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Two experiments were conducted a s s e s s in g  the  appropria teness  of 

the learned h e lp le ssn ess  paradigm as an animal ( r a t )  analogue to  s ta t e s  

of c l i n i c a l  dep ress ion . Using decreases in  a p p e t i t iv e  and a c t i v i t y  

v a r ia b le s  to  fu n c t io n a l ly  de f ine  d ep re ss io n ,  Experiment 1 assessed  food 

consumption, w ater in ta k e ,  weight g a in ,  number of cage c ro s s in g s ,  and 

s h u t t l e  avoidance lea rn in g  in  r a t s  over an 18 h r  i n t e r v a l  immediately 

following exposure to  a s e s s io n  of inescapab le  shock ( IS ) .  Control 

measures were obtained in  nonshocked (NS) animals and in  yoked coun te r

pa r ts  sub jec ted  to  eq u iv a len t  amounts of escapab le  shock (ES).

R esu lts  showed s ig n i f i c a n t  decreases in  a p p e t i t iv e  func tions  and 

learn ing  a b i l i t i e s  o f  IS r a t s  when compared a g a in s t  both shocked and 

nonshocked c o n tro l  groups. Furthermore, postshock trea tm ent o f  the 

former group (IS) w ith  e lec tro co n v u ls iv e  shock (ECS) or the  t r i c y c l i c  

a n t id e p re s sa n t  compound desmethyl imipramine (DMI) e f f e c t iv e ly  e lim ina ted  

postshock d i f fe re n c e s  on dependent v a r ia b le s  between escapably and 

inescapably shocked r a t s .  However, in s p e c t io n  of the  da ta  suggested 

the l a t t e r  e f f e c t  to  p r im ari ly  r e f l e c t  a s e l e c t i v e  decremental in fluence  

of the  a n t id e p re s s an ts  on a p p e t i t iv e  fu n c tio n s  in  ES animals r a th e r  than 

an inc rease  ("cure") of such d e f i c i t s  in  IS r a t s .

v
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Reasoning th a t  f a i l u r e  to  observe a m e l io ra t io n  o f  the e f f e c t s  of 

IS through a n t id e p re s sa n t  m anipu la tions  in  Experiment 1 may have been 

a func tion  of  t h e i r  a cu te  a d m in is t r a t io n  (whereas c l i n i c a l  a p p l ic a t io n s  

of both ECS and the  t r i c y c l i c s  involve repeated  a d m in is t r a t io n s ) ,  r a t s  

in  Experiment 2 were su b jec te d  to  a 12-day schedule o f  chronic  DMI 

a d m in is t ra t io n  p r io r  to  shock exposure. In  a d d i t io n  to  providing a 

c lo se r  approximation to  the  th e ra p e u t ic  s i t u a t i o n ,  t h i s  procedure, by 

housing r a t s  in  the  t e s t  environment p r io r  to  shock, provided 

opportun ity  to  compare postshock func tions  w ith  a preshock b a s e l in e .  

D espite  p re trea tm en t on the  chronic  DMI regimen, d i f f e r e n t i a l  

postshock drug e f f e c t s  were not observed between ES and IS r a t s .  More 

im p o rtan tly ,  shock d i f f e r e n t i a l s  x*?ere no longer apparen t on a p p e t i t iv e  

measures in  undrugged c o n t ro l  an im als.

Based on these  f in d in g s ,  i t  i s  suggested th a t  inescapab le  shock 

is  in h e re n t ly  more s t r e s s f u l  than  e q u iv a len t  amounts o f  escapable  

shock. A ccordingly, IS r a t s  have le s s  to le ra n ce  fo r  coping w ith  

subsequent s t r e s s  s i t u a t i o n s  than  do t h e i r  ES c o u n te rp a r t s .

R e in te rp e tin g  the r e s u l t s  of Experiment 1 w i th in  t h i s  c o n te x t ,  i t  i s  

argued th a t  the nove lty  o f  the  postshock t e s t  was i t s e l f  a source of 

s t r e s s ,  which, through i n t e r a c t i o n  w ith  the impaired coping a b i l i t i e s  

o f  IS an im als, produced decrem ental e f f e c t s  on a p p e t i t iv e  fu n c tio n s  in  

the l a t t e r  an im als. In  c o n t r a s t ,  r a t s  in  Experiment 2, having been 

prev iously  h a b i tu a ted  to  the  postshock environment, were not s t r e s s e d  by 

such, and, consequently , f a i l e d  to  demonstrate d i f f e r e n t i a l  shock 

e f f e c t s .  These f in d in g s  argue a g a in s t  the v i a b i l i t y  o f  the  learned  

h e lp le ssn ess  paradigm as a model o f  dep ress ion  in  the  r a t .

v i
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In  1967 Seligman and a s s o c ia te s  (Overmier & Seligman, 1967;

Seligman & M aier, 1967) repo rted  the  presence o f  escape-avoidance 

d e f i c i t s  in  mongrel dogs exposed to  an a p r i o r i  episode o f inescapable  

shock. In  t h i s  work, dogs, w hile  suspended immobile in  a s l in g ,  were 

sub jec ted  to  a s e s s io n  o f m u lt ip le  shocks through e le c tro d e s  a ff ixed  

secure ly  to, t h e i r  foo t pads. When subsequently  te s te d  on a s h u t t l e -  

avoidance ta s k ,  such animals demonstrated impaired a c q u is i t io n  in  

comparison w ith  both  nonshocked c o n t ro l  dogs (Overmier & Seligman,

1967; Seligman & M aier, 1967) and w ith  dogs exposed to  equ iva len t 

amounts o f  avoidable  shock (Seligman & M aier, 1967). I n i t i a l l y ,  

postshock lea rn in g  impairments appeared to  be a t r a n s i e n t  phenomenon, 

d isappearing  somewhere between 24 and 48 h r  a f t e r  exposure to  s t r e s s  

(Overmier, 1968; Overmier & Seligman, 1967; Seligman, Maier & Geer, 

1968). However, Seligman and Groves (1970) subsequently  reported  

f ind ing  d e f i c i t s  in  dogs te s te d  as much as one week following exposure 

to  inescapable  shock. Moreover, dogs f a i l i n g  to  acqu ire  avoidance 

tasks  during the  i n i t i a l  p o s ts t r e s s  s e s s io n  continued to  show 

impairment in  such tasks  upon r e t e s t i n g  fo r  periods  o f  up to  25 days 

(Seligman e t  a l . ,  1968). I n t e r e s t i n g ly ,  these  l a t t e r  d e f i c i t s  could be 

am eliorated by forced exposure o f  the  animal to  escape contingencies  

(Seligman e t  a l . ,  1968).

A fte r  the  manner o f  Rescorla  (1967),. Seligman has proposed t h a t ,  

during sess ions  of inescapab le  shock, dogs l e a r n  th a t  shock onset and 

o f f s e t  a re  independent o f  t h e i r  responding . Formally, the  co n d i t io n a l  

p ro b a b i l i ty  o f  the  occurrence o f  an avers ive  ev en t ,  g iven a response , 

i s  equal to  the  c o n d i t io n a l  p ro b a b i l i ty  o f  the  occurrence of th a t  even t,

1
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given no re sp o n se .  In  a le ss  r igo rous  v e in ,  Seligman has suggested 

t h a t ,  in  f a c t ,  what an inescapably  shocked animal le a rn s  in  th is  

s i t u a t i o n  i s  t h a t  i t  i s  h e lp le s s .

In  a d d i t io n  to  the  above r e p o r t s ,  le a rn in g  d e f i c i t s  following 

episodes o f  u n c o n tro l la b le  av ers iv e  s t im u la t io n  have been claimed 

across  a v a r i e t y  o f spec ies  inc lud ing  g o ld f i s h  (Behrend & B itterm an, 

1963; P a d i l l a ,  P a d i l l a ,  K e t te r e r ,  & G iaca lone , 1970), c a ts  (Seward & 

Humphrey, 1967), mice (Braud, Wepman, & Russo, 1969), chickens 

(Maser & G allup , 1974), and man (H iro to , 1974; M il le r  & Seligman,

1975; Thornton & Jacobs, 1971). D espite  the  apparen t g e n e r a l i ty  of 

the e f f e c t ,  i n i t i a l  a ttem pts  to  dem onstrate  learned  h e lp le ssn ess  

phenomena in  the  r a t  met w ith  f a i l u r e  (Anisman, 1973; Weiss, 

K rieckhaus, &'Conte, 1968). R ecently , however, M a ie r 's  group (Maier, 

A lb in , & T e s ta ,  1973; T es ta ,  Ju ra sk a ,  6c M aier, 1974) not only 

c o n c lu s iv e ly  demonstrated escape-avoidance d e f i c i t s  in  r a t s  fo llowing 

episodes o f u n c o n tro l la b le  shock bu t was a ls o  ab le  to  r e l a t e  previous 

f a i l u r e s  in  f in d in g  t h i s  e f f e c t  to  s p e c ie s -  and t a s k - s p e c i f i c  

v a r i a b l e s .

S p e c i f i c a l l y ,  Maier found t h a t  r a t s  ‘t e s t e d  in  s tandard  one-way 

and sh u t t le -a v o id a n c e  ta sk s  showed no d e f i c i t s  in  a c q u i s i t io n  o f  such 

ta sk s  fo llow ing sess io n s  of inescapab le  preshock . Noting the  f a i l u r e  

of these  animals to  demonstrate le a rn in g  increm ents over t r i d l s  on 

such t a s k s ,  Maier proposed th a t  the  f l i g h t  response re q u ire d  in  both  

the one-way and sh u t t le -a v o id an c e  ta sk  was almost r e f l e x iv e  in  the 

f r ig h ten e d  r a t  and,consequently, l im ited  le a rn in g  o p p o r tu n i t i e s .  That 

i s ,  r a t s  respond almost i n s t i n c t i v e l y  to  g r id  shock by running . On 

one-way and sh u tt le -a v o id an c e  ta sk s  t h i s  o f te n  r e s u l t s  in  c o n s i s te n t ly

2
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su cc ess fu l  s h o r t  la te n cy  responding from the f i r s t  t r i a l  on.

Despite  h igh  performance l e v e l s ,  r a t s  in  such s i t u a t i o n s  may be slow 

to  recognize  co n tin g en c ie s  between responding and shock o f f s e t .  In  

t h i s  sen se ,  simple s h u t t l e  ta sks  may sample performance r a th e r  than 

lea rn in g  v a r i a b l e s .  Accordingly , Maier found th a t  when s h u t t l i n g  was 

made more d i f f i c u l t  (by re q u ir in g  r a t s  to  s h u t t l e  to  one s id e  o f  the 

box and back ag a in  on a s in g le  t r i a l ) ,  or when the coping response  was 

o f  a le s s  r e f l e x iv e  n a tu re  ( e . g . ,  b a r  p re ss in g  or tu rn ing  o f a wheel 

manipulandum), inescapab le  shock in  r a t s  did indeed produce lea rn in g  

impairments as compared a g a in s t  both  unshocked c o n t ro l  animals (Maier 

e t  a l . ,  1973; T esta  e t  a l . ,  1974) and yoked c o n t ro l  animals su b jec ted  

to  e q u iv a len t  amounts o f  avo idab le  shock (Testa e t  a l . ,  1974). 

Seligm an's group has subsequently  not only r e p l ic a t e d  h e lp le ssn ess  

e f f e c t s  in  r a t s  us ing  a bar press escape ta sk  (Seligman & Beagley,

1975; Seligman, R o s s e l l i n i ,  & Kozak, 1975), bu t a l so  extended the 

paradigm by dem onstra ting  a number o f  c h a r a c t e r i s t i c s  p rev ious ly  

rep o r ted  only in  dogs inc lud ing  permanency of the  e f f e c t  (up to  an 

i n te r v a l  o f  a t  l e a s t  one week), immunization a g a in s t  preshock e f f e c t s ,  

and "cure" fo llow ing  a s e r i e s  o f  forced exposures to  response 

con tingencies  (Seligman e t  a l . ,  1975). While prov id ing  apparent 

r e s o lu t io n  o f  p re v io u s ly  rep o r te d  i n a b i l i t i e s  to  f ind  h e lp le ssn ess  

e f f e c t s  in  r a t s ,  th ese  s tu d ie s  a l s o  c a u t io n  a g a in s t  a c ro ss - th e -b o a rd  

a p p l ic a t io n  o f the  phenomenon w ith o u t  regard  fo r  sp ec ie s  and ta sk  

v a r i a b le s .

In  a d d i t io n  to  le a rn in g  d e f i c i t s ,  " h e lp le s s "  animals have been 

rep o r ted  to  d is p la y  s u b je c t iv e ly  d i f f e r e n t  postshock behav io r p a t t e r n s .  

For example, Seligman (Overmier & Seligman, 1967; Seligman, 1974, 

pp. 24-25; Seligman e t  a l . ,  1968) d esc r ibed  c o n s id e rab le  s t ru g g l in g

3
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and v o c a l iz in g  in  dogs during  i n i t i a l  periods o f  shock. In  animals 

provided w ith  coping co n tingencies  a g a in s t  such shock, s t ru g g l in g  

and v o c a l iz in g  g rad u a lly  ceased as the  animal began to  master the ta sk  

a t  hand, i . e . ,  avoid shock. In  c o n t r a s t ,  inescapab ly  shocked dogs 

appeared a f t e r  the f i r s t  few t r i a l s  to  give up and were commonly 

observed to  s i t  and p a ss iv e ly  endure subsequent shock w ithout f u r th e r  

a ttem pts  a t  s t ru g g l in g  or escap ing . Moreover, such behavior 

g enera lized  beyond the  experim ental environment. "H elp less"  dogs, 

when approached p r io r  to  t e s t i n g  on the day fo llow ing  preshock, 

w i l te d ,  sunk to  the bottom o f  t h e i r  cages, assumed submissive p o s tu re s ,  

and presented  l i t t l e  r e s i s t a n c e  a t  a ttem pts to  hand le  them. In  marked 

c o n t r a s t ,  dogs provided w ith  preshock coping con tin g en c ie s  responded 

to  subsequent hand ling  in  t h e i r  home cages w ith  con s id e rab le  

r e s i s ta n c e  and ag g ress iv e  b ehav io r .

From these  b a s ic  d a ta ,  Seligman has proposed t h a t  learned 

h e lp le ssn ess  provides an animal analogue to  s t a t e s  o f  c l i n i c a l  

depress ion  (Seligman, 1972, 1974). According to  t h i s  fo rm ulation , 

an animal, when i n i t i a l l y  confron ted  w ith  an av ers iv e  s i t u a t i o n ,  

responds w ith  f e a r .  I f  t h a t  animal subsequently  le a rn s  t h a t  i t  has 

some c o n tro l  over i t s  s i t u a t i o n ,  fe a r  d i s s i p a t e s .  I f  i t  in s tead  

" r e a l i z e s "  t h a t  i t  has no c o n t ro l  over th a t  s i t u a t i o n ,  fea r  i s  rep laced  

by "depress ion"  (Seligman, 1974, pp. 53-54). In  h i s  i n i t i a l  monograph, 

Seligman (1972) proposed the paradigm as an animal analogue to  

c l i n i c a l  s t a t e s  o f  r e a c t iv e  d ep ress io n  ( i . e . ,  dep ress ions  c h a rac te r iz ed  

by some i d e n t i f i a b l e  p r e c ip i t a t i n g  e v en t) .  However, in  the more re c e n t  

fo rm ulation  (Seligman, 1974), the  model has been broadened by the 

sugges tion  t h a t  both  r e a c t iv e  and endogenous d e p re ss io n s ,  a t  l e a s t  a t  

a psycho log ica l l e v e l ,  share  common e lem ents . (Indeed, t h i s  p o s i t io n

4
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r e f l e c t s  c u r re n t  lack  o f  noso log ica l  agreement on depress ion . For 

in s ta n c e ,  Kendell [1968] has proposed t h a t  r e a c t iv e  and endogenous 

depress ions  share  b ip o la r  p o s i t io n s  on a unidim ensional continuum 

running in  in c re a s in g  s e v e r i ty  from the r e a c t iv e  to  endogenous pole . 

Kiloh and G arside [1963] have argued in  c o n t r a s t  th a t  the two 

e n t i t i e s  a re  independent and sep a ra te  d is ea se  p ro cesses .)

While Seligman has presented a com pelling case for the v a l i d i t y  

of h is  model, many o f h is  arguments remain l im ited  by a lack  of 

sy stem atic  in v e s t ig a t io n s  between the behav io r o f  "h e lp le ss"  animals 

and observable  c l i n i c a l  ind ices  of d ep re ss io n .  With th a t  p re face ,  

the c u r re n t  work d e sc r ib e s  an e v a lu a t io n  o f  the v i a b i l i t y  o f  learned 

h e lp le ssn ess  as an animal analogue of d ep re ss io n  in  the r a t .

P r e r e q u is i t e  to  t h i s  problem i s  the es tab lish m en t o f  a fu n c t io n a l  

d e f in i t i o n  o u t l in in g  the  overt m an ife s ta t io n s  o f  d ep ress ion . Toward 

th a t  end, decreases  in  both  psychomotor a c t i v i t y  and a p p e t i te  (with 

c o r re la te d  w eight lo s s )  not only are  common to  a v a r i e ty  o f  depress ive  

d iso rd e rs  (W ittenborn, 1965) bu t a lso  provide an e a s i ly  measured s e t  

of b eh av io ra l  c o r r e l a t e s  in  the r a t .  A ccordingly , i t  i s  proposed th a t  

a fu n c t io n a l ly  depressed  r a t  should dem onstrate  decreased le v e ls  of 

food consumption, w ater in ta k e ,  weight g a in ,  and number of cage 

c ro ss in g s  in  the  period following exposure to  a s e ss io n  of inescapable  

shock ( i . e . ,  in d u c tio n  o f  "d ep ress io n " ) .

Of co u rse ,  presence of the above syndrome i s  not by i t s e l f  

s u f f i c i e n t  su p p o rt  fo r  the ex is ten ce  of  a "depressed" s t a t e ;  indeed, 

th e re  e x i s t  a v a r i e t y  o f  d iso rd e rs  a s id e  from d ep ress ion  which e x h ib i t  

s im i la r  b e h av io ra l  m a n ife s ta t io n s .  Recognizing t h i s  problem, Seligman 

(1974 , p. 80) has h im se lf  suggested t h a t  v a l i d a t io n  of an animal 

model o f  a c l i n i c a l  s t a t e  re q u ire s  the  dem onstra tion  of s i m i l a r i t i e s
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between th a t  co n d it io n  and i t s  animal analogue along four re le v a n t  

dimensions, i . e . ,  p h y s ica l  m an ifes ta tions  o f  the  d is o rd e r ,  e t io lo g y ,  

p reven tion , and cu re .

With s p e c i f i c  a t t e n t io n  to  the fou r th  of these  p o in ts ,  i t  

follows th a t  i f  inescapable  shock does induce an analogous s t a t e  o f  

depress ion  in  the r a t ,  then  in te rv e n t io n  in to  th a t  s t a t e  v ia  s tandard  

a n t id e p re s sa n t  manipulations shown e f f ic a c io u s  in  the  c l i n i c  should 

likewise prove e f f e c t iv e  in  am elio ra ting  b eh av io ra l  in d ices  of 

depress ion  in  inescapab ly  shocked r a t s  (at l e a s t  to  the  e x ten t  th a t  

those ind ices  r e f l e c t  the  ex is ten ce  o f b io lo g ic a l  s u b s t r a te s  analogous 

w ith those of the  c l i n i c a l  c o n d i t io n ) .  Hence, t rea tm en t of "depressed" 

r a t s  w ith  e lec tro co n v u ls iv e  shock (ECS) or the a n t id e p re s s a n t  t r i c y c l i c  

desmethyl imipramine (DMI) should p re d ic tab ly  re v e rse  decreases in  

dependent measures induced following exposure to  an episode of 

inescapable  shock. (Regarding the l a t t e r  m an ipu la tions , ECS remains 

a h ig h ly  e f f ic a c io u s  to o l  in  the trea tm ent o f  d ep ress io n  [F ink , 1974]. 

Although i t s  a p p l ic a t io n  is  p r im ari ly  in d ica ted  in  cases  o f  endogenous 

depress ion , i t  n ev er th e le ss  has been rep o rted  to  produce s ig n i f i c a n t  

improvement in  popula tions w ith  diagnosed re a c t iv e  depress ions  

[Mendels, 1967; Rose, 1963]. S im ila r ly ,  the  t r i c y c l i c  compounds a re  

h igh ly  su cc e ss fu l  in  a n t id e p re s sa n t  therapy . Like ECS, t h e i r  use is  

most o f te n  in d ica ted  in  endogenous/psychotic v a r i e t i e s  of d ep ress ion , 

although [a g a in  l ik e  ECS] c l i n i c a l  improvement has a ls o  been rep o rted  

in  diagnosed populations of r e a c t iv e  dep ress ions  [Klerman & Cole, 1965].)

While the h e lp le ssn ess  p o s i t io n  i s  c o n s i s te n t  w ith  a la rg e  body of 

d a ta ,  the  paradigm i s  n ev e r th e le ss  not w ithout i t s  c r i t i c s .  Regarding 

learn ing  impairments, both  Weiss (Weiss e t  a l . ,  1968) and Anisman 

(Anisman & W aller, 1973) have demonstrated h igh  c o r r e la t io n s  between
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a c t i v i t y  le v e ls  o f  r a t s  du ring  ep isodes  o f  inescapab le  shock and 

subsequent r a t e s  o f  a c q u is i t io n  in  avoidance le a rn in g .  Weiss found 

th i s  r e l a t io n s h ip  to  hold fo r  a c t i v i t y  measures obtained only during  

the p re s e n ta t io n  of a cond itioned  stim ulus  in  preshock while Anisman 

has rep o rted  h igh c o r r e la t io n s  between a c t i v i t y  and learn ing  both 

during conditioned  stim ulus p re s e n ta t io n s  and during  the in te rs t im u lu s  

in te r v a l  (Anisman & W alle r ,  1971a, 1971b, 1972). Anisman has a l s o  

shown s im i la r  r e l a t io n s h ip s  to  hold during  ses s io n s  of inescapable  

shock conducted w ithout e x p l i c i t  co n d i t io n in g  s t im u l i  (1971b).

Based on these  f in d in g s ,  Weiss has suggested th a t  the lea rn in g  

d e f i c i t s  seen following ep isodes  o f  in escapab le  shock r e f l e c t  a 

g e n e ra l iz a t io n  o f  fear- induced  f re e z in g  from the preshock s e s s io n  to  

the t e s t  s i t u a t i o n  (Weiss e t  a l . ,  1968). In  an ex tension  of t h i s  

p o s i t io n ,  Anisman (Anisman & W alle r ,  1973) has argued th a t  inescapab le  

shock in c reases  p r o b a b i l i t i e s  of f re e z in g  in  subsequent av ers iv e  

s i tu a t io n s  and th a t  i t  i s  t h i s  tendency to  f reeze  r a th e r  than  p r io r  

learn ing  about experim ental co n tin g en c ie s  which provides sources of 

proac tive  in te r fe re n c e  during  subsequent escape-avoidance t e s t i n g .  

Borrowing from B olles  (1970), Anisman goes on to  suggest th a t  both  

f reez ing  and f l i g h t  in  r a t s  r e p re s e n t  s p e c ie s - s p e c i f i c  p repo ten t 

responses to  av ers iv e  s i t u a t i o n s .  W ith in  t h i s  form ulation , preshock 

a f f e c t s  subsequent performance by a l t e r i n g  the  p ro b a b i l i ty  o f  the  

occurrence of one or the  o th e r  o f  these  p rep o ten t  responses .

F a c i l i t a t i o n  o f  escape-avoidance a c q u i s i t i o n  r e s u l t s  when preshock 

encourages performance o f a p rep o ten t  response  compatible w ith  the 

task  a t  hand; converse ly , performance decrements when the s i t u a t i o n  

e l i c i t s  a p repo ten t response incom patib le  w ith  the requ ired  response 

( e .g . ,  f reez in g  during  a sh u t t le -a v o id a n c e  t a s k ) .  Learned h e lp le s s n e s s ,
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i f  Anisman1s p o s i t io n  is  c o r r e c t ,  becomes noth ing  more than an 

a r t i f a c t  o f  the  experim ental s i t u a t i o n .  A ccordingly , learn ing  

impairments should not occur in  inescapab ly  shocked animals i f  

subsequent t e s t i n g  req u ire s  performance on ta sk s  conducive to  n e i th e r  

f reez in g  nor f l i g h t .  In  t h i s  v e in ,  i t  i s  im portant to  note th a t  

re c e n t  r e p o r ts  claiming "h e lp le s sn ess"  e f f e c t s  in  the r a t  (Maier e t  a l . ,  

1973; Seligman & Beagley, 1970 ; Seligman e t  a l . ,  197 ; Testa e t  a l . ,  

1974), a l l  involve t e s t  procedures which f a c i l i t a t e  development of 

f reez in g  resp o n ses .

I f ,  as reasoned by Weiss and Anisman, decrements in  a c q u is i t io n  

of avoidance ta sks  r e f l e c t  d i f f e r e n t i a l  amounts o f  f e a r ,  then 

m anipulations which reduce fe a r  should s im i la r ly  improve a c q u is i t io n .  

Toward th a t  end, the c u r re n t  work examined avoidance a c q u is i t io n  in  

preshocked r a t s  fo llowing the a d m in is t r a t io n  o f  a benzodiazepine 

a n t ia n x ie ty  agent (L ibrium ).
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EXPERIMENT 1

Method

Subjects

Male a lb in o  r a t s  (96) ob ta ined  from commercial s u p p l ie r s  were 

used in  a l l  c o n d i t io n s .  Weights a t  time of te s t in g  were approximately 

300 g.

Apparatus

Preshock was adm in is tered  in  galvanized s t e e l  boxes 23 cm in  

length  and 8 cm wide fashioned a f t e r  Weiss, Stone, and H a r re l l  (1970).

A tu rn in g  wheel 14 cm in  d iam eter and 5 cm in  width was mounted a t  the 

f ro n t  of each box w hile  a P le x ig la s  l id  provided fo r  continuous 

o b se rv a tio n .  Shock was adm in is te red  through metal p la te s  a f f ix e d  on 

each s id e  of the  c e n te r  ho le  o f  a 4 cm P lex ig las  r in g  designed to  f i t  

over the r a t ' s  t a i l .  A f te r  app ly ing  e lec tro d e  paste  to  the  in s id e  of 

each p la t e ,  the r in g  was s l ip p e d  over the t a i l  and taped in  p lace .

When sec u re ly  a f f ix e d ,  the  p la te  r e s t r i c t e d  movement o f  r a t s  such t h a t ,  

when placed in  the  shock chamber, animals were fac ing  toward the  f ro n t  

w ith  forepaws r e s t i n g  on the  tu rn in g  wheel. S i t t i n g  and tu rn in g  in  the 

experim ental ap p a ra tu s ,  w hile  p o s s ib le ,  were sev e re ly  r e s t r i c t e d .

Shock in t e n s i ty  was m aintained a t  2 mA as de l iv e red  through a co n s tan t 

c u r re n t  s t im u la t io n  u n i t  (BRS). Shock onset and o f f s e t  were 

a u to m a tica l ly  programmed to  occur on a 1 min fixed in t e r v a l  schedule 

and to  te rm ina te  a f t e r  a wheel tu r n  o f  the p rescribed  parameters o r ,  

in  the event o f  no response , a f t e r  30 sec .

Escape-avoidance t e s t i n g  was conducted in  s tandard  s h u t t l e  boxes 

measuring 19 cm X 18 cm X 18 cm. Shock was passed through a f lo o r
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g r id  c o n s is t in g  o f  3 mm s ta in le s s  s t e e l  rods spaced a t  1.5 cm 

i n t e r v a l s .  Each compartment was sep a ra ted  by a d iv id e r  w ith  a 

5 cm X 7 cm oval door a t  i t s  c e n te r .  A 12 V lamp located above each 

door was programmed to  appear 5 sec be fo re  shock onset and to  

te rm ina te  w ith  i t s  o f f s e t .  Scrambled shock was applied  through 150 kfl 

o f  f ixed  r e s i s ta n c e  (Campbell & Church, 1968) using a Foringer 

co n s tan t  v o ltag e  source. Current was c o n t in u a l ly  monitored to  1 mA 

w ith  a step-down r e s i s t o r  connected i n  p a r a l l e l  to  a s to rage  

o sc i l lo sc o p e .

A c t iv i ty  measures were obtained in  s tandard  holding cages which 

had been modified by the ad d i t io n  of a movable f lo o r  u n i t  cen tered  on 

a crossw ise  fulcrum. Movement of a r a t  to  the  f ro n t  or r e a r  of the 

cage caused a s l i g h t  (3 mm) depress ion  of the  f lo o r  which a c t iv a te d  a 

microswitch loca ted  j u s t  beneath the  cage. Each switch was in  tu rn  

connected to  a bank of counters programmed to  record the number o f  

cage c ro s s in g s  over an 18 h r  t e s t  i n t e r v a l .  Food (Wayne Lab-Blox) 

was weighed p r io r  to  each sess io n  and placed in  a feeding t r a y  a t  the 

f ro n t  o f  the a c t i v i t y  cage. At the  co nc lus ion  o f the se s s io n ,  the 

remaining p e l l e t s ,  s p i l l a g e ,  and re s id u e  were c o l le c te d  and reweighed 

to  determine the amount of food consumed. Water was s im i la r ly  

a v a i la b le  in  c a l ib ra te d  drink ing  tubes  lo ca ted  a t  the f ro n t  o f  each 

cage. At the conclusion  o f the  experim ent, the  tubes were removed 

and w ater in tak e  was measured. Both food and w ater were a v a i la b le  

ad l i b  throughout t h i s  phase o f  the  experim ent.

Procedure

Upon r e c e i p t ,  r a t s  were weighed and placed in  in d iv id u a l  

housing . Groups of th ree  r a t s  were s e le c te d  such th a t  animals in  a
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given group d i f f e r e d  by no more than 25 g. One group of th ree  was 

randomly se lec ted  and deprived  of food and w ater fo r  24 h r  p r io r  to  

experim entation . At the  s t a r t  o f  the s e s s io n ,  r a t s  in  t h a t  group were 

a ff ix ed  w ith  t a i l  e le c t ro d e s  and placed in  the  preshock device located  

in  a so und-a ttenua ting  chamber. At th i s  p o in t each animal was assigned 

by random procedure to  one o f  th ree  preshock cond itions  as fo llow s:

1. Group ES r a t s  (escapable shock) were given standard  escape 

t r a in in g .  At shock onse t i t  was possib le  fo r  r a t s  in  t h i s  cond ition  

to  term inate  shock by tu rn in g  the  wheel manipulandum. I n i t i a l l y ,  

escape parameters re q u ire d  one-ha lf  tu rn  of the  wheel. Following a 

minimum of 30 consecu tive  escape responses , c r i t e r i o n  was ra is e d  

one-ha lf  tu rn .  The s e s s io n  continued u n t i l  a l l  animals had reached a 

minimum c r i t e r i o n  o f  2% tu r n s .  At the s t a r t  o f  each shock sess io n  

and a f t e r  inc reases  in  c r i t e r i o n  le v e l ,  i t  was o f te n  necessary  to  

shape responding. In  g e n e ra l ,  th i s  e n ta i le d  a b r i e f  in c rease  in  

cu rren t  i n t e n s i ty .  T y p ic a l ly ,  a f t e r  a few t r i a l s  w ith  t h i s  procedure 

escape responding appeared (or resumed) a t  s h o r t  la te n c y .  A ll  animals 

reached c r i t e r i o n  w i th in  approximately 6 h r .

2. Group IS r a t s  ( inescapable  shock) were connected in  s e r ie s  

with ES r a t s  in su r in g  t h a t  both  animals rece ived  eq u iv a len t  amounts 

of c u r re n t .  However, IS r a t s ,  un like  t h e i r  yoked c o u n te rp a r ts ,  were 

not able to  te rm ina te  shock themselves and consequently  continued to  

receive  c u rre n t  u n t i l  t h e i r  ES p a r tn e r  responded or u n t i l  30 sec had 

e lapsed . Thus, shock o f f s e t  remained c o n tro l le d  by the performance of 

the ES anim al. Some pseudoconditioning was ev id en t in  IS r a t s  

although t h i s  u su a l ly  dropped out as c r i t e r i o n  fo r  the ES animal 

inc reased .
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3. Group NS r a t s  (nonshock) were weighed, a f f ix e d  w ith  

e le c t r o d e s ,  and placed in to  the preshock device in  the  same manner 

as IS and ES animals and remained th e re  fo r  the  d u ra t io n  o f  the preshock 

s e s s io n .  However, in  c o n t r a s t  to  the former two groups, NS animals a t  

no time rece ived  shock. Responding by NS r a t s ,  w hile  p o s s ib le ,  was 

minimal w ith  such animals g e n e ra l ly  p re fe r r in g  to  c u r l  up in  the 

experim ental chamber in  a r e s t i n g  p o s i t io n .

Following te rm in a tio n  of  t h i s  p o r t io n  of  th e  experim ent, a l l  r a t s  

were removed from the shock chamber, reweighed, and placed in  hold ing  

cages fo r  a period o f  30 min. Following t h i s ,  the  e n t i r e  group was 

randomly assigned to  one o f  four postshock cond itions  as fo llow s:

1 ,  Group C r a t s  (c o n tro l)  were removed from ho ld ing  cages, 

in je c te d  w ith  is o to n ic  s a l i n e  (2 ml, ip )  and placed back in  t h e i r  

ho ld ing  cages fo r  an a d d i t io n a l  30 min. Following t h i s ,  animals were 

again  removed from ho ld ing  cages and placed d i r e c t l y  in to  a c t i v i t y  

cages fo r  the next 18 h r .  This was done a t  the  beginning of the  dark 

phase o f  the  an im als ' normal 12 h r  d iu rn a l  c y c le s .  At the  end of 

18 h r ,  a l l  r a t s  in  t h i s  group were removed from t h e i r  cages and 

measures were obtained on food and w ater in ta k e ,  weight g a in ,  and 

number o f  cage c rossings  fo r  the  18 h r  postshock p eriod . A ll  th ree  

animals were then given 40 t r i a l s  o f  escape-avoidance t r a in in g  a f t e r  

the  method of Maier e t  a l .  (1973).

B r i e f ly ,  each r a t  rece ived  f iv e  i n i t i a l  t r i a l s  o f  s tandard  

sh u t t le -a v o id an c e  t r a in in g .  Movement o f  the animal to  th e  opposite  

compartment a t  any time a f t e r  the on se t of a 5 sec conditioned  

s tim ulus  ( l i g h t  onset) precluded shock o n se t .  I f  an avoidance 

response d id  not occur du rin g  th i s  p e r io d ,  the  animal was able  to  

te rm ina te  the ensuing shock by performance of the  same response . I f
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an animal f a i l e d  to  respond w i th in  30 sec a f t e r  shock o n se t ,  the 

t r i a l  was a u to m a tica l ly  te rm ina ted  and a la te n cy  to  respond o f 35 sec 

was recorded . A f te r  f iv e  t r i a l s  under these  c o n d i t io n s ,  response 

requirem ents were inc reased  such th a t  escape or avoidance was now 

co n tingen t on the  performance o f  a s h u t t l e  response to  the opposite  

compartment w ith  subsequent r e tu r n  (f ix ed  r a t i o - 2 ;  Maier e t  a l . ,  1973). 

An a d d i t io n a l  35 t r i a l s  were conducted under these  co n tingencies  w ith  

response la te n c ie s  recorded  fo r  each t r i a l .  A ll  o th e r  co n d itio n s  

remained the  same.

2. Group DMI r a t s  (desmethyl imipramine) were t r e a te d  iden

t i c a l l y  to  C animals w ith  the  s in g le  excep tion  th a t  a l l  r a t s  in  t h i s  

group, upon removal from t h e i r  ho ld ing  cages , rece ived  an i n j e c t io n  of 

the  t r i c y c l i c  compound desmethyl imipramine (20 mg/kg, i p ) .  Following 

t h i s ,  DMI animals were re tu rn e d  to  t h e i r  ho ld ing  cages fo r  an 

a d d i t io n a l  30 min whereupon they  were t r a n s f e r r e d  to  a c t i v i t y  cages

fo r  postshock ana ly ses  and escape-avoidance t r a in in g  as desc ribed  above.

3. Group ECS r a t s  (e le c tro co n v u ls iv e  shock) were removed from 

hold ing  cages a f t e r  30 min and given  a s in g le  trea tm en t of 

e lec tro c o n v u ls iv e  shock (50 mA dc adm in is tered  by Grass s t im u la to r  and 

c o n s tan t  c u r re n t  u n i t  through a l l i g a t o r  c l i p s  a f f ix e d  across  the e a r s ) .  

This procedure c o n s i s t e n t ly  produced fu ll-b low n  to n ic -c lo n ic  s e iz u re s  

o f  approxim ately  30 sec d u ra t io n .  Following t h i s ,  ECS r a t s  were 

re tu rn e d  to  ho ld ing  cages f o r  30 min and t h e r e a f t e r  t r a n s f e r r e d  to  

a c t i v i t y  cages as desc r ib ed  above.

4 . Group LIB r a t s  (Librium) were removed from hold ing  cages , 

handled , and re tu rn e d  to  t h e i r  cages fo r  an a d d i t io n a l  30 min a f t e r  

which they were t r a n s f e r r e d  to  a c t i v i t y  cages as desc ribed  above.

13
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Eighteen  h r  l a t e r ,  LIB animals were removed, in je c te d  w ith

the  benzodiazepine  compound ch lorad iazepoxide  hydroch lo ride  (Librium,

5 mg/kg, ip )  and p laced  in  ho ld ing  cages fo r  an a d d i t io n a l  3 h r .  

T h e re a f te r ,  escape-avoidance t e s t i n g  was conducted as d esc ribed  above.

R esu lts

A p p e t i t iv e  and A c t iv i ty  Measures

Orthogonal planned comparisons were conducted fo r  simple 

trea tm en t e f f e c t s  bo th  over le v e ls  of th e ra p e u t ic  m anipula tion  

(C - DMI; C - ECS; DMI - ECS) and over le v e ls  of shock co n d it io n s  

(NS - ES; NS -  IS ; ES - IS ) .  In  the  case  of group C, no s i g n i f i c a n t  

d i f f e r e n c e s  were found between s a l in e - in je c te d  and LIB animals ( th e  

l a t t e r  were in je c te d  w ith  a benzodiazepine agent j u s t  p r io r  to  

avoidance t e s t i n g )  on dependent measures (food: F [ l ,4 6 ]  = 1.21,

£  > .50; w a te r :  F [ l ,4 6 ]  < 1, £  > 75; weight g a in :  F [ l ,4 6 ]  > 1,

£  > .50; cage c ro s s in g s :  F [ l ,4 6 ]  = 1.14, £  > .5 0 ) .  Accordingly ,

da ta  from bo th  groups were combined to  form a pooled c o n t r o l  group 

fo r  use in  subsequent an a ly ses ;  a l l  t e s t s  on the  l a t t e r  d a ta  were 

conducted us ing  ad ju s ted  unweighted means (Winer, 1967, pp. 402-404). 

A d d it io n a l  planned comparisons were c a r r ie d  out c o n t r a s t in g  the 

e f f e c t s  o f  shock co n d it io n s  (NS - ES; NS - IS; ES - IS) w i th in  each 

le v e l  o f  th e ra p e u t i c  trea tm en t co n d it io n  and on the e f f e c t s  of 

th e ra p e u t ic  t re a tm en ts  (C -  DMI; C - ECS; DMI - ECS) w i th in  each 

shock l e v e l .  As the  l a t t e r  comparisons g e n e ra l ly  involved 

s u f f i c i e n t l y  la rg e  sample s i z e s ,  e s t im a te s  o f  e r r o r  v a r i a b i l i t y  were 

taken  from the  p a r t i c u l a r  l e v e l  under a n a ly s is  (Winer, 1967, 

pp. 387-388).

14
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Experimental shock effects (NS - ES; NS - IS; ES - IS) --simple

e f f e c t s  across  th e ra p e u t ic  treatm ent co n d it io n s  (C + DMI + ECS).

Figure la  shows the e f f e c t s  of shock on dependent v a r ia b le s  

i r r e s p e c t iv e  o f  th e ra p e u t ic  treatm ent c o n d i t io n s .  In g en e ra l ,  

exposure to  experim enta l shock produced one o f  two e f f e c t s ,  i . e . ,  a 

general decrem ental e f f e c t  uninfluenced by the na tu re  of the shock 

(whether i t  was escapable  or inescapable) and a more s p e c i f ic  

decremental e f f e c t  a sso c ia te d  ex c lu s iv e ly  w ith  inescapab le  shock. 

Across a l l  le v e l s  o f  th e ra p eu t ic  trea tm ent c o n d i t io n s ,  a general 

shock e f f e c t  was apparen t fo r  both food consumption and le v e l  of 

a c t i v i t y .  S p e c i f i c a l ly ,  food in take  in  both shock cond itions  (ES and 

IS) was s i g n i f i c a n t l y  decreased below NS c o n t ro l  le v e ls  (ES:

F [1,93] = 13.95, £  < .001; IS: F [1,93] = 22.48, £  < .001) while

d if fe ren c es  between the former two groups (ES - IS) remained 

n o n s ig n if ic a n t  (F [ l ,9 3 ]  < 1, £  > .50). S im ila r ly ,  number of cage 

crossings  was r e l i a b l y  decreased over c o n t ro l  v a lues  by both  ES 

(F[1,93] = 17.13, £  < .001) and IS (F [ l ,9 3 ]  = 16.87, £  < .001) w ith  

d if fe ren c es  a r i s in g  between the l a t t e r  two groups (ES - IS) again  

n o n s ig n if ic a n t  (F [ l ,9 3 ]  < 1, £  > .50 ).  Water consumption and weight 

g a in ,  in  c o n t r a s t ,  demonstrated s ig n i f i c a n t  decreases  only in  

experim ental groups exposed to conditions  o f  inescapab le  shock (water: 

F [ l ,9 3 ]  = 8 .1 8 ,  p < .01; weight ga in : F [ l ,9 3 ]  = 10.02, p < .005). No

s ig n i f i c a n t  d i f f e r e n c e s  on these l a t t e r  two v a r ia b le s  were found 

between c o n t ro l  and ES animals nor between ES animals and th e i r  yoked 

(IS) c o u n te r p a r t s .

Weight lo ss  during  shock showed a g enera l  shock e f f e c t  w ith  bo th  

ES (F [1,93] = 27 .4 , p < .001) and IS (F [1,93] = 11 .2 , p < .005)
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Figure 1. E f fec ts  of NS, ES, and IS on a p p e t i t iv e  and a c t i v i t y  
measures (a) across  a l l  le v e ls  of th e ra p eu t ic  
trea tm en ts ,  (b) in  c o n tro l  animals, (c) in  DMI- 
in je c te d  r a t s ,  and (d) in  ECS animals. A ll measures 
a re  expressed  as pe rcen t NS con tro l va lues .
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s ig n i f i c a n t ly  reduced below NS le v e l s .  D iffe rences  between the  former 

two groups did  not reach  s ig n i f ic a n c e  (F [ l ,9 3 ]  = 3 .5 6 ,  £  < .10).

Experimental shock e f f e c t s  w i th in  th e ra p e u t ic  trea tm en t cond itions  

(C o n tro l) . The e f f e c t s  o f  inescapable  shock on dependent measures is  

c l e a r ly  seen in  F igure  lb .  S p e c i f ic a l ly ,  a p p e t i t iv e  measures in  the 

c o n tro l  ( s a l in e  + Librium) c o n d i t io n ,  d isp layed  h ig h ly  s p e c i f i c  

e f f e c t s  to  inescapab le  shock. Food consumption, w a te r  in ta k e ,  and 

co r re la te d  weight g a in  were a l l  s i g n i f i c a n t l y  reduced by inescapable  

shock below c o n t ro l  v a lu es  (F [ l ,4 5 ]  = 22.96, £  < .001; F [ l ,4 5 ]  = 13.01, 

£  < .001; F [ l .4 5 ]  = 12 .13 , £  < .005, r e s p e c t iv e ly ) .  More im portan tly , 

a p p e t i t iv e  measures in  IS animals were a ls o  s i g n i f i c a n t l y  reduced 

(F [ l ,4 5 ]  = 4 .6 8 ,  £  < .05; F [ l ,4 5 ]  = 4 .3 7 , £  < .05; F [ l ,4 5 ]  = 4 .89 ,

£  < .05, r e s p e c t iv e ly )  below le v e ls  obtained  in  anim als exposed to 

s im i la r  amounts o f  escapab le  shock (ES -  IS ) .  On th e  o th e r  hand, only 

food in take  was s i g n i f i c a n t l y  reduced by exposure to  escapab le  shock 

in  comparison w ith  NS c o n t ro l  va lues  (F [ l ,4 5 ]  = 6 .9 1 ,  £  < .025).

A c t iv i ty  m easures, in  c o n t r a s t  to  a p p e t i t iv e  fu n c t io n s ,  showed 

only a genera l  shock e f f e c t  a t  the c o n tro l  l e v e l  w ith  s t a t i s t i c a l l y  

r e l i a b l e  decreases  in  number o f  cage c ro ss in g s  below NS va lues  noted 

fo r  both ES ( F [ l , 2 l ]  = 7 .97 , £  < .01) and IS ( F [ l , 2 l ]  = 11.06,

£  < .005) groups; d i f f e r e n c e s  between the l a t t e r  two groups (ES - IS) 

remained n o n s ig n i f ic a n t  ( F [ l ,2 l ]  < 1, £  > .2 5 ) .

Experimental shock e f f e c t s  w i th in  th e ra p e u t ic  t rea tm en t cond itions  

(DMI). DMI-evoked change on the  e f f e c t s  o f  shock on dependent measures 

i s  shown in  Figure  l c .  S p e c i f i c a l ly ,  the  p a t t e r n  o f  Figure lb was 

only p a r t i a l l y  a l t e r e d  by a n t id e p re s sa n t  in t e r v e n t io n .  Both food 

in take  and w eight g a in  continued to  show s i g n i f i c a n t  red u c tio n s  below
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NS c o n t ro l  v a lues  in  the  IS co n d i t io n  d e s p i t e  DMI trea tm en t 

(£ [1 ,21] = 4 .5 3 ,  p < .05; F [ l ,2 1 ]  = 8 .15 , £  < .0 1 ) .  However, 

d i f f e r e n c e s  in  the  l a t t e r  measures no longer e x is te d  between 

escapably  and inescapab ly  (ES - IS) shocked groups ( F [ l ,2 l ]  < 1,

£  > .25; F [ l , 2 l ]  = 1 .88 , £  >  .1 0 ) .  Moreover, DMI was found to  

e l im in a te  a l l  d i f f e r e n c e s  between trea tm en t le v e l s  fo r  bo th  w ater 

in ta k e  and number o f  cage c ro s s in g s .

Experim ental shock e f f e c t s  w ith in  th e ra p e u t ic  trea tm en t 

co n d it io n s  (ECS). ECS-evoked change on the  e f f e c t s  of shock on 

dependent measures i s  seen in  F igure Id . E f f e c ts  following admin

i s t r a t i o n  o f  a s in g le  s e s s io n  of ECS were even more pronounced 

than  above. S p e c i f i c a l ly ,  the l a t t e r  t rea tm en t e l im in a ted  v i r t u a l l y  

a l l  d i f f e r e n t i a l s  in  a p p e t i t iv e  measures between shock trea tm en t le v e ls  

(w ith  the  s in g le  ex cep tio n  of food consumption in  the ES group which 

remained s i g n i f i c a n t l y  below NS c o n tro l  v a lu es  ( F [ l ,2 l ]  = 4 .9 2 ,

£  < .0 5 ) .  D espite  t h i s ,  a g en era l  shock e f f e c t  remained apparen t in  

a c t i v i t y  in  the  ECS c o n d i t io n  w ith  number o f  cage c ro ss in g s  

s i g n i f i c a n t l y  decreased below NS c o n t ro l  v a lu es  by both  ES 

(F [1,21] = 8 .5 7 , £  < .01) and IS ( F [ l ,2 l ]  = 4 .5 8 ,  £  < .0 5 ) .

In  summary, inescapab le  shock was g e n e ra l ly  found to  produce a 

s e l e c t i v e  decrease  in  a p p e t i t iv e  func tions  below both  corresponding  NS 

c o n tro l  le v e ls  and below lev e ls  obtained in  animals exposed to  

e q u iv a len t  amounts o f  escapable  shock. A c t iv i ty ,  on the  o th e r  hand, 

w h ile  decreased  by shock, was not d i f f e r e n t i a l l y  a ffe c ted  by the  type 

o f  shock (ES v s .  IS ) .  Both DMI and ECS were in  vary ing  d eg rees ,  

capable of a l t e r i n g  t h i s  p a t te rn .  S p e c i f i c a l ly  DMI, w hile  not 

com pletely  e l im in a t in g  the  e f f e c t s  o f  inescapab le  shock, n e v e r th e le s s
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e lim ina ted  a l l  d i f f e r e n t i a l s  between escapably  and inescapab ly  shocked 

animals ( thus  sugges ting  th a t  only a g e n e ra l  shock e f f e c t  rem ained).

ECS was even more s t r i k i n g  in  t h i s  r e s p e c t  and e f f e c t iv e ly  e lim in a ted  

v i r t u a l l y  a l l  shock d i f f e r e n t i a l s  in  a p p e t i t iv e  measures in c lu d in g  

genera l shock e f f e c t s .  In  both  c a s e s ,  e l im in a t io n  of  ES - IS 

d i f f e r e n t i a l s  appeared to  occur p r im a r i ly  through a s e le c t iv e  

decremental e f f e c t  o f  a n t id e p re s s a n t  agents  on a p p e t i t iv e  fu n c tio n s  in  

escapably shocked animals (compare F igures  lc  and Id w ith  Figure  lb ) .

Therapeu tic  trea tm en t e f f e c t s  (C - DMI; C - ESC; DMI - ECS)— 

simple e f f e c t s  across  experim enta l shock cond itions  (NS + ES +  I S ) . 

Figure 2a shows the n o n sp ec if ic  decreases  produced by a n t id e p re s s a n t  

m anipulations on dependent measures. Of the  two m anipu la tions , DMI 

produced the  most pronounced e f f e c t s  on dependent measures. Summing 

over a l l  le v e l s  o f  shock, DMI genera ted  s ig n i f i c a n t  decreases  in  a l l  

a p p e t i t iv e  v a r i a b le s  in  comparison w ith  nondrug c o n tro l  le v e ls  (food: 

F [ l ,9 3 ]  = 10.37, £  < .005; w a te r :  F [ l ,9 3 ]  = 27.91, £  < .001; weight

ga in : F [ l ,9 3 ]  = 7 .00 , £  < .0 1 ) .  ECS in  c o n t r a s t ,  w hile  s ig n i f i c a n t l y

decreasing  food consumption (F [ l ,9 3 ]  = 4 .5 4 ,  £  < .0 5 ) ,  f a i l e d  to  

s ig n i f i c a n t l y  a l t e r  e i t h e r  w ater in ta k e  (F [ l ,9 3 ]  = 1.05, £  > .50) or 

weight ga in  (F [ l ,9 3 ]  < 1, £  > .50) over comparable c o n tro l  l e v e l s .  In 

comparing between the two t rea tm en ts  (DMI - ECS), only w ater consumption 

in  the DMI t r e a t e d  animals was r e l i a b l y  reduced below in take  le v e l s  in  

ECS r a t s  (F [ l ,9 3 ]  = 18 .14 ),  £  < .0 01 ) . N either experim ental t rea tm en t 

was found to  produce a s i g n i f i c a n t  d i f f e r e n c e  in  a c t i v i t y  in  comparison 

w ith  c o n t ro l  animals (C -  DMI: F [ l ,9 3 ]  = 1 .24 , £  > .50; C - ECS:

F [ l ,9 3 ]  < 1, £  > .5 0 ) .
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Figure 2. E f fe c ts  of th e ra p eu t ic  trea tm ents  on a p p e t i t iv e  and
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animals given IS . A ll measures a re  expressed as 
p e rcen t NS co n tro l  va lues .
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Therapeutic treatment effects within experimental shock conditions

(NS). E f fe c ts  o f  DMI and ECS on dependent measures can be seen by 

examining t h e i r  e f f e c t s  on unshocked animals in  Figure 2b.

S p e c i f ic a l ly ,  DMI produced s ig n i f i c a n t  red u c tio n s  in  both food in take  

and water consumption (F [ l ,2 9 ]  = 5 .2 1 ,  £  < .05; f [ l , 2 9 ]  = 10.22,

£  < .005) as compared w ith  undrugged (C) r a t s .  ECS a t  the same shock

le v e l  f a i l e d  to  generate  r e l i a b l e  red u c tio n s  in  any a p p e t i t iv e  measure. 

(In  f a c t ,  w ater consumption in  the  DMI group was s ig n i f i c a n t ly  reduced 

below le v e ls  d isp layed  by ECS animals (F [ l ,2 9 ]  = 6 .78 , £  < .0 2 5 ) .)

Therapeutic  trea tm ent e f f e c t s  w i th in  experim ental shock cond itions  

(ES). The s e le c t iv e  e f f e c t s  o f  a n t id e p re s sa n t  m anipulations on 

escapably shocked animals i s  apparen t in  Figure 2c. S p e c i f ic a l ly ,  both

w ater in take  (F [ l ,2 9 ]  = 18.78, £  < .001) and weight ga in  (F [ l ,2 9  = 6 .78 ,

£  < .025) were s ig n i f i c a n t ly  reduced by DMI below nondrug c o n tro l  

l e v e l s .  Water consumption was a lso  s i g n i f i c a n t ly  reduced by DMI below 

ECS in take  le v e ls  in  the ES c o n d i t io n  (F [ l ,2 9 ]  = 7 .94, £  < .0 1 ) .  As 

above, no s ig n i f i c a n t  e f f e c t s  on a c t i v i t y  were noted fo r  e i th e r  

a n t id e p re s sa n t  t rea tm en t (C - DMI: F [ l ,2 9 ]  = 4 .0 3 , £  > .10;

C - ECS: F [1,29] = 1.07, £  > .5 0 ) .

Therapeutic  trea tm en t e f f e c t s  w i th in  experim ental shock con d it io n s  

( I S ) . F igure 2d shows the i n a b i l i t y  o f  a n t id e p re s sa n t  agents to  

a l l e v i a t e  ("cu re")  shock e f f e c t s  i n  h e lp le s s  an im als . In  t h i s  re g a rd ,  

water consumption in  DMI t r e a te d  r a t s  was s i g n i f i c a n t ly  reduced below 

both nondrug c o n t ro l  lev e ls  (F [ l ,2 9 ]  = 5 .63 , £  < .025) and lev e ls  

d isp layed by ECS animals (F [ l ,2 9 ]  = 7 .94, £  < .0 1 ) .  No o the r  d i f f e r e n c e s  

in  a p p e t i t iv e  or a c t i v i t y  measures obtained  s ig n i f ic a n c e ,  an outcome 

which r e f l e c t s  the decremental e f f e c t s  o f  a n t id e p re s s a n t  m anipulations
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(compare Figure  2d w ith  Figures 2b and 2c) on a p p e t i t iv e  func tions  in  

NS and ES r a t s .

In  summary, DMI e f fe c te d  a s e le c t iv e  decrease  in  food and w ater 

in take  in  NS c o n t ro l  c o n d it io n s .  A s im i la r  e f f e c t  was seen for ECS 

although in  most cases reduc tions  generated  by the l a t t e r  m anipulation  

remained n o n s ig n if ic a n t  in  comparison w ith  nondrug c o n t ro l  l e v e l s .  

D ifferences  in  the le v e l  o f  a c t i v i t y  remained n o n s ig n if ic a n t  re g a rd le ss  

of th e ra p eu t ic  m anipula tion  or l e v e l  of shock ap p l ie d .

Analyses o f  Learning E f fe c ts

Planned orthogonal comparisons were conducted fo r  simple trea tm en t 

e f f e c t s  both over shock co n d itio n s  (NS - ES; NS - IS ; ES - IS) and 

th e ra p eu t ic  co n d it io n s  (C - DMI; C - ECS; C - LIB). F u r th e r  analyses  

were conducted fo r  d i f f e r e n t i a l  shock e f f e c t s  w i th in  each le v e l  o f  

th e ra p eu t ic  t re a tm e n t .  As p re lim inary  work had shown d i f f e r e n t i a l  

shock e f f e c t s  only during the  l a t t e r  p a r t  o f  avoidance t r a i n i n g ,  a l l  

analyses were conducted over mean sco res  generated  over the  f i n a l  

four blocks ( t r i a l s  21-40) o f  avoidance t r a in in g .

Experimental shock e f f e c t s  NS -  ES; NS - IS; ES -  IS —simple 

e f f e c t s  across  th e ra p e u t ic  trea tm en t co n d itio n s  (C + DMI + ECS + LIB). 

As i s  apparent in  Figure 3a, exposure to  shock, when considered  

i r r e s p e c t iv e  o f  th e ra p e u t ic  m anipu la tion , slowed avoidance le a rn in g .  

S p e c i f ic a l ly ,  la ten cy  scores  were r e l i a b l y  increased  by both ES 

(F t1,93] = 6 . 5 i ,  £  < .025) and IS (F [ l ,9 3 ]  = 18.80, £  < .001) over 

NS lev e ls  w hile  d if f e re n c e s  between the  former two groups (ES - IS) 

remained n o n s ig n if ic a n t  (F [ l ,9 3 ]  = 3 .18 , £  > .1 0 ) .  This o v e ra l l  

p a t te rn  was c h a r a c t e r i s t i c  of a g e n e ra l  shock e f f e c t .
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Figure  3. E ffec ts  on avoidance le a rn in g  of (a) experim ental
shock across  a l l  conditions  of th e ra p e u t ic  tre a tm e n ts ,  
and (b) th e ra p e u t ic  trea tm en ts  across  a l l  co n d itio n s  
of experim ental shock.
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Experim ental shock e f f e c t s  w i th in  th e ra p e u t ic  trea tm ent cond itions  

(C). F igure 4a c l e a r l y  i l l u s t r a t e s  the im paired learn ing  of 

inescapab ly  shocked r a t s  in  the c o n t ro l  c o n d i t io n .  S p e c i f ic a l ly ,  IS 

r a t s  were s i g n i f i c a n t l y  slower to  escape-avo id  than NS 

(F [1,21] = 14.36, £  < -005) and ES (F [1»21) = 8 .31 , £  < .01) 

c o u n te rp a r ts .  Moreover, s i g n i f i c a n t  d i f f e r e n c e s  were not found 

between the l a t t e r  (NS -  ES) two groups ( F [ l , 2 l ]  < 1, £  > .50) thus 

p o in tin g  up a s e le c t iv e  d e f i c i t  in  escape-avoidance  a c q u is i t io n  in  

inescapab ly  shocked r a t s .

Experim ental shock e f f e c t s  w i th in  th e ra p e u t ic  trea tm ent cond itions  

(LIB). The i n a b i l i t y  o f  the  a n t ia n x ie ty  ag en t (Librium) to  e lim in a te  

the e f f e c t s  o f  inescapab le  shock on avoidance lea rn in g  is  seen in  

Figure  4b. Although g e n e ra l ly  slowed by drug in je c t io n  a t  a l l  shock 

le v e ls  (Figure 3b), IS animals n ev e r th e le s s  remained s ig n i f i c a n t ly  

slower in  comparison w ith  NS ( F [ l ,2 l ]  = 8 .1 8 , £  < .01) and ES 

( F [ l ,2 l ]  = 6 .41 , £  < .025) groups; d i f f e r e n c e s  between the l a t t e r  two 

groups (NS - ES) ag a in  remained n o n s ig n i f ic a n t  (F_[ 1,21] < 1, £  > .50 ) .

Experim ental shock e f f e c t s  w i th in  th e ra p e u t i c  trea tm ent cond itions  

(DMI and ECS). F igures  4c and 4d in  c o n t r a s t  show the e l im in a tio n  of 

avoidance d e f i c i t s  by both  ECS and DMI. S p e c i f i c a l ly ,  groups t r e a te d  

w ith  e i t h e r  a n t id e p re s s a n t  agent f a i l e d  to  show s e le c t iv e  d e f i c i t s  in  

the IS c o n d i t io n .  In  t h i s  reg a rd ,  ECS r a t s  d id  not d i f f e r  

s i g n i f i c a n t l y  between any experim ental shock c o n d i t io n .  S im ila r ly ,

DMI r a t s  d id  not d i f f e r  s i g n i f i c a n t ly  between NS and IS groups a lthough 

a s p e c i f i c  decrem ental drug e f f e c t  was observed fo r  ES r a t s  r e l a t i v e  

to  the  o th e r  two groups (NS - ES: F [ l , 2 l ]  = 12.89, £  < .005; ES -  IS :

F [ 1,21] = 7 .71, £  < .025).
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Thus, inescapable  shock sy s te m a tic a l ly  increased  s h u t t l e  avoidance 

la tency  in  undrugged c o n tro l  animals r e l a t i v e  to  both nonshocked and 

escapably shocked c o u n te rp a r ts .  Pretrea tm ent w ith  a benzodiazepine 

a n t ia n x ie ty  agen t,  while inc reas ing  la tency  in  a l l  shock trea tm ent 

groups, n ev e r th e le ss  f a i l e d  to  e lim ina te  the s e le c t iv e  e f f e c t s  o f  IS 

on avoidance a c q u is i t io n .  In  c o n t r a s t ,  escape-avoidance la ten cy  of 

inescapably  shocked r a t s  in  ECS and DMI groups was not s i g n i f i c a n t ly  

d i f f e r e n t  from NS c o n tro l  l e v e l s .

Therapeutic  trea tm ent e f f e c t s  (C - DMI; C -  ECS; C - LIB)--simple 

e f f e c t s  across  experim ental shock cond itions  (NS + ES + IS-) .  F igure  3b 

c l e a r ly  i l l u s t r a t e s  the de tr im en ta l  e f f e c t  o f  Librium on avoidance 

learn ing  i r r e s p e c t iv e  of the lev e l  of shock. S p e c i f i c a l ly ,  over a l l  

cond itions  o f  shock, LIB r a t s  were s ig n i f i c a n t ly  slower on la tency  

measures (F [ l ,9 2 ]  = 13.66, £  < .001) in  comparison w ith  nondrugged 

c o n tro l  animals (Figure 4b). In  c o n t r a s t ,  animals re ce iv in g  

a n t id e p re s sa n t  agents were s l i g h t l y  f a c i l i t a t e d  by such trea tm ents  

although e f f e c t s  were not s ig n i f i c a n t ly  d i f f e r e n t  from c o n tro l  le v e ls  

(C - DMI: F [ 1,92] < 1, £  > .50; C - ECS: F [ l ,9 2 ]  = 2 .96 , £  > .1 0 ) .

No fu r th e r  comparisons were conducted a t  t h i s  le v e l  nor between 

th e ra p eu t ic  trea tm en t cond itions  w ith in  le v e ls  o f  experim ental shock.

C o r re la t io n a l  Analyses

As can be seen in  Table 1, s ig n i f i c a n t  c o r r e la t io n s  e x is te d  

between a l l  a p p e t i t iv e  measures. S p e c i f ic a l ly ,  food consumption 

c o r re la te d  h ig h ly  w ith  both w ater in take  ( r  = .53 , p < .001) and weight 

ga in  ( r  = .56 , p < .001); re la t io n s h ip s  between the l a t t e r  two

v a r ia b le s  was h igher y e t  ( r  = .89, p < .001). C o rre la t io n s  between
\
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a p p e t i t iv e  func tions  and number o f  cage c ross ings , while not as 

pronounced, were, n e v e r th e le s s ,  s i g n i f i c a n t  (food in ta k e :  jr = .37 ,

£  < .001; w ater in ta k e :  r  = .44, £  < .001; weight ga in : r  = .42,

£  < .001). S ig n i f ic a n t  c o r r e la t io n s  were a lso  found between weight 

loss  during experim ental shock and both  a p p e t i t iv e  and a c t i v i t y  

v a r ia b le s  (food in ta k e :  jr = .28, £  < .05; w ater  in tak e :  r  = .33,

£  < .001; weight ga in :  r  = .27 , p < .05; cage c ro ss in g s :  r  = .36,

£  < .001). F in a l ly ,  c o r r e la t io n s  of the  above v a r ia b le s  w ith  s h u t t l e  

la tency  measures in  a l l  cases f a i l e d  to  reach  s ig n if ic a n c e  a t  £  < .05.

D iscussion

D i f f e r e n t i a l  shock e f f e c t s  on a p p e t i t iv e  measures were g en e ra l ly  

c o n s is te n t  w ith  p r io r  f ind ings  in  t h i s  a re a .  Food consumption, w ater 

in tak e ,  and c o r re la te d  weight ga in  were a l l  s i g n i f i c a n t ly  decreased 

by exposure to  inescapab le  shock in  comparison w ith  both nonshocked 

animals and w ith  yoked c o u n te rp a r ts  exposed to  e q u iv a len t  amounts of 

escapable shock ( the  l a t t e r  r a t s  d i f f e r e d  s i g n i f i c a n t ly  from NS 

animals only in  amount of food consumed). In  c o n t r a s t ,  motor a c t i v i t y  

appeared to  be a r e l a t i v e l y  in s e n s i t iv e  gage o f  ES - IS d i f f e r e n t i a l s  

as r e f le c te d  by s i g n i f i c a n t  decreases  in  the number of cage c ro ss in g s  

fo r  both IS and ES groups r e l a t i v e  to  NS c o n t ro ls  (with the  

d if fe ren c e  between the former two groups rem aining n o n s ig n i f ic a n t ) .

In te rv e n t io n  w ith  a n t id e p re s sa n t  agents produced only a p a r t i a l  

a l t e r a t i o n  o f  the  above p a t t e r n .  S p e c i f i c a l ly ,  DMI su c c e ss fu l ly  

e lim ina ted  ES - IS d i f f e r e n t i a l s  on a p p e t i t iv e  measures (a lthough IS 

animals remained s i g n i f i c a n t l y  below NS c o n tro ls  on a l l  such measures). 

ECS was even more e f f e c t iv e  in  th i s  regard  and e lim ina ted  d i f f e r e n t i a l s
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-be tw een  a l l  shock c o n d i t io n s .  In  almost every c a s e ,  these  e f f e c t s  

d id  not r e s u l t  from in c rease s  in  consumption le v e l s  in  IS animals bu t 

r a t h e r  from a decrease  in  such functions  in  NS an d /o r  ES c o n tro l  

groups (see Figures lb ,  l c ,  and Id ) .

U n fo r tu n a te ly ,  these  f ind ings  f a i l  to  c l a r i f y  the  e t io lo g y  of 

ES - IS d i f f e r e n t i a l s .  Decreased a p p e t i t iv e  fu n c tio n s  a re  equa lly  

w e ll  accounted fo r  by p o s tu la ted  s t r e s s  d i f f e r e n t i a l s  between escapable 

and in escapab le  shock or by induc tion  of a c o n d i t io n  o f  dep ress io n .  

A n tid ep re ssan t  m an ipu la tions , while  removing shock d i f f e r e n t i a l s ,  

appeared to  do so by p r e f e r e n t i a l l y  a f f e c t in g  dependent measures in  

c o n t ro l  animals r a th e r  than  through any s e l e c t iv e  in c rease  ("curing") 

o f  such func tions  in  the IS co n d i t io n .  From the  l a t t e r  d a ta ,  i t  can 

be argued on the one hand th a t  the d i f f e r e n t i a l  e f f e c t s  o f  the 

a n t id e p re s s a n ts  on c o n tro l  (NS and ES) animals r e f l e c t s  in t e r a c t i o n  

o f  such agen ts  w ith  an analogous s t a t e  o f  d ep ress io n  in  IS r a t s .  In  

t h i s  re g a rd ,  d i f f e r e n t  responses o b ta in  between depressed  and 

nondepressed su b je c ts  to  both  ECS and the t r i c y c l i c s  (DiMascio,

H eninger, & Klerman, 1964; F ink , 1974; P o ld in g e r ,  1963). A l te rn a t iv e ly ,  

i t  may fo llow  t h a t  responses to  the a n t id e p re s s a n ts  a re  l im ited  in  

a p p e t i t iv e  fu n c tio n s  o f inescapably  shocked r a t s  through a "basement" 

e f f e c t .  In  support o f  t h i s  l a t t e r  p o s s i b i l i t y ,  consumption le v e ls  o f  

ES r a t s  in  most cases were observed to  undergo a decrease  down to  

approxim ate ly  e q u iv a len t  IS l e v e l s .  In  any e v e n t ,  th e  i n a b i l i t y  o f  

Experiment 1 to  c l a r i f y  the  above is su es  suggests  the  need fo r  f u r th e r  

exp er im en ta t io n .
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Table 1 

C o r re la t io n  M atrix: 

Experiment 1

Food
In take

Water
In take

Weight
Gain

Cage
Crossings

Shock 
Weight Loss

S h u tt le
Latency

Food
Intake 1.0 .53** .56** .37** .28* .02

Water
In take .53** 1.0 .89** .44** .33** - .05

Weight
Gain .56** .89** 1.0 .42** .27* - .0 8

Cage
Crossings .37** .44** .42** 1.0 .36** -.06

Shock
Weight Loss .28* .33** .27* .36** 1.0 .13

S h u tt le
Latency .02 -.05 -.08 - .06 .13 1.0

* £  < .05 

** £  < .001
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EXPERIMENT 2

Therapeutic  e f f ic a c y  o f  both ECS and the  t r i c y c l i c  compounds 

in  c l i n i c a l  s e t t in g s  appears only a f t e r  s e v e ra l  t re a tm e n ts .  S im ila r ly ,  

d i f f e r e n t i a l  e f f e c t s  o f  the t r i c y c l i c s  o b ta in  in  the r a t  following 

episodes of acute  and ch ron ic  a d m in is tra t io n  (S ch ild k rau t ,  Winokur, 

Draskoczy, & Hensle, 1971). Accordingly, f a i l u r e  in  Experiment 1 of 

a n t id e p re s san t  m anipulations to  am elio ra te  the  e f f e c t s  o f  inescapable  

shock on r a t s  may have been simply a func tion  o f  t h e i r  acu te  (one-time) 

a p p l ic a t io n .

Experiment 2 was thus ly  designed to  assess  the e f f e c t s  of one 

of  these  agents (DMI) on a p p e t i t iv e  measures in  inescapably  shocked 

r a t s  following a sequence o f  chronic  t re a tm en t.  In  ad d i t io n  to  g iv ing  

a much c lo s e r  approximation to  c l i n i c a l  a p p l ic a t io n s ,  th i s  design  a lso  

provided opportun ity  to  examine the e x te n t  and magnitude o f  ES - IS 

d i f f e r e n t i a l s  in  r a t s  h ab itu a ted  to  the experim ental environment p r io r  

to  shock a d m in is tra t io n .  Relevance o f  the  l a t t e r  po in t r e l a t e s  to  the 

demonstrated s t r e s s o r  q u a l i t i e s  of novelty  on r a t s  (Levine, 1965;

Moyer, 1965) on a p p e t i t iv e  fu n c t io n s .  In  f a c t ,  the  l a t t e r  works 

suggest t h a t  d i f f e r e n t i a l  e f f e c t s  o f  IS on a p p e t i t iv e  functions  

repo rted  in  Experiment 1 may simply r e f l e c t  an impairment in  the 

a b i l i t y  o f  such animals to  cope w ith  subsequent s t r e s s  s i t u a t i o n s .  

A ccordingly, to  the e x ten t  t h a t  p read ap ta t io n  e l im in a te s  the s t r e s s  

(novelty ) c h a r a c t e r i s t i c s  o f  the t e s t  s i t u a t i o n ,  ES - IS d i f f e r e n t i a l s  

should a lso  be e lim in a ted .
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Method

Subjects

Male a lb in o  r a t s  (28) obtained from commercial s u p p l ie r s  were 

used in  a l l  c o n d i t io n s .  Weights a t  the beginning o f  t e s t i n g  were 

approxim ately 300 g. A ll  r a t s  were maintained in  in d iv id u a l  housing 

throughout a l l  phases o f  the experiment.

Apparatus

Equipment remained as described  in  Experiment 1.

Procedure

P r io r  to  t e s t i n g ,  r a t s  were separa ted  in to  weight-matched 

p a irs  w ith  a maximum d if fe ren c e  of 25 mg between r a t s  in  any one 

p a ir  and then  separa ted  in to  two equ iv a len t  groups o f  seven p a irs  

each. Rats in  experim ental conditions  were su b jec ted  to  d a i ly  

in je c t io n s  (15 mg/kg, ip )  of desmethyl imipramine (DMI) fo r  12 

consecu tive  days; c o n tro l  animals rece ived  e q u iv a len t  in je c t io n s  of 

is o to n ic  s a l i n e  (2 ml). During Day 1 through Day 5 o f  t h i s  sequence, 

animals remained in  colony housing. Subsequently , on Day 6 a p a i r  o f  

weight-matched animals was removed and placed in  a c t i v i t y  cages where 

measures were taken  fo r  the remainder o f  the  i n j e c t io n  sequence on 

food consumption, w ater in ta k e ,  weight ga in ,  and number o f  cage 

c ro s s in g s .  To c o n tro l  fo r  handling and d e p r iv a t io n  e f f e c t s ,  each 

p a ir  o f  r a t s  was removed d a i ly  from a c t i v i t y  cages in  the morning and 

placed in  ho ld ing  cages fo r  a 7 h r  period w h erea fte r  they were re tu rn ed  

to  a c t i v i t y  cages . On the morning of Day 12, the p a i r  was removed as 

usua l and placed in  the  shock appara tu s . One member of each p a i r  was 

randomly ass igned  to  the ES con d it io n  and the second to  the IS group
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(as the b a s ic  i n t e r e s t  in  Experiment 2 was between d i f f e r e n t i a l  

e f f e c t s  o f  escapable and inescapab le  shock, no nonshock group was ru n ) .  

Following completion o f  the  shock sequence (as described  in  

Experiment 1 ) ,  animals were removed, in j e c te d ,  and re tu rn ed  to  a c t i v i t y  

cages fo r  assessment o f  a p p e t i t iv e  and a c t i v i t y  func tions  over the  next 

18 h r .  Avoidance le a rn in g  was not evalua ted  in  Experiment 2.

R esu lts

D ifference  scores  fo r  a l l  dependent measures were obta ined  by 

su b tra c t in g  postshock measures from the mean score  o f  the corresponding 

preshock measure as computed from le v e ls  obtained  on the  th re e  days 

immediately p r io r  to  shock, i . e . ,  d i f f e r e n c e  score  = |*[ (Day 9 + Day 10 +

Day 11)/3] - Day 12J  . In  t h i s  reg a rd ,  p re lim inary  work had in d ic a ted  

t h a t  dependent measures were i n i t i a l l y  depressed  upon placement in  

a c t i v i t y  cages (F igure  5) and th a t  such measures inc reased  to  s t a b i l i z e d  

lev e ls  w ith in  th ree  days o f  h a b i tu a t io n .  Consequently, only d a ta  from 

the th ree  days immediately p r io r  to  shock exposure were used in  

computing b a se l in e  d a ta .  I t  was hoped t h a t  d i f f e r e n c e  sco res  would 

provide a more s e n s i t iv e  m etric  o f  shock d i f f e r e n t i a l s  than the 

between-groups comparisons o f  postshock sco res  analyzed in  Experiment 1.

Subsequently, o rthogonal planned comparisons were conducted fo r  

shock e f f e c t s  (ES - IS) w i th in  each th e ra p e u t ic  c o n d it io n  and fo r  

th e rap eu tic  e f f e c t s  (C - DMI) w i th in  each shock c o n d i t io n .  In  no case  

did any o f these  s ix te e n  comparisons reach  s ig n if ic a n c e  a t  the  £  < .05 

le v e l  (Figure 6 a ) .  More p r e c i s e ly ,  n o n s ig n if ic a n t  d i f f e r e n c e s  were 

found fo r  shock e f f e c t s  (ES -  IS) in  both  s a l i n e - t r e a t e d  groups and in  

DMI-injected an im als. S im ila r ly ,  n o n s ig n if ic a n t  d i f f e r e n c e s  obtained  

fo r  drug e f f e c t s  (C -  DMI) i r r e s p e c t iv e  o f  shock l e v e l .  These p a t te rn s
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Figure  5. Prelim inary  d a ta  showing the  recovery o f  a p p e t i t i v e  
fu n c tio n s  fo llow ing i n i t i a l  placement o f  r a t s  in to  
t e s t  cages (n = 6) .
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Figure  6. E f fec ts  of SAL and DMI on a p p e t i t iv e  and a c t i v i t y  
measures in  ES and IS r a t s  of Experiment 2 as 
r e f l e c te d  in  (a) preshock-postshock d i f f e r e n c e  sco res ,  
and (b) postshock measures only. A ll  va lues  a re  
expressed as p e rcen t  ES-SAL v a lu e s .
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h e ld  fo r  a l l  dependent measures inc luding  food consumption, w ater 

in ta k e ,  weight g a in ,  and number of cage c ro s s in g s .

Because o f  the  co nside rab le  divergence o f  these  f in d in g s  from the 

p a t t e r n  o f  r e s u l t s  d isp layed  in  Experiment 1, a post hoc a n a ly s is  based 

only on postshock sco res  ( i . e . ,  the  dependent measures o f  Experiment 1) 

was conducted to  determine i f  f ind ings  r e f l e c t e d  some manner of 

measurement a r t i f a c t .  As above (Figure 6b),  outcomes on the l a t t e r  

measures f a i l e d  to  in d ic a te  the ex is tence  o f  a s i g n i f i c a n t  shock e f f e c t  

(ES - IS) w i th in  e i t h e r  the  c o n tro l  ( s a l in e )  or drug (DMI) c o n d it io n .  

However, trea tm en t e f f e c t s  now appeared fo r  drug c o n d i t io n  (C - DMI) 

w ith  both w ater in tak e  (F ( l ,2 4 )  = 8 .80 , £  < .01) and weight ga in  

(F ( l ,2 4 )  = 5 .3 9 , £  < .05) s ig n i f i c a n t ly  decreased by DMI re g a rd le s s  of 

shock c o n d i t io n .  Conversely, number of cage c ro s s in g s  in  DMI animals 

showed a s i g n i f i c a n t  in c rease  over s a l i n e - t r e a t e d  c o n tro ls  

(F ( l ,2 4 )  = 8 .7 5 , £  < .0 1 ) ,  again  i r r e s p e c t iv e  of l e v e l  o f  shock. Thus, 

ch ron ic  DMI trea tm en t produced s ig n i f i c a n t  decreases  in  both  w ater 

in ta k e  and weight ga in  and a s ig n i f i c a n t  in c re ase  in  l e v e l  of a c t i v i t y .  

D esp ite  t h i s ,  no d i f f e r e n t i a l s  on a p p e t i t iv e  measures were observed 

between ES - IS shock cond itions  in  c o n tro l  animals nor were any 

d i f f e r e n t i a l  drug e f f e c t s  ev iden t between escapably  and inescapab ly  

shocked an im als .

D iscussion

F a i lu r e  to  o b ta in  a d i f f e r e n t i a l  shock e f f e c t  on dependent 

measures between s a l i n e - t r e a t e d  c o n tro l  animals in  Experiment 2 

c o n t r a s t s  sh a rp ly  w ith  the  outcome of Experiment 1 and suggests  

h a b i tu a t io n  to  th e  experim ental environment as a c r i t i c a l  component 

o f  sh o ck - re la te d  e f f e c t s .  P re c is e ly ,  inescapab le  shock appears to
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c re a te  s t r e s s  d i f f e r e n t i a l s  which lead to  impairment in  the a b i l i t y  

to  cope w ith  subsequent s t r e s s o r s .  Indeed, Weiss (Weiss, G lazer,  & 

Pohorecky, 1974) has posed a s im i la r  sugges tion  following 

dem onstrations o f  avoidance d e f i c i t s  only on tasks  r e q u ir in g  

s trenuous motor a c t i v i t y  a f t e r  a period o f  swim s t r e s s  ( r a t s  

performing on avoidance tasks  re q u ir in g  minimal amounts of p hys ica l  

e f f o r t s  d id  not show d e f i c i t s ) .  In  the  p resen t  experim ents, s t r e s s  

d i f f e r e n t i a l s  became m anifest in  animals confronted w ith  a d ap ta t io n  to  

a novel s i t u a t i o n  but not in  r a t s  p rev ious ly  adapted to  th a t  same 

environment. The data  of Experiment 2 bo th  support the  above p o s i t io n  

and a re  c o n s i s t e n t  w ith  p r io r  re p o r ts  d e sc r ib in g  increased  s t r e s s  

ind ices  in  r a t s  during  exposure to  novelty  (indeed, a p p e t i t iv e  

fu n c tio n s  were c o n s i s te n t ly  depressed following i n i t i a l  t r a n s f e r  of 

animals to  a c t i v i t y  cages [F igure  5] in  Experiment 2 ) .

Experiment 2 a lso  f a i l e d  to  provide evidence of d i f f e r e n t i a l  

drug e f f e c t s  between ES and IS follow ing a two-week schedule o f d a i ly  

in je c t io n s  o f  DMI. S p e c i f ic a l ly ,  DMI-treated r a t s ,  a f t e r  exposure to  

an ep isode  o f inescapab le  shock, showed no evidence o f  d i f f e r e n t i a l  

drug responses  a long measured dimensions from escapably shocked 

c o u n te r p a r t s .  To the  ex ten t  th a t  inescapab le  shock i s  able  to  induce 

b io lo g ic a l  s u b s t r a te s  analogous w ith  those underlying c l i n i c a l  

d e p re ss io n , DMI should have been e f f ic a c io u s  in  modifying th a t  

s u b s t r a t e .  Experiment 2 provided no support fo r  such a process and 

s t ro n g ly  suggests th a t  inescapably  shocked r a t s ,  a lthough d i f f e r e n t i a l l y  

s t r e s s e d  by t h e i r  experience , a re  not in  an analogous s t a t e  of 

d ep re ss io n .
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GENERAL DISCUSSION

Taken to g e th e r ,  the  p resen t f ind ings  f a i l  to  support suggestions 

(Seligman, 1972, 1974) proposing the  learned  h e lp le s sn e s s  paradigm as 

an animal model o f  c l i n i c a l  dep ress ion  in  the  r a t .  Conversely, 

r e s u l t s  are c o n s i s te n t  w ith  the  development o f  a d i f f e r e n t i a l  s t r e s s  

syndrome a r i s in g  from the in h e re n t ly  more severe  c h a r a c t e r i s t i c s  o f  

inescapable  shock (Weiss, 1968, 1971a, 1971b, 1971c).

A v a r ie ty  o f  observations  support t h i s  co n c lu s io n . Inescapable 

shock was observed to  produce a c o n s i s te n t  and s i g n i f i c a n t  decrease in  

a l l  a p p e t i t iv e  measures in  c o n t r a s t  to  both  unshocked r a t s  and to  

yoked animals exposed to  equ iva len t amounts o f  escapab le  shock. Most 

im portan tly , t h i s  e f f e c t  was s t r i k i n g l y  e l im in a ted  by a simple 

p readap ta tion  procedure designed to  h a b i tu a te  animals to  the 

experim ental environment p r io r  to  shock exposure . This su g g es ts ,  as 

pointed out above (see D iscussion--Experim ent 2 ) ,  t h a t  the  s t r e s s  of 

novelty  i s  i t s e l f  a r e q u i s i t e  and necessary  f a c to r  in  the  

dem onstration o f  ES - IS d i f f e r e n t i a l s .  In  f a c t ,  previous re p o r ts  

have described  s im i la r  r e la t io n s h ip s  between a p p e t i t iv e  func tions  and 

s t r e s s .  Both w ater  (Amsel, 1950; Levine, 1957, 1958, 1965; Moyer,

1965; Weiss, 1968, 1970a; Weiss, S tone, & H a r r e l l ,  1970) and food 

consumption (Mowrer & Viek, 1948; W eiss, 1968, 1970a; Weiss e t  a l . ,  

1970) have been decreased following exposure to  inescapab le  shock. In  

t h i s  regard  Moyer (1965) and Levine (1965) have r e l a t e d  consummatory 

behav ior in  novel s i tu a t io n s  to  a complex i n t e r a c t i o n  encompassing 

bo th  h i s to r y  o f  p r io r  s t r e s s  and experim enta l n o v e l ty .  Of p a r t i c u la r  

re levance  to  the p re sen t  work are  t h e i r  f in d in g s  d e sc r ib in g  e l im in a t io n
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of  novelty -induced  decreases  in  w ater consumption following h a b i tu a t io n  

o f  r a t s  to  d rink ing  cages .

The observed e f f e c t s  o f  h a b i tu a t io n  on a p p e t i t iv e  v a r ia b le s  a l so  

argue s t ro n g ly  a g a in s t  a r o le  fo r  dep ress ion  in  the  e t io lo g y  o f  shock 

d i f f e r e n t i a l s .  In  t h i s  r e s p e c t ,  c l i n i c a l  dep ress ion  transcends 

environment, i . e . ,  d ep re ss io n  i s  not "cured" simply by re tu rn in g  the  

p a t i e n t  to  a f a m i l ia r  environment (a lthough i t  can be argued th a t  

removal o f  s t r e s s  [n o v e lty ]  might a l l e v i a t e  n e u ro t ic / r e a c t iv e  

d e p re s s io n s ) .

In  a d d i t io n  to  h a b i tu a t io n  f in d in g s ,  n e i th e r  DMI nor ECS were 

s u c c e s s fu l  in  e l im in a t in g  shock e f f e c t s  on a p p e t i t iv e  measures. 

S p e c i f i c a l ly ,  both t re a tm e n ts ,  when adm inistered on an acute  b a s i s ,  

e f f e c t i v e l y  removed ES -  IS d i f f e r e n t i a l s .  D espite  t h i s ,  IS r a t s  

in je c te d  w ith  DMI remained s i g n i f i c a n t l y  decreased on dependent 

measures r e l a t i v e  to  NS an im als . Moreover, e l im in a t io n  of ES -  IS 

and NS - IS d i f f e r e n t i a l s  by both agents  appeared to  occur through a 

s e l e c t iv e  decrease  o f  a p p e t i t iv e  func tions  in  c o n t ro l  (NS and ES) 

groups down to  IS le v e l s  r a th e r  than  through any in c re a se  in  such 

fu n c tio n s  fo r  the l a t t e r  animals as would be expected i f ,  i n  f a c t ,  

they  were "cured" o f  t h e i r  d ep re ss io n .  As noted above (see 

D iscussion--E xperim ent 2 ) ,  the l a t t e r  observations  in  p a r t  p a r a l l e l  

d i f f e r e n t i a l  e f f e c t s  o b ta in in g  between a d m in is t ra t io n  o f  a n t i 

d e p re ssan t  agents in  nondepressed and depressed su b je c ts  and provided 

sp e c u la t iv e  support fo r  the  e x is ten c e  o f a depressed s u b s t r a te  in  IS 

r a t s .  However, subsequent f in d in g s  o f  Experiment 2 f a i l e d  to  

s u b s t a n t i a t e  such a p o s i t io n .  In  f a c t , ' f a i l u r e  to  o b ta in  a 

d i f f e r e n t i a l  drug e f f e c t  between escapably  and inescapab ly  shocked 

r a t s  fo llow ing  chron ic  DMI a d m in is t ra t io n  (a s i t u a t i o n  much c lo s e r  to
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c l i n i c a l  a p p l ic a t io n s )  provides in s tead  a d d i t io n a l  evidence a g a in s t  

the  ex is ten ce  o f  an analogous s t a t e  o f  depress ion  in  inescapably  

shocked r a t s .

With r e s p e c t  to  avoidance a c q u is i t io n ,  inescapab ly  shocked r a t s  

demonstrated a s e l e c t i v e  d e f i c i t  in  performance o f  an FR-2 s h u t t l e  

avoidance ta sk  in  comparison w ith  escapably  shocked co u n te rp ar ts  

(although t h i s  d i f f e r e n t i a l  became c le a r ly  apparen t only over the 

f i n a l  few t r i a l s ;  see Figure 4a) of t r a in in g  and c l e a r l y  in d ic a te  

th a t  experim ental co n d it io n s  were s u f f i c i e n t  to  produce ty p ic a l  

h e lp le ssn ess  e f f e c t s  as described  by Seligman (1974). In te r e s t in g ly ,  

th i s  d i f f e r e n c e  was not a l t e r e d  through benzodiazepine ad m in is tra t io n  

bu t was e l im in a te d  by both  a n t id e p re s sa n t  a g en ts ,  a f ind ing  which 

suggests  th a t  " h e lp le s sn es s"  e f f e c t s  a re  not a fu n c t io n  o f  f e a r -  

induced a l t e r a t i o n s  in  behavior as argued by Weiss e t  a l .  (1968) and 

Anisman (1973). However, i t  does no t n e c e s sa r i ly  fo llow  th a t  such 

d e f i c i t s  r e f l e c t  p ro ac tiv e  in te r fe re n c e  r e l a t e d  to  p rev ious ly  learned 

environmental noncon tingencies .  In  f a c t ,  b o th  DMI and ECS gave some 

evidence of f a c i l i t a t i n g  le v e ls  o f  motor a c t i v i t y  (see  ECS in  

Figure 2b; a l s o  r e c a l l  the s i g n i f i c a n t  in c rease  in  a c t i v i t y  occurring  

in  c h ro n ic a l ly  t r e a te d  DMI r a t s  in  Experiment 2 ) .  In  t h i s  reg a rd ,  

h igh  c o r r e la t io n s  have p rev ious ly  been demonstrated between le v e ls  of 

a c t i v i t y  and avoidance lea rn in g  (M ille r  & W eiss, 1969); a d d i t io n a l ly ,  

agents which e le v a te  a c t i v i t y  le v e ls  ( e . g . ,  amphetamine) f a c i l i t a t e  

a c q u is i t io n  o f  s h u t t l e  avoidance ta sk s  (Krieckhaus, M i l le r ,  & 

Zimmerman, 1965; i t  i s  i n t e r e s t i n g  to  note t h a t  DMI, ECS, and 

amphetamine a l l  appear in  some degree to  f a c i l i t a t e  catecholam inerg ic  

system s.) In  th e  p re sen t  work, animals p r e t r e a te d  w ith  a 

benzodiazepine compound s u b je c t iv e ly  appeared to  be markedly decreased
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in  o v e ra l l  a c t i v i t y  l e v e l s .  C oncurren tly , avoidance a c q u i s i t io n  in  

such animals was impaired a t  a l l  le v e ls  of shock (Figures 3a and 4b).

While the  p re sen t  experim ents leave is su e s  unresolved w ith  

re s p e c t  to  the  na tu re  of le a rn in g  impairments seen following exposure 

to inescapab le  shock, i t  i s  n ev e r th e le ss  apparent th a t  performance 

d i f f e r e n t i a l s  (and t h e i r  absence) in  the  above data can be explained 

w ithout recou rse  to  "h e lp le s s n e s s"  ex p lan a t io n s .  In  f a c t ,  le a rn in g  

d a ta ,  when considered  in  c o n tex t  w ith  the remainder of the  p resen t  

f in d in g s ,  can more reasonab ly  be argued to  r e f l e c t  fa c to rs  o th e r  than  

learned  h e lp le s sn e s s  (a lthough le a rn in g  th a t  responding i s  

noncontingent i s  not n e c e s s a r i ly  m utually  exclus ive  to  o ther sources 

of p ro ac tiv e  in te r f e r e n c e  nor m utually  in c lu s iv e  o f  the  e x is ten ce  o f  

an analogous s t a t e  o f  d e p re s s io n ) .

In  summary, the  above da ta  show d i f f e r e n t i a l  decrements in  both  

a p p e t i t iv e  fu nc tions  and in  a c q u i s i t io n  of a s h u t t l e  avoidance ta sk  

(but not in  a c t i v i t y  l e v e l s )  in  inescapab ly  shocked r a t s  r e l a t i v e  to  

both  unshocked r a t s  and to  r a t s  exposed to  eq u iva len t amounts o f  

escapable  shock. D espite  t h i s ,  a p p l ic a t io n  of two standard  somatic 

a n t id e p re s sa n ts  f a i l e d  to  am elio ra te  e f f e c t s  o f  inescapable  shock on 

a p p e t i t iv e  fu n c t io n s .  In  c o n t r a s t ,  such e f f e c t s  were e lim ina ted  

through use o f  simple p re a d a p ta t io n  procedures designed to  allow 

animals to  h a b i tu a te  to  the  experim ental environment. These s e v e ra l  

observations  combine to  sugges t t h a t  exposure to  inescapable  shock 

does produce s t r e s s  d i f f e r e n t i a l s  in  r a t s  bu t th a t  such s t a t e s  bear 

l i t t l e  resemblance ( a t  l e a s t  a t  a b io lo g ic a l  lev e l)  to  those forms of 

dep ress io n  which a re  favo rab ly  in f luenced  by e lec tro co n v u ls iv e  shock 

trea tm en t and t r i c y c l i c  m ed ication .
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APPENDIX 1

REVIEW OF LITERATURE 

In t ro d u c t io n

In 1967, Seligman and h is  a s s o c ia te s  (Overmier & Seligman,

1967; Seligman & M aier, 1967) published  a p a ir  o f  papers d esc r ib in g  

r e s u l t a n t  b e h av io ra l  m an ife s ta tio n s  o f  exposure to  an episode of 

inescapable  shock in  dogs. B r ie f ly ,  such shock produced impaired 

escape-avoidance le a rn in g  in  the 24 h r  period immediately following 

shock exp er ien ce .  A fte r  r e l a t i v e l y  few t r i a l s ,  inescapably  shocked 

dogs ceased s t ru g g l in g  and b a rk in g , choosing to accept subsequent 

shocks in  a pass ive  fa s ion  c h a ra c te r iz e d  by s i t t i n g  and whining 

during shock (even following in c re ase s  in  shock in t e n s i t y ) .  In  a 

co g n it iv e  sen se ,  such animals were desc ribed  as appearing to  have 

"given up."  Moreover, th is  e f f e c t  was not a func tion  of exposure 

to  shock per se as dogs provided w ith  an escape contingency during 

the s t r e s s  s e s s io n  subsequently  demonstrated n e i th e r  learn ing  

impairments nor the  passive behaviors  o f  inescapably  shocked 

c o u n te rp a r ts  (Seligman & M aier, 1967).

In  ex p lan a t io n  o f  these  phenomena, i t  was proposed th a t  

inescapably  shocked animals had learned  th a t  shock onset and o f f s e t  

were com pletely independent o f  responding . That i s ,  the dogs had 

learned a s t a t e  o f  h e lp le ssn e s s  which, during  subsequent escape- 

avoidance le a rn in g ,  produced a source of p roac tive  in te r fe re n c e  

w ith  th a t  le a rn in g  (Seligman & Maier, 1967).

More r e c e n t ly ,  Seligman (1972, 1974) has proposed th a t  t h i s  

s t a t e  (lea rned  h e lp le s sn e s s )  provides an animal analogue of c l i n i c a l  

dep ress io n .  A ccordingly , t h i s  paradigm, per Seligman, provides a
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p o te n t i a l ly  im portant to o l  in  s tudy ing  and unders tand ing  the 

psychopathology o f  d ep ress ion . However, d e sp i te  th e se  suggestions  

and t h e i r  numerous e x tra p o la t io n s  (see Seligman, 1974), s ca n t  work has 

been done toward r e l a t i n g  the behavior o f  " h e lp le s s "  animals to  any of 

the overt  c l i n i c a l  m an ife s ta t io n s  of human d e p re ss io n .

With t h a t  p re face ,  th i s  paper d iscu sse s  l i t e r a t u r e  p e r t in e n t  to  

the e v a lu a t io n  o f  the  learned h e lp le ssn ess  paradigm as a v ia b le  animal 

model o f  d ep ress io n  in  the r a t .  As a p re fa ce ,  Seligman has suggested 

th a t  le g i t im a te  e x t r a p o la t io n  from an animal model o f  pathology to  the 

c l i n i c a l  s t a t e  re q u ire s  the dem onstra tion  of p a r a l l e l s  along four 

dimensionSj i . e . ,  e t io lo g y ,  physica l m a n ife s ta t io n s  o f  the  d is o rd e r ,  

cu re , and preven tion  (Seligman, 1974, p. 80). I t  i s  to  the  b ehav io ra l  

m an ife s ta t io n s  and t h e i r  subsequent a m e l io ra t io n  ("cu re")  to  which the 

p resen t work i s  addressed . Toward th a t  end, d e p re ss io n  has been 

fu n c t io n a l ly  defined  as a co n d it io n  o f  decreased food and w ater 

consumption, decreased lev e ls  o f  a c t i v i t y  (as measured by number of 

cage c ro s s in g s ) ,  weight lo s s ,  and le a rn in g  impairment in  inescapably  

shocked an im als . Regarding t h i s  d e f in i t i o n ,  psychomotor r e t a r d a t io n  

and decreased a p p e t i te  a re  common to  a number o f  d ep re ss iv e  s t a t e s  

(Seligman, 1974, pp. 82-83; W ittenborn, 1965). Weight lo ss  has a lso  

been repo rted  (Kiloh & G arside , 1963) a lthough  t h i s  f a c to r  may a lso  

be in d ic a t iv e  o f  h igh  lev e ls  of s t r e s s  (P e te rs  & F inch , 1961).

Learning d e f i c i t s ,  on the o th e r  hand, a re  no t commonly a sso c ia te d  

w ith  dep ress ive  syndromes. Although c o g n i t iv e  impairment may occur 

w ith  psychotic  id e a t io n ,  i t  i s  not g e n e ra l ly  seen  as an in t e g r a l  

component o f  d ep ress io n .  However, w i th in  Seligman’ s h e lp le s s n e s s  

con tex t such d e f i c i t s  become c e n t r a l  to  d ep re ss iv e  e t io lo g y .  For 

in s ta n ce ,  Seligman (1974) has argued t h a t  i t  i s  p r e c i s e ly  the  i n a b i l i t y
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to  recognize  co n tingenc ie s  between responding and re in fo rcem ent which 

subsequently  leads  to  fe e l in g s  of h o p le ssn ess ,  h e lp le s s n e s s ,  and 

d e s p a ir .  A ccordingly , i t  becomes incumbent on an e v a lu a t io n  of t h i s  

model to  inc lude  assessment of p o s ts t r e s s  le a rn in g  c a p a c i t i e s .

This l a t t e r  po in t a l so  r a i s e s  im portant n o so lo g ica l  i s s u e s .  In  

i t s  o r ig in a l  form, Seligman (1972) proposed learned  h e lp le s sn e s s  as a 

model of r e a c t iv e  d ep ress io n  ( i . e . ,  dep ress ion  p re c ip i t a t e d  by some 

i d e n t i f i a b l e  e x te r n a l  e v e n t) .  In  subsequent form ulations  (Seligman, 

1974), t h i s  p o s i t io n  has been modified to  preclude s t r i c t  d i s t i n c t io n s  

between r e a c t iv e  and endogenous types o f  d ep ress io n  ( i . e . ,  dep ress ion  

whose onset cannot be linked to  any id e n t i f i a b l e  e v e n t) .  I t  i s  

im portant to  note  in  t h i s  regard  th a t  no so lo g ica l  systems employing 

reactive-endogenous dichotomies c o n ta in ,  in  p a r t ,  im p l i c i t  e t i o l o g i c a l  

s ta tem en ts  ( c o n t r a s t  t h i s  fo r  example a g a in s t  phenomenological 

systems based on n eu ro tic -p sy ch o tic  d i s t i n c t i o n s ) .  Learned 

h e lp le s s n e s s ,  w ith  i t s  s p e c i f i c  e t i o lo g ic a l  s ta tem e n t ,  i s  in  th i s  

sense c o n s i s te n t  w ith  re a c t iv e  d ep ress io n s .  N e v e r th e le ss ,  problems o f  

c l a s s i f i c a t i o n  in  the psychopathologies remain, fo r  the  most p a r t ,  

unreso lved . A ccordingly , i t  c o m e s  as no s u rp r i s e  to  f ind  r e a c t iv e -  

endogenous d i s t i n c t i o n s  conceptualized  on bo th  a unid im ensional 

continuum (Garmany, 1963; Kendell, 1968) and as f u n c t io n a l ly  

independent e n t i t i e s  (Kiloh & G arside, 1963). Aside from p o in tin g  to  

the ex is ten c e  o f  these  c o n tro v e rs ie s ,  i t  i s  not w i th in  the  purview o f  

t h i s  review to  e n te r  i t s  n o so log ica l  d is p u te s .  Decreases in  a c t i v i t y  

and a p p e t i t e  a re  common to  a v a r ie ty  o f  depress ions  in c lu d in g  both 

r e a c t iv e  and endogenous types and, consequently , a re  independent of 

r igo rous  d ia g n o s t ic  s ta tem en ts .
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N e v erth e le s s ,  the hallm ark of depress ion  remains a su b je c t iv e  

phenomenon of a f f e c t  w ith  de te rm ina tion  o f  t h i s  s t a t e  in  infrahuman 

s p e c ie s ,  a cco rd in g ly ,  r e s t r i c t e d  to  the le v e l  o f  in fe re n c e .  

Consequently, no amount of d e t a i l  in  o u t l in in g  b e h av io ra l  in d ice s  can 

e l im in a te  the p o s s i b i l i t y  o f  m is labeling  u n re la ted  syndromes 

synonomous only in  e x te r n a l  m an ife s ta t io n s  and, in  t u r n ,  the problem 

must be circumvented a t  a second le v e l .  In  t h i s  re g a rd ,  Seligman has 

poin ted  to  cure  as one o f  the r e q u is i t e s  fo r  e s ta b l i s h in g  the  v a l i d i t y  

o f  an animal model w ith  i t s  c l i n i c a l  analogue. A ccordingly , i f  

inescapab le  shock in  f a c t  produces an analogous c o n d it io n  o f  animal 

d ep ress io n  a t  b io lo g ic a l  s u b s t r a t e s ,  then those somatic in te rv e n t io n s  

in d ic a te d  as e f f ic a c io u s  in  s t a t e s  of human d ep re ss io n  should likew ise  

prove e f f ic a c io u s  in  a l l e v i a t i n g  fu n c t io n a l  d ep re ss io n  in  the  r a t .  

"Treatment" o f  inescapab ly  shocked animals w ith  e le c tro c o n v u ls iv e  

shock (ECS) o r  a n t id e p re s s a n t  drugs should p re d ic ta b ly  reduce shock- 

induced decreases  in  dependent measures i f ,  indeed, such decreases  do 

r e f l e c t  c l i n i c a l  analogues.

With the  above as a b r i e f  in t ro d u c t io n  to  the  problem, t h i s  paper 

w i l l  tu rn  to  a more d e ta i l e d  survey in to  the  r e l a t i o n s h ip  between 

learned  h e lp le s s n e s s  and d ep re ss io n  inc lud ing  a review  o f  the  ba s ic  

d a ta  o f  learned  h e lp le s sn e s s  and a l t e r n a t iv e  ex p lan a tio n s  o f  those 

f in d in g s .  Regarding dependent measures, changes in  w e igh t,  a p p e t i t e ,  

and a c t i v i t y  have not been in v e s t ig a te d  w i th in  a h e lp le s s n e s s  con tex t 

bu t have been e x te n s iv e ly  examined under a v a r i e ty  o f  r e l a t e d  s t r e s s  

s i t u a t i o n s .  P e r t in e n t  f ind ings  from th i s  l i t e r a t u r e  w i l l  accord ing ly  

be review ed. F in a l ly ,  the e f f e c t s  of both e lec tro c o n v u ls iv e  shock and 

a n t i -d e p re s s a n t  drug therapy on depress ion  w i l l  be d is c u s se d .  This 

w i l l  inc lude  survey o f these  e f f e c t s  in  man and in  experim en ta l animals
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w ith  s p e c i f i c  focus on the i n t e r r e l a t i o n s h ip  between the biochemical 

aspec ts  o f  these  m anipulations to  both  learned h e lp le ssn ess  and cu rre n t  

b io lo g ic a l  co n cep tu a l iz a t io n s  of d ep ress ion .

Learned H e lp lessn ess :  The Basic Findings

I n i t i a l  d iscovery  o f  learned h e lp le ssn ess  phenomena occurred 

during the course o f  a s e r ie s  o f  s tu d ie s  in v e s t ig a t in g  r e la t io n s h ip s  

between Pavlovian fe a r  cond ition ing  and in s tru m en ta l  responding 

(Seligman, 1974, p. 21). In  the e a r l i e s t  s tu d ie s  (Overmier &

Seligman, 1967), mongrel dogs were suspended in  hammocks and subjected  

to  1 h r  s t r e s s  se ss io n s  comprising a s e r i e s  o f  u n s igna lled  and 

inescapab le  shocks (6 .0  mA) app lied  through e lec tro d e s  a f f ix e d  to  the 

an im als ' f e e t .  Experimental groups received  one of th ree  combinations 

of shock d e n s i ty  w hile  a fo u r th  group served as an u n trea ted  c o n tro l .  

Twenty-four hours fo llowing t h i s  i n i t i a l  s e s s io n ,  a l l  animals were 

given 10 t r i a l s  on a sh u t t le -a v o id an c e  ta s k .  In  a l l  ca se s ,  preshocked 

(PS) groups showed in c reases  in  bo th  response la tency  and number of 

f a i lu r e s  to  escape. Dogs re c e iv in g  l i g h t e r  shock d e n s i t i e s  exh ib ited  

a s l i g h t  t rend  toward le ss  severe  impairment a lthough d if fe ren c es  

between experim ental groups on the above measures were not s i g n i f i c a n t .  

A d d it io n a l ly ,  in c re a s in g  the  i n t e n s i ty  of shock by 2 mA during 

escape-avoidance t e s t i n g  f a i l e d  to  e lim in a te  P S -re la ted  d e f i c i t s ,  thus 

arguing a g a in s t  h a b i tu a t io n  to  shock.

I n i t i a l l y ,  h e lp le ssn es s  e f f e c t s  demonstrated s t r in g e n t  temporal 

r e s t r a i n t s ,  c o n s i s t e n t ly  appearing in  animals te s te d  w ith in  24 h rs  

fo llowing the  i n i t i a l  s e s s io n  o f  inescapab le  shock bu t not a t  48, 72, 

or 144 h r  in t e r v a l s  a f t e r  such shock. D espite  t h i s ,  performance 

d e f i c i t s  in  escape-avoidance responding , once they had occurred , were
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r e l a t i v e l y  permanent and could be demonstrated up to  7 days a f t e r  

the f i r s t  p o s t s t r e s s  t e s t  s e s s io n  (Seligman & Maier, 1967). In  p a r t i a l  

r e p l i c a t io n ,  Overmier (1968) using almost id e n t i c a l  preshock procedures, 

a lso  f a i l e d  to  find  avoidance d e f i c i t s  in  dogs te s te d  a t  72 or 144 hr 

in te rv a ls  following preshock. However, in  c o n t ra s t  to  e a r l i e r  work, 

Overmier found s ig n i f i c a n t  impairment a t  the 48 h r i n t e r v a l  (although 

the d e f i c i t  was not as pronounced as th a t  seen a f t e r  24 h r ) .  

Subsequently, Seligman and Groves (1970) su cc e ss fu l ly  demonstrated a 

n o n tran s ien t  h e lp le ss n es s  e f f e c t  w ith  i n i t i a l  escape-avoidance 

d e f i c i t s  apparent 1 week a f t e r  the  l a s t  o f  a m ultip le  se s s io n  o f  

inescapable  shocks. (As an a s id e ,  Overmier's avoidance ta sk  did not 

con ta in  an escape p ro v is io n .  This l a t t e r  v a r i a t io n  was incorpora ted  in  

response to  c r i t i c i s m  th a t  previous demonstrations of h e lp le ssn ess  had 

te s te d  dogs in  escape-avoidance t r a in in g  using the t r a d i t i o n a l  "method 

of emergence," i . e . ,  avoidance behavior developed from performance of 

the escape ta s k  a t  in c re a s in g ly  s h o r te r  la te n c ie s .  PS animals had, 

per t h i s  argument, been taugh t to  be unresponsive only during shock. 

Overmier d id  no t f ind  t h i s  to  be a f a c to r . )

A n t ic ip a t in g  arguments a t t r i b u t i n g  the  above e f f e c t s  to  shock 

h a b i tu a t io n  or the  development o f  unauthorized coping responses during 

the  PS s e s s io n ,  Overmier and Seligman (1967) were ab le  to  demonstrate 

escape-avoidance d e f i c i t s  in  dogs paralyzed w ith  neuromuscular blocking 

agents during  PS and in  animals te s te d  on a s h u t t l e  ta s k  a t  shock 

i n t e n s i t i e s  2 mA above those app lied  during PS. In  n e i th e r  o f  these  

cases was magnitude o f  the  postshock d e f i c i t  in fluenced by the 

presence or absence o f  a warning s ig n a l  during  the preshock s e s s io n .

In  a second r e p o r t ,  Seligman and Maier (1967) were not only able 

to  r e p l i c a t e  i n i t i a l  f ind ings  o f  impaired, sh u tt le -av o id an ce  performance
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b u t ,  in  an im portant ex ten s io n ,  were able to  demonstrate t h a t  the  

presence o f  an escape contingency during PS ( in  t h i s  case a llow ing 

dogs to  escape shock while  suspended in  t h e i r  hammock by p re s s in g  a 

panel w ith  t h e i r  head) , e l im ina ted  subsequent performance d e f i c i t s  in  

s h u t t l e  a c q u i s i t io n .  In  f a c t ,  performance o f escaping dogs d id  not 

d i f f e r  s i g n i f i c a n t l y  from le v e ls  d isp layed  by nonshocked c o n t ro l  

anim als. Moreover, dogs g iven  sh u tt le -av o id an ce  t r a in in g  p r io r  to  

exposure to  inescapab le  shock a lso  f a i le d  to  show subsequent 

performance d e f i c i t s  upon r e t e s t i n g .  This l a t t e r  f ind ing  has been 

suggested by Seligman (1972) as being analogous to  an immunization 

technique a g a in s t  adverse PS e f f e c t s .

In  r e l a t e d  fa sh io n ,  Seligman e t  a l .  (1968) repo rted  "cu r ing"  

chronic s h u t t l e  avoidance d e f i c i t s  in  dogs through forced exposure to  

escape/avoidance c o n t in g e n c ie s .  P re c is e ly ,  " h e lp le s s"  dogs were 

coaxed, or in  more extreme c a se s ,  fo rc ib ly  dragged over a s h u t t l e  

b a r r i e r .  Following up to  50 t r i a l s  of such procedures, p rev io u s ly  

impaired dogs were ab le  to demonstrate asymptotic avoidance 

performance in d is t in g u is h a b le  from th a t  of nonshocked an im als .

(However, T es ta ,  Ju ra sk a ,  and Maier [1974] have subsequently  re p o r te d  

evidence sugges ting  t h a t  the  e f f e c t s  of PS, w hile  reduced by such 

procedures, cannot be com pletely  e l im in a te d .)

I n t e r e s t i n g l y ,  the  above re p o r ts  a lso  note s u b je c t iv e ly  d i f f e r e n t  

behavior between escapab ly  and inescapably  shocked animals both  during  

and fo llow ing the  PS s e s s io n .  S p e c i f ic a l ly ,  a l l  dogs responded to  the 

f i r s t  few t r i a l s  o f  shock w ith  conside rab le  v o c a l iz in g  and s t r u g g l in g .  

However, as inescapab le  shock con tinued , dogs began to  s i t  p a s s iv e ly  

and whine during subsequent a p p l ic a t io n s  o f shock. Dogs provided w ith  

a coping contingency during  PS, in  c o n t r a s t ,  continued to  bark  and
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s t ru g g le  u n t i l  escape-avoidance le a rn in g  was considerab ly  p rogressed ; 

a t  no time did  coping animals give in d ic a t io n  o f  p ass iv e ly  acqu iesc ing  

to  t h e i r  s i t u a t i o n .  D i f f e r e n t i a l  b ehav io r  a l so  genera lized  to  

c ond itions  o u ts id e  the s t r e s s  s i t u a t i o n .  Coping dogs, when approached 

a f t e r  t h e i r  PS ex p er iences , barked , r a n  to  the  r e a r  o f  t h e i r  cages , 

and g e n e ra l ly  r e s i s t e d  any a ttem pt a t  h an d lin g . In  c o n t r a s t ,  dogs not 

provided w ith  escape-avoidance co n tin g en c ie s  lay  on t h e i r  cage f lo o r  

when approached, adopted submissive p o s tu re s ,  and did not r e s i s t  

handling  (Seligman, 1974, pp. 24-25).

In  e x p lan a tio n  o f  these  d iv e rse  e f f e c t s ,  i t  has been proposed 

(Seligman & Solomon, 1969; Seligman, 1974; Seligman, Maier, &  Solomon,

1971) t h a t  le a rn in g  d e f i c i t s  observed a f t e r  exposure to  episodes o f 

inescapab le  shock r e f l e c t  a type o f  p ro ac t iv e  in te r fe re n c e  based on 

p r io r  shock exper ience . P r e c i s e ly ,  animals le a rn  during se ss io n s  o f  

inescapab le  shock th a t  responding and shock o n s e t / o f f s e t  are 

independent o f  one an o th er .  Formally posed, the  c o n d i t io n a l  

p ro b a b i l i ty  of re in forcem ent (escape o r  avo idance),  given a re sponse , 

i s  equal to  the  c o n d i t io n a l  p ro b a b i l i ty  of re in fo rcem en t,  no t g iven a 

response . Less r ig o ro u s ly ,  the p r o b a b i l i ty  o f  re ce iv in g  or not 

r e c e iv in g  re in fo rcem ent i s  e n t i r e l y  u n re la te d  to  any response th a t  an 

animal may or may not choose to  em it .  In  t h i s  reg a rd ,  t r a d i t i o n a l  

le a rn in g  th e o r ie s  have viewed lea rn in g  as occurring  only when two 

events occur in  c o n t ig u i ty  (S-S) o r  when a stim ulus event i s  followed 

by a r e in fo rc e d  response (S-R). Borrowing from Rescorla  (1967 ) >  

Seligman (1974) has suggested learned  h e lp le s sn e s s  as an ex ten s io n  o f  

these  p o s i t io n s  wherein su b jec ts  come to  l e a r n  the presence of  

noncontingent response ev en ts .  At a m o tiv a t io n a l  l e v e l ,  Seligman has 

furtherm ore specu la ted  th a t  inescapab ly  shocked animals develop a s e t
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o f  re s p o n se - l im i t in g  expec tanc ie s .  That i s ,  when an animal expects 

th a t  h i s  responding  w i l l  not a l t e r  h is  environm ent, he subsequently  

loses  the  m o tiv a tio n  to  i n i t i a t e  v o lu n ta ry  re sp o n ses .  G en era l iza t io n  

of t h i s  s e t  of expec tanc ies  and i t s  accompanying am o tiv a tio n a l s t a t e  to  

s i t u a t i o n s  o u ts id e  o f  the i n i t i a l  s t r e s s  s i t u a t i o n  becomes a source of 

p ro ac tiv e  in te r f e r e n c e  in  subsequent escape-avoidance  s i t u a t i o n s .

R e in te rp re t in g  the above data w ith in  t h i s  c o n te x t ,  i t  is  apparent 

th a t  exposure to  shock per se i s  not a c r i t i c a l  f a c to r  as the 

h e lp le s sn e s s  e f f e c t  is  seen only in  yoked animals deprived  o f coping 

co n tin g en c ie s ;  c o n t ro l  groups w ith  a v a i la b le  c o n tin g en c ie s  do not 

become " h e lp le s s "  d e sp i te  exposure to  e q u iv a le n t  amounts of shock.

Also, the  e f f e c t  has been shown to  be r e l a t i v e l y  permanent (as would 

be expected i f  i t  i s ,  indeed, a learned b e h a v io r ) .  Once an 

inescapab ly  shocked animal has f a i l e d  to  l e a r n  in  an escape-avoidance 

ta sk ,  the impairment continues fo r  as much as 25 days a f t e r  the 

i n i t i a l  postshock t e s t  s e s s io n  (Seligman e t  a l . ,  1968; Seligman &

M aier, 1967). In  r e l a t e d  fash ion , i n i t i a l  postshock t e s t  impairment 

has been found a t  in t e r v a l s  of up to  7 days fo llow ing  conclusion  of a 

s e r i e s  o f  ses s io n s  o f inescapable  shock. ( Im p o r ta n t ly ,  dogs l im ited  

to  only one such s e s s io n  showed t r a n s i e n t  24 h r  h e lp le s sn e s s  

[Seligman & Groves, 1970].) These l a t t e r  r e p o r ts  d e sc r ib in g  

n o n tra n s ie n t  h e lp le s s n e s s  e f f e c t s  remain c o n s i s t e n t  w ith  learn ing  

fo rm ulations  and a rgue , fo r  in s ta n c e ,  a g a in s t  m edia tion  of the e f f e c t  

by t r a n s i e n t  p h y s io lo g ic a l  a r t i f a c t  as o th e rs  (M ille r  &Weiss, 1969) 

have sugges ted .

In  a d d i t io n ,  forced exposure o f  " h e lp le s s "  dogs to  p rev iously  

ignored escape-avoidance con tingencies  r e s u l t e d  in  th e  e l im in a t io n  of  

e x i s t in g  performance d e f i c i t s  (Seligman e t  a l . ,  1968), while  dogs given
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escape t r a in in g  (immunized) p r io r  to  exposure to  inescapable  shock 

were not impaired during subsequent t e s t in g  (Seligman & Maier, 1967). 

Within a h e lp le s sn e s s  c o n te x t ,  these  l a t t e r  f ind ings  su g g es t,  in  the 

f i r s t  c a se ,  t h a t  dogs e x t in g u ish  p rev ious ly  learned  s e t s  of 

exp ec ta t io n s  and rep la ce  them w ith  an a p p ro p r ia te  s e t  inc lud ing  now- 

i n - e f f e c t  c o n t in g e n c ie s .  In  a s im i la r  v e in ,  animals given pre lim inary  

escape t r a in in g  f a i l ,  according to  Seligman (1974), to  e s ta b l i s h  

noncontingent e x p ec ta t io n s  during  subsequent episodes o f  inescapable  

shock.

I n t e r e s t i n g l y ,  approximately o n e - th ird  of a l l  dogs te s te d  f a i le d  

to  develop learned  h e lp le ssn ess  (Overmier & Seligman, 1967; Seligman, 

1974, p. 24; Seligman & M aier, 1967). In  e x p lan a t io n  o f t h i s ,

Overmier and Seligman (1967) have argued t h a t  t h i s  f ind ing  r e f l e c t s  

d i f f e r e n t i a l  le a rn in g  h i s t o r i e s  of the dogs p r io r  to  impoundment.

Per th i s  lo g ic ,  mongrel dogs, having an ex ten s iv e  pas t  h i s to r y  of 

"coping" would not be as su sc e p t ib le  to  the  e f f e c t s  of inescapable  

shock as would dogs not having such a background. C onsis ten t w ith  

t h i s ,  Seligman and Groves (1970) were able  to  sy s te m a tic a l ly  

demonstrate t h a t  c ag e -ra ised  b e ag le s ,  r e s t r i c t e d  from b i r t h  from 

co n tac t  w ith  h an d le rs  and p e e rs ,  incurred  s i g n i f i c a n t l y  more le arn ing  

impairment fo llow ing a s in g le  se s s io n  of inescapab le  shock than did 

mongrel c o u n te rp a r ts  w ith  unknown p re la b o ra to ry  h i s t o r i e s .

Learned H elp lessness  in  the  Rat

Following i n i t i a l  re p o r ts  o u t l in in g  the  b a s ic  e f f e c t s  and 

parameters o f  learned  h e lp le ssn ess  in  the dog, the g e n e ra l i ty  o f  the 

phenomenon has been expanded across s e v e ra l  spec ies  and over a 

v a r i e ty  o f  paradigms. Learning impairments following inescapable  shock
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have been rep o r ted  in  g o ld f i sh  te s te d  in  both a Sidman s h u t t l e -  

avoidance ta sk  (Behrend & Bitterm an, 1963) and in  a one-way s h u t t l e  

ta sk  ( P a d i l la ,  P a d i l l a ,  & K e t te r e r ,  1970), in  c a ts  te s t e d  on a wheel 

tu rn ing  ta sk  (Seward & Humphrey, 1967), in  mice performing a water 

escape ta s k  (Braud, Wepman, & Russo, 1969), in  chickens (Maser & 

G allup, 1974), and in  humans on a r e a c t io n  time ta s k  following f in g e r  

shock (Thornton & Jacobs , 1971) and on a f in g e r  maze ta sk  following 

exposure to  an av ers iv e  l e v e l  of noise  (H iro to , 1974).

In  the r a t ,  however, the  s i t u a t i o n  has no t been as lu c id .

Several au thors  rep o r te d  f ind ing  only marginal d e f i c i t s  (Kurtz & 

W alte rs ,  1962; M ullin  & Mogenson, 1963; Weiss, Krieckhaus & Conte, 

1968) following inescapab le  shock. Indeed, in  s e v e ra l  in s tances  such 

procedures produced f a c i l i t a t i o n  (Anderson & Paden, 1966; Blanchard &  

Blanchard, 1968; B rooksh ire ,  Littman, & S tew art ,  1961; de Toledo &  

Black, 1967; S lo tn ic k ,  1968). On the o th e r  hand, Dinsmoor and 

Campbell (1956), Looney and Cohen (1972), McCulloch and Bruner, (1939), 

and Mowrer (1940) have a l l  rep o rted  impaired a c q u i s i t io n  following 

sess ions  o f  inescapab le  shock.

I t  remained fo r  Maier (Maier, A lb in , & T e s ta ,  1973) to  reso lve  

(a t  l e a s t  in  p a r t )  the  i s s u e .  Maier pointed out t h a t  dogs performing 

in  sh u t t le -av o id an ce  ta sk s  produced d a ta  c l e a r ly  dem onstrating 

incrementing le a rn in g  during  a c q u i s i t io n .  R a ts ,  on the  o th e r  hand, 

when te s t e d  on s im i la r  t a s k s ,  did  not genera te  da ta  in  the  form of a 

learn ing  curve and in s te a d  o f te n  performed a t  s h o r t  la te n c ie s  from 

the very f i r s t  t r i a l .  This suggested , as c o r r e c t ly  poin ted  out by 

Maier, t h a t  c ro ss in g  a s h u t t l e  box i s  a very  d i f f e r e n t  response fo r  a 

r a t  than fo r  a dog and th a t  f a i lu r e  to  take such sp ec ie s  and tasks  

d if f e re n c e s  in to  c o n s id e ra t io n  accounted, a t  l e a s t  in  p a r t ,  fo r
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d isc rep a n t  f ind ings  between the two sp e c ie s .  In  support of t h i s ,  

in s tan ces  f a i l i n g  to  find le a rn in g  impairments in  r a t s  following 

preshock experience  have used t e s t  ta sks  re q u i r in g  sh o r t  la tency  

s h u t t l e  responding , a response t h a t  may be almost r e f le x iv e  in  the  

fr ig h ten ed  r a t  (B o lles ,  1971; Turner & Solomon, 1962). In  tu rn ,  th i s  

suggests th a t  the amount and na tu re  of lea rn in g  re q u ired  in  some 

avoidance lea rn in g  tasks may be minimal.

S p e c i f ic a l ly ,  d i r e c t in g  themselves to  t h i s  q u es t io n ,  Maier e t  a l .

(1973) sub jec ted  r a t s  to inescapab le  shock over a wide v a r ie ty  of 

param etric  i n t e n s i t i e s  and d e n s i t i e s ,  none of which were found to  

produce subsequent avoidance d e f i c i t s  in  comparison w ith  nonshocked 

c o n tro l  animals te s te d  on a s tandard  s h u t t l e  ta s k .  As expected, 

learn ing  curves obtained during  avoidance t e s t i n g  were almost 

completely f l a t ,  r e f l e c t in g  the  tendency fo r  most animals to perform 

a t  sh o r t  la tency  from the f i r s t  t e s t  t r i a l .  This was no t the c a se ,  

however, when r a t s  were te s t e d  on more complex ta s k s .  P re c is e ly ,

Maier found th a t  in c reas in g  response con tingencies  to  re q u ire  not only 

a cross  in to  the opposite  compartment bu t subsequent r e tu r n  on a s in g le  

t r i a l  ( f ixed  r a t i o - 2 ;  Maier e t  a l . ,  1973) produced lea rn in g  curves in  

unshocked r a t s  and learn ing  d e f i c i t s  in  inescapab ly  shocked r a t s .

A s im ila r  outcome obtained when shock o f f s e t  was linked  to  m anipula tion  

of a tu rn in g  wheel. In  support  o f  h is  f in d in g s ,  Maier c r i t i c a l l y  noted 

th a t  r e p o r ts  d e sc r ib in g  le a rn in g  impairments fo llow ing PS in  r a t s  have 

not employed s h u t t l e  tasks  in  subsequent t e s t i n g  ( i . e . ,  ba r  p re s s in g :  

Dinsmoor & Campbell, 1956; Mowrer, 1940; w ater maze performance: 

McCulloch & Bruner, 1939; p la tfo rm  jumping: Looney & Cohen, 1972).

These f ind ings  have subsequently  been r e p l i c a t e d  on a v a r i e ty  of 

escape-avoidance tasks  and extended by dem onstrating th a t  such d e f i c i t s
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a re  produced by the  in escap ab le  n a tu re  of shock (Seligman &

Beagley, 1975; Seligman, R o s s e l l i n i ,  & Kozak, 1975; Testa  e t  a l . ,  

1974), t h a t  the  e f f e c t s  a re  r e l a t i v e l y  permanent (a t  l e a s t  up to  

in te rv a ls  of 1 week), t h a t  r a t s  can be immunized a g a in s t  PS e f f e c t s ,  

and th a t  r a t s  can be "cured" by forced exposure to  escape-avoidance 

con tingencies  (Seligman e t  a l . ,  1975).

In summary, t h i s  work adds the  r a t  to  the growing l i s t  o f  

species  fo r  which h e lp le s s n e s s  e f f e c t s  have been claimed although the  

co n tro v e rs ie s  lead in g  to  t h i s  dem onstration  should provide a c a u t io n  

in  ac ro ss - th e -b o a rd  a p p l ic a t io n s  of the  paradigm w ithou t proper 

co n s id e ra t io n  fo r  sp ec ie s  and ta sk  d i f f e r e n c e s .  This concludes 

d iscu ss io n  o f the  paradigm i t s e l f  and s e t s  the  s tag e  fo r  ex p o s i t io n  

and d iscu ss io n  of the  s e v e ra l  a l t e r n a t iv e  ex p lana tions  advanced to  

account fo r  th ese  e f f e c t s .

Learned H e lp lessn ess  Phenomena: A l te rn a t iv e  Explanations

A daptation Hypotheses

Adaptation hypotheses sugges t  t h a t  animals may during  inescapab le  

shock somehow become adapted o r  d e se n s i t iz e d  to  fu r th e r  shock 

(Quinsey, 1970). A ccord ing ly , shock may not produce s u f f i c i e n t  

m otivation  to  l e a r n  during  subsequent escape-avoidance t r a in in g .

Several f a c t s  argue a g a in s t  t h i s .  Church, LoLordo, Overmier, 

Solomon, and Turner (1966) f a i l e d  to  f ind  a d a p ta t io n  o f c ard iac  

responses in  c u ra r iz e d  dogs d u ring  a sequence o f  inescapab le  shocks. 

Moreover, in c re a s in g  the  i n t e n s i t i e s  of shock during  escape-avoidance 

t r a in in g  over PS le v e l s  has no t been rep o r ted  to  a l l e v i a t e  le a rn in g  

d e f i c i t s  in  in escapab ly  shocked dogs (Overmier & Seligman, 1967) o r  in  

r a t s  (Anisman & W alle r ,  1972). In  f a c t ,  Anisman and W aller found
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decreased  performance a t  h ig h e r  i n t e n s i t i e s .  I f ,  indeed , animals 

had become adapted during PS, then  inc reased  shock during  subsequent 

t e s t i n g  should lead to  opposite  e f f e c t s .  A ccordingly, these  find ings  

a re  d i f f i c u l t  to  re c o n c i le  w ith  a d ap ta t io n  th e o r ie s  and suggest th a t  

th e  l a t t e r  provide an inadequate account o f  the  h e lp le s sn e s s  d a ta .

Exhaustion Hypotheses

Exhaustion hypotheses argue th a t  s t r e s s e s  a s so c ia te d  w ith  

in escapab le  shock produce s h o r t l a s t in g  emotional and /o r p h y s io lo g ica l  

exhaustion  which in  tu rn  reduces the  a b i l i t y  o f  animals to  cope w ith  

subsequent s t r e s s  s i t u a t i o n s .  I n i t i a l  impetus fo r  such exp lana tions  

a rose  from i n i t i a l  r e p o r ts  d e sc r ib in g  a t r a n s i e n t  (24-48 h r)  na tu re  

fo r  h e lp le s s n e s s  e f f e c t s  (Overmier, 1968; Overmier & Seligman, 1967; 

P a d i l la  e t  a l . ,  1970). D esp ite  the subsequent dem onstration  

(Seligman & Groves, 1970) o f  n o n tra n s ie n t  learned  h e lp le s s n e s s ,  two 

schools  o f  the exhaustion  hypothesis  remain popular.

The f i r s t  proposes t h a t  learned h e lp le s s n e s s  d e f i c i t s  r e f l e c t  

s t r e s s - in d u c e d  o v e r- re a c t io n s  o f  the  parasym pathetic  nervous system. 

This ex p lan a t io n  is  rem in iscen t  o f  the  e a r l i e r  work o f Brush and h is  

a s s o c ia te s  in v e s t ig a t in g  c o r r e la t io n s  between c o r t i c o s t e r o i d  le v e ls  

and the  Kamin e f f e c t  ( i . e . ,  d e f i c i t s  in  avoidance performance 

appearing  1-6 h r  fo llow ing completion o f  an i n i t i a l  avoidance 

le a rn in g  s e s s io n  [Kamin, 1957]).

In  t h i s  re g a rd ,  in c re a se s  in  le v e ls  of c i r c u l a t i n g  c o r t i c o 

s t e r o id s  fo llow ing exposure to  s t r e s s  have been w idely documented.

For in s ta n c e ,  Rabinovici (1951) described  decreased  le v e l s  of ad ren a l 

k e to s te ro id s  in  r a t s  fo llow ing exposure to  c o ld ,  x -ray  i r r a d i a t i o n ,  and 

i n t r a p e r i t o n e a 1 in je c t io n s  of a d re n o c o r t ic o s te ro id  hormones (ACTH).
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In  a r e l a t e d  v e in ,  Haltmeyer, Denenberg and Zarrow (1967) demonstrated 

increased  le v e ls  o f  c i r c u la t in g  c o r t i c o s t e r o id s  in  r a t s  following a 

s e s s io n  o f  g r id  shock. Maximum r a te s  o f  in c rease  occurred in  the 

f i r s t  15 min following shock te rm in a tio n  w ith  asymptotic levels  

approached a t  45 m in. Adrenal re le a se  remained constan t over

sev e ra l  i n t e n s i t i e s  o f  shock. S im ilar in c re a se s  in  plasma 

17 -hydroxycort icos te ro ids  in  monkeys have been repo rted  following 

both Pavlovian fe a r  cond ition ing  and avoidance responding (Mason,

Brady, & Sidman, 1957). In agreement w ith  Haltmeyer e t  a l .  (1967) 

s te r o id  re le a s e  in  the  l a t t e r  study approached maximum lev e ls  under 

both cond itions  (as measured by c o n tro l  i n j e c t io n s  of ACTH); ba se lin e  

le v e ls  re tu rn ed  approximately 1-2 h r  a f t e r  completion of the t e s t  

s e s s io n .

With regard  to  s te r o id  leve ls  during  le a rn in g ,  Brush and Levine 

(1966) demonstrated a c o r r e la t io n  between plasma c o r t ic o s te ro id  

co n cen tra t io n s  and the  descending arm o f  a U-shaped avoidance func tion  

fo r  a 1 h r  period fo llowing a sess io n  o f Pavlovian fe a r  co n d ition ing . 

In  l a t e r  work (Levine & Brush, 1967), a s im i la r  re la t io n s h ip  was 

found fo llow ing an i n i t i a l  period of avoidance lea rn in g .  I t  was, 

moreover, p o ss ib le  to  a l t e r  avoidance le a rn in g  in  s im ila r  fash ion  w ith  

ACTH in j e c t io n s .

However, d e sp i te  these  l a t t e r  f in d in g s ,  s e v e ra l  observations 

argue a g a in s t  the autonomic nervous system p lay ing  a s ig n i f ic a n t  ro le  

in  learned  h e lp le s s n e s s .  For in s tan ce ,  Brush, Myer, and Palmer (1963) 

repo rted  f in d in g  no Kamin e f f e c t  a f t e r  an  episode o f escape learn ing  

although i t  was c l e a r ly  p resen t fo llowing a s in g le  episode of fea r  

co n d i t io n in g .  Avoidance d e f i c i t s  a lso  occurred  immediately following 

t r a in in g  on an un s ig n a l led  escape ta sk  i n  s p i t e  o f  e lev a tio n s  in  plasma
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c o r t i c o s t e r o id s  (Brush & Levine, 1966). In  c o n t r a s t  to  the c r i t i c a l  

ro le  played by fe a r  co n d ition ing  in  mediating autonomic e f f e c t s ,  

learn ing  impairments following PS in  the learned  h e lp le ssn ess  paradigm 

c o n s i s te n t ly  have been shown to  be independent o f  the  presence or 

absence of a cond itioned  stim ulus (Overmier & Seligman, 1967).

F in a l ly ,  o r ig i n a l  impetus fo r  exhaustion-type  th e o r ie s  arose 

from i n i t i a l  r e p o r t s  on the  t r a n s ie n t  na tu re  o f  h e lp le ssn ess  phenomena 

However, n o n tra n s ie n t  e f f e c t s  o f  up to  1 week have subsequently  been 

rep o r ted  in  bo th  the  dog (Seligman & Groves, 1970) and r a t  (Seligman 

e t  a l . ,  1975). Both these  f ind ings and the dem onstration of continued 

d e f i c i t s  in  escape-avoidance responding for periods  o f up to  30 days 

following an i n i t i a l  t e s t  f a i l u r e  (Seligman e t  a l . ,  1968; Seligman & 

M aier, 1967) a re  d i f f i c u l t  to  re c o n c i le  w ith  the  much sh o r te r  time 

courses d isp lay ed  by autonomic phenomena and s t ro n g ly  suggest th a t  the 

r o le  of hormonal f a c to r s  in  learned h e lp le ss n es s  i s  minimal.

In  a second major v a r i a t i o n  of the  exhaustion  h y p o th es is ,  Weiss, 

Stone, and H a r re l  (1970) have proposed m ediation  of PS learn ing  

d e f i c i t s  th rough decreased  le v e ls  of c e n t r a l  b r a in  norepinephrine (NE) 

As a p re face  to  t h i s  p o s i t io n ,  s t re s s - in d u c e d  decreases  in  NE have 

been w idely  documented (Barchas & Freedman, 1963; B l is s  & Zwanziger, 

1966; Maynert & L evi, 1964; Ordy, Samorajski & Schroeder, 1966;

Stone, 1970) and appear to  r e f l e c t  increased  r a t e s  o f  t r a n s m i t te r  

r e l e a s e .  In  t h i s  re g a rd ,  r a t e s  o f  NE sy n th es is  a re  g e n e ra l ly  adequate 

to  m ain ta in  endogenous NE le v e ls  during  ep isodes of mild s t r e s s .  

However, d u ring  severe  s t r e s s  (or during  mild s t r e s s  w ith  pharma

c o lo g ic a l ly - im p a ire d  s y n th e s is ;  [Gordon, Spec to r,  Sjoerdsma, & 

Undenfriend, 1966]), r a t e s  o f  NE re le a s e  and d eg rad a tio n  exceed the 

cap ac ity  o f  the  b r a in  to  syn thes ize  new t r a n s m i t te r  w ith  consequent
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d e p le t io n  of endogenous NE pools (Barchas & Freedman, 1965; Gordon 

e t  a l . ,  1966; Maynert & L ev i, 1964; Stone, 1970).

In  t h i s  reg a rd ,  Weiss (Weiss e t  a l . ,  1970) reported  f ind ing  

decreased le v e ls  o f  whole b ra in  NE in  r a t s  fo llowing a 48 h r se s s io n  

of inescapab le  shock. S u rp r is in g ly ,  yoked r a t s  rece iv in g  e q u iv a len t  

avoidable shock showed s ig n i f i c a n t  in c reases  in  NE over nonshocked 

c o n tro l  an im als . Based on these  f in d in g s ,  Weiss has subsequently  

proposed th a t  learned h e lp le ssn ess  in  f a c t  r e f l e c t s  nothing more than 

s t re ss - in d u c e d  sh o r t- te rm  decreases  in  b ra in  NE (Weiss, G lazer,  & 

Pohorecky, 1974).

While appealing  in  i t s  s im p l ic i ty ,  s e v e ra l  r e l a t e d  f ind ings  

argue th a t  such an isomorphism between b ra in  chem istry  and behav ior i s ,  

u n fo r tu n a te ly ,  inadequate . To th i s  p o in t ,  numerous re p o r ts  have 

described  re la t io n s h ip s  between impairments in  avoidance le a rn in g  and 

decreases in  b ra in  catecholam ine le v e ls  (Cooper, Breese, G ran t, & 

Howard, 1973; Seiden & P e te rso n , 1968) and between c e n t r a l  le v e ls  of 

NE and g en era l a c t i v i t y  (Cooper e t  a l . ,  1973; Krieckhaus, M i l le r ,  & 

Zimmerman, 1965). On the  o th e r  hand, Cooper e t  a l .  (1973) rep o rted  

s ig n i f ic a n t  in c reases  in  both  the  l e v e l  of g en era l  a c t i v i t y  and in  

avoidance performance d e sp i te  a 50% red u c tio n  in  b ra in  NE. Increased  

motor a c t i v i t y  has a l s o  been rep o rted  following a period of chronic  

re se rp in e  trea tm en t d e sp i te  continued reduc tions  in  monoamine le v e ls  

(Segal, S u l l iv an ,  Kuzenski, & Mandell, 1971).

These f ind ings suggest th a t  Weiss' p o s i t io n  i s  incomplete and 

th a t  the r e la t io n s h ip  between NE and behavior cannot be so s im ple . 

Several a d d i t io n a l  f a c to r s  argue a g a in s t  a m ediation of h e lp le s sn e s s  

by hormonal f a c to r s .  The time course of s tre ss - in d u c e d  decreases  in  

NE, v a r io u s ly  estim ated  between 1-6 h r  (Barchas & Freedman, 1963;
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Maynert & L ev i, 1964; Ordy e t  a l . ,  1966) i s  in c o n s i s te n t  w ith  both
i

rep o rted  sh o r t - te rm  (24-48 h r )  h e lp le ssn ess  e f f e c t s  and the  more 

permanent v a r i e ty  (7-25 days) repo rted  by Seligman and h is  group. 

Moreover, both  forms o f  the  exhaustion  hypotheses a re  d i f f i c u l t  to  

r e c o n c i le  w ith  improved performance following forced  exposure to  

escape-avoidance co n tin g en c ie s  (Seligman e t  a l . ,  1968).

Competing Motor Response Theories

As w ith  ex haus tion  th e o r i e s ,  the re  a re  s e v e ra l  v a r ia t io n s  on the 

competing motor response h y p o th e s is .  N ev er th e le ss ,  these  p o s i t io n s  

share  the b a s ic  t e n e t  t h a t  an im als , during periods o f  inescapable  

shock, le a rn  a response which subsequently  provides a source of 

p roac tive  in te r f e r e n c e  w ith  escape-avoidance le a rn in g .

For in s ta n c e ,  i t  has been suggested (Dinsmoor & Campbell, 1956; 

M ullin & Mogenson, 1963) t h a t  inescapably  shocked animals le a rn  to  

escape and /or reduce shock v ia  some "unauthorized" response ( e .g . ,  

r e a r in g ,  c rouch ing , r o l l i n g  over on the heavy fu r  on i t s  back, e t c . )  

and th a t  i t  i s  these  responses  which subsequently  i n t e r f e r e  w ith  

avoidance le a rn in g .  Less v ia b le  ve rs io n s  of t h i s  theme have proposed 

th a t  shock o f f s e t  leads to  the development of s u p e r s t i t io u s  

responding o r ,  a l t e r n a t i v e l y ,  t h a t  a c t iv e  responding is  sometimes 

adven tious ly  punished by shock o f f s e t  and, hence, i s  decreased in  the 

t e s t  s i t u a t i o n  (see Seligman e t  a l . ,  1971 fo r  a more d e ta i le d  

d iscu ss io n  of such i s s u e s ) .

Such arguments encoun ter  numerous d i f f i c u l t i e s .  For in s ta n c e ,  

i n i t i a l  shock a p p l i c a t io n  produces considerab le  running and s t ru g g l in g  

in  r a t s .  This a c t i v i t y ,  beginning a t  some p o in t a f t e r  shock onset 

and o f te n  co n tinu ing  fo r  the  d u ra t io n  o f  the  shock, should be 

adven tiously  re in fo rc e d  by shock o f f s e t  and, t h e r e f o r e ,  in c rease  in
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frequency. Yet running in  inescapab ly  shocked r a t s ,  in s te ad  o f  

in c reas in g  over t r i a l s ,  most commonly decreases  and i s  rep laced  by 

immobility and "p rancing" (Trabasso &  Thompson, 1962). Moreover, 

p a ra ly s is  to  both dogs (Overmier & Seligman, 1967) and r a t s  (Anisman,

1972) during PS has been shown to  produce le a rn in g  impairments s im i la r  

in  magnitude to  those obta ined  fo llow ing PS in  unparalyzed an im als .  

Although the use of neuromuscular b lock ing  agents has been c r i t i c i z e d  

as a technique fo r  p rec lud ing  k in e s t h e t i c  le a rn in g  (Black, 1967), 

find ings  in  t h i s  reg a rd  a re  not r e a d i ly  accounted fo r  in  the above 

fo rm u la t io n s .

D ire c t ly  ad d re ss in g  h im se lf  to  th ese  arguments, Maier (1970) 

noted th a t  i f  p ro a c t iv e  in te r f e r e n c e  from incom patible motor 

responses was indeed a source of subsequent lea rn in g  d e f i c i t s  in  

learned h e lp le s s n e s s ,  then  animals s y s te m a t ic a l ly  tau g h t a s k e l e t a l  

response incom patib le  w ith  an avoidance ta s k  should subsequen tly  

demonstrate impaired a c q u i s i t io n  o f t h a t  t a s k .  I f ,  on the  o th e r  hand, 

recogn iz ing  the  e x is te n c e  o f  co n tin g en c ie s  between responding and 

shock o f f s e t  was the  c r i t i c a l  v a r ia b le  (as suggested w i th in  a 

h e lp le ssn ess  fo rm u la t io n ) ,  then avoidance le a rn in g  should remain 

u n a ffe c ted .  A ccord ing ly , Maier s y s te m a t ic a l ly  t r a in e d  dogs to  

te rm ina te  shock by h o ld in g  t h e i r  heads immobile. Subsequent escape- 

avoidance le a rn in g  was somewhat impaired in  such dogs in  comparison 

to  unshocked dogs but t h i s  d i f f e r e n c e  d isappeared  over t r i a l s  such 

th a t  l a t e r  performance o f  experim enta l dogs was in d is t in g u is h a b le  

from unshocked c o n t ro l  an im als . In  s t r i k i n g  c o n t r a s t ,  over 50% of 

yoked dogs exposed to  inescapab le  shock were s t i l l  f a i l i n g  in  the  

escape-avoidance ta s k  when the experiment was term inated  a f t e r  130 

t r i a l s .  However in  c r i t i c i s m ,  i t  has been poin ted  ou t (Anisman &
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W aller , 1973) th a t  the  inescapab ly  shocked animals in  M aier’ s study 

may have learned a more pronounced f reez in g  response than t h e i r  

escaping co u n te rp a r ts  and th a t  t h i s  in  tu rn  could have accounted fo r 

the d i f f e r e n t i a l  le a rn in g  observed between the  two groups.

In  d iscu ss in g  th i s  is sue  a t  a s u b je c t iv e  le v e l ,  Seligman 

(Seligman e t  a l . ,  1971), c i t i n g  the  numerous s tu d ie s  of h is  group, 

noted th a t  " h e lp le s s "  dogs did not appear to  be performing competing 

motor responses o f  any ty p e ; in s te a d ,  more than any th ing , such 

animals seemed to  have given  up. Maier (1970) in  t h i s  same v e in ,  

rep o rted  t h a t  the only dogs c o n s i s te n t ly  observed to  adopt shock- 

reducing postures  were animals g iven coping co n tingenc ies  during 

preshock tre a tm en t.

While such r e b u t t a l s  f a i l  to  com pletely  r e f u t e  competing response 

hypotheses, they , n e v e r th e le s s ,  s ev e re ly  r e s t r i c t  t h e i r  scope ( i . e . ,  

the competing response  i s  reduced to  some m arginal ( c u r re n t ly  

unobservable) ad justm ent of the  s k e l e t a l  m uscu la tu re) .

Two l a t e r  v e rs io n s  o f t h i s  h y p o th e s is ,  however, f a i r  much 

b e t t e r  under c r i t i c i s m  and, indeed , appear as s u b s t a n t i a l  as the 

h e lp le ssn ess  p o s i t io n  i t s e l f  in  accounting  fo r  e x i s t in g  d a ta .  Quite 

simply, Weiss e t  a l .  (1968) have proposed t h a t  the avoidance d e f i c i t s  

seen following ep isodes  of inescapab le  shock in  r a t s  r e s u l t  from 

ex tens ive  freez in g  in  th e  presence of a conditioned  stim ulus  (CS) 

p rev ious ly  involved in  c l a s s i c a l  f e a r  c o n d i t io n in g .  As a t e s t  of 

t h i s ,  Weiss su b jec ted  r a t s  to  2 days o f  fe a r  c o n d it io n in g  (four 

t r i a l s  per day). C on tro l groups rece iv ed  equal p re se n ta t io n s  of the 

CS by i t s e l f ,  a s e s s io n  o f u n s ig n a l led  shock, or f e a r  c o n d it io n in g  to 

a CS d i f f e r e n t  from th a t  to  be used in  subsequent avoidance t r a in in g .  

On the  day following completion o f  th ese  p r e t e s t  s e s s io n s ,  a l l  animals
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were given d a i ly  avoidance t r a in in g  fo r  1 week (150 t r i a l s  in  t o t a l ) .  

Movement r a t in g s  were obtained  on genera l  a c t i v i t y  fo r  10 sec epochs 

p r io r  to ,  du ring , and a f t e r  the CS on each animal throughout both 

p re te s t  and avoidance s e s s io n s .

Weiss found, not s u r p r i s in g ly ,  th a t  the performance of the 

group rece iv in g  fe a r  con d it io n in g  and subsequent avoidance t r a in in g  in  

the presence of the same CS was markedly below th a t  o f  the o ther th ree  

groups. More im portan tly , movement r a t in g s  fo r  the p re fea r  group 

during the  CS were depressed both in  fe a r  con d it io n in g  and l a t e r  

avoidance t r a in in g .  Movement in  th i s  l a t t e r  group c o r re la te d  h igh ly  

(£ = .83) w ith  t o t a l  number o f  avoidance responses and provided a 

s trong  p re d ic to r  of a c q u i s i t io n  in  the avoidance ta sk .  S ig n i f ic a n t  

c o r re la t io n s  were not found in  c o n tro l  groups.

Noting the sometimes t r a n s ie n t  na ture  o f  learned  he lp lessness , 

Weiss was a lso  able to  r e p e a t  these  f ind ings  us ing  a temporally 

spaced procedure during both p r e te s t  sess io n s  and avoidance se ss io n s .  

As b e fo re ,  movement during the CS in  the experim ental group remained 

an e x c e l le n t  p re d ic to r  of subsequent avoidance performance. Moreover, 

Weiss repo rted  th a t  i t  was possib le  to  e l im in a te  avoidance d e f i c i t s  

( in  f a c t ,  avoidance le a rn in g  was f a c i l i t a t e d )  by t r a in in g  r a t s  on an 

avoidance ta sk  p r io r  to  fe a r  co n d it io n in g .  In  t h i s  l a t t e r  case , 

a c t i v i t y  r a t in g s  during  the CS were not suppressed in  subsequent 

avoidance t r a in in g .

This work suggests  then  t h a t  PS e f f e c t s  in  learned he lp le ssn ess  

may r e f l e c t  nothing more than  p roac tive  in te r f e r e n c e  w ith  s h u t t le  

responding a r i s in g  from fear-induced  f reez in g  in  the r a t .  However, 

Weiss' f in d in g s ,  re ly in g  on the presence o f  a CS, remain lim ited  by 

the  dem onstration (Overmier & Seligman, 1967) o f  eq u iva len t learn ing

66

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

impairment following se ss io n s  of both s ig n a l le d  and un s ig n a l led  

inescapable  shock. In  t h i s  regard , i t  can be argued th a t  fe a r  

during PS is  conditioned  to  s t a t i c  apparatus and environmental cues 

and th a t  such c o n d it io n in g  subsequently  g en e ra l iz e s  to  t e s t  

s i tu a t io n s  (M cA llister & M cA llis te r ,  1963). However, W eiss' 

dem onstration of avoidance d e f i c i t s  only in  r a t s  given fe a r  

cond ition ing  to  the avoidance CS suggests  th a t  t h i s  l a t t e r  exp lana tion  

i s  incom plete.

Anisman (Anisman & W aller ,  1973), borrowing co ncep tua lly  from 

Bolles (1971), has c r i t i c a l l y  expanded th i s  p o s i t io n  by suggesting  

th a t  PS e f f e c t s  a re  mediated by changes in  the  p r o b a b i l i ty  of 

occurrence o f c e r t a in  sp ec ie s  s p e c i f ic  defensive  r e a c t io n s  (SSDR).

As a p re fa ce ,  B olles  (1971) has pointed out th a t  r a t s  e x h ib i t  one of 

th ree  p repo ten t spec ie s  s p e c i f ic  defensive  re a c t io n s  when f r igh tened  

( i . e . ,  f l i g h t ,  f r e e z in g ,  or f ig h t in g )  and th a t  the  p a r t i c u la r  

response forthcoming i s  con tingen t on the  con tex t o f  a given s i t u a t io n .  

Bolles n o te s ,  fu r therm ore , th a t  many avers ive  s i tu a t io n s  are 

ch a rac te r iz ed  by a c o n f l i c t  in  such SSDRs ( fo r  in s ta n c e ,  r a t s  shocked 

in  a s h u t t l e  box have competing p re d isp o s i t io n s  to  both  run  away and 

to  freeze  when subsequently  placed in  th a t  same s i t u a t i o n ) .  To the  

e x ten t  th a t  a g iven  ta sk  favors one SSDR over a n o th e r ,  the more 

quickly such c o n f l i c t s  w i l l  be re so lv ed . Toward t h i s  end, bar 

p ressing  i s  t y p ic a l ly  compatible w ith  f ree z in g  w hile  tu rn in g  wheels 

and one-way avoidance ta sk s  encourage f le e in g .  S h u tt le -av o id an ce ,  by 

re q u ir in g  animals to  r e e n te r  a compartment where they have p rev iously  

rece ived  shock, provides a c le a r  example o f  the c o n f l i c t  between 

f l i g h t  and f ree z in g .
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B o lle s '  p o s i t io n  has rece ived  con sid e rab le  support from a s e r i e s  

of s tu d ie s  by Blanchard and Blanchard in v e s t ig a t in g  the behavior o f  

r a t s  under a v a r i e ty  o f  av ers iv e  s i t u a t i o n s .  Using a moving shock 

prod as a CS, Blanchard and Blanchard (1969a, 1969b) demonstrated 

enhanced avoidance responding fo llow ing a s e s s io n  o f p r io r  fe a r  

con d itio n in g  to  the prod. A c t iv i ty  le v e ls  during avoidance t r a in in g  

(as measured by g r id  c ro ss in g s  in  the  experim ental chamber) were 

s i g n i f i c a n t ly  depressed during  i n t e r t r i a l  in t e r v a l s  b u t ,  n e v e r th e le s s ,  

c o r re la te d  s i g n i f i c a n t ly  w ith  the number o f  avoidance responses made 

by experim ental groups. In  c o n t r a s t ,  r a t s  sub jec ted  to  fe a r  

con d it io n in g  (aga in , to  the  prod) o u ts id e  o f  the  experim ental chamber 

showed s i g n i f i c a n t  in c rease s  in  both a c t i v i t y  lev e ls  and avoidance 

responding when te s te d  a g a in s t  r a t s  re c e iv in g  e q u iv a len t  fe a r  

cond ition ing  w ith in  the  t e s t  chamber. These f ind ings  po in t to  the  

r e l a t io n s h ip  between f reez in g  behav ior and the  number o f  s i t u a t i o n a l  

cues p re sen t  during  p r io r  f e a r  c o n d i t io n in g .  In  l a t e r  work, Blanchards 

sugges t ,  as did  Bolles e a r l i e r ,  t h a t  f ree z in g  and f le e in g  o f te n  

c o n f l i c t  and th a t  the  presence of one over the  o th e r  i s  c o n tin g en t  on
j

both the  t e s t  s i t u a t i o n  (Blanchard & B lanchard, 1971) and the  

d i s c r im in a b i l i ty  of th r e a t  o b je c ts  (Blanchard & Blanchard, 1970a, 

1970b).

W ithin  t h i s  concep tual form at, Anisman has s y s te m a t ic a l ly  

in v e s t ig a te d  the ro le  o f  PS v a r ia b le s  in  subsequent le a rn in g .

R esu ltan t f in d in g s  have s treng thened  and extended Weiss' i n i t i a l  

suggestions  and p re sen t ly  provide a compelling indictm ent of 

h e lp le s s n e s s  e f f e c t s  in  the  r a t .  As a s t a r t i n g  p o in t ,  Anisman, l ik e  

Weiss, found PS a c t i v i t y  le v e ls  h ig h ly  c o r r e la te d  w ith  subsequent 

avoidance lea rn in g  (Anisman & W alle r ,  1971a, 1971b, 1972). However,
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in  c o n t r a s t  to  W eiss, Anisman a lso  found a high c o r r e l a t i o n  between 

lea rn in g  and le v e ls  of a c t i v i t y  during  in te rs t im u lu s  i n t e r v a l s .

Indeed, i n d i r e c t  support fo r  t h i s  p o s i t io n  had a lread y  been p rev ious ly  

provided by C icala  (C ica la ,  Masterson, & Kubitsky, 1971; C ica la  & Ulm, 

1971) w ith  the dem onstra tion  of an in c rease  in  a c t i v i t y  during  the  

CS over le v e ls  obtained  during  the  in te rs t im u lu s  i n t e r v a l  (a lthough 

o v e ra l l  a c t i v i t y  of shocked animals was depressed r e l a t i v e  to  

nonshock c o n t r o l s . )  These f in d in g s  implied th a t  f re e z in g  was not 

conditioned  only to  the CS as proposed by W eiss, bu t a lso  appeared to  

g en e ra l iz e  to  the e n t i r e  PS s i t u a t i o n .  Im portan tly , Anisman and W aller 

(1971b) a l so  found decreased a c t i v i t y  lev e ls  in  the in te r s t im u lu s  

in te r v a l  fo llow ing exposure to  u n s ig n a l led  PS. As w ith  s ig n a l le d  

shock, such a c t i v i t y  c o r r e la te d  w e ll  w ith  subsequent escape-avoidance 

lea rn in g .  In  a l l  c a se s ,  c o r r e la t io n s  between le a rn in g  and a c t i v i t y  in  

unshocked r a t s  remained n o n s ig n i f ic a n t .

Anisman f u r th e r  extended these  find ings  to  a system atic  

e v a lu a t io n  of PS e f f e c t s  on s tim ulus  and response v a r ia b le s  in  bo th  

one-way and sh u t t le -a v o id an c e  le a rn in g .  Not s u r p r i s in g ly ,  PS 

f a c i l i t a t e d  avoidance tasks  when animals were req u ired  to  ru n  away 

from the p rev io u s ly  dangerous s tim ulus  (Anisman, 1973; Anisman &

W aller ,  1972; de Toledo & Black [1967, 1970] have rep o r ted  s im i la r  

f in d in g s ) .  On the  response s id e ,  punishment o f  the to -b e - re q u ire d  

response enhanced lea rn in g  impairments while escape t r a in in g  during  PS 

f a c i l i t a t e d  le a rn in g  ( i . e . ,  t r a in in g  o r punishing the to -b e - r e q u ir e d  

response am plif ied  PS e f f e c t s ) .  These f ind ings  in d ic a te  th a t  the  

e f f e c t s  o f  PS a re  not only sp ec ie s -  and t a s k - s p e c i f i c  ( r e c a l l  Maier 

e t  a l . ,  1973) b u t  a re  a l so  s e n s i t i v e  to  s p e c i f i c  s tim ulus  and response 

c h a r a c t e r i s t i c s  o f  a g iven ta sk .
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F in a l ly ,  Anisman (1973) has shown f a c i l i t a t i o n  of s h u t t l e -  

avoidance i s  e lim ina ted  when PS i s  adm inistered  to  r e s t r a in e d  r a t s .

In  c o n t r a s t ,  f a c i l i t a t i o n  of one-way avoidance remained unaffected  

by r e s t r a i n t .  In a n a ly s is  o f  both f reez in g  and number o f cage 

c ross ings  (measured during repea ted  p re s e n ta t io n s  o f  preshock CS 

w ithout accompanying US), Anisman found th a t  f r e e z in g  was s ig n i f i c a n t ly  

e leva ted  in  r e s t r a in e d  r a t s .  Conversely, number o f  cage c rossings  were 

e leva ted  in  u n re s tra in ed  r a t s  but d i f f e r e d  s i g n i f i c a n t l y  from con tro ls  

only during the a c tu a l  p re se n ta t io n  o f  the CS.

Anisman has subsequently  in te g ra te d  these  f in d in g s  in to  a 

u n if ie d  a c t i v i t y  hypothesis  (Anisman & W alle r ,  1973) d i re c te d  toward 

an ex p lana tion  of equivocal f ind ings  in  r a t  avoidance behav io r . As 

most in v e s t ig a t io n s  o f learned h e lp le ssn ess  in  the r a t  have involved 

escape-avoidance ta s k s ,  the t h r u s t  o f  much of Anisman1s theory is  

thus a lso  a p p lic ab le  to  h e lp le ssn ess  f in d in g s .  S p e c i f i c a l ly ,  Anisman 

and W aller suggest, as did  B olles  (1971), t h a t  le a rn in g  in  an aversive 

s i t u a t i o n  i s ,  fo r  the  r a t ,  h ig h ly  c o r re la te d  w ith  the  co m p a t ib i l i ty  

between the  req u ired  avoidance ta sk  and p repo ten t SSDRs. Or to 

paraphrase , lea rn in g  and performance in  a g iven paradigm r e f l e c t s  the 

r e l a t i v e  dominance o f  one SSDR ( e . g . ,  f l i g h t )  over ano ther ( e .g . ,  

f r e e z in g ) .  To the e x te n t  th a t  a g iven s i t u a t i o n  e l i c i t s  an 

incompatible SSDR, th a t  ta sk  w i l l  be r e l a t i v e l y  more d i f f i c u l t  to  

le a rn  s in ce  animals w i l l  not only have to  le a rn  to  produce the c o r re c t  

response bu t w i l l  a lso  have to  le a rn  to  suppress  the  in app rop ria te  

SSDR.

In  t h i s  reg a rd ,  i t  i s  o f  i n t e r e s t  th a t  amphetamine has been 

rep o r ted  to  f a c i l i t a t e  sh u tt le -a v o id an c e  performance (Anisman & W aller, 

1971a; H ears t ,  1963; Krieckhaus e t  a l . ,  1965) and t h a t  t h i s  e f f e c t
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appears to  be mediated by a drug-induced decrease in  f reez in g  behavior 

(Anisman & W alle r ,  1971a; Krieckhaus e t  a l . ,  1965). Indeed, the 

former au thors  have desc ribed  a s ta te -dependen t e f f e c t  wherein r a t s  

t ra in e d  to  avoid under amphetamine, subsequently  demonstrated impaired 

performance when te s te d  in  an undrugged s t a t e .  The authors  described  

improved avoidance responding only a f t e r  such r a t s  had a c t i v i t y  

learned to  suppress f r e e z in g .  S im ila r ly ,  Anisman & W aller (1972a) 

repo rted  PS f a c i l i t a t i o n  of both s h u t t l e -  and one-way avoidance 

learn ing  in  hood, W is ta r ,  Holtzman, and Sasco s t r a in s  bu t not in  

Sprague-Dawley an im als. Im portan tly , shock-induced freez in g  was 

excessive  only in  the  l a t t e r  s t r a i n .

F in a l ly ,  the w idely re p o r te d  negative c o r r e la t io n  between 

in t e n s i ty  o f shock and avoidance a c q u is i t io n  (Anisman & W alle r ,  1972a; 

Levine, 1966; Moyer & Korn, 1964; Theios, Lynch, & Lower, 1966) has 

been a t t r i b u t e d  to  increased  f reez in g  a t  h igher shock i n t e n s i t i e s  

(Anisman & W alle r ,  1972a; Theios e t  a l . ,  1966). In  a system atic  

in v e s t ig a t io n  o f  t h i s  r e l a t i o n s h ip ,  the l a t t e r  au thors  in  f a c t  have 

described  a c t i v i t y  as a monotonically  decreasing  func tion  o f  shock 

in t e n s i t y .

In  summary, Anisman's a c t i v i t y  theory  provides a comprehensive 

a l t e r n a t iv e  ex p lan a tio n  of learned  h e lp le ssn ess  phenomena in  the r a t .  

A ll rep o r ted  in s ta n ce s  o f le a rn in g  impairment following an episode of 

inescapab le  PS in  the  r a t  have used complex escape-avoidance ta sk s .  

One-way avoidance and, in  some cases ,  shu tt le -av o id an ce  a re  more o f ten  

than not f a c i l i t a t e d  by PS (see  Anisman & W aller , 1973). In  t h i s  

reg a rd ,  Bolles (1970, 1971) has noted th a t  fear-induced  f reez in g  

responses can be e a s i l y  suppressed in  one-way avoidance ta s k s .  

A ccordingly, f l i g h t  r e a c t io n s  remain r e l a t i v e l y  unopposed and account
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fo r  rap id  a c q u i s i t io n .  More complex ta s k s ,  on the o the r  hand, do 

not lend themselves as r e a d i ly  to  supp ress ion  of fear-induced  freez in g  

and lead to  an antagonism between competing SSDRs. These tasks  a re ,  

not s u r p r i s in g ly ,  f a r  more d i f f i c u l t  fo r  PS r a t s  to  so lv e .

Addressing h im se lf  s p e c i f i c a l ly  to  these  c r i t i c i s m s ,  Seligman

(1974) noted the  dem onstration of learned  h e lp le ssn es s  in  a v a r ie ty  o f  

nonshock paradigms ( i . e . ,  Braud e t  a l . ,  1969, in  mice n eg o t ia t in g  a 

w ater escape ta s k ;  H iro to , 1974, in  humans performing on a f in g e r  maze; 

and McCulloch & Bruner, 1939, w ith  r a t s  swimming in  a w ater maze).

These in s tan ces  a re  no t,  however, com pelling. For in s ta n ce ,  Seligman1s 

a s s e r t io n  th a t  d e f i c i t s  in  human s u b je c ts  performing on a f in g e r  maze 

ta sk  fo llowing a s in g le  sess io n  of exposure to  inescapable  tone 

(H iro to , 1974) r e f l e c t s  development o f  a s e t  o f  expec ta tions  th a t  th e i r  

responding has become noncontingent i s  not appea ling . Indeed, 

o n e - th ird  o f  Seligman1s mongrel dogs did  not succumb to  a s t a t e  of 

h e lp le ssn ess  during  severe  shock. A t t r ib u t in g  th i s  l a t t e r  f ind ing  to  

a p re lab o ra to ry  h i s to r y  of su ccess fu l  coping, Seligman, n e v e r th e le s s ,  

i s  w i l l in g  to  submit th a t  1 h r  exposure to  an obnoxious tone can, in  

man, be more d is ru p t iv e  than a p p l ic a t io n s  of s tro n g  shock to  dogs 

suspended immobile in  a hammock. Regarding Braud's  swimming ta s k ,  mice 

were req u ired  to  swim across a tub to  a l ig h te d  p la tfo rm . Im portan tly , 

over f ive  t e s t  t r i a l s  Braud f a i le d  to  find  a d i f f e re n c e  between 

inescapably  shocked mice and coping c o n tro ls  in  the  f i r s t  two t e s t  

t r i a l s ;  escape la te n c ie s  fo r  the former group increased  s ig n i f i c a n t ly  

only over the  f i n a l  th ree  t r i a l s .  I t  i s  thus im possible to  separa te  

lea rn in g  d e f i c i t s  from fa t ig u e  f a c to r s .  In  the  most d i r e c t  challenge 

to  the f reez in g  h y p o th e s is ,  McCulloch and Bruner (1939) requ ired  r a t s  

to  perform a b r ig h tn e s s  d is c r im in a t io n  in  a w ater maze a f t e r  s e v e ra l
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d a i ly  sess io n s  o f  shock. R esu lts  showed impaired a c q u i s i t io n  fo r  PS 

r a t s  but th i s  f in d in g  remained compromised as performance of 

inescapably  shocked r a t s  was compared only a g a in s t  an e q u iv a len t  group 

o f  unshocked an im als . Hence, i t  becomes impossible to  d isc r im in a te  

e f f e c t s  r e la te d  to  th e  inescapab le  n a tu re  o f  shock from e f f e c t s  o f  

shock per s e .  Moreover, in c o r r e c t  maze performance in  both  groups 

r e s u l te d  in  a p p l ic a t io n  o f  a shock as a r a t  pu lled  h im se lf  out o f  the  

w a ter .  Obviously the  l a t t e r  ta sk  was not shock f ree  and may have 

in te ra c te d  w ith  PS e f f e c t s  to  produce un fo reseeab le  sources of 

confounding.

Also, in  c o n t r a s t  to  the  above work, Anderson and Paden (1966) 

repo rted  f a c i l i t a t e d  a c q u i s i t io n  o f  a pass ive  avoidance ta sk  in  mice 

p rev ious ly  su b jec ted  to  extended se s s io n s  o f  inescapab le  tumbling.

In  a d d i t io n ,  p re l im in a ry  f ind ings  by t h i s  au thor have f a i l e d  to  

d is c lo se  system atic  d i f f e r e n c e s  in  performance of a w ater maze 

b r ig h tn es s  d is c r im in a t io n  escape ta s k  between groups o f  escapably  and 

inescapably  shocked r a t s  prov id ing  w ater  tem perature was kep t e lev a ted  

and precau tions  were taken  to  keep r a t s  warm between t r i a l s  (see a l s o  

Stone, 1970). On the  o th e r  hand, r a t s  sub jec ted  to  i d e n t i c a l  PS 

cond itions  dem onstrated le a rn in g  d e f i c i t s  when te s te d  on an FR-2 

sh u t t le -e sc a p e  ta sk .

Thus, f reez in g  th e o r ie s  p re sen t  a v ia b le  a l t e r n a t iv e  to  learned  

h e lp le ssn ess  in  the  r a t .  Whether t h i s  a l s o  holds across  o th e r  spec ies  

remains to  be determ ined . For in s ta n c e ,  preshock e f f e c t s  i n  the  dog 

have not been as e x te n s iv e ly  documented as in  the r a t  nor does an  

ex tens ive  l i t e r a t u r e  e x i s t  reg a rd in g  behav io r o f  the  dog under shock 

cond itions  ( f o r  example, c o r r e la t io n s  have no t been e s ta b l i s h e d  on the 

a c t i v i t y  le v e ls  o f  dogs during  preshock and subsequent le a rn in g

73

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

perform ance). Such o b se rv a tio n s ,  of course , r e s t r i c t  the a p p l i c a b i l i t y  

o f  the  f ree z in g  hypo thesis  to  r a t s  b u t ,  w i th in  t h a t  s p e c ie s ,  i t  remains 

a t  t h i s  ju n c tu re  as an equally  tenab le  e x p lan a tio n  of p re sh o ck -re la ted  

le a rn in g  d e f i c i t s .

S t r e s s  E f fe c ts  and Dependent Measures

Although a p p e t i t iv e  fu n c tio n s ,  weight change, and le v e l  o f  motor 

a c t i v i t y  have no t been s p e c i f i c a l ly  in v e s t ig a te d  w i th in  the c o n tex t  of 

learned  h e lp le s s n e s s ,  a considerab le  body of r e le v a n t  da ta  n ev e r th e le s s  

e x i s t s  on r e l a t e d  e f f e c t s  o f  genera l s t r e s s  and fe a r  on such measures. 

D iscussion  o f  r e le v a n t  work from th i s  area  accord ing ly  fo llow s.

S t r e s s  and Coping Behavior

Perhaps the most w idely d iscussed  study on the psycholog ica l 

e f f e c t s  of s t r e s s  concerned the  executive  monkey phenomenon (Brady, 

P o r t e r ,  Conrad, & Mason, 1958). In  t h i s  work, two monkeys were 

a f f ix e d  in  s e r i e s  w ith  shock e le c t ro d e s .  One animal in  each p a i r  was 

then  given a Sidman avoidance contingency; h is  yoked p a r tn e r  rece iv ed  

e q u iv a len t  shock b u t  had no means o f  p reven ting  or te rm in a tin g  such. 

A fte r  s e v e ra l  weeks o f  performance on t h i s  ta s k ,  Brady found th a t  h is  

"ex ecu tiv e"  ( i . e . ,  avoiding monkey) had developed s i g n i f i c a n t l y  more 

g a s t r i c  u l c e r a t i o n  than  had i t s  yoked nonavoiding c o u n te rp a r t s .

This work has subsequently  been sev e re ly  c r i t i c i z e d  fo r  B rady 's  

u n fo r tu n a te  use o f  a b ia s in g  s e le c t io n  technique (d iscussed  below) which 

may have s y s te m a t ic a l ly  assigned u lce r-p rone  monkeys to  the  execu tive  

c h a i r .  Indeed, s e v e ra l  subsequent in v e s t ig a to r s ,  in  c o n t r a s t  to  Brady, 

have shown an a l l e v i a t i o n  of  s t r e s s  pathology in  animals provided w ith  

co n tin g en c ie s  fo r  coping w ith  aversive  s t im u l i .  For in s ta n c e ,  Weiss
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(1968) rep o r ted  f in d in g  s i g n i f i c a n t  decreases in  g a s t r i c  u lc e r a t i o n  

in  r a t s  given an avoidance contingency during a 21 h r  s t r e s s  s e s s io n .  

G a s tr ic  pathology was uniformly more pronounced in  yoked r a t s .  Escape- 

avoidance r a t s ,  in  tu r n ,  showed more pathology than  r a t s  r e s t r a in e d  

but not shocked during  the  experim ental period although t h i s  l a t t e r  

d i f fe re n c e  was no t s i g n i f i c a n t .  These find ings  have subsequen tly  been 

re p l ic a te d  by Weiss (1971a) over a longer s t r e s s  period (48 h r)  using 

a d i f f e r e n t  avoidance ta sk  (wheel tu rn in g  versus a nose manipulandum), 

and w ith  a h ig h e r  d e n s i ty  and in t e n s i t y  of shock. As b e fo re ,  yoked 

animals demonstrated s i g n i f i c a n t l y  more g a s t r i c  pathology than did 

e i t h e r  escape-avoidance or nonshocked c o u n te rp a r ts .  However, in  

c o n t r a s t  w ith  e a r l i e r  f in d in g s ,  avoiding anim als, under th e se  more 

severe  c o n d i t io n s ,  showed s ig n i f i c a n t l y  more u lc e r a t io n  than  did 

unshocked r a t s .  I n t e r e s t i n g l y ,  a p p l ic a t io n  of a s in g le  b r i e f  shock 

following performance o f each avoidance response in  coping r a t s  

e lim ina ted  s t r e s s - r e d u c in g  c h a r a c t e r i s t i c s  of the  avoidance s i t u a t i o n  

and increased  u lc e r a t i o n  beyond even th a t  observed in  inescapab ly  

shocked r a t s  (Weiss, 1971b). In  ex p lana tion  o f  t h i s  l a t t e r  f in d in g ,  

Weiss has suggested t h a t  response con tingen t shock provides a source 

o f  negative  feedback and th a t  the  c o n f l i c t  in troduced  ( i . e . ,  avoiding 

a t  a p r ic e )  produces a marked in c rease  in  s t r e s s  c h a r a c t e r i s t i c s  of 

the s i t u a t i o n .

In  d iscu ss in g  the  d isc rep an c ie s  in  h is  f in d in g s  a g a in s t  those o f  

Brady, Weiss noted t h a t  Brady sy s te m a tic a l ly  s e le c te d  monkeys w ith  

h igh  response r a t e s  to  serve  as the  avoidance an im al. In  t h i s  v e in ,  

S ines , C leeland , and Adkins (1963) have repo rted  t h a t  r a t s  demonstrating 

the  h ig h e s t  r a t e s  o f  avoidance responding were a l s o  the  most su sc e p t ib le  

to  u lc e r a t io n .  In  f a c t ,  Weiss (1971a) reported  f in d in g ,  p os t  hoc,
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higher inc idences  of u lc e r a t i o n  in  9 o f  36 avoiding r a t s  over yoked 

c o u n te rp a r ts .  This percentage i s  p re c is e ly  p red ic ted  by assuming 

t h a t ,  fo r  each two p a irs  o f  an im als, one h ig h e r  responder was 

se le c ted  (as Brady s y s te m a t ic a l ly  d id )  as the avoidance animal.

Thus, i t  appears th a t  the a v a i l a b i l i t y  of a coping contingency in  an 

aversive  s i t u a t i o n  does in  f a c t  reduce the s t r e s s  c h a r a c te r i s t i c s  of 

th a t  s i t u a t i o n  ( a t  l e a s t  in  the r a t ) .  Whether th i s  i s  a lso  the case 

in  primates aw aits  r e p l i c a t i o n  o f Brady 's  experiment under proper 

experim ental c o n t ro l s .

S tress  and Warning S ignals

S tre s s  d i f f e r e n t i a l s  a r i s i n g  through the a v a i l a b i l i t y  or 

n o n a v i la b i l i ty  o f  a coping response have p a r a l l e l s  w ith s t r e s s  

d i f f e r e n t i a l s  occurring  between ses s io n s  o f  s ig n a l le d  and uns igna lled  

shock. P r e c is e ly ,  u l c e r a t i o n  produced by inescapable  shock i s  reduced 

in  s e v e r i ty  when shock i s  s y s te m a t ic a l ly  preceded by a warning s ig n a l  

(G liner,  1972; M ezinskis, G l in e r ,  & Shemburg, 1971; Seligman & Meyer, 

1970; W eiss, 1970, 1971b). Moreover, r a t s  in  p reference s i tu a t io n s  

c o n s is te n t ly  s e l e c t  s ig n a l le d  over u n s igna lled  shock (G line r,  1972; 

lo ck ard ,  1965; P e rk in s ,  L ev is ,  & Seymann, 1963), although not i f  the  

former is  a s so c ia te d  w ith  h igher shock i n t e n s i t i e s  (Lockard, 1965).

These r e p o r t s  s tand  in  c o n t r a s t  to  e a r l i e r  find ings in  the r a t  

(Brady, Thornton, & D eFisher, 1962; P are , 1964, 1965) and mouse 

(Friedman & Ader, 1965) re p o r t in g  increased  u lc e r a t io n  in  the presence 

of warning s ig n a l s .  In  e x p lan a tio n  of these  in c o n s is te n c ie s ,  Weiss 

(1970) has c o r r e c t ly  poin ted  out th a t  those r e p o r ts  d esc rib ing  

in c reases  in  g a s t r i c  pathology during  s ig n a l le d  shock have f a i l e d  to  

e x erc ise  s t r in g e n t  yoking procedures . Indeed, applying t a i l  shock to
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yoked r a t s  connected in  s e r i e s  w ith  experimental c o u n te rp a r ts  (thus 

equating c u r re n t  in  the two an im als) ,  Weiss (1970, 1971a) has 

c o n s is te n t ly  found h ig h e r  le v e ls  o f  u lc e ra t io n  in  u n s ig n a l led  

co n d it io n s .

In  t h i s  re g a rd ,  Weiss (1971a) has proposed t h a t  s t r e s s  i s  

in v e rse ly  r e l a t e d  to  r e le v a n t  inform ation; u n s igna lled  shock, of 

course, provides r a t s  w ith  le s s  inform ation than s ig n a l le d  shock and, 

hence, i s  more s t r e s s f u l .  In  a r e la te d  in te r p r e t a t i o n ,  Seligman and 

Meyers (1970) no ting  reduc tions  in  r a te s  of operant b a r  p re ss in g  

during u n s ig n a l led  shock, proposed th a t  r a t s  in  the s ig n a l le d  

co nd ition  were a f r a id  ( i . e . ,  s t r e s s e d )  only in  the presence o f  the  CS, 

having qu ick ly  learned  th a t  non-CS periods are  " s a f e . "  In  c o n t r a s t ,  

r a t s  re ce iv in g  u n s ig n a l led  shock remained in  continuous f e a r .

Regardless o f  i n t e r p r e t a t i o n s ,  the weight o f  c u r re n t  evidence suggests 

th a t  u n s ig n a l led  shock produces a h igher le v e l  of s t r e s s  than  does 

s ig n a l led  shock and t h a t  t h i s  f ind ing  may be analogous to  

d i f f e r e n t i a l s  i n  the in h e re n t  aversiveness  or s t r e s s  c h a r a c t e r i s t i c s  

found between c o n t r o l l a b le  and u n c o n tro llab le  shock.

S tress  and Consummatory Behavior

Inescapable  shock a lso  appears to  produce decreases  in  a p p e t i t iv e  

functions a lthough documentation o f  these  e f f e c t s  remains p a r t i a l l y  

unreso lved . For example, in c rease s  have been rep o r te d  in  both  w ater 

consumption (Amsel & Maltzman, 1950; Levine, 1965; Moyer, 1965; Moyer & 

Baenninger, 1963; S ie g e l  & S ie g e l ,  1949) and food consumption 

(S iege l & B ran tley ,  1951; Strongman, Coles, Remington, & Wookey, 1970; 

Weiss, 1970a) fo llow ing exposure to  inescapable shock. In c o n t r a s t ,  

o the r  re se a rc h e r s  have desc ribed  decreased w ater consumption (Amsel,
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1950; Levine, 1957, 1958, 1965; Lerman, 1974; Moyer, 1965; Weiss,

1968, 1970; Weiss e t  a l . ,  1970) and food consumption (Lerman, 1974; 

Mowrer & Viek, 1948; Weiss, 1968, 1970a; Weiss e t  a l . ,  1968) following 

s im ila r  e x p e r ien ces .

Severa l f a c to r s  c o n tr ib u te  to  th e se  a m b ig u it ie s .  Both Amsel 

(1950) and Mowrer and Viek (1948) have p resen ted  evidence showing 

decreased food and w ater in take  in  the  presence o f  s t im u li  p rev ious ly  

involved in  f e a r  c o n d i t io n in g .  In  f u r th e r  e x p l ic a t io n ,  Moyer (1965) 

and Levine (1957, 1958, 1965) have r e l a t e d  consummatory behavior to  a 

complex in t e r a c t io n  inc lud ing  p r io r  s t r e s s  experience and experim ental 

nove lty . S p e c i f i c a l ly ,  r a t s  handled in  in fan cy , when subsequently  

confronted w ith  s t r e s s ,  demonstrated le s s  em o tiona li ty  and 

responsiveness  than did nonhandled r a t s .  Accordingly, w ater 

consumption in  handled r a t s  showed le s s  f lu c tu a t io n  in  response to  

s t r e s s .  Moreover, novelty  has a l s o  been shown to  produce decreased 

water in tak e  (Levine, 1965; Moyer, 1965). Conversely, h a b i tu a t io n  to  

novelty  r e s u l t e d  in  r e s to r a t io n  o f  b a s e l in e  r a t e s .  In f a c t ,  numerous 

re p o r ts  have desc ribed  inc reased  le v e l s  o f  w ater consumption over 

nonstress  b a s e l in e  lev e ls  during ep isodes  o f  repeated  s t r e s s  (Amsel & 

Maltzman, 1950; Levine, 1965; Moyer, 1965; S ie g e l  & B ran tley , 1951; 

S iege l & S ie g e l ,  1949). I n t e r e s t i n g l y ,  in  a l l  cases, r a t s  in  these  

l a t t e r  r e p o r ts  rece ived  ex ten s iv e  han d lin g  p r io r  to  t e s t i n g .

In  summary, d a ta  suggest t h a t  consummatory behavior i s  reduced 

by high le v e l s  o f  s t r e s s  a lthough  such e f f e c t s  remain in fluenced  by a 

complex i n t e r a c t i o n  between p r io r  h i s t o r i e s  of experim ental an im als, 

novelty  o f  the  experim ental s i t u a t i o n ,  and the presence o f f e a r -  

inducing cues .
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In  a d i f f e r e n t  v e in ,  Weiss has s y s te m a t ic a l ly  in v e s t ig a te d  

changes in  a p p e t i t iv e  measures as a combined fu n c t io n  of in fo rm ationa l 

co n ten t o f  cond itioned  s t im u l i  and the amount o f  c o n t r o l l a b i l i t y  

provided to  experim enta l an im als. In  t h i s  r e g a rd ,  Weiss (1970) 

rep o rted  s i g n i f i c a n t  decreases  in  both food and w ater  in take in  

consecu tive  24 h r  periods fo llowing shock (a lthough  s ig n i f i c a n t  

decreases  in  w a te r  appeared only during  th e  second 24 h r p e r io d ) . No 

s ig n i f i c a n t  d i f f e r e n c e s  were found between r a t s  rece iv in g  s ig n a l le d  

shock and those exposed to  u n s ig n a l led  shock. In  a co n tin u a tio n  of 

t h i s ,  Weiss then  sub jec ted  r a t s  to  two s h o r te r  d u ra t io n  s t r e s s  

se ss io n s  sep a ra ted  from each o ther by 24 h r .  Again, both a p p e t i t iv e  

measures were s i g n i f i c a n t ly  decreased w ith  r e s p e c t  to  nonshocked 

c o n t ro l  animals and y e t  f a i l e d  to  d i f f e r  s i g n i f i c a n t l y  from each o the r 

(although food and w ater in take  were lower in  animals re ce iv in g  

u n s ig n a l led  shock) . This s tro n g ly  suggests  a sh o ck -re la ted  e f f e c t  

i r r e s p e c t iv e  o f the  presence or absence o f  a warning s ig n a l .  (As an 

a s id e ,  Weiss ob ta ined  h is  measures over an  extended period o f  tim e. 

This c o n t r a s t s  w ith  most p r io r  work w herein  consummatory responding 

has remained r e s t r i c t e d  to  a p resc r ib ed  period  o f  the  day—and seldom 

in  excess o f  1 h r  ) .

Pare (1965) , in  s im ila r  work, re p o r te d  f in d in g  a s ig n i f i c a n t  

decrease  in  w a ter  consumption o f shocked anim als over nonshocked r a t s ,  

ag a in ,  i r r e s p e c t iv e  o f  the presence or absence o f a warning s ig n a l .  

However, in  c o n t r a s t  to  Weiss, Pare a l so  re p o r te d  a s ig n i f i c a n t  

decrease  in  food consumption, bu t only fo r  animals re c e iv in g  s ig n a l le d  

shock. Rats exposed to  uns ig n a l led  shock in  tu r n  a te  le ss  th a t  

unshocked anim als a lthough th i s  l a t t e r  d i f f e r e n c e  was not s i g n i f i c a n t .
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As noted above, com parab il i ty  between Weiss' f in d in g s  and those 

o f  Pare remain l im ited  by f a i lu r e  o f  the  l a t t e r  au tho r  to  use adequate 

yoking procedures. D espite  t h i s ,  both workers have rep o r ted  

n o n tran s ien t  decreases  in  food and w ater consumption following 

exposure to  shock; whether o r  not such decreases  a re  enhanced or 

reduced by the presence o f  a warning s ig n a l  remains undetermined.

In  a s im i la r  s e t  o f  in v e s t ig a t io n s ,  Weiss has a l s o  examined 

d if fe re n c e s  in  consummatory behavior a r i s in g  from the a v a i l a b i l i t y  or 

n o n a v a i la b i l i ty  o f  coping con tingencies  during  s t r e s s .  In  t h i s  reg a rd ,  

Weiss (1968) rep o rted  f in d in g  s ig n i f i c a n t  decreases  in  24 h r  food 

in take  in  r a t s  su b jec ted  to  a 3 h r  s e ss io n  o f inescapab le  shock. 

Control r a t s  re c e iv in g  equ iv a len t  avoidable  shock d id  not d i f f e r  from 

nonshock animals (although these  measures were lower fo r  avoiding 

an im als) . These r e s u l t s  have subsequently  been p a r t i a l l y  r e p l ic a te d  

(Weiss e t  a l . ,  1970) over a considerab ly  s h o r te r  p o s t s t r e s s  epoch. 

Looking a t  both food and w ater in take  in  the 1 h r . period  immediately 

following te rm in a tio n  o f  a 3 h r  s t r e s s  p e riod , Weiss ag a in  found a 

s i g n i f i c a n t  decrease  i n  food consumption in  inescapab ly  shocked r a t s .  

However, in  c o n t r a s t  to  h is  e a r l i e r  r e p o r t  (Weiss, 1968), avoiding 

animals a lso  showed s ig n i f i c a n t  decreases in  food in ta k e .  Water 

consumption, which had no t d i f f e r e d  in  previous work, was now 

s ig n i f i c a n t ly  decreased  in  inescapably  shocked r a t s .  On the o ther 

hand, Weiss (1971a) rep o r ted  s ig n i f i c a n t  in c reases  in  w ater consumption 

in  both yoked and avo id ing  r a t s  during a 48 h r .  s e s s io n  o f continuous 

shock. Im p o rtan t ly ,  r a t s  in  the l a t t e r  study were allowed ad l ib  

access to  w ater fo r  the  d u ra t io n  of the experiment b u t  were w ithout 

food. In  t h i s  regard  Deaux and Kakolewski (1970) have p rev ious ly  shown 

th a t  w ater consumption in  the  absence o f food i s  in c reased  by s t r e s s .
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C o n sis ten t  w ith  t h i s ,  Lerman (1974) has rep o rted  decreases  in  both 

food and w ater in tak e  over an e ig h t  day period in  r a t s  exposed to  

24 h r .  day shock.

Whether f in d in g s  in  these  l a t t e r  s tu d ie s  a re  a p p l ic ab le  to  

p o s ts t r e s s  s i tu a t io n s  remains an open issue  a lthough a v a i la b le  

evidence does suggest th a t  decreases  in  food in take  following a 

period o f  s t r e s s  a re  am eliorated  by the a v a i l a b i l i t y  o f  coping 

con tingencies  during  s t r e s s .  This may a lso  be the case  fo r  w ater 

in take  a lthough the evidence is  not as compelling.

S tre ss  and Weight Change

In  c o n t r a s t  to  a p p e t i t iv e  fu n c tio n s ,  s t r e s s  e f f e c t s  on body 

weight remain unambiguous. Almost a l l  r e p o r ts  in  t h i s  area  desc ribe  

decreased body weight following exposure to  an episode of s t r e s s  

(Brady e t  a l . ,  1962; Friedman & Ader, 1965; G lin e r ,  1970; Pare , 1965; 

Pare & Temple, 1973; Pe te rs  & Finch, 1961; W eiss, 1970). Of these  

r e p o r t s ,  both Pare (1965) and Brady e t  a l .  (1962) have described  

s ig n i f i c a n t  and d i f f e r e n t i a l  decreases in  r a t s  exposed to  s ig n a l le d  

shock (Friedman and Ader [1965] have rep o rted  s im i la r  f ind ings  in  

m ice). Both groups a ls o  repo rted  f ind ing  s ig n i f i c a n t  weight decreases 

in  r a t s  re c e iv in g  u n s igna lled  shock in  comparison w ith  nonshocked 

c o n t r o l s .

The l a t t e r  f ind ings  have n o t ,  however, been s u b s ta n t ia te d  by 

o ther  workers. For in s ta n c e ,  G line r (1972) was ab le  to  find  no 

d i f fe re n c e  in  postshock weight loss  between r a t s  in  u n s igna lled  and 

s ig n a l le d  cond itions  while  Weiss (1970) rep o rted  s ig n i f i c a n t  decreases 

in  weight in  unp red ic tab ly  shocked r a t s  below yoked animals re ce iv in g  

p re d ic tab le  shock. D espite  t h i s ,  bo th  Weiss and G lin e r  found shock to
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s ig n i f i c a n t ly  decrease  weight ( i r r e s p e c t iv e  o f  p r e d ic t a b i l i t y )  in  

comparison to  unshocked anim als. Weiss a ls o  found s ig n i f i c a n t  

decreases in  w eight ga in  during the s t r e s s  s e s s io n .  This l a t t e r  

e f f e c t  was noted only  in  animals re c e iv in g  un p red ic tab le  shock. Rats 

in  p red ic tab le  shock cond itions  d id  not d i f f e r  from each o ther d e sp ite  

48 h r  of continuous shock a p p l ic a t io n  (Weiss, 1971a).

With regard  to  t h i s  l a t t e r  p o in t ,  a l l  r e p o r ts  d e sc r ib in g  

increased s t r e s s  e f f e c t s  (as measured by weight lo ss)  to  s ig n a l le d  

shock (Brady e t  a l . ,  1962; Friedman & Ader, 1965; Pare , 1965) have 

neglected to  s e p a ra te  postshock weight change from weight lo sses  

incurred during  th e  s t r e s s  sess io n ;  t h i s ,  of course , l im i t s  the 

g e n e ra l i ty  of t h i s  work.

L a s t ly ,  Weiss (1968) has repo rted  s ig n i f i c a n t  decreases in  weight 

in  inescapably shocked animals in  comparison w ith  both avoiding and 

unshocked c o n tro l  r a t s ; these  d i f f e re n c e s  were apparent a t  both 16 and 

24 hr in t e r v a l s  a f t e r  shock. Avoiding animals showed a c o n s is te n t  

but n o n s ig n if ic a n t  decrease below nonshocked c o n t r o l s .  While th is  

suggests t h a t  coping con tingencies  may p a r t i a l l y  reduce shock-induced 

weight lo s s ,  f in d in g s  in  t h i s  regard  remain p re lim inary  and ambiguous.

S tress  and A c t iv i ty

Most work examining the r e la t io n s h ip s  between s t r e s s  and le v e ls  

of a c t i v i t y  has used movement in  an open f i e l d  ta sk  as a m etric  o f  

a c t i v i t y .  Commonly, animals are  placed on a demarcated area  fo r  a 

period of some minutes and count i s  taken  on the number of g r id  

c ro ss in g s .  This type of  ta sk  appears p a r t i c u l a r ly  s e n s i t iv e  to  

measurement o f  e x p lo ra to ry  behavior and to  suppress ion  o f  the l a t t e r  

by the in t ro d u c t io n  of f e a r  conditioned cues . While th is  may serve  as
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an adequate index o f e m o tio n a li ty ,  in fe ren ces  from such tasks  to  

genera l l e v e l s  o f  psychomotor a c t i v i t y  appear l im ited  and must be 

considered in  t h a t  s p i r i t .

With t h a t  p re fa c e ,  P e te rs  and Finch (1961) found s ig n i f i c a n t  

decreases  in  g r id  c ro ss in g s  in  r a t s  p rev io u s ly  sub jec ted  to  a 

s in g le  s e s s io n  o f  inescapab le  shock in  the  t e s t  chamber. S t r ik in g ly ,  

th i s  e f f e c t  was p re sen t  fo r  a period o f  25 days. A second experim ental 

group, s u b jec te d  to  shock a t  s l i g h t l y  le s s  than  o n e -h a lf  the  i n t e n s i t y  

o f  the above group, showed depress ions  in  a c t i v i t y  in  comparison w ith  

nonshocked c o n t ro l  r a t s  although the e f f e c t s  were not as severe  o r  as 

long l a s t i n g  as those  seen in  r a t s  sub jec ted  to  h igher i n t e n s i t i e s  of 

shock.

In  a s im i l a r  t a c t ,  Blanchard and B lanchard, e la b o ra t in g  on the  

above work, re p o r te d  decreases  in  ex p lo ra to ry  a c t i v i t y  (again , as 

r e f l e c te d  i n  number o f  g r id  c ro s s in g s )  when fe a r  e l i c i t i n g  s t im u l i  

were o f  a poorly  d isc r im in ab le  nature  ( e . g . ,  environmental cues i n  a 

shock box). On the  o ther  hand, when dangerous cues were c l e a r ly  

d isc r im in ab le  and lo c a l iz e d ,  e x p lo ra to ry  a c t i v i t y  remained una ffec ted  

although animals p a ss iv e ly  avoided the  dangerous area (Blanchard & 

Blanchard, 1969b, 1970a, 1970b). S im i la r ly ,  Bindra and P a l f a i  (1967) 

repo rted  in c re a s e s  in  preambulatory behav ior in  r a t s  during 

p re s e n ta t io n  of  a CS p rev ious ly  pa ired  w ith  an a p p e t i t iv e  US. 

Conversely, p r e s e n ta t io n  of a CS p rev io u s ly  a sso c ia te d  w ith  shock 

lead to  correspond ing  decreases  in  such b eh av io r .  D av itz ,  Mason, 

Mowrer, and Viek (1957), in  l ik e  fa sh io n , noted decreased locomotor 

ex p lo ra to ry  behav io r during  p re s e n ta t io n  o f  a l i g h t  p rev iously  

a sso c ia te d  w ith  shock. While the above f in d in g s  c l e a r ly  in d ic a te  

decreased locomotor a c t i v i t y  fo llowing s t r e s s  ep iso d es ,  they remain
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confounded w ith  fea r- in d u ced  suppress ion  o f movement. Accordingly , 

th e i r  co m p arab il i ty  to  postshock a c t i v i t y  le v e ls  in  " h e lp le s s "  animals 

i s  l im i te d .

Summary

In  g e n e ra l  summary, f ind ings  have c o n s i s te n t ly  shown p o s ts t r e s s  

suppress ions  o f bo th  food consumption and weight g a in  in  r a t s .  Water 

in ta k e ,  w hile  s u b je c t  to  v a r ia t io n s  in  environm ental co n tin g e n c ie s ,  

a lso  appears to  be decreased  by shock ep isodes . A c t iv i ty  le v e ls  may 

a lso  be s u b je c t  to  p o s t s t r e s s  red u c tio n s  bu t d a ta  here  remain h igh ly  

sp e c u la t iv e .  Regarding e f f e c t s  o f  coping p ro v is io n s  on these  measures, 

Weiss has shown a l l e v i a t i o n  o f  shock-induced re d u c t io n s  in  a p p e t i t iv e  

func tions  and w eight lo ss  in  escape-avoidance r a t s  over yoked 

c o u n te rp a r ts .  However, d iv e rg en t  f ind ings p e r s i s t  in  the area  and 

issues  remain unreso lved .

T herapeu tic  Manipulations and D epression

T r ic y c l ic  compounds ( e . g . ,  imipramine, desipram ine) and 

e lec tro co n v u ls iv e  shock therapy (ECS) remain the  two most common 

somatic in te rv e n t io n s  in  the trea tm en t of d e p re ss io n .  Each has been 

demonstrated to  produce s i g n i f i c a n t  am elio ra t io n  o f  d ep ress iv e  

symptomology over placebo in te rv e n t io n s  (Hurwitz, 1974; Klerman &

Cole, 1965; M orris & Beck, 1974; W ittenborn, 1965). N ev e r th e le ss ,  

e f f ic a c y  o f  a g iven  t re a tm en t fo r  a given p a t i e n t  appears to  r e f l e c t  a 

complex and poorly  understood r e l a t io n s h ip  between t re a tm e n t ,  type of 

d ep ress io n , and in d iv id u a l  p a t ie n t  d i f f e r e n c e s .  For in s ta n c e ,  both 

ECS and t r i c y c l i c  in te rv e n t io n  a re  predominantly used in  endogenous/ 

psychotic  v a r i e t i e s  o f  dep ress ions  (Fink, 1974; J a r v ik ,  1970). D espite
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t h i s ,  th e re  a re  r e p o r ts  o f  c l i n i c a l  improvement in  p a t ie n ts  w ith 

diagnosed n e u r o t ic / r e a c t iv e  depressions fo llowing trea tm ent w ith  one 

of the  above somatic in te rv e n t io n s  (Klerman & Cole, 1965; Mendels,

1967).

Comparative s tu d ie s  between the two approaches suggest ECS as 

s l i g h t l y  more e f f ic a c io u s  than a n t id e p re s sa n t  drugs as a means of 

in te rv e n t io n  across "eq u iv a len t"  p a t ie n t  groups (Hurwitz, 1974;

J a r v ik ,  1970). In  th is , reg a rd ,  c l i n i c a l  improvement following ECS is  

rep o rted  in  a range o f  70-90% of t r e a te d  p a t ie n ts  (Fink, 1974;

Hurwitz, 1974). S im ila r  f ig u re s  fo r  t r i c y c l i c  trea tm en ts  range from 

60-70% ( J a rv ik ,  1970; Morris & Beck). I n t e r e s t i n g ly ,  p a t ie n ts  f a i l i n g  

to  respond to  one type o f  therapy may improve when switched to  the 

o ther  a lthough pharmacological in te rv e n t io n  is  almost e x c lu s iv e ly  the 

i n i t i a l  therapy  of choice  due to  u n d es irab le  s id e  e f f e c t s  a sso c ia te d  

w ith  ECS (W ittenborn, 1965).

Regarding modes o f  a c t io n ,  i t  can summarily be s ta te d  th a t  t h i s  

remains in  the realm o f  sp ec u la t io n  fo r  both  ECS and t r i c y c l i c  agen ts  

a lthough a la rge  and overlapping  l i t e r a t u r e  i s  beginning to  accumulate 

in  t h i s  re g a rd .

At a b iochem ical l e v e l ,  Welch, Hendley, and Turek (1974) rep o rted  

find ing  a decreased membrane a f f i n i t y  fo r  NE in  the  r a t  b ra in  following 

a s in g le  a p p l ic a t io n  o f  ECS. S c h ild k rau t  and Draskoczy (1974), in  

ad d i t io n  to  r e p l i c a t i n g  these  f in d in g s ,  a l s o  rep o rted  decreased le v e ls  

o f  endogenous NE w ith  commissurate in c re ase s  in  O-methylated c a ta b o l i t e s  

( i . e . ,  no rm etanephrine). These d a ta  combine to  suggest th a t  ECS may 

produce increased  r a t e s  o f  r e le a s e  o f  NE in to  syn ap tic  spaces. T h is ,  

along w ith  a reduced membrane a f f i n i t y  fo r  the NE molecule, account for 

increased  le v e ls  o f  O-methylated NE m e ta b o l i te s .
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In  a d d i t io n  to  a l t e r a t i o n s  in  noradrenerg ic  mechanisms, ECS has 

a l so  been c o n s i s te n t ly  rep o rted  to  produce e lev a t io n s  in  whole b ra in  

le v e ls  of 5-hydroxytryptamine (B e r ta c c in i ,  1959; V a lz e l l i  & G a ra t t in i ,  

1974). Such an in c re a se ,  combined w ith  rep o rted  inc reases  in  

5-hydroxyindole a c e t ic  ac id  (V a lz e l l i  & G a r a t t i n i ,  1974) and free  

plasma tryp tophan  (S telm asiak & Curzon, 1974) p resen ts  a p ic tu re  o f  an 

inc rease  in  both  turnover and endogeous lev e ls  o f  5-hydroxytryptamine 

(5-HT).

I n t e r e s t i n g ly ,  p a r a l l e l s  e x i s t  between ECS-induced m odifications 

in  b ra in  chem istry  and p u ta t iv e  mechanisms of the  t r i c y c l i c s .  

S p e c i f ic a l ly ,  the  l a t t e r  have been ex ten s iv e ly  rep o r ted  to  block 

neuronal reup take  of b ra in  monoamines (Bopp & B ie l ,  1974; L idbrink, 

Jonsson, & Fuxe, 1971; Longo, 1972). E arly  r e p o r t s  proposed th is  

-e f fe c t  to  be most pronounced in  noradrenerg ic  system s. However, th i s  

p o s i t io n  has been modified by subsequent f ind ings  to  suggest th a t  

imipramine-type drugs w ith  secondary amine c h a r a c te r ic s  ( e .g . ,  

desipram ine; p r o t r ip ty l in e )  p r e f e r e n t i a l l y  i n h i b i t  the NE membrane 

pump fo r  c e n t r a l  noradrenerg ic  neurons while compounds w ith  t e r t i a r y  

amine c h a r a c t e r i s t i c s  ( e . g . ,  imipramine; chlorimipramine) p re fe ren 

t i a l l y  i n h i b i t  membrane pumping of 5-HT (L idbrink  e t  a l . ,  1971). 

Im portan tly , th ese  l a t t e r  e f f e c t s  a re  obtained in  c l i n i c a l  dose ranges . 

At h ig h e r  c o n c e n tra t io n s ,  com petitive  b locking has been observed a t  

the  p o s tsy n ap tic  re c ep to r  (Longo, 1972), a lthough th i s  mechanism is  

not thought to  be involved in  the  d ru g 's  c l i n i c a l  a c t io n s .

I t  i s  o f  p a r t i c u la r  i n t e r e s t  th a t  S c h ild k rau t  and h is  a sso c ia te s  

(S ch i ld k rau t ,  Winokur, & Applegate , 1970; S c h i ld k rau t ,  Winokur, 

Draskoczy, & Hensle, 1971) have, in  c o n t ra c t  to  the  above f in d in g s ,  

rep o rted  in c re ase s  in  NE tu rnover  fo llowing a course  of chronic
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t r i c y c l i c  a d m in is t ra t io n  ( r a t s  were dosed twice d a i ly  fo r  a 3 week 

p e r io d ) .  C r i t i c a l l y ,  the  time course of these events p a ra l le l e d  the 

time course of c l i n i c a l  improvement commonly rep o r ted  fo r  such agen ts .

The re la t io n s h ip  between t h i s  l a t t e r  f ind ing  and th e  th e ra p e u t ic  

e f f ic a c y  of the t r i c y c l i c s  remains to  be determ ined.

As a r e le v a n t  a s id e ,  r e c e n t  advances in  o u t l in in g  modes of a c t io n  

of c l i n i c a l l y  e f f e c t iv e  a n t id e p re s sa n t  drugs, combined w ith  inc reas ing  

knowledge in to  the metabolism o f  chemical systems o f  the  b r a in ,  have 

lead to  re c en t  form ulations of s e v e ra l  b io lo g ic a l  th e o r ie s  of 

d ep ress ion . These have included suggestions of impaired NE metabolism 

(S ch ildk rau t & Kety, 1967), impaired se ro to n in  metabolism (Lapin & 

Oxenkrug, 1969), or a combined imbalance in  both systems (Bueno &

Himwich, 1967). While such th e o r ie s  are  in t r ig u in g ,  they remain 

incomplete and, consequently , a re  y e t  to  s ig n i f i c a n t ly  c o n tr ib u te  to  

improvements in  the unders tand ing  and c l i n i c a l  trea tm en t o f  depress ion .

Summary

In summary, review of r e le v a n t  find ings  on learned  h e lp le ssn ess  

remain unresolved w ith  regard  to  both  the  v a l i d i t y  o f  the th e o r e t i c a l  

b a s is  of the  phenomenon and to  the  v i a b i l i t y  o f  the  paradigm as a 

model of d ep ress io n .  In  t h i s  re g a rd ,  sev e ra l  is su e s  a re  p e r t in e n t .

1. Learned h e lp le s sn e s s  ( i . e . ,  learn ing  th a t  responding i s  

noncontingent) has y e t  to  be convincingly  demonstrated in  the  r a t  

w ithout accompanying shock a r t i f a c t .  In  th i s  re g a rd ,  i t  has been 

suggested th a t  le a rn in g  d e f i c i t s  fo llowing inescapab le  shock r e f l e c t  

p repo ten t f re e z in g  in  the  presence o f  fea r- in d u c in g  s t im u l i .  Such 

exp lana tions  appear to  provide a h ig h ly  v iab le  a l t e r n a t i v e  to  the 

h e lp le ssn ess  e x p lan a tio n  and suggest the need fo r fu r th e r  experim entation .
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2. Providing animals w ith  some type of coping contingency during  

PS has been re p o r te d  to  e l im in a te  subsequent le a rn in g  d e f i c i t s  (an 

e f f e c t  desc ribed  by proponents o f  the model as " th e rap e u t ic " )*

However, i t  i s  p o ss ib le  to  argue t h a t  r a t s  allowed to  escape and /o r 

avoid during  PS a re  n o t ,  in  f a c t ,  le a rn in g  th a t  t h e i r  responding in  an 

aversive  s i t u a t i o n  i s  e f f e c t iv e  in  d ea lin g  w ith  t h a t  s i t u a t i o n  (as 

suggested by a h e lp le ssn es s  e x p lan a tio n )  b u t ,  in s te a d ,  may simply be 

learn ing  to  suppress  p repo ten t tendenc ies  to  freeze  while  a f r a id .

When subsequently  r e t e s t e d ,  such r a t s  perform a t  a h ig h e r  le v e l  than 

inescapably  shocked c o u n te rp a r t s .  This may simply r e f l e c t  p roac tive  

f a c i l i t a t i o n  o ccu rr ing  as a r e s u l t  o f  having p rev ious ly  learned to  

suppress f r ee z in g  ten d en c ie s .

3. Shock per se has c o n s i s t e n t ly  been demonstrated to  suppress 

a p p e t i te  (food and w ater in t a k e ) ,  in c rease  weight lo s s ,  and suppress 

a c t i v i t y .  However, f ind ings  remain equ ivoca l w ith  re s p e c t  to  

d i f f e r e n t i a l  e f f e c t s  o f  c o n t ro l la b le  and u n c o n tro l la b le  shock (and 

s t r e s s )  on th e se  measures. In  t h i s  re g a rd ,  i t  remains to  be c l e a r ly  

demonstrated t h a t  the  psycho log ica l  e f f e c t s  o f  c o n t r o l la b le  shock 

d i f f e r e n t i a l l y  e f f e c t  these  v a r ia b le s  in  c o n t r a s t  to  u n co n tro l la b le  

shock.

4 . Both t r i c y c l i c  in te rv e n t io n  and ECS have been shown to  be 

e f f ic a c io u s  in  d ea lin g  w ith  a v a r i e t y  o f  dep re ss iv e  d is o rd e r s .  I f ,  

indeed, su b jec t in g  animals to  inescapab le  shock does produce an animal 

analogue o f  c l i n i c a l  d e p re ss io n , then the  above m anipulations should 

likew ise  produce an am elio ra t io n  of  t h a t  s t a t e  ( a t  l e a s t  to  the  e x te n t  

th a t  the  two co n d it io n s  share  common b io lo g ic a l  s u b s t r a t e s ) .
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