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Steady Potential  Responses  f rom the Rat Cortex 

WALTER, COOPER, ALDRIDGE, MCCALLUM a n d  WINTER 2 
f i rs t  descr ibed a nega t ive  po ten t ia l  shif t  (cont ingent  nega- 

t i v e  var ia t ion ,  CNV) recorded f rom the  h u m a n  scalp 
dur ing  the  in te rva l  be tween  warn ing  and response  signals 
in reac t ion  t ime  exper iments .  Subsequen t  expe r imen t s  
by  several  o ther  inves t iga tors  have  suggested a funct ional  
re la t ionship  be tween  the  CNV and cent ra l  processes of 
a t t en t ion ,  expec tancy ,  and  mot iva t ion  3-5. S teady  poten-  
t ia l  (SP) shif ts  associated wi th  meaningful  s t imuli  have 
also been recorded  f rom cor tex  and  o the r  bra in  areas 
of expe r imen ta l  animals  including cats,  rabbi t s ,  rats,  
and  p i g e o n s e - %  The fact  t h a t  psychoac t ive  drugs influ- 
ence processes of a t t en t i on  and  mo t iva t i on  in m a n  as well 
as condi t ioned  behav ior  in animals  suggests  t h a t  drugs 
m a y  be useful tools  for learning more  abou t  the  funct ional  
significance of b ra in  s t eady  potent ia ls .  Re la t ive ly  few 
s tudies  have  a t t e m p t e d  to  examine  the  inf luence of 
cent ra l ly  ac t ing  drugs on SP-behav io r  re la t ionships  11-15. 
The purpose  of th is  inves t iga t ion  was to  develop a tes t  
procedure  to  genera te  reproducib le  SP response  pa t t e rn s  
agains t  which  drug  effects  can be s tudied.  

Methods .  Six adul t  female albino ra ts  (Sprague- 
Dawley  descen t  ob ta ined  f rom Texas Inb red  Mice Co.) 
were imp lan t ed  wi th  22-gauge non-polar izable  silver- 
silver chloride electrodes according to  procedures  descr ibed 
previous ly  14, 1~. The electrodes were in con tac t  w i th  cor tex 
or bone  via  an agar-sal ine bridge. The act ive  electrode 
was over  par ie ta l  cor tex  (3-4 m m  poster ior  to  the  b regma  
and 3-4 m m  to the  r ight  of midline) and  the  reference 
electrode was in occipi tal  bone.  5 to  7 days  were allowed 
for recovery  before recording began.  

Cortical  s t eady  po ten t ia l  recordings were ob ta ined  wi th  
a Grass Model 7 po lygraph  using 7P1 d.c. preamplif iers .  
The animals  were placed in a plexiglass cage wi th in  a 
vent i la ted ,  s o u n d - a t t e n u a t i n g  box. A 4-inch speaker  
p rov ided  background  whi te  noise as well as the  condi t ion-  
ed s t imulus  (CS), which  was a 5-second sine wave  tone  
at  25,000 cps. Tone in t ens i ty  was kep t  cons t an t  for all 
exper iments .  

In i t ia l ly  the  animals  unde rwen t  5-6 dai ly hab i t ua t i on  
sessions, each of which  consis ted of 20 tr ials  of t onep resen -  
ra t ion  at  var iable  in tervals  of 45, 60 or 90 sec. H a b i t u a t i o n  
was  fol lowed by  4-5 pai r ing  sessions in which  the  tone 

During Condit ioning ~ 

was followed af ter  0.5 second by  a 0.5 mA grid shock of 
1.5 sec dura t ion .  Animals  were t h e n  subjec ted  to  4-6 
ex t inc t ion  sessions. 

Using the  SP level a t  the  onset  of the  tone as baseline,  
the  SP  change  was measured  at  each 1-second in te rva l  
t h r o u g h o u t  the  5-second s t imulus  period. The values 
ob ta ined  a t  each t ime  po in t  were averaged and the  averag-  
ed SP response  was ut i l ized for fu r ther  s ta t is t ica l  compar-  
isons. 

Resul t s .  During the  f irs t  20 hab i tua t i on  trials,  nega- 
t ive  SP shif ts  were associa ted wi th  the  tone. These SP 
changes  gradual ly  d imin ished  and reversed pola r i ty  dur ing 
succeeding tr ials  so t h a t  by  the  end  of hab i tua t ion  SP 
responses  were essent ia l ly  posi t ive  (Figure 1). A paired t 
compar i son  d e m o n s t r a t e d  a s ignif icant  difference be tween  
the  f irs t  40 and last  40 hab i tua t i on  tr ials  a t  the  2nd, 3rd 
and 4th sec (Table). 

W i t h  in i t ia t ion of pairing,  nega t ive  SP shifts  developed 
rap id ly  and the  averaged responses  were s ignif icant ly  
d i f ferent  f rom responses  dur ing  hab i tua t ion  (Figure 1, 
Table). 

Responses  dur ing the  f irs t  40 ex t inc t ion  t r ia ls  were  no t  
s ignif icant ly  di f ferent  f rom those observed in the  pai r ing  
sessions (Table). W i t h  subsequen t  ex t inc t ion  trials,  the  
nega t ive  SP response ampl i tudes  gradual ly  decreased,  
and  even. reversed po la r i ty  dur ing  the  4th and 5th sec in 
4 animals  (Figure 1, Table).  

Figure 2 i l lus t ra tes  averaged SP  responses  of 4 ra ts  
dur ing  80 hab i tua t i on  trials,  80 pair ing trials,  and the  
first  80 ex t inc t ion  trials.  

Discus s ion .  The results  of th is  s t u d y  may  be summar ized  
as follows: a) Dur ing  hab i tua t i on  tr ials the  ini t ia l ly 
negat ive  SP responses  to  a tone  s t imulus  gradual ly  dimin-  
ished in ampl i tude  and  became largely posi t ive  responses  
in the  las t  20 trials,  b) W h e n  a foot  shock was pai red 
wi th  the  tone,  nega t ive  SP responses  developed wi th  the  
f i rs t  few tr ials  and remained  essent ia l ly  unchanged  during 
succeeding pai r ing  trials,  c) SP responses  dur ing the  first  
20-40 ex t inc t ion  tr ials  were no t  s ta t is t ica l ly  d i f f e r e n t  
f rom pai r ing  trials,  bu t  the rea f t e r  t he  negat ive  responses  
gradual ly  decreased in ampl i tude  and  a posi t ive  compo-  
nen t  developed in 4 of 6 animals .  In  general,  these  s tudies  
are in ag reemen t  wi th  those  of ROWLAND 1~ DURKOVIC 
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Fig. 1. Cortical steady potential shifts in response to a 5-sec tone. 
Each curve represents an average of the responses of 6 rats obtained 
during a single session of 20 trials. For statistical comparisons, see 
Table. 
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Statistical comparisons of steady potential responses 
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Habituation {first 40 trials Habituation (last 40 trials~ Pairing (first 40 trials) Pairing (first 40 trials) 
Time of vs. vs. vs. vs. 
Stimulus [ s e e )  Habituation (last 40 trials] Pairing tfirst 40 trialsl Extinction (first 40 trials) Extinction (last 40 trials) 

t = pb t P t P t P 

1 1.991 NS 3.153 < 0.05 0.306 NS 3.790 <0.02 
2 3.505 <0.02 7.446 < 0.001 0.600 NS 3.939 <0.02 
3 2.824 <0.05 4.398 < 0.01 1.318 NS 3.064 <0.05 
4 3.245 <0.05 3.508 < 0.02 1.381 NS 4.203 <0.01 
5 2.540 NS 2.786 < 0.05 1.508 NS 3.414 <0.02 

Paired t comparison using each animal as its own control, n = 6. b NS indicates P > 0.05 based on 5 degrees of freedom. 
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Fig. 2. Averaged steady potential shifts recorded from individual 
animals during 80 habituation trials (H), 80 pairing trials (P) and 
80 extinction trials (E). 

ear ly  ex t inc t ion  t r ia ls  bu t  t h e n  gradual ly  d iminished as 
t he  animals  ' l earned '  t h a t  the  shock was no longer immi-  
nent .  Previous  s tudies  have  shown a re la t ionship  be tween  
the  SP response  associated wi th  lever-press ing for a food 
reward  and the  ' an t i c ipa t ion '  of the  n u m b e r  of rewards  
t h a t  would be rece ived ~5. 

In  the  p resen t  expe r imen t s  the  SP response dur ing 
pai r ing  could also be considered a correlate  of t he  condi- 
t ioned  emot iona l  response.  This  would suggest  t h a t  i t  
m a y  be wor thwhi le  to  s tudy  the  effects  of psychoac t ive  
drugs on such S P  responses.  The possible  s imi lar i ty  
be tween  these  SP  responses  to  warn ing  s t imul i  and the  
h u m a n  CNV, which  is known to  be inf luenced by  psycho-  
logical s ta te  z~, fu r the r  indicates  the  impor tance  of a 
tho rough  e x a m i n a t i o n  of SP-behav io r  relat ionships.  

In  conclusion, th is  expe r imen ta l  procedure  provides  
reproducib le  SP response pa t t e rns ,  s imilar  to those  
observed by  o ther  invest igators ,  which  can be uti l ized in 
an inves t iga t ion  of the  role of b ra in  s teady  po ten t ia l  
changes  in the  act ion of psychoac t ive  drugs. 

Zusammenfassung. W/ihrend Versuchsre ihen an R a t t e n  
fiber Gew6hnung,  Paa ru n g  und  Ausl6schung wurden  
jeweils s ignif ikante  Vergnderungen  des kor t ikalen B e -  
s t andespo ten t i a l s  (Gleichspannung) als A n t w o r t  auf 
Schallreiz gemessen.  

J .H.  PIRCH and P .R.  BARNES 

and  COHEI~ and CHIORINI 6 regard ing  the  types  of SP 
response  changes  which  occur dur ing  hab i tua t ion ,  condi-  
t ioning and ext inc t ion .  

The resul ts  wi th  th is  expe r imen ta l  procedure  suggest  
t h a t  the  SP  response  to  tone  dur ing  pai r ing  wi th  foot-  
shock is re la ted to  t he  an imal ' s  an t ic ipa t ion  or expec t ancy  
of the  impend ing  shock. This  idea is fu r ther  suppor t ed  by  
the  fact  t h a t  the  SP response  was unchanged  dur ing the  
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Inhibitory Effect of Bile Acids on Renin Angiotensinogen Reaction System 

We have  a l ready repor ted  t h a t  the  na tu ra l ly  occurr ing 
renin  inh ib i to r  in ox bile was t aurodeoyxchol ic  acid z and  
t h a t  syn the t i c  sod ium deoxycho la t e  was also a p o t e n t  
compe t i t ive  inhib i tor  of renin% In  th is  invest igat ion,  
we examined  the  effect  of var ious  syn the t i c  bile acid 

der iva t ives  on the  ac t iv i ty  of renin in the  format ion  of 
angio tens in  in vi t ro .  

Materials and methods. Taurochol ic  acid, glycocholic 
acid, t aurodeoxychol ic  acid, glycodeoxychol ic  acid, 
chenodeoxychol ic  acid, t au rochenodeoxychol ic  acid and  


