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ABSTRACT

VULNERABILITY OF SKELETAL AND AUTONOMIC MANIFESTATIONS OF 

A OER TO THE AMNESIC EFFECTS OF ECS, 

by Alan D. S p rin g e r 

A dviseri P ro fe s so r  Ralph R. M ille r

A s e r i e s  o f experim en ts was perform ed to  probe the  phenomenon o f  

sp a r in g  o f memory by e le c tro c o n v u ls lv e  shock (ECS) when am nesia I s  

a sse ssed  by autonomic In d ic e s , D i f f e r e n t ia l  v u ln e r a b i l i ty  o f  memory 

as indexed by s k e le ta l  and autonomic re sp o n ses  was determ ined  to  be 

a fu n c tio n  o f a h igh  th re sh o ld  to  d is ru p t io n  fo r  au tonom lca lly  

Indexed memories, Autoraomic re sp o n ses  spared  by ECS were found to  

r e f l e c t  u n d e rly in g  memory r a th e r  th an  a r t i f a c t  produced by n o n a sso c la tlv e  

f a c to r s  r e s u l t in g  from th e  I n te r a c t io n  o f CS, US and ECS. F urtherm ore , 

an a n a ly s is  o f th e  re tro g ra d e  am nesia g ra d ie n ts  seen w ith  s k e le t a l  and 

autonomic re sp o n ses  dem onstra ted  t h a t  memorial p ro cesses  a s s o c ia te d  

w ith  th e  form er response  c a teg o ry  re q u ire d  more tim e to  ach ieve  a s ta b le  

n o n d is ru p ta b le  form at from which In fo rm atio n  could  be r e t r i e v e d  than  

th e  l a t t e r .  Inasmuch as re tro g ra d e  amneala can be induced f o r  both  

s k e le t a l  and autonomic components o f  a  le a rn e d  re sp o n se , i t  I s  concluded 

th a t  the  memorial p ro ce sse s  u n d erly in g  th e se  d iv e rs e  response  components 

a re  s im ila r  In  n a tu re  w ith  r e s p e c t  to  t h e i r  in te r a c t io n  w ith  ECS. A 

model I s  proposed th a t  a ttem p ts  to  r e l a t e  th e  r a te  o f  a ch iev in g  memory 

s t a b i l i t y  to  com plexity  o f th e  c o n d itio n ed  re sp o n se .
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VULNERABILITY OF SKELETAL AND AUTONOMIC MANIFESTATIONS OF A CKR 

TO THE AMNESIC EFFECTS OF ECS 

Alan D, S p rin g e r 

C ity  U n iv e rs ity  o f  New York

Upon exam ining th e  e f f e c t s  o f  v a r io u s  d is ru p t iv e  a g en ts  on sen ary  

a s  indexed by autonomic or s k e l e t a l  re s p o n se s , a  g e n e ra l c o n s is te n c y  

in  r e s u l t s  a c ro ss  d i s r u p te r s  e a e rg e s .

N eu ro lep tic  d rugs a re  exem plary o f  d is ru p t iv e  ag en ts  which 

d i f f e r e n t i a l l y  a f f e c t  au tonon lc  and s k e le t a l  re sp o n se s . These drugs 

i n te r f e r e  w ith  r e t e n t io n  o f  p r io r  t r a in in g  I f  th ey  a re  a d m in is te red  

p r io r  to  th e  r e te n t io n  t e s t .  However, a f t e r  th e  e f f e c t  o f the drug 

on the  s u b je c t  has su b s id e d , Im pairm ent In  r e t r i e v a l  o f  In fo rm atio n  i s  

no lo n g er e v id e n t. In  a  study  u sin g  r a t s ,  h a lo p e r id o l ,  p e rp h en az in e , 

and c h lo ro p ro th lx e n e  d id  n o t s im ila r ly  a f f e c t  a  co n d itio n ed  hypertherm ia  

and an o p e ran t s k e le t a l  response  th a t  were a cq u ired  s im u ltan eo u sly  (D e lin l-  

S tu la ,  1971). These drugs were e f f e c t iv e  In  d is ru p t in g  o p e ran t 

s k e le t a l  b e h av io r , b u t had no e f f e c t  on co n d itio n ed  h y p e rth e rm ia .

R a ts  in je c te d  w ith  an o th e r n e u ro le p tic  d ru g , chlorprom am lne, p r io r  

to  t e s t i n g  f o r  memory o f  p a ss iv e  avoidance t r a in in g  d isp la y e d  poor 

r e te n t io n  fo r  the  a p p ro p r ia te  s k e l e t a l  response  (iw ahara , Iw asaJd , £ 

Haaegama, 1968). N e v e rth e le ss , m ic tu r i t io n ,  a common resp o n se  in  

foo tshock  (FS) m otivated  t a s k s ,  was ap p a ren t a f t e r  in je c t io n  o f  c h lo r -  

prom azlne,

S e v e ra l s tu d ie s  u sin g  amnesic a g e n ts  to  probe memorial p ro c e sse s  

in  an im als have a ls o  re p o r te d  th a t  autonom ic re sp o n se s  a re  n o t d is ru p te d  

by th e se  ag en ts  w hereas s k e l e t a l  re sp o n se s  a r e .  Among th e  f i r s t  in v e s ­

t ig a t o r s  to  sug g est th a t  e le c tro c o n v u ls lv e  shock (ECS) might n o t Induce
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am nesia fox autonom ic re sp o n se s  were Chorever and S c h i l l e r  (1966).

On th e  t e s t  t r i a l  o f  a  stu d y  u sin g  a o n e - t r i a l  p a ss iv e  avoidance 

t a s k ,  th e y  n o tic e d  th a t  an im als t h a t  were am nesic on th e  b a s is  o f  a 

s k e l e t a l  Index d e fe c a te d  and u r in a te d  a s  much a s  an im als th a t  re c e iv e d  

F5 w ith o u t ECS. D efeca tio n  In  r a t s  t r a in e d  u sin g  a o n e - t r i a l  p a ss iv e  

avoidance ta s k  has been more tho rough ly  In v e s tig a te d  by Yaginuma and 

Iw ahara (1971). Subsequent to  t r a in in g  and ECS d e l iv e r y ,  memory was 

a sse ssed  by a la te n c y  m easure, as w e ll a s ,  by coun ting  b o lu se s  on th e  

t e s t  t r i a l .  Latency m easures im plied  t h a t  th e  r a t s  were am nesic \ 

however, p ro fu se  d e fe c a tio n  argued th a t  autonomic re sp o n ses  were 

r e s i s t a n t  to  th e  amnesic consequences o f ECS,

Another autonom ic resp o n se  t h a t  has been examined i s  c o n d itio n ed  

b ra d y c a rd ia . Using a Fav lov lan  c o n d itio n in g  paradigm , Mendoza and Adams 

(1969) p re se n te d  r a t s  w ith  a s in g le  buzzer-FS p a ir in g  fo llow ed s ix  seconds 

l a t e r  by ECS o r no ECS. When te s te d  24 hours a f t e r  t r a in in g ,  an im als 

t h a t  had p re v io u s ly  re c e iv e d  ECS o r no ECS fo llo w in g  th e  CS-US p a ir in g  

dem onstra ted  e q u iv a le n t b rad y c a rd ia  to  th e  b u z z e r . Furtherm ore , 

th e  two groups d id  n o t d i f f e r  w ith  r e s p e c t  to  d e fe c a tio n . In  

a d d it io n ,  b rad y c a rd ia  and r e s p i r a t io n  changes were spared  by ECS In  a  

c l a s s i c a l  c o n d itio n in g  paradigm  usin g  ewes (N a lto h , 1971). C la s s ic a l ly  

co n d itio n ed  b rad y c a rd ia  In  g o ld f is h  a ls o  appears r e s i s t a n t  to  th e  

am nesic e f f e c t s  o f  purom ycln, an a n tim e ta b o li te  (Schoel & A granoff, 1972), 

V u ln e ra b i li ty  o f  a  b rad y ca rd lc  response  to  ECS has a ls o  been 

ex p lo red  In  a  s te p - th ro u g h , p a ss iv e  avoidance ta s k  (Hlne & F a o lin o , 1970). 

R a ts t e s te d  24 hours fo llo w in g  t r a in in g  w ith  F5 and ECS proved to  be 

behav io r a l l y  amnesic a s  th ey  r e a d i ly  walked In to  the  punishm ent com part­

m ent. However, when o th e r  t r a in e d  and oomvulsed an im als were r e s t r i c t e d
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to  th e  s t a r t  chamber fo r  pu rposes o f  re c o rd in g  EKG, th e y  d isp la y e d  a s  

auch b ra d y c a rd ia  a s  an im als t h a t  had rs c a lv e d  FS on ly  and wars s im i la r ly  

t e s te d .

I f  in  f a c t  memories indexed  by autonom ic re sp o n ses  a re  no t d is ru p te d  

by ECS, i t  would seam rea so n a b le  to  assume th a t  the  mechanisms and 

p ro c e sse s  govern ing  au to n o m ica lly  m an ifes t memories may d i f f e r  from 

th o se  u n d e rly in g  e k e le t a l ly  m an ifes t m emories. (M ille r  and S p rin g e r^ (1973) 

d e sc r ib e  s e v e ra l  s tu d ie s  In  which a  noncon tingen t FS was e f f e c t iv e  in  

r e v e r s in g  ECS-induced am nesia fo llo w in g  t r a in in g  and ECS, Given th a t  

th e se  d e f l o l t s  can be re v e r s e d , i t  i s  p la u s ib le  to  assume th a t  ECS 

p r im a r ily  im p a irs  r e t r i e v a l  r a th e r  than  c o n so lid a tio n  p r o c e s s e s . ) The 

f in d in g  th a t  autonomic resp o n ses  a re  r e s i s t a n t  to  d is ru p t io n  by ECS and 

o th e r  am nesic a g en ts  g e n e ra l iz e s  to  s e v e ra l  d i f f e r e n t  sp e c ie s  and ta s k s .  

N e v e r th e le s s , a t  l e a s t  two la b o r a to r ie s  have o b ta in ed  ECS-induced am nesia 

f o r  an autonom ic re sp o n se , co n d itio n ed  b ra d y c a rd ia .

In  one stu d y  r a t s  were exposed to  a  tone-FS p a ir in g  fo llow ed by 

ECS (Caul 4 B a r r e t t ,  1972), S u b seq u en tly , th e  an im als were p re se n te d  

w ith  th e  CS and h e a r t  r a t e  was re c o rd e d . In  a d d i t io n ,  tb s  CS warn p re se n te d  

w hile  th e  anim als were d r in k in g  and th e  tim e to  resume d r in k in g  was 

re c o rd e d , Both th e  autonom ic (b ra d y c a rd ia )  and s k e le t a l  ( c e s s a t io n  o f  

d r in k in g )  e x p re ss io n s  o f  memory were d is ru p te d  by ECS. D e v le t t l  and 

K a lllo ln e n  (1972) have a ls o  o b ta in ed  am nesia fo r  b ra d y c a rd ia  in  r a t s  

u s in g  FS fo llow ed by ECS.

I t  i s  Im portan t to  p o in t  o u t t h a t  d i f f e r e n t  s k e le t a l  in d ic e s  o f  

am nesia a ls o  le a d  to  d i f f e r e n t  c o n c lu s io n s  abou t r e te n t io n  o f  th e  le a rn in g  

e x p e rie n c e , Carew (1970) has observed am nesia fo llo w in g  ECS in  bo th  

p a ss iv e  avoidance step-down and s te p - th ro u g h  ta s k s .  Yet upon cI obst
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exam ination  o f  th e  s h o r t  la te n c y  step-dow n o r s te p - th ro u g h  re sp o n se s  th a t  

in d ic a te d  b a s ic  am nesia , Carew found th a t  s u b je c ts  were av o id in g  th e  

p a r t i c u l a r  lo c u s  o f  p rev io u s  FS d e liv e ry .

R e c e n tly , Adams and Calhoun (1972) punished d r in k in g  an im als w ith  

FS fo llow ed by ECS, In  a r e te n t io n  t e s t  168 hours a f t e r  t r a in in g ,  

l a te n c ie s  to  beg in  d r in k in g  d id  no t p rov ide  any ev idence f o r  spontaneous 

reco v ery  o f  memory. However, when t o t a l  number o f  l i c k s  made d u rin g  

th e  t e s t  s e ss io n  was re c o rd e d , an am nesic group te s te d  a t  168 hours 

a f t e r  t r a in in g  made s ig n i f ic a n t ly  few er l i c k s  a s  compared to  a  p r e t r a in in g  

s e s s io n  th an  d id  a  com parable group o f  r a t s  t e s te d  2k hours a f t e r  t r a in in g .  

Again, i t  ap p ea rs  th a t  d i f f e r e n t  m easures o f  s k e le t a l  re sp o n ses  fo llo w in g  

ECS a re  d is c re p a n t in  th a t  l a t e n c ie s  to  beg in  d r in k in g  d id  n o t p rov ide  

any h in t  o f  spontaneous reco v ery  o f  memory, w hile  exam ination  o f  th e  

change in  number o f  l i c k s  p e r  se ss io n  in d ic a te d  th e  r e tu r n  o f  memory.

The d is c re p a n c ie s  ap p aren t in  th e  com parison o f d i f f e r e n t  s k e le ta l  

in d ic e s  o f  memory a re  s im ila r  to  th e  d is c re p a n c ie s  observed between 

autonom ic and s k e le t a l  in d ic e s  o f  memory. I f  th e se  v a r io u s  response  

m easures a re  a c tu a l ly  m easuring a  u n i ta ry  memory i t  would be d i f f i c u l t  

to  re s o lv e  th e  d is c re p a n c ie s  observed  w ith  d i f f e r e n t  m easures. Hare 

p la u s ib ly ,  th e  memory o f  t r a in in g  e v e n ts  th a t  i s  r e t r i e v e d  a t  th e  tim e 

o f t e s t i n g  i s  com prised o f  d i s c r e te  components ( e . g . ,  s t im u lu s , re sp o n se , 

and a s s o c ia t iv e ) .  D if fe re n t  m easures o f  r e te n t io n  a re  p robab ly  tap p in g  

the degree to  which r e t r i e v a l  o f  th e  d is p a ra te  components o f  th e  memory 

has been d is ru p te d .  I f  so , r e p o r t s  o f  am nesia observed w ith  one measure 

and no t w ith  an o th e r a re  n o t n e c e s s a r i ly  c o n tra d ic to ry .

However, b e fo re  a m eaningful s ta te m e n t can be made concern ing  the  

e f f e c t s  o f  a  d is ru p t in g  s tim u lu s  on d i f f e r e n t  response  m easures, i t
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would M e* n e ce ssa ry  to  a .)  examine bo th  re sp o n ses  w ith in  th e  n o n  

ex p erim en t, b )  re c o rd  bo th  re sp o n ses  f ro *  th e  s u e  an im al, and c )  o b ta in  

b o th  resp o n se  m easures a t  th e  same tim e . Although th e se  m ethodo log ical 

p r e r e q u i s i te s  a re  b e s t  met In  th e  Carew (1970) and Adams and Calhoun (1972) 

s tu d ie s ,  th ey  a re  la c k in g  In  th e  type  o f  s k e le t a l  v e rsu s  autonom ic r e s ­

ponse com parisons c i t e d  above, Mendosa and Adame (1969) and D e v le t t l  

and K a lllo ln e n  (1972) re p o r te d  th e  consequences o f  ICS on an autonomic 

b u t no t on a  s k e l e t a l  re sp o n se . Hlne and P ao lino  (1970) examined b o th  

ty p es  o f  re sp o n se s  w ith in  a  s in g le  experim ent b u t reco rd ed  them In 

d i f f e r e n t  groups o f  an im als under d i f f e r e n t  t e s t i n g  c o n d it io n s . Caul 

and B a r r e t t  (1972) used th e  same an im als to  re c o rd  autonom ic and s k e le ta l  

re s p o n se s , b u t d id  so a t  d i f f e r e n t  tim e s .

M oreover, th e  i n te r a c t io n  o f  s k e le t a l  movement and h e a r t  r a t e  

changes has n o t re c e iv e d  adequate  a t t e n t io n  in  some o f  th e  e a r l i e r  

s tu d ie s .  A re d u c tio n  in  h e a r t  r a t e  I s  c h a r a c t e r i s t i c  o f  f e a r f u l  r a t s .  

However, a  d ecrease  In  a c t i v i t y  le v e l  cou ld  produce b rad y c a rd ia  which 

might be m istaken  f o r  fea r-In d u ce d  b ra d y c a rd ia , o r might a l t e r n a t iv e ly  

magnify a  m em ory-linked b rad y c a rd ia  (Howard & O ta ris t, 1971). T h is 

f a c to r  may be o f  p a r t i c u l a r  Im portance in  th e  Hlne and F ao lln o  (1970) 

s tu d y . In  t h e i r  s tu d y , h e a r t  r a t e  was reco rd ed  w hile  r e s t r i c t i n g  

th e  anim als* movements to  th e  s t a r t  compartment th e re b y  red u c in g  

a c t i v i t y  l e v e l .  U n fo rtu n a te ly , an a l t e r n a t iv e  approach , re c o rd in g  

h e a r t  r a t e  w hile  th e  am nesic r a t s  a re  making a  s te p th ro u g h  re sp o n se , 

would p ro b ab ly  r e s u l t  In  th e  masking o f  any b rad y c a rd ia  by an a c t i v i t y -  

induced ta c h y c a rd ia .

In  o rd e r to  c ircum vent t h i s  problem , a ta s k  should  be used th a t  

does no t n e c e s s i ta te  la rg e  s c a le  movement by th e  anim al to  d is p la y
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e i t h e r  r e te n t io n  o r  u n a v a i la b i l i ty  o f  memory. A co n d itio n ed  e a o tio n a l  

resp o n se  (CER) l i c k  su p p rese io n  paradigm  see a s  to  f u l f i l l  t h i s  re q u ire m e n t. 

A ninals a re  p re se n te d  w ith  th e  GS o f  a  p re v io u s ly  re c e iv e d  CS-UB p a ir in g  

w h ile  th e y  a re  d r in k in g  w a te r . H ighly f e a r f u l  r a t s  w i l l  s to p  d r in k in g .

Thus th e  tim e to  resume d rin k in g  I s  th e  q u a n t i ta t iv e  s k e l e t a l  measure 

o f  f e a r .  W hile th e  anim al I s  d r in k in g  i t s  s k e le t a l  a c t i v i t y  i s  m inim al; 

th e r e f o r e ,  CS o n se t on ly  le a d s  to  a  sm all re d u c tio n  In  a c t i v i t y  a s  f e a r f u l  

r a t s  s to p  d r in k in g . T his sm all re d u c tio n  In a c t i v i t y  I s  u n l ik e ly  to  

a f f e c t  h e a r t  r a t e .  As amnesic r a t s  f a i l  to  respond  to  th e  CS, am nesia 

i s  a p p aren t when th e re  i s  no s ig n i f ic a n t  change in  a c t i v i t y  l e v e l .

M oreover, s in c e  a l l  an im als a re  s ta n d in g  s t i l l  a s  th e  CS i s  p re s e n te d , 

any in c re a se  in  a c t i v i t y  would a t te n u a te  f e a r  produced h e a r t  r a t e  

d e c e le r a t io n s .  C onsequen tly , th e  l i c k  su p p ress io n  paradigm  le n d s  i t s e l f  

to  a  more c o n se rv a tiv e  e v a lu a tio n  o f  th e  e f f e c t  o f  ECS on c o n d itio n ed  

b ra d y c a rd ia  than  would a  s te p - th ro u g h  ta s k .

Another p o te n t ia l  a c t iv i ty - l in k e d  confound might be a c t iv i t y  

l e v e l  changes produced by th e  n o n -a s so c ia tiv e  e f f e c t s  o f  FS and ECS 

which m ight in  tu rn  a f f e c t  h e a r t  r a t e .  In so fa r  a s  none o f  th e  s tu d ie s  

c i t e d  above Included  a c o n tro l  group th a t  re c e iv e d  noncon tlngen t FS 

and ECS, i t  i s  d i f f i c u l t  t o  conclude th a t  any b rad y c a rd ia  th ey  observed  

in  amnesic an im als was t r u ly  memorial In  n a tu re .

Those s tu d ie s  which r e p o r t  a a n e s la  fo r  b rad y c a rd ia  a sse sse d  am nesia 

by making com parisons w ith  a  t r a in e d  b u t nonconvulsed group. T hat i s ,  

D e v le t t l  and K a llio in e n  (1 9 7 2 ), a s  w e ll a s ,  Caul and B a r r e t t  (1972) 

determ ined  w hether am nesia e x is te d  f o r  th e  b rad y c a rd ic  response  by 

a s c e r ta in in g  w hether an im als t h a t  had re c e iv e d  CS US ECS d isp la y e d  as 

much f e a r  w ith  r e s p e c t  to  t h i s  measure a s  d id  a  group re c e iv in g  CS US
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no ECS. On the  o th e r hand th e  two s tu d ie s  t h a t  f a i l e d  to  observe 

amnesia fo r  b rad y ca rd ia  (Mendoza & Adams, 19691 Hlne it P a o lin o , 1970) 

a ssessed  amnesia o r  I t s  absence by comparing anim als th a t  had rece iv ed  

CS US ECS a g a in s t r a t s  th a t  had no o p p o rtu n ity  to  le a rn  th e  CS-US 

a s s o c ia t io n . T h ere fo re , I t  i s  p o ss ib le  th a t  the  d if fe re n c e s  in  conclu­

s io n s  reached by these  s tu d ie s  might be Id io sy n c ra tic  to  the  p a r t ic u la r  

method used in  a sse ss in g  am nesia. To avoid t h i s  p o te n t ia l  p i t f a l l  

i t  might prove b e n e f ic ia l  to  compare amnesic anim als a g a in s t a  t ra in e d  

but nonconvulsed group, as w ell a s ,  a group th a t i s  not exposed to  the  

CS-US contingency. P a re n th e tic a l ly ,  th e  lack  o f  consistency  in  th e  use 

o f  c o n tro l groups in  a sse ss in g  amnesia i s  a lso  re la te d  to  the  issu e  o f 

whether the  term  "amnesia" i s  to  be ap p lied  only to  a complete lack  o f 

memory or to  a m easurable memory d e f i c i t .  Very o ften  when an amnesic 

group i s  compared to  a t ra in e d  but nonconvulsed group o f su b je c ts  i t  

d i f f e r s  s ig n i f ic a n t ly  from th e  l a t t e r  group thereby  In d ic a tin g  amnesia. 

However, in  comparing th e  "amnesic" group w ith a nonmemorial c o n tro l 

i t  i s  not unusual th a t  these  groups w il l  a lso  s ig n i f ic a n t ly  d i f f e r .  This 

would then suggest th a t  ECS may not y ie ld  t o t a l  amnesia but does induce 

s ig n i f ic a n t  am nesia, i . e . ,  a tte n u a tio n  o f  m an ifest memory. Id e a l ly ,  the 

amnesic group w il l  not d i f f e r  from nonmemorial c o n tro ls  while i t  w ill  

d i f f e r  from a tra in e d  group. However, amnesia i s  not o rd in a r i ly  an a l l -  

or-none phenomenon w ith in  in d ic e s , and d i f f e r e n t  in d ic e s  used to  a sse ss  

amnesia o ften  y ie ld  a p p rec iab ly  d i f f e r e n t  r e s u l t s .  U nderstanding these  

d isc re p a n c ie s  th a t  a r i s e  using  d i f f e r e n t  measures o f amnesia would seem 

o f sp e c ia l Im portance,

Among the  o th e r  f a c to r s  which may have in flu en ced  the  r e s u l t s  concern­

ing  amnesia fo r  b radycard ia  are  ECS in te n s i ty  and d u ra tio n , ECS in te n s i ty
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appears t o  be a c r i t i c a l  v a r ia b le  t h a t  w i l l  be d isc u sse d  In  d e t a i l  

l a t e r .  However, th e  ECS d u ra tio n s  used In  th e  v a rio u s  experim en ts a re  

h ig h ly  s l a l i a r  and s n a i l  d i f f e r e n c e s  In  ECS d u ra tio n  do n o t appear to  be 

a t  a l l  c o r r e la te d  w ith  o b se rv in g  o r  n o t ob serv in g  am nesia fo r  b ra d y c a rd ia . 

Another f a c to r  which n ig h t be r e l a te d  to  th e  d i f f e r e n t  f in d in g s  cou ld  be 

th e  p a r t i c u l a r  p o r t io n  o f  th e  h e a r t  r a t e  rec o rd  th a t  I s  sam pled. Far 

exam ple, Hlne and F ao lln o  (1970) focused  t h e i r  a t t e n t io n  on s ix  

a l t e r n a te  f i f t e e n  second epochb a f t e r  CS o n se t w hile  Caul and B a r re t t  

(1972) an a ly sed  th re e  co n secu tiv e  s ix  second I n te r v a ls  fo llo w in g  CS 

o n se t . As w ith  ECS d u ra t io n ,  th e  p a r t i c u l a r  p o r tio n  o f  th e  h e a r t  r a t e  

rec o rd  t h a t  I s  sampled does n o t appear to  be c o r r e la te d  w ith  any 

c o n s is te n t  f in d in g s .

The p re s e n t s e r i e s  o f s tu d ie s  a ttem p t to  d e lin e a te  th e  c ircum stances 

t h a t  le a d  to  sp a rin g  o f  au to n o m lca lly  Indexed memories by ECS. These 

s tu d ie s  w i l l  a ttem p t to  r e s o lv e  th e  d is p a ra te  r e s u l t s  o b ta in ed  w ith  

re s p e c t  to  am nesia f o r  autonom ic and s k e l e t a l  re sp o n se s  by In c o rp o ra tin g  

th e  su g g e s tio n s  p re se n te d  p re v io u s ly .
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Experiment 1

An I n i t i a l  experim en t was perform ed to  e s t a b l i s h  th e  f3  i n t e n s i t y  

n e c e ssa ry  to  produce s u b s ta n t ia l  s k e l e t a l  l i c k  su p p re ss io n  w ith  a  s in g le  

CS-US p a i r in g .  P re lim in a ry  s tu d ie s  found th a t  lo n g  FS d u ra t io n s  (g r e a te r  

th an  one second) r e s u l te d  in  maximal f e a r  be ing  a s s o c ia te d  w ith  th e  g r id  

f lo o r  d e l iv e r in g  th e  shock r a t h e r  th an  w ith  th e  CS, Using a  500 msec.

FS re v e rse d  t h i s  e f f e c t .

Method

S u b je c ts . T h ir ty - e ig h t  n a iv e , male a lb in o , Sprague-Dawley descended 

r a t s  w eighing 145-170 gm. on Day 1 o f  th e  experim ent were purchased  

from a  comm ercial b re e d e r  (C arw orth , New C ity , New Y ork), The s u b je c ts  

were in d iv id u a l ly  housed in  con tinuous l i g h t ,  m ain ta ined  on ad l i b  

w ater and 10 g a ./d a y  o f  powdered P u rin a  R at Chow, Although th e  food 

d e p r iv a tio n  schedu le  was n o t n e ce ssa ry  in  th e  p re s e n t  s tu d y , i t  was 

used to  m ain ta in  c o n s is te n c y  w ith  l a t e r  experim en ts which re q u ire d  th e  

d e p r iv a tio n  sch ed u le .

A ll w a te r b o t t l e s  were removed from th e  cages tw e n ty -fo u r hours 

p r io r  to  Day 1 o f  th e  ex p erim en t, whereupon th e  r a t s  were a llow ed ad l i b  

a c c e ss  to  P u rin a  R at Chow p e l l e t s .  The r a t s  were p e rm itte d  a cc ess  to  

w a te r fo r  one hour each day app rox im ate ly  1 ,5  h ou rs a f t e r  com pletion  o f  

th e  d a i ly  e x p erim en ta l sch ed u le .

A pparatus, The a p p a ra tu s  c o n s is te d  o f  an o p e ra n t chamber m easuring 

22 x 28 x 41 cm, The f lo o r  o f  th e  d ev ice  was c o n s tru c te d  o f  18 p a r a l l e l ,  

ev en ly  spaced , s t a in l e s s  s t e e l  ro d s  0 ,3  cm. In  d ia m e te r . Two w a lls  o f  

th e  chamber were c o n s tru c te d  o f  w hite  P le x ig la s  w h ile  th e  door and th e  

fa c in g  r e a r  w a ll were c o n s tru c te d  o f  t r a n s p a re n t  P le x ig la s ,  A h o le  3*5 

cm. in  d iam ete r was made in  th e  c e n te r  o f  one w h ite  w all 3 cm, from th e
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f l o o r ,  R ecessed 2 cm, behind th e  ho le  wee a  w ater tu b e . The nueber 

o f  l i c k s  e a i t t e d  was reco rd ed  by hav ing  th e  r a t a  b reak  a  photobean p o s l -  

t io n e d  ac ro aa  th e  so u th  o f  th e  l i c k  tu b e  each t i n e  th ey  l ic k e d  (M artonyi 1 

V a le n s te in , 1971)* The e n t i r e  o p e ran t chamber and w a terin g  aasen b ly  was 

p lac ed  in a id e  a  sound a t te n u a t in g  box such th a t  th e  open r o o f  o f  th e  

o p e ran t chamber n e t  th e  c e i l in g  o f  th e  sound a t te n u a t in g  e n c lo s u re , A 

b la c k , fo u r - s id e d  plywood i n s e r t  which b locked  a cc ess  to  th e  w ater spout 

was used to  change th e  s tim u lu s  p r o p e r t ie s  o f  th e  o p e ran t chamber, The 

i n s e r t  m easured 2 6 .5  * 19 .0  x 38 .5  cm. and covered  th e  c e l l i n g  and w a lls  

o f  th e  o p e ra n t chamber ex c lu d in g  th e  hinged  w a ll th a t  was th e  door to  th e  

chamber.

A S c i e n t i f i c  P ro to ty p e  4025J  w hite  n o ise  g e n e ra to r  p rov ided  th e  

CS which was 15 db, above a background o f  55 db. The w hite  n o ise  was 

p re se n te d  th rough  a  speaker p o s it io n e d  beneath  g r id  le v e l  and mounted 

behind  th e  w a ll c o n ta in in g  th e  w ater sp o u t, FS was produced by a  5000V 

tra n s fo rm e r w ith  a 12OK ohm dropp ing  r e s i s t o r  in  s e r i e s  w ith  th e  an im al.

A V arlac (0  -  130 v ac) p rov ided  th e  in p u t to  th e  tra n s fo rm e r. The ou tpu t 

o f  th e  shock source  was connected  to  two p a r a l l e l  d a isy  c h a in s  o f  NE2H 

neon bu lb s which were in  tu rn  connected  to  th e  g r id s  o f  th e  o p e ran t 

chamber. The so le  i l lu m in a t io n  source f o r  th e  a p p a ra tu s  was p rov ided  by 

a  2 ,6  w a tt b u lb ,

P ro ced u re . Days 1 -4  in v o lv ed  p la c in g  each r a t  in  th e  o p e ran t chamber, 

a llo w in g  i t  t o  f in d  th e  w a te r tu b e , and to  em it 200 l i c k s .  On Day 5 th e  

b lack  i n s e r t  was p lac ed  in s id e  th e  o p e ran t chamber. The purpose o f  the  

i n s e r t  was to  change th e  cues o f  th e  a p p a ra tu s  on th e  t r a in in g  day so 

a s  to  m inim ize th e  number o f  f e a r  a s s o c ia t io n s  w ith  th e  t e s t  environm ent. 

T h e re fo re , on th e  t e s t  day when th e  i n s e r t  was rem oved, most o f  the
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a c q u ire d  f a a r  was n o t dem onstra ted  u n t i l  th e  o n se t o f  th e  CS, r a th e r  

th an  be ing  e x h ib i te d  to  th e  a p p a ra tu s  cues which were encoun tered  as 

soon a s  th e  anim al was p lac ed  in  th e  chamber.

A fte r  randomly a s s ig n in g  each anim al to  one o f  fo u r  groups on Day 5 ,  

every  anim al was h a b itu a te d  in  th e  chaaber fo r  2 m inu tes. S u b seq u en tly , 

th e  w hite  n o ise  was p re se n te d  f o r  18 seconds o f  which th e  l a s t  500 msec, 

in c lu d ed  FS, V arious g roups re c e iv e d  e i t h e r  0 (n»8 ) , 0 .5  (n**12 ) ,  1 .0  (n -1 3 )» 

o r  4 .0  (n -1 5 ) m a,, rms a t  60 He. o f  FS. The s u b je c ts  were removed to  t h e i r  

honecages w ith in  6 seconds o f  FS o f f s e t .

On Day 6 th e  i n s e r t  was removed and th e  r a t s  were a llow ed  to  f in d  

th e  tube  and l i c k .  Im m ediately a f t e r  th e  100th  l i c k  th e  CS was p re se n te d  

and th e  t in e  to  com plete 10 a d d i t io n a l  l i c k s  was re c o rd e d . Any r a t  th a t  

took  lo n g e r than  300 seconds to  com plete th e  10 l i c k s  was removed to  i t s  

homecage and g iven  a  sco re  o f  300 seconds. T his c r i t e r i o n  was m ain tained  

in  th e  rem ain ing  ex p erim en ts .

I n s e r t  F ig . 1 about h e re .

R e s u lts  and D iscuss ion

A ll l a t e n c ie s  from l i c k  100-110 were converted  to  lo g s  to  perm it 

p a ra m e tric  a n a ly s i s .  Use o f  t h i s  tra n s fo rm a tio n  was m ain ta ined  th rough ­

o u t a l l  f iv e  experim en ts,

Experim ent 1 dem onstra ted  th a t  4 ma. o f  FS p a ire d  w ith  w hite  n o ise  

produced s u b s ta n t ia l  f e a r  a s  measured by a s k e l e t a l  index  o f  l i c k  

su p p re ss io n  (F ig . 1 ) .  An a n a ly s is  o f  t e s t  t r i a l  l a te n c ie s  from l i c k  

100-110 y ie ld e d  a  s ig n i f ic a n t  tre a tm e n ts  e f f e c t  (F* 5 .6 6 ,  d f -3 /4 4 . p c .O l) .
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A tw o - ta l la d  t  t a s t  b«twMn th a  groups r s c s lv in g  0 and k  a s .  o f  PS 

(pC.OOl) d e a o n e tra ta d  th s  e f f ic a c y  o f  t r a in in g  w ith  k a a , o f  PS.
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Experim ent 2

T h is experim ent a ttem p ted  to  dete rm ine  th e  minimum ECS c u r re n t  

t h a t  would y ie ld  a an o s la  fo r  th a  CS-US p a ir in g  ualng  a  s k a l a t a l  index o f 

am nesia ,

Method

S u b je c ts . F i f ty - e ig h t  r a t s  s l a l l a r  to  th o se  d e sc r ib e d  In  th e  

p reced in g  experim ent were used . The food d e p riv a tio n  schedu le  p r io r  

t o  Day 1 o f  th e  experim ent (d e sc r ib e d  In  Experim ent 1 ) se rv ed  to  m ain ta in  

th e  r a t s  a t  a  low w eight In  o rd e r  to  reduce  th e  frequency  o f  ECS- 

produced p a ra p le g ia . M aintenance sch ed u les  were I d e n t ic a l  to  th o se  

d e sc rib e d  e a r l i e r .

A pparatus. In  a d d it io n  to  th e  a p p a ra tu s  d e sc r ib e d  In  th e  p reced in g  

experim ent a  L a fa y e tte  82403 c o n s ta n t c u rre n t  shock source was used to  

d e l iv e r  ECS through  m odified  a l l i g a t o r  c l ip s  a tta c h e d  to  th e  p innae o f  

th e  s u b je c ts ,  ECS d e liv e ry  w ire s  were suspended from an overhead p u lle y  

and coun terw eigh ted  to  m inim ise in h ib i t in g  e f f e c t s  o f th e  c l i p s  and w ires  

upon the  movement o f  th e  a n im a l. T w isting  o f  th e  ECS d e l iv e ry  w ires  

by r o t a t io n a l  movement was m inim ised by a  sm all l ig h tw e ig h t commutator.

P ro ced u re . On Days 1 -4  each anim al was p lac ed  in  th e  chamber and 

a llow ed to  em it 200 l i c k s  b e fo re  be ing  re tu rn e d  to  i t s  home cage. On 

Day 5 the  i n s e r t  was p laced  in s id e  th e  chamber whereupon th e  anim als 

were f i t t e d  w ith  e a r c l i p s  and p laced  in s id e  th e  a p p a ra tu s . A fte r 2 

m inutes o f  h a b i tu a t io n ,  v a r io u s  g roups re c e iv e d  the CS, FS, and e i t h e r  

0 (n -1 2 ) , 25 (n -1 0 ) , 35 (n -1 2 ) , 45 (n -1 2 ) , o r  55 (n -12 ) ma. ECS (rm a.

60 H e .) , The s u b je c ts  were random ly a ss ig n e d  to  one o f  th e se  f iv e  g ro u p s. 

ECS was d e liv e re d  f o r  0 ,3  seconds im m ediately  upon FS o f f s e t .  On Day 6 

th e  i n s e r t  was removed in  o rd e r  to  t e s t  th e  r a t s  a s  in  th e  p reced in g
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ex p erim en t. The an im als were t e s te d  w ith o u t e a r d i p s .

I n s e r t  F ig . 2 about h e re .

R e s u lts  and D iscuss ion

Both 45 and 55 u .  o f  ECS produce s ig n i f i c a n t  am nesia (F ig . 2 ) .  

T h ir ty - f iv e  ma. o f  ECS y ie ld e d  in te rm e d ia te  am nesia , w hile  25 na , produced 

a convu lsion  w ith o u t im p a irin g  memory. An ANOVA on l a te n c ie s  from l i c k  

100-110 f o r  th e  f iv e  ECS i n te n s i t y  groups proved s ig n i f i c a n t  (F -1 2 .8 6 , 

d f - 4 /5 3 1 £<, 001). A tw o - ta i le d  t_ t e s t  between th e  ^5 ma. and 0 ma, 

groups was h ig h ly  s ig n i f ic a n t  (g<. 00001).
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Experim ent 3

I f  th e r e  a re  u n iq u ely  d i f f e r e n t  p ro c e sse s  u n d erly in g  th e  c o n so lid a ­

t io n  and r e t r i e v a l  o f  s k e l e t a l  v e rsu s  au to n o a lc  re sp o n se s , e x p re ss io n  

o f  th e  l a t t e r  n ig h t  n o t be im paired  by any ECS in te n s i t y .  A l te rn a t iv e ly ,  

i f  th e  p ro c e sse s  u n d erly in g  th e se  re sp o n se s  a re  q u a l i t a t iv e ly  s im i la r ,  

th e se  re sp o n se s  m ight d i f f e r  on ly  w ith  r e s p e c t  to  t h e i r  th re s h o ld  o f  

v u ln e r a b i l i ty  to  ECS, C onsequently , i t  m ight be expected  th a t  th e  low est 

ECS in te n s i t y  th a t  e l im in a te s  s k e l e t a l  re sp o n se s  should  lea v e  autonom ic 

re sp o n se s  i n t a c t .  However, a t  h igh  ECS i n t e n s i t i e s  both  s k e l e t a l  and 

autonom ic re sp o n ses  should  be im paired .

Those s tu d ie s  t h a t  o b ta in ed  am nesia fo r  b rad y c a rd ia  (Caul & B a r r e t t ,  

19721 D e v ie t t i  & K a lllo in e n , 1972) used 100 and 92 ma, o f  ECS r e s p e c t iv e ly ,  

w hile  th e  s tu d ie s  which claim ed to  have observed sp a rin g  o f  autonom ic 

re sp o n se s  from d is ru p tio n  by ECS (Yaginuma * Iw ahara , 1971t Mendoza &

Adams, 1969r Hine 4 P a o lin o , 1970) used 28 , 35 , end 100 ma. o f  ECS 

r e s p e c t iv e ly .  I t  seems l i k e l y  th a t  s k e l e t a l  and autonomic re sp o n se s  may 

d i f f e r  in  t h e i r  t h e i r  th re s h o ld s  to  d is ru p t io n  by ECS. T hat Hine and 

P a o lin o  (1970) d id  n o t observe am nesia w ith  t h e i r  h e a r t - r a t e  measure 

d e s p i te  th e  h igh  ECS c u rre n t  used m ight be a t t r ib u t e d  to  t h e i r  re c o rd in g  

tech n iq u e  which was d isc u sse d  p re v io u s ly . The p re s e n t  stu d y  compares th e  

e f f e c t s  upon am nesia o f  two ECS i n t e n s i t i e s  (45 and 100 m a,) f o r  bo th  

s k e l e t a l  and autonom ic re sp o n se s .

A F av lov ian  c o n d itio n in g  ta s k  i s  used in  t h i s  experim ent because 

o f  th e  p re v io u s ly  c i t e d  advan tages in h e re n t  in  a  l i c k  su p p re ss io n  

paradigm , F urtherm ore , a c l a s s i c a l  c o n d itio n in g  ta s k  was used In  th e  

two s tu d ie s  t h a t  found r e s u l t s  anomalous to  th e  tre n d  o f  g r e a te r  

r e s i s ta n c e  to  d i s r u p t a b i l l t y  o f  autonom ic re sp o n se s . C e r ta in ly  the
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ro b u s tn e ss  o f  th e  sp a r in g  phenomenon would be b e t t e r  su p p o rted  i f  th e  

f a i l u r e s  to  observe t h i s  phenomenon w ith in  th e  c l a s s i c a l  c o n d itio n in g  

paradigm  cou ld  be e x p la in e d .

The m ajor d i f f e r e n c e s  between t h i s  s tu d y  and e a r l i e r  works i s  

a )  h e a r t  r a t e  and s k e le t a l  re sp o n se s  a re  reco rd ed  s im u ltan eo u sly  in  th e  

same an im al, b )  two autonom ic re sp o n se s  a re  examined to  determ ine 

w hether th ey  respond  s im i la r ly  to  ECS, c )  two ECS i n t e n s i t i e s  a re  

exam ined, and d ) c o n tro ls  f o r  n o n a sso c la tlv e  e f f e c t s  o f  ECS on s k e le t a l  

and autonom ic re sp o n ses  a re  in c o rp o ra te d  in  th e  d e s ig n .

Method

S u b je c ts  and A pparatus. N in e ty -f iv e  r a t s  s im ila r  to  those  d e sc rib e d  

e a r l i e r  w eighing 170-215 gm. were o b ta in e d . T h is experim ent was perform ed 

in  two r e p l i c a t io n s .  T w enty-four hours p r io r  to  Day 1 o f  th e  experim en t, 

two No, 1 s t a in l e s s  s t e e l  s a f e ty  p in s  were in s e r te d  subcu taneously  on 

e i t h e r  s id e  o f  each s u b je c t 's  th o ra x . A ll a p p a ra tu s  were I d e n t ic a l  

to  th o se  a lre a d y  d e sc r ib e d . The sound a t te n u a t in g  chamber a ls o  se rv ed  

a s  a  Faraday cage .

H eart r a t e  re c o rd in g  and a n a ly s i s .  The EKG was a m p lifie d  by a 

d ev ice  t h a t  m inim ised movement and c ab le  m otion a r t i f a c t s  (B rak e l,

Babb, Hanhnke, 4 V erzeano, 1971). Follow ing a m p lif ic a t io n  o f  the  R-wave, 

th e  s ig n a l  was f i l t e r e d  and th en  d e te c te d  by a  v o lta g e  com parator 

(S p rin g e r & M il le r ,  1973) (se e  Appendix). The o u tp u t o f  th e  v o lta g e  

com parator t r ig g e re d  a  Beckman 9857B c a rd io ta c h o m e te r . Connection 

between th e  s u b je c t  and p re a m p lif ie r  was made w ith  a M lcrodot M ini-N oise 

(#  202-3806) cab le  which te rm in a ted  a t  one end w ith  m ini a l l i g a t o r  

c l i p s .  A S c i e n t i f i c  P ro to type  MC1* m ercury commutator p rev en ted  tw is t in g  

o f  th e  re c o rd in g  c a b le . A h a ra s s e s  m odelled a f t e r  th e  Lehigh V alley
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r a t  sadd le  f u r th e r  reduced  a o tlo n  a r t i f a c t  by p re s s in g  th e  a l l i g a t o r  c l i p -  

s a f e ty  p in  ju n c tio n  snug ly  a g a in s t  th e  th o ra x . The sadd le  r e s t r i c t e d  th e  

a n i s a l s ' movement to  sose sm all d eg ree .

A naly sis  o f  h e a r t  r a t e  d a ta  c o n s is te d  o f  sam pling two in te r b e a t  

I n te r v a ls  ( iB Is )  a t  th e  beg inn ing  o f  each o f  fo u r  su c ce ss iv e  0 .5  

second epochs im m ediately  p r io r  to  CS o n s e t . The e ig h t  pre-CS IB Is 

were converted  to  bpm and averaged . S im ila r ly ,  h e a r t  r a t e  changes d u rin g  

th e  CS p re s e n ta tio n  were m onitored by re c o rd in g  two su c ce ss iv e  IB Is a t  

th e  end o f  each o f  12 su c ce ss iv e  0 .5  second epochs Im m ediately fo llo w in g  

CS o n se t . Sach IBI was s e p a ra te ly  co n v erted  to  bps and th e  p a i r s  were 

averaged . The pre-CS h e a r t  r a t e  was then  su b tra c te d  from each o f  12 

CS h e a r t  r a t e  m easures, 140,0  added to  a l l  numbers to  co n v ert n eg a tiv e  

v a lu es  to  p o s i t iv e  o n e s , and th e  square  ro o t  tak e n , A square  ro o t  

tra n s fo rm a tio n  served  to  in c re a se  th e  norm alcy o f  th e  skewed h e a r t  r a t e  

d a ta  d i s t r ib u t io n s .

P ro ced u re . On Days 1 -4  o f  th e  experim ent each anim al was p laced  In 

th e  o peran t chamber whereupon i t  was p e rm itte d  to  f in d  th e  w ater tube 

and to  em it 200 l i c k s .  On Days 2 and 4 each r a t  wore a h a rn e ss  in  th e  

chamber. In  a d d i t io n ,  on Day 4 each su b je c t was f i t t e d  w ith  a re c o rd in g  

c a b le . On Day 3 th e  anim als wore e a r c l lp s  w hile In the  chamber. ThuB 

Days 2 th rough  4 cu m u la tiv e ly  allow ed th e  anim als to  h a b itu a te  to  

th e  h a rn e s s , re c o rd in g  c a b le , and e a r c l l p s .  T ra in in g  on Day 5 began 

by in s e r t in g  th e  b la c k , wooden I n s e r t  in to  th e  chamber and su b seq u en tly  

p la c in g  th e  r a t s  in  th e  chamber fo r  two m inutes w ith  e a r c l lp s  a f f ix e d .  

Follow ing th e  two m inutes o f  h a b itu a t io n ,  v a r io u s  tre a tm e n ts  were 

a d m in is te re d . One s e t  o f  an im als (n ~ l8 ) re c e iv e d  the  CS, US, and pseudo- 

ECS (CS US FEC8) in  o rd e r to  dem onstra te  a c q u is i t io n  o f  f e a r .  These
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attim als wore e a r c l lp s  b u t d id  n o t re c e iv e  KGS and were reeoved  to  th e  

hone cage w ith in  s ix  seconds fo llo w in g  FS o f f s e t .  Two amnesic groups 

re c e iv e d  th e  CS, FS and KGS a t  45 u .  (CS US ECS (45 m a .)) (n -1 5 ) o r  

100 ma, (CS US ECS (100 m a.)) ( n - l ? ) .  A fo u r th  group , which was to  

p rov ide  a  s t r in g e n t  c o n tro l  in  th e  assessm ent o f  s t a r t l e  re s p o n se s , was 

no t p re sen te d  w ith  th e  CS d u rin g  th e  18 second in te r v a l  p r io r  to  th e  US 

bu t was g iven  the  US and ECS (45 m a.) (PCS US ECS (45 * » .) )  (n*17).

The l a s t  group o f  r a t s  was In tended  to  c o n tro l  f o r  n o n a sso c la tiv e  changes 

In  resp o n ses  th a t  might r e s u l t  from th e  in te r a c t io n  o f  w hite  n o is e , FS 

and ECS. These an im als were p laced  in  th e  chamber fo r  90 seconds w here­

upon th e  CS was p re se n te d  fo r  18 seconds. The s u b je c ts  were then  removed 

to  the  home cage and re tu rn e d  to  th e  chamber one hour l a t e r .  A fte r an 

a d d it io n a l  d e lay  o f  30 seconds w ith in  th e  cham ber, th ey  were g iven  FS 

and ECS (45 m a .) (CS DELAY US ECS (45 m a .)) (n -1 5 ) .

On Day 6 each anim al was re tu rn e d  to  th e  chamber ( l e s s  i n s e r t )  w ith  

h a rn e ss  and re c o rd in g  cab le  a t ta c h e d . Upon th e  s u b je c t 's  making l i c k  100, 

th e  CS was p re se n te d  and time to  reach  l i c k  110 was rec o rd ed . The 

CS rem ained on from l i c k  100 u n t i l  th e  t in e  th e  anim al was removed. H eart 

r a t e  was reco rd ed  from th e  tim e th e  anim al was p laced  In s id e  th e  

cham ber, and th e  re c o rd in g  was con tinued  fo r  app rox im ate ly  60 seconds 

fo llo w in g  l i c k  110, Number o f  b o lu se s  d e p o s ite d  In th e  box by each s u b je c t 

was a ls o  n o ted . The d a ta  o f 13 r a t s  were no t used due to  e x cess iv e  a r t i ­

f a c t  in  th e  EKG,

R e su lts

When l a te n c ie s  to  make l i c k  100-110 were examined th e  CS US HBCS 

group d i f f e r e d  s ig n i f i c a n t ly  from a l l  rem ain ing  groups in d ic a t in g  th a t  

s ig n i f ic a n t  memory was no t e v id e n t In th e se  groups and th a t  am nesia a s
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indexed by th e  s k e le ta l  response  had been ach ieved  w ith  as l i t t l e  ae 

1*5 ma. o f  ECS. The CS US ECS (1*5 a a . )  group d i f f e r e d  from both  th e  

PCS US ECS (1*5 a a . )  and CS DELAY US KCS (1*5 a a . )  g roups. On th e  o th e r  

hand, th e  CS US ECS (100 a a . )  group ddd  n o t d i f f e r  ffcOm b o th  th e  PCS US ECS 

(1*5 u i . )  and CS DELAY US ECS (1*5 a a . )  g roups. A n a ly sis  o f  th e  h e a r t  r a te  

d a ta  found th a t  th e  CS US PECS and CS US ECS (45 a s , ) groups d id  no t 

d i f f e r  (u n lik e  th e  s im ila r  comparison f a r  the  s k e le t a l  m easure) w hile  

th e  form er group d i f f e r e d  from th e  rem ain ing  th re e  g roups. As w ith  

th e  s k e le t a l  m easure, th e  CS US ECS (1*5 a s . )  group a ls o  d i f f e r e d  

from th e  PCS US ECS (1*5 aa . ) and CS DELAY US ECS (1*5 m a,) g roups.

S im ila r ly  th e  CS US ECS (100 m a.) d i f f e r e d  from th e  PCS US ECS (1*5 a a . ) 

and CS DELAY US ECS (1*5 m a.) g roups. A nalysis o f  th e  d e fe c a tio n  d a ta  

found in te rg ro u p  r e la t io n s h ip s  th a t  were id e n t ic a l  to  th o se  found fo r  

th e  h e a r t  r a t e  d a ta  ex cep t t h a t  th e  CS US ECS (100 m a.) group d id  no t 

s ig n i f i c a n t ly  d i f f e r  from th e  PCS US ECS (1*5 a a . ) and CS DELAY US ECS 

(1*5 m a.) g roups.

I n s e r t  F ig . 3 and T able 1 about h e re .

An unequal n a n a ly s is  o f v a ria n ce  on la te n c ie s  to  resume d rin k in g  

found the  r e p l i c a t io n  (F*0 .05 , d f - l / 7 2 , £ > .5 0 )  amd tre a tm e n t x 

r e p l i c a t io n  f a c to r s  (FWJ.36, d f—l*/72, p > .5 0 ) to  be n o n s ig n if ic a n t .  The 

tre a tm e n t f a c to r  proved s ig n i f ic a n t  (FV17.3**» d f -4 /7 2 , p< .001) and tw o- 

t a i l e d  t  t e s t s  were perform ed to  determ ine the  source o f th e  e f f e c t  

(T able 1 ) ,  Croup means a re  g ra p h ic a l ly  p re se n te d  in  F ig . 3.
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TABLE 1

TREATMENTS AND SIGNIFICANCES OF MEAN LOG SUPPRESSION DURATION TO CS FOR EXPERIMENT J

£  VALUES OF DIFFERENCES BETWEEN GROUPS
TREATMENT

cs us recs

CS US ECS (45 ■*. )

CS US ECS (100 U . )

PCS US ECS (45 u . )

CS DELAY US ECS (45 a a . )

CS US ECS (45 

<.01

>.10

<.002

<.002

,) i CS US ECS (100 u .  ) PCS US ECS (45 a a . ) CS DELAY U

<.000001

>.10

>.05

>.05

<.000001

<.002

>.05

>.50

i ECS (45

<.000001

<,002

>.05

>.50
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I n s e r t  F ig , 4  and T sb ls  2 about h e ro .

As F ig , 4 I n d ic a te s ,  th e  s t a r t l e  resp o n se  in  PCS VS ECS (45 a a , ) has 

d e c lin e d  c o n s id e ra b ly  by in te r v a l  6. C onsequently , th e  a n a ly s is  o f  th e  

h e a r t  r a t e  d a ta  was perform ed from in te r v a l s  6 -12 , I t  can be argued th a t  

th e  h e a r t  r a t e  response  over in te r v a l s  1-5  fo r  th e  CS US ECS (45 a a . ) and 

CS US ECS (100 a a . )  g roups i s  n o t a  s t a r t l e  response  sad  a c tu a l ly  r e f l e c t s  

memory. However, th e  a c tu a l  e f f e c t  o f  ECS on th e  CS-U5 p a ir in g  i s  n o t 

p a te n t ly  c l e a r .  ECS might be Im pairing  th e  CS US bond, memory o f  both  

th e  CS and US, memory o f  th e  CS o n ly , o r memory o f  the  US o n ly . I f ,  

a s  1b l i k e l y ,  ECS Im pairs memory o f  th e  CS p re se n te d  du ring  t r a in in g ,

CS US ECS (45 and 100 a a . )  s u b je c ts ' r e a c t io n  to  th e  CS on th e  

t e s t  t r i a l  i s  p robab ly  a fu n c tio n  o f  a s t a r t l e  response  to  th e  e f f e c t iv e ly  

novel CS and n o t due to  memory o f  th e  t r a in in g  t r i a l .  T h e re fo re , in  

o rd e r  to  most c o n se rv a tiv e ly  an a ly se  th e  h e a r t  r a t e  d a ta  o f  th e  p re s e n t ,  

a s  w ell a s ,  l a t e r  ex p e rim en ts , th e  d a ta  o f  in te r v a l s  1-5  were no t an a ly sed . 

The a n a ly s is  was begun a t  I n te r v a l  6 a s  th e  s t a r t l e  response  in  th e  

PCS US ECS (45 m a.) group had approached b a s e lin e  by t h i s  tim e . F u r th e r ­

more, d a ta  a f t e r  in te r v a l  12 were no t analyzed  because th e re  i s  a tendency 

f o r  the  groups to  beg in  converging  w ith  r e s p e c t  to  th e  h e a r t  r a t e  m easure. 

An unequal n , re p e a te d  m easures ANOVA on th e  h e a r t  r a t e  d a ta  found 

a s ig n i f i c a n t  tre a tm e n ts  ( . 7 4 ,  d f - 4 /7 2 , j< ,0 0 0 5 ) and in te r v a l s  e f f e c t  

(£ -7 .6 6 , d f -6 /4 3 2 , £< .0005). The r e p l i c a t io n  f a c to r  ( ^ 0 .2 6 ,  d f - l / 72 ,

£ >  . 50 ) ,  r e p l i c a t io n  x tre a tm e n t (F ^ 0 .8 l ,  d f -4 /7 2 , £ >  .5 0 ) ,  tre a tm e n t x 

in te r v a l  (£ » 0 .99, d f-2 4 /4 3 2 , £ > .2 5 ) ,  and th ree-w ay  in te r a c t io n  ( jh » i,i9 , 

d f -2 4 /4 3 2 , £  > .25 ) d id  no t ach ieve  s ig n i f ic a n c e ,  T w o -ta iled  t  t e s t s
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TABUS 2

TREATMENTS, MEANS, AND SIOTCFICANCES OF HEART RATE CHANCES FCR EXPERIMENT 3

TREATMENTS

f

MEANS'
£  VALUES OF DIFFERENCES BETWEEN (SOUPS 

CS US ECS (45 m i, ) CS US ECS (100 a a . ) 1 PCS US ECS (45 a a . ) j CS DELAY US ECS (45

CS US PECS 10.54 >.50 <.02 <.0001

CS US ECS (45 a a . ) 10.58 >.05 <.001

CS US ECS (100 a a .) 11.23 >.05 <.02

PCS US ECS (45 a a . ) 11.67 <.001 <.02

CS DELAY US ECS (45 a a .)  11.6? <.005 <.02 1 > .50

<.000001

<.005

<.02

>.50

•Obtained by averaging each o f ? means o f in te rv a ls  6-12,
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on m u  h e a r t  r a t e  a c ro s s  i n te r v a l s  6-12 f o r  v a r io u s  groups wore 

perform ed (Table 2 ) .

I n s e r t  P ig . 5 and Table 3 about h e re .

D efecation  sc o re s  (P ig . 5 ) were analyzed  by an ANOVA. The r e p l i c a ­

t io n  (P -0 .9 8 , d f * l /7 2 ,  £ >  , 5 0 ) and tre a tm e n t x r e p l i c a t io n  f a c to r s  

(F ^1 .88 , d f -4 /7 2 , £ > .1 0 )  were no t s ig n i f ic a n t  w hile  th e  trea tm e n t 

f a c to r  ( f - 6 ,8 1 ,  d f -4 /7 2 , £< .001) ach ieved  s ig n i f ic a n c e .  Comparisons 

were made between groups to  determ ine  th e  source o f  th e  tre a tm e n t 

e f f e c t  u sin g  tw o - ta i le d  t  t e a t s  (T able 3 ) .

D iscuss ion

The long la t e n c ie s  from l i c k  100-110 o f  th e  CS US JECS group as 

compared to  a l l  rem ain ing  groups in d ic a te s  th a t  a s  l i t t l e  a s  45 ma, o f  

ECS d e liv e re d  fo llo w in g  th e  CS-US p a ir in g  e f f e c t iv e ly  Induces experim en ta l 

am nesia f o r  s k e l e t a l  re sp o n se s . Amnesia in  th e  CS US ECS (45 m a,) group 

i s  s u b s ta n t ia l  when compared a g a in s t  th e  CS US PECS group . However, th e  

CS US ECS (45 m a,) group d i f f e r e d  from th e  PCS US ECS (45 m a,) and CS DELAY 

US ECS (45 m a,) g ro u p s, th u s  su g g e s tin g  th a t  th e  am nesia was n o t a s  

in te n se  a s  th a t  o f  group CS US ECS (100 m a,). Croup CS US ECS (100 ma.) 

d i f f e r e d  from group CS US PECS and d id  n o t d i f f e r  from th e  PCS US ECS(45 m a.) 

and CS DELAY US ECS ( 45 m a.) g roups. T h e re fo re , i t  i s  ap p aren t th a t  

45 ma. o f  ECS y ie ld s  s ig n i f i c a n t  b u t n o t maximal am nesia u sin g  th e  s k e le t a l  

in d ex .

When d e fe c a tio n  sc o re s  were an a ly zed , i t  appeared  th a t  45 ma, o f  

ECS d id  no t Induce am nesia f o r  t h i s  autonom ic response  s in c e  groups 

CS US PECS and C3 US ECS (45 m a,) d id  no t d i f f e r  from one a n o th e r .
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TABLE 3

TREATMENT AND SIGNIFICANCES OF MEAN BOLUSES ON TEST TRIAL FCB EJOEHIMENT 3

TREATMENT

CS US recs 

CS UB ECS (45 ma.) 

CS OS ECS (100 a a . ) 

PCS US ECS (45 a a . ) 

CS EE LAI US ECS (45

CS US ECS (45 ma.) 

>.10

>.10  

<.005 

<.01

£  VALUES OF DIFFERENCES BETWEEN ROUPS 

CS US ECS (100 ma.) ; PCS US ECS (45 m a.) I CS DELAY X  ECS (45
.. . i , ,

<.005

>.10

>.10

>.20

<.0001

<.005

>.10

>.50

<.0001

<.01

>.20

> .5 0
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However, 100 ma. o f  ECS appeared  to  have produced am nesia when the  

d e fe c a tio n  index  o f  memory was examined s in c e  groups CS US FECS and 

CS US ECS (100 a a . } d i f f e r e d  s u b s ta n t ia l ly .  M oreover, any aeao ry  ob­

se rv ed  in  group CS US ECS (45 m a.) was u n lik e ly  to  be a fu n c tio n  o f  non- 

a s s o c ia t lv e  e f f e o t s  caused by th e  in te r a c t io n  o f  th e  CS, US, and ECS as 

group CS US ECS (45 a a , ) d i f f e r e d  from both  c o n tro l  groups PCS US ECS 

(45 m a.) and CS EELAY US ECS (45 m a.).

One problem  in  in te r p r e t in g  th e  d e fe c a tio n  d a ta  i s  th a t  on th e  

average  s u b je c ts  from d i f f e r e n t  tre a tm e n ts  spen t d is s im i la r  amounts o f 

tim e in  th e  o p e ran t chamber on th e  t e s t  day . For exam ple, s u b je c ts  in  

group CS US PECS rem ained in  th e  chamber f o r  a g r e a te r  in te r v a l  th an  those  

o f  group CS DELAY US ECS (45 m a.) s in c e  th e  form er s u b je c ts  suppressed  

d r in k in g  fo r  a c o n s id e ra b ly  lo n g e r p e rio d  than  th o se  o f  th e  l a t t e r  group. 

Although t h i s  i s  a  p o te n t ia l  confound, o b se rv a tio n s  o f  d e fe c a tio n  over 

tim e sug g est th a t  maximal d e fe c a tio n  en su es w ith  CS o n se t in  a l l  groups 

and does n o t co n tin u e  in d e f in i t e ly  u n t i l  th e  anim al i s  removed. M oreover, 

th e  CS US ECS (45 m a.) group sp e n t a s  much time in  th e  t e s t  chamber a s  d id  

th e  nonmemorial c o n tro l  groups bu t d e fe c a te d  s ig n i f i c a n t ly  more than  these  

g ro u p s, f u r th e r  in d ic a t in g  th a t  th e  tim e f a c to r  was no t c r i t i c a l .

The h e a r t  r a t e  d a ta  argue th a t  45 ma. o f ECS does n o t s ig n i f i c a n t ly  

a f f e c t  a b rad y c a rd ia c  response  to  the  CS| however, 100 ma. o f  ECS proved 

a  more e f f e c t iv e  amnesic a g e n t. Memory observed in  the  CS US SCS (45m a.) group 

u sin g  th e  h e a r t  r a t e  measure was no t a fu n c tio n  o f  CS US ECS in te r a c t io n s  

r e s u l t i n g  in  n o n a sso c ia tlv e  re sp o n se s  a s  t h i s  group d i f f e r e d  from 

both  groups PCS US ECS (45 m a.) and CS EELAY US ECS (45 m a .) . These r e ­

s u l t s  p a r a l l e l  th o se  d e sc r ib e d  f o r  th e  d e fe c a tio n  d a ta .  As might be 

p re d ic te d ,  th e  EKG and d e fe c a tio n  d a ta  a re  more s im ila r  to  one an o th e r
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th an  th ey  a re  to  th e  s k e le ta l  d a ta .

The p re s e n t  experim ent con firm s th e  f in d in g s  o f  Mendosa and Adams

(1969) who claim ed t h a t  35 ■*> o f  ECS does n o t le a d  to  am nesia fo r  

b rad y c a rd ia  and those  o f  Yaglnuma and Iv ah a ra  (1971) who dem onstra ted  

th a t  28 ma, o f  ECS does no t induce am nesia when a  d e fe c a tio n  measure 

o f  memory I s  used. Both f a i l u r e s  to  observe th e  sp a rin g  o f  b rad y ca rd ia  

In r a t s  u s in g  approx im ate ly  100 ma, o f ECS (Caul & B a r r e t t ,  19721 

D e v ie t t i  & K a llio in e n , 1972) have a ls o  been r e p l i c a te d .  However, in  

th e  p re s e n t experim ent the  am nesia a sse sse d  by b rad y c a rd ia  fo llo w in g  

100 ma. ECS i s  a p p a re n tly  l e s s  ro b u s t th an  th e  am nesia a sse sse d  by 

s k e le t a l  in d ic e s  In th e  same an im als . As s ta te d  p re v io u s ly , th e  CS US ECS 

(100 m a,) group d i f f e r e d  from th e  n o n a sso c la tiv e  c o n tro ls  fo r  the  h e a r t  

r a t e  bu t no t th e  s k e le ta l  in d ex . M inim ally th e  d a ta  ob ta in ed  w ith  ^5 ma, 

o f  ECS argue th a t  autonom ic re sp o n ses  do in  f a c t  have a h ig h e r th re sh o ld  

to  d is ru p t io n  by ECS than  s k e le ta l  re sp o n se s .

The i s s u e  o f  w hether ECS a f f e c t s  autonom ic r e sp o n se s  a s  i t  d oes  

s k e l e t a l  r e sp o n se s  has Im portant im p lic a t io n s  w ith  r e s p e c t  t o  w hether  

d i f f e r e n t  c l a s s e s  o f  in fo rm a tio n  are p r o c essed  in  s im ila r  or in  

d i s t i n c t l y  d i f f e r e n t  fa s h io n s .  I f  ECS has no e f f e c t  on autonom ic  

r e sp o n se s  w h ile  im p a ir in g  s k e l e t a l  r e s p o n s e s , i t  would be rea so n a b le  

to  assume th a t  th e  mechanisms th a t  a re  n e c e s s a r y  fo r  th e  u lt im a te  

m a n ife s ta t io n  o f  th e  memory m ight d i f f e r  f o r  d is p a r a te  ty p e s  o f  in f o r ­

m a tio n . However, th e  p r e se n t  f in d in g  o f  d i s r u p t a b i l i t y  o f  autonom ic  

r e s p o n s e s ,  a l b e i t  w ith  h ig h er  c u r re n t l e v e l s ,  s u g g e s t s  th a t  s im ila r  

p r o c e s s e s  u n d e r lie  th e  mem ories r e s p o n s ib le  fo r  autonom ic and s k e l e t a l  

c o n d it io n e d  r e sp o n d in g .
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Experim ent k

T y p ic a lly , immediate p o s t r i a l  a d m in is tra t io n  o f  ECS r e s u l t s  In  

am nesia fo r  t r a in in g  e v e n ts . ECS delayed  by seconds o r m inutes fo llow ing  

t r a in in g  has l i t t l e  e f f e c t  on. memory w ith  tem poral param eters be ing  a 

fu n c tio n  o f  t r a in in g  ta s k ,  s p e c ie s ,  mode o f  ECS d e l iv e r y ,  and ECS in te n s i ty .  

T h is  i n v u ln e r a b i l i ty  i s  In d ic a tiv e  o f  in fo rm a tio n  ach iev in g  a  n o n d is ru p ta b le , 

s ta b le  form at w ith in  seconds o f  t r a i n in g ,  i . e . ,  th e  memory i s  s u f f i c i e n t ly  

c o n so lid a te d  and p rep a red  fo r  r e t r i e v a l  to  be m an ifes t on th e  t e s t  t r i a l  

( H i l le r  & S p r in g e r , 1973).

Although RA g ra d ie n ts  have been tra c e d  using  s k e le ta l  in d ic e s  o f 

memory, s im i la r  g ra d ie n ts  have no t been reco rd ed  f o r  autonomic response  

In d ic e s , M oreover, a com parison o f  th e  RA g ra d ie n ts  fo r  autonomic and 

s k e le ta l  response  in d ic e s  m ight be h e lp fu l  in  e x p la in in g  why au tonom ica lly  

Indexed memories have a h ig h e r th re s h o ld  to  d is ru p tio n  by ECS than  

s k e l e t a l l y  indexed memories. Perhaps memory components re s p o n s ib le  

f o r  autonom ic re sp o n se s  ach ieve  a s ta b le  form more r a p id ly  than  s k e le ta l  

re sp o n se s . For exam ple, th e  r e s u l t s  o f  Experim ent 3 would be ex p la in ed  

i f j  f o r  Jj-5 ma, ECS( au to n o m ica lly  Indexed memories were found to  be 

p repared  fo r  r e t r i e v a l  in  l e a s  th an  th e  0 .5  second d u ra tio n  o f  th e  FS 

w hile  s k e l e t a l l y  Indexed memories took  lo n g e r th an  0 .5  seconds. An 

exam ination  o f  th e  RA g ra d ie n ts  shou ld  re v e a l  any such d if f e r e n c e s  in  

s t a b i l i z a t i o n  t im e s . A l te rn a t iv e ly ,  s k e l e t a l l y  and au tonom ica lly  indexed 

memories may s t a b i l i s e  a t  th e  same r a t e .w i th  some o th e r  f a c to r  d e te r ­

m ining t h e i r  d i f f e r e n t i a l  v u ln e r a b i l i ty  to  ECS. The p re s e n t experim ent 

w i l l  compare th e  RA g ra d ie n ts  f o r  l i c k  su p p re ss io n , h e a r t  r a t e ,  and 

d e fe c a tio n  in d ic e s  o f  memory u s in g  an ECS c u rre n t  in te n s i ty  th a t  w ith  

a s u f f i c i e n t l y  sh o r t d e lay  produces am nesia observeab le  w ith  each index
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of memory.
Method

S u b je c ts . One hundred s ix ty  two r e t s  s im ila r  to  th o se  In  experim en t 1 

were o b ta in ed  and m ain ta ined  a s  p re v io u s ly  d e sc r ib e d . T h is experim ent 

was perform ed In  th re e  r e p l i c a t io n s .

A pparatus and P ro ced u re . Only one p iec e  o f  a p p a ra tu s  was a l t e r e d  

from Experim ent 3. ECS was In c re a sed  to  170 ma, by using  two L a fa y e tte  

shock so u rces  connected  In p a r a l l e l .  T h is was done to  in te n s i f y  th e  

am nesia f o r  a l l  m easures so a s  to  m agnify d if f e r e n c e s  in  memory 

r e s u l t i n g  from sm all changes in  ECS d e la y s .

Days 1 -4  were Id e n t ic a l  to  th o se  o f  Experim ent 3. Ch Day 5 a l l  

r a t s  were randomly ass ig n ed  to  one o f  s ix  g roups. One s e t  o f  an im als 

re c e iv e d  a  CS-US p a ir in g  fo llow ed  by pseudo ECS (CS US FECS) (n -2 5 ) .

The rem ain ing  f iv e  groups re c e iv e d  a  CS-US p a ir in g  fo llow ed by v a rio u s  

d e la y s  o f  ECS| 60 seconds (CS US 60" ECS) (n -2 6 ) , 15 seconds (CS US 15" SCS) 

(n -2 6 ) , 8 seconds (CS US 8" ECS) (n -2 2 ) , 3 .5  seconds (CS US 3 .5"  ECS) (n -2 5 ) , 

0 seconds (CS US 0" ECS) (n -2 6 ) . T es tin g  p ro ced u res  on Day 6 were id e n t i c a l  

to  those  in  th e  p reced in g  experim en t. The d a ta  o f  12 s u b je c ts  were no t

analyzed due to  e x ce ss iv e  a r t i f a c t  in  th e  EKG.

R e s u lt s

A nalysis o f  l a te n c ie s  from l i c k  100-110 in d ic a te d  th a t  th e  60 

second d e la y  between FS o f f s e t  and ECS o n se t was s u f f i c i e n t ly  long to  

p e rm it s k e l e t a l l y  indexed memory to  rea ch  a n o n d lsru p tab le  s t a t e  as 

th e  CS US FECS and CS X  60" ECS groups d id  no t d i f f e r  from one a n o th e r .

The CS US fECS group d i f f e r e d  from th e  CS X  0" ECS group in d ic a t in g  th a t  

immediate ECS had induced s ig n i f ic a n t  am nesia. Lack o f  am nesia i s  a ls o

e v id e n t in  th e  CS X  60" E X  group a s  i t  d i f f e r s  s ig n i f i c a n t ly  from
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th e  CS US 0” ECS group , Inasmuch as th e  CS US 15'* ICS group d id  d i f f e r  

from the  CS US PECS group i t  appears t h a t  memory, indexed s k e l e t a l l y ,  

r e q u ir e s  between 15 and 60 seconds to  rea ch  a  s t a t e  t h a t  canno t be 

d is ru p te d  by ECS. For th e  h e a r t  r a t e  measure th e  CS US IECS d i f f e r s  

on ly  from th e  CS US 0" ECS group . Thus memory indexed by b ra d y c a rd ia  

appears to  rea ch  a s ta b le  s t a t e  between 0 and 3*5 seconds a f t e r  FS 

o f f s e t .  When d e fe c a tio n  sc o re s  a re  an a ly zed , th e  CS US PECS group 

d i f f e r s  from th e  CS US 3 .5 "  ECS and CS US 0- ECS g roups, w hile  a l l  

groups d i f f e r  from th e  CS US 0" ECS group. T h e re fo re , memory indexed 

by d e fe c a tio n  appears to  reach  an in v u ln e ra b le  c o n d itio n  between 3 .5  

and 8 seconds a f t e r  FS.

I n s e r t  F ig . 6 and Table 4 about h e re .

An ANOVA o f  la te n c ie s  from l i c k  100-110 (F ig . 6 ) found a s ig n i f i c a n t  

tre a tm e n ts  e f f e c t  (F*6 . 97, d f* 5 / l3 2 , £ < .0 0 1 ). Both th e  r e p l i c a t io n s  

e f f e c t  (FVL.53, dJ>2/ l 32 , p > . 10 ) and tre a tm e n t x r e p l i c a t io n  I n te r a c t io n  

were no t s ig n i f i c a n t  (F ^0 .75 , d f*10/132, p > .5 0 ) . T w o -ta iled  t  

t e a t s  were perform ed (Table 4) to  de term ine  which group d i f f e r e n c e s  were 

th e  source o f  the  tre a tm e n t e f f e c t .

I n s e r t  F ig . 7 and Table 5 about h e re .

A re p e a te d  m easures ANOVA on th e  h e a r t  r a t e  d a ta  (F ig . 7 ) re v e a le d  

r e l i a b l e  tre a tm e n t (1 ^3 .5 2 , dfV5,/l32» p < ,0l )  and in te r v a l  e f f e c t s  

(F -1 7 .1 3 , d f  *6/ 786 , p < .0 0 l) .  S ig n if ic a n c e  was n o t ach ieved  in  th e  

r e p l i c a t io n  f a c to r  (F^0 . 32 , d f* 2/ l 32 , p > .5 0 ) ,  r e p l i c a t io n  x tre a tm e n t 

(IM J.79, d f  "IQ /132 , p > .50 ) ,  r e p l i c a t io n  x I n te r v a ls  (F^O.95, d f»12 /786 ,
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TABI£ 4

TREATMENTS AND SIGNIFICANCES OF MEAN LOG SUITRESSION DURATION TO CS K B  EXIERIMKNT k

I

TREATMENT
£  VALUES OF DIFFERENCES BETWEEN GROUTS

CS US 60" ECS CS US 15" ECS CS US 8" ECS I CS US 3 .5" ECS CS US 0" ECS
f

---------------

. . . . • *- ■ t

CS US TECS >.50 <.02 > .05 <.0001 <.0001

CS US 60" ECS <.05 i > .20 <.001 <.001

CS US 15" ECS <.05 >.50 >.10 >.05

CS US 8" ECS > .20 >.50 j >.05 <.05

CS US 3 .5" ECS <.001 >.10 ! >.05
1 >.50t

CS US 0" ECS <,001 >.05 j <.05 i > .50
it!

u>CN
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TABI£ 5

TREATMENTS, JEANS, AND SIGNIFICANCES OF HEART RAIE CHANGES FOR EXPERIMENT 4

T

TREATMENT MEANS*

•

£  VALUES OF DIFFERENCES BETWEEN ffiOUFS

CS X  60" EX
.................................

X  X  15" E X  !|
X  X  8- E X i X  X  3.5"

t
EX X X  0" £(

CS US PECS 10.23 >.50
1

>.20 jj >.05 >.05 <.005

CS US 60** ECS 10.37 >.20 |t >.05 ; >.10 <.01

CS US 15" ECS 9.97 >.20 ( <.01
\

<.02 <.001

CS US 8” ECS : 10.9* > .05 <,01 | j > .50 >.50

CS US 3.5" ECS 1 10.80 >.10 <.02 J > .50 t*1 >.10

CS X  0" ECS [ 11.14 <.01
i

< .o o i !
. . .  i

>.50 I > .10
I

'o b ta in e d  by averaging each o f 7 aeans o f in te rv a le  6-12,
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£ > . 2 5 ) r tre a tm e n t x i n te r v a l  (£ * 1 .0 1 , d f» 30/? 8 6 , £  > ,25)» no r th re e  

way in te r a c t io n  (£*0 .89 , Af^60 /786 , £ > ,5 0 ) .  T w o -ta iled  t  t e s t a  were 

used to  a s c e r ta in  th e  source  o f  th e  tre a tm e n ts  e f f e c t  (T able 5 ) .  The 

in te r v a l s  e f f e c t  was n o t o f  p a r t lw u la r  i n t e r e s t  s in c e  i t  in d ic a te d  a  

p ro g re s s iv e  d im in u tio n  in  b rad y ca rd ia  f ro e  i n te r v a l  6 through 12 f a r  

a l l  g roups.

I n s e r t  F ig . 8 and Table 6 about h e re .

A nalysis o f  th e  d e fe c a tio n  d a ta  ( f i g .  8 ) found s ig n i f ic a n t  

tre a tm e n t (ij^5 .58 , d f-5 /1 3 2 » jK.OOl) and r e p l i c a t io n  f a c to r s  (£*8 ,24 , 

d f - 2 / l3 2 , j< ,0 0 l ) .  However, s in c e  th e  r e p l i c a t io n  x tre a tm e n t f a c to r  

was no t s ig n i f ic a n t  (FW),95i d f-1 0 /1 3 2 , £ >  .25)# th e  r e p l i c a t io n  

e f f e c t  was assumed to  stem from d if f e re n c e s  in  an im al sh ipm ents and 

was n o t p e rce iv ed  a s  a  m ajor concern . The sou rce  o f  tb s  tre a tm e n t 

e f f e c t  was an a ly sed  by tw o - ta i le d  t  t e s t s  (Table 6 ) ,

D iscuss ion

In s o fa r  a s  RA g ra d ie n ts  a s s e s s  th e  amount o f  tim e n e c e ssa ry  f o r  

in fo rm a tio n  to  re a c h  a s ta b le  n o n d is ru p tab le  fo rm at from which in fo rm a tio n  

may be r e a d i ly  r e t r i e v e d ,  i t  appears t h a t  d i f f e r e n t  components o f  

a  u n i ta ry  memory ach ieve  t h i s  s t a t e  a t  d i f f e r e n t  tim e s .

The t  t e s t s  on l a te n c ie s  from l i c k  100-110 in d ic a te  t h a t  between 

15 and 60 seconds a re  n e ce ssa ry  f o r  th e  s k e le t a l  response  to  ach ieve  

a  s ta b le  s t a t e  th a t  i s  no t m o d ifiab le  by ECS. On th e  o th e r  hand, 

a  s ta b le  s t a t e  i s  a t ta in e d  f o r  th e  h e a r t  r a t e  resp o n se  between 0 and 3*5 

seconds fo llo w in g  FS o f f s e t  and a s im ila r  s t a t e  i s  ach ieved  fo r  th e  

d e fe c a tio n  response  between 8 and 15 seconds.
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TABUS 6
TREATMENTS AND SIGNIFICANCES OF MEAN BOLUSES ON TEST TRIAL FCR EXPERIMENT k

TREATMENT

CS US EEJCS 

CS US 60" ECS 

CS US 15 " ECS 

CS US 8” ECS 

CS US 3.5 " ECS 

CS US 0*’ ECS

CS US 60" ECS j CS US 15" ECS

£  VALUES OF DIFFERENCES BETWEEN (SOUPS

CS US 8- ECS CS US 3,5" ECS

>.50

>.10

>.10

<.002

<.0001

>.20

>.10

>.50

>.10

<.005

>.20

>.10

>.50

>.05

<.005

<.02

<.002

>.10

>.05

>.10

CS U5 0" ECS

<.001

<.0001

<.005

<.005

> .1 0
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D iffe re n c e s  in  s t a b i l i s a t i o n  t i a e s  cou ld  v e ry  w e ll e x p la in  th e  

d if fe re n c e  in  th re s h o ld  o f v u ln e r a b i l i ty  to  ECS f a r  s k e l e t a l  and 

autonom ic re sp o n se s . I f  th e  CS-autonomic CR component s t a b i l i s e s  

sooner th an  th e  G S •sk e le ta l CR component, th e  CS-autonomic a s s o c ia ­

t io n  shou ld  be s tro n g e r  than  i t s  s k e l e t a l  c o u n te rp a r t  a t  any g iven  tim e 

fo llo w in g  le a rn in g  u n t i l  bo th  a s s o c ia t io n  s t r e n g th s  rea ch  an asym pto tic  

l e v e l .  Thus, ECS induced  d is ru p tio n  o f  CS -CP bonds shou ld  be ach ieved  

more r e a d i ly  fo r  th e  C S -sk e le ta l bond th an  f a r  th e  CS-autonomic bond.
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Experim ent 5

P r io r  to  f u r th e r  c o n s id e ra tio n  o f  f a c to r s  which say  a f f e c t  

s t a b i l i s a t i o n  r a t e s  f o r  m eaory, I t  I s  n e ce ssa ry  to  e s t a b l i s h  th a t  any 

b ehav io r seen w ith  a d e la y  In  ECS I s  t r u l y  memorial In  n a tu re  r a th e r  

th an  & fu n c tio n  o f n o n a sso c la tlv e  f a c to r s .

Experim ent J dem onstra ted  t h a t  th e  problem o f  n o n a sso c la tlv e  

f a c to r s  does n o t a r i s e  when an ICS o f 45 me, i s  d e liv e re d  Im m ediately 

fo llo w in g  th e  CS-US p a ir in g .  N e v e rth e le ss , 1?0 me. i s  s u f f i c i e n t ly  d i f ­

f e r e n t  from 45 me, o f  ECS to  n e c e s s i ta te  adding c o n tro ls  fo r  n o n a sso c la tlv e  

f a c to r s  in  Experim ent 4 , I t  must a ls o  be shown th a t  ECS d e liv e re d  60 

seconds a f t e r  FS o f f s e t  a s opposed to  im m ediately  a f t e r  FS o f f s e t  does 

n o t c re a te  a  n o n a sso c la tlv e  change In  beh av io r which n ig h t be m istaken 

fo r  memory. F urtherm ore , a lth o u g h  100 ma, o f ECS y ie ld e d  am nesia fo r  

b rad y c a rd ia  in  Experim ent 3 , th e  m agnitude o f  th e  am nesia was not 

maximal. T h e re fo re , th e  p re s e n t  stu d y  a ls o  compares a group th a t  

re c e iv e s  170 ma, o f  ECS Im m ediately fo llo w in g  F5 o f f s e t  w ith  a  group 

t h a t  does no t have an o p p o r tu n ity  to  le a r n  the  CS-US con tingency  in  

o rd e r  to  a s s e s s  th e  amount o f  am nesia produced.

Method

S u b je c ts  and A pparatus, E igh ty  e ig h t  r a t e  s im ila r  in  d e s c r ip t io n  to  

th o se  used In  p reced in g  experim en ts were o b ta in e d . A ll a p p a ra tu s  were 

I d e n t ic a l  to  th o se  used in  Experim ent 3 . The p re s e n t  s tu d y  was 

perform ed In two r e p l i c a t io n s .

P ro ced u re . Days 1 -4  were id e n t i c a l  to  those  d e sc rib e d  In  Experim ent 

3 , On Bay 5 th e  an im als were random ly d iv id e d  in to  f iv e  g roups. One 

group re c e iv e d  CS, FS and PECS (CS US FECS) (n -2 0 )f th e  second group 

re c e iv e d  CS and FS fo llow ed  by ECS 60 seconds a f t e r  FS o f f s e t  (CS US 

60” ECS) (n -1 7 )i th e  t h i r d  group re c e iv e d  ECS im m ediately  a f t e r  th e



4 4

CS-US p a ir in g  (CS US 0" ECS) (n » l8 ) j  th e  fo u r th  group re o e lv e d  th e  CS 

fo llow ed  one hour l a t e r  by FS fo llow ed  60 seconds l a t e r  by ECS 

(CS EELAY US 60" ECS) (n » l4 ) j  and th e  f i f t h  group re c e iv e d  th e  CS fo llow ed 

one hour l a t e r  by FS and immediate ECS (CS EE LAY US 0" ECS) (n«*15) .  A ll 

ECS v a lu e s  were 1?0 ma. The r a t s  were t e s te d  on Day 6 a s  d e sc rib e d  in  

E xperim ent 3 .

R e p lic a tio n  two o f  th e  p reced in g  experim ent c o n ta in e d  in  a d d it io n  

to  th e  p re v io u s ly  d e sc r ib e d  g ro u p e rs )  CS US 15*' ECS, b) CS US 8" ECS, 

c)C3 US 3 .5 "  ECS, d ) CS US 0” ECS, e )  CS US 60" ECS, and f )  CS US FECS, 

an im als  t h a t  re c e iv e d  tre a tm e n ts  g ) CS DELAY US 60" ECS and h ) CS 

□ELAY US 0" ECS. Groups run  in  th e  p re s e n t  experim ent were id e n t i c a l  

to  th e  l a s t  f iv e  groups in  th e  r e p l i c a t io n  d e sc rib e d  above. T h e re fo re , 

th e  d a ta  from r e p l i c a t io n  two o f  Experim ent 3 se rv ed  a s  one o f  the  

two r e p l i c a t io n s  o f  th e  c u rre n t  s tu d y . The d a ta  o f  e ig h t  r a t s  were no t 

used due t*  e x ce ss iv e  a r t i f a c t  in  th e  EKG.

R e s u lts

Memory observed in  a  group r e c e iv in g  a 60 second d e la y  between 

FS o f f s e t  and ECS was no t a  fu n c tio n  o f  n o n a sso c la tlv e  f a c to r s  a s  

dem onstra ted  by a p p ro p r ia te  c o n tro l* , O ne-hundred-seventy  ma, ECS 

d e liv e re d  Im m ediately upon FS o f f s e t  produces s ig n i f i c a n t  am nesia f o r  

l i c k  su p p re ss io n , h e a r t  r a t e  and d e fe c a tio n  a s  th e  amnesic groups d id  

n o t d i f f e r  from t h e i r  nonmemorial c o n tro ls  (CS DELAY US 0" ECS). T h is 

was n o t th e  case  in  Experim ent 3 where th e  group re c e iv in g  C3 US ECS (100 

m a.) d id  s ig n i f i c a n t ly  d i f f e r  from a n o n a sso c la tlv e  c o n tro l  w ith  r e s p e c t  

to  th e  h e a r t  r a t e  m easure. Thus, i t  ap p ea rs  t h a t  170 ma, y ie ld s  more 

am nesia f o r  memory a s  Indexed by h e a r t  r a t e  th an  does 100 ma. o f  ECS, 

w hile  am nesia  acco rd in g  to  d e fe c a tio n  and s k e le t a l  in d ic e s  has asym ptoted 

w ith  100 ma. o f ECS,
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I n s e r t  F ig , 9 and T able 7 about h e re .

An ANOVA o f  l a te n c ie s  from l i c k  100-110 found a s ig n i f ic a n t  

tre a tm e n t (FV14,31, d f ,  4 /7 4 , £  < .0 0 l)  e f f e c t .  The r e p l i c a t io n  (£-3 .51* 

d f » l /7 4 ,  £ > .0 5 )  and th e  r e p l i c a t io n  x tre a tm e n t f a c to r s  were no t s i g ­

n i f i c a n t  (F W .5 0 , d f -4 /7 4 , £ > .1 0 ) ,  T w o -ta iled  t  t e s t s  were used to  

determ ine  th e  source o f  the  tre a tm e n t e f f e c t  (Table 7 ) .

I n s e r t  F ig . 10 and Table 0 about h e re .

H eart r a t e  sc o re s  (F ig . 10) were analyzed  w ith  a  re p e a te d  m easures 

A l i  OVA. S ig n if ic a n c e  was observed fo r  th e  tre a tm e n t (F“5 .2 7 , d f -4 /? 4 , 

p < .0 0 l)  and in te r v a l  f a c to r s  (F "9 .8 9 , d f-6 /4 4 4 , £< ,001) a s  w e ll a s 

f o r  th e  tre a tm e n ts  x in te r v a l s  in te r a c t io n  ( f ^ l .7 8 ,  d f»24 /444 , g < ,0 5 ).

T his in te r a c t io n  was p robab ly  a  fu n c tio n  o f  a f a i r l y  f l a t  h e a r t  r a t e  

response  o f  c o n tro l  groups GS DELAY US 60" ECS and CS DELAY US 0” ECS 

over i n te r v a l s  6-12 and a p ro g re ss iv e  d im inu tion  in  h e a r t  r a t e  d e c e le ra t io n  

in  th e  th re e  ex p erim en ta l groups over th e  same in te r v a l s .  S ig n if ic a n c e  

was not ach ieved  by th e  r e p l i c a t io n  f a c to r  (F^*0.09, d f* l /7 4 ,  £  > .5 0 ) ,  the  

r e p l i c a t io n  x in te r v a l s  ( J ^ l .8 2 ,  d f» 6 /444 , £ > ,0 5 ) ,  r e p l i c a t io n  x trea tm e n t 

(F * 0 .l4 , d f* 4 /7 4 . £ > .5 0 )  o r  th re e  way in te r a c t io n  (F -0 .9 0 , d f-2 4 /4 4 4 , p > .2 5 ) .  

The source o f  the  tre a tm e n ts  e f f e c t  was analyzed  by u sin g  tw o - ta i le d  

t_ t e s t s  (T able 8 ) .

I n s e r t  F ig . 11 and Teble 9 about h e re .
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TABI£ 7

TREATMENTS AND SIGNIFICANCES OF MEAN LOG SUPPRESSION DERATION TO CS FCR EXPERIMENT $

t

TREATMENT

CS US PECS 

CS US 60" ECS 

CS US 0" ECS !

CS EE LAY US 60" ECsj 

CS EELAY US 0» ECS ;

CS US 60" ECS

£  VALUES OF RELEVANT DIFFERENCES BETWEEN GROUPS

CS DELAY US 0" ECSCS US 0" ECS ! CS DELAY US 60" ECS
1

>.05

>.05

<.0001

<.001

>.05

<.000001

<.0001

>.05 >.20

<.000001

>.05

>.20

*■
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TABUS 8
TREATMENTS, MEANS, AND SIGNIFICANCES OF HEART RATE CHANGES FOR EXPERIMENT 5

TREATMENT MEANS*

CS US PECS 10.12

CS US 60*' ECS 10.64

CS US O'* ECS 11.11

CS DELAY US 60" ECS 11.40

CS DELAY US 0" ECS 11.13

£  VALUES OF RELEVANT DIFFERENCES BETWEEN GROUPS

CS US SO" ECS 

>.05

<.05

<.01

CS US 0" ECS

<.005

<.05

>.50

CS DELAY US60m ECS

<.001

<.01

>,20

CS DELAY US 0" ECS

<.005

>.50

>,20

>.20

aObtained by averaging each o f 7 seans o f In te rv a ls  6-12.
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TABLE 9

TREATMENTS AND SIGNIFICANCES OF MEAN BOLUSES ON TEST TRIAL Fffi EXPERIMENT 5

TREATMENT

CS US FEX 

CS US 60” ECS 

CS US 0" ECS 

CS tELAY X  60" ECS 

CS DELAY X  0" EX

£  VALIKS OF RELEVANT DIFFERENCES BEIVEEN CStOUFS

X  X  60" EX 

> .50

<.02

<.002

X  X  0" EX

<.005

<,02

r-
X  DELAY X  60" EX  I X  DELAY X  0"

>.05

I

<.001

<.002

>.20

<.0001

>.05

>.20

ICS



52

An ANOVA o f  th e  d e fe c a t io n  d a ta  (P ig . 11) found a s ig n i f ic a n t  

tre a tm e n t (FM3.4 6 , d f—4 /7 4 , p< ,001 ) and r e p l i c a t io n s  e f f e c t  (E -10 .87 , 

d f - l / 7 4 ,  £ < .0 0 5 ). However, th e  tre a tm e n ts  x r e p l i c a t io n  in te r a c t io n  

was n o t s ig n i f i c a n t  (PVL.09, d f -4 /7 4 , £  > .25 ) and th e re fo re  th e  

s ig n i f ic a n t  r e p l i c a t io n  f a c to r  was n o t o f  m ajor concern . T w o-ta iled  

t_ t e s t s  (T able 9 ) were used to  determ ine  th e  source o f  th e  trea tm e n t 

e f f e c t .

D iscussion

Inasmuch a s  groups CS US 60" ECS and CS DELAY US 60" ECS d i f f e r e d  

on each o f  th e  th re e  memory in d ic e s  i t  i s  ap p aren t th a t  th e  behav io r o f  

th e  CS US 60" ECS group r e f l e c t s  u n d erly in g  memory r a th e r  th an  being  a 

fu n c tio n  o f  n o n a sso c la tlv e  f a c to r s .  The CS US 0" ECS group was c o n s is te n t  

in  i t s  perform ance a c ro s s  a l l  In d ic e s  a s  i t  d i f f e r e d  from th e  CS US PECS 

group bu t n o t from th e  CS SLAT US 0" BC3 group a t  each  Index, C onsequently , 

i t  ap p ea rs  t h a t  170 ma. o f  ECS produces more am nesia th an  100 ma. o f ECS. 

Taken to g e th e r ,  th e se  d a ta  in d ic a te  t h a t  th e  RA g ra d ie n ts  o b ta in ed  In 

Experim ent 4 do in  f a c t  re p re s e n t  g ra d ie n ts  o f  memory r a th e r  than  non- 

a s s o c ia t iv e  f a c to r s .
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G eneral D iscussion

The p re s e n t  s tu d ie s  have re so lv e d  th e  d is c re p a n c ie s  in  th e  l i t e r a ­

tu r e  concern ing  th e  d i f f e r e n t i a l  s u s c e p t ib i l i t y  o f  autonofelc and 

s k e le t a l  re sp o n se s  to  EOS by d e n o n s tra tin g  th a t  autonom ic re sp o n ses  

have a  h ig h e r th re s h o ld  to  d is ru p t io n  than  s k e le t a l  re sp o n se s . Thus, 

i t  seems rea so n a b le  t h a t  th e  p ro ce sse s  u n d e rly in g  th e  e s ta b lish m e n t o f  

a  r e t r i e v a b le  autonom ic o r  s k e le t a l  CR appear to  be q u a l i t a t iv e ly  s im ila r  

in  n a tu re  to  th e  e x te n t  th a t  th e se  p ro ce sse s  i n te r a c t  w ith  ECS, However, 

th e  q u e s tio n  o f  why th e se  re sp o n ses  d i f f e r  in  t h e i r  th re s h o ld s  to  

d is ru p tio n  rem ains to  be answ ered.

Experim ent k arguos th a t  th e  v a r io u s  components o f th e  o v e ra l l  

response  re q u ire  d i f f e r e n t  amounts o f  tim e to  rea ch  a s t a b le ,  non- 

d ie ru p ta b le  s t a te  o f  p rep a red n ess fo r  r e t r i e v a l .  The s k e le t a l  component 

re q u ire d  th e  lo n g e s t tim e to  rea ch  a s ta b le  s t a te  (between 15-60 seco n d s), 

fo llow ed by th e  d e fe c a tio n  (between 3 .5 -8  seconds) and h e a r t  r a te  

components (between 0 -3 .5  seco n d s). The unique s t a b i l i z a t i o n  tim es t h a t  

a re  re q u ire d  by th e se  v a rio u s  e x p re ss io n s  o f  memory a re  c o n s is te n t  w ith  

th e  e x is te n c e  o f  a  g ra d ie n t  o f  ECS c u r re n t  i n t e n s i t i e s  n e ce ssa ry  to  

y ie ld  asym pto tic  l e v e ls  o f  am nesia f a r  d i f f e r e n t  response  ty p e s . Across 

Experim ents 3-5» i t  appears t h a t  **5 ma. y ie ld s  asym pto tic  amnesia fo r  

th e  s k e le t a l  response  w hile 100 and 170 ma, o f ECS a re  re q u ire d  to  

o b ta in  asym pto tic  am nesia fo r  th e  d e fe c a tio n  and h e a r t  r a t e  resp o n ses 

r e s p e c t iv e ly ,

One p o s s ib le  e x p la n a tio n  o f  t h i s  g ra d ie n t  would be to  assume th a t  

each o f  th e se  CRs d i f f e r s  a long  a continuum  o f n e u ra l com plex ity . Com plexity 

may sim ply be d e fin e d  as the  number o f  synapses or neurons th a t  m ediate 

th e  b eh av io r. As th e  com plex ity  o f the  CR In c re a s e s , a  g r e a te r  number
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o f  sy n a p ses  would be In v o lv ed  In th e  a s s o c ia t io n  betw een th e  US and 

OR a t  th e  tim e o f  le a r n in g .  I f  th e  number o f  sy n a p ses  In v o lv e d  in  

form ing th e  CS-US bond in c r e a s e s  w ith  c o m p le x ity  o f  th e  CR, th en  i t  i s  

l i k e l y  th a t  th e  amount o f  tim e r e q u ir e d  t o  fo r a  a  n o n d ia ru p ta b le  CS-US 

bond i s  a l s o  a fu n c t io n  o f  th e  c o m p le x ity  o f  th e  CR, T h is  i s  n o t to  

sa y  th a t  a t  th e  tim e o f  a c q u is i t io n  th e  s u b je c t  i s  a c q u ir in g  a p a r t ic u la r  

CR which i s  i d e n t i c a l  in  farm fo r  each  ta s k  used  t o  m easure th e  CR, In*  

s t e a d ,  a t  th e  tim e o f  a c q u is i t io n  th e  s u b je c t  i s  p ro b a b ly  le a r n in g  

t o  make a p a r t ic u la r  CR in  th e  p resen ce  o f  a  r e le v a n t  CS, bu t th e  

u lt im a t e ly  ob served  CRs are dependent upon an in t e r a c t io n  o f  th e  a cq u ired  

a s s o c ia t io n s  and th e  t e s t i n g  en viron m en t.

The s k e l e t a l  r e sp o n se  exam ined in  th e  p r e se n t  exp erim en t ( l i c k  

s u p p r e s s io n )  p rob ab ly  r e q u ir e s  a c o n s t e l l a t io n  o f  d i s c r e t e  m uscular  

movem ents. The o v e r a l l  in t e g r a t io n  o f  th e s e  s k e l e t a l  movements i s  

l i k e l y  to  r e q u ir e  th e  p a r t ic ip a t io n  o f  many neurons in  th e  c o r t e x .  On 

th e  o th er  hand, th e  h e a r t  r a te  r esp o n se  i s  f a i r l y  s im p le  in  th a t  th e  h ea r t  

h a s a v ery  l im it e d  r e p e r t o ir e  o f  r e sp o n se s  a v a i la b le .  H eart r a te  

can b a s i c a l l y  go u p , go down, or rem ain th e  sam e, and d e c e le r a t io n  

i s  p r im a r ily  c o n t r o l le d  by th e  v a g u s . The d e fe c a t io n  CR i s  p rob ab ly  

midway in  c o m p le x ity  betw een th e  s k e l e t a l  and h e a r t r a te  CRs in  th a t  

i t  r e q u ir e s  an in t e g r a t io n  o f  autonom ic and s k e l e t a l  com ponents a s  

'th e  e x te r n a l  a n a l s p h in c te r  i s  s k a l e t a l l y  In n erv a ted  (M o u n tc a stle , 1 9 6 8 ) ,

One p r e d ic t io n  based  on th e s e  a ssu m p tion s m ight be th a t  ECS, a s  

w e l l  aq  o th e r  d is r u p t iv e  a g e n ts  d i f f e r e n t i a l l y  a f f e c t  d is p a r a te  p o in t s  

on a h ie r a rc h y  o f  r e s p o n se s  w hich v a ry  a lo n g  a  continuum  o f  c o m p le x ity .

The most com plex r e sp o n se s  r e q u ir e  th e  lo n g e s t  t im es  to  rea ch  a s t a b le  

form at and a r e ,  t h e r e f o r e ,  more s u s c e p t ib le  to  d is r u p t io n  than  r e sp o n se s  

lo w er  in  th e  h ie r a r c h y  w hich a t t a in  a s t a b le  s t a t e  r a p id ly .



T his model can a ls o  be adap ted  to  in c o rp o ra te  In s tru m e n ta l re sp o n se s . 

S k e le ta l  o p e ran t re sp o n se s  would p robab ly  be co n sid ered  more complex 

th an  most autonomic CRs, In  th a t  th ey  a re  l i k e l y  to  e n t a i l  mare in te g r a t io n .  

C onsequently , th ey  might be seen a s  p o te n t i a l ly  more d is ru p ta b le  by 

am nesic a g e n ts . Thus, in  a p a ss iv e  avoidance ta s k  ECS would d is r u p t  the  

a s s o c ia t io n s  o f  th e  s k e le t a l  resp o n se  th a t  le d  to  FS punishm ent. However, 

th e  l e s s  complex, c l a s s i c a l l y  c o n d itio n ed  f e a r  a s s o c ia te d  w ith  ap p a ra tu s  

cues i s  l i k e l y  to  be l e s s  a f fe c te d  by ECS. T h is would te n d  to  e x p la in  

th e  o f te n  n o te d , a lth o u g h  r a r e ly  r e p o r te d ,  o b se rv a tio n  o f  d e fe c a tio n  

in  r a t s  t h a t  a re  t e s te d  fo llo w in g  p a ss iv e  avoidance t r a in in g  w ith  FS 

fo llow ed by ECS.

W ithin  th e  h ie ra rc h y  o f  complex re s p o n se s , d i f f e r e n t  ty p es  o f s k e le ­

t a l  o p e ra n ts  could  a ls o  be d is t in g u is h e d . Carew (1970), a s  p re v io u s ly  

n o ted , found th a t  a  la te n c y  index  o f  am nesia f o r  p a ss iv e  avoidance 

t r a in in g  d id  in  f a s t  in d ic a te  th a t  th e  an im als were am nesic. However, 

th e  s u b je c ts  avoided th e  lo cu s  o f  p rev io u s  FS th u s  im plying a la c k  o f 

am nesia, Carew concluded th a t  th e  l a t t e r  measure was more s e n s i t iv e  

than  the  la te n c y  measure in  a s se s s in g  am nesia. An a l t e r n a t iv e  a n a ly s is  

o f  Carew 's d a ta  In v o lv es exam ining th e  d e la y  between th e  s u b je c t 's  l a s t  

movement w ith in  th e  punishm ent compartment p reced in g  FS and FS onse t a s  compared 

to  th e  d e lay  between th e  s u b j e c t 's  l a s t  a tte n d in g  to  c o n te x tu a l s t im u li  

in  th e  sa fe  compartment and FS o n se t. The d e lay  in  re in fo rcem en t th a t  

i s  ex p erien ced  in  le a rn in g  th e  lo c u s  o f  FS i s  a p p re c ia b ly  sm a lle r  than  

th e  d e lay  in  re in fo rce m en t t h a t  i s  ex p erien ced  in  a c q u ir in g  a p a ss iv e  

avoidance response  t h a t  d is t in g u is h e s  th e  sa fe  from punishm ent chamber. 

C onsequently , a t  t h i s  le v e l  o f a n a ly s i s ,  th e  go-no go response  may be 

co n sid ered  to  be th e  p roduct o f  a more complex a s s o c ia t io n  th an  th e
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avoidance o f  FS lo c a t io n .  T h e re fo re ( In  Carew 'a a tu d y , th e  two M easures 

o f  r e te n t io n  say  no t be tap p in g  th e  ease  memory w ith  d i f f e r e n t i a l  se n ­

s i t i v i t y ,  b u t say  be r e f l e c t i n g  th e  degree to  which two ty p e s  o f  re sp o n se s , 

d i f f e r in g  In  co m p lex ity , e re  d is ru p te d  by ECS. As such , th e se  d a ta  

a re  viewed a s  being  c o n s is te n t  w ith  th e  p re s e n t  model.

An a l t e r n a t iv e  to  th e  com plexity  e x p la n a tio n  o f  d i f f e r e n t i a l  

v u ln e r a b i l i ty  o f  s k e l e t a l l y  and au to n o m ica lly  Indexed memories m ight 

assume th a t  as a r e s u l t  o f  th e  CS-US p a ir in g  f e a r  becomes a s s o c ia te d  

w ith  p re s e n ta tio n  o f  th e  CS, In  an anim al th a t  does no t re c e iv e  ECS 

each o f  th e  In d ic e s  ( s k e l e t a l ,  h e a r t  r a t e ,  and d e fe c a t io n )  In d ic a te s  th a t  

th e  su b je c t  i s  ex trem ely  f e a r f u l .  However, ECS d e liv e re d  fo llo w in g  th e  

CS-US p a ir in g  red u ces th e  fe a r  a s so c ia te d  w ith  th e  CS and th e  d iv e rs e  

in d ic e s  a re  d i f f e r e n t i a l l y  s e n s i t iv e  in  t h e i r  a b i l i t y  to  r e f l e c t  r e s id u a l  

f e a r .  Thus, f e a r  c o n d itio n ed  In  the  p re s e n t  experim en ts has been 

s u f f i c i e n t l y  a t te n u a te d  by ECS th a t  th e  s k e l e t a l  measure i s  f a i r l y  non- 

resp o n aiv e  to  i t .  On th e  o th e r  hand, th e  d e fe c a tio n  and h e a r t  r a t e  

in d ic e s  a re  more s e n s i t iv e  in  t h e i r  re sp o n s iv en e ss  to  f e a r  and in d ic a te  

c o n s id e ra b le  f e a r  in  th e  su b je c t  d e s p i te  th e  o v e ra l l  l e v e l  o f  f e a r  being  

reduced  by EC3. T h is model i s  more parsim onious th an  th e  com plexity  modelj 

however, i t  does no t account fo r  the  d i f f e r e n t i a l  s e n s i t i v i t y  o f th e  

v a rio u s  in d ic e s  in  in d ic a t in g  the  p resence  o f  f e a r .  The com plexity  

model encompasses a  more p h y s io lo g ic a l I n te r p r e ta t io n  than  th e  l a t t e r  

model.
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APIENDIX

Method f o r  R ecording Keen H eart-R ate

E xperim ents exam ining h e a r t - r a t e  In  r a t s  f re q u e n tly  e ap lo y  a  p o ly ­

graph to  p ro v id e  a  w r i t te n  re c o rd  o f  th e  BKG, One method o f  computing 

mean h e a r t - r a t e  over a  d e fin e d  I n te r v a l  from t h i s  re c o rd  i s  to  count 

th e  number o f  R-wavea o c c u rr in g  w ith in  th e  g iven  in te r v a l .  T hie measure 

i s  tim e consuming to  o b ta in  and c o n ta in s  an average e r r o r  o f  -  ^  b e a t .

An o n - l in e  method fo r  computing h e a r t - r a t e  In v o lv in g  a polygraph  pen 

a c t iv a t in g  a  m icrosw itch  on each R-wave has been d e sc rib e d  (F i tz g e r a ld ,  

V a rd a r is , A T e y e le r , 1968), T h is method r e q u ir e s  e x te n s iv e  p e r ip h e ra l  

equipm ent in  a d d it io n  to  th e  c o s t  o f  th e  po lygraph  and does no t e lim in a te  

th e  in h e re n t e r r o r  o f  b e a t .  A l te rn a t iv e ly ,  w ith  a c a rd lo ta c h o m e te r , 

a  v o lta g e  p ro p o r tio n a l  to  each In te rb e a t  I n te r v a l  may be reco rd ed  j how­

e v e r , c o n v e rtin g  t h i s  measure to  mean h e a r t - r a t e  I s  a la b o r io u s  p ro ­

ced u re . The c i r c u i t  d e sc r ib e d  below does no t n e c e s s i ta te  a po lygraph  

o r any o th e r  expensive e le c t r o n ic s .  I t  r e q u ir e s  minimal d a ta  a n a ly s is  

to  o b ta in  mean h e a r t - r a t e  and p e rm its  e a sy  e lim in a tio n  o f  th e  above 

m entioned e r r o r  o f  ^  b e a t .

A lthough any p r e a m p li f ie r  can be used  in  th e  p r e se n t  sy s te m , th e  

one th a t  i s  c u r r e n t ly  b e in g  used  in  our la b o r a to r y  was o r i g i n a l l y  d e ­

s ig n e d  fo r  r e c o r d in g  m u lt ip le  u n it  a c t i v i t y  (B r a k e l, Babb, Kahnke, A 

V erzean o, 1971) but i s  more than ad eq u ate fo r  a m p lify in g  th e  EKG in  

moving r a t s .  The o u tp u t o f  th e  p r e a m p lif ie r  i s  f i l t e r e d  by a  lo w -p a ss  

f i l t e r  (LPF) s e t  to  p a ss  fr e q u e n c ie s  below  300 Hz, ( s e e  F ig .  12 ),

Aside from removing h igh  frequency  a r t i f a c t s  from th e  EKG, i t  a ls o  

y ie ld s  an a d d it io n a l  g a in  o f  10 over th e  ga in  o f  4000 p rov ided  by th e  

p re a m p lif ie r .  The n ex t s ta g e  i s  a  v o lta g e  com parator (VC) whose o u tp u t
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goes from *>14 to  +14 v o l t s  each t in e  th e  a n p li tu d e  o f  th e  R -wave ex ­

ceeds a  v a r ia b le  t ig g e r in g  th re s h o ld . S u b seq u en tly , th e  o u tp u t o f  th e  

VC i n i t i a t e s  a  o n e -sh o t (OS) which in  tu r n  a o t iv a te s  th e  c o i l  o f  a low 

c u rre n t-d ra w in g  r e l a y .  T o ta l c o s t  o f th e L P F , VC, OS, and r e l a y  i s  

under $40 and th e  LPF, VC, and OS nay be purchased  in  p re a sse a b le d  form 

(C eonics L td , ,  T oron to , Canada).

Low Pass F i l t e r

The 3 dB p o in ts  may be v a r ie d  by changing and t Frequency 

( in  H z.)“ 22 /c^  ( in  m ic ro fa ra d s)  « l / c ^ . The assem bled u n i t  i s  a v a i l ­

a b le  as G eonics #1341-300,

V oltage Comparator

S ince th e  LFF in v e r t s  th e  R-wave, i t  was n e ce ssa ry  to  a c t iv a te  th e  

VC w ith  n e g a tiv e  s ig n a ls .  P o s i t iv e  s ig n a ls  may be used to  t r ig g e r  th e  

VC by co n n ec tin g  p o in t  “a" to  th e  p o s i t iv e  in s te a d  o f  n e g a tiv e  power 

supp ly  te rm in a l .  T rig g e rin g  th re s h o ld  may be determ ined  by th e  fo llo w in g  

form ulai T hresho ld  v o lta g e  » 15Y/(5600+Rx ) .  The assem bled VC may be 

purchased  a s  Geonics #1257.

One-Shot

While th e  LPF a t te n u a te s  h igh  frequency  s ig n a ls ,  t o  f u r th e r  p rev en t 

t ig g e r in g  on a r t i f a c t s  between R-waves, th e  t r a c e  o f  th e  CS was made 75 

msec, lo n g , A h e a r t - r a t e  o f  600 bpm s l i g h t l y  exceeds th e  maximum h e a r t -  

r a t e  observed in  r a t s  and i s  e q u iv a le n t to  an in te r b e a t  in te r v a l  o f  100 

msec. S u b tra c tin g  r e la y  opening tim e o f  15 msec, le a v e s  an 85 se c . 

in te r v a l  o f  which th e  ex tended  OS p u lse  d u ra tio n  d e a c t iv a te s  th e  c i r c u i t  

f o r  75 msec. The t r a c e  o f  th e  OS may be a l t e r e d  by changing  C^, The 

t r a c e  ( in  m sec.) -  160 x C^ ( in  m ic ro fa ra d s ) . The assem bled u n i t  i s  

a v a i la b le  a s  G eonics #1261-B.
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R elay  o r Sw itch

Output o f  th e  CS i e  l im ite d  to  a  maximum o f  +15 v o l te  a t  10 m a., 

th e re fo re  any r e la y  t h a t  l e  r a te d  f o r  24-30 v o l te  a t  l e e s  th an  10 ma. 

may be used . Our c i r c u i t  uaed an S le c .  Spec, #71GB4r (American Design 

Components, New York, N .Y .). A s o l id  s t a t e  sw itch  a llo w s th e  o u tp u t 

o f  th e  CS to  be converted  to  TTL le v e ls .

Using t h i s  c i r c u i t ,  R-wavea may be reco rd ed  on c o u n te rs  t h a t  a re  

en ab led  th rough  a s te p p in g  sw itch  c o n tro l le d  by an in te r v a l  t im e r . T h is 

method i s  f a i r l y  sim ple bu t prone to  in accu racy , ftie b e a t may be m issed 

o r an e x tr a  b e a t counted  as a  fu n c tio n  o f  when between b e a ts  th e  in te r v a l  

i s  i n i t i a t e d  and te rm in a te d . T h is f a c to r  w i l l  produce an average e r r o r  

o f  b e a t and a maximum e r r o r  o f  ^1 b e a t .  For a  h e a r t - r a t e  o f  360 bpm 

reco rded  over a  15 s e c . I n t e r v a l ,  th e  e r r o r  may be a s  h igh  a s  1%, 

D ecreasing  th e  re c o rd in g  in te r v a l  to  5 B ee ., th e  e r r o r  may be as h igh  a s  

3£. C le a r ly , t h i s  p rocedure  becomes unaccep tab le  a s  th e  re c o rd in g  in ­

t e r v a l  i s  f u r th e r  red u ced . A more a c c u ra te  p ro ce d u re , p a r t i c u l a r l y  u se ­

f u l  fo r  re c o rd in g  h e a r t - r a t e  over a  b r i e f  i n t e r v a l ,  i s  c u r r e n t ly  being  

used in  our la b o ra to ry . I t  c o n s is ts  o f a llo w in g  th e  f i r s t  R-wave d u rin g  

th e  d e s ire d  re c o rd in g  in te r v a l  to  i n i t i a t e  a  msec, tim e r and having  th e  

f i r s t  R-wave a f t e r  th e  d e s ire d  in te r v a l  s to p  th e  tim e r . By re c o rd in g  th e  

number o f  b e a ts  and a c tu a l  in te r v a l  in  msec, between th e  i n i t i a t i n g  and 

te rm in a tin g  b e a ts ,  an ex trem ely  a c c u ra te  mean h e a r t - r a t e  may be r e a d i ly  

computed. For re c o rd in g  h e a r t^ * a te  a t  su c c e ss iv e  in te r v a l s  a  b u ffe re d  

h igh  speed p a r a l l e l  p r i n t  ou t co u n te r can be used to  re c o rd  bo th  th e  

tim e in  msec, and th e  number o f  R-waves w ith in  each in te r v a l .



6o

LOW P A SS F i t  T I P VOLTAOC C O M M * 4 rO R
-  I S

12N
Q ^ (V

12K

- I S

O N I -  SHOT IN T H M C C

+ SV
o —

SI J
l n J

FOR
IT  I
OUTPUT i - l i

i — O 
FOS ■ *  H — o
StLAV ♦  I C
CLOSURE



6Z

R eferences

Adams, H, E . and Calhoun, K. S . In d ic e s  o f  sen ary  reco v ery  fo llo w in g  

e le c tro c o n v u ls lv e  shock. Physio logy and Behavior . 1972, 9 , 

783-787.

B ra k e l, S . ,  Babb, T . f Mahnke, J . ,  and Verzeano, M. A compact

a m p lif ie r  fo r  e x t r a c e l lu la r  re c o rd in g . P hysio logy  and B eh av io r. 

1971, 6 , 731-733.

Carew, T. J .  Do p assiv e -av o id an ce  ta s k s  perm it assessm ent o f 

re tro g ra d e  a n n ea ls  In  r a t s ?  Jo u rn a l o f  Comparative and 

P h y s io lo g ic a l Psychology, 1970, 72, 267-271 .

C aul, W, F, and B a r r e t t ,  R. J ,  E le c tro c o n v u ls lv e  shock e f f e c t s  on

c o n d itio n ed  h e a r t  r a t e  and su p p re ss io n  o f  d r in k in g . Physio logy 

and B ehav io r. 1972, 8 , 287-290.

C horover, S . L. and S c h i l l e r ,  P. H, Reexam ination o f pro longed

re tro g ra d e  a n n ee la  In  o n e - t r i a l  le a rn in g . Jo u rn a l o f  Com parative 

and P h y s io lo g ic a l Psychology . 1966, 61, 3^-41.

D e l ln l -S tu la ,  A, D rug-Induced su p p ress io n  o f c o n d itio n ed  hypertherm ic 

and co n d itio n ed  avoidance behav io r In  r a t s ,  Psychopharm acologia 

( B e r l . ) . 1971, 20, 153-159.

D e V le ttl ,  T. L. and K a llio ln e n , E. K. ECS-induced re tro g ra d e  am nesia 

in d ic a te d  by a  h e a r t - r a te  measure o f r e te n t io n ,  Psychonomlc 

S c ien c e , 1972, 27 , 35-36.

F i tz g e r a ld ,  R, D ., V a rd a r ls , R, M.f and T e y le r , T. J .  An o n - lin e  

method fo r  m easuring h e a r t  r a t e  In  c o n d itio n in g  ex p erim en ts , 

Psychophyalo logy. 1968 , 4 , 352- 353 .

H ine, B, and F a o lln o , R . M. R etrograde  am nesiat P roduc tion  of 

s k e le t a l  bu t no t c a rd ia c  response  g ra d ie n t  by e le c tro c o n -



62

v u ls lv e  shock. S c ie n c e . 1970, 169 , 122h-1226,

Hovard, J ,  L. snd O b r la t , P . A. H eart r a t e  end p y ra a ld a l  a c t i v i t y  

d u rin g  c l a s s i c a l  a v e rs iv e  c o n d itio n in g . Paper p re se n te d  a t  th e  

Annual M eeting o f  the  A serican  P sy ch o lo g ica l A sso c ia tio n , 

W ashington, D. C ., S e p te sh e r , 1971.

Iw ahara , S . ,  Iw asak l, T . ,  and Haaegawa,<Y. E f fe c ts  o f  ch loxp roaaz lne  

and hoaofenazlne  upon a  p a ss iv e  avoidance resp o n se  in  r a t s .  

F sychopharaaco log la  ( B e r l . ) . 1968, 13, 320-331.

M artonyl, B. and V a le n s te ln , B. S . On d r ln k o a e te r s t  Problems and an 

inexpensive  p h o to c e ll  s o lu t io n .  P hysio logy  and B eh av io r. 1971»

7 , 913-91^.

McGaugh, J .  L. T lse  dependent p ro ce sse s  in  aenory  s to ra g e . S c ie n c e . 

1966, 153. 1351-1358.

Mendoza, M. E . and Adaas, H, E . Does e le c tro c o n v u ls lv e  shock

produce re tro g ra d e  a an e s ia?  P hysio logy  and B ehav io r. 1969,

307-309.

M il le r ,  R. R. and S p r in g e r , A, D. A anesia , c o n s o lid a tio n , and r e t r i e v a l .  

P sy ch o lo g ica l Review, 1973* 80 , 69-79.

M ouncastle , J .B , M edical P h y sio lo g y . S t .  L ouis 1 Mosby, 1968,

N altoh , P. S e le c tiv e  im pairnen t o f  Favlovlan  c o n d it io n a l  re sp o n ses  

by e le c tro c o n v u ls lv e  shock. Physio logy and B eh av io r. 1971| 7 , 

291-296.

S ch o e l, W. M. and A granoff, B. W. The e f f e c t  o f puromycin on 

r e te n t io n  o f  c o n d itio n ed  c a rd ia c  d e c e le ra t io n  in  g o ld f is h .

B ehav io ra l B io lo g y . 1972, 7# 553-565.

S p r in g e r , A. D. and M il le r ,  R. R. An inexpensive  c i r c u i t  fo r  rec o rd in g  

mean h e a r t - r a t e .  Physio logy and B ehav io r, in  p r e s s ,  1973.



63

Yaginuma, S .  and Iw ah ara, S ,  R etrograd e e f f e c t s  o f  e le c t r o c o n v u ls lv e

shock  on a p a s s iv e  a v o id a n ce  r e sp o n se  and c o n d it io n e d  e m o t io n a l ity  

( d e f e c a t io n )  In  r a t a .  The Annual o f  Animal P sy c h o lo g y . 1971.

2 1 , 1 -9 .


