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The  Figure  iI lustrates self-s t imulat ion dur ing l ight  
pen tobarb i ta l  anesthesia.  The  ra t  was lying on i ts  side 
after having  lost i ts r ight ing reflex, bu t  still  wi thdrew the  
extremit ies  to painful  st imuli .  'Reward ing '  bra in  st imula-  
t ion was made  cont ingent  on producing in one group of 
muscles motor  potentials ,  whose ampl i tude  and number  
wi th in  a period of t ime  exceeded a preset  level, while in 
the  contra la tera l  group of muscles the  number  of dis- 
charges had  to remain  below a cri t ical  level. In  the  
exper iment  i l lustrated,  the  ra t  was ' rewarded '  for produc- 
ing a t  least  96 motor  potent ia ls  exceeding a cer ta in  
min imal  ampl i tude  wi th in  3 sec in its left  supraspinatus  
muscle, while during the  same in terva l  producing not  
more than  2 potent ia ls  in its r ight  set of muscles (brain 
s t imula t ion  is indicated by  the  s t imulus artifacts).  The  
ra t  main ta ined  self-s t imulat ion for several  minutes  at  a 
rate  of 1 st imulus per  1-3 sec. Brain  s t imula t ion  was 
generalIy succeeded by  a silent interval ,  whereupon 
motor  ac t iv i ty  increased progressively unt i l  reaching the  
criterion. Discont inuat ion  of brain s t imulat ion was 
followed by  a rapid  decrease and disappearance of moto r  
ac t iv i ty ,  indicat ing ex t inc t ion  of the  response. Control  
periods using non-cont ingent  hypo tha lamic  s t imula t ion  
ruled out  the  possibi l i ty t h a t  the  s t imulus per  se induced 
the  motor  response. The  t ra ining procedure  consisted of 
first  inducing a muscle discharge by  pinching of a paw, 
then  select ively reinforcing a low rate  of discharge, and 
gradual ly  increasing the  muscle ac t iv i ty  cri terion by 
shaping. Self-s t imulat ion dur ing anesthesia was observed 

in 14 exper iments  conducted  wi th  6 animals,  the  cr i ter ion 
for anesthesia  being the  loss of the  r ight ing reflex. 

We  have  shown in previous  exper iments  2,a t h a t  
operant  condi t ioning is still  possible after  ablat ion of 
major  forebrain structures.  The present  observat ions  
ex tend  those findings in showing tha t  operant  condi t ioning 
by  hypo tha lamic  s t imula t ion  is also re la t ively  res is tant  to 
anesthesia. 

Zusammen/assung. R a t t e n  zeigen un te r  le ichter  l~ento - 
barbi ta lnarkose  ein Selbstreizverhal ten,  wobei  sie die 
<~betohnendem> Hirnre ize  durch Kon t rak t ion  bes t immter  
Muskelgruppen ausl6sen. Das Lernverha l t en  seheint  
demnach  zu j enen Gehirnfunkt ionen zu geh6ren, die durch 
Narkose re la t iv  wenig beeintr / icht igt  werden. 
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Ambiguous Effect of Caffeine Upon the Transmembrane Ca Current 
in Mammalian Ventricular Myocardium 

Besides its inotropic actions, caffeine marked ly  prolongs 
the  act ion potent ia l  dura t ion  in the  m a m m a l i a n  myo-  
card ium (KIMOTO 1) and induces an increase of the  up- 
s t roke phase of the  Ca-mediated act ion potent ia ls  (VER- 
DONCK, BUSSELEN and CARMELIET~). This suggests t h a t  
caffeine increases the  Ca conduc t iv i ty  of the  membrane,  
which could be one reason for the  augmenta t ion  of con- 
t ract i le  act ivi ty .  I n  order  to obta in  a more precise insight 
into the  caffeine-induced changes in Ca movements ,  the  
t r ansmembrane  Ca inward current  was measured  under  
vol tage c lamp condit ions on isolated t rabeculae  and 
papi l la ry  muscles of the  r ight  ventr ic le  of cats. 

Methods. Voltage c lamp exper iments  were per formed 
using the  double sucrose gap technique  which has been 
described in detai l  previous ly  3. To separate  the  slow Ca 
current from the fast Na current, the latter was inactiva- 
ted by  decreasing the  rest ing potent ia l  by  30-50 mV. When  
the membrane  was fur ther  depolarized f rom this lowered 
potent ial ,  the  slow Ca current  was elicited (REUT~R and 

Results and discussion. The t r ansmembrane  Ca current  
is marked ly  changed by  caffeine. F igure  1 shows a typica l  
exper iment .  I n  normal  Tyrode  solution wi th  a Ca con- 
cent ra t ion  of 2.2 m M  a membrane  depolar izat ion of 70 
mV tr iggered a Ca current  of 5 ~A. Af ter  5 rain of ex- 
posure to 20 m M  caffeine, the  same membrane  depolariza- 
t ion produced a current  of 11.6 txA. The current  vol tage  
relat ionship curve  was shifted to s t ronger  currents.  In  6 
o ther  experiments ,  the  same response was obtained and 
an increase in current  of about  100% was observed 
occuring 3-8 rain after  the  addi t ion of the  caffeine (20 raM) 
to the  Tyrode  solution. The augmenta t ion  in current  
indicates an increase in the  Ca conduc t iv i ty  of the  slow 

membrane channel. This caffeine effect resembles thai of 
the catecholamines, which are knwon as very effective 
promotors of the Ca conductivity of the membrane, and 
results in a potentiation of the Ca supply of the myocar- 
dial cell. But when the time of exposure to caffeine was 
prolonged, the increase in Ca current did not persist. At 
the end of this period of persistence of the increased but 
cons tant  Ca current,  a gradual  decrease began to occur. 
In  the  exper iment ,  shown ill F igure  1, 25 rain after  the  
addi t ion of 20 m M  caffeine to the  Tyrode  solution, this  
sl ight decrease of the  Ca current  was observed.  Then, in 
the  subsequent  30 rain, the  fall  became more and more 
evident .  F ina l ly  af ter  55 min  the  cons tant  depolar izat ion 
of 70 mV produced a Ca current  of only 0.5 tzA. Similar ly  in 
all  the  o ther  6 exper iments ,  the  final  Ca inward current  
was less t han  the  control  value  in normal  Tyrode  solu- 
tion. This  d iminut ion  ill current  was accompanied  by  a 
decrease in reversal  potent ial .  In  the  early phase of this 
second period of caffeine action, the  Ca current  can be 
t empora r i ly  restored by  in te r rup t ion  of the  cont inuous 
s t imulat ion (Figure 2). The first  Ca current  elicited after  
a rest ing period of about  1 mill  was found to be augmented.  
Subsequent  s t imulat ions  produced a staircase-like de- 
crease in current  so that ,  4-6 pulses later,  t he  current  
magnitude was similar to this existing before the interrup- 
tion of stimulation. 
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Fig. l. Measurement of the Ca inward current in a trabecula from the right ventricle of a cat before and after addition of caffeine 
(20 raM) to the Tyrode solution. The upper beam of each pannel is the current registration (downward deflections indicate inward 
current) and the lower beam shows the membrane potential. The scheme demonstrates the clamp procedure. By a first depolarizing 
clamp step start ing from the resting potential (E~), the membrane potential is decreased by 40 mV in order to inactivate the fast 
Na system. In  the original registration, this conditioning clamp step is out  of screen. A further depolarization (second clamp step 
in the scheme) starts  from the conditioning potential (E~) and triggers the Ca inward current. Extracellular Ca concentration 2.2 mM, 
temperature 32~ pH, 7.35. 

I t  is n o t  c o n s i d e r e d  t h a t  t h e  g r a d u a l  d e c r e a s e  in  Ca  
c u r r e n t  f o l l o w i n g  a l o n g e r  t i m e  of  e x p o s u r e  to  20 m M  
c a f f e i n e  is c a u s e d  b y  a d i m i n u t i o n  in  t h e  C a  c o n d u c t i v i t y  
of  t h e  s l o w  m e m b r a n e  cham~e l .  T h i s  d e c r e a s e ,  a s  we l t  a s  
t h e  ' s t a i r c a s e '  p h e n o m e n o n ,  is  m o r e  l i k e l y  t o  r e s u l t  f r o m  
a l e s s e n i n g  of t h e  t r a n s m e m b r a n e  Ca  c o n c e n t r a t i o n  
g r a d i e n t  d u e  to  a n  i n t r a c e l l u l a r  a c c u m u l a t i o n  of f ree  Ca.  
T h i s  s u g g e s t i o n  is b a s e d  u p o n  t h e  f a c t  t h a t  c a f f e i n e  
i m p a i r s  Ca  s e q u e s t r a t i o n  b y  a n  a c t i o n  a t  t h e  m t r a c e l l u l a r  

Ca  s t o r e s  (WEBI~R a n d  HERTZ ~, I~AYLER a n d  HASKER ~ 
BLINKS e t  a l .L HOMBURGER a n d  ANTONI 8) a n d ,  in  
a d d i t i o n ,  b l o c k s  t h e  Ca  e f f l u x  (SHINE a n d  LANGERg). 

Zusammen/assung. Cof fe in  (20 m M )  w i r k t  a u f  d e n  
t r a n s m e m b r a n / i r e n  C a + + - S t r o m  d e r  W a r m b l f i t e r m y o -  
k a r d f a s e r  b i p h a s i s c h .  Z u n / i c h s t  n i m m t  d e r  C a + + - S t r o m  
zu,  w a s  a u f  e i n e r  V e r b e s s e r u n g  d e r  C a + + - L e i t f / i h i g k e i t  
de s  l a n g s a m e n  M e m b r a n k a n a l s  b e r u h t .  N a c h  1/ ingerer  
E i n w i r k u n g s d a u e r  y o n  Cof f e in  k o m m t  es d a g e g e n  zu  
e i n e r  A b n a h m e  d e s  C a + + - S t r o m s .  A l s  U r s a c h e  h i e r f i i r  
w i r d  v o r  a l l e m  e ine  V e r m i n d e r u n g  de s  t r a n s m e m b r a n ~ i r e n  
K o n z e n t r a t i o n s g r a d i e n t e n  f i i r  Ca++ - i n fo lge  e ine s  A n -  
s t i e g s  d e r  f r e i en  C a + + - K o n z e n t r a t i o n  i m  Z e l l i n n e r n  - 
p o s t u l i e r t .  
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Fig. 2. Measurement of the Ca current in the presence of 20 m M  
caffeine (time of exposure 30 min). Staircase-like phenomenon when 
the membrane is continuously st imulated (frequency 20/rain) after 
a period of rest. The first st imulation triggers the Ca current indicated 
by A. After 5 stimulations a steady state is reached and Ca current 
indicated by E is elicited, E~ means conditioning potential (40 mV less 
negative than the resting potential). Extracellular Ca concentration 
Z.Z raM, temperature 32~ pH 7.35. 
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