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Respiratory Influences upon Depressor and 
Pressor Responses  to St imulat ion of the Aortic 

Nerve in the Decerebrate Cat ~ 

DOUGLAS and SCHAUMANN 2 have reported tha t  in cats 
Under urethane anaesthesia st imulation of an aortic nerve 
with pulses of increasing amplitude or duration succes- 
sively activates low threshold depressor fibres, inter- 
mediate threshold presser fibres and high threshold de- 
pressor fibres. As the excitation of the intermediate com- 
ponent is also associated with the appearance of hyper- 
pnoea, this group of fibres has been interpreted as com- 
posed of chemoceptive afferents, while the two depressor 
components have been recognized to be made up of 
pressoceptive fibres. DOUaLAS and SCHAUMANN ~ have 
also observed tha t  changes in pulmonary venti lat ion have 
marked influences upon sign and intensity of some of 
these responses. The recent studies of DALY'S group B,4 on 
the interaction between respiratory and cardiovascular 
effects of natural  chemoceptive stimuli have further con- 
tributed to this problem. The researches here reported 
have been performed to define mechanisms and impor- 
tance of the respiratory influences upon the circulatory 
responses to aortic nerve stimulation. 

Our observations were made on 33 unanaesthetized de- 
cerebrate cats. Decerebration was etectrolytieally per- 
formed at  the intercollicular level by means of a stereo- 
tactically oriented electrode. The left aortic nerve was 
carefully isolated from the vagus trunk at mid cervical 
levels, cut as distally as possible, and its proximal s tump 
was st imulated through fine bipolar silver electrodes con- 
nected to a Tektronix Series 160 Unit. Both carotid sinus 
nerves as well as the right vagus-aortic t runk were always 
severed before the stimulating trials were started. Only 
the left vagus t runk was left intact  to be subsequently 
cut during the experiment. When necessary, the decere- 
brate animals were immobilized by gallamine (Sin- 
curarina®, Farmitalia) and artificially venti lated at vari- 
able speed and ampli tude by means of a positive-pressure 
pump. The pump input could be connected at will to am- 
bient air or to a large Douglas bag filled with either low 
oxygen or high carbon dioxide gas mixtures. Arterial 
pressure was measured from a caunulated femoral artery 
by means of a Sanborn differential transformer and spon- 
taneous venti lation by a crystal capsule. In most animals 
Carbon dioxide concentration in the expired air was con- 
tinuously measured by means of a fast infrared analyser, 
the final par t  of the curve being used as an index of carbon 
dioxide concentration in the alveolar air. All three phe- 
nomena were simultaneously displayed on a suitable 
multichannel ink-writer (Battaglia-Rangoni, M.10). 

Stimulation of the aortic nervewith repetit ive (50 to 
100/see) pulses of either constant duration (0.01-0.1 msec) 
and increasing amplitude, or of constant amplitude (1-2 
V) and increasing duration has substantially confirmed 
the observation of DOUGLAS and SCHAUMANN ~. AS shown 
in the first row in Figure 1, 0.01 msec, 1-2 V pulses ap- 
plied to the aortic nerve could induce a definite blood 
pressure fall associated to sligkt hypopnoea, a response 
Pattern which can be ascribed to selective stimulation of 
low-threshold pressoceptive fibres. Mere rise of the stimu- 
lating voltage to 3 V elicited a weak, slowly incrementing 
hyperpnoea, while the blood pressure fail was still con- 
Spicuous, though somewhat smaller than during 2 V 
Stimuli. A further rise of the pulse amplitude to 4 V im- 
mediately yielded strong hyperventi lat ion ; simulta- 
neously arterial pressure, after an initial decrease, quickly 
returned to prae-stimulus levels to show a late moderate 
fall with the progression of hyperpnoea. These effects ap- 

pear to result from co-activation of intermediate threshold 
fibres, presumably chemoceptive in origin (see below). 
Finally an important  hypotensive reaction, probably due 
to high threshold pressoceptive afferents, could be brought  
forth by an increase of the stimulus voltage (6 V) ; at  this 
strength the respiratory response always maintained its 
strong excitatory character. 

The effect of changes in pulmonary ventilation on the 
various blood pressure responses induced by the three 
groups of aortic fibres is shown in the second and third 
rows of Figure 1. When the decerebrate preparation was 
immobilized with gaUamine, and exposed to rather severe 
hypoventi lat ion resulting in hypercapnia (measured from 
a conspicuous rise in carbon dioxide end-tidal concentra- 
tion) and hypoxia (judged from the presence of cyanosis), 
the depressor response to low voltage (1-2 V) aortic 
st imulation remained substantially unmodified, whim ac- 
t ivat ion of the intermediate and high threshold fibres 
resulted either in a weak blood pressure fall (3 V) or in a 
hypertension of increasing size (from 4 to 6 V). Quite dif- 
ferent changes were induced by artificial hyperventi lat ion:  
conspicuous depressor effects resulted from either stimu- 
lation of low threshold fibres (1-2 V) or from bringing into 
action the higher threshold afferents (6 V); smaller re- 
sponses, though still hypotensive in sign, were obtained 
by using intermediate voltage stimuli (3-4 V). The effects 
of venti latory changes on the blood pressure responses to 
stimulation of the intermediate threshold 'chemoceptive'  
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Fig. I. Blood pressure and respiratory responses to electrical st imu- 
lat ion of the left  aort ic nerve wi th rectangular pulses 0.O1 msee in 
durat ion, at a repet i t ion rate of lO0/see; voltages employed are indi-  
cated above each vert ical column. BP: arter ial  pressure, R: respira- 
t ion. First row : during spontaneous ventilation. Second row: during 
artificial hypoveatilation, Third row: during hyperventilation. De- 
cerebrate animal with both carotid sinus nerves and the right vago- 

aortic trunk severed. 
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fibres are summar ized  in Figure  2. Whi le  t ida l  vo lumes  
large enough to  yield end- t ida l  carbon dioxide  concent ra-  
t ions be tween  2.5 and 3.3 volvo were compat ib le  w i th  a 
sl ight hypotens ive  reaction,  a progressive decrease in ven-  
t i la t ion such as to give 3.8 and 4.8 v o l %  of end- t ida l  car- 
bon dioxide,  changed the  depressor  in to  a pressor  response 
of increasing ampl i tude .  To sum up, i t  seems t h a t  pul-  
m o n a r y  ven t i l a t ion  is w i thou t  any  i m p o r t a n t  act ion upon 
the  ref lex effect  of low threshold  'p ressocept ive '  afferents,  
while s t rongly  inf luencing t h a t  of the  in t e rmed ia t e  thresh-  
old ' chemocep t ive '  fibres. Po ten t i a t ion  of this effect  dur-  
ing hypoven t i l a t ion  appears  to  overwhe lm also the  depres- 
sor ac t iv i ty  of high threshold  pressocept ive  afferents,  a t  
least  when submax ima l ly  ac t iva ted .  

I t  should be recognized t h a t  most,  t hough  by  no means  
all, of the  animals  b e h a v e d  according to the  p a t t e r n  re- 
por ted  above.  A l imi ted  n u m b e r  of spon taneous ly  vent i -  
la t ing  prepara t ions  (2 ou t  of 33) responded wi th  blood 
pressure fails of increasing size (up to  a g iven  m a x i m u m )  
and wi th  decreased respi ra t ion  to a n y  t y p e  and s t rength  
of aor t ic  s t imulat ion.  These hypo tens ive  responses could 
neve r  be changed  into  pressor  react ions  by  any degree of 
ar t i f ic ial  hypoven t i l a t ion .  The  lack of hype rpnoea  af ter  
lef t  aor t ic  exc i ta t ion  suggests t h a t  the  in te rmedia te  
threshold  ' chemocep t ive '  componen t  was absent  o r  in- 
conspicuous in t h e  left  aor t ic  ne rve  of these  animals .  

Var ious  mechanisms  whereby  ven t i l a to ry  changes migh t  
affect  blood pressure react ions to aor t ic  s t imula t ion  have  
also been considered and subjec ted  to expe r imen ta l  tes t -  
ing. Basa l  blood pressure levels are  unl ikely  to be the  
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Fig. ~. Blood pressure responses to electrical stimulation of the left 
aortic nerve with stimuli of intermediate strength (~ V, 1 msec), 
during artificial ventilation at decreasing amplitudes. BP: blood 
pressure, CO~: continuous records of carbon dioxide concentration 
in the expired air. The number on the top of each figure indicates the 
value of end-tidal (alveolar) carbon dioxide concentration during each 
stimulation trial, thus testifying that ventilation volume is decreasing 
from the first to the fourth trial. Decerebrate animal with both carotid 

sinus nerves and the right vago-aortic trunk severed. 

crucial  factor,  as ven t i l a t ion  could influence the  circula- 
t o ry  ref lex responses even  when  no considerable  change of 
the  basal  ar ter ia l  pressure was observed.  The  pu lmona ry  
reflex, which has  been  shown by  DALV et  al. 3,4 to have  a 
marked  in te rac t ion  w i t h  the  cardiac  response to na tura l  
chemocep t ive  s t imula t ion ,  does no t  seem to  p lay  a funda-  
menta l  role in our  expe r imen ta l  condit ions,  as reversa l  o{ 
hypo tens ive  to hyper t ens ive  react ions has  also been ob- 
se rved  af ter  b i la tera l  v a g o t o m y .  W e  h a v e  no data ,  how- 
ever,  as to  the  possible con t r ibu t ion  of this  reflex to  the  
whole effect. Hype rcapn i a  and hypox ia  can  each p l ay  an 
i m p o r t a n t  role in t he  modi f ica t ion  of the  c i rcu la tory  re- 
f lex response, as in 14 prepara t ions  where the i r  effect  was 
tes ted,  e i ther  h igh  carbon  dioxide  (5 -7% CO 2 in O~) or 
low oxygen  mix tu res  (5 -8% O 2 in N2) could a lways  shif t  a 
depressor  in to  a pressor  react ion,  p rov ided  the  appro-  
pr ia te  in t e rmed ia t e  s t imula t ing  vol tage  was used. The  
level  a t  which bo th  hypercapn ia  and hypox ia  affect  the  
c i rcu la tory  response to  aor t ic  s t imula t ion  can on ly  be 
surmised:  t he  wel l -known exc i t a to ry  effect  of hyper -  
capnia  b, and p robab ly  of hypox ia  as well 6, on  the  vaso- 
m o t o r  centre  suggests t h a t  the  exc i t a to ry  s ta te  of the  
nervous  centres  control l ing the  c i rcula t ion  m a y  be of 
some impor tance ,  bu t  a per iphera l  ac t ion  of ca rbon  di- 
oxide  and oxygen  tension on blood vessels or  hear t  per-  
formance  canno t  be  excluded.  

Riassunto. Le risposte circolatorie  alia s t imolazione  
e le t t r ica  del  ne rvo  a~rt ico sono no t evo lmen te  modi f ica te  
dal la  vent i laz ione  po lmonare .  I n  par t icolare  le r isposte  a 
s t imol i  di in tens i tk  in t e rmed ia  ed e levata ,  che a t t i vano  
oltre a fibre pressocet t ive  anche fibre chemoee t t ive ,  di- 
vengono  da  ipotensive  iper tens ive  du ran te  ipovent i la -  
zione. Gli effet t i  de l l ' ipovent i laz ione  sono sempre  ripro- 
do t t i  sin da l l ' ipercapnia  (respirazione con CO, 5 - 7 %  in 
O,) sin datl ' ipossia (respirazione di  O,  5 - 8 %  in N,).  
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T h e  P e r m e a t i o n  of  D r u g s  A c r o s s  t h e  S o - c a l l e d  

B l o o d - B r a i n - B a r r i e r  a t  L o w  T e m p e r a t u r e  

The  close corre la t ion be tween  l ipid solubi l i ty  of a drug  
and i ts  r a te  of pe rmea t ion  f rom the  blood into  t h e  cerebro-  
spinal fluid (CSF) led to  the  assumpt ion  t h a t  t he  so-called 
b lood-bra in-barr ier  is l ipoid in cha rac te r  z. The  drugs are  
considered to  pene t r a t e  pass ively  by  diffusion t h rough  a 
lipid layer  of the  m e m b r a n e  according to the i r  l ip id]water  
pa r t i t ion  coefficients. The  ques t ion  arises whe ther  the  nor- 
mal  funct ion  of the  cell is necessary to ma in ta in  these  
proper t ies  of the  m e m b r a n e  or  not.  In  order  to  p rove  this,  
we min imized  the  metabo l i sm of cells by  s tudy ing  the  
pe rmea t ion  of drugs in to  the  C S F  a t  low tempera tu re .  

The  heads  of dogs weighing abou t  15 kg were perfused 
wi th  isotonic sal t  solut ion a via t he  caro t id  ar ter ies  a t  a 
ra te  of 90 ml  per  rain. The  solut ion was sa tu ra t ed  wi th  
oxygen  and ad jus ted  to a p H  of 7.4. Haemog lob in  was 
a d d e d  in a concen t ra t ion  of 1% as an  ind ica tor  in order  
to de tec t  a leakage of t he  b lood-bra in-bar r ie r  by  the  ap- 
pearance  of a reddish t i n t  of the  CSF.  The  drugs invest i -  
ga ted  were added  in t he  fol lowing concent ra t ions :  aniline 
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