
P H Y S I O L O G Y  

E L E C T R O P H Y S I O L O G I C A L  C H A R A C T E R I S T I C S  

A O R T I C  B A R O R E C E P T O R S  

E .  P .  A n y u k h o v s k i i  a n d  G. G.  B e l o s h a p k o  

OF 

UDC 612.815.2:612.17 

Myelinated and unmyelinated f ibers  with conduction velocities of 12-30 and 0.9-1.2 m/ sec  
respect ive ly  were identified in the left aortic nerve in rabbits .  In experiments  on an isolated 
preparat ion of the aortic arch the electrophysiological  charac te r i s t i c s  of the aortic ba ro recep-  
to t s  with myelinated and unmyelinated f ibers  were studied by select ively blocking conduction in 
these f ibers .  Barorecep to r s  with unmyelinated f ibers were shown to have a higher threshold 
p ressu re  and a wider range of function. 

KEY WORDS: vascular  ba ro recep to r s ;  myelinated and unmyelinated f ibers;  nervous regulation 
of the circulation.  

Elect rophysiological  cha rac te r i s t i c s  of meehanoreceptors  located in the walls of blood vesse ls  and the 
chambers  of the hear t  have frequently been investigated. Data have been obtained on the thresholds of exci ta-  
tion, sensitivity,  and range of function of the mechanoreceptors  and corre la t ion  between these pa ramete r s  and 
the extensibili ty of the regions where these r ecep to r s  are situated under normal  and pathological conditions 
[ 1, 2, 4, 6]. However, most  of these investigations have been undertaken without r egard  to the fact  that the 
card iovascular  mechanoreceptors  are not a homogeneous group of nerve endings. They differ not only in 
localization, but also in the type of nerve f ibers  proceeding f rom them. For  instance, the atr ial  mechano-  
recep tors ,  and also some recep to r s  of the ventr ic les ,  send impulses along myelinated f ibers  whereas most  r e -  
ceptors  of the ventr ic les  and blood vesse ls  have unmyelinated nerve f ibers  [3, 7, 9, 10]. There  is reason to 
suppose that the functional role of the card iovascular  mechanoreceptors  with different types of nerve f ibers  in 
the regulation of the circulat ion may differ [ 3, 5, 8]. 

The object of this investigation was to make a separate  study of the electrophysiological  charac te r i s t i c s  
of aort ic  ba ro recep to r s  with myelinated and unmyelinated nerve f ibers  by select ively blocking conduction in 
these f ibers .  

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

Exper iments  were car r ied  out on rabbits  under urethane anesthesia (1-1.5 g /kg body weight, in t rave-  
nously). Inthe experiments  of ser ies  I thresholds of excitation and velocit ies of conduction were determined for 
different groups of f ibers  in the aort ic  nerve.  For  this purpose the left aort ic  nerve was exposed in the neck 
over as long a distance as possible and three pairs  of bipolar platinum elect rodes  were placed on it. Stimulat- 
ing pulses f rom an SI-10 st imulator  (Narco, USA), with radiofrequency output, were applied to the distal e lec-  
t rodes.  The evoked potential was r ecorded  f rom the proximal  e lect rodes  (at a distance of 2.5-3.5 cm from the 
stimulating electrodes) ,  connected to the amplif ier  of an e lee t romyograph (Disa1500, Denmark).  The sweep of 
the myograph moni tor  was t r iggered by the st imulating pulse. Each sweep of the beam was memor ized  and led 
to a r e c o r d e r  (frequency band 0-30 kHz). E lec t rodes  for anodai block were placed between the st imulating and 
record ing  e lect rodes .  The cur ren t  generator ,  assembled on a PMTsG-315 battery,  had an output res i s tance  of 
3-50 M~ and provided for a change in the cur ren t  through the blocking e lec t rodes  f rom 0 to 100 #A. 

In the experiments  of se r ies  II on the isolated "a rch  of the aor ta -aor t i c  nerve" preparat ion the dependence 
of activity of ba ro recep to r s  with different types of f ibers on the intraaort ic  p ressu re  was determined.  The 
method of isolation of the arch of the aor ta  was descr ibed previously [1] .  Three pairs  of e lec t rodes  were 
placed just  as in the experiments  of ser ies  L The intraaort ic  p ressure ,  r ecorded  by an e lec t romanometer ,  
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Fig.  1. Potent ial  a r i s ing  in aor t ic  nerve  in r e sponse  to s t imulat ion.  A, B) Anodal block 
absent,  C) cu r r en t  through blocking e lec t rodes  15 t~A. T ime m a r k e r  1 msec ;  ca l ibra t ion  
of sens i t iv i ty  100/~V; duration of s t imulat ing pulse 0.15 msec ;  dis tance between s t imula t -  
ing and record ing  e lec t rodes  3 cm.  

Fig.  2. Thresho ld  of exci tat ion (M * m) as a function of durat ion of s t imulat ing pulse for  
groups of f i be r s  of aort ic  nerve  with f a s t  (1) and slow (2) conduction veloci t ies  {results  of 
six exper iments ) .  Absc issa ,  durat ion of s t imulat ing pulses  (in msec) ;  ordinate,  amplitude 
of s t imulat ing pulses  (in V). 

and activi ty of the aor t ic  nerve ,  amplif ied by the ampl i f ie r  of the 1500 myograph,  were  r eco rded  on f requency-  
modulated channels of the 14F60 tape r e c o r d e r  (Disa). The n e c e s s a r y  cuts of the r e c o r d  of act ivi ty were  
p r o c e s s e d  by an I~-1 in tegra tor  and r eco rded  together with the p r e s s u r e  on the myograph  r e c o r d e r .  At the 
beginning of each exper iment ,  before  isolat ion of the arch  of the aor ta ,  the cu r r en t  through the blocking e l ec -  
t rodes  at which high-ampli tude activi ty in the aor t ic  nerve  d isappeared ,  i.e., when conduction was blocked in 
the myel inated f ibers ,  was de te rmined  (Fig. 3A). 

EXPERIMENTAL RESULTS 

The conduction velocities along the different groups of fibers were determined by dividing the time be- 
tween the artefact of the stimulating pulse and the corresponding wave of the compound potential by the distance 
between the stimulating and recording electrodes. Typical records obtained in an experiment of series I are 
given in Fig. I. Clearly the first and fastest wave of the compound potential appeared 1.8 msec after stimula- 
tion (Fig. IA). The second wave of potential (Fig. IB) appeared much later (after 30 reset). The conduction 
velocity along the group 1 fibers was within the range 12-30 m/sec and along the group 2 fibers 0.9-1.2 m/sec 
(results of six experiments), and on that basis the group 1 fibers can be regarded as myelinated and the group 
2 fibers as unmyelinated. 

A gradual  inc rease  in the s t rength of the cu r r en t  pass ing through the blocking e l ec t rodes  led to d i s a p p e a r -  
ance of the fas t  wave of the compound potential  (Fig. 1C). The s t rength of the cu r r en t  blocking conduction in 
the myel inated f ibers  var ied  in different  expe r imen t s  f r o m  8 to 30 ttA, probably  because  of d i f fe rences  ir~ the 
thickness of the aor t ic  nerve .  A cu r r en t  of over  40-50 ~A was requ i red  to block conduction along unmyel inated 

f i be r s .  
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Fig. 3. Resul ts  of exper iments  on "aor t ic  a r ch -ao r t i c  nerve" preparat ion.  
A) Choice of strength of cur ren t  blocking conduction in myelinated f ibers  
(see: "Exper imenta l  Method"), a) anodal block absent, b) cur rent  through 
blocking e lec t rodes  20 ~A~ Top curve indicates in t ra -aor t ic  p ressu re  (in 
mm Hg), bottom curve indicates activity in aortic nerve.  Calibration of 
sensit ivi ty:  a) 100 #V, b) 50 pVo Time marker  0.1 sec; B) dependence of 
activity in myelinated (1) and unmyelinated (2) f ibers  of aortic nerve on intra-  
aort ic  p ressure .  Abscissa ,  in t ra -aor t i c  p ressu re  (in mm Hg); ordinate, ac-  
tivity of aort ic  nerve (% of maximal).  Values of M ~= m given (results  of nine 
experiments) .  

Thresholds  of excitation of the different groups of f ibers  were determined as the minimal amplitude of 
the st imulating pulse required  to produce the corresponding wave of the compound potential. With all durations 
of the st imulating pulse the threshold of excitation of the myelinated f ibers  was considerably lower than of the 
unmyelinated; the shor ter  the st imulating pulse, the grea ter  this difference (Fig. 2 ) .  Myelinated f ibers  of the 
aort ic  nerve could thus be selectively- activated by e lec t r ica l  stimulation. Similar resul ts  r e g a r d i a g t h e t h r e s h -  
olds of excitation and velocit ies of conduction along myelinated and unmyelinated f ibers  of the cardiac me-  
chanoreceptors  in cats  were obtained by (Jberg and Thorea  [7]. 

The resu l t s  of the experiments  on the "aor t ic  a r ch -ao r t i c  nerve" preparat ion are i l lustrated in Fig. 3. 
The f requency and amplitude of the impulses in the myelinated f ibers  were much higher than in the unmyelinat-  
ed f ibers;  when combined activity in the aortic nerve was recorded  in the absence of a block, activity in the 
myelinated f ibers  only was thus in fact  determined.  When conduction was blocked in the myelinated fibers,  the 
threshold and saturat ion of activity in the unmyelinated f ibers  could be determined with a fair  degree of accu-  
r a c y b y  increas ingthe  sensi t ivi ty of the amplifier  and integrator .  The curve of dependence of activity in the un- 
myelinated f ibers  on the intraaort ic  p re s su re  is located fur ther  to the right, i.e., in the region of higher in t ra -  
aort ic  p re s su res ,  than the corresponding curve for myelinated f ibers  (Fig. 3B). It also has a less steep slope 
relat ive to the p ressu re  axis, i.e., the range of function of meehanoreceptors  with unmyelinated f ibers  is wider. 
The threshold p res su re  and the p res su re  at which activity becomes maximal  were 55 and 71 mm Hg (P< 0.005) 
and 132 and 177 m m  Hg (P < 0o001) for the groups of myelinated and unmyelinated f ibers  respect ively .  

The aort ic  baroreeep tor  zone thus contains two groups of mechanoreeeptors  which differ not only in the 
type of their nerve f ibers ,  but also in the range of their function. These resu l t s  are evidence that the functional 
role of vascular  meohanoreceptors  with myelinated and unmyelinated f ibers  in the regulation of the circulat ion 
may differ. 
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Hypercapnia  in vagotomized cats  can induce not only an increase  in the depth of resp i ra t ion ,  but 
also an increase  in the f requency of insp i ra tory  volleys.  With deepening of anesthesia ,  the in- 
c r ea se  in depth of the insp i ra tory  volleys continues, whereas  the increase  in the r e sp i r a t ion  
ra te  d isappears .  These  observat ions  point to d i f ferences  in the cen t ra l  mechanisms  control l ing 
the f requency and depth of resp i ra t ion ,  of which the f o r m e r  is more  susceptible to suprabulbar  
influences.  

KEY WORDS: control  of resp i ra t ion ;  f requency  and depth of resp i ra t ion ;  hypercapnia;  vagus 
nerve.  

It is general ly  accepted that under normal  conditions CO~ increases  the depth and f requency  of r e s p i r a -  
tion. However,  the r e su l t s  of the action of hypercapnia  in vagotomized animals are  surpr i s ingly  cont radic tory .  
According to some workers  [ 1, 5, 14] vagotomy prevents  the increase  in the r e sp i r a t ion  ra te  induced by hy-  
percapnia,  whereas  according to others  [2, 4, 11, 12] it has no such action. 

Yet this is a ve ry  important  problem. If vagotomy prevents  the inc rease  in r e sp i r a t i on  ra te  induced by 
CO2, the r e sp i r a t ion  ra te  is de termined  by a vagal mechanism whereas  the depth of r e sp i r a t i on  is de termined  
by cent ra l  mechanisms .  If the increase  in the r e sp i r a t ion  ra te  is not prevented,  it follows that not only the 
depth, but also the ra te  of r e sp i r a t ion  are de te rmined  by cent ra l  mechanisms .  

During the analysis  of this problem the wr i t e r s '  attention was drawn to the following c i rcumstance .  Some 
workers  [7, 9, 11, 12] have found that af ter  vagotomy hypercapnia  induces an increase  in the r e sp i r a t ion  ra te  
in unanesthetized animals .  Others  [4] ,  on the other hand, c la im that af ter  vagotomy an l n e r e a s e i n t h e  r e s p i r a -  

t i o n  ra te  takes place only in anesthet ized animals and not in waking animals .  

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

Exper iments  were  ca r r i ed  out on 18 cats anesthet ized with pentobarbi tal  (30-35 mg/kg) in t raper i toneal ly .  
Subsequent doses  of pentobarbi tal  were injected intravenously (5-7 mg/kg).  The vagus nerves  were divided in 
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