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c o n t r a c t i o n  was induced  b y  5 x l0  -6 M ace ty lchol ine-  
ch lor ide  solut ion.  

In  t he  case w h e n  ton ic  musc le  f ibres  are  k e p t  for  I h 
in  R + 200G, t h e i r  c o n t r a c t i o n  c a p a c i t y  a f te r  glycerol  
r e m o v a l  is f ound  to be  r educed  a b o u t  twice, a n d  2 h l a t e r  
is res tored  comple te ly .  If  a f t e r  t h a t  t h e  ton ic  f ibres  are 
t r ans fe r r ed  to  R + 400G for  1 h a n d  w a s h e d  ou t  once 
more,  t he  c o n t r a c t i o n  re ta ins .  As was d e m o n s t r a t e d  on 5 
f ibres u n d e r  i nves t i ga t i on  t he  a m p l i t u d e  of c o n t r a c t i o n  
in 1 h a f t e r  t h e  second glycerol  r e m o v a l  was  2 0 - 4 0 %  of 
t h e  or ig inal  v a l u e  (Table).  T h u s  t h e  p r e l i m i n a r y  r e m o v a l  
of glycerol  lower c o n c e n t r a t i o n  reduced  t he  d i sconnec t ion  
effect  of h igher  concen t r a t i on .  The  same effect  was 
o b t a i n e d  in 6 e x p e r i m e n t s  on  phas ic  fibres.  

The  u l t r a s t r u c t u r e  of t he  i so la ted  ton ic  f ibre  undergoes  
cons iderab le  changes  a f t e r  1-hour  i n c u b a t i o n  in R + 400 G 
followed b y  2-hour  wash  o u t  in  t he  R inge r  solut ion.  
Large  vacuoles  can  be  seen b e t w e e n  myof ib r i l s  in  s i tes  of 
loca l iza t ion  of sa rcoplasmic  r e t i cu lum elements .  More- 
over,  sma l l  vacuoles  occur  inside myof ibr i l s .  The  m e m -  
b r a n e s  a r o u n d  these  vacuoles  could no t  be  seen (Figure 2). 
In  t he  second e x p e r i m e n t a l  va r i an t ,  w h e n  t he  f ibre was 
k e p t  in R ~- 200G a n d  t h e n  r e - i ncuba t ed  in R + 400G, 
a l t e r a t i ons  in t he  u l t r a s t r u c t u r e  were no t  so s t rong.  
The re  were  no  smal l  vacuoles  ins ide  myof ibr i l s .  Large  
vauoles  were ra re  and,  as a rule, r e t a ined  t h e i r  m e m -  
branes .  

To u n d e r s t a n d  t he  dif ference be tween  our  d a t a  a n d  t h e  
resul t s  o b t a i n e d  b y  STEFANI a n d  STEINBACH 13 we per-  

fo rmed  e x p e r i m e n t s  on  muscle  b u n d l e s  cons i s t ing  of 
a b o u t  15-20 va r ious  fibres.  I n  t h i s  case, as in t h e  ex- 
p e r i m e n t s  of t h e  a b o v e  au thors ,  t h e  phas i c  c o n t r a c t i o n  
c o m p o n e n t  d i s appea red  comple t e ly  a f t e r  t h e  r e m o v a l  of 
400 m)/d r glycerol,  whi le  ton ic  co n t r ac t i o n  was r e t a ined .  
I t  appea r s  t h a t  d i f fe ren t  effects  of glycerol  r e m o v a l  on  
isola ted f ibre  a n d  b u n d l e  of f ibres  are  caused  b y  v a r i a t i o n  
in t h e  ra tes  of glycerol  removal .  The re  is ev idence  t h a t  t h e  
low speed of glycerol  eff lux does n o t  des t roy  t h e  T-sys-  
t e m  TM. Thus  i t  was  shown  t h a t  ton ic  f ibres  a re  more  
r e s i s t an t  to  t h e  de le ter ious  effect  of glycerol  r e m o v a l  t h a n  
phas ic  ones (Table).  

As in t h e  case of phas ic  fibres,  t h e  ton ic  f ibre  m e m b r a n e  
re sponds  to  h igh  p o t a s s i u m  ion c o n c e n t r a t i o n  b y  de- 
po la r i za t ion  w i t h o u t  c o n t r a c t i o n  of fibres.  Caffeine, 
never the less ,  induces  con t r ac t ion .  Th i s  ind ica tes  t h a t  in  
b o t h  t ypes  of t h e  f ibres  ECC is dissociated.  In  t h i s  con- 
t e x t  i t  c an  be  sugges ted  t h a t  in  ton ic  f ibres,  as in  phas ic  
ones, vacuoles  are fo rmed  due to  the  T - s y s t e m  swelling. 
Thus  i t  impl ies  t h e  same  m e c h a n i s m  of glycerol  r e m o v a l  
effect  o n  ton ic  an d  phas ic  fibres. Since t he re  is no essent ia l  
d i f ference in t h e  d i a m e t e r  of ton ic  an d  phas ic  fibres, i t  is 
h a r d  to  suppose  t h a t  in t h e  fo rmer  case a c t i v a t i o n  of 
c o n t r a c t i o n  is accompl i shed  d i rec t ly  b y  t h e  surface  m e m -  
b rane .  T h e  s lowness of c o n t r a c t i o n  m a y  be  exp la ined  b y  
scarce T - sys t em e l emen t s  as c o m p a r e d  w i t h  phas ic  muscle  
f ibres v,s. Moreover ,  t h e  a p p e a r a n c e  of vacuoles  d u r i n g  
glycerol  r e m o v a l  need n o t  h a v e  p r e v e n t e d  exc i t a t i on  
sp read ing  ins ide  t h e  f ibre  h a d  i t  been  b r o u g h t  a b o u t  b y  
d i rec t  d i f fus ion of a c t i v a t o r  f rom t h e  surface  m e m b r a n e .  

T h u s  t h e  above  ev idence  shows t h a t  the re  is no es- 
seflt ial  d i f ference b e t w e e n  phas ic  a n d  ton ic  f ibres  as 
regards  t h e  mode  of s p r e a d i n g  e x c i t a t i o n  f rom t h e  m e m -  
b r a n e  to con t rac t i l e  a p p a r a t u s .  Q u a n t a t i v e  dif ference in 
t h e  d e v e l o p m e n t  of t h e  T - s y s t e m  appea r s  to  be  respons-  
ible for h igher  res is tence  of ton ic  f ibres to  glycerol  r emova l .  
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Fig. 2. Changes in the ultrastructure of frog tonic muscle fibres 
after incubation in glycerol solution (R + 400 mM G) for 1 h and 
its removal for 2 h. Fixation in 2.5% glutar aldehyde in cacodilate 
buffer at pH 7.2; Epon 812 embedding. GEM -- 7; • 25,000. 

Sechenov Institute o/ Evolutionary Physiology and 
Biochemistry, USSR Academy of Sciences, 
Thorez pr. 52, Leningrad 14-223 (USSR, 194223), 
r April 1972. 

D- and L - I s o m e r s  of Ser ine  and Alanine  Equal ly  Effect ive as R e l e a s e r s  of Gastr in  

W e  1 r ecen t l y  r epo r t ed  t h a t  L -pheny la l an ine  releases 
cho lecys tok in in  b u t  D-pheny la l an ine  does no t  w h e n  
so lu t ions  of t h e m  are  per fused  in to  t he  in tes t ine .  W e  
r e p o r t  here  t h a t  D- a n d  L-isomers of ser ine and  a lan ine  
are equa l ly  effect ive  as re leasers  of gas t r in  w h e n  so lu t ions  
of t h e m  b a t h e  t h e  m u c o s a  of t h e  pylor ic  g land  a rea  of the  
s tomach .  The  s tud ies  were  done  on  3 dogs w i t h  vaga l ly  
i n n e r v a t e d  pouches  of t he  py lor ic  g land  a rea  ( an t rum)  
and  vaga l ly  i n n e r v a t e d  pouches  of t h e  oxygenic  g land  
area  (Pav lov  type) .  Solu t ions  to be  t e s t ed  were i n t r o d u c e d  
i n to  t he  a n t r a l  p o u c h  a n d  t he  effect  on r a t e  of secre t ion of 

acid f rom t h e  o x y n t i c  g l and  p o u c h  was measured .  T h e  
a m i n o  acids tes ted,  glycine,  a lanine ,  a n d  serine, are k n o w n  
to be  a m o n g  t h e  m o s t  effect ive  ones in  re leas ing  gas t r i n  2, 
a n d  in t h e  p r e s en t  t es t s  t h e  responses  to  t he se  3 a m i n o  
acids d id  n o t  differ  s ign i f i can t ly  (Table).  W e  found  no  
p rev ious  r epor t s  c o m p a r i n g  D- an d  L-isomers of a m i n o  

1 j .  H. N[EY~R and ~.  I. GROSSMAN, Gastroenterology 58, t046 
(1970). 

2 C. F~. ELWIN and B. Uv~As, in Gastrin (Ed. M. I. GROSSMA~, 
Butterworths, London 1966), p. 75. 
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Peak rate of H + secretion from oxyntic gland pouch in response to 
irrigation of antral pouch with solutions of amino acids 

Solution in No. of Peak H + response (~xequiv/min) 
antral pouch tests 

Mean Standard error 

none 27 3.6 0.3 
0.15 M NaC1 21 3.9 0.2 
0.4 M 5-serine 6 19.6 1.6 
0.4 M D-serine 6 17.0 1.4 
1.0 M L-alanine 6 18.5 1.7 
1.0 M D-alanine 6 22.2 1.9 
0.4 M glycine 6 19.1 1.6 

Both pouches drained to the exterior through cannulas of the type 
described by GREGORY a. After an 18 h fast juice was collected 
continuously from the oxyntie gland pouch and divided into 15 min 
samples which were t i trated with 0.2 214 NaOH to pH 7.0 by glass 
electrode. Volume of test solution introduced into the antral pouch 
was in all instances 8 ml, found in preliminary studies to be the 
largest volume that  did no t  release gastrin by distention. Contrac- 
tions of the pouch moved the solution back and forth between the 
pouch and a reservoir connected to the cannula by a rubber tube ~. 
The pH of the solutions introduced into the antral  pouches was in 
all instances 7.0 and the pkI of the solutions recovered was always 
greater than 6.0. The concentrations of amino acids used are those 
found in preliminary studies to give the highest response, that  is, 
doubling the concentration gave no higher response. Test solutions 
were left in the pouch for 90 min. Peak response is taken as the 
highest rate of H + secretion during any 1 of the 6 15-rain collection 
periods. Peaks occurred at 45 to 90 min. An equal number  of tests 
were done in each of 3 dogs. The order of testing the various sub- 
stances was randomized. As an index of the secretory capacity of 
these pouches, the mean maximal  response to 8 [s of penta- 
gastrin was 134 ~zequiv/min. 

a c i d s  a s  g a s t r i n  r e l e a se r s .  I n  t h e  p r e s e n t  s t u d y ,  for  b o t h  
s e r i n e  a n d  a l a n i n e  t h e  r e s p o n s e  t o  t h e  D - i s o m e r  w a s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  of  t h e  L - i s o m e r  (Tab le ) .  
M o s t  b i o l o g i c a l  s y s t e m s  d i s t i n g u i s h  b e t w e e n  D- a n d  L- 
i s o m e r s  of  a m i n o  ac ids .  O n  of  t h e  f ew  e x c e p t i o n s  is t h e  so- 
c a l l ed  s a r c o s i n e  ca r r i e r  5 i n v o l v e d  in  i n t e s t i n a l  t r a n s p o r t  
of  n e u t r a l  a m i n o  a c i d s ;  i t  s h o w s  e q u a l  a f f i n i t y  for  D- a n d  
L - i s 0 m e r s .  I t  is o f  g r e a t  i n t e r e s t  t h a t  of  t h e  a m i n o  a c i d s  
t e s t e d  in  b o t h  s y s t e m s  t h o s e  a m i n o  a c i d s  t h a t  s h o w  h i g h  
a f f i n i t y  for  t h e  s a r c o s i n e  c a r r i e r  5 a r e  a l so  e f f e c t i v e  re-  
l e a se r s  o f  g a s t r i n  2 ; t h i s  i n c l u d e s  t h e  3 a m i n o  a c i d s  u s e d  in  
t h e  p r e s e n t  s t u d y L  

Zusammen/assung. D- u n d  L - I s o m e r e  y o n  A l a n i n  u n d  
Se r in  s i n d  b e i d e  w i r k s a m ,  y o n  d e r  A n t r u m s c h l e i m h a u t  
a u s  d e n  G a s t r i n m e c h a n i s m u s  zu  a k t i v i e r e n .  
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Evoked Activity in the Nervous System of Callinectes sapidus Following Phasic Excitation of the 
Statocysts  

T h e  ro le  o f  t h e  c r u s t a c e a n  s t a t o c y s t  in  d e t e r m i n i n g  
b o d y  o r i e n t a t i o n  w i t h  r e s p e c t  to  g r a v i t y  h a s  b e e n  c l e a r l y  
e s t a b l i s h e d  (KREIDL 1, SCHONE2, 8, a n d  DIJKGRAAF 4,5). 
T h e  w o r k  o f  COHEN6-S s u g g e s t s  t h a t  t h e  t o n i c  o u t p u t  of  
c e r t a i n  p r i m a r y  a f f e r e n t  f i b e r s  c o m i n g  f r o m  s t a t o l i t h  h a i r  
r e c e p t o r s  i n s i d e  t h e  s t a t o c y s t  is  r e s p o n s i b l e  for  t h e  
a t t i t u d e s  a s s u m e d  b y  t h e  a p p e n d a g e s  as  a n  a n i m a l  is 
r o t a t e d  a b o u t  o n e  of  i t s  a x e s .  

Of  w h a t  i m p o r t a n c e  t h e n  a r e  t h e  t h r e a d  h a i r  r e c e p t o r s  
f o u n d  in  d e c a p o d  s t a t o c y s t s  ? D o  t h e y  a l so  p l a y  a ro le  in  
o r i e n t a t i o n  ? I t  is  k n o w n  t h a t  t h e y  do  n o t  c o m e  in  c o n t a c t  
w i t h  t h e  s t a t o l i t h  a n d  are ,  t h e r e f o r e ,  n o t  d i r e c t l y  a f f e c t e d  
b y  g r a v i t y .  

T h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  in  a n  a t t e m p t  to  
c l a r i f y  s o m e  a s p e c t s  o f  t h e  f u n c t i o n a l  ro le  of  t h r e a d  h a i r  
r e c e p t o r s  i n  d e c a p o d s .  T o w a r d  t h i s  e n d  f i r s t - o r d e r  a n d  
h i g h - o r d e r  u n i t s  s e n s i t i v e  to  p h a s i c  e x c i t a t i o n  of t h e  
s t a t o c y s t s  w e r e  i n v e s t i g a t e d  in  t h e  s w i m m i n g  c r ab ,  
Callinectes sapidus. B r i e f  p o s t u r a l  c h a n g e s  w h i c h  a c c o m -  
p a n y  p h a s i c  e x c i t a t i o n  of  t h e  s t a t o c y s t s  a r e  d e s c r i b e d .  

Materials and methods. S t a t o c y s t s  w e r e  e x p o s e d  b y  
c u t t i n g  a w a y  p o r t i o n s  o f  t h e  s u r r o u n d i n g  e x o s k e l e t o n .  A 
p r o b e  a t t a c h e d  t o  a m i c r o m a n i p u l a t o r  w a s  u s e d  t o  r o t a t e  
e i t h e r  s t a t o c y s t  t h r o u g h  a f i x e d  3 ~ a r c  in  t h e  v e r t i c a l  
p l a n e .  B a s a l  s e g m e n t s  c o n t a i n i n g  t h e  s t a t o c y s t s  a r e  
h i n g e d  in  Callinectes p e r m i t t i n g  v e r t i c a l  r o t a t i o n .  I m -  
p u l s e s  w e r e  r e c o r d e d  f r o m  n e r v e s  l e a v i n g  t h e  s t a t o c y s t s  
a n d  c e r e b r a l  g a n g l i o n  w i t h  t h e  a i d  of  a p r e a m p l i f i e r  a n d  
d i s p l a y e d  o n  o n e  c h a n n e l  of  a n  osc i l lo scope .  T h e  d u r a t i o n  

of  t h e  r o t a r y  s t i m u l u s  w a s  m o n i t o r e d  o n  a s e c o n d  c h a n n e l .  
P h a s i c  e v o k e d  a c t i v i t y  w a s  p h o t o g r a p h e d  as  a s t a n d i n g  
s p o t  u s i n g  a K y m o g r a p h  c a m e r a .  

Results. Evoked activity in /irst-order units from the 
statocysts. I n  Callinectes t h e  c e n t r a l  b r a n c h e s  of  t h e  
a n t e n n u l a r y  n e r v e  i n n e r v a t e  t i l e  s t a t o c y s t s .  S p o n t a n e o u s  
a c t i v i t y  in  t h e s e  b r a n c h e s  is r e s t r i c t e d  t o  a f f e r e n t  i m -  
p u l s e s  f r o m  r e c e p t o r s  i n s i d e  t h e  s t a t o c y s t s .  P h a s i c  r o t a -  
t i o n  of  a s t a t o c y s t  t y p i c a l l y  e v o k e d  r e s p o n s e s  l ike  t h o s e  
s h o w n  in  F i g u r e  1A a n d  B.  M a n y  a f f e r e n t  u n i t s  w e r e  
f o u n d  w h i c h  r e s p o n d e d  w i t h  a b r i e f  b u r s t  of  r e p e t i t i v e  
a c t i v i t y  t o  p h a s i c  e x c i t a t i o n  of a s i n g l e  s t a t o c y s t .  F i g u r e  
1B i n d i c a t e s  t h a t  f i r s t - o r d e r  u n i t s  r e s p o n d i n g  to  r o t a t i o n  
of  a s t a t o c y s t  i n  o n e  d i r e c t i o n  do  n o t  r e s p o n d  to  r o t a t i o n  
in  t h e  o p p o s i t e  d i r e c t i o n .  D e s t r u c t i o n  of  b i p o l a r  s e n s o r y  
n e u r o n s  p r o j e c t i n g  to  t h r e a d  h a i r s  i n s i d e  t h e  s t a t o c y s t  
a b o l i s h e d  p h a s i c  e v o k e d  a c t i v i t y .  

Evoked activity in high-order units originating in the 
central nervous system. H i g h - o r d e r  u n i t s  w h i c h  r e s p o n d  to  
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