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'An intracranial self-admiﬂistration procedure
was developed'to test animals for the acquisition of a
lever-pressing response to deliver morphine infusions
into discrete brain regions. Subjects rapidly learned
to self-administer morphine into’ the ventral gegmental
area but did not learn to gself-administer morphiﬁé‘into

other opiate receptor fields. Further studies determined

that the rostral-caudal boundaries of this system corre- -
| .

* spond to those of the Al0 dopamine cell group.

. Evidence was reviewed suggéstinq that opiatés
enhance dopaminergic neurotraném;ssion. Behaﬁidgal
indices observed during intracranial morphine self
administration further support this notion. The effect
of dopaminergic recepﬁor-blockade on heroin reward was
‘tested using two conditioning procedures. The condi-
tioned reinforcement and the conditioned place preference

(h,

¢

.
S
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produced by systemic heroin injections were blocked by

neuroleptic pretreatment. Both of these procedur_es'

"tested animals in the drug-free condition eliminating

»

mo'to:.: sedati;m as a possible explanation of this effect.
| A number of brain regigr;s were- mapped for their
ability to proﬁuce physica} dependence on morphine
following chroni‘c infusions. Specific attention was
focused on thé ventral .tegmental area to determi’ne thé

a
relationship of the site of morphine reward to the ’

development of physical dependence. Although a moderate
degree of physical dependence. was demanstrable after

chronfc morphine infusions into this brain region, this ‘

effect was eliminated by the use of cannulae that were ¥

=~ '

angled to avoid penetration of the periventricular graﬁ/ i
N .
substance. Infusions into the periventricular gray
Y
region produced the most severe physical ‘dependence with
; .

withdrawal jumping emanating primarily from the rostral . i

region while wet~-dog shakes were more pronounced after .

'3

F O R R e B WM T A e Ly

infusions into the caudal region. Chronic morphine
infusions into other brain regions préduced little or no
physical devendence. '

The results of these and other studies suggest ’

~

P PP UNE P

that opiate reward 1s produced by a drug action in the ven- .
tral tegmental area which is dependent on a dopaminergic

mechanism.. It is likely that the Al10 dopamine system is

involved in this rewarding action. Physical dependence .

»t
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is prodyced by a drug action primarily in the periven-
tricular gray region. These data are concordant with *
the, notion that opiate reward is another instance of
. . - ~ , .
g N ‘ ] ! . .
appetitive motivation and may pharmacologically activate
f A
y . ‘
the.neural substrate,cf natural rewards.
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CHAPTER 1
FRAME OF REFERENCE

with the discovery of brain stimulation reward (7.
Olds & Milner, 1954), it has become widely accepted that

the neural mechanisms subserving reward are part of a

-specialized reward substrate (e.g., J. 0lds, 1962,°'1977;

Wise, 1981) and not aubiquitéusproperty of the nervous
system: . not all neurons are dﬁfectly involved in réwardand'
those that are may comprise a relatively small portion of
the nervous system. Delinéation of the neural basis of,:
motivation and reward has been achiewved lafgely by electri-
cal brain 'stimulation experiments which study botﬁ the
ability of electrical stimulation'to induce various
"motivdted" behaviors' and the ability of electrical
stimulation to directiy reinforce arbitrary behavioral
responses. Some of the neuroanatomy and neurochemistry of

this reward system has been determined (see Hall, Bloom, &

J. Olds, 1977; Wise, 1978a), The relationship of this

neural substrate to natural reward has been debéted, but’

lwhether any behavior more complex than the patellar
reflex is "unmotivated" could be debated tg great lengths.
Maslow (1954) suggests, however, that some/ forms of self
expression may be essentially unmotivated; that is, they
are "ends" in themselves and not directed /toward achieving
any other goal.

r
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it appears that \this system may be iﬁvclvgd in the
incentive motivathonal properties of conventional
; rewards (see J. 0lds, 1962, 1977; Reid, 1967; Wise, 1974).
The brain also contains specialized.receptors for
opiates; again, these receptors are not distributed uni-
formly throughout the brain but, rather, they are clustered
n‘numerous regions (Atweh & Kuhar, 1977ab; Pert, Kuhar, &
Snyder, 1975, 1976; Snyder.& Matthyé@e, 1975) forming what
might be termed opiate-receptor fields. In the past
decade endogenous substances have been isolatdd and iden-
tified that specificaily bind to these opiate receptors
(Cox, Opheim, Teschemacher, & Goldsfein, 1975; Hughes,
B 1975; Hughes, Smith, kosterlitz, Fothergill, Morgan, &
Morris, 1975; Pasternak, Goodman, & Snyder, 1975; 'Terenius
1 & Wahlstrom, 1975; Tegschemacher, Opheim, Cox, & Goldstein,
. 1975)‘and the role of these endorphins? in physiology and:
behavior has becoﬁe the subject of considerable research.
Some of the processes advanced as being influenced by

o
endorphinergic systems include social behavior (Kavaliers,

R TR 2T

., 1981; Panksepp, Herman, Vilberg, Bishop, & DeEskinazi,

|

1978), feeding and drinking (Holtzman, 1975; Jalowiec,

Panksepp,‘Zolovick, Najam, & Herman, 1981; -Morley,

- ?Enderphin is used as the generic term to refer to
endogenous opioid-like peptides. : This is in agreement with
the policy of many researchers in the field (e.g., Gold-
stein & Cox, 1978; Simon & Hiller, 1978; Smith & Simon,
1981), although Adler (198Q] has suggested that endogenous
opioid peptides:would better describe the class.

i
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1980; Ostrowski, Rowland, éoley, Nélsdﬁ, & Reid, léhl:

~ Sanger, 1981;’Siviy, Calcagngtti, & Reid, 1982); learnirg
and memory (Izguierdo, 1979; Rigter, 1978; Riley,’ Zellner,
& Duncan, 1980; L. Stein &'Belluzzi, 1979), pain {Amir,
Brown, & Amit, 1980; Fields, 1981; Lewis, Caldecott-Hazard,
Cannon,‘& Liebeskind, 1981; Terenius, 1978) pgychopathology
(Berger, Watson, Akil, Elliot, Rubin, Pfefferbaum, Davis,
Barchas, & Li, 1950; Davis & Bunney, 1980; Watson, Akil,
Berger, & Barchas, 1979), copulation (Gessa, Paglietti, &
Quarantotti, 1979; Murphy, 1981; Mye}s & Baum, 1980), and
opiate addiction (Herz, 1981; Herz, Hollt, & Przewtocki,
1980;. (For general reviews of endorphins and behavior,
see Barchas, Akil, Elliot, Holman, & Watson, 1978; Bolles

& Fanselow, 1982; Kosterlitz, 1980; Olson, Olson, Kastin,

& Coy, 1980; Smith & Simon, 1981). Narcotic antagonists,
which are assumed to block the actions of endorphins (cf.
Hill,.l981; Sawynok, Pinsky, & Leéella, 1979), have been
shdwnlto produce dysphoria and mental depression in humans
(File & Silverstone, 1981; Hollister, Johnson, Boukh&bzak;r
& Gillespie, 1981; Mengelson, Ellingboe, Keuhnle, & Mello,
1979) ..  Thus endorphins appear to influence many aspects

. of behavior and have been postulated to have a special roie
‘iﬂ motivation and reward (Belluzzi, & L. Stein, 1977; L.
‘Stein, 1978; L. Stein & Belluzzi, 1978, 1979). These
effects can potentially be revealed by studving the action

L
of drugs which activate or block the activation of opiate’

L
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recept_ors3 (i.e., opiates and narcotic anéagonists, respéE;
tively). |

< " one of the most dramatic phardacoloqical actioné
of op{gtes is their ability to reward or "reinforce"
behaviors associated with their self-adginistration. 1In
fact, drug addiction is currently defined in behavioral
terms emphasizing a preoccupation with the écquisition and
assimilation of the drug (Jaffe, 1975, Martin & Sloan,
1977). MQ§t biological properties, such as physical ’

dependence and analgesia, are not considered necessary

attributes of a compound to qualify it as an addictive

_-agent. Rather, the determination that a drug is an addic-

tive agent relies on a demonstration of the behavioral
aspects of addiction sipce the relgvant.biological proper—
ties of these drugs have not yet bheen identifieq. | ‘
There is no pre-existing neea to ingest opiates,
and considerable experience is nece;sary to establish
opiate assimilation with the characQ%;istic vigor seen in
chronic drug addiction. Once established, however, this
thavior may result in the diminution of the efficacy of

natural rewards. This ability of opiates and other addic-

tive agents to reinforce their own ingestion while some-

3Endorphins have been considered as endogenous
ligands for opiate receptors and this practice reflects the
chronology of discoveries made in this field (i.e., opiate
receptors were discovered before endorphins). However, it
might be more appropriate-to consider oplates as exogenous
ligands for endorphin receptors.
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times blunting the rewarding impact of'pther reinforcers
suggests that opiates may have profound effects on the -

neural mechanisms underlying conventional motivation and

//fﬁyafa.
Most theories of drug addiction have focused on

psychodynamic or sociological models of drug abuse (see
Hoch & Zubin, 1958; Lettieri, Sayers, & Pearson, 1980).
One of the most popular theories of drug addiction that
has been directly related to biclogical processes involves
the physical dependence-producing properties of opiates.
{?he repeated use of large quahtities éf.these drugs pro-~
duces a physical dependence on their continued intake.
When opiate administration is discontinued, withdrawal
symptoms emerge that can be readily suppressed by opiate
assimilation, It has been suggested that the discomfort
produced by withdrawal from opiates in the thsically
dependent persoh provides the ﬁotivation for the continued
ingestion of opiates (é.g., Wikler, Martin, Pescor, &
Eades, 1963; Wikler & Pescor, 1967; Wikler; Pescor, Miller,
& Pérrell, 1971). This model dominated much of the early
preclinical ééreening of new compounds for addiction lia-
bility (e.g?, Committee on Problems of Drug Dependence,
1970). .

Although tension-reduction models" of opiate addic-

“The h;pothesis that opiates are ingested to avoid
withdrawal distress is basically a variant of the tension
reduction model. Essentially, some aversive event (e.q.,
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tion have remained popular explanations of drug addiction

ie.g., Dole, 1980; Lindesmith, 1980; Wikler, 1980; see also

; -

Lettieri et ;1., 1980), current views have shifted in favor
of positive-reinforcement models of drug addiction.

Initial assimilation of opiates prodﬁces pronognéed
"feelings of well being" (see Martin & Sloan, 1977;
McAuliffe, 1975; McAuliffe &.Gordon, 1974} which have been

termed positive-euphoria® (Kolb, 1925). These mood

.elevating properties of opiates have been recognized for

4
many years by some researchers (e.g., Eddy, Halback, &

Braenden, 1957; MartiQJ 1966) even though psychosocial and
tension-reduction theories continued to dominate the field
of drug addictiop (e.g., Lindesmith; 1938, 1970, 1980;
Prout, White, & Charry, 1958; Rado, 1958; Rasor, 1958;
deRopp, 1957).

fhe‘physicél—dependenbe withdrawal syndrome
associated Qith opiates may contribute to the long—ter@
maintenance of opiate addiction, but ?cquisition and early

maintenance of opiate assimilation appear to be motivated

'

withdrawal discomfort, psychological tension) is terminated
by the ingestion of an opiate. This might also be viewed
as negative reinforcement (see Chapter 7).

In common usage euphoria connotes a state of bliss

- or ecstasy. The mood elevation experienced by opiate

addicts is probably not well described by this term; the
effect of opiates may be more subtle producing what is
better described as a feeling of well being or contentment.
Nonetheless, euphoria is frequently used to refer to this
alteration in mood and the reader is cautioned about the
specialized meaning of this term.

e ‘
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by positive reinforcement processes.® For this reason

attention has focused on the effects of opiates on the
neural mechanisms of reward and attempts to identify an
action of opiates on the subétrate of natural rewards -have
become the subjéct of considerable interest.

The study of opiate addiction and the delineation

of the mechanisms involved in the acquisition and mainte-

> nance, of addiction have implications that transcend the

iwAtreatment and prevention of drug abkuse. The fact that

these drugs have profound effects on motivated behavior
make them potentially useful tools for the study of br;in
mechanisms subserving reward and motivation. Seldom do
conventional rewa¥ds seem to control and direct behavior
as strongly as gddictive drugs reinforce the behaviors
associated with their acquisition and assimilation. Thus

the study of opiate addiction may be viewed as a study of

‘the neural substrate of basic motivational processes using
opiates as exogenous ligands to determine the role of
endorphins in the biological mediation of motivated

behavior.

®The role of physical dependence in opiate addic-
tion will be addressed..in more detail in Chapter 7. 1In
general,, the evidence ‘argues against a central role of
physical dependence in the genesis of drug addiction (see
Eddy et al., 1957; Jaffe, 1975; Martin & Sloan, 1977).

o N L WY sty o 5
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CHAPTER 2

TECHNIQUES USED TO STUDY THE NEURAL MECHANISMS

OF OPIATE REWARD! -

2.1 Methods of Localizing Opiate Reward

The interest in opiates as positive reinforcers has

-

prompted a search for the identification of the neural '
mechanisms subservigg opiate reward and its relationship

to the neural‘subsfrate mediating the effects of conven-
tional rewards. Several techniques have been used to study
the rewarding properties of abused drugs. Each oﬁfers a
unique contribuﬁion to the study of drug reward, but each
is also limited in the tyﬁé of’questioQ that it'can answer.

The strongest support for any relationship is provided by

convergent evidence across several different techniques.

2.1.1 Brain Stimulation Reward b
# -

v I C. . .
. .One approach has been to examine the interaction of

abused drugs with rewarding brain stimulation (Adams, Lorens,

& Mitchell, 1972; Blake & Halpern, 1971; Miller, 1957; J.

lportions of this chapter have appeared in M, A.
Bozarth Opiate reward mechanisms mapped by intracranial
self-administration. 1In J. E. Smith and J. D. Lane (Eds.),
The Neurobiology of Opiate Reward Processes. Amsterdam:
Elsevier Biomedical Press, 1983 (In press) and M. A. Bozarth
and R. A. Wise, Electrolytic microinfusion transducer system:
An alternative method of intracranial drug application.
Journal of Neuroscience Methods, 1980, 2, 273-275. '
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Olds & Travis 1960). Opiatesﬁ;as well as many other drugs

aof abuse, can facilitate brain stimulation re&ard-(Esposito

& Kornetsky, 1978; Reid & Bozarth, 1978; Wise, 1980). This

‘

facilitation has been demonstrated as both a lqwering of
thresholds (Kelly & Reid, 1977; Marcus & Kornetsky, l974f
and an increase in rétes of responding for a fixed intensity
of brain stimulation rgrard‘(Adams, et &1.,’1972; Bush, Bush,
Miller, & Reid, 1976; Lgrens’& Mitchell, 1573). In fact, .
the effects of various opiates on self-stimulation seem té
be a better indicant of their relétive addiction liability
than is their aﬁility to produce physical depeﬁdence (Reid ~
& Bozarth, 1978). Although the data gathered from this
technique are promising, studies of brain stimulaton reward
have not received much attentisn from drug addiction‘A >
specialists. This is probably because this proposed model
of drug reward makes several important assumptioﬁs which have
not been empirically validated (see Wise, 1980). As the
critical predictions derived from this model are‘systemati—
cally exploredz(e.g., Bozarth, Gerber, & Wise, 1980; Gerber,
Bozarth, & Wise, 198l), the potential QsefuiﬂeSs of this
technique should beéome }pcreasingly appreciated, -~ .
If the facilitation of brain stimulation reward
reflects the intrinsically rewarding properties of awused
drugs, Broekkamp andnhis coworkers (e.g., Broekkamp, 1976;
é}oekkémp, Van Den Bogaard, Heynen, Rops, Cools, & Van
Rossum, 1976) appear to have localized fhe site of action

for morphine's rewarding effect. In an elegant series of
*

El v ’,
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experiments, it was found that morphine produced facilita-
. . 2 s " '
tion of brain stimulation reward when microinjected into
-
several brain sites. The shortest latency to onset and the

( »
strongest magnitude of effect were associated with micro-

-

)

injecﬁions into the ventral tegmental area. It was con-
cluded that the facilitations r?sulting from morphine

~
injections into other brain regions (e.g., posterior

» €
" "

lateral hypothalamué; lateral cerebfgl ventricle) Qére
probably the result of drug diffusion to this aréa; While
this finding has been replicated with both morphine and
D-ala’-met’-enkephalinamide :(Broekkamp, Phillips, & Cools,.
1979), the conclusions drawn from thié work seem to hava

.been l;rgely ignored. Broekkamp (1976) used response rates

as the dependent”megsuré of brain stimulation reward and

this mFtric has been criticizgd by workers withiﬁ ths field -
(Kornetsk? & Esposito, 1979;»Valenstein, 1964). The use of
response rétes and the. lack of widespread acceptance of this
model of opiate reward have severelylbluﬂted the ithpact of
this potentiélly\importént work. Ironically, the indepen-
dept-confirmat;on of thé ventral teéméntal area as the site
of morphine's rewarding action would strengthen the proposeé
relationship between a drug's intrinsically rew;rding pro-
perties and its effect on brain sfimulation reward.

r-

' Broekkamp's (Broekkamp, 1976; Broekkamp et al., 1976;

Y

Broekkamp et al., 1979) sugggéfion that the ventral tegmental

area is the site of action for morphine reward remains an

unsupported spequlation, and the localization of the brain -
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site responsible for morphine's rewarding action remains a

problem €or other techniques to determine.

, e »
2.1.2 Intravenous Self-Administration

The intravenous self-administration paradigm is
;robably the most widely accepted method oﬁ\assessiné the
rewarding proéerties of abused drugs.? There are direct‘
and cbvious parallels between human drug abuse anﬁ animal
self-administration. With the exception of hallucinogenic
substances, drugs which are abused by humans are generaily
self-administered by laboratory animals and drugs which

are not self-adminis;gggd«by animals are usually not abused
by humans (see Séhuste:, 1973; Seiden & Dykstra, i977; Woods,
1978). This has helped to make the intravenous self-
administration paradiqm the preparation of choice.for
studying the rewarding properties ¢of mahy abused drugs.

A wealth of information regarding how drug rewards

can control opeérant behavior has been gained using the

*Oral models of opiate self-administration have also

‘yielded useful information regarding the nature of opiate

reward (e.g., Alexander, Beyerstein, Hadaway, & Coambs, 1981;
Alexander, Coambs, & Hadaway, 1978; Amit, Corcoran, Amir, &
Urca, 1973; Carrcll & Meisch, 1978; Collaer, Magnuson, & .
Reid, 1977; Gorman, DeObaldia, Scott, & Reid, 1978; Khavari &

" Risner, 1973). This method offers several advantages such

as (1) simplification of the preparation making the testing
of large numbers of subjects feasible, (ii) long preparation
life making chronic intake studies practical, and (iii) con--
tinuous access to opiate providing a true ad libitum assess=—-
ment '0f the pattern and quantity of opiate intake. This
method, however, lacks the advantages of the intravenous
model such as immediacy of the rewarding effect and regulated
patterns of intake. A discussion of the relative advantages
of each method can be found in Altshuler (1978) and Seiden
and Dykstra (1977).

[
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intravenbus self-administration par%dggm (see Thompsoh &
Pickens, 1971). Opiates and psychomotor stimulants have
been shown to control behavior in much the same way as do
conventional rewards such as food and water (Spealman & .
.Goldberg, 1978; Woods, 1978). With experience, stable
;atterns of responding for drug emerge and changes in the
response-reinforcement contingencieé, such as the dose of
drug @glivered per infusion, lead to'predictable changes in
the rate of self-administration (Woods & Schuster,‘l968).
Likewise, alterations in the pattern ©bf drug intake have
been interpreted in terms of changes in the reinforcing
efficacy of the drug infusions (e.g., Yokel & Wise, 1975,
1976). While this paradigm prpvides an excellent method
of assessing the effects of s!ie manipulatiéns on drug
reward, attempts to localize the brain site of rewarding
drug action have been plagued by serious limitations of
this technique. |

The most common method of é£udying the neuroanatomi-
cal substrate of drug reward haé been to lesion various
brain regions and to compare drug self-administration before
and after lesioning (e.g., Glick & Cox, 1977, 1978; Glick,
Cox, & Crane, 1975; Lyness, Friedle, & Moore, 1979; Pozuelo
& Kerr, 1972; Roberts, Corcoran, & Fibiger, 1977; Roberts,

Koob, Klonoff, & Fibiger, 1980). Although this technique

can be useful, a variety of nonspecified lesion effects can

~ i

confound behavioral measures of drdg reward. Most notable

are the profound changes in locomotor activity, feeding, and
' N
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!
drinking that accompany lesions of some of the more inter-
esting brain regions such as the medial forebrain bundle
or ventral tegmental afea (Teitelbaum & Epstein, 1962;
Ungerstedt, 1971d). Such side-effects make the consequences
of lesioning very difficult to interpret since behavioral
indices:of drug reward are easily confounded by treatments
that alter motor performance. éurthermore, some neural
systems show dynamic changes in functioning after denervation
(Cannon & Rosenblueth, 1937). The best documented of these
systems is the dopamine-containing nigrﬁ—striatal system
which shows increased neurotransmitter release and receptor
binding after the partial destruction of its synaptic ter-
minals (Creese & Snyder, 1978; Hefti, Melamed, & Wurtman,
1980; Mishra, Marshall, & Varmuza, 1980). This compensatory
activity can lead to a restoration of funcfion (Stricker &
‘Zigmond, 1976; Teitelbaum & Epstein, 1962; Ungerstedt, 1971cd)
and a normalization of responding for drug (see Roberts ét
al., 1980) that could mask the primary effect of lesioning.
Even when the motor debilitating effects and functional
recovery can be controlled, lesions that disrupt drug intake
would suggest that the lesioned element is critical for
drug reward but would not sugge;t that the drug is acting
directly at the lesioned site. Lesions at any point along
the system activated by a drug might disrupt self<
administration, despite the fact that the lesioned element
may be several synapses removed from the initial target of

drug action (see PFigure 2.l; see Adler & Geller (1978) for
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an informative discussion of the problems associated with ,
the interpretatiofl of lesion data). /
Anothér method tﬁat has been used to localizé the
site of various opiate effects involves selectively blocking
the action of systemically injected opiate at a restficted
*brain site {e.g., Laschka, Teschemacher,‘\Mehraein, & Herz,
1976b; Wei, Loh, & Way, 1973; Wilcox & Levitt, 1978). After
systemic injection of an opiate, animals receive a micro-
injection of a narcotic antagonist directly inltor a specific

Y

brain region. This procedure allows opiate action at all

. : | LESION

o- ~< O~ <O <O '—-<‘
o | o
DRUG ' ) '

. ACTION

+FPig. 2.1. Lesions anywhere in a series !
of neuronal elements can eliminate drug !
reward, even if the drug is not acting |
directly at the-~lepioned element. For |
this reason, lesifns do not identify the . |
site where a drug initiates the sequence f
of events that lead to reward but only .

identifies indiwvidual elements which 1
mediate this reward. ' [
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brain sites except the one 'that rec’ej:ved the microinjected
narcotic antaéonist. The ability of the centrally
delivered antagonist to reverse the systen{ically induced
opiate effeqt suggests the locati.lon of the opilate-receptor
t:ield mediating the behatior under study.

Using this approach, the intravenous self-
administration of an opiate can be challenged with central
microinjections of a narcotic antagonist, and changes in
the pattern of drug intake can be interpreted to reflect
the importance of a given brain site in opiate reward.

i

There are, however, three serious limitations to this

approach. The first problem with this technique is that

the most commonly used narcotic antagonists (i.e., naloxone,
naltrexone) have a high lipidgsolubility; drugs that possess
this property diffuse rapidly throughout the brain making
localization of the effect impossible (Schubert, Teschemache
Kreutzberg, & Herz, 1970). New drugs h?ve been developed
that are hydrophilic and thus avoid this problem (see Britt
& Wise, 198la), but difficulties in interpreting the results
of these studies can emerge if drugs of the mixed agonist-

antagonist. type are used (e.g., diallyl-normorphinium

bromide) .* A second problem associated with the regional

.

’piallyl-nor-morphinium bromide is a quat®rnary
derivative of nalorphine (Laschka, Herz, -Blasig, ‘1976a) .
Like its parent compound, nalorphine, it is a mixed agonist-
antagonist. Drugs in this class (e.g., cyclazocine,
levallorphanol, nalorphine, pentazocifge) have both narcotic
agonist and antagonist properties (Houde, 1979; Jaffe &

, Martin, 1975; Martin, 1967),

r,
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application of narcotic antagonist is related to the role
of endorphins in behavior. Drugs that block the effects.of
opiates also block the effects of endogenously released
endorphins. This may lead to the production of behaviors
that are incompatiblq with opiate self-administration but
are not directly rélated to the reinforcing efficacy of the
systemically injected drug. These effects include (i)
changes in motor behavior ciused by the administration of

7

narcotic antagonists (Amir, Galina, Blair, Brown, & Amit,.

" 1980; Pert, DeWald, Liao, & Sivit, 1979), (ii) deficits in

the regulation.of food and water intake (Holtzman, 1975,
1979; Ostrowski, Foley, Lind, & Reid, 1980; Siviy, ',?“*
Calcagnetti, & Reid, 1982), and (iii) alterations in
schedule~controlléd behavior (Downs & Woods, 1976; Kelleher
& Goldberg, 1979; McMillan & Morse, 1967). The third and
most serious problem with theé use of centrally delivered
narcotic antagonists to determine brain sites involved in
opiate reward involves the physical depen@ence—producing
properties of opiates. While it has been Fuggesped that
opiate self-administration is independent 6f physical
dependence (Thompson, 1968; Woods & Schustjr, 1968), animals
will lever press to avoid withdrawal reactipns (Goldberg,
Hoffmeister, Schlichting, & Wuttke, 1971b; ?oldberg, Woods,
& Schuster, 1971c; Weers, 1962; Weeks & Col%%ns, 1979) . 1If
a narcotic antagonist were microinjected into a brain region

involved in physical dependence, it might be expected that

the animals would elevate their opiate intake to compensate
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for the displacement of opiate at this receptor site. This
pattern of responding could easily Be-mistaken to indicate
that opiate reward had been.attenuated by the microinjected
narcotic antagonist although the animal is simply attempting
to avoid withdrawal discomfort. A total cessation of
responding might also be caused by withdrawal stress even
though no overt signs of abstinence are noted.” ,
Recentl&, neurochemical techniques have been used to
determine changes in regional brain activity (Glick, Cox, &
Meibach, 1980) and neurotransmitter release (Smith, Co,~
Fregpan, & Lane, 1982; Sﬁith, Co, Freeﬁan, Sands, & Lane,
1980) durfng intravenous morphine self—administrayion.
These studies can provide valuable information regarding
the neurochemistry of opiafe reward, but cgutioélmust be
exercisef/;m ﬁhe interpretation. of such data. This type of

correlative neurochemical approach® fails to discriminate

*Goldberg et al, (1971lab) have shown that monkeys
increase their intake of morphine when challenged with small
doses of a narcotic antagonist but show a dose~dependent
suppression of responding at higher doses. They have sug-
gested that this is caused by the precipitation of withdrawal
reactions since overt signs of physical dependence were seen.
Similarly, rats have been observed to abruptly stop .self-
administration of heroin when challenged with narcotic’
antagonists without the compensatory increase in drug intake
usually thought to occur in this situation (G. Gerber, per-
sonal communication). In the latter case, withdrawal signs.
were not noted.

SaAlthough .it has been argued that all data are corre-
lational in nature (Hume, 1739), the designation "correlative
approach" is frequently applied to what might mare appro-
priately be termed an observational approach (Campbell &
Stanley, 1966; Sheridan, 1979; Woad, 1974); others have
referred to this method as natural accretion measures (Webb,
Campbell, Schwartz, & Sechrest, 1966) and ex post facto
research (Kerlinger, 1973),

Rtk 5
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evoked ac¢tivity that is relevant to a given behavior from
evoked activity that is unrelated. Such neurochemical
studies can be very informative, l\)ut they need direction
from o;;her types of experi:nents that clearly show the
importance of the brain reéion or neurotransmitter under
study. Otherwise, it is impossible to discern whether

the brain siis_;em in question is involved in the locomotor,
thermorgg'u‘tlatory, analgesic,‘rewarding, or dependence-
producing properties of opiates, Indeed, correlative
neurochemical evidence alone cannot demonstrate that these

actions are causally related to any behavioral effect of

opiates.

2.1.3 Conditioned Place Preference

Ancther 'metihod that has been proposed to study the
rewarding properties of\abu,sed drugs is the conditioned
place preference paradigm (Rossi & Reid, 1976; Schv'vartz &

Marchok, 1974; Sherman, Pickman, Rice, Liebeskind, & Holman,

1980a).® 1In this paradigm, animals are confine% to a

A .
normally ﬂ\on-preferred portion of a test chamber following

injections of a drug. . They are subseqﬁently tested under

drug-free conditions to determine if a learned preference’or

®The term conditioned place preference is a misnomer.
The animals rarely spend over half of the total period on the
conditioning side of the test apparatus. The use of this /
term is retained, however, since it has become widely accepted
by those working in the field (e.g., Bozarth & Wise, 198lb;
Mucha, Vand Der Kooy, 0'Shaughnessy, & Bucenieks, 1982;
Phillips & LePiane, 1980; Phillips, Spyraki, & Fibiger, 1982;
Stewart & Grupp, 1981; Van Der Kooy, Mucha, 0'Shaughnessy,
& Bucenieks, 1982).-—— e
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aversion‘has developed to the place where they héd exper-
ienced the drug effect. This technique has been proposea
to reveal the affective valance of the drug experience; if
the animals show a conditioned place preference for the side
where the drug effect was experienced, it is frequently

inferred that the drug state has positive affective conse-

gquences (Rossi & Reid, 1976). This paradigm offers the

.advantage of not making any response demands on the animal

in the drugged condition, so it avoids the problem of seda-
tive side-effects of some drug treatments. The influence
of motor debilitating brain lesions is also decreased since
the response requirement necessary to assess place Ppreference
is minimal. g

Phillips aﬁd LePiane (1980) have shown that morphine
injected into the ventral tegmental area produces a condi-
tioned place preference similar to that caused by systemic
morphine injections (Rossi & Reid, 1976; Shermaﬁ}et al.,
1980a; Stapleton, Lind, Merriman, Bozarth, & Reid, 1979).
This finding is concoédant with Broekkamp (1976) and supports
the notion tha? the ventral tegmental area is the site of
morphine's rewarding action. The potential limitations of

this technique have not been explored, but it would appear -

that either anxiolytic or physical dependence-producing

. properties of a drug might influence the place preference.

Habituation to the side of putative conditioning during
anxiolytic drug action or drug-seeking associated with the

relief of withdrawal distress could also increase the prefer-
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‘ence for the side where the drug effect was experienced, 1In

the case of morphine microinjections into brain regions not

associated with physical dependencg, this latter possibility
—

is unlikely. Nonetheless, the fact that the conditioned

place preference paradigm does not appear to yield graded

dose—respohge effects (Phillips & LePiane, 1980) and is

not sensitive to the number of conﬁitioning trials (see

Phillips & LePiane, 1980; Stapleton et al., 1979) questions

the basis of this conditioned response.

2.1.4 1Intracranial Self-Administration

Perhaps the most powerful method to demonstrate that
a drug has its rewarding action at a particular receptor
field is to show that the drug is self-administered directly
into that brain region. Self-administration proceduges can
be modified to allow the infusion of drug directly into
discrete brain regions, and responding fér central drug can
be interpreted in much the same way as responding for intra- -
venous injections. Furthermore, by restricting drug delivery
to the reward-relevant recep;or field, the intracranial self-
administration paradigm can potentially minimize many of the
side-effects caused by systemic drug iqjecti;ns.

Intracranial self-administration offers a novel
method of assessing the rewarding impact of drug activation
of specific brain regions. It should be noted, however,
that this technique identifies brain regions where drug

action is sufficient for reward, but it does not determine

)
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if that action is neéessary for reward, This can only be
accomplished by selectively blocking a drug's action in a
specific brain area and by assessing the rewarding impact
of systemic drug injections. Brain sites identified by ‘
intracranial self-administration studies should be tested
using central receptor—blockade challenge of either intra-
venous self-administration or conditioned place preference.
This can determine if the brain regions that are sufficient
to produce reward are also necessary for reward from systemi-
cally delivered drug. Other problems with the interpreta-
tion of intracranial self-administration data will be dis-
cussed in later sections. j
2.2 Methodological Considerations

Many of the methods of studying brain mechanisms of
opiate reward rely on drug microinjection techniques. These
methods are subject to the limitations of microinjection

technology which hav® been reviewed in detail elsewhere

(Myers, 1972, 1974; Routtenberg, 1972): The study of .

. intracranial self-administration adds two new dimensions

to the problems of drug microinjections: (i) the need ﬁor
smaller infusion volumes necessitated by fépeated drug
administration and (2) the requirement of response-
contingent drug infusions in freely ywoving animals. These
considerations are of mingr importa;[e in other applications

of microinjection technology where the experimenter controls

a single, large infusion of drug, frequently into a restrained

[ o | 4
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animal. The inability of existing'methods to provide
response contingent, émall volume drug delivery has been
the most obvious obstacle to the study of intracranial

sel f-administration.

2.2.1 Technical Aspects of Microinjectjion i

Work with single infusions into brain tidsue has
shown that the volume of drug injected is a critical deter-—
minant of the aréa of drug spread throughout the brain
(Myeréi 1974; Myers & Hoch, 1978; Routtenberg, 1972).7
For localization of drug action, it has been suggested fhat
the infusf&n volume be 0.5 yl or less; larger volumes are
likely to lead to exéessive drug spread, making definition
of the relevant brain site difficult. Even with an infusion
volume of 1 pl, -however, drug has been ;eported to spread
only about 0.6 mm from the injection cannula (Lomax, 1966).
Simila; estimates of drug épread have been derived from both
physical di;persion kinetics (Lomax, 1966; Myers & Hoch,
1978; but see also Schubert et al., 197Q0) and functional
tesgs of drug diffusion (Lomax, 1967; Lotti, Lomax, &

George, 1965). These reports\ife surprising since a 1 ul
-~ -

volume of drug would occupy 1 mm® in vitro.

¢

7Other important variables include the physico- -
chemical properties of the substance, the concentration of
the injected substénce, and the proximity of intracerebral
vascular supply to"the infusion site. Diffusion of drug up
the cannula shaft has also been a persistent problem,
especially with rapid infusion rates, See Jacguet (1975),
Myers (1972, 1974), and Routtenherg (1972) for a discussion
of these and other factors affecting drug diffusion after
intracranial application. Furthermore, the radius of drug spread
miy vigg ?s a function of time after the injection (Schubert et
al., 0).

@
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Unfortunately, littlé is known about the rate of
drug dispersion following an infusion, and one- cann';)t equate
acute infusion volumes with the cumulative Yolumes 0reached
with repeated infusions. "A singjlji 'injectioq of 1 Jl %s not
equivalent to 10 injections of Oil nl si'nce t’:he tissue can
accommodate a series of small m‘icr‘(biﬁje,ctions more readily

than a single bolus infusion. The interval between micre-— '

injections thus becomes a_‘,cr;i.t:ical variable in determining ~
the range of drug spread after repeated infusions. 1In vivo' (
estimates,must be derived to determine the maximum allowable
volume fof chronic infusion experiments. Albert and Madryga
(1980) have reported data that;_ suggest' that repeated drug
infusions can be accommodated surprisingly ;apidly. In a
study of the func‘i:ionally effective sérea'd o;I:" 4 111 of
lidocain'e infused over 15 minutes, they estimated the range
of effectivé drug spread to be 0.25 to 0.6 mm from the injec-
tion cannula. This.range is much smaller t':lj;ar; would be pre-
dicted from the physical spread'of~ the same volume injected
over a shorter perio.d of time (Myers, l§74; Myers & Hoch,
1978) . The study "of Albert and Madryga (1980) illustrates
the necessity of determining d;ug spread estimates fforl \
repeated infusions in vivo and not relying on estimates’“of
similar volumes injected in a single bolus.

Confirmation of drugldelivery is a primary considera-
tion in studies emplqy‘ing microinjection techniques. It

should be noted that calibration, not computatiori of drug

flow, is the critical factor. The relationship between the

’ ' \

1
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'This will take

.testing. Frequently, the injection cannula becomes
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5

volume of drug displaced in the injection apparatus  (e.g.,

microsyringe) and the amount actually delivered to the brain
- ’ L] <

is seldom obvious. It cannot be assumed that a 1 mm?® dis- -
N «J .

placement at theﬁmicrosyringe will produce a 1 ul infusion

volume to a subject some distance away.. The volume of drug

. . N .

injected needs to be determined empirically with a technique

‘similar to that actually used during behavioral testing.

\nto account some of the error produced by
the introduction o arious elements between the infusion
transducer and-the subject (e.g., tubing, fluid swivel).
Benchhtésts-at atmospheric pressﬁre offer a first approxima-

tion to the amount of drug delivered, but accuréte measure- :
ment of the ifjected volumé requires in vivo determination

Qf" the amount of drug actually delivered into the behaving .
animal. This can be done by using radiclabelled tracers .
and by determining the amount of radicactive material éecov-
erable frqﬂ éhe brain tissue after microinjection (e.g.,
Lomax, 1?66; Myers & Hoch, 1:978; Routtenberg, 1972).

It is also important that normal drug flow be

visually confirmed at .the injection cannula before and after

_behavior testing. It cannot be safely assumed that the

infusion system is functioning propeily during behavioral y
obstructed as it is placed in the guide cannula because
tissue or bloed has'accumulat$d in' the guide shaft. High
pressure mjicroinjection systems tend to minimize the®influ-
ence of_small tissue obstructions, but low pressure systems

.
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‘given rate of infusion, small diameter injection cannulae
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are particularly sensitive tocthis problem.

There are several variables that must be considered -
when selecting a method of drug delivery. The sizes of the <
8 : :

guide aﬂiﬁthe injection cannulae partially determine ) ]
. , )

the resolution of the anatomical mapping which can be accom~

/

plished with a given system, Dispersion of drug up the

cannula shaft is facilitated by the ‘'use of a large diameter :
cannula (Routtenberg, 1972), but problems with obstruction

are augmented with smaller cannulae as are tHe difficulties

in construction and utilizaticn. The pressure generated at

the tip of the injection cannola is a function of the flow

rate and of the diameter of the injection cannula, For a

‘

will achieve a higher injection pressure and hence more

tissue damage than will larée diameter cannulas. Th;s can

also alter the dispersion of drug during microinjections.

The use of a 28 gauge injecgion cannula combined with a 22 g

gauge guide cannula seems ﬁo‘offer a reasonable compromise
}ution ano practical considerations.
(cf. Jacquet, 1975; Routtenberg, 1972).

between anatcmical reso

2.2.2 Dr%g Deliyery Systems
\ s * \
The most important factor that intracranial self- .

admlnlstratsgn studies add to the existing problems of
mlcrOLnjectloh technology is the requirement of small volume,
response contingent drug delivery. If infusions are delayed

I

or prolonged in most behavioral tests involving microinjec—
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tions, usually few problems are associated with response

measurement. -Alterations in the time course and in dose-

response relationship may be produced, but little chance
‘exists of missing the main effect assggiated with the drug
iﬁfusion. Intracranial self—administratioﬁ studies, however,
necessitate that drug infusions be contiguous with some

(:perant response such as lever pressing: that is, microin-

ections must occur immediately after lever pressing and

Ed
%
i
F]
i
:

drug must not be infused when the subject is not making the

- r e .,

appropriate response. Otherwise, the animal is unlikely to
-learn the lever-pressing response since a temporal delay of
reward severely fmpairs response acquisition (Renner, 1964;
Tarpy & Sawabini, 1974). The problem of contiguous drug

’

application would appear to be even more imbortant than the

- .

reliability of the infusion volume since the animdl can '

behaviorally compensate for slight variations in the amount

OIS S

of drug delivered by making additional drug requests. There

is, however, no substitute for contiguity, except perhaps in

[

the well trained animal capable of performing on a partial
reinforcement schedule.

Conventional microinjection systems ;re very similar
to their counterparts qsed for intravenous self-administration
(e.g., Myers, 19/4; J. Olds, 1962; M. olds, 1979). A motor |
driven syripgg pump is used to advance the plunger of a micro-
syringe displacing a controlled amount of drug solution.

This solution is forced by hydraulic pressure through a %

length of flexible tubing connected to a cannila implanted
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in the subject. Lever presses activate the infusion pump

for a predetermined duration, and the infusion volume is

assumed to be controlled' by the amount of drug solution !

-
h
i

displaced in the microsyringe.

¢ .

While the microsyringe may dispense reliable

volumes of drug, the elasticity inherent in the flexible

tubing leads to variability in the injected volume. This

problem is exacerbated by movement of the animal producing

R R, ~ )

" additional stretching and compression of the flexible
tubing, thus resulting iIn uncontrolled (i.e., noncontingent)
drug delivery. The introduction of a fluid swivel, per-

mitting rotation of the animal, can compound the problem

g

of reliable drug delivery by creating leaks and "dead
space" in the delivery system. Therefore, control over

both the amount and contiguity of drug infusions is sacri-

AR

ficed by allowing the subject unrestrained movement.
Attempts to relieve the stress on the connecting tubing by
the use of a spring-covered infusion line may decrease the 3
delivery of noncontingent drug but probably does not assure

accuracy in the low microliter range. In an early attempt >

to demonstrate intracranial self-administration of monphineﬂ

it was noted that animals implanted with cannulae in the
pgriventricular gray substance showed strong analgesia i
after being allowed to explore the test chamber, even though
no microinjections were given (M. Bozarth, unpublished
observations). This~was probably the result of the noncon-

tingent infusion of several microliters of the morphine

3y
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solution.?®

As an alternative to’the microsyringe method, J.
0lds, Yuwiler, M. Olds, and'Yun (1964) and later E. Stein
and Rodd (1980) have developed a microinjection system tﬁat
eliminates the need for a fluid swivel. Recognizing the
problem associated withrtheintroductioh of a swivel, this
system used a series of rollers to compress the flexible
tubigg/gg@Vgg deliver drug Fo the subject. The rollers are
mounted on an electrical commutator maintaining unrestricted
movement of the subject during testing. Bench tests of the
infusion volumé‘suggest promisiqg results (E. Stein & Rodd,
1980) , but close inspection of ﬁhe data shows that this
system also produces large variations in the infused volume
of drug. This lack of reliability regarding the volume of
drug infused would be expected to be evén greater in the
freely moying animal since this system retains the flexible

tubing to connect the animal to the infusion apparatus.?

_ ®The infusion of 1 to 5 ug of morphine into the
periventricular gray has been shown to produce analgesia
(Mohrland & Gebhard, 1980; Sharpe, Garnett, & Cicero, 1974;
Yaksh, Yeung, & Rudy, 1976). Since the concentration of the
test solution was 0.25 ng/pl, it appears that an amount in
excess of 4 yl was delivered to produce the level of anal-
gesia observed in these subjects.

, E. Stein and Rodd's (1980) presentation of their
data is somewhat misleading. First, if the volume actually
injected, calculated from the counts per minute in their
Table 1 (i.e., counts obtained in the sample divided by the
standard of 8140 counts per minute per microliter), is com-
pared to the volume they attempted to inject, it is apparent
that the infusion volumes ranged from 63 to 143% of the
intended volumes. Second, the smallest volume that they
verified is 10 times the volume they claim to be using on a
routine basis. Third, the system is not adequately tested

? .
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A

‘Another appraeach tao this problem has been to elimi-

nate both the fluid swivel and flex1ble tublng This has

—h

been accomplished by using an electrolytlc microinfusion

transducer (EMIT) system that was adapted from a method

~originally described by Criswell (19¢7). With the EMI@I

method, a ga§~tight dﬁPg reservoir is filled with drug
dissolved in Ringer's sdlutigp and attached to an injection
cannula positioned in the‘target area through an implanted
guide cannula (Bozarth & Wise, 1980a). Infusions are
controlled by app%ying a direct current across‘two electrodes
cont&ined in the gas-—tight drug revervoir (see F}gure 2.2),
Tpe current flow~aéross the electrodes produces hydrogen

gas and the pressure that is generated. forces ‘drug through
the injection cannula; The amount of drug delivered is
dontrolled by the current intensity and dgration. The EMIT

assembly is mounted directly on the animal's head. Light

flexible wires are used to connect this unit to a constant

' current source (e.g,, Mundl, 1981l) and an electrical commu~

tator assures unrestricted movement of the subject during

testing.

'in freely moving animals. Even the diffusion controls are

not sufficient sihce the labeled 2-deoxyglucose could have
gone through sev¢ral half-lives during the 20 hours allowed
for passive difffusion (Sokoloff, 198l1); it should be noted

i ‘noncontingent drug delivery, resulting from
e flexible tubing, would probably occur during
ew minutes of testing and (ii) retention of
2-deoxyglucose in brain tissue is a function of glucose 7
utilization rates and a large central injection would probé—
bly be followed by appreciable transport of this Substance
out of the brain. .

}

-
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: ° CONSTANT
. | CURRENT TN
: -| SOURCE = +
“« - : Pt Ag .
A EMIT UNIT -
& ' )
; INJECTION -
’ CANNULA
:i‘
, ~ -
[ GUIDE .
CANNULA , \
. Fig. 2.2. The volume Of solution infused can be
‘ . calculated by the formula pl=0.12 x mA x seconds.
Since choloride ions may be produced during the
application of current, care must be exercised
X in the selection of electrode materials. A
. o platinum (Pt) cathode. is used while the anode is
* - _ silver (Ag) wire. Free chloride will combine
i ,////‘ : with the silver anode forming silver chloride on
//y// ‘ the electrode surface and preventing the mixing

of chloride ions with the drug solution.
;.
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With‘the élimination of the fluid swivel ang
flexible ﬁ%hiné; the major sources of error in small volume
drug deiivery are circumvented. Movements of the subject
during testing can no donger affect the operation of the
microipjectioﬁ system and contiguity of response and drug
delivery is achieved. The lower limit of the volume that
can}bé ;eliably delivered with EMIT system has not been
assessed but probably extends into the mid nanoliter range.!'?
Smaller volumes than tﬁis are probably ineffective since
passive drug diffusion from the injection cannula may pror
ceed-at a rate higher than the actual volume infused (see
Routtenberg, 1972). The EMIT. method is routinely used to
deliver a 100 nl infusion volume during tests of intracranial
self-administration (e.g., Bozarth & Wise, 1980bc, 198lab).
This represents a practical trade~off between a volume giving
reasonable anatomical resolution and a volume that can be
visualized to check the patency of the drug delivery system

—

before and after behavioral testing.

19 preliminary tests of the volume delivered with the
EMIT system have shown that a 200 pyA current applied for five
seconds produces a 100+5 nl infusion. These bench tests moni-
tored the movement of an air bubble throtgh a micfosyringe
across a series of 50 infusions (M. Bozarth, unpublished obser-
vation). Similar tests suggest accuracy with 50 nl volumes,
although this method of measurement does not permit detection
of discrete infusions below 100 nl. Independent tests have
confirmed the reliability of this system at 100 nl volumes
using radiolabeled infusions in vitro (N. Goeders, personal
communication). Subsequent references in the text to the vol-
ume of drug delivered (e.g., Sections 3.3.1, 4.2.1) are based
on these estimates since the actual volume delivered has not
been determined for this preparation. It is unlikely, however,
that the volume infused in vivo would exceed that obtained in
the bench tests where the effect of tissue resistance is
absent. ;

¥
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CHAPTER 3 _
' . Y
INTRACRANIAL SELF-ADMINISTRATION /

OF MORPHINE IN RATS!
3.1 Rationale for the study of
Intracranial Self-Administration
Just as the discovery of ele;trical brain stimula-

tion reward by J. 0Olds and Milner (1954) opened a new avenue
of research in the study of brain reward ﬁechanisms, the
development of intracrénial self-administration can add an
important new dimension to this same field. Electrical
stimulation is grossly nons;ecific activating most cells
within a given radius of the stimulating electrode.? Chemi-
‘cal stimulation provides a method of activating only certain’

neurons within a given region of stimulation and relating

this effect to specific neurotransmitter systems (Fisher,

! .

'portions of this chapter have appeared in M. A,
Bozarth and R. A. Wise, Intracranial self-administration
of morphine into the ventral tegmental area in rats. Life
Sciences, 1981, 28, 551-555, and in M. A. Bozarth and R. A.
Wise, Localization of the reward-relevant opiate receptors. -
In L. S. Harris (Ed.), Problems of Drug Dependence, 1981.
Washington, D. C.: NIDA Research Monograph Series,.1982.

’Ranck (1975; 1981) has reviewed evidence that some
units (e.g., large myelinated fibers) are more easily excited
than others (e.g., cell bodies), but in'geneggl there is no
gelectivity produced by electrical stimulatien in regard to
the neurochemical coding of the elements activated or the
direction of impulse conduction.

32 ) )
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1956; Grossman, 1562; Miller, 1965; Myers, 1974). While
this technigue may be preferable to electrical stimulation
in many circumstances, attempts to develop a paradigm to
demonstrate the reliable self-administration of chemicals
into the brain has a documented history of failure (see J.
Olds, 1962). Early reports from several laboratories pro-
vided encourading results (Morgane, 1962; Myers,’1963; J.
olds & M. Olds, 1958; J. Olds, Yuwiler, M. Olds, & Yun, 1964),
but this work has remained obscure with virtually no mention
of it in the current literature (cf. M. Olds,'1979; Wise,
1980). This is probably because chemical brain stimulatipn
was floundering while\the field of electrical brain stimula-
tion was rapidly developing. ]

The rationale for the study of intracranial morphine
self-admini;tration is three-fold. First, this proceﬁure
may circumvent some of the problems encountered with other

methods of localizing the reward-relevant opiate receptor

population. Second, if some of the effects of opiates (e.g.,-

analgesia, sedation) were initiated at brain sites other

than those supporting intracranial self-administration, then
these effects of systemic opiate seif-administration could be
minimized and the rewarding properties of opiates studied
withoﬁt the potentially confounding influence of these other
effects. - Third, the development of a paradigm that demon-

strates intracranial self-administration of any substance

opens the possibility of using this same technique to study

et T AR AT i, -+
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reward from other chemical injections. Identification of
the chemical coding of reward neurons might then be possible
a8 well as the study of the central sites of action of other

|-addictiye agents.

3.2 Criteria for Establishing the Validity
of Intracranial Self-Administration
¢
The field of intracranial self-administration is

relatively new and, thus far, few guidelines have been
established for assessing the conclusions based on data

from this paradigm. There are severai criteria that must

be fulfilled before such data can be expected to contribute
meaningfﬁliy to our understanding of the brain mechanisms

of motivation and reward. Attempts to delineate the mechan-
ism of ackion for central self=administration of a‘drug are
useless unless they are preceded by a firm empirical basis

establishing the validity of drug self-administration, qua

drug self-administration.

3.2.1 Behavioral Specificity

The first criterion for estab%ishing the validity
of intracranial self—administratian studies is the demon=-
stration that the animals are working for the rewarding ©
properties of the drug. Microinjections of morphine into
brain ‘tissue can produce increases in locomotorﬂéctivity
and stereotypy (Joyce & Iversen, 1979; geft & Sivit( 1977)

that could artifactually elevate lever-press scores by

causing ad¢cidental lever contacts. It must be clearly
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established tﬁat the lever-press response is dependent on
the rewarding effects of the drug infusiogs and not the
result of nonspecific behavioral activation.

Procedures that have been employed in the study of

N

intravenous self-administration can be used to determine the
]
pehqvioral specificity of the lever-pressing response (see
Pickens & Thompson, 1971). One such procedure is the yoked
control where one animal lever presses for response
contingent infusions of drug while another passively
receives infusions: Each experimé&tal animal is paired
with a yoked control partner such that lever presses by the
experimental animal produce concurrent infusions in both
animals. Lever presses'of the yoked control subject, are
recorded but do not produce infusions. With this procedurgﬁ
the reinforcing properties of the drug can be inferred
from differences between the responée rates of the experi-
mental and yoked control subjects. Another method of deter-
mining the degree of nonspe&ific lever-pressing is the two
lever choice test. 1In this procedure each animal is tested
in a two-lever box. Responses on one lever produce response
ééntingent drug infusions while responses on £he other are
recorded but do not produce infusions. Increases in
responding on the "inactive"lever are interpreted as non-
specific behavioral activation or arousal.

A potential problem withﬁaach of these procedures is

that increased responding on an "inactive" lever (i.e.,
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yoked control or "inactive" lever in the two-~lever. chalce

test) may reflect nonspecific behavioral arousal, but it . 4
‘does not preclude the possibility that the drug infusions ﬁ
are rewarding. This limitation is probably'more pronounced

in the two~lever choice test where the subpject is required

to discriminate between an active and inadctive lever. <
In this case the animal may continue to|press the

inactive lever because of (i) response generalization

e AT e a4 et A

or (ii) superstitious behavior resulting from a delayed ?
9| £ron A

rewarding impact of ¢he drug infusions. For, these :

1

reasons the yoked control procedure may Fe preferable

to the two-lever choice test although p#sitive findings
|

from both techniques are more defiﬁitiver In either case

responding on the inactive lever does not prove that the drug
infusions are not rewarding, but, rather, it suggests

that more rigid control procedures are necessary to assess

the effect.? i \ ‘

\
'

|
3.2.2 Pharmacological Specificity

v

o . . Once behavioral specificity has been established,

T

If a cue light associated with rewarding drug
infusions were located directly over the lever, autoshaping .
may occur and lead to iIncreases in lever pressing of the
yoked control animals. This phenomenon is well established
in procedures showing that animals display increased activity

/, and will approach and manipulate a stimulus| correlated with
reward (Bindra & Palfai, 1967; Epstein & Skinner, 1980; Hall,
Channel, & Pearce, 1981; Leslie, Boakes, Linaza, & Ridgers,
1979; see also Bindra 1972, 1974; Bolles, 1975). Thus the
behaviorally arousing effectg of rewarding stimuli present
another potential source of "inflatzd" leve —press scores
of control animals.
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it must be shown that the rewarding effects of the central
drug injections are dependent on the saﬁé mechanism as
mediates systemic drug reward. The rewarding effects‘of
microinjections that result from nonspecific changes in

cell function are of limited interest to the study of drug
reward. Intracranial selffadmiqistration must be shown to
depend on the same neural mechanisms as reward from systemic
drug injecéions if this technique be used for the localiza-

tion of the reward-relevant receptor population.® In the

. case of opiate reward, this pharmacological specificity can

v .
easily be established by challenging intracranial self

administration with a narcotic antagonist such as nafoxone.

If this pharmacological challenge blocks the lever-pressing

response, then it can safely be conc;uded that morphine self
administration is not due to changes ih cell osmolarity,

calcium chelation, or other nonspecific factors associated

with the microinjections. Active and inactive stereoisomers?

¢

2

*This is important if conclusions be drawn from these
experiments regarding the nature of 'systemic drug reward. If
intravenous amphetamine injections were rewarding through an
action mediated at dopaminergic systems (e.g., release of
dopamine, reuptake blockade], then treatments that block the
effects of this action should also block the intracranial
self-administration of amphetamine. For drug actions that
are not' initiated at specific receptor sites, this type of
control procedure Becomes much more difficult. This is
likely to be the case for barbiturates (Ho & Harris, 1981)
and ethanol (Deitrich & Erwin, 1980; Goldstein, 1979; Gold-
stein & Chin, 1981; Sun & Seaman, 1980; Wayner, Ono, & _
Nolley, 1975). The criterion of pharmacological specificity
might have to be suspended until the primary action,of the
agent can be identified and procedures developed to block
,this action at the level of the cell membrane.

It is important that stereoisomers and not geometric

2 e
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of an opiate can also be compared to determine if the effect

/

.. In a review by J. 0lds (1962), the importance of
N~

demonstrating pharmacological specificity was dramatically
/ .

e i 4 a0 e K e bl et DB B o il

illustrated when it was shown that the intracranial seif ——_
administration of noéepinephrfne wés an artifact of its

calcium chelating properties. It appears that this gonspeci-

fic activation of neurons in‘ghe la;?ral,fypothalamic area

produces reward in much the same way as does electrical

stimulation of these neurons. Thus the demonstration of »

- reward from chemical stimulation of this.area was of little .

ipterest since it merely mimicked the nonspecific activation -
caused by electrical stimulation.
Unfortunately, the early work of J. Olds (1962)
séems to have been neglected. Cytawa and Jurkowlaniec
(1978, 1979) and Cytawa, Jurkowlaniec, & Bialowas (198Q)

have again reported that noradrenergic stimulation of the

‘lateral hypothalaﬁus produces positive reinforcement. While

. these studies may not suffer from the problem encountered

with the early work of J. Olds (1962), the new reparts fail
to demonstrate that this rewarding action of norepinephrine
shows pharmacological specificity. Withdut establishing -’
that this effect is (}) blocked by noradrenergic syn-

thesis inhibition, (ii) blocked by drugs that selectively.

isomers of a drug be used in this type of control procedure.
Stereoisomers retain the physico-chemical properties of the

parent compound while geometric isomers frequently do not J
(Reckett, 1959),
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block noradrenergic Eséfptors, or (iii)ﬂgroduced on;y by
the biologically active ,stereoisomer of norepinephrine,
these studiles cannot be meaningfully interpreted. Similar.
problems in interpretation may arise from studies employing
other agents. Réégntly, cocaine self-administration has
been reported into the frontal cortex (Goeders & Smith,
1982) . Unfortunately, no control procedures were usef to
determine the pharmacological specificity of this response;
the potent local anesthetic properties of cocaine (Ritchie
& Coﬁen, 1975) make,nonspecific effects on neural func-
tioning a viable explanation of this intracranial self
administration response. "L

3.2.3 Anatqmical Specificity

The single most important contribution that intra-

cranial seif-administration studies can make to the under-

stan&iﬂg of the neural mechanisms. of opiate reward is the’

localization of the reward-relevant receptor field(s). \
: .

Once a suitable preparation has been developed (i.e.,

behavioral and pharmacological‘specificity established),

the Erain can be mapped for sites which support self

*administration. If it were found that a large number of

brain areas engendered lever pressing for intracranial

morphine injections, then this paradigm might be of limited

utility in the characterization of opiate reward mechanisms.

If intracranial self-administration of morphine occurred at

only a few brain sites, then this fechnique could be used

[ PRPPPE N . R L i L T B

ks

- s g ok i Bt ot



s e e P e AL Vo T SN

49

to restrict drug delivery to the reward-relevant receptor
sites. This would raise the possibility of. minimizing the
influence of reward-independent effects (e.gq., analges}a?
physical dependence? sedation?) that are associated with
£he whole-brain drug delivery that results from intravenous
self-administration.

There are two aspects of anatomical specificity to
be considered. The first is a comparison across various |,
brain sites to determine if multiple brain regions support
self-administration. Using a standard protocol, the brain
can be neurocanatomically mapped for sites that support this
behavior. Negative findings are difficult to interpret
since a larger drug dose or infusion volume could yielq
conflicting results. Nonetheless, the relative sensitivity
of va;ioqg brain regions to morphine reward can be det%f—
mined using a reasonably effective dose range and an infusion
volume.that minimizes the influence of drug diffusion. Those
brain regions that are the most sensitive to the rewarding
properties of a drug are likely to be closest to the target
of rewarding drug action and the most important regions
involved in the mediation of reward from systemicaliy
administered drug.

The ;econd aspect of anatomical specificity involves
the assessment of drug spread within a given brain region.
The purpose of this procedure is tdé*fold: (1) to determine

if the rewarding effects of the microinjections were due to

a local action-or diffusion to a distal site of action, and

i
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(2) to define the anatomical boundaries of the receptor
fielé mediating drug reward within a given brain region.
The dispersion kinetics of microinjected drug can be deter-
mined by using autoradiography (5?5 Routtenberg, 1972) or
by combining the micro-punch assay technique of Palkovits
(1973) with liquid scintillation counting (e.g., Myers &
Hoch, 1978). These methods provide a quantitative estimate
of the physical spread of drug produced by a given microinjec—:
tion procedure. Another approach is to assess the functional
effective spread of drug by systematically varying the
cannula placements within a given brain region. This method
has been used to determine the anatomical boundaries of
other opiate effects (e.g., Lomax, 1967; Yaksh, Yeung, &

Rudy, 1976). The latter approach has the advantage of

B

showing the limits of spreéd for behaviocrally relevant con-

centrations of drug but/ is more laborious. " Only whole-brain
\

autoradiography, however, can detect the spread of drug ‘to

<+ ashopt,

et

distal sites of action that can be produced by ventricular

diffusion or microinjection into intracerebral circulatory

kel Te7.

systems. A combination of these techniqﬁes‘would obviously

be advantageous.

R e T

3.3 Intragcranial Self-Administration of Morphine
\ihto the Ventral Tegmental Area o

Broekkamp's (1976) study of the facilitatodry effect
of central morphine injections on brain stimulation reward
suggested that the ventral.tegmental area might be the site

«

of mofphiné's rewarding action. The present study was

I3 s
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designed to determine if naive rats would learn to press

a lever for morphine: infusions into the ventral tegmental

area. To control for accidental lever contacts, a ycked

A S
9

control procedure was used. Each experimental rat was

pairéd with a yoked control subject such that lever presses

both the experimental and yoked control subjects. Lever

presses of the yoked control rat were recorded but did not

produce an infusion. Animals were also tested for the self

administration of the drug vehicle solution. The results
of these two control procedures were then used to determine \
the behawvioral specificity of the intracranial self

administration response.

3.3.1 Method

4

Subjects: Fifteen experimentally naive, male,

Long-Evans rats, weighing 300 to 350 g at the time of sur-

TS

cannulae stereotaxically aimed at the ventral tegmental v
area. With the uppef incisor bar '5 mm above the interaural |
lihe, the coordinétes for the guide cannulae were 3,8 mm
posterior to bregma, 0.6 mm lateral to the mid-sagittal

suture, and 7.8 mm ventral to dura.- Sodium pentobarbital

(60 mg/kg, i.p.] was used as the anesthetic and a single
injection of penicillin G (30,0Q0 units, i.m.) was adminis-
tered prophylactically following suré'ery.» Obturators were

fitted at a depth of 0.5 mm beyond the guide cannulae imme-
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diately after surgery andvremained in place excépt during
behawvioral testing. Food and waéer were available ad ®
libi tum.

Apparatus: Rats were tested in a 27 x 38 x 39 cm
box housed in a diﬁly 1lluminated, sound attenuating chamber.

A small exhaust fanfprovided ventilation and additional

%

‘ masking of peripheral noise. On one end of the test chamber,
a4 x 6 cm lever was located 5 cm above the floor.
The microinfusions were delivered by an electrolytic
_microinfusion transducer (EMIT) system mounted directly on
the rat's head during testing. Infusion was accomplished
by passing a direct current between two electrodes contained
in the gas—-tight reservoir. The production of hydrogen gas
forced a controlled amount of solution through the injection
cannula while a small éuiescent current prevented the redis~

solution of hydrogen gas evolved during previous infusions.

The use of EMIT method minimized the problems of uncon-

| " trollable drug infusions inherent in systems which rely on
flexible tubing and fluid swivels.to permit unrestrained
movement of the subject during testing. (For details of %
the EMIT method, see Bozarth & Wise, 1980a, and Secéion .
2.2.2.)

3
The EMIT unit was connected to a constant current . é

source (Mundl, 1981) which produced a 200 pA infusion current *
¢ -

and a 10 u%/&uiescent current, Depression of the lever

resulted ié a 100 nl infusion delivered over five seconds.

; ‘ The EMIT unit was attached to a 28 gauge hypodermic needle

r
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precut to penetrate 1 mm beyond the guide cannula., A light
flexible lead was used to connect the EMIT unit to a mercury
commutatof allowing unrestrained movement of the rat duriné
testing.

Procedure: After at least five days recovery from
surgery, rats were randomly assigned to either the experi-
mental, yoked control, or Ringer's control group. For the
experimental group, depression of the lever resulted in a
100 ng infusion of morphine sulfate (300 pmoles/infusion) dis-
solved in 100 nl of Ringer's solution. Yoked control rats ’
were placed in an identical test chamber‘and infused con-
currently with théir experimental partners; The lever
presses of the yoked control aroup were recorded but did

not produce infusions. Five rats were tested for intracran-

ial self-administration of Ringer's solution under conditions

. otherwise identical to the experimental group. The house

light was extinguished and a cue light was activated during
infusions for all groups.

The rats were tested every other day for three four
hour sessions. Four rats from the experimental group
received intraperitoneal injections of naloxone hydrochloride

(10 mg/kg) one hour into a fourth test session.

kS
L

3.3.2 Results
The mean number of responses per heur during the
first three sessions is depicted in Figure 3.1. The experi-

men£al)groub showed a rapid acquisition of the lever-pressing

\
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response while the responding of the yoked control group
was éimilar to that of the Ringer's control group. An analy-
sis of variance (ANOVA) with repeated measures on one factor
(-Winer, 1971) revealed a significant effect for the factors
of Groups {F(2,13)=17.95, p<.001} and Hours bf Testing

{F(3,36)=16.63, p<.00l}. Planned comparisons using a

"Neuman-Keuls' test (Winer, 1971) demonstrated significant

dif,ferences between the experimental and other groubs during

60 @ MORPHINE REWARD
Y MORPHINE + NALOXONE
B YOKED CONTROL
= 50} ¢ RINGER'S CONTROL\\
) :
x \\ _
X 40}
a- 4
’p)
i 30
5
N 20!} —4
W .
Z
‘10
s

i 2 3
« HOURS OF CONTINUOUS TESTING

Fig. 3.1. A comparison of the responding of the -
experimental (morphine reward), yoked control, and
Ringer's control groups (n=5/group). The figure
‘depicts the mean (+SEM) number of responses per
hour averaged across the three sessions of testing.
The experimental group received an injection of
naloxone one hour into their fourth test session
(morphine + naloxone) . “
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all hours of testing (p's<.Ql). The responding. of the
experimental group during the first hour of testing was

significantly greater than their response rates durihg each

of trge subsequent three 3ne hour periods (p's<.0l). ‘
Given one hour into the fourth test session, paloxone

effectively blocked intracranial self-administration (see

Figu}:e 3.1). A t~test for correlated measures did not show

any differences between sessions for the one hour prior to

naloxone treatment {t(3)=2.35, p>.3}, but an ANOVA with

repeated measures on both factors (Winer, 1971) revealed a

significant difference between treatments following naloxone

{F(1,3)=21.81, p<.025}.

Histological analysis confirmed that cannula place-
ments were in the ventral tegqmental area. Most cannulae
were just lateral to the border of the interpeduncular

nucleus (see Figure 3.2). Cell damage was similar to that

- ‘A"..

.seen after discrete infusions of 0.5 pl or less (M. Bozarth,

»

un\published observations). Although the dispersion kinetics
of this infusion regimen have not been determined, the
proximal location of opiate receptors in t;he A9 and AlO
dopaminergic cell bodies makes this a likely site of action
(Lindvall & BjoOrklund, 1974; Pollard, Llorens,rBonnet,
Costgntin, & Schwartz, 197"1; Pollard, Llorens, & Schwartz,
1977). Other sites of action cannot be eliminated until
discrete locali:zati:on‘of' _these infusions has been demon~

\
strated. . ' ) ]
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Fig, 3.2. The extent of tissue damage seen in animals
self-administering morphine is 'indicated by the striped
zone. Abbreviations: CC, corpus callosum; IP, inter-
peduncular nucleus; LM, medial lemniscus; PVG, periven-
tricular gray substance; SN, substantia nigra; V, ven-
tricle. ‘
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3.3.3 Discussion

- The present data suggest that intracrani@l mox;phiqe
injections can serve as a true reinforcer, estahlishing
increased levels of lever pressing in a response—contingent

manner. Support for this conclusion is derived from the

facts that intracranial self-administration was demonstrated

in experimentally naive rats and that animals receiving the
drug as a consequence of lever pressing responded mo:.;e than
animals passively receiving the same pattern of i‘njections
in a yoked control condition., Since naloxone efféctively
blocked lever pressing, it would appear that the intracranial
self~administration of morphine is mediated through opiate
receptor mechanisms (see Martin, 1967). This eliminates
‘the possibility that self-administration was the result of
mechanical trauma or of changes in osmolarity or pH factors,
since these effects would not be sensitive to opiate receptor
Blockade. , :"
The rapid acquisition of résponding seen in experi-
mentally naive subjecté suggests that the rewardiﬁg effects
of microinjected morphine occur soon after the infusions,
Pronounced delays in reward from these injections would not
be expected to lead to such rapid acquisition of the lever

pressing response (Renner, 1964 ; Tarpy & Sawabini, 1974).

* The fact that the animals space their responding, rather

than responding in erratic hursts seen with lateral hypo-
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thalamic injections (M, Qlds, 1979),\also suggests that the
rewarding consequences of the lever pressinag occur sSoon
after the response. Thus a significant portion of the criti-
cal receptor population would seem to lie proximal to the
injection site in the ventral tegmental area.

The rate of responding during the first hour was

"significantly higher than thap of each subsequent hour of

testing., There are a variety of factors which could be
involved in this effect including reverse tolerance, pro-—
gressivéhéffecté of learning, and drug dispersion. Perhaps
the most interesting possibility is that the changes in
response rates are related to the differential requirements
of establishing and maintaining satiating (i.e., maximally
rewarding) drug €toncentrations at the reward-relevant popu-
lation of receptors. The elevated period of responding (as
little as ten minutes in some cases) may reflect the time
required for morphine to occupy the proportion of these
receptors necessary to produce reward satiation. Once this
concentration is reached, further injections should not
have additional rewarding impact until some fraction of the
drug occupying these.receptors is released and metabolized.
A lower rate of drug intake should then maintain this con-
centration eguilibrium. In the cése of an injection directly
into the reward-relevant receptor population, the duration
of the initial response burst may give.an'indication of the
size % that population.

A detailed analysis of the dispersion kinetics of

s e e OF
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mofphine produced by this infusion regimen is necessary
before a firm statement ;:egarding”druq spread can be made.
The small hourly intake of morphiné, however, makes it
extremely unlikely that the drug acts by re-entering the
péripheral éirculatory system_._qr the cerebral ventricles.

If the intracranial injections used in this paradigm can be
localized to restricted brain regions, such localization
would go far toward defining the population of opiate recep-
tors responsible for the rewarding effects 6f systemically

delivered opioids.

3.4 Intracranial Self-Administration of Morphine:
An Anatomical Mapping Study

The next step i'n the investigation of the intracran-
ial self-administration of morpfline is the 'determination of
the number and location of brain sites that can support this
behavior. 1If it were found that the intracranial self
administration of a particular drug were demonstra}:;le
throughout the brain, this paradigm might be of limited
utility in identifying and in studying the brain region.s
which initi‘ate the rewarding properties of that drug. It
is in the localization of discrete brain regions mediating
drug reward that this technique enjoys one o'f its most pro-
found advantages over other paradigms. Furthermore, if the
neural substrates mediating the rewarding, analgesié, seda-
tive, and physical dependence-producing properties of opiates
can be neuroanatomically c;issociated, this finding would

have important implications regarding the neural basis of
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opiate addiction.

1

An early study by E. Stein and J. Olds (1977)

‘reported ‘intracranial self-administration of morphine into

o ———— g

a'_variety of brain regions. They suggested that any site
that supported brain stimulation reward might also support
morpflirie self-administration, Following along these same
lines, M. 0Olds (1979) has reported morphine self
administration 'into the lateral‘ hypothalamic _area. Both of
these repor{:s, however, involved subjects that 'wer“e pre-—
viously trained to lever press for brain stimulation reward.
This raises the possibili‘ty that the observed r'espfq“gding for
morphine may be related to the rats' history of tlraining.
Although this possibility seems unlikely, the erratic pattern
of responding for morphine injected into the lateral hypo-
thalamic area and the apparent failure of naloxone to sus-,
tain lits blockade of this putativwve op,ialte reward® (cf. M,
c’ﬁds, 19_7§) éoint to a potential problem in Qusing lever
trained animals. Furthermore, since reinforcement by
definition involves not only the maintenance but also the
acquisition of a response (Bolles, 1975), the test of
respon,sé acquisition in experiméntally naive subjects is

S

very important.

In this experiment, experimentally naive rats were

o

8see Figure 3, M. Olds (1979) . Since the naloxone
is delivered with the morphine (i.e., mixed with the mor-
phine solution in the infusion apparatus), the antagonist
action is present throughout the testing session.: 'Note that
respondlng reappears after about 11 hours of testing.
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this protocol does not provide a definitive assessment of

" where morvhine injections are more rewarding than those

léctically following surgery. K Obturators were fitted at a

* Food and water were available ad libitumf"The'animals were

52
tested for the acquisitioﬂ of a lever-pressing. response that
would deliver 100 ng of morphine into various brain regions,.,
Using the same procedure as in.the first expériaent; the

rats were tested for three four-hour sessions. Although

the re&arding properties @f morphine injected\i?to\these
brain areas, it does éssgss the relative strength of morphine
reward across the vérigus brain ;regions tested. The rate of
racquisition §f a response has been showﬁ to increase with
increments in the‘magni%ude of reinforcement for a variety

of rewards (see Bollés,,l975). Therefore, brain regions

-

where morphine self-administration is rapidly acquired

(e.g., ventral tegmental area) would seem to be regions

~

which require extensive training to establish<this response.

>

’

3.4.1 Method

Subjects: Male, Long-Evans rats (weighiﬁg 325 to

375 g) were unilaterally implanted with 22 gauge guide
- . 5 . ¢
cannulae stereotaxically aimed at one of the brain areas

listed in Table 3.1. Sodium pentobarbital (60 mg/kg, i.p.)
was used as the anesthetic and a single injection of s

penicillin G (30,000 units, i.m.) was administered prophy-
'&P

deoth o0f. 0.2 to 0.5 mm beyond the guide cannulae immediatel

? 2

after surgery and were removed only during. behavioral testing.
& ;
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housed in a 12 hour light-dark cycle of illumination and

all testing occurred during the light phase of this cycle.
Vg :

TABLE 3.1
’ .

STEREOTAXIC COORDINATES USED FOR THE GUIDE CANNULAE‘

e

Placement anterior—éosteriora lateral® ventralC subjectsd
VTA -3.8 0.6 7.3 6
LHA -3.3 1.5 6.5 6
PVG -3.8 0.6 5.0 5
ACC *3.5 . #1.5 5.7 5
5

CAUD 2.0 | 3.0 5.0

o

' NOTE: The upper incisor bar was 5 mm above the inter-
aural line for all placements except the LHA when it was
2.5 mm below the interaural line. Abbreviations: VTA,
ventral tegmental area; LHA, lateral hypothalamic area; PVG,
periventricular gray substance; ACC, nucleus accumbens;
CAUD, caudate nucleus. The coordinates” were adapted from
Pellegrino, Pellegrino, and Cushman (1979].

4mm from bregma
bmm from the midline
“mm from dura

dnumbér of subjects tested

Apparatus and Procedqre:a After at least five days
recovery‘from surgery, rats were tested for the acquisitiop
of a 1ever—prcssihg response usipg the same'proqedure as in
the first experiment. Each lever press reéulted in a 100

ng infusion of morphine dissclved in 100 nl of Ringer's
A\

solution. The rats were tested every four hours per day

N

. <
for three sessions.

<
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CAUD 2.0 | 3.0 5.0

o>

' NOTE: The upper incisor bar was 5 mm above the inter-
aural line for all placements except the LHA when it was
2.5 mm below the interaural line. Abbreviations: VTA,
ventral tegmental area; LHA, lateral hypothalamic area; PVG,
periventricular gray substance; ACC, nucleus accumbens;
CAUD, caudate nucleus. The coordinates were adapted from
Pellegrino, Pellegrino, and Cushman (1979].

Amm from bregma

Pmm from the midline

“mm from dura

dnumbér of subjects tested

Apparatus and Procedqre:\ After at least five days
recovery'from surgery, rats were tested for the acquisitiop
of a lever-precssing response usipg the‘same'procedure as in
the first experiment. Each lever press resulted in a 100

ng infusion of morphine dissolved in 100 nl of Ringer's
\
solution. The rats were tested every four hours per day

3

B )
for three sessions.
. o
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3.4.2 Results
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» N

The number of infusions delivered per hour‘during
the three sessions of testing were averaged across rats for
each infusion site (see éigure 3l3). Rats with cannulae in
the ventral.tegmental area quickly leafned the lever
pressing response as in‘thg first experiment. Rats with
cannula placements in the other brain regions failed to

>

learn this response. An ANOVA (Winer, 1971) showed a

-~ 30
14
=)
O »
T
o 20
4
0
)
-
o 10
z
X

"RNG VTA LHA - PVG ACC CAUD

&

Fig. 3.3. Mean (+SEM) number of infusions per hour averaged
across the three sessions of testing. RNG=Ringer's control

group; the data are from the fifst experiment. (See Table v

3.1 for abbreviations.) \\ .
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significant effect for the factor of Groups {F(5,61=10,79,
p<.01}. Planned comparisons using a Tukey's (a) test (Wine;,
1971) demonstrated that the ventral'teémental group was
reliably different from all other groups (p's<.01). cahnulé

placements were histologically verified using 40 um, thionon

‘>

stained sections (Pellegrino et al., 1979) and representative

placements are illustrated ip Figure 3.4.

Fig, 3.4. Nominal cannula
Lt placements are indicated by
the black circles. Brain
sections were adapted from
Pellegrino et al. (1979).
Abbreviations: A, aqueduct;
ACC,. nucleus accumbens; ca,.
anterior commissure; CAUD,
caudate nucleus; 'cc, corpus
callosum; DTV, decussation
of the ventral tegmentum;
Fx, fornix; IP, interpeduncu-
lar nucleus; LHA, lateral
hypothalami¢c area; MFB, medial
forebrain bundle; OT, optic
tract; POA, lateral preoptic
area; PVG, periventricular
gray substance; SN, sub-
stantia nigra; TOL, lateral
olfactory tract; V, ventricle;
VMH, ventromedial nucleus of
the hypothalamus.
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Some of the rats that received infusions into the
&

nucleus accumbens, caudate nucleus, or periventricular gray
regions showed pronouﬁced locomotor excitement d&ring the
first 30 minutes of each session. This resulted in a burst
of lever contacts, but this behavioral activation was not .
maintained throughgut the four hours of testing. The
stimulatory effect of morphine injected into the nucleus
accumbens has been previously reported (Pert & Sivit, 1977),
and it seems likely that the locomotor excitement produced

in some animals by infusions into the caudate nucleus was
the result of morphine diffusion to the accumbens. The
hyperactivity seen after periventricular gray infusions of
morphine has also been reported (Amir, Blair, Shizgal, &
Amit, 1979; Blair, Cytrynaik, Shizgal, & Amit, 1980; Jacquet,
1978) although that seen in the present study was.far less
pronounced than the explosive hyperactivity produced by the
higher doses previously studied.’

Microinjections of morphine into the ventral teg-
mental area also produced an increase in locomotor activity.
The behavior of these an%mals, however, was much different
than that of rats injecteq into the nucleus accumbens,
caudate nucleus, or perive;tricular gr?y area. The loco-

motor excitement of the latter groups tended to be expressed

as erratic bursts of activity lasting less than one hour

’Explosive motor behavior (i.e., very. intense hyperL
activity) is produced by the injection of 10 to 250 pg of
drug into this region (Blair, Liran, Cytryniak, Shizgal, &
Amit, 1978; Jacquet & Lajtha, 1973, 1974; Sharpe, Garnett,

& Cicere, 1974).
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after the beginning of a session. The ventral teémental
ratshshowed a sustained increase in activity throdghout the
four hours of testing. This increase in activity was less
pronounced than that of the other groups, and previous tests
have shown that{it leads to few accidental lever contacts
(see Section 3.3). Furthermore, since the microinjections
into the ventral tegmental area were unilateral, the motor
activit?'was asymmetrical resulting in circling.- As previ-
ously reported, the circling Qas contralateral to the side of
injeétionsB sugé;sting that these morphine infusions produced

an increase in dopamine release (Iwamoto & Way, 1977; Pert,

DeWald, Liao, & Sivit, 1979).

f

"3.4.3 Discussion

. A . o
The failure to find morphine self-administration

into the lateral hypothalamic area is in direct contrast to
previous reports (M. 0lds, 1979;'E. Stein & J. 0lds, 1977).
These discrepant finds are probably the result ‘of methodo-
logical differences. First, the reports showing self
administration of morphine into the lateral hypothalamic
area used guide cannulae that were considerably'larger than

those used in this study.? Routtenberg (1972) has reviewed

i

8THe rate of rotation was measured in several animals
and found to be around 4 to 5 rotations per minute when mea-
sured approximately 1 hour into the test session. Rotational
behavior was also observed during the first experiment, but
no attempt was made to determine the proportion of animals
showing this behavior,

) The outside diameter of various gauges of tubing
varies somewhat depending on the system of measuring that

e - . n el e e e e b e ab aa e et e




.

Compnt s

ey

e ———y WS BT BT L e s a [N PRI * pomnn

58

evidence suggesting that the use of large diameter cannulae
facilitates the diffusion of drug into the cerebral ventri-
cles. The possibiiity exists that the reported self
administration of morphiné into the lateral hypdthalamus is
the rgsurt»?f such ventricular.diffusion.lg - A second pfo—
cedural difference 'is that the studies showing lateral hypo-
thalamic self-administration used rats that were‘previously
trained to lever-press for rewarding brain stimulation.

Since M. 0Olds (1970) has shown that some drugs can prolong

lever pressing for brain stimulation reward even when the

‘electrical stimulation has been discontinued, it is possible

that the reported self—adminis;ration represents a type of |
extinction responding. A similar effect has been reported
for animals trained to intravenously self-administer various
drugs including morphine (de Wit & Stewart, 1981; Gerber &
Stretch, 1975; Stretch & Gerbér, 1973) . Another possibility
is that lateral hypothalamic morphine is rewarding but less
so than reward from ventﬁgl tegmental microinjections. Rats

may maintain a previously learned lever-pressing response

but fail to acquire a new response because this reinforcement

is used (see Hodgman, Weast, Shankland, & Selby, 1962). The
specifications for commercially available hypodermic tubing
show that 18 gauge tubing is around 0.7 mm in diameter while
22 gauge tubing is approximately 1.2 mm in diameter. Hence,
the outside diameter of the 18 gauge cannulae is almost

twice that of the 22 gauge cannulae used in the present study.

' ?he fact that the periventricular gray rats do not
self-administer morphine eliminates this possibility in the
present experiment since the periventricular gray placement
is just 2 mm dorsal to the ventral tegmental area. '
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has .a poor efficacy. In any case, it is obvious that
reward from ventral tegmental morphine infusions is far
more potent than reward from microinjections of morphine
into the other brain regions tested in this study.

The fact that morphine was self-administered’ into
ventral tegmental area but not the periventricular gray
substance suggests an anatomical separation of the
rewarding, analgesic, and sedative properties of opiates,
The periventricular gray region has been implicated by
other microinjection studies in opiaée—induced analgesia
(Pert & Yaksh, 1974; Sharpe et al., 1974) and sedation
(Broekkamp’, Van Den Bogaard,.Heynen, Rops, Cools, & Van
Rossum, 1976; Pert et al., 1979) while the rewarding pro-
perties of morphine appear to be mediated by receptors in
the ventral tegmentum and not in the periventricular gray

area. The region mediating opiate-induced physical depen-

.dence is less clearly defined, but it too seems to involve

opiate receptors }n the periventricular gray region and
perhaps sbme thalamic regions as well (Wei, 1981; Wei,

Loh & Way, 1973). While direct tests of the physical
dependence~producing properties of ventral tegmental mor-
phine injections have not yet been made, the present data
suggest the possibility that the rewarding properties of
opiates may be dis;ociable %rom their dependence-producing
properties as well as the analgesic and sedative effédcts of
these drugs. Such a dissociation of the rewarding and

physical dependence-producing properties of opiates would
’ ,
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have a major significance for theories of addiction and
direct tests will be reported in Chapter 7.
3.5 Further Investigation of Intracranial
Self-Administration of Morphine into
the Lateral Hypothalamic Area

The discordant findings of the present study and
those of M. 0lds (1979) and E. Stein and J. Olds (1977) are
particularly important because they reflect directly con-
flicting results usiqb the same general paradigm.. One of
the differences in the procedure used by M. 0lds (1979) from
that used in the current study concerns the size of the guide
cannula implanted in\the animals. M. 0lds (1979) used 18
gauge cannulae while the experiments reported in Sections 3.3
and 3.4 used 22 gauge cannulae. The diameters of these cannu-
lae are approximately 1.2 and 0.7 mﬁ, respectiQély. Since
the size of the cannulae used in chemical stimulatibn |
étudies can affect the amount of diffusion up the cannula
shaft and into the cerebral Ventribles (Routtenberg, 1972),
the possibility.exists that animals in the M. 0Olds' (1979)
report *are self-administering morphine because the rewarding
action is aependent on ventricular diffusion to another
site of action. To test this hypothesis, the results of the
previous study (i.e., Section 3.4) were compared with those
obtained in énimals implanted with cannulae having .a much

larger diameter.

3.5.1 Method

Subjects: Malé, Long-Evans rats (weighing 350 to
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400 g) were unilaterally implanted with chemitrodes!!' stereo-

taxically aimed at the lateral hypothalamic area using the
coordinates listed in.Table 3.1. Surgical anesthesia was
accomplished using sodium pentobarbital (60 mg/kg, i.p.)

and penicillin G (30,000 units, i.m.) was given after sur-
gery. Ohturators were fitted O.S‘mm beyond the tip of the
cannula portion of the chemitrodes which remained inplace
except during behavioral testing. The animals had free
access to food and water in theiruhome cages and were placéd
on a 12 hour light-12 hour dark cycle of illumination. All
testing occurred during the light cycle.

Apparatus and Procedure: Chemitrodes were made
from bipolar electrodes wrapped around 22 gauge guide
cannulae. Epoxy cement was used to retain the electrodes .
to the cannula shafts. The diameters of the chemitrodes
ranged from about 1.1 to 1.5 mm and thus were similar in
size to the 18 gauge cannulae used by M. 0lds _(1979). Tﬁe
animals were allowed 6 to 7 days to recover from the.surgi-
cal procedure. Next, they were tested using the same, proce-

dure as described in Section 3.4: all parameters of testing

!Chemitrodes were originally jmplanted in these
subjects to test another possible explanation of M. Olds'
(1979) report of lateral hypothalamic self-administration.
The initial protocol entailed training the subjects to press
for brain stimulation reward in the lateral hypothalamus and
then testing them for intracranial self-administration of
morphine. A control procedure consisting of testing chemi-
trode animale for intracranial self-administration before -
experience with brain stimulation reward revealed, however,
that these experimentally naive rats would self-administer
morphine into the lateral hypothalamus., The results of
this testing forms the basis of this section.

¢
¢
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A

were identical to those used for the initial anatomical

\

.mapping study. The experimentally naive rats were tested

for four hours per day every other day for a total of three
sessions. Each lever press re;ulted in the delivery of 100
ng of morphine sulfate dissolved in Ringer's solution. The
infusions were delivered over 5 seconds in a volume of 100

nl using the EMIT method described in Section 3.3.1. ‘
) 1

3.5.2 Results ‘ »

v

Figure 3.5 illustrates the mean number of infusions
earned per hour across the t@rée hours of testindf, Rats
implanted with chemitrodes in the lateral hypothalamié area

quickly leatrned the lever—préésing response. The mean

hourly intake of animals seif—administering morphine into

the ventral’tegmental area and animals with cannulae

implanted in the lateral hypothalamic area are ingluded for
cémparison. An ANOVA showed a significant diffe{gnce.émong
the three groups of animals represented in the figure
{F(2,12)=77.91, p<.001}. A Tukey's (a) test revealed that
the rate of lever pressing in chemitrode implanted subjects
was significantly higher than that seen when idéntical
placeﬁents were tested using cannulae (p<.61).v Also, £he

rate of responding was even higher than seen with cannulae

implanted into the ventral tegmental area (p<.0l).

3.5.3 Disucssion

The data. presented in this section are preliminary

since additional testing is required to draw definitive
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Fig. 3.5. Mean (*SEM) number of infusions per

hour averaged
testing. VTA
(n=6/group) .
mic placements
- Table 3.1 for

conclusions regardin
self-administration.
phine infusions into
because ventricular
action. To clearly

-~

dures must be used.

to this placement to'support intracranial self-administration

could be evaluated.

across the three sessions of

and LHA data are from Figure 3.3
LHA-chemitrode=lateral hypothala-
‘with chemitrodes, n=3. (See
other abbreviations.)

g the basis of lqﬁfral hypothalamic
"They'do suggest, howeQer, that mor-
the lateral hypothalamus are rewarding

diffuéibn_occurs to a distal site of

eftablish this, one of several proce-

First, the ability of infusions dorsal

If the tissue at the tip of the can-

nulae were responsible for the initiation of the rewarding
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effects of morphine infusions into the lateral hypothalamus,
then dorsal placeménts should be ineffective. If ventricular
diffusion were responsib;é for this behavior, then dorsal
placements would be expe;ted to be even more effgcéive in
establishing and maintaining self-administration. Similafly,
self-administration of morvhine directly into the cerebral
ventricles might be tested to determine if the same pattern
of self—administratian occurs. Alternatively, kainic acid
might be used to selectively destroy the cell bodies in the
lateral hyﬁdthalamic area (Britt & Wise, 1981bc; Jonsson, 1980;
McGeer & ﬁcGeer, 1981, 1982; Peterson & Mooré, 1980). Since
it is likely that the opiate receptors are located on the
cell bodies of these neurons and not on the axons of pagsage
(Criado,. Aguilar, & De Robértis, 1981; Perry, Mullis, Oie,

& Sadee, 1980; Pert, Smnowman, & Snyder, 1974; see also

.Snyder ‘& Matthysse, 1975), this procedure should eliminate

intracranial self-administration into the lateral hipothala-
mic area if this behavior were dependent on the.cells in
this region. Self-administration which survives kainic acid
lesions is likelv to be dependent on drig diffusion to a

distal site of action outside the lateral hypothalamic area.!?

The fact that animals self-administer morphine into

12 Another approach would bhe to use agents that irre-

‘versibly inactivate opiate receptors such as the compounds

shown to specifically alkalate opiate receptors (Caruso,
Larson, Portoghese, & Takemori, 1980; Cravisc & Musacchio,
1976; Hazum, Chang, Cuatrecasas, & Pasternak, 1981; Pasternak,
Childers, & Snyder, 1980). The application of this approach,
however, is likely to be limited by the availability of

"these agents and their suitability for use in’vivo.
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‘

the lateral hypothalamus at a highgr rate thanvthey self
administer it into the ventral tegmentum may be indicative
of a diminished potency of lateral hypothal;mic morphine
infusions. If these infusions of morphine were diffusing
to a distal site of gction such as the ventral tegmentum,
the drug concedtrat;on would be appreciably diminished by the
time it reached tﬁ%s site. Thus, it would require a larger
guantity qf morphine injected into the lateral hypothalamus
7
to suppvort self-administration behavior. On the other hand,
the rapid acquisition of the lever-pressing response-seen
in animals with chehitrodes implanted in the lateral hypo-
thalamus suggests that the rewarding effects of these infu-
sions occur soon after injections.‘ It might still be viable
that this is the result of ventricular diffusion since
ventricular morphine quickly penetrates into many brain
regions. The rapid learning of the intracranial self
administration response does, however, make the conclusions
drawn from this study more tenuous. Plainly, additional
testing is réquired to clearly establish the ability of
lateral hypothalamic morphine to gppport intracranial'éel@
administration. The fact that this behavior is seen (in
the present study) only in subjects implanted with chemi-

trodes is suggestive of a ventricular diffusion basis of

this behavior.

3.6 General Discussion

The demonstration of behavioral and‘ghafmacologicaf

.
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" specificity of intracranial morphine self-admimistration

substantiates this approach as\éiyiable alternative for

:study;pg the neural mechanisms of opiate reward. Tests of

- » p-
e

behaviofa"specificity (i.e., yoked and Ringer's controls)
clearly establish that the animals are working-for the
rewarding properties of the drug infuéions. Since naloxone
blocked the self-administration response, it is alsa apparent
that lever-pressing is dgpendeﬁt.on é drug action at opiate
receptors since narcotic ;ntagonists would not be expected
to alter the physico-chemical proéerties of the morphine
sqlution; Further tests shpwing that morphine ig not seif
‘a&ministered at most opiate receptor fields suggest that
opiate reward fé not the result of an opiate action common
toiall receptor fields. Thiskobsérvati§8 implies speciali-
zation of the various opiate receptor fields for different
functions; thus, opiate‘réward is nota ubiquitous property
of'tbese receptor fields, but rather it is associqtéa with
the activation of é specific opiate receptor field. * \
‘ The fact that morphine was self-administered into. . {
the ventral tegmental area, but not other brain fegions
associated with other opiate effects, suggests an anatomical
separation of opiate reward and other opiate—induced behav-
iars. This opené the possibility that use of the intra- v
cranial self‘administratioﬁ paradigm might minimize tﬁe v ‘

side-effects caused by whole-brain drug delivery (e.g.f’ ¢

+ intravenous self-administration). Thus, the sedative,

anaiéesic, and physical dependence-producing properties of
- A . . \ ‘

! 1
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opiates may be eliminated as potential sources of con-~

founding during tests of opiate reward.
X

There are several qualifications which must be

’ ol -
considered when generalizing the results of these studies

" to opiate reward produced by systemic drug injections.

First, the anatomical mapping study was baséd on a protocol
proven effective in establishing intracranial self y"
administration into the ventral tegmental area. It is
possible that increasing the dose of morphine delivered pef"
infusion, the volume infused, or the number of ‘tmials of
testing would result in acq't;isition of the intracrar;ial self
administrat;ionr response for mor;;hine infused into the other
brain regions tested in Section 3.4. The present study pro-
vided a test only of the relative potency of morphine

infuséd into these brain regions and not a definitive asses§~
ment of their ability to support intracranial self
administratio;\. . Second, although severai-major opiai:e
receptor fields were tested in this study, the poss;bility
reflains that other braj:n'sites not yet studied will support

self-administration. Third, thé experiments in ‘this chapter

revolve around acguisition and different mechanisms may be

.responsiblé for the acquisition and maintenance of opiate

‘

intake., If this were thg case, it might be that morphine
infused:into one of the other brain regions is actually
more rewarding ‘than when delivered into the ventral tegmen-—.

tum. F'our‘th, ‘the demonstration of intracranial self
o ' *~ -
»
a\tdministration shows that opiate action at a giwven brain
' ’ . Y i ‘) . :
[ . '

N
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- . ) region is sufficient for reward, but it does nqt establish
that such opiate action is necessary for reward. This can
only be done using tests of the rewarding, properties of
systemically applied ;apiate while block'ing opiate action
at specific' receptor fields. It could be that concurrent
activation at several opiate receptor fields (e.g., nucleus
accumbens, lateral hypothalamus, periventricular gray sub=
stance) is equivalent in its rewarding effect to discret?;!’"
: activation of the ventr’al tegmentum. Th{xs, opiate action

at the ventral tegmental are§. may not be necessary for this

rewarding ac‘;:ion to occur when the drug is delivered

.systemically and thus reaches a number of cipiate recéptor

+ £ields.

With the demonstration ofcbehavioral, pharmacologi-"
cal, anii}/anatomical specificity, the intracranial self

~
admk*.nistration pgradigtn is established as a viable method

for $’t:“udying the neural mechanisms of drug 1:'eward. To
.'fully evaluate the usefulness of this téchnique, however,
. tirxere are four additional aspects of this phenomenon which
{ . : ne‘ed'to be studied. First, ‘the chronicity of the préparat‘fon
t . needs ‘o be evaluated. The studies reported in this chapter
‘- ~reveal minimal tissue damage from these infusions, but there
~ 1is no \J“.'nd‘i'cation about how long the intracranial self
\ adninistration response can be maintained. Second, the
’ ‘ effects of r;‘hanqes in unit‘—dose need to be e(raluated’.

»
Increasing the dose of drug delivered with each infusion

€

might cause a decrease in response rate, but it is also
\ A
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possible response rates will increase.!’ It is necessary
to document the effects of unit-dose manipulations on
response rates before conclusions can' be drawn regarding
the meaning of increased or decreased rates of responding.
Third, the identification of the opiate receptor population
mediating the intracranial selﬁ—administration response
might suggest specific ligands lacking the addictive but
retaining the analgesic properties of opiates. Special.
attention should be focused on evaluating the potency of
mu, siogma, kappa, and delta opiate-receptor ligands.
Fourth, the aegree that intracranial morphine infusions
control behavior in a fashion similar to intravenous drug
and conventi;nal rewards needs to be investigated. This

would reveal whether this method of studying opiati_e reward

is governed by the same principles as other rewards and
would suggest the degree of generality of these data to i

intravenous drug reward and conventional rewards.

.

13With continuous reinforcement schediles, increases
in unit dose generally lead to decreases in the rate of
intravenous opiate self-administration; testinag with low
doses or partial reinforcement schedules has suggested that
there may also be an ascending aspect to the dose-response ]
curve (see Jones & Prada, 1981; Weeks & Collins, 1968, 1979;
Young, Swain, & Woods, 1981l: Young & Woods,' 1980). Thus it
is difficult to predict the influence of manipulations of
unit dose on intracranial self-administration.
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CHAPTER 4

THE NEUROANATOMICAL BOUNDARIESL'OF THE

REWARD-RELEVANT OPIATE RECEPTOR FIELD!

4,1 Conditioned Place Preference Paradigm
The conditioned place preference paradigm can make
several important contributions to the study of druig reward. .
First, it offers an independent method of assessing a.drug's
rewarding properties with a-rate-free measure. This is
especially useful when assessing the.effects of brain ‘ ,
lesions that can severely disrupt normal\ \sensory—motor inte-

gration. Second, conditioning variables have been impli-

cated in the maintenant¢e of drug~seeking behavior (Crowder,

Smith, Davis, Noel, & Cossens, 1972; Schuster & Woods, 1968).

Qo v R R,

The study of conditioned place preference allows a direct
comparison of such conditioning effects acyoss different

drugs and parameters of testing. Third, this paradigm is

extremely quick and easy to use. It avoids the problems

associated with intravenous self-administra‘tion, and it

"is a more direct demonstration of a drug's rewarding proper-

lpreliminary versions of this report have appeared
-~ in M, A. Bozarth and R. A. Wise, Society for Neuroscience
. Abstracts, 1981, 7, 50, and M. A. Bozarth and R. 3. Wise,
Localization -of the reward-relevant opiate receptors. In
. L. S, Harris (Ed.), Problems of Drug Dependence, 198l.
. Washington, D. C.: NIDA Research Monograph Series, 1982.

<
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Y

ties than are paradigms employing brain stimulation reward.
Finally, the conditioned place preference paradigm can be
combined with microinjection technology to demarcate the
anatomical boundaries of the reward-relevant opiate receptor
population within a given brain region.
4.2 Conditioned Place Preference from
Central Morphine Infusions
, Intracranial self-administration studies are perhaps
the most direct demonstration of the rewarding properties
of cenfral morphine injections. This technique can be used
to directly compare the rewarding effects of morphine
injected across Qarious brain regions such as in Chapter 3
where the reward-relevant population of opiate receptors
was identified in the véntral tegmental area. There is,
however, a serious limitation to the use of this paradigm
to determine the neuroanatomical boundaries of the popula-
tion of opiate receptors that are responsible for opiate
reward within a given brain region.

In intracranial self-administration studies, the .
animal controls the number of infusions and hence the total
volume of drug injected into its brain. Animals with a
high rate of self-administration have a larger field‘of
effective drug spread than animals with low response rates;
even microinjections through cannulaé that are distal to
the site of drug action may be rewarding’when significant
concentrations of drug have diffused to that region (see

Figure 4.1). Therefore, it is difficult to estimate the

]
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RECEPTORS

. . Fig. 4.1. Since changes in the infusion
: volume produce a concomitant change in
the field of effective drug action,
attempts to extrapolate the anatomical
boundaries of the receptor population
mediating reward from cannula placements
must use a fixed infusion volume.
distance of the cannula placehents to the reward-relevant
receptors using intracranial self-administration experiments.
This problem can be overcome by injecting each ¢
animal with the same volume of drug and assessing reward

using the conditioned place preference paradigm. Cannula

placements can then be meaningfully compared to determine i
E

the location of the reward-relevant ‘receptors. With this
technique, the limits of the brain regions mediating reward
from a given drug can be more precisely defined in relation

"to various microinjection sites.

4.2.1 Method .

Subjects: Experimentally naive, male, Long-Evans

“a
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rats (weighing 350 to 400 g) were unilaterally implanted

with 22 gauge guide cannulae aimed at the ventral tegmental

area. With the upper incisor bar 5 mm above the intra-aural

line, the coordinates ranged from 2.0 to 4.4. mm posterior
to bregma, 0.6 mm lateral to the midsagittal sﬁture, and
7.8 to 8.2 mm ventral from dura. Sodium pentobarbital

(60 mg/kg, i.p.) was used as the anesthetic with atropine
sulfate (.04 mg/kg) s.c.) and penicillin G (36,000'units,
i.m.) given progpylacticallyn Obturators were fitted
approximately 0.25 mm beyond the tips of the gquide cannulae
;nd remained in place except during infusions. Ali testing
occurred during the’light phase of a 12 hour light-12 hour
dark cycle of illpmination. Rats were individually housed
ana had food and water available ad-libitum in their home
cages. |

'

) Apparaéus and Proceduré: .Place preference was
measured in a shuttle béx (25 x 36 x 35 cm) 'with a plywood
floor on one side and a plywood floor covered with wire
mesh on the other. The amount of time spent on each side
of the box was automatically recorded. Rat; were allowed
access to the entire shuttle box for 15 minutes per day on
five consecutive days; the last day served as an indication
of the animals® initial place preference. After these
preconditioning trials, they received four daily injections
of morphine while being forced to remain on their nonpre-

ferred °*sides for 30 minutes. Following the four days of

conditioning, the rats were injected with vehicle and tested

[
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again for their place preference (15 minutes). An electro-
lytic microinfusion transducer (EMIT) was used to unilat-
e~ra11y inject ‘morphine sulfate into the ventral tegmental
area immediately before each of the four cdnditioning
trials. A 150 pA infusion current delivered 250 ng of mor-
phine sulfate dissolved in 500 nl of Ringer's solution.
Infusions were delivered over 28 seconds through a' 28 gauge.
injection cannula that extended 0.5 to 1.0 mm beyond the
guidé cannula. An additional 30 seconds was allowed for
drug diffusion before the injection cannula was removed from

t

the gquide cannula. Ringer's solution was injected prior to

the test trial. }
Histological Analysis: Following completion of the
behavioral testing, the rats were deeply anesthetized with

sodium pentobarbital (circa 90 mg/kg, i.p.) and perfused

intracardially with isotonic saline followed by formalin.

After at least three da&s of fixation in formalin, the

RS

brains were sectioned at 40 micron intervals and then

stained using formol-thionin. Brain sections were viewed

AT b

Ny

at approximately 10 times magnification and the cannula

placements were identified according to.the brain atlas of

Pellegrino, Pellegri:no, and Cushman (1979) . Changes in

place preference were then plotted as a function of the npum-
ber of millimeters that the cannulae were posterior to

bregma on de Groot's (1959) plane of sectioning.

. . . {
Since the determination of cannula placements wa53 vh
of central importance to this study, special attention was

\

o b A ———



¢ttt

e b A% ST ) WS 7 Caditd g Jh e X TRAPENIGIR PR Ve, & e by

75

~ focused on the method used to classify placements. The

initial groupings were done with knowledge of the place
prg)ference scores for* some of the subjeéts. Next, two
additiona; judges blindly rated the placements for 72% of
the' animals. The reliability coefficient (Kerlinger, 1973)

of these ratings was found to be 0.979 indicating a high

degree of interjudge reliabﬁity. 2

4.2.2 Results
Figure 4.2 shows the changes in place preference

following the conditioning trials. The scores were derived
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MILLIMETERS POSTERIOR TO BREGMA

Fig. 4.2. Change in place preference as a func-
tion of cannula placement plotted for individual
subjects.

S

‘The main effect associated with the factor of
judges was not significant {F(2,86)=1.29, p>.05} while the

‘effect associated with differences among rats was reliable

{F(43,86)=50.97, p<.001}. This type of analysis is also
discussed in Winer (1971), but the computational formula
of Kerlinger (1973) was used. s
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by subtracting the amount of time spent on the conditioning
.8side during the last preconditioning trial from the time
spent on the conditioning side after the conditioning
trials. Positive scorxes indicate an increase in prefereﬁce
for the conditioning side while negative scores show a
decrease in thé amount of time spent on the conditioning
side. The scattergram was used to determine the anatomical
intervals for grouping the data for subsequent analysis in
Section 4.3.

The nominal cannula placement is shown in Figure 4.3.

The amount of tissue damage resulting from these infusions

was minimal and probably less than that usually observed after

infusions using the microsyringe method of microinjection.

Most cannulae were on the lateral border of the interpeduncu-
r

lar nucleus just medial to the substantia nigra. Several

subjects with cannulae more dorsal than those illustrated
in the figure were eliminated from this study. Also, 10
animals with injectién cannulae that were ventral to this
region were also tested. These cannulae probably terminated
in the ventral cerebral vasculatu}'e or cistern as evidenced
by the frequent appearance of cgrebral spinal fluid flowing
up the guide cannulae (placements ranged from 2.6 to 4.0 mm
posterior to bregma). The me/an change in place preference
for this group was 45.7 (SEM=55.8) indicating that infusions
into this region were not effective in producing a condi-
tioned place preference. This finding is important, albei't

fortuitous, since it eliminates the possibility that morphine

i
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infusions into the ventral tegmental area were rewarding

because they had entered the cerebral vasculature or ventral

-

cistern and were transported to a distal site of action.

- .

>

|

A

Fig. 4.3. The extent of tissue damage seen following
four infusions of 500 nl delivered over 28 seconds is
the striped zone. Abbreviations: CC, corpus callosum;
1P, interpeduncular nucleus; ML, medial lemniscus; PVG,”
periventricular gray substance; SN, substantia nigra;

Vv, wventricle.
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4.3 Determination of Anatomical Boundaries

To facilitate statistical comparisons of the
effects of cannula placement on place preference, the
scores illustrated in Figure 4.2 were grouped into
anatomical zones'at approximately 0.6 mm intervals. Thi‘é
was guided by visual inspection of the scatterplot which
suggested tpat placements rostral to 2.4 mm posterior to
bregma and those caudal to 3.8 mm posterior to bregma
were ineffective in producing a change in place prefer-
ence. To decrease the differences in the number of
sﬁbjects in each zone, the effective range from 2.4 to
3.8 mm posterior to bregma was also divided into two
groupings. The results of this analysis is shown in
Figure 4.4. An anlysis of vari'ance (Winer, 1971) demon-
strated a significant difference among rats implanted
with cannulae in the {various zones throughout the ventral
tegmental area {F(3,58)=10.267, p<.001}. A Newman-Keuls'
test was performed for lspecific comparisons amor;g the
various groups' (Winer, 1971). Both the 2.4 to 3.0 mm‘
and the 3.2 to 3.8 mm zones were reliably different from
the rostral and caudal placements defined in this proce-
dure (p's<.01) .

Since the number of subjects tested in each group~
ranged £from 9 to 20, a more conseryative approach to data

analysis might be to analyze each group separately for

v
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Fig. 4.4. Mean (*SEM) change in place pre-
ference for the wvarious anatomical zones.
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/ changes in place preference.? This was done by a series
of t-tests and by using Fisher's method for épecific com-
parisons (Lindman, 1974) to provide protection against

Type I errors. T-tests for correlated measures revealed

3rhe data derived from the analysis by zones are
normally distributed and the variances of these groups are
not significantly different. Therefore, the|effect of
unequal sample size is probably negligible (see Lindman,
1974; Winer, 1971). Nonetheless, treating each group as
an independent sample and analyzing them separately to
assess changes in place preference following morphine
infusions would appear to be a somewhat more conservative
approach, assuming, of course, that a satisfactory method
.©f holding the alpha level constant is used. The real
g'trength in the conclusions suggested by the analysis of
Place preference as a function of anatomical zone, however,
' comes from the fact that poth approaches to statistical
analysis yield simwr results.

.
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= ABSTRACT

THE NEUROANATOMICAL SUBSTRATE
OF OPIATE REWARD IN THE RAT

~ ' -

Michael A. Bozarth, Ph.D. ‘
Concordia University, 1982

(

o
'An intr‘acranialdsélf-adminz‘istration procedure:
was developed.to test animals for the acquisi%tion of a
lever-pressing response to deliver'morpﬁine infusions
into discrete brain regions. Subjects rapidly learned
» to self-administer morphine into’ the ventral t;egmental

“area but did not learn to self-administer morphine into

other opiate receptor fields. Further studies determined

g g oy o e

that the rostral-caudal boundaries of ~this system corre= —
¢
3K

{ ) . ' spond to those of the Al0 dopamine cell group.

a

Evidence was reviewed sugge"sting that opiates
enhance dopaminergic neu'rotransm‘_;'.ssion. Behavioral
- indices observed during intracranial morphine self
administration further support this notion. Tﬁe effect
of dopaminergic receptor-blockade on heroin feward was
tested using two conditioning procedures. The condi-

tioned reinforcement and the conditioned place preference




" focused on the ventral tegmental area to determine the
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produced by systemic heroin injections were blocked by

[} >

peuroleptic pretreatmént. Both of theée procedures

tested anim;ls in the drug—-free condition eliminatiné

métoé sedatign as a possible explanation of* this effect.
A number of brain reg%éﬁs were-mapped‘for thei'r

ability to prdduce physical dependence on morphine

3 . . . . C o .
following chronic infusions. Specific attention was

a

relationship of the site of morphine reward to the’

[}

development of physical dependence. Although a moderate

degree of physical dependence. was demqnstrable after
chron#c morphine infusions into this brain region, this

effect was eliminated by the*use of cannulae that were

~ [

angled to avoid penetration of the periventricular gra? §

']
substance. Infusions into the periventricular gray

region produced the most severe physical ‘dependence with'

withdrawal jumping emanating primarily from the rostral

region while wet-dog shakes were more pronounced after

€ Crp—— T W Lt

e )

-

infusions into the caudal region. Chronic morphine
infusions into other brain regions prdduced little or no

physical devendence. ’

- ~

The results of these and other studies suggest

~

that opiate reward is produced by a drug action in the ven-

tral tegmental area which is dependent on a dopaminergic
mechanism.. It is likely that the AlQ dopamine system is

involved in this rewarding action. Physical dependence

L R R R T T VA E L vy gmmm



\ .
. N V . ¢
" » Q ~
is prodyced by a drug actioen primarily in the peri\;en— .
: ' ~ tricular gray region. These data are concordant with .
. T _ the, notion that opiate reward is another instance of
] e N N . ] ' * \ s . .,
appetitive motivation and may. pharmacologically activate
. $ ' -
. the: neural substrate of natural rewards.
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CHAPTER 1
FRAME OF REFERENCE

with the discovery of brain stimulation reward (J.
0lds & Milner, 1954), it has become widely accepted that»
the neural mechanisms subserving reward are part of a
.specialized reward substrate ée.g., J. 0lds, 1962, 1977;
Wise, 1981) and not aubiquitéusproperty of the nervous
system: . not all‘neuronéhare directly involved in réwardand
those that are may comprise a relatively small portion of
the nervous system. Delinéation of tﬁe neural basis of .
motivation and reward has been achieved lafgely by electri-
cal brain ‘stimulation experiments which study botﬁ the
ability of electrical stimulation'to induce various
"motivéted" behaviors! and the ability of electrical
. stimulation to directiy reinforce arbitrary behavioral

responses. Some o0f the neurcanatomy ahd neurochemistry of
this reward system has been determined (see Hall, Bloom, &
J. Olds, 1977; Wise, 1978a). The relationship of this

neural substrate to natural reward has been debéted, but

!Whether any behavior more complex jthan the patellar’
reflex is "unmotivated" could be debated tg¢ great lengths,
Maslow (1954) suggests, however, that some/forms of self
expression may be essentially unmotivated; that is, they §
are "ends" in themselves and not directed /toward achieving
any other goal.

e SN e 5 o B W AT o ~ v e nr B




. . ,
g e ey : el
i e PR A e

2 - —_—
it appears that (this system may be irvolvéd in the
incentive motivatiponal properties of conventional

1 rewards (see J, 0lds, 1962, 1977; Reid, 1967; Wise, 1974).
The brain also contains specialized.receptors for
ppiates: again, these receptofs are not distributed uni-
formly throughout the brain but, rather, they are clustered
n numerous regions (Atweh & Kuhar, 1977ab; Pert, Kuhar, &

Snyder, 1975, 1976; Snyder.s Matthysise, 1975) forming what

.-

might be termed opiate-receptor fields. In the past
decade endogenous substances have been isolatéd and iden-
tified that specificaily bind to these opiate receptors
(Cox, Opheim, Teschemacher, & Goldsfein, 1975; Hughes,
1975; Hughes, Smith, kosterlitz, Fothergill, Morgan, &
Morris, 1975; Pasternak, Goodman, & Snyder, 1975; 'Terenius
& Wahlstrom, 19?5; Teschemacher, Opheim, Cox, & Goldstein,
1975)‘and the role of these endorphins? in physiology and
é behavior has becoﬁe the subject of considerable reseéarch.
; Sqmg of the processes advanced as being influenced by

; ehdorphinergic systems include social behavior (Kavaliers,
é 1981; Panksepp, Herman, Vilberg, Bishop, & DeEskinazi, |

% 1978), feeding and drinking (Holtzman, 1975; Jalowiec,

Panksepp,'ZoloviCk, Najam, & Herman, 1981; -Morley,

3 . . 2Enderphin is used as the generic term to refer to
¥ ' endogenous opioid-like peptides.':  This is in agreement with
‘ the policy of many researchers in the field (e.g., Gold-
- stein & Cox, 1978; Simon & Hiller, 1978; Smith & Simon,
1981), although Adler (1980] has suggested that endogenous
opioid peptides:would better dascribe the class.

L}




,
R AU ¥, e AR 4w

1980; Ostrowski, Rowland, Foley;‘Nélsoﬁ, & Reid, 1981;

Sanger, 1981; Siviy, Calcagnetti, & Reid, 1982); learnirg

and memory (Izgquierdo, 1979; Rig%er; 1978; Riley, Zellner,
& Duncan, 1980; L. Stein,&'Belluzzi, 1979), pain (Amir,
Brown, & Amit, 1980; Fields, 1981l; Lewis, Caldecott-Hazard,
Cannon, ; Liebeskind, 1981; Terenius, 1978) péychqpathology
(Berger, Watson, Akil, Elliot, Rubin, Pfefferbaum, Davis,
Barchas, & Li, 1980; Davis & Bunney, 1980; Watson, ;kil,
Berger, & Barchas, 1979), copulation (Gessa, Paglietti, &
Quarantotti, 1979; Murphy, 1981; Myefs & Baum, 1980), and
opiate addiction (Herz, 1981; Herz, Hollt, & Przewtocki,
1980;. (For general reviews of endorphins and behavior,
see Barchas, Akil, Elliot, Holman, & Watson, 1978; Bolles

& Fanselow, 1982; Koséerlitz, 1980; Olson, Olson, Kastin,

& Coy, 1980; Smith & Simon, 1981). Narcotic antagonists,
which are assumed to block the actions of endorphins (cf.
Hilln 1981; Sawynok, Pinsky, & Leéella, 1979), have been
shdwn.to produce dysphbria and mental depression in huméﬁs
(File & Silverstone, 1981; Hollister, Johnson, Boukhabza«“-i
& Gillespie, 1981; Mengelson, Ellingboe, Keuhnle, & Mello,

1979) . Thus endorphins appear to influence many aspects

. of behavior and have been postulated to have a special role
in motivation and reward (Belluzzi, & 'L. Stein, 1977; L.

‘Stein, 1978; L. Stein & Belluzzi, 1978, 1979). These

effects can potentially be revealad by studying the action

of drugs which activate or block the #ctivation of opiate’
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receptors? (i.e., opiates and narcotic antagonists, respec-

tively).

P

One of the most dramatic pharmacological actiong
of op{gtes is their ability to reward or "reinforce"
behaviors associéted with their aslf-administration. 1In

" fact, drug, addiction is currently defined in behavioral
terms emphasizing a preoccupation with the écquisition and
~assimilation of the drug (Jaffe, 1975, Martin & Sloan,
1977). Most biological properties, such as physical
depenéence and analgesia, are not considered necessary
attributes of a compound to qualify it as an addictive
agent. Rather, the determination that a drug is an addic-
tive agent relies on a demonstration of the behavioral
aspects of addiction since the relevant biological proper—
ties of these drugs have not yet heen identified. |

There is no pre-existing neea to ingest opiates,
and considerable experience is neceésary to establish
opfate assimilation with the characQ%ristic vigor seen in
chronic drug addiction. Once established, however, this
thavior may result in the diminution of the efficacy of

natural rewards. This ability of opiates and other addic-

tive agents to reinforce their own ingestion while some-

*Endorphins have been considered as endagenous
ligands for opiate receptors and this practice reflects the
chronology of discoveries made in this field (i.e., opiate
receptors were discovered before endorphlns). However, it
might be more appropriate to consider oplates as exogenous
ligands for endorphin receptors.
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times blunting the rewarding impact of'pther reinforcers .

/ suggests that opiates may have profound effects on the . .

neural mechanisms underlying conventional motivation and |

. Most theories of drug addiction have focused on .

psychodynamic or sociological models of drug abuse (see
Hoch & Zubin, 1958; Lettieri, Sayers, & Pearson, 1980).

One of the most popular theories of drug addietion that
has been directly related to biological processes involves
the physical aependeﬁce-producing properties of opiates.
The repeated use of lagge gquantities of these drugs pro-
duces a physical dependence on their continued intake.
When opiate administration is discontinued, withdrawal
symptoms emerge that can be readily suppressed by opiate
assimilation., It has been suggested that the discomfort
produced by withdrawal from opiates in the physically
dependent perséh provides the motivation for the continued
ingestion of opiates (e.g., Wikler, Martin, Pescor, &
Eades, 1963; Wikler & Pescor, 1967; Wikler, Pescor, Miller,
& Pérrell, 1971). This model dominated much of the early .
preclinical screening of new compounds for addiction lia-
bility (e.g., Committee on Problems of Drug Dependence,
1970). .

Although tension-reduction models" of opiate addic-

‘The h;pothesis that opiates are ingested to avoid
withdrawal distress is basically a variant of the tension '
reduction model. Esgsentially, some aversive event (e.g.,
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tion have remained popular explanations of drug addiction
(e.g., Dole, 1980; Lindesmith, 1980; Wikler, 1980; see also
Lettieéi/eé.gl., 1980), current views have shifted in favor
of positive-reinforcement models of drug addiction.

Initial assimilation of opiates prodﬁces pronognéed
"feelings of well being" (see Martin & Sloan, 1977;

McAuliffe, 1975; McAuliffe & Gordon, 1974) which have been

termed positive-euphoria® (Kolb, 1925). These mood

.elevating properties of opiates have been recognized for

rd

v

many yea;é by some researchers (e.g., Eddy, Halback, &
Braenden, 1957; Martig, 1966) even though psychosocial and
tension-reduction theories continued to domipate the field
of drug addictiog (e.g., Lindesmith, 1938, 1970, 1980;
Prout, White, & Charry, 1958; Rado, 1958; Rasor, 1958;
deRopp, 1957). -

The‘physicél-dependenbe withdrawal syndroﬁe
associated Qith opiates may contribute to the long-ter@

maintenance of opiate addiction, but acquisition and early

maintenance of opiate assimilation appear to be motivated

)

withdrawal discomfort, psychological tension) is terminated
by the ingestion of an opiate. This might also be viewed
as negative reinforcemegt'(see Chapter 7).

In common usage euphoria connotes a state of bliss

- or ecstasy. The mood elevation experienced by opiate

addicts is probably not well described by this term: the
effect of opiates may be more subtle producing what is
better described as a feeling of well being or contentment.
Nonetheless, euphoria is frequently used to refer ta this
alteration in mood and the reader is cautioned about the

specialized meaning of this term.
.
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by positive reinforcement processes.® For this reason

ke

7

a4

attention has focused on the effects of opiates on the

neural mechanisms of reward and attempts to identify an

a

action_df opiates on the substrate of natural rewards ‘have
become the subject of considerable interest.

The study of opiate addiction and the delineation
of the mechanismé involved in the acquisitfon and mainte-
nance of addiction have implications that transcend the
treatment and prevention of drug abuse. The factwthat
these drugs have prafound effects on motivated behavior
make them potentially useful tools for the study of br;in
mechanisms subserving reward and motivation. Seldom do
conventional rewards seem to contrdi and direct behavior
as strongly as addictive drugs reinforce the behaviors
associated with their acquisition and assimilation. Thus
the study of opiate addiction may be viewed as a study of

the neural substrate of basic motivational processes using

opiates as exogenous ligands to determine the role of

~endorphins in the biological mediation of motivated

behavior.

=

®The role of physical dependence in opiate addic-
tion will be addressed.in more detail in Chapter 7. 1In
general, the evidence ‘argues against a central role of
physical dependence in the genesis of drug addiction (see
Eddy et al., 1957; Jaffe, 1975; Martin & Sloan, 1977).
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CHAPTER 2

TECHNIQUES USED TO STUDY THE NEURAL MECHANISMS

OF QPIATE REWARD’ -

2.1 Methods of Localizing Opiate Reward
The interest in opiates as positive reinforcers has
prompted ; search for the identification of the neural ’
mechanisms subserviné opiate reward and its relationship
to the neurallsubsfrate mediating the effects of conven-

tional rewards. Several techniques have, been used to study

the rewarding properties of abused drugs. Each offers a

~unique contribution to the study of drug reward, but each "

is also limited in the type of questiog that it can answer.
The strongest support for any relationship is provided by

convergent evidence ‘across several different technigques.

2.1.1 Brain Stimulation RewaEd B Y
) i . . )

"One approach has been to examine the interaction of

abused drugs with rewarding brain stimulation (Adams, Lorens,

& Mitchell, 1972; Blake & Halpern, 1971; Miller, 1957; J.

lportions of this chapter have appeared in M, A.
Bozarth, Opiate reward.mechanisms mapped by intracranial
self-administration. In J. E. Smith and J. D. Lane (Eds.),
The Neuroblology,of Opiate Reward Processes. Amsterdam.
Elsevier Biomedical Press, 1983 (in press) and M. A. Bozarth
and R. A. Wise, Electrolytic microinfusion transducer system:
An alternative method of intracranial drug application.
Journal of Neuroscience Methods, 1980, 2, 273-275.
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Olds & Travis 1960),'Opiatesé‘a;jaé11 as many other drugs
of abuse, can facilitate brain stimulation reward - (Esposito
& Kornetsky, 1978; Reid & Bozarth, 1978; Wise, 1980). This

-~ '

facilitation has been demonstrated as both a lqwering of
thresholds (Kelly & Reid, 1977; Marcus & Kornetsky, l974f
and an increaéé in rates of responding for a fixed intensity
of brain stimuk4tion reward\(Adams, et d41., 1972; Bush, Bush,
Miller, & Reid,?l976; Lorensl& Mitchell, l§73). In fact, .
the effects of various opiates on self-stimulation seem té
be a better indicant of their relative addiction liability
than is their aﬁility to produce physical dependence (Reid
& Bozarth, 1978). Although the data gathered from this
technique are promising, studies of brain stimulaton reward
have not received much attention from drug addiction.~>
specialists. This is probably because this proposed model
of drug reward makes several important assumptiqﬁs which have
not been empirically validated (see Wise, 1980). As the
critical predictions derived from this model are.systemati-
cally exglored (e.g~, Bozarth, Gerber, & Wise, 1980; Gerber,
Bozarth; & Wise, 1981), the potential ﬁsefuiﬁeés of this
technigque should\beﬁome increasingly appreciated, - S
If the facilitation of brain stimulation reward
reflects the intrinsically rewarding properties of aoused
drugs, Broekkamp andrhis coQorkers‘(e.q., Broekkamg,'l976;
é}oekkémp, Van Den Bogaard, Heynen, Rops, Cools, & Van

Rossum, 1976) appear to have localized fhe site of action

for m&tphine's rewarding effect. In an elegant series of
“*
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experiments, it was found that morphiﬁe produced fécilita-
: a . ) ~

wtion of brain stimulation'refhrd when microinjected into .
several brain sites. The shortest latency to onset and the
strohgestamagnitude of effect were associated with micro—
i;jectﬁons into the ventral tegmental:area. It was con-
cluded that the Eécilitations r?sulting from moiphine
injections into other brain regions (e.g., posteriér,
lateral hypofhalamus; laéeral cerebfgl ventricle) were

probably the result of drug diffusion to this area. While

this finding has been replicated with both morphine and

D-ala?-met°®-enkephalinamide .(Broekkamp, Phillipg, & Cools, .

1979), thé conclusions drawn from thié work seem to have
.been l;rgely ignbred. Broekkamp (1976) used response rates
as the dependent“measﬁre of brain stimulation reward and
thi; metric has been_criticizgd by workers withiﬁ tq? field
(Kornetsky & Esposito, 1979;yValenstein, 1964). The use of
response rates and the lack of widespreéd acceptance of this
model of opiate reward have severely bluntég the impact of

0y

this potentially important work. Ironically, the indepen-
.dent confirmation of the ventral tegmental area as the site
of morphine's rewarding action would strengihen the proposed

relationship between a drug's intrinsically rewarding pro-

perties and its effect on bfain stimulation reward.
/ N I

" Broekkamp's (Broekkamp, 1976; Broekkamp et al., 1976;
Broekkamp et al., 1979) suggggfion that the ventral tegmental
. area is the site of action for morphine reward remains an

~ . /.) +
unsupported spequlation, and the localization of the brain
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‘yielded useful information regarding the nature of opiate

11

site responsible for morphine's rewarding action remains a

problem €or other techniques to determine.

’ %
» .
”

2.1.2 Intravenous Self-Administration

The intravenous self-administration paradigm is

probably the most widely accepted method oﬁ\assessing the
rewirding properties of abused drugs.? There are direct

and obvious parallels between human drug abuse ana animal

self-administration. With the exception of hallucinogenic

substances, drugs which are abused by humans are generally
self-administered by laboratory animals and drugs which

. ~\‘7‘
are not self-administered by animals are usually not abused B

N i

by humans (see Schuster, 1973; Seiden & Dykstra, 1977; Woods,

1978). This has helped to make the intravenous self-

Rty s s 4

administration paradigm the preparation of choice for

studying the rewarding properties of mahy abused drugs, a
A wealth of information regarding how drug rewards

can control operant behavior has been gafhed using the

20oral models of opiate self-administration have also 7

A

reward (e.g., Alexander, Beyerstein, Hadaway, & Coambs, 1981;
Alexander, Coambs, & Hadaway, 1978; Amit, Corcoran, Amir, &
Urca, 1973; Carroll & Meisch, 1978; Collaer, Magnusdn, & . '
Reid, 1977; Gorman, DeObaldia, Scott, & Reid, 1978: Khavari ¢ "
Risner, 1973). This method offers several advantages such
as (i) simplification of the preparaticon making the testing
of large numbers of subjects feasible, (ii) long preparation
life making chronic intake studies practical, and (iii) con-=-
tinuous access to opiate providing a true ad libitum assess- !
ment ‘of the pattern and gquantity of opiate intake. This ‘
method, however, lacks the advantages.of the intravenous A
model such as immediacy of tne rewarding effect and regulated o ;
patterns of intake. A discussion of the relative advantages }
of each method can be found in Altshuler (1978) and Seiden
and Dykstra (1977).

’
[
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intravenous self-administration paradigm (see Thompson &
Pickens, 1971). Opiates and psychomotor stimulants have
been shown to control behavior in much the same way as do
conventional rewards such as food and water (Spealman &
.Goldberg, 1978; Woods, 1978). With experience, stable
pattefns of responding for drug emerge and changes in the
response-reinforcement contingencieé, such as the dose of
gdrug delivered per infusion, lead to predictable changes in
the rate of self—administfﬁtion (Woods & Schuster,‘l968).
Likewise, alterations in the pattern bf drug intake have
been interpreted in terms of changes in the reinforcing
efficacy of the drug infusions (e.g., Yokel & Wise, 1975,
1976). While this paradigm prevides an excellent method
of assessing the effects of slie manipulatigns on drug
reward, attempts to localize the brain site of rewarding
drug action have been plaéued by serious limitations of
this technique. |
The most common method of s£udying the neurocanatomi-

cal substrate of drug reward has been to lesion various
brain regions and to compare drug self-administration before
.and after lesioning (e.g., Glick & Cox, 1977, 1978; Glick,
Cox, & Crane, 1975; Lyness, Friedle, & Moore, 1979; Pozuelo
& Kerr: 1972; Roberts, Corcoran, & Fibiger, 1977; Roberts,
Koob, Klonoff, & Fibiger,,l980). Although this techﬁique
can be useful, a variety of nonspecified lesion effects can

confound behavioral measures of drdg reward. Most notable

are the profound changes in locomotor activity, feeding, and
' N
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/
drinking that accompany lesions of some of the more inter—‘
esting brain regions such as the medial forebrain bundle

or ventral tegmental area (Teitelbaum &‘Epstein, 1962;
Ungerstedt, 1971d). Such side—-effects make the consequences
of lesioning very difficult to interpret since behavioral
indices:of drug reward are easily confounded by treatments
that alter motor performance. ﬁurthermore, some neural
systems show dynamic changes in functioning after denervation
(Cannon & Rosenblueth, 1937). The best documented of these
systems is the dopamine-containing nigro-striatal system
which shows increased neurotransmitter release and receptor
binding after the partial destruction of its synaptic ter=-
minals (Creese & Snyder, 1978; Hefti, Melamed, & Wurtman,
1980; Mishra, Marshall, & Varmuza, 1980). This compensatory
activity can lead to a restorétion of funcfion (Stricker &
"Zigmond, 1976; Teitelbaum & Epstein, 1962; Ungerstedt, 1971cd)
and a normalization of responding for drug (see Roberts ét
al.; 1980) that could mask the primary effect of lesioning.
Even when the motor debilitating effects and functional
recovery can be controlled, lesions that disrupt drug intake
would suggest that the lesioned element is critical for

drug reward but would not suggeﬁt that the drug is acting
directly at the lesioned site. Lesions at any point along
the system activated by a drug might disrupt self=-
administrgtion, despite the fact that the lesioned element
may be several synapses removed from the initial target of

drug action (see Pigure 2.l; see Adler & Geller (1978) for
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. brain region. This procedure allows opiate action at all
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!
an informative discussion of the problems associated with -

the interpr‘étation of lesion data).

Another method t1"1at has been used to localizé the
site of various opiate effects involves selectively blocking
the action of systemically injec%ed opiate at a restficted
‘brain site (e.g., Laschka, Teschemacher, Mehraein, & Herz;
1976b; Wel, Loh, & Way, 1973; Wilcox & Levitt, 1978). After\'
systemic injection of an opiat‘e, animals receive a micro-

injection of a narcotic antagonist directly into a specific

)

LESION

L O Ot V<
& o
DRUG ‘ '
ACTION

\ s »

. A K

'Fig. 2.1. Lesions anywhere in a series

. of neuronal elements can eliminate drug
reward, even if the drug is not  acting
directly at the-lgpioned element. For
this reason, lesifns do not identify the -
site where a drug initiates the sequence
of events that lead to reward but only
identifies individual elements which
mediate this reward.

°
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brain sites except the one that received the microinjected

narcotic antaéonist. The ability of the centrally

delivered antagonist to reverse the systemically induced
opiate effect squ%gts the locatilon of the opiate-~receptor
gield mediating the behavior under study.

Using this approach, the intravenous self-
administration of an opiate can be challenged with central )
microinjections of a narcotic antagonist, and changes in
the pattern of drug intake can be interpreted to reflect
the impo;tance of a given brain site in opiate reward.

There are, however, three serious limitations to this

approach. The first problem with this technique is that

the most gommonly used narcotic antagonists (i.e., naloxone,
naltrexone) have a high lipid’solubility; drugs that possess
this property diffuse rapidly throughout the brain making
localization of the effect impossible (Schubert, Teschemacher,
Kreutzberqg, & Herz, 1970). New drugs h?ve been developed
that are hydrophilic and thus avoid this problem (see Britt

& Wise, 198la), but difficulties in interpreting the results
of these studies can emerge if drugs of the mixed agonist-
antagonist type are used (e.g., diallyl-normorphinium

bromide) .’ A second problem associated with the regional

: ‘diallyl-nor-morphinium bromide is a quaternary
derivative of nalorphine (Laschka, Herz,-Blasig, "1976a).
Like its parent compound, nalorphine, it is a mixed agonist-
antagonist. Drugs in this class (e.g., cyclazocine,
levallorphanol, nalorphine, pentazocige) have both narcotic
agonist and antagonist properties (Houde, 1979; Jaffe &

. Ma.rti*n, 1975; Martin, 1967},
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application of narcotic antagonist is related to the role
of endorphins in behavior. Drugs that block the effects:.of
opiates also block the effects of endogenously released
endorphins. This may lead to the production of behaviors
that are incompatiblg with opiate self-administration but
are not directly rélated to the reinforcing efficacy of the
syétemically injected drug. These effects include (i)
changes in motor behavior cgused by the administration of

?

narcotic antagonists (Amir, Galina, Blair, Brown, & Amit,

"~ 1980; Pert, DeWald, Liao, & Sivit, 1979), (ii) deficits in

the regulation.of food and water intake (Holtzman, 1975,

-

1979; Ostroyski, Foley, Lind,'& Reid, 19890; Siviy/ﬁw '
Calcagnetti, & Reid, 1982), and (iii) alterations in
schedule—controlléd behavior (Downs & Woods, 1976; Kelleher
& Géldberd, 1979; McMillan & Morse, 1967). The third and
most serious problem with thé use of centrally delivered
narcotic antagonists to determine brain sites involved in
opiate reward involves the physical depen@ence-producing
properties of opiates. While it has been Euggesped that
opiate self-administration is independent \f physical
dependence (Thompscn, 1968; Woods & Schuster, 1968), animals
will lever press to avoid withdrawal reactilns {(Goldberg,
Hoffmeister, Schlichting, & Wuttke, 1971b; boldberg, Woods,
& Schuster, 1971c; Weers, 1962; Weeks & Colf%ns, 1979). 1If
a narcotic antagonist were microinjected into a brain region
involved in physical dependence, it might be expected that

the animals would elevate their opiate intake to compensate
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for the displacement of opiate at this receptor site, This
pattern of responding could easily $e~mistaken to indicate
that opiate reward had been.attenuated by the microinjected
narcotic antagonist although the animal is simply attempting
to avoid withdrawal discomfort. A total ceésation of
responding might also be caused by‘withdrawal stress even
though no overt signs of abstinence are noted." .

Recentlf,‘neurochemical techniques have been used to
determine changes in regional brain activity (Gl&ck, Cox, &
Meibach, 1980) and neurotransmitter release (Smith, Co,
Freeman, & Lane, 1982; Smith, Co, Freeﬁan, Sands,‘& Lane,
1980) during intravenous morphine self—administra?ion.
These studies can provide valuable information Eegarding
the neurocHemistry of opiafe reward, but cautionvﬁust be .
exercised"nﬂéhe interpretation. of such data. This type of

correlative neurochemical approach® fails to discriminate

-

“Goldberg et al. (1971lab) have shown that monkeys .
increase their intake of morphine when challenged with small
doses of a narcotic antagonist but show a dose-dependent
suyppression of responding at higher doses. They have sug-
gested that this is caused by the precipitation of withdrawal
reactions since overt signs of physical dependence were seen.
Similarly, rats have been observed to abruptly stop .self-
administration of heroin when challenged with narcotic’
antagonists without the compensatory increase in drug intake
usually thought to occur in this situation (G. Gerber, per-
sonal communication). In the latter case, .withdrawal signs
were not noted.

. *Although .it has been argued that all data are corre-
lational in nature (Hume, 1739), the designation "correlative:
approach" is frequently applied tc what might mare appro-
priately be termed an observational approach (Campbell &
Stanley, 1966; Sheridan, 1979; Woad, 1974); others have
referred to this method as natural accretion measures (Webb,
Campbell, Schwartz, & Sechrest, 1966) and ex post facto
research (Kerlinger, 1973},
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evoked ac¢tivity that is relevant to a given behavior from
evoked activity that is unrelated. Such neurochemical
studies can be very informative, iaut they need direction
from o;:her types of experi:nents that clearly show the
importance of the brain region or neurotransmitter under
study. Otherwise, it is impossible to discern whether
the brain sﬂf/s)tem in question is involved in the locomotor,
thérmoggulatory, analgesic,‘rewarding, or dependence-
producing properties of opiates, Indeéd, correlative
neurochemical evidence alone cannot demonstrate that these

actions are causally related to any behavioral effect of

opiates.

2.1.3 Conditioned Place Preference

Another ‘met‘hod that has been proposed to study the
rewarding properties of abused drugs is the conditioned
place preference paradigm (Rossi & Reid, 1976; Schwartz &
Marchok, 1974; Sherman, Pickman, Rice, Liebeskind, & Holman,
1980a) .® In this paradigm, animals are confine% to a
normally\;\?n—preferred portion of a test cha'mber following

injections of a drug. They are subsequently tested under

drug-free conditions to determine if a learned preference or

®*The term conditioned place preference is a misnomer.
The animals rarely spend over half of the total period on the
conditioning side of the test apparatus. The use of this
term is retained, however, since it has become widely accepted
by those working in the field (e.g., Bozarth & Wise, 198lb;
Mucha, Vand Der Kooy, O'Shaughnessy, & Bucenieks, 1982;
Phillips &« LePiane, 1980; Phillips, Spyraki, & Fibiger, 1982;
Stewart & Grupp, 1981; Van Der Kooy, Mucha, 0'Shaughnessy,
& Bucenieks, 1982)..— ‘ e
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aversion has developed to the place where they had exper-
ienced the drug effect. This technigue h;s been proposed
to reveal the affective valance of the drug experience; 1if
the animals show a conditioned place preference for the side
where the drug effect was experienced, it is frequently
inferred that the drug state has pOsitive affective conset
quences (Rossi & Reid, 1976). This paradigm offers the
advantage of not making any response demands on the animal
in the drugged condition, so it avoids the proplem 6f seda-
tive side-effects of some drug treatments. Theainfluence
of méto; debilitating brain lesions is also decreased since
the response requirement necessary to assess place preference
is minimal. g

Phillips aﬁd LePiane (1980) have shown that morphine
injected into the ventral tegmental area produces a condi-
tioned place preference similar to that caused by systemic
morphine injections (Rossi & Reid, 1976; Shermaﬁ}et al.,
1980a; Stapleton, Lind, Merriman, Bozarth, & Reid, 1979).
This finding is conco£d§nt with Broekkamp (1976) and supports
the notion tha? the ventral tegmental area is the site of
morphine's rewarding action. The potential limitations of
this technique have-not been explored, but it would appear
that either anxiolytic or physical dependence-~producing
properfies of a drug might influence the place preference.
Habituation to the side of putative conditioning during

anxiolytic drug action or drug-seeking associated with the

relief of withdrawal distress could also increase the prefer-
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ence for the side where the drug effect was experienced, In
the case of morphine microinjections into brain regions not
associated with physical dependence, this latter possibility
is unlikely. Nonetggless, the fact that the conditicned
place preference paradigm does not appear to yield graded
dose-respoﬂse effects (Phillips & LePiane, 1980) and is

not sensitive to the number of conditioniﬁg trials (see

Phillips & LePiane, 1980; Staoleton et al., 1979) questions

the basis of this conditioned response.

2.1.4 Intracranial Self-Administration

Perhaps the most powerful method to demonstrate that
a drug has its rewarding action at a particular receptor
field is to show that the drug is self-administered directly
into that brain region. Self-administration procedu?es can
be modified to allow the infusioh of drug directly into
discrete brain regions, and responding fér central drug can
be interpreted in much the same way as responding for intra- -
venous injections. Furthermore, by restricting drug delivery
to thé reward-relevant receppor field, the intracranial self-
administration paradigm can potentially minimize many of the
side-effects caused by systemic drug iqjectigns. 5

Intracranial self-administration offers a novel
method of assessing the rewarding impact of drug activation
of specific brain regions. It should be noted, however,
that this technique identifies brain regions where drug

action is sufficient for reward, but it does not determine

>
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if that action is neéessary for reward., This can only be
accomplished by selectively blocking a drug's action in a
specific brain area and by assessing the rewarding impact
of systemic drug injections. Brain sites identified by
intracranial self-administration studies should be tested
using central receptor-blockade challenge of either intra-
venous self-administration or conditioned place preference,
This can determine if the brain regions that are sufficient
to produce reward are also necessary for reward from syétemi-
cally delivered drug. Other problems with the interpreta-
tion of intracranial self-administration data will be dis-
cussed ;n later sections. \ ‘
2.2 Methodological Considerations

Many of the methods of studying brain mechanisms of
opiate reward rely on drug microinjection techniques. These
methods are subject to the limitations of microinjection
technology which havg been reviewed in detail elsewhere
(iay'ers, 1972, 1974; Routtenberg, 1972).: The study of
intracranial,self—administration adds two new dimensions
to the problems of drug microinjectionsz: (1) the need ﬁor
smaller infusion volumes necessitated by repeated drug
administration and (2) the requirement of response- |
contingent drug infusions in freely ywoving animals. These K
considerations are of minor importa;[e in other applications
of microinjectibn technology where the experimenter controls

a single, large infusion of drug, frequently into a restrained

/\
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animal. The inability of existing methods to provide
response contingent, ~sma\ll volume drug delivery has been
the most obvious obstacle to"the study of intracranial

[E.

self-administration.

2.2.1 Technical Aspects of Microinjection

Work with single infusions into }raln tlssue has
shown that the volume of drug Iinjected is a critical deter-
minant of the area of drug spread throughout the brain
(Myers", 1974; Myers & Hoch, 1978; Routtenberg, 1972).7
For localization of drug action, it has been suggested fhat
the infusi;’c>n volume be 0.5 yl or less; larger volumes are
likely to lead to excessive drug spread, making definition
of the relevant brain site difficult. Even with an infusion
volume of 1 pl, -however, drug has been r‘eported to spread
only about 0.6 mm vfrom the injection cannula (Lomax, 1966) .
Similar estimates of drug épread have beenﬁder’ived from both
physical di;persion kinetics (Lomax, 1966; Myers & Hoch,
1978; but see also Schubert et al., 1970) and functional
tes’d}:s of drug diffusion (Lomax, 1967; Lotti," Lomax, &
Gearge, 1965). These reports are surprlslng since a l ul

~
volume of drug would occupy 1 mm?® in vitro.

i

7Other important variables include the physico--
chemical properties of the substance, the concernitration of
the injected subsiénce, and the proximity of intracerebral
vascular supply to 'the infusion site. Diffusion of drug up
the cannula shaft has also been a persistent problen,
especially with rapid infusion rates, See Jacqguet (1975),
Myers (1972, 1974), and Routtenberg (1972) for a discussion
of these and other factors affecting drug diffusion after
fntracranial application. Furtherfiore, the radius of drug spread
m?y viggo?s a function of time after the lnjectlon (Schubert et
al.,
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Unfortunately, little is known about the rate of
drug dispersion following an infusion, and one’ cannét equate
acute infusion volumes with the cumulative Yolurhes (j_reached
with repeated infusions. “A sing%e 'injectior; of 1 pl is not
equivalent to 10 injections of 0%1 ul Isi’nce the tissue can
accommodate a series of small microi.nje,ct/ions more 'readily'
than a single bolus. infus‘:ion. The interval between micro- .
injections thus becomes—a critAical variable in détermining ~
the range of drug spread after repeated infusions. In vivo '\
estimates must be derived to determine the maximum allowable
vollume for chronic infusion experiments. Albert and Madryga
(Y980) have reported de;ta that suggest' that repeated drug
infusions can Se accommodated surprisingly rapidly. 1In'a
study of the func’i:ionally effective sp'rea'd of 4 111 of
lidocain'e infused over 15 minutes, they estima;te'd the range
of effectivé drug spread to be 0.25 to 0.6 ‘mmn from the injec-
tion cannula. This range is much smalier t':han would be pre-
dicted from the physical spread of the same volume injected
over a shorter perio'd4 of time (Myers, 1574; Myers & Hoch,
1978). The study of Albert and Madryga (1980) illustrates
the necessity of determining d;ug spread estimates f’or
repeated infusions in vivo and not relying on estimates’"of
similar volumes injected in a single bolus.

Confirmation of drugldelivery is a primary considera-

tion in studies employing microinjection techniques. It
should be noted that calibration, not computatioﬁ of drug
flow, is the critical factor. The relationship between the

‘W
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Yolume of drug displaced in the injection appardtus‘(e.g.,

2 microsyringe) and the amount actually delivered to the brain
- [ N > , h-]

) is seldom obvious. It cannot be assumed that a 1 mm?® dis- .
. .
» placement at thejmicrosyringe will produce a 1 ul infusion
volume to a subject ser distance away. The volume of drug
N ] injected needs to be détermined,empirically with a technique

, ‘ similar to that actually used during behavioral testing.

This will{take into account some of the error produced by

- the introductiqn of various elements between the infusion

transducer ana.the subject (e.g., tubing, fluid swivel).

o Benchitésts at atmospheric pressure offer a first approxima-
tion to the amount of drug delivered, but accuréte measure-— !
ment of the i?jected volumé requires in vivo detérmiﬁation

'Qf'the amount of drug actually delivered into the behaving .

animal. This can be done by using radiolabelled tracers

&

and bg determining the amount of radicactive material iecov-
; ’ grabﬂe from the brain tissue after microinjection (e.g.,
. Lomax, 1?66; Myers .& Hoch, 1978; Routtenberg, 1972).

it“is also important that normal drug flow be

§% visually confirmed at .the injection cannula before éhd after

L _behavior testing. It cannot be safely assumed that thé

;' infusion system is functioning properly during behavioral .

testing. Frequently, the injection cannula becomes )
obstructéd as it is plaéed iﬁ the guide cannula because
tissue or blood has accump%at$d in thé guide shaft. High

pressure mjicroinjection systems tend to minimize the’influ-
1

i ence of small tissue bbstructions, but low pressure gystems

+

N n . 1
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are particularly senéitivetmcthis problem,
There are several variables that must be considered
when selecting a methoq of drug delivery. The sizeé of‘ﬁhe
gu;de an:;"?the injection cannulae partially determine _
the resolution of the(anatomiCJl mapping which can be accom-
plished with a given system., Dispersion of drug up the
cannula shaft is facilitated by the use of a large diameter
cannula (Routtenberg, 1972), but problems with obstruétion
are augmented with smaller cannulae as are tRe difficulties
in construction and utilization. The pressure generated at

the tip of the injection cannula is a function of the flow

rate and of the diameter of the ‘injection cannula, For a

‘given rate of infusion, small diameter injection cannulae

will achieve a higher injection pressure and hence more
tissue damage than will larée diameter cannulaé. This can
also alter the dispersion of drug during microinjections,
The use of a‘28 gauge injecgion cannula combined with a 22
gauge gquide cannula seems/fg offer a reasonable compromise
between anatomical reso}ﬁtion ana practical considerations‘

(cf. Jacquet, i975; Routtenberg, 1972) .

2.2.2 Drug Delivery Systems
N o
The most important factor that intracranial self-

admtniﬁtration studies add to the existing problems of

\ . .
microinjection technology is the requirement of small volume,

¢
v

response contingent drug delivery. If infusions are delayed

or prolonged in most behavioral tests involving microinjec-

14
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tions, usually few problems are associated with response
measurement. *Alterations in the time course and in dose-
response relationship may be produced, but little chance

-]
‘exists of missing the main effect associated with the drug

infusion. Intracranial self-~administration studies, however,
necessitate that drug infusions be contigucus with some
(:perant response such as lever pressing: that is, microin-

ections must occur immediately after lever pressing and

{

3
?f
i
4
4
]
]
3
E

drug must not be infused when the subject is not making the

v g e Fom

appropriate response. Otherwise, the animal is unlikely to
-learn the lever-pressing response since a temporal delay of
reward severely {mpairs response acquisition (Renner, 1964;
Tarpy & Sawabini, 1974). The problem of contiguous drug } ,

v

application would appear to be even more imbortant than the

e -

reliability of the infusion volume since the animdl can : :

behaviorally compensate for slight variations in the amount

PRy o T

of drug delivered by making additional drug requests. There
is, however, no substitute for contiguilty, except perhaps in

the well trained animal capable of performing on a partial

e K omeaeet ol

reinforcement schedule.

LN

Conventional microinjection systems are very similar
to their counterparts gsed for intraverious self-administration
(e.g., Myers, 19/4; J. Olds; 1962; M. Olds, 1979). A motor { é
driv?nmsyrinqe pump 1is used to advance the plunger of a micro-
syringe displacing a controlled amount of drug solution.

This solution is forced by hydrauiic pressure through a E

length of flexible tubing connected to a cannudla implanted

R e dod St

Lo

e



R e U

27
in the subject. Léver presses activate the infusion pump
for a predetermined &u?atiOn, and the infusion volume is
assumed to be contreolled' by t?e amount of drug solution
displaced in the microsyringe.

While the microsyriﬁge may dispense reliable

volumes of drug, the elasticiﬁy Inherent in the flexible
tubing leads to variability in the injected volume. This

problem is exacerbated by movement of the animal producing

" additional stretching and compression of the flexible

tubing, thus resulting in uncontrolled (i.e., noncontingent)
drug delivery.. The introduction of a fluid swivel, per-
mitting rotation of the animal, can compound the problem

of reliable drug delivery by creating leaks'and "dead
space" in the delivery system. Therefore, control over
both the amount and contiguity of drug infusions is sacri-
ficed by allowing the subjéct unrestrained movement.
Attempts to relieve the stress on the connecting tubing by
the use of a spring-covered infusion iine may décrease the
delivery of noncontingent drug but probably does not assure
accuracy in the low microliter range. In an early attempt
to demonstrate intracranial self-administration' of morphinea
it~was noted that animals implanted with cannulae in the
pgriventricular gray substance showed strong analgesia

after being allowed to explore the test chamber, even though
ne microinjections were given (M. Bozarth, unpublished
cbservations). This.was probably the result of the noncon~

tingent infusion of several microliters of the morphine

.
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solution.?®
As an alternative to the microsyringe method, J.

0lds, Yuwiler, M. Olds, and‘Yun (1964) and later E. Stein

and Rodd (1980) have developed a microinjection system tﬁat
eliminates ‘the need for a fluid swivel. Recognizing the
problem associated withptheintroduction.of a swivel, this w?
syst%E,used a series of rollers to compress the flexible
\ngdg%;g and to deliver drug to the subject. The rollers are ‘
mounted on an electrical commutator maintaining unrestricted
movement of the subject during testing. Bench tests of the
infusion volume‘suggest promising results (E. Stein & Rodd,
1980) , but close inspec/ion of the data shows that this
system also produces large variations in the infused volume
of drug. This lack of reliability regarding the volume of
drug infused would be expected to be even greater in the

freely moving animal since this system retains the flexible

tubing to connect the animal to the infusion apparatus.?

. The infusion of 1 to 5 pg of morphine into the

, + periventricular gray has been shown to produce analgesia

; (Mohrland & Gebhard, 1980; Sharpe, Garnett, & Cicero, 1974;
Yaksh, Yeung, & Rudy, 1976). Since the concentration of the
test solution was 0.25 jug/ul, it appears that an amount in
excess of 4 yl was delivered to produce the level of anal-
gesia observed in these subjects.

, *E. Stein and Rodd's (1980) presentation of their
data is somewhat misleading. First, if the volume actually
injected, calculated from the counts per minute in their
’ Table 1 (i.e., counts obtained in the sample divided by the -
standard of 8140 counts per minute .per microliter), is com-
pared to the volume they attempted to inject, it is apparent
that the infusion volumes ranged from 63 to 143% of the
intended volumes. Second, the smallest volume that they
: verified is 10 times the volume they claim to be using on a
‘ routine basis. Third, the system is not adequately tested

)
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‘Another approach to this problem has been to elimi-
nate both the fluid swivel and flgxible ﬁubing. This ﬁas
been accomplished by using an electfélyéic microinfusion
transducer (EMIT) system that was adapted from a methoél
‘originally described by Criswdll (1977). WwWith the EMIT
method, a gas—~tight dryg reservoir is filled with drug
dissolved in Ringer's sélutigp and attached to an injection
cannula positioned in the’target area through an implanted
guide cannula (Bozarth & Wise, 1980a). Infusions are
controlled by app{ying a direct current across‘two electrodes
cont&éined in the gas=-tight drug revervoir (see Figure 2.2).
The current flow aéross the electrodes produces hydrogen
gas and the pressure that is generated forces ‘drug through

. the injection cannula; The amount of drug delivered is
dontrolled by the current intensity and dpration? The EMIT
assembly is mounted directly on the animal's head. Ligh;
flexible wires are used to connect this unit to a constant
current source (e.gg, Mundl, 1981) and an elect;ical cﬁﬁmu-“

tator assures unrestricted movement of the subject during

testing.

"in freely moving animals. Even the diffusion controls are

\ not sufficient since the labeled 2-deoxyglucose could have

; : gone through several half-lives during the 20 hours allowed

‘ for passive diffusion (Sokoloff, 1981); it should be noted

: ' that (i) maximum noncontingent drug delivery, resulting from
the flexible tubing, would probably occur during .
few minutes of testinq and (ii) retention of .
lucose in brain tissue is a function of glucose PR
ation rates and a large central injection would proba-
be followed by appreciable transport of this substance
out of the brain.

-
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. Fig. 2.2. The volume of solution infused can be
.calculated by the forﬁula ul=0.12 x mA x seconds.
Since choloride ions may be produced during the
. application of current, care must be exercised -
o in the selection of electrode materials. A
. ' platinum (Pt) cathode is used while the anode is
- S silver (Ag) wire. Free chloride will combine
V//////,' - -with the silver aBode forming silver chloride on
the electrode surface and [

l reventing the mixing
1 - of chloride ions with the

rug solution.

B L~



N ARONS WEE N e L MR PEN. W g v e : -
A " s S CITNTRE ——— B e T

31
With the élimination of the fluid swivel and
. flexible ﬁgbiné; the major sources of error in small volume
drug dgiivery are circumvented. Movements of .the subject
during testing can no donger affect the operation of the

microinjection system and contiguity of response and drug

delivery is achieved. The lower limit of the volume that

can.be reliably delivered with EMIT system has not been

] assessed but probably extends into the mid nanoliter range.!®
Smaller volumes than tﬁis are probably ineffective since

.

passive drug diffusion from the injection cannula may pro-

v s AN,

) ek

ceed at a rate hig%er than the actual volume infused (see
Routtenberg, 1972). The EMIT method is roptinely used to
\ deliver a-100 nl infusion volume during.tests of intracranial

self-administration (e.g., Bozarth & Wise, 1980bc, 198lab).

T e R e

This represents a practical trade-off between a volume giving
reasonable anatomical resolution and a volume that can be

visualized to check the patency of the drug delivery system

before and after behavioral tesfing.

R

19 preliminary tests of the volume delivered with the
EMIT system have shown that a 200 pA current applied for five
seconds produces a 1005 nl infusion. These bench tests moni-
tored the movement of an air bubble through a micfosyringe
across a series-'of 50 infusions (M. Bozarth, unpublished obser-
- vation). Similar tests suggest accuracy with 50 nl volumes,
§ although this method of measurement does not permit detection
o of discrete infusions below 100 nl. Independent tests have
confirmed the reliability of this system at 100 nl volumes
using radiolabeled infusions in vitro (N. Goeders, personal
% communication). Subsequent references in the text to the vol-

®

ume of drug delivered (e.g., Sections 3.3.1, 4.2.l1) are based
on these estimates since the actual volume delivered has not
been determined for this preparation. It is unlikely, however,
that the volume infused in vivo would exceed that obtained in

! . the bench tests where the effect of tissue resistance is
absent. ; -
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‘cal stimulation provides a method of activating only certain’

CHAPTER 3
, v

INTAACRANIAL SELF-ADMINISTRATION

OF MORPHINE IN RATS!

e dan

3.1 Rationale for the study of
Intracranial Self-Administration

"

Just as the discovery of electrical brain stimula-
tion reward by J. 0Olds and Milner (1954) opened a new avenue
of research in the study of brain reward mechanisms, the

deveélopment of intracranial self-administration can add an

»
e i ML Wit e

important new dimension to this same field. Electrical

LY
stimulation is grossly nonspecific activating most cells

within a given radius of the stimulating electrode.? Chemi-

neurons within a given region of stimulation and relating
A2

this effect to specific neurotransmitter systems (Fisher,

]
!portions of this chapter have appeared in M. A,
Bozarth and R. A. Wise, Intracranial self-administration
of morphine into the ventral tegmental area in rats. Life
Sciences, 1981, 28, 551-555, and in M. A. Bozarth and R, &.
Wise, Localization of the reward ~relevant opiate receptors.
In L. S. Harris (Ed.), Problems of Drug Dependence, 1981.
Washington, D. C.: NIDA Research Monograph Series, 1982.

2

*Ranck (1975; 1981) has reVnged evidence that some
units (e.g., large myelinated fibers) are more easily excited
than others (e.g., cell bodies), but in geneéal there is no
selectivity produced by electrical stimulatien in regard to
the neurochemical coding of the elements activated or the
direction of impulse conduction.

32 ) )
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1956; Grossman, 1962; Miller, 1965; Myers, 1974). While
this technigque may be preferable to electrical stimulation
in many circumstances, attempts to develop a paradigm to
demonstrate the reliable self-administration of chemicals
into the brain has a documented history of failure (see J.
0lds, 1962). Early reports from several laboratories pro-
vided encouraging results (Morgane, 1962; Myers,'l963; J.
0lds & M. Olds, 1958; J. Olds, Yuwiler, M. 0lds, & Yun, 1964),
bat this work has rema%ned obscure with virtually no mention
of it in the current/fiterature (cf. M. Olds,'l979; Wise,
1980). This is probably because chemical brain stimulatipn
was floundering whilé\the field of electrical brain stimula-
tion was rapidly developing.

The rationale for the study of intracranial morphine
self-administration is three-fold. First, thisrproceaure
may circumvent some ofAthe problems encountered with other
methods of localizing the reward-relevant opiate receptor
populatiop. Second, if‘some of the effects of oﬁiates (e.g.,"
analgesia, sedation) were initiated at brain sites other
than those supporting intracranial self-administration, then N
these effects of systemic opiate seif—administration could be
minimized and the rewarding properties of opiates studied
withoﬁt the potentially confounding influence of these other
effects. .- Third, the development of a paradigm that demon-

strates intracranial self-administration of any substance

opens the possibility of using this dame technique to study
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reward from other chemical injections. Identification of

the chemical coding of reward neurons might then be possible

as well as the study of the central sites of action of other

‘addictiye agents.

3.2 Criteria for Establishing the Validity-
of Intracranial Self-Administration

The field of igtracranial self-administration is
relatively new and, thus far, few guidelines have been
established for assessing the conclusions based on data
from this paradigm. There are severai criteria that must
be fulfilled before such data can be expected to contribute
meaningfﬁliy to our understanding of the brain mechanisms
of motivation and reward. Attempts to delineate the mechan-
ism of aclion for central self-administration of a drug are
useless unless they are preceded by a firm empirical basis

‘establishing the validity of drug self-administration, qua

drug self-administration.

3.2.1 Behavioral Specificity

‘ The first criterion for‘estab{ishing the validitj
of intracranial self—administrati&n stﬁaies is the demon-
stration that the animals are working for the rewirding
properties of the drug. Microinjections of morphine into
brain tissue can produce increases in locomotor éctivity
and ;tereotypy (Joyce & Iversen, 1979; geft & Sivit{ 1977)
that could artifactually elevate lever-press scores by

caising accidental lever contacts. It must be clearly
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established that the lever-press response is dependent on
the rewarding effects of the drug infusionF and not the ’ ;
result of nonspecific behavioral activation.

Procedures that have béen employed in the study of
intravenous self-administration can be used to determine thé
pehqvioral specificity of the lever-pressing response (see
Pickens & Thompson, 1971). One such procedure is the yoked
control where one animal lever presses for response
contingent infusions of drug while another passively
receives infusions. Each.experimental animal is paired
with a yoked control partner such that lever presses by the
experimental animal produce concurrent infusions in both
animals. Lever presses of the yoked control subject are
recorded but do not produce infusions. With this procedure_
the reinforcing properties of the drug can be inferred
from differences between the responée rates of the experi-
mental and yodked control subjects. Another method of deter-
mining the degree of ‘nonspecific lever-pressing is the two d
lever choice test. In this procedure each animal is tested
in a two-lever box. Responses on one lever produce response
éghtingent drug infusions while responses on the other are
recorded but do not produce infusions. Increases in
responding on the "inactive"lever are interpreted as non-
specific behavioral activation or arousal.

A potential probld‘Vﬂith each of these procedures is

that increased responding on an "inactive" lever (i.e.,
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yoked control or "inactive" lever in the two-lever chalce .
test) may reflect nonspecific behavioral arousal, but it -
does not preclude the ?ossibility that the drug infusions
are rewarding. This limitation is probablyﬁmore pronounced
in the two-lever choice test where the su ject is required
to discriminate between an active and inactive lever. &
In this case the animal may continue to|press Fhe

inactive 1lever because of (i) response generalization

or (ii) superstitious behavior resulting frow a delayed

re%arding impact of the drug infusions. For, these

|
!

reasons the yoked control procedure may‘be preferable

to the two-~lever choice test although pﬁsitive findings

from both techniques are mofe definitiveL In either case
responding on the inactive lever does not prove that the drug
infpsi@ns are not rewarding, but, ratherﬁ it suggests

that more figid control procedures are necessary to assess

- \

the effect.?

3.2.2 Pharmacological Specificity

'

o L Once behavioral specificity has been established,

l

Al

'If a cue light associated with rewarding drug
infusions were located directly over the lever, autoshaping
may occur and lead to increases in lever pressing of the
yoked control animals. This phenomenon is kell established

, in procedures showing that animals display }ncreased activity
; A and will approach and manipulate a stimulus correlated with
reward (Bindra.& Palfail, 1967; Epstein & Skknner, 1980; Hall,
Channel, & Pearce, 1981l; Leslie, Boakes, Lihaza, & Ridgers,
1979; see also Bindra 1972, 1974; Bolles, 1975). Thus the
behaviorally arousing &ffects-of rewarding stimull present
another potential source of "inflated" leve —press scores .
of control animals. ;

Sy
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«
it must be shown that the reWarding effﬁgts of the central
drug injections are dependent on the saﬁé mechanism as
mediates systemic drug reward. The rewarding effects~of
microinjections that result from nonspecific changes in
cell function are of limited interest to the study of drug
reward. Intracranial self-administration must be shown to
depend on the same neural mechanisms as reward from systemic
drug injections if this technique be used for the localiza-
tion of the reward-relevant receétor population.® In the

. case of opilate reward, this pharmacological specific;ty can .
easily be established by challengfig intracranial self >
administration with a narcotic antagonist such as nafbxone.

~ If this pharmacological challenge blocks the lever-pressing
response, then it can safely be conc;uded that morphine self
administration is not due to changes in cell osmolarity,
calcium chelation, or other nonspecific factors associated

with the microinjections. Active and inactive stereoisomers?

4

s

“This is impartant if conclusions be drawn fraom these
‘experiments regarding the nature of 'systemic drug reward. ' If
intravenous amphetamine injections were rewarding through an
action mediated at dopaminergic systems (e.g., release of
dopamine, reuptake blockade], then treatments that block the
effects of this action should also block the ‘intracranial
self-administration of amphetamine. For drug actions that
p o are not' initiated at specific receptor sites, this type of
) ’ control procedure becomes much more difficult. This is

likely to be the case for barbiturates (Ho & Harris, 1981)
and ethanol (Deitrich & Erwin, 1980; Goldstein, 1279; Gold-
stein & Chin, .198l; Sun & Seaman, 1980; Wayner, Ono, &
Nolley, 1975). The criterion of pharmacological specificity
A might have to be suspended until the primary action.of the
agent can be identified and procedures developed to block
- this action at the level of the cell membrane.

-

,,
b
X

STt is important that stereoisomers and not geometric

-
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of an opiaté can also be compared to determine if the effect

i

'be medlated by oplate receptors.’

In a review by J. Olds (1962), the 1mportance of
3

demonstrating pharmacological specificity was dramatlcally

illustrated when it was shown that the intracranial se&ﬁ\\
‘. ‘ l N - ° e
administration of norepinephrine was an artifact of its

calcium chelating properties. It appears thas this nonspeci-~

fic activation of neurg%s in the 1?tgral hypothalamic area
produces reward in mﬁéh the same'way.;s does electrical
stimu}ation of these neurons. Thus the démonstration of ’
rewargd fiom chemical stimulation of this.area was of little
ipterest since it merely mimicked the nonspecific activation
caused by electrical ;timulation.

Unfortpnately, the-early work of J. 0Olds (1962)
seems to have been neglected. Cytawa and Jurkowlaniec

(1978, 1979) and Cyta&a, Jurkowlaniec, & Bialowas (1980Q)

have again reported that noradrenergic stimulation of the

‘lateral hypothalaﬁus produces positive reidforcement. While

these studies may not fuffer'from the problem encountered
with the early work of J. Olds (1962), the new reports fail
to demonstrate that this reyﬁrding action of norepinephrine
shows pharmacological specificitg. Without establishing
that this effect is (;) blocked by noradrenergic syn-

thesis inhibition,'(ii) blocked by drugs that selectively.

igsomers of a drug be used in this type of control procedure.
Stereoisomers retain the phy31co-chem1cal properties of the
parent compound while geometric isomers frequently do not

w}cett, 1959),

o e - e was - ‘
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block noradrenergic Eié?ptors, or (iii) produced only by
the biologically active ,stereocisomer of norepinephrine,
these studies cannot be‘meaningfully interpreted. Similar
problems in interpretation may arise from studies employing
other agenés. Récgntly, cocaine self-administration has
been reported into the frontal cortex (Goeders & Smith,
1982). Unfortunately, no control procedures wdre used to
determine the pharmacological specificity of this response;
the potent local anesthetic properties of cocaine (Ritchie
& Coﬁen, 1975) make nonspecific effects on neural func-
tioning a viable explanation of this intracranial self

administration response.

3.2.3 Anatqmical Specificity

‘ The single host important contfibution that intra-
cranial seif-adminiétrgtiop studies can make to the ﬁnder- .
stan&ing of the neural mechanisms. of opiate reward is the
localization of the reward—gelevant receptor field(s).
Once a suitable preparation has been developed (i.e.,
behavioral and pharmacological specificity established),
the brain can be mapped for sites which support self
administration. 1If it were found that a large number of
braf areas engendéred lever pressing for intracranial
morphine injections, then this paradigm might be of limited
utility in the characterization of opiate reward mechanisms.
If intracranial self-administration of morphine ocdurred at

only a few brain sites, then this Eechnique could be used

o e : v e P R P e
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to restrict drug delivery to the reWard~rélevant receptor
sites. This would raise‘the possibility of minimizing the
influence of reward-independent effects (e.g., analges}a?
physical dependence? sedation?) that are associated with
the whole-brain drug delivery that results from intravenous
self-administration.

There are two aspects of anatomical specificity to
be considered. The first is a comparison across various
brain sites to determine if multiple brain regions support
self-administration. Using a standard protocol, the brain
can be neuroanatomically mapped for sites that support this
behavior. Negative findings are difficult to interpret
since a larger drug dose or infusion volume could yielq
conflicting results. Nonetheless, the relative sensitivity

%
of various brain regions to morphine reward can be detgf-

mined using a reasonably effective dose range and an infusion

volume that minimizes the influence of drug diffusion. Those

brain regions that are the most sensitive to the rewarding
properties of a drug are likely to be closest to the target
of rewarding drug action and the most important regions
involved in the mediation of reward from systemicaliy
administered drug.

A The second aspect of anatomical specificity involves
the assessment of drug spread within a given brain region.
The purpose of this procedure is tWé-fold: (1) to determine

if the rewarding effects of the microinjections were due to

a local action or diffusion to a distal site of action, and
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h(2) to define the anatomical boundaries of the receptor
fielé mediating drug reward within a given brain region.
The dispersion kinetics of microinjected drug can be deter-
mined by using autoradiography (si? Routtenberg, 1972) or
by combining the micro-punch assay techniéue of Palkovits
(1973) with liquid scintillation counting (e.g., Myers &

Hoch, 1978). These methods provide a quantitative estimate

of the physical spread of drug produced by a given microinjec—‘

tion procedure. Another approach is to assess the functional
effective spread of drug by systematically varying the
cannula placements within a given brain region. This method
has been used to determine the anatomical boundaries of
other opiate effects (e.g., Lomax, 1967; Yaksh, Yeung, &
Rudy, 1976). The latter approach has the advantage of
showing the limits of spread for behaviorally relevant con-
centrations of drug butiis more laborious. Only whole-brain
-autoradiography, howevef, can detect the spread of drug ‘to:
distal sites of action that can be produced by wventricular
diffusion or microinjection intb intracerebral circulatory
systems. A combination of these techniques. would obviously
be advantageous.

3.3 Intracranial Self-Administration of Morphine

into the Ventral Tegmental Area

‘. Broekkamp's (1976) study of the faéilitatory effect
of éentral morphine injections on brain stimulation reward
suggested that the ventral tegmental area might be the site

“

of mofphiné's rewarding action. The present study was
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designed to determine if naive rats would learn to press
a lever for morphine infusions into the ventral tegmental
area. To control for accidental lever contacts, a.yoked

control procedure was used. FEach experimental rat was

paired with a yoked control subject such that lever presses

‘by the experimental rat produced concurr%nt infusions in

both the experimental and yoked control subjects. Lever
presses')of the yoked control rat were recorded but did not
produce an infusion. Animals were also tested for the self

administration of the drug vehicle solution. The results

of these two control procedures were then used to determine -

the behavioral specificity of the intracranial self

administration response.

3.3.1 Method

¥

Subjects: Fifteen experimentally naive, male,

Long-Evans rats, weighing 300 to 35Q g at the time of sur-

. gery, were unillaterally implanted with 22 gauge guide

cannulae stereotaxically aimed at the ventral tegmental

area. With the uppef incisor bar 5 mm above the interaural ,

line, the coordina.ttes for the guide cannulae were 3.8 mm
posterior to bregma, . 0.6 mm lateral to the mid-sagittal
suture, and 7.8 mm ventral to dura.- Sodium pentobarbital
(60 mg/kg, i.p.] was used as the anesthetic and a single
injection of penicillin G (30,000 units, i.m.,) was adminis-
tered prophylactically following sur;gery.— Obturators were

fitted at a depth of 0.5 mm beyond the guide cannulae imme-
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ditately after surgery and.remained in place excépt during
behavioral testing. Food and water wére availaple ad 5
libitum.

Apparatus: Rats were tested in a 27 x 38 x 39 cm
box housed in a dimly illuminated, sound attenuating chamber.
A small exhaust fanf®provided ventilation and additional
masking of peripheral noise.5 On one end of the test chamber!

a 4 x 6 cm lever was located 5 cm above the floor.

The microinfusions were delivered by an electrolytic

the rat's head during testing. Infusion was accomplished
by passing a direct current between two electrodes contained

in the gas=-tight reservoir. The production of hydrogen gas

forced a controlled amount of solution through the injection
cannula while a small quiescent current prevented the redis-

solution of hydrogen gas evolved during previous infusions.

The use of EMIT method minimized the problems of uncon- I

trollable drug infusions inherent in systems which rely on

e e

flexible tubing and fluid swivels.to permit unrestrained
movement of the subject during testing. (For details of
t

the EMIT method, see Bozdrth & Wise, 1980a, and Section L.
2 %.2.)

o The EMIT unit was connected to a constant current

source (Mundl, 1981) which produbed a 200 pA infusion current
and a 10 pA quiescent current. Depression of the lever '

resulted in a 100 nl infusion delivered over five seconds.

The EMIT unit was attached to a 28 gauge hypodermic needle
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precut to penetrate 1 mm beyond the guide cannula. A light
flexible lead was used to connect the EMIT unit to a mercury
commutatof allowing unrestrained movement of the rat duriné
testing.

Procedure: After at least five days recovery from
surgery, rats were randomly assigned to either the experi-
mental, yoked contr;l, or Ringer's control g?oup. For the
experimental group, depression gi\the lever resulted in a
100 ng infusion of morphine sulfate (300 pmoles/infusion) dis-
solved in 100 nl of Ringer's solution. Yoked control rats )
were placed in an identical test chamber and infused con- 5
currently with théir experimental partners. The lever
presses of the vyoked control group were recorded but did

not produce infusions. Five rats were tested for inhtracran-

ial self-administration of Ringer's solution under conditions

,otherwise identical to the experimental group. The house

light was extinguished and a cue light was activated during
infusions for all groups.

The rats were tested every other day for three four
hour sessions. Four rats from the experimental group
received intraperitoneal injections of naloxone hydrochloride

(10 mg/kg) one hour into a fourth test session.

7

3.3.2 Results
The mean number of responses per hour during the
first three sessions is depicted in Figure 3.1. The experi-

mentaljgroub showed a rapid acquisition of the lever-preésing
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response while the responding of the yoked control group

was similar to that of the Ringer's control group. An analy-
sis of wvariance ({\NOVA) with repeated measures on one factor
(-Winer, 1971) revealed a significant effect for the factors
of Groups {F(2,13)=17.95, p<.001} and Hours bf Testing
{F(‘3,36) =16.63, p<.00l}. Planned comparisons using a

Neuman-Keuls' test (Winer, 1971) demonstrated significant

differences between the experimental and other groubs during

607 ® MORPHINE REWARD
¥ MORPHINE + NALOXONE
B YOKED CONTROL
& 50| ¢ RINGER'S corrrRoL\
2 | L
X 40}
m o
t
30 b
;
{20} —e
W |
Z
= 10}
=
i - 2 3 4
. HOURS QF CONTINUOUS TESTING

Fig. 3.1. A comparison of the responding of the
experimental (morphine reward), yoked control, and
Ringer's control groups (n=5/group). The figure
"'depicts the mean (*SEM) number of responses per
hour averaged across the three sessions of testing,
~ The experimental group received an injection of
naloxone one hour into their fourth test session
(morphine + naloxone). :
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all hours of testing (p's<.Qll. The responding. of the
experimental group during the first hour of testing was
sign.ificantlv greater than their response rates during each
of tt}p subsequent three one hour periods (p's<.0l).

’ Given one hour into the fourth test session, naloxane
effectively blocked intracranial self-administration (see

Figure 3.1). A t-test for correlated measures did not show

any differences, between séssions for the one hour prior to

naloxone treatment {t(3)=2.35, p>.3}, but an ANOVA with

Rl

repeated measures on both factors (Winer, 1971) revealed a
significant difference between treatments following nalo:éone
{F(1,31=21.81, p<.025}.

Histological analysis confirmed that cannula place-
ments were in the ventral tegmental 'are.a. Most cénnulae
were just lateral to the border of the interpeduncular

nucleus (see Figure 3.2). Cell damage was similar to that

-~ "1” .- f

.seen after discrete infusions of 0.5 ul or less (M. Bazarth,

»

unpublished observations) . Although the dispersion kinetics
of this infusion regimen have not been determined, the ‘
proximal location of opiate receptors in éhe A% and AlQ
dopaminergic cell bodies makes this a likely site of action
(Lindvall & Bjdrklund, 1974; Pollard, Llorens,'Bonnet, (
Costentin, & Schwartz, 197"1; Pollard, Llorens, & Schwartz,
1977). Other sites of action cannot be eliminated until
discrete locali:zati:on‘of _these infusiops has been demon-

strated. ) , . ]
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Fig. 3.2. The extent of tissue damage seen in animals
self-administering morphine is indicated by the striped
zone. Abbreviaticons: CC, corpus callosum; IP, inter-
peduncular nucleus; LM, medial lemniscus; PVG, periven-
tricular gray substance; SN, substantia nigra; V, ven-
tricle. ‘
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3.3.3 Discussion

- The present data suggest that intracranial mo:;'phir}e
injections can serve as a true reinforcer, estahlishing
increased levels of lever pressing in a response—contingent

manner. Support for this conclusion is derived from the

‘facts that intracranial self-administration was demonstrated

in experimentally naive rats and that animals receiving the

drug as a consequence of lever pressing responded more than

animals passively receiving the same pattern of i‘njecti.c‘ms

in alyok'ed control condifgion. Since naioxone effectivez(y

blocked lever pressing, it would appear that the intracranial

self-administration of morphine is mediated through opiate .

receptor mechanisms (see Martin, 1967). This eliminates

‘the possibility that self-administration was the result of

mechanical trauma or of changes in osmolarity or pH factors,

since these effecgs would not be sensitive to opiate receptor

bBlockade. ‘ |
The rapid acquisition of résponding seen in experi-

mentally naive subjects suggests that the rewardix'mg effects

of microi‘njécted morphine occur soon after the infusions.

Pronc;unced delays in reward from these injections would not

be expected to lead to such rapid acquisition of the lever

pressing response (Renner, 1964 ; Tarpy & Sawabini, 1974).

" The fact that the animals space their responding, rather

than responding in erratic bhursts seen with lateral hypo-
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thalamic injections (M, Qlds, 1979), also suggests that the

rewarding consequences of the lever pressinag occur soon

after the response. Thus a significant portion of the criti-

cal receptor population would seem to lie proximal to the
injection site in the ventral tegmental area.

The rate of responding during the first hour was

‘'significantly higher than that of each subsequent hour of

testing. There are a variety of factors which could be
involved in this effect including reverse tolerance, pro-
gx_:essive/effects' of learning, and drug dispersion. Perhaps
the most interesting possibility is that the changes in
response rates are related to the differential requirements
of establishing and maintaining satiating ‘(i.e. , maximally
rewarding) drug concentrations at the reward-relevant popu-
lation of receptors. The elevéted period of responding (as
iittle aé ten minutes in some cases) may reflect the time
required for morphine to occupy the proportion of these
receptors necessai‘y to produce reward satiation. Once this
concentration is reached, further injections should not
have additional rewarding impact until some fraction of the
drug -occupying these receptors is released and metabolized.

A lower rate of drug intake should then maintain this con-

centration equilibrium. In the case of an injection directly

into the reward-relevant receptor population, the duration

%f the initial response burst may give.an'indication of the

size of that population.

A detailed analysis of the dispersion kinetics of
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morphine produced by this infusion regimen 1s necessary
before a firm statement ;:egarding,,druq spread can be made.
The small hourly intake of morphiné, however, makes it -
extremely unlikely that the drug acts by re—-entering the
peripheral éirculatory system or the cerebral ventricles.

If the intracranial injections; used in this paradigm can be
localized to restricted brain regions, such localization

would go far toward defining the population of opiate recep—-

tors responsible for the rewarding effects of systemically

delivered opioids.

3.4 Intracranial Self-Administration of Morphine:
An Anatomical Mapping Study

The next step j:n the investigation of the intracran-
ial self-administration of morpﬁine is the 'determination of
the number and location of brain sites that can support this
behavior. 1If it were found that the intracranial self
administration of a particular drug were demonst'rabhle
throughout the brain, this paradigm might be of limited
utility in identifying and in studying the brain region's
which initivate the rewarding properties of that drug. It
is in the localization of discrete brain regions mediating
drug reward that this technique enjoys one O.f its most pro-
found advantages over other paradigms. Furthermore, if the
neural substrates mediating the rewarding, analgesié, seda-
tive, and physical dependence-producing properties of opiates
can be neurocanatomically ?issociated, this finding would

have important implications regarding the neural basis of
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opiate addiction.

. e el

An early study by E. Stein and J. Olds (:1977)
reported ‘intracranial self-administration of morphine into
a;variety of brain regions. They suggested that any site
that supported brain stimulation reward might also support
Y;r»orpﬁine self-administration. Following along these same
lines, M. 0lds (1979) has reported morphine self
admipistfation into the lateral hypothalamic area. Both of
these' reports, however, involved subjects that were pre-
viously trained to lever press for brain stimulation reward.
This raises the possibility that the obserymd r'ésponding for
morphine may be related to the rats' histo’;:y of training.
Although this possibility seems uhlikely, the erratic pattern
of responding for morphine injected into the lateral hypo-
thalamic area and the apgarent failure of naloxone to sus-~ |,

[

tain its blockade Oof this putative opiate reward® (cf. M,
(gﬁ.ds, 19-79J) -ﬁ)oint to a potential prbblem in uuging lever
trained animals. Fuff:herr'nore,’ since reinforcement by
definition involves not only the maintenance but also the
acquisition of a response (Bolles, 1975), the test of
response acquisition in experiméntally naive subjects is

very important. -

In this experiment, experimentally naive rats were

6see Figure 3, M. 0Olds (1979). Since the naloxone
is delivered with the morphine (i.e., mixed with the mor-
phine solution in°the infusion apparatus), the antagonist
action is present throughout the testing ses‘sxon. Note that
respondlng reappears after about 1l hours of testing.
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tested for thé acquisition of a lever-pressing response that

would deliver 100 ng of morphine into various brain regions.
. + - .

Using the same procedure as in thg first experiment, the
rats were tested for three four-hour sessions. Although
this protocol does not provide a definitive assessment of
the re&arding properties @f morphine {ﬁjected into these

brain areas, it does assess the relative strength of morphine
reward across the various brain rregions tested. The rate of

9

acquisition of a response has been shown to increase with
increments in thé magnitude of reinforcement for a variety

of rewards (see BQllés, 1975). Therefore, brain regions 4

-

where morphine self-administration is rapidly acquired

-

(e.g., ventral tegmental area) would seem to be regions
where morvhine injections are more rewarding than those

which require extehsive training to establish<this response.

3.4.1 Method

Subjects: Male, Long-Evans rats (weighing 325 to‘

375 g) were unilatérallyaimplanted with 22 gauge guide

- J ¢

cannulae stereotaxically aimed at one of the brain areas

listed in Table 3.1. Sodium pentobarbital (6Q mg/kg, i.p.)

was used as the anesthetic and a single injection of > '

penicillin G (30,000 units, i.m.) was administered prophy-
'3‘

‘lactically following surgery.. Obtﬁrators were fitted at a

depth of 0.2 to 0.5 mm beyond the guide c_anmilae immediately

E *

after surgery and were removed only during behavioral testing.

I ' o o i . . ,
Food and water were available ad libitum. The animals were

H
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housed in a 12 hour light-dark cycle of illumination and

all testing occurred during the light phase of this“cycle.
-

TABLE 3.1

STEREOTAXIC COORDINATES USED FOR THE GUIDE CANNULAE

el
Placement anterior-posterior? lateral® ventral® subjectsd

VTA - -3.8 0.6 7.3 6
LHA -3.3 . 1.5 6.5 6
PVG -3.8 0.6 - 5.0 ‘5
ACC *3.5 t1.5 5.7 5
CAUD’ *2.0 3.0 5.0 5

- [

o>

T

NOTE: The upper incisor bar was 5 mm above the inter-
aural line for all placements except the LHA when it was
2.5 mm below the interaural line. Abbreviations: VTA,
ventral tegmental area; LHA, lateral hypothalamic area; PVG,
periventricular gray substance; ACC, nucleus accumbens;
CAUD,. caudate, nucleus. The coordinates” were adapted from
Pellegrino, Pellegrino, and Cushman (1979}).

qmm from bregma
bBmm from the midline
c

LI
mm»from dura

dnumbér of sﬁbjects tested

Apparatus and Proéedqre: After at least five days
recovery'from surgery, rats were tested for the'acquisitiop ‘
of a lever-prcsgihg response using the-same'procedure as in
the first experiment. Each lever press resulted in a 100
ng infusion of morphine dissolved in 100 nl of Ringer's

\

solution. The rats were tested every four hours per day

4
for three sessions.

o
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3.4.2 Results

'? - \

The number of infusions delivered per hour during
the three sessions of testing were averaged across rats for
each infusion site (see figure 3.3). Rats with cannuiae in
the ventrai tegmental area quickly lea?ned the lever
pPressing response as inythg first experiment. Rats with
cannula placements in the other brain regions failed to

»

learn this response. An ANOVA (Winer, 1971) showed a

w
O

#

n
o

X INFUSIONS HOUR™
o

RNG VTA LHA - PVG ACC CAUD

Fig. 3.3. Mean (+SEM) number of infusions per hour averaged
across the three sessions of testing. RNG=Ringer's control
group; the data are from the fifst experiment. (See Table
3.1 for abbreviations.) -. ’ '
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significant effect for the factor of Groups {F(5,6)=10.79,
p<.0l1}. Planned comparisons using a Tukey's (a) test (Wine;,
1971) demonstrated that the ventral tegmental group was
reliably different from all other gfoups (p's<.01). Cannul?
placements were histologically verified using 40 pm, thionon
stained sections (Pellegrino et all, 1979) and representative

placements are illustrated in Figure 3.4.

Fig. 3.4. Nominal cannula
~ Placements are indicated by
the black circles. Brain
sections were adapted from
Pellegrino et al. (1979).
Abbreviations: A, aqueduct;
ACC, nucleus accumbens; ca,.
anterior commissure; CAUD,
caudate nucleus; 'cc, corpus
callosum; DTV, decussation
of the ventral tegmentum;
Fx, fornix; IP, interpeduncu-
lar nucleus; LHA, lateral
hypothalamic area; MFB, medial
forebrain bundle; OT, optic
tract; POA, lateral preoptic
area; PVG, periventricular
gray substance; SN, sub-
stantia nigra; TOL, lateral
olfactory tract; V, ventricle;

ACC -

CAUD »

LHAS VMH, ventromedial nucleus of
the hypothalamus.

PVGE
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.
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Some of theyfats Ehat received infusions into the
nucleus accumbens, caudate nucleus, or periventricular gray
regions showed pronouﬁced locomotor excitement during the
first 30 minutes of each session. This resulted in a burst
of lever contacts, but this behavioral activation was not )
maintained throughgut the four hours of testing. The
stimulatory effect of morphine injected into the nucleus
accumbens has been previously reported (Pert & Sivit, 1977),
and it seems likely that the locomotor excitement produced
in some animals by infusions into the caudate nucleus was
the result of morphine diffusion to the accumbens. The
hyperactivity seen after periventricular gray infusions of
morphine has also been reported (Amir, Blair, Shizgal, &
Amit, 1979:; Blair, Cytrynaik, Shizgal, &'Amit; 1980; Jacquet,
1978) although that seen in the present study was far less
pronounced than the explosive hyperactivity produced by the
higher doses previously studied.’

Microinjections of morphine into the ventral teg-
mental area also produced an increase in locomotor activity.
The behavior of these an%mals, however, was much different
than that of rats igjected into the nucleus accumbens,
caudate nucleus, or periventricular gr?y area. The loco-

motor excitement of the latter groups tended to be expressed

as erratic bursts of activity lasting less than one hour

’Explosive motor behavior (i.e., very.intense hyper-
activity) is produced by the injection of 10 to 250 pg of
drug into this region (Blair, Liran, Cytryniak, Shizgal, &
Amit, 1978; Jacguet & Lajtha, 1973, 1974; Sharpe, Garnett,

& Cicere, 1974).
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after the beginning of a session. The venﬁral tegmental
ratshshowed a sustained increase in activity throdghout the
four hours of testing. This increase in activity was less
pronounced than that of the other groups, and previous tests
have shown thatrif leads to few accidental lever contacts
(see Section 3.3). Furthermore, since the microinjections
into the ventral tegmental area were unilateral, the motor
activity was asymmetrical resulting in circling.- As previ- .
ously reported, the circling was contralateral to the side of
inje;:tionsB sug;;sting that these morphine infusions produced

an increase in dopamine release (Iw§moto & Way, 1977; Pert,’

DeWald, Liao, & Sivit, 1979).

"3.4.3 Discussion

. . . L . &
The failure to find morphine self-administration

into the lateral‘hypothalamic area is in direct contrast to
previous reports (M. 0lds, 1979; E. Stein & J. Olds, 1977).
These discrepant finds are probably the result ‘'of methodo-
logical differences. First, the reports showing self
administration of morphine into the lateral hypothalamic
area used guide cannulae that were considerablyvlarger than

those used in this study.? Routtenberg (1972) has reviewed

i

‘ 8The rate of rotation was measured in several animals .

and found to be around 4 to 5 rotations per minute when mea-
sured approximately 1 hour into the test session. Rotational
behavior was also observed during the first experiment, but
no attempt was made to determine the proportion of animals
showing this behavior.

‘The outside diameter of various gauges of tubing
varies somewhat depending on the system of measuring that

.....
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evidence suggesting that the use of large diameter cannulae
facilitates the diffusion of drug into the cerebral ventri-
cles. The possibiiity exists that the reported self |
admjnistration of morphiné into the lateral hypdthalamus is
the result of such ventricular diffusion.!® - A second pro-
eedural difference 'is that the studies snowing lateral hypo-
thalamic self-administration used rats that were‘previously
trained to lever-press for rewarding brain stimulation.

Since M. 0lds (1970) has shown that some drugs can prolong

lever pressing for brain stimulation reward even when the

'electrical stimulation has been discontinued, it is possible

that the reported self-administration represents a type of \
extinction responding. A similar effec£ has been 'reported
for animals trained to intravenously self-administer various
drugs including morphine (de Wit & Stewart, 198l; Gerber &
Stretch, 1975; Stretch & Gerber, 1973) . Another possibility
is that lateral hypothalamic morphine is rewarding but less
so than reward from ventrel tegmental microinjections. Rats

may maintain a previoudsly learned lever-pressing response

C , ‘ . . 1
but’ fail to acquire a new response because this reinforcement

is used (see Hodgman, Weast, Shankland, & Selby, 1962). The
specifications for commercially available hypodermic tubing
show that'18 gauge tubing is around 0.7 mm in diameter while
22 gauge tubing is approximately 1.2 mm in diameter. Hence,
the outside diameter of the 18 gauge cannulae is almost

twice that of the 22 gauge cannulae used in the present study.

!9 Dhe, fact that the periventricular gray rats do not
self-administer morphine eliminates this possibility in the
present experiment since the periventricular gray placement
is just 2 mm dorsal to the ventral tegmental area.

ERUPT R
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has .a poor efficacy. 1In any case, it is obvious that
reward from ventral tegmental morphine infusions is far
more potent than reward from microinjections of morphine
into the other brain regions tested in this study.

The fact that mo£phine was self-administereds into
ventral tegmental area but not the periventricular gray
substance suggests an anatomical separation of the
rewarding, analgesic, and sedative properties of opiates,
The periventricular gray region has been implicated by
other microinjection studies in opiaée-induced analgesia
(Pert & Yaksh, 1974; Sharpe et al., 1974) and sedation
(Broekkamp’, Van Den Bogaard,‘Heynen, Rops, Cools, & Van
Rossum, 1976; Pert et al., 1979) while the rewarding pro-
perties of morphine appear to be mediated by receptors in
the ventral tegmentum and not in the periventricular gray
area. The region mediating opiate—induced physical depen-
,dence is less clearly defined, but it too seems to involve
opiate receptors }n the periventricular gray region and
perhaps sbme thalamic regions as well (Wei, 1981; Wei,

Loh & Way, 1973). While direct tests of the physical
dependence~producing properties of ventral tegmental mor-
phine injections have not yet been made, the present data
suggest the possibility that the rewarding properties of
opiates may be dis;ociable from their dependence-producing

properties as well as the analgesic and sedative effécts of

=~ these drugs. Such a dissociation of the rewarding and

physical dependenée—producing properties of opiates would

¢
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have a major significance for theories of addiction and
direct tests will be reported in Chapter 7.
3.5 Further Investigation of Intracranial
Self-Administration of Morphine into
the Lateral Hypothalamic Area
The discordant findings of the present study and
those of M. 0Olds (1979) and E. Stein and J. 0lds (1977) are
particularly important because they reflect directly con-
flicting results using the same general paradigm.. One of
the differences in the procedure used Sy M., 0lds (1979) from
that used in the current study concerns the size of the guide
cannula implanted in‘the animals. M. 0lds (1979) used 18
gauge cannulae while the experiments reported in Sections 3.3
and 3.4 used 22 gauge cannulae. The diameters of these cannu-
lae are approximately 1.2 and 0.7 mﬁ, respecti&ély.. Since
the size of the cannulae used in chemical stimulatién |
étudies can affect the amount of diffusion up the cannula
shaft and into the cerebral ventricles (Routtenberg, 1972),
the possibility‘exists that animals in the M. Olds' (1979)
report ‘are self-administering morphine because the rewardingf
action is aependent on ventricular diffusion to another .
site of ‘action. To test this hypothesis, the results of the
previous study (i.e., Section 3.4) were compared with those
obtained in ;nimals implanted with cannulae having a much

larger diameter.

3.5.1 Method

Subjects: Malé, Lohg-Evans rats (weighing 350 to
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400 g) were unilaterally implanted with chemitrodes!!' stereo-
taxically aimed at the lateral. hypothalamic area using the
coordinates listed in‘Table 3.1. Surgical anesthesia was
accomplished using sodium pentobarbital (60_mg/kg, i.p.)

and penicillin G (30,000 units, i.m.) was given after sur-
gery. Obturators were fitted 0.5 mm beyond the tip of the
cannula portion of the chemitrodes which remained in place
except during behavioral testing. ‘The animals had free
access to food and water in theirdhome cages and wvere placéd,
on a 12 hour light-12 hour dark cycle of illumination. All
testing occurred during the light cycle.

Apparatus and Pfocedufe: Chemitrodes were made = -
from bipolar’'electrodes wrapved around 22 gauge guide
cannulae. Epoxy cement was used to retain the electrodes .
to the cannula shafts, The diameters of the chemitrodes
ranged from about 1.1 to 1.5 mm and thus were similar in
size to the 18 gauge cannulae used by M. 0lds .(1979). Tﬂe
animals were allowed 6 to 7 days to recover from‘the surgi-
cal procedure. Next, they were tested using the same, proce-

dure as described in Section 3.4: all parameters of testing

-

1 Chemitrodes were originally jmplanted in these
subjects to test another possible explanation of M., 0Olds'
(1979) report of lateral hypothalamic self-administration.
The initial protocol entailed training the subjects to press -
for brain stimulation reward in the lateral hypothalamus and
then testing them for intracranial self-administration of
morphine. A control procedure consisting of testing chemi-
trode animals for intracranial self-administration before -
experience with brain stimulation reward revealed, however,
that these experimentally naive rats would self-administer
morphine into the lateral hypothalamus, The results of
this testing forms the basis cf this section.

1
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were identical to those used for the initial anatomical

N

.mapping study. The experimentally naive rats were tested

for four hours per day every other day for a total of three
sessions. Each lever press resulted in the delivery of 100
ng of morphine sulfate dissolved in Ringer's solution. The
infusions were delivered over 5 seconds in a volume of 100

nl using the EMIT method described in Section 3.3.1.
A

3.5.2 Results

Figure 3.5 illustratés the mean numbe; of infusions
earned per hour across the t@rée hours of testing. Rats
implanted with chemitrodes in the lateral hypothalamic area
quickly leatrned thé lever—p;éésing response. The mean
hourly intake of animals self-administering morghine into
the ventral tegmental area and animals with cannulae
implanted in the lateral hypothalamic area are ingluded for
comparison. An ANOVA showed a significant diffe;gnce.émong
the three groups of animals represented in the figure
{F(2,12)=77.91, p<.001}. A Tukey's (a) test revealed that
the rate of lever pressing in chemitrode implanted subjects
was significantly higher than that seen when idéntical
placements were tested using cannulae (p<.01) .- Also, £he

rate of responding was even higher than seen with cannulae

implanted into the ventral tegmental area (p<.0l).

3.5.3 Disucssion
The data presented in this section are preliminary

since additional testing is required to draw definitive

PO T1
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Fig. 3.5. Mean (*SEM) number of infusions per
hour averaged across the three sessions of
testing. VTA and LHA data are from Figure 3.3
(n=6/group) . LHA-chemitrode=lateral hypothala-
mic placements with chemitrodes, n=3. (See
- Table 3.1 for other abbreviations.) ’
conclusions regarding the basiéﬁof lateral hypothalamic
self-administration. They do suggest, however, that mor-
phine infusions into the lateral hypothalamus are rewarding
because ventricular diffusidon occurs to a distal site of
action. To clearly establish this, one of several proce-
~ ’r
dures must be used. First, the ability of infusions dorsal
to this placement to'support intracranial self-administration

could be evaluated. If the tissue at the tip of the can-

nulae were responsible for the initiation"of the rewarding
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effects of morphine infusions into the lateral hypothalamus,
then dorsal placeménts should be ineffective. If ventricular
diffusion were responsiblé for this behavior, then dorsal
placements would be expecfed to be even more effgcéive in
establishing and maintaining self-administration. ;imilarly,
self-administration of morvhine directly into the cerebral
ventricles might be tested to determine if the same pattern
of self—administratibn occurs. Alternatively, kainic acid
might belused to selectively destroy the cell bodies in the
lateral hyﬁdthalamic area (Britt & Wise, 1981bc; Jonsson, 1980;
McGeer & ﬁcqeer, 1981, 1982; Peterson & Moore, 1980). Since
it.is likely that the opiate receptors are located on the
cell bodies of these neurons and not on the axons of paésage
(Criado, Aguilar, & De Robértis, 1981; Perry, Mullis, Oie,
& Sadee, 1980; Pert, Snowman, & Snyder, 1974; see also
Snyder ‘& Matthysse, 1975), this procedure shoﬁld eliminate
intracranial self-administration into the lateral h?pothala—
mic area if this behavior were dependent on the cells in
this region. Self-administration which survives kainic acid
lesions is likely to be dependeng on drug diffusion to a

distal site of action outside the lateral hypothalamic area.!?

The fact that animals self-administer morphine into

'2 Another approach would be to use agents that irre-

‘'versibly inactivate opiate receptors such as the compounds
-shown to specifically alkalate opiate receptors (Caruso,

Larson, Portoghese, & Takemori, 1980; Craviso & Musacchio,
1976; Hazum, Chang, Cuatrecasas, & Pasternak, 198l; Pasternak,
Childers, & Snyder, 1980). The application of this approach,
however, is likely to be limited by the availability of

"these agents and their suitability for use in’ vivo.
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the lateral hypothalamus at a higher rate than they. self

administer it into the ventral tegmentum may be indicative
- [}

of a diminished potency of lateral hypothalamic morphine

infusions. If these infusions of morphine were diffusing

N
to a distal site of action such as the ventral tegmentum,

the drug concentration would be appreciably diminished by the’

time it reached tﬁ%s site. Thus, it would require a larger
quantity of morvhine injéct?d into the lateral hypothalamus
to support self-administration behaviér. On the other hand,
the rapid acqulsltlon of the lever-pressing response-seen
in animals w1th chemltrodes implanted in the lateral hypo-
thalamus suggests that the rewarding effects of these infu-
sions occur soon after injections.‘ It might still be viable
that this is the result of ventricular diffusion since
ventricular morphine quickly penetrates into many brain
regions. The rapid learning of the intracranial self
administration response does, however, make the conclusions
drawn from this study more tenuous. Plainly, additional
testing is fequired to clearly establish the ability of
lateral hypothalamic morphine to §ppport intracranial'éerf
administration. The fact that this behavior is seen (in
the present study) only in subjects implanted with chemi-

trodes is suggestive of a ventricular diffusion basis of

this behavior.

3.6 General Discussion

[
-

The demonstration of behavioral and Qhafmacologicaf

.
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. specificity of intracranial marphine self-adminigtration

substantiates this approach as\éiyiable alternative for

© .studying the neural mechanisms of opiate reward. Tests of

: o ,o

e

behavioral specificity (i.e., yoked and Ringer'a contrals)
clearly establish that the animals are working for the

. _ rewarding properties of the drug infusions. Since naloxone
blocked the self-administration response, it‘is also apparent
that lever-pressing is dependeﬁt‘on é drug actian at opiate
receptors sincé narcotic Antagonists would not bhe expectsd
to alter the physico—chemical proéerties of the morphine
solution. Further tests showing that morphine is not self
'a&ministered at most opiate receptor fields suggest that
opiate reward fé not the result of an opiate action common
to all receptor fields. This‘obsérvation implies speciali-
zation of the various opiate receptor fieléS\fdr different
functions; thus, opiate reward is not a ubiquitous property
of these receptor fieias, but rather it is associatéh with
the activation of a specific opiate receptor field. \

The fact that morphine was self-administered into *

the ventral tegmental area, but not other brain regions
associated with other opiate effects,‘éuggests an anatomical
separation of opiate reward and other oépiate-induced behav-

b

: A . R
iors. This opens the possibility that use of the intra-

cranial self-administration baradigm might minimiie,the
- Q N
side-effects caused by whole-brain drug delivery (e.q.,‘

+ intravenous self-administration]. Thus, the sedative,

analgesic, and physical dependence-producing probert#es of

’

{ '

i\
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opiates may be eliminated as potential saurces of con=-

founding during tests of opiate reward.
K

There are several qualifications which must be

. - *
considered when generalizing the results of these studies

-

to opiate reward produced by systemic drug injections. .

Ffist, the anatomical mapping study was based on a protocol

&

R g
proven effective in establishing intracranial self |

-~
administration into the wventral tegmental area:. It is

possible that increasing the dose of morphine delivered per’
infusion, the volume infused, or the number of ‘trsiale of

3
testing would result in acdquisition of the intracranial self

.

-

administragioﬁ response for moréhine infused into the other
brain regions tested in Section 3.4. The present study pro-

~rided a test only of the relative potency of morbhine '/i

t infuséd into these brain regions and not a definitive assesé—
ment of their ability to support intracranial self
administration. Second, although severai-majgr opijte
receptor~fields were tested in this study, the poésibility
remains that other br;inlsi£es not yet studied will support
'self—adminigtratioh. "&hird, thé experimeﬁts in this chaptér
feyolve around acguisition and different mechanisms may be
responsible for the acquisition and maintenance of opiate
intake, If tHlis were thg case, it might be that morphine
»infuged into one of'the other brain regions is actually. .
more rewarding‘than when delivered into the ventral tegmen-

[ ! N
tum. Pourth, the demonstration gf intracranial self
Jaix

» .
administration 'shows+that opiate action at ‘a given brain
’ o, ® .

B
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region is sufficient for reward, but it does nqt estahlish
that such opiate action is necessary for reward. This can
only be done using tests of the rewgrding‘properéies of
systemically applied opiate while blocéing opiate action
at specific'receptor fields. It could he that concurrent
activation at several opiate receptor fields (e.g., nucleus
accumbens, lateral hypothalamus, periventriculgrhﬁggy sub~
sStance) is equivalent in its rewarding effect to d}screte
activation of the ventfal tegmentuﬁ. Thus, opiate action
at the ventral tegmental area may not be necessary for this
rewarding aé%ion to occur when the drug is delivered

v

~ ‘ ’
systemically and thus reaches a number of opiate receptor

© fields.

o

—. With the demonstration of behavioral, pharmacologi-
?%ﬁ’ and- anatomical specificity, the intrqsrénial self
Yadmg‘.nistragtion paradigm is established as a viable method
‘for studying the neural mechanisms of drug feward. To

fully evaluate the usefulness of this téchnique, however,

there are four additional aspects of this phenomenon which

' 'need to be studied. First,(the chronicity of the pfgparation

T

= A e ¢ e s,

‘needs to be evaluated. The studies reported in this chapter
reveal minimal tissue damage from these infusions, but there
‘is‘no indication about how long the intracranial self
administration response can’ be maintained. Second, the
effecés of changes in unit;dose need to be eviluated.
Increasing the dose of drug delivered wi#h each infusion

(3

might cause a decrease in requnée rate, but it is also

Come .
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. possible response fates will increase.!’ It is necessary
to document the effects of unit-dose manipulationg on -
response rates before conclusions can be drawn regarding
the meaning of increased or decreased rates of responding.
Third, the identification of the opiate receptor population
mediating the intracranial self-administration response
might suggest specific ligands lacking the addictive But
retaining the analgesic properties of opiates. Special
attention should be focused on evaluating the potency of

! mu, sigma, kappa, and delta opiate-receptor ligands.
Fourth, the degree that intracranial morphine infusions
control behavior in a fashion similar to intravenous drug

o and conventiénal rewards needs to be investigated. 5515‘7/
would reveal whether this method of studying opiaée reward
is governed by the same principles as other rewards and
would suggest the degree of generality of these data to

intravenous druq reward and conventional rewards.

.

13W9ith continuous reinforcement schedules, increases
in unit dose generally lead to decreases in the rate of
intravenous opiate self-administration; testing with low
doses or partial reinforcement schedules has suggested that
‘there may also be an ascending aspect to the dose-response
curve (see Jones & Prada, 198l; Weeks & Collins, 1968, 1979;
‘ Young, Swain, & Woods, 1981: Young & Woods,' 1980) . Thus it
‘ is difficult to predict the influence of manipulations of

unit dose on intracranial self-administration.
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CHAPTER 4

THE NEUROANATOMICAL BOUNDARIES OF THE

REWARD-RELEVANT OPIATE RECEPTOR FIELD!

4.1 Conditioned Place Preference Paradigm

The conditioned place preference paradigm can make
several important contributions to the study of drué rewarxd.
First, it offers an independent method of assessing a drug's
rewarding propertj.es with a-rate-free measure. This is
especially useful when assessing the.effects of brain
lesions that can severely disrupt normal\ ;sensory-motor inte-
gration. Second, conditioning variables have been impli- .
cated in the maintenancée of drug-seeking behavior (Crowder,
smith, Davis, Noel, & Cossens, 1972; échuster & Woods, 1968').
The study of conditioned place preference allows a direc;t

' comparison of such conditioning effe,:ts across different

drugs and parameters of testing. Third, this paradigm is

PRI G e v s

extremely quick and easy to use. It avoids the problems

@ Rkl Y

associated with intravenous self-administration, and it

is a more direct demonstration of a drug's rewarding proper-

IS

!preliminary versions of this report have appeared
- in M. A. Bozarth and R. A. Wise, Society for Neuroscience
, Abstracts, 1981, 7, 50, and M. A. Bozarth and R. A. Wise,
Localization of the reward-relevant opiate receptors. In -
. L. S. Harris (Ed.), Problems of Drug Dependence, 198l.
. Washington, D. C.: NIDA Research Monograph Series, 31982.
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Y

ties than are paradigms employing brain stimulation reward.
Finally, the conditioned place preference paradigm can be
combined with microinjection technology to demarcate the
anatomical boundaries of the reward-relevant opiate receptor

population within a given brain region. )\ -

4.2 Conditioned' Place Preference’ from

Central Morphine Infusions

Intracranial self-administration studies are perhaps
the most direct demonstration of the rewarding properties
of central morphine injections. This technique can be used
to directly compare the rewarding effects of morphine
injected across .various brain regions such as in Chapter 3
where the reward-relevant population of opiate receptors
was identified in the véntral tegmental area. There is,
however, a serious limitation to the use of this paradigm
to determine the neuroanatomical boundaries of the popula-
tion of opiate receptors that are responsible for opiate
reward within a given brain region;

In intracranial self-administration studies, the
animal controls the number of infusions and hence the total
volume of drug injected into its brain. Animals with a
high rate of self-administration have a larger field ‘of
efﬁective drug spread thax_1 animals with low response rates;
even microinjections through cannulae that -are distal to
the site of drug action may be rewarding) when signi‘ficant
concentrations of drug have diffused to that region (see .

Figure 4.1). Therefore, it is difficult to estimate the

o
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. RECEPTORS

Fig. 4.1. Since.changes in the infusion

volume produce a concomitant change in

the field of effective drug action,

attempts to extrapolate the anatomical

boundaries of the receptor population

mediating reward from cannula placements

must use a fixed infusion volume.
distance of the cannula placements to the reward-relevant
receptors using intracranial self-administration experiments.

This problem can be overcome by injecting each

animal with the same volume of drug and assessing reward:
using the conditioned place preference paradigm. Cannula
placements can then be meaningfully compared’to determine
the location of the reward-relevant ‘receptors. With this

technique, the limits of the brain regions mediating reward

from a given drug can be more precisely defined in relation

"to various microinjection sites.

4.2.1 Method o
Subjects: Experimentally naive, male, Long-Evans

"
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rats (weighing 350 to 400 g) were unilaterally implanted
with ?2 gauge guide cannulae aimed at the ventral tegmentai
area. With the upper incisor bar 5 mm above the intra-aural
line, the coordinates ranged from 2.0 to 4.4. mﬁ posterior
to bregma, 0.6'mm lateral to the midsagittal suture, and

7.8 to 8.2 mm ventral from dura. Sodium pentobarbital

(60 mg/kg, i.p.) was used as the anesthetic with atropine
sulfate (.04 mq/kg; s.c.) and penicillin G (30,000 units,
i.m.) given prophylactically. Obturators were fitted
approximately 0.25 mm beyond the tips of the guide cannulae
;nd remained in place except during infusions. Ali testing
occurred during the'light phase of a 12 hour light-12 hour
dark cycle of illpmination. Rats were individually housed
ané had food and water available ad -libitum in their home
cages. - ’

| Apparatus and Proceduré: Place preference was
measured in a shuttle box (25 x 36 x 35 cm) with a plywood
floor on one side and a, plywood floor covered with wire
mesh on the other. The amount of time spent on each side
of the box was automatically recordéd. Rats were allowed
access to the entire shuttle box for 15 minutes per day on
five‘consequtive days; the last day served as an indication
of the animals' initial place preference. After these
preconditioning trials, they received four daily injections
of morphine thle being forced to remain on their nonpre-—

ferred °sides for 30 minutes. Following the four days of

conditioning, the rats were injected with vehicle and tested

SRS ' s v e e an SRS -
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again for their place preference (15 minutes). An electro-
lytic microinfusion transducer (EMIT) was used to unilat-

erally inject morphine sulfate into the ventral tegmental

area immediately before each of the four cc;nditioning

" trials. A 150 uA infusion current delivered 250 ng of mor-

phine sulfate dissolved in 500 nl of Ringer's solution.
Infusions were delivered over 28 seconds through a 28 gauge‘
injection cannula that extended 0.5 to 1.0 mm beyond the
quidé ciannula. An additional 30 seconds was allowed for
drug diffusion before the injection cannula was removed from
the guide cannula. Ringer's solution was injected prior to
the test trial. ‘

Histological Analysis: Following completion of the
behavioral testing, the rats were deeply anesthetized with
sodium pentobarbital (circa 90 mg/kg, i.p.) and perfused
intracardially with isotonic saline followed f:y formalin.
After at least three da‘y’s of fixation in formalin, the
brains were sectioned at 40 micron intervals and then
stained using formol-thionin. Brain sections were viewed
at approximately 10 times magnification and the cannula
placenents were identified according to the brain atlas of
Pellegrino, Pellegrino, and Cushman (1979). Changes in
place preference were then piotted as a function of the num-
ber of millimeters that the cannulae were posterior to
bregma on de Groot's (1959) élane of sectioning.

. , , {
Since the determination of cannula placements was !

B
of central importance to this study, special attention was
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~focused on the method used to classify placements. The

initial groupings were done with knowledge of the place

e o0 T

preﬂference scores for some of the subjeéts. Next, two
additional judges blindly rated the placements for 72% of
the. animals. The reliability coefficient (Kerlinger, 1973)
of these ratings was found to be 0.979 indicating a high

degree of interjudge reliability. ?

4.2.2 Results
Figure 4.2 shows the changes in place preference

following the conditioning trials. The scores were derived
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Fig. 4.2. Change in place preference as a func-
tion of cannula placement plotted for individual
subjects.

3 ' ' ~

2The main effect associated with the factor of
judges was not significant {F(2,86)=1.29, p>.05} while the
effect associated with differences among rats was reliable
{F(43,86)=50.97, p<.00l}. This type of analysis is also 0
discussed in Winer (1971), but the computational formula
of Kerlinger (1973) was used. 7
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by subtracting the .amount- of time spent on the conditioning
side during the last preconditioning trial from the time
spent on. the conditioning side after the conditioning
trials. Positive scores indicate an increase in prefereﬁce
for the conditioning side while negative scores show a
decrease in thé amount of time spent on the conditioning .
side. The scattergram was used to determine the anatomical
intervals for grouping the data for subsequent analysis in
Section 4.3. |

The nominal cannula placement is shown in-Figﬁre 4.3.
The amount of tissue damage resulting from these infusions
was minimal and probably less than that usually observed after
infusions using the microsyringe method of microinjection.
Most c;annulae were on the lateral border of the interpeduncu-
lar nucleus just medial to the substantia nigra. Several ’
subjects with cannulae more dorsal than those illustrated
in the figure were eliminated from this study. Also, 10
animals with injection cannulae that were ventral to this
region were also tested. These cannulae probably terminated
in the ventral cerebral vasculatufe or cistern as evidenced
by the frequent appearance of cgrebral spinal fluid flowing
up the guide cannulae (placements ranged from 2.6 to 4.0 mm
posterior to bregma). The mean change in place preference
for this gro{lp was 45.7 (SEM=55.8) indicating that infusions
into this region were not effective in producing a cénd:i.-

tioned place preference. This finding is important, albeit

fortuitous, since it eliminates the possibility that morphine

-
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infusions into the ventral tegmental area were rewarding

o

because they had entered the cerebral vasculature or ventral
cistern and were transported to a distal site of action. &

Al
“y

Fig. 4.3.

four infusions of 500 nl delivered over 28 seconds is
the striped zone. Abbrewviations: CC, corpus callosum;
IP, interpeduncular nucleus; ML, medial lemniscus; PVG,

The extent of tissue damage seen following

periventricular gray substance; SN,

substantia nigra;
V, ventricle.
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4.3 Determination of Anatomical Boundaries

To facilitate statistical comparisons of the
effects of cannula placement on place preference, the
scores illustrated in Figure 4.2 were grouped into
anatomical zones at approximately 0.6 mm intervals. This
was gquided by visual inspection of the scatterplot which
suggested tpat placements rostral to 2.4 mm posterior to
bregma and those caudal to 3.8 mm posterior to bregma
were ineffective in producing a change in place prefer-
ence. To decrease the differences in the number of
slubjects in each zone, the effective range from 2.4 to
3.8 mm posterior to bregma was also divided into two
groupings. The results of this analysis is shown in
Figure 4.4. An anlysis of varif'ance (Wiher, 1971) demon-

strated a significant difference among rats implanted

* with cannulae in the (various zones throughout the ventral

tegmental area {F(3,58)=10.267, p<.001}. A Newman-Keuls'
test was performed for ‘specific comparisons amor;g the
various groups' (Winer, 1971). Both the 2.4 to 3.0 mm
and the 3.2 to 3.8 mm zones were reliably different from
the rostral and caudal placements defined in this proce-
dure (p's<.bl) .

Since the number of subjects tested in each group
ranged from 9 to 20, a more COnsegvative approach to data

analysis might be to analyze each group separately for
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Fig. 4.4. Mean (:SEM) change in place pre-
ference for the wvarious anatomical zones.
- ‘ ' ‘
changes in place preference.® This was done by a series

‘of t-tests and by using Fisher's method for épecific com-‘-"

parisons (Lindman, 1974) to provide protection against

' Type I errors. T-—tests for correlated measures revealed

S?he data derived from the analysis by zones are

‘normally distributed and the variances of these groups are

not significantly different. Therefore, the|effect of
unequal sample size is probably negligible (see Lindman,
1974; wWiner, -1971) . Nonetheless, treating each group as
an indepehdent sample and analyzing them separately to
assess changes in place preference following morphine
infusions would appear to be a somewhat more conservative
approach, assuming, of course, that a satisfactory method
of holding the alpha level constant is used. The real
strength in the conclusions suggested by the analysis of
place preference as a function of anatomical zone, however,

" comes from the fact that bqth approaches to statistical

analysis yie@similar raesults.
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rats with cannudlae in the 2.4 to 3.0 mm and 3.2 to 3.?

mm groups showed a significantfchange in place preference

while rats with placements rostral or caudal to this region

did not changé their preferences as a result of- the drug

A

injections (see Table 4.1).. B X

Figure 4.5 is a histological reconstruction of the

range of cannula placements tested in this experjiment. The

£

“

!

Fig. 4.5, Histological reconstruction of the
approximate anatomical boundaries of the reward
relevant opiate receptor field. The striped area
indicates the zone where morphine infusions pro-
duced a conditioned place preference. The dorsal

T “Limits of the mid portion of the zong have been

O s e M ks

extrapolated from Phillips and LePiane (1980).
Abbreviations: dmh, dorsomedial nucleus of the '
hypothalamus; hp, habenulo-interpenduncular

tract; ip, interpenduncular nucleus; 1m, medial
lemniscus; mp, posterior mamillary nucleus; mt, A\
mamillothalamic tract; p, pons; pvg, periventri-

cular gray substance; vmh, ventromedial nucleus

of the hypothalamus:; vtn, ventral tegmental

?ggé?us of Tsai (adapted from Pellegrino et al.,

-
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zone in which microinjections of morphine produced a condi-

tioned place preference extended throughout the ventral

‘V)’ < __tegmental area covering approximately a 1.4 mm range.

" This region has previo#sly'been shown to contain a moderate,

level of opiate receptor binding (Duka, “Schubert, Wister,’

Stoiber, & Herz, 1981; Pert, Taylor, Pert, Herkenham, &

Kent, 1980; Snyder & Matthysse, 1975) as well as enkephalin

cell bodies and/or terminals (Herkenham & Pert, 1980; Sar,

Stumpf, Miller, Chang,y& Cuatrecasas, 1978; Uhl, Goodman,

Kuhar, & Snyder, 1978; Watson & Barchas, 1979; Yang, Hong, -

Fratta, & Costa, 1978). In independent fluorescent histd-

chemical mapping of this region for dopamine neurons

- (Spindler, 1975), this area has also been shown to contain

A9 and AlO dopamine cell bodies.' Furthermore, recent
evidence has suggested that the mesolimbic and nigrostriatal

dopamine systems are modulated by enkephalinergic activity

in this region (Johnson, Sar, & Stumpf, 1980; Llorens-Cortes,

“*The published papers indicating the location of
dopamine-containing cell bodies and projections (Jacobowitz
& Palkovits, 1974; Lindvall & Bjdrklund, 1974; Palkovits &
Jacobowitz, 1974; Ungerstedt, 1971la) are all based on the
plane of sectioning used by K&nig and Klippel (1963).

Since this plane is different from that used in the present
study (i.e., de Groot, 1959; Pellegriro et al., 1979),
assessment of the proximity of the A9 and Al0 dopamine cell
groups was based on Spindler's (1975) map which used de
Groot's (1959) plane of sectioning. Using ventral brain
structures as reference points (e.g., interpeduncular
nucleus, medial lemniscus, substantia nigra), there appears
to be a close correspondence between Spindler's (1975) - map
and the published maps based on K&nig and Klippel's (1963)
plane of sectioning. Specifically, Spindler's (1975) data
suggest that the A9 and Al0 cell group ranges from about
2.4 to 4.0 mm posterior to bregma.
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Pollard, & Schwartz, 1979).

4.4 Generai Discussion

The‘results of the present experiment confirm the
1] . /’{‘.-

finding that injections of morphine into the ventral

tegmental area are rewarding. In an earlier repoxrt, Phillips
':nd LePiane (1980) found that bilateral injections of mor-
phine‘producs'd a conditione& place preference that was
blocked by naloxone. They also found that if the injections

were made 2.5 mm dordali to the ventral tegmental area, no

-

A

place prefergnce was shown. The present study extended
these findings by showing that unilateral injections were
also effective in producing a conditi‘.oned place preferenpe
and by eétablishing the rostral-~caudal boundaries of the
ventral tegmental opiate-receptor field that+is capable

of préducing a place preference. This latter finding was
the primary reason for selecting this technique of assessing
opiate reward ilinée it overcomes the problem assowciated
with variable infuysion volumes seen with the intfalcrani\al
self—administratiolﬁ paradigm.

There was a great deal of variability in place
preference produced by morphine injections into sites that
appeared very similar. This is possibly due, in part, to
differences in drug diffusion even with seemingly similar
placements. Another factor that may account for this

variability in responsiveness to morphine infusions is the

fact that only about 80% of the animals receiving systemic

v

[
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' tested. It is interesting to note that the magnitude of
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» .
heroin injections ghow a p}ace preference (M. Bozarth,
ﬁnpublished observations) . Thus, even effective sites of
chemical stimulation might Fe expecteqato produce a'place \

preference in only some fraction of the total subjects

the place preference was Ebout the same as that produced
By bilateral infusions of morphine into the ventral teg-
mentum (see Phillips & LePiane, 1980). ///

The anatomical boundaries derived in.the present /
study are not, of course, finely demarcated zones indicating

v
the actual boundaries of the réward—relevant opiate-receptor
field. Several factors make these zones only approximations
to the actual location of the receptor %ield‘meéiating
opiate reward. First, the extent of drug dispersion fol-
l&wing these microinjections has not been determined
o .

although it is probably on the order of 0.25 to 0.5 mm
from the injection site.® The data analysis, which is
based on histological zones grouped at 0.6 mm 1n§§rvals,
contains placements that are separated byionly a few mllll; -

meters and would obviously have partially overlapping .

fields of effective drug spread. Second, even if the
- 1

*This estimate is based on the reports of Lomax
(1966) and Myers and Hoch (1978) who test functional and
physical drug spread, respectively. Even the report by
Schubert, Teschemacher, Kreutzberg and Herz (1970), which
suggests a much greater radius of drug spread, indicates
that a 2.5 ul volume of morphine only spreads abdut 1.5 mm
from the injection -site during the first 30 minutes after
injection. These estimates of drug spread are for times
after injections when the behaviorally relevant drug effects
are likely to occur (e.g., drug dispersion 30 minutes post
infusion corresponds to the length of the conditioning trial

in this expgriment}) .

?
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degree of drug spreadnweré known,; the portion qfithe
rewarg—relebant receptorlp0pulat}on that must be chemically
activated to result in a place preference remains unknown.
If a la}ge percentage of the target receptors must.be
activated, then the zone identified in the present study

may représent the midpoint of a broad homogeneocus field.

If, on-the other hand, only a small.proportion of the

total receptor figld capable of mediating this response
needs to be stimulated by the morphine infusions, then the
zone demarcated by this technique comes closer to actually
*mapping the extent of the reward-relevant receptors in the .
ventral tegmental area. Third, thewh}stologiqal analysis
diq not provide a high degree of anatomical resolution.
?he injection cannulae used in this study had a diameter
of approximately 0.36 ﬁm, and determination of the brain '
section that represented the deepest penetration of these )
Eannulae was difficult; The high degree of interjudge |

At

reliability, however, suggests consistency in the histo- -

Iy -

logical groupings although such determinations of cannula
placements are only an anchoring pointifor the data analy-
sis.’ =

The resultsuof the present study, combined with
those of Phillips and LePiane (1980), offer corroborative

support to the notion that the ventral tegmentél area con-

tains the opiate-receptor field responsible for morphine's

- rewarding action. The fact that naloxone blocks the develop-

ment of a conditioned plaée preference from central morphine

g
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injections’ (Phillips &’LePiaﬁe, 1980) demonstrates that the
activation of opiate receptors is necessary for this
rewarding action (see Sectién 3.2.2). The failure of
injecﬁlons doréal to the ventral tegmentum to produce a

" change in place preference (Phillips & LePiaﬁe, 1980)
eliminates the possibility that drug was diffusing up the
cannula shaft and was spreading to a“g;stal site of action.

¢

The pregent study‘showed that infusions rostral or caudal

to the ventral tegmental area were also~ineffective'thus '
eliminating axonal streaming (i.e., drug diffusions along
axonal projecgions; see Routtenberg, 1972) as a possible
explanafion of this effect. Furthermore, since injections
ventral to this region did not result in a place prefgerence,

drug dispersion mediated by the ventral cistern or cerebral

vasculature could not account for the rewarding property of

these infusions. 1In conclusion, morphine infusions into
the ventral tegmertal area produce a conditioned place pre-

ference that is both pharmacologically and anatomically

i
i
;

specific (see Sections 3.2.2 & 3.3.3). The zone of reward -
relevant opiate receptors has tentatiﬁély been defined as :

extending about 1.4 mm from 2.4 to 3.8 mm posterior to =
. * .

bregma. The, fact that this zone corresponds to the approxi-
mate location of the mesolimbic and nigrostriatal dopamine
‘cell bodies suggests that opiate reward may be dependent

on the modulation of one or both of these dopaminergic : ki

~—
~—

systems.
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CHAPTER 5 .

THE EFFECT OF MORPHINE ON

BRAIN DOPAMINE FUNCTION .

5.1 ,Introduction

Op‘iates have seemingly ubiquitous actions affecting -
both the central and peripheral nervous systems. Some of
the effects of opiates on i)ioloqical activity are independent
of opiate-receptor mechanisms and are due to influences on
electrolyte balance and membrane stabilizatién; these
m?ffects include some opia:\‘;{e actions on neural impulse con-
duction, enzyme énduction, and cellular metabolism which
are not blocked by narcotic antagonists nor demonstrable
only with "active" stereoisomers (e.g., Contreras, Contreras,
Gonzalez, & Concha, 1980; Durham & Frank, 198l; Frank, 1975;
E‘ra'r'lk & Marwaha, 1978; Gero, 1979; Goldstein, Lc;wnéy, & Pal, -
wl97l; Jacquet, 1980; Seeman, Chau-Wong, & Moyyen, 19725 .
These opiat'e actions appear to be independent of classically
defined ovbiate-receptor mechanisms (see Goldstein, 1974;
Simon & Hiller, 1978; Snyder & Matthysse, 1975) and are
.probably \relatively' unimportant at pharmacologically rele-
vant concentrations of opiates. On the other hand, various
neurotransmitter systems, including the catecﬁolamines,

show characteristic responses to opiates through a drug o

- o
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action that is mediated by stereospecific opiate-receptor
. .
mechanisnfs. These responses generally occur at pharmaco-,

logically relevant concentrations.and are likely to be
. o
involved.in the central nervous system effects of thera-

peutically and recreationally administered opiates.

'Brain dopamine is involved in a variety of

behaviorally relevant processes. Over the past decade an-

»

important role for dopamine has been well established for

-

locomotor activityf regulation of feeding and drinking,

brain stimulation reward, stereotypy. the behavioral stimu-

AY

lating action of amphetamine and cocaipe, and psychopatho-

-

logical disturbances in thought and affect. (For reviews

of the involvement of dopamine in these behaviors, see

t

Carlsson, 1978; Crow & Deakin, 1978; Fibiger, 1978; Fibiger
& Phillips, 1979; Hall, Bloom, & J. Olds, 1977; Hornykiewicz,
1972; Post, Cutler, Jimerson, & Bunney,'Jr., 1981; Snyder,

Banerjee, Yamamura, & Greenberg, 1974; Ungerstedt, 1971bg,

\

1978; Wise, 1978, 1982). Because of the profound influence

of opﬁates on behavior including the developm@ﬁt of narcotic

¢ °

addiction, interactions of brain dopamine and opiates have

become an area offconsiderable interest and the subject of

numerous reviewsl(see Clouet,” 1975; Eidelberg, 15765 Iwamoto
& Way, 1979; Iwatsubo, l9éé; Kleﬁm, 1981; Kuschinsky, 1981;
Lalf 1975; Martin & Sloan, 1977; Sparber, Gellert, § Fossom,

1979).

5.1.1, Distribution of Opiate Receptors at Dopamine Systems

s
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7 \\ Opiate-receptor fields have been identified at both
dopaﬁine terminal areas and cell bodies.! 1In addition,
[

¥

e i tag D) N

immunocytochemical procedures have demonstrated the exis-
tence of endorphins in these same regions (Haber & Elde,
l?éZ; Hokfelt, Elde, Johansson, Terenius, & Stéin, 1977;
Sar, Stumpf, Miligr, Chang;‘& Cuagrecasas, 1978;\Uhl, Good-
man, "Kuhar, Childers, Snyder, 1979; Yang, Hong, & Costa,
1977) . The distribution of opiate rec¢eptors parallels the
concentfation of dopamine found at varioud rostral-caudal
sections in the striatum (Schwartz, Pollaré, Llorens,
Maifroy, Gros, Pradelles, & Dray, l9785. A morphologicdd
relationship has been estéblished between these opiate
receptors and‘dgpamine neurcns, la;gely through the use of
selective lesioning procedurés. The injection of
6-hydroxydopamine into the striatum results in a selective
destruction of the presynaptic dopamine neurons in this
region (Breese & Traylor, 1970, 1971; Jonsson, 1980} . This
is accompanied by a 30‘to 55% reduction in striatal opiate
binding, (Carenzi, Frigeni, & Bella, 1978; Gardner, Zukin,

»
<

& Makman, 1980; Llorens—-Cortes, Pollard, & Schwartz, 1979;

'Compare the distribution of dopamin§ neurons
(Jacobowitz & Palkovits, 1974; Lindvall & Bjorklund, 1974;
Moore & Bloom, 1978; Palkovits & Jacobowitz, 1974; Ungerstedt,
1971a) with opiate receptors (Atweh &-Kuhar, 1977ab; Duka,
Schubert, Wuster, Stoiber, & Herz, 1981; Pert, Kuhar, &
Snyder, 1975, 1976; Snyder & Matthysse, 1975). Some of the
highest opiate-receptor binding is found in the terminal
fields of the.mesolimbic and nigro-striatal dopamine systems
(e.g., nucleus accumbens, amygdala, caudate nucleus). Moder-
ate levels of opiate-receptor binding are also found proximal
to the dopamine cell bodies of these systems (i.e., substantia
nigra, ventral tegmental area).

4
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Murrin, Coyle, & Kuhar, 198Q; Schwartz et al., 1978)° sug-

BN

gesting a presynaptic localization of these opiate receptors.?

. ] B A », » +
Lesions in the cell body region that projects to the striatum

Y

(i.e., substantia nigra) also produce a similar.decliﬁq in
striatal oﬁfate—réceptor binding (Gardner et al., 1980;
Llorens et al., 1979; Schwartz;et al., lQiSL. Similarly,
‘injeétions of 6-hydroxydopamine into the cell ggdy region of
the mesolimbic doéamine system (i.e., ventral -tegmental area)
or the terminal field in the nucleus accunibens lead to a
reduction of opiate receptor binding of the t&rminal region
in the nucleus accumbens (Pollard, Llorens, Bonnet, Costentin,
& Schwartz, 1977).

The injéction of kainic acid into the striatum,
which selectively destroys the cell bodies (Brit£ & Wise,
1982; Jonsson, 1980; Mcéeer & McGeer, 1981, 1982; Peterson
& Moore, 1980) sparing the presynzptic dopaminergic neurons,
produces a 35 to 83% reduction in striatal opiate-receptor
binding (Carenzi et al., 1978; Gardner et al., 1980; Llorens
et al:, 1979; Murrin et al., 1980; Schwartz et al., 1978).

This reduction in opiate binding is bélieved/to reflect the

loss of postsynaptic opiate receptoré. The sffects of

: ’

’Sevoral investigators have shown that txanssynaptie—
degeneration can occur after lesioning (Ghetti, Hyrouplany, ™
& Wisniewsky, 1972; Hattori & Fibiger, 1982; Pinch
Powell, 1971: cells that make synaptic contact with lesioned
cells can underga degeneration even though they were not
directly lesioned. It is unlikely that such transsynaptic
degeneration could account for all of the loss in opiate

receptor binding seen in these lesion studies, but it could
influence the magnitude of the reduction in binding.

\
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kainic acid and 6-hydroxydopamine lesiaons are additive in
the striatum (chwartz, 1979) further supporting the notion

by

that these neurochemical lesions are affecting different

,

opiate receptors (i.e., ‘pre; vs. post-synaptic opiate °
receptor sites). It is interesting to note that some
opiate-receptor binding remains in the striatum after this
combined lesioning technigue (Schwartz, 1979). This suggests
a presynaptic opiate receptor'in the striatum asséciated with
a 'system that originates outside the'substantia nigra.

The overlapping distribution of opiate-receptor
fields and dopamine systems makes endorphins a likely neuro-
modulator of dopaminergic activity. Johnson, Sar, and Stum'pf
(1980) have recently'used combined histofluorescence
immunoc'ytochemistry to demonstra;te the presence of enképhalin
fibers juxtapositional to substantia nigra and ventral teg-
mental dopamine neurons. Their study suggests that enkepha-
linergic f£ibers make axo-dendritic or axo~axonic contact

with dopamine neurons in this region.

5.1.2 Dopamine -Synthesis and Metabolism

The catecholamine synthesis chain begins with the
transport of tyrosine into the nervous system- and its W
subsequent con{version by tyrosine hydroxylase to Q\
L-3$1-d‘ihydroxyphenyla anine (L-dopa). Next, L-dopa is
decarboxylated to g]o/Zamine by aromatic amino acid decarboxy-

lase. In nerve terminals containing the cgtecholamine

norepinephrine, dopamine is further acted upon by dopamine

oot
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,beta hydroxylase to form norepinephrine. The conversion
of L-~dopa to dopamine is very rapid while the‘oxiQati’on of /
tyrosine to L-dopa is much slower. Thus tyrosine_hydroxyla- . ‘ &

tion is the rate-limiting step in the biosynthesis of ' i

dopamine. Dopamine is probably imnactivated by several :

mechanisms: (1) pasStwe diffusion from the synaptic cleft,

(2), re\g'pta’ke'which‘returns dopamine to ‘the pfesynaptic ter-

mi;ual, and (3) enzymatic degrwadation. although there are.

several metabolic pathways that éan elimilnate dopamine,

- the. twodgnzymes primarily responsible for its .nactivation .
are monoaminfz oxidase which converts aopamipe to

C 3,4-dihydroxypheny/lacetic acid )(‘DOPAC) ‘and catechol-0-

;pethyltransferase which metaboliz'és dopamine to

",} 3-methoxytyra'mine.3 Both compounds can Be further metabo-,

) lized. to hc;movanillic acid althougfx appreciable quantitiesk *

' of DO?AC‘ can leave the central ner;rous system. (For réviews -

' of’ dbpamine biosynthesis and metabolism, see Cooper, Bloom,

’

& Roth, 1978; Hornykiewicz, 1972; Moore & Kelly, 1978:

: : Moore & Wuerthel/e/i—Q‘w; Westerink, 1979.)

s, 5.1.3 Diftinction between Neural Activity and Function

I't is important to distinguish between the concepts

-

of neurotransmitter activity and function. "Activity" is

: 3Westerink and Spaan (1982a) have shown that only’
N\ about 20% of the homovanillic acid is formed from .
P , \_3—-methoxytyramine. This suggests that this enzymatic
pathway is relatively unimportant for the degradation of
dopamine. : i .
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hydroxy lase DOPA

aromatic amino
acid decarboxylase

' receptors .
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DOPAMINE
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Fig..5.1. Dopamine is intracellularly metabolized to
DOPAC which leaves the brain in appreciable quantities.
Much of the DOPAC is further metabolized to HVA in an
extraneuronal cempartment. Abbreviations: COMT, -
catechol -0~ methyltransferase; DOPA, L-3,4-dihydroxy-
phenylalanine; DOPAC, 3,4-dihydroxyphenylacetic acid;

. HVA, homovan_.llic acid; MAO, monoamine oxidase; 3-MT,

.3-methoxytyramine. . .
Note: Intermediate and alternative metaBbolic pathways
have been omitted (e.g.., aldehyde dehydrogenase),

. . \ 2
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used to designate dynamic changes in the parameters of ’
L 4 .
neurotransmitter synthesis, release, and metabolism (i.e,,
[ presynaptic and extraneuronal events). An increase in any

- .

one (or all) of these parameters can be regarded as an
increase in the activity of a particular neurotransmitter.
‘No interpretation should be inferred regarding the' efficacy

df that increased activity on‘receptor cells and those post-
synaptic events mediated by that neurotransmitter. While .
it is frequentiy true that increase@ activity of a neuro- \.
tgansmitter system cah produce an énﬂancemenE of the events
mediated by that ngqrotransmittef, ;t is equa%iy ﬁossible
" that these same parameters of neurotran§mitter activity
) might be the reSult.of an attenuation of neurotransmitter
efficacy at the receptor cell. .
' "When the events mediated by the receptor cell are
enhanced, there is an increase in the function of E?at

1

particular neurotransmitter. Thus, “funct?on" can be
' defineé‘as the events normally mediated by thevreceptor

cell. If the effect of a particular neurotransmitter wel
to excite a postsynaptic receptor cell, then enhanced neuro-
transmitter function would result in an increased excitatory
action at the receptor cell. Conversely, decreased neuro-

\ transmitter function descfibes an attenuation pf those
events mediated by that particular neurotransmitter. In

this sense function connotes the ﬂet result of neurotrans-—

mitter stimulation on the receptor cell and directly reflects

-

the efficacy of that gdtion.
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The neurochemical determination of neurqtransmitter
activity genérally involves the measurement of turnover
(i.é., syntﬁesis rate] or metabolite formation. Thé activity
of a particular cell group whichfcontains a given heurotrans-
mitter can also be assessed by electrophysiolagical recording
of the cell firing rate. Both approaqhegﬁusually'give a
clear indication of the rate of neurotransmitter release
and, thus, activity. Neurophysiological determination of
changes in neurotransmitter function, however, becomes much
more difficult. The postsynaptic target cells must be iden-
tified and changes in the electrical activity or the bio-
chemical events (e.g., transmitter-gated channels
or formation of tyclic adenosine 3',5'-monophosphate) medi-
ated by the action of g particular neurotransmitter on those
cells muét be studied. Because there is difficulty in deter-
mining the neurophysiclogical consequences of a neuroérans-
mitter on its receptor cells, .most neurochemical studies
rely on measurement of neurotransmitter activity and assume
that the effect of this actiQity on neurq%ransmitter function
is predictable from known systems.

Electrical stimulation of the substanti? nigra or
its efferent fibers causes an increase in the release and
metabolism of dopamine with a concomitant acceleration of

synthesis (Korf, Grasdijk, & Westerink, 1976; Korf, Zieleman,
r

—

& Westerink, 1976; Murrin & Roth, 1976). The enhanced dopa-

A}

mine activity can be easily measured by elevations in DOPAC

and homovanillic acid levels or dopamine turnover rate. The

e
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Arbuthnott &\ Ungerstedt, 1975; Barghon & Costentin, 198Q;
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newly released dopamine is presumed to increase the post-
‘ |

synaptic events mediated by this neurotransmitter .system and

both neurochemical (see Korf, 1979) and behavioral (e.g.,

e

1
’
o
£
5
S

Roffman, Bernard, Dawson, Sobiski, & Saelens, 1978) indices

support this assumption. Amphetamine administration produces
an increase in dopamind\release and\syhthesis (see Glowinski,
Cheramy, & Giorguieff, 1979; Nicolaou, 1980; Westerink, 1979)

without a reliable increase in DOPAC or homovanillic acid

U . E gy o

formation. These changes in activity are associated with

s ,a

enhanced dopamine function (see Breese, Hollister, & Cooper,

1976; Cole, 1978, Creese & Iversen, 1975; Hornykiewicz, 1972) :

LTS IREN

even though some measures of dopamine activity (i.e., firing ;

. |
rate of dopaminergic neurons, DOPAC formation) are .decreased \

Feo wa

e Ymm

(see Bunney, 1979; Bﬁnney & Aghajanian, 1978; Moore & Kelly,
1978; Nicolaou, 1980; Westerink, 1979). The administration
of neuroleptics also increases the release of dopamine, but -

this effect is accompanied by marked increases in dopamine’

KRS,

metabolite formation and the firing rate of these neurons
(see Bunney 1979; Bunney & Aghajanian, 1978; Moore & Kelly,
1978; Westerink, 1978, 1979). While neuroleptic treatment

produces an increase in dopamine activity, it is the result

of a blockade of dopamine receptors on the target cell of

PEENE W ST S

this system;"* hence, there is a decrease in dopamine function.

Numerous lnvestlgators have shown that a decrease
1n the Dostsynaotlc consequences of dopamine action produces
an increase in the presynaptic activity of these systems ‘
(e.g., Bunney & Aghajanian, 1976; Carlsson & Lindgqvist, 1963;
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(See Seeman, 1980, for a review of the data indicating that
neuroleptics block dopamine receptors.)

The enhanced firing rate, élevated neurotransmitter
release, and increased metabolité formation are so closely
associated with the postsynaptic blockade of dopamine sensi-
tive cells that they characterize neuroleptic action (Bunney,
1979; Westerink,<1978, 1979) and have been used to conclude
that the effect of various drugs is neuroleptic-like. This
is in direct contrast to the nérmal qpurophysiologigal situa-

tion where increases in neurotransmitter activity would be

expected to result in increases in neurotransmitter function. H

——
W -

5.2 Effects of Morphine on Parameters 3 !
of Dopamine Neurophysiology L4

Perhaps the most common method of studying the ' 4

effects of .opiates on dopaminergic systems is to determine

the actions of these compéunds on various aspects of dopamine
neurophysiology. There are three primary variables to be
considered. First, the electrical activity of cells that
release or respé%d to the application of‘dopamine can be -
determined. Potential excitatory and inhibitory effects
are reflected by increaéés’and decreases in the spontaneous

firing rate of these cells. Multiple unit and single unit

o i AR

activity give indices of the effects of morphine on large or

small vpopulations of neurons, respectively. Caution must be

© et AT

Cheramy, Leviel, /& Glowinski, 1981; Glowinski, Michelot, & _
Cheramy, 1980; Tissari & Gessa, 1981), although there is - i
considerable controversy regarding the nature of this feed- i
back mechanism. T (

o
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exercised in the inte;;?etation of the results aof these experi-
ments, However, in regard to whether the changes in eiectrical
activity represent changes in dopamine activity or func-
tiqp. Aasecond approach measures changes in the release and
metabolism of dopamine. This neurochemical method, however,

would appear to be limited to changes (n dopamine activity

¢ -
and has no direct relationship to the functional aspects of
e
. that activity. The third approach determines the effect of .

opiates on various systems believed to reflect the functional

result of dopaminergic activity--the biochemical processes

that mediate the effects of dopamine on the target cells of

these systems. Of these three techniques, the latter
N ,

approach would be the most diretct measure possible of the

effects of opiates on dopamine function. It is also, how-

‘

ever, the most problematic since the postsynaptic conse-~
guences of dopaminergic activation of the target cells are
not easily identifiable.

\
5.2.1 Electrophysiological Indices

.

Opgates affect the electrical activity of many Sy

iknsr o a e BT s Mt .

neural systems. The predominant effect of both systemic

J e P

‘and microiontophoretic application of opiates seems to

be a depression in Fpe spontaneous firing rate anpnd the

evoked activity of cells (Baldino, Beckman, & Adler, 1980;

I

_Prench & Siggins, 1980; Gebhart, 1982; Klemm & Mallari,
1980; North, 1979; Zieglgansberger, Siggins, French, &

Bloom, 1978). There are several exceptions'td this; the
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most notable is the "excitatory action of opiates at hippo=-
campal cells (Corrigall & Linseman, 1980; Gahﬁiler, 1984Q;
Gahwiler & Maurer, 1981l; Robinson & Deadwyler, 1980), This
actién, however, is probably due to disinhibition and not
to the result of a direct excitatory action (see Nicoll,
Alger, & Jahr, 1980; Zieglgansberger et al., 19§8; \
Zieglgansberger, French, Siggins, & Bloom, .1979). Most

studies of the effects of opiates on elegtrical activity

have used unidentified populations of neurons. That is,

“~

the neurotransmitter involved in the normal activity of
these units has not been determined by the experimenter.
Nonetheless, §ince the predominant effect of épiates on
unit activity is a decrease in firing rate, many investiga-
tors have:apparently(concluded that this inhibitory action
is also likely to occur in dopaminergic neurons. This
conclusion, however, is contrary to the empirical evidence
regarding the effect of 6piates on cells identified as
containi#ng dopamine as their neprotransmitter.
Morphine‘treatment increases the firing rate of the
dopamine-containing cells of the substantia nigra (Gysling
& Wang, 1982; Iwatsubo & Clouet, 1977; Ostrowski, Chiodo,
Keller, & Caggiula, 1981; Matthew & German, 1982). This
effect has also been reported for the ventral tegmental

dopamine cells (Gysling & Wang, 1982; Matthew WY& German,

.1982). The microiontophoretic application of morphine into

the substantia nigra produces an increase in the firing rate

of these dopamine—containiﬁg cells; it has been found, how-

PN Y - P UGS
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ever, that the ventral tegmental dopamine neurons are much
more sensitive to morphine treatment'than are the suhstantia
nigra dopamine cells (Matthew & German, 1982), Lesions of
the efferent fibers of the nigéostriatal system attenuate
the response of\substantia nigra neurons to morphine treat-
ment while lesions of the efferent connections of the meso-~
limbic system have no effect on the enhanced firing of ven-
tral tegmental neurons following morphine treatment (Gysling
& Wang, 1982).

Both the systemic and the microiontophoretic applica-
tion of morphine directly onto caudate (Dafny, Brown, Burks,
& Rigor, 1979ab; Frederickson & Norris, 1976, 1978) and
globus pallidus (Huffman & Felpel, 1981) neurons inhibit
the neural activity of these units. This parallels the
action of dopamine at these neurons (Bernardi, Marciani,
Morocutti, Pavone, & Stanzione, 1978; Herrling & Hull,=l9&0;
Siggins, %978; but see also York, 1979). Thus the effect
of morphine on the termifal projections of the substantia
nigra dopamine system seems to mimic the action -of dopamir;;—~
on these cells.

In an elegant experiment by Finnerty and Chan (1981),
units from several populations were simultaneously studied‘
in an éttempt to detérmine the effects of systemic morphine
on several links in the nlgrostrlatal dopamine system. jUnlts
ii1 the pars compacta of the substantia nlg;a’whlch contain
dopamine cells, units in the caudate nucleus which is one of

v

the major terminal projections of this system, and units in

N
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the zona reticulata were studied in the same preparation.
The latter region contains cells that are not doﬁaminergic
and is bel}eved to send axons dorsally to the pars compacta
to modulate the activity of these dopamine¥containing
neurons. The systemic injection of morpliine caused a dése
dependent.decrEase in activity in the units recorded ffom
the zona reticulata while units in the dopamine~containing
cell bodies of the zona compacta increased théir spontaneocus
firing rates. The caudate nucleus showed a decrease in qell
firing indicating that morphine inhibited the postsynaptic
target cells of the nigrostriatal projection. This latter
finding is especially iqt?resting since the action of
Eontophoretically applied dopamine on these units is inhibi~
fory. Hence, gystemic m5fphine injections mimic the effects
of dopamine release in the caudate nucleus. Finnerty and
Chan (1979, 1981) suggested that morphine causes a functional
increase in dopamine activity by disinhiﬁiting cells in the
zona compacta of the substantia nigra. R&ga;dless of the
nature of this action, their study demonstrates that morphine
can increase both the activity and function of this doﬁamin—
ergic system, |

Palmer and Hoffer (1980) have reported that the
ﬁicrciontdphoretic application of an enkephalin analog
decreases the unig activity of cells in the frontal cortex.
T%is region receives input from the ventral tegmental

dopamine system and the distribution of these neurons

parallels that seen for enkephalins (see Palmer & Hoffer,

X
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/' 1980). The denressant action of enkephalin on these cells

was blocked by neuroleptics which block dopamine-receptors
but not by their inactive stereoisomers. Furtherﬁore;

the destruction of the doéaminergic input to the frontal
cortex was shown to attenuate the action of enkephalin on
these cells.

-
In summary, whilte-morphine decreases the activity

of most units studied in the central nervous system, dopamine

. containing cells in both the substantia nigra and ventral

tégmental area show an increase in unit activity in response
to morvrhine treatment. Simiiarly, the target cells of these
projections show changesiin activity that parallel the

effect of dopamine application,

5.2.2 Neurochemical Measﬁres

Morphine increases the synthesis and release of
dopamine as well as the formation of two of iﬁs metabolites,
DOPAC and homovanillic acid (Chesselet, Cheramy, Reisine, &
quyinski, 1981; Clouet, Johnson, Ratner, Williams, & Gold,
1;7?; Clouet & Ratngr, 1970; Costa, Cheney, Racagni, &
Zsilla, 1975; Gauchy, Agiel, Glowinski, & Cheramy, 1973;
Kuschinsky & ﬁornykiewicz, 1972; Moleman, 1977; Westerink
& Korf, 1976). This indicates that there is an increase in
the activity of dopaminergic systems in response to morphine

treatment. The nature of this enhanced activity, however,

'is not clear. The application of amphetamine, which is

known to increase dopaminergic function, produces a decrease

e e W

/
3
3
i
]
¥
3

ET7E RE S

e

R
=

A """@ér i e



L e e

lo3
”

~

in the metabolism of dopamine. Neuroleﬁtic treatment, which
has heen shown to block dobamine receptors, produces an
incfease in the synthesis and metabolism of dopamine. This
ha; led several investigators to suggest that morphine
blocks dopamine feceptors and the increase in dopaminergic
activity is the result of a compensatory increase in the .

firing of dopamine-containing cells similar to that propesed

for neuroleptic drugs. The electrical activation of

dopamine-containing cells in the substantia nigra also

procduces an increase in the synthesis and metabolism of

'

dopamine and this effect is assumed to be related to an
increase in the functional activity of this system. Thus, )
the increase in dopaminergic activity (i.e., synthesis and
metabolism) may be associated with either a diminished or
enhancedgfunction of these dopaminergic neurons. Therefore,
measures of dopamine activity do not establish whether mor-

phine increases or decreases the function of these dopamine

systems.

5.2.3 Putative Modéis of Dopamine Function

Another approach to assessing the effect of morphine
on doéamine function is to directly measure the influence
of morphine on the postsynaptic consequences of dopamine.
That is, if the effects of dopamine on its target cells were
identified, then the action of morphine on these postsynaptic
events could yield a direct measure of morphine's effect _on

dopamine function. There are three models cof dopamine func-
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tion that will be considered in this regard: (1) the fdrma-
tion of 3—hethoxytyramine which is believed to reflect the o

extraneuronal release of dopamine, (2) the formation of

cyclic adenosine 3',5'-monophosphate which has beer, proposed

as a second messenger in cells receiving dopamlnerglc inner- .

bl b

yaglon, and (3) the release of prolactin Wthh has been

\

shown to be inhibited by‘' dopamine. |

It has been proposed that the metabolism of dopamine /

to 3—methoxytxram1ne reflects the functlonal extraneuronal

release of dopamine while the metabolism of dQEamlne to

DOPAC>and homovanillic acid is the result of nonfunctional,

intraneuronal dopamine release (Carlsson & Lindgvist, 1963;

Di Giulio, Grdppétti;‘Cattabeni, Galli, Maggi, Algeri, &
Ponzio, 1978; Kehr, 1976; Westerink, 1979; Wood, Stotland,

Richard, & Rackham, 1980). The administration of drugs

-

believed to increase dopaminergic function through an action \

W

on endegenous dopamine (i.e., amphetamine, cocaine, methyl-
phenidate) causes an inﬁrease in 3-methoxytyramine whi}e

the direct acting dopaminergic agonist apomorphine does not
(Di Giulio et alz, 1978; Waldmeir, Lauber, Blum, & Richter,
1981; Westerink, 1979; Westerink & Spaan, 1982ab;Wood<etal.,
1980). Simila;ly, electrical stimulation of the dopamine
cells in the substantia nigra causes a frequency-dependent
increase in striatal 3-methoxytyramine formation (Wood, Nair,
& Bozanth, 1982) further supporting the notion that functional

increases in dopamine neurotransmission are accompanied by
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an increase in this metabolite. Waldmeier et al, (1981)
have challenged this proposal suggesting that
3-methoxytyramine is rapidly converted to homovanillic

acid and thus maintains a steady-state concentration despite
increased metabolism of dopamine to 3-methoxytyramine {see
also Westerink & Spann, 1982ab). This argument attributes
much of the increase in 3—methoxyty£amine following ’
amphetamine treatment to the monamine oxidase inhibiting
properties'of amphetamine. This would explain why some

drug treatments (e.g., neuroleptics) thought to increase.
the extraneuronal release of dopamine fail to produce
increased 1eveLs of 3-methoxytyramine (cf. Qesterink, 1978).’
The increased formation of 3-methoxytyramine following
electrica} stimulation, however, clearly demonstrates that
the rate of deaminat}on of 3-methoxyty£amine to homvanillic
acid is not sufficient to maintain a steady-state concentra-
tion of this potentional index of functional dopamine-telease
(Wood et al, 1982).

. Wood et al. (198Q) have éxamine@ the effect of'mor-
phine on striatal dopamine metabolism’aﬁd found an increase
in DOPAC and homoygnillic acid formation accompanied by no
change in 3-methoxytyramine in the rat. This is in cBntrast
to their finding of an increase in 3-methoxytyramine lé&éls
in mouse brain. They relate these findings to the behavioral

depressant effect of morphine in rats compared with the behav~

ioral activation found in mice. Thus the effect of morphine

0
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on’striatal 3-methoxytyramine levels depends on the species
tested as does the behavioral effects of morphine treatment.

Recently, the same laboratory group has examined

several projections of the ventral tegmental dopamine
system. Wood (personal communication) has fou;a an .
increased formaﬁi5%7of 3—methox&tyramine in the nucleus:
accumbens® but not in the frontal cortex® or septal terminal
fields~of‘this system. Therefore, the effect of morphine

on this putative model of dopamine function depends on the

\ ~

‘dopamine terminal field studied. Further testing is required

before the validity of this model can be fully evaluated.

Considerable evidence suggests that cyclic adenosine

3',5'—mongphosgﬁate (cAMP) may mediate the postsynaptic con-

sequences of some neurochemical transmission including that

of dopamine. Treatments known to enhance dopaminergic neuro-

SThis finding substantidtes an earlier report by
Westerink (1978) which showed an increase in 3-methoxytyramine
in the nucleus accumbehns and olfactory tubercle of rats fol-
lowing morphine treatment. Westerink (1978), however, used
a monoamine oxidase inhibitor to retard the formation of
homovanillic acid and thus slow the metabolism of
3-methoxytyramine. Inhibition of this enzyme has been sug-
gested by Roth, Salzman, and Nowycky (1978) to alter cate-
cholamine synthesis. .

®Bannon, Bunney, and Roth (1981) have recently shown
that the turnover of dopamine in the frontal cortex is
approximately four times faster than that in the striatum.
This rapid turnover might make it difficult to detect sigwi-
ficant drug-induced changes in 3-methoxytyram1ne levels
since the basal level of this metabolite is probably prooor—
tionally "higher in the frontal cortex than in the striatum.
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. transmission (e.g., electrical activation of either pre- or
B ﬁ . ! R . ’
Eést—synaptic elements, amphetamine a@@inistration) increase
the formation of cAMP in striatal tissue.while treatments

- that decrease dopaminergic function (e.g., dopaminergic

-~ - "

receptor blockade) lower the levels of cAMP in dopamine-rich
N ‘ < k4 ‘ o

brain areas. Manipulations that alter cAMP levels have also

been shown to influence events believed to be dependent on .

- . N ] »
o

X dopaminergié neurofransmission. (For”reviews‘gf the invdlve—

" ment of dAﬁP in neu;ot;ansmissioh, see Bloom, 1975; 3figgs &
MéAfee, 1982; Cooper etal., 1978; Greengard, 1976;1981; Kebabian
& Greengard, 1971; Kebabian, Zata, & O'Dea, 1977; Libet, 1979). ;

The effecttafobiates on cAMP formation has been pro- , i

3 posed as a molecular model of opiate action’ (see Brandt,
' ) Trabe;, Glaser, & Hamprecht, 1978; Collier, 1979, 1980;

k]

. .
Hamprecht, 1978; Klee, 1979; Wollemann, 1981). This model

has been’%pecificafly applied to the action of omiates on

a i
. dopaminergiec systems by studying the effects of opiates in

. - N |

-preparations where the effects of dopamine are known (e.g.,

.Carenzi, 1978; Coéta, Carenzi, Guidotti, & Revuelta, l§73;
; Negeff, Parenti, Gentleman, & Olianas, 1981; Stefano, Catapane,
, ~ & Kream, 1981). ‘ - "‘7 -
Tﬁére*are two problems with using cAMP as a model

T o

of opiate action on dopaminergic functiopn. First, the
Q

4 relevance of CAMP to_dopamine function has been challenged.

i
%
]
3
i

The dopamine-receptor population that mediates the effect”

" of dopamine on cAMP formation is different from the receptor

population responsible for the mediation of the other effects

PRV NP ;_smm‘ Frerpra N . /‘.‘“
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of dopamine-receptor activation (Hartley, Spuhler, (JPrasad,
& Seeman, 1980; Marchais, & Bockaert, 198Q; Seeman, 1980;
Takimoto & We‘iner, 1981). Libet (1979) has suggested tvhat
cAMP mediates the modulatory effect of aopamine an acetly-
choline‘neu_rotransmission but not the hyperpolarization
response se;h in ‘many dopaminergic target cells. Although
there is strong evidence that dopamine can inflﬁence the ‘
formation of cAMP, the relevance of this action to the

behavioral or neu;obn@iologicaf effects of dopamine is
~

unclear (see Seeman, 1980). Another problem with the use
of cAMP as a mc?del of the effect of opiate action on dopa-
minergic function concerns the nature of the interaction K
of opiates with this system. Costa et al. (197Z§) have ;
reported that cAMP formation is enhanced by amphetamine in
a dose-dependent manner and that a similar effe;ct was -
observed wi_t}'m morpljaine. The threshold dose of morphine
necessary to stimulate ldopamine turnover, howewer, was lower
than that ;required to alter the formation of cAMP. Other
investigators have reported conflicting results with opiates
inhibiting, stimulating, or not affecting the formation of
cAMP (see Simon & Hiller, 1978; Wollemann,l981), Fantozzi,
Mullikin-Kilpatrick, and Blume (1981) have shown that 'in

neurobhlastoma x glioma cells’. a reduction in the number of

"Neuroblastoma x glioma cells (NG108-15) are a
hybrid cell culture frequently used to study the effects of
opilates on cAMP. These cells show stereospecific opiate
binding that is blocked hy naloxone and have even been used
to demonstrate tolerance to opifates (see Brandt et al.,
1978; (;Qllier, 1980; Hamprecht, 1978).
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opiate receptors does not affect the ability of an enkephalin‘
analog to inhigit the formation of cAMP. In addition, bdéth
intracellular and extracellular recording techniques ﬁave

been used to show that the in vitro inhibitory effect of
opiates on single neurons is not affected by manipulations

of cAMP formation (Karras & North, 1979; North & Vitek, 1980).
Theﬂ%fore, the proposed relationship of cAMP and opiate
actions may be a promising approach to studying the molecular

effects of opiates, but the existing data do not supp&rt its

use as a model of dopaminergic function.

Prolactin secretion from the pituitary is inhibited

by dopamine, and drug-induced increases in: the release of

prolactin—kave been suggested to indicate a blockade of

dogamingﬁgﬁLeptors. (For reviews of the control of prolactin

secretion, sege Cronin, 1982; Moore & Johnston, 1982; Moore

& Wuerthele, 1979.) 1In fact, the antipsychotic potency of
neuroleptics, thch is believed to result from their ability
to block dopamine receptors (see Seeman, 1980:; Snyder e£ al.,
1974), is highly correlated Qith their ability to stimulate
prolactin secretion (Langer, gachar, Gruen, & Halpern, 1977).
Furthermore, the stimulétory action of neuroleptics on”pro—
lactin seéretion appears to be independent of cAMP formation
{Lal, Niar, Iskandar, Etienne, Wood, Schwartz, & Guydé, 1982)
as is the antipsychotic action of these arugs (Seeman, 1980).

A
Opiates and endorphins stimulate prolactin secretion

(Collu, Tache, & Chaepenet, 1980; Gold, Redmond, Donabedian,
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Goodwin, & Extein, 1978; Meites, Bruni, Van Vugt, & Smith,
4979) and this effect has been attributed to an inhibition
of dopamine function (Collu et a}\., 1980; Labrie, Cusan,
Dypont, ‘Ferland, & Lemay, 1978; Van Loon, De So;za, Ho, &
Shinr, 1980). The effect of owniates on the dopaminergic
inhibition of prolactin release in vitro is unclear with
some inveétigatérs reporting an attenuation of dopamine's
effec£ (Enjalbert, Ruberyg, Arancibia, Priam, & Kordon, 1979)
whiie others report no cﬁange (Login & MacLeod, 1979).

Although blockjade of dopamine receptors clearly %
stimulates prolactin secretion, two lines of evidence chal-
lenge the use of prolactin secretion as a general model of
brain dopamine function: First, opiates increase the
activity of the nigrostriatal and mesolimbic dopamine
systems (see Section 5.2.1 and 5.2.2) but decrease the
activity of the tuberoinfundibular dopamine system which
is believed to control prolactin release (Alper, Demarest,
& Mocre, 1980; Demarest & Moore, 1981). The reasor; for this
difference has not been established, but it may be related
to functional differences in the regulation of dopamine
activi'ty in these systems (see Moore & Wuerthele, 1979).
Second, there is reason to suspect that morphine's effect
on prolactin secretion is not mediated by changes ‘in dopamine
function but by alterations in serotonergic (Demarest'&
\Moore, 1981; Koenig, Ma;{field, Coppings, McCann, & Krulich,
1980; Muller, Locatelli, Cocchi, Spampinato, Apud, Perri, &

Racagni, 1980) or cholinergic (Muraki, Tokunaga, Nakadate,
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& Kato, 1979) systems. Recently, Johnson (1982) has shown
that the microinjection of TOrphine directly into the
serotOnergic\cell bodies of the dorsal raphe nucleus
stimulates prolactin secrlation. Thus_“the action of opiates
on the tuberoinfundibular dopamine system may even be |
jrkelevant to' 'the prolactin-releasing effects of these

drugs. In any case, the effect of oviates on prolactin
release is not a suitabie model to study the action of these .

drugs on the function of other dopaminergic systems.

5.3 Effects of Dopamine Manipulations on
Morohine-~Induced Behaviors

Since the effect of morphine on doparﬁine function
cannot be determined by observing changes in the parameters
of dopamine neurophysiology produced by opiate administration,
alternative methods must be used to assess the possible
interactions and inﬁe,rdependences of morphine and dopaminer-
gic mechanisms. One approach is to study the effect of
‘dopamine manipulations on morphine—~induced effects such as
analgesia and physical dependence. If manipulations of
dopamine function (e.g., synthesis bloc}cade, recepfor block-
ade, potentiatidh by precursor loading or agonist administra-

-

tion) can be showr; to govern the expression of some morphine
induced effects, the\n an action of morphine on braifn dppamine
function might be inferred from this relationship. It is
important to note that the effect of manipulations.of‘ dopa-

mine function on morphine-induced behaviors could be the

result of the independent actions of these compounds on the
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behavior under study. Morphine may initiate a sequence of

events that produces analgesia, but an.independent action of

,

a drug which enhances doPamine func[iion may uncouple this

response. That is, hyperactivity ihduced by a dopamine

agonist may mask the expression of analgesia which is the
primary effect of morphine. These data should not be con-

. /
strued to indicate that dopamine agonists block morphine '

induced analgesia.

Some of the most prominent effects of morphine on ‘

!
]

behavior are analgesia, the dewvelopment of physical depen-=
dence, and reward or addiction to opiates. It is difficult
to evaluate the effects of drugs which alter dopémine
activity on these morphiné—induced behaviors. Profound

changes in motor activity can occur from alterations of

dopamine function. Generally, treatments that enhance

dopamine function lead to increased responsiveness to both

OBV TS JUITE W

internal and external stimuli while attenuation of dopamine

function produces marked lethargy and sedation (see Dominic

e e

& Moore, 1969; Hornykiewicz, 1972; Lloyd & Hornykiewicz,

v1975; Randrup, Munkvad, Fog, & Ayhan, 1975). It is not

RN W SSEY TN

surprising to find many studies that report increased
responsiveness to morphine-induced analgesia (e.qg.,

Eidelberg & Erspamer, 1975; McGilliard & Takemori, 1979)

and catalepsy from dopamine arntagonists or increased
withdrawal behaviors (Huang, Yano, & Takemori, 1978; I;.aschka,
\Gr(:‘lmSCh, Blasig, & Herz, 1978) associated with drugs that

potentiate dopamine function. (For reviews of the effects

»
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of catecholamine manipulations on morphine-induced behaviors,
see B2kil, Watson, Holman, & Barchas, 1978; Clouet, 1975;
Eidelberg, 1976; Lal, 1975; Martin & Sloan, 1977.) It
would be predicted that an animal sedated by catecholamirie
depletion or dopamine—receptor blockade would show behavioral
signs of enhanced analgesia. The pharmacological specificity
of these effects, however, is speculative.

In contrast, studies reporting enhanced analgesia
from dopamine agonists and attenuated analgesia from dopamine

depletion or receptor blockade (e.g., Chan, 1979; Jensen &

Smith, 1982; Nakamura, Kuntzman, Maggio & Conney, 19737

-Price & Fibiger, 1975; Robertson, Weston, Lewis, & Barasi,

1981) cannot be discounted as the product of nonspecific
arousal or sedation since the effects are opposite those
predicted from the individual actions of these maniﬁﬁlations.
Therefore, studies that demonstrate changes in morphine
induced effects where the individual actions of these treat-
ments directlyv summate cannot be construed as evidence
supporting an ighibitory action of morphine on.dopamine
furrction, while the results of studies where the effect of
alterations in dopamine function are opvosite those produced
by the individual actions of these agents add some support
to a model depicting dopaminergic mediation of morphine
induced effects. Furthermore, the finding that dopamine did
not play a crucial role in a given morphiﬁe-induced effect

would not indicate that morphine‘fails to modify brain

dopamine function.
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The presentation of data supporting a dopaminergic
mediation of morphine's effects and the discounting of data
to the contrary creates a seemingly one-sided argument.
Perhaps the best approaéh is to examine syséems where this
potential bias is absent.

5.4 Effects of Morphine on
Dopamine—-Mediated Behaviors

An alternative approach for studying the effiects of
morphine on dopamine function is to use behavioral "end-points"
where the relevant pharmacology has already been determined.
gaere are a variety of behaviors which appear to be ﬁediated
or requlated by dopaminergic mechanisms and a number of
experiments have examined the effects of morphine on these
behaviors. I£ is not suggested, that dopamine is exclusively
involved in these behaviors, but rather that dopamine has
an executive function whereby drugs modifying dopaminérgic
function produce predictable changes in behavior. 1In this
sense, dopamine;éic neural transmission may be tentatively
viewed as a crucial synaptic element whereby morphine may

express some of its effects.

5.4.1 Drug Discrimination Studies

The subjective similarities of amphetamine and mor-
phine in humans are perhaps best exemplified by the develop-
ment of psychometric scales designed to identify euphoria
producing and mood-elevating properties of drugs. Using
factor analytic techniques, Haertzen (1966) developed the

~
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Morphine-Benzedrine Group (MBG) scale in the Addiction
Research Center Inventory. This q‘xlestior;naire was con-
structed to determi'ne'the subjective effects of various
abused substances and to assess the abuse liahility of

new compounds. Although many drugs of abuse appear to

produce an elevation in mood (Martin, 1973), the MBG scale

spec}/fical«ky'iééﬁtifies drugs which produce morphine- and
amphetamine-like euphoria. Humans can readily distinguish
between morphine and amphetamine injections, but the pro-
nounced similarities in the type of euphoria common to

these drugs are inherent in the development of the MBG scale
(see Haertzen, 1966; Hill, Haertzen, Wolbach, & Miner, 1963).
It is not surprising that these two classes of drugs produce
distinct stimulus propertieé since ex-addicts can even dis-—
criminate between injections of morphine and heroin showing
a marked preference for the latter (Martin & Fraser, 1961;
see alsc Eddy, Halbach, & Braenden, 1957). This is probably
due to differences in the pharmacokinetics of these opiates
since heroin is quickly deacetylated. in th,e brain to morphiné
(Jaffe & Martin, 1975). Hence, differences in the subjgctive
effects of these comp'ounds would appear to result from the
moré rapid penetration of heroin into the central nervous
system (Oldendorf, Hyman, Braun, & Oldendorf, 1972). Simi-
larly, the subjective differences between morphine and
amphetamine might result from the differences in their
secondary actions: morphine's stimulus properties probably

include effects related to its analgesic, sedative, and
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emetic effects (see Jaffe & Martin, 1975; Martin & Sloan,
"1977) while the predominant effects of amphetamine include
psychomotor stimulation and autonomic actions associated

with general arousal (see Gunne, 1977; Innes & Nickerson,

1975). The fact that these secondary effects may overshadow ’
.the marked similarities in mood-elevation is not surprising,
and interviews with several persons reporting experience -

with both of these drugs support this assertion (M, Bozarth,
"

unpublished observations).

Agimals can easily be trained to discriminate the
stimulus properties of various drugs (fo; reviews, see
Colpaert, 1978; Ho, éichards, & Chute, 1978; Lal, 1977;
Seiden & Dykstra, 1977). The drug discrimination paradigm
has been proposed as an animal?model of the subjective
effects of various drugs including the opioids and ampheta-
mines (Colpaert, 1978; Colpae££):Lal, Niemegeers, & Janssen,
1975; Shannon & Holtzman, 1979).\ The procedure typically
involves training the subjects, in a two-lever choice situa-

-

tion, to .press one lever during the drug state and another
lever during saline treatmeht. Lever-pressing is usually
followed by a food rewarq or by the postponement of some.
aversive event such as electric shock. After-some criterion
of correct chojces (i.e., discriminations between the
training drug and some other condition) has been reached,

the subjects are injected with the test drug; The proportion
of responding on each of the two levers is then tabulated to

K}

determine whether test drug is more like the training drug

.
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. various drugs and even different doses of the same training
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or saline. This type of drug discrimination procedure ‘has

been extended to include not only differences in the stimulus

properties of a drug ana\\'saline but also differences between

drug. One of the most important advantages of this tech-
nique is that drug treatments that disrupt motor behavior
should not affect the animal's choice of levers. If the
subject were severely sedated by the drug treatment, longer
latencies to respond or even fewer compléted trials might

be produced, but the outcome of the choice between i:he two

lever associations should not be altered. ‘

T et Ty ¥
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The stimulus properties of amphetamine appear té) be
médiated by dopaminegic mechanisms (Ho & McKenna, 1978;
Schechter & Cook, 1975). Similarly, the stimulus prope‘z‘;:ies
of morphine are attenuated by dopamine-receptor blockade
(McCarten & Lal, 1979; see also Colpaert, Niemégeers, &

Janssen, 1977) but not by inhibition of serotonin synthesis

DS NN SCTN

e

(Miksic, Shearman, & Lal, 1978). This suggests that the
subjective effects of morphine in rats are also dependent

on a dopaminergic mechanism.

O

Animals trained to discriminate amphetamine from

L

saline do not generalize to a varigty of agents including
nicotine, mescaline, LSD, caffeine, and phenobarbital (see 3
éei‘den & Dykstra, 1977) indicating that the interoceptive ‘
cue produced by amphetamine is rel‘atively specific. Moderate %
doses of morphine (5.6 mg/kg and grgater) d(; not generalize

to amphetamine while a lower dose (1.75 mg/kg) does (Shannon

)




¢
b
i
;

.
. [
- ﬁ\/f(W”W.M“” o
‘ ) L e

- -

118

& Holtzman, 1979). In rats trained to discriminate apomor-
phine from émphetamine, low doses of mo;phi‘ne congistently
result in apomorphine-like "responding" (Hernandez, Holohean,
& Appel, 1978)y. Drugs that block dopamine receptors. do ‘not
generalize to morphine in the discrimination paradigm
(Miksic et al., 1978; sShannon & Holtzman, 1976),

The apparent similarities in the subjective effects
of morphine and amphetamine in both humans and animals point‘
to common mechanisms of action for these mood-elevating
drugs. Dependence on dopaminergic mechanisms for both the
narcotic cue and amphe'tamine discrimination appears to sug-
gest that morphine can facilitate dopamine function. It is
important to note that generalization only occurs with low
doées of morphine even tlhough the interoceptive cue produced

by larger doses is also attenuated by dopamine-receptor

blockade.

5.4.2 Brain Stimulation Reward

Increasing dopamine function (e.g., precursor
loading, blocking reuptake, direct-agonist stimulation)
has been shown to increase rates of lever pressing for
brain stimulation reward, whilg~decreasing dopamine function
(e.g., synthesis blockade, neurotransmitter depletion,
re‘ceptor blockade) generally attenuates brain stimulatié:n
reward (see Broekkamp, 1976;“Eibiger, 1978; J. Olds, 1977;
Wise, 1978a). Similar\effects have been shown with thresholds

for rewarding brain stimulation, and various ‘technigues have

oo
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been developed to distinguish between drués that impair
re;spohse capacity from those that blunt the rewe}rding impact
of the stimulation (Atalay, Bozar‘th, & Wise, 1‘982; Fouriezas
& Wise, 1976; Zarevics & Setler, 1979). Although
se'}veral neurotransmitters may influence hrain stimul.ation

rewapd,&dopamine appears to have a special rolge in its

regulation and expression. Manipulations of dopamine neuro-

transmission produce predictable changes in responding for

»
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brain stimulation reward (for reviews, see Broekkamp, 1976;
"?ibiger, 1978; Fibiger & Phillips, 1979; Hall et al., 1977; J.
lolds, 1977; Wauquier & Rolls, 1976; Wise, 1978ab,1982) ; many
/drugs which modify brain stimulation reward seem to do so

| by inducing alterati;’r‘is in dopamine function although other

/ neurotransmitter systems cannot be ruled out at this time

// (see Crow & Deakin, 1978; L. Stein, 1980). Since treatments.

/ that impair dopamine function ;groduce a clear attenuation (

VTR Tk ol i AR AN A Y o R s g < 4

‘ / of brain stimulation reward while pharmacological manipula-
tions that enhance dopamine function lead to facilitated
responding for brain stimulation reward, this pqradigm. pro-
vides another technique to examine the effects of morphine
on abehavior presumed to be dependent on brain dopamine func-
tion.

Morphine and]other opioids produce a .facﬁ'.lit'ation of
brain stimula?ion reward which is reflected as both an
increased‘ rate of respbhdinq for a fixed intensity of stimu-

lation (Adams, Lorens, & Mitchell, 1972; Bush, Bush, Miller,

N
& Reid, 1976; Lorens & Mitchell, 1973; Reid & Bozarth, 1978)
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and a lowering of threshold for brain stimulation reward
'(Bozarth, Gerb\er, & Wise, 1980; Esposito & Kornetsky, 1977
kel,lg;y‘& Reid, 1977; Marcus & Kornetsky; 1974) : this facili-
tory action seems to be specific to the rewarding propertiés
of the brain stimulation {(for reviews, see 'Bozarth, 1978';
nEsposit'o & Kornetsky, 1978 ;\ Initial injections of moderate
doses of morphine (cirgg L0 mg/kg) cause a depression in
responding followed hours later by a facﬁilitatién of brain
stimulation reward. This apparently biohasic action of
morphing on brain stimulation reward might be interpreted 5
as inditating that the enhanced responding for braia stimu-
latigh reward is the result of rebound hyperexcitability.®
This hypothesis-is similar to one proposéd by Smee and Over-
street (1976) and asserts that the primary action of morphine
is to block dc‘»pam'ine receptors and that this actiofm results

*

. in compensatory increases in the release and synthesis of

dopamine. As the receptor blockadé attenuates, rebc;und
hyperactivity px:evails because th"e turnover of dopamine
,continues at an enhanced rate. . ‘ .
Several lines of evidence convérge to challenge this
hypothesis. First, naloxone blocks the facilitation effect

Pl
in animals injected chronically with morpélne (Bozarth &

Reid, 1977). If facilitation were the result of reboung '

®This model was first proposed by Himmelsbach (1943)

to explain cellular tolerance and dependence on opiates.
See Martin and Sloan (1977) for a discussion of the contem-
porary derivations of this model.

o
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hyperexcitability, the rapid displacement of morphine from
the oéiate receptor should induce enhanced responding for

brain stimulation reward. Second, small doses of morphine

,%Reid, Lind, Bozarth,nMerriman, & Stapleton, 1978) or heroin

(Gerher, Bogzarth, & Wise, 1981) produce facilitation of
brain stimul@tion reward which is not preceded by a depres-

sior? in respo?Fl Third, it is possible to anatomically

separate the brain loci invelved in the inhibitory- and

v

facilitétory—actions of morphine (Broekkamp, 1976). Micro-
/

injection studies;have revealed that suppression of

responding not followed by facilitation is produced by

}njectibns of morvhine directly into the periventricular

gray region while "pure" facilitation results from'injections

into the ventral tegmental nucleus (origin of the mesolimbig

dopgmiég/systeﬁ). As suggested in other behavioral tests,
the periventricular gray region appears to be responsible
for an initial inhibitory action which may be related to

general decreases in motility (Pert, 1978; Pert, DeWald,

,Liad, & Sivit, ﬂ379; Wilcox & Levitt, 1978) and not specific

-4

to brain stimulation reward.

QT‘he'only study whichzspecificallyftes;ed the hypothe- .
sis of dopaminergic mediation of‘morphine-induced facilita--
tion of bréin s£imulation reward showed tha£ catecholamine®
synthesis fnhibitién abolished morphine's effects on brain
stﬁmulation»reward {Pe;t, 1975)), The effect of synthesis
inhibition was specifit to morphine~augmented brain stimula-

tipon reward since no change in pre-morphine rates of

4.
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responding was noted. &5}59, the inhibition af serotonin
synthesls was without effect. Unfortunétely, this important
study has never been’replicated and no attempt was made Eo
d%stinquish between éhe effects of dopamine and norepineph-
rine synthesis blockade. The reported lack of effect for
cétgcholamine §ynthesis inhibition on pre~morphine rates of
responding is surprising since this treatment has previously
beqﬁ shown to attenuate responding for brain stimulation
reward. It is theoretically viable, however, that the inhi-
bition of catecholamine synthesis was not sufficient to
affect baseline rates of responding but did effectively

block the accelerated s§nthesis and release of dopamine

induced by morphine treatment.

A dependence of morphine-induced facilitation of

brain stimulation reward on dopamine is probable, but' no ‘

direct evidence exists to sgpport or to refute this hypothe-
sis. Modification of dopamine function seems to be the

most sensitive, and.perhéps crucial, aspect of brain stimu-
lation reward. Drugs that enhance dopémine function cleérly
facilitate responding for brain stimulation reward and mor-
phine also facilitates this behavior. Although a dopaminer-

N
gic baéié*sﬁ\this effect has not been established, the propo- -

3

o \ \ . . ,
sition that morphine treatment causes a decrease in brain

‘dopamine function is clearly uhtenable on the basis of these

data. ‘ \\ | |

) A\ -
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5.4.3 Cataleps . . L
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Drugs that deplete dopamine or block postsynaptic‘\
dopamine-receptofs produce a profound state of immobility.
termed catalepsy (see Costall & Naylor, 1973; Hornykiewicz,
1872; Lal, Gianutgoé& & Puri, 1975). In fact, this behav-
ioral response has been so closely associated with diminished
dopaminergic function (é.g., dopamine-receptor blockade)
that catalepsy has been used to behaviorally predict neuro-
leptic activity (e.g., Costall & Naylor, 1974a; Janssen,
Niemegeers, & Schellekens, 1965; Niemegeers & Janssen, 1979).
Moderate to high doses of morphine (10 mg/kg and greater)
also produce_ca%alepticélike immobility but with the idded
feature of extreme rigidity of the skeletal muscles (see

Costall & Naylor, 1973, 1974b; Havemann & Kuschinsky, ~

1982; Lal et al., 1975; Wand, Kuschinsky, & Sontag,
1973). Because catalepsy has been identified with decreased
functiohing of striatal dopamine neurons, many researchers.

have hastily concluded that morphine's effects on motility é

str@atum (e.g., KRuschinsky & Hornykiewicz, ﬁ972; Lal, 1975;
Lat et al., 1975; Sasame, Perez-Cruet, Di Chiara, Tagliamonte,
Tagliamonte, & Gessa, i972). .

Despite the superficial similarities between
neuroleptic—ihduced catalepsy and catatonia produced by
opicids, there are important differencés seeminély ignored
by many reviewers. For this reason, the term catalepsy
shall be restricted to immecbility produced by neurcleptic
drugs and catatonia used to note the added feature of

»
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rigidity induced by moderate doses of opicids,
N Thé most obvious differences in catalepsy and
catatonia can be realized with behavioral observations.
Catalepsy lacks the muscular rigidity characteristic of
catatonia (Costall &’Naylor, 1974a; Wand et al, 1973).
Other marked differences have been noted between the state

of immobility producea by opiates and neuroleptics including

differences in their effects on the postural subport system,

righting reflex, and clinging response (De Ryck, Schallert, & i
Teitelbaum, 1980; Rossier & Bloom, 1979). Furthermore,

tolerance rapidly develops to the catatonic effect of mor-

E
L

phine while repeated testing is often necessary to demon- .

L3

e

e
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strate maximum catalepsy (Moleman, Versluis, & Bruinvels,

1978; Stanley & Glick, 1976).

Catalepsy and catatonia can also be distinguished

-pharmacologically. Anticholinergic drugs readily antagonize-
neuroleptic—induced catalepsy but have no effect on gatatonia . 3
(Ezrin-Walters, Muller, & Seeman, 1976). Low doses of apo- %
morphine decrease cafatonia without affecting neuroleptic
induced catalepsy (Ezrin-Walters et al., 1976). The immo- i

‘bility produced by the maximal cataleptic-inducing dose of

a neuroleptic is further increased by morphine (Kuschinsky

ce

. & Hornykiewicz, 1974) suggesting that these effects are
mediated by separate pharmacological actions. In addition,

other pharmacclogical manipulations have produced differ-

.-‘*)
%
4
»
‘s
i

5.
B4

ential effects on catalepsy and catatonia (Ezrin-wWalters

et al., 1976; Kuschinsky & Hornykiewicz, 1974; Mason, Roberts,
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& Fibiger, 1978; Moleman et al.,1978). s

The neuréanatomical suhgtrates of catalepsy and
catatonia also differ. Lesions of the striatum effectively
abolish or attenuate the cataleptic action of neuroleptics
while a pofentiation of catatonia 1is obsé&ved (Costall & | ‘
Naylor, 1973, 1974b; Havemann, Winkler, Geng, & Kuschinsky,
1981; Koffer, Berney, & Hornykiewicz, 1978; Turski, Czuczwar,
Turski, & Kleinrok, 1982).° The periventricular gray region
and amygdala have been implicated in the induction of
morphine~induced catatonié, ;hile'the striatum is firmly
established as the locus of neuroleptic-induced catalepsy
(Cost?ll, Fortune, & Naylor, 1978; Costall & Naylor, 1973,
1974b; Koffer et al., 1978; Pert et al., 1979; Pert & Sivit,
1977; Sanberg, 1980; Sanberg, Pisa, & Fibiger, 1981; Wilcok’
& Levitt, 1978).

I+ is interesting to note that brain lesions attenu-

ating catatonia reveal a pronounced behavioral excitement

. y C e . b
induced by acute morphine injections (Costall & Naylor, 1973,

®Ruschinsky's laboratory group has collected con-
siderable evidence that muscular rigidity is mediated by an:
opiate action at the caudate nucleus while “the akinetic
response to opiates is the result of a drug action at another
brain region (e.g., Havemann & Kuschinsky, 1981; Havemann,
Winkler, Geng, & Kuschinsky, 1980; Havemann, Winkler, &
Kuschinsky, 1980; Havemann et al., 198l; see Havemann &
Kuschinsky, 1982, for a'review). Rigidity, in these experi-
ments i1is measured electromyographically and the relevance
of this measure to the extreme rigidity seen with systemic
opiate injections has not been establishéd. It seems per-
plexing that an animal could display catatonic-like muscular
rigidity without being akinetic. In fact, most behavioral
observations usually fail to show any effect of intracaudate j
opiate infusions on motor behavior (M. Bozarth, unpublished N
observations; Dunstan, Broekkamp, & Lloyd, 198l; Pert, 1978).

(R E B (
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1974b) . 'This, along with other data which anatomic&llynand
phérmacoldgically characterize morphine's effects on motor
behavior, has led to the suggestion that morphine simultane-
ously activates neural substrates gesponsible éor catatonia
and behavioral arousal (e.g., locomotor excitement and
stereotypy) with sedation being the dominant effect (Broek- ‘,
kamp, 1976; Costall & Naylor, 1973, 1974b; Moleman, 1977;
Moleman et al., '1978; Pert’et al., 1979; Roberts, Mason, &‘
Fibiger, 1978). In fact, the finding that‘amphetamine treaf—
ment enhances morphine-induced catatonia has led to the sug-
gestion that morphine;s’cataleptic actions may be the result
of the activation of extrastriatal (e.g.}_meéolimbic or
mesocortical) dopamine systems (Moleman et al., 1978; see

also Moleman, 1977).%9

5.4.4 Locomotor Activity
The catecholamines have been implicated in the induc-’

tion and regulation of locomotor activity (for reviews, see

Hornvkiewicz, 1972; Krauthamer, 1975; Lloyd & Hornykiewicz,
[]

1975; Ungersteét, 1978). Drugs that augment dopamine func-

tion have been shown to increase locomotor activity while

L]

19 Moleman's (1977; Moleman et al., 1978) suggestion
that morphine may produce catalepsy by an activation of
dopaminergic neurons seems contrary to what is generally ’
known abolit the role of dopamine in motor behavior. None-
theless,/a high dose of amphetamine injected into the nucleus
accumbens has been observed to produce a sedative effect (M.
Bgﬁgf?ﬁ? unpublished observation). No tests were performed
t etermine the pharmacological specificity of this\effect,
however, and it is very likely that the behavioral sedation
was the result of a nonspecific, local anesthetic action of
the extremely high concentration of amphetamine sulfate.
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impairment of dopamine function attenuates these drug-induced
increases in motor activity. Similarly, direct stimulation
of‘postsynaptic dopamine-receptors-with apomorphine increases
behavioral excitement and this effect is antagonized by
drugs that block dopamine receptors (Di Chiara & Gessa, 1978).
Lesions which deplete striatal or mesolimric dopamine
abolished or attenuated both spontaneous '(Fink & Smith, 1979%a;
1980a) and amphetamine-induced (Fink & Smith, 1980b; Kehne,
Sant, & Sorenson, 1981; Kelly, Seviour, & Iversen, 1975;
Roberts, Zis, & Fibiger, 1975) locomotor activity. The
stimulatory action of apomorphine is unaffected by these
treat&énts, but the blockade of postsynaptic receptors in
lesioned animals abolishes apomorphine's effect (Fink &
Smith, 1980ab). The evidence strongly supperts the notion
that stimulant~induced as well aé spontaneous motor activity
is dependent on dopaminergic mechanisms probably associated
with the nigrostriatal and/or mesolimbic pathways (Breese
et al., 1976; Cole, 1978; Di Chiara & Gessa, 1978; Fink &
Smith, 1979ab, 1980ab; Kelly et al., 1975; Roberts et al.,
1975; Thornburg & Moore, 1973).

Morphine produces locomotdr excitement in mice which
appears to be mediated by'catech;lamines: phafmacological «
manipulations that deplete catecholamines or block their
synthesis attenuate morphine's stimulatory effect while
monoamine oxidase inhibition, which potentiates the effect

of released catecholamines, enhances the locomotor stimula-~

tion caused by morphine (Carroll &-Sharp, 1972; Fuchs &
F
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Coper, 1980; Villar;eal, Guzman, & Smith, 1973), The loco-
motor stimulation produced by amphetapine is also decreased
by catecholamine synthesis inhibitioh, but not by the deple-
tion of stored catecholamines, suggesting that the mechanisms
of morphine- and amphetamine-induced locomotor excitement
’differ in some respects (Villarreal et al., 1973).

¥

In rats the effects of morphine on locomotor activity

are more complex. Moderate doses of morphine (circa 10 mg/kg)

produce an initial depression in motor activity which is fol-
lowed hours later by eﬁhanced activity (Babbini & Davis,
1972; Domino, Vasko, & Wilson, 1976; Smee & Overstreet, 1976;
Vasko & Domino, 1978). With repeated injections toleraﬁce
rapidly develops to the depressive effect of morphine, and
behavioral excitement prevails (Babbini & ‘Davis, 1972; meino
et al., 1976). This biphasic action of morphine has been

reported for a number of physioclogical responses and behav-

: iors (see Domino et al., 1976).

Low doses of morphine (1 to 5 mg/kg) produce behav-
ioral activagion which is not preceded by a depression in
locomotor activity (Brady & Holtzman, 198l; Roberts et al.,
1978; Vasko & Domino, l978)f This effect is blocked by
inhibitiqn of catecholamine synthesis (Davis, Babbini, &

Khalsa, 1972; Eidelberg & Schwartz, 1970) but not by lesions

that selectively deplete forebrain norepinephrine (Roberts

et al., 1978}.

The effect of morphine 'on locomotor activity is

dependent upon the s$pecies, dose, and time after the injec-

*oalimiea st
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tion that the behavior is measured. The effect of low
doses parallels that observed with drugs'stimulatihg dopa:
mine function. The initial effect of moderage to high

doses of morphine closély resembles that seen with drugs -

P

attenuating dopamine function while behavioral activati&h

is seen some time gfter the initial depress;ve ph;se. It
has been éuggésted that morphine blocks dopamine receptors
and activates compensatory mechanisms that increase the
release and synthesis of dopamine (Kuschinsky & Hornykiewiéz,

1974; Puri & Lal, 1973). According to this hypothesis, the
. 3

biphasic nature of moderate doses of morphine on locomotor

activity can be attriputed to an initial blockade of dopa-

mine receptors followed by a compensatory increase in dopa-
mine activity (Smee & Overstreet, 1976). As the receptor
blockade attenuates, the increase in dopamine synthesis and
release leads to heightened locomotor activity. It is inter-
esting to note that tolerance has not been demonstrated to
the behavioral—exciting effect of morphine (Babbini & Davis,
1972; Brady & Holtzman, 1981l; Vasko & Domino, 1978).

While the hypothesis of dopamine-receptor blockade
followed by compensatory increases in dopamine release and

synthesis could account for the biphasic action of morphine

on locomotor activity and other behaviors, the pure facilita- .

tory action of low doses of morphine (e.g., Domino et al.,
1976) cannot be explained by this model. It is possible
that high doses of morphiﬂe produce a functional decrease

in dopamine neural transmission (cf. Lal et al., 1975)
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which is not essential for the accelerated release and
synthesis of dopamine induced by small doses of moxphine.
Furthermore, naloxone antagenizes the‘motor depressant
.efféct of morphine without precipitating behavioral excite-
ment. This would be predicted from a model asserting a
direct efféct of morphine‘on dopamine release and synthegié
and not from a hypothesis that attributes an enhanced func~
tion induced by dopamine-receptor blockade. Also, acute
dopamine-~receptor blockade .induced by neuroleptics does not
produce a latent locomoﬁg;qexcitability.

The microinjection of morphine or endorphins onto
tﬁe dopamine—containing\bell bodies of the ventral ;eqméntal
aréa produces an increase in.locomotor activity (Arnt &
Scheel~Kruger, 1979; Broekkamp & Phillips, 1979; Joyce &
Iversen, 1979). This enhanced motor activity is blécked by
neuroleptics (Joyce & Iversen, 1979; Joyce, Koob, Strecker,
Iversen, & Bloom, 1981; Sanchez-Blazquez, Garzon, & Del Rio,

1380) and by lesions of the mesolimbic dopamine system

(Kelley, stinus, & Iversen, 1980; Skinus, Koob, Ling, Bloom,

-

& Le Moal, 1980). Furthermore, the hyperactivity produced
. by systemic morphine injections in cats is blocked by$injec-

tions af a narcotic antagonist into the 'ventral tegmental

area (Van Dongen, Broekkamp, & Coolg, 1979).

‘ The data suggest that the apparent biphasic effect
of opiates on locomotor activity is due to drug actions at
two distinct neural systems. One system is responsible for
the sedativg action; opiate receptors in the periventricular
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gréy region probably initiate this effect and there is no .

k]

* conclusive evidence for a medlation by dopaminergic systems.

Another system is responsible for the exc¢itatory action;

¥,

bpi@te receptors in the ventral tegmental area (or substantia

nigra) probably initiate this effect and this action is

PSP

dependent on an enhanced dopaminergic function of the meso-

"

~limbic dopamine system, Thé acute effect of moderate to
high doses of an opiate may result in an action on both

motor inhibitory and excitatory opiate-receptor fields, but

3k A 5 e o, Bl ey Y

the depressant effects of the drug treatment predominate.

¢

© As tolerance develops to the sedative action of opiate treat-

ment, the excitatory action, which dogs not show appreciable
tolerance, emerges and becomes\progressively more pronounéed. ’
Th;s notion of multiple and antagonistic opiaté ‘actions had‘
'been suggested by Tatum, Seevers, and Collins (1929) but did
not gain appreciable support/until recent years when the (

necessary procedures became available to demonstrate the

anatomical basis of this effect.

4

5.4.5 Stereotypy
' While low doses of amphetamine.and other drugs that
potentiate dopaminergic function produce locomotor*gxcite-
ment, higher doses result in a series of compulsive, repeti-
fious behaviors collectiveiy térﬁed stereotypy. Like
émphetamine—induced locomotor activity, stereotypy appears
_ to be mediated by a dopaminergic mechanism associated with

the nigrbstriatal or mesolimbic dopamine systems (for
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reviews, see Cole, 1978; Creese & Iversen, 1975; Moare &
Wuerthele, 1979; Randrup & Munkvad, 1970; Randrup et al.,

1975). -

It is not surprising that doses of morphine pro-
ducing catatonia inhibit stimulant-induced stereotypy
(Blumberg & Ikeda, 1978; Feigenbaum, Moon, & Klawans,

1978) . Chronic injections of morphine alone produce

stereotypy which emerges increasingly sooner after

injections (Ayhan & Randrup, 1972; Charness,’Amit, &

e S S s S N R b e

Taylor, 1975). Small doses of mgrphine produce atereotypy

e

and this behavior seems to be dependent on a dopaminergic

r

mechanism in both the tolerant and nontolerant subjects
{Ayhan & Randrup, 1972, 1973; Randrup et al., 1975). Char-
ness et al., (1975) have suggested, however, that the

reduction in stefreotypy seen with neuroleptig treatment is

- IO T 3 Y SRR 23 i

the result of general sedation. In a comparison of the
percentage of time stereotypicd activity was present when
the subjects were,active, they found that héloperidol did . £y
not decrease the'proportion of stereotypic activity. This
so;t of analysis illustrates the care which must be exer- -
cised when evaluating experiments involving drugs with
sedative side-effects.

Apomorphine—induéed stereotypy is enhanced by moder-
ate doses of morphine (up to 30 mg/kg) while higher doses
abolish this response (Feigenbaum et al., 1978; Vedernikov,

1970). Rats made physically dependent on morphine by

pellet implantation show enhanced responsiveness to the
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stereotypic action of apomorphine (Cox, Ary, & Lomax, 1976).
‘This increased sensitivity to apomorphine is hlocked by

naloxone (Cox et al., 1976),

|

1
'

The facts that small doses of morpZdne induce stereo-

typy and that larger doses potentiate the stereotypic effect

L4

of dopamine agonists suggest that morphinel may induce a
functional increase in dopamine mediated j:haviors in?plved

in the induction or expression of stereotypy. Higher doses

\

of mfrphine stimulate brain mechanisms related!to catatonia &
and this depressant ef}ect could result iA an éttenuation

of stimulant-indu%ed stereotypy. In this way the attenuation
of stimulant—in&uééd stereotypy could he a nonspecific
respghse to morphine yhich doe§ not reflect changes in dopa-
mine mediated behavior, but, rather, it represents a masking
of the direct action of morphine on this response. There

is no e&idence supporting the nqtion that morphine inhibits
the neural mechanisms directly involved in stereotypy, while
it is evident that morph¥ne can both directly activate and
potentiate these mechanisms.

Chronic treatment with drugs blocking dopamine recep-
tors has been reported to enhance the locomotor and stereo-
typic responses to dopamine agonists (see Akiyama, Sato, &
Otsuki, 1982; Christensen & Nielson, 1979; Muller & Seeman,
1978; Seeger, Thal, & Gardner, 1982; Thornburg & Moore,
1975). Supersensitivity tp dopamine agonists has also been

reported following chronic morphine treatment, and this

. , |,
effect has been interpreted as evidence supporting .,

|
!
|

|
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a dopamine—recep%or blockade hypothes;s ?f opiate actio;
(Carlson s Almasi, 1978; Puri & Lal, 1573; Tye, Hor'sman,
Wright, & Pullar, l§79). Some researchers, however, have
reporéed a failure to demonstrate enhanced respénsiveness

L3

to dopamine agonists following chronic morphine treatment
(Babbini, Gaiarda, & Bartoletti, 1978; Kuschinsky, 1975),
so this effect is, at best, controversial. Furthermore,
Carlsoﬂ and Seeger (1982) have reported that chronic opiate
treatment does not altér the dopamine receptor density in
striatal or mesolimbic regions as does chronic treatment
with neuroleptics (Akiyama et al., 195%; Goldstein, Lew,
Asano, & Ueta, 1980; Seeger et al., 1982).  This finding
suggests that the neurochemical basis oﬁ enhanced respon-
siveﬁess to apomorphine following chronic opiate or neuro-
leptic treatment is different.

A number of investigators have demonstrated that
repeated administration of drugs enhancing dopamine fuﬂction

-

can produce reverse tolerance and supersensitivity to
&

dopamine dgonists {(Bailey & Jackson, 1278; Conway & U;éﬁsky,

1982; Kilbey & Ellinwood, 1977; Kilbey, Ellinwood, & Easler,

@

'1979; Klawans & Margolin, 1975; Kuczenski & Leith, 1981;

Segal'& Mandell, 1974; Segal, Weinberger, Cahill, &chCunney,
198Q) . This has been t;rmed "agonist-induced" supersensi-
tivity as opposed to denervation supérsensitivity which
occurs after prolonged postsynaptic receptor blockade or

after lesions of presynaptic dopaginergic elements.

It is not possible to differentiate the behavioral .
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2 C oy, ‘ or ph&siological mechanisms involved in these manifestations
t- , vt )

H of supersensitivity?'therefore, since both docpamine agonists

-/
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and antagonists can induce an enhanced responsiveness to

7 L dopamine agonisté, the behavioral data cannot be irterpreted
. in terms of increased or decreased dopamine fun%pion through

, ' chroglc morphlne treatmen§ Furthermore, stimuli that have

~

been associated with either morphine's or amphetamine's

e thi e

actions can elicit increases in general activity and 27

L4+

stereotypy (Hayashi, Ohashi, & Tadokoro, 1980; Mucha,

Volkovskis; & Kalant, 1981). It would appear feasible that
similaf conditioning factors may contribute to the enhanced
responsiveness to dopamine agonists following chronic opiate

treatment (see also Hinson & Poulos, 1981; Post, Lockfeld,

Squillace, & Contel, 1981; Schiff, 1982).

5.4.6 Rotational Model of Dopamine. Function

Normally, Jdh animal exhibits no preféfence with
respect to turning and circling SehaYiors.” Anden, Dahl-
strom, Fuxe,” and Larsson (1966) demonstrated that if a rat
were lesioned unilaterally in the nigrostriatal pathway, it
would displa§ asymmetrical behavior (e.g., turning in cir-

»
cles) ipsilateral to the lesioned side; if the subject

v N

! It has recé,tly been shown that striatal asymmetries
exist in untreated animals and that amphetamine injections
° enhance this asymmetry as indexed by rotational behavior
i (ﬁk & Cox, 1978B; Jerussi & Glick, 1976; Glick, Weaver, &
MelPach, 1981; but see Myslobadsky & Braun, 1980). This
slight bias in the direction of turning, however, is usually
L. unnoticeable in the untreated animal unless rotational behav-
. ior is measured gver a long period of time,

i . v
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were administered amphetamine, this effect was exaggerated,
If a direct dopamine agonist (e.g., apomorphine} were i
administered to the lesioned animal, it would display
contralateral asymmetry. Supersensitivity of the intact
postsynaptic receptors was hypothesized to account for this
differential effect. L-dopa, like apomorphine, produces |
contralateral turning.!? Direct electrical stimulation of
the fibers (Arbuthnott & Ungerstedt, 1975) or cell bpdies
(Roffman_et al., 1978) of the nigrostriatal dopamine system
also produces circling contralateral to the stimulation site,
and this rotation is attenuated by drugs that block dopamine
receptors (Roffman et al., 1978; Saranak & éoldfarb, 1981).

The microinjection of neuroleptics into the terminal fields

of this system (i.e., caudate nucleus) also results in, cir-

cling, butlin this case the diyectibn is ipsilateral to the
injection site (Costall,nNaylor,\& Olley, 1972; Ungerstedt,
Butcher, Butcher, Anden, & Puxe, i969). Anden and Grabowska
Anden/(19§é) have used ch:induced, subcortical spreading
debression to revg;siﬁiy inactivate one side of the striatum.
Witﬁ this teqhniﬁﬁe a dopamine~receptor antagonist produced
contralahgral asymmetry whilé agonists\caused ipsilateral
_rotation. Iwamoto, Loh,;and Way (1976) have also demon- \

strated contralateral rotation in lesioned animals treated

with a dopamine-receptor blocking drug.

12 popa ‘decarboxylase is apparently present extra- .
neuronally (Kaplan, Harman, & Creveling, 1979) and can
convert L-dopa to dopamine outside the neurons.
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.This method, develoéed by Ungerstedt (e.g,, 1971b)
has heén used to test the effects of a variety of agents
on dopaminergic function in the nigrostriatal system.
Agents that directly mimic dopamine produce contralatéral
asymmetry; agents that potentiate the activity or release
"of endogencus dopamine display exaggerated ipsilateral
asymmetry; numerous‘agents that have no effect on dopamine
neurons do not modify asymmetry (for reviews, see Glick,
Jerussi, & Fleisher, 1976; Pycock, 1980; Ungerstedt, 1971b),
Iwamoto et al. (1976) have shown that rats with
unilateral lesions in the substantia nigra display ipsilat-
erai aé?mmetry in response to systemic mérphine injections.
This was interpreted as an indication that morphine poten-
tiates\dopamine function through mechanisms which are simi-~
lar to those activated by amphetamine. Pert et al. (1979)
reﬁérted that morphine injections initially failed to pro-
duce rotation in unilaterally lesioned animals, but that,
with repeated injections, ipsilateral asymmetry emerged by
the second day of testing. The mérphine—induced circling
was blocked by naloxone and by haloperidol (Pert et al.,
1979) sugqesting that rotation was a specific pharmacological
action dependent upon a dopaminérgic mechanism. Blundell,
Crossmah, and Slater (1976) also reported that systemic
morphine did not produce rotation and, in fact, decreased
circling induced by amphetamine, Blundell et al. (1976},
howeve;, failed to test their subjects during continued

morphine injections.
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DIRECTION

PIMOZIDE AMPHETAMINE

ELECTRICAL
STIMULATION

MORPHINE

Fig, 5.2. 'The rotational model was
developed to assess functional asymme-
tries in the activity of the nigro-
striatal and/or mesolimbic pathways )
(Anden et al., 1966; Glick et al., 1976;
Pycock, 1980; Ungerstedt, 1971b). Essen-

. tially the animal circles away from the

most active side (i.e., contralateral

- rotation) of these dopaminergic systems.

L

The asymmetrical activity can be pro-
duced by unilateral lesions or by
direct activation caused by electrical
or chemical stimulation. With microin-
jections directly into the brain, the
direction of circling indicates whether
the unilateral treatment enhances (con-
tralateral rotation) or attenuates (ipsi-
lateral rotation) dopaminergic function.
In lesioned animals receiving systemié
drug injections, the direction of rota-
tion is reversed with enhanced activity"
indicated by ipsilateral rotation and
attenuated actjvity indicated by con-
tralateral rotation. It is interesting
to ‘note that animals trained to circle
show increased dopamine release in the
contralateral caudate nucleus (Yamamoto
& Freed, 1982; Yamamoto, Lane, & Freed,
1982).
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Unilateral microinjections of morphine directly into
the substgntia nigra produce contralgteral rotation which
is blocked by pretreatment with naloxone (Pert et al., 1979;
sée also Welzl, Flack, & Huston, 1982). Since the motor
suppressive effects of morphine appear to beﬁmediated hy a
substrate outside the_nigrostriatal system (Pert, 1978;
Pert et al., 1979; Wilcox & Levitt, 1978), the failure to
find circling during initial injections of systemic morphine
(i.e., Blundell et al., 1976; Pert et al., 1979) is probably
due to the activation of extrastriatal neurons. This is
further supported by the ébservation that microinjections

into the caudate nucleus do not produce a depression in

activity (Broekkamp, 1976; Pert, 1978; Pert et al., 1979).

Systemic morphine injections would appeaf to simultaneously

activate neurons responsible for both the motor suppressive
and rotation—effectsf As tolerance develops to the depres-
sive effect of morphine on locomotor activity (Babbini &
Davis, 1972{ Vasko & Domino, 1978), rotation caused by

stimulation of dopaminergic neurons in the substantia nigra

is unmasked.

Although the effect of morphine on rotation may
sometimes appear to be bibhasic, the observed behavior seems
to he produced by the simultaneous activation of two distinct
systems. The acute effect of morphine on sgriatal neurons\
leads to a functional increase in dopaminergic activity
which may be masked by concurrent stimulation of inhibitory

processes outside this system. -Chronic injections produce
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tolerance to the catatonic effect of morphine revealing:
ipsilateral circling in unilatérally lesioned animals,
In fact, repeated injections of morphine may lead to
enhanced respoﬁding in this rotational model of dopamine
funcﬁion (Pert et al., 1979). This effect parallels the
continued enhancement of dopamine turnover reported by

Clouet and Ratner (1970).

[

5.5 Conclusions

The data concerning the effects of morphine on para-
meters of dopaminergic activity cannot be construed as .
demonstrating an increased or decreased dopaminergic function.
Manipulations which lead to enhanced or diminiéhed dopaminer-
gic function produce identical chanqes in dopamine cell
firing,, synthesis, and metabolism. Studies employing
morphine~induced behaviors are also impossiblé to interpret
in terms of pharmacological specificity since profound
changes in behavior occur in subjects with altered dopamir;er—:t
gic function not augmented by morphine. In this way, the
behavioral "end-points" are confounded by a direct action
of dopaminergic manipulations on the responses measured.
Only in cases where the individual actions of morphine and
dopaminergic manipulationsnare opposite may the da'ta be
inferred to support a specific pharmacological action. In
these studies dopaminergic agonists have been shown to

enhance the behavioral effects of morphine. Reports of

increased morphine-like effects from inhibition of dopaminer-
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gic function are confounded by the possibility of summation
resulting from the activation of separate systems regulating
arousal level.

The neuroanatomy and neurochemistry of the mesolimbic
and nigrostriatal pathways are well known and manipulations
of these systems produce predictable changes in 5ehaviorai
"end-points" (Bunney & Aghajanian, 1978; Friedhoff, 1975;
Mcore & Bl?om, 1978; Moore & Kelly, 1978). This offers a
unique opportunity to study the effects of morphine on
dopamine-mediated behaviors and to draw tentative conclusions
regarding the role of dopamine in morphine-induced effects.

Low doses of morphine increase locomotor activity,
produce stereotypy, and cause rotation which are indicative
of enhanced dopaminergic function in the mesolimbic and
nigrostriatal systems. Higher doses of morphine attenuate
a variety of behaviors, and this action appears to be related
to a catatonia-like mechanism. The extant data suggest that
cétatonia only superficially resembles catalepsy induced by
the blockade of dopamine receptors. The behavioral-depressant

effect of morphine seems to be dependent on extrastriatal,

non-dopaminergic mechanisms. Furthermore, as tolerance

¢

develops to the catatonic properties of morphine, behaviors
indicative of enhanced dopaminergic functioning emerge. f£
appears that the excitatory‘efﬁects are initially masked by
datatonia-producing doses of morphine; therefore, the acute

and chronic effects of hoth low and high doses of morphine

may lead to enhanced dopaminergic function.
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CHAPTER 6
INVOLVEMENT OF DOPAMINE IN OPIATE REWARD'

6.1 Introduction
Several lines of evidence have implic\ated central
catechélamines in the media%ion of reward (Fibiger, 1978;
Fibiger & Phillips, 1979; Wise, 1978a, 1982). 1In particular,
a dopaminergic substrateappears to be involved in food
(Ungerstedt, 1971c; Wise, Spindler, deWit, & Gerber, 1978;
Wise, Spindler, & Legault, 1978; Zis & Fibiger, 1575) and

water (Gerber, Sing, & Wise, 198l; Ungerstedt, 1971d) reward

as well as reward from electrical brain stimulation

(Fouriezos, Hansson, & Wisé, 1978 ; Fouriqzos & Wise, 1976;
Franklin, 1978; Franklin & McCoy, 1979; Mora, Saﬁquinétti, }
p i Rolls, & Shgﬁ, 1975; Phillips & Fibiger, 1978). The E
rewarding properties of psychomotor stimulants (e.g.,
amphetamine, -cocaine) are also dependent on a dopaminergic ‘ :
mechanism as demonstratea by the changes in stimulant
self-administration following dopamine-receptor blockade
(deWit, & Wise, 1977; Yokel & Wise, 1975, 1976) or by

lesions of dopaminergic terminal fields in the nucleus

accumbens (Lyness, Friedle, é Moore, 1979; Roberts,

e

'portions of this chapter have appeared in M. A.
Bozarth and R. A. Wise, Heroin reward is dependent on a
‘ dopaminergiq substrate. Life Sciences, 1981, 29, 1881-1886.
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Corcoran, & Fibiger, 1977 ; Roberts, Kaob, Klanoff, & Fibiger,
1980). The unique role of dopaminergic mechanisms in these
different sources of reward suggests that a common reward
system may mediate these effects, although different sources’
of reward might aétivate different elements in this reward
system, Because many investigators have interpreted neuro-
\pharmacological and behavioral data as indicating that mox-
phine blocks dopamine funétion (e.g., Eidelberg & Erspamer,
1975; Koffer, Berney, & Hornykiewicz, 1978; Lal, 1975; Puri, ’
Reddy, & L.;l, 1973), it is of special interest to examine
the involvement of dopamine in the mediation of opiate
reward.. It would be surprising if opiate reward were pro-
duced by impaired dopaminergic neurotransmission since
these other rewards seem to enhance brainh dopamine function.

Prexrious reports have shown that opiate self

administration is attenuated by neuroleptics that block

dopamine receptors (Ettenberg, Kook, Pettit, & Bloom, 198);
Glick & Cox, 1975; Hanson & Cimini-Venema, 1972; Pozuelo & §
Kerr, 1972}, but the pattern of responding seen after neuro-

leptic treatment makes the data difficult to interpret.

\
R o

‘Unlike the case of intravenous self-administration of

amphetamine (Yokel & Wise,-1975, 1976), neuroleptic chal-
lenge of opiate self-administration does not usually produce

the compensatory increase in drug intake that is associated

with competltive antagonists.? Since an apparent side-effect A

’In intravenous amphetamine self—administration,
treatment with a neuroleptic produces a dose-dependent
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af either neuroleptic treatment (Costall & Naylor, 1973) or
opiate injectidﬁg (Domino, Vasko, & Wilson, 1976) is
sedation, a simple decrease or cessation in responding does

not necessarily indicate an attenuation of reward.

6.2 Opiate-Induced Conditioned Reinforcement
To evaluate the vossibility that neuroleptics
decrease opiate self-administration by a sedative action
produced by these two drugs, Smith and Dawvis (1973) have
1
tested the effect of a neuroleptic on morphine reward using

a conditioning paradigm. The animals received a series of

intravenous morphine injections that were associated with

a buzzer. They were later tested in a lever-pressing proce-

dure for the self-administration of drug vehicle (i.e.,
isotonic saline) which wai accompanied by the presentation
of.the buzzer. Animals that were not pretreated with a

narcotic antagonist showed sustained self-administration of

saline while animals who underwent conditioning with prior

injections of naloxcne showed little responding. The effect

of neuroleptic treatment during the conditioning trials has
also been tested and was shown to have no effect on subse-
guent responding for saline in the presence of the buzzer

stimulus. PFrom this Smith and Davis (1973) concluded that(

increase in amphetamine intake (Yokel & Wise, 1975, 1976).
This relationship would be expected if amphetamine reward
were depenient on an action at dopamine receptors, since
competitive antagonists can be displaced by iIncreasing the
concentration of agonist-available at the receptor site
(see Fingl & Woodbury, 1975; Tallardia, Cowan, & Adler,
1979; Tallardia & Jacob, 1979; Waud, 1975).
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neuroleptic treatment fails to block the rewarding proper-—
S .

‘ties of morphine injections and low doses of a neuroleptic

may e&en enhance the rewarding effects of morphine. _Thus,

the observation that neuroleptic treatment attenuates *
intravenous opiate self-administration was asserted to be
the result of a nonspecific sedative action of these drugs.

This conditioned reinforcement paradigm (Davis &

Smith, 1976; Smith and Davis, 1973, 1975) provides a novel
‘and important approach to assessing the rewarding properties
of drugs. It would appear that this method allows theﬂ- A
determination of the impact of various manipulations on
drug reward in a paradigm that is insensitive to the motoric
side-effects pfbduced by some drug treatments. There are,
however, two apparent problems with this technique. First,
there have been no published reports of other laboratories
successfully using this technique. In fact, there has been
difficulty in reélicating the initial demonstration of condi-
tioned reinforcement (H, deWit, personal communication).

\\This may be due to the fact that Smith and Davis (1973) use
an extremely rapid infusion procedure and other investigators
have been reluctant to use this method. Second, Smith and
Davis (1973) failed to control for nonspecific increases in
general activity. This potential confound is particularly
problematic since they use a relatively small test chamber

and a very large lever.?® This combination may be necessary

f

ISmith and Davis' test chamber has a 25 cm diameter
(e.g., Davis & Smith, 1976; Smith & Davis, 1973). The only
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to assure adequate lever contacts during the tests for

conditioned reinforcement since they use subjects that

-~

have not been lever trained. Without an appropriate control

———

procedure, the effect of nonspecific motor activity on the

measure of conditioned reinforcement cannot heé evaluated;

the animals could be responding to the presentation of the

buzzer stimulus, following an accidental lever contact, and

reacting‘to some aversive conseguence associated with the,
rapid infusion regimen used for conditioning. This possi-
bility, as well as the failure of other laboratorieS\to

replicate the basic conditioning effect, needs to be inves-

tigated before this work can be meaningfully interpreted,

6.2.1 Method

Subjects: Unger sodium pentobarbital anesthesia
(60 mg/kg, i.p.), mai;, Long-Evans rats (weighing 350 to
450 g) were catheterized with Sﬂaé%ic medical grade tubing
(Dow Corning). The catheters (.19 mm 0.D.) were placed
in the right external jugular and extended approx;mately
3 cm into the vein. A single injection of penicillin G
(30,000 units, i.m.) was given prophylactically fqllowing
surgery. Héparin (circa 0.5 U.S.P. units) dissolyed in

Ied

isotonic salinelw§s used to flush the catheters periodi-

i?éication 0of the lever size used in these experiments is
illustrated in Smith and Davis (1975). It wquld appear
that an adult rat would have a great deal of difficulty
moving in this test chamber without activating the lever,
Thus any appreciable change in motor activity would result
in a greatly inflated lever-press score.
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cally and thus confirm their patency. The animals were
individually housed in a 12 hour light:dark cycle of
illumination with food and water available ad libitum in
the home cages. All behavioral testing occurred during
the light cycle of illumination.

Apparatus: The rats were tested in a 26 x 26 x 28
cm test chamber with a small exhaust fan providing ventila-
tion and masking of peripheral noise. On one end of the
test chamber, two 1:5 x 5 cm levers were located 10 cm
above the floor. The catheter of each subject was attached
to a fluid line allowing intravehous infusions without
disturbing the animal. Solid-state programming equipﬁent
controlled a syringe pump ‘which was used to deliver the
infusions.

\ .
Procedure: After at least one week to recover from

X
the surgical procedure, subjects were placed in the test
chambgr and intravenously infused with 100 pg/kg of heroin
hydrochloride evéry 15 minutes for three hours. Each infu-
gion was delivered over 28 seconds in a volume of 0.25 ml-
and accompanied by the presentation of a cue light above
one of the two levers. These conditioning ﬁrials lasted
for five consecytive days resulting in a total of 60
stimulus-infusion pairings. Three hours before each con-
ditioning trial, each animal was injected with either
pimozide (0.5 mg/kg, i.p.; n=9) or drug vehicle (tartaric
acid; 1 ml/kg, i.p.; n=10). The subjects remained in their

home cages fdr two- days following the last conditioning
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trial without further treatment.

Pimozide was used because it is a selective neuro-
leptic blocking primarily dopamine receptors with little
effect on other catecholaminergic systezms (Janssen,
Niemegeers, Schellekens, Dresse, Lenaerts, Pinchard,
Schaper, Van Nuf—:ten, & Verbruggen, 1968). Fu-rtﬁ:\ermore,
pimozide has b'een shown to attenuate the impact of a
variety of rewards at doses that do not cause appreciable
motor impairment (Fouriez%s et al., 1978; Foufiezos & Wise,
1976; wise et al., 1978ab; Yokel & Wise, 1976).

Testing for conditioned reinforcema’.('l‘t consisted
of allowing the subjects to self—administé‘ isotonic saline
by pressing one of two levers. The second lev\er was inac-
tive and served as a control for nonspecific 1éver-presses
(see Section 3.2.1). Each press on the active lever
resulted in a 0.25 ml infusion of saline with ﬁhe concur-,
rent ;presentation of the cue 1light f;)r 28 seconds. Presses
on the other lever ha4d no scheduled consequence. Testing |

lasted for three hours per day and was continued for three

days.

6.2.2 PResults

The numb,er of presses on the active lever during
each of the three. sessions of testing was a':reraged for each
group (see Figure 6.1). The mean number of presses on kthe

inactive lever was also computed for each group. The group

pretreated with tartaric acid during their conditioning

»
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Fig. 6.1. The mean (+SEM) number of responses,”
made during the three hours of testing. Ani-
mals pretreated with tartaric acid (TA pre-
treatment) during their conditioning trials
made significantly more lever presses than did
subjects pretreated with pimozide (PMZ pre-

. treatment). dyring their conditioning trial
{t(17)=2.36, p<.025}. The tartaric aci@
treated animals also pressed the lever a
ciated with the cue light (solid bar) reliably
more than the inactive lever (striped bar)}
{t(8)=2,25, p<.05}.- Note: Since these differ-

. ences were predicted a priori, one-tailed proba-

.. bility levels were used with no adjustment for,
an increased probability of obtaining a type I
error with repeated tests (see Lindman, 1974).

“trials pressed the lever associatéd with the cue light sig-

- ]
' nificantly more often than the inactive Yever} the group
pfetreated with pimozide pressed each lewer with equal

fréquency and their lever pressing on the lever associated

-
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with the{cue light was significantly(*éwer than that of the

tartaric acid pggtreated group.

6.2.3 Discussion

The development of conditioned reinforcement pro-
duced by the association of a cue light with heroin infu-
sions was blocked by.pimézide pretreatment. Since*the

-

animals are drug free during the tests for conditioned

reinforcement, neither the sedative effects of pimozide

nor heroin can account for #hese data. The fact that the
vehicle-pretreated group pressed the active lever‘sighifi—

cantly more than thesinactive lever suggests that this

" measure of conditioned reinforcement was not the result of

»

accidental lever contdcts. Whether using the rapid infusion
technique of Smith and Davis (1993) would have resulted in
appreéiable contaéts with the inactive lever rémains to

be established. h

y"Smith and Davis (1973) report that their animal%bE
make around 100 lever presses in a 6 hour session, but this
is only twice the rate of the lever pressing seen .prior to
conditioning. In the present study, only about 4% responées
were made inlthree hours of.tésting, but‘the vehicle pre-
treated animals pressed about three times as much as those
pretreated with pimozide (see Figure 6.1). The strength of
the conditioned response in the present study was very weak; .
the amount of variance accounted for by the treatment, as.

-

measured by n?, was 24.85% (Linton & Gallo, 1975). Smith
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and Davis (1973) do not report any strength of association

measure for their data.

6.3 Conditioned Piace Preference

Another approabh to assessing the effect of neu¥o—
leptic treatmenf\on opiate reward is to use the conditioned
place preference parédigm. As discussed in Chapter 4, rats
that had experienced rewarding drug effects associated ,
with a specific environment will return, when given the
opportunity, to the place where they exberienced these
effects (Rdssi & Reid, 1976; Schwartz & Marchok, 1974;
Sherman, Piékmand, ﬁice,‘iiebeskind, & Holman, 1980a;
Sherman,Réberts, Roskam, & Holman, 1980b; Stapleton, Lind,
Merriman, Bozarth, & Reid, 1979). Since the animals are
tested in the drug-free state, this technique, like condi-
tioned reinforcement, is not sgbject to the limitations
inherent in paradigms sensitive to the response depressant

effects of drugs. i

6.3.1 /Method

The apparatus for measuring place prefeggnce con-
sisted of a sﬁuttle box (25 x 36 x 35 cm) with a plywood
floor on one side and a plywood floor covered with wire
mesh on the other. The amount of tihg spent on each side
of the box and the nuﬁber of crosses were automatically
recorded. Rats were'allowed access to the gntire shuttle
box for 15 minutes on five consecutive days. After these

preconditioning trials, they received four daily injections

- - T
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of drug while .being forced to remain on the plywood side
for 30 minutes. Following the four days of conditioning
trials, the rats were injected with wvehicle and tested
again for their place preference during a 15 minute trial.

M
Increases in the time spent on the side of putative condi-

- tioning were interprete&las an indication of drug-induced

reward. . ~
Fifty-five male, Long;Evans rats (weighing 350—459

g) were divided into 5 groups and received different pre-
treatments during their conditioning trials. Three groups
of rats received heroin (0.5 mg/kg, s.c.) preceded by either
saline (1 ml/kg, i.p.), naloxone (3 mg/kg, i.p.f, or pimo-~
zide (0.5 mg/kg, i.p.). The remaining two groups of rats
were injected with either naloxone (3 mg/kg, i.p.) or
pimozide (0.5 mg/kg, i.p.) followed by saline (1 mé/kgf
i.p.). All drugs were injected immediately before the
conditioning trials except pimozide which was injected

four hours prior to conditioning.

- 6.3.2 Results
The rats showed.a marked preference for the wire
mesh side of the box during their preconditioning trials.
The 99% confidence inteéval for the last preconditioning
trial is ericted in Figure 6.2. Heroin produced a shift
in place preference similar to that found in Chapter 4 and
that previously reported fqr morphine (Rossi @ Reid, 1976;

Schwartz, & Marchok, 1974; Sherman et al., 1980a),

Bl TR T o ]
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\ Fig. 6.2. The mean (:fSEM) time spent on the side of
putative conditioning for each group (n=1l/group).
An analysis of variance (ANOVA) showed no significant
‘ differences (Winer, 1971) among the groups during pre-
; . conditioning {F(4,50)=1.43, p>.20}; the 99% confidence
st interval (99% C.I.) of these scores is shown on the
' figure. After conditioning, an ANOVA revealed a sig-
nificant treatment effect {F(4,50)=19.73, p<.001}.
A Newman-Keuls' test (Winer, 1971) demonstrated sig-
nificant differences between heroin plus saline and
all other treatments (p<.0l); also, both heroin plus
naloxone and heroin plus pimozide.decreased the
amount of time spent on the side of putative condi-
tioning when compared- with saline plus naloxone and
saline plus pimozide, respectively (p's<.05).

"

d-ala?-methionine enkeéhalin (Stapleton et al., 1979), or
amphetamine (Sherman et al., 1980b). Pretreatment with
either naloxone or pimozide resulted in é‘decrease in the
amount of time.spént on the conditioning side for rats also
receiving heroin injecfioﬁs. Neither naloxone nor pimozidé

produced a reliable shift in place preference in rats not
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injected with heroin.

A comparison -of the effects of these various treat-

ments on locomotor activity is shdwn in Table 6.1. Although

L N . .
all shuttle scores were increased on the test trial, the
!
only significant increase was seen in the saline plus pimo- 1

zide group. The fact that an increase in shuttle activity

b

was not seen in the heroin plus saline group suggests that

s

the place preference demonstrated by this group was not the

result of nonspecific increases in activity or exploration.
This observation is important since the heroin plus saline i

group only spent about half of the. total test-time on the

t

TABLE 6.1

15 amare . St

CHANGES IN LOCOMOTOR ACTIVITY

a

s

Condition Mean Difference Score
Heroin bl;s saline 41.9+1.5 :
Heroin plus naloxone +0.9£1.5 ;
Heroin plus pimozigle +0.8£1.3 . é
Saline plus naloxone ‘ ) +1.1%2.6 i ‘ )
Saline plus pimozide +8.5+1.8 :

¢

Note: Mean difference (+3EM) in activify /number of
crossings) between the last preconditioning trial and the
post-conditioning trial. An ANOVA revealed no significant
differences in the locomotor scores between groups on the
last preconditioning day {F(4,50)=1.04, p>.20}. Following
the conditioning trials, there were no reliable changes in
locomotor activity (p's>.20 to .50) except for the group
given pimozide plus saline during the conditioning trials
{t(10)=4.72, p<.002}.
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conditioning side, and increases in locomotor activity could
potentially inflate the measure of place preference by sim-

ply distributing the time spent on each side more eqﬁally.“

6.3.3 Discussion

These results are concordant with. those of the first
experiment and with other gtudies showing an attenuation of
opiate reward following neuroleptic treatment (e.g., Hanson
& Cimini—Venema, 1972; Pozuelo & Kerr, 1972). Since place
pfeférence is tested in dfug—free animals, it is obvious
that pimozide's blockade of hercin reward cannot be attri-
buted to a general sedative effect. Unlike the first experi-
ment, however, the effect demonstrated in this study was
relatively strong; the amount of variance accounted for by

treatment, as indexed by w?, was 61.2% (cf. Table 4.1).

The fact that the same dose of an opiate can produce
both reward and aversion is well established (Sherman et al.,
1980a; White, Sklar, & Amit, 1977), and it has been suggested
that opiates produce mixed. affective consequences (Gorman,

De Obaldia, Scott, & Reid, 1978). The apparent aversion to ' :
the side of putative conditioning seen in rats treated with

heroin plus naloxone or hercin plus pimozide may point to a

\ “This hypothesis has been directly tested (M. Bozarth,
unpublished observations). Rats injected with amphetamine
(1 or 3 mg/kg, i.p.) show marked increases in locomotor
activity as measured by the number of crossings in 15 minutes.
This increased locomotor activity did not produce a shift in
the amount of time the animals spent on their nonpreferred
side of the test chamber even though activity was increased
dramatically.
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separation of the rewarding and aversive properties Sf
opiates. This learned aversion to stimuli associated with
heroin plus naloxone or heroin plus pimozgde,"however, needs
to be confirmed using other technigques, such as the condi-
tioned taste aversion paradigm, before any firm conclusions

can be reached regarding this effect.

'
‘

6.4 General Discussion

Since neuroleptic t¥eatment produces a simple
response attenuation in intravenous opiate self, ,
administration,5 this technique cannot be used to determine
the effect of dppamine-receptor blockade on opiate reward.
In fact, the decrease in intravenous self-administration
is dose dependent, so it might be concluded that this
effect is the result of a general sedative effect éf neuro-

'

leptic treatment. Therefore, the effect of neuroleptic

’

The assertion that neuroleptics cause a simple
decrease in intravenous opiate self-~administration is not
true. In fact, low doses of a neuroleptic have been shown
to increase opiate self-administration (Hanson & Cimini
Venema, 1972; Smith & Davis, 1973; M. Bozarth, unpublished
observations). This effect has not been well documented
and the only full report of increased responding during
neuroleptic treatment attributes this effect to an enhance-
ment of opiate reward (i.e., Smith & Davis, 1973). The
series of studies reported by Yokel and Wise (1975, 1976)
emphasized the importance of accelerated drug intake in
eliminating the possibility that general sedation is respon-
sible for altered intravenous self-administration. It
should be noted, however, that a simple cessation in
responding for intravenous drug does not prove that the
effect is due to motor sedation. The observation that low
doses of a neuroleptic increase intravenous opliate self
administration could be interpreted as evidence against a
motor sedation hypothesis, and thus supporting the notion
that neuroleptics attenuate opiate reward. Ve
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treatment on opiate reward needs to be assessed with animals

 tested in the drug-free condition. Two such procedures have-

been used: (l) Smith and Davis-type conditioned reinforce-
ment, and (2) gonditioned‘place prefeience. In the present
study, both indices of opiate reward were blocked by pre-
treatment with pimozide. The strength’of the conditioning
seen in subjects not pretreated with pimozide, however, was
relatively weak in the Smith and Davis~type measure (cf.
strength of association measures were 24.8% and 61.2% for
Smith and Davis-type conditioned reinforcement and- condi-
tioned place preference, respectively). The reason for the
discrepant findings of the present studywith Smith and
Davis (1973) is unclear, but it is apparent that additional
testing and/replication by other laboratories are required
before the results of either study can be meaningfully
interpreted. ]

Schwartz and Marchok (1974) haQe‘reported
that the place preference produced by morphine was blocked
by neuroleptic treatment, but their paper has drawn little
attention. The present study confirmed this assertion by
showing that the heroin-induced conditioned place prefer-

ence is blocked by pimozide pretreatment and this effect

‘cannot be attributed to an aversive side-effect of pimozide

treatment.® Phillips, Spyraki, and Fibiger (1982) have

fStewart and Grupp (1981) have shown a place aver-
sion can also develop with some drug treatments. If pimo-
zide treatment alone were to decrease the amount of time
spent on the side of conditioning, then pimozide's attenua-
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also réplicatéd this finding making éhe results of these
three laboratories in agreement.

The demonstrqtion that opiate reward appears to be
dependent on a dopaminergic mechanism suggests that it may
share a common neural substrate with other sources of
reward. This proposition is strengthened by the demonstra-
tion in Chapter 3 that rats will learn a lever-pressing
response to inject mdrphine directly into the ventral teg-
mental area. Independent corroboration of the rewardin
properties of morphine injected into this region of ///3

dopamine-containing cells has been obtained in studies

showing a conditioned place preference from these injec-
1

tions (see Chapter 4; Phillips &' LePiane, 1980).

tion of heroin-induced conditioned place preference might
be due to an additive effect and not the result of a direct
action on heroin reward. '
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CHAPTER 7 , v//

. DISSOCIATION OF THE REWARDING AND PHYSICAL

DEPENDENCE-PRODUCING PROPERTIES OF OPIATES!

7.1 Introquction
According to operant psychologists, there are three
cagginal principles governing behavior: (1) puﬁishment,

where an aversive event decrea$es the frequency of the

behavior it follows, (2) negative reinforcement, where the

frequency of a response is increased by the avgidance‘or
termination of an aversive event, and (3) positive rein-
forcement, where the frequency of a response is increased by
the presentation of some rewarding (i.e., usually emotion-

ally positive) event (see Bindra, 1976; Skinner, 1953; Young,

j 1959) . Punishment decreases the occurrence of behaviors it

e

follows while both negative and positive reinforcement

increase the occurrence of behaviors they affect. Theories

A SR ORI v

concerning the naturg of drug addiction generally involve
' ¢

either negative or positive reinforcement mechanisms

although there is no a priori reason to suspect that both

; !portions of this chapter were presented to the 44th
? - Annual Meeting of the Committee on Problems of Drug Depen-

' dence, Toronto, June, 1982, and will appear in M. A. Bozarth

§ and R. A. Wise, Dissociation of the rewarding and physical

) dependenge-producing propertig@s of morphine. 1In L. S. Harris
P (Ed.), Problems'of Drug Dependence, 1982. Washington, D.C.:

NIDA Research Monograph Series, 1983 (in press).
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could not bzﬁdéhcur;ently operating.
Addiction to opiates 1s usually characterized by
the repetitive intake of large quantities of drug and the
/ggyexopment of marked physical dependence. Upon discontinua-
tion of opiate intake (or the injection of a narcotic antago-
nist), withdrawal symptoms appear which"include anorexia,
rgstlessness, irritability, tremor, and diarrhea accompanied -
by subjective experiences of weakness and depression (Jaffe,
1975; Martin, 1966, 19g7; Martin & Jasinski, 1977).
Although recent definitions of drud addiction emphasize the
bghavioral aspects of compulsive drug intake (Eddy, 1973;
Jaffe, 1975), several investigators have postulated that the
development of physical dependence is essential for estab-
lishing compulsive drug use (Dole, 1980; Lindesmith, 1938,
1970; ©Nichols, 1965; Seevers, 1967; Spragg, 1940;
Wikler & Pescor, 1967). Specifically, the withdrawal dis-
comfort produced by the discontinuance of opiate intake in
physically dependent persons hqg been p;stualted to provide
the motivation to ingest opiates to relieve the distress pro-
duced by abstinence. This type of negative reinforcement
modél of .addiction seems to fit with many of the patterns of
opiate intake, but it fails to account for the initial acqui-
sition.of drug-taking, habits. Nonetheless, the notion that
‘opiate addicts self-administer drugs to alleviate withdrawal
distféss remains a very popular view.

The self-administration of drugs by iaboratory ani-

- . 4
mals has suggested that many of the substances abused by

»
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hukans can serve as positive reinforcers (Deneau, Yénagita,\
& Seevers, 1969; Griffiths & Balster, 1979; Pickens, Meisch,
s Thompson, 1978; Seiden & Dykstra, 1977; Spealman & Gold-
berg, 1978; Woods & Schuster, 1968, 1971). Although some
early studies of animal self-administration used subjeéfs
that were made physically dependent on an opiate before
testing for self—administrétion (e.g., Thompson & Schuster,

-

1964; Weeks, 1962), later studies have shown that naive sub-

'jects will learn and sustain self-administration of opiates

at dose levels that do not produce obvious sigps of physical
dependence (Deneau et al., 1969; Woé&s & Schuster, 1971).

On thé other hand, it has been shown that phys$ically depen-
dent animalslwill "work" to avoid injectiéns of narcotic'
an%a@onists that would precipitate withdrawal (Downs & Woods,
1973; éoldbe;g, Hoffmeister, &« Schlicﬁtﬂag? 1972; Goldberyg,

Hoffmeister, échlichting, & Wuttke, 1971). Furthermore,

-Young, Swain, and Woods (1981) have shown that there is a

high positive correlation between the ability of an opiate to

suppfess withdrawal signs and i?s pharmacological potency in
maintaining intravenous self-administration. Thus it seems
that negative reinforcement (i.e., the avoidance of with-
drawal distress) is also capable of maintaining behavior.
This has led to controversy fegarding the relative impor-
tance of positive and negative reinforcement mechanisms in
maintaining opiate intake in humans. Even studies reporting
no clear signs of physical dependence in animals self-

administering opiate cannot eliminate the possibility that

- ’
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the animals are expériencing some degree of withdrawal dis-
comfort during periods of abstinence.

One approach to studying the relative contribution
of the positive and negative reinfofcing properties of
‘oplates to the mainténance of drug intake is to identify
the underlying neural substrate of eacﬁ and differentially
manipulate them to assess their impact on behavior. Usually,
howeQer, it i5 -not possible to‘produce physicél dependence
. without the ccncomitant positivéﬂreinforcing properties of
. opiate administration nor is it possible to test for positive
reinforcement without the possibility that some degree of
physical’dependence has developed as a consequence of drug
intake. This chapter reports the results.,of two lines of
investigation designed to delineate the relationship between
opiate reward and the development of physical dependence.
The first experimént was designed to determine if the opilate
regbptor field responsible for positive reirforcement is also
involved in the production of physical dependence on morphine,
and a second experiment was designed t§ assess the rewarding
properties of a éingle injectionpof hergin, Theée sttudies
should help to clarify thepimportance of physical dependencé{
in drug taking behavior by eéaﬁining the degree‘tq which
positive reinforcement and physical dependence mechanisms
can be dissociated.

7.2 Physical Dependence from

e Central Morphine Injections

In' early studies of the brain site responsible for
W

2

{
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* 1

opiate physical dependence, rats were made physically depen-—

PE)

1 »-

aent'bi'systemic injections of morphine and withdrawal was A
precipitated by central narcotic antagonist admindistration.

In an experiment by Wei, Loh, and Way (1973), rats were made
dependent by morphine pellet implantat%ons and crystalline
naloxone was applied to various brain sites to assess their
contributions to opiate physical dependence. Sites in the
thalamic and periventricular gfay regions were shown to_be "
‘involved in physical dependence while the application of
naloxone to the caudate or other forebrain sites seldom
resulted in precipitated abstinence. Aware of the problem
of- extensive drug spreéd Wigh lipqppilfc‘substances like
naloxoﬁe (see Sectioq 2.1.2), Laschka, Teschemagher,
hehraein, and éerz (1976b) used intraventricular injections
of a.narcbtic antagoﬁisthfolloéing the insertipn of "plugs”
into varioqus parts of the ventricular'system. This* procedure

restricted the entry of the narcotic antagonist to certain . N

parts of the cerebral ventricular system. These studies

‘identified the caudal ventricular system (i,e., fourth ven— .

tricle) as being proximal to the opiate receptor field
responsible for physicgl dependence, fThe failure to find o
precipitated withdr;wal from narcotic antagonistvinjections
restricted to the-rostrai ventricular system would Yppear fo
be in conflict wiéh Wei etal.'s (1973) report of withdrawal

from naloxone application in thalamic sites. This may be

‘\

due to either (i) the spreéd of qaioxone to mare distal sites

i .

. y )
in the periventricular gray region in Wei et al.'s (1973)

s g N '

s
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study, (ii) the failure of wentricular naloxone infusions to

produce effective antagonist concentrations in thalamic sites

{ in Laschka et al.'s (1976b) study, or (iii) the u§e of nar-

cotic antagonists of the mixed agonist-antagonist type? by

-

Laschka et al. (1976b). Whatever £he case, both lines of
investigation eliminate a forebrain site of action for
opiate-induced physical dependence and suggest the importance
of caudal midbrain and periventricular~opiate receptor fields.
A mofe direct assessment of what brain sites are
responsible for the aevelopment of physical dependence on
opiates ihvolves the direct intracranial application of mor-
phine into varioug brain regions. Wei (1981) and Wei and .

LSh (1976) have reported that rats chronically administered -

mbrphine into the periagueductal gray-fourth ventricle region,

- s

I

’Herz's laboratory group (e.g., Albus, Schott, & <

Herz, 1970; Blasig, Hollt, Herz, & Paschelke, 1976; Herz,
Teschemacher, Albus, & Zielglansberger, 1972; Lagchka, Hersz,
& Blasig, 1976a; Laschka et al., 1976b) has used several

A narcotic antagonists in their studies of various opiate -
effects (e.g., precipitated withdrawal) including levallor-
phan (1-3-hydroxy-N~allylmorphinan) and dially-normorphinium .
bromide which are structural analogs of malorphine
(N-allylnormorphine) . Like their parent compound, however,
they have fixed agonist-antagonist properties (Houde, 1979;
Martin, 1967), and several compounds in this drug class have
been reported to produce moderate levels of physical depen-
dence (e.g., Fennessy & Lagka, 1979, Koga & Inukai, 198la;
Laska & Fennessy, 1978; Martin, Fraser, Gorodetzky, & -
Rosenberg, 1965; Martin & Gorodetzky, 1965; McCarthy, Metcalf
& Howe, 1982).  Generally, nalorphine precipitates with-
drawal in opiateé dependent subjects (Wikler, Fraser, & Isbell,
1953), but the possibility remains that the discrepancy
.between the data of Wei-et al., 1973, and Herz's group is
due to theirruse of markedly different compounds (see Jacob,

-

Nonetheless, it is much more likely that even crystalline
naloxone % diffusing to a distal site of action.

+

o+

. Michqud, & Tremblay, 1379; Jasinski, 1979; Martin, 1967, 1979).
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show pronounced withdrawal signs when challenged wi-th
) :
systemic naloxone injections. In these studies, morphine

had'been infused chro;icallyrﬁsing an osmotic minipump (Alzet
Corp.}) and vario?s withdrawal signs were observed[following

a challenge dose of naloxone. Although a variety of with-
Qrawal signs are demonstrable after central morphine injec-
tions, the most clear appear to have been escape attempts

A

from a cylindrical enclosure, teeth chattering, and wet-dog

v

shakes.
The first experiment in this chapter involved the
procedure described by Wei (1981) to z}ﬁdy the ability of

morphine injected directly into the v&ntral tegmental area to

{

produce physical dependence in rats. This brain region has

previously been shown to contain the opiate Eéceptor popula-
' Y

tion that is critical for the rewarding properties of mor-

phine (Bozarth & Wise, 1980ph, 198la, 1982; Britt & Wise, 198la
Phillips & Leﬁiane, 1980; see also Chapters‘3 and\4). . The
effects pf chronic morphine injections into other bra@p\
régions were also assessed toO determine the loci of the

opiate receptor fields mediating the development of physical

dependence.

7.2.1 Method
Subjebts: Male, Long-Evans rats (weighfhg 300 to
37% g) were é%ereotaxically implanted with,6 21 gauge cannulae
. .

aimed unilaterally at the various brain regions listed in
. N

Table 7.1. Whilehthe rats-were anesthetized with sodium

-

Se
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1

pentobarbital (60 mg/kg, i.p.), cannulae that had been
filled with morphine were connected to osmotic minipumps
(model 2001) and the cannula tips were lowered to the brain
region under study. The minipumps delivered 1.0 ul/hr
of 0.5 ug/ul morphine sulfate® dissolved in Ringer's
solution. Some of the éénnulae were angled at 20 to 30
degrees” from the midline to .avoid penetration of. the
periventricular gray region. The minipﬁmps were implanted
subcutaneously between the scapulae of the animals, and
polyethylene{éubing (PE 60) was used to connect the mini-
pumps to the implanted cannulae (see Wei, 1981, or Yates,
1977, for details). Penicillin G (30,000 units, i.m.) was
administered prophylactically during the surgery. After
recovery from the anesthetic, animals were housed in a 12 hr
light-12 hr 'dark cycle-of illumination. All behavioral test; \
ing occurred during the light phase of this cycle. Food and
water were available in the home cages ad libitum.

Because of a latency of about four hours in reaching

their nominal flow rate of 1 yl/hr (Yates, 1979, 198l), the

37his dose is the equivalent of 1.5 nmole of morphine
per ul of soluticon. The infusion parameiers used in the pre-
sent study were based on Wei's (1981) study which showed
that maximum phy51§al dependence was demonstrable after
approximately threedays of continuous morphine infusions and
a challenge dose of 5 mg/kg of naloxone. The dose of mor-
phine selected for the chronic infusiops was shown to produce
a high level of physical dependence. W

“A Stoelting stereotaxic apparatus (Stoelting Co.,
Chicago) was used to perform the surgeries since angled place- .
ments can easily be done without adjusting the stereotaxic
coordinates.
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TABLE 7.1

STEllREOTAXIC COORDINATES USED FOR MORPHINE INFUSTIONS
(Adapted from Pellegrino, Pellegrino,
& Cushman, 1979)

Placement anterior-posterior? lateral® ventral® subjectsd

FCX +4.4 +2.5 2.0 14
NAS +3.5 £1.6 6.2 15
CPU +2.0 +3.0 6.0 12
AMYG +0.4 +4.8 7.8 16
LHA -0.6 +1.5 9.2 10
THAL -1.0 +2.0 6.0 17 ’
D3V -3.8 +0.0 4.9 13
VTA -3.8 +0.6 8.2 12
VTA-S -3.8 . +0.6 8.2 14
VTA-30° -3.8 £0.6 8.8 19
RF -3.8 . _*1.7 6.8 14
SC -3.8 +2.8 5.8 10
PVG-R -3.8 +0.6 5.8 14
PVG-C -6.8 $0.0 to *0.6 T 4.5 20

A

NOTE: Two groups of animals implanted w1th cannulae in
the ventral tegmental area had cannulae angled 20 to 30°
from the sagittal plane to avoid the periventricular gray .
region. Superior colliculus and reticular formation place-
ments were also angled 20 to 30° from the sagittal plane so
that they followed the same trajectory as the angled ventral
tegmental cannulae. The central dorsal third-ventricle
placement was angled at 15° from the éagittal plane to avoid
the midsagittal sinus. All other cannulae were paralled.to
the sagittal plane. Abbreviations: FCS, frontal cortex;
NAS, nucleus accumbens; CPU, caudate nucleus; AMYG, amygdala;
LHA, lateral hypothalamic area; THAL, thalamus; D3V, medial
aspect of the dorsal third-ventricle; VTA, ventral tegmental
area (naloxone challenged); VTA-S, ventral tegmental area
{physiological saline challenge) VTA-30°, ventral tegmental
area (cannulae angled 20 to 30°); RF, reticular formation;
SC, superior colliculus; PVG-R, periventricular gray sub-—
stance (caudal aspect including the fourth ventricle and
locus coeruleus) .

@mm from bregma
bom from the midline

“mm from dura

dnumber of subjects tested
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minipumps were kept in isotonic saline at 37 degrees Celsius
for 16 to 24 hours prior to implantation in the rats. Also,
since the minipumps deliver 1.0 pl/hr for a minimum of 200
hours, each was reused in a second subject. The minipumps .

were bathed in isotonic saline at 37 degrees Celsiwms to

maintain their equilibrated flow rate between the first and
second group of rats to receive the same pumps. Fluoromet-
ric determinations of flow rate performed by Alzet Corpora-

tion showed that the nominal infusion rate (for this lot of

minipumps) was .99 ul/hr :0.1 ul (see Yates, 1981).

After completion of the behavioral testing, the rats
were given an anesthetic dose of sodium pentobarbital and
intracranially perfused with isotonic saline "}followed by a
10% Formalin solution. Their brains were then removed and
fixed in 10% Formalin for at least two days and frozen sec-

tions were taken at 40 micron intervals. Following formal-

R 1 e skt by il e i, e o

thionin staining, the cannula placements were examined at .
approximately 10 times magnification and the subjects were
\\grouped according to histological placements.

'Progedure: After 72 hours of céntinu‘ous drug infu-
sions, the rats were,placed in a Plexiglas cylinder (23§x
25 cm) . Following a five minute adaptation period, they
were challenged with an intraperitoneal injection of naloxone
hydrochloride .(5.0 mg/kg) and placed back in the Plexiglas
cylinder. The presence <;f teeth chattering and wet~dog
shakes and the number of escapes from the cylinder were

scored in ‘five minute segments for the next 20 minutes  (see
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Pable 7.2). Other withdrawal signs were also observed, but
no attempt was made to quantify them since they have been
shown to be more variable than the measures assessed in

this study (see Wei et al., 1973).

TABLE 7.2

VARIOUS WITHDRAWAL SIGNS USED TO SCORE
PRECIPITATED WITHDRAWAL

Withdrawal Sign A Criterion

Three or more paws on the top rim of the
cylindrical enclosure.

Escape behavior

Teeth-chattering An audible sound made by rapid
. mastication—1like movements of the jaws.

Rotational movements of the body which
resemble the motion of a dog shaking
himself when wet.

Wet-dog shakes

Diarrhea A soft, formless stool without definite
shape.
Vocalization Squealing upon touch or spontaneously.

Aggression Attack behavior directed toward the
experimenter when touching the subject.

More than 2 g loss of body weight within

Weight-1loss
20 minutes of the naloxoné challenge.

NOTE: Aggression, diarrhea, and weight-loss were
observed in only a few cases of the 200 animals tested in
the present study. Vocalization scores were dropped when it
became apparent that what was rated as spontaneous vocaliza-
tion was frequently produced by the animal being approached
by the experimenter.

7.2.2 Results
Injections into’either the rostral or caudal regions

of the periventricular gray substance produced marked physi-

‘cal dependence as quantified by escape behaviorgfollowing

naloxone challenge (see Figure 7.1}. The animals with

PR 1Y LR
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cannulae in the ventral tegmental area also demonstrated
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significant escape behavior, although at about one third
the rate of subjects that received morphine.into the
rostral periventricular gray region. An analysis .of vari-
ance (Winer, 1971) revealed a significant effect for the
factor of cannula placement {F(3,61)=12.406, p<.00l}. A
Newman-Keuls' test (Wiﬂer, 1971) further showed that the
escape behavior associated with the rostral periventricular
gray placement was sigﬁificantly greater than that found
with the other placements shown in this figure (p's<.01).
Ten unoperated rats were also testgd for withdrawal signs

following an injection of naloxone (5.0 mg/kg, i.p.). None

40

as | . :

30

20

-

15 p

10 ¢

MEAN NUMBER OF ESCAPESI20A MIN

==l

NT VTA PVG-R D3V PVG-C

Fig. 7.1. Mean (*SEM) number of escapes in 20
minutes. NT=unoperated control animals challenged
with naloxone. (See Table 7.1 for abbreviations.)
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t

of these rats demonstrated any signs of physical dependence
including escape behavior although several of the subjects
did attempt to leave the cylinder during the five minute
adaptation period prior to naloxone injections.

Other withdrawal 'signs were also seen in the rats

injected with morphine into the periyentricular gray regions.

AS shown in Table 7.3, teeth chattering was seen with simi-
lar frequency in these two sites, but wet-dog shakes were
primarily observed following infusions into the caudal
periventricular gray region. In fact, this conclusion is
even more strongly supported if a measure that not only

represents frequency but is also sensitive to the intensity

TABLE 7.3

PERCENTAGE OF ANIMALS SHOWING VARIOUS WITHDRAWAL SIGNS
“FOR MORE THAN ONE FIVE MINUTE PERIOD
FOLLOWING NALOXONE CHALLENGE

Placement escape behavior teeth-chattering wet-dog shakes

FCX 0 0 0
NAS 33 27 7
CPU 0 0 0
AMYG 12 0 6
LHA 40 0 0
THAL 41 0 0
D3V 21 ‘ 14 0
VTA 76 - 0 6
VTA-S ; 25 0 0
VTA=30°¢ 32 10 A 0
RF 100 14 0
sc 0 0 0
PVG-R 100 43 14
PVG-C . 170 25 45

1

NOTE: See Table 7.1 for abbreviations.

/
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of the withdrawal sign is used. Figure 7.2 was derived by
computing the mean number of periods each sign was present
during testing. A subject that displayed a given withdrawal
sign during only one of the four five-minute periods was
assigned'a score of one while a subject displaying the with-
drawal sign for the entire 20 minutes of observation (i.e.,
all four five-minute periods) received a score of four.
These values were then converted to the percentage of time
the withdrawal sign was present during the observation
period (4 periods=100%). A t-test showed that the incidence
of wet-dog shakes was significantly higher for animals with
cannulae in the caudal periventriculér gray region {t(32)=

2.09, p<.05}. This supports the notion that different brain

40 o~ . 1 40
== -
@ 30 : -§ 30 g;
4 o ! - - N o
a. pom z
- g
§ 20 F 20 &
] w
E I - é
- 10
" 10 = -~ R
3 -4
PVG-R PVQ;C PVG-R PVG-C

TEETH-CHATTERING WET-DOG SHAKES

Fig. 7.2. Mean (tggEM) percentage of the 20 minute
observation period that teeth chattering or wet-dog
shakes were present. (See Table 7.1 fdr other

abbreviations.) N
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regions may be responsible for the production of different

. signs of physical dependence (Wei et al., 1973) and cautions
against consideration of’ the withdrawal syndrome as a unitary
phenomenon generated by a single brain mechanism. Further-
more, a comparison of Table 7.2 with Figure 7.2 demonstrates
the importance of using a measure that takes into account
the influence of intensity or duration of the withdrawal
sign. jables that only iillustrate the percentage of animals
thét show a given response can be misleading, and rather
arbitrary changes in response criterion can radically alter
the conclusions derived from such tables.?

T?e physical dependence produced by morphine infu-
sions into the mesencephalic region was further investigated
by implantation of cannulae in the ventral tegmental area at
a 20 to 30 degree angle to avoid penetration of the periven-
tricular gray region. Additional animals were implanted
with cannulae using the same angled penetration but approxi-

mately 2.5 and 3.5 mm dorsal to the angled ventral tegmental

For example, changing the values in Table 7.2 to
represent the percentage of animals that display more than
10 escapes in 20 minutes would drop the percentage of rostral
periventricular gray subjects from 100% to 79%, but more
dramatically, the percentage of angled ventral tegmental sub-
jects (VTA-30) decreases form 32% to 5%. Some changes in
criterion, however, do not produce markedly different results
(e.g., percentaqe of subjects showing teeth chattering from
rostral periventricular morphlne infusions only drops from
57% to 43% if the criterion is changed from one or more
responses to Yreater than one response):. Note also that both
the rostral periventricular gray region and the reticular
formation infusions-of morphine produced physical dependence
in 100% of the subjects tested, but the intensity of the .
withdrawal escape behavior is markedly different (cf Figures
7.2 and 7.4).

s
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placement terminating in the reticular formafion and
superior colliculus, respectively. Morphine was also
infused into the central aspect of the dorsal third-ventricle
(just dorsal to the medial periventricular gray region) to
determine what proporiion of the withdrawal response might
be due Zo the ventricular diffusion of drug to a distal

site of action. Another group of rats with unangled ven-
tral tegmental cannulae were challenged with physiological
saline instead of the naloxone injections. This latter test
was used to determine if any of the escape behavior observed
in animals implanted in the ventral tegmentum was the result
of mechanical irritation from the microinfusions,.

Fiqure 7.3 shows the results under each of the véri—
ous conditions. Rats with morphine infused through ventral
tegmental cannulae angled to avoid the periventricular gray
region showed a small, but significgnt, number of escapes
when challenged with systemic naloxone. Animals that
received infusions into the dorsal third-ventricle demon-
strated a similar low level of escape behavior while rats
infuged inﬂthe reticular formation showed escape responding
that was intermediate between the rostral periventricular
gray and ynangled ventral tegmental placements. Rats chal-

L

lenged with physiological saline displayed about the same

~ level of escape behavior as those with angled ventral teg-,

mental cannulae and challenged with naloxone. This suggests

v LS

that some of the responding that remains with cannulae that

avoid penetration of the periventricular gray substance may

t

PR "
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be the result of mechanical irritation in the‘ventral teg=-
mentum. None of the rats with cannulae imblanted in the
superior colliculus showed any behavicral sign associated
with withdrawal.

Other brain sites were also tested to determine
their ability to produce physical—éependence with chronic
morphine iﬁjections. Figure 7.4 shows the results of J
naloxone challenge after morphine infusions into.severai
forebrain and midﬁrain regions; The only region that was
‘assoc1ated w1th any appreCLable escape behav1or 'was the
nucleus accumbens. In this group, three subjects had shown.
a prondunced level of escape respénding (mean=20), but a
post hoc histological examination failed to discern aﬁy
difference between these . rats and the.other subjects with

' cannula placements in this region. Likewise, several of thef
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animals that received morphine, infusio%'xs 1’ntg the amygdala,
thalamus, and lateral hypothidlamus di"spla‘yec\l‘ a low level of
escape behavior, but no.histological differences were appar-
ent 'amongL responczlers and nonresponders in the'se‘grbups. In
general the level of responding seen aftelr cl'paronic ‘itn'fusions
into forebrain and midbrain regions was very low and tgst‘s
for ventricula_r diffusion were not undertaken since the pri-
mary site of action would Appear to be associated with . the -~
mesencephalic ;egions which'support a much hiﬂgher level 6f
escape behaxliior., |

Blasig, Herz, Re{nhold, and Zieglgansberger (1973)

have; suggested that the withdrawal syndrome precipitated

'a?ter a narcotic antagonist challenge can be divided into

doﬂinant and recessive signs. - They reported that there was

an inverse relationship between the appearance of dominant

. .
25 - .
& - . ) |
z 20 - ! ‘ ' \
[=] .
8 | - u
W 15 . -
w R :
. & /
5 10 = ! ) ‘ \ *
. @ i .
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.. FCX NAS 'CPU AMYG THAL LMA

-

o

/

- Fig. 7.4: The mean (% SEtQ){".number of escapes in 20

minutes for ebrain and midbrain placements.
(See Table 7°1 for abbreviations.)
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.. signs such as escape behavior. and teeth chattering and
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qgcéssive signs sﬁch as“wet—dog shakes. They suggesééd‘ R
éhat this relationship was a function gf both the level of - e
physical dependeﬁce and the time s&nce éhe antagonist chal- "
lenge. Figure 7.5 illustrates the distribution of escape

behavior, teetﬁ.chattéring, and wet-dog shakes over the 20 | .

h L

. minute observation period for the rostral and caudal peri-

~

ventricular gray groups. There was no evidence that the
incidence of wet-dog shakes increased toward the end of the

observation period (cf. Blasig et al., 1973, Figure 6). 1In

fact, the percentage of animals showing these three signs

~

was highegt during the initial five minute period. The
discrepant fiﬂdings of the present‘study and of Blasig eg\a;.
(1973) could be due to the ﬁact that the latter study guanti-
fied the intensity of all three measures while the present

L,

study quantified escape behavior but gimply ?abulated pﬁé.
pegcentage of animals-showing teeth chattering and wet-dog "
shakes:‘ These signs might have inereased in frequency with}n
subjects whi%e the number of anim;lé sﬁowing a given sign
deqreased. Nonetheless, . the prgs;nt study aoes not support
the claim of Blasig et al. (1973) and suggests that this
issue may be more complicéted tﬁan previously suggested. )
A numbér of other"w%thdra%al sign$ have been repqrt;d
by other investigators. These include abnormal.posturiné, | .
diarrhea, hyperactivity, mastication, and vocalization (e.qg., |

Bfasig et al., 1973; Martin, Wikler, Eades, & Pescor, 1963;

Menon, Tseng,” Loh, & Clark, 1980; Teiger, 1974; Wei et al.,

4 1,
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Fig. 7.5. Distribution of the various with-
drawal signs over the 20 minute observation
period. Only subjects that displayed the cor-
respohding withdrawal sign during at least
one of the cbservation periods were included
in the computations. Escape means represent
the number of escape responses in a given
period while both wet-dog shakes and.teeth
chattering means represent the percentage of
subjects showing these signs in each period.

All of these signs exceét diarrhea were seen in the

present study. Because there is difficulty in the quantifi-

.

cation of these signsy ‘however, they were not used to assess

. the intensity of opiate withdrawal. The failure to observe

diarrhea was surprising since (i) opiates have both centrally a

~

\
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and peripherally mediated effects on intestinal motility
(Schulz, Wuster, & Herz, 1979; Steward, Weisbrodt, &QBurks,

~ o

I978) , (ii) Schreier and Burks (1981) have reported that :
int:aventricula£ clonidipe inh%bits witharawal diarrhea,

and (iii). Herz has reporﬁeé'that the systemdic administration
of a narcotic antagonist that does not cross the blood-brain
barrier fails to precipitate withdrawal diarrhea (Herz, un-
published observation, cited in Laschka et al., 1976a).

The fact that morphine chfonically infused into the caudal
periventricular gray region.(and surrounding fourth ventricle)

+

did not result in diarrhea following naloxone challenge does.

z

not support the notion that withdrawal diarrhea is mediated

¢

by an opiate action at the locus coeruleus (see Gold s
Pottash, 1981). : ‘
Representative his;ologies are illustrated in Figure
7.6. Cannulae aimed at the frontal cortex, nuéleus accumbens,
.and caudate nucleus were dispersed within about a 1.0 mm
radius of the placements shown in the figur;. &o ?igns of
withdrawal were seen in any of the.}ats in this ra;ge of ., -

placements except in the case of several nucleus accumbens

animals previously.-3

discussed. Cannula placements in the

thalamus were qenerally in the caudal po?tion of the ventral
nucleus while some lateral hypothalamic cannulae extended to

the zona incerta. Sites tested in the amygdala included the
central, cortical, and pars lateralis.amygdgloid nuclei.’
Histological analyses were unable to discern any relationship .

between withdrawal behavior and within site variations in

’

!
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F.ig. 7.6. Representative histological recon-
structions of the various brain regions tested
in this study. Each. placement is inhdicated by

a ocircle and the angle of cannula penetration
by an arrow. It should be noted that-the place-—
ments illustrated in sections A through F are
approximate modal values and appreciabl® disper-
sion of cannulae occurred around these sites.
Abbreviations: AL, lateral amygdaloid nucleus:
BC, brachium conjunctivum (superior cerebellar
peduncle); .ca, anterior commissure; cg¢, COrpus
callosum; cci, commissure of the inferior
colliculus; CI, internpal capusle; CIF, inferior
collicplys; CO, optic chiasm; CPU, caudate .
nucle%;-putamen; CS, superior colliculus; D3V,
dorsall third-ventricle; DMH, dorsomedial nucﬂeus
af the hypothalamus; FX, fornix; GP, globus
pallidus; IP, interpeduncular nucleus; LC,

locus coeruleus; LM, medial lemniscus; LS,
lateral septal nucleus;  MD, dorsomedial nucleus
of the thalamus; MS, medial septal nucleus;

NAS, nucleus accumbens; OT, optic tract; PAO,"
lateral preoptic area; PVG, periventricular

gray substance; RF, reticular formation; SN,
substantia nigra; TOL, lateral olfactory tract:;
Vv, ventricle; VD, ventral nucleus of the thala-
mus, dorsal part; VE, ventral nucleus of the
thalamus; VMH, ventromedial nucleus of the hypo-
thalamus (adapted from Pellegrino et al., 1979;
ventricular nomenclature from Mitro & Palkovits,

©1981).
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cannula placements. Even if regional. variations existed,

it would be unlikely that such fine avnatc.mical distinctions
could be made because of the relatively high hourly infusion
rate of morphine and its probable spread which is likely to
exceed a millimeter.

A number of ?ubjects wh;ose data were iqéluded in the
caudal periventricular gray group hdd cannulae aimed specifi—“
c;ally at the locus coeruleus, Because the size of this struc-
ture is about the same as the 21 <l;auge cannulae used to infufe
the morphine, lesions were frequently createé by the insertion
of the cannulae. Furthgrmore, since the locus coeruleus is
just ventral to the fourth ventricle, infusions delivered to
this area are accompanied by appreciable diffusion into the

‘ .

ventricular system., Likewise, morphine infusions into the
caudal periventricular gray region readily reach the locus
»~coeruleus by ventricular diffusion. In addition, several sub-
jects tested eafly in the study had cannulae aimed at the

, lateral asbect of the caudal periventricular gray region.

Even these placements, however, usually resu#ted J.n rupturing
the fourth ventricle and subsequent cannulraei were lowered down
the midline. Histo.logical examination did not reveal any ana-
tomical factor that coﬁld account for the wvariability of

!

behavioral responses associated. wit"h this b;ain region. Hence,
these subjects were treated és é single group.

Since the primary aim of this study "‘ﬂas to aetermine

the involvement of ventral tegmental opiate receptors in-

the development of physical dependence, the area surrounding
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the ventral tegmentum was examined in mich greater detail.®
Cannulae were anglegd 20 to 30 degrees from the midline to ; ﬁ

’ avoid' penetration of the lateral aspect of the rostral -

o~

i

periveqtricular gray substance. Other cannulae were placed
2.5 and 3.5 mm dorsal to the ventral tegmentum along the . é

samf line’' of trajectory followed by the angled cannulae.

This resulted in placements that included the reticular
formation and the superior colliculus. Cannulae in the

reticular formation were frequently more medial than the - ) E

placement illustrated in Figure 7.6. Canrdulae in the i
superior colliculus ranged dorsal to the dorsal third-

ventricle and as far anterior as the lateral nicleus of the ~
5 3

- PO -
posterior thalamus and the lateral geniculate body. The

ventral tegmental region tested for its ability to produce
s 4
physical dependence from morphine infusions included the

zone shown in Chapter 4 to contain the reward relevait
opiate receptors and ranged from about 3.2 to 4.2 mm

iposterior to bregma. The rostral periventricular gray

44-—***‘*’“‘**AMregion4inciudedfan*anteriorﬁpostérior—dispersion—simiiax to
the ventral tegmentalgplacements.-'
. Figure 7,7 shows the range of tissue damage by the
infusion of 1 yl/hr for 72 hours. Many of thg histoloéies
showed cell loss comparable to that seen in the first brain

section but most were intermediate between the low and

SEx post facto this has proved to be the most inter-
esting brain region for the study of physical dependence, at
-least in terms of the production of escape behavior.

.
-

\\ . '. o
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Fig: 7.7. The extent of tissue damage produced by chronic
produced by chronic infusions is illustrated by the

striped zone. Abbreviations: IP, -interpeduncuclar

nucleus; PVG, periventricular gray substance; SN, : R
substantia nigra. o,
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moderate levels of damage. Several animals had extensive
damage produced by this chronic infusion regimen and these
subjects were deleted from the data analysis (i.e., see

Figure 7.7-C) . The large variability in cell loss is sur-—-

prising since all subjects received identical osmotic mini-

_pumps and since care was exercised to insureé that the

nominal ;low rate of 1 ul/hr had been reached prior to
implantation. Nonetheless, there were large variations in
the extent'of tissue damage following chronic infusions of
morphine. Even the low level of tissue damage was higher
than that encountered with a higher infusion volume delivered

over a shorter time interval (see Section 3.3.2).

{

Figqure 7.8 is a sagittal reconstruction of the brain

- sites tested dn thlS study. Escape behavior was chosen for

this comparisaon because 1t only occurs after the development
of moderate to severe phy51cal dependence and because it is
the most suitable measure for quantification (Blasig et al.,

‘ -

1973; Laschka et al., 1976b; Wei et al., 1973).7 The degree

“The significance of the various withdrawal signs
studied in animals to those observed in humans has not been
systematically investigated (see Wei, 1981). It is inter-
esting to note, however, that in an early study by Wikler et
al. (1953), narcotic addicts described nalorphine as a drug
that "cleans you out of dope and makes you climb the walls"
‘(p. 12). .Unlike the mouse (Bhargava & Way, 1972; way, Loh,
and Shen, 1969), rats do not, show spontaneous withdrawal
jumping when challenged witH a narcotic antagonist (M.

Bozarth, unpublished observations). It would appear that the
escape behavior observed in rats is in fact ESCAPE BEHAVIOR 4
and motivated by withdrawal distress. Thus, this term is

probably more descriptive of the phenomenon than the term
"jumping.

¢ o
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- of phy;ical depéndeqce ﬁroduced by the same regimen:of -
infusiéns is indicated by.the relative.densitf of the vari—‘
. ous braiﬁtsectiOns in the figure. The highest level of
escape béhavior'was‘déséciated witﬁ infusions into. the
rastral periveﬁtricularﬁgfay region while the infusion of
mofphine into the"feticular formatioh and céudal périven—
tricular gray regioq also produced appreciable escape
behavior. The withdrawal signs observed after infusions
into Ehe,vent?al tegmentum with unangled cannulae appear to
be the result of diffusion up the cannula shaft since angling
© ~ the cannulae to avoid the lateral aspect of the periventricu-
lar gray substance virFually eliminated this behavior. Fur-—
thermore, the escape behavior seen after reticular formation
infusions was probably the resu{g af drﬁg diffusion to the A

¢

rostral periventficular gray region which is just 1.5 mm

~

medial to this infusion site (see Figure 7.6-G). Ventricu-
- lar diffusion of morphine was eliminated as a possiblé
explanation bécause infusions into the central aspect of the.
dorsal third—ventriclevor the superior colliculus (just
ventrél to the lateral aspect of the dorsal third-ventricle)
failed to produde'any’sig;ificant escape behavior. Teeth
chattering was also seen after infusions into the rostral
periventricular éray‘region, élthough wet-dog shakes were
sel&ém observed. These observations provide empirical sup-
port for the suggestion of Calviﬂo, Lagowska, & Ben-Ari

(1979) and Wel et al. (1973) that different brain sites are

responsible for the production of specific withdrawal signs.

1
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Fig. 7.8. Saglttal recanstructlon of the brain
regions tested for their ability to produce
physical dependence on morphine. The relative
density of the various regions indicates the
degree of physical dependence produced by
chronic morphine infusions as assessed by

escape behavior during precipitated abstinence.

The reticular formation placement  is lateral to
the rostral periventricular gray region and is
not shown on the figure. The data for the ven-

. tral tegmental placement is taken from the ani-

mals with cannulae angled to avoid the periven-
tricular gray substance. LC=locus coeruleus.
(See Table 7.1 for other abbreviations.)

-

There are several lines of evidence that suggest that

dependence on opiates (see Gold & Pottash, 1981). First,

-]
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the locus coeruleus is involved in the production of physical

mor—

phiﬁe~inhibitsithe spontaneous activity of locus coeruleus -

Iy
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neurons (Korf, Bunney, & Aghajqnian,'1974) and tolerance
develops to this effec; féllowing chronic morphine treat-
ment (Aghajanian, 1978). The microiontophoretic application
of naloxone onto morphine—-tolerant locus coeruleus neuroﬁs
produces a. 'withdrawal response" characterized by a dréméfic
i;crease in the firing rate of these unitsi(Aghajanian, 1978) .
Second, electrical activaticn1%f the locds coeruleus produces
behaviors that are similar, in some respects, to opiate with-—

N i :
drawal symptoms (Redmond & Huang, 1979; Redmond, Huang, &
Gold, 1977). Third, thé locus coeruleus contains the largest
concentration of noradrenergié cell bodies in the brain
(Lindvall & Bjorklund, 1974; Moore & Bloom, 1979) énd neuro-
chemical evidence has suggested that norepinephrine mediates
at least some of the symptoms of physical dependence on

opliates: the systemic ‘injection of clonidine, an alpha-2-
"\ .

.‘ ; +

noradrenergic agonist,?® attenuates many of the withdrawal

signs in both animals (Cervo, Rochat, Romandini, & Samanin,

A Y
1981; Fielding, Wilker, Hynes, Szewozak, Novick, & Lal, 1978;

~

- ®Cilonidine's action on alpha-2-noradrenergic receptors
produces a suppression firing, probably by activating inhibi-
tory autoreceptors on the noradrenergic neurons (see Aghajanian,
1978, 1981; Dixon, Mosimann, & Weiner.,, 1979; Engberg, Elam, &
Svensson, 1982; Medgett, McCulloch, & Rand, 1978) . Tolerance
develops to this effect and increased unit activity is
reported.after the cessat¥on of chronic clonidine treatment
(Engberg et al., 1982). Furthermore, the action of clonidine
on locus coeruleus neurons may be associated with a clonidine
withdrawal reaction which is observed in humans and resembles
some of the features of opiate withdrawal (Engberg et al.,
1982 ; Parker & Atkinson, 1982). Recently, Franz, Hare, &
McCloskey (1982) have suggested that clonidine's suppression
of opiate withdrawal may be due in part to its ability to
* attenuate hyperactivity at spinal sympathetic neurons.

o
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,/Herz, Blvasig, & Papeschi, 1974; Meyer & “Sparber, 1976;
Samanin, Cervo, Rochat, Paggesi, & Mennini, 1980; . i}
Sparber & Méy@r, 1978) an‘d humans (Gold ;& Pottash, 1981;
Gold, Pottasl—}’, Sweeney, & Kleber, 1980; Gold', Redmond, &
Kleber, 1978; Washton & Resnick, 1980, 198lab) .’ The
proposed role of the locus coeruleus in withdrawal
distress is partlcularly enticing because there is
independent evidence that thisg structure may be 1nvolved
in anxiety and distress ( Mason & Fibiger, 1979;
. i

 Redmond & Huang, 1979; Redmond, Huang, Snyder, & Maas,

1976) .

The caudal periventricular gray region tested in the

present study is in ,ciose proximity to the locus coeruleus

(see Pellegrino et al., 1979) . In fact, a number of .animals

were infused directly into this structure although prelimi-

nary data analysis showed no difference between these rats

]

and others infused with morphine into the surrounding peri-

ventricular gray-fourth ventricle region. Therefore, the

data from these subjects and that from subjects infused into

the fourth-ventricle and the surrounding. periventricular

gray substance were treated as a single group. It should be

noted that many of these cannula tracks were continuoums with

%It is interesting to note that clonidine has also

H

been reported to attenuate the withdrawal syndrome associated
e with ethanol dependence in humans (Walinder, Balldin, Bokstrom,

Karlsson, & Lundstrom, 1981). Furthermore, lesions of the

'locus coeruleus are reported to effectively block the develop-
ment of physical dependence on ethanol in animals (Kostowski

& Trzaskowska, 1980).
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the fourth ventric’le,"‘ and i)hy\sicyal dependence produced by. -

morphine infusions into this placement is the least likely

(of those tested in the present study)lto be dependent on

+ a

"an opiate action proximal to the infusion j.-;i't:e.ﬂs AThus, no

estimate of the extent of diffusion from these infusions is

possible and the evidence suggesting a role for the 1locus

~a

coeruleus in the development of physical dependence remains
indire&t. The present data regarding teeth chattering and
wet-dog shakes are consistent with the proposed role of the

iogus coeruleus in opiate dependence. Escape behavior, how- -
eve‘;, does not seem to result from—a drug action in this
region since a much more pronounced level of escape bebavior
has been produced by infusions ir;to the rostral ‘pei‘:iventricwu.-
lar gray region. This latter finding is consistent with she
observation by Cervo et al. (1981) and Samanin et al.'(l980).

e

that clonidine fails to reduce escape behavior during opiate

105ince the locus coeruleus is. juxtaposed to the wven-
tral aspect of the fourth ventricle (see Pellegrino et al.,
1979) ,, infusions into this region can be assumed to result
in the diffusion of appreciable quantities of morphine both
from the locus coeruleus to the fourth ventricle and vice
versa. Attemptzoyﬁfuse morphine directly into the locus
coeruleus were plicated by the fact that the insertion of
the 21 gauge cannulae (used in this study) into the 1locus :
coeruleus‘rfunctiona-lly lesioned this small ‘structure. Thus, ¢
infusions directly into. the locus coeruleus might be expected
to produce less effect than more dorsal- infusions in"to't'bhe
fourth ventricle. To specifically test the involvement of
this. structure in opiate-induced physical dependence, it
would be more viable to assess the effect of locus coeruleus
lesions on the development 0f physical dependence from
systemic opiate injections. Nonetheless, the caudal peri- |
ventricular gray infusions should result in significant
opiate action at the locus coeruleus and these placements
provide at least an estimate of the relative importance of *
this structure in the development of physmal dependence.

o
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withdrawal.

¢,
S

Early work in the study of the central mechanisms

©

of opiate dependence relied on the production of phyéicél

depéndence from systemic drug injections or from pellet

‘implantation and precipitated withdrawal by central

&

narcotic-antagonist appliéation. The amygdaloid complex
(Calvino et al.; 1979; lagowska, Calvino, & ﬁen—Ari,
1978; Tremblay &‘Charton,51981), medial thalamus | 3
(Tremblay(&bCharton, 1981} Wei et al., 1973), and parts of
! “/ the str;atum (Tremblay & Chartbn; 1381; Weil et al., 1973) }
havé all been reported tg be sensitive to di;ect naloxone
application. 1In contrast to these reports, the present\ T {
study failed to find any app?eciable physical dependence ) - ;
‘ after Eggﬁhic morphine infusions into the amygdala, thalamus,

or striatum (see Figure 7.4),.although if the Piterion were

iad

changed to the percentage of animals sHowing a given with-

"t AL

2>

drawal sign, the present study would confirm Tremblay and

Charton's (1981)-and Wei et al.'s (1973) observations of

o w

j . Wwithdrawal following naloxone injections into the thalamus.}‘///

Rather than confirming the role of the thalamus in the devel-

b
o
1
¥
f

! opment of physical dependence, however, this comparison would
¢ . Q ' -
appear to emphasize the importance of using a measure which

N

PN

-

* . '17n the present study, 41% of the subjects showed-
escape behavior (see Table 7.2)-while Tremblay and Charton
(1981) reported responding in 42% of their animals. Wei et ‘
. al. (1973) reported that 58% of their animals challenged
‘ .~ with naloxone in the medial thalapus showgd withdrawal
Tl behavior (i.e., at”least two escape attempts OR three wet-dog
{ s . shakes) . - Ce . S

¢ . ,
N PR | e e e e
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reflects not only the proportion of subjects responding But
also the intensity of the response.

Because of the problem of excessive drug diffusion

-

following the liquid injection of drugs, both Calvino et al.

S P T Y

t

(1979) and Wei et al. (1973) used -crystalline naloxone
application to precipitate withdrawal. The study by Calvino
et al. (1979) showed anatomical resolution that would sug-
gest that crystéllfne naloxone spreads only a fraction of a

millimeter from the application site (see Calvino et al., k

1
’

1979, Figures 3 and 4). This is surprising since Routtenberg,

o

Sladek, and Bondareff (1968) have. shown that crystalline

-drug application can result in appreciable diffusion after

only 11 to 12 minutes of application. The Routtenberg et al.

(1968) study reported three diffusion patterns: (1) a 1 to

2 min spherical distribution arouna the cannula tip, and (2)

appreciable "axonal streaming" orthograde to the cannula tip,

R P

and (3) significant'qiffusion to the cerebral ventnféular
s§stem.{2 Although thé siées that were effective in precipi-
tating withdrawal in the Calvino et al. (1979) and Weiv;t’ 1.
(1973) studies had cannulae which penetrated various aspé\ S
of the ventricular system, effective and noneffective sites

are not clearly discernable on the basis of proximity to the

'2In the case of dopamine, less diffusjon is seen
after liguid (Bondareff, Routtenberg, Narotzky,. & Mc Lone
{1970) than crystalline (Routtenberg et al., 1968) 'applica-
tion. Routtenberg (1972) has suggested that this may. be
due to the extremely high concentration of drug applied
with the crystalline method. )

}
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" the development of physical‘dependence on morphine was sug-

192

ventricular system. Nonetheless, diffusion to a distal site ] '
of action whether via the cerebral ventricular systém or
"axonal streaming" seems to be a.viable explanation of the .

discrepant findings of these experiments ard the present

\ '

study. Another possibility would be that the high concen-

2%

tration reached after crystalline naloxone application
\

St

caused nonspecific effects that resulted in the withdrawal

Rt

reaction. Without controlling for actions produced by the

S

physico-chemical properties of naloxone (i.e., comparison

PR ]

of the potency of active and inactive stereoisomeré),lthese
studies are difficult té interpret. It is likely, however,
that the amygdaloid complex is involved in some aspect of

op'vté withdrawal since lesions of this area {(Calvino et al., ;

19%9) or amygdaloid kindling (Le Gal La Salle & Lagowska,

1980)\attenuates the ,severity of the opiate withdrawal ¢yn-

.
x

drome. N .,

~

The importance of the periventricular gray region in

gested by Herz et al. (1972) and Laschka et al (1976b).
Using a preparation in which a ventricular "plug" was
inserted in the cerebral aqueduct, a narcotic antagonist

was microinjected into the lateral or fourth wentricle after

H
)
i

the animals were made physically dependent on systemic mor-
phine. When the antagonist challenge was restricted to the
region of the laterél and third ventr%gles, little sign of
abstinence Wwas pteripitated. Microihjections into the

fourth ventricle, on the other hand, produced a marked with-

r———
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drawal syndrome which included most of ﬁhe signs seen after
systemic narcotic—antégonist challenge. The observation
(in the present study) that infusions of morphine inEo the
pgriventricula{ gray‘region produced the greatest degree of
physical dependenée is concordant .with the Herz et al.
(1972) and Laschka et al: (1976b) studies. There is, how-
ever, one important difference among these studies: their
procedure may héve prevented drug diffusion to the most
sensitive part of the periventricular gray substance. The

anatomical location of the periventricular "plug" used by

Herz et al. (1972) and LaschRa et al. (1976b) is difficult

"to determine based on their published reports. In another

N

experiment using the same procedure, Schulz, Blasig, Laschka,

and Herz (1978) illustrate the approximate ,location of the

~ "plug" (see Schulz et-.-al., 1978, Figure 1). It would appear

that the ventricular "plug" used to restrict the ventricular
diffusion of microihjested narcotic antagonist would effgc~
ti%%ly block drug diffusion to the rost;al portion ‘of the
periventricular gray substance. Thus, the fourth ventricle
injections of Laschka et al. (1976b) would reach the caudal -
periventricular gray substance tested in the present experi-
ment, but the'"piug" would probably prohibit appreciable
diffusion to the rostral periventricular_gray region found
to be the most sensitive area to the chronic infusion of
morphine. Similarly, injections into the lateral ventricle
wauld fail to result in drug diffusion to the roéstral peri-

ventricular gray region. Therefore, the studies using the

[y

e
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ventricular "plug" may have missed the most effective site

in producing the opiate withdrawal symptom of escape- behav-

ior.!'3

The level of responding;seen after naloxone chal~-

lenge in animals chronically infused with morphine into the

rostral periventricular gray region compares favorably with

that seen in .other physical dependence studies. Table 7.4

summarizes various studies using several methods of demon-

v

' strating physical dependence.  The intensity of the jumping

response seen in the present study (see Figuré 7.1, PVG-R)

is higher than that reported from systemic drug injections
suggesting that the degree gf physical dependence in these
subjects is as great as that obtainable with systemic injec-
tions. This would be expected if the rostral periventricular
gray region were the site of action for physical dependence

resulting from systemic opiate injections.
7.3 Temporal Dissociation of Reward
and Physical Dependence
The intravenous self-administration paradigm has
been used extehsively to study the rewarding properties of

abused drugs. Work with opiates has shown that labbratory

'3 Whether the periventricular gray region is hetero-
dgneous with regard to its ability to produce physical depen-
dence on morphine has not been clearly established. Since
ventricular flow in this region is in a rostral to caudal
direction .(Clark, 1975), it is possible that this structure
1s homogeneous and that the greater level of escape behavior
after rostral perlventrlcular gray infusions is the result
of drug diffusion to a larger proportlon of periventricular
gray opiate-receptors. |
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animals will reliably self-administer opiaées and that physi-
cal dependence frequently accompanies this self-administration
(Weeks & Collins, 1979; Young et al., 1981). Other self-
administration studies have shown that animals will self-
administer opiates at what appear'to be sub-dependence .
producing doses (Deneau et al., 1969; Woods & Schuster, 1968,
19713. Upon termination of testing, these subjects do not

show obvious signs of physical dependencé. Nonetheless,
. /

the failure to observe marked signs of abstinence does not
eliminate the possibility that some d;gree of physical
dependence has developed in these subjects. The abstinence
syndrome is accompanied by marked dysphoria in humans, and
it is not cleér that the autonomic effects that are usually
quantified in animals are necessary for the production of

this dysphoric response,'* It seems highly probably that

some degree of withdrawal distress is produced by the termi-

nation of chronic opiate“intake in animals and that this
subjective state is not readily detectable with the current
methods used by these investigators. Therefore, relief of

the withdrawal distress by subsequent opiate self-

P PN

'“The withdrawal signs usually studied in monkeys
include convulsions, vomiting, anorexia, and diarrhea (e.q.,
Killam & Deneau, 1973; Kolb & DuMez, 1931; Martin & Jasinsky, 1977;
Spragg, 1940; Villarreal, 1973; Villarreal & Karbowski, ¥974).
Work with rats has been more quantitatively oriented using
such measures as escape behavior or withdrawahqjumpinq,
teeth-chattering, wet-dog shakes, and weight 10ss (e.g.,

o™

1963;- Nakaki, Saito, Nakadate, Tokunaga, & Kato, 1981; Wei
et al., 1973).
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administration may not be ruled out as a factor in the con-

trol of opiate intake in any paradigm invdlving repeated

drug administration (cf. Weeks & Collins, 1979).

To avoid the potentially confounding influence of
negative reinforcement mechanisms associated with the
relief of withdrawal discomfort by opiate injections, the
rewarding impact of a single injection of.heroin was ‘

assessed in rats. 1In Chapter 6, animals receiving

a series of four heroin injections associated with a novel

P

environment reéurned to the place where they had previously
experienced the effects of these injections (Bozarth & Wise, -
1981b) . This conditioned plaee preference paggdigm has

been used to show the rewarding effects of several drugs
}ncluding morphine (Rossi & Reid, 1976; Sherman, Pickman,
Rice, Liebeskind, & Holman, 1980a; Stapleton, Lind, Merriman,
Bozarth, & Reid, 1979), heroin (Bozarth & Wise, 1981b), and

el

amphetamine (Sherman, Roberts, Roskam, & Holman, 1980b), and

it has been proposed as a measure of the affective conse-

o

quences of drug administration (Rossi & qud, 1976) . The"*““"“—~“~—~é~ﬁ
present study inéolved‘testing for a conditioned place pre- %
ference after only one injection of heroin; with this pro- :
cedure fthere was no opportunity for the animals to learn
about the effects of'the drug injection on any opiate with-
drawal symptoms whichﬂmight have occurred with repeated drug

injections.
L]
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.7.3.1 Method

Experimentally naive, male, Long—Evans'rats (weigh~
ing 325-450 g) were adapted to a shuttle box (25 x 36 x 35
cm) forafiVe days, and the amount of time spént on each
side of Ehe.chamber Was automaticallf recorded during‘lS
minute test éessions. One side of the test box had & plain
plywood floor while the other side had a plywood floor
covered with wire mesh, The amount of timé spent on each
of the two sides on the last trial of the adaptation period
was used to determine the‘initial'place preference for each
animal. On the sixth day, 12 rats were subcutaneously
injecfed with heroin (0.5 mg/kg) immediately before place-
ment on their nonpreferfed side of the shuttle box. A
partition was used to confine the animals to their nonpre-
ferred side %or 30 minutes‘following the heroin injection.
Another group of 12 rats was injected with isotonic saline
(1l ml/kg, s.c.)‘to assess any spontanecus shifts in place
.preference which might océur due to hab%tuation to their
nonpreferred side. On the next day, plé;e preference was
retested during a single 15 minute trial in the drug-free
state. Increases in the amount-og‘time spentﬁan theygdée
of putative coﬁditioning were interpreted as an indication

0of drug-induced reward.

7.3.2 Results -

v

Figure 7.9 shows the change in place preference //

following a single injection of heroin. Each animal's pre-
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MEAN PERCENT CHANGE

R

HEROIN SALINE -

1

Fig. 7.9. # Mean (+tSEM) percentage
change in place preference as a
function of treatment. The-differ-
ence between groups is significant
{t(22)=2.65, p<.0l, one-tailed} as.

is the increase in preference for

the conditioning side displayed by

the heroin conditioned group (see :
text) .

a

ference during the test trial was expressed as a percentage
change from its prétreatment preference. The-single injec-
tion of heroin resulted in a significant shift in the ani-
mals' place preferences {t (11)=2.80, p<.0l} while saline
treatment did not produce a shift {t (11)=0.63, p>.25}.

This place éreference produced by acute heroin treatment
suggests thatlinitial heroin administration is rewarding in
naive animals. Since this study involved only one injectiocon
of drug, there was no opportunity for the drug injections to
relieQe withdrawal distress. Thus, posifive reinforcement
mechanisms are sufficient to account for the place preference

of these animals and opiate reward can be temporally disso-

S,




R W NSO e W L e e e ~ —

200

.
ciated from the development of physical dependence.

Since most animals spent appreciably less than half
of the 15 minute period on their nonpreferred side, increases
in' locomotor activity could potentially inflate their place
preference scores. This pseudopreference might simpl§
-reflect a more even distribution of time spent on each side
of the test chamber‘and be the result of ingreased\lbcomotor
activiqy (see Bozarth & Wise, 1981lb). 1In the present study,
however, no~significant changes‘in locomotor activity for
Qither the heroin or saline_injeééed groups occurred {t's
(11)=1.17 & 1.44, p's .20 & .10, respectively} eliminating

. “this potentially confounding influence of locomotor activity ,

on place preference scores. -

7.3.3 Discussion "a

»

The initial subjective effects of opiate intake are
equivocal in humans. Some invesfi&ators report that the
first injections of opiates are aversive‘and that the rein-
forcing properties do not emerg; until appreciable experience
with the addictive-:agent has developed (e.g., see Beecher,
1966; Criswell & Levitt, 1975; Lasagna, von Felsinger, &
Beecher, 1955). Other investigators ﬁave found that opiate

( ) >
users experience pronounced euphorigenic effects with initial
use and that chronic exposure to‘opiates is not necessary to
produce these positive changes in affect and mood (e.g.,
McAuliffe, 1975; McAuliffe & Gordon, 1974; Mirin, Meygf, &

A

McNamee, 1976). Animal studies have shown that opiates have

o
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a

mixed affective consequences: tpe same injection of mqrphine
is both rewarding and aversive (Gorman, De Obaldia, Scott, &
Reid, 1978; Sherman etal., 1980a; White Sklar, & Amit, 1977;
but see Stapleton et .al., 1979, Experiment 'III)!® wWith
repeated opiate administration, however, tofgrance to aver-
sive effects develops while the rewarding properties become

<

even more apparent (see Gorman et al., 1978)..
‘ )

The present study showed that the dominant effect of
heroin for ét least the first 30 minutes after the first
injection was associated with a positive affective éﬁete.
The change in place preference produced by a single injec-
tion of heroin suggests that the aversiveness of this opiate
may develop some time after the initial 30 minutes of drug
action sin%e a place:aversion wouid be expeFted to develop
if the predominant’effect of the drug were dysphoria
{(Stewart & Grupp,‘l98l). The conditioned taste aversion
paradiém, which has been used to assess the aversive proper-
ties of opiates (e.g., Jacobs, Zellner, LoLordo, & Riléy,

1981; Riley, Jacobs, &'LoLordo, 1978; Stewart & Eikelboom,

'1978; Stolerman, Pilcher, & D'Mello, 1978; Syitzman, Fish-

man, & Amit, 1981f van der Kooy & Phillips, 1977), &ould be
sensitive to any aversive consequences for hours after expo-
sure to the test substance {(see Logue, 1979). Thus it

seems that the initial effect of opiate administration may g

15 yise, Yokel, and deWit (1976) have shown that = -

imtravenously self-administered apomorphine can produce a
conditioned taste aversion. See Goudie (1979) for a discus-
sion of the apparently paradcoxical properties of addictive
drugs. : ‘
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be rewarding while the aversion that is démonstrable in the
conditioned taste aversion paradigm is relat%d to&drug with-
drawal or some other secondary effect of drug administration
that ou;lasts the initial rewarding action (cf. Sklar &
Amit, 1977). The fact that physical dependence is demon-
strable after a single injection of morphine (Kosersky,
Harris, & Harris, 1974; Ritzmann, 198l) makes this’ possi-
" bility viable although studies showing withdrawal symétoms

after a single opiate injection involve a much higher dose Ce

than that -used in conditioned taste aversion experiments..

‘7.4 General Discussion
Many theories of'opiate addiction have focused on

the physical dependence producing properties of this class
of drugs. Although some theorists have suggestedvtq%t
”opiates ére taken because of their abiiity to alterf;ood

and create a "general feeiinq of well being" (e.g., Eddy,
1973; 'Eddy, Halback, & Braenden, 1957; Jaffe, 1975; Martin &
Sloan, 1977; McAuliffe & Gordon, 1980r,seveial have formu-
lated theories around the physical dependence producipé pro-
perties of these drugs. This negativé feinforcement hodel

of addiction (e.g.,.Dole, 1980, Lindesmith, 1938, 1970, 1980;
Nichols, 1965; Spfagg, 1940; Wikler, 1980; Wikler, Martin,
Pescor, & Eades, 1963; Wikler & Pescor, 1967) suggests’ that
it is the relief of withdrawal distress which accompanies
.opiate assimilation in the dependent person that is primarily

responsible for the maintenance of drug intake. This line

’
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1967; Wickler, Pescor, Miller; & Porrell, 1971) have been

of thinking, however, suffers f;gh several serious limita-~
tions. Firét, it fails to account for the.idﬁtial use of -
opiates in tﬁe drdg naive person (i.e., acquisitiog) rely-
ing on theories of personality deficits or psychosocial
models of dependent personalities (e.g., the "addictive -
personality") to explain the acquisition phasé of drug

)
addiction.!® Second, withdrawal distress is usually abatgd)

after a week of abstinence from drug (Jaffe, 1975), yet
relapse rates for detoxified addicts are very high.

(=

Theories of protracted abstinence (e.g., Wickler & Pescor,

postulated to account for the failure of opiate users to
remain ébstinent even though they may have ha@ no.access_to'
opiates for a éeriod of several months. Even at the period
of peak intensity, however, many addicts report that the
§gverity of their discomfort is 'no worse than a cold or mild

flu (Jaffe, 1975).!7 Third, an increasing number of middle

187+ is interesting to note that the psychodynamic
theories that have been postulated to account for drug
addiction generally do not require the negative reinforcing
effects associated with physical dependence (e.g., Rado,
1958; Rasor, 1958; deRopp, 1957; see also Lettieri, Sayers,
& Pearson, 1980, for a collection of psychodynamic and
psychosocial theories). The motivation provided by the
avoidance of withdrawal distress would appear to be redun-
dant in such theories. \

. [
17 pven though methadone effectively abates the with-
drawal discomfort associated with abstinence from opiates

(Cushman & Dole, 1973; Dole, 1980; Martin, 1977), addicts - .

frequently continue to use illicit opiates during methadone

" treatment (Des Jarlais, Joseph, & Dole, 1981; Ling, Blakis,

Holmes, Klett, & Carter, 1980; Sorensen, Hargreaves, & )
Weinberg, 1982a,b). Also, successful detoxification from

_meth®done maintenance programs produces only a slightly

~

@
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class people use opiates recreetionélly during limited
. f ' '

-

3 pPeriods of‘ﬁheir lives (Zinberg, Harding, Stelmack, &

.particular, clonidine with

Marblestone, 1978; Zinberg & Jacobson’ 1976; see also
Jaffe, 1975). Frequently the pattern reflects only Week—
end use of the drug with no illicit drug use occurrlng ﬁ
during the week (1.e;7 "chlpplng") 2 Fourth~ several
classe; of drugs produce physical dependence (e.g., chlor-
promazine, atropine, clonidine), but abfupt cessation of
their therapeutic administratioq does not lead tg‘abuse
and subsequent a@diction; ether drugs which are addictive

fail to produce appreciable physical dependence ki.e.,

amphetamine, cocaine,. methamphetamine).!® Fifth, the pre-

? !

3

lower rate of relapse to’ opiate addiction ‘than other treat-
ment ,modalities (cf. Bale, Van Stone, Kuldau, Engelsing)
Elashoff, & Zarcone, 1980; Cushman, 1981; Cushman & Dole,
1973; Des Jarlais et al,, 1981; Martin, 1977; Sells, Demaree.
Simpson, & Joe, 1978). Hence, the\rellef of withdrawal
distress ,does not seem to result in a significantly lower
recidivism rate. ¢ K

a .

. 18 withdrawal syndromes are associated with several
nonaddictive drugs .which are therapeutically, administered
for the treatment of such groblems as hypertension. In

rawal has been extensively docu-
mented and studied in both animals and humans (see Thoolen,
Timmermans, & van 2wieten, 1981). Chlorpromazine withdrawal
3lso produces autonomic signs similar, at least in some
respects, to opiate w1thdrawal, but no abuse has been
reported of this drug (see“Jaffe, 1875). The. mlxed agonist-
antadonist opioids nalorphine and cYclazoc1ne bdth produce
physical dependence, but their withdrawal is not accompanied
by drug-seeking behavior (Martin et al., 1965;:Martin &

Gorodetzky, 1965). Addiction to psychomotor stimulants has

traditionally been viewed as independent of physical depen-
dence (Tatum & Seevers, 1929, 1931; see also Jaffe, 1975;
Petersen & Stillman, 1977), and the self-administration of
these drugs by laboratory animals is not accompanied by the
development of physical dependence (Deneau et al., 1969;
Pickens & Thompson, 1968). .

i
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+

sent studies show that (i) the opigte receptor population
mediating the physical dependence—groducing effects of
morphine are neuroénatomically dassociable from itsrsite
of rewarding action and (ii) the rewarding properties of
heroin are demonstrable at a time when opportunity evolvéﬁ
for the subjects to have developed an'assdciation between
thé -drug injection‘and relief from withdrawal distress:

The fact that opiates can serve as powerful positive
reinforcers and that a state of physical dependence is not
necessary for this‘rewarding‘property to occur does not
mean that the tendency to use the drug is independent of
personality-or psychos;cial faétoré nor does it mean that

' physical dependence is irrelevapt to the strength of the

k drug faking habit. Indeed, it would seem likely that both
positive and negat%ve reinforcing effecﬁs are important in
éoveining the behavior of opiate addigts: Eﬁe opiate addict
is probably under the control of the dr&g for a combination.
of‘its;positive~and negative reinforcing actions. The
reported dissociation does, however, leave open the possi-

-

bility that much of the rewarding impact of opiates is due

to an action on the neural substrate involved in psychomotor

-
stimulant and natural rewards (see Wise & Bozarth, 1981).
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CHAPTER 8
THEORETICAL PROSPECTUS :

8.1 Introduction

The development of theoretical models can serve
several useful functions in science. Two of the more
important are (i) its value for the integration of -
existing data and (ii) its heuristic value which can
serve an almost paradigmatic function by ;eparating some
of the more interesting experimental hypotheses from the
countless number that could be experimentally evaluated.
This chapter explores some of the more theoretical
aspects of the study of the neural basis of opiate reward.
It is provided as a préspectus for an emerging theory
integrating drug addiction with appetitive motivation and
natural rewards.

yThe rewarding properties of both opiates and
psychomotor stimulants appear to derive from their actions
of brain reward mechanisms associated with positive rein-
forcement and appetitive motivation. Thése two markedly
different classes of drugs produce an elevation in mood
and a strong. psychological dependence on their continued
use. The degfee that they share similar actions on behav-

ior can be appreciated by examining the rapidity with

206
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which addiction to opiates and amphetamines can develop
and by obserying the prepotent control these agents éxértﬁ
on behavior.

The dependence of'psychawotor stimulant reward on
A dopaminergic substrate is well established (for reviews, _
seé Fibiger, 1978; Wise, 1978a, 1980, 1982). Since much
more is known about the mechanism of action of psychomotor

stimulants, this section will begin with a brief overview

of the‘°neural basis of psychomotor stimulant reward.

8.2 Psychomotor Stimulant Reward o,
Psychomotor stimulants have well documented effects
on catecholamine systems. Most of their behavioral effects

have been related to an action on dopaminergic rather than

e noradrenergic systems (see Breese, Hollister, & Cooper,
“ .
\\\\ 1976; Cole, 1978; Creese & Iversen, 1975; Thornburg &
Moore, 1975). Amphetamine has been shown (1) to increase

the release of dopamine from the presynaptic terminals,

_—y

(2) to block the reuptake of dopamine, and (3) to’'inhibit

the degradation of dopamine by monoamine oxidase; the

.
e~

~ stimulatory action of cocaine appears to result from
cocaine's ability to block the reuptake of dopamine (see
Cooper, Bloom, & Roth, 1978; Lewander, 1977; Wise, 1378a).

-

Thus both of these psychomotor stimulants have neurochemical

. actions that suggest an enhancement,of brain dopaminé’
" function.

P Yokel and Wise (1975, 1976) have shown that neuro-

- . et s re——— 405w ow . R et TER R
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leptic chs'allenge1 of intravenous psychomotor stimula\mt
self-:administration can produ'ce one of two .patterns of /
responding depending "on the dose of neuroleptic adminis-

tered: low doses proc‘lucewa dose~dependent increase in

drug intake while higher doses result‘in an extinction’

pattern' of responding where subjects initially emit a

high rate of lever pressing (i.e., extinc;tion burst)

followed by a cessation in drug intake. The accelerated

drug intake seen with lower doses of a neuroleptic
parallels the increased drug intake seen when the amount :

of drug delivered per infusion is reduced in this‘ paradigm.

Similarly, the extinction pattern of responding ‘seen when

the su-bjects are challenged with higher doses of a neuro-
leptic parallels the behavioral response to nonreward
(e.g., 'saline substitution) obser.ved in the intravenous
self-administration paradigm. Thus néuroleptics seem to
effectively attenuate the rewarding @mpa‘ct of psychomotor
stimulant reward, and they do so in a rﬁanner which su'ggests
that they are actipg as competitive antagonists in this .

preparation.?

\ .
'The ne\uroleptics used in these studies are selec-—
tive blockers of dopamine receptors and have little effect
on other catecholaminergic systems (e.g., pimozide; see i
Janssen, Niemegeerd, Schellekens, Dresse, lLenaerts,
Pinchard, Schaper, Van Nueten, & Verbruggen, 1968; Seeman,
1980) .

G SR AR = B 1ot | RIS Bl et oIl RN S

’Yokel and Wise (1975, 1976) have shown that high
doses of noradrenergic blocking agents can produce a ,
simple decrease in the rate of responding for psychomotor ]
stimulants, and they suggested that this pattern of | |
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ﬁirect-acting dopamine agonists are also self
administered (e.‘g., apomorphine, piribedil; Roberts,
Corcoran, & Fibiger, 1977; Yokel &,’l Wisg, 1978) . These
drugs directly activate postsynapql,ic dopamine receptorso
and have little affect on other ne:uro'transmitter systems
(Di Chiara & Ges;sa, 1978')'. The intravenous self
administration ;./;f apomorphine is blocked by neuroleptic
treatment, but the response pattern seen in this case is
much different from that seen with amphetamine or cocaine
self-administration. Animals administered a neuroleptic
show a simple decrease or cessation in apomorphine self
administration; neither compensatory increases .in drug
‘J'_ntake nor extinction patterns of responding are seen with
neuroleptic challenge (Yokel & Wise, 1978). Nonetheless,
the selectiwve activation of dopamins receptors by apomor-
phine suggests that decreases in drug intake following
neuroleptic challenge rgsults from an attenuation of apo-

morphine reward produced by dopamine-receptor blockade.

Lesions studies have shown that the rewarding pro-

perties of psychomotor imulants are dependent on an

action in the dopamine termimal field in the nucleus accum-

bens (Lyness, Frie & Mopre, 1979; Roberts et al.,

2

1977; Roberts, Kogb, Klonoff, & Fibiger, 198Q). Lesions

that selectively deplete dopamine in the nucleus accumbens

responding reflects motor sedation. Thus the importance
of increased response rates to rule out-simple motor
sedation has been argued.
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. action at either dopamine terminal field (i.e., nucleus

burst followed by a cessatign in responding for drug.

7 210
{

produce ‘a simple decrease in response rates similar to the

\

effect of neuroleptic challenge of apomorphine self

¥
i
M
H

administration.?

Further evidence that the nucleus accumbens is
important in psychomotor stimulant reward comes from the
démonstration that amphetamine is self-administered

directly into this brain region (Monaco, Hernandez, &

Hoebel, 1981). Phillips, Mora, & Rolls (1981) have reported

e R e W WA Y R e B

that amphetamine is also self-administered into the dopamine

+

terminal field in the frontal cortex. These intracranial

self-administration studies suggest that amphetamine

accumbens or frontal cortex) is sufficient for reward;

F i et

lesion challenges of intravenous amphetamine self

noeaT

administration suggest that amphetamine action in these
terminal fields is also necessary for reward. It should
be noted that lesions of the nucleus accumbens may also
produce depletions of dopamine in the frontal cortex so
the effect of lesioning could be related to frontal corti-

cal as well as nucleus accumbens dopamine terminal fields

Roberts et al. (1980) report that about 35% of
their lesioned animals show an extinction-like pattern of
responding. The failure to observe extinction-liké pat-
terns or compensatory increases in drug intake in most
animals suggests that the effects of nucleus accumbens
lesions are more complex than just a simple reduction in
the rewarding impact of the drug injections (see Lyness
et al., 1979; Roberts, et al., 1977, 1980). The results
of saline-substitution and neuroleptic challenge studies
clearly show that nonreward usually produces an extinction

RO
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(see Roberts et al., 1980). A derivative of this possi-
bility is that the massive depletion of dopém;pe in the
nucleus accumbens is responsible for the reduced drug
intake, but the low level of self-administration that
remains after such lesions results from incomplete deple-
tion of frontal cortical dopamine terminais.

Although thé relative importance of each of these
terminal fields in psychomotor stimulant rewar® has not
been established, there is agreement regarding the dopa-
minergic basis of this behavior. Psychomotor stimulants
have known actions on dopamineréic function, and neurolep-
tics attenuate the rewarding impact of psychomotor stimu-
lant self-administration. Direct acting dopaminergic
agonists are self-administered and this effect is also
blocked by neuroleptic treatment. Lesions that selectively
depléte dopamine produce a decrease in psychomotor stimu-
lant self-administration. Furthermore, intracranial self
administration studies suggest. that psychomotorAstimulants
are rewarding when delivered to dopamine terminal fields

in the nucleus accumbens or frontal cortex.

8.3 Opiate Reward

\

The actions of opiates on dopamine systems are
not as well defined as that of psychomotor stimulants. *
The evidence reviewed in Chapter 5 suggests that opiates

enhance dopaminergic function although many investigators

have adopted the opposite position. The neurochemical
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evidence is inconclusive but permissive of an enhanced
dopaminergic function. The Qi;ehavioral indiées of brain
dopamine function consistently point to ax opiate-induced
enhancement of dopaminergic function; the rotational
model provides especially compelling evidence. Thps,
although opiates affect many neurotransmitter systems,

it is viabli thatf—o_fiateg produce their rewarding effects
throug'i an action on dopaminergic systems. .

The experiments reported in Chapter 3 and 4 show
tha;:_‘lmorpl"xine is rewarding when delivered to the ventral
tegmental area. This rewarding action is not apparent
from morphine infusions into other opiate receptor fields.
Although the intracranial self~administration and condi-
tioned place preference stqdies (reported in Chapters 3
and 4, respectively) only establish that morphine infusions
into the ventral tegmental area are sufficient for reward,
the recent demenstration that a narcotic antagonist igfused
into this region attenuates intravenous opiate reward
(Britt & Wise, 1981la) suggests that opiate a&ction in the
ventral tegmental area is also necessary for the rewarding
effect of opiates. 1In comparison, the lateral hypothalamic

self-administration of morphine reported by M. 0lds (1979)

is likely to be the result of ventricular diffusion of

‘morphine, since the use of large diameter cannulae appears

to be necessary for intracranial self-administration into

this region. Furthermore, Britt and Wise (198lc) have
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LS

shown that large lesions of the lateral‘hypothalamus fail
to alter intravenous heroin‘self-admin;stration suggesting
that this region is not necéssary for feward from systemic
opiates. Thus opiate action at the lateral hypothalamié
area appears to be neither a necessary nor sufficient %
condition for opiate reward.

The intravenous self-administration of opiateslis
attenuated by neuroleptic treatment (Ettenberg, Koob,
Pettit, & Bloom, 1981; Glick & Cox, 1975; Hanson & Cimini
Venema, 1972; Pozuelo & Kerr, 1972; Smith & Davis, 1973),
but the response pattern does not eliminate the possibility
that the decrease in drug intake is the result of nonspeci-

fic motor sedation. Like the neuroleptic challenge of

.apomorphine self-administration (Yokel & Wise, 1978) and

lesion challenges of cocaine and amphetamine self ) / -

administration (Lyness et al., 1979; Roberts et ‘al., 1980),
neuroleptics produce a simple reduction in opiate intake;
accelerated drug-intake has been seen only with low doses
of a neuroleptic (Smith & Davis, 1973; M. Bozarth, unpub-

lished observations). Howsaver, the experiments presented

" in Chapter 6 show that neuroleptics block the development

of conditioned reinforcement and conditioned place prefer-
ence producé& by opiate administration. These studies
test animals in the drug—-free condition and thus eliminate
any influence that neuroleptic—inducéd motor sedation may

have on the assessment of opiate reward. Phillips, Spyraki,

)
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and Fibiger (1982) have recently shown that the place
preference produced by morphine injections into the ven-
tral tegmental area is wttenuated by neuroleptic treatnfeht
in a dose-dependent manner. '
Since morphine is rewarding when J'.\nfused into thLe \?

ventral tegmeﬁf:al area and because the rewarding effects

of systemically delivered opiates are dependent on dopa-
minergic function, it seems likely that the rewarding

| impact of opiate administration results from an enhance-
ment of dopaminergic' function in one of the terminal
fields associated with the mesocephalic dopamine systems®
.(e.g., nucleus accumbens, frontal cortex, caudate nucleus).
One of the predictions derived from this hypothesis is
that lesions of the critical dopaminergic terminal .fi.eldis)
should attenuate the rewarding impact of systemically
administered opiates. Which dopamine terminal ‘field is
involved (or even whether more than one is critically
involved)' is not specified by this hypothesis. A first

approach, however, might be to determine.the importance

N

“Mesocephalic is used here to collectively refer
to the dopamine systems whose cell bodies are located in
the ventral tegmental area (Al0) and substantia nigra (A9).
This system includes what various authors have called the
nigrostriatal, mesolimbic, mesocortical, mesencephalic,
and mesotelecephalic dopamine systems (Bunney & Aghajanian,
1978; Lindvall & Bjorklund, 1974; Moore & Kelly, 1978;
Ungerstedt, 1971a). Moore and Bloom (1978) have suggested
that the term mesocortical be used to collectively refer
to these systems, but thispractice conflicts with another
use of this term to designate specific (i.e., cortical)
projections of this system (e.g., Bunney & Aghajanian, 1978;
Moore & Kelly, 1978). ‘
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of dopamine terminal fields shown to be critically

involved in ésychomotor stimulant reward. /
Few studies have assessed the effects of lesioning

dopamine terminal fields on the intravenous self

administration of opiates. The only publishéd full |

reports corr{e from one laboratory’. Glick, Cox, and Crane

(1975) have reported that lesions of the caudate nucleus

decrease the self-administration of morphine, but attempts:

to replicate this finding have been unsuccessful (e.q.,

M. Britt, unpublished observations; G. Gerber, unpub-

lished observations). Glick and Cox (1978) haveralso
reported that lesions of the nucleus accumbens fail to
altgr the self-administration of morphine. In an abstract ’ ° 3
presented by Dworkin, Guer‘in, Lane, Cherek, and Smith

(1982), however, accumbeng lesions were reported to be

effective in decreasing intravenous morphine self

\ e s Bl

administration (cf. Smith, Co, Crenshaw, Barr, & Lane,

1981) . The reason for this discrepant finding is not i

Fupra—

clear but may be related to the extent of lesioning. N

Roberts et al. (1980) report that lesions which deplete

bt Rt A K -

accumbens dopamine levels by approximately 60% produced
only slight) changes in psycﬁomo or stimulant inta;ke. ' i :
Apparently, lesions need to deplete accumbens dopamine -
by about 90% before they effectively attenuate psychomotor

stimulant self-administration.® This observation is not .

st il AT Tk TP a8 R G T

The nucleus accumbens lesions shown to be effective
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surprising when one considers the compénsato;:'y changes in
dopaminergic function that result ‘from the partial destruc-

tion of this system (e.g., Creese & Snyder, 1978; Hefti,

Melamed, & Wurtman, 1980; Mishra, Marshall, & Varmuza,

1980; Ungerstedt, 1971lc). A similar refractoriness has )
been reported for other behaviors that .are bélieved to be
‘dépendent on this dopamine system (e.g., ‘feedinq and

drinking; Stricker & Zigmond, 1976; Ungerstedt, 1971d).

Tt would be of considerable interest to compare

the effects of nucleus accumbens lesions on the self

‘.
2

administration of psychomotor stimulants and opiates in
the same preparation ensuring} that the lesions were effec-— | [
tive in attenuating psychomotor stimulant reward. This
would permit a direct assessment of the, involvement ofy

the same dopaminergic terminal fields in both psychomotor ' T \

—

stimulant and opiate reward. A preliminary report from !

[N

Pettit, Ettenberg,. Bloom, and Koob (1982) suggests that
lesions attenuating psychomotor stimulant reward may have

no effect on opiate self-administration. Additional

P P il

testing is required to confirm this ipportant observation;
attention should be focused on the possible diminution of
the reinforcing efficacy of drug intake after lesioning:
some psychomoto;: stimulant self-administration remains

after these lesions (Roberts et al., 1977, 1980), and the

by both.Lyness et al. (1979) and Roberts et al. (1.977)
depleted nucleus .accumbens dopamine to about 10% of control
levels.

bt v A A R0 5 s <o "o 2GR L b D

LRI gt 0 ra N ot e = - - . A



2

s iy Bl e e D e
Tt L i

IO vt YT ey T T ey et © —r

217
P

differential effects seen with psychomotor sfimulant' and
opiate self-administration may simply reflect differences
in the neural mechanisms through which they enhance dopa-
mine’ function.

8.4 Implications

N,

Both psychomofc’)\r stimulant and opiate rewards .

’

appear to be dependent on an action on dopaminergic systems,

and this finding suggests that they may share a common

neural substrate. This notion is further strengthened bg
the anatomical loca}lization of the sites of action for
these two classes of drugs. Psychomotor stimulants gnhance
dopamine function by an action at,the terminal fields of
these systems while opiates seem to enhance dopamine func-

tion by an action at or near the cell bodies in the wventral ﬂ

tegmentum. Thus both types of drug reward activate the ' 1

*

same dopaminergic system but at different regions of this

system. Opiates have a pronounced inhibitory action on

GABRergic pathways (x;v'hich are genefally inhibitory; see , o

-

Nicoll, Alger & Jahr, 1980) and this-raises the possibility

that the activation of the.dopaminergic systems by opiates

. may result from disinhibition. If this were the case, then

not only are the sites where psychomotor s/é&ulants and
opiates act on the mesocephalic dopamine system different,"
but the mechanisms of action are markedly different as well:
psychomotor stimulan{:s produce an enhancement of dopamine

function through a direct action of endogenous dopamine

v .
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brain stimulation reward
. MEFB

accumbens

Ve lst_imulcm reward

lventral tegmental area

opiate reward
4

.

Fig. 8.1. Psychomotor stimulant reward appears
to be dependent on a drug action in the nucleus
accumbens, although an action in the frontal cor-
tex is also likely. Opiate reward seems to be
.dependent on an action in the ventral tegmental
area. Brain stimulation reward from lateral
hypothalamic electrodes (MFB) appears to activate
small, myelinated axons projecting to the ventral
tegmental area (Shizgal, Bielajew, Corbett,
Skelton, & Yeomans, 1980) which may transsynap-
tically activatée the mesocephalic dopamine system
(see/ Gallistel, Shizgal, & Yeomans, 1981; Wise,
1980) . Al}l three rewards are attenuated by ‘
neuroleptic treatment. Lesions of the ventral
tegmental area produce adipsia and aphagia
(Ungerstedt, 1971d), and neuroleptics have been
shown to attenuate - the rewarding impact of food
and water (see Wise, 1982). These data suggest
that 2 common dopaminergic -system may be involved
in the mediation of reward from a variety of
‘sources. This does -not préclude the possibility
that some rewards (e.g., opiates) have additional
reinforcing properties produced by an action out-
side this system. The ventral tegmental area,
however, would seem to be a site where dopaminer-
gic and enkephalinergic (ENK) systems interface
to influence appetitive motivational processes.

1

-
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while opiates produce an enhancement of dopaminergic func-
‘tfgn through a disinhibitory action at the dopamine cell ﬂ L
bodies of this system.

Since psychomotor stimulants are thought to
enhance dopaminergic function at all dopamine terminal
fields whereas opiates have been shown to enhanée dopa-
minergic function of only the mesocephalic dopamine
sjstems, there may be differences in the-anatomical dis-
tribution of the systems underlying psychomotor stimulant
and aqpiate reward. For this reason, the present model
proposes only that psychomotor stimulant and opiate |

rewards have‘partially‘overlapping neural substrates. The

termingl projections which are necessary for this rewarding

[P

action are probably located in either the nucleus accumbens
or the frontal cortex. It is possible that psychomotor
stimulant reward is produced by an action in both fields-

while opiate reward relies on the enhancement of dopaminer-

gic function in only one. This would be consistent with

the preliminary neurochemical data ‘suggesting that morphine

- 4
may enhance dopaminergic function in the nucleus accumbens,

b

without affecﬁing that in the frontal cortex (see Section
=~ ‘
5.2.30
A\

' The mesocephalic dopamine systems-have also been
strongly implicated in the regulation of food and water
intake (Stricker & Zigmond, 1976; Teitelbaum & Epstein,

\

1962; ‘Ungerstedt, 1971d). Furthermore, the reinforcing

. " »
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action of brain stimulation reward, at least from some o |
‘electrode plécements, seems to be dependent on these same
dopamine systems (Fibiger & Phillips, 1979; Wise, 1978a,

1982). Thus it seems likely that psychomotor stimulants

and opiates derive their rewarding effects by pharmacologi-
cally activating the neural system involved in natural

rewards. Tﬂis hypothesis would suggest that these drug

4
)
1
H

rewards are another instance of appetitive motivation and

T

1

argues against a specialized mechanism to account for drug

Lok

addiction.
The finding that morphine reward is dependent on an

action in the ventral tegmental area suggests a neuroana-

Fon LA e v -

tomical separation of the rewarding, analgesic, and physical

A

dependence-producing effects of opiates. Analgesia has been

shown to result from the direct application of morphine into

the periventricular gray regioh (Pert & Yaksh, 1974; Sharpe,

Garnett, & Cicera, 1974; Thorn-Gray, Levitt, Hill, & Ward,

[

'1981; Yaksh, Yeung, & Rudy, 1976), although there are also
spinal mechanisms .that can produce morphine analgesia .
{Johnson & Duggan, 1981l; Yaksh & Rudy, 1976, 1977). The
physical dependence-producing properties of morphine also

seem to result from an action at the periventricular gray

L I v

Cn

region (see Chapter 7) as do the motor sedative properties

of opiates (Broekkamp, 1976; Broekkamp, Van Den Bogaard,

s
.
N

Heynen, Rops, Cools, & Van Rossum, 1976; Pert, 1978; Pert,

DeWald, Liao, & Sivit, 1979; Thorn-Gray et al., 1981,
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Wilcox & Levitt, 1978). The thermoregulatory effects of
q\ - r
opiates are attributed to an action in the preoptic area
of the lateral hypothalamus (Lotti, Lomax, & George, 1965;

Teasddle, Bozarth, & Stewart, 1981) while hyperactivity

sedation
4 anclgesia

physical dependence

" hyperoctivity
accumbans
MPo
thermoregulation
a VIA
- reward
. hyperactivity )
Fig. 8.2. Several of the effects of ﬁ//)
=i$kjﬂ. ) ' opiates can be neuroanatomically sepa-
rated. Analgesia, sedation, and physical
- dependence seem to result from an action
-y . in the periventricular gray region (PVG).

The medial preoptic area (MPO) appears
: - be the site of action for the thermoredu-
: T s ) latory effects. of opiates. Hyperactivity
: has been reported from morphine infusions
: into the nucleus accumbens and ventral
tegmental area (VTA). The localization
2 of the reward-relevant opiate receptors’
in the ventral tegmentum suggests that
the acute rewarding-properties of opiates
are independent of most other opiate
induced effects. Opiate reinforcement
seen after chronic drug intake might also
result from an action in the periven-
- tricular gray region which is associated
% with the relief of withdrawal discomfort.
, The ventral tegmental action, however, is
: likely to still be operative and contri-
] bute significantly to the re1nforc1ng
effects of opiates.

~
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is produced by morphine infusions into either the nucléus\
accumbens (Pert et al., 1979; Pert & Sivit, 1977) or ven-
tral tegmental area (Joyce.& Iversen, 1979; Kelley, Stinus,
& Iversen, 1980f.

‘ The neuroanatomical separation of morphine's ' :
rewarding effect from its other actions has obvious impli=-
cations for theories of opiate addiction. It appears that
opiate reward can be pfoduced by a drug action that is
independent from analgesia and physical dependence. Thus
physical dependence may be relatively unimportant in the
development of opiate addiction. Alternatively, the rein-
forcing properties of opiatevintake in the addict may be
produced by a dfug action at each of two different systems:
one motivational effect may be related to the positive rein-

forcing properties of opiate action in the ventral teg-

mental area, and another motivational effect may be produced

|

e

resulting from a drug actian in the perivent;iculgf gray :
region. This is likely to be the case for chronic opiate

intake involving the frequent administration of large ‘ ‘ X
quantities of opiates. In this sense;, the‘opiate addict i
may be simultaneously influenced by both positive and 3

negative reinforcement processes and his behavior may be ;

governed by some combination of appetitive and aversive
motivation. The relative importance of these two sources

of motivation has not been directly assessed in laboratory

T Y
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animals, but some reports in the clinical literature sug-
gest that the ability of opiates to relieve withdrawai
discomfort may be relatively unimportant in drug addiction
(see Chapter 7). Nonetheless, both‘appetitive'and aversive
motivations would seem to be operating concurrently in the
opiate addict, and the resulting behavior is likely to be
the product of this joint action even if appetitive motiva-
tion were more salient in this situation.

If addiction to opiates were the result of a phar-

1

mdcological activation of the neural mechanism involved in

K4

appetitive motivation, it is apparent that an effective
treatment of this addiction would be difficult to develop.
Direct pharmacological activation of this reward substrate
would be expected to produce a prepotent rewarding action,
and natural rewards might have relatively little efficacy
in controlling the addict's behavior. In contrast, if the
motivational properties of opiate addiction were derived
from a drug action on the neural mechanisms involved in'
aversive motivation, psychotherapeutic interventions
should be effective. 1In this case, treatments that lessen

the impact of aversive stimuli (e.g., the development of

. more effective coping mechanisms, restructuring of familiar

environment) should produce an appreciable decrease gn ;
refidivism rates, and natural rewards (e.g., family bgnds,
social praise and support) should be capable of signifi-

cantly affecting behavior. Unfortunately, most psyc%othera-

[ -
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peutic interventions are relatively ineffective, and the
only treatments that have consistently yielded remission
rates that reflect a significant improvement in the
typically dismal prognosis are pharamqological (i.e.,
methadone or narcotic antagonist trea£ment programs) .
Again, this outcome would be predicted from a hypothesis
asserting an appetitive motivational basis of drug addic-
tion. |

Three observations combine to support the notion
that opiate addiction may be a useful tool for the study
of the neural substrate of basic motivational processes.
First, opiates are potent agonists for endorphin receptors
and endorphins have been implicateéd in several aspects of
motivated behayior. Second, the current evidence favors
a'hypothesis suggesting that opiaté reward is dependent on.
a drug action at a specialized neural system; this system’
is probably involved in the reinforcing action of natural
rewards as well. Finally, opiates have profound effects
on behavior, blunting the rewérding impact of natural rein-

forcers while reinforcing behaviors associated with their

-

‘own ingestion. Thus the study of natural rewards can be

seen to contribute to the ‘understanding of drug addiction,

and the study of drug addiction can be seen to contribute
-

to the understanding of basic motivational processes.
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