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Behaviora l and Physiological Studies of Stress:

The Pituitary-Adrenal System and Behavior

During the years of support of this research by the Office of Nava l

Research three major areas of investigation were undertaken and completed

with resulting publications . These three area s are :

1. Pi tuitary-adrena l system and behavior,

2. Environmen tal influences on pituitary-adrenal activity,

3. Expec tancy and coping.

1. Pi tuitary-Adrenal Sys tem and”~ ehavi or

It has now become apparent tha t’\the pituitary-adrenal system , in addi tion
to its other adaptive functions with regard to tissue repair and metabolic

changes during emergency si tua tions , also has a major effect on behavior.
Indeed , both the pitu i tary pept ide , ACTH , and the secretions from the adrena l

have specific influences on a variety of behavioral processes.

The studies conducted under this area attempted to investigate the

particular role of ACTR on certain aspects of behavior. These studies investi-

gated two behaviora l systems : (1) the effects of ACTH on learning under

aversive stimulation , and (2) t~e effec ts of ACTH on learning of appetitive

condi tions. It was found tha t ACTH does indeed affect learning of passive

avoidance in mice . In this particular stud y, male A/Jax mice learned a passive

avoidance significan tly fas ter than males of ano ther stra in (DBA/2). The A/Jax

mice also showed a significantly greater increase in p lasma corticosterone

following the passive avoidance tasks than the DBA/2 animals. However , when

both groups were pre treated with dexame thasone the DBA/2 passive avoidance

behavior was unaffected , whereas the dexame thasone-treated A/Jax animals were

retarded in the acquisition of the avoidance response and thus became equiva-

len t to the DBA/2 mice. These results were interpre ted as indicating tha t

ACT}-I had an impor tant influence on the acquisition of an avoidance response.

This was one of the first demonstrations tha t ACTH actually could affect the

acquisi tion of an avoidance response as opposed to numerous studies which

have indica ted tha t ACTL-I could indeed affect the retention of an avoidance

response.

In a subsequen t study in rats it was further demonstrated that ACT~-i , once

again , could affec t both the acquisition of a passive avoidance response and
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the re ten tion of an avoidance respons e as meas ured by extinc tion . Thus , in a

passive avoidance task in rats it was demonstrated tha t even a sing le injection

of ACTU given 10 minu tes before a punishment trial signif ican tly s treng thened

the passive avoidance response acquired on tha t trial. Clearly, this observa-

tion that a single injection of ACTH on the punishment trial required to

produce pr olonged pas sive avoidance resp onse is aga in bes t in terpre ted as an

acquisi tion effect. In this particular experiment we also demonstrated once

again that ACTH does have an effect on extinction .

In almost all of the studies in the literature on the effects of ACTH on

behavior most of the learning tasks have involved some form of noxious stimu-

lation. In order to test the generality of the ACTH effects on both learning

and retention , animals were tested in a leverpress situation for water. Animals

given ACTH tended to acq u ire the lever response more rap idly and in addition ,
animals given ACTH during extinction tend to show a greater resistance to
extinction , although this effect was somewha t transitory.

These studies have added to the body of inf orma tion which demons tra tes

that not only does ACTH have an effect on retention as measurcd by ex tinc tion ,
but also an effect upon the acquisition and learning of a number of behaviora l

tasks .

Published papers rela ted to the above sec tion:

Conner , R.L. and S. Levine. The effects of adrena l hormones on the acquisition

of s ignaled avoidance behavior. Hormones and Behavior ].: 73-83 , 1969.

Levine , S. Hormones and condi tioning . In Nebraska Symposium on NotivaLion, 1968,

W .J. Arnold (Ed.). Lincoln , Neb.: Universi ty of Nebraska Press , 1968.

Pp. 85-101.

Levine , S. and R . Levin. Pituitary-adrena l influences on passive avoidance

in two inbred strains of mice . Hormones and Behavior !: 105-110 , 1970.

Guth , S., J.P. Seward and S. Levine . Differentia l manipul at ion of passive

avoidance by exogenous ACTH. Hormones and Behavior 2: 127-138 , 1971.

Gu th , S., S. Levine and J.P. Seward. Appetit ive acquisition and extinction

effec ts wi th exogenous ACTH . Physiology and Behavior 7: 195-200, 1971.
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2. Thv ironnental Influences on Pituitary-Adrena l A~ tiviLy

A. Preshock

Prior exposure to intense unsignaled and inescapabLe eLectric shock has

been shown to alter subsequent behavior of rats in the presence of novel or

aversive stimulation . Within this program a number of experiments were unde:-

taken and completed which studied the influence of inescapable noxious stimu-

lation on various parameters of the pituitary-adrena l system and other

psychophysiological responses to stress.

In the initial study the adrenocortica l response and passive avoidance

behavior was studied in rats tha t had been exposed to preshock. Previously

shocked animals exhibi ted a much grea ter p ituitary-adrena l response to mild

shock than did non-preshocked animals , and in addition , passive avoidance was

markedly  facilitated. However , since the pr eshocked an ima ls had had a si~ nii-

cant experience in the presence of aversive stimulation , we questioned the

generali ty of these findings of changes in adreno cortica l response to shock.

Animals were therefore tested in a comple tely neutral situation - the open

field - and pituitary-adrena l response to mild , novel stimulation was examined.

It was found that, here again , preshocked animals tended to respond si.~,nifi-

cantly higher to novel stimulation not related to shock and it therefore

appears tna t experience with prior aversive stimulation creates some genera l-

ized effect which carries over to other conditions which could not be

attributed to learning .

In a further investiga tion the heart rate response to the open field wos

compared between rats which had been preshocked and controls. ‘F~~ results

indica ted that control animals showed a stead y increase in heart ra te ocross

a 3-minu te exposure of 4 days of testing, while  presh ocked ani ma ls showed a

marked ini tia l heart ra te deceleration followed by a par tial recovery €~~ch

day. The heart ra te response of the preshocked animals to the open field wa~
not related to any heart ra te response to shock during the preshock trea t~~.~nt

and the heart ra te responses of both preshocked an d con trol ani ma ls wer e

specific to the open field situation with both groups showi ng s teady heart
rate decelera t ion across 3 minutes after being p laced in their own cages.

The results indicated tha t there is indeed an altered perception of environ-

mental change produced by preshock and tha t the preshocked animals were indeed

more responsive by both hor~ an~~1 and autonomic responses to nove l situations .

It should be indicated however tha t in .~ series of subsequent experiments

we have found tha t the response to preshock and its subsequent cffects c.~n be

_ _ _ _ _ _ _ _ _ _ _ _ _  - 
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• markedly ameliora ted if the anim als  are permi t ted  to f i ght  in response to shock

and a l t h o u g h the f i g h t i n g  does n o t  appea r in any way to a l l e v i a t e  the experi-

ence of shock , i t  does ap p ~~r t i n t ly  a l t e r  the percept ion of the animals , and the

subsequent  d ele t e r i o us  L f f e c i s  of preshock are often eliminated if the an imals

are permi tt ed to f i gh t  . n response  to the shock s t i m u l u s .

B. Circadian Rhyt :~ i~J L y  ~nd Suppression of Pituitary-Adrena l Activity

While  the s t u d i e s  on j~r i.~.,i.ock were desi gned to examine the i n f l u e n c e  of a

set of cond i t ions  which  c~~r o n i c a i 1y  a l t e r  s tress r e spons iv i t y ,  we have , in

ano ther series of expe r i i~~nt s , examined ano ther environmenta l inf luence  on

p i t u i t a r y - a d r e n al a c t i v i t y .

R a t s , n o r ma l l y ,  have a c i rcadian  rh ythm of p i t u i t a ry -adrena l  a c t i v i t y

which is characterized by low basal values in the mo rning and hi gh basa l  va lues

late in the afternoon. In an i n i t i a l  series of experiments  it was determined

tha t this circadian rhythm could be markedly altered if the animals were placed

on a restricted food or water intake so that the time of feeding or drinking

occurred in the a.m. rather than in the p.m. If this occurs , the peak of

adrenocortica l activity now occurs prior to the onset of feeding or watering

and the afternoon values are strikingly suppressed. However , in another stud y,
it. was demonstrated that rats having access to food and water for 1 hour daily

showed , aga in , the elevated p la sma cor ticos terone levels pr ior  to feeding and

dr inking . The activity of the pitui tary-adrena l system in this experiment

was studied in animals receiving food and water , food or wa ter alone , or an

emp ty drinking bottle. Within 5 minutes there was a 357, drop in the concen-

tration of p lasma corticosterone following each of these conditions. The

decline reached 507. by 10 minu tes. In those animals which received water

alone or the emp ty drinking tube the time course was biphasic; thus following

the initial drop the pituitary-adrenal sys tem was activa ted. It appears

therefore tha t the rapid suppression of the p ituitary-adrena l system can occur

and can be conditioned to the sti~ uli associated with prior reinforcement.

This rap id drop seen following reinforcement has been rep licated in ano ther

series of experiments. Thus , if the feeding and wa tering occur in the la te

afternoon , the peak of circadian rhythmicity is not altered; however , a

similar rap id drop occurs following reinforcc~ .ont.

These data raise interesting questions concerning the half-life of plasma

corticosteronc and there is a major question as to why steroids drop so rap idly

in this situation whereas the half-life has been reported to be approximatel y

20 minutes. This question has been under investi ga tion in our labora tory.
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In general the r e s u l t s  of these s tudies , in addi tion to s tudies  to be
descr ibed in the next section , have clearl y demonstrated tha t the pituitary-

adrena l sys tem is bidirectiona l and responds to environmenta l stimuli , not

only in terms of striking increments , bu t also can show marked suppression.

Publi shed papers related to the above section:

Sm i:h , E.R ., J. Johnson , R.F. Weick , S. Levine and J.M. Davidson . Inhibition

of the reproductive system in immature rats by intracerebra l imp lantation

of cortisol. Neuroendocrinology 8: 94-106 , 1971.

Stern, J.~1., M.3. Erskine and S. Levine . Dissocia tion of open-field behavior

and pituitary-adrena l function . Hormones and Behavior 4: 149-162, 1973.

Johnson , J.T. and S. Levine . Influence of water deprivation on adrenocortica l

rhythms . Neuroendocrinology 11: 268-273 , 1973.

Smith , E.R ., R. Dominguez and S. Levine. Effects of water restriction on

reproductive function in female rats. Neuroendocrinology 12: 41-51 , 1973.

i~rskine , N.S. and S. Levine. Suppression of pituitary-adrenal activity an~
shack-induced figh ting in rats. Physiology and Behavior ii: 7~ 7-790 , 1973.

Chalmers , D . V . ,  S. Coyle and S. Levine. Effects of prior aversive stimulation

on hea r t  r at e  responses to open f i e l d  exposure in the r a t . P h y s i o l o gy  and

.v~.o: L4 :  l 3 — l G , 1975.

Levine , S. and G. D . Coover. Environmental control of suppression of the

pit uitary-adrena l sys tem . Phys io logy  and Behavior 17: 35-37 , 1976.

3. Exoectancy and Cop ing

During the period of time in which ONR supported this research we believe

Lilat major strides have been taken in attempting to understand the basic

concep ts of stress. In a series of experiments the influences of changes in

expectancy on the pitui tary-adrenal was examined. Using operant conditioning

procedures , i t was demonstrated tha t extinction (nonreinforcement) following

continuous reinforcement resulted in a marked increase in pituitary—adrena l

~c lvity . Thus , it was demonstrated that even though there was no aversive

or noxious stimutation , an environmen tal change in the na ture of altering the

p rior expectancies of the organism could indeed result in a major change in

Lme p i t u i t a r y - a d ren a l sys tem s i m i l a r  to tha t observed under  most t r a d i t i o n a l

~,vcr sive procedures. However, fur ther experiments demonstra ted tha t the

p ituitary—adrena l systori can respond bidirectionally, activation of the sys tem

—5—
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is observed , unu the f r e q u en cy  of r e i n f o r c em e nt s  is s u d d e n l y iess than  tha t

o a L o i r ~tn. d ur I n g  tra in ing .  Supp re s s ion  is seen if r e in fo rcem en t  f r e~~~en c ie s

are s u du e n l y g rea te r  than expected .  Thus i t  appears  tha t there are mechanisms

w i t h i n  the cen t ra l  nervous sys t em that can process information concerning

reir~forcei ent and either activa te or Inh ib i t  the con t ro l l ing  sys tems which

regulate p1 tuitary-adrena l activity.

I t was f u r ther demons trated tha t p ituitary-adrena l responses during

avoidance conditioning also demonstrate a reduction in the activation of the

system when expectanci es are developed and a reactivation when these expectan-

cies are not fulfilled during extincticn. Thus , if one foll ows the activity

of the p icuitary-adrena l system during the course of avoidance condItioning,

wha t is observed is an i n it i a l  hi gh p ituitary—adrena l response which is subse-

c~uen~ iy fo l lowed  by a r e d u c tI o n  in this response as the organism icarns th~
contingencies in the avoidance learning envi ronment .  The absence of shock does

not appear to be the critica l dimension since even animals tha t do not learn

to avoid , but escape , in the presence of a conditioned stimulus (feedback

si gn a l )  a lso  show a s i m i l a r  r educ t ion  in p i t u i t a r y - a d r e n al a c t i v i ty . A Lacory ,

the re fore , was developed f rom these data  which , s imply s t a t ed , is tIn t th~
p i t u i t a r y - a d r e n a l  a c t i v i t y  may be suppressed  when expectancies of reward are

exceeded or when the anima l is re in forced , whi le  f a i l u r e  to meet  expec tanc ies

may be one of the pr im ary  envi ronmenta l  cond it ions  which increases  a rousa l  and

r e s u l t s  in increased secretion of ACTH from the pituitary .

This major finding of changes in pituitary-adrenal activity following

avoid~ .~~~ learning was used to examine the influence of various brain nechanisms ,

p a r t i c u l a r l y lesions in the lirabic system , on the changes in interna l state of

p i t u it a r y - a d r e n a l sys tem d u r i n g  a v oid an c e  c o n d i e i o n l n g .  I t  has been shown

tha t many l imbic  s t r u c t u r e s  are neces sary  f o r  nor t .~~l emotiona l behavior and

avoidance l e a r n i n g .  Severa l ~i n d t o~:ic~~l a d  . y ~ :o1a ~,ica 1 mecha nisms  may be

k a v o i v e u .  It  a p p e a r e d  tha t p L n s m ~i cor cu~~ t e r u n e  lev e l s  f o l l o w i n g  an avoidance

sess ion could  d i f f e r e n t i a t e  be twe en  ~ O~~e O f  thL’ .~vo 1 da n c e  d e f i c i t s  wh ich  are

observed when c e r t a i n  l imbic  sy s t e ;  . cs ions  ~~r e mad e . Thus , b a s o l a t e r a l

a;. yg da la  lesions in ra ts  reduced two—way ~i c L ~ vc avoidance . There were a l so

in d i c at i o n s  of less f e a r  and p l a sma  C o r t i C o s L (  rone l ev e l s  were

lower th~ n in n o rm a l s  f o l l o w i ng  the f i r s t  day of avo idanc e  t r~i i n in g .  B asa l

ie v e l s  no post—ether stress levels were not chnngcd . l’urthe r, rats with

sm a l l  le s ions  in the cingulate cortex show norma l avoidance learning but not

-6-



nu c , , ~~’ i decrement In p la s e  corticosteror .e ob~ erv eu in I L~ ct rats when an

~v~~idum ce habit is overtrained. It is possible that the avo idance  d e f i c i t

~~
j

~~ e~~~V e d  in rats with large clngulate lesions is due to a loss of the fear-

r e a uc i n g  e~~i ect  of a d e qu a t e  cehavior .  F~ n a i l y ,  r a t s  w i t h  septal iCSlOflS ai~ o

no change in basal  levels  or p o s t — e t h e r  s t r e s s  l eve l s  or p os t - sess ion

lcv~ ls of corticosterone on Day 1. However, since rats with septa l lesions

~ .OWCG dramatically rapid two-way avoidance conditioning , the changes in

p lasma corticosterone were also more rapid than observed in norma l animals.

These data do presen t a different version of the concept of stress tha i

hau been generally accepted in the literature based on the early work of hams

Sel ye and are consisten t with other positions which indica ted tha t the primary

activa tor of the pituitary-adrenal system may be some sta te of arousal inaucea

by discrepancies between the externa l environment and the organism ’s perception

of tha t environment . Thus stress becomes essentiall y a psychological concept

rather than a concept based primarily on physica l damage and injury. The

relationshi p between the hormone s elicited under conditions of stress and

was d i s c u s s e d  e a r l i e r  in th i s  r epo r t .

he are indeed gra t e f u l  to the O f f i c e  of Nava l Research t o r  thei r  c o n t i n u e d

s up p o r t  of this research and f e e l  tha t there have been some m a j o r  deve lopm en t s

tha t emerged f rom the research f i n d i n g s .  The f i n d i n g s  r e l a t ed  to cop ing and

behav ior  were u l t i m a t e l y p laced  in a human Context .  An extensive s t u d y d o l e

in co l l abo ra t i on  wi th  Dr.  Hol ger Ursin  a t  the Un ive r s i t y  of Bergen took the

t h e o r e t i c a l  concepts  and the model of expectancy and cop ing and s t ud i ed  a

p o p u l a t i o n  of Norweg ian so ld ie rs  going th roug h para chu te t r a i n i n g .  I t  was

found  tha t the anima l models could indeed be d i r e c t ly app lied to humans and

tha~ changes in physiologica l response sys tems could be clearly demonstrated

as u n c t i o n  of develop ing expectancies  in a novel and t r a u m a t i c  s i t u a t i o n

is an integra l pa r t  of para chute t r a i n i n g . These r e s u l t s  are now be in g

p epa reG in a volume which w i l l  be e n t i t le d  “ Cop ing Nen - A S t u d y of hu m an

Lh ~ychob lology .

~ab L i s h e d  pape r s  r e l a t e d  tu the  above sect on :

Coover , G. D . ,  L. Go ldman and  S. Levine.  Plasma corticosterone levels during

ex~~ir~ct i o r .  of a l ev e r -p r e s s  response in hi ppocampectomized  r a t s .  P h ’ s i o l o a v

f lU ,,~~h i v  La~ t : 7 2 7 — 7 3 2 , 1971.
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LevIne , S. ,  I. GolPman and G.D. Coover . Expec tancy and the p iLoitary-auren~ i

s y s te m .  In Ph ysiology , Emotion & Psychosomatic Illness, Ciba Founda t ion

Sympos iu m 5 , i~. Por te r  and J. Kni gh t  ( E d s . ) .  Amste rdam:  E l sev ie r , 1972 .

~~~~ 
281—296 .

Coove: , G . D .  and S. Levine.  A u d i t o r y  s t a r t le  response of hi ppocampectomized

r a t s .  Ph y s i o l o g y  and Bchav ar  9: 75—77 , 1972.

Coove: , G . D . ,  H. Ursir i  and S. Levine . Cor t i cos te rone  and avoidance in r a t s

w i th  ba so la te r a l amyg dala  Lesions . Journa l of Compa r a t i ve  and Ph ysiole:; ice l

~sv c h a l o  85: 111—122 , 1973.

Coover , C . ,  m. Urs in  and S. Levine . Cor t i cos te rone  levels d u r i n g  avoidance

~e ar n I n g  in ra t s  wi th  c ingu la te  lesions sugges t  an ins t rumen tal  r e i n f o r c e -

r e n t  a e f lc l t .  Journa l of C o m par a t i v e  and Phys io log ica l Psychology 57:

970-9 77 , 1974 .

d r a in , h . ,  G.D.  Coover , C . KØhler , M. Deryck , T. Sagvolden and S. Levine .

~ imb ic  s t r u c t u r e s  and behavior:  Endocrine corre la tes .  Progress  in Brain

R~ a :ar :h  42:  263—274 , 1975.
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