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ABSTRACT )
=
The Adaptive Nature of Stress-Induced Analgesia and

Pituitary-Adrenal Factors: An Examination
_Employing a Concurrent Behavior Approach.

Zvi Harry Galina, Ph.D.
Concorddia University, 1985

Exposure to a range of intense stimuli will raise pain
thresholds. This'phenomenon was termed "stress-induced
analgesia" (SIA). Despite efforts to identify the‘
‘phyéiological substrates of‘SIA, little 1is kAown about éhe

possible adaptive consequences of tﬁis respénse, Seven
experiments are reported attempting to address the iséﬁe of
\\\\\}he adaptive nature of SIA thppugﬁ!an examination of
béﬁaviors occurring co;curren£ly with SIA and the role that
the.pituitary—adrenal axis, in particular ACTIH, élay in

»

these processes. The method used to explore these proces%es
7

was t6~initially examine locomotion under conditions that
lead to SIA and then observe the effects of a reduced pain
threshold inlavoi§ance paradigms. First?kthe effects bf a
short intense heat-stress applied to the paws of rats was

. assessed. This temporarily reduced &ctivity in an open
field. To ascertain pituitarx:iprenAI involvement,
adrenalectomy and adrenal—medullectbmy were §€rformed‘before

the heat-stress but they had no effect on locomotion.

Hypophysectomy, however, prevented the reduction in

lospmotion and this reduction could be reinstated by .
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adminiétration)of'ACTH-(d—lo). Administration of naloxone o
or y-MSH (1l- 12) dld -not effect heat stress induced } o .

o B o

1nact1v1ty he data support t/e notion. that a sheprt ,

< -

«

.1ntense stressor can release ACTH which when actlng at*%

9

specific, ACTH' receptor, can be respon51b1e for a. short term

el

ngductlon in activity. Next we reported that this

v ! b ‘' ) . . .
heat-stress induced temorary non-opiate mediated-analgesia

-
L4

measured in a tail flick test. Finally; in'tqp studies, the

effecté of analgesia induced_éy various intensities of heat .
weregstudied in avoidance paradigms. Heat-stress did not
affect acquisition, perhaps due -to heat-stress induced
analgesia. Extinction of avoidance behavior was found to be
affected by various intensities.of heat-stress. The effects
of .this stressor on avoidance suggested that stress may have
adabtive consequenses leading to improved pefformance

capébilities during stress.

>
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Our understandingﬂofﬂshe physiological substrates

-underlyiﬁg the behavioral response to stress has greatly

expanded over the last few decadegé That stress has
enormous consequeﬁées on behavior is widely recognized. Yet,
the functional advantages of;stresé to the instigation of’
appropriate physiological ané behaGiofal responses is only
ﬁbw beginning to be understood. Very’often,‘progrégg can be

X

‘achieved through the concurrent analysis of data from two

interrelated disiplines. Therefore it was the general
’iqtent of this thesis to study, analyse, and synthesize two
areas of research. The exémination of stress-induced
analgesia (SIA) ;ndlfhe role-of. adrenocorticotrpin (ACTH) in
performance are linked by a notion, common to both, pyat
stress "is one of the major contributing factor$ in the
. |

interpretation of the results. o -

The text is divided into several hajor sections. In tﬁe
first section the concept of stress is briefly examined‘;nd
an operational definition is offered. This is followed by
successive reviews of the literature, first on ’
stress-induced dnalgesia, -and then on the role”of ACTH in
learning, memory and performaﬂce. Next, a set of "
experiments are described that attempt;é to elucidate the
fundgional.relationshié betwgen stress, analggsia and

performance. This effort led to the generation of another

set of experiments which attempted to join the two areas of

-study. Finally, an attempt was made to integrate the

e

[ 2
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results of the experiments and conclusions were suggested.

e R .
It was araued that stress-induced analgesia is part of the
, A
. animal's repertoire of behaviors th4qt allow the integrity of —-

the organism to maintained.

i .o

Stress defined operationally; response orgahization

-

Though the concept of stress ino&he Siological sciences
is not new (i.e. Cannon, 1914; Selyé, £946; see @ason,
1975a), there is still a serious debate as t; the exact >
meaning ofnthe term "sgless" (Mason, 1975a,b). The debate
stems from the fact that the word is vefy frequently used in
common parlance; its usage Seems to convey a message which
is readily coﬁprehenﬁed by mdst_éeople. Yet, éhere~§re many
words with somewhat difﬁerent meanings that are commomly
used synonymously with stress and which can lead to
confusion. Scientific discipline demands that more precise
«and pnambiguous definitions be used for hypothesis testing.
Therefore the terms mustgbé defined”9pératignally (Lyons,
1965, p. 18). '

N | There are théee basic. approaches ko éhe definition and
even the study of stress (Cox,.1978; Mason, 1975,b). These
approaches are based on consideratioAs stemming from the
following factors: the characteristics ofhsfiess stimuli,

the response to these stimuli, and an interaction, between

stimuli and the response to them. I will discuss these in

turn.

’
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A stimulus oriented definition of stress states that

= -

. - , . . .
(‘?%e stimulus properties 'of the environment place certain
-?emands on the organisf (Cox, 1978). These demands can be
?\w&qcognised since they afe disruﬁtive to the%?rganism. Within

+

this definition stress is treated as an independent

L]

variable. It is the search to identify the cha:acteristiés

r

of the stimuli which predict disruption which is the priﬁary
focus of this line of research. Stimulus based definitions
are characterized by concern with the causes of stress and

not with the symptoms, or results of streds.

~

On the other hand, a respomse-based definiﬁiqn of

.

'stress states that .the nature of” the organism's response: to

stimuli defines the presence or absence of stress (Cox,

1978). It is the measured reaction to Certain stimuli that
. . N
was in retrospect assessed as stressful. The pattern of
1 i . ! . - . o r ' ) ) ~
respopses in reaction to a stressor are what define stress.

WitHin this definition stress is treated as a dependent
4/ *
variable.

The £hird approach, and perhaps most useful in research
\ .

on stress géfects.in humans and animdls, is a definition.
: 3 4 :

thgf‘is based on tHe interactions between thé
characteriswics of the stimulus, the response that is

1 “, .
elicjted, and the ability of the organism to mediate between

;hese two factors (Deroéatis,l982). Within this definition

stress is treated as a dynamic interaction and the

researchers. task is elucidation of the relationship between

!
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the stimulus, response and the interaction of 'these two
(Cox, 1978). :

| ) | . |

Stress 'as a continuous intervening variable

The view of stress that I have taken in this thesis’

]

incorporates ‘these three commonly held definitions of

stress, and in addition ‘takes into consideration the
organization of behavioral responses when under stress. 1In
the view taken here, the orgagization of a behavioral

~

response is governed by many’interrelated factors. The most

,ihportantfare the interactions between the internal state of

< . .

the organism and environmental circumstances at the time the
v A

behavior is expressed. There is constant change in the

/ . N 0

state of both the internal and external environments of the

- -

organism, thetfefore this interaction must<;e viewed as an
. ]

Voo

ongoing dynamic process. It would follow, logically, that

the behavior emitted by the organism at anj time throughout

\

4 —

its life would be a product'of this intiréction. The focus

of this thesis is the determination of
5 a ' ‘ '
organization of "species-typical" defensive responses are
) - ‘ \
modulated by stressful events in the immediate environment. '

ow the pattern and

~

These defensi%é responses are seen as a product of the
interaction between Eﬂg,i;ternal and external environments
of the animal.

Unconditioned noxious stimuli will elicit responses

which may be construed as.automatic. However, if the
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%pecies-typical behavior results in a response that
terminates or at least” attenuates the intensity of the
aversive stimuli, the probability of a reoccurence of this
response is increased. Thus the relationship between
§timuIi in both the external and internal environment and
the behavior of the orgé;ism can be defined by well =
established "laws" of léarning.' Nevertﬁeless, during '

A\

[

certain environmental conditions,'particularly those of

‘“"agute stress", the usual organisation and pattern of

A

particular behaviors‘may not follow the prescriptions of the
pfeviously mentioned "lawful relationship" but-.instead
appear to be compromiséd by an ensuing disorganization of
the behavior. . . .

Disorganization, howevef, i$.not always the immediaté
consequence of stressful events. Moderate lévels of acute
stress may in fact facilit;te or activate physiologi;al and
behavioral "coping“ mechanisms and strategies and result in
an improved responsevpattern. Continued §tFeés may‘lead to
@, breakdown in normal coping mechanisms and result in
disfﬁption of the species~-typical response patterns. Even
acute stressful stimuli can have dive;se effects on the
organism.  Some researchers have postulated that acute
stress can have either positive or negative consequences.
bnder certain conditions stress may digrupt beh;vior, while

under different circumstances it can have an integrating

effect on performance and behavioral response patterns (i.e.

.
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Hebb, 1955; Malmo, 1959; Selye, 1974j~Yerkes & Dodson,1908).

Using these conceptuélizatigns, that events in the

environment can organize or disrupt responding, a useful

¥

operational definition of stress and, by implication, its
synonyms, can emerge. Many words have Seentused
syno;ymously with the Ferm stress, though all have‘clearly
different connotations (e.g. activation, arousal). " An
al€ernate way to view stress and its synonyms is to reggrd
them as representations of different.locations along a
single hypothetical continuum.

This hypothetical continuum derives from the following
conceptuélization. According to Selye (1974)'the term
stress should be re;erved for nbxious stimuli that induce
the same physiological syndrome.& On .the other hand, the
term arousal which was often used in‘the same context was‘&n
fact describing concdrreﬁtly, stimulus dimeﬁsions such as
intensity, duration and frequency as well as psychological
vériaﬁles such as fear, and reaction to novelty and conflict
(Hennessy & Levine, 1979). However, XﬁJ;;;eralb stress was
traditionally used to descr%be the status of the organism
itself. Furthermore, arousal was traditionally Qiewed as an
adaptive process, while stress has béen viewed as a
maladaptive, even pathological.process. However, it is more.
likely that stress and arousal,\ln this-é}gﬁitional frame of
reference, simply describe different positions on the same

s

. *
continuum. In this case they merely constitute terms used

- 4
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to describe the response of the organism to different

degrees, levels, or %ntensiti;s of t};e same set of
environmental étimuli impinging on the organism. L
.Furthermore, arousal may describe the portion of the
continuum where thelresponse of the organi;m to tﬁe
impinging stimuli is improved in its efficiency while stress
\descriﬁes a segmeptygfvthe continuum where the response is
disrupted and disintegratea. Therefore the working
hypothesis takén here ié that stress may be vieQed as a
po;ition on an arousal contindum (i.e. too little or too
much ar;usal), or that arousal constituﬁes'a position on a
stress continuum (i.e. a reaction to different intensities
of noxious stimuli). .Clearly, the choice would dépend on
whether one focuses on the stimulus continuum or- the ’
continuum representing the status of the organism.

This notion that stress can be viewed as a hypothetical
position on a continuum of gtress or arousél can H2 further
‘developed by considering the view put forward ﬁy Malmo
(-1959). As with otherﬂSesearchers, Malmo prefered his own
terminology because he felt that it would better represent
his an conceptualizations. In the context of the preéent
discussion, it is interesting to note that Malmo speculated‘
that, an appropriate level of environmental stimulation '
" ("activation") would sensitize the organism. Such
activation at any given point on the continuum would be a
consequence of an interaction between environmental and

-
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hormonal conditions. The hormonal c&nditions would not’
necessarlily proviae the directional impetus for a
particular behavior ("streering function") Eut would set up
conditions to facilitate appropriate responding. 1In fact,
Malmo delineated a épecific experiméntal paradigm which
included three levels of-aetivation: low, moderate, and
high. He went on té'suggest that the expected corresgonding
performance levels of the organism under these-three levels
of activation would be low, optimal, and low; i.e. an
inverted U-shaped curve. Stress, éctivatibn and aréusal in
this schema haﬁe'meaning only ‘as relative term$ determined
by their position on the inverted U-shaped curve. It is
imperative to note that the characterization of a behavioral
reséonse as high or low in this context is only meaningful
in relation to its positibn on the curve. What follows fiom
this line of reasoning is that experiments which emplgy only
one level of stimulus intensity cannot yield meaningful
data. This framework seems to have particular merit and
wherever feasible the experiments that follow used this
conceptual approach. .

By incorporating these notions into a conceptual theme
it becomes possible to better” measure defensive reactions in
terms of an integrated response to a‘stimulusvconfigurAtion.
This response, however, is necessarily constrained by the

parameters of the experiment. The performance in the

absence of stress becomes the baseline against which the

|

k3
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behavioral response in -all phases of the experiment is

—— assessed. In this context -any chaﬁge in performépce‘may be
defined as the product of s@ress.l For ex§m§1é7’one of the . //
adapﬁive responses of rodents to electric footshock is -y
‘avoidance. If the stimulus configuration impinging on the . //

) prganisg alters this adaptive response then this inﬁeraction, ///

_is considered "stressful”. One must therefore conclude that

deépibe the preVailing_confusion in terminology, stress and //

/
/

arousal are by definition the intervening variables betweey/
environmental stimuli and the response, Figure 1l .is a ///
simplified graphic description of these notions.

/
The forgoing discussion leads to the conclusiqﬂ/that

/

3

the operational definition of stress that was usgﬁ in the °
/
present experiments was defined by the response./of the

b

organism to different configurations of a stimulus. These

/

-

different gonfigurations incluyded the variables of intensity

and duration which-interacted with the pﬁysiological staté

of the organism to produce adaptive behavior.

i
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Fig. 1. A graphic presentaﬁion
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INTENSITY AND\QR DURATION
' OF STIMULI

2> >

of a concepﬁgal hypothesis

‘- , .
concerning the term stress as a continuaus variable. The
probability bf'behavior is\a function of the iﬁtensit& or
CGuration of stimuli. The stimulus variables will either

facilitate, disrupt, or prov%de an optimum level of

behavioral performance.

.
3,

3 . , ) - )

p
o
v U‘ p



11
3y

A Lo
Stress—-induced analgesia

4

/[(/

Stress stimuli'ﬁay have adaptive consequences

As stated above stress can be considered either,as an
adaptive or a disruptive phenomenon. One of ghe observable
results of exposure to’‘stress stimuli is a dimin;shed
reaction to pain. This decreased sensitivity was ‘termed
stress-induced analgesia (SIA). Appropriate and adaptive
responding during the presence of noxious stimuli (i.e.
avoidance, escape, freezing) may be disrupted or blocked due
to accompanying pain. Within obvious limité, a diminished
perception of.pain would allow the organism to better focus
its attention on a suitable response (Amir, Brown & Amit,
1980; Bodnar, Kelly, Brutus & Glusman, 1980a; Bolles &
Fanselow, 1980). When viewed in these terms, SIA can bé
considered an adaptive process.

A large body of literature has been gathered
" documenting the physiological,and anatomical substrates of .
SIA. 1In add@tion; many of the variables that may be '

.

subsumed under the term stress have also bfen studied in
~terms of their capacity to modulate the perception of bain.
In 1976, three laboratories independently reported a
phenomenon which has since been refered to as \
"stress—indyéed anélgesia" (sIA) (Akil, Madden, Patrick &
Barchas, 1976; Hayes, Bennet, Newlon & Mayer, 1976;

Rosecrans & Chance, 1976). In the first series of

experiments Akil and her colleagues (Akil et al., 1976;
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Madden, Akil, Patrick &“Barchas, 1977) demonstrated that
exposure to inescapable footshock would lead to an ‘elevated
pain threshold. They also reporteé that following the same
manipulation, stered-specific binding of opiates to opiate
receptors was reduced and the elevation in pain threshold
could be bartially blocked by the administragion of
naloxone, an opiate receptor antagonist. Y
In a second series of exberiments, Rosecrans and Chance
(1976; Chance, White, Krynock & Rosecrans, 1978; Chance,
Krynock & Rosecrans, 1978) used inescapable footshock as a
conditioning agent in a classical (Pavlovian) conditioning
paradigm. The footshock was repeatedly paired with a
~neutral stimulus and this neutral stimulus eventually
elicited elevations in pain threshold when présented alone.
<%7ey also showed that the.elevation in pain threshold was
correlated with an inhibition of opiate binding and an
-.increase in radio-labelled Leu-enkephalin binding in brain
tissue. -
In a third series of experiments Mayer and coworkérs

(Hayes et al., 1976; 1978a,b) used a number of different

i

stimuli (1i.e. foo;shock, centrifugal rotation) and reported N
that exposure to thQFe stimuli would elicit elevations in
painAthreshold. Of particular interest was their
demonstration that stress, as defined by adrenocortical
activation; was é sufficient but not a necessary condition

for the increase in pain threshold. They also reported that



‘ they could not affect pain threshold increases with naloxone

13

- £

administration. o
*

The diverse nature of the results reported above; i.e;

increases\in endogenous opioid binding, reversible,

- / ’

nec ssariﬂ§’$ contributing factor to the elevation %P pain
thresholé, ipstigated‘a very fruitfﬁl search into tﬂe naturé
'of "stress" induced analgesia.

| In the sections that follow I will first describe the
experimental evidence for stress-induced analgesia and then
outline the nature of the physiological substrates énq
psychological mechanisms underlying this phenomenon. 1t is
my contention that the interpretation of the results of,
.fhese experiments, as well as others, must lead to the
conclusion that SIA is one of a constellation of overlap%ing
systems that may enable an organism to'adapt to changing
environmental circumstances. In addition, an attempt was
made to synthesize the data and speculate on its possible

role in the functional organization of behavior.

Parameters of Stress-induced Analgesia )

One of the apparent paradoxes of SIA research is that
the measures employed to infer analgésia are, of necessity,
painful® and aversive, while in most cases the  analgesia

indugs stimg}i_are themselves both painful and aversive.

(4573
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This has led to the use, by some investigators, of analgesia
testing procedures that others have used as,étimuli to

: /
‘'induce analgesia. For example, footshock h@s bee% used as a -
g , .
padn-rstimuli (Hayes et al., 1976; 1978a,b) and also as a
&
pain measure (Bodnar, Kelly & Glusman, 1978). For this

reason I will begin with a discussion of the factors that

determine the analgesia inducing properties of the stimuli,.

- Induction of SIA: .

Intensity, Duration, and Temporal AsSpects

There are many stimuli tﬂat, when applied to an
,6rganism( can lead to SIA. It has become apéarent that

different types of stimulus, Aor even the same stimuli under
v z

o — =

‘'different conditions may change the nature of SIA and its
underlying substrate. |

The most frequenily used procedures for the induction>

: > ’

of SIA are those that employ inescapaﬁle footshock. It has
been c¢onsistently réported that continuogsl(up to 3 min)
inescapable shock (Akil et al., 1976; Hayes et al., 1976;
Madden et al., 1977; Rosecrans & Chance, 1976) raises pain
thresholds that are neither bloéked by na;oxone nor are
cross tolerant to morphine (Lewis, Cannon & Liebeskind,
1980; Lewis, Sherman & Liebeskiﬁﬁ? 81; Ross dich,
1984). On the other hand, prélonged‘(s min or more),

intermittent shock {Amir & Amit, lé79b; Lewis, Cannon &

Liebeskind, 1980; Lewis, Sherman & Liebeskind, 1981; Millan,

. \}

v
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Gramsch, Przewlocki,_ﬁollt & Herz, 1980), also induces

'analges;a that is in turn affected by naloxone and is

morphlne tolerant. Others have shown that keeplng the
intensity and duration of the shock constant (S5sec, 1lmA),
while varying the total length of exposure also éroduced
differential results in the induction‘%f SIA (Grau, Hyson,
Maier, Maddon & Barchas, 1981).' Twenty min of shock
(variable interval; mean = 1 m%’g induceé analgesia that was
inqensitive‘to naloxone, longfr periods of exposure to shoek~
(60 amd 80 min) ;roduced analgesiaftﬁafiwas blocked by =
naloxone. However, a number of researchers have reported
that shock durations of 5 or 10 minutes produced analgesia
that was opiate medieted'(Amir & Amit, 1979b; Millan et al.,
1980) while others ﬁave shown that 30 seconds of exposure to
shock produceq anralgesia thet was neloxone reversible
(Bucketf, 1980). 1In an elegant parametric study (Terman,

Shavit, Lewis, Cannon/& Liebeskind, 1984) all three shock

parameters were varied independently and the results

’
indicated that interactions between intensity, duration, and’

time determined whether the substrate for the analgesia was
opiate or non-opiate related.
Cold-water swim (CWS) stress has received considerable

attention as a procédure that rilses pain thresholds. Bodnar

~
. and hlS colleagues carried out a series of experlments that

R S
examlned thé parameters and the substrate of CWS analgesia

(Bodnar, Kelly & Glusman, 1978). Following 3.5 min of

2 Y
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inescapable swimming in water at 2 C, a profound analgesia

{:that was neither naloxone reversible ﬁor'cros; £olerant with’
mofph%ne was observed (BoézEEL,Ke&{§7\SéLiner & Glusman, ‘
1978f). A 3.5 min ;wim/{a water at lSiand 21 C was also ‘ -
found to raise pain thgesholds, howeve;, this analgesia was
blocked by naloxonecgnd fgyna to be cross tolérant to ) -
morphine (Bodnar et al., 1978f; Chester & Chan, 1977; oy
¢hristie, Chester & Bird, 1984). By altering the‘procedure
from continuous CWS to intérmittent CWS it was found that
3.5 min of CWS induced a non-opiate mediated analgesia
(Bodnar et al, 1978f), whiie intermittent CWS (18,
10 sec exposures, 3/min) produced an opiate mediated
analgesia (Girardot. & Holloway,119€4a,b).
Glucoprivation has been found go induce a tfansient
antinociceptive response in rats. Acute administration of
2-deoxy-D-glucose (2-DG), an antimetabolic glucosémgnalogue,
C)‘ insulin, or acute food deprivation, increased pain

thresholds in a 'number of tests in a dése dependent fashion

(Bodnar et al., 1978a; Bodnar, Kelly, Mansour & Glusman,

1979b; Bodnar, Merrigan & Wallace, 1981). Chronic

. .
‘administration of 2-DG on the other hand reduced the 2-DG
antinociceptive effects in pain tesés indicating that
adaptation to the gain inducing qualitieswdeveiopéd but
adéptat{pn to the hyperphagic properties of the drug did not
~A%Bodnar, Kelly Brutus, Mansour & Glusman, L978c;‘Bodna:,

2

Kelly, Brutus, Glusman, 1978b). The antinocicebtive,

-~
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response that was seen after food deprivation was

antagonised by naloxone and in some circumstances was

-
0
-

reported to summate with-2-DG induced analgesia (Bodnar et
al., l978c;\McGivern, Berkla, Bernston & Walker, 1959,
McGivern & Bernston, i%BO).

Pt Has been suggested (Bodnar et al., 1978c) that 2-DG
induces an antinociceptive responsé because it mimics a
stgessor, or is itself a stressor and not because of its
glucoprivic effects. A number of differences between the
glucoprivic and stressor effécts of 2-DG have been
docdmentgd; the time course of the effects differ
substantiélly,-tolerance to the hyperphagic and analgesic
effectsféf the two manipulations develop differently,
different doses are needed to induce the effects centrally,
dnd the neurotransmitter and anatomiéal substrates are
disséciable_(Badillo-Martinez, Kirchgessner, Butler &
podnar, 1984;'Bodgar, Kramer, Sim&ne, Kirchgessner &
Scalisi, 1983; Bodnar, Merrigan & Wallace, 1981). The
constellation of effects after 2-DG. administration is

similar to that seen with other stressors and thus may have

the capacity to activate pain suppressive systems. Indeed,

\ /
' +2-DG” and CWS analgesia exhibit cross tolerance to each other

2

*in that adaptation induced by chronic administration or

6 S

appllcatlon of either manlpulatlon reduced the paln

suppressxve effects of the other’ (Bodnar et al., l\V9b) In

Jzéﬁgggl, as with studies® reporting on shock—lnduced

S
A
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analéésia} the studie§ on the anEinociceptive effects of
administration of 2-DG, insulin, or food\deprivation
indicate that intensity (dose dependency)” and duratioﬁ
(acute Vs chronic) are iméortant variables determinig the
nature of SIA. o .
Several other stimuii'have‘been reported to induce SIA,
but‘theylhave not been,stuﬂ}ed in such detail as have
_footshock or QWS. Exposure to ambient temperatures of 40 C
for one hour was necessary to observe elevations of pain
threshold, while chronic exposure for eighk(days~(l hr/day)
did hotrelevate pain thresholds (Kulkarﬁi, 1980):  An early
dembnstration of a "peculiar" type of "stress-induced

analgesia" was shown in fem&le rats (Komisaruk & Larson,
1971). The peculiarity of this demonstration stems‘from the )
fact that its aversive or even streésful nature is rather
questionabie. In this‘study, vaginal stimulation inddced
significant levels of analgesia that was attenuated by

opiate receptor blockade and was attenuated in animals

previously adapted to morphine or CWS (Bodnar & Komisaruk,

A
1984; Crowley et al., 1976; Crowley, Rodriguez-Sierra &

.Komisaruk, 1977a; 1977b; Hill & Ayliffe, 1981: Komisaruk &

Wallman, 1977). Furthermore, a variety of other procedures

bl

and menipulationé whosg_aversive or stressful nature was
similarly questionable (e.g. cervical probing, Komisaruk &-
Larson, 1971; centrifugal rotatipn, Hayes et al., 1978; and ‘

/-
body pinch, Amir, Brown, Amit & Ornstein,_ 1981) were all"
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found to induce changes in pain threshold. Taken together

these studies seem to reveal a unique and seemingly

pa;adoxical nature of SIA, i.e. that thg "stressor" need not

be severe, or even aversive in order to be effective in

inducing analgesia. Indeed, this set of studies seem to 4

raise a fundamental question as to what in fact constitutes
a stressor, necesssary and sufficient to induce analgesia.
A reviéw of the studies. included in this section'éeems
to illustrate the need to deﬁign expériments where multiple
dimensions of the impinging stimuli are utilized in order’

for the full range and complexity of the factors governing

_the induction of SIA to be revealed. ' .

Conditioning and Control factors in SIA

ek - ’ . .
When an animal is confronted by a stressful situation -

that may potentially be threatening to its survival, the

efficiency of its response aimed at extricating itself from
, .
the threat is of obvipus importance. Therefore if an animal

could draw upon its past experience with the same stressful,

threatening situation to increase its efficiency in

¢

responding, it would be adaptive: Since analgesia can be a

by-product of stress, it would follow that. analgesia could"

-

form bart of the animal's experience following a

confrontation with stress. Since the diminished response to

pain may increase the ability of the animal to respond

efficiently to terminate the stressful situation, it would
. L4

1
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seem highly adaptive if;analgesia could be conditioned so
that it coﬁid‘bé-reaAily induced by exposure to cues in the
‘enbiroﬁment previously associated witg the stressful
51tuat10n, thereby maxlmlzL;g the eff1c1ency of the animal's
- defensive response. Naturally, the conflrmatlon of such a
process. would sqggést the-presgncg of adaptive plasticity fﬁi o
the systems which unde;lie SIA. |

Analgesia can be conditioned to the environment in which
the animal réceived footshock. Conditioned analgesia
induced-by footshock can bg achieved through'thé pairing of
distinctive environments“witﬂ the footshock and with the |
measurehent of analgesia in ﬁhe ;ame environment (Chance,
1980; Chance, Krynock & Rosecrans, %978; Devries, Cﬁance,
Payne & Rosecrans, 1979; Fanselow, 1984; Fanselow and
Baakes, 1982; Héyes et al., 19783a; Ga;ardi, Bartoletti,
Gubeliini} Bacchi é Babbini, 1983; Kinscheck, Watkins & - "
Mayer, 1984; OliQerio &ICastellano, 1982; Rosencrans, Hong &’
- Tilson, 1982; ).

The ggneral procedure in these studies is the coﬁtigqus
association of a distinctive environment with a sgressor and\
" the péin test. For example, a study carried out in Mayer's
laboratory.utilized the following procedure (Kinscheck,
-Watkins & Méyér, 1984), The animals réceived'footshock (90
sec, 1. ZmA)(UCS) whlch was paired with the grid or with a
sound (CS) or both. Tail-flick 1nh1b1t&on was the measure

of'analgesih (UCR). The rats were tested for conditioned

i
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analgesia on the fourth day, by being placed in the shock
box (CS) exactly as -in days one to three but with no shock
delivered. Ninety seconds following placement in the shock
box analgesia was measured (UCR). Using this and similar
procedures it has been reported that on day four significant
analgesia was observed, induced presumably by the R
shock-environment pairings. Iq/a related experiment the
conditioned analgesic response could be observed 24 hours
following one pairing session of shock and environment on
fhe previous dqy. In addition, it has been régbrted that’
this type of conditioned analgesia was naloxone reversible
{i.p. or intrathecal) when administered before exposure to
the CS.and that it was cross tolerant to morphine (Hayes et
~al., 1978; Kinscheck, Watkins & Mayer, 1984; Watkins,
Cobelli & Mayer, 1982; but see Chance, 1980; Chance, Krynock
& Rosecrans, 1978). Furthermore, when naloxone was
ddministered before exposure to tﬁe Cs it prevénted the

. appearance of conditioned analgesia. Watkins & Mayer

P(l982a), have suggested that the findings that naloxone can
!

{prevent but not reverse SIA may be interpreted to signify
that once opiate systems in the spinal cord are activated,
_‘continuea opiate release is unnecéssary to'keep the system
‘active.
Other researchers have used a procedure analagous to
that which p;oduced a "learned helplessness" response which

{
they termed "long-term stress-induced analgesia" (Jackson,
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Maier & Coon, 1979). . The term "léarned helplessness" refers
to a hypothesis that prior exposure to inescapab}e shocks
iinterferes with later escape énd avoidance learning because
the animal learns that no response will terﬁﬁnate shock
eiposure (Seligman & Maier, 1967). 1In other words the
animal learns that it has no control over the shock and thus
does no£ reépond when the shock.becomgs escapable. Using
the same type of procedure it has been repofted that 24

hours after exposure to eighty (1lmA) inescapable, but not

escapable sHocks ta the tails of rats, during a period of
one hour, and subsequent exposure to a different shock
apparatus with as little as five shocks of a lower
intensity, which by itself does not produce analgesia (5
sec, .GmA), reinstated ;he analéesia induced by the shock on
the previous day (Jackson, Maier & Coon, 1979; but see Mah,

" Suissa & Anisman, 1980; and Zacharcko & Anisman, 1984). It
is important to note that this type of analgesia wég seen
onlf in the groups that received the subsequent brief shock
procedure and only in those animals that did not have
‘control over shock termination. The effect was seen only in
animais preexposed to 80 shocks and not in rats preexposed
to 20 or 40 shocks. The antinociception after preexpoéure
to 80 shocks has been reported to be opiate mediated since
naloxone or naltrexone can dose dependently block the effect
when administered either before initial shock or before the

reinstatement procedure (Maier, Davies, Grau, Jackson,
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Morrison, Moye, Madden & Barchas, 1980). These authors also
reported that a naltrexone reversible analgesia'was observed
30 minute after the eighty shock-reinstatement procedure.
However, when the animals were tested 1 min after
termination of the eighty shocks the resultant analgesia was
not naloxone reversible (Hyson, Ashcroft, Druggan, Grau &
Maier, 1982; Maier, Drugan & Grau, 1982). Also, the‘ability
to terminate shock determined whether the analgesia would be
manifested or not when tested for analge;ic responses 30
minutes, but not oné minute later. That is to say that the
analgesia that is observed one minute after the 80 shock
procedure is evident whether the shocks were escapable or
not. This may indicate that the "controlability" factor
must have sufficient time to develop before it becomes
manifest. In other words, the animal may need exténaéd
exposure to the shock in order to "learn" that is has no
control over the §hock (Maier, Drugan & Grau, 1982). This
"learning"” would then shift the substrate of analéesia to an

opiate form which may in this instance be necessary for

conditioning to occur. ]
Given the relationship between controlability of the
stressor and "learning" it should be noted that ;olefance
(diminished analgesia) develops to the opiate mediated
prolonged footshock-induced analgesia but not to the

non-opiate brief footshock analgesia (Lewis, Sherman &

Liebeskind, 198l). This may suggest that the opiate and

0
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non-opiate systems, thugh both involved in antinociception, -
serve dé%%erent functional purposes. ‘Since the non—opiate’
analgesia induced by brief streséors does not readily adapt
it may be tﬁe mechanism which is constantly avalilable to the
animal, while the opiate mediated form comes into play
either when the pain is of "higher" intensity or as an
outcome of c¢onditioning processes. This is corroborated by
the observations that opiate aéd non-oplate analgesias can
occur in succession; brief non-opiate can be followed by
prolonged (or more intense) opiate anélgesia (Grau et al.,
1981). Also, the two forms of analgesia are not cross
tolerant (Terman, Lewis & Liebeskind, 1983) suggesting their
independence.

Further testing carried out by Maier and his group
(Maier, Ryan & Kurtgz, 1984) determined that essentially the .
same results could be observed when shock parameters were
substituted by the stress of a formalin injection. They
a}so showed that a non-opioid form gf analgesia induced by a
few shocks can be converted to an opioid form by pretreating
the rats with a painful formalin injection to the paws
(Maier, Ryan & Kurtz, 1984). This once again seems to
confirm that the duration and intensity of the stress are

crucial for determining the underlying substrate for the

observed analgesic reaction. The reinstatement procedure
only seemed to work when the substrate was the opiate form

which was usually found when the duration or intensity were

(
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inc®eased. This was supported by reports that a very short
foétShock stress which induced a non-naloxone reversible
analqesia could not be used as a conditioning stimulus (Ross

& Randich, 1984). In this section .I have outlined how the -
stimulus parameters can determine the substrate; in the*ﬁeﬂf;
section I will review the evidence pertaining to the

substrates.

" Physiological Substrates of SIA

It would seemn clear‘from the previous sections that SIA
is not a uniform homogeneous behavioral phenomenon. _EVen a
cursory scrutiny seems to reveal several subtypes which are
modulated by different mechani§ms whose boundaries are quite
unclear. It would follow then that an examination of the
undérlyiﬁg substrates of SIA should also reveal consider&ble

heterogeneity. !

Neuropeptides and SIA

Opioids. The most plausible hypothesis concerning the
physiological mechanism of SIA was that its mediation was a
function of the release of endogenous opiates and that those
in turn interacted with receptors in the CNS. Numerous
observations tended to support this notion (éee Basﬁaum &
Fields, 1984). The faét that opiate receptors exist in the
CNS and that endogenous ligands interact with these

receptors is well established. These endogenous opioid

\ 2

[ .
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ligands are distributed in the CNS in a manner which for the
most part parallels the distribution of the receptors. The
sites of these receptors, in turn, have distinct overlap
with sites known to:play a role in the alleviation of pain
(Basbauﬁ & Fields, 1984). Furthérmore, many studies have
reported an incrgased release of endorphins, both >
peripherally and céntrally, during stress (see.Amir, Brown &
Amit, 1980). These observations would tend to make the
end&geﬁous opiocid system a logical candidate for the .

mediation of SIA.

~
N

To determine whether a particular behavior is mediated
by the opioid system, a number of criteria are normally
used. Naloxone hlockade of the behavior or cross tolerance
to morphine are the criteria most often used (Sawynok,'
Pinsky & Labella, 1979). Naloxone is a competitive
antagonist at some opjate receptor sites. Thus,
administracion of naloxone should block or significantly
reduce opioid-induced analgesia at those receptérs. However
naloxone antagonism may not be a sufficient condition since
opiate receptors are not homogeneous. It is thought that a
number of subtypes of receptors exist and naloxone has
different affinities for each subtype of receptor.
Increasing the dose of naloxone-is thought to be sufficient”
to blaock al& the opiate receptors but this may glso leaq to
non-opiate receptor effects of naloxone which may be

difficult to separate from its opiate receptor effects. Also

v
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since the receptof% are found along a number of critical

L4

points along known pain pathways, the systemic
administration of naloxone tells little of:the location of
the relevant receptor. Finally, it is worth noting in this
context that nadloxone blocks the recéptor but does not
neceésarily inte;fere with the release of endogenous
opiates, therefore the time of administration of the
antagonist shoulé‘be considered when opiate mgdiation is
inferred. Therefore more than one criterion should be used
to infer opiate mediation (Dugéan & Johnson, 1983; Sawynok;
Pinsky & Labella,. 1979).

Another method used to infer opiate mediafion of a
particular. behavior is to induce cross-tolerance. 'In thé
present context cross-tolerance refers to a situation where
morphine is administered to the animal over a number of
'days. After repéated administration of morphine its capacity
to induce aQalgesia is diminished. When the diminished
anaigesic response to morphine becomes apparent, a’stressor .
that is known to induce SIA is presented. If a diminished
response to the analgesic effects of the stressor is also
observed, iﬁdicating cross-tolerance between SIA and
morphine, opiate mediation of SIA is inferred. If the
stressor continues to induce analgesia at levels not
different than that observed in controls one must deduce"
that it is mediated by mechanisms not sensitive Eo opioids.

Using these criteria, it seems that stressors of short

p
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dugition tend to induce a non-opioid analgesia while more
protracted'stressqrs induce an opioid mediated form of SIA.
As stated above, footshock will ipduce either ap.opioid or
non-opioid mediated for& of analgesia. Acute exposure to
continuous footﬂux%'for three minutes resulted in an
analgesic response that was unaffected by naloxone or .-~
dexamethasone (Lewis, Cannon & Liebeskind, 1980). T&
(Dexamethasone is a synthetic streroid that blocks ;he
release of anterior pituitary endorphins). On the other
hand, thirty minutes of intgrmittént footshock induced
analgesia that was. reduced by these manipulatigns (Lewis,
Cannon & Liebeskind, 1980). It is also interésting to note
that when the opiate receptor antagonist, naltrexone, was
administered for 21 days, leading to a supersensitivity of
the receptors, it could potentiate the analgesia induced by
exposure to footshock thus further implicating opiate
involvement (Amir & Amit, 1979b). Liebeskind and his
associates have also determined that no cross-tolerance
between the effects of the opioid and non-opioid form of
footshock analgesia were found indicating a dissociation of
the substrates (Terman, Lewis & Liebeskind, 1983). These
researchers argued that (Lewis, ferman, Nelson & Liebeskind,
1984) their results supported the notion that SIA was not
due to adaptation of sensory receptors, habituation of a
central processes, or non-specific changes such as tissue

damage, since brief stress analgesia can be instigated in a

i
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rat §1ready tolerantlyo pfolonged footshock analgesia.

CWS analgesia could be mediated by both opioid and
non-opioid mechanisms. As has been found with footshock
induced analgesia, continuous CWS for 3f5 minutes induced a
non-opiate mediated analgesia (Bodnar, Kelly, Spiaggia,
Ehrenberg & Glusman, 1978d), while intermittent CWS was
found to be opiate mediated (Gi;érdét & Holioway: 1984).
Subsequené tests have shown that raté that exhibited a
greater analgesic response compared go controls were also
the ones in which naloxone would reverse the analgesia
induced by;EYS. In addition, Fhe longer the duration of
exposure-to the CWS the more likely it would be that
nalgﬁone could block the resultant qnalgesia (Bodna% &
Sikorszky, 1983).

Interestingly, CWS (and insulf%-induced analgesia) were
atténuated by hypophysectomy (removal of the ;ituitary, one
‘major source of endogenous opiates), while 2-DG induced
analgesia was potentiated by the. same manipulagion (Bodﬁar'
et al., 1979b; Bodnar, Glusman, Brutus, Spiaggia & Kelly,
1979a). Thus animals that have been made tolerant to the
ahalgesic effects of CWS would stili respond to morphine,
but this did not seem to be the case witﬁ rats tolerant to
the effects of 2-DG (Bodnar et al., 1978f). Curiously,

»
naloxone at various doses failed to affect 2-DG analgesia,

: o
yet 2-DG analgesia was found to summate with morphine to

further increase pain thresholds. This observation suggests

ol
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that this particu%gr stressor may in fact activate both”

o«

opiate and non-opiaté pain suppressive systems' (Bodnar,

Kelly & Glusman, 1979). ,

The substrate for immobilization (restraint) =-induced

- analgesia seems also to be depenéent upon opioid systems.

Thirty or sixty minutes of restraint induced significant

pain suppression that was blocked by the administration of

°

"naloxone’ (Amir & Amit, 1978; 1979a; Greenberg & O'Keefe,

1982; Kufi}rnih 1980; but see Jorgensen, Fasmer, Befge,

Tvieten & Hole, 1983):. o . N

-

4 .

"

Both major sources of peripheral endogenous opioids,
the pituitary and the-adrenals, have been implicated in SIA.

Pituitary involvement was demonstrated by the observations

.that hypophysectomy wi&ﬂ attenuate analgesia induced by 30

minutes of immobilization (Amir & Amit, 1979%a), 3.5 minutes«
of CWS (Bodnar et al ,, 1980a), intense-footshock (Millan et
al., 1980), and prolonged footshodk (Lewis et\all, 1984;

MacLennan, Drugan, Hyson, Malier, ﬁaddon & Barchas, 1982i. On

thg other hand, conditioned analgesia (Chance, Krynock.&:

Rosencrans, 1979; Chance, 1980; Watkins; Cobelli, Newsome &

o

Mayer, 1983) and brief footshock analgesia (Watkins et al.,

ced by pituitary removal suggestiﬁé that “the

endogenous opiates contained within ;Qis gland are nécessary '

for the induction of these types of analgesia (Lewis et al.,

1984). It is worth noting that mediation of SIA by brain

-

opioid peptides was not necessarily ruled out by these




»

- 31

)

v~

observations since brain peptides are distinct from
p .
peripheral pools (Krieger & Liotta, 1979) and would

therefore ssill be qvailable'for the induction of analgesia.

4

Yet, it should tbe emphasized that in most cases where R

analgesid 'is attenuated by hypophysectSKy it is also

attenuated by systemic naloxone,:ﬁhich should bBblock the

' receptors throughout the body irrespective of the source of

the -endogenous opiate. This suggests that when
hygﬁphysectomy reduces the analgesia the pituitary and not

the brain is the most likely source of release.

-

_ Adrenal medullary opioids have also been implicated in
prolonged footshock-induced analgesia and short intense
footshock since demedullation or denervation of the adrenal

medulla-reduced this form of analgesia (Lewis et al., 1982).
>

These results were supported by the findings that adrenal

*

medullary enkephalin cantent was reduced by brolonged‘
footshock, but was unaffected by brief footshock (Lewis et
al.,'1984). Exactly at which sites peripheral opioids exert

their effects is as yet unknown. However, peripheral

*

peptides have been demonstrated to affect centrally mediated

behavior after s¥§temic injection (Kastin, Coy, Schally &
Miller, 1978; Kastin, Zadina, Coy, Schally & Sandman, 1980)
nand to enter the CNS by various routes such as retrograde
flow frqm the pituitary to the brain through the portal

vessels or through permeation of the extracellular space

(Mezey, Kivovics & Palkovits, 1979; Rappaport, Klee,

{
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Pettigrew & Ohno, 1980; Rees,;Vérh&ef, Witter, Gispen & de
. wied, 1980) thus suppérting the notion that peripheral
peptides can effect central processes.

Further support for the separation of opiate from
non-opiate analgesias induced by stress were found wheé
enzymatic degradation of opiates were breveﬁted. Inhibition
of the enzymatic degraéation of enéogenous opiates Qy .
thiorphan lea to a potentiation of footshock- (1lmA, ten min,
Chipkin{ Latranyi & Iorio, 1952) immobilization- (G;eenberg
& O'Keefe, 1982) and warm water swim-induced analgesia
(O’Conno; & Chipkin, 1984) all of which are known to be
opiate medi%ted. In contrast, ;nhibition of endogenous
opiate degradation by D-phenflaianine also reduced the )
non—épiate mediated CWS analgesia (Bodnar, Lattner &

Wallace, 1980). These reports led some researchers to
suggest that one pain s}stem could in fact inhibit the other
(Kirchgessner, Bodnar & Pasternak, .1982). They reasgned
that having two of more systemé activated at the same time
would reduce the animal's capabilit& to further réspdﬁd to a
second pain inducihg stimuli. Instead, it would be more Ve
" adaptive for the organism's functioé?hg if the activation df
one syﬁtem would lead to the inhiBition of the other. In’
this case, at least one system would always remain’
functional. This notion constitutes collateral ihhibition

and in fact a hypothetical neural circuitry for this type of

collateral inhibition has been postulated (Akil dEWatsoh,
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1980) . The existence of collateral inhibition was -
corroborated by the de;onstrations that the Qpioid and
non-og{oid systems wére not cross tolerant (Bodnar et al.,
1980a; Terman, Lewis & Liebeskind, 1983).

A potentially important result concerning the opioid

nature of SIA was described by Watkins and Mayer (1982b).

u < '
These.researchers found that when footshock was confined to

either the front péws or the back paws, the subsequent

analgésia was differentially mediated. Brief:shock to the

front paws induced elevations in pain threshqld tha; were

blocked by systemic.naloxone administration or mofphine

tolerance. Brief shock to the back paws induced elévations

in éain threshold that were resistant to naléxone or

< morphine tolerance. The importance of these observations

was pointed out by Watkins and Mayer (1982a). &hey
suggested that these data may parallel data obtained in
studies of human ﬁain. Mayer, Price and Rafii (1977) have
found that naloxone could block acupuncture analgesia
induced by stimulation of sites far redved from the .
original painful site.n Chapman and Benedefti (1977)!
however, were unable to block acupuncture analgesia when the
stimulation and the pain areas were in close proximity. The
suggested paréllel stems from_the fact that front paw shock
which is opiate mediated was far femqyed from the painful

st%muli (radiant heat to the tail) while shock to the back

paws which is ngp-opiate mediated was naturally much closer

hd T

-



to the tail.
: } >
To summarize, from the data described in the above
section on the involvement of endogenous opiates in‘SIA it
would seem that the higher the intensity and the longer the
durati£% of the stress inducing stimuli, the more likely it
is that naloxone will antaéonize the analgesia induced by
it. 1In the spegific case of conditioned analgesia, it is
obvious thgt conditioning requires (in most cases) the
repetition of the stressful event thus altering intensity,
or at least the duration of thé stressor. This repetition }tif
and its necessary increase in the duration of the stress
experience would tend to shift the resultant analgesia from

non-opiate mediated to opiate mediated. This state of

affairs seems to suggest that recruitment of the opiate

substrate is important for the following two reasons. First,

, L : 4 C
when the stress or pain is of severe intensity the two

sy;tems‘combine to pfovide greater relief (or the opiate .
component may inhibit the non-opiate one). Second, the
opioid system‘'may be recruiged because it aids in
conditioning by improving memory of the situation (Belluzzi
& Stein, 1981; Kovacs & de Wied, 198l1). This type of

reasoning is in line with demonstrations that the

conditioning of SIA is dependent on opiate mechanisms,

2

whether the initial analgesia was opiate in nature or not

(Fanselow, 1984; Fanselow & Baakes, 1982; FanselowW & Bolles,

4

1979} Hayes et al., 1978a; Oliverio & Casteliand, 1982;
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Watkins, Cobelli & Méyer, 1985; but sde Ch;nce qﬁRosencrans,
1979a,b,c). These implicatiohs are relevant to conditioning
of analgesic responses and are testable. For example, a
method to deplete endog?nous opioids, preferably at specific
locations, should,reveal that classical conditioning of
analgesia does not appear under circumstances in which the
animai is depleted of opioids. This position allows, for
example, a paraliel response of avoidance or escape

-

" responding to be conditioned.

_Vasopressin. In addition to the opiate peptides, other
2 L.

endogenous peptides have also been studied 'in the context of

SIA. For example, the neuropeptide vasopressin has been
. \.' .l’.
implicated as one of the possible mediators of the '

non-opioid forms of analgesia (i.e. cold-water swim)
primarily due to the work of Bodnar and his colleagues. The

evidence stems from the following observations. Brattleboro

/

rats, which are dgfici%?t ip vasopressin, fail to exhibit
andlgesia after cold-water| swim while normal animals exhibit

rman, Niliver, Mansour,

—

Thomas, Kelly & Glusman, 1980; Bodnar, Wallac

this phenomenon (Bodnar, 2Zi
~ .

e, Kordower,
Niliver, Cort & Zimmerman, 1982a). Administration to rats
of antisera to vasopressin, which prevents the action of

.vasopressin, will reduce pain thresholds in the tail flick

test at high temperatures (Bodnar et al., 1982a; Bodnar,

v

Niliver, Wallace, Badillo-Martinez & Zimmerman, 1984) while

~ .
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central injections of\yasopressin or longer lasting
analogues will increasge pain thresholds in some nociceptive
tests (tail-flick) but does not seem to in others
(£linch-jump) (Kordower, Sikorsky & Bodnar, 1982). In
addition, vasopressin-induced analgesia is not blocked by
the opiate antagonist naloxone, th seems to be med%ated
through its own binding sites due to the fact that the
changes in pain, threshold were eliminated by specific
vasopressin antagonists (Kordower & Bodnar, 1984). It has
also been suggested that vasopressin-induced analgesia was
not mediated through the release of pituitary peptides since
pretreatement with dexaﬁethasone (which inhibited the
reiease of ACTH and endorphins from the pituitary)
potentiated vasopressiﬁ mediated aﬁalges;é {Kordower &
Bodnar, 1984). This evidence tends to support a role for
vasopressin in the mediation of some non-opioid forms of
analgesia, in particular CWS, however, mére work is needed,

for verification of its involvement in other types of SIA.

Neurotransmitters

Concurrent with studies which have linked peptides to

the mediafiox of SIA there have been other studies which

have sugfjest¢d that neurotransmitters may also mediate some

forms of thils phenomenon. 1In this section a summary of

neurotransmitter involvement in SIA is presented.

@

<
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Serotonin. In general, it seems that the involvement
of serotonin (5-HT) in SIA is determined by the durétion of
the stressor which is u§eé to induce the SIA. Depletion of
5-HT before the induction of short duration stressors
(Bodnar, Kordower, Wallace & Tamir, b981; Buckett, 1981;
Hutson, Tricklebank & Curzon, 1982; 1983; Jensen & Smith,
1982; Terman, Lewis & Liebeskind, 1982; Tricklebank, Hutson
& Curzon, 1982; but see Snow, Tucker & Dewey, 1982) usually
doés not effect the subsequent analgeéia (but see Hutson,
Tricklebank & Curzon, 1984) but will reduce analgesia
induced by loﬁger duration stressors (Bhattacharya, Keshary
& Sanyal; but see Coderre & Rollman, 1984). » When only
spinal levels of 5-HT a%e deQ%éted only qpiate-mediated SIA
is affected (Watkins,,Johgnnsessen, Kinscheck & Mayer,
1984). ' In addition, opioid-mediated analgesia was
attenuated by intrathecal administration of the 5-HT
antagonist BC—1657 Conversly, selective depletion of 5-HT
by the neuro;oxin 5,7+~dihydroxy-tryptamine (following the
administration of desmethyl-imipramine, to protect |
norepinephrine levels) inlthe spinal cord does ﬁo; affect
the non-opioid fbrm of SIA. These results are in line with
other findings' suggesting that 5-HT systems are in some way -
‘involved in opiate analgesia (Basbaum & Fields, 1978).

In a series of experiments conducted by Ogren; Archer
and Johansson (1984) the effects of 5-HT manipulations on

avoidance learning and nociception were examined. Using

-
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various pharmacological manipulations to reduce 5-HT
availability (p—chloroamphetamine, p;chlorophenylalanine)
these authors suggesﬁed that manipulations of 5-HT -neurons
affect both learning and the nociceptive response. They did
not observe, however, any relationship between these two
classes of responses since increases or deceases 1in
analgesia wereé not related to the agqulsition or retention
of an avoadance regponse: This seems to suggest that
analgesia and learning may be mediated by at least two
different pools of 5-UT neurons both of which are affected

by the same stimuli that govern different reactions to

stress.

Dogémine. Another transmitter- that has been implicated
in éIA is dopamine (DA). Manipulation bf DA systems, no
matter how severe, however, do not seem to totally block‘or
augment SIA. This has raised the possibility that DA may

~

serve in a modulatory role; increasing or decreasing SIA as

*

a result of availability of DA within the CNS. This notion

is/supported by various studie; of DA involvement in SIA
(i.g. Snow, Tucker & Dewey, 1982). Pharmacological
manipulations of dopéminergic neurons have revealed that the
antagonists haloperidol- or pimozidg, or the neurotoxin

6-hydroxy-dopamine (with DMI) increased analgesic responses

to stress (Bodnar & Nicotera, 1982; Curzon, Hutson &

‘Tricklebank, 1981; Snow, Tucker & Dewey, 1982; Terman et
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al., 1982; Tricklebank, Hutson & Curzon, 198%; but see
Jensen & Smith, 1982). Administration of the agonists
apomorphine and amphetamine decreased SIA (Curzon, Hutson &
Tricklebank, 1981; Snow, Tucker & Dewey, 1982; Terman et
al., 1982).

It is important to note that since DA manipulations do
not exert large effects on SIA, othér explanations
concerning its role may be appropriate. In thils vein,
Bodnarland Nicotera (1982) reported that under the same
conditions that induce SIA, haloper%dol and chlorpromazine
reduced activity levels below the levels of non-treated
controls suggesting that the effects on analgesia may be
secondary to the reduction in activity. The findings that
reduction in activity levels of animals treated with drugs
that manipulate the activity of DA systems points out the
need for analysing a variety of behaviors in conjunction
with analgesia. Others studies, that have analyzed the
locomd£or behavior under conditions that lead to SIA, have
also reported that activity levels would be reduced
following manipulétions that also induce hot-plate analgesia

(Galina, Sutherland & Amit, 1983). Furthermore, other

studies have shown that restraint-induced analgesia was not

o R . . . . . .
accong#iied by reductions in activity (Blair, ‘Galina, Holmes
.'k' ).
& AT, 1982) and this analgesia was decreased by treatment

’ \
with haloperidol (Kulkarni, 1980). Therefore measurement of

analgesia after stress manipulations that affect DA or other
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neuronal transmission must test for simultaneous effects on

performance capabilities.

Norepinephrine. The reports of the possible

involvement of norepinephrine (NE) systems in SIA are not
conclusive but are supported by the following observations,.
Systemic administration of clonidine (alpha-NE agonist) can
potentiate CWS analgesia and animals made tolérant to the
analgesic effects of clonidine exhibit reduced analgesic
effects of CWS, footshock-induced analgesia and coﬁditioned
.analgesia (Bodnar, Merzéan & Sperber, 1983; Chance, 1983).
In addition, other investigators have found that the
systemic administration of clonidine reduced SIA and the
antagonis;:‘phegxoxybenzamipe, prolonged the duration of SIA
produced by, short duration footshock ($now, Tu?ker & Dewey,
1982), bﬁt not thirty minutes of restraingx(Kulkarni, 1980).
Intrathecal administration of 5,7-DHT which depletes both
5-HT and NE in the spinal cord attenuated front'paw SIA. :
Back pgw and conditioned analgesia, however, were unaffected
by these depletions. To assess the relative importance of °
the two systems (NE vs 5-HT) in the spinal cord,

P
phentolamine (NE antagonist) or BC-105 (5~HT antagonist)
were .injected intrathecally. Phentolamine significantly”®
'reduced SIA but not to the same degree as did BC-105. These

results suggest that in the spinal cord 5-HT neuronal

transmission may play a more prominent role (Watkins et

*
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al.,1984a) _than the NE systems. The NE system may play only
a small or non-significant role since drastic depletions are
necessary to produce results on SIA. The roie of NE.
involvement in SIA is unclear at present and it would seem

that more work is needed to identify the exact nature of NE

involvement in the phenomenon. ~

-

Despite the considerable ?ata accumulated concerning
the pharmacological mechanisms of SIA, it is not possible at,
present to describe a comprehensive iet of pharmacological
processes mediating this phenomenon. Neve;theless, it is
possible’that this very difficulty may, in itself, aia in a
further understanding of the biological substrates of SIA. I
wiil attempt to c0951der this possibility iq a later
section, however; in order to aid the claff%%waf this

discussion I -will first consider the available data on the

anatomical underpinnings of SIA.

P Anatomical Substrates
The attempts to localize the anatomical sites that

subserve SIA have focused on the differences and

similarities between morphine (opiate) and
stimulation-produced analgesia and their relation to SIA
(Watkiﬁs and Mayer, 1982a). Given the limits of this thesis
I will focus only on the experiments which have directly
utilized "stressful" manipulations.

The final common pathway, for pain inhibitory systems

4r
i
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due to footshock (1l.2mA, 90 sec) in the spinal qprd, seems
to be the dorsolateral funicui;s (DLF). Hayes et al.,
(1978b) first demonstrated that complqtg spinal ‘cord
transection reduced the non-oéiate footshock (to all four
paws) and rotatiqn#induced'analéésia by as much as 80 per
cent:’aTheyiaI;; demodstraged that bilateral lesighs .
specific to the dorsolateral fun{éulus (DL?) of the spinal
cogg did not affeet'footshock-induced arlalgesia. This
suggested that this particular form of SIA was mediated at a
Eupraspinal level. Furtﬂér work showed that the opioid form
of footshock-indgced analgesia was blocked by 1 ug of
_ naloxone administere@ directly to the lumbosacral section of
the cord and given before shock (but not after). This study
pointed to an opiéid ;ink within the spinal cord (Watkins &
Mayer, 1982b). DLF lesions reduced*classicaliy conditioned
analgesia whether derived from conditioning of opioid or T
nbﬁ;opioid footshock analgesia. Again as.w;th the
non-conditioned opioid form of SIA, conditioned analgesia '
was prevented but not reversed by administration'of naloxone
(lug) into the lumbosacral section of the cord (Watkins,
Cobelli & Mayer, 1982) |

Bilateral bLF lesions have been reported to block or
attenuate both front paw (opiate), and hinad pawﬂ(nqn-opiate)
footshock-induced analgesia, as well as short. term
lnon-opiate (1-5 shocks to the tail, lmA), and short terﬁ
_ opiate (20—60Itail shocks, i@A) analgesia. 1In addition,

. T ‘\

y
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long term opiate (80 tail shocks and reinstatement of shock
‘n ’ - .

24. hrs. later) ahalgesia, were also attenuated by this

maﬁipulation,.although a trangiént, though°significant,
anafgesia immediaély'after tge shock was not affected by !
these lesions (Watkins,\Cobelli & Mayé&, 1982; watkins,
Drugan, Hyson, Moye, Ryan, Mayer & Maier, 1984).
Furthermore, complete spinalectomy attenuated only the
opiate form but not tﬁe non-opiate form of analgesia.
Further investigations revealed that ventral medullary

e

lesions of the nucleus raphe alatus (NRA) /reduced front paw

Ed A

and classically conditioned analgesia while lésio’s of the
nucleus raphe magnus (NRM) or nucleus retiSB;;tis
paragiganocellularis (PGC) did not (but Sge Chagcey 1?80).
This suggests tgat the source of the neural connections for
these forms of analgesia is the NRA since the NRA is formed
from the NRM and the PGC (Watkins, Young, Kinscheck & Mayer,
1983). The non-opiate médiated hind paw footshock-induced
analgesia was reducea‘but not abolished by NRA lesions. -
Centers more rostral than the NRA do not seem to be involved
since 1eéions of the periaqueductal grey (PAG) or’
decerebration had little or no effecg on the analgesia
induced by either type of footshéck (Watkins, Kinscheck &
Mayer, 1983). However, classically cdnditioned footshock
analgesia was potentiated by rostral PAG lesions, and'

'attenuated by caudal and dorsolateraj PAG lesions, although

s;gﬁﬁficant analgesia was still observed after dorsolateral

N



lésions (Kinscheck, Watkins & Mayer, 1984).

The non-opiate cold-water swim and the opiate 2-DG
induced analgesias were attenuated by lésions of the ventral
‘portion of the PAG, while only 2—DG”analgesié was attenuated
by caudal -PAG lesions when measured b} the liminal escape
. procedure hut not the tail flick (Bodnar et al,, 1980a).

In summary then, data attempting to deliﬁeate;the neurgl
circuits of the bpiateaand.non-opiate systems éf_SIA, while
incomélete,'reveal the following picture} it seems f&k
support the prgseﬁée of'a‘descending neural system; ‘
oriéinating in the bréinstem Meduilary argngwaéh then = .
passes through the DLF of the spinal cord.: This neufél
circuit seefis to mediate primarily opiate, and onl&

partially,‘non—opiate footshqgck-induced analgesia.

The functional role of SIA

-~
In .order to survive in its natural habitat an animal

must continuously make choices which determine its -
responses. Under certain circumstances, these "choices" are
automatic., Noxious stimuli will-.elicit withdrawal responses

away from threatening stimuli. However, in other

circumstances, it may be'vithal for the animal to remain

<

within the ‘environment. is probable that the animal came

to be in the particular ituation because it was motivated

»

by such factors as food /Seeking, marking or maintainance of

territorial boundaries. Alternatively, familiarization with
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surrounding areas through exploratory behavior may have been
the goal. These needs may bring the animal into contact
with vérioés uﬂéxpected and often aversive and even
éhreatening stimdlIﬂ In order to fulfill the specific goal
that motivated the organism to be in that gituation, the‘
animal must choose’ to-stay or flee, perhaps to return at a
more opportune_éime. As an example, consider the.situa;ion
of an animal attacking its prey. In -many instances the
intended victim will iﬂflict damage on the attacker. It is
obvious that if the attacker flees, dﬁe to the pain of |
injury, then the attacker's goal would not be fulfilled. If
however the pain or stress Of injury could be diminished,
this stat;’of a{fairs could allow the animal to remain in
the situation and fulfill its goals. Therefore, it woyld

seem to, follow logically that, within limits, diminution of

pain could play a functidnal role in degermining an animal's '

reésponse and would_théreforé be advantageous;_ . -
In a paradigm that was ‘designed to test,
experimentally, situat;ons such‘as those described above and
which might' be considered "natural", the behavior of animals
was examined by placing animals in situaéions of "social
confl@ctf. In this paradigm an "intruder" mouse is placed
in the home cage of another mouse. This situation élicits a

“Qf typical behaviors in the intruder mouse that

inclfude/threat of attack, actual attack and fighting. These

al'oﬁﬂ invariably lead to defe;t’and submission in the S%Fe
ﬁ‘, 5

~
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intruder. "Defeated" animals display characteristic

. behaviors or postures (Miczek, Thompson & Shuster, 1982)

allowing easy identification. It has been found that a

raised pain threshold accompanied the submissive type of

'postures in defeated intruders. 1In addition, pain

suppression was also observed in the attacker mice (Teskey,~
Kavaliers and Hirst 1984). This elevéted pain threshol% was
naltrexoge and naloxone reversable and tended to adapt over

chronic exbosure to the social conflict situation and the

observed analgesia.,was cross-tolerant to morphine (Miczek,

Thompson & Shuster, 1982; Teskey, Kavaliers and Hirst, 1984;

Rodgers & Hendrie, 1984; Siegfried, Frischknecht & Waser,
1984). These results, that show that both the attacker and

the resident mice are analgesic, lend support for the notion

L4

that was expressed above, that being analgesic in this type,
of situation would be advantageéus. It would be

- ,’
advantageous to the intruder mouse since it could not flee

this situation and would thus be subjected to further biting

attacks. The, reduced pain sensation may allow the mouse to

‘assume the defeat posture thus increasing the chances that

the biting will cease. 1In the case of the resident mouse
the initial "boxing" and fighting may include biting. A
diminished reaction to the pain of the bites may allow the

resident to effectively deal with the intruder.

Other experiments have shown that repeated pinchés to .

2

the scruff of the neck in mice is accompanied by cataleptic
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and analgesic responses (Amir et 1al., 1981). Naloxone
administration—before‘pinching‘will block both responses,
however naloxone administration after iﬁduction of catalepsy
or analgesia will only block the analgesia suégesting some
dissociation of the mechanisms underlying these behaviors.
It is worth noting that pi;chiég“at the scruff.of the Heck
is a behavior that is often seen in maternal situations
where the mother picks up its offspring. In some situations
tﬁé emerging catalepsy may serve to allow the mother to get
her pup out of danger without undue loss of time or harm to
the pup (Orﬁstein & Amir, 1981).

Perhaps of more significance to the presént analysis
are the observations of a cat attacking a mouse (Ornstein &
Amir, 1981), Ornstein and Amir (1981) reported that a
kitten would initially attempt to bite the back or thé
scruff of the neck of a mouse. These bites to the mouse led
to immobility which outla;£ed the duration of the bites.
Once the mouse became %mmobile the kitten lost interest in
them. In fact the kitten always preferred to chase the
mobile as opposed to the immobile or cataleptic mice
(Ornstein & Amir, 1981). Since the catélepsy is accompanied
by analgesia it may be surmised that this analgesia aids the
mouse in remaining immobile. It may do so.by dampening the
pain and thereby lessening pain related behavior (e.g.
turning of head to lick the wound) or this pain suppreésion

would reduce the amount of vocalization (squeaking) in’
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response to the pain of thé bites from the kittem. The

suppression of theése pain related behaviors may reduce the

~

kittens interest in the mouse allowing either the mouse or
the kitten to leave the encounter thus{insuring further
survival for the mouse.

The functional significance of SIA can also be gleaned

.from a concurrent analysis of a number of studies which were

originally désigned to investigate other aspects of SIA. For
example, some studies were reported that the location of
shock application on the body (e.g. front vs back paws)

could determine 1f the resultant analgesia was opiate

mediated or not (for details see-opioid section, Watkins, et

al., 1982). The significance of the specific body region
where shock is applied can be derived from experiments on
"aggression-induced analgesia®. In that situation the rat
%akes on a "boxing" stance with its front paws out in a
defensive manner. It would seem that in éhis situation the
first line of defense 1is the front paws and they may
therefore receive the most damége from the attacker. As
just pointeqbout, the scruff of the neék also seems to be a

e
an area that receives a lot of attention during an attack

-
and thus may be a particularly sensitive area. Since these
two areas are initially the most affected during encounters
that are life threatening it would seem to follow that the

analgesias that become manifest at these times would have

features that would aid survival., This line of reasoning is

&
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corroborated by the finding that tbese types of analgesias
are opiaté mediated. As was discussed above, mediation by
opiate mechanisms is associated with more intense pain and
conditioning of SIA. Therefore in these situations Bpiate
systems act to decrease the paih at the time of the
éncounter and are concurrently involved in the conditioning
and remembering of the encounter and in this way the animal
may avoid these situations in the future. Thus, the
functional advantage of SIA becomes clear when the region of

. . =
the body that is shocked and the underlying substrate are

— analyzed and compared with studies that have examined

"natural" situations where SIA is observed.
As with the naturalistic "intruder-aggression" studies
- sowe of the experiments reported in this thesis were
,aésigned' o analyse the functional advantage of a reduced
pain threshdld. Before introducing these experiments,
another area/of research, which has been associated with
' stress and its effects on learning and performance must be

.reviewed.

Behavioral effects of ACTH

The pituitary gland of rats is the major source of a
chain of peptides which comprise ‘the hormone
adrenocorticotropin (ACTH). This peptide hormone is most

frequently associated with the physiological effects of

o




50

\\stress. ACTH is releésed into the systemic circulation from
the pituitary in response to a variety of noxious stimuli
such as, restraint or adminis£ration of foreign proteins
(krieger, 1980). A number of pathological phenomena such.as
hyﬁértrophy and hyperfunction of the adrenal cortex;
involution of the thymus and the lymph nodes and ulcerations
in the stomach and iﬁiestines, result from the continued
release of ACTH (Selye, 1950). A;idg from the effects of
continued exposure to stimuli that inducé increased release.
off ACTH, ACTH functions to regulate the production and
release of steroid hormones such as corticosterone. In
i@dition, and in parallel to the endocrine effects, ACTH has
also been found to have significant behavioral effécts (see
de Wied, 1977).

This section reviews the effects of ACTH in "learning"
paradigms. The section is divided into several major areas.
The first section examines ACTH from the perspecﬁive of its
aversive effect. This is followed by sections that examine
the added effects of such variables as dose, time, ana route
of administration. -

Aside from the fact that both the effects of ACTH and
the pﬁenomeﬁa of'SIA afe studied in the context of stress,
these two areas of study share,dther commonalities. It
should be emphasized that the variables that seem to mediate

SIA (e.g. intensity, duration) seem also to mediate the

. effects observed in the study of the rJTE«Pf ACTH in
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avoidance paradigms. )

Applezweig and Baudr§ (1955) and Murphy and Miller
(1955) are credited as the first to study the behavioral
effects of ACTH. These investigators found that systemically
injected ACTH would déléy the extinction oé an avoidance

_response, while removal of the pituitary (hypophysectomy),
the maior source of ACTH retarded the acquisition of the
response. Subsequently the impaired acquisition of avoidance
behavior, produced by pituitary section or removal of the
adrenals (adrenalectomy); was found to be restored by ’
systemically injected ACTH (Applezwieg & Moeller, 1959; de

© Wied,*1964;1969), thus implicating ACTH in both the\
acquisiéion and extinction 6f avoidance behavior.

A significant advance in the sﬁudy of -tHe behavieral
effects of ACTH occurred when de Wied (1969) reported that
oﬁly a small portion of the full ACTH molecule was needed to
induce behavioral effects. In these structure activity
studies it was found that only seven of the thirty-nine
amino acids which.pomprised the ACTH mdlécule were needed to
correct the impairments induced’ by hypophysectomy (de Wied,
19695. Of importance was the finding that only seven of the

——————————~——am;ﬂe—&eéds positioned Qithin the full ACTH molecule

(ACTH-4-107, could induce behavioral effects but had only a
minor and insignificant effect on steroidogenesis. The use

of ACTH-(4-10) could now serve as a tool to study the

behavioral effects of ACTH while at the same time ruling out



the effect of ACTH on the adrenals, since this was
previously thought to be the major effect of ACTH. The
endocrine effects could now be separated from the behavioral

effects.

How does ACTH affect behavior?

Generaldy, it can be stated that in the intaét animal -
ACTH seems to effect the acquisition and extinction of
aversively motivated behavior. These effects can be
explained in at least three different ways. In ﬁhe first
instance, ACTH effects in avoidance paradigms can be
" attributed to an increase in its release relative to the
level of aversion. Thug, the intensity of aversive
‘stimulation would be augmented by the increased rclease of
the peptide which would raise the level of "fear". This
hypothesis assumed that "fear" maintained the avoidance
response (see Bohus & de Wied, 1966). Second, release of
ACTH may increase perceptual/attentive factors, or third,

2

ACTH may have a dlrectjeffect on memory (engram). However,
since most of the studies on the effects of ACTH have been
done in the context of aversive conditioning paradigms, the
fear induction hypothesis has usually been invoked to
’explain the effects of the peptide on behavior in general.

The question of whether ACTH has aversive properties

seems important when one considers the history of -

. -

experimentation with.this hormone. The discovery by Selye



(see Selye, 1950) of a substance later called ACTH occurred
in animals that had been stressed in some way. Subsequently,
explanations of the effects of ACTH in avoidance paradigms
were dominated by assumptions that the peptide induced an
"emotional re;ction" such as fear or anxiety. ACTH was
proposed to influence the level of "fear" that was induced
'

in aversivé Situations thereby increasing anxiety. Increases
or (deéreases) in fearfullness and anxiety were, in turn,
thought to be responsible for the changes in the
effectiveness of conditioning. Since ACTH release was
disinhibited in aversive paradigms it was assumed to be
responsible for the motivational effect (see de Wied &
Bohus, 1966; Sandman & Kastin, 1981). |

De Wied and Bohus (1966) rejected the "fear and anxiety
response" hypothesis ana suggested, in turn, that the
effects of the peptide occurred through enhancement of
memory processes. Because of the increased "motivational

- # B
state" of the organism that occurred after the release or

administration of ACTH, the associations necessary for

N i

conditioning would be stronger. This would enhance retrieval
of the memory of éﬁéwpreviously experienced conditioned
event. The increased motivational state would seem to be
defined, in this context, as a change ;n the state of the
organism so that when a number of choices are available, the
behavior, approach or avoidance, would be directed by

previous associations, the strength of which are modulated
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by ACTH adminisfration or release. Thus, the "motivational
stateJ of the organism is an intervening variable between
the strength of conditioning and the amquht remembered.

| Examination of the studies done by Rigter and
colleagues (Rigter, van Riezen & de Wied, 1974; Rigter & van
Riezen, 1975; Rigter & Poppiﬁg, 1976) using step-through
passive avoidance paradigms provide support for the
enhancement of memory hypothesis. 1In t hose studies,
retrograde amnesia of the avoidance response, ;nduced by

CO2- or electroconvulsive shock, was reversed by ACTH

administration given before the "“retrieval"™ test. However,

‘

when'the peptide was given before acquisition training it
had no effect. This finding was interpreted as support for
the notion that the effect of ACTH was on short ter& memory
processes thought to be involved in the retrieval of
information from long term memory.

Further studies reported that in the intact ;at ACTH
can facilitate acguisition of one way active avoidance
(Beatty, Beatty, Bowman & Gilchrist, 1970; Bohus & Endroczi,
1965; Bohus, Nyakas & Endroczi, 1968; Stratton & Kastin,
1974). It has also been found to affect passive avoidance
behavior when administered before acqguisition training or
retention tests (Ader, Weijnen & Moleman, 1972; Levine &
Jones, 1965; Martinez, Vasgquez, Jensen, Soumireu-Mourat &
McGaugh, l979$. When ACTH was admiﬁistered after acquisition

(post-trainiﬁé) 1t facilitated passive avoidance responding

- r
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measured 24 hours later (Gold & van Buskirk, 1976a,b; Flood;
Jarvik, Bennet & Orme, 1976). ACTH also effected the
extinctidn phase of passive avoidance such that
administration during training or extinction prodﬁced a \
resistance to extinction (Murbhy & Miller, 1955; de Wied,
1969). In these studies ACTH was administered at various
times after acquisition criteria had been reached resulting
in improved performance of the avoidance response. The fact
that the'peptide c&uld affect behavior when it was
administered before or after acquisition traiﬁing led to the
suggestion that it affected memory processes and not s{mply
mptor behavior.

before descrlbing the data collected in one- and

!

two-way azpfﬂance studies it may be instructive to review

' data collected from conditioned taste aversion (CTA)

paradigms. These are different from shock avoidancé
paradigms in that an interoceptive cue is used as the
conditioning agent.
In CTA experiments classical conditioning érocedpres /
are used to pair an aversive event with a specific taste.l

The administration of a toxin usually comprised the aversive
event. The toxin'used ph the examination of the effects of

ACTH on CTA has usually been lithium chloride (LiCl). Rigter

<

and colleagues (Rigter, 1975; Rigter & Popping, 1976)

initially reported that when ACTH-(4-10) was administered

A}

prior to extinction trials in a LiCl-induced CTA, it delayed

¥

—



56

extinction of the aversion. Rats injected wiﬁh ACTH
persisted in avoiding long after saline treated contfols had
returned to baseline levels.

The invéstigation of ACTH effects on CTA were then
extended by Levine and his coworkers. They were first able
to replicate Riéters' (4975) regults using the full ACTH
molecule ((ACTH)-1-39) (Kendler, Hennegsy, Smotherman & )
LeviQs, l976).:They aisoVreported that dexametﬁa;one (DEX),

a synthetic corticosteriod which reduces ACTH release, would

attenuate LiCl-induced CTA when administered prior to

conditioning (Hennessy,/Smotherman & Levine, 1976). DEX
inhibited the release of ACTH and it was therefore suggested
that since ACTH was not present at the time of conditioning,
this could account for the attenuation of the CTA. At about
the same time other investigators suggested that ACTH !
~

release may actually be responsible for aversion seen in \

these paradigms since all CTA producing drugs also result .in
the concomitant release of endogenous ACTH (Riley, Jacobs &
‘LoLordo, 1976). )
In an attempt to show that, in fact, ACTH-(4-10) was
able to affect extinction behavior without steroid release,
Smotherman and Levine (1980) measured the levels of
corticosterone during the course ;f experimentation. They
did not find a change in the release of corticosterone that‘

would paréllel the effecé of ACTH-(4-10) on extinction

behavior thus suggesting that it was ACTH and not
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corticogﬁérone that was responsible foé the mediation of
extinékion behavior in these CTA experiments.

It seems reasonably clear then that ACTH is involved in
the CTA to LiCl. Perhaps the pairing of the«nOQel solution
with the toxin and the resultant "poisoning" elicited the
felease of ACTH which then played a modulatory role in the
conditioning pr&cess. If woula follow then thgz
administfati;n of ACTH could lead to a resistance to
extinction when compared to control animals (i.e. de wied,
1964; 1969). Since, Fhere are no reports in the literature

that ACTH will by itself induce a CTA, it is probable that

the peptide itself is not aversive but only enhances the

perceived aversiveness of the agents that it is paired with.

In this way the enhanced aversion f‘ads to a resistance to
extinction. However theﬂﬁechanism by which ACTH acts in this
process was not determined by these studies. ~

s Further insights into the nature of ACTH effects on
avoidance paraéigms can be gleaned through the examination
of studies usiné appetitive motivated behaviors.,If it was: ~
found that the effects of ACTH in appetitive paradigms
resembled'those found in aversion studies, this would
necessitate a revision of th hypothesis that ACTH exerts
its effects by enhancing aversion. |

A number of experiments have used food motivated tasks

in an attempt to examine the effects of ACTH. Stratton and

Kagtinﬁ}1974)’have shown that the acquisition of a food
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motivated maze performance was facilitated by ACTH. In
- 7 .- .
another study using, an operant task with water as the T

reward, it was also found that ACTH facilitated learning

° 1

(Guth, Levine & Seward, 1971). These éiudies that have
‘observed effects of ACTH in appetitive paradigms which are
similar to those found in aversive paradigms point at a need

to revise the "aversion" hypothesis. ‘

a
»

When the results of the studies preserfted pbéve are
taken together i£ becomes difficuik to defend the )
"enhancement of ave?sion" hybothést. Aversive baradigms,,
whether maintained by operant or classical conditioning
procedures, and appet%tive motivation tasks using féod or
water/;eWard gre all affgcted by ACTH. It would seem
thergfore'that the “effects of thi: peptide in these various
learﬁing paradigms- lies in its abiliﬁy té alter the response

-

to environmental stimuli in general and not specifically to

aversive situations. Whether it does so through attentional,

. . . . . . . & -
or mbtivational mechanisms is a "question which remains ' -

-

unanswered by these studies.

Other data that support the notion that ACTH is not an
"aversive agent" emanate from s&pdies of ‘self-stimulation
behavior. In stuéies of the effects of ACTH on
self-stimulation of various brain areas (medial forbrain
bundle & medial éeptal area), 1t was found that ACTH

“-increased the response rate from both braln areas only when

the basellne response rate was low (Nyakas, éSEEs & de Wied,



3 »

¢ 59

. ’ ) . ' £
1980). Instead of reducing approach behavior, which would be

\

expected if\ACTH'was an aversive agent, the peptide lowered

-

“

the bhreshofﬁ for positive résponding.~This was interpreted .
as support for the notion that the peptide role is to

" I
amplify motivational processes in general (Nyakas, Bohus &
i

—

de Wied, 1980).
A sedond hypothesis attempting to explain the

behavioral actions of  ACTH was proposed by <Sandman and

‘colleagues. Sandman and Kas}in (1981) suggested that the ,

effects of ACTH could be explained as the enhancement of .
' . * 3 . .

perceptual /attentional processes. From this hypothesis one

a4

° 4
would predict that ACTH aids in filtering out irrelevant

s R

stimuli from éhe envirofment thus allowing mQre selective
attgptioﬁ. The idea wag,based on studies where the animal
must shift its'éftentiqnﬁgrom one dimensidn'{ffel white+) to
another dimension (i.e. black-) of the task. The change from
one dimension to another would necessitate that the subject
pay attentioﬁ to only relevant stiﬁuli (Beckwith & Sandman,’
1952; sandman & Kastin, 1981). If the subjectnhas a better

perception of, or can attend to relevant stimuli while-

filtering owut irrelevant stimuli thep the effects'of ACTH in
\"-'R

. . & . X,
learning paradigms may be due to attentional variables.

Sandmaﬁ and Kastin. (1981) argued that usage of the
two-choice visual discrimin@tion task would allow

examination of attributes of se%ective attention (Sandman,-

N

Miller, Kastin, & Schally, 1972; Sandman, Alexander, &

I B
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‘Kasti?, 19%3;‘Sandman, Beckwith, Gittis & Kastin, 1974; g
Sandmap, Beckwith, & Kastin, 1980). In this parédigm, rats
were initially trained to go thfough a whiée‘door to avoid
shock. After'the rat acquired the response the task was
reversed. On the revensal trials the rats had to run through
the black door regardless of which side of the chamber it *
was located in the initial learning of the task. It was
thought that two factors may have operated infthis type of
experiment. The first part was thought to measure fthe
~animal's ability to learn a new response (avoidance). The
second part was thoﬁght to measure the animals abil}ty to

selectively attend to stimuli (Mackintosh, 1965; 1969). The -
8 .

selective attention aspect of the task can be explained as

-

follows: The animal/can learn only'that the white door is

the correct one (§patia1 localization) or it can learn that
the correct fesponsg resides along the dimension g&
brightness (black or white). The rat would, thereforé, need ,
to selectively attend to the brightness dimension of the

. door rather than‘its location. Animals freated with ACTH *
needeb significantly fewer trials to solve the reversal task
but\ﬁg’effect’of thé peptide was féund‘during acqguisition.
These data were interpreted as an indication that ACTH
effects behaviér in learning paradigms primarily througﬂ
attentipnal processes (Sandman & Kastin, 198l). In.addition,

observations that the effects of administration of

amphetamine, which has been associated with.arouéal



mechanisms, were opposite to the effects of ACTH in
aiscrimination tasks. (Beckwith, Sandman, Alexander,\Gera}d &
Goldman, 1974) and in avoidance;respond%ng (Kovacs & de
Wied, 1578) also tended to support the "attention”
‘hypothesis.

Another avenue of exploration possibly yielding further
evidence for the action qf ACTH on perceptual/atterftive
processes can be found in'thepexamination of its effects in
habituation paradigms. Responses to new stimuli tené to
habituate with repeated presentations. However, the
administration of ACTH has Seen shown to retard this effect.
Habituation of an orienting response, ggl%-board\exploration )
and open field behéQidr was found to diminish after ACTH
administration (Bohus & de Wied, 198l1; File, 1978). These
findings, ho&ever, could be interpreted as‘an effect of ACTH
on the intensity of the aversion inherent in these
situations. One must note that these are novel, hence, _
stressful environments and therefore the neophobiabwhiéh
normally accompanies exposure to these environments may be
eﬁhanced by ACTH with the resultant retardation of
habituation. Alternatively, the novel cues iA these
environmepts may have remained salient after ACTH

administration due to the putative effect of ACTH in

enhancing perceptual/attentive factors. .

T

The third”hypothésié.was concerned with the putative

motivational aspects of ACTH. De Wied (1980) has recgntly

-

W * \.
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extended his earligr hypothesis of "memory .effects" to
include the involvement gf motivational factors. Improved
acduisition of avoidance behavior observed after ACTH
administration may be interpreted in a number of ways. The
fact that ACTH was effective in many different and seemingly
unrelated paradigms may argue fqr an effect of ACTH on
motivation. De Wied (1980) refer;ed to this phenomenon‘és
the ability of ACTIH to "temporarily enhance the motivational
influence of specific environmental cues". This may be
further extended to incorporate temporary enhancements of.
memory, attention or goal-directed behavior. At this stage
in the research, this*notion may be the most appropriate,
since the behavioral effects gf ACTH are known to be ¢
dependent on activity in limbic structures long- known to be
involved in motivational processes (de Wied, 1977). Also,
ACTH containing neurons .have been found in'the limbic -
sysiem, with their soma in the hypothalamus and the
terminals extepdlng to various other limbic structures
(Watson & Akil, 1980). The effect of ACTH on
self-stimulation behavior can also be cited in this wvain
since the stimulating electrodes in this stu&y were placed
in limbic system structures (Bohui,\Nyakas & Endroczi,
1968). Also in keeping with the notion of an intgraction
between ACTH and activity in the limbic system 1t is worth
noting that the pattern of electical wave activity in the

hippocampus and thalamus induced by stimulation of the

[
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reticular formation was altered.by ACTH (Urban & de Wied,
1975). This effect of the peptide resembled the effect of
increasing the intensitf of the stiﬁulation. Increases in T\
the motivatioﬂal valence of environmental stimuli may )
provide the background for improved performance of "speéiei//

specific" defensive responses. In addition, since the /

effects of ACTH were apparent in both active and passive
avoidance tests, it would follow that performance faqé;:;
played only a minimal part (de Wied, 1980)..It would/ seem
then that the enhancement of memory hypothesis can b% better 5
understood within the context of a motivational hypot%esis.
While the effects of ACTH may indeed be manifeste by
improved memory, the improved memory itself may be due to
improvement in identification and perceptionJ?f the stimuli.
3

The studies described in this section suggest tvat ACTH

~ ~
can influence behaviors that are maintained by both

avoidance or approach, thus lending support to the notion

that ACTH is itself not an aversive agent. On the basis of
these studies one may assume that ACTH is neither toxic nor

aversive (given the right dose), but rather that it

functions to enhance the motivational properties of

environmental variables.

Dose and Time Dependence of ACTH

As will become clear from the following discussion, the

time of administration and the dose of ACTH administered,
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are important variables when determinin§ the effects of
ACTH. Time and dose considerations seem important w¥th1n
the context of the present thesis becausé they suggest a
parallel with the role of these variables in the induction
of SIA, since as«mentioned earlier the inténsity and
duration of stimuli were found to be critical determinants
of SIA. The comparifon naturally rests on the assumption
thét a dose of ACTH can be considered to be similar to
stress intensity, while time of administration to the

- AY

duration of exposure to stress stimuli.

>

Time of Administration

When the metabolic cle;rance rate of a single dose of
ACTH in the CNS of the rat‘is determined, it 1is apparent
that it disappears in a biphasic manner. After the initial
"quick" phase (0-10 min) there is a second slower phase
where ACTH is still detected with a half-life of forty to
sixty minutes (Matsuyama, Ruehman-Weinhold, Johnson &
Nelson, 1972; Normand & Lalonde, 1979). Thus ACTH is a fast
acting coﬁpound of relatively short duration of action

p

indicating that it may need to be administered close in time
to the behavioral event tﬁat is mddified.
| It has been demonstrated that the timé of ,;
administration of ACTH is critical in terms of the increased

retention of some behaviors observed following the

administration of this compound. However, before describing
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.theée studies, an -explanation of é%e terms retention and
other memory variables seems in order.

As reviewed aﬂsye, ACTH has been implicated in theories
of memory retention in that its administration leads to a
resistance to extinction (e.g. de Wied, 1964). The
resistance to extinction seen after ACTH administration was .
_interpreted as the manifestation of an enhanced learning of
the original acquisition. Retention then, may depend upon
the process of recall or retrieval and would necessarily be

tied to consolidation and storége of information. Better

consolidation and storage of information may improve the

;etrieval'précess. The effect of a drgg on retention of
information can be determined by examining the time of
administration of the drug (McGaugh, 1961; 1966). Treatments
given after the acquisition pha;é has been completed would,
(theoretically), have effects on the consolidation of the
experience and téerefore upon the retention. The period
between the time that acquisition criterion was.attained and
the time that the retention of the behavior was tested is
the peériod of consolidation. The effects of post
acquisition treatment of ACTH were. very strongly tied to the
time after training when this peptide was given. As might
be expected, the shorter the interval between training and
treatment, the larger the effect, be it

enhancement or impairement of memory (Gold & van Buskirk,

1976b),



66

Latency to re-enter a side of a box previously
asso:iated with .shock experience in a passive avoidance
paradigm has been used as a measure of retention by a number
of investigators. Gold and van Buskirk (1976b), using this
paradigm, found 'that the effects of ACTH on this measure
decreased as they increased the time between pdst-trial
administration of ACTH and the aversive\(shock) séimulus.

This observation is consistent with a consolidation

hypothesis; that is, given that consolidation of memory

. occurs within a specific period, then ACTH must be

administered within the boundaries of this time period.

| Evidence that ACTH releagéd ffom the pituitary may be
the physiological source of these ACTH effects was presenﬁed
by Gold and his colleagues (Gold, Rose, Spanis, & Hankins
1977). They found that retention deficits observed after
hypophysectomy were alleviated by post-training
administration oé ACTH.

Shuttlebox avoidance paradigms can also be used to

measure retention .-of information. During the extinction
phase of avoidance experiments, the animal must learn a new

contingency, that the aversive stimulus is no longer

. present. The animal, however, is not initially aware of the

new contingency and therefore usually continues to respond
for a time, to the conditioned stimuli. This continueqd

responding during extinction may be taken as a measure of

retention (Riccio & Concannon, 1981; Spear, 1973). It



follows that the persistence of responding during the
extinction phase of avoidaﬁce experiments after the
administration of ACTH can be construed as an effect on
retention. The conditioning studies reported in the present
thesis have used this approach. It was surmised that the
data collected in g one-way shuttle avoidance paradigm might
h reveal the effect;\Zk stress on acquisition and extinction
of avoidance in éddition to the effects of analgesia in .the

same paradigm. This notion is discussed in further s

sections.

Dose response ' k\"//

When researchers examining the effects of ACTH have

employed.more than one dose of this peptide in their
studies, many studies revealed a dose-response relation of
the action of ACTH (Gold & van Buskirk, 1976a). As will be
described below, the dose-response relationship of
peripherally administered ACTH in a variety of behavioral
paradigms does not seem to be a linear fuﬁction but rather
resembles a hyperbolic function (Gold & van Buskirk,

1976a,b). It should be recalled that Malmo (1959) predicted

that the effects of hormones on behavior in general, would,
when analyzed appropriatly, reveal a gomplex interaction
. resembling a U-shaped dose response curve. .

Subcutaneously administered doses of ACTH can either

4 v
augment or retard retention. The direction of the effect

b LY
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has been found to be dependent upon the specific dose
administered (Gold & van Buskirk, 1976a). Gold and van
Buskirk (1976a) have found that low doses of ACTH
administered immediatly after a passive avoidance task,
enhanced retention wlen measured 24 hours later. A high
dose produced retrograde amnesia. In general they found
that the data describing ACTH effects on memory resembled a
U—shéped dose response curve.

It has also been shown that shortening the chain of
amino acids contained in the ACTH seqguence in conjunction
with an increase in the molecular weight of the reduced
peptide (to compensate for the lowered weight) resulted in
an inverted U-shaped curve when attentional processes as
visual discrimination, reversal learning, (Sandmaﬁ, Beckwith
& Kastin, 1980) or memory processes'were studied in shock
avéidance tasks (Sands & Wright, 1979).

| In addition it was found that the intensity of shock
interacted with the.effggts of ACTH (Gold & van Buskirk,
1976a). A weak footshock coupled with a low or high dose of
ACTH enhanced retention, while these same doses of ACTH |

impaired performance when coupled with a high footshock

- level.

Studies of self-stimulation behavior generated similar
effects with doses of ACTH interaéting with the current
intensity that supported stimulation (Nyakas, Bohus & de

WWied, 1980; described in "aversion").
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It is likely, then, that the dose of administered ACTH '
interacts with stimulus induced release of ACTH and even

summates with exogenous administration of the peptide to

affect behavior. In general, in those studies that have

used a range of doses, the interaction of ACTH and behavior
can be reliably described as a U-shaped curve. .
The analysis of the effects of ACTH from the
pérspective of dose level and duration_of effects, reveals a
number of gommonalities between the studies of ACTH and the
s&udiqs‘of SIA. The behavioral effects of ACTH and the
induction of stress-induced analgesia are both dependent on
intensity and duration of‘stimulation. Thus it may be
fruitful éor the understanding of the effects of stress on

behavior to examine SIA within the same experimental’

‘p&radigms that have been used to examined the effects of

\
ACTH.

Can ACTH enter the CNS to affect behavior?

In most animal studies ACTH is injected
intraperitoneally (i.p.) or subcutaneously (s.c.) yet it is

assumed that the behavioral effects of ACTH stem from its

central actiqn. It would therefore be beneficial in this

context to consider the differential routes of

adminisération of ACTH. As stated earlier, evidence that

-ACTH effects were mediated through its action at the level

of the central nervous system (CNS) were obtained by using

>
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analogues of ACTH which were devoid of steroidogenic effects .
(de Wied, 1969; 1974) thus avoiding an effect mediated by .
adrenal steroid production. Also, administration of ACTH
directly into the brain was found to result in such
behavioral effects as grooming and avoidance of aversive
situations (e.g. Ferrari, Gessa & Vargiu, 1963; van Wimersma
Greidanus & de Wied, 1971). o
Recently, data have been gathered which indicates that
ACTH may be able to cross the blood-brain barrier or that in
some circumstances it may circumvent it entirely (Mezey,
Palkovits, de Kloet, Verhoef & de Wled,l1978; 61rver, Mical
and Porter, l977)l Evidence has been presented which
suggests that there may be a backflow g% blood from the

pituitary up tdward the hypothalamus through the vascular

channels of the pituitary stalk. Thus ACTH from the

pituitary may be able to reach brain areas through this
vascular system. Using radioim&unoassay techniques, Oliver,
Mical ;nd Porter (1977) were able to show that in animals’
with intact pituitary glands a significantly greaier amount
of plasma ACTH was found in the pituitary stalk as compared
to hypophysectomized or anterior pituitary lobectomized
animals. These observations suggested that some ACTH of
anterior pituitary origin was flowing up to the bréin.
Subsequently, it has been shown that when a radiocactive -
analogue of ACTH was injected directly into the pituitary,

high levels of radioactivity were observed in the

.
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hypothalamus: This in tyrn could be attenuated by pituitary
‘ \

stall. section KHezéy, Palkovits, de Kloet, Verhoef & de

* Wied, 1978). Other areas of the brain also displayed higher

radicactivity and éhese‘authqrs (Mezey et al, 1978)1
suggz2sted that this may have resulted from pituitary ACTH
circulating through £he.cerebrospinal fluid.

In adiition, the data gathered in experiments on
electrically induced seizures which stimulate the secretion
of ACTH have also tended to support the suggestion t;at ACTH
of pituitary origin can reach the brain (Bergland, Blume,
Hamilton, Monica & Paterson, 1980). In these studies the
release of ACTH was electrically induced and then, at

\

various intervals, the level of ACTH was measured in the

. .
brain. After electrical simulation, higher level§>of ACTH

L]

‘were found in the brain (Bergland, et al., 1980). Anatomical

studies using the technique of scanning electron microscopy
provided evidence supporting the concept of retrograde flow.
Short portal vessels have been identified which connect the
éntefior pituitary to the hypothalamus (Bergland & Page,
1978). '

. In another serlés ‘'of experiments tritiated ACT%
analogues were admlglstered into the pituitary and
radioactivity was subsequently measured in various brain
regions (Mezey & Palkovits, 1982). Uptake was determined in
various areas by the puhch technique which showed the

presence of tritiated ACTH in the hypothalamus, septal area,

/
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preoptic area, olfactory Eukbs, medulla and spinal cord. 1In
fact the labeled material was found in most brain afeas but
these areas had a higher level of uptake. Again, pituitary
‘stalk transection .reduced hypothalamic uptake suggesting a
retrograde flow from the pituitary.
Taken_ together the evidence presentia above strongly
§up§or£s the notiop that peripheral ACTH may énter CNS | -
structures to influence bepavior. It should also be noted
that other peptides have also been shown to effect cenﬁrally

mediated behavior (Kastin, Olson, Schally, & Coy, 1979). It

follows then, that stimul'l1 which induce the\release of AC
may be used to st:jy the effects of this pept}

"normal" condition’s. For example, hot exposure is

known to release (corticostero Galina, Sutherland & Amit, .

S

N - ;
1983), which is undedX tié direct influience of ACTH release.

It may be possible then to use the.hotplate as a ;timu1hs to
study the effects of ACTH. Stimuli that induce the réi%ase
of ACTH through natural-mechanisms (i.e. stress) may.be used
to reveal the fdﬁctional role of ACTH release. This ndtion
is discussed more fully in the following section.

Sl

3 The present investigation

~

The experiments presented in this thesis were designed®
to assess the adaptive nature of SIA. The specific plan

adopted was to examine the effects of various stimuli’ on.

"

>4
.



behaviaral responses which normally occur simultangou;iy
Y ' \
with analgesia. It was hypothesised that the adaptive \

nature of SIA would be best revealed and studied by

;ﬂ%lyzing these "concurrent behaviors". It seems lpgical

that in testing situations &her than spe-cific tests of

: , . e
analgesia, concurrent behaviors may pe governed by the same
- .

¢

‘—.epvironmental characteristics inherent®1n those situations.

¥

-3

If the aﬁalgesia norhally observed/in these situations is,
L - : .
‘iA, fact a conseguence of stress stimuli, its adaptive

. »

effects should be revealed by a facilitation gf adaptive -
'} ‘

{esponding in the paradigm employing concurrent behaviors.
C. D) .
. The 1nitial studies examined the effegts of a stressor

-
-

on an unconditioned response such as locomotion, while ‘later

slpdies examined the effects of this same stressor on

onditioned responding. 'In ®ddition, involvement of thé

-

pituitary-adrenal axis in the mediation of the behay%or

)

5

“.indeced by stress was also studied. Within each study the

behavioral and physiological consequences of more than one

<
'

level Sf st:essiﬁtimqli were assessed. Thud, the more

. . . 0
general hypothesis concerning the nature of the term
. e . ¢ - , .

"stress" and its role in adaptive responding could be
o -
eyaluated{ The goal of the present experiments was to
. ;)

.analyse the nature of the analgééia produced ifl 'the context :

s

of coqﬁitioningﬁstudies. . . - ‘ -

-
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Experiment -1 . s

-

When ra§§ are plgced on a hoéplate heated to varying
;emperatuges, it was found that this experience would yield
differential behavioral responses (Galina, Sutherland & °
‘A;lnit, 1983). The most reliable finding was that 57°C heat
would significantly reduce the locomotar actiQity of rats
when compared to activity'of control animals placed on a
plate at room temperature (%lo) or other temperatures (47
and 520). In that experiment, locomotor activity of rats
was measured for .thigty minutes but no attempt was made‘té
determine at which point the reduction in behavior was
manifested. Theréforevin the presenf initial study the time

course of the "stress-induced reduction in activity" was

examined.

Method

Subjects. All animals in all the experiments reported
below were male, albino Wistar rats ‘obtained either from the
rat colony facilities at‘theARudoIf Magnus Institute or

Canadian Breeding Farms Laboratories. The animals were

handled each day for 5 days before experimentation began.

X

" they were maintained on free access to standard lab chow and

tap ‘water. They weigﬁed from 200-250 ﬁms and were housed

five to a cage under a 12 hour light-dark cycle. in,the

. - Fon , ,
first -experiment 68 animﬁls were used. Number of animals
per grdup follodws designation of g;oup membership which is

L]
“ ¢ -

. '( . ‘c
}’ K [ o ) '
/9 RN .

&



given in the method section. The number to the left of the
hyphen denotes the time elapsed after stress, while the the
number to the right denotes the temperature of the hotplate:
(0min-21°) = 10; (0-579) = 10;-(5-21°;f= 7: (5-57%) = 7;

(10-21°) 10; (10-57C) = 10; (30-21) = 7; (30-57°) = 7.

]

Apparatus. ' The hotplate was constructed in the
laboréﬁoryuand consisted of an alﬁminum container filled
with watefﬁihrough.FQich a coil was looped. A circulating
. heat pump maintained the water at the desired temperature
(57°C). The alluminum plat; was placed above the
circulating water. Another plate was maintained at room
temperature (%}—ZZ“C) and was used as the control condition.
A Plexiglasgrtransparent tube (19.5 cm) swas positioned over
the plates aﬁd serv;d to confine the animals to the plates.
The activiﬁy boxes cdhgﬁsted of a transparent Plexiglass
tubé (19.5 cm) that was placed on a plastic board which was
divided into four equal sections for the analysis of

horizontal locomotion; a counter was activated each time the

rat crossed from one section to another. Electronic
4

stopwatches and counters were employed to time and record
/ .

behaviors. ’ !

General Procedure. Animals were biought to the sound

’

attenuated test rooms at least one hour before testing. Each
animal was individually placed on either the 219 or 57€

hotplate for thirty seconds.” Immediatly after, (0 min), or
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'
e

) //// fOllOW}ng a dellay of 53 10, or 30 min the rats were tested
in the activity boxes. They were replaced in their holding
cages during the delay but remained i1n the testing room.
Five behaviors were recorded: horizontal locomotion,
rearing, time spent sniffing, and length and frequency of
grooming bouts.
A separate group of rats (n = 4)twas run in the same
manner as described above. The rats were tested to
' ' determine the effect that simple exposure to the actigfah
box would have on their locomotor behavior. They were

tested on a dlf/?rent day and thus were not 1ncluded in the

statistical analysis used to analyze the other groups.

Results
Thirty seconds of exposure to the hotplate stress -
induced a short term reduction in locomotor activity (Fig.
: 2). Analysis of variance revealed a significant effect of
témperaﬁure (F(1,60) = 22.5, p<0.001) and a significant
' « effect of time (F(3,60) = 8.9, p<0.001), as well as a
' an—significant interaction. It would séem, therefore, that‘
the short term reduction in activity was still evident when
animals were tested 5 mihutes after stress, but dissipated
! wi;hinAlO minutes. This was coﬁfirmed by post-hoc
Newman-Keuls analysis (p < 0.05, Fig. 2).

. Depicted in Figure'2 are the mean locomotor activity

counts of a separate control.group (no-stress) from the same
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¥

batch of animals. This group did not receive any exposure
to any of the hotplates. Théy were simply removed from
their cages and placéﬂ“in the activity box r 5 minutes. A'
s t-test revealed no difference between’ghié group and the 21
controls.
: o The effects of heat-stress on grooming behavior were
not significant. ' The g collected on the rearing and
sniffing behavior resem d the locomotion data wiéh respect

to differences between groups. Therefore, in Figure 1, only

the locomotion data for this experiment is displayed.

&y
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TIME=RESPONSE EHO- stress

- o [ 2r°

1
"LOCOMOTOR COUNTS
Ao 5 3 S

O

. 3 O 5 10 30 .
: DELAY AFTER STRESS (MIN) '

“~

Fig. 2. Effect of heat-stress on 'locom'otor activity "after‘;
various time intervals. There was a significant effect of

" Tifie (p<0.001) and Temperature (p€0.001). Significam;"
differences were found between 21° and 57°C only at 0 and

min post stress (Newman-Keuls, <0.05).
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Experiment 2

‘e

Since we had previously shown that heat-stress raises
the plasma levels of corticosterone (Galina, Sutherland: &
Amit, 1983) indicating an increased release from the adrenal
cortex and since others have detected opiaEe—l%ke material
in the adrenal medulla:(R.V. Lewis, Stern, Rossier, Stein, &
Uaenfriend, 1979, R.V. Lewis, Stern, Kimora; Rossier, Stein,
& Udenfrieﬁd, 1980; Shultzbérg, Lundberg, Hokfelt, Terenius,
Brandt, Elde &’Goldstein, 1978; Viveros,'Dilibqrto, Hazum, &

Chang, 1979; Yang, Digiulio, Gratéa, yong, Majane & Costa,

- 1980). "I repeated the previous experiment (Exp.-1)

-

following’surgical removal the adrenal medulla and the
adrenal cortex. I reasoned that adrenalectomy and
adrenal-medul lectomy would reveal whether adrenal activity
was involved in the mediatioﬁ of the present results
(Exp.2). In éddition, as reviewed above, some forms of SIA
may be mediated by endogenous opiates from the adrenal

medulla (J.W. Lewis et al., 1982), therefore this experiment

'also served to document the similarities between the

‘locomotor and analgesic effects of this short-duration

~

stressor.

Method

Subjects. Sixty male, albino Wistar rats were obtained

. from the rat colony facilities at the Rudolf .dagnus

Institute. The animals were handled each day for 5 days

“
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before experimentation began. They were maintained on free
access to standard lab chow and tap water. They weighed
from 200-250 gms and ‘were housed five to a cage under a 14
hour lighf-dar;i;ycle. Each cage contained two bottles; one
with tap water, the other with a phyéiological saline
solution to maintain normal sodium balance. There were ten
animals per group. ?

Procedure. Bilateral adrenalectomy (ADX),
adrenal-medul lectomy (ADMX), or sham operations wefé
perfofmed under ether anesthesia one week.before testing.
The same e&perimental conditions existed as in Exp. 1
Briefly, the rats were brought to the éound attenuated test
rooms at least one hour before testing. Each animal was
individually placed on either the 21° or 57° hotplate for
thirty seconds. Immediatly after (0 min) hotplate exposhre,

the rats locomotor activity in the activity boxes was

recorded.

Re§ults )
The effects of the surgical manipulations on locomotor
actiVity are depicted in Fig. 3. Analysis of variance (3
surgical treatments x 2 temperatures) revealed a significant
treatment effect (F(2,54) = &.28, p{0.05) and a significant
effect of temperature (P(l,545‘f 41.34, p<0.0001) and no

interaction. Post hoc Newman-Keuls tests (Fig. 3) indicated

that each group exposed to 57°C hotplate was siénificantly

w
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different. from its appropriate 21° control ¢group. Also a
significant difference was founé between the 21° ADX ahd the
21 ADMX groups. None of the §7C groups:differed from each
other. Thereforé,-it would seem that yﬁese surgical
manipulations did not affect the 577 heat stressfinducéd
reduction in locomotor.activity.  Thus, the reduction in
locomotion observed in this study did not seem to be
mediated by adrenal hormones. ‘

‘Adrenal medullary opioids have been implicated in the
analgesia induéed by three minute§ of intense footshock.
(continuous 2.5 mA) since demedullation or denervation of
the adrenal medulla reduced this form of analgesia (Lewis et
al., 1982). These results did not parallel the results
oﬁtained when éIA was examined. However, since the duration
and the nature of the two stressors are different (3 min. vs

w .
30 sec.) the results are not directly comparable.

7 -
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rig. 3. Effect of adrenalectomy or adrenal-medullectomy . or sham

surgery on locomotor activity after heat-stress.
N

Newman-keuls post hoc tests indicated that all 57? groups

Ay

differed significantly from 21° groups (p<0.05)-. sy
» . .

.
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\
Experiment 3

Having ruled out the involv?meni of one component of
a I3
ir

the pituitary-adrenal axis, I then examined the possibility
that a pituitary factor was iﬂvolved in the'mediation of the
reduction in activity following heatrstréss: The majof
source of endogenous ACTH islthe pituitary, therefore
removal of the pituitary could determine'the involvement of‘
this source of ACTH and other pitditary factors in the:
reduction in activity. Furthermore, sinée'it had previously
been established tha;.exogenous administration of ACTH could
affect motor activity (Amir, et al., 1980; File, 1978), this
preseht studyzsguld brovide an opportunity to verify these
suggestions. ) )

Hypophysectomy has also been shown to affeci‘SIé in
that it attenuated analgesia induced by 30 minutes\bf
immobilization (Amir & Amit, 1979), 3.5 minutes of qﬁs
(Bodnar et’al ., 1979; 1980), intense footshock-(Millan et
aI.;.1980), and prolonged ﬁootshock (J.W.'Léﬁis et al.,
1984; MacLennan et al., 1982). '

Since it has previousf} been sﬁown that ACTﬁ-(l-39)
reduced activity when administered to animals before opeﬁ
fieid'testing (Amir, Galina, Blair; Brown & Amit, 1980), }t
was decided‘to monitor the locomotor activity of a number of
diffe{gﬂf gfoups to ascertain the effect of the , ,

administration of ACTH-(4-10). ACTH-(4-10) was used in this

experiment since most of the behavioral actions of ACTH on

- . 1
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central mechanisms reside within this peptide sequence
(Gispen et al., 1975). Also this sequence does:not
stimulate the adrenal cortex nor does it induce the’syndrome
of excessive grooming (Gispen & Isaacson, 198l; Gispen et

al., 1975) which was found to be absent in Experiment- 1.

Method . ' h N

Subjects. Fifty-eight male, albino Wistar rats
obtained from the rat colony facilities at the Rudolf MagPus
Institute. The’animals were, handled each day for 5 dayé
before experimentation began. They wére maintained on free
access to standard lab chow and tap water. They weighed
from 200-250 gﬁs and weré housed five to a cage under a 12
"hour light-dark cycle.

Procedure. Transauricular hypophysectomy (HPX) or sham

operations were performed one week before testing (N = 33)..
Four groups were run; the‘group code refers &o the type of
surgery and to the'temperature of the hotplate: sham/21°,
sham/57°, "HPX/21 , and HPX/57°..Vﬂn aaditional four groups
(N.; 25) of lIPX or sham an%mals were administered *
ACTH-(4-10) (s.c.) one hour before testing. The testing
procedure was identical to that described in EXP. 2.
Brief;y, the rats were brought to the sound attenuated test
rooms at least one hour before testing. Each animal was

individuaflf’#iaced on either the 21° or 57° hotplate for

<

thirty seconds. Immediately after (0 min) hotplate

Voo -
.- b [ )
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exposure, the rats' locomotor activity in the activity boxes
was recorded. All hypophysectomies were verified by
maérescopic examination oé the sella turcica. The number of
animals eer group was as follows: 2l1-sham, 57-sham and’
57-11PX consisted of eight animals each; 21-HPX haé nine.
Sham-saline, sham-ACTH-(4-10) ‘and HPX-saline consisted of
six animals each; HPX-ACTH-(4-10) cont?ined seven aniﬁals._

14

Results

Figure 4 illustrates the data of the HPX and

-ACTH-(4-10) groups. There was no sighificant effect of HPX

or temperature, but there was a significant interaction

(ANOVA; Surgery x Temperature (F(1,29) = 14.4, p<0.001).

_Newman-Keuls (p<0.05) post-hoc tests indicated that the 210

sham and the §7° sham droups were significantly different

(see first panel on left in Fig. 4). This finding would

"suggest that the original effect of the stress was present

despite the sham operation. In adéition, groups 57° sham
anq 57°¢ HP% were szgnificantly different, as were groups 21°
HPX and 57 HPX. There were no other significant group
differences. Since 57° sham and 57° HPX were different and
there was no difference between 21° sham and 57° HPX this
would suggest that the present resulﬁs are consistent with
the ob57rvatlon that HPX prevented or masked the reduction

in ac%AVLgy which was man;fest when the sevére sgggssor was
/ .

presented.
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Also depicted in Fig. 4 are the data from the
additional groups that were run under the same ‘conditions
(see panel on right side of Fig. 4). All these groups '
received only the 57° stress. Sham-saline, ,
sham-ACTH-(4-10), and‘HPX-ACTH—(;—lO) were not sigﬂificantl;'
6diffe;ent‘from each othém&(t-test, p>0.05). HPX-saline '
group was significantly different from all the res£ (t-test,
all 950.05 after correction for multiple ﬁ—tests). The
HPX-saline group did not exhibit the réducéion in locomotion
seen in the bgher'gfoups exposed to 57°. Therefore it seems
that ACT54(4~10) can'reinstate the reduction in acﬁivity
yhich was prevented by HPX. These data are compatible with

the view that ACTH from pituitary sources at least partially.

1
mediates the reduction in locomotor behavior following

. N : .
. stress. ’

Concerning the previously discussed ;imilarities
between locoﬁotion and SIA, the present results indicate
that the mediation of the 1oc5motorweffects, like the
reduction¥of, 5IA, may bé mediated by pituitary factors.
However, the reduction in locomotion observed in this o

experimént was mediated by A%%E;while theféuhavq been no

reports suggesting that ACTH can mediate SIA. These }esults'

suggest that there is a dissociation’ between pituitary

involvement in SIA and locomotor behavior.

-

¥ ) N
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Fig. 4. Effect of hypophysectomy (HPX) on locomotor activity
Lt o .

SHAM HPX . SHAM HPX

“' -/ . . . »
after heat-stress. There was a significant Interaction (Temp
x HPX, p 0.001) and Newman-Keuls indieiggd that sham and 57?
was.siénificanti}‘alfferent from th:;a;hékvgfbups (p€0.05). '
. ¢

ACTH-(4-10) administered s.c. 1 hr efore testing to sham or

HPX animals reduced acéivity compare'd to HPX and saline

e

group (reinstated the reduction in activity in HPX animals)

(T-test, p40.05). See Fig.1l fo; legend.
b SN .
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Experiment 4 .

A

llaving establisged that ACTH could- influence Yocomotor
behavior after stress in HPX animals Igﬁecided;to
investigate thé;role that ACTH could have in intact‘ahimgls
using the same experimental paradigm as in the earlier )
experiments in this thesis.

The ACTH holecule is part of a larger molecule, ‘termed,
pro-opiomelanocortin known to ber the common precursor to a
number of peptides (Krieger Liotta, 1979). .
Pro-opiomelanocortin is a molecule of bothhhypothalamic ahd
pituitary origin. Cleavage of the molecule into smaller

chains (Nakanishi, Inouve, Kita, Nakamura, Chang, Cohen & .

Numa, 1979) yields sequences, such as?ACTH and alpha

. melanocyte stimulating hormone (y-MSH), that™have both

!

*

biochemical and behavioral effects that are often

.antagonistic, For.example, y-MSH and ACTH were found to

have opposite effects on .avoidance behavior (van Ree, Bohus,

.

Csontos, Gispen, Greven, Niijkamp, Opmeer, de Rotte,

Wimersma Greidanus, Witter & de Wied, 198la,b) y-MSH can

attenuate ACTH-induced gxcessiQe grooming behavior (vanrhee,

. ]
eE‘al., 1981), on the other hand both y-Msa\and ACTH.- can
induce withdrawal signs in opiate naive animals. Since

Y

y~MSH has been suggested to have agonist as well as
antagonist actions in félation to ACTH-induced behaviors
(Plomp & van Ree, 1978; van Ree, et al;, l98la,b), I

reasoned that administration of y-MSH would aid in th?‘\

R e —— - B . P
.

i
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élucidation of the mechanism underlying tﬁe action of ACTH.

Meth&d ‘ . "y
Subjects.. Seventy-five mal?,4alb#ﬁo Wistar rats

obtained from the rat colon& facilities at the Rudolf Magnus

stitute and were ﬁandled each day’for'§ days before

expe ié;ﬁtatioé began. They were maintained on free access__

tandard lab chow and tap water. They weighed from

“200-250 gms and were housed five to a cage under a 12 hour

«

Y

light-dark cycle. . oy

P /‘
Procedure. The procedure, Was identical to that_in Exp.

/

2 except that ACTH-(4-10) was administered (sc) to intact
animals one hour before testing began. The doses ¢of

! 6
ACTH-(4-10) were: 0, 0.4, 2, 1Dy—or 50 ug/rat. . One hour

\
following injection the rats were brdught to the sound
v,

attenuated_gest rooms at least one hohr-sgkore testing. Each
animal was individually placed on either the 21° or 57°
hot-plate for thirty seconds. Immealatly after, (6 min),
the rats were tested in the activity boxes. Each dése of

ACTH was paired with the two temperatures (21°and 57°).

”~y

There were six animals per group except for those receiving
0.4'ug of ACTI-(4-10) which consisted of five subjects.
Gamma—MSé (y-MSH) was adminiéﬁered to two groups of
rats. The dose of y-MéH-(i-lZ—OH) was 50 ug/rat given one
hour before testing. There were 10 rats in the group that _

-received y-1MSH and thén exposure—to 21°hot-plate and 5

se
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animals in the group that received y-MSH and exposure to 57°
*N

a

hotj;TEQé. I C -‘ -

Results

. Figure 5 depicts the'da;a obtained from the various
' control and experimental groups employed in this study (see
both panels on left side of Fig. 5). ANOVA (Temperature x-

4

ACTH treatment) revealed a significant effect of Tempefature
|}

I's .
(F,(2,38) = 42.3, p<0.001) and a significant interaction

between Temperature®and ACTH (F,(2,38) = 7.6, p<0.001).

—_—

There were no differences between thg/saline and ACTH-~(4-10)
V}ﬂ;;bués in the no-stress éroup (taken from home cage to
activity box with no intervehing stress). When saline, was
administered to the 21° group it had no effect on
locomotion, howevér when ACTH-(4-10) was administered at a
dose of-50 ug/rat, a reduction of activity levels of the
animals; almost to the same level as.the group that received
the 57° stress and saline administration, was observed. That
is, when ACTH was gdministered to the group that received no
intervening stress before placement into the activity boxes,
it had no effect. However, when it was administered to the
group that was exposed to the room temperatureAhot~p1ate
'(Zf ) it ;ignifié&ntly reduced activity. (All other doses
had no effect). Thus it seems that ACTH-(4-10) alone, at

this dose, is not a sufficient condition, but that it must

be combined with environmental factors-Ae.g. novelty stress

/

o
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— associated with exposure to the 21° hot-plate) to exhibit

7 ) : / .
) - T

.~ the temporary akinesia. Other studies also reported that

*

*  the administration of the full ACTH—(1~39) peptide at

comparable QUses to‘that.appliéd here also lead té'é
reduction in activity when combined with stress
novelty-stress (Amir, Galina, Blair, Brown & Amit, 1980)
in@icating that the effect generalizes to the larger peptide
sequence. ‘ : ,

There was no effect(ofﬂy-MSH in the present study, (see
far rigﬁ?fpanel o§~Fig. 3)., which'suggestS’thaﬁ within the
context of théiprggent experiment the effects of ACTH on
locomoto;\aetivity operated through meéhanisms which were

dissociable from those involved in the effects of y-MSll.

1

¢
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mod&lafing the stress-reduced activity.
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. Experiment 5 j
) ‘ /

ACTII-1ike peptides were reported to bind-aqa compete

.

. ' \F‘( * . . // 3
fdr occupation of opliate receptor sites in CNS  /tissue as

. F
determined by pharmacological assays (Akil, He¢wlitt, Barchas
s

& Li, 1980; Plomp & van Ree, 1978; T%fenius,/l976; Terenius,
. .
Gispen & de Wied, 1975) as well as behaV1d§él studies (Amir

et al., 1980; Bedcher, Smock & Fields, 1982; Bertolini,
Poggioli & Ferrari, 19 9; Gispen, wiegéng, Gréven & de Wied,
1975; Smock & Fields, 1981). Since th7‘results presented
here suggested}that ACTH was a candldgke for mediating the

) I . / .
reduction in locomotor behavior, an/analys1s of the effect

of an opiaterantagonist, naloxone#was undertaken. If this

™

reduction’'was mediated through a/paloxone sensitive receptor

/ ;
then naloxone administration should attenuate or block
/

ACTH-induced behavior. Since ﬁaloxone and'naltrekoney‘at

some doses have been shown to/reduce activity on their own
/

{({Amir et al., 1980; Arnsten/& Segal, 1979; Katz, 1939;
. ' §

1

doses were used in the pfesent experiment. .

*

Method //

Subjects. Maaé, albino Wistar rats were obtained from

/
the rat colony fagilities at the Rudolf Magnus Institute and
/ ’

_were handled eagﬁ day for 5 days before experimentation

began. They %ére maintained on free access to standard lab

: ) / .
chow and tap/water. They weighed from 200-250 gms and were
' / ,

Walker, Bernston,{Paufuccfl& Champney, 198l) a wide range of,
/ R ¢
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‘'only one condition. .

Results

» - [

housed five to a cage under a 12-hour light-dark cycle.

Procedure. Immediatly gfter exposure to one of the

hot-plateeich and 57°) each greup of rats was injected with
one of three doses of naloxo;e (i.p.), saline (vehicle), or
received no injectionl Five minuges later the rats were_
placed in the activity boxes for five minutes where theif
locomotor behavior was recorded. The doses of nalgxohg
were: 0.0, 0.1, 0.25, and 1.0 mg/kg. Each doee of naloxohe

£
was combiped with 21° hot-plate and with thé& 57%hot-plate.
, N ,

-~

Each group coﬁtained five animals except the groups that

wera exposed to 57° and then injected with 0.25 mg naloxone
’ A

and those exposed to the 21° hot-plate and injected with

saline (0.0) which had four each. Each rat was tested in

»

.t
-
#

Flgurefg represents the data collected from the <t

naloxone experiment. AnaIYSlS of vdriance 1R&1cated that

there was a/significant effect of temperature (F(4,47)

18.6, R(0,00I, of treatment (naloxone) (F(4,47) = 17.7, p<

0.001) and an interaction between treatment and temperature

(F(4,47) = 4.4, p<0.01). Naloxone at doses of 0.25 and 1.0

mg/kg mimicked the_xeduction in activity seen after exposure

to the 57°hot—plate even in the 21° groups, however the 0.1
mg/kg dose which had no effect on the 21¢ group was also

without effect on the reduction in activity induced by

¢

4
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exposure to 57°. . - s
L ) .
C e . In a separate study the effects of naltrexone (0.0,

0.1, 1.0, or 10 mg/kg), given two hours beforg hot-plate
stress were e:émined (Galina, Sutherland & Amit, 1982,
unpﬁblishedi. The results were similar to those obtained - .-
with naloxone. Since the opiate antagonists naloxone and
naltrexone were unable to attenuate or block the reduction
in agtivity one can assume that the ACTH mediated reduction o~
~ _ 4n activity was not functioni;;“;s an agonist at opiaie

//:;ceptors in the present studies.. Therefore, ié’ban be

concluded that the reduction in activity was not mediated by

| . endogenous opioids interacting at a‘'naloxone or naltrexone
| ,
|

sensitive site.

)
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Fig. 6. Effect of \./ar'ious doses ofjaloxone (i:p.) immediatly:i
after‘ stres§ on héét—stre'ss induced inactivity. There was a
significant effect/?f/Temperature (p€0.001) and Naloxone (p
0.0'E)l) ané Temp x Naloxone (p<0.05). ‘Newmavn-Keuls post-hoc
tests- iﬁdicated that naloxone (0.1 mg/kg) was not different

than ghe control that did not receive anLinjection of saline

and 21° group. .
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Discussion ‘
The previous five experiments were designed to assess

the physiological and.behaviprél parameters of the effects
leexp05qré to the stress of a hot-plte heated to various
temperatures. In summary, it was found that heat—stress;Qf
30 seconds duraﬁ&on %5 a hot-blate heated to 57°C would
tempo;a;ilylreduce activity level®d of rats when compared to
‘non-—stressed ‘éqp.t.rol groups. In the C(;-;J:—SAG‘—0~£
experimentation a nymbérﬂof putative mediators of this
phenémenon were_;uled out. Néither~adrena1ectomy,
adrenal-medﬁllectomy, naloxone administration, nor injection
of y-MSHl were able to effecf the reduction observed after h
stress.© HPX, however, did aboliéh or mask the reduction in
locomotor activity and this reductioh in activity could be
reinstated by administration of ACTH-(4-10) (50 ug/rat). Not
only did the (4-10) analog reduce activity but the fuli
molé%ule, at 50 ug and even higher doses also reduced
activity (Amir, et al., 1980; Galina, Sutherland & Ami£,
1983), which indicates that these behavioral effects may
reside in the (4-10) sequence. The possibility shoulé be
noted that after a peripheral injection of a dose of 50 ug
and the éubsequent flow through the systemic circulation,
only a small dose (perhaps of physiological leve}L»would
rq;éh the CNS. 1In fact it has been reported that when an
analog of ACTH was administered subcutaneous}y, brain‘ﬁptake

was in the order of 10-(-5) to 10-(-4) times the

administered dose (Verhoef & Vitter, 1976).

—— v
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Behavioral support for the presence of

gé_ggggigggég;or in the CNS
Anhunexpected dividend oﬁtaiﬁed from analysis of the
pregent experiments was that interp;etation of -the aatq may
éuéport-ﬁhe notioh'oﬁ the existence of a specific ACTH
receptor-in thghéentral nervous system (CNS). Attempts to
' characterize a corticotropin (ACTH) receptor in the brain
, have been fréugh£ with difficulties. The prevailing
speculation is that ACTH does bind with high afffﬁZty to
bréiﬂ,tissge, but that the paucity qf such binding sites
makes it a difficult class of receptors to isolateﬁ(de Kloet
& de Wied, 1980; Watson & Akil, 198l; de Wwied, 1977; Witter;
1980). It would seem that at present a‘pharmac;logical
demonstration of such recepfors must await newer
technologies. Nevertheless, behavioral evidence for the

"existence of such receptors has émerged.

d For example;- many novel -and/or stressful ‘situations
were found to induce a syndrome'of &xcessivVe grooming in the
‘rat (see Gispen & Isaacson, 198l). - This novelty-induced
droog@ég_x§§ blocked by. anti-ACTH serum administered “

.centrally (Dunn, Green & Isaacson,”1979). ACTH-induced
excessive grooming occurred after central administration of
the peptide (Gispen et al., 1975) and was' attenuated by

LY

pre-administration of opiate antagonists (Dunn, Green &

rd
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Isaacson, 1979; Gispen et al., 1975). Since ACTH-itduced

excessive grooming was atteﬁuated by oplate antagonists it -

-

seemed reasonable to ascribe the effects to an interaction

.

. between ACTH and. opiate receptor  gites. These behavioral

observéﬁlons ‘along with some ph rmacologlcal and blochemlcal \

data that reported low binding capability of ACTH to braln
.

‘tissue (Gispen, Buitelaar, Wiegant, Terenius & de Wiedg

1976; Terenius, 1976; Terenius, Gispen & de Wied, 1975) were ,

consistent with this hypothesis. Howevé;, new evidence has

4

accumulated which challenged the notion that g&e opiate
receptor is the natural 51te of the central actlons of ACTH
It w#% recently shown that some peptides Wthh lack oplate
receSt?t affinity can nonetheless induce the syndrome of G%ﬁ:l;” \\‘
ry .
excgsei%e grooming (Aloyo, 2Zwiers & Gispen, 1982).
Another area which recently received some atteetion was
the stud§ of the ctange in pain responses after central
administration of AéTH—related peptides. ACTH was shown to
induce analgesia in a dose dependent fashion which-was not:

9

affected by naloxone administration nor morphine-induced
1

tolerance (Walker, Bernston, Sandman, Kastin & Akil, 1981).

~

This again supported the idea that ACTH-induced behaviors
may be mediated at. a site different from the opiate .

receptor.
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reduction in activity for a short time period. 1In addition,

the fact that ACTH-(4-10) does not have any steroidogenic

propertles and 1nduced a relnstatement of the behav1or in

‘

1PX anlmals leads to the suggestion that these effects were

of central origin.- Furthermore, since naloxone was not
~N oo '

capable of altering the behavior, the suggestion was that

L ACTH in this paradigm acts at%xreceptor site distinct from

the naldxone sensitive recegtor. This site may in fact be
] .

~

an ACTH specific receptor.
Therefore, it is conceivable that ACTH acting at its
own receptor, can induce a transient reduction -in activity

in animals which have been exposed to stress. Within an’
. o ; . - o
evolutionary framework the advantage of, this state of
. & ’ ' » . N .
affairs would be that it would seem to allow the orgaﬁxsm

\Flme to recuperate from the phy51ologlcal effects of the

4

Va

\
atressor and help 1t mobilize for further action. ACTH

L] .
alpne, at the dose; tested, does not seem to be a sufficient
. \

conditton..to indgee the jkduction»in locomotor activity but

}mqst be\ combined with env1ronmental stlmull ln order to

observe the reduction 1n‘ﬁqt1v1ty. This implies that tonic
L] L .

‘ s - : : .
levels of the horfone are involved in endocrine balance and
. ' A

that under condi}ions of stress, the greater release of ACTH

elicited by environmental factors can cause a transient
ﬂ ’ ‘ ~
reduction in activity: "This is supported by recent data

which showed that 57°C stress increased significantly the

plasma levels of ACTH-like immunoreactivty reduced the

© -~

« \



7
A

4-7

N

S . ' N . 101

.
4

hypothalamlc levels of this 1mmunoreact1v1ty and increased

the levels in the rest of the braln (Galina, in
E

A\l

preparation). Also data previously collected on

! LS

corticosterone release by this same stressor supports this
notion since corticosterone-is known ‘to be under the control
of ACTH secretion (Galina, Sutherland & Amit, 1983),., These

observmtions agree with the motivational and attentional

~

role attributed to ACTH-related peptides {(Sandman & Kastin,

1981; de Wied, 1977; 1980).

hy

. ¢ o
Finally, because of the high dose needed for ACTH to
act'as an™agonist Or antagonist at opioid receptopasites, a

more parsimonious explanation for the site”of the effects of

-

ACTH requires -the postulation that many of the effectsfef
ACTH formerly ascribed to interaction with an opiate

receptor -should in fact be ascribed to an action at a
< -
spec1f1c ACTH receptor ACTH-(1-39) has exhibited the

greatest afflnlty to the opiate receptor while ACTH$(4 10)

in some preparatlons will not bind to tHhese receptors even
”~

at high concentrations (Akil et al., 1980; Plomp & van Ree, .

-

‘19785 Stengard—Pedenson~&@Larson, 1981} Terenius, 1976;

Terenlus, Gispen & ‘de Wied, 1975). It should be emphasized

N e

that ACTH (4-10) has no ster01dogen1c propertles and that
its effects are restricted to centra1-51tes (see de Wied,

1977; 1980). Also, it may -be euggested that naloxone and

¢

naltrexone can act at this ‘putative receptor as a partial
&
agonist or antagonist depending on dose.  In line with this

-
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reasoning, naltrexone will affect ACTH-induced behavior in a
|-

dose dependent fashion (A;X: et al., 1980). "Also there is

.evidence to suggest that naloxone can activate u

= v

corticosterone release from the adrenals (Eisenberg, 1980).
Naloxone may then be capable of interacting with ACTH

receptors on the surface of the adrenals to initiate

corticogenesis. Therefore it may also have the capaciﬁy to

bind to, ACTH receptors in brain tissue.

- ——

Y ——

———
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< - Experiment 6

In the previous five experiments the effects of

-
i ——

" exposure to the hot-plate stressor were examined in a number
g

of different ways.“ It was found that the intensity of heéat

would determine the direction of effects of this stressor on

locomotor activity in an open field. These results are in

4
.

line with a previous demonstration that midrange levels of

heat stress (47%rxr 52°C) increased, while the higher levels

depregsed exploratory behavior relative to a control group
(21°) (Galina, Sutherland & Amit, 1983). It was also found

that the reduction in activity lésted five minutes and that

-

it had‘returned to baseline by ten minutes. In addition, it

)

was also demonstrated that removal of the pituitary would

prevent the reduction in locomotion seen after exposure to

’

the 57° C -hot-plate  and that this behavior could be
reinstated by administration of ACTH, thus implicating ACTH

of pituitary origin in the mediation of this behavior.

In the following experiment the same heat stressor was

used as a stimulus in an attempt to examine whether changes — .

RN

in pain threshold would also be evident in additibn tp~the'

changes in locomotor behavior seen in the previous -

"experiments. Since, SIA is knoﬁp to be dependent on .z

stimulus parameters such as inten§ity and since it is known
that locomotor activity and activation Jf the pituitary

adrenal axis (i.e. corticosterone) :can also be a function of

the intensity of stress stimuli, four different intensities

%

'

e



a (/\
104

-~

of heat were used in the present experiment. Furthermore,
. .
since some forms of analgesia were shown to be dependent on

4

activity in opiate receptor systems, naltrexone, an opiate

antagonist was also used. Naltrexone blockade of the "

resultant analgesia would indicate involvement of opiate

receptor systems in the mediation of the analgesia.

-

Method - . o ‘
: Subjeéts?“‘si;;;;gbur male wistar rats (n=8) obtained

from the Canadian Breeding Farms Laboratories. The rats
were handled egch day for 5 days before experimentation
began. ‘?hey were maintained on freé access to standard\lab
chow and tap water. -They weighed'ZOO-ZSO gms and were
singly housed in stainless steel cégés under a 12 hour
light-dark cycle.

Apparatus. The hot-plates were'similar- to those
described in Experiment 1 except that in this case the
- aluminum hot—piates were heated‘byﬂg Plexiglass’box filled
with dLspilled water situated immeaiatly underneath the
plates. The water was heated and circulated by a Hgake
(madel E2) water pump And heater.
Q; " In order to measure analgesia in a water tail-flick
test the animals had to be lightly restraiﬁed so that the
only movement in response to the hot water would be a tail
flick. A plastic baby'bottle (Evenflo, 8 oz) that had the

bottom cut out was used. The rats readily entered the

]
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bottle at the end that was cut and crawléd to the tapered
end (the side to which the nipple would norqglly b
attached) where their heads would protrude. This provided
an unobtrusive restraining device that provided easy access
Fthe tail. ' ~

Procedure. For seven days beforeé experimentation began
the rats was placed for 30 seconds into the "baby bottle"
apparatus in order to acclimatize them to the procedure thus
avoiding additional stress on the day of experiment;tion.

The procedure consisted of placing the ratg on one of
four hoé—plates for 30 seconds. In this experiment, eqch
hot-plate was set at a-different tempéﬁéture (21, 47, 52, or
57°C). Two hours before exposure to the hot-plates the rats
were injected with either saline or naltrexone (10
mg/kg/ml). The rats were brought to the test room andﬂwére
individually kept in small wooden holding cages for 30
‘minutes in orde{)to habituate them to the noise of- the \
hot—plaﬁe apéératu;: The rats were then placed on one of
the hog—plates for 30 séconds. After 30 seconds the animals
were removed and placed in a plastic baby bottle. Analéesia
was measuged by the tail-flick method. A hot-water bath was

Al

heated to 4%; C into which five cm of the tail was
submerged. he latency to flick the tail out of the water
was recorded. In order to avoid damage to the tail, a 30

second cutoff was established. Any rat that did not exhibit

a clearly definable tail-flick during the 30 seconds of

L)
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immersion in the water was replaced in the holding cage to
be tested ax/ihq néxt intervai._ Latency to tail-flick was
measured at 0, 5, 10, 15, 30, 60, 120 minutes and 24 hours
after exposure to:the hot-plate. Thus, there were eight

time peridds, four hot-plate temperatures and eight anipmals

per group. ’ -

Results’

Mean (ZS.E.M) latencies to withdraw the tail from ‘the
hot-water:bath are showr ié Figure 8. Althree-way ANOVA
(memp‘x Naltrexone x Time) revealed a significant effect of
temperature, (F(3,52)=8.78, p <0.001, Time, (F(7,456)=3.20,
p<0.001, and an interaction between temperature and time
(F(21,4563=3.72, p<0.001. The main effeet of naltrexone was,’
not significant. Post-hoc Tukey tests indicated that /

exposure to 57°C induced a transient (15 min duration) /

Al

analgesia as compared to exposure to 21°C hotplate. The

significant interaction effect se%?s to result from the slow
decrease over time of the analgesia exhibited by.the,57O

} group and the increase in analgesfg\thibited over time by
the 21 control group. This suggested that the tail-flick
procedure 1itself can induce analgesia when the rat i§

repeatedly exposed to the testing procedure. ‘The groups

that were exposed to the 47 and 52° hot-plates, however, did

not exhibit analgesia.
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Fig. 7. Effect of various levels of heat—stress on induction of
analgesia in a tail fllck test. There was 51gnlﬁzcan‘ effect

of exposure to 57° that was not reversed by naltrexone

administration.
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Discussion

The results of this experiment’constitute a further
demonstration that a short duration stre;sok induced a
transient though significant analgesia that was dependent
upon stress intensity., As would be predicted from 'previous
research on SIA induced by short duration stressors,
naltrexone did not effect the present analgesia (i.e.

Terman, et al., 1984).

v

The results - of this expériment provide the framework
within which a component of the generél hypothesis under

discussion in this thesis can be tested. This hypothesis
. . .
states that SIA is part of the animal's defensive system and

would serve to aid the animal when its integrity was being
challenged. If the analgesia present when the animal was

stressed served an adaptive purpose then this would be

-

" evident in a situation designed to study it. The next two
- .

experiments addressed this particular hypothesis by
¥ -
presenting the same stressor to the animals before (or

* ’

after) a threatening situation.

w, : | A
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Experiment 7

o

ﬁhg one way shuttle avoidapce paradigm is a common
ocedure used in learning experiments with rats. Avoidance

o . °
responding can be viewed as an integrated defensive reaction
e 4

' 4
that would be functionally useful in natural settings. Rats

will usually acquire this response within twenty grials when
the shock intensity is set at .5mA. Since each trial in the
gvoidance procedure about to be described lasts less{than
ole minﬁte, the ;ime needed to acquire the‘ggg}dance}
response is therefore well within the time fragg‘éf/the
analgesia induced by heat-stress. Thus, if the rat is

exposed to the stress stimulus immediatly before training,

aﬁ assessméntk f the effects of a raised pain .threshold on
avoidange acgliisition could be carried out. ’

During the extﬁnctiqn phase of avoidance experiments
the rat must learn a new contingency; that the aversive .
stimulus is no longer present. The rat is not initially BT
aware of this newasituation and may coritinue to respond to
conditioned stimuli. This éontinued respona}ng\may be taken
as é measure of retention (Riccio & Concannon, l1981; Spear,
1973). As Spear (1973) has suggested, the physiological
changes brought about by stimuli that precede avoidance
testing become part of the stimulus complex. It follows
from this line of reasoning that in the présent experiment

. ?

stress-induced analgesia was part of the stimulus complex

v
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for some of the groups. ‘ ‘

g

This experiment could also verify some of the‘né@ions

‘proposed in the Introduction. It should be recalled thatk\\"
|

Malmo (1959) advocated the use of more than one level of the \
\

(ive. Yevel of corticosterone; Galina, Sutherland & Amit, . \
1983); the interaction between the hormonal state ..
(corticosterone level) and the environment (avoi?ance
training) could be tested. As a result of exposure to | -
different intensities of stimuli some of the groups would be
sensitized by preexposure to stress and this may facilitate
adapiive responding. This sensitization may be manifested

. !
by improved attentional and motivational factors which may
lead_to improved responding as measured against baseline
conkrol level of responding.

Given the notion§ just expressed, in this experiment .
several groups of rats were exposed to dif erent levels of
heat-stress immediatly before acquisition of avoidance.™~UIn
this way it wagzgoséible to determine the e fect’ﬁf/; raiséﬂ\\

pain threshold on perfqormance of an avoidance response /,

»

(Exp.7a). In addition, an experiment (Exp. 7b) was ‘\\‘~v////

performed in which the heat-stress was given immediatly
after acguisition ip order to rule out simple effects of the
stress on performance.

Another component of the stress response, the release
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of 'ACTH and its subseqﬁéﬁt effects on behavior in avoidance

Lgrer .

'situations could also be studied w;thin the context of the
\Lpresent experimewts. As discussed ea¥lier, ACTH can
-

.

modulate an animdlts response in avoidance learning

, situatiogg)thaé may depend on the dose of ACTH or the
5 \\
‘ intensity 8f the aversive stimuli. Thus, this experimental

design allowed the study of the effects of a raised pain
threshold in a paradigm similar to those used to assess:the

effects of .ACTH on performance of learned réspgnsesh

Method
Subjects. Thirty-one male Wistar rats were used in.

Exp. 7a and twenty-eight were used in Exp. 7b. They were

obtained from the Canadian Breeding Farms Laboratories and

-

*

were handled each day for 5 days before experimentation
began. They were maintained on free access to standard lab
chow and tap water. They weighed from 2b0—250 gms and:were
singly housed in stainless steel cages under a 12 hour
light;dark‘cycle,

Apparatus - -

The hot-plates werée the same as those described in

=

A3

Experiment 6. A standard shuttlebox (ﬂafayette Instruﬁents,
"—f—\\§\\\“\? 85013) was used for the one-way avoidance trainrné? -

' Procedure. The basic paradigm consisted of stressing '
.the rats on a hot-plate before (Exp. 7a) or after Experimeg;d

7b) shuttlebox avoidance training. Four heat~stress groups

. A ‘

e
~ /

»

v
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were used: home cage control,-21°C hot-plate, (room
temperature), 47°C hot-plate, 57°¢C hot-pléte.
Immediatly after 30 seconds of exposure to one of the

A
hot-plates each rat was placed on one side of .the

" shuttlebox. Tqﬂs immediaflx triggered a relay which started

\

the timing séqJ nces. The home cage control group was
brodght difeétiE\EB\thg_ghﬁ£¢lepox. R&ts in this group did
not receive\énQ exposure to ¥he hot plates. A one-~way shock’
avoidanceUprocedure was uéqﬂ! Rats were place“ on one side
of the chamber wﬂich was separdted from the %ther by a
electrically controlled door.. Ten seconds after placemeﬂt
;n the box a tone (CS) was sounded for 5 seconds. At the
same time as the tone started, the door sepa;ating the two
chambers was.opened. A period of shock of ten second
duration (UCS) followed the tone presentation (cohstant
current 0.5mA scrambled). If the [at crossed to the other
side of the chamber during these ten:seconds the shock was
tqgminatéd and the door was shut behind it (escape
response). If the rat shuttled to the dther side of ‘the
chamber beforelthe shock began (CR), th€& shock was not
turned on which signified.thaﬁ a shock was successfully
avoided. A successful avoiqéhce or escape. was followed by a

7
ten second wait on the safe' side before the animal was again

| . C L
placed on the "shock".side.® If the rat failed to shuttle

[y

during the tone or shock period the door cl®sed and the

procedure was repeated. "Acguisition criterion was five
J 4

A et e g |
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consecutive avoidances.

animals were brought back to the testing room .and the

-

ﬁﬁﬁinction procedure began. The exact same sequence of
' events outlined abave for the acquisition phase was repeated’

except that the rats were brought to the shuttlebox without
o
1nterven1ng stress (no hot-plate) and there was no,sbock

given to the animals. In this phase the anlmal/hég to

"learn" the new contingency; that the aversive consequences

were no longer present. The criterion behavior was five
cénsecytive non-avoidances.

The two phases of Experiment 7 vdiffered withe respéct to
the time Fhat the hot-plate procedure was given. In o

Experiment 7a the rats were exposed to the hot-plates

immediétly'before the acquisition phase of shuttlebox ‘ _ -

training
4y

hot-plat é immediatly after they had performed the five

“In Experiment 7b the rats were exposed to the - -

consecutilve avoidances necessary to achieve the acquisition

criterion. o -

Resultsk

Figure 8 illustrates the data collected in Experiaén{

7a when the hot-plate stress was given immediatly before

avoidance acquisition training. There was no effect of

+

hot-plate stress on acquisition performance

(Kruskal-wWallace, p,.05). All groups performed the

b ?
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[N

require more trials, however this was ‘not statistically
: []

significant. There was a significant effect of stress

= . s 5
during the extlnction phase of thé present experiment
~

- " (Kruskall-Wallace; X*(3; N=31)=11.48, p{.0l). Thus,

o

o analysis of differences between groups revealed that the 57°

_group performed significéntly less trials than the home cage

E 4

control group (post hoc Mann-Whitney U=10, p<0.05 two

tailed). ‘ v
N\

Figure 9 illustrates the data collected from Experiment

Jb_in which the rats were subjected to the hot-plate stress

immediatly after acquisitidn criterion had been established.

There was no effect of heat sbréss on acquisition of

\ ‘avaidanceésinpe at this point 4n the_experiwent the groups
wéfe not ex?qsed to any heat stress treatment
(K;uskal—Wallace,_§70.05). There was a signifiCaht effect

2? the Jheat stress on extiﬁction performance -

* (Kruskall-Wallace; 'X*(3, N=28)=20.1, p(0.00l); A

siénificant.effect‘ygs found for extinction éerformaﬁce

'bét&een'the‘groups exposed to 47%°and 57°(§ost hoc

jiann—‘cWhitney ﬁ=7, p(O'.OS). No other comparisons were .

"

signiificantly different. ’ o

——— e
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STRESS BEFORE ACQUISI

. N £ 25 EE
° 0l AQ@ 1 Ext o/
' . %M 15§ . 15 | |
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51 5 //\
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0o 21 47 ‘57
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Fig. 8. lAcquisiti‘on and extinction of 'one-way avoidance whenﬁ‘
he‘a’t;stress was applied immediatly before a;:quisition
trainin‘g. There was no difference in acqguisition. A
‘Sign;bficar’).t difference was found in extinction betwet:*n :
- gzroups (Kruskall-wallis, p%0,05). Group 57° was . '
A\ ' significantly Cifferent from all ‘Qther grouias (Mann-Whitney,

“«

4 . v, p€0.05). (0 = home cage control)

. ‘
‘ 1
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STRESS AFTER ACQUISITION
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Fig. 9. Acquisition and extinction of one-way avoidance when

@

heat-stress. was apﬁlieﬁ immediatly after acquisition
B T~
i

training. There was no difference in acquisition.
Significant differences were found .in extinction .

(Kruskall-Wallis, p<0.001). Groups 47%and 57%ere

significantly different. (Mann-Whifney U, p%0.05). — -
’ “ L

- . . : r*"\
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Piscussion

H

Acquisition, of avoidance was unaffected by any of the
stress stimuli. There were no differeﬁces i% the number of
trials necessary to acquire’thé avoidance response among the
éroups. \A raised pain threshold, therefore, does not appear
to affect acquisition of aQoidancg performance in this
paradigm. In line with the previously staged not;oa, it 1s
possible to interpret the lack of significant differences
between the 57°C group and the otﬁer groups as indicative of
the prqﬁgnfe of an operating adaptive mechanism» The
reduction in pain allowed this group to function in a manner

7
indistinguishable from controls thus enabling .the animals,

despite the experience of stress, to escape from a noxious

stimuli.

While no differences in avoidance acquisition was found

between the various groups, exposure of the groups to .

extingction trials 24 hours later revealed significant

" "differences in the number of trials required to.extinguish

the avojdance response. There was a significant_
relationship between the intensity of the stlmﬁli and the
rate of extinction (Fig. é). The resul&s illustrated in
Figure 8 suggeét that higher stress levels prior to

avoidance training were associated with faster extinct?on.

(23

‘While it is possible that these results may simply
réflect/differences 1n the ability of the differentially

treated rats to perform the avoidance response, this is

¥
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unlikely, since no differences were found in the number of
trials to acquire the avoidance response. In addition, the
differences in extinction reflect differences of
non-avoidance which are naturally not dependent on ability
to perform a motor response.

An aggument can be put forward that since the rat's
feet have been stimulated on the hot;plate and then
shbsequently re-stimulated in the shuttlebox shock chambers,
that the results may be confounded by increased sensitivity
or conversely habituation to the aversive stimﬁl{ applied to
the feet. 1In this case, the effects may not be gélated to
physiological release of some endogenous agent but to
performance deficits éé changes in sensitivity distinct from
true elevation of pain threshold or, in fact from an
induction of ahalgeéia. A number of observations negate
this argument. First, the resultslindicate tﬂaé the low (Zio
) and high (57°) temperatures affect the extinction of an
avoidance response in the same manner wﬁich is different
than the effect of the middle temperatures. 'This argues |
strongly against an interpretation in terms of a performance

L

deficit, Second, an experiment which measured locomotor

1

activity 24 hours after exposure to the same intensities of

hot-plate as the present experiments found no significant
differences in loqomotor behavior between groups that had
been exposed to different temperatures (Galina, Sutherland &

Amit, submitted). This suggests that the differential

-
]
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effects seen in extinction phase were not due to performanée

difficulties during the extiaction phase. »

-

It would appear then that the "memor;" for the acquired
behavior was diffe;entially,affected by exposure to
dffferent intensities of the heat stimuli/ﬁhether the
sﬂimuli were applied before or after acquisition. These

*" 'data, however, do not provide adequate evidence for an

effect on mémory-processes per se, since the results of \
extinction training may bé a reflection of alterations in
sensory systems and not a direct effect on the memory trace
itself (Gold & Zornetzer, 1983).

'When animals were undergoing extinction trials,
re~exposure to the shuttlebox was a necessary part of the
stimulus complex. However, the heat stimuli which were also
part of the stimulus comlex were not re-administered before
the extinction phase, thérefore only par:\of the stimulus
comple% was present.' Nevertheless, this re-eXposure to part
of the stimulus complex may have been :ufficient to trigger
the physiological changes associated with the previous day's
experience. In other words, the animal that was exposed to
57° C heat stress before the acquisition phase may have
undergone the acquisition training in a different state than

_the animals in the other groups. It is probable that the
total sensory experience of the shuttlebox was therefore

different for these animals. Upon réfekposuré to the .

g avoidance apparatus this altered_ggpé&ﬁence may have

\ AN
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accountecd for the faster extinctipn rates-observed in these
animals. . ‘ B

This question of altered motoric or sensory effec%s can
also be addressed by examining the data of Expeiiment/;b in
which the stressor was applied after acquisitfgn criteria
had been attained. Under these conditiong, changes in
performance during extinction 24 hours following avoidance
training coﬁld be interpreted as attributable to an effect
of the stressor on memory and not a motoric deficit. S}nce
the heat stimuli came after acquisition it could not be
expected to affect the original acquisition. Similar to the
results observed in Experiment 7a, it was found that
diffe;ent intensities of heat led to differences iﬁ
extinction. This time the differences were not linear but
curved. An inverted U-shaped curve depicting the
relgtiqnship betwgen stimulus intensity and extinction can
be seen in Figure 9. Groups that were exposed to 21 or 47°C
exhibited enhanced retention compared. to the home cage
control group. The groups exposed .to 57° , however, were
indistinguishable from the home cage control group,
suggesting that the effects on extinction were not due to
motoric deficits. Y '

Exposure to heat-stress should release éndogenous-ACTH

which may then lead to changes in avoidance behavior that

resemble the effects of exogenously administered ACTH. The

results of the previous two expefﬁments tend to confirm this

4

-

/"\_//
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notion, since in fact| t?\? hot-plate stress used was found

- to resemble the effects of exogenous administration of ACTH.
This hypothesis is supporéed by the data of Experiment 7a in
which no effect of the heat stress on acquisition
gerformance @as\bbserved, but significant effects of heat
stress on extinction performance were found. It should be
recalled that exogénous administration of ACTH does not
usually lead to changes 1in acquisition performance but does .
lead tb changes 1in explnction of cbnditioned responding
(e.g. de Wied, 1980).

Alternatively, the differential effects of heat stress
observed'oﬁ extinction may be due tpo increased release of
corticosterone. Though active avoidance responding was
unaffected by administration of corticosterone (Bohus &
Lissak, 1968), corticosterone has been reported to
facilitate the extinction of active avaidance’'responses
(Bohus & Lissak, 1968; Kovacs et ai., 1976; de Wi€d, 1967).)
Since the heat stressors used in the present studies were
known to affect corticosterone release in an intensity
dependent manner (Galina, Sutherland & Amit, 1983), it is
possible that somé of the facilitation of extinction a
observed in these experiments may be due to the increased
release of corticosterone and not to a direct effect of
ACTH. 1In order to determine which hormone affects avoidance
behavior, experiaents that include surgical'techn;ques such

as adrenalectomy and direct administration of corticosterone

LY

s
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within the context of the present paradigm are needed.

In summary Lhen, the experiﬁents using an avoidance ‘
paradigm revealed that intensity of ;the heat stress used”did
not effect the acqpisition of an avoidance response but did
effect the subsequent retention of ,this avoidance response.
Wwhen applied before acquisition training, the intensity of
the‘stimuli was found to affect the extinction and therefore
retention of the response in a l%gear-fashion;~as the
intensity was increased'there was less retention. However,
when applied after acquisition had been established, the
intensity of the heat stress effected the retention of the

avoidance response in a manner that resembled an inverted

U-shaped curve. . >

of
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GENERAL DISCUSSION

The experiments reported in this thesis were designed
to elucidate the adaptive nature of stress-induced analgesia .
(SIA). " The diverse behavioral and physiological §arameters

*
of SIA were feviewed and it was suggested that examination

of behavior that occurs concurrently with analgesia may aid

in the understanding of the functional nature of SIA.

Moreover, 1t was also suggested that since the effects of

the hormone ACTH and the the occurrence of analgesia are

v

pSUa}ly examined in aversive and "stressful" paradigms, an
examination of the behavior in these a ersive paradigms
would lead to a better ungerstandlng f the behavioral
effects of ACTH ;;;\EEE\Yﬁ;ctional nature of SIA.

In the initial studies a stressor that was easily
‘podifk%g élong the dimension of intensity was-examined. It
was found that heat stress induced by brief exposure to
hot-plates heated to various temperatures induced a
transient reduction in locomotor ackivity observed in an
open field. These changes in locomotor act1v1ty in an open
fleld a;éér exposure to various intensities of heat stress
were suggested to be mediated by a release of ACTH from ﬁﬁe
pituitary gland. ACTH was suggested to mediate this
phenome;éh since hypophysectomy, which removed the major
sourte of ACTH, was found to prevent the stress-induced
‘reduction in locomotion and administration of ACTH to

J . .
hypophysectomized rats reinstated the reduction®in
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@ s,
. logbmotion. In other experiﬁén;s reported here it was found
that neither adrenalectomy norladrenal~medullectdmy affected
othe reduction in locomotion thus ruling out the effects of
ACIHH on girticbsteronq production in thg adrenal cortex and
endogenous opioids from the adrenal medulla in the mediétion
of this behavior. 1In an attempt to ascertain the type of
receptor interaction thfough which ACTH was.operaiing,

. . y
naloxone and y-liSH were administered but were found hot to )
effect heat-stress induced reductien in locomotion. It was
also pointed out that the resul}s of the first four
experiments could be interpreted as behavioral evidénce of a°
specific ACTH receptor in the central mervous system.

Subsequent experiments presented here reported that the
same heat stress that affected locomotion could also induce
— a temporary analgesia when measured in a tail-flick test.

The findings that heat stress could release ACTH and could
also induce a temorary analgesia, led ,to the examination of’
~the effects of this stressor in avo;dance learning \
situations. It was found that the  acquisition of avoidance.
) "responding was unnaffected by heaé stimuli, however, the
absence of differeﬁces-were taken to suggest ;hat an
adaptive mechanism was operating-to restore "normal
functioning" in this avoidance situation. 1In fadition, it
was reported that retention, as measured by rate of
,

extinction of avoidance responding, was differentially

effected by the stressor. The differential results on
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e
extinction performance were dependent on the intensity of

the heat stimuli. ,

Oyerall, in terﬁé of the proposed adaptive nature of
SIA, the results of the experimeﬁbs reported here indicate
that the groups receiving the 57°C heat stimulué exhibited
three different‘responses./,These responses seemed to be
dependént.on éhe type of testiné procedure used to meashfe
the Pehaviqral reaction to the stressof. These testing
conditions, then, can be viewed as reflective of varying
énviFanental circumstances: Whgn the animal was placed in
a novel environment where increased locomotiop was not a
necessary and adaptive component of the situation, the
uncqndltioned response was one of reduced locomotion.
Concomitantly, in a different paradigm rats exhibited longer
latencies to tail withdrawal in a tail flick Lest indicating
the presence of analgesia. Yet, when placed in a position
where movement was the necessary and adaptive résponse
(shuttle) the animals revealed that they-can learn and

: -0 - \\

perform the response as well as controls. Of particulﬁr

interest was the finding that although acquisition was ;éx
AN

\

disrupted by exposure to heat stimuli, the "memory" of the \\g

appropriate .response was altered (as measured by latency’ to
extinction).  This, at first scrutiny, would not seem to be
an adaptive response. If the animal encounters the same

stimulil again,; "remembering" the previous encounter should

facilitate current avoidance. However, a better explanation

-
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may be that since no shock stimuli are present during
extinction sessions, the recognition of this fact, as
reflected by-the rapid acguisition, was in fact adaptive.

The animal's normal pattern of responding in the avoidance

paradigm during extinction was to continue avoiding, as if

the*shock,was still présent. The animals that did not
receive stress before agquisition have been conditioned to
avoidehen exposed to’sqye of the stimuli that predict
"danger". The animals receiving the heat stimuli before
acquiéition exhibited progressively faster extinction as the

Heat intensity was incre®gsed. This indicates that even

. though these animals were also conditioned to avoid, they
A3

were not able to retain or retrieve Fhis information 24
é .
hours later.
‘Locomotor behavior, performance of an acquired «.

S

avoidance response 24 hours later, and pituitary adrenal

‘activity were all affected by the intensity of heat stimuli.

This pattern can in many cases be reflected as a U-shaped
curve. This pattern of -behavior that is elicited by the

various stimuli in the environment tends to interact with

[N

the internal pﬁysiological conditions that prevail at the
time of testing to produce adaptive behavior. Changes in
the background hormonal (and other) conditions were affected

by manipulating the intensity of stimuli, such that the same

N 4]
stimuli could induce different behaviors within the same

environment. Given these results, it may be appropriate to

Iy
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consider the type of stimuli that induce stress as the

product of intensity and duration ofestimuii combined with
environmental conditions that would elicit defensivé.
behaviors. Changing the level ofﬂstimulatioh will determine .
at what -point on the stress continuum the pérticular

behaQior will be located.

The stress continuunm

-~ . v
-

In the Introduction to ﬁhisdthegis I suégested that

~stress should be viewed on a continuum that would be best

represented by an inverted U-shaped curve. At some

hypothetical locations on the curve, "stress" could prove to

-

be adaptive. Such was the case in QQ;{active avoidance

paradigm where the rate of acduisitio of avoidance by the

group receiving the higher intensity stress before avoidance

tra%ping was not different thaq,controlé.‘ I suggested that

9 F

‘this is possible because of the parallel activation of pain
! - 4

suppressive systems. 'The pain suppressive system acts in

. [
this situation as the vari

ble that corrects or helps

maintain adaptive respondilng. Interpretation of the data of

& ¢
¥

Experiment 7 suggest that ress~-induced analgesia can E

function as an adaptive mechanism that may facilitate

responding in avoidance learning paradigms and by v

implicatioh improve the nature of the animals' defensive

[

response in noxious or dangerous sitnations. . -

N 7 /
I interpreted these results to suggest that though '

3



, “‘\ T 128

considerable pain inflicted on the rats that had been

exosed to the 57°C hot-plate, the significant -~

‘pain-reduction .induced by exposure to the hot-plate stress

immediatly before avoidance sessions allowed the animal to

‘learn and perform the required responsé of shuttling to

avoid shock without the risk that the pain would debilitate
he'animqls' respéhse. Wwhile I did not observe differences

n the rate of acquisitton of the avoidance response

~.1mme iaély.after the painful stimuli,” when I exposed the ——

groups to extinction 24 hours later, significant differences

’

were observed in the rate of extinction. The groups that
- Nos @ . .

were exposed to the 57 'C hotsplate on the previous day

performed the required response of "non-avoidance"

sigqiflqantly faster than did the other groups. It would

.

seem then that, in this casé, the functional benefit of

~~
-~

analgesia-séen after stress would allow the amjimal u€'escape

faster in natural settings (if an escape route were present)

and that:24 hoyrs following such -an exposure these same

v

animals were able to learn a mew adaptive response

significantly faster than those rats ?£E734S;sgd to the

hot-plate at a temperature that induced analgesia.

The rat's behavior suggested that pain inhibition may

> °©

enable it to ;éarn appropriate behavioral responses despite

“the 4 resence of "stregs". In order to act appropfiately fnd

. N —

. perhaps even survive after exposure to severe stress the rat

nust focus its attention on escaping the threat to its



integrity and not on dealing with the accompanying pain, It
is my contention that - -the data presented aébve constitute ,
support for the notion\thét SIA is -an adaptive mechanism
which tends to facilitate appropriate, responding .in a
threatening situation. In a situation of social conflict or
in other potentially aversive situationsj the animals'
behavior may be modulateq by the short duration (i.e. 10-30
" minutes) paint'inhibition which would aid in the‘broduction
of appropriage defensive behavior. b

The review of the lit3rature presented 1n this thesis
must leads one to contéhd that stress, when defined as a
stimulus complex which glic1ts defensive reactidns essential

to maintain the integrity of the organism, is a necessary

compoﬁent of 'stress-induced analgesia.

Stress analgesia is adaptive

It seems clear from the preceeding discussion that the

__stimuli described in the various sections of this
/ -
dissertation share one common behavioral characteristic.

They have all been réborted to induce analgesic responses‘.

1

regardless of the particular behavioral response pattern-

observed whether that response was a flick of the tail,
vocalizations, or the pressing of a lever to terminate

electric shock.

It is my contention that this analgesic response,

a
- -

regardless of the manner in which it was manifested, is



the animal in maintaining its integrity in a potentially
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adaptive within the context of the testing situation and, by
implication, within the real life situations that the
testing situation represents. It results in the

facilitation of the animals' ability to perform, or
P e .8 - .

*cézbersly to inhibit a motor response, the goal of which is

"the elimination of the aversive stimulus. This in turn aids

(1

- —

4

threatening environment. When 'seen in this light the
anélgesic response should be classified as goal directed and

as part of a "species:specific defense reaction" (Bolles,
1967; Bolles & Fanselow, 1980) which by definition involves

activity of higher central nervous system integrative

‘

processes. Therefore, stress as inferred from the

.

activation 6f a '‘behavioral response that would maintain the
integrity of the organism, is necessary for the inductiﬁn of
SIA in ah;mals. |
Support for this notion comes from a number of> .
) o

observations summarized below. First, the stressfulf/

~

component of a stiﬁhlus which ﬁriggers‘the @efensive i
reaction does not necessarily need to be gengrated~by pain.
Cleafly, it would be difficult to assert that 'centrifugal
rotation, vaginal stimulation, or immobilization are painful

in the same sense as intense footshock or exposure to

hot-plate. It is more likely that the stress component of

©

these manipulations stem from such variables as novelty or

lack of controlability.
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Second, the iﬁduction of SIA seems to be dependent on
"cognitive processes" since footshock analgesia cannot be
induced in anestheti%ed animals (Hayes et al., 1978a; Jensen
& Smith, 1981). Furthermore, in some cases minor
tranquilizers have been reprted to reduce ana}gesia induced
by stress or pharmacological manipulation’(Bodngr et al.,
1980¢; Doi & Sawa, 1980; Wuster, Duka & Herz, 1580; but see
Chance, 1980; Hayes et al., 1978a; Kinscheck, Watkins &
Mayer, 1984). The effects of the minor tranquilizers does
not seem to be related to the muscle relaxing properties
since muscle relaxants had no effect on SIA (Doi & Sawa,
1980).

. Third, when the stressful aspeézg_of an analgeéia
inducing situation (e.g. novelty) were parcelled out the
analgesia was diminished (see Bardo & liughes, 1979; Sherman,
1979; Tiffany, Petrie, Baker, & Dahl, 1583). This notion is
highlighted by observations that repeated-presentations of
footshock, CWS, 2-DG, and other stressors lead to tolerance
or adaptation, resulting in a diminished analgesic response.

Fourth, in view of the fact that the same stimuli may
or may not induce analgesia depending.oh such factors as
intensity, duration, and controlability, one must conclude
that it is not the specific nature of the stimulus that is
the determining factor in the induction of analgesia, but
the context in which the animal perceives it which 1is the

~=
major determining factor. Thus, for example, 1f one changes

3
]
<
Y
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the intensity of the stimulus applied to an animal
spgeviously adapted to a different intensity of the same
stimulus, Fhe analgesia will reappear. Furthermore, the
ver; same manipulation§ will inéuce analgesia under ‘one set
of circumstances but can also lead to hyperalgesia in other
circumstances (Simone & Bodnar, 1981; 1983; vidal & Jacob,
1982; vidal, Sandeau & Jacob, 1984). Along the same vein,
it has been suggested.that the induction of SIA
(hyperstimulation analgesia) in humans is largely dependent
“on factors such as placebo, suggestfon, and level of con;rol
rather than the spec1fié nature‘of the aversive stimulus
_(see Melzack and Wall, 1982, pg. 332-8355).
It seems clear from the summary abovg, that the

emergence of SIA depends‘on the interplay among many

variables. This wide diversity of variables that induce

\

analgesia may explain the involvement of the many, seemingly
disparate physiological substrates agaociated with the
phenomenon of SIA. Given the compléxity of the behavioral o
reéponses elicited by the various paradigms used to study .
SIA, it is inconceivable that all of these responses can be
governed by the same substrates. vIt seems almost self -
evident that in addition to the mandatory activation of pain .
pathways, other mechanisms must also be selectively

activated. Thus, for example, forced swimming in cold or

warm water may activate thermoregulat?ry mechanisms’yh{;;PQ\\*\\\

. . L / AN
shock to the paws or tail may activate anti-inflamgtory
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'
processes.

Furthermore, support for the notion that the widely
disparate substrates of thé various analgesias are necessary
for invoking other concurrent responses comes from the
studies reported in this thesis. The release.of hormones
that effect learning and performance suggests that not only

would pain pathways be activated in response to the

perceived or actual threat but other mechanisms should be

activated in parallel. 1In Experiment 7a, along with reduced
pain threshold it 1s likely that ACTH or corticosterone was

released to modulate behavioral reactjions to threat or
perceived threat in the environment. .

N

The final common pathway for some of these analgesias

.

has been postulated;to be the DLF of the spinal cord /while
for others a humoral component seems of primary sign;ficance
(Watkins & Mayer, 1982a). Activation or deactivation of |
these anatomicél or humoral pathways, perhaps through a
gating mechanism (Melzack & Wall, 1965), leads to pain
suppression as measured in conventional pain tests. However,
given the notion that SIA is a critiéal component in an
adaptive behavioral res ﬁs to a variety of Ehreatening
stimuli and situations,d I myst conclude that a number of
"higher” ﬁechénisms must imteract with the spinhal ‘or humoral
mechanisms to produce the adaptive responses necessi§y.for

coping with the stressful situation.

The experiments 1n this thesis attempted to elucidate
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'the adaptive nature of stress-induced analgesia through

examination of concurrent behaviors. It uggested that,

within the framework of the testing sitfiation the
concommitant activation of physiologicdl systems, such as
the pituitary-adrenal axis and subseqyent release of ACTH,
could modulate "memory" processes. ThHe putative central
nervoﬁs system effects of ACTH could alter the motivational
valence, such that the preferance and persistence of
adaptive responding would be facilitated. It was also

LY

suggested that stress-induced analgesia was of short

duration begause this form of analgesia served to facilitate

v

responding toéthreatening stimuli. In this vein,
stress-induced analgesia is but one of a éonstellation of
behaviors, that with concommitant physiological responses,
have evolved to facilitate appropriate responding to

environmental change.
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