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Lizard Lungs: CO~-Sensitive Receptors in Tupinambis nigropunctatus 
M a m m a l s  and  b i rds  increase  v e n t i l a t i o n  w h e n  a i rway  

CO s c o n c e n t r a t i o n  increases.  P r e s e n t  t h e o r y  r ega rd ing  
periptxeral  chemica l  r egu la t i on  of r e sp i r a t ion  in m a m m a l s  
proposes  t h a t  CO 2 a n d / o r  EH+J in  b lood or ce rebrosp ina l  
f luid ac ts  on  pe r iphe ra l  chemorecep to r s  to  cause v e n t i l a t o r y  
a d j u s t m e n t s ,  w h i c h  m a i n t a i n  CO 2 r e l a t ive ly  c o n s t a n t  in  
blood. However ,  a d d i t i o n a l  chemorecep to r s  t h a t  he lp  
con t ro l  b r e a t h i n g  in b i rds  h a v e  r ecen t ly  been  found.  

Us ing  un id i r ec t iona l  v e n t i l a t i o n  and  occlusion of 
p u l m o n a r y  b lood flow, PETERSON a n d  FEBDE 1 localized 
t he  a d d i t i o n a l  recep tors  to  ch ickens '  lungs.  Single-f ibre  
record ings  h a v e  iden t i f i ed  t he  vagus  as t he  a f fe ren t  
p a t h w a y  s . The  a v i a n  p u l m o n a r y  COs recep to r  is n o t  
s t r e t c h  sens i t ive  3, no r  does i t  r e spond  to  h y p o x i a  or 
d rugs  t h a t  s t i m u l a t e  m a m m a l i a n  ca ro t id  b o d y  recep tors  s; 
i t  appea r s  to  r e spond  only  to  CO s changes  in  t h e  in t ra -  
p u l m o n a r y  m i c r o e n v i r o n m e n t  of t he  r ecep to r  3. The  
ac t ion  m e c h a n i s m  of CO2 a t  t he  r ecep to r  level  is no t  
k n o w n  no r  h a v e  t h e  recep tors  been  ident i f ied  m o r p h o -  
logically. 

I t  has  p rev ious ly  b e e n  sugges ted  t h a t  t he  v e n t i l a t o r y  
r e sponse  of a m m a l s  to  changes  in insp i red  CO s could 
resul t ,  a t  leas t  in  pa r t ,  f rom local ac t ion  of CO s in  t he  
lungs  4. However ,  t h a t  h y p o t h e s i s  was  genera l ly  neglec ted  
in t he  e n t h u s i a s m  g e n e r a t e d  b y  HEYDAYS' work  ~ on t he  
c h e m o r e c e p t o r  func t i on  of t h e  ca ro t id  body.  Recent ly ,  
BARTOLI et  al.6 d e m o n s t r a t e d  a v e n t i l a t o r y  response  to 
changes  in  a i r w a y  CO s in  dogs (on c a r d i o p u l m o n a r y  
bypass) ,  w h i c h  was i n d e p e n d e n t  of a r t e r i a l  CO s a n d  
abo l i shed  b y  v a g o t o m y .  W h e t h e r  th i s  response  was 
p r o m p t e d  b y  p u l m o n a r y  CO 2 recep tors  s imi la r  to  those  
found  in  b i rds  or to  CO s sens i t i v i ty  of o the r  vaga l  lung  
recep tors  is n o t  ye t  clear.  

D u r i n g  e x p e r i m e n t s  des igned to  eva lua t e  t he  v e n t i l a t o r y  
response  of t he  t rop ica l  l izard,  Tupinambis nigropunvtatus 
( common  name ,  Tegu) to  CO~, we, as o t h e r  i nves t i ga to r s  ~, 
obse rved  a f i rs t  b r e a t h  response  to  changes  in  insp i red  
CO 2. I f  t h i s  response  is f rom p u l m o n a r y  CO s receptors ,  i t  
lends  phy logene t i c  c o n t i n u i t y  to  t he  ex is tence  of such  
receptors  in m a m m a l s .  I t  is f i rs t  necessary,  however ,  to  
d e t e r m i n e  w h e t h e r  or no t  t he  response  in rept i les  is 
m e d i a t e d  b y  lung  recep tors  whose  a f fe ren t  p a t h w a y  is in  
t he  vagus .  
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Fig. 1. Experimental  arrangement to measure respiratory parameters 
during unidirectional ventJ/ation of the Tegu. Unidirectional gas 
f low (~) was measured w i th  a pneumotachometer. CO s could be 
suddenly removed from the gas stream by closing a solenoid valve in 
the CO s line. Breathing effort and respiratory rate were measured 
with a strain gauge attached to the thoracic body wall. 

E x p e r i m e n t s  were pe r fo rmed  a t  a body  t e m p e r a t u r e  of 
35 ~ on  5 l izards  weighing  f rom 600 to  1600 g. T h e y  were 
anes the t i z ed  w i t h  2% H a l o t h a n e ,  and  a b rass  c a n n u l a  
10 cm long was inse r t ed  in to  t he  t r a c h e a  to  t he  b i furca-  
t ion.  A m i d - v e n t r a l  incis ion was m a d e  f rom the  base  of t he  
neck  to  t h e  cauda l  bo rde r  of t he  s t e r n u m  and  e x t e n d e d  
l a te ra l ly  on  b o t h  sides of the  a n i m a l  to  a p o i n t  j u s t  be low 
the  tho rac i c  cage. The  simple,  sac-l ike lungs  were opened  
a t  t he  cauda l  end  and  glass cannu lae  inse r t ed  a n d  t i ed  in 
place  (Figure 1). 

H u m i d i f i e d  gas was passed  un id i r ec t iona l ly  in to  t he  
t r a c h e a l  cannula ,  t h r o u g h  b o t h  lungs,  a n d  ou t  to  t he  
a t m o s p h e r e  t h r o u g h  t he  glass cannulae .  To ta l  gas flow, 
m o n i t o r e d  b y  a p n e u m o t a c h o m e t e r ,  was  m a i n t a i n e d  a t  
1.0 l ' m i n  -I. Ca rbon  d ioxide  was added  to t he  gas s t r e a m  
to  ach ieve  t he  desired CO 2 concen t r a t i on .  Concen t r a t i ons  
of CO 2 a n d  02 in t he  v e n t i l a t i n g  gas were c o n t i n u o u s l y  
m o n i t o r e d  w i t h  a n  in f ra red  COs ana lyze r  ( H a r t m a n  a n d  
B r a u n ,  U R A S  3) and  a p a r a m a g n e t i c  O s ana lyze r  
( B e c k m a n  E-2). A solenoid va lve  was p laced  in t h e  COs 
l ine so t h a t  t he  CO 2 in t h e  gas s t r e a m  could be  s u d d e n l y  
removed .  T ime  requ i red  for a COs-free gas f ron t  to  r each  
t he  lungs  a f t e r  t he  solenoid va lve  was closed was a b o u t  
0.3 sec. A s t r a i n  gauge a t t a c h e d  to  t h e  l a te ra l  t ho rac i c  wal l  
m e a s u r e d  r e sp i r a to ry  f r equency  a n d  b r e a t h i n g  effort .  
Because  t h e  ches t  wal l  was open,  t he  an ima l ' s  b r e a t h i n g  
effor t  d id  no t  c o n t r i b u t e  to  p u l m o n a r y  ven t i l a t ion .  

B o t h  vagi  were exposed in  t h e  cerv ica l  region where  
t h r e a d  loops were p laced  a r o u n d  t h e m  for  easy  access 
w h e n  v a g o t o m y  was desired.  The  2 p u l m o n a r y  ar te r ies  
a n d  t he  c o m m o n  p u l m o n a r y  vein,  dorsa l  to  t he  apex  of 
t he  hea r t ,  were d issected  free, a n d  t h r e a d  loops were 
p laced  a r o u n d  them.  Blood f low in b o t h  ar te r ies  a n d  
ve in  could be occ luded b y  app ly ing  t ens ion  to  t he  th reads .  

H a l o t h a n e  anes thes i a  a t  t h e  surgical  level  comple t e ly  
abol i shed  all v i sua l  ev idence  of b r ea th ing .  I t  was, the re -  
fore, necessa ry  d u r i n g  e x p e r i m e n t s  to  reduce  t he  Halo-  
t h a n e  f rom 2% to  be tween  0.2 and  0.5% to ach ieve  
r e sp i r a to ry  respons iveness  and,  a t  t he  same t ime,  m a i n t a i n  
some analgesia .  

The  v e n t i l a t o r y  m o v e m e n t s  of l izards  differ  s o m e w h a t  
f rom those  of o the r  a i r -b r ea th iug  ve r t eb ra t e s .  R e s p i r a t o r y  
d e p t h  and  f r equency  v a r y  f rom b r e a t h  to b r ea th .  B r e a t h -  
ing m o v e m e n t s  in  t he  Tegu, as in  severa l  r ep t i l i an  species, 
were t r i phas i c :  a shor t  exp i ra t ion ,  a long  insp i ra t ion ,  
t h e n  a n o t h e r  shor t  exp i r a t i on  s. Un id i r ec t i ona l  v e n t i l a t i o n  
h a d  no  obse rvab le  effect  on t he  t r iphas ic  b r e a t h i n g  p a t t e r n .  
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Fig. 2. Breathing response to sudden reduction in intrapulmonary 
CO s concentration. A) Apneic response during blood flow through the 
lungs; CO s reduced at (a) and returned (5). B) Increased respiratory 
rate and decreased breathing effort in response to reduction of 
intrapulmonary CO s during blood flow through the lungs; CO 2 
reduced at (a) and returned at (5). C) Apneie response in the absence 
of blood flow through the lungs; blood flow occluded at (o), returned 
at (r) ; CO s reduced at (a) and returned at (b). D) Lack of breathing 
response to sudden reduction in intrapulmonary CO 2 concentration 
(a) after bilateral cervical vagotomy. 

The  s t e a d y - s t a t e  v e n t i l a t o r y  response  of t he  l izards  
increased  (pr imar i ly  as a resu l t  of increased  b r e a t h i n g  
ef for t  r a t h e r  t h a n  f requency)  as t he  CO, c o n c e n t r a t i o n  in 
t he  un id i r ec t iona l  v e n t i l a t i n g  gas s t r e a m  increased.  
E i t h e r  of two responses  was a lways  obse rved  w h e n  CO S 
was sudden ly  r e m o v e d  f rom t he  un id i r ec t iona l  gas 
s t ream.  B o t h  responses  were obse rved  in each  a n i m a l  
d u r i n g  d i f fe rent  t r ia l s  of CO s removal .  Of t he  62 t r ia l s  on  
5 animals ,  45.2% were comple t e  apneic  responses  
(Figure 2 A) a n d  54.8 % r e sponded  b y i n c r e a s i n g  r e s p i r a to ry  

r a t e  a n d  decreas ing  b r e a t h i n g  effor t  (Figure 2 B). The  one  
response  t h a t  occur red  pe rs i s t ed  t h r o u g h o u t  t he  pe r iod  
of CO 2 removal .  W h e n  COs was r e t u r n e d  to  t h e  gas  
s t ream,  t i le n o r m a l  b r e a t h i n g  p a t t e r n  was re -es tab l i shed .  
A l t h o u g h  we can  offer no  e x p l a n a t i o n  for t h e  d i f fe ren t  
responses,  we a t t r i b u t e  b o t h  to  t i le r e m o v a l  of CO 2 f rom 
the  v e n t i l a t i n g  gas. 

E v e n  t h o u g h  t he  response  was fas t  ( from 0.8 to  1.4 sec 
a f te r  t he  COs-free gas en t e red  t he  lung),  i t  m i g h t  h a v e  
been  m e d i a t e d  v ia  e x t r a p u l m o n a r y  chemorecep to r s  
r e spond ing  to  changes  in b lood  Peo2. To d e t e r m i n e  if 
e x t r a p u t m o n a r y  chemorecep to r s  were involved ,  we 
c o n d u c t e d  e x p e r i m e n t s  in w h i c h  CO s was r e m o v e d  f rom 
tile v e n t i l a t i n g  gas a f te r  comple te  occlusion of all  pu lmo-  
n a r y  blood flow. I n  some tr ials ,  as shown  in F igure  2C, 
a p n e a  occur red  w h e n  CO s was r e m o v e d  f rom the  v e n t i l a t -  
ing gas even  t h o u g h  the re  was no b lood  flow t h r o u g h  t h e  
lungs. I n  o t h e r  cases, a response  s imi la r  to  t h a t  shown  in  
F igure  2 B occurred.  Thus,  occlusion of p u l m o n a r y  b lood  
flow d id  no t  abo l i sh  the  response  to  CO s removal .  I t  seems 
unl ikely,  therefore ,  t h a t  t he  r e sp i r a to ry  responses  to  
r educ t i on  in i n t r a p u l m o n a r y  CO s c o n c e n t r a t i o n  w i t h  
lung  per fus ion  resu l t  f rom CO s changes  in sys temic  blood.  

The  rap id  v e n t i l a t o r y  response  to  changes  in in t r a -  
p u l m o n a r y  COs c o n c e n t r a t i o n  t h a t  occurs  in  m a m m a l s  
and  b i rds  is abol i shed  b y  v a g o t o m y  1, G. B i l a t e ra l  cervical  
v a g o t o m y  in t h e  Tegu comple t e ly  e l imina t ed  t he  b r e a t h i n g  
response  to  COs r emova l  f rom the  v e n t i l a t i n g  gas s t r e a m  
(Figure 2D).  

Our  resul t s  suggest  a vaga l l y -med ia t ed ,  v e n t i l a t o r y  
response  to changes  in COs c o n c e n t r a t i o n  in t h e  lungs  of 
these  l izards.  The  COs-sensi t ive recep tors  respons ib le  for  
the  r e sponse  could no t  h a v e  been  in t he  t r a c h e a  because  
t he  c a n n u l a  e x t e n d e d  to  t he  t r a c h e a l  b i fu rca t ion .  The  
lungs  of t he  Tegu  are r a t h e r  s imple  sac-l ike s t ruc tu re s  
w i t h o u t  i n t e rna l  a irways.  Therefore ,  t h e  recep tors  are 
a p p a r e n t l y  in  t he  2 sho r t  b ronchi ,  t h e  lung  tissue, or bo th .  
O the r  i nves t iga to r s  h a v e  p o s t u l a t e d  t he  ex is tence  of 
p u l m o n a r y  CO s recep tors  in lungs  of l izards  7, i m p l y i n g  
t h a t  t h e y  serve a p r i m a r y  c h e m o r e c e p t o r  func t ion .  
A l t h o u g h  t h a t  hypo thes i s  is a t t r a c t i ve ,  our  ev idence  is no t  
suff ic ient  to  rule  ou t  t he  poss ib i l i ty  t h a t  s t r e t ch  or 
i r r i t a n t  receptors ,  wh ich  m i g h t  also be  COs sensi t ive,  
were respons ib le  for t he  v e n t i l a t o r y  response  to  CO S, 

Zusammen/assung. I n  de r  L u n g e  y o n  E idechsen  
(Tupinarabis nigropunctatus) w u r d e n  u n t e r  A n w e n d u n g  
von  E i n w e g - V e n t i l a t i o n s m e t h o d e n  COs-sensible Rezep-  
t o r en  nachgewiesen  (afferente  R e f l e x b a h n  im N. vagus) .  
P16tzliches A b s e n k e n  der  i n t r a p u l m o n g r e n  CO2-Konzen-  
t r a t i o n  16st i n n e r t  0,8 bis  1,4 sec e inen  yon  zwei Ven t i l a -  
t i o n s - M e c h a n i s m e n  aus  ( A t m n n g s s t i l l s t a n d  oder  reduz ie r te  
Atmungs le i s tung) ,  wozu j edoch  keille B l u t d u r c h s t r b m u n g  
der  L u n g e n a r t e r i e n  u n d  -venen  n o t w e n d i g  ist. 
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