
A B I L I T Y  O F  M A N  TO M A I N T A I N  A S T E A D Y  R E S P I R A T I O N  

P A T T E R N  W H I L E  I N H A L I N G  D I F F E R E N T  GAS M I X T U R E S  

I .  S .  B r e s l a v  UDC 615.458.032.2.015.45:612.2 

Interact ion between " involuntary" and "voluntary" f ac to r s  in regulat ion of r e sp i ra t ion  in young adults 
was studied. On rece iv ing  a ve rba l  command the subjec ts  mainta ined a s teady pa t te rn  (rate and depth) of 
r e s p i r a t o r y  movements  not only while brea th ing  a i r ,  but also while inhaling hypoxic and hypercapnic  mix-  
tu res .  Involuntary d is turbance  of the fixed pa t t e rn  of r e sp i r a t ion  occu r r ed  if the dec rea se  in oxygen con- 
centra t ion (to 7%) or  i nc rea se  in carbon dioxide concentra t ion (to 4%) exceeded cer ta in  l imits ,  depending 
on the intensi ty of the vent i la tory  r e sponse  of individual subjects  to these  mix tures  and also on the ass igned 
level  of pu lmonary  venti lat ion.  

In r e sponse  to a ve rba l  command,  a human subjec t  can mainta in  an ass igned f requency and depth of 
his r esp i ra t ion  [5, 6, 8]. The abili ty to control  the pa t t e rn  of r e sp i r a t ion  voluntar i ly  is na tura l ly  r e s t r i c t e d  
by the demands of maintaining the gas exchange of the o rgan i sm  [2, 3]. These  demands a r e  exp re s sed  
through re f lex  and humora l  s t imuli .  

In teract ion between " involuntary" and "voluntary"  f ac to r s  in regulat ion of r e sp i ra t ion  has rece ived  
inadequate study. At tempts  have been made to inves t iga te  this p r o b l e m  by combining a fixed pa t t e rn  of 
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Fig. 1. Response  of human subject  to hypoxic mix ture  du r ing f r ee  
(A) and fixed (B) pa t t e rns  of resp i ra t ion .  Absc i s sa ,  pe rcen tage  of 
oxygen in inspi red  mix tu res .  Mixtures shown on the r ight  of the 
ve r t i ca l  b roken  line (dots and dashes)  were  avoided by m o r e  than 
two- th i rds  of subjects .  Ordinate:  1) minute volume of resp i ra t ion ;  
2) oxygen sa tura t ion  of blood (percent  of level  during inhalation of 
a i r ,  ve r t i ca l  l ines show s tandard  e r r o r s  of means) ;  3) number  of 
cases  of d i s turbance  of ass igned  r e sp i r a t i on  p a t t e r n - r e s p i r a t o r y  
volume exceeded (percent  of total  number  of exper iments ) .  
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respiration, established in response to a verbal command, with changes in the composition of the inspired 
gas mixtures. 

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

Each ser ies  of experiments was ca r r i ed  out on 12 healthy young adults of both sexes.  During the ex- 
per iment  the subject inhaled two gas mixtures al ternately for  5, 10, or  15 rain, one of them corresponding 
in composit ion to ord inary  air ,  the other  with a modified oxygen or  carbon dioxide concentration.  Guided 
by his own sensations,  the subject  could then select  ei ther  of the offered mixtures~ He justified his choice 
in his own words.  

The subject inhaled through a mask connected to an improved spi rograph [1]. The pa rame te r s  of 
respi ra t ion  and oxygen saturat ion of the a r te r ia l  blood were recorded  continuously. 

Some experiments  were ca r r i ed  out with free respi ra t ion:  the spontaneous rate and depth of the sub- 
j ec t ' s  respi ra t ion were not res t r ic ted .  In other experiments  the subject  was assigned a fixed pat tern of 
respira t ion.  The sliding contacts of the spi rograph automatical ly switched on signals to the control panels 
of the subject  and exper imenter .  As a f i r s t  step, the subject ' s  intr insic rate and volume of resp i ra t ion  
were determined.  In la ter  experiments  an e lec t r ica l  met ronome was tuned to the same rhythm, and the 
sp i rograph  contacts were set  as follows: when the subject  had inhaled 90% of his mean r e sp i r a to ry  volume, 
a white lamp lit up on the control panel, and when 110% of this volume was reached,  a blue light lit up. In 
accordance  with the command, the subject  had to s ta r t  the next inspiration at each beat of the metronome,  
and it continued until the white light lit up, and the object was to prevent  the appearance of a blue light. 
The subjects quickly became accustomed to this steady pattern of respirat ion.  

E X P E R I M E N T A L  R E S U L T S  

The increase  in ventilation and decrease  in oxygenation of the blood during free inhalation of hypoxic 
mixtures are  i l lustrated in Fig. 1 (A). With a fixed pat tern of respi ra t ion  and inhalation of the same mix- 
tures (B), the vent i la tory response  was absent. However, the oxygen saturat ion of the blood fell by a lmost  
the same  amount as during f ree  respirat ion.  The experiments  showed that this paradoxical  fact  may be 
explained by a decreased  oxygen utilization during respi ra t ion under fixed conditions compared with analo- 
gous experiments  in which respi ra t ion  was unres t r ic ted .  Probably the cause of the relat ively low gas ex- 
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Fig. 2. Experiments  with inhalation for  5 rain of mixture con- 
taining 9% (A) and 7% (B) oxygen with a fixed pat tern of respira t ion.  
F r o m  top to bottom: oxygen saturat ion of blood, sp i rogram,  
time m a r k e r  5 sec.  Broken lines indicate r e sp i ra to ry  volume 
specified for  subject:  top l ine-maximal ,  middle-normal ,  bot-  
tom-minimal .  When inhaling mixture with 9% 02, subject  
maintains this volume, when inhaling mixture with 7% 02, s t a r t -  
ing f rom 3 rain, disturbances o c c u r - c o n s i d e r a b l e  deepening of 
r e sp i ra t ion  ceasing after  switching over  to air.  
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TABLE 1. 
Ability to Maintain an Assigned Pa t t e rn  of Resp i ra t ion  in this Mixture 

During f r ee  r e sp i r a t i on  

Responses  of Inhalat ion of Mixture Containing 7~c Oxygen in Subjects Compared  with The i r  

INo. of 
sub-  
jec t s  

!pu lmonary  ventilation 
' ( in  l i t e r s / ra in)  

change during 
initial r e s p i r a t i o n  of 

m i x tu r e  (• t) 

7.2 

6.7 

Group of subjec ts  

+1.2• 

+ 3 . 5 •  

blood oxygen s a tu r a -  
tion (in ~) 

initial  change during 
r e sp i r a t i on  of 

imix ture  (• t) 

94.0 

94.0J 

Maintaining ass igned 
pa t te rn  

Not maintaining a s -  
signed pat tern  

During fixed pat tern  
of r e sp i r a t i on  

blood oxygen sa tura t ion  
(in %) 

change during 
initial 

--16.7 ~: 2.5 

- 27.0 �9 2.7 

94.0 

94.0 

r e sp i r a t i on  of 
mix tu re  (• t) 

-17.9 • 4.6 

- 27.7 • 2.9 
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Fig. 3. Response  of subject  to hypercapnic  m ix tu r e s  during 
f r ee  (A) and fixed (B) pa t te rns  of r e sp i ra t ion .  Unshaded col-  
umns:  cases  when ass igned r e sp i r a t ion  ra te  was exceeded;  
b lack  columns:  cases  when ass igned r e s p i r a t o r y  volume 
was exceeded.  Absc i s sa :  percen tage  of CO 2 in inspi red  
mix tu re s .  Remainde r  of legend as in Fig. 1. 

change under these  conditions was the absence  of i nc reased  work of the r e s p i r a t o r y  musc l e s  and the p r e s -  
ence of condi t ioned-ref lex  connections between the level  of me tabo l i sm  and resp i ra t ion ,  in that o rde r  of 
impor tance  [4]. 

All subjects  eas i ly  mainta ined a fixed level  of venti lat ion while inhaling mix tu r e s  containing 21, 28, or  
15% oxygen. Inhalat ion of 12 and 9~ m i x t u r e s  s o m e t i m e s  caused a d is turbance  of the ass igned pat tern,  but 
only in some subjects  and, in par t i cu la r ,  in exper imen t s  when the mix tu r e s  we re  inhaled for 10-15 min  at a 
t ime.  During inhalat ion of a mix tu re  with 7~ oxygen, mos t  subjects  were  unable to mainta in  the fixed pat-  
tern: a f te r  3-5 rain they began to show an involuntary deepening of r e sp i ra t ion ,  although as a ru le  they 
mainta ined the ass igned rhythm (Fig. 2). Some subjects ,  however,  were  able to inhibit thei r  vent i la tory  
r e s p o n s e  comple te ly  for  5 min,  even when inhaling such a s t rongly hypoxic mix ture .  

The two groups  of subjects ,  genera l ly  speaking,  responded different ly to hypoxia (Table 1). In the sub- 
j e cts who m aintaine d a fixed patte rn of re  spi ra t ion while inhaling a mix tu re  containing 7% oxygen, during f ree  r e s -  
p i ra t ion  a weak vent i la tory  r e sponse  was observed ,  and a s m a l l e r  dec rease  in blood oxygenation was observed 
both during f r ee  r e sp i r a t i on  and during inhalation of hypoxic mix tu re s  with a fixed pat tern  of r e sp i ra t ion  com-  
pa red  with subjec ts  who fai led to mainta inthe  ass igned  r e sp i r a t ion  pat tern .  These d i f ferences  were  significant  
(P < 0.05). In some subjec ts ,  inhalation of mix tu re s  poor  in oxygen evidently produces  an immedia te  and cons• 
e rable  hypoxemia  and a m a r k e d  vent i la tory  r e sponse ,  which they cannot inhibit voluntar i ly .  In other subjec ts ,  
however ,  inhalation of hypoxic mix tu re s  is accompanied ,  as our calculat ions showed, by a dec rease  in oxygen 
uti l izat ion in the body, thus enabling the blood oxygenation to be mainta ined at a re la t ive ly  high level while the p a r -  
t ia l  p r e s s u r e  of oxygen in the surrounding medium fal ls ,  at l eas t  t e m p o r a r i l y .  The vent i la tory  response  of such 
subjec ts ,  however ,  is weak and can eas i ly  be inhibited. 
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TABLE 2. Responses to Free Inhalation of Mixture ContainLng 5% CO 2 
in Subjects Compared with Their Ability to Maintain an Assigned Pat- 
tern of Respiration in this Mixture 

Group of subjects  

Maintaining ass igned  
pa t te rn  

Not mainta ining a s -  
signed pa t te rn  

No. of 

sub- 
jects 

Pulmonary  venti lat ion (in l i t e r s /  
rain 

initial  
change during r e s p i r a -  
tion of m ix tu r e  (• t) 

7.4 

7.4 

+4.1 =~ 0.7 

+ 8.1 J: 0.9 

Maintenance of a fixed pa t te rn  of r e s p i r a t i o n  r equ i r e s  cons iderab le  effort ,  even with m o d e r a t e  hypo- 
xia. This  was evidently the fac tor  de te rmin ing  the d i f ference  between r e s p o n s e s  of choice of mix tu res :  
whereas  during f r ee  r e sp i r a t i on  m o s t  subjects  r e j ec t ed  (p re fe r r ing  air) m ix tu re s  in which the oxygen con- 
cent ra t ion  was 10.5~ or  lower,  during fixed r e s p i r a t i o n  they r e j ec t ed  mix tu r e s  containing 15% oxygen (in- 
halat ion for  per iods  of 15 min). Negative r e s p o n s e s  to these  mix tu r e s  were  e x p r e s s e d  by the sub jec t s '  com-  
ments :  ndifficult to breathe ~ or ~cannot get enough air. ~ 

Ventilatory responses of the subject to hypercapnic mixtures (A) and his ability to breathe such mix- 
tures in a fixed pattern (B) for 5 rain can be compared in Fig. 3. Disturbances of this fixed pattern were ob- 
served during inhalation of a mixture containing 3% CO2, and when breathing a 5% mixture, half the total 
number of subjects were unable to prevent an increase in the frequency and depth of respiration. 

The ventilatory response of those subjects who were able to suppress the increase in minute volume 
of respiration during inhalation of a hypereapnie mixture was only half the amplitude during free inhalation 
of this mixture compared with that of subjects whose fixed pattern of respiration was disturbed. In this 
ease also, the subject's well-developed respiratory response was more difficult to inhibit. 

In one of the series of experiments the respiration pattern was established at a modified, higher level. 
Initially, in the control experiment, the subject was instructed to breathe freely a mixture containing 3~ CO 2 
and 21~c 02 in nitrogen, and the frequency and depth of his respiration was recorded, The subject was ex- 
pected to maintain the same pattern of respiration in the subsequent experiments. 

During fixed hyperventilation of this type, the subjects were able to breathe a mixture containing 3% 
CO 2 without disturbance. However, it is interesting to note that most subjects, under these circumstances, 
preferred this mixture to ~pure ~ air. Probably under these experimental conditions the subject actively 
avoided the hypoeapnia which developed during hyperventilation with air, but which was abolished by an ex- 
cess of CO 2. In this case the link between chemical and reflex mechanisms of regulation of respiration 
could play an important role. There is evidence that, because of the Hering-Breuer reflex, stretching of 
the lungs reduces the sensitivity of the respiratory center to carbonic acid [7]. An increase in the depth of 
respiration, as a result of this inhibitory effect from the meehanoreeeptors of the lung, thus reduces the 
~eonseious perception of the chemical stimulus ~ and enables the subject to maintain an assigned respiratory 
volume during inhalation of a mixture with higher concentrations of CO 2 [9]. 

In the same way, when a subject during fixed hyperventilation was offered hypoxie mixtures, the ability 
to maintain an assigned respiration pattern when the respiratory medium contained a lower oxygen concen- 
tration was demonstrated, The subjects inhaled hypoxie mixtures in preference, however, to ordinary air. 

In r e s p o n s e t o  a v e r b a l  command,  m a n  is  thus capable  of mainta ining an ass igned pa t te rn  ( ra te  and 
depth) of his r e s p i r a t i o n  if the oxygen and carbon  dioxide concent ra t ions  in the r e s p i r a t o r y  med ium l ie  be -  
tween ce r t a in  l imi ts .  T h e s e  l imi t s  m a y  differ  depending on inequality of the r e s p i r a t o r y  r e s p o n s e  of indi- 
vidual subjects  to hypoxic and hypereapnie  s t imuli .  With a change in the ass igned  level  of venti lat ion,  the 
range  of changes in composi t ion  of the r e s p i r a t o r y  medium within which the subject  can main ta in  this level  
changes correspondingly .  Under these conditions the sensa t ions  evoked by inhalation of the d i f ference  gas  
mix tu re s  and r e f l ec t ed  by the sub jec t ' s  spoken commen t s  a re  also changed. 
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