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.ABSTRACT 
•,fl. .' • 

.... ~.. . . ··• 
IClr 

Heat Sensitivity of the Rat: Heart Rate 
Conditioning with a Thermal CS. . I 

.. 
~ 

Recent theoretical interpretations of· the cutaneous , 

sensory code may be categorized into non-specific temporal -
. 

spatial patterning expla'nations vs specific modality recep-

tor mechanisms._ Electrophysiological data based upon neuro-
. 

logical responses of lower mammals to both mechanical and 

thermal s·timulation .. support ·both ... positions. 

Neurons sensitive to warming stimuli have been reported 

in the cat and parallel sensitivity to thermal stimulation 
.. 

has been demon~trated· in behavioral'studies with this species. 
~· 

Very few neuron9 sensitive to warming stimulation have been 

found electrophysiologi9ally in the rat, and in addition, few 

experiments exist to indicate the ability of the i-ntact ani­

mal to respond to this form of stimulation. 

A radiant heat source was therefore used as the condi~ 

tioning stimulus in a classical conditioning paradigm where 
. 

changes,in rat heart rate were treated as the conditioned 

· response. In addition, noxious skin temperatures were inves­

tigated through the use of an escape response. 

It was found that an infra-red radiation exposure calca­

lated eo increase the rats' nose temperature 8.90°c did not 
•· 

produce a significant degree of heart rate change although 
-

· a · control group of animals establi'shed CRs to a light stimu-

lus presented under similar. conditions. _Temperature increases 
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of 16. l.°C were found to ev,oke escape responses; similar 

temperatures are noxious to both cat and human. 

These results suggest that the rat is ~nsensitive to 

loca,l cutaneous temperature increases to which the dog:, cat 

and huma·n have demonstrated sensitivity. The data provide 

correlative support for the negative results of the electro­

physiological studies with the rat. The rat may therefore 
. . 

be an improp.er experimental species for. investigation of the 

' 

problem of neural coding of the cutaneous warmth modality. 
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INTRODUCTION 

cutaneous sensitivity h~s· a long history of investiga­
P 

t.i.on in ·both· physioi:logy and psychology. A recent review of 

th.is topic (Melzack & .. Wall,· 1962) has atte~pted· to define the· 

' -

areas of agreement' and disagreement among workers in the 
' 

field. One area of controversy concerns the nature of the 
-

signal system which provides information concerning stimula-

tion of the skin to the central nervo~s system. 

The specificity theory of cutaneous sensibility developed 
. . 

by von Fr·ey at the end of the 19th century has been generally 
.. 

. accepted. 
~ . 

In this theoretical system the cutaneous sensory 

modalities of warmth, cold, touch and pain arise by stimula­

. tion of Ruffini end-organs, Krause end-bulbs, Meissner' s cor­

puscles and free nerve endings respectively. Melzack and Wall 
.. 

(1962) suggest that this system rests upon three assumptions 

~of specificity; anatomical, physiological, and psychologic~l. 

The physiological assumption asserts that receptors are spe­

cialized to the extent that they respond most readily to a 

particular kind of stimulus energy, an assumption which has 

been generally accepted by cmodern investigators. The anatomi­

cal assumption however, lacks supportive data, for a. correla-
/\ 

' -
2. tion of sensation mo<iality at particular spots with any single 

.• 

kind of anatomical structure apparently does not exist (Wed-

Q,., 

dell & Miller, 1962). The psychological assumption suggests. 

that stimulati.on of a receptor of a given_ physiological spec­

ificity .results in a sensation particular to that modality, 
~ ' 

''"J·•:,. 3 • 
( 

.' 
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· regardless of the form of the stimulus energy. Thus, if 

pressure evokes neural act·ivity in a pressure sensitive 

unit, sensations of pressure result. However, high levels 
j '"'."'''.'••,.,.,,, 

··11 .... .J'' _.. • 

\., 

of other stimuli to which the receptor is relatively· insen-

sitive may still initiate afferent activity. The specifi­

city theory assumes that if the pressure sensitive receptor 

system is stimulated by thermal change, the sensation will 

not be. one .of warmth or· cold, but again one of pressure. 

Th~ phenomenon. that cold objects feel heavier th·an neutral -
temperature objects is thus interpreted by suggesting that 

the inadequate stimulation of pressure sensitive afferents 

with a cold stimulus never.theless results- in a pressure 

sensation.· (Zotterman, 1959). 

Melzack and Wall, (1962) suggested that the psycholog­

.ical assumption is in error. Although a receptor may be~ 

most sensitive to a certain type of stimulation, this should 

not be interpreted to mean that only sensations appropriate 

to that type of stimulation will arise. A-receptor may 

encode more than_ one form of stimulus energy by variations 

in the pattern of activity it produces, much as a telegrapher 

transmits information in a s~ngle wire through temporal vari­

ation in signal pattern. The psychological sensations which 

result·;'will be appropriate to the form of either of the 
-

applied stimulus energies. 

Electrophysiological Literature 

The bulk of eleqtrophysiological d·ata comes from the 
-~ 
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hairy bodies of lower mamma·lian. species, and -these data have 

revealed that neuronal activity in·a single afferent neuron 

may be evoked by both pressur·e and the:pnal stimuli. Tl\e 

problem of interpretation arises when the experimenter 

attempts to define the nature of the sensation such acti·vity 
6 

might represent. As examples of such responses, Hensel and 

Zotterman (1951) reported' that "touch" fibers in their cats 

were activated at temperatures below 25°C ,· and responded 

with brief phasic bursts of activity without a ·steady respon~e 

rate to sugges-t skin temperature. Siminoff (1965} also re­

ported afferent fibers in the cat skin which responded toJ 

both pressure and thermal stimuli. Thermal sensitivity again. 

was low, for activity was evoked only at physiologically 

severe temperatures of 15°C or 45°C·. Wall (1960) has sug­

gested that the hairy skin of animals is to be expected to 

have neurons responding to two kinds of sti:mu:Jation, for· the .,. 

fur provides insulation against small temperature changes, 

·· and extreme sensitivity to temperature is thus of minor im­

portance to the organism. 

On the other hand, Boman (19.58) found many fibers sensi­

tive only to mild cooling in the rat, cat and dog, although 

no fibers sensitive to warming were found in the infraorbital 

branch of the trigeminal nerve. Hensel, Iggo.& Witt (1960) 

observed small type "C" afferent fibers in the cat leg which 

respo·nd~d with great sensitivity to .. thermal stimuli alone. 
?-.. ' . 

Units responding to temperature as well as pressure were also 
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.. reported. Hensel et al (1960) suggested that the diffi-' 

culty of, finding "C" fiber activity among larger fi.bers­
may account for the small number of similar findings. 

In 1960, Iriuchijima and Zotterrnan observed small ther­
mally sensitive fibers in the infraorbital branch of the 

....,: .. ,· trigeminal nerve, both in the dog and the cat. Some of 
.these unmyelinated "C" fibers responded to small increases 
in temperature, the majo~ity of them, .however, were specific 
to cooling stimuli. In contrast/to the "Ao" fibers previous­
ly reported (Zotter~an, 1959) , these new units were not ac­
tivated by tactile stimulation. .In the rats studied, eleven 
"C" fibers from the saphenous nerve innervating the.hind leg 
were found to respond speci·f ically to cooling. Only thr_ee 

r 
neurons were found which responded to moderate levels of 
warming. Some "C". fibers reported were thermally sensitive 
with thresholds at 41 to 43°C, much higher than thresholds 
usually associated with thermal sensitivity (Iriuchijima & 

Zotterman, 1960) • Hensel, (1963) further r'eported "C" size 
' fibers from the saphenous nerve of the cat which were sensi-

tive to warming and cooling, a~d has reported fibers in the 
cat infraorbital nerve which were sensitive to warming of 
the nose area (Hensel, 1968). It was not established whether 
or not these neurons.were myelinated. 

The sensitivity of the "C" fibers reported by Hensel et 
al, (1960), Hensel, (1963) and 1 Iriuchijirna & Zotterman, 
(1960), is comparable to that reported in the cat tongue by 

' ·, 
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Zotterman, - (1959), where tefuperature changes of less than 
. 

" · 1°C evoked regular changes in spike rate. These tongue 

.. 

,...; . 

I 

fibers were thought to be of the small myelinated "Ao" 
class. Whole nerve recordings from the chorda tympani 

branch of the· 7th cranial nerve· innervating the dog tongue 

also suggested small sens.i tive fibers responsive to warming 

in this I Thermal from the tongue of the species. responses 
• rat and cat have also been .reported (Makous, Nord, Oakley 

& Pfaffman, 1963; Pfaffman, 1961). Specific warm fibers 

were reported in the cat, and the studies with the rat 

found.chemically sensitive cells which responded to cooling· 
.. 

and warming. Responses to warming, however, were typified 

by a cessation of firing rather than a more positive response • 
. 

The experimental literature thus demonstrates the exis-

tence of afferent neurons which respond to thermal changes 

of ·less than 1°C in cutaneous temperature. Some of these 

fibers appear physiologically specific to temperature, fail­

ing to respond to other stimulation modalities within physio­

logically normal intensities. Others apparently respond to 

thermal, mechanical pressure and even gustatory stimuli in 

the tongue. The fiber type of many temperature and 
.,,. 

temperature-pressure sensitive neurons was not reported. 

The majority of thermally sensitive cutaneous fibers found . . 

... ,., . ·respond to cooling; ~he literature contains fewer reports of 

neurons which respond to increases in temperature with in­

creases in firing frequency. Reports-of neurons in the rat· ... 
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which resp·ond to small increases in. temperature are particu- _ 

lar ly s·carce. 

A large proportion of these data appeared in the liter­

ature after or concurrently with Melzack and,wall's (1962) 

review and were not included in their discussion. The exis­

tlnce of the temperature sensitive neurons may limit the 

need to propose a patt~rning theory in the peripheral system, 
ef) 

since these fibers appear to be specifically receptive to 

thermal stimuli and could provide temperature informat.ion to 

the central nervous system. This is not to suggest that pat-

__ terning might not play a role within the CNs·, for the major-
. 

ity of activity reported in the dorsal_horn cells of the 

classical spinal pathway for temperature apparently results· 
.. 

from the synaptic junction of many .. types of afferents on 

these cells, at least in the cat. These dorsal horn cells 

therefore appear highly non-specific in character, and as­

cending information may be best.explained with a pattern 

code hypothesis (Wall, 1960). Uttal and Krissoff (1966) 

point out that there is no reason to expect that the nature 
r 

of the sensory-code will be similar from level to level in 
j 

- the nervous sy·stem • 

. ·Behavi·o·ral ·Literature 

The presence- of neurological responses to stimuli does 

·not in its~l£ indicate that the organism is behaviorally 
. \ 

responsive to these stimuli.. A search of ~he experimental 
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literature reveals--.few studies which have investigated the 

ability ·of animals to make discriminations based upon temp­

_era ture al though suc}:l studies would provide greater insight 

into the nat-ure of the moda.l'ity. Since the neurons respon­

sive to both pressure and temperature generally have low 

sensitivity to thermal stimulation, behavioral studies indi­

cating high t~mper.ature s~nsitivity would support arguments 
. ~ for· the functional significanc·e of the "C" fibers reported 

' 

above.· 

,. 

Downer and Zubek (1954) reported that the smallest dis­

crimination that their rats could 1e·arn was a 10°C difference. 

Their stimulus situation was one in which the an·imals were 

negatively reinforced for choosing the warmer of two sides 

of-a copper plate that-formed the floo~ of .the apparatus. 
. 

~ 

The positive·reinforcement side of the floor was at room 

temperature, reported at 25°C, while the negative side was 

heated to 35,45 or 55°C, providing discriminations of 10, 20 

and 30~C. The authors found no difference in error scores to 

criterion after decortication of somatic areas I and II or 
• 

frontal-occipit~l cortex. The striking feature of their 

data, however, is that error·scores did not decrease in the 
r preoperative--animals as the temperature of the n·egative 

plate was increased. The 10°C discriminati.on gx:-oup made ·a 

mean of 5.5 (S.D.=5.4) errors while the second group made_ a 

mean of· 7.43 errors (S.o.·=S.86) ··for a 30°C difference follow-·.1 

ed }?y 9.21' errors (S.D.=9. 71) for a subsequent 20°C. difference. 
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{Means· and standard deviations· computed from their data.) A 

possible interpretation of the~e results is that the animals· . 

were getting li.ttle information from th~ warm or even hot 

· side of the apparatus. It seems more likely that the pos.i- ·. 

tively reinforced 25°C side of· the copper floor in effect 

functioned as a· heat sink, resulting in a cooling of whatever 

receptive area the animals utilized. Were this the case, 

the data indicate a discrimination between the adaptatiqn 

temperature of ·the skin and··· ct,o·Iing by a:·- 25°C stimulus rather· 

than the 110 ° C temperature discrimination reported. The data 

. ..• .. 

., , 

further suggest that differences of as much as 20°C on the 

.warm $-_ide (35 to ·ss0 c) had little effecf. 

An early study by Yoakum (1909) had similar results. A 

runway discrimination of 40° vs. 24°C was reported learned.­

Again, the discrimination would be possible on the basis of 

cooling SE;:!nsations only. 

Unfortunately these studies and that of. Hardy, Stoll, 

Cunningham, Benson, & Greene, (1957). are the only behavioral 

studies ·where c~tane?us temperature sensitivity has been in­

vestigated in the rat, and the last of these involves re- . 
• I 

sponses to. noxious levels of ·stimulation exclusively. 

Studies with the dog and cat.have revealed greater sen­

sitivity. Kenshalo, Duncan & Weymark (196·7) obtained con­

ditioned responses to increases in the cat's nose temperature 

o.f 1 °c·. When the radiant heat source stimulation area ·was 

enlarged to include the full face, the threshold was lowered 
• 

. .10 

. ' ' ". 

. ' 

. . 'Jr ' ' 



. ,. . 

.. 

\ 

. ' . J . 

. . ~· -~ 

. . 
,. ..... , ;i 

/i 
.. 

to o:2°c. Whether or not full face stimulation allowed rad-

r-. iation to reach the subject's cornea is not clear. Dawson 

-

' ./ 

(1963) reported specific fiber activity to warm·ing stimuli~ 

in the cat cornea. Increases in neural activity were reported 

for temperature increases as small as 0.058°C. The function 

of the thermally sensitive neurons in the hairy skin of 

these animals remains unknown, for Kenshalo et al (1967) were 

unable to obtain conditioned responses to mild degrees of. 

warming or cooling of the inner thigh or footpad. 

Thermal thresho'ld data for the dog nose was collected by 

Murgatroyd, Keller & Hardy (1958). The animals could respond 
2 

to radiation intensities as low as 0.0016 cal/sec/cm. 

Since the duration of the exposure was controlled by the ani-
- -- \ 

' 

mal, changes in skin temperature are unknown. The authors 
. 

reported that this intensity is comparable to human facial 

thresholds at moderate exposure times. The sensitivity of 

other body areas of the dog was not investigated. 

Behavioral sensitivity has thus been demonstrated for 

the cat and dog when exposed to thermal stimuli, and the 

th~esholds found are similar to the thresholds for neural 

activity reported in the electrophysiological literature. 

Little data however exist to suggest either neural or behav­

ioral sensitivity to warming stimuli in the laboratory rat. 

Perhaps s~me _meaning can· be obtained from a comparative view , 

of these experim~ntal s.pecies. Dogs- and cats, as do all . 
/ 

'\ 

higher mammals, have skin glands which are capable of pro-
" 
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ducing ·some sweat; thus aiding in regulation.of body tern-
' ' 

· p.erature in warm ambient temperatures.~ Rodents, however, 

.are poor temperature regulators in the heat, and have no 

such gl.ands. Some regulation is achieved by licking the fur 

for evaporative cooling and additional body heat is lost 

~hrough increases in respiratory rates (Hainsworth & Stricker, 

1968; Prosser & Brown, 1961-). Whether or not this .behavior 

is initiated by cutaneous senses or hypothalamic temperature 

receptor-s in unknown, and behavioral studies at extreme tem­

peratures do not provide a definitive answer. 

It has been well demonstrated that rats · in a c·old en- . 

' 

vironment will bar press to receive heat. Weiss and Laties 

(1961) found that rats would maintain a very narrow range of 

body and cutaneous temperatures by behavioral regulation of 

the duration and intensity of a large radiant neat source. 

Satinoff (1964) fo.und that cooling the anterior hypothalamus 

and preoptic area inhibited the animal_s' responses for heat 

reinforcem~nt, as cooling the b.rain tissue resulted in auto­

nomic increases in body temperature, largely through shiver­

ing._ Carlisle (1966a) found that warming the rat's hypo­

thalamus inhibited responding for heat in a cold environment 

.although subcutaneous temperatures fell to 29. 8°C. Similarly, 
/ 

Murgatroyd and Hardy (1968) found t~at rats in a warm envir­

onment stopped working for cooling reinforcement when the 

.hypothalamus was cooled, although .sk.j.n temperatures remained 
,, 

high. The latter two results suggest that cutaneous tempera-

I •. 
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~ . tures contribute little to behavioral responding in such 

situations, although Carlisle (1966b) suggested that behav-

, ioral resp9nses began before central temperatures changed, 

indicating that peripheral information was probably· important. · · 

The preceding discussion illustrates that neuronal or 

behavioral sensitiv~ty of the rat to increases in cutaneous 

temperature has received scanty attention. Negative results 

in the ,electrophysio~ogical experiments_ (~oman, 1958; Makous 

et al, 1963; Pfaffman et al, 1961) and the ambiguous results 

.<:~ of the behavioral experiments (Carlisle, 1966a, 1966b; Downer 

l.J' ... 

& Zubek, 1954)' contrast with the behavioral and neuronal 
.. 

te~perature sensitivity reported in the cat and dog (Hensel, 

1968; Kenshalo et al, 1967; Murgatroyd et al/ 1958) .• 

Demonstrated behavioral sensitivity of the rat to ther­

mal stimulation would suggest that temperature ~ensitive 

.neurons remain to be found by the electrophysiologist, while 

a lack of sensitivity suggests that such afferents may not 

be common in thi-s species. It is the purpose of this study 

to investig·ate the sensitivity of the rat to temperature by 

using increases in skin temperature as . the conditioning 

stimulus in a classical heart rate conditioning experiment. 

In addition, in order to eliminate the possibility that pain 

·· is the conditioning stimulus, the pain temperature threshold 

, is estimated using an escape learning procedure.· Although 
' 

thermal pain has been reported for the cat at 53°C, (Rice & 

Kenshalo, 1962) and.52 - 53°C for the rat's back, (Hardy. ~t 
~ 
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data exist for the rat nose and face, 

this study. 
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· METHOD 

·Two. E!·xperiments were conducted. Experiment I determined 
' escape latenc~es during exposure to thermal radiation at 

three intensity levels. Experiment II investigated the sen­
-sitivity of the rat to warming radiation by using changes in 

~·s heart rate as a response measure i~. a classical condi-

,,, ..... 

tioning paradigm. The latter experiment used three different "' 

conditioning stimuli. ·. In a pretraining situation, Condition· 

Ci a click CS was- used •. In Condition·H, t~e experimental 
group, the CS was exposure to an infra-red heat source of 

less intensity· ~nd duration than used in Experiment I. ·1n 

:condition L, the_ control group, the cs was· a light that grad­
ually increased in brightness during the CS-UCS interval • 

. One purpose of the control stimulus was to demonstrate that 
the transfer of training from the pretraining stimulus to a 

. . second stimulus modality did not inhibit responding to the 

second CS. In addition, the gradual onset of the light CS 

controlled for the gradual change in skin temperature during 
"" the CS-UCS interva·1 with the thermal CS. 

In view of the. fact that conditioning per se was not of 

central interest in this s~dy, the usual habituation and 
~- . ps.eudoco:ndi tioning control groups were not used.· The purpose 

of .such groups is to separate responses made to the CS alone 
from those resultin~ from the associative relationship of cs~ 

•., and UCS in the conditioning group. In this study however, 
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the focus was on resporises to the conditioning stimul·i. 

Whether these responses occurred as a result of "true" 

associative conditioning (Rescorla, 1967) or some other 
process was not ·under invest.igation. 

··it 
Subjects 

Thirteen naive female albino rats were used as Ss. -... 
Five Ss were used in Experiment I.· Ten animals, including - . 

-,rirJ. ·. ' w .. · two which were studied in Experiment I, were used in Exper-

iment II. After pretraining the latter animals. (Condition 

C) five Ss were exposed to the heat CS . (Condition H) and -
five to the light CS, (Condition L). .v: 

Appara ~us· · 

Animal holder. The animals were held (Figure 1) • in a 

plastic cylinder·with a small section at one end into which 
. . 

the_ head would just fit. , This holder is similar· to the one 
·, 

available from A.H. Thomas Co., Philadelphia, Pa •. A cutout 
allowed the animals pinnae to protrude. During exposure to 

radiant heat, a funnel shaped headholder was used. This 

allowed little vertical or horizontal movement of the s~~ s -· 
head, and held the nose area in a relatively constant posi­

tion •. In addition, this piece shielded the ['s eyes from 
t 

light from the-heat source. The headholder used during Con-

dition L was transparent. 

' ' \ Radiant heat source.· Light· from a 150 watt Sylvania 

• 
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Figure 1. Schematic diagram of the apparatus. 
' 

Not shown is a large shield whiqh prevented visible light 

from reaching the _antmal. The heat source, light and 

speaker were enclosed in ·a box about 4 x 5 x 12 inches 

• • 1n size. 
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DFA projector bulb was ·gathered by a double convex condenser 

lens system and focused at a shutte·r used to control the 

duration of the stimulation of the animal. A 1·9 mm lens was 

used to deliver a collimated beam o·f radiation to the animal 

when the shutter was open. ·This beam ·had a cross section 
.. 

area of 3.6 cm2 •· The shutter itself was a disk of aluminum 

covered with asbestos sheeting and highly refl~ctive alumi­

num foil. A small permanent magnet attached to the shutter 

caused it to open and close when the current flow ·in two 

adjacent electromagnetic coils was reversed. Foam rubber 

stops limited the extent of shutter travel, and 70 db white 

noise was used to mask what little shutter noise remained. 

A Corning #2540 filter passing only infra~red radiation 

>850 m,1;1 was placed over the final lens in order to prevent 

visible light from reaching the animal when the shutter 

was open. In addition, a large cardboard screen ~urrounded 
I 

-

the front of the thermal stimulator to further prevent light 
. -rt . 

from the rear of the system from r~aching the animal. ·This 

radiant heat source was similar to that described by Ken-

shalo et al (1967). 
' ' 

Radiant energy. from the stimulator was measured with a 

calibrated ·thermopile, (Eppley #6440) placed at the position 

of the S's nose. Recalibration was periodically done to 

control for variation in the source. Energy output of the 

stimula.tor was controlled by varying the voltage applied to 

the filament. This voltage was monitored with a Bal·lantine 
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Laboratories I:nc. Model 300 AC precision voltme·ter and ad-

justed with a W2MT Variac transformer. 

Radiant energy - skin temperature relationship. A 

' 

relationship between ski.n temperature and duration of exposure 

Ii 

to radiant energy has been developed by Hardy et al, (1957) 

and may be expressed as 

l:iT5 = 2Qrjt 

J 1T kpc 

.. 

-where l:iT is change in sk'in temperature in QC, Q = cal/sec/ 
s . 

cm2 of applied heat, r is absorbing power of the skin, k is 

heat conductivity in cal/seq/cm/°C, pis skin den~ity in 

g/cm3 , c is specific heat in cal/g/°C, and tis ~xposure time 

in seconds. The product kpc, thermal inertia of the skin, 

-5 ,. 2 4 2 
has been found to be 84 x 10 cal /cm ./°C /sec. for depi-

lated rat skin, (Hardy et al, 1957). A source of known Q · 

value defines the relationship between stimulus duration and 

skin temperature. The relationships for the Q values used 

in the.present experiments are shown in :Figure 2. 

Skin temperature measurement. A copper - ~tainless 

steel thermocouple contained in 1, mm diameter glass tubing 

was used to measure the normal skin temperature of one S's -
nose. This thermocouple was calibrated in water of known\ 

• 

tem:perat;ure and was found ·to have a sensitivity of 3 .·25 µ­

vol ts/0C within the temperature range used. 

· Condition C, pretraining, cs .. The click .conditioning 

stimulus,.used • pretraining 13/sec·ond train of DC in was· a 
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Figure 2. Time course of the stimuli. 

Q 1 to Q 4 show increases in skin temperature as a 

function of radiation intensity and exposure duration esti­

mated according to the formula of Hardy et al (1957). The 
,/' 

data .points on Q 2, Q l, and Q 4 show-the escape response 

latencies and final skin temperatures obtained in Experiment 

I. Q 1 is the radiation level used as the heat conditioning 

stimulus in Experiment II. The broken line shows the in­

crease in voltage (right ordinate) across the light CS 

(Condition L). Final illuminance was 8.9 footcandles at 

the S's eye. (See text for further details) • -
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' 
pulses applied to the speaker .mounted in the thermal stimu­

lator. The sound level.was adjusted to about 70 db at the 

p0Siti0Il Of the animal I S., __ p,.ead. 

' ·Condition L, light cs. The conditioning stimulus for 

the contra 1 group was a small GE #.6 3 6 volt bulb. A syn-
"'s"'\:.11 ';? chronous motor was used to turn a potentiometer in series 

with the bulb filament, thus prgviding a gradual increase 

in voltage to the bulb. The time course of this stimulus 

can be seen in. Figur.e 2, where the right ordinate indicates 

· voltage applied to the bulb. Maximum illuminance ·was equal 

to 8.9 foot-candles at the position of ·s•s eye. -
Unconditioned~stimulus. The unconditioned stimulus 

used in Experiment II was provided by an AC shock source 

giving a short circuit current of 0.45 ma. This was applied 

to the rat's tail through two 1/4" diameter EEG electrodes 

taped on opposite sides of the tail. Standard EEG recording 

paste was used to. provide good contact. 

Recording apparatu,s. The latency of the escape response 

in Experiment I was recorded on a Standard Electric S-1 

&' timer reading in 1/100 se·cond. A Grass model 7 polygraph 

wi.th 7P5A preamplifier and 7DAC driver amplifiers was used 

to record S's heart rate in Experiment II, as well as pro--
-vide CS and UCS signal marks on the same time base. Chart 

speed was 36 mm/sec. This polygraph was also used to record 

the voltage output of the thermocouple used to~.measure skin 

t'emperature. 
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s·t·imu·1·us programming. The CS - UCS interval and 
# presentation of the various stimuli used in Experiment II 

were controlled through the use of two Hunter lllC interval 
timers. CS duration was 10.5 seconds, the UCS occurred 
during the final 0.5 second. 

All exper~mental sessions were conducted with the 
animal ~inside an Industrial Acoustics Co. Inc. Model 402A 

acoustic chamber so that extraneous noises would not reach 
the subject. 

was 28°C. 

Procedure 

Average ambient temperature in the chamber 

.., 

Normal skin temperature measurement. Since the con!"'9· 
.. scious animals would not tolerate the pressure of the·· 

copper - stainless steel thermocouple against their noses, 
. -· the nose surface temperature of a rat lightly anaesthesized 

- ' 
I 

with Nembutal was measured. Four measurements were made 
during the first twenty minutes of anaesthesia, prior to 
the time -the temperature depress.ant effects of the drug 

occurred, for S's rectal temperature did not. fall below 
37 •. s 0 c. 

Experiment I. Five animals were habituated to the 
animal holder for two hours. The thermal ,stimulation was 
then d~livered by opening the shutter of the heat--source 
and starting the recording timer simultaneously. When the 

, .animal attempted ~an escap~ response, (a clear wi thdrawa,l 
.r~ ... , . 

movement of' the head as far as possible into the holder) ·E 

2~-. . .... 

-

_., . .-::.-·- \.,_ .. , _.,· 

I. 

. -.. ~ ~ 



•• • 

. ' 

. ' 

.. 

,.._._ ,;_.- .. 

•• 

Si 

J, •. -. 

., ' 

stopped the timer and closed the shutter. The recorded 
. 

latencies of the escape responses thus include E's reaction -
time. 

o· values o·f O .100, 0 .1125, and O .125 cal/sec/cm2 were 

obtained by adjustment.of the voltage to the radiant heat 
. source. The time course of th·e increase in skin tempera-

ture estimated by the formula of Hardy et al (1957) for 

·these ·radiation intensities is shown in. Figure 2, (Q 2 - Q 

4) •. Fifteen trials at three minute intertrial intervals 

were given, five trials at each of the three energy levels. 

·These levels occurred in random order. Latency times for 

each energy level were then converted to.increases in skin 
~ 

~empera ture according to the formula of Hardy et al ( 19 5 7) •. 

Means and.standard deviations were computed for each stimu-
' 

lus level. 

Experiment II 
' p·ret·r·aining: Condition -C. Ten Ss for the heart rate 

• 

. ,·. 

conditioning procedure were anaesthesized with ether. Two 

stainless steel wire loops used as recording electrodes were 

inserted subderrnally, one dorso-medially just rostral to the 

scapulae, and one ~ver the thorax just dorsal and caudal to 

the right foreleg. After a minimum of 24 hours recovery 
• 

. from this procedure, -two hours habi tua:tion to the animal 

holder was given. On the following day, 25.click cs habit-

""'·· 

, .--

'. 
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uaiion trials were giyen ·to the Ss with a 60 ·second mean . -
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, · intertr£al interval (ITI), 30 to 90 second range. This pro-~· 

cedure was followed by 25 conditioning trials,. in which the 
.. last g,s second of the 10,5 s~co~d cs was paired with the 

0.45 ma AC shock ucs. The mean ITI during conditioning was 

.... :' '. ' 

three minutes with a two to four minute range. Reinforce­
ment was omitted on every f i.fth trial. . On the second day of 

. . conditioning, the Ss underwent. 25 additional· trials with the· ···· -
t ' ' 

same stimulus parameters. Of 14 animals tested under this 

procedure, 10 that gave reliable .CRs were selected to con-

tinue in the experiment. The four animals rejected became 

extremely excited and active fo~lowing presentation of the 

UCS, and no stable change in heart rate occurred during the 

CS - UCS interval within the 50 pretraining trials. 

Radiant heat CS: Condition H. Five animals· from the 
' pretraining condition were assigned to the radiant heat CS 

group. These Ss received 25 CS habituation trials of 10 

seconds duration. A three-minute mean ITI was used to allow· 
. recovery of normal nose temperature. Five conditioning 

... 
sessions of 25 trials each were conducted on the next five 
days. The UCS parameters were simi~r to the pretraining 

condition. Voltage to the radiant heat source was adjusted 

t~ produce a Q value of 0.084 cal/se~/cm2 . According to the 0 

formula ·given above, (Hardy \et al,.. 19 5 7) skin temperature 

would rise 8.9°C during the 10 second cs - ucs interval used. 
'\his is shown in Figure 2, (Q 1.} . The radiant energy was 

a)med directly at the .. the animal's nose. Following the / . 
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final heat CS conditioning se~sion, a final session of con-

ditioning with the click CS was given;;. (Recall session) 

Light CS: Condition:.~.. The five remaining animals from 
• 

the ·pretraining condition were used in this group. Two of 

these animals had.been Ss in Experiment I. The light CS was -
,. 

presented 25 times without reinforcement with a one minute· 

mean ITI. Two successive days of 25 trials per day followed • 

. All conditioning parameters were similar to those of the 

other two conditions. Although no shutter·was used with 

. the light CS, white noise was used as it was for the heat· 
' ~ CS group. Except for the different CS, all condi tions···for 

the light and heat CS conditions were similar. 

Heart rate measurement. The distance between the .last 

20 heartbeats prior to the CS onset wa·s measured to the 

nearest 1/2 mm, and with the known recording chart speed 

of 36 mm/sec., this measurement was converted to beats per 

minute. (BPM) This measure was repeated for the last 20 

beats prior to UCS onset at the end of the CS. Pilot data 

and examinations of the experimental results indicated that 

this 20 beat sample yielded the maximum change occuring in 

the interval. The difference between the two thus repre­

sents any change in heart rate during the delivery of the CS. 

Means for blocks of five trials were computed for each ani­

mal. A sample data record may be found in the Appendix, 

Figure 5. 
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RESULTS 
-.'.· 

. I 
The animals in general were quiet in the .holqer after 

the habituation period, and freely entered the apparatus at 

the beginning of the~experimental sessiion on succeeding days. 

-Experiment I 

Temperatures computed from the latency data at which 

the animals attempted escape or withdrawal responses are 

·shown in Table 1, where the data of Hardy et al (1957) are 
. 

also presented. As can be seen, the escape temperature at 
. eabh of the three radiation intensities is relatively con-

stant. The points on Figure 2, where the exposure time -

temperature increase functions are shown for the stimul:us 
•• t- , • • 

intensities, also indicate these data. Subtracting 1/2 

second for E's reaction time from the latency of S's response - -
would only reduce the temperature means by about 0.5°C. 

Figure 3 indicates the mean escape temperature of the fiv:e· 
Jt' animals for each trial at the three intensity levels. 

. The nose temperature of the sunder light Nembutal an-- . 

aesthesia averaged 34-.6°.:,C. The overall mean temperature 

increase which produced escape responses was found py aver­

aging the re·sponse temperatures from tne three stimulus in-

· tensities usea in this experiment. Adding· this figure 

(16.1°C) to ~he 34.6°c· initial nose tempera-ture indicates 
I 
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·-- TABLE 1 · 
·,.A-, 

Experiment I: Mean Escape Response Temperature Thresholds, ~°C 

Statistic 
. 

... 

I 

Mean Increase ' .: 

• T~perature in 

" Standard 
Deviation 

.. 

.. . . 

. • 

Statistic 
. . 

. 
' 

,, 

Mean Increase 
I . 

Temperature in 

Standard 
Deviation . 

. '' . . ... 
--

.. 

··, 

.. 

I . . 

Intensity Level ( Cal/Sec/ Cm2) 

0 .• 100 0.1125 0.125 
... 

. 
_Experiment I: Nose Stimulation 

.. .. 
.• 

16.5 .1.6 .• ,(i 15.2 
,· . 

J 
'"c• 

1.·8 + 1 •. a : + + 2.1 .. . -· - -.. 
' . .. 

. L2v . 

.. .. . ( . 2 
·rntensity Level (Cal/Sec/Cm ) 

. 

·o .120 . 0!1!14 0, 186 0. 2·31_: 

Hardy .et al, 1957: Back Stimulation 

16 .·6 16.1 
' 

.... 

+ l.7 +. 1.3 - .... 
.. ..•. 
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Figure 3. 
\ 

Mean escape (noxious) temperature as a function of 

trials at the three radiation intensities in Experiment I. 
' 

Each point represents the mean of five animals. 
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that the mean final temperature at which escape responses 

· occurred was S0.7°C. 

Experiment II 

The results of the conditioning procedure are shown in 

Figure 4, where the sequence of conditions described above 

·are indicated· along the abscissa. r1•he pretraining with the 

.· click CS, Condition C, shows an overall gradual increase· in 
.. 

degree of heart rate deceleration to the CS during the first 

25 trials. ·The second· day of training resulted in. la~ge 

early session·responses which d~creased in magnitude· during 

the session. Considering each of the five trial:means as a 

treatment in a single factor, 15 treatment by 10 subject 

with repetitions design, (Winer, 1962; p. 105) a significant 

difference exists in the change of heart rate during the CS 

'period. (F=9.38, p.<.01, Table 2.). On the final day of 

pretraining with the click CS, no significant difference 

existed between those animals later used in either Condition 

H.or Condition L, either in mean response magnitude, (t=l.33) 

or variance, (F=3.18, Table 3). 

No significant difference occurred as a result of the 

conditioning procedure with the radiant heat CS, (F=l.14) 

again in a single factor with repetitions analysis of var­

iance, (Table 4). Significant changes in heart rate did 

.occur in the group exposed to the gradual onset light CS, 

Condition L, in a similar analysis, 

32 
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(F=7. 96, p<. 01, Table 5) • 
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Figure 4. Changes in heart rate (CRs) during the in­

terstimulus interval: Experiment II. CC refers to the pre­

training click CS, Condition~ CH the heat stimulus, Condi­

tion H; and CL the gradual onset light CS, Condition L. 

The numbers on the abscissa indicate the ·session day of 

successive exposure to each stimulus . 
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TABLE 2 

Analysis of Variance, Pretraining:· Condition c· 
Source of Variation df MS .F ,. 

,: 
,. 

Between Subjects ' 
9 736.14 '" 

. 

Five Trial Block .. 14 2345.28 9.38** 
Means < 

~ . 

Residual 126 249.95 
. 

**F.9 9 (14,126) = 2.34 

Note: A constant= 60.0·was added to the raw scores to 
eliminate negative numbers (HR accelerations) and 
thus simplify the arithmetic of the analysis • 

'· 

TABLE 3 

t Test: Experiment II 

··- - ·-. -· 

Pretrainirig Subgroups: Condition C, Second Session 

Subgroups 
Statistic 

Thermal CS; N=S Light CS; N=S 
•. ,j" 

4 7. 24 36.24 

38.54 . 26.94 
Five Trial I ·. 

Block Means 32,49 23. 01 .· 

~ BPM "" : 
" 

' 

31~8 19.08 
• 

13.89 20.54 

Session Mean 32. 71 25 .16 

Variance 150.28 47.22 

Test t=l. 33, - df=8 F (4, 4) - 3.18 --.. A. 
. . 

t.95{8) = 2.31 F. 95 (4,4) = 6.39 
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TABLE'4 
. 

Analysis of variance, Thermal CS: Condition H 
. 

. ' Source of Variation df MS F 

Between Subjects 4 191.00 . 
' ,,-Five Trial Block 29 86.59 1.14 . Means 

-· 

Residual . r..- 116 76.02 
' ..... 

. 

~.95{29,11~) = 1.70 

Note. -- A constant= 20.0 was added to the ra~ scores to eliminate negative numbers (HR accelerations) and thus simplify the arithmetic of the analysis. 

'' 

TABLE 5 

Analy~is of Variance, Light CS: Condition L 

' . Source of Variation df MS F 
. 
Between Subjects 4 418.81 

Five Trial Block 14 ' 797.43 7.96** \ Means 
~ . 

' Residual . 56 100.20 
. - ' . 

,· 

**F~gg (14, 56). = 2. 66 

Note. -- A constant= 30.0 was added to the raw scores to~ eliminate negative numbers (HR accelerations) and thus simplify the arithmetic of the·analysis • 

,. 
[ 36 

' . .... ,.• 

'' 

... 
• 

. . 

• 

.. 

_, 

• 

... 



,. 

•• 

.I. 

. I 

In a comparison of the resul~s- of the second day of 

Condition L vs. the maximum heart rate changes o·c·curing Con­

dition -H (4th condi.tioning day), a significant aifference is 
. 

found, t=7.48·, p<.01, while variances of the two groups may 

be considered homogeneous, (F=2.90, Table 6). Finally, ex­

posure·of the Ss of Condition H to a final conditioning -
session of conditioning with the p·r.etraining click CS 

yielded heart rate decelerations apparently equal to those 

found with these·animals on the second day of pretraining 

condition c. (t=l.01, Table 7). 
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TABLE 6 

t Test: Experiment II 

Condition L (Session 2) vs Condition H (Session 4) 

Experimental Condition 
Statistic -------~--~-------------~ 

Light CS; N = 5 Thermal ,CS; N = 5 
.ff '!.:._.,. 

27.10 16.33 
_,; 

26.18 , 7.90 
Five Trial 
Block Means 24.76 6.26 
8 BPM 

-

26.52 8.23 
' -

1. 

21.06 6.67 . 
.... 

.. 

Session Mean 25.12 , 9.08 .. , 

-

Variance 5.90 17.11 
' 

Test t - 7.68**,df - 8 F(4,4) - 2.90 - - -
-

**t.99(8) = 3.36 F. 95 (4,4) = 6.39 

·-
"' 

TABLE 7 

t Test: Experiment II 

Pretraining vs Condition C Recall. Condition H Subgroup··. 

Statistic 

. 

Five Trial 
Block Means 
8 BPM 

Means 

Test 

Experimental Condition 

Pretraining, 
Session 2, N = 5 

47.24 

38.54 
I 

32.49 

. 31.28 

13.89 

32.68 
,, 
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Condition C 
Recall, N = ~ - Difference 

.,, 

42.14 5.10 

30.22 8.32 
' 

: 19.87 12.62--

18.88 12. 40 . 

27.71 -13.82 

27.76 4.92 

1. 01, df. = 4 
~ 
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DISCUSSION .. . . .,. 

Exper imen t~;_I 
~ 

; . . 
A clear response to the stimulus could-be recorded when 

the animals made a su~,a- jerk in attempting to withdraw 

their heads to the r~ar of the headholder. The trial was. 

then term~.nated as rapidly as possible •. The calculated in­

crease in skin temperature which evoked this response was 

16.1°C averaged across all radiation intensities. Assuming 

that the initial skin temperature of all Ss. was similar to -
the animal measured, (34.6°-C) a final skin temperature of 

/ . 

S0.7°C was estimated as the mean escape response temperature. 

Were the rate of temperature change the relevant stimu- _ 
' 

lus in this situation, the escape response temperatures 

would be expected to varr as the rate of skin temperature 

change is varied. The consist~ricy,of the escape response 

temperature across the three intensities of stimulation 

demonstrates that it was the temperature of the skin, not 

rate of temperature change, that controlled the S's behavior. -
Similar results were reported by Hardy et al (1957) for the 

rat:\s. back,, (Table 1 ) .• 

The results summarized in Figure 3 indicated that in 

·the small number of trials used, no major decrease in escape 

thresholds developed. Sensations occurring below the escape 

threshold were not utilized by the animals as cues for an 

• 

. ·, .. 

f I 

• 

• 
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avoidance .response. This is interesting in view of the 

report of Hardy et al (1957). In their paper, ·they reviewed 

previous data which indicated the existence of two distinct 

pain thresholds for intense thermal radiation in man. When 
I 

stimulation occurred on the forehead, pain was reported at ·-,~~ 

about 45°C. At~about 54°C a "wince" or pain reaction 

threshold occurred. Th.ese temperatures compare favorably 

with the two··· response thresholds reported by Hardy et al 

when the rat's back was stimulated. At about 45.5°e a . . 

marked "twitching" of the rat skin ,was observed. At 51 -
. 

52°C, the experimenters reported that the unrestrained ani-

mals attempted to escape from the experimental cage. It is 

not clear why the lower temperature "twitch" response was 

not used by the animals as an avoidance response cue to 

prev~nt continued stimulation. The problem would be diffi­

cult to investigate however, for an experiment involving 

repeated stimulation with high intensity radiation could 

cause tissue damage that would confound results. In the 

present study, because of the frequent spontaneous movement 

of the rats' noses, (sniffing, etc.) no consistent response 
r 

which could be termed a skin "twitch" could be noted. 

As mentioned above, Rice and Kenshalo (1962) found that 

the cat's back thermal.pain threshold was 53°C. This rep­

resented a 16°C increase·over the prestimulus skin tempe~a­

ture. Kenshalo et al (1967) reported that a final skin tem­

perature of 48.8°C on the inner leg or 51.1°C on the footpad 

·r: 
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was necessary before -_the experimental cats could success-
!,J' 

_ fully make an avoidance response. The latter two thresholds 

were c_o;nstant regardless of adapting ·temperature. Kenshalo 

et ~l assumed a normal skin tempe~ature of 35.5°C, therefore 

... ~ these latter f_igures represent increases of, 13. 3 and 15. 6°C 

respectively. The proximity of these values to the th~rn.ial_ 

pain threshold found with the escape situation (Rice and 

-- -Kenshalo, 1962) as well as the fact that humans report pain 

at thes_e temperatures, (Teichner, 1957; Hardy et al, 1957) 

led Kenshalo et al (1967) to interpret their data ae pain 
/ 

thresholds rather than responses made to a warming stimulus. 

The higher noxious temperatures reported by all authors~ 

thus agree quite well for the cat's back and footpad, man's 

wrist and forehead, and rat's back and nose, all lying with­

in a 50-54°C range. 

Although pain thresholds are closely related to stimulus 

values producing tissue damage, regardl~ss of stimulus modal­

ity, (Sweet, 1959) escape thresholds from animals of demon-
. \ 

s~rated thermal sensitivity of the nose, such as the cat, 

(Kenshalo et al, 1967) or the dog, (Murgatroyd et al, 1958) 

would certainly be of interest here. Low thermal pain thresh­

olds from these animals might contrast meaningfully with the 

data from the rat's face, particularly in view of the insen­

sitivity of the rat to warming stimuli reported in Experi- l"f 

ment II. 
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Experiment Il 

Pretraining Condition C. In the a~·sign of· this study, 

a major problem in choosing a response measure arose since· 
,J 

the animal had to be strictly confined to permit localized 

stimulation with the .thermal conditioning stimulus. The 

heart rate measure was. selected for it did not require :any 
0 

skeletal movement on the animal's p~;rt., and the heart rate 
,. 

conditioning literature suggested that responses could 

usually be obtained in 10 to 15 CS - UCS pairings. (Black 

& Black, 1967; Fitzgerald, Vardaris, & Brown, 1966; Hold­

stock & Schwartzbaum, 1965~) However in pilot work before 

the present study, most Ss failed to acquire CRs to the -
clearly audible click CS during the first 25 trials. Con­

ditions of this pilot work replicated the parameters used 

by· Holdstock and Schwarzbaum, (1965) where CRs were obtained. 

within one session. The early trials of the second day·of 
. . 

pilot conditioning produced large responses however, even 

among those animals which p~eviously gave only a few small ~ 

heart rate decelerations during the cs· period. The same 

effect appeared during pretraining Condition C. Responses 

on the first day were small in magnitude, but large during 

the early trials of the second pretraining day. These 
0 

initial large responses which decreased in magnitude during 

the session appear similar to those obtained by Holdstock 

and Schwartzbaum, (1965) in the successive daily sessionsof 

their experiment. It may by hypothesized that this decrease 
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was due to habituation to the UCS or perhaps depletion of 

transmitter substance!at the vagus~heart junction. The mag-
' 

.nitude of the responses obtained during the second session of 
... 

pre:training or on the final day of conditioning wi·th the 

click CS is similar to that reported by the other experi--· 
. ' 

menters cited. Possible causes of the difference on the 

first day were not isolated but may be due to subject differ­

ences or inhibition produced by the confinement of the ani­

mal's head. 

Heat CS: Condition H. 
·2 

The 0.084 cal/sec/cm level of 

radiation used for the CS was calculated to cause an increase 

in skin temperature of 8.9°C during the CS - UCS interval. 

With a 34.6°C initial temperature, a final CS temperature 

of 43.5°C results.· Assuming that a "twitch" or pain thres­

hold exists at 45.5°C in the Ss of this experiment, as for 

those of Hardy et al (1957), it seems clear that the final 

CS temperature was below this "twitch" level, and well below 

the escape temperature (S0.7°C) demonstrated in this ex­

periment. The conditioning stimulus on the other hand is 

well within temperature levels which produce warming or heat 

sensations in the human, (36°C, Teichner, 1957) and far 

above temperatures producing conditioned responses in the 

cat, (Kenshalo et al, 1967) or the dog (Murgatroyd et al, 

1958). Furthermore, the conditioning stimulus temperature 

was well above the 3.5°C CS used by Kenshalo et al (1967) 

as a pretraining stimulus in the cat. The general failure 

' . . 
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of the rats in this study to respond to the CS of the ex-
. . " ~ 

_ , , perime.:n.t was therefore surprising considering the intensity 

of the stimulus', but comprehensible in view of the failure 
. , ... 

. 

of electrophysiological workers to find neurons sensitive 

to-warming stimuli in this species. 
' 

The interaction of the heart rate deceleration response 

and the form of the conditioning stimulus presents an inter­

esting situation. During a training session, the S's heart 

rate showed spontaneous (non- CS or·ucs related) accelerations 

and decelerations. It was difficult to define clearly whether 

or not a given CS presentation produced a conditioned response 

or .merely a random change. Averages over trials or across 

subjects are needed to make any CS control apparent at low 

response levels of conditioning. In addition, the relatively 

long latency of the beginning of a conditioned deceleration 

(about one second) suggests that a short CS - UCS interva~ 

would produce small heart rate changes, even though the CS 

is clearly supra - threshold. In the present experiment, 
"' 

' . 

the g~adual warming of the skin with the thermal CS in effect 

shortens the interstimulus interval, assuming that the ab­

solute threshold is exceeded during the programmed CS "on" 

perioa. This effect, in conjunction with the long latency 

and gradual deceleration of the CR would c9mbine to produce 

less change in heart rate than under the abrupt CS onset 

conditions used in the pretraining condition. Black and 

• I 

Black (1967) investigated the effect of various ISI· in heart 
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rate conditioning \tlith the rat. Alt:hough with some inte.r-

\fals their response measure was evidently confounded. with 
Q 

.responses to the UCS, in general, larger responses were ob-
<l's. 

tained with longer.CS - UCS intervals, up to at least five 

seconds. A decrease in response magnitude occurred above 

this duration. Examination of the data for the pres~nt 

,: experiment shows that th·e S with the largest responses to 

the thermal CS had a mean deceleration of 31.8 BPM for the 

first five trials of the fourth conditioning day. · In com-· 

parison, this animal's response to the click CS on the final 

day of the experiment was a 65.6 BPM deceleration for the 

analogous. five trial mean. Thermal CS presentations to this 
~ 

animal yielded no decelerations at 0.040 or 0.055 cal/sec/ 

.. ' 

cm2 radiation intensities, increases in skin temperature of 

4.23 and 5.82°C respectively. The hypothesis of a high thres­

hold to thermal radiation interacting with the gradual nature 
-\ 

of the conditioned response accounts for the consistent but 

small decelerations in heart rate observed during the ther­

mal 9~ training period. The large responses obtained from 

these1same Ss when the click CS was presented after the 

termination of Conpition H suggests that the daily exposure 

to the experimental situation was not in itself inhibitory. 

Light CS: Condition L. Data from this condition· indi­

cate that the animals became conditioned with the gradual 

onset light cs. The result that this control group acquired 

. " . •. 
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a CR supports the conclusion that the primary reason for the. 
- ' 

failure to find significant condit.ioning in the thermal CS 

condition is the insensitivity- of the S's to the thermal CS -
rather than an inhibition caused by the transfer of training 

or the form of CS onset. The degree of heart rate change in 
,. 

Condition L was significantly larger than the maximum change 

occurring in Condition H, indicating a real difference in the 
.l 

effectiveness of these two stimuli in establi.shing CRs. 

Conclusions. Elect!9physiological researchers have not 

reported a signifi,cant number of afferent neurons in the rat 
.... 

which respond to small increases in skin temperatures. Prev~ 

ious behavioral investigations have resulted in ambiguous 

results or suggestions of low sensitivity. In this study, 

the animals did not establish conditioned responses to a 

thermal CS calculated to increase nose temperature 8.9°C, 
- . 

although only slightly larger temperature increases approach 

noxious levels of stimuiation. This result is apparently 

unrelated to inhibitory effects of successive dailf condi­

tioning sessions, negative transfer from pretrainiJg stimuli, _____ .,. 

or a general effect of a gradually increasing stimulus in­

tensity. The failure of the animals to respond to the ther-mal 

CS seems to lie in the modali.ty of this stimulus and its 

effectiveness as a stimulus to the species. It remains 

possible that warming sensitivity does exist in the Ss but 

large body areas must be stimulated to produce sufficient 

afferent activity for conditioning to occur. The data suggest 
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that if many receptors responsive to heat are to be found 

in the, rat's nose, they are of low sensitivity,.particularly 

in comparison to those of the cat, dog, or human_. On the 
ot~er hand, thermal pain response temperatures among these , I h·• 

>, ' 
' ., 

,. . . species is apparently similar. 
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Figure 5 

Sample data record, Experiment II. The three data seg­

ments form a continuous record. The upper trice indicates 

time marks and CS and UCS signal marks. The lower channel 

shows S's heart rate. The BPM difference between the twenty 

beat pre-CS and during cs· intervals is a measure of the 

conditioned .response. 

2, trial 19.) 

/· 

...... 

' ... , _,. - - ,... 

·coata from subject M, Condition L -
., 

... 
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TABLE A 
' I; 

Experiment I: Escape Response Thresholds, ~°C 

' Trial '• 

Subject 
l 2 3 4 

. ,'· .. ' , .... 

Q = 0.125 cal/sec/cm2 

-~ L ' 16.25 17.80 ~6~60 16.80 
.,..,,,-

N 16.85 ,.l 17.90' 14.05 12. 00 · 

M 16.10 17.60 17.75 -· ·14. 20 . . 

Q 10.90 14.45 18.75 15.40 
\ . 

K 15.25 14. 70 · 14.50 12 .• 25 

-
X 15.07 16.49 16.33 14.13 

. 2 
Q = 0.1125 cal/sec/cm 

L 15.75 16.80 ·11.20 18.10 

N 15.25 14·. 60 16.60 16.35 
•· 

M 19~.20 20,50 17.40 17.75 

Q 16.55 15.15 14.10 17.10 
"' 

20.40 K 1a.15 18.10 13.40 

-X 16.98 17.49 16.68 16.54 

Q = 0.100 cal/sec/cm 
l 

L 17.85 15.80 18.55 16.60 
' 

N 18~05 14.05 11.60 16.15 

·---"-~4. 70 M 17.30 17.80 17.60 
-9' 

Q 19.40 ·18. 7 5 17.70 14. 65 . 

K 17.90 15.75 16.30 14. 00 

- 18.10 15.81 16.39 15.80 X 

.. 
-.~ 

' ... • :, .... 

:~ . 
. ' "\ 

5 
-

14. 70 

11.75 

17.40 , 
13.35 

12. 90 

14. 02 

16.50 

14. 50 

16.70 

14. 60 

15.10 

15.36 

16.90 

17.50 

14. 40 

14. 95 

18. 50 

16 ."45 

~- . 

' ' 

. 

'',, ',,,;··, '' 

''·-1'·'. '. ',, 
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TABLE B -Experiment II: Change in Heart Rate (BP~) for each s·. (Five trial block means) 
Parentheses indicate HR accelerations. ... 

.... 
-·. -

Block Subject 
. . . 

I: 1 2 3 4 5 1 2 3 4 
I 

Condition C: ;·cs Habituation Condition C: Session 1 . ~ ~ s 4.82 27.45 (10.96) 18 .19 ('54. ps > ( 6.96) ( 8.46) 3.02 7.45 
T (52 ~ 40)- 4.17 ( 3.61) .3. 00 (16. 22) 15.48 (13.17) 3.49 8.18 • 

p ( 1. 70} ·c 2.55) (10. 72) 1.68 7.62 . 0.00 4.58 10.59- 9.76 
J . 12.38 ( 4.99) ( 0.48) ( 8.45) :( 8 .• 31) 16.92 15.98 7.78 8.00 

4G ... ~1 ' 

F 4.1.6 ( .0.73) (26.68) 1.88 {26.53) 34.21 35.58 9.41 .. - ( 6.55) 4.67 (10. 49) 3.26 (19. 50) 11.93 9.15 12.09 8.56 
X 

: 

-
~ 

/ Condition .C: CS Habituation Condition C: Session 1 
. .K 15.20 13.71 (31. 56) 4.16 ( 2. 46) ( 8.98) 30.97 63.76 53.03 , 

M ( 1 .• 57) ( 0.88) (17.91) (18. 82) . ( 3.99) (13.79) 13.37 7.84 6.27 
.R 8.61 ( 8.88) ( 1.48) ( 7.11) 0.51 ( 6.75) ( 2. 36) ( 2.21) 3.94 

' 

2.26 C 28.86 7.20 5.42 4.86 ( 8.17) ( 9.85) (23.S4) 0.51 
' 6.48 ' B 13.62 . 19. 00 1.03 2.55 2.78 o.oo 8.86 6.76 -X 12.82 6.03 '( 8.44) ( 3. 06) 0 ..• 29 ( 6.98) 6.43 10.94 14.10 

.. 

'· 

. 

. 

5 

. -
( 3.33) 

-

·25. 92 

8.14-

{. 3.881 

0.00 
~ . ' 

.. 5 •. 37 

48.59 

3.95 

3.81-

19.19 

16.55 
-

18.42 

• 

i 

I 
I fr r, 
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TABLE B (continued) 

Experiment II: Change in Heart Rate (BPM) for each s. (Five trial-block means) 

Parehtheses indicate HR accelerations. 
. 

Block 
,. / fl 

I 

·-~ . . - .:: -

-. -.. 

.:_ 

:Subject 
. . 

.. 
. 

; 1 2 3 4 5 1 2 ~3 4· 5 . -

j 

.. 
' . 

Condition C: Session 2 Condition 
-

H: cs Habituation 
, 

~ 

s 63.27 .54 .18 34.40 35.24 0.00 16.66 15.40 ( 8. 4$) . ( 2.09) ( 1.18) 

, 

T3 49.07 37.13 8.93 50.46 11.98 · 19. 84 1.59 2.80 1.89 ( 9.27) 

p 33.51 22.49 17.34 6.73 4.76 ( 0. 79) ( 1.41) 0.32 - Jl 4.84) 3.02 

J 2_7. 34 22.69 55.70 38.40 19.80 (11.17) ( 7. 50) 10.25 .- ( 5 .19) ( 8.95) 

{ 
. 

F 76.46 66.04 60.09 36.68 50.15 6.94 ( 6.15) 10.98 4.11 3.18 
. 

- 49.99 40.51 X 35.29 33.50 17.34 6.30 0.39 -3.18 ( 1.22) ( 2.64) 
~ 

Condition C: Session 2 Condition L: cs Habituation 
' . ' 

K 30.81 29.85 27.58 21.36 27.79 (28. 82) ( 4.28) ( 1.87)· 1.71 ( 3.25) 

. 

: 

M 22.40 15.74 11.56 14.75 17.89 ( 5.57) 0.00 ( 1.86) (24.65) ( 2.17) 

R 3·5. 38 8.06 10.13 6.51 2.33 6.88 (16.41) ( 6. 25) · (14 .12) 0.99 

' 

C· 40.48 43.96 38.04 25.07 38.64 (17.31) 2.19 8.67 7.68 ( 3. 36) 

) 

--~~~·::-~_:, B - 52 .11 37.07 27.75 27.72 16.03 2.28 11.05 15.95 ( 1.56) ( -3'. 5 9) 
. ~;\\ 

' 
.... s~· .. 

-
X 36.24 26~94 23.01 19.08 C 20.54 ( 8.51) ( 1.49) 2.93 ( 6.19) ( 2.28) 

. ' 

. 

- '· -
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TABLE B (continued) 
Experiment II: Change in Heart Rate (BPM) for each S. 
Parentheses indicate HR acceleration. 

Block Subject . .. . . . . · .. · ... 

1 2 3 4 5 l 
. 

r Condition H: Session 1 . . 
·S 13.10 2.99 11.01 22.10 4.20 ( 6.07) \ 

~ 

'T 1.06 ( 3.18) 7·:11 ( 4. 56) ·( 1.83) 17.93 
p 19.54 ( 0. 70} ( 0 •· 36) 1.91 1.90 6.19 

' J ·2.02 1.62 12.51 1.69 1.14 12.54 

F 0.62 13.79 11.13 6.58 o.oo (18. 09) 
- 7.27 2.90 8.28 5.54 1.08 2.50 X 

Condition L: :.Session 1 
> 

K ( 0.39) 0.37 21.15 22.34 23.07 29.59 

M ( 4.09) '16.86 1.91 6.65 2·8. 87 16.02 

R 5.87 4.93 3.55 4.58 9.30 32.33 

G· 23.35 19.80 16.03 19.22 16.40 45.10 
·\ 

\ . 
. 

B ( 0.74) 5.38 4.50 9.27 6.63 · 12. 45 
- 4.80 9.47 9.43 12.41 16.85 27.10 X 

' - ~ --

-~ __ • _ _, • .=!~·· 

- > 

l 

; 
! 

.. 

(Five trial block means) 
/ 

" 
.. . 

• 

- - - .. . 
. . ; . 

{_- .. ·2· 3 
. 

4 ,5 ~ 

Condition H: Session 2 

8.08 ( 6.46) 6.84 ( 5~ 19) 

7. 39 - 14. 66 1.51 ( 0.65) 
. 

4.23 . C ·_3-. os) . 9.39 13.45 -

4.87 6. 63_ ( 3.49) 4.67 
: o.oo 17.96 1.81 o.oo· 

.. 
4.91 5.94 3.21 2.46-

Condition L: Session 2 

26.83 39.44 35.11 32.77 
• i . 

' 27.38 1.4. 42 33.23 24.76 
- - . 

. . . 14. 92 14.97 17.21 6.61 
I 

' 

51.57 37.79 26.81 -·. 24~76 ... 

~ . 

' . 
10.l~ 17.17 20.25 = 16.38_ 

.-~ 
. 

26.18 24.76 26.52 21.06 .. , 
- . .. 

~- ,. 

. : .. 
. .,,, ·: 
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TABLE B., (continued) 

Experiment II: Change in Heart Rate (BPM) for each s. 
Parentheses indicate HR accelerations. 

• . Block Subject 
1 2 3 4 5 l 

' . 
' 

Condition H: Session 3 
, 

. 
-· 

,., 

S. o.oo 1.70 3.20 11.53 0.00 6.24 
T 12.02 25.87 1.68 ( 1.35) ( 7.42) 0.00 

. 
p 20.37 12.58 9.38 5.16 10.52 31.03 . . 

J 0.00 -·22.98 (10.37) 4.44 0.45 31.79 

·F 2.91 _·( -·1. 94) 5.11 ( 1.18) (13.59) 11.67 
- . 

' X 7.06 12.24 1.80 3.72 ( 2.01) 16.15 

Condition H: Session 5 

s ( 4.72) ( 5.66) ( 4.90) 0.00 4.80 32.45 

T ( 2. 01) 6.43 ( 7.63) _ ( 7.05) 2 .10 . 18.12 
p , 2 4. 95 12.95 8. 30· · 14.28 10.31 76.43 

J 23.08 17.74 ( 1. 53) 10.89 12.63 65.61 . 

. F 6.39 5.09 2.31 7.62 ' 0.43 17.53 
-
.X 9.54 7.31 ( 0.69) 5.15 6.05 42.02 

, 

. . 
(Five trial. b1o·ck m~) 

--.... 
. . . ... 

. . . 
. .. 

-
- -

2 3 1 4 5 -
--

-

Condition H: Session 4 . 

1.27 7.97 9.80 6. 77 , 
~ -.. 

{ 9.67) 4.63- ( 4. 87) 0.65 
' ' 

22.38 6.84 16.66 5.38 

14.95 7.38 20.92 6 .-96 . 
' . 

13.24 2. 99· ( 3.74) 18.75 

8.43 5.96 7.75 7. 70 . - - -J 
'Condition C: Recall Session -

17.64 23.81 29.02 23.84 

26.37 ( 4.59) (11.00) 38.50 
. . 

28.56· 27.90 29.06 31.47 
. 49.69 22.67 21.69 7. 21 _ 

33.84 30.66 29.09 34.03 
. 

31.22 20.09 19.SJ 27.01 
D 

., 
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