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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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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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i m m e d i a t e l y  to  t he  p rev ious  level  of d i scharge  (figure, b). 
A d d i t i o n  of 10% CO s to  t he  v e n t i l a t i n g  gas caused  a de-  
crease in t h e  s t a t i c  d i scharge  r a t e  of these  recep tors  of 
56% (10.6 :i: 6.0 Hz  fa l l ing to  4.7 + 1.0 Hz) (each va lue  
is t h e  m e a n  4- SEM) and  t h e  m o d u l a t i o n  in d i scharge  
occur r ing  d u r i n g  lung  in f la t ion  was r educed  b y  50% 
(41.3 4- 7.8 H z  fa l l ing to  20.6 4- 2.7 Hz) a t  a n  in f l a t ion  
r a t e  of 1.0 m l  sec -I. One u n i t  was p a r t i c u l a r l y  sens i t ive  to  
CO s showing  a 75% r e d u c t i o n  in  s t a t i c  d i scharge  r a t e  a n d  
a 74% r e d u c t i o n  in t he  d ischarge  assoc ia ted  w i t h  lung  
in f l a t ion  w i t h  3% CO s p r e s e n t  in  t h e  v e n t i l a t i n g  gas 
(figure, b) and  67% a n d  64% reduc t ions  in  d i scharge  r a t e  
d u r i n g  v e n t i l a t i o n  w i t h  1% CO 2 in air. T he  d i scharge  r a t e  
of p r o p o r t i o n a l  r ecep tors  increases  w i t h  increas ing  lung  
v o l u m e  a n d  for  a n y  g iven  l ung  vo lume  d ischarge  is m a i n -  
t a i n e d  w i t h  0n ly  s l ight  d i m i n u t i o n  as lollg as t he  lung  
v o l u m e  is c o n s t a n t  (figure, a). 3 of t he  recep tors  we h a v e  
recorded  f rom f i t  t h i s  ca tegory .  All  u n i t s  were ac t ive  
d u r i n g  lung  de f l a t ion  w h e n  i n t r a t r a c h e a l  p ressure  ap-  
p r o a c h e d  a tmosphe r i c .  T he  a d d i t i o n  of 10% CO s to  t he  
v e n t i l a t i n g  gas  caused  a r e d u c t i o n  in t h i s  d ischarge  r a t e  
of 56%.  T h e r e  was  a r e d u c t i o n  of 45% in t he  d ischarge  
r a t e  assoc ia ted  w i t h  lung  in f la t ion  to  an  i n t r a t r a c h e a l  
p ressure  of 0.5 kPa .  One u n i t  was  v e r y  sens i t ive  to  CO s 
a n d  was 75% reduced  d u r i n g  de f l a t ion  a n d  61% reduced  
d u r i n g  in f l a t ion  to  0.5 k P a  i n t r a t r a c h e a l  p ressure  w i t h  t he  
a d d i t i o n  of 3% CO s (figure, a) (65% a n d  43% reduced  
r e spec t ive ly  b y  1% COs). T he  r e m a i n i n g  16 f ibres  recorded  
were  f rom r a t e  a n d  p r o p o r t i o n a l  sens i t ive  r ecep to r s  which  
e x h i b i t e d  a p e a k  d i scharge  f r e q u e n c y  d u r i n g  in f l a t ion  as 
well  as a n  increase  in s t a t i c  d ischarge  f r equency  w i t h  in-  
c reas ing  l ung  volumes .  15 un i t s  were ac t ive  d u r i n g  lung  
de f l a t i on  a t  a n  ave rage  d i scharge  f r equency  of 6.9 4- 1.3 Hz  
w h i c h  increased  to  an  ave rage  d i scharge  f r equency  of 
19.2 4- 3.0 Hz on  lung  in f l a t ion  to 0.5 k P a  i n t r a t r a c h e a l  

pressure .  The  p e a k  d ischarge  f r e q u e n c y  assoc ia ted  w i th  a 
1 ml  sec -1 r a t e  of in f l a t ion  was 51.6 4- 7.0 Hz.  W i t h  10% 
CO 2 p r e sen t  in  t he  v e n t i l a t i n g  gas these  d i scharge  f r e -  
quencies  fell to  ave rage  va lues  of 5.3 4- 1.0 Hz, 
15.4 -4-3.2 Hz  a n d  35.8 4- 5.9 Hz  respec t ive ly  r e p r e s e n t i n g  
23, 20 a n d  31% r e d u c t i o n s  in the  d i scharge  frequencies .  
One f ibre inc reased  i ts  d i scharge  f r equency  in t h e  presence  
of 10% CO 2. In  all  cases t he  changes  in a c t i v i t y  began  
d u r i n g  t he  f i rs t  few seconds fol lowing a s tep  c h a n g e  in t h e  
CO s c o n t e n t  of t he  v e n t i l a t i n g  gas. All  un i t s  were isola ted 
to  loca t ions  w i t h i n  t he  lung  b y  p u n c t a t e  s t imu la t ion .  No 
f ibres  could be  found  wh ich  were sens i t ive  to  s t ep  changes  
in CO s c o n t e n t  in  t he  v e n t i l a t i n g  gas b u t  insens i t ive  to  
m e c h a n i c a l  s t imul i .  
Th i s  s t u d y  ha s  s h o w n  t h a t  t h e  p u l m o n a r y  m e c h a n o -  
recep tors  in t he  frog lung  are  sens i t ive  to  CO S Concentra-  
t ions  in t he  lungs  and  a i rways ;  in  some ins t ances  ex- 
t r e m e l y  sens i t ive  to  v e r y  low levels of CO s c o m p a r a b l e  to  
t he  phys io logica l  levels recorded  in frogs 19. These  resu l t s  
are  s imi la r  to  those  recorded  f rom t h e  tu r t l e  1~ a n d  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 t h  d i s t i nc t  
m e c h a n o -  a n d  chemosens i t i ve  p rope r t i e s  m a y  r ep resen t  
t h e  f u n c t i o n a l  p recurso r  of t he  more  special ized pu lmo-  
n a r y  r ecep to r  types  wh ich  h a v e  evo lved  in b i rds  and  
m a m m a l s .  

19 M.G. Emilio, J. exp. Biol. 60, 901 (1974). 
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a Proportional receptor response to lung inflation with air (left) and air + 3% CO~ (right). Upper trace is a time marker, second trace is 
pulmonary receptor discharge, third trace is analog discharge frequency and lower trace is intratracheal pressure, b Rate receptor response 
to lung inflation with air (left) and air + 3% CO 2 (right). Traces as indicated above. 


