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Limited injury to the parenchyma of the lungs before vagotorny intensifies the inspiratory 
volleys of the diaphragm and reduces the respiration rate. Similar injury to the lungs in 
vagotomized animals only intensifies the inspiratory volleys, for the respiration rate 
changes, if at all, not significantly. The increase in the depth of respiration caused by 
stimulation of the lung nociceptors innervated by extravagal fibers would appear to be 
very important for pulmonary ventilation and is provided most satisfactorily by deep breath- 
ing. Probably not only the afferent fibers of the vagus nerves but also afferents _running 
in the composition of the extravagal nerves must be taken into account when relations be- 
tween the depth and frequency of respiration in the pulmonary ventilation are analyzed, 
especially under pathological conditions. 
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Breuer showed originally that division of the vagus nerves abolishes respiratory reflexes evoked by 
changes in lung volume. This has frequently been confirmed later [I, 7]. Reflex changes in respiration 
evoked by lesions of the lungs can also be explained by the spread of impulses along afferent fibers of the 
vagus nerves [7], although some workers under these circumstances ascribe an important role to impulses 
spreading along extravagal afferents from the lungs, running in the composition of sympathetic nerves [3, 6]. 

In the investigation described below the role of the extravagal component of respiratory reflexes from 
pathologically changed lungs is confirmed and its distinguishing features are established for the first time. 

EXPERIMENTAL METHOD 

Experiments were carried out on i0 rabbits under superficial anesthesia (pentobarbital, 15 mg/kg, in- 
travenously). The animals were fixed in the supine position. Electrodes were sutured to the sternal part of 
the diaphragm. The vagus nerves were divided in the neck. Focal injury to the parenchyma of the lungs was 
produced by injection of 2 ml water at a temperature of 70-80~ through the chest wall, a procedure giving 
maximal limitation of the disturbances of the mechanical properties of the parenchyma and respiratory pas- 
sages arising in association with diffuse lesions of the lungs. The arterial partial CO 2 pressure (PaCO2) was 
determined by the micro-Astrup apparatus on blood taken from the femoral artery. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Preliminary injury to the lung parenchyma before vagotomy caused increased inspiratory volleys in the 
diaphragm and increased respiration rate (Fig. i) from 62.3 :~2.7 to 78.6 • Similar injury to the lung 
parenchyma after vagotomy only intensified the inspiratory volleys (Fig. 2). The respiration rate either re- 
mained unchanged or fell very slightly from 45.5 • 2.5 to 43.2 • 3.0/min, which was not statistically significant. 
The response developed rapidly. In some experiments, as a result of hyperventilation a slight hypocapnia 
developed (PaCO2 fell from 32.0~3.3 to 30.011.9 mm Hg in animals with intact vagus nerves and from 31.2 • 
2.7 to 29.6 • mm Hg in vagotomized animals). 

In deeply anesthetized animals (pentobarbital 30-40 mg/kg) this circumscribed lung injury caused no sig- 
nificant changes in respiration. Reflex changes of respiration to an increase in lung volume, by contrast with 
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Fig. i. Inspiratory volleys of diaphragm of animal with intact vagus nerves before 
(above) and after (below) circumscribed lung injury. 

Fig. 2. 

1 t l 
sec  

In sp i r a to ry  vol leys  of diaphragm of vagotomized animal  before  (above) and 
a f t e r  (below) c i r c u m s c r i b e d  lung injury. 

c i r c u m s c r i b e d  injury,  on the o the r  hand, w e r e  m o r e  marked  in anes thet ized an imals  and hardly  demons t rab le  
at all  in waking an imals ,  espec ia l ly  if the i r  at tention was d i s t r ac ted  [2]. 

In previous  invest igat ions [2] re f lex  hyperpnea  in an imals  with lung injury and with intact vagus ne rves  
was shown to be  evoked f r o m  the pu lmonary  r e c e p t o r s  innervated by C f ibers ,  which const i tute  80% of all  the 
f ibe r s  of these  ne rves ,  and not f rom pulmonary  s t r e t ch  r e c e p t o r s  as was hi ther to  cons idered  [4]. 

It is in teres t ing  to note that ex t ravaga l  a f fe ren ts  f rom the lungs belong to the c lass  of A6 f ibers  running 
in the composi t ion  of sympathe t ic  ne rves  [5], and along which, as also along C f ibers ,  nocicept ive impulses  
spread .  Intensif icat ion of i n s p i r a t o r y  vol leys  f rom these  ne rves  a f t e r  lung injury in vagotomized  animals  
probably  a lso  leads to deepening of the in sp i r a to ry  vol leys of the r e s p i r a t o r y  musc les .  The resu l t s  of these  
exper imen t s  sugges t  that  these  impulses  affect  mainly  the cent ra l  m e c h a n i s m s  regulat ing the depth and not 
the f requency of r e sp i ra t ion .  It may  be that this impor tan t  fact  was not d i scovered  p rev ious ly  because  e a r l i e r  
inves t iga tors  [3, 6] used s t imul i  (phosgene, su l fur  dioxide) which caused diffuse injury to the lungs and, conse -  
quently, which caused changes in the mechanica l  p r o p e r t i e s  of the lungs (expansibili ty,  r e s i s t ance  of the r e s -  
p i r a to ry  passages ) .  In our  own exper iments ,  however ,  c i r c u m s c r i b e d  injury to the lungs was used,  and this 
evoked a r e s p i r a t o r y  re f lex  mainly  f r o m  the pulmonary  nociceptors  themse lves .  

The re f l ex  deepening of resp i ra t ion ,  evoked f r o m  ext ravagal  a f fe ren t  pathways of the lungs, is of g r ea t  
impor tance  to compensat ion ,  fo r  it ensu res  the pu lmonary  venti lat ion mos t  effect ively.  

The r e su l t s  desc r ibed  above a r e  also evidence that  bes ides  impulsat ion f rom the vagus ne rves ,  impul-  
sat ion spreading  along ex t ravaga l  a f fe ren ts  of the lungs mus t  a lso  be taken into account  in the analys is  of the 
re la t ions  between depth and f requency  of r e sp i ra t ion ,  espec ia l ly  under  pathological  conditions. 
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