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The re la t ionship  between r e f l ex  d i scha rges  in the rena l  ne rve  and v a s o m o t o r  r e f l exes  to ex-  
ci tat ion of a f ferent  f ibe r s  of the in fe r ior  ca rd iac  ne rve  was inves t iga ted  in acute expe r imen t s  
on anesthet ized cats .  Select ive exci ta t ion  of A5 af ferent  f ibers ,  with a th reshold  of 0.5-1 V, 
us ing an e l ec t r i ca l  s t imulus  0.12 msec  in duration, evoked s ing le -component  r e f l ex  s y m p a -  
thetic r e sponses  and smal l  d e p r e s s o r  or  p r e s s o r  v a s o m o t o r  re f lexes .  Exci ta t ion of C 
af ferent  f ibe rs  with a threshold  of 4-6 V evoked the appearance  of a second component  in the 
sympathet ic  re f lex  d i scharge ,  and the v a s o m o t o r  re f lexes  b e c a m e  pure ly  p r e s s o r  and of high 
amplitude.  It is  pos tula ted  that  a f ferent  C f ibe r s  t r a n s m i t  informat ion  concerning noc icep -  
t i r e  s~imulation of the ca rd iac  ref iexogenic  zone. 

Excitat ion of a f fe ren t  f ibe r s  of spinal origin,  supplying the hear t ,  can evoke pain  [13]. Stimulation of 
the cen t ra l  and of the divided in fe r io r  ca rd iac  nerve  (ICN) by pu l ses  of cu r r en t  [12] or  mechanica l  s t imu-  
lation [2] in anes the t ized  an imals  gives r i s e  to the motor  mani fes ta t ions  of a nocicept ive  r e sponse ,  c o m -  
ponents of which a re  s t rong p r e s s o r  re f lexes  a r i s ing  in vagotomized  ca ts  in r e sponse  to allogenic s t imu la -  
tion of the ep ica rd ium and p e r i c a r d i u m  by po t a s s ium ions and acetyleholine.  However ,  i t  is  imposs ib le ,  
f r o m  the r e su l t s  of a study of r e f l exes  affecting the a r t e r i a l  p r e s s u r e ,  to de t e rmine  the type of af ferent  
f ibe r s  in ICN t r a n s m i t t e d  nocieept ive  information.  

Brown [7] cons iders  that  only i m pu l s e s  t r a n s m i t t e d  along A5 f ibe r s  a r e  r e spons ib l e  for  nocicept ive 
r e sponses  to s t imul i  affect ing the hear t .  This  conclusion appea r s  doubtful, b ecause  in r e s p o n s e  to e l e c -  
t r i c a l  s t imulat ion of A6 f ibe r s  in Brown ' s  expe r imen t s ,  only weak d e p r e s s o r  r e f l exes  appeared.  On the 
other  hand, the d i scovery  of nonmedullated af ferent  f ibe r s  of d o r s a l - r o o t  or igin  (drC f ibers ,  according to 
G a s s e r  [11]) with a conduction veloci ty  of 0.2-0.6 m / s e c  in the composi t ion  of ICN [5] p rov ides  indi rec t  
conf i rmat ion  that  impulses  t r a n s m i t t e d  along drC f ibers  a re  respons ib le  for  p r e s s o r  r e f l exes  [6]. 

The object  of this invest igat ion was to demons t r a t e  the connection between exci ta t ion  of A5 and drC 
f ibers  of ICN and the c h a r a c t e r  of the re f lex  sympathe t ic  d i s cha rges  in the renal  ne rve  and sys t emic  v a s o -  
motor  ref lexes .  

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

Cats were  anes thet ized by in t ravenous  injection of a solution of ch lora lose  (80 mg/kg)  and ure thane  
(1 g/kg),  and in control  expe r imen t s  by injection of nembuta l  solution (30 mg/kg) .  Ar t i f ic ia l  r e sp i r a t i on  
was applied and succinylcholine injected continuously (0.15 mg/kg /min ) .  The f i r s t  3 left  r ibs  were  r e -  
moved, the left  ICN mobi l ized ex t rap leura l ly ,  and the ne rve  divided as close as poss ib le  to the hear t .  The 
cen t ra l  end of the divided nerve  was p laced on pla t inum e lec t rodes  and flooded with w a r m  mine ra l  oil. 
The ne rve  was s t imula ted  with square  pu lses  (0.12 msec ,  0 . 2 - 5 0 / s e c ,  0.1-20 V). The a r t e r i a l  p r e s s u r e  
was measu red  in the  caro t id  a r t e r y b y  a n e l e c t r o m a n o m e t e r  and r eco rded  on an ink-wr i t ing  apparatus .  
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Fig. 1. Reflex changes in ar ter ia l  p r e s s u r e  
ve r sus  amplitude of stimulation of central  end 
of infer ior  cardiac  nerve in cats. Duration of 
stimuli  0.12 msec,  frequency 5 / s e c .  At volt-  
ages of 0.5-4 V, ei ther  small  dep re s so r  r e -  
flexes (9 experiments ,  curve C} or  p r e s s o r  r e -  
flexes (3 experiments ,  curve B) appeared. At 
voltages higher than 4 V, only p r e s s o r  ref lexes 
always appeared. Abscissa ,  amplitude of s t i -  
muli; ordinate,  changes in a r te r ia l  p res su re .  

Fig. 2. Reflex responses  in renal  nerve to 
e lect r ical  stimulation of infer ior  cardiac nerve.  
A!I r ecords  are  resul ts  of averaging a se r i e s  
of 64 responses .  P a r a m e t e r s  of stimulation: 
duration 0.12 msec;  amplitude: 2 V (A), 5 V 
(B), 10 V (C). A) s ingle-component  response 
to excitation of A6 fibers;  B and C) two-com-  
ponent responses  to excitation of A~ and drC 
fibers.  Calibration, 50 msec and 20 ~V. 

Reflex responses  in the renal nerve were r e -  
corded by platinum electrodes ,  a type UBP1-02 ampli-  
fier,  and a special  ANOPS-1 computer  for analyzing 
bioelect r ical  signals. Evoked responses  were s tored 
in the computer  and averaged. With bipolar  recording,  
the impulse activity was symmet r i ca l  relat ive to the 
zero line (allowing for  a shift of the negative impulses 
equal to the time of conduction in the interelectrode 
segment). The mean amplitude of this activity in 
t ime is equal to zero  whatever  the amplitude of the 
impulses,  spontaneous or  evoked. For  this reason,  
only posit ive impulses  were stored,  yielding an enve- 
lope averaged response.  In this case,  the excitation 
phase of the sympathetic d ischarges  corresponded to 
elevation of the curve,  and the inhibition phase to 
lowering of the curve relative to the original level. 

EXPERIMENTAL RESULTS 

AND DISCUSSION 

Graphs showing reflex changes in arterial pres- 
sure as a function of stimulus amplitude for a frequency 
of stimulation of 5/see are given in Fig. i. Within the 
range 0.5-4 V, in 9 experiments small (up to 20 mm Hg} 
depressor reflexes appeared (curve A}, while in 3 ex- 
periments weak (up to 15 mm Hg) pressor reflexes 
were evoked (curve B). 

Reflex responses  appeared in the renal nerve 
with a latent per iod of about 100 msec and duration 50 
msec (Fig. 2A). These were followed by a phase of 
inhibition of spontaneous d ischarges  lasting about 200 
msec. The cha rac te r  of the reflexes depended on the 
ratio between the mean levels of activity in the vaso -  
motor  nerves  before and during stimulation. In most  
experiments  (original a r te r ia l  p r e s s u r e  between 120 
and 140 mm Hg), at low frequencies of stimulation 
(under 5/sec}, when the smal l  ref lex discharge was 
followed by prolonged inhibition, the r~ean level of 
activity fell and a dep res so r  ref lex appeared [1, 3], 
(Fig. 1, curve A). When, on the other  hand, the original 
a r t e r ia l  p r e s s u r e  was low (80-100 mm Hg}, the flow 
of impulses in the renal nerve was increased,  and dur -  
ing e lect r ical  st imulation the wave of inhibition was 
shortened. The level of integral  activity rose,  leading 
to the appearance of small  p r e s s o r  ref lexes (Fig. 1, 
curve B). The dep res so r  ref lexes were also converted 
into p r e s s o r  when the frequency of st imulation was in- 
creased,  because this also shortens the phase of inhi- 
bition [3]. 

If  the amplitude of the stimuli  exceeded 4 V, a second component of the ref lex response  appeared 
(Fig. 2B, C). Its latent period was 150-200 msee and its duration i00-150 msec.  With an inerease  in am-  
plitude of stimuli,  the duration and amplitude of the second component also increased,  thus filling the phase 
of inhibition of the f i rs t  component. At the same voltages,  s tart ing with 4 V, p r e s s o r  reflexes appear and 
increase  sharply in strength with an increase  in stimulus amplitude (Fig. 1). 

The f i rs t  component of the reflex d ischarges  in the renal  nerve was due to excitation of A8 fibers;  
the range 0 .5 -4  V in fact eor responds  to excitation of A6 fibers of ICN [5]. The second component of the 
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re f lex  r e s p o n s e i n t h e  renal  ne rve  was evoked by impu l ses  in C af fe ren t  f ibe rs  [1, 8-10]. As a prev ious  
invest igat ion [5] showed, the threshold  of exci ta t ion of drC f ibers  in ICN is 4-6 V. Fil l ing the inhibi tory 
phase  of the component  by the second component  as a r e su l t  of a r e f l ex  f r o m  drC f ibe r s  of  ICN leads to an 
inc rease  in act ivi ty in the sympa the t i c  ne rves .  I ts  level  is  cons iderab ly  h igher  than that  of the background 
activity,  and i t  t he r e fo re  causes  the appearance  of s t rong p r e s s o r  re f lexes .  

According to Sherr ington [14], p r e s s o r  r e f l exes  a re  one component  of the nocicept ive  response .  
Meanwbile,  in expe r imen t s  s i m i l a r  to those now descr ibed ,  but us ing nembuta l  anes thes ia ,  Brown [7] r e -  
corded only d e p r e s s o r  r e f l exes  in r e sponse  to exci ta t ion of A6 f ibers  in ICN. He cons idered  that  they are  
nocicept ive,  although this  cont radic ts  Sher r ing ton ' s  definition. 

In the th ree  control  expe r imen t s  conducted under  nembuta l  anes thes ia ,  the changes in a r t e r i a l  p r e s -  
sure  in r e sponse  to s t imulat ion of ICN with pu lses  of be tween 0.5 and 20 V e i the r  did not go beyond the 
l imi t s  of spontaneous va r i a t ions  or  they were  pure ly  d e p r e s s o r .  Under  these  conditions the second c o m -  
ponent of the r e f l ex  vol leys  in the renal  ne rv e s  was absent.  It  can thus be cons idered  that  the absence of 
p r e s s o r  r e f l exes  in Brown ' s  e x p e r i m e n t s  (and of the second component  of the r e f l ex  vo l leys  in the p r e s e n t  
control  exper iments )  was due to inhibition by nembutal  of the cen t ra l  s t r u c t u r e s  t r ansmi t t i ng  impu l ses  f r o m  
the drC f ibers  to the pregangl ionic  v a s o m o t o r  neurons .  

The thresholds  of exci ta t ion of drC f ibe r s  and of the second component  of the r e f l ex  r e sponse  in v a s o -  
mo to r  ne rves  coincide with the threshold  of appearance  of s t rong d e p r e s s o r  re f lexes .  It  can accordingly  be  
concluded that "nocicept ive"  influences on the hea r t  exci te  impulse  act ivi ty  in the f r ee  af ferent  f ibers ,  and 
thus evoke pseudoaffec t ive  r e sponses .  
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