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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  
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g lycochenodeoxychol ic  acid (sodium salt)  were p u r c h a s e d  
f rom Ca lb iochem Co., USA.  Sod ium deoxycho l a t e  was  
o b t a i n e d  f rom Difco Labora to r i e s ,  USA.  Cholic  acid 
(sodium salt) was  suppl ied  f rom t he  D e p a r t m e n t  of 
B iochemis t ry ,  H i r o s h i m a  Univers i ty ,  and  s y n t h e t i c  VaP-  
ang io t ens in  I I  amide  f rom t he  Ciba  P h a r m a c e u t i c a l  
I n s t i t u t e .  

R e n i n  was p r e p a r e d  f rom r a b b i t  r ena l  cor tex  us ing  t he  
m e t h o d  of HAAS et  al. ~ fol lowed b y  a m m o n i u m  sul fa te  
f r a c t i o n a t i o n  be tween  30 to 60% s a t u r a t i o n  and  dia lys is  
aga ins t  physiologic  sal ine c o n t a i n i n g  2 • 1 0 - 3 M  E D T A .  
The  a c t i v i t y  of r en in  was e q u i v a l e n t  to  17.3 ~g of Val  5- 
ang io t ens in  I I  amide  pe r  ml of t he  p r e p a r a t i o n  (pro te in  
a m o u n t  10.8 mg/ml) ,  accord ing  to  t he  d i rec t  m e t h o d  4. 
The  ren in  p r e p a r a t i o n  was d i lu ted  20-fold w i t h  physiologic  
sal ine p r io r  to  use. 

R e n i n  s u b s t r a t e  was  p r e p a r e d  f rom t h e  hepa r in i zed  
p l a s m a  o f  r a b b i t s  n e p h r e c t o m i z e d  b i la te ra l ly ,  accord ing  
to t he  m e t h o d  of SEN et  al. 4, 24 h before  use. This  p repa -  
r a t i o n  c o n t a i n e d  r en in  s u b s t r a t e  e q u i v a l e n t  to  18.0 #g of 
ang io t ens in  pe r  ml  (pro te in  a m o u n t  9.3 mg/ml) ,  accord ing  
to  t he  ind i rec t  m e t h o d  of PICKENS et  al. 5. The  s u b s t r a t e  
used  for e x p e r i m e n t s  was d i lu ted  5-fold w i t h  physiologic  
saline.  

The  r eac t ion  m i x t u r e  cons is ted  of 0.2 m l  of r en in  
p r epa ra t i on ,  0.5 m l  of r en in  subs t r a t e ,  0.1 ml  of dis t i l led 
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Inhibitory effects in the presence of various amounts of bile acid deri- 
vatives on the angiotensin formation of renin. C, cholic acid; TC, tau- 
roeholic acid; GC, glycocholie acid; DC, deoxycholic acid; TDC, tau- 
rodeoxycholie acid; GDC, glycodeoxycholic acid; CDC, chenodeoxy- 
eholie acid; TCDC, taurochenodeoxyeholic acid; GCDC, glyeocheno- 
deoxyeholic acid. Percent of inhibitory see text. 

w a t e r  c o n t a i n i n g  a t e s t  m a t e r i a l  and  1.3 ml  of 1 / 1 5 M  
p h o s p h a t e  buffer ,  p H  6.4. The  m i x t u r e  was i n c u b a t e d  
a t  37~ for 10 m i n  a n d  t he  r eac t ion  was  s topped  b y  
h e a t i n g  in a boi l ing  w a t e r - b a t h  for 5 rain.  The  con t ro l  
assay  s y s t e m  w i t h o u t  a t e s t  m a t e r i a l  p roduced  usua l ly  
0.15-0.16 ~zg/ml of ang io tens in .  The  ren in  r e n i n s u b s t r a t e  
r eac t ion  in t he  assay  cond i t ion  was a f i rs t  order  r eac t ion  1. 
The  ang io t ens in  fo rmed  was a s sayed  b y  means  of i t s  
pressor  response  in r a t s  as descr ibed  before1, 2. The  
i n h i b i t o r y  effect  was  expressed  as a pe rcen t age  r educ t ion  
in t he  ang io t ens in  f o r m a t i o n  of t he  con t ro l  assay  sys tem,  
t h a t  is, i n h i b i t o r y  percent .  

Results and discussion. The  F igure  shows t he  i n h i b i t o r y  
effects in  t he  presence  of va r ious  c o n c e n t r a t i o n  of b i le  
acid de r iva t i ve s  (final c o n c e n t r a t i o n :  5 • 10 -5, 10 -4, 
2 • 10 -~, 5 x 10 -4 a n d  10-3M)  on  t h e  ang io tens in  
f o r m a t i o n  of renin.  

Only  deoxychol ic  acid, t au rodeoxycho l i c  acid a n d  
g lycodeoxychol ic  acid a m o n g  t h e  s y n t h e t i c  c o m p o u n d s  
e x a m i n e d  h a d  a p o t e n t  i n h i b i t i n g  effect  on  ang io tens in  
f o r m a t i o n  of renin.  The  i n h i b i t o r y  pe rcen t  increased  as t he  
a m o u n t  of these  bi le  acid de r i va t i ve s  added  to the  assay  
sys t em increased.  A b o u t  50% reduc t i on  in ang io t ens in  
f o r m a t i o n  was found  a t  a c o n c e n t r a t i o n  of 5 • 10 -dM of 
t he  de r iva t i ve s  in  the  assay  sys tem.  

An i n h i b i t i o n  of ang io tens in  f o r m a t i o n  of ren in  w i t h  
the  o the r  bi le  acid der iva t ives ,  cholic acid, t au rocho l ic  
acid, glycocholic  acid, chenodeoxycho l i c  acid, t au roche-  
nodeoxychol ic  acid and  g lycochenodeoxychol ic  acid, 
could no t  be p r o v e d  t i l l  t h e  c o n c e n t r a t i o n  2 • 10-dM, a n d  
i t  was m a r k e d l y  smal le r  in  h ighe r  c o n c e n t r a t i o n  t h a n  in 
the  7-deoxy bile acids. 

The  fac ts  sugges t  t h a t  t he  7-deoxy fo rm of bi le  acids 
m i g h t  be  essent ia l  for r en in  inh ib i t ion .  The  fol lowing 
p h e n o m e n a  h a v e  been  conf i rmed  in the  p rev ious  r epor t  2, 
t h a t  is, 1. sod ium deoxycho la t e  ne i t he r  modif ied  t he  
phys io logica l  pressor  a c t i v i t y  of ang io tens in ,  no r  showed  
h y p o t e n s i v e  effect, 2. i t  d id  no t  i n a c t i v a t e  r en in  s u b s t r a t e  
u n d e r  t h e  cond i t ions  of t he  expe r imen t ,  3. t he  pre incu-  
b a t i o n  of r en in  w i t h  sod ium deoxycho l a t e  resu l ted  in no  
r educ t i on  of  e n z y m e  a c t i v i t y  in  v ivo  (pressor ac t iv i ty )  
and  in v i t ro  (ang io tens in  fo rmat ion) .  I t  was  also demon-  
s t r a t e d  t h a t  t h e  i n h i b i t o r y  effects  of these  c o m p o u n d s  
were c o m p e t i t i v e  accord ing  to t h e  L i n e w e a v e r - B u r k - t y p e  
ploL 

Zusammen/assung. Die W i r k u n g  ve r sch iedener  syn the -  
f ischer  D e r i v a t e  der  GallensSmre w u r d e n  auf  die Ren in -  
a k t i v i t ~ t  in  F o r m  des A n g i o t e n s i n  in v i t ro  un te rsuch ' t  und  
es wi rd  d a r a u f  h ingewiesen,  dass  die 7-Desoxyform der  
Gallens~Luren fiir die R e n i n i n h i b i t i o n  wesen t l i ch  ist. 
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