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effect  of ep inephr ine  and a t rop ine  on Ca con t rac tu res  
can be exp la ined  if i t  is fu r the r  assumed t h a t  the  con- 
t r ac tu re  depends  on a con t inuous  inf lux of Ca. Since 
the  m e m b r a n e  po ten t i a l  does'  no t  change  significantly,  
th is  inf lux m u s t  be ve ry  smal l  or be associa ted wi th  
o the r  ion movemen t s .  The increase in con t rac tu re  pro-  
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Effect of epinephrine (10 7 g/nil) and acetylcholine (10 7 g/ml) on 
tension (lower line) and membrane potential (upper line) during 
contracture induced by high Ca (34 inM) Ringer solution. High 
Ca Ringer solution produced a slow increase in resting potential 
and a contracture. Arrows: application of epinephrine (EPI) and 
acetylcholine (ACH). 

duced by  acety lchol ine  can t h e n  be expla ined  by  assuming  
t h a t  influx of Ca is increased.  Tha t  ep inephr ine  lowers 
Ca inf lux in the  frog 's  ventr ic le  4 suppor t s  th is  explana t ion ,  
b u t  the  opposi te  effect  has  been  r epo r t ed  for the  h e a r t  
of o the r  species s-7. 

Zusammen/assung. K o n t r a k t u r e n  des Froschvent r ike l s  
in Ringer l6sung m i t  hoher  Ca -Konzen t r a t i on  werden  
du tch  Azety lchol in  vers t~rkt ,  w/ihrend Adrenal in  Er -  
schlaffung herbeiff ihr t .  Diese Wi rkungen  sind n ich t  m i t  
~_nderungen des Memb ran p o t en t i a l s  v e r b u n d e n  und  sind 
viel leicht  die Folge  sehr  kle iner  ~ n d e r u n g e n  des Ca- 
Austausches .  Bei n iederer  Ca -K o n zen t r a t i o n  kann  Azetyl-  
cholin auch Ersch la f fung  erzeugen.  
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L a c k  o f  E f f e c t  o f  T r i s - ( H y d r o x y m e t h y l ) A m i n o m e t h a n e  U p o n  Myocardia l  Contracti l i ty  

The cardiovascular  act ions  of Tris(hydroxymethyl)- 
a m i n o - m e t h a n e  (THAM) have  been  repor ted  pre-  
viously1 7. This amine  has  been  found  to  increase ven-  
t r icular  cont rac t i le  force  and  the  reponse of the  h e a r t  
to ca techolamines  in acidot ic  dogs 3. I t  has  been  suggested 
t h a t  the  card iovascular  ac t ions  of T H A M  are no t  depen-  
den t  on changes  in ar ter ial  b lood pH*;  however ,  WANG 
and KATZ found no increase in vent r icu la r  cont rac t i le  
force and  coronary  blood flow when  T H A M  t i t r a t ed  to  
p H  7.40 was in jec ted  to dogs 7. 

W h e n  T H A M  is in jec ted  in t he  b loods t ream,  2 separa te  
p h e n o m e n a  occur;  on one side, there  is a decrease in 
pCO 2 of t he  blood t h a t  is in immed ia t e  con tac t  w i th  
T H A M ;  l a t e r  on, a f ter  blood has  been  equi l ibra ted  in 
t he  lungs, p H  will r emain  high, its value obviously  
depend ing  upon  the  a m o u n t  of THA1V[ injected.  

I t  was our  in t en t ion  to  s t u d y  w h e t h e r  or no t  T H A M  
has  any  inot ropic  act ion upon  isolated hea r t  muscle,  
in a sys t em in which  acid base  changes  could be avoided.  

Methods. The expe r imen t s  were pe r fo rmed  us ing  iso- 
la ted  hea r t  muscle;  in 5 exper iments ,  s t r ips  of the  r igh t  
ventr ic le  of rat ,  and  in 7 exper iments ,  r ight  ven t r icu la r  
ca t  papi l la ry  muscle,  was used. The muscles were m o u n t e d  
in a chamber ,  t he rmos t a t i z ed  at  30~ t h rough  which  
Ringer  solution, previous ly  equi l ibra ted  wi th  a gas 
mix tu re  of 5% COs in 02, was  allowed to  flow at  a ra te  
of 5 ml /min.  The muscle,  a t t a c h e d  to  a force t ransducer ,  
was  s t imula ted  at  a ra te  of 12/min. The isometr ic  devel-  
oped tens ion  (DT), as well as the  ra te  of rise of t ens ion  
(dp/dt), and the  t e m p e r a t u r e  of the  solution, were  
recorded in a polygraph .  

The p H  and  pCO 2 of t he  solut ions were measured  
anaerobical ly  w i th  e lect rodes  t he rmos t a t i z ed  a t  30 ~ 

The exper imen ta l  sequence was the  following: since 
the  beginning  of t he  exper iment ,  the  muscle  was immersed  
in a solut ion conta in ing  NaHCOa 30 raM~l, and  equi- 
l ibra ted  wi th  a gas mix tu re  w i th  a pCO~ of app rox ima te ly  
40 m m  Hg. The p H  of the  solut ion was  app rox ima te ly  
7.40. Af ter  a s t e ad y  s ta te  was achieved in DT and  dp/dt, 
the  solut ion was changed to  a second one in which  
NaHCO 3 was  replaced by  THAM, in a concen t ra t ion  of 
40 .8raM/ i ,  tha t ,  when  equi l ibra ted  wi th  a pCO~ of 
40 m m  Hg, yie lded a p H  of abou t  7.40. The muscle was  
immersed  in th is  solut ion for ap p ro x i ma t e l y  15 rain, and  
then  swi tched again to  the  f i rs t  solution.  During the  3 
periods samples  for p H  and  pCO 2 a n d  fast  recordings  
were obta ined.  The results  ob ta ined  dur ing  the  first  and  
second e x p o s u r e  to  the  solut ion of NaHCO 3 were essen- 
t ial ly the  same, and  were averaged.  

Results and discussion. Figure  1 shows the  effect  of 
changing  the  solut ion conta in ing  NaHCO3 to an o the r  
con ta in ing  T H A M  at  the  same p H  and  pCO 2. In  th is  
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par t icular  exper iment ,  it  was  associa ted wi th  a s l ight  
decrease in DT and  m a x i m u m  dp/dt. The  resul ts  of all 
the  exper iments ,  as shown in Figure 2, indica te  t h a t  t he  
rep lacement  of NaHCO 3 by  T H A M  was no t  followed by  
any  cons is ten t  change  in contract i l i ty ,  as ev idenced b y  
the  lack of difference in DT, dp/dt and  t i m e  to  peak  
tens ion (TTP). 

The resul ts  ob ta ined  in th is  expe r imen t s  show t h a t  
T H A M  does no t  exer t  any  inotropic  influence when  
extracel lular  p H  and  pCO, are kep t  cons tan t .  W h e n  
NaHCO a is replaced by  THAM, the re  is a decrease in 
extracel lular  Na  concent ra t ion .  As a m a t t e r  of fact,  in 
7 of t he  exper iments ,  a 0 .15M T H A M  solut ion was  
used;  in this  case Na  concen t ra t ion  in Ringer  was 27% 
below normal .  In  the  remain ing  exper iments ,  a solut ion 
of 0.31Vr THAM, which  p roduced  a decrease of 13% in 
extracel lular  Na, was used. W h e n  the  exper imen t s  using 
0 .15M THA1V[ are considered separate ly ,  a s l ight  b u t  
s ta t is t ica l ly  s ignif icant  increase in con t rac t i l i ty  (DT 
being 7.14 :t: 2.7% higher  t h a n  control) is found following 

r ep l acemen t  of NaHCO a b y  THAM. In  the  expe r imen t s  
in which  Na  concen t ra t ion  was  closer to  normal ,  t he  
va r ia t ion  in DT found w h e n  the  T H A M  solut ion was 
used (-- 0.5 i 2.3%) was no t  significant .  These f indings 
are in ag reemen t  w i th  t he  r epor t s  t h a t  low extracel lu lar  
Na  increase myocard ia l  con t rac t i l i ty  s-10. 

On the  o the r  hand,  in t he  expe r imen t s  in which  the  
0 . 3 M  T H A M  solut ion was used, a s l ight  increase in 
osmola r i ty  was  produced.  E v e n  t h o u g h  it has  been  
repor ted  t h a t  changes  in osmola r i ty  affect  myocard ia l  
con t rac t i l i ty  n ,  we t h i n k  v e r y  unl ikely t h a t  the  range of 
changes  in osmolar i ty  of our  expe r imen t s  can el ici t  a 
change  in contract i l i ty .  At  any  rate,  t he  d i rec t ion  of 
change  wi th  the  var ia t ions  in osmolar i ty  produced,  would  
be t h a t  of an increase in cont rac t i l i ty .  

I t  has  been  suggested t h a t  in t racel lular  p H  is one of 
t he  ma jo r  d e t e r m i n a n t s  of t he  changes  in myocard ia l  
pe r fo rmance  t h a t  follow acid base a l te ra t ions  7,n-zS. The 
poss ibi l i ty  exis ts  t h a t  THAM, being 27.0% undissoc ia ted  
a t  p H  7.40, could have  en te red  the  cell and  increased 
int racel lular  pH.  The fac t  t h a t  in our  expe r imen t s  
T H A M  was no t  associa ted w i t h  changes  in contract i l i ty ,  
suggests  t he  following possibi l i t ies:  (1) A change  f rom 
b ica rbona te  to T H A M  at  c o n s t a n t  pCO,  and  p H  did no t  
p roduce  s ignif icant  changes  in in t racel lular  pH,  or the  
changes  p roduced  were no t  large enough  to  elicit measur -  
able var ia t ions  in myocard ia l  contract i I i ty .  (2) In  spi te  
of the  changes  in intracel lular  pH,  var ia t ions  in cont rac-  
t i l i ty  were no t  de tec ted  when  ex te rna l  pCO 2 and  p H  
were ma in t a ined  cons tant .  

We  t h i n k  t h a t  expe r imen t s  in which  an es t ima te  of 
in t racel lu lar  p H  is made  will t h r o w  l ight  upon  th is  
p rob lem z6. 

Fig. 1. Effect of a change fronl bicarbonate to THAM at the same 
pH and pC% dp/dt, rate of rise of the tension in g/seg. DT, developed 
tension in g/mm2; the cross section of the muscle was calculated 
dividing the wet weight of the muscle by its length. 
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Fig. 2. Effect of a change from bicarbonate to THAM upon developed 
tension (DT) maximum rate of rise of the tension (dp/dt) and time 
to peak tension (TTP). Bars indicate % of change from the control 
• 2 standard errors in 12 experiments. NS, not statistically signifi- 
cant differences. 

Rdsumd. Pour  6tudier Fac t ion  du T H A M  sur la con- 
tractil i t6,  dans  une pr6para t ion  de my o ca rd e  isol6, on a 
r6alis6 des exp6riences, off l 'on  compare  l 'effet  de rein- 
placer  une solut ion de Ringer  c o n t e n a n t  30 mM/1 de 
CO3HNa, 5quilibr6e avec une pCO~ de 40 m m  Hg (pH 7,40), 
pa r  une solut ion de T H A M  a y a n t  le m~me p H  avec le 
m~me pCO 2. Les r6sul tats  on t  permis  de conclure que 
le T H A M  n ' a  aucune  influence ino t rope  pos i t ive  sur la 
contract i l i t6 ,  lorsque le p H  extracel lula i re  e t  le pCO,  
r e s t en t  invariables.  
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