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Ions of t he  exposed a n i m a l s  col lected more  dye  on  t he  
ave r age  t h a n  did  t he  colons of t h e  controls .  These  differ-  
ences  of ave rage  va lues  were  s ign i f i can t  a t  t he  5 %  level  
of conf idence  u n d e r  t he  nu l l=hypothes i s  t h a t  no  d i f ference  
of averages  would  exist .  

I n  sum, g a s t r o i n t e s t i n a l  t r a n s i t  d a t a  is in  a g r e e m e n t  
w i t h  smal l  i n t e s t i n a l  m o t i l i t y  p a t t e r n s  o b t a i n e d  f rom r a t s  
w h i c h  were  exposed  to  a h i g h  f r equency  electr ic  field. T h e  
h y p o m o t i l i t y  a n d  low respons iveness  to  ace ty l cho l ine  
which  is m a n i f e s t e d  b y  i so la ted  s t r ips  of large  i n t e s t i ne  
f rom exposed  a n i m a l s  is c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  
t h a t  no  a n i m a l s  exposed  to t he se  genera l  r ad io - f r equency  
p a r a m e t e r s  was  eve r  o b s e r v e d  to  e x h i b i t  d i a r rhea .  I t  is 
fe l t  t h a t  these  d a t a  de f in i t e ly  c o n s t i t u t e  t he  f i r s t  d e m o n -  
s t r a b l e  ev idence  w a r r a n t i n g  t h e  in fe rence  of a poss ib le  re-  
l a t i o n s h i p  b e t w e e n  exposure  to  a h i g h - f r e q u e n c y  e lect r ic  
f ie ld a n d  g a s t r o i n t e s t i n a l  effects.  No specu la t i on  u p o n  t he  
m e c h a n i s t i c  a spec t  of t h i s  r e l a t i o n s h i p  is w a r r a n t e d  a t  th i s  
t ime .  
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S e n s i t i v i t y  of  S o d i u m  E f f l u x  i n  B a r n a c l e  M u s c l e  F i b e r s  t o  t h e  M i c r o i n j e c t i o n  o f  C a l c i u m  C h l o r i d e  

I n  t h e  course  of a n  e n q u i r y  in to  t he  b e h a v i o r  of N a  
ef f lux in ba rnac l e  musc le  f ibers  b a t h e d  in  ar t i f ic ia l  sea  
w a t e r  i t  was  found  t h a t  t h e  e x t r u s i o n  of s o d i u m  was  
g r ea t l y  s t i m u l a t e d  b y  a n  i n j ec t i on  of CaC1 v I t  was  con-  
c l n d e d  f rom th i s  t h a t  t h e  N a  eff iux m e c h a n i s m  cons is t s  
of a c o m p o n e n t  which  is Ca~+-sensit ive.  H o w e v e r  i t  was  
unc lea r  w h e t h e r  in jec t ions  of CaCI~ would  b r i n g  a b o u t  
a s imi la r  effect  on  N a  eff lux in to  K-free  ar t i f ic ia l  sea 
water .  I n  t he  p r e s e n t  e x p e r i m e n t s ,  the re fore ,  a n  a t t e m p t  
was m a d e  to  uncoup le  t he  N a - K  t r a n s p o r t  s y s t e m  of 
these  f ibers  before  m i c r o i n j ec t i ng  a so lu t ion  of CaC1 v 

These  e x p e r i m e n t s  were done  us ing  single musc le  f ibers  
i so la ted  b y  d i ssec t ion  f rom t he  depressor  musc le  b u n d l e s  
of t h e  b a r n a c l e  Balanus nubilus (or B. aquila). T h e  f ibers  
were  c a n n u l a t e d  in t h e  s ame  w ay  as Maia f ibers  a n d  
t h e n  loaded  w i t h  ~ N a  b y  m e a n s  of a HODGKIN a n d  
KEYNES z mic ro in j ec to r  as  modi f ied  b y  CALDWELL a n d  
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Fig. 1. The behavior of Na efflux from a barnacle fiber in artificial 
sea water before and after internal application of 1 M CaCI~, plotted 
semilogarithmically. 

WALSTER 2. The  in j ec to r  d i scha rged  ca. 0.1 ~xl of t e s t  
f l u i d / c m  of m i c r o m a n i p u l a t o r .  T h e  e x p e r i m e n t s  were 
done  in ar t i f ic ia l  sea w a t e r  as t he  b a t h i n g  m e d i u m ,  t he  
compos i t i on  of wh ich  was :  (mM)  NaC1 465, KC1 10, 
MgC12 10, CaC12 10, N a H C O  a 10, p H  7.8 a n d  t he  t e m -  
p e r a t u r e  of th i s  m e d i u m  was b e t w e e n  22 a n d  23°C. 
K-f ree  ar t i f ic ia l  sea  w a t e r  so lu t ions  were p r e p a r e d  b y  
s u b s t i t u t i n g  NaC1 in e q u i m o l a r  a m o u n t .  

T h e  a c t i v i t y  of 22Na in t h e  wash ings  a n d  t h e  a c t i v i t y  
in  t h e  f iber  r e m a i n i n g  a t  t h e  end  of each  e x p e r i m e n t  
were  m e a s u r e d  us ing  t he  p rocedures  descr ibed  b y  BIT- 
TAR a a n d  BITTAR, CALDWELL a n d  LOWE 4. Z~Na (Code 
SKS .  1) was  o b t a i n e d  f rom A m e r s h a m - S e a r l e  Corpora t ion .  

The  effect  on  N a  eff lux of i n j ec t i ng  a so lu t ion  of 1 M  
CaC12 in to  b a r n a c l e  f ibers  is i l l u s t r a t ed  b y  F igures  1 a n d  2. 
I n  t h e  f i rs t  F igu re  t h e  N a  ef f lux  is s h o w n  to be  r e l a t ive ly  
insens i t ive  to  a s u d d e n  r ise in  t he  sa rcop la smic  free Ca ~+ 
concen t r a t i on .  I n  t h e  second  f igure  h o w e v e r  t h e  N a  ef f lux 
is s h o w n  to  be  g r ea t l y  s t i m u l a t e d  b y  a s u d d e n  r ise  in  t h e  
i n t e r n a l  free Ca 2+ c o n c e n t r a t i o n .  Also s h o w n  is t h a t  con-  
t r a c t i o n  (see legend) in  i tself  leads  to  a s l i gh t  increase  in  
t he  N a  eff lux.  T h i s  cou ld  b e  m e r e l y  t h e  r e s u l t  of t h e  
squeez ing  of some r a d i o s o d i u m  o u t  of t h e  T - s y s t e m .  

T h e  ef fec t  of K r e m o v a l  on  t h e  N a  eff lux a n d  of 
i n j ec t ing  1 M  CaCt 2 on  t h e  r e s idua l  eff lux is i l l u s t r a t ed  
in F igures  3 a n d  4. One  c a n  see t h a t  t h e  r e m o v a l  of K 
ions f r o m  t h e  b a t h i n g  m e d i u m  caused  a large  r e d u c t i o n  
in  t h e  loss of r ad io sod ium,  F u r t h e r m o r e ,  i n j ec t i on  of 1 M  
CaCL. is s h o w n  to  r e s n i t  i n  a r ise  in  t h e  N a  eff lux,  t h e  
m a g n i t u d e  of t h e  ef fec t  b e i n g  qu i t e  g r e a t  in  F i g u r e  4. 
Th i s  p a t t e r n  of b e h a v i o r  pa ra l l e l s  t h a t  of f ibers  i n j ec t ed  
w i t h  c o n c e n t r a t i o n s  of CaC12 as  low as 1 m M  ~. T h e  signif i-  
cance  of t h i s  c o m p a r i s o n  lies in  t h e  f ac t  t h a t  a n  in i t ia l  
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sa rcop la smic  Ca 2+ c o n c e n t r a t i o n  fol lowing in jec t ion  of 
4 × 1 0 - ~ M  (the d i lu t ion  fac to r  be ing  250-fold) is n o t  v e r y  
d i f f e ren t  f r o m  t h e  t h r e s h o l d  v a l u e  for i n d u c i n g  con t rac -  
t i on  in  b a r n a c l e  f ibers  (see for e x a m p l e  ASHLEYS). 

T h e  d e m o n s t r a t i o n  of a Ca2+-sensi t ive c o m p o n e n t  of 
t h e  N a  e f f lux  a n d  i ts  a c t i v a t i o n  b y  ra i s ing  t h e  i n t e r n a l  
Ca ~+ c o n c e n t r a t i o n  in  t h e  a b s e n c e  of e x t e r n a l  K ions is 
n o t  a l t o g e t h e r  s u r p r i s i n g  in v iew of t h e  o b s e r v a t i o n  of 
BITTAR a n d  TONG e t h a t  lower ing  t h e  e x t e r n a l  p H  below 
6.8 a l w a y s  s t i m u l a t e s  t h e  N a  e f f lux  in to  a K - c o n t a i n i n g  
or K-f ree  m e d i u m .  I t  t h u s  s e e m s  n o t  u n r e a s o n a b l e  to  
d e d u c e  t h a t  t h i s  p a r t  of t h e  N a  p u m p  w h i c h  is Ca ~+- 
s ens i t i ve  on t h e  inne r  s ide of t h e  p l a s m a  m e m b r a n e  m i g h t  

be t h a t  w h i c h  is sens i t ive  to ac id i f i ca t ion  of t h e  b a t h i n g  
m e d i u m .  T h a t  t h i s  is so is c o n f i r m e d  b y  m o r e  r ecen t  
e x p e r i m e n t s  in w h i c h  t h e  N a + - K  + A T P a s e  s y s t e m  of 
b a r n a c l e  f ibers  h a d  been  i n a c t i v a t e d  b y  a p p l y i n g  o u a b a in .  
B o t h  CaC1 z in j ec t ions  a n d  lowering t h e  e x t e r n a l  p H  were 
f o u n d  to  cause  a large  rise in the  N a  e f f lux  (DANIELSON, 
BITTAR, TONG a n d  CHEN, u n p u b l i s h e d  resul t s ) .  T h e  
s ign i f icance  of th i s  o u a b a i n - i n s e n s i t i v e  c o m p o n e n t  a n d  
i ts  n e w l y  d i scovered  p roper t i e s  s e e ms  u n m i s t a k a b l e .  
W h e t h e r  t h i s  c o m p o n e n t  is s i t u a t e d  in t h e  T - s y s t e m  a n d  
w h e t h e r  i t  is c losely  c o n n e c t e d  to  t h e  m e c h a n i s m  of 
e x c i t a t i o n - c o n t r a c t i o n  coup l ing  are q u e s t i o n s  w h i c h  a w a i t  
e luc ida t ion  ~. 
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Fig. 2. To illustrate the marked stimulation by injected 1M CaCI~ 
of Na efflux from another barnacle fiber. The further rise in Na efflux 
occurring some 30 min affter injection was associated with more 
severe contraction. Thus, the increase in Na loss may have been due 
to the squeezing out of a fraction of the radiosodium present in the 
T-system. 
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Fig. 4. The effect of injected CaCI~ (1 M) on Na efflux from another 
barnacle fiber, following the removal of K ions from the bathing 
mediunl. 
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Fig. 3. The effect of injected CaCI 2 (1M) on Na efflux following 
the removal of K ions from the bathing medium. 

Zusammenfassung. Nachweis ,  d a s s  der  A u s w i i r t s s t r o m  
y o n  N a t r i u m  a u s  M u s k e l f a s e r n  der  A r t h r o p o d e n  Balanus 
nubilus u n d  Balanus aquila in k i ins t l i chem,  k a l i u m f r e i e m  
Meerwasse r  d u r c h  Mik ro in j ek t ion  v o n  K a l z i u m c h l o r i d  
a k t i v i e r t  wird.  
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