
15. 11. 1972 Specialia 1 3 0 7  

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 .  

A.  CSENDES a n d  M. I.  GROSSMAN 

Veterans Administration Center, Building 115, Room 115, 
Los Angeles (Cali[ornia 90073, USA),  
25 February 1972. 

3 R .A .  GREGORY, J. Physiol., Lond. 111, 119 (1950). 
P. A. BURSTALL and B. SCHOFIELD, J. Physiol., Lond. 120, 383 
(1953). 

s V. G. DANIELS, H. NEWSY and D. H. SMYTH, Biochim. biophys. 
Aeta 183, 637 (1969). 

0 V. G. DANIELS, H. Newey and D. H. SHY'rE, Bioehim. biophys. 
Acta 173, 575 (1969). 
This work was supported by Veterans Administration research 
funds and by grants from the US Public Health Service. 

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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Fig. 1. A) Evoked activity in one of the 
central branches of the antennulary 
nerve. B) Evoked activity in a small 
bundle of first-order units from the 
statocyst. Severat units shown are sen- 
sitive to rotation of the statoeyst in one 
direction only. C) Time mark : 0.5 sec. 
Note: In A), B) and C) an upward de- 
flection of the upper trace connotes 
dorsal rotation of the statocyst. 

Fig. 2. A) Evoked activity in one of the 
circumesophageal connectives in resp- 
onse to rotation of the homolateral 
statocyst, t3) Evoked activity in one 
of the connectives in response to ro- 
tation of the heterolateral statocyst. 
Time mark: 0.5 see. Note: In both, A) 
and B), an upward deflection of the 
upper trace connotes dorsal rotation 
of the statocyst. 

phasic  exc i ta t ion  of the  s t a tocys t s  were found  in all nerves  
leaving the  cerebral  ganglion wi th  the  except ion  of the  
t e g m e n t a r y  nerve.  E f f e ren t  ganglionic nerves in which  
phasic  uni ts  were cons i s ten t ly  found include the  circum- 
esophageal  connect ives,  optic,  oculomotor,  an tenna l  and 
an t ennu la ry  nerves.  

Several  repe t i t ive  h igh-order  uni ts  were found in the  
c i rcumesophageal  connect ives .  One uni t  r esponded  wi th  
a brief  burs t  of ac t iv i ty  to ven t ra l  ro ta t ion  of the  homo-  
la tera l  s t a tocys t  (Figure 2A). Other  uni ts  in the  connect-  
ives responded  to ro ta t ion  of the  he te ro la te ra l  s t a tocys t  
(Figure 2 B). Repe t i t i ve  uni ts  were also ident i f ied in the  
la tera l  b ranch  of the  an t ennu la ry  nerve  (Figure 3) which  
innerva tes  the  muscles of the  h inged por t ion  of the  basal  
an t ennu la ry  segment .  Evoked  ac t iv i ty  in ef ferent  gan- 
glionic nerves  was abolished following des t ruc t ion  of the  
sensory neurons  innerva t ing  tile t h r ead  hairs. 

Phasic leg movements accompanying rotation of a single 
statocyst. Frequen t ly ,  dorsal  ro ta t ion  of a single s t a tocys t  

resul ted in brief bu t  discrete  phas ic  m o v e m e n t s  of the  
walking legs. These m o v e m e n t s  were character ized  by  a 
sl ight  f lexion of t he  f i rs t  4 pairs  of walking legs toward  
the  midl ine  toge ther  wi th  a more  p ronounced  m o v e m e n t  
of the  b road ly  f l a t t ened  5th pai r  of legs caudally.  In  gene- 
ral, leg m o v e m e n t s  on t h e  side opposi te  the  s t a tocys t  be ing  
ro t a t ed  were more  pronounced,  w i th  t he  grea tes t  a m o u n t  
of m o v e m e n t  occurr ing in the  5th leg. Af ter  a bu r s t  of 
ac t iv i ty ,  legs pass ively  r e tu rned  to the i r  ini t ial  posi t ion.  
Recordings  f rom per iphera l ly  sect ioned leg nerves  reveal-  
ed uni ts  sensi t ive to  dorsal  ro t a t i on  of the  he tero la te ra l  
s t a tocys t  (Figure 4). 

Discussion. The f indings p resen ted  suggest  t h a t  t h r ead  
ha i r  receptors  in the  s t a tocys t s  of decapods  m a y  p lay  a 
role in the  pos i t ioning of appendages  dur ing  rap id  rota-  
t ional  m o v e m e n t s  of the  animal .  This  s t a t e m e n t  would 
seem especially t rue  wi th  regard  to  t he  more  act ive  
decapods  such as Callinectes. The resui ts  p resen ted  here 
indicate  t h a t  m o v e m e n t s  suff icient ly grea t  to cause 
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Fig. 3. A) Evoked activity in the la- 
teral component of the antennulary in 
response to rotation of the homolateral 
statocyst. B) Evoked activity in the la- 
teral component of the antennulary 
nerve in response to rotation of the he- 
terolateral statocyst. Time mark: 0.5 
sec. Note: In both, A) and B), down- 
ward deflection of the upper trace 
connotes dorsal rotation of the stato- 
cyst. 

Fig. 4. A) Evoked activity in the pro- 
ximal portion of a 5th leg nerve in 
response to rotation of the heterola- 
teral statoeyst. B) Evoked activity in 
the distal portion of a 5th Ieg nerve in 
response to rotation of the heterola- 
term statocyst. C) Change in the fre- 
quency of firing of one unit in the pro- 
ximal portion of a 4th leg nerve during 
rotation of the heterolateral statoeyst. 
Time mark: 0.5 see. Note: In A), B) 
and C) downward deflection of the 
upper trace connotes dorsal rotation 
of the statocyst. 

d i sp lacemen t  of the  t h read  hairs  in the  s t a tocys t s  elicit 
burs t s  of ac t iv i ty  in large number s  of h igh-order  uni ts  in 
the  cent ra l  nervous  sys tem.  

The fact  t h a t  d i sp lacemen t  of a single s t a tocys t  yields 
brief  bu t  coord ina ted  m o v e m e n t s  of the  walking legs 
suggests  t h a t  t h r ead  hai r  receptors  cont inua l ly  inf luence 
the  pos i t ions  of these  appendages .  Al though  m o v e m e n t s  
were only  observed  in t h e  walking legs, numerous  uni ts  
in nerves  leading to o ther  appendages  were ac t iva t ed  by  
phasic  ro ta t ion  of one s ta tocys t .  I t  is therefore  possible  
t h a t  the  t h r ead  hairs  p lay  an i m p o r t a n t  role in de te rmin ing  
the  a t t i t udes  assumed by  these appendages  as well. 

In  suppor t  of this ,  WlERSI~A~, in descr ibing phas ic  
o p t o m o t o r  f ibers in Carcinus maenas which  respond  to  
unid i rec t ional  ro ta t ion  of t he  animal ,  suggests  t h a t  the  
p r i m a r y  inpu t  to  these  f ibers m a y  be f rom the  th read  hai r  
receptors  in the  s ta tocys t s .  He  s ta tes  t h a t  these  uni- 
d i rect ional  o p t o m o t o r  f ibers are no t  found in t he  crayf ish  
or rock lobster,  the i r  absence expla ined  by  the  fact  t h a t  

these  forms do no t  ro ta t e  the i r  bodies as rap id ly  as do 
crabs. I t  seems l ikely t hen  t h a t  in act ive  decapods,  
cont inual  phasic  a d j u s t m e n t  of appendage  posi t ion dur ing  
rap id  m o v e m e n t  is made  possible  by  the  o u t p u t  of t h read  
hair  receptors  in the  s ta tocys ts .  

Zusammen/assung. Exper imen te l l e r  Nachweis  bei der 
S c h w i m m k r a b b e  Callinectes sapidus, dass kurzes Rot ie ren  
fiber die S t a tocys t en  im Gehirn  und  im Nerven  Po ten t i a le  
evoziert ,  die fiir die Beins te l lung yon  Bedeu tung  sind. 
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