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Abstract

VARYING TEMPORAL LOCATION OF CS IN A FIXED
INTER-US INTERVAL IN HEART RATE

CONDITIONING IN MACACA MULATTA

by
Jaylan Turkkan

Adviser: Dr. William N. Schoenfeld

An investigation of the temporal distribution of a stimulus
serving as "CS" for its effects on heart rate conditioning in six rhesus
monkey subjects was conducted, with an additional investigation of the
autonomic nervous system contributions fo such conditioned heart rate
changes.

A 10 sec light (CS) was introduced at varying temporal locations
during periodic 23| sec intervals between presentations of eleciric
shock (1JS). This procedure corresponds to an "inftruded stimulus"
paradigm, and incorporates such designs as delay, trace, safefy-signal,
backward, and temporal conditioning as CS is first introduced close
to a subsequent US, , and is then moved further back in the inter-US
interval. Eight locations of CS were used, with three locations repeated.
They were, as timed from CS onset to onset of fthe subsequent US: |0,
20, 30, 50, 80, 120, 170, and 230 sec, in that order for all six subjects.
CS-US intervals of 50, 20, and 10 sec were re-examined. Each CS location

during original exposure was examined for six sessions (20 trials each), fol-



lowed by two sessions where US was delivered alone at periodic intervals
of 231 sec. The dependent variable was mean cardiac interbeat interval
(in msec) averaged in either 2 sec or |0 sec successive periods.

During re-examination of each CS location, three pharmacological
blocking agents were administered. Afropine sulfate (a parasympathetic
blocking agent), propranclol hydrochloride (a sympathetic blocking
agent), and chlorisondamine ( a ganglionic blocking agent) were injected
i.v. at a strength of | mg/kg to evaluate the sources of autonomic
control (sympathetic or parasympathetic) over the form and magnifude of
conditioned and unconditioned heart rate responses. Each drug's effects
on heart rate changes in the CS-US and US-US infervals were examined
during conditioning sessions.

Results of the behavioral and pharmacological manipulations were:

t. A biphasic heart rate function (rate acceleration followed by
deceleration) developed during the CS-US interval at the first CS-US
inferval of 10 sec, followed by polyphasic (i.e., several maxima and
minima) and more variable waveforms at longer CS-US durations.

2. Latency to the peak heart rate change in the CS-US interval,
and the variability of the location of peak heart rate change increased
proportionally fo the duration of the CS-US interval.

3. ‘Heart rate during a pre-CS inferval was deceleratory at tfhe
first location of CS (10 sec CS-US), and acceleratory at subsequent
locations of CS, including re-exposure, with the exception of 120 sec
CS-US. in sessions where CS was not presented, heart rate in a comparable
measurement period was deceleratory. Sessions subsequent to 50 sec

CS-US showed acceleratory trends in this period.
4. Cardiac conditioned response (CR) magnitude increased signifi-

cantly during the first three locations of CS (10-30 sec CS-US), decreased
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over the next two locations (50 and 80 sec CS-US), and increased once
again from 120 to 170 sec CS-US.

5. Atropine raised heart rate levels, and eliminated conditioned
heart rate changes in the CS-US interval. Propranolol lowered heart rate
levels, reduced the acceleratory component of the biphasic CR, and
enhanced the magnitude of the deceleratory component. Chlorisondamine
raised heart rate levels in most cases, and eliminated conditioned heart
rate changes entirely.

The relevance of the obtained results was' discussed in terms of the
specification of basic response units in cardiac conditioning, the dif-
fering effects of CS depending upon its temporal proximity fo US, whether
in a temporally forward or backward direction, and, Tthe probable autfo-

nomic innervations of the cardiac CR.
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INTRODUCT ION

When The primitive operation of introducing an unconditioned
stimulus (US) during the ongoing activity of an organism is periodically
repeated, one might find systematic changes during the interstimulus
interval in various response systems as a result of the time elapsed since
The previous stimulus delivery. In Paviovian terminology this procedure
is known as temporal conditioning (Paviov, 1927), and, in The operant
system, it is Termed "superstitious" conditioning (Skinner, 1948).
Paviov, and later investigators who extended Skinner's superstition
experiment, noted an increase in the frequency of US-related behaviors
as a function of time elapsed between presentations of the US. For
example, in Paviov's laboratory, an increase in salivation was observed
in dogs toward the end of 30 min. periods between food presentations;
similarly, Staddon & Simmelhag (1971) noted consistent increases in
pigeons! activity around a food hopper toward The end of |2 sec inter-
food intervals.

| f another previously neutral stimulus is paired with the uncondi-
tioned stimulus, this extra stimulus (hereaffter termed a "CS") can be
demonstrated to exercise control over behavior as a result of pairings
with US. Skinner (1938) described, for the operant case, the differing
functions that this stimulus could assume as, (a) discriminative, in
That its presence, by being correlated with US (reinforcement) avail-
ability, sets the occasion for responding, (b) "emotional™ in that a

group of behaviors are either increased ("facilitated ") or decreased
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("inhibited") by its presentation, or, (c) reinforcing, in that it

could change the frequency of a response, similar to a primary reinfor-
cer. Furthermore, Skinner demonstrated that a stimulus could assume more
than one function simultaneously, For instance, a discriminative stim-
ulus may also act as a conditioned positive or negative reinforcer.

IT is recognized that the temporal relationship between the CS
and US is an important variable in determining the functions of CS. |In
this regard, Libby (195]) examined the inhibitory or depressive function
acquired by a CS as a result of its temporal proximity to US. He found
that as CS-US intervals (where US was an electric shock) increased from
0 sec to 10 sec, rate of responding in the presence of CS, later intro-
duced during a regular reinforcement schedule for bar-pressing in rats,
was systematically reduced.

Studies conducted by Farmer & Schoenfeld (1966 a,b), and by Rescorla
and co-investigators, have also shown that the function of a CS is deter-~
mined by Temporal parameters (Moscovifch & Lolordo, 1968; Rescorla,

[969 a,b; Rescorla & Solomon, 1967). Rescorla & Solomon (1967) distin-
gu i shed beTwéen "warning" and "safety" effects of CS in terms of its
temporal proximity To shock (US). AT short CS-US iﬁfervais, CS was shown
to act as a warning signal, resulting in increased avoidance responding,
or reduced positively reinforced responding. Long CS-US intervals resui-
ted in the CS acquiring safety-signal properties, as evidenced by effects
opposite to the above (attributed to the inhibition of fear).

Farmer & Schoenfeld (1966 a,b), through the introduction of what
they termed an "intruded" or "added" stimulus design, forced the recogni-
tion that various functions of stimuli can be ordered along a temporal

continuum. The intruded stimulus procedure consists of a baseline



reinforcement schedule maintaining a steady state of behavior, into which
initially "neutral"™ stimuli are introduced. Farmer & Schoenfeld (1966 b)
demonstrated, for key-pecking rate of pigeons, that a CS introduced at
varying temporal placements in a 60 sec fixed-interval baseline schedule
for food assumed, (a) a positive discriminative stimulus function (SD)
when the temporal separation between CS and US (reinforcement) was

short, and (b) a negative function (SA) when the CS-US separation was
long. Also, at long CS-US intervals, the intruded stimulus was shown to
act as a conditioned positive reinforcer for the pafttern of responses
preceding its occurrence in the inter-US interval.

Another intruded stimulus study demonstrating the ordering of
stimulus functions along a temporal continuum was that of Snapper, Kadden,
Shimoff, & Schoenfeld (1975). These investigators, by additionally
manipulating the intensity of CS (electric shock), made contact with
"aversive" schedules. They showed, in rats, that when the intensity of
a CS introduced at varying temporal locations in a fixed-inferval food
baseline was low (approximately 0.5 mA), response rate patterning pre
and post CS replicated the findings of Farmer & Schoenfeld (1966 b).

When CS intensity was high (approximately |.6 mA), responding was sup-
pressed, resembling punishment or avuidance, with the amount of swppres-
sion dependent upon the temporal separation of CS and US.

It has also been recognized from studies in the Pavliovian fradition
that a CS has differing effects depending upon its temporal proximity to
US. The intruded stimulus design is Paviovian conditioning when pre-
sentations of CS and US are response-independent. These Pavliovian

procedures can be generally classified as "forward" and "backward". The
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forward case can be further subdivided into: (a) procedures where CS
overlaps a subsequent US, termed as "simultaneous" when CS duration is
less than 5 sec, and "delay" at longer durations, and (b) where CS does
not overlap with US onset, termed "short-trace" conditioning when fThe CS-
US interval (onset to onset) is less than 5 sec, and "long-trace" con-
ditioning at longer CS-US intervals., The backward conditioning case is
specified by the occumence of CS immediately affter a previous US, with
The CS-US interval equal to the inter~irial interval (Pavlov, 1927;
Terrace, 1973). |

Responses mediated by the autonomic nervous system, typically the
dependent variables of the Pavlovian procedures outlined above, are
apparently under the control of temporal variables, and exftensive ex-
perimental efforts have been directed in the search for the "optimal"
CS-US interval, i.e., that interval which results in the largest magni-
tude of conditioned responses (CRs) during the CS-US interval (e.g.,
for salivation, Ellison, 1964 ; galvanic skin response [GSR], White &
Schlosberg, 1952; nictitating membrane, Schneiderman, 1972; heart rate
[HR], Black & Black, 1967; eyeblink, Ebel & Prokasy, 1963). Jones (1962),
after a review of the literature on optimal CS-US interval (not including
heart rate responses), concludad that "no single optimum exists". She
proposed that the magnitude of CRs depends on tThe duration of training,
and the latency of the response system measured.

Cardiovascular responses of the aufonomic nervous system, heart
rate in particular, are of special interest because of their long
association with "emotionai", or "motivational states., Heart rate

changes have been said to reflect "anxiety" (e.g., Church & Black, 1958;
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Notterman, Schoenfeld, & Bersh, 1956), "“fear" (Breznitz, 1967; Cannon,
1923; Deane & Zeaman, 1958), "arousal" (e.g., Dronsejko, 1972), "pain"
(e.g., Lewinsohn, 1956), and "uncertainty" (Higgins, 1971; Milier & Caul,
1969). The magnitude of heart rate changes during Pavlovian condition-
ing procedures have long been thought to depend importantly upon the
CS-US interval. However, apart from a consensus among most authors that
heart rate can be conditioned at longer intervals than such short-
latency, punctate autonomic responses as eyeblink and nictitating membrane
(e.g., Black & Black, 1967; Black, Carison, & Solomon, [962; Hastings

& Obrist, 1967; Schneiderman, 1972), there is little agreement as to

what CS-US interval is optimal for the largest possible cardiac CR mag-
nitudes, Typically, studies examining cardiac CR magnitude as a function
of CS-US interval have compared two or three intervals in a rather res-
tricted range of 0 sec to 30 sec, with one group of subjects per interval.
Results from these studies fol low.

No differences in the magnitudes of conditioned cardiac responses
of dogs were found with comparisons of intervals of 5 sec and 20 sec
(Church & Black, 1958), or with intervals ranging from 2.5 sec to |10 sec
(Black et al., 1962), However, other investigators have found large
differences among CS-US intervals for facilitation of cardiac CR magni-
tudes. For example, Hastings & Obrist (1967) compared, with human heart
rate, CS-US intervals of .8, 7, and |3 sec and found CR magnitudes fo
increase with tThe CS-US interval. Also, Fitzgerald & Martin (1971)
found the magnitude of cardiac CRs iﬂrafs To increase with the CS-US
interval (0 sec to 6 sec). Occasionally, investigators have found
optimal conditioning at some intermediate value of their CS-US interval

range. For instance, VanDercar & Schneiderman (1967) found an interval
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of 2.25 sec optimal for rabbits when the CS-US interval varied between
.25 sec and 6.75 sec. Black & Black (1967) with rats, and Lockhart &
Steinbrecher (1970) with rabbits, found 5 sec optimal when the CS-US
intervals in both studies ranged between .5 sec and [0 sec,

Breznitz (1967) examined longer CS-US intervals than the above in
a variant of Paviovian conditioning. Human subjects were fold to expect
shock at the fermination of either 3, 6, or 12 min (one group of subjects
per interval). They were provided with clocks, and HR measures were
taken in the interval between the threat and time of expected shock (no
subjects were shocked). Breznitz found Thaf tha largest HR magnitudes
occurred at the fongest (12 min) interval. Vardaris (197]) examined
acquisition and extinction of HR CRs in a procedure which alternated
long CS-US interval frials (85-90 sec) with short ones (6 sec). He
found that CR magnitudes during acquisition ana extinction were re-
duced in those sessions employing short and long infervals when compared
wiTh sessions employing a constant, short CS-US interval.

All in all, the findings relating optimal cardiac CR magnitudes
to the CS-US interval are difficult to interpretf, possibly due to the
differing ranges on intervals and step sizes employed. Moreover,this
is only one of the many research areas in cardiac conditioning where
generalizations seem difficult. |In part, conflicting findings result
when conventions of measurement, transformation, and graphic presenta-
tion of data differ so widely among laboratories, sometimes due To
separate aspects of the cardiac CR under study. For example, when in-
vestigators are interested primarily in the cardiac CR magnitude They

employ difference scores as their dependent measures, defined as the
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difference between peak rate during the CS-US interval (or average rate
during the entire CS-US interval) and pre-CS rate. Investigators who
look at changes in the temporal! patterning of heart rate during the CS-
US interval, i.e., The "form" of the cardiac CR, sometimes record suc-
cessive interbeat intervals (e.g., Newfon & Perez-Cruet, 1967; Wilson,
1969), or, count beats within a specified Time interval (e.g., Lynch,
1973; Miller & Caul, (969). Often, interbeat intervals (IBlis) are
recorded, and fthen converted to a rate measure such as beats per minute
(BPM) (e.g., Geer, 1964; Zeaman, Deane, & Wegner, [954). |t shouid

be mentioned, however, fthat the transformation of IBl to BPM is non-lin-
ear and changes the mean, variance, and skewness of the raw data fre-
guency distribution (Jennings, Stringfellow, & Graham, 1974; Khacha-
turian, Kerr, Kruger, & Schachter, 1972).

Apart from differences in collecting and fransforming the data,
investigators employ various "correction" procedures on successive HR
or 1Bl values during the CS-US interval. For instance, in the HR
discrimination designs of some studies, values from the CS- function
are subtracted from values of the CS+ function (e.g., Lockhart &
Steinbrecher, 1970). In addition, the pre-conditioned response to CS is
sometimes subtracted from the subsequent conditioned response function
(e.g., Deane, 1965)., There have also been procedures where, within
each trial, The pre~CS mean rate or IB! is subtracted from successive
rate or 1Bl values in the CS-US interval, thereby producing a "differ-
ence curve" (Hastings & Obrist, 1967); occasionally, pre-CS values are
divided into successive values in the CS-US interval (Schneiderman,

Smith, Smith, & Gormezano, 1966).



The above diversity in correction procedures has partly contribu-
ted fo the diversity of cardiac CR forms in the literature. Cardiac CRs
also take on differing forms depending upon, (a) which trial in a
session is examined (Black & Black, 1967; Jaworska & Soltysik, 1962),

(b) which subject in an experiment is examined (Cohen & Durkovic, |966;
Newton & Perez-Cruet, 1967), or, (c) whether early or late stages in an
experiment are examined (Lynch, 1973; McDonald, Stern, & Hahn, 1963).
Moreover, several independent variables have been seen to affect CR

form. For example, the resuliting form can depend upon whether a trace
or delay (Black et al., 1962; Fitzgerald & Martin, 1971) or backward
conditioning (Fitzgerald & Walloch, 1966) paradigm is employed, upon

the mode or intensity of CS and US (Gantt, 1960; Lynch & McCarthy, 1969),
upon the species of subjects (Cohen & Obrist, 1975), upon whether the
organism subsequently makes an insfrumental response (Schoenfeld, Matos,
& Snapper, 1967), upon the pre-CS basel ine heart rate (Ramsay, 1970),
and, upon the CS-US interval (Dronsejko, 1972; Hastings & Obrist, [967).
Thus, according tTo the results of their individual expekimenfs, inves-
tigators have described the cardiac CR form as (a) a monotonic accelera-
tion of heart rate from CS onset fto the end of the CS-US interval (e.g.,
Cohen & Pitts, 1968; Obrist & Webb, 1967), (b) as a monotonic decelera-
tion over the course of the CS-US intferval (e.g., Hein, 1969; McAllister,
Farber, & Taylor, 1954; VanDercar & Schneiderman, 1967), or, (c) as a
phasic response with distinguishable acceleratory and deceleratory com-
ponents (Geer, 1964; Wilson, [(969). Most frequently, an acceleratory
phase has been observed to precede a deceleratory phase in the CS-US

intferval, although, occasionaily, the deceleratory phase precedes
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(Fitzgerald & Martin, 1970; Newton & Perez-Cruet, 1967). Finally, poly-
phasic responses, i.e., of more fThan one cycle of acceleration and decel-
eration, have been noted (Bowers, [97]; Gatchel & Lang, 1974).

Apparently dismayed by the disparity of findings in cardiac condi-
Tioning, Harris & Brady (1974), after a review of the literature, were
led to remark that for both appetitive and aversive conditioning, "all
possible outcomes can be observed under some conditions". Further, they
state that few generalizations regarding the conditioning of autonomic
responses are justified, despite the large number of research reports
devoted to this fopic.

This view seems overly pessimistic, as some generalizations are
possible. AT least some of the variability in cardiac response form has
been seen to result from differing data treatments, and, in addition,
can be explained by species differences. For example, in primates the
cardiac rate CR has almost always been reported as biphasic, i.e., an
acceleration followed by a deceleration in the CS-US inferval (e.g., for
The rhesus, Nathan & Smith, 1968; Ramsay, 1970; Snapper, Pomerleau, &
Schoenfeld, 1969; for humans, Geer, 1964; Wilson, 1969; Zeaman, Deane, &
Wegner, 1954), Morecver, other species which have demonstrated monotonic
acceleration or deceleration at CS-US intervals less than 4 sec sometimes
revealed a biphasic CR form in studies which examined longer intervals
(e.g., in dogs, Brown & Peters, 1967; in rabbits, Deane, 1965, Kosup-

Kin & Olmsted, 1943; in rats, Schoenfeld, Matos, & Snapper, [967).

A study by Dronsejko (1972) helps to clarify the role of CS-US

interval in the reporting of diverse CR forms in the literature. Dron-

sejko, in a rare within-subjects manipulation of CS-US interval, examined
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the cardiac CRs of human subjects between a warning signal and shock.

She found that by increasing the C5-US interval in steps of.5 sec every
two trials, an initially monotonic rate acceleration at 5 sec CS-US
developed into a biphasic (acceleration followed by deceleration) rate
function at CS-US intervals from 8 sec to 12 sec. |In addition, she

found that the acceleratory portion of the biphasic rate response was
"t+ime-locked", with the peak of acceleration occurring consistently at

5 sec info the interval, thereby leaving the rate of deceleration as the
changing component of the biphasic waveform at CS-US intervals longer
than 8 sec. Dronsejko's experiment demonstrates that the biphasic cardiac
response in human subjects is truncated by US onset at CS-US intervals

of 5 sec or less. Brown & Peters (1967) also reported truncated biphasic
CRs of dogs at intervals less than |5 sec, and found consistent biphasic
responses peaking at 15 sec for a CS-US interval of 29 sec.

At variance QiTh”Dronsejko and Brown & Peters, who emphasize a
fixed latency of maximum heart rate at longer CS-US intervals, are those
studies employing comparable or longer CS-US intervals than those used
by the above investigators (with the same species) which show that peak
heart rate occurs closer to US as the CS-US interval increases (e.g., for
humans, Breznitz, 1967; Hastings & Ubrist, 1967; in dogs, Church &
Black, 1958), a phenomenon which Paviov termed "inhibition of delay".
Inhibition of delay has been frequently observed in other responses of
the autonomic nervous system (e.g., for salivation, Eilison, 1964; for
nictitating membrane, Schneiderman, 1966).

In addition To major sources of variability in cardiac CR form

being attributable to methodology, species variabies, or the minimum
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CS-US interval employed, movement artifacts have also been seen to
affect CR form. For example, Black et al. (1962) noted the relative
stability of the CR forms in curarized dogs when compared with un-
drugged dogs. Also, Randall & Smith (1974) noted, for rhesus monkey
CRs, that in trials when activity was present during a one minute CS,
monotonic heart rate accelerations were observed. In trials where
activity was absent, the CRs were biphasic.

The heart rate response of the rhesus monkey has been reported fo
be "very complex and very sensitive to changes in experimental pro-
cedure" (Miller & Caul, 1969). There is a report from a group of inves-
tigators, however, of the relative stability of the biphasic CR form of
the rhesus monkey across a variety of aversive conditioning procedures
(shock as the US) and three durations of CS (Shapper et al., 1969).
Throughout, (a) Paviovian delay condifioning sessions, (b) cued

"Sidman'avoidance, (c) cued escape, and, (d) CS-US pairings superimposed
on an avoidance baseline (fthe conditioned emotional response or "CER"
procedure) at CS durations of 12, 30, and 60 sec, the restrained rhesus
subjects continued to exhibit cardiac CR forms of initial acceleration
fol lowed by deceleration.

The present study proposes to examine stimulus control of heart
rate in the rhesus by use of a response-independent infrudea stimulus
design. By systematically moving the location of CS from close tem-
poral proximity to a subsequent US fo successively earlier portions of
a periodic inter-US interval, the disparate procedures outlined thus
far, such as delay, trace, warning, safety, forward, and backward

procedures, with their accompanying behavioral effects, may be seen to



22

fall at successive points along a temporal continuum. Intfrusion of CS
close to a subsequent US generates such designs as warning signal, delay,
and trace conditioning. As CS moves further back in the inter-US interval,
long-trace and safety-signal procedures result. Finally, when CS occurs
immediately after fthe preceding US, backward conditioning results, con-
current with the ideal case for safety-signal training by CS predicting
the longest shock-free interval (cf. Moscovitch & Lolordo, 1968).

A comparison of delay and trace conditioning is afforded in the
beginning of the study: the delay case where CS offset is contiguous
with US onset merges intfo the trace case when CS moves back in the
infer-US interval. With respect to CR magnitude, investigators comparing
delay and frace (with a group design) have found them to be comparable
at shorter CS-US intervals, but have superior conditioning with delay
at longer intervals (for HR, Black et al., 1962; Fifzgerald & Martin,
1971; Meredith & Schneiderman, 1967; for salivation, Ellison, 1964; for
nictitating membrane, Schneiderman, 1966). Paviov (1927) also found
long-frace conditioning to be inferior to long delay, both in ease of
acquisition, and susceptibiltiy to extraneous stimuii. He noted, how-
ever, that when dogs were begun at simultaneous conditioning and Then
shifted to progressively longer frace intervals, long-trace conditioning
was facilitated. The present procedure was similar to Pavlov's and
may result in stable long-trace cardiac CRs by having begun at a shorter
intferval delay case.

Apart from a comparison of trace and delay for cardiac CR magnitude,
The present design also allows examination of the latency characteristics

of The cardiac CR as the CS-US interval is lengthened. Inhibition of
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delay, as defined earlier, has been attributed by Paviov to extinction
of the early segments of the CR from lack of reinforcement. He states,
"this delay [of the CR] is proportional to the length of the interval
between the two stTimuli and may even extend to several minutes" (p. 88).
Ebel & Prokasy (1963), moreover, stated that when the delayed CR
(in their case, eyeblink) overlaps with the US, reinforcement is maxi-
mized. The CR-US overiap is "instrumentally shaped" because the occur-
rence of the CR mitigates the effects of the US, as when an eyelid clo-
sure mitigates the effects of an airpuff. As the CS-US interval is leng-
thened, subjects have increasing difficulty in overlapping their CR
with US, reflected in an increase in the variance of response l|latencies.,
It is not immediately clear, in the present context, how heart rate
changes might mitigate the effects of shock. Schneiderman (1972) ex-
plained that the preparatory HR CRs might allow the organism to "cope"
with the forthcoming shock. He cites evidence from investigators who
show that subjects choose signalled over unsignal led shock (e.g.,
Perkins, Seyman, Lewis, & Spencer, 1966). Also, shocks that are preceded
by a CS have been shown to result in smaller unconditioned responses
(URs) (e.g., for GSR, Lykken, 1962). The present study will not only
examine CR latencies and their variability as the CS-US interval increases,
but will, in an additional procedure of unsignalled, periodic presenta-
tions of US alone, examine the magnitude of URs to signalled and unsignalled
shock presentations.
Within the context of warning and safefy signals and their effect on
cardiac CR form, it is also not clear how one might interpret obtained
heart rate accelerations or deceierations as "warning" or "safety" effects

since directionality of heart rate changes to a CS has not been reliably
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linked to specific emotional states of organisms such as "fear" or
"relief" (Martin, 1961). As noted earlier, the form of the CR depends
importantly upon a combination of several factors which include the
species employed, and the CS-US interval. It has been suggested, for
other response systems, that a reduction in "excitatory" conditioning
be a measure of the inhibitory or safety properties of a CS (Hammond,
[968; Rescorla, (969 a,b; Rescorla & Solomon, [967). Thus, Moscovitch
& Lolordo (1968) défined the effects of a fear-arousing stimulus as an
increase in'Sidman'avoidance shuttle-box performance as a response to
a safety-stimulus., They demonstrated that if a CS closely followed US
(the ftraditional backward conditioning procedure) and, moreover, sig=-
nalled a long shock-free period, avoidance rates declined during and
following CS.

A study possibly demonstrating safety-signal effects on heart rate
of The rhesus by Kadden, Washton, McMillan, & Schoenfeld (1975) showed
that intruding a stimulus which indicated a shock omission trial during
the progress of a conditioned response, shifted HR acceleration to
deceleration, or slowed acceleration of the CR. Another method of
demonstrating safety-signal effects on heart rate might be at the back-
ward conditioning phase of the present experiment, i.e., when CS occurs
immediately after a previous US. Since the CS coincides temporally
with The UR to shock, and is also followed by a long shock-free interval,
attenuation of the UR magnitude may be found (cf. Rescorla, 1969 a,b).

T will be recalled that the present design incorporates sessions
where US is signalled and sessions where US is unsignalled, with the same

inter-US interval in both cases. Many investigators of Pavliovian con-
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ditioning have employed irregularly spaced trials (CS-US pairings) to
avoid attributing obtained conditioned responses to anticipation of
regularly timed US presenations, rather than to effects of their In;
dependent variables of interest. Successful temporal conditioning

wiTh the periodic delivery of shock has been demonstrated with GSR as
the measured response (reported in Hull, 1943; Lockhart, 1966 d), and,
with the periodic delivery of both CS and US for heart rate (Dykman &
Gantt, 1959; Gantt, Gakenheimer, & Stunkard, 1951). Dmitriev & Kochi-
gina (1959), and other investigators (Dyman & Gantt, 1959; Gantt et al.,
1951) have included in the definition of temporal conditicning the case
where CS-US pairings are repeated at regular intervals. Thus, in The
present study, temporal conditioning under both signalled and unsignalled
procedures can be examined. However, some question has been raised
concerning temporal conditioning, leading Graham (1973) to conclude that
there is ambiguity in the available evidence for such conditioning.

Any positive evidence confirming temporal conditioning would have to
Take one or both of these forms: anticipatory responding just prior fo
stimulus presentation, and response occurrence at the time US would

have been delivered on omission trials. Both methods have been employed
in Ths literature, but with equivocal results. Dmitriev & Kochigina
(1959) provide a lengthy review of the Russian work in temporal con-

ditioning in a variety of organisms and response systems. They find that,

_in the course of "time reflex" acquisition, both forms of evidence are
provided. The beginning phases of conditioning are characterized by
general ized responding throughout the inter-US interval. In later phases,
responses come at increasing delay in the interval until, affer much

training, responses come at the time of stimulus occurrence in frials
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where the US is omitted. When both CS and US are presented, temporal
conditioning is evidenced by pre-CS responding.

Many investigators of heart rate conditioning who have employed
regularly timed presentations of.bofh CS and US (e.g., Newton & Perez-
Cruet, 1967; Schoenfeld, Matos, & Snapper, 1967; VanDercar & Schneider-
man, 1967) or US alone (e.g., Schneiderman, VanDercar, Yehle, Manning,
Golden, & Schneiderman, 1969)mighthave found evidence for femporal condi-
Tioning had they examined patterning of heart rate during the entire
inter-trial interval (and especially the pre-CS interval). It is
intferesting fo note that none of the studies which employed periodic
presentations of US alone and examined evidence for cardiac temporal
conditioning found such evidence (Katkin & Nelson, 1973; Snapper,
Schoenfeld, Ferraro, & Locke, 1965). The only experiments demonstra-
Ting cardiac temporal conditioning have pericdically presented CS and
US, as referenced above. This suggests, perhaps, that ftemporal condi-
tioning is facilitated with the addition of a CS, also discussed by
Dmitriev & Kochigina (1959). They cite a study in Pavliov's l|aboratory
where unstable temporal conditioning of salivation with regularly tTimed
presentations of meat powder was improved with the addition of a tone

Cs.

Pharmacological manipulations

I+ has long been known that the autonomic nervous system (ANS)

is the major source of conirol over heart rate (Rushmer, 1970); however,
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the relative contributions of the sympathetic and parasympathetic branches
to heart rate changes have remained unresolved. Cannon (1923) attributed
increases in heart rate which accompanied the "major emotions" such as
pain, fear, rage, and great excitement to the sympathetic branch of the
ANS. The pafasympafhefic branch was relegated to the function of Mbuili-
ding up reserves"., Specifically, the vagus nerve was said by Cannon to
decrease heart rate primarily to provide rest periods for the heart.
Since Cannon's time investigators have sought, through surgical and
pharmacological interventions, to determine which of the two branches

of the ANS is the major contributor to heart rate changes during such
experimental conditions as exercise (e.g., Robinson, Epstein, Beiser, &
Braunwald, 1966), operant avoidance (Wynne & Solomon, 1953), aversive
Pavlovian conditioning (Dykman & Gantt, 1959), "startle" reactions
(Bond, 1943), and aversive reaction-time tasks (Obrist, Lawler, Howard,
Smithson, Martin, & Manning, 1974). The literature with respect tfo
autonomic innervations of the Pavlovian cardiac CR in particular, is
large and equivocal. The observation of deceleratory CRs in aversive
Pavlovian paradigms played havoc with the notion of the sympathetic
system initiating HR acceleration as an "emergency" response (e.g.,
Hastings & Obrist, 1967). Especially vexing were observations that
acceleratory cardiac CRs were unaffected by sympathetic blockade

(e.g., Obrist & Webb, 1967). These findings reflect the fact that HR
increases or decreases can be independently effected by either branch

of the ANS (e.g., Robinson et al., 1966). For example, cardiac acceler-
ation can occur either fthrough an increase in sympathetic activity, or,
through a decrease in vagal restraint. The vagus nerve exerts a con-

trolling and restraining influence on resting heart rate in mammals
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(Johans_en & Reite, 1964); thus, when vagal firing is blocked or de-
creased, heart rate increases (Rushmer, 1958),

Apart from neural regulation of heart rate, there are also hormon-
al contfributions (Cohen, 1974). The adrenal medulla secretes adrenalin
and noradrenalin (collectively termed catecholamines). These hormones
are documenTed to cause HR increases when the organism is under various
forms of stress (Bond, 1943; Cannon, 1923; Randall, Kaye, Randall, &
Brady, 1973).

Cohen (1974) has offered the view that relative contributions of
the sympathetic and parasympathetic systems to the cardiac CR depend
upon the particular form of the cardiac CR under study. His method of
organizing a literature review by accelerative, decelerative, or biphasic
CR forms will be followed here; first, however, the experimental proce-
dures employed in these studies will be outlined below.

Typically, subjects undergo Pavlovian pairings with shock as the
US. Affer stable HR CRs are acquired, either or both branches of the
ANS are blocked (surgically and/or pharmacologically), and subsequent
changes in the cardiac CR are assessed.

Surgical procedures to eliminate the parasympathetic system in-
volve severing the vagus nerve whereby the sympathetic nervous
system is surgically eliminated by removal of the stellate ganglia and
part of the sympathetic chain. Pharmacological interventions are more
common, perhaps due to ease of administration. This procedure employs
blocking agents which antagonize neurofransmitter substances at receptor
sites of sympathetic or parasympathetic nerve endings in the heart.
Based on the selective effects of these blocking agents, autonomic in-

nervation of the cardiovascular system has been pharmacologically clas-

i
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sified as cholinergic, alpha-adrenergic, or betfa-adrenergic . Choliner=-
gic blocking agents, such as atropine and scopolamine, antagonize acetyl -
choline at receptor sites of parasympathetic fibers in heart muscle,
among other sites. Adrenergic blocking agents such as phentolamine and
propranolol, block, respectively, sympathetic innervation of the arter-
ioles ("alpha" receptors),and sympathetic nerve endings in the heart
("beta" receptors).

Cohen (1974) has warned that in the use of these surgical and
pharmacological procedures, eliminating one branch of the ANS may change
the contribution of the other branch to the regulation of heart rate.

He suggests that, ideally, studies should eliminate each nerve supply to
assess the effects on the other. Although most studies conducted in
this area have blocked only one branch of the ANS, they have also mostly
implicated tThe action of both branches in the intact cardiac CR. Theories
as to the major contributor are, however, divided. A review follows.

Cardiac CRs of monotonic acceleration are offten observed in dogs,
pigeons, and sometimes cats. Those studies which present evidence for
parasympathetic control of the acceleratory CR include Obrist & Webb
(1967) and Obrist, Sutterer, & Howard (1972) who showed, in dogs, that
beta-adrenergic (sympathetic) bl!ockade by propranolol resulted in
either small, or no response decrements during Paviovian trials. They
concluded that the CR must have been mostly of vagal origin. Dykman &
Gantt (1959) also concluded that the greater contributor <o an accel-
eratory CR in dogs was parasympathetic affer observing a greatly dimin-
ished response with atropine-block. Because the response was not com-
pletely eliminated, however, they hypothesized some sympathetic input.

Evidence for primarily sympathetic mediation of acceleratory CRs
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can be found in a study conducted by Bond (1943). He concluded almost
total sympathetic control of the HR increases of dogs and cats to the
sound of a pistol shot, because acceleration still occurred when the
vagus nerves were cut and the adrenals removed. Bergamaschi & Longoni
(1973), in an unusual procedure of injecting propranolo!l after the peak
of an acceleratory CR in dogs during a 5 min CS, demonstrated a lower-
ing of heart rate 3 min after injection, toward the end of CS. They
therefore attributed the CR to activation of the sympathetic nervous
system.

Some evidence suggests that the length of ftraining may influence
the amount of sympathetic involvement in the acceleratory cardiac CR,
with sympathetic effects more evident early in fraining (Cohen & Pitts,
1968; Obrist, Howard, Lawler, Sufterer, Smithson, & Martin, 1972). in
this regard, Cohen & Pitts demonstrated that beta-adrenergic block by
propranolol of an acceleratory CR in pigeons was more effective than
vagotomy in reducing response magnitude early in ftraining. The vagal
contribution increased as training progressed, as seen in larger res-
ponse magnifudes in later trials, even when the sympathetics were blocked,

There appears to be greater agreement among studies examining
deceleratory CRs. Most conclude that the deceleratory response is vagally
mediated after observations that atropine block or vagotomy abolished the
reponse (for the cat, Flynn, 1960; Hein, 1969; for the rat, Fitzgerald,
Martin, & O'Brien, 1973; for the rabbif, Downs, Cardozo, Schneiderman,
Yehle, VanDercar, & Zwilling, 1972; Fredericks, Moore, Metcalf, Schwaber,
& Schneiderman, 1974; Sampson, Francis, & Schneiderman, 1974; Schneider-
man, VanDercar, Yehle, Manning, Golden, & Schneiderman, 1969). An excep-

tion is a study conducted by Kazis, Milligan, & Powell (1973). They
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found that the magnitude of the decelerative rabbit CR was decreased by
administration of either propranolol or atropine, but only el iminated
completely by combined injection. These authors, therefore, suggest
that the deceleratory CR in intact rabbits results from combined para-
sympathetic discharge and inhibition of sympathetic fone.

There have been relatively few studies conducted on the biphasic
CR in classical conditioning paradigms. In two experiments conducted
with dogs (Katcher, Solomon, Turner, Lolordo, Overmier, & Rescorla,|969;
Obrist, Howard, Lawler, Sutterer, Smithson, & Martin, 1972) the authors
have described the CR as mainly acceleratory but with a slight fall in
rate at the end of CS; these CRs are here considered as biphasic. Both
studies employed sympathetic blockade, with Katcher et al. having used
sympathectomy, and Obrist et al. having used propranolol. In both cases
the acceleratory and deceleratory portions of the CRs were reduced after
sympathetic block, although the conclusions reached by the authors are
different. Katcher et al. concluded major contfributions from the sym-
pathetic system, while Obrist et al. concluded mainly vagal mediation.
It seems probable that both the vagus and The sympathefics contributed
to both portions of the response, in keeping with physiologists' emphasis
of "reciprocal innervation" of heart rate by both sympathetic and para-
sympathetic branches (e.g., Rushmer, [970).

Another study demonstrating this reciprocal innervation, although
only reported for the acceleratory portion of a biphasic response in
rhesus monkeys (Klose, Augenstein, Schneiderman, Manas, Abrams, & Bloom,
[975),found that neither atropine methliynitrate (a form of atropine

which does not affect the central nervous system) acting alone, nor
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propranolol alone, eliminated the initial acceleratory portion, although
their combined administration did. Their datawere interpreted 1o suggest
greater sympathetic involvement in that propranolol diminished the response
more than did atropine, although This finding was not statistically sig-
nificant (their Table 4).

An experiment by Kadden, Schoenfeld, & Bindler (1975) stands alone
in having assessed both the acceleratory and deceleratory components of
a biphasic CR with sympathetic, parasympathetic, and combined blockade.
Employing rhesus monkey subjects in a classical conditioning paradigm,
they obtained results suggesting that a) the initial acceleratory por-
tion of the biphasic CR is largely under sympathetic control, as evidenced
by the selective reduction of acceleration after propranolol injection,
and b) the subsequent deceleratory portion is largely under parasympa-
thetic control, as evidenced by reduction after atropine. These observa-
tions seem fo be confirmed by the fact that combined administration of
atropine and propranolol completely eliminated the biphasic CR.

Obrist and col laborators (Obrist, Lawler, Howard, Smithson, Martin,
& Manning, 1974; Obrist, Wood, & Perez-Reyes, 1965), working with bi-
phasic or multi~phasic human cardiac CRs in classical conditioning and
aversive reaction-time tasks, have suggested that sympathetic influences
on the heart are minimal unless evoked by severe stfress (Obrist et al.,
[965) and, moreover, in those paradigms where subjects can avoid impen-
ding shock (Obrist et al., 1974).

Some overall conclusions may be stated. Those studies examining
CRs with an acceleratory component, whether the enfire response form is
monotonic br biphasic, find confributions from both branches of the ANS,

although it seems probable that the sympathetic system is the larger con-
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tributor (e.g., Bond, 1943; Kadden et al., 1975; Klose et al., 1975).
Those studies examining CRs with a deceleratory component, whether
monotonic or biphasic, seem To point mostly to an increase in vagal
restraint on the heart as the primary source of heart rate deceleration.
Again, however, both branches can be seen to contribute (Kazis, Milligan,
& Powell, 1973). Perhaps the most striking evidence forAboTh vagal and
sympathetic contributions to the form of the CR, whether the CR is
acceleratory, deceleratory, or biphasic, come from studies showing that
either vagal or sympathetic blockade does not abolish the response, but
combined blockade does (Cohen & Pitts, l968} Kadden et al., 1975; Kazis
et al., 1973; Kiose ef al., 1975).

Since there have been so few studies conducted with the classically
conditioned biphasic CR where both acceleratory and deceleratory compo-
nents are assessed after blockade of both sympathetic and parasympathetic
branches of the ANS, fhe present study proposes to add information in
this area. Additionally, a ganglionic blocking agent will be used to
pharmacologically denervate the heart. Most studies examining the fate
of the CR after cardiac denervation employ combined administration of
atropine and propranolol. It is difficult, however, fto determine the
titration of dosages of one blocking agent against the other to achieve
equal effectiveness of both. By the use of a single biocking agent such
as chlorisondamine, the questions inherent in the ftitration of dosages
are alleviated. A ganglionic blocking agent effectively denervates the
heart by blocking acetylcholine fransmission at the level of the gangiia.
Occasionally, a ganglionic block is used to estimafte "infrinsic rate",
i.e., the resting rate of the denervated heart (e.g., Dews & Herd, 1974).

Also, any contribution of cathecholamines to cardiac acceleration
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can be assessed, since complete ganglionic block efiminates both branches
of the ANS, allowing any observed HR changes during CS to be attributed
to hormonal effects. |1 has been shown, for example, that cats startied
by a pistol shot after complete cardiac denervation exhibited a slow HR
acceleration |4 sec after the shot (Bond, 1943). |n addition, Randall
et al.(1973) observed HR acceleration in surgically denervated rhesus
monkeys 20 sec. after the onset of CSs preceding food or shock. Both
Bond, and Randall et al. aftfributed the HR accelerations to the secre-
tion of catecholamines.

Through the behavioral manipulation of moving CS temporal location
in a regular infter-US interval, and pharmacological manipulations of
selective and total autonomic blockade, the sources of control over

conditioned and unconditioned cardiac changes may thus be -illuminated.
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Method

Sub jects

Six experimentalliy naive, male rhesus monkeys (Macaca mulatta)

served as subjects., Each animal weighed approximately 5 kg at the
start of the experiment. Their diet consisted of ten primate biscuits
(Wayne Monkey Diet) totalling approximately 160 gms, with 750 m| of
water, distributed over three feedings daily. Every other day, 1/4
apple was added. Periodic tuberculin testing was carried out prior to

the start of the experiment, In other respects, all animals were found

to be healthy from visual inspection.

Apparatus

Subjects were confined to primate restraint chairs (BRS-Foringer
Rhesus Test Chairs [No.'PC—OOZi)wiTh thoracic plates and attached cum-
merbund for added restraint, for the duration of the experiment. During
each experimental session the restraint chairs were wheeled into indivi-
dual wooden experimental chambers (No. PCH-002) lined with acoustic tile.
Each chamber was equipped with an exhaust fan, a 7.5 watt blue overhead
lamp, and a speaker on the inside rear wall driven by a Grason Stadler
white noise generator (No. 901B) set at 10dB below 1.5V, which provided
masking noise during sessions.

Visual stimuli consisted of ftwo white indicator |ights (Dialco,
24y -, No. 327 bulbs) mounted on a metal minibox and attached to the
restraint chair during experimental sessions. The lights were thus
positioned approximately 20 cm from the subject's face at eye level. The
two |ights, arranged vertically 2 cm apart, cenfer-to-center, served as
the conditioned stimulus (CS); four other lights on the stimulus display

panel were never used. CS duration was |0 sec throughout. The blue
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overhead lamp was |if from the onset, and remained |it for the duration
of the experimental session,

Efectric shock was delivered through tail electrodes, each consis-
Ting of a 4 mm by 2.5 mm piece of brass shim sftock (.004 in. thickness)
riveted onto a strip of Velcro and connected fo a rubber-~jacketed wire.Five
minutes before the start of each session the animal's tail was Tied to the
structure of the chair and two electrodes with electrode jelly were sirapped
to a shaved portion of the tail to insure good contact. The electrode wires,
in turn, were attached to a cable in the chamber through which shock was
delivered. Constant current AC shock was obtained by passing the output
of a 650 V transformer through a set of matched capacitors (each .068 mF),
and served as the unconditioned stimulus. Shock infensity was 9 Tos mA,
as measured prior to each session by an ammeter in series with The shock
source. Switching circuitry for the shockers, suggested by Ramsay, Knapp,
& Zeiss (1970), eliminated large surges of current at shock onset and off-
set by a method which shorted the animal through normally closed contacts
of a relay until shock delivery; the relay contacts were then opened,
leaving the animal as the only path for current flow in the shock circuit,
Switching transients were further reduced by a synchronous switch which
allowed shock onset and offset o occur oniy at zero volts on the AC
voltage cycle. Shock duration was 300 msec, t 4 msec,

Each subject's EKG was monitored through two subcutaneous stainless
steel electrodes (Siemens Aktiengesellschaft, Erlangen, Germany, No.
211140) Thevplacemenf of which maximized the relative size of the R-wave
of the EKG, and were implanted with the animal tfranquilized by Vetalar
(Parke-Davis). The animal's chest was shaved prior to implantation. A
typical plcenent consisted of one electrode inserted subcutaneously at

the sternum, with the other placed laterally, at approximately
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I5 cm to the left. The electrodes were attached by wires to a connector
(Siemens , No. 2287985); the animals were prevented from pulling out

the wires by being permanently dressed in a soft l|eather jacket which
covered the elecfrodes and connector. During each session the connector
was attached to a cable in the chamber; the EKG was amplified and dis-
played by a Beckman Type R Dynograph,and R-waves of the QRS complex were
digitized by a$chmiTT trigger circuit made from digital logic modules.
All data were recorded, and all stimuli delivered, by a PDP-8 computer

using a notation system and program devised by Snapper & Kadden (1973).

Procedure

All animals excepting subject E-18 were placed in restraint chairs
for one month prior to the start of the experiment for adaptation. During
this time they were removed from the chair once for implantation of EKG
electrodes. For each day during the week preceding the first experimen-
tal session, each animal's fail electrodes were attached, and he was
placed in the experimental chamber for one hour with only the overhead
lamp and masking noise on. E-18's adaptation procedure differed from
the above in that he underwent chair adaptation for only one week,
concurrent with chamber adaptation.

The experimental sessions were conducted daily, excepting when
a subject's EKG electrodes were re-implanted as a result of a deterior-
ating EKG signal. In order for effects of the tranquilizing agents
used during re-implantation to diminish, sessions were not held for the
fol lowing 24 hours. Also, sessions were not held for 48 hours affer

administration of the experimental drugs in the latter stages of the

experiment.
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The daily experimental routine was identical with the procedures des-
cribed above for chamber adaptation, except that the experimental stimuli,
CS and US, were delivered to the animal, Sessions began with a ten-minute
adaptation in the chamber with masking noise and overhead lamp present,

fol lowed by CS onset.

Data Recording

Of twenty daily conditioning frials (CS-US pairings), data were
col lected from ten (Nos. 3,4,7,8,11,12,15,16,19, and 20), in recording
groups of two consecutive Trials, Groupings larger than ftwo trials could
not be done because of limitations of the computer's memory. Thus, for
every two consecutive frials recorded, the following two were unrecorded,
during which time data from the previous two trials were punched on paper
tape. For each recorded trial, no data were take during the US, and not
for | sec following the US because of noise in the cardiac signal during,
and immediately after shock. One second after shock offset, the first
R-wave of The QRS complex started the computer's time-phased recording
in .0l sec unifs, and this recording continued until either two R-waves
following the first had occurred, or, until a 2 sec time period had
elapsed. Every alternate R-wave ended the counting of .0l sec time pulses
and began the counting in a new recording area in memory. Thus, each
area ' contained interbeat time, in 10 msec units, of Two successive
EKG cycles, sometimes referred to as the "double interbeat time'" or
"double R-R interval" (e.g., Wilson, 1969). One second after shock offset,
a clock was started which, when 2 sec had timed out, stopped the counting
of .0l sec units. A new count was begun in another counter upon detection
of another R-wave. As a result of interrupting the count every 2 sec,

one recording counter per 2 sec period had a value short of the full
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duration between two successive R-waves; these counters were always elim-
inated from data analysis.

Trials had a duration of 23| sec. After a trial had ended, if the
next trial was to be recorded, data recordihg was re-initiated at the
detection of the first R-wave | sec after shock offseft. |f data were not
to be collected from the followtng two trials, all scheduled stimuli were
delivered to the subject, but recording was not re-initiated until The
next two shocks had been administered, | sec had elapsed after The second
shock delivery, and the first R-wave of the new frial was detected.

Figure | details the dafavrecording scheme for a sample of four
trials at an arbitrary CS-US interval. The 1.3 sec at the UCS arrow
between trials 7 and 8 indicates the duration of interrupted data recor-
ding between ftwo recorded trials: .3 sec during shock, and | sec following
shock offset.

The experimental design employed eight temporal locations of CS
with respect to US. Cycles of fixed duration (23| sec onset to onset)
ran concurrently for CS and for US. The phase relationship of the two
cycles determined CS-US intervals, as measured from CS onset fo onset of
the fol lowing US, of 10, 20, 30, 50, 80, 120, 170, and 230 sec. This
order was the same for all six animals.

Each CS-US interval was used for six daily sessions, each session
containing twenty CS-US pairings ("trials"); only trials from the final
two days (days 5 and 6) of conditioning at each CS-US interval were
analyzed, After each CS-US interval had been used for its six sessions,
two successive sessions were held with US delivered alone at the 231 sec
inter-US interval: 20 shocks were presenTe& per session, and the data of

both sessions were analyzed.
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Figure |. Data recording scheme for a sample of four trials.
Asterisks at friais 7 and 8 indicate recording of double interbeat
intervals in successive 2 sec periods for 230 sec. Note that no

data recording occurred in the following two frials (9 and 10).
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The 10 sec and 230 sec CS-US intervals need further clarification.
At the 10 sec CS-US interval, CS offset was éoincidenf with US onset,
Sessions at the 230 sec CS-US interval began with CS delivery, fol iowed
after 22| sec by US, followed by CS again after 1.3 sec, etc.

After two sessions with US alone were held following the 230 sec
CS-US interval, three CS-US intervals were re-defermined: 50, 20, and
10 sec, in that order for all six subjects.

Drugs were administered to each subject not only on the 6th day
of conditioning at each re-determined CS-US interval, but fwo additional
days (7 and 8) were also held, specified further below: The drugs
consisted of chlorisondamine (Ecolid, Ciba-Geigy), propranoiol hydro-
chloride (inderal, Ayerst), and atropine sulfate (Afropine, Wyeth). The
drugs were injected i.v. in the animal's leg. All dosages were | mg/kg,
a strength found fto produce marked effects relative to lower dosages
(Randall & Smith, 1974). Interpolated sessions employing US alone were
not administered until all drug sessions at a particular re-determined
inferval were complefed: Two sessions on two consecutive days were then
held with US aione, followed by six days of conditioning at the next
CS-US interval,

The method of drug administration at each re-determined interval
fol lows: Immediately following the final twenty irials (day 6) of each
interval, the animal was removed from the experimental chamber and injec-
ted with chlorisondamine. After replacement in the chamber, followed by
a five-minute waiting period, eight further conditioning trials were
given., On day 7 of each re-determined interval, only eight pre-drug
conditioning trials were given, followed by an injection of propranolol.

Affer a five-minute waiting period, eight conditioning frials were
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delivered, followed by an injection of atropine, followed by eight
conditioning frials after another waiting period. Day 8 consisted of
the same procedure as day 7, except that atropine was administered first.
Note that for each block of eight conditioning trials, four were recorded.
Table | lists the number of conditioning frials delivered to each
subject at each stage of the experiment. In cases of discrepant column
entries, They indicate the actual number of trials administered to that
subject as a result of equipment malfunction. Entries for re-determined
intervats (Roman 11l) are subdivided into: (a) number of conditioning
trials with drugs, (b) conditioning frials without drugs, and, (c)

trials with US alone.
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Tabte !

Number of Conditioning Triais at Each Experimental Stage

CS-US interval (Sec,)
10 20 30 50 80 120 170 230 50 T 20 01X

Subject CS US cs Uus s Us €S us - €S us s Uus Cs us s us CS €S L US €S CS us Cs C5 us
US anly US only US only US anly US only US anly US only US only US u5(03 only US US(P) only US Us(Pjonly

E-28 120 40 j20 40 120 40 {20 40 AIOO 40 120 40 i20 40 B 40 {60 40 40 136 40 40 136 40 40
E-34 |20 37 120 40 120 40 120 40 {00 40 120 40 120 40 120 40 160 40 40 136 40 40 136 40 40
E-40 120 40 120 40 120 40 {20 40 -~ |20 40 120 40 120 40 {20 40 60 32 40 136 40 40Q {30 40 40
E-38 120 40 120 40 120 40 j20 40 120 40 120 40 120 40 120 40 160 40 40 136 32 40 i36 40 40
E-32 120 40 120 40 120 40 120 40 120 40§20 40 120 40 {20 40 160 40 40 12324 38 136 40 40
E-18 120 40 120 40 120 40 120 40 120 40 120 40 120 40 120 40 136 48 40 i36 40 40 136 40 40

-]
(D) indicates the number of conditjoning trlals with drugs

' .
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Rationale for Data Analysis

IT has been widely observed in the field of psychophysiology that
the magnitude of response to stimulation is inversely related to pre-
stimulation response levels. This relationship was termed the law of
initial value (LIV) by Wilder (1950, 1957) who was the first to emphasize
its general ity by pointing out numerous applications in biology, medicine,
physiology, and neurology. Because Wilder urged caution in interpreting
physiological response to stimulation without ftaking pre-stimulation
response level into account, questions arose as to appropriate response
measures, standardization, and statistical adjustment of data when in-
dividuals' pre-stimulation levels Were not equivalent (Lacey, 1956, and
others). Specifically, if the initial values of two individuals differ,
apparently equal response magnitudes may not be equal. The taw of initial
Value reflects the more general problem of comparing any individual or
group performances when extraneous factors systematically affect the
dependent variables under study.

Most researchers, and statisticians as well, recommend experimental,
rather than statistical control of extraneous variables (e.g., Kirk, 1968;
McGuigan, 1968; McNemar, 1955) through techniques such as elimination,
constancy of conditions, and use of control groups. However, experimen-
tal control of initial level may in some cases be extremely difficult, if
not impossible to achieve (Lacey, 1956). For their sftudies of cardiac
conditioning, Snapper, Kadden, & Schoenfeld (1971) attempted to bring
post=CS cardiac response levels under direct control by fixing pre-CS

heart rate at pre-determined values with tThe use of an electrical pace-
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maker. The heart was paced at varying pre-CS rates, and then released
during CS. They were unable, however, to show control of post-CS HR
level by pre-CS pacing rates. Since direct control of initial response
level presents difficuITieé, one could revert to pre-experimental stat-
istical procedures to -match individuals aﬁd groups with respect fo their
initial levels, and then to conduct experiments with groups arranged by
levels of pre-stimulation response measures. The power of statistical
tests are increased when comparison groups are matched with respect fo
non-random extraneous variables (e.g., Kirk, 1968; McGuigan, 1968). Un-
fortunately, however, additional complexities surround the law of initial
value: investigators have noted a consistent relationship between pre
and post-stimulation response levels for an individual, but differenT
degrees to which the LIV affects responses tc stimulation from one in-
dividual to another (Block & Bridger, 1962; Bridger & Reiser, 1959;
Lacey, 1956; Steinschneider & Lipton, 1965). Also, in the atftempt o
match individuals for initial response level, one might find that level
to be in the upper portion of one individual's response range, and in
the lower portion of the other's (Block & Bridger, 1962; Bridger &
Reiser, 1959).

It appears that neither direct experimental control nor pre-exper-
imental matching procedures reasonably counteract the confounding of ini-
tial level with response magnifudes. As a result, one must resort to
post-experimental statistical adjustment of data.

There have been many attempts to define mathematically and to
evaluate the law-of initial value. The LIV has been described as either
a correlation or a regression: the observed negative correlation between

pre and post-stimulation response magnitude (Benjamin, 1963, 1967; Wilder,
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1965); or, the positive correlation between pre and post-stimulation
response levels (Lacey, 1956). Regression models have also been pro-
posed (Block & Bridger, 1962; Bridger & Reiser, 1959; Downer & Thompson,
1972; Surwillo & Arenberg, 1965), with the argument that a strong cor-
relation between Two variables, as measured by the Pearson r, conveys
no information about the magnitude of their functional relationship.
These authors suggest that the LIV be expressed by the slope of the
best-fit regression of post-stimulation response level on initial res-
ponse level, but do not agree on what value of the regression coeffi-
cient (slope) reflects maximal operation of the LIV. As a kind of
compromise to the above confusion, Steinschneider & Lipton (1965) sug-
gest use of correlation and regression coefficients when evaluating the
LIV, rather than arbifrarily selectfing one or the otfher.

There are many definitions of the LIV, and there are many proposals
of how to eliminate it statistically; i.e., how fo free response data
from the confounding effects of initial level (see extensive review by
Lacey, 1956). Benjamin (1963, 1967) has pointed out that the investiga-
tor's choice of analysis greatly affects interpretation of the data.

In the 1963 paper she compared four major types of solutions fo the
problem of freeing the effect of initial response level on post-stimulus
response magnitudes. Benjamin found that only scores adjusted by
regression models, namely, lLacey's Autonomic Lability Score (ALS; 1956)
and covariance adjustment resulted in zero correlation beftween the
adjusted score and initial response level. After further demonstrating
that Lacey's ALS is an equivalent, standardized form of covariance
adjustment, she recommended Lacey's ALS for comparison of individuals

and analysis of covariance for comparison of groups. Briefly, analysis
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of covariance is a technique that combines components of analysis of
variance and regression fTechniques (Snedecor & Cochran, 1967). The
analysis of variance allows grouping of data to make comparisons of
D‘hﬁeresT, for instance, between vs within groups comparisons. The
regression component determines the |inear dependency between response
measures and some other variable, in This case, pre-stimulation level:
the sums of squares from the analysis of variance are adjusted by an
amount proportional to the magnitude of the observed |inear dependency.
Thus, the effect of initial response fevel on post-stimulation response
measures is removed, allowing tests of significance of appropriate
comparisons by the usual F ratios.

Before a statistical model for data analysis was chosen in the
present study, it was necessary to determine the regression of response
to stimulation on initial response level. Since it is not at all clear
how to characterize the LIV relationship, the requirement for choosing
a model that included pre-stimulation response measures in the analysis
rested on some observed correlation between pre and post-CS response

levels, and a regression coefficient greater than zero.
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Resuits

The overall correlation between pre and post-CS [B! levels was found
to be 0.92 and the regression of the pooled regressions for all CS-US
intervals (excepting re-exposure) was 0.80. To the extent That the
magnitude of these correlation énd regression coefficients conform to
many of The definitions of the law of initial value in the literature
outlined previously, we can tentatively conclude the presence of the LIV
in the present post-CS cardiac rate data. Other investigators have also
shown that the LIV is present in the cardiac rate data of humans (Bridger
& Reiser, 1959; Hord, Johnson, & Lubin, 1964; Lacey, 1956; Wilder, 1957),
rhesus (Ramsay, [970; Snapper, Kadden, & Schoenfeld, 1971), dogs (Black,
et al,, 1962), and pigeons (Cohen & Pitts, 1967). Based on Benjamin's
(1963, 1967) demonstration that only covariance (synonymous with regression
models) insure a score free of initial response level, and the values
of the obtained regression and correlation coefficients, an analysis of
covariance was performed.

There has been scme disagreement regarding which dependent variable
measure should be adjusted, whether difference scores (post minus pre)
or level scores (post) (Lacey, 1956). Several authors have shown that
results are identical regardless of which measure is adjusted (Benjamin,
1963, 1967; Block, 1964; Myers & Honig, 1969). Covariance adjustment of
level scores was the method of choice for fhe present data.

Pre-stimulation level of cardiac activity, and response level after
stimulation were determined as follows: pre-stimulation level was defined

as the mean interbeat time (msec) |0 sec prior to CS onset and was termed
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the covariate. T is the variable whose effects are to be removed from
the dependent variable, and will be designated by "X". Response level
affer stimulation was the mean interbeat time (msec) during the CS-US
interval maximally different from pre-CS level and was termed the variate:
iT is the dependent variable to be adjusted by covariance, and will be
designated by "Y".

Variability in Y among subjects at each CS-US interval duration
was large enough fto warrant a design that also isolates the among-
subjects variance from the error variance, therefore, a randomized block
analysis of covariance was performed. Variation related to pre-CS
response level is removed by covariance, and variation related to indivi=-
dual differences is removed by blocking. Each block (row) consisted of
one subject, and columns consisted of the CS-US intervals 10, 20, 30,
50, 80, 120, and i70 sec. |1 should be aned tThat the 230 sec CS-US
interval was not included in this analysis due to difficulties in dis-
tinguishing between the cardiac rate response fo US and CS, since US
coincided with CS onset.

The data from each criterion trial, (i.e., sessions 5 and 6 at
each CS-US interval) consisting of a 230 sec recording period of double-
intferbeat times in 2 sec periods, were divided by two to provide an
average single interbeat time, and 23 means of successive |0 sec periods
were Then calculated. X and Y values were determined for each subject
for each frial; thus, a set of X,Y pairs was entered for each subject
at each CS-US interval duration. A regression |line was determined for
each array of X,Y pairs by the method of least squares, resulting in
42 regression lines (six subjects by seven intervals). Regression

coefficients and Pearson product-moment correlations are |isted in



51

Table 2. In analysis of covariance, an imporfant assumption to be
satisfied is the requirement of homogeneity of regression between and
within treatment levels (e.g., Evans & Anastasio, 1968; Kirk, 1968;
Lacey, 1956; Snedecor & Cochran, [967);i.e., the slope of regression for
each freatment level must be equal to the slope of regression of all
other treatment levels. Homogeneity of regression between and within
CS-US interval durations (Table 2) was tested by a repeated measures
analysis of variance. An F (df= 6,5) of |.68 resulted (p >.05), con-
firming that between and within group regressions were not significantly

different. Also, an F

Frax test on column variances of regression

coefficients resulted in F (df= 7,5)= 16.71 (p >.05), thereby confir-
—max
ming that slope variances across treatments were not significantly
different.
X and Y values in each array were then averaged, resulting in one
mean X, mean Y pair for each subject at each CS-US interval duration.
These values formed the basis for the analysis of covariance, and are

listed in Table A of the Appendix. The Source Table is listed below:

SOURCE ADJ. SS DF ADJ. MS F p
MSCT)

Between treatments (T) 38,127.96 6 6354.66 MS(R) I1.24  <,0l

Between blocks (B) 40,027.80 5 8005.56 MS(B) _ 14.16 <.0l
TR =

Residual (error; R) 16,392.99 29 565.28

The obtained treatment F of 11.24 with 6,29 df is significant at p <.0l.
Therefore, it can be concluded that the duration of the CS-US intferval
influenced the value of maximum change in interbeat interval in the

CS-US interval. Note also the significant blocks effect. This indicates
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Tabie 2

Pearson product-moment correlations (5) and regression coefficients (E) for pre<CS interbeat

interval level (X) and maximum change in intarbeat inferval (Y) in the CS-US interval

CS-JS interval (Sec)

10 20 0 - 30 80 120 170

r b r o] r b r b - b r b r b

Subject E-28 .88 .80 .96 .3¢ .95 .86 .46 .46 QO .003 .36 .73 .85 .87

(i3)a (16 (18 (19 QL)) (20) (20)
g-34 .94 .67 .25 .13 .34 .57 .10 -.05 .88 .48 .78 .59 .70 .58
(19} (20 (20) (20} (8) (18) (14)
E-40 .92 .73 .88 .76 .30 -.29 .14 .34 .78 |.lI .67 .63 .88 I.|
{14) (N a(amn (2) ~oas) (12) (i3)
€38 .94 .81 .70 .48 .73 .61 .46 .32 .70 .50 .8l .8t .83 .37
(19) )] (182 (18) (19) (t5) )

E-32 .88 .49 .91 .75 .31 .84 .30 -.29 .93 1.G5 .75 .73 .47 .44
(19 (18} (19) (i) (15 (20) (163

€-i8 .76 ,63 ,9! ,85 .89 ,32 .77 .86 .59 .33 79 .64 53 .5t
(20) (14 (18) (20) (o) {15) (7

a
Numbers in parentheses represent +the number of X,Y pairs upcn which The

cosfficients aoove are based. They also correspond to the number of

infact criterion trials at sach CS-US interval for each subjecT.
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that the row sums of squares (B) were large enough to warrant the use
of randomized block analysis of covariance; the error variance was
much reduced after extracting the row sums of squares.

Specific comparisons among CS-US interval durations were made after
adjustment of column averages for Y (maximum change in rate from pre-CS)
for differences in column averages of X (pre-CS rate; see Winer [1971]
for a graphic representation and the adjustment formula). Unadjusted
(closed circfes) and adjusted (friangfes) Y column means for each CS-US
interval are plotted in Figure 2, along with associated values of mean
IBl level pre-CS (X; open circles). Adjusted column means for Y were
then compared for significant differences with the use of Tukey's a
posteriori test. Results of all possible paired comparisons are shown
in Table 3, and, indicate the following in conjunction with Figure Z:

As the CS-US interval duration increased from 10 to 30 sec, B!
values at peak change during the CS-US interval decreased significantly
(smaller IBls indicate higher heart rates, and vice-versa). Subsequently,
and compared with the 1Bl value at 30 sec CS-US, IB! values at peak
change significantly increased (i.e., lower HRs occurred) between the
50 sec and 80 sec CS-US conditions. These values were not significantly
different from those at the first CS-US interval of |0 sec, After, and
compared to the reduced heart rates at peak change for the 50 and 80 sec
CS-US conditions, heart rates at peak change increased once again, and
were significantly different from the 50 sec CS-US interval condition
at 120 sec and 170 sec CS-US. These values at |20 and 170 sec were
not significantly different from those at 30 sec CS-US.

It appears, then, that there were three CS-US intervals, 30, 120,

and 170 sec which resulted in The highest heart rates within the CS-US
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Figure 2. Adjusted (friangles) and unadjusted (filled circles) mean

interbeat interval level at peak change in the CS-US inferval, and

mean interbeat interval during 10 sec pre-CS (open circles), as a

function of CS-US interval duration. Each data point is the

result of averaging over all criterion frials at each duration,

averaged over six subjects.
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Table 3

Results of a posteriori paired comparisons between group means for Y @

using Tukey's g statistic

CS-US Interval (Sec)

10 20 30 50 80 120 170
10 * *% NS NS * *%
20 * NS NS NS NS
30 ** * NS NS
50 NS * *¥
80 NS NS
120 NS

170

a
Y indicates mean 1Bl maximally different from pre-CS in the CS-US

interval
NS= not significant (p >.05)
¥= p <.05

*¥= p <.0l
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intferval at the point of maximum change from pre-CS rates. Those CS-US
infervals resulting in the lowest rates at the point of maximum change

were the 10, 50, and 80 sec CS-US conditions.

CR Form

Although the law of initial value has been discussed above with
regard tfo CR magnitude, it may appear in the form of the response as
well, Investigators of the cardiac CR have noted changes in the form of
The responses with changes in baseline heart rate (e.g., Black et al.,
1962); similar changes are evident in the present data. For example,
Figure 3 shows the cardiac rate CR in three trials (same session) for
subject E-38 and demonstrates that CR form can change markedly as a
function of pre-CS response level. The present finding, however, is that
The form of the CR is not entirely determined by pre-stimulation heart
rate, but is also a function of the CS-US interval duration (Figures 4
through 18). The data are plotted in three ways: (1) Figures 4-9
present individual-subject CRs composed of IBls in successive 2 sec
averaging periods, over the course of the CS-US interval. CS-US intervals
of 10-50 sec are shown. (2) Figures 10-~15 present individual-subject
functions of IBls in successive [0 sec averaging periods over the course
of the US-US interval: filled-circle functions represent those condi-
tions where the CS was presented. Open-circle functions at their right
represent subsequent frials where the CS was omitted. CS-US intervals,
with the interpolated sessions of US alone, are shown for |0 sec through
230 sec. (3) Figures 16-18 represent group functions (averages of six
subjects) of [Bls in successive 10 sec averaging periods over the course

of the US-US interval. CS-US intervals from 10-230 sec are shown. Filled
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Figure 3. Three cardiac CRs during the same session (10 sec CS-US) for
subject E-38. Each point represents mean 1Bl (in msec) for 2 sec.
Note how the shape of the response depends upon initial (pre)

response level,




(MSEC)

(Bl

MEAN

Fig. 3

240-

260+

2804

3004

320-

340-

360~

3804

400+

38
.\
s'__‘\
\C
o
S -
,l
/
I
ll
o
e
®
[ )
®- -
i K i ' SR 1
R bF—os—
E

2 SEC PZIRIZ2S IN C5-15

INTERYAL

"



-

»




58

Figure 3.  Three cardiac CRs during the same session (10 sec CS-US) for
subject E-38. Each point represents mean I8! (in msec) for 2 sec.
Note how the shape of the response depends upon initial (pre)

response level,
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and open circles denote The same conditicns as in Figures [0~15,

Figures 4-9 indicate that at the 10 sec CS-US interval, where CS
fills the duration of the interval, all subjects show a heart rafe
pattern of acceleration followed by deceleration. For the majority of
subjects, heart rate reaches a peak during the first half ;f The inter-
val., Note evidence of the LIV in the smaller magnitude CRs at IBls
smal ler than 330 msec: These subjects show peak HR cioser to the mid-
peint of the CS-US interval (4-6 sec after CS onset). LowesT heart rate
after the peak occurs for most subjects during the final 2 seconds of the
intferval,

At 20 sec CS-US interval where a frace period of equal duration to
CS (10 sec) is infroduced, the biphasic (rate acceleration followed by
deceleration) response pattern is mostly maintained, but witTh increased
variability of form, as evidenced by two or three additionali small
accelerations followed by deceleration, each biphasic cycle lasting
approximately 4-6 sec. Note E-34 (Fig. 5) who clearly shows two large
biphasic HR patterns during the CS-US interval: one during CS and the
second during the frace interval, initiated at CS offset,

At the 20 sec interval, the majority of subjects show a later
HR peak in the CS-US interval. For most subjects, the lowest heart rate
affer the peak again occurs close fto US (approximately 2-4 sec before).
Once again, note evidence of the LIV in the functions of E-28, E-34, and
E-18 as seen in the small accelerations to CS onset at IBls less than
340 msec.

The 30 sec CS-US interval is marked by an increasing irregularity
of the biphasic cardiac CR with additional small phasic accelerations

and decelerations throughout the CS-US interval. Some consistencies do,
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Figures 4-9. Individual-subject mean cardiac CRs for CS-US intervals
of 10-50 sec, original exposure (filled circles) and re-exposure
(open circles). Each data point represents mean IBl (in msec)
for 2 sec, averaged over all criferion trials for that CS-US
interval. "PRE" indicates mean IBl (in msec) 2 sec prior to CS

onset.
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Fig. 5
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Fig. 8
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however, remain. An overall acceleration-deceleration sequence is still
evident: as Figures 4-9 show, heart rate begins accelerating at CS onset
and remains above pre-CS level until approximately 10-12 sec before US.
Four subjects then steadily decelerate and reach their lowest heart
rate after the peak at 2-4 sec before US. E-28 and E-38 do not clearly
display this steady deceleration, but are consistent with each other:
both reach an early peak (2 sec affer CS onset) and reach lowest heart
rate affer the peak at 8 sec before US,

| Again, E-34 is worth noting: for each additional 10 sec added to
the CS=US interval, he "attaches" another biphasic component. This
effect is also somewhatT evident in E-38 (Fig. 7) at the 30 sec interval
where he shows a large biphasic component during CS, a second, smaller
component initiated at CS offset, and yet a third smaller biphasic
component during the final 14 sec of the CS-US interval. E-32 (Fig. 8)
also shows three clearly definable acceleratory-deceleratory phases,
although the ftermination of each phase is not as cleariy confrolled by
the end of each prior 10 sec extension fo the CS-US interval. Of the
six subjects, only E-40's CR is not highly variable.

In summary, a biphasic CR form of acceleration followed by
deceleration at the initial 10 sec CS-US interval became more variable,
as evidenced by additional phasic changes in heart rate, as the CS-US
interval was lengthened. An overall acceleratory-deceleratory pattern
during the CS-US interval was, however, maintained. The peak of accel=-
eration occurred closer to US with increasing CS-US intervals; the loca-
Tion of lowest heart rate after the peak did not change as much, although

some subjects did show a movement away from US of the location of maximum
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deceleration.

Although the functions of 2 sec averaging periods (Figures 4-9)
reveal short-duration heart rate changes, such as the biphasic CR form
at the |0 sec CS-US interval, and, more clearly pinpoint the l[ocations
of peak acceleration and deceleration, increasing variability in tThe
CR at longer CS-US intervals obscures some overall trends. These frends
are more easily seen in the individual and group functions composed of
IBls in |0 sec averaging periods (Figures 10~18), and will be described
next for the 30 sec CS-US interval.

Temporal patterning of mean interbeat intervals for individual
subjects when CS began 30 sec prior to US can be found in the leftmost
panels of Figures 10~15. The figures show that the majority of subjects
accelerate at CS onset and continue to accelerate during the initial
20 seconds of the inferval. This duration of initial acceleration at
30 sec CS-US is uniike that of the previous 20 sec CS-US interval
(Figures 10-15 leftmost columns) where subjects generally reversed to
deceleration within |0 sec after CS onset; also, it can be clearly seen
in The group function (Figure |6, second left panel from the top).

At the 50 sec interval, as first seen from Figures 4-9, only
three subjects (E-40, E-32, and E-34) have retained the overall biphasic
CR form. These subjects show a later peak of acceleration than at the
previous three intervals. The group function for CS onset 350 sec prior
to US (Fig. 16, fourth left panel from the top), as at the 30 sec CS-US
interval, shows an acceleratory component of 20 sec duration, with a lon-
ger duration of deceleration of 30 seconds.

Figure |6 (bottom left panel) shows the group function for CS onset

at 80 sec pre-US and indicates, similar to changes in CR form as expressed
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Figures 10-15. Individual~-subject functions of successive mean inter-
beat intervals over the course of the US~US interval, at each tem-
poral location of CS (left of each doubie-column) and subsequent
two sessions where CS was omitted (right of each double-column).
Each data point represents mean Bl (in msec) for 10 sec,

averaged over all criterion trials for each condition.



71

Fig. 10
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Figures 16=18. Group functions of successive mean interbeat intervals
over the course of the US-US interval at each temporal location of
CS (left column) and subsequent sessions where CS was omitted
(right column). Each data point represents mean B! (in msec)
for 10 sec, averaged over all criterion trials for each condition,

averaged over six subjectTs.
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in 2 sec averaging periods at the shortfer intervals, a fractionation of
the overall biphasic form into smaller phasic cycles. At the 80 sec
CS-US interval, the CR is subdivided into two long-~duration biphasic
heart rate cycles. As at the 30 and 50 sec CS-US intervals, CS onset
results in HR acceleration for 20 sec followed by deceleration: acceler-
ation is re-initiated approximately 40 sec after CS onset, again, with
subsequénT deceleration. The second biphasic cycle occupies the latter
40‘sec of the CS-US interval. Figures 10-15, the individual-subject
functions, show that the majority of subjects conform to this two- ‘
component CR pattern.

These Two(long—durafion biphasic components of the CR are again
evident at 120 sec CS-US, as seen both in the group function (Fig. 17,
upper left panel), and, in the individual functions of four subjects
(E-18, E-34, E-40, and E-28). This partitioning of the CR is most
dramatic in £~40 (Fig. 12).

AT 170 sec C5-US, there seems |ittle consistency of heart rate
trends in the CS=US inTefvaI among the subjects, apart from HR accelera-
Tion at CS onset, and lowest heart rates in the interval generally occur-
ring within 30 sec prior to US. Additional cycles are again evident, as
in E-40 (Fig. 12) who now clearly shows three long-duration cycles of
acceleration followed by deceleration.

The 230 sec CS-US interval was not discussed previously with
regard To CR magnifude, since the UR coincided with the CR, leading to
difficulties in comparing CR magnitudes of this "backward conditioning"
case with those of other CS-US infervals. Similar difficulfies also

arise in comparing CR form at the 230 sec interval with the shorter
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intervals, since the CR cannot be distinguished from the UR. Thus,
results of heart rate patferning at this interval will be reserved for
the discussions of the UR and temporal patterning of heart rate during
the entire US-US interval.

Over CS-US intervals from 10-170 sec, systematic changes in loca-
tion of peak acceleration and deceleration of heart rate in the CS-US
inferval were observed. The data will be presented in two ways: (1)
group functions for average location of peak change in B} during
the CS-US interval (acceleration and deceleration are differentiated)
at CS-US intervals from 10-50 sec original exposure, and 50, 20, and 10
sec re-exposure,based on 2 sec averaging periods; and, (2) individual~
subject functions for location of maximum change (acceleration and
deceleration are not differentiated) of mean interbeat interval in the
CS-US interval (10-170 sec) based on |0 sec averaging periods, for
original exposure and recovery. Calculations of the latter were directly
determined from the previous CR magnitude data: the location of maximum
change in 1Bl for each frial at each CS-US interval was assessed by
counting the number of 10 sec periods from CS onset until the mean [B|
was maximal ly different from 10 sec pre-CS. These values were averaged
over all criterion frials for each subject at each interval, then con-
verted and plotted as seconds since US onset, fthereby locating the CR
peak in the US-US interval. Figure (9 presents, for each subject, mean
location of the CR peak in the US-US interval as a funciion of the
temporal proximity of CS to a subsequent US. Vertical bars indicate the
tocation of CS in the US-US interval. For the 10 sec interval, the

l[eftmost point in each function, location of peak change could not be
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Figure 19.. Mean location of CR peak in the US-US interval as a function
of the temporal location of CS (10-170 sec CS-US). Each point
represents, for each subject, mean time since the previous US tfo
the peak (in sec) and is an average of all criterion trials at
each condition. Original exposure (closed circles) and re-exposure
(open circles) are shown. Vertical bars indicate the location of
CS in the US-US interval. Data are based on |0 sec averaging

periods.
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determined since the entire CR is represented by a single 10 sec
avefage interbeat interval; therefore, a point was plotted at the mid-
point of CS, since this most closely conforms fto the findings based on
The 10 sec averaging periods.

Figure 19 indicates consistently that as CS occurs earlier in the
US-US interval, the location of peak CR occurs earlier in that interval
as well. Note that the curve for E-40 at 170 sec CS-US reverses direc-
tion in that the peak of the CR occurs much closer to US, Figure |9
also reveals that although the peak CR-US interval is lengthening, it
is not lengthening as rapidly as the CS-US interval, as evidenced by the
increasing distance between each vertical bar (CS) and the data point
above it, with longer CS-US intervals. This fTime between CS onset and
CR peak, actually the latency to the peak CR (also termed inhibition of
delay), is#hown for six subjects in Figure 20. From this figure can
be clearly seen that longer CS-US intervals result in longer latencies
to CR peak.

Table 4 lists, for each subject at each CS-US interval: () loca-
tion of CR peak (seconds post-US) in the US-US interval; (2) the varia-
billity of CR peak location (in standard deviation); (3) ratio of stan-
dard deviation fo the CS-US interval, and, (4) latency of CR peak
(seconds post-CS). Comparison of any subject's standard deviation with
his ratio of SD to CS-US interval duration across intervals
indicates that variabilifty of CR peak location increased with longer
CS-US intervals, and in almost constant proportion to CS-US interval
duration.

Figure 21 shows the group function for location of peak accelera-
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Figure 20. Mean latency to the CR peak as a function of CS-US interval
duration (10-170 sec). Each point represents, for each subject,
mean time (in sec) from the previous CS to the peak, and is an
average of all criterion trials at each condition. Data are based
on 10 sec averaging periods. Brackets around the leftmost data

point indicate latency estimated from 2 sec averaging periods.
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Table 4

Mgan locatlon of CR peak In the US-US Interval, with assoclated measures, as a function of CS-US Interval

Subject E=28 Locaetlon (sec post-US)
Variablilty ot locatlon (SD)
SD/CS-US interval
Latency (sec post-CS)

E-~34

E-40

88

E-38

E-32

E-18

o bpg - b b R g P € VIS - WLt WA o e PPN TR g Y U PN, D e TP e s N e 0 ST

20

224,45
5.10

4,50

225,00
5.10

5.00

226.30
5.00

6.30

226,80
4.50
.24
6.30

225.80
5.10
.26
5.80

223,10
4,90
.25
3.10

30

217.65
2.00
50
7.70

219.10
7.70
.26
9.10

221 .80
3.90
JA3
11.80

216.80
8,20
27

6.860

216,50
7.50
.25
6.50

221.10
8.30
.23
.10

50

204.21
15.00
.20
14,20

211.50
11.80
.24
21.50

198.30
8.40
A7
8.30

209,50
12,10
.24
19,50

213.60
17.50
.35
23,60

206.00
13.10
.26
16.00

C5-US Interval

80

189.00
20.20
25
29,00

190.00
23.30
.29
30.00

192.80
19.30
.24
32.80

201.10
25.60
52
41.00

186,70
22,90
.28
26.70

190.00
27.20
.34
30.00

(Sec)

120 170
174.00 145,00
37.00 44,60

.30 .26
54,00 75,00
153.00 134,00
34.70 54,70

.29 .32
33,00 64,00
152.50 182,10
35,50 49,50

.29 .29
32.50 112.10
165.30 162,50
39,50 48,30

.32 .28
45,30 92.50
173,30 125.30
42,20 . 49.10

.35 .29
53.30 55.30
148,80 110,00
26,30 42.80

.22 .25
28.80 40,00

50 11

212.00
15.80

22.00

204,50
9.90

14.50

203,69
13.80

13.69

209,50
15,90
.£8
19,50

240,95
14,50
.29
20.95

203.00
16.50
33
13.00

20 11

225.00
5.10

.20
5.00

228.89
3.20
.16
8.89

229,09
3.00
.15
9.09

226.47
4,90
.25
6.47

224 .00
5.00
.25
4.00

226.00
5.00
.25
6.00



89

Figure 21. Group functions for mean location of peak acceleration
(circles) and deceleration (squares) in the US-US interval as a
function of the temporal location of CS (10 - 50 sec CS-US).

Each data point represents mean time (in sec) from the previous US,
and is an average of all criterion frials at each condition,
averaged over six subjects. Original exposure (filled data

points) and re-exposure (open data points) are shown. Vertical
bars indicate the location of CS in the US-US interval. Data

are based on IBls in 2 sec averaging periods.
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tion (circles) and deceleration (squares) of the CR based on 2 sec
averaging periods for original exposure of CS-US intervals from |0-50

sec (filled data points), and re-exposure of 50, 20, and |0 sec CS-US
(open data points). Over the original CS-US intervals of 10-50 sec, la-
tency to peak change in IBl, and also, the interval between peak [Bl and
US onset increases. Location of maximum IBI (deceleration) occurs
progressively earlier in the CS-US interval over these first four in-
tervals, though its rate of change is not as great as changes in the loca-

tion of peak acceleration.

Re—exgosure

After subjects experienced CS-US intervals from 10-230 sec, they
were re-exposed to CS-US intervals of 50, 20, and 10 sec, in that order
for all six subjects. The re-exposure intervals are designated by Roman
numeral |l.

At 50 sec CS-US |1, Figures 4-9 (open circles) reveal that only
E-40 and E-34 display CRs resembling their criginal forms: both subjects
closely match their original acceleration and deceleration, and also
display less variabilify (i.e., smoother curves with fewer reversals).
Subject E-18 and E-32's functions at 50 sec || only resemble their
original functions in the biphasic HR pattern during CS; their HR
patterning during the trace interval shows irregular cycles with no
obvious trends, both in original and re-exposure. E-28 and E-38 show
no recovery of CR form at any segment of the 50 sec CS-US interval, nor
do they show any discernible conditioned response.

The CR functions for 20 sec CS-US [l in Figures 4-9 (open circles)

again reveal that only E-40 and E-34 recovered their original CR form.
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Two clearly defined biphasic cycles are again evident for E-34 at this
interval; one cycle occurs during CS, and the other begins at CS offset.
E-32's CR form at 20 sec Il (Fig. 8, open circles) is less variable than
the original response, with peak change in IBl better controlled by the
CS-US interval; i.e., the peak change occurs in the middle of the
interval. The location of maximum IBl (deceleration) occurs at the end
of the CS-US interval: +he mean IBl at this point equals that during
2 sec pre-CS.

In contrast with original exposure at 20 sec CS-US, the group at
20 sec Il (Fig. 18) reveals a monotonic HR acceleration until US onset.
This acceleratory CR is strongly evident in the individual functions
(in 10 sec averaging periods) of E-34, E-40, and E-I8 (Figs. |, 12, and
|15, respectively).

The 10 sec CS-US |1 interval again shows the most consistency of
CR forms among the subjects. Five subjects show a single biphasic
cycle (Figures 4-9, open circles). For four subjects, the peak IBI
(acceleration) occurs closer to CS onset than at 20 sec |, as also
seen in the group function (Fig. 18). Figure 2] shows that over the three
re-exposure intervals, peaks (acceleration and deceleration) occur at
progressively shorter ilatencies. Also, shorter latencies to peak heart
rate at 20 sec |l and 10 sec |l were noted when compared with original
exposure.

|t appears, then, that parameters of The cardiac rate CR, such as
temporal distribution of IBls, and locations of maximum and minimum
heart rate changed as a function of the temporal proximity of CS to US.
With respect to the distribution of 1Bls, a single biphasic waveform of

acceleration followed by deceleration became increasingly irregular as
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the CS-US interval lengthened: repéTiTive cyclic patferns emerged, first
seen only in the functions expressed in 2 sec averaging periods, and
then, at the longer CS-US intervals, in the 10 sec averaging periods.

Peaks of the CR (both acceleration and deceleration) occurred
progressively further from both the preceding CS and the subsequent US.
Also, variability in the location of maximum change in IBl during the
CS-US interval increased in constant proportion fo The duration of The
CS-US interval.

During re-exposure at 50, 20, and 10 sec CS-US intervals, recovery
of original CR form was poor, and consistently evident in only two
subjects. Locations of peak acgceleration and deceleration were, however,
systematical ly recovered from 50-10 sec CS-US |I.

Interpolated between each set of sessions at a CS-US interval
duration were two sessions in wﬁich CS was omitted, and US was delivered
at periodic intervals of 230 sec. UR magnitude and patterning will now
be examined in both the signalled and unsignalled conditions.

Figure 22 represents group functions for the magnitude of UR
acceleration as a function of CS-US interval for sessions in which CS
was presented (Filled symbols) and sessions in which CS was omitted (open
symbols). Circles indicates original exposure, and triangles, re-exposure.
The magnitude of acceleration was determined by subtracting mean IBI
during 10 sec pre-US from the smallest mean 1Bl (peak of acceleration)
post-US. Figure 22 indicates that in :sessions where CS was presented,
the magnitude of UR acceleration increased markedly until 50 sec CS-US,
and then remained approximately at that level over the next four inter-

vals. The function indicating CS omission shows that the magnifude of
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Figure 22. Group functions for the mean magnitude of UR acceleration
as a function %f CS-US interval (10-230 sec) for sessions in
which CS was p;esenTed (filled data points) and omitted (open
points). Circles indicate original exposure, and friangles,
re-exposure. Each data point represents a difference score and
is an average of all criterion frials at each condition, averaged
over six subjects, Data are based on interbeat intervals in
10 sec averaging periods. Note that for the CS-omission function,
data are Taken from the interpolated US-only sessions following

each CS-US interval shown on the abscissa.
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UR acceleration increased over the first three conditions, and then was
greatly decreased by the last condition (230 sec CS-US),

A comparison of the two functions in Figure 22 reveals that the
magnitude of UR acceleration in the unsignalled condition generally
exceeded that of the UR preceded by CS. This holds true at re-exposure
of 20 and 10 sec CS-US. Re-exposure of 50, 20, and {0 sec CS-US inter-
vals did not, however, result in consistent recovery of origfnal values
of UR magnitudes.

In the following section, anticipatory HR changes prior o CS,
and in comparable measurement intervals for conditions where CS was
omitted, will be examined. The pre-CS period of interest was the infer-
val between the end of the UR (lowest point of UR deceleration after
initial acceleration) and the last data point prior to CS onset. This
pre-CS period was termed The post UR-CS interval. For sessions in
which CS was omitted, a comparable interval was analyzed, and will be
designated below as The post UR-CS interval. Thus far, each interval
condition of the present study has been designated by the interval be-
tween CS onset and the subsequent US; e.g., 10 sec CS-US, 20 sec CS-US,
etc. In keeping with this terminolo.gy, although HR changes during
various post UR-CS (and CS) intervals will be discussed below, each
experimental condition will be termed, as before, by the CS-US interval.
It should be clear That as CS occurs earlier in the US-US interval,
thereby creating longer CS-US intfervals, the post UR-CS interval becomes
shorter. |

Figure 23 presents the amount and direction of change in mean IBI
within the post UR-CS (left side) and post UR-CS intervals (right side)

as a function of the temporal location of CS, and as a function of the



97

Figure 23. Mean change in interbeat interval in the post UR-CS
interval (left) and post UR-CS interval (right) as a function
of the temporal location of CS (ileft, 10-170 sec CS~US). Dashed
lines indicate re-exposure. Eéch point represents mean change in
IBI (in msec) in the interval between the end of fhe UR and the
subsequent CS (or CS) onset, averaged over all criterion frials,
averaged over six subjects. Negative values indicate cardiac

deceleration.
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preceding sessions at a particular temporal location of CS when CS was
omitted. Dashed lines indicate re-exposure. A comparison éf the signalled
and unsignalled conditions reveals the following; with CS present, change
in pre-CS IBl reversed from a deceleratory trend at the 10 sec CS-US con-
dition to an acceleratory trend over the 20-170 sec CS-US interval con-
ditions, with the exception of 120 sec CS-US (mostly atfributable to The
strong deceleratory response of E-38 at this interval, evident in Fig. 13).
With CS absent (Fig. 23, right side), heart rate in comparable measurement
intervals did not show an acceleratory trend until later sessions (those
following 50 sec CS-US). Acceleratory HR ftrends were noted for subsequent
post UR-CS intervals.

Heart rate frends in the post UR-CS interval for re-exposure to
50, 20, and 10 sec CS~-US were increasingly acceleratory for conditions
where CS was presented (Fig. 23, left dashed lines, reading from the
middle of the figure and moving up). By contrast, heart rate during the
post UR-CS interval (Fig. 23, right side) reversed from an acceleratory
trend at 50 and 20 sec |, to a recovery of the deceleration noted in
early sessions (those immediately following 10 sec CS-US 1).

Again, difficulties arise with respect to examining the post UR-CS
interval at the 230 sec CS-US condition. Since the interval between US
onset and the subsequent CS was 1.3 sec, during which no data were
recorded, discussion of pre-CS anticipatory heart rate is impossible.
However, the entire US-US function at 230 sec CS-US can be compared
with that of other intervals for conditions where CS was presented and
omitted.

Figure |7 (left bofttom panel) shows the temporal patterning of
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IBls at 230 sec CS-US interval duration for an average of all six subjects.
At this interval, heart raTé after US decelerated for 80 sec (with a slight
reversal at 70 sec). Comparison with all other CS-US interval functions
(Figures 16-18) reveals that the longest duration of deceleration affer

US occurred at the 230 sec CS-US interval condition. A comparison of 230
sec 0S=US, with and without CS (Fig. 17) shows clearly that post-US
deceleration lasted only 30 sec when CS was omitted (right panel), as
opposed to a duration of 60 sec deceleration in the previous sessions

(left panel) in which CS was presented, and immediately followed US.

Pharmacological manipulations

Changes in baseline heart rate, as well as in CR and UR form and
magnitude were evident as a result of ganglionic blockade by chlorison-
damine, sympathetic blockade by propranolol, and parasympathetic blockade
by atropine. Figures 24-27 present pre and post-drug functions consis-
ting of successive mean [Bls (in 2 sec averaging periods) over the
course of the CS-US interval for each subject at each re-defermined
CS-US interval. Each drug function is an average of four recorded
trials (frials 3,4,7, and 8) of CS-US pairings administered after drug
injections; the large quantities of data involved eliminated the pos-
sibility of recording data on every post-drug Trial. The pre-drug
functions are an average of the non-drug conditioning trials at each
re-determined interval.

It was stated previously that atropine and propranolol were given

eight frials apart within the same session, with the order reversed in
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Figures 24-27. Mean pre and post-drug cardiac CRs as a function of
CS-US interval (50, 20, and 10 sec l1). Each point in drug
functions represents, fdr each subject, mean |Bl (in msec) for
2 sec, averaged over four frials. Each point in the pre-drug
functions represents, for each subject, mean [Bl (in msec) for
2 sec, averaged over the number of pre-drug trials administered

at each condition.
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the subsequent drug session, in order to investigate the effects of
adding a parasympathetic hlocking agent to a sympathetic blocking agent
already in the system, and vice-versa. However, because results from
the second injection of each drug brovided no additional informatfion,
results will be presented only from the first injection of each drug.

Effects of sympathetic, parasympathetic, and ganglionic blockade
on baseline heart rate and CR form are evident from Figures 24-27.
Atropine clearly raised baseline heart rate for all subjects relative fo
Their pre~drug rates. Prop_ranolol lowered baseline heart rate relative
to pre-drug sessions in all cases but one. Chlorisondamine, in the
majority of cases, raised baseline heart rate relative to both pre-drug
and propranclol baseline rates, but not to the heart rate levels seen
- under atropine.

Figures 24-27 show that propranoiol, of all drugs administered, had
least effect on overall CR form. E-34 (Fig. 24) best exemplifies this
result: at all re-determined intervals, the propranolol function,
although occurring at lower heart rates, replicated the form of the
pre-drug functions. Alsc, affer propranolol injection, at all tThree re-
determined CS-US intervals for this subject, peak heart rate occurred
earfier in the CS-US interval than during pre-drug ftrials. This
earlier CR peak under propranclol is most evident at the [0 sec condition
where it is exhibited in all six subjects.

Al though propranolol, in many cases, resulfted in a CR form similar
to pre-drug, increased variability was noted in some cases, as exempli-
fied by E-40 and E-38 at 50 sec CS-US |l (Figs. 25 and 26, lefimost
panels). In confrast, chlorisondamine and aftropine reduced pre-drug

variability and also reduced the sustained acceleration and deceleration
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seen in the pre-drug functions (CR functions under atropine and
chlorisondamine were almost entirely flat).

Statistical adjustment of scores was suggested earlier to correct
for regression of post-stimulation response levels on pre-stimulation
response levels. Group covariance analysis was performed, comparing
group means of peak IBI level in the CS-US interval. In this case as
well, statistical adjustment of data fn the comparison of CR magnitudes
became necessary because the drugs also produced changes in baseline
heart rate. For example, it is clear that response magnitudes under
chiorisondamine and atropine are greatly reduced relative to pre-drug
CR magnitudes (Figures 24-27), whereas large changes in heart rate appear
under propranofol, Since these results could have been predicted from
post-drug HR levels by the law of initial value, one could conclude that
observed changes in CR mangitude under the drugs were due only to
induced changes in HR level. On the other hand, it is also possible
that these changes in CR magnitude resulfed from the drugs! blocking of
that portion of fthe autonomic nervous sysTem which mediates the CR. In
order to determine the extent of the LIV in the present data, pre-drug
correlation and regression coefficients were computed relating mean
minimum |Bl (peak of acceleration) during the CS-US interval fo both
mean pre-CS 1Bl (during 2 sec pre-CS), and to mean maximum IBl (peak of
deceleration) after the minimum, for each subject at each re-determined
interval., These coefficients are presented in Table 5. In almost all
cases the regression and correlation coefficients are significantly
large at the .05 level. The law of initial value is clearly evident

in these data. The statistical question took the following form: based
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Table 5

Pre-drug regression (b) and correlation coefficients (r) of:
[) maximum CR acceleration (Y) on pre-CS mean IBI (X)= ACC

2) maximum CR deceleration (Y) on preceding maximum acceleration (X)= DEC

CS-US Interval (Sec)

50 11 20 11 10 11
r b r b r b
Subject E-28 ACC .83 .79 9l 72 .93 .82
DEC .70 ,92 .70 1.29 .73 1.06

(28)8 (28) (28)
E-34 .82 .87 .75 .37 .85 .66
74 1,14 .89 1,02 .92 .97

(28) (25) (28)
E-40 D57 .24 -3 -.07 .70 .40
.47 1.06 .82 1.32 .67 1.18

(24) (18) (28)
E-38 .78 .65 .99 1.00 370 .31
.75 .80 .99 1.03 el 73

(28) (25) (28)
E-32 .96 .90 .55 .67 .60 .49
.95 1.1l .68 .65 84 .12

(28) (24) (28)
E-18 .92 76 .86 .42 .82 .47
.84 1.30 .91 1.63 .79 1.48

(30) (27) (26)

a
Numbers in parentheses indicate the number of pre-drug conditioning

trials on which the coefficients are based
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on the regression of post on pre-stimulation response levels pre-drug,
could one have expected CR levels as changed after drug injections as
those observed by taking baseline HR levels info account?

As a possible answer, regression techniques were again employed.
Predictions of CR magnitudes (based on the pre-drug CR) were computed
for post-drug pre-CS heart rate and compared with CR magnitudes actually
obtained after each drug injection. Analysis of covariance was not
performed in this case in favor of a regression technique that does not
require homogeneity of regression (equaliTy of slopes) between the
pre-drug and post-drug conditions, as this assumption was violated
(see Pigache, Graham, & Freedman, |97é, for a detailed description).

The present regression fechnique differs from the analysis of covariance
performed previously in five ways: (I) individual-subject rather

than group data were statistically treated; (2) both components
(acceleratory and deceleratory) of the biphasic CR were analyzed
separately; (3) the analysis was based on mean IBls from 2 sec
averaging periods to differentiate the two componenTs of tThe cardiac
rate CR at the shorter CS-US intervals; (4) scores were not adjusted:
predicted scores were compared against obtained scores; and, (5) pre
and post-drug regression |ines were not pooled since homogeneity of
regression was violated.

The regression analysis was performed in the following manner:
for each subject at each re-determined interval, a regression line was
computed fof acceleratory and deceleratory components of tThe mean cardiac
CR from his pre-drug conditioning trials. Post-drug CR IBIl levels were

predicted from each regression line by standard prediction technique
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(Snedecor & Cochran, 1967). Based on the difference between predicted

and obtained values, and the variance associated with each, it was
determined by t-tests (formula in Appendix B) if the obtained post-drug
values fell outside the confidence belts established aroind each pre-
drug regression line. For each obtained post-drug mean that fell outside,
it was concluded that the drug significantly changed the peak IBl level

at that particular portion of the cardiac CR being evaluated (acceleratory
or deceleratory). |f the value fell inside the confidence belt, it

could not be determined whether the observed change in post-drug peak

IB] level was attributable to altered baseline heart rate, or to the
selective blocking effect of the drug on that portion of the CR.

Figure 28 shows, for each subject at each re-determined interval,
magnitude of acceleratory and deceleratory components of the CR before
and affer drug injection. Pre-drug magnitudes are shown as the leftmost
bar within each CS-US interval panel: bars rising above the zero line
indicate the mean magnitude of the acceleratory component, and bars
descending directly below indicate the mean magnitude of the deceleratory
component. Obtained mean magnitudes of each CR component are depicted
by solid bars for chlorisondamine, second bar in each setf, atropine,
third bar, and, lastly, propranolol, fourth bar. Although statistical
analysis was performed on |Bl levels, Figure 28 depicts difference
scores, since these latter are perhaps more easily conceptual ized as
representing response magnitudes. It will be recalled that regression
analysis yields identical resuifts in tests of significance regardiess
of whether dependent measures are expressed as levels or difference

scores (Benjamin, 1963; Myers & Honig, 1969), Also shown in Figure 28



Figure 28. Mean magnitude (in difference scores) of acceleratory and
deceleratory components of the CR before and after drug injection,
for CS-US infervals of 50, 20, and [0 sec|l.Bars in each set of
four represent the following, from left to right: CR magnitude
for pre-drug, chlorisondamine, atropine, and propranolol. Bars
above the zero line indicate magnitude of acceleration; bars
below indicate magnitude of deceleration. Predicted values are
depicted by dashed |ines, obtained values by solid lines. As-
terisks indicate statistically significant differences (p < .05)
between predicted and obtained values. Data are based on IBls

(in msec) in 2 sec averaging periods.
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are CR magnitudes (dashed lines) predicted by the pre-drug regression
lines from the pre-CS HR level obtained under each drug condition.
Asterisks indicate a significant difference between predicted and
obtained values for the .05 level of probability.

Statistical significance was not reached in many cases, possibly
owing both fo the very few recorded trials after each drug injection
(four), and, to the need for an exTremély strong drug effect to reach
significance when pre-CS values after drug injection were never reached
pre-drug, resulting in wide confidence belts at that portion of the
regression fine (Myers & Honig, 1969).

Figure 28 shows that chlorisondamine and afropine attenuated the
magnitudes of both acceleratory and deceleratory components of the CR
relative to predicted magnifudes in every case but two (for E-40 and
E-38 at 50 sec I, facilitation of the acceleratory component was found
under chlorisondamine). In some cases, although they did not reach
significance, nevertheless the differences between predicted and
obtained CR magnitudes were large: e.g., note the strong atropine
effect for E-28's deceleratory component at 50 sec |1 and 10 sec 11,
and The atropine effect on the acceleratory component for E-38 at
50 sec 11.

With regard to propranolol, although Figure 28 shows instances
of both attenuation and facilitation of the initial acceleratory
component, propranclol more often attenuated the acceleratory component,
as evidenced by twelve cases of attenuation as opposed to five of
facilitation. For the deceleratory component of the CR, instances of
facilifation above predicted magnitudes under propranolol far outnumber

attenuation (thirteen cases to four).
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Because of an insufficient number of X,Y pairs available for each
subject, a regression analysis could not be performed for drug effects
on the UR. Results will be discussed with reference to Figures 29-33.
These figures present pre and post-drug functions consisting of successive
mean |Bls over the course of the US-US interval (in 10 sec averaging
periods) for each subject at each re-determined CS-US interval.

Chlorisondamine, with few exceptions, eliminated the UR almost
entirely, similar to its effects on the CR. Atropine, unlike its effects
on CR acceleration, appears to have left some acceleration at US onset
in many cases. However, overall rate frends during the US-US interval
for both chlorisondamine and atropine tended generally o a slow decel-
eration.

Propranolo!l reduced the magnitude of acceleration of the UR in many
cases, similar to its effects on the magnitude of the acceleratory
component of the CR. This finding is, in many instances, directly
evident from Figures 29-33; however, some speculation with regard to
the law of initial value seems necessary in the light of instances where
the UR under propranolol is lérger than the pre-drug UR. For example,
E-38 at 20 sec |l (Fig. 32, middle panel) shows a larger acceleration
of the UR post-propranolol than during pre~drug. However, one would have
expected an even greater magnitude of the acceleratory component con-
sidering that the post-propranolol UR for E-38 began at a mean IBIl level
as low as 702 msec. One could, therefore, paradoxically conclude that
propranclol attenuated the UR after taking LIV-predicted magnitudes
under account. These speculations regarding the UR would have been

strengthened by statistical tests had they been possible, as was done
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Figures 29-33. Mean pre and post-drug functions of successive mean
[Bls over the course of the US-US interval at each femporal
focation of CS. Each point represents mean (Bl (in msec) for

|0 sec, averaged over the same trials as in Figures 24-27.
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for the CR, above.

With regard to changes in rate over the course of the US-US interval
after propranolol, there are large fluctuations and no clear trends,
unlike chlorisondamine and atropine.

In summary, chlorisondamine and atropine raised baseline heart
rate above pre-drug levels, with atropine raising it more so than
chlorisondamine. Both acceleratory and deceleratory components of the
CR were reduced under these two drugs. With regard to the UR, ganglionic
block by chlorisondamine attenuated cardiac acceleration after shock more
completely than parasympathetic block by atropine, Post-atropine and
chlorisondamine functions were less variable than pre-drug functions.

Propranoiol generally lowered baseline heart rate, with greater
fluctuations in rate evident relative to pre-drug, chiorisondamine, and
atropine functions. For both the CR and the UR, propranofol generally
reduced cardiac acceleration, with the deceleratory component of the
CR often enhanced. No clear trends were evident for HR deceleration aftfer

shock under propranolol.
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Discussion

The inTruded stimulus design of the present study draws fogether,
in a generalized paradigm of stimulus delivery, a number of procedures °
that have hitherto been considered to produce qualitatively different
behavioral changes. Derived from a set of experiments conducted by
Farmer & Schoenfeld ([966a,b), tThe present procedure departs from theirs
by use of response-independent delivery of both The conditioned and
reinforcing stimuli. The earlier intfruded stimulus experiments, as well
as the present study, found behavioral changes preceding, accompanying,
and following the infrusion of CS over a wide range of temporal place-
ments in the US-US interval.

The present findings make contact with several areas of interest
fo behavior theory, such as, (a) the specification of basic response
units for non~instantaneous dependent measures; (b) the importance of
external cues for the formation of femporal discriminations; (c) the
effects of CS as determined by the temporal proximity of CS to US; and,
based on findings from pharmacological blocking agents, (d) the under-
lying neural contributions to The elaboration of HR accelerations and
decelerations in the CS-US interval.

Cardiac changes resulting from experimental manipuiations of stim-
uli have been described in varying ways by previous investigators. In
some cases, authors have described the observed HR changes in their
studies in terminologies other than that of conditioning. For instance,

Dronsejko (1972), Hastings & Obrist (1967), and Hein (1969) speak of the
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cardiac rate changes in the CS-US interval as "anticipatory adjustments".
Other authors have asserted that HR changes observed in their experiments
are "orienting" or "sensitized" responses, and are not true conditioned
responses {(e.g., Geer, 1964).

Those investigators who do consider their observed cardiac changes
to be conditioned differ in their critferia for the identification of
cardiac CRs, or, in many instances, do not appear to employ any criteria
for response-identification. Gantt (1960) defined the cardiac CR as
any regularly occurring acceleration or deceleration of heart rate during
the CS resulting from the juxtaposition of CS and US. Those employing
particular quantitative criteria inciude, for example, VanDercar &
Schneiderman (1967), who specified that only HR changes during CS fest
trials exceeding 5% of baseline would be counted as CRs; and, Church &
Black (1958) who accepted the occurrence of a cardiac CR only when the
median post-CS rate exceeded the maximum pre-CS rate.

Occasionally, the totality of HR changes in the CS-US interval
is segmented in the belief that each segment reflects a different under-
ying behavioral process, and is assigned a name as such. For example,
changes in heart rate early in the CS-US interval are sometimes consi-
dered as the by-product of respiratory changes at the onset of CS (e.g.,
Kosupkin & Olmsted, 1943; Levy, DeGeest, & Zieske, 1966), while HR changes
later in the interval, such as the deceleratory component of a biphasic
CR, are occasionally thought to be the conditioned or "frue" HR changes
in the CS-US interval (e.g., Deane, 1965; Wood & Obrist, 1964).

The problem of specifying the occurrence of a conditioned cardiac

response derives, in part, from observations that an ensemble of cardiac
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measures change with manipulations of independent variables. Thus,

cardiac waveforms have been seen to differ markedly in magnitude, pat-
terning, and direction when subjects have received different values of
CS-US intervals (e.g., Fitzgerald & Martin, 1971; Hastings & Obrist, 1967).
IT would seem that any single response criterion (for example, a specified
.minimum change in magnitude) ignores changes in another measure (for
example, response patterning) as the more reliable indicator of condi-
tioned cardiac changes.

Those studies reporting polyphasic changes in heart rate during
long interstimulus intervals are especially responsible for the develop-
ment of a rational definition of the cardiac CR. Lockhart (1966) in
particular, has addressed the problem of "muitiple [autonomic] response
phenomena" in long inferstimulus interval conditioning and has emphasized
the danger of pre-judging the origin of such multipie response forms,
often reflected in the assignment of different names to each distingui-
shable waveform in the CS-US interval (such as "frue" or "orienting"
responses).

Thus far, in the present study, the totality of HR changes in the
CS-US inferval have been treated as one conditioned response. Given
observed multiple, phasic changes in heart rate throughout The entire
CS-US interval, the designation of one CR seems forced. Also, it appears
that conditioned changes occurred throughout the entire US-US interval,
since not only were changes in HR measures observed in the CS-US interval
upon manipulation of CS location, but systematic changes in heart rate
were observed in the interval between US offset and the subsequent CS (the

post UR-CS intérval).
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Schoenfeid (1976) has suggested that the conceptualization of

response units in cardiac conditioning might be made to conform fo that

in the operant system by treating each heart cycle (EKG) as a response.
Systematic changes in the rate at which these cycles occur can be thought
of simply as changes in response rate, regardiess of whether accelerative,
decelerative, biphasic, or polyphasic waveforms are observed upon analy-
sis of the entire US-US interval. This approach renders questions as to
which segments of these changes are conditioned, orienting, or uncondi-

Tioned responses irrelevant, and unnecessarily complicating.

HR changes in tThe CS-US interval

The present paradigm, by beginning with CS offset contiguous
with US, and then moving CS location back in the US-US interval, affords
an observation of delay and frace procedures in cardiac conditioning.
The first CS-US interval employed (10") was a delay procedure: at This
interval, subjects were most consistent in the cardiac changes they
exhibited. |In both original and re-determined CS-US intervals, HR uni-
formly accelerated and then decelerated in the CS-US interval. After
merging from this delay interval into trace conditioning, i.e., affer CS
was moved back in the inter-US interval and longer and longer frace
periods were introduced, HR changes in the CS-US interval were often
characterized by a biphasic form during CS, with another biphasic form
initiated at CS offset, filling the trace interval. Although Schneider-
man (1972) has suggested that the introduction of a trace period in the
CS-US interval disrupts the organism!'s "fiming" of CRs initiated at the

onset of CS, another inferpretation may be that the offset of CS is a cue
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for cardiac changes (- c¢f., Black, 1965; Black et al., 1962).

Heart rate became increasingly polyphasic and variable as CS
location was moved back in The inter-US interval. This result is unlike
the findings of a related experiment conducted in this laboratory
(Washton, dissertation in progress): employing the same experimental
chambers,* species, mode and intensity of CS and US, and comparable CS-US
intervals, but with a delay procedure, this latter study obtained highly
uniform HR waveforms of initial acceleration followed by deceleration
with rhesus subjects, even at CS durations of 2 min. The importance for
organisms of cues from external stimuli is well -known. For example,
Ferster & Skinner (1957) demonstrated impressive stimulus control over
fixed-interval responding in pigeons when different exteroceptive cues
were correlated with the passage of Time in the interval. It is not
clear, however, in the comparison of trace and delay procedures, why a
CS that remains unchanged during long CS-US intervais (delay) resulfts
in less variable HR changes than The onset of a CS followed by a "gap"
(trace)(also found by Pavliov, 1927). One source pf phasic HR changes
in tThe present study was the onset and offset of CS. Also, each addi-
tional extension to the CS-US interval resulted in additional waveforms.

Paviov (1927) atitributed poor control over responding during long
trace intervals to the animals' being easily distracted. |In tThe present
context, it also seems possible that CS, because of pairings with US,
results in less distraction and activity when it fills the duration of
the CS-US interval upon its presentation in a darkened chamber, as
compared with long periods where no stimulus is present.

Although variability of CR waveforms increased with the longer
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trace intervals in the present study, functions relating the temporal
location of maximum change in heart rate in the CS-US interval to the
duration of that interval were, by confrast, mohoTonié and regular.
They showed that as CS was intruded further back in the inter-US interval,
the location of maximum heart rate change after CS fracked CS location
to a certain extent. Latencies of peak heart rate changes, however, were
not constant as CS intfrusion point was manipulated. It was rather the
case thd latency increased whiie a constant proportion of the duration
of the interval was maintained.

These findings demonstrate that cardiac measures such as latency
fo peak heart rate change, and the variability of the peak location, all
bear a lawful relation to overall HR changes in the CS-US interval,
regardless of the variability of HR waveforms within that interval.

in addition to changes in CR waveform, latency, and variability
measures, the magnitude of HR changes in the CS-US interval was also
affected by the movement of CS back in the inter-US interval. CR mag-
nitudes increased over the first three interval conditions (10-30 sec),
decreased for the next two CS-US intervals (50 and 80 sec), and then
increased once more over the succeeding two intervals (120-170 sec) .
A study conducted by Dronsejko (1972) is the only one which manipulated
CS-US iﬁTervals within-subjects, and also began with shorter, proceeding
to longer intervals, as in fhe present design. She presented nine CS-
US infervals ranging from 4-12 sec to human subjects by order of increas~
ing durations. Dronsejko found that cardiac response magnitudes, as
measured from the deceleratory component of biphasic responses which

emerged at 8 sec CS-US, were largest at |0 sec CS-US. Her study differs
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in important ways from the present design, however, in that (a) all
CS-US intervals were presented within one experimental session; (b) a
delay procedure was employed; and, (c) almost all the CS-US intervals
used were shorter than the durations used in the present sfﬁdy.

Again, exact precedents for the present design are lacking; how-
ever, the overall findings in the literature have been that long CS-US
intervals result in small cardiac CR magnitudes when trace procedures
are employed (e.g., Black et al., 1962; Fitzgerald & Martin, 1971). The
present findings are not in agreement with the above over part of the
range of intervals employed, and, it seems possfble that starting at
shorter intervals in a within-subjects design may account for them. Pav-
lov (1927) stated that long-trace reflexes Mare always formed slowly and
with dffficulTy" (p. I'15) and offen began long-trace conditioning by
simultaneously presenting CS and US, with subsequent lengthening of the
CS-US interval.

Difficulties of inferpretation arise from the present findings
after the observation that CR magnitudes increased, then decreased, and
then increased again as the CS femporal location was moved back in the
inter-US interval. Since the course of the CR was not truncated at the
shortest (10 sec) interval (i.e., a full biphasic form was evident) the
argument that longer intervals allow time for the peak of the CR to
occur (e.g., Bréwn & Peters, 1967; Dronsejko, 1972; Schneiderman, [(972)
does not seem applicable here. The biphasic waveform simply stretched
out in time over the first three intervals, with peak HR occurring later
in the CS-US interval. In the fourth and fifth CS-US intervals employed

(50 and 80 sec), CR magnitudes were small; at these intervals, CS was
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occurring 2.5 -~ 3 minutes affer the previous US, and approximately | -
.5 minutes before the subsequent US., These would seem fo be long Time
intervals, in both directions, for subjects to continue associating CS
strongly with US. What is a "long time" for rhesus monkeys? Dmitriev
& Kochigina (1959) suggest that | -2 min. US-US intervals are the
outside |imit for the formation of Time reflex in rhesus monkeys; it is
possible that this also applies to CS-US intervals. There are several
studies which have successfully demonstrated cardiac CRs with | min. CS-
US intervals in rhesus subjects, but always with a delay procedure, con-
trasting with the present trace procedure (e.g., Randall, Brady, & Martin,
1975; Randall, Kaye, Randall, & Brady, 1973; Randall & Smith, [974;
Snapper, Pomerleau, & Schoenfeld, 1969).

When the CS-US interval was lengthened further, as at 120 sec CS-
US, CR magnitudes increased significantly once again: tThis was the first
CS-US interval where CS occurred temporally closer fo the previous,
rather than the subsequent US (110 sec US-CS; 120 sec CS-US). So, as
CS occurred earlier in the US-US interval, The shorter time periods betfween
CS and the previous US resuifed in increased CR magnitudes, thereby pos-
sibly refuting the many experimenters who have regarded backward condi+
tioning as impossible or weak (Fitzgerald & Walloch, 1966; Kimble, |961;
Paviov, 1927; Spooner & Kellogg, 1947). Some investigators have found
CS to maintain "excitatory" properties in backward conditioning procedures
(e.g., Champion & Jones, 1961; Wolfle, 1932) and, ofher authors have
suggested, similar to the present argument, that backward and forward
conditioning are not qualitatively different, but are on a continuum of

temporal contiguity to US (Hull, 1943; Jones, 1962).
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A problem remains: if temporal proximity of CS to US were the
sole determiner of CR magnifude, then the increasing CR magnitudes over
the first three intervals seem a contradiction to this hypothesis. It
appears that there is an “optimal" CS-US interval at shorter CS-US
intervals, at least in the present design, at which subjects exhibit
their largest possible CRs. After this interval, which is 30 sec, CR
magnitude declines as CS occurs temporally remote from either the

preceding or following US.

HR changes in the US-CS interval

The magnitude of acceleration immediately following an unsignal-
led US exceeded post-US acceleration when US was preceded by CS. This
finding has been observed for HR, skin conductance, and GSR, and has been
termed the "preception effect" by several authors (Coles, Herzberger,
Sperber, & Gdetz, 1975; Lykken, 1962; Lykken, Macindoe & Tellegen, 1972).
PreceptTion is the hypothetical interpretation of warning signals (CSs)

as "producling] an afferent 'sef! which serves fo attenuate selfectively
the sensory representation of the noxious stimulus [US] when it occurs"
(Lykken, 1962). A more likely inferpretation may be that the preception
effect is a manifestation of the law of initial value. CS produced

higher HR levels in the CS-US interval than during a pre-CS period in

the present study: in other studies claiming preception, the effect of

CS on raising response levels in the CS-US interval is evident from their
figures, Thus, when US occurred, HR levels were already high; i.e., The
CR was already in progress, thereby resulting in aftenuated UR magnitudes

when compared with URs not preceded by CRs. Lykken et al. (1972) reject



(31

the notion that their results are an effect of unequal baseline levels,
and state that their findings were not "caused" by the LIV, although they
do not state why. It should be made clear that the LIV does not "cause"
anything; it is simply a name assigned to an observed empirical relafion-
ship, i.e., that higher pre-stimulation response levels result in smaller

post-stimulation response magnitfudes.

CS was found to exert its effects both prior, and subsequent to its
occurrence in the inter-US interval. This is similar to findings from
the "intruded stimulus" experiments where the temporal locus of CS deter-
mined whether substantial, or no changes in response rate occurred around
its intrusion point (Farmer & Schoenfeld, 1966 a,b; Snapper, Kadden,
Shimoff, & Schoenfeld, 1975). A common feature of the intruded stimulus
studies, some temporal conditioning procedures, and of the present proce-
dure is the regular presentation of CS and US. Gantt et al. (1951)
interpreted regular increases in dogs' heart rates prior to a CS, when °
both CS and US were presented periodical ly, as evidence for temporal
conditioning. Farmer & Schoenfeld classed such increases in response
rate prior to CS (in their case, the response was key pecking rate of
pigeons) with the conventional evidence for the secondary reinforcing
properties of CS ( c¢f., alsc Kelleher &« Fry 1962; Segal, 1962). They
pointed out that CS was in the ftemporal position to become a conditioned
positive reinforcer through pairings with the primary reinforcer (food),
and ascribed to that fact the maintenance of a "scalloped" response rate
pattemprior to CS occurrence, and a post-reinforcement pause-like
drop in rasponding briefly after CS. The present data show, as in the

findings of Farmer & Schoenfeld, and Gantt et al., approximately
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monotonic heart rate accelerations prior to CS, but only for the CS-US
intervals over 10 sec duration. At the |0 sec interval, HR decelerated
in the period prior to CS. In the sessions where US was unsignalled, HR
trends in comparable measurement periods did not reverse from deceleration
to acceleration until the unsignalled-US sessions interpolated between
the 50 and 80 sec CS-US onditions. It might be said from this finding
that CS exerted control over HR increases immediately preceding its
occurrence early in training since, when CS was absent, no such increases
were observed. As fraining progressed, however, with CS moving back in
the US-US interval, these increases began to appear even in the absence
of CS.

However, CS does not necessarily exert "backward" control: it was
emphasized previously that US-CS pairings may have accounted for larger
CR magnitudes when US became femporally closer fo the following CS.

Other authors have also found it more profitable to consider the temporally
forward rather than backward effects of US-CS pairings (e.g., Moscovitch

& LolLordo, 1968). The conceptualization of the "forward" effects of
regular stimulus pairings may weaken the belief that temporal condifion-
ing is a special case of Paviovian conditioning, or is evidenced by
changes only in a particular segment of a "trial"; i.e., by lawful in-
creases in pre-CS heart rate. Again, lawful changes in the temporal
patterning of heart rate were observed throughout the entire inter-US
interval. To invoke a whole set of terms for HR changes in this interval,
‘such as the UR, succeeded by the temporal reflex, succeeded by The CR

is unnecessary.,

As indicated up fto This point, the intruded stimulus design sub-

sumes a number of stimulus scheduling procedures, including trace, delay,
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forward, backward, and temporal candifioning. It also seems to cover
procedures which Rescorla and col |aborators (Moscovitch & Lolordo, 1968;
Rescorla, 1969 a,b; Rescorla & Solomon, 1967; Solomon & Corbit, 1974) have
termed "warning-signal" and "safety-signal" fraining. These authors have
suggested that a CS acquires "warning-signal" funcTions_when it occurs in
close proximity to US (in a forward direction) as reflected in larger
magnitude responses, and acquires "safety-signal" functions at long
intervals between CS and US, as reflected in small magnitude responses
early in the CS-US interval. The present findings of increased CR mag-
nitudes from 10-30 sec CS-US durations are at odds with these formula-
tions, since CS' acting as a warning signal should have produced the
largest response magnitudes at the shortest (10 sec) interval.

One aspect of The present findings does conform to some. -
predictions of Solomon & Corbit (1974). These authors, along with
Moscovitch & LéLordo (1968) state that CS acquires inhibitory properties
when it not only immediately follows US, but also precedes a long shock-
free infterval. The inhibitory effects of CS on heart rate are presumably
demonstrated, according to Solomon & Corbit, by longer durations of UR
cardiac decelerations, In the present study it was found that the
longest duration of UR deceleration did occur at the "backward" condi-
tioning procedure, where CS occurred immediately after US, and also pre-
ceded the longest shock-free inferval. Since a gradual increase in UR
deceleration as CS occurred temporally closer to the previous US might
be a criterion for safety-signal effects of CS, the finding that There
were no such ggdual increases in the present study do not further confirm
the safety-signal hypothesis.

One difficulty in inferring the "warning" or "safety" effects of
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CS from HR changes is that HR accelerations or decelerations cannot be
reliably predicted from our notions concerning the relative Yaversive-
ness" of differing experimental procedures. For instance, if HR increases
are supposed to reflect "fear" (e.g., Black et al., 1962; Church, Llolordo,
Overmier, Solomon, & Turner, 1966; Rescorla & Solomon, 1967), those ex-
periments demonstrating HR acceleration fo a CS preceding food delivery
must be explained (e.g., Gantt, 1960; Moore & Marcuse, 1945; Randall,
Brady, & Martin, 1975; Schoenfeld, Matos, & Snapper, 1967). Conversely,
if HR decelerations are supposed to reflect relaxation or relief (e.g.,
Solomon & Corbit, 1974), experiments demonstrating deceleratory CRs prior
to shock must be explained (e.g., Fitzgerald & Teyler, 1970; Flynn, 1960;
Zeaman & Smith, 1965). As Schoenfeld & Cole (1972) have poinfed out,

the "positive" or "negative" characteristics of stimuli as well as of
responses, are determined by the choice of organism, scheduling and
stimulus parameters. The intruded stimulus design employed here allowed
investigation of tThe stimulus control of behavior by an unambiguous and
"primitive" (Farmer & Schoenfeld, 1966 a,b) procedure of stimulus
intrusion unencumbered by (a) inferences from the experiences of
experimental subjects; or, (b) by inferring different underlying

behavioral processes to procedures which may be parametrically related.

Autonomic innervations of the cardiac CR and UR

Some evidence concerning the nature éf autonomic coniributions to
experimental |y~produced changes in heart rate was provided by the present
data with regard to : (a) The assessment of which branch of the autono-
mic nervous system controls resting heart rate of rhesus subjects during
experimental sessions; (b) the possible role of hormonai influences

(epinephrine and norepinephrine) on the cardiac CR; and, (c) The possible

source of control over the cardiac CR and UR as assessed by pharmaco-
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logical blockade of both branches of the ANS.

Attempted denervation of the heart by ganglionic blockade with
chlorisondamine al lowed evaluation of the intrinsic rate of the rhesus
heart; the infrinsic rate was approximately 140 BPM (an average of all
six subjects), which is close ‘o The'inTrinsic rate of 45 BPM reported
by Dews & Herd (1974) for chronically restrained rhesus subjects after
hexamethonium injection (another ganglionic blocking agent of less
potency than chlorisondamine). A comparison of intrinsic and "control™
(i.e., pre-drug resTing\hearT rate) rates allows deductions about which
branch of the ANS has the controlling influence over resting heart rate.
Kiose et al. (1975) found that HR levels of Théir restrained rhesus sub-
Jects, after pharmacological denervation (combined atropine and propran-
olol injection), were lower than pre-drug levels, confrary fo The present
findings of rates after denervation by ganglionic blockade generally
higher than pre-drug. Klose et al. concluded greater sympathetic tone
in their rhesus subjects: the evidence here indicates higher vagal fone
exercising a restraining influence on resting rate. The present findings
also contrast with Dews & Herd (1974) who found balanced sympathetic and
parasympathetic confrol (i.e., no changes in rafte were observed under
ganglionic blockade) during resting periods between exercise tasks.

Ganglionic blockade by chlorisondamine showed that the vagus
exerted a cbnTroIling influence over resting heart rate during pre-drug
sessions. Blockade by chlorisondamine aléo showed that hormonal influ-
ences on the cardiac CR were non-existent by the demonstration that both
acceleratory and deceleratory components of the CR were almost entirely

eliminated at all re-determined CS-US intervals after administration of
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chiorisondamine. These findings are in contrast to Randall, Kaye, Ran-
dall, & Brady (1973} and Bond (1943) who, after observing slow HR in-

creases during long CS-US intervals after surgical denervation of their
subjects, attributed the HR increases fo the release of caTechpIaanes.

The effect of parasympathetic blockade by atropine sulfate on
baseline heart rate in the present rhesus subjects, and for various
species in other investigations, was an elevation of rate above pre-
injection levels (e.g., for rabbits, Downs et al., 1972; for dogs,
Dykman & Gantt, 1959; for rats, Fitzgerald, Martin, & O'Brien, 1973;
for humans, Obrist, Wood, & Perez-Reyes, 1965). In addition, baseline
heart rate under atropine was higher than that under chlorisondamine,
revealing levels of heart rate achieved under mostly sympathetic control
when unopposed by the vagus.

Atropine's effect on baseline heart rate has been discussed. The
drug's effect on the CR was to reduce the magnitude of both the acceler-
atory and deceleratory portions of the biphasic HR waveform and to
flatten the response function almost entirely; i.e., phasic HR changes
in the CS-US interval were absent ( also reported by Obrist et al., 1965;
Fitzgerald, Martin, & O'Brien, 1973; and Schneiderman et al., 1969).

Propranolol's overall effect was fo lower baseline heart rate, as
also reported by other investigators (e.g., Nakano & Kusakari, [966;
Powel|, Goldberg, Dauth, Schneiderman, & Schneiderman, 1972; Sampson,
Francis, & Schneiderman, (974), and, with respect to its effect on the
CR, it reduced the acceleratory portion (Kadden, Schoenfeld, & Bindler,
1975; Cohen & Pitts, 1968; Obrist, Howard, Lawler, Sutterer, Smithson,

& Martin, 1972), and it enhanced the magnitude of the deceleratory portion.
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The above findings of complete elimination of the CR's accelera-
tory portion by vagal block, and partial elimination by sympathetic
block imply a greater vagal contribution to HR acceleration. However,
the high overall HR levels observed after vagal blockade probably masked
the sympathetic contribution by severely limiting HR acceleration (LIV).
Regression analysis was performed to compare CR magnitudes predicted
at high heart rates (undrugged) against the obtained high rates under
atropine, and, in many cases, aftenuation of CR magnitude under atropine
was found. However, although the differences between predicted and
obtained values were often large, the majority of cases were not statis-
tTically significant. Consequently, one cannot conclude that HR acceler-
ations were small because of the parasympathetic blocking effect of
atropine; or, it may have been rather the result of overall HR levels
being so high that a sympathetic component could not manifest itself.
Ganglionic blockade by chlorisondamine was the only pharmacological
manipulation which resulted in complete elimination of the acceleratory
portion of the CR uncomplicated by considerations of'The law of initial
value, since baseline HR levels were not nearly so changed affter adminis-
fration of chlorisondamine, and most of the findings from this drug were
statistically significant, A possible hypothesis here is that the initial
acceleratory portion of the CR has fwo innervations, sympathetic and
parasympathetic, as also concluded by other investigators (e.g., Cohen
& Pitts, 1968; Dykman & Ganti, 1959). This hypothesis will be seen to
apply to the deceleratory portion of the CR as well, and will follow
below.

The evidence for dual innervation of the deceleratory portion of

the cardiac CR consists of the finding that the magnitude of the decei-
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eratory component of the CR was enhanced after propranolol injection,
reveal ing vagal action when unchecked by sympathetic tone. This finding
is surprising in that it is at odds with the findings of other studies.
Fredericks et al. (1974) and Sampson et al. (1974), with rabbit subjects,
found no effect of propranolol on deceleratory CRs; and, Kadden et al.
(1975) found no change in the magnitude of the deceleratory portion of
biphasic CRs in rhesus subjects after propranolol injection.

Other evidence from the present study does not so clearly argue for
dual innervations of the deceleratory portion of the CR in that HR decel-
eration was completely eliminated by vagal blockade. Sympathetic action
should have become evident in the form of HR acceleration toward the end
of the CS-US interval when the vagus was blocked, had there been an
original sympathetic component to the latter parT of the CR. The
sympathetic contribution probably consisted of checking the sirong
deceleratory action of the vagus, as stated above. If HR levels had been
lower under vagal blockade, perhaps by the use of smaller dosages of
atropine, a remaining sympathetic component in the form of HR acceleration
may have been revealed,

Thus, it is suggested that ANS innervations of the cardiac CR
take the fo]lowing form: +he acceleratory portion is probably the result
of combined increase in sympathetic activity and release of vagal restraint,
also suggested by Bond (1943), Cohen & Pitts (1968), Dykman & Gantt (1959),
Katcher et al. (1969), and Klose et al. (1975). The present hypothesis
that the CR deceleration is probably the result of an increase in vagal
activity checked by sympathetic fone departs from the conclusions of most

studies in the literature. Only one other study (Kazis, Milligan, &



139

Powell, 1973) concluded dual innervation of their deceleratory CR in
rabbit subjects. They stated that the observed HR decelerations pre-drug
were the combined result of increased vagal restraint and inhibiftion of
sympathetic tone after observing that either atropine or propranolol
decreased the magnitude of the response, but only combined administra-
tion eliminated it completely. Here, a facilitation of deceleration was
observed after sympathetic blockade, suggesting that this deceleration
was not originélly mediated by an inhibition of sympathetic tone, but
that active firing by the sympathetics nofmally checked the deceleratory
action of the vagus.

Much lack of agreement has arisen among investigators about
which branch of the ANS is the more important contribufor to experimen-
tal ly-produced HR changes (Cohen, 1974). In the present study, for both
acceleratory and deceleratory portions of the CR, these questions must
remain unresolved, since | mg/kg atropine-block of the vagus cannot be
reliably compared against | mg/kg propranolol-block of the sympathetic
nervous system, Also, it is not even certajin if these dosages resulted
in total blockade. Differences could be seen in the degree of sympathe-
tic and parasympathetic bloc kade with respect to their effect on femporal
patterning of heart rate in the present study. Atropine appeared Yo
raise HR levels to a Yceiling", as evidenced by flattened functions, more
t+han propranolo! lowered HR levels to a "floor". Perhaps | mg/kg pro-
pranolol was not a sufficient dosage to achieve complete sympathetic
blockade; had it been, one may have observed flattened funcTions.occurring
at very low HR levels, similar to the atropine effect at high HR levels.

Rather, the functions observed under propranclol were characterized by
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extremely large changes in heart rate over successive averaging
periods and were highly irregular, These irregular functions under
propranolol are puzz}ing, considering that propranoiol is used as an
anti-arrhythmic drug (Goth, [974). A visual inspection of individual
polygraph records reveals that interbeat intervals were very arrhythmic
under proppanolol.

Kelleher, Morse, & Herd (1972) found episodic changes in heart
rate of squirrel monkeys aimost completely eliminated only after 3 mg/kg
injection of propranolol, and Klose et al. (i975), in rhesus subjects,
established Total sympathetic blockade at 3 mg/kg administration of
propranolol after testing lower dosages. Many investigators tested the
amount of beta-blockade by propranoiol by infusing isoproterenol, a beta-
agonist drug which stimulates the heart and induces tachycardia:; if
heart rate does not increase after isoproterencl injection, it is con-
cluded that the dosage of propranolol employed was sufficient to block
beta-receptors in the heart. Although Robinson, Epstein, Beiser, &
Braunwald (1966) found .25 mg/kg propranclol sufficient to ¢hal|enge
the infusion of isoprofereno! in human subjects, it is possible that even
| mg/kg of propranolol, as used in the present study with rhesus subjects
was insufficient to achieve total blockade.

Results from pharmacological blockade of the unconditioned
response in the present study differed only in one respect from those
found for the conditioned response: it was found that some UR.. accelera-
tion remained after vagal block by atropine. This finding suggests a
greater sympathetic role in shock-induced HR changes, i.e., in the UR
Aninspection of data from Klose et al. (1975; their Table 4) also reveals

+that UR acceleration was larger than CR acceleration affer parasympathe-
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tic blockade in their rhesus subjects, although the difference does not
appear large and was not tested statistically.Washton (dissertation in
progress) also obtained larger magnitudes for the UR as compared with the
CR after parasympathetic blockade. Perhaps, in the present case, the
sympathetic nervous system was more mobilized by higher stimulus inten-
sities (as concluded by Obrist et al., 1965, for human subjects), i.e.,
by the shock-US than by the light-CS, although it is admittedly risky

to compare the subjective intensities of two stimuli when they differ in

modality.
Summary

Findings from the present study consisted of the following:

|. Cardiac CR waveforms were most consistent among subjects at
The shortest CS-US interval and became increasingly polyphasic as CS
occurred earlier in the inter-US interval.

2. Latency of maximum heart rate, and variability of the location of
maximum heart rate in the CS-US interval increased with, and in constant
proportion to the duraTién of the CS-US interval.

3. As CS occurred progressively earlier in the US-US interval,
maximum heart rate occurred in earlier positions as well.

4, CS offset often resulted in cardiac rate changes.

5. The magnitude of HR change in the CS-US interval increased over
the first three CS-US durations (10-30 sec), decreased for the following
two durations (50 and 8Q sec), and then increased for the succeeding two
Cs-US interval durations (120-170 sec).

6. The magnitude of HR acceleration immediately following US was

smaller, in most cases, when US was preceded by CS.
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7. The temporal patterning of heart rate immediately prior to CS
was deceleratory at 10 sec CS-US, and acceleratory for the remaining
CS-US interval conditions, with the exception of 120 sec CS-US. In
comparable measurement intervals when CS was omitted, heart rate pattern-
ing was deceleratory until later US-only sessions (affer 50 sec CS-US),
at which time acceleration began to appear.

8. The duration of HR deceleration after US was greatest at the
230 sec CS-US inferval duration.

.9. Resting heart rate was highest after vagal block (by atropine)
and lowest after sympathetic block (by propranolol). Ganglionic block
(by chiorisondamine) generally resulfed in HR levels above pre-drug
levels, but not as high as HR levels under atropine.

|0. Vagal and ganglionic block each flattened the CR almost
entirely. Sympathetic block reduced the magnitude of the acceleratory
portion of the CR, and increased the magnitude of the deceleratory
portion.

Il. Vagal block did not reduce UR acceleration as completely as

it reduced CR acceleration.

Summary of conclusions

The following conclusions were drawn from these findings:

. The temporal proximity of CS to US was a powerful variable
in determining the effects of CS on HR changes during the entire infer=-
US interval, as reflected in measures of magnitude, temporal patterning,
latency, and variability.

2. Increased variability in HR functions during long CS-US inter-

vals probably resulted from the absence of an external cue during such

intervals.
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3. Variability in cardiac waveforms at longer CS-US intervals does
not necessarily affect other cardiac measures which may display lawful
and monotonic relationships to the duration of the CS-US interval.

4, CS offset can become a cue for cardiac rate changes, particular-
ly when, in earlier conditions, it was immediately followed by shock.

5. Resting heart rate of the rhesus subjects was under greater
control of the vagus from evidence of higher resting heart rate after
complete autonomic blockade.

6. Acceleratory and deceleratory portions of the CR are probably
each innervated by both sympathetic and parasympathetic branches of the
ANS,

7. Catecholamine-induced heart rate changes, potentially evidenced
by slow HR increases during iong CS-US intervals after complete auto-

nomic blockade, were not detected.
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Appendlx:

Table A

Mean {81 during 10" pre-CS (X) and at max!mum change from X In the CS-US Interva! (Y) at CS-US iInterval duratlions of

10-170%"

10
Subject X
E=28 538,78
E-34 283,26
E-40 553.36
E-38 331,90
E-32 315,26
£-18 419,10
SUM 244!.66
MEAN

406,94

. Each datum {s a mean of all criterion trials at each duration.

Y
534,78
281.63
550,29
327.50
300.47
404,45

2399,12

399.85

X
376,38
329.10
627.20
446,68
443.72
384.57

2607.71
434,62

Y
377.19
334,50
576. 11
381.84
408,22
354.29

2432.!5

405,36

30
X
556.50
406.10
667.24
563.56
347.95
424.50
2965.85

494.31

CS-US Interval (Sec)

Y
552.44
359.55
495,88
492,89
324,53
377.33

2602.62

433,717

50
X
604.32
388,40
582.17
374.72
295.36
492.15
2735,12
455.85

Y
593.68
368.85
508.25
404.39
285.27
455.50

2615.94

435.99

80

X
621 .40
340.88
479,78
500.32
377.93

432.70

Y
584.80

298.63
426.78
481.05
375.87
395.00

2753.01 2562.13

458,84

427.02

120
X
505.20

354.56
501.00
526.07
358.20
341.33
2586.36
431 .06

Y .
469.20

317.67
452.58
490.67
346.20
321.33

2397.65

399.61

170
X
539.40
329.07
575.46
554.63
300,94
288.00

Based on 1Bls from 10" averaging perlods,

Y
498.10
319.50
509.62
478.26
264,31

280,71

2585,50 2355.50

430.92

392,58
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Appendix B

1T - formula for testing the significance of change in peak IBI level
(for CR acceleration and deceleration) after selective and total

autonomic blockade

Y -Y
pred obt
1':
2 - o
s + s + (52 (X - %07
Y.X pre=drug y.x post-drug y.x pre-drug pre post
o 2
N N £x=-X

pre~drug post-drug pre-drug
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