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ABSTRACT ' - - . .

- DR \ ., HARRIET DEWIT .

The Effect Of Dopaminergic and Noradrenergic >

- * B

Receptor Blockade On Cocaine Self-administration

In Rats. : ‘ . , .

o
IS ~

The present gtudy useéd the paradigm of intravenous S C

drug self-administration to_investigateutpe , . - o

. .

"\catecholaminergic basis of cocaine reward. Tﬁé ) '

. first experiment investigated the effects of\a

dopaminergic receptor blockiné agéza, pihozide
{.0625, .125, .25{.and .5 mg/kg), on rate of

+ . 2 :} .
§ « ‘ cocaine self-administration in rats. A dbse- . :,

[ “‘A 4 A

dependent effect was observed. ' At the lowest
dose, the rate increased above baseline réqunse
levels, indicating an attengatiqn.in the reward

+ ‘ value of the cocaine injections. "At higher doses,

A

[

- an extinction-like effect was observed: an ’ . .

N initial increase in rate, followed by a cessation
.

. e — /

p of rgsponding. In the second experinment zentral

e e SRR

N

E . o injections of the alpha-noradrenergic receptor

o ' - blocker phentolamine (50 ug, 75 ug, 100 ug) were

e ' ‘ administered to rats self-administeging cocaine. ’ ‘

§ ’

. . Phentolamine injections produced variable

i 3 ) - . respondingy, with‘a tendency to reduce rates of :

. P
‘barpressing. 1 These results were taken to

g Lo indicate a critical role for dopamine and not -
E . . . - .
, noradrenaline in the mediation ¢f stimulant .

-
¢

drug reinforcement.
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\\ ' ‘ ++ + I Introduction - S .3

- © In recent ygars, considerable, research has
L .o e & X
o .

P

v . ! . been diregted towards the study of brain " .

PR 4 .
- -

mechanisms underlying motiyated behavibr and in
to .

s partlcular the n%pral processes which mediate

. . reward.- Thé most frultful ‘bproach to thzg
. A 0
‘subject has proven to be the study of the
° . ) v'\‘

‘_réward which results from direct electrical |
. stimulatign of thé brain. The behavior
maihtainea by such reyard, resemhjes the

. behavior maintaihed by conventional reward in
4 ‘ »
- many 'respects,, suggesting that brain.

stimulation red%rd an®®conventional rewards

5 !
[}

have some mechanisms in common. But brain
I8 * ’

v o

stimulation reward, unlike conventional reward,
. N ' L

- ! lends itself conveniently to di%ect anatomical
. ) . .
- ',
and- pharmacological investigation, so that

behavxoral phenomena can be related more

\ foL A

. directly to-neural function. A more complete,

knowledge of the mechanisms mediating self-
¢ »
. . Y
stimulation might eventually provide some idea

v s of ?he processes maintaining natural motivated,

o ! T
_behavior. b T ‘ .

£
. 0 et
neural mechanisms mediating self-stimulation

One of th€ findings from the study of

is that the catecholamines, which are presumed

’

- » - i
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S

central meurotransmitters,;¥seem to be critically

n y

4 - 4 - N
involved in brain stimulation {Fward; There is

an°anatomicaf correlation between sites wh$ch‘.,

v 3
.

support self-stimulation qﬁi;g;easwwhibh’Are

o it

richfn catecholamines. -Furthermore, :

‘
I3

'pharmacological agents which disrupt °

catecholamine function élso'dibruﬁt selfs = = -

£ o ¢

stimulation. It has been hypothégized froﬁ

these findings that the catechoiamiﬂ§§ medidte
. N » L o * ” .. ! ’
reward. Some of the experiments which s

.generated this hypothesis zi}l be discussed
N o

below. '

, .
L4

The disgovery that qatécholémines are

important to the mediation of braih stiFulaﬁion

\

~.# - reward has suggested the use,of\andﬁber

*

experimental paradigm in the study of reward
systems in the brain, that of stimdg;ntrself-

- " . L3
administration. Stimulant drugs such as

,amphetaﬁine and cocainé, which fac@}itate

. , ’ < g
.« the synaptic actions of the catecholamines, are-

rewarding when injected intravenouslyl It is

gE;‘pssible that the rewarding effect of stiﬁhlapt

drugs is a direct result of their action on the

catecholamine system. They might pharmacologically

activate the same systems that are: -

electrically ac¢tivated during self-stimulation.
» . . NG .




3

¢ , N Intravenously administered s:}mulant'drugs

are .effective reinforcers of operant resﬁggses, .

-«

e

of responding which can used as a behavioral

baseline upon wh?th to test the effects of

pharmiko&bgical agents. -Some aspects of
. ' / ) ° -
the behavior  of animgls responding for

~stﬁmulant drugs, it wilkl be argued, make this

paradigm particularly useful for determining

Y
the\nature of centﬁal reward mechanisms.

II Catecholamineréic involvement in seiffﬁtimﬁlétion
.Several lines of evidence syggest that )

¢

oneﬁbrﬁboth of the central catecholamines, dopamine

and noradrenaline, are critical in the'mediation

of brain stimulation reward. Anatomically, there’
. ; i o , '
1s a cozrrelation betweenh areas rich .in _ ‘

¢ v

. e
catecholamines and areas supporting self-

stimufation. Catecholamine-containing neurons

A -

’ . R
have been traced from their *rigins in several
- I~ '

‘groups of cell bodies in the brainstem, along

axons forming part of the medial forebrain .

bundle, and terminating in a number of limbic

i

and' cortical structures (Ungerstedt, 1971).
The -strongest correlation between self-
gstimulation sites and cateché}pmine“concentration

has been observed:in the medial forebrain .bundle;.

L] o -
o . ¢

’ T n -




A

e : ' - it is oné of the nosi. reliaBle 51tes for ‘self-
g 'S/'A‘ . - o~
] T stlmulatmﬁ and cont%ms the most dense .
L] ot -
Y oo convergence of catbc‘.’;‘holamlne fibers. . There :ks
¢ j < v > i A
. a.lso some correlatlon between self-stimulation -

)

::. - 8 sites and catecholamlne content in other areas

of the brain (German and Bowden, 1'974) .. .

- ©

Attempts ta"de.monstrate that self-stimulation

-

* ’. : Idepends on the jntegri‘ty‘ oﬁ’catecl"lolamin?systeme,
L .' by elAeactroiyti‘célly leéioning catecholamine
. - systems, .towever, have met with only limited -
4 - success. It is difficult to elect’rdlytically
) e " lesion spec:LfJ.cally catecholamlne and not other

types of gells m the bra:.n, catecholam:.ne -

I ‘

fiber tracts in the medial forebrain bunc_lle i
. ‘ . \'

_lie close to other fiber systems, and

B . catecholemine terminals are diffusely distri}uted

.. throughout the forebrain. More progress Ihes

, ’
' . ' ﬂ}zeen made in the C{J};vestigation of the” role of’
W . catecholanmines by, examining thé effect on
< % self-stimulation of- pt;armacoli)gicel agents which
.~ - alter central c‘atecholamine functibn.‘ Drugs

" . . -~ which disrupt catecholamlne function have beenA

I - .

found to decrease r_ates of respohding for brain

.
»

. | stlmulatlon, and conversely, drugs which

poterltlate catecholamlnerglc action have been

*
[
- o

E e ,fou_nd to enhance self-stimulation. ,

° “ .n

Tt 5
'Jn o ,*ﬂ”‘\
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. Onerof the egrlxest s&udles which

. .

imﬁlloated catecholamlnes in brain stirﬁlatlon . .t

“reward was a demonstratlon by Steln int 1962,

‘of a decrease in rate of sel -stlmulation\after,hg
_treatmerit with two drugs which interfered
o, , . ) -

. with norfadrenergic function, namely ° ,

ch}orp_rofnazine, whichy bTocks noradrenaline ) ~
receptor sites, thereby blocking nogadrenergic -

action, and > rgserpine, which reduges .

‘D

noraétenergic action by depleting functional

1 A -

storéélbf the catecholamines in the ére—synaﬁtic» /}/

té}minal Stein further found that amphetam1ne,~ ‘ o

6 )

a stlmulant whlch was thought to potentlate

v e

,,;{!
the effect of noradrenaIinzé/;uytb serve asta 5 1.
nbradrenaline substitute cause of its } . cJ.
structural similarity to thi% transmitter - Lo

L)
substance increasés self-stimulation rates.)

All three of these (chlorpromazine, reserpine
and’ amphetamine) have since been shown to act

on dopaminergic as ‘well as noradrénergic

'systems, but tha flndln s remain sxgnlflcant

1nsofar aj’they 1mp11cate catecholamlnes in brain -
' ;&
stifulation reward.“At about the same time

Poschel and Ninteman (1963) showed that self-stfmulation is

e »

-

facilitated by a drug, treatment which increases

&

functionél-levels¢of catecholamines (alphé- -

ew

. —o

methyl-meta-tyrosine, which moves catecholamites L

- i 3




b . ' . . . - i . 6 X
T - from storage to functional pools, plﬁ% ' o :

monoamine oxidase inhibitors which prevent the - —

« 0 [ 4K

metabolic breakdown of the catecholamines

in th synapse)“ They further showed that a

}{3 _.,i@\ ‘ dfug whlch blocks the syntheSLS of catechdiamlnes . ”4 .:;
| ‘ (a}pha—methyl—para—tyr051ne) suppresses lateral :ﬂ i ::
| ;.v ) hypothalamic‘Soléfstimulation (Posohel and Nintedgn, i QL . %
‘fair ) l 1966) again eemonstratiog the importance of ¥
'f N intaot catecholamine systems. ' B
é ) ' - . S%nce the§e siud}es were done, numerous ' . %l
i A other inveétigétors'hSQe\confirmed the~finding . §
? o that drugs. ghlch interfere with catecholamlne / “ f%
; ' o fundilon dlsrupt self-5timulation (Steln, 1971' . b §
. ! _‘ . German and Bowden, 1974) . In additiom to c . - i
? ‘i } ‘oatecholamine blockiég gtgdie;; several other ' \ %
;? ) ) oxpe;imeopal techniqpes‘have prodoced results X
(‘i‘ P . " implicating catecholamines in rewarding brain ﬁ
4 stimulétiop. Stein ané Wise (1969) repo}ted‘ o - 7
S ‘that radioa'ctively_labelled ﬁo\radreonaline . . Vo j{%
i AJ‘ which had beeﬁxtakén ups into . catecholamine ‘ - %g
gl, - terminals was released as a _consequence of . ,//‘* ‘
_i? ’ : rewarding,.but not. non-rewarding lateral - {
fgi | - ”hyootha}?mxp stimulation. Arbuthnott, Crow,
Té( . '/ o ';uxe, blson, and Ungerstedt (1970)oshowed ;" “ :
JE ﬂa ??VJ o ’ hmatologlcally that whgn new catecholamlne\ e QM

syn;hesxs was 1nh1b1ted, rewarding braln -

) o

stlmulation resulted in a depletlongg éstored~

" . e - , %




. ' . . ) . & . ' -

‘ catecholaminqs,‘not only at the point of
° st{pulation but also along the catecholamine ® \ ‘\\\‘\\§b; \\‘\
1\" pathwa;}'whicﬁ'prdject_past the stimulétion ~ . . \ j‘\\;;//
' sites. Finally, several studieé have shown T e

that injections of 6-hydroxydopamine, a

a

‘ ' chemical which selectively d!stroys dopaminergic i

- N —

or noradrenergic cells when given in

appropriate doses, suppresses self-stimulation

4
1

jBréesé; Howard, and Leahy, 1971; Lippa,
Antelman, Fisher, and Canfield, 1973).

Thus, there is considerable evidence from

-

.anatomical, pharmacological, and combined .

techniques, suggegtiﬁg that catecholamines
are important in the phenomenon of rewarding
brain stimulation. uﬂpch less agreement has *
. béen reached regarding the specific roles of
noradrenaline and dopaming in this behavidbr. .\ ‘ b
it will be seen that methodological probleﬁ; ’ ]
with the self—stimuiétion paradigm have hindered a ' ’ ) -
#pe’ resolution of this question,

A np;beg of ph&?macological agents have
been used to seiectively disrupt débaminérgic . )

ror noradrenergic:function, including drugs which
4

block receptorsj\inhibit éynthesis of new

neurotransmitter Z:bstance, and those which . .

chemically lesion Yparticular kinds of cells.

The effects of these treatments on self-
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stimulation have provided considerable information

-

regarding the neurochemical prqQcesses -
underlylng self-stlmulatlon, although at the

ame time some aspects of self- stlmuiatlon as a

baseline behaVLOr for drug treatments'have

made this approach-vulnerable to misinterpretation. .
. ) ]

Wise and Steiy (1969) showed thatdisulfiram,
a drug which inhibits the synthesis %of

noradrenaline but leaves dopamine intact,
74

-
decreases the rate of self-stimulation; they
» ' " -

concluded‘E;om this that noradrenaline was

- /

involved in the mediation~of reward. Roll (1970)

subsequently argued however, that the decrease
in respondlng after disulfiram was not - o
neqessarily a function of a specific reward -
deficit; she showed that‘d&sulfiram causes
sedation which might have accounted for the
suppressed performance. Franklin and Herberg
(1975[‘have recently demonétfated a suppression’ ;

of lateral hypothalamic self-stimulation witH

r

‘ no apparent motor 1ncapa01ty, after treatment

w1th a noradrenallne synthe91s inhibitor (FLA-63)
but only after the reserve storesigad beeq
previousiy,depleted by feserpine. Wise, ‘
Berger, and Stein (1973) demonstrated a
d}sruption.bf-medial forebraihabundle self-,

’ SR,
stimulation afterfadmiqistration of phentolamine,

’

e

Arpper

e ow
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a'drug which blocks noradrenergic recéptors.

The dopaminergic receptor blocker pimozide,

©

on thé other hénd, had only a negligible

e

—effect on medial forebrain buﬁhle seif- A

stimulation, and no effect when electrodes were -
~—

in the locus coeruleus, an area containing

almost exclusively noradrenergic cells (Ritter

L

and Stein, 1973). These two findings were

again seen to.implicate noradrenaline in brain
. [ "
L, .

stimulation reward: a drug which blocks

noradrenergic receptors disrupted the behavior,
while one which presumably blocked dopaminergic-
receptérs had no effect. 1In the case of

phéntolamine, however, .the possibility that the

disruption in responding’was-due to depressant

effects of the drug rather than an effect on

R A oy -y oo

S

the reward value of the stimulation was not

ruled -out. in the cageée of pimozide, it was

~

subsequently found that Ritter and Stein's

O P ST
L TOT LA K
, X

methods of administration of the Qrug may have

been ineffective; Conbgtt,"Harley and Wise (1975)

found a@suppreésion of locus coeruleus self-

stimulation after adminiéfration of the saﬁe

o . . . LY T
dose of pimozide when it .was injected in a
» - B .

suitable vehicle by a suitable route.

Pimozide has also been shown fo

‘v
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" decrease self-stimulation with other placements . ;j
@ * 7 o
. (Pantel, Yokel, and Wise,{1974; Liebman and .
Butcher, 1973). Other data also conflict with N

those of Wise and Stein. Lippa, Antelman, Fisher, . !

) - * and Canfield. (1973) tested self-stimulation ‘ . ‘

in rats after treatments which inhibited

synthesis of noradrenaline (fLA—GB), or , . . .o T

\,‘ blocked noradrenergic receptors (ghentolahine)(

PT Iy

or dopaminergic receptors (haloperidol). FLA-63

.. . . -
inhibits the tonversion of dopamine into . ﬁ? .

.
- %
. . 4
“

noradrenaline by blocking the action of the o .

enzyme dopaminé—beﬁa—hydrbxylase. Noradrene{glc Q

.
T Y,

- ' receptor blocker phentolamine was admlnlstered

o o elther by 1tself or in combination with

£

6-hydroxydopamine (6-OHDA) at a dose which damaged .
n ' lbdth noradrenergic and dopaminergic cells. - S
ThlS comblnatlon was intended to max1mally

. . . (O ,
o : : dlsrupt noradrenerglc functlon, by deprea51ng

N S

' PR functional catecholamine termlnals and blocklng

any remalnlng noradrenallne from actlng on

L3

SN AT W
¥

= ~ J Y

the receptor. Howeverﬁ‘self—stlmulatlon rates ) .
@ 7 . . Y N e

remained near normal for all ‘treatments except ) .

haloperidol, which'brodﬁcéd a significant : .

*  reduction in self-stimulation. Thus, in the

hands of these investigators, neither inhibition

’

of,norad;qnalinejsyntheéis nor blqckﬁde of

| " noradrenergic ‘receptors, even when catecholamines

.
. N
. . N N
~
. .- N -

- )

- e
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11 - .
had been depleted by 6-OHDA, appearéd to
.affect self-stimulation rate, wtereas blockhdé L
of dopaminérgic receptors resulted in - .
significantly decreased rates. ﬁoth assay
N . - ﬁ

.data and an’ observed reduction in food intake
- were ta&en to indicate that the noradrenergic

treatments did affect-noradrenerglc function,.- .

v

and 1 motor test indicated that the suppressant

effect of haloperidol was not due to gross* . ;

motor‘impairment. These authors argued for a - .

si ignificant role for,dopamine and not-

.

Jnoradrenaline in the mediation of brain

7

stimulation reward. Rolls, Kelly, and Shaw

(1974) studied the effects of a dopamlnerglc

recdeptor blocker (splroperldol),

noradrenergic rebeptor‘blogker (phenttlamine) and

a noradreneréic synthesis inhibitor (disulfiram)
.on lateral‘hxégthalamiclself—stimulation as

well as on twt tests of general arousal (rearing -~

T S I ¢ o .

‘and locomotor activity). They found the. greatest
reductlon in self- stlmulatlon, and no
SLgniflcant arousal deficit after dopamine
recebtqr blpckadé.- Noradrenergic treatments - \ ,
reduced self-stimulation slightly.but’prodhced
ﬁsignificantiy lower scores on rearing and 1
locomotor tests. - S , - /'\i ;

hese and a number of other studies (Hastings

= '
m~\~ | , PR ,




and Stutz, 1973; Fibiger and Phillips, 1975;

l .
Pantel, Yokel, and Wise, 1974) have shéwn/that

‘to some extent both noradrenergic and
dopaminergic receg;ér blockers reduce rates

of self-stimulation., HBowever, thé\problem of
£ -

determining whether such drugs cause specific

A3

reward deficits or rather produce some form

of,performahcé difficulty has proven to be a

serious obstacle in resolving the question of

s

the respective roles of noradrenaline and

dopamine in-the production of behavior. ¢
4 Y N ‘ .

III Catecholamines and stimulant self-administration

Stimulant drugs such as amphetamine and

cocaine are known to act on catecholaminergic "\’

neurons by’ effectively increasing the level of "y

.

transmitter~substance,fh the synapse.

ﬂgAm;;égfmine'is thought to act by several
. , . ]
'chhaqigms: by causing the release 0f dopamine

’

and/ﬁbradrenaline from pre-synaptic terminals,
byfénhibiting monoamine oxidase, an enzyme

. f
‘which usually causes the metabolic breakdown

of catecholamines, and by blocking the re-uptake

-

6f'catecholaminé$\into the pre-synaptic -
terminals (Rgnéi;p and Munkvad, 19€6; \v4?//}

Glowinski and Baldessarini, 1966y.Carr and Modre,

rt

1969) . Theré.aré also indications that »

amphetamine has a direct stimulative dction on’

FEEN
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post-synaptic catéchola@inoceptive neurons
. ¢ '
: (Hoffer, Siggins, Bloom, 1971; Hoffer, Olson,
. Seiger, Bloom, 1975; Feltz and de Champlain,
© . /‘ . R,

1972). Cocaine is believed .to have its

action by only one of these mechanisms, by -

LY

-~_ the blockade of re-uptake.of transmitter

‘substance into the pre-synaptic cell (Réss'and . S o

Renyi, 1967; Heikkila, Oriansky, and Cohen, 1975).
. . . NS ’
L . These and other psychomotor'aggmulants are .

s characterized by a number of distinctive

behavioral effects: at low doses they increase

' ' ) N
) locomotqr activity andhat higher doses produce

. y . '
stereotyped sniffing and head movements; they : 4

are anorexigenic; in large doses they produce :
~ o
euphoria in man, and they can act as effective

reinforcers of operant behavior in animals

- !

. - when injected intravenousl odman and Gilman, 1975,

] ALY ~

» Pg.387).Considerable reglarch has been-

directed at the question of Mhich of these

o
4

effects are mediated by catecholaminergic systéms; ‘ 2
and in particular whether they depend on ', | 25,
dopaminergic or noradrenergic systeﬁs. There
are at present indications that certain i
, “ ’ effects are primarily dopaminergicélly mediated

» (for examplgusteieotypic behavior) or | '
o noradrgpergically mediated.(gpr example o

exploratory activity)- (Costall, Nayloxr, and--

’

e }
*




Mty 4

- . . Doy
. however, the neuropharmacological basis of each

Dougherty and Pickens, 1973a); they mqigta%p
.stable rates of responding on a continugfs
‘reinforcement schedulef(Pickéh% and Harris, 1968;

. Dougherty and Pickens, 1973a); they‘exhibit

N - . . !
- reinforcement schedules, such as ‘fixed interval

I )
. . -
N -t . B ’l\ - “ ) 4
Olley, 1972; .Corrodi, Fuxe, Ljungdahl, and . )
S L \
Ogren, 1970), and there may evenﬁuarly be
sufficient evidence to permit'the'uﬁs of one® .

or more 6f these behavioral effects as .

| -

reliable indicators of specific neuronal .

s .

activity. Until\such certainty is achieved,

°

of the behavioral effecﬁs of stimuiant drugs A I ,

should be considered independently of# ther
. v B . .

effects. - /

Ihtravenpus,injections'of stimulant drugs
e ‘ , had . N [
can serye as effective reinforcers in an

operant situation. When infusions of

amphetamine or cocaine are made contifgént on

a desired response, animals readily arn and

perform the response (Deheau and Yé aéita, 1969;

-

pa .

typical patterns of responding on partial
— s L
(Dougherty and Pickens, 1973b). fixed ratio

- [
(Pickens an Thompson, 1968; Pickens and Harris,
1968) and variable interval schedules (Iglauer'

’
’

and Woods, 1974); and they Show .a cbaracteristic
pattern of responding during extinction when




f .

reﬁnfofgement is withhelq (Yokel and Wise;
_1575; Yokel di Pickens, 1976). There is one
n@table feature of the pattern of respohding
af the most effectiveiaases of drug
;einforcement, which,is seen regardless of the
sbﬁedule: that is, there typically is a

L long pause after the .livery of each drug

.
’

- infusion, before the next response is initiated.

The duration, of this Qost—infusion pause is
very consieéigi} and is directly related to
the dosage 6f drug per infusion: the larger
the dose the longer Ege subsequent period of

non—nespondlng. Thus, og a contlnuous

¢

/

relnforcement schedulpjfthe rate of respondlng
is low (two to ten responses per hour,
depending ‘on the particular drug and drug
-dose used) an@ wvery regular. When the desage'
per injection is increased, the”rate of

¢ responding decreases, and conversely whenothe

dosefis decreased, the response rate
increases. This inversefrela;ionship between
magnitude. of rewar@ and rate of résponding

is peculiar to dryg reinforcers, and, as-will

’be seen, it 1 hlS characterlstlc which

makes drug self—admlnlstratlon a particularly

suitable paredigm in reward/mechanism reseafch\

ot

It should be noted that this inverse dose-rate
M




LA

-,
.
.

16

relatiguship dnly holds for a limited range of

T

oses per injebtion: doses that are too small

' or too large'produce»an erratic pattern of

~

L responding or an’ abrupt stop (Pickens and
Thompson, 1968; Doughérty and Pickens, 1973a)...

Dﬁugherty (1973) found that\f?r

“

rats>self—administering cocaine this range -
R ;

fell between 4 and 2.56 mg/kg/injection, of

E TN e
L nj' f R
cocaine: responsﬁqmates within®* this range . \

“».«

varled linearly and inversely w1th injection

dose. .
. \ (
g _The characteristic features of rééponding .
" . ‘ yplty:

for drug injectionsviﬁhe long, stable post- -
. infusion pause and the inverse felatidﬁship

- betwéen reward magnitude and rate, can be .\ -

uhdegstobd in terms of'prolonged drug

sat ation aftet a drug ‘infusion relnforcement(\\
v ., 4 .
hich i$ terminated by. the metaboldc

-

breakdown af the drug.- Each infugion of\a_ .

particular dose of stimdlant raises the 1

blood level of the drug by a fixed am?unt. -

With no.further 1nfu51ons this level w111 drop
N l

- ) in a consistent and predlctable manner as a

-

.result 'of the body's metabolic breakdoewn:of the
E . o drug. It would appear thaﬁ‘a‘dértain miﬂimum,

 9¢ thrgshdld blood level of drug is needéd for

the stimulant to be fewarding; thus when.first




[ J—— . . . - e L LT e P T e B

L T 17 v
giQen drug. access, animals show %kburst of ‘ ‘ ¢
' unregulated responding: Then, after a‘peak s,
N\{ ‘ , in blood levei is reached, the animals' pattsrn ’

of responding suggests that further increases * | :
- : . v Lot . >
do not result in further reward. That is,

Iy . «

as Iﬂng as th#® animal's blood level of drug

isWsbove this point, the animal is drug-

]

-y . satiated. As soon as the level falls below -

»

- this point 45 a result of metabolism, the

~

" animal responds to restore the level. .When

larger.doses, per injection are used, they °

xbatls

L=}

" raise the blood levelrhigher above %he R oy
threshold level, and therefore a longer | W %
period of metabolism is néeded befo;e anotherl — “
response is needed;::This accgunt is Ehgported ‘ . ‘ ,“‘. :
t;’ by findings of Yokel and Pickens (1551), ' e | 3\} §
» L , who measured‘slbod level ;f amphetamineg at . . Y -
. ¥ " ’ the momenﬁqsf responding in rats.)'They
i found that' at the time qf respdnding the . S - 1
' - Blood level of drug was always near .18 nd/ml C;;; <
V. ‘ ' -

. regardless pf dose per injection (dose range
tested was ,25-1 mg/kd). Iggse data airectly, .
sﬁpport the view that animaig%gespond to ‘

o maintain a gertaiq bloo? level of drug? L

o Two alternafive.explanat%gﬁg have been \

. : o postulated for the occurrence of ldng periods of

"
+
'

nfusion (Wilson,

-

non-responding qﬁter a drug i

. .
;

’ \ ¥

A .
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. ' Hiéémi, and Sghustér, lgﬁl). 'Firstly,git is .
R, » ) '\\\,' possine"that animaigfgz‘ﬁb¢ make further )
\responses iﬁmediateiy after an infusion
E ) . because higher blood ievéls of drug are
?,-” { . égversiﬁe.’ This,éxplénation seems ﬁnli&ely T
é ' . since rats show no preference for several -

d o .
smaller dafed over fewer larger doses when

% ‘ o q%yen a‘two—leve;, two-dose choice (Yokel,

. T, R . -

1 . . 1975). If an aversive aspect of a high blood- ce
. N s . ' ~ Y

level of drug suppresses respondizg . !

: immediately after ,an infusion, animals should

liifn to avoid the higher dose when given a .

two-lever choice. The second hypothesis is - .
that ﬁhe animal is unable to respond N

R i i e b

%pmegiate}yfafter a drug injection, due to

v

. . . .
stereotypic PehaV1or or some other response -

NS

“»

e ORI
<

9 . .
_‘conflict or inter¥ering drug effect. This can .

< - ’

rbe ruled out beécause animals are able to bar-

v -

pfess continuously throudhout the inter-

. o ' response interval, and will do.so when a second

.

' . . ] . N . . .
I lever is available for intracranial self-
' ¢ -~ - ’

stimulatidn (Yokel and Wise, unpublished). Thus
{é' ﬁ . 3 qeither‘a :¥sive noxr debilitating effects of
% C stimulants QEem to adequétely account for th
. | regular pacing of drug intake. It seems more- likely

b that the animals.are drug satiated as long as

b L their blood level of drug is above a certain point,

.
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. N
’(3 of reward should producé\a pattern of

. e ' .4 719 N
and that -they become"drug—hungry“ when it is

metabolized below this point

The self-administration paradigm provides

a Stable baseline behavior to use to study

the rewardxsystem, and with some kndwledge
iy .
about the pharmacodynamlcs of responding for f ) ,

S [

. drug relnforcement, spec1f1c predictions can be

. made about the behavioral effects of alterations .

A

in reward mechanism function. A moderate dose
2 .
'of a drug believed to disrupt the reward . ..

* system would be expected to reduce the reward e
efflcacy of each stimulant 1nject10ﬁ//and a
’ hlgher dose of su¢h drug should block }eward

N
altogether. A reduction in reward “afficacy

should have a similar effect on rate of 4

T8l b S L R s gl de e o s
- iy SRSl "

responding as a reduction in reward _. '

g

v\ . N \ N "
-magn%tude such as that seen when dose per ‘\

injectidn is réduced and a complete blockade\ .- i

responding resembling that seen when reward is <
withérawq completely. Thus in the self- ' . )
administration paradigm a treatment arug which . v ;
partly blocks the reward system shgpld result - . ‘

. . & : . J
in-an increased rate of responding, just as 3

> ! :

dose-reductions produce an increase <n response ..—

.

* rate. Complete rewardﬂblockade should produce

the typical extinction-pattern, that is, an ,

°
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initial increase in rate ("emotional®

responding: Skinner, 1953; pg. 74) followed by

X [ad
response cessation. The increased response <.
- [N ‘ . ’ o°
rat¥ after partial reward sxstem blockade
4 .

can be understood in _terms of the dynamics of

.the blood level of the stimulant’ drug. A
treatment drug that partially blocks the .
rewarding effect -of the. stimulants would

effective ’ aise the threshold level of.the L.

i , . e e
"v‘-’,;l:r“utnw::w e R wlnalila e e ERE L2
- PR

rewarding grug effect, so that more drug
‘ would be needed to achieve the same level of é
. ' reward. This might oécu; ﬁeuraliy by some &

L

Ll .
mechanism such as competition for receptor
\ . <
sites: more stimulant drug would be:needed to
$ R . . -
” compensate for the effect of*a small amount of

t
[N I

receptor blocking‘drug. If responding is o :
initiated when blood levels reach an' unusually
8 high threshold, the total blood level of

drug immediately after an infusi is

proportionally higher. “The rate at which the
- r

i
1

bod o B e, % gt gl

drug is metabolized, however, depends on the
total amount of drug in the body. A constant.
percent of the total drug content is metabolized ™

per unit'time, so that the higher the blood . -

level, the faster the rate of metabqiism.
This méans that when the rewarding threshold 'oa .

is raiéed, the duration of efféct of . . \' -t T
\ .




o wawe

By

B R L i T I P ICL e SRS s e ). 9 R Saaat it L T Ul a8 ke ahidad
y v - - -

"
-

- . 21 -t

the e dose of stimulant is shorter, because ;
ol - . . &

gbf faster metabolism. Thus to maintain a
higher blood level of the stimulants, an

animal must not only lever press more to
. ‘ Y o
initially achYeve a higher level, but it must
. -

also press faster to maintain 'this level in

-

face of faster catabolism,

Whereas a specific reward attenuating

effect of a drug treatment is expected to

- “

increase the rate of response, at least

initially, any other drug effects, such as
o . L]
sensory or motor deficits, or general .malaise .
. r

or sedation would be expected -to decrease rate
. J

of responding. This differential effect of

wreward and performance blockers makes self- °

) U

administration particularly well-suited to '
, \ )
research on reward mechhnisms. By contrast

o ﬁ;;!, in the self—stimulation paradigm, rate’

*‘\\~£sggg;iqps due to reward deficits’are -

.

1nd15t1ngulshab1e, except by vgiy carefu1¢’

analysis, (e.g. Fouriezos and Wise, 1976) from rate
reductions due to other non reward-related

Aincits. Self-stimulation is particglarly

sensitive to other drug effects, because of the

high respoqée demands (one or two responses per -

sécond) in the self-stimulation paradigm. _— ‘

o
Self-administration response demands are trivial
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r in comparison (one response per ten to thirty
)
minutes), so that it is unlikely that minimal

v

pebilitation will noticeably disrupt \

\

A\
responding. Also, while with self-stimulatien

a ceiling effect of high response rates ﬁight P

+ r~
e

mask any possible rate incregses due to .

parti¥l blockade or extinction,with self-

adminisgration there is clearly room fozq%n . )

increase in rate of responding. \

[y

As in the case of self-stimulation, th \,

early experiments investigating the role of
. ' ‘ , -
catecholamines in stimulant self-administration

A ;&:a"s‘w"bg;qﬁmjgg‘:éu AR e v e

used pharmacological agents which affect

both noradrenaline and dopamine.: Pickens,

N

> catecholamine synthesis inhibitor alpha-methyl- “ o ‘

2

para-tyrosine to rats self-administering

Meisch, and Dougherty (196f) gave the

o

SE ARG, s 1 O o L A

<3

amphetamine, and reported an extinction- .

Sk dron fuctet

Lo (4.\%

like effect at high doses; that is, an initial

increase in rate was followed by, response

o -termination. At low and intermediate doses,

-

AR ’ responding was accelerated in a dose-dependent
. - fashion. Wilson and Schuster (1972) -~
. oo reported an\increase in rate of self- . .

‘administration of several different stimulant N
. 3

* . drugs in monkeys-after treatment with.a non-
L~ .
o selective catecholamine receptor bI®sker

v B .
4 ’

)/ '"gw* A ' |
+ -~ K
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chlorptomazine (Goodman and Gilman, 1975, Qg: 16QL;y

- The increased rates were taken to indicate >

reward attenuation. Wilson and Schuster
(1973b) pre-treated monkeys with the

phenothiazine trifluoperazine before a cocaine

- vy . -
2

self~administration session. Again, at low
doses of the drug response rates increased

by 50-100% and at higher doses rates N

transiently increased and then fell to zero.

t
H

These results suggested a dose-dependent
dlsruptlon of th% reward mechanism., The same
authors (Wilson and Schuster, 1974) studled
the‘effects on cocaine self—admlnlstratlon
in mongéys after potentiation of g P
catecholaminergic fpncti;n with a monoamine”
oxidasé‘ihhibitor, as well as after antagonism
of catecholaminergic function with a synthesis

«
inhibitor, (alpha-methyl-para-tyrosine) and
a drug which dgpleteé pre~-synaptic séores a
(feserpine). The monoamine oxidase inhibitor
(pargyline) decreased self-administration, )
possibly indicating a potentiation of
reward due to incre;sed synaptic levels of
transmitter. This interpretation that reward
potentiation rather than sedation.caused the

rate decrease was supported by the observation

that the peripheral effects of cocaine also

- el et g
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reward attenuation.

the amphetamine was no l&Qger reinforcing

v . 24
dppeared to be potentiated. Conversely, the "

catecholdmineQSynthESis inhibitor, and, for the

first 3-4 hours at least, the catecholamine

”»

depletoi, produced increases in rate of

lever-pressing, which seemed to indicate

Davis and Smiith (1972, 1973) demonstrated
blockade of gmphetamine reinforcement with

alpha—methyl—para—ty#oéine treatment in two
o ~ - N

other paradigms.“_lﬁﬂEXperimenE‘I; rats were

first traiﬂed to barbressﬂﬁsigb an intfavendﬁs.

injection of aﬁphetaming as reinforcer,

This acquisition session was followed by

one extinction session, i

which the = ', .

v

"solution. On the test-day, re-acquisition 2£;

the barpress response for amphetamine was .

re
PO n -~
.

examined when experimgntal anim#ls.hag Hégn

pre-treated . with S}pha—methyl—paré-tyrosine.

Re-acquisition was blocked in the/alpha—methyl-

para—tyrosine—treaﬁed animals (control anisals’
readilylreles;ned the response), suggesting that
under the AMPT condition. In Expegimenfgz, the’
sound of a buzzer was repeatedly paired with
non-contingent intravenous amphetamine

© , ro . : -
injections. Experimental ‘animals were treated

* a 1] ) .

B

.
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with alpﬁawmethyl-para-tyrosine.- On a

* subsequent test day, the secondary reinforcing

éropertiesfof tﬁe buzzer were tested. The

-drug-treated animals, unlike control animals,

™

[y

falledfto barpress above operant rate for

»

tg; buzzer alone. From tgis it was cohcluded

L

‘that 1n3ectlons~of amphetamine .were not
rewarding for'animal® pre-treated with AMPT,
The“failurelto demonstréte thé'reinforcing
properties of amphetamine after éétecholamine
synthesis inhibition in these experiments
conff;;ed.the conclusion from other paradigms
that the cateéholamines are necessary for
ampgetamine reinforcement.‘

Thus, §nterference with catecholaminergic

function has been shown to attenuate intravenous

stimulant reinforcement in a variety of paradigms.

Complete "blockade of catecholamineérgic
transmission has been seen to extinguish
operant responding, and block learning in both

classical and operant paradiggéw//f;;reased PR

raées of self-administration were observed Zi

after more mpderate applications of the same
treatments in spite of the fact.that in some

cases the treatment was with tranquilizing

- L4

drugs (such as chlorpromazine). From these

studies it is clear that catecholamines’ play

-

s -m#ém,;gg;g :

o

BRI
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an important role in the mediation of self-
administration: it seems probable that the
involvement is at the specific level of the

v

reinforcement pfoces§.
?h;.natpre of the respective roles of
ﬁnofadfenaline“and dopamine have been
investigated in two studie; using the £
conventional self-administration paradigm.’
. WilSon and Schuster (1474) administered two
neradrenergic receptor blocking agents,

phentolamine and phenoxybePzaﬁlne, to monkeys

self-administering cocaine. There was no change

in rate of respgaZing in either case,

suggesting that nbrmal noradrenergic thens—

‘mission is not necéssary for stimulant
reinforcement. The authors qualifigdf%his
_conclusion by pointing out that the
intramuscularly administered drugs may not

actually have peneﬁrated‘the central nervous
o
system. Yokel and Wtse (1975) used rats self-

hal

administering amphetamine to examine' the effects
of a dopamine receptor bldcker fpimozide),

an alﬁha-noradrenergic receptor blocker
(phentolamine) and a beté—noradrené}gic receptor
blbcker (bropranblol). They found a dose- |

»

.dependent increase in rate of responding after

" pimozide treatment at the three lowest doses, \
e = : M

© @
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f‘0625, .125, -and’ .25 mg/kg), and at the
highest dose (.5 mg/kg) rats exhibited a
typical extinction-like pattern of responding,
an initial increase in responding followed
bg\comglete response cessation. Néither
phentolamine nor propranolof'had this effect
on response pattern. Both noradrenergic
blockers decreased rate, phentolgmi?e did\so

in a dose-dependent mdnner, which suggested

some deficit other than .specific féward‘ﬂ

blockadé. The results of their experiment

thus support the hypothesis that dopamine plays
a critical role in the mediation of stimulant
reward, and confirm the observation‘of Wilson
and Schuster (1974) regarding noradrenerglc

blockagz.
Smith and Davis (Davis and Shith,‘l§75;

‘Davis, Smith, and Khalsa, 1975; Smith and

Davis, 1973; Davis and Smith, 1974) have .done
a- series of experiments investigating the
specific roles of dopamine aﬁd/hgiadrenaline
in drug reinforcement using their two"
experimental paradigms, testing the strength‘
of Pavlovian conditibning, and the re-

acquisition of an operant responséy Their

{ €indings in both éf these tests suggest that

both noradrenaline and 'dopamine are involved
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in amphetamine reinforcement. They found that
T - noradrenaline s;rnthesis inhibitors (dopamine-
a . beta-hydroxylase inhibiton.:s die'thyldithio— ’
'carbamate and Ul4,624), as well a<s a dopaminergic
receptor blocker (haloperidol) prevented"beth
the' Pavlo‘\‘rienhconditioﬁing (buzzer alone did
E _ ’ ) not maintain reeponding after drug-buzzer pairings)
. ' and-the .re-acquisition of operant responding

[

for intravenous amphetamine reinforcement (Davis

and Smit?:;b 1975; Davis, Smith, and Khalsa,

v

197 Assuming that the synthesis inhibitors

e _ “’ wgre as selective in their effect on - o
n radrenal;l.ne as haloperldol on the abpamlne ¥ -
stem, +this would seem to contradlct the flndlngs

¥ of Wilson afid Schuster (1974) and Yokel and Wise
‘ ' (1975),' suggesting, rether, that beth transmitters

are mvolved in stlmulant reward.

The dlscrepancy between the ffﬁdlngs of

Wilson and Schuster (1974) and Yokel and WJ.se -
' (}975) on the one hand, and Smith and Davis
.- on the other is" nét yet understood. It may
| be that some difference in the two paradigms

.

- is involved. Alternatively, it may be that

the noradrenergic blockers did not cross the
3 ’ \ blood-brain barrier and thus/,f.:ailed to cause

central noradrenergic blockade. The present %ﬁ//
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-study deals with this latter possibility.

In the first experiment it was confirmed that

pimozide blocks the faster, more stable

° *
responding -for cocaine, as well as responding ’
i . .
~ for amphetamine. In the second experiment - o .
. the cocaine self-administration paradigm . . . .
L] _ .
~ = . ' f
. was used to assess the effects of the - -
- ‘\
. noradrenergic blocker phentolamine, injected %y \\
. o ‘
. . . ' \
directly into the brain. | N
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Experiment 1

The dose-dependent effects of specific

4 0

dopaminergic receptor blockade on the reinforcing
properties of stimulant drugs has as yet been
demonstrated in only one self-administration
study; which used amphetamine as ;he sel%- ‘, a
administered drug, égd pimozide as the

“dopaﬁinerbic receptor blocking aggéi. The

-~
°

present experiment was conducted to determine
if pimozide would have similar effects on
cocaine self-administration. In view of the

L4

behavioral and pharmacolo?ical similarities of
the two drugs,xit was hypothesized that the
effects of dopamine receptor blockade oh cocaine
self-administration would parallel the effect on
amphetémine self-administration. At low doses
of.pimozide, responding should ;hcrease, and
at‘higher doses an extinction-like pattern of

responding should be seen.

Method

n

Subjects. Fourteeg male Wistar rats from,
- Bio Breeding LaboratoriestOttaJé, weighing
'f:etvgén 400 :;nqd 550 grams at the time of
purchase, were subjects in _this studﬁm Large
animals were used po.allow for some we@ghi loss,
-during the experiment. Food and wate£ were '
] ffeely available ;xcept during barpress traéping.o-'

»
L.
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//}//f//‘they were tested in Experiment 1. It should
- L .

& ]

I .

stagds, when rats were occasionally food-

‘ \\ .
deprived. Eight of the ratﬁﬂysfe drug-naive -

" . ) ..
for this experiment, three had had experience

with amphetamine self-administration, and

. three had been subjects for Experiment 2 before

be -noted that for a variety of reasons not
all ;nimals prepared for self—administrat?on
reachéd an adequately stable response ra;e'
to be used in the experiment described. .
Some became ill or developed blocked catheters. ‘~b
Others qid not learn to respond for cocaine .
rejinforcement. |

' Surgery, An intravenous catheter,-as
described by Pickens and Thompson (1575) was
implanted 'in each animal under)sodigm M , '
pentobarbital anqnchloral hydrate a;aesthesia. |
The ;%theter'passed subcutaneously from the
jugular vein to the middle of the rat's back, ’
where it was connected to a "back-pack" .

¢ -

:consisting of a subcutaneous anchor, a screw-
fype'connector for\}ﬁe infusion‘tubing, and two . !
externally-projecting stainless steel screws.
Penicillin injections (3,000 IU) weré given at
'£ime’of surgery to minimize chances of infection.

After suxgery, catheters were flushed daily _— - g,

‘with .5-mllof a hepagin solution (20 ;Ule in

5 . '
- o

e ——— daame st A s
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saline) to protect against formation of embolisms -
T 3
L] N . ' - / ~
in the vein.. Some animals remained in the test ”
chamber between experimental sessions; they . o

- Al
received hourlwys intravenous injections of> .13 ml.

of-the heparinized saline. The régular diet

N b

.

4. of Purina 'Lab-pellets was frequently °?

<« . -
supplemented by wet mash (water and powdered 9
pellets) with vitamin drops and Térramycih BRI i

powder. Animals were not allowed access to *

«
L]

cocaine until at least 2 days after surgery,

and then only if they had recovered their

preoperative weight.

a .

Apparatus. The test boxes were 20 x 20 cm

operant chambers with fittings above the box
to suspend a brass swivel and infusion/tubing. U : .
Each box contained one or two levers each ) i

with a small stimulus light mounted above it, . . i
& ’
a house-light, foed and water, and a sliding o J\\

. . partition to make the lever inaccessible

w! N
~ -

~ -between sessions. %Each box was enclosed in a

o

ventilated, sound attenuating chamber.

.

Infusion tubing which led from the rat's back

pack to the brass syivel was enclosed,in

- a coil of stainless steel wire which twisted .
~ \

k&be swivel as the animal moved, and afforded

sghg protection to the plastic tubing. This f

coil of wire encasing the tubinngas 3t3:$éhe’d to -
’ .

[y




% . . the sbfews,in the back-pack and to the moving :

- ‘ Co part of the swivel. Further tubing led from -
\’:/‘1] ' , . T . ) . N ' . \
n R : the swivel to an infusion pump outside the, ‘

y Co ) chamber. 1In the two—leverlboges, one lever

BEARE . served as a control lever for the determination
L, o o of operant level of'lever—pressing;'depreésions -

on this léyer were counted and recorded on

e o . the event recorder but had no consequences for

-

~ - ' Ll

. . ,\\ »

* g _ the animal other than the.click of i/yelay.
K ’ ” ! * \" T * -

S Each depression of the operative lever : s
. ‘ Y, . i Voo

v ’ ,actlv%ied a counter and _an event ‘recorder,

) and started a timer which, in turn activated T

N ) ‘ . the 1nfu§ion pump for the number of seconds .

needed to deliver-the appropriate volume of

°  w

. y o drug solution. The stimulus light over  he
. . . - .

/
‘ _ ’ ff opefasive léver was lighted for the duratYon )
: I “? . of ‘the infusion, and further bar présses durfhg
* ' - " this time-did not reset\the timér and had no

' ’ i Eurther expéfimeétgl consequencés. 'All bar ) o
| p . éressgs and inﬁpsionsﬂwere1reébrded on
| ﬁ_ o I ' eventirecorders and counters. | .
% . ‘ Onlyggne concentration éf cocaine | . ’
'Qs ' hydrochloridewsnlﬁ;idnv(in ph&siélogical séline)
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was used, and adjustments for dosages by weight

Jwere ma e by altering volume of infusion. .

' E To deliver‘a 1 mg/kg infusion dose of cocaine

to a 500 gfam rat, a volume of .lQi\ml of -
sclution was injected over 13 seconds. The
) . . 'J"

N . : : .
injection time (and hence volume) was

1 -

édjusted appropriaiely for rats %hose weights

were below or above 500 grams. 'Pimozide was

dissolved in tartaric acid solution, and a
&.

- new solution was- prepared on/gag? day of,

testing.

L4

7’
{
’ .
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- - .
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- Procedure. In an effort to facilitate

Ry

subsequent acquisitioh>of the barpress response

-

for "drug reinforcement six of the rats were »
trained tolgafpress for food reinforcement .
(Noyes pellets) before catheter implantation,

The others were naive at the time of Eurgery;'~ ) 5

‘Following recovery from surgery, self-
~ A ‘ <

A £
administration training was begun. Animals
/
were placed in the chamber, infusfon'tubing

.
~ was connected, and several non-contingent
L 3

-

- ' . -
injections of cocaine were administered.

©
PRIV I

’ From the first day and throughout all . s

o~ R subsequent sessions, eéchqbqrpress resulted in

, \ ' an infusiqg of 1 mg/kg cocaine hx?tochloride. . ‘/f'*
Rats which failed té make any harpresses in' the
first 24 hours were deprived of food for the b

s L
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. responding for drug. was observed. Training

. was maintained for a full six-hour session.
" Even after animals had in an earlier session

‘exhibited regular responding for drug, one

’ . ¥

. | ' 35

-

next 23 hours, and a food pellet was taped ‘to

~
the lever to increase the likeXihood of
L} N . .

initial lever depression. The food‘pellet

¢

was removed when typical, reéﬁlarly spaced

— . »

sessions continued until stable responding

or more non-contingent "priming” injections
cf~-drug were often used to prompt the animal x;

to begin responding at the .beginning of the

‘session. Since all ank:als did not begin
£

ta g
self-administration with short latency, the >

v

criterion for beginning an experimental

© -

test session was at least one hour of well-
spaced responding.

In experimental sessions animals received

an intraperitoneal )hjection of either saline

or pimozide (.0625, .125, .25, or .5 mg/kg)
after,at least one hour of stable responding.
Sessions involving pimozide treatment were
separated by at least 48 hours and were
usually preéeedég\by a session during’ which
saline was administered. This allowed for

the assessment of the disruptive effects of ﬁ?

the i.p. injection procegure. Sessions
LY ‘ J N -
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continued for six hours after injection, after

which either the animals were removed from the
test,gpx or the lever partitions were inserted.
The order of administration of the four
pimozide doges varied from animal to animai,
and és many 'of .the four doses as possible were

-

tested with each animal.

. Rats were weighed daily and not allowed
access to cocaine if they had lost 10 grams
or more from the brevious day. Several
animals died or had catheter failurgs guring
the course of the‘expeﬁgment.

? Ad ~

Results .
" The raée of cocaine self-administration

was affected by pimozide in a dose- / o
dependent manner. The lowest dose of ’

pimdiide (.0625 mg/kg) increased rate of
&#esponding throughout the six hour session,

while the higher doses (.125, .25, and .5

mg/kg) produced an extinction-like pattern of
responding (Figure 1). The extinction-like
'patfern wastcharacterized by an initial

‘increase in rate lasting about two hours,

followed by marked suppression or complete
cessation of responding. There was some

tendency for larger initial*increases tgpbe

associated with the higher doses, ahd, in
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TIME  (n hours)
Effects of pimozide (.0625, .125, .25 and .5 mg/kg)
on rate of bérpressing for intravenous cocaine infusions.
Data points repfesent medians of percentage of pre- .
. injection baseline rates per half hour, at each dose. ~
A mean pre-injection rate was calculated for each °
animal on the basis of the hour Of stable responding '
Voo, . . 2 .. , .
prior to treaément injection. These ﬁte-lnjectlon“ lh_—~(,
rates varied little within animals from day to day, )
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and were typically betw 6 and B responses per hour.

. »

_ Figure 1

.
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: addition, the latency of onset of the pimozide

~

‘effect decreased as the dose increased. Rate

increases agiﬁr the .0625 mg/kg dose did not

peak until three hours after injectioﬁ, yhereas
the peak effect for the two highest doses
occurred within two hours after injection.
) \\\\ The latency for the iqtermediate dose
effect fell between these two. Rates fof ~—
g ' saline treated aniﬁals remained near the pre-
o injection baseline, decreasing only slightly
over time. b |

]

The results from individual animals

conform closely to those seen for the grouped:

%g data (Figures 2-65ﬁ At the smallest dose
1.0625 mg /kg) oni& one of the seven dnimals ;

* failed to show a rate increase. Seven out

of eight animals at the next highestsdose

(.125 mg/kg) showed the initial increase, And

subsequent cesiétion of responding for at . \

least one half hour. One animal (#348) showed

N only a slight increasegdand no reduction

below baseline. Two of the rats which stopped

responding subsequently recovered at rates e N

g which exceeded initial baseline rates. At
3 ' the .25 mg/kg dose, eight out of the nine"
3 L animals sh;wed increased rates initially. .
. Then all stopped respondihg for at 1east‘qné \ -

f ) half hour period; five animals ceased ' -




responding altogether after the third hour.

o

All animals tested ay the .5 mg/kg dose

. stopped responding by the end of the session,

and all showed an initial increase in rate. .

“individual animals differed in the magnitude

of this increase. One animal (#348) at this

. ,dose continued to respond at an increased rate

for 5 hours before responding stopped. It is

interesting to note that this animal -also

s , showed an atypical patterﬁ of régﬁonding

’ when tested at .125 mg/kg.

-Discussion ,
hd

Low doses of the dopamine receptor blocker,

pimozide, were seen to increase the rate of

P cocaine self-administration. ' Similar increases

in rate of responding for cocaine have been

reported when reward magnitude was redaced

- by lowering the dose of cocaine per injection

~

(Pickens and Thompson, 1968)., This similarity

suggests, that the higher rate obtained ih the

present experiment was caused by a reduction

-
\\ in reward value of the cocaine, brought about ;

. by the pimozide treatment. Such a reduction

_in reward,after treatment with a dopamine

T

blocking drug would support the hypothesis that
. T

. the dopaminexgic system of the brain is the

" primary substrate of cocaine's rewarding effect.

-
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\ﬂThis interpreéation is further supported by
the findings with higher doses of pimozide. .
- At the hidhest doseé of pimozide, the rate of:
respondingrfor cocaine increased initially,
.theﬂ dropped to zero. "~ This. pattern of
/ responding is characteristic of extinction
‘ - )

responding seen when reinforcement is withheld

: : entirely, suggesting that maximal dopamine

: A receptor blockade effectively blocks the
. reinforcing efficacy of cocaine. The
¥ extinction-like effeét was most pronounced
at éhe"bighest doses; the latequ of onset
of the increase was shorter, the magnitude

of the increase was greater, and the cessation

B it o g i e oy

occurred sooner and was longer lasting at

the .5 and .25 mg/ké\goses than at the .125
; .

G
»

+ mg/kg dose. These rapid extinction effects
reflect reduced reinfqrcing eff%cacy and
. ' are consistent with the view that grea£qp
dopamine receptor blockade is aZSOéiated with'

. lower reward val ¥ 5 Y

1

These results agree génerally‘with those .
of Yokel and Wise (1975), whb studied the

effect of dopamine receptor blockade on the §

'

reinforcing efficacy of amphetqmine.ihjectioni ‘.,
They found increased rates of amphetamine

self—administration at the lowest do;e of

.
- - : ’
.
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pb&ozide studied, and an extifiction-like

-pattern'after higher doses of pimozide. \' - ' —J

’ . i
results for cocaine self-administration and
N N ' 7 ~
_ :

those of Yokel and Wise for amphetamine se

. ' . L _
‘One notable difference between the present . : w

. . admini%pfafion is the time course -and

severity of the disruptive effect of - .
¢ L 4 - ? ‘ «
. " pimozide treatment on rate of selfsadministratfg;jk‘ .

|
1
|
\Maximal rate increases. in cocaine self® . ‘ ° : 1

4

administration' occurred one hour after pimozide .
~—ar haad - . I/

v ) injection, while with amphetamine, peak
response rates were reached four hours after ) -

. ' . 0 . L] " - N

v g injection. Furthermore, cocaine self- / -

L] 2
s . - ‘. .
administration rates were eventually suppressed -

below Paseline rate for all but the lowest

g
3
\

. P
L dose of pghozide, whilehoniy the highest dose )

.§’ suppressed responéiné for aqphetamine: @ . b _ :.§
g Responding for cocgine seems to be disrupted " N
§‘ ‘ ‘ more quickly and more severeiy than responding ) )é
g; . for amphetamine by the_séme dose of p%mozidei ‘ F é
5 This might in part be a function of the ‘ c e

N

LS
5
.
4

.- inter-response time differences between - ‘ ' ; ) N
_ampﬁetamine and cocaine self-administration.. . . 2
) Animals self—administering cocaine respond - §
N more frequently than do animals self- %
» administering amphetamine. As a result they ) ) -
might experience reduced rewarding effects ‘ :’ : ?
. ;
-~ . - ! 'é
’ ) . . 4

Bk
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g, Tyt * .~ . sooner ‘and.more frequently after a pimozide . i
3 < » 4 ’
s B ’ . . 2" ]
'S ' . injection than do animals Qelf—admlnlsterlng _
L - . . . - .
% ' _amphetamine. It is unlikely, however, Fhat ' J
‘ N - B - e— o~
3 “ . ’ N . ~ pe
g' ' this effect alone would account for the \ " .

considerable differences in time course as

|

|

| ¢ . -
|

|

( Ve .
N large as thoseée observed. The effectively non- .,

-
T I g

’ b
reinforced responses should result in a rate

IR R Rt

| . /ﬁJF"jL ' incrégg;\\gthin a few responses after pimozide . , . b -

+ ’

ey

-
.

- had taken effect.

-

S . | | %
T % t - T : A more 1ike}x explanation for ‘the difference ’ 2
} '% . P in the course of effect is' that cécaine-' \: N g
,"é. ;{ | . "+ induced acngatipn,of“the dopamine_system is . §

g . more ea;i¥y disrupted by receptor blockade ' i
: ‘ :

, than amphetamine-induced activation because - '

og.sbme aspecE of their dissimilar modes of . oy
£

. Saction at the neuronal level. While amphetamine

- -, ) . .
~—— has its effect on the dopaminergic system ;

"

’

@ by four possible different meclianisms (release

Dy of pre-synaptic transmitter substance, .y . .
~ . - . - ° A

»

- ) inhibition of MAO, inhibition of re-uptake, , \

‘ apd possiﬁly(egen dirgct stimulation‘of the - - ‘é"
_ receptors (Glowinski and Baldgssarini,il966;\

h Stein, 1964; @arfaanq Moore, 1969; Rénd;upp . I

* . and Munkvad, 1966) cocaine acts only by
inhibiting re-uptake -of transmitter into the

'R ] N
pre-synaptic cell (Ross and Renyi, 1967). If . . »
- . -

amphetamdine %ges act directly on thé receptor,
“ . v .

¥ N '

t‘
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as well as through these other mechanisms which .

all act to increase synaptic levels of

transmitter, it seems reasonable-to suppose

»

that more receptor blocking substance might
be needed to achieve tly same effective

blockade. Thus, responding for cocaine

b

disruption by dopamine receptor blockade than

reinforcement might be more vulnerable to

amphe?amine bécilig of its single mechanism
of stimulating the dopamine receptors.

The peaks of rate increases after
éimozide (expressed as a pércent of base%ine
response rate) were lower for cocaine self-
adminis£rati6n than forlamphetamine self-

administration. The reason for this ’

~difference is not clear, although it may <«

merely reflect the baseline rate differences in
responding for the tﬁé drugs.

In spite of the differences in time coufse,
dose—sensitivity and possibly magnitude of
effect, the effects of pimozide on cocaine

4

self*adminiFtration were essentially parallel
to those reported for amphetamine self-
administration, demdnstrating an apparent "\‘
attenuation of the reward value of stimulant

_'drugs as a function of the extent of dopamine *

-

reEeptor blockade. o . f

(>

-
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v ‘ E:‘meriment 2

Yokel and Wise (1975) found in their study

with amphetamine self-administration that

.

intraperitoneal injections of 2.5, 5, and 10

mg/kg of pggntglamine, an alpha-noradrenergic

receptor blocking agénS; had only suppressant
(effects on gesponding, and producedlggév
indications of attenuating the rewarding
properti;é\of amphetamine{* However it

-is not clear £hat their treatment actually -
causgd ceﬁﬁral nofadrenergic blockade:
Phentolamine is well-established as a

- peripheral a}pha-noradrenergic redeptor

blocker (Nickersop and Hollenberg, 1967),

but there 'is some reason to believe thax it

may not cross the blood-brain barrier. Andén and
Strombom (1974) found that intraperitoneally

I

administered phentolamine does not block the

noradrenergically mediated flexor reﬁigzﬂiisiats.

Similarly, Kleinrok and Zebrowska-Lupina (1971) *“
‘found that intravendus\inﬁections of phentolamine
affect neit@er locomotor activity nor the
éxcitatdry effects of amphetamine. On the other

hand, both of these behavioral effects were blocked

L)
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44 .
by phentolamine when it was administered
intraventricularly (Kleinrok and Zebrowska-

Lupina, 1971)! Thus it is poséigig that,
phentolamine only exerts its blocking effect

4 . .y
on central noradrenerglcxgeceptor sites when ‘-

A} » 1

it is administered centrally. The failures 4

¢

to find a specific reward-blocking effect
oh self-administration after intraperitoneal
injections of phentolamine (Yokel and Wise,

1975; Wilson and Schuster, 1974) may have BN

-

been due only to inadequate distribution -
Qf the drug to thé central nervous éystem.

The' present experiment tested this

possibility by administering the

phéptolamine directly into the ventricle of

\
the brain.

-

Method ’ . ~
Suﬁgects. Eight male Wistar rats from

Bio Breeding Laboratories, Ottawa, weighing '

between 400 and 550 grams were used in this

experiment. All animals had been trained to ’
barpress for 45 mg Noyes pellets in a separate

apparatus before self-administration |

training, and none had part}cbpéted in &ny ~ .
other studies. Housing and deprivation

conditions were as ip Experiment 1. : N

3

Surgery. Animals were prepared with

TV GNPL SRR wRpepeC RUIE S LR



r

/ : _ . catHeters as described in Experiment 1; .

after self-administration training they were re-~

- - -
\ .

anaesthetized ‘and stereotaxically -
. ‘ ‘ #mplanted with intraventricular cannulae

(kreig co-ordinates: 1.4 mm posterior to

Bregma; 3.6 mm ventral to the surface of
the skull; and 3.2 mm lateral to the

‘midline). As before, rats were not allowed , .

access to cocaine until two days'é%ter

G e gy n T AVIEANT ST
F
.
Ps

surgery andeheﬁ‘only if their weight was
at least at pfe-opeygtive level. ‘ v
Apparatus. The apparatus was as
described for Experiment 1.
Procedure., The initial training to self-

AT administer cocaine was ‘carried out in the

same way as in Experiment 1. Animals

reaching stable rates were then prepared with. ,
‘ . the intraventricular. cannulae. -Stable rates o
. of self-administration 6f cocaine were then ‘ ",

re-established during at least one six-hour
. y ,
session. In the sybsequent experimental v

-4 test sessions animals rsceived, after one hour ¢

T

s

of stable respohﬁing, 10-second %ntraventricular - :
. . h - 2

injections of either 50, 75, or 100 ug \ ,
! ' . .

*

phentolamine HC1l dissolved in ‘10 nl of. ‘ . .

0

! Ringer's solution or thg'Ringer's spidtion
B ° ‘\ - B
alone. The order of the doses administered . . o

~ .
t
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~ «differed from animal to animal. Six animals . .
. ,

“were tested at each dose. Phentolanmine

injections were always separated by at . ’ ) -
least 48 hours. - , 5

» . %
Results , o

Treatment with phentolamine resulted ) A ‘ © W

in a pattern of responding which was ' y X
& p

-variable but consistently depressed below

~

Ehat of saline controls (Figure 7).
Q

variability in grouped data for the three

doses 'of phentolamine reflects inconsistencies

¢

between animals as well as a tendency for

~

s

QOB

the treatment to produce irregular w é‘ ‘ }
ré%ponding within animals. In spite of these ' oy
. R

fluctuations in rate, therecygre few

e
instances of increases in rate over baseline ‘\\
levels, or: over®Tthe rates observed after -

saline treatment. The suppressant effect of

e e 177
T igRe T daai

PO

. the three doses of phéntolamine appeared t6 be

to some extenﬁ dose related.‘

-

Individual records show that after

saline treatment animals maintained’ rates . &
close to baseline (Figure 8). After the 50

ng dose of ‘phentolamine féur out of five

animals showed no consistent deviation from r
bageline rate; only one animal (#39) showed a

clearly decreased rate (Pigure 9).
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At 75 ng, results. were ifitonsistent. Two
animals (#59, #24) remainedJrelatively

unaffecteg% one (#39) showed total

suppression from the first hour, and one

each showed decreased (#H92) and.incfgéied

. , N

.

(#35) responding throughout the six-hou
session '(Figure 10) . At the .100 ng dose three animals ————— —
- .

showed distinct suppression and three

remainéd at normal or very slightly below

normal,rates’(Figure 11).

. A slight sedative effect was noted at

high doses of phentolamine. :

Discussion - .

. Central injections of phentolamine

. resulted in reduced rates of cécainé 'self-

’

administration. A dose-dependent decrease

was observed which began within one half hour

7

of injection and contin®8d throughout

the five-hour session; rate was halved at
gﬁe highest dose and smaller doses reéuced
rates to a lesser éxtent. Similar regults
were found b& Yokel and Wise (1575) when\fhe‘
effects of intxqgeritoneal injectidﬁ::of

L ’ . ’ - ~
phentolamine were stzéied in the amphetamine

self-admin;$tration paradigm. In the present

-~




" study there was considerable variability between

animals in their response to phentolamine
treatment, But compared to the effects of

eqguivalent volumes of Ringer's solution the

.

drug depressed responding.

’

It has been observed and argued abové that
when animals are self-administering-drugs, a

reduction in the magnitude or in efficacy of

the reward should result in an increase in
?
rate of responding. Intraventricular,injections

L}

of phentolapine, believed to block central

noradrengrgic receptors, did not increase the
rate of self-administration. Thus it would
appeér that this treatment did not speciffcally»
reduce the reward value of cocaine injections.

The decrease in rate of self-

Lo
admindistration oﬁ!ggved after phentolamine

‘could have resulted from fomé general R

disrupting, or debilitating behavioral effects

A :
of the drug such as sedation brought about by

48

[te

central noradrenergic blockade. On the other . —

hand it migh& be argued that the decrease

.. .brought about. by some action of the

phentolamine. Human subjects have reported

'
.

»

5o )

R

3
4

%

s
v:
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value of cocaine injections. Vasodilation, .

|
. receptor blockade (Goth, 1972, pg. 146)

-phentolamine simply slows the metabolism of ) ‘/j/

L4

enhanced amphetamine euphoria after the alpha-
noradrengrgié blocker phenoxybenzamine

(Gunne, Anggard, and Jonsson, 1972), ;ﬁ? Pickens

and Thompson (1968) have shown that ijicreases . T i
in reward *magnitude decrease the raté of ‘
self-administration. It is‘conceivable that-
a direct or indirect effect of alpha-

noradrenergic blockade  or some other effect . N

of phentolamine, could potentiate the reward

an effect of peripheral alpha~nouedrenergic . C

could, for example, allow more .cocaine to be

absorbed from the blood to exert a greater *

effect. Another possibility 'is that
the ¢ocaine,. thereby prolonging the effect of

each cocairme injection. However, either

4

reward enhancement interpretation of the rate

e eARn |, ettt By,

decreases is speculative; one would want to ~
eliminate all other possible causes of

girformanée disruptions before concluding that. — o
‘ ' o

RRCH

reward potentiation was the sourée of-the rate
decrease.
y ' '
A number ‘of technical questions can be '

. ) . f
raised regarding the efficacy and site of action , .

. - -
A . . . ’ .
i * A4 ' P
’ . . -
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“¢ritical because, even with well-placed

of the alpha-noradrenetgic blockade by central

»
phentolamine injeéctions in this experiment.

Of the &our ‘animals for which k'\annula piacements
were dgtdrmined, three were-found to have

LY s
.cannula tips just lateral to the ventricle.

In sé}te of this it\is likely that most ef the
10 ul-vblume of solution injected so neaf the
lentrleular wall actually dlffused ipto the J
ventrlcle (Myets, 1974, pg. 74) The fact

that some of the drug'sqlutLOn may haye been

<

\I » . ' o- . ‘ 1]
injected into brain tissue is probably not
L 9

o

. ) . , ,
intraventricular, cannulae, some fluid is thought

o

<

jto reacb-braln tlssue directly by seeping up
along the cannula shaft (Myers, 1974, Pg- 9).
Several of the anlqgls were given an

intraventricular .carbachol injection drinking

- ¢ . -
test to verify cannulae placements. All

¥ ]
.animals tested responded positively by

.

. commeqc1nq to drink within 5 seconds of )

~‘:mjec‘tlon. It is p0551b1e that the vgglablllty

« ' 4
"in cannula placements accounts for some of the

~

varlablllty in the data, but this possibility

v

1s not verxflable due to 1ncomp1ete hxstologlcal.

data. In spite of these problems, the reduction
- ’ * -

in rate of self-administration egserved after

. . 1 .
phentolamine injéctions, and net after control

Y
&
.
|
N,
}
e
\
n
.
)c

- ’ - .g‘

3
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. L

‘ 'injections, indicates that the injections were

. effective; only the exact dose and the exact

locus of action cannot be determined.
. ! ¢
- B The present study again failed to produce
. . .

evidence for involvement of noradrenergic "o
. \ ~ ‘
¥ mechanisms in stimulant self-administration.

¢ ! s - !
; . . Two recent experiments using a different

alpha-noradreﬁérgic receptor blocking -

:-agent produced similar results. in khe
'firgt, Qhenoxybenzamine; an alpha--
noradréne&gic receptor blocking agent which
does cross the blood-brain barrier

(Andén and Strombom, 1974) was administered
intraperitoneally in doses of 2.5, 5, and 10
mg/kg to rats self-administering améhefamine
(Yokel and Wise, in press). There was » °°
no effect on rate of ;;lf—administration.

In the second, Wilson and Schuster (1974)

4 ‘s
reported thgt phenoxybenzamine had no effect
on rate ofy _responding when given to rhesus |
monkeys self-administering cocainé. These
findings taken with the present data,  suggest k

that alpha-noradrenerqic receptor blockade,

céntfal or peripheral, does not affect either

o

stimulant reward efficacy or. self-

> "

administration performance, and that the

" . . o .
reductions in rate of self-administration of cocaine

) 9 - \
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: ' and amphetamine seen after phentolamine treatment
3 L4

’
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were the effect of some other action of this drug.
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- General Discussion

\ . The results reported in this study of the

effects of dopaminergic and noradrenergic :

‘receptor blocking drugs (pimozide and

-

N : phentolamine) on cocaine self-administration
agree with the results of Yokel and Wise (1975)
' with amphetamine self-administration. 1In

-~

,both studies dopaminergic but not

4

noradrenergic treatments resulted in response

l

rate changes suggestive of an attenuation of -
the reward value of the self-administered v(
drugs. This demonstration of dopaminergic ' b

involvement in stimulant drug reward provides

3

an interesting parallel to recent findgngs
- implicating dopamine as a critical neuro-
g \ transmitter in the mediation of brain o
; ‘;/ ‘ stimulation reward. It is possible that both
g — . .i elecérical brain stimulation and stimulan;§~ .
% drggs’have their rewarding effects via the same b
g 'neurochemical system.
? / Some quesfion has been raised regarding the oo
; specificity of the dopamine receptdr blocking
% o f? drig us;d in this and in Yokel and Wise's (1975)

] Q\ugy. Evidence that pimozide acts not only.
on*géﬁ dopaminergic system but possibly also én
v ( the\hbradrengrgic systep céﬁes from a study by ~
Blumberg,’@§yio;, and Sulser (1975) . They found,

. 1
- . ! /

* N . ' &
. . i M . o
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. Corrodi, Fuxe, and Ungerstedt (1970)Ain their

4
that pimozide also inhibited the accuTg}ation of
noradrenaline—induc%d cyclic AMP in limbic
forebrain tissue, uging,ah in vitro preﬁaration.

It is not cIéarL however, whether the

¥ v

concentrations of pimozide which were effective

4

'Qon the isolated tissue are comparable to

those effective in behavidral studies such as

Y

the present one, where the drug is distributed
¢
physiologically from the intraperitoneal

cavity to the intended receptors. Although the

.

concentration of the fluid injected’ \

A

intraperitoneally was within the range found Y,

'to ‘have an effect. on noradrenaline-sensitive

adenylate. cyclase (.5 mg/kg/ml = 10—7M), it

seems likely that the concentration actually

'reaching receptors in the central nervous

system ‘was .significantly lower than this due
to diffusion through the system and metabolic

breakdown of thHe drug. Andén, Butchgr,

original investigation into the specificity of

action of pimozide also reported an increase in

‘turnpver of noradrenaline, but only at doses

e

5 to 10 times greater than,those needed to
affect dopgminergic turnover. ’ Although such

biochemical data are essential in the

determination of the actiopéﬁof a parficular drug,

3

Cy e
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of primary signiffcance in tné’selection of a
drug for behavioral tests are the data derived‘
from other behavioral studies. .Pimozide has been
° L shown to:block dopaminergically mediated
behaviorgl résponses while having little effect
on noradrenergically mediated responses. Andén
* et 'al (1970) sﬂowed that pimozide at doses
- as low as .l mg/kg blocks the turning response o 4
seen in animals with unilateral. corpus .
stfiatuﬁ lesions, a response which is believed .-
to be mediated by depaminergic neurons on the
' intact side. These researchers found that -
doses of:pimozide as high as 25 md/kg wege
ineffective in blocking the noradrengrgic@lly—

A
mediated flexor response induced by l-dopa.’

More recently, Settler.(persénal communication
to R.A. Wise) found a similar absence of '
'blocking effect of pimozide (until about 5 mg}ﬁg). <4
on a noradrenergicaiLy"mediated flexo} reflex.
Furtﬁermore, pimozide at .5 mg/kg has been shown
\ to block behaviq;al/effects of the dopamine agonist
apomorphine (stereotypy (Jaﬁssen, Niemegeers,
ellekgna, Dresse, Lenaerts, Pinchard, Schaper,
( . Van Nueten, and Verruggen,‘l968) as wgll as its
—. °  reinforcing effects (Baxter, Gluckman, Stein,

L

'and Scerni, 1974). For these reasons, it v

LY

seems unlikely that the éffects of pimozidea et

" [} ' » L3 b
. on rate of cocaine self-administration were the
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fesult‘of its effecﬁ on the noradrenergic
system, but ratheﬁxo% its blocking effect on
p

dopaminergic ‘receptors.

The use of drug self-administration as a
baseline behavior upon which to test the effect
of possible reward-blocking drug treatments
has proveﬂ to be a valuéble techniqu; in the
study oé neurochemical substrates of reward. .
;here are géneral limitations of -the technique;
however, which must be considered in thé
interpretation of the results. There exist
situations in which reward attenuation does
not result in increased rates of self-

administration, as in the case of very small

injection doseg, and there are also instances

—

of increases in rate.of responding which a;e"

not due to reward deficits. '
At very small injection doéxs, which maintéin
blood levdl of drﬁg below a satiatiﬂg level, -
)

the/relat%ggship between raté of responding fo

-

drug{aﬁd reward magnitude appears to be not

inverse, but rather direct as it is with other

reinforcers such as sucrose solution (Guttman, “
|

1953). Ip'such cases, response rate increases A~

-

as a function of reward magnitude, Two recent studies

w

have reported such an effect. Go‘dberg and Kelleher
, ’ . j . S

3 I /
-

3
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(1976) showed that fo;7doses of cocaine between &

12 and 100 micrograms per kilogram per injection, £

the rate of barpressing in monkeys incizases as ) ’ ‘g

a function of dose per injection on fixed ratio (/—‘\\Ka .
: ' { -

and fixed interval schedules. Llewellyn, -

: v " Iglauer, and Woodé. (1976) reported that monkeys ) E

f - : , '

] responding for‘doses of cocaine be;g&gn 013 ;
;,. and .8 milligrams per kilogram per injection }
| T on a two-lever concurrent V¥>i VI-1 schedule ’

. ‘ ‘

I ; , also showed higher response rates for the “,

. higher dose. Thus, at these doses and on these ‘é?%

4 schedules a decrease, in reward magnitude or A Y

. ) | R ¥
efficacy would be expected to decrease rather

1

¥

¥ . Several non reward-related effects of o h ]

¥
.
than increase response rates. - i
4
;

" treatment drugs. might also increase the rate of o ¢

self-administration, in a manner indistinguaﬁhable ‘ ;

from the effect of reward attenuation. As N - .

mentioned earlier, a drug which increases the ! -

rate of metabolism of the self-administered

.. drug ¢ould increase the rate of responding by q . .

—
-r N

shortening the duration of effect of each drug

<
injection (Dougherty and Pickens, 1974). With
. respect to the present study, pimozide has been
shown noﬁ to increase the rate of metabolism :
¢ . : c ’
o , of another stimulant, amphe;aminef(Soudijn and . ' %
P _ : % . . . g

) r.:'),r;.s

g T
14 %ﬁ}‘%?ﬁ"; AN
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Wijngaarten, 1972), but the possibility that

~ )
it does alter cocaine metabolism should be

P

‘tested. "
Response-fate might' also be increased
by a.treatmeht which facilitates ongoing behavidrs.
, 'Wilson and Schuster (1973a) reported that A
centrally acting anti-cholinergic drug,

atrgPine,'resulted in increased rates of

e

self-administration of cocaine in mo s, and

suggested th;t this effect may have been e to

the release of a behaviorally inhibitory
(cholinergic) mechanism. They argued that since

othér stimulant drug effects are not )

¥

antagonized by anti-cholinergic agents, it is
. ’Q ¢ -
unlikely that the rewarding effect of cocainel

—

'was antagonized. They suggested that the

atropine q.lsed the increase in rate of

_responding for the drug just as it increases

s the fréquency of any ongoing behavior.

o

@
. Finaliy, another way in which self- )

administration rate might increase independently -

-

N ’ e
. - of reward value was also suggest Wilson

.

1

-
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the treatment drug of possible aversive or

debilitating effects of the self-administered - ,,

drug. Altﬁough'in a choice situation animals g
: ~ show no preference for smaller (presumably

_: less aversive) doses (Yokel, 1975; Iglauer,

’/l973) the possibility remains that some

{ o , . .. . . - . g
. combination of the rewarding, satiating, and v

F .
. ‘r /
' ' aversive effects of each infusion contrels the

. ! pattern of individual responéés, and that an

alteration of any of these might affect\Ehe

rate of responding. .

‘The above observations point Fo general
1im§td€§g;; on the usefulness of rate as a
measure of stimulant reward efficacy, and do
not, in my view, present a serious problem

for the present study. The pomplementaﬁx

£findin®% of increased rate at low doses, and

e b, Chge e - - P ° - by .
P N A Skl S S SNSRI BB L e

extinction-like response pattern at higher

Hran e o 4 B

doa@g\strongly suggest that reward attenuation
is the best interpretaﬁ%on of the present results. b }

None of the above alterhaéive explanations ” C ' . .

- - v i
’

alone could adequately account for both these Lo

effects.. . THe general problem of interpretation
of rate measures does argue for a nore serious
consideration of alternative measures of reward:-

value of. stimulants such as the two used by

Dawis and Smith (1973)." o ‘

e
-
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" In their first paradigm, non- response-contingent

-

pairings of a buzzer and’an intravenous infusion
of a drug such as morphine or amphetamine are
presented to animals, with or without pre-
treatment with é putative reward blocking drug.
; On a“subsequént test day, the effectiveness
I of the buzzer as’a seconda&y reinforcer is
determined by the extent to which it will
establish and maintain o¥erant responding\for
; . . the buzzer alone. This technique has the —
f’ advantage that the animals are éésted for
- the effect of\treatment.drugs in a non-drug
state, so that measurements on the test day
aré not contaminated with drug effects which *\h
might directly affect some aspect of -
perforﬁancé not related tp reward efficacy. |
'In their seqond eXpepimental paradigm, . r
animals are first trained to lever press for drug

§ ’

, infusion, then extinguished by replacing'th?
« ' drug with saline, then the re-acquisition of
drug self-administration is tested under a

treatment-drug condition. Animals should not re-

B MRt vt ae g o N —

acquire the response if the treatment drug is

-

e .
blpocking the rewayding aspect of the self~« |
1 administered drud. This\éxperimental design
circumvents some of the problems with-changes in

§ rate of ongoing behavior, and tests for an

3
.'%>. ‘
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important indicator of reinforcer efficacy,
that is its ability to establish a response.

£l

The Smit§'and Davis paradigmsldlso have their’own: - .
particularué;oblems of interpretation, It is'
possible that non reward-related effects of 'a )
drug treatment such as general malaise might -~
also interfere with Ehe establishment of a S
conditioned reinforcer in the classical

paradigm, or_inhibit the reinstatement of
responding in the re—acquigition paradigm.

Some more specific aspects‘éfiihg Davis and

Smith paradigm also reqﬁire,further inygstigatiog.,
For example, at the very low dose range

typically used, it is not'clear whether increased

[y

responding during re-adgquisition after a drug
treatment indicates attenuation or enhance&ent '
of reward value. Conclusions about the -
neurochemjcal basis of stiqglant reward

using pharmacological treatments should be .
based on results from more than one experimental -
paradibm to rule out.artifactﬁgl results such

as thpse due to non reward-related effects of the
treatment drués. -

It is intéresting to note that the results

obtained from human studies carried out to date
"

‘agree in general with the results obtained with

~

self-administration in laboratory animals.

N - ‘ | 3 v
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g Drugs which interfere with catecholamh?e

[N

* function (AMPT), and‘aiﬁh dopamine in particular .

(pimozide), .are reported to reduce the euphoric
. ) .

effects of amphetamine in human users.

. ' L - p

Interestingly, the noradrenergic blocking agent

phenoxybenzamine was found.to slightly -
enhance amphetamine euphoria (Gunne, Anggard,
and Jonsson, 1?72). Subjective ratings and

verbal reports'might provide a useful

alternative source of information regarding the

reward-specific effects of catecholamine

blocking'agents.

B
B
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