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Approach to a Quantitative Differentiation Between the Respiratory Effects Evoked from the Lung 
Stretch and the Lung Deflation Receptors During Thoracic Compress ion 1 

I n  s p o n t a n e o u s l y  b r e a t h i n g  a n i m a l s  p laced  in a body-  
p l e t h y s m o g r a p h ,  m o d e r a t e  a n d  br ie f  increase  of t h e  
i n t r a p l e t h y s m o g r a p h i c  p ressure  in  o rde r  to  p r oduce  
tho rac i c  compress ion  leads  to  increase  in b o t h  resp i ra -  
t o r y  f r e q u e n c y  a n d  i n s p i r a t i o n - e x p i r a t i o n  d u r a t i o n  quo-  
t i en t .  I t  h a s  been  s h o w n  in gu inea -p igs  t h a t  t he se  resp i ra -  
t o r y  effects  a re  abo l i shed  b y  b i l a t e r a l  v a g o t o m y  a n d  
occur  in  t h e  absence  of e x t r a v a g a l - p r o p r i o c e p t i v e  or 
c h e m o r e c e p t i v e  inf luences=,  3. I t  is ev iden t ,  the re fore ,  
t h a t  t h e y  are  v a g a l  in  origin.  T h e y  are, on  t h e  one  h a n d ,  
due  to  d i m i n u t i o n  of p u l m o n a r y  s t r e t c h  r ecep to r  dis-  
cha rge  ( and  c o n s e q u e n t l y  d i m i n u t i o n  of i n s p i r a t o r y  
i nh ib i t i on )  d u r i n g  decrease  of l ung  v o l u m e  to  e x p i r a t o r y  
level  ( ' L u n g e n - E n t d e h n u n g s r e f i e x ' ,  c o r r e s p o n d i n g  to  a 
w e a k  i n s p i r a t o r y  reac t ion)4 ,  s On  t h e  o t h e r  h a n d ,  t h e y  
are  b r o u g h t  a b o u t  p a r t l y  b y  s u s t a i n e d  r e d u c t i o n  of 
s t r e t c h  r ecep to r  d ischarge ,  b u t  m a i n l y  b y  e x c i t a t i o n  of 
l ung  de f l a t ion  r ecep to r s  w h e n  decrease  of l ung  v o l u m e  
be low n o r m a l  e x p i r a t o r y  level  occurs  ( lung de f l a t ion  
reflex,  c o r r e s p o n d i n g  to  a m a r k e d  i n s p i r a t o r y  reac t ion)  4 - ,  
T h e  2 ref lexes  h a v e  been  d i f f e r en t i a t ed  b y  progress ive  
cool ing  of t h e  v a g u s  n e r v e s  in w h i c h  r u n  t he  a f f e r en t  
f ibers  f rom t h e  lungsL  

T h e  pu rpose  of t h e  p r e s e n t  s t u d y  was  to  c a r r y  o u t  
q u a n t i t a t i v e  d i f f e r en t i a t i on  of t h e  2 ref lexes  j u s t  de-  
scr ibed.  Ca lcu la t ions  were  based  on  resu l t s  o b t a i n e d  in 
p rev ious  i n v e s t i g a t i o n s  2, 3, in  w h i c h  t h e  r e s p i r a t o r y  effects  
were e v a l u a t e d  b y  co r r e l a t i ng  r e s p i r a t o r y  f r e q u e n c y  a n d  
i n s p i r a t i o n - e x p i r a t i o n  d u r a t i o n  q u o t i e n t  w i t h  t he  i n t r a -  
p l e t h y s m o g r a p h i c  pressure  appl ied ,  as well  as w i t h  t he  
ac t ion  p o t e n t i a l s  recorded  f rom a t f e r e n t  v a g a l  f i l amen t s .  
T h e  records  o b t a i n e d  f rom 15 guinea-p igs  were  ut i l ized,  
a n d  in a d d i t i o n  t he  fol lowing o b s e r v a t i o n s  m a d e  on  over  
100 a n i m a l s :  1. R e s p i r a t o r y  f r e q u e n c y  a n d  insp i ra t ion-  
e x p i r a t i o n  d u r a t i o n  q u o t i e n t  do n o t  increase  a p p r e c i a b l y  
w h e n  t h e  p l e t h y s m o g r a p h i c  p ressure  r anges  f rom - - 5  
to  + 1 cm H,O.  P l e t h y s m o g r a p h i c  pressure ,  however ,  
r a n g i n g  f rom + 1 to  + 11 c m  H , O  resu l t s  in  a m a r k e d  
increase  of b o t h  p a r a m e t e r s .  2. Changes  in r e s p i r a t o r y  
f r e q u e n c y  a n d  i n s p i r a t i o n - e x p i r a t i o n  d u r a t i o n  q u o t i e n t  
w h i c h  are  due  to  pressure  v a r i a t i o n s  in  t h e  lower  r ange  
(pz), i.e., - -  5 to  + 1 cm H20,  occur  as a resu l t  of d i m i n -  
ished s t r e t c h  r ecep to r  ac t iv i ty ,  whereas  t he  changes  
due  to  pressure  increase  in t h e  h ighe r  r ange  (Pn), i.e., 
+ 5 to  + 11 cm H20,  are  a resu l t  of de f l a t ion  r ecep to r  
a c t i v a t i o n  as well  as su s t a ined  r e d u c t i o n  of t h e  s t r e t c h  
r ecep to r  d ischarge.  A t  p ressures  b e t w e e n  + 1 a n d  + 5 c m  
HzO, a l t h o u g h  s t r e t c h  r ecep to r  a c t i v i t y  a lways  occurred ,  
i t  is u n c e r t a i n  w h e t h e r  t he  de f l a t ion  r ecep to r s  c a m e  in to  
p l ay ;  t he  effects  o b t a i n e d  in th i s  m i d d l e  p ressure  r ange  
were h e n c e  n o t  u t i l ized in t h e  ca lcu la t ions  p r e sen t ed  in 
t h i s  paper .  The  r e l a t i onsh ip s  b e t w e e n  r e s p i r a t o r y  fre- 
q u e n c y  (/) a n d  p l e t h y s m o g r a p h i c  p ressu re  (p), a n d  
i n s p i r a t i o n - e x p i r a t i o n  d u r a t i o n  q u o t i e n t  ( I /E)  a n d  pres-  
sure  (p) are  a p p r o x i m a t e l y  l inear  in t h e  p ressure  r a n g e s  
p~ a n d  pn. 

All  these  o b s e r v a t i o n s  can  be  expressed  b y  t h e  fol- 
lowing  r e l a t i onsh ip s :  / a n d  I/E as func t i on  of t h e  lower  
p ressu re  r a n g e  : 

/l(Pl) and I/Et(pl), 

a n d  / a n d  I / E  as  t u n c t i o n  of t h e  h i g h e r  pressure  r a n g e :  

/h(Pn) and I/En(pn). 

These  4 f u n c t i o n s  can  be a p p r o x i m a t e d  b y  4 regress ion 
l ines  w i t h  t h e i r  r espec t ive  conf iden t i a l  l imi ts .  T he  influ-  

ence  of t he  s t r e t c h  r ecep to r s  of [ a n d  I / E  was s e p a r a t e d  
f rom t h a t  of t he  de f l a t i on  recep to r s  b y  a s s u m i n g :  a) t h a t  
t h e  effects on  f a n d  I / E  due  to  d i m i n i s h e d  s t r e t c h  r ecep to r  
a c t i v i t y  are  l i nea r  t h r o u g h o u t  al l  p ressure  r anges ;  b) t h a t  
t he  effects on  [ a n d  I / E  due  to  de f l a t ion  r ecep to r  dis-  
cha rge  and  d i m i n i s h e d  s t r e t c h  r ecep to r  a c t i v i t y  a re  
a d d i t i v e  in t he  h i g h e r  r a n g e  (pn). 

T h e  sole in f luence  of t h e  de f l a t ion  r ecep to r s  (D) in 
t he  ph-range was d e t e r m i n e d  as fol lows:  

/D = /h(Ph)--/t(Pt) and I /E  D = I / E a ( p h ) -  I/El(pt).  

The  conf iden t i a l  l i m i t s  of t h e  m i n u e n d  were  a d d e d  to  
those  of t h e  s u b t r a h e n d .  
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Fig. 1. Influence of the tung stretch (S) and the lung deflation 
receptors (D) on respiratory frequency '(ZI]) in response to increase 
of the intraplethysmographic pressure (p) from --5  to + 11 cm H20. 
15 guinea-pigs anaesthetized with urethane. 
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Fig. 2. Influence of the lung stretch receptors (S) and the lung 
deflation receptors (D) on inspiration-expiration duration quotient 
(zJ I/E) in response to increase of the plethysmographic pressure (p) 
from --5  to + 11 cm H20. 15 guinea-pigs anaesthetized with 
urethane. 

a Presented at the 2nd Meeting of the Swiss Physiological Society, 
Zfirich, 8 November 1969. 
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The results obtained are shown graphically in Figures 1 
and 2. In Figure 1 it is apparent tha t  the influence of 
the stretch receptors (S) on respiratory frequency (A l) 
in relation to intraplethysmographic pressure (p) may 
be regarded as slight ( P >  0.05). In contrast, that  of 
the deflation receptors (D) on respiratory frequency may 
be regarded as significant (P < 0.05) as soon as plethysmo- 
graphic pressures of 3.5 cm H20 and above are applied. 
Attention at this point may be drawn to the fact that  
this extrapolated threshold value for the activation of 
deflation receptors is not inconsistent with the values 
necessary to elicit lung deflation discharge. 

In Figure 2 it is evident t h a t  the reverse holds true 
with regard to the influence of both types of receptors 
on I /E  in relation to intraplethysmographic pressure (p). 
The influence of the stretch receptors (S) is represented 
by a marked decrease of I /E  (p < 0.01), while that  of 
the deflation receptors (D) shows great variance and 
may hence be regarded as problematic (P > 0.05). 

The respiratory effects evoked from the lung stretch 
and from the lung detlation receptors during brief 
thoracic compression have therefore been separated from 
each other quanti tat ively,  and it has been possible to 
determine theoretically the sole influence of the lung 
deflation receptors of / and [/E.  To test the val idi ty of 
the results obtained, the calculated influence of the lung 
deflation receptors of [ and I /E  was correlated with the 
results obtained in previous investigation by means of 
action current recording from the vagal deflation fibers 
in response to changes of extrathoracic pressure. By 
substitution, plethysmographic pressure may be re- 
presented by the electrical act ivi ty of the deflation recep- 
tors at the corresponding pressure, which gives the 
following relationships: Changes of the respiratory fre- 
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Fig. 3. Calculated influence of the deflation receptors on respiratory 
frequency (A 1) and inspiration-expiration duration quotient (A I/E) 
correlated with lung deflation receptor discharge (imp./see) during 
thoracic compression. Individual results from 5 vagal filaments. 
5 guinea-pigs anaesthetized with urethane. 

quency (A/) and of the inspiration-expiration duration 
quotient  (A I/E) as function of the deflation receptor 
act ivi ty  (imp./sec). The results obtained from 5 vagal 
filaments are depicted in Figure 3. As the filaments 
varied in size and did not carry the same number of 
active fibers arising from the deflation receptors, average 
approximation was impossible. I t  will be seen that  the 
5 tracings are nevertheless directed toward the origin 
of the coordinate system, from which it may be deduced 
that  the isolated respiratory effects in the calculated 
tracings disappear at zero electrical activity. 

In brief, it may be concluded that  the assumptions 
on which the calculations are based are sufficiently 
accurate for practical purposes, and that  the influence 
of the lung deflation receptors on / and I /E  have been 
demonstrated quanti tat ively.  Stated in another way, it 
has been possible to separate the marked inspiratory 
lung deflation reflex ( 'Lungen-Kollaps-Reflex') from the 
weak inspiratory influence of the reduced act ivi ty  of 
the lung stretch receptors ( 'Lungen-Entdehnungs-Reflex')  
during thoracic compression. The present study, in addi- 
tion, underlines the significant increase of respiratory 
frequency due to activation of the lung deflation recep- 
tors (respiratory frequency effect of the lung deflation 
receptors) and the significant decrease of inspiration- 
expiration duration quotient due to the act ivi ty  of the 
lung stretch receptors (respiratory phase effect of the 
lung stretch receptors). In view of the fact that  the 
influence of the deflation receptors on I /E  varies con- 
siderably, it is suggested that  the I /E  variations observed 
are secondary to increase of ]. This assumption is sup- 
ported by the fact that  the significant phase effect of 
the lung stretch receptors in the guinea-pig is practically 
independent of variations of respiratory frequency. 

Zusammenfassung. Die beiden Annahmen, dass sich 
bei Thoraxkompression die Verminderung der Impuls- 
sequenz der Lungendehnungsrezeptoren analog zum 
Lungenentdehnungsreflex auswirke, und dass sich dessert 
inspiratorische Atmungseffekte zu jenen des Lungenkol- 
lapsreflexes addieren, erscheinen gerechtfertigt. Diese 
Annahmen erm6glichen eine quant i ta t ive Differenzierung 
zwischen dem respiratorischen Einfluss der Lungen- 
dehnungs- und Lungenkollapsrezeptoren bei Thorax- 
kompression. Damit  k6nnen die auf die Erregung der 
Lungenkollapsrezeptoren zu ]Seziehenden Atmungsver- 
iinderungen (Aft A I /E) erstmals isoliert und quant i ta t iv  
dargestellt werden. 

E. A. I{OLLER, I). G. RUEGG 
and P. FERRER 

Department o~ Physiology, University o/Ziirich, 
Rtimistrasse 69, CH-8001 Ziirich (Switzerland), 
18 September 1970. 

D e c r e a s e d  S u r v i v a l  T i m e  of  I n s u l i n - T r e a t e d  Mice  

Bordetella pertussis is unique among bacteria in its 
capacity to increase the susceptibility of mice and rats 
to a wide variety of stresses and stressor agents 1, 2. Pos- 
sibly related to the organism's sensitizing capacity 3,4 is 
its ability to induce hypoglycemia and augment endo- 
genous blood insulin levels in rodents 5,6. Insulin has 
been shown to share with B. pertussis the capacity to 
sensitize mice to diverse stresses. In addition to their 
hypoglycemic effect, both B. pertussis and insulin are 

S u b j e c t e d  to  H y p o x i c  D e c o m p r e s s i o n  

capable of increasing the susceptibility of mice to the 
vasoactive amines, histamine and serotonin 5. Both agents 
augment sensitivity to immediate ~ and delayed-typeS, 9 
hypersensitivity states, as well to experimental immune 
hemolytic anemia 1°. Recently we reported tha t  insulin, 
like B. pertussis, can increase the susceptibility of mice 
to the anaphylactoid agent, peptone 4, as well as to bacterial 
endotoxin 11. KIND 12 has shown tha t  pertussis-inoculated 
mice have diminished tolerance to the physical stress of 


