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Abstract

George Fouriezos

[y
&

PATTERNS OF INTRACRANIAL SELF STIMULATION FOLLOWING DOPAMINE

OR NOREPINEPHRINE RECEPTOR BLOCKADE IN RATS.n.EVIDENCE FOR ’
A DOPAMINERGIC MEDIATION OF BRAIN STIMULATION REWARD.

The'relative involvement of dopamine:'epd norepinephrine;
containing neurons in brain stimulation reward was
assessed with four groups, each of eight lateral
hypothalamlc self-stimulating rats. The dopamine receptov
blockers pimozide (0.125, 0 25, or 0.50 mg/kg) and (#)-
butaclamol (0.10, 0.20, or 0.40 mg/kg)‘pvoduced dose-
related patterns of decreased’responding that resembled
the Patterns seen when the stimulation amplltude was
redﬁced {by one, four or ten mlcnoamperes). In contrast,
the patterns of suppressed responding after: 1njebtions

of thz/alpha-noradrenergic;rec ptor blocker

pheno ybenzamlne (5, 10, or 20 mg/kg) did not resemble -
those produced by reducing the current aqplltude. ‘That
normal responding preceeded the rate decrements.seen ip

tests with pimozide and (4#)-butaclamol rules out the:

possibility that dopamire blockade hampeved the animals'
performance capacity, rather, the extinctlon-like response

patterns indicate that dopeminergic mechanisms are

eritically involved in reward function per se.
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Since the disgovery that rats-will'pefforﬁ
instrumental responsés résulfing!in.elec;rical
stimulation of “certain regions of the brain
(0lds & Milner, 1954), much work has beeﬁ aimed.'
at identifying the rewardvsubstrate. The

'neuroanatomicél'correlates of self-stimglatioh
were examined first,;largely‘by.?m;pping" studies.
The'stfategy was to tést a varié#y of brain ‘
regions, determining the relative rewarding\
effécts‘of stimula;ion‘in each'area. . Positive
regions were distributed within fhe limbic
structures (0lds, 15553, some diencephalic areas
(0lds, 1956),'and,éyen some midbrain regions
(0lds & 0lds, 1963). By the mid-sixties, -many
positive sites h;dfbeen found but it-was nd%

clear how, or whether, they were all related

-

(Valenstein, 1966).
As a complement to the neuroamatomical
mapping of positive brain regions, t@e‘pioﬁeering

pharmacol&éical’studies of Q1lds (01ds ¢ Tramié,

1860), Stein (1962, 1964), and Poschel and Ninteman |

(1963) introduced the idea that the neurcrs of the &
reward substpate might employ a distinct class of
neurotransmitters. Here, the strategy was marked

by attempts to modify an animal's self-stimulation

P
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' dopam:.ngrg:.c pathways.

\ y ’ . 2

behaviour with drugs that altered the symaptic

>

transmission properties of various neurochemical
o ‘
systems. The view that emerged from these early

pharmacological experﬁngn\t%::s that central .
cate‘cholamirie-containing neurons participate
\

cmtlcally in the npdlatlon of braa.n stimulation

reward (Poschel [ N:mteman, 1963, 1961& 1966;

®
0

Stein, 1962, 196'4). ,

'This view, which 15 here referred to as the
catecholamine hypothesis of reward, has continued
to gain supptsr"c and is now widely, although not
universally ' accepted.- In part, the h}'lpothg'sis'
is'founded on the neuroamatomical observations that
the dietr:f‘butic;n of positive’ \self-@'t'imulAation sites
closely parallels the organlzatlon of some of the
ascendlng qwhholamme s.ystems described by
Ungerstedt (197la) and Lindvall and Bjorklund (19714)
For exa.mple',, the medial forebrain bundle supports
very high self-st:.mulatlon rates (0Olds £ Olds, 1963)
and contan.ns flve ,major catecholamine pathways, the
_dorsal ‘and the ventral noradrener-glc systems'and the.

7

nlgrostmatal the me.;ollmblc and the mesocortical

L ] 4

)
. !

Several pdints along the dorsal ndradrenergic-
e |

system hive been reported to supp.ort‘ self-stimulation.

-
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These include -the region of the locus coer'uleixs

(Anlezark, yaltér, Arbuthnott, CI"O'W'& Eccleston,
1975; Ritter § Stein, 1973), the area' traversed
by the dors‘al noradrénergic bundie before it enters
the r;\eoitai forebrain bundle' (Crow, 1972), the ‘
, amygoala (Wurtzf%-ﬁldé,‘1983), the soptal area
(Oids 3 Myi'lr:er, A195‘4),., the' cingulate ~corte>‘c' T - C
o (01ds, 1955), and the hippocampﬁs éoidé; 195?;
A Ursin, Ursin, & 0lds, 1966). The mesencephalic .o
area traversedaby the ventral noradrenergic R \ ) S
system has also been t'eported“gto support self-
stlmulatlon (Ritter & Steln, 1974). The documented

depletlons or release of ca‘tec}'glamlnes from nerve

terminals following rewarding stimulation of%the

. ,“@g.ion of .the locus coeruléus (Anlezark et é.l., 1976) | v ’.;
; - arid other sites (Arbuthnott), Crowy Fuxe, Olsen, & ' -
v ' ‘Ungerstedt 1970 Holloway, 1975; Stein & Wise, 1963) -
~ are in agreement with the view that noradrenenglc N i
pathways.are acti;'rate‘d, dat least wifh z;ome electrodo | _
gite\s, ‘by* rewarding: stimulation. ) e . - ' g

AN . . ‘s -
Electrodes in or near‘to-the nigrostriatal - i

dopamine system also support xsell.f-tst::’.mula_,t:i.on.‘ﬂ
hal . .

Pogitive loci include the A9 cell group of origin

(Liebman § Buycher, 1974 Prado-Alcala Kent, & - E

Reid, 1975) and the term:.nal areas in the cauda‘te

t

/

.

(Phillips, Car"j:ep,' (3 Fibigevﬁ@), where stimulation




W, ,. . . . ' ‘ . y
' v B e ‘ LS
1s' somewhat lsolaged from other catec@plamlne
1 ‘: . ) [ 3 ) ’
~ . Bystems. The pdrticipation oﬁffg;’;esolimbic and
, . N xr‘ l . . * . R ¢
1 PN . the meésocortical dopamine pgthways‘remains to be

~clarified. Sgif—stimulation is obtained with
electrodes in the nucleus accumbens (0lds, Triavis,

¢ Schwing, 1960} Phillips; Brooke, £ Fibiger, 1975;

Rdhtténberg, 1971), which contains teﬁﬁin;ls of the

meaollmblc pathway and fibers of passage Qfﬂfﬁe

4,
-

JIES,OCOI"tlcal system, but. it is not clear which of

[N

| * ] these two ‘trajectories.may be properly crédited

. for the pﬁenbmenon. Cortical- self-stlmulatlon has
- -, A ¢
been reported with p051t1ve placements restrlcted
~ .
. tq areas cgntalnlng mesocortical dopamlnehtermlnals
. . [ i

(Collier & Routfenberg, Note 1); thig/ finding does. .
“ - ) . ¢ -

3

35 . e not necessarily rule out a role for the mesolimbic

. . ' pdthway. , :
. o : .

In general, self- stlmulatlon is obtazned w1th

1 d

. ' electrodes placed w1th1n or _near to the ma;or

catecholam;ne traJéctprles whlle negatlve placementﬁ’

<

arsghsually dlstant from the catecholamlne pdthways
o " (see German § Bowden, 1974 fod‘a detailed review).
The correlation between p051t1ve smtes and reglonal

.
- 'aatechoIaane representatlon is consistent wlth.the

’

idea thgg\the caIecholamine-containing‘fihers are

- 4

invo;jeﬁ in the mediation of brain stimulation reward.

«
» v




e n——— iV o N e

. . .
‘ )
, . 4
. -
yoe e > , .
® .

' - v, ' ‘ L .
s ;gﬂ v By 1;self, however, the correlation cannot -
& = . ' . ‘.

L ' causally implicaté catecholamine circsuitpy in.the .

- ¥

mediation of reward.
. f TN F . The second I®*% upon which tﬁeﬁcatecholaming
N S hypothesis stands is formed by investigations

)3 _ . of the pharmacology of self-stimulation; the

résults of these studies do permit inferences.
. N S -
of & causal nature tq be made. ° By and large,

it has. been observed that’ drugs whlch modlﬂy B S
the gynaptlc transmission in catecholamzng

Y .
systems correspondingly modify the rate or the S

-

threshoId at which animals self-stimulate. - ,

| "+ . . Chlorpromazine, a catecholamine receptor blocker, .

.
l

attenuates self-stimulation (0lds & Tﬁavis, 1960) ! )
. * . : .

| ‘ . and faises self-stimulation thresholds (Stein,

¢ - b -2 \
: S . 1962) while gesempine, a drug which depletes . L
. l . . - . \ R A N , . N H
neuronal stores of norepinephrine, dopamine, and

)

"% '"* rate-reducing effects. (Stein, 1962).  Alpha- ' . T

i » o sebotonin,‘has 8 similéf threshord—elévatiﬁg and

; which inhibits the 'synthesis . —™
AN v n

' - m;k/yl—para-tyrosln
th dopam;ne' d noreplnephrine, also reduces e,

e ’ seif-stlmulatlon ( oschel 8 Nlnteman, 1966),‘ ‘ .

. following this tr atment, respondlng is restored

! ‘ :
by, anectlcns of l-dopa, the catecholamine : Lo

<

precursor normally formed: at this synté;flc step o .
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' “™hresholds (Stein, 1962). The rate-enhanéing

-

Y . . e e
- or "dopaminergic neurotransmission. ®ne such

: S o ‘ .
(8tinus & Thierry, 1973). Severe rate reductions

in self-stimulation vggult"fbom the, ‘selective ~ . %T
catecholamine damage which follows cerebral’

. bl \.« ‘- 4 - ’
ventricular infusion of the neurolytic drug 6~ -

hydroxydopamlne (Breese Howard ¢ Leahy, 1971). ';.
Flnally, amphetamlne, an agent which: promotes
ynaptlc‘velease and extended action of °
"catecholamines, enhanées self-stimulation rates (//*‘*‘l _—

(Stein, 1964) and lowers self-stimqlatabn

. -
)

effect of amphetamine has been shown to depend :
- ‘ . . \ T
upon the functional integrity of the'catecholamine ‘

systems (Stein, 13683.

7
. e ™ . 5
Recently, several drugs.have been developed '

< - ! Py

4

which dct selectiyely on either néradrenergic'

i

agent, disulfiram, which inhibitq the copversion

” Y .. ’ s .. * \—-,J
of dopamine to norepinephrine in noradrenergic ,

cel}sqfel;m{natés self-stimulation respoﬁdin§;

. this attenuation.is reversable with injections .
v , ! TP ) ‘u ) )
of l-norepinephrine intq the cerebral ventricles -

.(Wise,. éerger, £ Steif, 1973).

"Rate reductlons have also been observed with

[

drugs that: selectively 1nterfere w1th dopaminevgic

transmission, \§e1f-stimu1ation is-veduce or

(AR
\.'-.‘.
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-eliminared aftér treatment withﬂ? e-dépamine 9
receptor blockérs haloperidol (Fibiger, Carter, &
Philiips, 1976 ; Lippa, An@eiman, Fisher, & N
Canfield, 1§73; Stein, 1;68; Wauquier & Niemeegers,
{972, 19757, spiroperidol (Mora, Rolls, Bur'tc‘m,.s‘,
. Sy ‘ 3 , :
Shaw,'l§75; Rolls, Kelly & Shaw, 1974; Rolls,
.Roll&,~Kelly, Shaw, Wood, §& Dalé,‘197u), and pimozide
QFibiger et al.,. 19764 Fouriezos & Wise, 19763 ) JJ
y y

Liebmdn & Butcher, 1973, 1974; Wauquier & Niemeegers,
PN ; . . . -
1972, 1975). When delivered in a regimen that
. ¢
“smaximizes the destruction of dopaminergic but not
n ’ -

qofadrenergic neurons, 6-hydroxydopamine nétronly ’ ,7\ /
reduces self-stimulation’rates; Et also antagonizes . "//4?
the rate—enhancing effect of,g-ampﬁet&mine (Cooper;
Cott, § Breegé, 1974)., Together, these phgrmacological
experiments point to the pafticipation of both \ ~
adopEminergic and noradreneﬁéic neurons in the
medggtidﬁ of’?rain stimulaﬁion reward, - That each
of-these‘c;;echoldﬁﬁges is involved is further
supported by sthdies that compare the rate-

.'enhanéing efficacy of the optical isomers of ( “ Yo
amphetamine., In general, it has been observed.
that” d- and ;-amphetémine\ave equipotent in -~

enhancig self-stimulation responding when the

11
electrodes are located in or near to #he dopamine

N
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@g'\braiq stimulation rgward,.-but that there also. exists

L ’ .
systems\ﬁpd that The isomers diffeientjelly

‘enhances response vates'wheg noradrenergic st}mulation
sites are tested (Herberg, Stephens, 8 Franklln, h

1976, Phillips & Fﬁplger, 1973, Stephens € , AN

Herberg, 1975) That the relative potencies vary
suggests %?et more than one system is lnvolved,
that dlfferefces in relatlve potency seem to depend
upgr "whether the electrodes are located vin dopamine
r novepinephrlne trajectoples suggests that each

of these catecholamlne contalning systems is

S M¥mportantly involved in supporting self-stimulation

. <
responding. ° .
E 4 ' .

The convergence of neuroanatomical and

-pharmacol&gical ffndinge has led to present-day

variations of the catecholamine hypothesis.

'One. current idea is that noradrenergic and

dopaminergic systems dre ®ach independently .capable
W
of mediating'brain-stimulatiofi reward; the pathways

that_are most likely to be involved are the

dgrsal noradfenergic system and the nigrostriatal;Q

-+

,meeolimbic, and meeocortical dopaminergic pathways

k4

(Crow, 19763 German & Bowden, 19%4). Another notion
ie that not only do both classes of catecholamine+

&
containing cells participate in the Wluiation of

.
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' catecholamine hypothgses have been based \\?he !
‘ ]

i

3 . 3

~ . 5 ) o 9
a functional interaction between thé'ﬁwo. Crow ‘;
(1973) has suggested that dopaminergic mechanisms °
are qésponsible'for signalling the mafézgfional_ i

- T *
consequences of distal cues "associated with primary

rewards while ‘the noradrenergic sysfggs mediate the s

éi:ﬁ;ary (rewaﬁQing) properties of ‘contact with a :

nventional reward (e.gi taste, touzh).° A similar 5
suggestian has been made by Herberg gﬁ al, (1976,.

Some authors favodr instead the.view that | ‘ '

“ one or the ot@gg_gf’fﬁj'cétechoiﬁmine systemg’ . - 0
exclusively mediates peward. Foremost among ’ '
proponents of a singie tvansmitterfhypothéaié hgq
been Stein (1975) dﬁo has "argued that brain Etimuiation
reward is medi@ted by alpha—noradfenergic:cells and
that even self-stimulation obtained.with‘elécirodea
near known dopamiﬁe pgthwaye depends‘upon the P
intiﬁnity of nearby noradrenergic fibers (Belluzzi.
Ritter, Wise, 6 Stein,-1975)., Others have arsued
for a similarly,exclueive role for,dqpami “cells ~
(Cooper & Breese, 1376} Lippéﬂg_@_ al., 1973),

Tempering all\these viéwsé however, are two

‘general problems wi?z the data upon which the:

neuroanatomical findings are of a correlational
nature. It 1is not qlear that obtaining self~-
stigllation with an electrode in the midet of a

- ‘ ' ‘“ k N -,

~
—M&.j . 1
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catecholamine bundle necessarily implicates’ that

|- | bundle .in producing the behaviour‘ﬁsee Routtehbe?g,
975) “This point is underscored by studies that

> have gone beyond simple correlatiVe anatomy . Whefeas

/M’ ‘ Bé{gplation aiﬁ;g the trajectory of the dorsal {

. ) noradrenergic bundle is rewarding, bilateral lésioné

S ) of the locus coeruleus result in augmented, .

rather than réduced, rates- 5§ lateral hypothalamic
Belf-stimulation (Xpeb, Bakpolm, 3 Meyevhoff 11976) ;
- . locus cogruleus lesions also fail to disrupt
: presumed dorsal bundl; self-stimulation at the level
of the decussation of the brachium conjuctivum ‘ v
(Clavier & Rou{;gnberg, 1376)‘ Furthermore, neithev 5,
. ipsilateral nor bilateral degkriction of the doﬁéai ‘\,i“

bundlefatténuates self-stimulation of the region v

of ghe locus coeruleus (Clavier,AFibiger, § Phillips, " Y
1976 ; Corbett, Skelton, & Wise, Note 2). These

experiments illustrate that correlative Jat alone
L}

-

cinnot establish a clear role for any specific
oateoholamine-pathway in mediating thg'bewardfng j

~ effects of brain st!mulation. ' ' . .

‘ . ' Pharmacological studies aﬂg'also sug stive

g but not conclusive. Here, the majar shortcom nx
is that a drug-indd&ed change in the animal's o
‘evebage self-stimu%&tionfbate doekcnot necessgarily
s * [

P
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| "g - o iﬁdicgte‘that the reward value of the'bqéin . e
P' o y stimiulation has been altefed; a change in rate could \/; e Co
3 .equally‘reflégf a drug induced chﬁnge in Fhe. . ‘

B animal's pMysical ability to meet the respdﬁse

demands of the-task. For the'present disoussion, : @

a drug-induced change in the animal's physical

& "ability to reSpond will be termed d "performanqe

effect™ or, in the case of peduced respondirrg, a

of the reward value of a given stimﬁlation will be-

v

. A

"performarice deficit", A hypothesized alteration - ',ﬁ
' ;

A

termed a "reward effect" ory "in the case of a

decrease in the reWard value, a "reward deficit" ) . 6
- .

The consideration ‘that drug-induceﬁ performance =, . i
. effects could be erroneously 1ﬁterpreted as reward
effects sets the theme for the’ remainder of this

thesis: The strength of pharmacologicai evidence .

for the catecholamine‘hypothes;s of rqward depends

onﬁthé degree tg'whicﬂ dquéiiﬂduced performance ' e

effects can be distingﬁishéd from drug=-induced ‘

&

:rewgbd effacts,

T On empipical'grﬁunds, f} is reasonable to susbeqf‘ >
that interference with norddrenergic transhission

. could produce a performance déficit. Digulfibam -
has been thwn to reduce aelf-atimulation rates

(Wise & Stein, 1969)- but it has been argued that

- : N ¢

0, T LA S L3 00 2 oA bl Al e SIS A 4.5 e % im0 e
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\sgdat#ve side effects of this agent account for the

& obseérved reductions (Roll, 1970)." Rolls et al.
(192“5) have examined the effects of disulfiram
on self-stimulation and on spontaneous'rearing
and locomotion. Thr&ughout the'dose-range
administeged, the drug resulted in a more severe

-

reduction of genepal activity than on self-

stimulation. - “

However, the results of other studies fail to
support the notion that performance problems
account fév the rate reductions after the.inhibition
of norépinqpﬁbine syntheéis. After reserpine
pfe—tne;tment, nofadrenergic synthesis inhibition
induced by E}A-63 reduced self-stimulation without
obvious side effects in ‘one study (Franklmn §

Herberg, 1975) Dlsulfiram-induced rate reductionqu

have been. reverSed by" doubling the current‘amplxtude
of the available stimulatlon, a procedure whlch is
thought not to reverse performance deficits ( iebman §
‘Butcher, 1973), Wise and Stein (1969) ave |
reversed disulfiram-induced rate suppression with
‘ ceneprgl ventricular infusions 'of ;yqorepinephrine..

On thetbésis of the timeééourse of the reinstatement

of responding, they ‘suggested that the infused

) norepinephrine did not reinstate responding because




_ .13
’ of its direct post-synaptic action. Rather, they

argued that it was necessary to assume that the ,“ :
”lnorepznephvlne was taken up pre-synaptlcally,
f temporarily -restoring funetlonal pools, and thus
becoming agﬁllable‘for sub§equent etlmulat;on-

induced release. The assumption that the pre-

synaptic replenishing action of norepinephrine .[
is‘reéponsible for the reinstated responding

is critical for the Wise and Stein argumeﬁt and it
has been directly tested by Shaw and Rolls fié?ﬁ) ‘
Shaw and Rolls found that drugs\whieh'haﬁé/only , - vé
post-synaptic noradrenérgic effeets did not

reverse response deficits induced by disulfiram. ;

»
g

Indirectly acting drugs, such as phenylephrine
which mobilizes stored qorepinepbrine,into the ___¢;_h*_b£'
functionally availéblg p9qlé; did reverse the
i respon;e s%ppfessions. ‘This fihqinés'iqdiehted
that activity'ét the ﬁor;drenergic ﬁeceptof had to
S ‘ 'be’contihgenfiy'linked to the stimulation (and | '
| thus, linked contingently to the instvumental

rgsponae ‘of-the animal) this constraint is consistent

with the idea .that norédrgnergic mechanisms are’

éj Y _ impdbtantly'involvnd in the mediation of reward &
o s

g& ) per se.:. Thus, somie investigatars have suggested

L

% - i thatm\érformance problems account For the rate-
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reductiéns seen fdllowing the inhibition of
noreplnephrlne synthesxs (Roll, 1970 Rolls et al.,
1974a) whlle others have argued that tgye reward
deficits are indeed produced (Franklin & Herberg,
1975; Liebman §& Bufcher,'1973; Shaw & Rolls,

1976; Wise & Stein, 1969). S

. The argument that interference with the
» . .
dopamine~containing systems results in a reward
\ — - N ‘ '
deficit is no more convincing. One possibility

is that ‘interference .with dopaminergic
mechapisms céuld reduce self-stimulatigp rates ,
because of a drﬁg—inducea motor impairment patﬁer' } ' '
. — than because of an effect on the\feward suys;bate. |
The‘ﬁié;bgzriatal dopamine system has beeh . -
* lﬁillcated in the mediation of motov behavzoup B

"

P (Lloyd & Horneykiewicz, 1976), the 1n1t1atlon or ‘ ,

. . A - *
maintenance of volitional motor behaviour. N
(Flblger,‘Zis, g Phllllpﬁ, 1974 Fiblger ef<al.,
1976; Ungeretedt, 1971b), the executlon of complex‘
motbr.tasks (Rolls et al., 1974b), and the , N
- T R , e N
integration of Bgﬁggiimotor events (Marshall, . NS

/
.Richardson, & Teitelbaum, 197%). As is the, case
with noréﬁveneﬁgicihecﬁaﬁismé; the available data
on the role of dopamineibont31n1ng flbers in the

Xmmdlation of reward ‘are marked 'with controversy.

- Rolls_et al. (19.7«31:) measured’ the effects of. the
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dopamine receptor blocker’épiroperidol on
| " freé feeding, free water intgké,”and lever

pressing for brain stimulation reward. They

found ‘that the self-stimulafion was more affected - BN {
than the two intake behaviours, but when the ig
intake behaviours were also assesged in the operant C W

situation, lever-pressing for food, water, and
brain stimuléti;n were all equaliy affected by _
spiroperidol. The autﬁprs coﬁcl&éed that -

h 'dopaminergic receptor blockade affected @he animalé'h
| abilities to sequence or organize complex motor

taskg. Fibiger et al., (1976) replicatied these

findings with self-stimulation and feeding; their

interpretation was that the animals were not able eem
to initidte or maintaig\vol%ggzzi% responding. ) ...

In coﬁtrast, other experimen®s designed

F

- to assess the possible contribution of pehfgrmance‘ p .
2

\
b
R i e R R SRR G

effects followingiinterferedce with dopamine have %
produééd,resﬁlfs'th;t are better interpreted as ‘z
! n'trua reward defigits.v‘At all doses gested; ;g
‘spipoperidol attenuated self-stimulation more than :%
gengralfactivityl(Rolgs et al., 1374a) and ia
self-st%pulation decrements imduced by pimozide Zﬁ
have been revepsediby doubling the current , fs
»ampiifude (Liebman, & Butcher, 1973). Using 2

tos
- .
) R 4 - \
o
. . .
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Valenstein's raye—freé shuttle task (Valenstein & -
ﬁejers, 1964), Liebman and Butcher (13974) found ‘c-'
that pimozidg reduced sel%-stimdlation even though
the rgsponse demands on the animais were minimal.
Finally, Mora et al. (1976) found in Rhesus and
squirrel’ monkeys that at' some doses, spiroperidol
attenuatéd self—stimuiation but spared responding
‘fpr 20 ﬁepcenf glucose reward. Attenuations in .
self-stimdlatipn following functional blockade of =
dopamine receptors have thus been interpreted by
gome as performance problems (Pibigép et al.,
1976; Rolls et al.,-1974b) and by others aB.:nue
fewabdﬁeffects‘(Liebmanlg Butcher, 1973, 1974; ‘ .
' Mora et al., 1976; Rolls et al., 1474a). =
#his brief survey of éxperimént§§designed to
assess the relative contribuﬂions:of performancg/
problems and reward deficits to self-stimulation
rate attenuations faiis to resolve the original .
“question: Do either or both of these . catecholamine.
systems participate in ‘the, mediation of reward?
The contPoversy is the result of the difficulty
‘iﬁ sepéra?ing rewa;d'from‘perfgrmance effects in
self-stimulation since both véduptions in reward
value and impairmént of the/animal's physical

abilities-preaict neduEed averaged rates of responding
N

»

“w B
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in.the test session..
BN ‘ .
: One way to distinéuiﬂm‘between,a response

suppression due to reduced reward and one due to .
\ N < ) . ‘
! . .
a performance problem is to perform a within-
\ N
session analysis of" the pattern of response

.

suppression following interference with the

catecholamines. In operant paradigms, when the

reward is sudqénly withelg, responding continues

briefly at a high, sqmetimeé normal, rate. ' It is
_bnly after a numbér oﬁfunrewé%éed responses have
¢ been mage that reductions in rate areaobseryed

(Kimble, 1961).  For the present context, if

interference with catecholamihe transmission

Q.

4

produces an attenuation in the reward vi;pé"bf the

brain stimulation, then it should be posfsible to-
‘devise a test in which an extinction-like pattern’
(of responding would be observed. Such a pattern, -
with its characteristic eariy period of high rate |
responding, would rule ouf the possibility that
decreéseé in rate were due to peﬁf%pmance problems.
~ ‘On the other hand, %{_i/ﬁf;g*indgced intervéntion

with the catgcholaminlepfodugés a performance

effect, an extinetion pattern of responding would

[

not be seen. Rather, depend&ng upon. the exact

.

natlire of the impairment, other patferns would arise,
x o, . .
. ‘ , ) 4

. ) . 4
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other three doses of (t)—butaciamol.

* . T . . 18

» \\;>§\£zgmple, if the drug caused a motor deficit, a

unlformly suppressed rate of respondlng would be C.

observed thoughout the perlod of dqug effects If

" the drugvproducedll ttention or drow81ness,‘

periods of suppregsed Pespondisg shqyld occur

Here, well-trained self-stimulating

rats were tested after pre-tneaimEnt‘wifB selected_’,‘%
~

yreceptor blockers. Response rates were monitored

on a minute to-minute basis within the test se551ons.

-

To assess the effecfs of noradrenergic veceptor

“blockade, thre& different doses of the alpha-

4 Al a
noradyénergic blocker phenoxybenzamine were °
. vy . .

To docupent :
the pattern ggﬁzesponding that might be expected
with reduced reward, a final group ‘of animals was

tested with each of three levels of reduction -
Y ~ * A

in brain stimulation amplitude.

*’ . - N & \




METHOD

Subjects:
Fifty male Hooded rats, housed 1nd1v1dually
2

1

in stalnless steel cages with freely available food
- SN
and water, were surgically prepared for tpls

expe?iment.\ Under sodium pentobanbital (30 mg/kg,
i.p.) and chloral hydrate (60 to 75 mg per rat: i.p.)
anaesthesia, each rat received a monopolar stainlgss-
.sfegl éleEf}qde. The 254-micron.diameter electrode
was insulated with Fdfmvar (Genéral Electric) and thes

tip was bared of insuld}ion by honing it into a

conical point. One of the skgll screus s;;ved‘as the
indifferent electrode. e
Tﬁ; electrodes werh‘aimed at'the'latefai

.
hypothal%?lc area at the anterlor;posterlor leveI

- ?

a

of the ventromed1a1 nucleus.- The co-ordinates used
[ .

(plane of de Groot, 1959) were 0.4 mm posterlor

to bregma:\l“;gmm lateral .to .the mid-saggital suture,
“and 8.0 mm_be low ?he cortical surface.

Apparatus: .

‘ The animals were fraiéed and tested in black | \
wooden ‘boxes. Each box comprised two cdmpartments\
qualn area with floor dimens:S%s of 33 by 25 cm
_ and, centered on one of the long walls, a smaller ‘

alcove ineasuring 10 by 11 cm. The walls of both

pompartmentsiwere 35 cm highw The alcove hdhgfd thé

N
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* ) plexigiass lever-type manipulaﬁdum, its 3.5 by 6.3 cm

4

shrfacg.located 9.5 cm above the. grid floor.

A

{ ‘ Access to the alcove could be restricted with ..
J " a wooden barrier which was.the same height as the
walls, A counterweight system, when released,

céuSeq the barrier to rise up and swing back, -

]

coming to rest against the*deep wall of the alcove

I

about 5 cm above the lever, Triggqrihg‘the release
ﬁechgnism thus gave'the.rat access to the alcoge
_— | ‘ and the lever, ﬂfhis ayrangekght permitted good
éontbo} over ‘the simultaneous starting and timing
of as many qé six rats, each in its'owp test-caéé.,
+ “Shop-made sine-wave syimdiatorg and Grason-
/,St;?len (Series 1200) programming equipment'wefe
- used to deliver sqg‘mgec trains of 60 Hz stimulation
;ftev eaﬁh leVer-press.‘ TQe“stimulation amplituqé
was cbntinuously édjustable up to 100 microampereé.

B . (RM8) with the aid of célibratedjign-turn potent=-

iométers., y

Drugs: B -
' Two drugs, pimozide (Janssen‘Pharmaceuticals) |

and (4)-butaclamol (Ayerst Laboratories) vere, used

o

to ezamine the effects of dopamine receptor blockade .

(Anden, Butcher, Corrogi, Fuxe; & Ungerstedt, 1970 . e

Creese, Burt, § Snyder, 1876, Lippman § Pugsley, 7

1975; Voith ¢ Cummings, 1976; Voith & Herr, 1378).
- YKI ' ’
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The effects ofnnorepinephrine~veceptér blockade
N [
were examined with phenoxybenzaminé (Smith, Kline
" & French Canada, Ltd¥) an agent which blocks

central receptors of the alpha-novadrenefgic type

-

** « (Andén & Strombom, 1974; Nickerson & Collier, 1975).
yji’ - Pimozide'was dissolved in a cﬁncehtﬂztion of
0.5 mg/ml (all concentrations were cafculated
érom the weight of the salts) in a three percent
. r‘(Q/v) tArtAric Acid solution. Butaclémol was

suspenfled in a thrge percent (v/v) solution of

\

‘Tween 80 at a concentration of 0.4 mg/ml.

( .

v Phenoxybenzamine was dissolved ,in a concentpatidh

e
,% "of 10 mg/ml in a vehicle prepared by a 4:1,water

ditution of 48,5 Percent (v/v) absolute alcohol \

N

- and D:QB percent (v/v) concentrated hydvochlo?ié

‘ /fgid in propylege glycol.y A o
({ ' a - . S

A

§ . In order to assure peak and uncbanging drug
effect during the test sessions, the freshly
prepareé solutions were injected four hours before
. the tests in the case of pimozide and butaclamol

' /agd twéxhoyrs before in the case of phenoxybenzamine.
Control tests were run with the appvo¥riate vehicles™
qf pimozide and pﬁenoxybénzamine. A high dose

(0.4 mg/kg, i.p.) of the inactive enantiomer, (~)-
butaclamél, served as the contfol condition for the

4

-
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_GF):butaolamol tests, All injeétions were delivered
intraperitoneally. f A
Procedure ; )
xAfter a post-operative recovery period of at
least;three days,}éach animal was screened for self-
stimulation in one or two sessions lasting abdut
twenty minutes each. The current amplitude was
initially set at 20 or 25 micrgamperes and
conventional shaping procedures were employed:
A deacendihg series of curéént adjustments helped
to estigate the threshold amplitude; an infénqity

S

of five mibroamperes above the estiQ?ted thresﬁold
was typically employed in the firat of the N
exﬁerimental sessiops.

In all, each rat wés offered twenty-six
experimental sessions, each lasting thirty~m&g<tes.‘
One seasion was held per daXi thg twenty-six
days comprised a ten—day’training period and a
subséquent sixteen-~day test regimen. During the
training pefiod,~curvent adjustments on the or&ér
of qne or two microaﬁberes were madg from session
to session in'an attempt to bring each animal's rate
to approximately 2000 responses per thirty minutes,
The use of primfﬁ% or addifional~shaping was

)

restricted to the first three tpﬁining sessions.,
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The current amplitudes were fixed beginning '
with the test on Day 11, except of coqrge;’for the
group which received reductions.in Surrent B
amplitude as the experimental treatment. The
treatments weré administered on Days 14, 18, 22
and 26, On th_three days before each treatment
(e.g. Days 21 to 13, 15 to 17, etc,), the animals
ware tested normally. o
The first group of rats served as the comparison
group. . This group was never tested with drugs;
rather, it was.used to document the response
patterns of animals for which the brain stimulation
‘was made less rewarding by current amplitude )
reduction., Just priof to the 1lkth, geth;CéQnd‘or
26th 535&;233 the amplitude'bas adjusted to a le&g}‘
elther ona, foup or ten microamperes below the .
ourrgnt level normallyiused_fonéeach rat. On the "
remaining. test day, the animal was<tested at ¥e |
5orma& amplitude; this aéasioﬁ constituted thetéontrol
\test'analogcus to an injection of a drugffree
‘VeQ}clﬂ in the drug gro&ps. |
The effects of three different aoses of
phenoxybenzamine were examined with the second
group. Doses of §, 10 or 20 mg/kg, or an injection

-of the vehicle alone were administared two hours

-

R
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- . This pethod of collecting data permitted the

* Ppatterns but. more importantly, the sho;%‘intervals

. . - | 24
before the test sessions of Days 14, 18, 22 or 26. .
A third group of rats was tested with pimozide
in doses of 0.125,.0.25 or 0.-5 mg/kg or wiéh the
vehicle aleone. Animals in the‘foprthgroup‘werg
injectedwwith (4) -butaclamol in doses of 0.10,
:0.20 or 0.4 mg/kg. The control condition-here

" was an injection of the inactive optical isomer, .
(~)?butacldmol, at a dogg of 0.40 mg/kg, The order
of presentation of the four doses or current riductions \,
was randomized within each of the éroups. |

?n the treatment days (14, 18, 22 éndeB) and

also during the sessions immediateiy before each

treatment day;(Days 13, 17, 21 and 255, the ’ ‘u\\

cumulative number of responses made by each animal

wag photographically recorded at short intervals

within the sessions. In all, 34 data points were

reoorded within each hé&f-hour session; the times

L
at which these points occurred were.-‘o.os

(minutes:seconds), 0:10, 0115, 0:20, 0:30, 0:40,

0150, 1 00, 1:15, 1130, 1ih6, 2:00, 2120, 2:h0,

3:00, 3: 30 4:00, 4:30, 5 (minutes),-6, %8, 9, -
£ 10, 12 14, LS;ﬁlB. 20, 22, 24, 26, 28, and 30,

-»

.

assessment not only of the’ overall response

ok
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between response counts in the early part of the

session also allowed the quantification of rates

4

during extinction and drug conditions.

In order to be included in tie analysis, eaéh‘
rat was required to meéf one stabilit§ criterion.
On each of Days 13, 17, 21 and 25 each animal was

required to make at least 1500 responses. Animals

'

that failed to meet this criterion were deemed
too unstable fon, consideration” and were not

included in the analysis.' The stabiiity criterion

was waived for animal #217 for its Day 17 test

because it had caught its cable behind the lever

r . -

for about two minutes; its session total was

1499, “
A

H ” 1 R
Following the 26 days of testing, each rat

was injected with wn overdose (at least 60 mg)

of sodium pentobarbital and transcardially

perfused first with physiological saline and then' 
with a ten percent solution of formal saline. The

perfused brains 'were- stored in formal saline for at
1eabf oﬁe day before‘they were frozen énd aérially

sectioned in 40_micron slices. The slices vere

.stained with thionin and the loci of the' electrode

tips were determindd and represented on stereotaxic

drawings (Figure 1),

1
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. " . RESULTS
Animals were added to this study until each

éroupfcqntained eight rats. Of the\fifty

| prepared, eighteen failed to achieve the stability

criterion of at least 1500 responses on each of
- the pre treatment days and were discarded from

‘the analysls. Figure 2 ehows the average ‘

. response rates for" each group under each of the

four treatment levels (controk, low, meqlum, high: ..

For the rema}ning discugsion, the, treatment levels

4

'will be called "doses", but it should be képt‘tn\\ |

mind that for the first group "dose" indicdtes

1

a degree of reduced current amplitud@ rather than

'a quéntity of drug). A visual inspéctidn of theseﬁ‘

graphs suggests that all four treatments reduced .
responding and that withln each group,’the ’

degrea of responaé*euppression was dose-related,

. Furthermore, it appears that pimozide and (4)-

butéciémcl produced pattenn; of respdnd;ngrtpgt
resenbla thpse obtained by feducing thd current
amplltude. These patterns are YE?vked by early
rates that are genefally hlgher than the rates R
observed later in thi sesslon. From Figure 2,

it appears that ghenoxybenzamine auppressed rates ..:

uniformly within the session.
r 4 ' A . et :
« . * a ¢ ) -L

1
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A three-way &dnalysis of variance was used to

assess these data. The type of treatment

"

rd : 4
(pimozide, amplitude reductioni‘gtc‘.) and the dose
. , ¢
(repeated measures) were the first and second, .

A
j : were obtained by splitting each session into

oy

-three ten-minute periods. Thus, the design is
presented as a-4 by 4 by 3 matrix (treatment,
dose, tim¢) with .eigh't entries per cell,

While there was no overall difference

between the four treatment® (F = 1,68,

3,28
p> .10), there was a significant effect of dose

(P3 gy® 46.23; p< .001) and of time (F - 53.29;
]

2,56
N - p\( .001). The interaction of treatment and time

- ; : was also significa‘mt (P6,56= 5.63; p< .001) and
Scheffé tests revealed that whereas the current

Y ‘veductions and 'injectipns of pimozide and (4)- .

. butaclalmol‘ vesulted in more re‘Wg in the firét

ten minutes™than in!the subsequent gwenty,

injections of henoxybenzamine produced no suéh

rate differential over time. Finally, an
interaction eherged between dose and time

(F 2.40; p< .05) indicatifig that overall,

: 6,168%

§ ) " as the dose of drugs and'degree of amplitude
, {

o : reduction was increased, the early to late
: . { ' .

'y , R
i .
K .

x factors. For the third factor, time, three levels' '_
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this analysis is presented in the appendix.
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: differential was enhanced. The source table for

28



Y
e
‘ 4

k w

29

DISCUSSION

. Inspection of the hveraged patterns ‘of

responding under each treatmenE (Figure 2) reveals
'parallel patter;s of respbnse supﬁression‘with

three of the four treatments; injections of :
: piﬁozide and (4)~butaclamol, and reductions in | .

current amplitude. In these three -conditions,

.

initial response rates were norméi or near. -
normal, bué rates~dec1ined quickly after the )
first few minutes of the sessions; the differgncé

beéween early  and subsequent performance was greater

as the dose was 1ncreased In contrast, averaged N
rates of re%fondlng with doses of. phenoxybenzamine’
were uniformly low fh?oughout the sessions; the
larger doses of pﬁenoxybenzamine produced lower

rates of responding. This difference between
phenoxybenzam%pe apd the other three treatments
, dccounts fop the treatment by time interaction | -
(see Figure 2). =« ‘ ‘ ’
The individual patterns of self-gtimulation
in each of the high-dose tests are of particular
interest. As %s shown in' Figure 3, ghénoxybenzamine
did not cause uniform response shppréssion in

1

AN
- individual rats: rather it caused erratic patterns

s with periods Qf normal responding interspersed

l‘ .&1{:{,‘ ‘-“_’*

e e YaTh § Dy ~ - " v e
B S T R S S ARE R L

STRRAL o AT HB v o



R

' . 30
unpredictably with periods of no' responding within .
‘the. test sessions. Only when data from~severél
animals are averaged do the'battérns\éuggest
uniform shppressions (compare to Figure 2).
Injections of 0.5 mg/kg of pimozide and 0.4 mg/kg
o} (+)~butaclamol produc;d more Fon§istent
patterns ¥pom animal to animal (Figures -/ and 5
respectively). Here, early rates are normal or
~ « near normal, but within a short time (on” the
ovder of three to five minutes), the_animals” 1
- reduce their rates of respondlng, in many cases
_~/complete cessatlon of?;espondlng followed the
early normal rates. These patterns resemble those
obtained by reducipg the current by‘ten
microamperes (Figure 6). r~

-

The variability in the individual response .
patterns observed with pheﬂoxybenlamineﬁSuégests
P that nopédrenergic receptor blockade produces soﬁe
form of a performance deficit. thle the nature
of the deficit cannot be speéifiedu‘the faﬁt that

high response rates were obgerved in some'pdrtion

of most of the phenbxybenzam/ge trlals suggests

'that the reward system was functlonally intact. g

°

That the time at which high rates were obsepved
—varied-from rat to rat suggests that the drug'did
not compiete1§“debilitate the animals. The problem

~

. ' ’

&
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may have been a éedation or "drowsiness"; for
examﬁle, the rats might have suffered an impaired
arousal or attentional ability. More likely, from
\ the‘;ppearance of the animals, the problem was
oné of general malaise., During the high-dosé testé:
of phenoxypenzaﬁine, the rats demonstfated_ptosis,
piloerection, severe-musculqr hypotonia, and
braqycapdia.n Longer-term effects of phenoxy-

benzamine included reversible drops in body wéight

and accumulation of bloody urine deposits in the
. .

perineal region.
In cqntras? to‘the effects of Rhenoxybenzamine,

dopaminergfc receptor blockade. by hégh-dose"

p1m021de or (+J-butaclamol produced no obvious

signs of malaise or lack of co- ordlnatlon and
* resulted in patterns o? responding that qgsemble

the extinction patterns exhibited by animals

challenged with a .ten ?iéroampere current reductighf N

This fifs‘with several previoﬁs reports. Vigorous /
responding has been observed i th; early part of
self-stimulation sessions following pimozide -
(Fohriezos & Vise, 1976; see also the rscorﬁs of
rats D-7 and B-35 of Llebman & Butcher, 1973) and
Rolls (1975, page 82) reports that some anlmals o

“

treated with splroperldol lnltlally selfastlmulate

%‘“‘ . N ~*'- . X I
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for one to three minutes beforé suadenly stopping. .

However, Fibiger et gij>(1976) failed to detect

a similar pattern of responding foliow;ng 0.22
mg/kg of pimozide. Some procedural differences
between th61P study and those in which extinction

. patterns have been seen may accou’/’for this szngle

negative report. First, Fibiger et al. employed a

VI-80 seconds rginforcement schedule while the \\3 ‘

.o

other axperiments featured continuous reinforcement
-«

schedules. This scheguleLwould support low rates
: ‘ -

.

and a clear e#tinctiop-like pattern’ is rather
difficult to dé‘ect without high basei}ne
pérfbrmance. Sed nd,ltheir failure to defect ’
extihctibn patter s\wés reporfed on the basis of a
visual iﬂqugtioﬁ of the cumulative records. A
clear difference in‘rakeris not easily detected
with this method unless very high chart speeds

are used. Finally, xhein\administered @oée of
pimozide may haveugeen f;o low.. The sign;ficaht

- dose by time interagtion of the present study )

indf%étes tﬁat as the dose is increassd (at least
°% i

within the dose- range used here), the eanly to late
rate dxfferentlal is enhanced. Thus, any early

to 1ate difference in responding may have been
£ R
obscured, pot because the early rates were too,low"
o R ‘

e
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but rather because>tngir animals' response Yates
in the later part of the eessions may have been
too high. in any event, fhe re}iabilit§ of the
extinction—like‘patte;ns of the present study is
not seriously challenged by the negative result
of Fibiger et al. since similar extinction-like-
batterns have been observed in other laboratories
(LieLmah ¢ Butcher, 1973; Rolls, 1975) and the’ -
present .data replicate acd extend earlier work of
this laboratory (Fouriezos §& qise, 1976)..

| The obvious interpretation of the patterns of'ﬁ\\
response suppression after dopaminergie; i*eceptor
blockade ie that the rewarding impact of the braic
Sfimulationiis reduced. However, ;t is possiple
that one class of performance deficit could )
produce a pattern of responding that would resemble
an extlnctlon curve. It-it'is pre-supposed thet]the ‘
-behav1oura1 effecty of dopamine blockade are somehow
latept until the animal begins vigourous motor
actieity and that this activity then mccilizes F .
}(qr permits the Behavioure;'manifestation of)
. some performance effect, tcen an extinction-like =
pattern could be expected. The cie;;est exampI;,
of such a mechanism w@hld be fatigue. It mlght be

euggested that, dopamlne blockade simply prgguces an

3
‘
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easily fafigued animal. The poss:x.blllty ‘that such
a mechanism was operatlve in the present study
seems r'emote since it was observed that once the
anlmals had ceased to respond, rats 1n each but
the phenoxybenzamine -group often jumped out of their
test boxes. A complete record of this behaviour “
was not kept, but it was ngted that one of t};e
animals in the high-cglose (4) -butaclamol condition
jumped out of its test l\)ox fifteen times in-a
single session. The physical ability of the rats
to respond must have Dbeen no:ear normal to permiit‘
these 35-cm vertical leaps which were followed by

<

weltli'co-or‘diha_ted balancing and walking atop the
half-inch edges of the test box walls,

The ~p'rves.em: argument that dopamine b“loc]ega@é‘
produces a' true reward deficit must be ga'véluated\‘\ ;-}
in light of severdl reports which forward the vlew
that attenuations in gelf-stimulation are the |
secondary result of dopamine blockade~induced
interference with some aspect of motor per;formance‘
(Fibiger et'al., 19763 Rolls et al., 197ub).

The main line’ of study upon which thls v1ew is '

\\:rased invoelved comparlsons of' the effects of

dopamine blockers on self-stimulatiqn with’ their

" effects on lever-pressing for cther rewards.

Y
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Generally, dbpamine blockade inhibits lever-

pfessing for all rewards and these findings led to L

‘the view that a general effect on lever-pressing ' -
capacity, rather than a specific effect on brain -

‘stimulation reward mechanisms, might be involved.
Two considerations argue against such a

-~

position, Tirst, on logical grounds, it may be
\J

that a common central Sﬁbstrate is actlvated by a
variety of rewards 'and that & drug which influences

responding for ene reéward should be expected to

~

. influence responding for a‘v&;iéfy of rewards,
D\awn.ng from the observation that 0,35 mg./%f
Pimozide dlsvupts self- stlmulatloﬂ for.one current
leye% but fails to disrupt ;elf—§t1mulation for‘fwiq;*
that;current‘amplitude-(LiebmanAE Butcher, 1873),
it mgy‘berfurtﬁer predicted that operant
responding for conventional rewards should be o .
related to th% strength of the reward: Rewards |
w1th\relat1vely hlgh incentive value should be
more difficult to dlsrupt (require high doses) than
/mediogrg rewg;as. “Interestingly, doses of

2dopamine receptar block;rs that are just sufficient
tg.hisnupg salf-stimuféfiéq also disrupt instrumental

: respoﬁding for faod (Fibiger et\al.;n1978), foed

water (Rolls et al. ;vlSVHb) but do not reduce

e

responding for 20 percent glucose rewards

BT R oy e Duve ATty iy A A 7 IS RT + S . et e ren e & e e
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(Morn et al., }9%6)( e .
The second conaideratioh which questions the
possmblllty that dopamine blockade reduces self-
stlmulatlon by producing motor problems follows
from the work,of Yokel and Wise (1975, 1976).
These authors have examined the effects of \\\T
dopamine blockade on amphetaminé'aelf—administration
by rats. In this paradigm, reé;oing the reward .
Value of each infusion by decreasing the ‘
concentration of the amphetamine, results
in 1ncreased#nesponse rates (see Pickens & Harris, »
1968). If saline is substituted for the e
previously available amphetamine (a test of |
extinction), very high response rates nre initially
obsovﬁed’and these soon drop to response geasation
for the remainder of :ﬁé test session (Yokel &
sPickens, 1976). Yokel ahd Wise (1975) held the
dose of amphetamine per infusion constant and -
- examined the effdcts of supevimposing,dopamine‘
receptor blockade.ﬂ They found that low dosés of
pimozide (0.06256 to 0.25 mg/kg) eiavated respoiae et
rates in a dose-related faahlon Whllﬁ a larger
dose of ﬁimozide (0.50 mg/kg) prgpipitated high

. response rates early in the seasions} these were

followed by complete cessations of reaponding fop -

\ ) N
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the remainder of the test sessier,‘ Similar
patterns were obserypq\with injections of (4=~
butaclamol (Yokel & Wise, 1976)., These results
are clearly. inconsistent with the notion that
déyamine blockade interferes with operéﬁt
responding by inducing a motor pvoblem} rather,
they offer strong support for the idea that true
feyar deficits are produced.

Thus, “Rased on the present experimeqt and on N

_ - other experiments in which the response patterns

/
have been carefully examindad, it is concluded

that dopamine blockade does not attenuate self- ‘?f
stimulation by impairing the animal's ability

to perform instrumental responses. Together,

, these data provids strong evidence that dopamine-

containing systems contr%pute specifically to the
mediation of brain atimu?ﬁtion reward and, very

likely, to reward in general. On the basis of

this experiment, a similar role for the alpha-

3

noradrenergic systems cannot be entertained.

Ay
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| - : the Society for Neuroscience, Toronto,

November 1976, - ‘ : |
2. Corbett, D., Skelton, R.W., & Wise, R.A. . |
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disfupt self-s%imulation from the »egion

of locus coeruleus. Manuscript submitted

for publication, 1976, @
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Figure 1. Histological reconstructions
showing the location of the electrode tips.
Circlgs -- location of the electrodes for the
animals in the current reduction group;
Triangles -- pimozide group; Hexagéns -—

"bEEaclamol group ; Squares - phenoxybenzanmine

group.
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Figure 2. Self-stimulation response pétterns )

following all treatment conditioﬁs, Each curve
is the average of eight animals. Rates based on
thirty-second intefvals are plotted for the first
five minutes, one minute intervals for Fhe next

five and the rates during the last twenty

" minutes of the sessions are plotted at two-

minute intervals. ,
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Figure 3. Individual patterns of self~
stimulation for each rat injected with 20 mg/kg
of phenoxybenzamine twd hours before the test

sessions. The data are plotted at the same

60

. . [
intervals as they were collected (See Procedure).
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Figure 4, Individual patterns of self=-
af{mulation for\éaoh rat injected with 0.50
g/kg 'of pimozide four hours before‘thq>tast.

//aesaions. The data are plotted as in Figure 3.
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Figure 5. Individual patterns of self=-
stimulation for each rat injected with '0.40
mg/kg of (+)-butaclamol four nours before the

test sessions. -The data are plotted as in

’ > 5 PN
Figure 3.’ : ‘ ’
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-Figure 6, Individual patterns of self=-
stimulation for each rat t;stad with the current
amplitude reducad by ten microamperes
immadiatply:befora the test sessions, The data
are plotted as in Figure 3.



