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c A M P  a n d  c G M P  in t h e  same t i ssue  sample ,  accord ing  to  
t he  m e t h o d  of Cail la e t  al. ~z, ~. P r o t e i n  was assayed  b y  t h e  
m e t h o d  of L o w r y  e t  al. ~4. 
Results. The  m e a n  level  of c A M P  m e a s u r e d  in SCG of 
s h a m - o p e r a t e d  an im a l s  b y  r a d i o i m m u n o a s s a y  was 1.11 
pmoles  + 0.17 S E M / m g  we t  weight ,  in acco rdance  w i t h  
our  ear l ier  e x p e r i m e n t s  us ing  G i l m a n ' s  p ro t e in  b i n d i n g  
as say  4,5,s. The  m e a n  c G M P  level  was  0.062 pmoles  =t= 
0 .003/mg we t  weight ,  t h u s  be ing  a b o u t  18fold lower t h a n  
c A M P  levels.  3 days  a f t e r  decen t ra l i za t ion ,  a r ap id  decrease  
in c A M P  a n d  c G M P  was  observed ,  c A M P  decreased  to  52 % 
a n d  c G M P  to  67% of t he  c o n t r a l a t e r a l  gangl ion.  Af te r  
21 days  c A M P  r e t u r n e d  to  73.9% and  c G M P  to  78 .2% of 
con t ro l  (figures 1 a n d  2). There  was a s l ight  b u t  s ign i f ican t  
effect  on  t he  gang l ion  w e t  we igh t  3 days  a f te r  d e n e r v a t i o n  
w i t h  a n  increase  to 106.5% followed b y  a decrease  to  
96 .9% a f t e r  21 days .  T he  p r o t e i n  c o n t e n t  showed s imi lar  
changes  w i t h  a decrease  to  80% of con t ro l  14 a n d  21 days  
a f t e r  d e n e r v a t i o n .  Thus ,  w h e n  expressed  as p m o l e / m g  
pro te in ,  c A M P  a n d  c G M P  c o n c e n t r a t i o n s  r e a p p r o a c h e d  
con t ro l  va lues  a f t e r  21 a n d  14 days  respect ive ly .  
Discussion. D e c e n t r a l i z a t i o n  of t he  super ior  cerv ica l  
gang l ion  of t he  r a t  ha s  been  shown  to induce  a r ap id  loss 
of 90% of t he  t o t a l  n u m b e r  of synapses  w i t h i n  24 h of 
sec t ion ing  t he  p regang l ion ic  n e r v e  t r u n k  n .  A s imi la r  
effect  was  f o u n d  a t  t he  synapses  of t he  SIF-cel ls  (small  
i n t ense ly  f luorescen t  cells), w h i c h  are p r e s u m e d  to be  t he  
adrenerg ic  in te rneurof i s  ~s. T he  t i m e  course of t he  decrease  
in c A M P  a n d  c G M P  in our  e x p e r i m e n t s  appea r s  to  cor- 
re la te  w i t h  t h e  u l t r a s t r u c t u r a l  s y n a p t i c  changes  a f t e r  
decen t r a l i za t ion .  
The  p e r m a n e n t  decrease  of c A M P  m a y  be  co r re la t ed  w i t h  
t he  decreased  t u r n o v e r  of n o r a d r e n a l i n e  obse rved  2 weeks  

a f t e r  d e n e r v a t i o n  of r a t  SCG t o g e t h e r  w i t h  an  increased  
t o t a l  c o n t e n t  of n o r a d r e n a l i n e  1% However ,  cyclic nucleo-  
t ide  levels in  t i ssues  are  cons idered  to  ref lect  s t e a d y  s t a t e  
levels of syn thes i s  a n d  degrada t ion ,  a n d  f u r t h e r  in te r -  
p r e t a t i o n s  would  requ i re  m e a s u r e m e n t s  of a c t i v i t y  of the  
respec t ive  enzymes .  T h e  pa r t i a l  r e s t o r a t i o n  of c A M P  
levels a f t e r  7 a n d  21 days  m a y  well  cor re la te  wi th  a l te ra-  
t ions  of a d r e n o c e p t o r  s ens i t i v i t y  k n o w n  to occur  a f te r  
d e n e r v a t i o n  1~. 
The  less m a r k e d  decrease  a f te r  d e c e n t r a l i z a t i o n  a n d  fas te r  
r ecove ry  of c G M P  as c o m p a r e d  to  c A M P  suggests  t h a t  t he  
m e t a b o l i s m  of t he  2 nuc leo t ides  is d i f fe ren t ly  af fec ted  b y  
t he  p rocedure  and  hence  u n d e r  d i f fe ren t  p regangl ion ic  
control .  I t  r e m a i n s  unc l ea r  in  which  cells t he  obse rved  
changes  of cyclic nuc leo t ide  levels  t ake  place.  W e  h a v e  
sugges ted  ear l ier  t h a t  c a t e c h o l a m i n e - l i n k e d  a d e n y l a t e  
cyclase m a y  poss ib ly  be  loca ted  in gangl ionic  sa te l l i te  
cells 5. P r o f o u n d  s t r u c t u r a l  a l t e r a t i ons  of these  cells, in 
a d d i t i o n  to t he  changes  a t  n e u r o n a l  synapses ,  h a v e  been  
shown  to  occur  e a r l y  a f t e r  p regang l ion ic  s y m p a t h e c -  
t o m y  is. 
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Summary. W h e n  frog t a s t e  cells were s t i m u l a t e d  b y  v a r y i n g  sal ts  a f t e r  a d a p t a t i o n  to water ,  qu in ine  or  acet ic  acid, 
a phas ic  depo l a r i za t i on  a p p e a r e d  in i t i a l ly  in t h e  r ecep to r  p o t e n t i a l  of t a s t e  cells. The  in i t ia l  t r a n s i e n t  depo la r i za t ion  
m a y  be  r e l a t ed  to  t h e  e n h a n c e m e n t  of a n  in i t ia l  phas ic  response  in t he  t a s t e  nerve .  

W h e n  va r ious  sa l t  so lu t ions  are appl ied  to the  frog tongue ,  
a n  in i t ia l  r a p i d l y  r i s ing d i scharge  ( the phas ic  response)  
fol lowed b y  a s lower  s t e a d y  d ischarge  ( the ton ic  response)  
usua l ly  appea r s  in  t h e  g u s t a t o r y  n e r v e  a. On t h e  o t h e r  
h a n d ,  mic roe lec t rode  s tud ies  of t a s t e  cells 4-7 h a v e  dem-  
o n s t r a t e d  t h a t  depola r iz ing  r ecep to r  p o t e n t i a l s  evoked  
b y  sa l t  s t imu l i  cons i s t  of a su s t a ined  response  h a v i n g  no  
in i t ia l  overshoo t .  Therefore ,  i t  h a s  b e e n  p roposed  t h a t  t h e  
in i t ia l  phas ic  response  in t h e  g u s t a t o r y  n e r v e  m a y  be  
assoc ia ted  w i t h  t he  r a t e  of rise of depo l a r i za t i on  in t he  
t a s t e  cells, whi le  t he  ton ic  response  in t h e  g u s t a t o r y  n e r v e  
m a y  be  r e l a t ed  to  t he  m a g n i t u d e  of s t e a d y  depolar i -  
za t ion  5, ~. 
R e c e n t l y  i t  h a s  been  found  t h a t  t he  m a g n i t u d e  of t h e  
in i t ia l  phas ic  c o m p o n e n t  in  t he  frog g u s t a t o r y  neu ra l  
responses  el ic i ted b y  sa l t  s t imul i  is m a r k e d l y  p o t e n t i a t e d  
b y  a d a p t i n g  t h e  t o n g u e  to  water ,  quinine-HC1 (Q-HCI) or  
acid in  compar i s ion  w i t h  i t  d u r i n g  R i n g e r  a d a p t a t i o n  3, 8. 
Therefore ,  t h e r e  is a poss ib i l i ty  t h a t  t h e  e n h a n c e m e n t  of 
in i t ia l  phas ic  n e u r a l  r e sponse  m i g h t  be  co r re l a t ed  w i t h  t h e  
a p p e a r a n c e  of a n  in i t ia l  phas ic  depo la r i za t ion  in t h e  t a s t e  

r ecep to r  p o t e n t i a l  t h a t  ha s  n o t  been  found  u n d e r  t he  
R inge r  a d a p t a t i o n .  The  pu rpose  of t he  p r e s e n t  s t u d y  is to  
e x a m i n e  th i s  poss ib i l i ty .  
Materials and methods. Bullfrogs,  R a n a  ca t e sbe iana ,  were 
used t h r o u g h o u t  t he  p r e s e n t  expe r imen t s .  The  a n i m a l  
was  a n e s t h e t i z e d  w i th  u r e t h a n e .  E lec t r i ca l  ac t iv i t i e s  of 
whole  g los sopha ryngea l  ne rves  a n d  single t a s t e  cells were 
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recorded  w i t h  c o n v e n t i o n a l  e lec t rophys io logica l  equ ip-  
men t s .  Ampl i f ied  g u s t a t o r y  neu ra l  impulses  were i n t e -  
g r a t e d  w i t h  a n  e lec t ronic  i n t e g r a t o r  of 0.4 sec t i m e  con-  
s t an t .  M e m b r a n e  p o t e n t i a l  changes  in i n d i v i d u a l  t a s t e  
cells e l ic i ted b y  chemica l  s t imu l i  were m e a s u r e d  w i t h  a 
3 M KCl-fi l led glass mic roe lec t rode  of 15-40 MQ b y  in- 
se r t ing  i t  in to  a fung i fo rm pap i l l a  of t he  tongue .  Var ious  
t a s t e  solut ions ,  m a d e  up  in deionized water ,  were app l ied  
to  t h e  t o n g u e  surface  b y  m e a n s  of a s e m i a u t o m a t i c a l l y  
con t ro l l ed  g u s t a t o r y  s t i m u l a t o r ,  descr ibed  p rev ious ly  3. 
The  f low r a t e  used was 0.78 ml /sec  for t h e  whole  n e r v e  re- 
co rd ing  a n d  0.13 ml /sec  for t he  in t r ace l lu l a r  recording.  
D u r i n g  the  e x p e r i m e n t s  on  t a s t e  cells, a frog R inge r ' s  
so lu t ion  was c o n t i n u o u s l y  f lowed over  t he  t o n g u e  as a 
p r e - a d a p t i n g  so lu t ion  a n d  t he  R inge r  flow was s t opped  
w h e n  p r e s e n t i n g  a d a p t i n g  a n d  t e s t  solut ions .  All  exper i -  
m e n t s  were car r ied  o u t  a t  r oom t e m p e r a t u r e  of 23-26~ 
Results  and discussion. Figure  1 shows i n t e g r a t e d  glosso- 
p h a r y n g e a l  n e r v e  responses  to  0.5 M NaC1 w h e n  t he  
t o n g u e  was  a d a p t e d  for 10 sec to de ionized  w a t e r  (A), 
0.01 M NaC1 (B), R i n g e r  (C) and  0.001 M Q-HC1 (D). 
The  m a g n i t u d e  ot in i t i a l  phas ic  responses  b e c a m e  larger  
in  t he  o rder  of a d a p t i n g  so lu t ions  of 0.001 M Q - H C I >  
w a t e r  > 0.01 M NaC1 > Ringer .  However ,  t he  m a g n i t u d e  
of ton ic  responses  fol lowing t he  phas ic  ones  was a l m o s t  
t he  same  even  u n d e r  d i f fe ren t  a d a p t i n g  solut ions .  Thus ,  
as sugges ted  p rev ious ly  8, s, t h e  2 c o m p o n e n t s  of t he  gus ta -  
t o r y  neu ra l  response  m a y  o r ig ina te  f rom d i f fe ren t  mech-  
an i sms .  
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c) 
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NaC[ NaCI 

0.01M 0.5M Ringer 0,O01M 0.5M Ringer 
NaC[ NaC[ O-HC[ NaC[ 

15 sec 

Fig. 1. Integrated glossopharyngeal nerve responses to 0.5 M NaCI 
following 10 sec adaptation to deionized water (A), 0.01 M NaC1 
(B), Ringer (C) and 0.001 M Q-HC1 (D). During about 1 min before 
application of each adapting solution, the pre-adapting Ringer flow 
over the tongue was stopped but the tongue was covered with a thin 
Ringer layer. In this and subsequent figures, lower traces under 
resPonses denote applications of adapting and test sohltions. 

mV Ringer 0.5M Ringer H20 0.5M Ringer 
NaCI NaC[ 

20 sec 

Fig. 2. Receptor potentials of a taste cell in response to 0.5 M NaC1. 
Adapting solutions were Ringer (A) and water (B). Resting potential 
measured just before application of chemicals was -29 InV. 

F igure  2 i l lu s t r a t e s  m e m b r a n e  p o t e n t i a l  changes  in a t a s t e  
cell caused  b y  0.5 M NaC1 a f t e r  t he  a d a p t a t i o n  to R i n g e r  
(A) a n d  de ion ized  w a t e r  .(B). A microe lec t rode  was in-  
ser ted  in to  t he  t a s t e  cell i n s i d e t h e  fung i fo rm pap i l l a  to  
w h i c h  nozzles  of t h e  g u s t a t o r y  s t i m u l a t o r  were pos i t ioned  
a t  t he  d i s t ance  of 1-2  m m .  U n d e r  R inge r  a d a p t a t i o n ,  no  
in i t i a l  phas ic  depo l a r i za t i on  appeared .  The  slowly r i s ing 
sus t a ined  depo la r i za t ion  a lone  was recorded  in accordance  
w i t h  p r ev ious  expe r imen t s4yL  The  r a t e  of rise of de-  
po la r i za t ion  occur r ing  upon  sa l t  s t i m u l a t i o n  was more  
r ap id  t h a n  t h a t  of t he  s u b s e q u e n t  g r adua l l y  increas ing  de-  
po la r iza t ion .  As p rev ious ly  sugges ted  s, i t  is l ikely t h a t  t he  
r a t e  of t he  in i t i a l  s teeper  depo la r i za t ion  is r e l a t ed  to  t he  
in i t ia l  phas ic  g u s t a t o r y  n e u r a l  response.  The  reasons  for 
th i s  are :  1. The  in i t ia l  phas ic  c o m p o n e n t  of neu ra l  im-  
pulses  in  response  to NaC1 af te r  R i n g e r  appea red  even  
w h e n  a n y  phas ic  depo l a r i za t i on  was  n o t  g e n e r a t e d  s. 
2. The  a m p l i t u d e  a n d  p e a k  t i m e  of the  phas ic  neu ra l  re- 
sponse  were d e p e n d e n t  on  t h e  r a t e  of rise of the  sus t a ined  
depo la r i za t ion  h a v i n g  n o  in i t ia l  ove r shoo t  s . 
I n  t he  record  B of f igure  2, i t  is obv ious ly  seen t h a t  a n  
in i t ia l  phas ic  depo la r iza t ion ,  followed b y  a s t e a d y  depo-  
la r iza t ion ,  was  el ic i ted b y  0.5 M NaC1 a f t e r  t he  t o n g u e  
h a d  been  a d a p t e d  to  de ion ized  water ,  wh ich  f r e q u e n t l y  
hype rpo l a r i zed  t h e  t a s t e  cell m e m b r a n e .  The  phas ic  depo-  
l a r i za t ion  m i g h t  be assoc ia ted  w i t h  t he  e n h a n c e m e n t  of 
in i t ia l  phas ic  n e u r a l  responses  as in f igure 1A, B and  
D c o m p a r e d  w i t h  t he  response  in C. As t he  r a t e  of rise 
of t he  NaC1 s t imu lus  on  t h e  pap i l l a  surface,  where  t he  
microe lec t rode  was  in se r t ed  b e c a m e  slower, the  in i t i a l  
phas ic  depo l a r i za t i on  decreased  in a m p l i t u d e  and  f ina l ly  
d i sappeared .  S imi lar  o v e r s h o o t  in  t a s t e  cell depolar iza-  

0 / "  0.1M I I O'IM, 
mV /Ringer NH4Ct Ringer H20 NH4C t Ringer 

-2o~. 1 2 ~ 8) 

_,o t _ 
0.1 M 0.1 M 

I I I I I 
Ringer KC[ Ringer H20 KCI Ringer 

mV~ I.L,----,.._ c) 
t 

0.1M 0.1 M 
I I I I I 

0 Ringer MgC[ 2 Ringer H20 MgC[ Ringer 

-20 _ 1 . . . .  D) 
1Ct sec 

-40 0.1M 0.001M O.TM 
I I I I | , 

Ringer NaC[ Ringer Acetic NaC[ Ringer 
acid 

Fig. 3. Receptor potentials recorded intracellularly from 4 different 
taste cells. Adapting solutions were Ringer in records A1-D1, water 
in records A2-C2 and 0.001 M acetic acid in D2. Test solutions were 
0.1 M NH4C1 (A), 0.1 M KCl (B), 0.1 M MgCl 2 (C) and 0.1 M NaCI 
(D). Resting potentials were -24 mV in A, -32 InV in B, -12 mV in 
C and -25 mV in D. 
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t i ons  was obse rved  b y  va r ious  o t h e r  sa l t  s t imul i  a f t e r  
t h e  t o n g u e  was a d a p t e d  to water ,  Q-I-IC1 or acet ic  acid. 
Some examples  are i l l u s t r a t ed  in f igure 3. I n t r a c e l l u l a r  
r esponses  to  0.1 M NH4C1 (A2), 0.1 M KC1 (B2) a n d  
0.1 M MgC12 (C2) fol lowing w a t e r  a n d  to 0.1 M NaC1 
(D2) fol lowing 0.001 M acet ic  acid are shown.  I n  these  
a n d  o t h e r  t a s t e  cells s tud ied ,  the  in i t ia l  phas ic  depolar iza-  
t i o n  was scarcely  obse rved  b y  app l i c a t i on  of va r ious  sa l t  
s t imu l i  u n d e r  the  R i n g e r  a d a p t a t i o n  (A1-D1). 
2 theor i e s  h a v e  been  p r e s e n t e d  as to  t a s t e  recep tor  s t im-  
u l a t i o n :  One, p roposed  b y  Beidler  9, suggests  t h a t  t a s t e  
response  is r e l a t ed  to  t h e  n u m b e r  of occupancies  of re- 
c e p t o r  s i tes  b y  a s t imulus .  The  o t h e r  suggests  t h a t  t a s t e  

response  is re la ted  to t he  r a t e  of o c c u p a n c y  of r ecep to r  
sites 1~ Since the  in i t ia l  phas ic  depo la r i za t ion  of t a s t e  
cel ls  was  sens i t ive  to  t he  r a t e  of s t imu lus  onset ,  t h i s  would  
a p p e a r  to  s u p p o r t  t he  r a t e  t h e o r y  conce rn ing  t a s t e  s t im-  
u la t ion .  However ,  t he  gene ra t i on  of phas ic  depo la r i za t ion  
can  p r o b a b l y  be  exp la ined  even  b y  t he  13eidler's ' occupa-  
t ion '  t heory ,  if t he  a m o u n t  or r a t e  of c o n f o r m a t i o n a l  change  
of r ecep to r  si tes occupied  b y  a t a s t e  s t imu lus  i s  p r e s u m e d  
to  be  la rger  a t  t he  r i s ing phase  of t h e  s t imu lus  onse t  t h a n  
a t  t he  s t a t i c  phase  of t he  s t imulus .  

9 L.M. Beidler, J. gen. Physiol. 38, 133 (1954). 
10 G.L. Heck and R. P. Erickson, Behav. Biol. 8, 687 (1973). 
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W. K. Mi lsom a n d  D. R.  Jones  

Department o[ Zoology, University of British Columbia, Vancouver, British Columbia V6T JW5 (Canada), 8 March J977 

Summary. P u l m o n a r y  m e c h a n o - r e c e p t o r s  h a v e  been  found  in tlxe frog lung  t h a t  are sens i t ive  to  CO s c o n c e n t r a t i o n s  in  
t he  lungs  a n d  a i rways  c o m p a r a b l e  to  t he  phys io log ica l  levels recorded  in frogs. These  r e su l t s  s u p p o r t  t he  sugges t ion  
t h a t  a p u l m o n a r y  r ecep to r  w i th  d i s t i n c t  m e c h a n o -  and  chemosens i t i ve  p roper t i e s  m a y  r e p r e s e n t  t he  f u n c t i o n a l  pre-  
cu r so r  of t he  more  special ized p u l m o n a r y  receptor  t ypes  wh ich  h a v e  evo lved  in b i rds  and  m a m m a l s .  

T h e  r a t e  a n d  degree of in f l a t ion  of t he  lungs  d u r i n g  
b r e a t h i n g  are m o n i t o r e d  b y  receptors  w i t h i n  the  lungs  
a n d  a i rways  in all an i m a l s  w h i c h  h a v e  been  s tud ied  ~. 
T h e r e  are  a t  leas t  2 se ts  of s t imu l i  w h i c h  v a r y  w i th  t h e  
r a t e  and  e x t e n t  of lung  in f la t ion  ; m e c h a n i c a l  fac tors  such  
as  lung  v o l u m e  or t r a n s p u l m o n a r y  pressure  and  chemica l  
fac to rs  such  as the  c o n c e n t r a t i o n  of gases in  the  a i rways.  
T h e  p u l m o n a r y  recep to r s  of m a m m a l s  r e spond  p r i m a r i l y  
to  t he  t r a n s p u l m o n a r y  pressure  deve loped  du r ing  each  
b r e a t h i n g  cycle b u t  t h e i r  d i scharge  is pa r t i a l ly  modif ied  
b y  h igh  levels of a lveo la r  CO~ 3-1~ A v i a n  p u l m o n a r y  re- 
cep to r s  h a v e  l i t t le  or no  m e c h a n o s e n s i t i v i t y  r e spond ing  
p r i m a r i l y  to  changes  in a i r w a y  CO S c o n c e n t r a t i o n  
t h r o u g h o u t  the  b r e a t h i n g  cycle 11-16. R e p t i l i a n  p u l m o n a r y  
r ecep to r s  are  typ icMly  m e c h a n o s e n s i t i v e  b u t  e x h i b i t  a 
r a n g e  of v a r i a t i o n  in t h e i r  s ens i t i v i t y  to  CO S wh ich  en- 
compasse s  t h e  d i f fe ren t  sens i t iv i t i es  to  CO S found  in t he  
a v i a n  a n d  m a m m a l i a n  r ecep to r  t ypes  17. Consequen t ly  i t  
a p p e a r s  t h a t  t he  d i v e r g e n t  r ecep to r  t ypes  found  in b i rds  
a n d  m a m m a l s  m a y  h a v e  ar i sen  f rom a less special ized 
r ecep to r  t y p e  such  as t h a t  f ound  in t he  more  phy logene t i -  
ca l ly  a n c i e n t  rept i les .  A m p h i b i a ,  however ,  h a v e  evo lved  
f rom the  e v o l u t i o n a r y  s t e m  l ine a t  an  even  earl ier  date ,  
possess  s t r u c t u r a l l y  s imple  lungs  and  r ep re sen t  some of 
t h e  ear l ies t  fo rms  of s emi - t e r r e s t r i a l  lunged  ve r t eb ra t e s .  
T h i s  s t u d y  was u n d e r t a k e n  to d e t e r m i n e  w h e t h e r  t he re  
a re  recep tors  p r e sen t  in  t h e  lungs  of these  ea r ly  fo rms  
w h i c h  are  sens i t ive  to  CO S . 
F rogs  ( R a n a  pipiens) ,  we igh ing  b e t w e e n  120 and  160 g, 
were used in these  expe r i m en t s .  The  frogs were doub le  
p i t h e d  a n d  un id i r ec t i ona l ly  v e n t i l a t e d  w i t h  a c o n t i n u o u s  
gas  f low u n d e r  s l ight  pos i t ive  pressure ,  air  en t e r i ng  t he  
l ung  t h r o u g h  a t r a c h e a l  c a n n u l a  a n d  l eav ing  t he  lung  b y  
a c a n n u l a  sewn in to  t he  cauda l  t ip  of t h e  lung. The  lung  
could  be  in f l a t ed  d u r i n g  v e n t i l a t i o n  a t  a n y  desired vo lume  
b y  a l t e r ing  t h e  res i s t ance  of t h e  ou t f low c a n n u l a  f rom 
t h e  lung.  Single and  mul t i  f ibre n e r v e  a c t i v i t y  were rec- 
o rded  f rom p u l m o n a r y  a f fe ren t  f ibres  in  vaga l  slips us ing  
b i p o l a r  s i lver  electrodes.  T he  i n t r a t r a c h e a l  pressure  was 
r eco rded  w i t h  a p ressure  t r a n s d u c e r  a n d  w i t h  neura l  ac- 
t i v i t y  were ampl i f ied ,  v i sua l ly  d i sp layed  on  an  oscilloscope 

and  s to red  on  magne t i c  t ape  for  l a t e r  ana lys i s  on  a P D P  
L a b  8e m i n i - c o m p u t e r  us ing  c o n v e n t i o n a l  sof tware .  
On  the  basis  of changes  in d i scharge  f r equency  fol lowing 
l ung  inf la t ion ,  frog p u l m o n a r y  recep tors  h a v e  been  clas- 
sifted in to  3 groups  ; r a t e  receptors ,  p r o p o r t i o n a l  r ecep tors  
a n d  r a t e  plus  p r o p o r t i o n a l  r ecep to r s  TM. The  d ischarge  
f r e q u e n c y  of r a t e  recep tors  is m o d u l a t e d  solely b y  t he  
r a t e  of increase  in lung  vo lume.  6 of 25 f ibres  we recorded  
f rom were of th i s  type .  A l t h o u g h  these  f ibres  were con-  
t i n u o u s l y  act ive ,  t h e i r  s t a t i c  r a t e  of d i scharge  was unaf -  
fec ted  b y  t he  vo lume  of t he  lung ;  d i scharge  increased  on ly  
d u r i n g  t he  per iod  of lung  in f l a t ion  and  t h e n  r e t u r n e d  
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