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INTRODUCTION

A g r e a t  d e a l  o f  t h e  d a t a  f o r  a n im a l  memory p r o ­

c e s s e s  o r i g i n a t e s  from  s t u d i e s  u s i n g  e l e c t r o c o n v u l s i v e  

shock  (ECS) a s  a  t o o l  t o  d i s r u p t  b r a i n  e l e c t r i c a l  a c t i v i t y  

(McGaugh and Dawson, 1 9 7 1 ) .  The e a r l i e r  c o n c e p t  o f  a  con ­

s o l i d a t i o n  p r o c e s s  i n  memory (Burnham, 1903) l a i d  t h e  b a s i s  

f o r  t h e  co n tem p o ra ry  c o n s o l i d a t i o n  t h e o r y  (McGaugh, 196 6 ) .  

Under t h i s  n o t i o n  memory i s  v iew ed a s  a two s t a g e  p r o c e s s .  

Thus a  new memory i s  th o u g h t  t o  r e q u i r e  t im e  i n  o r d e r  t o  

h a rd e n  i n t o  a  perm anen t memory. I f  b r a i n  e l e c t r i c a l  a c t ­

i v i t y  i s  d i s r u p t e d  w i th  ECS, t h e n  memories w hich  h ave  n o t  

y e t  c o n s o l id a t e d  s h o u ld  a l s o  be d i s r u p t e d .  T h is  r a t i o n a l  

f o r  u s in g  ECS I s  s u p p o r te d  by t h e  o b s e r v a t i o n  t h a t  a  p e r ­

form ance decrem en t ( a n  am n es ia )  i s  o f t e n  p ro d u ce d  when ECS 

fo l lo w s  a l e a r n i n g  e x p e r i e n c e  (L ew is ,  1 9 6 9 ) .

L a t e r  f o r m u la t io n s  have  c a s t  d o u b t  on t h e  i n ­

c lu s iv e n e s s  o f  a c o n s o l i d a t i o n  t h e o r y  o f  memory (Lew is and 

M aher, 1965; L ew is , 1969; M i l l e r  and S p r i n g e r ,  1973; S p e a r ,  

1 9 7 3 ) .  I f  ECS does i n t e r f e r e  w i th  c o n s o l i d a t i o n  t h e n  one 

must somehow d e a l  w i th  t h e  e v id e n c e  t h a t  an ECS-produced 

memory d i s r u p t i o n  may r e c o v e r  w i th  t im e  (Pagano  e t  a l . ,  

1969; Thompson, E n te r  and  R u s s e l l ,  1967; Z in k in  and M i l l e r ,  

1967; N e i l s o n ,  19 68 ; D e V I e t t i  and  L a r s o n ,  1971; R i d d e l l ,  

1969; D e V ie t t i  e t  a l . ,  1 9 7 2 ) .  T h ere  i s  a l s o  e v id e n c e  t h a t
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su ch  a  d i s r u p t e d  memory may be r e t u r n e d  by a r e m in d e r  

t r e a t m e n t ;  t h a t  i s ,  e x p o s in g  t h e  a n im a l  t o  a p o r t i o n  o f  

t h e  cues  o f  t h e  o r i g i n a l  l e a r n i n g  (L ew is ,  M i l l e r  and  M isan- 

i n ,  1968; Lewis and  N ic h o la s ,  1973; Q u a r te rm a in ,  McEwen 

and A zm ita , J r . ,  1970 , 1972; D e V ie t t i  and H o p fe r  ( i n  p r e p ­

a r a t i o n ) ;  M i l l e r  and S p r i n g e r ,  1972; C h e rk in ,  1972; Gordon 

and S p e a r ,  1973; G a l l u s c i o ,  1971)* F i n a l l y  o t h e r  e v id e n c e  

i n d i c a t e s  t h a t  a  seco n d  ECS t r e a tm e n t  ( i n  some c a s e s  a  

fo o ts h o c k  (FS) o r  o t h e r  r e l a t e d  s t im u lu s  f o l lo w e d  by an 

ECS) may r e t u r n  an  ECS d i s r u p t e d  memory ( N e i l s o n ,  1968; 

Nachman and M einecke, 1969; P f i n g s t  and K ing , 1969; K e sn e r ,  

McDonough, J r . ,  and D oty , 1970; Thompson and N e e ly ,  1970; 

Thompson and Grossm an, 1 9 7 2 ) .  I n  a d d i t i o n  t o  t h e  n o t i o n  

o f  memory r e t u r n  t h e r e  i s  e v id e n c e  t h a t  an o ld  (p re su m a b ly  

c o n s o l id a t e d )  memory i s  n o t  p e rm a n en t ;  i t  to o  i s  s u b j e c t  t o  

t h e  e f f e c t s  o f  ECS ( S c h n e id e r  and  Sherm an, 1 9 68 ; M isa n in ,  

M i l l e r  and L ew is ,  1968; L ew is ,  Bregman and Mahan, J r . ,

1972; Lewis and Bregman, 1972; D e V ie t t i  and H o l l id a y  1972; 

Bregman, 1972; Robbins and M eyer, 1970; Howard and Meyer, 

1 9 7 1 ) .

None o f  t h e s e  phenomena s h o u ld  o c c u r  i f  a  con­

s o l i d a t i o n  t h e o r y  i s  c o r r e c t .  L o g i c a l l y ,  a  l a b i l e  memory 

d i s r u p t e d  by ECS s h o u ld  f a i l  t o  c o n s o l i d a t e ,  and i t  sh o u ld  

be  p e rm a n e n t ly  l o s t .  M oreo ver ,  an  ECS-produced am nesia  

f o r  an  a l r e a d y  c o n s o l i d a t e d  memory c a n n o t  l o g i c a l l y  be due
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t o  t h e  d i s r u p t i o n  o f  t h e  memory c o n s o l i d a t i o n  p r o c e s s .

Thus an  a l t e r n a t i v e  e x p l a n a t i o n  t o  a  c o n s o l i d a t i o n  th e o r y  

s u g g e s t s  t h a t  t h e  a m n es ia  p ro d u ced  by ECS may be  due t o  an 

i n t e r f e r e n c e  w i th  t h e  r e t r i e v a l  o f  t h e  memory, r a t h e r  t h a n  

a  d i s r u p t i o n  i n  t h e  s t o r a g e  o f  t h e  memory (Lewis and  Maher, 

1965; L ew is , 1969; M i l l e r  and S p r i n g e r ,  1973; S p e a r ,  1973)* 

L ew is , (1969) h as  p o in te d  o u t  t h a t  an am nesia  may c o n c e iv e -  

a b ly  d e r i v e  from  a f a i l u r e  o f  memory p r o c e s s e s  a t  s e v e r a l  

p o i n t s .  F o r  exam ple , t h e  i n i t i a l  r e g i s t r a t i o n  o f  th e  

memory may be  f a u l t y ,  o r  t h e  c o d in g  o f  t h e  memory a t  t h e  

t im e  o f  s t o r a g e  may be  o b s c u r e d ,  p e rh a p s  by a g e n t s  su ch  a s  

ECS. A lso  t h e  r e t r i e v a l  a rg u m e n tt  a l lo w s  t h a t  even  lo n g  

a f t e r  memories a r e  s t o r e d  t h e  r e c a l l  o f  a memory may be 

I m p a i r e d ,  w h i le  t h e  memory i t s e l f  rem a in s  i n t a c t .  Thus 

v a r io u s  f a c t o r s  c o u ld  a c c o u n t  f o r  a  r e t r i e v a l  f a i l u r e ;  a  

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

s u p p r e s s io n  ( f o r  exam ple , f e a r )  c o u ld  e a s i l y  o c c u r  w i th o u t  

t h e  im pa irm en t o f  t h e  s t o r e d  memory.

Much o f  t h e  ECS d a t a  i s  d e r iv e d  from  o n e - t r i a l  

p a s s i v e  a v o id a n c e  (PA) s t u d i e s .  In  one exam ple o f  t h i s  

t a s k ,  t h e  s tepdow n a p p a r a t u s ,  a n im a ls  a r e  p la c e d  on a  r a i s ­

ed p l a t f o r m ,  and t h e  t im e  r e q u i r e d  f o r  them  t o  s t e p  o f f  th e  

p l a t f o r m  i s  r e c o r d e d .  O f te n  t h r e e  g roups o f  a n im a ls  a r e  

compared i n  t h e  t a s k .  One group i s  g iv e n  a  f o o t s h o c k  (FS) 

when th e y  s t e p  o f f  t h e  p l a t f o r m ;  a n o th e r  g roup  i s  g iv e n
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PS fo l lo w e d  by ECS; t h e  t h i r d  g rou p  i s  n o t  g iv e n  PS, b u t  

o n ly  an  ECS. T w e n ty - fo u r  h o u rs  l a t e r  t h e  a n im a ls  a r e  t e s t ­

ed  f o r  t h e i r  l a t e n c y  t o  s t e p  o f f  t h e  r a i s e d  p l a t f o r m .  

T y p i c a l l y  t h e  PS a n im a ls  r e m a in  on th e  p l a t f o r m ,  w h i l e  t h e  

PS-ECS a n im a ls  r a p i d l y  l e a v e  i t .  Thus t h e  PS-ECS a n im a ls  

a p p e a r  i g n o r a n t  o f  t h e  PS e v e n t  w hich  im m e d ia te ly  p r e c e e d -  

ed  t h e  ECS t r e a t m e n t .  T h is  E C S-produced  r e t r o g r a d e  a m n e s ia  

(RA) i n  a  p a s s i v e  a v o id a n c e  t a s k  o f  one form  o r  a n o th e r  

h a s  b e e n  t h e  s u b j e c t  o f  many p a p e r s  (Madsen and McGaugh, 

1961; C ho ro ver  and S c h i l l e r ,  1965* 1966; Lewis e t  a l . ,  

1968a , 1968b ;  M isa n in ,  M i l l e r  and  L ew is ,  1968; P o s lu n d s  

and V a n d e rw o lf ,  1970; Spevack  and S u b o s k i ,  1969 ) .

The ECS t r e a t m e n t  i t s e l f  has  i n  t h e  p a s t  b een  

a d m i n i s t e r e d  t o  r o d e n t s  by e l e c t r o d e s  a t t a c h e d  t o  t h e  e a r s  

( t r a n s p i n n a t e )  o r  i n  some c a s e s  t o  th e  e y es  ( t r a n s c o r n e a l )  

( S c h n e i d e r ,  Kapp, Aron and J a r v i k ,  1969; Z o r n e t z e r  and 

McGaugh, 1 9 7 1 a , 1 9 7 1 b ) . I n  r e c e n t  y e a r s  RA h as  b e en  

o b ta in e d  i n  one t r i a l  p a s s i v e  a v o id a n c e  t a s k s  by a d m in is ­

t e r i n g  ECS ( u s u a l l y  o f  a  low i n t e n s i t y )  t o  e l e c t r o d e s  

p la c e d  i n  t h e  s k u l l  ( t r a n s c o r t i c a l )  (V a n d a r i s  and G e h re s ,  

1970; Z o r n e t z e r  and McGaugh, 1970; G old , F a r r e l l  and K in g , 

1971; R obins and Thomas, 1968; K e s n e r ,  G ibson  and L e C l a i r ,  

1970; P a o l in o  and H in e ) .

An ECS d i r e c t l y  m a n ip u la te s  o n g o in g  b r a i n  

e l e c t r i c a l  a c t i v i t y ;  h o w e v er ,  t h a t  a c t i v i t y  h a s  b e en
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s t u d i e d  a s  a  s u b j e c t  w i t h i n  i t s e l f .  The c o n t in o u s  e l e c t r i ­

c a l  f l u c t u a t i o n s  o f  t h e  human b r a i n  i s  o f t e n  r e c o r d e d  

a s  an  in d e x  o f  h e a l t h  o r  d i s e a s e . S m all  v o l t a g e s  can  be 

d i s p l a y e d  from  e l e c t r o d e s  p l a c e d  on t h e  i n t a c t  s k u l l  o r  

w i t h i n  t h e  b r a i n  i t s e l f .  The r e c o r d  o f  t h e s e  s m a l l ,  

a l t e r n a t i n g  d i f f e r e n c e s  i n  e l e c t r i c a l  p o t e n t i a l  be tw een  

two e l e c t r o d e s  i s  c a l l e d  an  e l e c t r o e n c e p h a lo g r a m  (EEG). 

O f te n  a  p a r t i c u l a r  f r e q u e n c y  may d o m in a te  a  p o r t i o n  o f  t h e  

EEG. The a lp h a  rhy thm  (8  -  1*1 H z . ) ,  b e t a  rhy thm  (14 -  60 

H z ) ,  t h e t a  rhy thm  (4 -  8 H z .)  and d e l t a  rh y thm  (4  Hz. and  

lo w e r)  a r e  t h e  te rm s  a p p l i e d  t o  b r a i n  e l e c t r i c a l  a c t i v i t y  

w i t h i n  s p e c i f i c  p o r t i o n s  o f  t h e  EEG band  o f  f r e q u e n c i e s  

(Towe, 1 9 6 5 ) .
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CHAPTER I  

AMNESIC AGENTS AND AN EEG CORRELATE 

OP EXPERIMENTAL AMNESIA 

In  a d d i t i o n  t o  ECS many o t h e r  a g e n t s  have  b e en  

shown t o  p ro d u ce  an  am n esia  f o r  p r i o r  l e a r n i n g .  V a r io u s  

a n e s t h e t i c s ,  e t h e r ,  p h e n o b a r b i t a l ,  and m e t r a z o l  may fu n c ­

t i o n  a s  am nesic  a g e n t s  (P e a r lm a n ,  S h a r p l e s s  and J a r v i k ,  

1971; P e a r lm a n ,  1966, A lp e rn  and  K im ble , 1967; H e r t z ,  e t  

a l . ,  1970; C h e rk in ,  1972; P en rod  and  B o ic e ,  1971)* O th e r  

d ru g s  w hich  have  b e e n  i m p l i c a t e d  a r e  purom ycin  ( P l e x n e r ,  

P le x n e r  and R o b e r t s ,  1967; A g ra n o f f ,  D avis  and B r in k ,  1965; 

D avis  and A g ra n o f f ,  1 9 6 6 ; B arondes and Cohen, 1 9 6 5 ) ,  a c e -  

to x y c lo h e x im id e  (A g ra n o f f ,  D a v is ,  C a so la  and Lim, 1967;

B arondes  and Cohen, 1967; Cohen and  B a ro n d e s ,  1968; D a n i-
•  . . . . .

e l s ,  1 9 7 1 ) ,  c y c lo h e x im id e  (Q u a r te rm a in ,  McEwen and A z m it ia ,  

1970; B arondes  and  Cohen, 1967)» a e t in o m y c in -D  (A g ra n o f f  

e t  a l . ,  1967) and v a r i o u s  c h o l i n e r g i c  a g e n t s  (D e u tsc h ,  

Hamburg and D a h l ,  1966; D eu tsch  and R o c k l in ,  1972; D e u tsc h ,  

1969; B e l l u z z i ,  1 9 7 2 ) .  A p p l i c a t i o n  o f  p o ta s s iu m  c h o r id e  

( KCL) t o  t h e  c o r t e x  t o  e l i c i t  a  d e p r e s s io n  o f  c o r t i c a l  

e l e c t r i c a l  a c t i v i t y  (B ures  and  B u re so v a ,  1963; Pearlmam 

and J a r v i k ,  1961; B iv en s  and  Ray, 1965 ) o r  t o  t h e  h ip p o ­

campus t o  d e p re s s  h ip p o cam p a l e l e c t r i c a l  a c t i v i t y  (A v is  and 

C a r l t o n ,  1968; A uerbach and C a r l t o n ,  1971; Kapp and 

S c h n e id e r ,  1971; H ughes, 1968 ) have  b o th  p ro d u ced  RA. In
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a  s i m i l a r  m anner b r e a t h i n g  c a rb o n  d io x id e  ( P a o l i n o ,  

Q u a r te rm a in  and  M i l l e r ,  1966; T a b e r  and  B a n u a z ia i ,  1965; 

Nachman and  M eln eck e , 1969; Q u in to n ,  1 9 6 6 ) ,  body h e a t i n g  o r  

c o o l in g  ( J a c o b s  and  S o re n s o n ,  1969; Kane and J a r v i k ,  1970; 

R ic c o ,  Hodges and  R a n d a l l ,  1968; R l c c i o ,  G a e b e le in  and  

Cohen, 1968; B e i t e l  and  P o r t e r ,  1968; M isa n in  and H oover, 

1970; R lcc o  and S t i k e s ,  1969; J e n s e n  and R l c c i o ,  1 9 7 0 ) ,  and 

e l e c t r i c a l  s t i m u l a t i o n  o f  d i s c r e t e  s u b c o r t i c a l  a r e a s  

(K e sn e r  and D oty , 1968; Wyers e t  a l . ,  1 968 ; B ru n n e r  e t  a l . ,  

1970; L id sk y  and S l o t n i c k ,  1970, 1971; McDonough, J r .  and 

K e s n e r ,  1971; Shrinkm an and  Kaufman, 1972; K esne r  and Con­

n e r ,  1972) have  a l l  d e m o n s t r a te d  e f f e c t i v e n e s s  i n  p r o d u c in g  

an a m n e s ia  f o r  p r i o r  l e a r n i n g .  G iven th e  f a c t  t h a t  s i m i l a r  

b e h a v i o r  (a n  a m n e s ia ,  u s u a l l y  i n  a  p a s s i v e  a v o id a n c e  t a s k )  

i s  p ro d u c e d  by d i f f e r e n t  am nesic  a g e n t s  one m ig h t  wonder i f  

any c o n s i s t a n t  s i m i l a r i t y  c o u ld  be  d e t e c t e d  i n  t h e  c o r t i c a l  

EEG r e c o r d e d  from  a n im a ls  made am nesic  by t h e  v a r i o u s  

a g e n t s .  I f  a  u n iq u e  EEG c o r r e l a t e  c o u ld  be  found  f o r  

e x p e r i m e n t a l  a m n e s ia  a c r o s s  d i f f e r e n t  am nesic  a g e n t s ,  th e n  

t h i s  f a c t  w ould  be  e v id e n c e  t h a t  am nesia  i s  p ro d u c e d  by 

m a n i p u l a t in g  t h e  b r a i n  i n  a  p a r t i c u l a r  m anner.

M is c e l la n e o u s  Amnesic A g e n t s .

As Lewis (1969) h a s  p o i n t e d  o u t ,  many am nesic  

a g e n t s  have  c o n v u ls iv e  p r o p e r t i e s .  Thus t h e s e  a g e n t s  a f ­

f e c t  b r a i n  e l e c t r i c a l  a c t i v i t y  by p r o d u c in g  n e u r a l  s p i k i n g
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fo l lo w e d  by a  p e r i o d  o f  d e p r e s s e d  e l e c t r i c a l  a c t i v i t y .  

S p r e a d in g  c o r t i c a l  d e p r e s s i o n  a p p e a r s  t o  d e v i a t e  somewhat 

from  t h i s  g e n e r a l i z a t i o n ,  s i n c e  i t  does  n o t  o b v io u s ly  m an i­

f e s t  i n i t i a l  n e u r a l  s p i k i n g  (B u res  and B u re s o v a ,  I9 6 0 ,  

1 9 7 0 ) .  However l o c a l i z e d  n e u r a l  s p i k i n g  may o c c u r  a f t e r  

h ip p o ca m p a l  d e p r e s s i o n  (A v is  and C a r l t o n ,  19 68 ; Kapp and 

S c h n e id e r ,  1971)> and a l t e r n a t i n g  p e r i o d s  o f  h ippo cam pa l 

s e i z u r e  and d e p r e s s i o n  h a s  a l s o  b e e n  r e p o r t e d  (B ures  e t  

a l . ,  1 9 6 2 ) .  Greene (1971) h as  shown t h a t  a p p l i c a t i o n  o f  

KCL th ro u g h  c a n n u la  im p la n te d  i n  t h e  r a t  h ippocam pus may 

p ro d u c e  p e r s e v e r a t i v e  b e h a v i o r  w hich  i s  s i m i l a r  t o  t h a t  

p ro d u ce d  from  h ip p o ca m p a l  l e s i o n .  He s u g g e s t s  t h a t  h ip p o ­

cam pal s p r e a d i n g  d e p r e s s i o n  p ro d u c e s  a  f u n c t i o n a l  and 

r e v e r s i b l e  h ip p o cam p a l l e s i o n ,  and  t h a t  t h i s  p e r s e v e r a t i v e  

b e h a v i o r  may be  d i f f e r e n t  from  t h e  b e h a v io r  o b se rv e d  d u r ­

i n g  a  h ip p o ca m p a l  s e i z u r e .  I f  t h i s  s u g g e s t i o n  i s  t r u e  

t h e n  an a m n e s ia  m ig h t  be p ro d u ce d  by e i t h e r  d e p r e s s i o n  o r  

d i s r u p t i o n  ( s e i z u r e )  o f  h ip p o ca m p a l  e l e c t r i c a l  a c t i v i t y .  

Thus t h e  o b s e r v a t i o n  o f  an  a m n e s ia  would depend h e a v i l y  on 

t h e  p a r t i c u l a r  b e h a v io r  n e c e s s a r y  f o r  c o r r e c t  p e rfo rm a n c e  

o f  t h e  t a s k .

H o r s te n  (1949) found  a  c e s s a t i o n  o f  EEG a c t i v i t y  

i n  r a t s  c o o le d  t o  68° F . L ip p  (1964) r e p o r t e d  t h a t  b o th  

f re q u e n c y  and a m p l i tu d e  o f  c o r t i c a l  and  s u b c o r t i c a l  EEG 

d e c r e a s e d  i n  c o o le d ,  u n a n e s t h e t i z e d  c a t s  and  r a b b i t s .
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S u b c o r t i c a l  s e i z u r e  was o b se rv e d  i n  t h e s e  a n im a ls  when th e  

body t e m p e r a tu r e  was r e d u c e d  t o  72° P.

Drug A gents

Purom ycin  d i s r u p t s  h ip p o cam p a l  e l e c t r i c a l  

a c t i v i t y  f i v e  h o u rs  a f t e r  t e m p o r a l  i n j e c t i o n ,  b u t  c y c l o -  

h e x im id e  o r  a c e to x y c lo h e x im id e  a p p a r e n t l y  do n o t  (Cohen, 

E r v in  and B a ro n d e s ,  1966 ; Cohen and B a ro n d e s ,  1 9 6 7 ) .  I t  

h a s  b e e n  found t h a t  a c t in o m y c in -D ,  w hich  p ro d u c e s  a  f a i l ­

u r e  o f  lo n g  te rm  s t o r a g e  s i m i l a r  t o  th e  above d r u g s ,  a l s o  

p ro d u c e s  h ip p o cam p a l e p i l e p t i f o r m  s p ik e  d i s c h a r g e s  a t  t h r e e  

days f o l lo w in g  i t s  i n j e c t i o n  i n t o  th e  h ippocam pus o f  

t h e  r a t  (N ak a jim a , 1 9 6 9 ) .  Such a  t e m p o ra l  p e r i o d  c o r r e ­

sponds t o  some o f  t h e  l i t e r a t u r e  r e p o r t i n g  f a i l u r e s  o f  

lo n g  te rm  c o n s o l i d a t i o n  (A g r a n o f f ,  D a v is ,  C a so la  and Lim, 

1967) w i th  A ct-D . The d e f i c i t  i n  lo n g  te rm  s t o r a g e  i s  

more l i k e l y  a p r o a c t i v e  e f f e c t  o f  t h e  d ru g  on t h e  b e h a v i o r ­

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

t h e  memory s t o r a g e  (N ak a jim a , 1 9 7 2 ) .  N e v e r th e l e s s  t h e  

p o s s i b l i t y  i s  p r e s e n t e d  t h a t  a  d ru g  w hich does n o t  show an 

e f f e c t  on b r a i n  e l e c t r i c a l  a c t i v i t y  n e a r  th e  t im e  o f  i n ­

j e c t i o n  i n t o  t h e  b r a i n ,  may p ro d u ce  a  change i n  t h a t  a c ­

t i v i t y  a t  a  much l a t e r  t im e .

Of t h o s e  d ru g s  u se d  t o  m a n ip u la te  c h o l i n e r g i c  

s i t e s  i n  t h e  CNS, l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  

e f f e c t  on e l e c t r i c a l  a c t i v i t y  when d i i s o p r o p y l f l u o r o p h o s -
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p h a te  o r  p h y s io s t i g m in e  a r e  I n j e c t e d  i n t o  th e  b r a i n ,  b u t  

c a r b a c h o l  i n j e c t i o n s  can  cau se  b o th  EEG s e i z u r e s  and 

b e h a v i o r a l  c o n v u ls io n s  ( B e l l u z z i ,  1971; G rossm an, 1 9 6 3 ) .

I n  a c c o rd  w i th  th e  n o t i o n  t h a t  many am nesic  

a g e n ts  change b r a i n  e l e c t r i c a l  a c t i v i t y ,  r e c o r d i n g s  o f  

su ch  a c t i v i t y  f o l lo w in g  te m p o ra l  i n j e c t i o n  o f  purom ycin  

have d e m o n s t r a te d  t h a t  t h e  d ru g  does d i s r u p t  h ip p o cam p a l 

e l e c t r i c a l  a c t i v i t y  (Cohen e t  a l . ,  1966; Cohen and B aron­

d e s ,  1967 ) .  T h is  f i n d i n g  e n c o u ra g e d  A vis and C a r l t o n  

(1968) t o  a t t e m p t  t o  p ro d u ce  an am n esia  by d i s r u p t i n g  

h ip p o cam p a l  e l e c t r i c a l  a c t i v i t y  w i th  an i n j e c t i o n  o f  p o ­

ta s s iu m  c h l o r i d e  (KCL) i n t o  t h e  h ippocam pus . The r e s u l t i n g  

d e p r e s s io n  o f  e l e c t r i c a l  a c t i v i t y  a t  th e  i n j e c t i o n  s i t e  

was o b s e rv e d  f o r  KCL o n ly ,  s i n c e  s a l i n e  i n j e c t i o n s  d id  n o t  

a f f e c t  h ip p o ca m p a l  e l e c t r i c a l  a c t i v i t y .  In  l i k e  m anner, 

when th e  a n im a ls  were t e s t e d  f o r  t h e i r  l a t e n c y  to  d r in k  in  

th e  p r e s e n c e  o f  a  to n e  w hich  had  p r e v i o u s l y  been  p a i r e d  

w i th  e l e c t r i c  sh o c k ,  KCL a n im a ls  had  s h o r t  l a t e n c i e s ,  

w h i le  s a l i n e  a n im a ls  had  lo n g  l a t e n c i e s .  W ith s p e c i f i c  

r e f e r e n c e  t o  th e  EEG, Avis and C a r l t o n  ( 1968 ) s u g g e s te d  

t h a t  th e  d u r a t i o n  o f  th e  EEG d e p r e s s io n  was r e l a t e d  i n  an 

i n v e r s e  m anner t o  r e t e n t i o n .  Thus t h e  l o n g e r  th e  o b se rv e d  

d e p r e s s i o n ,  th e  s h o r t e r  th e  o b s e rv e d  d r i n k in g  l a t e n c y  i n  a 

s i t u a t i o n  where t h e  n o rm al r e s p o n s e  w ould be a  v e ry  lo n g  

d r i n k i n g  l a t e n c y .
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A uerbach  and C a r l t o n  (1971) showed t h a t  a n im a ls  

t r a i n e d  i n  th e  d r i n k  s u p p r e s s io n  t a s k ,  i n j e c t e d  i n  th e  

h ippocam pus w i th  KCL, and  th e n  t e s t e d  f o r  t h e i r  l a t e n c y  to  

d r i n k  show s h o r t e r  l a t e n c y  and lo w e r  b lo o d  and a d r e n a l  

c o r t i c o s t e r o i d  c o n te n t  t h a n  a n im a ls  s i m i l i a r l y  h a n d le d ,  

b u t  i n j e c t e d  w i th  s a l i n e .  The a u th o r s  s u g g e s t e d  t h a t  th e  

o c c u r r a n c e  o f  e l e c t r i c a l  s i l e n c e  i n  th e  b r a i n  be tw een  

t r a i n i n g  and t e s t i n g  d e c r e a s e s  t h e  a n i m a l s ’ p h y s i l o g i c a l  

r e s p o n s e  t o  a  f e a r - p r o v o k in g  s t i m u l u s .

C o r t i c a l  E l e c t r i c a l  S t i m u la t i o n

F o r  p u rp o s e s  o f  c l a r i t y ,  one can say  t h a t  t y p i c a l  

e l e c t r i c a l  b r a i n  s t i m u l a t i o n  th ro u g h  im p la n te d  e l e c t r o d e s  

d i f f e r s  from ECS i n  t h a t  th e  c u r r e n t  a p p l i e d  t o  t h e  b r a i n  

i s  n o t  i n t e n d e d  t o  be l a r g e  enough t o  p ro d u ce  a  b e h a v i o r a l  

c o n v u ls io n  and  r e n d e r  t h e  a n im a l  u n c o n s c io u s .  S e i z u r e s  

o r  a f t e r d i s c h a r g e s  (AD) o f  an a r e a  o f  c o r t e x  o r  a  su b ­

c o r t i c a l  sy s te m  a re  th e  u s u a l  r e s u l t  o f  su ch  a t r e a t m e n t ,  

and  a  b e h a v i o r a l  m a n i f e s t a t i o n  o f  th e  s t i m u l a t i o n  ( i f  

p r e s e n t )  i s  u s u a l l y  c o n f in e d  t o  momentary f r e e z i n g  o r  

s h i v e r i n g .

In  p r i m a t e s ,  e l e c t r i c a l  s t i m u l a t i o n  o f  i n f e r o -  

t e m p o r a l  c o r t e x  w hich  i s  i n t e n s e  enough t o  s e t  up a f t e r ­

d i s c h a r g e s  t h e r e ,  i s  d i s r u p t i v e  o f  l e a r n i n g  when th e  c o r t i ­

c a l  s e i z u r e  o c c u r s  on e a c h  t r i a l  o f  d i s c r i m i n a t i o n  t r a i n ­

in g  o r  a t  t h e  s t a r t  o f  s h o r t  b lo c k s  o f  d i s c r i m i n a t i o n
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t r i a l s  (Chow, 1961; G o ld r ic h  and Stamm, 1 9 7 1 ) .  I n  t h i s  

p a rad ig m  th e  AD a c t i v i t y  a p p a r e n t l y  d i s r u p t s  t h e  n o rm al 

on g o in g  p a t t e r n i n g  o f  n e u ro n a l  c i r c u i t s  d u r in g  l e a r n i n g .  

Chow (1961) a l s o  showed t h a t  b i l a t e r a l  t e m p o ra l  AD d u r in g  

r e c a l l  o f  an a l r e a d y  l e a r n e d  v i s u a l  d i s c r i m i n a t i o n  w i l l  

d i s r u p t  t e s t  p e r fo rm a n c e .  T h is  e f f e c t  he c a l l e d  a  r e t e n ­

t i o n  d e f i c i t  s i n c e  u n i l a t e r a l  t e m p o r a l  AD d id  n o t  

d i s r u p t  t e s t  p e r fo rm a n c e ,  n o r  d id  AD a c t i v i t y  i n  th e  mon­

k e y ' s  v i s u a l  c o r t e x .

I n  a  somewhat d i f f e r e n t  t a s k  e l e c t r i c a l  s t i m u l a ­

t i o n  o f  p r e f r o n t a l  c o r t e x  i n  th e  monkey h as  b e en  u se d  t o  

o b t a i n  a  memory d e f i c i t .  Stamm (1969) h as  found  t h a t  

s t i m u l a t i o n  a p p l i e d  a t  th e  end  o f  cue p r e s e n t a t i o n  and 

d u r in g  th e  e a r l y  p e r i o d  o f  th e  d e la y  i n  a  two c h o ic e  

d e la y e d  r e s p o n s e  t r i a l  im p a i r s  c o r r e c t  p e r fo rm a n c e .  The 

same s t i m u l a t i o n  a p p e a re d  n o t  t o  a f f e c t  c o r r e c t  p e rfo rm a n c e  

i f  i t  was d e l i v e r e d  a t  o t h e r  t im e s  d u r in g  th e  t r i a l .  I n  

a  s i m i l i a r  m anner Kovner and Stamm (1972) have  found  t h a t  

s t i m u l a t i o n  o f  i n f e r o t e m p o r a l  c o r t e x  p ro d u c e d  a  g ra d e d  

im pa irm en t o f  a  d e la y e d  m a tc h in g  t a s k .  The d e f i c i t  i n  

c o r r e c t  p e rfo rm a n c e  i n c r e a s e d  as  s t i m u l a t i o n  was moved 

from  th e  e a r l y  p e r i o d  o f  th e  d e la y  t o  th e  l a t e  p e r i o d  o f  

th e  d e l a y .  The maximum d e f i c i t  o c c u r r e d  when s t i m u l a t i o n  

was d e l i v e r e d  d u r in g  th e  m a tc h in g  p e r i o d  ( f o l lo w in g  th e  

d e la y  p e r i o d ) . A lso  s t i m u l a t i o n  o f  i n f e r o t e m p o r a l  c o r t e x
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d id  n o t  a f f e c t  a  s im u l ta n e o u s  m a tc h in g  t a s k ,  and  s t i m u l a ­

t i o n  o f  p r e f r o n t a l  c o r t e x  d id  n o t  p ro d u ce  a  d e f i c i t  f o r  

e i t h e r  t h e  s im u l t a n e o u s  m a tc h in g  o r  t h e  d e la y e d  m a tc h in g  

t a s k s .

The a b i l i t y  o f  e l e c t r i c a l  s t i m u l a t i o n  t o  p ro d u ce  

an  a m n e s ia  when t h e  s t i m u l a t i o n  i s  d e l i v e r e d  p o s t t r i a l  

( t h e  r e t r o a c t i v e  ECS p a ra d ig m )  to  l a r g e  a r e a s  o f  c o r t e x  

was q u e s t i o n e d  by R e i t z  and G e rb ra n t  (1 9 7 1 ) .  Those a u th o r s  

d e l i v e r e d  e l e c t r i c a l  s t i m u l a t i o n  t o  i n f e r o t e m p o r a l  c o r t e x  

im m e d ia te ly  (3 -5  s e c o n d s )  a f t e r  e ac h  t r i a l  o f  a 

m u l t i t r i a l  v i s u a l  d i s c r i m i n a t i o n .  Such s t i m u l a t i o n  d id  

n o t  p ro d u ce  a  r e t r o a c t i v e  e f f e c t  on v i s u a l  d i s c r i m i n a t i o n  

l e a r n i n g .  However, i n  a  m anner s i m i l a r  t o  Chow's 

(1961) work an im p a irm e n t  was p ro d u c e d  i f  t h e  i n f e r o ­

te m p o r a l  s t i m u l a t i o n  was p r e s e n t e d  im m e d ia te ly  p r e t r i a l ,  

t h e r e b y  c a u s in g  AD a c t i v i t y  d u r in g  t h e  p r e s e n t a t i o n  o f  

t h e  d i s c r i m i n i t i v e  s t i m u l i .

S u b c o r t i c a l  E l e c t r i c a l  S t i m u l a t i o n

D i s c r e t e  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  su b ­

c o r t i c a l  a r e a s  o f  t h e  b r a i n  may a l s o  i n i t i a t e  AD a c t i v i t y  

and p ro d u c e  an a m n e s ia  f o r  p r i o r  l e a r n i n g .  B oth  Wyer e t  

a l . ,  ( 1968 ) and Wyer and D eadw yler (1970) o b t a i n e d  a  PA 

d e f i c i t  w i th  s t i m u l a t i o n  o f  t h e  c a u d a te  n u c l e i  i n t e n s e  e n ­

ough t o  e l i c i t  s p i n d l e  a c t i v i t y  from  t h a t  a r e a .  In  

a  L a s h le y  I I I  maze Peeke and H e r tz  (1970) d e m o n s t r a te d
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t h a t  c a u d a te  n u c le u s  s t i m u l a t i o n  c o u ld  p ro d u c e  a  r e t r o ­

a c t i v e  memory im p a irm en t  i n  an a p p e t i t i v e  t a s k .  T h is  f i n d ­

in g  p e rh a p s  r e i n f o r c e s  an e a r l i e r  r e p o r t  (M ahut, 1962) o f  

a  memory d e f i c i t  p ro d u c e d  i n  a p p e t i t i v e  t a s k s  by su b ­

c o r t i c a l  ( r e t i c u l a r ,  t e g m e n t a l ,  d i e n c e p h a l i c )  s t i m u l a t i o n .  

In  a  l a t e r  p a p e r  H erz  and Peeke (1971) a l s o  found  c a u d a te  

s t i m u l a t i o n  t o  be an e f f e c t i v e  am nesic  a g e n t  by e x am in in g  

e x t i n c t i o n  p e r f o rm a n c e ,  a g a in  i n  an a p p e t i t i v e  t a s k .

B i l a t e r a l  s e i z u r e s  o f  th e  am yg da lo id  complex 

e l i c i t e d  by c h ro n ic  low i n t e n s i t y  e l e c t r i c a l  s t i m u l a t i o n  

has  p ro d u c e d  an am n esia  f o r  a  c o n d i t i o n e d  e m o t io n a l  r e ­

sp o n se  (M c In ty re ,  1 9 7 0 ) .  K esner  and Doty (1968) p ro d u c e d  a 

PA d e f i c i t  when s t i m u l a t i o n  o f  th e  am ygdala  p ro d u c e d  AD 

a t  t h a t  s i t e .  S t i m u l a t i o n  o f  th e  d o r s a l  h ippocam pus 

p ro d u c e d  RA o n ly  when AD a c t i v i t y  s p r e a d  t o  th e  am ygda la .

On t h e  o t h e r  h a n d ,  AD a c t i v i t y  i n  th e  se p tu m , f o r n i x  o r  

v e n t r a l  h ippocam pus p ro d u c e d  no d e f i c i t .  B oth  B ru n n e r  e t  

a l . , (1970) and V a r d a r i s  and S c h w a rtz  (1970) have  p ro d u c e d  

RA i n  one t r i a l  PA t a s k s  by a d m i n i s t e r i n g  a  s i n g l e  p o s t ­

t r i a l  e l e c t r i c a l  s t i m u l a t i o n  t o  th e  h ip p ocam pus . V a r d a r i s  

and  S ch w artz  (1970) show t h a t  r e t e n t i o n  p e r fo rm a n c e  i n  

t h e  t a s k  had  no r e l a t i o n s h i p  t o  th e  d u r a t i o n  o f  e i t h e r  

h ip p o ca m p a l  AD a c t i v i t y  o r  h ip p o ca m p a l  p o s t  s e i z u r e  de ­

p r e s s i o n .  T h is  f i n d i n g  i s  i n  ag reem en t w i th  R o u t t e n b e r g ,  

Z e c h m e is te r ,  and B en ton  (1970) who c o u ld  f i n d  no o b v io u s
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d i f f e r e n c e  i n  h ip p o ca m p a l  a c t i v i t y  a f t e r  PS o r  PS-ECS 

w hich c o u ld  be r e l a t e d  t o  r e t e n t i o n  i n  a  one t r i a l  PA 

t a s k .  V a n d a r is  and  S ch w artz  (1970) s p e c u l a t e  t h a t  RA may 

be a  r e s u l t  o f  AD p r o p a g a t io n  t o  o t h e r  b r a i n  a r e a s  and n o t  

s im p ly  h ip p o cam p a l  s e i z u r e s  s i n c e  a  s m a l l  number o f  r a t s  

i n  t h e i r  s tu d y  m a n i f e s t e d  h ip p o cam p a l s e i z u r e ,  b u t  no RA.

However, l e s s  i n t e n s e  e l e c t r i c a l  s t i m u l a t i o n  can 

a l s o  p ro d u ce  RA i n  th e  a b sen c e  o f  AD, t h e  in v o lv e m e n t  o f  

a d j a c e n t  b r a i n  c e n t e r s ,  o r  b e h a v i o r a l  s e i z u r e .  McDonough 

and K esn e r  (1971) o b t a i n e d  a  PA d e f i c i t  i n  c a t s  by d e l i v e r ­

in g  low l e v e l  b i l a t e r a l  s t i m u l a t i o n  t o  th e  am ygda la . These 

a u th o r s  r e c o rd e d  th e  e l e c t r i c a l  a c t i v i t y  o f  t h e  amyg­

d a l a  and hippocam pus a f t e r  s t i m u l a t i o n  to  v e r i f y  t h a t  no 

AD a c t i v i t y  to o k  p l a c e .  I n  a  se co n d  e x p e r im e n t  McDonough 

and K esn e r  (1971) s e l e c t i v e l y  s t i m u l a t e d  e i t h e r  th e  

am ygdala  o r  t h e  h ip p o cam p u s . B r i e f ,  low i n t e n s i t y ,  b i ­

l a t e r a l  s t i m u l a t i o n  c au se d  d i s r u p t i o n  o f  t h e  e l e c t r i c a l  

a c t i v i t y  o f  t h e s e  c e n t e r s  o n ly  f o r  th e  p e r i o d  o f  s t i m u l a ­

t i o n  and p ro d u c e d  no s e i z u r e  i n  th e  EEG. S t i m u l a t i o n  o f  

e i t h e r  th e  am ygdala  o r  h ippocam pus c a u se d  an am n esia  f o r  a  

m o u th -sho ck  w hich  t h e  a n im a ls  h ad  r e c e i v e d  t w e n ty - f o u r  

h o u rs  b e f o r e .  I n  a  m anner s i m i l i a r  t o  t h a t  r e p o r t e d  f o r  

ECS (K esn e r  e t  a l . ,  1970; N e i l s o n ,  1968; Nachman and 

M eineck e , 1969; P f i n g s t  and K ing , 1969) and body c o o l in g  

(h y p o th e rm ia )  ( R ic c io  and S t i k e s ,  1969; J e n s e n  and R l c c io ,
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1 9 7 0 ) ,  a  se co n d  m o u th -sh o ck  and b r a i n  s t i m u l a t i o n  o f  t h e  

am ygdala  o r  h ippocam pus r e s u l t e d  i n  an a v o id a n c e  o f  t h e  

m o u th -sh o ck  when t h e  a n im a ls  were r e t e s t e d .

More d a t a  i n  s u p p o r t  o f  t h e  n o t i o n  t h a t  d i s c r e t e  

e l e c t r i c a l  s t i m u l a t i o n  can  p ro d u ce  RA w i th o u t  p r o d u c in g  

AD can  be  found  i n  Shinkman and Kaufman (1 9 7 2 ) .  T hese  

a u th o r s  d e l i v e r e d  h ip p o ca m p a l  s t i m u l a t i o n  t o  r a t s  d u r in g  

a  d r i n k - s u p p r e s s i o n  t a s k  and  d e m o n s t r a te d  RA i n  a  g roup  o f  

a n im a ls  w i th  AD a c t i v i t y ,  b u t  w i th  no b e h a v i o r a l  s e i z u r e s .  

I n  t h e  same e x p e r im e n t  a n o th e r  g roup o f  r a t s  r e c e i v e d  a 

d i f f e r e n t  d u r a t i o n  o f  s t i m u l a t i o n ,  and t h e s e  a n im a ls  demon­

s t r a t e d  RA w i th  no AD a c t i v i t y .  A ls o ,  a l th o u g h  l o c a l i z e d  

s e i z u r e  a c t i v i t y  was n o t  s p e c i f i c a l l y  ex am in ed , Wyers e t  

a l . ,  (1968) f e l t  t h a t  t h e i r  v e n t r a l  h ip p o cam p a l  s t i m u l a t i o n  

d id  n o t  p ro d u ce  AD, y e t  i t  d id  p ro d u c e  a PA d e f i c i t .  In  

a  s i m i l a r  manner Wyers and D eadw yler (1970) p o i n t  o u t  

t h a t  b o th  300 m icroam pere  and  900 m icroam pere  s t i m u l a t i o n  

o f  t h e  c a u d a te  n u c le u s  a re  e q u a l ly  e f f e c t i v e  i n  p r o d u c in g  

RA, how ev er ,  300 m icroam pere  s t i m u l a t i o n  w i l l  n o t  p ro d u c e  

a  s p i n d l e  d i s c h a r g e  i n  a r e s t i n g ,  a l e r t  r a t .  B re sn ah a n  

and R o u t te n b e rg  (1972) found  d i s r u p t i o n  o f  r e t e n t i o n  f o r  

PA l e a r n i n g  w i th  low l e v e l  (5 m ic roam pere )  u n i l a t e r a l  

s t i m u l a t i o n  o f  t h e  am yg da la , b u t  n o t  w i th  s t i m u l a t i o n  o f  

t h e  h ip pocam pus . They p r e s e n t  e v id e n c e  t h a t  su ch  s t i m u l a ­

t i o n  to  t h e  am ygdala  p ro d u c e s  no AD a c t i v i t y  i n  e i t h e r  t h e
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am ygdala  o r  h ip p o cam p u s . These a u th o r s  i m p l i c a t e  th e  

m e d ia l  am yg da lo id  n u c le u s  as  t h e  a n a to m ic a l  s i t e  m e d ia t in g  

t h e  memory d i s r u p t i o n .

Amnesic Agents-Summary

T aken t o g e t h e r  t h e  EEG d a t a  from  t h e  many 

am nesic  a g e n t s  s u g g e s t  a  g e n e r a l  q u e s t i o n  o f  w h e th e r  th e  

v a r i o u s  exam ples o f  p e r fo rm a n c e  d e f i c i t  w hich  a r e  l a b e l e d  

am nesia  a r e  a  u n i t a r y  phenomenon. The o p p o s i t e  p o s i t i o n  

w ould  be t h a t  t h e  v a r i o u s  am nesic  a g e n t s  work i n  d i f f e r e n t  

ways t o  p ro d u c e  d i f f e r e n t  d e f i c i t s  which o n ly  a p p e a r  

s i m i l a r ,  p e rh a p s  b e c a u se  o f  t h e  g r o s s n e s s  o f  t h e  b e h a v i o r a l  

m easu re s  u se d  t o  a s s e s s  t h e  a n im a ls  p e r fo rm a n c e .  P ro b a b ly  

no  c l e a r  r e s o l u t i o n  o f  t h i s  q u e s t i o n  can  be made a t  t h i s  

t i m e ,  b u t  some s u g g e s t i o n s  a r e  p o s s i b l e .

L ew is ,  M i l l e r  and M isan in  (1 9 6 8 a)  have  h y p o th e ­

s i z e d  t h a t  ECS p r e v e n t s  memory r e t r i e v a l  i n  t h e  p a s s i v e  

a v o id a n c e  t a s k  b e c a u s e  i t  r e n d e r s  t h e  a n im a l  u n c o n sc io u s  

b e f o r e  i t  c an  c o m p le te  w hat i s  c a l l e d  p o s t - f i x a t i o n  c o d in g .  

W ith o u t  t h i s  p r o c e s s ,  t h e  a n im a l  c a n n o t  form  t h e  a s s o c i a ­

t i o n  b e tw ee n  t h e  memory o f  f o o t s h o c k  and th e  memory o f  

w here  and  how f o o ts h o c k  o c c u r e d .  A s i m i l a r  n o t i o n  o f  

im m e d ia te  p o s t - t r i a l  memonic p r o c e s s i n g  f o r  a n im a ls  i s  

s u g g e s te d  by W agner, e t  a l .  (1973)*  I n  t h a t  p a p e r  t h e  

a u th o r s  d e v e lo p  t h e  c o n c e p t  o f  a  r e h e a r s a l  p r o c e s s  o f  

l i m i t e d  c a p a c i t y  and s u g g e s t  t h a t  w hat i s  commonly known
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a s  an  I n t e r f e r e n c e  w i th  c o n s o l i d a t i o n  by ECS may a c t u a l l y  

be  an  i n t e r f e r e n c e  w i th  r e h e a r s a l  p r o c e s s e s  w hich o c c u r  

a f t e r  c o n s o l i d a t i o n .  I n  any c a s e  b o th  t h e  n o t i o n s  o f  p o s t -  

f i x a t i o n  c o d in g  and r e h e a r s a l  s u g g e s t  t h a t  ECS a c t s  on 

p r o c e s s e s  s u b s e q u e n t  t o  f i x a t i o n  a s  Lewis (1969) has 

h y p o t h e s i z e d .  A d d i t i o n a l l y  Lewis (1969) h a s  s u g g e s te d  

t h a t  i t  i s  a c t i v e  m em ories w hich  a r e  s u c e p t i b l e  t o  ECS.

Thus i n  t h e  PA t a s k  i t  i s  an a c t i v e  memory, one u n d e r ­

g o in g  p o s t - f i x a t i o n  c o d in g ,  w hich  h a s  b e e n  i n h i b i t e d  i n  

t h e  am nesic  a n im a l s .  I t  c o u ld  w e l l  be t h a t  am n esic  a g e n t s  

a l l  work i n  t h i s  way. A ltho ugh  a l l  am n esic  a g e n t s  do n o t  

r e n d e r  t h e  a n im a l  u n c o n s c io u s , t h e y  may p r e v e n t  p o s t ­

f i x a t i o n  c o d in g  by d i s t r a c t i n g  t h e  a n im a l .  The p o i n t  h a s  

b e e n  made t h a t  a l l  am nesic  a g e n t s  have  t h e  a b i l i t y  t o  

change o n g o in g  b r a i n  e l e c t r i c a l  a c t i v i t y ;  i t  may be t h a t  

t h i s  change  i s  a  m a n i f e s t a t i o n  o f  t h e  a n i m a l ' s  d i s t r a c t i o n  

from  h i s  c o d in g  t a s k .  T h is  i n t e r p r e t a t i o n  seems r e a s o n a b l e  

i n  view o f  t h e  f a c t  t h a t  t h e r e  does n o t  a p p e a r  t o  be  a 

s p e c i f i c  EEG p a t t e r n  w hich  i s  a  c o r r e l a t e  o f  e x p e r im e n ta l  

a m n es ia  when t h e  s e v e r a l  d i f f e r e n t  am nesic  a g e n t s  a r e  

c o n s i d e r e d .
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CHAPTER I I  

THE ECS SEIZURE PATTERN 

AND EXPERIMENTAL AMNESIA 

A lthou gh  a  u n iq u e  EEG p a t t e r n  h a s  n o t  b e e n  found  

a s  a  c o r r e l a t e  o f  a l l  form s o f  e x p e r i m e n t a l  a m n e s ia ,  t h e r e  

i s  t h e  p o s s i b i l i t y  t h a t  su c h  a  c o r r e l a t e  c o u ld  be found 

f o r  a m n es ia  p ro d u c e d  by a  s i n g l e  am n esic  a g e n t . Thus 

w i t h i n  t h e  ECS l i t e r a t u r e ,  a  p o r t i o n  o f  t h e  r e s e a r c h  i n  

an im a l  memory p r o c e s s e s  s e e k s  EEG c o r r e l a t e s  o f  E C S -produc- 

ed am nesia  i n  t h e  ECS s e i z u r e  p a t t e r n .  I f  ECS does m anipu­

l a t e  a n im a l  memory, t h e n  t h e  n o t i o n  i s  t h a t  t h e  EEG p a t t e r n  

w i t h i n  t h e  f i r s t  m in u te s  a f t e r  ECS may c o n t a i n  some im­

p l i c a t i o n  f o r  t h e  am n esia  w hich  i s  o b s e rv e d  a t  a  l a t e r  

t i m e .  C ontem porary  r e s e a r c h  i n t o  th e  r e l a t i o n  be tw een  

c o r t i c a l  EEG and E C S -m a n ip u la t io n  o f  a n im a l  memory m igh t 

w e l l  b e g in  w i th  t h e  C h o ro v er  and DeLuca (1969) s tu d y  o f  t h e  

EEG o f  r a t s  i n  t h e  o n e - t r i a l  PA t a s k .  B e h a v i o r a l l y , i n  

r e s p o n s e  t o  e i t h e r  ECS a lo n e  o r  t o  FS f o l lo w e d  by ECS, a l l  

t h e i r  a n im a ls  e x i b i t e d  t h e  same t y p i c a l  c l o n i c - t o n i c  r e ­

a c t i o n  t o  ECS d e l i v e r e d  a c r o s s  t h e  p i n n a e . No change  i n  

t h a t  r e a c t i o n  was o b s e rv e d  a s  a  f u n c t i o n  o f  t im e  ( 0 .5 -3 0 0  

se c o n d s )  b e tw ee n  FS and ECS.

However an  e x a m in a t io n  o f  t h e  EEG o f  a n im a ls  

t h a t  r e c e i v e d  ECS r e v e a l e d  t h e  e x i s t e n c e  o f  t h r e e  g e n e r a l

19
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p a t t e r n s  w hich a p p e a re d  t o  be h i g h ly  d e p en d e n t  upon th e  

a n i m a l s ’ s t a t e  o f  a r o u s a l .  The n o rm al p a t t e r n  was o b t a i n ­

ed  i n  a n im a ls  t h a t  r e c e i v e d  an ECS w i th o u t  PS , o r  i n  a n i ­

m als w i th  a  lo n g  ( 40 s e c o n d s )  FS-ECS i n t e r v a l .  T h is

p a t t e r n  i s  c h a r a c t e r i z e d  d u r i n g  t h e  12-15 se co n d s  f o l lo w in g  

ECS by m onophasic  and b i p h a s i c  s p ik e  a c t i v i t y  c o i n c i d i n g  

w i th  some h ig h  f re q u e n c y  d i s c h a r g e  w hich o u t l a s t s  t h e  s p i k e  

a c t i v i t y  by 10-12 s e c o n d .  A f t e r  an e l e c t r i c a l l y  f l a t  

p e r i o d ,  m onophasic  s h a r p  waves can o f t e n  be o b s e rv e d  ap ­

p r o x im a te ly  one m in u te  a f t e r  t h e  s e i z u r e .  U n l ik e  th e  

f i r s t  d i s c h a r g e ,  t h i s  m onophasic  a c t i v i t y  o f t e n  o c c u rs  

w i th o u t  o b s e r v a b le  m usc le  movement.

The two o t h e r  EEG p a t t e r n s  s e e n  i n  a n im a ls  

were c l a s s e d  a s  a b n o rm a l.  Type A p a t t e r n  c o n s i s t e d  o f  

a sy n ch ro n o u s  and b i l a t e r a l l y  a s y m m e tr ic a l  s e i z u r e  a c t i v i t y ,  

u s u a l l y  o f  d e la y e d  o n s e t ,  v a r i a b l e  f r e q u e n c y  and r e d u c e d  

a m p l i tu d e .  T hese  r e a c t i o n s  were o f t e n  o b s e rv e d  when th e  

ECS was g iv e n  t o  a n im a ls  engaged  i n  a c t i v e  e s c a p e .

Type B p a t t e r n  showed no d e t e c t a b l e  s e i z u r e  a c t i v i t y  and 

l i t t l e  d e p a r t u r e  from  pre-ECS a m p l i tu d e  and f re q u e n c y  i n  

s p i t e  o f  t h e  p r e s e n c e  o f  a b e h a v i o r a l  c o n v u l s io n .  The EEG 

re s p o n s e s  o f  t h i s  ty p e  o c c u r r e d  when t h e  a n im a l  was v i s i b l y  

f e a r f u l  a t  t h e  t im e  o f  ECS. I n  c o n c i s e  t e r m s ,  t h e  Type A 

p a t t e r n  was d e s c r i b e d  a s  an a l t e r a t i o n  o f  t h e  no rm al 

s e i z u r e  r e s p o n s e ,  w h e reas  t h e  Type B p a t t e r n  was d e s c r i b e d  

as  an a b o l i t i o n  o f  th e  n o rm al s e i z u r e  r e s p o n s e .
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Thus t h e  C h o ro v e r  and  DeLuca p a p e r  e s t a b l i s h e d  

t h a t  t h e  ECS s e i z u r e  a c t i v i t y  o b s e rv e d  i n  t y p i c a l  o n e - t r i a l  

PA s t u d i e s  i s  su p e r im p o sed  upon an o n g o in g  n e u r a l  b a c k ­

g rou nd  o f  P S -p ro d u ced  a r o u s a l .  Such a r o u s a l  may m odify  

t h e  EEG s e i z u r e  p a t t e r n  n o rm a l ly  p ro d u c e d  by ECS. I t  

s h o u ld  be n o te d  t h a t  w i th  t h e i r  d e s c r i p t i o n  o f  norm al 

s e i z u r e  a c t i v i t y  C h o ro ver  and DeLuca (1969) d e f in e d  t h e  

t h r e e  o u t s t a n d i n g  c h a r a c t e r i s t i c s  o f  t h e  ECS s e i z u r e

EEG t h e  i n i t i a l  n e u r a l  d i s c h a r g e ,  th e  f l a t  p e r i o d  and

t h e  o c c u r r a n c e  o f  a  l a t e r ,  o r  s e c o n d a r y ,  n e u r a l  d i s c h a r g e .

As i n t e r e s t i n g  a s  t h e  C h o ro v e r  and DeLuca p a p e r  

i s ,  i t  s u f f e r s  from  a  f a i l i n g .  One i s  l e f t  w i th  a  q u e s t i o n  

a s  t o  w h e th e r  RA was e s t a b l i s h e d  i n  t h e i r  a n i m a l s . T hat 

i s ,  no b e h a v i o r a l  m easu re s  o f  memory w ere  t a k e n ,  t h u s  no 

f i r m  c o r r e l a t i o n  b e tw ee n  t h e  a n i m a l s ' p e r fo rm a n c e  i n  t h e  PA 

t a s k  and t h e i r  EEG can  be  made. V a n d a r i s  and G ehres 

(1970) to o k  t h a t  f a c t  i n t o  c o n s i d e r a t i o n  i n  t h e i r  e x p e r i ­

m en t.  They t r a i n e d  and  t e s t e d  r a t s  i n  a  s t e p th r o u g h  t a s k ,  

and th e y  r e c o r d e d  EEG f o l lo w in g  t r e a t m e n t .

P o u r  g ro ups  o f  a n im a ls  w ere  s p e c i f i e d :  PS; ECS; 

FS-ECS; and PS-ECS d e la y e d .  The PS-ECS g roup  showed 

a m n es ia  f o r  t h e  f o o t s h o c k ,  w h i l e  t h e  PS-ECS d e la y e d  (one  

h o u r )  g roup  d id  n o t .  I n  t e s t i n g ,  t h e  ECS g roup  showed no 

d i f f e r e n c e  from  i n i t i a l  s t e p t h r o u g h  l a t e n c i e s ,  w h i le  t h e  

PS a lo n e  g roup  m a n i f e s t e d  much l o n g e r  t e s t  l a t e n c i e s
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compared w i th  I n i t i a l  l a t e n c i e s .

V a n d a r i s  and G ehres (1970) r a t e d  most o f  t h e i r  

s e i z u r e  p a t t e r n s  a s  s i m i l i a r  t o  t h e  n o rm al s e i z u r e  p a t ­

t e r n s  r e p o r t e d  i n  C h o ro v e r  and DeLuca ( 1969 ) .  F u r t h e r ,  

f o u r  o f  t h e i r  a n im a ls  showed EEG's w hich  w ere ju d g e d  s i m i ­

l a r  t o  t h e  abnorm al s e i z u r e  p a t t e r n s  ( t y p e  A) d i s c u s s e d  

a b o v e .  A f t e r  ex am in in g  t h e  s t e p t h r o u g h  l a t e n c i e s  o f  

t h e i r  a n im a l s ,  V a r d a r i s  and G ehres (1970) showed t h a t  o f  

t h e  f o u r  a n im a ls  show ing  ab no rm al EEG a f t e r  ECS a l l  

showed a v o id a n c e  d u r in g  t e s t i n g ,  t w e n t y - f o u r  h o u r s  l a t e r .  

T h ree  o f  t h e  f o u r  a n im a ls  w ere  i n  th e  FS-ECS g r o u p ,  w h i le  

o n ly  one was i n  t h e  FS-ECS d e la y e d  g ro u p .  Thus V a r d a r i s  

and G ehres (1970) s u g g e s t  t h a t  anom alous s t e p th r o u g h  p e r ­

fo rm ance  d u r i n g  t e s t i n g  was a s s o c i a t e d  w i th  t h e  abnorm al 

EEG t a k e n  im m e d ia te ly  a f t e r  ECS.

L ee-T eng  ( 1 969 ) r e p o r t e d  t h a t  s u b c o n v u l s iv e  ECS 

c u r r e n t s  p ro d u ce d  RA much l i k e  t h e  RA o b t a i n e d  from  u s in g  

an  ECS s t r o n g  enough t o  p ro d u c e  n o rm al c o n v u l s i o n s . More 

p r e c i s e l y ,  f o r  an  ECS o f  10 ma. o r  15 ma. g iv e n  t o  c h ic k s  

o n ly  15 ma. p ro d u ce d  an  o v e r t  c o n v u l s io n ,  w h i le  RA was 

o b t a i n e d  from  b o th  10 ma. and  15 ma. T h e r e f o r e  L ee-T eng  

and G ia q u in to  ( 1969 ) gave  t h r e e  ECS i n t e n s i t i e s  ( 5 ,  1 0 ,

15 m a.) t o  c h ic k s  and r e c o r d e d  t h e i r  f r o n t a l  EEG i n  an 

e f f o r t  t o  f i n d  any com m onality  i n  t h e  p a t t e r n s  o f  RA a n i ­

m als  w i th  a  c o n v u ls io n  and RA a n im a ls  w i th o u t  a c o n v u l s io n .
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T h e i r  r e s u l t s  showed t h a t  th e  b e h a v i o r a l  r e s p o n s e s  t o  

5 and 10 ma. ECS were e q u i v a l e n t ;  none o f  th o s e  a n im a ls  

showed a  m u sc u la r  c o n v u l s io n .  However s p ik e  a c t i v i t y  

was p r e s e n t  i n  th e  10 ma. group and a b s e n t  i n  th e  5 ma. 

g ro u p . S p ik e  a c t i v i t y  was a l s o  p r e s e n t  i n  t h e  15 ma. 

g ro u p ;  t h i s  g roup  m a n i f e s t e d  m u s c u la r  c o n v u l s io n s .  Hence 

L ee-Teng and G ia q u in to  (1969) c o n c lu d e d  t h a t  t h e r e  was an 

a s s o c i a t i o n  be tw een  EEG s p ik e  a c t i v i t y  and RA. They 

f u r t h e r  c o n c lu d e d  t h a t  t h e  f l a t  p e r i o d  i n  t h e  EEG r e c o r d  

f o l lo w in g  ECS had  no r e l a t i o n s h i p  t o  t h e  p r e s e n c e  o f  RA.

Z o r n e tz e r  and McGaugh (1970) s t u d i e d  th e  b e h av ­

i o r a l  and  EEG e f f e c t s  o f  ECS g iv e n  t o  r a t s .  They d e l i v e r e d  

ECS v i a  c l i p  e l e c t r o d e s  l o c a t e d  s u b a d ja c e n t  t o  th e  p in n a e  

and compared i t  w i th  ECS g iv e n  d i r e c t l y  t o  f r o n t a l  c o r t e x  

v i a  sc rew s im p la n te d  i n  th e  s k u l l .  A lth o u g h  l e s s  c u r r e n t  

was d e l i v e r e d  to  th e  sc rew  e l e c t r o d e s ,  b e h a v i o r a l l y  b o th  

modes o f  ECS r e s u l t e d  i n  com ple te  RA f o r  a  PA t a s k .  In  

t h i s  s tu d y  b o th  c o r t i c a l  and s u b c o r t i c a l  (am yg da la )  a c t i v i ­

t y  was m o n i to re d .  The EEG im m e d ia te ly  f o l lo w in g  ECS was 

c h a r a c t e r i z e d  by b i p h a s i c  a c t i v i t y  ( s p i k i n g )  w hich  th e  

a u th o r s  te rm e d  p r im a ry  a f t e r d i s c h a r g e  (PAD). F o l lo w in g  

t h e  PAD, th e  p o s t i c t a l  d e p r e s s io n  p e r i o d  o c c u r e d .  F o r  

ECS i n t e n s i t i e s  above 30 ma. a  s e c o n d a ry  a f t e r d i s c h a r g e  

(SAD) d e v e lo p e d  s u b c o r t i c a l l y  and r a p i d l y  s p r e a d  t o  th e  

c o r t e x .  SAD was c h a r a c t e r i s e d  as  m onophas ic  waves w hich
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grew i n  a m p l i tu d e .  The d u r a t i o n  o f  t h e  d i s c h a r g e  was l e s s  

t h a n  t h i r t y  s e c o n d s ,  and b e h a v i o r a l l y  t h e r e  was l i t t l e  

i n d i c a t i o n  o f  s e i z u r e .  Z o m e t z e r  and McGaugh (1970) 

s p e c u l a t e d  t h a t  t h e  e f f e c t  o f  t h e  SAD a c t i v i t y  was t o  make 

more co m p le te  t h e  RA p ro d u c e d  by PAD. T hus, te m p o ra ry  RA 

m igh t be  p ro d u ce d  by a  weak PAD. However no r e c o v e r y  o f  

RA w ould be  e x p e c te d  t w e n ty - f o u r  h o u rs  a f t e r  ECS i f  PAD 

was f o l lo w e d  by SAD.

Z o r n e t z e r  and McGaugh (1971a) f u r t h e r  e l a b o r a t e d  

c h a r a c t e r i s t i c s  o f  t h e  PAD. L ike  L ee-T eng  and G ia q u in to  

(1 9 6 9 ) ,  i t  was fo und  t h a t  i n  e t h e r i z e d  mice t h e  p o s t ­

i c t a l  d e p r e s s io n  was n o t  a  c o r r e l a t e  o f  RA, and a l s o  t h a t  

t h e  s e i z u r e  t h r e s h o l d  o f  th e  b r a i n  i s  lo w er  t h a n  t h e  t h r e s ­

h o ld  f o r  a  c o n v u l s io n .  The a u th o r s  p o i n t e d  o u t  t h a t  t h e  

o c c u r r e n c e  o f  RA seemed t o  p a r a l l e l  t h e  b r a i n  s e i z u r e  

t h r e s h o l d .

T h e r e fo r e  i t  w ould  seem t h a t  t h e  c o r r e l a t e  

o f  EC S-produced  RA was PAD. The e x t e n t  and d u r a t i o n  o f  t h e  

PAD was th o u g h t  t o  v a ry  d i r e c t l y  w i th  th e  i n t e n s i t y  o f  

ECS c u r r e n t  up t o  t h e  p o i n t  t h a t  SAD o c c u r e d .  A d d i t i o n a l  

s u p p o r t  f o r  t h e s e  n o t i o n s  came from  Herz e t  a l . ,  (1970) 

u s in g  f l u r o t h y l  i n  p l a c e  o f  ECS.

The p i c t u r e  was soon  t o  become c lo u d e d ,  how ever. 

T h at PAD a c t i v i t y  m ig h t  n o t  be t h e  c r i t i c a l  e v e n t  i n  th e  

p r o d u c t i o n  o f  RA was s u g g e s te d  when Z o m e t z e r  and McGaugh
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(1971b) found  RA w i th  e i t h e r i z e d  m ice i n  a  one way a c t i v e  

a v o id a n c e  t a s k  i n  th e  ab sen ce  o f  any c o r t i c a l  b r a i n  s e ­

i z u r e .  The a u th o r s  s u g g e s t e d  t h a t  th e  p a r t i c u l a r  b e h a v i o r ­

a l  t a s k  u se d  i n  an e x p e r im e n t  may a f f e c t  th e  o c c u r r a n c e  

o f  RA. A l t e r n a t e l y  th e y  s u g g e s te d  t h a t  th e  b r a i n  s e i z u r e  

t h r e s h o l d  m ig h t  have  changed  b e c a u se  o f  t h e  f o o t s h o c k s  

r e q u i r e d  i n  th e  a c q u i s i t i o n  o f  a c t i v e  a v o id a n c e .

However i t  was Z o r n e t z e r  and McGaugh (1972) 

who conceded  t h a t  many f a c t o r s  a p p e a r  t o  i n f l u e n c e  th e  p r o ­

d u c t io n  o f  RA. Thus n o t  o n ly  th e  i n t e n s i t y  o f  th e  ECS 

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

d u r in g  l e a r n i n g  may be  im p o r ta n t  c o n s i d e r a t i o n s .  I t  was 

found  t h a t  i f  r a t s  were t r a i n e d  i n  a  PA t a s k  w i th  a  b r i e f  

m outhshock  (low  m o t i v a t i o n s a l  s t i m u l u s )  RA was m a n i f e s t  

when any c o r t i c a l  s e i z u r e  was p ro d u c e d .  No d i f f e r e n c e  i n  

th e  PA d e f i c i t  c o u ld  be  found  r e g a r d l e s s  o f  w h e th e r  an 

a n i m a l ' s  s e i z u r e  was a s h o r t  PAD w i th  no p o s t - i c t a l  p e r i o d ,  

o r  a  f u l l  PAD, I s o e l e c t r i c ,  SAD s e q u e n c e .  On th e  o t h e r  

hand  i f  r a t s  w ere  t r a i n e d  w i th  a  l o n g e r  d u r a t i o n  FS (h ig h  

m o t i v a t i o n a l  s t i m u l u s )  RA was m axim al o n ly  when th e  

c o r t i c a l  s e i z u r e  showed b o th  PAD and SAD a c t i v i t y .

Thus an a n a l y s i s  o f  th e  l a t e n c y  o f  a  b a r  p r e s s  

t w e n t y - f o u r  h o u rs  a f t e r  t r e a tm e n t  w i th  a  FS-ECS i n d i c a t e d  

t h a t  a n im a ls  t h a t  m a n i f e s t e d  b o th  PAD and SAD a c t i v i t y  

to o k  l e s s  t im e  t o  p e r fo rm  t h e  t a s k  t h a n  a n im a ls  t h a t  had
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d e v e lo p e d  o n ly  PAD a c t i v i t y .  W hile  a l l  a n im a ls  m a n i f e s t e d  

RA, t h e  a n im a ls  w i th  t h e  g r e a t e r  c o r t i c a l  r e s p o n s e  showed 

g r e a t e r  RA. Z o r n e t z e r  (1972) a g a in  i m p l i c a t e d  th e  SAD. 

I n s t e a d  o f  d e l i v e r i n g  c u r r e n t  t o  t h e  c o r t e x ,  he  a p p l i e d  

i t  t o  t h e  m id b ra in  r e g i o n  ( v e n t r a l  tegm entum ) and o b s e rv e d  

t h a t  RA was p ro d u c e d  o n ly  i f  a  c o r t i c a l  SAD d e v e lo p e d .

More i n f o r m a t i o n  c o n c e rn in g  t h e  ECS s e i z u r e  

p a t t e r n  i n  a  one t r i a l  p a s s i v e  a v o id a n c e  t a s k  i s  s u p p l i e d  

by P a o l in o  and Hine (1973)*  U sing  t h e  t h r e e  group 

p a ra d ig m  (FS , ECS, o r  FS-ECS), t h e s e  a u th o r s  d e l i v e r e d  a  

ra n g e  o f  ECS i n t e n s i t i e s  d i r e c t l y  t o  t h e  r a t  c o r t e x ;  

d i f f e r e n t  g ro u p s  o f  a n im a ls  r e c e i v e d  2 ,  10 , 50 o r  100 ma. 

d e l i v e r e d  t r a n s c o r t i c a l l y . An a d d i t i o n a l  two g ro u p s  w ere  

g iv e n  ECS o r  FS-ECS t r a n s p i n n a t e  f o r  co m p ariso n  p u r p o s e s . 

A lth o u g h  t h e  r e t e n t i o n  s t e p th r o u g h  l a t e n c i e s  f o r  t h e  ECS- 

o n ly  and  FS-ECS a n im a ls  w ere  u n i fo rm ly  low a c r o s s  a l l  

g ro u p s ,  t h e y  w ere a l s o  s t a t i s t i c a l l y  d i f f e r e n t  a t  a l l  i n ­

t e n s i t i e s  e x c e p t  t h e  100 ma. t r a n s c o r t i c a l  ECS. Thus 

P a o l in o  and H ine (1973) c o n c lu d e  t h a t  w h i le  t h e  ECS t r e a t ­

ment was n o t  a v e r s l v e  f o r  any o f  t h e  i n t e n s i t i e s  s t u d i e d ,  

o n ly  a t  th e  ECS o f  100 ma. was RA t r u l y  c o m p le te .  Ad­

d i t i o n a l  g ro u p s  o f  r a t s  were g iv e n  th e  same ECS d i s c u s s e d  

a b o v e ,  b u t  a t  a  60 se c o n d  d e la y  f o l lo w in g  t r a i n i n g .  A l l  

t h e s e  a n im a ls  showed no RA, r e g a r d l e s s  o f  t h e  i n t e n s i t y  o r  

mode o f  d e l i v e r y  o f  ECS.
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P a o l in o  and H ine (1973) t h e n  d i r e c t e d  t h e i r  a t ­

t e n t i o n  t o  t h e  ECS s e i z u r e  p a t t e r n  o f  t h e  a n i m a l s . The 

m a jo r  f i n d i n g  was t h a t  lo n g  r e t e n t i o n  l a t e n c y  (no RA) 

was a s s o c i a t e d  w i th  a n o m a lie s  o f  t h e  SAD p e r i o d .  T h is  

c o n c lu s io n  came from  e x am in in g  th e  s e i z u r e  EEG o f  t h o s e  

a n im a ls  g iv e n  ECS a t  a  60 se co n d  d e la y  f o l lo w in g  t r a i n i n g .  

On t h e  o t h e r  h a n d ,  t h e  PAD p e r i o d  h ad  no a p p a r e n t  s i g n i f ­

i c a n c e  f o r  t h e  p r o d u c t i o n  o f  RA. F u r t h e r  P a o l in o  and 

Hine (1973) c o u ld  f i n d  no r e l i a b l e  e l e c t r o p h y s i c a l  d i s ­

t i n c t i o n  b e tw een  am nesic  a n im a ls  (FS-ECS) and n o n -am n e s ic  

a n im a ls  (E C S-only) r e g a r d l e s s  o f  ECS i n t e n s i t y  o r  mode 

o f  d e l i v e r y .

ECS S e iz u r e  P a tte rn -S u m m ary

Thus much c o n fu s io n  s u r r o u n d s  t h e  r e l a t i o n s h i p  

b e tw een  EEG and a m n e s ia .  The t h r e e  c o r t i c a l  e v e n t s  f o l lo w ­

in g  ECS PAD, i s o e l e c t r i c  p e r i o d  and SAD have  b e en

c l e a r l y  o b s e rv e d  by many, y e t  t h e  l i t e r a t u r e  on t h e s e  e v e n t  

c o n ta in s  many c o n f l i c t i n g  r e p o r t s  on m a jo r  p o i n t s .  I t  i s  

r e p o r t e d  t h a t  ECS can  p ro d u ce  RA w i th o u t  t h e  o c c u r r e n c e  

o f  SAD, b u t  SAD may c o n t r i b u t e  t o  RA ( Z o r n e t e r  and  McGaugh, 

1 9 7 2 ) .  I t  i s  t h e n  r e p o r t e d  t h a t  SAD i s  a s s o c i a t e d  w i th  

t h e  l a c k  o f  RA ( P a o l in o  and H in e ,  1 9 7 3 ) .  I t  i s  s u g g e s t e d  

t h a t  a  d i f f e r e n t i a t i o n  e x i s t s  i n  t h e  EEG s e i z u r e  p a t t e r n  

o f  a n im a ls  g iv e n  ECS-only o r  FS-ECS i n  a  one t r i a l  p a s s i v e  

a v o id a n c e  t a s k  (C h o ro v er  and DeLuca, 1 9 5 9 )•  I t  i s  t h e n
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s u g g e s t e d  t h a t  o n ly  anom alous EEG I s  a s s o c i a t e d  w i th  l a c k  

o f  RA i n  a n im a ls  g iv e n  ECS (V a n d a r is  and G e h re s ,  1 9 7 0 ) .  

F i n a l l y  i t  i s  r e p o r t e d  t h a t  no d i f f e r e n t i a t i o n  o f  th e  

s e i z u r e  p a t t e r n s  o f  am nesic  and nonam nesic  a n im a ls  can be 

made, b u t  t h a t  co m ple te  l a c k  o f  RA seems t o  be  a s s o c i a t e d  

w i th  anom alous SAD ( P a o l in o  and H in e ,  1 9 7 3 ) .

To f u r t h e r  c o m p l ic a te  t h e  m a t t e r ,  e l e c t r i c a l  

s t i m u l a t i o n  h as  p ro d u c e d  RA i n  t h e  a b sen c e  o f  c o r t i c a l  

s e i z u r e  a c t i v i t y ,  and  t h e r e  i s  s u s p i c i o n  t h a t  e l e c t r i c a l  

s t i m u l a t i o n  can p ro d u c e  RA w i th o u t  AD a c t i v i t y  a t  th e  s i t e  

o f  s t i m u l a t i o n  (McDonough and K e sn e r ,  1971; Wyers e t  a l . ,  

1968; Shinkman and Kaufman, 1972; B re sn ah a n  and R o u t-  

t e n b e r g ,  1 9 7 2 ) .

S in c e  am n esia  can be p ro d u c e d  by m a n ip u la t io n  

o f  d i s c r e t e  s u b c o r t i c a l  c e n t e r s ,  and s i n c e  ECS m a n ip u la te s  

th o s e  c e n t e r s  i n  a d d i t i o n  t o  o t h e r  p a r t s  o f  t h e  b r a i n  

( R o u t te n b e r g ,  e t  a l . ,  1970) i t  seems r e a s o n a b le  t o  assume 

t h a t  am n esia  may be  p ro d u c e d  when th e  e l e c t r i c a l  a c t i v i t y  

o f  t h o s e  s u b c o r t i c a l  c e n t e r s  i s  changed . Thus a  c o r r e l a t e  

o f  a m n e s ia  q u i t e  c o n c e iv a b ly  may n o t  e x i s t  i n  t h e  EEG 

s e i z u r e  p a t t e r n  i t s e l f .  R a th e r  th e  q u e s t i o n  now becomes 

one o f  t h e  s e n s i t i v i t y  o f  th e  r e c o r d i n g  t e c h n iq u e  t o  

d i s c e r n  s u b l e t i e s  o f  n e u r a l  r e s p o n s e .
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CHAPTER I I I  

THETA

In  a d d i t i o n  th e  ECS s e i z u r e  p a t t e r n ,  a  

c o r r e l a t e  o f  E C S-produced a m n e s ia ,  c o u ld  c o n c e iv a b ly  e x i s t  

i n  some s p e c i a l  c h a r a c t e r i s t i c  o f  t h e  EEG w aveform . 

F re q u en c y  i n f o r m a t i o n ,  p a r t i c u l a r l y  t h a t  o f  t h e  t h e t a  

r a n g e  (4 -9  Hz. i n  r a t s ) ,  has  i n  t h e  p a s t  b e en  a s s o c i a t e d  

w i th  l e a r n i n g  and memory p r o c e s s e s  i n  a n im a l s .

S u b c o r t i c a l  T h e ta

E a r ly  work w i th  a n im a ls  l e s i o n e d  i n  t h e  te m p o ra l  

lo b e  (K lu v e r  and Bucy, 1937) c o n ta in e d  s u g g e s t i o n s  t h a t  

t h i s  a r e a  m igh t be  an im p o r ta n t  lo c u s  f o r  memory p r o c e s s e s .  

S c o v i l l e  and  M i ln e r  (1957) and P e n f i e l d  and M i ln e r  (1958) 

i m p l i c a t e d  t h e  i n t e g r e t y  o f  t h e  h ippocam pus as  a  n e c e s s a r y  

c o n d i t i o n  f o r  no rm al l e a r n i n g  and r e c a l l  i n  hu m ans. At 

a b o u t  t h e  same t im e  s e v e r a l  l a b o r a t o r i e s  p u b l i s h e d  r e p o r t s  

o f  t h e  s low  wave e l e c t r i c a l  a c t i v i t y  o f  t h e  h ippocam pus 

( t h e t a )  i n  a n im a l s .  G reen  and A rd u in i  (1954) d e s c r i b e d  

an i n v e r s e  r e l a t i o n s h i p  be tw een  a c t i v a t i o n  o f  t h e  c o r t e x  

and h ip p o cam p u s . Thus i n  a s s o c i a t i o n  w i th  n e o c o r t i c a l  

d e s y n c h r o n i z a t io n  t h e  h ip p o ca m p a l  EEG r e c o r d  w ould  m a n i f e s t  

a  s e r i e s  o f  l a r g e  s low  w av es . G ra s ty a n  e t  a l . ,  (1959) r e ­

p o r t e d  t h a t  i n  r e s p o n s e  t o  a n o v e l  s t im u lu s  d u r in g  con­

d i t i o n i n g  t h e  e l e c t r i c a l  a c t i v i t y  o f  th e  h ippocam pus showed 

f i r s t  d e s y n c h r o n i z a t io n  ( a s  i n  t h e  n e o c o r t e x ) ,  b u t  th e n

29
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s h o r t l y  l a t e r  a  s y n c h r o n iz e d  r e s p o n s e  o f  l a r g e  s low  waves 

w h ic h :

a p p e a r  s i m u l t a n e o u s ly  w i th  th e  
a p p e a ra n c e  o f  t h e  f i r s t  so m a t ic  s i g n s  o f  
t h e  te m p o ra ry  c o n n e c t io n  and t h e n ,  a t  t h e  
s t a b i l i z a t i o n  o f  t h e  r e f l e x ,  d e s y n c h r o n i ­
z a t i o n  f o l lo w s  a g a in  (G ra s ta y a n  e t  a l . ,
1 9 5 9 ) .

I n  o t h e r  words t h e  h ip p o c a m p a l  t h e t a  a c t i v i t y  was a s s o c i a t ­

ed  w i th  o r i e n t i n g  b e h a v i o r  i n  t h e  i n i t i a l  p h a se  o f  t h e  

a n im a l ’ s l e a r n i n g  i n  t h e  c o n d i t i o n i n g  t a s k  ( G r a s ty a n ,

1 9 6 1 ) .  I n  a  somewhat s i m i l a r  m anner P ic k e n h a in  and 

K l in g b e rg  (1 9 6 7 ) p o s t u l a t e d  t h a t  t h e t a  a p p e a rs  i n  a l l  

m o t iv a te d ,  b u t  n o n - a u to m a t i z e d  b e h a v i o r .  To t h e s e  a u t h o r s ,  

h o w ev er ,  t h e t a  was an e x p r e s s i o n  o f  a  dynamic c o m p a ra to r  

m echanism  w hich  com pares a c t u a l  s e n s o r y  i n f o r m a t i o n  w i th  

f o rm e r ly  s t o r e d  i n f o r m a t i o n .

Adey (1967) h a s  s u g g e s t e d  t h a t  h ip p o ca m p a l  t h e t a  

a c t i v i t y  i n  t h e  c a t  i s  s u b t l y  r e l a t e d  t o  d i s c r i m i n a t i o n  

p e r f o rm a n c e ,  r a t h e r  t h a n  o r i e n t i n g  b e h a v i o r .  I n  a  T-maze 

d i s c r i m i n a t i o n  p ro b le m  Adey e t  a l .  ( i 9 6 0 ) r e p o r t e d  

t h a t  t r a i n s  o f  h ip p o ca m p a l  t h e t a  (5 -6  H z .)  from  t h e  d o r s a l  

h ippocam pus o r  e n t o r h i n a l  c o r t e x  a p p e a re d  w i th  e a c h  ap ­

p ro a c h  p e r fo rm a n c e .  F u r t h e r  r e s e a r c h  r e v e a l e d  t h a t  d u r in g  

e a r l y  t r a i n i n g  t h e  EEG o f  t h e  e n t o r h i n a l  c o r t e x  la g g e d  b e ­

h in d  t h e  EEG o f  t h e  d o r s a l  h ippocam pus by a p p ro x im a te ly  2 0 -  

30 m sec. However by t h e  l a t e r  p e r i o d s  o f  t r a i n i n g  t h e
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t h e t a  a c t i v i t y  o f  t h e  e n t o r h i n a l  c o r t e x  l e d  t h e  d o r s a l  

h ippocam pus by as much as 65 m sec. Adey e t  a l .  ( i 96 0 ) 

s u g g e s t e d  t h a t  t h e s e  d i f f e r e n c e s  i n  t h e t a  p h a se  r e l a t i o n ­

s h i p s  m igh t be th e  b a s i s  f o r  a  p h a s e - c o m p a r a to r  m echanism  

by w hich  t h e  b r a i n  c o u ld  code i n f o r m a t i o n .

A n o th e r  a p p ro a c h  t o  t h e  p ro b lem  o f  t h e  r e l a t i o n ­

s h i p  o f  EEG t o  memory p r o c e s s e s  i s  s u g g e s te d  i n  t h e  work o f  

E l a z a r  and Adey ( 1967 ) -  T hese a u th o r s  t r a i n e d  c a t s  t o  

choose  a  l e f t  o r  r i g h t  window a t  t h e  end  o f  a  runw ay.

One o f  th e  windows was i l l u m i n a t e d  random ly a c r o s s  t r a i n ­

in g  t r i a l s .  The a n im a ls  w ere  g iv e n  a food  rew ard  i f  t h e y  

made a c o r r e c t  c h o ic e  by r u n n in g  t o  th e  l i g h t e d  window.

EEG r e c o r d s  w ere  t a k e n  from  th e  c a t s  th ro u g h o u t  t r a i n i n g .

In  t h e  l a t e r  s t a g e s  o f  t r a i n i n g  a  v e ry  c o n s i s t e n t  EEG 

p a t t e r n  em erged . The e l e c t r i c a l  a c t i v i t y  o f  th e  h ip p o ­

campus s h i f t e d  upward to  a  dom inant 6 Hz. f r e q u e n c y  d u r in g  

t h e  c a t ' s  c o r r e c t  a p p ro a c h  i n  t h e  runw ay. When th e  a n im a l  

made an i n c o r r e c t  a p p ro a c h  t h e r e  was no s h i f t  o f  e l e c t r i c a l  

a c t i v i t y  t o  6 Hz. E l a z a r  and Adey (1967) s u g g e s te d  t h a t  

th e  EEG e f f e c t s  w hich  th e y  o b s e rv e d  were c o r r e l a t e s  o f  th e  

memory c o n s o l i d a t i o n  p r o c e s s .

C o r t i c a l  T h e ta

The work d i s c u s s e d  th u s  f a r  h a s  i n  common th e  

f a c t  t h a t  t h e t a  was r e c o r d e d  d i r e c t l y  from  th e  h ip p o cam p u s . 

B ra in  e l e c t r i c a l  a c t i v i t y  o f  th e  t h e t a  f r e q u e n c y  can a l s o
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be r e c o r d e d  from  e l e c t r o d e s  p l a c e d  on t h e  c o r t e x .  A 

l o g i c a l  q u e s t i o n  i s  w h e th e r  t h e t a  a c t i v i t y  r e c o r d e d  from 

t h e  h ippocam pus i s  t h e  same a s  t h e t a  a c t i v i t y  r e c o r d e d  

from  t h e  c o r t e x .  Y am aguchi, e t  a l . ,  (1967) u sed  e l e c t r i c a l  

s t i m u l a t i o n  t o  t h e  b r a i n  s te m  o f  c a t s  t o  e l i c i t  h ip p o cam p a l  

t h e t a  a c t i v i t y .  They t h e n  exam ined th e  r e s u l t i n g  e l e c t r i ­

c a l  a c t i v i t y  o f  t h e  c o r t e x  f o r  t h e t a  a c t i v i t y  which waxed 

and waned I n  sy n c h ro n y  w i th  t h e  h ipp ocam p a l t h e t a .  Be­

c a u s e  much l a r g e  a m p l i t i t u d e  h ip p o ca m p a l  a c t i v i t y  was n o t  

a s s o c i a t e d  w i th  t h e  a p p e a ra n c e  o f  c o r t i c a l  t h e t a ,  t h e y  

c o n c lu d e d  t h a t  c o r t i c a l  t h e t a  was n o t  due t o  p h y s i c a l  

s p r e a d  o f  t h e  h ip p o c a m p a l  e l e c t r i c a l  a c t i v i t y .  Thus c o r t i ­

c a l  t h e t a  a p p e a re d  t o  d e r i v e  from t h e  c o r t e x .  However, i t  

was n o t  t o t a l l y  In d e p e n d e n t  o f  t h e  h ip p o ca m p a l  a c t i v i t y ,  

s i n c e  w e l l  s y n c h r o n i s e d  h ip p o ca m p a l  t h e t a  a p p e a re d  t o  

f a c i l i t a t e  t h e  o c c u r r e n c e  o f  c o r t i c a l  t h e t a .  A lthou gh  n o t  

d i s c u s s i n g  c o r t i c a l  t h e t a  d i r e c t l y ,  P a rm e g g ia n i  (1967) r e ­

p o r t e d  t h a t  l a r g e  s lo w  waves c o u ld  be  r e c o r d e d  on t h e  c a t  

c o r t e x  when s c i a t i c  n e rv e  s t i m u l a t i o n  p ro d u c e d  h ip p o cam p a l  

t h e t a .  A g a in , t h e  l a r g e  s low  waves w ere  n o t  due t o  

p h y s i c a l  s p r e a d  o f  h ip p o c a m p a l  a c t i v i t y  b e c a u s e  o f  t h e i r  

l a t e n c y  and t h e  f a c t  t h a t  t h e y  c o u ld  be  e r a s e d  by c o o l i n g  

t h e  n e o c o r t e x .  N e v e r t h e l e s s  t h e i r  a p p e a ra n c e  d id  depend  

on t h e  h ip p o ca m p a l  a c t i v i t y ,  and  t h e i r  o r i g i n  was p l a c e d  

i n  t h a l a m i c  n o n - s p e c i f i c  n u c l e i .
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T ak in g  a n o th e r  p o s i t i o n  L lo yd  and G e rb ra n t  (1973) 

i n v e s t i g a t e d  an a v e ra g e d  c o r t i c a l  p o t e n t i a l  i n  th e  t h e t a  

f r e q u e n c e  r a n g e .  By lo w e r in g  an e l e c t r o d e  th r o u g h  th e  

b r a i n  and e x am in in g  n e u r a l  a c t i v i t y  a t  v a r i o u s  d e p th s  th e  

a u th o r s  w ere  a b le  t o  l o c a t e  t h e  s o u r c e  o f  th e  a v e ra g e d  

c o r t i c a l  waveform  i n  th e  p y ra m id a l  c e l l  l a y e r  o f  t h e  

h ip p o c a m p u s .

Thus t h e  c o n c lu s io n  drawn from  t h e s e  s t u d i e s  

i s  t h a t  t h e t a  o f  h ip p o ca m p a l  o r g l n  can c e r t a i n l y  be  t e a s e d  

o u t  from  a  c o r t i c a l  EEG waveform  ( e s p e c i a l l y  by a v e r a g in g  

t e c h n i q u e s ) ,  and t h a t  some t h e t a  o b s e r v e d  i n  t h e  c o r t i c a l  

EEG h a s  b e en  shown t o  be  c o r r e l a t e d  w i th  h ip p o ca m p a l  

t h e t a .  But i t  h a s  y e t  t o  be  p ro v e n  t h a t  h ip p o ca m p a l  t h e t a  

and c o r t i c a l  t h e t a  a r e  a lw ays t h e  same t h i n g ,  p a r t i c u l a r l y  

i n  t h e  u n a n e s t h e t i z e d  and u n r e s t r a i n e d  a n im a l .  N e v e r th e ­

l e s s  s i n c e  t h e r e  i s  a  q u e s t i o n  o f  w h e th e r  t h e  t h e t a  r e c o r d ­

ed  from  t h e  c o r t e x  h as  any e x i s t e n c e  a p a r t  from  th e  t h e t a  

w hich i s  r e c o r d e d  from t h e  h ip p o cam p u s , i t  seems r e a s o n a b l e  

t o  a d o p t  t h e  c o n v e n t io n  t h a t  t h e  t e rm  c o r t i c a l  t h e t a  s h o u ld  

r e f e r  t o  t h e t a  a c t i v i t y  r e c o r d e d  b e tw een  c o r t i c a l  e l e c ­

t r o d e s .  T h is  c o n v e n t io n  i s  t h u s  n e u t r a l  w i th  r e s p e c t  t o  

th e  q u e s t i o n  o f  th e  u l t i m a t e  o r i g i n  o f  t h a t  a c t i v i t y .

Some o f  t h e  i d e a s  d i s c u s s e d  i n  E l a z a r  and Adey 

(1967) have  fo und  e x p r e s s i o n  i n  t h e  ECS l i t e r a t u r e .

N o t in g  t h a t  E l a z a r  and Adey ( 1967 ) have  i m p l i c a t e d  th e
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hippocam pus (an d  i t s  a s s o c i a t e d  e l e c t r i c a l  a c t i v i t y ,  t h e t a )  

i n  t h e  c o n s o l i d a t i o n  o f  t h e  memory t r a c e ,  L a n d f i e l d ,

McGaugh and T usa  (1972) i n v e s t i g a t e d  t h e t a  a c t i v i t y  by 

r e c o r d i n g  from  t h e  c o r t e x  o f  r a t s  t r a i n e d  i n  a  o n e - t r i a l  

PA t a s k .

Im m e d ia te ly  f o l lo w in g  t r e a t m e n t  i n  a  s t e p th r o u g h  

t a s k ,  L a n d f i e l d ,  e t  a l . ,  (1 9 7 2 )  p l a c e d  eac h  a n im a l  i n  a  

h o l d in g  cag e  w here  EEG a c t i v i t y  was sam pled  d u r in g  a  t h i r t y  

m in u te  p e r i o d .  T h re e  g ro u p s  o f  a n im a ls  w ere  u sed  i n  t h e  

e x p e r im e n t  (PS; PS-ECS; ECS), and two days  f o l lo w in g  t r a i n ­

i n g  and t r e a t m e n t  a l l  a n im a ls  w ere  r e t u r n e d  t o  t h e  ap pa­

r a t u s  f o r  a  b e h a v i o r a l  m easu re  o f  t h e  a n i m a l s ’ l a t e n c y .

The b e h a v i o r a l  d a t a  and  t h e  EEG r e c o r d s  I n d i c a t e d  t h a t  t h e  

amount o f  t h e t a  a c t i v i t y  r e c o r d e d  im m e d ia te ly  f o l lo w in g  

t r e a t m e n t  was h i g h ly  c o r r e l a t e d  w i th  t h e  a n i m a l s 1 b e ­

h a v i o r a l  l a t e n c y  two days l a t e r .  Thus a n im a ls  t h a t  r e c e i v ­

ed  PS showed l a r g e  amounts o f  t h e t a  and h a d  lo n g  l a t e n c i e s ,  

w h i l e  a n im a ls  t h a t  r e c e i v e d  PS-ECS showed s m a l l  amounts o f  

t h e t a  and had  l a t e n c i e s .

I t  s h o u ld  be  n o te d  t h a t  no r e l a t i o n  was found  

f o r  a n im a ls  g iv e n  o n ly  an ECS. However t h e  r e l a t i o n s h i p  

h e ld  f o r  i n d i v i d u a l  a n im a ls  a c r o s s  FS g r o u p s .  Thus a  few 

PS-ECS a n im a ls  t h a t  e x h i b i t e d  r e t e n t i o n  b e h a v i o r a l l y  a l s o  

showed l a r g e  am ounts o f  t h e t a ,  and  a  few PS a n im a ls  w i th  

s h o r t  l a t e n c i e s  e x h i b i t e d  s m a l l  am ounts o f  t h e t a .  Hence
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t h e  amount o f  p o s t  t r i a l  t h e t a  was t h e  b e s t  p r e d i c t o r  o f  

t h e  a n i m a l s ’ t e s t  p e r fo rm a n c e .

L a n d f i e l d ,  e t  a l . ,  (1972) t h e n  p r e s e n t e d  some 

e v id e n c e  a b o u t  t h e  t e m p o ra l  c o u r s e  o f  t h e t a .  The a n im a ls  

from  t h e  f i r s t  e x p e r im e n t  were h a b i t u a t e d  t o  two b o x e s , 

one b l a c k  and one w h i t e ,  e ac h  w i th  a  g r i d  f l o o r .  A f t e r  

s e v e r a l  day s  t h e  a n im a ls  were a s s ig n e d  t o  new g roup s  

(PS ; PS-ECS; No FS-No ECS) and were p l a c e d  i n  th e  w h i te  

box f o r  t h i r t y  m in u te s  w h i le  EEG was sam p led .  Then th e y  

w ere  t r e a t e d  a c c o rd in g  t o  t h e i r  g rou p  and removed im­

m e d ia t e ly  t o  t h e  b l a c k  b o x .  Two days a f t e r  t h i s  t r a i n i n g  

t h e  a n im a ls  w ere  r e t u r n e d  t o  t h e  w h i te  b o x , and EEG a g a i n  

was sam pled  f o r  t h i r t y  m in u te s .

T hese  m a n ip u la t io n s  d e m o n s t r a te d  t h a t  t h e  p r e ­

t r i a l  EEG o f  a l l  t h e  a n im a ls  was t h e  same; a l l  g roup s  

showed h ig h  t h e t a  f o r  t h e  f i r s t  few m in u te s ,  b u t  t h e n  th e  

amount o f  t h e t a  d ro p p ed  a c r o s s  a  t h i r t y  m in u te  p e r i o d .  A 

PS, h o w ev er ,  c a u se d  l a r g e  amounts o f  t h e t a  f o r  a t  l e a s t  

t h i r t y  m in u te s  a f t e r w a r d .  An ECS f o l lo w in g  a  PS p ro d u ced  

a  s u p p r e s s io n  o f  t h e t a  f o l lo w e d  by a  g r a d u a l  r e c o v e r y .

Two days l a t e r  when t h e  a n im a ls  w ere  p l a c e d  i n  t h e  w h i te  

Box PS a n im a ls  showed h ig h  t h e t a .  The PS-ECS and No 

Ps-No ECS a n im a ls  showed h ig h  t h e t a  f o r  th e  f i r s t  few 

m in u te s ,  b u t  t h e n  t h e y  h a b i t u a t e d .

L a n d f i e l d ,  e t  a l . ,  (1972) s p e c u l a t e d  t h a t  th e
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amount o f  t h e t a  i n  t h e  c o r t i c a l  EEG c o u ld  be u se d  a s  a  

m easure  o f  r e t e n t i o n .  I t  m ust be  n o te d  t h a t  a l th o u g h  

t h e r e  was c l e a r  d i s t i n c t i o n  b e tw ee n  g ro u p s  when t h e  amount 

o f  EEG t h e t a  was u s e d  t o  t r a c e  t h e  t e m p o r a l  c o u rs e  o f  t h e  

a c t i v i t y  a c r o s s  an e x p e r im e n t ,  t h e r e  was no b e h a v i o r  w i th  

w hich  t o  c o r r e l a t e  t h e  a c t i v i t y .  Yet L a n d f i e l d ,  e t  a l . ,  

(1972) p o s t u l a t e  t h a t  when c o n s o l i d a t i o n  p r o c e s s e s  a r e  p r e ­

sumed t o  be  a c t i v e ,  t h e t a  i s  i n c r e a s e d .  When c o n s o l i d a t i o n  

i s  d e c r e a s e d  (by  ECS) t h e t a  i s  a l s o  d e c r e a s e d .  W ith o u t 

s u p p o s i t i o n  h o w ever ,  t h e  L a n d f i e l d  e t  a l . ,  (1972) p a p e r  

does seem t o  s u p p o r t  t h e i r  c o n c lu s io n  t h a t :

i n  r a t s , t h e  d e g re e  o f  r e t e n t i o n  
o f  a  one t r i a l  t r a i n i n g  e x p e r i e n c e  v a r i e s  
w i th  t h e  amount o f  t h e t a  th y th m  a c t i v i t y  
r e c o r d e d  d u r in g  t h e  p e r i o d  a f t e r  t r a i n i n g .

A l t e r n a t i v e  E x p la n a t io n s  o f  T h e ta

D ouglas ( 1967 ) h a s  d i s c u s s e d  s e v e r a l  h y p o t h e s i s

o f  h ip p o c a m p a l  f u n c t i o n  and com pared them w i th  t h e  d a t a

o b t a i n e d  from h ip p o ca m p a l  l e s i o n s .  A lthou gh  a  memory

f u n c t i o n  i s  a  p o s s i b i l i t y ,  h i s  r e v ie w  s u g g e s t s  t h a t  i t  i s

more l i k e l y  t h a t  t h e  h ippocam pus i s  in v o lv e d  i n  an

i n h i b i t o r y  e f f e r e n t  c o n t r o l  o f  s e n s o r y  r e c e p t i o n .

A c c o rd in g  t o  h i s  n o t i o n  t h e  p r e s e n c e  o f  t h e t a ,  would

s i g n i f y  t h a t  t h e  h ippocam pus i s ,  i n  f a c t ,  i n a c t i v e .

O th e r  a u th o r s  have  s u g g e s t e d  t h a t  h ip p o ca m p a l

t h e t a  i s  h i g h ly  i m p l i c a t e d  i n  m o to r  p e r fo rm a n c e  r a t h e r

t h a n  i n  any memory, f u n c t i o n .  Kom isaruk (1970) has
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o b s e rv e d  a  one t o  one c o r r e s p o n d e n c e  b e tw ee n  e a c h  b e a t  o f  

t h e  t h e t a  rhy th m  and e ac h  t w i t c h  o f  r a t s *  v i b r i s s a e  d u r in g  

e x p l o r a t o r y  s n i f f i n g  b e h a v i o r .  H e a r t b e a t  a l s o  m a n i f e s te d  

t h e  same c o r r e s p o n d e n c e  w i th  t h e t a .  S in c e  l i m b i c ,  m o to r 

and  c a r d i a c  f u n c t i o n  w ere  so  h i g h l y  r e l a t e d  w i th  t h e  t h e t a  

rh y th m n , K om isaruk (1970) s u g g e s t e d  t h a t  t h e t a  was i n v o l v ­

ed  w i th  m o d u la t in g  o r  d r i v i n g  t h e  m o to r  n e u ro n s  c o n t r o l l i n g  

t h e  m u sc le s  u se d  i n  movement.

Kamp e t  a l . ,  (1971 )  h a s  s t u d i e d  f re q u e n c y  s h i f t s  

i n  h ip p o cam p a l t h e t a  i n  a  dog i n  an  u n r e s t r a i n e d  f i e l d  

s i t u a t i o n .  R esp o n d in g  t o  t h e  n o t i o n  o f  p r o g r e s s i v e  s h i f t s  

i n  h ip p o ca m p a l  t h e t a  d u r i n g  a p p ro a c h  b e h a v i o r  i n  E l a z a r  

and Adey (1967)»  Kamp e t  a l . ,  (1 9 7 1 )  r e p o r t e d  t h a t  t h e  

f r e q u e n c y  s h i f t s  were a s s o c i a t e d  w i th  t h e  t r a n s i t i o n  o f  

one b e h a v i o r a l  a c t  t o  a n o t h e r .

V a n d erw o lf  (1971) h a s  r e v ie w e d  much o f  t h e  

l i t e r a t u r e  i n  h ip p o ca m p a l  t h e t a  and  c o n c lu d e d  t h a t  t h e t a  

i s  n o t  r e l a t e d  t o  t h e  l e a r n i n g  p r o c e s s .  R a th e r ,  he 

p r e s e n t s  t h e  a rgum ent t h a t  t h e t a  i s  c o r r e l a t e d  w i th  

v o l u n ta r y  movement. He s u p p o r t s  h i s  a rgum ent w i th  t h e  

o b s e r v a t i o n s  t h a t :  (1 )  t h e t a  i s  n o t  p r e s e n t  d u r in g  b e ­

h a v io r s  a s s o c i a t e d  w i th  r e i n f o r c e m e n t ;  (2 )  t h e t a  i s  n o t  

p r e s e n t  i n  a n im a ls  t r a i n e d  t o  re m a in  m o t i o n l e s s ,  an d ;  (3 )  

b r a i n s t e m  p o i n t s  t h a t  p ro d u c e  t h e t a  when s t i m u l a t e d  can  

be n e u t r a l ,  r e w a r d in g ,  o r  p u n i s h i n g  when t e s t e d  by s e l f
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s t i m u l a t i o n .  On th e  o t h e r  h a n d ,  B e n n e t t  (1969) h as  

p r e s e n t e d  e v id e n c e  t h a t  h ip p o cam p a l  t h e t a  can be p r e s e n t  

a t  t im e s  when th e  a n im a l  i s  m o t i o n l e s s .  He a l s o  c o n te n d s  

t h a t  d e s y n c h r o n iz e d  h ip p o ca m p a l  a c t i v i t y  can o c c u r  d u r in g  

p e r i o d s  o f  v o l u n ta r y  movement. Somewhat l i k e  G ra s ty a n  

e t  a l .  (1959)*  B e n n e t t  s u g g e s t s  t h a t  t h e t a  i s  in v o lv e d  

w i th  e x p l o r a t o r y  b e h a v i o r .

More r e c e n t l y  Klemm (1972a) h a s  p o i n t e d  o u t  t h a t  

t h e  c o n c lu s io n s  made i n  L a n d f i e l d  e t  a l . ,  (1972) l i n k i n g  

c o r t i c a l  t h e t a  w i th  memory s t o r a g e  m igh t be c o m p le te ly  

e r r o n e o u s .  Klemm (1972b) p r e f e r s  t h e  e x p l a n a t i o n  t h a t  

h ip p o ca m p a l  t h e t a  rhythm  i s  a  n o n s p e c i f i c  r e s u l t  o f  s e n s o ­

ry  s t i m u l a t i o n  o f  th e  b r a i n s t e m  r e t i c u l a r  f o r m a t io n .

Thus a n im a ls  g iv e n  a PS ( a s  i n  L a n d f i e ld  e t  a l . ,  1972) 

would be e x p e c te d  to  e x h i b i t  t h e t a  s im p ly  b e c a u se  th e  PS 

would c au se  t h e  a n im a ls  t o  be h i g h l y  a ro u s e d .

Theta-Summ ary

Thus much r e s e a r c h  s u g g e s t s  t h a t  t h e t a  a c t i v i t y  

may be  i n v o lv e d  w i th  v a r i o u s  a s p e c t s  o f  m o to r  p e r fo rm a n c e  

o r  a r o u s a l  p r o c e s s e s ,  and n o t  w i th  l e a r n i n g  o r  memory. 

O b v io u s ly  t h e  p ro b lem  o f  r e s o l v i n g  w h e th e r  t h e t a  a c t i v i t y  

i s  s t r i c t l y  c o n c e rn e d  w i th  m o to r  p r o c e s s e s  o r  s t r i c t l y  

c o n c e rn e d  w i th  l e a r n i n g  o r  memory p r o c e s s e s  i s  a  s t i c k y  

o n e .  At th e  p r e s e n t  l e v e l  o f  s c i e n c e  an a n im a l ’s memory 

o f  p r e v i o u s  l e a r n i n g  i s  i n f e r r e d  from  h i s  p e rfo rm a n c e
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d u r in g  a  r e t e n t i o n  t e s t .  T h e r e f o r e ,  w i th o u t  some m o to r  

b e h a v i o r  one can know n o t h in g  a b o u t  memory. N e v e r th e ­

l e s s  s u f f i c i e n t  a t t e n t i o n  can be g iv e n  t o  th e  d e s ig n  o f  

e x p e r im e n ts  so  t h a t  i t  w i l l  be p o s s i b l e  t o  l e a r n  some­

t h i n g  o f  t h e  r e l a t i v e  im p o r ta n c e  o f  t h e t a  i n  m o to r  o r  

memory p r o c e s s e s .  S p e c i f i c a l l y  one w ould  p r e f e r  a  t a s k  

i n  w hich  a l l  a n im a ls  p e r fo rm  t h e  same m o to r  b e h a v i o r s ,  

b u t  d i f f e r  i n  t h e i r  memory a b i l i t y .  A t a s k  l i k e  p a s s i v e  

a v o id a n c e ,  f o r  e x am p le ,  where c o n t r o l  a n im a ls  rem a in  on 

a  p l a t f o r m  w h i le  e x p e r im e n ta l  a n im a ls  s t e p  o f f  would 

n o t  be d e s i r a b l e ,  s i n c e  b o th  g ro u p s  p e r fo rm  d i f f e r e n t  

m o to r  b e h a v i o r s .
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CHAPTER IV 

THE EXPERIMENTAL PROBLEM 

The p ro p o s e d  e x p e r im e n t  s e e k s  t o  r e s o l v e  some 

o f  t h e  c o n f u s io n  s u r r o u n d in g  t h e t a  and a n im a l  memory by 

show ing  t h a t  c o r t i c a l  t h e t a  does  o r  does n o t  have  b ro a d  

i m p l i c a t i o n s  f o r  memory p r o c e s s e s . T h is  w i l l  be  a c ­

c o m p lish e d  by t r a i n i n g  t h e  a n im a ls  i n  an a p p e t i t i v e  maze 

t a s k  i n  w hich  c o n s o l i d a t i o n  p r o c e s s e s  a r e  s e p a r a t e d  from  

r e t r i e v a l  p r o c e s s e s  (L e w is ,  Bregman and Mahan, 1 9 7 2 ) .  I n  

t h i s  t a s k  a n im a ls  l e a r n  t o  ru n  w i t h o u t  e r r o r  a  f o u r  box 

K rechevsk y  maze (K -m az e) . The maze c o n s i s t s  o f  a  s e r i e s  

o f  f o u r  l e f t  o r  r i g h t  c h o i c e s .  Then t h e  a n im a ls  a r e  l e f t  

i n  t h e i r  c ag e s  th r o u g h o u t  a  s e v e n  day r e t e n t i o n  p e r i o d .

On t h e  s e v e n th  day t h e  a n im a ls  a r e  r e t u r n e d  t o  t h e  s t a r t  

box (SB) o f  t h e  K-maze, and  an  ECS o r  no-ECS sham (NECS) 

t r e a t m e n t  i s  a d m i n i s t e r e d .  The a n im a ls  a r e  p l a c e d  i n  

t h e i r  c a g e s  f o r  t w e n t y - f o u r  h o u r s ,  t h e n  t h e y  a r e  r e t u r n e d  

t o  t h e  K-maze f o r  t e s t i n g .  T e s t i n g  c o n s i s t s  o f  r e t r a i n ­

i n g  t h e  a n im a ls  t o  ru n  t h e  K-maze; t y p i c a l l y  ECS a n im a ls  

make more e r r o r s  t h a n  NECS a n i m a l s .

S in c e  t h e  ECS t r e a t m e n t  i s  g iv e n  t o  t h e  a n im a ls  

s e v e n  d a y s  a f t e r  t h e y  h ave  l e a r n e d  th e  K-maze, t h e  r e ­

s u l t i n g  d e f i c i t  c a n n o t  be  a t t r i b u t e d  t o  an i n t e r f e r e n c e  

w i th  c o n s o l i d a t i o n  p r o c e s s e s .  The K-maze a m n es ia  i s  n o t

40
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in d e x e d  by an a n im a l ’s f a i l u r e  t o  p e r fo rm ,  b u t  by th e  

num ber o f  e r r o r s  i t  makes i n  ru n n in g  th e  maze a f t e r  ECS. 

Thus a  g ro s s  im p a irm en t i n  m o to r  p e rfo rm a n c e  due t o  a  

d e b i l i t a t i n g  e f f e c t  o f  ECS i s  n o t  d e m o n s t r a te d .  A lso  

e x p l a n a t i o n s  o f  t h e  am nesia  b a s e d  on n o t io n s  o f  f e a r  

(Coons and M i l l e r ,  I9 6 0 )  o r  changed  a c t i v i t y  l e v e l s  

( R o u t te n b e rg  and Kay, 1965) a re  n o t  l i k e l y ,  s i n c e  t h e  

a n i m a l ' s  s p e c i f i c  c h o ic e  i s  t h e  m easu re  o f  r e t e n t i o n .  

R a th e r ,  t h e  am n esia  i s  assum ed t o  be an exam ple o f  a  

memory r e t r i e v a l  d e f i c i t  c a u se d  by a d m i n i s t e r i n g  ECS upon 

p r e s e n t a t i o n  o f  th e  cues  r e l a t e d  t o  a  l e a r n e d  t a s k  

( M is a n in ,  M i l l e r  and L ew is ,  1968; L ew is ,  Bregman and 

Mahan, 1972; Lewis and Bregman, 1973; Bregman, 1 9 7 2 ) .

Such a p r e s e n t a t i o n  p ro d u c e s  an a c t i v e  memory s t a t e  w hich 

i s  t h e n  s u s c e p t i b l e  t o  i n h i b i t i o n  from  t h e  ECS (L ew is ,  

1 9 6 9 ) .  Bregman (1972) h a s  p r e s e n t e d  e v id e n c e  t h a t  ECS 

w i l l  p ro d u c e  t h e  K-maze r e t e n t i o n  d e f i c i t  i f  t h e  ECS t r e a t ­

ment i s  g iv e n  i n  th e  SB o f  th e  m aze, b u t  n o t  i f  t h e  ECS 

t r e a t m e n t  i s  g iv e n  i n  a n o th e r  box (NB) o b v io u s ly  d i f f e r e n t  

from  t h e  SB and t h e r e f o r e  n e u t r a l  w i th  r e s p e c t  t o  t h e  cues 

o f  t h e  SB and m aze . In  t h i s  m anner th e  K-maze o f f e r s  t h e  

o p p o r t u n i t y  t o  c o n t r a s t  th e  EEG o f  two g roup s  o f  a n im a ls  

i n  an  a p p e t i t i v e  t a s k  t h a t  b o th  r e c e i v e  ECS, w i th  t h e  

r e s u l t  t h a t  one g roup  (SB-ECS) w i l l  be am nesic  and  th e  

o t h e r  (NB-ECS) w i l l  n o t .
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I f  EEG r e c o r d s  o f  th e  t h i r t y  m in u te  p e r i o d  

f o l lo w in g  ECS o r  NECS t r e a t m e n t  i n  t h e  K-maze show t h a t  

t h e  amount o f  t h e t a  i s  r e l a t e d  t o  t h e  amount o f  r e t e n t i o n ,  

t h e n  i t  w i l l  be  e s t a b l i s h e d  t h a t  t h e t a  h a s  i m p l i c a t i o n s  

f o r  p r o c e s s e s  beyond  t h a t  o f  c o n s o l i d a t i o n .  F u r t h e r  s i n c e  

t h e  K-maze i s  an a p p e t i t i v e  t a s k ,  Klemm's c r i t i c i s m  

(Klemm, 1972b) o f  F S -p ro d u ced  a r o u s a l  can be  d e a l t  w i th  

d i r e c t l y .  Thus i f  t h e r e  i s  a  r e l a t i o n s h i p  be tw een  p o s t -  

ECS t h e t a  and r e l e a r n i n g  p e rfo rm a n c e  i t  s h o u ld  be  p o s s i b l e  

t o  a t t r i b u t e  t h e  r e l a t i o n s h i p  t o  e i t h e r  memory p r o c e s s e s  

o r  t o  o t h e r  p r o c e s s e s .  I f  p o s t  ECS t h e t a  f a i l s  t o  

d i f f e r e n t i a t e  r e l e a r n i n g  p e rfo rm a n c e  i n  ECS and NECS 

a n im a l s ,  o r  i f  t h e  t h e t a  r e l a t i o n s h i p  does n o t  f o l lo w  

s p e c i f i c  p r e d i c t i o n s  f o r  NB-ECS and SB-ECS a n im a ls  

t h e  c o r r e l a t i o n  i s  most l i k e l y  due t o  p r o c e s s e s  l i k e  

t h o s e  s u g g e s t e d  f o r  h ip p o cam p a l  t h e t a  by Kamp e t  a l . ,  

( 1 9 7 1 ) ,  Kom isaruk (1 9 7 0 ) ,  o r  V an d erw o lf  (1 9 7 1 ) .

A d d i t i o n a l l y  t h e  p ro p o se d  e x p e r im e n t  o f f e r s  an 

o p p o r t u n i t y  t o  f u r t h e r  t e s t  n o t io n s  o f  t h e t a  and memory 

s t o r a g e  i f  a  r e l a t i o n s h i p  i s  e s t a b l i s h e d  as  d i s c u s s e d  

a b o v e .  L o g i c a l l y ,  i f  t h e t a  h a s  any i m p l i c a t i o n  f o r  r e ­

t e n t i o n  i n  t h e  K-maze th e n  i t  s h o u ld  have d i r e c t  r e l a t i o n  

t o  t h e  a c t i v e  memory s t a t e  h y p o th e s iz e d  by Lewis (1 9 6 9 ) 

and Bregman ( 1 9 7 2 ) .  C o r t i c a l  EEG r e c o r d s  can a l s o  be t a k e n  

d u r in g  t r a i n i n g  and a t  th e  t im e  o f  r e i n s t a t e m e n t  t o  b e t t e r
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e s t a b l i s h  t h e  t e m p o ra l  c o u r s e  o f  t h e t a  th r o u g h o u t  t h e  

e x p e r im e n t .  Thus i f  t h e t a  i s  r e l a t e d  t o  more t h a n  

s im p le  memory s t o r a g e  i t  s h o u ld  b e  p r e s e n t  d u r i n g  r e i n ­

s t a t e m e n t ,  and  t h e  r e i n s t a t e d  ECS a n im a ls  s h o u ld  make 

e r r o r s  when t h e y  a r e  t e s t e d  i n  t h e  K-maze t w e n t y - f o u r  

h o u rs  l a t e r .
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CHAPTER V 

METHOD

S u b je c t s

The a n im a ls  p a r t i c i p a t i n g  i n  e x p e r im e n ts  I ,  I I  

and I I I  were o b t a i n e d  from  H o rto n  L ab s ,  I n c .  o f  O ak lan d , 

C a l i f o r n i a .  A l l  t h e  a n im a ls  were male a l b i n o  r a t s  

(S p rague-D aw ley  d e r iv e d )  be tw een  40-50 days o l d  a t  t h e  t im e  

o f  d e l i v e r y .  D uring  t r a i n i n g  i n  t h e  maze t a s k ,  and u n t i l  

t h e  a n im a ls  were d i s c a r d e d  eac h  a n im a l  was f e d  a p p ro x im a te ­

ly  t e n  grams o f  fo o d ,  once eac h  day . T h is  amount was i n  

a d d i t i o n  t o  t h e  food  th e  a n im a l  r e c e i v e d  on eac h  t r i a l  

f o r  h i s  p e r fo rm a n c e  i n  th e  maze. The a n im a ls  were caged  

i n d i v i d u a l l y  w i th  w a te r  a v a i l a b l e  t o  them a t  a l l  t im e s .  

S u rg e ry

At th e  t im e  o f  s u r g e r y  t h e  a n im a ls  ra n g e d  i n  

w e ig h t  from  190 t o  294 grams (X = 245 g ra m s ) .  They were 

a n e s t h e t i z e d  w i th  p e n t o b a r b i t a l  (50 m g . / k g . ) ,  p l a c e d  i n  

a  s t e r e o t a x i c  f r a m e ,  and p r e p a r e d  w i th  a  c o r t i c a l  e l e c t r o d e  

a ssem b ly  (am phenol c o n n e c t o r s ) .  The a ssem b ly  was c o n n e c t ­

ed  by s i z e  00 8 n ich ro m e  w ire  t o  s t a i n l e s s  s t e e l  sc rew  

e l e c t r o d e s  w hich  were s e c u r e d  i n  th e  r a t ' s  s k u l l .  The 

e l e c t r o d e s  w ere  p l a c e d  a p p ro x im a te ly  2 mm. l a t e r a l  t o  mid­

l i n e .  T here  were f o u r  e l e c t r o d e s ;  two w ere p l a c e d  p o s t ­

e r i o r  (2 mm. a n t e r i o r  t o  la m b d a ) ,  and two were p l a c e d

a n t e r i o r  ( 2 mm. p o s t e r i o r  t o  b re g m a ) , t h u s  a l l o w in g
44
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an  a n t e r i o r  t o  p o s t e r i o r  p a i r  o f  e l e c t r o d e s  o v e r  t h e  

c o r t e x  on e ac h  s i d e  o f  t h e  b r a i n .  The e l e c t r o d e  a ssem b ly  

was bonded w i th  d e n t a l  cem ent t o  t h e  sc rew  e l e c t r o d e s .

A f t e r  s u r g e r y  t h e  a n im a ls  were p l a c e d  i n  t h e i r  

i n d i v i d u a l  c a g e s  and a l lo w e d  a  r e c o v e r y  p e r i o d  o f  f i v e  

d a y s ,  d u r in g  w hich  t h e  a n im a ls  w ere  g iv e n  c o n t in o u s  a c c e s s  

t o  b o th  fo o d  and w a t e r .  At t h e  end o f  t h i s  p e r i o d  t h e  

a n im a ls  w ere  p l a c e d  on a  fo o d  d e p r i v a t i o n  s c h e d u le  o f  t e n  

grams o f  fo o d  p e r  day f o r  f i v e  day s  b e f o r e  b e h a v i o r a l  

t r a i n i n g  b e g a n .  T h roughou t t h e  t e n  day s  f o l lo w in g  s u r g e r y  

t h e  a n im a ls  w ere  h a n d le d  d a i l y .

A p p a ra tu s

The a p p a r a tu s  was a  s e q u e n t i a l  maze (K -m aze), 

m o d if ie d  from  t h a t  o f  K rech ev sky  (1 9 3 2 ) .  The maze i s  

made up o f  a  s t a r t  box (S B ), f o u r  maze b o x e s ,  e ac h  w i th  a  

l e f t - r i g h t  c h o ic e  o p t i o n ,  and a  g o a l  box (GB). A l l  t h e  

bo xes  a r e  s e p a r a t e d  from  each  o t h e r  by g u i l l o t i n e  d o o r s . 

U n l ik e  t h e  o r i g i n a l  K rechevsky  m aze, t h e  f o u r  maze b oxes  

a r e  e ac h  d e s ig n e d  t o  f o r c e  t h e  a n im a l  t o  make a l e f t  o r  

r i g h t  c h o ic e  w i th o u t  an  a c t u a l  v i s u a l  d i s c r i m i n a t i o n .

C o r t i c a l  EEG was r e c o r d e d  u s i n g  a  4 c h a n n e l  G rass  

EEG u n i t .  The r e c o r d s  w ere  s t o r e d  on 1 /2 "  m a g n e tic  t a p e  

(H oneyw ell model 7600 r e c o r d e r )  f o r  l a t e r  a n a l y s i s  by 

c o m p u te r .  The ECS was d e l i v e r e d  from  a  Beckman 735B 

L ib e r s o n  B r i e f  S t im u lu s  T herapy  A p p a ra tu s  from  a  d u r a t i o n
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o f  0 .5  s e c o n d s .

E x p e r im e n ta l  D es ign

T h ree  g ro u p s  w ere  I n c lu d e d  i n  E x p e r im e n ts  I  and 

I I .  Two g ro u p s  o f  a n im a ls  r e c e i v e d  ECS o r  NECS t r e a t m e n t  

i n  t h e  s t a r t  box o f  t h e  K-maze (SB-ECS; SB-NECS). One 

g ro up  r e c e i v e d  ECS I n  a  box (NB-ECS) o u t s i d e  o f  t h e  maze.

I n  E x p e r im e n ts  I  and I I  ECS was d e l i v e r e d  t o  t h e  two 

p o s t e r i o r  c o r t i c a l  s c re w  e l e c t r o d e s .  The ECS I n t e n s i t y  i n  

E x p e r im e n t  I  was 20 m a . ; i n  E x p e r im e n t  I I  i t  was 10 ma.

Two g ro u p s  w ere  i n c l u d e d  i n  E x p er im en t  I I I ,

SB-ECS and NB-ECS. An ECS i n t e n s i t y  o f  55 ma. was d e l i v e r ­

ed  t r a n s p i n a t e .

P r e t r a i n i n g

Upon r e c o v e r y  from  s u r g e r y  t h e  a n im a ls  w ere  p r e ­

t r a i n e d  i n  t h e  K-maze. B a s i c a l l y  p r e t r a i n i n g  c o n s i s t e d  

o f  a l l o w in g  eac h  a n im a l ,  one a t  a  t im e ,  t o  t r a v e l  w i th o u t  

b a r r i e r s  from  t h e  SB, th ro u g h  t h e  maze and i n t o  t h e  GB 

where i t  r e c e i v e d  a  fo o d  re w a rd .  T h is  p r o c e d u re  was r e ­

p e a t e d  f o r  t e n  t r i a l s ,  a f t e r  w hich  t h e  b a r r i e r s  were 

p l a c e d  i n  t h e  m aze.

T r a i n in g

F o l lo w in g  t h e  t e n  p r e t r a i n i n g  t r i a l s  t h e  a n im a ls  

w ere  t h e n  t r a i n e d  t o  ru n  th ro u g h  t h e  maze t o  a  a  

p a r t i c u l a r  se q u en c e  o f  l e f t  and  r i g h t  t u r n s .  H a l f  t h e  

a n im a ls  w ere  t r a i n e d  t o  ru n  r i g h t ,  l e f t ,  l e f t  and  r i g h t
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a t  t h e  c h o ic e  o p t io n s  i n  t h e  m aze; t h e  o t h e r  h a l f  were 

t r a i n e d  t o  r u n  l e f t ,  r i g h t ,  r i g h t ,  and l e f t .  A l l  a n im a ls  

w ere  t r a i n e d  t o  a  c r i t e r i o n  o f  e l e v e n  o u t  o f  tw e lv e  c o r r e c t  

c h o ic e s .  T h is  c r i t e r i o n  c o r re s p o n d e d  t o  th e  a n im a l  r u n n in g  

th ro u g h  t h e  maze t h r e e  c o n s e c u t iv e  t im e s  w h i le  m aking 

o n ly  one i n c o r r e c t  t u r n .

H a n d l in g

F o l lo w in g  t h e  t r a i n i n g  p e r i o d  a l l  a n im a ls  were 

l e f t  i n  t h e i r  home cag es  f o r  s e v e n  d a y s .  T h roughou t t h i s  

r e t e n t i o n  p e r i o d  th e y  were h a n d le d  d a i l y .  H a n d l in g  con­

s i s t e d  o f  rem oving  e a c h  a n im a l  i n d i v i d u a l l y  from  i t s  home 

cage  and t r a n s p o r t i n g  i t  t o  t h e  NB. The a n im a ls  were l e f t  

i n  t h e  NB f o r  f i f t e e n  s e c o n d s ,  and th e n  th e y  were r e t u r n e d  

t o  t h e i r  c a g e s .  T h is  p r o c e d u r e  was fo l lo w e d  t h r e e  t im e s  

d a i l y .  I t  was d e s ig n e d  t o  e l i m i n a t e  as a  cue f o r  t h e  maze 

t h e  r o u t i n e  h a n d l i n g  w hich  o c c u r s  d u r in g  t h e  t r a i n i n g  

p e r i o d .

R e in s ta t e m e n t  and T re a tm e n t

On t h e  s e v e n th  day o f  t h e  r e t e n t i o n  p e r i o d  t h e  

a n im a ls  r e c e i v e d  ECS o r  NECS t r e a t m e n t .  F o l lo w in g  h a n ­

d l i n g ,  one g roup  was c o n n e c te d  t o  t h e  r e c o r d i n g  l e a d s ,  

p l a c e d  i n  t h e  SB, th e  SB g a te  was o p en ed , and t h e  a n im a l  

was g iv e n  an ECS. A n o th e r  g roup was t r e a t e d  t h e  

same way e x c e p t  t h a t  th e y  r e c e i v e d  NECS. A t h i r d  g roup  

was c o n n e c te d  t o  t h e  r e c o r d i n g  l e a d s ,  p l a c e d  i n  th e
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n e u t r a l  box (NB), and g iv e n  an ECS.

T e s t i n g

A l l  a n im a ls  w ere  r e t u r n e d  t o  th e  K-maze t w e n ty -  

f o u r  h o u r s  a f t e r  ECS o r  NECS i n  o r d e r  t o  a s s e s s  t h e  e f f e c t  

o f  t h e  t r e a t m e n t .  R e t e n t i o n  was i n f e r r e d  by r e c o r d i n g  

t h e  number o f  e r r o r s  e ac h  a n im a l  made i n  r e l e a r n i n g  t h e  

K-maze t o  t h e  o r i g i n a l  l e a r n i n g  c r i t e r i o n  o f  e l e v e n  ou t 

o f  tw e lv e  c o r r e c t  c h o ic e s .

R e c o rd in g  P ro c e d u re s

The e l e c t r o d e  a ssem b ly  c o n ta in e d  f o u r  e l e c t r o d e s .  

C o r t i c a l  EEG was r e c o r d e d  from  a n t e r i o r  and p o s t e r i o r  e -  

l e c t r o d e  p a i r s  as  w e l l  as from t h e  two a n t e r i o r  e l e c t r o d e s .  

C o r t i c a l  EEG r e c o r d s  were t a k e n  from a l l  a n im a ls  a t  f i v e  

p a r t i c u l a r  p e r i o d s  w i t h i n  th e  b e h a v i o r a l  t r a i n i n g ,  h a n ­

d l i n g  and t r e a t m e n t  p r o c e d u r e s  (T ab le  1 ) .  The f i r s t  and 

se co n d  r e c o r d i n g  p e r i o d s  were two r e c o r d i n g  t r i a l s  d u r in g  

K-maze t r a i n i n g .  F o r  a r e c o r d i n g  t r i a l  t h e  a n im a ls  were 

n o t  a l lo w e d  to  ru n  th e  m aze. I n s t e a d  eac h  a n im a l  was con­

n e c t e d  t o  th e  r e c o r d i n g  l e a d s ,  p l a c e d  i n  th e  SB, and t h e  

S B -g a te  was s l i g h t l y  r a i s e d .  Then th e  an im a l  was removed 

from  t h e  SB and r e p l a c e d  i n  i t s  cage to  a w a i t  t h e  n e x t  

t r a i n i n g  t r i a l .  The f i r s t  r e c o r d i n g  t r i a l  fo l lo w e d  t h e  

i n i t i a l  t r i a l  o f  th e  t r a i n i n g  p e r i o d .  The seco n d  r e c o r d i n g  

f o l lo w e d  t h e  se co n d  c o n s e c u t iv e  t r a i n i n g  t r i a l  i n  w hich  

t h e  a n im a l  r a n  t h e  maze w i th  a  t o t a l  o f  one e r r o r  o r  l e s s
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TABLE 1
K-MAZE PROCEDURES AND EEG RECORDING

P r e t r a i n i n g  

- 1 0  Maze T r i a l s

T r a i n in g

- L e a rn  t o  C r i t e r i o n

E a r l y  L e a rn in g  EEG 

L a te  L e a r n in g  EEG

R e t e n t i o n  I n t e r v a l  

- H a n d l in g  f o r  Seven  

Days

H a n d l in g  EEG

R e in s ta t e m e n t  and  T r e a t ­

ment

- P l a c e  i n  SB (ECS) 

- P l a c e  i n  SB (NECS) 

- P l a c e  i n  NB(ECS)

R e in s ta t e m e n t  EEG

R ecovery  from  T r e a t ­

ment 

- P l a c e  i n  NB

ECS S e iz u r e  P a t t e r n  

30 M inute  Post-ECS 

EEG
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f o r  b o th  t r i a l s  (7  o u t  o f  8 c o r r e c t  c h o i c e s ) .

C o r t i c a l  EEG r e c o r d s  w ere  a g a in  t a k e n  from  a l l  

a n im a ls  i n  one h a n d l i n g  p e r i o d  d u r in g  th e  s e v e n  day r e ­

t e n t i o n  i n t e r v a l . On t h e  s i x t h  day o f  t h e  r e t e n t i o n  

p e r i o d  t h e  a n im a ls  w ere  c o n n e c te d  t o  t h e  r e c o r d i n g  l e a d s , 

and a  r e c o r d  was t a k e n  when t h e y  were p l a c e d  i n  t h e  NB.

D u r in g  t h e  r e i n s t a t e m e n t  p e r i o d ,  a p p ro x im a te ly  

f i v e  s e c o n d s  i n  d u r a t i o n ,  EEG r e c o r d s  were t a k e n  from 

t h e  a n im a ls  p l a c e d  i n  t h e  SB o f  th e  K-maze. C o r t i c a l  EEG 

r e c o r d s  w ere  a l s o  t a k e n  from t h o s e  a n im a ls  p l a c e d  i n  th e  

NB. A f t e r  ECS o r  NECS t r e a t m e n t ,  EEG r e c o r d s  w ere  

c o n t i n o u s l y  r e c o r d e d  f o r  t h i r t y  m in u te s ,  and  a l l  a n im a ls  

were  l e f t  i n  t h e  NB d u r in g  t h i s  t im e .

C o r t i c a l  EEG A n a ly s i s

T here  were t h r e e  d i f f e r e n t  k in d s  o f  EEG d a t a  

o b t a i n e d  from  t h e  d i f f e r e n t  r e c o r d i n g  p e r i o d s  i n  E x p e r i ­

m ents  I ,  I I  and  I I I .  One k in d  o f  EEG d a t a  was t h a t  o f  

t h e  n e u r a l  s e i z u r e  p a t t e r n  w hich  was r e c o r d e d  i n  t h e  two 

m in u te  p e r i o d  im m e d ia te ly  a f t e r  ECS. T h is  EEG d a t a  was 

a n a ly z e d  from  a l l  t h r e e  E x p e r im e n ts .  The second  k in d  o f  

EEG d a t a ,  amount o f  t h e t a ,  was o b t a i n e d  from  a  c o n t i n u ­

o u s ly  r e c o r d e d  30 m in u te  p e r i o d  w hich  fo l lo w e d  ECS o r  NECS 

t r e a t m e n t .  The t h i r d  k in d  o f  EEG d a ta  (EEG p a t t e r n )  

was o b t a i n e d  from  th e  f o u r  pre-ECS r e c o r d i n g  p e r i o d s :

T a b le  1 d i s p l a y s  t h e  d i f f e r e n t  r e c o r d i n g  p e r i o d s  i n
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c o n j u n c t i o n  w i th  t h e  b e h a v i o r a l  p ro c e d u r e s  f o r  t h e  K-maze.

I n  E x p e r im e n ts  I ,  I I  and  I I I  t h e  E C S-produced 

n e u r a l  s e i z u r e  p a t t e r n  was r e c o r d e d  on t h e  p a p e r  r e c o r d  

p ro d u ce d  d i r e c t l y  from  t h e  G ra ss  EEG u n i t .  The d u r a t i o n  

f r e q u e n c y  and  a m p l l t i t u d e  o f  t h e  v a r i o u s  p o r t i o n s  o f  th e  

s e i z u r e  p a t t e r n  r e p o r t e d  i n  t h e  d a t a  w ere  o b t a i n e d  by 

m e a s u r in g  w i th  a  m i l l i m e t e r  r u l e r  t h e  p a p e r  EEG r e c o r d  

w hich  was t a k e n  from  e a c h  a n im a l  a t  t h e  t im e  o f  t r e a t m e n t .

I n  E x p e r im e n t  I I I  e a c h  a n i m a l ' s  EEG was e v a l u a t ­

ed f o r  t h e  amount o f  t h e t a  a c t i v i t y  i n  t h e  30 m in u te  p o s t -  

ECS p e r i o d  by p a s s i n g  t h e  PM t a p e  r e c o r d e d  waveform  th ro u g h  

a  b a n d p a s s  f i l t e r  ( 3 -  10 H z .)  and  t h e n  I n t o  a  d i g i t a l  

l o g i c  c i r c u i t  c o n t a i n i n g  a  S c h m id t t  t r i g g e r  and c o u n t e r .

The d i g i t a l  l o g i c  c i r c u i t  was d e s ig n e d  t o  a n a ly z e  t h e  

f i l t e r e d  EEG e v e ry  o t h e r  se c o n d  and d e t e c t  f r e q u e n c i e s  

o f  4 t o  9 Hz. w hich w ere  g r e a t e r  t h a n  30 m ic r o v o l t s  i n  

a m p l l t i t u d e .  The 30 m in u te s  o f  EEG was sam pled  i n  5 

p e r i o d s  o f  4 m in u te s  e a c h ,  b u t  s a m p lin g  d id  n o t  b e g in  u n t i l  

t h e  f o u r t h  m in u te  f o l lo w in g  ECS o r  NECS t r e a t m e n t .  Each 

se co n d  o f  t h e t a  t h a t  t h e  d i g i t a l  l o g i c  c i r c u i t  d e t e c t e d  

was r e c o r d e d  on a  c u m u la t iv e  e l e c t r o m e c h a n i c a l  c o u n t e r .

A lso  i n  E x p er im en t  I I I  a  f i v e  se co n d  b lo c k  o f  

t h e  a n a lo g  waveform s f o r  eac h  o f  t h e  pre-ECS r e c o r d i n g  

p e r i o d s  s t o r e d  on m a g n e tic  t a p e  was d i g i t i z e d  (128 s a m p le s /  

s e c . ) .  The pow er s p e c t ru m  i n  t h e  band  1 t o  64 Hz. was t h e n
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computed by f a s t  f o u r i e r  a n a l y s i s  on an IBM 360/44  com­

p u t e r  f o r  each  o f  t h e  f i v e  seco nd  b l o c k s . F o r  th e  

s t a t i s t i c a l  a n a l y s i s  o f  t h i s  d a t a ,  o n ly  t h o s e  a n im a ls  f o r  

whom EEG d a t a  was a v a i l a b l e  th ro u g h o u t  t h e  e x p e r im e n t  w ere

u se d  i n  t h e  a n a l y s i s .  Thus e ac h  a n im a l  was r e q u i r e d  t o

have an  EEG r e c o r d  from t h e  e a r l y  and l a t e  l e a r n i n g

p e r i o d s ,  t h e  h a n d l in g  p e r i o d ,  and t h e  r e i n s t a t e m e n t  p e r i o d  

Two o f  t h e  a n im a ls  f o r  whom p o s t  ECS c o r t i c a l  t h e t a  was 

c o u n te d  f a i l e d  t o  m eet t h i s  r e q u i r e m e n t ,  and t h u s  were n o t  

u se d  i n  t h i s  a n a l y s i s .

The f i r s t  p ro b lem  t o  be a d d r e s s e d  was t o  

d e c id e  upon a m ethod o f  a s s e s s i n g  th e  s i m i l a r i t y  o f  two 

EEG p a t t e r n s .  The s p e c t r a l  a n a l y s i s  computed on th e  

d a t a  d e f i n e d  t h e  power o f  e a c h  f re q u e n c y  component 

i n  t h e  band 4 t o  9 Hz. The power o f  eac h  f r e q u e n c y

component d e s c r i b e s  th e  r e l a t i v e  i n t e n s i t y  e a c h  f re q u e n c y  

a t t a i n s  i n  t h e  o v e r a l l  w aveform . To i l l u s t r a t e ,  one 

c o u ld  c o n s i d e r  two d i f f e r e n t  w avefo rm s, a p u re  s i n e  wave 

and w h i te  n o i s e .  I f  a  g ra p h  o f  power a c r o s s  f r e q u e n c y  

(a  power sp e c tru m )  i s  p l o t t e d  f o r  th e  s in e  wave a l l  t h e  

power o f  t h e  waveform w i l l  be l o c a t e d  a t  t h e  f r e q u e n c y  o f  

t h e  s i n e  wave, and t h e r e  w i l l  be no power a t  o t h e r  f r e q u e n  

c i e s .  I n  c o n t r a s t ,  i f  a  power sp e c tru m  i s  computed f o r  

w h i te  n o i s e  t h e r e  w i l l  be e q u a l  power a t  a l l  f r e q u e n c i e s .  

An EEG waveform i s  s i m i l a r  t o  t h e s e  e x a m p le s . Numbers
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a r e  a s s ig n e d  t o  each  f r e q u e n c y  i n  th e  b a n d ;  th o s e  numbers 

s c a l e  t h e  e x t e n t  t o  w hich  any f r e q u e n c y  i n  t h e  band  i s  

a c t i v e  i n  t h e  EEG p a t t e r n .

The d a t a  o b t a i n e d  from th e  s p e c t r a l  a n a l y s i s  

i s  o f t e n  d i s p l a y e d  as  a  g rap h  w i th  f r e q u e n c y  as th e  

a b c i s s a  and power a s  t h e  o r d i n a t e .  Those f r e q u e n c i e s  

w hich a r e  m ost a c t i v e  i n  t h e  EEG w i l l  have  th e  h i g h e s t  

pow er. Thus one c an  s e e  t h a t  two s e p a r a t e  EEG power 

s p e c t r a  w i th  i d e n t i c a l  pow er v a lu e s  a t  each  f re q u e n c y  

have  t h e  same power s p e c t ru m .  A g ra p h  o f  t h e  power 

s p e c t ru m  o f  one waveform  c o u ld  be su p e r im p o sed  upon th e  

g rap h  o f  t h e  power sp e c t ru m  o f  th e  o t h e r  w aveform , and 

t h e r e  w ould  be no d e v i a t i o n  b e tw een  t h e  c u r v e s .  On t h e  

o t h e r  hand two power s p e c t r a  w i th  v e ry  d i f f e r e n t  power 

v a lu e s  a t  each  f re q u e n c y  would be d i s s i m i l a r  w aveform s; 

a  g rap h  o f  one s p e c t ru m  su p e r im p o sed  upon t h e  o t h e r  would 

show l a r g e  d e v i a t i o n s  a t  each  f r e q u e n c y .  T h is  was t h e  

l o g i c  u sed  t o  a s s e s s  EEG p a t t e r n  s i m i l a r i t y .

The c o m p u ta t io n  o f  EEG p a t t e r n  d e v i a t i o n  i s  

e a s i l y  d e m o n s t r a te d .  F o r  exam ple l e t  t h e  power v a lu e s  

f o r  f r e q u e n c i e s  1 th ro u g h  9 Hz. f o r  one a n im a l ’s EEG d u r ­

i n g  e a r l y  l e a r n i n g  be  r e p r e s e n t e d  by th e  a r r a y ,  Xj where 

I  = 1 t o  6 (T a b le  2 ) .  In  X-j  ̂ p u t  t h e  power v a lu e  f o r  4 

H z . ,  i n  X2 p u t  th e  power v a lu e  f o r  5 H z . ,  and so  on u n t i l  

9 Hz. Now l e t  th e  s p e c t r a l  a n a l y s i s  o f  th e  same a n im a l ’s
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TABLE 2

EEG
FREQUENCY

POWER
VALUES

COMPUTATION OF EEG DEVIATION

POWER
VALUES

SCORES

ABSOLUTE VALUE 
OF DIFFERENCE

4 Hz. *1 - *1 =
l xx " yl l

5 Hz. x2 - *2 = I x2 -  x2 |

6 Hz. X3 - y3 = I x 3 -  Y3 1
7 Hz. x 4 - *4 s I x 4 -  y 4 f

8 Hz. x 5 - y5 s 1 x 5 -  y5 1

9 Hz. x6 - *6 = 1 x 6 -  n \

i xi  -  *i  1 1
1--1

VJI
-tr
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EEG f o r  f r e q u e n c i e s  4 th r o u g h  9 H z . d u r in g  l a t e  l e a r n i n g  

b e  r e p r e s e n t e d  by t h e  a r r a y ,  Y j ,  w here  I  = 1 t o  6 .  As 

b e f o r e  p l a c e  th e  l a t e  l e a r n i n g  EEG power v a lu e s  f o r  4 Hz. 

i n  Y^, f o r  5 Hz. i n  Yg, and so  on .

Now i f  e ac h  Xj i s  s u b t r a c t e d  from i t s  c o r r e ­

sp o n d in g  YI and t h e  a b s o l u t e  v a lu e  o f  t h a t  d i f f e r e n t  

t a k e n ,  t h e  r e s u l t  i s  a  new a r r a y ,  |Xj -  Y j | l ,  w here  1 = 1

t o  6 .  T h is  new a r r a y  r e p r e s e n t s  t h e  a b s o l u t e  d i f f e r e n c e

be tw een  each  power v a lu e  i n  a r r a y  Xj and  i t s  c o r r e s p o n d in g  

power v a lu e  i n  t h e  a r r a y  Y j .  Or i n  s i m p le r  te rm s  t h e  

amount o f  d e v i a t i o n  a t  each  f re q u e n c y  b e tw ee n  e a r l y  

l e a r n i n g  and l a t e  l e a r n i n g  i s  now c o n ta in e d  i n  t h e  a r r a y  

jx i  -  Y j j l .  I f  e ac h  j Xj -  Yij I  i s  added  t o g e t h e r  t h e

r e s u l t  w i l l  be one n u m b e r , JL\ f c ' f c l *  , a  d e v i a t i o nr*i
s c o r e  w hich  r e p r e s e n t s  t h e  t o t a l  amount t h a t  one EEG 

p a t t e r n  d e v i a t e s  from  a n o t h e r  EEG p a t t e r n .  A ga in , two 

s i m i l a r  waveform s w i l l  p ro d u c e  a  s m a l l  EEG d e v i a t i o n  

s c o r e ,  two d i s s i m i l a r  w aveform s w i l l  p ro d u c e  a  l a r g e  

d e v i a t i o n  s c o r e .
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CHAPTER VI 

RESULTS

E x p erim en t I

A t o t a l  o f  12 r a t s  co m p le te d  E x p erim en t I ,  an  

i n i t i a l  e x p e r im e n t  i n  w hich p a r a m e te r s  and p ro c e d u r e s  

were t e s t e d .  A d e s c r i p t i o n  o f  th e  ECS s e i z u r e  f o r  SB- 

ECS and NB-ECS a n im a ls  i s  p r e s e n t e d  i n  T ab le  3 .  The ECS 

i n t e n s i t y  was an a v e r a g e  c u r r e n t  o f  20 ma. f o r  0 .5  

se c o n d s  d e l i v e r e d  d i r e c t l y  t o  th e  b r a i n .  T h is  ECS t r e a t ­

ment r e s u l t e d  i n  l i t t l e  s c o r e a b l e  PAD a c t i v i t y .  A f t e r  a 

co m p le te  f l a t t e n i n g  o f  th e  EEG r e c o r d  and a t  a p p ro x im a te ly  

one m in u te  a f t e r  ECS, an SAD p e r i o d  c o u ld  be e a s i l y  

o b se rv e d  b e tw een  th e  a n t e r i o r  and p o s t e r i o r  e l e c t r o d e  

p a i r .

A l l  a n im a ls  t h a t  r e c e i v e d  an ECS t r e a t m e n t  m an i­

f e s t e d  l a r g e  a m p l i tu d e  ( >  150 uv) s p ik e  a c t i v i t y  i n  t h e i r  

EEG r e c o r d  th r o u g h o u t  t h e  30 m in u te  post-E C S p e r i o d .

Many o f  t h e s e  a n im a ls  w ere  d i r e c t l y  o b se rv e d  i n  s h a k in g  

e p i s o d e s ;  a  few f e l l  o v e r  and m a n i f e s te d  a  f u l l  c l o n i c  

s e i z u r e  l a t e  i n  t h e  30 m inu te  p e r i o d .  T w e n ty - fo u r  h o u rs  

a f t e r  ECS o r  NECS t r e a tm e n t  th e  a n im a ls  were r e t u r n e d  t o  

t h e  K-maze f o r  b e h a v i o r a l  t e s t i n g .  The number o f  t r i a l s  

t o  r e l e a r n i n g  c r i t e r i o r  (1 1 /1 2  t r i a l s )  i s  p r e s e n t e d  i n  

T a b le  ^ .

A lthough  t h e  d i s t r i b u t i o n s  o f  r e l e a r n i n g  s c o r e s

56
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TABLE 3

SEIZURE DURATIONS FOR THREE INTENSITIES OF ECS 

MEASURED IN SECONDS FROM ONSET OF PAD TO END OF SAD

EXPERIMENT I  

TRANSCORTICAL 

20 ma

EXPERIMENT I I  

TRANSCORTICAL 

10 ma

EXPERIMENT I I I  

TRANSPINNATE 

55 ma

SB-ECS NB-ECS SB-ECS NB-ECS SB-ECS NB'

60 60 62 65 59 58

60 63 69 66 60 60

66 66 77 72 62 63

76 72 72 67 64

7^ 73 67 66

73 67 66

76 68 66

69 76

72

ui
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TABLE 4
K-MAZE RELEARNING ERRORS TO CRITERION

EXPERIMENT I

TRANSCORTICAL ECS

EXPERIMENT I I  

TRANSCORTICAL ECS

EXPERIMENT I I I  

TRANS PINNATE ECS

20 ma 10 ma 55 ma

3B-ECS NB-ECS SB-NECS SB-ECS NB-ECS SB-NECS SB-ECS NB.

4 14 0 4 11 0 1 2
22 1 3 8 0 1 3 0

6 37 2 2 4 0 0 1
6 13 2 0 4 1 4 0

1 0 1 0 1
4 2 2 3 1

1 0 1 0
4 0
5 0

VJl
CD
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f o r  SB-ECS and SB-NECS a n im a ls  a r e  c l e a r l y  d i f f e r e n t  ( th e  

d i s t r i b u t i o n s  do n o t  o v e r l a p ) ,  i t  i s  a l s o  a p p a r e n t  t h a t  

t h e r e  i s  no d i f f e r e n c e  i n  r e l e a r n i n g  p e r fo rm a n c e  b e tw een  

SB-ECS and NB-ECS a n im a ls  (Mann W hitney  U t e s t  ( S e i g a l ,  

1956) N1 = 4; N2 = 4; U = 6; P = .3 4 3 ) .  B ecause  a  c u e -  

d ep en d e n t  am nesia  was n o t  o b se rv e d  i n  t h e  d a t a ,  t h e  p r e -  

ECS r e c o r d i n g  p e r i o d s  w ere  n o t  a n a l y z e d .  S in c e  s e i z u r e  

was o b s e rv e d  th r o u g h o u t  t h e  t h i r t y  m in u te  p e r i o d  i n  ECS 

a n im a l s ,  i t  seemed r e a s o n a b le  t h a t  t h e  ECS i n t e n s i t y  o f  

20 ma. d e l i v e r e d  t o  t h e  b r a i n  h ad  b e e n  to o  l a r g e .  Thus 

t h e  30 m in u te  post-E C S EEG r e c o r d  was a l s o  n o t  a n a ly z e d .  

E x p erim en t I I

I n  E x p e r im e n t  I I  22 m a le ,  a l b i n o  r a t s  w ere  p r e ­

p a re d  w i th  c o r t i c a l  e l e c t r o d e s .  I n  t h e  c o u rs e  o f  t h e  

e x p e r im e n t  two a n im a ls  d i e d .  The ECS i n t e n s i t y  was an  

a v e ra g e  c u r r e n t  o f  10 ma. d e l i v e r e d  f o r  0 .5  se co n d s  as 

b e f o r e ,  d i r e c t l y  t o  t h e  b r a i n .  A d e s c r i p t i o n  o f  t h e  SB- 

ECS and NB-ECS ECS s e i z u r e  i s  p r e s e n t e d  i n  T a b le  3* As i n  

E x perim en t I ,  t h e  PAD p e r i o d  was n o t  p r o m in e n t ,  w h i l e  an 

e a s i l y  o b s e r v a b le  SAD p e r i o d  a p p e a re d  b e tw ee n  th e  a n t e r i o r  

and p o s t e r i o r  e l e c t r o d e s  a t  a p p r o x im a te ly  one m in u te  

a f t e r  ECS. T w e n ty - fo u r  h o u rs  a f t e r  ECS o r  NECS t r e a tm e n t  

th e  a n im a ls  w ere  r e t u r n e d  t o  t h e  K-maze f o r  b e h a v i o r a l  

t e s t i n g .  The number o f  t r i a l s  t o  r e l e a r n i n g  c r i t e r i o n  

11 /12  t r i a l s )  i s  p r e s e n t e d  i n  T a b le  4 .  A gain  t h e r e
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seemed t o  be no c l e a r  d i f f e r e n c e  i n  r e l e a r n i n g  b e tw een  SB- 

ECS and NB-ECS a n im a l s ,  a l th o u g h  a  Mann-Whitney U t e s t  

showed t h e  SB-ECS a n im a ls  t o  be  am nesic  (N1 = 6 ,  N2 = 7;

U * 8 .5 ;  p =* .047) when compared w i th  SB-NECS a n im a l s .  As 

i n  E x p er im en t  I ,  t h e  pre-ECS EEG and t h e  30 m in u te  p o s t -  

ECS EEG w ere n o t  a n a ly z e d .

E x p er im en t  I I I

I n  E x p e r im e n t  I I I  t h e  55 ma. ( a v e ra g e  c u r r e n t  

f o r  0 .5  s e c . )  t r a n s p i n n a t e  ECS i n t e n s i t y  u se d  by Bregman 

(1972) was s u b s t i t u t e d  i n  p l a c e  o f  ECS d e l i v e r e d  t o  t h e  

b r a i n .  A f u r t h e r  change  from E x p e r im e n ts  I  and I I  was t o  

move t h e  n e u t r a l  box t o  a room a d j o i n i n g  th e  room i n  w hich 

t h e  K-maze was s e t  u p . A lthough  Bregman (1972) h a n d le d  

h i s  a n im a ls  i n  t h e  NB and t r a i n e d  and t e s t e d  them  i n  t h e  

same room, i t  i s  p o s s i b l e  t h a t  t h e  r e a s o n  t h a t  SB-ECS 

and NB-ECS a n im a ls  w ere  n o t  d i f f e r e n t  i n  E x p e r im e n t  I I  

was t h a t  t h e  h a n d l i n g  cu es  a s s o c i a t e d  w i th  th e  maze d u r ­

i n g  t r a i n i n g  w ere  n o t  a d e q u a te ly  e x t i n g u i s h e d .  Thus by 

r e p l i c a t i n g  t h e  same t y p e  and i n t e n s i t y  o f  ECS t r e a t m e n t  

as  Bregman (1972) and by i n c r e a s i n g  th e  cue d i f f e r e n c e s  

be tw een  th e  NB and SB, i t  was hoped t o  m axim ize th e  

c o n d i t i o n s  t o  b r i n g  a b o u t  am n esia  i n  th e  SB-ECS a n im a ls  

and no am n esia  i n  t h e  NB-ECS a n i m a l s .

The number o f  t r i a l s  t o  r e l e a r n i n g  c r i t e r i o n  

(1 1 /1 2  t r i a l s )  I n  t h e  K-maze i s  p r e s e n t e d  i n  T a b le  4*,
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a  Mann-W hitney U t e s t  o f  t h e  number o f  e r r o r s  t o  r e l e a r n ­

in g  c r i t e r i o n  shows t h e  e r r o r s  o f  SB-ECS g ro u p s  t o  be 

s t a t i s t i c a l l y  g r e a t e r  (N1 = 9 ; N 2 = 9 ; U = 1 9 ; p  «<. .0 5 )  

t h a n  t h e  e r r o r s  o f  t h e  NB-ECS g ro u p .  Thus a  c u e -d e p e n d e n t  

a m n es ia  was p ro d u ce d  i n  E x p er im e n t  I I I .

Post-ECS EEG

I n  c o n t r a s t  t o  t h e  ECS EEG s e i z u r e  o b s e rv e d  i n  

E x p e r im e n ts  I  and I I ,  a  v e ry  w e l l  d e f i n e d  PAD p e r i o d  was 

e l i c i t e d  w i th  t h e  55 ma. t r a n s p i n n a t e  ECS. A d e s c r i p t i o n  

o f  t h e  ECS s e i z u r e  p a t t e r n  i n  SB-ECS and NB-ECS a n im a ls  

i n  E x p e r im e n t  I I I  i s  p r e s e n t e d  i n  T ab le  3 ,  and i n  T a b le  5 .

F ig u r e  1 d i s p l a y s  th e  mean c u m u la t iv e  amount o f  

t h e t a  f o r  SB-ECS and NB-ECS a n im a ls  o f  E x p erim en t I I I  

a t  e ac h  o f  t h e  f i v e  sam pled  p e r i o d s  d u r in g  t h e  post-E C S  

p e r i o d .  I n c lu d e d  In  t h e  f i g u r e  i s  t h e  t h e t a  c o u n t  o f  

SB-NECS a n im a ls  from E x p er im en t  I I .  A F riedm an  two-way 

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

1 , 3 and 5 shows an o v e r a l l  s i g n i f i c a n c e  (X2r  = 9 .4 2 ;  

d f  = 2; p -<  .0 1 )  among t h o s e  sa m p lin g  p e r i o d s .  A Mann 

W hitney U t e s t  o f  t h e  SB-ECS and NB-ECS a n im a ls  i n  sam­

p l i n g  p e r i o d  1 shows them n o t  t o  d i f f e r  s t a t i s t i c a l l y  

(N1 = 9; N2 - 9 ;  U = 3 1 .5 ;  p ^ . 0 5 )  w h i le  a  Mann W hitney 

U t e s t  o f  t h o s e  same g ro u p s  a t  s a m p lin g  p e r i o d  5 shows th e  

SB-ECS a n im a ls  t o  be s i g n i f i c a n t l y  lo w e r  (N1 = 9 ; N2 = 9;

U = 20; p ^  .0 5 )  th a n  NB-ECS a n im a ls  i n  t h e  amount o f
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67
62
67
69
72
60
59
68

76
66
60
63
58
66
66
64

TABLE 5
ECS SEIZURE PARAMETERS FOR AMNESIC AND NON-AMNESIC ANIMALS

EXPERIMENT I I I

PAD
DURATION FREQ. AMPLITUDE

SAD
DURATION FREQ. AMPLITUDE

16 3.56 15 .26 16 1 .6 4 1 .2 2
14 3 .2 1 1 6 .2 8 10 1 .70 5 .6 2
12 3 .75 16 .80 11 2 .4 5 11 .30
12 3.50 9 .7 0 19 1 .7 3 10 .42
15 3 .80 9 .5 0 16 2 .1 3 12 .60
11 4 .8 1 8 .11 18 1 .8 0 1 1 .6 6
15 3 .66 1 3 .26 8 2 .5 0 4 .69
14 3 .85 1 2 .41 9 1 .6 6 5 .2 2
13 3 .0 8 9 .0 7 14 1 .8 4 12 .50

13 3 .3 8 14 .25 23 1 .2 6 6 .0 0
12 4 .90 14 .25 15 1 .50 1 2 .8 3
12 3.08 9 .7 0 12 1 .72 1 0 .50
25 3 .15 12 .50 14 1 .3 8 12 .00
24 1 .9 3 7 .8 3 8 1 .3 7 5 .8 3  c*
20 3 .00 16.20 8 1 .5 2 4 .0 0  w
12 3.40 9 .5 8 13 1 .72 9 .6 0
11 4 .54 1 5 .00 12 2 .1 6 4 .00
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t h e t a  t h a t  th e y  e x h i b i t .  F u r t h e r ,  two a d d i t i o n a l  Mann 

W hitney  U t e s t s  showed t h a t  NB-ECS a n im a ls  were s i g n i f i ­

c a n t l y  lo w er  i n  amounts o f  t h e t a  t h a n  SB-NECS a n im a ls  a t  

s a m p lin g  p e r i o d  1 (N1 = 7; N2 = 9; U = 14; p <£..05) b u t  

n o t  a t  s a m p lin g  p e r i o d  5 (N1 = 7; N2 = 9; U = 20; p * >  .0 5 ) .  

Pre-ECS EEG

W ith in  t h e  pre-ECS EEG d a t a ,  th e  f i r s t  h y p o th e ­

s i s  t o  be t e s t e d  was w h e th e r  th e  EEG p a t t e r n s  o b ta in e d  

d u r in g  K-maze t r a i n i n g  ( e a r l y  and l a t e )  and h a n d l i n g  were 

r e l i a b l y  d i f f e r e n t  from each  o t h e r .  F o r  each  a n im a l  i n  

E x p e r im e n t  I I I  t h r e e  EEG d e v i a t i o n  s c o r e s  were com puted .

One s c o r e  r e p r e s e n t s  t h e  t o t a l  d e v i a t i o n  b e tw een  e a r l y  

and l a t e  l e a r n i n g  EEG p a t t e r n s ;  th e  se co n d  s c o r e  r e p r e s e n t s  

t h e  t o t a l  d e v i a t i o n  be tw een  h a n d l in g  EEG and l a t e  l e a r n i n g  

EEG; and t h e  t h i r d  s c o r e  r e p r e s e n t s  t h e  t o t a l  d e v i a t i o n  

b e tw een  h a n d l i n g  EEG and e a r l y  l e a r n i n g  EEG. The s c o r e s  

w ere t h e n  ra n k e d  i n  o r d e r  o f  m agn itude  and a  F riedm an  

two way a n a l y s i s  o f  v a r i a n c e  ( S i e g e l ,  1956) was u se d  t o  

t e s t  t h e  n u l l  h y p o t h e s i s  t h a t  each  column o f  d e v i a t i o n  

s c o r e s  came from t h e  same p o p u l a t i o n  o f  v a l u e s .  T ab le  

6 d i s p l a y s  t h e  d e v i a t i o n  s c o r e s  f o r  EEG f r e q u e n c i e s  from 

4 t o  9 H z . r e c o r d e d  b e tw een  a n t e r i o r  and p o s t e r i o r  

e l e c t r o d e s  on one s i d e  o f  t h e  b r a i n ;  T a b le  7 d i s p l a y s  

t h e  same i n f o r m a t i o n  f o r  EEG r e c o r d e d  be tw een  th e  two 

a n t e r i o r  e l e c t r o d e s .
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TABLE 6 

DEVIATION SCORES 

ANTERIOR TO POSTERIOR ELECTRODES 

4 t o  9 Hz.

EARLY-LATE LATE-HANDLING HANDLING-EARLY

1425 2957 2295
165 127 205
609 432 224
166 133 144
205 255 346
434 208 315

84 143 109
244 284 80
180 171 182
166 195 168
929 297 1129
301 220 493

89 105 98
161 98 149

CT\
VJ1
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EAR]

334
104
184
210
301
140
269
214
179
113
490
221
180
159

TABLE 7 

EEG DEVIATION SCORES 

ANTERIOR TO ANTERIOR ELECTRODES 

4 t o  9 Hz.

LATE-HANDLING HANDLING-EARLY

173 340
110 63
314 253
210 81
315 87
123 154
390 164
288 222
259 212
177 178
404 762
291 202
183 130
204 182
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The columns o f  d e v i a t i o n  s c o r e s  do n o t  d i f f e r  

s i g n i f i c a n t l y  f o r  EEG r e c o r d e d  b e tw een  a n t e r i o r  and p o s t ­

e r i o r  e l e c t r o d e s  (X2r  = 1 ;  d f  = 2; p > . 5 0 )  o r  f o r  EEG 

r e c o r d e d  b e tw ee n  t h e  two a n t e r i o r  e l e c t r o d e s  (X2r  = 4; 

d f  = 2; p > . 1 0 )  i n  t h e  f r e q u e n c y  band 4 t o  9 Hz. Thus 

t h e r e  was no r e l i a b l e  d i f f e r e n c e  i n  th e  p a t t e r n  o f  t h e t a  

f r e q u e n c i e s  f o r  EEG o b t a i n e d  d u r in g  t r a i n i n g  and h a n d l i n g .

The second  h y p o t h e s i s  t o  be t e s t e d  w i th  t h e  p r e -  

ECS EEG d a ta  c o n c e rn s  t h e  n o t i o n  o f  memory r e i n s t a t e m e n t .

An im p o r ta n t  a s s u m p t io n  f o r  a c u e -d e p e n d e n t  am nesia  i s  

t h a t  a t  t h e  t im e  o f  ECS t h e  a n im a l  i s  somehow c o g n iz a n t  

o f  t h e  t a s k  f o r  w hich  i t  w i l l  be made a m n e s ic .  T hus, 

su ch  an am nesia  does n o t  depend on th e  d i s r u p t i o n  o f  a 

memory c o n s o l i d a t i o n  p r o c e s s .  I f  i t  c o u ld  be shown t h a t  

a n i m a l s ' EEG p a t t e r n s  im m e d ia te ly  b e f o r e  ECS and s e v e n  

days a f t e r  l e a r n i n g  u n iq u e ly  d e s c r i b e d  t h e  EEG p a t t e r n s  

shown d u r in g  l a t e  l e a r n i n g  i n  t h e  K-maze t h e n  th e  assum p­

t i o n  u n d e r l y i n g  a  c u e -d e p e n d e n t  am n esia  m ig h t g a in  s u p p o r t .  

A p p a re n t ly  h o w ev er ,  t h e  v a r i a b i l i t y  i n  EEG p a t t e r n s  i s  

such  t h a t  a  K-maze l a t e  l e a r n i n g  EEG p a t t e r n  i s  n o t  

r e l i a b l y  d i f f e r e n t  from one t a k e n  d u r in g  th e  h a n d l in g  

p e r i o d ,  a  t im e  when t h e  a n im a l  i s  n o t  a s s o c i a t e d  w i th  th e  

maze. F o r  t h i s  r e a s o n  i t  i s  n e c e s s a r y  t o  t e s t  t h e  r e ­

i n s t a t e m e n t  n o t i o n  i n  a  r e l a t i v e  m anner. Thus a  d e v i a t i o n  

s c o r e  was computed b e tw ee n  t h e  r e i n s t a t e m e n t  EEG and t h e
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l a t e  l e a r n i n g  EEG f o r  SB-ECS and NB-ECS a n im a ls  (T a b le s  

8 and 9 ) .  A Mann W hitney  U t e s t  was u sed  t o  d e te rm in e  I f  

t h e  d e v i a t i o n  s c o r e s  o f  t h e  SB-ECS a n im a ls  were l e s s  t h a n  

t h e  d e v i a t i o n  s c o r e s  o f  t h e  NB-ECS a n im a l s .  A lthough  

s t r i c t l y  s p e a k in g  t h e  Mann W hitney  U t e s t  f a i l e d  t o  

r e a c h  t h e  g e n e r a l l y  a c c e p te d  c r i t e r i o n  (p = . 0 5 ) o f  

s i g n i f i c a n c e  (N1 = 8 ; N2 = 8; U = 17; P = .065 )*  i t  i s  

c l e a r  from  t h e  r e s u l t s  o f  th e  t e s t  t h a t  t h e r e  i s  some 

e f f e c t  i n  t h e  d a t a .  B ecause  t h i s  c o m p ariso n  has  im p o r ta n c e  

f o r  a  t h e o r y  o f  how ECS works i n  a n im a l  memory e x p e r i m e n t s , 

t h e  h y p o t h e s i s  s h o u ld  n o t  be r e j e c t e d  s im p ly  b e c a u se  th e  

t e s t  l a c k s  s t a t i s t i c a l  pow er. I t  was d e c id e d  t o  s e e  I f  i t  

was a t  a l l  p o s s i b l e  t o  r e a c h  t h e  P = .05  l e v e l .  S i e g a l  

(1956) h a s  s u g g e s t e d  t h a t  t h e  r a n d o m iz a t io n  t e s t  may be 

more p o w e r fu l  t h a n  t h e  U t e s t  I n  i t s  a b i l i t y  t o  r e j e c t  

t h e  n u l l  h y p o t h e s i s .  Thus t h e  d a t a  w ere  t e s t e d  a g a in  w i th  

t h e  r a n d o m iz a t io n  t e s t .  T h is  co m p a r iso n  showed t h a t  th e  

two g ro u p s  o f  d e v i a t i o n  s c o r e s  do d i f f e r  i n  th e  d i r e c t i o n  

p r e d i c t e d  f o r  EEG i n  t h e  band ^ th r o u g h  9 Hz. r e c o rd e d  

b e tw een  t h e  a n t e r i o r  and p o s t e r i o r  e l e c t r o d e s  ( d f  = 14; 

t  = 2 .1 6 ;  .025  >  p ^  . 0 1 ) ,  b u t  n o t  f o r  EEG r e c o r d e d  

b e tw een  th e  two a n t e r i o r  e l e c t r o d e s  ( d f  = 14; t  = O .7 8 ; p 

^►.10). T h e r e fo r e  t h e  EEG p a t t e r n  a t  t h e  t im e  o f  r e i n ­

s t a t e m e n t  i s  s t a t i s t i c a l l y  s i m i l a r  t o  t h e  EEG p a t t e r n  

shown d u r in g  l a t e  l e a r n i n g  i n  th e  K-maze f o r  SB-ECS



www.manaraa.com

TABLE 8 

EEG DEVIATION SCORES 

REINSTATEMENT EEG -  LATE LEARNING EEG 

ANTERIOR TO POSTERIOR ELECTRODES 

4 t o  9 Hz.

EXPERIMENT I I I

SB-ECS   NB-ECS

83 50

1040 1465

367 1601

476 420

158 680

953 2228

710 1003

511 2312
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TABLE 9 

EEG DEVIATION SCORES 

REINSTATEMENT EEG -  LATE LEARNING EEG 

ANTERIOR TO ANTERIOR ELECTRODES 

4 t o  9 Hz.

EXPERIMENT I I I

SB-ECS NB-ECS

1212 284

328 3901

367 1922

828 180

928 443

715 422

476 603

1022 857
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a n im a l s , b u t  n o t  f o r  NB-ECS a n im a l s .
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CHAPTER VII 

DISCUSSION

ECS S e izu re  P a t te rn

In  a manner s im i la r  to  o th e r  au thors  (Z o rne te r  

and McGaugh, 1970), th e  p re se n t  d a ta  appear to  support 

th e  n o tio n  t h a t  ECS i n t e n s i t y  can modify th e  appearance 

o f  th e  PAD p e r io d .  Z o rne te r  and McGaugh have shown th a t  

below some ECS i n t e n s i t y  SAD w i l l  not appear, but above the  

apparen t th re s h o ld  SAD i s  r e l i a b l e .  Although th e  ECS 

i n t e n s i t i e s  i n  th e  p re s e n t  d a ta  a re  g e n e ra l ly  l a r g e r  than  

t h e i r s ,  SAD m an ifes ted  no a p p re c ia b le  change ac ro ss  a 

range from 10 ma. t r a n s c o r t i c a l  ECS, to  10 ma. t r a n s -  

c o r t i c a l  ECS to  55 ma. t r a n s p in n a te  ECS. Of what re levance  

fo r  memory th e  var io u s  elem ents o f  th e  ECS se iz u re  p a t t e r n  

ho ld  i s  a q u e s t io n  of some disagreem ent in  th e  l i t e r a t u r e .  

In  th e  p re se n t  d a ta  none o f  th e  param eters  o f  th e  ECS 

s e iz u re  p a t t e r n  (Table 5) se p a ra te d  th e  amnesic from 

nonamnesic animals i n  Experiment I I I .  In  f a c t  ac ro ss  a 

wide range o f  ECS i n t e n s i t y  th e  o v e r a l l  d u ra t io n  o f  th e  

ECS s e iz u re  appears e q u iv a le n t .  Thus th e  conc lus ion  i s  

in e sc a p a b le .  The PAD, SAD and i s o e l e c t r i c  p e r io d  a re  

probably  concerned w ith  th e  b r a i n ’s response to  the  ECS; 

i n  any case they  hold no obvious r e l a t i o n s h i p  to  the  

d i f f e r e n t i a t i o n  o f  amnesic and nonamnesic animals in  the 

cue dependent amnesia paradigm.

72
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As i t  was p o i n t e d  o u t  i n  C h a p te r  I I ,  most o f  

t h e  p a p e r s  r e p o r t i n g  c o r r e l a t i o n  o f  memory w i th  some 

a s p e c t  o f  t h e  ECS s e i z u r e  p a t t e r n  u se  t h e  p a s s i v e  a v o id ­

a n ce  t a s k .  Amnesia i n  t h i s  t a s k  i s  i n f e r r e d  from  a  com­

p a r i s o n  o f  a n im a ls  t h a t  have r e c e i v e d  PS w i th  a n im a ls  t h a t  

have  r e c i v e d  FS and ECS. C horover and DeLuca ( 1 9 6 9 ) have 

shown t h a t  PS c a u s e s  im m ed ia te  c o r t i c a l  EEG e f f e c t s  w hich 

c o n t in u e  a f t e r  t h e  PS. An ECS a l s o  o b v io u s ly  m a n ip u la te s  

c o r t i c a l  EEG. P e rh a p s  t h e s e  s t i m u l i  o r  an I n t e r a c t i o n  

be tw een  them a c c o u n t  f o r  t h e  r e p o r t e d  c o r r e l a t i o n s  be tw een  

ECS s e i z u r e  p a t t e r n  and memory. I f  t h i s  were t r u e  t h e n  i n  

an a p p e t i t i v e  t a s k  l i k e  t h e  K-maze one would n o t  e x p e c t  

t h e  ECS s e i z u r e  p a t t e r n  t o  show d i f f e r e n t i a l  e f f e c t s  i n  

am nesic  and nonam nesic  a n i m a l s .

Although th e  ECS s e iz u re  p a t t e r n  f a i l e d  to  

d i f f e r e n t i a t e  amnesic from nonamnesic an im als ,  the  

d i f f e r e n c e  in  th e  s e iz u re  p a t t e r n  observed in  Experiment 

I  and Experiment I I  from th a t  observed in  Experiment I I I  

su g g es ts  t h a t  th e  s e iz u re  p a t t e r n  may have some re le v an ce  

fo r  th e  p ro d u c tio n  o f  cue dependent amnesia in  th e  K-maze, 

a l though  th e  d a ta  a re  not s p e c i f i c a l l y  c l e a r  in  t h i s  r e ­

gard . In  a l l  th e  experim ents one purpose o f  hand ling  

du ring  th e  seven day r e t e n t io n  p e r io d  was to  e x t in g u is h  

any hand ling  cues which might have become a s s o c ia te d  w ith  

th e  K-maze due to  th e  leng thy  t r a i n i n g  p e r io d .  Since i t
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was a lw ay s n e c e s s a r y  t o  p i c k  up t h e  a n im a l  d u r in g  each  

t r i a l  o f  p r e t r a i n i n g  and a c q u i s i o n ,  t h e  p a i r i n g  o f  su ch  

h a n d l i n g  and th e  maze m igh t c au se  any h a n d l i n g  t o  evoke 

memory o f  t h e  m aze. Thus d u r in g  th e  r e t e n t i o n  p e r i o d  th e  

a n im a ls  were h a n d le d  and n o t  p u t  i n  t h e  m aze. F o l lo w in g  

t h e  p ro c e d u re  o f  L ew is , Bregman and Mahan (1972) and 

Bregman (1 9 7 2 ) ,  t h e  a n im a ls  i n  E x p e r im e n ts  I  and  I I  were 

a l l  h a n d le d  i n  t h e  same room w i th  t h e  K-m aze. I n  E x p e r i ­

ment I  t h e  ECS i n t e n s i t y  was 20 ma. t r a n s c o r t i c a l ;  i n  

E x p er im e n t  I I  t h e  ECS i n t e n s i t y  was 10 ma. t r a n s c o r t i c a l . 

I n  n e i t h e r  o f  t h e  e x p e r im e n ts  was cue d e p en d e n t  a m n es ia  

o b se rv e d  (T a b le  4 ) .  The ECS s e i z u r e  p a t t e r n s  from  

E x p e r im e n ts  I  and I I  a p p e a r  q u i t e  s i m i l i a r ;  a  r e p r e s e n t a ­

t i v e  PAD p e r i o d  from two SB-ECS a n im a ls  I n  E x p e r im e n t  I I  

i s  p r e s e n t e d  i n  F ig u re  2 (EEG r e c o r d i n g s  A and B ) .

I n  E x p erim en t I I I ,  c o n d i t i o n s  f o r  t h e  p ro d u c ­

t i o n  o f  cue d e p en d e n t  am n esia  were m ax im ized . The a n im a ls  

w ere  h a n d le d  i n  a room a d j o i n i n g  t h e  K-maze room d u r in g  

t h e  r e t e n t i o n  I n t e r v a l  and t h e  55 ma. t r a n s p i n n a t e  ECS o f  

Lewis e t  a l .  (1 9 7 2 ) ,  Lewis and Bregman (1973) and Bregman 

(1972) was u se d .  The s e i z u r e  p a t t e r n  p ro d u ce d  by t h i s  ECS 

a p p e a r s  m arked ly  d i f f e r e n t  from  t h e  p a t t e r n s  p ro d u ce d  by 

t h e  t r a n s c o r t i c a l  ECS. The o b v io u s  d i f f e r e n c e  i s  i n  th e  

a p p e a re n c e  o f  t h e  PAD p e r i o d  im m e d ia te ly  f o l lo w in g  t h e  

ECS. A r e p r e s e n t a t i v e  PAD p e r i o d  from  two SB-ECS a n im a ls
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i n  E x p e r im e n t  I I I  i s  p r e s e n t e d  i n  F ig u r e  2 (EEG r e c o r d i n g s  

C and  D ). Only i n  E x p e r im e n t  I I I  was c u e -d e p e n d e n t  

am nesia  o b s e rv e d .  T h is  f a c t  c o u ld  be  due t o  t h e  h a n d l i n g  

d u r i n g  t h e  s e v e n  day r e t e n t i o n  p e r i o d ,  o r  i t  c o u ld  be due 

t o  t h e  t r a n s p i n n a t e  ECS.

I n  v iew  o f  t h e  f a c t  t h a t  Bregman (197 2 )  and 

Lewis and  Bregman (1973) o b t a i n e d  cue d e p e n d e n t  a m n es ia  

when h a n d l i n g  to o k  p l a c e  i n  t h e  same room as  t h e  K-maze, 

t h e  ECS i n t e n s i t y  i s  more l i k e l y  I m p l i c a t e d .  Z o r n e t z e r  

and McGaugh (1970) h av e  s u g g e s t e d  t h a t  t h e  t o t a l  c u r r e n t  

d e l i v e r e d  t o  t h e  b r a i n  may be  t h e  c r i t i c a l  v a r i a b l e  

i n  ECS memory d i s r u p t i o n .  I n  t h e i r  p a p e r  a  3 .0  ma. 

t r a n s c o r t i c a l  ECS p ro d u ce d  memory d i s r u p t i o n  a s  e f f e c t i v e ­

ly  a s  a  40 ma. e x t e r n a l l y  a p p l i e d  ECS. Thus t h e  10 ma. 

and 20 ma. t r a n s c o r t i c a l  ECS i n  E x p e r im e n ts  I  and  I I  may 

w e l l  h av e  b e e n  much more i n t e n s e  t h a n  t h e  55 ma. t r a n s ­

p i n n a t e  ECS o f  E x p e r im e n t  I I I .  I f  ECS I n t e n s i t y  i s  a  

c r i t i c a l  v a r i a b l e  a s  Z o r n e t z e r  and  McGaugh (1970) s u g g e s t ,  

t h e n  t o  p ro d u c e  a  memory d i s r u p t i o n  t h e  ECS m ust be 

s u f f i c i e n t l y  s t r o n g .  However t h e  p r e s e n t  d a t a  s u g g e s t s  

t h a t  w i t h  i n t e n s i t i e s  above t h e  c u r r e n t  r a n g e s  t h e y  

d i s c u s s ,  cue  d e p e n d e n t  a m n es ia  may n o t  be p ro d u c e d  when t h e  

i n t e n s i t y  i s  t o o  g r e a t .  N e v e r t h e l e s s ,  an i n s p e c t i o n  o f  

T a b le  4 show s, an  a m n e s ia  may w e l l  be p ro d u c e d ,  s i n c e  

d u r in g  r e l e a r n i n g  t h e  SB-ECS a n im a ls  w i l l  make s e v e r a l
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e r r o r s  and SB-NECS a n im a ls  w i l l  make o n ly  a  few e r r o r s . A 

c o n c lu s io n  s u g g e s te d  by t h i s  d a t a  i s  t h a t  v e ry  h ig h  i n ­

t e n s i t y  ECS t r e a t m e n t s  may t e m p o r a r ly  im p a i r  t h e  a n im a l ’s 

a b i l i t y  t o  p e r fo rm  t h e  K-maze t a s k .  I f  t h i s  c o n c lu s io n  i s  

t r u e  t h e n  l a c k  o f  a  PAD p e r i o d  i n  th e  ECS s e i z u r e  may be 

c o r r e l a t e d  w i th  t h e  p o s t u l a t e d  im p a i rm e n t .

Post-ECS EEG

The p r e s e n t  e x p e r im e n t  h a s  d e m o n s t r a te d  a  

r e l a t i o n s h i p  b e tw een  t h e t a  r e c o r d e d  i n  th e  30 m in u te  p o s t -  

ECS p e r i o d  from  e l e c t r o d e s  on th e  c o r t e x  and a m n e s ia  i n  

t h e  a p p e t i t i v e  K-maze. L a n d f i e l d  e t  a l . ,  ( 1 9 7 2 ) ,  u s in g  a 

o n e - t r i a l  PA t a s k ,  l i n k e d  post-EC S c o r t i c a l  t h e t a  w i th  

c o n s o l i d a t i o n  p r o c e s s e s .  S in c e  t h e  p ro c e d u r e s  which p r o ­

duce  am nesia  i n  th e  K-maze remove th e  a n im a l  from  th e  t im e  

o f  a c q u i s i t i o n  o f  t h e  t a s k  f o r  a  p e r i o d  o f  s e v e n  days 

f o l lo w in g  l e a r n i n g ,  t h e n  c o n s o l i d a t i o n  p r o c e s s e s  a r e  assum' 

ed t o  be lo n g  c o m p le te d  a t  t h e  t im e  o f  ECS. Thus post-EC S 

c o r t i c a l  t h e t a  a p p e a r s  t o  have  i m p l i c a t i o n s  f o r  p r o c e s s e s  

beyond t h o s e  o f  c o n s o l i d a t i o n .  E v id en ce  t h a t  th e  c o r t i c a l  

t h e t a  i s  r e l a t e d  t o  memory p r o c e s s e s  comes from  th e  f i n d ­

in g  t h a t  t h e t a  w i l l  d i f f e r e n t i a t e  am nesic  from n o n -am n e s ic  

a n im a ls  when b o th  g ro u p s  have  had  an ECS t r e a t m e n t .  Thus 

post-E C S  c o r t i c a l  t h e t a  a p p e a rs  t o  be r e l a t e d  t o  an im a l  

memory n o t  o n ly  i n  t h e  c o n s o l i d a t i o n  p a ra d ig m , b u t  i n  

t h e  r e t r i e v a l  p a ra d ig m  as  w e l l .
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M oreover i n  b o th  p a ra d ig m s  th e  r e l a t i o n s h i p  

be tw een  c o r t i c a l  t h e t a  and l a t e r  b e h a v i o r a l  t e s t i n g  i s  

s i m i l a r .  I n  t h e  L a n d f i e l d  e t  a l . ,  (1972) p a p e r  a n im a ls  

t h a t  had  o n ly  PS showed h ig h  amounts o f  c o r t i c a l  t h e t a .

I n  a d d i t i o n  r e c o v e r y  o f  memory i n  PS-ECS a n im a ls  was 

r e l a t e d  t o  r e c o v e r y  o f  c o r t i c a l  t h e t a .  I n  t h e  p r e s e n t  

p a p e r  SB-NECS a n im a ls  c o n s i s t a n t i y  showed th e  h i g h e s t  

amount o f  t h e t a .  I n  c o n t r a s t  b o th  SB-ECS and NB-ECS 

a n im a ls  b egan  t h e  30 m in u te  post-E C S  p e r io d  w i th  a 

s i m i l a r l y  low amount o f  t h e t a ;  t h e  NB-ECS a n im a ls  t h e n  

showed r e c o v e r y  o f  c o r t i c a l  t h e t a  w h i le  th e  SB-ECS a n im a ls  

d id  n o t . T w e n ty - fo u r  h o u rs  l a t e r  t h e  SB-ECS a n im a ls  were 

am nesic  I n  t h e  K-maze w h i le  t h e  NB-ECS a n im a ls  were n o t .

O f te n  th e  n o t i o n  o f  r e t r i e v a l  p r o c e s s e s  i n  

memory i s  c o n t r a s t e d  a g a i n s t  th e  c o n s o l i d a t i o n  th e o r y  

o f  memory. The r e t r i e v a l  i n t e r p r e t a t i o n  p o i n t s  o u t  t h a t  

many o t h e r  v a r i a b l e s  may a c c o u n t  f o r  an  a m n e s ia ,  r a t h e r  

t h a n  j u s t  a  f a i l u r e  o f  t h e  memory t o  f i x a t e  o r  c o n s o l i ­

d a te  i n t o  p e rm an en t s t o r a g e .  A cue d e p en d e n t  a m n e s ia ,  i n  

p a r t i c u l a r ,  i s  d i f f i c u l t  t o  a c c o u n t  f o r  i n  c o n s o l i d a t i o n  

t e r m s .  T h is  f a c t  i s  n o t  p r o o f  a g a i n s t  th e  e x i s t e n c e  o f  

c o n s o l i d a t i o n  p r o c e s s e s ,  how ever;  i t  m ere ly  p o i n t s  out 

a d e f i c i e n c y  o f  c o n s o l i d a t i o n  t h e o r y .  I n  s p i t e  o f  t h e  

f a c t  t h a t  PA b e h a v i o r  and a p p e t i t i v e  maze b e h a v io r  a re  

r a d i c a l l y  d i f f e r e n t ,  post-E C S  c o r t i c a l  t h e t a  i s  r e l a t e d
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t o  l a t e r  r e t e n t i o n  i n  b o th  t a s k s .  P e rh ap s  t h e r e  does 

e x i s t  some common r e l a t i o n s h i p  b e tw een  t h e  PA t a s k  which 

p u r p o r t s  t o  d e m o n s t r a te  c o n s o l i d a t i o n  and th e  a p p e t i t i v e  

maze i n  w hich cue d ep en d en t  am nesia  i s  fo u n d .

Cue d e p en d e n t  am nesia  h a s  i n  f a c t  b e e n  demon­

s t r a t e d  i n  PA, a l th o u g h  th e  exam ples a r e  few . The e x p e r i ­

ment by S c h n e id e r  and Sherman (1968) may be th e  o n ly  e x ­

ample o f  a  cue d e p en d e n t  am n esia  i n  th e  s tepdow n t a s k .  

M isa n in  e t  a l . ,  (1968) and D e V ie t t i  and H o l l id a y  (1972) 

h av e  shown cue d e p en d e n t  am nesia  i n  th e  d r i n k  s u p p r e s s io n  

t a s k .

A c h a r a c t e r i s t i c  o f  PA i s  t h a t  a c q u i s i t i o n  t a k e s  

p l a c e  r a p i d l y ,  t y p i c a l l y  i n  one t r i a l .  I n  c o n t r a s t  

a c q u i s i t i o n  i n  t h e  a p p e t i t i v e  K-maze t a k e s  p l a c e  o v e r  

s e v e r a l  t r i a l s .  B ecause  t h e  K-maze t a s k  and t h e  PA t a s k  

d i f f e r  i n  t h e  l e n g th  o f  a c q u i s i t i o n ,  th e  K-maze i s  assumed 

t o  r e p r e s e n t  a t a s k  o f  i n c r e a s e d  c o m p le x i ty  f o r  t h e  a n im a l  

(L ew is ,  Bregman and Mahan, 1972; Lewis and Bregman, 1 9 7 3 ) .  

I f  t h i s  a s s e r t i o n  i s  t r u e ,  t h e n  i t  i s  r e a s o n a b l e  t h a t  

a  cue d e p en d e n t  am nesia  m igh t be more o f t e n  found i n  

a  complex t a s k  t h a n  i n  an e a s y  o n e .  Thus a co n tinuum  

o f  c o m p le x i ty  c o u ld  r e p r e s e n t  a  common r e l a t i o n s h i p  b e tw een  

memory p r o c e s s  i n  PA and memory p r o c e s s e s  i n  th e  a p p e t i t i v e  

maze t a s k .  Such a con tinuu m  w ould  a c c o u n t  f o r  th e  s c a r c i t y  

o f  exam ples o f  cue d e p en d e n t  a m n es ia  i n  PA. However i f  PA
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am nesia  and cue d e p en d e n t  am nesia  a r e  b a s i c a l l y  r e l a t e d  

t h e n  i t  must be an a c t i v e  memory which i s  i n h i b i t e d  i n  

t h e  PA t a s k .  I n  t h i s  m anner one c o u ld  a c c o u n t  f o r  th e  f a c t  

t h a t  post-EC S c o r t i c a l  t h e t a  i s  r e l a t e d  t o  l a t e r  b e h a v io r  

i n  b o th  PA and K-maze t a s k s .

Pre-ECS EEG

The amount o f  t h e t a  i n  th e  EEG o f  t h e  t h i r t y  

m in u te  p e r i o d  f o l lo w in g  ECS was shown t o  d i f f e r e n t i a t e  

am nesic  from  n o n -a m n e s ia  a n im a ls  i n  th e  K-maze t a s k .  T h is  

d a t a  g iv e s  e l e c t r o p h y s i o l o g i c a l  s u p p o r t  t o  t h e  n o t i o n  o f  

cue d e p e n d e n t  a m n e s ia ,  and i t  shows t h a t  s im p le  f r e q u e n c y  

in f o r m a t i o n  i n  t h e  post-E C S c o r t i c a l  EEG a c t i v i t y  does have  

r e l e v a n c e  f o r  t h e  l a t e r  b e h a v i o r  o f  t h e  a n im a l .  But EEG 

p a t t e r n s  a s  p r e s e n t e d  i n  t h e  p r e s e n t  e x p e r im e n t  do n o t  

a p p e a r  t o  have  s u f f i c i e n t  r e s o l u t i o n  t o  d e f i n e  th e  a n i m a l s ' 

g r o s s  b e h a v io r  d u r in g  p e r i o d s  o f  l e a r n i n g  o r  h a n d l i n g .  

M oreover th e  p a t t e r n i n g  o f  f r e q u e n c i e s  w i t h i n  th e  t h e t a  

band a l s o  do n o t  seem p r e c i s e  enough t o  d i f f e r e n t i a t e  g r o s s  

b e h a v io r  d u r in g  l e a r n i n g  o r  h a n d l i n g .  Thus th e  c o n c lu s io n  

t o  be  re a c h e d  i s  t h a t  c o r t i c a l  t h e t a  a c t i v i t y  (4 -9  H z .)  

was ro u g h ly  t h e  same among a l l  p h a se s  o f  l e a r n i n g  and 

h a n d l i n g .  T h is  f a c t  may be r e l a t e d  t o  th e  symmetry o f  th e  

K-maze t a s k .  U n l ik e  a  PA t a s k  where d i f f e r e n t  g roups o f  

a n im a ls  t y p i c a l l y  p e r fo rm  r a d i c a l l y  d i f f e r e n t  k in d s  o f  

b e h a v i o r ,  t h e  K-maze t a s k  em ploys s i m i l a r  b e h a v io r s
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th ro u g h o u t  t r a i n i n g  and t e s t i n g .  Even d u r in g  h a n d l i n g  th e  

a n im a ls  a r e  p e r m i t t e d  t o  move a b o u t  and  e x p l o r e .  Thus t h e  

p o s s i b i l i t y  o f  f i n d i n g  g roup  EEG d i f f e r e n c e s  w hich may be 

i n h e r e n t  i n  t h e  d i f f e r e n t i a l  b e h a v io r  o f  d i f f e r e n t  g ro u p s  

o f  a n im a ls  i s  m in im iz e d .

However, w h e th e r  EEG p a t t e r n s  y i e l d  m e a n in g fu l  

i n f o r m a t i o n  depends t o  a  g r e a t  e x t e n t  n o t  o n ly  on w hat 

q u e s t i o n s  a r e  a s k e d ,  b u t  a l s o  on how th o s e  q u e s t i o n s  a r e  

a s k e d .  A lthough  th e  g r o s s  EEG p a t t e r n s  d id  n o t  r e l i a b l y  

d i f f e r e n t i t i a t e  b e h a v io r  d u r i n g  l e a r n i n g  and h a n d l i n g ,  i t  

was p o s s i b l e  t o  show t h a t  d u r in g  SB r e i n s t a t e m e n t  th e  

a n i m a l ' s  EEG p a t t e r n  I n  th e  Band, 4 -  9 H z . ,  does a p p r o x i ­

m ate  t h e  p a t t e r n  o f  l a t e  l e a r n i n g  w i t h i n  t h a t  f r e q u e n c y  

b a n d .  T h e r e f o r e ,  i t  a p p e a r s  t r u e  t h a t  i n  th e  K-maze cue 

d e p en d e n t  am nesia  p a ra d ig m  th e  a d m i n i s t r a t i o n  o f  ECS o c c u r s  

i n  c o n t i g u i t y  w i th  EEG a c t i v i t y  t h a t  i s  more s i m i l j  a r  t o  

t h e  EEG a c t i v i t y  o f  th e  l a t e r  p e r i o d s  o f  l e a r n i n g  f o r  

am nesic  (SB) a m in a l s ,  b u t  n o t  f o r  n o n -am n es ic  (NB) a n im a l s .  

The d i f f e r e n c e  i n  th e  b r a i n  e l e c t r i c a l  a c t i v i t y  o f  am nesic  

and n o n -am n e s ic  a n im a ls  a f t e r  ECS a l s o  seems t o  s u p p o r t  

t h e  n o t i o n  o f  an i n h i b i t i o n  o f  t h a t  a c t i v i t y  i n  th e  p e r i o d  

a f t e r  ECS. The a c t i v i t y  i n  th e  t h e t a  b a n d ,  w hich  f o r  th e  

SB a n im a ls  i s  s i m i l a r  t o  t h e  t h e t a  a c t i v i t y  d u r in g  l a t e  

l e a r n i n g ,  I s  t h e  a c t i v i t y  w hich a p p e a r s  s u p p r e s s e d  i n  th e  

30 m in u te  post-E C S p e r i o d .  On t h e  o t h e r  hand NB a n im a l s ,
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whose pre-ECS EEG i s  no s i m i l i a r  t o  t h e  t h e t a  a c t i v i t y  o f  

l a t e  l e a r n i n g ,  s i g n i f i c a n t l y  i n c r e a s e  t h e  amount o f  t h e t a  

f r e q u e n c i e s  w i t h i n  30 m in u t e s .  Thus t h e  n o t i o n  t h a t  ECS 

i s  an  i n h i b i t o r  o f  a c t i v e  memory t r a c e s  (L e w is ,  1969) may 

g a i n  s u p p o r t  from  t h i s  d a t a .

G e n e ra l  Memory Model

L a n d f i e l d ,  McGaugh, and T usa  (19 72 )  s u g g e s te d  

t h a t  c o r t i c a l  t h e t a  m ig h t be  an  e l e c t r o p h y s i o l o g l c a l  

c o r r e l a t e  o f  a  memory s t o r a g e  p r o c e s s .  E a r l i e r  E l a z a r  and 

Adey (1967) h ad  s u g g e s t e d  t h a t  s h i f t s  i n  t h e  e l e c t r i c a l  

a c t i v i t y  o f  t h e  h ippocam pus w i t h i n  th e  t h e t a  ran g e  w ere 

c o r r e l a t e s  o f  memory c o n s o l i d a t i o n .  The p r e s e n t  e x p e r im e n t  

h a s  shown t h a t  t h e  amount o f  p o s t  ECS c o r t i c a l  t h e t a  f r e q ­

u e n c i e s  i s  c o r r e l a t e d  w i th  b e h a v i o r  i n  a  t a s k  where amne­

s i a  i s  a  r e t r i e v a l  d e f i c i t ,  n o t  a  c o n s o l i d a t i o n  f a i l u r e .  

M oreover t h e r e  a p p e a re d  no g r e a t  d i f f e r e n c e  i n  t h e  p a t t e r n  

o f  t h e t a  f o r  EEG t a k e n  i n  e a r l y  l e a r n i n g  o r  l a t e  l e a r n i n g  

o r ,  f o r  t h a t  m a t t e r ,  d u r in g  h a n d l i n g .  Thus a  r o l e  f o r  

c o r t i c a l  t h e t a  s p e c i f i c  t o  a  memory s t o r a g e  p r o c e s s  a s  

L a n d f i e l d  e t  a l . ,  (1 9 7 2 )  s u g g e s t  seems d o u b t f u l .  I f  su ch  

a  r o l e  w ere  assum ed one w ould  e x p e c t  a t  l e a s t  a  c o n s i s t e n t  

d i f f e r e n c e  i n  t h e  EEG o f  e a r l y  and l a t e r  l e a r n i n g .  I f  

t h e t a  f r e q u e n c i e s  h av e  a n y th i n g  t o  do w i th  memory p r o c e s s e s  

a t  a l l ,  i t  seems more r e a s o n a b l e  t o  a s s o c i a t e  them  w i th  

memory r e t r i e v a l ,  r a t h e r  t h a n  w i th  memory s t o r a g e .
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I n  a  manner s i m i l a r  t o  t h e  a c t i v e  memory n o t i o n  o f  

Lewis (1 9 6 9 ) ,  Jo h n  (1972) h a s  s u g g e s te d  t h a t  d u r in g  t h e  

r e t r i e v a l  o f  a  s p e c i f i c  memory, a  u n iq u e  p a t t e r n  o f  

e l e c t r i c a l  a c t i v i t y  i s  r e l e a s e d  th r o u g h o u t  t h e  b r a i n .  

A c co rd in g  t o  h i s  t h e o r y ,  t h i s  u n iq u e  p a t t e r n  r e f l e c t s  t h e  

a c t i v a t i o n  and r e l e a s e  o f  th e  s p e c i f i c  memory. I n  t h e  

c o n te x t  o f  t h e  p r e s e n t  e x p e r im e n t  t h e t a  a c t i v i t y  a p p e a rs  

t o  be  a s s o c i a t e d  w i th  t h e  r e t r i e v a l  o f  a  memory o f  th e  

K-m aze. An ECS a d m i n i s t e r e d  a t  t h e  t im e  o f  r e t r i e v a l  d id  

s u p p r e s s  t h o s e  f r e q u e n c i e s ,  and  l a t e r  p e r fo rm a n c e  o f  th e  

K-maze memory was im p a i r e d .

The d a t a  s u g g e s t  t h a t  ECS d id  n o t  d e s t r o y  t h e  

K-maze memory, s i n c e  t h e  am nesic  a n im a ls  r e l e a r n e d  t h e  

maze much f a s t e r  t h a n  th e y  o r i g i n a l l y  a c q u i r e d  i t . More 

e v id e n c e  on t h i s  p o i n t  comes from  an e x p e r im e n t  by 

Thompson and Grossman (197 2 )  I n  w hich an ECS-produced 

a m n e s ia  I n  a s e q u e n t i a l  maze was removed by t h e  a d m in is ­

t r a t i o n  o f  a  seco n d  ECS t r e a t m e n t .  Thus p e r fo rm a n c e  o f  a 

maze memory was r e t u r n e d ,  and one must c o n c lu d e  ( a s  i n  

t h e  l i t e r a t u r e  f o r  PA) t h a t  ECS does n o t  d e s t r o y  memory 

f o r  a  s e q u e n t i a l  maze t a s k .  I t  c o u ld  c o n c e iv a b ly  be  t h e  

c a s e  t h a t  ECS does  a c t  on a s t o r e d ,  c o n s o l i d a t e d  memory 

d i r e c t l y .  I f  t h i s  t h o u g h t  I s  t r u e ,  t h e n  th e  d e s t r u c t i o n  

o f  t h e  memory i s  o n ly  p a r t i a l .  T h is  would a c c o u n t  f o r  

t h e  s a v in g s  shown by am nesic  a n im a ls  d u r in g  r e l e a r n i n g .
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The e v id e n c e  a g a i n s t  t h i s  n o t i o n  i s  fo und  i n  th e  

PA l i t e r a t u r e .  I t  h a s  b e e n  shown t h e r e  t h a t  an ECS- 

p ro d u ced  a m n e s ia  can  b e  r e t u r n e d  by e x p o s in g  t h e  am nesic  

a n im a l  t o  a  p o r t i o n  o f  t h e  c u es  o f  o r i g i n a l  l e a r n i n g .

S in c e  r e l e a r n i n g  o f  t h e  t a s k  i s  t h o u g h t  n o t  t o  o c c u r  

d u r in g  t h e s e  r e m in d e r  t r e a t m e n t s  (L ew is and  N i c h o la s ,  

1 9 7 3 ) ,  t h e  i n t e r p r e t a t i o n  i s  made t h a t  ECS does n o t  a f f e c t  

t h e  co m p le te d  a c q u i s i t i o n .  Thus i t  seems r e a s o n a b l e  t o  

assume t h a t  t h e  c o n s o l i d a t e d  K-maze memory i s  a l s o  s e c u r e  

from  a  d i r e c t  a c t i o n  o f  ECS. I f  ECS a c t s  on memory p r o c ­

e s s e s ,  t h o s e  p r o c e s s e s  a r e  ones w h ich  o c c u r  lo n g  a f t e r  t h e  

o r i g i n a l  l e a r n i n g  i s  c o m p le te d .  Such p r o c e s s e s  c a n n o t  be  

co n c e rn e d  w i th  memory c o n s o l i d a t i o n .

I n  an e a r l i e r  c h a p t e r  i t  was s u g g e s te d  t h a t  th e  

am nesia  p ro d u ce d  by a  v a r i e t y  o f  am n esic  a g e n t s  m igh t 

have  a  u n i t a r y  mode o f  o p e r a t i o n .  I f  an  am n esic  a g e n t  

i s  g iv e n  t o  an a n im a l  s h o r t l y  a f t e r  l e a r n i n g  i t  may p r e ­

v e n t  a  p r o p e r  c o d in g  o f  t h e  memory th r o u g h  e i t h e r  d i s ­

t r a c t i o n  o r  by e f f e c t i v e l y  rem ov ing  t h e  a n im a l  from  th e  

s i t u a t i o n .  A cue d e p en d e n t  a m n es ia  seems d i f f i c u l t  t o  

i n c o r p o r a t e  i n t o  su ch  a  n o t i o n ,  h o w e v e r ,  s i n c e  i n  t h e  K- 

raaze t a s k  l e a r n i n g  i s  s e v e n  day s  a p a r t  from  ECS t r e a t m e n t .  

O b v io u s ly  ECS c a n n o t  p r e v e n t  t h e  p o s t - f i x a t i o n  c o d in g  

t h a t  a l s o  to o k  p l a c e  s e v e n  days b e f o r e .

I t  I s  t r u e ,  h o w ev er ,  t h a t  a  c l e a r  and r e v e a l i n g
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d e f i n i t i o n  o f  what memory a c t u a l l y  i s  h a s  rem ained  e l u s i v e .  

I n  g r o s s  and i n t u i t i v e  te rm s  memory i s  c o n ce rn e d  w i th  th e  

s t o r a g e  and r e t r i e v a l  o f  p a s t  l e a r n i n g .  C ontem porary 

i n t e r p r e t a t i o n s  o f  memory r e t r i e v a l  s t r e s s  th e  n o t io n  o f  

memory as  a  dynamic p r o c e s s . Memory can be f u r t h e r  

c o n c e iv e d  t o  be a  p r o c e s s  where a l r e a d y  s t o r e d  i n f o r m a t i o n  

i s  r e t r i e v e d ,  re w o rk e d , and  t h e n  s t o r e d  a g a i n .  Thus a 

p r o c e s s  o f  new c o m b in a t io n s  and a s s o c i a t i o n s  would be 

a v a i l a b l e  t o  t h e  i n h i b i t i n g  e f f e c t s  o f  ECS w henever a 

memory i s  a c t i v e .

T here  i s  some e v id e n c e  t o  s u p p o r t  th e  n o t io n  t h a t  

an a l r e a d y  s t o r e d  memory i s  m o d if ie d  a t  th e  t im e  o f  r e i n ­

s t a t e m e n t .  C am pbell and J a y n e s  (1966) showed t h a t  e x p o s­

in g  a n im a ls  t o  t h e  c o n d i t i o n s  o f  o r i g i n a l  t r a i n i n g  a t  

t im e s  th ro u g h o u t  a  r e t e n t i o n  i n t e r v a l  cau sed  th o s e  a n im a ls  

t o  show b e t t e r  r e t e n t i o n  o f  t h e  t a s k  t h a n  a n im a ls  t h a t  

were  n o t  r e e x p o s e d .  I t  i s  t h e i r  i n t e r p r e t a t i o n  t h a t  r e ­

i n s t a t e m e n t  t r e a t m e n t s  can  p ro d u ce  a  memory enhancem ent 

w h i l e ,  i n  t h e m s e lv e s ,  t h e  r e i n s t a t e m e n t  t r e a t m e n t s  do 

n o t  p e r m i t  l e a r n i n g  o f  t h e  t a s k .

Thus i t  seems p l a u s a b l e  t h a t  ECS can  be e x p e c t ­

ed t o  p ro d u c e  am nesia  f o r  a  memory w henever ECS fo l lo w s  

t h e  a c t i v a t i o n  o f  t h a t  memory, r e g a r d l e s s  o f  th e  te m p o ra l  

i n t e r v a l  be tw een  o r i g i n a l  l e a r n i n g  and ECS t r e a t m e n t .  I f  

su ch  an  i n t e r p r e t a t i o n  i s  t r u e  t h e n  I t  i s  p o s s i b l e  t h a t
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i t h e  m echanism  th ro u g h  w hich  ECS w orks i s  th e  same f o r  

ECS g iv e n  im m e d ia te ly  a f t e r  l e a r n i n g  o r  s e v e n  days a f t e r  

l e a r n i n g .  I n  b o th  c a s e s  ECS i n h i b i t s  t h e  dynamic a s p e c t s  

o f  an  a c t i v e  memory.
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