
THE ROLE OF BARORECEPTOR SYSTEMS OF THE NASAL CAVITY 

IN R E G U L A T I O N  OF RESPIRATION IN MAMMALS 

A.B. V i shnepo l ' sk i i  

Department of Normal Physiology (Director - Professor G.I. Khvol~s), 

Karaganda Medical Institute (Director -Assistant Professor P.M. Pospelov) 

{Received July 28, 1957. Presented by Active Member Acad. Med. Sol. USSR V.V. PL,'ln) 

Our previous communications [2, 3] described the baroreceptor olfactory-resplratory system in amphibia 
(frogs) and birds (pigeons). It was shown that this system formed a component part of the single baroreceptor sys- 
tem of the upper, middle and lower respiratory passages which was the afferent system for the respiratory center 
and maintained its tonus at a definite level This system was named the baroreceptor respiratory system. Its 
role in the regulation of the respiratory center activity at the different stages of phylogenesis depends on the spe- 
cies and conditions of existence of the animal 

Investigation of the role of the baroreceptor respiratory system (baroreceptors of the olfactory apparatus in 
particular) in the regulation of respiration in mammals (rabbits, dogs) is the subject of the present communica- 
tion. 

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

A total of 89 experiments on 22 rabbits and Ii dogs was carried out. The rabbits weighed I-2 kg, the dogs 
4.3-15 kg. The respiratory movements were recorded from file thorax and abdomen of the animals by means of 
two rubber cuffs connected by a T-piece with a Marey's tambour. The intranasal baro~ceptors were stimulated 
by rhythmic forcing of a stream of zoom-temperature air into a mask covering the animal's nostrils. The pres- 
sure of the air stream was measured by a water manometer. Application of the air stream was recorded on a ky- 

mograpb. 

Part of the eXPeriments were performed on a long-term basis on tracheotomiz~d animals. At tracheotomy 
the upper portion of the trachea was carefully ciosed either by ligation (rabbits) or by a skin-muscle flap (dogs) 
and a tracheal cannula Was inserted into the lower portion of the trachea. 

Olfactory afferentation was abolished by removal of the olfactory bulbs or by transection of the olfactory 
nerves by a somewhat modified technique of B.N. Klosovsldi and E.N. Kosmarskaia [4]. Trigeminal afferente- 
tion was interrupted by extirpation of the Gasscrian ganglia. The influence of the cerebral hemispheres was 
studied by mechanical stimulation (trauma, excision of meninges) and by decerebration of the animals. 

E X P E R I M E N T A L  RESULTS 

The initial respiratory rhythm in rabbits was 42-55 respiratory movements per minute, the amplitude be-  
ing 3-10 ram; in dogs the rate was 18-24 Pet minute and amplitude 5-20 mm. When even weak stimuli (1o~ ' 
mm He) were applied to nontracheot0mized animals, stimulation of th@ in•anasal barorec~ptots was associated 
with complete adoption of the stimulus rl~ythm and a sharp decline in the amplitude of ~spixatory movements. 
Such a type of reaction can be explained by artificial mechanical inflation of the lungs. 
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Tracheotomy led to $1owing of the rate of r~spiratory mov~mcl~ts,with no appr~ciabl~ effect on their amp-  
litude, in both groups of animals. Th~ general background of the re~piratoD" trac~ became more even with no 
change in the form of movement. The r~spirator'] rate varied in ~abbit~ from 30-50 and in dogs from 12-18 re- 
spirato W movements p~r minute. Rhythmic forcing of an air staeam into the nasal passages of Tracheotomized 
animal~ led to some diminut~on of amplitude and rr of the rate of respirator)" movemr It is interest- 
ing that in a considerable numbez of experiments the animaL~', respiratory rate approached the rate at which air 
was being blown in (i.e., phenomenon of "rhythm adoption') ,  and the low~ring of amplitude was so marked that 
by the end of ~tlmulation apnea set in. These experiments ~how onc~ again the rol~ of  reflex m~chanisms in th~ 
origin of apnea. 

Fig, 1, Respirator)" reactions in ttachcotomiz~d dogs in re~pon~c Io barorcceptor stim- 
ulation of na.~al mucosa. A) Experiment 10/~/I~fi6, "Rhythm adoption" phenomenon 
and reflex apnea in tracheotomized dog: B) ab~z~cc of rc.~pirator)" reaction.* in the 
same dog after cocainization of dasal mucosa; C) experiment 5/~/1~.~5& Respirator)' 
reaction and respiration of  tracheotomized dog on forcing air into the n o ~  D) ab o 
~ence of respirator), reaction in the same dog 11 da)s after bilateral bulbectomy 
(~/9/1955), Records from above down: pr~eumo~ram, ~timulu~ marker between | 
and [ (forcing of air into nose under pressure), time marker (l  vecond~ 
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Tracheotomized rabbits showed les.r marked re:piratou" reactions than tracheotomized dogr~ However, rab- 
bits also showed the phenomenon of ~ adoption" and o r ~ t  of reflex apnea. 

The "rhythm adoption" phenomenon associated with ,,tiraulation of the intrana~l baroreceptors in tracheo- 
tomized animals indicates the important role played b)" the afferent system under con.cideration in the acti~'Ity 
of ff~e respitatorycenter. The significance of reflex facto~ is clearly demonstrated in experiments with anesthe- 
sia of the intranasal muco~a achieved by 2~ cocaine solution in which the "rhythm adoption" phenomenon dis ~ 
appeared completely (Figure 1). 

On abolition of olfactory affetentation (bulbectomy) the animals (6 rabbit* and 4 dogs) showed slowing of 
the rate and diminution of the amplitude of respiratory movew, ent~ similar to those following ttacheotoray. The 
general background respiration tracing becomes even more ~vcn than after tracheotomy alone. No perceptible 
c,hangr in the form of respiratory movement,~ could be ob~er~ed. Rhythmic forcing of air into the natal cavity 
of ttacheotomized and bulbectomized animals did not. as a rule. elicit any definite respiratory reac t ions .  The 
~ adoption" phenomenon was never ob~rved in these experiments. 

The excitability of the na.~al muco~ to baroreceptor .~timulation was even more ~hatply reduced *then trl- 
geminal affetentatlon was interrupted. Rhythmic forcing of an air stream into the animal 's nasal cavity in these 
experiments caused only the appearance of an undulating background respirator)' tracing without changes in the 
tare or amplitude of respiration; at small pres.cures of up to 100 mm water there was no change In rospir~lion 
Wh archives. 

Complete deafferentation of the intranasal mucosa (interruption of the olfactory and the trig~minal e le -  
ments) abolished completely the effect of even strong baror~:ceptor ,,timuli (pressure above 120 mm wa~O oa 
r~,~ptrator) ~ movemenr~ (Figure 2). 

Fig. 2. Respirator) reaction in tracheotomized rabbit to rhythmic forcing of air faro 
the nasal passages. A) Experiment 10/11/1955. Attenuation of respirator S' r~action m 
forcing of air into the nose after bilateral bulbectomy; 13)total ab~nc~ of respiratory 
reaction in the same rabbit 3 days (experiment 10/14/1955)after deafferentalion of 
the nasal mucosa. Records from above down:, fi~e .came as in Figure 1. 

The role played by ~he cerebral ~mmispher~s wa~ studied in experimen-~ on ~ecerehca~ animals and in e x -  
perin~en~ with mechanical stimulation of  t~*~e h e m i s p h e ~  
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Removal of the cerebral hemispheres carried out in five experiments invariably led to considerable ac- 
cckrafion of the rate and enhancew~:nt of the amplitude of respiratory movements. Thus, for example, in the 
case of rabbits the rate increased up to 55-78 p~r minute and the amplitude up to 8-14 ram. The zespiratory 
reaction to stimulation of the na~ ;  mucosa baroreceptors was expressed In a sharp decrease of amplitude with- 
out cl~ange of rate of rcspiratloa. The .~action occurred after a 10nger latent period than prior to decerebradon, 
and return of respiration to normal was also considerably delayed. 

Mechanical stimulation of the cerebral hemispheres (trauma. excision of meninges) caused marked re- 
duction of the rate and amplitude of respiratory movements as well as of the reactivity of the lntranasal mucosa 
baroreccptors: even strong barorecclxot stimuli (above 100 mm water) failed to elicit perceptible changes in 
respiratory move m e n ~  

It follows from the material ~ , ~ n t e d  that the. lntrana~l mucosa carries receptors of two afferent systems 
of the resphatory center - t h e  olfactca-y nerve system and the tttgeminal nerve system. The latter ensures the 
more important and at the same time the more crude adaptation reactions of the respiratory center to changes 
in environmental conditions. Olfactory afferentation, developed later than the trigeminal in the process of phy- 
logenesis, regulates Lhe activity cf the respiratory center by means of finer reflex influences. Both these systems 
are more reactive in ~ e  mammals than the corresponding ones in the amphibia and birds. The cerebral cortex 
exer~ an inhibitory. "correcting" influence on the activity of both systems, 

S U M M A R Y  

It was established that there am two baroreceptive afferent systems of the upper respiratory tract in mam- 
mals (rabbits and dogs) - trigemir~l and olfactory. These systems are more reactive to variations of pressure in 
fi~e nasal cavity than ~ose in amp~fi'bia and birds. The significance of these systems in regulation of respLration 
is demonstrated by their adaptive effect on the activity of the respiratory center; it is directly dependent on the 
conditions of the animal habitat. 
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