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Transec t ion  of the spinal cord  at the level  C8-T1,  causing p a r a l y s i s  of the r e s p i r a t o r y  
musc l e s  of the thorax,  r educes  sensi t ivi ty  of the r e s p i r a t o r y  cen te r  to CO 2. This  is ex-  
plained, not by r em ova l  of afferentat ion f rom the r e s p i r a t o r y  musc l e s ,  but by inhibition 
of pulmonary  ventilation and hyperc  apnea which r e su l t s  f rom p a r a l y s i s  and t hemse lves  lead 
to a diminution of sensi t ivi ty  of the r e s p i r a t o r y  cen te r  to CO 2. 

According to Campbel l  and Howell [5, 6] the sensat ion of r e s p i r a t o r y  insufficiency depends on af ferent  
impulses  f rom the s t re tch  r e c e p t o r s  of the r e s p i r a t o r y  musc le s ,  and since there  are  very  few musc le  sp in-  
dles  in the d iaphragm compared  with their  dis t r ibut ion in the r e s p i r a t o r y  m u s c l e s  of the thorax these w o rk e r s  
cons ider  that  a sensat ion of r e s p i r a t o r y  inslffficiency is produced mainly through impulses  a r r iv ing  f rom 
the thoracic  musc le s .  In this connection it is in teres t ing to invest igate  the effect  of af ferent  impulses  f rom 
the thoracic  r e s p i r a t o r y  m u s c l e s  on the threshold sensi t ivi ty  of the r e s p i r a t o r y  center  to CO~. This  is m o s t  
c l ea r ly  de te rmined  with the aid of the phenomenon of the hypervent i la t ion apnea. 

The effect  of high t ransec t ion  of the spinal cord (CS-T1)on hypervent i la t ion apnea was investigated.  
Transec t ion  of the spinal cord  at this  level causes  p a r a l y s i s  of the r e s p i r a t o r y  musc l e s  of the thorax w h e r e -  
as activity of the d iaphragm r e m a i n s  intact.  

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

Five ca ts  weighing 3-4 kg were  immunized  by in t raper i tonea l  injection of Nembutal  (35-40 mg/kg) .  
T racheo tomy was p e r f o r m e d  and af ter  p r e l i m i n a r y  l aminee tomy under  additional local  procaine  anes thes ia  
the spinal cord  was divided at the level  C 8 - T 1 .  The blood p r e s s u r e  in the caro t id  a r t e r y  was recorded  by a 
Ba rova r  e l e c t r o m a n o m e t e r .  N e u r o g r a m s  f rom branches  of the phrenic  nerve  and the EMG of the d iaphram 
and in tercos ta l  m u s c l e s  were  r eco rded  on a Disa  e l ec t romyograph .  Ventilation of the lungs was  measu red  

wi th  a wa te r  s p i r o m e t e r  with two-way valve.  Blood was taken per iodica l ly  f rom the f emora l  a r t e r y  through 
p re inse r t ed  cannulas and it pH and PaCO2 de te rmined  with a m i c r o - A s t r u p  appara tus .  Hypervent i la t ion was 
c a r r i e d  out for  2-3 rain until d i sappearance  of spontaneous act ivi ty  in the phrenic  ne rve  and diaphragm.  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Before  t ransec t ion  of the spinal cord  the mean resp i ra t ion  ra t e  was 24/min and the minute venti lat ion 
540 ml; the pH of the a r t e r i a l  blood was 7.24 (7.28-7.22); PaCO2 was 34 (39-30) m m  Hg. Hypervent i la t ion 
induced cessa t ion  of spontaneous r e sp i ra t ion  af ter  40-60 sec cor responding  to values  of pH 7.36 and PaCO2 
34 m m  Hg. The duration of hypervent i la t ion apnea was 27-60 sec.  
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After  t ransec t ion  of the spinal cord  (at the level  C8-T1) activity of the in te rcos ta l  m u s c l e s  ceased  but 
activity of the d iaphragm continued. The blood p r e s s u r e  fell to 70-80 m m  Hg. The pulmonary  ventilation 
dec rea sed  to 3 6 0 m l / m i n ,  P a c o 2  rose  to 37 (40-35) m m  Hg, and pH shifted slightly to the acid side (to 7.22). 

The spinal an imals  were  subjected to hypervent i la t ion 30-60 rain af ter  the operat ion when the blood 
p r e s s u r e  was r a i sed  although it had not reached  its  initial level .  The f i r s t  inspi ra t ions  a f te r  hyperven t i l a -  
tion apnea occur red  when the value of PaCO2 was 44 (51-42) m m  Hg and pH was 7.20 (7.24-7.15), i . e . ,  at a 
higher CO 2 tension.  The total  durat ion of hypervent i la t ion apnea in the spinal animals  was increased  to 80 
sec (70-90 sec).  Division of the spinal cord,  by blocking the act ivi ty of the thoracic  r e s p i r a t o r y  musc les ,  
thus actually causes  a dec r ea s e  in sensi t iv i ty  of the r e s p i r a t o r y  cen te r  to CO2: the f i r s t  inspi ra t ions  af ter  
hypervent i la t ion apnea in the spinal  an imals  occur red  at a h igher  level  of PaCO2 (44 m m  instead of 34 m m  
Hg before  t ransect ion) .  This  apparent ly  concurs  with the exis t ing view that  af ferent  impu l ses  f rom s t re tch  
r e c e p t o r s  of the thoracic  r e s p i r a t o r y  m us c l e s  in the intact  animal  lead to an inc rease  in sensi t ivi ty  of the 
r e s p i r a t o r y  cen te r  [8]. However,  the grounds for  this conclusion are  insufficient.  

As these  expe r imen t s  show, t r ansec t ion  of the spinal cord i tse l f  causes  a dec r ea se  in ventilation and 
hypercapnea .  Hypercapnea  is known to reduce  the sensi t ivi ty  of the r e s p i r a t o r y  cen te r  to CO 2 [4, 13]. 

The r e su l t s  of these expe r imen t s  were  compared  with those obtained by Campores i  et  al. [7] and Sant' 
Ambrogio  et al. [12], who invest igated the sensi t iv i ty  of the r e s p i r a t o r y  cen te r  to CO 2 in phrenicotomized  
rabb i t s  and ca ts .  In rabbi ts ,  because  of weakness  of the thorac ic  r e s p i r a t o r y  musc le s ,  d i s turbances  of r e s -  
p i ra t ion  induced by p a r a l y s i s  of the d iaphragm are  not compensa ted  and b i l a te ra l  phrenico tomy causes  a 
marked  dec r ea se  in venti lat ion in these  an imals  with a cor responding  cons iderable  inc rease  in PaCO " In- 
halation of hypercapnic mixtures by prenicotomized rabbits did not cause an increase in pulmonary v2entila - 
tion despite a persistent increase in PaCO2. In cats in which bilateral phrenicotomy is more easily compen- 
sated by the thoracic muscles and no marked changes in PaCO2 arise, inhalation of CO 2 leads to a progres- 
sive increase in ventilation. In these experiments also a decrease in the sensitivity of the respiratory center 
to CO 2 was evidently due, not to removal of afferent impulses from the respiratory muscles, but to the in- 
crease in PaCO2 induced by uncompensated paralysis of the diaphragm. These results have a bearing on 
clinical practice. 

Rosomoff et al. [II] found that after anterolateral chordotomy the ventilation response of patients to 
inhalation of CO 2 is reduced. These workers explained this finding by interruption of special afferent path- 

ways of the spinal cord responsible for the sensitivity of the respiratory system to CO 2. Nevertheless, as 
their observations show, high bilateral chordotomy itself causes a sharp decrease in pulmonary ventilation 
and also, consequently, hypercopnia;the latter is evidently the cause of the decreased sensitivity of the res- 
piratory center to CO 2. 

In patients with paralysis of the respiratory muscles and maintained on artificial respiration for a 
long time the sensitivity of the respiratory center to CO2, on the contrary, is increased [2, 3]. The results 
of the present experiments suggest that the increase in sensitivity of the respiratory center to CO 2 is due, 
not to paralysis of the respiratory muscles (which itself leads to hypoventilation and hypercapnia), but to 
the hypocapnia developing during hyperventilation which, unlike hypercapnia, increases rather than decreases 
the sensitivity of the respiratory center to CO 2 [I, 9, i0]. 

L I T E R A T U R E  C I T E D  

1. IL Yu. Akhmedov, External  R e s p i r a t i o n  and Its Regulation during High-Altitude Hypoxia. Doctoral  
Disser ta t ion ,  Moscow-Dushanbe (1967). 

2. L . M .  Popova,  Zh. Nevropat .  i Ps ikh ia t . ,  No. 1, 12 (1970). 
3. L . M .  Popova,  M. D. Sidorovskaya,  and V. A. Chukhrova, Zh. Nevropat .  i Ps ikh ia t . ,  No. 12, 1810 (1965). 
4. L . L .  Shik, A. M. Kulik, and M. G. Slmeiderovich, in: Oxygen Therapy and Oxygen Lack [in Russian],  

Kiev (1952), p. 53. 
5. E . J . M .  Campbel l  and L. B. L. Howell, Bri t .  Med. Bul l . ,  19, 36 (1963). 
6. E . J . M .  Campbel l  and L. B. L. Howell, Ciba Foundation Symposium on Pu lmonary  Structure  and Func-  

tion, London (1962), p. 29. 
7. E. Campores i ,  A~ Miani, and G. Sant 'Ambrogio,  J .  Physiol .  (London), 204, 134 (1969). 
8. C. Eu ie r  and H. W. Futts ,  Acta  Physiol .  Scand.,  57, 284 (1963). 
9. R . U .  Kellog, Fed. P r o c . ,  16, 70 (1957);17, 84 (1958). 

751 



10. R.U.  Kellog. Anesthesiology, 21, 634 (1960). 
11. H .L .  Rosomoff, A. J. Krieger, and A. S. Kuperman, J. Neurosurg. ,  31, 620 (1969). 
12. G. Sant'Ambrogio, A. Miani, E. Camporesi, et al., Resp. Physiol., ~ 236 (1970). 
13. K.E. Schaefer, Ann. New York Acad. Sci., 109, 772 (1963). 

752 


