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Exper iments  have shown that vera t r ine ,  aconitine, nicotine, and ammonium chloride intensify impulse 
activity f rom the s t re tch  r ecep to r s  of the lungs by sensit izing them to adequate mechanical  stimulation. The 
action of serotonin is evidently due to secondary fac tors .  

It has long been known that intravenous injection of vera t r ine  alkaloids lowers blood p res su re  and 
slows the hear t  [4]. It has been shown [17] that af ter  division of the cardiac  and pulmonary branches of the 

vagus nerves  these react ions  do not take place. This suggested that 
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Fig. 1. Effect of vera t r ine  on af- 
ferent  impulse activity f rom r e -  
ceptors  of the lungs. 1) Background 
impulse activity; 2) resp i ra t ion  
excluded; 3) impulse activity 10 
sec after  injection of vera t r ine ;  
4) resp i ra t ion  resumed;  5) impulse 
activity 35 min after  injection of 
vera t r ine .  

this reflex, whose pathway runs along the afferent f ibers  of the 
vagus nerves,  commences  in the reflexogenic zones of the hear t  [10, 
11] and lungs, ttowever, part icipation of the hear t  r ecep to r s  in those 
responses  was not definitely proved until 1947 [7]. 

So far  as the lung recep to r s  are  concerned,  definite exper i -  
mental  proof of their  part icipation in the above-mentioned ref lexes 
on resp i ra t ion  and the blood p res su re  was obtained by V. V. Zakusov 
in 1938 [2]. Since a conclusive solution to this problem could be ob- 
tained only by the direct  action of poisons on the lung vesse ls ,  these 
~ o r k e r s  developed a special  method of perfusion of a single lobe of 
the lung with insufflation of oxygen into it. As a resul t  of these in- 
vest igations it was found that during the action of vera t r ine ,  aconi- 
tine, and nicotine on the lung recep tors ,  the amplitude of r e s p i r a -  
tion was diminished and its rate increased,  and somet imes  the com-  
plete a r r e s t  of r e sp i r a to ry  movements  was observed.  Simultaneous- 
ly the blood p res su re  was lowered. If both vagus nerves  were di- 
vided in the neck before injection of the chemical  stimuli,  the reflex 
action of resp i ra t ion  and the c i rculat ion f rom the pulmonary vesse ls  
did not develop. 

The present  investigation is a continuation of  th~ese studies 
using electrophysiological  methods~ Our object was to discover  
which recep to r s  of the lungs are sensitive to chemical  st imuli  and 
to identify the mechanism of action of pharmacological  substances 
on the r ecep to r s  of the lungs. 

EXPERIMENTAL METHOD 

Experiments were carried out on cats weighing from 2.5-4 kg, 
anesthetized with urethane (600 mg/kg, intravenously) and chlora- 
lose (40 r::g/kg, intravenously). 

The bioelectrical activity of the lung receptors was studied by 
electrographic recording of impulses in fibers of the vagus nerves. 
The pulmonary fibers were isolated and identified by Widdicombe~s 
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m e t h o d  [16], a s  f o l l o w s .  The  sk in  was  d iv ided  in ti le m i d l i n e  of the  neck  f r o m  the l a r y n x  d o w n w a r d  by an 
i n c i s i o n  7 ' 9  c m  long.  The  o p e r a t i o n  f i e ld  was  f looded  wi th  p h y s i o l o g i c a l  s a l i n e  w a r m e d  to 38 ~ The le f t  
rag-as  n e r v e  was  i s o l a t e d  f r o m  the n e u r o v a s c u l a r  bundle  and f r e e d  f r o m  i t s  c o n n e c t i v e - t i s s u e  c o v e r i n g s .  A 
bundle  of f i b e r s  was  s e p a r a t e d  f r o m  the  n e r v e  t r u n k  and s p l i t  up into 5 o r  6 b r a n c h e s .  B i p o l a r  p l a t i n u m  e l e c -  
t r o d e s  w e r e  p l a c e d  u n d e r  each  b r a n c h  in turn .  h n p u l s e s  w e r e  r e c o r d e d  by m e a n s  of an e l e c t r o m y o g r a p h  
(Di sa  E l e c t r o n i c ) .  K v o l l e y s  of i m p u l s e s  s y n c h r o n i z e d  wi th  r e s p i r a t i o n  w e r e  r e c o r d e d  in a bundle ,  the  
b r a n c h  w a s  d i v i d e d  s t i l l  f u r t h e r  un t i l  only  one o r  two func t ion ing  f i b e r s  wi th  the r e s p i r a t o r y  r h y t h m  r e -  
mainedo The  b r a n c h  was  then  d iv ided  be low the gang l ion  nodosumo A f t e r  r e m o v a l  of the  p h y s i o l o g i c a l  s a -  
l ine  by suc t ion ,  the  o p e r a t i o n  f i e l d w a s  f l ooded  with  l iquid  m i n e r a l  oi l  w a r m e d  to 38 ~ The c o r r e c t  c h o i c e  of 
f i b e r s  was  v e r i f i e d  by m e c h a n i c a l  s t i m u l a t i o n  of the  s u r f a c e  of the  lung wi th  a g l a s s  r o d  and s i m u l t a n e o u s  
r e c o r d i n g  of e l e c t r i c a l  a c t i v i t y  of the  f i b e r s .  

One channe l  of the  i n s t r u m e n t  was  u s e d  to r e c o r d  the  ECG,  u s u a l l y  in s t a n d a r d  l e a d  2. 

The a c t i o n  of v e r a t r i n e  (25-50 # g / k g ) ,  s e r o t o n i n  (50-120 # g / k g ) ,  a c o n i t i n e  (10-s) ,  n i c o t i n e  (10-3) ,  and 
a m m o n i u m  c h l o r i d e  (50 rag) was  i n v e s t i g a t e d ~  To a v o i d  t a c h y p h y l a x i s ,  the  s u b s t a n c e s  w e r e  a d m i n i s t e r e d  at  
i n t e r v a l s  of 30 min .  D e p e n d i n g  on the e x p e r i m e n t a l  c o n d i t i o n s ,  the  s u b s t a n c e s  l i s t e d  above  w e r e  i n j e c t e d  in -  
to the f e m o r a l  ve in ,  the  c h a m b e r  of the  r i g h t  v e n t r i c l e ,  o r  the  l o b a r  a r t e r y .  

EXPERIMENTAL RESULTS 

The experimental results showed that veratrine, aconitine, nicotine, and ammonium chloride intensify 
the high-amplitude impulse activity flowing from the stretch receptors of the lungs. The adequate stimulus 
for these receptors is distension of the lungs. It will be noted tnat an increase in activity of these receptors 
under the influence of chemical stimulation took place only against the background of the action of an ade- 
quate stimulus. If these substances were injected when respiration was stopped in the stage of expiration, 
no high-amplitude impulse activity was recorded in the fibers (Fig. I). This fact suggests that the chemical 
stimuli sensitize the stretch receptors of the lungs to adequate mechanical stimulation, in agreement with 
earlier results obtained in our laboratory [i]. 

Changes in the activity of the stretch receptors caused by the action of serotonin were somewhat dif- 
ferent in character. Our experiments showed that in some cases serotonin intensified the background im- 
pulse activity but in others diminished it. This suggests that serotonin had no direct effect on the stretch 
receptors of the lungs~ It is, in fact, difficult to imagine that the same substances, in equal doses, in some 
cases could cause excitation (O r sensitization), and in others inhibition (or desensitization) of the same struc- 
tures. It would be more logical to suggest that the action of sero~onin on the stretch receptors of the lungs 
is due to secondary factors. Serotonin is known to cause spasm of the smooth muscle of the bronchi [6, 8, 9, 
12]. This effect of serotonin can be attributed to changes in the afferent impulse activity flowing from the 
lungs [ 16]. 
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Fig .  2. E f f ec t  of s e r o t o n i n  on 
a f f e r e n t  i m p u l s e  a c t i v i t y  f l o w -  
ing from r e c e p t o r s  of the lungs. 
i) Backgromld impulse activity; 
2) impulse activity I0 sec after 

injection of serotonin. 

The intensity of impulse activity was in fact directly proportional 
to the degree of stretching of the lungs. The greater the respiratory 
volume of the lungs, the more intensive the afferent impulse activity 
during inspiration, because of an increase in the lumen of the bronchi. 
If, therefore, spasm of the bronchi occurred at the height of inspiration, 
when the alveoli were fully distended, the impulse activity was increas- 
ed but if, on the other hand, spasm arose at the end of expiration, the 

impulse activity was diminished. 

This was confirmed by our series of experiments in wMch 
changes in activity of the stretch receptors under the influence of sero- 
tonin did not take place after preliminary injection of substances lower- 

ing the tone of the smoott~ muscle of the bronchi, such as adrenalin or 

ephedrine, a result also in agreement with our earlier findings [I]. Oth- 

er evidence in support of this hypothesis is the fact that tipindole, a se- 

lective serotonin antagonist in relation to nervous structures [3], does 

not abolish this effect of serotonin. In addition, we know from the liter- 

ature that serotonin does not modify the activity of the pulmonary 

stretch receptors in animals whose bronchial musculature is insensi- 
tive to this substance [5, 15]. It may thus be considered that serotonin 
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has no direct action on the stretch receptors of the lungs. 

�9 We showed in a series of experiments that after injection of veratrine, nicotine and, in particular, ser- 
otonin and phenyldiguanidine into the fibers of the lung receptors, low-amplitude, slow impulse activity ap- 
peared (Fig. 2). It may be recorded either in the presence or in the absence of an adequate stimulus of the 
stretch receptors, i. e~ of respiration. The nature of this impulse activity is not clear. It may possiblybe 
caused by excitation of special receptors sensitive to chemical stimuli. 

The sources of this impulse activity may be receptors excited by collapse of the lungs, if such exist 
[13, 14]. It may also be considered that the low-amplitude impulse activity is the result of a specific res-  
ponse of the meehanoreceptors to an inadequate stimulus. 
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