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Inject ion of solutions of va r ious  subs tances  contained in the ur ine,  isotonic with the blood, in n e a r -  
phys io logica l  doses ,  p roduces  two types  of a f ferent  impulse  act ivi ty in the renal  ne rves :  fas t  act ivi ty,  with 
individual osc i l la t ions  1-2 m s e c  in durat ion and 30-40 ~V in amplitude,  and slow activity,  in which the com-  
plex component  of the wave is about 20 m s e e  in durat ion and up to 20 #V in ampli tude.  Substances  dilating 
the renal  blood v e s s e l s  (urea, sodium phosphate ,  sulfate, and b i c a r b o n a t e ) i n c r e a s e  the renal  blood flow, 
and s t imula te  the fas t  impulse  act ivi ty in 80-90% of the expe r imen t s  and the slow act ivi ty in 20-30% of the 
expe r imen t s .  Substances  having no effect  on the rena l  v e s s e l s  (glucose, pro te in ,  creat inine ,  sodium chlo- 
ride) do not a l t e r  the rena l  blood flow and do not change the fas t  impulse  act ivi ty  in 90-100% of the ca se s .  

In p r ev ious  e lec t rophys io logica l  s tudies  of the renal  r e c e p t o r s  the act ivi ty of va scu l a r  r e c e p t o r s  in 
the kidneys was  inves t igated in connection with changes  in the tone of the rena l  v e s s e l s  and the level  of the 
genera l  blood p r e s s u r e  I l l ,  12]. P redominance  of fas t  impu l se s  (1-2 msec) ,  not synchronized with the 
pu lse  rhy thm and re f lec t ing  the rena l  blood volume,  was observed .  Bes ides  the fas t  impulse  activity, a 
slow impulse  act ivi ty  was a lso  r eco rded  in the rena l  ne rves ,  the complex component  of i t s  wave having a 
durat ion of 20-50 m s e c .  This  type of impulse  act ivi ty  was obse rved  in p a r t i c u l a r  a f t e r  inject ion of biologi-  
cal ly ac t ive  subs tances  such as  adrenal in,  h is tamine ,  and acetylehol ine into the rena l  v e s s e l s  [12]. A l a t e r  
invest igat ion [14] showed that inject ion of l a rge  doses  of subs tances  no rma l ly  p r e s e n t  in the ur ine  ("ur inary  
subs tances")  into the rena l  a r t e r y  l eads  to the appearance  of groups  of spikes ,  not synchronized with the 
pulse ,  ranging f r o m  20-80 ~V in ampl i tude.  

In the p r e s e n t  invest igat ion the effect  of subs tances  contained in the ur ine  was  studied in n e a r - p h y s i o -  
logical  doses  on the act ivi ty of the rena l  r e c e p t o r s .  I t s  object  was  to study the connection between the func- 
tion of the rena l  r e c e p t o r s  and va s cu l a r  p r o c e s s e s  taking p lace  in the kidney. Accordingly,  be s ides  r e c o r d -  
ing a f fe ren t  impu l s e s  in the rena l  ne rves ,  the renal  blood flow was a l so  m e a s u r e d .  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 74 ca ts  under  deep thiopental  or hexobarbi ta l  anes thes ia  (70-80 
m g / k g  body weight). One of the two b ranches  of the rena l  a r t e r y  was divided and the "u r ina ry  subs tances"  
were  injected into i t s  cen t ra l  end by m e a n s  of a syr inge  in concent ra t ions  c lose  to isotonic with the blood~ 
Substances  dilating the rena l  v e s s e l s  which were  used included u rea  (1.8% solution), sodium sulfate (1.42% 
solut ion) ,d isodinm hydrogen phosphate  (1.06% solution), and sodium bicarbonate  (1.26% solution). Sub- 
s t ances  not affect ing the rena l  v e s s e l s  included glucose (5.5% solution), p ro te in  (3.5% solution of gelat in  in 
R i n g e r ' s  solution*), c rea t in ine  (3.75% solution), and sodium chloride (0.9% solution). The concentra t ion of 
these  subs tances  was de te rmined  by a c ryoscop ic  method.  Depres s ion  of the f reez ing  point of a solution 
is  d i r ec t ly  p ropor t iona l  to the concentra t ion  of mo lecu le s  and ions in the solution. Dep re s s ion  of the f r e e z -  
ing point of m a m m a l i a n  blood is  0.56-0.62 ~ Depres s ion  of a un imolecu la r  aqueous solution of any nonelec-  
t ro ly te  is  1.85 ~ Consequently,  a 0.3 M solution of a nonelec t ro ly te  is  isotonic re la t ive  to blood, and a 
0.15 M solution of an e lec t ro ly te  spli t t ing up into two ions, or  a 0.1 M solution of an e lec t ro ly te  spli t t ing up 

* The threshold  concentra t ion for  gelat inizat ion of R i n g e r ' s  solution. 
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Fig.  1. Fas t  and slow a f fe ren t  impu l se s  in rena l  ne rve s  af ter  in- 
ject ion of isotonic solut ions of u r ina ry  subs tances  inc reas ing  the 
rena l  blood flow into the renal  a r t e r y .  AB) After  inject ion of 
0.05 ml  of 1.8% u r e a  solution into rena l  a r t e ry ;  CD) a f te r  in jec-  
t ion of 0.025 m l  of a 1.06% solution of disodium hydrogen phos -  
phate;  EF) a f te r  inject ion of 0.025 m l  of a 1.42% solution of 
sodium sulfate;  GH) a f t e r  inject ion of 0.25 ml  of a 1.2% solution 
sodium b ica rbona te ;  1) be fo re ;  2) 3-5 sec a f te r  injection.  
T ime  m a r k e r  0.02 sec .  
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Fig.  2. Changes  in the rena l  blood flow af te r  injection 
of solut ions of "u r ina ry  subs tances"  isotonic with the 
blood into the rena l  a r t e r y .  Absc i s sa ,  volume of solu-  
t ions of subs tances  injected (in ml) ; ordinate,  number  
of d rops  of blood f r o m  branch  of rena l  vein during 
15 sec a f te r  each inject ion (recording made  3-5 sec 
a f te r  each injection, inject ion c a r r i e d  out in two s tages) .  
Resu l t s  a re  mean  va lues  of severa l  expe r imen t s  (three 
expe r imen t s  with sodium sulfate,  four  with sodium b i c a r -  
bonate,  f ive with u rea ,  t h ree  with sodium phosphate ,  four  
with creat in ine ,  t h ree  with prote in ,  and five expe r imen t s  
with sodium chlor ide) .  
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Fig.  3. Fas t  and slow impu l se s  
in r ena l  n e r v e s  a f te r  injection 
of isotonic solut ions of "u r ina ry  
subs tances"  not affect ing the rena l  
bloodflow into the renal  a r t e r y .  
A) After  inject ion of 0ol ml  of 
5.5% glucose  solution into rena l  
a r t e r y ;  B) a f t e r  inject ion of 1 ml 
of 3~ gelat in  solution; C) af ter  
inject ion of 0.02 ml  of 3.7% c r e a t i -  
nine solution; 1) be fore ;  2) 3-5 
sec a f t e r  injection.  T ime  m a r k e r  

into th ree  ions, and so on, is  isotonic with blood. This  a rgument  
is  valid because  the e l ec t ro ly t e s  under  cons idera t ion  a re  highly 
d i ssoc ia ted  and a lso  dilute.  These  subs tances  were  injected in 
the following dose (in ml) : u r e a  0.05-0.1, sodium phosphate  
0.025-0~ sodium sulfate 0.025-0.05, sodium b icarbona te  0.25- 
0.5, g lucose 0.05-0.1, p ro te in  1-2, c rea t in ine  0.01-0.02, and 
sodium chloride 0.5-1.  The dose of subs tances  to be  injected was  
calcula ted (using glucose  as  the example) as follows. The volume 
of blood flowing through the rena l  v e s s e l s  during modera t e ly  deep 
anes thes ia  and when the rena l  c i rcula t ion  was undis turbed was  
3 m l / 5  sec.  If the blood glucose concentra t ion is  100 rag%, i .e. ,  
100 r a g / 1 0 0  ml  blood (1 m g / 1  ml  blood), the quantity of glucose 
flowing through the renal  v e s s e l s  eve ry  5 sec i s  3 rag. One ml of 
g lucose  solution isotonic with blood (5.5% solution) contains 55 mg 
glucose .  Injection of 3 mg  glucose (0.05-0.06 ml  of th is  solution) 
doubles the quantity of glucose flowing through the rena l  v e s s e l s  
in a per iod  of 5 see.  However ,  bea r ing  in mind that the rena l  
c i rcu la t ion  was reduced by approx imate ly  half  a f t e r  divis ion of the 
branch  of the rena l  a r t e ry ,  this  inject ion i nc rea sed  the glucose 
content in the kidney in a per iod  of 5 sec by approx imate ly  4 t imeso  
The renal  blood flow was  de te rmined  by the d i rec t  method as  the 
number  of d rops  of blood flowing f rom a thin cannula (0.5 m m  in 
d iameter )  introduced into one branch of the rena l  blood. The 
blood flow and af ferent  impulse  act ivi ty were  r eco rded  sepa ra te ly  
f r o m  the va r ious  an ima l s  3-5 sec a f te r  each injection of solution~ 
Spikes were  r eco rded  for  5 sec and the blood flow for  15 sec a f t e r  
each injection. 

Afferent  impu l ses  were  detected f r o m  the pe r iphe ra l  ends 
0.02 sec .  of divided n e r v e s  of the rena l  p lexus  by means  of s i lve r  e l ec -  
t rodes ,  ampl i f ied ,  and r e c o r d e d  with a ca thode - ray  osc i l loscope.  The f requency c h a r a c t e r i s t i c  curve  of 
the ampl i f i e r  was  a s t ra igh t  line in the range  f rom 10-1500 Hz.  

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

Inject ion of solut ions of u rea ,  sodium phosphate ,  sodium sulfate,  and sodium b icarbona te  into the 
rena l  v e s s e l s  in nea r -phys io log ica l  concent ra t ions  caused an i nc r ea se  in a f fe ren t  spike act ivi ty in 80-90% 
of the exper imen t s ,  as  shown by the appearance  of fas t  waves  1-2 rnsec in durat ion and 30-40 #V in ampli-: 
tude. The f requency of the spikes  was inc reased  by between 2 and 30 t i m e s .  During admin is t ra t ion  of 
these  subs tances  in about 20-30% of c a s e s  slow impu l ses  also appeared  in the rena l  n e r v e s  in the fo rm of 
grouped d i s c h a r g e s  in which each component  wave was about 20-50 m s e c  in durat ion and up to 20-.30 #V in 
ampl i tude (Fig. 1). 

Fas t  and slow waves  were  r eco rded  during the action of these  subs tances  e i ther  s epa ra t e ly  in dif-  
fe ren t  n e r v e s  (Fig. 1) or  s imul taneous ly  in one ne rve  t runk.  The fas t  impulse  act ivi ty in the original  
expe r imen ta l  conditions was r eco rded  in the fo rm of a background activity,  while the slow impu l se s  in the 
rena l  n e r v e s  were  as a rule  absent  before  injection of the chemica l  compounds.  Af ter  injection of these  
subs tances ,  a s t ronge r  than background fas t  impulse  act ivi ty p e r s i s t e d  for 1-4 rain, and then gradual ly  
weakened and r e tu rned  to i t s  or iginal  leve l .  After  2 - s t age  inject ion of solutions of u rea ,  or sodium phos -  
phate ,  b icarbona te ,  o r  sulfate,  the r ena l  blood flow r e c o r d e d  for  15 see a f t e r  each inject ion as  a ru le  in- 
c r e a s e d  (Fig. 2). These  changes las ted  for  2-3 rain. The r e s u l t s  obtained co r re spond  to the findings p r e -  
v iously  r epo r t ed  in the l i t e r a t u r e  concerning the d i la tor  action of u r e a  and sodium sul fa tes  and ca rbona tes  
on the rena l  v e s s e l s  [18, 19, 24, 27, 33-35]. 

Inject ion of subs tances  having no effect  on the r ena l  c i rcu la t ion  (solutions of glucose,  prote in ,  c r e a t i -  
nine, o r  sodium chloride) into the rena l  blood v e s s e l s  in 90-100% of the expe r imen t s  had no effect  on the 
f requency  of the fas t  waves  (Fig. 3). Inject ion of solut ions of glucose,  pro te in ,  creat in ine ,  or  sodium chlo- 
r ide  into the rena l  a r t e r y  l ikewise  did not affect  the rena l  blood flow (Fig. 2), in ag reemen t  with published 
data [30, 37]. 
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A number of workers  have attributed the fast waves to responses of mechanoreceptors to moderately 
strong stimulation, and the slow impulses, produced by activity of free endings and of group C fibers, to 
responses of receptors  to strong stimulation, nociceptive in character  [16, 17, 25, 26, 36]. In their opinion, 
special afferent systems for pain participate in the latter case. However, it has been shown that the slow 
impulses are not only generated by nociceptive stimuli but they are also well defined in response to 
chemical stimuli and unlike the fast activity, they rare ly  arise in response to mechanical stimuli [1-5, 
8, 10-15, 20-23, 28, 29, 31, 32, 38]. 

Activity of the slow type appears in tt/e gastro-intestinal branches of the nerve and in the vagus nerve 
in response to mechanical and clinical stimuli which cannot be regarded as nocieeptive, because the inten- 
sity fluctuates within physiological and normal limits [6-8]. It has been shown [1-5] that slow activity in 
the intestinal nerves inceases in response to mechanical, but in part icular,  to chemical stimulation of var i -  
ous types. An increase in strength of the slow activity, in the absence of any significant changes in the fast 
activity, was recorded in the afferent nerves of the heart  after  application of chemical stimuli to its surface [9]. 
The present  experiments showed that immediately after  injection of solutions of "urinary substances" iso- 
tonic with blood in near-physiological doses into the renal vessels,  two types of afferent activity are gener- 
ated in the renal nerves:  fast activity, in which the duration of each wave is 1-2 msec and its amplitude 
about 30-40 #V, and slow activity in which the duration of the composite wave is 50 msec and its amplitude 
up to 20 pV. These impulses arise in response to injection of substances increasing the renal blood flow 
and dilating the renal vessels  (urea, sodium phosphate, sulfate, and bicarbonate). Substances not affecting 
the renal blood flow or the renal vessels  (glucose, sodium chloride, protein, creatinine) do not modify the 
fast activity~ Consequently, the fast activity largely ref lects  vascular changes in the kidneys (the possibility 
of a direct  action of these substances on the vascular receptors  likewise cannot be ruled out). 
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