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A b s t rac t

VARYING TEMPORAL LOCATION OF OS IN A FIXED 

INTER-US INTERVAL IN HEART RATE 

CONDITIONING IN MACACA MULATTA 

by

Jaylan Turkkan 

Adv i s e r : D r . W i l l i  am N . Schoenfeld

An in v e s t i g a t i o n  o f  the  temporal  d i s t r i b u t i o n  o f  a s t im u lus  

se rv ing  as "CS" f o r  i t s  e f f e c t s  on hea r t  ra te  c o n d i t i o n in g  in s i x  rhesus 

monkey sub jec ts  was conducted, w i th  an a d d i t i o n a l  i n v e s t i g a t i o n  o f  the 

autonomic nervous system c o n t r i b u t i o n s  t o  such cond i t ion ed  hea r t  ra te  

changes.

A 10 sec l i g h t  (CS) was in troduced a t  va ry ing  temporal  lo c a t io n s  

dur ing  p e r io d ic  231 sec i n t e r v a l s  between p re s e n ta t io n s  o f  e l e c t r i c  

shock (US). Th is  procedure cor responds t o  an " in t r u d e d  s t im u lu s "  

paradigm, and inco rpo ra tes  such designs as de lay ,  t r a c e ,  s a f e t y - s i g n a l ,  

backward, and temporal  c o n d i t i o n in g  as CS is f i r s t  in troduced c lose  

t o  a subsequent US, , and i s  then moved f u r t h e r  back in the  in te r -US 

i n t e r v a l .  E igh t  lo c a t io n s  o f  CS were used, w i th  t h re e  lo c a t io n s  repeated.  

They were, as t imed from CS onset t o  onset  o f  the  subsequent US: 10,

20, 30, 50, 80, 120, I7Q, and 230 sec, in t h a t  o rd e r  f o r  a l l  s i x  s u b je c t s .  

CS-US i n t e r v a l s  o f  50, 20, and 10 sec were re-examined. Each CS lo c a t io n  

dur ing  o r i g i n a l  exposure was examined f o r  s i x  sessions (20 t r i a l s  each),  f o l -



lowed by two sessions where US was d e l i v e re d  alone a t  p e r i o d i c  i n t e r v a l s  

o f  231 sec .  The dependent v a r i a b le  was mean ca rd iac  in te r b e a t  i n te r v a l  

( i n  msec) averaged in e i t h e r  2 sec o r  10 sec successive p e r io d s .

Dur ing re-examinat ion  o f  each CS lo c a t i o n ,  t h re e  pharmacological  

b lock ing  agents were adm in is te red .  A t rop ine  s u l f a t e  (a parasympathet ic  

b lock in g  agen t ) ,  p roprano lo l  h y d ro c h lo r id e  (a sympathet ic  b lock ing  

agen t ) ,  and ch lor isondamine ( a g a n g l i o n i c  b lock ing  agent)  were in je c te d  

i . v .  a t  a s t re n g th  o f  I mg/kg t o  eva lua te  t h e  sources o f  autonomic 

c o n t ro l  (sympathe t ic  o r  parasympathet ic )  over  the form and magnitude o f  

con d i t io n e d  and uncond i t ioned hear t  r a te  responses. Each d ru g ’ s e f f e c t s  

on hea r t  ra te  changes in th e  CS-US and US-US i n te r v a l s  were examined 

dur ing  c o n d i t i o n in g  sess ions.

Resu l t s  o f  the behav io ra l  and pharmacological  m an ipu la t ions  were:

1. A b iphas ic  hea r t  r a te  f u n c t io n  ( r a t e  a c c e le r a t io n  fo l low ed  by 

d e c e le ra t io n )  developed du r ing  the CS-US in te r v a l  a t  the  f i r s t  CS-US 

in te r v a l  o f  10 sec, fo l lowed by po lyphas ic  ( i . e . ,  severa l  maxima and 

minima) and more v a r i a b le  waveforms a t  longer  CS-US d u r a t io n s .

2 .  Latency t o  the  peak hear t  r a te  change in th e  CS-US i n t e r v a l ,  

and the  v a r i a b i l i t y  o f  th e  lo c a t io n  o f  peak heart  r a te  change increased 

p r o p o r t i o n a 1 Iy t o  the  d u ra t io n  o f  th e  CS-US i n t e r v a l .

3.  Heart  r a te  dur ing  a pre-CS in te r v a l  was d e c e le ra to r y  a t  the 

f i r s t  l o c a t io n  o f  CS (10 sec CS-US), and a c c e le r a to r y  a t  subsequent 

lo c a t io n s  o f  CS, in c lu d in g  re -exposure ,  w i th  the excep t ion  o f  120 sec 

CS-US. In sessions where CS was not presen ted, hea r t  r a te  in a comparable 

measurement per iod  was d e c e le r a to r y .  Sessions subsequent t o  50 sec

CS-US showed a c c e le r a to r y  t re n d s  in t h i s  pe r io d .

4.  Cardiac c ond i t ion ed  response (CR) magnitude increased s i g n i f i ­

c a n t l y  du r in g  the  f i r s t  t h re e  lo c a t io n s  o f  CS (10-30 sec CS-US), decreased
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o v e r  the  next  two lo c a t io n s  (50 and 80 sec CS-US), and increased once 

aga in  f rom 120 t o  170 sec CS-US.

5. A t ro p in e  ra ised hear t  r a te  l e v e l s ,  and e l im in a te d  cond i t ioned  

h e a r t  r a t e  changes in the  CS-US i n t e r v a l .  P roprano lo l  lowered h e a r t  r a te  

l e v e ls ,  reduced t h e  a c c e le r a to r y  component of  t h e  b iphas ic  CR, and 

enhanced t h e  magnitude o f  the  d e c e le ra to r y  component. Chlor isondamine 

ra is ed  h e a r t  r a te  le v e ls  in most cases, and e l im in a te d  c ond i t ion ed  heart  

r a t e  changes e n t i r e l y .

The re levance o f  t h e  ob ta ined r e s u l t s  was' d iscussed in terms of  the 

s p e c i f i c a t i o n  o f  bas ic response u n i t s  in ca rd ia c  c o n d i t i o n i n g ,  t h e  d i f ­

f e r i n g  e f f e c t s  o f  CS depending upon i t s  temporal p r o x im i t y  t o  US, whether 

i n  a t e m p o ra l l y  forward o r  backward d i r e c t i o n ,  and, the  probable  a u to ­

nomic in ne rv a t ions  o f  t h e  c a rd ia c  CR.
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INTRODUCTION

When the  p r i m i t i v e  o p e ra t io n  o f  in t ro d u c in g  an uncond i t ioned 

s t im u lus  (US) dur ing  the ongoing a c t i v i t y  o f  an organism is  p e r i o d i c a l l y  

repeated, one m igh t  f i n d  sys tema t ic  changes dur ing  the  i n t e r s t im u lu s  

in te r v a l  in va r iou s  response systems as a r e s u l t  o f  the t im e  elapsed s ince  

the  p rev ious  s t im u lu s  d e l i v e r y .  In Pav lov ian  te rm ino logy  t h i s  procedure 

is known as temporal  c o n d i t i o n in g  (Pav lov ,  1927), and, in the  operant  

system, i t  is  termed " s u p e r s t i t i o u s "  c o n d i t i o n in g  (S k in ne r ,  1948).

Pavlov ,  and l a t e r  i n v e s t i g a t o r s  who extended S k in n e r ' s  s u p e r s t i t i o n  

exper iment,  noted an increase in the  f requency o f  US-re la ted  behav io rs  

as a fu n c t io n  o f  t im e  elapsed between p re s e n ta t io n s  o f  the  US. For 

example, in P a v lov 's  l a b o ra to ry ,  an increase in s a l i v a t i o n  was observed 

in dogs toward the  end o f  30 m in . per iods  between food p re s e n ta t io n s ;  

s i m i l a r l y ,  Staddon & Simmelhag (1971) noted c o n s i s te n t  increases in 

p igeons ’ a c t i v i t y  around a food hopper toward the  end o f  12 sec i n t e r ­

food i n t e r v a l s .

I f  another  p r e v io u s ly  neu t ra l  s t im u lus  i s  pa i red  w i th  the uncond i­

t io n e d  s t im u lu s ,  t h i s  e x t ra  s t im u lus  ( h e r e a f t e r  termed a "CS") can be 

demonstrated t o  e x e rc is e  c o n t ro l  over  behav io r  as a r e s u l t  o f  p a i r i n g s  

w i th  US. Sk inner  (1938) desc r ibed ,  f o r  the operant  case, the  d i f f e r i n g  

fu n c t io n s  t h a t  t h i s  s t im u lus  cou ld  assume as, (a) d i s c r i m i n a t i v e ,  in 

t h a t  i t s  presence, by being c o r r e la t e d  w i th  US ( re in fo rc e m e n t )  a v a i l ­

a b i l i t y ,  se ts  the occas ion f o r  responding, (b) "em o t ion a l "  in t h a t  a 

group o f  behav io rs  are e i t h e r  increased ( " f a c i l i t a t e d  •») o r  decreased
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( " i n h i b i t e d " )  by i t s  p re s e n ta t io n ,  o r ,  (c)  r e i n f o r c i n g ,  in t h a t  i t  

cou ld  change the f requency o f  a response, s i m i l a r  t o  a pr im ary  r e i n f o r ­

c e r .  Fur thermore,  Skinner demonstrated t h a t  a s t im u lus  cou ld  assume more 

than one f u n c t i o n  s im u l taneous ly .  For ins tance ,  a d i s c r i m i n a t i v e  s t im ­

u lus  may a l s o  a c t  as a cond i t ioned  p o s i t i v e  o r  nega t ive  re i n f o r c e r .

I t  is  recognized t h a t  the temporal  r e l a t i o n s h i p  between the  CS 

and US is  an im por tan t  v a r i a b le  in de term in ing  the  f u n c t i o n s  o f  CS. In 

t h i s  regard,  L ibby (1951.) examined the  i n h i b i t o r y  o r  depress ive  fu n c t io n  

acqu ired  by a CS as a r e s u l t  o f  i t s  temporal p r o x im i t y  t o  US. He found 

t h a t  as CS-US i n t e r v a l s  (where US was an e l e c t r i c  shock) increased from 

0 sec to  10 sec, r a te  o f  responding in the presence o f  CS, l a t e r  i n t r o ­

duced dur ing  a r e g u la r  re in fo rcem ent  schedule f o r  ba r -p re s s in g  in r a t s ,  

was s y s t e m a t i c a l l y  reduced.

S tud ies  conducted by Farmer & Schoenfeld (1966 a , b ) ,  and by Rescor la 

and c o - i n v e s t i g a t o r s ,  have a l s o  shown t h a t  th e  f u n c t io n  o f  a CS is  d e te r ­

mined by temporal  parameters (Moscovi tch & LoLordo, 1968; Rescor la ,

1969 a ,b ;  Rescor la  & Solomon, 1967). Rescor la & Solomon (1967) d i s t i n ­

guished between "wa rn ing"  and " s a f e t y "  e f f e c t s  o f  CS in terms o f  i t s  

temporal  p r o x im i t y  t o  shock (US). At  s ho r t  CS-US i n t e r v a l s ,  CS was shown 

t o  ac t  as a warn ing s ig n a l ,  r e s u l t i n g  in increased avo idance responding , 

o r  reduced p o s i t i v e l y  re in fo rced  responding . Long CS-US i n t e r v a l s  r e s u l ­

ted in the  CS a c q u i r in g  s a fe t y - s ig n a l  p r o p e r t i e s ,  as evidenced by e f f e c t s  

o p p o s i te  t o  the  above ( a t t r i b u t e d  t o  the i n h i b i t i o n  o f  f e a r ) .

Farmer & Schoenfeld (1966 a , b ) ,  th rough the  in t r o d u c t i o n  o f  what 

t h e y  termed an " i n t r u d e d "  o r  "added" s t im u lus  des ign ,  fo rced  the  recogn i^  

t i o n  t h a t  v a r io u s  fu n c t io n s  o f  s t im u l i  can be ordered a long a temporal  

cont inuum. The in t ruded  s t im u lus  procedure c o n s is ts  o f  a ba s e l in e
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re in fo rcement  schedule m a in ta in in g  a steady s t a t e  o f  behav io r ,  i n t o  which 

i n i t i a l l y  " n e u t r a l "  s t im u l i  a re  in t roduced .  Farmer & Schoenfeld (1966 b)

demonstrated, f o r  key-peck ing r a te  o f  p igeons, t h a t  a CS introduced a t

va ry ing  temporal placements in a 60 sec f i x e d - i n t e r v a I  base l ine  schedule 

f o r  food assumed, (a) a p o s i t i v e  d i s c r i m i n a t i v e  s t im u lu s  f u n c t io n  (S^*) 

when th e  temporal sepa ra t ion  between CS and US ( re in fo rce m e n t )  was 

s h o r t ,  and (b) a neg a t i ve  f u n c t i o n  (S^) when t h e  CS-US separa t ion  was 

long. Also,  a t  long CS-US i n t e r v a l s ,  th e  in truded s t im u lu s  was shown t o  

a c t  as a cond i t ioned  p o s i t i v e  r e i n f o r c e r  f o r  t h e  p a t t e rn  o f  responses 

preceding i t s  occur rence in th e  in te r -US i n t e r v a l .

Another in truded s t im u lus  study demonstra t ing  th e  o rd e r in g  of

s t im u lus  fu n c t io n s  along a temporal  cont inuum was t h a t  o f  Snapper, Kadden, 

Sh im off ,  & Schoenfeld (1975).  These i n v e s t i g a t o r s ,  by a d d i t i o n a l l y  

m an ipu la t ing  the i n t e n s i t y  of  CS ( e l e c t r i c  shock) ,  made con tac t  w i th  

" a v e r s i v e "  schedules.  They showed, in r a t s ,  t h a t  when the  i n t e n s i t y  o f  

a CS introduced a t  v a ry in g  temporal  lo c a t io n s  in a f i x e d - i n t e r v a I  food 

base l ine  was low (app rox im a te ly  0 .5  mA), response r a te  p a t te rn in g  pre 

and post CS r e p l i c a te d  the  f i n d i n g s  o f  Farmer & Schoenfeld (1966 b ) .

When CS i n te n s i t y  was high (a pp rox im a te ly  1.6 mA), responding was sup­

pressed, resembling punishment o r  avoidance, w i t h  the  amount o f  suppres­

s ion  dependent upon the  temporal  sepa ra t ion  o f  CS and US.

I t  has a lso  been recognized from s tud ies  in the  Pavlov ian t r a d i t i o n  

t h a t  a CS has d i f f e r i n g  e f f e c t s  depending upon i t s  temporal  p r o x im i t y  t o  

US. The intruded s t im u lu s  des ign is  Pav lov ian  c o n d i t i o n in g  when p re ­

sen ta t io n s  of  CS and US are response- independent.  These Pavlov ian 

procedures can be g e n e r a l l y  c l a s s i f i e d  as " f o rw a rd "  and "backward".  The
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forward case can be f u r t h e r  subd iv ided i n to :  (a) procedures where CS 

over laps  a subsequent US, termed as "s im u l taneous"  when CS d u ra t io n  is  

less than 5 sec,  and "d e la y "  a t  longer d u r a t io n s ,  and (b) where CS does 

not  ove r lap  w i th  US onse t ,  termed " s h o r t - t r a c e "  c o n d i t i o n i n g  when th e  CS- 

US in te r v a l  (onse t  t o  onset )  is  less than 5 sec,  and " l o n g - t r a c e "  con­

d i t i o n i n g  a t  longer CS-US i n t e r v a l s .  The backward c o n d i t i o n in g  case is  

s p e c i f i e d  by t h e  occurrence o f  CS immediately a f t e r  a p rev ious  US, w i th  

the CS-US in te r v a l  equal t o  th e  i n t e r - t r i a l  i n t e r v a l  (Pav lov ,  1927; 

Ter race,  1973).

Responses, mediated by th e  autonomic nervous system, t y p i c a l l y  th e  

dependent v a r ia b le s  o f  the  Pav lov ian procedures o u t l i n e d  above, are 

app a ren t ly  under the c o n t ro l  o f  temporal  v a r i a b l e s ,  and ex tens ive  ex­

per imenta l  e f f o r t s  have been d i r e c te d  in the  search f o r  the  " o p t im a l "

CS-US i n t e r v a l ,  i . e . ,  t h a t  i n te r v a l  which r e s u l t s  in the  la rg e s t  magni­

tude o f  cond i t ioned  responses (CRs) du r in g  t h e  CS-US in te r v a l  ( e . g . ,  

f o r  s a l i v a t i o n ,  E l l i s o n ,  1964; g a lv a n ic  sk in  response [GSRH, White & 

Schlosberg,  1952; n i c t i t a t i n g  membrane, Schneiderman, 1972; hea r t  r a te  

CHRj, B lack  & B lack,  1967; e y e b l i n k ,  Ebel & Prokasy, 1963). Jones (1962),  

a f t e r  a review of  the  l i t e r a t u r e  on opt imal CS-US in te r v a l  (no t  i n c lu d in g  

hear t  r a t e  responses),  concluded t h a t  "no s in g le  optimum e x i s t s " .  She 

proposed t h a t  the  magnitude o f  CRs depends on the  d u r a t io n  o f  t r a i n i n g ,  

and the  la tency o f  the  response system measured.

C a rd iovascu la r  responses o f  the autonomic nervous system, hear t  

rate in p a r t i c u l a r ,  are  o f  spec ia l  i n t e r e s t  because o f  t h e i r  long 

ass o c ia t io n  w i th  "e m o t io n a l " ,  o r  " m o t i v a t i o n a l "  s t a t e s .  Hear t  r a te  

changes have been said t o  r e f l e c t  " a n x i e t y "  ( e . g . ,  Church & B lack ,  1958;
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Notterman, Schoenfe ld ,  & Bersh, 1956), " f e a r ”  ( B r e z n i t z ,  1967; Cannon, 

1923; Deane & Zeaman, 1958), " a r o u s a l "  ( e . g . ,  Dronse jko,  1972), " p a in "  

( e . g . ,  Lewinsohn, 1956), and " u n c e r t a i n t y "  (H igg ins ,  1971; M i l l e r  & Caul,  

1969). The magnitude o f  hea r t  r a te  changes du r ing  Pav lov ian  c o n d i t i o n ­

ing procedures have long been though t  t o  depend im p o r ta n t l y  upon the  

CS-US i n t e r v a l .  However, a p a r t  f rom a consensus among most au thors  t h a t  

hea r t  r a te  can be cond i t ion ed  a t  longer  i n t e r v a l s  than such s h o r t -  

la tency ,  punctate  autonomic responses as e y e b l i n k  and n i c t i t a t i n g  membrane 

( e . g . ,  B lack  & B lack ,  1967; B lack ,  Ca r lson ,  & Solomon, 1962; Hast ings 

& O b r i s t ,  1967; Schneiderman, 1972), t h e r e  i s  l i t t l e  agreement as t o  

what CS-US in te r v a l  is  op t imal  f o r  t h e  la rg e s t  p o s s ib le  c a rd ia c  CR mag­

n i tu d e s .  T y p i c a l l y ,  s tu d ie s  examining c a rd ia c  CR magnitude as a f u n c t io n  

o f  CS-US in te r v a l  have compared two o r  t h re e  i n t e r v a l s  in a r a th e r  r e s ­

t r i c t e d  range o f  0 sec t o  30 sec, w i th  one group o f  s ub jec ts  per i n t e r v a l .  

Resu l ts  f rom these s tu d ie s  f o l l o w .

No d i f f e r e n c e s  in the  magnitudes o f  con d i t io n e d  c a rd ia c  responses 

o f  dogs were found w i th  comparisons o f  i n t e r v a l s  o f  5 sec and 20 sec 

(Church & Black,  1958), o r  w i t h  i n t e r v a l s  ranging from 2.5 sec t o  10 sec 

(B lack  e t  a l . ,  1962). However, o th e r  i n v e s t i g a t o r s  have found la rge 

d i f f e r e n c e s  among CS-US in t e r v a l s  f o r  f a c i l i t a t i o n  o f  c a rd ia c  CR magni­

tudes .  For example, Hast ings & O b r i s t  (1967) compared, w i th  human hea r t  

r a te ,  CS-US in t e r v a l s  o f  .8,  7,  and 13 sec and found CR magnitudes t o  

increase w i th  the CS-US i n t e r v a l .  A lso ,  F i t z g e r a l d  & M ar t in  (1971) 

found t h e  magnitude o f  c a rd ia c  CRs in j ra ts  t o  increase w i th  t h e  CS-US 

in te r v a l  (0 sec t o  6 sec ) .  O c c a s io n a l l y ,  i n v e s t i g a t o r s  have found 

opt ima l c o n d i t i o n in g  a t  some in te rm ed ia te  va lue  o f  t h e i r  CS-US in te r v a l  

range. For ins tance ,  VanDercar & Schneiderman (1967) found an in te r v a l
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o f  2.25 sec opt imal f o r  r a b b i t s  when the  CS-US in te r v a l  va r ied  between 

.25 sec and 6.75 sec. B lack  & B lack (1967) w i th  r a t s ,  and Lockhar t  & 

S te inb reche r  (1970) w i th  r a b b i t s ,  found 5 sec op t ima l when the  CS-US 

i n t e r v a l s  in both s tu d ie s  ranged between .5 sec and 10 sec.

B re z n i t z  (1967) examined longer CS-US i n t e r v a l s  than the  above in 

a v a r i a n t  o f  Pav lov ian c o n d i t i o n i n g .  Human sub jec ts  were t o l d  t o  expect 

shock a t  th e  t e rm in a t io n  o f  e i t h e r  3,  6, o r  12 min (one group o f  sub jec ts  

per i n t e r v a l ) .  They were prov ided w i th  c lo c k s ,  and HR measures were 

taken in the  in te r v a l  between the t h r e a t  and t im e o f  expected shock (no 

s u b je c ts  were shocked) .  B re z n i t z  found t h a t  tha la rg e s t  HR magnitudes 

occur red a t  th e  longest  (12 min) i n t e r v a l .  V a rda r is  (1971) examined 

a c q u i s i t i o n  and e x t i n c t i o n  o f  HR CRs in a procedure which a l te r n a te d  

long CS-US in te r v a l  t r i a l s  (85-90 sec) w i th  s h o r t  ones (6 sec ) .  He 

found t h a t  CR magnitudes du r in g  a c q u i s i t i o n  and e x t i n c t i o n  were r e ­

duced in those sess ions  employing s h o r t  and long i n t e r v a l s  when compared 

w i th  sess ions  employing a c o n s ta n t ,  s h o r t  CS-US i n t e r v a l .

A l l  in a l l ,  th e  f i n d i n g s  r e l a t i n g  opt imal c a rd ia c  CR magnitudes 

t o  th e  CS-US in te r v a l  a re  d i f f i c u l t  t o  i n t e r p r e t ,  p o s s ib l y  due t o  the  

d i f f e r i n g  ranges on i n t e r v a l s  and s tep s izes  employed. M o re ov e r , th is  

is  on ly  one o f  t h e  many research areas in c a rd ia c  c o n d i t i o n in g  where 

g e n e r a l i z a t i o n s  seem d i f f i c u I t .  In p a r t ,  c o n f l i c t i n g  f i n d i n g s  r e s u l t  

when convent ions  o f  measurement, t r a n s fo r m a t i o n ,  and g raph ic  p resen ta ­

t i o n  o f  data d i f f e r  so w id e ly  among la b o r a t o r i e s ,  sometimes due t o  

separa te  aspects  o f  th e  c a rd ia c  CR under s tudy .  For example, when i n ­

v e s t i g a t o r s  a re  in te re s te d  p r i m a r i l y  in the  c a rd ia c  CR magnitude they 

employ d i f f e r e n c e  scores as t h e i r  dependent measures, de f ined  as the
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d i f f e r e n c e  between peak r a te  du r ing  the  CS-US in te r v a l  ( o r  average ra te  

du r ing  th e  e n t i r e  CS-US i n t e r v a l )  and pre-CS r a t e .  I n v e s t i g a t o r s  who 

look  a t  changes in the  temporal  p a t t e rn in g  o f  h e a r t  r a te  du r in g  the  CS- 

US i n t e r v a l ,  i . e . ,  the  " fo rm "  o f  the  c a rd ia c  CR, sometimes record suc­

cess ive  i n t e r b e a t  i n t e r v a l s  ( e . g . ,  Newton & Perez-Crue t ,  1967; W i lson,  

1969), o r ,  count beats w i t h i n  a s p e c i f i e d  t im e  in te r v a l  ( e . g . ,  Lynch, 

1973; M i l l e r  & Caul,  1969).  O f ten ,  in te r b e a t  i n t e r v a l s  ( I B I s )  are 

recorded,  and then converted t o  a r a te  measure such as beats per minute  

(BPM) ( e . g . ,  Geer, 1964; Zeaman, Deane, & Wegner, 1954). I t  should 

be ment ioned, however, t h a t  the  t ra n s fo rm a t io n  o f  IBI t o  BPM is n o n - l i n ­

ea r  and changes the  mean, va r iance ,  and skewness o f  the  raw data f r e ­

quency d i s t r i b u t i o n  (Jennings,  S t r i n g f e l l o w ,  & Graham, 1974; Khacha­

t u r i a n ,  Ke r r ,  Kruger,  & Schachter,  1972).

Apar t  from d i f f e r e n c e s  in c o l l e c t i n g  and t ra n s fo rm in g  t h e  da ta ,  

i n v e s t i g a t o r s  employ v a r iou s  " c o r r e c t i o n "  procedures on success ive HR 

o r  IBI va lues du r ing  the  CS-US i n t e r v a l .  For ins tance ,  in t h e  HR 

d i s c r i m i n a t i o n  des igns o f  some s tu d ie s ,  va lues  from the  CS- f u n c t io n  

a re  sub t rac ted  from va lues o f  the  CS+ fu n c t i o n  ( e . g . ,  Lockhar t  &

S te inb reche r ,  1970). In a d d i t i o n ,  th e  p re - c o n d i t i o n e d  response t o  CS is  

sometimes sub t rac ted  from the  subsequent c ond i t ion ed  response fu n c t io n  

( e . g . ,  Deane, 1965). There have a l s o  been procedures where, w i t h i n  

each t r i a l ,  the pre-CS mean ra te  o r  IBI is  sub t rac ted  from success ive  

r a te  o r  IBI values in the  CS-US i n t e r v a l ,  the reby  produc ing a " d i f f e r ­

ence cu rve "  (Hast ings  & O b r i s t ,  1967); o c c a s io n a l l y ,  pre-CS va lues  are 

d iv id e d  i n t o  success ive va lues  in the  CS-US in te r v a l  (Schneiderman, 

Smith,  Smith,  & Gormezano, 1966).
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The above d i v e r s i t y  in c o r r e c t i o n  procedures has p a r t l y  c o n t r i b u ­

ted  t o  t h e  d i v e r s i t y  o f  c a rd ia c  CR forms in the  l i t e r a t u r e .  Cardiac CRs 

a ls o  take  on d i f f e r i n g  forms depending upon, (a) which t r i a l  in a 

session i s  examined (B lack  & B lack ,  1967; Jaworska & S o l t y s i k ,  1962),

(b) which s u b je c t  in an exper iment  is  examined (Cohen & Durkov ic ,  1966; 

Newton & Perez-Crue t,  1967), o r ,  (c )  whether e a r l y  o r  l a te  stages in an 

exper iment  are examined (Lynch, 1973; McDonald, S te rn ,  & Hahn, 1963). 

Moreover, several independent v a r i a b le s  have been seen t o  a f f e c t  CR 

form. For example, th e  r e s u l t i n g  form can depend upon whether a t ra c e

o r  de lay  (B lack  e t  a l . ,  1962; F i t z g e r a l d  & M a r t in ,  1971) o r  backward

c o n d i t i o n in g  ( F i t z g e r a ld  & Wal loch, 1966) paradigm is employed, upon 

the  mode o r  i n t e n s i t y  o f  CS and US (G an t t ,  I960; Lynch & McCarthy, 1969), 

upon t h e  species o f  sub jec ts  (Cohen & O b r i s t ,  1975), upon whether the 

organism subsequent ly  makes an ins trumenta l  response (Schoen fe ld ,  Matos,

& Snapper, 1967), upon t h e  pre-CS base l ine  hea r t  r a te  (Ramsay, 1970), 

and, upon the CS-US in te r v a l  (Dronse jko ,  1972; Hast ings  & O b r i s t ,  1967). 

Thus, accord ing  t o  the r e s u l t s  o f  t h e i r  i n d iv id u a l  expe r im en ts ,  inves­

t i g a t o r s  have descr ibed the  ca rd ia c  CR form as (a) a monotonic a c c e le ra ­

t i o n  o f  h ea r t  r a t e  from CS onset  t o  th e  end o f  the  CS-US in te r v a l  ( e . g . ,  

Cohen & P i t t s ,  1968; O b r i s t  & Webb, 1967), (b) as a monotonic dece le ra ­

t i o n  ove r  the  course o f  the  CS-US i n t e r v a l  ( e . g . ,  He in ,  1969; M c A l l i s t e r ,

Farber ,  & T a y lo r ,  1954; VanDercar & Schneiderman, 1967),  o r ,  (c )  as a

phas ic response w i th  d i s t i n g u i s h a b l e  a c c e le r a to r y  and d e c e le ra to r y  com­

ponents (Geer, 1964; Wi lson,  1969). Most f r e q u e n t l y ,  an a c c e le ra to ry  

phase has been observed t o  precede a d e c e le ra to r y  phase in th e  CS-US 

i n t e r v a l ,  a l though ,  o c c a s io n a l l y ,  t h e  d e c e le ra to r y  phase precedes
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( F i t z g e r a ld  & M a r t i n ,  1970; Newton & Perez-Crue t ,  1967). F i n a l l y ,  p o l y -  

phasic  responses, i . e . ,  o f  more than  one c y c le  o f  a c c e le r a t io n  and d e c e l ­

e r a t i o n ,  have been noted (Bowers, 1971; Gatchel & Lang, 1974).

Apparen t ly  dismayed by the d i s p a r i t y  o f  f i n d i n g s  in c a rd ia c  c o n d i ­

t i o n i n g ,  H a r r i s  & Brady (1974) ,  a f t e r  a rev iew o f  the  l i t e r a t u r e ,  were 

led to  remark t h a t  f o r  both a p p e t i t i v e  and a v e rs iv e  c o n d i t i o n in g ,  " a l l  

poss ib le  outcomes can be observed under some c o n d i t i o n s " .  F u r t h e r ,  they  

s t a t e  t h a t  few g e n e r a l i z a t i o n s  regard ing  th e  c o n d i t io n in g  o f  autonomic 

responses are  j u s t i f i e d ,  d e s p i t e  th e  la rge number o f  research repo r ts  

devoted t o  t h i s  t o p i c .

Th is  v iew seems o v e r l y  p e s s im i s t i c ,  as some g e n e r a l i z a t i o n s  are 

p os s ib le .  A t  leas t  some o f  the  v a r i a b i l i t y  in ca rd iac  response form has 

been seen t o  r e s u l t  from d i f f e r i n g  data t re a tm e n ts ,  and, in a d d i t i o n ,  

can be exp la ined by species d i f f e r e n c e s .  For example, in p r im ates  the  

c a rd ia c  r a t e  CR has almost always been repor ted  as b iphas ic ,  i . e . ,  an 

a c c e le r a t io n  fo l low e d  by a d e c e le r a t io n  in the CS-US in te r v a l  ( e . g . ,  f o r  

t h e  rhesus, Nathan & Smith,  1968; Ramsay, 1970; Snapper, Pomerleau, & 

Schoenfe ld,  1969; f o r  humans, Geer, 1964; W i lson,  1969; Zeaman, Deane, & 

Wegner, 1954).  Moreover,  o t h e r  species which have demonstrated monotonic 

a c c e le r a t io n  o r  d e c e le r a t io n  a t  CS-US i n t e r v a l s  less than 4 sec sometimes 

revealed a b iphas ic  CR form in s t u d ie s  which examined longer  i n t e r v a l s  

( e . g . ,  in dogs, Brown & P e te rs ,  1967; in r a b b i t s ,  Deane, 1965, Kosup- 

k in  & Olmsted, 1943; in r a t s ,  Schoenfe ld ,  Matos, & Snapper, 1967).

A s tudy  by Dronse jko (1972) he lps  t o  c l a r i f y  the r o le  o f  CS-US 

in te r v a l  in  the  r e p o r t i n g  o f  d i v e rs e  CR forms in the  l i t e r a t u r e .  Dron­

se jko ,  in a rare  w i t h i n - s u b j e c t s  m an ip u la t io n  o f  CS-US i n t e r v a l ,  examined
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t h e  ca rd ia c  CRs o f  human s ub jec ts  between a warning s igna l  and shock.

She found t h a t  by increas ing  the  CS-US in te r v a l  in steps o f . 5 sec every 

two t r i a l s ,  an i n i t i a l l y  monotonic r a te  a c c e le r a t io n  a t  5 sec CS-US 

developed in to  a b iphas ic  ( a c c e le ra t i o n  fo l lowed  by d e c e le r a t io n )  r a te  

f u n c t io n  a t  CS-US in t e r v a l s  from 8 sec t o  12 sec. In a d d i t i o n ,  she 

found t h a t  the a c c e le r a to r y  p o r t i o n  o f  t h e  b iphas ic  r a te  response was 

" t im e - l o c k e d " ,  w i th  the  peak o f  a c c e le r a t io n  o c c u r r in g  c o n s i s t e n t l y  a t  

5 sec i n t o  the i n t e r v a l ,  thereby  leav ing the  r a te  o f  d e c e le ra t io n  as the 

changing component of  th e  b iphas ic  waveform a t  CS-US i n t e r v a l s  longer  

than 8 sec.  D ronse jko ’ s exper iment  demonstrates t h a t  the  b iphas ic  c a rd ia c  

response in human sub jec ts  is  t runca ted  by US onset  a t  CS-US i n t e r v a l s  

o f  5 sec o r  less .  Brown & Peters (1967) a lso  repor ted  t runca ted  b iphas ic  

CRs o f  dogs a t  i n t e r v a l s  less than 15 sec,  and found c o n s i s te n t  b iphas ic  

responses peaking a t  15 sec f o r  a CS-US in te r v a l  o f  29 sec.

At  v a r ian c e  w i th  Dronse jko and Brown & Pe te rs ,  who emphasize a 

f i x e d  la tency o f  maximum heart  r a t e  a t  longer  CS-US i n t e r v a l s ,  are  those 

s tu d ie s  employing comparable o r  longer CS-US in t e r v a l s  than those used 

by the above i n v e s t i g a t o r s  (w i th  the  same spec ies)  which show t h a t  peak 

hea r t  r a te  occurs c lo s e r  t o  US as the  CS-US in te r v a l  increases ( e . g . ,  f o r  

humans, B r e z n i t z ,  1967; Hast ings 4 U b r i s t ,  1967; in dogs, Church &

Black ,  1958), a phenomenon which Pavlov termed " i n h i b i t i o n  o f  d e la y " .  

I n h i b i t i o n  o f  de lay  has been f r e q u e n t l y  observed in o th e r  responses o f  

the  autonomic nervous system ( e . g . ,  f o r  s a l i v a t i o n ,  E l l i s o n ,  1964; f o r  

n i c t i t a t i n g  membrane, Schneiderman, 1966).

In a d d i t i o n  t o  major  sources o f  v a r i a b i l i t y  in c a rd ia c  CR form 

being a t t r i b u t a b l e  t o  methodology, spec ies  v a r i a b l e s ,  o r  the  minimum
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CS-US in te r v a l  employed, movement a r t i f a c t s  have a lso  been seen t o  

a f f e c t  CR form. For example,  B lack  e t  a l .  (1962) noted the  r e l a t i v e  

s t a b i l i t y  o f  the CR forms in c u ra r i z e d  dogs when compared w i th  un­

drugged dogs. A lso ,  Randal l  & Smith (1974) noted, f o r  rhesus monkey 

CRs, t h a t  in t r i a l s  when a c t i v i t y  was p resen t  dur ing a one minute CS, 

monotonic hea r t  r a te  a c c e le r a t i o n s  were observed.  In t r i a l s  where 

a c t i v i t y  was absent ,  the  CRs were b ip h a s i c .

The hea r t  r a te  response o f  the  rhesus monkey has been repor ted  t o  

be "ve ry  complex and very s e n s i t i v e  t o  changes in exper imental  p ro ­

cedure" ( M i l l e r  & Caul,  1969). There is  a re p o r t  from a group o f  inves­

t i g a t o r s ,  however, o f  the  r e l a t i v e  s t a b i l i t y  o f  the  b iphas ic  CR form o f  

the  rhesus monkey across  a v a r i e t y  o f  ave rs ive  c o n d i t i o n in g  procedures 

(shock as th e  US) and t h re e  d u r a t io n s  o f  CS (Snapper e t  a l . ,  1969). 

Throughout,  (a) Pav lov ian  de lay  c o n d i t i o n in g  sessions,  (b) cued 

"Sidman"avoidance, (c)  cued escape, and, (d) CS-US p a i r i n g s  superimposed 

on an avoidance base l ine  ( t h e  c o n d i t io n e d  emot ional  response o r  "CER" 

procedure) a t  CS d u ra t io n s  o f  12, 30, and 60 sec, the  r e s t r a in e d  rhesus 

sub jec ts  cont inued t o  e x h i b i t  c a rd ia c  CR forms o f  i n i t i a l  a c c e le r a t io n  

fo l lowed by d e c e le r a t io n .

The p resen t  s tudy  proposes t o  examine s t im u lus  c o n t r o l  o f  hea r t  

r a te  in the rhesus by use o f  a response- independent in truded s t im u lu s  

des ign .  By s y s t e m a t i c a l l y  moving the  lo c a t io n  o f  CS from c lose  tem­

poral  p r o x im i t y  t o  a subsequent US t o  success ive ly  e a r l i e r  p o r t io n s  o f  

a p e r io d ic  in te r -US i n t e r v a l ,  th e  d i s p a r a te  procedures o u t l i n e d  thus 

f a r ,  such as de lay ,  t r a c e ,  warn ing ,  s a f e t y ,  fo rward ,  and backward 

procedures,  w i th  t h e i r  accompanying behav io ra l  e f f e c t s ,  may be seen t o
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f a l l  a t  successive  p o in t s  along a temporal  cont inuum. In t r u s io n  o f  CS 

c lose  t o  a subsequent US generates such des igns as warning s ig n a l ,  d e lay ,  

and t r a c e  c o n d i t i o n i n g .  As CS moves f u r t h e r  back in the  in te r -US i n t e r v a l ,  

l o n g - t r a c e  and s a f e t y - s i g n a l  procedures r e s u l t .  F i n a l l y ,  when CS occurs 

immediately a f t e r  the  preceding US, backward c o n d i t i o n in g  r e s u l t s ,  con­

c u r r e n t  w i th  the  ideal  case f o r  s a f e t y - s i g n a l  t r a i n i n g  by CS p r e d i c t i n g  

th e  longest  shock - f ree  in te r v a l  ( c f .  Moscovi tch & LoLordo, 1968).

A comparison o f  de lay and t r a c e  c o n d i t i o n in g  is  a f fo rde d  in the 

beg inn ing o f  the s tudy :  the de lay case where CS o f f s e t  is  cont iguous

w i th  US onset merges in to  the  t ra c e  case when CS moves back in the  

in te r -US i n t e r v a l .  With respec t  t o  CR magnitude, i n v e s t i g a t o r s  comparing 

de lay  and t r a c e  ( w i t h  a group design)  have found them t o  be comparable 

a t  s h o r t e r  CS-US i n t e r v a l s ,  but  have s u p e r i o r  c o n d i t i o n in g  w i th  de lay  

a t  longer i n t e r v a l s  ( f o r  HR, B lack e t  a l . ,  1962; F i t z g e r a l d  & M a r t in ,

1971; Meredi th & Schneiderman, 1967; f o r  s a l i v a t i o n ,  E l l i s o n ,  1964; f o r  

n i c t i t a t i n g  membrane, Schneiderman, 1966). Pavlov (1927) a ls o  found 

lo n g - t ra c e  c o n d i t i o n in g  t o  be i n f e r i o r  t o  long d e lay ,  both in ease o f  

a c q u i s i t i o n ,  and s u s c e p t i b i I t i y  t o  ex traneous s t i m u l i .  He noted, how­

ever ,  t h a t  when dogs were begun a t  s imultaneous c o n d i t i o n i n g  and then 

s h i f t e d  to  p ro g re s s iv e ly  longer t r a c e  i n t e r v a l s ,  lo n g - t r a c e  c o n d i t i o n in g  

was f a c i l i t a t e d .  The presen t  procedure was s i m i l a r  t o  P a v lov 's  and 

may r e s u l t  in s t a b le  lo n g - t r a c e  c a rd ia c  CRs by having begun a t  a s h o r te r  

i n te r v a l  de lay case.

Apart  f rom a comparison o f  t r a c e  and de lay  f o r  c a rd ia c  CR magnitude, 

t h e  presen t  design a l s o  a l low s  examinat ion o f  th e  la tency c h a r a c t e r i s t i c s  

o f  t h e  c a rd ia c  CR as the  CS-US in te r v a l  is  lengthened. I n h i b i t i o n  o f
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d e lay ,  as de f ined  e a r l i e r ,  has been a t t r i b u t e d  by Pavlov t o  e x t i n c t i o n  

o f  t h e  e a r l y  segments o f  the  CR from lack o f  re in fo rc e m e n t .  He s t a t e s ,

" t h i s  de lay [ o f  t h e  CRj is  p r o p o r t io n a l  t o  the length  o f  th e  in t e r v a l  

between the  two s t i m u l i  and may even extend t o  several  m inu tes"  (p .  88) .

Ebel & Prokasy (1963),  moreover,  s ta te d  t h a t  when th e  delayed CR 

( i n  t h e i r  case, e y e b l fn k )  ove r laps  w i th  the  US, re in fo rcem en t  is  max i­

mized. The CR-US ove r lap  is " instrumenta I  Iy shaped" because the  o c c u r ­

rence o f  th e  CR m i t i g a t e s  the  e f f e c t s  o f  th e  US, as when an e y e l i d  c l o ­

sure m i t i g a t e s  the  e f f e c t s  o f  an a i r p u f f .  As th e  CS-US in te r v a l  is  leng­

thened, sub jec ts  have in c reas ing  d i f f i c u l t y  in o v e r la pp ing  t h e i r  CR 

w i th  US, r e f l e c t e d  in an increase in the  va r iance  o f  response l a te n c ie s .

I t  is not  immediate ly c l e a r ,  in the  p resen t  c o n te x t ,  how h e a r t  ra te  

changes might m i t i g a t e  th e  e f f e c t s  o f  shock. Schneiderman (1972) ex­

p la ined t h a t  the  p repa ra to ry  HR CRs might a l lo w  t h e  organism t o  "cope" 

w i th  the  fo r thcom ing  shock. He c i t e s  evidence from i n v e s t i g a t o r s  who 

show t h a t  sub jec ts  choose s ig n a l le d  over  u n s igna l le d  shock ( e . g . ,

P e rk ins ,  Seyman, Lewis,  & Spencer, 1966). A lso,  shocks t h a t  a re  preceded 

by a CS have been shown t o  r e s u l t  in sm a l le r  uncond i t ioned  responses 

(URs) ( e . g . ,  f o r  GSR, Lykken, 1962). The p resen t  study w i l l  no t  o n l y  

examine CR la te n c ie s  and t h e i r  v a r i a b i l i t y  as the  CS-US in te r v a l  increases,  

bu t  w i l l ,  in an a d d i t i o n a l  procedure o f  u n s ig n a l le d ,  p e r io d ic  p resen ta ­

t i o n s  o f  US a lone ,  examine the  magnitude o f  URs t o  s ig n a l le d  and uns igna l led  

shock p re s e n ta t io n s .

W i th in  the  c o n te x t  o f  warning and s a fe t y  s ig n a l s  and t h e i r  e f f e c t  on 

c a rd ia c  CR form, i t  is  a l s o  not  c l e a r  how one m ight  i n t e r p r e t  obta ined 

hea r t  r a te  a c c e le r a t io n s  o r  d e c e le ra t io n s  as "warn ing"  o r  " s a f e t y "  e f f e c t s  

s in ce  d i r e c t i o n a l i t y  o f  h e a r t  r a te  changes t o  a CS has no t  been r e l i a b l y
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l i nked t o  s p e c i f i c  emot ional  s t a te s  o f  organisms such as u f e a r "  o r  

" r e l i e f "  (M a r t in ,  1961). As noted e a r l i e r ,  the  form of  the  CR depends 

im po r tan t ly  upon a combinat ion o f  severa l  f a c t o r s  which inc lude  the 

species employed, and the  CS-US i n t e r v a l .  I t  has been suggested, f o r  

o th e r  response systems, t h a t  a r e d u c t io n  in " e x c i t a t o r y "  c o n d i t i o n in g  

be a measure o f  the  i n h i b i t o r y  o r  s a fe t y  p r o p e r t i e s  of  a CS (Hammond,

1968; Rescor la ,  1969 a ,b ;  Rescor la & Solomon, 1967). Thus, Moscovi tch 

& LoLordo (1968) de f ined  the  e f f e c t s  o f  a fe a r -a ro u s in g  s t im u lu s  as an 

increase in"Sidman” avoidance s h u t t l e - b o x  performance as a response t o  

a s a fe t y - s t im u I  u s . They demonstrated t h a t  i f  a CS c lo s e ly  fo l lowed  US 

( th e  t r a d i t i o n a I  backward c o n d i t i o n in g  procedure) and, moreover,  s i g ­

na l led  a long s hoc k - f ree  p e r io d ,  avoidance ra te s  dec l ined du r ing  and 

fo l l o w in g  CS.

A study p o s s ib l y  demonst ra t ing  s a fe t y - s i g n a l  e f f e c t s  on hea r t  ra te  

o f  the  rhesus by Kadden, Washton, M cM i l lan ,  & Schoenfeld (1975) showed 

t h a t  i n t r u d i n g  a s t im u lu s  which in d ic a te d  a shock omission t r i a l  dur ing  

the  progress o f  a c o n d i t io n e d  response, s h i f t e d  HR a c c e le ra t io n  t o  

d e c e le r a t io n ,  or  slowed a c c e le r a t i o n  o f  t h e  CR. Another method o f  

demonstra t ing  s a f e t y - s i g n a l  e f f e c t s  on hea r t  r a te  might be a t  th e  back­

ward c o n d i t i o n in g  phase o f  th e  p resen t  exper iment,  i . e . ,  when CS occurs 

immediately a f t e r  a p rev ious  US. Since t h e  CS co inc ides  te m p o ra l l y  

w i th  th e  UR t o  shock, and i s  a lso  fo l low e d  by a long shock - f ree  i n t e r v a l ,  

a t te n u a t io n  o f  the UR magnitude may be found ( c f .  Rescor la,  1969 a , b ) .

I t  w i l l  be r e c a l l e d  t h a t  th e  p resen t  design incorpora tes  sessions 

where US is  s ig n a l le d  and sess ions where US is u n s ig n a l le d ,  w i th  th e  same 

in ter-US in te r v a l  in both cases. Many in v e s t i g a t o r s  o f  Pav lov ian  con­
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d i+ io n in g  have employed i r r e g u l a r l y  spaced t r i a l s  (CS-US p a i r i n g s )  t o  

avoid a t t r i b u t i n g  obta ined cond i t ioned  responses t o  a n t i c i p a t i o n  o f  

r e g u l a r l y  t imed US p resena t ions ,  r a t h e r  than t o  e f f e c t s  o f  t h e i r  in ­

dependent v a r i a b le s  o f  i n t e r e s t .  Successful  temporal  c o n d i t i o n in g  

w i th  the  p e r i o d i c  d e l i v e r y  o f  shock has been demonstrated w i th  GSR as 

t h e  measured response ( repo r ted  in H u l l ,  1943; Lockhar t ,  1966 D), and, 

w i th  the  p e r i o d i c  d e l i v e r y  o f  both CS and US f o r  h e a r t  ra te  (Dykman & 

G ant t ,  1959; Gant t ,  Gakenheimer, & Stunkard,  1951). D m i t r ie v  & Koch i -  

g ina  (1959),  and o the r  i n v e s t i g a t o r s  (Dyman & Gant t ,  1959; Gant t  e t  a I . ,  

1951) have included in th e  d e f i n i t i o n  of  temporal  c o n d i t i o n i n g  the case 

where CS-US p a i r i n g s  are repeated a t  re gu la r  i n t e r v a l s .  Thus, in th e  

p resen t  s tudy ,  temporal c o n d i t i o n in g  under both  s ig n a l l e d  and uns igna l led  

procedures can be examined. However, some ques t ion  has been ra ised 

concern ing  temporal  c o n d i t i o n in g ,  leading Graham (1973) t o  conc lude t h a t  

t h e r e  is  am b igu i ty  in th e  a v a i l a b l e  evidence f o r  such c o n d i t i o n in g .

Any p o s i t i v e  evidence con f i rm in g  temporal c o n d i t i o n i n g  would have t o  

t a k e  one o r  both o f  these forms: a n t i c i p a t o r y  responding j u s t  p r i o r  t o

s t im u lu s  p re s e n ta t io n ,  and response occur rence a t  th e  t ime US would 

have been d e l i v e re d  on omission t r i a l s .  Both methods have been employed 

in th e  l i t e r a t u r e ,  but  w i th  equ ivoca l  r e s u l t s .  D m i t r i e v  & Kochigina 

(1959) p rov ide  a lengthy review o f  t h e  Russian work in temporal  con­

d i t i o n i n g  in a v a r i e t y  o f  organisms and response systems. They f i n d  t h a t ,  

in the  course o f  " t im e  r e f l e x "  a c q u i s i t i o n ,  both forms o f  evidence are  

p rov id ed .  The beginn ing phases o f  c o n d i t i o n in g  are  c h a rac te r ized  by 

genera l ized  responding th roughout  t h e  in te r -US i n t e r v a l .  In l a t e r  phases, 

responses come a t  in c reas ing  delay  in the i n t e r v a l  u n t i l ,  a f t e r  much 

t r a i n i n g ,  responses come a t  the t im e  of  s t im u lu s  occur rence in t r i a l s
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where th e  US is  o m i t te d .  When both CS and US are p resen ted ,  temporal 

c o n d i t i o n in g  is  evidenced by pre-CS responding.

Many in v e s t i g a t o r s  o f  hea r t  r a te  c o n d i t i o n in g  who have employed 

r e g u l a r l y  t imed p rese n ta t io n s  o f  both CS and US ( e . g . ,  Newton & Perez-  

C rue t ,  1967; Schoenfe ld ,  Matos, & Snapper, 1967; VanDercar & Schne ider -  

man, 1967) o r  US a lone ( e . g . ,  Schneiderman, VanDercar, Yehle ,  Manning, 

Golden, & Schneiderman, I969)mighthave found evidence f o r  temporal  c o n d i ­

t i o n i n g  had they  examined p a t te rn in g  o f  hea r t  r a te  du r in g  the  e n t i r e  

i n t e r - t r i a l  i n te r v a l  (and e s p e c ia l l y  the  pre-CS i n t e r v a l ) .  I t  is 

i n t e r e s t i n g  t o  note t h a t  none o f  t h e  s tu d ie s  which employed p e r i o d i c  

p re s e n ta t io n s  o f  US a lone  and examined evidence f o r  c a rd ia c  temporal  

c o n d i t i o n in g  found such evidence (K a tk in  & Nelson, 1973; Snapper, 

Schoenfe ld ,  F e r ra ro ,  & Locke, 1965). The o n ly  exper iments demonstra­

t i n g  c a rd ia c  temporal c o n d i t i o n in g  have p e r i o d i c a l l y  presented CS and 

US, as re ferenced above. Th is  suggests ,  perhaps, t h a t  temporal  c o n d i ­

t i o n i n g  i s  f a c i l i t a t e d  w i th  the a d d i t i o n  o f  a CS, a l s o  discussed by 

D m i t r ie v  & Kochigina (1959).  They c i t e  a study in P a v lov ’ s la b o ra to ry  

where uns tab le  temporal c o n d i t i o n in g  o f  s a l i v a t i o n  w i th  r e g u l a r l y  t imed 

p re s e n ta t io n s  o f  meat powder was improved w i th  the  a d d i t i o n  o f  a tone 

CS.

Pharmaco logical  m an ipu la t ions

I t  has long been known t h a t  the  autonomic nervous system (ANS) 

is  the major  source o f  c o n t ro l  over  hear t  r a te  (Rushmer, 1970);  however,
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t o  hea r t  ra te  changes have remained unreso lved. Cannon (1923) a t t r i b u t e d  

increases in hea r t  ra te  which accompanied the "ma jo r  emot ions" such as 

pa in ,  f e a r ,  rage, and g rea t  exc i tem en t  t o  the  sympathet ic  branch o f  th e  

ANS. The parasympathet ic  branch was re legated t o  the  f u n c t i o n  o f  "bu I I -  

d ing up rese rves " .  S p e c i f i c a l l y ,  th e  vagus nerve was sa id  by Cannon t o  

decrease h e a r t  ra te  p r i m a r i l y  t o  p rov ide  re s t  per iods  f o r  the  hea r t .

Since Cannon's t ime i n v e s t i g a t o r s  have sought,  through s u r g ic a l  and 

pharmacological  i n te r v e n t i o n s ,  t o  determine which o f  the  two branches 

o f  the ANS is  the  major c o n t r i b u t o r  t o  hear t  ra te  changes d u r in g  such 

exper imenta l  c o n d i t i o n s  as e x e rc ise  ( e . g . ,  Robinson, Ep s te in ,  Be ise r ,  & 

Braunwald,  1966), ope ran t  avoidance (Wynne & Solomon, 1955), ave rs ive  

Pavlov ian c o n d i t i o n in g  (Dykman & Gant t ,  1959), " s t a r t l e "  r e a c t io n s  

(Bond, 1943), and a v e rs iv e  r e a c t i o n - t im e  tasks ( O b r i s t ,  Law le r ,  Howard, 

Smithson, M a r t in ,  & Manning, 1974). The l i t e r a t u r e  w i th  respec t  to  

autonomic in n e rv a t io n s  o f  th e  Pavlov ian ca rd ia c  CR in p a r t i c u l a r ,  is 

large and e q u iv o c a l .  The obse rva t ion  o f  dec e le ra to ry  CRs in ave rs ive  

Pavlov ian paradigms played havoc w i th  the no t ion  o f  the  sympathet ic  

system i n i t i a t i n g  HR a c c e le r a t io n  as an "emergency" response ( e . g . ,  

Hast ings  & O b r i s t ,  1967). E s p e c ia l l y  vex ing were obse rva t ions  t h a t  

a c c e le ra to ry  ca rd ia c  CRs were una f fec ted  by sympathet ic  blockade 

( e . g . ,  O b r i s t  & Webb, 1967). These f i n d i n g s  r e f l e c t  the  f a c t  t h a t  HR 

increases o r  decreases can be independent ly  e f fe c te d  by e i t h e r  branch 

o f  the  ANS ( e . g . ,  Robinson e t  a l . ,  1966). For example, c a rd ia c  a c c e le r ­

a t i o n  can occur  e i t h e r  th rough an increase in sympathet ic  a c t i v i t y ,  o r ,  

through a decrease in vagal r e s t r a i n t .  The vagus nerve e x e r t s  a con­

t r o l l i n g  and r e s t r a i n i n g  in f lu e n c e  on r e s t i n g  hea r t  r a te  in mammals
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(Johans^en & R e i te ,  1964); thus ,  when vagal f i r i n g  is  blocked o r  de­

creased, hea r t  ra te  increases (Rushmer, 1958).

Apart  f rom neural r e g u la t i o n  o f  hea r t  r a t e ,  t h e re  are a l s o  hormon­

al c o n t r i b u t i o n s  (Cohen, 1974). The adrenal  medul ia secretes  a d ren a l in  

and no rad rena l in  ( c o l l e c t i v e l y  termed ca techo lam ines) .  These hormones 

are documented t o  cause HR increases when the organism is  under va r ious  

forms o f  s t r e s s  (Bond, 1943; Cannon, 1923; Randa l l ,  Kaye, Randa i l ,  & 

Brady, 1973).

Cohen (1974) has o f fe re d  the  view t h a t  r e l a t i v e  c o n t r i b u t i o n s  o f  

th e  sympathet ic  and parasympathet ic  systems t o  the c a rd ia c  CR depend 

upon the  p a r t i c u l a r  form o f  the  c a rd ia c  CR under s tudy .  His  method o f  

o rg a n iz in g  a l i t e r a t u r e  rev iew by a c c e l e r a t i v e ,  d e c e le r a t i v e ,  o r  b iphas ic  

CR forms w i l l  be fo l lowed here;  f i r s t ,  however, th e  exper imenta l  p roce­

dures employed in these s tu d ie s  w i l l  be o u t l i n e d  below.

T y p i c a l l y ,  s ub jec ts  undergo Pav lov ian  p a i r i n g s  w i th  shock as the 

US. A f t e r  s ta b le  HR CRs are acqu i red ,  e i t h e r  o r  both branches o f  the  

ANS are  blocked ( s u r g i c a l l y  and /o r  p h a rm a c o lo g ic a l l y ) ,  and subsequent 

changes in the  ca rd ia c  CR are assessed.

Surg ica l  procedures t o  e l im in a te  the  parasympathet ic  system in ­

vo lve  sever ing  the  vagus nerve whereby the  sympathet ic  nervous 

system is s u r g i c a l l y  e l im ina ted  by removal o f  th e  s t e l l a t e  gan g l ia  and 

p a r t  o f  th e  sympathet ic  c ha in .  Pharmacological  i n te r v e n t i o n s  are more 

common, perhaps due t o  ease o f  a d m in i s t r a t i o n .  Th is  procedure employs 

b lock in g  agents which antagonize n e u ro t ra n s m i t te r  substances a t  recep to r  

s i t e s  o f  sympathet ic  o r  parasympathet ic  nerve endings in the  h e a r t .

Based on the  s e l e c t i v e  e f f e c t s  o f  these b lo c k in g  agents,  autonomic i n ­

ne rva t io n  o f  the  c a rd io v a s c u la r  system has been pha rm aco log ica l ly  c l a s -
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s i f i e d  as c h o l i n e r g i c ,  a l p h a -a d re n e rg ic ,  o r  b e ta -ad rene rg ic  . C h o l i n e r ­

g i c  b lock ing  agents,  such as a t ro p in e  and scopolamine,  an tagonize a c e t y l ­

c h o l in e  a t  recep to r  s i t e s  o f  parasympathet ic  f i b e r s  in hea r t  muscle,  

among o th e r  s i t e s .  Ad renerg ic  b loc k in g  agents such as phentolamine and 

p r o p ra n o lo l ,  b lock ,  r e s p e c t i v e l y ,  sympathet ic  in n e rv a t io n  o f  the  a r t e r ­

io le s  ( " a lp h a "  r e c e p to r s ) , and sympathet ic  nerve endings in the  hear t  

( " b e ta "  r e c e p to r s ) .

Cohen (1974) has warned t h a t  in the  use o f  these s u rg ic a l  and 

pharmacological  procedures,  e l im in a t i n g  one branch o f  the ANS may change 

the c o n t r i b u t i o n  o f  the  o th e r  branch t o  the  r e g u la t i o n  o f  heart  r a te .

He suggests t h a t ,  i d e a l l y ,  s tu d ie s  should e l im in a t e  each nerve supp ly t o  

assess th e  e f f e c t s  on the  o t h e r .  Al though most s tu d ie s  conducted in 

t h i s  area have blocked o n ly  one branch o f  th e  ANS, they  have a l s o  most ly  

im p l ica ted  the  a c t io n  o f  both branches in t h e  i n t a c t  c a rd ia c  CR. Theor ies 

as t o  the  major c o n t r i b u t o r  a re ,  however, d i v i d e d .  A rev iew f o l l o w s .

Card iac CRs o f  monotonic a c c e le r a t io n  are  o f t e n  observed in dogs, 

pigeons, and sometimes c a t s .  Those s tu d ie s  which presen t  evidence f o r  

parasympathet ic  c o n t ro l  o f  the a c c e le r a to r y  CR inc lude  O b r i s t  & Webb 

(1967) and O b r i s t ,  S u t t e r e r ,  & Howard (1972) who showed, in dogs, t h a t  

be ta -ad rene rg ic  (sympa the t ic )  blockade by p rop rano lo l  r e s u l te d  in 

e i t h e r  sm a l l ,  o r  no response decrements du r ing  Pav lov ian  t r i a l s .  They 

concluded t h a t  the  CR must have been most ly  o f  vagal o r i g i n .  Dykman & 

Gantt  (1959) a l s o  concluded t h a t  t h e  g r e a te r  c o n t r i b u t o r  t o  an a c c e l ­

e r a to r y  CR in dogs was parasympathet ic  a f t e r  observ ing  a g r e a t l y  d im in ­

ished response w i th  a t r o p in e - b lo c k .  Because the response was no t  com­

p l e t e l y  e l im in a te d ,  however, they hypothesized some sympathet ic  i n p u t .

Evidence f o r  p r i m a r i l y  sympathet ic  m ed ia t ion  o f  a c c e le ra to ry  CRs
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can be found in a s tudy  conducted by Bond (1943).  He concluded almost  

t o t a l  sympathet ic  c o n t r o l  o f  the HR increases o f  dogs and ca ts  t o  the  

sound o f  a p i s t o l  sho t ,  because a c c e le r a t io n  s t i l l  occurred when the  

vagus nerves were c u t  and the  adrenals  removed. Bergamaschi & Longoni 

(1973),  in an unusual procedure o f  i n j e c t i n g  p rop rano lo l  a f t e r  th e  peak 

o f  an a c c e le r a to r y  CR in dogs du r ing  a 5 min CS, demonstrated a lower­

ing o f  hea r t  r a te  3 min a f t e r  i n j e c t i o n ,  toward the  end o f  CS. They 

t h e r e f o r e  a t t r i b u t e d  the  CR t o  a c t i v a t i o n  o f  the  sympathet ic  nervous 

system.

Some evidence suggests t h a t  the length of  t r a i n i n g  may in f lu e n c e  

the  amount o f  sympathet ic  involvement in the  a c c e le r a to r y  c a rd ia c  CR, 

w i th  sympathet ic  e f f e c t s  more e v iden t  e a r l y  in t r a i n i n g  (Cohen & P i t t s ,  

1968; O b r i s t ,  Howard, Lawler,  S u t t e r e r ,  Smithson, & M a r t i n ,  1972). in 

t h i s  regard ,  Cohen & P i t t s  demonstrated t h a t  b e ta -ad rene rg ic  b lock  by 

p rop rano lo l  o f  an a c c e le r a to r y  CR in pigeons was more e f f e c t i v e  than 

vagotomy in reduc ing response magnitude e a r l y  in t r a i n i n g .  The vagal 

c o n t r i b u t i o n  increased as t r a i n i n g  progressed, as seen in l a rg e r  re s ­

ponse magnitudes in l a t e r  t r i a l s ,  even when the  sympathet ics  were b locked.

There appears t o  be g re a te r  agreement among s tu d ie s  examining 

d e c e le ra to r y  CRs. Most conclude t h a t  th e  d e c e le ra to ry  response i s  v a g a l l y  

mediated a f t e r  obse rva t ions  t h a t  a t ro p in e  block o r  vagotomy abo l i shed the  

reponse ( f o r  the  c a t ,  F lynn,  I960; Hein,  1969; f o r  the  r a t ,  F i t z g e r a l d ,  

M a r t in ,  & O 'B r ie n ,  1973; f o r  the  r a b b i t ,  Downs, Cardozo, Schneiderman, 

Yehle,  VanDercar, & Z w i l l i n g ,  1972; F rede r icks ,  Moore, M e tc a l f ,  Schwaber,

& Schneiderman, 1974; Sampson, F ranc is ,  & Schneiderman, 1974; Schneider­

man, VanDercar, Yehle ,  Manning, Golden, & Schneiderman, 1969). An excep­

t i o n  is  a s tudy conducted by Kazis ,  M i l l i g a n ,  & Powell (1973) .  They
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a d m in is t r a t i o n  o f  e i t h e r  p rop rano lo l  o r  a t r o p in e ,  but o n ly  e l im in a te d  

com p le te ly  by combined i n j e c t i o n .  These au tho rs ,  t h e r e fo r e ,  suggest 

t h a t  th e  d e c e le ra to ry  CR in i n t a c t  r a b b i t s  r e s u l t s  from combined para­

sympathet ic  d ischarge and i n h i b i t i o n  o f  sympathet ic  tone .

There have been r e l a t i v e l y  few s tu d ie s  conducted on the  b iphas ic  

CR in c la s s ic a l  c o n d i t i o n in g  paradigms. In two exper iments conducted 

w i th  dogs (Ka tcher ,  Solomon, Tu rne r ,  LoLordo, Overmier,  & Resco r la ,1969; 

O b r i s t ,  Howard, Lawler,  S u t t e r e r ,  Smithson, & M a r t in ,  1972) th e  au thors  

have descr ibed the  CR as mainly  a c c e le r a to r y  but  w i th  a s l i g h t  f a l l  in 

r a te  a t  the end o f  CS; these CRs are  here considered as b ip h a s ic .  Both 

s tu d ie s  employed sympathet ic  blockade, w i th  Katcher e t  a l .  hav ing used 

sympathectomy, and O b r i s t  e t  a l .  having used p ro p ra n o lo l .  In both cases 

the a c c e le ra to ry  and d e c e le ra to ry  p o r t i o n s  o f  th e  CRs were reduced a f t e r  

sympathet ic  b lock ,  a l though the conc lus ions  reached by the  au thors  are  

d i f f e r e n t .  Katcher  e t  a l .  concluded major  c o n t r i b u t i o n s  f rom the sym­

p a t h e t i c  system, w h i le  O b r i s t  e t  a l .  concluded main ly  vagal med ia t ion .

I t  seems probable t h a t  both the vagus and the sympathet ics  c o n t r i b u te d  

t o  both p o r t ion s  o f  the  response, in keeping w i th  p h y s i o l o g i s t s ’ emphasis 

o f  ’’ r e c ip ro c a l  i n n e rv a t io n "  o f  h e a r t  r a te  by both sympathet ic  and para­

sympathet ic  branches ( e . g . ,  Rushmer, 1970).

Another s tudy demonstra t ing  t h i s  r e c ip r o c a l  in n e rv a t io n ,  a l though 

o n ly  repor ted f o r  the  a c c e le r a to r y  p o r t i o n  o f  a b iphas ic  response in 

rhesus monkeys (K lose, Augenste in ,  Schneiderman, Manas, Abrams, & Bloom, 

1975) , found t h a t  n e i t h e r  a t ro p in e  m e t h l y n i t r a t e  (a form o f  a t ro p in e  

which does not a f f e c t  the  c e n t ra l  nervous system) a c t in g  a lone ,  nor
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p roprano lo l  a lone, e l im in a te d  the i n i t i a l  a c c e le r a to r y  p o r t i o n ,  a l though 

t h e i r  combined a d m in is t r a t i o n  d id .  T h e i r  data were in te rp re te d  t o  suggest 

g r e a t e r  sympathet ic involvement in t h a t  p rop rano lo l  d im in ished the  response 

more than did a t r o p in e ,  a l though t h i s  f i n d i n g  was not  s t a t i s t i c a l l y  s i g ­

n i f i c a n t  ( t h e i r  Table 4 ) .

An experiment by Kadden, Schoenfeld,  & B in d le r  (1975) stands alone 

in hav ing assessed both the a c c e le ra to ry  and d e c e le ra to r y  components o f  

a b ip h a s ic  CR with sym pathe t ic ,  parasympathet ic ,  and combined blockade. 

Employing rhesus monkey sub jec ts  in a c l a s s i c a l  c o n d i t i o n i n g  paradigm, 

they obta ined r e s u l t s  suggest ing t h a t  a) t h e  i n i t i a l  a c c e le r a to r y  por ­

t i o n  o f  the b iphas ic  CR is l a rg e ly  under sympathet ic  c o n t r o l ,  as evidenced 

by t h e  s e l e c t i v e  reduc t io n  o f  a c c e le r a t io n  a f t e r  p rop rano lo l  i n j e c t i o n ,  

and b) the subsequent d e c e le ra to ry  p o r t i o n  is  l a r g e l y  under parasympa­

t h e t i c  c o n t r o l ,  as evidenced by reduc t io n  a f t e r  a t r o p in e .  These observa­

t i o n s  seem t o  be conf i rmed by the f a c t  t h a t  combined a d m in i s t r a t i o n  o f  

a t r o p in e  and proprano lo l  comple te ly  e l im in a te d  the  b iphas ic  CR.

O b r i s t  and c o l l a b o r a t o r s  ( O b r i s t ,  Law le r ,  Howard, Smithson, M a r t in ,

& Manning, 1974; O b r i s t ,  Wood, & Perez-Reyes, 1965), work ing w i t h  b i ­

phas ic  o r  m u l t i - p h a s i c  human c a rd ia c  CRs in c l a s s i c a l  c o n d i t i o n in g  and 

a v e rs iv e  r e a c t io n - t im e  ta s k s ,  have suggested t h a t  sympathet ic  in f luences  

on t h e  heart  are minimal un less evoked by severe s t r e s s  ( O b r i s t  e t  a l . ,  

1965) and, moreover,  in those paradigms where s u b je c ts  can avo id  impen­

d ing  shock (O b r is t  e t  a I . ,  1974).

Some o v e ra l l  conc lus ions  may be s t a t e d .  Those s tu d ie s  examining 

CRs w i th  an a c c e le ra to ry  component, whether the e n t i r e  response form is  

monotonic o r  b ip h a s ic ,  f i n d  c o n t r i b u t i o n s  f rom both branches o f  the  ANS, 

a l though  i t  seems probable  t h a t  th e  sympathet ic  system is  the  la rge r  con-
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t r i b u + o r  ( e . g . ,  Bond, 1943; Kadden e t  a l . ,  1975; Klose e t  a l . ,  1975). 

Those s tud ies  examining CRs w i th  a d e c e le ra to r y  component, whether 

monotonic o r  b ip h a s ic ,  seem t o  p o i n t  most ly  t o  an increase in vagal 

r e s t r a i n t  on the  hea r t  as the  pr imary  source o f  hea r t  ra te  d e c e le r a t io n .  

Again,  however, both branches can be seen t o  c o n t r i b u te  (Kaz is ,  Mi l  l i g a n ,  

& Powel l ,  1973). Perhaps the  most s t r i k i n g  evidence f o r  both vagal and 

sympathet ic  c o n t r i b u t i o n s  t o  t h e  form o f  the  CR, whether the CR is  

a c c e le ra to ry ,  d e c e Ie ra to r y ,  o r  b ip h a s ic ,  come from s tu d ie s  showing t h a t  

e i t h e r  vagal o r  sympathet ic  blockade does no t  a b o l i s h  the response, but  

combined blockade does (Cohen & P i t t s ,  1968; Kadden e t  a l . ,  1975; Kazis 

e t  a l . ,  1973; Klose e t  a l . ,  1975).

Since t h e re  have been so few s tud ie s  conducted w i th  the  c l a s s i c a l l y  

cond i t ioned  b iphas ic  CR where both a c c e le r a to r y  and de c e le ra to ry  compo­

nents are assessed a f t e r  blockade o f  both sympathet ic  and parasympathet ic  

branches o f  the  ANS, the  p resen t  s tudy  proposes t o  add in fo rm a t ion  in 

t h i s  area .  A d d i t i o n a l l y ,  a g a n g l i o n i c  b lock ing  agent w i l l  be used t o  

pha rm aco log ica l ly  denervate the  h e a r t .  Most s tu d ie s  examining the  f a te  

o f  the  CR a f t e r  c a rd ia c  denerva t ion  employ combined a d m in i s t r a t i o n  o f  

a t ro p in e  and p ro p r a n o lo l .  I t  is  d i f f i c u l t ,  however, t o  de termine the  

t i t r a t i o n  o f  dosages o f  one b loc k in g  agent a g a in s t  th e  o th e r  t o  ach ieve 

equal e f f e c t i v e n e s s  o f  bo th .  By the  use o f  a s in g le  b lock in g  agent  such 

as ch lo r isondam ine ,  the  ques t ions  in he ren t  in the t i t r a t i o n  o f  dosages 

are a l l e v i a t e d .  A g a n g l i o n i c  b lock in g  agent e f f e c t i v e l y  denervates the  

hea r t  by b loc k in g  a c e t y l c h o l i n e  t ran sm iss ion  a t  the  level  o f  the g a n g l ia .  

O c cas ion a l l y ,  a g a n g l i o n i c  b lock  i s  used t o  es t im a te  " i n t r i n s i c  r a t e " ,  

i . e . ,  the  r e s t i n g  r a te  o f  the  denervated hea r t  ( e . g . ,  Dews & Herd, 1974). 

A lso,  any c o n t r i b u t i o n  o f  cathecholamines t o  c a rd ia c  a c c e le r a t io n
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can be assessed, s ince  complete g a n g l io n ic  b lock  e l im in a te s  both branches 

o f  t h e  ANS, a l lo w in g  any observed HR changes du r in g  CS t o  be a t t r i b u t e d  

t o  hormonal e f f e c t s .  I t  has been shown, f o r  example,  t h a t  ca ts  s t a r t l e d  

by a p i s t o l  shot  a f t e r  complete c a rd ia c  denerva t ion  e x h ib i t e d  a slow HR 

a c c e le r a t io n  14 sec a f t e r  th e  shot (Bond, 1943). In a d d i t i o n ,  Randal l 

e t  a I . ( 1 973) observed HR a c c e le ra t io n  in s u r g i c a l l y  denervated rhesus 

monkeys 20 sec., a f t e r  the  onset o f  CSs preceding food o r  shock. Both 

Bond, and Randal l  e t  a l .  a t t r i b u t e d  the  HR a c c e le r a t io n s  t o  the  sec re ­

t i o n  o f  ca techolamines.

Through th e  behav io ra l  m an ipu la t ion  o f  moving CS temporal  lo c a t io n  

in a r e g u la r  in te r -US i n t e r v a l ,  and pharmacological  m an ip u la t ions  o f  

s e l e c t i v e  and t o t a l  autonomic blockade, the  sources o f  c o n t ro l  over  

c o n d i t io n e d  and uncond i t ioned c a rd ia c  changes may thus  be i I l u m i n a t e d .
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Method

Subjects

S ix  e x p e r im e n ta l l y  na ive ,  male rhesus monkeys (Macaca m u la t ta )

served as s u b je c t s .  Each animal weighed approx im ate ly  5 kg a t  the

s t a r t  o f  the exper iment .  T h e i r  d i e t  cons is ted  o f  ten pr imate b i s c u i t s

(Wayne Monkey D ie t )  t o t a l l i n g  approx im ate ly  160 gms, w i th  750 ml o f

wate r ,  d i s t r i b u t e d  over  t h re e  feed ings  d a i l y .  Every o th e r  day, 1/4

apple was added. P e r io d ic  t u b e r c u l i n  t e s t i n g  was c a r r i e d  ou t  p r i o r  t o

the s t a r t  o f  the  experiment,;  In o th e r  respec ts ,  a i l  an finals were found

to  be hea l thy  from v is u a l  in s p e c t io n .
Apparatus

Subjects  were con f ined  to  p r imate  r e s t r a i n t  c h a i rs  (BRS-For inger 

Rhesus Test Cha irs  Qio  . PC-002j : )wi th t h o r a c i c  p la te s  and a t tached cum­

merbund f o r  added r e s t r a i n t ,  f o r  the  d u ra t io n  o f  the  exper iment .  Dur ing 

each exper imenta l  sess ion the  r e s t r a i n t  c h a i r s  were wheeled i n t o  i n d i v i ­

dual wooden exper imenta l  chambers (No. PCH-002) l ined w i th  a c o u s t i c  t i l e .  

Each chamber was equipped w i th  an exhaust fa n ,  a 7.5 wa t t  b lue  overhead 

lamp, and a speaker on the  ins ide  rea r  wal l  d r iven  by a Grason S ta d le r  

wh i te  noise genera to r  (No. 90IB) s e t  a t  lOdB below 1.5V f which provided 

masking no ise du r in g  sess ions .

V isua l  s t im u l i  cons is ted  o f  two w h i te  i n d i c a t o r  l i g h t s  (D ia l c o ,

24 V N o .  327 bu lbs)  mounted on a metal mini  box and a t tached t o  the  

r e s t r a i n t  c h a i r  du r in g  exper imenta l  sessions. The l i g h t s  were thus 

pos i t ione d  app rox im a te ly  20 cm from the  s u b j e c t ’ s face a t  eye l e v e l .  The 

two l i g h t s ,  arranged v e r t i c a l l y  2 cm a p a r t ,  c e n t e r - t o - c e n t e r ,  served as 

the c ond i t ion ed  s t im u lu s  (CS); f o u r  o th e r  l i g h t s  on the  s t im u lu s  d i s p la y  

panel were never used. CS d u ra t io n  was 10 sec th roughout .  The b lue
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overhead lamp was I i t  from the  onse t ,  and remained l i t  f o r  t h e  d u ra t io n  

o f  th e  exper imenta l  sess ion .

E l e c t r i c  shock was d e l i v e re d  through t a i l  e le c t r o d e s ,  each c o n s i s ­

t i n g  o f  a 4 mm by 2 .5  mm piece o f  brass shim s tock  ( .004 in .  t h ic k n e s s )  

r i v e te d  onto  a s t r i p  o f  Ve lc ro  and connected t o  a rubbe r - jacke ted  w i re .F iv e  

minutes be fore  the  s t a r t  o f  each sess ion the  a n im a l ’ s t a i l  was t i e d  t o  the 

s t r u c t u r e  o f  t h e  c h a i r  and two e lec t rod es  w i th  e le c t r o d e  j e l l y  were strapped 

to  a shaved p o r t i o n  o f  the  t a i l  t o  insure  good c o n t a c t .  The e l e c t r o d e  w i re s ,  

in t u r n ,  were at tached t o  a cab le  in the  chamber th rough which shock was 

d e l i v e r e d .  Constant c u r re n t  AC shock was obta ined by passing the  ou tpu t  

o f  a 650 V t ra n s fo rm e r  th rough a s e t  o f  matched c a p a c i t o r s  (each .068 mF), 

and served as th e  uncond i t ioned s t im u lu s .  Shock i n t e n s i t y  was 9 -  0 .5  mA, 

as measured p r i o r  t o  each session by an ammeter in s e r ie s  w i th  th e  shock 

source.  Sw i tch ing  c i r c u i t r y  f o r  the  shockers ,  suggested by Ramsay, Knapp,

& Ze iss  (1970),  e l im in a te d  la rge  surges o f  c u r r e n t  a t  shock onse t  and o f f ­

se t  by a method which shor ted the animal th rough normal ly  c losed con tac ts  

of  a r e la y  u n t i l  shock d e l i v e r y ;  the  r e la y  co n ta c ts  were then opened, 

leav ing the animal as the  o n ly  path f o r  c u r r e n t  f lo w  in the  shock c i r c u i t .  

Sw itch ing  t r a n s i e n t s  were f u r t h e r  reduced by a synchronous sw i tch  which

al lowed shock onset  and o f f s e t  t o  occur  o n ly  a t  zero v o l t s  on the AC
+

v o l tag e  c y c le .  Shock d u r a t io n  was 300 msec, -  4 msec.

Each s u b j e c t ' s  EKG was monitored th rough two subcutaneous s t a in l e s s  

s tee l  e le c t ro d e s  (Siemens A k t ie n g e s e l I s c h a f t ,  Er langen,  Germany, No.

21 I 140) the  placement o f  which maximized th e  r e l a t i v e  s iz e  o f  th e  R-wave 

o f  t h e  EKG, and were implanted w i th  the animal t r a n q u i l i z e d  by V e ta la r  

(P a rk e -D a v is ) . The a n im a l ' s  ches t  was shaved p r i o r  t o  im p la n ta t io n .  A 

t y p i c a l  placement cons is ted  o f  one e l e c t r o d e  inse r ted  subcutaneous Iy a t  

the sternum, w i th  the  o th e r  placed l a t e r a l l y ,  a t  app rox im a te ly
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15 cm to  the  l e f t .  The e le c t ro d e s  were a t tached  by w i res  t o  a connector 

(Siemens , No. 2287985); the  an imals  were prevented from p u l l i n g  out  

the w i res  by being permanently dressed in a s o f t  lea ther  j a c k e t  which 

covered the  e lec t rod es  and connecto r .  Dur ing  each session the  connector 

was at tached t o  a cab le  in the chamber; t h e  EKG was a m p l i f i e d  and d i s ­

played by a Beckman Type R Dynograph,and R-waves o f  the QRS complex were 

d i g i t i z e d  by ^pcnm i t t  t r i g g e r  c i r c u i t  made from d i g i t a l  l o g i c  modules.

A l l  data were recorded,  and a l l  s t im u l i  d e l i v e r e d ,  by a PDP-8 computer 

us ing a n o ta t io n  system and program dev ised by Snapper & Kadden (1973).

Procedure

A l l  animals excep t ing  s u b je c t  E—18 were placed in r e s t r a i n t  c h a i rs  

f o r  one month p r i o r  t o  th e  s t a r t  o f  the exper iment  f o r  a d a p ta t i o n .  Dur ing 

t h i s  t ime they were removed from the  c h a i r  once f o r  im p lan ta t ion  o f  EKG 

e le c t r o d e s .  For each day du r ing  the  week preced ing the f i r s t  experimen­

t a l  sess ion ,  each a n im a l ' s  t a i l  e le c t ro d e s  were a t tached ,  and he was 

placed in the  exper imenta l  chamber f o r  one hour w i th  on ly  the  overhead 

lamp and masking noise on.  E - I 8 ' s  adap ta t ion  procedure d i f f e r e d  from 

the above in t h a t  he underwent c h a i r  adap ta t ion  f o r  on ly  one week, 

concu r ren t  w i th  chamber ad a p ta t io n .

The exper imenta l  sess ions  were conducted d a i l y ,  excep t ing  when 

a s u b j e c t ' s  EKG e le c t ro d e s  were re - im p lan ted  as a r e s u l t  o f  a d e t e r i o r ­

a t i n g  EKG s i g n a l .  In o rd e r  f o r  e f f e c t s  o f  the  t ran qu i  I i z i n g  agents 

used du r in g  r e - im p la n ta t i o n  t o  d im in i s h ,  sess ions  were no t  held f o r  the 

f o l l o w i n g  24 hours.  A lso ,  sess ions  were no t  held f o r  48 hours a f t e r  

a d m in is t r a t i o n  o f  the  exper imenta l  drugs in the  l a t t e r  s tages o f  the 

exper iment .
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The d a i l y  exper imenta l  r o u t i n e  was i d e n t i c a l  w i t h  the  procedures des­

c r ib e d  above f o r  chamber a d a p ta t io n ,  except t h a t  the  exper imenta l  s t i m u l i ,  

CS and US, were d e l i v e re d  t o  the  an ima l .  Sessions began w i th  a ten -m inu te  

ada p ta t ion  in the  chamber w i th  masking no ise and overhead lamp presen t ,  

fo l low ed  by CS onse t .

Data Record i ng

Of twenty  d a i l y  c o n d i t i o n in g  t r i a l s  (CS-US p a i r i n g s ) ,  data were 

c o l l e c t e d  from ten (Nos. 3 , 4 , 7 ,8 ,1 1 ,1 2 ,1 5 ,1 6 ,1 9 ,  and 20) ,  in reco rd in g  

groups o f  two consecu t ive  t r i a l s .  Groupings l a rg e r  than two t r i a l s  could

not be done because o f  I im i t a t i o n s  o f  the  computer ’ s memory. Thus, f o r

every two c onse cu t i ve  t r i a l s  recorded,  the  f o l l o w i n g  two were unrecorded,  

du r in g  which t ime data f rom th e  p rev ious  two t r i a l s  were punched on paper

tape.  For each recorded t r i a l ,  no data were ta k e  d u r in g  the  US, and not

f o r  I sec f o l l o w i n g  t h e  US because o f  noise in the  c a rd ia c  s igna l  du r in g ,  

and immediate ly a f t e r  shock. One second a f t e r  shock o f f s e t ,  t h e  f i r s t  

R-wave o f  th e  QRS complex s ta r t e d  the  computer ’ s t ime-phased reco rd in g  

in .01 sec u n i t s ,  and t h i s  reco rd ing  cont inued u n t i l  e i t h e r  two R-waves 

f o l l o w in g  th e  f i r s t  had occu r red ,  o r ,  u n t i l  a 2 sec t im e  per iod had 

elapsed.  Every a l t e r n a t e  R-wave ended the  coun t ing  o f  .01 sec t im e  pulses 

and began t h e  coun t ing  in a new reco rd ing  area in memory. Thus, each 

area ’ conta ined in te r b e a t  t im e ,  in 10 msec u n i t s ,  o f  two success ive  

EKG c y c le s ,  sometimes re fe r re d  t o  as t h e  "doub le  in te r b e a t  t im e "  or  

"double  R-R i n t e r v a l "  ( e . g . ,  Wi lson,  1969). One second a f t e r  shock o f f s e t ,  

a c l o c k  was s ta r t e d  which, when 2 sec had t imed ou t ,  stopped t h e  coun t ing  

of  .01 sec u n i t s .  A new count  was begun in ano the r  coun te r  upon d e te c t io n  

o f  ano the r  R-wave. As a r e s u l t  o f  i n t e r r u p t i n g  the count  every 2 sec, 

one reco rd ing  coun te r  per 2 sec per iod had a va lue  s h o r t  o f  th e  f u l l
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d u ra t io n  between two success ive R-waves; these counters  were always e l im ­

inated from data a n a ly s i s .

T r i a l s  had a d u r a t io n  o f  231 sec. A f t e r  a t r i a l  had ended, i f  the  

next t r i a l  was t o  be recorded,  data reco rd in g  was r e - i n i t i a t e d  a t  the 

d e te c t io n  o f  the  f i r s t  R-wave I sec a f t e r  shock o f f s e t .  I f  data were not  

t o  be c o l l e c te d  from th e  f o l l o w i n g  two t r i a l s ,  a l l  scheduled s t im u l i  were 

d e l i v e re d  to  the  s u b je c t ,  bu t  reco rd ing  was not  r e - i n i t i a t e d  u n t i l  the  

next two shocks had been adm in is te red ,  I sec had elapsed a f t e r  th e  second 

shock d e l i v e r y ,  and th e  f i r s t  R-wave o f  the  new t r i a l  was de tec ted .

F igure  I d e t a i l s  the  data  reco rd in g  scheme f o r  a sample o f  fo u r  

t r i a l s  a t  an a r b i t r a r y  CS-US i n t e r v a l .  The 1.3 sec a t  the  UCS arrow 

between t r i a l s  7 and 8 in d ic a te s  the  d u r a t io n  o f  in te r ru p te d  data r e c o r ­

d ing  between two recorded t r i a l s :  .3 sec du r in g  shock, and I sec f o l l o w i n g  

shock o f f s e t .

The exper imenta l  des ign employed e i g h t  temporal lo c a t io n s  o f  CS 

w i th  respec t  t o  US. Cyc les o f  f i x e d  d u r a t io n  (231 sec onse t  t o  onset )  

ran c o n c u r re n t l y  f o r  CS and f o r  US. The phase r e l a t i o n s h i p  o f  the  two 

cy c le s  determined CS-US i n t e r v a l s ,  as measured from CS onse t  t o  onset o f  

th e  f o l l o w i n g  US, o f  10, 20, 30, 50, 80, 120, 170, and 230 sec. Th is  

o rde r  was the  same f o r  a l l  s i x  an ima ls .

Each CS-US in te r v a l  was used f o r  s i x  d a i l y  sess ions ,  each session 

c o n ta in in g  twenty  CS-US p a i r i n g s  ( " t r i a l s " ) ;  on ly  t r i a l s  f rom th e  f i n a l  

two days (days 5 and 6) of  c o n d i t i o n in g  a t  each CS-US in te r v a l  were 

ana lyzed.  A f t e r  each CS-US in te r v a l  had been used f o r  i t s  s i x  sess ions ,  

two successive sess ions  were held w i th  US d e l i v e re d  alone a t  the 231 sec 

in te r -US i n t e r v a l :  20 shocks were presented per  sess ion ,  and the  data o f  

both sess ions  were ana lyzed.
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F igure  I .  Data record ing  scheme f o r  a sample o f  f o u r  t r i a l s .

A s t e r i s k s  a t  t r i a l s  7 and 8 in d ic a te  reco rd ing  o f  double in te r b e a t  

i n t e r v a l s  in success ive 2 sec pe r iods  f o r  230 sec. Note t h a t  no 

data reco rd ing  occurred in the  f o l l o w i n g  two t r i a l s  (9 and 10).



IQ

..CM 
I I 
I I

y o u  ------- -§-un-------- 'j-'osj— ;—^
sn sn sn sn sn

01 6 8 L IBJJ1



42

The 10 sec and 230 sec CS-US i n t e r v a l s  need f u r t h e r  c l a r i f i c a t i o n .  

At  th e  10 sec CS-US i n t e r v a l ,  CS o f f s e t  was c o i n c id e n t  w i th  US onse t .  

Sessions a t  the  230 sec CS-US in te r v a l  began w i th  CS d e l i v e r y ,  fo l lowed 

a f t e r  221 sec by US, fo l lowed  by CS again a f t e r  1.3 sec, e t c .

A f t e r  two sessions w i th  US a lone were held f o l l o w in g  t h e  230 sec 

CS-US i n t e r v a l ,  t h re e  CS-US i n t e r v a l s  were re -de te rm ined :  50, 20, and

10 sec, in t h a t  o rd e r  f o r  a l l  s i x  s u b je c ts .

Drugs were adm in is te red  t o  each s u b je c t  no t  on ly  on t h e  6th day 

of  c o n d i t i o n in g  a t  each re-dete rm ined CS-US i n t e r v a l ,  bu t  two a d d i t i o n a l  

days (7 and 8) were a lso  he ld ,  s p e c i f i e d  f u r t h e r  below: the  drugs

cons is ted  o f  ch lo r isondamine  (E c o l id ,  C iba -G e igy ) ,  p rop rano lo l  hydro­

c h l o r i d e  ( I n d e r a l ,  A y e rs t ) ,  and a t r o p in e  s u l f a t e  (A t ro p in e ,  Wyeth). The 

drugs were in je c te d  i . v .  in the  a n im a l ' s  leg.  A l l  dosages were I mg/kg, 

a s t re n g th  found t o  produce marked e f f e c t s  r e l a t i v e  t o  lower dosages 

(Randal l  & Smith,  1974). In te rp o la te d  sessions employing US alone were 

not  admin is te red u n t i l  a l l  drug sess ions  a t  a p a r t i c u l a r  re-dete rm ined 

in te r v a l  were completed: two sess ions  on two consecu t ive  days were then 

held w i th  US a lone,  fo l low ed  by s i x  days o f  c o n d i t i o n in g  a t  the  next 

CS-US i n t e r v a l .

The method o f  drug a d m in is t r a t i o n  a t  each re-dete rm ined in te r v a l  

f o l l o w s :  Immediately f o l l o w i n g  th e  f i n a l  twenty  t r i a l s  (day 6) o f  each

i n t e r v a l ,  the  animal was removed from th e  exper imenta l  chamber and i n j e c ­

ted w i th  ch lo r isondam ine .  A f t e r  replacement in th e  chamber, fo l low ed  by 

a f i v e - m in u t e  w a i t i n g  pe r iod ,  e i g h t  f u r t h e r  c o n d i t i o n in g  t r i a l s  were 

g iven .  On day 7 o f  each re-dete rm ined i n t e r v a l ,  on ly  e i g h t  pre-drug 

c o n d i t i o n i n g  t r i a l s  were g iven ,  fo l low e d  by an i n j e c t i o n  o f  p r o p r a n o lo l . 

A f t e r  a f i v e - m in u t e  w a i t i n g  pe r iod ,  e i g h t  c o n d i t i o n in g  t r i a l s  were



d e l i v e re d ,  fo l lowed  by an i n j e c t i o n  o f  a t r o p in e ,  fo l low e d  by e i g h t  

c o n d i t i o n in g  t r i a l s  a f t e r  another  w a i t in g  pe r iod .  Day 8 cons is ted  o f  

th e  same procedure as day 7,  except t h a t  a t r o p in e  was admin is te red f i r s t .  

Note t h a t  f o r  each b lock  o f  e i g h t  c o n d i t i o n in g  t r i a l s ,  f o u r  were recorded.

Table I l i s t s  the number o f  c o n d i t i o n in g  t r i a l s  d e l i v e re d  t o  each 

su b je c t  a t  each stage o f  the  exper iment.  In cases o f  d is c re p a n t  column 

e n t r i e s ,  they  in d ic a te  th e  ac tua l  number o f  t r i a l s  admin is tered t o  t h a t  

sub jec t  as a r e s u l t  of  equipment m a l fu n c t io n .  E n t r i e s  f o r  re-dete rm ined 

i n t e r v a l s  (Roman I I )  are  subd iv ided i n t o :  (a) number of  c o n d i t i o n in g

t r i a l s  w i th  drugs , (b) c o n d i t i o n in g  t r i a l s  w i th o u t  drugs, and, (c) 

t r  i a I s  w i th  US a I one.
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Table I

Number of Conditioning T r ia ls  a t  Each Experimental Stage 

CS-US Interval CSec.)

|0  20 30 50 80 120 170 230 50 U  20 33

Subject CS US CS US CS US CS US CS US CS US CS US CS US CS CS ,  US CS CS US CS
US o n ly  US o n ly  US o n ly  US o n ly  US o n ly  US on ly  US o n ly  US o n ly  US USIPj o n ly  US USIP) o n ly  US

E-28 120 40 120 40 120 40 120 40 |QQ 40 120 40 120 40 93 40 100 40 40 136 40 40 |36

E-34 120 37 120 40 120 40 |20 40 |0Q 40 |20 40 120 40 |20  40 |6Q 40 40 136 40 40 |36

E-40 120 40 120 40 120 40 120 40 |20 40 |2Q 40 120 40 120 40 |60  32 40 136 40 40 136

E-38 120 40 120 40 120 40 |20 40 120 40 | 20 40 120 40 120 40 |60  40 40 136 32 40 136

E-32 120 40 120 40 120 40 120 40 120 40 120 40 120 40 120 40 160 40 40 128 24 38 136

E -18 120 40 120 40 120 40 120 40 120 40 120 40 120 40 120 40 136 48 40 136 40 40 136
I

a
(0 )  In d ica tes  th e  number o f co n d itio n in g  t r i a l s  w ith  drugs

10 33

CS US 
U S IP Ion ly

40 40

40 40

40 40

40 40

40 40

40 40
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R a t iona le  f o r  Data Ana lys is

I t  has been w id e ly  observed in the  f i e l d  o f  psychophysiology t h a t  

the magnitude o f  response t o  s t im u la t i o n  is  in v e rs e ly  re la te d  t o  p re ­

s t im u la t i o n  response le v e ls .  Th is  r e l a t i o n s h i p  was termed the  law o f  

i n i t i a l  value  (LIV) by W i lder  (1950, 195-7) who was the f i r s t  t o  emphasize 

i t s  g e n e r a l i t y  by p o in t i n g  o u t  numerous a p p l i c a t i o n s  in b io lo g y ,  medic ine, 

phys io logy ,  and neuro logy .  Because W i lder  urged cau t ion  in i n t e r p r e t i n g  

p h y s io lo g ic a l  response t o  s t i m u l a t i o n  w i th o u t  t a k in g  p r e - s t im u la t i o n  

response leve l  i n to  account,  ques t ions  arose as t o  a p p ro p r ia te  response 

measures, s t a n d a r d i z a t io n ,  and s t a t i s t i c a l  ad jus tment  o f  data when in ­

d i v i d u a l s ’ p r e - s t i m u l a t i o n  le v e ls  were not e q u iv a le n t  (Lacey, 1956, and 

o t h e r s ) .  S p e c i f i c a l l y ,  i f  t h e  i n i t i a l  va lues o f  two in d i v i d u a l s  d i f f e r ,  

appa ren t ly  equal response magnitudes may not  be equal .  The kaw o f  i n i t i a l  

va lue  r e f l e c t s  the  more general  problem o f  comparing any in d iv i d u a l  o r  

group performances when extraneous f a c t o r s  s y s te m a t i c a l l y  a f f e c t  the  

dependent v a r i a b le s  under s tudy .

Most resea rc h e rs ,  and s t a t i s t i c i a n s  as w e l l ,  recommend expe r im en ta l ,  

r a th e r  than s t a t i s t i c a l  c o n t ro l  o f  ext raneous v a r ia b le s  ( e . g . ,  K i r k ,  1968; 

McGuigan, 1968; McNemar, 1955) th rough techn iques such as e l i m i n a t i o n ,  

constancy o f  c o n d i t i o n s ,  and use o f  c o n t ro l  groups. However, experimen­

t a l  c o n t ro l  o f  i n i t i a l  level  may in some cases be extremely  d i f f i c u l t ,  i f  

not  impossib le  t o  ach ieve (Lacey, 1956). For t h e i r  s tud ies  o f  c a rd ia c  

c o n d i t i o n in g ,  Snapper,  Kadden, & Schoenfeld (1971) at tempted t o  b r in g  

post-CS ca rd ia c  response le v e ls  under d i r e c t  c o n t ro l  by f i x i n g  pre-CS 

hea r t  ra te  a t  pre-determined va lues  w i th  th e  use o f  an e l e c t r i c a l  pace-



maker. The hea r t  was paced a t  v a ry in g  pre-CS r a te s ,  and then released 

du r in g  CS. They were unable ,  however, t o  show c o n t ro l  o f  post-CS HR 

level  by pre-CS pacing ra te s .  Since d i r e c t  c o n t r o l  o f  i n i t i a l  response 

level  presents  d i f f i c u l t i e s ,  one cou ld  r e v e r t  t o  pre-exper im enta I  s t a t ­

i s t i c a l  procedures t o  match in d i v i d u a l s  and groups w i th  respec t  t o  t h e i r  

i n i t i a l  l e v e ls ,  and then t o  conduct exper iments w i th  groups arranged by 

le ve ls  o f  p r e - s t i m u l a t i o n  response measures. The power o f  s t a t i s t i c a l  

t e s t s  are increased when comparison groups are  matched w i th  respec t  t o  

non-random ext raneous v a r i a b le s  ( e . g . ,  K i r k ,  1968; McGuigan, 1968). Un­

f o r t u n a t e l y ,  however, a d d i t i o n a l  c o m p le x i t ie s  surround the  law o f  i n i t i a l  

v a l u e :  i n v e s t i g a t o r s  have noted a c o n s i s te n t  r e l a t i o n s h i p  between pre 

and p o s t - s t i m u l a t i o n  response le ve ls  f o r  an i n d i v i d u a l ,  but  d i f f e r e n t  

degrees t o  which the  LIV a f f e c t s  responses t o  s t im u la t i o n  f rom one i n ­

d i v id u a l  t o  another  (B lock  & B r id g e r ,  1962; B r id g e r  & R e ise r ,  1959;

Lacey, 1956; S te inschne ide r  & L ip to n ,  1965). A lso ,  in the  a t tempt  to  

match i n d i v i d u a l s  f o r  i n i t i a l  response l e v e l ,  one might f i n d  t h a t  level  

t o  be in the  upper p o r t i o n  o f  one i n d i v i d u a l ’ s response range, and in 

the  lower p o r t i o n  o f  the  o t h e r ' s  (B lock  & B r id g e r ,  1962; B r id ge r  &

Re ise r ,  1959).

I t  appears t h a t  n e i t h e r  d i r e c t  exper imenta l  c o n t ro l  nor p re -e x p e r -  

imental  matching procedures reasonably co u n te ra c t  the  confounding o f  i n i ­

t i a l  level  w i th  response magnitudes. As a r e s u l t ,  one must r e s o r t  t o  

pos t -exper im en ta l  s t a t i s t i c a l  ad jus tment  o f  da ta .

There have been many at tempts t o  d e f in e  m a them a t ica l ly  and t o  

eva lua te  th e  Law o f  i n i t i a l  v a lu e .  The LIV has been descr ibed as e i t h e r  

a c o r r e l a t i o n  o r  a reg ress io n :  the  observed nega t ive  c o r r e l a t i o n  between

pre and p o s t - s t i m u l a t i o n  response magnitude (Benjamin,  1963, 1967; W i ld e r ,



1965); o r ,  the  p o s i t i v e  c o r r e l a t i o n  between pre and p o s t - s t im u la t io n  

response le ve ls  (Lacey, 1956). Regression models have a l s o  been pro­

posed (B lock & B r id g e r ,  1962; B r idge r  & Re iser ,  1959; Downer & Thompson, 

1972; S u r w i l l o  & Arenberg, 1965), w i th  the argument t h a t  a s t rong  c o r ­

r e l a t i o n  between two v a r ia b le s ,  as measured by the  Pearson r ,  conveys 

no in fo rm at ion  about the magnitude o f  t h e i r  f u n c t io n a l  r e l a t i o n s h i p .  

These authors suggest t h a t  the  LIV be expressed by the  s lope o f  the  

b e s t - f i t  regress ion  o f  p o s t - s t im u la t i o n  response level on i n i t i a l  res ­

ponse l e v e l ,  but  do not agree on what va lue o f  the  regress ion c o e f f i ­

c i e n t  (s lope) r e f l e c t s  maximal ope ra t ion  o f  the LIV. As a kind o f  

compromise t o  the  above con fu s io n ,  S te inschne ider  & L ip ton (1965) sug­

gest use o f  c o r r e l a t i o n  and reg ress ion  c o e f f i c i e n t s  when e v a lu a t in g  the  

LIV, r a th e r  than a r b i t r a r i l y  s e le c t i n g  one or  the  o th e r .

There are many d e f i n i t i o n s  o f  the  LIV, and th e re  are many proposals  

o f  how t o  e l im in a te  i t  s t a t i s t i c a l l y ;  i . e . ,  how t o  f re e  response data 

f rom the  confounding e f f e c t s  of  i n i t i a l  level  (see ex tens ive  rev iew by 

Lacey, 1956). Benjamin (1963, 1967) has po in ted o u t  t h a t  the i n v e s t i g a ­

t o r ' s  cho ice o f  an a ly s is  g r e a t l y  a f f e c t s  i n t e r p r e t a t i o n  o f  the  data.

In the  1963 paper she compared f o u r  major types o f  s o lu t i o n s  t o  the 

problem o f  f r e e in g  the  e f f e c t  o f  i n i t i a l  response level on p o s t - s t im u lu s  

response magnitudes. Benjamin found t h a t  on ly  scores ad jus ted by 

regress ion  models, namely, Lacey's  Autonomic L a b i l i t y  Score (ALS; 1956) 

and covar iance ad jus tment  re s u l t e d  in zero c o r r e l a t i o n  between the 

ad jus ted  score and i n i t i a l  response le v e l .  A f t e r  f u r t h e r  demonstra t ing  

t h a t  Lacey's ALS is an e q u i v a l e n t ,  standard ized form of covar iance  

ad jus tment,  she recommended Lacey's ALS f o r  comparison o f  i n d iv i d u a l s  

and a n a ly s i s  o f  covar iance f o r  comparison o f  groups. B r i e f l y ,  an a ly s is



o f  covar iance  is  a techn ique  t h a t  combines components o f  a n a ly s i s  of  

v a r ian c e  and reg ress ion  techn iques  (Snedecor & Cochran, 1967). The 

a n a ly s i s  o f  va r iance  a l lo w s  group ing o f  data t o  make comparisons o f  

i n t e r e s t ,  f o r  in s tance ,  between vs w i t h in  groups comparisons. The 

regress ion  component determines the  l i n e a r  dependency between response 

measures and some o th e r  v a r i a b l e ,  in t h i s  case, p r e - s t im u la t i o n  l e v e l :  

t h e  sums o f  squares f rom the a n a ly s i s  o f  var iance are ad jus ted  by an 

amount p r o p o r t io n a l  t o  the  magnitude o f  th e  observed l i n e a r  dependency. 

Thus, the  e f f e c t  o f  i n i t i a l  response leve l  on p o s t - s t im u la t i o n  response 

measures i s  removed, a l lo w in g  t e s t s  of  s i g n i f i c a n c e  o f  a p p ro p r ia te  

comparisons by the  usual F_ r a t i o s .

Before  a s t a t i s t i c a l  model f o r  data a n a ly s i s  was chosen in the 

presen t  s tudy ,  i t  was necessary t o  de termine the  regress ion  o f  response 

t o  s t im u la t i o n  on i n i t i a l  response l e v e l .  Since i t  is not  a t  a l l  c l e a r  

how t o  c h a r a c t e r i z e  the  LIV r e l a t i o n s h i p ,  the  requ irement  f o r  choosing 

a model t h a t  inc luded p r e - s t i m u l a t i o n  response measures in th e  a n a l y s i s  

res ted  on some observed c o r r e l a t i o n  between pre and post-CS response 

le v e ls ,  and a reg ress io n  c o e f f i c i e n t  g re a te r  than zero .
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ResuIts

The o v e r a l l  c o r r e l a t i o n  between pre  and post-CS 1BI le ve ls  was found 

t o  be 0.92 and the  regress ion  o f  the  pooled regress ions  f o r  a l l  CS-US 

in te r v a l s  (excep t ing  re-exposure) was 0 .80 .  To the e x te n t  t h a t  th e  

magnitude o f  these c o r r e l a t i o n  and reg ress ion  c o e f f i c i e n t s  conform to  

many o f  the d e f i n i t i o n s  o f  the law of  i n i t i a l  value  in the  l i t e r a t u r e  

o u t l i n e d  p r e v io u s ly ,  we can t e n t a t i v e l y  conclude the presence o f  t h e  LIV 

in the presen t post-CS ca rd ia c  r a te  da ta .  Other i n v e s t i g a to r s  have a lso  

shown t h a t  the  LIV is  p resen t  in the  c a rd ia c  r a te  data of  humans (B r id g e r  

& Re iser ,  1959; Hord, Johnson, & Lub in ,  1964; Lacey, 1956; W i lde r ,  1957), 

rhesus (Ramsay, 1970; Snapper, Kadden, & Schoenfe ld ,  1971), dogs (B lack ,  

e t  a I . ,  1962), and pigeons (Cohen & P i t t s ,  1967). Based on Benjamin ’ s 

(1963, 1967) demonstra t ion  t h a t  o n ly  covar iance  (synonymous w i th  reg ress ion  

models) insure  a score f r e e  of  i n i t i a l  response le v e l ,  and the values 

o f  the obta ined regress ion  and c o r r e l a t i o n  c o e f f i c i e n t s ,  an a n a ly s i s  o f  

covar iance was performed.

There has been some disagreement regard ing  which dependent v a r i a b l e  

measure should be ad jus ted ,  whether d i f f e r e n c e  scores (pos t  minus pre) 

o r  level  scores (pos t )  (Lacey, 1956). Several au thors  have shown t h a t  

r e s u l t s  are id e n t i c a l  regard less  o f  which measure is  adjus ted (Benjamin,  

1963, 1967; B lock ,  1964; Myers & Honig,  1969). Covar iance ad jus tment  o f  

level  scores was the  method of  cho ice  f o r  the  present da ta .

P r e - s t im u la t io n  leve l  o f  c a rd ia c  a c t i v i t y ,  and response leve l  a f t e r  

s t im u la t i o n  were determined as f o l l o w s :  p r e - s t im u la t i o n  level was def ined

as the  mean in te rb e a t  t im e (msec) 10 sec p r i o r  t o  CS onset  and was termed
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th e  c o v a r i a t e .  I t  i s  the  v a r i a b le  whose e f f e c t s  are t o  be removed from 

th e  dependent v a r i a b l e ,  and w i l l  be designated by " X " .  Response level  

a f t e r  s t im u la t i o n  was the  mean in te r b e a t  t ime (msec) du r ing  the CS-US 

i n te r v a l  max imal ly  d i f f e r e n t  from pre-CS level and was termed the v a r i a t e :  

i t  i s  the dependent v a r i a b le  t o  be ad jus ted  by cova r iance ,  and w i l l  be 

des ignated by "Y " .

V a r i a b i l i t y  in Y among s ub jec ts  a t  each CS-US i n t e r v a l  du ra t io n  

was la rge enough t o  war ran t  a design t h a t  a lso  i s o la t e s  t h e  among- 

s u b je c ts  va r ian ce  from the e r r o r  v a r ia n c e ,  t h e r e f o r e ,  a randomized b lock  

a n a ly s i s  o f  covar iance  was performed. V a r i a t i o n  r e la te d  t o  pre-CS 

response leve l  is removed by cova r iance ,  and v a r i a t i o n  r e l a t e d  t o  i n d i v i ­

dual d i f f e r e n c e s  is  removed by b lo c k in g .  Each b lock  (row) cons is te d  o f  

one s u b je c t ,  and columns cons is ted  o f  the  CS-US i n t e r v a l s  10, 20, 30,

50, 80, 120, and 170 sec. I t  should be noted t h a t  the  230 sec CS-US 

in te r v a l  was not inc luded in t h i s  a n a ly s i s  due t o  d i f f i c u l t i e s  in d i s ­

t i n g u i s h i n g  between th e  c a rd ia c  r a te  response t o  US and CS, s ince US 

co inc ided  w i t h  CS onse t .

The data  f rom each c r i t e r i o n  t r i a l ,  ( i . e . ,  sessions 5 and 6 a t  

each CS-US i n t e r v a l )  c o n s i s t i n g  o f  a 230 sec reco rd ing  per iod  o f  doub le ­

in te r b e a t  t imes in 2 sec pe r io ds ,  were d iv id e d  by two t o  p rov id e  an 

average s i n g l e  in te r b e a t  t im e ,  and 23 means o f  success ive 10 sec per iods  

were then c a l c u la te d .  X and Y values were determined f o r  each s u b je c t  

f o r  each t r i a l ;  t h u s ,  a se t  o f  X,Y p a i r s  was entered f o r  each s u b je c t  

a t  each CS-US in te r v a l  d u r a t io n .  A reg ress ion  l i n e  was determined f o r  

each a r ra y  o f  X,Y p a i r s  by th e  method o f  leas t  squares,  r e s u l t i n g  in 

42 reg ress ion  l ines  ( s i x  sub jec ts  by seven i n t e r v a l s ) .  Regression 

c o e f f i c i e n t s  and Pearson product-moment c o r r e l a t i o n s  are l i s t e d  in



Tab le 2 .  In ana lys is  o f  c o va r ia nce ,  an im por tan t  assumption to  be 

s a t i s f i e d  is  the  requ irement o f  homogeneity o f  regress ion  between and 

w i t h i n  t rea tm en t  levels  ( e . g . ,  Evans & Anas tas io ,  1968; K i r k ,  1968;

Lacey, 1956; Snedecor & Cochran, 19 6 7 ) ; i . e . ,  the  s lope o f  regress ion f o r  

each t rea tm en t  level  must be equal t o  the s lope o f  regress ion  o f  a l l  

o t h e r  t rea tm en t  leve ls .  Homogeneity o f  reg ress ion  between and w i t h in  

CS-US in te r v a l  du ra t ions  (Table  2) was te s te d  by a repeated measures 

a n a ly s i s  o f  va r iance .  An F (d f=  6 ,5 )  o f  1.68 re s u l t e d  ( £ > . 0 5 ) ,  con­

f i r m in g  t h a t  between and w i t h i n  group reg ress ions  were no t  s i g n i f i c a n t l y  

d i f f e r e n t .  A lso,  an f max t e s t  on column va r iances  o f  regress ion

c o e f f i c i e n t s  resu l ted  in F (d f = 7 ,5 )=  16.71 (p > .0 5 ) ,  the reby  c o n f i r --max ' i-  '

ming t h a t  s lope var iances  ac ross t rea tm en ts  were not  s i g n i f i c a n t l y  

d i f f e r e n t .

X and Y values in each a r ra y  were then averaged, r e s u l t i n g  in one 

mean X, mean Y p a i r  f o r  each s u b je c t  a t  each CS-US in te r v a l  d u r a t i o n .  

These va lues  formed the bas is  f o r  the  a n a ly s i s  o f  cova r iance ,  and are 

l i s t e d  in Table A o f  the  Appendix.  The Source Tab le is  l i s t e d  below:

SOURCE ADJ. SS DF ADJ . MS F p

Between t rea tm en ts  (T) 38 ,127 .96  6 6354.66 MSTrT  11.24 <.01

Between b locks (B) 40 ,027 .80 5 8005.56 MS(B) _ 14.16 <.01
MS (10

Residual  ( e r r o r ;  R) 16,392.99 29 565.28

The obta ined t rea tment  F_ o f  I I .24 w i t h  6,29  d f  is s ign i f  i can t  a t  £  <.01 . 

T h e re fo re ,  i t  can be concluded t h a t  the  d u r a t io n  o f  th e  CS-US in te r v a l  

i n f l u e n c e d  the  va lue  o f  maximum change in in te r b e a t  i n te r v a l  in the 

CS-US i n t e r v a l .  Note a l s o  the  s i g n i f i c a n t  b locks e f f e c t .  Th is  in d ic a te s



Table 2

Pearson product-moment c o r r e la t io n s  ( r j  and reg ress io n  c o e f f i c i e n t s  (b )  f o r  pre-CS in t e r b e a t  

in te r v a l  level (X) and maximum change in in te r b e a t  in te r v a l  CY) in th e  CS-US in t e r v a l

CS-US 1 n te rv a  1 (Sec)

10 20 30 50 30 120 170

r  b r  b r  b r  b b r  b r  b

E-2S .38 .30  
( I 3 ) a

.9 6  .94  
(16 )

.95  .36
(16)

.46 .46  
(19)

0 .003  
(10)

.56 .73  
(20)

.35 .37  
(20)

E-34 .94  .67
(19)

.25 .13  
(20 )

.84  .57  
(20 )

.10 - . 0 5  
(20 )

.38 .48
(3 )

.73 .59  
(18)

.70 .58  
(14)

E-40 .9 2  .73  
(14)

.38 .76  
(19 )

.30 - . 2 9  
(17 )

.1 4  .34  
(12 )

.78  l . l l  
(18 )

.57 .63  
(12)

.88 l . l l  
(13 )

£ -3 8 .94  .31 
(10)

.70 .48  
(19 )

.73 .61 
(13)

.46  .32  
( IS )

.70 .50 
(19 )

.31 .81
(15)

.83  .57  
(19)

E-32 .38 .49  
(19)

.91 .75
(18 )

.31 .34  
(19 )

.30 - . 2 9
( I I )

.93 I .C5  
(15 )

.75 .73  
(20)

.47 .44  
(16)

E - IS .76 .63  
(20)

.91 .55  
(14)

.39 .52  
( 18)

.77 .56 
(20 )

.69  .33 
(10 )

.79 .64 
(15)

.53 .51 
(17)

a
Numbers in parentheses re p re s e n t  t h e  number o f  X,Y p a i r s  upon which tn e  

c o e f f i c i e n t s  aoove a re  based. They a ls o  correspond To the  number o f  

i n t a c t  c r i t e r i o n  T r i a l s  a t  each CS-US in te r v a l  f o r  each s u b je c r .
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t h a t  th e  row sums o f  squares (B) were la rge enough t o  wa r ran t  the  use 

o f  randomized b lock  a n a ly s i s  o f  cova r iance ;  the e r r o r  va r iance  was 

much reduced a f t e r  e x t r a c t i n g  th e  row sums o f  squares.

S p e c i f i c  comparisons among CS-US in te r v a l  d u ra t io n s  were made a f t e r  

ad jus tment  o f  column averages f o r  Y (maximum change in ra te  f rom pre-CS) 

f o r  d i f f e r e n c e s  in column averages o f  X (pre-CS r a te ;  see Winer D 9 7 l j j  

f o r  a g raph ic  r e p re s e n ta t io n  and t h e  ad jus tment  f o rm u la ) .  Unadjusted 

(c losed c i r c l e s )  and ad jus ted  ( t r i a n g l e s )  Y column means f o r  each CS-US 

in te r v a l  are  p l o t t e d  in F igure  2,  a long w i th  assoc ia ted  va lues o f  mean 

IBI leve l  pre-CS (X; open c i r c l e s ) .  Ad jus ted column means f o r  Y were 

then compared f o r  s i g n i f i c a n t  d i f f e r e n c e s  w i th  the  use o f  Tukey’ s a 

p o s t e r i o r i  t e s t .  Resu l t s  o f  a l l  p os s ib le  pa i red  comparisons are shown 

in Table 3,  and, i n d ic a te  the  f o l l o w in g  in c o n junc t io n  w i th  F igure  2:

As the  CS-US in te r v a l  d u ra t io n  increased from 10 t o  30 sec, IBI 

va lues  a t  peak change dur ing  t h e  CS-US in te r v a l  decreased s i g n i f i c a n t l y  

( s m a l le r  IBIs i n d i c a te  h ig h e r  hea r t  r a te s ,  and v i c e - v e r s a ) .  Subsequent ly ,  

and compared w i th  th e  IBI va lue  a t  30 sec CS-US, IBI va lues a t  peak 

change s i g n i f i c a n t l y  increased ( i . e . ,  lower FIRs occur red)  between the  

50 sec and 80 sec CS-US c o n d i t i o n s .  These va lues were no t  s i g n i f i c a n t l y  

d i f f e r e n t  from those a t  t h e  f i r s t  CS-US in te r v a l  o f  10 sec. A f t e r ,  and 

compared t o  th e  reduced hea r t  ra te s  a t  peak change f o r  the  50 and 80 sec 

CS-US c o n d i t i o n s ,  hea r t  ra te s  a t  peak change increased once aga in ,  and 

were s i g n i f i c a n t l y  d i f f e r e n t  f rom th e  50 sec CS-US in te r v a l  c o n d i t i o n  

a t  120 sec and 170 sec CS-US. These va lues a t  120 and 170 sec were 

no t  s i g n i f i c a n t l y  d i f f e r e n t  f rom those a t  30 sec CS-US.

I t  appears,  then ,  t h a t  t h e r e  were t h re e  CS-US i n t e r v a l s ,  30,  120, 

and 170 sec which re s u l t e d  in the  h ighes t  hea r t  ra te s  w i t h i n  t h e  CS-US
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F igu re  2.  Ad jus ted  ( t r i a n g l e s )  and unadjusted ( f i l l e d  c i r c l e s )  mean

in te r b e a t  i n t e r v a l  level  a t  peak change in t h e  CS-US i n t e r v a l ,  and 

mean i n te r b e a t  i n t e r v a l  dur ing  10 sec pre-CS (open c i r c l e s ) ,  as a 

f u n c t io n  o f  CS-US in te r v a l  d u r a t i o n .  Each data  p o in t  i s  the  

r e s u l t  o f  averag ing  over  a l l  c r i t e r i o n  t r i a l s  a t  each d u r a t i o n ,  

averaged ove r  s i x  s u b je c ts .
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Table 3

Resu l ts  o f  a p o s t e r i o r i  pa i red  comparisons between group means f o r  Y a

using Tukey ’ s £  s t a t i s t i c

CS-US 1n t e r v a 1 (Sec)

10 20 30 50 80 120 170

10 *  * * NS NS * * *

20 * NS NS NS NS

30 * * * NS NS

50 NS * * *

80 NS NS

20 NS

170

a
Y in d ic a te s  mean IBI maximal ly  d i f f e r e n t  f rom pre-CS in t h e  CS-US 

i n te rv a l  

NS= no t  s i g n i f i c a n t  (£_>.05)

*= £  <.05 

* *=  £_ < . 0 I
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i n te r v a l  a t  the p o in t  o f  maximum change from pre-CS r a te s .  Those CS-US 

i n te r v a l s  r e s u l t i n g  in th e  lowest ra tes  a t  the  p o i n t  o f  maximum change 

were the  10, 50, and 80 sec CS-US c o n d i t i o n s .

CR Form

Although the  law o f  i n i t i a l  value  has been discussed above w i th  

regard t o  CR magnitude, i t  may appear in t h e  form o f  the  response as 

w e l l .  I n v e s t ig a to r s  o f  t h e  c a rd ia c  CR have noted changes in the  form of 

t h e  responses w i th  changes in base l ine  h e a r t  r a te  ( e . g . ,  Black e t  a l . ,  

1962); s i m i l a r  changes are  ev id e n t  in the p resen t  d a ta .  For example,

F igure  3 shows the  ca rd iac  r a te  CR in t h re e  t r i a l s  (same session) f o r

sub jec t  E-38 and demonstrates t h a t  CR form can change markedly as a 

fu n c t io n  o f  pre-CS response le v e l .  The p resen t  f i n d i n g ,  however, is  t h a t  

th e  form o f  the CR is  not e n t i r e l y  determined by p r e - s t im u la t i o n  heart  

r a te ,  but  is  a l s o  a f u n c t io n  o f  th e  CS-US in t e r v a l  d u ra t io n  (F igu res  4 

through 18). The data are  p l o t t e d  in t h re e  ways: ( I )  Figures 4-9

present  i n d i v i d u a I - s u b j e c t  CRs composed o f  IB Is  in successive 2 sec

averag ing pe r iods ,  over the  course o f  the  CS-US i n t e r v a l .  CS-US i n t e r v a l s  

o f  10-50 sec are shown. (2) F igures 10-15 p resen t  ind iv idua  I - s u b je c t  

f u n c t io n s  o f  IB Is  in success ive 10 sec averag ing  pe r iods  over th e  course 

o f  the  US-US i n t e r v a l :  f i I l e d - c i r c l e  f u n c t io n s  rep resen t  those c ond i ­

t i o n s  where the CS was presen ted .  O p e n -c i r c le  f u n c t i o n s  a t  t h e i r  r i g h t  

represen t  subsequent t r i a l s  where the  CS was o m i t t e d .  CS-US i n t e r v a l s ,  

w i th  the  in te rp o la te d  sess ions  o f  US a lone ,  are  shown f o r  10 sec through 

230 sec. (3) Figures 16-18 represent  group f u n c t i o n s  (averages o f  s i x  

sub jec ts )  o f  IBIs in success ive 10 sec averag ing  pe r iods  over t h e  course 

o f  the  US-US i n t e r v a l .  CS-US in t e r v a l s  f rom 10-230 sec are shown. F i l l e d
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Figure 3.  Three c a rd ia c  CRs du r ing  the same session (10 sec CS-US) f o r  

su b je c t  E-38. Each p o in t  represents  mean 181 ( i n  msec) f o r  2 sec .  

Note how th e  shape o f  the  response depends upon i n i t i a l  (pre) 

response I eve I .
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F igu re  3. Three c a r d ia c  CRs du r ing  the same sess ion  (10 sec CS-US) f o r  

s u b je c t  E-38. Each p o in t  represents  mean 181 ( i n  msec) f o r  2 sec.  

Note how the  shape o f  the response depends upon i n i t i a l  (p re )  

response le v e l .
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and open c i r c l e s  denote the  same c o n d i t i o n s  as in F igures 10-15.

Figures 4-9  in d ic a te  t h a t  a t  the  10 sec CS-US i n t e r v a l ,  where CS 

f i l l s  the  d u ra t io n  o f  th e  i n t e r v a l ,  a l l  sub jec ts  show a hea r t  r a te  

p a t te rn  o f  a c c e le r a t i o n  fo l lowed  by d e c e le r a t i o n .  For t h e  m a jo r i t y  of  

s u b je c t s ,  hea r t  r a te  reaches a peak dur ing  the  f i r s t  h a l f  o f  the  i n t e r ­

v a l .  Note ev idence o f  the LIV in t h e  s m a l le r  magnitude CRs a t  IB ls  

s m a l le r  than 330 msec: these s ub jec ts  show peak HR c lo s e r  t o  the mid­

p o in t  o f  the  CS-US in te r v a l  (4-6  sec a f t e r  CS o n s e t ) .  Lowest hea r t  r a te  

a f t e r  the  peak occurs f o r  most sub jec ts  du r in g  the  f i n a l  2 seconds o f  the  

i n t e r v a I .

At 20 sec CS-US in te r v a l  where a t r a c e  per iod o f  equal d u ra t io n  t o  

CS (10 sec) is  in t roduced ,  t h e  b iphas ic  ( r a t e  a c c e le ra t io n  fo l lowed  by 

d e c e le ra t io n )  response p a t t e rn  is  most ly  ma in ta ined ,  but w i th  increased 

v a r i a b i l i t y  o f  form, as evidenced by two o r  t h re e  a d d i t i o n a l  small 

a c c e le ra t io n s  fo l low ed  by d e c e le r a t i o n ,  each b iphas ic  cyc le  la s t i n g  

approx im ate ly  4 -6  sec.  Note E-34 ( F ig .  5) who c l e a r l y  shows two la rge 

b ip h a s ic  HR p a t te rn s  du r ing  th e  CS-US i n t e r v a l :  one dur ing  CS and the

second dur ing  th e  t r a c e  i n t e r v a l ,  i n i t i a t e d  a t  CS o f f s e t .

At  the 20 sec i n t e r v a l ,  the  m a jo r i t y  o f  sub jec ts  show a l a t e r  

HR peak in the  CS-US i n t e r v a l .  For most s u b je c ts ,  th e  lowest heart  r a te  

a f t e r  the  peak again occurs c lose  t o  US (app rox im a te ly  2-4 sec b e fo re ) .  

Once aga in ,  no te  evidence o f  the  LIV in the  f u n c t io n s  of  E-28, E-34, and 

E-18 as seen in the  small a c c e le r a t io n s  t o  CS onset  a t  IB ls  less than 

340 msec.

The 30 sec CS-US in te r v a l  is  marked by an in c reas ing  i r r e g u l a r i t y  

of  t h e  b iphas ic  c a rd ia c  CR w i th  a d d i t i o n a l  small phasic  a c c e le r a t io n s  

and d e c e le ra t io n s  th roughout  the CS-US i n t e r v a l .  Some c o n s i s te n c ie s  do,
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Figures 4 -9 .  Ind iv idua  I - s u b je c t  mean c a rd ia c  CRs f o r  CS-US in te r v a l s  

o f  10-50 sec, o r i g i n a l  exposure ( f i l l e d  c i r c l e s )  and re-exposure 

(open c i r c l e s ) .  Each data p o in t  represen ts  mean IBI ( i n  msec) 

f o r  2 sec,  averaged ove r  a l l  c r i t e r i o n  t r i a l s  f o r ' t h a t  CS-US 

i n t e r v a l .  "PRE" in d ic a te s  mean IBI ( i n  msec) 2 sec p r i o r  t o  CS 

o n s e t .
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r.afiVrfî HUnatf-ttwtrti n -=.^u,^.'jiitv̂ yrm' .’.n-.f -'- r^iirfliftiWir i -±L

vO

E-40

420'

460'

C60'

rjiii
»

o6<
!  \

. V.\ a 1 / !
Mi/ \ \ A / - V !.* \ i - ' V  \  • C* V * I

y ' y
7

V -  \  V, '/
“  Vi,

vO

O)
Ll_

10 20 30 50
r r"n "n  i i r * * p i"m n  i i i i M.f r r" i  i r i i p»n i t i t p i  r r r i  i r i rT i  « t i 'I —

I— CS — 4 q *— CS — I p . ~ __ , p
R ^  R
£ i

2 SCC PCRI00S IN CS •  US INTERVAL



- ..... ,.
E-38 m-

300 - V- \

, A 7 ^ V ‘
' V• \

400-

y " >
\

A yy’- \ ^ / v /V . vy,

440-

mvo

620«*

\ ,

• A  / - A
\ /  v  • w ' V

r**

cn

10 20 ^T- I L r P T T T T  l"| "I " !
H*— CS -J
c

nr-rrr. n r r r i  r »  i i  i " m  jp r
h*tcs-h h*“ CS-*
c t

S3
i i  i t t t i  '» i r  »' T i n  m - f- j i' r i  i  r r t h * i ^

2 SCC PtfilOOS IN CS •  US tMCRVAL



ME
AN

 
IB

I 
(M

SE
C

)

E-32

28Ut

/ '
i  20-

, » v  •  ■ - <

/ \

v O
v O

.500*

4 0 0 -

4 4 0 -

\

/  \  o o

\

10 20 30
m — i— n  i i n — i i i r  i i— l  n — n — i i i i~ r~ i" ' f r  "i— n

^ ) - c s — cs—I p f— cs —t
"  E

2  S E C  P E R I 0 D 5  IN  C S  -  U 3  IN T E R V A L

CO

CT)
Ll-



src 
PL')IO

CS 
IN 

CS 
- 

US 
IN

T
tR

M
L

F i g .  9 67

MEAN \B \ (Ml EC)
<A JU
s s s■ »  * --------  * - ■ - --f--.........  ! I

I  ’V ^ b v «.
E*18



68

however, remain. An o v e r a l l  a c c e le r a t io n - d e c e le r a t io n  sequence is  s t i l l  

ev id e n t :  as Figures 4-9 show, hea r t  ra te  begins ac c e le ra t in g  a t  CS onset 

and remains above pre-CS level u n t i l  app rox im ate ly  10-12 sec be fore  US. 

Four sub jec ts  then s t e a d i l y  dece le ra te  and reach t h e i r  lowest hear t  

ra te  a f t e r  the peak a t  2-4 sec before US. E-28 and E-38 do not c l e a r l y

d i s p la y  t h i s  steady d e c e le r a t io n ,  but are  c o n s i s te n t  w i th  each o t h e r :

both reach an e a r l y  peak (2 sec a f t e r  CS onset )  and reach lowest hear t

r a te  a f t e r  the peak a t  8 sec be fore  US.

Again, E-34 is worth n o t in g :  f o r  each a d d i t io n a l  10 sec added t o

th e  CS-US in t e r v a l ,  he " a t ta c h e s "  another  b iphas ic  component. Th is  

e f f e c t  is a lso somewhat e v id e n t  in E-38 (F ig .  7) a t  the  30 sec in te r v a l  

where he shows a large b iphas ic  component du r ing  CS, a second, sma l le r  

component i n i t i a t e d  a t  CS o f f s e t ,  and ye t  a t h i r d  sm a l le r  b iphas ic  

component dur ing the f i n a l  14 sec o f  th e  CS-US i n t e r v a l .  E-32 (F ig .  8) 

a lso  shows th ree  c l e a r l y  d e f in a b le  a c c e le r a to ry - d e c e le r a to r y  phases, 

al though the te rm in a t io n  o f  each phase is  not  as c l e a r l y  c o n t r o l l e d  by 

the  end o f  each p r i o r  10 sec ex tens ion  t o  t h e  CS-US i n t e r v a l .  Of the  

s i x  sub jec ts ,  on ly  E-40 's  CR is  not  h ig h l y  v a r i a b le .

In summary, a b iphas ic  CR form o f  a c c e le ra t io n  fo l lowed by 

dece le ra t ion  a t  the  i n i t i a l  10 sec CS-US in te r v a l  became more v a r i a b le ,  

as evidenced by a d d i t i o n a l  phas ic changes in heart  r a te ,  as the  CS-US 

in te r v a l  was lengthened. An o v e r a l l  a c c e le ra to ry -d e c e Ie ra to r y  p a t te rn  

du r ing  the CS-US in te r v a l  was, however, ma in ta ined.  The peak of  a c c e l ­

e r a t io n  occurred c lo s e r  t o  US w i th  in c reas ing  CS-US in t e r v a l s ;  the loca­

t i o n  o f  lowest hea r t  r a te  a f t e r  th e  peak d id  not change as much, al though 

some sub jec ts  d id  show a movement away from US o f  the  lo ca t ion  o f  maximum
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d e c e l e r a t i o n .

A l though the  fu n c t io n s  o f  2 sec averag ing per iods  (F igu res  4-9)  

reveal  s h o r t - d u r a t i o n  hear t  ra te  changes, such as the  b iphas ic  CR form 

a t  the  10 sec CS-US i n t e r v a l ,  and, more c l e a r l y  p in p o in t  the  lo c a t io n s  

o f  peak a c c e le r a t io n  and d e c e le r a t io n ,  in c reas ing  v a r i a b i l i t y  in the  

CR a t  longer CS-US i n t e r v a l s  obscures some o v e r a l l  t r e n d s .  These t rends  

are more e a s i l y  seen in the in d iv i d u a l  and group f u n c t io n s  composed o f  

IB ls  in 10 sec averag ing per iods  (F igu res  10-18),  and w i l l  be descr ibed 

next  f o r  th e  30 sec CS-US in te r v a l  .

Temporal p a t te rn in g  o f  mean in te r b e a t  i n t e r v a l s  f o r  i n d iv i d u a l  

sub jec ts  when CS began 30 sec p r i o r  t o  US can be found in the  le f tm o s t  

panels o f  F igures 10-15. The f i g u r e s  show t h a t  the m a j o r i t y  o f  sub jec ts  

a c c e le ra te  a t  CS onse t  and con t inue  t o  a c c e le ra te  du r ing  the  i n i t i a l  

20 seconds o f  the  i n t e r v a l .  Th is  d u ra t io n  o f  i n i t i a l  a c c e le r a t io n  a t  

30 sec CS-US is  u n l i k e  t h a t  o f  t h e  p rev ious  20 sec CS-US in te r v a l  

(F igu res  10-15 le f tm o s t  columns) where s u b je c ts  g e n e r a l l y  reversed t o  

d e c e le ra t io n  w i t h in  10 sec a f t e r  CS onse t ;  a l s o ,  i t  can be c l e a r l y  seen 

in the  group f u n c t io n  (F igu re  16, second l e f t  panel f rom th e  t o p ) .

A t  the  50 sec i n t e r v a l ,  as f i r s t  seen from F igures  4 -9 ,  on ly  

th re e  s ub jec ts  (E-40, E-32, and E-34) have re ta ined  th e  o v e r a l l  b ip h a s ic  

CR form. These s u b je c ts  show a l a t e r  peak o f  a c c e le r a t io n  than a t  the 

prev ious  t h re e  i n t e r v a l s .  The group f u n c t io n  f o r  CS onset 50 sec p r i o r  

t o  US ( F ig .  16, f o u r th  l e f t  panel from the  t o p ) ,  as a t  the  30 sec CS-US 

i n t e r v a l ,  shows an a c c e le ra to ry  component o f  20 sec d u r a t io n ,  w i th  a lon­

ger  d u ra t io n  o f  d e c e le ra t io n  o f  30 seconds.

F igure 16 (bottom l e f t  panel)  shows the  group f u n c t io n  f o r  CS onset 

a t  80 sec pre-US and in d ic a te s ,  s i m i l a r  t o  changes in CR form as expressed
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Figures 10-15. I n d i v i d u a I - s u b je c t  f u n c t i o n s  o f  success ive  mean i n t e r ­

beat i n t e r v a l s  over  the  course o f  t h e  US-US i n t e r v a l ,  a t  each tem­

poral  l o c a t io n  o f  CS ( l e f t  o f  each double-co lumn) and subsequent 

two sess ions where CS was om i t te d  ( r i g h t  o f  each doub le -co lum n) .  

Each data p o in t  represents  mean IBI ( i n  msec) f o r  10 sec, 

averaged over  a l l  c r i t e r i o n  t r i a l s  f o r  each c o n d i t i o n .
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Figures 16-18. Group f u n c t io n s  o f  successive mean in te r b e a t  i n t e r v a l s '  

over  the  course o f  th e  US-US in te r v a l  a t  each temporal  lo c a t io n  o f  

CS ( l e f t  column) and subsequent sessions where CS was om i t ted  

( r i g h t  column).  Each data p o in t  represen ts  mean IBI ( i n  msec) 

f o r  10 sec, averaged over  a l l  c r i t e r i o n  t r i a l s  f o r  each c o n d i t i o n ,  

averaged ove r  s i x  s u b je c ts .
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in 2 sec averaging per iods  a t  the  s h o r t e r  i n t e r v a l s ,  a f r a c t i o n a t i o n  o f  

the o v e r a l l  b iphas ic  form in to  s m a l le r  phasic  c y c le s .  A t  the 80 sec 

CS-US i n t e r v a l ,  the  CR is  subd iv ided in to  two lo n g -d u ra t io n  b iphas ic  

hea r t  r a te  cy c le s .  As a t  the  30 and 50 sec CS-US i n t e r v a l s ,  CS onset 

r e s u l t s  in HR a c c e le r a t io n  f o r  20 sec fo l low ed  by d e c e le r a t io n :  a c c e le r ­

a t i o n  is r e - i n i t i a t e d  app rox im a te ly  40 sec a f t e r  CS onse t ,  aga in ,  w i th  

subsequent d e c e le ra t io n .  The second b ip h a s ic  c y c le  occupies the  l a t t e r  

40 sec o f  the CS-US i n t e r v a l .  F igures  10-15, the  in d i v i d u a I - s u b je c t  

f u n c t io n s ,  show t h a t  the  m a jo r i t y  o f  s u b je c t s  conform t o  t h i s  two-  

component CR p a t t e rn .

These two Io n g -du ra t ion  b ip h a s ic  components o f  the  CR are again 

e v iden t  a t  120 sec CS-US, as seen both in th e  group f u n c t io n  (F ig .  17, 

upper l e f t  pane l ) ,  and, in the  in d iv i d u a l  f u n c t i o n s  o f  fo u r  sub jec ts  

(E-18,  E-34, E-40, and E—28).  Th is  p a r t i t i o n i n g  o f  the  CR is most 

dramat ic  in E-40 (F ig .  12).

At 170 sec CS-US, t h e r e  seems l i t t l e  cons is te ncy  o f  hear t  r a te  

t ren ds  in the CS-US in te r v a l  among t h e  s u b je c t s ,  apa r t  f rom HR a c c e le ra ­

t i o n  a t  CS onset,  and lowest hea r t  r a te s  in t h e  in te r v a l  g e n e ra l l y  o c c u r ­

r in g  w i t h in  30 sec p r i o r  t o  US. A d d i t io n a l  cyc les  are again e v id e n t ,  as 

in E-40 (F ig .  12) who now c l e a r l y  shows th re e  Io n g -d u ra t io n  cyc les  o f  

a c c e le r a t io n  fo l lowed  by d e c e le r a t io n .

The 230 sec CS-US in te r v a l  was no t  discussed p re v io u s ly  w i th  

regard t o  CR magnitude, s ince  the  UR c o inc id ed  w i th  th e  CR, leading t o  

d i f f i c u l t i e s  in comparing CR magnitudes o f  t h i s  "backward c o n d i t i o n in g "  

case w i th  those o f  o th e r  CS-US i n t e r v a l s .  S i m i l a r  d i f f i c u l t i e s  a lso  

a r i s e  in comparing CR form a t  t h e  230 sec i n t e r v a l  w i th  the s h o r te r
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i n t e r v a l s ,  s ince  the  CR cannot be d i s t i n g u i s h e d  from th e  UR. Thus, 

r e s u l t s  o f  hea r t  r a t e  p a t te rn in g  a t  t h i s  i n t e r v a l  w i l l  be reserved f o r  

the  d iscuss ions  o f  the  UR and temporal  p a t t e rn in g  o f  hea r t  r a te  du r ing  

th e  e n t i r e  US-US i n t e r v a l .

Over CS-US in t e r v a l s  from 10-170 sec, sys tem a t ic  changes in loca­

t i o n  o f  peak a c c e le r a t io n  and d e c e le ra t io n  o f  hea r t  r a te  in the  CS-US 

i n te r v a l  were observed.  The data w i l l  be presented in two ways: ( I )

group fu n c t io n s  f o r  average lo c a t io n  o f  peak change in IBI du r ing  

the  CS-US in te r v a l  ( a c c e le ra t io n  and d e c e le ra t io n  are  d i f f e r e n t i a t e d )  

a t  CS-US i n t e r v a l s  f rom 10-50 sec o r i g i n a l  exposure,  and 50, 20, and 10 

sec re-exposure,based on 2 sec averag ing p e r io ds ;  and, (2) i n d i v i d u a l — 

s u b je c t  f u n c t io n s  f o r  lo ca t ion  o f  maximum change ( a c c e le r a t i o n  and 

d e c e le ra t io n  are no t  d i f f e r e n t i a t e d )  o f  mean in te r b e a t  i n te r v a l  in the  

CS-US in te r v a l  (10-170 sec) based on 10 sec averag ing p e r io d s ,  f o r  

o r i g i n a l  exposure and recovery .  C a l c u l a t i o n s  o f  the  l a t t e r  were d i r e c t l y  

determined from th e  prev ious CR magnitude da ta :  the  lo c a t io n  o f  maximum

change in IBI f o r  each t r i a l  a t  each CS-US in te r v a l  was assessed by 

coun t ing  the  number o f  10 sec per iods  f rom CS onse t  u n t i l  the  mean IBI 

was maximal ly  d i f f e r e n t  from 10 sec pre-CS. These va lues  were averaged 

over  a l l  c r i t e r i o n  t r i a l s  f o r  each s u b je c t  a t  each i n t e r v a l ,  then  con­

ver ted  and p lo t t e d  as seconds s ince  US onse t ,  the reby  lo c a t in g  the  CR

peak in the  US-US i n t e r v a l .  F igure  19 p resen ts ,  f o r  each s u b je c t ,  mean 

lo ca t ion  o f  the  CR peak in the  US-US i n t e r v a l  as a f u n c t i o n  o f  the

temporal p r o x im i t y  o f  CS t o  a subsequent US. V e r t i c a l  bars i n d i c a te  the

lo c a t io n  o f  CS in t h e  US-US i n t e r v a l .  For the  10 sec i n t e r v a l ,  the  

le f tm o s t  p o i n t  in each f u n c t i o n ,  lo c a t i o n  o f  peak change could not  be
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Figure 19.. Mean lo ca t ion  o f  CR peak in the  US-US in te rv a l  as a fu n c t io n  

o f  the  temporal lo c a t io n  o f  CS (10-170 sec CS-US). Each p o in t  

represen ts ,  f o r  each s u b je c t ,  mean t ime s ince the prev ious US to  

the  peak ( i n  sec) and is an average o f  a l l  c r i t e r i o n  t r i a l s  a t  

each c o n d i t i o n .  O r ig in a l  exposure (c losed c i r c l e s )  and re-exposure 

(open c i r c l e s )  are shown. V e r t i c a l  bars in d ic a te  the lo ca t ion  o f  

CS in the US-US i n t e r v a l .  Data are  based on 10 sec averaging 

per iods .
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determined s in c e  the e n t i r e  CR is  represented by a s i n g l e  10 sec 

average in te r b e a t  i n t e r v a l ;  t h e r e f o r e ,  a p o i n t  was p l o t t e d  a t  th e  mid­

p o i n t  o f  CS, s ince  t h i s  most c l o s e l y  conforms t o  th e  f i n d i n g s  based on 

the  10 sec averag ing pe r iods .

F igure  19 in d ica tes  c o n s i s t e n t l y  t h a t  as CS occurs  e a r l i e r  in the 

US-US i n t e r v a l ,  the  lo c a t io n  o f  peak CR occurs ear l  i e r  in t h a t  in te r v a l  

as w e l I .  Note t h a t  th e  curve f o r  E-40 a t  170 sec CS-US reverses d i r e c ­

t i o n  in t h a t  t h e  peak o f  the CR occurs much c lo s e r  t o  US. F igure  19 

a ls o  revea ls  t h a t  a l though the  peak CR-US in te r v a l  i s  leng then ing ,  i t  

is  not  lengthen ing as r a p id l y  as the  CS-US i n t e r v a l ,  as evidenced by the  

in c reas ing  d is tance  between each v e r t i c a l  bar (CS) and the  data p o in t  

above i t ,  w i th  longer CS-US i n t e r v a l s .  Th is  t im e between CS onset  and 

CR peak, a c t u a l l y  the la tency t o  the  peak CR (a lso  termed i n h i b i t i o n  o f  

d e l a y ) ,  isjshown f o r  s i x  sub jec ts  in F igure 20.  From t h i s  f i g u r e  can 

be c l e a r l y  seen t h a t  longer CS-US in t e r v a l s  r e s u l t  in longer la te n c ie s  

t o  CR peak.

Tab le 4 l i s t s ,  f o r  each s u b je c t  a t  each CS-US i n t e r v a l :  ( I )  loca­

t i o n  o f  CR peak (seconds post-US) in the  US-US i n t e r v a l ;  (2) th e  v a r i a ­

b i l i t y  o f  CR peak lo c a t io n  ( i n  standard d e v i a t i o n ) ;  (3) r a t i o  o f  s ta n ­

dard d e v ia t i o n  t o  the CS-US i n t e r v a l ,  and, (4) la tency  o f  CR peak 

(seconds post -CS).  Comparison o f  any s u b j e c t ’ s standard d e v ia t i o n  w i th  

h i s  r a t i o  o f  SD t o  CS-US in te r v a l  d u r a t io n  across i n t e r v a l s

in d ic a te s  t h a t  v a r i a b i l i t y  o f  CR peak lo c a t io n  increased w i th  longer 

CS-US i n t e r v a l s ,  and in almost  cons tan t  p ro p o r t io n  t o  CS-US in te r v a l  

d u r a t i o n .

F igure  21 shows t h e  group f u n c t io n  f o r  l o c a t i o n  o f  peak a c c e le ra -
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Figure 20. Mean la tency  t o  the CR peak as a f u n c t io n  o f  CS-US in te r v a l  

d u ra t io n  (10-170 sec) .  Each p o in t  rep resen ts ,  f o r  each s u b je c t ,  

mean t im e  ( i n  sec) f rom the p rev ious  CS to  th e  peak, and is  an 

average o f  a l l  c r i t e r i o n  t r i a l s  a t  each c o n d i t i o n .  Data are based 

on 10 sec averag ing p e r io ds .  Brackets around the le f tm o s t  data 

po in t  i n d ic a te  la tency  es t imated from 2 sec averag ing p e r io d s .
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Table 4

Mean l o c a t io n  o f  CR peak In  th e  US-US I n t e r v a l ,  w i th  a s s o c ia te d  m easures, as a fu n c t io n  o f  CS-US In t e r v a l

CS-US In t e r v a l  (Sec)

20 30 50 80 120 170 50 I I 20 I I

E-2B L o c a t io n  (sec  pos+-US) 2 2 4 .4 5 2 1 7 .6 5 204 .21 189.00 174 .00 145.00 2 1 2 .0 0 2 2 5 .0 0
V a r i a b i l i t y  o f  lo c a t io n (SD) 5 .1 0 9 .0 0 1 3 .00 2 0 .2 0 3 7 .0 0 44 .60 15 .80 5 .1 0
SD/CS-US I n t e r v a l .2 6 .30 .2 6 .25 .30 . .26 .32 .26
Latency (se c  pos+-CS) 4 .5 0 7 .7 0 14 .20 2 9 .0 0 5 4 .0 0 7 5 .0 0 2 2 .0 0 5 .0 0

E -3 4 2 2 5 .0 0 2 1 9 .1 0 2 1 1 .5 0 190.00 153 .00 134.00 2 0 4 .5 0 2 2 8 .8 9
5 .1 0 7 .7 0 1 1 .80 2 3 .3 0 3 4 .7 0 5 4 .7 0 9 .9 0 3 .2 0

.26 .26 .24 .29 .29 .32 .20 . 16
5 .0 0 9 .1 0 2 1 .5 0 3 0 .0 0 3 3 .0 0 6 4 .0 0 14 .50 8 . 8 9

E -4 0 2 2 6 .3 0 221 .80 198.30 192.80 152 .50 182.10 2 0 3 .6 9 2 2 9 .0 9
5 .0 0 3 .9 0 8 . 4 0 19.30 3 5 .5 0 4 9 .5 0 13 .80 3 .0 0

.25 .13 .17 .24 .29 .29 .28 .15
6 .3 0 11 .80 8 .3 0 3 2 .8 0 3 2 .5 0 1 12.10 13 .69 9 .0 9

E -30 2 2 6 .8 0 2 1 6 .8 0 2 0 9 .5 0 201 .10 165.30 162.50 2 0 9 .5 0 22 6 .4 7
4 .8 0 8 .2 0 1 2 .10 2 8 .6 0 3 9 .5 0 4 8 .3 0 13 .90 4 . 9 0

.24 .27 .24 .32 .52 .28 .28 .25
6 .8 0 6 .8 0 19 .50 41 .00 4 5 .3 0 9 2 .5 0 19 .50 6 .4 7

E -3 2 2 2 5 .3 0 2 1 6 .5 0 2 1 3 .6 0 186.70 173.30 125.30 2 1 0 .9 5 224 .00
5 .1 0 7 .5 0 1 7 .50 2 2 .9 0 4 2 .2 0 . 4 9 .1 0 14 .50 5 .0 0

.2 6 .25 .35 .28 .35 .29 .2 9 .25
5 .8 0 b .5 0 2 3 .6 0 2 6 .7 0 5 3 .3 0 5 5 .3 0 2 0 .9 5 4 .0 0

E -18 223.1  0 2 2 1 .10 2 0 6 .0 0 190.00 1 48 .80 110.00 2 0 3 .0 0 2 2 6 .0 0
4 .9 0 8 .3 0 1 3 .10 2 7 .2 0 2 6 .3 0 4 2 .8 0 1 6 .30 5 .0 0

.25 .28 .2 6 .34 .22 .25 .33 .25
3 .1 0 11. 10 16 .00 3 0 .0 0 2 8 .8 0 4 0 .0 0 13 .00 6 .0 0



89

Figure 21. Group f u n c t i o n s  f o r  mean lo c a t io n  o f  peak a c c e le r a t io n

( c i r c l e s )  and d e c e le ra t io n  (squares) in the US-US in te r v a l  as a 

f u n c t io n  o f  the  temporal  l o c a t io n  o f  CS ( 1 0 - 5 0  sec CS-US).

Each data p o i n t  rep resen ts  mean t im e ( i n  sec) f rom th e  p rev ious  US, 

and is  an average o f  a l I  c r i t e r i o n  t r i a l s  a t  each c o n d i t i o n ,  

averaged over  s i x  s u b je c t s .  O r ig in a l  exposure ( f i l l e d  data 

p o in t s )  and re-exposure (open data p o in ts )  are shown. V e r t i c a l  

bars in d ic a te  the  l o c a t i o n  o f  CS in the  US-US i n t e r v a l .  Data 

a re  based on IB Is  in 2 sec averag ing pe r iods .
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t i o n  ( c i r c l e s )  and d e c e le ra t io n  (squares) o f  th e  CR based on 2 sec 

averag ing pe r iods  f o r  o r i g i n a l  exposure o f  CS-US i n t e r v a l s  from 10-50 

sec ( f i l l e d  data p o i n t s ) ,  and re-exposure o f  50,  20, and 10 sec CS-US 

(open data p o i n t s ) .  Over th e  o r i g i n a l  CS-US in t e r v a l s  o f  10-50 sec, l a ­

tency  t o  peak change in IB I ,  and a l s o ,  the  in te r v a l  between peak IBI and 

US onset  increases.  Locat ion o f  maximum IBI ( d e c e le r a t i o n )  occurs 

p ro g re s s iv e ly  e a r l i e r  in the  CS-US in te r v a l  over  these f i r s t  f o u r  i n ­

t e r v a l s ,  though i t s  ra te  o f  change is  not  as g re a t  as changes in the  loca­

t i o n  o f  peak a c c e le r a t i o n .

Re-exposure

A f t e r  s u b je c ts  exper ienced CS-US i n t e r v a l s  f rom 10-230 sec, they 

were re-exposed t o  CS-US i n t e r v a l s  o f  50, 20, and 10 sec, in t h a t  o rde r  

f o r  a l l  s i x  s u b je c t s .  The re-exposure i n t e r v a l s  are  designated by Roman 

numera I I I .

At  50 sec CS-US I I ,  F igures 4-9 (open c i r c l e s )  reveal  t h a t  o n ly  

E-40 and E-34 d i s p la y  CRs resembl ing t h e i r  o r  i g ina I  fo rms:  both sub jec ts

c l o s e l y  match t h e i r  o r i g i n a l  a c c e le r a t io n  and d e c e le r a t i o n ,  and a lso  

d i s p la y  less  v a r i a b i l i t y  ( i . e . ,  smoother curves w i th  fewer r e v e r s a l s ) .  

Sub jec t  E—18 and E-32 's  fu n c t io n s  a t  50 sec I I  o n l y  resemble t h e i r  

o r i g i n a l  f u n c t io n s  in th e  b iphas ic  HR p a t te rn  du r in g  CS; t h e i r  HR 

p a t te rn in g  du r ing  the  t r a c e  in te r v a l  shows i r r e g u l a r  c y c le s  w i th  no 

obv ious  t r e n d s ,  both in o r i g i n a l  and re -exposure .  E-28 and E-38 show 

no recovery  o f  CR form a t  any segment o f  the  50 sec CS-US i n t e r v a l ,  nor 

do they  show any d i s c e r n ib l e  cond i t ioned  response.

The CR fu n c t io n s  f o r  20 sec CS-US I I  in F igures 4-9  (open c i r c l e s )  

again reveal  t h a t  on ly  E-40 and E-34 recovered t h e i r  o r i g i n a l  CR form.
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Two c l e a r l y  de f ined  b ip h a s ic  cyc le s  are again e v id e n t  f o r  E-34 a t  t h i s  

i n t e r v a l ;  one c y c le  occurs dur ing  CS, and t h e  o th e r  begins a t  CS o f f s e t .  

E-32! s CR form a t  20 sec I I  ( F ig .  8, open c i r c l e s )  i s  less v a r i a b l e  than 

the  o r i g i n a l  response, w i th  peak change in IBI b e t t e r  c o n t r o l l e d  by the  

CS-US i n t e r v a l ;  i . e . ,  the  peak change occurs  in the  middle o f  the  

i n t e r v a l .  The lo c a t io n  o f  maximum IBI ( d e c e le ra t i o n )  occurs a t  th e  end 

o f  th e  CS-US i n t e r v a l ;  t h e  mean IBI a t  t h i s  po in t  equals  t h a t  du r ing  

2 sec pre-CS.

In c o n t r a s t  w i th  o r i g i n a l  exposure a t  20 sec CS-US, t h e  group a t  

20 sec I I  (F ig .  18) revea ls  a monotonic HR a c c e le r a t io n  u n t i l  US onse t .  

Th is  a c c e le r a to r y  CR is s t r o n g l y  e v iden t  in the  in d iv id u a l  f u n c t i o n s  

( i n  10 sec averag ing  per iods )  o f  E-34, E-40, and E—18 (F ig s .  I I ,  12, and 

15, r e s p e c t i v e l y ) .

The 10 sec CS-US I I  i n te r v a l  again shows the  most cons is te ncy  o f  

CR forms among th e  s u b je c t s .  F ive sub jec ts  show a s i n g l e  b iphas ic  

c y c le  (F igu res  4 -9 ,  open c i r c l e s ) .  For f o u r  s u b je c ts ,  the  peak IBI 

( a c c e le r a t i o n )  occurs  c l o s e r  t o  CS onset  than a t  20 sec I I ,  as a lso  

seen in the group f u n c t i o n  (F ig .  18). F igu re  21 shows t h a t  over  t h e  t h re e  

re-exposure i n t e r v a l s ,  peaks (a c c e le ra t i o n  and d e c e le r a t io n )  occur  a t  

p ro g re s s i v e ly  s h o r t e r  l a t e n c ie s .  A lso ,  s h o r t e r  la te n c ie s  t o  peak hea r t  

r a te  a t  20 sec I I  and 10 sec I I  were noted when compared w i t h  o r i g i n a l  

exposure.

I t  appears,  th e n ,  t h a t  parameters o f  th e  ca rd ia c  ra te  CR, such as 

temporal d i s t r i b u t i o n  o f  IB Is ,  and lo ca t ions  o f  maximum and minimum 

h ea r t  ra te  changed as a f u n c t i o n  o f  the  temporal  p r o x im i t y  o f  CS t o  US. 

With respec t  t o  th e  d i s t r i b u t i o n  o f  IB Is ,  a s i n g le  b ip h a s ic  waveform of 

a c c e le r a t io n  fo l low e d  by d e c e le ra t io n  became in c re a s in g ly  i r r e g u l a r  as
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the  CS-US in te rv a l  lengthened: r e p e t i t i v e  c y c l i c  p a t te rn s  emerged, f i r s t

seen o n ly  in the f u n c t io n s  expressed in 2 sec averag ing p e r io ds ,  and 

then ,  a t  the  longer CS-US i n t e r v a l s ,  in th e  10 sec averag ing pe r iods .

Peaks o f  the CR (both a c c e le r a t io n  and d e c e le ra t io n )  occurred 

p ro g re s s i v e ly  f u r t h e r  from both the  preceding CS and t h e  subsequent US. 

A lso ,  v a r i a b i l i t y  in the  lo c a t i o n  o f  maximum change in IBI du r in g  th e  

CS-US in te r v a l  increased in cons tan t  p ro p o r t io n  t o  the  d u r a t io n  o f  t h e  

CS-US i n t e r v a l .

Dur ing re-exposure a t  50, 20, and 10 sec CS-US i n t e r v a l s ,  recovery 

o f  o r i g i n a l  CR form was poor,  and c o n s i s t e n t l y  e v id e n t  in o n l y  two 

s u b je c ts .  Locat ions o f  peak a c c e le r a t io n  and d e c e le r a t io n  were, however, 

s y s t e m a t i c a l l y  recovered from 50-10 sec CS-US I I .

In te rp o la te d  between each s e t  o f  sessions a t  a CS-US in te r v a l  

d u r a t io n  were two sess ions  in which CS was om i t te d ,  and US was de l iv e re d  

a t  p e r i o d i c  i n t e r v a l s  o f  230 sec. UR magnitude and p a t t e r n in g  w i l l  now 

be examined in both th e  s ig n a l le d  and u n s igna l le d  c o n d i t i o n s .

F igure  22 represen ts  group f u n c t io n s  f o r  the  magnitude o f  UR 

a c c e le r a t io n  as a f u n c t io n  o f  CS-US in te r v a l  f o r  sessions in which CS 

was presented ( F i l l e d  symbols) and sess ions  in which CS was om it ted  (open 

symbols) .  C i r c l e s  in d ic a te s  o r i g i n a l  exposure,  and t r i a n g l e s ,  re-exposure.  

The magnitude o f  a c c e le r a t io n  was determined by s u b t r a c t i n g  mean IBI 

du r in g  10 sec pre-US from t h e  s m a l le s t  mean IBI (peak o f  a c c e le r a t io n )  

post-US. F igure 22 in d ic a te s  t h a t  in sess ions  where CS was presented, 

th e  magnitude o f  UR a c c e le r a t i o n  increased markedly u n t i l  50 sec CS-US, 

and then remained app rox im a te ly  a t  t h a t  level  over  th e  next  f o u r  i n t e r ­

v a l s .  The fu n c t io n  i n d i c a t i n g  CS omiss ion shows t h a t  the  magnitude o f
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Figure  22. Group fu n c t io n s  f o r  t h e  mean magnitude o f  UR a c c e le ra t io n  

as a fu n c t io n  o f  CS-US in te r v a l  (10-230 sec) f o r  sessions in
4

which CS was presented ( f i l l e d  data p o in ts )  and omit ted (open 

p o i n t s ) .  C i r c l e s  in d ic a te  o r i g i n a I  exposure, and t r i a n g l e s ,  

re -exposure .  Each data p o in t  represen ts  a d i f f e r e n c e  score and 

is  an average o f  a l l  c r i t e r i o n  t r i a l s  a t  each c o n d i t i o n ,  averaged 

over  s i x  s u b je c ts .  Data are  based on in te r b e a t  i n t e r v a l s  in 

10 sec averag ing pe r iods .  Note t h a t  f o r  the CS-omission f u n c t i o n ,  

data are  taken from th e  in te r p o la te d  US-only sessions f o l l o w in g  

each CS-US in te r v a l  shown on t h e  absc issa .
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UR a c c e le ra t io n  increased over  th e  f i r s t  t h re e  c o n d i t i o n s ,  and then was 

g r e a t l y  decreased by t h e  l a s t  c o n d i t i o n  (230 sec CS-US),

A comparison o f  the  two fu n c t io n s  in F igure 22 revea ls  t h a t  the  

magnitude o f  UR a c c e le r a t io n  in the  u n s igna l le d  c o n d i t i o n  g e n e ra l l y  

exceeded t h a t  o f  t h e  UR preceded by CS. Th is  ho lds t r u e  a t  re-exposure 

o f  20 and 10 sec CS-US. Re-exposure o f  50, 20, and 10 sec CS-US i n t e r ­

va ls  d id  no t ,  however, r e s u l t  in c o n s i s te n t  recovery  o f  o r i g i n a l  values 

o f  UR magn i tudes .

In the f o l l o w in g  s e c t io n ,  a n t i c i p a t o r y  HR changes p r i o r  t o  CS, 

and in comparable measurement i n t e r v a l s  f o r  c o n d i t i o n s  where CS was 

om i t te d ,  w i l l  be examined. The pre-CS per iod  o f  i n t e r e s t  was the  i n t e r ­

val  between the end o f  the  UR ( low es t  p o i n t  o f  UR d e c e le r a t io n  a f t e r  

i n i t i a l  a c c e le r a t io n )  and the  l a s t  data p o in t  p r i o r  t o  CS onse t .  Th is  

pre-CS per iod was termed th e  post  UR-CS i n t e r v a l .  For sess ions  in 

which CS was o m i t te d ,  a comparable i n t e r v a l  was analyzed, and w i l l  be 

designated below as t h e  post  UR-CS* i n t e r v a l .  Thus f a r ,  each in t e r v a l  

c o n d i t i o n  o f  the  p resen t  study has been des ignated by th e  i n te r v a l  be­

tween CS onset and t h e  subsequent US; e . g . ,  10 sec CS-US, 20 sec CS-US, 

e tc .  In keeping w i th  t h i s  t e rm in o lo ^ g y , al though HR changes du r ing  

var ious  pos t UR-CS (and CS*) i n t e r v a l s  w i l l  be discussed below, each 

exper imental  c o n d i t i o n  w i l l  be termed, as be fo re ,  by the  CS-US i n t e r v a l .  

I t  should be c le a r  t h a t  as CS occurs e a r l i e r  in the  US-US i n t e r v a l ,  

thereby c r e a t in g  longer CS-US i n t e r v a l s ,  t h e  post UR-CS in te r v a l  becomes 

s h o r t e r .

F igure 23 presents  the  amount and d i r e c t i o n  o f  change in mean IBI 

w i t h in  the  post UR-CS ( l e f t  s ide)  and pos t UR-CS* i n t e r v a l s  ( r i g h t  s ide)  

as a f u n c t io n  o f  th e  temporal  lo c a t io n  o f  CS, and as a f u n c t i o n  o f  the
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F igu re  23. Mean change in i n te r b e a t  i n t e r v a l  in th e  post UR-CS

in te r v a l  ( l e f t )  and pos t  UR-CS* in te r v a l  ( r i g h t )  as a f u n c t io n  

o f  th e  temporal  l o c a t i o n  o f  CS ( l e f t ,  10-170 sec CS-US). Dashed 

l i n e s  in d ic a te  re -exposure .  Each p o in t  represen ts  mean change in 

IBI ( i n  msec) in the in te r v a l  between the  end o f  t h e  UR and the  

subsequent CS ( o r  CS) onset,  averaged over  a l l  c r i t e r i o n  t r i a l s ,  

averaged ove r  s i x  s u b je c ts .  Negat ive va lues  in d ic a te  c a rd ia c  

d e c e le r a t i o n .
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preceding sess ions a t  a p a r t i c u l a r  temporal  l o c a t i o n  o f  CŜ  when CS was 

o m i t t e d .  Dashed l i n e s  i n d ic a te  re -exposu re .  A comparison o f  the  s ig n a l le d  

and uns igna l le d  c o n d i t i o n s  revea ls  th e  f o l l o w i n g ;  w i th  CS p resen t ,  change 

in pre-CS IB1 reversed from a d e c e le ra to ry  t rend  a t  the 10 sec CS-US con­

d i t i o n  t o  an a c c e le r a to r y  t rend  over  the  20-170 sec CS-US in te r v a l  con­

d i t i o n s ,  w i th  the excep t ion  o f  120 sec CS-US (most ly  a t t r i b u t a b l e  t o  the 

s t rong  d e c e le ra to r y  response o f  E-38 a t  t h i s  i n t e r v a l ,  e v id e n t  in F ig .  13).  

With CS absent ( F ig .  23, r i g h t  s i d e ) ,  hea r t  r a te  in comparable measurement 

i n t e r v a l s  d id  not  show an a c c e le r a to r y  t rend  u n t i l  l a t e r  sess ions  ( those 

f o l l o w in g  50 sec CS-US). A c c e le ra to r y  HR t re n d s  were noted f o r  subsequent 

post  UR-CS i n t e r v a l s .

Hear t  r a te  t ren ds  in the  pos t UR-CS in te r v a l  f o r  re-exposure t o  

50, 20, and 10 sec CS-US were in c re a s in g ly  a c c e le r a to r y  f o r  c o n d i t i o n s  

where CS was presented ( F ig .  23, l e f t  dashed l i n e s ,  reading from the 

m idd le  o f  th e  f i g u r e  and moving up ) .  By c o n t r a s t ,  h e a r t  r a te  dur ing  the  

pos t  UR-CS" in te r v a l  ( F ig .  23, r i g h t  s ide )  reversed from an a c c e le r a to r y  

t rend  a t  50 and 20 sec I I ,  t o  a recovery  o f  the  d e c e le r a t io n  noted in 

e a r l y  sess ions  ( those immediately f o l l o w in g  10 sec CS-US I ) .

Again,  d i f f i c u l t i e s  a r i s e  w i th  respec t  t o  examining the  post  UR-CS 

in te r v a l  a t  the  230 sec CS-US c o n d i t i o n .  Since the  in te r v a l  between US 

onse t  and th e  subsequent CS was 1.3 sec,  du r in g  which no data were 

recorded,  d iscuss io n  o f  pre-CS a n t i c i p a t o r y  hea r t  r a te  is  imposs ib le .  

However, the  e n t i r e  US-US fu n c t io n  a t  230 sec CS-US can be compared 

w i th  t h a t  o f  o th e r  i n t e r v a l s  f o r  c o n d i t i o n s  where CS was presented and 

om i t t e d .

F igure  17 ( l e f t  bot tom panel)  shows t h e  temporal p a t t e rn in g  o f
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IBIs  a+ 230 sec CS-US in te r v a l  d u ra t io n  f o r  an average o f  a l l  s i x  s u b je c ts .  

A t  t h i s  i n t e r v a l ,  h ea r t  r a te  a f t e r  US dece le ra ted  f o r  80 sec ( w i t h  a s l i g h t  

reversa l  a t  70 sec ) .  Comparison w i th  a l l  o th e r  CS-US In te rva l  f u n c t io n s  

(F igu res  16-18) revea ls  t h a t  the longes t  d u ra t io n  o f  d e c e le ra t io n  a f t e r  

US occur red a t  the  230 sec CS-US in te r v a l  c o n d i t i o n .  A comparison o f  230 

sec CS-US, w i th  and w i th o u t  CS (F ig .  17) shows c l e a r l y  t h a t  post-US 

d e c e le ra t io n  las ted on ly  30 sec when CS was om it ted  ( r i g h t  pan e l ) ,  as 

opposed t o  a d u ra t io n  o f  60 sec d e c e le r a t io n  in th e  prev ious  sessions 

( l e f t  panel)  in which CS was presen ted, and immediately fo l lowed US.

Pharmacological  m an ip u la t ions

Changes in base l ine  h e a r t  r a t e ,  as wel l  as in CR and UR form and 

magnitude were e v id e n t  as a r e s u l t  o f  g a n g l i o n i c  blockade by c h l o r i s o n -  

damine, sympathet ic blockade by p ro p r a n o lo l ,  and parasympathet ic blockade 

by a t r o p in e .  F igures 24-27 presen t  pre and pos t -d rug  f u n c t io n s  c o n s is ­

t i n g  o f  success ive mean IB Is  ( i n  2 sec averag ing per iods)  over the  

course o f  the CS-US in te r v a l  f o r  each s u b je c t  a t  each re-dete rm ined 

CS-US i n t e r v a l .  Each drug f u n c t io n  is  an average o f  f o u r  recorded 

t r i a l s  ( t r i a l s  3 , 4 , 7 ,  and 8) o f  CS-US p a i r i n g s  admin is tered a f t e r  drug 

i n j e c t i o n s ;  the la rge q u a n t i t i e s  o f  data invo lved e l im ina ted  the  pos­

s i b i l i t y  o f  record ing  data on every pos t -d rug t r i a l .  The p re -d rug  

fu n c t io n s  are an average o f  the  non-drug c o n d i t i o n in g  t r i a l s  a t  each 

re-dete rm i ned i n te rva  I .

I t  was s ta ted  p r e v io u s ly  t h a t  a t ro p in e  and proprano lo l  were given 

e i g h t  t r i a l s  a pa r t  w i t h i n  t h e  same sess ion ,  w i th  the o rde r  reversed in
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Figures  24-27, Mean pre and pos t -d rug  c a rd ia c  CRs as a fu n c t io n  o f  

CS-US in te r v a l  (50, 20, and 10 sec ! l ) .  Each p o in t  in drug 

fu n c t io n s  represen ts ,  f o r  each s u b je c t ,  mean IBI ( i n  msec) f o r  

2 sec,  averaged over fou r  t r i a l s .  Each p o i n t  in the  pre-drug 

fu n c t io n s  represents ,  f o r  each s u b je c t ,  mean IBI ( i n  msec) f o r  

2 sec, averaged over  the number o f  p re -d rug  t r i a l s  admin istered 

a t  each c o n d i t i o n .
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the  subsequent drug sess ion ,  in o r d e r  t o  i n v e s t ig a te  the  e f f e c t s  o f  

adding a parasympathet ic  b loc k in g  agent t o  a sympathet ic b lock ing  agent 

a l ready  in the  system, and v i c e - v e r s a .  However, because r e s u l t s  from 

the  second i n j e c t i o n  o f  each drug prov ided no a d d i t io n a l  in fo rm a t io n ,  

r e s u l t s  w i l l  be presented o n ly  f rom the  f i r s t  i n j e c t i o n  o f  each drug .

E f f e c t s  o f  sympathe t ic ,  pa rasym pathe t ic ,  and g a n g l i o n i c  blockade 

on base l ine  hea r t  r a te  and CR form are  ev id e n t  from F igures 24-27 . 

A t rop ine  c l e a r l y  ra ised base l ine  h e a r t  r a te  f o r  a l l  sub jec ts  r e l a t i v e  t o  

t h e i r  pre-drug ra te s .  P rop^ rano lo l  lowered base l ine  hea r t  r a te  r e l a t i v e  

t o  pre-drug sess ions  in a l l  cases bu t  one. Chlor isondamine,  in the 

m a jo r i t y  o f  cases, ra ised  base l ine  h e a r t  ra te  r e l a t i v e  t o  both p re-drug 

and p rop rano lo l  base l ine  ra te s ,  bu t  no t  t o  the  hear t  ra te  le v e ls  seen 

under a t r o p in e .

F igures  24-27 show t h a t  p r o p r a n o lo l ,  o f  a l l  drugs adm in is te red ,  had 

leas t  e f f e c t  on o v e r a l l  CR form. E-34 ( F ig .  24) best  e x e m p l i f i e s  t h i s  

r e s u l t :  a t  a l l  re -de te rm ined  i n t e r v a l s ,  the proprano lo l  f u n c t i o n ,

al though o c c u r r in g  a t  lower hea r t  r a te s ,  r e p l i c a te d  th e  form o f  the 

pre-drug f u n c t io n s .  A lso ,  a f t e r  p rop rano lo l  i n j e c t i o n ,  a t  a l l  t h re e  r e ­

determined CS-US i n t e r v a l s  f o r  t h i s  s u b je c t ,  peak hea r t  r a te  occurred 

e a r l i e r  in t h e  CS-US in te r v a l  than du r in g  pre-drug t r i a l s .  This  

e a r l i e r  CR peak under p rop rano lo l  i s  most ev iden t  a t  the 10 sec c o n d i t i o n  

where i t  is  e x h ib i t e d  in a l l  s i x  s u b je c t s .

Al though p r o p r a n o lo l ,  in many cases, resu l ted  in a CR form s i m i l a r  

t o  p re -d rug ,  increased v a r i a b i l i t y  was noted in some cases, as exem p l i ­

f i e d  by E-40 and E-38 a t  50 sec CS-US I I  (F ig s .  25 and 26, le f tm o s t  

pane ls ) .  In c o n t r a s t ,  ch lo r isondam ine  and a t ro p in e  reduced pre-drug 

v a r i a b i l i t y  and a lso  reduced the  sus ta ined  a c c e le ra t io n  and d e c e le r a t io n
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seen in the  pre-drug f u n c t i o n s  (CR fu n c t io n s  under a t ro p in e  and 

ch lo r isondamine were a lmost  e n t i r e l y  f l a t ) .

S t a t i s t i c a l  ad jus tment  o f  scores  was suggested e a r l i e r  t o  c o r r e c t  

f o r  regress ion  o f  p o s t - s t i m u l a t i o n  response le v e ls  on p r e - s t im u la t i o n  

response le v e ls .  Group covar iance  a n a ly s i s  was performed, comparing 

group means o f  peak IBI leve l  in t h e  CS-US i n t e r v a l .  In t h i s  case as 

w e l l ,  s t a t i s t i c a l  ad jus tment  o f  data  in t h e  comparison o f  CR magnitudes 

became necessary because t h e  drugs a lso  produced changes in base l ine  

hea r t  r a te .  For example, i t  is  c l e a r  t h a t  response magnitudes under 

ch lo r isondamine and a t r o p in e  are  g r e a t l y  reduced r e l a t i v e  t o  p re-drug 

CR magnitudes (F igu res  24 -27 ) ,  whereas la rge  changes in h e a r t  ra te  appear 

under p ro p ra n o lo l .  Since these  r e s u l t s  cou ld  have been p red ic te d  from 

pos t -d rug  HR le ve ls  by th e  law o f  i n i t i a l  va lue ,  one could conclude t h a t  

observed changes in CR mangitude under  the  drugs were due o n l y  to  

induced changes in HR l e v e l .  On t h e  o the r  hand, i t  is  a ls o  poss ib le  

t h a t  these changes in CR magnitude re s u l te d  from th e  d rugs ’ b loc k in g  o f  

t h a t  p o r t io n  o f  the  autonomic nervous system which mediates the  CR. In 

o rd e r  t o  determine th e  e x te n t  o f  t h e  LIV in the present  da ta ,  p re-drug 

c o r r e l a t i o n  and reg ress ion  c o e f f i c i e n t s  were computed r e l a t i n g  mean 

minimum IBI (peak o f  a c c e le r a t io n )  dur ing  the  CS-US in te r v a l  t o  both 

mean pre-CS IBI ( du r ing  2 sec pre-CS),  and t o  mean maximum IBI (peak o f  

d e c e le ra t io n )  a f t e r  the  minimum, f o r  each s u b je c t  a t  each re-dete rm ined 

i n t e r v a l .  These c o e f f i c i e n t s  are presented in Tab le  5. In almost a l l  

cases the  regress ion  and c o r r e l a t i o n  c o e f f i c i e n t s  are s i g n i f i c a n t l y  

la rge  a t  the  .05 le v e l .  The law o f  i n i t i a l  va lue  is  c l e a r l y  e v id e n t  

in these data .  The s t a t i s t i c a l  ques t ion  to o k  t h e  f o l l o w in g  form: based
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Tab Ie  5

Pre-drug regress ion  (b_) and c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  o f :

1) maximum CR a c c e le ra t io n  (Y) on pre-CS mean IBI (X)= ACC

2) maximum CR dece le ra t io n  (Y) on preced ing maximum a c c e le r a t io n  (X)= DEC

CS-US In te rva l  (Sec)

Sub jec t

50 1 1 20 1 1 10 11

r  b r  b r  b

E-28 ACC .83 .79 .91 .72 .93 .82
DEC .70 .92 .70 1.29 .73 1.06

( 2 8 ) a (28) (28)

E-34 .82 .87 .75 .37 .85 .66
.74 1.14 .89 1.02 .92 .97

(28) (25) (28)

E-40 .57 .24 - . 1 3  - .07 .70 .40
.47 1.06 .82 1.32 .67 1.18

(24) ( 18) (28)

E-38 .78 .65 .99 1.00 .37 .31
.75 .80 .99 1.03 .61 .73

(28) (25) (28)

E-32 .96 .90 .55 .67 .60 .49
.95 1 .1 1 .68 .65 .84 1.12

(28) (24) (28)

E-18 .92 .76 .86 .42 .82 .47
.84 1.30 .91 1.63 .79 1.48

(30) (27) (26)

in  parentheses i n d i c a te the  number of p re -d rug  c o n d i t i o n in g

t r i a l s  on which the c o e f f i c i e n t s  are based
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on the regress ion  o f  post on p r e - s t i m u l a t i o n  response le v e ls  p re -d rug ,  

cou ld  one have expected CR le v e ls  as changed a f t e r  drug i n j e c t i o n s  as 

those observed by ta k in g  ba s e l in e  HR le v e ls  i n to  account?

As a p o s s ib le  answer, reg ress io n  techn iques were again employed. 

P re d ic t i o n s  o f  CR magnitudes (based on the  pre-drug CR) were computed 

f o r  pos t -d rug  pre-CS hea r t  r a te  and compared w i th  CR magnitudes ac tua l  ly 

ob ta ined a f t e r  each drug i n j e c t i o n .  A n a lys is  o f  covar iance was not 

performed in t h i s  case in f a v o r  o f  a regress ion  techn ique  t h a t  does not 

r e q u i re  homogeneity o f  reg ress ion  ( e q u a l i t y  o f  s lopes) between the  

pre-drug and pos t -d rug  c o n d i t i o n s ,  as t h i s  assumption was v io la t e d  

(see Pigache, Graham, & Freedman, 1976, f o r  a d e ta i l e d  d e s c r i p t i o n ) .

The presen t  regress ion  techn ique  d i f f e r s  f rom the  a n a ly s i s  o f  cova r iance  

performed p r e v io u s ly  in f i v e  ways: ( I )  i n d i v i d u a l - s u b je c t  r a th e r

than group data were s t a t i s t i c a l l y  t r e a t e d ;  (2) both components 

( a c c e le ra to r y  and d e c e le ra to r y )  o f  th e  b iphas ic  CR were analyzed 

se p a ra te l y ;  (3)  the a n a ly s i s  was based on mean IB Is  f rom 2 sqc 

averag ing pe r iods  t o  d i f f e r e n t i a t e  th e  two components o f  the c a rd ia c  

ra te  CR a t  the  s h o r t e r  CS-US i n t e r v a l s ;  (4)  scores were no t  a d ju s te d :  

p red ic te d  scores were compared a g a in s t  ob ta ined scores ;  and, (5) pre 

and pos t -d rug  regress ion  l i n e s  were not pooled since homogeneity o f  

regress ion  was v io l a t e d .

The regress ion  a n a ly s i s  was performed in the  f o l l o w in g  manner: 

f o r  each s u b je c t  a t  each re -de te rm ined  i n t e r v a l ,  a regress ion  l i n e  was 

computed f o r  a c c e le r a to r y  and d e c e le ra to r y  components o f  the mean c a rd ia c  

CR from h is  pre-drug c o n d i t i o n in g  t r i a l s .  Post-drug CR IBI le v e ls  were 

p red ic te d  from each regress ion  l i n e  by standard p r e d i c t i o n  techn ique



(Snedecor & Cochran, 1967).  Based on the  d i f f e r e n c e  between p re d ic te d  

and obta ined va lues ,  and the  v a r ian c e  assoc ia ted  w i th  each, i t  was 

determined by t - t e s t s  ( fo rm u la  in Appendix B) i f  th e  ob ta ined  pos t -d rug  

va lues f e l l  ou ts ide  th e  con f idence  b e l t s  e s ta b l is h e d  around each p re ­

drug regress ion l i n e .  For each obta ined  pos t -d rug  mean t h a t  f e l l  o u t s id e ,  

i t  was concluded t h a t  t h e  drug s i g n i f i c a n t l y  changed the  peak IBI leve l  

a t  t h a t  p a r t i c u l a r  p o r t i o n  o f  t h e  c a rd ia c  CR being eva lua ted  ( a c c e le ra to r y  

o r  d e c e l e r a t o r y ) . I f  t h e  v a lue  f e l l  i n s id e  th e  con f idence  b e l t ,  i t  

could not  be determined whether the  observed change in pos t -d ru g  peak 

IBI level  was a t t r i b u t a b l e  t o  a l t e r e d  base l ine  hea r t  r a t e ,  o r  t o  the  

s e l e c t i v e  b lock ing  e f f e c t  o f  t h e  drug on t h a t  p o r t i o n  o f  th e  CR.

F igure  28 shows, f o r  each s u b je c t  a t  each re -de te rm ined  i n t e r v a l ,  

magnitude o f  a c c e le r a to r y  and d e c e le ra to ry  components o f  t h e  CR be fo re  

and a f t e r  drug i n j e c t i o n .  Pre-drug magnitudes are shown as th e  le f tm o s t  

bar w i t h in  each CS-US in te r v a l  pane l :  bars r i s i n g  above th e  zero l i n e

i n d ic a te  th e  mean magnitude o f  th e  a c c e le r a to r y  component, and bars 

descending d i r e c t l y  below in d i c a te  t h e  mean magnitude o f  th e  d e c e le r a to r y  

component. Obtained mean magnitudes o f  each CR component are  dep ic ted  

by s o l i d  bars f o r  ch lo r i so nd am ine ,  second bar in each s e t ,  a t r o p in e ,  

t h i r d  bar ,  and, l a s t l y ,  p r o p r a n o lo l ,  f o u r t h  bar .  A l though s t a t i s t i c a l  

a n a ly s i s  was performed on IBI l e v e l s ,  F igure  28 d e p ic t s  d i f f e r e n c e  

scores,  s ince these l a t t e r  a re  perhaps more e a s i l y  c oncep tua l i zed  as 

rep resen t ing  response magnitudes.  I t  w i l l  be r e c a l l e d  t h a t  reg ress ion  

a n a ly s i s  y i e ld s  i d e n t i c a l  r e s u l t s  in t e s t s  o f  s i g n i f i c a n c e  re g a rd le s s  

o f  whether dependent measures are  expressed as le v e ls  o r  d i f f e r e n c e  

scores (Benjamin,  1963; Myers & Flonig, 1969). Also shown in F igu re  28



F igure  28. Mean magnitude ( i n  d i f f e r e n c e  scores) o f  a c c e le r a to r y  and

d e c e le ra to ry  components o f  the  CR before  and a f t e r  drug i n j e c t i o n ,  

f o r  CS-US i n t e r v a l s  o f  50,  20, and 10 -sec I I .Bars in each se t  o f  

f o u r  represent  the f o l l o w i n g ,  f rom l e f t  t o  r i g h t :  CR magnitude 

f o r  p re -d ru g ,  ch lo r isondam ine ,  a t r o p in e ,  and p r o p r a n o lo l .  Bars 

above the zero l i n e  in d ic a te  magnitude o f  a c c e l e r a t i o n ;  bars 

below in d ic a te  magnitude o f  d e c e le r a t i o n . P red ic ted  va lues are  

dep ic ted  by dashed l i n e s ,  obta ined values by s o l i d  l i n e s .  As­

t e r i s k s  in d ic a te  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  (£_ < .05) 

between p re d ic te d  and obta ined va lues .  Data are  based on IBIs 

( i n  msec) in 2 sec averag ing p e r io ds .
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are CR magnitudes (dashed l i n e s )  p re d ic te d  by the  p re -d rug  reg ress ion  

l i n e s  from th e  pre-CS HR leve l  ob ta ined under each drug c o n d i t i o n .  

A s te r i s k s  in d ic a te  a s i g n i f i c a n t  d i f f e r e n c e  between p re d ic te d  and 

obtained va lues f o r  th e  .05 level  o f  p r o b a b i l i t y .

S t a t i s t i c a l  s i g n i f i c a n c e  was not  reached in many cases, po s s ib l y  

owing both t o  the ve ry  few recorded t r i a l s  a f t e r  each drug i n j e c t i o n  

( f o u r ) ,  and, t o  t h e  need f o r  an ex t remely  s t rong drug e f f e c t  t o  reach

s ig n i f i c a n c e  when pre-CS va lues a f t e r  drug in j e c t i o n  were never  reached

p re-d rug ,  r e s u l t i n g  in wide con f idence  b e l t s  a t  t h a t  p o r t i o n  o f  the

regress ion l i n e  (Myers & Honig ,  1969).

Figure 28 shows t h a t  ch lo r isondamine  and a t ro p in e  a t tenua ted  th e  

magnitudes o f  both a c c e le r a to r y  and d e c e le ra to ry  components o f  t h e  CR 

r e l a t i v e  to  p re d ic te d  magnitudes in every case but two ( f o r  E-40 and 

E-38 a t  50 sec I I ,  f a c i l i t a t i o n  o f  the  a c c e le ra to ry  component was found 

under ch lo r isondam ine ) .  In some cases, a l though they  d id  not  reach 

s ig n i f i c a n c e ,  never the less  th e  d i f f e r e n c e s  between p red ic te d  and 

obta ined CR magnitudes were la rge :  e . g . ,  note the s t rong  a t r o p in e

e f f e c t  f o r  E -28 ’ s d e c e le r a to r y  component a t  50 sec I I  and 10 sec I I ,  

and the  a t ro p in e  e f f e c t  on th e  a c c e le r a to r y  component f o r  E-38 a t  

50 sec I 1.

With regard t o  p ro p ra n o lo l ,  a l though Figure  28 shows ins tances  

o f  both a t te n u a t io n  and f a c i l i t a t i o n  o f  the  i n i t i a l  a c c e le r a to r y  

component, p rop rano lo l  more o f t e n  a t tenua ted  the a c c e le r a to r y  component, 

as evidenced by tw e lv e  cases o f  a t t e n u a t io n  as opposed t o  f i v e  o f  

f a c i I i t a t  ion.  For t h e  d e c e le r a to r y  component o f  the  CR, ins tances  o f  

f a c i l i t a t i o n  above p red ic te d  magnitudes under p roprano lo l  f a r  outnumber 

a t te nua t io n  ( t h i r t e e n  cases t o  f o u r ) .



Because o f  an i n s u f f i c i e n t  number o f  X,Y p a i r s  a v a i l a b l e  f o r  each 

s u b je c t ,  a reg ress ion  a n a ly s i s  cou ld  not  be performed f o r  drug e f f e c t s  

on th e  UR. Resul ts  w i l l  be discussed w i th  re fe rence  t o  F igures 29-33. 

These f i g u r e s  p resen t  pre and pos t -d rug  f u n c t io n s  c o n s i s t i n g  o f  successive 

mean IBIs over th e  course o f  the  US-US in te r v a l  ( i n  10 sec averaging 

per iods )  f o r  each s u b je c t  a t  each re-dete rm ined CS-US i n t e r v a l .

Ch lor isondamine,  w i th  few excep t ions ,  e l im in a te d  the  UR almost 

e n t i r e l y ,  s i m i l a r  t o  i t s  e f f e c t s  on the CR. A t ro p in e ,  u n l i k e  i t s  e f f e c t s  

on CR a c c e le r a t io n ,  appears t o  have l e f t  some a c c e le r a t i o n  a t  US onset 

in many cases. However, o v e r a l l  r a t e  t ren ds  d u r in g  the  US-US in te r v a l  

f o r  both ch lo r isondamine  and a t r o p in e  tended g e n e r a l l y  t o  a s low d e c e l ­

e r a t i o n  .

Propranolo l  reduced th e  magnitude o f  a c c e le r a t io n  o f  th e  UR in many 

cases, s i m i l a r  t o  i t s  e f f e c t s  on t h e  magnitude o f  the  a c c e le r a to r y  

component o f  the  CR. Th is  f i n d i n g  i s ,  in many in s tances ,  d i r e c t l y  

e v id e n t  f rom F igures  29-33; however, some s p e c u la t io n  w i th  regard t o  

the  law of  i n i t i a l  va lue  seems necessary in the  l i g h t  o f  ins tances where 

the  UR under p rop rano lo l  is  l a rg e r  than th e  p re -d rug  UR. For example,

E-38 a t  20 sec I I  ( F i g .  32, middle panel)  shows a la rg e r  a c c e le ra t io n  

o f  t h e  UR p o s t -p ro p rano lo l  than du r ing  p re -d rug .  However, one would have 

expected an even g r e a te r  magnitude o f  the  a c c e le r a to r y  component con­

s id e r i n g  t h a t  the  p o s t -p ro p ra n o lo l  UR f o r  E-38 began a t  a mean IBI level  

as low as 702 msec. One c ou ld ,  t h e r e f o r e ,  p a ra d o x ic a l l y  conclude t h a t  

p roprano lo l  a t tenua ted  the UR a f t e r  t a k in g  L IV -p re d ic te d  magnitudes 

under account .  These spec u la t io n s  regard ing  the UR would have been 

st rengthened by s t a t i s t i c a l  t e s t s  had they been p o s s ib le ,  as was done



Figures 29-33 . Mean pre  and pos t -d rug  f u n c t io n s  o f  success ive mean 

IBIs  over  the  course o f  t h e  US-US in te r v a l  a t  each temporal  

l o c a t i o n  o f  CS. Each p o in t  represen ts  mean IBI ( i n  msec) f o r  

10 sec, averaged ove r  the  same t r i a l s  as in F igures  24-27.
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f o r  the  CR, above.

With regard t o  changes in r a te  over  th e  course o f  the  US-US in te r v a l  

a f t e r  p r o p ra n o lo l ,  t h e r e  are la rge f l u c t u a t i o n s  and no c le a r  t re n d s ,  

u n l i k e  ch lo r isondamine  and a t r o p in e .

In summary, ch lo r isondamine and a t r o p in e  ra ised  base l ine  hear t  

r a te  above pre-drug le v e l s ,  w i th  a t r o p in e  r a i s i n g  i t  more so than 

ch lo r isondamine .  Both a c c e le r a to ry  and d e c e ie ra to r y  components o f  t h e  

CR were reduced under these two d rugs .  With regard t o  the UR, g a n g l i o n i c  

b lock  by ch lo r isondamine a t tenua ted  c a rd ia c  a c c e le r a t io n  a f t e r  shock more 

com p le te ly  than parasympathet ic  b lo c k  by a t r o p in e .  P o s t -a t ro p in e  and 

ch lor isondamine f u n c t i o n s  were less v a r i a b le  than p re-drug f u n c t i o n s .

Propranolo l  g e n e r a l l y  lowered base l ine  h e a r t  r a te ,  w i th  g r e a te r  

f l u c t u a t i o n s  in r a te  ev iden t  r e l a t i v e  t o  p re -d ru g ,  chI o r isondamine,  and 

a t r o p in e  f u n c t io n s .  For both the  CR and th e  UR, proprano lo l  g e n e r a l l y  

reduced card iac  a c c e le r a t i o n ,  w i th  t h e  d e c e ie r a to r y  component o f  th e  

CR o f te n  enhanced. No c le a r  t ren ds  were e v id e n t  f o r  HR d e c e le ra t io n  a f t e r  

shock under p rop rano lo l  .
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Discuss ion

The in truded s t im u lu s  design o f  the  present  s tudy  draws t o g e th e r ,  

in a genera l i zed  paradigm o f  s t im u lu s  d e l i v e r y ,  a number o f  procedures 

t h a t  have h i t h e r t o  been cons idered t o  produce q u a l i t a t i v e l y  d i f f e r e n t  

behav io ra l  changes. Der ived from a s e t  o f  exper iments  conducted by 

Farmer & Schoenfeld ( I 9 6 6 a ,b ) ,  the  presen t  procedure depar ts  f rom t h e i r s  

by use o f  response- independent d e l i v e r y  o f  both the  cond i t ion ed  and 

r e i n f o r c i n g  s t i m u l i .  The e a r l i e r  in truded s t im u lus  exper iments ,  as wel l  

as the  presen t s tudy ,  found behav io ra l  changes preced ing ,  accompanying, 

and f o l l o w i n g  the  i n t r u s io n  o f  CS over a wide range o f  temporal  p la c e ­

ments in the US-US i n t e r v a l .

The present  f i n d i n g s  make c o n ta c t  w i th  several  areas o f  i n t e r e s t  

t o  behav io r  t h e o ry ,  such as,  (a) the  s p e c i f i c a t i o n  o f  bas ic  response 

u n i t s  f o r  non- instantaneous dependent measures; (b) the  importance o f  

e x te rna l  cues f o r  the  fo rm a t ion  o f  temporal  d i s c r i m i n a t i o n s ;  (c)  the  

e f f e c t s  o f  CS as determined by th e  temporal p r o x im i t y  o f  CS t o  US; and, 

based on f i n d i n g s  from pharmacological  b lock in g  agents,  (d) the  under­

l y i n g  neural c o n t r i b u t i o n s  t o  the  e la b o r a t io n  o f  HR a c c e le r a t io n s  and 

d e c e le ra t io n s  in the  CS-US i n t e r v a l .

Cardiac changes r e s u l t i n g  f rom exper imenta l  m an ipu la t ions  o f  s t im ­

u l i  have been descr ibed in v a r y in g  ways by p rev ious  i n v e s t i g a t o r s .  In 

some cases, au thors  have descr ibed the observed HR changes in t h e i r  

s t u d ie s  in te rm in o lo g ie s  o th e r  than t h a t  o f  c o n d i t i o n in g .  For ins tance ,  

Dronse jko CI972),  Hast ings & O b r i s t  (1967),  and Hein (1969) speak o f  the
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ca rd ia c  ra te  changes in the  CS-US in te r v a l  as " a n t i c i p a t o r y  ad jus tments" .  

Other authors have asser ted t h a t  HR changes observed in t h e i r  exper iments 

are " o r i e n t i n g "  or  " s e n s i t i z e d "  responses, and are not t r u e  cond i t ioned  

responses ( e . g . ,  Geer, 1964).

Those in v e s t i g a to r s  who do cons ider  t h e i r  observed card iac  changes 

t o  be cond i t ioned  d i f f e r  in t h e i r  c r i t e r i a  f o r  the  i d e n t i f i c a t i o n  o f  

c a rd ia c  CRs, o r ,  in many instances,  do no t  appear t o  employ any c r i t e r i a  

f o r  response- iden t  i f i c a t i o n .  Gantt  ( I960)  def ined the c a rd ia c  CR as 

any r e g u la r l y  o c c u r r in g  a c c e le ra t io n  o r  d e c e le ra t io n  o f  hea r t  ra te  dur ing  

the  CS r e s u l t i n g  f rom the  j u x t a p o s i t i o n  o f  CS and US. Those employing 

p a r t i c u l a r  q u a n t i t a t i v e  c r i t e r i a  inc lude ,  f o r  example, VanDercar & 

Schneiderman (1967),  who s p e c i f i e d  t h a t  on ly  HR changes du r ing  CS t e s t  

t r i a l s  exceeding %  o f  base l ine  would be counted as CRs; and, Church & 

Black (1958) who accepted the  occurrence o f  a ca rd ia c  CR on ly  when the 

median post-CS ra te  exceeded the  maximum pre-CS r a te .

O ccas ion a l l y ,  the t o t a l i t y  o f  HR changes in the CS-US in te r v a l  

is  segmented in the  b e l i e f  t h a t  each segment r e f l e c t s  a d i f f e r e n t  under­

ly in g  behav io ra l  process, and is  assigned a name as such. For example, 

changes in hea r t  r a te  e a r l y  in the  CS-US in te r v a l  are sometimes c o n s i ­

dered as the  by-produc t  o f  r e s p i r a t o r y  changes a t  the  onset  o f  CS ( e . g . ,  

Kosupkin & Olmsted, 1943; Levy, DeGeest, & Zieske,  1966), w h i le  HR changes 

l a t e r  in the i n t e r v a l ,  such as the  dec e ie ra to ry  component o f  a b iphas ic  

CR, are  o c c a s io n a l l y  though t  t o  be the  cond i t ioned  o r  " t r u e "  HR changes 

in the  CS-US in te r v a l  ( e . g . ,  Deane, 1965; Wood & O b r i s t ,  1964).

The problem o f  s p e c i f y in g  the occur rence o f  a cond i t ioned  ca rd ia c  

response d e r iv e s ,  in p a r t ,  f rom obse rva t ions  t h a t  an ensemble o f  c a rd ia c
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measures change w i th  m an ipu la t ions  o f  independent v a r ia b le s .  Thus, 

ca rd ia c  waveforms have been seen t o  d i f f e r  markedly in magnitude, p a t ­

t e r n i n g ,  and d i r e c t i o n  when sub jec ts  have rece ived d i f f e r e n t  values o f  

CS-US in te r v a l s  ( e . g . ,  F i t z g e ra ld  & M a r t in ,  1971; Hastings & O b r i s t ,  1967). 

I t  would seem t h a t  any s in g le  response c r i t e r i o n  ( f o r  example, a s p e c i f i e d  

minimum change in magnitude) ignores changes in another measure ( f o r  

example, response p a t te rn in g )  as the  more r e l i a b l e  i n d i c a to r  o f  c o n d i ­

t ioned  ca rd iac  changes.

Those s tud ies  r e p o r t i n g  po lyphas ic  changes in heart  r a te  dur ing  

long i n te r s t im u lu s  in t e r v a l s  are e s p e c ia l l y  respons ib le  f o r  the  deve lop­

ment o f  a r a t i o n a l  d e f i n i t i o n  o f  the  c a rd ia c  CR. Lockhart  (1966) in 

p a r t i c u l a r ,  has addressed the  problem o f  " m u l t i p l e  [autonomicD response 

phenomena" in long in te r s t im u lu s  in te r v a l  c o n d i t i o n in g  and has emphasized 

the  danger o f  p re - ju d g in g  the  o r i g i n  o f  such m u l t i p l e  response forms,  

o f te n  r e f l e c t e d  in the  assignment o f  d i f f e r e n t  names to  each d i s t i n g u i ­

shable waveform in the  CS-US in te r v a l  (such as " t r u e "  or  " o r i e n t i n g "  

responses) .

Thus f a r ,  in the presen t s tudy ,  the t o t a l i t y  o f  HR changes in the  

CS-US in te r v a l  have been t re a te d  as one cond i t ioned  response. Given 

observed m u l t i p l e ,  phasic changes in heart  ra te  th roughout  th e  e n t i r e  

CS-US i n t e r v a l ,  the des igna t ion  o f  one CR seems fo rced .  A lso ,  i t  appears 

t h a t  cond i t ioned  changes occurred th roughout  the  e n t i r e  US-US i n t e r v a l ,  

s ince  not on ly  were changes in HR measures observed in the  CS-US in te r v a l  

upon m an ipu la t ion  o f  CS lo c a t io n ,  but  sys temat ic  changes in hea r t  r a te  

were observed in the  in te r v a l  between US o f f s e t  and the subsequent CS ( the  

post UR-CS i n t e r v a I ) .
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Schoenfeld (1976) has suggested t h a t  the  c o n c e p tu a l i z a t io n  o f  

response u n i t s  in c a rd ia c  c o n d i t i o n in g  might  be made t o  conform t o  t h a t  

in the  operant system by t r e a t i n g  each hea r t  c y c le  (EKG) as a response. 

Systemat ic changes in t h e  r a te  a t  which these cyc les  occu r  can be though t  

o f  s imply as changes in response r a te ,  regard less  o f  whether a c c e l e r a t i v e ,  

d e c e le r a t i v e ,  b ip h a s ic ,  o r  po lyphas ic  waveforms are  observed upon a n a ly ­

s i s  o f  the  e n t i r e  US-US i n t e r v a l .  This  approach renders ques t ions  as t o  

which segments o f  these changes are con d i t io n e d ,  o r i e n t i n g ,  o r  uncondi­

t ioned  responses i r r e l e v a n t ,  and unnecessar i l y  c o m p l i c a t in g .

HR changes in t h e  CS-US in te r v a l

The p resen t  parad igm, by beg inn ing w i th  CS o f f s e t  cont iguous 

w i th  US, and then moving CS lo c a t io n  back in the  US-US i n t e r v a l ,  a f f o rd s  

an obse rva t ion  o f  de lay and t r a c e  procedures in c a rd ia c  c o n d i t i o n i n g .

The f i r s t  CS-US i n t e r v a l  employed (10")  was a de lay  procedure:  a t  t h i s  

i n t e r v a l ,  s u b je c ts  were most c o n s i s te n t  in the ca rd ia c  changes they 

e x h ib i t e d .  In both o r i g i n a l  and re-determined CS-US i n t e r v a l s ,  HR u n i ­

fo rm ly  acce le ra ted  and then  dece le ra ted  in the CS-US i n t e r v a l .  A f t e r  

merging from t h i s  de lay  in t e r v a l  in to  t r a c e  c o n d i t i o n in g ,  i . e . ,  a f t e r  CS 

was moved back in the  in te r -US  in te r v a l  and longer  and longer t r a c e  

per iods  were in t rodu ced ,  HR changes in the  CS-US in te r v a l  were o f te n  

c harac te r ized  by a b ip h a s ic  form du r ing  CS, w i th  another  b ip h a s ic  form 

i n i t i a t e d  a t  CS o f f s e t ,  f i l l i n g  the  t r a c e  i n t e r v a l .  Al though Schne ide r -  

man (1972) has suggested t h a t  t h e  i n t r o d u c t i o n  o f  a t r a c e  per iod  in t h e  

CS-US in te r v a l  d i s r u p t s  t h e  organ ism 's  " t im in g "  o f  CRs i n i t i a t e d  a t  t h e  

onset o f  CS, another  i n t e r p r e t a t i o n  may be t h a t  th e  o f f s e t  o f  CS is a cue
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f o r  c a rd ia c  changes ( c f . ,  B lack ,  1965; B lack  e t  a I . ,  1962).

Heart  r a te  became in c re a s in g ly  po lyphas ic  and v a r i a b le  as CS 

lo c a t io n  was moved back in th e  in te r -US i n t e r v a l .  Th is  r e s u l t  i s  u n l i k e  

the f i n d i n g s  o f  a re la te d  exper iment  conducted in t h i s  l a b o ra to ry  

(Washton, d i s s e r t a t i o n  in p ro g re s s ) :  employing t h e  same exper imenta l  

cham bers , 'spec ies ,  mode and i n t e n s i t y  o f  CS and US, and comparable CS-US 

i n t e r v a l s ,  but  w i th  a de lay procedure,  t h i s  l a t t e r  study ob ta ined h ig h l y  

un i fo rm  HR waveforms of  i n i t i a l  a c c e le r a t i o n  fo l low e d  by d e c e le ra t io n  

w i th  rhesus s u b je c ts ,  even a t  CS d u ra t io n s  o f  2 min.  The importance f o r  

organisms o f  cues from ex te rna l  s t i m u l i  is  wel l  -known. For example, 

F e rs te r  & Sk inner  (1957) demonstrated impress ive s t im u lus  c o n t ro l  over 

f i x e d - i n t e r v a I  responding in pigeons when d i f f e r e n t  e x te ro c e p t i v e  cues 

were c o r r e la t e d  w i th  the  passage o f  t im e in  the i n t e r v a l .  I t  i s  not  

c l e a r ,  however, in  the comparison o f  t r a c e  and de lay  procedures,  why a 

CS t h a t  remains unchanged du r in g  long CS-US i n t e r v a l s  (de lay )  r e s u l t s  

in less v a r i a b l e  HR changes than the  onset  o f  a CS fo l low ed  by a "gap" 

( t r a c e ) ( a l s o  found by Pavlov,  1927). One source o f  phasic  HR changes 

in th e  p resen t  study was the  onset  and o f f s e t  o f  CS. A ls o ,  each a d d i ­

t i o n a l  ex tens ion  t o  the CS-US in te r v a l  r es u l ted  in  a d d i t i o n a l  waveforms.

Pavlov (1927) a t t r i b u t e d  poor c o n t r o l  over  responding d u r in g  long 

t ra c e  i n t e r v a l s  t o  the  a n im a ls '  being e a s i l y  d i s t r a c t e d .  In th e  p resen t  

c o n te x t ,  i t  a l s o  seems p o s s ib le  t h a t  CS, because o f  p a i r i n g s  w i th  US, 

r e s u l t s  in less d i s t r a c t i o n  and a c t i v i t y  when i t  f i l l s  t h e  d u ra t io n  o f  

the  CS-US i n t e r v a l  upon i t s  p re s e n ta t io n  in a darkened chamber, as 

compared w i th  long per iods where no s t im u lu s  is p resen t .

Al though v a r i a b i l i t y  o f  CR waveforms increased w i t h  the longer
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lo c a t io n  o f  maximum change in hea r t  ra te  in the CS-US i n t e r v a l  to  the  

du ra t ion  o f  t h a t  i n t e r v a l  were,  by c o n t r a s t ,  monotonic and r e g u la r .

They showed t h a t  as CS was in t ruded  f u r t h e r  back in t h e  in te r -US  i n t e r v a l ,  

the lo ca t ion  o f  maximum hea r t  ra te  change a f t e r  CS t racked  CS lo c a t io n  

to  a c e r t a in  e x t e n t .  La tenc ies  o f  peak h ea r t  ra te  changes, however, were 

not cons tan t  as CS i n t r u s io n  p o i n t  was manipu la ted .  I t  was ra th e r  t h e  

case th d - la tency increased w h i l e  a cons tan t  p ropo r t ion  o f  t h e  d u ra t io n  

o f  the  in te r v a l  was m a in ta ined .

These f i n d i n g s  demonstrate t h a t  c a rd ia c  measures such as la tency  

t o  peak heart  ra te  change, and the'  v a r i a b i I  i t y  of  the  peak l o c a t i o n ,  a l l  

bear a lawful r e l a t i o n  to  o v e r a l l  HR changes in the CS-US i n t e r v a l ,  

regard less  o f  the v a r i a b i l i t y  o f  HR waveforms w i th in  t h a t  i n t e r v a l .

In a d d i t i o n  t o  changes in CR waveform, la tency, and v a r i a b i l i t y  

measures, the  magnitude o f  HR changes in th e  CS-US in te r v a l  was a lso 

a f fe c te d  by t h e  movement o f  CS back in th e  inter-US in te r v a l  . CR mag­

n i tudes  increased ove r  the  f i r s t  t h re e  in te r v a l  c o n d i t io n s  (10-30 s e c ) ,  

decreased f o r  the  nex t  two CS-US in t e r v a l s  (50 and 80 s e c ) ,  and then 

increased once more over  th e  succeeding two in t e r v a l s  (120-170 sec ) .

A s tudy conducted by Dronse jko (1972) is th e  on ly  one which man ipu la ted 

CS-US in t e r v a l s  w i t h i n - s u b j e c t s ,  and a lso  began wi th  s h o r t e r ,  proceeding 

to  longer  i n t e r v a l s ,  as in t h e  presen t  des ign .  She presen ted nine CS- 

US in t e r v a l s  ranging from 4-12 sec t o  human sub jec ts  by o rd e r  o f  in c re a s ­

ing d u r a t io n s .  Dronse jko found t h a t  ca rd ia c  response magni tudes, as 

measured from the d e c e ie r a to r y  component o f  b iphas ic  responses which 

emerged a t  8 sec CS-US, were l a rg e s t  a t  10 sec CS-US. Her s tudy  d i f f e r s
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in importan t ways from th e  p resen t  des ign ,  however, in t h a t  (a)  a l l  

CS-US i n t e r v a l s  were presented w i t h in  one exper imenta l  sess ion ;  (b) a 

de lay procedure was employed; and, (c )  a lmost  a l l  t h e  CS-US in t e r v a l s  

used were s h o r t e r  than th e  du ra t io ns  used in the  presen t  s tudy .

Again, exac t  precedents  f o r  the presen t  design are la c k in g ;  how­

ever ,  t h e  o v e r a l l  f i n d i n g s  in the  l i t e r a t u r e  have been t h a t  long CS-US 

in te r v a l s  r e s u l t  in small c a rd ia c  CR magnitudes when t r a c e  procedures 

are employed ( e . g . ,  B lack  e t  a l . ,  1962; F i t z g e ra ld  & M a r t i n ,  1971). The 

present f i n d i n g s  are  not in agreement w i th  t h e  above over  p a r t  o f  the  

range o f  i n t e r v a l s  employed, and, i t  seems p o s s ib le  t h a t  s t a r t i n g  a t  

s h o r te r  i n t e r v a l s  in a w i th  i n - s u b je c t s  design may account f o r  them. Pav­

lov (1927) s ta te d  t h a t  lo n g - t r a c e  re f l e x e s  "a re  always formed s lo w ly  and 

w i th  d i f f i c u l t y "  (p .  115) and o f te n  began lo n g - t r a c e  c o n d i t i o n in g  by 

s im u l taneous ly  p resen t ing  CS and US, w i th  subsequent lengthen ing o f  the  

CS-US i n t e r v a l .

D i f f i c u l t i e s  o f  i n t e r p r e t a t i o n  a r i s e  f rom th e  p resen t  f i n d i n g s  

a f t e r  the  o b s e rv a t io n  t h a t  CR magnitudes increased,  then decreased, and 

then increased again as t h e  CS temporal l o c a t i o n  was moved back in the  

inter-US i n t e r v a l .  Since th e  course o f  the CR was no t  t runca ted  a t  the  

s h o r te s t  (10 sec) i n t e r v a l  ( i . e . ,  a f u l l  b iphas ic  form was e v id e n t )  the  

argument t h a t  longer  i n t e r v a l s  a l low  t im e  f o r  t h e  peak o f  th e  CR t o  

occur ( e . g . ,  Brown & Pe te rs ,  1967; Dronse jko,  1972; Schneiderman, 1972) 

does not seem a p p l i c a b le  here.  The b iphas ic  waveform s im p ly  s t re tched  

ou t  in t ime ove r  t h e  f i r s t  th re e  i n t e r v a l s ,  w i t h  peak HR o c c u r r in g  l a t e r  

in the CS-US i n t e r v a l .  In the f o u r t h  and f i f t h  CS-US i n t e r v a l s  employed 

(50 and 80 s e c ) ,  CR magnitudes were s m a l l ;  a t  these i n t e r v a l s ,  CS was
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o c c u r r in g  2.5  -  3 minutes a f t e r  t h e  p rev ious  US, and app rox im a te ly  I -  

1.5 minutes be fore  th e  subsequent US, These would seem t o  be long t ime 

i n t e r v a l s ,  in both d i r e c t i o n s ,  f o r  sub jec ts  to  con t inue  a s s o c ia t in g  CS 

s t r o n g l y  w i th  US. What is  a " long  t im e "  f o r  rhesus monkeys? D m i t r ie v  

& Kochigina (1959) suggest t h a t  I -  2 min.  US-US in t e r v a l s  are the  

o u ts id e  l i m i t  f o r  the  fo rm a t ion  o f  t ime r e f l e x  in rhesus monkeys; i t  is  

pos s ib le  t h a t  t h i s  a lso  appl ies t o  CS-US i n t e r v a l s .  There are  several  

s tu d ie s  which have s u c c e s s fu l l y  demonstrated ca rd ia c  CRs w i th  I m in .  CS- 

US i n t e r v a l s  in rhesus s u b je c ts ,  bu t  always w i th  a de lay procedure,  con­

t r a s t i n g  w i th  the  p resen t  t r a c e  procedure ( e . g . ,  Randa l l ,  Brady, & M a r t i n ,  

1975; Randa l l ,  Kaye, Randa l l ,  & Brady,  1973; Randal l  & Smith, 1974;

Snapper, Pomerleau, & Schoenfeld,  1969).

When the  CS-US in te r v a l  was lengthened f u r t h e r ,  as a t  120 sec CS- 

US, CR magnitudes increased s i g n i f i c a n t l y  once aga in :  t h i s  was the  f i r s t

CS-US in te r v a l  where CS occurred te m p o ra l l y  c l o s e r  t o  the  p rev ious ,  

r a th e r  than the  subsequent US (110 sec US-CS; 120 sec CS-US). So, as 

CS occur red e a r l i e r  in the  US-US i n t e r v a l ,  the  s h o r te r  t ime pe r iods  between 

CS and the  prev ious  US r e s u l te d  in increased CR magnitudes, thereby  pos­

s i b l y  r e f u t i n g  t h e  many exper imente rs  who have regarded backward c o n d i *  

t i o n i n g  as impossib le  o r  weak ( F i t z g e r a l d  & Wal loch,  1966; Kimble,  1961; 

Pavlov,  1927; Spooner & Ke l logg ,  1947). Some in v e s t i g a t o r s  have found 

CS t o  m a in ta in  " e x c i t a t o r y "  p r o p e r t i e s  in backward c o n d i t i o n in g  procedures 

( e . g . ,  Champion & Jones, 1961; W o l f l e ,  1932) and, o th e r  au thors  have 

suggested, s i m i l a r  t o  the  p resen t  argument,  t h a t  backward and forward 

c o n d i t i o n in g  are no t  q u a l i t a t i v e l y  d i f f e r e n t ,  but  a re  on a cont inuum o f  

temporal  c o n t i g u i t y  t o  US ( H u l l ,  1943; Jones, 1962).
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A problem remains:  i f  temporal  p r o x im i t y  of  CS t o  US were the  

so le  de te rm iner  o f  CR magnitude, then the in c reas ing  CR magnitudes over 

the  f i r s t  th re e  i n t e r v a l s  seem a c o n t r a d i c t i o n  t o  t h i s  hypo thes is .  I t  

appears t h a t  the re  is  an " o p t im a l "  CS-US in te r v a l  a t  s h o r t e r  CS-US 

i n t e r v a l s ,  a t  le a s t  in the  p resen t  des ign ,  a t  which s u b je c ts  e x h i b i t  

t h e i r  la rg e s t  p os s ib le  CRs. A f t e r  t h i s  i n t e r v a l ,  which is  3 0 -sec, CR 

magnitude d e c l in e s  as CS occurs tempora l ly '  remote f rom e i t h e r  th e  

preceding o r  f o l l o w in g  US.

HR changes in the  US-CS in te r v a l

The magnitude o f  a c c e le r a t io n  immediately f o l l o w i n g  an u n s ig n a l ­

led US exceeded post-US a c c e le r a t io n  when US was preceded by CS. Th is  

f i n d i n g  has been observed f o r  HR, sk in  conductance, and GSR, and has been 

termed the  "p recep t ion  e f f e c t "  by severa l  au thors  (Coles ,  Herzberger,  

Sperber,  & Gdetz, 1975; Lykken, 1962; Lykken, Macindoe & T e l le g e n ,  1972). 

P recept ion is  the  hypo th e t i c a l  i n t e r p r e t a t i o n  o f  warning s ig n a l s  (CSs) 

as "p roduc t ingU an a f f e r e n t  ' s e t '  which serves t o  a t te n u a te  s e l e c t i v e l y  

the sensory re p re s e n ta t io n  o f  the noxious s t im u lu s  jJJSD when i t  o c c u rs "  

(Lykken, 1962). A more l i k e l y  i n t e r p r e t a t i o n  may be t h a t  t h e  p recep t ion  

e f f e c t  is  a m a n i fe s ta t io n  o f  th e  law o f  i n i t i a l  v a lu e .  CS produced 

h ighe r  HR le v e ls  in the  CS-US in te r v a l  than du r ing  a pre-CS per iod  in 

the  p resen t  s tudy :  in o t h e r  s t u d ie s  c la im in g  p rec ep t ion ,  the  e f f e c t  o f  

CS on r a i s i n g  response le v e ls  in the  CS-US in te r v a l  is  e v id e n t  f rom t h e i r  

f i g u r e s .  Thus, when US occur red ,  HR le ve ls  were a l rea dy  h ig h ;  i . e . ,  th e  

CR was a l ready  in p rogress ,  the reby  r e s u l t i n g  in a t tenua ted  UR magnitudes 

when compared w i t h  URs not  preceded by CRs. Lykken e t  a l .  (1972) r e j e c t
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th e  no t ion  t h a t  t h e i r  r e s u l t s  are  an e f f e c t  o f  unequal base l ine  le v e ls ,  

and s t a te  t h a t  t h e i r  f i n d i n g s  were not "caused" by th e  L IV , a l though  they 

do not s t a te  why. I t  should be made c le a r  t h a t  th e  LIV does no t  "cause" 

any th ing ;  i t  i s  s im p ly  a name assigned t o  an observed em p i r i c a l  r e l a t i o n ­

s h ip ,  i . e . ,  t h a t  h ighe r  p r e - s t im u la t io n  response le v e ls  r e s u l t  in sm a l le r  

p o s t - s t i m u l a t i o n  response magnitudes.

CS was found t o  e x e r t  i t s  e f f e c t s  both p r i o r ,  and subsequent t o  i t s  

occur rence in th e  in te r -US i n t e r v a l .  Th is  is s i m i l a r  t o  f i n d i n g s  from 

th e  " in t r u d e d  s t im u lu s "  exper iments where th e  temporal locus o f  CS d e t e r ­

mined whether s u b s t a n t i a l ,  o r  no changes in response r a te  occur red  around 

i t s  i n t r u s io n  p o i n t  (Farmer & Schoenfeld,  1966 a ,b ;  Snapper, Kadden, 

Sh im of f ,  & Schoenfe ld ,  1975). A common f e a t u r e  o f  th e  in t ruded  s t im u lus  

s tu d ie s ,  some temporal  c o n d i t i o n in g  procedures,  and o f  the  p resen t  p roce­

dure is th e  re g u la r  p re s e n ta t io n  o f  CS and US. Gant t  e t  a l .  (1951) 

i n te r p r e te d  r e g u la r  increases in dogs' h e a r t  ra te s  p r i o r  t o  a CS, when 

both CS and US were presented p e r i o d i c a l l y ,  as ev idence f o r  temporal  

c o n d i t i o n i n g .  Farmer & Schoenfeld c lassed such increases in response 

r a te  p r i o r  t o  CS ( i n  t h e i r  case, the  response was key pecking ra te  o f  

pigeons) w i th  t h e  conven t iona l  evidence f o r  the secondary r e i n f o r c i n g  

p r o p e r t i e s  o f  CS ( c f . ,  a lso  Ke l lehe r  d. Fry  1962; Sega l ,  1962). They 

po in ted o u t  t h a t  CS was in the temporal p o s i t i o n  t o  become a cond i t ioned  

p o s i t i v e  r e i n f o r c e r  th rough p a i r i n g s  w i th  th e  pr im ary  r e i n f o r c e r  ( f o o d ) ,  

and ascr ibed  t o  t h a t  f a c t  the  maintenance o f  a " s c a l l o p e d "  response r a te  

p a t t e m p r i o r  t o  CS occurrence,  and a p o s t - r e i  nforcement p a u s e - l i k e  

drop in responding b r i e f l y  a f t e r  CS. The present  data show, as in the  

f i n d i n g s  o f  Farmer & Schoenfeld,  and Gantt  e t  a l . ,  app rox imate ly
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mono+onic hea r t  r a t e  a c c e le r a t io n s  p r i o r  t o  CS, bu t  o n ly  f o r  t h e  CS-US 

i n t e r v a l s  over  10 sec d u r a t i o n .  A t  the 10 sec i n t e r v a l ,  HR dece le ra ted  

in t h e  per iod p r i o r  t o  CS. In the  sessions where US was u n s ig n a l le d ,  HR 

trends  in comparable measurement per iods  d id  not  reverse  from d e c e le r a t io n  

to  a c c e le r a t io n  u n t i l  the  unsignaI Ied-US sess ions in te r p o la te d  between 

the 50 and 80 sec CS-US o n d i t  ions.  I t  m igh t  be sa id  f rom t h i s  f i n d i n g  

t h a t  CS exer ted c o n t ro l  over  HR increases immediately preceding i t s  

occur rence e a r l y  in t r a i n i n g  s in ce ,  when CS was absent ,  no such increases 

were observed.  As t r a i n i n g  progressed, however, w i th  CS moving back in 

the US-US i n t e r v a l ,  these increases began t o  appear even in the  absence 

o f  CS.

However, CS does not n e c e s s a r i l y  e x e r t  "backward" c o n t r o l :  i t  was

emphasized p r e v io u s ly  t h a t  US-CS p a i r i n g s  may have accounted f o r  la rge r  

CR magnitudes when US became tem p o ra l l y  c l o s e r  t o  the  f o l l o w i n g  CS.

Other au thors  have a l s o  found i t  more p r o f i t a b l e  t o  cons ide r  t h e  te m p o ra l l y  

forward r a th e r  than backward e f f e c t s  o f  US-CS p a i r i n g s  ( e . g . ,  Moscovi tch 

& LoLordo, 1968). The c o n c e p tu a l i z a t io n  o f  the  " fo rw a r d "  e f f e c t s  o f  

re g u la r  s t im u lus  p a i r i n g s  may weaken the  b e l i e f  t h a t  temporal  c o n d i t i o n ­

ing i s  a spec ia l  case o f  Pav lov ian  c o n d i t i o n i n g ,  o r  is evidenced by 

changes on ly  in a p a r t i c u l a r  segment o f  a " t r i a l " ;  i . e . ,  by law fu l  i n ­

creases in pre-CS h e a r t  r a t e .  Again ,  lawfu l  changes in th e  temporal  

p a t t e rn in g  o f  hea r t  ra te  were observed th ro ugho u t  th e  e n t i r e  in te r -US 

i n t e r v a l .  To invoke a whole se t  o f  terms f o r  HR changes in t h i s  i n t e r v a l ,  

such as the  UR, succeeded by the  temporal r e f l e x ,  succeeded by t h e  CR 

is unnecessary.

As ind ica ted  up t o  t h i s  p o i n t ,  the  in t ruded  s t im u lu s  des ign sub­

sumes a number o f  s t im u lu s  schedu l ing  procedures,  in c lu d in g  t r a c e ,  d e lay ,
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fo rw a rd ,  backward, and temporal c o n d i t i o n i n g .  I t  a l s o  seems t o  cover 

procedures which Rescor la  and coI Iabo ra to rs  (Moscovi tch & LoLordo, 1968; 

Rescor la ,  1969 a ,b ;  Rescor la & Solomon, 1967; Solomon & C o r b i t ,  1974) have 

termed " w a r n i n g - s ig n a l "  and " s a f e t y - s i g n a I " t r a i n i n g .  These authors  have 

suggested t h a t  a CS acqu i res  " w a rn in g - s ig n a l "  f u n c t i o n s  when i t  occurs in 

c lo s e  p r o x im i t y  t o  US ( i n  a forward d i r e c t i o n )  as r e f l e c t e d  in la rge r  

magnitude responses, and acqu ires  " s a f e t y - s i g n a l "  f u n c t i o n s  a t  long 

i n t e r v a l s  between CS and US, as r e f l e c t e d  in smalI  magnitude responses 

e a r l y  in t h e  CS-US i n t e r v a l .  The present  f i n d i n g s  o f  increased CR mag­

n i tu d e s  from 10-30 sec CS-US du ra t ions  are  a t  odds w i th  these fo rm u la ­

t i o n s ,  s in ce  CS' a c t i n g  as a warning s igna l  should have produced the  

l a r g e s t  response magnitudes a t  the  s h o r t e s t  (10 sec) i n t e r v a l .

One aspec t  o f  the  present  f i n d i n g s  does conform to  some . 

p r e d i c t i o n s  o f  Solomon & C o r b i t  (1974).  These a u th o rs ,  a long w i th  

Moscovi tch & LoLordo (1968) s ta te  t h a t  CS acqu i res  i n h i b i t o r y  p ro p e r t ie s  

when i t  no t  on ly  immediate ly f o l l o w s  US, bu t  a ls o  precedes a long shock- 

f r e e  i n t e r v a l .  The i n h i b i t o r y  e f f e c t s  o f  CS on h e a r t  r a te  are presumably 

demonstrated,  accord ing  t o  Solomon & C o r b i t ,  by longer  d u ra t io n s  o f  UR 

c a rd ia c  d e c e le r a t i o n s .  In the p resen t  s tudy  i t  was found t h a t  th e  

longes t  d u r a t io n  o f  UR d e c e le ra t io n  did occu r  a t  t h e  "backward" c o n d i ­

t i o n i n g  procedure ,  where CS occurred immediately a f t e r  US, and a l s o  pre­

ceded the longest  shoek^fnee i n t e r v a l .  S ince a gradual  increase in UR 

d e c e le r a t io n  as CS occurred tem p o ra l l y  c l o s e r  t o  t h e  prev ious US might 

be a c r i t e r i o n  f o r  s a fe t y - s ig n a l  e f f e c t s  o f  CS, t h e  f i n d i n g  t h a t  the re  

were no such gi jdual increases in th e  p resen t  s tudy do not  f u r t h e r  con f i rm  

the  s a f e t y - s i g n a l  hypo thes is .

One d i f f i c u l t y  in i n f e r r i n g  t h e  "w a rn ing "  o r  " s a f e t y "  e f f e c t s  of
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CS from HR changes is  t h a t  HR a c c e le r a t io n s  o r  d e c e le ra t io n s  cannot  be 

r e l i a b l y  p red ic te d  from our  no t ions  concern ing t h e  r e l a t i v e  " a v e r s i v e -  

ness" o f  d i f f e r i n g  exper imenta l  p rocedures.  For in s tance ,  i f  HR increases 

are  supposed t o  r e f l e c t  " f e a r "  ( e . g . ,  B lack  e t  a l . ,  1962; Church, LoLordo, 

Overmier,  Solomon, & Turner ,  1966; Rescor la  & Solomon, 1967), those ex­

per iments demonstra t ing HR a c c e le r a t i o n  t o  a CS preced ing food d e l i v e r y  

must be explained ( e . g . ,  Gant t ,  I960; Moore & Marcuse, 1945; Randa l l ,  

Brady, & M a r t in ,  1975; Schoenfeld,  Matos, & Snapper,  1967). Converse ly ,  

i f  HR d e c e le ra t io n s  are supposed t o  r e f l e c t  r e l a x a t i o n  o r  r e l i e f  ( e . g . ,  

Solomon & C o r b i t ,  1974), exper iments demonst ra t ing  d e c e ie ra to r y  CRs p r i o r  

to  shock must be exp la ined ( e . g . ,  F i t z g e r a l d  & T e y le r ,  1970; F lynn ,  I960 ;  

Zeaman & Smith,  1965). As Schoenfeld & Cole (1972) have po in ted o u t ,  

the  " p o s i t i v e "  or  "n e g a t i v e "  c h a r a c t e r i s t i c s  o f  s t i m u l i  as we l l  as of  

responses, are  determined by th e  cho ice  o f  organism, schedu l ing  and 

s t im u lu s  parameters.  The in t ruded  s t im u lu s  des ign employed here a l lowed 

i n v e s t i g a t i o n  o f  th e  s t im u lus  c o n t r o l  o f  behav io r  by an unambiguous and 

" p r i m i t i v e "  (Farmer & Schoenfe ld ,  1966 a ,b)  procedure o f  s t im u lu s  

i n t r u s io n  unencumbered by (a) in fe rences  from th e  exper iences  o f  

exper imenta l  s u b je c t s ;  o r ,  (b)  by i n f e r r i n g  d i f f e r e n t  u n d e r ly in g  

behav io ra l  processes t o  procedures which may be paramet r ica I  Iy r e la t e d .  

Autonomic in n e rv a t io n s  o f  the  c a rd ia c  CR and UR

Some evidence concern ing the  na tu re  o f  autonomic c o n t r i b u t i o n s  t o  

exper imentaI  Iy-produced changes in h e a r t  r a te  was provided by th e  p resen t  

data w i th  regard t o  ; (a) th e  assessment o f  which branch o f  t h e  autono­

mic nervous system c o n t r o l s  r e s t i n g  h e a r t  r a te  o f  rhesus s u b je c ts  du r in g  

exper imenta l  sess ions;  (b) t h e  p o s s ib le  r o le  o f  hormonal, in f luence s

(ep ineph r ine  and norep inephr ine )  on th e  c a rd ia c  CR; and, (c )  t h e  p o s s ib le  

source o f  c o n t ro l  over  the c a rd ia c  CR and UR as assessed by pharmaco-
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l o g ic a l  b lockade o f  both branches o f  the  ANS..

Attempted denerva t ion  o f  the  hea r t  by g a n g l i o n i c  blockade w i th  

ch lo r isondamine  a l lowed ev a lu a t io n  o f  the i n t r i n s i c  r a te  o f  the  rhesus 

h e a r t ;  the  i n t r i n s i c  ra te  was approximate Iy 140 8PM (an average o f  a l l  

s i x  s u b je c t s ) ,  which is c lose  to  the  i n t r i n s i c  r a te  o f  145 BPM repor ted  

by Dews & Herd (1974) f o r  c h r o n i c a l l y  r e s t r a in e d  rhesus sub jec ts  a f t e r  

hexamethonium i n j e c t i o n  (another  g a n g l i o n i c  b lock in g  agent o f  less 

potency than c h lo r i s o n d a m in e ) . A comparison o f  i n t r i n s i c  and " c o n t r o l "  

( i . e . ,  p re -d rug  r e s t i n g  hea r t  r a te )  ra te s  a l lows  deduct ions about which 

branch o f  the  ANS has the  c o n t r o l l i n g  in f l u e n c e  over  r e s t i n g  hea r t  r a te .  

Klose e t  a l . (1975) found t h a t  HR le v e ls  o f  t h e i r  r e s t r a in e d  rhesus sub­

j e c t s ,  a f t e r  pharmacolog ical  denerva t ion  (combined a t ro p in e  and propran­

o l o l  i n j e c t i o n ) ,  were lower than p re-drug l e v e ls ,  c o n t r a r y  t o  t h e  p resen t  

f i n d i n g s  o f  ra te s  a f t e r  denerva t ion  by g a n g l io n ic  blockade g e n e ra l l y  

h igher  than p re -d ru g .  Klose e t  a l .  concluded g re a te r  sympathe t ic  tone 

in t h e i r  rhesus s u b je c t s :  the  evidence here in d ic a te s  h igher  vagal tone 

e x e r c i s i n g  a r e s t r a i n i n g  in f luence  on r e s t i n g  r a te .  The p resen t  f i n d i n g s  

a l s o  c o n t r a s t  w i th  Dews & Herd (1974) who found balanced sympathet ic  and 

parasympathet ic  c o n t r o l  ( i . e . ,  no changes in r a te  were observed under 

g a n g l i o n i c  blockade) du r in g  r e s t i n g  per iods  between exe rc ise  ta s k s .

G ang l ion ic  blockade by ch lo r isondamine  showed t h a t  the  vagus 

exer ted  a c o n t r o l l i n g  in f luence  over r e s t i n g  hea r t  ra te  du r in g  p re -d rug  

sess ions .  Blockade by ch lo r isondamine  a lso  showed t h a t  hormonal i n f l u ­

ences on the  c a rd ia c  CR were n o n -e x is te n t  by th e  demonst rat ion t h a t  both 

a c c e le r a to r y  and d e c e ie ra to r y  components o f  the  CR were a lmost  e n t i r e l y  

e l im in a te d  a t  a l l  re-dete rm ined CS-US in t e r v a l s  a f t e r  a d m in i s t r a t i o n  o f
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ch lo r isondam ine .  These f i n d i n g s  are  in c o n t r a s t  t o  Randa l l ,  Kaye, Ran­

d a l l ,  & Brady (1973) and Bond (1943) who, a f t e r  observ ing  slow HR in ­

creases du r in g  long CS-US i n t e r v a l s  a f t e r  s u rg ic a l  denerva t ion  o f  t h e i r  

s u b je c t s ,  a t t r i b u t e d  the HR increases t o  the re lease o f  catech oI amines.

The e f f e c t  o f  parasympathet ic  blockade by a t ro p in e  s u l f a t e  on 

base l ine  hea r t  r a te  in the p resen t  rhesus s u b je c ts ,  and f o r  v a r iou s  

species in o th e r  i n v e s t i g a t i o n s ,  was an e le v a t io n  o f  r a te  above p re ­

i n j e c t i o n  le v e ls  ( e . g . ,  f o r  r a b b i t s ,  Downs e t  a I . ,  1972; f o r  dogs,

Dykman & Gant t ,  1959; f o r  r a t s ,  F i t z g e r a l d ,  M a r t in ,  & O’ B r ie n ,  1973; 

f o r  humans, O b r i s t ,  Wood, & Perez-Reyes, 1965). In a d d i t i o n ,  base l ine  

hea r t  r a te  under a t r o p in e  was h ighe r  than t h a t  under ch lo r isondam ine ,  

r e v e a l in g  le ve ls  of  hea r t  r a te  achieved under most ly  sympathet ic  c o n t ro l  

when unopposed by the  vagus.

A t r o p in e ’ s e f f e c t  on base l ine  hea r t  r a te  has been d iscussed .  The 

d r u g ’ s e f f e c t  on the CR was t o  reduce the  magnitude o f  both the  a c c e l e r -  

a t o r y  and d e c e ie ra to ry  p o r t io n s  o f  the  b iphas ic  HR waveform and t o  

f l a t t e n  the  response f u n c t io n  a lmost  e n t i r e l y ;  i . e . ,  phasic HR changes 

in the  CS-US in te r v a l  were absent  ( a ls o  repor ted by O b r i s t  e t  a I . ,  1965; 

F i t z g e r a l d ,  M a r t in ,  & O 'B r ie n ,  1973; and Schneiderman e t  a l . ,  1969).

P r o p r a n o lo l ’ s o v e r a l l  e f f e c t  was t o  lower base l ine  hea r t  r a t e ,  as 

a l s o  repor ted by o the r  i n v e s t i g a t o r s  ( e . g . ,  Nakano & Kusakar i ,  1966;

Powel l ,  Goldberg,  Dauth,  Schneiderman, & Schneiderman, 1972; Sampson, 

F ra n c is ,  & Schneiderman, 1974), and, w i th  respec t  t o  i t s  e f f e c t  on the 

CR, i t  reduced the  a c c e le r a to r y  p o r t i o n  (Kadden, Schoenfeld,  & B i n d l e r ,  

1975; Cohen & P i t t s ,  1968; O b r i s t ,  Howard, Lawler,  S u t t e r e r ,  Smithson,

& M a r t in ,  1972), and i t  enhanced the  magnitude o f  the  d e c e ie ra to r y  port- ion.
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The above f i n d i n g s  o f  complete e l im in a t i o n  o f  the CR's a c c e le r a -  

t o r y  p o r t i o n  by vagal b lock ,  and p a r t i a l  e l im i n a t i o n  by sympathet ic  

b lock  imply a g r e a te r  vagal  c o n t r i b u t i o n  to  HR a c c e le r a t i o n .  However, 

the  high o v e r a l l  HR le v e ls  observed a f t e r  vagal blockade probab ly  masked 

th e  sympathet ic  c o n t r i b u t i o n  by severe ly  l i m i t i n g  HR a c c e le r a t io n  (L IV ) .  

Regression a n a l y s i s  was performed t o  compare CR magnitudes p red ic te d  

a t  high hear t  ra te s  (undrugged) aga ins t  the ob ta ined  high ra tes  under 

a t r o p in e ,  and, in many cases, a t te n u a t io n  o f  CR magnitude under a t r o p in e  

was found. However, a l though the d i f f e re n c e s  between p red ic te d  and 

obta ined va lues  were o f te n  la rge ,  the m a jo r i t y  o f  cases were no t  s t a t i s ­

t i c a l l y  s i g n i f i c a n t .  Consequent ly,  one cannot conclude t h a t  HR a c c e le r ­

a t io n s  were smal l because o f  the parasympathet ic  b lo c k in g  e f f e c t  o f  

a t r o p in e ;  o r ,  i t  may have been r a th e r  the r e s u l t  o f  o v e r a l l  HR le v e ls  

being so high t h a t  a sympathet ic  component cou ld  no t  m an i fes t  i t s e l f .  

Gang l ion ic  blockade by ch lo r isondamine was th e  on ly  pharmacological  

m an ipu la t ion  which r e s u l t e d  in complete e l im in a t i o n  o f  th e  a c c e le ra to ry  

p o r t i o n  o f  t h e  CR uncompl icated by cons ide ra t  ions o f  the  1 aw o f  i n i t i a l  

v a lue ,  s ince  base l ine  HR le ve ls  were not n e a r ly  so changed a f t e r  adm in is ­

t r a t i o n  o f  ch lo r i sond am ine ,  and most o f  the f i n d i n g s  from t h i s  drug were 

s t a t i s t i c a l l y  s i g n i f i c a n t ,  A p o s s ib le  hypothes is  here is  t h a t  th e  i n i t i a l  

a c c e le r a to r y  p o r t i o n  o f  th e  CR has two in n e r v a t io n s ,  sympathet ic  and 

parasympathet ic ,  as a l s o  concluded by o the r  i n v e s t i g a t o r s  ( e . g . ,  Cohen 

& P i t t s ,  1968; Dykman & Gant t ,  1959). This  hypo thes is  w i l l  be seen to  

app ly  t o  the  d e c e ie r a to r y  p o r t i o n  o f  the CR as w e l l ,  and w i l l  f o l l o w  

below.

The ev idence f o r  dual in ne rva t ion  o f  th e  d e c e ie r a to r y  p o r t i o n  o f  

the  c a rd ia c  CR c o n s i s t s  o f  the  f i n d i n g  t h a t  th e  magnitude o f  the  d e c e l -
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e r a to r y  component o f  t h e  CR was enhanced a f t e r  p roprano lo l  I n j e c t i o n ,  

rev e a l in g  vagal a c t io n  when unchecked by sympathet ic t o n e .  Th is  f i n d i n g  

is s u r p r i s i n g  in t h a t  i t  i s  a t  odds w i th  the  f i n d i n g s  o f  o the r  s t u d ie s .  

F rede r icks  e t  a l .  (1974) and Sampson e t  a l .  (1974),  w i t h  r a b b i t  s u b je c t s ,  

found no e f f e c t  o f  p rop rano lo l  on d e c e ie ra to ry  CRs; and, Kadden e t  a l .

(1975) found no change in th e  magnitude o f  the d e c e ie ra to ry  p o r t i o n  o f  

b iphas ic  CRs in rhesus sub jec ts  a f t e r  p rop rano lo l  i n j e c t i o n .

Other evidence from th e  p resen t  study does not so c l e a r l y  argue f o r  

dual in ne rva t ions  o f  th e  d e c e ie ra to r y  p o r t i o n  o f  the CR in t h a t  HR d e c e l ­

e r a t i o n  was comple te ly  e l im in a te d  by vagal b lockade. Sympathet ic  a c t i o n  

should have become e v id e n t  in the  form o f  HR a c c e le r a t io n  toward the  end 

o f  the  CS-US in te r v a l  when the vagus was blocked,  had t h e re  been an 

o r i g i n a l  sympathet ic  component t o  the  l a t t e r  p a r t  o f  t h e  CR. The 

sympathet ic  c o n t r i b u t i o n  probably  cons is ted  o f  check ing the s t rong  

d e c e ie ra to r y  ac t io n  o f  the  vagus, as s ta ted  above. I f  HR le v e ls  had been 

lower under vagal b lockade, perhaps by th e  use o f  s m a l le r  dosages o f  

a t r o p in e ,  a remaining sympathet ic  component in the  form o f  HR a c c e le r a t i o n  

may have been revea led .

Thus, i t  is suggested t h a t  ANS in n e rv a t io n s  o f  t h e  ca rd iac  CR 

take t h e  f o l l o w i n g  form:  the  a c c e le r a to r y  p o r t i o n  is  probab ly  t h e  r e s u l t

o f  combined increase in sympathet ic  a c t i v i t y  and re lease  o f  vagal r e s t r a i n t ,  

a lso  suggested by Bond (1943),  Cohen & P i t t s  (1968),  Dykman & Gant t  (1959),  

Katcher e t  a l .  (1969) ,  and Klose e t  a l .  (1975).  The presen t  hypo thes is  

t h a t  t h e  CR d e c e le ra t io n  is  probably  the  r e s u l t  o f  an increase in vagal 

a c t i v i t y  checked by sympathet ic  tone depar ts  f rom the  co n c lu s io n s  o f  most 

s t u d ie s  in th e  l i t e r a t u r e .  Only one o th e r  study (K az is ,  M i l l i g a n ,  &



Powel l ,  1973) concluded dual in n e rv a t io n  o f  t h e i r  d e c e ie r a to r y  CR in 

r a b b i t  s u b je c t s .  They s ta ted  t h a t  the  observed HR d e c e le r a t io n s  pre-drug 

were the  combined r e s u l t  o f  increased vagal r e s t r a i n t  and i n h i b i t i o n  o f  

sympathet ic  tone  a f t e r  observ ing  t h a t  e i t h e r  a t r o p in e  o r  p rop rano lo l  

decreased the  magnitude o f  th e  response, but o n ly  combined a d m in is t ra ­

t i o n  e l im in a te d  i t  c om p le te ly .  Here, a f a c i l i t a t i o n  o f  d e c e le r a t io n  was 

observed a f t e r  sympathet ic  blockade, suggest ing  t h a t  t h i s  d e c e le ra t io n  

was not  o r i g i n a l l y  mediated by an i n h i b i t i o n  o f  sympathet ic  tone ,  but 

t h a t  a c t i v e  f i r i n g  by th e  sympathet ics  normal ly  checked the  dec e ie ra to ry  

a c t io n  o f  the  vagus.

Much lack  o f  agreement has a r i s e n  among i n v e s t i g a t o r s  about 

which branch o f  the  ANS is  the  more im por tan t  c o n t r i b u t o r  t o  experimen­

t a l  I y-produced HR changes (Cohen, 1974). In the  p resen t  s tudy ,  f o r  both 

a c c e le ra to ry  and d e c e ie ra to ry  p o r t io n s  o f  t h e  CR, these ques t ions  must 

remain unreso lved ,  s ince  I mg/kg a t r o p in e -b Io c k  o f  t h e  vagus cannot be 

r e l i a b l y  compared a g a in s t  1 mg/kg p r o p r a n o lo l - b lo c k  o f  the  sympathet ic  

nervous system. A lso ,  i t  i s  not  even c e r t a i n  i f  these  dosages res u l ted  

in t o t a l  b lockade.  D i f f e re n c e s  could be seen in t h e  degree o f  sympathe­

t i c  and parasympathet ic  blockade w i th  respec t  to  t h e i r  e f f e c t  on temporal 

p a t t e rn in g  o f  h ea r t  r a t e  in th e  presen t  s tudy .  A t ro p in e  appeared to  

r a i s e  HR le v e ls  t o  a " c e i l i n g " ,  as evidenced by f l a t t e n e d  f u n c t i o n s ,  more 

than p rop rano lo l  lowered HR le v e ls  t o  a " f l o o r " .  Perhaps I mg/kg pro­

p rano lo l  was not  a s u f f i c i e n t  dosage t o  ach ieve complete sympathet ic  

b lockade; had i t  been, one may have observed f l a t t e n e d  f u n c t io n s  o c c u r r in g  

a t  very low HR le v e ls ,  s i m i l a r  t o  the  a t r o p in e  e f f e c t  a t  h igh HR le v e ls .  

Rather,  t h e  f u n c t i o n s  observed under p rop rano lo l  were c h a ra c te r iz e d  by
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ex t reme ly  large changes in hea r t  r a te  over  success ive averag ing 

per iods  and were h ig h l y  i r r e g u l a r .  These i r r e g u l a r  f u n c t io n s  under 

p rop rano lo l  are  p u z z l in g ,  c o n s id e r in g  t h a t  p roprano lo l  is used as an 

a n t i - a r r h y t h m i c  drug (Goth,  1974). A v is u a l  in spec t ion  o f  i n d i v i d u a l  

po lygraph records revea ls  t h a t  in te r b e a t  i n t e r v a l s  were very  a r rh y th m ic  

under propra'nolol  .

K e l le he r ,  Morse, & Herd (1972) found ep isod ic  changes in hea r t  

r a t e  o f  s q u i r r e l  monkeys almost  com p le te ly  e l im in a te d  on ly  a f t e r  3 mg/kg 

i n j e c t i o n  o f  p r o p ra n o lo l ,  and Klose e t  a I . (1975),  in rhesus s u b je c t s ,  

es ta b l i s h e d  t o t a l  sympathet ic  blockade a t  3 mg/kg a d m in i s t r a t i o n  o f  

p rop rano lo l  a f t e r  t e s t i n g  lower dosages. Many i n v e s t i g a t o r s  t e s te d  th e  

amount o f  be ta -b lockade by p rop rano lo l  by i n fu s in g  i s o p ro te re n o l ,  a b e ta -  

a g o n is t  drug which s t im u la te s  the  h e a r t  and induces t a c h y c a r d i a ; ;  i f  

h e a r t  r a te  does not increase a f t e r  iso p ro te ren o l  i n j e c t i o n ,  i t  is  con­

c luded t h a t  the dosage o f  p rop rano lo l  employed was s u f f i c i e n t  t o  b lock  

be ta - re c e p to rs  in t h e  h e a r t .  Al though Robinson, Eps te in ,  B e is e r ,  & 

Braunwald (1966) found .25 mg/kg p rop rano lo l  s u f f i c i e n t  t o  cha l le nge  

th e  in fu s io n  o f  i so p ro te ren o l  in human s u b je c ts ,  i t  i s  p o s s ib le  t h a t  even 

I mg/kg o f  p ro p ra n o lo l ,  as used in t h e  present  study w i th  rhesus s u b je c ts  

was i n s u f f i c i e n t  to  achieve t o t a l  b lockade.

Resu l ts  from pharmacological  b lockade o f  the  uncond i t ioned 

response in the  presen t  study d i f f e r e d  o n ly  in one respec t  f rom those 

found f o r  the cond i t ioned  response: i t  was found t h a t  some UR., a c c e le ra ­

t i o n  remained a f t e r  vagal b lock  by a t r o p in e .  Th is  f i n d i n g  suggests  a 

g r e a te r  sympathet ic r o le  in shock- induced HR changes, i . e . ,  in the  UR 

An inspec t ion  o f  data f rom Klose e t  a l .  (1975; t h e i r  Table 4) a l s o  revea ls  

t h a t  UR a c c e le ra t io n  was l a rg e r  than CR a c c e le ra t io n  a f t e r  parasympathe-
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t i c  b lockade in t h e i r  rhesus s u b je c t s ,  a l though  th e  d i f f e r e n c e  does not  

appear la rge  and was not  te s te d  s + a t i s t  ica I i y . Washton ( d i s s e r t a t i o n  in 

progress)  a lso  ob ta ined la rg e r  magnitudes f o r  th e  UR as compared w i th  th e  

CR a f t e r  parasympathet ic  blockade. Perhaps, in the  p resen t  case, t h e  

sympathet ic  nervous system was more m ob i l ized  by h igher  s t im u lu s  in te n ­

s i t i e s  (as concluded by O b r i s t  e t  a l . ,  1965, f o r  human s u b j e c t s ) ,  i . e . ,  

by the. shock-US than by th e  I igh t -C S ,  a l though i t  is  a d m i t t e d ly  r i s k y  

t o  compare th e  s u b j e c t i v e  i n t e n s i t i e s  o f  two s t i m u l i  when they  d i f f e r  in 

modaIi t y .

Summary

F ind ings  from th e  present  study cons is ted  o f  the  f o l l o w i n g :

1. Card iac CR waveforms were most c o n s i s te n t  among s u b je c ts  a t  

th e  s h o r t e s t  CS-US in te r v a l  and became in c re a s in g ly  po lyphas ic  as CS 

occurred e a r l i e r  in the  in te r -US i n t e r v a l .

2. Latency o f  maximum hea r t  r a te ,  and v a r i a b i l i t y  o f  the  l o c a t i o n  o f  

maximum hea r t  r a t e  in th e  CS-US in te r v a l  increased w i t h ,  and in cons tan t  

p r o p o r t i o n  t o  the  d u ra t io n  o f  the  CS-US i n t e r v a l .

3.  As CS occur red p ro g re s s iv e Iy  e a r l i e r  in th e  US-US i n t e r v a l ,  

maximum hear t  r a te  occurred in e a r l i e r  p o s i t i o n s  as w e l l .

4.  CS o f f s e t  o f t e n  r e s u l t e d  in c a rd ia c  r a te  changes.

5. The magnitude o f  HR change in the  CS-US in te r v a l  increased over  

th e  f i r s t  t h re e  CS-US d u ra t io n s  (10-30 sec ) ,  decreased f o r  th e  f o l l o w i n g  

two d u ra t io n s  (50 and 80 s ec ) ,  and then increased f o r  th e  succeeding two 

CS-US in te r v a l  d u ra t io n s  (120-170 sec) .

6 . The magnitude o f  HR a c c e le r a t io n  immediately f o l l o w i n g  US was 

s m a l l e r ,  in most cases, when US was preceded by CS.
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7. The temporal  p a t t e rn in g  o f  hea r t  r a te  immediate ly p r i o r  t o  CS

was d e c e ie ra to r y  a t  10 sec CS-US, and a c c e le r a to r y  f o r  the  remaining

CS-US in te r v a l  c o n d i t i o n s ,  w i th  the  excep t ion  o f  120 sec CS-US. In 

comparable measurement i n t e r v a l s  when CS was o m i t te d ,  hea r t  r a te  p a t t e r n ­

ing was d e c e ie ra to r y  u n t i l  l a t e r  US-only sess ions ( a f t e r  50 sec CS-US), 

a t  which t im e a c c e le r a t io n  began t o  appear.

8 . The d u ra t io n  o f  HR d e c e le ra t io n  a f t e r  US was g r e a te s t  a t  the

230 sec CS-US in te r v a l  d u r a t io n .

9.  Rest ing hea r t  ra te  was h ighes t  a f t e r  vagal b lock  (by a t ro p in e )  

and lowest a f t e r  sympathet ic  b lock  (by p r o p r a n o lo l ) .  G ang l ion ic  b lock  

(by ch lo r isondamine)  g e n e ra l l y  resu l ted  in HR le v e ls  above pre-drug 

le v e ls ,  bu t  not  as high as HR le v e ls  under a t r o p in e .

10. Vagal and g a n g l i o n i c  b lock  each f l a t t e n e d  th e  CR almost 

e n t i r e l y .  Sympathet ic b lock  reduced the  magnitude o f  t h e  a c c e le ra to ry  

p o r t i o n  o f  th e  CR, and increased the  magnitude o f  th e  d e c e ie ra to ry  

p o r t i o n .

11. Vagal b lock  d id  not  reduce UR a c c e le r a t io n  as com p le te ly  as 

i t  reduced CR a c c e le r a t i o n .

Summary o f  conc lus ions

The f o l l o w in g  conc lus ions  were drawn from these f i n d i n g s :

1. The temporal  p r o x im i t y  o f  CS t o  US was a powerful  v a r ia b le

in de te rm in ing  the  e f f e c t s  o f  CS on HR changes du r in g  th e  e n t i r e  i n t e r -  

US i n t e r v a l ,  as r e f l e c t e d  in measures o f  magnitude, temporal  p a t t e rn in g ,  

la tency ,  and v a r i a b i l i t y .

2.  Increased v a r i a b i l i t y  in HR fu n c t io n s  d u r in g  long CS-US i n t e r ­

v a ls  p robably  re s u l t e d  f rom th e  absence o f  an e x te rna l  cue du r ing  such

i n t e r v a Is .
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3. V a r i a b i l i t y  in ca rd ia c  waveforms a t  longer  CS--US i n t e r v a l s  does 

not  n e c e s s a r i l y  a f f e c t  o th e r  c a rd ia c  measures which may d i s p la y  lawfu l  

and monotonic r e l a t i o n s h i p s  t o  th e  d u ra t io n  o f  the  CS-US i n t e r v a l .

4.  CS o f f s e t  can become a cue f o r  c a rd ia c  r a te  changes, p a r t i c u l a r ­

ly  when, in e a r l i e r  c o n d i t i o n s ,  i t  was immediately fo l lowed by shock.

5.  Rest ing hea r t  r a te  o f  the  rhesus s ub jec ts  was under g r e a te r  

c o n t ro l  o f  the  vagus from ev idence o f  h ighe r  r e s t i n g  hea r t  r a te  a f t e r  

complete autonomic blockade.

6 . A c c e le ra to ry  and d e c e ie ra to r y  p o r t i o n s  o f  the  CR are probably  

each innerva ted by both sympathet ic  and parasympathet ic  branches o f  the  

ANS.

7. Catecholamine- induced hea r t  ra te  changes, p o t e n t i a l l y  evidenced 

by slow HR increases dur ing  long CS-US in t e r v a l s  a f t e r  comple te a u to ­

nomic blockade, were no t  de tec ted .
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Appendix: T a b le  A

Mean 181 d u r in g  10" pre-CS (X )  and a t  maximum change from X In  t h e  CS-US I n t e r v a l  (Y )  a t  CS-US I n t e r v a l  d u r a t io n s  o f

1 0 -1 7 0 " ,  Each datum Is  a mean o f  a l l  c r i t e r i o n  t r i a l s  a t  each d u r a t i o n .  Based on IB Is  from 10" averaging  p e r io d s .

CS-US I n t e r v a l  (Sec)

10 20 30 50 80 120 170

S u b je c t X Y X Y X Y X Y X Y X • Y X Y

E -2 8 5 3 8 .7 8 5 3 4 .7 8 3 7 6 .3 8 3 7 7 .1 9 5 5 6 .5 0 5 5 2 .4 4 6 0 4 .3 2 5 9 3 .6 8 6 2 1 .4 0 5 8 4 .8 0 5 0 5 .2 0 4 6 9 .2 0 5 3 9 .4 0 4 9 8 .1 0

E-34 2 8 3 .2 6 2 8 1 .6 3 3 2 9 .1 0 3 3 4 .5 0 4 0 6 .1 0 3 5 9 .5 5 3 8 8 .4 0 3 6 8 .8 5 3 4 0 .8 8 2 9 8 .6 3 3 5 4 .5 6 3 1 7 .6 7 3 2 9 .0 7 3 1 9 .5 0

E-40 5 5 3 .3 6 5 5 0 .2 9 6 2 7 .2 6 576 .11 6 6 7 .2 4 4 9 5 .8 8 5 8 2 .1 7 5 0 8 .2 5 4 7 9 .7 8 4 2 6 .7 8 5 0 1 .0 0 4 5 2 .5 8 5 7 3 .4 6 5 0 9 .6 2

E -30 3 3 1 .9 0 3 2 7 .5 0 4 4 6 .6 8 3 8 1 .8 4 5 6 3 .5 6 4 9 2 .8 9 3 7 4 .7 2 4 0 4 .3 9 5 0 0 .3 2 4 8 1 .0 5 5 2 6 .0 7 4 9 0 .6 7 5 5 4 .6 3 4 7 8 .2 6

E -3 2 3 1 5 .2 6 3 0 0 .4 7 4 4 3 .7 2 4 0 8 .2 2 3 4 7 .9 5 3 2 4 .5 3 2 9 3 .3 6 2 8 5 .2 7 3 7 7 .9 3 3 7 5 .8 7 3 5 8 .2 0 3 4 6 .2 0 3 0 0 .9 4 2 6 y .3 l

E - IS 4 1 9 .1 0 4 0 4 .4 5 3 8 4 .5 7 3 5 4 .2 9 4 2 4 .5 0 3 7 7 .3 3 4 9 2 .1 5 4 5 5 .5 0 4 3 2 .7 0 3 9 5 .0 0 3 4 1 .3 3 3 2 1 .3 3 2 8 8 .0 0 280.71

SUM 2 4 4 1 .6 6 2 3 9 9 .1 2 2607.71 2 4 3 2 .1 5 2 9 6 5 .8 5 2 6 0 2 .6 2 2 7 3 5 .1 2 2 6 1 5 .9 4 2753.01 2 5 6 2 .1 3 2 5 8 6 .3 6 2 3 9 7 .6 5 2 5 8 5 .5 0 2 3 5 5 .5 0

MEAN 4 0 6 .9 4 3 9 9 .8 5 4 3 4 .6 2 4 0 5 .3 6 494 .31 4 3 3 .7 7 4 5 5 .8 5 4 3 5 .9 9 4 5 8 .8 4 4 2 7 .0 2 4 3 1 .0 6 399 .61 4 3 0 .9 2 3 9 2 .5 8
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Appendix B

t_ -  formula f o r  t e s t i n g  the  s i g n i f i c a n c e  o f  change in peak IBI level 

( f o r  CR a c c e le r a t io n  and d e c e le ra t io n )  a f t e r  s e l e c t i v e  and t o t a l

autonomic blockade

Y -  Y 
pred obt

s + s + ( s ) (X -  X)
y . x  p re -d rug  y . x  pos t -d rug y . x  p re -d rug  pre pos t

N
pre-drug post -drug

£ (x -  x)'
pre-d rug
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