Y
\

CHANGES IN LOCOMOTOR ACTIVITY AND BODY TEMPERATURE INDUCED

BY MORPHINE IN THE VENTRAL TEGMENTAL AREA OF THE RAT

' ‘Presented in Partial Fulfillment of :l}lequitements
for the degree of Master of Arts at

BRAIN: CONDITIONED AND UNCONDITIONED EFFECTS

L _ Paul”Vezina

A Thesis
in
Th‘e Department
of

Psychology

‘ s

-

Concordia University
Montreal, Quebec, Canada

-

’

September, ,1983

@ Paul Vezina, 1983

S

i

-



4

" ABSTRACT
- Changes in Locomotor Activity and Body. Temperatur;e Induced
by Morphine in the Ventral Tegmental Area of the Rat
ﬁr&iin: Conditioned and Unconditioned Effects
R . Paul Vezina.

The conditionability of changes in locomotor activity and

body temperature induced by morphine administration into the
ventral tegmental area was studied in rats. Morphine was found to
induce both an increase in locomotor activity and hyperthermia.

Both effects were reversed by a systemic injection of naloxone.

Systemic injections of pimozide also blocked the morphine-induced \

(<
increase in locomotor activity but did not affect the

hyper.:thermia su?ting dopamine mediation of the former but not '
the latter. The “inc,rease in locomotor activity showed
sensitization with repeated morphine admin.i.;‘tration and this
sensitization was found tor be specific to the environment in
which morphine'was administered. Conditioning tests also revealed
that, in the 'absence of morphine, increased locomotor ac)tivit_y
was elicited l;y the administration envitonment. Pimozide blocked
tt;e development of both conditioning and conditioned
sengitization of the increased‘locomotor activity. It did not,
however, completely block the expression of the already
established conditioned sensitization. No evidence for
conditioning of the morphine~induced hyperthermia %as found in
any of the conditioning tests conducted. The implications of
these reeults for incentive~-motivation theory, for relapse to
drug-use, and for ideas about the biochemical substrates of

learning are discussed.
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The study of the conditioning of morphine-influced responses
is as old as the study of classical conditioning itself. Pavlov
(1927/1960) himself first reported that the "symptoms" seen
following an acute injection of morphine in the dog (nausea,
salivation, vomiting, and Ehen sleep) could come to be elicited,
after repeated injections, by the preinjection procedures alone.
Since this origilnal observation, numerous investigators have
demonstrated the classical conditioning of morphine~-induced
resﬁonses. The phenomenon is generally accepted as being robust,
although not without methodological and conceiatual problems (for
reviews, see Lynch, Stein, and Fertziger, 1976; Wikler, 1973).

After an initial period in whit;h investigators used morphine
as one of many experimental tools to explore the newly described
phe‘nomenon of conditioning, the main concern of those studying
morphine effects shifted, in the 1940's, to problems of morphine
addiction and to.questions about the role of conditioned

withdrawal symptoms in relapse to drug use. Although one of the

main factors behind this shift was surely the growing social

‘concern with drug addiction, it would appear not to be a

b

ceincidence that interest in morphine withdrawal symptoms and

their possible rovle in drug relapse developed as it did during
the heyday of the drive reduction theory of reinforcement (1.e.:
Hull, 1943). Indeed, the fundamental hypothesis developed in this
period was that drug—seeking behavior was maintained in order to
reduce or avoid the traumatic experience involved in withdrawal
(Lindesmith, 1968). Classical conditioning was used to explain
relapse to drug-taking after 1long-term abstinence. Condiltioned

withflrawal symptoms were thought to prov°1de the acquired drive

P
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"necessary for'the reinforcing effects of the drug injection

(Wikler, 1948).
The situation toda§ has changed little; need- or drive-

reduction views continue to fiéure prominently in the thinking

about drug-seeking behavior. For example, in a recent series of

papers, Siegel (1975,-1977a, ' 1979) has honcﬁentrated on the

observation that conditioned responses elicited by stimuli.

associated with drug injections are often opposite in direction
to the direct effects of the cfrug. In .the case of opiat;es, these
conditioned opponent regponses pften resemble the physiological
responses that are observed during drug withdrawal. Siegel(1975,
1977a, 1979) has suggested, thereforé, that such conditioned
opponent or compensatory responses may play an important role’in
both drug tolerance and depenc!ence. vAccording to this v:‘Lew, the
céndit!oned opponetit or conpensatory respfonses act in a

~

preparatory manner to reduce the effectiveness of the anticipated

- H

drug, that is, to produce tolerance. In the case when the

"anticipated drug is not 'administered, the conditioned opponent

responses achieve full expression and the animal eprerienees
withdrawal symptoms. The inferer.lce is that §ubh c‘;onditioned
withdrawal reactioWs dinitiate relapse to drug takingiin the
a\ibstinent animal or individual. ,

Siegel hés to dat;e, howevﬂer, made no direct test of the
critjcal link between the coticiitioned opponent res;;onse and .its
ability to initiate "cravi?g" and drug-seeking behavior.

Furthermore, although several reports have been mad‘e the

successful classical conditioning of withdrawal seactions

(Goldt,b'erg and Schuster, 1967; Irwin and Seevers’, 'l1156; Trost,



.

1973; Wikler and Pescor, 1967), the ability of these conditloned

responses to reinitiate drug~-seeking behavior has not yet been
demonstrated unequivocally (see Thompson and Oslund, 1965; Wikler

and Pescor, 1967).

“
As previously mentioned, the classical conditioning of

\ i .
withdrawal reactions ' 18 thought to be the basis of

conditioned drug-taking "drive. Hence, withdrawal reactions are

assumed toibe uncomfortable or aversive and the reduction of this

discomfort 1s presumed to'reinforce drug taking. The "drive-to-

t:ake-*erphine" is inferred from the observable withdrawal -

reactions displayed by the organism. When withdrawal reactions

become ‘conditioned, therefore, the imference is that the "drive-

t'o-take-mor‘phine"' ha‘s become conditioned, The ultimate test of
this hypothesis is staightfo'!'ward: If drive-reduction or the
reduction of unconditionediwithdrawil reactions is assumed to
lead to drug-taking behavior then so too must the reduction of
conditioned drive or conditioned withdrawal reactions lead to

.

érug—taking behavior. This is not what has been found.

Interg¢stingly, attempts to condition other "drives" gsuch as

"hunger" or "thirst" have failed as well (for reviews, see

Cravens and -Renner, 1970; D’Amato, 1974; Mineka, 1975).

‘u

-

According to such a need view of drive, reductionof drive.

is the reinforcing event and the stimuli and responses that bring
on’reduced dxjive §re strengthened in specific stimulus-response
as_aoci;ationsd.(i:e: Hu{.l, 1943). Such’ a view is by no means
without criticism and, indeed, objections have been raised on

several theoretical and empirical grounds. Since there have

already been more than adequate reviews of these objections
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(Bindra, 1969, 1978, Note 1; Bolles, 1972), only a brief survey

. will be made here.

Two main issues have reﬁeated{l.y plagued drive-reduction views
of’behavior. One is the inabiligy of such views to adequately
tn;hslate "drive" into<behavior. The other concerns the concept
of "drive" itself. ‘

'.1‘he idea that adaptive behavior results from the
reinforcement by drive-reduction and ,therefore, the conditioning
of rigid and specific stimulus~response associations Has been
criticized on several points. For example, there have been
several demonstrétions of conditioning without the reinforcement

of any specific responses in latent learning:. and sensory

preconditioning experiments (see Kimble, 1961, chapter 8). Other

experiments have demonstrafed that conditioning may occur without
responding as when an animal is paralyzed (Solomon and Turner,
1962). Thus, neither the response nor the reinforcement of
responses by drive-reduction seems to be necessary for
conditioning to occur. Other behavioral objections have ;temmed
from the issue of "motor equivaience? (the sdhstitutionality of
movements involved in a response, a finding irreconcilalile with
the notion tha£ dr{;e-reduction reiéforc;s specific stimulus-
response associations) and from demonstrations that certain
interim behaviors seem to be i1solated from any reinforcement
mechanisgm (i.e.: Staddon and Simmelha'g, 1971). It is not clear,
xherefore, that the reinforcement ‘and the subsequent conditioning
of specific sﬁimulus-response assoclations can account for many
of- the behaviors that animals exhibit including goal-dirested and
consummatory reéponse;.Of course, without a functional response

‘e
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mechanism, drive 'views are at a loss to explain adaptive
behavior. 'fhe notion that the prevailing drive .and the
appropgate response 'naturally" get matched 1is obviously
insufficient (Bindr\;, Note 1).

In view of such criticism, it is not surprising that
theotists also questioned the integrity of the notion that
"drive" 1is solely a matter of internal "need" states. For
example, a popular view has’ been that bodily depletion results in
neural ‘changes or signs of bodily need and that these' neureal
changes comprise the drive that somehgw instigates goal-directed
a;:tions. Such a view has been contraKndicated by evidence that
eating or drinking does not normally wait for the buildup of
bodily needs for food and water and may occur in the absence of
any marked sensory or chémical‘ signs of depletion (Fitzsimmons,

1971; LeMagnen, 1971; @oates, 1981). Thege results pose the

' e
obvious problem of trying to explain consummatory behavior in the

absence of "internal drive". Additional problematic data came,

ironically, from demonstrations that electrical stimulation of '

different hypothalamic regions seemed to produce specific drive
states. Soon various hypothalamic sites were identified as drive
sites for eating, drinking, sexual activity and so on (Glickman
and Schiff, 1967). In a.series of experiments, however,
Valenstein, Cox, and Kakolewski '(196@) demon;trated that a 1:at

stimulated at a site that would normally elicit eating (i.e.:

excitation of the "hunger drive" site) would attend to other g, -

available stimuli (drink water, for example) if food was removed
3
or not available in thé experimental situation. In as much as

it was generally agreed that the electrical stimulation of

' .
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different hypothalamic sites did in fact produce genuine “drives"

under given experimental conditions, such results made- it
increasingly difficult to think of the instigation of specific
goal-diTected actions by a particular "drive." For example, why
should an animal drink or engage in sexual activity when it
presumably 1is gungry? Indeed, such results rendered the concept
of "drive" as internal need state increasingly vague. Conversely,
the suggestion that thz generation of drives or, more
appropriately, of motivational states is highly influenced by the
nature of the incentive objects prese;t in the environment has
become increasingly, prevalent.

The cumulative thrust of experiments such as those reviewed

above has, in the past decade, resulted in the formulation and

e

wider acceptance of an alternative view of m;tivation and
learning. Such a view (Bindra, 1976, 1978) ascribes a primary
role to incenti&e stimuli as the generators of motivational
states and elicitors of actions. According to this view, internal

bodily changes or signs of bodily need do not generate

motivational states but rather "gate" the effectiveness of

particular incentive stimulil to do so by modulating both the

salience of these stimuli and therefore the quality and magnitude
of the motivational states they generate. The generation of a
motivat}onal state, in.turn, further enhances the salience and
effectiveness of the incentive stimuli, One implication of this
view is that the environmental (incentive) stimulus that
generates a motivational state can also ‘serve as the goél
stimulus to which the organism’s behavior is directed. Thus, an

’

egfing motivational state, for example, would direct an animal to
[ ]
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the very environmental stimulus ;hat played a part in generating
that state. This approach clearly ciréumvents many of the
problems inherent in a drive-reduction explanation of goal-
directed behavior.

Learning is viewed primarily in terms of Fhe classical

L]

conditioning of stimulus-stimulus associations (see also Bolles,
1972). In the typical experimental setting, the stimuli of
interest are usuélly the incentive or unconditioned stimulus
(UCS) and the neutral or conditioned stimulus (CSB. According to
this theory, learning of a‘CS:UCS agssoclation is viewed as the
acquisition by the central representation 6f the CS§ of the
ability to excite the central representation of the UCS and
thereby to generate a motivational state similar to that normally
generated by the UCS. This motivational state in turn enhances
the salience of the CS and the animal 1is likely to agt in
relation to it (as when the UCS is_withheld in a tes; trial).
This 1idea, that the CS acquires the ability to acFivate a
motivational state similar to that activated by the UCS, is
central to this incentive-motivational view of learning and
motivation (Bindra, 1976, 1978).

It should be clear at this point that the role of classical
tonditioning in relapse to drug use is ﬁow open to two
fundamentally different interpretations. On the one hand and as
has been described earlier, the ariye—reduccion view argues that
relaphe to morphine use is due'té the classical conditioning of

the "drive-to-take-morphine.” This conditioned drive is inferred

from the conditioned withdrawal reactions displayed by the animal

and must be accompanied by learned stimulus~response associations

L
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that allow the animal to engage in the appropriate behaviors to
reduce the drive. The incentive-motivational view, on the other

hand, regards morphine as a rewarding incentive stimulus. Thus,

relapse to morphine—use is viewed as being due to the classical.

conditioning of the appetitive motivational state generated by
morphiné. This motivational state in turn enhances the salience
of the CS's and increases ;he likelihood that the animal will
approach and interact with them (i.e.: the self-administation
lever, the syringe, and so on). This view has‘been.elaborated
recently by Stewart, deWit, and Eikelbopm (Note 2).

Thus, the disagreement between the two views centers on the
particular association that must be learned. Simply stated, one
view asserts that the CS must be paired with the absence of
morphine or morphine-withdra;al (the "drive-to-take-morphine”)
while the other asserts that the CS must be paired with the

presence of mérphine (and, therefore, with the ensuing appetitive

motivational state).

Clearly, the initial and crucial test for the incentive-

mot ivational account of relapse to morphine-use i1sto determine
whether'?;e CS does in fact acquire the ability to generate an
appetitive gotivational state similar to that generated by
morphine itself. Morphine is a drug with myltiple unconditioned
effects or responsés. If these responses are presumed to underly
or to be manifestations of \t;*he motivational state generated by
morphine, then the extent to Which a CS can come to elicit these
responses reflects its ability to generate the gsame motivational

state. This of course is classical conditioning: the CS is

repeatedly paired with the UCS (morphine) and comes to elicit

8 )

X (\



conditioned responses that mimic the unconditioned responses

elicited by the UCS.

Identification of the Unconditioned and Conditioned Responses to

Morphine

As simple as the testing of the above prediction may appear,
it 18 no small task. The situation is complicated somewhat by the
fact that morphine has both depressant and excitatory actions on
most of the behavioral and physiological responses studied to
date and that these actioﬁs are both dose and species dependent,
{Because of the species variable, the following discussion will
be limited to those data obtained from the rat.) In general,
small doses of morphine can be said to produce exeitatory
effects, while larger doées cause biphasic effects con;isting
first of a depressant phase and thén of an excitatory phase
(Domino, Vasko, and Wilson, 1976; Seevers and Deneau, 1963). The
question then becomes which of these responses represents‘the
unconditioned response-(UCR) to morphine? Attempts to classify
the UCR to morphine as either ghe excitatory or the depressa&t
phase of the biphasic response do little to resolve the problem:
a quick review of the literature will reveal that both have been
§sed to specify different UCR's to morphine. For example,
analgesia (Siegel, 1975) and hypoactivity (Mucha, Volkovskis, and
Kalant, 1981), both of which represent depressant effects of
morphine, are considered by some to be UCR's to morphine. On the
other hand, hyperthermia, an excitatory effect of morphine, is
also congidered by many to be an UCR to morphine (i.e., Eikelboom

and Stewart, 1979; Miksic, Smith, Numan, and Lal, 1975; Sherman,




1979; Siegel, 1978). . a

The situation 18 further complicated by the proﬁlem of the
directionality of the conditidned response (CR). Classical
conditioning,‘as o;iginally conceptualized by Pavlov (1927/1960)
and to a wide extent today (Mackintosh, 1974, chapter 3), is
viewed as the ac&uisition by the CS of the ability to elicit CR's
that mimic the UCR's normally elicited by the UCS. However,
Siegel (1975),drawing largely from experiments on analgesia, has
accumulated evidence to suggest that the CR to morphine is one
ghat opposes the UCR (hence, the "conditioned compensatory
regponse”). This finding at one time lead to claims of
"paradoxical conditioning” and figures prominently in opponent-
process theoriegrof mot ivation (i.e., Solomon, 1977). Siegel
(1975, 1976,1977b) has interpreted his results as providing an
explanation for the finding that tolerance to morphine analgesia
is specific to tye environment in which morphine is administered.
The suggestion 1s that the development of tolerance to the
analgesic effect ofmmorphine reflects the development of a
conditioned compensat&ry hyperalgesic response which comes to be
elicited by the administration environment (the CS). And
indeed, Siegel (1975) has reported that tolerant rats, when
tested with saline in the administration environmen;, show
hyperalgesic responses.

To someone whose objective it is to demonstrate the
elicitation by a CS of responses that mimic the UCR, thelabove
findings are obviously problematic. There are several reasons,
however, to reconsider gheir interpretation. In the above

formulation, the UCS is viewed as morphine qnd the UCR as

4
4 [
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analgesia. Eikelboom and Stewart (1982) make an elegant argument

Ve
that this need not necessarily be the case ( see also Kesner

and ,,Bake~r, 1981, p. 488). leé'y suggest that 1f one views morphine
as acting on the efferen& arm of a regulatory feedback algesia

3

system, the observed effect of morphinle (analgesia) .may be seen
as constituting the UCS and & response to the UCS see¢ss as the UCR
(hyperalgesia). Conditioned hyperaléesié responses would
therefore mimic the uncond‘itioned‘hyperalgesia responses to
analgesia (the UCS), There is, however, another possibility.
Morphine has been reported to have, under certain conditions,
unconditioned hyperalgesi\c effects (Jacquet and Lajtha, 1973;
Kayan, Woods, and Mitchell, 1971)., The possibility then arises

that Siegel's results méy reflect the conditioning of

independently elicited hyperalgesic responses, that is, responses
<

that are elicited by morphine action at opiate receptors that are

independent of morghine's énalgesic actions. In this case,

morphine would be the UCS and ‘the CR would mimic the UCR

.(hyperalgesia). These possibilities remain to be elucidated.

The generality of Siegel's (1975) position rests toa llargé
extent on the tenet that tolerance develops to the effects of
morphine. There is considerable-evidence, however, that while the
depressant effects of morphine show tolerance, the excitatory
effects do not (Seevers and Deneau, 1963). Furthermore, not all
CR's oppose the initially observed effects of l;lorphine. (1t 1is
interesting to note that, by and large, reports of compensatory
CR's have come from studies of depressant effects while reports:
of mimicking CR's have come from studies of the excitatory

effects of morphine).

11
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Most of the evidence for isodirectional CR‘s comes from
studies of the fhermic effects of morphine. In these studies,
morphine is considered the UCS, hyperthermia the UC%, and the CR
reported mimics the UCR (f.e” a conditioned-hyperthermia
response is obtained; Eikelboom and Stewart, 1979; Lal, Miksic,
and Smith, 1976; Miksic et al.,-1975; Sherman, 1979). In one
study, Siegel (1978) reported a conditioned hypothermia, a CR
yhieh opposed the hyperthermia UCR. Furthermore, he reported that
tojerance developed to the hyperthermia. Explicit attempts to
replicate these JLsults, however, have falled (i.e.: Sherman,
1979). Moreover, this finding of tolerance develgpmept to the
hyperthermic effect of morphine is Jﬁique in the iiterature in
this area (for a review see, Eikelboom and Stewart, 1982). There
is at present no good explanation for. Siegel’s (1978) discrepant
findings.

Because the effect of morphine on temperature is dose
dependent (small doses produce a hyperthermic response w eréas
large doses produce a biphasic effect, first hypothermia. 1lowed
by hyperthermia: Cox, Ary, Chesarek, and Lomax, 1976; §unne,
1960), it is at first not’clear why hyperthermia (and not
hypothermia) is considered the UCR to morphine by so many. In
their review, Eikelboom and Stewart (1982) suggest that
.independedt lines of evidence point to a site of action of
morphine which 18 on the afferent arm of the thermoregulatory
system (see also Clark, 1979a). Evidence for this view comes from
experiments which demonstrate that both behavioral and
physiological responses to small doses of morphine will promote a

rise in body temperature; not only will animals become
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hyperthermic, but they will stay under a heat lamp longer than °
control animals (Cox et al., 1976). To the extent that behavioral
and metabolic responses may represent two different classes of
temperature effectors, the finding that both promote the s.ame
goal (hyperthermia) suggests that morphine is acting as an UCS on
the afferent side of the thermoregulatory system.

The injtial hypothermia obtained from high doses of morphine,
on the other hand, is less well understood. It may be that high
doses of morphine initially incapacitate the thermoreguiatory '
system and render the animal unable to regulate its temperature;
the animal becomes poikilothermic (Clark, 197%a). Because
animals are usually -tested in environments that are cooler than
their core temperature, such a view would explain the initial
hypothermia obtained from high doses of morphinle. It is important
to remember, however, that high do;es of morphine also produce
hyperthermia (the second phase of the biphasic respomnse). Indeed,
experiments in which animals have been administered morphine in a
variety of ambient temperatures have\ demonstrated that although
hypothermia is obtained in cool envi;hnments it is not obtained
in a tHermoneutral environment (Cochin, Rosow, and Miller, 1978;
Paolino and Bernard, 1968). Hyperthermia, on the other hand, is
obtained regardless of the ambient temperature (Rudy and Yaksh,
1977).‘ Thus, whatever the mechanism of morphine-induced
hypothermia is ultimately found to be, the above data strongly
suggest that hyperthermia 18 an UCR to morphine. Experiments
which have reported conditioned hyperthermia, therefore,

demonstrate that a CS may come to elicit responses which mimic

the UCR's to morphine.
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The experiments in this thesis represent an attempt to extend F
these findings to locomotor activity. There are several reasons
why this may be fbruit:fu}. First, the extension of findings from
one measure-tp another is necessary if they are to have any
generalit;'. Locomotor activity is a simple behavior to record
reliably in the rat and may provide such an extension. Second, it
has been suggested that chanées in locomotor activity levels may
confound the concurrent measurement of other mOL:phine effects

such as analgesia (Mucha et al., 1981) and temperature (Lotti,

’i'iloinax, and George, 1965; Martin, Pryzbylik, and Spector, 1977)".
:r"fﬁ;s possibility makes the study of morphine-induced changes in
locomotor act’ivit\y important in its own right. Finally, and
perhaps most important, is the accumulat;.on,in the past decade,
of neurophysiological; neuroanatomical, and biochemical data
which suggest a strong relationship between locomotor‘aactivity
and chelrewarding qualities of morphine. This possibility, of an
intrinsic' relationship between locomotor activity and reward,
introduces obvious advantages to the use of locomotor activity as
a response syftem with which to study the conditionability of the

central motivational state induced by morphine., These 1deas will

' become clearer in th{z following sections. N
~ 7 -

Motrphine-Induced Changes in Locomotor Activity

Acute systemic injections of morphine have both depressant
and excitatory actions on locomotor activity. Typically, medium
to high doses result in an initial decrease in activity followed
one to two hours later by an increase in activity (Babbini and

Davis, 1972; Sloan, Brooks, Eisenman, and Martin, 1962; Vasko and
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Domino, 1978). Low doses, on the other hand, result only in an
increase in activity (Babbini and Davis, 1972; Fog, 1970; Vasko
and Domino, 1978). With repeated injections of high doses, the
decrease in activity shows development of tolerance and the
increase in activity appears to become st;onger and.to occur
earlier in time (Babbini and Davis, 1972; Martin, Wikler,‘Eades,
and Pescor, 1963; Vasko and Domino, 1978).

The predominant explanation of these findings has been that
morphine interacts with the mesolimbic dopamine system. Pollard
and his colleagues (Pollard, Llorens, Bonnet, Costentin, and
Schwartz, 1977) have argued that morphine acts initially to
inhibit dopamine (DA) release by acting on opiate ¥eceptors at
the terminals of mesolimbic DA ne;rons. In response to the
inhibition, DA synthesis is increased. This increase 1nlsynthesis
acts to overcome the inhibitory effect and ultimately acts to

bring about the increase in locomotor activity. When morphine is

administered intracranially to the nucleus accumbens (one of the
terminal regions-of mesolimbic DA neurons), the res:lt is an
initial period of decreased locomotor activity followed two to
four hours later by a period of increased activity (Costall,
Fortune, and Naylor, 1976, 1978; Dill and Costa, 1977; Pert and
Sivit, 1977). When DA or DA agonists are administered directly to
the nucleus accumbens, the result i1s an increase in locomotor
activity which is blocked by DA receptor blo;king agents (Costall
and Naylor, 1976; Pijnenburg, Honig, Van Der Heyden, and Van
Rossum, 1976; Wachtel, Ahlenius, and Anden, 1979). Costall,

Naylor, Cannon, and Lee (1977) found, in addition, that DA

injected into the nucleus accumbens resulted in locomotor
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activity increases, but. that similgr injections into the caudate=

putamen did not. Rather, these latter injections redulted in an

3

increase in stereotyped behaviar. _ ' ' ;
. . -

At first glance, this explanation of the effects of morphine

orf locomotor activity sits quite well with S.pgel’s (1975, 1977a,

' »
1979) suggestions about the role of compensatory
‘ W

drug tolerance, Here, morphine would be the UCS, the environment

responses in

in which morphine is repeatedly administered the CS,wgnd the
initialhde%rease in locomotor activity obtained from high
systemic doéeé the UCR. Inzthis view, therefore, tolerahce to the
initial decrease in locomotor activity is seen as reflecting fhe

development of a conditioned compensatory increase in locomotor
!

4 .

S »

aétivity which comes to be elicited by the CS. - ey

. These predictions were recently tested in a series of

experiments by Mucha et d41. (1981). They found that with high

‘systemic doses of morphine, the unconditioned effect was ap

~,
dnitial decrease in lovcomotor activity. Furthermore, when

morphine was repeatedly administered in a distinctive environment

'

(the CS), the resﬁlting CR was an increase in ldcomotor activity.

It was concluded, therefore, that tolerance to }he initial
activity decrease was probably dug to the development of a

conditioned compensatory increase in lodqmotor activity (the -CR),

Y

- -~
The problem for this view is that Mucha -et al. (1981) also found
. \ :

conditioned increases in Hggom&tor acti®¥ity when they used low
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Although it is generally agreed .that the initial dlcrease in

‘ kN

locomotor activity obtained from high systemic doses jof morphine

$
is due to an effect on opiate receptors at the tkrminals of

mesolimbic DA neurons, the finding that small doses of morphine
elicit only increases in locomotor activity suggests that
morphine may have an independent excitatory effect on DA neurons.
First, the op%ate receptor antagonist, naloxone, blocks not only
the depressant effect on locomoton‘ﬁft_ivity of high systemic
doses of morphine but also thg excitatory effect of both low and
high doses (Holtzman, 1976; Oka and. Hosoya, 1976';‘Ost18>wski,
Hatfield, and Caggiula, 1982; Vasko and Domino, 1978). Thus, 1f
the increases in locomotor activity were merely a “"rebound”
effect of the depressant acg:ioly'éf high systemic doses of
morphine, one would not expect them to be reversed by opiate
recéptor blockade. Second; Johnson, Sar, and Stumpf (1980) have
demonstrated the presenc;e of enkephalin terminals in-close
relation to DA’ mesolimbic cell bodies and oplate receptors have
been loca;ed either on or proximal to these cell bodies (Elde,

Hokfelt, Johannsson, Lungdahl, Nilsson, and Jeffcoate, 1978;

. Schwartz, 1979). These neurons project to the nucleus accumbens.

Noting this, Joyce and Iversen (1979) injected morphine directly
into the ventral tegmental area (VIA, the site of the cell bodies
of the mesolimbic DA s‘ystem). They found that these injections
produced\ only an increa;e in locomotor activity and, furthermore,
that this increase became enhanced with repeg‘ted injections. The
increase in locomotor act‘ivity was reversed by naloxone and

blocked by the DA receptor antagonist, haloperidol. Similar

"results have since been obtained from injections into the VIA of
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enkephalin (Broekkamp, Phillips, and Cools, 1979) and beta-

endorphin (Schwartz, Ksir, Koob, and Bloom, 1981), This
excitatory effect on locomotor activity of opiate administration
into the VTA seems to be due to an independent excitatory effect
of opiates on mesolimbic DA neurons which results in enhanced
release of DA in the region of the nucleus accumbens. Support for
this view comes from demonstrations that morphine 1njecteld into
the VTA causes an intrease in the single-unit activity of
mesolimbic DA cells (Gysling and Wang, 1982; Matthews and German,
1982). Firthermore, bilateral administration of haloperidol into
the nucleus accumbens (Pijnenburg, Honig, and VanRossum, 1975)
and selective 6-hydroxydepamine-induced lesions of the mesolimbic
DA‘ neuron terminals in the nucleus accumbens (Kelly and Iversen,
1976) both inhibit d-—amphetamine~induced increases in locomotor
activity, 'an effect thought to depend on DA action in-r the nucleus

-

accumbens.

e

Thus, although the mechanism of morphine action proposed by.

Pollard et al. (1977) mighyt appear to account for the effect of
systemic injections of high doses of morphine, it cannot
accomodate the increases in locomotor activity obtained with low
systemic doses or from opilate administ&ation directly into the
VTA. Indeed, the Joyce and Iversen (1979) results suggest that

another more direct action of morphipg on the cell body region of
'

mesolimbic DA neurons could be responsible both for the increases

in locomotor activity obtained with low doses of morphine and the
enhancenment ©f these activity increases seen following repeated

systenic injections of morphine. If one returns to the

4cond1tion1ng‘ study of Mucha et al. (1981), 1t becomes clear that
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an alternative explanation of their findings is possible. Because
both low and high doses of morphine, when administered repeatedly
in a distinctive environment, resulted in conditioned increasei
in locomotor activity, the possibility qrises that what they
reflect is the independent conditioning of the excitatory effects
of morphine acting on opiate receptors in the VTA. ,In this case,
Fhe UCR to morphine would be the dncreases in locomotor activity
and not the decreases in actlvity’as suggested by Mucha et al,
k1981) and required by Siegel (1975, 1977a, 1979). It cannot be

denied, however, that morphine may also have unconditioﬁed

depressant effects on locomotor activity (as with high doges).

.Furthermore,'it is not known whether the development of tolerance

to these depressant effects is due to the direct activation of DA
neurons by morphine action in the cell body region or to the :
negative feedback effect of morphine inhibition of B4 release
from terminals that initiates increased DA synthesis or both,
(Another possibility, 6f course, may be decreasing affinity far
morphine of oplate receptors at DA neuron terminals,) It is
nonetheless clear that the excitatory‘egﬁéct of morphine on the
cell body region of mesolimbic DA neurons is a real and
independent effect and that it may provide the UCR for the
conditioned increases in locomotor activity reported by Mucha et
al. (1981). @

‘One implication that arises from these findings 1s- that the
opiate receptors in the DA me;olimbic cell body region
responsible for the low dose effects are more sensitive than

those in the terminal regions that are activated by higher doses.

It is well known that oplate receptors are not homogenous and may

-
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differ in their sensitivities to morphine according to their
location (Lord, Waterfield, Hughes, and Kosterlitz, 1977; Wood,
1982). The possibility then,exists that the opiate receptors in
the cell body and terminal regions of mesolimbic DA cells are of
different types. This possibility has not been elucidated to
date. It remains, however, that the net behavioral.gffect of
systemic injections of morphine may reflect a difference in the

properties of these two populations of receptors.

The VTA and Morphine Reward ‘

There is now convincing evidence that the VTA not only

mediates the excitatory effects of morphine on locomotor

activity, but also mediates the rewarding effects of morphine

(for a review, see Bozarth, 1983). Morphine injected into the VTA
produces facilitation of brain stimulation reward (Broekkamp, Van
den Boggard, Hiejnen, Rops, Cools, and Van Rossum, 1976). Rats
will self-administer morphine into the VITA but not into other
brain regiqns (Bogar;h and Wise, 1980, 1981la). Self-
administration 18 blocked by naloxone and does not seem to be due
to behavioral arousal since animals in a yoked coﬁtrol group
lever press significantly less often than experimental animals.
Animals administered morphine into the VIA in a distinctive place
in their envirdnment will show a shift in preference for that
place, that 1s, a conditioned place preference (Phillips and
LePiane, 1980). .That oplate action on opiate receptors in the
VTA is not'only sufficient but also necessary for reward was
recently demonstrated by Britt and w1sév(l983). They found that

injection of an opilate receptor blocker into the  VTA but not into



[rO————

other brain regions attenuated heroin reward as evidenced by
compensatory increases in intravenous heroin self-administration.

These data, therefore, when considered together wi:L reports
of opiate receptors in the VTA and the findings of Joyce and
Iyersen (1979) reviewed earlier, suggest that the rewarding
effects of morphine may be mediated by me3olimbic DA neurons.
Thus, DA ‘receptor antagonists have been found to blpck not only
the increases in locomotor activity induced by injections of
morphine into the VTA but also to block morphine reward as
evidenced byfth% lack of development of the conditioned place
preference normally produced by systemic heroin (Bozarth and
Wise, 1981b). It is worthwhile noting that since animals are
tested for conditioned place preference in a drug—freg state, it
is unlikely that the/proposed sedative’effects of neuroleptics
could account for the latter findings.

It is important also to note that the VTA is a site which
does not seem to be assoclated with the elicitation of wifhdrawal

reactions upon termination of morphine administration. This was

demonstrated in an elegant experiment by Bozarth and Wise (1983).

'They found that the abruptsermination of morphine administration

’
obtained by a naloxone injection precipitated withdrawal

reactions in animals that had received morphine continually for
three days into the pefiventricular gray region but not in
animals that had been administered morphine into the VTA. It 1is
quite appa}ant, therefore, that animals will self-administer
morphine into the VTA because of the rewarding effects qf the
drug and not to relieve withdrawal discomfort as required by

drive-reduction theory. Recent studies have also made it clear
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that neither excessive drug experience nor physical dependence is
necessary to obtaln conditioned place preference., Indeed,
significant place preference has been reported after one
-1njection of morphine (Mucha, Van der Kooy, 0’Shaughnessy, and
Bucenieks, 1982) and heroin (Bozarth and Wise, 1983). Since these
studies invdlved only one injection, there was no opportunity for
the animals to learn about the effects of a drug injection on any

possible withdrawal reaction,

The Presgnt Experiments

Ilefinding that both the locomotor activity and the
rewarding effects of morphine appear to be mediated By the same
substrate suggests a unique way to study the conditionability of
the central motivational state induced by morphine. Iversen

¢

(1983), for example, has suggested that the increased locomotor

activity induced by morphine in the VTA is indicative of a state.

~ -
of motivational arousal associated with activation of mesolimbic

DA neurons. Conditioned increases in locomotor activity may

(&}

therefore reflect the elicitation by conditioned cues of the same

motivational state.

In the following ixperiments, therefore, the
conditionability of the increases in locomotor activity induqéd
by morphine administration into the VTA was studied. In all
experiﬁents, with the exception of Experiment 4, animals were
bilaterally implanted with cannulae aimed at the VTA and their
locomotor activity measured subsequent to morphine
administration, It should be remembered that this site of

administration permits the study of morphine induced increases in
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locomotor activity unconfounded with either the decreases in
locomotor activity or the withdrawal reaction liability seen to
be possible with systemic admin{strations.

Body temperature &gs also measured and represents a more
exploratory function of the experiments. First, it is easy to
measure and did not interfere with the monitoring Qf locomotor
activity. Second, little is known of the anatomical sites which
mediate the temperature effects of morphine (see Clark, 1981).
Several studies have demonstratéd a dose-dependent effect
following intracranial injections of morphine into the preoptic-
anterior hypothalamus. Low doses of morphine (Cox et al., 1976;
Teasdale, Bozarth, and Stewart, 1981) and beta-endorphin (Martin
and Bacino, 1979) administered to this site result in
hyperthermia whereas injections of high doses of morphine result
in hypothermia .(Lotti et al., 1965). Tseng, Wei, Loh, and Li
(1980) also found that intermediate doses of beta-endorphin
injected into this site induced a biphasic reébonse: an initial
hypothermia followed by hyperthermia. In this laboratory, .pilot
studies haQe indicated that a mild hyperthermla may be elicited
from administration of morphiﬁe into the VTA and it was decided
to study this effect more ;ystematically. The following
experiments, furthermore, provided the opportunity to study both
the unconditioned effect and its potential forrconditioning.

‘Experiment 1 was designed to examine whether the increases in
locomotor activity induced by morphine administration could come
to be elicited by the environment in which morphine was

repeatedly administered (the CS).

In Experiment 2, the effects of the DA receptor antagonist,
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pimozide, both on the unconditioned increases in locomotor
act:l:vity and on the development.of contfitioni’ﬁg of these activity
increases were examined. - ©

Experiment 3 was designed to investigate Ithe pos‘ésibility

that~the sensitization e adtivity increases reported by

Joyce and Iversen (1979) could be a conditioned phenomenon
specific to the injection environment. The effect of DA receptor
blockacie on the development and expre;sion of this sensitization
was. also investigated. i/ .

In Experimgnt 4, the anatomical specificity o} t‘he locomotor\
activity and body tempe\ratxza effects of morphine in the VIA wefe
assessed by compari;xg the response levels of animals with
cannulae placements dorso—lateral to the VIA to those of animals
with cannulae placement:ls in the VTA, ‘

In Experiments 5 and 6, the P_harmac_ological specificity of

the morphine effect on 10comot’:o§ activity and body temperature,

respectively, was agssessed with challenging 1n3ections of the

-
.

oplate receptor blocker naloxone. . -

o
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EXPERIMENT 1

This experiment was designed to determime whether the

increases 1in locomotor activity induced by morphine

administration into the VTA could come to be elicited by the
environment in whtyh morphine was repeatedly administered.
Accordingly, animals were glven a number of daily
morphine administrations in a distinctive environment.
On subsequent conditioning test days, animals were returned to
the Jistinctive environment without morphine administration and
their locomotor activity measured. If these animals showed higher
levels of loéomotor activity on conditioning test days than
animals that had not received the explicit morphine-distinctive _
environment pairings, conditioning could be said to have
occurred.

Body temperature was also measured subsequent to each
morphine administration and on conditioning test days. Thus, both
the unconditioned effect ofcmorphine administration into the VTA

and its potential for conditioqing were investigated.

Methods

Subjects

Thirty-five maleJWistar rats, obtained from Charles Ri;er
Canada Inc. (St. Constant, Quebec) and weighing 275-300 g on
arrival, were used. They were housed individually in stainless
steel cages (18 cm x 24'cm x 18 cm) located in a reverse cycle
room lit from 22:00 to 10:00 h and maintained at a constant

>
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temperature of 21+1 degrees C. Burina Lab Chow and water were
available to the animals ad 1libitum for the duration of the
study .

Surgery

One to two weeks after arrival., animals were anaesthetized
with sodium pentobarbital (.85 ml/kg Somnotol, M.T.C.
Pharmaceuticals Ltd.) and stereotaxically implanted with chronic
bilateral guide cannulae (22 guage, Plastic Products Company)
aimed at the ventral tegmental ;rea (VTA) and positioned 1 mm
above the final injection site. The VTA coordinat:s were: A/P
-3.8, L + 0.6, and D/V ~8.9 from skull (Pellegrino, Pellegrino,
and Cushman, 1977). The guide cannulae were implanted at 16
degrees to the vertical. This permitted the use¥of the Plastic
Products blocker and injector cannulae (both 28 guage) and
furthermore steered the guide cannulae around the periventricular
gray reglon (PYG) thus preventing damage to it and penetration of
the cerebral ventrical, It is well known that one problem with
intracranial drug administration is that the drug may diffuse up
the cannula shaft (see Routtenberg, 1972). The angled implants
used in this and the following experiments, therefore, helped
circumvent the problem of drug reaching the PVG and the cerebral
ventrical (merely 2 mm dorsal to the VTA) ar_ld helped ensure the
neuroanatomical specificity of th:a drug effects under study.
Cannulae placements were verified by the use of standard
histological techniques.

Foilowing surgery and for the remainder of the egxperiment,
the animals' home cages were fitted with an aluminum plate floor

-~

covered with beta chip and wire screen covering the front of the
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cage. Access to the food hopper remained unimpeded. These
precactionary measures successfully prevented operated animalsg
from pulling off their implants and contributed to disting;ishing
the home cage from the test environment.
Apparatus

A bank of 12 activity boxes was used to measure locomotor

~activity., Each box (20 cm x 41 cm x 25 cm) was constructed of

white pressed wood (rear and two side walls), a wire screen
ceiling, a Plexiglas front hinged door, and a floor consisting of
24 gtainless steel rods. In addftion, stainless steel plates
covered the inside upper half of each side wall and the upper
half region extending 11 cm from each end of the rear wall, The
plates and the left, center, and right thirds of the floor each
supported an interrupted current of 1.5 uA. One count was
registered when an(?nimal completed any break in the circuit.
This permitted recording of both horizontal locomotion and
rearing.

The activity boxes were kept in a room 1it dimly with red
light and maintained at a constant temperature of 21+1 degrees C.
White noise (75 decibels) was continuouslyopresent to mask
extraneous noise. The recording apparatus was situ;ted in an
ad jacent room.

Rectal temperature was measured by means of a small probe
(Yetrlow Springs model 402) and a Yellow Springs TeleThermometer
model 46 TUC (accuracy = + .15 degrees C). Animals were placed in
‘a small rectangular trough closed at one end (9 cm x 27 cm x 10

cm) and were lightly restrained by the tail while the probe was
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inserted a minimum of 6 cm as recommended by Lomax (1966) for

approximately 30 s until the i:emperature reading stabilized.
Design

The experimental design involved giving daily morphine
administrations to one group of animals in a distinctive
environment, the activity box (Group Sham-HC/Morphine-AB), and to
another group in the home cage (Group Sham~AB/Morphine-HC). Each
group also recelved daily sham administrations in the other
environment. Locomotor activity and temperature were recorded in
the distinctive AB environment. Sham administrations were given

first followed three hours)ater by morphine administrations. As

a result,