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> ’  ABSTRACT N

Potentiation of the Locomotor Excitatory Properties
of Morphine by Prior Exposure to i ~
Inescapable Foot-Shock '

Marco Leyton

>

" A series of experhmentg was carried out to determine the
possible long~term effects of repeated exposure to shock on the
activity 1nduciné effects of morphine. Previously  shocked ani-
mals were found to be more active than non-shocked animals when

tested.with morphine or saline under a variety of conditions,

— .

These included tests §1§h ﬁaling, carried out immediately post- !

X i
shock 1nlthe shock énvironﬂegt, and with morphine, upon re- '

|

exposure to that enviromment in the absence of shock. Animals
" moved to & neutral environ#ent immediately post-shock were no
Eore active than no-shock control group animals. On the othef
hand, previously qhocged animals, tested 20 héﬁrs post-ghock in a
neutral enviromment to whicgh thé§ had been habituated, were more
active than no-shock animals under both morphine a;d saline, No .
differences between pre;ibtsly shocked and no-shock control .
groups weré evident when tests were conducted in a novel environ-
' ment to which they had.not been habituated. When the ;tress-
invokeé increases in activity were obtained, they appeared to be
cumulative and long-term. |They becamepenhanced over repeated -

shock sessions and were resistent to both time from the last

shock session (up to 19 days), and repeated morphine administra- ) ’ '®

" —
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tion (up to nine‘injectionq){ The potential m;chanisms under-
lying tpese effects 'are discussed, and their possible adaptive.
significance are bpecﬁlated upon, It is concluded thatvrepeateq
exposure to a stressor mimics some of the gffeqts of repegted;

exposure to an opiate drug. : : TR
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What was once a révolutionary concept in psychopharmacology
has become an ;ccepted.given: many drugs elicit their effects by
mimicking,éndogenéus cOuAterparts. The finding of opiate recept-
ors (Pert, Snowman, and Snyder, 1974), follov;ed shortly by the
discovery of endogenous opioids (Hughes, Smith, Kosterlitz,
Fothergill, and Morgan, i975; Terenius and Wahl@trom, 1975),
ushe;ed in new aregs of research that have grown astonishingly in
the past decade, The succeeding years have not only found other
neuronal systems that are aqtivated by synthetic chemicals
(Johnston and w11i§w, 1982; Richards,,Schoch, Mohlér, and
Haefely, 1986), buf have lead to a change in the interpretation
of many drug effects. Rather than being pharmacological .
pecu}iarities,lmorphine and other dtugs have become models.with
which to understand more fully the biochemical functioning of the

’

céntral nervous systen,

The commoniy'used exogenous qpiate, morphiﬁe, has numerous
central and peripheral effects. Acute administration elicits
suéh centrally mediated events as analgesia, altered body temp-
erature and changep in activity levels, Many effects are biphas-
ic. ,For example, in the rat high doses typically lead to de-
creased body temperature and motor activity that ane followed by
hypgfthermiﬁ and hyperactivity; low doses lead only to hype;theg-
mia and hyperactiv;:y. In the nalve rat, medium to high doses
typically range from 10-40 mg/kg}{f;:\thle low doées are less
éhan 5 mg/kg 1.p. Howevef, various prior experiences can alter

]

this dose response curve, For example, repeated morphine treat-

A

’
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qeﬁt leads to tolérance of ;he analgesic and th; depressant‘
effects with a concurrent sens}bizatibﬁ of the excitatory.
effects: repeated Pigh doses elicit succéssiVely less analgesia,
hfpoactivity, and hypoth;rmia with the ensueing excitatory
effects beginning sooner; repeated lower 508&8 elicit greater .

hyperthermia.and'hypesactivity.

a

Opiates and Hyperactivity: Sites of Action - :

- The physiological substrate of the:locomotor stimulant prop~

erties of opiates has been a source of much investigation;
Though stfll open to debate, the meso-cortico—limbﬂt~)0pam1ne
(DA) pathway aﬁpears to play a majér role. The neurons of this

system originate in the ventral :égmental area (VTAz_yith ascen-—

-~

ding pathways leading to terminal fields in the nucleus accumbens

(ﬁAS), oJfactory tgberclé (0T), and frontal cortex (FC). ’

These areas excite and inhibit each other thrdhgh ascending and

pescending pathways. Although the literature describing the

-

functions of each nucleus is often conf}adictory, it would appear
"that activation of DA inputs to the NAS.and OT leads to an
excitation of locomotor behaviour (Kelley, Stinus,‘and Iversen,

1980; Kalivas, 1985;' Cools, 1986). Activation of the DA cells

innervating the FC, however, may activate cortical neurons that
- ‘ R o
feedback to inhibit the mesolimbic areas. Disrupting FC input by

decortication has been reported to potentiate the hyperactivity
P .

from a low dose.of the indirect DA agonist methamphetamine (ftoh,

[s)

. Hsiao, and Katsuura, 1985).

e



v -
In support of th?'postulaCe that morphine’s excitatory
., effects are mediated by this meso-cortico-limbic system, the ° (f
e - R ‘nicroinjeocion of opiates into the VIA has been observed to

) " ellcit excitatory motor eéfects ﬂpd DA release.in the terminal
‘flelds, particularly the NAS (Broekkamp, Phillips, and'Coola, ‘
11979; Kelley et al., 1580; Joyce, Koob.hSttécker, Iversen, gnd
Blooﬁ,,l981). This behavioural activation is monophasic without

a pxeceding period of locomotor depression, Importantly, Kalivas
'and ﬁiller (1985) recently repdrted a correlation between the
behavioural response to and degradation of DA~m1nroinjecced in

the NAS. = Beta;en 0 and 30 minutes after microinjection the
- percentage of radioactive DA recovered declined, while the level
] 3
of the DA metabolite [ H] DOPAC increased: The motor stimulant

effect was also maximal during the first 30 minutes before dis-

appenriﬁg by 40-50 minutes. Additionally, it has been reported

#

. -
‘that {ntra-VTA morphine increases.the single-unit activity of

mesolimbic DA cells (Gysling and Wang, 1982). It therefore seems

reasonable to nominate the mesolimbic dopaminergic pathway for

playing a major role in the mediation of morphine’s excitatory

effects. . . e

Repeating the adaniagratlon of opiates leads to a'progress-

§ AN
ively enhanced excitatory effect referred to aq\fensicization

(Joyce and Iversen, 1979; Vezina and Stewart, 1984; Kalivas,
Taylor, and Miller, 1985; Kalivas, 1985). Joyce and Iversen

<, Y ’
(1979) dicroinjected morphine {nto the VTA and reported an in-

crease in locomotor activity which was augmented by repeated

n
v
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administration. This increase was blocked by the specific opiate -

receptor antagonist naioxone, and the DA receptor antagonist
2 “ T ! : /
haloperidol. Sensitized lecomotor activity is also the response

”
to repeated systemic morphine administrét}on and the development

~of this enhanced motor réspbnse is also blocked by the neurolep-
/ -

l"tic pimozide (Vezina and Stewart, 1984), 1In additionm, Kaliéas et
” . U

“al., (1985) reported a progressively incges&ed locomqsor response
to the datily microinjection of the enkephalin analog D-Ala-Met-
- enkephalinamide (DALA) into the VTA. This behavioural sdnsitiza-

tion was associathd with @ greater irfcrease in the DA metabolism
. .

in the NAS following an acute administration of DALA (Kalivas
¢

1985) . \ \(
Althoégh these vk:ious findings consistenﬁiy re—gmphasize
the importance of increased mesolimbic DA turnover in the devel-

7
opment of sensitization, it is becoming apparent that other

. Y .
mechanisms are involved in the increased locomotor activity seen

following the systemicd 1njectior oF’og}g}es. It appears that
oplates may act on a DA-independent system in the NAS. Pert |

and Sivit (1977) peporteé increased activ#ty fo\}owing injections '

-

of both morphine and DALA in the NAS. This'hyperactivity yas

reversible by naloxone but not haloperidol. Conversely, appmor-

4 ;hine in the NAS élsofincreased activity but was reversible by

s

. haloﬁeridol and not naloxones This suggests the presence of
. i

excitatory DA-independent and ~dependent systems within the

NAS, ‘ '

In further support of this view, mesolimbic 6-OHDA lesions

[



which reduce DA levels, abolish hyperactivity from intra-VTA
opiate injections (Kelley et al,, 1‘980;' Stinus, Koob, Ling,

G e
Bloom, and Le Moal, 198Q), but not from intra-NAS injections -
(Kalivas, Widerlov, Stanley, Breese, and Prange, 1983). Naloxone
was also able to block this hyperactivity obtained from opiate
injections to the NAS, but the neuzroleptic fluphenazine was

without effect. ‘Furthermore, DA metabolism in the NAS ‘was un-

altered during this hypersctivity (Kalivas, et al,, 1983), .

. \ -
Similarly, 6-OHDA lesions or treatment with the DA antagonist

‘ alpha-fluphenthixol were without effect on systemic heroin activ-

ity (Vaccarino, Amalric, Swerdlow, and Koob, ,1986). The;e f ind-
ings imply that opiates can act on the receptors o\n non- ’
dopaminergic neurons that originate in the NAS. In a more direct
test of this notion, intra-VTA microinjection of either morphine
or the specific mu opioid agoriist Try-D-Ala~Gly-NMe-Phe-ol (DA(".:O)
resultefl in increased locomotor activity that beca;ne enhanced
over repeated administrations (Vezina, Kali:ras, and Stewart,
1986)., Conversely, thewhyperactivity from intra-NAS ap‘plication‘
of these agents did noé increase over repeated administrations

.(Vezinas et-al., 1986). It appears that increased locomotor

activity can result from :he&tmulation of DA-dependent and

3

~independent mesolimbic pathways. The progressively augmented

locomotor response observed following repeated systemic opiate

administrations, however, might involve only the DA-dependent

systenm, - \

4
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Stress and Endogenous Opiolds: Sites™of Action -, .

— ‘ :

—

It 15 well documented ,that various stressors lead to the
release of endogenous opfgids. Evidence in support of tﬂis

release includes the following reports of increased opioid re-

s

lease jmmediately post-shock: 1ncpea§ed opioid levels in'ghole

brain immediately post-stress (Madden, Akil, Patrick,, and,
A Barchas, 1977); bgta-—endorph"in, relefa:e from the:rat a,nt:er'io;u- ~
o : - .
“ pituitary, (Guillemin, Vargo, Rossier, Minick, Ling, Rivier, Valé;
\;nd Bloom, 1977) with ‘the expebtsdfdecrease in pituit%ry'beta- ”
- f [ 8}

endorphin like immunoreactivity levels (Baizman, Cox, Osman, and

. ~‘Gordman, 1979) and increased plasma beta-endorphin levels

-
~e

. »> .
(Guillemin et al.,1977; Muelleg,1981) as well as decreased bind- i
S 3 ) -

w

ing by rat brain homogenate of | H] a—leuJenkephalin’(Chance, .,
. 3 . R

White, Krynoé&, and Rosecrans, 1978).

-

R - Analgesia is the behavioural response most frequently moni-" -

. .
v

tored as a possible indicator of endogenous opioid-activity post-

r

stress. The nature of the stressor appears fo.determine which of..

N " .- )
a number of pogsible pain reducing meclanisms dre activated; not
g - X

~— . . ! “ - -
. aTl, however, are oploid mediated (Hyson, Ashcraft, qugan, Grau,,,

and Maiery 1982; Drugan,: Ader, and Maier, 1985). Opioid media-
Q ‘ tion is typically determined by observing the reversal or’preven-
)

tion of analgesia by specific opiate-recébtor antagonists such as
. v o .

L4

ynaloxone (Amir and Amit, 1978; Léwis, Cannon, and Liebeskind,
e 1980; Maier, Davies, Graﬁ, Jackson, Morrison, Moye, M;dden, and -
. Barchas, 1980; %rau, Hyson, Maier, Maddgn, and Barchas, 1981) or

b

. the presence of cross~tolerance to the analgesia fjﬁp previous

,@’ * 'v ‘-ﬁ

e
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" cluded that mild acute étrese\increased‘NE utilization, More

nd&phine 1njeccions (Chesher and Chan, 1977; Drugan, Grau, Maier,

Hadden, and Barchas, 1981' Nabeshima Yamada, and Kameyama, 1983;

>

Terqan,vLewis. and Liebeskind, 1986),

L 4

It is well eetebliqhqgéghak stressors initiate an array of .

parallel and interacting physiologicq{\responses; The release of

..

) hY
.Numerous neurotransmitters and neuropeptides have been demon-

.

.strated in response to a wide)Qariety of stressors, Much of the
eafly work on‘the g&zifYIOgical changes induced by stress centred

on NE. In a compréhensive review of the nmeurochemical changes

elicited by stress, Anisman, Kokkinidis, and Sklar (1984) con-

1S

) . e , ) .
.8evere stress on the other hand, perhaps due to the greater -

demands or the NE stores, elicited an increased synthesis of the

’ .%atecholamine." In a simiipr‘faqhion?;he.chroﬁic application of

"stressors appearé to progressively 1ncrease the organismis neuro—_ '

chemical response to them (Keim and Sigg, 1976). Chroniéally O

r

and Tanaka,1985; Irwin, Ahluwatlia, and Anisman, 1986). cSuppor—

ting this notion 1s the observation that a mild stress which )

1“,

would not alter amine levels in a naive rat, reduced NE in a rat

previously exposed to a more severe stressor (Anisman and

- == ey

Sklar,l979'wTsuda, Tanaka, Ida, Tsujimaru, Ushijtma, and

Nagasaki. 1986; Irwin et al., 1986). Furfher, a two-minute

-

restraint stress folloued by a second two—minute restraint up to

90 minutes later yielded- augmentedacatecholamine turnover to the~

subsequent gtress (De Souza and Van Loon, 1986). ?3‘

/)" a

‘shocked mice ahow both increased NE- levels and utilizacion (Tsuda -

o

LN



Dopamine has received particular attention recently for its
J%h i B |
role in the stress response, Mild, acute stress pears to

»

1\
t

-selectively increase DA metabolism in the VTA and frontal cortex

(Thierry, Tassin, ‘Blanc, and Glowinski; 1976; Lavielle, Tassin, ' L
Thierry, Blan;, Herve, Bathelemy, and Glowinski, 1978; Reinharq,

Baqnbn, ana Roth,‘l982;_M111er, Spe'ciale, McMillen, and German,

1984; Deutch, Tam, and Roth, 1965) aglréflecte& bylincreased

metabolite levels. Such mild-stress seems not to disturb levels

’

in chekmesolimbig terminals. More severe acute stress, however,

-

-

leads to q\more extensive activation of DA metabolism with in-

+ -

creased DOPAC levels in the anteromedial and sulcal coréices,

NAS,,QT, and amygdaloid complex (Fadda, A}giolas; Heiis,

-

; Tissari, Onali, and Gessa, 1978; Herman, Gdillonneau, Dantzer,
‘Scat’tén, -Semeérdjian-Rouquier, and Le Moal, 1982), Chronic foot-
‘shock stresé leads to parallei changes, Immediately after the

\ 8 . , 3

tenth daily 20-minute shock session, Herman, Scfnue, and Le Moal

(1984) noted‘increahed Qﬁﬁkc levels in mesocortical and mesglim-:

. . [
bic areas, This pattern of progressively increasing utilization

for mild to sefere stresd 1s evident with DA as it was wit NEf ‘

.
A posq}ple‘function~of these ch;nges in‘cgtgcholamin me ta~- " . |
“yo}isﬁAﬁay be to enablg the organism to_cope with the stress. ) B
The dépletian of these neurotransmit;er; from acu;e stress might
bg‘dhe to their involvement in vgriousAQOping responseg., As the
sevg;ity or f;eguencylof che-sfreseor 1n$5eases, the emand on ‘.

‘the amine stores also increases. The resulcfﬁg depletion Possib—

ly stimulates a compensatory increaged synthesis rage. In sup~



e
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port of the 1mportagce of catecholamines for coping with stress,
it has been deﬁonatraged that depleting an aqgmal's br;in NE
level prior to the introduction of stress potentiates other
responses to stress such as increased ulcer formation and plasma
corticosterone release (Glavin, '1985) and escape deficits after
inescapable shock (Anisman, Pizzino, and Sklar,'1980). Further,

the catecholamine depletor tetrabenazene leads to behavidural '

deficits reminiscent of acutely stressed animals (Glazer, Weiss,

. Pohorecky, and Miller, 1975), It would appear that catecholamine

S
release is important for aiding the animals to cope. DA ago—

ﬁists, on the other hand, have been demonstrated to Qrevent the

development of stress-induced gastric ulcers (Hermandez, Adcock,

Orlando, Patrick, Nemeroff, and Prange, 1984), As suggested by

Fibiger, Zis; and Phillips (1975), DA's function may be in the

initiation of action and hence be important for escape and gvéi—
3

dance behavi our,

b

A
\

Stress and Opiates:{Possible Overlapping Sites of Action
‘ - .

Morphine appears to mimic many of the effects of stress. As
discussed above, opiates administered either systemically or

microiontophoretically increase meso-cortico-limbic DA release, //

~ .

This effect is naloxone reversible (Mathews and German, 1982).«/
Similarly, morphine also enhances the—turnover of striatal DA,
NE, and GABA (Smith, Conchita, Freéﬁan. Sand;; and Lane, 1580).
The ;tresa—induced release qf neurotransmitters may be a result

of the observed associated release of endogenous opioids. These



S

acute, mild shock was antagonized by naloxone (Miller, et al,, !
1984), oOther indicators of the similarities be}ween stress and
exogenous morphiné administration include: increased activity
before anticipated foot-shock (Imada, Kondo, and Imada, 1985);
decreased eating and drinking after'qhbck (Imada et al., 1985);
suppression of linear locomotion in mice by naloxone (Ukai and
Kameyama, 1985); s}ress-indhced "oploid-like ;ffects on invest-
igatory behqvior"‘(Arnsten, Berridée, and Segal, 1985); a;d the
potentiation of various morphine induced phenomena such a; alter-
ed body temperature (Stewart and Eikelboom, 1981; Appélbaum and
Holtzman, 1984; Appelbaum and Holtzman, 1985; Ushijima, Tanaka,
Tsuda, Kéga, and Nagasaki, 1985), a;d analgesia (Appelbaum and
Holtzman, 1984; Appelbaum and Holtzman, 1985), Interestingly,
administfation of the opioid'blocker, naloxone, which brings on
withdrawal-like symptoms in‘aniﬁals repeatedly exposed to morph-

- B

ine, will’aiso elicit withdrawal-like symptoms in previously
stressed animals (Christie and Chesher,1982; Morley and
LeQine,l980). To further illuminate this phenomeﬁon, Williems,
Drugan, and Maier (1984) subjected rats to two daily inescapable
shock sessions. Twenty-four hours later, when an injection pf
morphine waé followed by a naloxone challenge, the stressed

animals displayed augmented withdrawal-like symptoms as compared

to non-stressed controls, This effect was not evident in rats y "

10 - ' _ :
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that wero oxposod to an identical amount of ‘escapable shock. In
a second experiment, the enhanced response was blocked by ad-
ministering the'opikte reoeptpr blocker, naltrexone, prior to
each shock session.,'it would appear that the effect was specific
to the-;elease of’endogenous opiolds and not a result of the
stress por se. The elevated endogenOus opioids may have summated
with the morphine to potentiate the Wi}hdrawal-like symp toms that
followed the injection of the opiate teceptor.blocker. These
variéﬁ findings reinforce the notion that morphine and stress

engage many common sites of action,
/

Like morphine, hmphétamine’also engages the DA system. The

psychomotor stimulant increases DAgi:i:ose, decrlhseerA reup-~
Lo

take, and blocks its catabolism, oses lead to hjberactivi- .

ty, while high doses elicit repetitive stereotyped behaviour
characterized by compulsive sniffing, head movementg, and_xea-

ring. phronic-administration leads to the sensitization of these

activities; repeated low doses lead to augmented hyperactivity

(Robinson, 1985), while repeated high doses increase the degree
of stereotypy (Robinson and Becker, 1982; Kolta, Shfoée, De
Souza, and Utretsky, 1985), Interestingly, not all amphetamine-
induced behaviours dfsplay‘oensitization suggesting that they are
not all mediated by the same mechanism, In general, however,
stereotypy appears to be mediated by the striatum (Creese and
Iversen,1974) while locomotion is likely mediated by the N.Acc.
(Kelly, Seviour, and Iversen, 1975),

- As with oplates, stress has been demonstrated to potentiate
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some of the behavioural effects of amphetamine, Repeatéd expo-

3

sure to stress has been reported to potentiate the activity from
low doses of émphetamine (Herman et al,; 1984; Robinson,‘Angus,
and Becker, 1985) and the stereotypy f;om high doses (Antelman,
Eicﬁer, Black, and Kocan, 1980; Maclennan and Maier, 1983),
Furthermore, repeated amphet;mine augments the stereotypy ob-

tained from mild stress (Antelman et al,,1980).
* 5

4 Given the posible common substrates for oplates and ampheta-
mine sensitization, one might hypothesize cross-sensitization'.
between the two. In support, Kalivas (1985) reported a cross-

’sensitiﬁftion between DALA and amphetamine, . Repeated administra-

tion of DALA to the VTA lead to a potentiated activity_resbonse

Y

to acute systemic amphetamine., Stewart and Vezina (1986) have

} \ .
recently reported the converse experiment. Animals pretreated

with amphetamine for several days display an enhanced activity

response to either a low dose of systemic morphine or to morphipe

microinjected directly into the VTA,

The Present Experiments

A wide variety of intense stimuli initiate a multi-féceted
stress response that includes the release of endogenous oﬁioidg.
These stressors have been reported to potentiate a variety of

" exogenously administered mo;phine-induced behaviours, As the .
r;sponse both to stress and opiate administration appears to
engage the mesolimbic DA system, and the repeated stimulation of
tﬁis system appears to increase its response to future activa-

tion, it was considered reasonable to investigate for a stresg-

-}
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. . Repeatedly stressing animals may be equivalent to repeatedly

" a ctivity box.

it

»

EXPERIMENT 1

° e E el
P s
2 a

’ °

. i -
Given the convincing body q&ﬁl;lteramre' demonstrating a

" stress—induced release of endpgenqus opioids, {t w'as proposed

W

that inescapable foot-shock would elicit oplate-l1ike alterations
in lo&;mot:or activity, Furthex", it was proposed repeated foot-" -
shock sessions would lead to a sensitized locomotor re.sponee.
That 18, paralleling the effects of 'repeated oplate administra- ' N
tion, successive peri\())ds of stress might evoke K‘rogréssively ‘ i .
augmented hyperactivity, . |
"' Extending this 1line of reasoning, it could be hypothesized
that 1if repeated stress ahm;és common substrates with repeated
oplate administration, then previously shocked animals might
reveal a sensitized response to an acute morphine injection,
administering opiates, . s |

To investigate for these poseibilities,lrats were sub jected
to five'days of 20-minute intermittent, inescapable, shock ses-
sic;ns. If,. over days, these animals were to show progressively
enhgr:éed loco;notor activity levels, the finding would suppo‘tt the
idea that exposure to a stressor mimics some of the effects of

\

. ) )
oplate administration. The effect of repeated exposu:e to stress
. ! !

was studied in both in the stress environment and in a neutral

To test for the effect of repeated exposure to a stres‘or on
-l . i
the sengitization of the activity inducing effect of morphine, s

animals wete taken to their‘drespective shock environment without

14 o
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'enauing shock admini;r.ration,' inject:d with morphine, and then
immediately tested in the activity boxes, It was hypothesized
that previou‘sly shocked animals would be more active in response
to the morphine 1n;iect19ni In addition, all animals were tested

after saline injection.

Methods . -

-

Subjects- ‘ : ,

Thirty-two male Wistar rats obtained from Charles River

Canadg Inc. (St. Constant, Quebec) were individually housed in a

controlled enviroment (temperature of 21+1’ degrees C) with food

‘and water available ad libitum, The animals. weighed 275-300
grams upon arrival to the laboratory with testing beginning two

weeks la‘Eer; The animals were habituated to the handling and

Q

injection procedures during this period, Testing wa} \Eerformed

during the light cycle between 12:00 P.M. and 5:00 P.M,

!

e For

* Apparatus

Eigi\t activity boxes equipped with photocell beams were used

to recoxd locomotor activity, The box (40 cm x 30 cm x 25 cm)

was constructed of a transparent Plexiglas front and, rear, pres-

sed wood silles, a removable wire screen ceiling, and 22 stainless -

steel rods for the floor., 1Two evenly spaced photocell beams cut

\

" across the width of the box while a centred third pair monitored

n

from the sides. The photocells were 4,0 cm off the rod floor,
‘Breaking a beam was recorded as an activity count by a Microcom

computer, The red light from the photocells provided sufficient



1

light for pbgervagion. lFouruof'the boxes were wired for inesca-
pable foot;shock produce&vby/a Lafayettehshoék generator and 3}13
scambler, o '1' .

VA distinctively difggrqnt'set of eight Grason—Stadlér shock .
boxes (23.6 cm x 29,5 cm x 19;0 cm) weré loca;ed in a secoqd
r?ém. Iﬁeecapab}e foot-shock was provided through a flosr of 18
stain{ess steel éods.‘lEach box was sound attenuated and equipped.
with a miniature light bulb and a fanifdr ventilation,

) Morphine.sulphate was mixed with phyéiqlogically’igotonﬁc
saline (6.92) and injected in a’volume of 1 ml/kg. ~

Design‘and Procedure

Pre-exposure to Stress: Four groups of eight animals each were’

tested in Experimeni 1, two received shock and two no-shock. '

,Both of the shocked groyps were given foot-shock for 20 minutes
(0.8 mA 1 sec./lO sec.k
group was shocked in the activity boxes (Sh-AB), the other 1n the

second set of shock boxes (Sh—SB) placed in a distant room,

.

Immediately following the shpck session, "the activity level .of

”

'both groups was recorded for 60 ming:es in the activity boxes.
The two c0fresponding no-shock control groﬁps were placed either
. in the AB for 80 minutés (NS-AB), or for 20 minutes in the shock

.

bpxes:foilowe& by BOHminutes in the activity boxes (NS-SB). To
’ contro} for a possibié effé;c of time.of day on the measure of
activity,,only two of the four groups were tested each day. This
‘enabled all groups to be tested at aanoximately the same time of
-‘day. Hence, animals were tested every other duy..

”

16

every other day ‘for fiszkgﬁ\s;\ga. One -
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N ! " Morphlne and Salinen Test Days: Nineteen days after the last ghock

/ -
session, all animals were given tests in the AB after either ’

saline or nor}ahine. 1nj;ctions. "In the first test, animals were

fnjected with ‘saline in the{t tespective shock environments, but

-

without sh;)ck presentation, Fdllo{ﬁag 20 minutes of re—-exposure

to the enviromment, activity lével; were monitored 1n‘—§:hé AB for

. 60 minutes. . ‘ o .
f‘ : ! : 3 P ’

_, To* increase resistence to extinction of the stress response,
an additional day of shock followed this test day. The procedure

was as described previously. )

« S . . )
\ . Two morphine test days, given at two day 1nCervgls. followed

this final shock session. Given. the expectation of more ltomi-

nent carry-over eff;cts from the 5.0 mg/kg dose of morphine, all

. '+ subijects were first tested with the lower 0.5 mg/kg dose and with

L N ¥
~

the higher dose on the next test da}. The proéédure was as
© N <) . '
s T described for the saline test day. o . Y

-. v ) ”» N l " .
¢ N Results . -

* “ /;’ + ‘ (/
S Morphine and Saline Test Days .

Lo s :
~ Pyg-exposure to Stress: The activity scores recorded each pre-

exéowre day from aninals given shock in the AB ami gei’r group

P

Rontrol were analyzed separately from those of the animals givén

< -, i

shock in the other shock room. It did not ‘appéar appropriate to
compare dh:ectly the scoxes of ‘animals immediately placed‘&n the
AB for aetivity monitoring with the scores of animals foot-
P shocked {n another enviroment prior to being placed in the AB.
, ’ Lt A‘ ¢
/ Activity cogn" were recorded at five!i-:l.nut‘e intervals by
] _ . ' - . *
J ! + t
y S Y
-~




the Microcom computer, However, unless otherwise specified, data
were analyzed aﬁd presented for 20-minute intervals/ .
In order to monit;r the changes that occurred in acfivity

over days as a function o% time after gtress, the data were

subjected to an dnalysis of Qgriance for stress group x 20-minute -
.time inter;al x days. As illustrated in Figure !, animals that‘o
were ihocked 1n'ihe activit& boxes showed a diff;renc'pattern of
activity durtng and after stress, as compared to their no-shock
control group., The nature of this difference changed over days as
reflected 1h a significant interaction betweenqstress x time x
days [F(12,168)=3,81, p<.£01]. As is apparent f}om Figure la,
for the first two days, thé stressed rats were more active duripg
the 20-minute shock period. However, -this differ;;ce diminished
over the following three days.

It can Se seen from Figure lb that during the 20 minutes.
following shock, stressed animals were less active than the
control group on ihé first three days. ; further analy#is of
variance for stress x days carried out on the scores in the five
minutes immediately following shock,rreveale(\that this differen-
ce could be attributed to the lowered activity of the stress
group compared to the no-shock control group in-this five minutes
[F(l,lé)-aé.bl, p<;0011 (See Figure 2a). By the fourth day,
activity had begun to increase sufficiehtly in the following 15

.'minuaes to mask the initial reduction (See Figure 2b).

( »
For the second 20 minute period following shock, the shocked

18
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a , Figure 1, Successive 20-minute ngp mean activity counts

(+ 1 S+E.M.) over foot-shock days 1-5 for animals"

tested in the stress enviromment in Experiment 1,
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;niméls did not differ from the non-shocked over the imitial two
days, were more active during the third and fourth days, and';;fe
equally active again on the"fifth day (See Figure lc).

During the final 20 minutes ‘post-shock, the stressgd-animals

tended to be more active than the eontrol'group across all five

tested dafs. However, this differen;e‘was largely confined to

the first three days (See Figure 1d). . .

N . 5 + N
Overall, the pattern of activity in stressed animals‘s ap-

»
w

4

peared to Se characterized by a period of hypermotility that

ﬁegan during ;he final 20 minutes of testing on day 1, and over

days, both began sooner’in time, and.lenéthened in duration,
Aniﬁals that had been shocked 1; the othexr s;t of boxes

displayed a pattern of activity different from that of agimals‘

—

shocked in the AB during the subsequent 60 minutes in the activi-

ty box, As illustrated in figure 3,.the stressed and non-stres-
A -

sed animals ¢id not différ. l -

r

Morphine and Saline Tests

Figure 4 shows the results from the Sh-AB and NS-AB groups

“when returned to the AB without shock administration., When the.

2}

data were collapsed into 20 minute 1nCervals; saline injected
animals from t;: shock and no-shock groups did not differ, Fur-
ther inspection of the’data, however, suggested that a finer
analyses of the first 30 minutes in'five-minuCe inter§als might

bo'npproptiate. Possibly, the effect of previous shock had been

z&,"

- . ,
. %‘

P —
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Figure 3.

’

' . 3 .Q R
) ] -
Suc cessive 20-minute group mean activity countis '

(+ 1 S.E.M.) over foot-ahock days 1-5 for animals

tested immediat:ely following 8@ ek 1n)’a neutral

‘enviromment in Exp‘erment 1.
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Figure 4, Group mean activity/counts (i-l S.E.M.) for galine
(SAL) (4a), morphine (MOR) (0.5.mg/kg, i.p.) (4b),
and MOR (5,0-mg/kg, 1.p.) (4c) injected animals in

* the stress enviromment on days without foot-shock.

Experiment 1.
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_ STRESS ENVIRGNMENT
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masked in the 29—minute intervals by a stress x time interaction. \

This proved to be the case: a significant stress grougéx five—

.minute interval interaction was obtained from an analysis of

4

variance of the first 30 minites [F(5,70)=17,33, p<.001} (See

]

Figure 5a). During éhg first five minutes, breviously shocked

animals were less active than the no-shock control group. Over

.

the following 20 minutes, however, the stressed rats displayed a

temporary hyperactivity that subsequently diminished, }

When these same animals were systemically administexed 0.5
mg/kg_Pf morphine four days later, a less pronounced version of
the same stress x five-minute interval interaction wggjrevealed
[F(5,70)=2.33, p=.050] (See Figure 5b). Previously stressed
animals were again less active during the 1n1£1a1 five minutes
and more active during the_subsequent 20 miputes7/

Two days later, when the rats were 1niecteé wigh the 5.0
mg/kg dose of morphine, previously shocked ani;als were more
active thrﬁughouc the entire 80 minute session as revealed by a
significant main iffecf of stress [F(l,l&)-8;60, p<.02}.

: Contrary to these results obtained with animals previousiy /’/}\
shocked:.in the activity boxes, animals that were shocked in
separate chambers did not differ from their no-shock concroi’

group. Their overlapping activity counts are plotted in Figure

6. - -

28 ‘ ‘ : '
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Discussion
' This experiment clearlf demonstrated that ineacapable‘ foot-

: shock can signifi;:antly alter motor behaviour. Immediately after
stress, animals dispiayed a short-lived, Bt:lt profound, freezing
response that was followed by a period of increased locomotion,

‘ Over days this elevated activity underwen.t s;psitization similar :
to that seen ‘following repeated‘opiat'e administration, Across
tesr.'- sessions, the hyp'erac;tivity successively appeared 'earlier,
and covered a larger period of time, reaching a p;ak ngth on
day four. For re‘ason‘s that are not clear, é{duratio of .‘thia
T effec.t was reduced, on day 5 however, the hyperactivity did begin
— earlier than on a;\y of the previous days. These findings supportﬂp
the hypothesis that acute stress induces hyperactivity, and that
Y repeated stre:s induces sensitization of this activity. These"
obsé;.?V"ar.ions suggest that stressors might engage a physiological |
substrate that is alsd involved in morphine sensitization,
Elevated activity levels were also seen in animals re-
'exposed to the activity boxes, provided they had previously been
shocked there. "l‘his observation implies that the . stress experie-
A nce can become associated with the environment in which it was ¥
given., When céated on the re-exposure n:o-shock days, the e'xt:ita-
tory response to morphine was ralg{é enhanced 1™ aninals that had
heen shocked on previous da&a. In effect, previously foot-
shocked rats respc;n;!ed to acute systemic morphine aciminiscratioh
in a sanner reminiscent of animals having had prior experience

.

! - with the opilate, : \
Q’:?‘;.D . \q . /
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v In this experiment, increased locowotor activity was found
fmmediately poat-;t}ess (either foot-ghock or re—exposure to the -
enviromment previously asaoéiated vith stress) in animals shocked

--in the activity boxes, but not l; aniyalp stressed in another
environmént. At least two explanatiéns may account for this
difference. One is that the enflogenous opiate-like effects ;r
neuxochegical changes underlyingrthe‘enhanced locomotor aceivity
obta{ned from previously stressegggnhmals rfquires continuous
exposure éo the sc;ess environment for thelr fdll expression, 1If

. this were the case then testing in a neutral environment co&ld
fail to elicit these changes. Another possibility s that the
,act of transfering animals from the shock chambers to the neutral
acciyity boxes leads to conflicting effects that4counteract the
stress-induced activity enhancem;nt. As reported by Nabeshima et
al., (1983), and replicated here, the first few minutes following
stress are characterized by freezing., We now report that {f
anjmals are left in the stress envikonment, the freezing 1is

l\followed by hyperactivity, Hougver, once engaged, this multi-
;taged response may requ@re the continued exposure to the stress
envirpment t_c—) :;lqv for the full expression of the ensueing
hyperacfivity. Therefore, i1f animals are removed from the stress
envi ronment during their freezing stage, the hyperactivity may
n;t develop, Posaib%y, once freezing has begun, continued ,
exposure to a stressor is required to reveal the potential hyper-

motility. It might follow from this that 1f previously stressed

&)
animals were tested for activity without prior re-exposure to the
e .

& 34

Pa/ |

(2]

b
r



[

stress éqgironnéq:, then -the pocentiated activity response might
appear, It is possible that if under these conditions the
initial freeztng—reepoﬁse were not invoked, then an unemcumbered

L]

elevated activity level could be expressed in a neutral environ-
ment, |
As discnésed earlier, stress has been reported to potenéiate
. the locomotor acFivity or .stereotypy response from, respectively,
a low or high, acute, systemic amphetamine adminietration ‘
(Aptelman et al., 1980; MacLennan and Maier, 1983; #Hlerman et al.,,
) ' 1984; Robinson et al., 1985). &ﬁ each of these studies, the °
*  augmented response was obtained in a neutral environmemt, Thesé
observations nu&port the possibility chat'a'atress-induced enhan-
_:cenent of locomotor behaviour might be found 1n'a neutral envir-
omment with morphine. Considering these reports by other thves-

4
tigators the critical difference between the amphetamine studies

and this study might be that our aninq;; were tested immediately

following stress as opposed to the amphetamine studies where the
potentiated response was recorded at a lgter time. P

The following experiments attempted to address these issues,

y; A

’ .
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EXPERIMENTS 2a and 2b
In tW; previous experiment increased locomotor activity was

found in animals tested immediately post-stress (either footshock

or conditioned stress) in the stress environment, but not in -

.

animals stressed in.another environment., The bresent experiment

attempted to examine more fully the potential for seeing stress-

induced hyperactivity in animals stressed in one set of boxes and
his

L

tested in another, In the present experiment, animals were shock-

, ed. {n a distinctive enviromment separate from the activity box,

but, as in the previously discussed stress;ampﬁetamine inCeract-‘
ion studies, they were tested a minimum of 24 hours later., It
was proPosed that this temporal separation between stress and
activity monitoriﬁg would allow for thé expression of an augmen-
éed activity response without a counteracting freezing response,
To address this possibility, groups of animals were shocked
for either five or 10 consecutive days. Twenty-four and 48 hours
later, their locomotor activity levels were recorded in novel
activity ;oxes immediately following either morphine challenge
(0.5 mg/kécitajs_;r s#line vehicle injections., _If 1t vere found
that previously shocked animals displayed increased activity .
responses, this would ?upport the hypothesis that prior exposure
to stress can enhance the excitation of locomotor activity inde-~
pendent of the current preséntation of streés. If hyperaétidity

in previously stressed animals were also displayed under the

influence of morphine, it would reinforce the suggestion that the

~—



» /
potentiation of activity by prior exposure to a stressor involves,

opioid-related sites of action. Conversely, the absence of
differences in activity between ﬁreviouély stressed and non—
stressed animals would suggest that the stress—-induced potent-

iation of activity seen in Experiment 1 was a situation—-specific

ﬁr

effect requiring the prgsentation of stress to be expressed,

Methods

Subjects
Thirty-two male Wistar féts obtained from Charles River
Canada Inc. {St. Constant, QueBec)_served as subjects, The

animals weighed 275-300 grams upon arrival to the laboratory with .

testing beginning.two weéki/i;ter. Midway :hrbugh the study, one

‘animal was Aropped from thg exﬁeriment due to—-dllness, \
’ Agéaratus . )
‘ The apparatus used in thé experiment was as desc%ibed in
~Experiment 1. i
{inqigg and Procedure ~ ~
“§re—E;posur; to Stress: Different groups of animals were exposed
‘ A
to either fiée (n=7) consecutive days of 30-minute intermittant,
inescapable, foot-shock sessions at 0.8 mA or 10 days (n=8) at
0.4 mA. respectively, Shock was delivered 1 sec/10 secs, -
Appropriate no~shock Fontrol groups_(n-B) were exposed to the
shock chambers without shock delivery. ' | X e

Morphine and Saline Test Days: Twenty-four and 48 hours following
the final shock session, animals were monitored for activity

levels for 60 minutes in distinctive ABs located in a room sep-

’ _ » 3?7 !



arate from the shock boxes. Immediately prior to being placed in

the AB, the rats were injected with either morphine (0.5 mg/kg

1e.pe) © ‘saline., Administration was counterbalanced across d;ys.

The five-day and 10-day experiments were run successively at a

two-month interval. For that reason, the data from each exp~-

eriment was analyzed separately.

Results

Morphine and Saline Test Days

S

As 1llustrated in Figure 7a,'five days (Experiment 2a) of

" intermittent, inescapable, foot-shock inc¢reased slightly the

»

activity levels during the initial 20 minutes of testing after
morphine injection: Although the main—effect for stress was not

»

significant, this initial hyperactivity was refdected in a stress

x time 1nteraction“[F(2,265-5.28, p=.052]., On the other-hand,

following saline injections, animals froﬁ the shock grOué did not

differ from the no~shock control group animals (See Figure 7b),
As shown in Figure 8a, 10 days (Experiment 2b) of shock

increased igcométbr activity during the 40 minutes following the
saline injection. Agafn, the main effect for stress was not
sigqificant. The initial elevation of activity is, however,
evident from the significant stress x time interaction

’
[F(2,28)=3.84, p=.043]. Foliowing morphine challenge, shocked

38
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'tested either in the stress or non-stress erivironmen't.. one

« ,

‘Oubjects did not differ from no-shock subjects in this experiment

(See FPigure 8b), g ,

Discussion
These two experiments were éoné in an attempt t —;eluc:ld'ate B
the effects of previous shéck exposure on activity asurgd in a "
neutral emirom;n;:. The results, however, are inconsistent and

\

equivof:al.r Five days of priox shock exposure ‘failed to ‘enhance
i

locomotor activity following saline treatment, althougf? evidence
for a. weak potentiation of the at;t:ivvity responge to moxlphine was
present, In the other e:;perinent, animals exposed to 10 days’ of
lhopk did not differ from control subjects when tested \;pder !
;orphiqe. but did display a slightly augmented acti"vity \llevel
when tested with the saline vehicéle. This fragile, fnconsistent
pofentiacioi\ in 8 novel enviromet.xt was unexpected, and failed to
distinguish clearly between the two ﬁypotheses’ proposed to ex-
plain the difference obsei-vé/d in the manifestation of the effect

~
of prior exposure to stress on the activity levels of animals

.
hand, t‘he fact that at least weak potentiation of activity was
found in these experiments might suggest the expression of sensi-~
tization does not require re-exposure to stress: if stregs were
x;eq\lired, then even a weakly augmented’ response would not be
expect:e‘d. On the other hand, the novel environment used in th;:
present experiments may not have provided the.neutral,' non-

invasive conditions necessary to test the hypothesis, It is

43
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possible that novelty, itself, induces a str.ess response that can
pattially substitute for shock. Testing in a novel environment,
even though it was never associated with shock, may have been

‘sqfficiencly stress~inducing to mimic the effects of re-exposure

to the shock enviromment that occurred in Experiment 1, The fact
,that it was possible to distinguish in part between the shock and

no-shock groups may imply the presence of a previously induced

\

sengitization te the stimulating action of stress.
p

>

Although the data from Experiments 2a and 2b are somewhat

weak, it would appear that they confitm in pa'r: the findin'g from
Experiment 1 t,!xat: ;nimals pre—exposed to shock. tend ‘to be more

active than nbh—shpcked animals test:.ed with eith‘er wmorphine or f
saline. A new finding w?s' that’under the conditions of the
~experiment Qtress-indueed—hyperactivit; was transferable to a

novel enviromment and not spc;cific to ghe conditioned stress
gsituation., The fact that it did cfan‘sfer. however, may have been

i

due to novelty-sr.rJess substituting for the shock-stress. Unfor-

~

tunately, in this experiment, it was not possible to determine

whether differences between previously shocked and non-shocked a

aninals would have been found in a truly neutral environment,

/
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’ ' EXPERIMENT 3

The pt:uen: experiment attempted to address moré adequately’
the question of whether strﬁeu-induced activity enhancement was
specific to s stressful enviromment, The effect of testing in a
neutral enviromment was again e;unined. b;;t with an appropriaie
control for novelty, As in the previous two studies, anim'als'.
were exposed to daily foot-shock, Unlike the previous experi-
ments, the five shoc'k-exposure days were followed by five days of
habitustion to the activity bo;u Activity levels were Qonitored

&2a
throughout this p:rlod. Following the five habituation days
tl';et:'e vere two additional test days with uorpixine and saline
fnjections. All animals received morphine c‘Ouncerbala‘nced with
saline {or the tvtz days. It was hypothesized tQ%c if exposure to

~nt'reu on the test day was neéesury for the expression of ele-

vated activity, then over habituation days, as the stress induced

by the novel test box diminished, the previously shocked sub jects

-

4

should become progressively iso-active to t;e no-shack control
group. 1f, hoveﬂvewr,' cu(r:rent str;;s Were not necessary, a\ig! the <
novelty lcz.'eu vere a confounding variable, then habituation to -
the AB should augment the difference between the previous‘ly
ﬁod&ed and no-shock animals. During the morphine tegk, it is
expected that activity will change due to the same reasoning;
should habituation to the AB neutralize the c;:mfounding nature of ‘
a novcl't“: envi ;oment, then the .previ)ously shocked animals
will be more active than the no-shock group following morphine
injection, |

“6'5
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Subjecta

Sixteen male Wistar rats obtained from Charles River Canada
Inc. (St. Constant, Quebec) served as subjects. The animals
-weighed fromﬂ2f3-300 grams upon arriving with testing beginning

two weeks later,

' Aggaratus

-

The apparatus used in this expériment was“as described in

Experthent 1, -
Desi&g ahd Procedure \ -

Pre-Exposure to'Stress: Once a'day for five consecutive days, a.

group of animals (Sh-SB) was exposed to intgrmitfent; inescapab-

le, foot-shock for 30 minutes. The shock parameters were set at

-—

0.4 mA ghock, | sec/10 secs. A no-shock control group of animals-

(NS-SB) was plaégg in the shock boxes for 30 minutes without
> » ’_.f‘
goot-shock.

Pogst-Stress.Test Days: Twenty-four hours after the last shock

session,. all animals were monitored for activity for 45 migutes
in distinctive ABs located in a room sepdrate from the SBs.. This
procedure was repeéted,{g; a total of five coneecu{ive days. On
the supsequé?t twe éayi, morphine test and a final saline test
were berfo;med followiﬁé the same.basic procedure as above,
‘ﬂouever, all. animalg weniinou tested for 60 minutes and received
éither a morphine (0.5 mg/kg 1i.p.) or vehicie injection counter-

r

" balanceéd for days.

46
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Resilts
———
As 1llustrated in Figure 9, previously shocked animals did
not differ from the no-shock control group during their {nitial
exposure to the activity boxes, but, on the subsequent four days,

previously-st'ressed animals appeared to be more active than non-

stressed animals. The anfnlysis of variance carried out on the

<l

o

t otal session scores for all five days reveale;l a sigqilen: .
stress Xx cl:ay interaction (F(6.56)-5.7l.. p<.001], put only a weak '
effect for stressc[l-‘(l 14)=3,76, p=.07]. An analysis of variance
th&fﬁ'&ded only the four days following the 1n1tlal test day

‘showed the stressed animals to be clearly more ‘active than non-

stressed animals [F(1,14)=6.26, p<.025). k‘Bor.h groups showed a

gradual decline in activity over days [F(3,42)=4.83, p<.006].

Morphine and Saline Test Days

Figure 10 shows the results for the two 60-minute test
sessions with either morphine or saiine. On these test days tﬂ_e
previously shocked animals did not differ from the no-shock

group.

?

-~

Discussion
The present experiment further confirms the finding that

spontaneous locomotor activity {s incressed in animals previously ]
exposed to repeated shock as compared to non-shocked animals.

(39

More .pecificaliy, this experiment demonstrates that stress-

* {nduced locomotor h§peract1v1ty d(.>es not require a stressful
L)
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Figure 9. Group mean 45-minute activity counts (+ 1 S.E.M.) .
over test days 1-5 in a neutral environmenE T, -
"following five previous shock sessions in )
Experiment 3;
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) Figure 10.

5’37 .

N
.

Group mean 60-minute activity counts (+ 1 S.E.M.)
for MOR (0.5 mg/kg, i.p,) or SAL injected animals
tested in a neutral environment following five

- :
previous shock sessions in Experiment 3,

-
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neutral test envi romment.

c

environment to express itself, but can be geen in a relatively

neutral enviroment, — 0

IS

One possible explanatfo'n of the posoitive fiddings of the

. present expc_arimerﬂ: that has not béen considered and that could be

.! . ) é
of fered is ‘that previously stressed animals might be more acti:'

e
in the neutral enviromment because they could have learned that

the activity boxes were safe from shock. However, if this were

the case, it (wOuld be expected éhac ;:he magnitude of the obtained
effect migh t-'diminish over’habitua'tion days. . As fear of the ©
possibility of being shoc.ked extinguish;d over successive days in

the activity box, the hyperactivity might have been expected t

., decline in a parallel manner. This was not found .to be the case;

[ |

rather the augmented activity perqistéd over the foyr habifuation

days.v ¢
- )
The absence of an experimental effect on the subsequent two

.

test days with morphine and saline is perplexing. At this point,”
an explanation ig not readily apparent. Possibly, the lack of an
effect on these days is an unforCUqat:e anomaly . Th‘e following
e‘xperimem: attempted to more extensively study the interaction

between morphine and previous shock on activity levels in a

»
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EXPERIMENT 4

As was observed in Experiment 1, the enhanced activity
obtained immediately post-shock progressively increases or sensi-
tizes over successive shock days.+

The present experiment examined whether gtressed animals

" would reveal increased locomotor activity to repeated administra-

ti_bns‘ of low dose systemic morphine as compared to a non-stressed
@ontrol group, This was tested directly by repeatedly ;lnject:ing

animals with a low dose of morphine (0.5 mg/kg, 1i.p.) during the
days foliwing shock exposure,' 1f prior stxfess experience sensi-
‘tizes animals to the opiate’s stimulant properties, then previou-
8ly shocked rats should reveal an augmented activity response to’
Eepea:ed morphine administration. l Be/l:;rioural mo’nitoring was

carried out in activity boxes separate and distinctive from the

shock chambers.

\
. . , Methods
Sub jects \k
P 3

Sixteen male Wistar Mats obtained from Charles River Inc. ,’
(St. Constant, Quebec) served as subject:s..' The animals weighed
275-300 grams upon arrival with testing beginning two week\s
later, Midway through the procedure, one animal was dropped from

the experimelt due to illness,

)

AE paratus

- The apparatus used in this experiment was as described in

Experiment 1, ’ --

- T
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Design and Procedure

1
Pre-Exposure to Stress: In the A.M., all animals were monitored

. A\
for activity for 45 minutes in the AB. 1In the P.M., one group of

animals (Sh-SB) was exposed to 30 minites of intermittent, ines-

-

capable, foot-gshock. The shock paramefgrs vere set at 0,4 mA:
shock, lsec/10secs. - A no—shock control group (NS-SB) was carried
to the SB for 30 minutes without foot-shock., The distinctive SB

were located in a roé% separate from the AB.

Morphine and Saline Test Days: Twenty-fout and 48 hours following

the final shock sBession, animals were returned to the AB for 60
minutes. Subjects vere counter—balaﬁceg for either morphine- or
saline-injection on the two days. Two iays later, dally morphine
administ;ation in tﬁé\AB continued for seven further days. This
was followed by a'day withq?t festing, and then one final moé—

bhine test, Five days after this last morphine day, animals were

tested with a second saline day. . -

o Results
Data frgm the first 45-mindte test séssion, that occurred

before ahy animals had been shgcked, were'sdﬁjected to an analy-
. o
sis of variance for stress group X 15-minute interval., Activity

¢

scores from the next four 45-minute test sessions, following the

beginning of shock sessions, were subjected to an analysis of

variance for stress group x days x ]5-minute interval. The data

from the subsequent 60-minute:morphine and saline test sessions

" were c&llapsed into 20-minute intérvals for analyses,

As plotted in Figure 11, the designated stress group did not

54
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“differ from.the control group.prior to a session of shock. This

3

was reflected in the analysis of variance where the main effect

for stress group was not significant [F(1,14)=0,48], On,the four ~

days following the _initial shock period, however, the stressed
animals were more actjive than thg no-shock animals, as reflected

by a significant ‘main effect for stress [F(l,lé)-4.83, p=.043].

T

During\xhe.first 60-minute test day, when animals were injected
with sali%e the activity level of previously shocked animals was
also significantly greater than that of non-shocked ;nimala
[F(1,13)=5,78, p<.04], Furthermore, the difference was albo
apparent followiyg an acute, systemjic morphine injectionv
[F(1,13)=4.94, p<.05] (See Figure £:l9, )

The activity scores from the r;peated worphine tests were
'guﬁﬁected to an analysis of variance. This included thg first a
exposure to morphine, that was counterbalanced with saline over
two days, and the following eight daily morphfne administrations,
A; illustrated in Figure 13, and reflefted by a significant

stress effett [F(1,13)=6.92, p<.02], previousyf shocked animals

-displayed an increased locomotor activity level that persisﬁed

over the repeated morphine injgctf%h days. Additionally, over
days, both previously shocked and non-shocked animals‘displayed a

progressively enhanced locomotor activity response to repeated

55
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_Figure 11, Group mean 4S-m;nute activity counts (+ 1 S.E.M.)

\

™

over test days 1-5 in a neutral environment in

-

Experiment 4, Test Dayl was before animals had
-5 were after ghock sessions

been shocked; Test Days

4

had begun,
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morphine adninis:rratioﬁ.‘ This trend to become more active over
«a8essions 1s indicated by a significant effect of day
(F(8,106)=5.01, pc.001]. %+
‘ Foli)owing t;:e morphine days, there was a aecond_ saline test
day during which the previously shocked group continued to be
more 'aciive' than non-shocked aninals [F(1,14)=5,78, p<i03]. 1In |
order to test“whether repeated exposure to morphine increased
Bpontaneous activity levels with saline, data from the first ’ .

saline test day, carried out prior to morphine experiencé, and

T

f rom the)second second scline test day, post;moi'phine tests, were

. \ -
* "

subjected to an analysia{a’f varian;:e for stress x two saline days
. N
x 20-minute interval. As illustrated in Figure 14, allpanimals

were more active on tf\is second saline test day than they had

been on the first saline test [F(1,13)=10,06, 'p(.OOBI.K

-
>

Discussfon
This study supports the suggestion that previous exposure to —

stress is capable/ of increasing spontaneous and morphine-induced ' ‘ ’

activity in a neutral environment. Over successive shock days,

t he strsed animals became progressively more actlve relative to
: Following the five days of shock ses-

4

the no-~shock subjects
sions, ;:hese ‘animals also displayed a sensitized response to the
ex‘citatory'effec):ts of u-orphine.
| This stress-induced potentiation app:ars to be tolatalvely

long-lasting. Eleven days after the last shock session, an

N
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augmented response ‘to morphine was still evident., This response
c‘o repeated morphine increases over day;, thereby implying the
development of a sensitized or conditioned response to the drug
by both the atr;:ssed and non-stressed animals, Furthermore, with
a saline injecti-on 17 days post-gshock, previously stressed ar;i-
mals were still hyperactive relative to the no~gshock group. It
i8 noteworthy that both gtressed and non-stressed animals were
more active o:; this second saline test day, "l'his finding sug-
gests that the rats have come, to assoclate the accivilsy box with
morphine admipigtration and therefore reveal a conditioned enhan-
cément: of morphine-induced locomotion,

Interestingly, following the nine test days of repeated
exposure to_no:phine, no-ghock animals tested pnder galine were
as active as the shocked animals had been in'the saline test
prior to repeated morphine. These data suggest that repeated
morghine admi'nistration mimicked the effect of exposyre to”shock

e

on subsequent spontaneous activity,

@
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General Discussion
4

A growing body of research has shown that endogenous opioids’

are releagsed in response to a wide variety of intense stress-
inducing stimuli, The evidence includes direct measures of brain
4 B

oLioid levels immediately post-stress (Madden et al., 1977), as

" well as indirect measures such as changes in stress-induced

&,

behaviours that have been shown to be reversed by specific oploid

receptor blockers (Ami- and Aﬁit, 1978;‘W11118m8 et al,, 1984;
QBhijima et al., 1985)., Because it is widely accepted that
exogenous opiates”exegt their effects by acting upon the same
receptor mechanisms as thohe occupied by tﬁe endogenous oploids,
it is not surprising that many investigators have searched for
parallels in the behaviours affected by morphine administration,
For example, as does morphine, stress produces a form of analge-
sia that is reversibt; and preventable by specific opiate recep~
tor antagonists (Amir and Amit, 1978; Lewis et al,, 1980; Maier
et al,, 1980; Grau et al,,198]). This stress-induced analgésia
(SIA) summates with.analgesia from morphine administered either
centrally (Appelbaum and Holtzman, 1985) or systemically
(Ap;iibaumdand Holtzman, 1984)., .Interestingly, SIA alsd shows a
cross-tolerance to previous morphine injections {Chesher and
Chan, 1977; Drugan et al., 1981; Nabeshima et al., 1983; Terman
et al., 1986). That is, animals previously injected with mor-
phine display a reduced analgesic response following forms of
stress that induce opioid mediated analgesia, This cross- y

tolerance 1s not evident with non-opioid mediated SIA. Cross-
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temperature changes have alsd been reported., Stress appears to »~

- produce an opioid mediated hyperthermia (Stewart and Eikelboom,

1979) that can summate with concurrent morphine adminis'trati‘on to
eiithet augment the elicited hyperthermia from low doses or the
hypothermia from high doses (Stewart and Eikelboom, 1981;
Appelbaun and Holtzman, 1984; Appelbaum and Holtzman, 1985;

Zelman, Tiffany, and Baker, 1985). - . /

Testing 1p the Stress Environment

e

In the present experiments, an attempt was made to demon-

strate an interaction between stress and the excitatory effect of

-

morphine on locomotor activi‘ty. In Experiment 1, in which the
behaviour of animals was monitored immediately post-shock in the

shock ennviroment, acute stress elicited a biphasic activity
H
respopse; profound motor suppression was followed by increased
2

activity that exceeded that of the nosshock control group, Five

days of repeated shock produced a progressively augmented locomo-
tor level that began earlier and earlier in time and lengthened

in.duration. It should be noted, however, that the initial

a

freezing response remained 1nt‘act over days; it neither increased ’

nor decreased. The enhanced locomotor response from repeated /
’

strees i‘.{a reminiscent of the increased or sensitized éctivity

yd
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response obtained from repeated morphine administration (Joyce
and Iversen, 1979; Vezina and Stewart, 1984; Kalivas, 1985;

Kalivas et_al. , 1985), Furthermore, when the animals from Exp-

-

Y
k)

__eriment 1 were returned to the shock environment without shack R
previoysly stressed aﬁima].s remained more active than non-
stressed animals, an ef.fect that app:':ars to parallel the greater
activity observed in saline-injected animals returned to an envi-
romment previously associated with morphine (Vezina and Stewart,
1984), This increased activity was observed as long as 19 days
after the last stress session, suggesting that it 1; a relat:ivel);
permanent effect and not a lingering carr?-over from the shock
1ts;31f.

When previously’ stressed animals v;ere returned to the shock
envi ronment without- shock fo_llowing a morphine in;]egct‘ion, they
displayed an enhanced or sensitized locomotor response to the
oplate compared to non-shocked control group animals. This
stress-induced potentiation was evident with a low (0.5 mg/kg

2 1.p.) or a medium dose of morphine (5.0 mg/kg 1.p.).

Overall, these results appear to support the idea that
exposing t'mimals to stressors, can activate physiclogical auia-

- strates common to those engaged by the action of morphine at
) site; that promote hyperactivity, In light of these résulu, it
seems plausible to consider that t‘he overlapping sites of action
involve o;;iotd activated pathways thacx\,“a's discussed above, are
normally activated by endogenous opioids released dur'ing exposure
to a stressful event, Supportin’g this suggestion is a rLQent

~
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report by Schnur, Martinez, and Hang (1986). These researchers
observed .r.hat a low dose of systemic inorphine elicited h;\peracti-
vity immediately following mild stress, but hypoactivity after’

acute severe gstress. These findings support the contention that

stress induces opioid release tha't can summate with an exogenous
administration to potentiate the locomotor response, When com-
binec:l with the results from Experiment 1: it might be further
suggested that repeated stress suff-iciently replicates actions of

repeated morphine adminis;:ration to produce an &S\creaged or sen~

sitized locomotor response to an acute morphine injection,

Te}xting }_n a Neutral Enviromment

In Experiment 1, stress-induced ;;otent:iation of spontaneous
and mo;rphinract\;ated locomotor activity was demonstrated when
testing was performed in the environment associated with shock.,
It was suggested that this effect was due to a release of endoge-
nous opioids elicited by stress (either shogck or re-exposure to
the enviromment previously associated with shock) that’ resulted
both in spontaneous hyperactivity and summated with morphine .,
injections to potentiate their influences on locomotor activity,
Furthermore, the repea;ed stress-induced release of opioids might
have effected an enhanced reponse to the excitatory locomotor
actions of subsequent morphine injections,

Under certain conditions in the 'preaent studies, as well as
in the stress and amphetamine cross-sensitization literature, the
locaotf;r activating effects of prior stress experiences were

expressed in-a neutral enviromsent, As discussed in the
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Introduction, previous exposure to stress has been\reported to

S

potentiate the motor activity effects of amphetamine when test ng
was performed 24 hours later in a neutral environment (Antelm&
et al,, 1980; MacLennan and Maier, {983; Herman et al., 1984;
Rc‘sbi‘nson et al., 1985)., In Experiment 4 these effects were
replicated and extended with ;:orphine. When tested in a neutral

-

environment to which the animals had previously been habituated, l ot
shocked animqlé displayed a progressively increasing spontaneous\

activity r;asponse, relative to the no-shock control érmp, 20

hours after each s\:gcessive gtress sessiod’. On a subsequent

morphine test day, previwsI.y shocked animals displayed an enhan- "

ced or sensitized locomotor response to the opiate, This di.ff-

erence in activity between groups of previously shocked and non—

¥
shocked animals was maintained following repeated exposure of

» P

both groups to an opilate drug., After receivit{g morphine injec-
tions for a period of nine days in the neutral AB, previously

shocked animals remained hyperactive relative to the ne—shock
control group.

Another observation of interes‘t was ‘that following the nine
days of repeated exposure to morphine, no-gshock animals tested
under sﬂaune w;,re as active as the shocked animals had been in
the s.aline test prior to repeated n'orphine. These data aug}isr.

that repeated morphine administration mimicked the effect of

exposure to shock on subsequent spontaneous activity.

-
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inplicntion- for Underlying Substrates .4

As st:égested above, the s:ress-inducc'zd hyperactivity ob:
ained in Experiment 1, when animals were teésted in the stress
envi roment either immediately pos::-ahock or on subsequent days
‘without shock presentation, might have been due to a stress—
induced releagse of endogenous opioids that mimicked the locomotor
vexcitatory effects of.a low dose of morphine. One explanation of
‘tl;e changes observed after repeated .shock,could be that over
succeggsive days of shock, this opioid release was elicited eaxr—
lier in time and to' a greater degree, A result of such a poten-

tiated opioid release could have been the observed progteésively

.augmented locomotor response by previously stressed animals as

conpared to the non—stressed control group. The only evidence

there is to support such a suggestion is the anticipatory or -

" conditioned release of opioids that has been reported to occur’'in

envi roments previously assoclated with dtressors (Madden et sl.,
1977) . Another explanation of the observed effects arises from
the growing body of evidence 1mp11c.ac1ng t:l;e ;nesqlimbic DA system
in sensitization to the :ccivity effects of oplates-and stimu-
lants, Repeated administration of opiates (Joyce and Iversen,
1979; Vezina and Stewart, 1984; Kalivas, 1985; Kalivas et al.,
1985), saphetamine (Robinson and Becker, 1982; Robinson, 1984;
Kolta et al., 1985), or apomorphine (Kinon, Merson, and Kane,
1984) has ern shown to lead to a progressively increased loco-
‘

motor activity response., Additionally, c'ron-.encitlution bet~

ween these varifis drugs that all interact with the DA system has

-
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also been reported. The observations include cross-potentiation
bétween DALA and amphetamine (Kalivas, 1985), amphetamine and
morphine (Stewart _and Vezina, 1986), morphine and 'apo-orphlne

(Martin and Takemori, 1985), apoworphine and amphetamine (Riffee
‘
and Wilcox, 1985), and methamphetamine and apomorphine (Hata};’be }
, -

aand Taniguch#, 1986). Thus it appears that the sensitization of

-~

i ) > .
activity observed may be due not so much to an increased amount

of opioid, 6r to an increase in gensitivity of opioid receptors,

but rather to a change in the output of the DA neuron in response.

. = ‘ \
to repeated activation. The response to severe stress includes
z . ) <

1ncreaaea mesolimbic DA turnover (Fadda etoal.. 1978; Hemlp et
al., 1‘578; Herman et al., 1984) ch;t is also followed by s poten-
, v e

t fated motor activity response to amphetamine (Al;teln;n et al.,
1980; MacLennan and Mafer, 1983; Herman et al., 1984; Robinson et
al,, 198?). Co/nsidering these varied reports, {t would appear
reasonable to suggest tha’ e;\gaging the ' masolimbic DA .system via.

either pharpacological or envirommental .evehts leads _to &n ele-"

vated or sensitized response to future activation. In further

‘

a‘;pport of this notion, the recent study by‘.Vézlnl et al,, (1986;)
reported that intra-VTA inje(ction of .eit‘her morphine or the
specific,m opioid agonist.DAGO resulted {n increased }oco.otér
\'activity that became enhanced over repeated adainistrations, As
noted by these investigators, in light of previous éeportj.n that
o\g'geit a DA—independent, opioid nctl;uted, excitatory system in

the NAS, it vas of interest to observe that n'progrcncivc;y

increased resronse to the intra-NAS application of these
. ' M 4

7 2 , . "17
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g

_effect of DALA uicralnjected directly {nto the VTA, was poten—

A

agents did not resulc, s .

It um‘nld seem lt.gﬁly. thar the prese’nt experiments have also

engaged stress-induced opioid release and the piausible ensuing

I v

increased fespanslzaenecs of mesolinbie dopaninergic neuronal

lc(lpty. In suppogt of this suggest ion, Kalivas, Richardson—-

flrhon,l and Van Orden (l‘)P/b) have reported very recently 8 study

lhllar to.the present one, ‘D\ey found that the excitatory *

v '

tlxe{d by prcvlous repenred uhock trencmenr Furth\ more, pre-

.~
wious(datly ln:ra—\!‘h\ DMA was shown to {ncrease DA metabolism in

the NAS 1n.respon§c to an,.lcute, ﬁ'ild. shock session, These

flmﬂng- clcarly fmplicate the uesolinblc DA system in the cross-

L€ 2NN

sédsitization observed bets{een opiates and stress.
’ (3 . v .
To swmarize, consideration of the present experiments {n

the lighet of théﬁakovc evidende makes it seem likely that the

s

stress-{uaduc ed potentiated spotzubeous and morphine activated

A i

[ | - - . - ’ h -
. locomoto: lcrlvi ry re§ponsc&ob.e.ved fn ’the‘;{b\:r.ﬂl test envi

n‘ ) M 0

1 ! . I ‘ '3 .
T orment 4rwolve a netdunbic'DA system thar {s functionally more.
: - ) 0 -
relponatve to lcti\utlng events folldwing the applitrrion of

] @Q

ltreuors to the orpnl-. The {ncreased locomotor responses |
A . . . . K

dhphyed ln ‘the envi ronment associated vir’ gtress by previonsly
s hocked .nhals is also likely to tavolve chmge- ‘In the -eoo—-
1imbic DA oynt} in® Addl:hh hovevar, 1t is probable thatiin
the stress mment the Sh-AB group animals aré also affected
by th;_ omlrc;mnt lodsgcd rch-‘n”u of cndc;genoul opleoids..

,hl,t, uoukd%::o of {nwerest ;*_.a‘tuc;s;\u hypothesis thut strede-

- 13 \
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,
o 1
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{nduced hyperactivity in a neutral environment is prédominancly

testing takes place'ichbg,stress environment, additdonal opioid

Y
. »
- \
’

-

. ’
due tg an Ynireased action of the mesolimbic system whereas when

telease, may be 1nvolvéd.‘ One experiment that might ferret out

this dis§1;;C1on would be the application‘of DA réceptor blockers
prisr to each exposure to stress, ‘Jt might be expgcted that DA v
angtagonists would completeiy block the“stréss-Lndu%édvhyper&crl-
vity observed in a nedtral enviroqmén? but only partially block

fts subsequent expression’in the environdént associated with ..

stress, . —n

.previously shocked in the test environment when they were re-

. immediately post-stress in the stress environment, is a function

-

- ! l

A possible {mportant consequence of this._pploid release in

t he streaﬁ eqvironnébt 13 suggested by the noteworthy difference ¢
in the behaviour %f animals tested in a. neutral enyironment to
which they had been prevfouslyahabituated and of animals tested
in the same enviroment in uh?}h Fhey had expe;lenced scre‘;ful’ -
stimuli: a pro}ound freezing response was displayed by animals

» o .
exposed to rthat test enviromment without ensuing shock. Evidence p

presented by Nabeshima et ai., (1983) suggests thar the motor

suppression Bbcnlned\}nmédiately post-shock may be mediated 'by
. /7
kappa or delta optoid receptor agonists, Conversely, a recent

a

study by Lftht/;, Duffy, and Kalivas (1986), 1np11cates che ™ ‘ '

{
op 01d receptor agonlstg in the activarion of locomoror excit-
ltion. One might speculate, therefore, that thﬁ biphasic resp-

‘ . . | . .
onse of freezing followed by hyperactivity that is observed

v

” '
’ . .
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of released endogenous kapps or delta receptor agonists followed
by the release of mu receptor agonists. There is no evidence at
this point to suggest.uhether the ‘?fferential fctivatlon of
these binding stten~ls'due to a separate release of distinétive
ligands that preferentially enﬁgge each type of reggptor, or
whether it {5 due. to the release of non-specific opioids immedia-~
cel"podt-scress. Possibly, a less sensitive kappa o; delta,
tecepto£ mediating motor suppressibn miéht be activated during an
Lﬁft}g}~aurg; of oploid release, Over timé. a decreasing opiotd
level might engage the ma recepto¥ mediating locomotor excita-
tion, .

_ Another possibiliry that can be considered is that the
mesocortical dopaminergic pathway 1} fnvolved in the observed
motor suppression immediately follo:;ng stress. As discussed {n
the {ntroduction,™it has beéh a&ggestqd that this system inhibits
the mesolimbic Dﬁ pathway’s locomotor activating 16f1uencea EItoh
et al., 1985). 1t is possihle th;t the motor guppression dis-
playeé following stress nigh; involve kappa or delta oploid
receptor agonists that engage the mesocortiéal DA system,

Alternatively , motor suppression might be mediated by sy;-
Eens eithfr uﬂillaged to, or in conjunction with, the mesocorti-
cal DA nysta:k IQ partiéular; points Qfar, and {n¢luding, the.
nuc leus raphe pontis,“che;]bsteriour hy;oéhalamus and ﬁhe subg ta-
ntia nigra pats,rétlculata (Btoekkahp: Lepicﬁon, and Lloyd, 1984;
Tseng, Loh and L{,-1980; Thrskl, Havemann, and Ruschlnsky,l

]

1983) have been n.gse,t.ed to be 1nvolved in opioid-induced akinq—

’ 1]
" ‘ 75-

v
.
ﬂ' .
: I



F A

MY

~y . v

. . ,
.1!0 . " o

There is a further implication of the dual mechanisa presen-

ted here. It might help explain the absence of difference bet~-

wedn shocked and no-shock animals tested either {n a novel en-
. : X <

vironment or immediately after stress in a neutral enviromment,

{ [

It seems plhausible to suggest that the initial opiloid mediated

‘response to a seressful situation in rodents is freezing., With

>

further e);posure to stressors, an ﬁtivity—increasing mu mecha-
nism may bec‘ome involved., .This seconaary activation may be
short-—iived and dependent upgn the continuous exposuré to stress.
Should the stress-inducing stimuli be removed, such as when the
animal i{s removed from the stress enviro;ment or placed in a
mildly stre;sful or novel environment, the shorter-lived excita-
tory mu receptor mediated response might be reduced, terminated,
or masked by a longer-acting fx:eezing response,

Bolles and Fanselow (1980) have suggested that stressful
stimuli evoke a fear response that helps the organism cope witt
potential dangers. The analgiesia accompanying stress might enab-
le the animal to respond to the danger without 1nte1'-ference from
pain signals. According toitheir theory, fear is f‘ollowed by
pain t.hat: encourages reé‘upe‘ ative behavi_ou:fs. Conceptually re-
lated to their idea is tlhe uggestion presented now that a bipha-

2

sic motor response to streaslful stimuli may have adaptive sig-

nificance for the organism. When firset exposed to a stressor,
the rodent might be ’cted to engage in {ts species-specific

response of freezing. 1f this behaviour were fineffective in

76, "
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avoiding the stressor, an active response would permit an attempt,
. ) .
to escape. In the continued. pregsence of the stressor, this

escype aiding motor activation might become elevated. Over re-
peated experiences with the atteceor,'the escape aiding motor

activation might become enhanced; occurring sooner, to a greater

~ b

.
-magnitude, and lasting longer. 1If, however, the escape response

-«

vwere successful in eliminating the stressor, there might very

well be a rapid termination of-the mechanisns nediatiﬁg these

responses. Successfully escaping a stress-inducing event may

trigger a rapid return to baseline behaviour, Might such mechan-

'

isms und;rly the beneficial effects of "coping' responses?

-

e ¥
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