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Differential - respoﬁse w1th tiWo dlfferent popuiatlons
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The relationship between opiate receptor and the dopa-
. ‘ . A

mine system was examined using the opiate‘sugersensiti—'

vity phenomenon in two different populations of Wistar

»

rats, and in the presence or absence of white noise.

The animals were chronically treated with naltrexone

for 8 days to induce opiate receptor proliferAatior‘l.

"% ' After a 2-day rest period, animals wete tested with

amphetamine for locomotor activity in the op&n-field
s

{
)

in thé presence .0r ab'sence of white noise. . The anirﬁals
' y were simllarly teste_d on Day . 7 and Day 14 after the .
terminationg o f the nabltrexone pretreatment In Experi-
ment 1, chroric niltrexone trgatment !slgn&flcantly
attenuated a'mphetan‘iine-induced ‘iocomotor activity in
new xolony Wistar rats at,a dose of. 1 mg/kg of'amphetami'ne,

but not at doses of 0.5 or 2.0 mg/kg and in the absence ~
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of white noise. .In Experiments 2 and 3, -the chronic,
) » . : . ' : M v, !
naltrexone pretreatment significantly decreases the’
. . R

‘locomotor activity of 1 mg/kg of amphetamine in ¢1d

R

colony Wistar rats in the presence of white noiseﬁ but
'not in the no-noise condition. Finally, Experiment 4

showed that under. t‘he“’white noise condition, ther& was

’ - .

no effect of chronic ‘naltrgxo_ne pretreatment on the
,amph‘etémine's effect on locomotion in the ne'w\olony
)

-'rats. The attenuating effect of chronic na_iﬁrexone

N

pfetreatment n amphetamine-induced locomotor activity

- IS

seen under tyo sets of conditions suggests that opiate

- ¢ .

€.

) s o . . .
receptor has an inhibitory role on' dopamine transmission.

These experiments also sugg'es_t that a Veay complex
interaction exists between the'opiate receptor, the
dopamine system, the organism's predi‘s'positi_ons, and

- \/
© .

environmental «stimuli. S
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Morphinge produces a wide variety of pha’rmacq\}ogical

k] .

effects.. For example,‘morphine isc well known for its
analgesic ‘i)roper/ties (Herz , Albus, Mety;, Schubert, &
Teschemacher, 1970; Irwin,® Houde, Ber;nett, Hendershot, &
Seevers, 1951; Yaksh '& Rudy, 1976, 1978), its effects on
thermoregulation (Clark & Clark, 1980) and respiratory
functions (Florez, McCarthy, & Borison, 1968). In addi-

: s
tion, morphine and opiates in general affect locomotor

-

activity (Babbini & Davis, 1972; Oka & Hosoya, 1976;
1rSlor::n, B{rooks, Eisenman, & Martin, 1962; Vasko:& Domino,
19‘78) , electrical self—‘stimulation (Adams, Lorenz, &
Mitché1~1, 1972; }Esposit;), McLear;, & Kornetsky, 1979;
Wauquier, Niemegeers., & Lal, 1974), memory (Staubli &
Huston, 1980). %

It is generally accepted that most, if..not all, of the
eff@cfs of thae opiates are mediated by the recéntly-,dis—
coVered.opiat—e receptor. The binding of opiates to the
opiate receptor appears to be the first step in a series
of physiochemical reactions involved in the manifesta-
tion of the pharmacological actions of the opiates. The
/discover'y of these opilate receptors in the central ner-
vous system has now prompted research interest concerning

B ” '
the opiate receptor's physiological functions, and the
P p phy gic

mechanisms of its interaction with other reeurotransmitter

P
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. between the dopahine system and the opiate receptor.

L : : ) T
| 2~

Q . .
AN

I ~

systems. The presént thesis addressed the question of

~

the possible interaction between-the dopamine.system

[l

-and the opiate receptor and the nature of the relation- ‘

ship. A shoTt review of the studies on the distribution
, . h

of opiate receptors and endogenous ligands in relation .

to the dopamine system will thus be preseﬁted.. Follow-

14

ing that, electrophysiological, biochemical, and beha- ' ~

vioral studies will be reviewed in terms of their
' . . . . - i ,
contribution in the understanding of the relationship

13

.

»

Opiate receptor and its ligands in relation to dopamine

1 “ el .
pathways. . é/\ .
The opiate receptor is conceptualized as a three- (; 5

dimensional structure in the cell membrdhe to which active

levo-isomers of opiates bind in a stereospecific way.

: AN . .
Following the discovery of the. opiate receptor (Pert &
{

Snyder, 1973; Simon, Hiller, & Edelhan, 1973; Térenius,
1973),mreLional autoradiographic binding studié€s have revealed
very -high'densities of opiate receptors’'in the amygdaloid
complex and the striatum (Atweh & Kuhar, 1977; Kuhar,

Pert, & Snyder, 1973; Pert, Kuhar, & Snyder, 1975, 1976). '
The existence of such receptors in- the central nerious

system has led to specufation about, and subsequently to

-
-
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the 'identification of endogenous morphine-1like substances

(Cex; Goldsteim, & Li, 1976 Hﬁgﬁes, Smith, Kosterlitz,
Fothergill, Morgan, & Morris, yé?SJ: ‘Using radioimmuno- a
assay techniques,.it has-also . been shewn that the - o
neostriatum,containé subetantial quantities of morphine- -

like penfopeptides, metbioninei‘and leucine—enkebhe}ins o 9
(Miller, Chang, Cooper, & Cuatreeaeas, 1978; Simantov,
Kuhar, Pasternak, & Snyder, 1976; Yeng, Hong, & Costa) .

1977) Interestlngly, ‘both the neostriatum and the amyg- . . J

-~

\Hala also contailn hlgh den51t1es of dopamine receptors

(HUllts, Czlonkowskl & Herz, 1977 Laduron & Leysen,

1977) and- are very rlch in dopamine- contalnlng terminals

.

(Ungerstedt 1Q71b) ‘Further , coﬂblned hlstofluor-

& 4 .

escence lmmunocytochemlcal studie’s have uncovered-® a

-

distinct overlap between dlstrlbutlon of enkephal tn

1mmunofluorescence, oplate receptors, "and dopamine cell
\ . ~

9 4 r e

bodiee and terminals in areas such as the'substantia.“,. e
nigra, veﬂ;ral tegmentum, striatum, and the nucletss ‘ | i
accumbens (Johannsson Hdkfelt Elde, Schu;zberg, 4

Terenius, 1978; Uhl, Goodman, Kuhar, & Snyder, 1973). ‘ -
In addition, 1e51on1ng oﬁ the dopamlne presynaptlc

termlnals 1n the termlnal areas ‘of the dopamlne pathways

w1th46-hydromydopam1ne, a chemical sympa{hectpmy agent, . )

is accompanied by a 20 - 30% decrease in opiate receptor -
IR . 8 o~
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binding sites (Pollard,, Llorens-Cortes, & Scﬁwartz, 1977).

3

* Such findings have‘saggqsted that some of, the opiate

receptors are localized on the terminals of the dopamine:
© AN 5

. ’ ° AN
~peurons. Additional studles have demonstrated that the «

»

interryption of the nigrostriatal bundle by hemisection
at the hypothalamic level is followed by a decrease in -
opiate Teceptors, but no change in methionine- or leu*

& o .
cine-enkephalin 1eve15*was*gpserved (Pollard, Llorens,

Ly, , . , . ’
Schwartz, Gros, & Dray, 197%). ﬁn the same study, a 6-hy-

droxyﬁopamine-induced'lesgbn of dopamine neurgTe in the

1 . N

‘substaqtia,nigfa caused a 30% degrease in opiate binding

. . ) . &
‘sites suggesting that the dopamine cel} bodies and/or

dendrites also contain opiage reéeptors. One should
» ,

note that the substantia nigra also contains substantial

- ' v .

amounts<§f enkephaquf as .shown by radioimmunoassay and

“immunocytochemistry (Elde} Hdkfgii, Johannsson, &
«

Terenius, 4976; Hong, Yang, Fratta,-& Costa, 1977).

-

. M -
More extensive studies have found an enhancement in the
number of binding sites of*radiolabelled domperidone, a
dopamine agonists, following a sixfg%y.chron;c merphine

treatment (de la Baume, Patey, Marcais, Protais, Costen-
\ 7 ’ !

tin, & Schwartz, 1979).( Since this morphine effect is

~ .

similar to the effects of dopamine blocking agents on

dopamine receptor binding, an issue that emerges from

- ]
,
.

-~

N,
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these studies is whether the‘qpfate receptor and the
. "\
dopamine receptor are in fact the same receptor. ‘To

rule out this possibility, it has been demo&strated that °

\

opiates do not’bind to the dopamine receptors 'as neuro-=
e N ' »

-~

.leptics do and vice versa (Leysen, Tollenaere, Koch, &
‘Laduren, 19777f Th¥s, it seems very likely that there
~exists a functional relationship between- the: opiate

i

receptor and the dopamine system.

Electrophysiological Studies. .

-

AnoQE?r body of eV1dence for the funct10na1 relation-

sh1p between. the oplate.receptor and the dopamlne system

comes from electrophysiological studies. It was origi-.

nally shown that elecfromyographic activity induced by

morph1$e admlnlstratlon can be reversed by elthe; 1- dopa

P or apomorphine (Wand, ‘Kuschinsky, & Sontag, 1978) This
finding is in agreemeﬂt with the nqtion that the opiate

J  receptor-has an inhibitory effect on dopamine neurotrans-

mission. On]the other hand, Zieglgldnsberger, Siggins,
French, & Bloom (1978) haveé pointed out that the most
" frequently observe% respdnse of single unit activity-to

. ~ phoretic application of opiate agdnists is a naloxone- -

L reversibleJdepression of firing rate. More spedifically, -

it is known that the striatal neurons are depreséed by

4

’ L

a - ) .

{
.
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opioid and 6piate agonists applied microiontophoreti-,
caliy fNicoll, Siggins, Ling, Bloom, & Guillemin, 1977;
K ¢« Frederickson & Norfis, 1976; Lee, Wong, 3% Chan, 1977;’
Finnerty & Chan, 19%{33 Similar inhib?togy effects on’
neuronal activiti;s in the striatum are found with dopa-
mine (Siggins, Hoffer,,B}oom, & Ungerstedt, - 1976)..

Assuming that the opiates are actig& on the® presynaptic

»
°

-dopamihq terminals in these regions, these studies would
.guggest;a facilitatory role of opiate receptor on the
"~ dopamine system. Additional efidence for this facilita—)
\ ) ﬁory rple Qf the opiate receétor has been obta}ﬁéd in

_the caudate nucleus where morphine inhibitory effegt on
\‘\ * . Pl
. neuronal activities was prevented by the dopamine recep-’
4 .
tor blackers, haloperidol and pimozide (Lee et al., 1977).

Cont%a;y to this conclusion, Bradley and Gayton

[y

(1976) failed toAébserve'any éffect of the dopamine ”
g .‘gntagonist, u—flupenthikol on morphine inhibitory'actibn

on‘taudaté neurons even though the“samé drug successfully

blocked thé dopamine inhibitory effect. In additiony

the. same investigators also found that ﬁorphine reduced

Al

the dopamine inhibitory effect in some neurons. The

intgrpretation of these early studies become controver-

sial in view of the fact that electrical stimulation ‘of ¥

-
N

A the substantia nigra mos®t often excites rather than
/ ' . - ) ! 4

Q*“\
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’

. 1973; Twatsubo & Clouet, 1977). Furthermore Iwatsubo

‘ . .
+ 1 P - , * i

depresses striatal neurons suggesjing that ‘dopamine may

itself act as an excitatory neurofransmitter in the
Y . !

. o .

striatum. Furthermore, although the striatum contains

a large number of dopamine neurons, these neurons repre-
sent only a small percentage of the total number of,

str{atal neurons. Yetw in these studies, there is no

indication about the nature of the neurons whose elec-

/

s Yol . ) .
trical activities wexr@ being -monitored, hence making

N
interpretation about the cellular site of the drugs
actions is very difficult. A , - - //’

AY
\

A t%cﬁ;ique developed by Buhney; Walters,”Roth, &
Aghajénian (1973) has made it possible to idegtify
doﬁamine neurons based on their electrophysiologieél
parameters. Using,this technique, it.was”demonstrateﬁ'
that systemic injection of morphine increases the firing

rates of dopamine-containing neurons in the pars com-
{

pacta of the substantia nigra (Iwatsubo & Clouet, 1977;

Nowycky, Walters, & Roth, 1978 ; Finnerty < -Chan, 1981). "

.

These same nigral, dopamine-containing neurons are also

a

depressed'by dopamine receptor agonists such as l—doba,,“

»

apomorphine, and d-amphétdmine and activated by dopamine

receptor blockers such as haloperidol (Bunney et al.

and Clouet (1977) also showed that l-dopa #@nd apomorphine

-

-



.stantia nigra was markedly aEEgnuate

y

s

both reversed ghﬁ\%timulafion of,firing rates induced
by morphine. Based on these data, and alsé data from °
behavioral and biochemiéal studies, several investi-
gators have proposzd a Aegative striato—nigfal'feedback
p%thwax that impinges on the dopamine cell bodies.

)

Thus, it was shown that the depTessant effects of d=
/ - ‘
amphetamine on dopamine-containing neurons in the sub-

after lesions of

the striato-nigral path%ay,(ﬁunney Aghajanian, 1976).

Likewise, Kondo and iwétsubo (1980) have réported dim-

inished responses of nigral dopaminergic neurons to
haloperidol and morphine in animals following kainic-
A *

lesions in the striatum. The similarity of morphine

- and dopamine antagonists actions on the nigral neurons

supports the contention of an ihhibitory input to dopamine
transmission by the opiate réceptor localized on the
dopamine nefiron terminals. - }

Other investigators have argued instead that direct-

activation of opiate receptors of morphine localize

on
the cell bodies causes a depressave effect on spantane-
ous neuronal actiVitie;/in the caudaﬁe nucleus by
sing the dopamine'outpuf in the striatum (Lee et

1976). To support thé latter hypothesis, Finnert



" Biochemical Studies -

A

G

moérphine directly into the substantia nigra zone compacta

.Tresulted in a naloxone-reversible depression of caudate

L .
activity. However, given the relatively low density of
s .

\

opiate\receptors in the substdntia nigra compared to
the density in the neostriatum, the excit%Aory component
of the opiate receptor on the dopamine transmission at

)

the cel} bodies might be of minor impof%ance.

¥

Biochemical studies have also been carried out to
investigate thé actions of opiates on neurotransmitter
turnover, axonal trénsport, reléase, ;nd metabolisﬁ in-
thé %opamine neuron. Tﬂe first demonstration of morphine
biochemical effect on catecholamines was reﬁorted by
Vogt (1954) who found a marked decrease in brain céte—
cholamine levels following a morphine injection in the
cat. This finding might reflect a morphine action on
either tPrnOQAT or release or metabolism of any éf the
members of thevcateéholamine famjily. A.mqre discrimina-
tive'stu&y was reportgd'by Clouet and Ratner 61970) in
whichlmorphine\adminisbered one hour before sacrificing
the animals caused‘an accumulation of’lQC—dopamine from

14C—tyrosine. This increase in dopamine synthesis by .

morphine has been confirmed by other researchers (Costa,



Cgrenzi; Guidotti, & “Revuelta, 1973} Gauchy,\Agid,
Gkowinski, } Cheremy,_1973; Keschinsky &:Hornykiewicz,
1972; Westerink & Korf, 1975). The opiate:effect on
dopamlne turnaver has been observed to be dose dependent

as well,as stereosp;c1f1c,(Gessa, Vargiu, Biggio, &
'Tegliomoﬁte, 1973; Smith, SHeldop, Bednarczyk,:& Villar-
real, 1972) éhusiimpiicating a role for the opiate recep-
tar in‘dopamine turnover. .fn additioﬁ, horphine and
Other opiates increase "dopamine metabolism in brains and .
striata of ,rats (Gunne, Jonsson, & Fuxe, 1969; Kuschin-

s‘—«

sky & Hornyk1ew1cz, 1972 McMillen, 1980; Sasame, Perez-

\ Cruet Di’ Chlara, Tagllamonte, Tagllamonte & Gessa,

\1972) and in bralns and strlata of mice (Fukui & Takagi,
k972, Kuschlnsky & Hornyk1ew1cz, 1974). Similar effects

on the dopamine synthesis and metabolism have been demon-
\ ‘\x 4

_ strated with methioniﬁe-enkephalih and the synthetic —

\ : -

g A . .
opiodid D—alafleu-enkephal1namide (Algeri, Calderini,

\
\
Consaloziona, & Garattini, 1977; Biggio, Casu, Borda,

Dibeli@, & Gessa, 1978). Wheh one compares these effects
of o§%§$e9 and oéioids to the well-established responses
of doea%ine agdnists and antégonists on the dopamihe
neurons (Ca#lsson, 1975; Groves & Rebec, 1976; Puri,

Reddy, & ﬁﬁl, 1973; Westerink & Korf, 1975), one is very

likely to donclude that opiates inhibit.dopaminergic
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mechaniSm. |

v
~ -.

\ ~

neurotransmission, at least in the -striatum. The fact

v +

that, um!ike haloperidol, horéhine Foes not inhibit the !
dopamiqé stimulation of adenylate cyclasexactifity in
caudate synaptosomal preparations suggests that the ’
oplates &o not act on the postsynaptic dopamiqe,receptér ‘ .
as haloperidol does (Carenzi, Cheney, C;sta, Guidotti, &

Racagni, 1975; Iwatsubo & Clouet, 1975). On tﬁe other

-

hand, there is some evidence of a presynaptic®action of
the opiate reéeptor on the dopamine system. Both mor-

phine and g-endorphin.have been observed to inhibit the

P

+ o, . . . . i
K -induced release of dopamine from striatal slices in . '

vitro (Loh, Brase, Samﬁath—Khanna, Mar, Way, & Li, 1976).,
Motphine also shows a strong inhibitory effect on

dppamine—stimulateﬁ cyclic AMP formation in intact

slices of rat striatum (Minneman, 1977). ,The potency

1]

-

- of dopamine in stimulating thé synthesis ¢f cyclic AMP

is unchangedkin striatal homogénates of morphine-with-

~

drawn ratg while the K+-iﬁduced release of dopamine 1is
increased in similarly-treated rats (Bosse & Kuschinsky,
1976). JThis finding suggests that an adaptation to

chronic morphine administration involves a presynaptic

k3

Althotigh the criterion of opiate antagonist-

reversibility is not, met in these studies, they neverthe-

less support the involvement of the opiate receptor in > .
O

1

- ]
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the release of dopamine. Overall, it has béen proposed

1

. . 5
that activation of the opiate receptor blocks the release

of dopamine and éheréby aétiva?es a negative feedback
 loop which in- turn §timg}3ﬁes the dopamine cell bodies, -

and increasés turnover an& métabolism of dopamine. FTS

show that ‘opiates act on the same feédback‘loop as the

dopamine agonists and antagonists, it was reported that

.
=

haloperidol poteptiated morphine stimulation of dopamine \
. . ; ‘ .
synthesis in the striatumlwhilg apomorphine blocked the

morphine effect.(Puri et al., 1973}.

s

~ 'Biggio et al. (1978) hawe instead proposed a 1local

feedback process that works through presynaptic dopamine

autoreceptors. They observed that intrastriatal injec-

tions of D-ala—léu-ehkephalinamide inncreased dopamine
. . L]

turnover even after destruction of striatal cell bodies

v

with kainic acid and suggested qﬁat this opioid effect

might be mediated by a decreased actifation of’presynﬁps

tic dopamine receptors. But data from another repoft

by Apdén and Grabowska-Andén (1978) do not support\this.
conéention. ‘The interruption of dopamine nerve impuise 3 /
iflow following y-butyrolactone, an agent thatacompletely ]
inhibits neuronal firing in dopamine cells, markedly |

increased the dopa accumulation in the corpus striatum.
v ] ! . R
~ J

- \ﬁApomorphine inhibits this effect presumably by stimula-

.‘

>
*



/
ting dopamine autoreceptors on nerve terminals'. - Morphine :

did not affect the y-butyrolactone-induced increase in

L .

dopa,agcumulétion‘nor did it alter the apomorphine-
induced inhibition“of the dopa accumulation in the

éorpu% striatum- indicating that morphine does th‘plock
. dopamine autoreceptors.’ ‘ '
: Another alternative mechanism for opiate actions

1

on the dopamine neuron was suggested by Celsen ‘and -

Kuschinsky (1974). Because morphine-and other opiateé '

induce §ymptoms of decre;sed dgpaminergic neurotrans-
mission and show supra-additive effectslon dopamine
qti}iiation with neuroLeptiés, these investigators
argued that the opiates might induZe a diversion of
newly-synthesiéed doﬁémine from stdagge sites to sites
of catabolism. Thus, a dopamine deficiency in the
extragranular pool‘onld cduée diginhibition:of tyrosine
hydroxyiation,jre%ultiﬁg in an increased dopamine syn;
thesis. Int@restiﬂgly, McMillen (1979) had found that,
unlike haloperidol, morphine together with aﬁfonelic
acid, anﬁimpulséJerendenp dopaminé-reieasiﬁg agent as
well as afféuﬁtake dopamine blécker (Shore, McMilien,
Miller, Sanghera, Kisé;, & German;'1979), have additive

-

effects on the increase ®in dopamine metabolite, dihy-

A -

droxyphenylacetic acid in the striatum. This finding

-~
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. opioid peptide (Hon; Yang, Gillin, & Costa, 1980).

Y.

argues against the idea that the potentiating effect

on dop&mine metabolism is a result of a compensatory

[} .
mechanism mediated’ through dopamine/synthesis and turn- '

over, and it also suggests that the morphine effect on |

dopamine metabolism is not secondary to its inhibitory

effect on dopamine release. Hence, it seems that mor-
N v

phine effects on synthesis, turnover, metabolism and

release of dopamine are to a large degree independent

of each other. This independence of opiétes effects

agrees to a certain extent with the distribution of
opiate receptors both at the terminals and on cell
bodies of the dopamine neurons. Lastly, it should be

noted that chronic administration of neuroleptics

‘causes an increase in methionine-enkephalin levels in

the. striatum and nucleus accumbens which is presumed

°

td Tesult from an increase in the biosynthesis of the
This -advances the notion that the converse sitpation'
where the dopamine system can affect the endogenous-

opioid system probably also exists.

Behavioral Studies - : , T,
The number of behavioral studies bearing on the

dopamine-opiate receptor interrelationship has been

«e®

~

¢
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tremendously high in the past‘dqude., A variety 6f
fehavioral measures havé Heen used to demoqstrate suca
interaétion. Lay‘(1975) has reviewed the literature on
the involvement of the dopamine system in morphine-with-

drawal aggression and the jumping-response., He concluded

"that morphine-withdrawn animals are supersensitive to

.

dopamine agonists and subsepsitive to the antagonists
presumably as a result/of the inhibitory effect of acute
morphine administration on dopamine Fransmission. Chro-
nic treatment with morphine is believed to induce super-
éensitivity to dopamine agonists in terms of increasing
the number of dopamine receptors. This supersensitiy;ty

effect develops as a compensatory reaction to the con-

tinuous inhibitory influence of the opiate receptor

. activated by the chronic‘morphine treatment, and is

manifested in (morphine-withdrawn rats. Among the other

behaviors that have been implicated in the dopamine-

Fl
o

opiate receptor interaction are catalepsy (Dunstan,
groeﬁkamp, & Lloyd, 1981; Namba, QUOCkn/& Malone, 1980),
grooming (Green, Isaacson, Dunn, & Lanth?rn, 1979), frée-
acCess'foéd intake (Schulz, Wuster, & Hefz, 1980),
intracranial - self-stimulation (Esposito, Perry; &

Kornetsky, 1980; Seeger, Nazzafo, & Gardner, 1980), and

fapomorphine—induced~ste}eotypies (Buckett, 1979; Carlson

~
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& Almasi, 1978).' However, considerable attention has

been paid to the effects of opiates and drugs that affect
Q? . . .

dopaminergic activity alone, and in combination, on loco-

‘motor activity. The intensity of the research in this

area is such that closer detailed examination is justi-

’

fied,

Rotational behavior. One measure of locomotor

"activity that has been widely used to test dopamine

——~

function is the turning behavior following uniléteral
lesion of the nigrogtriatal neurons (Glick, Jerussi, &
Fleisher, 1976; Ungerstedt, 1971a). In animals with
such unilateral lesion of the dopamine nigfostriatal, ' A -
pathway, dopamine receptor agonists. such ag apomorphine
produce contralateral rotation which is believed to be
the result of the' development of increased“ifceptor
sehsitivity on the 1esioﬁed“sidéi‘ D-amphetamine,  on

the othr hand, causes ipsilateral rotation which is

due to its dopamine release action from the intgct

iy '

nigrostriatal nerve endings. Using such a model of

dopamine function, dean, Dettmar, and Walter (197Sb)

shoﬁed a dose;dependent antagonistic effect of morph%ne , "

on apomﬂzphine—indu;éd comtralateral turning behavior
Y

in rats. Since morphine at such low doses does not bind

’

to dopamine receptdrs, it is.veny likely that such an

-



‘mine-induced c1rc11ng behav1or (Cowan, Dqttmar, & Walter,

.0
=%

v
LY

v
- '

effect is being mediated by opiate recepters localized -
. ' ;

on postsynaptic ﬁéurons; and is related to the inhibi-
tory effect of morphine on the dopamine-stimulated
cyclic .AMP production in vitro (Minneman, 1977) which

would neutralize the activatiﬁg actidn of apomorphine

on the dopamine receptor. Another possibility is that-

n “»
morphine which alone produce§®ipsilateral rotatiqg in
unilateral nigrostriatal-lesioned animals (Watanabe,

Ikeda, & Watanabe, 1979), balances the tendency to : -

<,

rotate contralaterally as induced by the apomorphine.
. . : A

Such a proposition would be «consistent with the facilitatory ﬂA

] ) . > . . .
role of the, “opiate receptor on dopamine transmission.

Additional evidence comes from a report showing that.

low doses of naloxone antagonlzed the d- amphetamlne
1p51latera1 circling in the nigral-lesioned ratg (Dett—

mar, Lowan, & Walter, 1978). - {. ‘ o '

. In contrast, an earlier study by the 3ame invéﬁti-

gators has revealed that morphine at 10 mg/kg but not

at lower doses, 51gn1f1cantly antagonized.the ampheta ‘

o ‘ . . ‘

1975a). This latter finding has recently been replicated -
1 .

-

and, in addition the morphine effect was found to be

dose-dependent and naloxone-reversible (Slater & Blun~\

" - |

dell, 1979; Slater, Blundell, & Crossman, 1979). These_

L4
e
1
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. .data make a strong argﬁmed; for the inhibitory role of

opiate recepfor on dopaﬁine release. Finally, one has
to take in%o consideration the fact that unilateral
intraﬂigral injection of morphine produces contraiaterai
cirEling behavior (Iwamoto & Way, 1977; Pert, sDeWald,
Liao, % Sivit, 1979). Pretreatment with d-amphetamine
or haloperidolrpotentiates‘or aﬁtenuates respectively
this morphine-induced contralateralvcircling behavior
(Kaakkola, 1980) suggesting that activation of'opiaﬁe
receﬁtors on the dopamine Eé11 bodies stimulates dopa- °

mine neuronal transmission. Howeverﬁ

~

siétency of the results across studies and the "likely

given the incon-.

1nvolvement of other?transmltters in the rotation be-

=, -

[S

havior (Gllck et al., 1976), dnd .the fact that”%ost

. - .
studies do not satisfy the criteria for receptor speci-

Y

ficity, the}question concerning the directionality of

.'the opiate receptor input to the dopamine transmission

'still remains confusing on this behavioral measg;e.

Locomotor activity in the open-field. One" behavi-

oral assay that has been extensively used in pharmaco-
- Pl
logical studles is locomotor activity. A variety of

techniques and procedures have been developed to measure
locomotor dctivity, ranging from simple counts of the

number of squares crossed by the animal in an open- .

’
7

-

% .
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field, activity wheels, stabilimeters to sophisticated*
vistration—monitgring device in the floor of an open-

field chamber to pick up selective movements of the

t
animal. However, the most often used index of loco-
motor activity is photocell counts in the open-field.
Although‘the open-field itself is a very complex\test‘

Q(Warsh & Cummins, 1978, 1976), the-measure of activity
or ambulation has repeatedly been shown to be\é réliable
(Broadhurst, 1960; Manésewitz, 1970;&Weasnerquinger,
& Read, 1960; Whimbey & Demnenberg, 1967) and valid
measure of emotional stability (Henderson,” 1970; Royce,
1977; WhimBey % Denenberg, 1967). In his review, Royce
(1977) identified one of the.three lower-order'constructs
of emotional stability to be motor discharge, and the '
primary indicés of the latter factor as being latency
to move, actiyity, and penetratiqn to. the center of the
field. " |

. Ampﬁ%tamine effects on locomotor* activity are well
stablished (Dews, 1958). It has generally been found

tha amphetamine disrﬁpts normal iocomotor patterns of

* ambulation above doses of 3 mg/kg tRandrup'&-Munkvad,

- 1870) or 5 mg/kg.atlwﬁich point éteggotypeq behaviors’

~ like biting,:gnawing, sniffing, kicking, and _ggall head

-

movements start to emerge. .Such observations: evidently

'
L]



'Nevertheless, Krsiak, Stelnberg, & Stolerman

have reported hlgh correlatlons between obs,rved walks
’gnd photocell counts when animals were admlnlstered‘
doses of amphéfamihe ranging from 0.25 to 2 mg/kg.

. Another reléted problem oé vaiidity is whether change;
6n photocell counts in thg open-field reflect acpions'
on 10E6motor activity or exploration or both'(B%oad—
hurst, 1960; Christmas & Maxwell, 1970). With regard

to amphetamine, the drug has consistently been shown to

increase loc%?otor activity while inhi?iting éxplorat“
(Cox & Tye, 1975; Robbins & Iversen, 1973).° The neur
anatomical site of amphetamine-inﬂuced 10F0motor ac i-
vity appears to be locﬁlized in the nucleus accumbens

of the limbic system (Kelly & Iversen, 1976; Kelly, . \
%evious, & Iversen, 1975; Fink & Smith, 1980; Franklin:~
& Roberfson in press). Furthermore, the primary neuro-
transmltteﬁylnvolved in this amphetamlne effect seems

to be dopamine (Holllster Breese & Cooper, 197@, Pij-
nenb%rg, Hdnlg, & van Rossum, 1975; P;Jnenbrug & van
Rossum, 1973; Robertsh Zis, & Fibiger, 1975). The .

mechanism of amphetamine action seems to consist of a

\

'



v . .
tion of its re-uptake from the synaptic cleft (Cooper,

simultaneous ;eleas;/?f dopamine as'well‘as an inhibi-
'Bloom, & Roth, 1974; Groves & Rebec, i974: Taylor &.
Snyder, 1971). | L
'“Opiates have received as much attent;on in térms
of their effects on locomotdr.activitx.\ }n génerai,
. low doses‘of opiates -produce a biphasic effeét stgrfing
2 with an initial depressant effeét‘fqlléWed bX an exci-
- + . tatory effect‘(Bébbini & Davig,‘1972;lBrowﬁé & Segal,
1980; Fog, 1970; Oka & Hosoya, 1976; Sloan et al., -
-1962). “Both the depressive and excitatory effects of
the opiateé seem fo be mediated by the opiate receptor
(Holtzman, 1976;- Oka & Hosoya, 1976). In parallel to
amphetamine-induced locomofof activity, the nucieps

accumbens has also- been implicated in the morphine-induced

L . ,
changes in locomotor activity (Pert & Sivit, 1977). 1In

=™ ®

contrast, enhanced‘néloxonerfeWersible motor activity
. , was reported after adﬁinisfrafion of ﬁorphine and the
synthetic opioid’D—ala—enkeﬁhalinamide in the vent;al
tegmental areahﬁa regian which coﬁtains most of the cell
bodies of the mesolimgic dopaminergic pathway (Broekkamp,
Phillips; & Cools;(1979§ Joyce & Iversen,~1979; Keligf,‘
Séinus, & Iversen, i980; Stinus, Kogb, Ling, Bloom{ &

LeMoal, 19§0). ' To explain these results, it.was pro-




.
i
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posed that.opiates act through oﬁiate receptors to

-

stimulate '‘A10 dopamine cell bodies by;two different
. mechanisms. One is inhibitién of a tonic inhibitory
. system afferent to the dopamine ;elIs with the opiate
,ﬁ(recgptor localized on the termin%ls‘of the presynaptic

v

neurons. The other is inhibition ofiaendritic release
'o% dopaminébon'the same afferent Qutﬁht with fheeopiate

: receptor localized on the doﬁamine<cell bodies.

ﬁHowéver, the first Tefort on direct interaction

between the opiate receptor and the dopamine system ‘on
locomotor activity showed that the activity produced by
amphetamine is teduced by morphine (van Nueten, 1962).
This finding has subsequently been successfully rep%}—
cated by Fog (1970), and Yehuda,‘Zadina, Kastiﬁ, and
Coy (19§0). _The situation becowes more complex, on the
other hand, when one looks at studies using the opiate

* antagonists and/or difﬁerent species other than the rat.
For instance, Hqitzméi (1973) found that naloxone de -
creased amphetamine-induced locomotor activity-in rats
but not in mice even at doses as high as 100 mg/kg.
And while Haber, Hatsukanmi, Bergeﬂ, Barchas, and Akil
(1978) reported no effect of naloxone on émphetamine

locomotor activity in rats, Dettmar et al. (1978)

showed an antagonistic effect of na¥9xone on the stimu- ,
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lant activity of amphetamine in mige. In addition,

.electrolytic lesion and chemical blockade with haloperi-

dol of the ppstle‘rior nucleus accumbens completely abol-

ished amphetamine hyperactivity but only reduced mor-

phine-induced \tncrease in activity (Teitelbaum, Giam-

matteo,-& Mickley, 1979). . .

.
L

“In summary, the, set of behavioral studies mentioned

above seems to favour the hypothesis that morphine and

" opiates or opioids through activation of the opiate

7

receptors increase dopamine transmission at least in

the mesolimbic dopaminergic pathway assuming that such
) f N - - - . -

an increase in dopamine neurotransmission leads to en-

hancement of motor a‘ctivity (Pijnenburg & van Rossum,

1973) . "&ich aconclusion is inconsistent with the -idea .

of an inhibitory influence of the opiate receptor on the

- . - b

dopamine transmission discussed in the 'électrophysio’-

o

logical and biochem&cal studies sections. A reconcili-

. ation of these data could be madé. based o:n a ‘biphasic

bpiate action on the dopam-i‘ne neuron as propoéed by
Di Chiara, Vargiu,’Pro'cecidu, Longomi, ‘Mulas, and Gessa

(1977). These investigators s'uggested that opiates

produce their depressant effects by an inhibitory .

action on the terminals of the dopamine system, whereas

the e’xcitatbry e‘ffects‘ seem to depend on. an indirect
} , ' ]

I
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,? .N e E
stimulatory action on the dopamine cell bodies. lln :

e . b i . X
‘agreement with the proposal, studies have shown that

injection of opiates or opioids directly into the ter-

minal areas of the dopamine nigrestriatal system (Dill

P

% Costa, 1977; Dunsfan, Broekkamp, & Llloyd,' 1980;
-Koffer, Berney, & Ho'rnyki’ewicz, 1978) orrth‘e dopamine
| m‘ésolimbic syste;rl (Costall, Fortune, & Naylor, 1978;

Dill & Costa, 1977) produced catalepsy, which might be
cdnsi&ered 'as absence of locgmotion 'in‘this context.

If remains to be seen how well this mechanism of opy;e

action willy stand up against ‘future research.

[
7
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The Present Investigation

Meanwhile, there are some important general factors
to consider in all these' studies. First, some species

of animals 1like cats and mice show predominantly exci-

—
o

tatory effectsin Tesponse to opiates unlike rats that

—

"show both the depressive and the excitatory gffects.

Second, given that opiates have biphag’ic effects when

administered. systematically it is important to look at
the time course of the opiate effect over an extended
period of time. Third, there has been little concern

LN .
about the possible interaction between stress and

v .
v -

drug response in these studies. Consideration of
these roblems could potentially reconcile the ‘con-

flicting data in this area of research. The object of

\
¢

the present thesis is to elaborate further on the

interaction between the opiate receptor and the dopamine

e

system at the behavioral level using the open-field
locomotor activity measure. Recently, Amir, Blair, and
Amit (1979) have demonstrated that chroniic naltrexone

4
pretreatment enhanced amphetamine locomotor activity.

Using the same paradigm, a -series of experiments will
be conducted to investigate the interaction between
chronic naltrexone pretreatment, amphetamine, kind of

animals used, and, stress of environmental stimuli..

hJ
v
- ' ]
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Experiment i"is'deéigned firstly torstudy the effect of

chronic naltrexone pretreatment on amphetamine action,

in a new population of'Wista;r rats, and secondly, to

find a dose-dependent effect of amphetamine on the
locomotor activity measure. Experiment 2 will re-exa- v
mine. the interaction between éh‘ronic naltrexone I;re-
trea'tment‘é‘r'ld ampheta’mine on the o1ld popula ipn of
’Wi/star,rats.. In Experiment 3, the same in eracgion will’

be invéstigated in the old: colony rats but this time

- ’

. in. the presence of a noise 'stressor. F;l/rxally, Experi-
kY ment 4 will. look at the interaction of he chronic
naltrexone and amphetamine on new colony rats in the

presence .of the noige stressor:

. . '

P R
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EXPERIMENT 1 U g
In rats chronic treatment with the o.pia'te antago-
nist, naloxone results in supersensitivity to the

analgesic actions of morphine on the tail-flick test

: (Tang & Collins, 1978). A similar supersensitivity effect .

was found to dopamine after chronic administration with

.

dopamine antagonists (Burt, Creese, & Snyder, 1977).
Consistent with Collier's (1965) thifd concept of ‘

receptor induction, these findings support the view
t,hat~ if a living organism\i/s distorted by &XCe5s OT

-

deficiency of a chemical substance, induction of recep-
tors in the direction-lessening that distgrtion is to -
bé expected. . Just as the dopamine supersensitivity

effect was associated with an ipcrease in dopamine

receptor sites with no change in binding affinity
(Burt- et al., 1977), Lahti and Collins '(1978) sim’iiarly
demonstrated that chronic naloxone treatmernt for four

“weeks in rats- increased the 3H-naloxoné ‘b}indin‘g with.

no change in affinity constants.
. This supersensitivity phenomenon provides a 'gbod‘

tool for investigating the interactions between drugs .

’

" and neurotransmitters mainly for two reasons. First,

the éupersensitivify effect usually lasts for several
da\ys, and even weeks. (Lahti & Collins, 1978 ; Freidhoff,.

~

H
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k '1979) thus giving ample time for the drﬁg to.leave the ¢

! »

sy'stem completely. " One is then leftrwith a drug-induced
structural change that is physiologi%.ally functional .

and that can be studied very selectively without the

| .
complications of drugs intera]‘ct‘ion / Second, it 1is a . -

laborlous and arduous task tqylng té dlfferentlate be-

]

tween the selectlve actlons of drugs on motivational

effects because

i

: w0t

systems and-their motor debilitatio
vl»some" drugs like morphine are known |to’ have general

motor depressant properties. Inte egtingly, the super -

sen51t1v1ty phenomenon provules an/attractive model be-

cause it basically shifts the dose-response cuxjve to the!

16£t so that low doses of the drugs that do not’ usually

29

produce changes in motorgactivity,

investigated ‘for their effqtts. o

can '‘possibly be
the selected behavi-
oré11~ system. fn the cage‘ of dr gé that affect neuro-
transrﬁi"cter sygtemé, it is expected-that the ,sui)erse'n— .
sitivity effect will be reflec ed in these systems too.
.Foilowing the abéve ratli nale, Ami’r et al. (1979)
'ychro‘nic)ally ?retrea;cedﬂ/rats yith- th‘e~opiate an\tagonist .
ﬁ'a-lt';r’e;c'one' and found an enhancement of amphetamine- .
induced locomotor activity

n the naltrexonérpretreated

animals as compared to the ctivity of the saline-pre-’

- tfreated rats. Naltrexone f[itself is a long-lasting
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opiate antagonist that is almost devoid of agonistic
opiate properties (Blumberg & lkeda, 1978; Pace, .Parrish,
Lieberman,- .Wong, & Bl'a.tnic:k, 1978) . Like naloxone, it
hes also been used success fully to‘ ind&ce opiate super-
sensitivity in infant rats (Paul, Diaz, & Ba11ey,,1978)
- The enhanced response to amphetamlne in naltrexone -pre-
treated animals as observed in Amlr et al's (“1979) study
supports the contention that the dopamine neprotransmit—
ter system is closely linked to the opioid s‘ystem. fhe
pl’esent experimen‘q was directed to extend theﬂdata base
’.of Amir ef ;1'5 (1979) study by us'ing three doses of
amphetamine . E
Method . \

Subjects‘ The subJects were 48 drug-naive Wistar
rats of the new colony (see Appen _&x A; Canadian Breed-
ing Laboratorles Ltd.) welghlng 200-250 g at the begln-
ning of the experiment, Anlmals we're housed individu-
ally in stainless steel cages in a temperature- regulated
TOGMk (20 c) with .a 1Z-hr day-night cycle (light on from
080'0 fo 2000 hf). Food (Purina Lab Chow) and water‘lwere
made available aél libitum. The animals were handled
for at least tu‘ro,day.s~ before th‘e beginning of the éxpe— ‘

riment.

Apparatus. Four wooden chambers' (45.7 cm x 45.7 cm.

+

O



’

x 39.4 cm) were each illuminated by a 40-watt incan&es-_‘

cent bulb placed 80 cm above the center of the floor
of the chamber. Each chamber was equipped with' four
seks of light sources and photocells. These pairs of
light soﬁrces and photocells were located 3.8 cm above
the floor and arranged so that a péir of 1ight\beam§
crossed the other pair of light beams perpendicularly,
dividing the act?vity chaﬁber into nine eqd;; squares,

Locpmotor activity, -as measured by the number of times

. the rat crossed thé light beams, was recorded automatic-

ally on counters connected to the four intersecting
photoce11‘§eamsf

Drugs and Injéctiéns. Naltrexone hydrochloride

(Endo Laboratories Inc.) was diséolved in injectable

saline solution to a concentration of S»mg/ml (pH =

5.7). D—amﬁﬁetamine sulphate (University Hospital

Pharmacy) was also dissolved in injectable saline solu-
tion to 2 mg/ml (pH = 6.65), 1. mg/ml (pH-= 6.5), and

0,5 mg/ml- (pH = 6.35). Saline solution'was used for

o

control purposes. The- naltrexone pretreatment injec-

i

" tions were given subcutaneously in a volume of 2 ml/kg

. s ' A
and the amphetemine treatment injections were adminis-.

terqd.intraperipoﬁeally in a volume of 1 ml/kg..

Désigﬁ and Procedure. Animals were randomly

v
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3.551gned to thﬁ elght experlmental groups deflned by
four levels of amphetamlne doses, 0 (saline), .S, 1,
or 2 mg/kg, and two levels of pretreatment, saline or |

10 m.g/kg of naltrexone (n = 6 for each group).  After
o B 4 (__ \‘ »;‘ 3
2 to 3 days of .adaptation to the animal room, the

animals were pretreated with e\i.ther saline or naltrex—f

%

o
. oné (10 mg/kg, subcutaneously) dally for 8 days be tween

y

1200 hr and 1400 hr. Two days after the last 1nject10n,

amphetamlne was 1n3ected to the animals.at dlfferent

TR

doses (saline, 0.5, 1, or 2 mg/kg,'1ntraper1toneally)
ffteen minutes followu1g the injection, the anlmals

.were placed individually in one corner of the act1v1ty

chamber. \Act1v1ty counts, as measured by .the number

of light beam interruptions were noted after 30 minutes'.
{ ¥
The activity chambers were located in a sound-insulated

Y

room and testlng/ always took plac:e between 1100 hr and‘
\1700 hr. ° The anlmals were. retested 7 and 14 days after
the termination of 'the naltrexone pretreatment using .
. the same experimental procedure. ‘ e
Re'sults © o )
Data for one amrimal in the salinp—séline group

wére lost. The means and standard errors of the mean
. . N
- of thé activity counts for different combinatiohs of

¢

chronic drug pretrea,trrnent (naltrexone, N or "saline, S)

’
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-and drug treatment (saline, S; 0.5.mg/kg, Al; 1 mg/kg,-
A2; or 2 mg/kg of amphetamine, A3) for the different

trials are shown in Figures 1, 2, and 3 (see Appendix
T .

B, Table 1)u' A factorial analysis of variance of the

. data (see Appendix C, Table, 1) indicafes a 'signifisant

increase in locomotor actiwity was produced by ampheta-

mine, F (3, 39) = 12.16, p < .001, as well as a signi-

. ficant interaction between the naltrexone pretreatment

v , .
and thetamphetaminq treatment, F (3,.39) = 3.26, p'<

.05.. There was neither an‘overall change in activity

over the three trials nor any Drug x Trial interactionms.

B e il e e T T T e . . e pp—"

N

sed activity at all doses used over the threé trials
'tgﬁ< .001). Similar tésts reveal a significant ded%easq
in a;tivitf in ﬁhe chronically naltrexone-p}etreated
animals when\compafed to the,saiine—pretregted animals
at the lq;gkkg dose of amphetamine (p < .05) but no

significant chané% at the two other doses of amphetaminff

!

\
"The most profousd attenuating effect of the chronic nal-
trexone pretreatﬁqnt is seen on Day 14 after the termin-

ation of the pretreatment regimen (=419 decrease).

4y
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Figure 1. . Means (*S.E.) .of activity gounts for rew colony animals

. in’different combinations of pretreatment, (saline, S or naltrexone,

N} and treatment (saline; S; 0.5, Al; 1, A2; or 2 mg/kg of ampheta-~
mine, A3) under no-noise condition (testing session Day 2).
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N) and treatment (sallne, §; 0.5, Al; 1, A2; or 2 mg/kg ‘of ampheta—
mine, A3) under no noise condltlon (testzng session Day 7).
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N) and treatment (saline, S; 0.5, Al; 1, A2; or 2 mg/kg of ampheta-
mige, A3) under no noise condition (testing session Day 14). ‘
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Discussion ' » _ . S
v Y ’

The present findings are in contradiction to Amir

et al's (1979) data. In their study, it was reported

'

that the chronic naltrexone pretreatment enhances the
stimulant action of 1 mg/kg dose of amphetamine on
locomotor activity in the opeh-field. Using the

identical experimental paradigm it is now found that

the chronic naltrexone pretreatment instead attenuates

~the 1 mg/kg dose of amphetamine. The most pronounced __ .

attenuating effect of the naltrexone treatment is seen

-

on. the Day 14 trial session. In contrast, the potenti-'
ating effect of naltrexone in Amir et al's (1979) study
was gmneatest on Day 7 triaiwsesSion. Some other impor-

tant points -should be noted too. For instancg, although

Amir et al. reported a significant drug‘effect which
included a dose of 1 mg/kg of abomorphi%e as one level

'0of the drug treatment, there were no statistical ‘reports |
> 3

of the effects of amphetamine alone oveér the three trial

sessions. In thé present experiment, there were signi-

3

- ficant increases in activity produced by all three doses
of amphetamine at all trials. From the graph in Amir

et al's (1979) study, it seems that the amphetamine-

\

induced hyperactivity was observed only on Day 2 trial

-

; o
session. The average activity counts for the amphetairine

N )
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alone at the 1 mg/kg‘'dose ranged from 919 to 1200 in
contrast 'to the values of 250 to 450 in a similar group C
in Amir et.al's study. But the values for the saline

-

control animals diffe; in a similar way. An average
activity counté of 536 over.the three trials.was fgund' Co
in the present experiment while Amir et al (1979)

observed a lower average of 260 actuyity‘counts for

:similar conérol animals. In both studies, amphetamine

seems to.increase the activity of the animals significantly.
Hence, the high activity counts in ‘the amphetamine

animals at the 1 mgfkg dose are not artifactual and do

not' account for the oﬁgosite results to Amir et al's ¢
(1979) fiﬂdiﬁgs: Instead, ;nq would tend to think that'

the tolerance to the amphetémine effect on the last two
trialsfmight have’ contrihuted to ﬁhe large difference

between the saline-pretreated and naltrexone-pretreated

animals in the early study. Yet, 1t certainly does not

: g ; Lk o
_explaint the difference in activity between these two

gfoups on the first trial. In the present case, no
such tolerance to amphetamine developed in terms of the

activity of the animals in the open-field.

—
I

Also one can note that even though the motor ,
activity level was higher in naltrexone-pretreated

¢ .
animals than in the saline-pretreated.animals at the

<
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0.5 mg/kg dose of amphetamine, the differencé was -not o

significant‘at any trial session. Unlike the~obéerva-

tion made by Amir et al. (1979) ; there was no ‘habituation

" . \
to the open-field chamber in the saline.control animals.

Given all these differences in findings between the two

studies, one would tend to conclude that either there
were some differences in the experimental procedures or
that the sample of animals in the two studies did not

belong to thé sdme pdpulétipn of animals.

[

&

>
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EXPERIMENT 2

One possible explanation for the discrepancy

" between ‘the data in Experiment 1 and those of Amir et

al. (1979) is that the animais used might have been

-

different in some Tespects. Recenfly, the Canadian

éreeding Farm and Labpratoriés Ltd. which 1is the main ~

‘supplier of laboratory rats in Quebec, has been providing

our laboratories with a hew kind of animals that are

-

referred to as ''new colony animals':; on the other hand,

the animals that have been used-earlier are called

LA %

"old colony animals''. The differenées in terms of
&

“

rearing conditions or treatment procedures between the

tw& kinds of ‘animals are summarized in Appendix A. °

It is known now that the animals used in the Amir
l\
et al. (1979) study were from the 61d colony (Amir,

Note 1). This difference might explain partly the.
performance of the saline control animals in the open-

field. The data gathered so far in our laboratory sug-

gest that the new colony animals when compared to the

old c@lon& animals are more hyperactive, more difficult
to handle, very susceptible to infection, and do not
conéistently gain weight. When-tested on some of the

laboratory behavioral tests, they are less suSCeptible
. P g
to the morphine conditioned taste-aversion effect, and
5] . .

N
) B -

- — L .. K
’
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.

drink less.ethanol in ethanol preference studies (Hunt,

\4gNote 2; Socaransky, Note 3). It is concelvable, by
extension of the above mentloned dlfferences that the
new colony animais from Experlmene 1 reacted differently
to drugs iﬁ‘a S ressful situation like the oﬁen-field.
'Te elucidate this dquestion, Experiment 2 was conducted

on old colony/ animals using the same'experimental para-

digm, and o lyefhe,I mg/kg dose of amphetamine.

Method.

rooﬁ (21° C) with a 12-hr day-night cycle (light'on

'

frem 0800 hr to 2000 hr). Food Gﬁurina Lab Chow) and

the experimeént.
Apparatus. Four wooden locomotor chambers as
desgribed in Experiment 1 were used: : Y

Drugs and Injections. Similarly és in Experiment

1, [naltrexone hydrochloride was dissolved in injectable

salline solution to a concentration of 5 mg/ml (pH = 5.7).
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D—amPhetamine sulphate was dissolved in iRjectable’ .
saline solution to 1 mg/ml (pH = 6.5). Saline'solution .
was used for control purposes. The naltrexone daily

pretreatment injections were given subcutaneously in a

1

volume of 2 ml/kg and thehamphetamiﬁe\treatmeht injec-

tions were administered intraperitomeally in a volume
of 1 ml/kg. K > , 20

L] . L4
Design and Procedure.  Animals were randomly

assigned to the foﬁr‘ekperimentai‘groups defined by two
levelg of amphétamine doses, 0. (Saline) ér 1 mg/kg of
amphetamine, ahd two 1evgls'of pretreafmenf,\saline or
ld mg/kg of naltrexone (nZ; 6 fér each group). After

»w

2 to 3 days of adaptakion to the animal room, the
animals were pretreated with either saiine or naltrex-‘\
one (10 mg/kg, subbutaneously) daily for 8 dgys between

 1200 hﬂ and 1400 hr. waidays after the %ast injection;

\_Ihe ;nimals were injected with either saline or ampheta-

' mine (1 mg/kg) intraperitoneally; %ifteen minutes . |

fO;Iowing thﬁ injection, the animéls were placed indi-

vidually in Jne corner of the acf{vity chamber.l
Activity counts as measured by the‘number of light beam
,J interrubtions wére noted éfber130 minutes. The éctiVity

chambers were located in a sound-insulated room and

testing always took place between 1100 hr and 1700 'hr.



treatment (naltrexone or salinej and treatmént (saline

or 1 mg/kg'of amphetamine) for the three trial sessions

a main effe t’of a phefamine, F (1, 20) = 72.65, p <

7

.00L, - x Trial interaction, F (2, 40) =
3.37, p < no Naltrexone xAAmphetamine inter-
action.

i m - - . - - v o~ ——

-pretregted and naltrexone-pretreated animals

trial sessions (p 2 ”001).I,Chronic

IS
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1

shown by the simblé'main effect of naltrexone at Trial 3, l_.
F (1, 40) = 5.98, p < .05. )

Discussion
The data in this second expefiment‘fail(to show )

-any interaction between the chronic naltrexone pre-

~—— treatment and amphetamine treatment on the animal loco-

motér activity in the open-field. The naltrexone-pre- '
o

treated animals showed more motor activity than the
saline-pretreated animals.  when challenged with 1 mg/kg
dose of amphetaﬁine for the first two trials but the

diffeiences were ﬁot statistically significant. Here
ag%in, the saline control animals displayéd morei%oﬁor
activity than the‘saﬁelcontrol group animals in Amir
et al.'s (1979) work, and there was no habituation to
;he open~field chamber either. . Tﬁe an@maislthat were '
)treated with naltrexone alone had average activity -
counts lower than the saline contfol animals at the
ufirst and last trial session§;«but the décrease‘in motor
aétivity by naltrexone wés only statiétically signifi- ,
cant -at the last trial session. Instead, Amir et al.
(1979) have found an overall deergasé in activity over
all thfee trials. ‘Finally; as an\indek of internal
vélidity, one ah.ngte‘fhat‘the 1 mg/kg dase of amphe-
tamine ébout dg bLgdché activi{;'og the amphetamihe-

y
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. N . 2 , °
treated animals when compared to the activity of the

7 ' o

saline-treated animéis aé'similarly reported in Expeéri-

“ '

'ment 1. Again, as observed in Experlment ‘1, there was

¢ S

-7

no tolerance to the amphetamlne effect across trials.

To conclude .the dlfference in the k1nd of animals

s

used does not seem to explain the dlscrepancy in flndw

1ngs’between Amir et al's (1979) study and Experlment

t * » .7»

1. The failure to show any interaction between the
naltrexone pretreatment and the. amphetamine efchf in
thiglsecond expgriﬁent éuggesfs that there might be
some environmental conditions der whiFh'the inter-

active effect can’'be triggerfé and observed.

3
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EXPERIMENT 3 '
! The failure to repliéaté Amir et al's (1979) find-
ingAdoéS nét -seem to be the result ‘of.the differences
between the new.and old colony animals alone. Even
though the data in Experiment 2 are*less disc}epant
from those in Amir et al's (1975) study in that the -

saline contrdlldisplayed less activity than similar

S i . ) e
control animals in Experiment 1, and there were sta-

tistically nqpsignificént increases in‘amphetamine
hyperactivity in naltrexone—pretreated>animals rela-
tive to the activity.of ﬁhe‘saline-p?etreated'éﬁimals.*
Another possible factor might‘Pave affected the
results in the two ea;lier,experiments. White noise

™

tor mask the background noise‘during'%h@ open-field .
~ ‘ '

testing gs routinely used by some researchers as part

'of the experimental procedure. . This practice is some~

times taken for granted and omitted in the published

description of the procedure. . Since such-was the ¢ase

_in Amir et al's (1979) study, ‘it might explain the low

level of activity in the'saline congigl animals as 1t
Has bgen'previouslyqobserved (Cox & Lee, 1975; Cunha &
Masur, 1978; Ha}l, 1936) and might equally shed some
light on the exact nature of the chronic naltrexone

and amphetamine interaction. In this third experiment,

o

L

+
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using the same paradigm except tHat white*noise &as
plped in the testing room throughout the ‘testing period,

the 1ntera@t10n bétween chronlc naltrexone and amphetayj

9

mine on 1ocomoto% activity was~aga1n studied .in the"

old colony animals. ‘
Method e

f
-~ »

-Subjects. The subjects were 24 male Wistar'rats'
of the old colony (Canadian Breeding Laboratories Ltd.)
weighing 200 250 g at the beginning of the experlment

The animals were housed under similar room conditions

A

and treated similarly as in the previous two experi-

ments‘?

.
i

Apparatus. ‘The same four wooden locomotor actitity
chambers as described in Experimentrl were used. In
Jaddition,'o noise geoerator Grason-Stadler Model 901 B
(West Concord, Massachusetts) was used to provide white
noise:. ' ' o o

Drugs and Injections. Similarly as. in Experiment

1

1, the daily pfetreatment injections of.naltrexone

hydrochloride in saline solution.(é mg/ml) were given

e

subcutanéously in a volume of 2 ml/kg.. Amphetamlne

sulphate which was -also in gallne solution (1 mg/ml)
was admlnlstered 1ntraper1tonea11y tn a Volume of

1 ml/kg. As usual sallne solutlon ‘wasg used for control

v



purposes. -

‘Design and Procedure.- As‘in Expefimentkz, animals

“

" were randomly assignéa to'the four experimental-grouﬁs
deflned by two levels of amphetamlne doses .0 (saline)
or 1 mg/kg of amphetamlne,’and two levels of pretreat-
ment, saline or 10 mg/kg of\naltfegone'(ﬁlz 6 for each)
. /- . _

group. Using the samgvexperimental procedure, the =
aniﬁals were chrdnicaily pretreated with either‘néltrex—
one or saline for 8 days. Two ééys after the last day
of the naltrexénp préereatmeﬁt, animals were tesged
for locomotor. activity in the activify chémbers 15 min
following an 1n3ect10n of either saline or amphetamlne

In addition to the previous experlments, white n01se

was 1ntroduced into the testing roowm through a

loudspeaker connected to the noise generator. The noise’

level in each chamber was maintained at 70 .db throughout
testing. Similar testing was carried out at Day 7 dnd

Day 14 after the termination of the naltrexone regimen.
. Results ' ‘

P4

An illustration -of the mean activity counts,and
Standard error of the mean for the old Coloﬁy animals
under noise cond1t1on for different combinations of

‘drug pretreatment (saline or naltrexone) and drug B )
. :

treatment (saline or 1 mg/kg of amphetamine) at Déys'

e
'

l




2, 7, and 14 after termination of drug pretreatment is

giVen in Figure 5 (see Appendix B, Table 3). AZx2

'x'3 analysis of variance of thé data (see Appendix C,

Table 3) reveals a significant main effect of 'ampheta-

mine, F (1, 20) = 72.39, p < .001 and a significant

" interaction between naltrexone and amphetamine, F (1, 20)

, i
= 4.50,-p < .05. There were no significant. interactions

between trials and drug treatment or drug pretreatment.._

- - em ey o e e e e me e e e

Amphetamine increased activity counts in animals

independent of the pretreatment condition. However,

1

ﬁost—hoc Tukéy tests show that the Ghrbnic naltrexone

pretreatment significantly attenuated the amphetamine-

- induced locomotor actdvity over the three trial seSsions,

p < .05. But naltrexone alone.did not seem to have
any significant effect on the locomotor activity of
the animals under the present experimental conditions.

Discussion

.

As observed in Experiment 1, the data in Experiment

3 once again showed that chronic naltrexone pretreaiment

\

attenuates rather than enhances locomotor activity. 1In

the present case, old colony animals were studied under

N N
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’ _ ‘\ . .
white noise condition while in Experimént 1 the aniﬁals
were from the new célony and ' were testéd-hnder no noise
conditibn. These ,£findings aéree with tﬂerbservation
that the new colony animals are more hypefﬁftiQe and
more susceptible to handling stresg. In this respect
they behaved similarly to old colony animals under noise

stress when they were themselves hot subjected to such -

k!
v

stress during testing.

Here also one can observe some consistent patterns

in the findings with the first two experiments of this

investigation. As noted 1in both Experiments 1 and 2,

‘there was again no tolerance to the effect of ampheta-
mine on locomotor activity over the three trials. Even
though the saline control aﬁimais §howed a lower activity
1ével‘iﬁ the preSence of white noise théy exhibited no

~differential response to tHe amphetamine in this parti-

.cular stressful situation. Naltrexone pretreatment

_alone also did not affect .the locomotor activity of the

animals at aﬁy trial sessions. Except at the last tridl

[l

in Experiment 2, chronic naltrexone pretreatment in

"general does not seem to alter the locomotor activity

-

" of animals significantly under this experimental condi-

‘tion. Although an explanation for the depreséive efféect

.of chronic naltrexone pretreatment in the second experi-

7




~ .. . ment.is yet to be found, it appears that the effect
of 'the naltrexone treatment is very sensitive to envi-
" ronmental conditions. White noise-seems to elicit the
manifestation of the naltrexone pretreatment effect on
S amphetamine-induced locomotor activity in old colony
v ' - ’ ' ‘ . - -
animals. In new colony animals, the interaction effect.
between the opiate antagonist treatment and the amphe- {
"+ tamine effect was observed in the absence of white
noise. .
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of the naltrexone -treatment in attenuating the ampheta-

EXPERIMENT 4

Twice in this series of experime‘n"gs the da1.:al
revealed that chronic naljci“exone pretreatment decreases
the amphetamine 1occ?motor activity in lthel ope'n—fiel’d. ;
These findings do not agreel‘with Amir et al's (1979)
results'w\hich suggeéted an opposite effect of chronic
naltrexone on the amﬁhetamine-indu;:e@ locomotor a;:tivity.
Neithér the kind of animals used nor tHe noise stress

condition seem to account  for the '‘discrepancy in these

findings. But some consistent patterns.in the daté in

~the first three experiments of the present reseatrch

provide a good measure of their internal validity.
- PR o
In old colony animals, white noise appears to
unmask or precipitate the interaction between thronic

[ ) L . T
naltrexone and amphetamine actions. For the new

- coldny animals, the interactive effect was evident

even in the absence of the white noise. Tt wolld be
of interest to know what would be the effect of "white

noise on the chronic naltrexone-amphetamine interaction

in the new colony animals. Based on the previous

i

e}cperifnents, one can speculate two likely possibilities.

One is that the noise factor would show greater effect

'

mine hyperactivity.” In such a case, the noise stressor
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~

“would be acting in a similar manner. in the new colony '
_%’ . . ] .

animals as it did in the old colony animals, and that
‘is‘m'akﬁing the arllimals more suscé‘ptible,to the comfaine:d‘
actions of naltrexone pretreatméﬁt and the amphetémiﬂe
challeng'e‘ A gecond pbssibi,litif'is that t'he.’addition'al I
stressor‘mighf cause excessive arousal ini"these othe{r-

wise hyperactive-new coiony animais. This exce.ss_i,ve
_arousal could in one way or another suppress the inter-. - - '\ /‘
action effects. iixperimerit 4—wa’»s therefore conducted g A /
to answer this last question. ' | o ‘ L \
Method L\ | ‘ Co \ﬁ

Subjects. .The subjects were 24 dr;ug'—na‘ive male )

- Wistar rats of the new colony (Can‘adi'ah Breeding Labora-
tories Ltd.) weighing 200-250 g at the start of the
éxperiment. Animals were housed and treated'in é
simi}_ar way as in)the previous experiments.

» Apparatus. As in Experiment 3, the appai‘atus'
"consists of the same set.of four woqderi locomotor S
activity chambers toget\her with the noise generator

which provides white mnoise into the testing room

L4

through a loudspeaker.

Drugs and Injections. The drug concentrations e

(naltrexone, 5 mg/ml; amphetamine, 1 mg/rﬁl) , the .volume

of .iﬁj ection (naltre;&one, 2 ml/kg; amphetamine, 1 ml/kg), ) .

] -

“



IR -85
‘and the route of administration (naltrexone, subcutane-
ously; amphetamine, intraperitoneally) were the same

as in the previous experiments.

‘Design and Procedure. Random assignments of animais
',tQ the eight experimental groups was carried out as 2
usual. In a similar fashion, animals.v\rere chronitéll};
‘pretreated with either mnaltrexone or saline aaily foyr
8 ‘ldays. They were then tested 1n the act1v1ty chambers
following an 1r13 ection of amphetamme or sallne 15 min |
" earlier at\Days 2, 7, and 14 after the termination of
the’_naltrexone reginieri. White noise 1eve1 was maintainedl
“at 70 db .throughout the 30-min testing \perio‘d as in’
: E_xperix;'lent‘ 3. | ' ,
. Re‘selts '

The mean’s and s.ta‘ndalrd,lefrors of the mean fer the

-~

different gruups of animals for the.three trial sessions

are shown graphically in Figure 6 (see. Appendix B,

Table 4). An arialysis of Variaﬁce of Vthe data (see

‘Appendlx C, Table 4) shows no main effect of naltrexone,
no.- -main interdction between naltrexone and amphetamlne, :
"but a main effect of amphetamlne, F (1, 20)'- 27, 60,

p < .001. Amphetamlne at the 1 mg/kg dose con51stent1y

B . T A R
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1ncreases act1v1ty counts in sallne- and nad trexone-

pretreated anlmals at all three trial sesswns. TheTe

were no effects of trial or of any Trial'x Drug treatmeht

. »
interaction. ' o

Discussion

‘

In this last experiment, fqllbwing an injection of
amphetamine, the naltrexonefpretreated animals exhibited
a higher level of locomotor activity relative to the
saline-opre‘treate‘d anima;s. T}‘1e increase in locomotor
activitly was not statistically significavnt at any trial
sessions. When the da‘ta for the saline clontrol group
are compared to those obtained for the same 'group in’
Experiment 1, the noise stress seems to decrease loco-
mqtei‘ activity in the new colony.animals to a greeter
extent than in the old colony animals. This supports
the idea tﬁat the new co'iony animals. are more suscep-
tible to stress includingh white noise stress. As
repeatedly observed before, the anlmals showed no

habltuatlon to the open- fleld and no tolerance to the

effect of amphet'amine on locomotor activity. As

. - (- - N
.observed in Experiment 4, chronic naltrexone pretreat-

3

ment again did not affect locomotor actﬂivity of rats

in ‘the open-field at any trial sessions.

In contrast to the old colony animals, an inter-

-
(4

@

7
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action effect was found in new eolony animals under no

-

noise clgndition but not under noise condition. It thus

.
‘ ~,

4

.appears that moderate stress in old colony ahimals

@

under noise condition and in new colony animals under

. , 1
) ' -

no noise condition p're'cgi.pitates the?interactﬁon. No®
interattion aan be observed under ‘li_o‘j'u stress as in the
old colony animals under no _nois-.e ‘nclondition' or under
excessive stress ,as in the new colony animals under
ndise condition. - j, . K
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GENERAL RESUITT‘S._ .
To assess the contribution of the k,"L‘nd of animals
and the noise condition to lt‘hé variability of the
activity measure, T@ data for all the experimenté were
pb‘é)led)together (for bal‘an_ce, oﬁly data for the saline-
sa'ling, saline- 1 mg/kg of amphetamine, naltrexone-
.s:al‘ine, and naltrexene- 1 mé/kg of amphgtamine groups
from Experiment 1 were Uséd). An analysis of variance
of the data (see Appendix’C,*Table 5) reveals 'tha.t
noise: causes an overall “decrease in eictivity counts ,.
" F (1, 75) - 10'.78, p < .05 while amphetamine at the
mg/kg dose ing:rea’.s‘eé locomotor a\ctivity counts, |

-

1
- F (1, 79) =173.80, p < J001. . There were significant
' RS T
Colony x Noise Condition,x Naltrexone interaction,
) LN

F (1, 79) .= 5.70,, p < .05; significant Célony x Noise
Condition x‘Ampheiamine interac};cion, F (1, %9) = 5.92,
p < .05; and significant Colony x Noise Condition x
Naltrexone x Amphetamine, F (1, 79) s 4.14, p < .05.
Thesé inter'ac,tions dre in agreem;anf’ with the eai‘llier

. analyses ‘whic\\’ have shown the attenuating effect of
chronic maltrexone on amf)hetamine—ﬁnducéd locomotor
activity in the new colony animalks under no noi,se con-

AV
dition and in the old colony animals under noise con-

s

+dition only. In addition, tests for simple maj\n effects

>
-

L4
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.11.653, p < .05.

S 0

. show that white noise significantly decreases the

activity.of naltréxone—gmphetamine 0ld colony aninals

at trials 1' and 2, F (1, 79) = 12.194, p < ..05, and

"F (1, 79) ="5.589, p < .05, respectively. White .noise

equally attenuates the activity of saline-amphetamine

new colony animéls at the third trial, F (1, 79) -

L

Finallyﬁ there was also a significant Colony X

Trial interaction, F (2, iSS) = 3.78, p < .05. Figure 7

"shows.the means and standard errors of the mean for the

two kinds of animals over the three trial sessions (see

Appendix B, Table 5). A significant simple, simple main

'éffect of colony at Trial 3, F (1, 237) = 4.39, p < .05..

indicates «that old colony animals exhibited lower levels
of activity than the new colony‘animals at Day '14.
¢ mmmmm e

‘ Insert Figﬁre 7 abput here
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GENERAL DISCUSSION

The overall analysis confirmed the previous analyses

tamine increases locomotor activity ‘independently of

‘pretreatment or noise conditions or kind of animals

used. The amphetamine hyperactivity effect showed no

tolerance when tested 5 and'7 days after the first test.

The consisten&y of the amphetamine effect across, i
four experiments can be regarded as an index of cross-
valldatlon ‘Tolerance to the stumulatory effect of
amphetamlne on locomotlon has been observed in ¢cats
(Jacobs,‘Heym, & Trulson) 1980) but the parameters of -
the experimental procedure differ largelynﬁrom-those'
in the present studies. In the abore-ment}oned etudy;

the animals were-administered a doge of 7.5\mg/kg'of

amphetamine 'twice daily and 'significant.decrease in

locomotor activity was seen on the fourth day:of the

\

“chron1c treatment. The animals in the present studies

AN -
were allowed suff1c1ent time o recuperate from the.

acute dose of amphetamlne before the next session (5

and 7 dayé); ahd'one, therefofe would not'expect

-

tolerance to develop to the amphetamine effect. N01se

generally 1nh1b1ts locomotor activity in the open field

. (Cox & Lee, 1975; Cnnha & Masur, 1978;\Ha11, L936].

in several*ways.' To’recapitulate; one finds that amphe-

v
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noo-

Although there was neither a significant main effect of

noise nor a 51gn1f1cant 1nteract10n between noise and

the klnd of animals used, the mean act1v1ty of the new

7

colony anlmals was lower under the noise condltlon than
that for the same kind of animals under no noise for
all. three tr;als Significant attenuation of activity
was on;\\observed in naltrexone- amphetamine old colony
animals at Trials 'l and 2, and in s?lyne-amphetaminé
hew colony'animals at Trial 3. Next, it.is noted that
chr&nic naltrexone alone does not in genera}'affegt

activity. Though previous studies have demonstrated

' that opiate antagonists reduce ambulation, it is impor-

tant to note that the animals were expected to be

2

devoid of naltrexone at all three test trials. To

“this end, two days were allowed between the last nal-;

trexone injection.and the first test segsion.' Given
4

. that naltrexone has a half-life of 30 minutes in the

- +

fap (Berkowitz, Spector, & Lee, 1976), there should not

.be any significant amounts of the drug even on the first

test day. Though it is very likely that the -active
metabolite naltrexol might play a significant\role in

the long-lasting effects of naltrexone, it too must have
, .
reached an 1neffect1ve level at the first test session

a

_even assuming & much longer half llfe ‘than' naltrexone.

A




64

© :
Yet, the supersensitivity effect of chronic nal-

!

trexone, ifyanyg\qsﬁally lasts for a long period of
tiﬁe (Eahti & Coilins, 1978; Friedhqff, 1979). The
data showed an attenuation of amphetamine~induced loco-,
motor éctivity by the chronic nélt;gxone‘pretreatment
under two specific sets of conditioné. A significant
reduction of the émphetamine actfvity was firstlébser-
ved in the new colony énimalé uﬁder né noise cbndition‘
as a function of .the naltrexone pretréatmeﬁf, and a
.similar reduction was found in thelold.coiony animals
under noise ;ondition; The noise condition differenti-
aily affects the responses of the animals tb the drug
_manipulations. In tﬁé gid colony\ahimals; noise‘
feducgd'amphetamine hypéras}ivity to a much larger
degree in animals chronically-éretreated with naltrexone
than in the saline-pretreated animals.. On the other
hand, in the new colony animals, noise sgemed'to in-
7crea§é'amphetaﬁiné activity in animals with chronic

’

Qaltrexon% pretreatment and to decrease it in animals
\ " ‘

_without the naltrexone pretreatment.
for these findings. Fifst of all, it is now, evident
that the supersensitivity phenomenon‘?f chronic treat-

ment with opiate antagonists is due to the proliferation

»

N

There are some possible explanations that account.

-

~
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” B - the stress of the env%rowqental 5timuli. As one would

-

action of endogenous opipids on these opiate receptors

\

"The(effectiveﬁesslof those opiate receptors to inhibit

" brug, Honig, & van Rossum, 1975; Pijnenbrug'& van Ros-

‘amphetamine effects as seen in the old colony animals.,

in new colony animals under no noise condition, moderate

of opiate receptors (Herz, Schuli, & WUStef, 1980).

This‘increase in the number of opiate ieceptors could

lead 'to enhanced inhibition of dopamine release by the '

localized on dopamine terminals, Such an increased

inhibition on dopamine release could account for the
1

attenuatlng effect of the chronic naltrexone pretreat-.
ment on amphetamlne 1nduced 1ocomotor activity which is

" believed to be medlated malnly through the dopamine

‘
v s ! M . '
]
'

pathways (Hollister, Breese, & Cooper, 1974; Pijnen-

sum, 1973; Roberts, Zis, & Fibiger, 1975). ‘In addition,
as it has been demonstrated with other stressors (Balz-
man, Cox, Osman,. & Goldstein, 1979; Gulllgmln, Vdargo,
Rossie;,,Minick, ﬁing, Rivie?, Vale, & Bloom, 1977),

-

noise may also activate the release of endogenous

opioid peptides systems that would further inhibit the

. &
the dopamine release seems to depend on a complex
interaction between the organism predispositions and

infer in old colony animals under noise condition and

/




.

stress i%vei seems to optimize the interaction between
the opiate receptor and the dopamine system. On the
other hand, excessive stress level as in new colony

animals under noise condition or low stress level as

i\

. in old colony animals under no noise condition under-

mine "this interactiqn. It is conceivable that, in the

’

latter two situations, stress activates an additional

population of opiate receptdrs localized on the dopa-

-

mine cell bodies that instead stimulate dopamine trans-

mission. Similar to this idea, Joyce and Iversen’(1979)
haée\proposed that the difference in sensitivities of

opiate receptors according to thelr location could

,account far the biphasic effect of opiates on behav1or

Even though the.present research does not answer
specifi; questions concefning the possible mechanisms
of the opiate-dopamine interaction, it clearly demon-
strates a complex interplay between environmental con-
ditions, kind of animals used, and drugs actions. Sgch
conclusion evidently brings into question the reliébility
of previous studies in this area from different 1aﬁona—
tories. In addition, as noted before, the supersensi-
tivity phenomenon ﬁight likely be a more suitable‘mo?el
to‘examiné‘drug‘gctioné on neurofransmitter systems
essentially because it avoids the/faﬁpﬂitation of drug

C/\)
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inte?acéions. finai;}, one observes that the behavioral
compongnt‘of the~infe%action Setween the opiate system

. and the dopamine system seen .in the present investiga-
ﬂgioh agrees with the majoritf of the'physiological'and
biochemical studies. That is, since pretreatment with
opiate antagonist that leads to proiiferation of opiaté

' receptors aﬁ}ehuates the behavioral effect of a dopamine

reuptake blocker, it sﬁggests that the activation of P '~—~r~<~~~

the opiate receptor inhibits dopamine transmission. - .

-
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b . , : :
Differences between the new colony and .the old colony -

-~

- ) : /
~animals. - . (

D

The new colony animals were griginally derived ffom
the old colony animals in the ffogowing way. Fifteén ‘\

pairs of 01d colony animals were randomly selected for"

’breedlng. The F]:, progemggs were c§§)sar<??.n-del ivered ‘?f:ld

reared under new conditions.as are described below. A
N . 13

batch of these F, animals-.were used at Canadian Breeding

1
Farm & Lgbo;atoxz_ies Ltd. . tc; generate a total of 2,000
,(a:‘nimals'which were }:hen divided ‘into fo_uxj' groups labelled
A, B, C, and ]'J,‘ resﬁectivgly. New colony.animals were
t?en pbtai_ned through cross-breeding anima}s from. ‘
difYerent combinations of those divisions ﬂ(e.g., Avs.

B-; A vs C, B Vs . C,“etc.).l No cross-bredding within

the same division was allowed® 1In contrast to the 1:1

. x
mating ratio for the old colony =animals, the new colony ’

animals were bred in a ratio of 25 females to 5 males. °
The wlhole process described.extended over a'period of

about 2 years. In'addltlon,%the rearing conditions

differ for the two kinds of animals as f‘o‘ll‘ows\:

«

1. 'Temper,ature, "humidity, air pressure, and the purity.‘
- of the air were more tightly controlléd for the

. new colony rats than the old colony rats.

4

2. In addition to the RV and H~1 viruses.that are
] .




3.

a."

5.

3

' 7 fe s ,
Eontrolled for in fﬁe éld‘colony animalg, the new
£olony anlmals are /also free from Sendal, SDA; and
PYM. ) / . '
Neyﬂcp;ony énimaré were housea 40. animals per cage
(25 x 1} ftﬁ.z Sébsgquently aﬁte% weanling, they
are placéd 20 aﬁiméls per cage. All the cages fqr

the- new colony/animals have grid floors whereas
/

. the old colony,anlmals have contact-bedding floors

14

and are housed 10 animals per cage and 1 or 2 per
cage after weanllng

Old colony animals receivé water from Qater bottles
(¢-litre size) and are provided with pasteurized

food (Charles River Formula A). On the other hand,

- an automatic ‘water system which delivers water

M

through valves is available to the new colony

animals. .In addition, 'their pasteurized food is

»

autoclaved .

01d colony rats receive morerhandllng as a res*}t
»

of the mOre frequent changes of contact bedding and
-~

water bqttles.

[
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) Table 1  , " -, N
. . R -
/ . Mean activity counts for the new stock' ahimals
' ; under no-noise condition
a I ¢ .
, ~ 4
14 . T
Trial
‘., . r -
" Group i n .l 2 -3
' salipe-saline 5 535 (23) - 524 (31) 5497 (81) °
° - naltrexone-saline T 6 457 (48) © 513 (86) 498 (59)
i“ . L] ) . R g N )
saline-amphetamine (0.5 mg/kg) 6 768 (54) 836, (53) 889(151)
¢ r-d , . . % ! °
\ ' naltrexone-amphetamine (0,5 mg/kg) 6 952(179) 884 (62) 982 .(72)
. . “Q - ,
salifie-amphetamine (1 mg/kg) J 6 970 (59) 919(143) 1200(129)
’ naltrexone-amphetamine (1 mg/kg) 6 699 (80) '656 (48) 704(122)
) ’ N ' ) - ’ ,
- _ saline-amphetamine (2 mg/kg) 6 953 (99) '-848 (48)° 793 (81)
-‘ s ‘ " N N L .
. i naltrexone-amphetamine (2 mg/kg) ‘6 ‘864 (B3} #771(111) 751(19?)
. : . N \ i 2 \{ i
. ‘ Note: Numbers in parentheses indicate the corresponding standard error
of the mean. c ’ v o
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r =
) Table 2 . "
’ . LY
g g ; - ’ ®
> - . .
Mean activity counts for the old stock animals
’\/ 1] : . v » »
Co _— under nd":no:.se condition .
Q
SN r o - . Frial S
~ . a \ﬁd
. Group | ) 1 2 3
. . . . Y
saline-saline " 400 (51) 297 (35) 433 (64)
- - . . )‘/
naltrexone~salfTe ' 371 (40) 338 (59) 63257 (46)
saline-amphetamine (1 mg/kg), . 923 (63) 898 (98) 934(114)
. 4 (’ .
naltrexone-amphetamine (1 mg/kg) 1012 (79) 942 (112) 787 (98)°

N f
\ B
-
‘v

’

wr o

Note: - Numbers in parentheses indicate the corresﬁond‘ing standard error ,

of the .mean.

‘ ¢
a_Q = 6 for each group.
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~,4 Table § \ e
\ ( - P \
- , LN, N
Mean activity counts for the old stock animals. . o
under noise condition * P “
‘-.( \J\‘ \e‘ ’ ‘ — .. ' N ‘ ' ;‘
* ‘ '
Al , - - '
- —
) ' Trial
Groupa , ' » , l 2 ] 3,
" saline>saline ' . 368 (30) ° 395.(37) 367 (83)
naltrexone-saline ‘ 449 (60) ~ 375 (33) - 316 (Scsk
saline-amphetgmipe (1 mg/kg) = - 817 (53) ~ 801 (72) ‘827 (38)- .

naltrexone-amphetamine (1 mg/kg) 610 (12) © 669 (39) 6'52.(_11»7)

-

. - ’ - . . N /
Note: Numbers in parentheses indicate the corresponding standard error
y ' . \ )
of ghe mean. - N
a ) . .
n = 6 for each group. . ‘ ' ’
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L. { ' Table 4 .
] , T ' ( . .
: ¢ | Mean activ:fty counts for the new ;tock'animals‘ s
S o ‘ " under noise condition Ce L
/
; - Trial’ , !
, . 9 , . ° ' q
. a : .
Group- , . 1- 2, -3
saline-saline - . 317 (\44) . 304 (50) 340 (56)
- naltrexone-saline - ' 273 (34) - 405 -(28) 372 (82) :
saline-amphetamide (1 mg/kg) - 679 (94)°  737(162). .’ 805(168)
' naltrexone-amphetamine (1 mg/kg) - 790 (50)  783(127),  871(151) .
’ N ° o I v
- - . ) ' ' : . L e . ) .
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Mean activity counts,for the new ‘and 0ld colony dnimals: {
\ a ! -
\ ' . - o,

‘ ) , . .
. . o . . )

t ! - : ' N .
. « - <! ’ ol [ '

\ s N i . i ' e i 1]

';J * ' ’ . o' Trial ‘ . ' e .
. . , i 1% . ) . ; . . i -
Group n ° 1 .2 3 ‘ e

a = - ) L T
new stock : 47 , “582(37) 605 (43) © 667 (55) o

619(40)

» A\

589 (43)
\ .

- - ! A

582 (43)

- : ".’

old stock

S - ' ' 7 .. ! B A ’.
K of ‘the mean. ’ '

(.) oo ' 4 .

%prom ‘Experiment 1, only data for the saline‘sélirie, naltrexone-saline, ) " -
saline~amphetamine (1 mg/kg)}, and naltrexone-—amphetam;.ne (1 mg/kg) ) X
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' . ' Table 1
v r/ - w
N ‘9 \ . 4 .
T ‘ Mnalysis of wariance
- Experiment 1' | ‘

L I

Source. : o . af gs_ /

Naltrexone (N} . - . 1 -7 238840 - 0 2.789 |

, .
Amphetamine’(a) S o 3 X 1,q4127o- 12.160*
Nxa o 3. 27806 3.2587 . =
Subjects within éroups C B 39, o 85631 A X
Tr{ia‘ls (T) - o .2 . 31883 T ole2y

NxT : ) 2 T 17213 . 0.501

AxT . S % agses 1.442
NNxA x T ' B . 6‘ 23387 0.680
. . . . - . . " [N
"T x Subjects within groups t78 . 34383 °
*p < .001 i ) S N
\1”2 < .05
» .
N -
. 3 3
-4 ? ’
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Table 2
Analysis of Variance
—~ i ) . ’Eggeriinent 2
. N
Source v ] N - éf Ms F
Naltrexone (N) - 1 ‘o ° 4818 0.064
Mmphetamine (A) . g 1 5,5%0650 72.648*
Nxa - 1 2509 0.033
Subjécts within groups ©otl20 75854, '
Trials (T) N o2 24919 1.690
NxT : ' . 2 49736 3374
¢AXT , ' 2 .~ - 27581, 1.871
NkAxT ] - 2 11366 '0.771
i 4 .
T X Subjects within groups . _40 14742
_*p < .00L. - - o
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Hh
=
n

Source
Naltrexone (N)Y ., . . . . 1 127176

', Amphetamine (&) = .~ 1 2215510
N x A - S .1t 137638

Subjects within groups o020 . * .30607
‘rials (T) C S 2 3193

NxT. ) L : 2

4024 -

AxT - -2

.

13044

NxAxT T ' e, 2 14504

Fa

"4.155

72.386*

a.497%
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0.261
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. 27.593% .
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0.071 \
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- . N i
T x Subjects, wiéin groups . - ' 40 . . 26946° ‘ -
s ‘ P . " B Ql ,
.‘ . ° \/ A = 7 ! ’ 1 '
‘ *g_ < .0001- ) . o i
.- . 1 " N ’ [ - 1
, ‘ . ) Iy - : ; . - . , . B
' - = . , . B ' ! .
’ P
. f =~ s - Ll R '
’ ! 1 ' - . -
. \
. , ! N , N 1
B - . . ‘ . .t
- - ) M ’ (RN <. ,
o\ - ' A . 2 - \ ) ! ’ .
N | ! \ : .- . .
I ! - 2 M ) . " t -
(1] L 3 2 - - e “ .
" . ‘ N '- ‘\i ‘ . ' i 1. * .
.o v SR -
T, L ’ .
) . \ Y 1 ' s
. st Lo s, . , ‘ .
i [} Z . s e e N ! . N
R T T e L TR

o
.
.
“l
.
an




mRrununnZaHdnnn

BHOnOuZHEO 00N R

Table 5

‘Ovéra]l Analysis of Variance®

[
\
,

'110

Saurce af MS F
Animals (S) 1 33413 0.462,
Environmental condition (E) . 1 779175 _10.783",
Naltrexone (N) 1 » 240445 3.328
Amphetamine (A) 1 12558400 © 173.797*
X E T 1 26112 © 0.361
N . 1 .,4483 - 0.062.
x A 1 72042" 0.997
x N 1 126913 . .1.756
% A 1 . 39938 - 0.553 -
x A 1 1162166 . 2.244,
xE XN 1 411744 '5.698+
XEx R 1 " 427525 5.917
XNxA . 1 "~ 7019 0.097
xNx A i ' L 16457 0.228
XEx NxA 1 1298944 4,137
Subjects within’ groups - 79 ¢' 72259 .
_Trials cr) : 2" T 21147 0.894,
SxT Co2 89475 3.782
% T - 2 14493 0.613
x T 2 v 57525 ° 2.431
X T L2 11650 ° 0.493 -
XEXT -2 2338 '0.099’
*Nx T 2 2786 . 0.118
XAxXT . 2 36828 . 1.557
*¥Nx T~ 2 29028 '1.227
XAXxT 2 5730. " 0.242
xAx T - 2 18491 0.782
XEXN'XT - ~ 2 1417 0.060
XEx A x'T . 2 35627, 1.506
ANXAXT o 2 20929 0.885
X HXAx -2, . 26054. 1.101
xEx N x ) <2 13778 - 0.582
T x Subjects w1th1n groups 158, . 23659 AR

! v "
‘

%rrom Experiment 1,. only the data. fclar naltzexone—-salihe, naltrexone am—
. phetamine (1 mg/kg), saline-saline, salme—amphetam:.ne (1 mg/kg) groups
. were used for the amalysis of variance. , _ N

*p7<°,0001 . A ot ‘ _ o
) tp < .05 ' . : o~ T




