerations in heart rate. In the femaining subject sup-
pression developed more s]ow]y;'unaccombanied by decelerative heart—
rate reactions. Later in conditioning, the predominate heart-rate
response of four of the subjects was cardioacceleration. Howéver,
one monkey with an extremely high lever-pressing rate showed per-
sistent cardiac deceleration to the CS throughout acquisition. It
was also noted that following extinction heart-rate decelerations
‘Were not observed.during'ear1y re-conditioning tria]s.

Brady et al. (1969) interpreted their results as furnishing
examples of bofh dependencé and independence of heart rate and
lever pressing. Since cardiddéce]erations aiways occurred in the
presence of substéntiaT decreases in Teyer—pressing rate they sug-
gested that1these heart-rate reactions were dependent on changes in
skeletal-motor activity. However, some independence of the two
responses was demonstrated by the fact that suppréssfon preceded
the development of the heart-rate reactions and extinguished more

rapid]y. In addition, once suppression was well established or

re-conditioned cardiac acceleration was obtained in spite of decreased

gross-motor activity.

15
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Lack of correlation between changes in heart rate and lever
pressing was also found by deToledo and Black (1966) during dif-
ferential CER training rats. They obtained reliable suppression of
Jever pressing during the second conditioning éession whereas signi-
ficant heart-rate decelerations did not develop until the sixth con-
ditioning day. Cardiodeceleration, when it occurred, was greatest
during the first minute of the CS with heart rate then gradually
returning toward pre-CS base level. The authors noted that this
pattern was similar to that which would occur if the heart-rate
changes were simply artifacts of decreases in bar pressing. However,
this possibility was rejected because the heart-rate reactions did
not develop until after lever-press suppression was established.

Two studies have been reported in which heart rate was measured
in rabbits receiving CER training (Sampson, Francis, & Schneiderman,
1974; Swadlow, Hosking, & Schneiderman, 1971). 1In both investi-
gations conditioned heart-rate decelerations accompénied Tever-
press suppression. In the Sampson et al. study, it was found that
reliable cardiodeceleration developed prior to suppression of lever
pressing, suggesting that the two reactions might be independent of
each other. Further, in contrast to what has been shown for unre-
strained rats the deceleration persisted when the lever was removed
from the test chamber. However, magnitude of cardiodeceleration was
larger when accompanied by suppression of lever pressing (lever-
available condition) perhaps indicating thatvan autonomous heart-
rate reaction was further augmented by the cessation of skeletal-
motor activity. »

A number of other studies have furnished more detailed infor-

mation on the relation between heart rate and somatic activity during CER
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training. Black and deToledo (1972) recorded heart rate, electromyo-
graphic (EMG) activity, gross-motor activity, and bar pressing in a series
of CER studies in unrestrained rats. They found that the magnitude of the
correlations between decelerations in heart rate and decreases in EMG
activity or bar pressing varied with the type of CS as well as with the
US intensity and the stage of acquisition. However, there was always a
high correlation between the amount of decrease in gross-motor responding
and the magnitude of heart-rate deceleration elicited by the CS. The
authors interpreted their findings in terms of a model incorporating a
central 1inkage between conditioned changes in heart rate and skeletal-
motor activity. An alternative explanation may be that the decelerations
were simply augmented by simultaneous reductions in general activity,
i.e., lever pressing.

A comprehensive analysis of electrodermal activity, movement, and
heart rate in a differential CER paradigm was providéd by Roberts and
Young (1971). The rats were secured to a restrainihg platform with the
electrodes delivering shock attached to the rats' tails. Voltage fluctu-
ations in a wire grid laced through the restraining collar served as an
jndicator of movement activity. Heart-rate difference scores were com-
puted on both CS+ and CS- trials from the final 10 sec. of the 3-min,

CSs while lever pressing and movement suppression ratibs were based on
the last 20 sec. of the CSs. These scores revealed that suppression of
lever pressing developed on the second day of conditioning accompanied
by a decrease in movement and by a deceleration in heart rate,

The relation between gross-motor behavior and heart fate was in-
vestigated in detail by tabulating heart-rate responses that occurred on

CS+ trials and then noting whether movement increased, decreased, or did
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not change. Decrease-in-movement trials were scored ff movement during
the 3-min. CS was discriminably lower than a 3-min. pre-CS control period;
Increase-in-movement trials were tabulated if movement increased for at
least 10 sec. from a totally suppressed pre-CS base‘1ine. No-change-in-
movement trials required that movement activity remaih completely sup-
pressed during both pre-CS and CS periods except for small bursts of
movement that occurred during the first 2 sec. of the CS.

The results of this sorting procedure demonstrated that decreases
in movement occurred on 65% of the 400 conditioning trials while in-
creases or no change in gross movement were ta]]ied‘on 6% and 20% of the
trials, respectively. Fifteen trials were selected randomly from each
category and corresponding heart-rate and gross-motor changes were tabu-
lated during the first 30 sec. of CS+. This time interval was selected
because movement increases were confined primarily to this period. These
results demonstrated that heart rate decreased 49 beats per minute when
movement was suppressed by the CS and that heart raté increased 36 beats
per minute on those rare occasions when increased movement was elicited
by the CS. The authors concluded that the heart-rate reactions were de-
termined primarily by movement responses to CS+. However, whether heart
rate was influenced directly by classical conditioning processes could
not be evaluated.

Stebbins and Smith (1964) examined the relation between heart rate,
blood flow, and gross-motor activity in monkeys during classical condi-
tioning trials superimposed upon a food reinforced key-pressing task,
They reported reliable suppression of the instrumental response accom-
panied by an increase in heart rate and blood flow. In addition, a

considerable amount of gross-motor responding occurred during the CS as
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measured via a strain gauge atlached to the primate restraining chair,
Nevertheless, large increases in heart rate generally preceded the
movement activity indicating that the cardioaccelerative reactions were
not secondary to changes in skeletal-motor responding or necessarily
linked to such responding.

Recently, Sutterer and Obrist (1972) studied the relation between
heart rate and gross-motor behavior in five dogs éxposéd to several dif-
ferent learning paradigms. These paradigms were designed to producev
either increases and/or decreases in general activity and included (1)
differential classical conditioning,'(Z) presentation of signalled weak
and signalled strong shock on a differential reinforcement for low rates
of responding base line, and (3) conventional CER training with CS5+ and
CS- trials. Gross movement was assessed by means of strain gauges
attached to the floor of the conditioning chamber.

The results showed that if a given procedure produced an increase
in gross-motor responding to CS+ then heart-rate accelerations were ob-
served. Similarly, when decreases in general activity occurred to CS+
decelerative heart-rate reactions resulted. Although gross-motor activity
and heart rate changed in the same direction, panel pressing was not con-
sistently related to changes in either hegrt rateior general activity.
Presumably, because of the small number of subjects employed, statistical
tests comparing CS+ and CS- responding to establish that reliable condi-
tioning had in fact occurred were not carried out. Rather, separate
t-te§tsbased on the performance of individual subjects were used to
evaluate the statistical significance of the outcomes. While this method
of analyzing the data may have been adequate to support the authors'

conclusions, that their results were consistent with a cardiac-somatic
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coupling model, the method was not appropriate to establish that the be-
haviors in question were conditioned,

In the following section are presented those studies in which
skeletal-motor activity was measured during traditional classical condi-
tioning procedures. These experiments provided the most direct method of
assessing the relation between classically conditioned changes in heart
rate and conditioned motor activity.

A systematic examination of classically conditioned heart rate in
pigéons has been provided by Cohen (1969). The basic procedure involved
the use of restrained pigeons with electrodes for delivering a shock us
attached to one leg of the pigeon. The conditioned response, which was
uniformly heart-rate acceleration, was generally paralleled by condition-
ed increases in respiratory rate (Cohen, 1967; Cohen & Durkovic, 1966;
Cohen & Pitts, 1968; Durkovic & Cohen, 1969). Cohen and Durkovic (1966)
reported that increases in gross-motor activity accbmpanied the cardio-
accelerative responses in 4 of 12 pigeons. In his review, Cohen (1969)
described unpublished observations indicating that increases in EMG
activity may sometimes occur along with the accelerative heart-rate
responseé. He suggested that somatic activity augments cardioaccelera-
tion in pigeons but that the two responses were not necessarily Tinked.

Conditioned heart-rate reactions in restrained rabbits have almost
always been found to be decelerative (E1liott & Schneiderman, 1968; Manning,
Schneiderman, & Lordahl, 1969; Meredith & Schneiderman, 19673 Schneiderman,
Smith: Smith, & Gormezano, 1966). Elster, VanDercar, and Schneiderman
(1970) investigated differential heart-rate conditioning in rabbits using
electrical stimulation of either the midbrain, subthalamus, or hypothala-

mus as the US. Stimulation of all three locations produced reliable
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heart-rate conditioned responses. The direction of the conditioned re-
sponses generai]y depended upon the direction of the unconditioﬁed heart-
rate reactions elicited by the US. 1In US locations that elicited cardiac
accelerations, a strong positive relationship was noted between diffuse
movements elicited by the US and the subsequent development of condi-
tioned heart-rate acceleration.

In an unpublished study, Schneiderman (1974) reported that intra-
cranial microinjections of acetylcholine as the US resulted in condi-
tioned cardiac acceleration, while equivalent injections of norepine-
phrine led to conditioned cardiac decelerations, Somatic activity was
monitored during these injections via a phonocartridge attached to the
test chamber. It was found that movement responses océurred more often
aftef injection of acetylcholine which elicited heart-rate acceleration
than after injections of norepinephrine which elicited heart-rate decel-
erations. These results provided an indication that‘brain regions re-
lated to unconditioned cardiac acceleration may also be linked to areas
controlling skeletal activity. However, the éxact relationship between
gross movement and heart rate remained unclear in that unconditioned
movement reactions did not always occur on every trial, Furthermore,
when gross-motor behavior was elicited, it followed rather than preceded
unconditioned cardiac acceleration.

Results suggesting that heart-rate accelerative reactions in
rabbits may be related to increased somatic activity have been provided
by Powell and Joseph (1974). These investigators attempted to determine
the extent -to which corneo-retinal potentials (a somatic response con-
stellation including eye 1id closure, nictitating membrane extension, and
retraction of the eyeball), hippocampal theta, gross movement, EMG activity,

and heart rate were related during aversive classical conditioning.
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In Experiment I, rabhits were given 64 differential classical con-
ditioning trials on each of 30 days with a reinforced trial consisting
of a 1-sec. tone CS paired with an eye-shock US. Fouf test trials with-
out the.US were given on each of the 30 days. During early acquisition
the conditioned heart-rate responses were consistently decelerative.
These decelerations were associated with conditioned increases in theta
activity and conditioned corneo-retinal potential reSponses. As acqui-
sition progressed an accelerative heart-rate reaction to the offset of
the CS developed. At this time, the occurrence of‘both corneo-retinal
potentials and hippocampal theta activity were maximal. This later find-
ing prompted the investigators to suggest that the héart—rate accelera-
tions to CS offset toward the end of acquisition may have been related
to increased somatic activity.

A second experiment was performed to determine if skeletal-motor
activity as indexed by gross movement and EMG activity accompanied the
accelerative component of the heart-rate reactions. Once again, heart-
rate decelerations following the offset of the CS changed to heart-rate
accelerations during the final conditioning sessions. Heart-rate reac-
tions during the CS were consistently decelerative. A composite move-
ment score computed from the gross movement and EMG responses during the
1-sec. CS demonstrated that reliabie conditioned movement occurred and
that the magnitude of this reaction was largest when the accelerative
heart-rate component appeared. The authors interpreted these results as
providing evidence that cardiac accelerations may be related to in-
creased somatic activity. However, as the investigators themselves
pointed out, conditioned increases in gross-motor activity accompanied

conditioned heart-rate decelerations throughout the 30 days of
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conditioning. Moreover, increased motof responding always preceded the
accelerative heart-rate reactions that occurred to the offset of the CS
late in acquisition. In contrast to the interpretation offered, the
results of these two experiments provided very little support for the
position that conditioned heart rate in traditional classical condition-
ing situations is related to skeletal-motor activity.

The relationship between heart rate and skeletal activity during
classical conditioning has been investigated in several studies in which
cats were used as subjects. Bruner (1969) measured heart rate and hind-
leg tremor in cats receiving conditioned leg-flexion training in a
canvas hammock that allowed the animals to maintain a normal standing.
position. During the course of acquisition cardiac deceleration devel-
opéd to the CS paralleled by a clear reduction in trémor of the hind |
leg. It was also noted, however, that occasionally heart-rate reactions
occurred without any changes in tremor and that decreases in tremor
occurred in the absence of heart-rate responses.

In a similar study, Hein (1965) recorded a number of physiological
responses including heart rate and EMG activity during differential leg-
flexion conditioning in the cat. The subjects were trained to stand
without restraint in the testing chamber prior to the béginning of
conditioning. The flexor and extensor muscles of the foreleg were used
as sites from which EMG activity was recorded. Although all subjects
showed reliable decelerative heart-rate changes, consistent changes in
EMG activity were not observed. However, if EMG responses were present
just prior to the beginning of a trial, they generally decreased or
disappeared in the presence of the CS. Only rarely were increases in

EMG activity observed to CS+ and as conditioning progressed background
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EMG was reduced to a minimum, The administration of a muscular blocking
agent eliminated all overt skeletal activity (the animals were artifi-
cially respirated) without any apparent effect on the decelerative heart-
rate reactions.

Recently, Howard, Obrist, Gaebelein, and Galosy (1974) examined the
relationship between heart rate, gross-motor responses, EMG activity, and
respiration in cats. A control group receiving unpaired presentations of
the CS and US was not employed to assess nonassociative changes in behavior,
Furthermore, separate statistical tests were carried out on the raw data of
each subject. These two factors hake meaningful evaluation of their re-
sults difficult. In Experiment I, four unrestrained cats were given 15
trace conditioning trials daily on each of 6 to 17 days. Gross~somatic‘
responses were recorded via strain gauges attached to the floor of the
conditioning chamber while EMG activity was monitored from muscles in
the region of the neck. Trials were initiated manually so that the be-
ginning of a trial could be delayed if the animal was violently active,
The results that were reported were based on scores obtained during the
last 2 or 3 conditioning days., The authors found consistent cardiode-
celerations in two animals and biphasic responses (accelerations followed
by decelerations) in the remaining two subjects, in all cases, the
patterns of gross-motor responding closely paralieled the heart—fate
reactions in that monophasic heart-rate decelerations were accompanied
by monophasic decreases in movement activity. Furthermore, biphasic
heart-rate changes were associated with biphasic changes in skeletal-
motor activity. Electromyographic activity failed to show any consistent
relation to the direction of the heart-rate changes; There were positive

correlations between heart rate and general activity while EMG responses
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and respiration were unrelated to heart rate, to each other, and to
general activity,

To provide another measure of somatic responding, a second experi-
ment was carried out in which multiple-unit activity in the pyramidal tract
was recorded in_five cats. Once again, a conditioning control group was
not used, Consistent with what was observed in the first experiment
cardiac decelerations were accompanied by decreases in somatic activity
with both gross-motor activity and pyramidal tract responses being re-
liably correlated with heart rate and each other. Electromyographic
activity was unrelated to the heart-rate reactions, Howard et al. (1972)
suggested that heart rate adjusts to the total somatic activity of the
organism at any given moment. Thus, increases in overall skeletal acti-
vity result in cardioaccelerations while decreases in somatic activity
trigger cardiodecelerations. The lack of a consistent relationship be-
tween heart rate and EMG changes was interpreted as a failure of EMG
responses to reflect overall ongoing motor activities.

Obrist and Webb (1967) examined the relationship between heart rate
and somatic activity in seven dogs secured in a hammock-type sling. The
experimenter was in the room with the dogs during the course of condition-
ing and trials were delayed if the dogs were struggling or showing respir-
atory irregularity such as panting. Nonassbciative effects of the shock
US were evaluated in six of the subjects using unpaired presentations of
the CS and US. The unpaired trials were given, either at the beginning
of each conditioning session or following the completidn of the study,

Two of the dogs so tested showed heart-rate accelerations that were
smaller than those observed during regular conditiohing. The authors

also stated that a differential conditioning procedure involving CS+ and
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CS- trials was tried and abandoned because the dogs did not show differ-
ential responding. The data from the main part of the experiment were
analyzed by means of separate within-subject correlation tests performed
on the heart rate and movement scores 6f each dog. The main findiﬁgs of
the study were that: (1) heart rate accelerated in the presence of in-
creased gross-motor activity with the magnitudes of the two reactions
being positively correlated; and (2) cardiac changes did not occur or
were greatly reduced in the absence of somatic activity.

Obrist (1968) studied the relation between changes in heart rate
and striate skeletal-muscle activity during aversive classical condi-
tioning in humans. Electromyographic activity was measufed from muscles
in the chin, the neck, and the left arm. Two CS-US intervals were em-
ployed which produced either accelerations in heart rate (1.0 sec.) or
decelerations in heart rate (7.0 sec.). Heart-rate decelerations were
accompanied by inhibition of EMG activity while heért-#ate accelerations
were accompanied by bursts of EMG activity. An unpaired control group
was not employed to establish that conditioning occurred.

In an attempt to extend the generality of the above results, Obrist,
Webb, and Sutterer (1969) measured heart raté and somatic activity during
a simple reaction-time task. They hypothesized that the decelerative
heart-rate reactions typically found with this procedure would be related
to inhibition of somatic-motor activity. Skeletal involvement was evalu-
ated by recording EMG responses from the chin and neck muscles. The re-
sults of Experiment I revealed that a decrease in EMG activity and cardiac
deceleration occurred together just before and during the behavioral re-
sponse., The magnitude of the somatic and cardiac responses were posi-

tively correlated with each other in that the largest decreases in gross-
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motor actiyity accompanied the largest heart-rate decelerations, An
additional experiment replicated the above results and extended the
somatic measures to both eye movement and eye blinks.

One of the few experiments in which skeletal-motor activity and
heart rate were compared in rats receiving traditional classical condi-
tioning was reported by Holdstock and Schwartzbaum (1965)., They employed
restrained rats and measured EMG responses from the thigh muscles of one
leg. A group receiving unpaired presentations of the CS and US was in-
cluded in the design of the study. The experimental group demonstrated
conditioned decelerations in heart rate and essentially no changes in
EMG activity. On the other hand, the control group showed accelerative
heart-rate reactions that were accompanied by reliable increases in EMG
activity. Thus, sensitized heart-rate accelerations appeared to be
associated with increased skeletal-motor responding. However, the fact
that the conditioning trials were always initiated in the absence of pre-
CS EMG activity, precluded the possihility of obtaining decreases in EMG
activity in the experimental group.

A comprehensive study of conditioned heart rate involving restrain-
ed rats was carried out by Fitzgerald and Teyler (1970). They employed a
2 x 6 factorial design to compare the effects of trace and delayed condi-
tioning procedures at six US intensities ranging from 0.4 to 5.0 ma. All
subjects were given 20 pre-test, 30 acquisition, and 30 extinction trials,
In addition to heart rate, gross-movement activity was measured via a
phonocartridge attached to the restraining device. The sensitivity of
the movement detector was set just above that necessary to record respir-
ation. Conditioned movement reactions were not found to accompany the

conditioned heart-rate decelerations shown by the rats,
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In a subsequent study, Teyler (1971) measured general activity and
heart rate in 12 experimental groups representing a 2 x 2 x 3 factorial
design in which the factors were degree of restraint (restrained or unre-
strained), locus of shock (foot shock or chest shock), and US intensity
(0.8, 1.6, or 3.0 ma). Since US intensity did not influence the heart-
rate reactions the results were collapsed across the shock dimension.
With the exception of the unrestrained foot-shock group, all of the
groups demonstrated conditioned decelerations in heart rate. In the case
of the unrestrained chest-shock group the decelerations were positively
correlated with decreases in gross-motor activity.

In another study involving freely-moving rats, Duncan (1972)
measured heart rate and motor activity using a classical conditioning
procedure in which a tone CS was paired with a foot-shock US. A pseudo-
conditioning control group was not included to evaluate the presence of
nonassociative changes in behavior. He found that the CS elicited cardiac
accelerations that were augmented in the presence of gross-movement
activity. However, heart rate still accelerated on movement-free trials,
Furthermore, on movement trials the heart-rate increases preceded move-
ment by several seconds.

Although obviously complex, the preceding review of the literature
provides evidence suggesting that given the appropriate conditions, heart-
rate reactions occurring in learning situations may be linked to changes
in skeletal-motor activity. In general, unrestrained rats receiving CER
training typically showed decelerations in heart rate to the CS‘that were
accompanied by decreased rates of lever pressing. However, with the
lever removed from the conditioning chamber, thereby lowering the back-
ground level of motor activity the same rats showed heart-rate accelera-

tion to the CS. Similar reactions were found in unrestrained rats
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receiying a foot shock US in the ahsence of any CER training, Restrained
rats actively pressing a lever for food demonstrated predominantly de-
celerative changes in heart rate to the CS. These decé]erations were
associated with decreases in general activity and with the cessation of
lever pressing. Evidence that heart-rate decelerations revealed by unre-
strained rats in the CER paradigm may at times be independent of lever
pressing was .indicated by the fact that the suppression of lever pressing
can develop prior to a change in heart rate. Whether the same relation
is possible in the case of gross-motor activity has not been éstab]ished.
Consistent with what has been found for rats, CER training was
shown to produce heart-rate decelerations in restrained rabbits, Aithough
removing the response manipulandum did not change the‘direction of the
heart-rate responses of rabbits, the decelerations were found to be
magnffied in the presence of a decrease in the rate of lever pressing.
Neverthe]eés, some degree of independence between motor activity and
heart rate in rabbits was revealed by the occurrence of conditioned heart
rate before the development of reliable suppression of lever responding.
Finally, restrained monkeys working within the constraints of the CER
procedure have shown cardiodecelerations accompanied by pronounced de-
creases in lever pressing on early training trials, On later trials, in-
creased heart rate was commonly observed in spite of decreased lever re-
sponding. Evidence was also found that suppression of lever pressing
occurred in monkeys prior to the development of the héart—rate response.
In summary, given the complexity of the CER procedures and recogni-
zing the host of factors that can influence heart rate, it has not been
possible to determine whether the cardiac reactions‘occurring in CER

training paradigms are a reflection of classical conditioning processes,
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of changes in skeletal-motor activity associated with lever pressing, of
changes in gross-movement activity, or of a combination of these events,

In fraditional classical conditioning paradigms, much less evidence
of a dependent relation between heart rate and skeletal-motor activity has
been found. In restrained rats, there was no indication that decreases in
heart rate were associated with decreased movement. During classical con-
ditioning in rabbits, increases in somatic activity actually accompanied
conditioned cardiac decelerations. Although motor activity sometimes
appeared to augment the cardiac reactions of rabbits, heért-rate changes
frequently preceded or occurred in the absence of movement. In the case
of dogs and humans, evidence was presented that heart rate and skeletal
activity may co-vary in classical conditioning situations. Unfortunately,
however, appropriate control groups necessary to ru]é out nonassociative
changes were frequently absent in these studies and in several instances,
questionable statistical procedures were used to évaluate the results.

In general, then, evidence linking classically conditioned changes in
heart rate to conditioned changes in ske]etaf—motor activity is less than
convincing. On the other hand, in nonclassical conditioning situations,
motor activity as well as various uncontrolled instrumehtal contingencies
may exert a pronounted effect on heart-rate responses.

The present investigation was designed to examine the effects of
providing rats with the instrumental opportunity to control the duration
of the shock US on the direction of anticipatory heart-rate reactions to
a CS signalling the shock. It was predicted that a signalled-escape
procedure would lead to heart-rate accelerations in both restrained and
unrestrained rats whereas heart-rate decelerations would occur in rats

receiving yoked classical conditioning training. In an attempt to
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determine the role of somatic activity ih the development of the heart-
rate reactions in these situations, both gross movement and EMG activity
were recorded. It was hoped that the present 1nvestigation would help
illuminate those factors that control the direction of the classically

conditioned heart-rate responses of rats,
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METHODS

Subjects

Fifty-six female Long-Evans hooded rats ranging in weight from
220-320 gms served as subjects. The rats were purchased from Charles
River Laboratories and were housed under conditions of free access to
food and water in the facilities provided by the Department df Animal
Care at the University of Oregon Health Sciences Center.

Apparatus

The conditioning chamber consisted of a 40-cm high x 25-cm wide x
30-cm deep aluminum box with a Plexiglas door across the front. A
mercury-pool swivel commutator and two 10-cm speakers were mounted on
the ceiling of the enclosure. The floor of the chamber rested on four
1.25-cm vertical compression springs located in the‘corners of the
chamber. An Astatic (#24) phonocartridge with a 10-cm long, 1.0-mm
diameter metal rod inserted in the needle housing was mounted along the
edge of the floor to monitor gross-motor actiVity. A 1.25-cm wide x
20-cm long slot in the center of the floor parallel to the rear waTl
was used to hold the tails of unrestrained subjects.

The chamber was equipped with a response wheel constructed of two
6.9-cm diameter brass end plates held 10 cm apart by 2.32-mm stainless-
steel spacer rods set at 2.19-mm intervals around the circumferénce.
The wheel assembly was mounted in an opening in the middle of the
side wall 1.25 cm above the floor and protruded 1.25 cm into the
enclosure. An aluminum shield rotating on the same axis as the wheel

was remotely raised or lowered by a belt drive attached to a 110-V.



reversible motor mounted on the outside of the chamber. A photo-
electric cell and 1ight source were positioned so that the light

beam passed through holes spaced at 900 intervals around the per-

imeter of the end plates of the wheel. A single interruption of the
1ight beam triggering appropriate programming logic constituted a Whee1-
turning response. To prevent unwanted auditory signals from reaching
the subjects, the conditioning chamber was located in a small animal

IAC sound isolation room equipped with an air supply, a 60-w. house
1ight, and a 10-cm speaker attached to the ceiling directly above the
chamber. The speaker was used for the continuous presentation of white
noise at 75 dB (measured on the C scale of a Scott sound pressure meter)
to provide additional masking of external sounds.

The restrained sdbjects were held in a heavy-gauge wire mesh cage
measuring 4.5-cm wide x 6.0-cm high x 18-cm long with a small slot
| above the subject's head. The cage was secured to the‘floor of the
conditioning chamber and positioned so that the subject could rotate
the wheel when the aluminum shield was raised. A removable vertical
series of metal slats at the rear of the restrainer were adjusted to
hold the subject tightly in the restrainer.

The CSs were a 1-kHz and a 5-kHz tone generated by an audio-
oscillator, and presented through the speakers mounted on the top of
the conditioning chamber. The stimuli were counterbalanced such that
one half of the subjects received the 1—kHi tone as CS+ whereas the
other half received the 5-kHz signal as CS+. The intensities of the
CSs were adjusted to 15 dB above the white noise background (using
the C scale of a Scott sound pressure metér) measured 4 cm in front

of the response wheel.
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The US was a 20 pps train of0.1 msec., 240 volt pulses provided
by a Massey Dickinson constant wattage shocker. The US was delivered
to the base of the rat's tail through #6 round-head machine screws
attached to two 1.25-cm pieces of rubber tubing that fit snuggly on
the rat's tail. A 1iberal amount of electrode paste was applied to
the tail to help maintain constant electrode resistance throughout
conditioning. To prevent biting at the shock electrodes, the tail
of the unrestrained rat was inserted through the slot in the floor
of the conditioning chamber and held there by means of a plastic washer.
The rat's tail was inserted through the washer and a piece of adhesive
tape was p]aced below the washer to keep the rat from pulling its tail
back through the slot. The shock electrodes were then positioned on
the tail below the washer and anchored there with an additional band
of tape. Although this arrangment did reduce, to some extent, the
kinds of activities that the unrestrained subjects cou]d make, it was
relatively easy for them to move around the conditioning chamber.

Heart rate was recorded by means of a punched paper tape system that
provided an on-line tabulation of the number of heart beats occurring
in successive time intervals within each trial. This system, much of
which has been described ih detail elsewhere (Fitzgerald, Vardaris,
& Teyler, 1968), operated in the following manner. The electrocar-
diogram (ECG) was amplified by a solid state differential amplifier and .
then written out on one channel of a Grass polygraph. A lever-type
Microswitch waé positioned such that a switch closure was produced when
the oscillograph pen was deflected by the R wave of the QRS complex.
The switch closure triggered a pulse shaper that supplied a pulse to a

BCD counter for each heart beat. An end-of-count command occurred at
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the gnd of each counting interval transferring the conténts of the counter
to storage thus freeing the counter to accept incoming signals within

30 py sec. The heart-beat total was then punched out on paper tape and

the storage mode reset for the next counting interval. To provide a
visual check on the reliability and accuracy of the counting circuit,

the output of the pulse shaper activated another oscillograph pen. These
spikes represented the heart beats that were actually counted. The
accuracy of the heart-rate circuit was periodically checked by sub-
stituting a 10-Hz signal for the ECG signal.

The EMG signal was measured using a Tektronix 561A osci1loscope
equipped with a 2A61 differential amplifier. The amplifier's 60-Hz
notch filter and main filters (set to pass 6 Hz to 600 Hz) were used
in order to eliminate unwanted noise. The output of the differential
émp]ifier fed a Massey Dickinson Schmitt trigger that provided a pulse
for each EMG spike that exceeded .05 mv. The output of the Schmitt
trigger was connected to a BCD counting network identical to that used
to tabulate heart beats.

Movement activity of the subjects was monitored by amplifying the
output of the floor-mounted phonocartridge with a Grass low level
D.C. preamplifier set at .05 mv/cm sensitivity. The output of the
amplifier was fed to an integrating device (Bitterman, 1966) that pro-
vided 50-msec. pulses, the frequency of which was proportiona1 to the in-
put voltage. These movement events were accumulated in a third circuit
identical to those used for heart beats and EMG activity.

Latencies of wheel-turning escape responses were printed out to
the nearest.O.Isec. at the end of each trial using a Massey Dickinson

counter-printer.
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Trials were initiated automatically by a film-tape programmer,
while events within a trial were programmed and timed using Massey
Dickinson transistorized logic modules. Two identical conditioning
chambers, each housed in sound isolation enc]oéures, allowed two sub-
jects to be conditioned concurrently.

ECG and EMG electrodes

The ECG electrodes consisted of 1.2-cm stainless-steel lock
washers soldered to 7.5-cm pieces of number 26-ga. plastic insulated
wire. The EMG electrodes were constructed of 0.125-mm diameter teflon
coated stainless-steel wires. Each recording wire wds soldered to an
Amphenol Reliatac pin and inserted into a 5-pin Amphenol "Tiny Tim"
head-post connector. Two electrodes were used for both ECG and EMG
recording, while a fifth 2.5-cm bare #30 stainless-steel wire served
as a ground. A11 five electrode wires were contoured to lie flat along
the base of the head post and were 1;su1ated with a small amount of
dental acrylic.

Electrode implantation

A11 subjects were anesthetized with a 40 mg/kg dose of sodium
pentobarbital. Additional amounts of Penthrane (methoxyflurane)
were administered as needed to maintain proper depth of anesthesia.
Surgery was carried out under "clean" conditions with aseptic procedures
not necessary due to therat's high resistance to infection. A 5-cm
dorsal-midline incision was made starting 1.25 cm injfront of the eyes.
A second 1.25-cm ventral-midline incision was made above the sternum.
After the skull was scraped clean, the head post was anchored in place

with dental acrylic and two machine screws.
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One ECG electrode was sutured at the posterior end of the dorsal
incision while the other lead was tunneled under the skin and secured
in a similar manner above the sternum. Both EMG wires were tied in
a knot Teaving a small loop for anchoring to the surrounding tissue.
Fach of the EMG leads was inserted 3.1 mm into a 25-ga. needle and
bent back in Tine with the needle shaft. The needle was thrust into
the region of the trapezius muscle and then withdrawn leaving the EMG
wire embedded in the muscle tissue. All subjects weke given at least
four days to recover from the surgery before beino tested in the con-

ditioning procedure.

Procedure

The basic design of the experiment was a 2 x 2 factorial with the
two dimensions being the conditioning paradigm (signalled escape
training vs. yoked classical conditioning) and the degree of restraint
imposed (unrestrained vs, restrained). Fourteen subjects were used in
each group. |

A11 subjects were given a differential conditioning procedure in
which CS+ was paired with the US and CS- was not paired with the US.
For one-half of the subjects CS+ was a 1-kHz tone and CS- a 5-kHz tone.
The other half of the subjects in each group received a 5-kHz tone as
CS+ and a 1-kHz tone as CS-. A1l subjects received a 15-min. period
of adaptation to the conditioning chamber followed by 24 CS-alone
trials consisting of 12 CS+ and 12 CS- presentations. Next, 80 ac-
quisition trials were given with 40 CS+ and 40 CS- trials. The two
types of trials were presented in a random series of 10 trials (CS+,
€S-, CS+, CS+, CS-, CS+, €S-, CS+, CS-,CS-)repeated eight times. A1l
trials were presented with an intertrial interval of either 80, 120,

or 160 sec (¥=120 sec.). An escape subject and a yoked classical
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subject were conditioned at the same time with trials alternating
between the subjects.

A1 trials began with the shield in the down position blocking
the animal's access to the wheel. On reinforced-escape trials CS+
was followed 6 sec. later by the raising of the shield. When the
wheel was sufficiently exposed to permit a response, the shock was
delivered with both the CS and shock remaining on until the whee1'was‘
turned. If no response occurred within 60 sec., the CS and shock were
terminated automatically. Reinforced-classical trials were exactly
the same as escape trials except that the response wheel was locked
in position and the subjects were unable to terminate the US. The
durations of the CS and US for a yoked classical subject on any given
trial were identical to those received by the escape subject on that
trial. Nonreinforced trials for both the escape and classical sub-
jects consistedof a 7-sec. presentation of CS-iwithout the US or the raising
of the shield. The duration of CS- was chdsen to overlap the first 0.5
sec. of shock that would necessarily occur on all escape trials.

Heart beats, movements, and EMG activity were counted in a 6-sec.
pre-CS interval, in three subsequent 2-sec. intervals during the CS
and in a 6-sec. interval following the US. Each score was converted
to a response-per-minute index. These scores were then corrected for
base-1ine activity by subtacting the rate during the 6-sec. pre-CS
period. The resulting difference scores were positive when there was
an increase in heart rate, movement, or EMG activity and negative when
there was a decrease in responding. A1l transformations and data

analyses were performed on a Wang 720 minicomputer system.
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RESULTS

Pre-test CS alone

Mean heart-rate, movement, and EMG difference scores in the
three 2-sec. intervals of the CS period averaged over all of the
pre-test trials are shown for each group in Figure 1. The res-
ponses elicited by the two CSs were averaged together after
separate analyses of variance demonstrated no significant differ-
ences between CS+ and CS-.

Heart rate. The top portion of Figure 1 shows the heart-rate
reactions of each group on the pre-test trials. It can be seen that
the CS elicited decelerative changes in heart rate in all of the
groups with the magnitudes of the changes being slightly larger in
the first counting interval than in the last counting interval. A
three-way analysis of variance (unrestrained vs. restrained x escape
vs. classical x counting intervals) demonstrated that the change in
heart rate across the counting intervals was reliable (F=9.76, df=2/104,
p<.01). There were no significant effects of degree of restraint or
conditioning procedure.

Movement activity. Mean movement difference scores of the four

groups are plotted in the middle section of Figure 1. Inspection of
this part ot the figure indicates that the CS was accompanied by an over-
all increase in movement in all of the groups with the dnset of the CS
eliciting tﬁe greatest change. By the end of the CS period, movement
was at or near pre-CS levels in all groups. Comparison of the upper

and middle sections of the figure reveals that heart réte decelerated

in spite of increased movement activity and that the largest decel-
erations occurred at the same time as the biggest movement responses. A
three-way analysis of variance established that the reduction in move-

ment over the counting intervals was reliable (F=16.05, df=2/104,p {.01).



Figure 1. Mean CS minus pre-CS heart rate, movement, and EMG responses
of the unrestrained-escape, unrestrained-classical, restrained-escape
and restrained-classical groups during the three 2-sec. intervals of

the CS averaged over all of the pre-test trials.
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Once again there were no significant differences as a result of the degree
of restraint or conditioning procedure.

EMG activity. The bottom section of Figure 1 depicts the EMG re-

sponses of the four groups. Data of five subjects in each group were

lost due to recording difficulties. With the exception of the restrained-
escape group, EMG activity, 1ike movement, increasedbovera11 to the CS

in each group. However, the unrestrained groups showed an increase in

EMG activity over the three counting 1nterva1s while the restrained

groups showed a decrease. Thus, in the unrestrained groups the pattern
of EMG activity was opposite to that of movement whereas in the restrain-
ed groups the patterns were similar. An analysis of variance revealed a
significant unrestrained vs. restrained x counting 1nterVals interaction
(F=4.83, df=2/64, p<.01) refiecting the reliability of the difference in

the patterns of EMG responses of the unrestrained and restrained groups.

Acquisition
Heart rate. Mean heart-rate responses to CS+ and CS- during the

three 2-sec. periods of the CS-US interval averaged over successive
12-trial blocks of acquisition are plotted in Figure 2. The top half of
the figure shows the results of the unrestrained groups and the bottom
half those of the restrained groups. Comparison of the two parts of the
figure reveals that the heart-rate reactions of the unrestrained groups
to both CSs were predominately accelerative while those df the restrained
groups were consistently decelerative.

More detailed examination of the upper left-hand portion of Figure
2 indicates that the unrestrained-escape group showed Tittle
evidence of conditioning until the last 12 trials of acquisition.
During the first 24 trials both CSs elicited comparable accelerative

heart-rate responses that increased in magnitude across the three



Figure 2. Mean CS minus pre-CS heart-rate responses of the unrestrained-
escape, unrestrained-classical, restrained-escape, and restrained-

classical groups in each 2-sec. interval of both CS+ and CS- as a function

of 12-trial blocks during acquisition.
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counting intervals. On the final block of trials a similar pattern
of heart-rate acceleration continued to occur to CS+ with responﬁinq
to CS- being diminished. Separate 2 x 3 analyses of variance (CS+
vs. CS- x counting intervals) were performed on each 12 trial block of
acquisition. During the final 12 acquisition trials there was a
reliable difference in the heart-rate responses to CS+ and CS- (F=10.42,
df=1/65, p<.01) establishing that conditioning occurred. There was
also a reliable counting interval effect in all phases of acquisition
(Block one: F=8.59, df=2/56, p<.01; Block two: F=3;69, df=2/65,
p<.05; Block three: F=5.42, df=2/65, p<.01).

The unrestrained-classical group shown in the upper right-hand
portion of Figure 2 revealed evidence of conditioning in all phases
of acquisition. However, the magnitude of the difference between CS+
and CS- was somewhat smaller in the last 12 trials than in the first
24 trials. The basic form of the conditioned response, consisting of
a progressive increase in the magnitude of heart-rate acceleration
in the presence of the CS,was established in the first 12 acquisition
trials, and remained virtually unchanged through the remainder of ac-
quisition. Separate 2 x 3 analyses of variance indicated that re-
sponding to CS+ and CS- was significantly different in each block
of acquisition, Block one: F=21.33, df=1/65, p <.01; Block two: F=11.82,
df=1/65, p<.01; Block three: F=7.34, df=1/65, p<.01. The heart-
rate change over counting periods was reliable in the first (F=4.37,
df=2/65, p<.05) and second (F=3.64, df=2/65, p<.05) blocks.

Although there was some suggestion that the unrestrained-classical
group conditioned faster than the escape group a 2 x 2 x 3 analysis
of variance (escape vs. classical x CS+ vs. (S- x trial blocks) car-

ried out on the mean heart rate of the three counting intervals failed
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to provide any significant differences between the two groups.
There was, however, a reliable difference between the overall responses
to CS+ and CS- (F=7.54, df=1/26, p<.05) for both groups combined.
Mean heart-rate difference scores of the restrained-escape
group are plotted in the lower left-hand section of Figure 2. It can
readily be seen that decelerative heart-rate responses occurred to
both CS+ and CS- and that the largest difference between the two
responses reflecting conditioning occurred during the last 12 trial
block of acquisition. The most pronounced difference in the forms of
the responses a]so appeared to occur during the last block of ac-
quisition. At this point heart-rate deceleration to CS+ was greatest
during the second and third 2-sec. periods whereas the response to CS-
was maximal during the first 2-sec. interval. Analyses of variance
(CS+ vs. CS- x counting intervals) computed at each stage of ac-
quisition demonstrated that only during the final 12 trials was there
a significant difference between the responses to CS+ and CS- (F=27.31,
df=1/64, p< .01). The CS+ vs. CS- x counting intervals interaction
was also significant (F=5.50, df=2/65, p<.01) indicating that the
forms of the two responses were reliably different oh these tr?a]s.
During the second block of trials there was a reliable change in
heart rate across the counting intervals (F=7.46, df=2/65, p<.01).
The lower right-hand portion of Figure 2 indicates that like
the restrained-escape group the restrained-classical group also de-
monstrated decelerative heart-rate responses to both CS+ and CS-.
The form of the heart-rate reactions to both CSs varied considerably
over the first two blocks of acquisition. By the final 12 trials,
there were uniform decelerations in heart rate over the three counting
intervals of CS+ which were larger in magnitude then those elicited

by CS-. Evidence of conditioning in terms of a significant difference
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in the magnitude of heart-rate deceleration to CS+ and CS- occurred
during the last 12 trials of acquisition (F=11.46, df=1/65, p<.01).
No significant effects were ohtained in the other trial blocks.

The mean responses of the two restrained groups were compared
using a 2 x 2 x 3 analysis of variance (escape vs. classical x CS+
vs. CS- x trial blocks). This test established that the groups were
not significantly different from each other. There was a reliable
increase in the magnitudes of the heart-rate responses over the
three blocks of acquisition (F=9.46, df=2/52, p<.01) and a reliable
CS+ vs. CS- x trial blocks interaction (F=9.88, df=2/52, p<.01) in-
dicating that the responses to CS+ and CS- diverged over the three
trial blocks.

Movement. Mean movement responses of the groups in each 2-sec.
interval of CS+ and CS- are plotted in Figure 3 as a function of 12
trial blocks during acquisition. Examination of the upper half of the
figure reveals that the onset of both CSs produced a burst of ac-
tivity in the unrestrained groups that was slightly 1argerbin magni-
tude to CS+ than to CS- during each phase of acquisition. These
onset reactions were then followed by gradual reductions in movement
across the three measurement intervals to near or in several in-
stances slightly below pre-CS levels.

Individual 2 x 3 (CS+ vs. CS- x counting intervals) analyses of
variance performed at each stage of acquisition provided a signi-
ficant overall difference between CS+ and CS- during the first 12

trials in the escape group (F=15.27, df=1/65, p<.01). In this
| block there was also a reliable CS+ vs. CS- x counting periods in-
teraction (F=5.15, df=2/65, p<.01) reflecting the difference in the

changes in movement over the counting intervals of the CSs. In



Figure 3. Mean CS minus pre-CS movement responses to CS+ and CS- during
the three 2-sec. periods of the CS-US interval averaged over successive
12-trial blocks of acquisition for the unrestrained-escape, unrestrained-

classical, restrained-escape and restrained-classical groups.
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addition, the overall changes in movement during the counting intervals

of the CSs were reliable in each 12 trial block of acquisition:

Escape group (Trial block one: F=5.17, df=2/65, p< .05; Trial block two:

F=3.19, df=2/65, p.< 05; Trial block three: F=5.65, df=2/65, p<.01),

Classical group (Trial block one: F=6.94, df=2/65, p<.01; Trial

block two: F=4.16, df=2/65, p< .05; Trial block three: F=12.60, df=2/65,

p<.01). None of the outcomes pertaining to differences in the topo-

graphy of movement activity to the two CSs were significant. As a

further test of the presence of conditioning, the movement responses

in the first counting‘interva1s of CS+ and CS- were compared for both

groups using separate 2 x 3 (CS+ vs. CS- x trial blocks) analyses of

variance. For the unrestrained escape group, these tests resulted

in a reliable effect of CS+ vs. CS- (F=9.87, df=1/65,»p<’iﬂ) demon-

strating an overall learned movement reaction to the onset of CS+.

In the unrestrained classical group the CS+ vs. CS- effect fell just

short of statistical significance (F=3.79, df=1/65,;)>.05; F=3.98

needed for p<.05) indicating that there was also a tendency for

conditioned movement to occur to the onset of CS+ in this group.
Finally, to determine if the conditioning procédure affected the

movement activity shown‘by the unrestrained groups a 2 x 2 x 3 (escape

vs. classical x CS+ vs. CS- x trial blocks) analysis of variance

was carried out using the movement reactions averaged over the three

CS counting intervals as the raw data. This test demonstrated that

the two groups were not significantly different from each other.

There was, however, a significant difference in the overall responses

to CS+ and CS- (F=5.14, df=1/26, p< .05) providing additional evidence

of learned increases in movement to CS+ in the unrestrained treatment

condition.
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The Tower half of Figure 3 shows that the burst of activity to

the CSs found in the unrestrained groups was also generally present
in the restrained groups. However, in the latter case there was a
clear tendency for movement to decrease below pre-CS levels by the
second or third counting interval. Of the two restrained groups,
only the group receiving classical-conditioning training provided
visually apparent differential responding to CS+ and CS- with that
occurring mainly in the first counting interval of the CSs.

To test for the presence of conditioned movement in the res-
trained groups separate 2 x 3 (CS+ vs. CS- x counting intervals)
analyses of variance were performed on the trial block data shown in
the lower portion of Figure 3. The only significaht outcomes were
those relating to overall changes in movement to the CSs across the
three counting intervals: Escape group (Trial block one: F=4.78,
df=2/65, p<.05; Trial b]bck two: F=3.29, df=2/65, p<.05; Trial
block three: F=6.81, df=2/65, p<.01), Classical group (Trial block one:
F=10.10, df=2/65, p<.01; Trial block two: F=6.10, df=2/65, p<.01).
None of the factors reflecting possible differencés in responding
to CS+ and CS- were significant. As a further aésessment of condition-
ing, the responses in the first counting intervals of CS+ and CS-
for both groups were compared by means of individual 2 x 3 (CS+ vs.
€S- x trial blocks) analyses of variance. The only significant
outcome of these tests was that of CS+ vs. CS- (F=8.84, df=1/65, p<.01)
in the restrained classical group demonstrating that learned movement
activity occurred during the first counting interval of CS+ in this
group. »

Finally, to assess the influenée of conditioning procedure on

the movement responses of the restrained groups a 2 x 2 x 3 (escape vs.
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| classical x CS+ vs. CS- x trial blocks) analysis of variance was carried
out using the mean movement scores averaged over the three intervals

of the CSs. This test failed to show that there was a reliable dif-
ference between the groups. The analysis did demonstrate that the
slight reduction in movement across blocks of acquisition was reliable
(F=3.20, df=2/52, p{ .05).

One final point to be made with respect to the data shown in
Figure 3 is that the unrestrained groups showed a higher overall level
of movement to both CSs than did the restrained groups. This visually
apparent finding'was shown to be reliable in a 2 x 2 x 3 (unrestrained
vs. restrained x CS+ vs. CS- x trial blocks) analysis of variance
(F=4.53, df=1/54, p<.05). None of those factors relating to condi-
tioning of movement were reliable.

In summary, the analyses carried out in this.section provided
some indication that conditioned movement occurred in both the unre-
strained and restrained groups. However, in both cases it was restricted
primarily to the first third of the CS-US interval. Only in the unre-
strained-escape group were the overall responses to C5+ and CS- reliably
different and this occurred during the first block of acquisition trials.
There were no differences between the escape and classical groups in
terms of amount and pattern of movement activity shown. It may be
pertinenf to note that when compared to movement in the pre-test
trials (see Figure 1) the conditioned movement responses in the first
counting interval shown by the unrestrained-escape and restrained-
classical groups seemed to be due to a reduction in movement to CS-
rather than to an increase in movement to CS+. Thus, the reactions
to CS+ during acquisition were highly similar in magnitude to those

elicited during pre-test. On the other hand, CS- reactions appeared
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to be inhibited during acquisition.

Comparison of Figures 2 and 3 reveals that there was vir-
tually no temporal relationship between conditioned changes in move-
ment activity and conditioned changes in heart rate. The learned
movement responses shown by the unrestrained escape group in the first
block of acquisition were accompanied by the oomplete abs‘en,e of
learned heart rate. Furthermore, the conditioned increases in move-
ment to the onset of CS+ occurred in this group at the same time
that the smallest differences in the accelerative heart-rate reactions
to CS+ and CS- were found. In fact, the heart-rate differences in
the first counting intervals of the CSs were ciose to zero in each of
the three phases of acquisition. In the case of the restrained-
classical group, heart rate decelerated to the onset of CS+ in spite
of corditioned increases in movement during this period of time. How-
ever, it was true that the magnitude of the e patie. diffarancen
between CS+ and CS~ were generally smaller duringvthe first counting
interval than during subsequent intervals.

EMG activity. Mean EMG activity of the groups in each 2-sec.

interval of CS+ and CS- are depicted in Fiqure 4. It can be seen
that, in general, all groups showed an overall increase in EMG
activity during the CSs. Although somewhat more variable than
movement, the EMG reactions also tended to be larger during the
first counting intervals of the CSs thanv during the second and third
intervals. With the exception of the restrained-escape group shownv
in the lower left-hand portion of the figure, all of the groups
demonstrated more EMG activity in the first counting interval of CS+

than in the same interval of CS-. Due largely to the responses of



Figure 4. Mean CS minus pre-CS EMG responses of the unrestrained-escape,
unrestrained-classical, restrained-escape and restrained-classical

groups in each 2-sec. interval of CS+ and CS- for each 12-trial block

during acquisition.
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one subject, the restrained-escape group showed just the opposite
relationship. Contrary to what was observed for movement, the EMG
reactions of the restrained groups generally failed to fall below
pre-CS levels in the second and third counting intervals.

In general, Figure 4 shows that there was alarger difference
between the responses to €S+ and TS5 in the classical groups than
in the escape groups. The differences between CS+ and CS- were
significant for the unrestrained classical group in trial blocks
two (F=22.19, df=1/40, p{ .0l) and three (F=8.37, df=1/40, p{ .01)
and for the restrained classical group in trial block two (F=9.21,
df=1/40, p<£ .01). Although Figure 4 provides some visually apparent
differences between the EMG responses of the escape and classical
groups in the restrained and unrestrained conditions none of these
were significant according to appropriate analyses of variance.

In a further attempt to ascertain the extent to which con-
ditioned changes in EMG activity occurred, separate 2 x 3 (CS% vs., CS-
x trial blocks) analyses of variance were performed on the responses
of all four groups in the first counting intervals of CS+ and CS~.
The results of these tests were consistent with thbsé performed
at each stage of acquisiﬁion in that there was a reliable conditioned
EMG reaction in the first interval of CS+ only in the unrestrained
(F=10.56, df=1/40, p€ .01) and restrained (F=10.90, df=1/40, p<.01)
classical groups.

To summarize, it is important to note that the reliable con-
ditioning effects shown by the two classical groups reflect the fact
that EMG activity increased more to CS+ than to CS-. Although the

conditioned increases in the unrestrained-classical group was temporally
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coincident with the conditioned increases in heart rate shown by this
group (see upper right-hand section of Figure 2) the topographies of the
two reactions were quite different. Thus, the magnitudes of the EMG
differences between CS+ and CS- became smaller over the three counting
intervals at the same time that the magnitudes of the accelerative heart-
rate differences became larger. The absence of a positive relationship
between EMG and heart-rate changes is even more obvious in the re-
strained-classical group. In this case, the two responses changed in
opposite directions with EMG increasing to CS+ and heart rate decreasing

to CS+.

Trial by trial analysis of heart rate and movement

The acquisition results provided virtually no evidence of a
relation between conditioned changes in heart rate and conditioned
changes in motor activity. The single instance of an overall learned
movement reaction shown by the unrestrained-escape group in the first
block of acquisition was accompanied by the absence of a 1earnéd heart-
rate response. Also, in the unrestrained-escape and restrained-classi-
cal groups the learned bursts of movement activity during the first
counting interval were not temporally coincident with learned heart-
rate changes. That is, the heart-rate change to the two CSs was
essentially zero for the unrestrained group during the first counting
interval while the restrained group showed substahtia] nondifferential
decelerations to both CSs during the same period.

Disregarding learned changes and simply focusing on the form
of movement and heart-rate reactions failed to provide any clear

evidence of a correspondence between the two measures. All
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groups showed a similar burst of movement activity to the onset
of CS+ with the amount of activity then declining toward pre-CS
base-Tine Tevels during the final two counting intervals. In con-
trast to this characteristic movement response, the heart-rate
reactions tended to peak in the final counting interval just prior
to the presentation of the US. In the case of the unrestrained
groups this movement was maximal at the onset of the CS whereas
heart-rate acceleration was maximal at the end of the CS. For the
restrained groups increased movement at the beginning of the CS
was associated with cardiodeceleration. Only the decreases in
movement during the final two counting intervals shown by the
restrained groups furnished a correspondence between decelerations
in heart rate and reductions in movement activity.

It is conceivable, however, that the above analysis based on
averages over blocks of 12 trials may have obsecured common
variations between heart rate and movement that may have been pre-
sent from trial to trial during acquisition. In order to obtain
information bearing on this possibility all CS+ trials were sorted
into three categories on the basis of whether heart rate increased,
showed no change, or decreased. Movement activity on the three
types of trials was then tabulated.

Figure 5 shows mean absolute heart rate and movement during
the pre-CS+ and CS+ periods in each of the three categories of trials.
Since there was no statistical difference between the results of the es-
cape and classical groups in the unrestrained and restrained conditions,the
two groups were combined in each condition. The results of the com-

bined unrestrained group are presented on the left side of the figure



Figure 5. Mean heart rate and movement of the unrestrained and restrained
groups during the pre-CS+ and CS+ periods on those trials in which

heart rate either increased, showed no change or decreased. The total
number and percentage number of each type of trial are shown below

each set of histograms.
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while those of the combined restrained group are depicted on the
right side. The absolute numbers and percentage numbers of each
type of trial are shown at the bottom of each category in the
figure.

The left side of the figure reveals that thére was considerable
variability in the direction of the heart-rate responses of the
unrestrained group. Heart rate increased to the CS+ on 49% of the
trials and decreased on 31% of the trials. On the remaining 20%
of the trials there was no change in heart rate. That heart-rate
accelerations were the predominant responses was shown by the fact
that the percentage number of trials in the increase category was
significantly larger than either the percentage number of decrease
(t=2.14, df=29, p<.05) or no change (t=2.45, df=29, p{.01) trials.
Furthermore, decreases in heart rate occurred more frequent]y than
no change (t=2.89, df=29, p{ .01) in heart rate.

On trials when heart rate accelerated (see far left of'figure) a
relatively large increase in movement resuLted as compared to the
slight movement change in both the no change and decrease categories.
Only on accelerative trials was the change in movement reliably
different from zero (t=4.87, df=27, p{ .01) 1ndica¥ing that heart-
rate accelerations tended to be associated with increased movement
‘whiTe decelerations were relatively independent of reliable changes
in movement.

The left side of Figure 5 also reveals that pre-CS+ heart
rate was lower on trials in which cardioacceleration occurred to

CS+ than on trials in which cardiodeceleration occurred with the

rates being 407 and 454 beats per minute, respectively. Although
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this difference was significant (t=8.68, df=26, p(.OT) there
were no reliable correlations between the magnitudes of the con-
ditioned heart-rate changes and basal heart rates.

Inspection of the right panel of Figure 5 reveals that the
restrained group showed decelerative responses on 70% of the trials.
This proportion of trials was significantly larger than either the
no change (t=12.31, df=29, p< .01) or the increase category (t=10.02,
df=29, p<.01), each of which comprised only 15% of the trials.

The proportions of trials in the latter two categories were not
reliably different from each other. The large number of trials
(711 out of 1,008) in the decrease category attests to the consis-
tency of the heart-rate reactions in the restrained as compared

‘to the unrestrained groups.

Examination of the movement responses of the restrained groups
indicates that there was a small overall decrease in movement on
decelerative heart-rate trials and an increase on accelerative trials.
The change in movement to CS+ was reliably different from zero 1in
both cases (decrease t=2.73, df=27, p< .OT; increase t=2.70, df=21,
p€.01). The slight increase in movement in the no-change-in-heart-
rate category was not reliably different from zero. These results
suggest that there was a tendency for the heart rate and movement
responses of the restrained group to go together.

Similar to what was found in the unrestrained condition base-
level heart rate was significantly higher on heart-rate decelerative
trials than on heart-rate accelerative trials and this difference
was significant (t=4.67, df=21, p{ .01). However, there were again

no reliable correlations between base-level heart rates and the
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magnitudes of either accelerative or decelerative heart-rate reactions
6 G5+,

The above analysis provided an overall assessment of mean move-
ment activity on trials when heart rate either increased, decreased,
or showed no change. However, this sorting procedure did not allow
a determination to be made of the actual numbers of trials that
movement changed in a given direction within each heart-rate category.
This information was obtained by sorting the trials within each of
~ the three heart-rate categories on the basis of whether an increase,
no change, or a decrease in movement occurred. The results of this
procedure for both unrestrained and restrained groups are presented in
Table 1. The absolute numbers of trials in the respective movement
classificatibns and the percentage number of suéh,tria]s along with
mean pre-CS+heart rates, mean heart-rate changes to CS+, mean pre-CS+
movements, and mean movement changes to CS+ occurring on these trials
are presented in columns one through six, respectively. When appro-
priate, the values in each no-change-in-movement grbuping were
tested separately against those in both the increase and decrease
in movement classes using paired t-tests. These tests were based on
varying number of rats since not all rats contributed data to all
movement categories.

Responses of the unrestrained group are presented in the upper
portion of Table 1. Inspection of the increase-in-heart-rate
section shown at the top of the table reveals that of the 488 trials
in which cardioacceleration occurred to CS+, movement increased on
263 or 54% of the trials with the average being +71.40 counts,showed

no change on 204 or 42% of the trials, and decreased on 21 or 4% of



Table 1. The number of CS+ trials in which heart rate increased, showed
no change, or decreased are shown separately for the unrestrained and
restrained groups in the first column. The number of trials within each
of these heart-rate categories when movement increased, showed no change,
or decreased is depicted in the second column. The percentage number of
these trials, along with mean pre-CS+ heart rates, mean heart-rate changes
to CS+, mean pre-CS+ movements, and mean movement changes to CS+ are
presented in columns three through seven, respectively. The heart rate
and movement data in each of the no-change-in-movement groupings were
tested against those that were found in the increase-and décrease-in-

movement classifications using paired t-tests.
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the trials with the average decrease of -117.20. The difference between the
percentage number of no change and increase trials was not reliably
different indicating that movement was equally likely to either
increase or show no change in the presence of heart-rate acceleration
to CS+. Although they rarely occurred decreases in movement were
sometimes accompanied by increases in heart rate.

The mean heart-rate acceleration of 27.60 beats per minute shown by
the unrestrained group on movement increase trials was reliably higher
than the 18.74 beats-per-minute acceleration occurring on movement-
free trials. In those instances when decreases in movement occurred
heart-rate accelerations were slightly but, nevertheless, reliably
reduced. When compared to the no—change-in—movemenf category,
pre-CS+ heart rate and movement were reliably elevated in both the
movement increase and decrease groupings with the differences being
larger in the case of the decrease category. In summary, these re-
sults indicate that the accelerative heart-rate reactions of the
unrestrained group occurred in the absence of movement but that the
magnitudes of the accelerations varied with the direction of motor
activity e}icited by CS+. Also, pre-CS+ heart-rate levels were
positively related to base-Tevel movement activity.

From an examination of the trials comprising the cardiodecel-
eration category shown in the lower portion of the top half of
Table 1 it can be seen that movement increased on 37% of the trials
with the average being +43.70 counts,showed no change on 41% of the
trials and decreased on 22% of the trials with the average being
-99.10 counts.The increase and no change percentages were not reliably
different from one another. However, the percentage of decrease-in-

movement trials was reliably smaller than the percentage of trials
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in which there was no change in movement. Thus, cardiodeceleration
in the unrestrained group occurred more frequently on no-change and
increase-in-movement trials. In addition, the heart-rate deceler-
ations on movement increase trials were comparable to those that
occurred on movement-free trials. However, when movement decreased,
decelerations in heart rate were slightly but significantly larger
than those obtained on movement-free trials. Compared to that which
was found on no-change trials, pre-CS+ heart rate was reliably elevated
on movement-increase and movement-decrease trials as was pre-CS+
movement on decrease trials. Consistent with what was found in the
heart-rate increase section, the cardiodecelerations of the unres-
trained groups occurred in the complete absence of motor activity

on a substantial number of trials. However, the magnitude of the
deceleration was augmented when movement decreased.

The middle no-change-in-heart-rate section shows that movement
trials were approximately equally distributed between the no-change
and increase categories with the percentages of each type of trial
not being reliably different from one another. The percentage of
decrease trials was significantly lower than that shown in the no-
change grouping. Once again, pre-CS+ heart rates and motor movements
in the increase and decrease categories were elevated above the levels
observed in the no-change classification. As a final point, it should
be noted that the magnitudes of the movement changes on the increase
and decrease trials were comparable to those shown in the two other

heart-rate sections and yet corresponding changes in heart rate did

not occur on these trials.
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The three heart-rate categories of the restrained group sorted on
the basis of whéther movement increased, showed no change, or decreased
are presented in the bottom half of Table 1. Focusing on the lower panel
it can be seen that of the 711 decelerative trials, movement showed no
change to CS+ on 431 or 61% of the trials, increased on 139 or 19% of
the trials with the average being +26.40 counts,and decreased on 141 or
15% of the fria1s with the average being -69.70 counté. The percentage of
no-change-in-movement trials was reliably larger than either the per-
centage of trials in the increase- or decrease-in-movement groupings. The
percentages of trials in which movehent either increased or decreased
were essentially identical. Thus, in the restrained group decelerative
heart-rate reactions were equally likely in the presence of an increase
or a decrease in movement to CS+ and in fact decelerations occurred
most of the time in the absence of any change in movement.

The lower panel of Table 1 also shows that magnitude of the
heart-rate deceleration (31 beats per minute) occurring on movement
decrease trials was reliably larger than that shown on no-change-in-
movement trials (21 beats per minute). Cardiodecelerations on the
increase- and no-change-in-movement trials did not differ’from each
other. When compared to the no-change category, both pre-CS+ |
heart rate and movement were reliably elevated in the decrease-in-
movement classification, while only pre-CS+ movement was reliably
higher in the increase-in-movement category. In summary, these
results indicate that in the restrained group heart-rate decel-
erations occurred without any corresponding movement change or even
when movement increased. When movement changed in.the same dir-

ection as heart-rate cardiodecelerations were augmented. This
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finding is sihi]ar to that found in the accelerative and decelerative
heart-rate categories of the unrestrained group.

Examination of the cardioaccelerative trials shown in the upper
section of the bottom half of Table 1 reveals that movement increased
on 50% of the trials averaging +96.20 counts,showed no change on 37%

|
I

of the tria il y o

and decreased on only

3R

3% of the trials averaging -46.50

w
a1

counts. Like heart-rate decelerations, cardioaccelerations of the
restrained group occurred in the absence of any movement and were
reliably augmented when movement changed in the same direction as
hgart rate. However, the heart-rate accelerations on movement
decrease trials were comparable to those that occurred on movement-
free trials. As compared to the no-change-in.movement grouping,
pre-CS+ heart rate was reliably elevated when movement increased
while pre-CS+ movement was reliably elevated when movement decreased.

Inspection of the middle, no-change-in-heart-rate section reveals
that the percentage of no_change-in-movement'tria]s (53%) was re-
Tiably larger than the percentage of trials in which movement in-
creased (39%) with an average of +33.80 counts,or the percentage of
trials in which movement decreased (8%) with an average of -156,10
counts. On the extremely few decrease-in-movement trials pre-CS+
movement was reliably higher than on movement-free trials. Once
again, sizeable increases and decreases in movement occurred on
tkia]s in the absence of any heart-rate change on these trials.

The total number of trials in which movement increased, showed
no change, or decreased was calculated separately for the unrestrained
and restrained groups. This analysis indicated that in the unres-

trained group movement increased on a total of 445 trials (44%)
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showed no change on 451 trials (45%) and decreased on 112 trials (11%).
In the restrained group movement increased on 271 trials (27%), did
not change on 565 trials (56%) and decreased on 172 trials (17%).
Separate t-tests comparing these percentages demonstrated that
there were more movement-increase trials in the unrestrained group
(t=2.63, df=54, p4 .01) than in the restrained group. Furthermore,
there were more decrease-in-movement trials in the restrained
group (t=2.45, df=54, p{ .01) than in the unrestrained group; No~

change-in-movement trials occurred equally often in the two groups.

Variability of heart-rate reactions

The results of the previous section demonstrated that the heart-
rate reactions of the unrestrained group to CS+ were considerably more
variable than those of the restrained group. In the unrestrained con-
dition, increases, no change and decreases in heart rate constituted
49, 20, and 31 percent of the trials respectively, while in the res-
trained condition heart rate decreased on 70 percent of the trials.
Examination of the mean difference score‘heart-rate responses to CS+
of the combined unrestrained groups during the last 12 acquisition
trials revealed that approximately one-half of the subjects showed
accelerative heart-rate reactions while the remaining subjects showed
decelerative reactions. In the combined restrained group only two
out of 28 subjects failad to show a mean decrease in heart rate during

the final block of acquisition.

In order to examine further the relationship between heart rate
and movement activity in the unrestrained condition, those subjects
showing accelerative reactions (n=16) were combined into one group,

while those showing decelerative responses (n=12) were combined into
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another group. Heart rate, movement, and EMG responses of the two
groups in successive 2-sec. intervals of CS+ and CS- adjusted for
base level and averaged over the last 12 trials of acquisition are
plotted in Figure 6. From inspection of the left-hand portion of the
figure it is apparent that the accelerative group developed a well
differentiated conditioned response. Cardioacce]eration increased

in magnitude to CS+ over the three counting intervals while the
response to CS- was near zero. The reliability of these visually
apparent findings were established in a 2 x 3 (CS+ vs. CS- x counting
intervals) analysis of variance. The outcomes of this test provided
a significant effect of CS+ vs. CS- (F=53.75, df=1/75, p{.001) a
significant effect of counting intervals (F=11.02, df=2/75, p¢ .01) and
a significant CS+ vs. CS- x counting period interaction (F=8.00,
df=2/75, p{ .01) reflecting the difference in the heart-rate changes
to the two CSs.

In contrast to the obvious difference between CS+ and CS- in the
accelerative group, there was little evidence of differentiation
between the two CSs in the decelerative group. The only indication of
a conditioned heart-rate reaction was the slight increase in magnitude
of the heart-rate change to CS+ over the three counting intervals
coub1ed with the small decline in response magnitude to CS-. A 2 x 3
analysis of variance resulted in a reliable CS+ vs. CS- x counting
intervals interaction (F=3.88, df=2/55, p{ .05) demonstrating that
the heart-rate changes to CS+ and CS- were in fact different. None of
the other factors were significant.

To determine whether differences in base-level heart rates might

have contributed to the opposing heart-rate response shown by these two



Figure 6. Mean CS minus pre-CS heart rate, movement and EMG responses

to CS+ and CS- during each 2-sec. interval of the CSs for those unres-
trained subjects (n=16) showing heart-rate acceleration fo CS+ and those
unrestrained subjects (n=12) showing heart-rate deceleration to CS+

averaged over the last 12 acquisition trials.
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groups, pre-C5+ heart rates were tabulated for both groups over the
last 12 acquisition trials. These tabulations revealed that the rates
for the accelerative and decelerative groups were 413 and 408 beats
per minute, respectively. A t-test established that this difference
was not significant.

The middle panel of Figure 6 shows the movement responses of
the two groups. Both groups displayed an increase in movement to the onset
of the CSs followed by a decline in movement over the remaining two
counting intervals. However, only the accelerative group showed any
indication of a conditioned movement response. A 2 x 3 (CS+ vs.
CS- x counting intervals) analysis of variance performed on the
movement results of the accelerative group demonstrated that the
difference between CS+ vs. CS- was reliable (F=8.29, df=1/74, p{ .05).
An identical analysis carried out for the decelerative group revealed
that the overall change in movement during the CSs was the only
significant factor (F=14.45,df=2/55, p¢.01). It may be pertinent
to note that movement activity of the unrestrained decelerative
subjects in this analysis was similar to that shown for the res-
trained groups in the bottom half of Figure 3. Thus, whether
restrained or unrestrained, those rats showing cardiodeceleration to
the CSs displayed a common pattern of movement activity. Move-
ment responses of the accelerative subjects were also compar-
able to those shown for the unrestrained groups in the top half
of Figure 3.

The EMG responses of both groups are presented in the right-hand
section of Figure 6. The reactions of the accelerative group were

similar to their movement responses, but in this case the small dif-



ference between the two CSs was not significant. 'In contrast to both
their heart-rate and movement reactions the decelerative group showed
a substantial conditioned EMG response. The reliability of this
response was established by a significant effect of CS+ vs. CS-
(F=7.33, df=1/20, p{ .05). Comparison of the right and left-hand
portions of Figure 12 indicates that this conditioned increase in

EMG activity was associated with nonsignificant cardiodeceleration

to CS+

Base level heart-rate, movement and EMG activity

An estimate of base-level responding was provjded by measuring
the amount of activity in a 6-sec. interval of time located just
prior to onset of the CS. This pre-CS measure was subtracted from
activity showh during the CS to form a difference score adjusted
for base Tevel.

Heart rate. Pre-CS heart rate on CS+ and CS- trials of all four
groups are presented in Figure 7 in three successive 12-tf1a1 blocks
of acquisition. Inspection of the left side of the figure reveals
that pre-CS heart rates of the unrestrained groups decreased sub-
stantially over acquisition with those of the gscape group generally
being lower than those of the classical group. Both groups also
showed a slightly higher heart rate on CS- trials than on CS+
trials. In an analysis of variance the change in heart rate across
acquisition trials was significant (F=39.96, df=2/52, p< .001) as
was the difference between CS- and CS+ (F=66.95, df=1/26, p{ .001).
The difference between the escape and classical groups was not sig-
nificant. The analysis also provided a significant CS+ vs. CS- x

trial blocks interaction (F=3.77, df=2/52, p{ .05) indicating that

68



Figure 7. Mean pre-CS heart rate on CS+ and CS- trials averaged over
successive 12-trial blocks of acquisition for the unrestrained-escape,

unrestrained-classical, restrained-escape, and restrained-classical

groups.
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the difference between CS+ and CS- was not constant across acquisition
and a significant escape vs. classical x CS+ vs. €S- x trial blocks
interaction (F=5.02, df=2/52, p{.05) indicating that pre-CS heart
rate on CS+ and CS- trials changed differently over acquisition in

the two groups.

Examination of the right side of Figure 7 shows that at the be-
ginning of acquisition pre-CS heart rates of the restrained-escape
and ;1assica1 groups were similar. Thereafter, their rates diverged
with the escape group showing a slight dec]iﬁe and the classical
group remaining fairly constant. Like the unrestrained groups, base-
level heart rate of the restrained groups was s]ith]y higher on
CS- trials than on CS+ trials although in the case of the classical
group this difference was larger at the beginning than at the end of
acquisition. Analysis of variance provided a significant effect of
CS+ vs. CS- (F=15.38, df=1/26, p<¢ .01)and a significant excape vs.‘
classical x CS+ vs. CS- x trial blocks interaction (F=3.76, df=2/52,
p<€.05). The significant triple order interaction reflects the fact
that the difference between CS+ and CS- changed over acquisition
and that this change was not the same in the escape and classical
groups.

Perusal of the two sides of Figure 7 reveals that while the
pre—CS heart rates of the unrestrained and restrained groups were
comparable at the beginning of acquisition, by the end of ac-
quisition the rates of the unrestrained groups declined to a point
considerably below those of the restrained groups. Analysis of
variance collapsed across the CS+ vs. CS- and classical vs. escape

dimensions provided a significant effect of trial blocks (F=25.11,
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df=2/108, p{.001) and a significant unrestrained vs. restrained

x trial blocks interaction (F=11.06, df=2/108, p{ .001) establishing
that the differential change in heart rate over acquisition was
reliable. A comparable test carried out on just thé final block of
trials demonstrated that base-level heart rate of the combined
restrained groups was significantly higher than that of the combined
unrestrained groups at that point (F=4.28, df=1/54, p {.05).

Movement activity. Pre-CS movements to CS+ and CS- exhibited

by each group are plotted separately in Figure 8. Examination of

the left side of the figure reveals that the amount of movement shown
by the unrestrained groups decreased over acquisition (F=10.43,
df=2/52, p<{ .01) with more movement occurring prior to CS- than to
CS+ (F=8.07, df=1/26, p{ .01). Although it is visually apparent that
movement in the escape group was consistently less than that in the
classical group this difference was not significant.

The right side of Figure 8 fails to show any consistent dif-
ferences in base-level movement of the restrained groups. Although
not easy to see, there was a small decrease in movement over ac-
quisition which was significant (F=3.67, df=2/52, p<¢ .05).

Comparison of the left sides of Figure 7 and 8 provides visual
evidence of a reasonably close relationship between>heart rate and
movement in the unrestrained condition. Although not perfect, the
relative differences between pre-CS+ and pre-CS- heart rate and the
decrease in heart rates over trials were similar to that found for
movement. To check on the reliability of this reiationship the
decreases in heart rate betwéen trials 1-12and trials 25-36 collapsed

across the two CSs were compared to the decreases in movement by



Figure 8. Mean pre-CS movement activity of the unrestrained-escape,
unrestrained-classical, restrained-escape and restrained-classical

groups on both CS+ and CS- trials as a function of 12-trial blocks

during acquisition.
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means of separate Spearman rank correlation tests for the classical

and escape groups. The magnitudes of the heart rate and movement
decreases were reliably correlated in the escape group (r=.52, p<.05,
one tailed), but not in the classical group (r=.40 p> .05, one tailed).

EMG activity. Mean base levels of EMG activity to CS+ and

CS- of ¢
base-level EMG activity paralleled movement in the unrestrained and
restrained groups. In the unrestrained groups, EMG activity decreased over
acquisition and appeared to be higher on CS- than on CS+ trials.
An analysis of variance provided a significant effect of trial blocks
(F=5.73, df=2/32, p{ .01), a significant effect of CS+ vs. CS-
(F=6.08, df=1/16, p {.05) and a significant escape vs. classical x CS+
vs. CS- x trial blocks interaction (F=5.50, df=2/32, p {.01).

For the restrained groups, there was no evidence of systematic
differences in EMG activity and an analysis of variance confirmed

this impression.

Unconditioned responses

Unconditioned heart rate and movement were measured in a
6-sec. interval on each trial beginning 3 sec. after the termination
of shock. In the case of EMG activity the 6-sec. period began 5 sec.
after shock. These numbers,corrected for base level by subtracting
the 6-sec. pre-CS measure from each of them, were then converted to
a rate-per-minute index. The adjusted heart-rate responses of the
four groups averaged over three successive blocks of 12 trials are
plotted in the left-hand side of Figure 10.

Heart rate. It is obvious that the unconditioned heart-rate

reactions of all groups were accelerative with the magnitudes of the



Figure 9. Mean pre-CS EMG activity for both CS+ and CS- trials
averaged over 12-trial blocks during acquisition for the un-
restrained-escape, unrestrained-classical, restrained-escape, and

restrained-classical groups.
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reactions decreasing systematically over acquisition (F=22.30, df=1/52,
p<{.001). As might be expected, the shocks elicited bigger accel-
erations in the unrestrained groups than in the restrained groups
(F=14.16, df=1/52, p{ .01). The unrestrained-escape group that was
required to rotate the wheel to terminate shock appeared to show

a slightly smaller heart-rate reaction than did the unrestrained-
classical group that could not manipulate the wheel. Just the op-
posite relationship seemed to be present in the restrained condition.
However, neither of these differences were significant.

Movement activity. Inspection of the middle section of Figure 10

reveals that unconditioned movement activity of the unrestrained
groups increased slightly over acquisition while the amount of this
activity in the restrained groups decreased slightly. Within the
unrestrained treatment, the classical group appeared to demonstrate
more movement than did the escape group. However, the only sig-
nificant outcome of an analysis of variance was that of the restrained
vs. unrestrained x trial blocks interaction (F=4.54, df=2/104, p{ .05)
reflecting the fact that the change in the amount of movement of the
two groups across acquisition was reliably different.

Consistent with what was found for conditioned heart rate, move-
ment and unconditioned heart rate appeared to show some independence.
Thus, in the restrained groups, sizeable decreases in the magnitudes
of the heart-rate unconditioned responses were associated with rather
small decreases in movement. In the unrestrained groups, heart rate
and movement changed in opposite directions.

EMG activity. Examination of the right-hand portion of Figure 10

suggests that the restrained group showed slightly more unconditioned



Figure 10. Mean unconditioned heart rate, movement and EMG responses
of the unrestrained-escape, unrestrained-classical, restrained-escape,
and restrained-classical groups for each 12-trial block during ac-
quisition. Unconditioned heart rate and movement responses were mea-
sured in a 6-sec. interval beginning 3 sec. after termination of the
shock. In the case of EMG activity the 6-sec. period began 5 sec.
after the shock. A1l three response measures were corrected for

base level by substracting from. each the level of responding that was

present during a 6-sec. pre-US period.
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EMG activity than did the unrestrained group and that the amount of
activity may have increased across acquisition for all groups.
However, none of the factors of an analysis of variance carried out

on these data were significant.

Wheel-turning escape latencies

ditioning trial received by the subjects in the escape groups was
determined by how long it took the subjects to rotate the wheel once
the shock was presented. The latencies of these wheel-turn responses
also controlled the duration of shock presented to the yoked clas-
sical subjects. These response latencies of the two escape groups

on each of the first 12 trials of acquisition and on the remaining

two blocks of 12 trials are presented in Figure 11. Examination of
this figure reveals that during the earliest part of conditioning the
latencies of the wheel-turning responses of the unrestrained groups
were appreciable longer than those of the restrained groups. By the
end of the first 12 trials both groups turned the wheel

within 2.5 to 3.5 sec.after the onset of shock. No further improvement
was evident on the remaining 36 conditioning trials. A 2 x 2

analysis of variance carried out on the data shown in Figure 17 re-
sulted in a reliable effect of trials (F=2.92, df=13/388, p{ .01).

The unrestrained vs. restrained x trials interaction was just short of
the 0.5 level of significance (F=1.70, df=13/338, p<.10). These
results indicate that during most of conditioning the durations of
shocks experienced by the unrestrained and restrained groups and by

the yoked classical groups were comparable.



Figure 11. Mean wheel-turning escape latencies of the unrestrained-
escape and restrained-escape groups on each of the first 12 trials
of acquisition and on the remaining 24 trials in two blocks of 12

trials each.
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INTRODUCTION II

A principal finding of this experiment was that both the unre-
strained-escape and unrestrained-classical groups developed conditioned
accelerative heart-rate responses while the corresponding restrained
groups displayed conditioned decelerative responses, In neither unre-
strained or restra%ned conditions did the opportunity to make a wheel-
turning escape response influence the direction or magnitude of the con-
ditioned heart-rate changes. Furthermore, there was no evidence that
the subjects receiving escape training responded somatically to the CS
signalling shock as might have been expected had this type of training
produced a general state of excitation. Thus, the amount and pattern
of motor activity shown by the escape groups to CS+ was not different
from that revealed by the classical groups,

The fact that all of the subjects in the restraiped-escape group
showed heart-rate dece]eratidns to CS+ during the Tast 12 trials
of conditioning appears to demonstrate that immobilization was
the dominant factor controlling the direction of the heart-rate
change and that the escape contingency played no role. On the
other hand, it is conceivable that the wheel-turning response in
this group was poorly learned or that it required too lTittle ef-
fort to encourage the development of an anticipafory state of pre-
paredness that would in turn produce cardioaccelerations. From an
examination of the response latencies shown in Figure 10 it can
be seen that there was very little improvement over the course of
conditioning in the speed with which the restrained-escape subjects
rotated the wheel to terminate the shock. Due to the proximity of
the subjects to the wheel it seems likely that the wheel may have been

rotated fortuitously on some trials by shock-elicited struggling. These



occasions would, of course, be counter productive to the learning of an
integrated wheel-turning reaction.

An attempt was made in a second experiment to insure that a
vigorous well organized escape response was learned by restrained rats
during the conditioning session. To accomplish this objective the rats
were required on each trial to rotate the wheel continuously throughout
a 1-min. period in order to either terminate the shock or postpone its

recurrence.

80
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METHODS II

Subjects

Twenty female Long-Evans hooded rats served as subjects. The .
rats were purchased from Charles River Laboratories and housed with ad
1ib access to food and water in facilities provided by the Department of

Animal Care at the University of Oregon Health Sciences Center.

Apparatus

With the exception of the restraining device, the basic apparatus
including the wheel-turning chambers and ECG recording system were the
same as those used in Experiment I. The restrainer was constructed of
Plexiglas and meausured 20.5-cm long x 5.0-cm wide x 6.5-cm high at
the front tapering to 5.0 cm at the back. The rear of the restrainer
was drilled with a matrix of holes with 1.3-cm spacing through which
rods were placed to adjust the size of the holder to the subject. This
restrainer provided the subjects with slightly better access to the
wheel than did the wire mesh cage used in Experiment I,

The CS was a 5-kHz tone presented through the speaker mounted
in the ceiling of the chamber. The US was delivered to the rat's tail
using the same electrodes and shock parameters as those employed in
Experiment I. The total duration of shock received to the nearest
0.1 sec. and the number of wheel-turning responses made were auto-

matically printed out on a Massey Dickinson cumulative printer.

Procedure
Electrodes for recording ECG were implanted using the same sur-

gical procedure as that employed in Experiment I. The experiment was



82

comprised of one experimental group (n=14) and one pseudoconditioning
control group (n=6). Subjects in the experimental group were given 40
training trials. Each trial began with the presentation of the CS
followed 6 sec. later by the simultaneous raising of the shield covering
the wheel and the delivery of the US. The US, which was programmed to
last 60 sec., was terminated for 1.6 sec. by a 180° rotation of the
wheel. Each subsequent rotation during the US-off period served to
prolong the recurrence of the shock for an additional 1.6 sec. Thus,
after the initial presentation of shock it was then possible for the
subjects to avoid further shock by rotating the wheel 180° at least
once every 1.6 sec. The CS remained on for the 60-sec. period that
this contingency was in effect. The control subjects were given the
same escape-avoidance training except that the CS was presented either
80, 90, or 110 sec. (X=90 sec.) after the US. The duration of the CS
for control subjects was 7 sec. The intertrial interval for both groups
was either 200, 220, or 240 sec. (X=220 sec.).

Heart beats were counted in a 6-sec. interval immediately pre-
ceding the CS, in three 2-sec. intervals during the CS and during a 6-
sec. interval following the offset of the US. The number of heart
beats in each 2-sec. period was converted to beats per minute and
corrected for base level by subtracting the pre-CS beats-per-minute

heart rate.
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RESULTS II

Mean CS minus pre-CS heart-rate difference scores of the experi-
mental and control groups are plotted in the left half of Figure 12
as a function of eight-trial blocks during acquisition, Examination
of this part of the figure provides no evidence of a conditioned
accelerative heart-rate response in the experimental group. The change
in heart rate shown by this group was a slight deceleration which
increased slightly in magnitude over the conditioning trials. By con-
trast, heart rate accelerated in the unpaired control group with the
magnitude of the reaction gradually increasing over trials,

A groups x trials analysis of variance revealed that the overall
responses of the experimental and control groups were not reliably
different. However, a reliable conditioning effect was obtained in the
form of a significant groups x trials interaction (F=32.69, df=4/72,
p¢ .001). This interaction reflects the divergence of the heart-rate
responses of the experimental and control groups over conditioning., The
trials effect was also significant (F=5.22, df=4/72, p< .01). Inspect-
jon of the results of individual subjects within the experimental group
indicated that six of the‘fourteen subjects showed an overall accelera-
tion to the CS during conditioning. The open circles plotted in Figure
12 reveal that these subjects showed a rapid increase in the magnitude
of heart-rate acceleration over the first 24 trials of conditioning but
that heart rate then returned toward base line, Although not reliably
different from the control group the responses of these six subjects
represent one of the very few examples of relatively sustained cardio-

acceleration in restrained rats to a CS signalling shock.



Figure 12. Mean CS minus pre-CS heart-rate responses of the experimental
and control groups in eight trial blocks during acquisition are shown in

the left of the figure. The triangles represent group means whereas the

open circles depict the mean heart-rate responses of the six experimental
subjects showing accelerative heart-rate reactions. The median number of
wheel-turning escape responses of the experimental and control group

averaged over blocks of eight trials are plotted in the rightvSide of the

figure.
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The median number of wheel-turning responses of the experimental
and control groups during the l-min. unconditioned stimulus are pre-
sented in the right-hand portion of Figure 12. It can be seen that the
escape procedure led to vigorous responding with the number of responses
of both groups increasing over the first eight trials, reaching a peak
during the second block of eight trials, and then showing a very slight
reduction over the remainder of the trials. In general, the numher of
wheel-turning responses shown by the control group appears higher than
the experimental group throughout»acquisition. However, a Mann-Whitney
U test performed on the differences between the number of responses on
the first and last blocks of trials for each group demonstrated that

there was no significant difference between the groups.
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DISCUSSION

Degree of Restraint and Escape Contingency

The principal outcomes of the present investigations with respect to
the effects of the conditioning procedures employed on conditioned heart
rate in the restrained and unrestrained conditions were that: (1) both
unrestrained-escape and unrestrained-classical groups developed conditioned
accelerative heart-rate reactions while the corresponding restrained groups
displayed conditioned decelerative heart-rate responses; (2) regardless of
the degree of restraint, the opportunity to control the duration of the
shock US failed to influence the direction or magnitude of the conditioned
heart-rate reaction; (3) the escape contingency did not alter the amount
or pattern of general movement or of EMG activity in the escape as com-
pared to the classical groups in either the unrestrained or restrained
conditions; (4) sorting the conditioning trials of the combined unre-
strained and restained groups on the basis of whether heart rate increased,
showed no change, or decreased to CS+ revealed that the heart-rate re-
actions of the unrestrained groups were less cohsistent than those of the
restrained groups. Careful examination of the results of the unrestrained
group revealed that two types of subjects could be identified, those
showing cardioacceleration and those showing cardiodeceleration; (5) pre-
CS heart rate of the unrestrained groups declined over acquisition while
for the restrained groups it remained relatively unchanged; (6) in
Experiment II in which restrained rats learned a vigorous wheel-turning
escape response, six experimental subjects showed initial accelerative
reactions with the group as a whole showing a small decelerative response.

One of the main objectives of the present experiment was to examine

the influence of being able to control the duration of an aversive US on
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the direction of the classically conditioned heart-rate responses in hoth
unrestrained and restrained rats. Previous studies have shown that un-
restrained rats demonstrate cardioacceleration to a CS that signals a
foot-shock US. It was hypothesized that such a shock could be partially
escaped by jumping off the shock-grid and that this instrumental escape
contingency may have led to an excitatory state that resulted in cardio-
acceleration to the CS,

In the present study the shock US was delivered to the tails of the
unrestrained rats providing little if any opportunity to escape the shock.
Nevertheless, the unrestrained-classical group developed conditioned heart-
rate accelerations with the magnitudesof their responses being similar to
those of the unrestrained-escape group. Finding conditioned cardioaccel-
erations in the unrestrained groups is consistent with what has been shown
in previous studies (Black & Black, 1967; Borgealt et al., 1972, Duncan,
1972; Fehr & Stern, 1965; McDonald et al., 1963). However, the fact that
acceleration also occurred in the unrestrained-classical group provides
Tittle support for the notion that instrumental-escape contingencies were
the primary determinant of such reactions.

The cardioaccelerative reactions of the unrestrained groups are in
contrast to the results reported by Teyler (1971) who found that freely-
moving rats receiving an inescapable chest-shock developed reliable condi-
tioned decelerations in heart rate. A possible explanation for this
apparent conflict may have been the location of the e]eétrodes delivering
the shock in the two studies. In Teyler's experiment the electrodes were
sutured through a fold of skin on either side of the rib cage. Wires
connecting the rat to the shock source terminated in a commutator mounted
in the ceiling of the test chamber. Such an arrangement may have en-

couraged biting at the electrodes and wires during the intertrial interval.
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Cessation of this activity when the CS was presented could account for
the heart-rate decelerations and the decreases in general activity that
were observed.

An additional factor that could have conceivably contributed to
the conflicting outcomes of the two studies was the difference in dura-
tion of the shock USs. Teyler-employed a brief 1.0-sec. shock while
in the current study the duration of the US was controlled by the wheel-
turning latencies of the unrestrained-escape subjects. Consequently,
the mean shock duration ranged from approximately 12.5 sec. on the first
two trials to a mean of 3.5 sec. during the final two blocks of acqui-
sition. It may be that these long shocks produced an intense state of
excitement that enhanced the development of conditioned cardioaccelera-
tions.

The decelerative heart-rate reactions that were found in the
present experiment are consistent with the results of numerous other
studies involving restrained rats (Fitzgerald & Martin, 1971; Fitzgerald
& Teyler, 1970; Fitzgerald et al, 1972; Fitzgerald et al., 1966; Holdstock
& Schwartzbaum, 1965; Vardaris, 1968). The wide variety of conditioning
parameters employed in these studies attest to the powerful influence of
restraint in the production of conditioned cardiodecelerations in rats.
The failure of the wheel-turning escape response to alter the direction
of the conditioned heart-rate responses in restrained rats again suggests
that contrary to expectation instrumental contingencies may play a re-
latively insignificant role in determining the direction of classically
conditioned heart rate.

On the assumption that the escape response in Experiment I was
poorly Tearned or that it required too little skeletal-motor activity to

produce an anticipatory state of excitement, a second study was carried out
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in which the rats were forced to rotate the wheel throughout a 1-min.
period to keep the shock off. This procedure also failed to produce an
overall conditioned increase in heart rate. In fact, by the end of
acquisition the heart-rate response of this group was slightly decelera-
tive. However, that requiring a vigorous we]]-]earned escape response can
increase the incidence of cardioacceleration was revealed by the fact that
six experimental subjects showed sizeable accelerative reactions during
the first two-thirds of acquisition. These results are in contrast to
what was found in the first experiment. In that study, none of the re-
stkained-escape subjects showed heart-rate acceleration during condition-
ing. However, it is important to note that the heart-rate responses of
the six experimental subjects in Experiment I were probably not condi-
tioned as they were highly similar to those shown by the unpaired control
group. One methodological implication of these findings is that failure
to employ adequate control conditions to evaluate nonassociative factors
could easily lead to an erroneous conclusion regarding the occurrence of
classically conditioned heart rate.

In evaluating the results of Experiment II it may be pertinent to
point out that the heart-rate reactions of the unpaired group were con-
siderably larger than those shown by unpaired control groups in previous
studies (Fitzgerald & Martin, 1971; Fitzgerald & Teyler, 1970;

Fitzgerald et al., 1973; Teyler, 1971). One possible explanation of
this difference has to do with the duration of the shock US and the

time that was allowed to elapse between the presentation of the US and
the CS. In prior studies a relatively brief 1-sec. shock was employed

in conjunction with a US-CS interval that averaged approximately 1.5 min.

This interval was selected to minimize the direct effects of the US on
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the responses made to the CS. Although a comparable interval was used in
the current study the average duration of the shocks was approximately

15 sec. It is conceivable that these shocks together with the vigorous
wheel turning that occurred during the 1-min. shock pefiod produced a
general state of emotional arousal that persisted throughout the US-CS
interval and increased the likelihood of heart-rate acceleration to the
CS. Perhaps, the magnitude of this unlearned response would have been
reduced had a longer US-CS interval been used.

In the present study, pre-CS+ heart rate of the unrestrained groups
decreased from 445 beats per minute at the beginning of acquisition to
415 beats per minute by the end of acquisition. The rate shown by the
restrained groups remained relatively constant at 440 beats per minute.
However, there was no indication that pre-CS+ heart rate influenced the
direction of the conditioned heart-rate reactions. For example, the
unrestrained-classical group showed conditioned cardioacceleration
throughout acquisition while pre-CS+ heart rate.steadily declined. In
fact, the conditioned heart-rate reactions were smallest at the end of
acquisition when lower basal heart rate would presumably result in
augmented cardioaccelerations. Although similar pre-CS+ heart-rate
changes took place in the unrestrained-escape group, conditioned
heart-rate accelerations occurred only during the lTast 12 acquisition
trials. In addition, when the subjects in the unrestrained groups were
separated on the basis of whether they displayed accelerative or decel-
erative responses there was no difference between the basal heart
rate of the two types of subjects. In both restrained groups, equivalent

conditioned heart-rate decelerations developed during the final block
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of acquisition while pre-CS+ heart rate showed a slight decrease for the
escape group and no change for the classical group. These findings de-
monstrate the relative independence of CS initiated heart-rate changes
and base-level heart rate and are consistent with previous studies
(Fitzgerald & Martin, 1971; Fitzgerald & Teyler, 1970; Teyler, 1971) in
which large shifts in pre-CS heart rate occurred over the course of
acquisition without any apparent influence on the magnitude or the
direction of conditioned heart rate.

The only indication of a positive relation between base-level
heart rate and conditioned heart rate appeared when all of the CS+ trials
were sorted on the basis of whether heart rate increased, showed no
change, or decreased. In this case, pre-CS+ heart rate was reliably
higher when heart rate decelerated to CS+ than when heart rate accelera-
ted. However, in neither instance were the magnitudes of the heart-rate
changes correlated with base-level heart rate.

In the current investigation, the unconditioned heart-rate responses
were uniformly accelerative with the magnitudes of the reactions being
approximately 20 beats per minute larger in the unrestrained as compared
to the restrained condition. This difference in response magnitude was
apparently not related to shock duration or amount of skeletal activity
since there were no reliable differences between these measures in the
two conditions. A possible explanation might involve the fact that the
tails of the unrestrained subjects were held in place through a slot
in the floor of the conditioning chamber. It may be that this arrange-
ment increased the paihfu]ness of shock-elicited struggling leading to

Targer unconditioned heart-rate changes.
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Finding unconditioned cardioaccelerations to shock is in general
agreement with the results of previous studies involving both unrestrained
and restrained rats (Borgealt et al., 1972; Duncan, 1972; Fitzgerald &
Teyler, 1970; Fitzgerald et al., 1966; Holdstock & Schwartzbaum, 1965;
McDonald et é]., 1963; Teyler, 1971). The fact that the conditioned
and unconditioned responses of the unrestrained groups were both accel-
erative is consistent with traditional theories of classical conditioning
that maintain that the two responses should be similar. On thekother
hand, the conditioned cardiodecelerations of the restfained groups are
not consistent with these formulations. However, temporary unconditioned
heart-rate decelerations have been observed in rats (Fitzgerald & Teyler,
1970; Stainbrook, 1975; Teyler, 1971) leaving open the question of the
true nature of this reaction. |

A potentially important finding was the difference in the consistency
of the heart-rate reactions of the unrestrained and restrained groups.
The unrestrained groups showed heart-rate increases on 49% of the trials
and decreases on 39% of the trials while the restrained group demon-
strated heart-rate decreases on 70% of the trials. Also, approximately
one-half of the subjects in the unrestrained groups showed reliable
cardioaccelerations to CS+ while the remaining subjects showed nonsig-
nificant cardiodecelerations. In the case of the restrained groups,
only two subjects failed to show cardiodeceleration to CS+ during the
latter part of conditioning. In general, these results are consistent
with those reported by Teyler (1971) involving freely-moving rats
receiving a foot-shock US. In that study approximately one-half of

the subjects showed heart-rate accelerations that were reliably larger
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than those shown by control subjects. The remaining half of the subjects
showed heart-rate decelerations that were not reliably different from
those of controls. One possible explanation for the apparent lack of
consistency in the direction of the heart-rate responses of unrestrained
rats is that the absence of restraint provides an opportunity for the
animals to engage in behaviors that may compete with the formation of
learned associations between the CS and US. It is also conceivable that
cardioacceleration is the primary reaction that becomes conditioned in
unrestrained rats and that decelerations in heart rate may represent
instances in which shifts in base-line activity occur.

Two final observations can be made regarding the influence of escape
contingency and degree of restraint. First, the results revealed that
the movement and EMG reactions to CS+ in the escape groups were comparable
to those shown by the classical groups. In both cases, more skeletal-
motor responding occurred at the beginning than at the end of the CS+
period. This finding was rather surprising since it might be expected
that rats would show an increase in gross-motor activity just prior to
making an eseape response. That this did not occur may have to do with
the fact that the shield covering the response wheel prevented any re-
sponding during the CS-US interval with the rats receiving approximately
0.5 sec. of shock before an escape response could be made. Under
these conditions, it is conceivable that the cue for wheel-turning was
the occurrence of shock in combination with the raising of the shield
rather than the programmed CS. This hypothesis gains support from the
results of studies suggesting that in discriminated-avoidance condi-
tioning situations shock may be a more potent signal for responding

than the CS (D'Amato & Schiff, 1964; D'Amato, Keller, & DiCara, 1964).
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Second, it was found that the unrestrained groups showed signi-
ficantly more movement activity to both CSs than did the restrained
groups. However, this difference was so small that it cannot account
for the opposite direction of the heart-rate responses of the unre-
strained and restrained groups.

In summary, the results of the present study provide little
evidence that instrumental-escape responses influence the direction of
the conditioned heart-rate reactions of rats. Similarly, base-level
heart rate appears to have virtually no effect on the direction of heart-
rate changes to the CS. Finally, the results suggest that the conditioned
heart-rate reaction of unrestrained rats is primarily cardioacceleration
while that of restrained rats is almost without exception cardiodecel-
eration with the major factor(s) determining these reactions being the

degree of restraint imposed upon the subject.

Relation Between Heart Rate and Motor Activity

The principal findings of the present investigation with respect
to the relation between heart rate and skeletal-motor activity were that:
(1) conditioned changes in movement and in EMG activity rarely occurred
in any of the conditions. In those instances ih which they were found,
they were, with one exception, not associated with conditioned heart-
rate reactions. The amounts and patterns of movement and of EMG
activity in the escape groups were not different from those observed in
the classical groups. In both cases, there was a burst of responding
at the onset of CS+ and CS- followed by a rapid decline in activity
toward pre-stimulus levels; (2) an analysis in which all of the CS+

trials were sorted into three categories on the basis of whether heart
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rate increased, showed no change or decreased revealed a correspondence
between the direction of the mean heart-rate responses and the direction
of the mean movement reactions. However, an examination of individual
trials within each of the three heart-rate categories indicated that
heart rate and movement were frequently independent and in fact changed
in opposite directions on some trials.

An attempt was made in the current study to determine whether
learned changes in skeletal-motor activity occurred in rats during
c]assical‘conditioning and if so whether such changes were associated
with classically conditioned heart rate. Although the relationship be-
tween motor activity and heart rate has been examined in many previous
studies, appropriate statistical analyses were frequently not carried
out to establish that the responses were in fact learned. In a majority
of studies, such an analysis was precluded by the fact that the control
cdnditions required to rule out nonassociative changes in responding
were not incorporated into the design of the experiments. While the
results of these investigations may bear on the general question of the
extent to which heart rate and movement reactions occﬁr together, the
processes, i.e., learning, sensitization, pseudoconditioning, etc.,
underlying the reactions cannot be identified.

A major finding of the present study was that although conditioned
movement and EMG reactions sometimes occurred they were not systematic-
ally associated with learned changes in heart rate. For example, the
unrestrained-escape group showed a conditioned increase in movement to
CS+ during the first 12 acquisition trials whereas conditioned cardio-
accelerations did not occur until the last 12 acquisition trials.

Learned EMG reactions occurred during the last two blocks of acquisition
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for the unrestrained-classical group while conditioned heart-rate accel-
erations took place throughout acquisiton. In the restrained-classical
group, learned EMG responses were present only during the middie of acqui-
~sition in the absence of conditioned heart rate. A positive relationship
between conditioned heart rate and movement was shown by the subgroup of
unrestrained subjects (N=16) demonstrating cardioacceleration to the CS

on the last 12 acquisition trials. The fact that more evidence of condi-
tioned somatic activity was not obtained agrees generally with the results
of prior studies in which both restrained (Fitzgerald & Teyler, 1970;
Holdstock & Schwartzbaum, 1965) and unrestrained (Teyler, 1971) rats
receiving traditional classical conditioning training failed to demon-
strate learned skeletal-motor responses.

There was a clear tendency in all groups‘for gross movement and EMG
activity to increase sharply at the onset of both CSs. In the case of
movement, this startle-like reaction showed evidence of conditioning in
the unrestrained-escape and restrained-classical groups, whereas éondi—
tioning of the EMG component was demonstrated in the two classical groups.
It may be important to note that Roberts and Young (1971) mentioned that
Sma]] movement reactions to the onset of the CS+ regularly occurred in
rats receiving CER training. However, for some unspecified reason these
reactions were ignored in their analysis of the movement data.

In the present case, the conditioning effect of the onset responses
was due primarily fo the inhibition of movement to CS- with the magnitude
of the response to CS+ being highly similar to that which occurred during
the pre-test trials with the CS alone. In spite of the presence of this
differential skeletal-motor responding there was no evidence of comparable

differentiation in the heart-rate reactions to the onsets of the CSs.
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Without exception, the magnitudes of the differences in the heart-rate
responses were smaller during the first interval of the CSs than in any
of the other intervals.

At least in terms of conditioned changes, the results outlined above
offer almost no support for those hypotheses proposing that the somatic
and cardiac systems are coupled together centrally. It would appear
likely that the presence of conditioned activity in a center purportedly
controlling both heart rate and movement would lead to synchronous
changes in both responses.

Some of the most obvious demonstrations of the independence of
heart rate and skeletal-motor activity were obtained when the topograph-
ies of the reactions were considered; A11 groups, regardless of the de-
gree of restraint, showed a burst of movement and EMG activity to the
onsets of both CSs. These responses were then followed by decreases in
activity toward pre-stimulus levels. In spite of these highly similar
somatic reactions, the unrestrained groups showed cardioacceleration
whereas the restrained groups displayed cardiodeceleration. Further-
more, the heart rate and motor reactions were not temporally coincident
for any of the groups in that somatic activity always peaked during the
first counting interval while the largest heart-rate reaction consistently
occurred just prior to US onset. These results are in apparent contrast
to those obtained in the CER procedure with rats (Roberts & Young, 1971),
in varied instrumental procedures with dogs (Sutterer & Obrist, 1972), and
in classical conditioning with unrestrained cats (Howard et al., 1974).

In these latter instances, both increases and decreases in heart rate
during the duration of the CS seemed to be paralleled by comparable

changes in movement.
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fo provide an overall analysis of the relation between heart rate
and movement, CS+ trials in both restrained and unrestrained conditions
were sorted into three categories (see Figure 5). These categories in-
cluded trials in which heart rate either increased, showed no change, or
decreased. The results of this procedure provided an apparent indication
of overall dependence between heart rate and movement activity. It was
found that increases in heart rate in the unrestrained group were accom-
panied by reliable increases in movement while in the restrained group
decreases in heart rate were associated with significant decreases in
movement. Those relatively few instances of cardioacceleration in the
restrained condition were also paired with reliable increases in motor
activity. These findings correspond closely to those reported by Roberts
and Young (1971) for rats receiving CER training. In that study heart-
rate changes during the CS were tabulated when increases, decreases, or
no change in movement occurred. They found that decreased movement was
associated with reliable cardiodecelerations while increased movement
was accompanied by significant cardioaccelerations.

Although not emphasized by Roberts and Young, it is perhaps worth-
while to point out that in their study pre-CS heart rate paralleled pre-
CS movement and lever pressing activity. In the presence of high rates
of pre-CS lever pressing, heart rate and gross movement were elevated,
whereas during low rates of pre-CS lever pressing, heart rate and gross
movement were reduced. Comparable relationships were obtained in the
present study in that base-level heart rate paralleled pre-CS movement
activity. Other studies (Borgealt et al., 1972; Brady et al,, 1969;
Duncan, 1972; Sampson et al., 1974) have also reported elevated heart

rate during lever pressing. Together, these findings suggest that at
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times heart rate may be a rather sensitive indicator of ongoing somatic
activity.

An additional point with respect to the Roberts and Young study is
that decelerations in heart rate occurred to the CS on trials when pre-CS
heart rate and movement were elevated while accelerations were elicited
by the CS on those trials in which base-level heart rate and movement
were depressed. In general, the present experiment furnished similar
results. Thus, pre-CS movement and heart rate were elevated on trials in
which movement and heart rate decreased to the CS (see Figure 5 and
Table 1). To a lesser extent this also tended to be true when movement
and heart rate increased to the CS. The presence of high pre-CS movement
and heart rate on trials in which decreases in both responses occurred,
suggests that these trials represent instances in which the presentation
of the CS produced a cessation of ongoing struggling, leading to an
augmentation of heart-rate deceleration. Similarly, elevated pre-CS
movement and heart rate on trials in which increases in both responses
were observed could indicate that on these trials dngoing motor activity
became more vigorous in the presence of the CS producing an amplification
of heart-rate acceleration. In those cases in which the change in move-
ment was opposite to that of heart rate, the magnitudes of the heart-rate |
reactions whether accelerative or decelerative, were reduced. Comparable
outcomes have also been obtained in other classical conditioning studies
(Cohen, 1969; Duncan, 1972; Obrist & Webb, 1967; Teyler, 1971). In these
studies, as in the present experiment, changes in heart rate occurred in-
dependently of movement, but when movement changed’in the same direction

as heart rate the cardiac reactions were augmented,
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Evidence of independence between heart rate and gross-motor activity
was obtained in the present experiment by resorting the CS+ trials in the
three heart-rate categories (increase, no change, or decrease) on the
basis of whether movement increased, showed no change, or decreased on
these trials (see Table 1). First, regardless of whether the rats were
unrestrained or restrained, large increases and decreases in heart rate
occurred in the absence of measurable movement. It may be argued that on
these trials small changes in movement occurred but that because of the
insensitivity of the movement detector they were not recorded. However,
the magnitudes of such changes in comparison to those observed for heart
rate would offer little support for cardiac-somatic formulations (Obrist
et al., 1972) which have suggested that adjustments in heart rate are
made to meet the metabolic demands of somatic activity. Second, both
increases and decreases in heart rate occurred even though movement
changed in the opposite direction. These trials provide some of the most
compelling evidence of independence of heart rate and movement activity
since it cannot be argued that activity changes were present but not de-
tected. Third, relatively large increases as well as decreases in move-
ment occurred without any corresponding changes in heart rate.

In summary, the above results provide examples of the independence
of heart rate and movement during classical conditioning and suggest that
the responses elicited by the CS were mediated by processes other than
those controlling skeletal-motor activity. Furthermore, it should be
emphasized that these outcomes are in contrast to what was obtained when
mean responses were calculated over a number of trials, Clearly, heart-
rate reactions can occur quite unrelated to changes in movement but this

independence may be masked by the averaging procedure.
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General Theoretical Considerations

In a recent review of the central structures involved in cardio-
vascular control, Cohen and MacDonald (1974) provide a description of what
they termed a "central-exercise pathway". This pathway apparently arises
in the-motor cortex, traverses the hypothalamus, and subsequently courses
through the brain stem ventral and ventrolaterally to enter the spiné]
cord (Cohen & MacDonald, 1974; Eliasson, Lindgren, & Uvnas, 1952; Hilton,
1966; Rushmer et al., 1960; Schramm & Bignall, 1971). Electrical stimu-
lation of these central structures has been shown (Rosen, 1961a, 1961b)
to produce sympathetic vasodilation of skeletal muscle, vasoconstriction
of high resistance vessels such as skin, intestines, and kidneys,‘and
cardioacceleration combined with increased strength of contraction. How-
ever, systemic arterial blood pressure remained relatively unchanged.
Presumably, cardiocacceleration associated with the injtiation of motor
activity (Rushmer et al., 1960) or voluntary muscle contraction
(Freyschuss, 1970; Petro et al., 1970) is mediated via this central
system.

It may‘be possible that changes in activity in this “central exer-
cise pathway" could account for the results of most CER and other complex
instrumental procedures upon which cardiac-somatic formulations are
primarily based. For example, skeletal-motor activity associated with
ongoing lever-pressing tasks could have an excitatory effect on the path-
way which in turn would elevate heart rate. Increases in skeletal re-
sponding would result in cardioacceleration while cessation of responding
would lead to withdrawl of excitatory influences and to cardiodeceleration.
The general finding that base-level heart rate was elevated during Tever

pressing (Borgealt et al., 1972; Brady et al., 1969; Duncan, 1972; Roberts
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& Young, 1971; Sampson et al,, 1974) and that cessation of lever pressing
during the CS was associated with a decrease in heart rate are consistent
with this hypothesis.

The findings in the present study along with those obtained in other
investigations (Cohen, 1969; Duncan, 1972; Sampson et al., 1974; Teyler,
1971) that heart-rate changes are sometimes augmentedvor reduced by move-
ment activity may also reflect cardiac-somatic coupling in which heart
rate is adjusted for changes in skeletal-motor activity. Consistent with
this notion is the fact that pre-CS heart rate and movement were elevated
on trials in which decreases in movement during the CS seemed to augment
cardiodecelerations. Similarly, when cardioaccelerations appeared to be
augmentéd by increased movement during the CS, pre-CS heart rate and move-
ment activity were relatively low. In other words, these trials most
1ikely represent instances when struggling or cessation of struggling,
which are exercise-type activities, exert an influence on the heart-rate
reactions.

Although the exercise mechanism provides a means for cardiac-somatic
coupling to occur, its operation depends largely on changes in skeletal
activity. The present results demonstrated that changes in heart rate
whether accelerative or decelerative could occur independently of gross-
movement activity. Furthermove, heart-rate increases in response to ex-
ercise or increased motor activity are, at least in humans, mediated by a
decrease in vagal activity with increasing sympathetic involyement during
vigorous activity (Freyschuss, 1970; Robinson, Epstein, Beiser, & Braunwald,
1966). In restrained rats, in which background activity is held to a
minimum, conditioned decelerative heart-rate responses are controlled

primarily by increased vagal activity (Fitzgerald et al., 1973), Taken
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as a whole, these findings suggest that classically conditioned heart rate
in rats may be mediated by processes other than those :e]ated to the
metabolic demands of exercise.

An alternative conceptual framework, in which the conditioned heart-
rate responses of rats may be viewed, involves the notion of species-
specific defense reactions. Bolles (1970) outlined three types of species~
specific behaviors that can be identified in the rat. These characteristic
response patterns included fleeing, freezing, or some form of attack which
Bolles termed "pseudoaggressive behavior". Furthermore, he suggested that
when a rat is shocked, normal exploratory and grooming behavior drop out
and the response repertoire changes to one consisting primarily of species~
specific defense reactions. It was also emphasized that once elicited
these behaviors are not blindly reeled off in inappropriate circumstances.
For example, training rats to make a jumping response to avoid shock is
very difficult. However, if the rat is trained to jump out of a shock
box, learning proceeds very readily (Maatsch, 1959). Similarly, if
running is an effective response, in that it allows the rat to flee fram
a shock environment, it will be easily learned as an avoidance response,
Thus, the type of defense reaction as well as the extent to which it
appears may depend upon critical features of the learning procedure,

Recent evidence provided in a study by Blanchard and Blanchard
(1971) supports the notion that defense reactions in rats may be, to a
large extent, determined by the particular circumstances of the situation.
These investigators described either flight or freezing reactions that
occurred when a rat was faced with a natural predator. An approaching
cat consistently elicited flight reactions and in fact, the rats would

even cross an electrified grid in order to escape the cat. However, when
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the shock intensity was sufficiently high to inhibit escape, the pre-
dominant reaction was changed to one of freezing.

It is possible that certain aspects of the classical conditioning
situation, particularly the degree of restraint imposed upon the rats
influence the pattern of natural defense reactions that occur, Thus, re-
strained rats may develop an inhibitory reaction related to natural
freezing behavior because in this instance escape from the shock US is
impossible. That freezing and cardiac deceleration frequently occur to-
gether in rodents was shown by Hofer (1970). He captured six different
species of rodents and recorded heart rate during behavioral freezing,
Periods of prolonged immobility ranging from 2 to more than 60 minuteé
were observed, accompanied by very low heart rates and a high incidence
of cardiac arrhythmias. The type of arrhythmias described by Hofer have
also been observed in the present laboratory in restrained rats receiving
classical conditioning suggesting that similar inhibitory processes may
be operating.

In unrestrained rats, the potential for dealing with the shock
could lead to anticipatory aggressive behavior having as one of its
components cardiac acceleration. It was recently shown that cardioaccel-
eration was elicited by the first forelimb strike in fighting cats
(Zanchetti, Baccelli, Mancia, & Ellison, 1972). Furthermore, rats readily
attack or bite dbjects in the conditioning chamber during the presentation
of shock and shock is also known to produce aggressivé responses in rat
pairs (Ulrich, 1966). Finally, Farris, Gideon, and Ulrich (197Q) have
reported that aggressive reactions in rats can be classically conditioned.

Two neural systems have been described that may make it reasonable

to distinguish between aggressive and inhibitory defense reactions., The
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first system, which includes the pathways mediating aggressive behavior,
has been outlined in considerable detail. The course of this pathway
originates from a restricted portion of the amygdala, continues to the
medial hypothalamus via the amygdalofugal pathway, traverses the sub-
collicular tegmentum, and finally reaches the central gray area of the
midbrain (Cohen & MacDonald, 1974; Gray, 1972). Upon stimulation of the
amygdala in the cat, a characteristic defense reaction gradually emerged,
beginning with increased alerting responses aid pupillary dilitation,
then vocalization, and finally, piloerection and increased agifation.
However, when the hypothaTamus was stimulated, an immediate and full-
blown attack reaction occurred. The cardiovascular components of this
reaction included increased heart rate and contractility, increased
arterial blood pressure, augmented blood flow to muscle and a reduction
in blood flow to the skin (Zbrozyna, 1972).

A second system has been described (Gray, 1972) that is primarily
concerned with behavioral inhibition and involves a series of inter-
connected structures including hippocampus, medial septal area, orbito-
frontal cortex, and caudate nucleus. Lesions of this system impair
passive avoidance of shock and extinction of appetitive behavior (Gray,
1972). Unfortunately, there is 1ittle information on this system with
respect to cardiovascular responses, Kaada (1960) described what he
termed as an arrest reaction that resulted primarily from electrical
stimulation of orbitofrontal cortex and cingulate gyrus in cats, At the
onset of stimulation all spontaneous activity ceased, accompanied by a
fall in blood pressure and a decrease in heart rate, Zanchetti et al.
(1972) observed that during immobile confrontation in cats, cardio-

deceleration frequently occurred and suggested that this may have been
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mediated by activation of the inhibitory septo-hippocampal system,

Recent research by Blanchard and Blanchard (1972a, 1972b) has im-
plicated both the amygdala-hypothalamus defense system and the inhibitory
septo-hippocampal system in the control of species-specific defense re-
actions in the rat. Blanchard and Blanchard (1972a) found that rats with
lesions restricted to the corticomedial nuclei of the amygdala, failed to
avoid an immobile cat or an approaching shock prod. In fact, the rats
approached both objects. In a second experiment (Blanchard & Blanchard,
1972b), hippocampal lesions enhanced the avoidance responding of rats to
a cat stimulus and reduced freezing during the intertrial interval. In
addition, rats were considerably more active in the presence of an in-
escapable cat which normally would have elicited freezing responses.

They concluded that hippocampal lesions interfered with the specific un-
conditioned defensive reaction of freezing.

Classically conditioned heart-rate accelerations in pigeons are
known to be mediated primarily by increased sympathetic activity (Cohen
& Pitts, 1968). Furthermore, Cohen (1975) recently demonstrated that
lesions of the amygdala homologue, a primary structure in the neural
pathway mediating aggression, greatly reduced conditioned accelerations
in pigeons. That direct electrical stimulation of structures in defense
pathways can function as a US supporting classically conditioned heart
rate in rabbits was recently shown by Elster et al. (1970). These
results suggest that classically conditioned heart-rate reactions may be
intimately related to systems contro]]ihg natural defense reactions.

A detailed investigation of the effects of lesioning the septo-
hippocampal system on conditioned heart rate in restrained rats was

carried out by Holdstock (1970). Although he found that septal lesions
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did not impair the conditioning of heart rate deceleration, the possible
effects of lesioning other parts of the system were not examined. ‘The
fact that the magnitude of the conditioned heart rate response failed to
decrease during extinction was viewed by Holdstock‘as evidence of the in-
volvement of the septal region in behavioral inhibition.

In the preceding discussion it was suggested that classically con-
ditioned heart-rate responses in rats may be related to natural species-
specific defense reactions. In addition, it may be that the direction of
the classically conditioned heart-rate response depends largely on whether
neural systems related to aggressive reactions become activated as opposed
to the activation of systems related to inhibition or freezing behavior.
The results of the present experiments demonstrated that the primary
determinant of whether cardioaccelerations or cardiodecelerations develop
was the degree of restraint imposed upon the subjects. Consequently, it
may be that this factor determines the selection of either inhibitory or
aggressive response systems.

To evaluate the usefulness of these hypotheses requires detailed
information on the dynamics of the cardiovascular responses that occur
during conditioning in both unrestrained and restrained rats. In addi-
tion, the precise specification of the neural structures inVo]ved in
the development of the classically conditioned heart-rate response and
its relation to other behaviors must be determined. Hopefully, with
this type of information, a more thorough understanding of the heart-

rate conditioning process can be obtained.
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SUMMARY AND CONCLUSIONS

The present investigation was designed to examine the effects of
instrumental reinforcement contingencies on the direction of clas-
sically conditioned heart-rate reactions of rats. In addition, both gross-
movement activity and electromyographic (EMG) activity were recorded to
determine the relation of skeletal responding to the development of the
heart-rate changes. In Experiment I, a 2 x 2 factorial design was
employed with the two dimensions being the conditioning procedure (sig-
nalled escabe training vs. yoked classical conditioning) and the degree
of restraint imposed upon the subjects (unrestrained vs. restrained).

A1l subjects were given a differential conditioning procedure in which
CS+ (either a 1-kHz or 5-kHz tone) was always paired with a tail shock
unconditioned stimulus(US) and CS- was presented alone. A1l subjects
received 15 min. of adaptation to the conditioning chamber, 24 CS-alone
trials, and 80 acquisition trials consisting of 40 CS+ and 40 CS-
presentations. Reinforced escape trials began with the presentation of
CS+ followed 6 sec. later by the raising of a shield covering the re-
sponse wheel and the onset of the US. The US remained on until a response
occurred or if no response occurred within 60 sec. fhe US was automatically
terminated. Reinforced classical conditioning trials were identical to
escape trials except that an escape response was prevented by blocking
the rotation of the response wheel. CS- trials in both escape and
classical conditions consisted of a 7-sec. CS without the US or the
raising of the shield. The index of conditioning for heart rate, move-
ment, and EMG was a difference score computed by subtracting pre-CS
activity from activity during the CS period.

Experiment II was carried out to determine if a vigorous wheel

turning response would result in conditioned cardioaccelerations in
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restrained rats. The basic apparatus and procedures were the same as

those employed in Experiment I. Howeyer, in this experiment the subjects
were required to rotate the wheel throughout a 1-min. period in order to
terminate and postpone the recurrence of shock. Conditioned changes in
heart rate were assessed by employing a control group receiving unpaired
presentations of the CS and US.

| The principal findings of these studies were:

1. Both unrestrained-escape and unrestrained—c]assica1 groups displayed
conditioned cardioaccelerations whereas the corresponding restrained
groups showed conditioned cardiodecelerations.

2. In the unrestrained and restrained conditions, a wheel-turning escape
response failed to influence the direction or magnitude of the conditioned
heart-rate reactions.

3. In Experiment II, six experimental subjects showed initial cardio-
accelerative responses, however, the group as a whole displayed an overall
small cardiodecelerative reaction.

4. Conditioned changes in gross movement and EMG activity were generally not
associated with corresponding conditioned changes in heart rate.

5. Examination of heart rate and movement on a tria]lby trial basis
demonstrated that the two responses were frequently independent and in
fact changed in opposite directions on some trials.

In summary, the results of the current study provided little evi-
dence that heart-rate accelerations seen in unrestrained rats were at-
tributable to an excitatory state dependent on instrumental escape con-
tingencies. Similarly, the moyement results were not consistent with
cardiac-somatic coupling hypotheses proposing that increases in movement

lead to cardioaccelerations while decreased movement results in



cardiodecelerations. Rather, the majqr determinant of the direction of
the heart-rate responses was the degree of restraint imposed upon the
subjects. It was suggested that the degree of restraint may influence
whether an inhibitory freezing type of reaction or an aggressive threat
type of behavior develops each of which may be accompanied by character-

jstic cardiovascular responses.
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