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roden ts .  More, PRANGE et  al. 26 h a v e  obse rved  a n  eff icaci ty  
o f  t r y p t o p h a n  in  man ia ,  especial ly  in  t h e  h y p e r a c t i v i t y .  
S~tEARD 27 ha s  s h o w n  t h a t  a l i t h i u m  i n h i b i t i o n  of t h e  
p - c h l o r o p h e n y l a l a n i n e  i nduced  aggress iv i ty .  L i t h i u m  m a y  
ac t  b y  inc reas ing  se ro ton in  syn thes i s ,  wh ich  qu i t e  
agrees  w i t h  t he  increased  t u r n - o v e r  of b r a i n  se ro ton in  
obse rved  b y  some a u t h o r s  ~a-~5. However ,  t h i s  h y p o t h e s i s  
is no t  in  a g r e e m e n t  w i t h  t h e  a n t a g o n i s t i c  effect  of l i t h i u m  
on 5 - H T P  induced  h e a d - t w i t c h e s  in  mice,  obse rved  b y  
KISELEVA a n d  LAPIN ca. T h u s  t h e  s i m u l t a n e o u s  ad-  
m i n i s t r a t i o n  of d e x a m p h e t a m i n e  and  ch lo rd iazepox ide  
m a y  d i s t u r b  a n o r e p i n e p h r i n e - s e r o t o n i n  ba lance ,  a n d  i t  
m i g h t  be  p r e v e n t e d  b y  l i t h ium.  This  effect  m i g h t  exp la in  
t h e  ac t ion  of l i t h i u m  in man ia .  

dopamine - f l -hydroxy la se  et  p a r  les p r6curseurs  de 
s6rotonine.  Ces r6su l t a t s  sugg6ren t  que le l i t h i u m  p o u r r a i t  
agi r  sur  n n e  b a l an ce  n o r a d r 6 n a l i n e  s6 ro ton ine  qu i  se ra i t  
p e r t u r b 6 e  dans  la man ic .  
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Rdsumd. L ' a d m i n i s t r a t i o n  s i m u t t a n 6 e  de d e x a m p h g t a -  
m ine  et  de ch lo rd iazep0x ide  p rovoque ,  ehez la souris,  u n  
s y n d r 6 m e  d ' hype rac t i v i t~ ,  obj ec t iv6 ~ l ' a ide  d ' u n e  p l a n c h e  

t rous .  Ce p h 6 n o m ~ n e  es t  inh ib6  p a r  l ' a d m i n i s t r a t i o n  
p r6a lab le  de l i t h ium,  ma t s  auss i  p a r  des i n h i b i t e u r s  de 
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Influence of Lithium Chloride on Adrenergic Mechanisms in Ventricle of Frog Heart and 
Guinea-~Pig Left Atrium 

The  cate~cholamine u p t a k e  s y s t e m  by  s y m p a t h e t i c  
ne rve  end ings  of t he  h e a r t  is a process  r equ i r i ng  sod ium 
in  t he  i n c u b a t i o n  m e d i u m  1-6. However ,  l i t h i u m  can  
rep lace  sod ium ions in t h e  m e c h a n i s m  g e n e r a t i n g  t h e  
ca rd iac  ac t ion  p o t e n t i a l  7. Splenic  slices were able  to  
a c c u m u l a t e  t - Ia-norepinephr ine  (HaNE) (60% of t h e i r  
controls)  a f t e r  t h e i r  dep le t ion  of adrenerg ic  t r a n s m i t t e r  
b y  s o d i u m  d e p r i v a t i o n  in t he  i n c u b a t i o n  m e d i u m  s 
These  fac t s  p r o m p t e d  us to  s t u d y  if t h e  N E  u p t a k e  
s y s t e m  b y  i so la ted  frog ven t r i c l e  can  be  modi f i ed  b y  t h e  
r e p l a c e m e n t  of sod ium b y  l i t h i u m  chlor ide  in t h e  incuba-  
t i on  m e d i u m .  On t h e  o t h e r  h a n d ,  t h e  r e p l a c e m e n t  of 
s o d i u m  b y  l i t h i u m  in t h e  e x t e r n a l  m e d i u m  would  depress  
t he  s o d i u m - p o t a s i u m  p u m p  a c t i v i t y  as sod ium c o n c e n t r a -  
t i on  in to  t i le  cell is r educed  9. The  fac ts  lead us to  t h i n k  
t h a t  t h e  p resence  of H t h i u m  chlor ide  (LiC1) in t he  incuba-  
t i on  m e d i u m  would  p r e v e n t  t he  N E  i n c o r p o r a t i o n  b y  
n e r v e  endings .  

I n  t h e  p r e s e n t  p a p e r  we h a v e  e luc ida ted  w h e t h e r  t h e  
p r e v e n t e d  N E  u p t a k e  b y  l i t h i u m  is or is n o t  p r o d u c e d  b y  a 
cocaine- l ike  effect  b y  w h i c h  a s u p e r s e n s i t i v i t y  to  t h e  N E  
could  be  expec ted .  

Methods. E x p e r i m e n t s  w i t h  frog vent r ic le .  Vent r ic les  
(Rana pipiens) were p r e p a r e d  a n d  m o u n t e d  as p r ev ious ly  
desc r ibed  b y  FURCHGOTT et  al.~~ for  i so la ted  a t r i u m  of 
guinea-pig .  H a l v e s  were su spended  in a n  o rgan  b a t h  
c o n t a i n i n g  20 m l  of r egu la r  R i n g e r  so lu t ion  of t he  fol lowing 
compos i t i on  (expressed in m M ) :  NaC1, 103.4; BIC1, 1.013; 
CaC12, 0.9009; CO3I-INa, 1.851, c o n t a i n i n g  10-~ g /ml  of 
e thy l ene  d i a m i n e t e t r a a c e t i c  acid (EDTA).  A m i x t u r e  of 
95% O 2 a n d  5% CO~ was b u b b l e d  t h r o u g h  t h e  b a t h i n g  
solut ion.  All  p r e p a r a t i o n s  were e lect r ica l ly  d r i v e n  a t  a 
f r e q u e n c y  of 30 b e a t s / m i n .  Ven t r i c les  were  a t t a c h e d  to  a 
fo rce -d i sp l acemen t  t r a n s d u c e r  Grass  mode l  FT03,  an d  
m e c h a n i c a l  a c t i v i t y  was r ecorded  b y  m e a n s  of a Grass  
P o l y g r a p h .  E a c h  ven t r i c l e  was  sub j ec t ed  to  a r e s t i ng  
t ens ion  of 1 g. U n d e r  t h e i r  r e spec t ive  condi t ions ,  ha lves  
were t h e n  i n c u b a t e d  w i t h  5 I lg/ml  of D,1-H3NE for 
5 m i n  a n d  t h e n  t h o r o u g h l y  washed .  4 a d d i t i o n a l  washes  
were g iven  over  t h e  s u b s e q u e n t  40 m i n  period,  a t  t h e  end  
of wh ich  t he  ha lves  were r e m o v e d  for ana lys i s  of rad io-  
ac t iv i ty .  All  p r e p a r a t i o n s  were p e r f o r m e d  a t  r oom 

t e m p e r a t u r e .  T h e  c a t e c h o l a m i n e  e x t r a c t i o n  was pe r fo rmed  
accord ing  to t h e  m e t h o d  of A~TON a n d  SAYRE '1 a n d  
r a d i o a c t i v i t y  was co u n t ed  in  a Nuc lea r  Chicago L iqu id  
Sc in t i l l a t ion  S p e c t r o m e t e r  mode l  725. All  samples  were 
cor rec ted  for q u e n c h i n g  w i t h  an  a u t o m a t i c  e x t e r n a l  
reference s t a n d a r d .  U n d e r  our  work ing  condi t ions ,  t he  
r a d i o a c t i v i t y  p r e s en t  !n the  a l u m i n a  e lua tes  c a n n o t  be  
ascr ibed  to  m e t a b o l i t e s  of H 3 N E  b u t  to  H3NE i tself  ~2. 
HSNE is expressed  in t e r m s  of d i s i n t eg ra t i o n s  pe r  m i n / g  
of t i ssue  (dpm/g) .  W h e n  we refer  to  H a N E  up take ,  we 
m e a n  H 3 N E  u p t a k e  an d  r e t e n t i o n  b y  i so la ted  ven t r i c l e  
of frog hea r t .  S t a t i s t i c a l  s ignif icance of t h e  di f ference 
b e t w e e n  m e a n s  was d e t e r m i n e d  b y  t h e  t - tes t  for p a i r e d  
da ta .  I n  t h e  e x p e r i m e n t s  w i t h  l i t h i u m  chlor ide  (LiC1), 
sod ium chlor ide  of the  R i n g e r  so lu t ion  was rep laced  b y  
e q u i m o l a r  a m o u n t s  of LiC1. 

E x p e r i m e n t s  w i t h  i so la ted  a t r i u m  of guinea-pig.  A t r i a  
were m o u n t e d  in a s imi la r  m a n n e r  as t h a t  descr ibed  
above ,  b u t  s u s p e n d e d  in Krebs  b i c a r b o n a t e  solut ion.  I n  
t h e  e x p e r i m e n t a l  p r e p a r a t i o n s ,  100 m M f l  of LiC1 was 
a d d e d  to  t h e  n o r m a l  Krebs  whereas  con t ro l  p r e p a r a t i o n s  
rece ived  e q u i m o l a r  a m o u n t s  of NaCI. All  p r e p a r a t i o n s  
were pe r fo rmed  a t  37~ T h e  drugs  used were :  D-1- 
no rep inephr ine -7 -Ha-hydroch lo r ide ,  specific a c t i v i t y  16.7 
C i / m M  (New E n g l a n d  Nuc lea r  Corp.);  n o r e p i n e p h r i n e  
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H3-norepinephrine uptake by isolated ventricle of the frog heart 
perfused with lithium chloride 

N ~ Ringer HSNE present during HSNE in tissue 45 min 
incubation after washout (dpm/g) b 

6 Normal 5 ng/ml (5 min) 251.801 ~- 49020 

6 With LiC1 5 ng/ml (5 min) 14.291 i 5.321 

Control: normal perfusate sodium chloride concentration 103, 4 mM. 
ExperimentaI: Sodium chloride replaced by equimolar lithium 
chloride. �9 Number of paired experiments, b Means ~- SEM. 

Fig. 1. Isometric contraction from stimulated left atrial preparations 
obtained from a reserpine-treated guinea-pig. B) records from treated 
half of atrium (100 mM of lithium chloride). A) records from control 
half of atrium (equimolar amount of sodium chloride). 

Fig. 2. Isometric contraction from stimulated left atrial preparations 
obtained from a reserpine-treated guinea-pig. A positive inotropie 
response to norepinephrine appeared only in the control preparation. 
B) Experimental half : Normal Krebs plus 100 mM of lithium chloride 
A) Control half: Normal Krebs plus equimolar amounts of sodium 
chloride. NE, 10 .5 g/mI of norepinephrine. 

b i t a r t r a t e  (N u t r i t i o n a l  B iochem.  Corp.) ; t y r a m i n e  h y d r o -  
chlor ide  (Nu t r i t i ona l  Biochem.  Corp.) ;  reserp ine  (Ciba). 
The  doses are  expressed  in  t e r m s  of g /ml  of t h e  b a t h  
solut ion.  

Results. E x p e r i m e n t s  w i t h  i so la ted  ven t r i c l e  of frog. 
I n  6 pa i red  expe r imen t s ,  one  ha l f  was  su spended  in a 
deff ic ient  sod ium R i n g e r  w i t h  LiC1 (see me thods ) .  Af te r  
a 30 m i n  period,  b o t h  ha lves  were i l~cubated w i t h  5 n g / m l  
of H~NE for 5 min ,  a n d  were  t h e n  w as h ed :  t h e  con t ro l  
p r e p a r a t i o n  w i t h  n o r m a l  R inge r  a n d  t h e  e x p e r i m e n t a l  
p r e p a r a t i o n  w i t h  t h e  l i t h i u m  chlor ide  Ringer .  I n  t he  
Tab le  we can  observe  h o w  t h e  e x p e r i m e n t a l  p r e p a r a t i o n  
shows a g rea t  b lockade  of t h e  H 3 N E  u p t a k e  w i t h  r e spec t  
to  t h e  con t ro l  (p < 0.01). 

E x p e r i m e n t s  w i t h  guinea-pig.  I n  a n o t h e r  series of 
e x p e r i m e n t s  a f t e r  a r e s t i n g  per iod  of 30 ra in  in  n o r m a l  
Krebs ,  100 mM/1 of LiC1 was a d d e d  to  t h e n o r m a l  K r e b s  
in t h e  e x p e r i m e n t a l  p r e p a r a t i o n ,  whereas  equ imo la r  
a m o u n t s  of NaC1 were added  to  t h e  n o r m a l  K r e b s  in t h e  
con t ro l  p r e p a r a t i o n .  I n  all  t h e  e x p e r i m e n t s  a pos i t ive  
i no t ropm response  was obse rved  in t h e  e x p e r i m e n t a l  
p r e p a r a t i o n ,  whereas  a ~ega t ive  ino t rop ic  r e sponse  
a p p e a r e d  in controls .  In  a n o t h e r  series of e x p e r i m e n t s  
w i t h  rese rp in ized  an i ma l s  (5 mg/kg ,  18-24 h before),  
a f t e r  30 m i n  res t ;  t y r a m i n e  (10 _6 g/ml)  was  added  to  each  
p r e p a r a t i o n  to  t e s t  t h e  absence  of i no t rop ic  effects.  
Af te r  w as h i n g  o u t  t h e  t y r a m i n e ,  100 mM/1 of LiC1 was 
g iven  to  t h e  e x p e r i m e n t a l  p r e p a r a t i o n  a n d  a n  e q u i m o l a r  
a m o u n t  of NaC1 was  g iven  to  t h e  control .  I n  F i g u r e  1 we 
can  observe  h o w  in b o t h  p r e p a r a t i o n s  no  response  is 
o b t a i n e d  to  t y r a m i n e .  Pos i t i ve  ino t rop ic  response  to  LiC1 
is o b t a i n e d  in  t h e  e x p e r i m e n t a l  p r e p a r a t i o n .  T h e  same  
nega t i ve  ino t rop ic  response  to  NaC1 descr ibed  for un-  
reserp in ized  a n i m a l s  is o b t a i n e d  in controls .  I l l  a n o t h e r  
series of expe r imen t s ,  rese rp in ized  p r e p a r a t i o n s  were 
t r e a t e d  w i t h  t y r a m i n e  (10 .6 g/ml) ; no  ino t rop ic  response  
was ob ta ined .  As w i t h  t h e  p reced ing  series, n o r m a l  K r e b s  
was rep laced  b y  h y p e r o s m o t i c  Krebs .  Pos i t i ve  ino t rop ic  
response  was  o b t a i n e d  in e x p e r i m e n t a l  p r e p a r a t i o n s  a n d  
n e g a t i v e  ino t rop ic  response  in con t ro l  p r e p a r a t i o n .  Af t e r  
a 30 m i n  per iod,  i somet r i c  c o n t r a c t i o n  was  r e s to red  to  
normal .  A c c u m u l a t i v e  a m o u n t s  of N E  was g iven  (10 -6, 
3 •  .6 a n d  10 .5 g/ml) .  I n  al l  ex p e r i men t s ,  pos i t ive  
ino t rop ic  response  was g r adua l l y  o b t a i n e d  in con t ro l  
p r e p a r a t i o n s  whereas  no  response  (or ins ign i f i can t  
response  to  t h e  g rea t e s t  doses) was  o b t a i n e d  in exper i -  
m e n t a l  p r e p a r a t i o n s  (LiC1 t r ea ted ) .  F igure  2 shows a 
t y p i ca l  e x p e r i m e n t  of t h i s  series. F i n a l l y  p r e p a r a t i o n s  
were washed  in t h e i r  r e spec t ive  K r e b s  a n d  a f t e r  30 m i n  
rest ,  t y r a m i n e  was g iven  to  b o t h  p r e p a r a t i o n s .  A pos i t ive  
ino t rop ic  response  a p p e a r e d  on ly  in t h e  NaCI - t r ea t ed  
p r e p a r a t i o n .  

Discussion. The  resu l t s  o b t a i n e d  in t h e  p r e s e n t  p a p e r  
show t h a t  LiC1 fai led to  rep lace  NaC1 in t h e  t I a N E  
u p t a k e  process  b y  t h e  i so la ted  f rog  ven t r i c l e  (Table).  
However ,  t h e  b lockade  of t h e  exogenous  or endogenous  
N E  u p t a k e  b y  t h e  ad rene rg ic  n e r v e  end ings  lead to  a 
s u p e r s e n s i t i v i t y  p h e n o m e n o n  p roduced  b y  t h e  g rea t  
c o n c e n t r a t i o n  of t h e  a m i n e  a t  t h e  level  of the /~ -adrenerg ie  
recep tor .  T h e  presence  of l i t h i u m  b y  b lock ing  t h e  in- 
co rpora t ion ,  would  be expec t ed  to evoke  a cocaine- l ike  
effect. However ,  in  a series of e x p e r i m e n t s  w i t h  slices of 
i so la ted  frog ven t r i c l e  (unpub l i shed  da ta )  t h e  p resence  of 
l i t h i u m  d id  n o t  p roduce  a n y  p o t e n t i a t i o n  of t h e  response  
to N E  as c o m p a r e d  w i t h  u n t r e a t e d  controls .  I n  a p rev ious  
work  13 we sugges ted  t h a t  the  s en s i t i v i t y  to  N E  of t h e  
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fl-adrenergic recep tors  of t he  frog hea r t  could be modi f ied  
unde r  cer ta in  expe r imen ta l  or physiological  condi t ions .  
In  earlier repor t s  f rom our l abo ra to ry  ta-19, we have  po in ted  
out  t h a t  t he  N E  up take  sys t em in cold blood an imals  dif- 
fers in some aspec ts  f rom t h a t  in h o t  blood species. In  
order  to discard the  poss ib i l i ty  t h a t  th is  fact  was depend-  
ent  upon  the  blood t empera tu re ,  we carried ou t  a series 
of e x p e r i m e n t s  w i t h  isolated a t r i um of guinea-pig.  The  
resul ts  ob ta ined  showed t h a t  LiC1 produces  a pos i t ive  
inotropic  response  per  se t h a t  i m m e d i a t e l y  falls to  a 
contro l  value.  The poss ib i l i ty  t h a t  th is  pos i t ive  inot ropic  
response  could be due to  an i m m e d i a t e  release of endo-  
genous N E  produced  by  l i th ium was d iscarded in a series 
of e x p e r i m e n t s  w i t h  reserpinized animals  in all of which  
appeared  th is  response  (Figure 1). We  do no t  bel ieve t h a t  
the  compe t i t ive  an t agon i sm po ta s s ium- l i t h ium descr ibed 
by  PLOEGER and  D~N HERTOG 2~ could be responsib le  for 
th is  response.  The h y p e r t o n i c i t y  of the  incuba t ion  
m e d i u m  could be a fac tor  to t ake  into account  b u t  
in  contro l  p repa ra t ions  w i t h  a hype r ton i c  Krebs  (with 

NaC1) the  inot ropic  posi t ive  response  did no t  appear ;  on 
the  cont ra ry ,  an inot ropic  nega t ive  response  is p roduced  
which  is immed ia t e ly  res tored  to normal  values (Figure 1). 
On the  o ther  hand,  the  sens i t iv i ty  to N E  is smal ler  in 
LiCl- t rea ted  p repa ra t ions  in compar i son  wi th  controls  
t r e a t ed  wi th  an excess of sodium, and max i ma l  response  
to N E  was no t  ob ta ined  in any  of the  LiCl- t rea ted  
e x p e r i m e n t s  (Figure 2). 

These resul ts  suppor t  the  idea t h a t  in th is  sense 
l i th ium has 2 d i f ferent  effects on the  s y m p a t h e t i c  nerve  
endings  of the  hea r t  ; 1. a neurona l  ac t ion wi th  a b lockade 
of the  ca techolamine  up take  (uptake 1) and  2 an ext ra-  
neurona l  ac t ion  wi th  a grea t  decrease in t he  sens i t iv i ty  of 
t he  fl-adrenergic receptor .  This  could be the  reason w h y  
the  cocaine-like effect  no t  appear .  On the  o the r  hand ,  the  
t r e a t m e n t  wi th  t y r a m i n e  af ter  incuba t ion  wi th  N E  does 
no t  produce  a posi t ive  inot ropic  response  in l i th ium-  
t r e a t ed  p repa ra t ions  (Figure 3). This  could be expla ined  
if we assume t h a t  l i th ium no t  only blocks the  N E  up take  
bu t  also blocks the  t r ans fe r  site of t y r a m i n e  across the  
neurona l  membrane .  F u r t h e r  inves t iga t ions  are be ing  
carr ied out  in our l abora to ry  in order  to  reach a satis-  
fac to ry  conclusion.  

Resumen. E1 cloruro de li t io se co mp o r t a  como blo- 
quean te  de la incorporacion de H~NE al ventr iculo  
aislado de Rana. En auricula  a is lada de cobayo  et 
cloruro de li t io produce  efecto inot ropico posi t ivo per  se 
y a u m e n t a  el umbra l  de exc i tab i l idad  a la N E  admi-  
n i s t r ada  exogenamente .  
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and  P. D. GARCtA DE JAL6N 
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Ciudad Universitaria, Madrid-3 (Spain), ;12 August  797d. 

Fig. 3. Isometric contraction from stimulated left atrial preparation 
obtained from a reserpine-treated guinea-pig after incubation with 
norepinephrine. A positive inotropie response to tyramine (T) 
appeared only in the control preparation. B) Experimental half: 
normal Krebs plus 100 mM of lithium chloride. A) Control half: nor- 
mal Krebs plus equimolar amounts of sodium chloride. T, 10 -6 g/ml 
of tyramine. \ 
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T y p e s  of  Cel l  C o n t a c t s  in  A r t e r i a l  S m o o t h  M u s c l e  

Some form of close con tac t s  occurs be tween  s m o o t h  
muscle  cells of ar ter ia l  b lood vessels. These have  o f t en  
beer/ des igna ted  as nexuses  or gap junc t ions  1,2, t h o u g h  
the  charac ter i s t ic  f ive- layered appearance  of gap junc-  
t ions  seen af ter  the  usual  f ixa t ion  and  double  s ta in ing  
procedure  has been  d e m o n s t r a t e d  only in larger vessets z-7. 
Since it is now recognized t h a t  several  t ypes  of cell 
junc t ions  m a y  occur in var ious  k inds  of smoo th  muscle  8 
and  t h a t  gap junc t ions  are absen t  f rom a t  least  one k ind  
which  exhib i t s  cell-to-cell  electrical  couplingS, ~ , it  is of 
in te res t  to  examine  which  types  of con tac t s  m a y  be 
involved in electrical  coupl ing in ar ter ies  and  t e rmina l  
arterioles.  
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