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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 ,  il 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 .  

J .  J .  DREIFUSS, J .  D. GRAU 
a n d  RITA E.  BIANCHI 

Department o[ Physiology, 
University o/Geneva Medical School, 
CH-1211 Gen~ve 4 (Switzerland), t8 June 197/. 

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 .  
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Dark brown granules in the cytoplasm of the fat body. The arrow 
shows the site of the peroxidase activity. 

Resul t s  ob ta ined  f rom incuba t ion  procedures  and radio 
isotopic s tudies indicate  the  prote in  syn the t ic  capabi l i t ies  
of the  fa t  body  and t h a t  these synthes ized  proteins  are for 
the  mos t  pa r t  secreted into  the  blood w i thou t  pr ior  s tor-  
age 2-n. However ,  t he  pro te in  granules  s tored  in t he  fa t  
body  of Calpodes ethlius are  fo rmed  by  the  seques t ra t ion  
of h a e m o l y m p h  proteins,  as ind ica ted  in the  work  of LOCKE 
and  COLLINS e using p lan t  peroxidase  as the  t race r  pro-  
tein.  I n  t he  l ight  of  these  observat ions ,  i t  is of in teres t  to  
s t udy  the  origin of tyros ine-r ich prote in  granules  appear ing  
in t he  fat  body  a t  t he  p remol t  s tage of a mi l l ipede  Spiro- 
streptus asthenes. 

Millipedes of t he  species Spirostreptus asthenes were 
used in the  present  s tudy.  Stages of the  mou l t  cycle were  
assessed according to the  m e t h o d  of VERHOEFF 7 and  
JoLY s, using claw d e v e l o p m e n t  as the  ma in  cri terion.  The  
t racer  pro te in  employed  was horse radish  peroxidase,  and 
the  procedure  fol lowed was t h a t  of LOCKE and COLLINS s 
wi th  appropr ia te  modif icat ions .  The  peroxidase  solut ion 
was perpared  by  dissolving 1 mg  of peroxidase  in 0.1 ml  of 
mi l l ipede  saline conta in ing  sodium chloride 0.63 g, po- 
t a ss ium chloride 0.025 g, ca lc ium chloride 0.025 g, and 
glucose 0.2 g in 100 ml  of dist i l led wa te r  9. F i v e  p remoul t  
mi l l ipedes  were in jec ted  wi th  0.5 ml  of peroxidase  solu- 
t ion and 4 h were al lowed for incorporat ion.  Fo r  visual-  
izing the  si tes of peroxidase  ac t iv i ty ,  t he  animals  were slic- 
ed by  p lac ing  t h e m  in ice-cold 4% buffered neut ra l  for- 
ma ldehyde  and kep t  in the  same for 4 h for f ixat ion.  The  
fa t  b o d y  was then  separa ted  and  washed  wi th  ice-cold 
10% sucrose solut ion 3 t imes  a t  in te rva ls  of 30 min.  Sub- 
sequen t ly  t he  ma te r i a l  was washed r epea ted ly  in phos-  
p h a t e  buffer  (pH 7) and  then  9 ml  of benzidine  reagent  
(0.3% benzid ine  in phospha te  buffer  a t  p H  7) was added  
wi th  gent le  shaking.  Af te r  2 min,  1 ml  of 0.3% hydrogen  
perox ide  was added and  shaken v igorous ly  a t  room t em-  
pe ra tu re  for 1 0 - 3 0 m i n .  The  t issue was dehydra ted ,  
cleared in xy lene  and m o u n t e d  in canada  ba lsam.  Control  
animals  were in jec ted  wi th  0,5 ml of mi l l ipede  saline and 
lef t  for 4 h. 

The  whole  moun t s  of the  fat  body  of the  expe r imen ta l  
mi l l ipedes  show the  presence of da rk  b rown granules  in 

the  c y t o p l a s m  (Figure) indica t ing  the  presence of peroxi-  
dase% No such granules  were de tec ted  in the  f a tbody  of 
the  cont ro l  animals .  

The  presence of an endogenous peroxidase  has been re- 
por ted  in several  insect  t issues such as gu t  epi the l ium,  
f l ight  muscle  and epidermis  10, xl. Bu t  the  presence of this  
enzyme  has no t  so far been repor ted  in insect  fa t  body.  As 
the  whole  moun t s  of the  fa t  body  taken  f rom the  cont ro l  
mil l ipedes  do not  give  a benzidine posi t ive  reaction,  i t  m a y  
be assumed t h a t  an  endogenous  peroxidase  enzyme  is ab-  
sent  in t he  fa t  body  of Spirostreptus asthenes. 

In  th is  exper iment ,  the  up t ake  of a foreign recognizable  
pro te in l ike  p l an t  peroxidase  by  the  fa t  body  f rom the  
blood has  been  t aken  to  indica te  t he  capac i ty  of the  fa t  
body  to  seques ter  pro te ins  f rom the  blood. LOCKE and  
COLLINS 12 observed  the  course of peroxidase  up take  by  
fat  body  a t  va r ious  s tages in t he  deve lopmen t  of t he  l a rva  
of Calpodes ethlius and no ted  t h a t  t he  peroxidase  up take  
is m a x i m u m  a t  the  approach  of pupa t ion  when  the  pro- 
te in  granule  fo rmat ion  is a t  i ts peak,  suggest ing the  di rect  
incorpora t ion  of blood prote in  in to  the  fa t  body  prote in  
granules. I n  Spirostreptus asthenes the  s torage prote in  
granules  are  formed a t  the  p remou l t  stage. The  peroxidase  
up take  a t  th is  per iod of mou l t  indicates  t h a t  the  prote ins  
migh t  be sequestered f rom the  blood for the  fo rmat ion  of 
granules. I n  insects l ike Malacosoma americanum and 
Rolhschildia orizaba, a general  migra t ion  of blood proteins  
in to  fat  body  a t  the  t i m e  of pupa t ion ,  when the  s torage 
prote in  granules  are  formed,  has  been observed by  electro-  
phoret ic  means  is. These observa t ions  are consis tent  wi th  
the  idea of seques t ra t ion  of blood proteins  by  the  fat  body  
of insects l ike Calpodes ethlius 0, ~ and of mil l ipedes  like 
Spirostreptus asthenes as indica ted  in the  present  work. A 
s imilar  condi t ion  is also present  in the  grasshopper  Me- 
lanoplus di]lerentialis, where  the  per icardia l  cells p l ay  
some role in in te rmedia ry  pro te in  metabo l i sm by  t ak ing  
up pro te in  f rom the  h a e m o l y m p h  b u t  releasing i t  in an al- 
te red  form 14. B u t  in t he  p resen t  s t u d y  i t  is no t  known 
whe the r  the  sequestered p ro te in  is s tored  as such or  under-  
goes change before storage.  This  aspec t  deserves  fu r the r  
inves t igat ion.  

Rdsumd. On a observ6 chez un mi l le -pa t tes  (Spirostrep- 
tus asthenes) que la p6roxidase  inject6e dans  le sang a 6t6 
t rouv6e  plus t a rd  dans  le corps Eras, ce qui  sugg~re que 
celui ci est capable  d ' isoler  la prot6ine du sang. 
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