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A

a conditibned response similar to the observed drug

1

- . vironment 23-hours after the daily morphine injection, -,

. ) ~
[B [ L
' ABSTRACT I o
' CONDITIONING OF DRUG-INDUCED '
TEMPERATURE CHANGES . ' ¢
Roelof Eikelboom, Ph.D )
Concordia University, 1980 ‘ o .
. . ( '
The nature and direction of conditioned drug effects -

were analyzed in terms of homeostatic, or régulatory,

\

feedback systems. It was argued that where in such a

system a drug acted would allow one to predict bo%h the . @
nature and directian\of the conditioned response. A K/ﬁw

drug- that acted prior to the "integrator" would- result in

effect, whilp a diug that acted after the integrator L
would result in a conditioned iespdnse that would correct

for (or‘oppose) the observed drug effect. ‘ o

This, analysis of conditioned drug efféctszwas then

applied tb drugs affecting the thermoregulatory syéxem

in the rat. Previous work had determined theré were two

<

conditioned temperature responses to morphine, a condi-

tioned hypothermia that occurred in a pre-injection en-

and a conditioned hyperthermia that occurred in a dis-

tinctive drug-injection environment.
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. Experiments 1 and 2 attempted to establish the im-
portance of temporal’versui\environmental cues as condi-

. tioning stimuli. The relevance of temporal stimuli was

\

minimized in Experimentvl by administering morphine at
irregular times on‘alte:naﬁp days. TFor one group (COND)
morphine injection; were preceded and followed bylper— ’
iods in distinctive environments. Group PSEUDO animals,
. tﬂough exposed té the environments, recei§ed morphine on

the intervening days in the home cage;/group~SALINE re- ;-

. ceived only saline. Tests for conditioning were carried

N H

out both during drug condition}ng'and after a drug-free
period. All animals receiving morphine showed a ‘non--
o specific:hyéothermia when not under the direct influence

« of morphine. A conditioned hyperthermia was evident in

group COND animais in the distfﬁgtive environmeﬁts. In
Exgeriment 2, in which animéls remained in their homé

. c;ges at all times, the relevance of temporal cues yaé
emph;sized by-administering morphine a; bxaqtly 24-houf

LEEEN

ihtervalsz - These ani@als became hypothermic only around
the time of the expected injeéﬁion. Animals in anothef‘
group that received morphine at irregulaf timéé showéd
the nonspecific hyﬁothermia seen previously. There was

no evidence for a conditioned Hypérthermia in the second *

.  experiment.
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In Expe;xment 3 the condltloned effec;s produced by -

20 mg/kg morphine sulfate; 5 mgéﬁg d-amphetamine sulfate .

-

<,

(both of which producgd hyperthermia) and by 20 mg/kg

°, ‘naloxone hydrochloride (which produced hypofhermia) were
. Q4
compared. Four groups-of rats received IP injéctions of

either one of these drugs or of saline at exactly 24-hour

3

e intervals. Each injection was preceded and followed by a
period in one of the two distinctive environments. Tests -

yere made tozdetermine the rélative effectiveness of tem-
£ .

poral and environmental stimuli as conditioned stimuli

for the conditioned effects observed.
3 v ' ,

7 . . " » N )

< o s . '
The conditioned responses to morphine and naloxone
o -

. mirrored@ each other. The s%imuli .0of the distinctive in-

4]

jection env1ronment ellc1ted conditioned hyperthermla in

LI

morphlne-group anlmals énd conditioned hypothermla in
naloxone-group-anlmals;‘temporal cues elicited conditioned

hypothermia in morphine-group animals and conditioned

hypérthermia ‘in paloxoﬂe—group animals. The conditioned

- response to amphetamine was hyperthermia; a response that
N o ' a ’

mimicked the unconditioned response and that was elicited

by the environmental stimuli of the injection environment.

Experiment 4, similar in design to Experiment 3,
studied the conditioned respaﬁie to several doses of
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A d-amphetamine sulfate; 0, 1, 2 and 5 mg/kg. Unlike
s . |
\ L . Experiment 3, animals were pre-exposed to the experimen-

tal procedures. Under these conditions two conditioned

responses to amphetamine emerged; prior to the druégfrée

2

~

period temporal ‘cues elicited cqndit%oned hypqthermié,
while environmental stimuli elicited conditioned hyper—
thermia. Thus amphetaminé and morphine résultea in
similar conditioned resgonses. ‘The result éf;these "

' . experiments wefe'discussed in térms of the anélysis of

conditiéned_drug effects developed in the introduction.
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« Physiological fesponses may become conditioned if a
drug is repeatedly administered. ' These conditioned re-
sponses can be distinguished from other direct and in-

direct drug effects by the fact that under apprapriaté

circumstances they can be elicited without administering
. ‘

.the drug. Conditioned responses have been postulated to:

élay a role in drua tolerance and sensitization (éiegel,
1975, ;977b), in drug abuse (Lynghh Stein(& Fertziger! |
1976; Wikler, 1948, 1973aj Grabowski & O'Brien, Note 1),
and in behavioral medicine (Woodé & Kulkésky, 1976) . The
importanée df this form of ciassical conditioningﬁcan be
underscored when one gghsidefs ihat it can occur whenever ’
drugs are chronically administered. In these circum- \ :
gtances the administratioﬁ ritual can become a conditioned

stimulus and elicit a conditioned-responéef However evén

a cursory review of literature concerned with conditioned

dfug effects reveals that considerable confusion exists in

\
the interpretation of these studies. Part of the problem
may well be.the complexity of the drug effects and the

physiological systems being manipulated, but misunder-

. standings about classical conditioning also abound. An -

analysis of the conditioning of drug effects will there-
fore be éresented in an attempt to permit a re-evaluatign
of research in the area, and to provide 4 ¥ramework for

the experiments of .the present thesis. Parts of this

-

)
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'(1966) and Wikler (1973b). -

\ » 3
anelysis are based on suggestiong made previously by Obal

Classical conditioning is among the simplest ‘proce-
4
3 I
dures’ studied in' psychology. An animal is repeatedly pre- . °

[ . . . £ v
sented with two successive events or stimuli normally in

"~

—

close temporal continudity. After £epeated presentations /'

to. the aﬂimal of the two stimuli the occurrence of:the
first stimulus’can be shown to result in an "expectancy"
for the second stimulus. In most condltlonlng studles the
second stimulus is an unconditioned stamula;, meaning that
it rellably e11c1ts a response, called the uncondltloned
response. When an uncondltloned stlmulus iseused the

first stimulus comes, after repeated pairing, to elicit a .

»

response similar to the unconditioned response. Under

these circumstances the first stimulus is called the con-

.

ditioned stimulus and the response it elicits the condi-

* tioned response. The prototyplcal experlment was done by

Pavlov (1927) who presented first a bell and then food to

. a hungry dog. The food reliably elicited the response of .

sallvatlon and after several pairings the beil also came
to elicit sallvatlon prior to; or in the absence of,. pre- B

sentation of the food. ' ./
‘ . . +

4 -

Despite the éimplieity of the conditioning procedurey
: ‘ . {
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there appears to be: considerable E&hfusibn about the

meaning of the terms unconditioned stimulus and uncondi-
' tioned responsg. The confusién is.particularly'evident

when d;ug§wo§ hormones are used to induce physiological

changes. This may be due partially to ‘the casual use éf e
terms, but it°appears to reflect real misurderstandings |
about conditiéniﬁg. For example, the administration of
the drug is ofteﬂ referred to as ;pe,unconditioned séimu-

A

lus. This has led tb claims of backward conditioning in

conditioned taste aversion (Boland, 1973; Domjan & Greggq,
1377). The backward conditioning procedure is-to,present
the unconditioned stimulus followed b§ the conditioning

¢

stimulus and is in general considered to be an’ ineffec-.

» tive pchedure for conditioning (Mackintosh, 1974). 1In
the conditioned taste aversion studies, however, although

the .drug administration.preceded the taste stimulus, the

illness induced by the drug occurred after the condition-

 ing, or taste, étimulus, making the relation between the

ebenps one that is normally found to be effective.” 'The

¢

point is .that the illness produced by the drug -should be

considered thé unconditioned stimulus.

.
S

- . . N a

Very oftenlin conditioning studies using drugs every

physiologlcal change produced by tﬁe drug has been consid-~

ered to be the unconditioned.response. 1In a review of

A : oo




conditioning of changes in blood glucose levels Woods and -
Kulkosky (1976) réfer to glucose administration'as'tng
unconditioned stimulg; and the subséQhent rise in blocd

——

glucose as the unconditioned response. They are, in
éffect, using these two terms to'refer to the same phen- ;
omenon. Siegel (1975, 1977b) has suggested that in some

. L . ¢
cases, the response that becomes conditioned is one that

acts to oppose the ‘unconditioned response. He calls

{ - . these compensatory conditioned responses. These responses

would prove difficult to reconcile with a conditioning
ﬁodel that predicts that the conditioneg response would

be similar to the unconditioned response. It is apparent

3

that the terms used'in conditioning must be more precisély
defined if contradictions and problems of this type are to

be avoided. '

°

|

‘

In the study 6f conditioning and learning a stiqulus
) : " has traditionally been defined as some physical event that

. » .
‘results in neuronal consequences. For environmental or

/ external stimuli this implies the existence of sopie type
1

of receptor thét registers the physical change and‘then

“transmits this information to the nervous systém. A

»

' t
change in the environment, no matter how drastic, for oo

which the animal has no such receptor cannot serve as a Y

stimulus. In a similar manner changes in the’ internal

i
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: . . . C
"Stimuli can be viewed 3s inputs to, and responses as out-

~glucose level ﬂks a direct action on the pancreaé causing

when considering conditioning and learning, been viewed as

. puts f?om, the central nervous system.

- nitions. First, all internal events and changes that -
\ ,

/5

4

environment can be calleg stimuli if they can be shown to

produce changes in the nervous system. Responses have, .

being some neurally induced change in non-neural tissue.
For example, skeletal responses result from neurally in-

aﬁced muscle contractions. Clearly what is crucial in
Y . .
this definition is that the response be the outcome of
s . 'g‘
neural activity. The emphasis on the neural component in

‘these definitions 'is due ‘to the fact that learning and W -
1 . : 3

cond@tioning are activities of the central nervous system. oo

A . v

\

y \
\ .o

The 'definition of a stimulus and a response present
here is more restrictive than that found in biology as a RN
wholé{ and it becomes important, therefore, to note which

\
general gsés of these terms are excluded by these defi-

' . \
do not directly involve the nervous system are excluded

frbm these def@nitions. For example, a rise in blood :

the secretion of' insulin (Gerich, Charles & Grodsky,
« \ ) .

1976). This insulin Sn turn directly causes body cells to

increase their upﬁgke of‘g;ucose and results in a fall in

Y A s
glucose 'levels. Iﬂ\terms of conditioning processes none

‘
L]

. . : s

[N
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1 3

of these steps'entqils either stimuli or reéponéés as the
nervous system is not involved. Secondly, events that

occur completely within the central nervous system cannot

be stimuli or responses according to these definitions. '

a2

Stimuli are neural reactions to non-neural events and re-
. . 3y :
sponses are non-heuronal, reactions instigated by the ner-

vous system. This is not to suggest that stimuli or .

\

responses do not activate many neurons in the central

nervous system, but merely reflects the fact that their

origin or termination must be outside the nervous system.
Clearly central nervous system changes are the basis for
conditioning and other forms of le fning. It is, however,

”

is learned, and

the relationship bhetween stimuli tha

learning is normally demonstrated thrdugh changes in re-

sponding.

There remains one class of events that has not been

explicitly included in or excluded from these two defini-

. '

: tioﬁs;‘experimenter-induced manipulations that act at the

.

level of the central nervous system, such as administrg-
- .
tion of centrally ‘acting drug;$;>Many of these drugs act
by mimicking or interfering with the actions bf neuro-
transmitters at arficular synapses. Technically these.

manipulations ¢@n be viewed as inducing a neural reaction-

by non-neural means, and as such can be considered to, be

-

. - B
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‘example, little would be gained by viewing the manipula-

. system before a non-qkural effector organ as a stimulus or

1932) . It'is clear-thgfsiany things that physiologists

.measure (blood glucose levels, témperature, heart rate, to
A 4 > . .
tal temperatures, animals maintain a stable internal tem-

tems are known as negative feedback systems, inasmuch as

4

/ - g

L3

’ ‘ N
stimuli. This may, however, be an oversimplification; for

i k.

tion of the final set of neurons in the central nervous
3 ,' (3
an input to the central nervous system. Resolution of
. ' . » .
this issue requires other concepts and will be returned ‘to

t

later.

‘

-7

Pavlov (1927) ‘defined an unconditioned stimulus as
one that reljably elicits a,resp?nse. When studying the |
internal milieu it is necessary to consider the nature of

the responses elicited by internal stimuli. This fequires!

consideration of the concept of homeostasis (Cannon,

\

i .
name a few) are maintained within definite limits. For

example, despite exposure to a wide variety of environmen-

perature. This regulation implies some form of active

control to maintain the internal equilibrium. Such sys-

L

responses act to oppose the disturbance and to correct any

imbalance. If, for example, the body temperature becomes
elevated, the rgséonse of the negative feedbéck*system

regulating temperature acts to.cool the body and to return

Ut e ) 1 s
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the“tenperatnre:to normal. Obviously not all types of
regulation involne fhe nervous system; the reaction By the
pancreas to increased blood glucose mentioned above is
/KEEEH\a\regulatory mechanism acting to control qucose
levels. While these non-neural regulafory mechanisms may .
be important they are not usually directly involved in
conditioning and will not be considered further in this

& . ,

discussion. N

A feedback system in its simpleet form is shoyn in

. Pigure 1 and consists of.tnree elements:. a sensof, an.
integrator, and an effector.. Figure 2 shows an example of
a system -that eould maintain bloed glucose above a minimum
level; the one shown in Figure 3 would regulate body‘tem4
perature. Note that these diagrams of feedback systed%
make no suggestién as to how they are actually 1mplemented.
in the nervous system. Further, {in actual Ead% all feed-
back ‘systems are mofe complex than the diagrams suggest.

* In many " feedback systems there’are several different types
of sensors, several 1evels of 1ntegrators and multlple
classes of effectors; the various systems are lnterrelated
and any given effector may be activated by more than one
system. Fkr example, perlpheral vascular tone is m\por-_i

tant both in control of blood pressure and 'in the regula-

tion of body temperature. Indeed one of the major

[
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Figure 1. A schematic diagram of the elements of the
feedback system that regulates 'x'. 'The sensor measures
the level of 'x' and produces a stimulus, which goes to
the integrator. The integrator compares this stimulus to
a second signal, called the set point, to determine if  x'
is at the appropriate level. When 'x" is at the appropri-
ate level the two signals are egqual and the integrator
does not produce any output signal. If 'x' is not at the
appropriate level the integrator produces an error signal
which activates the effectors. The effectors act in a
manner to riﬁﬁrn 'x' to the appropriate level and thus
reduce the imkialance at the integrator. Many of these
feedback systems are found in thes<central nervous system
(CNS) . C : :

3
3




- .
- gz
o o g R PR R

—r e

R

e N e 158 s

s

3

SET POINT
GLUCOSE | . ... (.| SBLUCAGON "|CNS =
| sensor s "| &ECRETION|[EODY
VAN N ° '
] . t |
“ : b } ' ' (I
] her v @ oot o0 v an o s w> s wm en W W e - F 1
1 ]
' BLOOD GLUCOSE .
+ <
‘ o
Figure 5. A feedback system that would maintain the

amount of glucose in the blood above a particular level.
As the glucose level falls the signal from the sensor
decreases  till it becomes smaller than the set point sig-.
nal. The output of the integrator then becomes 'negative'
and this activates the secretion of glucagon by the pan-
creas. Glucagon causes blood glucose levels to increase,
which in turn increases the signal from the sensor. This
changes the output of the integrator so it becomes zero
or positive and stops the glucagon secretion. 'Note that
this system will not correct the levels of blood glucose
when they rise above the normal level.
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. Figure 3. “a feedback system that would regulate the -~
e body's. temperature. If the body is at the ngormal temper-
. " ature the inputs ©of the cold and warm sensors to the in-
tegrator will balance and no effectors will be activated.:-
If the body temperature decreases the cold input will in-
:} crease, and the warm input will decrease. ' This results-
s in a net 'negative' output of the integrator and acti-
¢ vates the heat production mechanisms which causes the
body temperature to increase. Similarly, a hyperthermia
will activate heat loss mechanisms, and return the body
temperature to normal. Thus deviations of body tempera-
ture in either direction are corrected by this feedback
system, Note that no 'set point' is required in the
system,. : '
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Le ot AR problems in physiology is to determine the exact nature !

- . . and'interrelatibhshipwof these feedback systems. Satinoff

- o o 3 -

(1978) has shown thatqgespite exténsive/study of the,

. thermorequlatory system the basic céntrol mechanisms in-

' volved have still.not been deter?zned. " \ | |
1;3 ) « - « ¥ .

- R v
hd .

Traditionaliy feedback gystemsvhave been used in the’
. study of;regﬁlgtory mechanisms involved in such physiolog-
) . . ° ' » . ' ¢
I ( ical systems as temperature control and nutrient and fluid

balance. There is, however, ne reason to limit this con-

cept to physiologicﬁl regulatory systems. Any system that

involves feedback requires the three elements shown in

e ‘Figufe/l, whether it be to control muscelar contractions

&

or glandular.sécretions. Further, even systems that do

not involve feedback may involve some neural integrator, if
n
the essential' feature of an intdgrator -is that it compares

) L
or summates multiple inputs in to produce a single output.: ,

L)

For'purposes of this discussion, howeéer, the simple model

shown in Figure 1 will usually suffice to illustrate the

link bétween the unconditioned stimulug and the uncondi-‘

tioned response.

" [N
1]

/, . o '- ‘qj .

‘As mentioned éarlier, in conditioning studies using”

.- drugs, the unconditioned stimulus is usually-considered to
be the drug administration, while the unconditioned, ,
3 ! -

[ a
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either stimuli or responses.

‘Low doses of morphine ‘act at the anterior hypothalamus

Lo
response is viewed as:being the observed drug effect.

Drhgs may, however, have effects that do not directly ac-

tivate the nervous system and these,‘acéording to the

present definitions, would not be considered as involving e

.

Clearly these non~neuronal

consequences of a drug should be differentiated from
t -

‘Drugs can act

neurally mediated ‘responses to the drug.
in many different ways to produce their effects and it °

becomes necessary, therefore, to determine for each ‘case

1)
.

the exact nature of the unconditioned stimulus and uncon- '
7, '

L + 4
ditioned response. Many drugsqhave multiple effects,

each produced by a djfferent mechanism, which must be *
in&ividually anaiydéé. Fér example, ‘morphine causes many
different physiological effeets, some hy acting directly
on periphéral organs, others through activation of central

neural mechanisms. To complicate the situation further,

moréhine seems to‘have'multiple central actions on some ’
systems; such as thermoreghlation,(that'vary with dose.
changing some- input to the thermoregulatory integrater
causing an increase in body temperature (Clark 1979)
Large doses of morphlne depress all thermorequlatory re-
sponses and cdnsequedtly the body temperature becomes a

function of the envzronmental temperature (Clark, 1979).

Fofeunately it appears possxble to divide most drug

Ll
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‘ actions into two.glggées.on.the basis of whether their

site of action is prior to or after the integrator. .

-~ K i )

Al

f;' . Any feedback system can be viewed as a loop with the ’ °

r . &
requlated measure providing both a convZHFent béginning ) J‘

and end to the loop. The sensor is thus prior to or "up-'

-strean® from the integrator, and the effectors after or

"downstream" from the integrator. All drug actions on

any“particular system iﬁvglving feedback can thus be

¢ ¥
. ‘

\

classified on the basis of &hethervthey‘act prior to or
) . -after thé integrator. This scheme assuz

mes that noﬂdrdg

acts directlj on the integrator, an ‘unproven assumption,

. . but one that appears to cause no serious problem.

(
.

A drug action prior to the integrator will change

g

one or more of the inputs to the integrator. This will

e -

have an effect at the ia}ﬁgfétor similar to that pgcduced
i . 3 .
by an actual change in the regulated measure. Drug ac-

- )  tions prior to the integrator will effectively;, at the

: level of the integrator, be the same as a stimulus change.

e, e

; Previousl§ a stimulus has’been defined ;s the neural con-
/ seéuence qf §omé non;neuronal change. This definition can
now be seen to include all)dnug gctions ;rior.éo Qhe inte-

" grator. Thus even drugﬁ ﬁhat gct within the nervous sys-

tem can still be viewed as stimuli if they act prior to°

. - the integrator. . C o




- that act after the integrator cannot be viewed as stimuli.

" the regulated me#sure and‘reg;esent deviations from

. ‘ 15

N °

A change in the input to'the integrator will result
in an error signal.that will activate an effector. A
drug with a stimulus action, that is, a dgug that acts

+

prior to the integrator, will therefore result in the .

activation of an effector. This activation of the effec-

3

tor -will produce the observed physiological effect

ascribed to the drug. Thus, in the case ‘of d&ugs that
act prior to the integrator, the drug can be said to be
the uncondig§oned.stimu1us and ﬁhe observed drug effect .

to be the unconditioned response. Note that this is

-

: exactly th§ view that most investigators have taken, but

" here limited to a specific class of drug actions; those

acting prior to the integrator.

' The other class of drug actions to be considered is
{

]

" that of drugs that act after the integrator. Drug adtions

?
after the integrator .include actions occurring directly on

ef(sstor organs themselves, and actions within the central

/ f
nervous system at points after the integrator. In neither

"case is the observed drug.effect due to a change in the

.

input to the integrator. Because a stimulus has been de-

fined as a change in the input to the integrator, drugs

'
N !
L g

N .

Such drug effects result in changes in the value of

" N o “ nl
* - 2ws
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normal. These deviatioqs, because ‘of the feedback loop,
will in turn act as\stimuli‘;t thé sensor changing the in-
put to the integrator. This imbalance at the iﬁtegrator
wi}l.result_in the a¢tivation of effectors ts reitore the
equilibrium. For example; a drug tha; acts. to directly

decrease metabolism will result in a non-neurally produced

decrease in body temperature. By definition, this drug

_effect on temperature represents a drug action after the. .

- thermoregulatory intégrator. The decrease in body temper-

ature will, however, act as a stimulus Por the thermo-
regulatory .integrator. This stimulus will result in the
activation -of effecfors tha£ increase heat production and
act.to increase the body temperature, returning it‘to
normal. Generally if the drug acts afﬁer the integrator,
the observed drug effect will be a deviation°fr§m equili-

brium that the feedback system will try to counteract by

activating effectors to oppose the observed drug effect.

) i
’

In this situﬁtion where the observed drug effict

acts as the stimulus to the integrator, the obser

effect of the drug changes the input to the integrator and \

c;n‘thus be called the unconditionkd stimulus. The effec-
tors activated by the integrator will be the¢/unconditioned
response. Note that in this case the unconditioned re-

*

sponse acts to oppose the observed drug éffect, a . )

FENE PPN
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~qonséqugpce of the negative nature of the feedback. 1In

.

summary then, when drug' effects are viewed this way, that
is in relation to an integrator, any observed effect can
be either fhe unconditiohed response or thé:uncondigioﬁed
étiﬁuius depending on whéther the drug acts prior to or.
after the integrator, respectively.'

-

13

. ) [
) .

bl As the specification of the unconditioned stimulus

>
and unconditioned response depends on where the drug acts
with respect to the inté&grator, it becomes necessary to
be-able to deéermine this by some independent means.
Fortunately there are several techniques that can bé used
for this purpose. For example, if the drug ca bg shown .
to be having its effect without involving the ﬁervous

systenm, it can be assumeéd to be acting directly, on an

effector and_after the\integrator.

> -

eral method often used in the study of thermoregulation ¥

One other fairly gen-

is to determine whether all or mosF of the effectors act
together to induce -the observed drug actién. If all the .
‘effectors work together t6 induce the change, it can be
concluded that the drug acts prior to the integrator be-

cause on1§ the integrator would be able to-éctivate_gll ‘

the effectors in concert. 1In contrast, -if some of the
e%fectors act to produce the effect and others to oppose

the effect, then it can be assumed that the drug is acting

!
'
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after the integrator.' If the drug acts after the inte-
grator it would act on only a few effectors and as the - I
observed drug effect becomes a stimulus for the integra-
tor this would result in responses by the other effectors

that oppose the drug action. Thus it is possible to de-

termine where, relative to the integrator, the drug acts

'by simultaneously looking at the action of several indi-

vidual effectors involved in the feedback loop.

’The reason that this method of looking at the action =

of Severai effector systems isJoften used to study drugs
éhat{affect thermoregulation, is that animals use behav-.
iorai as well as physiological means to regulate bod; \ .
temperatﬁ{e. Thus the behavior of the aniﬁals, under the
appropriaté circumstances, will reflect an output Qf the
thermoregulatory integrator. The actual‘body temperature

of the animal, in a thermoneutral environment, will re-

b e 2 e S

flect thé'activity of the physiological effectors. Thus
here areﬁtwo classes of temperature effectors that can be
compared in order to determine where in relation.to the
integrator any giveﬁ drug is acting. If the activity of
the physiological effectors and the‘béhavioral responses
promote the same goal, then the drugeisqassumed to be
aéting piior to‘the intggrétor. If,‘howev;r, the behavior~

of the animal acts to counteract the observed temperature
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change, then the drug is assumed to be acting after the. N
integrator. ‘TFor example, morphine, ip small dosés, céuses

an inqrease in Pody temperature suggesting that physiolog-
 icé1 heat production effectors are beiné activated. The
behavior of these animals also iﬂdicates tlkat héat seeking .
'mechanisms are being activated; animals receiving morphine
.stay under a heat lamp longer than those receiving saline

(Cox, Ary, Chesarek & Lomax, 1976). Thus with morphine

| tﬁe physiological and behavioral mechanisms reinforce each '
other suggesting that this drug'acts prior to the inte-
~grator. On the ther hand, animals 'injected with
N-methyldiphenhydramine exhibit a fall in body tempera-
: ture, B&t stay under a heat. lamp longer than saline in-
‘ jected animals (Cox, Green & Lomax, ,1975). Thus the o
effect of the drug on body témperature and on thermoregu-
: latory behaviof oppose each other, Suggesting that this
_ .drug acté after 'the integrator. &his.conclusion is con-
sistent with the known péripheral site of actibn of

[

N-methyldiphenhydramine.

Given that there exists a method of determining
| ' whether drugs act»ﬁribr to or after°the integrator, it
[ * ' -
then becomes possible to determine whether the drug it-

/ self or its observed effect is the unconditioned stimulus.

Because the nature of the unconditioned stimulus and un-

conditioned response can be determined for any drug

4
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action, it becomes possible to predict the form of the

conditioned response. For drugs that act prior to the

iﬁtegrator the obsérved drug effect is the unconditioned LY
response and it is prédicted; £herefore,'that the con-

ditioned response would be siTilar to this observed drug'

effect. 1In the case of drugs that act after the inte-

grator, where the ﬁnconditioped response opposed the *

v

direct drug effect,. the conditioned response wouid alsﬁ
‘be.e¥pected éb.oppose the observed arug éffect. " It has |
been noted that there are situations in which the ‘condi-
tioned response does oppose'the observea drug effect.

This has been labeled paradoxical conditiodning (Finch,
1938a; Korol,’1973; Lang, Brown, Gershon &"korol, 1266).5
Clearly this‘”parédox; is due, to the incorrect applica-
tion of the term 'uncondi;ioned response' and not ‘to the
existence bf a diffe;ent type of conditioning.

Siegel (1975, 1976, 1977b) in a series of condition-
ing studies using drqgs has éuégested that ateleést some
cases of drug tolerance may be due to classical condi-
tioning. Siegel stérts with the finéing that the. condi-
tioned response ogten opposes. the observed drug eéfect.

He su%éests that if both the conditioned response and
drug action occur together the net result will be a great;

. . ‘
ly reduced drug effect. As a conditioned response’




-

- the integrator pfovides an’ explanation for this differ-

" According to'phe present analysis, if caré is taken to

21

develops gradﬁally over trials, the observed result will
be a gradually decreasing>drug effect, which is by defini- : e
tion tolerance. 1In pharmacological studies of the re; .

peaéed injection of drugs, the injecti&n ritual reliablg

predicts .the occurrence of drug, and as such acts aé a

conditioning stimulus. Thus conditioning can contribute

to tolerance development even in experiments not expli-
® ‘. X . N ’
‘ 4
citly studying conditioning.
In many ways Siegel's theory of drug tolerance is =~ =~ 3 \

consistent with the present analysis, and indeed can be
cons%dered complementary to it. Siegel provid;§ no ex-
planation as to why some coqdipioned responses are simil;r
to while othersaare differeﬂt from the observed drug

effect. The distinction madé in the present analysis be-

tween drugs that act prior to and those that act after

ence. Note that Siegel labels all drug induced changeé
as unconditioned responses to the drug and thus for him

the conditioned response is sometimes similar to and

E)

sometimes different from the unconditioned response.

determine the real undonditioned stimulus produced when

a drug i§ administered, the conditioned response should”

)

be similar to the unconditioned response. Siegel's

v
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’ to drugs that act after the integrator, because only in
these cases do the conditioned responses oppose the ob-

~

grator produces a conditioned response .that mimics the

e e e

e ¢

a drug that acts prior to the integrator it must, ac-
| ‘ cérding to the present analysis, be of nonconditioning

origin. ¢

injections, may be due to the influence of conditioned

responses. He suggests that if the conditioned response

mimics the unconditioned response these two responses

would summate to produce a greater observed effect. Ac-

|
i cording to the present analysis this would happen only if

the drug acts prior to the integrator. The conditioned
| .. .
| response may therefore result in an apparent sensitiza-
tion or tolerance depending on whether the. drug acts

prior to or after the integrator to induce its effect.
} »

There are also many cases in which tolerance or

sensitization can occur for reasons other than condition-

ing (Kalant,.LeBlanc & Gibbins, 1971). It is therefore

that is increased responsiveness to a drug over repeated

v

22

explanation of drug tolerance should apply therefore only
served drug effects. A drug that acts prior to the inte-

observed effect Rf the drug and therefore should show no

tolerance due to conditioning. If tolerance occurs with

Siegel (1977a) also suggésts that drug sensitization,

.
. o e s ngﬁhﬁﬁw‘ﬂw:.m- S Y




" tor sensitization will be reduced by conditioning. Thus

23

necessary to consider the implications for a conditioning ]
' 3
study of a drug effect that shows tolerance due to other,

nonconditioning, mechanisms. If tolerance occurs ex-

tremely rapidly it ig doubtful tﬁat conditioning would
occur at all,.because the unconditioned stimulus and re-
éponse‘would soon become'negligible.' If, however,
tolerance occurred slowly or were incomplete, it might {
still be possiﬁle to‘optain conditioning. If the drug

acts prior to the integrafor and the observed drug

effect is also the unconditioned response) the condi- ‘ 4 |

tioned response will add to the magnitude of the observed

effect. If, however, tolerance is developing over trials,
while at the same time the conditioned response is: getting
stronger, the apparent result will bg to slow down the
rate of or to prevent the occurrence of tolerance to ;he
drug. 1In céntrast, if the conditioned response opposes
the drug effect, that is if the drug acts after the inte-
grator, it will increase the apparent development ofltol-
erance to the drug. With drug sénsitiz%tion the effects
will be reversed; actions of drugs'prior to the integrgé r
will shoy increased amounts of sensitizafion because of

conditioning, while for drugs that act after the integra-

conditioned effects will either increase or ‘decrease the

development of tolerance or sensitization depending on

TS RNGP PR  UrAr AFLALETE VT ¥ % o 4 AP LORIRNY T
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' morphine,fhe events leading up to the injection were able

"ditioned salivatiop was: readily obtained using morphine,

~using food or dilute acid in terms of acquisition and

was one of the first to report, in an experiment done by

24 .3

where, relative to the integrator, the drug has its

effect.

™

Experimental evidence . ‘ I . s

. ‘ . )
Keeping this analysis .of conditiQning drug effects .

in mind, let us now examine and evaluate the experimental

evidence. Conditioning studies using drugs toc induce the

unconditioned stimulus started, just as did the more tra- .
ditional cdnditioning studies, by using the production of

salivation as the unconditioned response. Pavlov (1927)

eI
—

o
h

Krylov, one.of his associates, the use of morphine as an’
uﬁconditioned stimulus to elicit salivation in dogs.
Krylov found that after five or six daily injections of
to elicit the responses produced by morphine. Pavlov‘fe—
ported that the dog would salivate profusely and vomit
prior'tp, or in the apsence of,'morphine administration.
This method of eliciting conditioﬁed salivation was so;n
studied by many other researchers (Collins ; Tatum, 1925;
Crisler, 1928, 1930; Gulliksen, 1931; Kleitman, 1929;
Kleitman & Crislér, 1927). Their studies showed that con-
\

and was similar to the more ugual forms of conditioning

[3

exfinction.
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salivary gland and can be said to act after the integratox
A

_as in most of these early studies, there were no controls

. tioned salivation to a stimulus previously paired with

M : . ' \- . )
. Two Qther drugs were used in /this period to study

salivary conditioning, pilocarpiﬁé and atropine. Both /‘ - 3,

drugs have direct effects on the salivary glands; pilocar- oo

pine elicits salivation, atropine blocks it. . In contrast
to morphine which induces salivationlby a central stimu-’ .S

lus action, these two drugs have a direct effect on the ,

that controls salivation. Pilocarpine has been shown in'r}
three studies ﬁot to support condit%oning (Crisler, 1930;.
Kleitman, 1927; Mulinos & Lieb, 1929). In cogtrast Finch
(1938b) reported some minér success in eliciﬁing condi- .

‘-61 -
tioned salivation using ?ilocarpine. The small magnitude . 3i

of his conditioned response (0.2 ml) an@ the fact that,

for sensitization or pseudocoriditioning, suggests that his
results must be viewed with ¢ jon. Therefore, @espi;e v
the ability of pilocarpine to produce large amounts of -

. 1 .

salivation, it appears to be a{fficult to obtain condi-

pilocarpine. In contrast atropine, which blocks saliva-

-

tion,‘agpears aSle to support conditioning. A conditioned
étiﬁulus presented prior to atrbp;ne produces incrggsing
amounts of ;aiivatioﬁ with repeated pairing;H(Finch,
19.38a; Korol, 1973; Korol, Sletten & Brown, 1966; Lax}g,
Brown, Gershon & Korol, -1966; Lang,'ﬁﬁsh &'Pearson, lééQ;

v
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"Milinos & Lieb, 1929; 'Wikler,_‘q1948) . The only reported‘
fa°ilure‘ to obtain condi‘tioned‘ salivation using atropqine
wés by Crisler (1930) . but the dose of atroﬁir;e he em-

: ployed may have been too small to support condltlom.ng

¢ Thus we have here an qxample of two drugs, both of whlch
have dlrect effects on the sal:.vary glands, but only one
of whlch supports condltlonlng. Pllocarpln:whlch in~
duces salivation does not, whereas atropine wr;ich blocks
it‘ results in a conditioned response but &ne \that‘ is cop-
posite to the observed drug effect. .. = .. o

a

Salivation suffers from one drawback as a model *or

’

this aralysis of-conditioning preseribed here in that it

is largely.a unidirection‘al response. While it is easy
to. get an J.ncrease in salivation above the \lzasellne, this
/basellne appears to be so0 low that it  would be hard to
observe a decrease in salivation. " In six dogs studled by

1)

Finch (1938a, 1938b), using equipment accurate to .01 ml

> . . v
saliva, the baseline salivation never exceeded .l ml over R

15 minutes and was ‘usually below .05 ml, making it diffi-

cult to observe any decreases from the baseline. This
finding sﬁggests that the reason pilocarpine ‘does not |
appear to suppont condltlonlng is that the condltloned

response, ,which according to the present analys:.s should

be a decrease in sal:.vat:.on, would be dJ.ffJ.cult to. observe.

o
-
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A test for conditioned inhibition would resolve this

.

issue'but has not been done. -Because the effect of atro-

pine is to block salivation, the conditioned reséonse

w -

wourarbe,,as observed, salivationf Thus the'differenee‘},

-between atropine nd pilocarpine may not be in their
ablllty to s/pport condltloning, but rather in the observ-

A 51m11ar phenomenon

«

ablllty of the condltloned response.
may explaln the negatlve results seen by Katzenelbogen,

Loucks and Gantt (1939) who attempted to condltlon gastrlc

-

secretlons using histamine. Because histamine acts di-

3

"rectly on the stomach lihing to cause gastric secretions,

the expected conditioned response, accarding to the pre-
sent analy51s, would be & suppression of gastric secre-

tion.. In the experiment, however, there were no

o

measurable secretions »from ‘the Pavlovian pouch .during the

fifteen minute pre—experiment baseline. Thus it is not

surprxsxng .that there was no ev1dence for condltlonlng in

this study.

-Varlous drugs ;hat affect the cardlovascular system

have been used in attempts to condition heart rate changes.

‘Bykov.(l957), reporting .on a’ serie’s of studies carried

I
out in his laboratory, stated that morphlne, nitro-

‘glycerln, strophanthln, eplnephrlne, and-acetylcholine T

\ I’

all resulted in conditioned responSes Ssimilar to the drug
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effect. The fact.that some of these dfugs act prior to ,.

and o£he£s aftef the integrator controlling héart rate < .
appeafé to haveé made no difference in the éirection of

the conditioned response; in both cases the conditioned

response was similar to- the uncoﬁaitibned response. While ‘

at first glance these findings appear to create éroblems

for the present analysis, tﬁey have not been replicated

5

by'other inve§tigations (see below); in fact Gantt (1972)
has suggested that as Bykov‘s'fihding consisted of se-
Iec;ed pfotocols they should be viewed with caution.

Two conditioning studies havq\beén reported_using .
epinephriﬂé, a Arug that directﬁb ind}eages Ehe heart
rate by acting on heaf%‘ﬁuscle (Russek & Pina, 1962;
Subkov & Zilov, 1937). Both studies reported a condi-
xtioned decrease. in heart rate, a result’ consistent with‘ '
the éresent aﬁaiysis, but contradictory to Bykov'é (1957)
.findingé.- On the other hand, Macienzie and Gantt (1956 ‘,
and Rush, Pearson and‘Lang (1970) report tﬁat atropine,

. which also increases' the hearttraté diréctly, d?es not

\ .

support conditioning. Examination of- their results, . .

o

hc&ever, suggests, as predicted by the present agalysis,

that in both cases there is a small decrease in heart ' N

rate in response to the conditioned stimulus. A similar
1 ’ »

failure tofconditi%taheart rate changes using acetylcho-

line, which has the direot effect of increasing the heart
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rate, is reported by Teitelbaum, Gantqighd Stone (1956). ‘ -Q

Again there are suggestions of a conditioned respconse o
o f ‘ :
which opposéd the observed drug effect as the authors re-

‘;brt "the heart rate during the CS was slower than or
equal to that of the control rate during the 10 seconds
precedin the cs" (p. 486). It appears, therefogg, that '
these studies involving drugs with Q}rect effects on the

" heart, comtradict Bykov's (1957) findings &nd either sup-
' !

port, or, at" least, do not contradict, the present

analysis.

When one examines the conditiofgdd heart rate studies
using drugs that act prior to the intlegrator it appears
that ‘their results are consig?ent with the present analy-Uo
sis{ in these cases the conditioned responses are similar
to the unconditioned responses elicited'by'the.drugs.
Perez-Cruet and Gantt (1964) report that bulbocarpine, a
drug that acts centrally to increase the\heart'rafé, re-

sults in conditioned increases in heart rate. Small doses

a

of morphine act centrally to increase heart rate and again
the conditioned response elicited is an increased heart

rate (Rush et al, 1970).

L 3

v

Whefi larger doses of morphine are used for condition-
.. ing the conditioned réspoﬁse is still an increase in heart

RS
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- v with large doses or morphine the expected conditioned re-

S . '
. ~ing (Crisler, 1930; Finch, 1938a; Light & Gantt, 1936).

" was reported by Rush et al (1970)..

of response production by the depressant effects of large

"t

R
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Y

rate, despite the fact that a large dose of morphine/re—

°

-
S RV S

Dy

sults in a decreased heart rate (Rush et al, 1970). Large.
doses -Of morphine, however, are reported to have a nion- . .
specificﬂdepressant effeéﬁ on the aﬁimal (Ciark, 1979;° A
'Dbmino, Vasko'& Wilson, 1976; Seevers & Denéau, 1963). .

Rush et al (1970) report that at the larger of two doses

of ﬁorphine, dogs 7fcame sedated, drowsy, and hung limply

in their supporting straps. This suggests that large

doses or morphine may act to depress effector mechanisms,

an action that would occur after the integrator. Thus,

qq

éponse would be opposite to the observed drug effect as

When large doses‘of~morphine are administered a
second procesé may also be active in producing- the ob- -
served conditioned increase in heart rate. There have
been several studies suggesting that the occurre;ce of
the unconditioned response is not necesséry{fd% cond#tion-
Thus the stimulus action of erphine on heart f?ie may ‘

still be able to support conditioning despite the blockage - °

d6éses of morphine. The recent discovery. that morphine

acts on .several different opiate'receptd?s, each of which,

A ]
:
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produces different‘effects (Gilbert & Martin; 1976; Lord,

=Y

ﬁaterfield, Hughes & Kosterlitz, 1977; Marfin, Eadeszh
Thompson, Huppler & Gilbert, 19y6) lends support to this
possibil&ty. As small-doses of morphine have a stimulus-
action produélng an increase in héaft Yate the.conditioqed
response éxpected would be an increase in heart fgte.
Either of these mechanisms could explain why in the Rush
et al (1970) study the conditioned response was an in-

5

crease in/heart rate, even though in large doses morphine

L
-

produced a deéreased heart rate. i

Finéily there is onefg:§ﬁy of conditioning of the

cardiovascular system in which glyceryl trinitrate and

phentolamine, aoth of which act directly on the va;cular
system to decrease the blood pressure, were used (Lang,
Ross & Grower, 1967). This decrease in blood pressure
acts as an unconditioned stimulus causing an increase in
heart rate. After repeated pairings the conditioned stim-
ulus, as expected, came to elicit an increase in heart
rate. In general it appears that in studies in which
attempts were made to condition the cardiovascular system,

ture of the conditioned response is determined by whethe
. L - .
the drug acts prior to or after the integrator. . . -/

e e 4. - B ———
. r—
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Woods and Kulkosky (1976) have presented an extensive
review of experiments in which classically conditioned

.

changes in blood glucose levels were studled. While it is
the opinion of the present author that they too make the
same terminological conquLOns that others have made,
their summary of the llterature flts well into the present
analy51s. Drugs that act non-neuronally to dlrectly ef~
fect bloog~glucose levels, that is drugs that act after
the integrator, result in conditioned tesponSes th?t\
oppose‘the observed drug effect. Mahipelations.that re-~
. sult in elevated blood glucose, such as glucose, epine-
phrine, 'or glucagon injegtions, result in a conditioned
fall in blooé gluccse levels; in cohtrast; manipulations
that decrease blood glucoee levef;, for egampie physiolo-
gical doses of insulin which acts directly on cellular :
uptake mechanisms, reeult in a cdndit;oned.increase in

blood giucose levels.

~

Woods and Kulkoskyas(1976) report one exbeption,to
e

\””“tﬁiﬁﬁanalysis of their results, but also propoee a mech-
anism to explaln this anomaly that is c0n51stent with Mthe

" present analysxs. They report that there are a largé .
LY N

number of studies showihg that if high, coma-inducing,

doses of insulin are used in conditioning, the conditioned

response observed is a decrease‘in blood glucose (see

T

-

-
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Wooée & Kulkosky, 1976). It would appear, therefore, that
in this case the conditioned response tb a drug that acts
after_the integrator is similar to its observed effect.
This would of course be counter productive for the animal,
in that it would potentiate an already dangerous situation.
Woods and Kulkosky suggested in 1976, however, that when
these high, unphysiological doses of insulin were injected
some of the insulin m;ght have ieaked into the cerebrgy*\X

spinal fluid. They postulated, and it has since been con-

firmed“(Havrankova, Roth & Brownstein, 1978), that there

NS

were insulin sensitive neural cells near the ventricles.
These cells act as~sensors that provide stimuli within the
central nervous system to regulate glucose levels. Ineu—
lin leaking into the cerebrospinal fluid might increase
the uptake of glucose by these cells and would thereby
create a false st@mulus indicetive'of elevated glﬁcose
levels, whereas in reality body glucose levels were de-
creasing. The unconditioned response to this apparent
eievation ef blood glucose levels would be to release in-
sulin, and consequently the conditioned response would also
L result in decreased blood glucose. This suggested account
of these apparently contradlctory findings is in accord

with the present analysms

v . . ' , .,

J/

Siegel (g975 1976, 1977b) has suggested that condl-

tioning factors may account for the tolerance ‘to the .
Y , : o

-
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_provide evidence for.tolerance. Furthermore, he reported
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L]

analgeqic effect of morphine. He suggests that a compen-

satory hyperalgesic response is conditioned to the environ- -

ment in which morphine is administered which counteracts
the analgesic aétion of the morphine injection. Siegel
(1975, 1976f showed that the analgesic action of morphine
could be re-established if the morphine was presented in a
novel place. He reasoned that, initﬂe néw environment,
the conditioned reépqhse would not occur énd therefore
would not counteract the analgesic éffect of morphine to, '
that saline injections, administered instead of the ex-
pectéd morphine, resulted in a hyperalgesic response
(Siegel, 1975). Manibulatibns that préduce‘changes in
conditioning, i.e. extinction, pre-exposure to the
conditj.‘ning~ stimulus, partial reinforcerqent, all had

the expected effects on tolerance development (Siegel,
1975, 1977b}. Finaliy, Siegel, Hinson and Krank (1978)
showed ‘that an arbitrary stimulus,‘a noise light complex,
repeatedly paired with a morphiﬁe injeéction could élic;t
anaiges;c tolerance even when animals were testéd for
analgesia.at the end of the experiment. Despite the al-
ternative accbunt£>and the evidence to the contrary\
offered by Bardo and Hughes (1979) ané Sherman (1939),
Siegel has ‘presented considerable evidence that a’condi;

\

tioned hyperalgesic response contributes to the tolerance

of the analgesic effect of morphine. -

(I
1

e

a
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v
Because, however, morphine analgesia represents by

definition at least, a decrease in pain sensitivity it
" would appear to be an.effect of mo;phine that occurs prior
‘to the integrator of a pain regulaéory system. Siegel'é
findings of a compensa?ory conditioned hyperalgesic would
appeaf, therefore,. to be ineonsistent with the present
analysis. A drug that acts prior to the integrator should
produce a conditioned response tha£ is similar to the ob-
+ served drug effeet. The pain regulatory system is a com-
plex'one and appears to involve an endogenous pain sup-
presgifn-mephanism that is brought into action as a
'respoése to a painful event (Basbaum & Fields, 1978).
Morphine injected into the body could act at the same re- :
céptor siteg as the endogenous opicid released in resp&nse
to pain, that is, after the integrator. If at leagt part
of morphine's analgesic action mimicks a post-integrator’
response a conditioned hypéraléesié in response to mor-
phine would be predicted by the present analysis. An-
other possible explanation of Siegel's results may lie in
the fact.tha; hpder certain circumstances morphine has
been shown to cause hyperalgesia (Jacquet & Lajtha, 1973;
Kayan, Woods & Mitchell, 1971). In view of this Einding
it is .interesting to hote that in one experiment by Sieyel
{1976) animals treated with morphine had shorter latencies

on the hot plate on the last six out of eight trials, than

animals.receiving saline and tested on the ﬁft plate. .
. o ) |
(8 . . O
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That is, even under the inéluence of morphine they ap-

peared to be hyperalgesié. If such hyperalgesia repre-

sents a direct stimuluS‘acFion of morphine then the
expected conditioned response would also be hyperalgesie.
Either or both of these suggested mechanisms would ére—

dict, in a manner consistent with the present analysis,

conditioned hyperalgesia.

Several studies have been carried out in an attempt
to condition the withdrawal symptoms of '‘morphine that re-

sult when the drug is abrupti&"withdrawn following chronic

Because the constel-

lation of physiological symptoms known as the withdrawal

syndrome has been thought to play an important role in the
maintenance of drug self- administration, a number of

workers have been concerned with the conditionability of

o~

.the syndrome (Lynch et al, 1976; Grabowski & O'Brien, Note
1). If the termination of morphine‘adﬁinistrétion results

in withdrawal, the animal is said to have been dependent

Al

on morphine. Withdrawal can be elicited by terminating .

~ -

morphine administration; under these conditions it ‘fs said
to begin. w1thln 8 to 16 hours of the last injection and

to last several days (Martin, Wikler, Eades & Pescor,

1963). Withdrawal symptoms can also be precipitated by

administration of an opiate antagonist such as naloxone or

3 \F ey W Jekd
R AT A 20 20057 KT
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# -nalorphine; under these conditions the onset occurs with-

min‘minutes (Blasig, Herz, Reinhold & Zieglgansberger, 1973;

Martin, 1967).

-The. first experiment showing that withdrawal symptoms

could be cqnditiéned,was done by Irwin and Seevers (1956). T

Rhesus monkeys dependent~on various opioids received re-

peated presentation of a condltloned stimulus paired with
a nalofphlne injection that induced w1thdrawal symptoms

Long after morphine termination, presentatlon~of the con-

'
G R L D T N,
\

ditioned st}muius alone was able to elicit withdrawal-like

roer

symptoms. Similar conditioned withdrawal-like effects

Z

were reported by Goldberg and Schuster (1970) in post~

Wy

abstinent monkeys. These conditioned reeponses included
suppreséion,of bar pressing for food, vomiting, and sali-
vation, and could be elicited for several months post-

A

abstinence until extinction finally occurred. Wikler and

Pescor (1967, 1970) using 24-hour withdrawal showed that
) "wet-dog shakes", a withdrawal behavior in'rats;.could Q;
e;iciteé by the conditioned envifonmental stimuli two
months after morphine termination. Recent work using
naloxone to induce withdrawal symptoms in huhans under-
gozng a methadone malntenance program shows that sxmllar

v

conditioned withdrawal changes can 'be elicited in- humans .

(0'Brien, 1976; O'Brien, Testa, O'Brien, Brady & Wells,
) L
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1977). It thus appears that.stimuli repeatedly paired

~with the occurrence of withdrawai‘are able to elicit with-

drawal-like syhptoms Jong after the termination of mor-

phine administration. This suggests that withdrawdl

symptoms are due to an action that occurs prior to- the -
"integrator for these symptoms and is consistent with the, ©

view that withdrawal is due to an action at the opiate re-

ceptor prior to the integrator.. ) - -

Drugs that affect the thermoregulatory system have

been used in a number of conditioning studies. For sev-
eral reasons the thermoregulatory system is a good one in
- : ~

which to study the conditioned effects of drugs; body tem-

peratuxe is gésily measured, it can be’ obtained repeate@ly'

a

withdut auy surgical intervention, it shows both increases

and decreases in response to drug action, and it is possi-
o

“ble using techniques discussed earlier to determine if'a

L drug acts prlor to or after the 1ntegrator in the thermo-

regulatory system Whlle there have been a feW’studles

using other drugs most studles have used morphine 'and lt

¢ !

therefcre seems appropriate to determlnevf;rst what is
known about morphine effects on body temperature. It-will

then be possible to evaluate in some detail the studies on =
e

conditioned temperature effects of morphlne, and later to

apply the present analysis of condltloplng to “the experi-

.

ments of this thesis.

il
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Morphine énd body temperature;
The effects of morpﬁine;on body temperature are com- -
plex and depend on such variables as dése administered,
speciés studied, route of administration, degree of re-
.straint, drug history, and/ environment ébnditions [(Clark,
1979) . « The effects of moféhine and naloxone on body tem- ¢

3

perature sudgest a role for the endogenous opioid peptides

in therﬁoregulation (Stewart & Eikelboom, 1979). The ef-
ﬁécts of morphine on the thermoregulatory systém can best
‘be described under four headings;’ tpe initial or acute
effects, the chroﬁic effects, the effects of terminating
morphine administration, anq the role of endogemous opioid
peptides in thermoregulation. 'Because the effects of mor-
phing may vary somewhat from species to species the pre-
sent discussion will be limited for the most part to

.o ] C
studies using rats.

The acute effects of morphine on body temperature are
dose related; low doses produce hyperthermia while higher

doses . result in a biphasic response, hypothermia followed

by hyperthermia (Gunne, 1960; Herrmann, 1942, Lotti, 1973;

. Oka, Nozaki & Hosoya, 1972). Microinjections of morphine

directly into brain tissue cause essentially the same dose
related changes in body temperature as ‘lo-.systemic injec-

- tions,; suggesting that the temperature effects of morphine

o

L2

9L
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' thermia. ~

to determlne .whether it produces its effect by acfing

., brior to or after the integrator.

.t o ' ‘ v ;_;L'
are brought about by the direct action of morphine on the

central nervous system. - Lotti, Lomax and George (1965a,

b) showed that admlnlstratlon of 50 ug of morphlne sulfate

lnto,the anterior hypothalamus resulted in a marked hypo-

A smaller dose, 4 ugy of morphlne injected 'into
LY

the _Same s;‘? #nduced a risd in body temperature (Cox,

o

-, - Ll

Ary, Chesarek & Lomax, 1976). Systemic administration’of

N-methyl-morphine, a drug that does not cross the blood

\ . *

brain barrier, has no effect on body temperature; but its

intrahypothalamic administration re@ults in hypothermia

(Foster, Jenden & Lomax, 1967).. Similarly, centr@l admin-

t .

istration of the opiate antagonist nalorphine is able to

'to block the ﬁypothermic effect of an intravenous injec-

o
-~ . N
-

tion of morphine. A X . 2

v . o » ’ 4
*

!

In order to determine the eventuél conditioned tem-

perature response elicited by morphlne, 1t ls necessary

k‘h\’ N

If the drug depresses

the effectors of the thermbregulatory system, the animal

will no longer be able to regulate/Lts t' perature. En=-

vxronmeptal conditions wull then igflue ce body tempera-

ture; hypothermia will result in a coid eavirénment and

v
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-large doses of morphlq?*debress oxr 1ncapac1tate the ther— .

-extreme iase of a drug action after the integrator acting

on éll e

T e e

_in contrast, appears to be independent of enviroh? ntal
4 J

‘temperature (Rudy & Yaksh, 1977). As discussed earlier,

. Lomax, 1976). ‘Also the hyperthermia can occur without an
'perthermla appears to be due to a dlrect temperature oo -

~\wjragulatory-lntegrator.

¢ - \
mice and ratS'(Ccchin, Rosow & Miller, 1978; Herrmann}

3

1941 Oka, 1977; Paollno & Bernard, 1968)\suggest1ng that

¢ )

moregulatory syétem (Clark 1979)> This is therefq;e an

fectors. ) K L .
' ! “ v

The hyéefthermic effect of 'small doses of morphine,

thermoregulétory'behavior,studies sugéest‘that morphine in .
small doées acts prior to the‘inteqraﬁor (Cox, Ary,
.Chesarék & Lomax, 1976):— In tﬁe past it has been sug- :
geéted that morphine hypérthefmia may be a function_of its
acﬁivity‘increasing effects (Lo£ti, 1973), bug.the behav; ‘ :)‘

ioral studies make this unlikely (Cox, Ary, Chesarek &

L
3

- *

increase in activity (Rudy & Yaksh, 1977). Thus the hy- ”

]

effect of morphine due to an action prier to the thermo-

]

With chronic administration the initial effects of
ﬁorphine“;hangé. .Gunné (1960) reported that animals

rapidf& become tolerant to the hypothermia produced by
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large doses of morphine; after two or three insections

' morphine results in a mgrkeé hyperthermia. This finding
hqs since been‘ceplicated many times using both a ri-
pheral route of administration (Fernandes, Kluwe & éoper,
1977; Goldberg, 1972; Martin, Pryzbylik & Spector, 1977;
Martin et al, 1963; Mucha, Kalant & Lins;man, 1979; . 4
Rosenfeld & Burks, 1977), and with administration of mor-
Abhine'directly into-thelanterior hypethalamus (Lotti et
al, 1965b). .In contrast, tol®xance does not appear to
develop to the hyperthermj cts produced by morphine; .
the peak of the hyperthermic'responﬁe does, however, occur
‘earlicr in time after the injection when animals are in-
jected repeatedly (éhodera, 1966; GoIHberg,(lQ?Z; Gunne,
1960; Lal, Miksic & Dréwgauég, 1978, Martin et al, 1977;
Martin et al, 1963; Maynart & Klingman, 1962, Mucha‘ét al,
1979- Oka et al, 1972; Rosenfeld & Burks, 1977; Sherman,
1979 Thornhlll lest & Gowdey, 1978) . Thus it appears
that irrespective of the initial or acute effects of ‘a
given dose of morphine, cftef[chronic administration, the -
repoLse is hyperthermia. Fernandes et al (1977) report a
élight.tolepance to the hjpertﬁermic effect but this may
also ieflect the changing time cdurse of morphine effects X

[

mentioned above. 'In contrast to these. studles reportlng

llttle or no tolerance, Slegel (1978) has reported com-

. plete tolerance of the hyperthermic response to a 5 mg/kg
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" made to the effect that complete tolerance occurred to the

,twicé-as long as untreated animals causing their body tem-

~'hyperthermia is due to a failure of the mechanisms re-

integrator.

IR .. .- . . , s
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&

subcutaneous injection of morphine over a series of ten

. A\ . .
.. , ; . .
injections. In only'one other study is a brief statement

hyperthermia effect of morphine (Rudy & Yaksh, 1977). At

present there is no explanation for those discrepant
}

findings. T

When ﬁorphine\is administered chrbnicaily by means of
an implanted pellet that maintains high blood levels of

-

morphine for at least 100 hours (Befkowitz, Cerreta &

Spector, 1974), it has been noted that after 50 hours' ani-
\! . i
mals are no longer hyperthermic. This\finding.led Ary and .

Lomax (1979) to conclude that in this preparation toler-

ance of morphine hyperthermia does occur. These same

‘ ' y
workers, however, observed that seventy-two hours after
. ¥ K] R
pellet implantation the animals remained under a heat lamp

X

perature to rise far above .normal (Ary & Lomax, 1979).

This latter £finding suggests that the disappearance of the

°

quired to maintain the elevated temperature while at the

¢

same time morphine continues to be effective prior to the 5

.
°

When the chronic administration of large doses of

morphine to rats is terﬁinated,ehypothermia is evident

i
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/ : '
for several days (Martin et al, 1963; Roffman, Reddy &'

'Lal,‘1973). Similarly, withdrawal hypothermia can be

elicited by administration of naloxone to animals im-
planted with morphiné pellets (Ary & Lomax, 1979). The
degree of hypothermia appears to be a function beth of -

the dose of morphine chronically administered (Mucha et
. . .

"al, 1978) and the dose of naloxone used to induced with-

drawal (Ary & Lomax, 1979). Martin et al (1963) reported
that the hypothermia seen initially after morphine termin-

ation was fqllowed by a second phase, a slight hyperther-

- mia that\lasted'seyeral months.

3

Work with the endogenous opioid peptides suggests
that their initial or acute effects on body temperature
aré similar to the acute effects of_morpﬁine; low doses
result ip a hyperthermia hn? larger doses produce a hypq—'

thermia (Blasig, Bauerle & Herz, 1979; Ferri, Arrigo,

keina, Santagostino, Scoto 's Spadaro, 1978; Huidobro-Toro

& Way, 1979). This dosé-relateq pattern has been reported
‘ . ' °

using intraventricular administration of beta-endorphin in

mice (Huidobro-Toro & Way, 1979), and with rats (Blasig et
‘ \

"al, 1979; Ferri et al, 1978). Systemic administration of

FK 33-824, a syntﬁgfic~opioid peptide tht is not readily
8

* degraded, alsd results in thesesdose-related temperature

changes (Blasig et al, 1979). As does morphine,'fhe {
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spinal admihistration ofibeta—endprphin results in hyper-
thermia (Martin & Bacino, 19?9). Both the hypothermia and
the hyperthermia produced by beta-endorphin are naloxone
revergible, but larger doses of naloxone are necessary to
block the hyperthermia (Blasig et al,, 1979; Ferri et al,
19757 Huidobro-Toro & *ay, 1979; M§rtin &’?acino, 1979).
The hyperthermic action of beta-endorphin, like'morphing,
is independent of environmenéal temperature (Huidobro-Toro

& Way, 1979) suggesting it reflects an action prior to the -

thermoregulatory integrgtor. Finally, cross-tolerance be-

. tween temperature effects of morphine and the opioid pep-

tides has been found (plasig et al, 1979; Ferri et al,

1978; Huidobro-Toro & Way, 1979). It appears that the

.actions of morphine on body temperature can be mimicked 59

the opioid;peptides, suggesting that they act through com-

mon mechanisms.

S The effects of morphine énd the opioid peptides on
body temperatﬁre has led to the speculation-th?t‘endqgen—

ous opioid peptides’may play a role in thermoregulation.

. If the opioid peptides are invelved in tonic thermoregula-

tion it would be expecﬁed that blockade of the opiaté‘re-

ceptor by naloxone would. result in some temperature'changq

in opiate~naive animals. Early reports, however, indi-
cated that administration of the specific opiate antagon-

ists naloxone or naltrexone resulted in little or no

3
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_éﬁange in body temperature (Ferri et al; 1978; Goldstein

& Lowery, 1975; Lal, Miksic & Smith, 197§; Rudy & Yaksh,
1977; but see Cowan & MacFarlane, 1976)..- Thié ied many to
conclude that opioid peptides did not pl;y an important
role in ionic,thermoregulation. In qontrast'Stewart'&
Eikelboom (1979) repérted that in uqft;essed animals,

naloxone indugéd a dose-related hypothermia. 1In animals

“that had been stressed, either Ey,handling or by a noise

stressor, naloxone had little effect on body temperature. -
They suggested that previous researchers, because they
were deing acute pharmacological studies, were using ani-
mais Ehat‘were.stressed by the introduction of experimen- -

tal procedures, and that the action of the naloxone was

masked by the stress induced release of endogenous opioids.

Both Blasig, Hollt, Bauerle and Herz (1978) and Stewart...
and Eikelboom (1979) found that if naloxone was adminis-

tered prior to stressing the arimal it could prevent or

_attenuate the 'stress induced rise in temperature, leading

to the speculation that the stress induced hyperthermia.

was mediated by .an opiate mechanism. Additional evidence

was provided by B asig et al (1978) who.found that intra-

AN - .

o

istration of only the active enantiomer

4
nd not the inactive (7A'naloxone caused

hypothermia'/providing evidence that naloxone acts by com-

petitive'blockadé at a central opiate receptor. It

W
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therefore appears that the opioid peptides~ﬁay play a J
role both in tonic thermoregulation and in stress induced
temperature changes,

"

Conditioned temperature changes

Before reviewing the 'studies on the conditioning of

S

temperature changeg induced by morphine it seéms appropri- ﬂ

ate to make a prediction, on the basis of the present

analysis, about t?E naturerf the conditiened temberaﬁure
response that should be expecteﬁ in these studies. Mor-
phine after chronic administration produces a hyperthermic
L, : response dpe to its action prior to the thermoreguiatofyf |
integrator. Accord%ng to therpreeent analys%s morphine ,
thus acts as an unconditioned stimulus producing a hyper-
thermia as the unconditioned response. Therefore the pre-
dicted conditioned response would be a conditioned hyper-

thegpia similar toAt?e observed effect of morphine. The

hy Eﬁermia seen initially after large doses of morphine
tolerance and should not, therefore, be expected

. to result in conditioning. Because, however, the hypo-:

' therpia appears to be due to a depressive effect of mor-
. }
o phin ion the thermoregulatory effectors any conditioning

thatfdld occur should also result in a conditioned hyper—

1 a. Note in addltlon that the predicted condltloned

hyperthermla might act both to increase the rate of
1 .
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tolerance of any morphine-induced hypothermia and to de-

lay any tolerance of the mofphine-induced hyperthermia.

In the first conditioning study of fhe‘temperature
effect of morphine large dependence inducing doses of
mérphine were used as-therunconditiohed séimulus (Roffman
et al, 1973). A wéll-lit injection environment ané a one
minute bell were paired with. each of four daily intra-
peritoneal injectibns of morphine for all animals. ‘The
mo;phine dose was increased until. the animals were re-
ceiving 200 mg/kg/day, a_dcse that was maintained for
three days before the morphine injectioné were teéminated.
When the morphine injéctions were tgrminated animals not
exposed to the conditioned stimyli exhibited a withdrawal
hypothermia laéting approximately .three days.' Animd;s
;resented with thé conditiodgd stimuli (the enyironment,
bell ?nd saline injéction) maihtained a normal tempera-
ture. The authors suggested that the cqnditionéd stimuli
were able to preveht the occurrence of the withdrawal hy-
pptheimia."it was ﬁot clear from their study, however,
whether the conditioned response was the pfeVention of thg
'withgrawal related hypothermia or was a conditioned hyper-
thermia that summated with the withdrawal hypothermia,'re-

sulting in approximately normal temperature. If the

withdrawal-induced hypothermia was béing prevented by

o
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presenting the conditioned stimuli this conditioned re-

. sponse would only be evident for a short'period after

morphine termination. 1In contrast, a conditioned hyper-

‘thermic response should be elicitable long'aftér morphine \

termination. Obviously the way to differentiate between
| ' these two hypotheses would be to test the animals after .
the primary withdrawal symptoms had disapbéared but this

was not done.

4

bl

‘
Subsequently Drawbaugh and Lal (1974) studied the

interaction between the opiate ahtagoﬁist naloxone and

P ;

the conditioned response preventing the withdrawal hypo-

.
e

thermia. They found that in animals made depehdent in

the manner described in the previous study and then with-

. drawn from morphine 24 hours previously, naloxone induced
only a slight additional drop in temperature, relative to

similarly dependent animals injected with saline. While

)

the presentation of' the conditioned stimuli resulted in &
"y .

D return to normal of the body temperature of animals in- -~

 Jjected with saline, the animals.injected with naloxone

o ',ﬁremained'hypothermic.' This is similar to the fiﬁding of
Tye and Ivé&sen.(lQ?S) who reported:- that conditioned ‘
stimﬁii, previously p&ined with morphine.injectiqns in
dependent animals, would pre@ent éhe withd;éwal-induced

depression of operant responding but were iﬂeffective if

4

e et G T - . ~———» L
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withdrawal was induced by a naloxone injection rather
than by termimgting morphine administration. ' Because
naloxone blockeé the conditioned're5ponse Drawbaugh and J
Lal (1974) concluded that the conditioned stimuli cﬁused
an inérease in the body temperature of rats undergoiné '

withdrawal by acting at the same site as morphine.

In an attempt to determine the neural substrate of
this form'of conditioning Drawbaugh and Lal (1976) tested
a series of neurotransmitter blockers' in animals exhibit~
ing the éoﬁditioned response. They compared the effects
of various blockers in animals that were undergoing with-
drawal hYpothermia and that were either injected with
morpﬁine or presented with the conditioned stimuli. While
most blockers ﬁad the same ‘effect on bhoth groups of ani-
mals some blockers had different effects in animals .in-
5ected with morphine than ip animals presented with the
conditioned stimul%. Haloééridol blocked the temperafure
rise induced by presentation of the conditioned stimuii to

animals undergoing withdrawal\but not the temperature rise

induced by the unconditioned stimulus; the'morphine injec~

tion.' This suggested that dopamine neurons were involved ’

only iq the conditioned response. By contr;;:‘;;;?ahepti-

.dine, an anti-serotonergic agent, did the reverse, .block-

ing only - the unconditioned temperature response to morphine

-
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but not the conditioned temperature response. These re-

sults suggest that there are differences in the neural

o

mechanisms involved in the conditioned and unconditioned

' response. !

. ' ‘ Miksic, Smith, Numan and Lal (1975) egiended these
results using smaller, 20 mg/kg (route of administration

/ ‘ . unspecified), doses of morphine. They found that follow-

. |
ing conditioning the conditioned stimulus alone, a tone

presented in a distinctive enviromment, would elicit C e . ‘a \

. ) hyperthermia, mimicking the morphine effect. 1In their

' study each animal served as ifs own control and the mea-

sure of hypefthermia wasgthe change in temperature pro-

- duced by.presentation of the condifioned stimulus. Using

this design it is not possible to determine qhether'the a 1
experihenta; group animals were hypothermiq before or
hyperthermic after presentation of the cbnditioned stimu-
‘lus compared to anﬁmals in some appfépriaté control group.

It is possiblé'that the injections of morphine could have

Ry
.

produced a degree of dependence in these animé;s and con-

4 v

sequently resulted in a withdrawal‘hypothermia auring'

tests for conditioning.” Thus again in this study it is

not clear if this conditioned‘response represents a con-

ditioned hyperthermic response or a conditioned-prevention
\

I . i
.J, A

of a withdrawal hypotherhia.

< : -
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Lal et al (1976) showed'tﬁat an even smaller dose of
morphine, 10 mg/kg, céuld support conditioning and produce -
a conditioned hyperthermia. While in this c;se they pre-
sent both thé pre-treatment and post-treatment temperature
data, their descriptioﬁ of the control groﬁp treatment is
so vague that if is impossible to determine whether ani-
mals in the experimental groups were hypothermic befgre or
hyperthermic after presentation o% the conditoned stimulus.
It is interesting, however, that the pre-treatment temper-
atures of the experimental group animalks were similar to
th@sé seeniin animals undergoing withdrawal hypothermié'iﬂ ,
their'previous_studies'(Drawbaugh & Lal, 1954, 1976; ‘ v
Roffman et él;°1973). Just as in earlier studies using

larger doses.of_morphine {Drawbaugh & Lal, 1974) Lal et al

*(1976) reported that naloxone could block the conﬁitioned

hyperthermia leading them to ‘suggest that the conditioned
response was elicited by endogenous opiate-like subs‘tances.
There are two arguments that can be made against this sug-

gestion. Because both morphine and the opioid peptides

ract at the same opiate receptor it might be expected that -

neural manipulations using various blockers should effect

t &

‘the conditioned and unconditioned response equally, which

is not the case (see above, Drawbaugh & Lal, 1976). Sec-
( '

ondly, .their argument that the conditioned hyperthermia

involves ‘an endogenous opiocid rests on the fact that while

- 1
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naloxone blocked the-conditioned response it had no un-
conditioned effect on the temperature of naive animals.

Subsequent work has suggested that while naloxone has no
y e : . !
effect-on body temperature in naive animals it causes a ’

» dose—relatedhhypothermia in well habituated animals

. (Stewart & Bikelboom, 1979)...Thus the lack of conditioned
~ ' .
hyperthermia, when animals are pre-treated with naloxone, ‘.

may beé due to the summation of the naloxone action and the

” [

conditioned response élicited through an entirely differ-

i

ent mechanism.

’

In contrast to the studies of Lal and his associates \
who report a conditioned hyperthermia to stimuli paired

- with either large or small amountsﬂpf‘morphfhe; Siegel

(1978) found a conditioned hypothermia to conditioned

gtimuli paired with small doses of morphine. Siegél com=-

" pared the temperature readings of three groups of animals

all of which were injected daily and placed in a distinc-
tive -environment eVéry second day. dne group of animals

\ - . .
received ten subcutaneous injections of 5.0 mg/kg morphine

L

always in the distinctive environment, while a secopd
group of animals received equivalent morphine injectiops

-~

3in the home cage.  The third group.of animals rebeivéd

saline on all occasions. Temperature measurements taken

every ‘ten minutes in the distinctive environment indicated -

o

1
(
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. both groups had edulvalent pharmacological history only

v . ‘ o
that tolerance to the hyperthermit effects of morphine

developed in-animals recemvxng morphine in that room.

&

Anlmals from both morphlne groups were given an eleventh

morphlne 1nject10n in the dlstlnctlve environment. While .’ .

»

the group that had .been rece1v1ng morphine ln the dlstlnc-

-

_tive env1ronment showed tblerance to the hyperthermlc ef~ ‘ | 1

o 7

fects of morphine. When all animals were injected with ~,'" 8

. : Y dtps e s ' .
saline in the distinctive envirdnment, the animals that
o . , _ |
had been receiving morphine in the distinctive environment', s e N

became hypothermlc relatlve to the two other groups.

'Slegel argues that tolerance of the hyperthermlc effect of
morphine is due to the development of a conditioned hypo--
thermla elicited, by the distinctive environment. Addi- - ' f ‘\

tional evidence for thls conditioming explanatlon comes

LN

from, his report that extlnctxon trials reversed the hyper-
thermlc tolerance and-°that partlal,relhforcement delayed .- ’ 8 -

‘the acqu1sxtlon of tolerance. However, as mentloned ‘ -

'

éarller, in contrast to Siegel (1978) most stgdies flnd

&

3’

. that morphzne's hyperthermxc effects’sh}w lltéle or no

3

tolerance, ' ) ‘ R )
: ., o Co
* ‘. 1 ’ ! ’
Recently Sherman 1197§) attempted to replicate //ﬁ/
Siegel‘s (1978) flndings and failed. 1In, contrast téﬁN\

Siegel and “in 9§§eement wlth the other reports mentioned .

- <

rew oo e
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earlier he found that the morphine-induced- hyperthermia .

.
* ' . ) f

did not tolerate, but rather that there was an enhancement

.. of the hypertherﬁiarover several injections, probably‘due

-

to the shift in the time course of this effect. Sherman

- (1979) also- reported‘a condltloned hyperthermia, sxmllqr 4

' T
to that found by Lal and assoc1ates, that showed extlnc-

tion over nonreinforced trials. °At.present there is no

v - “ e

‘ good ‘explanation for Siegel's (1978)'findingé'bpt Sherman -

«

suggests that the stress induced by Siegel's, repeated tem-
v - *’ By

'

perature measurements may have interacted with the uncon-

/ . ‘& - N -
. ditioned temperature effects of morphine and resulted in

a conditioned hypothermia rather than the more usual, ¢
/ conditioned hyperthermia. . '
oo , |
1 & - "
) . -
“ . :
. .
o ’ 4
7 / u<
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" an experiment designed to 1nvestlgate several aspects of

- to differentiate between any anticipatory conditioned re-

. perature changes, to make tests for conditioniﬁg both N

L.

THE ORIGINAL EXPERIMENT

" In 1977 in an attempt to evaluate the basis ‘of some

of these divergent results, the present author carried out

the condltloned temperature responSe to morphine under a

3

single set of experlmental.condltlons. Because . previous

studies ‘had used only single doses of morphine, it was

decided to use a wide range of doses, 5, 25 and 200 mg/kg - :

of morphine within one experiment. In addition, in ofder ' P

_sponses and'éonditioned‘responses that might occur after

the injection of morphine, distinctive environmental

stimuli were reliably associated with, the period prior to
. ’ ] ) i °
the injection and other environmental stimuli were asso-

t

ciated with .the period following the injection. Secondly, -~

it seemed important, beciuse withdrawal can result in tem- .

before and after a drnglfrée period. Tgis or;ginal exper-

2
1ment was the baSlS of the present author s masters thesis

and has been publxshed in full (Elkelboom & Stewart, 1%979) ..
Because subsequent work~to be reported 1n this thesxs grew
out: of the findihé of this experrment the method and re-

sults will be presented in some detail, {' .o S ‘
’ - ‘ & A )
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Figure 4 presents. a schematic summary of: the degigqv
used both in the original ekperiment ‘and in all others
reported in this thesis. 1Ihn all experiments only one drug
injection,‘or trial; was giveﬁ each_day.’ Although the ex~
periments lasted different numbers of days, each was di-
vided into three distinct treatment phasesl First, there
was a short period of habituation to thé ﬁ;ocedures, last+
ing 3 to 6 days, when the p;nditioning stimuliuwere pre-
sented but when all animals were injected with saline.
This was followed by a cgnditioning phése during which tﬁg
conditioned stimuli were paired with thejuncohditioﬁed

stimulus induced by the drug injection. During the latter

part of the copditioning plase various tests were inter-

’ B
Y

spaced between the conditioning trials. The nature of

these tests varied with the experiment, but u?ually they

consisted of a home-cage day when the animals’ were not

presented with the conditiqned“stimuli, but remained in

their homefcages, and a conditioning test day when the

_conditioned sti@ﬁli were presented and all the animals

were injected with saline. The conditioning phasevof the

Ead

"experiment was followed byn% drug-free period during which

the. animals remained in the home cage and the conditioned
stimuli were not presehted. After the drug-free period

further tests for conditioning were made. Thus there were

' tests for ‘conditioning both during 24 h withdrawal and

ey

after a period of‘abstihence. N ‘.

2

o
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ments presented in this thesis.

’ .

L "

An overview of the de31gn of the experi—

" ANIMALS REMAIN
'IN HOME  CAGE

CONDITIONING
STIMULI

DAYS.
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Figure 5 shows the daily routine for the original
experiment. Although the precise daily routines for the
later expefiments were differept: they always included
temperature measurements taﬁen both before and after the
daily drug injection. In the original éxﬁeriment each
daily inéection occurred at 12:00 h and was prece&ed by

two hours in a distinctive, dark, quiet, pre-injection

environment and was followed by three hours in a distinc-

L]

tive, bright, noisy, injection environment.

o

\ o different conditioned temperature changes were

2

observed in this study. Onen~a conditioﬁed hypothermia
was elicited in the pre;injection-gnvironment-prior to

- the daily morphine injection dﬁring the conditioniné per-
iod, but.no longer occurred when tests were made after the
drug—freg period. [The other, a conditioned hyperthermia
that mimicked the unconditioned'hypértherﬁia, was evident

in the injection environment and manifested itself most .

s

clearly in tests made after the'drug~frée period. - ‘

—_— lFigure 6 shows qhé.mean body tempéfatureuof animais 

. at 11:00 h in either the pre-injectidn environment o; the
ﬁome cage. It was clear that animals in the mo;phine
groupsxshowed a dose-related hypothermia relative to ani-

mals in the saline group, ahd further that this effect was

o
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Figure 5. Da:.ly rout:.ne followed on cond:.t:.on:.ng
days in the original exper:.ment.
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Figure 6. Average mean body- temperature of animals"

in each of -the four groups taken at 11:00 h either in
the pre-injection environment (PRE-INJ) or in thé home
cage (HC).. Each point represents an average of four

test days. Vertical bars equal one SEM.
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stronger in the pre-injection environment than in the home

cage. Because the hypothermia was stronger in the pre-

i3

injection environment it was concluded that this hypother-

mia of animals in the morphine groups relative. to animals
1]

in the saline group was a conditioned response that oc-

curred in anticipation of the morphine injection.

One finding that poses some difficulty for the. con~

ditioning explanation of the Qre-injectibn hypothermic

effect is that after the drug-free period when animals

I
were again placed in the pre-injection environment, no -

group diffe;encés/were found. Thus it seemed that the’

. \
conditioned effect had disappeared without explicit ex-

. .
. tinction trials, which would be an unusual finding. A

n
~

careful evaluation of the procedure suggested another ex-

”»

planation. Because the morphine injections always oc-

_curred at 12:00 h, it was possibie for temporal cues to
. ' .

act as conditioned stimuli. Throughout the:whole experi;‘
ment there were never any group differences at 9:00 h but
at 11:00 h, even in the home.cagej there was a statisti-
cally significant group effect éuripg the period of mér—
phine admin{stration (Figure %) . Ehé animals receiéing
morphine were hypoéherm;é relative to those receiving
saline even on tﬂ; home-cage days. More im;ortantly;
althéugh there continued to be.ng group diffRrences at

L]

~
]
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9:00 h, during the drug-free peridd animals in the mor-

. ; phine groupé showed a hypothermia relative to saline

,["group animals at 11:00 h that grédhglly disappeared over
days ;n a dose-felatgd fashion (sée Figure 75. This s;g-
gests that temporal cues may have been acting as conﬁi-
tioned stimu}i and that extinction of the response to
" " these cues could have occurred during the dru§¥free
. .~ period. S : '
e : . , .

. In the injection environment after the drug-free '; i

o

period, animals in the morphine groups were hyperthérmic

<

.relative both to animals in the saline group and to their

-y
v

own ‘temperatures taken in the home cage (see Figure 8).

.Direct testing for this effect during the period of mor-.

o

phine administration was confounded by the group differ-
¥ ‘ ' ences at 11:00 h (see Figure 6). This cdnditioned‘hypef-

_thermia is similar to that found by Lal and his associates

and by Sherman (1979) as discussed earlier.

o
v
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EXPERIMENT I ’
3 -
. .One unexplained finding from the original study was
. that ‘the pre-injection conditioned ‘hypothermia disappeared .)/’

over the period of abstinence when no explicit extinction
. . trials were given; during this time animals were left in

their home cages. Inspection of the data suggested a

e

testable ,explanation; it appeared*that duriﬁg the drug=-

; _ free period the cenditioned hypothermic response might

o have been elicited even in the home‘zage‘by circadian or
‘ ‘temporal‘stimuli, and thus, animals weee in fact exper-

-

iencing extinction trials. As injections of morphine

Y . N

always occurred 24 h apart, at noon, daily temporal'or

ci?cadian stimuli\Were—part'of.the conditioned stimulus

.

; complex. It eeemed possible that the two different con- . .

't ‘ ditibned responses, hypotherﬁie in the pre-injectipn‘

, period ;nd hyperthermia in the'post—ihjection‘geé;oe,

R were being eiicited‘by different-clésses of stimuli.
However, in the orlglnal experiment hoth temporal and sxt—-

s
F “. ' uptional stimuli were coniounded, both were exp11c1t1y

e~

; - paired 'with the morphine injectlon on every tnial.

.

.

.In order to d;fferentlate between the effectlveness o

LIS of these two classes of stimuli,ltwo experlments were de-

2

signed.attemptlng to make one set of .stimuli irrelevant - o

- .
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while explicitly pairing the other with the injections.
In the first experiment the relevance of circadian or

i

temboral stimuli was minimized while distinctive environ-

mental stimuli were.paired'with the injection of morphine.

This was accomplished by adminigtering morphine at irreg-
.ular times on alternate aays, while regﬁlarly placing the'
animal in distinctive ére-injection and injection enQiran
‘ments whenever the drug was given. In the second experi-
ment the converse was‘attempted by administering morphine
atta fixed 'time each day in the home cage whe;e animals‘

remained thrdughéut the day.

»

Subjects - " o

V Thifty-oge male ‘Wistar rats, weighing 175-200 g on
arrival, obtained frém Canadian BreedipglFarms.and Labor-
atqries(-St. Constant, Quebec, were hpused.indiVidualIY“in' o

stainless steel cages (18 cm x 25 cm x 18 cm) for the dur-

atior of the study.  Purina Lab Chow and water were avail-

"able to the animéls at all times in the ﬂome cage. The

animal room was 1it from 7:00 h to 21:00 h and was main--
tained at a ccns;int temperature of 22:%1°c. Anima}s were
;indqmly ass;gngd to one of three broup;, 2 conditidhing

¢ ¢

‘'group (COND), nell a pseudo~conditioning group (PSEUDO),

n = 10, as® a saline group (SALINE), n = 10.

A

)
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. Design, . .-

In order to mlnimlze the relevance of temporal cues T

,./

as sxgnals for morphlne, all anlmals were\quen fluid in-

4

'Jeétlons once dally at random tlmes between 11:00 h and o

’18:00 h' gsik days a_ week. On the flrst, third and fifth L {

ys of the week 1njectlons were glven 1n the 1n3ection .

ds . K environment; the 1n3ectlons were praceded by a two-hour CE . 4

) S
v . A >

\ ’ stay in'a pre-lnjeotron env1ronment, a dark,~qu1et room,n
. ' .. _and were followéd by a three-hour stay in thé inje@%ion . ﬁ

environment, a brjght, noisy room. On the sedond, fourth . P |

i , 'r‘ and. sixth days lnjeoklons were. glven to anxmals in the ) s 3
| Ve .. home cagye. Animals.in Group COND received mofphine in- . .
Wr,‘ " o jections on the days the animals were in the distinctive : . .

- ) 2 , env1ronmepts and. Sallne injectlons on the home—cage days. 1
. . : . N

. ' Qroup PSEUDO anlmals recelved morphine lnjectlons on the. A

, - home-cage days and" saﬂlne 1n3ections on days spent in the ‘ ",“-
e . . ] A ‘ .
o~ §1stinct1ve envrronments. Anlmals in Group SA!INE re-

‘ . P -

‘- S ceived saline injectionsAthroughout Thus animals. ln o ;
, .

1 B L

I‘L p ‘ broup COND and Group P EUDO received\equal numbers of
t

|

* ‘o . morphine injectlons bu mprphine lnjectlons were palred o
"1 : T with dlstinctive environmental stlmull only’for animals

N = ’ R in Group COND. ’Temperature measurements were taken one R R

v ~

¢ L hour before, and both one. and two "hours after everylin- ) :

g (T4

’i'\ .t jection.. T : ' % ' . . ' ,
kT ‘ - . . S 3
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Prior to the beginning of the conditioning period,. Z

. all animals experienced one week of habituation to the ex- '~ o

e perimentél procedures during'whiéh they receiwr€éd only

i - - o

saline'injéctions. .Conditioﬁing lasted twelve Weeks and

i ) 1nvolved a total of 32 morphine lnjectlons for animals in

Groups COND and PSEUDO After.six weeks of condltlonlng,

3

T * ‘tests for conditioned effects wére madp by replacing mor- ) E

- e N »

»

. phlne with salxne ‘once a week. Salin -substitutions were ' v

Pl

3 . ~made for anlmals ln Group PSEUDO on home cage days, and

3

. - for anxmalsaln Group COND on days when animals ‘were moved . ;.

»

’ 'to ‘the distinctive environments. .Each.gfoup had. saline

.substituted, for’morphine-on three occasions. A ten-day

drug—free perlod followed, during whlch anlmals remained S ,-ﬁ

§ ) . . 1n thelr home cage. Though the anlni&§ were not\lnjected 3
B . durlng his perlod thelr temperatures we;e:%easureg?three

times a day. Thls was followed by a further two and a. ’ ‘

L ! s

- B

. ! half week 16 days, when the condltlonlng procedures

Py

a

. injected wm;h sallne. On the~1nterven1ng days the_ani- S o B

mals remained in th ir home cages, were injected with

!

galine and had their: temperatures measured.
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. Procedure : g b, .
. e Snsocuustthdio s il

+ - Temperature Measurement. Reetal temperature was

. .
s . I

1 . measured .by means of a small animal probe (Yellow Springs’

.

. . . \
model ,402) and a Yellow Springs Tele-Thermometer model 46,

TUC (accuracy = 3?15°c). The rats were ﬁlaqed in a small

N . rectangular trough closed at one end (7 cm x 22 cm x 8 cg),

and were held down with one hand while the probe was’ in- :}
serted a minimum of 6 cm as recommended by Lomax (1966) R

{‘ .o ‘ - for approximately 30 s until the temperature reading sta-
' ’

ua " bilized. After two or three measurements the rats o
eccepted\the procedure with little objection (no biting, . f :[ '

, B squealing or kicking and only minimal struggle against
‘ o ‘ - -

PR .. ™the momentary restraint). : I : !

N
4 1
. i

. W " Drugs and Injéction Procedure. Throughout the study

opn .

-

all drugs were 1njected IP in a volume of 1 ml/kg. Solu-‘

L A tions were made using thevthSLQléglcah saline which was

- v
Y . ‘ . N .
.

.- elso used for saline lnjectlons- Morphlne sulfate was -

N LY M

. administered at a dose’ of 20 mg/kg. : : L o f*g

. 0 . L. . -

Y :‘ - L c o, . -\1‘,. . ..
- : . Pre-iﬁjection Room, imals were transported from
. 7 _
<+ - the home—cage ‘room 1n grou s of ' three or fdur to the pre- v

¥ a * A * .o

L. . injection:room'where they were indlvidually housed in 'g .

L . o gpodeQiboxes.(l? X 28 cm x 13 cm) with wire tops and <
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wood shavings on the 'floor. The pre-injection room was
"I - dimly 1lit, quiet, and maintained at a temperature of \ .

3 ‘ 22 +1% throughout the experiment. °o o

2

y ) By Injection Room. In contrast, the injection room was
gV brightly l1it, had a continuous 75 db white noise back- o
\ ! . i

~ . ground, and was maintained at a temperature of 23+1%

A

e ot b it =y 3 St® Yo ML

. £¥ . . - L
The animals remained in their boxes in both environments,

—

. were moved in them, and were only taken out for the tem-

‘ perature.measureﬁent,and injection. Food and water were
. eot available in either the pre-injeetion'room or the in- -
jection room. The animals were always handled and treated
in the isame order, keep{ng the time between events the

3 - ’ : : o .
same for all animals. ‘}

3 - ' Results ‘ C ]

i - ~ 3 L 4

- °

Each day the first body temperature readlng 129 taken" “' %

' (one hour prlor to the dally 1njection. These temperatures
. . !‘

.o ; were analyzed to determlne whether they varied as A func-

3 Lo .

'tion either of, group treatment or of where they were taken,n : :

that is, in the home éage or in the pre-lnjectlon environ- v

o

a0 a ment, Flgure 9. shows that the animals 1n Groups COND ‘and . ' '  R

-

» PSEUDO were both hypottermlc felative to animals'ln Group e

r L 'SALINﬁ}duripg the ‘pre-injection peried."The hypotﬁbrm;e )
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¥

was'prgsent during tests when animals remained in their .,
home cages and during tgsts when animals were taken

, - .
£o the distinctive pre-injection environmen®. A Group X
Environment analysis of variance was carried out using -
ihgividual mean scores for each set of three test days;

i

bofh the main effects were significant (see Appendixf
Table 1). From Figure 9 it is-evident that animals in
Group PSEUDO and Group COND did not *differ in temperature

and that. the Group effect reflects the fact,tgaé animal;

,ﬂﬂin both these groups were hypothermic relative to animals

YA g o

AT A

in 9roup SALINE. ' Though the Group x Enviréﬁmént inter- .
action was not signifidant, it did approach significance’
indicating a trend towards a greater hyéother@ia in al}

- morphine~group animals relative to‘aniﬁals in Group
SALINE in the pre-injection environment. ' Thé hypothermia
.appegred to be a nonspecific unconditioﬁed-effect common
to animals receiving morphine. The significant Environ-
ment effect was due to the fact that, in gener;l, all
three group; of_animals had somewhat h'igher body tehpera—

tures. in the pre-iniéction environment than in the home

cage. -

3

’

Anlmals in the two morphine groups did not,ﬁhowever,
uhave slh%lar tempefatures in the injectlon eneronment on

the three tesé days when all anlmals received saline. An

-
-

N . . 6
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. T Figure 9. Average mean body temperature of animals. in s e
each of the three groups of Experiment 1 taken one hour . e
: before the daily injection in either 'the home cage- (HC) 6r
.in the pte-injection environment' (PRE-INJ).. Each point
. .reprepents the average of three test days. . _
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'l,&exe evident -after abstinence, when animals were . returned
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o

4 N \ .
analysis‘of variance of body temperature, measured one

hour after the saline 1n3ect10n, using lndlvldual anlmal'
‘means for the three days, revealed 51gn1f1cant group dif-
ferences (see Appendix, Table 2). " In the‘tnjection en-

vironment, animals in'Group PSEUDO 137.0°g) were hypo- '

. thermic relative to animals in Group SALINE'(37.6°C) and -

Group conp (37.5°%), but anlmals in Group -COND were no
longer hypothermlc relatlve to Group SALINE animals.

L4

¥

After the drug-free period, prior to the daily in—~'

jection, animals in the—two morphine groups, were no longer
hypothermic relative to animals in Group SALINE. There \
were two types'of test days after the drug-free period:
ﬁdaxs the animals remained in their home cage, and days
they were placed,dn the distinctive environment. On days.

the animals remained in their home cage, their tempera-

¢

'tures were measured three tlmes, once before and twice

after the saline 1n3ect10n. These.temperatures, averaged
over the eight home—cage days,‘are shown in Figure 10A.
Three Group x Day anaylsesrcf variance, one for each: of
the temperature measurements, revealed that at no time

after'abstinence did the groups differ in the home cage

>
Vo K

‘(see Appendix, Tables 3-5). . ; <

°

: Figure 108, however, showa that group differencea
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to the distinctive environments. For each of the three

.
.
76 .
,
-
v
. -
i ’ ) 1l

L4 e

daily temperature measurements averaged 6ver‘ﬁhe eights S

cenditioning test days, animals in Group COND were hyper-

thermic relative to animals in either Group PSEUbO or

Group SALINE. Because there were absolute. temperature

differences for all animals in the two environments,

»

Group x Day analyses of variance were done separately for,

' ’

each of the three daily temperatﬁre measurements. As °
. / - -

3

expected, in each analysis'the Group effect was signifi-

cant, but in no case was the Group x Day interaction 4 '|

¢

significant (see Appendi%v Tables 6-8). The lack of ,

1y

interactions suggests’ that the group differences were con-

sistent over the tests‘after‘abstinenqe and that -this dif-~
. . N

ference resists extinction. Thus only the animals that
had pad morphine administration éaired with environmental
stimuli, Group COND animals, showed a qégditioned hyper- = ? .
thermia aftér abstinencé,_botﬁ in the pré-ﬁhjection and »

injection environment.

. . N
) ) ’ - . . 4
o i . r:

The'data obtained from this experiment also bear on
N . : £

' the qgesti6n of whether tolerance develops to.the uncbn-

Y

ditiohed‘hyperthermié effects of morphine. 'In animals in
' 3

Group COND, morphine induced a hyperthermia of about 2.5°C

both one and two- hours after administration. To test for

_tolerance, the hyperthérmia induced by the first two

-, - . ’
' N . N -

L N
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B . .. injections of morphine was compared to that inducédlby

the last two morphihe‘injegtiois, numbers 31 and 32. At . ’

one hour after morphine administration there was no sié-
e o

; ' ‘nificant difference between the hyperthermia induced by

the first two and the last two injections; 39.9°% and .

’

39.7°C (£(10) = 1.50, p>.15). At two hours after mor- ‘
phiné administration there was a siénificaﬁt aifference
bgtweeﬁlthe hyperthermia induced by the first two and the
J. | ‘ last two'injections, 40.1°C-and 39.7%C (t(10) = 3.90,:

p<<.055. Note, however, that even two,houfs gfter tﬁe - ) i; |
. ’ iﬁst two’ morphine administrations animals in Group CONp :

were clearly hyperthermic compared to animals receiving

saline on those days'boﬁh in Group SALINE (37.5%) and in

Gxoup PSEUDO (57.0°C) (see Apéendix, Table.9). Thus, it oo : L
appears that_after.repea;ed.adﬁiﬁisﬁration morphine“inl‘ |

duces a hyperthermia c9@parable to that which'%t inducési :

¢ on' the first few occasions; the only change ﬁay be that

tHe hyperthermia does not last as long on later occasions.

~
-

Discussion

4
- ! -

&,

In this experiment moréhine injections were adminis-

- tered at irreguiar intervals, but were preceded and fol-
i ' N 0 . /

lowed by two-hour and three-hour stays in distinctive

pre-injection and injection environménts for animals in .

-

.
[}
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~ Group COND. " Animals in Group PSEUDO received eguivalent.

-amounts of morphine under similar temporal schedules but ,

. unpaired with the distinctive environmental stimuli. No

-

€,

i . v
h

évidence was obtained for a conditioned pre-injection- .
. ' hypothermia like that 'seen in the original experiment when

animals were always injected at the same 'time of day.

. Figure 9 shows that while animals in the conditiéning
} X . i /
P group. (COND) appear hypothermlc relative to animals in

N &

’ / . Group SALINE both in the home cage and in the pre-
injection environment, in both environments the hypother- ) I t
} . . mia was equivalent to that seen in animals in the pseudo- : B

conditioning group (PSEUDG). Thus the hypothermia seen

i

in this experiment appears to have been an ef¥ect of the
\ o

repeated ‘'morphine administrations rather 'thapn a condi-
[ .

tioned response. Note that in the‘prééent experimentv' ©

s animals in Group COND,were placed in a distinctive en-

vironment for two hours preceding the morphine injection,

yet no conditioned. hypothermia occurred. Thus, when. the
predictive value of the daily temporal cues paired with

the morphine injection were .reduced, distinctive environ-

mentgl stimull were unable to actﬂas conditioned stimuli
q

"and to elicit a conditioned hypothermia.

Al * v

After abstinence, when the animals were returned to

the dlstlnctive environments, a condltloned hyperthermia )
. " N
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was evident, similar to that seen.in the original experi-

ment. This hyperthermia can be called conditioned in that

v,

it was specific to anlmals in Group COND- animals 1n Group'
PSEUDO that had recelved an equivalent amount of morphine
Jin the home-cage env1ignment were neyer hyperthe;mlc after -

abstinence. One finéing of interest was that the condi-

7 '

tioned hyperthermia was evident both in the pre-injection

. ‘and in the injection environment. 'In the original experi-

° ~

L ment the hyperthermia was not evident in the pre-injection

environment after abstinence. This difference may be due

4 a
3

L‘ to the absencé of a conditioned hypothermia in the prasent'
study.

-

There are two clear findings“from €he present experi-
g © ment. First, in 'the absence of daily temporal cuesoihat
accurately predict the morphine injection, a hypothermia
did develop, but it was not elicitable by.pra-injeétion

environmental stimuli. Second, conditioned hyperthermia

was ‘seen after abstinence and was elicited by’the environ-

mental stimuli associated with morphine administration.

- v o
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N

L ‘ ) . In this experiment, in contrast to the first, an

~attempt was made to max1mlze the predlotlve value of daily

' . v

.memporal cues~and to reduce the effectlveness of environ-

mental stimull as cues for morphine. This was done by

. 3
.

- lnjectlng animals with morphine at the same tlme each day

-

and by keeplng the animals in their home cages throughout
‘the experlment

)

. : FY Method

Subjects . A oL,

’

Twenty*flve male Wistar rats, welghlng 175 200 g on

o - arrival, obtalned from the same supplier, were housed and

maintained under the same conditiogs as animalg in Experi-

T

ment 1. Animals were raégomly assigned to one of three - 3

groups, a conditioning group (COND), n = 9, a pseudo-

condltlonlng group (PSEUDO), n =8, and a saline group

A

‘ | o (SALINE),n:B""” C , \ ‘

’

.

A | Desigg; o ‘ “ : : ‘ K : é
. ‘ ‘ As this axperlment was designed to study the effec- ’ :

Lo tivnness of temporal cues as conditioned stimuli and to




animals remained in their home cages throughout. Each '

day all animals received twowinjections, one always admin-

Trne

istered at 10 30 h while the second was administered at

1
o

<

random, on the,half hour, between 8:30 h and- 20:30 h. N

e Animals in Group COND receuved morphlne every day at 10:30

. s

h and saline at the random time injection. Animals in

Group PSEUDO received saline at 10:30 h and morphine at
.  the random time. ' Group SALINE animals received salﬂhe on
both occasions. For animals in Group COND only the tem-

?

) N poralggor circadian, cues were predictive of the morphine

[y (-

. injection. Animals in Group PSEUDO while receiving an
equal number of morphine injeEtions as animals inaGroup

'COND had no exp11c1t stimuli predictive of the morphine
¥ ¢ °

- i 'injection. Rectal temperatures were measured at'9;30 h,

';1330 h, and a random time, on the haif”hour: between
. \h' . \g .

8:30 h and 20:30 h. ' L

°

' o N

, Days 1 to 4 of the experiment served as a habituation

v phase, during: which all animals received saline injections.

From Day 5-to Day 40 all animals received the appropriate

injections, except for the three test days, Days 28 34 o
and 40,.when all animals received saline in]ections. This
was followed by a further eight test days, a drug—free

" » a ’
Ly period, when temperatureé were measured at the appropriate

;timea but when all animals. received saline. ?rug doée, , ”rf_'

* \.,\'l)
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. Group COND and Group PSEUD® did not differ in temperature

h‘

' Ly o 82
)

' \ . Y

. ' S X ’ y
injection procedure, and temperature measurement were the e

; L . ) ) 1
same as in Experimént<l. ’ f
I - - ot

-
Results . o

]

¢
4

There were three days, Da}s 18, 24 and 33 gpen the .
random time témperature“measureménts were taken at 10:30 .
h, just prior to the time of the injection when'anf@als .
in Group COND'receivea their daily ﬁorphiné.' Animals in
A o
(37.9°% to 37.7°C) ‘at this time, but both were hypother- .
mic reldtive to animals in Group SALINE (38.3°%C). =& oné—
way anaiysis of variahce, using individufé aniﬁél means
for the three days, revealéd that there were significant
group differences (see Appendix; Table 10). Scheffé
tests revealed that, as in the first experimeﬁt, animals \ ™
receiving morphine wére hypothermic relative to animals
in Group SALINE (E<:.055. At/10:30 h, however, there was

. . .

no difference between animals in Group COND and Group

PSEUDO. ;

On three days, Days 22, 27 and 3], the animals' tem-

pefaturé was measured both af 8:30 h and at 9:30.h, one and

} Esin
two hours before th& 10:30 h injection time. The 8:30 h

(

and 9:30 h' group mean tempq;atureé are,.shqwn in Figure 11. *
o v .
) ’
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?igure i11. Average mean body temperature of animals ”,'

in each of the three groups of Experlment 2 ‘taken in thé
home cage two hours, 8:30 h, or one hour, 9:30 h, before
the daily 1nject10n. Each point representd'the average
of three test days. . '
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It can be' seen that while animals in Group PSEUDO are
hypothermic relative to anémais in GroUp SALINE at both -

8:30 H and 9:30 h, animals in Group COND are hypothermic,

relative té Group SALINE animals only at 9:30 h. A Group
[3 . .

X Time analysis of variance, using individual animal means

. , . , -
for the three days, revealed that only the Time effect and

.

the Group x Time interaction were ‘significaht (see Appen-

’

dix, Table 11):.. While.the Time effect reflects a general

rise in temperature seen from 8:30 h to 9:30 h, the.inter-

actién.;eflects the change in body temperature of animals

in Group COND relative to the other two groups. Thus, for

. [ oo s .
animals of Group COND that were receiving morphine at. the

[+

fixed time each day, 10:30 h, the hypothermia was evident

5,

only around the time of the injection, while for animals

- that were receiving morphine at random times, Group

PSEUﬂQ,’the'hypothermia was evident at all times tested.

[l v

A-comparison was maée of the 9:30 h and 11:30.5 tem-
éerature measurements for the three saline tests don;
during the morphine conditioning\period; Days 28; 34 and
40 and is shown in Figur; 12. Both one hour before and
one hour after the 10:30 h injection aniﬁa{s in the two
groups recéiv&ﬁ&\porphine, Group PSEUDO and Group COND,

were hypothermic \alative'tofénimals in Group SALINE. ¢

' Individual animal measurements were averaged across the

Pas
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. three déys for each time and a Group x Time analjsis of

N

. variance was carried out. Only the Group effect was sig-

nificant (see Appendix, Table 12). The lack of a signi-

ficant interaction suggests that the hypothermia was just

.

as strong one hour before and dne hour after the 10:30 h

-

injection and provides no evidence for a conditioned .
hypérthermia.

§

To test for conditioned hypqrthéEmia after a six day"

g

arug—free*period th? 9:30 h apd 11:30 ﬁ temperatures wérg,
analyzed for the 1ést°three days of“the experiment, Days
46, 47 and 48. Two one-way analyses of variance-usiﬁg
individual mean temperatures for the thfee days, showed -
_ K

that the groups did not differ at either 9:30 h or at

11:30 h (see Appendix, Tables 13 and 14). Thus, there '

' was no evidence of hypothermia after the drug—freé period.

i
¢ -

As in the first experimeﬂé theré was no eQidencé for
tolerance of the unconditioned hyperthermic effect of |
morbhine. In@eed, the temper;ture measuremenf taken one
hour after injection produced a greater.hyperthermia
after the 32nd ana 33rd injections of morphine, 39:4°C,

than after the first and second injections, 38.3% (t(8)

= 4.61, p<:.001), probably reflecting a shift forward in

- the time of the peak effect.
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\‘ ' Discussion
4 E ’ \”
W' As in the first experiment animals rekeiving daily

) morphine&injections were hypothermic relative to Group

" animals receiving morphine at a fixed time of day were.

&
RN

] . . - . .
» SALINE animals. Unlike the first experiment, however,

the#e was a difference between animals in*Group COND ané : kNﬂ
in Group PSEUDO. - Animals in group PSEUDO, a; did mofkhine*
group animals in the first experiment, received morphine “
' , (lv
‘at irregular times of the day and thus had no tempofal
cue predictive of the morphine injection. The hypothermia
seen in these animals, as in the firét experimentg was 
noﬁspetific §n that it wds evident at.all times auring

the morning. In contqut, animals in Group COND that re-
ceived mo?phinigat 10:30 h every day wefe hypothérmic only
“around the time of the injection. At 8:30 h there was no
Qeviaenbe of hypothermia in these agzhals. This finding

‘ig similar to that of the original experiment in which

~
hypothermic one hour before, but not three hours beforé,

- ’

the daily injection. Becausé,in ﬁhe present ekperiment
‘only the'daily ﬁemporal éues‘were predictive of the mor-
phine injection the hypothermia seen in animals'iﬁ'Group
COND around the time of the injecfioq can be viewed as a

temporally conditioned response. Furthermore, in the

¢ .
present experiment, in which énly -daily temporal cues
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" were predibtiv? of ‘the morphine injectign and in.which
. . .

tes%gl '

) the importance of environmental

was no evidence for conditioned

% 3 . [
cueé was minimized, there

hyperthermia in any of the
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; St EXPERIMENT 3 o

. d
! ' K
In Experiments 1 and 2 environmental stimuli and ' \
,temporal cues were separately paired with the morphiné i

v £ I

-injection. Each of these conditioned stimuli was able to o p

+ X

elicit one of the two conditioned responses observed in

the origiﬁal expe;iment. A coﬁd}tioned

hyperthermia was ,g
use of environ- W

observed when conditionimng involved the

mental stimuli‘as conditioning stimuli,

[} B

temporal cues resulted in a conditioned

while the use of

hypothermia.

. Rather than testing the relevance of these two types of -
- stimuli in separate experiments, it should be possible to ( ;
. ) ; ( | .
; . ‘. . . | A
pair both with morphine administration and then test them o "
t . { 'S 4.

R o

separateI&, For example) the effect of environmental
i' ‘ stimuli could be iso%ated from that of temporal cues by

.testing the animals inh the conditioning environment at

C, the "wrong" time of-day. The role of temporal cues could

be evaluated by testing the animals in their home cage at
the time they would usually be in the conditioning en-

vironment. This should make it possible to observe both

conditioned responses, in the same animal, before the

start: of the drug-free period. -

|

In the original experiment and in Expe{}ments 1 and 2

‘ morpq%ne was used as the unconditioned stimulus. In the

" -

present experiment two additional drugs were investigated;
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naloxone amd amphetamine. Naloxone, a pure opiate anta-

'gonist, causes a decrease in body temperature (Blasig et

al, 1978; Stewart & Eikelboom} 1979). Amphetamine, like

"morphine, causes a hyperthermia but, unlike morphine,

tolerance ‘occurs to the hyperthermic effect of amphetamine

(Harrison, Ambrus & Ambrus, 1952)."

The use of amphetamine or morphine, drugs which have

- excitatomy effects on behavior, as unconditioned stimuli

"has been shown to result in conditioned increases in ac-

\

§ JL"

tivity (Kamat, Dutta &, Pradham, 1974;. Pickens & Dougherty,

i,

1971; Tilson & Rech, 1973; Trpst,?l?73). Increases in thé

- motor activity of animals, whether conditioned or uncondi-

.tioned, could result in increased body-: temperature. This

faisgs the possibility that the cbnditioned hyperthermia
';;T\

observed in the previous experiments may have been due to
conditioned increases in activity and'may not directly in-
volve the thermoregulatory system. Note that while a drug

may have a direct effect on body temperature it is pos-

"sible that the pégditioned temperature changes may be due

to conditioned activity changes. Alternatively the condi-
tioned Ebmpefature and activity chaﬁges may be two com-
pletely separate conditioned responses. An attempt was
made to éddfess.this issue by investigating'the condition-
ing of both temperature and activity ‘changes in -the same

animal.
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’ Subjects ) . o
Thirty-two male Wistar rats, Qeighing i75-200’g'on,
arrival, were obtained from the*same supplier, and housed
under the same conditions as gnimals in'previou§ studies.
‘Animals were ranéomly assigned to one of four.gfoups of
eight, éiffering oniy in the drug administered duriné
conditioning, a morphine group (MOR), a naloxone group

v (NAL), an amphetamine group (AMP), and a saline control

group (SAL). o ' ' .

"Design

This experimeﬁt was similar to the original experi- .

B

ment in that during conditioning both environmental stim- |

uli and temporal cues were paired with each drug injection.
On conditioning days all animals were plgce@ in the dis-

. tinctive pre-injection environment for 90 minutes, from
10:15 h to 11:45 h, then méved to, and injected in, the

E A injeqtion environment where they remained a fﬁrther 90

{ . | ‘minptes, from 11:45 h to 13;15 h. Body temperatufes were
mea;ured.daily at 9:30 h in~the home cage, dat 11:00 h in

* the pre-ihjecticn.environment, and at 12:30 h in the in-

-

jection environment. On several days during conditioning,
and on all test days, the motility of-all animals ﬁd{
. | q o

\
.

N e
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/measured. Thié’was done'by usiné time-sampling téch—
niques and obs;rving the animalé from 11:30 h to 11:40 h
in the pre-injection environmen? and from 12:15 h to
12:25 h in the injectiqn environment.

‘

Days 1 to 3 served as the habituation phase of the

éxperiment; tﬁe conditioning’ procedures were followed, but '

‘animals in all groups were injected with saline. Condi-

tioning trials, when all animals received the appropriate

ions, took place daily from Day 4 to Day 32,
with the exceptions noted below. In order to test for
tolerance, each drug was administered once té-gnimals in

1
the saline grouﬁ. Saline-group animals were injected with

naloxone on Day 15, with amphetamine on D;y118, and with
morphine on Day' 21. Thus‘th;’temperatgre effect of the
drugs could be compared,lon the same day, ihﬂanimals with
and without previous dfug experience. On Day 31, an
otherwise normal conditioning, day, the temperature.of all
animals was measured in the home cage at 15:30 h, 17:00 h

-and 18:30 h to determine the duration of the drugueffect.

, Day 26 was-a conditioning test day; the usual condi-

v

tioning procedures were followed, but all animals were

.injected with saline. On this day the temperature of

~all animals was also measured in the home cage at 15:00 h,

. ~ N N
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17:00 h and 18:30 h. 'On Day 35 the temporal cues and the’
environmental stimuli were presented separately. In the
moraing animals remained in their home cages, were not
iﬂjectéd, and had thgir temperatures measured at the nor-
" mal times: 9:30 h, 11:00 h and 12:30 h. Temperatures
werqﬁméasured agaip, in the home cages, at 15:00 h and
18:30 h. At 19:15 h the animals were moved to the pre-
injection enQironment, nine hours later than normal. Tﬁe .
animals were treated as.if this was a normal conditioning
trial, but when moved to the‘injectiOn environment were
all injected with saline. The temperatures were measured
. at 20:00 h in the pre-injection environment and-at 21:30

f b
h in the injection environment.

During the drug-free period, Days 34 to 48, animals
remained in the home cages énd were not injected. On the
first eight, and last three, days\of this period the tem-
peratures of all-animals were measured at the usual times.
After the drug-free period further:testsifor conditioning

’occurrgd. Anima;s were placed in the conditioniné en-
vironment, had their temperatures méasured, and were in-
jected with saline; all at the usual time. These tests
; occurred on Days 49, 50, 56, 61, 67, 68 and 69. On Days.

? 55 and 60 animals had their temperatures measured in the

home cage, while on the remaining days the animals -stayed

in their home cage and were not handled.
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Procedure

The distinctive environments and the temperature

measuring equipment were the same as used in previous .

experiments. As in previous experiments all drugs were -

N 40 .

injected iptraperiéoneally’in a volufe of 1 ml/kg. néofﬁ—
tions were made up using the-physiological saline u;ed .
for saline injections. The druy doses administeréd weée
as follows: morphine sulfate, 20 mg/kg; d-amphetamine

sulfate, 5 mg/kg; and naloxeone hydrocholoride, 20.mg/kg.
: v

e

ot
.
s

Activity measurement. The mbtility of each animal was

scored, using a time sampliﬂg technique, in both the pre-

- a

injectiop and injection environment. Eaébﬁday the motil-
ity of the animals was'measured}the'ahimals were observed
five timeskin the pre-injection environment qu six times
in the injection environment. ‘Each oﬁsérvaﬁiod lasted
thrée seconds and the animals' behavior; as one of six
mutually exclusive’categorieé, recorded. Th ,éhaviors
were assigned a weight from 0 to 4 on the basis of the
amount of muscular activity invdélved in eaqi behavior. .
These behaJiorsrand their Weightiqg are(ﬂi§ted in Table
1. From these behavioral records two motility‘scofes{

ranging from 0 to 10, were derived for each animal.
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The behaviors and weighting used to score the motility of

;

animals.

Behavior

‘

no activity

Y
sniffing
Y

grooming

v

rearing

bobbing *

" e

TABLE 1

any form of .grooming”

Description

[

no visible movement;
sleeping ‘ s

moving of vibrissa or
flaring «©f nostrils

behavior

lifting body on hind
legs and pressing*
head against the wire
top of cage

°

head bobbing vigorously
“and much sniffing; a
stereotypical behav-
ior ‘usually seen in -
response to ampheta-
mine :

moving whole body,from'
one side of box to
another .




Results . ) T

S

The first three days of the experiment were habitua-

tion trials when all animals received saline injections.
‘Tﬂreé Group x Day analyses of variance, one for each pf
the three daily temperature measurements taken during
habituation,’wefe carried out. In no agnalysis did the

~ Group effect or the Group X Day interaction approach sig-
niffﬁance (qu\Appendix, Tables 15-17). There was,
however, alwaysjz significant Day effect that merely re-

; i flected/thg facé;that~tempera£ﬁre variations occurred

| froﬁ day to day. ﬁmese fluctuations in day to day body

K temperature have been observed before, -and have tended

-
1
-

to be the same for all groups of animals.

s
(PR PP SRR RCICRN

Three Group x Day analyses of variance, one for each,

D s g

o~~~

£ . . ;
of the three daily temperature measurements, were carried

. out on the da

© 8

from the first five conditioning days,

Days 4 to (see Appendix, Tables '18-20)% In the home

cagé at”’9:30 h and in the pre-injection environment at

11:00 h the Group effect and the Group x'Day interaction
//fwgre‘not significant. Figure 13 shows the temperatures of
// '
animals in the four groups at 12:30 h in the injection en-

-

vironment for these first five dayé of drug administration.

" A Group x Day analysis of variance revealed that while the

- -
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of the four groups taken at 12:30 h in the injection en-
vironment following drug administration. Drugs were .
administered for the first time on Pay 4. .
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Group effect Qag significant the Group x Day interaction
was not (see Appendix, Table 20). - It is evident from -

Figure 13 that relative to animals in the saline gyoup,

morphine and amphetamine group animals were clearly hyper-

>

thermic. Animals in the naloxone group, though hypother-
mic relative to animals in' the saline group od each day,

were not significamtly dlfferent from anlmals in the 1
r

saline group (Schéffe, p:> 1) The lack of’a significant

interaction suggests that the uncondltloned drug effects

N
L3

dld not change over the first few injections.
p

Animals in the'sqline group were administered each
of the three drugs oncé'during conditioning. A compari-
son couid, therefo;e, be made between the temﬁeraturg
‘effects in animals with previous drug experience, animai;
_in the different\ drug groups, ald drqg—naive aniﬁals, the
saline-group animals. ‘Student t-tests werazcarried out td
_compare the body temperatures of the two groups of animals.
On Da& 15 when éaline—groupnanimalé were injected with _—
naloxone their mean bodyntemperatﬁre was not significantly

* .
different from that of naloxonéigroup animals (t (14) =

1.90, p:>.05). There.was also no signif¥cant difference
v . [ R L]
between the hyperthermia in saline-group animals and in

-~

ampheﬁamine-group animals when on Day 18 animals in both

groups were injected with amphetamine (t(14) = 1.43, .

A !

‘ ) |

N
, N vy }!ﬁ%{»} Bndisti b
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p>.15). Finqily[ on Pay 21 no difference was found be-
‘tween ‘temperatures ofvaniﬁais‘in thé morphine groﬁp ané
animals in the safine grouyp receiving morphjine for the
first time (t(14) ; .76, p>.2). In no Eaég aid tﬁg tem>

perature effect of these drugs change significantly with -

J

. : , ‘
r repeated administration. .

On Day 31 the body éempgrature of,all ‘animals was N
measured, an extra three times, after the animals were feé
turned to their home cage. Figure 14 shq&séﬂhe mean body
temperature of animals in the four groups taken after the
drug injection;j fiést at412:30‘h in the injection environ-
‘menﬁ, and later in the home cage at 15:30 h, 17:00 h and
18:30 h. Four analyses of Gariancé, one for each temper-
vatuié asurement, revealed that the groups differed sig- ‘ ‘
nifiqan 1} on the first three témperature measurements,

_but nog on, the last one taken a£ 18:30 h (sge Appendix,
Tables 21-24). It is evident froﬁ Figure 14 that while T

.- Yo . o
morphine and amphetamine both produced a hyperthermia,

. | the amphetaéine-induced hyperthermi; wés lopé;r lasting.
' ] Naloxone, however, had some unggpected gffects on body
. temperature. While‘at’12:30 h naloxoneyéroduced-a slight = -
| hypothermia, later in the afternoon the naloxoqe«éasppo

" animals were clearly hypefrthermic relative to the saline-

group animals.

e = s B s T
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v

On Days 25, 27.and 32, otherwise normal conditibning

-

[y
o

: daysu,animals had thﬁi: motility measured both in the pre-

e e T S

injection environment and in the injection .environment.

- . Figure I5 shows the mean motility scores of animals in L

, the four*groups in‘each environment averaged over the

\ > -

", three days. A Group x Day analysis of variange gf‘thé

" motility scores taken in the pre-injectidn environment

revealed that the motility of animals in the four groups
did not differ significantly (see Appendd¥, Table 25).
A similar Group x Day analysis of variance of the motility

o

scores taken in the injection environment revealed—that

the groups differed significantly (see Appendix, Table 26).
In the injection environment, @nimals in the morphine and
.amphetamine groups were more actfve th&f animals in the -

naloxone and saline groups.

i s -

‘ L

o - ", Prior to the drug-free pericd, there were three -

N L]
- ¢

different conditioning tests. On Day 33 in the morning )

‘animals were left in the home cage and were not'injectédf

4

this constituted a test for the‘qffectiveness of temporal

n

‘cues. On the evening of that day animals were placed in
‘two ‘conditioning environments as a test for the effective-
ness of environmental stimuli in the absence of temporal

cues. On Day 26 both types of conditioning stimuli were

A

presented to animal's together. This was done by
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administering saline to the animals .instead of the usual

L, :
drugs on an otherwise normal conditioning day.

An anyalsis of variance revealed that on Day 33 ?t
9:30 h, in the home cage, the temperature of animals 'in

the four groups did not differ (see Appendix, Table 27).

:Figure 16 shows the temperatures of animals in the four ’

groups, in the home cage, at times they would ?brmally
have been in the conditioning environments. *A Group X
Time analysis of variance revéealed that only the main

effects were signifiéant (se® Appendix, Table 28). Rela-

tive to saline-group animals morphi group animals were

Q

hypothermic and naloxone group animals hyperthermic, at
both times, in the home cage. The sigpificant Time

effect reflects the fact that animals we warmer at

11:00 h than at 12:30 h.

+

-

Figure.l7 shows the temperatures of animals in the

L J

four groups when they were placed in the two conditioning

~

environments on the evening of&Day 33. A éroup x Environ-
ment ana;ysis of variance’revea ed oniy a significant
Group effect (see Appendix, Table 29). Both the morphine-
.and amph;tamine-group animals appeéred to be hyperthermi

relative to animals in the saline group. It is interesting

that naloxone, the morphine antagonist, again appearedcto
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evening of Day 33." All animals received saline injec-
tions. ‘ '
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. morning. A Group x Environment analysis of variance, re-

" vealed that both the group effect and the interaction

106.

result in a conditioned effect opposite in direction to
morphine; naloxoneﬁgqoup'animals were hypothermic relative

%

towsaline-group animals.

When both temporal cues and environmental stimuli.

were presented together it appeared that, just as in the

B e AR R S, Xt 0 e e N B

original experiment, the conditioned. effects summate .and
only a net effect was evident. Figqgure 18 shows the Day
26 temperatures of animals in the four groups, in the two °

conditioning environments, at the normal time in the

were significant (see Appéndix, Table 30). Simple main %

effects for a repeated measure design (Winef: 1971) re- - .o
vealed that, while in the pre—in&ection-environment the
group differencés were.not'sighificant (F<:l), in the
injection environment there were éignificant differences
betweén the groupg‘(F(3, 44) ='IO.50,\p<:.01). It is
evidenf’from F?Bure 18 tha£ these effects are due to the
marked hyperthermia of amphetamine-group animals, rela-:
tive té animals.in the other groups, in the injectiqn en-—
vironment. Since both morphine- and naloxone-group ani-
mals environmental stimuli induced a conditioned tempera-

ture response in .the opposite direction from the y

conditioned response induced by temporal cues, it is not
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igure 18. . Mean body .temperature of.animals in each

.8f the four groups taken in the pre-injection environment

(PRE~INJ) and in the injection environment (INJ) at the
usual times on Day 26. All animals received saline in-
jections.
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- Tables 31 and !

: : 108

surprising that whén presented together thése stimuli

appear to have so little effect on‘temperature in these

animals. ) s “

' -
°
.

Qn both the conditioning test days, Days: 26 ana 33,
the animals' temperature was measured in the homé cage at
15:30 K and 18:30 h. Figﬁie 19 shows theltemperatureé of
animgls in the four groups at these times; éveraged over
the two %est days. Two Group x Day §nalyse5‘6f vqriénég
re%Faled that only aﬁ 15:30 h did the temperatures of"
animals.in'thifgroups differ significantly (see Appendix,

. 32). A comparison between Figure i4, show-

”,

ing the uncond;tioned drug effect, - and Figure 19 revealeg

>

that at .15:30 h the temperatures of animals iﬁ)the four

groups after saline injecti€2§>were similar to, but not as,.

-

pronounced as; the unconditioned drﬁg effect.
To test whether the activity-increasing effects of

these drugs are conditionable the motilitylof ali animals
was determined on Déy 33 when thé animals received saline
in the conditioning environment at the wrong time of day.
Fighre 20 shows the mean motility of ‘animals %n the four
groups in both the pre-injection and.injeétion environ-
ments. A'broup X Environment analysis of variance re-

vealed that both the Group effEEt and the Group x Environ-

ment. interaction were significant (see Appendix, Table 33).

o
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~F£gure 19. . Mean body temperature of animals in each ,
' the four groups averaged over the.two conditioning
‘test days, Days. 26 and 33, when no drugs were adminis-
tered, taken _at 15:30 h anq,18r30 h 4id the home cage.

¢

T e

u
- ’”




-

o ux
" R . I %
e - RPN h

. .?"
4
ot
J
-
Y
: ,
| H
»
b3
5
f
i -
{ B
e
- B
3
1]
s
K
Y §
, - i,
1
‘z 1
i
:
A
’ -
/
<
3

o

’ [
'
B

¢ v

Aoy 4
» ! o ‘
A -
> 2 s
. . « - B
* o 3
- -
. M -

. I . B |

MoTtiLiTy
N

»

"PRE-INJ  INJ

O ENvIRONMENT

¢
Figure 20. Mean motility score of animals in each of
the four groups in -the pre-ihjection environment (PRE-
INJ) and in the injection .environment (INJ) on the
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four groups had similar body temperatures in the home- cage.

interaction significant (see Apflendix, Tables 34-36).

s ' SRR o1

Simple main effects for a repeated measure. design (Winer,

[

1971) revealed that in the pre-injection environment the ~
group differenges were no£ significant (Fg:l), while in
the injection environment|there were significant group
aiffegences (F(3, 31) = 6.68, §<:.Ol). It is cledr from

Figure 20 that this reflects the fact that only in the

injection environment were the amphetamine- and morphinhe-

group animals more active than animals in the saline

group. In contrasg, temp‘rature measurements taken at the
same time revealed that the groups differed in both the
pre-injection and  injection environﬁent (see Appendix, 2
Table 29 " and éigure"17). Thus in the pre-injection én—

vironment, while morphine- and amphetamine-group animals

were hyperthermic relative to the saline group animals,

they were not more active than the séline-qroup animals.

-

s

At the end of the drug-free period animals in all

Three Group x Day analyses of variance, one for each of

o

¢ , . :
the three daily temperature measurements, were carried out
for the last two days othhe drug-free period, Days 47 and
) [+ “
48. At no time was ‘the Group effect or the Group x Day
: . oo ‘

/

a

On Day 49 ahimals wgre.reintrodﬁced to the" two .condi-

/

! .
tioning environments. They were treated as on a normal/ .

¢ 1

a0 . s -
B
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»

" conditioning day, but received saline injections. Figure

¥

.,

21 shows the temperatd§es and the motility scores of

animals in the four groups in both the pre-injection and
injection environments for this day. Analyses of variance -«

°

zévealed that in both environmentf the body temperatures
of the four groups differed s;gnificantl§ z;ee Appendix,
Tables 37 and 38). Animals in the amphetamine and mor-
phine groups were hypefthermiq relative to animals in the
saline group in both g?vironments: " In contrast, analyses
of Variancé of the motility scores of the animals revéaled
that the groups only differed Signifiéantiy in the injec-
tion environment (see Appendix, Tables 39 and 40). Ani-

mals in the morphine and amphetamine groups were more

Aactive than saline-group animals in the injection environ-
) ,

ment. Note that, again in the pre-injection environment,
N [ R L]

while there were significant temperature differences be-
tween animals in the fourlgroups, there were no signifi-

.
cant differences in the activity of the animals. °

¢
«

On the second test day after the drug-free periocd,
Day 50, the temperatures of animals in the four groups no-
. : .
. longer differed in the pre-injection environment (see

Appendix, Table 41). On this day, as on the previous day,
“ EY
the motility scores of thﬁ animals in the four ogwoups did

/not differ s}gnificantly‘in the pre-injection environment * ,
o ‘ ¢

\
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(see Apbendix, Table 42). Thus the temperature of the
animels in the four groups differed in the pre-injection
environment only on the first test day after the drug-
free peried, but in this environment there were never any

sign%ﬁicant activity differences.

The group differences in the'iniection environment,
both in temperature and activity, lasted several .days

befqr%‘gradually disappearing. Figure 22 shews the tem-
perature and motlllty scores of anlmals in the four groups

over the seven extinction trlals that took place after the

©

\ drug—free perlod Analyses of variance for each day re—

vealed that there were significant group differences in

1

temperature until Day 61 (see Appendix, Tables 43-48).

The group differences in motility score were evident only

<

ﬁq;il Day 56 (see Appen@ix, Tables 49-54). Thus the group

differences in body temperature appeared to extinguish

AN

more slowly than_the gréﬁp differences in motility.

Discussion

s
—

‘The direction of the conditioned temperature re- .
spoﬂses observed in this experiment was a joint function
of the drug used as the unconditioned stimulus and of the

type of conditioned stimulus used to elicit the response.
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Morphine ana amphetamine both produced dn.unconditioﬁed'
hyperthermia ;haﬁ lasted several hours. For morphine—‘and
amphetamine~group animals a conditioned hyperthermia was
evident 4in response to enviEonmental stimuli, both prior

to and after the drug-free period. As seen in previous
experiments, morphine-group animals also become hypothermic
in the presence of conditioned temporal cués. Naloxone

-

administration resulted in a hypothermia that, while it
was not very large, was évident after every injection.
Later in the day,\several'houps after naloxone administra-
tion, animals in the naloxone group were'hyperthermic
relative to animals in the saline group. This finding has

since been replicated (Eikelboom & Stewart, Note 2). The

hyperthermia does not appéar to be a direct effect of

naloxone inasmuch as this drug has a plasma half life of

only twenty minutes (Misra, Pontani, Vadlamini & Mule,

1976; Weinstein, Pfeffer & Schor, 1974). 1In naloxone-

group animals, before the drug-free peridd, tempbral cues
elicited a‘'conditioned hyperthefmia while presentati;n of
environmental cues resulted in a conditioned hyperthermia.
After the drug-free period no conditioned responses were

evident in naloxone-group animals.
Both morphine- and amphetamine-group animals were

more active after tgpir drug injections than animals
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receiving saline. Conditioned increases in activity were

observed in these two éroups of animals but did not appear

L]

to be correlated with conditioned temperature changes.,

®

The conditioned hyperfhermia could be elicited in morphine-

and amphetamine~-group animals in the pre~injection environ-
ment where there were no conditioned activity changes.

o

During extinction the,conditioned increases in activity
.disappeared before the conditioned hyperthermia. This
éﬁggeé;s that. conditioning of temperature changes occurs |,

separately from conditioning of changes in activity.

v

? N

T N 1 AR A tiad ey
e Y O RO Y s
. N B S rees STV IR

[
[N o




o

- ey, 4 e
. 'ywm‘ﬂt‘«t’wa":w' -

e s s g
.

.injected with 2 mg/kg of d-amphetamine; and Group-5 animals,

EXPERIMENT 4

.

In Experiment 3 amphetamine administratiop resulted
in a strong conditioned hyperthermic response. This con-
ditioned'responsehwas elicitéd by environmental stimuli. )
In an. attempt to stddy the condition%ng of temperature
responses further an experiment was done using sevéral :

. - .

doses of amphetaﬁine. The animals used had pieviously
been in a naloxone dose-response study (Stewart & . ’ !
Eikelbooﬁ, 1979, Experiment 2).

¢

Method

Subjects

Twenty—niﬁe male Wistar rats, weighing 175 t; 200 g
at arrival, were bbtained‘frdm the same supplier and
housed under the same conditions as animals in .the pre-
vious experiments. Animals were randomly J;;igngd to one‘
of féur grdugs~differing in the éaily dose of d-ﬁmphetémine
adm{nistered. Group SAL énimals, n = 7, were injec;ed with
physiological salin;; Group~-l animals, n = 7, were injected
with 1 mg/ké,of d-amphetamine; Group-2 aﬁinml.; n = 7, were

n = 8, were injected with 5 mg/kg of d-amphetamine.

-
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B

Two animals from Group-5 died‘after sevefal’days of
amphetamine injections. All data collected from these
animals were excluded from the various analyses. Thus

. Gr9up-5 consisted of only 6 animals.

-

&he naloxone experiment

, Once every second day, for eight test days, animals
were moved to a room where they were housed for.thie; and
a ﬁalf hours in the boxes used in these cqnditibniné
studies, the? were injectéd with saline most days and héd
their temperatures measured four times at 45 min. inter-
vals.‘ The test room was guiet and well lit. On the first,
sixth and eighth day of this experiment animals were ran;.
aomly assigned to grodps receiving eigher 0, 1, 2.5, 10

or 25 mg/kg of naloxone. After this experiment finishégza
animals remained in their home cage foruten days prior to

starting the present experiment. Animals were then ran-

domly assigned to the groups of the preéent study.

besign ‘ _‘ '
Experiment 4 was Similar to Experiment 3 in design
. =?;BE methodology. On conditioning days at 11:15 h, after
having spent 90 min in the pre-injéction environment,
animals were moved to, and injected in, the injec%ion en-

vironment where they remained for 90 min.‘ Body temperature'

|
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was measured daily at 9:00 h in the home cage; at 10:30
h in the pre-injection environment, 45 min before the in-

jection; and at 12:00 h in the injection environment, 45

min after the injection. ' :
Aé in previous experiments there was a two day habit-
uation phase when the animals underwent the conditioning
. ' &procedurés, but were injected with saline. With the ex-
ceptions noted below, bays’B to 44 were conditioning days.
6n Days 7 and 8, after four conditioning‘days, animals
were left unhandled in their home cages. Tests for condi-
tioning, when all animals underwent the normal routine but
were injected with saline, occurred on Days 25 and 31. On
Days 19 and 45 animals remained in their home cages, were
injected wi£h saline, and had their temperatures measured
at the usual times. Day 39 was a similar home-cage test
‘ day but included an additional test in the afternoon.
‘ Animals were pl%ZZd in the conditioning.environmenté,
were injected with saliné, and had their temperatures' mea-

sured, all in the normal temporal sequence, but 6.5 hou{F

b later than usual. ‘ \\\

5 \ / On Days 45 to 49, the drug-free period, animals re-
mained in their homey;ages, were not injected, but had
their temperatures taken at the usual times. Two condi-

tioning test days followed, Days 50 and 51, when the
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normal conditioning routine was ‘followed, but all animals

were injected with saline.

Procedure

Throgghout the study all d;ug; were ;njected inéra—
peritoneally at a volume of 1 ml/kg. Solutions were made .
up in the'physiological saline used éor the saline injec-
tioné. During conditioning, animals in Group SAL, Group-1l, -
Group-2 and Group-5 receivedﬁdgily injections of 0, 1, 2
and 5 mg/kg d—amphetaﬁine sulfate, respectively. Tempera-

ture measuring procedure and the conditioning environments

were the same as those used in the earlier experiments.

Results

.
Y
*

The habituation days' data fsr all animils were an-
alyzed to see if groups differed because of their previous
experience. Three Grpup x Day analyses of vgriance, one
féf each of three daily temperature measurements, were
done using the two habituation days of the experiment (see
Appendix, Tables 55-57). At no time was the Group effect
or the Group x Day interaction significant. Thﬁs it ;:s |
concluded that the groups were equivalent at the start of

»

this experiment.
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Figure 23 shows the temperature of animals in all

\

' " groups, forty-five minutes after the daily drug injection, ’ ' C
| for the first eight conditioning trials, Days 3 to 12. A )
G%oup X bay analysis of variance for the first four days,
Days 3 to 6, revealed that both main effects and thé Groéb T ol
X Déy interaction were significant (see Appendix, Table
-Sé); It’is clear from Figufe 23 that the interaction is i
.due to the change, relative to animals in other groups,
in Group-5 animals over the four days; from 1.5°C more

Tk

hyperthermic ‘'on Day 3 to no different from other ampheta-

FRAATNTCIE IT e Traniaie

mine groups on Day 6. The tolerance of the'amphetamin%:

’

induced hyperthermia is most evident in Group-5 animals.

but can also be seen in Group-2 animals. Figure 23 shows
- that éhe two-day break resulted in a reinstatement.éf the -
amphetamine hyperthermia. A Group x Day analysis of var-
iance of Days 9 to i2 reveéfiﬁ?that soth main effects and *
the éroup x'Dgy interaction weré significant (see Appendix,
Table 59). The;e effecfs aéaip'reflecp the deqfement over
days of  the amphetamine hyperthérmia in Group-5 and Group-

2 animals. Note, however,\thét in both periods tolerance

3

was not.complete.

[4

Figure, 24 shows the temperatures of(animals in the
RS . . . .
fdur groups in the pre-injection environment forty-five

minutes beforexshe daily injectioh for the same eight

. . ) .
A * . oot g ¢
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days, Group % Day analyses)d? variance for Days-3 to 6

-t e e
S

and Days 9 to 12 revealed that in both cases the maln

.

effects and interaction were significant (see Appendix, ~ .o

e g e

‘Tables 60 and 61). It is clear from'Figure 24 that both
interéétions reflect the fact that over the two four~day
periods arimals in the amphetamine groups gradually be-

. gdme hypo£hérmic relativeifo animals in the saline group.

This hypothermia disappeared over the two-day home-cage

{
»

period.

Y - -
A & R
o

Figure 25 sQ@ws the 10:30 h temperaﬁure of animals.

in ' the four gr&’pé averaged over theotwq hore~cage test

e
v

. ) days:‘bays 19 and 45, and over the two test days in the
pre-injection environment, Days 25 and 3L. A Group x En-

vironment analysis of variance, using individual animal
i . I4 PR
mean temperatures for each set of two test days, revealed

’

- A W FITT e
.

that only.the Group effect was significant (see Appendix,
Table 62). The -lack of a significant interactien means
that the hypothermia seen in the ahphetamine-group ani-

mals at 10:30 h was just as stréng in the home cage as in

©

the pre-injection. environment. This suggests that en-

vironmental stlmull are not 1nvolved in e11c1t1ng the

N @
P B P e R e
a

%

hypothermia in amphetamlne-group anlmals.
The hyppthermia in the .amphetamine-group animals

. could be due to an indirect aftereffect of amphetamine -

-
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HC PRE-INJ
" ENVIRONMENT -
'éigure .25. Avérage mean body temper&ture‘of animals

in each of the four groups taken at 10:30 h in the home
cage' (HC) or in the pre-injection environment (PRE-INJ)
on saline test days during the period of conditioning.

.Each point represents the average of two test days.
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or it could reflect conditioning to temporal cues. If
the hypothermia were due to an aftereffect of the émphe-
. tamine injection,'then.once gone it should not reoccur

t

until aftex the ngxt amphetamine injéctibn. If, however,
temporal ;ue§ are eliciting the hypothermia,”it should
re*ccur daily around the time of the injectionrwhether or
not the animals received an injection 23 hours earlier.
‘On Day 39, animals had their temperaturés meagured in the
home cage at 10:30 h and in the pre-injection environmgnt
“at 17:00 h; aﬁﬁroximately 23 and 29 hoursgafter the last
drug injection. No injecfion oflamphetamine was given on
Day 39. On Day 40 at 10:30 h,‘approximate;y'47 hours
after the last amphetamine injection, animals again had
their temperaﬁures measured in the pre-injectian environ-
ment. Figure 26 shows the temperatures of gnimaIS‘in’ghé
foﬁr groups taken on these three,occasions.' A Group x

Time analysis of variance revealed that both main effects

and the interaction were significané'(Fee Appeﬁdix,‘fable

‘°63). ‘Simpl main effects for a repeated measure design

kWiner, 1971) revealed that while at 17:00 h'the groups
did not differ (F<:1) at 10:30 h on both days there was a
Qignificant group’ difference (F(3, 54) = 4.31, §<:.Ol:
F(3, 54)\:'4.98, p<<.01). The\hypothermié tﬁat was evi-
dent in‘amphetamine-gro:; animald at 10:30 h disappeared

by 17:00 h.only to reappear the next day at 10:30 h.
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Figure 26. Mean body temperat;fe of animals in each

of the four groups taken at 10:30 h, 17:00 h and 10:30 h,
23, 30, and 47 hours respdctively after the last ampheta—
mine 1n3ect10ns, Days 39 and 40 of the experimént.
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e

This suégésts that the hypotherﬁia was ,a conditioned °

effect elicited by temporél cues. -‘///

fhe temperaﬁures.of animals taken at 10:30°'h, 45 min

before the saline injection, in the home cage at the end

of the drug-free period and in the pre-injection environ-
ment afte; the drug-free period is shown in Figure 27.
Eéch pozgl represents the means for .two tesé days, Days
48 and 49 in the home cage and Da;s,SO and 51 ihpthe pre-

~

-injection environment. Two Group x Day analyses of vari-

ance revealed that in both the home cage and pre-injection

environment 'only the Day effect was significant (see

Appendix;‘Tableg 64 and 65). It appears that after the

~

drug-free period, as in previous experiments with'mor- - = )
"phine, the conditioned hypothermia in amphetamine-~group

animals is no longer evident either in the home cage or

«

P ]

~—"-as in Experimentn3, the. stimuli of éhe injec%ipn
environment elicited a conditioned hyperthermia in amphe—l ) ,
tamine-grogp animals. Fiéure 28'shdws the 12:00 h body

'temperatureﬁbf énimaIE-in~a1£ groups averaged oéér two { f

test days in the home cage, Days 19 and 45, and over two

test days in the injection environment, Days 25 and.31l.

Note that these tests occurred prior to the drug-free

-~
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"cage (HC).-or in the pre-injection environment (PRE-INJ)
on saline test days after the drug-free periods .
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period. A Group x Envirbnmenf analysis of variance,
“using individpal animal means for each set of two Fest
days, revealed that the Envifonmgnt effect and the Group
X Environment iﬁteractiop were significant (see Appendix,
Table 66). This reflects the fact that at 12:00 h there
were no differences=betWeen the groups in the home cage,
wher:as in the 1njectlon env1ronment amphetamlnirgroup
animals ‘were hyperthermic relatlve to .saline-group

-

animals.

On Day 39 animals had their temperatures measured
in the injection environment at 18:30 h. An analysis of
variance revealed that even at this time there were gig-

.

nificant §roup differences (see Appendix, Table 67).

Animals in the amphetamine groups were hyperthermic rela-

tive to animals in the saline group. Thus, the injection
b 1 .

.

‘environment was able to elicit a conditioned hyperthermia

even in the absence of temporal cues.’

After the drug-free period the conditioned hyper-
thermia ‘could be elicited by placing the amphetamine
group animals in the injection environment. Figure 29
shows the 12:00 h temperature oéranimals,in.the four
§:0u9s avéraged over the last two ﬁome-cagg days of ‘the

drug-free period, Days“48 and 49, and over the two

P
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Figure 29. Average mean body temperature of animals
in each of the four gjoups taken at 12:00 -h in the home
cage (HC) or in the injection environment (INJ) on
saline- test days after the drug-free period. Eacl point
represents th? average of two test days. . ‘
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conditioning test days in the injection environment,
Da&s 50 and 51. Group x ﬂay analyses of variance re-
vealed that while the groups of animal§ did‘not differ
in the home cage, . there were significant group tempera-
ture differences in the injection envi}onment (see
Appenaix, Tables 68 and 69). After the drug-free period
the amphet;mine—qroup animals still became hyperthermic,
relative to saline-group animals, when returned to the

injection environment.

. Discussion
The presentation of envirommental stimuli assoéi-
ated witl the injection of amphetamine resﬁlted in the
elicitatidn of é conditioned hyperthermic response.
Amphetamine-group animals were hyéerthermic relative to
saline-grojup animals in the injection environment both

after the drug-free period. This conditioned

response mimicked the unconditioned hyperthermic effects
of amphetamine. There Qas no evidence in this study

that the c0nditionéd hypertﬁermic response could be eli-
cited in the pre-injection environment, either prior to

or after the drug-free period. 1In Experiment 3 ampheta-

. mine-group animals showed a conditioned hyperthermia ‘ N
A .

even in the pre-injection environment. Thi® difference

N
\
'
. LY
b .

i ®
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may be due to the conditioned hypothermia, evident only
in the present experiment, which, thoudh under the con-
trol of temporal cues, normally occurred when the animals

were in the pre-injection .environment.

In this experiment amphetamine administration re-
sulted in a second conditioned response, a conditioned
hypéthermia; under the control of temporal cues. As the
hypothermia always occurred approximately 23 hours after
the amphetamine injectiqn it was necessary to demonstrate
that this hypothermia was not due to a delayed ampheta-
@ine gftereffect. On days when amphetamine was not ad-
ministéred, the animals in the amphetamine groups were

»

hypothermic around the time of the injection but not
later in the day. The next day, however) around the tigé

of the daily injection, approximately 47 hours after the 4
amphetamine injectiop, the amphetamine-group animals were

again hypothermic relative to saline-group animals. This
suégests that the hyggthermia is being elicited by tem-

poral cues. Furthef, if this hypothermia was an ampheta-

mine aftereffect, it should also h&yé been evident in the

third experiment in which a similar dose of amphetamine

was administered to amphétamine—grgup animalé. While | ,

. > ]
there may be several reasons for the nonoccurrence of a
i -~

.

con itioned response, a drug afterefféct‘peing a
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consequence of the drug itself.should always<¢occur. Thus-

"it appears that the hypothermia seen in the amphetamine-

group animals in the present experiment is a conditioned

"

response under the control of femporal_éues.

0

. ' ’ ¢
'The(mégnitude of the hypérthermia caused by ambh ta- . .
© . " a N -
. mine admini§tr§tion was~dose4re1ated. However, .unlike ip
Experiment 3, thg magnitude‘of the hybérphermia showéd o
some decrement over trials, at least at the highér doses.
This tole;ance of thg amphetamine hyperthermia appeared‘
to be due . to the rapid development of the conditioned ‘
\ hypothermia. Over the first four days in thé_pre—
injection environment, just prior to the igjection, the
amphetamine-group animals became hypotherhic,relative to
. '
galine—group animals. This ¢onditioned hypothermia de-
vel&ped over the same period that the hyperthermic effect .
of amphetamine decreased. When the conéiﬁiqned hypother- ‘
mia was extinguished by not injecting the animals for two
days, the magnitude of the amphetamine hyperthefmi& aiso
returned to its initial level. In ﬁxperiﬂent 3 where
there was n§ evidence of the amphetamine hyperthermia
decreasing over days there waé ai;o i;%tle ev;dence for a
conditioned hypothermia. This strongly suggests that tol-
" erance of the amphetaminé hyperthermia %s due to the de-
velopmsnt‘of a conditioned,hypothermic re;ponse. -

-
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P . " The major discrepancy betffeen Experiment 3 and the

w preser®t experiment was that the conditioned hypothermia

0

was evident, in amphetamine—group animals) only in the
Qfesent experlment. The major procedural dlffgrence in

8
'\myz;’ﬁ_ thesé ' two experlments was that in the present experlment

animals werE“not naive at the start of the experlment

b N I
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In fact the anlmals all had | exten51ve pre—exposure to

the procedures and environmental stimuli used in this

P
*
o

experiment.\ It may. be that this pre-exposure decreased

! ; : . .
fhe salience of the environmental stimuli, permitﬁing
conditioning to temporal cues. It iS‘inoefeeting tﬂgt- Co ’
L . o in Eiperimené 3 the conditioned hyperthermia observed in
. the amphetamineﬁgroup animals was strohger that that‘“ '
_; /- l< observed 'in the same,doee group in the present experi- ‘ o T

ment, both before and after the drug—free period. This )

L

-suggests that when environmental’ stlmull agﬁhnot degraded

° N ' *

they may result in a stronger conditoned response. These R

‘differences oepﬁeen Expefimeno 3 and Experimentl4 may» °
,:4; : ': l‘..aiso explain why, though lp most studies tolerance occurs .
&f'- g to’amphetamine hypgerthermia (Brodie, Cho, Stefano’& Gessa,
\\\. ‘ A\ ‘ ;969;AGessa, élay &_Broaie, 1969;\He}fison é£ a;: 1952; ,°
A\L ' Q\' ﬁewander, 1971;°Lewander, Moliis & Brus, 1975), 'thére are’

, R . i o 8

‘seVerxl reports that “there is no tolerance e 1dent to the
hyperthezmlc effects of amphetamlne (Qbal 1966; Thornhlll,

,Hl{st & Gowdey, 1977; Ulus & Klran, 1975; Ziem, Coper,

. , . .Broermann & Stfauss, 1970).
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GENERAL DISCUSSION . e

A consistent, but complex, picture emerges from

thesg four experiments. Each of the drugs’tested,.mor—
'phine, naloxone, and amphetamine, supported two different - .

and opposing éonditioned'resﬁonses. These two conditioned

.

4

responses 'were elicited by different types of stim 1i;(6né
response was ‘controlled by'envifonmental stimuli,/Z;e
second by te@péral cues. The conditioned response eli-.
cited by the environméntal stimuli ‘had the same.effec; on
‘'body temperature as did the drug that initially elicited
it. The conditioned response that occurred in the prés—_
énce of the temporal cues ‘had an effect on body tempera-
ture opposite to that directly pfoduced by the.drug
administration.’ Conditioning e#pefiments involvingyamphe;.
tamine and morphine, both of‘which had a hyperthermic
effect on animals;\rgsqlted.in a'condit}oned hyperthermla
.when animals were‘presented with . the ehvironmental stimu-'.
li, and in a éonditioned hypothermia iﬁ the presence of
temporaf cues. N;loxone, which causes hypothermi;}\re-‘
~sulted in a oonditioned hypothermia elicited by envi£0n~3
mentalistimuli and in a conditioned hyperthefmia elicite

’

by temporal cues.

A

The results of the eXperiments using morphine are

consistent with most previous 'work in this area but’

'S

- . . ¥
o
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suggest the situation is not as si e as previous re-

sults would imply. As discussed darlier, most condition- ] Ef

e R T
;

ing studies using morphine have reported a conditioned -
'} hypertﬁefmic response. tIn all of these studies either
environmental or other disgrege exfernal stimuli were

.used as conditioning stimuli. (The results of these pre-

; vious studies and of the present experiments are consis-

; : tent with the finding that morphine acts prior to tﬂe ’ fk
s \ - thermoregulatory integrator to produce its hyperthermic :
effects; the conditioned response is similar to the ob-

served drug effect as would be expected with a drug that

; . acts prior to the integratof

. 1
' [

ged ahin g i e

Only one other investigator has reported a condi-
) tioned hypothermia following,repeated morphine adminis-
.tration (Siegel, 1978). Although at first sight the

-conditioned hypothérmia seen -in the present'experiments

PR —

appear similar to that regpfted by Siegel (1978i, there -~
. are. several reasons for suggesting that it may be differ-

ent: iﬁ the ‘present experiments the conditioned hypo-

thermia seen in the morphine-groﬁp animals was not

elicited by environmental stimuli but was‘undeﬁ the con-

trol of daily temporal cues{lsieggl (1978) was able to

+ elicit a conditioned hypothermialﬁsing environmental

J'stimuli and a 48-hour interfinjection interval. 1In, the
. N “ - , .

-
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present experiments the conditioned hypothermia was never
evident after a drug—freedperiod; Siegel (1978) found
that uniess explicit extinction'triels were given, the
- conditioned response sdrviveq‘a~drug-free rest period.
’More importantly, Siegel (1978) related the conditiOped
hypothermia obseeved;in his experiments.to tolerance of
the hyperthermic;gffects of morphine. In the present
. experlments morphine. continued to produce a marked hyper-
; ther;ia even after repeated administxatlons. At present

»
there ' lS no good explagation for these differences.

The conditioned ﬁypotheimia observed in the mofphine-
.~ | ' group animals in the present experiments appears to be a.
| conditioned withdrawal effect. There have been several
studies sﬂowing that tpe physiological changes observed !
duripg withdrawal could be conditioned {see introduction).
»In rats hypothermia is one of the most reliable symptoms
,/ : of opiatecw1thdrawal (Ary & Lomax, 1979- Mucha et al,
| 1979). The interval between morphine injections in the
éreseﬁt experiments was alwdys twenty-four hours or more,
¢ ’ " ‘an interval sufficient to produce the Qithdrawel symgtoosj
i - (Mertin et al, 1963). ,Indeed Wikler and Pescor (1967,
3 :‘ - 1970) used a 24-hour inter-injection interval to condi-

tion the "wet-dog shakes" that occur during morphine

withdrawal. In the original study it was found that the

° .

[
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'gonditiqnéd hypbthermia was stronger in animals that weme
.injected daily with 200 mg/kg of morphiné, than in anl-
mals receiving smaller doses of morphine, suggesting the
conditioned hypothermia was a ?uxbtion of the degree of
.dependence induced. It hes Yecently been demonsﬁrate?,
however, that withdrawal symptoms can be elicited,without
the administration of such large.doses of mof%hiné

(Kosersky, Kowolenko & Howes, 1980). As in other condi-

tioned withdrawal studies, the conditioned temperatﬁre

v

* responses in these'experiments mimicked the withdrawal

uhypothérmia. This suggests that withdrawal symptoms,
like morphine effects, refléct changes occurring p;ior
to the integrator.

Naloxone is a pure opiate anéagonist and blocks the
receptor t¢ which morphine binds. With the'discovery of
fhe éndogenous opioi? peptides, a search for direct

‘ . »
effects of naloxone itself was begun. Naloxone should

block actions of these endogenous opioid peptides as well
' ) . \

" as actions'of exogenous opiates. Simplistically it might

twerefore be expected that naloxone would result in

) 3. e s
changes opposise to those produced by morphine. While
this is not always the case, it does seem to be true for

theymoregulation; small doses of morphine produce a hyper-

. thermid, and naloxone results in-a hypothermia (Stewart &

©

. M ", N {

o

R
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¢
Eikelbooém, 1979). Chron@p administrétionpof naloxone or
' 'naltrexéne'(a loﬁger las%ing opiate antagonist) régults.‘
in a supersensitivity of the~opiate receptors (Amir &
Amit, 1979; Lahti & Collins, :'1978; Schulz, Wuste%’& Herz,'
4 . 1979; Tang & Collins, 1§78). This supersensitivity e
could result in rebound effects when the naloxone admin-
istration is terminated; a'pheﬁomenon that would be con-
céptually similar to, but probgbly §pposite in direction
to,,tﬂe‘withdrawal effects seen on morphine termination. - .
Thus it may not be surprising that naloxone admin;
istration results in cbnditioned responses that are the
mirror imégé of those obtained with morphine. In Experi-~
ment 3, the presentation to haloxong-group animals of the
a2 environmental stimuli used as the éonditioning stimuli
resulted in a con@itioned hypotnermia while in the same
Pv circumstances morphine-group ai'ximals showed a conditioned t
’ o . hyperthermia. uIn response. to teﬁporal cues naloxone-
group animals becane hyperﬁhermic, and morphine-group
animals became hypothermic. The fact that the. condi-
C . ﬁioned responses observéd in naloxone-group animals were
' L. weak would be expgctéd on the basis that the uncondi-
tioned hypbthermic effecté of nal&xbng were not veryﬂprb-

-

nounced.

.
paracogmle e = et e sl e emoeyp (e veettea—— . e
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Only one conditioning stﬁéy has re?orted qonditigned
temperaturé changes using amphetamine as, the uncoﬁdi-
. tioned §timulp§. Obal (1966) paired a discrete viﬁual )
and auditofy sgimulus with hyperthermia¥%naucing injed-
tions of amphgtaminé{ After several pairings,‘p;esenta-
tion of the conditioned stimulus alone resulted in a
conaitioned hyperthermic responsé. The amphetamine re-

1 , v
sults of Experiment 3 and Experiment 4 are consistent

-

. with Obal's findings; the amphetamine-group animals
; . : showed a conditioned hyperthermia in the presence of

conditioned environmental stimuli. These results imply

_ that amphetamine produces its hyperthermic effect by an

'actibnbprior to the thermoregulétory'integrator.a

. AN

While it might._not be éurprising that a hyperthermia-

e

inducing drug such as amphetamine should have resulted in

a conditioned hypertherﬁia, the deveiopmeﬁt, in Experiment

aie

- 3 o

4, of a'coﬁditione&'hypotherﬁia was unexpected. ~HoweVe;,b
amphetamine, like morphine, appears to have multiple
effects on body temperature. ‘Some investigators report, o

as found here, thzf amphetamine. administration results in

hyperthermia (Brodie et al, 1969; ééssa et al, 1969;
Harrison'et al, 1952; Lewénder, 1971; Leyander.et al, 1975;
Thornhill e% al, 1977; Ulus & Kiran, 1975; ziem et al, !
1976), but others have'repo:ted an amphetamine-induced

hypothermia (Cox & Lee, 1979; Jellinek, 1971; Rurk, 1972;
. 4
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‘Kurk & Brittain[ 1972; Yehuda & Frommer, 1978; Yehuda &

Wurtman, 1972a, b, 1974). ;t appears that the dose of

R

A
ra R T e L
e T SRR B

e

amphetamlne administered is important in determining the

direction of the response; low doses are more likely to

' ' result in a hypothermia, but other factors haVe also,

; been %mplicated (Eewender, 1977; Yehuda & Ffbmme;, 1978;
Yehuda & Wurtman, 1972a), Although amphetamine affects.

/ggeveral neurotransmitters, its hypothermic effects ap-
pear to be due to an action on the dopamine system. A
major effect of amphetamine is to effectively Increase

the potency of the dopamine system (Lewander, 1977). " In

r;¥s, dopamine has been implicated in  heat loss mechan~

{

!

§

i

{

3
é isms. Central administration’ of dopamine or administra-'

/ ' -
; tion of apomorphine, a dopamine receptor agonist, pro=
¥ .
' duces a hypothermia (Ary, Lomax & Cox, 1977a; Cox & Lee,
YP
! : .
; 1977L 1979; Cox, Kérwin & Lee, 1978). Pimozide, a
B *
. dopamine receptor antagonist, blocks these dopamine and
. apomorphine effects on temperature (Ary, Lomax & Cox,

1977a; Cox & Lee, 1977; Cox et al, 1978) and it also

blocks amphetamine-induced hypothermia (Cox & Lee, 1977).

»

This suggests that the amphetamine hypothermia is due to

the activation-of the dopamine system. It has been

noted that the actual manifestation of the unconditioned
response durlng condltlonlng is not necessary for devel-
opment of’ the condltioned response (Crlsler, 1930, Finch,

~~~~~

13 m;‘-ﬁﬂ"ﬂ 1“‘5"5’3
3
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, 1938a; Light & Céntt, 1936). . This sﬁggests that though,
in Experiment 4, only a hyperthermia was evident' after
ﬁhg amPhetamine injection, fhe condifioned hypothefmia L
may hayé resulted f}om the eéfects of Emphetamine on the

L4

dopamine neurons,- : .
P R ’ \

\

The finding that identical conditioned responses
were observed to the two types of conditioned stimuli }n
; ' ‘ ampﬁefamine— and morphiﬁe—group animals suggests that both
drugs may be acting through common mechaﬁisms. It has
become increasingly evident ;hat the endogenous opjoid
: - pepti@e syStéms, the substrate on‘which morphine acts,
. interact aﬁ many leQels with the cateéhol%ﬁine systems,

”

the systems affected by amphetamine (Deyo, Swift & Miller, N

e S g s -

1979; Moleman & Bruinvels, 1979; Pickel, Joh, Reis, ' s

Leeman & Miller, 1979; Schwartz, 1979). It has 'been sug-

gested that chronic morphine administration results in a

e v

dopanmine supersensitivity'(Ary & Lomaﬁ,'1979; Schwartz,
1979; "Smee & Overstreet, 1976). Specifically it appears

that the hypothermia evident during morphine withdrawal

m e e e w1

involves a dopaminergic mechanism (Ary, Cox & Lomax, ) .
1977). Pimozide, the specific dopamine antagonist, which
[ ' . )

itgself has no direct effects on temperature, is able to

LS t | " .
block withdrawal hypothermia (Ary, Lomax & Cox, '1977b;

C C&x, Ary & Lomax, 1976). Pimozide; also reverses the

N

Q. '
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effééts, in morphine dependent animals, of naloxone on
thermorééulatdry behavior (Cox, Ary & Lomax, 1976) sug;5
éésting that this dopamine receptof involved in the with-
drawal hypoihermia occurs prior to the integrator. Apo-
morphine and dopamine great}§ pdféntiate the hypothermia
seen during withdrawal from morphine (Ary et al, 1977b).
The %eyerse is also true; aftér chronic mdrphine adminigl
trat}on the hypotherfiic effects of -lateral ventricular f‘
“injections of dopamine are potentiated (Afy & Lomax,
1979). Because Ehe conditioned hypothermia seen in mor+t
phine group animals is assumed to be a conditioned with-
A

drawal response, it most likely involves dopaminergic \

neurons. Similarly, as discussed earlier, the conditioned

hypothermia, seen in amphefaminé group animals, is also

assumed to involve dopaminergic’neurons. This suggests -
that both drugs may be having at least some of their ef-
fects on the same input pathway to a thermoregulatory
iggegrator, and might be eipedted to resu;ﬁ»in ;imilar

.

« conditioned responses.

There have also been studies demonsfrating con&i—
tioned inéréases in dopamine turnover using drugs as
ﬁnconaitioned stimuli; Perez-Cruet (1976) reported that
after repeated pairingéaof morphine or methadqne with a

*

conditioned stimulus, a 30 second buzzer, the presentation

)
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of the conditioned stimulus alone resulted in increases
in dopamine turnover. (ﬁorphfﬁe and methadoné adminis-
trétion produced uﬁconditioned increases in dopamine turn-
‘over.) Subsequent work has shown tﬁqt this conditioped ..
”increase in turnover was specific to dopamine; under sim-
ilar circumsﬁances there were no changes in serotonin
turnover (Perez-Cruet, 1978). What makes these results
particularly iﬁteresting igAthat conditioned increases in
dopamine turnbYér have been oﬁserved in studies using'
‘amphetamine (Schiff, Bridger & Sharpless, 1978). It
therefore appears that both amphetamkne énd morphine re-

sult in similar conditioned changes in dopamine turnover,

and this_may provide a common mechanism for the condi-

o

tioned temperature responses seen in the present studies

using these two drugs.

In light of the results of the present experiments
the analysis of the conditioningﬂof &rug effects’prévided
in the introduction. seems dersimplistic. :Iﬁ the intro-
duction the';nélysis re&olved around a three-element
feedback looé,,consisting of éensor,'integrator and gffgcj
tor. “it was suggeéted that where in the system a drug had
its effect, whethef prior to or gf;er the integrétor, was’

critical in determininé the nature of the. uncorditioned

stinulus and- unconditioned response. If the drug were to

N
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ments, drugs affecting body temperature resulted in two

148

actlprior to the integraéor, it would change an iﬁﬁﬁf”fﬁ‘f‘*‘-
the integrator, and -would be considered to be an'uncondi—
tioned stimulus. The observed drug effect would result
from)}he activation of an effect&r by the integratof, and
would therefore be calied';hé unconditioned fesponse.
Drugs that acted after the integrator would produce their
observeé effect without di;éctly aétivating'the integra-
tor and would not,”therefore, be labeled stimuliﬁ in
this case, however, because such a.system involves feed-
back, the observed druq effect would act as an uncondi-
tioned stimulus and thus result in an unconditioned re-
sponse, mediated via the“integrator,'that would oppose

the observed drug effect. In either case, after condi—}

tioning, the conditioned response should be similar to

the unconditioned-response. Thus the conditioned response iy

could be either similar to, or opposite~to; the observed

_drug ‘effect depending on whether the’ drug acted prior to

or after the integ}ator. Note that for this an;lysis to

have any predictive-vaiue,'there must be some. independent -,
meéhod for determining whether the drug acts prior to or -
after the integrator in any particular system. This

an§lysis of the conditioning of drug effects implies that

for any obsérved diué effect 6ply a single condiﬁioned.
response should be evident, a suggestion consistent with

i

most previous work in this area. In the present exégri-

»
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different and opposing conditioned temperature responses.
This suggests that a reappraisal of the.preseﬁt analysis

of conditioned drug effects is$ necessary.

s e e

The analysis of the conditioning of drug effects .

revolved around three areas or concepts;'the nature of

s wk baTMe L2 e g § B«

the drug actions, the feedback systems involved, and the

nature. of conditioﬂing. In the int;oduction the simplest
model was analyzed; a drfg wiﬁh one effect, a three-
element feedback system, and an idealized view of condi-

tioning. It became apbarent from the experiments, however -

that drugs can have multiple effects on temperature and
that feedback systems can be more complex than the simple - 3
models presented in the introduction would’ suggest. In

addition, the fact that the two responses conditioned in’

o

these experiments were elicited by different conditioned ° 3

stimuli suggests that there can be selectivity of assa-

« ciation between stimuli and responses. . . "4

Traditionally conditioning studies have measured only
a single cohdigioned response, with the assumption that
the choice of response is fairly arbitrary. It has ldng
been known, however, that when using drugs that have mul-

tiple effects, conditioning and extinction of the various

"conditionéd responses may occur at different raées, a .
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phenomenon Gantt (1953, 1966) labeled schizokinesis. One
major point made by the present analysis is that the con-
ditioning stimulus is paired w1th the unconditioned stlmu-

lus produced either directly or indirectly by the drug.

Such a view makes it possinle to handle the fact that a

- drug injection can result in several different uncondi-

tioned stimuli and unconditioned responses. Any drug
L 9, , . .
actien 'that changes an”lnput to an integrator either 4i-

rectly, or indirectly through feedback, can be viewed as

.an unconditioned stimulus and can, therefore, support

conditioniné. If a drug changes the input to several-
integrators, it might result in several independent con-~
ditioned responses. Drugs that act prior to some inte-
grators and after others would result in some,condltloned
responses that mimic and others that oppose the observed
dfug effect. Because these various conditioned responses
are v1ewed as resulrlng from separate condltloning pro--
cesses, there is no need to assume that the condltlonlng
and the extinction of these varlous’conditloned responses

[

should occur at a uniform rate.,

'™

n

5 M

’

-

_While most studies of the conditioning of drug v

effects have measured a single condltioned response, some

o

have measured several dlfferent conditioned responses in

\a

the same animal. Morphine is a drug that has multdiple’
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unconditioned effects. Rush et al (1970) showed, that
these'morphine effects could be conditioned concurrently;
conditioning with morphine as an unconditioned stimulus

resulte@ in conditioned salivation, Eoﬁditiqned increases
in gast;ic.secretions.”_Korol et al (1966) stuéied the ®
‘ dqulopment of two gonditioned responses usind‘étropiqe,

) J‘ a drug thatihas the effect.of blocking salivation and of
| A?pahs{ng a dilatation of thefpupils. Over conditigping :
lqtrials the animals developed both a conditioned sélivaj
tion and a gohditioned dilatation of the pupils; " These

two conditioned responses- showed comparable onsets, peak

-

effeqts, and extinction rates. Ditran, a drug'similar to
atropine, supported the same twd conditioned responses
iLang et al, 1966). Thus atropine and ditran ;ésulted in

., ~one conditioned response that mimickéd and another that

" opposed .the dfugeéffects._ Such results are consistent

with the knowledge that ﬁhésé drugs act diréctly on fhe

) o . ,

.*  salivary gland (that is, after the integrator) to block
salivation; they suggest, in addition, thaﬁ'thé effect of

< . " these drugs

. .
integrator.

Kl

Clearly both the ﬁrggent a:;bysis‘and the

- results of such'studies make it'hébegsg to reject the

£ ! ‘ o . .
view that a drug i¥njection is a single unitary event or

stimulus. 2 ').u ;.

@ -
'
J‘.‘*-a‘cz':"\mbﬂi e N v L L . o

@

on thé pupil is due to an action prior to the .
.o . . K] . 3 -
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The feedback syétems of the body are clearly more

cofiplex than the simple three-element syéteﬁ outlined in
A . .

the introdpdtion would suégest. éuch‘systems often in-

t1 le‘feedback‘loops} éach,with several inputs)

and effectors, some of which can interact in unexpected

ways. Satinoff (1978) has recently reviewed .the evidence

t

for thermoregulatory control and has contrasted several

' , models of teﬂperatﬁke'regﬁlation.' It has long been known

y ' that there-/are multiple thermal sensors in the skin,

spine and brain and many'different effe%}ors involved in

Lareian T O

\ the control of temperature. Until recently, however, it

; o . was assumed that all ‘the 'sensors fed into i single complex

[

¢ . g
thermal integrator which in turn activated the necessary

i

o -effectors. Satinoff'(l978) points out that this view is

T

no longer consistent with the experimental evidence. She

- N ‘ &
.

y o _suggests that there are multiple integrators, each with a

few inputs and outputs, organized in a hierarqhicai

fashion. o ‘ '

I3

k]

]

- . A feedback system involving multiple integrators may

.. I

¢ , < have integrators that are linked either in series, where

the output of one integrator acts as an ihput to a second, -

g or in p&fellel, where the two intég;atofs are;independent

of each other. In the latter case, however, botp'may be

’

2 ', .under the control offa higﬁei level integréto;. if - "

. . . .
. P .
. .
- ' ‘ 9‘ °
. P " . . . .
s ., e . ‘ .




“drug were to act prior to an integrator in a system in-
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integrétors were to be linked in series it is possible
that a drug might act at a point in the system between
two integrators, that is, after the first but prior to

the second. If such a drug action resulted in.a tempera-

ture change, to use thermoregqulation as an example, the

: . 3
observed effect would be said to act as an unconditioned

stimulus for the first integrator producing an uncondi-
tioned response opposing the observed drug effect. Be-
Yean

cause the drug acts prior to the seéohd integrator,(ﬁ

v

however, it\could in theory also act as an unconditioned
stimulus to produce the observed temperature change. which
would be by definition an unconditioned response.  Thus

in this case it might be said that there are two uncondi-

o

tioned stimuli, Bqth thé drug and its obsefyed effect,

o

as well as two unéonditioned responses, the observed drug
effect, and the activation of effectors to counteract the

‘obsderved drug effect, Thus .in this situation where there

is a single drug action, conditioning might reésult in twp
different conditioned responses. . , *

t

Two conditioned .responses might also result if a

B <

K]

volving integrators adting in paraliel. Because the drug
acts prior to one integrator it serves as an unconditioned

stimulus and the observed drug effect,:produced hy the

0

/
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integrator, would be- the unddnditioned response. This ;

observed drug effect might in turn act as é stimuluslfOr 3

the second ;ntegratorcresulting in a second unconditioned u I
” response that opposed the obgerved drug effect. Because

there would be two unconditioned stimuli'and two uncondi- f

tioned responses in these hypothetical situations condi- . {

tioning cquld result in two conditioned’responses. If

such complex mechanisms do exist within the thermoregula-

—-=

~
o A—
b B et X
°

tory system they could éccount for the findings of the

vt oy P st o

present experiments in which two conditioned responses ) - 4 \

© were obsegged. : ‘ P n ¢

k] 0 B ’

. The sitgation is fu;ther coﬁplicated, hbwever, byu

’ ) the facé that morphine and ‘amphetamine ;ppear to have

L ‘"multiplg effects on the tpermoregulatory‘system. Just
ag a drug may have effects on more than one feedback

1 . system, a drug might havé multiple effects on one”éomplex
i . feedback system. In this case a drug might result in . ¥

several unconditioned stimuli and unconditioned responses
{ .

within any one feedﬁack system.

It should be noted, however, that the two cqnditioneq_\v ﬁ
. . . p C

. - : responses observed in the present experiments would not

N normally have been detected in a standard conditioning

.

paradigm. It became evident that different stimuli were
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‘ate a discrete light-noise stimulus with shocks and taste

. led to many subsequent experimenté investigating the con-

_ Shettleworth, 1972)., \

‘unconditioned stimulus, but the nature of these. con- C \

e e et n o - e
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controlling the different responsesfonly because body

l
temperature was measured both prior to and after the daily{

carried out both prior to and after a drug-fréee periéd.
\

drug injection and because tests for conditioning were
Priar to this time conditioning studies y;th drugs had .
v ,

used a single conditioned stimulus, usually a discrete
light or noise, with little concern about the naﬁq;e of :
that stimulus. Recent éxperiments using taste stimuii

and administering toxins, the conditioned taste aversign
studies, suggested that not all stimuli were equivalent.

In particular the. bright-noisy water experiment of Garcia . ’ ’

and Koelling (1966) showed that while rats could associ-

o

i ~=

cues wi}h illness, these conditioned stimuli could not be

reversed; animals did not learn to associate taste with

shocks or a bright-noisy stimulus with illness.  This has

straints that are involved in learning. It is now evident
that not all stimuli are equally associable with any given ‘

-]

straints on learning is not yet clear (Seligman, 1970; .

*~

¢

In particular there have been studies showing that
the different unconditioned effects of morphine, and also

=

t

e e s
T TEELLT




_ types of stimuli. - The pairing of taste cues with either

. Schuster & Thompson, 1969; Weeks, 1962). In fact it has

" administer the apomorphine that simultaneously results <

"Amit, 1977; Sherman, Roskam & Holman, Note 3). It ap-

e e e e s
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of amphetamine, associate sélectively with different -

mdrphine or amphetamine résults'in the development of a
éonditioned taste aversion suggesting'thaﬁ druéé are
aversive (Cappeli & LeBlanc, 1973; Cappell, LeBlanc &
Endrenyi, 13973; qacqueF, 1973; Leﬁlanc & Cappell, 1974;
Parker, Failor & Weidman, 1973). HSwever, ‘these drugs
are also self-administered by the ahimal indicating the§
are positively reinforcing (Pickens & Haff&s, 1968;

~

been demonstrated that rats will continue~to self-

in a taste aversion (Wise, Yokel & DeWit, 1976). Similar-
ly injections of .morphine or amphetamine produce both a
place preference and a taste aversion, when taste and

‘place stimuli. have been paired with the drugfinjection

(Switzman, Amit, White & Fishman, 1978;.White, Skiar_&

P ) :
pears that approach and avoidance behavior are simultan-
eously associated with these two types of conditioned
stimuli when drugs such as morphine or amphetamiﬂe are
used to produce unconditioned stimuli. ‘
In the present experiments environmental stimuli and

temporal cues were able to eliéit different conditioned

4

T 1= A
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.température'responses. Wuilc énvironmental stimuli have
been used in many different c0nd1tlon1ng experlments, the
_use of temporal cues has not been as exten51vely analyzcd
'In tbe pregent studies drugs were injected at twenty—four
hour intervals. While no explicit tests were done,(it
seemed reasonable to assume that it was the circadian
interval of these injections which was important for con-
ditioning. 'The conditioned responses eiicited by temporal
, Cues may have been unde; the control of some circadian
rhythm.\\Ft is well known that body temperature'fluctud-
cions folfow a circadian rhythm. 'Boulos,.ﬁosenwaéser énd
Terman (1980) reported that tuere oppears to be a cipca-
dian sﬁstem thac could oroduce phygiological changes .in
ant1c1patlon of events, such as feeding, occurring at
twenty-four hour 1ntervals/ 'In parglcular, it haé\Peen
noted that if animals ‘were fed oncé- every twenty-four
hours, there were ant1c1patory changes in body tempera-
‘ture (Bolles & Duncan, 1969; NelsonC Schevxng & Halberg,
"1975). It may be that. similar conditioned ant1c1patory
changes in temperature are seen in the.present experl-
ments. It has récently been shown that the endogenous
OplOld peptide systems ‘also show~a c1rcad1a rhythm
+ (bavis, Buchsbaum & Bunney, 1978; Frederickson Burglsg
& Edwards, 1977). Thus. it may not be'surpr%31ng that »

some conditioned temperature respopsés to morphine are”

- . under the control of temporal or c¢ircadian cues.

[ - .
] . R .
. . . \
. s p . - i
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__While it may be prematufeJ it is interesting to
speculate about the functional significance of the condi-.
: tioning processes evident in these experiments. It shouid
be apparent that these processes do noé exist’only fér the .
\ coqditiohing of drug effects. Rathér these conditioning’

processes must have some survival value for the animal.

Animals must learn about and respond to different contin-

S

gencies in their environment, many of which include tem-
. u perature information. To maintain a constant body temper-
ature while the external temperature fluctuates animals

must react to these fluctuations by changin§ the activity

of their ﬂeat production or heat loss mechanisms. Two
particularly useful correlations that exist in the en-
vironment are between place and temperature, some placeé
qre routinely warmer than othgrs, and_bgtwéen time of day
“and temperature, nights are usﬁally cooler than days. If

_the animal could learn about .these environniental tempera-

, .
\ . ' v

" ture regularitiés it would be-in a better position to
. - " maintain a constant body'temperature. Because time of
déy temperatur§ contingencies ire'ﬁsually independent of

v

\ environmental temperature relations it would be'useful

if.these‘rélationshipa coyld be learned separately. The

findings. of ‘the present experiments imply that these two

suggeéted.learning'mechanismé may involve links sensitive |

to morphine and'amphetamine. It might, however, be
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. \e
interestlng to test these Mmechanisms mor

e dlrectly by

us;ng external heat loads as uncondltloned stlmull.j
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TABLE 1. .
L

v

A Group x Environment analysis of variance of the temper-‘
atures of animals in all groups taken one hour before the
daily injection averaged over the three test days in the

pre-injection environment and over the three test days in
the home cage. ’ .

e »

Source

Gioupl(G)
Subjects (S).

- Environment (E) . , . . . “43\40#*3

"G XE - o o ‘3.‘17‘

S xE

' TABLE 2

A one-way analysis of variance of the temperatures of:
animals ‘in all groups taken. one hour after the saline
-injection averaged over the three test days in the
injection environment.’

‘Source . ~ N

.

Group .. oo L2 1,06 . 10,35k
Subjects
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o A Grohp x Day analysis of variance of the témperatdiesu

"of animals in all groups taken ohe .hour before the saline

injection .on the edight test days after the drug-free. *
period when animals remained 'in, their h@me cages.

Source ' . af . MS F
Groupggn ' _Jﬂ % T2 .ﬁl Q .69 .
Subjects (§) - " 28 .60 u
\\ N ‘
Days (D) 7 1.30 oo 7. 74x%*
G xD oy 14 18, . -1.09
S X D C T 196 .17
h ‘ . ‘ ' ' ' l'
A TABLE 4 ‘

L}

A Group x Day analysis of variance of the temperatures
of animals in q&l groups taken one hour after the saline
injection on the eight test days after the drug-free
period when animals remained in’ their home cages. .

Source < . af Ms F

< t\ —t— J ~~ -—
, ’ H ', " ’
Group (G) N .2 .24. .54
Subjects -(S) : 28 .44

' Days’ (D) ST T T 92 T T8
G x D . 14 a1 .93_
sxp . 196 - . .12 ;
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A Group X Day analy51s of ~var1a’nce of the temperatures '
of animals. in all groups taken two hours after the saline
lnjectlon on the’ elght test days after the drug-free
perlod when animals remalned 1n their home cages.,

_ . . . ‘ - . ’;’;‘_‘A / : A
' Source T Fag Ms F-.
~ Group (G) o 2, .25 . ~ .58 .
. . , v -' . A - ) - 4
Subjects (S) 28 .43 SR
Days (D) * t7 1.05 ~ ¢6.33%#x
. . N .‘ A . ‘
G xD 0 14 .08 © .49
sxD ., . PR T-ERC SA V ' -
' ' . @é%ﬁﬁ*ﬁ i EREN ) 8 .y
. e ) v
‘ . ' TABLE-6 - S

o
.

A Group x Day analysis of variance of the temper&tures
of animals in all groups taken one hour before the saline.
injection for the elght test days after the drug-free per- -

iod when animals were in ﬁhe preﬂ.njectlon environment. .
Source . ) -df MS ! F
, = —_— ‘ =
Group (G) 2 4.32% , 6.99%*
Subjects (S) . 28 o .62°
“ Days (D) 3 e 7 NS ' 4,51 %%
G xD p . 14 "~ .06 .43
S xD L 196 .15 . .
» ! i iﬁ
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A Group x Day analysis of variance of the temperatures . ' Q
of animals in all groups taken one hour after the saline N
injection for the eight test 'days after the drug-free I
period when animals were,in the injection environmént. :
~.. uff ot - Lo ’ * 4
I - - — ! ?
‘§ource : af us P |
: ' . ‘ //;’ . é
: - < ‘ 3
Group (G) 2 14.37 21,36%%* - o
.~ Subjects: (S} . T Y ' ‘ ,,1
- . e ’ . [ B
‘Days (D) - \ 7 " . 1.88 13.47%%* Coe 3
. ’ ' ;.
., GxD 14 - > .16 1.17 ) 1
- _ : .
S xD .. 196 .14 : 3
v ) '
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TABLE § x
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A Group x Day'analysis of variance of the temperatures :
of animals ifi all groups taken two hours after the saline ) 3
injectﬁpn”for the eight test days after the drug-free ;
period 'when animals were in the injection' environment. i

i

Source -

Group (G)

Subjects (S)

‘Days (D)

G x D

+SX%XD -

MS

a£ MS
2 7.13
- 28 "5
‘ 7 3.16.
a . : L]
| 14 .14
. 196 .21

.

F v

- -
.

7.53%*

15.06%%*
.64
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% I 2 A one-way analysis of wariance of the temperatures of .

% < ‘- animals in all groups taken two hours after the drug .

L : injection in the injection environment, averaged over
'g the last two drug days.

-\‘t, \ . N . N &

' Source . j af Ms - F
2 ,‘: 1 ’ . . { . . Y N
! . Group e 2 22.24 7 T 152.46%%x
b " - . A\ . ' ' ‘
! Subjects ‘28 -, .15 : f
¢ N ' ¢ Ca
N -

s‘ : o | ‘

g B t ‘ ) . : . . e N .

; TABLE 10 T , Z '

A\e N i . . ‘. } : \4

S * A one-way analysis of variance of the temperatures of

animals in all groups taken at 10:30 h, the time of 'the RS
,drug injection, in the home cage, averaged over Days 18, ’
26 and 33. . - .
' .Source at MS - .+ F , '
{ Group oo "2 - '2.02 . T 10.47%%
' ] Subjects | _ 22, . .19 ’
! , N ' o’ > .
\' ‘ _ . . . ) '
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TABLE 11 .

'*A Group x Time analysis of variance of the temperatures .
{ of animals in all groups taken at 8:30 h and at 9:30 h
in the home cage averaged over Days 22, 27 and 31l:

‘Source af,
Group (G) 2
Subjects (S) 22
Time (T) . 1
Gx T ' 2
Y , R
§x T . 22
’ TABLE 12

MS

R

.71
.71

C

F
»

1.00

14.53%*
¥

[

3.73%

A Group x Time analysis of variance of the temperatures
of animals in all groups taken at 9:30 h and at 11:30 h
4n the home cage averaged over the.three saline test .

days, Days 28, 34 and 40.

Soprce

. Group (G)

Subjects (8S)

Time (T) . « .
v, . . <y

G, x T

Sx T

.12

F 7/

" 5,21%

o1

1.5 . .
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ua%;mals in all groups taken at 9:30 h in the home cage,
aft

"A one-way analysis of variance of the temgeratures of

. PR ‘ i
' cT !
. . 184 , '
" TABLE 13 U . ‘
A one-way analysis Qf variance of tAe temperatures of - .

er the drug-free period, ‘averaged over the last three
dayé'bf the experiment, Days 46, 47 and 48.

Source , gg. ' MS F : f
. ‘\\ y‘ |
Group ., C 2 .07 : .13
Subjects ' 22 .51 -
' ’ ‘l
: TABLE "14

{

animals in all groups taken at 11:30 h the home ‘cage,,
‘after the drug-free.period, averaged over the last three
days of théjexperiment, Days 46, 47 and 48. : a
tr J
Source . : ar MS ° F X
- ! - - - '
Group ° - : : 2 .30 7 1.16
RS .
subjects - . 2 . .26

» . -
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‘a Group x Day adalysis of variance of. the temperaé%res
. of animals. in all groups taken at 9:30 h in. the home cage
for’ the three habltuatlon days, Days 1 to 3 ' N

- . - ° T

v

Source . . af MS . F
T 0 LT | “
b " Group (G) : 3 .39 1.17 .
H {\\_ . o~ "v ' ‘ . '
i o © Subjects (S) 28 * .33
P . ._Days_ (D) ‘ Co 2 1.59 18.13#%*
! GxD- ' 6 .07 .81
§ sxD - . 56 .09
", nﬂ - t o \ -
% s £ ? .
1 / n W ]
] L T e ]
i ' . TABLE 16 ( 1 .
; , A Group x Day analy51s of variance of the temperatures ¥
] ° of animals in all groups taken at 11:00 h in the pre-
@ injection env1ronment for the three habituation days,
o , Days 1 to 3. ) .
z Ty
g 3 Source tdf . M8 - P
Groyp (G) - 3 .60 * { - 1092
SQijb\ctS' (sy. 28 ‘731 e
~ pays (D) . ‘\: [ 2t .76 | 9.80%*w
Gxd . . -0 6 _ .0 .- . 1:34
sxp . | .56 - #,08 coL
- 3 ' ‘4 ' . - w \,’ 'l s
~ Lo ' '
] Cos . b ! . .
¢ . . N - >
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Days 4 to 8.
Source

L Group (G)
Subjects (S)
Days /(D)

GxD.

S xD

" A Grbup x- Day analysis of variance of thé _temperatures of
animals in all groups taken at 12:30 h @wn the injectiom.
environment for the three habltuatlon days, Days 1 to 3.

Source af Ms
- Group (G) — 3, ".43 . 1.46
. Subjects (S) . 28 L. 29 ’ ,
Al
h. “\ Days (D) £ 2 : .03 .56
‘ . . ~ ' '33
. GxD 6 .06 . 1.13
S D 56 .05 )
')l ‘ VSR 21 '
. b"‘ ) ) \ %
. - ) .
; "TABLE 18 & \ '
/ », 8 ' 3
' : A Group x Day analysis of wariance of the temperatures of

to, animals in all groups taken at 9:30 h in the home cage
" - for the first five conditiéning days. of the experlment

186

E

TABLE 17

[
-

af Ms

|

et RN

af MS E o
3 .- .50 .7
28 - .70
: o
4 - 204 -.51
12 ' 12 . % 1,40
12 .09,

MR T 251 U3/ £ 2ot dautiet -4 cuntiugny
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Sourge - Codl Ms . F "
. Group (G) ‘ 3 . .69 T .76
° Subjects (8) 28 .91 .
< ' . ' . )
.Days\ (D) " 4 & 73 19.13%kk
i bt , : .
G xD ' SR 12 1.49
P SsxD | ‘ 112 . .08 ,
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TABLE 19

Vo »

A Group x Day.analysis of variance of the temperatures
of animals’ in all groups taken at 11:0Q h in the pre-
injection environment for the first five conditioning
days of the experimeng, Days 4 to 8.

B

N . ! :" .. - l @d}‘»'
TABLE 20

i

A Group x Day analysis of variance of the temperatures
of animals in all groups taken at; 12:30 h in the injec-
tion environment .for the first five conditioning days of

the experiment, Days 4 to 8. ok
Source af . MS. F
v ‘ . :
 Group (G) 3, 29.27 27.42%%%
Subjects (S) - 38 ~1.07 ; .
Days (D) : ‘ 4 .59 3.16*.
GxD A 12 " .06 ~ .30
S xD 12 .19
, 3
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TABLE 21 o
¢ ¢ .‘\ - ) . , '( - v -~
A one-way. analysis of variance of the temperatures of
: d animals in all groups taken at 12:30 h in the injection
environment, after drug administration, on Day 31.
%l N ) ’ A . ' L] . h )
Source at us Eo,
, ToaLe ’ '
J. Group ) 3 11.40 56.25%**
- Subjects . . , 28 .20, " '
: _ﬂﬁ
: : .
P
’ ;' o
} o«
1 .
_iﬂ
f .
| , ~  TABLE 22 -
"y %“, 4 - . B ) .
b . . .
: A one-way analysis of variance of the temperatures of
i ‘ animals in all groups taken at 15:30 h, in the home cage,
41 after drug‘administration, on Day 3l. .
. $ [ «
l Source , af - MS F
& ' 9 . )
P Group - .3 - . -4.66 16.67%**
o " Subjects 28 .28
”
) ‘ \
0 ) .
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TABLE 23

¥

'}( one-way analysis of variance of the temperatures of
animals in all groups taken at 17:00 h, in the home cage,

-
etk T

- + - after drug administration, on Day 3l.
! ) ° . .
Source at - M 'F ;
; RV .
et Group o 3 2.99 10.64**%
. R ‘\t. -.\ -0 ‘,-‘ ' .
; N Subjects., . . 28 .28 n
i . '0 & ,“;
!
f i
' -
t
© *" \ "
. , ' TABLE 24

g ~y - v

2A one-way analysis of variance of the temperatures of
animals in.all groups taken at 18:30 h, in the home' cage,
after drug administration, on Day 31.

A

' Source aft -~ MS .

»

y at MS F
i o '
; Group - S .27 ~1.19
Subjects : 28 - .22




TABLE 25 - R

A Group x Day analysis of variance of the motility scores

' of apimals in all groups taken in the pre-injection
environment, before drug administration, on three condi-
tioning days, Days 25, 27 and 32.

i o Source - af MS F
. " - — ——— ¥ —.
é . Group (G) 3 ‘ 9.29 . .80
ks VLo , - o
P - Subjects (S) 28 11.62. ,
: .‘&'l. . ' t ) re
g . | . ] o . e
§ Days. (D) 2 39.80 ¢ 11.93%%*
% G x D . 6 4.49 : 1.35
3 ' ,
S xD " 56 3.34
; » n v v
i . ~
i
E » - ) A

. ‘ TABLE 26

A Group x Day analysis of variance of the motility scores
, : of animals in all groups taken in the injection environ-
! o . ment, after drug administration, on three conditioning .

days, Days 25, 27 and 32.
’4.7 - o J - . . . '
; " Source . af MS F

. . 1 - ' .
. ™ 7 » '

Group (G) o 3 . 443.69 121, 39% %+

Subjects (S) 28 . 3.66

Days (D) . 2 .54 .18

G xD : 6 2.35 SN &
sxD . . 56 304

-

0
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TABLE 27

Aione-way anélysis of variance of thé temperatures of _
animals in all groups taken at 9:30 h in the home cage
on Day 33, a conditioning test-day.

*
]

Source - . df © MS F
‘Group . 3 .36 2,23
Subjects T, 28 ‘ .16 )
N [ ] \ *
& &

TABLE 28 . . ° S

A Group x Time analysis of variance of the temperatures
of animals in all groups taken ih the home gage, on a
conditioning test day, at times animals ‘would-normally
have been in the conditioning environments, 11:00 h and
12:30 h,: on Day 33. ; ' ’

Source’

. Group QG)

Subjects. (s),

Time (T)
Gx T

SxT

o

3

1.68
. .19

»*

.22
*.09

.51,
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TABLE 29 ’ - >N
A Group x Environment analys:.s of -‘varlance of the ‘ ”
» temperatures of animals in all groups taken in the pre-
. 1n]ectlon environment and in the injection environment
. "on the evenlng of Day 33, a conditioning test day.
. o \
Source : . dfe Ms - F
: Group (G) 3 - 2.15 6.00%*
’a “ - . b
' Subjects (S) : 28 . " .36
.Environment (E) - o1 .01 A ’ .07
Gxg . - - N 1 .88
F TR. .
- S x E ' . 28 . .18 ) _
] v ’ v -
“ © 0 ‘
: TABLE 30 /
A Grouf: x Environment analys:.s of variance of the
temperiatures-of animals in all groups taken in the pre-
injection environmerit at-11:00 h and in the injection
. env:Lronment at 12:30 h on Day 26 a conditioning test day. ) ‘
source « ‘ g'.g. ’ * £4.§. So ~ F..
Group (G) " ° ‘ 3 Lo1.72° 4.57%% |
Subjects (8) , ' 28 = .38 , ’ §
o K . ' . ‘ ;' .
. Environment (E) . 1. .03 - .23
G X E ! . 3 i 1.08, A X 9.43%%*
"'sS'x E 28 A1
. ' . , >
L] \»
.. . s
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TABLE 31 . | N -4

& f
A Group x Day analysis of variance of the temperatures
of animals in all groups taken at 15:30 h, in the home
cage, on, conditioniny. test days, Days 26 and 33.

Source ' | af MS. : F
. | . B . |
Group (G) , 3 1.46 5.54%%
Subjects”(s) 28 .26 : K
' ) / X p \
Days (D) i 1 .01 : .02
G x D | C 3 . .33 107 0 - |
SxD B ( 28 .31
/ . 3
. . .
TABLE 32
? ‘ " ) /
A Group x.Day apalysis of vdriance of the temperatures *

of animals in all groups taken at 18:30 h, in the home
cage, on conditioning test days, Days 26 to 33.

Source i daf MS -

i

Group (G)

.55
Subjects (S)

Days (D) 1.10
GxD 1.94
SxD V
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TABLE 33

A Group X Environment analysis of variance of the motility
scores of anim in all groups taken in the pre-injegtion
environment and the injection environment on the
evening of Day 33, a conditioning' test day.

- x
- L,

Source df MS

daf MS Foo.

Group (G)f o 3 36.49 3.54%
Subjects (S) .+ 28 .  10.30 ;

- ‘ \ . . . |
Environment (E) . 1 2.14 - .41
G x E o >3 17.11 3.28%
S x E \ . 28 5.21

/ - | 3
.. TABLE 34 .

S

A Group x Day analysis of variance of the témperatures.of

. -animals in all groups taken at 9:30 h, in the home cage,

at the end of the drug-free period, Days 47 and 48.

)

u

Source « ' af MS - F
. O ' . . -

Group (G) 3 ° 7 .38 - .77
Subjects (8) 28 . .49

l‘ " “' ' . . ' ' . -

Days (D) (\ﬁ;’§“5 1 .01. .03. -’
GxDd . : 30z .67

: L] . R . ‘
SxD . . ¢ 28 . .20
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CE. TABLE 35
R Group x Day, analysis of variénce of the temperatures of
animals in all groups taken at 11:00 h, in the home cage,
"at the end -of the drug-free period, Days 47 and 48. .
Source ‘ - af MS F
[hasn i [ -
‘ - 'R | , _
| - Group (G) - ~3 .30 .55
. ’ " . ‘_ ' ' ‘
Subjects (S) ‘ ' 28 .55 .
- \ ' . ’
- ’ .
Days (D) 1 .26 2.35
I N .
} .
‘ G xD 3 .08 .69
S xD | .28 7 .11
S ‘. N } )
o
/ 4 _— - TABLE 36
£ A Group x Day analysis of variance of the temperatures .of
; animals in all groups taken at 12:30 h, in the home cage,
i at gPe end of the drug-free period, Days 47 and 48.
< Source .o at Ms F
2. X f ! . - ) . . . * s
_ Group (G) - 3 - .37 .80
Subjects (8) .28 .46 '
Days (D) A .03 ‘.22fj
B G xD SO 3 .28 2.26
S§xD
¥
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TABLE 37 IR

A .
v

A one-way anhlysii of.variance of the temperatures of
animals in all groups taken .in the pre-injection environ-
ment, at 11:00 h, on the first conditioning test day after

the’ drug ~-free p?rlod Day 49.

.

Source : ’ 4af MS *
" Group a .3 4.
Subjects T 28 .13
. K
\ .
¢ v,
: " TABLE 38

A one-way analy51s of variance of the temperatures of
animals in all groups taken in the injection environment,
at 12:30 h, on the first conditioning test day after the

drug —-free period, Day 49.

»
’

Source : ' g;! MS
Group S RS '3 1.49
Subjects . ‘ 28 _ _{17‘

o

e it ISP AT

o
. A
N
. y DI § Vx4
¢
1 '
‘

)

|

“3.10% .

<

‘
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8.86%%k*
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- S . . TABLE 39
& ;
A One-way analy51s of variance of the motlllty scores, of ]
animals in all grdups taken in the pre-injection environ-' 3
Vo ment on the first conditioning test day after the drug- R
free period, Day 48. . ,
Source o ag . M E
Group o 3 1.01 .26
. Subjects |, , 28 3.83 e
. { : /
] ‘ . . ] \
& - ‘! :J '. .
°, , o * TABLE 40 - )
. ) R
A'one—way analysis of variance of the motility scores of ‘
. animals in all groups takén in the injection environment ' . :
' Lo on the first conditioning test day after the drug-free
- ‘perlod Day 49.
Source . df .. MS F.
. \ . - - =
. . Group 3 12.94 4.62%
Subjects " . 28 . 2.80
’ « - T . .‘
\ i T
, ’ \
« ¢ N, :
\ . AN .
~ . Al ) , ‘.J \ -
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TABLE 41
» e : L . : ) gy
o A one-way analysis of varianc¢e” of the temperatiures, of
. \%ﬂ animals in‘'all groups taken in the pre-injection environ-
‘ ment, at 11:00 h, on the second conditioning test day

- after the: drug-free period, Day 50.

N P

-~ Vo ‘ !

L] ‘\\ .
. Source . s af,. ' T Ms F
L
‘Group - ... 3 .29 1.39
Subjects ' 28 ) .21 - -
- TABLE 42

. N\

' A one-way analysis of variance of the m%%ility scores of
animals in all groups taken in the pre-injection environ-
ment on the second condltlonlng test day after the drug-
free period, Day 50. . '

Source . ] af MS F
Group "3 6.09 .89
Subjects - ‘28 . 684

%- ' L™
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Subjects o . 28 .26
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\ ~ TABLE 43 ' .
Ao e:way anélysis'of'variance of the temperétures of
animels in all groups taken in the injection environment,
at 12:30 'h, on the Second conditioning test day after. the
drug-free period, Day 50.
\

.

L

*Sourpe\ ‘ df M8 F
\ . !
Group © .3 1.29 . 5.0u**

) \ s TABLE 44 !

A one-way analy§is of variance of the temperatures of

animals ‘in all groups taken in the injection environment,
at 12:30 h, on the third conditioning test day after the
drug-free period,\Day 56. .

<

Source | - ‘ W\\ af . MS F
Group N3 1.10 7.46%%

Subjects 28 e - N

.
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. TABLE 45

A one-way analysis of variance of the temperatures of
animals 1n all groups taken-in the injection environment,

at 12:30'h, on the fourth conditioning test day after the
drug- free perlod Day 61:

NpP— P i S -

@ ? |
S . Source ar - Ms F
/ . Group : : A ‘ .3 . .93 3.33*
; C . . . : '
! - Subjects:’ 28 - .28

' $
A one-way analysxs of varlance of the te
animals in 'all groups taken . in the inject\

at 12:30 h, on the fifth condltlonlng test

eratures of
n environment,

after the
drug-free perlod Day 67
Source - e daf " Ms F ~
) Group .3 .71 t.2.39 '
4. % . subjects - C 28 - .30 -

. . 1
. 4
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TABLE 47

e

A one}way analysis of variance of the Eemperature of

- animals in all groups taken in the injection environment,
at 12:30 h, on the sixth coniétioning test day after the

drug-free period, Day 68. P
Source S df MS 'F
Group ’ .3 138 .75
Subjects . 28 .50

A ¢

TABLE 48

A one-way analysis of variance of the temperatures of

animals in all groups taken in the 'injection environment
at 12:30 h, on the seventh conditioning test day after

the drug-free period, Day 69.

Source * af MS - F
Group | ' 37 - .49 1.24
Subjects . . | 28 .39

£reg . . e — -
RN Ry e s e TV TN R I 1 T AL e e
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. A
& A one-way "analysis of variance of'the motility scores of
animals a roups taken in the injection environment

on the second condltlonlng test day after the drug-free
perlod Day 50.

Source - , daf Mé

at MS P
% .
§ . Group [ 18.97 . 4.37*
. Subjects ©. 28 . 4.34
{ { L ’
{ 1 .

-TABLE 50

So s G

' . A one-way analySLS of variance of .the motlllty scorés of .

[ . : animals in all groups taken in the injection environment
on .the. third conditioning: test day after the drug-free

period, Day 56. ° o :

~ L
Source - af Ms LB
Group . . 3 16.47 * ,  3.82%*
, Subjects . 28 4.32
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TABLE 51
' ot

A onegway analysis of variance of the motility scores of
animals in all groups taken in the injection environment
on the fourth conditioning test day after ‘the drug-free
period, Day 6 1.

Source - ’ af ' MS F
Group - 3 . 13.67 - 2.83
Subjects - 28 | 4.83
{
- . .
!
TABLE 52 - . ' ]

A one-way analysis of variance of the motility scores of
animals in all groups taken in the injection environment oot
on the fifth conditioning test day after the drug-free ’
period, Day 67. '

\\ -
Source at MS F
Group ‘ 3 3,99, | 1.24
A . i .
Subjects , © 28 3.21
o ) )
/ : . ] f
. ! k )
* ! \ s '
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TABLE 53

' \o ’
A one-way analysis of variance
,animals in all groups taken in
'on the sixth conditioning test
period, Day 68.

m \ Source gﬁ

; Group ‘ ' 3

\ ., Subjects 28
\ ~ : TABLE 54

animals in all groups taken in

\‘ period, Day 69.

Source ‘ af
‘Group 3
N Subjects - 28
v ‘
- g
. . |
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of the motilityFscores of
the injection environment
day after the drug-free

4.%6 ’ 1.24
4.01 : S

A one-way analysis of variance of the motility scores of

the injection environment .

on the seventh conditioning test day after the drug-free

Ms F
.3.68 .89
4.13
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Source ‘ daf MS :

Group (G)- : S T 13 .34
oSubjects (Sfx 23‘“ - .39

Days (D) S .06 .52

GxD _ 3 .07 . .58

5§ x D < - 23 , 13
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TABLE 55

A.Group x Day analysis of variance of the temperatures of’
animals in all groups taken at 9:00 h in the home cage
for the two- habltuatlo,u\days, Day€ 1 and 2.

1= -

‘o . TABLE 56

A Group\x Day analysis of variance of the temperatures of
animals in all groups taken-at10:30-h-in—thepre— ——— -
injection env1ronment for the two habltuatlon days, Days

1 and 2.

\
f
i

Source . atg . MS , 3

Group (G)
Subjects (S)

Days (D)
Q‘x D -

SxD

3 .10 | 8/2
23 .11
1 .07 . 1.08
3 01 .09

. , ;
23 © .07




B . .
N w—— . . ) < .
‘ T - P A

b T L e . 206,

L ‘ TABLE, 57

| B . .; A Group x Day ana1y51s of varm&qce of theﬂtempeqaﬁureé of |
‘. _,anlmals in -all groups taken at 12:00 h in the ‘injection
2 R . environment for the.two habituation days, Days 1 and 2.

g3 Panind 3 a—

-« Source , af - MS. N\E .,

Group (G) ‘ 3 . .05, .23,

o

* Subjects (S)- ] 23" 1J“ .23 T

ﬂ L ; Days (D) ° 1 .48 - . 5,94%
b G xD - 02 .20 .

S x D .o r 2 .08 o

TABLE 58

b . A Group x Day analysis of varlancb of the temperatures of
S . ‘animals in all 'groups taken at 412:00 h in the injection

‘ environment for the first four days of drug administra-
tlon,\Days 3 to 6. :

Source - . o - af MsS F

Group (G) :' 3 © 6.07 . l4.00%**
Subjects () . 22 S .43 o

l i I" ) / . .t .‘ ' 4 . R o
Days QQ{ , T 3 1.61 18.99%**

GxD _ ' T - g .= .89 - . 10.55%*%

e

SxD |, , 66 .08

- et - - .,
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TABLE 59 _.

A Group x Day analysis of variance of the temperatures of
animals in all groups taken at 12:00 h in the injection
environment for the second four days of drug administra-
tion, Days 9 to 12.

Source - - L af’ MS F

— - e
.Group (G) 3 §.01 23864+
subjects (S)-. ' - " 21 - .34
Days (D) ' 3 1.48 © 24 .98%%x
G x.D -7 9 ..~ 9 3.19%% ¢
S xD. B 63 .06 .

B ‘
TABLE 60 . L

1]

H
’ - !

A Group x Day .analysis of variance of the temperatures
of animals .in all groups taken at 10:30 h in the pre- ’
injection environment for the first four days of drug.

administration, Days 3 to 6. ,

. Source Ceoag MS F
‘ v v o .
Group (G) iy 3 .90 4.54*
Subjects (S) .22 . .20 ‘
- ' ' M : ‘ .
Pays (D) T 3 2.85 57.27%%*
GxD - 9 W13 . 2.59%
SxD 4 66 o, .05
; .
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TABLE 61

;A Group x‘-Day analysis of variance of thé temperatures

of animals in'all groups taken at 10:30 h in the pre- ,
injection environment for the second four days ,of drug

‘adm1nlstratlon, Days 9 to 12. b \)
Source . af MS F :

:‘ - L. @ A ; -
Group (G) . 3 1.46 5.36%%
Subjects (S) " 21 C27 ¢
Days (D) - R 3.79 72.80% %%
G'x'D . 9 .21 Ja.0g%wx -
S xD 63 .05 /

TABLE 62

A Group x Env1ronment analysis of variance of the temper-
datures of animals in all groups

ta at 10:30 h averaged
over two test days dn the home cgfe, Days 19 and 45, and ,

over two test days in the pre-lnjectlon environment, Days

‘25 and 31. .
Source af MS F
. | ., ‘
Group (G) 7 ' ‘ 3 3.53 15.06***
Subjects .(S)- - 23; .23 4 .
o . b
‘Environment (E) .- 1 Q' .09 1.10
GxE . R L B & [
S x E, 23 .09 '
] - ‘
Gy - gl’:‘l“,-‘é‘('w‘.‘;“d S0 P

B oyt T gt
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TABLE: 63 .

A Group x Time analysis of variance of the\tempegatures
of animals in all groups taken at 10:30 h in the home
cage, at 17:00 h in the pre-injection environmeént, both
on Day 39, a conditioning test day, and at 10:30 h in the
pre—lnjectlon environment on Day 40.

2
//

Source

&

at

( — =

¥

Group (G) 3 .64 2.86
53
Subjects (S) 23 %\ ) .22
Time XT) 2 .52 ~ 6.68%%
G x T 6 .28 3.58%%
5x T 46 -, .08
' TABLE 64 (
- . "

A Group % Day analysis of variance of the temperatures
of animals in all groups taken at 10:30 h in the home
cage at tns\j?d of the drug-free period, Days 48 and 49.’

I4
]

af

Source af M5 F
Group (G) 3 .11 *.96

" subjects (S) 23 11
Days (D) 1 2.54 33,27%**
GxD .3 .02 21
SxD 23 .08 B
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TABLE 65 -

A Group X Day analysis of variance of the temperatures
‘of animals in all groups taken at 10:30 h in the pre-

’ © 7 injection environment on conditioning test days after
the drug-free period, Days 50 and S1l.

Q

’j‘“‘ v . -
'Sburce daf ‘MS F
q 1 ' .

Group (G) -3 .04 .. .43
Subjects- (S) o S 23 . .09

. Days (D) ' 1 . 3.03 G5, 31wk
G xD .3 .02 .34
8 %D " © 23 .05

. ‘ - . J/.“TABLE 66

. H

A Group x Environment analysis of variance of the temper-

atures of animals in all groups taken at 12:00 h averaged
" over two test days in the home cage, Days 19 and 45, and

over two test days in the injection envirenment, Days 25

and 31.
' . Source I .o . ég MS “g

" T™Group (G) 3 .58, 2,81

Subjects (S) ' 23 a1 . :
, . ‘ v
Environment (E)} | R 4.12. . 42.71%*%

" GxE . 3 L84l B.gTa

S x E ! ’ 23 | .10

'
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‘A Group X Day analy51seof variance of the temperature§,

TABLE 67

N

A one-way analysis of variance of the temperatures of
animals in all groups taken at 18:30 h in the lnjectlon
environment on Day 39, a conditioning test day.

!

Source ', - gf Ms E
Group _— -3 T1.37 8.80%**
Subjects S T 23 16

, kg ~

" TABLE 68 - . ‘

-

of animals in all groups taken at 12:00 h in the home
cage at the end of the drug-free perlod Days 48 and 48.

1

Source . —gaf Ms F '

Group (G) ~ 3 .19 .66 |

v ‘ .

Subjects (8) 23 .29 .

pays (D) - o 71 1@.15** ' :
‘G X D .3 .15 2.21

S x D ‘ 23 | .07
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L | » TABLE 69

3

A Group x Day analysis of variance“of the temperatures
of animals in all groups taken at 12:00 in the injection
environment on conditioning test days after ‘the drug-

free period, Days 50 and 51.

Source gg' Ms F

Group (G) 3 1.18 14.99%**
. Subjects ‘(S) ‘23 .08 ‘

oo ‘
Days (D) 1 .60 . 14:44**f
GxD | 3 .06 1.32

sxD . ! 23 .04 .

»




