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::;; Abstract >

THE EFFECTS: OF MORPHINE ON THE REWARDING AND AVRSIVE

PROPERTtIES OF HYPOTHALAMIC STIMULATION IN THE RAT.

Susan Sdhenk

»
L

The effects of chkohic-morphine treétﬁent on the &\\V
initiation (self-stimulation) and tefmination'(stimulation—
*eséape) of lateral ﬁypothalamic stimulation were
invgstigated. Rats Wefé injectédﬁwith a large range of
doses (20-320 mg/kg) over a period of 42 days and observed
7 hours per day every 5 days. The érug produced g
pronounced attenuation‘of stimulation—;gcaﬁe, shoﬁ}ng no

H

indication of tolerance, in all 6 subjects. The effect on

self-stimulation was typically biphasic; an initia{

depressivé phase was followed by a facilitation. 'Morpﬁine's

effect on self-stimulation was less consistant than the

drug's effect on stimulation escape. There were large

individual animal differences. These findings add to the

evidence that the positively and negatively motivating

f ] '
properties of lateral hypothalamic stimulation involvé

separate mechanisms; they.suggest that both the positive

and négative components of the stimulation are’ affected;
in opposite directions, by morphine, implying a

@

sensitivity of both neural sysé%ms'to the drug. Thgée
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, .findings-sugggst‘én_ihcrease'in the positively motivating
pr@perties‘énd a decrease in.the aversively motiyat}ng

* properties & lateral hyggthalam{c stimulation following

' morphine administration.
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i B L In i§54, OEdS'and Milner made‘thelég}endipitous
Y . discovery thgt forebfain\;timukation}could serve- to
reinforce operant lgarﬁing in rats. In that same ygear,
Delgado, Roberts, and Mille§'§£954§ showed,thaé animals
4 : will also learn tb escape ffom brain stimulation. These
findings had important impljcations for the experimental
‘'study of brain reward and aversior mechanisms. In the
two and a half decades following tﬁéée intiél‘findings,'
much work has been ﬁndertaken relating brain stimulation
reward (self-stimulation behavior) and aversion
(stimulation-escape behavior) to more‘conventional
reinforcers (0lds, 1977; Rolls, 1975). The findings
argue for the involvement of the brain loci subporting '
such behaviors in 'naturally occurfing instaﬁces of
positively and negatively motiv;£ed behavior.
. The poéiﬁively Feinforcing propertiés of morphine BN
o have been studied extensively using self-administration i
paradigms. The demonstration that an animalxaill learn

{‘ . s . - ] ) )
a response if that response produces access to a drug
L}

. , .
. solution\ha§ led to the suggestion that drug
'\ reinforcement is & member of a' larger class of other

. - /
«rginforcing events (presentation of food to a hungry

animal, water to a thirsty animal, brain stimulation
e ) v
reward) (Thompson & Pickens, 1975).

-

. \
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Hoebel (1974) has pxovided evidénce'chat'changes in

" self-stimulation (SS) performénce/can reflect the reward

-~

\

of food to a food deprived animal or sexual behavior. As
well, he has related stimulation escape (SE) to the
aversion associated with food overloading or the post- .

~ejaculatory phase. It will be suggeéted here that this

reward-aversion system can also reflect the motivational

properties involved in voluntary drug intake. As such, the

kY

study of morphine's effects on SS and SE can provide Ful

further understanding of those neural areas subserving
‘ .

drug assimilation..

Iy

f © Simply ﬁut, the idea is that %f the drug produces
positfve affect this should sum Gith.the positive affect

produced by rewarding brain stimulation, as reflected by

"a facilitatory effect on SS. Hoebel (1974) has shown a

rec{procal relationship between SS and SE. A physiological

manipulation which produces a fa0111tat10n in one has been‘

‘'shown to produce an atteﬁuatlon ofi the other. 1If, then,

-

SS is fac111tated after morphine administration, then one
would expect SE to be suppré;;ed.

. There are many braln areas which have been shown to
support both 8§ and”BE. A comparison of morphine's:
effects at these sites with'kﬁown‘distributigns of opiate

receptors migh# allow for a'generalized neural map yof

those areas involved in the reinforcing and motivational

— £ ae m




components underlying opiate self-administration. . .
’ B ' - 3
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Factors Influencing SS ‘ o
, \‘ Jl R ‘.,., o ‘.‘
It has become apparent that the administration of

rewarding brain stimulation and the observation of its )
] ) . LS "
subsequent effects on behavior does not provide-:a simple

.

means of examining the brain's normal positive ‘reinforce--

ment mechanism. Rather, the behavior following* this - -
iﬁtimulation appears to reflect many ex?énuating'factors

I * iy

in addition to the magnitudevof'the'reinfo;cemént: For

example, a food deprived rat may increase the performance
of an operant response ‘for brain stiﬁulation (Hoebel, n '
' " . , :
1969). Dbes this necessarily réflect an enhancement of
) ‘ . ‘

-

the reinforcing nature of the stimulation, or could the ™
. . _ * . +

effect be related to arousal? .

J ‘ o
It has proved extremely difficult to separate the

measurémernt of the reward effect of brain stiﬁulation
from that of performance’variables.‘ The fact that an .

. L P

'animallﬁay increase responding for brain sEimulatioé‘ ' :r
thigher regponse rates) dpesﬁnot nécessarily imply thaé

a’ manipulation has prpd;ced a sensitization qQf gbe o o
"reward" system. In fact, Valenste&h (1964) has. ' -

challenged the use-of response rates polméasure
reinforcement strength. For exgmpie, ?ea@éﬁsé\rates

. [N {
may be lower for -high intensity stimulation due to
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metor artifacts which prevent a rat from responding aF; s ’ e

higher rates. However, when given a choice between this

> N - *
high intehsity stimulation and *lower intensities ‘'which
\ N .

support a high rate of responding, he will almost always
‘cheose the higﬁer one (Hodos & Velenstein, 1962). U
Similarly, injection of methocarbamol, which acts at the
spinal level to proéuce a flaccid paralys?s (Goodman & -

Gilman, 1973), would cefteinly decrease resPOﬁse retes,

much as wouid adding a 20 gram weight to the lever,

however, .the reward magnitude of the stimulation %does not '
- P . y -

S

change (Edmonds.& Gailistel, 1974). ) ’ ' ~
%%llistel and colleagues (Eémonds; Stellar & ‘ .
Gallistel, 1974; Gallistel, Stellar & Buéls, 1974; -
I\Edmonds & Galllstel 1974' Galllstel 1969; Gallistel,
19;3) have used a runway to measure the amount of reward" ;
excifétion produced by brain stimulation. Theéy have

shown that the location -of the rise in the'function

relatlng running speed in a runway to the number of-

-

pulses received as a reward 1 1ndependent of various
- -
performance variables including moﬁivational state, -

1 ’

-athletic skill, and state of health.
It thefggere seems that although many factors may,- - -

influence.lever press rates for feinfefbing braih

stimulation, it is p0551ble, by employing a threshold

procedure, to interpret changes in SS as reflectlng a .

’
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specific gffect on the excitation of the reward system.

.Gallistel (1973) has suggested that SSWbehavior is a

function of ‘both "priming", the~EéFnsient aftereffect of

[

brain stimulation, and reward. However, the priming effect

has been shown to include a motivational component thereby -

\
producing changes in the avidity of performance rather
than changes in the reinforcing value of the stimuliﬁfén

(Edmonds & Gallistel, 1974). - .

LN

Therefore, a paradigm less sensitive to such

>

performapce artifacts can allow f@{\inference of changes

in the rewarding properties of brain stimwlation from SS
' . '

~

behavior. A frequency threshpld paradigﬁ is designed to

do just £hét. In esseqce,iit allows the rat to tell us
Qbat combination of parameters make ig worth his while
to work for the brain stimulétion. The frequency of the
stimulation is varigd by the experiﬁeﬁter and a threshold
determined s the point above wﬁich the animal will
peéform (rewarding) and below which he will not (not
.rewar%ing).‘ Suchva paradigm may be lgss sensitive to-
performance artifacts than rate méasﬁres. For example,
a change~iﬁ rate'éer se will not seriously effe;t the
threéhold,ﬁo; behavior. However, a change in the reward
magnitude of the sfimulation will shift the curve to the
:r{gﬁt kqttenuation) of left (facilitation); "It therefore
. ' 4 . .
seems thét an‘appropriatedparadigm‘can allow one to

- .
—~, . . ¢ v
¢ ] » .

[
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infer reinforcing properties of various drugs from their

4

. effects on SS behavid\& P

i

Escape .from Prolonged Stfhulgpion

As early aé 1958, Roberts, and Bowér and Miller
indicated some brain regions where both apbroach and ‘
eécape cotild be elicited by stimulation of the same point,
The§ argued.that initially rewardingK;;imulation, if
confinued, becomes.avérsive. 0lds and 0lds (1963)
‘investigafed thig seeming paradox further and found that -

pure approach (positive) or withdrawal (negative) or 1%

., ambivalent (mixed) behaviors could be elicited depending

on tH@ 1péus of the electrode.

. -

The fact that rats will learn an arbitrary response

to escape from the same stimulation they will work to

»

self-administer has been interpreted in.several ways.

’

/

, ) ;
One possibility is that rewardigg stimulation also

activates an aversive system or systems and that the

animal turns off-the stimulation in order to escape from
these aversive processeé (Margules, 1966; Mendelson,

1969; Shizgal & Mathews, 1977). - Another possibility is.

that animals términate prolonged, stimulation due to ®
adaptation of the'rehéra system (Deutsch & Albertson,
1974; Deutsch & Hawkins, 1972; Deutsch & Roll, 1976;.

Siein, 1952)_ That is, animals turn off thé §timulation

5
- s

a
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fn orq‘§ to enhance the reward produced by the next "on" '
responsé. T
The "aversion" hypoﬁhesis is an attractivé one. Many

researphers have provided evideﬁce for distinct neural

mechanighs mediating the initiation and the termigatidn .
of lateral hypothalaﬁic stimulation. Margules (1966)

found placements where low current stimulation prdduced

pure approach or withdrawal responding while highér ¢ qppttibe
_intensity stimulation produced mixed responding. These

findings suggested tWo.parfially'overlapping systems; éﬁe
underlying. reward and the other aversion. Skelton and -
Shizgal (1977) found differeﬁces‘in the latent addition

portion of the behaviorally derived excitability curves -
for S8S and SE. These findings also suggested a direct
activation ‘of both a positive and negative system by the
stimulation; directly stimulated elements ;f4lhe two
systems having different spatial digtributions;
Siﬁilarly,’shizgal and Mathewg (197]) have shown that
the rewarding. and aversiveleffects of brain stimulatien
can be differentiated on the basis of the temporal
properties of the underiYing ﬁeural processes. The .
reward system responds quiékly while the system . .
mediating avérsign is more sluggish.

Mendeisdn and Freed (1953) trained animalé to
. .

sshuttle to’ turn stimulation on and off. They then

' N °




. ' 8
measured latencies to turn stimulation off when only one
train of stimulation was available per day. Learning
theqry would predict that if the stimulation was not
aversive and the "off" response did not allow for

.

reinstatement of the stimulation until the next day, that,
over a period of time, latencies to terminate stimulation
shguld'increase. That is; animals will learn that the
off response does not produce reinforceﬁent. They found,
however,'thatLover a period of 60 days this was not the
case.

As well, personal-‘observations of unconditioned

escape responses such as vocalizing and attempts to‘leap

out of the testing chamber during prqlonéed stimulation,

supports the conclusion that such stimulation is aversive.

Herel‘kl974)'has related the escape frbm this

aversive stimulation to naturally occurring instances of

aversively motivated beh;vior. He has suggested that
SE can reflect the negative affect of an animal following
-sexual behavior (Hoebel, Cardell. & Coblentz, 1974) and

excessive feeding (Hoebel & Thompson, 1969). e

-

.
-
e

. * . 4
Interaction Between Positive and Negative Systems

. It has been proposed that SE réprgsents negative .

~"affect while S8 repreéents positive affect (Hoebel, 1974).

The evidence described above suggests that at least two

] . -

- , . -

[

e

S wmte e




e

d
) 9
systems can Be acti&atéd by reinforcing b;aiﬂ stimulation.
The first, a pqsitive system, reaches 'a critical level of
activity soon after the onset of thé stimulation. The
stimulation also activates an aversive system (Shizgal &
Mathews, 1977). The~dbtivitx in this system will reach a
critical level such that the ratio ogbreward; aversion
'will shift fo(aadegree that the offset rather than the
‘onset is reinforcing. These systems seem to interact in
such a way Phat an inérease iﬂ reward necgssarily
decreéses the aversive aﬁfeét produced by the stdmulationl
and vice versa.

Following Hoebel k1974)\this paper will consider SS
and SE as indicgéions of upderlying reward: aversion.
mechanisms. An animal is assumed to increase SS and
decrea§e SE when the excitabilgky of the-rewa:d~systeﬁ

is enhanced or the aversive system depressed. '

Following this notion, substances which are, in

' themselves, reinforcing, may sum with reinforcing brain

stimulation to produce an enhancement of the positive

! 4

value of the stimulation. On the basis‘of this reason-

+ .
. , , , N
ing, it is possible that common mechanisms 'underlie
the rewarding and aversive effects of brain stimulation

.

and self-administered drugs.
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Morphine éelf—administration
Animals will self—admiﬁiéter 6piates, such as

morphine, orally (Wikler, Martin, Pescor & Eades, 1963)
intravenously (Deneau,‘Yanag;ta & Seeverg, 1969; Weeks,
\}962) and‘intraventricularly (Amit; Brown &Sklar; 1976).
The motivation to self-administer morphine may be
mediated by two distinct mechanisms;

(1) Drug taking might posﬁpone avgrsive withdrawal

symptoms .
(2)\ The drug itself might functibﬁ‘as a positive

reinforcer (Dews, 1975)‘

Deneau et al. (1969) found £hat monkeys would §eif-
-administer morphine and other psychoactive substances «
the first time they were given the oéporthnity to do so.
Since no absﬁinance syndrome éiisted ;t the beginning of
the experiment,'éh explaqation of physical depeqﬂence as‘
the sole motivational combonent of opiate self-~- :
—administratgzn is unsubstantiated. Rather, these data
shggest that the initiation or morbhine'self—
~admipistr5tion is more probably due to the positively
reinforcing properties of the.drug, whilé“a secondary -
mogivétionvfor continued:drug use may de&elop f}om the

,discomfoft caused by ;bstinaﬁcg. Stolerman and Kumér

(1970) found no difference between animals chronically

treated with morphine and uninjected rats with respect




e

. | A !
to th® amount of.-morphine solution drunk. As well,
Pickens (1968) has demondstrated selﬁ-administratiOn of
cocaine, a drug which doeS‘not'preduce’physical withdrawal

. symptoms. It therefore seems tﬁat relief from withdrawal
symptoms caenot solely account for the acquisi&igj&of a
prererence for self-administered drugs. |

Morphine %Ppears to produce a positive affective
state. In one stﬁdy (Rossi & Reid, 1976), rats were
placedﬂin'one compartment of en\alley‘for 30 minutes
either 4.5 'or 7 hours after an injection of morphine &
(10 mg/kg) or saline for three days. Rats that had been
placed in the box 4.5 hours after the morphine injeetion
showed a marked preference for the place where ‘they had
experienced morphine, suggestlng that the drug had

o

produced a p051t1ve affectlve state which was p051t1vely

“’%forcing. . .

Neurochemical Basis of Positive Reinforcemeng ' */
A number of investigationé have pointed to a
catecholamine (CA) involvement in the self—admin%@triyéon ,

of morphlnen Systemic administration of the drug /

¢ \

produces 1ncreased dopamlne (DA) turnover in rat/éérlata P
(Clouet & Ratner, 1970). Alpha-methyl-para—ty;051ne
(a~mpt), a drug which blocks the synthesrs of CA S,

/'
effectively decréases morphine self-administration in
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drug naive (Kerr & Pozuelo, i972; Davis & Smifh, 1972) as
well as morphine depéndent (Lewis & Margules, 1975)‘rats.
Similarly, 6—hydfoxydopamine {6-0OHDA) , whiéh destroys CA
cells, has beeh shown to attenuate morphine'self;
-administration (Meade & Aﬁit, 1974).
, The CA's have also been implicated in the pharmacolo-
gical effec;s of sS. kAmet~(Edmonds & Gallistel, 1977;
Poschel & Ninteman, 1966), 6-OHDA (Breeée, Howard &
Leahy, 1970); reserpine (Franklin &‘Herperg,-l§74) and
chlorpromazine (0lds, Killam & Buch y Rita, 1956) all
decrease SS. Disruption of SS by éateéhé&gmine receptor

‘ blockade/could reflect either a reward déficit or a
perfopmance deficit. Whilé serious performance deficits

have .been demonstrated after dopamine recepﬁor blockade,

paradigms less sensitive to these deficits have indicated
L "

decreased reward value of stimulation rather than decreased

, performance capacity of the animal following pimozide

a
’

treatment (Fouriezos & Wise, 1976) and A-mpt {Edmonds & '
Qailistei, 1974). As well, drugs which enhance the-

, release of CA's'into the sypaptic cleft (amphetamine, for
examp}e) iﬁcfease szﬁehgvior (see Wise, 1978; German ‘&
Bbwden, 1974;-for reviews) . | |

K ¢

It therefore seems that CA's are involved in dr?g
- ‘

- self-administration as well as in SS, two .behaviors which.

‘afe maintained by pasitive reinf9rcement. While.the

»

s
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extent of. this involvement is unknown, there appears to be

'

similarities between the central effects produéed by

self—adminis&afed drugs and SS. B
If the positive'effects produced by morphine and ﬁQ@%

those produced,ﬁy rewarding brain stimulation are mediated

by ‘a’ common mecﬁanismé;then mquhine might pe expected to

cause an enhapcement ofLSS behavior. ' .7

»

Effects of .Morphine on S8 . .

olds and Travis (1960) first studied the effects of
morphine 'on press rates fornvarious current intensities
oﬁ lateral hypothglaﬁic stimu;ation. They found a
general(inhibition~of SS immediately féilowing morpﬁiﬁe
injections. This was neither terribly exciting nér
surprising since Tatuﬁ, Seevers and-Collins (1929) ﬁad
previously déscgibed in great detail the initiélly
depressive effects of morphirde on both’ central a

.
behavioral systems. It was not urtil the earl

's

‘that studies examining the éffects of morphifie'on b ain‘

stiqﬁlation reward were again undertaken. .
Adaﬁs,-Loréns and .Mitchell (1972) teste

rats over a

period o% six hours per day for 5 days withfa ily.

injections of morphine (10 hg/kg).q‘They confirmed the e

depressive e@ffects observed by Olds and Travis and |

observed an increase in response rates 5-6 hours after -

-

e

4o FLI S Y
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injection. Tolerance was found to. occur to the.débresgive
ﬂeffecﬁ while the facilitatory phase continued.to grow in
maghitude and occurred earlier in time. after repeated
injéctions, In a follow-up study, Lorens and Mitchell
{1973) found that the du;:tion of the depressant effect
and the temporal appearance of the excitatory effect were
dose‘deéeﬁdeht. Small doses (5-10 mg/kg) produced an
initial inhibition.of SS,-followeq 2-3 hours’later by
faéilitat;on. The largest dose of the drug (20 mg/kg)
produced a long-lasting depreséion (3 hours post-injection)
followed 5-6 hours post-injection by a faéilitatory effecé.
Bush; Bush, Miller.and Reid (lé?G):tgsted bar pressing.
rates i,‘4, and é3 hours after 5, 10, or 15 mg/kg of
morphine fof a period oﬁ 20 days. They égain observed
a dose-dependeﬁt depression of SS at hour 1 followed by
a facilitato;y'effect agihour 4, Résponse rates regurnéd
‘to pre-drug baseline levels by the 23rd hour post-
*\. -injection.‘ Tbé facilitatory effect did not tolerate
. across 20 days éf,injection,
- These ahd other studies have confirmed that the
effects of morphine on SS can be described as a comﬁlex
interaction of dose ¥ days X hours since 1n2ectlon‘ a
Morphine 1nject10ns 1n1tfa11y depress Sg (Adams, Lorens

& Mitchell, 1972; Bush et al., 1976): followed 4-6 ho¥rs

laper by facmlltatlon“KLorens & Mitchell, 1973; Glick & .

1

.

L b o bobs teran s o
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-Rappaport, 1974). Tolerance develops to the dep}essive
Eeffect (Ornsteih~&'Huston, 1977; Pert, 1975; Reia, Bozarth
!& Gorman, 1977) while the facilitatory effect: grows in ‘
magnitudé with repeéted injectign of the drug (Reid et
al., 1977; Loxrens & Mitchell, 1973) or does not change
(Esposito & Kornetsky, 1977), showing no inaication of
tolegance. - '
This biphasic pattern has also been observed in

tests of motor activity following various doses of

morphine (Tatuﬁ et al., 1929; Holtzman, 1976). Wauquier -
and Niemegeeré (1976) haﬁe attribgéed the initial /
depression of SS to m?F?ric disruptioh (for exaﬁmle,f;he
catatonia and muscdlaf rigidity observed aftér injection
of the drﬁg).‘ However, a number of independent
inves;igations have suggested that a facilitation of
motor acﬁivity is not related to facilitatory phanges in’ ' «
SS observedafollowing morphine injections. Bellisle, )
Winer and Shizgal (Note 1) have observed that the time
'course of the facilitatory.effect on S5 does not follow

that of the facilitation of'EpontaneouE motor activity
producgdﬂby‘the drug suégesting that this effect is - ;;
temporally dissociable from a morqlgeneiaifdfbusal‘o;

hyperéctivity. ' Heroin does[noé produce sSystematic

increases' in the performance of operant responses for '

food at doses that facilitaté‘ss (Koob, . Spector & p P

-

i <
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Meyeroff, 1975). It therefore seems that opiates generally
have relatively specific facilitatory effects on SS.
The most parsimoﬂious~interpretation of these findings
is that.the opiate-induced facilit;tion of S8 reflects é

-

change in the motivational valence of brain stimulation

(M.E. 0lds, 1976; Esposito & Kornetsky, 1978; Reid et al.,‘\

1977), .gnd that this changé reflects the positiveiy

Pt

reinforcing proﬁg@ﬁies of the drug. It follows therefore
' bl

A

. that the more positively reinfofcingathe drug, the greater

one would expect the facilitation of SS tb be. Bozarth
and Reid (1978) tested this hypothesis by administering
equianalgesic (implying equipotent) doses of a variety of

vy

drugs rated from low to high on a preference scale by

rd
humans. It was found that nalorphine and pentazocine,
diugs which produce no known positive affects, produced

negligible facilitation of SS rates as compared to

codeine, methadone, morphine and levorphanol (dfugs with

high addiétioh liability). These findings strengthen the

notion that the self-administration of various drugs is
mediéted by,thé positively reinforcing’ properties of
these drugs, which in turn may be mediated by the same
neural substrate mediating SS. =
Alternatively, the facilitation of SS prpaﬁced by

morphine may -be at least partially due to a drug-induced

desensitization of the neural systeﬁ mediating the
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aversive component of the stimulation.

Effects of Morphine on éscape from Aversive §timulation

.

The effects of morphine on escape from éz?rsive
stimulatigg héve been less well documented than its
effects on brain stimulation reward.

Marcus and Kornetsky (1974) used the response of
turning a wheel manipulandum to assess moxphine's effects
on the positive (lateral hypothalamus) and negative
(reticular formation) consequences of brain stimulation.
They found that 30 minutes post-injection, morphine (4
and 12 mg/kg) produced a dose related increase in current
i;tensity thresholds to escape stimulation. As well, a

N
dose of 4 mg/kg (but‘not 8 or 12 mg/kqg) produied a (
siggf?icant decrease in intensity threshold to self-
-stimulate. The SS t?reshola changes were attributed to
the drug's reinforcing properﬁies while the SE data seemed

to be related to morphine's analgesic properties.

In a series of studies examining changes in aversive ‘ﬂg .

stimulation thresholds following morphine administration, .
Rosenfeld and cd-workers (Rosenfeld & Holzman, 1978; &
Rosenfeld & Holzman, 1977; Rosenfeld & Vickery, 1976)

found .elevated intensity thresholds for escape from
) e

. a
aversive electrical stimulation of the spinal trigeminal
tract and for medial -thalamic stimulation. In contrast, u_\
- i
. ) Y
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morphine did not alter thresholds at a number of aversive

\

St s e kA

sites including the dorsal midbrain central gray and tPe
pontine nucleus subcoeruleus. It-was concluded from this

series of studies that certain systems (those intimately ul
L} v

. Q
involved with descending pain systems) are inhibited by ’
morphine, while others are not. This again implied that

morphine's depressive effects on aversive consequences S f
H N N -

-
.

of central stimulation were related to its analgeSic
Y -

properties. ' ‘

P Pert (1975) also examined morphine‘s mobdulation of

aversive affects associated With electrical stimulation '

I3

of the-central gray matter. A shuttle box paradigh °
+  allowed rats to terminate the aversive stimulation by
- F 4
- running from one side of the shuttfe box to the other.

r v
Morphine (15 mg/kg) was found to increase’ response. Q\\_

; latencies with tolerance deweloping to that effect.

e

- -

It can théreforé be seen that morphine”has the:
ability to decrease the aversion produced by electrical
~ a .
‘brain s;imglation. This effect-may be related to ?hé
analgesic prbpert;es of the drug. f% is_thgfefore S i

possiblé‘ ?at the facilitation of SS following moxphine
Ry - . R N
f .

> administration is related to its analgesic properties.

3

That is, morphine's analgesic action might block the

A

aversive consequences which .accompany SS, thus producing
R ) )
¢ an enhancement of the\rewardingvproperties of the

. RN ~
i ~y
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stimulation. Farber and Reid (1976) égsted this
h}pothesié by using combinations of positixq (lateral
hypothalamus) and :Egaﬁive (reticular~f6rmation), :
stimulation. If the faciiitation of sS was.reléted to a
decreased aversion or analgesia, then animals would be
expected to press'ﬁore-foi combinations of positive and
neéative stimulation after morphine than for ﬁositive
stimulation aloné. Animals were tested 4 hours after
igjection of mqrphine (15 mg/kg), the ﬁime“carresponding
to the maéimum facilitation of SS. Press rates were not
significantly different for the two stimulation
4conditionsh This is nét terribly surprising since Marcus
and Kornetsky, Pert, and Rosenfeld had shown that the
attenuétion of 'the avgrsive consequences of,tﬁe
stimufé@ion occurred:yithin the first'few hours after

\ o .

-drug administration. In addition to the temporal °

x

+ . differences between morphinels modulation of aversive

‘

and appetitive brain stimulatjon, -there is evidence .

~suggestive of digsimilar’properties of the aversion

»

°

presumed to be present in each train of stimulation in a

Ss parddiém and that produced by reticular formation

stimulation. "
|

"2

. KFstenbaum, geutsch and Coons (1973) found that

4

adaptation occurred im midbrain pain'systems. . That is,

the animals would initially show overt signs of aversion

v ' .
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potent mnarcotic analgesic, both increased mean on time

/ 20
sﬁch as squealing and trying‘to leap out of the testing’
chamber. However, as thg stimulating train conthqyed,
these responses disappeared and‘the animal appeared to
become ,comfortable again. 1In contrast, the aversién

) /
produced by hypothalamic stimulation summates during a

train (Shizgal & Mathews, 1977). As well, the aversive

and appetitive systems seem to interact (Hoebel, 1974).
- b4 ?

The conseduences of the activation of the aversive fibers

may be dependeht on the initial level of éétivity existing
in the reward system.

Therefore, inferences concerning the sensitivity of
the aversive component involved in lateral hypothalamic
stimulatiqn to morphine'made on thé basis of a comparison
with effects on the ieticqlar formation pain sygtem must
be made tentatively,if at all. -

.
Levitt and co-workers (Baltzer, Levitt & Furby, 1977;

*

Levitt, Baltzer, Evers, Stilwell:& Furby, 19j7} have more -/

. i .
adequately tested the hypothesis that the morphine-induced

facilitation of SS is related to a drug—induced inhibition

of the aversive component of such stimulation. Rats yére

trained to shuttle in order to initiate and terminate

+

lateral hypothalamic stimulation. Mean "on" time and mean

i

&
"off" time per crossing were recorded as the number of

-~

crossings per time unit. 'Md!phine and etorphine, a more

]
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per crossing while having little effect on)?eah "off" tim&. ] ’,
These findings were interpreted“aé both an inhibition of ‘
‘the aversive componenf of the stimulatlon in one paper
(Baltzer et al., 1977) and to a direct facilitation of
reward processes in another (Levitt:ét al., 1977). These
ambiguities may be'attributed to the paradigm which makes .
it difficult to unambiguously assess changes in the
aversive cégponent of the st;mulation. Each beﬁévior is
. measured agaigst a shifting baseline which is'dependént
' on thé amount of time the stimulation is left on and off.
It therefore seems that fhe effect of morphine on ésqape'
" from aversive lateral hypothalamic stimulation must still
be clarified. ‘ | : ; ' :

Theopresent study was undert;ken to more ac;urately

describe the chronological evolution of morphihe's
effects bn S5 and SE. Separate paradigms were used to
assess aversively‘and'positively motivated behaviors.
Due to the interaction of dose X days X hours af?er
injection, the design of the egperiméﬁt was such that a
large range of doses (20-320 mg}kg) was tested over a °
perihd of 6 hours per'day for 40 days. Tolerance and
withdrawal effects were assgssed. Concurrent pbservations .
:'were'maqe in a.SS-paradigm'as well as a SE péradigm. It

was hoped’ that the specificity of morphine’s motivational

and reinforcing properties could be determined.

»
A Y
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) amﬁiguous than the rate or- shuttle'box measures.

,with usihg such measures (Qevitﬁ et al., 1977; ﬁarcps &

‘reinforcement and changes due to performance artifacts,

well as the importance.of keeping the stimulation field

22 .

Methodological Considerations |

, Ea}lie; in the chapfer, the difficulties of .
differentiating rewards vs. berfgrmance éffects due to
pharmacolqgical mahipulations Qere presgnted.‘ In vigw of
the arguments presented by Valénstein (}964) and Gallistel (\
(1973; Galliétel ettal:, 1974) a means of assessing changes

Fs

ip‘the‘ne&ard-valhe,of stimulation was sought that was less
[] ~

f
>

The most typicai measure of‘reipforcément sérenéth.
is reéponse rafe. -Many authors hgve fealizeé the pr6b1ems
Kornetsky,11974). To date, géwéver,,fpw paradigms have
bé;n used whicﬂ are rate-independent. Boéh the Gallistel
runway énd a threshold éréceddr; developed by Fouriezos
and Wise (1976) claim to be ahle to differentiate fewarg

13

from performance. The4tésks allow for interpretable ’

W v

distinctions between changes in the magnitude of .

B

- In iight of the motoric disruption caused by

morphine. (Tatum et al., 1929;,Béllisreiet‘g;., 1977), as . '

(the purrent'iﬂtensity) conétant, a frequency'threshdld

1

procedure was chosen. In thig paradigm, the animal ,

is asked to respond for stimulation which is positively

reinforcing and.to extinguish when it is‘'not. Y
: - P ' - v
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As an indication of non—spegific érousal, drug E - )
induced catatonia, or changes in behavior due to - :
stereotypy[ a combination of changes in asymptotic rate . .

of responding as well as the more "coﬁventional" rate

measure, supra-threshold rate, aloﬁg with the frequenc?“

. ama

threshold changes may give a more interpretable indicatiég
of morphine's effects on SS behavior.

The frequency threshold measure can also assess T

effects on SE. A comparison of differences in the two

paradigms can provide, in addition to changes in the

excitation of each system, an indication of non-specific

A L SO VAU SUPPET MY S JURE N 4

performance effects.

“ Method ' ) ,

Subjects
'Maie éprague-ﬁawley rats (Canadian-Breeding Farms,
st. Coné%ant, Quebee)-weighipg approximately 350 grams .
at the timéiof surgery, we;e housed individually aﬁd. . ’
maintained on ad 1lib food'énd water éhroughout the
A gxperiment. Under sodium ﬁentoﬁérbiﬁol énésthesia (60
‘ﬁg/kg, i.p.),. monopolar electrodes were stereotaxlcally

o

aiméd at the lateral hypothalamus (AP, -0.4 mm; LAT,

-1.7 mm; 8.0 mm below the dura, incisor bar at +5 nmﬂ

Electrodes were 00 stalnless steel 1nsect pins lnsulted

¢ -
-
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with Formvar to within 0.5 mm of the tip. Six stainless
steel’jeweller'slscrews sérQed as current return. The
eleétrédeshaft was fixed to the skull with dental acryl%c.

. )

¥ .
. . . ; .
\ , . . .
o
s . * <
N .

. Stabilization

Self-stimulation: After at least five days recovery

from surgery, the rats were trained by successive
approximation to 'self-stimulate in a wooden box (25 cm x .

28 cm x 82 cm) equipped with two rodent levers (Lehigh

wn bR ke e

'Valley Electronics, 121-05). In the left rear corner,

one lever was attached approximately 2 inches above the !
wire mesh floor. Depression of this lever initiated a
500 msec. train of rectangular, cathodal pulses, .l msec.
in duration. During stabilization, the stimulation
period (S.P.) (the period is'the reciprocal of the

frequency) was kept constant at 10 msec. and the current

intensity was manipulated until a high rate of responding °

was attaineq. A Tektrqnix D61A oscilloécope was used to

monytor the stimulation trains as well as to set the SPs '
and current intensity. The eleétrqde was connected to
theﬂstimulator through a mercury.commutator (Leslie

Manufacturing Corp.i.

1

Stimulation—eséag;:' After successful training in.

‘the SS paradigm, animals were trained to escape a ten
i .
second train of stimulation. Depression of a lever in

!




o

‘msec., the training sessions wefe modified .such that the

o on'tﬁé half hour respectively over a period of 7 hours’

/ 25
the diagonal%y”spposité corner from the SS lever (right
front) ﬂgrminated the sﬁimulétion. When™the animal ‘moved
to a neutral corner, the stimulation was again initiated
and this procedure repeated until the rat was .shaped to
the lever. Animais showing severe motor artifacts:
result%ng in the inaﬁility’to adequately press the léver,
were discarded from the study. | "L o

Once the'shapipé p;oéedure was compieted, the "on"
time of the sﬁimulating train was fixed at 10 séconds
and the "off" time gt 1 seconé. Therefore, at'the<start
of each session, the stimulation @a? automaticél;y R
delivered; a lever depres;iog pfoduéed al seéond,break -
in'tﬁe'staimulation. ‘1f the rat failed to respond, the
stimulation wa's qutomatically“term§pated'after 10 seconds
and reinstated 1 second later. i

‘ For each animal, the current intensity that proﬂuced

optimal SS and SE was determined and used ﬁor the I
remainder of the experiment. The intensities rangéd from .«
300-700 uamps. | L a |

After successful training with a fixed period of 10.
SP was increasea every 2.5 minutes ih 0.1 léglo steps

until the subject stopped responding. Rats were run

alternately in the SS and SE paradigm on the hour and - ;

N ..
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per day. 1In Ege SS paradigm, 10 priming trains were

delivered at the beginning of/eacﬁ 2.5 minute'step.
Thresholds at each hourly interval were determined
as the SP at which the animal responded at\% of hié
maximum }ate at that hour. Training was continued uﬁtil‘
stabilization of'thregholds was achieved over a 7 hour
period on t&o éonsecutive‘testing;days. The ériterion

for stabilization was a difference of not more than 0.1

log)g units jpetween any two hourly thresholds.

Procedure
After stabilization of SS and'SE, Ringer's solution

{1 ml/kg) was administered to each animal and hourly
. :

thresholds were determined. The average threshold for
. : % .
two Ringer's days was determined for-each behavior in

-each sub]ect and a six week series of tests was begun. '
Each subject was tested every 5 days. .Morphlne HC1l wa's
- admlnlstgred daily. Injections were always administered

‘at the(same hour either in the experimental 'room (on
| ' '

test days) or in the animal colony

B
)

The testing procegzre cons;sted of seven 1dent1cal

one hour cycles, a 3 hour test of SS followed by a

+

"4 hour test of SE. A 1 hour break separated the first
and -second cycles} cycles two to seven were contiguous.

Drugs were administefed on.the hour between the: first and

[3

! ‘ a
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“
second hourly tests. A ten minute "warm-up" period during

which time no data was collected, preceded each daily test

£33

session. The current intengity was held constant across
behaviors and within animals. This procedure was used in
an atéempt to ho}d constant the size of the stimulation

field. SPs were presented in an ascending series of 0.1

14

log;, steps with response rates recorded évery 2.5 hinutes.

If the rat did not respond at a criterion level during the

.~

first 2.5 minutes, the SP was decreased until vigorous .
i c .

behavior was reinstated. The ascending %eries began

thereafter. .’

i
Drug Solution -
’

 Morphine hydrochloride was dissolved in injectable

Ringér's solution. The dosages used ;anééd from 20-320
mg/kg. The initial concentration was 20 mg/ml, At:the
higher doses (abqve’Bqug/kg) the concentration was

increased to 40 mg/ml. After five days of injections at

a dose of 20 mg/kg (i.p.) thel dose was ‘incremented in’
vbs log steps unti} a dose of 80 mg/kg was achieved. *
Afte# five days of injection at this dose, the dose was
agéin increased in .05 log steps until a dose of 320

mg/kg was achieved. Animals were maintained at this dose
{ .

’
b3

for an- additional nine days. "

oo Lo )
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Withdrawal
After the final injection of-morphine, the entire
proEedure was repeated for an additional five days
substituting R;Bger's solution for the drug. Threshold

changes were determined at 23, 27, 46, 50, 53, 69, 73, 76,

°

119, 122, and 125 hours abstinance. . -
Animals were then perfused fhrough the heart with .9%
saline solution followed by 10% formalin. After a minimum

of five days, the brains were sectioned at 40 um and

*

stained .with thionin for histological verification'of

electrode p%acements. .

/

\ Results

| *

Figure 1 shows reconstruc;igns of the electrode

placements for five of the six subjects. No histology was

L

évaiiaﬁle for ‘rat 34{ All electrode tips were located,
in the lateral hypothalamus, according -to the atlas of ®

'Pellegfiho and-Cusﬁman (1967) .

-

Figure 2 shows the mean chénges in' §S and SE SP
thresholds as a function of tiie since drug administratién.
(Thé SP 'is the reciprocal of the freéuencfl. An increase
in SP threshold reflects a decrease. in the pumﬁer of

| pulses necessary to maintain the behavior (i.e., a

.

facLlita%ory effect). All thresholds are expresséd as

- - .
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.

. Figure 1. Reconstructions of electrode placements.”

vTh‘e numbers accompanying each section refer
to the atlas of Pellegrino amnd Cushman
1967. Histnol,ogy was not avaiiable for

LY

animal #34.
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Figure 2. Mean changes * S.E.M. in perigd threshold
for all doses of the drug as a function of

. hours since drug administration and dose tested.

g J
o0

self-stimulation

u

stimulation-escape
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differences from the meéan threshola on- Ringer's injection
days for each animal. An analysis of variance for repeated !
measures (Dose X Hours) revealed a highly significant

effect of hour for SS (F(6,30)=5.29, p<.001) and SE

(F(6,30)=15.29, p<.001l), as well as a significant inter-

action of dose X hours for SS (F(36,180)=2.89, p<.001). x

Tukey postjﬁoc comparisoné confirmed the gignificant

fécilitatory effects observed in SS following 32, 200, and
¥ ’ -

320 mg/kg of morﬁhine. Significant depressive effects on
SE we{; found at all doses.
Mﬁ . .' 3 1}
The effect of dose was not significant for SS or SE.
Therefore, data for doses of 20 mg/kg to 125 mg/kg were
poaled yielding mean rate changes for.each animal. Due to

stereotypic responding as indicated by non-reinforced

v,

s N . ' v
responding at the highest doses of the drug as well as

obvious*motoric disruption, these doses were not included
<

.in this analysis. All dose effect were pgoled (20-320
) ~
mg/kg) yielding average threshold changes for each animals.

Changes in asymptoticﬁraté of responding and suﬁra-

t

-threshold rate of responding for SS and‘threshpld changes .
" for SS and SE as a- function of-time_since'drug'

administration are shown'in Figure 3. Tukey §03t—h0c
tests cbnéi:med the highly siggificant decrease in period '
threshold at 1 hour,pgét-injection for SE }n all animalg:
The effects of morphine. on ss th{éshbla chéhges 4n less' ’

t
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Ffbure 3.

-

' Changes in maximum rate (left panel) and

supra—Ehreshold rate (cehter panel) of .
responding for self-stimuflation as well as
threshold changes (right panel) for S.S.

(@@ ) and s.E. ( O« in each

animal ‘collapsed across dose. . ’

Asterisks in center panel 'B' indicate
averages of all 6 pointg. Bue to obvious
motoric disruption, the highést dose was
dropped ffom th; analﬁgﬁs for this subject.
Graphed data points above those with
;éteriskS’gre therefore an average of 5

)
points. . L ]
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consistant than that on SE. E}gures 3c and Ed represent
the classiece biphaSic effect of morphiﬁe on SS. The other
four 'animals show neéligible depressive effects and’

facilitatory eff?cts of varying magnitude. Similar

inconsistancies are observed in the rate transformations.

“

. ~
Nearly all doses of the drug produced the typical.

Supra-Threshola Rate \

biphasic effect; a depressive pﬁase lasting for 1-2

hours post-injection with the facilitatory phase lasting
from the Ehird to fifth hour post—injection. The average
curves collaésed‘across dose for each animal are shown in
the center panels of Figure 3. As can be seen;llarge

individual differences exist between animals.

A : /

i

Asymptotic Rate Changes
The average.changes in maximum rate of resﬁonding for

each animal, collapsea across dose, is shown in the left

_hand panels of Figure 3. Figures 3b, 3c and 3d show

curves which exhibit the biphasic. effect; the initial
depreiﬁion lasting up to 2 hours with a facilitatory
effect following thereafter. The other three animals show

varying degrees of maximum rate changes.

A ]
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Tolerance ﬁ&

T?Egrance ef%ects are shown in Figure 4 for three doses
employed to assess these effects; 20, éO, and 320 mg/kg:‘ The
depression seeﬁ in SS at.hour 1 on £he irst test day at
20 mg/kg is seen to tqlerate fivé days Jlat on the second
test of 20 mg/kg. Tﬁe depression 6f SEeshOWQ no such tolerance

effects. No other tolerance effects-can be seen.

-

Withdrawal -
Threshold changes as a function of hours abstinance are
shown in Figure 5.{ No significiant differénqes were found

between the thresholds on Ringer's injections days and those

' thresholds obtained during abstinance. The SS data did

however, show'a main effect of hour (F(12,60) = 4.33, p<.0l).
Tukey post-hocs revealed a threshold increase between the

23rd hour since the last morphine injection énd the last test
at the 125th hour. The SE data showed no significant'effect

of withdrawal of the drug.

! - Discussion . et

¥

- This‘study permitted a series of compagisons between

morphine'é effects on SS and SE. While the effects of this

drug on 8§ héﬁe'been well desé?ibed (Esposito & Kofnetsky,“'
1978) the effect on escape froﬁ piolonged~iateral hypothal-
amic stimulation as well as the interaétion 65 the arug's
effects on SS and SE had not adequately been delineated.

\
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Figure 5.

Mean a- threshold changes for S.5. ( @4 )

r
and S.E. ( (OY) ) as a function of(hours

abstinance.
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Stimulation-Escape

A significant attenuation of SE was found at all doses
tested (Fig. 2) for each animal. This was in accordance
with the findings of Marcus and Kornetéky (1974) , Levitt
et al. (1977) and Baltzer et al. (1977). The lack of
.tolerance to this depressive effect (Fig. 4) at a time
where depressive effects on SS héd tolerated, suggested
'that this effect of morphipé was not due to motoric
digruption, but rather, was due to a desensitization pf
the'neprél substrate mediating the aversive c?nsequences
of brain étimulation. As well, the individual animal
‘threshold changes (Fig. 3) demonstrated that at the t?mes
when ‘SE was.depressed, SSigenerally showed no change or a
slight facilitation, again suggesting that morphine
produces a change in the affective consequences ofthe
stimulation. ' ’ <

Thé lack of tolerance to the atfenuaéionsbf SE i;
contradictoryhto Pert's (1575) findings. These differenc-
es’ can probably be attributed to the differences in the
stimulation sitem Pert uged the superior_colliculus as.
the hegative stiﬁulation site. Restehbaum et al. (1974)
have shown that tﬁere is behavioral adaptation to'thg

aversion produced by stimulation of some midbrain sites.

In contrast, Shizgal and Mathews (1977) have demonstrated

A'é summation of the aversive effects of lateral hypothalamic

pra—.
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“thresholds. A ratio greater than 1 would imply a‘more
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stimulation. It seems that in addition to these
‘ ' - \ ’”
differences, the aversion produced by stimulation of

these two areas can be dissociated in terms of their

" sensitivity to morphzZe. The effects at Pert's,K placements

d appear to be related to merphine's

i

analgesic properties. Morphine's attenuation of the

(unlike this one) wo

aversive properties of lateral hypothaiamic stimulation
. - i

would appear:to be duekto a moduiaﬁion of the motivational
component involved in SE.

This finding casts some doubt on the“reléQanée of
F;rgér and Reid's (1976) study.“since midbrain and
latéral‘hypdthalamic stimulatidn seem to be qualitativgly

different, it is not clear that one can equate the

aversion of midbrain stimulation with the aversive

' effects associated with lateral hypothalamic stimulation. .

Self-Stimulation~"
. The effect of morphine on SS was less consistant
than the drug's effect on SE; so much the case that it

neceésitated’looking at the data from individual animals.

The reasons for such individual differences are. unclear.

. A measure of relative "positfiveness" of the
. p

stimulation was derived’ from a ratio of the SS : SE.

positive placement than one at which the ratiq was less

. o . o/

e
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than l.A In this ﬁétuation an animal is self-stimulating
at a period where it is no longér escaping. When the
ratio is less than 1, the opposite is true. While
differences in thése ratios were substantial, it does
not seem that.these were responsible for or could totally
account for the varying ‘degree of facilitation of S8 ’
induced by morphine. In one study (L. Reid, Note 2) it
was found that the morphine-induced f;cilitafion of S§
did not correlate with electrode placement. Since a
siﬁilar‘degree of variability has been demonstrated in
the self;administéation baradigm as well as in the
conditioned‘taste aversion paradigm (Z. Amit, Note 3),

which also measure affective states associated with drug

administration, these differences may be due to the-

to the drug's reinforcing effects

of the individual subjécts.

As can be seen in igure 3, both rate measures

!

tended to be more susceptible to the motoric disruption
caused by‘morphine than did the threshold measure.- For
example, rat 9 (Fig. 3a) showed very large depressions

of rate, suggesting some motor incapacitation,'although

the SS threshold changes did not show similar depressions.

.~Rather, the, threshold for this animal increased slightly

Bt a timé when rates were signifiéantly'decréased[ At

Y
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the other extreme, rat 35 (Fig. 3f) showed quiég large

increments in rate with negligible changes in SS§
thresholds. This would seem to imply that non-specific
arousal affected the rate measure while not affecting

thresholds.

Withdra&al

During the withdrawal phase of Ehe experiment, SE was ; -
quite stable across all test sessions (Fig. 4). SS
however, 'showed significant differencés between the f%rst
test during abstinance and the last test,‘five“days later.
One explaﬁation for this‘finding is that S8S thresholds are
decreased due to the negative affective state induced by
thé discomfort of withdrawal. That is, more pulses are

Al \ ’ ‘
required in order to maintain behavior. The reason for

the lack of a signi%}cant effect of abstinance on SE is '
unclear. Hoebel (1974) would have predicted that if one
induces, a negative affective stdte in an animal, deh like
overloading it with food, reciprocalgshifts‘in S5 and SE
would result. SE, however, in this test did nbt change.

It would therefore seem that the state of withdrawal is

one instance where this relationship does not hold.

1 . <
\ ’ [

Interaction Between-SS_And SE
The next questiop was addressed towards a possible

.
L]




’

\
45
relationship between the effect of morphine on SS and SE.

More specifically, is the facilitation of 5§ due, at least ¢

in part, to a decrease in the aversiveness of the

stimulation? . ’ .

1S :
The data suggest that both the positive and negative
components of the stimulation are affected, in opposite
'directions, by morphine. However, the time gourse for
the attenuation of SEland the facilitationuof SS were no&v
congruous. The depressioﬂ of SE occurred sooner inAtimQ
{1-2 hours postlinjection), and the behavior, in most 3
cases, began to retﬁrn to ba#eline_levels a; a time wﬁen
Ss threéholds were facilitated k3-4 houps post—;njectionf.

It is possible that ‘the depressive effects producéd by
. i .

\ o
morphine on SS mask a potential facilitation which has

-
° M o

been shown to occur with smaller doses of the dru? (Reid
et al., 1978). Ho@ever, gVén after five days of°
injections at three sgp;rate doses, neither a consistant
nor, sigﬁificant corrg{ition between the maximum |
facilitation of Sékand;tﬁe maximum depression of SE was
found:

goebel (1974} has described.ghe relatiohship between . i
the rewarding and aversive, systems as reciprg;al. |
Manipulations that produce an enhancement of SS have been

t

shown to attenuate SE. This 'suggests an interaction

between these two 'neural systems. In order to demonstrate

M.
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this supposed rela%ionship, it would be necessary to have

electrode placemints that are more negative than those used

t

in thié stelly. In such a casei at the period threshold
for Ss, fhere is a fair amount éf aversion in each tré;p
of stimulation. If one then induces ; desénsitization of
this aversive system, one might expect an enhancement of -
8S. A positive corielationﬁbetween thg maﬁimal«effects
on SS and SE Qoula then 1ena support to the notion that
the facilitation of’'SS is relgted to the attenuation of
SE. ‘ :

In this study, the most "negative" plaeement was 8.
with a ratio of .97 for SS:SE thresholds. - Since this is
still not an aversive placemeht per se, the data cannot.
suppbrt or reject the proposed hypothésis. Furthér
experiméhtation:with more aversive placements is necessary
:to fully elucidate what these relglionships are.

In summary, the findings of this spﬁdy have confirmed
those of others; morphlne induces a facilitation of SS.
This fac111tatlon does not appear to be due to 1ncreased

. arousal or hypéractivity,'but can be attributed to .a

direct action of the drug on the neural substrate under-

lying brain sfimplation reward. ' - ™~

.
-

As well, morphine produces an attenuation of SE.

L.

‘Phis effect does not JSeem to be a result of motoric

disruption nor does it seem to be related to.analgesia.

2

o
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The data imply that mérphine pré%;ces a desensitization
-of the ngﬁral substrate mediating aversively motivated
behaviors. \ ‘

It seems thaf the systeﬁs underlying the appetitive

and aversive properties of lateral hypothalamic stimulation

~ a

" are both sensitive to morphine. It is, at this point,
unclear as to the interaction between morphiﬂe's modulation -
of 8S and SE. However, in terms of Hgpebel's (1974)
hypothésis concerning. the reWardf avérsion relationship,
‘~;t may be Ehat, at some electrode placements, an
attenuation® of SE contributes to the eghanced positive
affect of SS produced by morphine.

Both the SS and SE paradigms allow one to infér the

. L
specificity of morphine's reinforcing effects as well as

the drug's motivational influences on behavior. Future -

P

studies comparing morphine's effects at sites that J
contain high concentréf?ons ofkppiagg receptors or that ,

are connected té su?h sites may leaa to qﬁwurther . . ,l
Endqrstanding of the neural areas involved in the 'K '

reinforcing and motivational processes underiiigg/épiﬁté

self-administration.

- - \
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Reference Notes

1. Bellisle, F., Winer, V., and Shizgal, P. The biphasic
effects of morphine on hypothalamic self-stimulation
: o
and spontaneous motor activity in the rat.

-~

Unpublished manuscript. ) .

2. L. Reid, personal communication
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