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Fig. 2. Effect of L-Phe-L-Tyr on the TAN biopotential in both 
physiological state (A) and chloride-free medium (B) (microdrop 
application). The upper traces of A and B are full-spike recordings 
of the PON biopotential by a pen-writing galvanometer. The lower 
traces of A and B are high amplification recordings of the upper 
traces (spike peaks have been cut by an electronic voltage clipper). 
In both physiological state (A) and chloride-free medium (after the 
perfusion of the isotonic acetate [chloride free] solution for at least 
15 min) (B), a microdrop (100 Izm in diameter) of 1.5 • -3 M 
(5 • 10 -4 kg]l) L-Phe-L-Tyr solution (the total amount of the di- 
peptide estimated to be about 260 pg) was applied on the TAN 
surface (arrow). Upper vertical bar, calibration for the upper traces 
(50 mV). Lower vertical bar, calibration for lower traces (20 mV). 
Horizontal bar, the time course (30 sec). 

T A N  i n h i b i t i o n  caused  b y  t h e  d ipep t ide  is n o t  d e p e n d e n t  
on  t h e  p e r m e a b i l i t y  increase  of t h e  n e u r o m e m b r a n e  to  
chlor ide  ions, s ince t h e  p resence  of ch lor ide  ions  in  t he  
m e d i u m  is n o t  necessa ry  for  t h e  d ipep t ide  to show t h e  
i n h i b i t o r y  effect.  
I t  was  p rev ious ly  r epor t ed*  t h a t  each  a m i n o  acid,  of 
w h i c h  t h e  i n h i b i t o r y  pep t i de s  m e n t i o n e d  consis t ,  h a d  
no  effect  on  t he  TAN.  Of t he  subs t ances  e x a m i n e d  in t h e  
p r e s e n t  s tudy ,  therefore ,  L - P h e - L - T y r  is t h o u g h t  to  be  
t h e  essen t ia l  s t r u c t u r e  for p r o d u c i n g  t he  effect. A l t h o u g h  
we can  ci te  t h e  p ionee r ing  works  of K a k i m o t o  e t  al. 10,11 
on  t h e  p resence  of g l u t a m y l  d ipep t ides  in  t he  m a m m a l i a n  
b ra in ,  ye t ,  in  general ,  t h e  p resence  a n d  t h e  role of 
o l igopept ides  in  t he  n e r v o u s  t i ssue  r e m a i n s  obscure .  W e  
propose  t h e  poss ib i l i ty  t h a t  t h e  i n h i b i t o r y  effect  of 
L - P h e - L - T y r  on  t he  T A N  m i g h t  be  physiological ,  t h e  
d ipep t ide  a c t i n g  p e r h a p s  as a n e u r o t r a n s m i t t e r  or  as a 
s t r u c t u r a l l y  ana logous  s u b s t a n c e  to  an  u n k n o w n  t r a n s -  
m i t t e r .  F u r t h e r  s tud ies  will  h a v e  to be  pe r fo rmed  in  
o rder  to  c lar i fy  th i s  a rea  of research.  
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S. F u j i m o t o  

Department o/ Pharmacology, Nagoya City University Medical School, Kawasumi, Mizuho-ku, Nagoya 467 (Japan), 
27 February 1977 

Summary. I n  v i t ro ,  t a u r i n e  was  shown  to  i n h i b i t  t he  decrease  in t h e  ino t rop ic  effect  of o u a b a i n  a t  large doses in  t he  
n o r m a l  a n d  also low K + m e d i u m  in w h i c h  t h i s  dec rease  in t he  i n o t r o p i s m  of o u a b a i n  was fac i l i ta ted .  This  i n h i b i t o r y  
effect  of t a u r i n e  was, a t  l eas t  in  pa r t ,  due  to t he  i n h i b i t i o n  of t he  eff lux of i n t r ace l lu l a r  K+ in  t he  i so la ted  h e a r t .  

A large q u a n t i t y  of t a u r i n e  was found  ill m a m m a l i a n  
h e a r t  ~-s, a n d  ye t  l i t t l e  is k n o w n  a b o u t  i t s  f u n c t i o n  in t h e  
h e a r t  4. I t  h a s  been  i n d i c a t e d  t h a t  t a u r i n e  ac ts  as a n  an t i -  
a r r h y t h m i c  in  v a g o t o m i z e d  dogs s, r a t s  e a n d  guinea-pigs  7. 
The  a n t i a r r h y t h m i c  effect  was  sugges ted  to be, a t  leas t  in  
p a r t ,  due  to  p r e v e n t i o n  b y  t a u r i n e  of t h e  eff iux of i n t r a -  
ce l lu lar  K+ assoc ia ted  w i t h  some d r ug - i nduced  a r r h y t h -  
mias  e,s. Since t a u r i n e  fa i led to  inf luence  N a + , K  +- 
A T P a s e  a c t i v i t y  or a n  i n t e r a c t i o n  b e t w e e n  o u a b a i n  a n d  
Na+, K + - A T P a s e  e, ~, th i s  e n z y m e  seemed  n o t  t o  be  con-  
ce rned  in  t h e  a n t i a r r h y t h m i c  ac t ion  of t au r ine .  
I n  i so la ted  hea r t s ,  however ,  t au r ine ,  be ing  pos i t i ve ly  
ino t rop ic  in  gu inea-p ig  aur ic les  in  b o t k  n o r m a l  a n d  low 
Ca++ m e d i u m  10, p o t e n t i a t e d  Pos i t ive  ino t rop ic  effects  of 
s t r o p h a n t h i n - K  n a n d  o u a b a i n  1., a n d  i n h i b i t e d  a d e -  
crease  of con t r ac t i l e  force b y  Ca+§ m e d i a  la in  these  
p r e p a r a t i o n s .  I t  was  i n d i c a t e d  t h a t  t he  p o t e n t i a t i n g  effect  
of t a u r i n e  on  t h e  p o s i t i v e  ino t rop ic  effect  of o u a b a i n  was,  

to  some ex t en t ,  r e l a t ed  to  a n  a c c u m u l a t i o n  of in t race l -  
lu la r  Ca++ in t he  t a u r i n e - l o a d e d  h e a r t  12. 
Thus ,  t h e  i n t e r e s t  in  t he se  r epo r t s  comes f rom the  f ind ings  
t h a t  t a u r i n e  a n t a g o n i z e d  t h e  ca rd io tox ic  ac t ion  of digi- 
tal is ,  b u t  p o t e n t i a t e d  t h e  pos i t ive  ino t rop ic  ac t ion .  I n  
add i t ion ,  a n y  a n t a g o n i s m s  b e t w e e n  t a u r i n e  a n d  ca rd iac  
glycosides on  i so la ted  h e a r t  p r e p a r a t i o n s  h a v e  n e v e r  been  
repor ted .  The  p r e sen t  au tho r ,  therefore ,  a t t e m p t e d  to  
d e m o n s t r a t e  a n  i n h i b i t o r y  ac t ion  of t a u r i n e  on  a decrease  
of t h e  ino t rop ic  ac t ion  in  h i g h  c o n c e n t r a t i o n s  of o u a b a i n  
in i so la ted  a t r ia .  Since r e d u c t i o n  of s e rum K + levels  
increased  t h e  pos i t ive  ino t rop ic  response  to o u a b a i n  x4 
a n d  e n h a n c e d  digi ta l is  t o x i c i t y  is a n d  cardiac  u p t a k e  of 
o u a b a i n  14, i t  was  also e x a m i n e d  w h e t h e r  or n o t  t h e  in-  
h i b i t o r y  effect  was  in f luenced  in  a tow K + med ium.  
Methods and materials. Deta i l ed  method.s  h a v e  b e e n  de-  
scr ibed e lsewhereL Brief ly,  le f t  a t r i a l  s tr ips,  p r e p a r e d  
f rom male  guinea-pigs  (250-350  g) were d r iven  b y  electr ic  



s t i m u l a t i o n  in T y r o d e  s o l u t i o n .  C h a n g e s  b y  o u a b a i n  i n  
t h e  c o n t r a c t i o n  a m p l i t u d e  w e r e  r e c o r d e d  i s o t o n i c a l l y  fo r  
15 m i n  o r  m o r e ,  a n d  t h e r e a f t e r  t h e  p r e p a r a t i o n  w a s  s u b -  
j e c t e d  t o  d e t e r m i n a t i o n  of  i n t r a c e l l u l a r  K +  c o n t e n t s ,  o n  
a n  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  ( P e r k i n - E l m e r  
M o d e l  303) .  I n  s o m e  e x p e r i m e n t s ,  t a u r i n e  w a s  a d d e d  t o  
a n  o r g a n  b a t h  a t  f i n a l  c o n c e n t r a t i o n s  of  0.5 a n d  3.0 m M ,  
10 r a i n  p r i o r  t o  o u a b a i n .  I s o t o n i c i t y  i n  t h e  l ow  K +  
(2.0 m M ) - m e d i u m  w a s  a d j u s t e d  b y  NaC1.  T o t a l  a n d  e x t r a -  
c e l l u l a r  w a t e r  w a s  d e t e r m i n e d  b y  t h e  a n t i p y r i n e  m e t h o d  z6 
a n d  t h e  i n u l i n  m e t h o d  1~, r e s p e c t i v e l y .  D r u g s  u s e d  w e r e  
t a u r i n e  ( T a i s h o  P h a r m a c e u t i c a l  Co. ,  L t d ,  T o k y o )  a n d  
o u a b a i n  (E.  M e r c k ,  D a r m s t a d t ,  F e d e r a l  R e p u b l i c  o f  
G e r m a n y ) .  
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Fig. I. Effect of ouabain on the contraction amplitude in the nor- 
mal (left) and the low K + (right) media in the absence (�9 or the 
presence of taurine at doses of 0.5 (&) and 3.0 mM (@). Ordinate, 
percent change in the amplitude, abscissa, molar concentration of 
ouabain (-log scale). Bars represented SEM in 15-20 instances. 

Results and discussion. W h e n  o u a b a i n  w a s  a d d e d  to  t h e  
n o r m a l  m e d i u m  a t  f i n a l  c o n c e n t r a t i o n s  r a n g i n g  f r o m  
5 tzM to  5 raM,  t h e  c o n t r a c t i o n  a m p l i t u d e  of  t h e  h e a r t  
i n c r e a s e d  w i t h o u t  v i s i b l e  e v i d e n c e  o f  c o n t r a c t u r e .  A m a x i -  
m a l  i n o t r o p i c  e f f ec t  w a s  o b t a i n e d  3 - 8  r a in  a f t e r  o u a b a i n .  
A f t e r  t h e  m a x i m a l  i n o t r o p i s m ,  c o n t r a c t i l i t y  b e c a m e  
s m a l l e r  a n d  f i n a l l y  n o n d e t e c t a b l e ,  a n d  t h i s  l a t e r  s t a g e ,  
w h i c h  w a s  r e f e r r e d  as  t o  a t o x i c  s t a g e  o f  o u a b a i n  in t h e  
f o l l o w i n g  d i s c u s s i o n ,  w a s  o f t e n  a c c o m p a n i e d  b y  d e v e l o p -  
m e n t  of  c o n t r a c t u r e  a n d  i n c r e a s e  in  a u t o m a t i c i t y .  
F i g u r e  1 s h o w s  p e r c e n t  o f  c h a n g e s  o n  t h e  c o n t r a c t i o n  
a m p l i t u d e  15 r a in  a f t e r  o u a b a i n  ( an  p r e - o u a b a i n  
l eve l  = 0 % ) .  T h e  d e c r e a s e  i n  t h e  i n o t r o p i c  e f f ec t  o f  
o u a b a i n  a t  d o s e s  m o r e  t h a n  0.05 m M  w a s  f a c i l i t a t e d  b y  
l o w e r i n g  t h e  K +  c o n t e n t s  f r o m  5.6 m M  t o  2.0 m M  in  t h e  
i n c u b a t i o n  m e d i u m ,  b u t  i n h i b i t e d  b y  t a u r i n e  a t  t h e  d o s e s  
o f  0.5 a n d  3.0 m M  w h i c h  w a s  a d d e d  t o  t h e  n o r m a l  a n d  
low K + m e d i u m ,  10 m i n  p r i o r  t o  o u a b a i n .  T h i s  i n h i b i t o r y  
e f f ec t  of  t a u r i n e  w a s  d o s e - d e p e n d e n t  w i t h i n  t h e  d o s e s  
u s e d .  T h e  d e v e l o p m e n t  of  c o n t r a c t u r e  a n d  a u t o m a t i c i t y  
we re  a l so  d e p r e s s e d  b y  t a u r i n e .  S ince  t a u r i n e  w a s  s u g -  
g e s t e d  t o  a c t  a s  t h e  a n t i a r r h y t h m i c  b y  p r e v e n t i n g  t h e  
e f f l u x  o f  i n t r a c e l l u l a r  K + 6, s, t h e  i n t r a c e l l u l a r  K +  c o n c e n -  
t r a t i o n  w a s  d e t e r m i n e d  a f t e r  t h e  i s o l a t e d  p r e p a r a t i o n  w a s  
i n c u b a t e d  w i t h  o u a b a i n  for  15 r a in .  O u a b a i n  r e d u c e d  t h e  
c o n t e n t  o f  i n t r a c e l l u l a r  K + ( f igu re  2) in  t h e  n o r m a l  a n d  
low K + m e d i a  in  w h i c h  t h e  d e c r e a s e  of  t h e  K + c o n t e n t s  
by ouabain was greater than that in the normal. The 
reduction by ouabain of intracellular K + was inhibited 
by taurine in both media, and the inhibition by taurine 
of the toxic stage (the decrease of the inotropic action) in 
the high concentrations of ouabain paralleled the inhibi- 
tion of the efflux of intracellular K +. Although the data 
available at the present work do not allow an unequivocal 
answer, it could be suggested that the inhibiting effect of 
taurine on the decrease of the ouabain-induced inotropism 
was, at least in part, due to the inhibition of the efflux of 
intracellular K+. In this connection, Huxtable is suggested 
that taurine was of value in controlling arrhythmias by 
depressing hyperirritability caused by loss of intracel- 
lular N +, and that any theory involving K § retention by 
taurine might propose a mechanism whereby the re-uptake 
of K + by the heart was increased, by a route other than 
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Fig. 2. Effect of ouabain on the intracellular K+ concentration. Or- 
dinate, K + content expressed in mEq/1 of intracellular water. Same 
legends as in figure 1. 
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t he  N a + , K + - p u m p ,  r a t h e r  t h a n  a decreased K+-con-  
d u c t a n c e  o u t  of t h e  a t r i a l  cell. However ,  t he  poss ib i l i ty  
should  n o t  be  eXcli~ded t h a t  a s t i m u l a t i n g  effect  of 
t a u r i n e  on  t h e  N a  +, K + - p u m p  was  a plausilSle e x p l a n a t i o n  
for  t h e  f ind ing  repor ted .  
T a u r i n e  Alone, a t  t he  do~es used, d id  no t  af fec t  con-  
t r a c t i l i t y  of t h e  h e a r t  a n d  a m o u n t s  of i n t r ace l lu l a r  K+ in 
b o t h  media .  Since i t  h a s  b e e n  shown  t h a t ,  a t  t he  s tage  a t  
w h i c h  d e v e l o p m o n t  of c o n t r a c t u r e  was induced  b y  large  
doses of ouaba in ,  t h e r e  were a n  increase  in Ca ++ c o n t e n t s  
a n d  a decrease  in K+ c o n t e n t s  in  h e a r t s  l~, t h e  poss ib i l i ty  
shou ld  also n o t  be  exc luded  t h a t  t a u r i n e  m i g h t  p r e v e n t  
t h e  increase  of t h e  i n t r ace l l u l a r  Ca++ c o n t e n t  a t  t h e  tox ic  
s tage  ( the  decrease  in  t h e  i n o t r o p i s m  a f t e r  t h e  large  doses 
of ouaba in ) .  On  t h e  o t h e r  h a n d ,  t he  p r e s e n t  a u t h o r s  1. 
r e p o r t e d  t h a t  a c o m b i n e d  t r e a t m e n t  of t a u r i n e  a t  t h e  dose 

of 3.0 raM, a n d  o u a b a i n  a t  doses r a n g i n g  f rom 0.5 t~M to  
2 ~M u n d e r  t h e  same  e x p e r i m e n t a l  cond i t ions  as t he  pre-  
sent ,  r esu l ted  in b o t h  p o t e n t i a t i o n  of t he  pos i t ive  ino t rop ic  
ef fec t  and  a n  increase  in in t r ace l lu la r  Ca++ con t en t s .  
O t h e r  a u t h o r s  h a v e  also r epo r t ed  t h a t  t a u r i n e  p r o m o t e d  

m y o c a r d i a l  u p t a k e  Of Ca +§ a n d  slowed a r a t e  of myo-  
ca rd ia l  loss of Ca++ 2o. Consequen t ly ,  t he  i n h i b i t o r y  effect  
of t a u r i n e  on  t h e  decrease  of t h e  ino t rop ic  ac t ion  of 
o u a b a i n  a t  t h e  doses used  m i g h t  n o t  be  concerned  in 
m o v e m e n t  of i n t r ace l lu l a r  Ca++. 
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Summary. H a r m a l i n e  induces  s y n c h r o n o u s  r h y t h m s  in b o t h  t h e  ce rebe l lum a n d  t h e  r ed  nuc leus  of t he  r abb i t .  The  
level  of s y n c h r o n i z a t i o n  is lower  in  t h e  red  nuc leus  t h a n  in t h e  cerebel la r  cor tex,  p r o b a b l y  because  t he  ce rebe l lo - rubra l  
p a t h w a y  a n d  t h e  red  nuc leus  neu r ons  on ly  pa r t i c i pa t e  poor ly  in  t h e  h a r m a l i n e - i n d u c e d  ol ivo-cerebel lar  r h y t h m .  

P r e v i o u s  i nves t i ga t i ons  2-7 h a v e  shown  t h a t  u n d e r  t he  
in f luence  of c e n t r a l  dep r e s s an t s  ( b a r b i t u r a t e s  in  p a r t i c u -  
lar),  s t r y c h n i n e  a n d  t e t a n u s  in tox ica t ion ,  s y n c h r o n o u s  
f requenc ies  c an  a lways  be  recorded  f rom t h e  ce rebe l lum 
(CB) a n d  red  nuc leus  (NR),  w h e r e b y  N R - n e u r o n s  fire in 
b u r s t s  t h a t  are  co r re l a t ed  w i t h  t he  respec t ive  cerebel lo-  
r u b r a l  r h y t h m .  E v i d e n c e  ha s  been  p r e s e n t e d  t h a t  t h e  
s y n c h r o n o u s  f i r ing  of these  neu r ons  a n d  t h e  N R - r h y t h m  

are in i t i a t ed  b y  ce rebe l lo - rubra l  p a t h w a y  *, ~. The  dis- 
charge  p a t t e r n  of NR-cel l s  is so d i s t i nc t l y  cor re la ted  w i t h  
t h e  cerebel la r  r h y t h m ,  as if t hese  un i t s  were u n d e r  t h e  
synap t i c  d r ive  of t he  cerebel la r  p a t h w a y  only.  
I n  s tud ies  on  t r e m o r  mechan i sms ,  L a m a r r e  e t  al. 8, 9 h a v e  
p r o v e d  t h a t  t h e  h a r m a l i n e - i n d u c e d  6-12 Hz  t r e m o r  is 
gene ra t ed  b y  r h y t h m i c  f i r ing  of o l iva ry  neu rons ;  these  
impulses  are t r a n s m i t t e d  to  sp ina l  levels m a i n l y  b y  t h e  

Z 
h _ _  

I 

~. ~ 4 , ~  5 1. 1 . 5 1 5  

16  

4.  4 1 o  

1. 301 ,'," ~ ~ - - .  , 
0 25 50 Hz 

204 

Fig. 1. Effect of harmaline on the electrical activities of the cerebellum (CB) and red nucleus (NR). I Continuous record (EEG) from the CB; 
calibrations: 0.2 mV and 1 sec. I I  Power spectra of the eledtrocerebellogram. Each spectrum represents the analysis of a 10-see recording 
sample with a frequency resolution of 2 Hz. Numbers: total power (~V *) in arbitrary units. I I I  Simultaneous records from the CB and NR; 
calibrations: 0.2 mV and 1 sec. 


