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dep r ived  of d r i n k i n g  w a t e r  for  72 h (water -depr ived) .  I n  
t he  e x p e r i m e n t s  r a b b i t s  were exposed for 1 h to  a T~ of 
35 ~ Tre a n d  oxygen  c o n s u m p t i o n  (Vo2) were m o n i t o r e d  
con t inuous ly .  R e s p i r a t o r y  vo lumes  and  f requencies  were 
m e a s u r e d  a t  10- ra in- in te rva l s  us ing  t he  b a r o m e t r i c  t ech-  
n ique  of D r o r b a u g h  and  Fenn~.  
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Fig. 3. The relationship between respiratory frequency (RF) and 
tidal volume (V~) in rabbits exposed to 35 ~ (symbols as in figure 1) 
and to temperatures within the thermoneutral range (�9 

F igure  1 d e m o n s t r a t e s  t he  co r re l a t ion  be tween  Tre and  
V~. Differences  be tween  the  3 cond i t ions  are no t  signifi- 
can t ,  t h u s  i t  appea r s  t h a t  V~ is a lways  r egu la t ed  a t  a 
level  a p p r o p r i a t e  to  a g iven  core t e m p e r a t u r e .  R F  in- 
creases  w i t h  increas ing  Tre (figure 2a).  VT in i t i a l ly  de- 
creases w i th  inc reas ing  Tre t h e n  increases  w i t h  a f u r t h e r  
rise in Tre (figure 2b).  The  m i n i m u m  VT for control ,  cold- 
exposed  and  w a t e r - d e p r i v e d  r a b b i t s  occurs  a t  r ec ta l  t em-  
p e r a t u r e s  of 39.3, 39.8 a n d  40.2~ respect ive ly .  A t  these  
r ec ta l  t e m p e r a t u r e s ,  t he  co r re spond ing  r e s p i r a t o r y  fre- 
quencies  ave rage  300, 250 and  265 b r e a t h s / m i n .  P l o t t i n g  
R F  aga ins t  V~ (figure 3) conf i rms  t h a t  VT is lowest  in t he  
R F  range  250-300 b r e a t h s / m i n .  A b o v e  t h i s  range,  t h e r m o -  
r e g u l a t o r y  d e m a n d s  d i c t a t e  t h a t  b o t h  R F  a n d  VT increase  
in o rder  t h a n  VE be m a i n t a i n e d  a t  t he  a p p r o p r i a t e  level. 
Be low R F  = 250 i t  m i g h t  be  a rgued  t h a t  VT is phys i ca l ly  
d e p e n d e n t  u p o n  R F  such  t h a t  a low R F  will i n e v i t a b l y  
lead to a h igh  VT. To t e s t  th i s  possibi l i ty ,  t h e  same r a b b i t s  
were exposed to  a m b i e n t  t e m p e r a t u r e s  w i t h i n  t he i r  
t h e r m o n e u t r a l  r ange  (Ta 21-27 ~ I n  these  e x p e r i m e n t s  
R F  var ied  over  a r ange  of b e t w e e n  45 a n d  135 b r e a t h s /  
ra in  b u t  a l t h o u g h  the  t r e n d  is sti l l  for VT to  be  h ighe r  for 
a lower RF ,  m e a n  VT rema ins  s ign i f i can t ly  lower t h a n  in 
b locked  r a b b i t s  a t  t he  co r re spond ing  f requencies  w h e n  
exposed  to 35 ~ (p < 0.001) (see f igure 3). Moreover,  th i s  
di f ference could n o t  be  exp la ined  in t e r m s  of a change  in 
me tabo l i c  r e q u i r e m e n t s  as t he  dif ference in Vo2 be tween  
t he  an ima l s  a t  35~ and  a t  t h e r m o n e u t r a l i t y  was  no t  
g rea t  enough  to  a ccoun t  for t he  di f ference in VT. ThUs 
t h e  conclus ion  is r eached  t h a t  in  t he  r a b b i t  t he  t h e r m o -  
r e g u l a t o r y  d r ive  is so powerfu l  t h a t  w h e n  a n  increase  in 
R F  in t he  h e a t  is specif ical ly i nh ib i t ed  b y  w a t e r  dep r iva -  
t i on  of pr ior  cold exposure ,  t h e n  VE, a n d  p r e s u m a b l y  Eex, 
can  be  increased  t h r o u g h  a rise in VT. 

6 J . E .  Drorbaugh and W. O. Fenn, Pediatrics 16, 81 (1955). 
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Summary. I n  t he  viscera l  gangl ion  of P lanorb i s  t he  p o s t s y n a p t i c  neurones  of t he  cha rac te r i zed  d o p a m i n e  neu rone  are 
connec ted  b y  non- rec t i fy ing  e lec t ro tonic  junc t ions .  The  coupling,  wh ich  is reduced  b y  s t i m u l a t i o n  of t he  d o p a m i n e  
neu rone  a n d  b y  appl ied  dopamine ,  m a y  be  i m p o r t a n t  in  t he  gene ra t i on  of b u r s t  ac t iv i ty .  Special ized areas of close 
appos i t ion  of m e m b r a n e s  in t he  neuropi le  are cons idered  to  be  t he  morpholog ica l  cor re la te  of e lec t ro tonic  coupling.  

I n  t he  left  peda l  gang l ion  of t h e  wa te r  sna i l  P l ano rb i s  cor- 
neus  t he re  is a specif ied d o p a m i n e  neu r one  wh ich  m a k e s  
m o n o s y n a p t i c  connex ions  w i t h  ce r t a in  neu rones  in the  vis- 
ceral  a n d  pa r i e t a l  gangl ia  3, *. T he  i n p u t  f rom t h e  d o p a m i n e  
neu rone  is i n h i b i t o r y  to t h e  v iscera l  neu rones  and  exci t -  
a t o r y  to  t h e  pa r i e t a l  neurones .  The  v iscera l  neu rones  (of 
w h i c h  t he re  are  a t  leas t  15) h a v e  been  found  to  be  coupled  
electr ical ly.  Th i s  p a p e r  descr ibes  some aspects  of t he  
coupl ing  a n d  also i t s  p r e s u m e d  morpholog ica l  correlate .  
Materials and methods. T he  i so la ted  gangl ionic  r ing  was 
i m m e r s e d  in physio logica l  sal ine 5 a t  r oom t e m p e r a t u r e  
(20~ Doub le  ba r re l l ed  microe lec t rodes  c o n t a i n i n g  
026 M K,  SO 4 were used  for i n t r ace l lu l a r  r ecord ing  a n d  

s t imu la t ion .  The  record ing  a n d  s t i m u l a t i n g  e q u i p m e n t  
was  conven t iona l .  Fo r  e lec t ron  mic roscopy  t he  viscera l  
gang l ion  was f ixed in buf fe red  g l u t a r a l d e h y d e  and  
o s m i u m  solut ions  *. Sect ions  were s t a ined  w i t h  lead c i t r a t e  

1 This work was supported by grants from the S. R. C. and M. R. C. 
to Dr G. A. Cottrell, whose help is gratefully acknowledged. 

2 Present address: Department of Biology, University of Salford, 
Salford, M5 4WT. 
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Fig. 1. Simultaneous intraeellular recordings from the dopamine neurone (lower trace) and 2 postsynaptic neurones (upper and middle traces). 
Stimulation of the dopamine neurone produces smoothly summating ipsps in both postsynaptic neurones. Hyperpolarizing and depolarizing 
pulses applied to 1 postsynaptie neurone (upper) are transmitted to the other (middle). Spikes produce small depolarizing potentials. 
During spontaneous activi ty the action potentials in the 2 neurones were in synchrony. Note that  the spikes elicited by the depolarizing 
pulse in the upper trace form 3 bursts whose termination coincides with spikes in the middle trace. With lower depolarizing current the 
interburst interval was longer but each burst always terminated whenever the neighbouring neurone fired. Time scale, 10 see; voltage 
scales, 25 inV. 

Fig. 2. Electron micrographs of part  of the neuropile in the visceral ganglion of Planorbis corneus. The membranes of 2 adjacent processes 
come into close contact in the areas indicated by the insets, which are shown at high magnification on the right. The cytoplasm of the 
apposed processes is relatively empty, although dense-cored vesicles are present in the upper process. The scales represent 0.5 ~zm (left 
micrograph) and 0.1 [xm (right micrographs). 
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and  u r a n y l  a ce t a t e  a n d  e x a m i n e d  in a Phi l l ips  301 elec- 
t r o n  microscope.  
Results and discussion. The  coupl ing  be t w een  p o s t s y n a p -  
t ic  neu rones  of t he  d o p a m i n e  neu r one  is i l l u s t r a t ed  in 
f igure  1. H y p e r p o l a r i z i n g  and  depolar iz ing  c u r r e n t  pulses 
in a n y  one neu rone  are t r a n s m i t t e d  to  t he  others .  Spikes 
p roduce  smal l  t r a n s m i t t e d  p o t e n t i a l s  (epsps) w h i c h  m a y  
r each  t h r e s h o l d  i nd iv idua l ly  or more  usua l ly  b y  s u m m a -  
t ion .  Coupl ing coeff icients  for d i f fe ren t  pa i rs  of neu rones  
were ve ry  va r iab le ,  r ang i ng  f rom n e a r l y  0 up  to  0.5 
(coupling coeff ic ient  is t he  p o s t - / p r e s y n a p t i c  potent ia lT) .  
The  s t r e n g t h  of coupl ing  does n o t  d e p e n d  on  t he  prox-  
i m i t y  of t he  somata .  There  is l i t t le  change  in t he  electro-  
ton ic  epsps w h e n  the  gangl ia  are b a t h e d  in sal ine con-  
t a i n i n g  no Ca, 6 t imes  n o r m a l  Mg a n d  1 mM E G T A ;  th i s  
ind ica tes  t he  absence  of a n y  chemica l  c o m p o n e n t .  
D u r i n g  ipsps p roduced  b y  s t i m u l a t i n g  t he  d o p a m i n e  
n e u r o n e  t he  s t r e n g t h  of coupl ing  b e t w e e n  p o s t s y n a p t i c  
neu rones  is cons ide rab ly  reduced.  T he  add i t i on  of dopa-  
mine  (10 -5 M) to t h e  b a t h  p roduces  t he  same effect. This  
is s imi la r  to  the  synap t i c  decoupl ing  f i rs t  descr ibed  in 
N a v a n a x  b y  Spi ra  a n d  B e n n e t t  s; t h e  decoupl ing  is 
t h o u g h t  to  be  i m p o r t a n t  in enab l ing  t he  neu rones  to fire 
i n d e p e n d e n t l y  of each  o the r  8-10. I t  is n o t  k n o w n  w h e t h e r  
deeoupl ing  ha s  a s imi la r  f u n c t i o n  in P lanorb i s .  
The  p o s t s y n a p t i c  neurones  o f ten  fire s p o n t a n e o u s l y  in 
couple t s  of spikes. M a i n t a i n e d  depo la r i za t ion  of one of 
t he  neu rones  usua l ly  resu l t s  in  longer  burs t s .  B u r s t  fo rma-  
t i on  is a p r o p e r t y  of a n u m b e r  of e lec t r ica l ly  coupled  
g roups  of neu rones  a n d  m a y  resu l t  f rom t he  in t r ins ic  
p rope r t i e s  of non- rec t i fy ing  e lec t ro ton ic  synapses  r a t h e r  
t h a n  endogenous  b u r s t i n g  a c t i v i t y  of i n d i v i d u a l  neu-  
rones  n- l~.  Fo r  example ,  G e t t i n g  a n d  Wil lows n ,  12 h a v e  
s h o w n  t h a t  b u r s t s  in  e lec t r ica l ly  coupled  neu rones  in 
T r i t o n i a  deve lop  b y  r egene ra t i ve  e x c i t a t i o n  w i t h i n  t he  
n e t w o r k  a n d  are t e r m i n a t e d  w h e n  a m a j o r i t y  of neu rones  
fire in  nea r  s y n c h r o n y ;  s y n c h r o n i z a t i o n  resu l t s  in  a n e t  
h y p e r p o l a r i z a t i o n  caused  b y  an  a c c e n t u a t i o n  a n d  pro-  
l onga t ion  of t h e  spike a f t e r - h y p e r p o l a r i z a t i o n  due  to a 

r educ t i on  in j u n c t i o n a l  shun t ing .  I n  P lanorb i s  b u r s t  t e r -  
m i n a t i o n  is a l m o s t  a lways  a c c o m p a n i e d  b y  t he  synchro -  
nous  f i r ing of a n o t h e r  recorded  neu rone  in the  n e t w o r k  
(figure 1) sugges t ing  t h a t  a s imi la r  m e c h a n i s m  is oper-  
a t ing .  
E l ec t ron  microscopic  e x a m i n a t i o n  of t he  visceral  gang l ion  
revea led  occas ional  a reas  of close appos i t ion  of n e u r o n a l  
m e m b r a n e s  in t he  neuropi le  (figure 2}. A t  h igh  magnif i -  
ca t ion  the  ou t e r  s t a ined  layer  of each  appos ing  m e m b r a n e  
appea red  to  touch .  B y  ana logy  w i t h  d a t a  in o t h e r  sys- 
tems16,16 these  po in t s  of m e m b r a n e  appos i t ion  were con-  
s idered to  be  morpholog ica l  c o u n t e r p a r t s  of e lec t ro tonic  
coupling.  T h e y  were n o t  obse rved  be tween  neu rone  
s o m a t a  or in  ne rve  t rac t s ,  b u t  i t  was no t  possible to  de ter -  
mine  w h e t h e r  t h e y  were axodendr i t i c ,  axoaxon ic  or 
dend rodendr i t i c .  
The  resu l t s  ind ica te  t h a t  e lec t ro tonie  coupl ing be tween  
p o s t s y n a p t i c  neu rones  of t he  d o p a m i n e  neu rone  occurs  a t  
special ized areas  of appos i t i on  in t he  neuropi le .  The  
coupl ing  synchron izes  t he  f i r ing of a p ropor t ion  of t he  
neurones ,  a n d  m a y  be  i m p o r t a n t  for t he  gene ra t ion  of 
b u r s t  ac t iv i ty .  

7 M.V.L.  Bennett, Ann. N. Y. Acad. Sci. 137, 509 (1966). 
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13 C . R . S .  Kaneko, S. B. Kater and M. Merickel, Brain Res. (in 

press). 
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Electrophysiological evidence for chemosensitivity to adenosine, adenine and sugars in 
Spodoptera exempta and related species 
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Summary. Elec t rophys io log ica l  s tud ies  show t h a t  Spodop te ra  e x e m p t a  a n d  closely r e l a t ed  species possess a r ecep to r  
w i t h  specific s ens i t i v i ty  t o w a r d s  adenos ine  a n d  adenine .  2 o the r  t ypes  of recep tors  r e sponded  to  ce r t a in  sugars.  The  
f u n c t i o n a l  s ignif icance of these  recep tors  in  con t ro l l ing  chemoresponses  of t he  l a rvae  is discussed. 

Adenos ine  a n d  sucrose, i so la ted  f rom maize  p lan t s ,  h a v e  
r ecen t ly  been  iden t i f i ed  as s t rong  p h a g o s t i m u l a n t s  for t he  
Afr ican  a r m y w o r m ,  S p o d o p t e r a  e x e m p t a  a. Th i s  h a r m f u l  
N o c t u i d  feeds exc lus ive ly  on  grasses  (Gramineae ,  Cyper-  
aceae) 4. O t h e r  s tud ies  on  t h i s  species i nd ica t ed  t h a t  t he  
m a x i l l a r y  s ty loconic  sensi l la  p l a y  an  i m p o r t a n t  p a r t  in t he  
food d i s c r imina t i ve  b e h a v i o u r  5, 6. E v i d e n c e  for t he  
func t i on  of t he  s ty loconic  sensi l la  in  d e t e r m i n i n g  t he  
c h e m o s e n s i t i v i t y  of S. e x e m p t a  to adenos ine  a n d  sugars  
is p r e s e n t e d  in  th i s  paper .  
Materials and methods. Die t - r ea red  1-2 days  old last-  
i n s t a r  l a r v a e  were used t h r o u g h o u t .  F o r  e lec t rophys io lo-  
gical  r ecord ing  t h e  t i p - r eco rd ing  t e c h n i q u e  7 was em- 
p loyed  w i t h  c o n v e n t i o n a l  m e t h o d s  of ampl i f i ca t ion  a n d  

r eg i s t r a t ion  of signals.  A recep to r  ' response '  is def ined 
here  as t he  n u m b e r  of impulses  gene ra t ed  in 1 sec beg inn-  
ing 50 msec  a f t e r  t he  onse t  of s t imu la t ion .  
Results and discussion. Adenos ine  evoked  slowly a d a p t i n g  
t r a i n s  of ac t ion  p o t e n t i a l s  f rom a r ecep to r  loca ted  in t he  
l a t e ra l  sensi l la  of S. e x e m p t a  (figures 1 and  2). S o d i u m  
chloride,  w h i c h  h a d  been  added  to t he  s t imulus  so lu t ion  
a t  0.1 M in order  to  i m p r o v e  t he  conduc tance  p roper t i e s  
in t he  s t i m u l a t i n g - r e c o r d i n g  p ipe t te ,  el ici ted an  essent ia l ly  
d i f fe rent  response  p a t t e r n  in these  sensi l la  (figures 1 a n d  
4). The  c o n c e n t r a t i o n - r e s p o n s e  r e l a t ion  of the  adenos ine -  
sens i t ive  r ecep to r  (figure 3) ind ica ted  a s ens i t i v i t y  
t h r e s h o l d  b e t w e e n  10 -4 a n d  10 -5 M, whi le  s a t u r a t i o n  was 
r eached  a t  a b o u t  10-~ M adenos ine  (figures 2 and  3). The  


