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Rdsumd. Le d ibu tyryIe  et  I 'AMP cycl ique on t  appa rem-  
m e n t  un effet  sur la conduct ibi l i t6  membraneuse .  Cet 
effet  se ma rque  par  une r6duct ion & a m p l i t u d e  et  de 
vi tesse de conduct ib i l i t6  aussi bien que pa r  une augmen ta -  
t ion  du seuil ~t a t t e ind re  et  du re t a rd  dans  l '61aboration du 
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processus.  Ces effets on t  6t6 confirm6s par  la th6ophyl l ine  
et  la caf6ine. Les ions de calcium semblen t  acc616rer les 
effets du A M P  cycl ique en a u g m e n t a n t  la r6sis tance mem-  
braneuse  ( r fduc t ion  d ' a m p l i t u d e  de l ' impuls ion  nerveuse) 
de 30%. 
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Somatotopic Organization of Inhibition in the Crayfish Abdomen of Procambarus clarkii 

The d i scovery  of ident i f ied  neurons  has m a d e  i t  
possible  to  m a p  the  somato top ic  organiza t ion  of smal l  
i nve r t eb ra t e  ganglia 1. However  no def ini te  pr inciples  
have  been  found to govern  where a par t i cu la r  ident i f ied  
neuron  has its soma located.  The somato top ic  organiza t ion  
of the  neuromuscu la r  sys t em control l ing the  deep ex tensor  
and  f lexor muscles  of the  crayf isch  a b d o m e n  have  been  
s tudied.  I t  is these  muscles  which  serve to flex and ex tend  
the  ' tai l '  dur ing  the  swimming  behav ior  which  propels  the  
an imal  backwards .  All the  mo toneurons  to  the  deep 
f lexor muscles  have  been ident if ied,  and  charac te r ized  
bo th  e lect rophysiological ly  and  geometr ica l ly  2 The 

A) 

presen t  s t u d y  repor t s  b o t h  e lectrophysiological  and  
morphologica l  in fo rmat ion  regard ing  the  per iphera l  
inh ib i to r  neuron  to the  deep ex tensor  muscles,  in the  th i rd  
abdomina l  ganglion of t he  crayfish.  

Large Procambarus clarkii (5-8 inches) were used. 
A p repa ra t ion  consis t ing of a block of deep ex tensor  
muscles f rom 1 hemi-segment ,  including i ts  i n t ac t  mo to r  
nerve  supply  (NPM) and a sect ion of the  ven t ra l  nerve  
cord (VNC), was isolated in cold crayf ish  Ringer  solut ion 3. 

An t id romic  s t imul i  of 0.1 msec dura t ion  were appl ied 
to  NPM while indiv idual  soma ta  wi th in  the  3rd abdomina l  
gangl ion were sampled  one by  one via t he  in t racel lular  
electrode.  A deep ex tensor  m o t o n e u r o n  soma (El)  located  
in th is  fashion was found in close p r o x i m i t y  to  F1, the  
f lexor mo to r  giant .  The cell b o d y  is con t ra la te ra l  to the  
second root  via  which  its axon exists  the  ganglion.  A small  
(less t h a n  15 mV) soma po ten t i a l  is recorded in response  
to N P M  s t imula t ion .  The poss ib i l i ty  of a chemical  synapse  
be tween  the  N P M  s t imula t ing  site and  the  cell body  being 
moni to red  was ruled out  when  s t imul i  were del ivered at  
ra tes  of 100 Hz and  above.  No known chemical  synapses  
to  mo to r  neurons  are r epor ted  to  follow at  th is  h igh  
f requency  4. The soma po ten t i a l  followed N P M  s t imula t ion  
1:1 a t  th is  f requency.  Next ,  depolar iz ing  cur ren t  pulses 
were passed t h ro u g h  the  in t racel lu lar  soma electrode,  
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Fig. 1. A) Depolarization of E1 via intrasomatic electrode. The t~P 
and bottom traces show 2 superimposed sweeps. The 1st sweep is 
subthreshold for E1 activation; the extraeellular record of NPM 
(top trace) is flat while the intracellular potential (bottom trace) 
measured on a bridge circuit drops smoothly back to baseline. The 
2nd sweep shows supra threshold stimulation of El. An action poten~ 
tim is recorded at NPlVI, and a soma potential can be seen as a bump 
in the intrasomatic trace just before the return to baseline. The 
middle trace is the current monitor, recorded only during tile supra- 
threshold sweep. Demonstration of inhibitory action of E1 on deep 
extensor muscles. B) 2 superimposed sweeps before and after 
activation of E1 by NPM stimulation. A 50% reduction of the 
muscle potential in a fibre of DEAM, the most medial deep extensor 
subunit (upper trace) occurs concurrently with E1 activity (bottor~ 
trace). C) Electrical activity in L2, the most lateral deep extenso~c 
subunit (top trace) before and after E1 activation (middle traer 
via NPM stimulation. The repolarizations of L2 to 25 mV above 
resting potential after the peaks of the muscle potentials demon- 
strate the shortened time course of the excitatory junction poten- 
tial current with E1 activity. The bottom traces are extracellular 
recording from proximal R2. Calibrations: A) 5 msee, 5 mV fall: 
bottom trace, for middle trace. B) 20 msec, 30 mV upper, 5 mV 
lower. C) 2 msee, 20 mV upper, 5 mV middle. 
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Pig. 2. A) Cobalt-injected El. This view is looking down upon the ventral surface of the gangfion, in a cleared whole-mount. E1 is at the top 
of the picture. The filled cell at the bottom of the picture is another cell, unsuccessfully filled. B) Proeion Yellow filled El. This is a cleared 
whole-mount, viewed with the ganglion tilted toward its edge. C) Topographic locations of E1 the extensor inhibitor, particularly in refe- 
rence to F-10 the flexor inhibitory and other flexor motoneurons. 

a n d  act ion po ten t ia l s  in i t ia ted  were recorded at  N P M  
(Figure 1A). Muscle cont rac t ions  were never  observed in 
the  deep ex tensor  muscles in response  to  ac t iva t ion  to E l ,  
leading us to believe t h a t  th is  was the  per iphera l  inhib i tor  
to the  deep extensors  5. E1 and a muscle fibre in one of the  
deep ex tensor  subuni t s  were impaled  s imul taneous ly  6. 
N P M  was s t imula ted  a t  a vo l tage  jus t  suff icient  to 
ac t iva te  2 exc i t a to ry  deep ex tensor  motoneurons .  A 
visible tw i t ch  occurred,  as well as a large (50 mV) exci- 
t a t o ry  junc t ion  po ten t i a l  (EJP) .  The s t imulus  cur ren t  
was then  raised sl ightly,  so t h a t  t he  E1 was ac t iva ted  
along wi th  the  exc i t a to ry  fibres. A marked  reduc t ion  in 
muscle tw i t ch  occurred as well as a 50% decrease in E J P  
ampl i tude  (Figure 113). This  is a larger reduc t ion  t h a n  
previous ly  repor ted  7, bu t  was cons i s ten t ly  obta ined.  
The t ime  course of the  exc i t a to ry  response  was also 
shor tened  (Figure 1C) as previous ly  repor ted .  E1 responses 
were seen in all 3 subuni t s  of the  deep extensor .  This  
indicates  t h a t  E1 is a lmost  cer ta in ly  the  inh ib i to ry  axon 6. 

E1 cell bodies  were in jec ted  ion tophre t ica l ly  w i th  
Procion Yellow 8 and  w i t h  • cobal t  chlor ideL The 
geomet ry  of E1 was qui te  cons is ten t  in m a n y  inject ions.  
A th in  neur i te  leaves the  cell body  and first  heads  away 
from, and  then  swings toward  the  cont ra la te ra l  second 
root  (Figure 2A and B). The cell was marked ly  free of 
dendr i t ic  branching.  This  was ev iden t  in the  whole mounts ,  
and  verif ied in serial cross sect ions t h rough  the  ganglion. 
This  lack of b ranch ing  is in m a r k e d  con t ras t  to F10, the  
per iphera l  inh ib i to r  to the  deep flexors, which  exhibi t s  a 
large dendr i t i c  field ~6. 

The mos t  s t r iking fea ture  of E l ' s  topograph ic  posi t ion 
in the  ganglion is its close p r o x i m i t y  to F10 (Figure 2C). 
The cell body  of E1 was of ten touch ing  t h a t  of F10 when  
viewed under  the  dissect ing microscope.  E1 is general ly 
more  closely grouped  wi th  F10 t h a n  wi th  any of the  
exc i t a to ry  motoneurons  to the  deep extensors  which  
have  been ident i f ied ~1. A similar  grouping of inhib i tors  was 
found  in lobster  abdomina l  ganglia ~2 This is some fur ther  
evidence to  indica te  a grouping of motoneurons  according 

to t r a n s m i t t e r  b iochemis t ry .  In  the  lobster  abdomina l  
f lexors and  ex tensors  1~, in the  crayf ish  abdomina l  
f lexors 13 and  extensors ,  and in leech moto r  neurons  14, 
the  inh ib i to ry  cell bodies are all contra la tera l .  This 
m a y  be p r imar i ly  re la ted  to t he  need  for electrical  
coupling b u t  also appears  to  be a p a t t e r n  amongs t  
inh ib i to ry  moto r  neurons.  

Zusammen/assung. Mittels  e lekt rophysio logischer  Me- 
rhode und  Koba l t i n j ek t ion  wurde  der ZelIk6rper eines als 
S t reckungs inh ib i to r  wi rkenden  motor i schen  Neurons  im 
A b d o m e n  des Krebses  Procambarus clarkii lokalisiert .  
Es  zeigte sich, dass ein schmales,  unverzweigtes  Neur i t  
zun~ichst vom Zellk6rper weggeht  und d a n n  kon t ra la t e ra l  
zur Ausgangswurzel  verHiuft. 
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