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INTRODUCTION

The classical conditioning procedure appears to be very simple.
Two stimuli, designated as the conditioned stimulus (CSj and the un-

» conditioned stimulus (UCS), are presented in a temporally fixed se-
quence, the CS preceding and, usually, overlapping the occurrence of
the UCS. Both stimuli may terminate simultaneously. After several
paired presentations of these stimuli a response similar to the re-
sponse to the UCS occurs after the CS. This response to the CS is
termed the conditioned response (CR) and the response to the UCS is
termed the unconditioned response (UCR).

The simplicity of the procedure is limited to the experimental
operations. The neural or physioleogical mechanisms underlying condi-
tioning have not yet been identified. A model system against which
conditioning theories can be tested would be useful to elucidate
these mechanisms. Major interest has centered around the search for
a relatively simple neuronal system in which confounding influences,
such as movement, light, and age are minimized. Such a system, whether
an isolated section of a more complex system (ganglion, nerve, spinal
Cord) or the intact system of a relétively primitive organism, would
be of value to conditioning theorists. This accounts for the vast
anmount of work expended in attempts to condition planaria and spinal
énimals. )

The work by Thompsdn and McConnell (1955) on classical condition-
ing-in planaria aroused a great deal of interest, but later investiga-
tors (Curmings and Moreland, 1959; Halas, James and Stone; 1961; Van

Deventer and Ratner, 1964) have pointed out significant weaknesses in
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the planaria conditioning experiments. Some specific variables, which
significantly influence responsiveness of planaria té light (the CS
~ used by Thompson and McCennell, 1955), have been shown by VanDeventer
and Ratner (1964) to include temperature, dark adaptation and size of
the animal. These factors were uncontrolled in the Thompson and McCon-
nell study. In a review of studies on learning in paramecia and plan-
aria, Jensen (1964) concludes that the results of these studies do mot
support the hypothesis that learning can occur in these aﬁimals. The
possibility of a spinal conditioning model thereby éssumes more impor-
tance. |

The ability to develop a conditioned}reflex without involvement
of cortical structures was first reported by Lebedinskia and Rosenthal
(1935). Their subject; a dog, had both cerebral hemispheres removed.
The response conditioned was salivation to a metronome, the first CR
aﬁpearing agter 250 trials,

Five years later Shurrager and Culler (}940) reported evidence
indicating the presence of conditioning of a.spinal preparation. This
report generated much controversy. Because portions of the technique
subsequently have been incorpofated into other experimenté, the geﬁeral
method that Shurrager and Culler used is of interest.

The spinal cord of dogs was transected, the level of transection
varying from second cervical to third lumbar levels. Both semitendin-
‘osus muscles of the hind 1iﬁbs were dissected out with nerve and blood
supply intact. Fine threads were attached to the fascia over a pit-.
like depression in the muscle and these threads and tendén were then

e

attached to a kymograph lever.
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In the conditioning procedure the CS was either a moderate electric
shock or a stiff-bristle brush tap applied to the tail or to the fore-
paw opposite the hind leg receiving the UCS. The UCS was an electrical
shock of sufficient intensity to elicit full contraction of the semi-
tendinosus muscle when applied to the homolateral hind paw. At the be-
ginning of the conditioning séries, thirty to sixty presentations of
three CSs at 1 second intervals were administered és a control for the
possibility of increased responsiveness of the semitendinosus muscle
to a repeated CS, Following this series of the CS alone, ahother
series of stimuli was presented in which fhe third CS in the above
patterh was paired with the UCS. These paired presentations occurred
every 15, 30, or 60 seconds.

| The CR was a.muécle twitch which was recorded on the kymograph.
After the establishment of the CR no stimuli were given for at least
10 minutes. The extinction procedure followed this rest period and
was identical to the conditioning procedure except the UCS was omitted.

The authors set three commonly accepted criteria as-their criteria
for conditioning. First the CR had to be distinguishable from the
original response to the CS alone. Second, the occurrence of the CR _
had to be dependent upon paired presentations of the CS and UCS. Third,
the CR had to diminish in frequency during the extinction procedure
~ (repeated presentation of the CS alone). ‘

One control procedure consisted of'approximately 200 presentations
of the CS alone at various time intervals. There was no evidence of a
CR to the CS before pairing with the UCS. To meet the second criterion,

Shurrager and Culler alternated a series of three UCS presentations with
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three CS presentations or presented the UCS followed by two CS presen-
tations. Neither of these combinations produced a CR. Regular extinc-
tion procedures reduced the CR to zero values. Extinction was effec-
tive whether initiated immediately or after a delay.of several hours.

Other coﬁtrols were included by Shurrager and Culler to establish
that the results were not the result of recovery of spinal reflexes
from anesthetic nor an artifact produced by direct electrical stimula-
tion.

Shurrager and Culier‘plotted their data in a vincentized form,
percent conditioned responses versus percent conditioning or extinc-
tion (i.e., successive tenths of the whole number of trials reqﬁired'
for complete conditioning or extinction) trials. The extinctiqn curve,
when rotated 180 degrees, could almost be superimposed on the condi-
tioning curve. Repeated series led to fewer trials to criterion (10
CRs in 10 successive trials) for both conditioning and extinction.
These two observations led the authors to conclude they had demonstra-
ted condifioning in a spinal preparation and théy suggested that condi-
tioning and extinction were based on similar mechanisms.

Shurrager and Culler (1940) employed several control procedures
to eliminate nonconditioning phenomena, such as recovery from anesthe-
sia, and these controls appear to have been adequate. Little criticism
has been given to this aspect of the investigation by other workers.
Many other aspects of the method and/or interpretation of their results,
however, have been criticized., The usual starting point is that, of
the 196 dogs that received the conditioning procedure, only 98 gave

positive evidence of spinal conditioning. The remaining 98, or 50%,



failed to show any evidence of conditioning. "The failure to demonstrate
conditioning in 50 percent of the animals does raise serious questions.
Shurrager (1947) has»appafently made only one statement in rebuttal to
this criticism: '"It is not uncommon to find a normal animal which fails
to learn aAsimble differential flexion response in hundreds of condition-
ing trials.'" Shurrager and ShUrrage; (1946) reported positive evidence
of spinalvconditioning in dogs but the total mumber of dogs used was not
reported. |

A second’point of the-Shurrager and Culler (1940} study tﬁat has
been criticized has to do with the character of the CR. Although in-
itially the CR was a very small localized muscle twitch, on later trials
it became more diffuse and included more muscle fibers. This change
in the nature of the response has been questioned because the usual
progression seen in classical conditioning in the intact animal is one
in which a diffuse general response gradually becomes @ore and rmore lo-
calized and restricted (Kimble, 1961; Hilgard and Marquis, 1940).

A third criticism leveled at‘the Shurrager and Culler experiment
was that an increase in CS intensity failed to pfoduce an iﬁcrease in
the magnitude of the CR (Pinto and Bromiley, 1950). This point has
no£ been settled conclusively.

Since the initial investigation by Shurrager and Culler (1940) a
variety of studies have been reported in which no evidence of spinal
conditioning was found (Xellogg, 1947; Pinto and Bromiley, 1950; Forhes
and Mahan, 1963). One of the most well known studies, by Kellogg,
Deese, Pronko and Feinberg (1947), used an experimental preparation
so different from that of Shurrager and Culler that it is difficult

to make a meaningfml comparison between the two studies. Kellogg



et al..used a chronic préparation similar to one which Shurrager and
Culler had tried unsuccessfully (Shurrager, 1947). The CS consisted
of two brief shocks 1 second apart delivered to one of the hind limbs.
Thé UCS, a single brief shock delivered to the other hind 1imb; oc-
curred 1 second after the ténnination of the CS. A major problem with
this technique of presenting the CS and UCS is that it can elicit two
antagonistic and mutually exclusive reflexes in thé leg receiving the
UCS. Thus a CS of moderate intensity would be expected to produce
flexion of the leg sthﬂuléte& by the CS and extension of the leg that
was to receive the UCS. In the Kellogg et al,study the CS was of
sufficient intensity fo change the response pattern to one of flexion
in both hind legs. During the course of the experiment, however, the
flexion response to the CS in the leg stimulated by the UCS alternated
in dominance with the crossed-extension reflex. The authors concluded
that their data gave no evidence in support of spinal conditioning since,
after approximately 600 trials the frequency of the flekion reflex in
the UCS leg was close'to ZeT0.

Shurrager (1947) also had found a bilateral hindlimb flexion re-
flex in response to a strong CS. The magnitude of this response in-
creased with further increases in CS intensity. It is difficult to
understand why Kellogg et al. used these responses or what the implica-
tions of their results are for understanding épinal conditioning.

Kellogg (1947) stated that usually.about 100 to 400 conditioning
trials were required for a nomal intact animal to reach 100 percent
conditioning under the stimulus conditions employed by Shurrager and
Culler (1940). The problem then is to ekplaih the 100 percent condi-

tioning which Shurrager and Culler reported was obtained in 30 to 40
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conditioning trials; A search of the literature reveals no studies of
the nuﬁber of trials required to reach a coﬁditioning criterion under
different experimental éonditions, especially the conditions employed

in spinal conditioning

[0

Since neither the Shurrager group nor the
Kellogg group could get spinal conditioning in chronic animals, Kel-
logg suggested that the results of Shurrager and his associates was

an artifact due to some pést-operational factor. It would appear to
be equally possible for the physiological deterioration in the chronic
animal to affect important neural units involved in spinal condition-
ing and thus prevent the changes involved in conditioning.

Deese and Kellogg (1949) studied flexion response of the whole leg
in chronic spinal dogs. Two brief shocks to the tail (CS) were followed
by a shock to the right hind foot (UCS). The authors reported both the
CS and UCS prbduéed a twitch in both legs, and concluded that the re-
sponse to the CS was not a conditioned response since it occurred to the
CS alone without having been re%nforced by the UCS. This was presented
as evidence against spinal conditioning. It must be remembered that
Shurrager and Culler (1940) used a response of much smaller magnitude
than that in the Deese and Xellogg (1949) study and this respbnse did
not occur to the CS alone.

Forbes and Mahan (1963) conditioned intact cats to escape tail
shock by hind limb flexion. There was no evidence of this response af-
ter cord transection or during etherization. The results, from only
two animals, each of which was subjected to a different experimental
procédure, were interpreted és evidence that the learning which occurred
prior to cord transection was cortical and that spinal conditioning, if

possible, is very difficult to achieve.
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One is forced to conclude, after consideration of all the above re-
ports,.that they have provided no conclusive evidence in support of, or
contradictory to, the establishment of spinal conditioning. The follow-
ing are some of the weaﬁ point; in this group of studies.

First, éeveral studies used an unusual pattern of multiple stimuli
as the CS. In addition, 1 sec. intervals were used between presentation
of CS and UCS. The optimum interstimulus interval.for some classically
conditioned responses, as indicated by results from several studies (cf.
Kimble, 1961, Table 13), appears to be close to 0.5 sec. Thus, 1 sec.
can be considered a long interstimulus inferval in these studies.

Second, most expériments have allowed the animal to recover from
general anesthesia following cord transection. The foreparts of sub-
jects have not been iﬁmobilized and Pinto and Bromiley (1950) reported
that movements of the foreparts markedly affected the excitability of
- the isolated cord of a spinal animal.

Contrary to general opinion, Shurrager and Culler (1940) did run
all controls necessary to show conditioning. Those studies which have
failed to verify their results also failed to replicate the essential
aspects of their experimental procedure, thereby limiting the generality
of the negative results., Some results in the Shurrager and Culler work
have been singled out because they do not match results from intact
animals. One ordinarily would not presume to‘generalize results from
one preparation to a vastly different pfeparation without experimental
work, and therefore it seems rather illogical to reject results derived
from a spinal animal, i.e., a preparation very different from the intact

animal.
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The results of Shurrager and Culler (1940) were supported in a pilot

‘study by Fitzgerald and Thompson (1967). Uging partially decerebrate
spinal cats, the latter investigators presented a shock (CS) to the hip
followed by shock (UCS) to the footpad. During acquisition training the
amplitude of the flexion response in the conditioning group was signi-
ficantly greater than in a control group given an identical number of
stimuli in an unpaired pattern. A major portion of the response increase
appeared in the first 20 trials, and an interstimulus interval of 0.5
sec. appeared to give better conditioningtthan any of a number of other
interstimulus intervals used in this study although this could not be
determined statistically.

The results of that pilot study led to the following investigation.
The general procedure follows the early work of Shufrager andVCullor,
with specific modifications introduced to eliminate certain possible
sources of erfor, such as large movements. The most drasti¢ change
introduced was surgically to render the subject comatose instead of
ailowing it to recover from anesthesia. As a result of this procedure
.thére was vefy little skeletal muscle activity in the foreparts of the
subject other than respiratory movements. Another change waé to equate
the tension of the individual muscles involved by using each muscle's
response pattern to the UCS as a reference.

The purpose of this study was to test fér spinal conditioning,
using a method based on the original work by Shurrager and Culler
(1940) with modifications inﬁroduced to meet most of the methodological

objections from other investigators.
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APPARATUS:

The Ss were anesthetized with ether and then immobilized by an RF
lesion in the midbrain tegmentum. = To make the brain lesion, current
from a Grass Instrument Lesion Maker (Model IM-3), set at 85 volts for
35 seconds, was delivered through stainless steel electrodes 1 mm in
diameter and insulated except for 4 mm at the tib. The distance between
the centers of these electrodes was 4 mh. Location of the lesion is
described below,

The electrodes through which the CS and UCS were delivered were
stainless steel fish hooks, size 1/0. Trials were initiated automati-
éally by a 35 mm punched tape, run through a Gerbrand Model 3A program-

‘mer. Presentation of the CS and UCS at interstimulué intervais greater
than 10 seconds was also controlled by the tape programmer. Interstim-
‘ulus intervals shorter than 10 seconds were timed by Tektronix V 162
and 161 units.

Muscle tension was measured by a Grass Modgl FT 10C force displace-
ment transducér connected to the input of a Grass 5P 1 low level DC
polygraph preamplifier. From there the signal was led into a.Grass DC
driver amplifier andbwritten out by means of an oscillograph. Tension
was calibrated for the complete system in grams,

A small plastic cannula was used to connect the femoral artery to
a Statham blood preésure transducer which led into another preamplifier
and amplifier combination in the polygrapﬁ consol. In a few subjects,

blood pressure was recorded simultanecously with muscle tension.
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PREPARATION:

’

The Ss were 42 cats supplied by the Animal Care Department of the
University of Oregon Medical_School. Atropine (1 mg/kg) was injected
intramuscularly into the right hind limb of each S at least 30 minutes
before etherization. This effectively prevenféd excess fluid from
accumulating in the respiratory tract. A-soft plastic endotrachael
tube was inserted.into the trachea. A small gauze combreés, moistened
with ether, was clipped to the end of the endotrachael tube to maintain
anestﬁetization.

The S's head was placed'in a Kopf stereotaxic apparatus and all
tissue was retracted from the top of the skull. Bilateral trephine hoies
were made in the skull and small slits were cut in the dura. The brain
lesion electrodes were positioned over these slits, straddling the sagit-
tal sinus. |

The anterior-posterior plane of the lesion was APO’ The most medial
portion of the lesion was made first with thé electfodes.lowered to 6 mm.
below Hb. After this region was lesioned the electrodes were raised and
cleaned. The electrode position was moved to the right hemisphere wuntil
the left electrode was directly above the opening made by the right el-
ectrode during the first penetration. The electrodes were lowered to a
position 4.5 mm below HO and é lesion was made. The electrodes were
raised 2.0 mm and another 1esion'was_made. The process-then Qas repeated
in thg left hemisphere. Histology was not done to detemine the extent
of the lesions, but some of the brain structures located at the level
of the lesion are the superior colliculus, interpeduncular nucleus,

decussation of the superior cerebellar peduncle and mesencephalic reti-
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cular formation (Snider and Niemer, 1961).

The exposed area of the brain and skull were covered with saline
soaked gauze compresses which were kept moist throughout the experiment
to prevent stimulation of this.area by the drying of the exposéd tissues.

The tissues over the tenth to the twelfth thoracic vertebrae were
retracted and the dorsal part of the vertebrae and tissue surrounding
the cord were removed. Immediately after the spinal cord was cut,
oxycei soaked with thrombin was packed into the point of transection
to facilitate coagulation‘of:the severed blood vessels. If the tran-
section was complete the two ends of the cord retracted leaving a space
of several millimeters between them. In all cases the transection was
visually inspected after bleeding was reduced to ascertain whether
transection was complete, and whenever there was any doubt thé process
of transection was repeated and rechecked. Administration of ether
ceased at this time. The area of the spinal transection was covered
with gauze pads kept moist for the duration of the éXperiment, again to
prevent stimulation arising from drying of exposed tissues.

The exact location of the spinal transection varied among Ss, but
was always located between the tenth and the twelfth thoracic vertebrae.
The transection at this level avoided the blood vessels entering the cord
at the level of the third lumbar vertebra, which form the major vascular
supply to the caudal section of the cord. |

On each hip the iateral aspect of the ischium, just helow the crest,
was cleared of tissue for later placement of the hip pins.

The left tibialis anterior muscle and ifs tendon of insertion were

carefully separated from surrounding tissue. The tendon was ligated and
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then cut distal to the ligature. Pins were driven into both ends of
the tibia in order to fix the position of the leg.

In two control animals the right femoral artery was carnulated for
recording’of blood pressure. “

An alunimum framework was bolted to the table. Rilaterally, the
sharply tapered end of an aluminmum rod was driven into the ischium just
below the ischial crest and the rod was clamped to fhe metal frame. The
left Hind 1imb was immobilized by clamping metal bone pins to the frame.
A.paddéd clamp held the foot firmly,

The string attached to the muscle tendon was fastened to the trans-
ducer mounted on the frame. To equate resting muscle tension the trans-
ducer position was varied by a rack and pinion device. The muscle
length was increased élowly in 2 mm steps during which the reéting mus -
cle tension increased in fairly wniform increments. When the change
in resting muscle tension suddenly increased more than usual, the length
was reduced until the muscle shortened 4 to 6 tm. The transducer was
then moved away from the animal in 2 mm steps, a féotshoék being given
60 sec. after every step, until a length was reached at which the muscle
response was of lower amplitude than the response at the previous length.
The muscle was returned to that previous length and held there for the
duration of the experiment. This procedure made it possible to limit
the number of footshocks during this phase of the experiment to a maXi-
mum of five shocks; There was a 15 min. rest period between the end of
the muscle tension adjustment and the beginming of the experimental
shock series.

At the completion of the experimental series 1.0 cc Nembutal (50

mg.) was injected into the brain stem. For.a few animals a CS alone
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series was presented until therc was no observable heart beat or respira-
tion to eliminate the possibility that responses comparable to those of

a live S could be elicited from a dead S.
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PROCEDURE :

The Ss were randomly assigned to one of four groups: one condition-
ing group and one control group, bdth,with fixed inter-trial intervals;
- one conditioning and one control, group both with variable intertrial
intervals. Each S received in sequence, 2 to 5UCSs during the time
that the adjustments of muscle fénsion were'being.made, 40 trials with
the CS alone, 30 (Ss and UCSs (paired in the two conditioning groups,
unpaired in the two control groups), and 30 extinction trials with CS
alone. |

The CS was a 100 pps, 1.0 sec. shock delivered through electrodes
in the skin over the 1éft hip. Intensity of the CS was varied during the
first 10 CS alone habituation trials and finally held at a value which
resultéd.inAan.”intermediate" nuscle response, i.e., the respoﬁse was
not the maximum possible with hip shock nor was it such a weak response
that there was danger of it habituating below baseline. These 10 CS
alone habituation trials were not considered part of the habituation
series in the final tahﬁlation of the data.

The UCS was a 100 pps, 0.5 sec. shock delivered through the el-
ectrodes in the footpad of the left hind leg. The intensity of the UCS
was set at 50 volts, the maximum intensity. from a Tektronix 161 unit.
The measured output at this setting'was 48 volts.

Following the habituation trials to the CS alone, the Ss in the two
conditioning (C) groups‘were given an acqﬁisition series of paired CS-
UCS trials. The interstimulus interval from CS onset to UCS onset was
0.5 sec. The CS and UCS terminated simultancously (Figure 1A and 1C).
One of the C groups, CF, received the paired stimuli at fixed 60 sec.

intertrial intervals, measured from CS onset-to CS onset (Figure 1A).



‘Figure 1.

A diagrammatic representation of the time interval rela-
tionships used with each of the experimental groups. For
each group, the CS duration was held constant at 1.0 sec.
and the UCS duration was held constant at 0.5 sec.

Group CF. The interval between the onsets of any two
successive CSs was equal to 60 sec. The interval between
the onset of the CS and the onset of the UCS was equal

to 0.5 ses.

Group UF. The interval between the onsets of any two
successive CSs was equal to 60 sec. The interval be-
tween the onset of the CS and the following UCS was
equal to 30 sec.

Group CV. The interval betwecen the onsets of any two
successive CSs was 40, 50, 60, 70, or 80 sec. The av-
erage interval between CS presentations was 60 sec. The
interval between the onset of the CS and the onset of the
UCS was equal to 0.5 sec.

Group UV. The interval between the onsets of any two
successive CSs was 40, 50, 60, 70, or 80 sec. The av-
erage interval between CS presentations was 60 sec.
The interval between the onset of the CS and the onset
of the UCS was equal to one-half the interval between
successive CSs. '



A. Group CF

G5 1.0 sec. A 1.0 sec.
Ucs 05 2 n.5
} 60 sccs ‘4
B. Group UF
CS 1.0 sec., W 1.0 sec.
UCS " 0.5 -

I"——-_SO sec.———i

} 68 see. ;
C. Group CV
CS 1.0 sec . 1.0 sec.

e

Ucs 0.5 L P 0.5

| 40, 50, 60, 70 ———]

or 80 sec.
D. Group UV
CS 1.0 sec, . 1.0 sec.
° 9” )
UCS — 0.5 p
/4 V{4
}—20, 25, 30, 35—
or 40 sec,
} 40, 50, 60, 70—
or 80 sec.

Figure 1



i/

In the other conditioning group, CV, intertrial interval measured from CS

onset to CS onset was 40, 50, 60, 70, or 80 seconds, (Figure 1C) with an
averége of 60 sec.

The other two groups (U) were given unpaired CS and UCS following
the CS alore series. For one group, UF, the CS onset to UCS onset inter-
sfﬁnulus interval was fixed at 30 sec., while the CS onset to CS onset
intertrial interval wﬁs held at 60 seé. (Figure 1B). In the second un-
paired group, UV, intertrial interval measured from CS onsef to CS onset
was 40, 50, 60, 70, or 80 sec., with the UCS being presented halfway between
any two CSs (Figure 1D), The pattern of intertrial intervals was the same
for groups CV and UV.

The response to the CS was measured in millimeters and converted to

grams tension.
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RESULTS:

The responses of eéch S on each trial are given in Tables I, II,
IIT, and IV of the Appendix for the UF; CF;‘UV, and CV groups resepctively.
Trial by trail piots of the mean and median response amplitudeé of each |
- group to the CS are shown in Figures 2, 3, 4, and 5, for the UF, CF, UV,
and CV groups, respectively. These figures reveal that during the habitua—
tion series group UF showed an increase in response amplitude whereas
the other three groups showed a decrease in response amplitude across
trials. Wilcoxin matched-pairs signed-ranks tests, uging the data
from the 1st and 30th trial for each S, indicated that the change
across trials was significant only in the CF group. Figures 2 through
5 also indicate very little overlap between the fesponses of the UF
group and those of the other three gfoups, but Mann-Whitney U tests
indicated no significant differences between groups in response amplitude
on the final habituation frial.

The median response to the CS (in grams tension) during the last
five trials of the habituation series was taken as a control 1evé1 for
each §. In order to édjust for different base lines, the acquisition
and extinction series were each divided into %enlblocks of 3 trials each
and the median response of each block was converted to a percentage measure
relative to the control ievel for that S. Figure 6 shows the median per-
centages of all four groups during acquisition and extinction séries, with
the control level set at'100 percent. Both conditioning groups; CF and CV,
and one unpaired controljgroup, UF, show a slight increase in response
amplitude across acquisition trials. ‘Response amplitude is greater in UF

than in CF. The fourth group, UV, shows no increase in response amplitude

-
N



Figure 2. The amplitude of the mean and median responses to the CS
(grams tension) of Group UF for each trial of CS alone
(habituation), acquisition, and extinction (N = 10).
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Figure 3. The amplitude of the mean and median responses to the CS
(grams tension) of Group CF for each trial of CS alone
(habituation), acquisition, and extinction . (N = 10)
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Figure 4. The anplitude of the mean and median responses to the (S
(grams tension) of Group UV for each trial of CS alone
(habituation), acquisition, and extinction. (N = 10)
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Figure 5. The amplitude of the mean and median responses to the CS
(grams tension) of Group CV for each trial of CS alone
(habituation), acquisition, and extinction. (N = 10)
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Figure 6,

The median percent change in the response to the CS
(grams tension), N = 10 for each group. TFor each group
the median response of the final 5-trial block of the

. CS alone (habituation) series = 100 percent (control

level.) The median response amplitude of successive
3-trial blocks in acquisition and extinction are pre-
sented as a percentage of the control level.
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by.the end of acquisition trials. During extinction ali groups approached
their original control level. e

| A2x2x10 anélysis of variance with the factdrs being conditioning

vs control, fixed vs variable intertrial intervals, and trial blocks, |
failed to demonstrate any significant effects in either acﬁuisition or
extinction. |

The variable intertrial interval groups, UV and CV, were tested
separately for the presence of conditioning. Kolmogorov—Smirnov t&o~
sample tests on the median percent scores of each block of 3 trials for
both acquisition and extinction indicated a significant difference be-
tween these two groups during achisitionr(p £ .01) and no significant
difference during extinction. ,

Since the UV and CV groups differed fromvthe'other two groups
(UF and CF) only in the nature of the intertrial inferﬁal, it is
possible that some feature of the variable time interval, or one of
the specific-time intervals (40, 50, 60, 70, or 80 seconds) acted to
prevent an increase in the response amplitudg of the UV group during
acquisition. The median response amplitudes for all Ss in each group,
arranged in order of the interval from the preceding CS, are in Tables
1 (habituation), 2 (acquisition), and 3 [extiﬁction). In groups CF
and UF the interval between any two consecutive CS presentations is
always 60 Seconds, but the trials, for comparison purposes, are
groups as if these Ss were under the variable intertrial interval
program. Mann-Whitney U tests, comparing the CF and CV, UF and UV,
» groﬁps at each intertrial interva;‘were not significant, indicating
that the responses of the variable intertrial interval groups, with any

particular time ihterﬁél, were not different from the corresponding re-
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Table 1. Median response amplitudes (grams tension) arranged in order
of the magnitude of the interval from the preceding CS, CS
alone habituation series.

Group CF
§§conds
60 60 60 60 60

§Epject
66-64 200.5 - 186.5 1S 220.0 193.0
66-65 ' 240,0 235.0 222.5 286.0 225.0
67-39 103.8 110.5 111.3 12245 109.0
67-66 95.5 93,0 85.0 90.5 75.0
67-78 336.,5 348.5 340,0 {3620 324.0
67-89 56.8 © 54,0 55,06 65.5 60.5
67-107 193.0 187.0 191.5 181.0 190.90
67-115 41.0 47.0 42.5 44.0 50.0
67-122 42.8 43.0 41.5 41.0 46.0
67-136 201.3 214.8 - 206.5 198.0 186.0

Group CV -

A Seconds :
40 50 60 70 80
Subject
- 67-40 46.8 49.8 55.8 55.0 55.0

67-43 307.0 288.5 288.5 294.0 283.0
67-57 117.8 101.0 105.5 173.0 116.0
67-71 492.0 402.0 500.5 477.0 500.0
67-86 168.5 195.0 200.0 221.0 197.0
67-91 355.0 2635, 5 358.0 352.0 362.0
67-104 30.8 32.5 30.8 31.0 25.0
67-113 120.0 119.0 123.3 124.0 124.0
67-123 143.0 151.3 142.0 149.5 156.0
67-135 211.0 175.0 203.5 221.0 200.0



Table 1 (continued),

Subject

67-41
67-55
67-60
67-76
67-81
67-87
67-108
67-118
67-124
67-134

Subject

67-46
67-49
67-69
67-73
67-84
67-95
67-97
67-120
6=zl
67-133

60

%845
42,8
250.0
168.0
98.3
345,40
07 a5
278
1268
324.5

40

2260
82.8
2005
333.0
1505
52,5
148.5
225.5
195, .)
8045

Group‘UP-
Seconds
60 60

65.0 82.8

38.0 40.5 -
243.9 269.0
155<5 159.5
102.5 108.8
352.0 ol

67.0 70.8

82e18 23.0
1888 - 134.5
305.5 - 321.8

Group UV
Seconds
50 . 60

.5 - 243.0

79.3 e
198.5 2055
340,0 B35
67,9 144,5
50.0 47.5
157,06 1520
215:0 i3
L85 RET. )

UBal 106.0

60

83.
42,
214.
156.
S
362.
T2
26
126.
290.

70

260"
T4
200.
328
I51.
67.
154 .
2L,
204.
875

NNOODODUNIDIODODDWN

DODUNMTO DDOODO

60

.
43.
262,
163.
103,
59%..
6.
51
158
304.

ODDDODUINNODDDD

80

258.0

80.5
195.0
338,10
154.5

65.5
146.0
224.5
190.0

050

26



Table 2.

Subject

66-64
60=65
67-39
67-66
67-78
67-89
67-107
67-115
67-122
67-136

Subject

67-40
67-43
67-57
67-71
67-86
67-91
67-104
o7-118
67-123
67-135%

Median response amplitudes (grams tension) arranged in order

of the magnitude of the interval from the precedjna €St
acquisition series,

60

AL )
344,
97
88.
431.
56.
200
VAR

OO L TS DD

203,

40

HncS
399,0

74,3
574.5
180.0
457.0

41.3
PR5=5
144.5
218.5

60

. 204.0

S26+'S
104.0
89:5
435,5
50.10
2113
6245
60.8
199.5

50

47.3
378.8
78.0
57850
17655
454,0
38.0
155 0
160, 5
21085

Group CF
Seconds

60

Group CV

Seconds

60 °

46.5
379,90

820
578.0
164.5
466.5

59,40
350:5
144.5
204.0

60

NS
oo

G P Ry e

OOV oOOO:

A

55
S7E8.
74,
S Lye
176.
452,
47.
149.
143.
214,

DDODUVMTOOoONDUVTO D

60

1834
Sl
LS
27
432,
56.
211
A4
41.
200,

S Do oUn O o

80

48.
SUACE

82.
ST1.
176
462.

285
4.
347
227
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Table 2

Subject

67-41
67-55
67-60
67-76
0/ ~81
67-87
67-108
67-118
67-124
67-134

Subject

67-46
67-49
67-69
Bi=73
67-84
67-85
67-97
67-120
67-121
67-133

(continued).

60

148.5
451.5

40

166.5

61.8
226.5
389,0
144.5

35.0
140,3
290.5
$83;5

60

50

170.0
60,0
219, 5
38%:5
144.,3
40.0
15240
29540
2710
Ol

ot
ol
<

.

NSO D000

Group UF

Seconds

60

61.8

45.0
453.5
186.3
142.0
462.0
114.5

3.5
15153
460.0

Group UV

Seconds

N

-~
. « & e e
TUT OUTiA WO

138,

60

40.
29.
419,
186.
E39,
464,
1 s,
s
153,
456,

QD OOV OOV

70

180.

(o))
(o3}

218
58 3n

46.
L
280,
228.

Bin

SOoOOoOCoUVTOD O UTD

60

48.
S
432,
s
158
445,
107 «
1
149.
464,

SUTDOTSTOODDOOCD

80

186.

62,
231,
380.
146.

41.
151«
PASER
248.
103.

DD DO DO DO DD
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Table 3. Median response amplitudes (grams tension) arranged in order of
the magnitude of the interval from the preceding CS, extinction

Subject

66-64
66-65
67-39
67-66
67-78
67-89
67-107
67-115
67-122
67-136

Subiject

67-40
67-43
67-57
67-71
67-86
67-91
67-104
67-113
67-123
67-135

series.

60

138.0
2440
83a'3
84.5
ol [0
63.0
210.0
65+5
36.5
194.0

40

34,3
36250

76.3
543.5
175.3
461.0

29.5
152.8
1.5
1515

60

(o)
<Q
Moo oW O

50

45,0
365.0

54.0
550.0
TENE
455.0

B.5
156.8
104.0
2035

Group CF

‘Seconds

60

131.0
254.0
S0
85.0
324.0
62.0
&4 5
58.0
50, @
2905

Group CV

Seconds

60

45.0
342.0

60.0
3540
186.0
458.0

30,5
2510
124.0
180.0

60

70

Sar
343.

s
S5les
17
457,

39
1.56.
130
186.

MNOO OO UTUICe

- 60,

(93]

&

o
VNN UNTODOO

60

141,
2310
" 89.
95 .
331.

a1y
61.
49.
178 <
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80



Table 3 (continued).

Subject

67-41
67-55
67-60
67-76
67-81
67-87
67-108
67-118
67-124
67134

Subjects

67-46
67-49
67-69
67<73
67-84
67-95
- 67-97
67-120
67-121
67-133 -

60

20.0

32.8
489.5
2208
120.0
8670
L21%%

@h.S
1508
515.5

40

152.0

44.5

2695 °

403.0
L5

585
149,3
348.0
264.0

67.0

60

40,
205
489,
gl &
124,
53E.
114,
26,
152,
500.

50

149,

53.
A
397,
146,

48,
147,
334,
226

69;

Group UF
Seconds

60
3 30.0
8 41.5
5 488.0
5 218.0
0 1275
5 o 376.0
0 124.0
0 23S
0o 153.0
0 504.0
Group UV
Seconds

60
3 170.0
0 53.0
0 310.6
5 405.0
8 1575
5 41,0
8 149.5
5 - 342.0
0 241 ;8

8 62,0

377,

60

Sl
S,
481,
2210
122,

116,

A
160,
508.

70

159,

S4.
276,
404.
149,

62.
147,
360.
245,

73

LODOWRLND D oL

R R e e MY NN N W Woo Wew

60

504

51,
491,
220,
119
379
i

2.
1564
497,

COO0OCDODODULOOD

80

156,

56.
283.
405,
156

s
154,
3.
238,

73
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sponses of the fixed intertrial interval groups.

A detailed examination of the responses on successiye trials dur-
ing habituation disclosed that several §$ failed to show a decrease in
response amplitude, with some Ss actually showing an increase in re-
sponse amplitude, Under the conditions employed in this study, i.e.,
fepeated applications of a stimulus (the CS) which‘elicited a response,
the expected result wduld be a decrease in response amplitude (Harris,
1943; Thompson and Spencer, 1966). Therefore, Ss showing an increased
response amplitude did not follow the nommal pattern. It could also
be argued that any S which did not show a decrease in response ampli-
tude across trials also did not follow the normal pattern. However,
in the case of the present study it must be remembered that there was
a series of ten trials immediately preceding the habituation series
which were not counted. It is possible that the responses of some Ss
habituated completely during these ten uncounted trials. Therefore,
simple failure to show a decrease in respbﬁse amplitude during the
remaining habituation trialé cannot be taken as evidence that habitua-
tion did nbt OCCUT.

In order to chéck on the possible effécts of inclu&ing Ss showing
an incréase in response arplitude during habituation on the analysis
of acquisition and extinction, their data were eliminated and further
tests were made. An increase in response amplitude during habituation
was arbitrarily defined as an increase of at least 10 peErgent in the
meaians of the last two 5-trial blocks, as compared to the median of the
first 5-trial block of the habituation series. This eliminated 3 Ss
(67-60, 67-124, and 67-134) from group UF, 4 Ss (66-67, 67-78, 67-115,

and 67-122) from greup CF, 1 S (67-71) from group CV and no S from
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group W (Table 4). The results for the remaining Ss are given in Fig-
ure 7. A Kolmogorov-Smirnov two-sample test indicated a significant
difference between the CV and UV groups in both acquisition (p. & .01)
and in extinction (p ‘SE .01) and a significant differencev(p £ .05)
between broups CF and UF in acqﬁisition but.not in extinction. - Response
amplitude is greater in UF than in CF.

~ An example of another respoﬁse pattern which appéaréd is given in
Figure 8, for a S in the UF group. With the introduction of the ﬁCS the
response amplitude abruptly shifted, and by the end of the acquisition
trials the response amplitude was at a much higher level than at the end
of the habituation trials. During the extinction trials the response
amplitude remained at this high level. Séveral Ss showed an increased
response amplitude during the acquisition series which persisted through-
out the extinction series. This could be considered an example of high
résistance to extinction. Another possibility is that it reflected a
physiologicai deterioration of the S (for example, acid-base changes),
which was unconnected with a specific patter; of stimulus presentation
and which ultimately resulted in an increase in response amplitude.

- Thompson and Spencer (1966) demonstrated that sensitization re-
flects a process separate from habituation aﬁd cannot be considered
merely as disruption of habituation. Therefore, an increase in response
amplitude during the acquisition series in this study could indicate
conditioning or sensitization or the deterioration of thé preparation.
Increases relfecting conditioning or sensitization would be expected to
decrease during the extinction phase. The increase resulting from de-
terioration of the preparation would not necessarily decrease during

the extinction séries and might well become more pronounced. Assuming
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Subjects remaining after elimination of Ss showing an
increase in median response anplitude during the CS

alone habituation series.

Groun UF

67-41
67-55
67-76
67-81
67-87
67-108
67-118

Group UV

67-46
67-49
67-69
67-73
67-84
67-95
/=S
67-120
67-121
67-133

- Group QE

66-64
67-30
67-66
67-89
67-107
67-136

Group CV

67-40
67-43
67-57
67-86
67-91
67-104
Gl L5
Gil=123
O7=13%



Figure 7. The median percent change in the response to the CS
(grams tension) after elimination of those Ss which
failed to show habituation during the CS aldne (ha-
bituation) trials. For each group, the median response
of the final 5-trial block of the CS alone (habituation)
seris = 100 percent (control level). The median response
amplitude of successive 3-trial blocks in acquisition and
extinction are presented as a percentage of the control
level. Group UF, N = 6; Group CF, N = 7; Group UV,

N'= 1@; Group CV, N = 9, E .
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Figure 8. Amplitude of the response to ‘the CS (grams tension)
for S 67-108 from Group UF, for each trial of CS alone
(habItuation), acquisition, and extinctiocn.

4
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that the failure of some Ss to show decrease in response amplitude during
extinction reflected physiological deterioration and not simply an
unusually high level of resistance to extinction, §§.in which the median
response during the last two blocks of 3 triais in the extinction series
was at least 15 percent greater than the meaian response during the last
5 habituation trials were eliminated from the lisf of Ss which showed
habituation. This removed 2 §§V(67—76 and 67-108) from group UF, 1 S
(67-89) from group CF, 3 Ss (67-43{ 67-91, and 67-113) from group CV and
4 Ss (67-69, 67-73, 67-95, and 67-120) from group UV. The remaining Ss
in each group afe shown in Table 5. The data of these Ss are given in
Figiwe 9. & Kolmogordv—Smirnov two-sample test indicated a significant
&ifference between a) the fixed interval groups, CF and UF, in acquisition
(p & .01) but not in extinction, and b) the variable interval groups, CV
and UV, during acquisition (p &£ .01).ana extinction tp £ .01). Response
amplitude is éreater in UF than dn €F. |

Heart-rate data can be presented for only one S, 67-142. Insta-
bility of the record of the second control §fmade st impossibie to ob-
tain accurate heart-rate data for that S The responses of the tiblar
1is anterior muscle to the CS in S 67-142 are given in Figure 10. The
number of beats was tabulated for the 2.5 second period immediately
preceding and following the onset of the CS (Table 6). Wilcoxin
matched-pairs signed-ranks tests indicated no significant differences
between these two heart-rate measures during habituation, acquisition,
or extinction.

The muscle responses of S 67-142 on each trial were tested for ran-
domness by a-one—sample runs test in habituation, acquisition, and ex-

tinction. The results were significant (p 4 .05) only for habituation
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Table 5. Subiects remaining after elimination of Ss showing
an increase in median response amplitude during the
CS alone habituation series or an increased median
response anmplitude at the end of the extinction

series,

GrouE Eﬁi Groun ggi
67-41 66-64
67-55 67-39
67-81 67-66
67-87 & ' 67-107
67-118 67-136

Group UV Group CV
67-46 67-40
67-49 67-57
67-84 67-86
67-97 67-104
67-121 67-123

G7=13553 bF=lS5



Figine 9.

The median, percent change in the response to the CS
(grams tension) after elimination of those Ss which
failed to show habituation during the CS alone (ha-
bituation) trials and those Ss which had a response
level at least 15 percent above control on the last

two 3-trial blocks of extinction trials. For each group,
the median response of the final 5-trial block of the CS
alone (habituation) series = 100 percent (control lev-
el). The median response amplitude of successive 3-trial
blocks in acquisition and extinction are presented as

a percentage of the control level. Croup UF, N = 5;
Group CF, N = 5; Group UV, N = 6; Group CV, N = 6.
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Figure 10, Amplitude of the response to the CS (grams tension)
for S 67-142 for each trial of the CS alone (habitua-
tion), acquisition, and extinction. The heart rate v
recorded from this S 2.5 sec. before and 2.5 sec. after
the CS are presented in Table 10.
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Table 6. Number of heart beats in 2.5 second period preceding
CS onset and 2,5 second period following CS onset.

CS Alone . Acquisition Extinction
Pre-CS Post-CS Pre-CS Post-CS Pre-CS Post-CS
Trial - 2.5 sec 2.5 sec 2.5 sec 2.5 sec 2.5 sec 2.5 sec

il 7 8 / 7 7 7
2 8 7 7 7 6 7
3 7 S 7 7 7 7
4 8 7 7 7 7 7
5 7 8 7 7 7 7
6 7 8 7 7 6 7
g 7 7 7 7 6 7
8 7 8 7 7 7 7
9 7 8 8 7 7 7
10 7 8 7 7 ¥ 7
11 & 7 7 8 7 6
12 7 7 7 i i 7
13 7 8 8 v v fi
14 8 & 7 7 7 ¥
15 7 7 7 7 fa 7
16 8 7 7 7 6 7
17 & 7 7 7 7 7
18 i 7 7 7 7 7
19 8 . E 7 7 7 7
20 8 la 7 7 7 7 6
21 8 7 7 7 7 ¥
22 7 i 7 7 7 6
23 7 7 7 6 7 7
24 7 7 7 Ji 6 T
25 7 7 7 7 6 7
26 7 fi 7 7 7 6
27 £ 7 7 7 6 7
28 7 7 7 6 7 7
29 7 7 7 7 7 6
30 7 7 7 7 7 6



trials, indicating that the distribution of scores deviated from ran-
domness in habituation trials. ‘

The occurrence of the CS or UCS did not produce any visible change
in the blood pressure of .the controi S. In addition, there was no
visible change in blood pressure during the muscular contractions fol-

lowing the CS or UCS. The effect on blood pressure of the muscular re-

sponse to the CS and UCS was not determined in the left hind leg.

41



DISCUSSION:

The results of the analysis of variance, using data from all Ss
in all groups, did not proﬁide support'for the presence of'Spinal condi-
tioning under the conditions of this experiment.

The large inter-S variability in the muscle response of the Ss
may be attributed, in part at least, to differences in the size and the
strength of the Ss. An attempt was made to control these variables by
restricting the Ss in temms of size and.weight and by equating the am-
plitude of the muscle responses before starting the‘experimental pro-
cedures. |

When the variable intertrial interval groups (UV and CV) were tes-
ted apart from the fixed intertrial interval groups, some evidence of
spinal conditioning was obtained. The analysis of the responées of the
UV and CV groﬁps indicated that they were not substantially different
from the responses that occurred on identical trials under a constant
intertrial infervai.ﬁ This would seem to in@itéte that any effect at-
tributable to the variable intertrial intervél procedure éannof be from
any one of the particular intervéls that were used. It may be that any
fixed intertrial interval woula.produce the same results found in groups
UF and CF or that any combination of variable time intervals would pro-
duce results similar to those of grouns UV and CV. Fitzgerald and
Thompson (1967) did find positive results of spinal conditioning. In
that study, however, the CS-UCS interval and the intertrial intervals
were deliberately varied between Ss, while the intervals used with any

individual S were held constant,
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Habituation, defined as "response decrement as a resuit af repeéted
stimulation" (Ilarris, 1943), has been repeatedly demonstrated in a vari-
ety of animals and with several responses (Eﬁgen and Lipsitt, 1965;
Harris, 1943; Lethiean, 1965; Marsh, McCarthy, Sheatz and Galambos,
1961). The failurc of some Ss in the current experiment to exhibit
habituation during the pre-test CS alone trials under conditions simi-
lar to those used in previous studies is difficult to explain., Thomp-
son and Spencer (1966) demonstrated habitﬁation of the flexion response
of the tibialis anterior muscle in the acute unanesthetized decerebrate
cat with spinal transection. However, the intertrial intervals in the
present -study were quite long as compared to those used by Thompson and
Spencer, énd it may be that this difference accounts for the failure of
some Ss to show habituation.

Another possibie explanation is that in those Ss ‘that failed to
exhibit habituation there was a general deterioration of physiological
functioning. This could also explain the increase in response ampli-
'tude during extinction trials which was shown by some §§; It is, how-
ever, entirely possible that, under the conditions employed in this ex-
periment, resistance to extinction is more pronounced thaﬁ in intact
Ss that are classically cohditioned, It is also possible that the Ss
with severe physiological deterioration are the same ones whose response
level returned to contrél level during extinctien trials.

Shurrager and Culler (1940) used extinctiqn of the CR as one of
their criteria for conditioning. Using 15 percent above control level
as the criterion for failure to extinguish.the CR eliminated 4 Ss (66~
65, 67-89, 67-107, and 67-115) fron grow. CV. |

The first conditioning criterion 1isted by Shurrager and Culler

\
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(1940) was that the "CR is not present upon the origipal presentation
of the CS." One can argue that, in the present study, the CR was the
original response to the CS. The position taken here, however, is that
the original response pattern to the CS is a decrease in response ampli-
tude across trials, i.e. habituation, and that a shift to a pattern of
an increase in response amplitude across conditioningrtrials was not
the same response. In Figure 9 of the presént study, 45 percent of the
Ss given the conditioning procedure were eliminated for failing to habi-
tuate or failing to extinguish the CR. This approximates the 50 percent
Shurrager. and Culler (1940) reported as failing to show conditioning.
Unfortunately, Shurrager and Culler did not report how many animals
failed to meet each conditioning criterion.

The 55 percent of the Ss wﬁich showed conditioning did so in 30
trials. This also agrees with Shurrager and Culler's report of condi-
tioning in 30 to 40 trials, a point questioned by Kellogg (1947). It
must be remembered that the results of analyses not involving all Ss
- included in this study should be céhsidered as coming from biased sam-
ples and therefore no strong conclusion can be drawn from them.

The large inter-g_variability suggests fhatramplitudé of the muscle
response employed in this study may be an inappropriate measure to use
in a test of spinal conditioning because the factors‘influencing it can-
not be adequately controlled. Therefore, it would seem desirable that
another test for spinal conditioning be made, employing a variety of
physiological ﬁonitors,to determine the stability of the preparation
and recording responses of spinal motor neurons instead of muscle
twitches. In such a preparation it might be possible to analyze the

-

effects of many conditioning factors and, hopefully, to obtain a bet-
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ter understanding of what happens in the spinal neurons during classi-
cal conditioning.

The unusual pattern of stimulus presentations employed in some of
the previous spinal conditioning studies was mentioned earlier in this
paper. The present study employed one of the most common and simple
CS;UCS patterns in order to avoid the problem of overiapping effects of
several discrete stimuli which; as a unit, are termed the CS (Shurrager
and Culler, 1940; Kellogg, et al., 1947).

Immobilization of the foreparts of S has been shown by Pinto and
Bromiley -(1950) to be important in any assessment of changes in respon-
siveness posterior to the spinal transection. In the present study imno-
bilization of the foreparts was accomplished by a large bilateral lesion
of the reticular formation whiéh rendered the S comatose. This does
not mean that there were no movéments*at ~ubl anteriof to the section,
tex fespiratory movements continued throughout the experimental period.
But large movements involving repositioning of the limbs and all move-

- ments which could be considered as "'struggling'" were absent.-

The heart-rate results from the control animal in the present study

cannot be used as the basis for strong conclﬁsiqn. They do seem to indi-

cate that there was no direct effect from using electrical stimuli.
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SUMMARY ANﬁ CONCLUSIONS:

In sumary, the data from all foﬁr grouns in this study, taken to-
gether, do not support spinal conditioning. The performance of the
fixed interval control gfoup essentially métches that of the fixed
interval ekperimental group. The two groups in which a variable in-
tertrial interval was used do differ in their performance across trials
in a manner suggesting conditioning and extinction df th¢ flexion re-
flex. Of all the Ss given the conditioning'procedure, SS’percent.(ll
§§j met conditioning criteria used originally by Shurrager and Culler
(1940) while 45 percent‘(Q Ss) did not meet the criteria through failure
to habituate or failure to show extinction. Conditioning in these 11
Ss occurred within 30 trials. These resﬁits agree with the results of
Shurrager and Culler (1940).‘ It is possible fhaf certain factors in
the experimental situation relating to the physiological condition of
the subject might account for the response patterns of several subjects,
and these factors should be tested in any future experimental work on
this topic. |

It is sugpgested that perhaps a better test of spinal conditioning
would involve analysis of resﬁonses from spinal motor neurcns in a pre-
paration similar to that used in this study,‘with physiclogical moni-

toring to indicate the physiological stability of the preparation.
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Table I. Individual response records for subjects in Group UF.

Response amplitude to the CS is in grams tension.
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GROUR WX

6760

Response to €5 {grams tension)

Trial CS Alone Acguislition Extinction
i 225 235 481
2 O 345 b7
3 218 349 Lol
1 204 339 L1
5 197 E34 bt
é 207 kos Lo
7 2377 . L29 L1
8 23h 19 L85
9 223 416 hgw
e 21 hs2 588
11 221 416 - 504
12 231 435 504
13 234 AR 488
g 248 132 Loy
16 238 Lho - b7s
LY 262 Ll s =07
13 v 262 ly52 488
i 252 biyg .88
20 276 458 b7
2 262 Lg2 © 510
2a 273 Ll Lot
o 290 458 L85
21 290 L 8L Lgs
25 269 hé2 ho1
26 300 458 L91
27 307 438 504
28 310 488 by
29 321 V¥ 504
30 314 Loy Lol
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Response to CS-

GR0UP UF
67-~81

(grams btension)

C3 Alone _Acguisition Extinction
102 109 133
70 2.5 141
97 143 129.5
102 142 13
62 143 1"'!
9k, 5 143 13
105, 5 143 131
138 149 126
103 5 476 120, 5
103 14G6,5 136
113 164, 5 144, 5
97 156 138

. 1855 > | 1225
80 176 119
59 163 T Pl
109 170 ng
100 143 itz
103 163 145 5
138 -159.5 1?{.)
91 143 109
7 1352 116
i15 147.5 106
o 176 103
119 ags 102
109 155 109
100 1555 104
112 141 97
317 159.5 127.5
103 133 106
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GROUP UF

67=125

Response to €3 (gra:
CS Llone Aeoniglt

Tl 55 A
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127.5 15765
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Response to C8 (gra

£S5 Alone Acguigiti r lon
275 2309 471
251...5 412 168
AT Li6 Lhg
263.5 Lo3 Leh
285.5 big hliyg
275 h19 hog
29315 Los Lal
288.5 Loo 500
288.5 L32 500
290,5 L38 504
298.5 Lhg 500
302 32 Lgm
304 L56 514
304 Lk 138
3055 hls St
505..5 Ll Bl
2055 5 58 507
304 Lig 1500~
3h L58 514
338 Lgg 520
398 b7t 10
365 Loy 5213
I7E Ls58 ~" 520
355 458 520
Ev) LE2 523
379 hos 500
386 Lg1 520
389 468 540
386 LSl 504
379 b7 87
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Table II. Individual responée records for subjects in Group CF.

Response amplitude to'the CS is in grams tension.



GROUP C@

6664

Response to C3 (grams tension)

Trial CS Alone Acgulsition Bt oot i
1 223 175 204
2 251 e 200
3 223 160 173
I 208 204 185
b 289 200 7
6 225 235 167
¥ 230 204 160
8 191 220 160
9 208 209 145

10 220 219 160
11 193 193 T 160
12 220 " 193 120
13 193 21 158
14 220 204 &5 112
15 200 2290 s hi
16 180 193 153
17 138 210 131
18 193 208 120
19 193 208 145
20 167 208 145
21 185 198 -128
22 21l 223 141
23 88 180 126
2L 163 193 128
25 193 185 96
26 175 193 150
27 160 173 13

28 160 208 1L5
29 175 210 128
30 167 193 131
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onse to C3 (grams tension
one Ao LI B Bt gl
235 ‘ e
250 25

266 34!
269 3
vl 270
2864 262
278 289
LR 297
340 230
364 i 343
309 258
At 17

297 289
336 220
e 237
352 282
2916 22

L 250
J5a 270
321 258
L7 252
332 250
317 245
344 220

572 274
301 237
329 235
321 286
31{,1;. 25)-

336 250
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GROUP CF

67-39
Response to (5 (grams tension)
8 Alons Acquigition Extinction
1473 89 102
182 5 162 g2
153 954 5 119
109 95.5 106
1 112 G2
A28, 5 196 g5
106 “$2% 85
136 102 . 82
i a 109 102
126 122, o G2
12555 89 Ale
106 119 82
122.5 106 79
195 "95.5 i
116 99 82
109 112 104
109 106 119
39 5o &5
9.)-5 106 85
116 92 99
g9 112 55
g9 116 8)
109 92 95,5
Q2 85 g2
109 S 3 95.5
109 g2 78
132 106 89
122, 5 79 79
109 72 92
82 92 5
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Response to CS (grams tension)

Trial CS Alone Acguigition Extinction
1 13 75 65 104
2 127.5 8 87
3 106 79 90.5
n 1295 95.5 104
5 9 5.5 107.5
6 89 . 85 &5
7 102 104 $5,5
13 162 99 ' W
9 ol ok - 99
10 29 . 89 805
uk | 80.5 95.5 . 82
12 90.5 104 99
13 65 114 89
14 99 95.5 B8 .5
) 95.5 B2 77
16 80.5 92 97
17 35 T G2
18 73.5 85 82
19 87 82 P2
20 Shih s 87
22 s 104 104
23 58 - 97 ot
2h 85 b (1] 89
25 67 i 89 92
26 65 51e a2
27 162 82 S
28 65 85 92
29 ol 80.5 : 85
30 90.5 &15'5 © 95,8
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GRCUP CF

67-78

Response

CS Alone

to CS (grams tension)

Acguisition

Bxtinction

349
365
8515
362
335
365
338
358
355
355
352
362
pL
e
309
235
32
{0
338
00
314
324
Jal
328
358
31k
314
345
321;,
3h5
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389
392
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k58
Lo7
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L58
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h25
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L2s
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L12
386
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252
£E7
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303
328
238
336
3H5
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324
217
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314
‘310
LY
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280
317
328
300
29h
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GROUP CF

67-107

Response to C3 (grams tension)

Cs Alone Acquisiticn Extinction
183 196.5 213
177:% 181s 5 20l RS
193 2C0 206.5
183 203 210
181 200 B 20L.5
181 206.5 208
186 230 204, 5
190 B28.%5 - 200
200 214, 5 213
181 205 21l 5

- 14665 b 210
198 2715 210
190 P 208.5
198 . 11.5 211.5
191 .5 208 210
181 206.5 213
193 218 21k, 5.
203 208, 210
192 214,5 210
1838 e 210
186 214,5° 21,5
194, 5 22145 o o [ P
19h.5 211.5 214,5
193 213 218
188 220 204,53
190 218 2790
gos 216,35 213
190 208 208
191.5 208 214,35
186 214.5 211.5
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esponze to C3 (grams tension)
Alons Acguisition EXhinatlen
36 h2,5 63
48,5 LI Ems
S5 5 58 el
Ll 3 59
5% L6 P95
k2,5 79 59
2985 Ly 54
34,5 5h 58
3% 63 754>
2.5 ’ ¢ 52
2h 91.5 e
£6.5" 78 61.5
Lby 8h. 5 Ud a5
50 106 ol
h1 gl 58
34 Lo P25
23 6565 6.5
S5 22 8
sk 98 50
ks 87 51
r5 102 60
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2% 137:5 e
€0 67 32
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Response to C3
Irial C3 Alone Aeguls
1 £8 43
2 I3 b
3 16 36
4 b3 L3
5 54 ba.5
6 38 95.5
7 EXLE T L
S 39 72
9 L P2aE
10 41 48,5
11 32 h8.5
12 61.5 3.5
s 5 60.5
14 70
i 52
1% 56,5
iy Ls
18 L9.5
9 48,5
20 65
s il o]
22 Lm
23 56.5
>l 52
] L3
26 41.5
27 by
28 L6
29 Ly
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GROUP CPF

67-136

Response to C3 {grams tersion)

C3 Alone

Acgculgition

Bxtdnciien

190
2l
ZL!’L;.:S
2253
205,53
224, 5
g L
20L,5
198
2ilth: 5
o1
184,.5
20k, 5
228
s
2iesS
186
198
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1795
186
198
198
194 5.5
196.5
168
201 .5
173
164, 5

204, 5
193
200
200
190
23
200
e, 5
220
1S
1268
170
213
200
220
72
207
166
221.5
203
204,53
200
195
2%l
LK)
203
23,5
186
220

193
193
179.5
1705
213
216.5
233
163
183
186
179.5
17945
&9
186
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Table III. Individual response records for subjects in Group UV.

Response amplitude to the CS is in grams tension.
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Response to CS' (grams tension)
C3S Alone Acguisitlon Extinction

16 143 154, 5
156 156 153
159 146 146
17,5 1z o5 157.5
129 5 149, 5 14,5
15 159.5 149.5
1“9 5 ) 156 147.5
15 57 5 139.5
5’1.5 159, 5 198%9
149.5 18l 5 - B
141 153 163
154.5 L1595 il
1, 5 1L8 161
154, 5 141 154, 5
1h7.5 159.5 154, 5
131 149,5 1L7.5
130 151 ,141A
1hs 101 151
1l 5 149, 5 15k, 5
149.5 143 . 1k3
151 158 . 15)
163 157.5 151
%fi 143 146
151 159.5
166 _ 141 139.5
153 o7 = 5 14h .5
153 139:5 19,5
161 ST 138, 5
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Rezponse to CS' (grams tension)

Trial S5 _Aleone Asgulzitlon Extinetion
1 1995 BlEss 310
2 i 20%. 5 200 528
B 224, 5 205 3140
L 208 260 3oL
o 23%. 5 285 280
£ 223 276 338
i 2CC 276 3
8 203 et 328
9 220 287 32h
10 193 228 321
g i 208 297 . Qo
12 166 230 301
3 v 290 328
1k 208 282 338
15 210 287 338
15 226.5 ELo 375
1P 19 3@ 342
10 228 303 362
L 204.5 204 250
20 210 328 369
21 236.5 331 33
22 234, 5 310 ‘39
23 220 FJ1E 379
2l 223 321 369
. 23 287 383
26 224,55 345 375
29 257 280 224
28 2585 335 362
29 23%% 294 kk,
30 220 324 358



Response to C3 (grams tension)
[

Trial CS - Alone Acguisition Extincclon
bl 163 255 193
2 218 180 193
3 218 248 211
1 283 159 152
5 197 200 234
6 190 - 128 241
7 198 273 , 300
8 152 280 2L3
9 193 259 297

10 193 207 : 139
11 180 132 200
32 204 283 255
13 173 324 201
14 310 297 225
15 125 324 262
- 46 120 218 262
1y 128,15 159 143, 5.
13 280 300 142,5
19 214 228 252
20 170 214 252
21 193 166 139
22 146 166 238
2 2hq 358 307
2l 152 180 342
25 197 269 265
26 228 146 55
27 183 303 295
23 193 67 228
29 © 266 238 267
30 280 204 273
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Table IV. Individual response records for subjects in Group CV.

Response amplitude to the CS is in'grams tension.
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GROUP CV
€7-40
Response to C3 (grams tension)
C3 Alonsz Adegdisition Extinction
80.5 55 53
51 o4 N9y 5
23 hg bé.5
62 35 60
0,5 33.5 €2
6 235 a3
67 60 €0
67 82 3.5
22 565 56:5
69 i ho.s
53 19,5 42,5
o5 48 48
LY 58 33:5
Lo.5 36.5 Tk
53 38 26
Lé.5 31.5 48
77 53 4o.5
.62 L&, 5 _ Be.5
(R 3645 T
2,5 Ls 63
53 ha.s ks
51 Lo.5 62
59 L8 430
& 5 28 51
40,5 hs Lo, 5
53 L8 Ls
5 38 38
J3a5 bo.5 60
53 19,5 65
5 48 35
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GROUP CV

67-43

RBesponse to C3 (grams tension)
Trial CS Alone Acgulisition Bt eEiEn
1 262 287 383
2 294 324 392
3 276 31k 365
b 31¢ s 349
5 314 365 Log
& 314 Li22 321
7 353 324 338
8 300 - 396 300
9 300 I35 310
10 294 452 335
11 283 378 : 352
12 290 342 295
L) 20L 365 389
14 79 hos 396
15 28F 112 362
18 300 379 314
Wy BE7 386 - 37
e, = 280 bos 310
19 321 389 352
20 290 362 3hkg
21 269 386 . 365
22 280 372 328
23 300 365 o 33
21 342 365 33
25 300 383 386
24 283 383 5
a7 290 h19 3h2
29 276 379 365
29 300 416 362
30 235 379 362
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Response to CS (grams tension)
C5 Alon Acouisition Bxtinction
180 139 2l
234 &5 0.5
146 iy i 52
125 104 78,5
LS 89 3
133 98 £3.5
135, 5 . 7h 56
135+5 O P0s 5
107 167 60
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LN ke 101 e
g2 Ly 74
98 52 Ly
143 82 89
107 37 85.5
g5 82 oyl
g 82 50
1313 89 2l
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g2 78 56
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156 €7 60
107 56 .5
78 52 53
167 52 L1
85, 5 74 82
100 72; 72;
1946 70.5 89
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Response to CS {grams tension)
CS Alonse Acoulsgition Extineticm

207 156 166
231 180 196.5
252 166 200
204 183 181
251 190 L7 5
225 173 191,95
231 173 blici )
218 - 176.5 176
214 197 176
204 163 =5
183 159 - 174,35
2714 ¢ 170 208
234 163 184.5
2% 193 184.5
2211 180 170
231 1765 183
195 163 196:.5
190 183 176
183 200 17%.5
207 176.5 184, 5
183 183 170
¥76u § 180 181
200 176.5 170
176.5 180 179.5
183 178 : 164, 5
197 130 186
186 170 190
170 166 166
166 166 186

166 160 191.5
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SYMBOLS AND ABBREVIATIONS

CS Conditioned stimulus

UCS Unconditioned stimulus

CR Conditioned response

UCR Unconditioned response

S Subject

N Number of subjects in a group

APO Midpoint of the anterior-posterior plane of the stereotaxic
co-ordinates of the brain ’

Hy Midpoint of the anterior-posterior, lateral, and horizontal

planes of the stereotaxic co-ordinates of the brain

TlO—iZ Tenth to twelfth thoracic vertebrae

cc Cubic centimeter
Kg. Kilogram

mg. Milligram

mm Millimefer

pps Pulse per second
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