
I N F O R M A T I O N  TO U S E R S

This ma t e r i a l  whs pr o d u c e d  f r o m a m i c r o f i l m  c o p y  ()f t h e  or iguial d o c u m e n t  Whi le  
t he  m o s t  a d v a n c e d  t e c h n o l o g i c a l  m e a n s  t o  p h o t o g r a p h  a n d  r e p r o d u c e  this d o c u m e n t  
f r ' ve  b e e n  used,  t he  q u a l i t y  is heavi ly  d e p e n d e n t  u p o n  t t ie qu a l i t y  of ttie or iginal  
s u b m i t t e d

T fie f o l l owi ng  e x p l a n a t i o n  of  t e c h n i q u e s  is p r o v i d e d  t o  h e l p  y o u  u n d e r s t a n d  
m a r k i n g s  or p a t t e r n s  w h i c h  m a y  a p p e a r  o n  This r e p r o d u c t i o n

1 1 lie sign or target  for pages  a p p a r e n t l y  l ack i ng  f r o m  t he  d o c u m e n t
p h o t o g r a p h e d  is Missing Page Is)" It it was p os s i b l e  to o b t a i n  t he  missing 
page l s )  or s ec t i on ,  t h e y  are s p l i c ed  i n t o  t he  f i lm a l o n g  wi t h  a d j a c e n t  pages  
This m a y  h a v e  n e c e s s i t a t e d  c u t t i n g  t h r u  an i mage  a nd  d u p l i c a t i n g  a d | a c e n t  
pages  to i nsure  y o u  c o m p l e t e  c o n t i n u i t y

1 Wh e n  an i ma g e  on  t h e  f i lm is o b l i t e r a t e d  wi t h  a l arge r o u n d  bl ack m a r k  it 
is an  i n d i c a t i o n  t ha t  t he  p h o t o g r a p h e r  s u s p e c t e d  t ha t  t he  c o p y  m a y  have  
m o v e d  d u r i n g  e x p o s u r e  a n d  t hus  cause  a b l u r r e d  i mage  Y o u  will  f ind a 
g o o d  i mage  of  t h e  page in ttie a d | a o e n t  f r ame

d Wh e n  a m a p ,  d r a w i n g  or cha r t ,  e t c  , was  par t  of  t he  ma t e r i a l  be i ng 
p h o t o g r a p h e d  t he  p h o t o g r a p h e r  f o l l o we d  a d e f i n i t e  m e t h o d  m 

sec t i o n i n g  the  mat e r i a l  It is i u s t o m a r y  t o  l ieqin p h o t m n g  at t he  uppe r  
left  h a n d  c o m e i  of a large s hee t  a n d  to c o n t i n u e  p h o t o m g  f r o m left to 
r i ght  in eq u a l  s ec t i ons  w i t h  a smal l  ove r l ap  It neces s a ry  s ec t i o n i n g  is 
c o n t i n u e d  again  b e g i n n i n g  b e m w  ttie first r o w a n d  c o n t i n u i n g  o n  unt i l  
c o m p l e t e

rj I t ie maj or  i ty o t  user s mdi  c a t e  tii.it t he  tex tual  i o n  t en  t is of  gr ea t e s  t value 
h o w e v e r  a s o m e w h a t  higher  qu a l i t y  r e p r o d u c t i o n  c o u l d  tie m a d e  f r om 

p h o t o g r a p h s "  if es sent i a l  to ttie u n d e r s t a n d i n g  ot  t he  di sser  tat  i on  Silver 
p r i n t s  of  " p h o t o g r a p h s  m a y  tie o r d e r e d  at  a d d i t i o n a l  ch a r g e  b y  wr i t i ng  
the Or d e r  D e p a r t m e n t ,  giving t he  c a t a l o g  n u m b e r  t i t l e  a u t h o r  and  
s j i ecdi c  pages  y o u  wi sh r e p r o d u c e d

!j PL t  ASF N O T E  S o m e  pages  m a y  have i nd i s t i n c t  p r i n t  F i l med  .ts 
r ece i ved

X erox  U n iv e r s i ty  M ic ro f i lm s
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In an e a r l y  s t u d y  o: t t i e  td : e c t s  o! e  l e r t r o r o n v u  I s l  v e  s h o c k  { dtl> >

<>n memory ,  Jurman t l y d v  ; d e m o n s t r a t e d  t tLat  r a t s  s h o w e d  l e a r n i n g  d e ’ l c i t s  

when s u b j e c t e d  t o  w i t h i n  on m l n .  at t e r  ea . cn t r i a l  o: a m u l t i p l e  -

t r l a l  a v o i d a n c e  p r o b l e m .  I t  wan a s s u m e d  t h a t  dt l i  d i s r u p t e d  t h e  memory  

t r a c e  Lai d down d u r i n (' t r a l n i r i r .  j u n e a n ' s  : i n d i n p s  w e r e  c o n s i s t e n t  w i t h  

l l n t r a i  o one rvat .  I o n s  In w h i c h  p a t i e n t s  s h o w e d  a r e t r o g r a d e  a m n e s i a  t-*A ,■ 

■or e v e n t s  l u s t  p r e c e d i n g  e  l e c  t r o c o n  vu 1 s  1 v e  t h e r a p y  t d u n i n  a n d  c a r r e r a ,

1 th l .■ ir s e v e n ?  h e a d  i n  i urv  i c u s s e  i 1 and . lat tLan,  i ’/ dh  ; .

M i t e r  and 1 i / o c k c i  i - . ■ mind t h a t  a s e c o n d  t i n t  o: n o n s e n s e

. . a . a :  i e .  l e  urS'-d . /  s i r".  a' t e r  a I m t  t i n t  ‘a i r i e d  r o o m '  r e t e n t i o n  oi  

t i n t  I m t  i l n t  triiui  l i d  I n t e r p o l a t e d  r e s t d e t e n t i o n  d e i l c i t s  we r e  

i t t e n u a t e d  wr en  t h e  s e c o n d  l i s t  was  * e a r n e d  o m l n .  r a t t i e r  t h a n  I ' /  s e c ,  

a t o -  tide 1 I r s t .  :■',!) , l e r  and j 1 I / . e c k c r  e x p l a i n e d  t h e s e  r e s u l t s  In t e r m s

a  :*■ r s e  ve  i ltt 1 u- '  ■ a \ . i Id a r 1 on o n c e p t  w h i c t i  s o s l t s  t h a t  n e u r a l  a c t i ­

v i t y  r e s u l t i u .  rom the ^ e a r n l m '  c  a t a s k  p e r s e v e r a t e s  ; o r  a p e r i o d  

o: t i m e  and ;nav l l s r u n t e c  ny I n t e r p o l a t e d  m a t e r i a l .  . . .uch ’ 1 r i d i n g s

h i v e  nr; t r l  us t e d  t o  t h e  c u r r e n t  ■'( is s o  1 id a t  lor; h y p o t h e s i s  i i u t x j  r a t e d  

sv  era.  ■. i Pro . w h i c h  h o l d s  t h a t  t h e  memory t r a c e  i s  e s t u n i l s h e d  In  

two - . t e e n :  an I n l t i a i ,  s n o r t  rdvu e c o r r e  s p e n d  1 nr t o  r e v e r t *  r a t  In*

, ' je-  ♦.: 1. -a . i • t v I t v In i i i . u n s  r l  r< ul  t.s uid a . . e - ond st;ii'C r o r r e  s pend  

1 nr m  ;»-i*raanefit n e u r o n a l  • T.aJip.es • . !n i v t h e  ’ 1 r s t  atcV.e may tie

. 1 l r . r u n t e d  hy o r  o t h e r  a m n e s t i c  a p e n t s .

s c  c o n s u  : I d a t l  on  1 n t e  r  ure  tat .  1 on o: h u n o a n V .  r e s u l t : !  tuis  not.

■ :n ■ i : i' C i . . t : l. > - o . ■ o:  i :. i r .d  " 1 . . e I i ' ’ 1 U ; UeC ‘ h a t  h i s  re  ■ a I I t. ■.



could be explained by a ’'c o n f l i c t  hypo thesis” emphasizing the punish­

ing e f f e c t s  of cJIS r a th e r  than i t s  memory-disruptive e f f e c t s .  They 

were ab le  to  show enhanced learn ing  when eXlS was a p p ro p r ia te ly  

combined with foo t shock. T heir  o b jec t io n s  have been met, however, 

by procedures which provide f or learn ing  ot a passive avoidance r e ­

sponse In one t r i a l  follwed by a s in g le  tSCS. In one such procedure, 

the step-down, 3 i s  placed on a safe  platform from which I t  re a d i ly  

descends onto a shock grid  ( Ja rv ik  and Kesman, I960) . In the s te p -  

through procedure ( ysaman and Alpern, 1964), S I s  placed in  the small, 

l igh t compartemSnt of a two-compartment ap p a ra tu s .  3 re a d i ly  s tep s  

through a ho Le in to  a large, dark, g r id - :  loo red chamber, a s ing le  

‘ (jot. shock Is  s u f f i c i e n t  to produce passive avoidance as evidenced 

by s ig n i f i c a n t ly  Increased step-down or s tep -th rough  la te n c ie s  when 

J i s  t e s te d  2d h r s . a f t e r  tra in in g ,,  if a s in g le  i s  adm inistered

sh o r t ly  a f t e r  t r a in in g ,  3s e n te r  upon the g r id  f lo o r  on the second 

I t e s t ) day with la te n c ie s  comparable to  those seen on the training, 

day. I'hus, In o rder to  demonstrate amnesia, 3 must work ag a in s t  the 

punishment g ra d ie n t .  J must perform the very response th a t  Jus t p re ­

ceded SGS during  t r a in in g .

while these  o n e - t r i a l  r e s u l t s  cannot be explained In terms of 

Coons and M i l l e r 's  punishment hypothesis , rludspeth e t  a l . (1964) 

have ind ica ted  th a t  m u ltip le  a d m in is tra t io n s  of iSLfu produce a measure - 

able punishing e f f e c t .  The follow ing treatm ent w ill  th e re fo re  be 

confined to  s tu d ie s  employing s in g le  HOS procedures.
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rhe C o n d i t io n ed  I n h i b i t i o n  H y p o t h e s i s

While the passive avoidance procedures ou tl in ed  above seem to  

obviate & punishment in te r p r e ta t io n ,  a ttem pts  have been made tc  e x ­

p la in  passive  avoidance r e s u l t s  In terms ot mechanlane o ther than 

d is ru p t io n  at the memory t r a c e .  Lewis and Maher 1 19t»5« 1966) have 

caret u l ly  dlf't e r e n t ia te d  between the performance d e f i c i t  seen a f t e r  

till ad m in is t ra t io n  ajid the underlying causes of th a t  d e f i c i t .  They 

conclude th a t  i "These s tu d ie s  do demonstrate a performance im p a ir­

ment, but are not conclusive  to the more p rec ise  issue  of whether 

performance impairment i re trog rade  amnesia) i s  a consequence ot d i s ­

rup tion  ol the engram, or whether I t  i s  due to in te r fe re n c e  by some 

competing response ."   ̂Lewis and Maher, 1966; . The nature  o! th i s  

competing response I s  most p rec lae ly  summed up by MoGaugh amd T e t r i n - 

ovitch  ( 1966)t

rllh i s  assumed to be am unconditioned s tim ulus which produces 
an uncondltinned response c o n s is t in g  ot lo ss  ot consc iousness .
A weak version  of lo ss  ot consciousness, th a t  i s ,  r e la x a t io n ,  
becomes conditioned to  the cues presen t a t  the time of cXll ad­
m in is t r a t io n .  Apparent amnesia r e s u l t s ,  according  to t h i s  view, 
because the re la x a t io n  response (,or conditioned in h ib i t io n )  
competes with o ther  responses

[.ewls and Maher  ̂ 1966) exp la in  the behavioral consequences of c o n d i­

tioned in h ib i t io n !

In h ib i to ry  avoidance le a rn in g --o l  which f re e z in g  in the con­
d it io n ed  emotional response i s  the exem plar--Involves the 
maintenance of a considerab le  amount of muscular tension  in 
a h ighly aroused a r lm a l.  ’Jnder co nd itions  where te a r  i s  
g radua lly  reduced - -as  by normal e x t in c t io n  p ro cesse s -- th e  r e ­
d u c tion  in  a ro u sa l 1b evidenced by an inc rease  in  the genera l 
locomotor a c t i v i t y .  Thus, the animal th a t  I s  in  a lowered s ta te  
of' a ro u sa l  should be le s s  l ik e ly  to  "f reeze"--more l ik e ly  to 
move around- - than one tfiat i s  In a h ighly f e a r fu l  s t a t e .
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Thls I s  to  say th a t  the "lowered s ta te  ot arousa l"  presumabley pro­

duced by i£Go w il l  r e s u l t  In the s&m  passive avoidance behavior as

d ls ru id lo n  of the memory t r a c e - - s h o r t e r  s tep-through/step-dow n la te n ­

c ie s  than those seen In nou-convuIsed c o n t ro ls ,  One Is  thas  unable to 

separa te  the d is ru p t iv e  el * s e t s  ot Mlb i ron I t s  conditioned in h ib i t io n  

el : oc ts  on the b a s is  ot passive avoidance behavior.

1‘he follow ing paragraphs c o n s t i tu te  a review ol re lev an t  - 

behavior v a r ia b le s  In an attem pt to  determine the e f f ic ac y  ol the 

co n so lid a tio n  and conditioned in h ib i t io n  hypotneses.

M14 and A ctly j ty Lave 1

!’he conditioned in h ib i t io n  hyfKJthesls leads to the p red ic t io n  

th a t  .js w ill  show to re  a c t i v i t y   ̂ le s s  in h ib i t io n  or movement) a l t e r  

Mlb a d m in is tra t io n .  devera l s tu d ie s  have found r e s u l t s  consonant with 

th i s  p re d ic t io n ,  nouttenberg and Kay (196S) re p o r t  th a t  p re treatm ent 

with Ml. alone ^without foot shock) doc ieases  step-down la te n c ie s  In 

r a t s .  Decreased step-down la te n c ie s  may irv ilcate  a high level of a c ­

t i v i t y .  ^chneider e t  a 1. were unable to r e p l ic a te  t h i s  f in d in g  but 

did ! livi an in te r a c t io n  between loo t shock and kXIS . oa ts  p re tre a te d  

with noncontingent loo t shock followed 0 . ‘j sec . l a te r  by Mil showed 

decreamed step-down la te n c ie s ,  hie Is on ^19bb) reported  in c reases  in 

open-f ie lxi ambulation when r a ta  were te s te d  ?4 h r a . a l t e r  foo t shoek- 

M.o trea tm en t.  Kopp e t  a i  * ( 19 h'/) obtained decreased s tep-th rough  

la te n c ie s  when fcXIi was adm inistered 1 h r .  before a t r a in in g  t r i a l  

o r 1-h h r s . before a subsequent r e t e s t .  No e f f e c t  was observed i t  

MI, was given ii? h ra . bet ore r e t e s t  and " . . . r e t e s t  la te n c ie s  were 

do reamed s ig u it  le an t  ly Less by a s ing le  Mil adm inistered 1 hr.
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bsfore r e t e e t  (p ro a c tiv e  d ie in h lb i t iv e  a f f e c t )  than by a s in g le  BUS 

adm inistered  1 h r .  a f t e r  punishing shock ( r e t r o a c t iv e  d is ru p t iv e  e f ­

f e c t ) . "  Z ornetzer and Mcgaugh (1969} found s ig n i f i c a n t  increaaea in  

open -fie ld  a c t i v i t y  a t 9B and 72 h ra .  al t e r  trea tm ent with fo o t shock 

and jSIS in  the a tep-th rough  procedure, but not a f t e r  2d h ra . Since 

the paaaive avoidance procedures u su a ily  t e a t  t o r  HA 2d h ra .  a f t e r  

dfo a d m in is tra t io n ,  the t i a e  course during  which the iSCd -foo t shock 

combination In c reases  a c t i v i t y  becomes a c r i t i c a l  c o n s id e ra t io n .  Kopp 

e t  a l . and Z o m etze r  and Hoslaugh seem to agree th a t  mo a c t i v i t y  ln~ 

c reases  can be seen a t  2d h r s , but the d i f f e re n c e s  in  t h e i r  f in d in g s  

and the in c ra se s  In o p en -f ie ld  ambulation af t e r  2d h r s .  reported  by 

Nielson c a s t  doubt on the ef f ic iency  of the passive avoidance p ro ­

cedure fo r  d is c r im in a t in g  between HA and increased  a c t i v i t y .

The Training-nil) In te rv a l

Duncan ( 19**9) reported  th a t ,  as the time in te r v a l  between each 

t r a in in g  t r i a l  and the a d m in is tra t io n  of feJCfj increased , the amount ol 

lea rn ing  impairment decreased . These r e s u l t s  are q u i te  c o n s is te n t  with 

both the conditioned  in h ib i t io n  and co n so lid a t io n  hypotheses. There is ,  

however, considerab le  disagreement as to  the length of the e f f e c t iv e  

training-jfiCB I n te r v a l .  Jome s tu d ie s  re p o r t  Ha only when MLS i s  ad ­

m in is tered  w ith in  a few seconds a f t e r  t r a in in g .  O thers have obtained 

HA e f f e c t s  when a)CO was adm inistered 1 or more h r s .  a l t e r  t r a in in g .

H arlo t and Coleman ( 1962) produced o n e - t r i a l  pamaive avoidance 

of an e s ta b l ish e d  bar p ressing  response by shocking r a ta  a t  the bar. 

slifi slim  la s te d  the subsequent suppression  of bar p ress in g  when ad ­

m in istered  as much as i h r . a l t e r  punishing shock. The amount of
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amnesla varied  in v e rse ly  with the length  of the trainlng-SCS i n t e r ­

v a l . Kopp e t  a l .  ( 1966) obtained a i n i l a r  training-fflCS in te r v a l  g ra d i ­

en ts  using the s tep -th rough  procedure. Bures and Bureaova ( 1963) 

fourxi th a t  r a ta  which were allowed to explore  a tw o-conpartaent box 

spent most of t h e i r  t in e  In the e a a l l e r  compartment, but aost 3s 

refused to  r e - e n te r  the sm aller compartment a f t e r  re c e iv in g  1 mln. 

of Inescapable shock t h e r in .  313 d e l iv e red  more than 2 h r s .  a f t e r  

foo t shock a t ten u a ted  avoidance of the sm aller compartment, the  

amount of a t te n u a t io n  varied  in v e rse ly  with the in te r v a l  between 

t r a in in g  and nX13 .

In c o n t r a d is t in c t io n  to  the r e l a t i v e ly  loag training-BUB i n ­

t e r v a l s  repo rted  above, Chorover and B c h i l le r  (,1 9 6 5 ) and S p ro t t  ( 1966,1  

were unable to  show any impairment with in te r v a l s  longer than 10 and 

20 sec . r e s p e c t iv e ly .  In o rder  to  re c o n c i le  these d is p a ra te  r e s u l t s ,  

fhorover ami S c h i l l e r  ( 1966) performed a s e r i e s  of f our experiments 

in  which they 1) e s s e n t i a l ly  r e p l ic a te d  the r e s u l t s  of Bures and 

Bureaova 2)  showed th a t  r a t s  rece iv in g  EX1S 1 s i n .  af t e r  t r a in in g  

shock and confinement in  the sm aller compartment of the Bures- 

Buresova apparatus  ex h ib ited  more locomoter a c t i v i t y  than non-con­

vulsed c o n tro ls  when allowed to  explore the la rg e r  compartment on 

the follow ing day 3) obtained no impairment with 313 adm inistered  

1 mln. a f t e r  shock t r a in in g  when 3s were allowed to escape the sm alle r  

compartment r a th e r  than being conf ined fo r  the d u ra t io n  of shock and 

9) obtained impairment a t  t r a in in g -313 in te r v a l s  longer than 10 sec .  

in  the step-down procedure when 3s were conf ined to the apparatus
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p r io r  to  BCo. They m r«  thus able to  Increase  of decrease  the  length 

of the a('i c ^ l lv e  i.rainlng-fSCL> In te rv a l  in  both the step-down and two- 

compartment appara tus  by confin ing  or not confin ing  sa a f t e r  foo t 

shock. They concluded th a t  confinement in  the shock apparatus  produced 

a generalized  conditioned e a o tio n a l  response (, CKfl} r a th e r  than a 

d isc r im in a ted  avoidance. The CER blocks exp lo ra to ry  behavior, 1. e . t 

causes f re e z in g  behavior which reduces the  p ro b a b i l i ty  of e n te r in g  

the sm aller compartment or s tepp ing  down onto the shock g r id .  "The 

e f f e c t  of id IS i s  to suppress t h i s  in h ib i to ry  aspec t of the CEH and 

to thereby produce a r e l a t i v e  increase  in  locomotor a c t i v i t y . . . "

.Jhile they agree th a t  idLli can in te r f e r e  with the c o n so lid a t io n  al 

the memory t r a c e ,  they hypothesise th a t  " . ..KA nay be responsib le  

! o r  impaired r e te n t io n  t e s t  performance only when the convulsive 

trea tm ent i s  g lv ien  a few seconds a l t e r  the le a rn in g  t r i a l . "  rtofcw- 

s t e l l l  and Ja rv lk  a lso  showed th a t  d e ten tio n  in  the apparatus

v s te  p - through,) a l t e r  to o t  shock lengthened the e f f e c t iv e  t r a ln in g -  

WIS g ra d ie n t .  However, d e te n t io n  alone, without WHS, caused decreased 

s tep -th rough  Latencies .

These s tu d ie s  a l l  confirm th a t  tfie degree of impairment caused 

by idlS does in c rease  as the training-ECS in te rv a l  d e c rea se s ,  ju t  the 

Length of time al t e r  t r a in in g  during  which EidS i s  capable of causing, 

amnesia I s  s t i l l  in q u es t io n .  'J ho rover and . c h i l l e r  have ra ised  the 

p o s s ib i l i t y  th a t  impairment observed with chord, training-iiXLi in te rv a ls  

may be due to  HA, but th a t  impairment follow ing long in te rv a ls  may be 

due to a fo ra  ol conditioned in h ib i t io n .



-b-

eJJS I n t e n s i t y . D ura tion, and Hods ot D ell vary

Saee of the  d is p a ra te  r e s u l t s  reported  above e ig h t  be reconcj lad 

i t  i t  could be shown th a t  the e f f e c t iv e  trainlag-feXIS in te r v a l  v a r ie s  

with in te n s i ty ,  du ra tio n , and node of a d m in is tra t io n  of fSCS . In t h e i r  

19b1) experiment, dhorover and S c h i l l e r  were unable to  show impairment 

with training-fOCS in t e r v a l s  longer than 10 sec . They used a t r a n s -  

pinnate iOCC of ma in te n s i ty  passed fo r  0 .2  sec . a .  J .  M ille r

obtained s ig n i f ic a n t  impairment in  the step-doen up to  )0 sec . 

af t e r  t r a in in g  with a 15 ma, t ran sp ln n a te  BUS. When in te n s i ty  was i n ­

creased to 100 ma, he obtained impairment up to to mln. Kay arxl i ia r r e t t  

v 19 b9 j showed th a t  tlie e f f e c t iv e  t r a in in g -a l i j  in te r v a l  Increased when 

in te n s i ty  was varied between 6 and do ma. In l a c t ,  impairment was 

seen when hXli i n te n s i ty  was too low to cause convu ls ions . This l a t t e r  

t 1 riling was cord lrmed by Mdlaugh arxi Alpern ( lyt>6j and aiaaman ( 1966) 

who a lso  produced Impairment af t e r  blocking convulsions with e th e r  

and xylocaine r e s p e c t iv e ly .  Tao lino e t  a l , ,  however, were unable to  

dem onstrate in c reases  in  impairment when BIS in te n s i ty  was increased  

from 100 to  200 ma. They used a tramBplnnate aXi> adm inistered  6U sec . 

af t e r  s tep - th ro u g h  t r a in in g .

Aipern and McOaugh (1966) a lso  found in c reases  in  impairment 

as a func tion  of BIS d u ra t io n .  I he e f f e c t iv e  t r a i  ni rig - Bio in te r v a l  

was only a few seconds fo r  brief Bl; d u ra t io n s  ^15 ma passed fo r  0*2 

sec .}  but Increased to  j h r s .  with long BIS d u ra t io n s  ( h na passed 

fo r  O.ti s e c ,} .  However, Paolino  e t  a l .  (1969} and A. J .  K i l l e r  (1966) 

found no d i f f e r e n c e s  in  impairment with lncreaewf BIS d u ra t io n .  They
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used 200-800 msec. and 200-500 i m c . r e s p e c t iv e ly .  I t  should be noted 

th a t  Alpem and MoUaugh adm inistered BC8 t r a a s c o m e a l  ly while the  l a t t e r  

in v e s t ig a to r s  used the t ra n sp in n a te  techn ique . T ranscornaa l UQ8 has been 

shown to  cause sweater impairment than the t ra n sp in n a te  technique 

hay and : i a r r e t t ,  1989* Dorfman and Ja rv ik ,  1988; .

Although the L i te ra tu re  appeaaa somewhat equivocal, i t  i s  ev iden t 

tfiat statement*concerning? the ef f e c t iv e  t r a i n l  ng-cllo I n te rv a l  eu s t  

take In to  account the v a r iab le*  of in te n s i ty ,  d u ra t io n , and aode of 

a d m in is t r a t io n ,

Î hc Heac t 1 v a ted  '"race

The co n so lid a tio n  hypothesis  s t i p u l a t e s  th a t  the meaory trace  

i s  conso lida ted  in  a t  le a s t  two s ta g e s .  The f i r s t  s tage i s  o p e ra t io n ­

a l ly  det ined by i t s  s u s c e p ta b i l l ty  to  d ia ru p t lo a  by eXL> and o the r  

amnestic ag en ts .  The second phase i s  defined  by i t s  r e s is ta n c e  to 

such d is ru p t io n .  The c o n so lid a t io n  hypothesis  i s  theref ore sharply  

questioned by s tu d ie s  which show apparent d is ru p t io n  of the nemory 

trace  long af t e r  the f i r s t  s tage should have been term inated  as w ell 

as a re tu rn  ol & presumably d is ru p te d  t r a c e .

K'hneider and 8herman (, 1968) tra in e d  r a t s  in  a step-down pro­

cedure and d e l iv e re d  a second, non-contingent fo o t shock e i t h e r  29*5 

sec . or o h r s .  a l t e r  I n i t i a l  t r a in in g .  jflCS adm in istered  0 .5  sec . 

af t e r  td»e second, non-contingent f oot shock produced impairment in 

both groups a lthough the second group had been tra in e d  acre  than 6 h rs .  

p r io r  to  eX15 a d m in is t ra t io n ,  fu rtherm ore , subsequent r e t e s t i n g  showed 

a re tu rn  of avoidance behavior fo r  the 29.5 se c .  cond ition  although 

no re tu rn  wan s e e n  I d the c h r .  c o n d it io n .  The au thors  a t t r i b u t e  the
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return of avoidance to  an Increase 1a conditioning strength  caused 

by the non-contingent shock when administered at 29*5 sec . a lte r  tr a in ­

ing shock. They conclude that BCS does not d isrupt the memory trace  

but that apparent amnesia, r e su lts  from some In teraction  between foot 

shock and UE1S ( perhaps the reduction of freezing behavior suggested  

by Lewis and Maher). Mlaanin e t a l .  (1968) showed sim ilar  r e su lts  when 

they suppressed lic k  rate in rata with a sin g le  fo o t shock paired 

with an 80-db white noise CS. ■'ben the (IS was presented 2d hrs. Later 

arml follow ed immediately by BCii, hs fa ile d  to show suppression of lick  

rate (am nesia). Thus an apparent amnesia warn produced when IdlS was 

administered many hours at te r  the memory trace was presumed consolida­

ted . Controls given BCb without the white noise CS showed lic k  rate 

suppression (r e te n tio n ) . Apparently, (IS presentation made the con­

so lid ated  trace d lsruptable once again.

A tte m p ts  t o  rep lica te  ichneider and Sherman (Banker e t  a l .,

1909 J and Mlsanin e t a l .  ( Dawson and MaJaugh. in press) have obtained 

negative r e s u lt s .  In terestin g ly , Davis and Klinger ( 1969) a lso  ob­

tained negative r e su lts  with g o ld fish . They were unable to obtain  

impairment when ullii was given al ter  re-in troduction  in to  a sh u ttle  - 

box environment in  which the fiah  had previously bees trained with 

shock. Yet, they were able to show impairment whea re-in troduction  

was followed by other amnestic agents ( in tracerehral in jec tio n s  of 

puromycln, acetoxycyclohexlm lde, or KC1).

The a b i l i t y  to  d isrupt the memory trace long a fte r  the f i r s t ,  

dlsruptible stage of consolidation  shcmld be over creates grave d l l -
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f i c u l t l e s ,  p a r t i c u la r ly  Tor those who hold th a t  the second stage ol 

c o n a o lid a t io a  re p re s e n ts  r e a l  anatom ical changes w ith in  the o rg a n ls a .

At best, one Must p o s i t  th a t  the f i r s t  s tage  has in  sons way been 

r e a c t iv a te d  ( th e  physica l changes reversed?) by the experim ental 

procedures thus  exposing the p rev iously  impervious engram to  d is ru p ­

t i o n .  The phenomenon might be re a d i ly  explained  by the conditioned 

in h ib i t io n  hypo thesis , but i t s  very ex is ten ce  must be questioned in  

view of lack of r e p l i c a t io n .

The germanenoe of Amnesia

The production of an Incomplete nmnesla ( p a r t i a l  behavioral 

d e f i c i t )  fo llow ing  H63 i s  not in c o n s is te n t  with the co n so lid a t io n  

hypo thes is . However, the co n so lid a tio n  hypo thesis  would seen to  r e ­

qu ire  th a t  any d e f i c i t  which i s  produced by aXIS must remain permanent 

in  the  aba4nce of f u r th e r  t r a in in g .  S evera l s tu d ie s ,  inc lud ing  Schneider 

and Sherman c i te d  above, have in d ica ted  th a t  d e f i c i t s  need mot be 

permanent. The im p lica tion  la  th a t  &1S does not d e s tro y  the memory 

trace  (amnesia) but r a th e r  blocks i t s  express ion  ( r e t r i e v a l ) .

Zinkln and M ille r  (1967) adm inistered a ma, 200 msec., t ra n o -  

p Inna to  j>JGT to  r a t a  a l t e r  step-down t r a in in g .  Impairment of r e te n t la n  

was presen t when 3s were te s te d  2h h rs .  l a te r )  but when 3a were te s te d  

again a t  vd and 72 h r s . ,  impairment d isap p ea red . Lewis a t  a l .  (1966) 

reported  th a t  a "reminder shock" d e l iv e red  outside  the step-down 

apparatus  a l t e r  t r a in in g  th e re in  g re a t ly  reduced impairment caused 

by 1X13. They concluded th a t i  “This in d ic a te s  th a t  a t  l e a s t  p a r t  of 

the memory remained, but th a t  i t s  r e t r i e v a l  was prevented by JSCS."
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other workers have bees unable to  demonstrate t h i s  r « tu m  ol' the 

d is ru p te d  uMory t r a c e . Herz mad Peeke (196?) f ound no d im inution  of 

Impairment caused try t ra a sp In n a te  8CS d ® 11 ve rad w ithin  15 a«c. a f t e r  

t r a in in g .  9s warm te s te d  one© mt 24, 4d, or 72 h ra . mad rap aa tad ly  

mt 24, 4d, and 72 h ra . Ihay used a bawl-poke apparatus  c o n s is t in g  of 

" . . . a  chamber with a cu l-d e -sac  In to  which a nous© could poke I t s  

head amd rece ive  e i t h e r  water or foo t-shock  1roa a cup." Luttgee and 

M ex. a ugh ( 19^7) were unable to  r e p l i c a t e  Zlnkln and K i l l e r ' s  r e s u l t s .

9s were given one r e te n t io n  t r i a l  each a t  24, 4d, o r  72 h r s .  a f t e r  

t r a in in g .  No d im inution  In impalement was observed. They specu la te  

th a t  Zinkln and H i l l e r ' s  r e s u l t s  were contaminated by repeated ex ­

posure to  the t e s t  ap p a ra tu s .

These dif fe ren ces  n ig h t  be reconc iled  by Tagano e t  a l .  who 

rep o rt  th a t  the permanence of amnesia i s  a  func tion  of i n t e n s i t y .

Hats rece iv ing  a 95 ma, t ran sp in n a te  WCS 0 .5  sec . a f t e r  foo t shock 

t ra in in g  showed d e f i c i t s  when te s ted  a f t e r  4d h r s . f but a 55 ma Mib 

produced d e f i c i t s  la s t in g  le s s  them 24 h ra . U nfortunate ly , (CCS i n ­

t e n s i t i e s  in  the above s tu d ie s  cannot be compared due to dif f erences 

in  species , t r a in in g  procedures, and node of a d m in is t r a t io n .

Other f a c to rs

besides the v a r ia b le s  a lready  mentioned, o ther  t a c to rs  have 

been shown to ini luance poet-MIS behavior and may a f f e c t  the i n t e r ­

p re ta t io n  of the s tu d ie s  above. The a t r a i n  of animal, as well as the 

spec ies  may a f f e c t  r e s u l t s ,  dovet e t  a l .  and ttflmer e t  a l .  r e p o r t  

d i f fe re n c e s  in  a c t iv e  and passive learn ing  performance among d i f f e r -
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en t s t r a in *  of inbred Mice, S p ro t t  (1966), however, found no d i f f e r ­

ences in  the e f f e c t iv e  training-iiXii I n te r v a l  when two Inbred s t r a i n s  

of nice were c on pared . The t l a e  of day during which 3* are t r a in e d  

or te s te d  has been shown to  af f e c t  the trainlng-tiC3 in te r v a l  (-itevens 

and Mcxiaugh, 1968a, 1968bJ . fu rtherm ore, son* s tu d ie s  have obtained

passive avoidance by in te r ru p t in g  an ongoing response such as bar 

p re ss in g . Their r e s u l t*  may not be comparable to  those  obtained by 

procedures such as the s tep -th rough  which requ ire  only one exposure 

to  the appara tus  during  t r a in in g .
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The Prseent itudy

both the consolidation  and conditioned in h ib itio n  hypotheses 

have bean invoked to explain the performance d e f ic i t  seen a fter  JtXid 

in the passive avoidance procedures described above. Since both hy­

potheses predict the eaae behavior in the passive avoidance s itu a tio n , 

i t  i s  la  p ossib le  to d if fe r e n t ia te  between then on the b asis of the 

passive avoidance paradigm. In the present study, a te s t in g  s itu a tio n  

i s  anployed wherein opposite behavioral outcoaes nay be predicted  

by the con so lid ation  and conditioned in h ib itio n  hypotheses.

Maatsch { 1 9 W ) reported that rats could be trained to Junp 

t roe a shock box in order to avoid shock af ter only one training  

t r ia l ,  nfhlle the present in v estig a to r  has been unable to rep lica te  

these find ings, he has shown (see  be low) that a s in g le . Inescapable 

toot shock delivered  la  the shock conpartneat of a step-through  

apparatus Is s u f f ic ie n t  to f a c i l i t a t e  the a cq u isitio n  of a s u lt lp le  

t r ia l  a c tiv e  avoidance response. This response c o n s is ts  ol Junp-out 

Iron that saae shock conpartnent before shock o n set. Thus a sin g le  

l oot shock can be used in the train ing of both a passive and active  

avoidance response In the sane apparatus.

It fiiij d isru p ts the nenory trace le f t  by train ing shocx (con­

so lid a tio n  hypothesis j, convulsed d should not only show passive  

avoidance d e f ic i t s  when tested  hrs. a fter  too t shock-Rld but should 

also  show poorer a cq u isitio n  of activ e  avoidance when coapared to  

aon-convulsed c o n t r o l s .  The conditioned in h ib itio n  hypothesis, how­

ever, holds that KtjS does not disrupt the nenory trace. The information
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conso llda ted  a f t e r  t oot shock on the previous day should s t i l l  be 

a v a l l s b le  to  f a c i l i t a t e  the a c q u is i t io n  of a c t iv e  avoidance 2*t h rs .  

l a t e r .  The conditioned  In h ib i t io n  hypothesis f u r th e r  p o s i t s  th a t  

convulsed Sa w il l  be nore ac t iv e  in  the apparatus  during  t e s t in g  than 

noa-convulaed c o n t ro ls .  This g r e a te r  a c t i v i t y  nay in  f a c t  p o te n t ia te  

the Junp-out response so th a t  convulsed i s  nay learn  the a c t iv e  avoid­

ance response nore re a d i ly  than c o n t ro ls .

Thus, two opposite  p red ic t io n s  are  generated la  regard  to  a c t iv e  

avoidance performance. The co n so lid a tio n  hypothesis  p re d ic ts  a def i c i t  

In a c t iv e  avoidance perf ormance a f t e r  WGS. The conditioned In h ib i t io n  

hypothesis  p re d ic ts  no d e f i c i t ,  perhaps a p o te n t ia t io n  of performance, 

af te i  ."jtfi .
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CHAPTKH I I  

ifiXPKHIMhKfT I

HothoAa

jU t a .  One hundred and twenty s a le ,  a lb ino  a lee  ol the Ck-l 

s t r a in ,  weighing lb-21 g . ,  were obtained from L irv o r th  .-’arms Labora­

t o r i e s  (New 'J lty , N. '{. ) sev e ra l  wks. before the experim ent. Sb were 

housed 10 per cage In standard , 12 x 12 x )0 c i  c le a r  p l a s t i c  cages

and given Purina  Lab Chow and t re eh water ad l l b l t u a .

Appara tu s  auxl procedure a . The two -coapartaen t s tep -th rough  

apparatus used In t h i s  study was a l a  1 lax to  th a t  described  by gasman 

and Alpem { l () b b ) . On the l l r s t  ( t ra in in g ,!  flay ot the ex p erlaen t,  os 

were housed 5 per cage and t h e i r  t a i l s  marked lo r  I d e n t i f i c a t i o n .  

Training; was begun a t  app rox laa te ly  ll'iOO AM by p lacing  each d i n d i ­

v id u a lly  in to  the v e s t ib u le  of the s tep -th rough , a 5 x ** x 0 .5  ca 

coapartaen t co n s tru c ted  of c l e a r  p le x ig la s s  with a hardware c lo th  

i ioo r. tach  lj was placed with I t s  head fac ing  a 4 ca d iam eter hole 

which communicated with the shock boxj a 20.5 x 22 x lu .5  cm, un ligh ted , 

black, p le x ig la s s  box with a hinged lid  and g rid  I ioo r . The f lo o r  was 

composed o: 20 s t a i n l e s s  s t e e l  rods approximately 2 mm in diam eter 

which were wired in  s e r ie s  through a can operated g r la  scram bler to 

a *>5 V power supply providing a cu rren t  02 approximately j  ma when 

t.he c i r c u i t  was completed by foot con tac t across  the g r id s .

The time I n te rv a l  between placement in  the v e s t ib u le  and en try

with a l l  l our f e e t  in to  the shock compartment ( s tep -th rough  latency,) 

was t lu ed  with a stopwatch) a g u i l lo t in e  door was closed behind j )



-1 7 -

and an inescapab le , 3*a, acraabled t r a in in g  shock was d e liv e red  to 

the r e s t .  Shock d u ra t io n  was tie* d  with an in d u s t r i a l  t i a e r .

P r io r  to  the t r a in in g  procedure described  above, Ss sere  d i ­

vided in to  d groupB ol 30 eachi

.roup 1 (.Training Only) was tra in ed  as above, o tep-th rough  

la te n c ie s  sere  taken, t r a in in g  shock was d e l iv e red ,  and i s  

were re tu rned  to  th e i r  hoae cages without rece iv in g  iiiCS .

.roup I  Training + loused la te  dio ; was tra in ed  as above and 

t h e n  given a ma, VUO V, POO msec., t ra n sc o rn ea l  as soon

a' t e r  term ination  ot lo o t shock an p oss ib le  I u sua lly  6 sec .

Out n e v e r  « o r e  tf ian 1U s e c ,  a l t e r  t r a i n i n g  s h o c k ;  ami r e t u r n e d  

t o  t h e ! i '  hoae c a g e s .

.roup 3 ( No T ra in ing , No bit>; was given no s tep -th rough  t r a in in g .  

■1b were aarked to r  i d e n t i f i c a t i o n  and re turned  to hone cages, 

.roup ^ t idiS Only) was given no step -th rough  t r a in in g  but r e ­

ceived citi ou ts ide  the s tep-tlirough  appara tu s .

On the second i, t e s t in g ;  day, a l l  groups were given id e n t ic a l  

t r e a t a e s t .  T es tiag  was begun h rs .  a f t e r  t r a in in g  by p lacing  each 

j In d iv id u a lly  in to  the v e s t ib u le  a s  on day 1 and t l a in g  s tep-th rough  

la te n c ie s ,  any S t a i l i n g  to s tep  through within LttO sec . was forced 

in to  the shock c o a p a r ta e n t . Al t e r  s tep-th rough , tne g u i l lo t in e  door 

was lowered and ttie hinged 111 of the s h o c k  coapartment wae ra is e d .

J then had 10 sec . to juap from the g rid  f lo o r  of the shock coapart - 

aen t onto the ta b le  upon which the apparatus  r e s te d .  Kai lure  to  Jusp 

w ith in  10 sec . was followed by a > na, scrambled foo t shock which
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was d» liv«r«d  u n t i l  the Jump-out response was performed. Host Ss Jumped 

out before 1 a l a .  of continuous fo o t  shock was d e liv e red  on th s  f i r s t  

t r i a l .  A lta r  jump-out, S was allowsd to  axplors th s  ta b ls  top fo r  

20 sac . ( r a n t  period) and was than placad d i r e c t l y  onto ths  g r id  

f lo o r  of the shock appara tu s  through the opan l i d .  Again, lo o t  shock 

could be avoided by perform leg  the Juap-out response w ithin 10 sac . 

a l t e r  placement on the g rid  f lo o r .  This procedure was repeated  fo r  

10 haseed t r i a l s .  Juap-out occurlng le ss  than 10 sec . a l t e r  placement 

on the shock grid  (befo re  shock onse t)  was scored as an a c t iv e  avo id ­

ance . 

r e s u l t s

Pass ive avoidance ■ Table 1 in d ic a te s  the number ol 3 i  in  each 

group of 3<J which showed passive avoidance on the second ( t e s t i n g )  

day. Passive avoidance i s  defined  as 1 a l lu r e  to  s te p  through in to  

the shock compartment w ithin  180 sec . a f t e r  placement in  the v e s t i ­

bule . The ch i-square  t e s t  Ind ica ted  th a t  Troup 1 O 'ra in in g  Only) 

showed s ig n i f i c a n t ly  more passive avoidance than the o th e r  groups 

( f < ,001) while these  l a t t e r  groups did not dif f e r .

avoidance. Table 2 in d ic a te s  the r e s u l t s  obtained from 

a K .ruakal-rfallls one-way a n a ly s is  of variance based on the nunber of 

active avoidances in  each group of 3 0 . Active avoidance i s  defined  

as a jump-out la tency ot le s s  than 10 sec . recorded to r  any ol the 

10 juap-out t r i a l s  adm inis tered  to  each i .  JCach 8 thus had a poss ib le  

maximum of 10 a c t iv e  avoidances* each group of 30 had a po ss ib le  

maximum of 300 ac t iv e  avoidances. Troup 1 ( 'Draining Only) showed
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s ig n i f i c a n t ly  nor* a c t iv e  avoidance than tha o th a r  group* (1 < .0 1 ) .  

Group 2 (T ra in in g  + Immediate SCS) did  not d i f f e r  f ro a  Group 3 (No 

Tra in ing , No BGS ) but showed aora ac t iv e  avoidance than Greup U (alls 

Only.

D iscussion

Passive  avo ldanca . Tha aupario r  paaslva avoidance preiornxnoe 

ot Group 1 (T ra in ing  Only) coaparad to  tha o th ar  groups lo  c o n s ls ta n t  

with r e s u l t s  obtained In previous experiments and nay be sxpia lned  

by both the co n so l id a t io n  and conditioned in h ib i t io n  hypotheses. The 

co n so lid a t io n  hypothesis  p o s i t s  th a t  o)C3 adm inistered  to  Group 2 

(T ra in ing  + I M ed ia te  isIGS) e rad ica ted  the nenory trace  l e f t  by foo t 

shock t r a in in g .  The conditioned in h ib i t io n  hypothesis th a t  HG5 Is  a 

UG to r  unconsciousness. The apparatus  cnee than became a CG fo r  r e ­

laxa tion  (a  iraak fo ra  at unconsciousness) which d i s l n h i b l t s  the 

t roe z ing  response la  the v e s t ib u le .

Active avo idance . I t  i s  apparent f roa  a coaparieoa ot uroup 1 

(T ra in ing  Only) with Group j  (No T ra in ing . No JUGS) th a t  a s in g le  to o t  

shock d e l iv e red  on the f i r s t  ( t r a in in g )  day s ig n i f i c a n t ly  f a c i l i t a t e s  

the acquisition ol a c t iv e  avoid anas on the second ( t e s t i n g )  day . Gince 

.roup 2 (T ra in in g  + I need l a t e  BGS j received foo t shock t r a in in g ,  any 

a c t iv e  avoidance d e f i c i t  In Group 2, when compared to  Group 1 (T ra in ing  

Only) should be due to  the e f f e c t s  ot WGG . The co n so lid a tio n  hypothe­

s i s  would p o s i t  th a t  the i n f e r i o r  a c t iv e  avoidance perf orn&nce ot 

Group 2 i s  due to  nXIS-1 nduced d is ru p t io n  of the aeaory t r a c e  l e f t  

by foo t shock on the f i r s t  ( t r a in in g )  day.
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The conditioned in h ib i t io n  hypo thesis , on the o th e r  hand, hold* 

th a t  the memory t r a c e  l e f t  by t r a in in g  fo o t  shock 1* not e rad ica ted  

by c)CS . Since a s in g le  foo t shock does f a c i l i t a t e  the a c q u is i t io n  of 

a c t iv e  avoidance 2d h r s . a f t e r  t r a in in g ,  proponents at the conditioned 

in h ib i t io n  hypothesis  aust exp la in  why the t ra c e  l e i t  by t r a in in g  

shock did not f a c i l i t a t e  the performance of Sroup 2 ( Training + 

lamed la te  BCS ).

These r e s u l t s  can be in te rp re te d  in  a manner c o n s is te n t  with 

the conditioned in h ib i t io n  h ypo thes is . I t  has been assumed th a t  HIS 

causes r e la x a t io n  in  convulsed S a . Apparatus cues become a dS fo r  

r e la x a t io n .  I t  i s  th e re fo re  possib le  th a t  convulsed a s  are so relaxed 

In the shock box th a t  they are  not amenable to i u r th e r  t r a in in g  la  

th a t  box. In o the r  words, KLLS (o r  the coab lna tion  ol foo t shock and 

sXlb) has produced a d ep ress ive  eft a c t  which i n h ib i t s  th* jump-out 

response or, in  e f f e c t ,  r a i s e s  shock th resh o ld  in  convulsed S s . This 

r e la x a t io n  may overcoae inc reases  in  a c t i v i t y  when an e f t e r t l u l  a c tiv e  

avoidance response i s  req u ired , ubtperiaant II w i l l  explore these 

possl bl l l t l e s .



- 2 1 -  

CHAPTER I I I  

EXPErtlHEMT II

Experiment II exp lo res  the nature  of the ef f e c t iv e  t  r a i s i n g - 

WiS In te rv a l ,  p a r t i c u la r ly  in  regard to  the ac t iv e  avoidance response. 

Evidence c i te d  above in d ic a te s  th a t  passive avoidance performance 

def i c i t s  la  convulsed i s  are  a t ten u a ted  as the t r n in i  ng-H13 in te r v a l  

i s  in c reased . Experiment I shoved th a t  ECS adm inistered  immediately 

a l t e r  t r a in in g  caused d t i l c l t s  in  a c t iv e  avoidance a c q u is i t io n .

Active avoidancs d e f i c i t s  should a lso  be a t ten u a ted  in  a system atic  

! ashlon p a ra l le l in g  passive avoidance as the traiming-ECS in te r v a l  

i s  increased .

fhorover and S c h i l l e r  { i ^ b 6 )  concluded th a t  performance d e f i c i t s  

induced by sh o r t  training-ECS in te r v a l s  (.10 sec . or l e s s ) sere  pro­

bably due to  HA vh lle  these  seen al t e r  long training-ECS in te r v a l s  

were due to  some o ther mechanism. Lengthening the t r a in in g  ECS i n t e r ­

val and com pa-ring the r e s u l t s  ot a c t iv e  and passive avoidance may 

throw some l ig h t  upon t h i s  co n ten tio n .

The c o aso lid a t io n -co n d it io n ed  in h ib i t io n  controversy  w il l  a lso  

be eub,)ected to  fu r th e r  s tudy . The p red ic t  lone ot the co n so lid a tio n  

hypo thesis  need no e la b o ra t io n  h e re .  The p re d ic t io n s  ot the conditioned 

in h ib i t io n  hypo thesis , however, are sore complex. I t  might be assumed 

th a t  ELil Induces conditioned re lax a tio n --o o n d l tloned in c reases  in 

a c t i v i t y  le v e l .  As the training-ECh in te r v a l  i s  Increased , the OS - 

US In te rv a l  I s  a lso  in c reased . The amount of' a c t i v i t y  should then 

decrease as the tjcaining-Efli In te rv a l  i s  lac  le a se d .  Ss t ra in e d  with
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long training-HCS In te r v a l s  s ig h t  a c tu a l ly  do acre  poorly In ac t iv e  

avoidance than those t r a in e d  with sh o r t  in te r v a ls . The r e s u l t s  oi 

experiment I in d ic a te  th a t  t h i s  i s  as  u n lik e ly  outcome since  i t  would 

req u ire  th a t  j ro u p  2 i. P ra is in g  + la a e d la te  Uli J would show su p e r io r  

a c t iv e  avoidance performance.

A lte rn a t iv e ly ,  i t  n ig h t  he assumed th a t  X̂J3 causes so much 

r e la x a t io n  in  the shock box th a t  convulsed Ss are not amenable to 

! u r th e r  lea rn in g  th e re .  In th a t  case, as the trnlnlng-ECS ( CS -Uh) 

I n te r v a l  i s  Increased , th e re  should be le s s  eonditioaed  r e la x a t io n  

and b e t te r  Learning. Pert ormance should improve In a system atic  1 a- 

shlon p a ra l le l in g  th a t  of passive avoidance as the In te rv a l  I s  i n ­

c reased . Again, there  would be no way to d isc r im in a te  between the 

c o n so lid a tio n  and conditioned in h ib i t io n  hypotheses.

Experiment II  w i l l  show th a t ,  co n tra ry  to  both hypotheses, 

in c reases  in  the trainlng-ECS in te r v a l  does not r e s u l t  in  system atic  

improvement in  a c t iv e  avoidance peri ormance p a ra l le l in g  th a t  seen in 

passive avoidance.

Methods

S u b je c t s , Two hundred and ten  of trie mice described in  Experiment 

I were obtained  se v e ra l  weeks bet ore the experiment and housed in  the 

same manner.

Appara tu s  and p rocedure . The same appara tus  was used as th a t  

described  in  Experiment I except th a t  a hole was cu t in  the ta b le  

top upon which the s tep -th rough  re s te d  and the e n t i r e  appara tu s  was 

lowered so th a t  the top of the shock compartment became le v e l  with 

the tab le  to p . The lid  oi the shock compartment was unhinged so that



the e n t i r e  l i d  could be removed fron  the a p p a ra tu s . THs m  m od if ica tio n s  

were in troduced 1b o rder  to  reduce v a r i a b i l i t y  l a  Jump-out performance.

Tha genera l procadura was the same aa th a t  described  l a  Sxperineat 

I .  j s  vara in troduced  la to  tha v e s t ib u le  os tha  f i r s t  ( t r a in in g )  day 

aad s tep -th rough  la te n c ie s  ware recorded . A lta r  2** h r* ., s tep -th rough  

la te n c ie s  ware again  recorded ( t e s t in g ;  aad Ss wars given 10 Jump-out 

t r i a l s  as desc r ibed  above.

P r io r  to  t h i s  genera l t r a i a i s g  procadura, S> vara d iv ided  la to  

7 groups of JO eachi

Group 1 (T ra in in g  Only) was a r e p l i c a t io n  of Group 1 in  Exper­

iment 1 . Ss vara raaovad to th e i r  home cages la a a d ia ta ly  at t a r  

t r a in in g  shock without rece iv in g  kCS.

Group 2 (T ra in in g  + Ia a ed ia ta  BCS) was a r e p l i c a t io n  of Group 2 

1b Experiment 1. 5a vara given ECS 1 a aad l a t e ly  a f t e r  lo o t  shook 

t r a ia lm g .

jroup  _i (No T ra in ing , No ECS) was a r e p l i c a t io n  of Group j  i s  

Experiment 1. 5a war* given bo ECS or s tep -th rough  ex p e r ien c e . 

Group b ( BCS Only) was a r e p l i c a t io n  of Group ** in  Experiment 

I . 5s received  ECS ou ts ide  the appara tus  but no s tep-th rough  

ex p e r ien c e .

Group *> (P ro a c t iv e )  was designed to  t e s t  whether the fo o t shock- 

BCS ooabination  could af f e c t  learn ing  or perforaance without 

causing  HA and without causing co n d it io n in g .  ECS was th e re fo r*  

d e l iv e red  o u ts id e  the appara tus  15 s i n . before fo o t  shock t r a in in g

in the s tep - th ro u g h .
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h lb i t lo n .  Th* co n d itio n in g  in te r p r e ta t io n  would r*qu ir*  n backward 

cond ition ing  paradigm with a U5-CS in te r v a l  of 15 n in .  Thin In d ica te  a 

th a t  ECS, or thn combination of BCS-foot shock, i s  capable of im pa ir­

ing passive avoidance by mechanisms o th e r  than those proposed by 

e i t h e r  the c o n so lid a tio n  or conditioned in h ib i t io n  hypotheses.

Active avoidance . The r e s u l t s  of Experiment I were su ccess fu l ly  

r e p l ic a t e d .  A s in g le  foo t shock was shown to  f a c i l i t a t e  a c t iv e  avoidance 

a c q u is i t io n  24 h r e . l a t e r  as evidenced by tne s ig n i f i c a n t  d if fe ren c e  

between Croup 1 which received  fo o t shock but no BCS and Croup 3 which 

received no foo t shock nor EOS. Again, a s in g le  BCS adm inistered 

immediately al t e r  i oot shock ( .roup 2) was shown to s ig n i f i c a n t ly  

impair the a c q u is i t io n  of a c t iv e  avo idance .

The r e s u l t s  ol Croup 5 ( P ro a c t iv e ) ,  Croup 6 ( 20 sec . BCS j , and 

Croup 7 ( 1  mln. BCS) req u ire  c a re fu l  c o n s id e ra t io n .  Bach of these 

groups received  both ro o t shock and BCS* BCS impaired the passive 

avoidance penormance ot each ot these  groups. However, ECS had no 

s ig n i f i c a n t  e f f e c t  on a c t iv e  avoidance performance lua any of these 

groups. They d id  not d i f f e r  s t a t i s t i c a l l y  i ron  Croup 1 (T ra in ing  

Only; .  This  suggests  th a t  the in te rm ed ia te  amount ot passive avoidance 

impairment seen in these  groups was not due to  HA but to  sons o th e r  

omrhanlaa. furtherm ore, ttv» g re a te r  (though nonsign.lt l e a n t ) number 

o: a c tiv e  avoidances t ound In these groups as compared to  .roup 1

i, T ra in ing  Only) n ig h t be explained  it i t  were assumed th a t  the Cs in  

Croups 5, 6, and 7 were more ac tiv e  than normal—more ready to Jump 

in response to  t oot shock. I t  would then appear th a t  ECc> has a dua l
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a c t io n .  At sh o r t  training-JfllS In te rv a ls  as  In Group 2 (T ra in in g  ♦ 

Immediate BCG), BCS d i s r u p t s  the memory t r a c e .  At longer in t e r v a l s ,  

&li, o r  the BCS - lo o t  shock conblnation , s ln p ly  in c reases  a c t i v i t y  

ie v e is .  The In paired  passive  avoidance pertoraanoe in  Groups 6,

7 Mould then be due to  increased a c t i v i t y .  This in t e r p r e t a t io n  

i s  q u i te  s im i la r  to  th a t  put f orward by Chorover and S c h i l l e r  c i te d  

above .
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■ J O s C i V l . j  I  U .’i j

A s l n r . L e  : o o t  s h o c k  ai lm 1 n i 3 t e r e d  I n  t h e  s h o c k  c c o m p a r t m e n t  o:  

t h e  s i t e  p - t h r o u g h  a p p a r a t u s  : a c  1 1 i  t a i e n  t h e  a c q u i s i t i o n  o:  a  m u l t i p l e  -

t r i a l  a c t i v e  a v o i d a n c e  r e s p o n s e  t r a i n e d  f i r s ,  l a t e r  i n  t h e  s a m e  

a p p a r a t u s . A s i n g l e  r-111' I a d m i n i s t e r e d  i m m e d i a t e l y  a l t e r  t h e  s i n ^ i e  

o o t  s h o c k  s i p n i *  l e a n t  l y  i m p a i r s  t h e  a c q u i s i t i o n  o ' a c t i v e  a v o i d a n c e  

,Jo  u r n ,  l a t e r .  A s i n ( i e  , '1,  a d m i n i s t e r e d  n o n 1 t h a n  l o  s e c .  a:  t e r

t r a i n i n r ,  ; o o t  s h o c k  o r  i t  r a i n . t * :  o r e  t r a i n i n g  : o o t  s h o c k  s l p n i :  l e a n t  l y

i m p a i r s  ; a o o l v t  a v o i d a n c e  i n  t h e  s  t e  p - t h r o n g  ',h r*i t  d o e s  n o t  i m p a i r  

,-i> ' M ' / c  a v o i d a n c e  ae  q u.i 1 1 1 . a . A . -orid 1 t i o n l i v  i n t e r p r e t a t i o n  o: t h e s e

r e s u l t : .  3 e e « . .  m o s t  : : . 1 k o  . . : o r  ' . c v r r a  . r e a s o n s .  . V i .  wa n  a l w a y s  a d ­

m i n i s t e r e d  o u t s i d e  t h e  a p p , : i r a t u s  : o r  a i l  c r o u p s .  I h l s  w o u l d  s e e m  t o

r e d u c e  t h e  [ f j s s i  h i  l i  t y  t h a t  - : u e s  : r o m U i e  a p i > a r a t u b  c o u l d  u e c o r a e  a  

. . : o r  c o n d i t i o n e d  r e  Lnp. at  i  ?■. n a s  r e q u i r e d  hv  tfw,* c o r k i  1 1. i o r i e d  i n h i b i t i o n  

•, u t h e n i  s .  u r t h e n a o i ' e ,  a  u a o k w a r d  o m i  i  t  i  or.  1 n c . a r a !  L. ;iii m u s t  ;w 

i n v o k e !  t o  » ' * |  l a i n  n o w  ; i .  c o u l d  i m p a i r  p a s s i v e  a v o i d a n c e  ; e r ;  o n a a j l c e  

w h e n  1 * I s  i c i l v e i s t d  i t  r a i n .  ; *s  o r e  : n o t  s h o c k  a n  i n  . r o u p  \> ■ r o -  

1. 1 1 v e  .

A m o r e  r e a s o n a b l e  i : i t . e r : . r e  t a t  I o n  e n t a i l s  t h e  s u p p o s i t i o n  t t u i t  

I P .  ' - a u s e n  >A a t  s h o r t  t r a l  h i  u p  -  > -.1 i n t e r v a l : . ,  : a i t  s i m p l y  r o n t r i U i t e s  

1 ncr' f ' a: ; *1., I n  s  * i v i ^  ; . , - v e :  it. ; m . e r  i n t e r v a l s  uiki  i n  t h e  l u ' o -

a c t i v e  ' o n d  i  t  i o n  • . n c o  .0 1  i n t e r p r e t a t i o n  w o u u l  i»* c u n s  \ s  t c  n t  w i t : ,  t n c

r e s u l t : -  o b t a i n  >d hy  ; h o r o v e r  a n d  . . c h i  1 i e r  1 I <>.? , w h i c h  l n l i c a t e d
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