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Zvi Harry Galina

.

.. Three experimenﬁs were performed in order to analyse (l:he

behavioral and biochemical correlates of four different
intensities of the same stressor. In Experiment 1 rats were
exposed to heat stress (hot-plate) of varymg tanperatures
for 30 secords. Activity was recorded in an open field
immediately after stress for 30 mimtes. The 'data'c,revealed
that the milder temperatures increased while the higher
tenperature decreased activit:y Experiment 2 assessed the

hypothal amic-pituitary—adrenal response to the different

temperat:ures by measuring levels of plasma coticosterone 30

minutes after stress. The four levels. of hot-plate
temperatures induced differential levels of corticosterone
which my best be described as a U-shaped curve, w‘ith the
extreme temperatures inducing the highest lewels of the .
steroid. Exﬁeriment ‘3. further manipulated the
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hypothalami c~pitui tary-adrenal ‘axis by administering
dexamethasone 25 hours and 1 hour before stress and ACTH 15 2
minutes before stress. Both affected activity levels. by
depressing locomotion regardless of the stress intensity.
These ré;ult;s are oompared to other studies that have
addressed the Q\Aest‘ion of stress—induced activation and it

is- suggésted’ that' stress is nmot a unitary *concept, but

. ¢
interacts with the performance of certain behaviors o
» 4 N ~. .
produce both ‘facilitory or inhibitory results.
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INTRODUCTION

The investigations which are reported in the present
thesis were conducted in an attempt to add to the knowledge
concerning the biochemical and pt;axjhcological substrates of

. ' © the effécts of stress on’ subsequent behavior. The studies

' ' focus on the anatomical and humoral pathway formally known
as the hypothalamic-pituitary-adrenal axis (HPA) and the
poss;ible nature of its involvement in modulating behavior

ro under conditions of stress.: ) .

/ The stfucture of the introduction will be as follows:

Initially‘the hyiaothesis of stress '"intensity" will be

discussed in general terms. This will be followed by a brief

‘description of the HPA and its involvement in stress. The

next sections will be concerned with the biochemical

o \ﬂeAsurement of stress intensity which will lead into a

/ discussion of specific techniques used to induce different

intensities of stress.

STRESS, AROUSAL, AND THE INVERTED U-SHAPED CURVE

The fact that 4str’ess affects subsequent behavior has
long been surmised by the generél pub}ic through intuition
and informal hypothesis. The general consensus is that
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stress has a detrimental effect upon behavior. Some authors

" within the scientific cammit);, however, have proposed the

notion that stress may not neccessarily be of a detrimental
nature. For example Selye (1973, 1974, 1980) has
distinguished t:.wo forms of stress. "Good'' stress has been
termed eustress while "bad" stress has been given the Label

of distress. Selye's conceptualization of stress has

- developed over the years to the point where he perceives

that there is a relationship between stress and health.
Recently he has diagramed the concept so that it can be

represented by a U-shaped curve (Selye, 1974, pg.20) At one -

erd of the contimumm are stimilations of an "'extremely

unpleasant'' nature, while at the other end lies the

"extremely pleasént" aspectA of the same contimmm. '
Over the years Selye (e.g. 1950, 1973, 1974, 1980) has

amassed an extensive list of experimentation on the effects

‘of i)hysical insult (stress) on the organism. According to

Selye (1950) the temrm stress 'should be reserved for noxious
stimuli that would bring about the same physiological -
syndrome. On the other hand, the temm arousal has more often
been used to characterize psychological variables. Arousal

is usually reserved for such variables as, intensity, o

-frequency, hunger, fear, novelty and conflict. Recently, an

attempt has been made to cambine the similarities between

. ...Q‘
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"ardusal and stress and to represent them upon the same

. continmm. Hermessy and Levine (1979) have pointed out that

arousal can be measured both by behavioral a¥ well as -
physiological variables. Stress, on the other hard has, in
(the past:_, been almost excusively’ measured in terms of

pﬁthological variables. But Hemessy and levine (1979) have

’, argued that the stressors that have pathological effects

also have behavioral effects. All of the stressors used by
Selye (cold, toxins, heat, restraint) also have behavioral
consequences. Animals will learn to avoid the consequences
through behavioral means. Therefore Hermessy and Levine
(1979) assert that stress can be subsumed under 'g:he concépr"
of arousal. ‘

Hebb (1955) formulated views on stress that seem
similsr to Selye's although t;hey were not concerned with the
notion of stress per se, but attempted to deal with the then
prominent concept of arousal. Hebb was influenced by the
idea that behavior, or the impetus “for behavior (drive) was
a function of the current arousal level of the organism and

its interaction with cue function. Cue fimction, according .

| to Hebb, served as the guiding or steering mechanism. When

the level of arousal was too high or too low, the optimal

‘level of performance could not be attained and behavioral

'efficiency would decline. As'with Selye's (1974)

t s
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formulation, Hebb's cue and arousal interaction describes a
{J—shaped curve, « h

Malmo's (1959) review of the literature of that period
led him to sugfest that the internal conditions of the

organism by themselves did not produce a direct effect on

some motor.effector. Appropriate level of stimulation would

have the effect of sensitizing. the organism. Malmc; further
sgeculated that activation '(the term that-Malmo employed) at
any-given\point mig};t be the interaction betweén .
émrirormenhal and hormonal conditions. Activation, accordipg

to Malmo, had no steering function. He delineated a specific

. experimental paradigm which included three levels of

activation: low, moderate, and high, which would have
corresponding expected performance levels of low, optimal,
and low, i.e. an inverted U-shaped curve. Malmo stressed

that activation levels have meaning only as relative terms

- and were not to be taken -as absolute levels. That is, one

level is higher or lower than another level only in relation
to the leyels that surround it. 'I‘herefore studies of’

activation have to utilize a mumber of intensity levels so

' ‘that comparisons can be made within experiments

The theories breifly described above (except Selye's)
are out of date because they were based on available:
empirical evidence ‘and the physiological knowledge of the

4
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time. Nevertheless, a comnon theme between Hebb Malmo, and
Selye can be discerned All of the above authors theorized
that there is a functional interaction between the
intervening variables.of activation, arousal, or stress, ard
subsequent performance. The fugctional interaction was
viewed as a U-sha;ﬁed curve.

It has- been lcnown for many years that the HPA is
functionally involved in the organism's reaction to stress
(Selye, 1952) . Selye demonstrated that a variety of noxious%
stimuili would activate the HPA and lead to a mumber of l
organic consequences. For example, these stimuli, (i.e.
restraint, administration of foreign proteins) would cause
hypertrophy and hypérfmction of the adrenal cortex, the .
involution of the thymus and the nodes and ulcerations in
the stomach and intestines. As can be gleaned fram these
. examples, Selye"s‘workl has been, in the main, confined to
the elucidation of -the patholosical and immumological
consequences .of. stress. However, the HPA has also been
studied within a behavioral context.

Applezweig and Baudry (1955) seem to have been the
first to study manipulations of the HPA within behavioral
learning paradigms. 'fhey found that hypophyselct\omy retarded
the learming of an avoidance response. These authors

- |
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expressed the opinion, derived from the interpretation of

their studies, that the HPA was involved in the modulation R

of behavior during and after an averfs\ive e‘vent. B
The nexvt: ma jor body of data elucidating the involvement
_of the HPA in aversive learning were regorted by de Wied
(1964). De Wied was able to hshow that th;a impairment in the
acquisition of a shuttlebox avoidance in response to the
noxious stimuli of foot shock were-due to the .

~,

pituitary-hormonal deficiencies caused by removal of the | i

pituitary and one of its major peptides, adrenocorticotropin
(ACTH) .

°

Since these early studies the HPA and its involvement

in learning and memory processes have been studied

‘extensively (for reviews see Bohus & De Wied, 1981; De Wied, !
1977, 1980). The re1e§ance ;)f these studies on learning to . 5
the present research has to do with the observation that F
noxious (stressful) stimuli are used either before, after,

or during the experimental paradigm and also the that HPA . :
has been found to be intimately involved in the paradigms ~

(Bohus & De Kloet, 1979). Therefore the idea of stress

having effects on behavior, other than those directly

triggered by the noxious stimuli, has been substantiated.

What is needed is research that will delineate a procedure v
with knoyn effects on the HPA which can then be used in )
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A

conjunction with the studles on leaming and memory. The ‘ /

experiments about to be described were designed with this 1n
mind. '

A4

. " The HPA is an iﬁé‘grated system-involved in the
regulation of hormonal processes which include elements of )
both humoral and nervous transmission. Basically the axis - :
can be conceptualized as a negative feedback loop consisting
of the hypothalamus, pituftary and the adrenals. It is

\\\jenerally assumed that t\he hypothalamus exerts control over \

he pituitary and that the pituitary in turn exerts its

effects on the adrenals. Of particular concern is the

: control of the release by systemic and mmogenic stressors

h s of the sequence of amino acids known as pro—opiocorth:l in

o which ACTH andthe endog?nous opioids ave contained (lowry
Silman, Jackson & Estivartz, 1979; Mains & Eipper, 1981;

Watson & Akil, 1981).

Ll

PUIRNEIPY .fwv.«... e e
.

Primary control of ACTH release is thought to be

;nediat;ed by corticotropin-releasing factor (CRF)(Gillham,

o

Insall & Jones, 1979; Smelik, 1981). CRF 'is synthesized by
. nerve cells in the area of the medial basal hypothalamus and

'stimulation of this site releases CRF from axon terminals

into the portal system through the median eminence of the

r
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hypothalamus. CRF then travels through the pituitary stalk
which joins ‘the hypothalanus_. and the pituitary. At the level
of the pituitary (‘{rj parti'cxl.:lar the anterior portion) CRF
then facilitates the release of ACIH into the systemic
circulation. ( For a detailed review of the most recent
evidence for this process see Makara, 1979; Makara,
Palkovits & Szent?gothai, 1980).

The hypothalamus is ’by no means the only neural system
which is capable of exexlting control over the reiease of
ACTH. There are some Stressors (e.g. endotoxin,l large doses
of formaldehyde) which can induce reiease of ACTH even 11;;
the absence of the hypothai;rus (Dallman, 1979; Halasz,
Slusher & Gorski, 1967; Palkovits, 1977). In general,
however, and certainly# for the present stuélies, the
hypothalamus occupies‘ the central position under éonﬂitions
of stress. The Elassical_ description of the circuit. still
starnds up to scrutiny and the inconsistencies are' probabi'y
of minor significance (see Makara et al, 1980). .

ACTH released from the pituitary circulates through the
blood stream and reaches specific receptors embedded in the

adrenals which then cause an increase in the formation of

,cyclic AMP. Cyclyc AMP tends to act as the "second

messenger'' which promotes the activity neccessary for the

production of the steroid, corticosterone (Sayers, Beall &
\ ' S
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" Seelig, 1974). The steroid is then released into the blood

stream reaching t;arget sites where it exerts immmological
(Selye, 1952) and central effects (Bohus & De Kloet,1979).
Closing of the HPA loop is accomplished by corticosterone
reaching' either the hypothalamxg, pituitary, or some central
site which has yet to be unequivocall): demonstrated. This
corticosterone can then inhibit the release of ACIH thus..
producing the feeciback regulation (Sayers, Beall &}Seelig,
1974). ™ |

This feat of biological engineering contains other
patt;ways which seem important in stress. A second mechani sm,
other than direct humoral feedback is now also being
suggested to exert some .control over .CRF-ACTH release during
stress (Ganong, 1977,1980). Catecholamine containing |
pathways through which feedback could be‘exercised are now
being investigated. The evidence is as yet too prelimméry
to make definitive statements but the reports are suggestive
of the m-dstance of such a neurdl pathway (Palkovits,}977).

The medial-forebrain-bundle (which cont‘;ains NE fibers)
has access to the hypothalamus through the
lateral-retrochiasmatic area from the general| area of the

medial basal hypothalamus (Palkovits, 1977). [l

©w

very suggestive of the existence of a mec sm of
noradrenergic inhibition of ACTH release




disinhibited when norepinephrine (NE) levels fall due to
stress. Further evidence for this notion co;r\es from studies
Fhat have sl'wwn that pharmacological compounds which can
effect release of catecholamines centrally can then effect,
stress induced ACTH release (Ganong, 1977,1980).
'Catecholamine inhibition of ACTH release‘ gains in conceptual
importance when one realizes that catécholamines are
differentially affected by many stress producing agents used
in psychological 1aborat:ories and mediate much of the
behavioral changes .induced by stress (Anisman, 1978;
Anisman, Kokkinidis, & Sklar, 1981)

CORTICOSTERONE AS AN INDEX OF STRESS

The humoral component of the HPA has attracted much \
\attention as a measure of the intensity of stress because it \
meets the critsrion of non-specificity; that is, many and
diverse forms of stress, both neurogenic and systemic,
produce changes in the system. Corticosteronée blasma levels
have been used extensively as an indication of the
mobilization of the HPA.

Changes in corticosterone levels can be detected after
a wide variety of aversive events such as: eprsure to novel

environments (Mason et al, 1957;Mason, 1968; Pfister,1979;
Pfister & King,1976); predictable versus unpredictable shock

!
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(Hermessy et al, 1977); rapid but not gradual blood loss
(Garm, 1969); and avoidance paradigms such as conditioned

taste aversion (Smotherman et al, 1976) to name only a few.

" Changes in brain levels of corticosterone have been found to

increase as a result of novelty stress and the magnitude of
-’t{he increase was found to correspond to the magnitude of the
plasma increase (Kakihana & Moore, 1978). ' ¢ ‘
Corticosterone c;an'also be considered a relial:\ole
indicator of the i;ﬁtial intensity of a noxious evel\'it.
Friedman et al (196_7) conducted a study for the 'expressed

‘purpos'e of measuring corticoserone levels ‘after various

""degrees' of novelty stress and electric shock. Novelty was

. represented by the ‘effects of handling unhandled animals for

various lengths of time. The different groups of rats were
handled for either 30, 120, or 240 seconds. Corticosterone
was measured at various intervals after handling and the
results indice;ted that there were significant differences as

o

a function of duration of handling, with longer durations

inducing increasinglygqhigher levels of the steroid. *

A similar procedure was used to géuge the
corticosterone response to sl‘bck intensities (Friedman et
al, 1967). The ‘sl‘x)ck‘intensitie_s esployéd were: 0, 0.2, 0.5,
1.0, 2.0, and 4.0 milliamperes. Not a&y was the inten‘sity
of the shock manipulated, but duration of each intensity was ‘

’
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varied. There was a ‘sigrd.ficant effect of shock intensity

and of shock duration. Corticosterone’ lgvels rose as

v

P

intensity and duration were increased. Friedman et al,
T1967) interpreted their results to mean that the HPA and
specifically the corticditerone response was sensitive to
shock and novelty intensity. Smith (1972) has ‘taken
exception to this interpretation. Smith afgued that the
fiiﬁferences in the midrange of intensity were minimal and ’
therefore corticosterone was a poor indicator of the range
o°f intensities between threshhold and maximam. Smith did

_ however agree that corticostercne levels were sensitive to
the extreme intensities of shock. Due to the fact that the
Friedman et al, study did not include any post hoc
statistical tests for comparison between groups the
interpretation of the data remains unresolved. Nevertheless,
when one considers the data obtained in more recent

experiments; the argument by Smith may have to be reassesed.

S - Hermessy and Levine (1978) varied the degree of novelty
to which they exposed mice. Corticosterone was measured
after 30 minutes of stimuli. The stimuli used were the
progressive changé in envirommental conditions with respect
t;J the animal's home cage. Each separate group was ‘pla‘ced in
conditions wherein they would experience different degrees
of envitonmental ¢hange. They reported significant |

-
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differences amoung the means of all the groups. As the

rbvelty of ‘the situation increased so did the corticosterone

levels, thus adding support i:'or the contention that

corticosterone levels can accurately reflect differences in
degree of stimulation. ‘

. File (1982) has found similar results in a recent
experiment using cEEferent stimuili. Though this study was
design\ed to examine the effect of an agent

(chlordiazeposfide) known to reduce the corticosterone _

response to stress, close examination of the control groups

(saline only) reveals a differential release of
corticosterone aft|er various stressors. The stressors used
were 10 minutes of exposure to a novel ernvirorment, 20
minutes exposure to a tone (noise stimuli) and two hours
exposure to both restraint and cold. It was assumed that the
stressors were progressively more severe and in fact the
corticosterone response seemed to reflect this. There was a
progressively higher release of corticosterone in response
to the stressors in presumed order of severity.

In addition to its usefullness as an index of aversion

(e.g. stress intensity), the corticosterone response can

also be used as 'an indicator of ACTH release. Levels of

1

. corticosterone are raised when ACTH is exogenously

administered (Moncola, Peron & Dorfman, 1959) or after

.
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noxious stimuli when ACTH is presumed to released (Mason,

,mﬁ HOT-PLATE METHOD:
INTENSITY AND DURATION OF HEAT STRESS -

Since the introduction of the hot-plate technique by °
WOolf ,and Macdonald (1944) and the modifications by Eddy and
his COWOrkers (Eddy, Touchberry & Lieberman, 1950; Eddy and
Lembach, 1953) many laboratories have used the procedure to
test for the ana\)tgesic propertilies of drugs. The proced\ire

~ consists of preinjecting the subject (rodent) v:rith a
;ﬁ*\armacological agent and thep, at various intervals,
placing it on a mt—plate.mich is preheated to a
temperature which is thought to be aversive The reaction bf
the subject is then recorded. Latency to lick a paw and/or
escape are the behavioral measures most often recorded.
Differences in the latencies to initiate one or the other of
the behaviors is taken to indicate the effectiveness of the
pharmacological treatment. ' \

Placement on the ho‘t-plate induces pain as evidenced by
the animal's subsequent behavior. The animal will begin
licking its paws shortly after beiﬁg placed on the heated
plate. Latency to the initial pawlick will depend on the

_ temperature and the effectiveness of the pharmacological

agent. It is assumed that pawlicking behavior is an attempt
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by the rodent to spread saliva on the affected area thereby
decreasing the pain through evaporati;ze cooling. This .
supposition comes from the demonstration that saliva
spreading is is one of the most praminent behavioral methods
available to the rodent when placed in heated envirorments
(Adolphe, 1947; Hainsworth, 1967). The second ‘major
behavior, escape, has long been considered to designate an
aversive event (Fantino, 1?]3; Herrr;stein, 1968).

There seems tc; be no single temperature which is {{sed
across laboratories. Nevertheless there is a range of
temperatures which are commonly used 45-60°C. Use of
different temperatures has been fourd to change the
behavioral. reaction when used to test the effectiveness of
narcotic and non-narcotic analgesics. For example,
0'Callahan and Holtzman (1975) found that the sensitivity to
analgesic drugs on the pawlick response differed according
to temperature. The hot-plate at 49.5°C was sensiti\;e to
dose response analysis. All the narcotic antagonists used
exhibited dose specific effects on the pawlick response when
the temperature was 49.5%. Yet these same drugs had no
effect on the pawlick response at 54.5%C. In ;ddition to g
this they found that the pawlick latencies were lower after
the higher temperatures.

Janicki and Libich (1979) used a 55% hot plate in
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their study of nﬁrcotic antagonists. They report \that at 55°
C they were able to get separation between the two prominent
behavioral measures; pawlick and jump-off (escape). At
higher temperatures they were unable to detect differences
between the latencies of the behaviors.

Jacob, Tremblay and Colombel (1974) state that the
narcotic antagonist naloxone was able to modify 1ickiné
responses when the hot-plate was at 50°C but not after
temperatures of 55°C or even 80°C. H;aever, they were able
to detect differences in the jmp—oéf latencies at higher
temperatures (55, 65, and 80°C). Jacob and Ramabadran (198})
suggest that the reason for the failure to find differences
in the licking response at temperatures of 55 C or higher
was because of a "floor'" effect. 'Ihat; is, the pawlick
latency was already at a minimum and therefore no
" differences could be detected.

In addition to the examples that indicate that
different temperatures of the hot-plate affect the response,
there is some indication that duration, of exposure also
affects responses. When animals are initiall}; placed on a
hot—plate of 5.1°C for up to a maximum of 120 secornds, the
first ms@se to appear is pawlicking, which is then /
followed by escape attempts. Upon repeated testing, the'
pawlick response'usﬁally does not" appear, instead the

AN
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- animals first response is to make an escape attempt (Amir &

Amit, 1978, 1979). However when animals are confined to the
hot-plate for, up to seven minutes both pawlicking and escape
as well as ‘bellying (lying prostrate on the plate) behavior
appear in succession. Firét pawlicking danimtes. This is
followed by escape attempts and when thi; fails, bellying
becomes the predominant response (Hunt, Switzman & &nit,mte .
1). These data indicate that changing the duration of heat
stress affects subsequent behavior as dges the intensity.
There l';;we been suggestions that the pawlick and escape
responses are differentially-npdiated, and reflect diffe;e:%t
aspects of the nociceptive s'ys‘tem (Grevert & Goldstein,
1977; Fredrickson, Burgus & Edwards, 1977; Amir & Amit,
1979). Frederickson, Burgus and Edwards (1977) reported that
the jump or escape response was more readily affected by
oploid compounds (e. g.»'morphine and naloxone) than was the
pawlick response. In the study by Amir and Amit (1979) a
separation between pawlick and escape was also observed.
When they measured analgesia on the hot-plate t:hey‘ found o
differences bet:we;en pawlick latencies but they did find
significz‘mt differences in escape latencies. On the basis
of these experiments and t:he evidence from human studies
(Jaffe & Martin, 1976; Melzack, 1973) both Amir and Amit
(1979) and Frederickson, Burgus & Edwards (1977) suggested
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that the pawlick and escape responées were representative of

separate aspects of the nociceptive system. Pawlicking in
response to a hot-plate is considered to reflect the

§rc'eption of pain (superficial nociception) because the”

‘narcotic antagonist naloxone doss not nbdify the respoﬁse

and also because the effects of morphine are less sensitive

to the pawli’ck) responde than to the escape response (deepvor,

‘pathalogical pain). (Jacob & Ramabadran, 1981).
~.
The pawlick response may be akin to the tailflick
response (elicited by noxious radiant heat to the tail) in

that the tailflick response is thought to be spinally

" mediated. The tailflick response can be initiated even in

the absense of segments of the spinal cord which’ intenupt
descending transmission from higher centers (Irwin et al,

1951). The escape response would need a more integrated

‘response and is probably mediated at the brain stem or

higher centers.(“Irwin et al 1951). | >

_Collectively, thése data and obse{'vati‘o'ns strongly
support both the fact that different iritensities and
durations of temeratires can induce differences in latencies
of behavior and t:he suggestion that these differences

reflect various aspects of the nociceptive system.

,
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STRESS AND BEHAVIOR: ANAiI’;PBIA




The lbt-plgte_ technique has not only been used to
asse;',s analgesic drﬁgs, but has also zen used in the

' assessment of the phenomenon of s:tiress—irxiuced analgesia
(SIA). SIA is mnifested\:vhen animals are subjected to
noxious stimuli and subsequently show signs of increased
pain threshold. Some of the manipulations which have been

19

shown to induce a transient analgesia are foot shock (Madden

et al, 1977; Hayes et al, 1978) immobilization/restraint '
(Amir & Amit, 1978, 1979) centrifugal rotation (Hayes et al,
1978) cold water swims ( r et al, 1978), warm x\vater
swlms (Christie, Chester & Bird, 1981) and conditioned fear
(Rosencrans & Chance, 1976).

!
1

That the HPA is involved in SIA°can be ascertained f;fan
the following observations. Inject:ions‘ of pituitary peptides
such "as B-endorphin have raised pain thresholds (Loh et al,
1976) . Hypophysectomy eliminated restraint-induced analgesia
(Amir & Amit, 1979) and attenuated swim stress-induced
analgesia (Bodnar et al., 1979). Hypophysectomy was also
able to abolish tail shock (Maclerman et al., 1982) and
. footshock-induced analgesia (Guillemin et al., 1977). ‘Since
hypophysectomy deprives the organism of ii:s‘ ma jor scource of
endogenous peptides, it seemed reasonable at the time to
‘attribute this form of analgesia to these peptides. More
recent research has implicated not a pituitary peptide per

)
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se, but the adrenal steroid, corficosterone, in the -
mediation of SIA.

Bodnar et al. (1979) stressed rats by forcing them to
swim in water 591/ 3.5 minutes at various i:emperatures;
Analgesia ;és evident at 2, 8, and 15 C in normal rats. In
hypophyysectomized rats no analgesia could be detected after
any water temperature. However, of particular interest was
the observation that;’ hypophysectomized animals that were
given corticosterone supplements did, show ar:algesic
‘reactions in response to swims of 2, 8, 15, and 21°C (but
not 28 and 35°C). Corticoserone not ¢nly reinstated
analgesia in hypophysectomized rats but in fact enhanced the
swim-induced analgesia. -

In another experiment, Maclemmon et al (1982) also
reported that ‘corticoéterone may play a functional role in
SIA. These investgators found that adrenalectomy (which
abolishes corticosterone systhesis) completely blocked the
elavation in pain threshold induced by inescapable shock
(80, 5 second, 1 mA sho;:k ac.lministered to the tail). When
corticosterone was injected 15 mimites before stress into
adrenalectomized animals, these animals again exhibited
elevated pain thresholds. This finding is consistent with
the suggestion that corticosterone release plays a cru;cial

role in SIA. These findings' also put into question the

A]
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r
notion that the pituitary peptide B—endorphin mediates SIA
since levels of B—erdofphin are elevated after adrenalectomy
(Rossier et al., 1979).
Récently, several investigators have reported that two
forms of SIA seem to exist. For example, Bodnar and his

group (Bodnar et al., 1980) have consistently shown that

- some stressors are dependent on opiate mechanisms while

others are wnaffected or at best only partially affected by
opiate sensitive systems. Bodnar et al. (1980) found that

naloxone, even at extremely high doses, only partially
. |

_ reduced swim-stress induced analgesia. lewis, Cammon &

Liebeskind (1980) reported that footshock-induced analgesia
ard its attenuation by naloxone or dexamethasone is time
dependent. They found that the analgesia produced by 30
minutes of intermittent foot shock could be blocked by both
mlo;wne and dexamethasone; but that contimuous foot shock
of 3 minutes duration was not affected by these
manipulations. Dexamethasone blocks the release c.>f the
pituitary peptides B-endorphin and ACTH (Guillemin et al
1977) while naloxone antagonizes the amalgesic effect of
both B-endorphin (Jacquet, 1978) and the hyperalgesic effect
of ACTH (Bertolini, Poggioli & Ferrari, 1979). In another
experiment (Grau et al., 1981) also using inescapable shock
(applied by electrodes attached to the tail) it was shown
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that 20 shocks (1/minute) produced analgesia which was not
naloxone .reversable. When the shocks in this paradigm are
continued for 80 minutes, the resuitapt analgesia is
naloxone fem@ble. -

The results of these two stud?_es (Lewis, Cannon & |
Liebeskind, 1980; Grau et al., 1981) which report
differencés in the reversabilit‘y pf SIA as a function of
duration of stress can also be interpreted in terms of
intensity. It is reasonable to assume that the 1onge'r the
stress is .com:irmed the greater ité intensity. Once again it
seems that when either the intensity or the~duration of a

’ /
stressor are varied there are differences in subsequent

behavior.

STRESS AND BEHAVIOR: LOCOMOTOR ACTIVITY

‘ " The activity levels of animals placed in novel
epviroments (open field) is thoughtgto reflect emotionality
ana stress (Denenberg, 1969). The procedure is simple yet
ethologically valid (Archer, 1973; Walsh & Cumins,. 1976)
and the HPA has been implicated iln the mediation of
locamotor acti\‘;ity in open field experiments (Katz,1979).
Hypophysectomized animals that are exposed to stress exhibit
reduced activity levels relative to control animals (Amir &ﬁ'
Amit, 1979) indicating thatl some pituitary factor may play &
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role in the expression of stress-induced activity. The
administration of ACTH effects activity in a dose related '
manner (Amir et al, 1980) as j;the administration of

endorphins and enkephalins (B & Segal, 1980a, 1980b).

In addition to the studies that have directly administered
piltuitary peptides, other studies have shown that ACTH and
the endorphins are released from the pituitary during

stressful procedures and are taken up by the systemic

- circulation (Guillemin et al., 1977). In view of the

demonstrations that HPA manipulations can affect locomotor

activity in a dose dependent fashion, the open field

23

paradigm aiong with stressful procedures can be used as a

sensitive measure 'pf HPA involwvement.

, In surinary, thed'various‘ observations and demonstrations
expounded upon above lead to the following suggestions:

(1) Stress or aversive stimulation may nét néccessaril)'r have
detrﬂrelntal consequences, they may vary along an intensity
dimension. The implication is that stress may have both .

negative and positive features. Experimentation ma}'r lead to

the generation of U-shaped curves depicting the interactiqn '

between stress and behavior. .
(2) The HPA is intimately involwved in the organism's
reaction to stress, both along behavioral and biochemical

’
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. dimensions. ' Y

(3) An integral part of the HPA, that of corticos;eréme .
release, can in some aversive paradigms be a useful
indicator of stress intensity and of the mobilization of the
axis. °

(4) Different tetnper"at:ures used to induce hot-plate stress
may be used to induce different behavioral responses to both
pharmacological and aversive stimulation. 7
(5) Measures of activity can be used to assess the reaction
to stress and the toncémitant changes in the HPA. (

These observations led to the following studies. They :
were conducted for the purpose of answering a mumber of
related questibns. f‘irsté, can hot-plate. stress induce
different levels of activity in an a open field and is there
a felationship between the stress intensity and activity?
Secondly, does 'cortic':osterone reflect the differences in
activity and thirdly, do manipulations of the HPA through

pharmacological means affect the stress induced activation?

-*In addition, the results may h'elp. shed more light on the
phenomenon of SIA. . ' F. ‘ .o
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- Experiment 1

The temperature of the hot-plate has been associated

. with changing the latencies of the onset of different

behaviors. These changes are found when measuring analgesic
responses. The first experiment used four ‘different levels
of hot-plate stress in an attempt to determine if stress

fnduced activation follows a predictable pattemn alluded to

by some researchers (Hebb, 1955; Malmo, 1959; Selye, 1974).

We observed in a preliminary study that temperatures
abov’é 57°C: tended to cause observable physical damage to the
paws of some of the rats. Therefore 57%C was chosen as the
higheét temperature and decrements of 5 were tised to make
i;p . other two heat stress groups (i.e. 52 and 47°C). The
control growp (21°) was placed on a plate that re‘mained at
room temperature throughout the experiment. -

Method

‘_Sub;ecl:&. The suﬁjects were 32 male Wistar rats’
(Canadian Breeding Farms and Laboratories Ltd., Que. )

weighing 200-300 gms. Animals were received ten days before

experimentation began and were handled each day. They were
allowed free access to food (Purina Lab Chow) and tap water
ard were kept in individual steel cages under standard
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laboratory conditions (lights on: B:00 A.M. to 8:00 P.M.).
. All experiments were conducted between 10:00 A.M. and 1:00
P.M.
Apparatus. A Plexiglas box was constructed to hold the
distilled water that heateq the hot plate; and a circulating
water puqrg,and heater (Haake, model E2) was attached to one

—— side of this box. Ar aluminum plate was cut to fit smugly on

\top of the plexiglass box and served as the actual
hot-plate. A round plexiglass cylinder was placed on the
hot-plate (25 cm.dia., 30 cm. high) so that the rat could
‘not escape. The control hot-plate (21°C) was nearly
identical but had mo heating or pumping apparatus.

The open field chambers were constructed of wood and
were painted with black enamel. Four photocells were
strategically embedded in tﬁe chamber walls dividing each
chamber into nine equal squarés. Each photocell was
cormected to an electric monitoring apparatus and yielded‘a
single count each time the rat crosséd a beam. Chambers were
wiped clean after each test.

Pocedire. The m;:—i)lates were heated to specific
temperatures (21, 47, 52, and 57%) before animals were

' brought to the test room containing the hot-plates. They
were carried in a box which consisted of eight separate

compartments and were left undisturbed for 30 minutes. At

,
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the end of the 30 minute period each rat was separately
placed on a hot—piafe for 30 seconds. The toi) of the
plexiglass tube was covered with styrofoam allowing no
escape. At the 30 second mark animals were picked up by hand
and brought to the open field room (approximately 5 fset
down the hall) and placed in individual open fields.

Activity was recorded for two hours and samp.led every 30

minutes.

~

’Results

. Activity 1e;rels .of the four different temperature
groups are depictgd in Figure 1. Both the first 30 mimutes
and the total of 120 minute.s of open field activity are .
shown so that comparisons could be made betweer} this
experiment and those that followed. (This was done because
the peak corticosterone‘response occurs at approximately 30
mimtés after stimulation). A one-way ANOVA revealed a
significant group effect, F(3,28) = 151.72, p<0.\0001. Post
hoc Tukey tests revealed that all three experimental groups
were significantly diffewent from the'cbn;:rol temperature

group (21°) (p<0.05). A trend analysis revealed a

significant quadratic trend, F(1,28)=.302.16, p<0.00001,

which accounted for 66% of the variance (Kirk, 1968). The

trend analysis also revealed a significant linear trend,

»
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21 47 . 52 57

\

TEMPERATURE OF HOT - PLATE ( °C)

Mean (JESEM) activity counts after acute
hot—plate stress. Solid bars indicate

" activity levels after 30 min. in open

fields. Dashed bars indicate levels after
120 min. of the same group. (n=8) (*)
represents significant difference from
controls (©21) of at least (p<D.05).
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- effects of "'severe'' stress.

: o
‘ 29
F(1,28)=122.31, p<0.005, which can account for 26% of the,
data. '
\
Discussion

Different intensities of the hot-plate induced levels
of activity which closely resemble an’ inverted U-shaped
curve. Some authors (Hebb, 1955; Malmo, 1959; Selye, 1974)
haye prédicted such a relationship between arousal and |
different forms ;f behavioral activity. The present. paradigm
may therefore prove useful in further investigations c;f the»
activéting effects of 'mild'" stress and the del;ilitating

»
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Experiment 2

In Experiment 1 it was found that different

l temperatures could elicit varying levels of activity. These
activity levels fluctuated as a function.of hot-plate
temperature. Experiment 2 was designed to explore the
possibility that the HPA was also affected by hot—plate
manipulations An assay for plasma corticosterone was
utilized to answer this question in the hope that it may
yield an ‘index of the intensity of the stressor and
magnitude of HPA involvement.
.Method

-

»

Subjects. As in the previous experiment, 32 male Wistar
rats were used. Housing and handling conditions were as
previously described in Experiment 1.
~ Drocedure. The procedure was identical to that
described in Experiment 1 except that after 30 mimites in
the open field the Qtf were quickly removed, decapitated
and trunk blood was collected in heparinized tubes and
frozen to be assayed at a later date. Plasma corticosterone -

levels were determined fluorometrically by the method of
* Glick, Von redlick and Levine (1964).

Results . ' /
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“TEMPERATURE OF HOT ~PLATE (°C)

Piean (tSEM) levels of corticosterone after
acute hot—plate stréss and 30 min. in open

‘fields. (H.C. indicates hame cage controls).

(®) represents significant differences from
controls (21°) of at least (p<0.05).
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s . . Figure 2 illustrates the data obtained from the

= - - !

. ., corticoﬁtefdm. assay. q'A one-way AMN/A indicated that thereﬂ ®
;:gs a sigrﬁficar;t effect of temperature, F(3,28) =.6.39,
p<0.005. Also depicted in Figure 2 are the corticostero:e
1evgls of the home ‘::age contréi subjects (H.C.) which were
part of the same batch delivered by the breeders (n<5). They

d

R IRy VPRSP SUSE e

were simply removed from their cages on test day,
immediately decapitated, ard their trunk blood was assayed
\a(\gbm time as the other groups. They are presented for

domparison purposes and were not included in the statistical

- o analysis. Further analysis with post hoc Tukey tests ‘
revealed that the 57%C group differed significantly fraﬁ
every otcimer group (p<0.05). Trend analysis revealed a
significant quadratic trend, F(1,28)= 11.48, p<0.005, which

i o s e b e B
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acconts for 557% of the variance. There was also a
sign.i,ficant linear trend, F(1,28)= 9.40, pf0.00S, which can
- account for 447 of the data.
, E . [ - . , .
| . Discussion ,
- ' ) As seen in Ebci)ériment 1, when the beﬁavioral gctivation
. was measured, the levels of corticosterone measured in )
Experiment 2 also fluctuated in conjunction with the h *’
different levels of t;eat stress. This findiﬁg seemed to
support the rotion that the HPA and speci fically

}
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corticosterone are activated by stress.

The results of this e:q>eriment are also in agreement
with the results of: Friedman et al. (1967), Hemmessy and
levig (1978), ard File, (1982) in that there was a graded

e

release of corticosterone as a result of different

-

intensities of stress. Since there were no significant

differences between groups after post hoc analysis between

I3

the midrange intensities, the results also are in agreément
with Smith (1972) in that corticosterone diseriminates
between maximum and minimum of intensity. The 47°C group did o
not differ st;atistically from 'eifther the 21 or 52°C groups.
Havir;g established that plasma corticosterone v;as t
differentially affected by temperature manipulations,
" further analysis of the HPA was warranted. The previous
experiment did not indicate whether the changes in the HPA
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mediated the activity or was only concomitant to it.
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' Experiment 3.

~

One way of assessing the contribution of the HPA to a

particul‘ar‘ behavioral event is the use of pharmacological
blockade of one of tﬁe organs in the axis. Blockade of the
release of pituitary hormones can be affected by the
administration of the drug dexamethasone (DEX), a synthetic
corticosteroid. A number of reports \have shown that DEX can

~

block or greatly atternuate the release of both ACTH and )
B-endorphin into the blood stream under certain .
circumstances. Under conditions of foot shock and/or
mstraint'stre;s, the release of these peptides is blocked
by prior DEX administration (Guillemin,. 1977;-Rossier €t al,
1979, 1980). _ : .
Since we decided to block the ‘release of ACTH and
B-—érdorphfn with DEX the exogenaxs administration of ACTH .

34

could further elaborate the role of ACTH. Reinstatement of a

'~ behavior previously blocked by DEX through ACTH'
administration would ifrplicat_:e ACTH in the mediation of the
observed behavior. -

Subjects, Sixty-four male Wistar rats were housed and
handled in the same manner as that described in Experiment
1.

a e a ame oo A
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Drugs., Decam_ethasone sodium phosphate (Merck Sharp &

Dobme) and ACTH (1lyphilyzed porcine ACTH (1-39) Armour

Pharmaceuticals) were dissolved in 0.09 % saline solution.
Procedure. Once again the same procedure Wsed in |
Experiment 1 was used except for the following changes. DEX

was administered (i.p.) to the animals (0.04 mg/kg/ml) 25

" hrs. amd (0.02 mg/kg/ml) 1 hr. before placement on the

hot—plate. Some animals also received ACTH (20 IU/kg/ml,
s.c.) 10 mirutes before placement on the hot-plate. The
various drug and temperature combinations can be seen in

Table 1. Locomotor activity was measured for 30 minutes.

Only two Tevels of hot—i)iate temperature were nused because

they are the extreme erxis of the temperature range of the

previous studies.

Results

The various drug and temperature combinfitions and their
resultant activity levels are represented in Fiéure 3. A
three-way ANOVA, "(ACTH x DEX x Temperature) was performed
and revealed the following results: There was a significant
main effect of temperature, F(1,56) = 42.16, p<0.00001,
ACTH, F(1,56) = 4.18, p<0.04, and a significant ACTH x DEX
interaction, F(l‘,56) = 8.04, p<0.006. There were no other
significant interactions. Post hoc analysis using Tukey
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|
i
Tabie 1: Time of drug administration for the various groups. ' ‘;
\ DESIGNATION | ADMINISTERED| ADMINISTERED OF
/ | 25 hrs 1 hr HUI‘—PIATE
BEFORE BEFORE .
) ~.
. Ss21 saline _ saline 21°C
R ‘ ‘ 857 . saline saline 57%¢ \
‘fﬁw’ SA21 saline ACTH 219C
sA57 | saline ACTH 57
DS21 DEX saline 21°¢
DS57 DEX saiine . 579¢
DA21 DEX ACTH™ 21°C
DAS7 | DEX ACTH - 57%C
"/
-
)
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Figure 3. Mean (+SEM) activity counts after acute ;
‘ L _ hot-plate stress of either (21°) or (520)'. g
: Drugs: Saline (S), ACTH (A), Dexamethasone 4
- ‘ (D). The first letter indicates which drug o
~ was given 25 hrs. and 1 hrs. before test. : o
The second letter indicates which drug was C Ly
.given 10 min. before. .(*) indicates o : o
significant differences of at least (p<0.05) - "
from its (21°) control. (**) indicates '
' significant differences (p<0.05) from
b T . (SS21). o C
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. . tests indicated significant differences between groups
(p<0.05). These can be seen in Figure 3. ‘ _ ;

St Diéé:ussion
As in the two previous experiments - the heat of the hot e
. plate genera't:_ed significant differences in activity levels. 2
The significant effect of temperature replicates some c;f the S .
effects of Experiment 1. . , - -

I
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Genera} Discussion

" Experiment 1 demonstrated that f/ intensity levels of ‘
the same stressor could produce diffe%entiél spontaneous k
locamotor behavior within an open fi/eld abparatus. In
Experiment 2, measurement of plasma lcorticosterone levels

under the same conditions as Ehcpegi/ment 1 revealed that

/ .
corticosterone levels also fluctuate in response to stress

et

inﬁensity. Finally, in Experiment 3, using pharmacological
naniwlatimé; of the HPA it wag found that ACTH

JUNGICIIPIN

administration inhibits the ession of activity following

the stressors regardless of /intensity. K

It is of particular ifterest that the data generated in

the first study resembled/an inverted U-shaped functiowlof

stressor 1ntensity and ubsehuent activity. Several decades

ago it was postulated t a similar function would be

present for the inteyaction between arousal and behavior i

(Hebb, 1955; Malmo,/ 1959; Selye, 1974). Though the present

t;,directly address the question of whether

I i ek T A e

experiments did
'st.ress is dét ntal or not; they may indirectly clarify
some fiﬁdings rom learning experiments involving ACTH. For ‘ ’
example, Gold and Van Buskirk (1976) found that the effects

of ’AC.'IH on 14enory are dose related. Exogenous administration
of vari doses -of ACTH (0.03, 0.3, 3.0 IU/animal) in a
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passive avoidance paradigm resulted in the generation of an

' . inverted U-shaped curve on memory performance. The lower o
doses enhanced memory while the higher doses impaired it. oo
Also the effects of shortening the chain of amino acids /
contained in the ACTH sequence in conjunction with
increasing molecular weight of the ACTH compound resulted in
an inverted U-shaped curve when attefltional processes were
studied (Sandman, Beckwith & Kastin, 1980). Similar results

were obtatned by Sands and Wright (1979) in their study of
memory processes and ACTH. Since the corticosterone
response reflects a concomitant release of ACTH, use of the .-
present paradigm which effects a differential release of
corticosterone, may be useldl as part of learning experiments,
“ 1n place of (or in addition to), pharmacological o
\ . .manipulat:ion. Instead of placing animals. into open fields |

after stress, placement in learning situations where their

responses can be measured may add credence to the M

| ;t\annacologiéa% studies. : . * . . i
The effect of ACIH in the present paradigm is not |
'surprising since it is in line with previous studies. ACTH, ;
given before placement in the open field can evoke biphasic\ i

responses.” Low doses produce excitation, while high doses
are suppressive (Amir et al‘.,.198(')). The dose used in the

present experiment (20 IU/kg/ml) is the same as éke dose

il
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employed in the previous experinient where it produced a
suppression in activity. The 21 C hot-plate (which

represents room temperature) had no measurable effect over

* that which was previously observed after open field aloﬁe.

That is, ACTH administration agéin reduced behavioral

'aétivity. The addition of ACIH to heat stress (57%C) in the '

pesent experiment did not further reduce activity.
Examination of the data of Experiment 3 suggests that
ACTH alone was able to supress behavior; that DEX did not

. .significantly supress behavior and that the combination of
'ACTH and DEX af:tenuéated the ACTH induced depression. The

reasoning behind the use of the cmﬂ?imtion of ACTH and DEX
was that there was evidence to suggest that the dose regimen
used in the present paradigm would effectively reduce the
release of ACHH. Since ACTH reduced activity and DEX
attenuated this reduced activity, it may be t':hat €XO0genous
ACTH in combination with the endogenous levels reduces Y
activity. However, when DEX was administ:ered it reduced the
endogenous levels of ACTH. Therefore the exogenous levels
would not be enough to cause the same-degree of suppression
as does the combination of exogenous and endogenous ACTH.
These speculations remaiq to be tested. Assays to determine
the qagﬁitmde of DEX suppresion are now. being carried out in
order to resolve these questions‘.
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The three milder stress intensities raise the activity
level of the animal in a manner analagous to a dose response
curve. The drastic change in activity seen with the 57°C
group would suggest that perhaps a pain threshold had been

passed. It is possible that 57°C is sufficiently painful,

making locomotion aversive to the rat. There is in fact some

evidence supporting this contention. Hardy et al (1957) and

Cunningham, B?nson and Hardy (1957) have done some

experimentg“tilat irdi;:ate that a pain threshold ;rmay. have !
‘been surpassed. They have observed that the 'reflex twitch" ¢

and ''flight reaction" occured at different skin

R

temperatures. Thermal radiation was used as the stimulus to
evoke these reactions. In contrast to studies of

antinociception where the animal is subjected to a stimulus

of known temperature, these investigators actually studied
the skin temperature at the sfot of stimulation. (The

" location on the skin where the radiant heat was focused).
The reflex twitch (i.e. tail flick) is initiated when the
temperature of the skin is between 45-46°C and the flight

reaction (escape) occurs between 51-52°C. In the present i 4

rem B T YR AT L B

studies, temperatures of up to 52°C induced increases
activity while 57%C reduced activity. This may be a

"reflection of different intensity of heat on painﬂ . . é

sensitivity. As Jacob and Ramabadran (1981) have surmi sed,
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the lower ﬁmperatures may only have caused superficial pain

while 57 induced a deep pathological pain which was then

reflected in activity..
The behavior of the rat on and off the hot-plate is
considerably different and warrants discussion. One would

" assume that painful paws would elicit vigourous pawlicking

behavior, however observations of the animals in a near
identical situation to that reported here indicates that
this was not the case (Galina, Sutherland & Amit, note 1).
In tudy, whilé‘ the stressors were exactly the same,
five ors were recorded including pawlicking.
Subsequently pawlicking had to be dropped from the data
analys;'.s cause the amount of pawlicking from any of the
temperature groups was negligible. This is in contrast to
the behavior while on the hot-plate where vigorous
paw-licking is seen at 57°%C. Also when escape attempts were
gnalysed (using sixﬁple dichotomous analysis, i.e., escape or
no escape) ';smone of the 21 or 47°C group made any attempt“to
éscape; the 52°C group was inconsistent (3 yes, 5 no),
whereas each rat in group 57°%C attempted many vigourous
escape attempts during the exposure to the hot-plate. This
data‘lerﬂs support'to the notion thaf the different

~ temperatures induce different levels of pain sensitivity.

Also, the fact that there was no negligible pawlicking
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behavior during the observation period (immediatly after -
stress) may indicate that the pain induced is of a transient

)

In the two étudies which have shown that corticosterone

playé a role in SIA (Bodnar et al, 1978; Maclennon et al &

1982) only one dose of corticosterone was empl\oyed thus

making it impossible to ascertain a dose resp\?nse
relationship. Since the corticosterone respons‘ parameters
- .

of the present experiment are known, experiments are now
under way to find out if heat stress also induces analgesia,

and 1f so, is the magnitude of analgesia elated to the
'magnit:uie of corticosterone release. ‘

Perhaps a clue to 'the nature of the observed
suppression of behavior may be found in those studies
suggesting that . B-endorphin can induce im\t(nobilit:y (Bm,
Derrington & Segal, 1979). The'decrease in l‘_activity seen in
the present experiment after the stressors may be due to the
release of B-endorphin f1;:om the pituitary. \I\-kmevex;, two
observations argue agains‘t this'suggestion. l\“irst, a
reversal of the depression was not \found after DEX treatment
which should have blocked the stress induced release of
B-endorphin (Guillemin et al., 1977). Secorndly, our

subjective observations revealed neither muscular rigidity
nor loss of righting reflex which are usually |lassociated \
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with B-endorphin related immobility (Browne, Derrington &
Segai, ’1979) . (However, in support of the above suggestion .
it is worth moting that B-endorphin has been found in the
brain indeperdent of the pituitary (Watson, Akil & Walker ,
198Q). It is premature to exclude the possibility that brain
opioids may induce immobility). An investigation into the

. possible effects of opioid xantagcdjnists in the present
paradigm shoulg be carried out to determine opiate
participation.

A drop in motor performance in stressful para'digms .
(such as inescapable electric shock) in avoidance studies
have been correlated with lower levels of the
neurotransmitter norepinephrine (NE) (Anisman et al., 1979).- __
These studies use electric shock to irﬁme aversion and in
one study using various durations of electric shock a
correlation between NE and activity was found (Weiss et al,ﬁ
1980). NE levels in the brainstem and hypottmlanus, after
stress, correlated with the reduction' in activity after the -
various intensities of stress. As mentioned earlier (see
Introduction) NE may exert a tonic inhib“itory effect on CRF
release. It is interesting to speculate, that within the
present paradigm the intensity of heat stress differentially R
affected NE wﬁich would then affect CRF-ACIH and finally

corticosterone release. The data reported here are in line
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with that of Weiss et al. (1980).

Ce'rtain1‘y, in texms of the psychopharmacology of - ‘
analgesics, the results suggest that some re-evaluation of
the results obtained from the hot-plate technique may be
neccessary., In many studies thét utilize‘ the hot-plate
animals are retested every 15 or 30 minutes after the
initial trial. The results demonst:ra“teg in the preceediné

experiments show th:atty/{he secord or third time on the

hot-plate the animal's physiology has drastically changéd.

The 57% hot-plate causes a serious decrement in motor _
movement after 30 secornds of exposure which is still evident
two hours later. Since some categories’ of motor movement is
the measure of analgesiaﬁ‘it may be that at that point
(second or third trial) the supposed analgesic agent may bé
having an yeffect on the motor Isystem and not the nociceptive
system. It would seem, however, that the measure itself,
tlmttheanimlhastonhkeamveme:ntdmichthe
experimenter then evaluates; is itself inseparable from l:he
technique. '
Attempts to reconcile:-the fesﬁlts from the present
studies. with similar studies reported in the ‘literature
present rmumerous anomalies which exdst cohcerning stress
induced activation. In most available reports locomotor
éct:ivit:); ;vag. only measured when it became apparent that
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motor debilitation may underly stress-induced analgesia. For
example, exposure to coldqwater swims (3.5 milnutes at 290) T
increased subsequent activity levels of EEB/ (Bodnar et al,
_1979) . Thes§ alterations were not a@fect;ed by hypophysectomy
or corticostorone supplements. Forced swimming in warm water
(259C for 15 minutes) can result in immobility (Porsolt et
al., 1978). Initially while in the water [the rats make
vigorous movements and then they exhibit increasing periods
. of immobility. Subdermal formalin inJection in combination
with hypophysectomy was..ﬁf‘o\md to reduce behavioral activity
(Amir & Amit, 1979). When inmobilization stress is applied
before formalin, hypophysectomized animals increased thier
activity relative to control animals which received
injection alone. Immobilization for 30 minutes did not
affect locomotion (Blair et al, 1982). In experiments which
utilized foot shock as a stressor it was reported that
animals initially exhibited a transient increase in activity
which was followed by a reduction in activity (Anisman, De
Catanzaro & Remington, 1978). ‘

At present it is difficult to reconcile all the above
data to form a unitary hypothesis to describe and explain
all knom phencmens concerning stress induced activation and
its neural and hormonal mechanisms. Many of the
discrepancies which exist in the literature may be explained

e e ——

<)

A A5 e peb e 3 5




in terms of methodological differences in the execution of
the respective ‘studies. These differences include such
factors as the time relationship between onset of stress and
the measurement of activity. The effects of different
environments on activation, and also the type of measurement
use;d to quantify activity. Perhaps of greater importance is
the notion that on the basis of the data obtained in these
studies, the concept of stress does not\appear to be alinear
unified concept which follows an established psychophysical
relationship between the stressor and behavior. Instead it
would seem that stress may interact with certain behaviors
in complex multifaceted, both facilitory and inhibitory,
fashion. To summarize, we have found that different
intensity of stress evokes varying effects on behavior and
biochemistry of the HPA. The HPA response is not an all or .
none phenomenon, but is sensitive to gradient of stress
intensity. |

Alterations :in HPA functioning have been implicated in
human studies of stress and pathology. étress provoking
situations faced by humans have resulted in concomitant .
elevations in cortisol (Francis, 1979; Mason, 1968) and
other studies show impaired HPA functioning which may lead
to or be correlated with depression and other |
“psychopathologies (Shlesser et al, 1980; Von Zerssen &
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Doerr, 1980). Recently, Anisman and Zacharko, (1982) have
speculated that stress may have a precipitative influence on
depressive illness. The studies which were conducted here
can be extended to chronic stress manipulations and may ,aid’
in understanding the variable hman response to stress.

The studies reported in the present thesis were
designed ’t;'o,he]qlf gain information in a mmnber of related
areas. We have found that Iocomotor activity, though

~

encompassing a wide range of gross movement, was able to
differentiate between different intesities of stress.

\ Secordly we have ascerta:{ned that the reaction of the HPA
(corticosterone) to the stressors is rate sensitive. And S
thirdly, we have found that the HPA is only partly involwved
in the modulation of the activity after stress. P\xrthgr
research must more closely examine these findinés in order
f,o put them into a wider context within the behavioral study.
of stress. 'Stress' is.ubiquitous in the present society and
it .is through well defined experimentation, such as has’ been
begun here, that stress‘will be understood and finally

controlled.
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Reference Notes

1. Hnt, A.,Switzmn, L. & Amit, Z. Unpublished
observations.

2. Galina, Z.H., Sutherland, C.J. & Amit,Z. Unpubli shed

observations.
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. APPENDIX 1
Experiment 1: Activity level of the various groups
-after hot-plate stress and 30 min. of

open fields.
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. APPENDIX 2
Experiment 2: Corticosterone levels after

hot-plate stress and 30 min.

in open field. _

21 47 52 57
2%.4 16.9 6.9  23.7
22.0 18.8 103 30.0
23.0 21.6 20.4  28.4
23.2 5.4. 22.3 " 28.6
2.6 14.5 15.0.  26.5
7.5 16.4 120.4 22.3
19.4 6.4 20.6 23.7

4.3 161 22.5  22.7

67




, . APPENDIX 3
Experiment 3: Activity levels after 30 min. in -
open field after hot-plate stress

and drug treatment.
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AD21 AD57 AS21 AS57
269 160 427 68
262 351" 190 322
514 141 382 176
400 186 - 260 81
277 173 418 74
265 - 347 200 330
515 150 380 170
421 192 271 90
sp21 - SD57 ss21 % * . SS57
216 127 '518 222
295 156 432 382
3% . 129 477 344
367 289 457 55
218 1% 513 225
300 149 439 - 376
390 126 480 34
364 277 451 61



