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V A S O M O T O R  E F F E R E N T  E F F E C T S  ON T H E  L U N G S  

( S T I M U L A T I O N  O F  T H E  V A G U S  N E R V E  I N  R A B B I T S )  
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Changes in the blood volume of the p o s t e r i o r  lobes of the r a b b i t ' s  lung were  studied i n r e -  
sponse to r egu la r  e l ec t r i ca l  (50 Hz, 2.5 V, 10 sec) s t imulat ion of the pe r iphera l  ends of 
the vagus ne rve s  divided in the neck.  In the cen t ra l  pa r t  of the lobe the predominant  r e -  
sponse to s t imulat ion was  an i nc r ea se  in the blood volume (the va scu l a r  component),  
whe rea s  at the pe r iphe ry  the predominant  r e sponse  was a dec rea se  in the blood volume 
(the ca rd iac  component) .  

The ro le  of the e f fe ren t  v a s o m o t o r  ne rves ,  e spec ia l ly  the vagus nerve ,  in the control  of the pulmon- 
a ry  c i rcu la t ion  is not a new p rob l em  [2, 7, 11, 13, 15], but a final solution is still  awaited [3, 15]. Among 
the r e a s o n s  for  d i sc repancy  among the exper imen ta l  r e s u l t s  a re  the poss ibi l i ty  of var ia t ion  of the pulmon- 
a ry  c i rcu la t ion  through changes  in ca rd iac  act ivi ty and bronchial  tone [1, 3, 8, 10, 12], the use of an imals  
of different  spec ies  for  the invest igat ion,  and the seve re  opera t ive  t r a u m a  during the exper iment  [3, 7]. 

In the invest igat ion desc r ibed  below, an a t tempt  was  made to different ia te  the act ive vascu l a r  r e -  
sponse a f te r  min imal  opera t ive  t r a u m a  and the pass ive  changes in the pulmonary  c i rcula t ion  in r e s p o n s e  
to e l ec t r i ca l  s t imulat ion of the pe r iphe ra l  end of the vagus nerve  divided in the neck. 

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

Three  s e r i e s  of expe r imen t s  were  c a r r i e d  out on adult r abb i t s  anes thet ized with Nembutal  (0.04 
mg/kg,  intravenously) ,  immobi l i zed  with pa ramyon ,  and mainta ined on ar t i f ic ia l  r e sp i r a t ion .  Record ings  
were  made of the ECG, and a i r  p r e s s u r e  inthe t r achea ,  and the e l e c t r o p l e t h y s m o g r a m s  [4] of the cent ra l  (near 
the ap ices  of the segments  of the lobe) and p e r i p h e r a l  (pos te robasa l  segment  of the lobe, c l o s e r  to i ts  
cos tophrenic  border)  por t ions  of the p o s t e r i o r  lobes of the lung were  r e c o r d e d  in 27 rabb i t s  during r e g u l a r  
s t imulat ion of the ne rve  t runks  (50 Hz, 2.5 V, 10 sec).  In six an imals  the vagus ne rve  was s t imulated for  
3-7 rain a f te r  total,  i r r e v e r s i b l e  ca rd iac  a r r e s t ,  and in eight an imals  it was  s t imulated during c o m p r e s s i o n  
of one branch  of the pu lmonary  a r t e r y  ( thoracotomy).  

Changes in the blood volume of the lungs obse rved  e lec t rop le thysmograph ica l ly  were  e x p r e s s e d  in 
ml/100 g weight of the organ.  

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  

The c h a r a c t e r  of the changes in the blood volume of the lungs depended on where  the e lec t rop le thys -  
m o g r a m  was  r e c o r d e d  and on which of the vagus  ne rve s  was  s t imulated.  
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Fig. 1. Changes in blood volume in the "cen t ra l "  and "pe r iphera l "  
p a r t s  of the pos te r i a l  lobes of the lungs in r e sponse  to e l ec t r i ca l  
s t imulat ion of the vagus nerve :  1) ECG;  2) e l ec t rop l e thysmogram;  
3) a i r  p r e s s u r e  in t rachea ;  4) signal line. F i r s t  m a r k e r  on signal 
line denotes  stopping ar t i f ic ia l  r e s p i r a t i o n  and a i r t ight  c losure  of a i r  
pa s sages ,  second m a r k e r  shows s t imulat ion of vagus  nerve ,  and the 
th i rd  shows re sumpt ion  of ar t i f ic ia l  r e sp i r a t ion ;  ca l ibra t ion  s ignals  
and values  of or iginal  e l ec t r i ca l  r e s i s t a n c e  of the lungs a r e  shown on 
the left;  ca l ibra t ion  signal (in m m  water) appl ies  only to t ime  of 
s t imulat ion.  
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Fig. 2. Phase  of i nc rease  in blood vol -  
ume of lungs during s t imulat ion of left  
(L) and r ight  (R) vagus ne rve s :  ]) cen-  
t r a l  a r ea ,  I]) pe r iphe ra l  a r ea ,  II1) left  
p o s t e r i o r  lobe,  I ~  r igh t  p o s t e r i o r  lobe. 
Each point denotes r e s u l t  of one s t imula -  
tion; c r o s s e s  give mean  va lues .  

In r e sponse  to s t imulat ion of the ips i l a te ra l  ne rves ,  
an inc rease  in the blood volume only (in 81% of cases) was 
obse rved  in the "cen t ra l "  p a r t s  of the lobes,  or  the inc rease  
in blood volume was  p receded  by a slight dec r ea se  (19% of 
cases) (Fig. 1A, ]3). It was  i m m a t e r i a l  whether  complete  
ca rd iac  a r r e s t  was  obse rved  during st imulat ion,  or  whether  
the hea r t  r a t e  was  m e r e l y  slowed. 

in the "pe r iphera l "  pa r t s  of the lobes in 13% of ca se s  
the blood volume was  only inc reased  during s t imulat ion of 
the ips i l a t e ra l  ne rve s ,  in 47% of ca se s  it was  reduced,  and 
in 40% of cases  the r e sponse  was  biphasic  in c h a r a c t e r  but 
with definite predominance  of the phase of a reduced  blood 
volume (Fig. 1C, D). In the biphasic  r e s p o n s e s  the phase of 
a dec r ea se  in blood volume always preceded  the phase  of 
an inc rease .  

The changes in e l ec t r i ca l  r e s i s t a n c e  (the volume) of 
the lungs in r abb i t s  in r e sponse  to vagus  ne rve  s t imulat ion 
a re  thus the r e su l t  of two s imul taneous  r eac t ions  in d i f fer -  

ent d i rec t ions .  One of these reac t ions ,  the f i r s t  phase  (a dec r ea se  in blood volume), is an indirect  effect  
of vagal  s t imulat ion through the hea r t .  

If the vagus ne rve  was  s t imula ted  a f t e r  c o m p r e s s i o n  of the ips i l a te ra l  b ranch  of the pulmonary  a r -  
t e ry ,  the phase  of a dec rea se  in blood volume was  not obse rved  in:any of the 48 ca se s  r e g a r d l e s s  of 
whether  the e l e e t r o p l e t h y s m o g r a m  was  r e c o r d e d  in the cen t ra l  or  the pe r iphe ra l  port ion,  w h e r e a s  the 
phase  of i nc reased  blood volume remained .  A dec rea se  in blood volume l ikewise never  took place in ex-  
p e r i m e n t s  in which the nerve  was  s t imulated af ter  total  ca rd iac  a r r e s t .  In other  words ,  if for  any r e a s o n  
connected with the expe r imen ta l  conditions the vagus effect  on the hear t ,  e spec ia l ly  on the r ight  vent r ic le ,  
cannot be t r a n s m i t t e d  to the pu lmonary  v e s s e l s  or  is absent,  the phase of reduced  blood volume is not found. 

The second phase  ( inc reased  blood volume) during s t imulat ion of the ips i l a t e ra l  n e r v e s  is  m o s t  
m a r k e d  in the cen t ra l  p a r t s  of the lobes (Fig. 2, columns 1 and 5). It was  also w e l l - m a r k e d  in r e sponse  to 
s t imulat ion of the con t r a l a t e r a l  nerves (Fig.  2, columns 2 and 6), but significantly s m a l l e r  than in the f i r s t  
case  (P < 0.00D. 
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Fig. 3. Changes in blood volume in the r ight  pos t e r io r  lobe of the 
lung in r e s pons e  to e l ec t r i ca l  s t imulat ion of the ips i l a te ra l  vagus 
ne rve  during cl inical  death: A) or ig inal  r e sponse ;  B) 5 min a f te r  
comple te  cessa t ion  of ca rd iac  act ivi ty.  Remainde r  of legend as in 
Fig. 1. 

E l e c t r o p l e t h y s m o g r a m s  r e c o r d e d  at the pe r iphe ry  of the lobes  of the lungs showed that the phase of 
i nc rea sed  blood volume was  weaker  during s t imulat ion of the cor responding  ne rves  (Fig.  2, columns 3, 4, 
7, and 8) and was  signif icantly lower  than in the cen t ra l  a r e a s  (P < 0.001). 

The inc rease  in blood volume in r e sponse  to vagal  s t imulat ion is r ega rded  as  the act ive vascu l a r  
component  of the r e sponse .  It cannot be a t t r ibuted to a s imple  i n c r e a s e  in the inflow of blood f r o m  the 
left  a t r ium,  in which the p r e s s u r e  may  be slightly inc reased  as a r e su l t  of the accompanying b r adyca rd i a  
[9, 14]. E x p e r i m e n t s  on an ima l s  with card iac  a r r e s t  (cl inical  death) showed that the e l ec t rop le thysmo-  
graphic  r e sponse  of an i nc rea se  in blood volume at the moment  of vagal  s t imulat ion sti l l  r e m a i n s  in this 
case  (Fig.  3). The r e s u l t s  given in Fig. 2 a lso  show that  s t imulat ion of the con t ra l a t e ra l  ne rves  (the cen-  
t r a l  a r e a s  of the lobes) evokes  a substant ia l ly  s m a l l e r  i nc rease  in blood volume than s t imulat ion of the 
ip s i l a t e ra l  ne rves  (P < 0.001), which would not happen if the obse rved  pic ture  was  "ca rd iac"  ( lef t -a t r ia l )  
in origin. 

After a i r t ight  c losure  of the a i r  p a s s a g e s  the p r e s s u r ~  in them at the t ime  of s t imulat ion r ema in ed  
unchanged (in 70% of cases ) ,  or  inc reased  v e r y  slightly, by not m o r e  than 2 m m  wate r .  This  sugges ts  that  
the changes  obse rved  in the e l e c t r o p l e t h y s m o g r a m  cannot be a t t r ibuted to a r e sponse  of the bronchia l  
muscu la tu re  (changes in the a i r  content in the lungs), for  during s t imulat ion the e l ec t rop le thysmograph ic  
changes were  accompanied  by a ve ry  slight i nc rease  in a i r  p r e s s u r e  in the t rachea ,  whe rea s  the same  or 
even s m a l l e r  changes in the e l e c t r o p l e t h y s m o g r a m  during ar t i f ic ia l  inspi ra t ion  were  accompanied  by a 
substant ia l  inc rease  (by 50-70 m m  water) in the a i r  p r e s s u r e  in the t r a chea  (Fig. 1). Moreover ,  the change 
in p r e s s u r e  in the t r a chea  obse rved  during s t imulat ion was  a lways in the same direct ion,  while the e l ec -  
t rop le thysmograph ic  ef fec ts  were  va r i ab le  in direct ion.  The change in blood volume,  being smal l  com-  
pa red  with the volume of a i r  in the lungs, evidently led to ve ry  smal l  and inconstant changes of i n t r a t r a -  
cheal p r e s s u r e .  

Consequently,  the effect  on the pu lmonary  hemodynamics  media ted  through the hear t  is not the only 
effect  of e l ec t r i ca l  s t imulat ion of e f fe ren t  f i be r s  of the vagus nerve ,  but a va scu l a r  r e sponse  is also in- 
duced [2, 3, 6]. However ,  it is  only in the cen t ra l  pa r t  of the pulmonary  lobe in rabbi t s ,  just  as  in dogs [5], 
that  this v a s o m o t o r  effect  is functionally significant.  This  effect  d iminishes  p r o g r e s s i v e l y  f r o m  the center  
toward  the pe r iphery  of the lobe. At tempts  to evaluate the vasomoto r  r e sponse  in the lungs f r o m  changes 
at the ent rance  to and exit  f r o m  this va s cu l a r  region have thus not always p roved  successful ,  pe rhaps  f o r  
this  v e r y  r eason .  
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