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A n t a g o n i s m  B e t w e e n  Ca and N a  I o n s  at N e u r o h y p o p h y s i a l  N e r v e  T e r m i n a l s  

DOUGLAS a n d  POISNER x were  f i rs t  to  d e m o n s t r a t e  t h e  
i m p o r t a n c e  of  Ca ~ ions in t h e  release of o c t a p e p t i d e  hor-  
mones  f rom t h e  neu rohypophys i s .  S t imu la t ion  of neural  
lobes in  v i t ro  b y  increas ing  t h e  ex t e rna l  [K +] or by  electr i-  
cal  cu r r en t s  is ineffect ive  if CaCt~ is o m i t t e d  f rom the  
b a t h i n g  solut ion,  while  the  l ibera t ion  of ho rmones  is pro-  
gress ively  increased if [CaCl~] is ra ised to  3-4 m M ;  the  
eff ic iency of s t imula t ion  decl ines above  th is  range.  

I t  is genera l ly  he ld  t h a t  t he  release process  in vivo is 
in i t i a ted  by  ac t ion  po ten t i a l s  which  depolar ize  t he  nerve  
f ibre  endings,  and  t h a t  Ca ~+ diffuses in to  these  depolar ized 
t e rmina l s  a long i ts  e lec t rochemica l  gradient ,  t h u s  reaching 
si tes  which,  w h e n  occupied by  calcium, would  in some way  
p r o m o t e  h o r m o n e  release. A l though  Na+ is requi red  for t he  
gene ra t ion  a n d  p r o p a g a t i o n  of ac t ion  poten t ia l s ,  i t  is no t  
essent ia l  for  t h e  release process,  .since l ibera t ion  of hor-  
mones  can  be  evoked  in Na+-free solu t ions  t or in t h e  pre-  
sence of t e t r o d o t o x i n  ~. Ra the r ,  a g iven sec re to ry  s t imulus  
seems to  become more  effect ive  as t h e  concen t r a t i on  of 
Na+ is lowered,  wh ich  suggests  t h a t  Na  ions m a y  h inde r  
t he  inf lux of Ca ~+ dur ing  depola r iza t ion  and /o r  m a y  com- 
pe te  for t he  pos tu l a t ed  b ind ing  sites, In  frog h e a r t  muscle,  
i t  has  been  descr ibed  t h a t  the  i n t ens i ty  of muscle  cont rac-  
t ion  increases  as [Na +] is lowered,  bu t  r emains  fair ly con- 
s t a n t  if t he  ra t io  [Ca*+J/[Na+] * is ma in ta ined* ,  ~. LOTTGAU 
and  NIEDERGERKE ~ have  sugges ted  t h a t  in hea r t  muscle  
Na  + and  Ca ~+ c o m p e te  for a nega t ive ly  charged  carr ier  
molecule wh ich  moves  inward  dur ing  m e m b r a n e  depolar i -  
zat ion.  A s imi lar  m e c h a n i s m  has  been  p o s t u l a t e d  to  ac- 
coun t  for  t h e  increase  in  t r a n s m i t t e r  release wh ich  fol lows 
the  depo la r iza t ion  of p r e s y n a p t i c  ne rve  t e rmina l s  s. I n  th i s  
s tudy ,  a s imi lar  ionic in t e rac t ion  has  been  found.  

I so la ted  n e u r o h y p o p h y s e s  were ob ta ined ,  fol lowing de- 
cap i ta t ion ,  f rom adu l t  r a t s  of b o t h  sexes.  The  cu t  end  of 

t he  p i t u i t a r y  s ta lk  was  t ied  to  a p l a t i n u m  wire  and  the  
p r e p a r a t i o n  i m m e r s e d  in smal l  t e s t  t ubes  con ta in ing  1.0 ml  
of modi f i ed  Locke so lu t ion  (cf. ref.X), m a i n t a i n e d  a t  37 °C 
and  gassed  wi th  95% O , - 5 %  COy Af te r  a 20 min  p re incu-  
ba t ion  per iod  the  neura l  lobe was  t r ans fe r red  in to  f resh  
med ia  eve ry  10 min  by  means  of a mic romanipu la to r .  Hor-  
mone  release was evoked  by  a 10-fold rise in [KC1] (to 
56 raM) a t  NaC1 concen t r a t ions  of e i ther  50, 100 or 
150 m M .  In cer ta in  expe r imen t s ,  t he  concen t ra t ion  of 
CaCl= was also modif ied  in order  to  yield p r e d e t e r m i n e d  
ra t ios  of [Caa+]/[Na+] *. Af te r  incubat ion ,  med ia  were  
s to red  a t  4°C overn igh t  and  the i r  mi lk  e jec t ion ac t iv i ty  
d e t e r m i n e d  in a ra t  b ioassay  *. Resu l t s  are expressed  in 
f rac t ions  of in t e rna t iona l  un i t s  (tzl) of s y n t h e t i c  oxy toc in  
(Syntoc inon,  Sandoz  Ltd.) .  

F igure  1 shows 2 typ ica l  e x p e r i m e n t s  in which  each  pre-  
p a r a t i o n  was  s tud ied  dur ing  13 consecu t ive  incuba t ion  
per iods .  H o r m o n e  secre t ion was  evoked  b y  KCt (56 m M )  
dur ing  the  2nd,  6th  and  10th incuba t ion  period,  ionic 
s t r e n g t h  and  i so-osmolar i ty  in the  me d i u m being main-  
t a ined  by  the  add i t i on  of chol ine chlor ide;  the  [CaCI,] 
was kep t  c o n s t a n t  a t  2.2 m M  t h r o u g h o u t  the  exper imen t s .  
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Fig. 1. Effect of partial replacement of external NaC1 by choline 
chloride on evoked hormone relase from 2 (A, B) neural lobes in vitro. 
Each column represents hormone output from a single rat neurohy- 
pophysis during consecutive 10 min incubation periods; open columns: 
resting state; stippled columns: excess potassium (56 mM). The con- 
centration of CaC12 was kept constant at 2.2 mM troughout. Numbers 
above columns indicate concentrations of NaCI (raM), iso-osmolarity 
being maintained with choline chloride. 
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Fig. 2. Hormone release from isolated rat neural lobes as a function 
of the [Ca*+]/[Na+] ~ ratio of the bathing solution. Ratios were cal- 
culated for NaCt concentrations of 50, 100 and 150 mM (see also 
Table), the osmolarity of the media being adjusted with choline 
chloride where required. Black symbols: 0.28 mM <1 [CaCI~] < 2.2 
mM; open symbols: CaClz > 2.2 m M  (concentrations in parenthesis). 
Each point represents mean output of 4-6 individual neural lobes. 
Note that with [CaCI=] < 2.2 mM, output varies roughly linearly 
with the [Ca*+]/[Na+] 2 ratio, while output is lower with [CaCI,] > 
2.2 raM. 
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I t  is r ead i ly  a p p a r e n t  t h a t  t h e  s t a n d a r d  s t i m u l u s  is m o s t  
e f fec t ive  a t  t h e  lowes t  [NaC1] t e s t e d  (50 m M ) , a n d  is s t i l l  
more  e f fec t ive  a t  a n  i n t e r m e d i a t e  (100 m M )  t h a n  a t  t h e  
n o r m a l  c o n c e n t r a t i o n  (150 m M ) .  T h i s  g r a d e d  r e sponse  
was  o b t a i n e d  w i t h  a l l  poss ib le  p e r m u t a t i o n s  of t h e  exper i -  
m e n t a l  des ign  a n d  c a n n o t  be  a sc r ibed  to  t h e  a d d i t i o n  of 
chol ine,  s ince  t h e  r e p l a c e m e n t  of NaC1 b y  LiC1 gave  s imi-  
la r  resul ts .  

These  o b s e r v a t i o n s  cou ld  be  e x p l a i n e d  b y  a s s u m i n g  
t h a t  b o t h  Na+ a n d  Ca + h a v e  a n  a f f i n i t y  for  t h e  h y p o t h e t i -  
cal  ce l lu lar  b i n d i n g  s i tes  (X), b u t  t h a t  on ly  t h e  complexes  
C a - X  are  ab le  to  p r o m o t e  release.  I n  m e d i a  c o n t a i n i n g  a 
h i g h  NaC1 c o n c e n t r a t i o n ,  N a  ions m i g h t  c o m b i n e  w i t h  
e i t he r  or  b o t h  of p o s t u l a t e d  an ion ic  g roups  of X so as to  
fo rm i n a c t i v e  complexes .  

I f  such  a n  a n t a g o n i s m  d id  exis t ,  t h e  re lease  of hor -  
m o n e s  m i g h t  d e p e n d  on  t h e  [Ca2+]/[Na+] * r a t i o  ove r  a wide  
r a n g e  of Ca 2+ concen t r a t i ons .  I n  o rde r  to  t e s t  t h i s  possi-  
b i l i ty ,  e x p e r i m e n t s  were  done  in  w h i c h  t h i s  r a t i o  in  t h e  
b a t h i n g  so lu t ion  was  e i t h e r  k e p t  c o n s t a n t ,  or v a r i e d  de- 
l ibera te ly ,  ionic  s t r e n g t h  a n d  i so -osmola r i ty  be ing  m a i n -  
t a i n e d  in each  case b y  t h e  a d d i t i o n  of chol ine  chlor ide .  

Resu l t s  are  s u m m a r i z e d  in  t h e  T a b l e  a n d  in  F igu re  2, 
a n d  show t h a t  for  CaCI~ c o n c e n t r a t i o n s  b e t w e e n  0.28 a n d  
2.2 m M ,  t h e  re lease  of h o r m o n e s  increases  l i nea r ly  w i t h  
t h e  r ises  of t h e  [Ca~+]/[Na +] 2 ra t io .  

W h e r e a s  re lease  is i ndeed  d e t e r m i n e d  b y  t h i s  r a t i o  ove r  
a n  a p p r o x i m a t e l y  10-fold r ange  of [Ca~+], t h e  r e l a t i onsh ip  
does n o t  ho ld  for  CaC12 c o n c e n t r a t i o n s  a b o v e  a p p r o x i m a -  
t e ly  3 m M ,  w h i c h  is in  keep i ng  w i t h  t h e  o b s e r v a t i o n  of 
DOUGLAS a n d  POISNER 1 t h a t  va s op r e s s i n  re lease  de-  
creases  in  t h i s  range .  S imi lar ly ,  BROWN a n d  FELDBERG 7 
h a v e  descr ibed  t h a t  t h e  re lease  of ace ty l cho l ine  f rom t h e  
pe r fused  ce rv ica l  super io r  gang l ion  b y  ra i sed  [KC1] is de-  
p ressed  b y  h i g h  Ca ~+ c o n c e n t r a t i o n s ;  a n d  GAGE a n d  
QUASTEL s h a v e  r e p o r t e d  t h a t  t h e  f r e q u e n c y  of m i n i a t u r e  
e n d  p l a t e  p o t e n t i a l s  in  r a t  d i a p h r a g m a  increases  w i t h  
[Ca l+] in  t h e  r ange  of  0.32 to  2.0 m M ,  b u t  d i m i n i s h e s  w i t h  
a f u r t h e r  r ise  in  CaC1 v I t  h a s  b e e n  p roposed  t h a t  t h e  pa r -  
t i a l  i n a c t i v a t i o n  of t h e  re lease  process  in  h i g h  [CaCI,] m a y  
be  due  to  t h e  f o r m a t i o n  of i n a c t i v e  C a , - X  complexes .  

[NaCI] [CaC12] [Ca2+lt[Na+]2 Mean hormonal No. of 
(raM) (raM) (M -x) output experiments 

(mU oxytocin) 
Mean S.D.M. 

T h e  ce l lu lar  loca l iza t ion  of t h e  ionic  b i n d i n g  s i tes  X is 
s t i l l  u n k n o w n .  Our  f i nd ing  t h a t  re lease  is g o v e r n e d  b y  t h e  
[Ca*+3/[Na+]* r a t i o  in  t h e  b a t h i n g  so lu t ion  sugges t s  t h e  
ex i s t ence  of s i tes  n o t  f a r  r e m o v e d  f r o m  t h e  cel l  surface,  
viz.  w i t h i n  t h e  m e m b r a n e ,  w h i c h  is r ead i ly  access ible  to  
t h e  i n c u b a t i o n  m e d i u m .  I f  t h e  s i tes  were  in t r ace l lu la r ,  re- 
lease o u g h t  t o  be  dep res sed  b y  a n  inc rease  in  i n t r a c e t l u l a r  
[Na+] ; no  s u c h  depres s ion  was  f o u n d  b y  DICKER 9 w h e n  
a c t i v e  s o d i u m  t r a n s p o r t  was  b locked  w i t h  ca rd i ac  glyco- 
sides.  

I t  r e m a i n s  to  be  d e t e r m i n e d  w h e t h e r  t h e  i n h i b i t o r y  ac- 
t i on  of N a  ions  on  n e u r o h y p o p h y s i a l  h o r m o n e  re lease  is 
specif ic  or  is s h a r e d  b y  o t h e r  u n i v a l e n t  ca t ions .  I n  f rog 
ca rd iac  muscle ,  a n  increase  in  t h e  t en s ion  of c o n t r a c t u r e  
occurs  w h e n  lXTaC1 is r ep laced  b y  sucrose,  a n d  l i t h ium,  
cho l ine  or  iris chlor ides  *, sugges t ing  t h a t  t h e  ef fec t  of 
lower ing  [Na +] is a specif ic  a c t i o n  of N a  ions. I n  con t r a s t ,  
KELLY 10 h a s  sugges ted  t h a t  a t  f rog n e u r o m u s c u l a r  j unc -  
t i ons  t h e  c o m p e t i t i o n  b e t w e e n  N a  + a n d  Ca *+ m a y  n o t  be  
c h e m i c a l l y  specific,  b u t  cha rge  specific.  

T h e  fac t  t h a t  t h e  re lease  m e c h a n i s m  does inve r se ly  de-  
p e n d  on  t h e  e x t e r n a l  N a  + c o n c e n t r a t i o n  - in  c o n t r a s t  to  
t h e  h e i g h t  of t h e  ac t ion  p o t e n t i a l  11 _ sugges ts  t h a t  t h e  re- 
lease process  for  o c t a p e p t i d e  h o r m o n e s  can  f u n c t i o n  in-  
d e p e n d e n t l y  of t h e  g e n e r a t i o n  of ac t ion  p o t e n t i a l s  (cf. ref.2). 
Moreover ,  s ince u n d e r  n o r m a l  cond i t ions ,  a m a j o r  p a r t  of 
t h e  ac t ion  c u r r e n t s  f lowing  a t  t h e  level  of t h e  a x o n  t e r m i -  
na l s  in  t h e  n e u r a l  lobe a re  in  al l  l ike l ihood  ca r r ied  b y  N a  
ions,  i t  m a y  be  conc luded  t h a t ,  b o t h  in v i v o  a n d  in s t an -  
d a r d  Locke  so lu t ion ,  t h e  re lease  m e c h a n i s m  m a y  n o t  be  
fu l ly  o p e r a t i o n a l  1,. 

RdsumL L a  secr6 t ion  h o r m o n a l e  de n e u r o h y p o p h y s e s  
isol6es de r a t  a 6t6 es t im6e  h l ' a ide  d ' u n  t e s t  d ' 6 j ec t i on  du  
lait .  Au m o m e n t  de la  d6po la r i s a t i on  des t e r m i n a i s o n s  
neurosecr6t r ices ,  i l y  a c o m p 6 t i t i o n  e n t r e  le s o d i u m  e t  le 
ca l c ium e x t e r n e s  p o u r  d ' h y p o t h 6 t i q u e s s i t e s  m e m b r a n a i r e s .  
P o u r  des  c o n c e n t r a t i o n s  de  ca l c ium inf6r ieures  ou  6gales 
la  c o n c e n t r a t i o n  phys io log ique ,  la  l i b6 ra t i on  h o r m o n a l e  
es t  f onc t i on  du  r a p p o r t  [CaV,-]/[Na+] ~ d u n s  le mi l ieu  
ex te rne .  
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150 1.24 0.055 8.6 4- 0.6 5 
100 0.55 0.055 8.8 4- 1.5 5 
150 2.48 0 . t i  9.3 4- 1.5 5 
100 1.10 0.11 11.6 4- 1.5 5 
50 0.28 0.11 10.2 ± 1.6 6 

150 4.95 0.22 7.4 4- 0.7 5 
100 2.20 0.22 14.9 ::l= 2.3 5 
50 0.55 0.22 15.0 4- 3.1 4 

150 9.90 0.44 2.0 4- 0.0 5 
100 4.40 0.44 20.9 4- 3.5 5 
50 1.10 0.44 23.3 4- 1.6 5 
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Peroxidase Uptake by the Fat Body of a Millipede Spirostreptus asthenes (Diplopoda, Myriapoda) 

A r e c e n t  s t u d y  on  t h e  f a t  b o d y  of a mi l l ipede  Spirostrep- 
tus asthenes shows t h e  a p p e a r a n c e  of t y ros ine - r i ch  p r o t e i n  
g ranu les  in  t h e  p r e m o l t  s tage  a n d  t h e i r  d i s a p p e a r a n c e  
fo l lowing mol t .  1. T h a t  t h i s  p r o t e i n  a p p e a r s  p r io r  to  cut ic le  

f o r m a t i o n  a n d  d i s appea r s  d u r i n g  t h e  f o r m a t i o n  of cut ic le  
m a y  sugges t  i t s  u t i l i z a t i on  in  t h e  cut ic le  fo rma t ion .  

S tud ies  on  insec t  f a t  b o d y  show t h a t  t h e  f a t  b o d y  pro-  
t e i n  could  be  fo rmed  e i the r  b y  s y n t h e s i s  or  s eques t r a t ion .  


