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Stimulation and Recording from Single Cells in Whole Animal Preparations of Aplysia 
Knowledge  of i n v e r t e b r a t e  cen t r a l  ne rvous  sy s t ems  h a s  

been  a d v a n c e d  a g rea t  deal  in  t he  pa s t  15 years  b y  t h e  
use of Aplysia gangl ion  cells in  i nves t i ga t i ons  of t he  basic  
m e c h a n i s m s  of s y n a p t i c  t r a n s m i s s i o n  1, 2, a n d  t h e  electro-  
phys io log ica l  a n a t o m y  of i nd iv idua l  neurones  3,4. More 
r ecen t l y  t he  i so la ted  gang l ion  p r e p a r a t i o n s  h a v e  been  
used to  s t u d y  mod i f i ca t i ons  in  responses  wh ich  sugges t  
analogies  w i t h  b e h a v i o u r  of h ighe r  an ima l s  a n d  especial ly  
to  d i f fe ren t  t ypes  of l ea rn ing  s, s. However ,  l i t t le  ha s  been  
done  to cor re la te  responses  of t he  cen t r a l  ne rvous  s y s t e m  
of whole  a n i m a l  p repa ra t ions .  

I n  such  p r e p a r a t i o n s  HUGHES and  TAUC7 s tud ied  t h e  
effect  of m e c h a n i c a l  s t i m u l a t i o n  ot t he  p e r i p h e r y  on  t h e  
responses  of s ingle neu rones  of t he  a b d o m i n a l  gangl ia  a n d  
especia l ly  t he  so-called g i an t  cell (RGC). Few  inves t iga -  
tors  h a v e  r epo r t ed  work  on  t he  effect  of s t i m u l a t i n g  single 
neu rones  on  t he  ove r t  a c t i v i t y  of th i s  an imal .  S t i m u l a t i o n  
of t he  RGC  d id  no t  seem to  evoke  a n y  o v e r t  response  s. 
One reason  for  t he  lack of respons iveness  of whole  a n i m a l  
p r e p a r a t i o n s  is due  t o  t h e i r  de t e r io ra t ion  fol lowing t h e  
loss of h a e m o l y m p h  wh ich  cons t i t u t e s  a p p r o x i m a t e l y  
4 0 - 6 0 %  of t h e  b o d y  w e i g h t  s . The  i m p o r t a n t  f unc t i on  of 
t h i s  f luid as a h y d r o s t a t i c  ske le ton  i n e v i t a b l y  leads to  a 
r educ t i on  in t he  ab i l i t y  of t h e  a n i m a l  to  m a k e  co- 
o r d i n a t e d  m o v e m e n t s  because  of t he  genera l  loss in  b o d y  
tone. 

I n  r ecen t  expe r imen t s ,  a t e c h n i q u e  ha s  been  deve loped  
for  t he  suspens ion  of Aplysia/asciata and,  fol lowing t h e  
open ing  up  of t he  b o d y  cav i ty ,  t h e  loss of f luid f rom t h e  
t i ssue  spaces  ha s  been  reduced  b y  c lamping .  De ta i l ed  
s tud ies  h a v e  been  m a d e  of t he  a c t i v i t y  a n d  responses  to  
s t i m u l a t i o n  of cells in  t he  lef t  p l eu ra l  a n d  peda l  ganglia .  
These  gangl ia  are  expec t ed  7 to  be  more  closely i nvo lved  

in t h e  n o r m a l  m o v e m e n t  p a t t e r n s  of these  an i ma l s  t h a n  
t h e  a b d o m i n a l  ganglia .  

I t  is of g rea t  i n t e r e s t  t h a t  qu i te  de f in i t e  an d  repro-  
ducible,  t h o u g h  local ized co n t r ac t i o n s  m a y  follow t he  
d i rec t  s t i m u l a t i o n  of ce r t a in  neu rones  in t h e  peda l  gangl ia  
(Figure 1). These  localized responses  occur red  on  t h e  ipsi-  
l a te ra l  side, an d  were cor re la ted  w i t h  t h e  p a t h  of a n  axon  
of t h e  s t i m u l a t e d  neu rone  in t h e  n e r v e  of t h e  r e s p o n d i n g  
region. T o g e t h e r  w i t h  t h e  i n v a r i a b l e  a c t i v a t i o n  of these  
cells d u r i n g  s p o n t a n e o u s  or evoked  m o v e m e n t s  of such  
regions  (Figure 1), t h e  ev idence  s t rong ly  suggests  t h a t  
these  are m o t o r  neurones .  S t i m u l a t i o n  of lef t  p leura l  
gang l ion  cells gave  rise to  more  co mp l ex  effects  w h i c h  
were of ten  b i l a t e ra l  in  na tu re .  The re  was genera l ly  a long  
l a t e n c y  before m o v e m e n t s  r e su l t ing  f rom s t i m u l a t i o n  of 
t h e  p leura l  gangl ion  cells b e c a m e  max ima l .  F u r t h e r m o r e ,  
t h e  effects  were n o t  c o n s t a n t  a n d  t h e y  t e n d e d  to decl ine 
more  or less r ap i d l y  w i t h  successive p r e s e n t a t i o n s  of 
s imi la r  s t imul i .  Severa l  sor ts  of m o v e m e n t  were recorded  
depend ing  on  t h e  t y p e  of cell s t i mu l a t ed .  
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Fig. 1. Pedal motor neurone. Transducer attached to the ipsilateral parapodium as shown in the inset diagram, on which the part of the 
parapodium contracting is also indicated. (a) Spontaneous levation movement of  the parapodium. (b) Parapodial levation evoked by 
light tactile stimulation of the tip of the siphon. (c) Levator muscles in the motor field of this neurone activated by depolarizing current 
applied to the motor neurone through the stimulating electrode. 
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Fig. 2. Distribution of 'spontaneous' spike activity recorded intra- 
somatically from Aplysia left pedal and plenral ganglia. Each circle 
indicates a penetration localized by means of a grid superimposed 
over the ganglion outline. 

swimming  does no t  appear  to be an escape response in 
Aplysia. 

Int racel lu lar  recordings f rom pleural  and pedal  
gangl ion cells revea led  comparable  differences in the i r  
rest ing and synapt ica l ly  evoked ac t iv i ty ;  cells in the  
pedal  ganglion were general ly character ized by  the  
presence of a rest ing discharge which was absent  f rom the  
ma jo r i ty  of pleural  cells (Figure 2). Studies of the  types  
of responses evoked by  tact i le  s t imula t ion  has shown a 
wide va r i e ty  of effects. Some cells respond to more  
localized s t imul i  of a single modal i ty ,  whereas others 
respond to s t imula t ion  of a wider  recept ive  field. The  
former  type  have  not  been found in the  pleural  ganglion 
whereas the  la t te r  are common  there  (Figure 3). F r o m  bo th  
the  direct  s t imula t ion  and recording exper iments  it  is 
concluded (a) t h a t  the  pedal  ganglion m a y  be regarded as 
a lower centre conta ining motor  neurones and possibly low- 
order interneurones,  and (b) t h a t  neurones in the  pleuraI 
ganglia  are invo lved  in ra ther  more complex  behavioura l  
responses. If this  in te rpre ta t ion  is correct,  the  precise 
funct ion of the  much  branched  per ipheral  axons of the  
LGC and other  pleural  neurones remains  qui te  per- 
p lexing 11. 

Rdsumd. Nous avons in t rodui t  des microdlectrodes dans 
les neurones des ganglions pddieux et  pleural  de l 'Aplysie  
suspendue d 'une  manidre qui  pe rme t t a i t  des mouvemen t s  

Fig. 3. Pleural neurone responding with excitation to (in order) touching a paintbrush on the water surface, touching the eontralaterat 
tentacle and touching the siphon. The transducer records upward movement of the ipsilateral parapodium. 

Of special interest  was the  effect  of direct  intracel lular  
s t imula t ion  of the  left  g iant  cell (LGC). The  suspended 
prepara t ion  of ten showed up and down movemen t s  of the  
parapodia  and, following s t imula t ion  of the  LGC, these 
m o v e m e n t s  were accentua ted  par t icular ly  dur ing the  
depression phase. Cont inuat ion  of the  s t imulus  dur ing 
10 sec usual ly  resul ted in a substant ia l  to ta l  depression of 
the  contrMaterM pa rapod ium which became m a x i m a l  
af ter  20 sec. The  ipsi lateral  pa rapod ium showed a similar  
response. An addi t ional  effect of s t imula t ing  the  LGC was 
a gradual  bui ld-up of an  extension of the  ' ta i l ' ,  apparen t ly  
result ing f rom exci ta t ion  of the  circular and inhibi t ion 
of the  longi tudinal  muscles. E i the r  one or bo th  of these 
types  of response was recorded in all the  prepara t ions  in 
which the  LGC was studied. Bo th  types  of response occur 
at the  s tar t  of swimming  in Aplysia. 

I t  had  been hoped t h a t  ra ther  more d ramat ic  responses 
would  have  been obtai l led by  s t imula t ion  of this ve ry  
large neurone and i t  is bel ieved tha t  tills is still  due to the  
less ideal  s ta te  of the  an imal  as compared  wi th  s imilar  
prepara t ions  of Tritonia 1~ Nevertheless ,  sufficient has 
been found to show m a n y  points  of s imi lar i ty  be tween 
Aplysia and Tritonia with  the  i m p o r t a n t  difference t h a t  

limitds. Les s t imulat ions  physiologiques agissant sur des 
neurones pddieux sont  plus simples que celles qui  exc i ten t  
les neurones pleuraux.  La  s t imula t ion  intradellulaire 
mont re  que cer tains  neurones pddieux op@rent comme des 
~motor-neurones~>, tandis  que les neurones p leuraux  (la 
cellule gdante de gauche (LGC) comprise) prdsentent  un 
compor t emen t  complexe.  
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