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In expe r imen t s  on ca ts ,  inact ivat ion of carbonic  anhydrase  by  ace tazo lamide  (Diamox) p r e -  
vented the deve lopment  of hypoeapnia  and assoc ia ted  d i s tu rbances  of the f i r ing  pa t t e rn  of 
r e s p i r a t o r y  neurons  in acute hypoxia.  However ,  compar i son  of  the e lec t rophys io log iea l  
data,  the indices of ex te rna l  r e s p i r a t i o n  and the a c i d - b a s e  b a l a n c e ,  and pO 2 and pCO 2 of 
a r t e r i a l  blood showed that,  while prevent ing  the development  of pathological  r e sp i r a t i on  of 
Cheyne -S t okes  type during hypoxia, inact ivat ion of carbonic  anhydrase  by Diamox causes  
d issoc ia t ion  of thoracic  and abdominal  r e sp i r a t ion  and dyspnea .  Changes in metabol ic  p r o -  
ce s ses  and d i s tu rbance  of e l ec t ro ly t e  ba lance  at the ce l lu la r  level  also contr ibute  to the 
development  of dyspnea .  
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A state  of s teady normocapn ia  dur ing hypoxia can be produced by  inhibiting carbonic  anhydrase  ac t iv -  
i ty means  of Diamox  (acetazolamide)  [2, 6, 11]. The  ra te  of hydrat ion of CO 2 in the t i s sues  and dehydrat ion 
of carbonic acid in the lungs is thereby reduced ,  so that pCO 2 in the t i s sues  and blood is i nc reased  and 
venti lat ion of the lungs s t imulated.  This  de lays  the fall in pO 2 in the blood and t i s sues  and r e s t o r e s  pCO 2 
to normal~ Th i s  s ta te  l a s t s  3-4 h a f t e r  the adminis t ra t ion  of Diamox and can be  mainta ined fo r  days  by 
repea ted  doses  of the compound [4, 5]. D iamox  has  been r e c o m m e n d e d  fo r  p reven t ion  of hypoeapnia  and the 
subsequent  r e s p i r a t o r y  d i s o r d e r s  in p e r s o n s  c l imbing at high alt i tudes o r  dur inghigh-a l t i tude  flights [3 ,4,8] .  
The effect of Diamox in man and also in an imals  has been cons idered  to p rov ide  a different  approach  to the 
p r o b l e m  of adaptation to hypoxia [6]. 

The functional s tate  of the r e s p i r a t o r y  cen te r  and the m e c h a n i s m  of the inc reased  pu lmonary  vent i la -  
tion were  studied during hypoxia developing af ter  inactivation of carbonic  anhydrase  by Diamox.  

E X P E R I M E N T A L  M E T H O D  

Cats were  anesthet ized with pentobarbi ta l  (30-40 mg/kg ,  in t raper i tonea l !y) .  Action potent ia ls  of bul -  
b a r  r e s p i r a t o r y  neurons  (Szentagothai ' s  atlas) were  recorded  by m i c r o e l e c t r o d e  and s te reo tax ic  techniques.  
The metal  mic roe l ec t rode  had a tip 1-3 # in d i a m e t e r .  P a r a l l e l  r ecord ings  were  made of the EMG of the 
d iaphragm and in te rcos ta l  m u s c l e s ,  the pneumogram,  indices of external  r e sp i r a t ion  and the a c i d •  
ba lance ,  and the pa r t i a l  p r e s s u r e s  of the a r t e r i a l  blood gases  (by the A s t r u p - S i g g a a r d - A n d e r s e n  method) .  
Hypoxia was produced in the an imals  by replacing the a i r  by a mix tu re  of 1070 O 2 and 9070 N2; 550 mg  Dia-  
mox was injected in t raper i tonea t ly .  
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F i g .  1.  U n i t  a c t i v i t y  of i n s p i r a t o r y  b u l b a r  n e u r o n s  and  EM G of r e s p i r a t o r y  
m u s c l e s  b e f o r e  (a, a ' )  and  40 ra in  a f t e r  (b, b ' )  i n j e c t i o n  o f  D i a m o x ,  and  f r o n -  
ta l  s e c t i o n s  t h r o u g h  m e d u l l a  of  ca t  s h o w i n g  l o c a l i z a t i o n  of  r e s p i r a t o r y  n e u r o n s  
a t  l e v e l s  of +2 and +3 m m  r o s t r a l l y  t h r o u g h  the  obex  (c, d;  O " a b o v e  - " i n h i b -  

i t o r y , "  O b e l o w  - " e x c i t a t o r y " ;  X - b u l b o  - s p i n a l  n e u r o n s  a f t e r  B ianch i ) .  R e c -  
o r d s  ( f r o m top to b o t t o m ) :  E M G  of  d i a p h r a g m ,  u n i t  a c t i v i t y  o f b u l b a r  r e s p i r a t o r y  
n e u r o n s ,  p n e u m o g r a m ,  E M G  of  i n t e r c o s t a l  r e s p i r a t o r y  m u s c l e s .  

T A B L E  1~ G a s  P r e s s u r e s  and  I n d i c e s  of A c i d - B a s e  B a l a n c e  of A r t e r i a l  B lood  of 
A n e s t h e t i z e d  C a t s  i n  H y p o x i a  b e f o r e  a nd  a f t e r  I n j e c t i o n  of D i a m o x  (M + m) 

Index Control 

ExPerimental conditions 

30 .rain af- 40 rain after in 10 min after 
ter mjec- jeetion of Diamox I beginning of in- 
tion of and 10 rain after | halation of 10% 
Diamox beginnin~ of inha-~ 02"90% N2 

latmn oral0% 02-- I mixture 
90%N~ mixture [ 

50 min after beginning 
of inhalation of 10% 
Oz--90% N 2 mixture 
and 40 min after in- 
jection of Diamox 

Respiration rate (per minute) 
Pulmonary ventilation (in rot/rain) 
pH 
pCO~ (in mm Hg) 
pO 2 (ln mm Hg) 
O~ saturation of ar(erial blood 

(in %) 
Buffer base shift (in meq/liter) 

liter) 
True bicarbonate (in meq/liter) 

I 

25,0-+0,7 t 29-+0,09 
375,0_+ 27,0 I 730,0_+ 60,0 

7,37+--0,00I  I 7,31----_ 0,60~ 
37,0+.  1,8 / 32,0• 

104,0_+2,5 t 118,0_+3,0 

91,0-+ 1,0 98,0-+ 1,0 

--3,0+.0,73 --9,6-+0,66 
19,5-+0,66 15,9_+0,43 

30,0~  1,0 
800,0-+ 62,5 

7,35-- + 0,002 
30,0-+ 1,1 
90,0-+ 2,8 

84,0-+ 2.4 

--8,4+_ 0,73 
1 4 , 6 - +  0,49 

25,0-+ 1,1 
625,0-+ 45,3 
7,4I + 0,002 
23,5-- + 1,3 
52,0---+ 2,7 

62,0+_2,1 

--6,4_+ 0,66 
17,0_+0,67 

2 6 , 0 -  + 1,2 
700,0_ + 65,0 

7,30_+ O,O01 
28 ,0 •  1, l 
72,04-2,1 

82,0--- 2,9 

--10,5--+ 0,87 
1 5 , 0 - +  0,86 
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Fig. 2. Unit activity of inspiratory (a) and expiratory (b) bulbar neurons 
and EMG of respiratory muscles 40 rain after injection of Diamox (e) and 
during inhalation of hypoxie gas mixture following injection of Diamox (d). 
Arrangement of records as in Fig. I. 
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Fig. 3~ Unit aetivity of inspiragory bulbar neurons and EMG of respiratory 
musc les  during inhalation of hypoxic gas mixture (a) and 40 min after injection 
of Diamox during hypoxia (b). Arrangement of records  as in Fig. 1o 
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EXPERIMENTAL RESULTS AND DISCUSSION 

F r o m  20 to 30 rain af ter  inject ion of Diamox into the animal ,  when the r e sp i ra t ion  ra t e  was slightly 
i nc reased ,  the minute volume of pu lmonary  venti lat ion was 1.5-2 t imes  h igher  than init ial ly.  Because  of 
the increased  pulmonary  vent i la t ion,oxygenat ion and pC 2 of the a r t e r i a l  blood were  inc reased  whereas  pCO 2 
remained  within the init ial  l imi ts .  Despi te  the normocapnia ,  a sMft of the a c i d - b a s e  ba lance  of the blood 
occu r r ed  toward metabol ic  ac idos i s  {Table 1). Activity of the insp i ra to ry  neurons  connected with motoneu-  
rons  of the d iaphragm was definitely lowered whereas  act ivi ty of the  i n sp i r a to ry  neurons  connected with the 
motoneurons  of the in te rcos ta l  musc l e s  was sharply  inc reased .  These  two groups  of neurons  cor responded  
in function and local izat ion to the bu lbo-sp ina l  neurons  desc r ibed  by  Bianchi  [1]. Marked d issoc ia t ion  of 
thorac ic  and abdominal  r e sp i r a t ion  was observed .  The  high level  of  pu lmonary  venti lat ion was  maintained 
chiefly by an i nc rea se  in e l ec t r i ca l  act ivi ty of the in te rcos ta l  musc l e s  and by  inc reased  thoracic  resp i ra t ion  
(Fig. I). 

Against  this background a hypoxic gas mix tu re ,  which the an imals  inhaled for  10-20 min ,  caused a 
fu r the r  i nc rea se  in pu lmonary  vent i la t ion (Table 1), due to an i nc rea se  in act ivi ty of both i n sp i r a to ry  and 
exp i ra to ry  bu lbar  neurons  (Fig. 2). Dis turbance  of r e c i p r o c a l  connections be tween the i n sp i r a to ry  and ex-  
p i r a t o r y  groups  of neurons  can be r ega rded  as an adaptive r e sponse  of the r e s p i r a t o r y  appara tus  to hypoxia. 
Cha rac t e r i s t i ca l ly ,  i nc reased  afferenta t ion f rom the carot id  sinus ref lexogenic  zones during hypoxia did not 
abolish the d issoc ia t ion  of thoracic  and abdominal  r e sp i r a t ion  a r i s ing  a f te r  the injection of Diamox.  In- 
c r e a s e d  act ivi ty of the in te rcos ta l  r e s p i r a t o r y  musc l e s  could be maintained by this afferentat ion,  fo r  the 
carot id  c h e m o r e c e p t o r s  a r e  connected with bu lbar  r e s p i r a t o r y  neurons  re la ted  to motoneurons  of the in t e r -  
cos ta l  m u s c l e s  [7]. 

Thanks  to hypervent i la t ion  the metabol ic  ac idos i s ,  which developed a f te r  injection of Diamox,  was 
l a rge ly  compensa ted  by  r e s p i r a t o r y  a lka los i s .  The  fall in the b ica rbona te  concentra t ion under  these condi-  
t ions p reven ted  an alkal ine s h i f t o f  pH, thereby reducing the inhibi tory effect  of the low hydrogen- ion  con- 
centra t ion on p e r i p h e r a l  c h e m o r e c e p t o r s .  Maintenance of pCO 2 at the normocapnie  level  during hypoxia 
ought to have led to an i m p r o v e m e n t  in the ce r eb ra l  blood flow, shifted the oxyhemoglobin d issoc ia t ion  curve  
to the r ight ,  and so inc reased  pC 2 in the b ra in  t i s sues  [9-10]. All these  effects  would probably  have resul ted  
in an absence  of d i s turbance  of the f i r ing  pa t t e rn  of the neurons  even dur ing prolonged hypoxia: Regular  
r e sp i r a t ion  was maintained throughout the exper iment .  Fu r the r  invest igat ions showed that even when the 
an ima l s  were  exposed to acute hypoxia and developed a marked  d i so rde r  of thei r  r e s p i r a t o r y  rhythm,  in jec-  
tion of Diamox r e s t o r e d  the prev ious  rhythm of unit act ivi ty and no rma l  r e sp i r a t ion  (Fig. 3). Th is  was con- 
s iderably  faci l i ta ted by the compensat ion  of r e s p i r a t o r y  a lka los i s  (Table 1). A shift  of pH to the acid side 
caused a fu r ther  i nc rea se  in pu lmonary  venti lat ion and in pC 2 of the a r t e r i a l  blood, whereas  pCO 2 was main-  
tained within close to normocapnic  l imi ts .  

The  benef ic ia l  effects  of inact ivat ion of carbonic  anhydrase  dur inghypoxia  suggest ,  at f i r s t  glance,  
that the use  of Diamox can be  r ecommended .  However ,  although Diamox preven t s  the development  of  
pe r iod ic  resp i ra t ion  of  the C h e y n e - S t o k e s  type, i t  d i s s o c i a t e s  thorac ic  and abdominal  r e sp i ra t ion ,  and 
this may  lead to dyspnea.  Under  these  conditions the t r anspo r t  of blood gase s  a lso  is modified,  the f ract ion 
of the  CO 2 molecu les  that  combines  with hemoglobin to f o r m  carbamino  compounds is  inc reased  [5], and it  
is the re fo re  difficult  to accept  the view that adminis t ra t ion  of Diamox can a l t e r  the approach  "to the p rob lem 
of adaptation to hypoxia" [6]. 
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