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T h e  I n f l u e n c e  of T h y m o l  o n  the  S o d i u m  E f f l u x  in  B a r n a c l e  M u s c l e  F i b r e s  

I n  a r ecen t  p a p e r  1 f rom th i s  l a b o r a t o r y  i t  was  s h o w n  
t h a t  t h e  response  of t h e  N a  eff lux in b a r n a c l e  musc le  
f ibres  to  caffeine is d iphas ic .  I n h i b i t i o n  of t h e  N a  ef f lux 
fol lowed b y  s t i m u l a t i o n  was exp l a ined  b y  suppos ing  t h a t  
t h e  in i t ia l  r ise in  t he  i n t e r n a l  free Ca ~+ c o n c e n t r a t i o n  
caused  i n h i b i t i o n  of t h e  N a + - K  + ATPase ,  a n d  t h a t  a 
{u r the r  r ise in  Ca 2+ c o n c e n t r a t i o n  caused  s t i m u l a t i o n  of 
t h e  Ca~+-sensit ive c o m p o n e n t  of t he  N a  efflux.  The  
p r e s e n t  e x p e r i m e n t s  were u n d e r t a k e n  to  see w h e t h e r  
t h y m o l ,  an  a lky l  d e r i v a t i v e  of p h e n o l  (as i n d i c a t e d  
below) p roduces  s imi la r  effects  wh ich  could be a t t r i b u t e d  
to  r educed  Ca 2+ u p t a k e  or  increased  Ca ~+ release b y  t h e  
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sa rcop la smic  r e t i cu lum (SR).  T h y m o l  was chosen  
m a i n l y  because  t h e r e  is ev idence  2 t!aat 2 m M  t h y m o l  
abo l i shes  Ca ~+ u p t a k e  b y  t he  S R  w i t h o u t  dep res s ing  t h e  
a c t i v i t y  of t h e  Ca2+-ATPase.  Doub l ing  t he  c o n c e n t r a t i o n  
of t h y m o l ,  however ,  leads  to  e n z y m e  i nh i b i t i on .  I t  seemed 
poss ib le  the re fo re  t h a t  e x p e r i m e n t s  w i t h  t h y m o l  m i g h t  
shed  some l i gh t  on  t h e  p r o b l e m  of how  caKeine ac ts  a n d  
how i t  a l te rs  N a  t r a n s p o r t .  

Single musc le  f ibres  were d issected  f rom spec imens  of 
t h e  ba rnac l e  Balanus nubilus or B. aquila, c a n n u l a t e d  
a n d  t h e n  loaded  w i t h  ~2Na b y  mic ro in j ec t ion  in t he  same  
way  as squ id  axons  3 a n d  c rab  muscle  f ibres  ~. T he  m e t h o d  
of m e a s u r i n g  ~ N a  in t h e  w a s h i n g - o u t  samples  a n d  t h e  
f ib res  was  essen t ia l ly  t h a t  descr ibed  b y  BITTAR 5 a n d  
BITTAI% CALDWELL a n d  LowE 6. 2~NaC1 was suppl ied  b y  
A m e r s h a m - S e a r l e  Corp. (SKS-1).  T he  compos i t i on  of t he  
b a t h i n g  m e d i u m  was  t he  same  as t h a t  g iven  p rev ious ly  7. 
T h y m o l  was o b t a i n e d  f rom Merck  & Co., Inc. ,  R a h a w a y ,  
N.J .  All  e x p e r i m e n t s  were done  be t w een  22 a n d  24 ~ 

Ear l i e r  s tud ies  s showed  t h a t  c o n c e n t r a t i o n s  of e t h y l  
a lcohol  in  t h e  b a t h i n g  m e d i u m  as h i g h  as 1% (by volume)  
fai l  t o  c h a n g e  t h e  N a  eff lux s igni f icant ly ,  a n d  t h a t  a 0 .1% 
c o n c e n t r a t i o n  is w i t h o u t  effect. P r e l i m i n a r y  t r ia ls ,  f irst ,  
w i t h  10 -~ M t h y m o l  in  1% e thanol -a r t i f i c ia l  sea  w a t e r  
-were done.  As shown  in F igure  la ,  e x t e r n a l  app l i c a t i on  
of 10 -3 M t h y m o l  caused  a d r a m a t i c  rise in  t h e  Na  efflux. 

The  m a g n i t u d e  of th i s  s t i m u l a t i o n  as  ca l cu la t ed  on  t h e  
bas is  of t h e  c h a n g e  m 1/ENa*J diNs*l/dr a v e r a g e d  1376% 
(n = 2). Th i s  r e su l t  p r o m p t e d  us to  r educe  t h e  concen-  
t r a t i o n  of t h y m o l  to  2 . 5 •  -4 M in  0 .1% e thano l -  
ar t i f ic ia l  sea w a t e r  on ly  to  f ind  t h a t  i t  p roduced  i n h i b i t i o n  
of t he  N a  eff lux as s h o w n  in F igure  lb .  The  size of t h i s  
i n h i b i t o r y  effect  ave raged  49% (n = 2), a va lue  in  good 
a g r e e m e n t  w i t h  t h a t  ca lcu la ted  f rom t h e  size of t he  
s t ep -down  in t he  r a t e  of Na  efflux. Th i s  s t r i k ing  di f ference 
in b e h a v i o r  of t h e  N a  eff lux t o w a r d  2.5 • 10 -4 M t h y m o l  
was t h o u g h t  to  be due  to  a rise in  t h e  i n t e r n a l  free Ca 2+ 
concen t r a t i on ,  l ead ing  to  i n h i b i t i o n  of t h e  N a + - K  + 
ATPase .  H e n c e  t he  n e x t  s tep  was to  s o m e w h a t  increase  
t he  c o n c e n t r a t i o n  of t h y m o l  in  t h e  b a t h i n g  m e d i u m .  As 
is seen in F igure  2a, e x t e r n a l  app l i c a t i on  of 5 • 10 -4 M 
t h y m o l  resu l ted  in a d iphas ic  response.  I n i t i a l l y  t he re  
was a fall  in  t he  N a  efflux, a n d  t h e n  a m a r k e d  rise. The  
size of t he  i n h i b i t i o n  ave raged  51% (n = 6). I n  m o s t  
ins tances ,  however ,  t he  s t i m u l a t o r y  p h a s e  t u r n e d  ou t  to  
be  b iphas ic ,  as s h o w n  in F i g u r e  2b. Calcu la t ions  of t h e  
size of t h e  s t i m u l a t o r y  effect  t o o k  in to  a c c o u n t  t h e  
m a x i m u m  ra t e  coeff ic ient  for N a  loss, usually obse rved  
a f t e r  t h e  onse t  of t he  second s t i m u l a t o r y  phase ,  a n d  t h e  
r a t e  coeff icient  for N a  loss p r io r  to  app l ica t io  n of t he  
t hymol .  On th i s  bas is  t h e  m a g n i t u d e  of t he  s t i m u l a t o r y  
effect  a v e r a g e d  701% (n 6). Fo r  t h e  pu rpose  of 
compar i son ,  slope ana lys i s  of t h e  log eff lux p lo t s  were 
t r ied,  a n d  these  gave  a n  ave rage  va lue  of 514%.  

Since these  k ine t i c  resu l t s  were s imi la r  to  those  
o b t a i n e d  w i t h  caffeine,  i t  seemed n a t u r a l  to  w o n d e r  if 
s t i m u l a t i o n  i nvo lved  a c t i v a t i o n  of a ouaba in - in sens i t i ve  
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Fig. 1. a) Na efflux from a barnacle muscle fibre 
during treatment With 10-3M thymol (semilog plot).~ 
b) Na efftux from a barnacle muscle fibre during 
treatment with 2.5 • 10-4M thymol. 
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c o m p o n e n t  of t he  N a  efflux. E x p e r i m e n t s  were the re fo re  
done  w i t h  10 -~ M ouaba in ,  fol lowed b y  5 •  -4 M 
thymol .  As i l l u s t r a t ed  b y  F igure  3, t h y m o l  caused  a huge  
r ise in  t h e  N a  ef f lux;  again,  2 def in i t e  peaks  are  observed .  
E s t i m a t e s  based  on r a t e  c o n s t a n t  p lo t s  led to  an  ave rage  
va lue  of 363% (n~ ~ 6) for  t he  size of t he  f i rs t  peak,  a n d  
2306% (n = 4) for  t he  second peak.  T he  l a t t e r  t h o u g h  
n o t  a n  over-es t imate ,  could  no t  be  c o m p a r e d  w i t h  t h e  

These  cons ide ra t ions  lead to  t h e  idea  t h a t  for  t h e  case  
of ba rnac l e  muscle  f ibres  i t  is feas ible  to  s t u d y  cell i n j u r y  
a n d  how t h e  SI~ m a y  b e h a v e  as a p a c e m a k e r  of p l a s m a  
m e m b r a n e  ac t iv i ty .  T h a t  t h y m o l ,  moreover ,  c a n  be  used 
as a con t rac t i l e  a g e n t  is shown  b y  t he  fac t  t h a t  a 5 • 10 -~ 
M c o n c e n t r a t i o n  s h o r t e n e d  ba rnac l e  f ibres  to  a t  l eas t  
t/3 t h e i r  o r ig ina l  l ength .  I t  is w o r t h  n o t i n g  t h a t  SAKAI, 
FUJI I  a n d  SItlMUZU x~ a n d  JANKE, OBERDISSt~ a n d  
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Fig. 2. a) Diphasie response of the Na 
efflux to 5 • 10-4M thymol, b) To illus- 
trate not only the diphasie response of 
the Na efflux to 5 • 10-~M thymol but 
also the 2 stimulatory peaks. 
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Fig. 3. The response of the ouabain-insensitive Na efflux to 5 x 10-4M 
thymol. 

PETZOLDTll h a d  found  t h y m o l  to  p roduce  ' r ap id  cool ing 
c o n t r a c t u r e '  a n d  to  a u g m e n t  KCl - induced  con t rac tu~e  
in a m p h i b i a n  sa r to r ius  muscle .  

Las t ly ,  one m a y  wel l  ask, w h a t  is t h e  s igni f icance  of 
t he  t w o - s t i m u l a t o r y  peaks  ? If  we are  to  accep t  t he  idea  
t h a t  t h e  peaks  are  caused  b y  a r i s ing  free Ca 2+ concen-  
t r a t i o n  in t he  sarcoplasm,  one  could  t h e n  exp la in  t h e  
f i r s t  p e a k  as b e i n g  due  to  i n t e r r u p t i o n  b y  t h y m o l  of 
Ca 2+ u p t a k e  b y  t he  SR, a n d  t he  second p e a k  as be ing  due  
to increased  release of ' b o u n d '  Ca 2+. E x p e r i m e n t s  
des igned  to  a c c o u n t  for t h i s  t w o - p e a k  p h e n o m e n o n  are  
now in progress  13. 

Zusammenfassung. Nachweis ,  dass  T h y m o l  sowie 
Coffein in  der  Barnake l -Muske l fa se r  eine prim~ire H e m -  
m u n g  m i t  nach fo lgende r  S t i m u l i e r u n g  des N a t r i u m -  
Ausw~ir tss t romes he rvo r ru f t .  
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second s t i m u l a t o r y  phase  obse rved  in f ibres  no t  t r e a t e d  
w i t h  ouaba in .  B y  t a k i n g  in to  account ,  however ,  t he  r a t e  
c o n s t a n t  for N a  loss f o u n d  pr io r  to  a p p l y i n g  o u a b a i n  
r a t h e r  t h a n  30 ra in  a f t e r  i t s  app l ica t ion ,  an  ave rage  
va lue  of 1,120% was ob ta ined .  Th i s  is t a k e n  to  m e a n  t h a t  
o u a b a i n  g rea t ly  increases  t he  s ens i t i v i t y  of these  f ibres  
to  t h y m o l  b y  i n a c t i v a t i n g  t he  N a + - K +  ATPase .  A n o t h e r  
sa l i en t  f ea tu re  of t h e  e x p e r i m e n t s  car r ied  o u t  w i t h  
o u a b a i n  is t h e  r a p i d  onse t  of t h e  s t i m u l a t o r y  effect. Th i s  
is also t r u e  w h e n  caffeine is app l ied  to  o u a b a i n - t r e a t e d  
f ibres  9. I t  t h u s  appea r s  t h a t ,  on  t h e  one h a n d ,  t h y m o l  (or 
caffeine) has  t he  ab i l i t y  to  reduce  t he  N a  efflux, pre-  
s u m a b l y  because  i t  raises  t h e  free Ca2+ c o n c e n t r a t i o n  a n d  
hence ,  t h e  [Ca ATP~-2 concen t r a t i on .  This,  in  tu rn ,  leads  
to  suppress ion  of t h e  N a + - K +  ATPase .  On t h e  o t h e r  
h a n d ,  t h y m o l  also h a s  t he  ab i l i t y  to  s t i m u l a t e  t h e  N a  
eff lux b y  ra i s ing  t he  i n t e r n a l  free Ca ~+ to  levels w h i c h  
g r ea t l y  a c t i v a t e  t h e  ouaba in - in sens i t i ve  N a  efflux. 
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