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was c o n t i n u a l l y  m o n i t o r e d  b y  a pho toe lec t r i c  d rop  coun t e r  
(Grass Model  P T T I ) .  The  m e a s u r e m e n t s  were recorded  
on a Grass  po lygraph .  A s ingle-pass  per fus ion  s y s t e m  was 
used a n d  was se t  up  in a s imi lar  way  as h a v e  been  de- 
scr ibed p rev ious ly  5. 

The  per fus ion  m e d i u m  was b i c a r b o n a t e  K r ebs - H ense -  
leit  so lu t ion  (Na +, 126 m M ;  K +, 6.0 raM; Ca++, 3.3 m M ;  
Mg+ +, 1.1 raM) modi f ied  b y  a d d i t i o n  of 15 g/1 b o v i n e  
a l b u m i n  (Calbiochem) ; 35 g/1 D e x t r a n  70,000 M ~ r  (Sigma 
Chemica l  Co.) ; 2 m M  N a - p y r u v a t e ,  6 m M  glucose, 6 m M  
urea  a n d  10 mg/1 crea t in ine .  T he  so lu t ion  was c o n s t a n t l y  
equ i l i b r a t ed  w i t h  a m i x t u r e  of O J C O  2 (95/5, respect ively)  5. 
Af te r  equ i l ib ra t ion ,  t he  p H  ranged  f rom 7.40 to 7.45. 

To i nves t i ga t e  t he  effects of furosemide,  20 mg/ l  of 
L a x u r  | (Hoechs t  AG) were added  to t he  modif ied  Krebs-  
Hense le i t  so lu t ion  a f t e r  t he  r e m o v a l  of t h e  b lood  f rom 
the  kidneys .  G lomeru la r  f i l t r a t ion  ra t e  was  d e t e r m i n e d  
by  t he  c rea t in ine  c learance  us ing t he  m e t h o d  descr ibed  
b y  FOLIN and  W u  6. 

To d e t e r m i n e  ka l l ik re in  ac t iv i ty ,  samples  of r ena l  per-  
fusion ou t f low were t a k e n  eve ry  15 m i n  for 60 rain, while  
u r ine  samples  were col lected every  30 m i n  for 60 min.  
Ka l l ik re in  a c t i v i t y  was m e a s u r e d  b y  m e t h o d s  p rev ious ly  
descr ibed  in per fus ion  outflow, ur ine  samples  5 and  renal  
t i s sueL 

Results and discussion. Mean  c rea t in ine  c learance  in 
con t ro l  k idneys  was 0.57 • 0.02 (SD) m l / m i n  and  0.27 • 
0.01 in fu rosemide - t r ea t ed  kidneys .  These  va lues  are in 
a g r e e m e n t  w i t h  p rev ious  r epor t s  of othersS and  ind ica te  
a d e q u a t e  f unc t i on ing  of t he  kidneys.  No s ign i f ican t  
changes  in the  vascu la r  res i s tance  were obse rved  e i the r  
in t he  con t ro l  or in t h e  furosemide  per fused  k idneys .  
Cont ro l  a n d  furosemide  d a t a  are p re sen ted  in t he  Figure .  
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Control and furosemide experiments. The height of the colunm rep- 
resents the mean value for each group of samples; the bars indicate 
SD. 

Ka l l ik re in  a c t i v i t y  of t h e  fu rosemide  per fusa te  was 
s ign i f i can t ly  (p < 0.001) g rea te r  t h a n  t he  a c t i v i t y  of t h e  
con t ro l  per fusa te .  A s ign i f ican t  increase  is a l r eady  ob-  
s e rvab le  even  in t he  samples  col lected a t  t he  end  of t he  
f i rs t  15 min  period.  The  h i g h e s t  c o n c e n t r a t i o n  was ob-  
t a i n e d  in t he  second sample  and  f rom t h e n  on  i t  keeps  
c o n s t a n t .  The  dif ference b e t w e e n  t h e  ur ine  samples  were 
no t  s t a t i s t i ca l ly  s ign i f ican t  (p < 0.01). Ka l l ik re in  a c t i v i t y  
of the  fu ro semide - t r ea t ed  k i d n e y  was s ign i f i can t ly  
(p < 0:001) lower t h a n  of t he  con t ro l  per fused  k idney .  
The  sum of ka l l ik re in  a c t i v i t y  found  in per fusa te ,  u r ine  
and  k i d n e y  of t he  fu rosemide  e x p e r i m e n t s  was  s igni f icant -  
ly g rea t e r  (p < 0.01) t h a n  t he  sum of the  ac t iv i t i e s  in 
con t ro l  expe r imen t s .  

The  ka l l ikre in  a c t i v i t y  of non -pe r fused  k idneys  was 
s ign i f i can t ly  lower (p < 0.01) t h a n  t he  t o t a l  ka l l ik re in  
a c t i v i t y  (i.e. pe r fusa t e  q- u r ine  q- k idney)  found  in con-  
t ro l  per fused  kidneys .  

The  s ign i f i can t ly  h igher  t o t a l  ka l l ik re in  a c t i v i t y  found  
in con t ro l  pe r fused  kidneys ,  c o m p a r e d  to non -pe r fused  
k idneys  ind ica tes  t h a t  pe r fus ion  of t h e  k idneys  w i t h  
ka l l ikre in- f ree  m e d i u m  ac t i va t e s  some kal l ikre in  pre-  
cursor  o r / and  s t imuIa t e  syn thes i s  a n d  release of r ena l  
kal l ikrein.  Fu rosemide  in tens i f ies  f u r t h e r  these  effects, 
as shown b y  t he  s ign i f ican t  difference be tween  furosemide-  
t r e a t e d  a n d  con t ro l  pe r fused  kidneys ,  i m p o r t a n t l y ,  t he  
effects of b o t h  per fus ion  a n d  fu rosemide  resu l t  m a i n l y  in 
a large increase  of ka l l ik re in  a c t i v i t y  in  t he  per fusa te .  
These  f indings  s t rong ly  s u p p o r t  t he  no t ion  t h a t  r ena l  
ka l l ikre in  can  be  released to t he  b lood s t r e a m  in t he  
physiological  condi t ion ,  a n d  t h e y  therefore  s t r e n g t h e n  the  
poss ib i l i ty  of a sys temic  role p layed  b y  rena l  kal l ikre in .  

E x p e r i m e n t s  on  t he  effect  of severa l  fac tors  inc lud ing  
furosemide  w h i c h  increase d iures i s -na t r iu res i s  upon  rena l  
a n d  u r i n a r y  ka l l ikre ins  in  n o r m a l  r a t s  9 and  t he  ab i l i ty  
of r a t  k idneys  slices to  s y n t h e t i z e  ka l l ik re in  x~ give sup-  
po r t  to  t he  concep t  t h a t  fu rosemide  m a n y  s t imu la t e  t he  
syn thes i s  of t he  rena l  enzymes.  The  a m o u n t  of ka l l ikre in  
excre ted  in t he  urine,  n n d e r  fu rosemide  was s l igh t ly  
h igher  t h a n  t he  control ,  b u t  s t a t i s t i ca l ly  no t  s ignif icant .  
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Summary.  D u r i n g  avo idance  cond i t ion ing  h e a r t  r a t e  levels t end  to  inc rease  or to  decrease  accord ing  to t he i r  in i t ia l  
va lues  and  these  changes  are no t  re la ted  to l ea rn ing  or pe r fo rmance  of t he  task.  

The  genera l  level  of a c t i v a t i o n  of a n  a n i m a l  is usua l ly  
ind ica t ed  b y  severa l  phys io logica l  measures  such  as t he  
h e a r t  r a t e  .(HR) and  the  e l ec t roencepha lograph ica l  ac t iv -  
i t y  (EEG)  2. Fo r  ins tance ,  in  the  ra t ,  i t  h a s  been  r epo r t ed  
t h a t  H R  levels are m o n o t o n i c a l l y  r e l a t ed  to hou r s  of 
w a t e r  d e p r i v a t i o n  3, while  pe r f o r m ance  a n d  d e p r i v a t i o n  
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Heart rate levels during training 

Speeialia EXeERrtrr 32[1 t 

Exp. No. I. Max Min MaxoMin Cr. Day Day 7 F. Day 

17 183 255 (9) 180 (1,2) 75 237 (5) 205 198 (10) 
53 195 252 (8) 171 (4) 81 216 (6) 230 240 (9) 
38 195 288 (6) 195 (1) 93 195 (1} 275 275 (7) 
22 210 264 (7) 198 (1) 66 - 264 264 (7) 
27 219 273 (10) 215 (1} 58 - 264 246 (11) 
44 222 284 (3) 204 (1) 80 240 (4) 228 240 (8) 
28 222 285 (9) 222 (1,2) 63 - 256 258 (10) 
15 225 294 (10) 195 (1) 99 264 (5) 288 294 (10) 
19 228 270 (2,4) 198 (1) 72 252 252 (7) 
36 285 294 (1) 220 (6) 74 - 232 232 (7) 

51 300 312 (1) 246 (6) 66 258 (4) 258 264 (9) 
41 306 306 (1) 228 (2) 78 252 (5) 264 264 (10) 
49 324 330 (1) 234 (2,3) 96 288 (5) 288 246 (10) 

Abbreviations. Exp. No., experiment number;  I, initial HR  values; Max, maximal HR values recorded during training (for samples collection 
see Figure); Min, minimal HR  values recorded during training; Max-Min, maximal variation in HR values for each subject; Cr. Day, first 
sample of HR recorded on criterion day; Day 7, HR values recorded before trial 1 on day 7 of trab~ing; F. Day, HR values on last day of 
training. Numbers in parenthesis: day of training in which the value was recorded. Top of the Table: rabbits with initial HR between 183 
and 228; bottom: initial HR  between 285 and 324. Experiment No. 38 was not included in the results of the Figure since the animal reached 
the criterion of learning on day 1 of training. Once the rabbits reached the criterion of learning, the performance oscillated between 70 and 
95% of avoidances. 

t i m e s  s h o w  a n  i n v e r s e  U r e l a t i o n  4. I n  r a b b i t s  n o t  a c c u s -  
t o m e d  to  a n e w  e n v i r o n m e n t ,  H R  leve l s  o sc i l l a t e  a n d  
E E G  a n d  b e h a v i o r a l  a s p e c t s  of  s l eep  do  n o t  a p p e a r  ; a f ew 
h o u r s  l a t e r ,  w h e n  a d a p t a t i o n  h a s  o c c u r r e d ,  H R  l eve l s  a re  
r e d u c e d  a n d  p e r i o d s  o f  s l e ep  c a n  be  r e c o r d e d  s. I n  t h e  
p r e s e n t  e x p e r i m e n t s  H R  l eve l s  h a v e  b e e n  s t u d i e d  in  t h e  
r a b b i t  d u r i n g  a v o i d a n c e  c o n d i t i o n i n g .  

Methods. F e m a l e  E u r o p e a n  r a b b i t s  (Ouyclolagus cuni-  
culus) c a r r y i n g  E E G ,  e l e c t r o m y o g r a p h i e a l  a c t i v i t y  (EMG) 
a n d  H R  i m p l a n t e d  e l e c t r o d e s  5 we re  t r a i n e d  to  a v o i d  a n  
e l ec t r i c  s h o c k  (UCS) to  t h e  l e f t  f oo t  b y  m o v i n g  t h e  l e f t  
h i n d  l i m b  in  r e s p o n s e  t o  a 4 sec  s o u n d  (CS). I n c r e a s e  in  
E M G  a c t i v i t y  of  b i c e p s  f e m o r i s  m u s c l e  i n t e r r u p t e d  CS 
a n d  p r e v e n t e d  U C S .  E a c h  d a l l y  s e s s i on  of  t r a i n i n g  c o n -  
s i s t e d  o f  30 s e i m u l u s  p r e s e n t a t i o n s  d e l i v e r e d  a t  v a r i a b l e  
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Time course of heart  rate changes during 7 days of avoidance con- 
ditioning. For every training session, 4 samples of 10 see H R tracings, 
recorded in absence of rabbit movements,  were analyzed during the 
following periods: before trial 1, between trial 9 and 10, between 
trial 19 and 20, after trial 30. Filled circles, initial HR values (first 
HR samples recorded on day 1 before trial 1) between 183 and 228 
beats/minute;  N = 8 Ss, learning criterion reached by 4 of them. 
Filled triangIes, initial H R  values between 246 and 278; N ~ 13 Ss, 
7 of which reached learning criterion. Open circles, initial H R values 
between 285 and 324; N = 4,3 of which reached learning criterion. 

i n t e r v a l s  of  1 -2  m i n  w h e n  t h e  a n i m a l  w a s  n o t  m o v i n g .  
T h e  c r i t e r i o n  o f  l e a r n i n g  w a s  e s t a b l i s h e d  a t  9 a v o i d a n c e  
r e s p o n s e s  in  10 s u c c e s s i v e  t r i a l s ;  r a b b i t s  r e a c h i n g  c r i t e r i o n  
r e c e i v e d  a d d i t i o n a l  t r a i n i n g  se s s ions .  11 o u t  of  26 a n i m a l s  
w e r e  u n a b l e  to  m e e t  t h e  l e a r n i n g  c r i t e r i o n .  

Results  and  discussio~. T r a i n i n g  s i t u a t i o n  a f f e c t e d  H R  
leve ls  a c c o r d i n g  to  t h e  i n i t i a l  v a l u e s  of  H R  (f i rs t  v a l u e  
r e c o r d e d  be fo r e  t r i a l  1 o n  t h e  f i r s t  d a y  of t r a i n i n g ) ,  a n d  
no  r e l a t i o n s h i p  w a s  f o u n d  to  l e a r n i n g  o r  p e r f o r m a n c e .  I n  
o n e  g r o u p  of  s u b j e c t s  (Ss) w i t h  low in i t i a l  v a l u e s  (183 to  
228), H R  i n c r e a s e d  f r o m  s e s s i o n  to  s e s s i o n  d u r i n g  t r a i n i n g  
(F igure ) .  T h e  a n a l y s i s  of  v a r i a n c e  a p p l i e d  to  d a t a  ob-  
t a i n e d  d u r i n g  t h e  f i r s t  7 d a y s  r e v e a l e d  t h a t  t h i s  i n c r e a s e  
w a s  s i g n i f i c a n t  ( F  - -  5 .2;  d[ = 6 /271 ;  p < 0.01).  T h e  
T a b l e  s h o w s  that m i n i m a l  H R  w a s  r e c o r d e d  on  d a y  1 in 7 
o u t  of  8 Ss. I n  one  of  t h e s e  a n i m a l s  (No. 38, Tab le ) ,  
l e a r n i n g  c r i t e r i o n  w a s  r e a c h e d  on  d a y  one ,  b u t  H R  con-  
t i n u e d  to  i n c r e a s e  on  t h e  fo l l owing  d a y s  d u r i n g  a d d i t i o n a l  
t r a i n i n g .  I n  a n o t h e r  g r o u p  of Ss  ( in i t i a l  H R  v a l u e s  be -  
t w e e n  285 a n d  324) H R d e c r e a s e d  s i g n i f i c a n t l y  d u r i n g  t r a i n -  
i n g  ( F  = 10.6;  d/ --  6 /105 ;  p < 0.001).  T h e  T a b l e  s h o w s  
t h a t  t h e  m a x i m a l  f r e q u e n c y  w a s  r e c o r d e d  on  d a y  1 in  
a l l  Ss. F i n a l l y  in  a g r o u p  of  Ss  w i t h  in i t i a l  H R  v a l u e s  
b e t w e e n  246 a n d  278, n o  c l ea r  t e n d e n c y  w a s  r e c o r d e d  
d u r i n g  t r a i n i n g .  E x c e p t  in  one  e x p e r i m e n t  (No. 17, Tab le )  
no  U c u r v e  c h a n g e s  in  H R  were  r e c o r d e d  d u r i n g  t r a i n i n g  
b o t h  in  l e a r n i n g  a n d  n o n - l e a r n i n g  a n i m a l s .  

R e s u l t s  s u g g e s t  t h a t ,  in  t h e  r a b b i t ,  d u r i n g  a v o i d a n c e  
c o n d i t i o n i n g ,  c h a n g e s  in  H R  l eve l s  c a n n o t  be  r e l a t e d  
e i t h e r  to  l e a r n i n g  o r  t o  p e r f o r m a n c e  o f  t h e  t a s k ,  b u t  
d e p e n d  u p o n  in i t i a l  H R  v a l u e s .  
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