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Injection of smal l  doses  of acetylcholine (0.25-0.75 #g) into a branch of the rena l  a r t e r y  of 
an anesthet ized eat inc reased  the rena l  blood flow and potentiated the fas t  flow of impulses  
in the af ferent  ne rves  of the kidney. Average  doses  (1-5 #g) had no significant effect on 
the blood flow, but potentiated the flow of fas t  impulses  st i l l  fu r ther ;  slow act ivi ty also ap-  
peared  under these  conditions. Large  doses  (10-1000 #g) of acetyleholine reduced the 
blood flow and the fas t  act ivi ty but potentiated the slow act ivi ty  st i l l  fu r ther .  In the w r i t e r ' s  
opinion, acetyleholine has a d i rec t  depolar izing action on the kidney r ecep to r s  and gives 
r i s e  to effects  indirect ly  through v a s c u l a r  changes and changes in the tone of the smooth 
musc le .  

The mechan i sms  of action of acetylcholine on the r e c e p t o r s  includes its action on the specia l ized 
chol inergic  r ecep to r  [2-4], a nonspecif ic  depolar iz ing action on var ious  r e c e p t o r s  and on nerve  f ibers ,  
main ly  the nonmedullated group C f ibe r s  [6, 7, 9, 14, 18, 19], and an action on r e c e p t o r s  produced indi- 
r ec t ly  through contract ion of neighboring smooth musc le  [14, 21]. 

This pape r  deals  with the effect  of acetylcholine on the r e c e p t o r s  of the kidney in connection with its 
action on the renal  blood flow. 

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

Exper imen t s  were  ca r r i ed  out on 29 cats anesthet ized with hexobarbi ta l  (1% solution, intravenously) .  
Activi ty was r eco rded  f rom the pe r iphe ra l  ends of the divided rena l  ne rves ,  amplif ied,  and recorded  on a 
CRO. Acetylcholine (0.1-1000 pg) in R inge r ' s  solution (dilutions 10-3-10 -~) was injected f rom a syr inge  
into the renal  v e s s e l s  through a divided branch of the rena l  a r t e ry ,  the needle at tached to the syr inge  being 
inser ted  as fa r  as the hilus of the kidney. Activity was recorded  5 sec a f te r  each injection. The b loodf low-  
ing f rom a divided branch  of the rena l  vein, into which a thin g lass  cannula was introduced, was measu red  
in drops  (Fig. 1D). 

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  

Injection of 0.25-0.75 pg  acetylcholine into the rena l  a r t e r y  inc reased  the rena l  blood flow (Fig. 1A) 
and led to the appearance  or  potentiation of ungrouped fas t  act ivi ty (Fig. 2A). The ampli tude of the in-  
dividual spikes was 20-30 ~V. After  injection of 0.1-0.5 #g acetyleholine,  the threshold  dose causing the 
appearance  or potent ia t ionof th is  act ivi ty was as a r u l e  0.25 gg, but in 3 cases  it was 0.5 pg. 

Injection of 1-5 #g acetylcholine caused no significant change in the rena l  blood flow in the f i r s t  10 
sec  (Fig. 1B), but led to a fu r ther  i nc rea se  in the fas t  act ivi ty (Fig. 2B). Slow potentials  appeared  under 
these  conditions, and the ampli tude of the composi te  wave reached  10-20 #V.* The threshold dose causing 

* These  complex potentials  will be  descr ibed  subsequently in the text as waves,  by cont ras t  with the s imple  
potent ia ls  which a r e  called spikes.  
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Fig. 1 Fig. 2 

Fig. I. Renal blood flow (in drops per 10 sec) after injection of smal l  (A), av- 
erage (B), and large (C) doses of acetylcholine into the hilus of the kidney (mean 
resul ts  of 8 experiments);  D) scheme showing method using to measure  blood 
flow: 1) renal  a r te ry ;  2) renal  vein; 3) ure ter .  

Fig.  2. Afferent activity in renal  nerves  after  injection of smal l  (A), average 
(B), and large (C) doses of acetylcholine into the hilus of the kidney. In A: 
1, 2) before,  and 3, 4) 5 sec after  injection of 0.25 and 0.5 ~g acetylcholine 
respect ively;  in B: 1) before,  2) 5 sec after  injection of 1 #g aeetylcholine; 
in C: 1, 3, 5, 7, 9) before,  and 2, 4, 6, 8, 10) 5 see af ter  injection of 10, 20, 
50, 200, and 600 #g acetylcholine respect ively .  Time m a r k e r  0.02 sec.  

the appearance of slow potentials was 1 pg acetylcholine (in Fig. 2B these potentials are  shown as 
widening of the noise line). 

Injection of 10-1000 pg acetylcholine reduced the renal  blood flow, and the intensity of this decrease  
was direct ly  proport ional  to the dose of acetylcholine (Fig. 1C). The frequency of the fast activity was con-  
s iderably reduced (Fig. 2C). Injection of large doses of acetylcholine after  the previous injection of smal le r  
doses caused the complete disappearance of the fast activity. This fact  has been observed previously in 
experiments  on other organs [16, 20]. Against the background of the diminished renal  blood flow and slow- 
ing of the fast activity, the slow activity continued to increase  in amplitude and frequency (Fig. 2C). 

All the changes in fast and slow activity during the action of these doses of acetylcholine are  shown 
in Fig. 3. The differences between thresholds and maxima of the responses  of the fast and slow activity 
are  also i l lustrated.  Fo r  instance, the threshold of appearance of fast  activity was 0.25 ~g acetylcholine, 
and of slow activity 1 #g; the maximum of the fast activity was recorded after  injection of 5 ~g acetylchol-  
ine and its f requency was 55 sp ikes / sec ,  while the slow activity reached a maximum after  the injection of 
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Fig. 3. Fig.  3. Afferent activity in renal  nerves  after  in- 
jection of small,  average,  and large doses of acetylcholine 
into the hilus of the kidney (mean resul ts  of 15 experiments):  
1) fast  activity; 2) slow activity. Abscissa,  logari thm of 
dose of acetylcholine; ordinate, f requency of activity. 

10 #g acetylcholine, when its frequency was 150 waves/sec~ With a fur ther  incrase  in the dose of acetyl-  
choline in response  to injection of 200 #g the activity reached a second maximum, corresponding to a f r e -  
quency of 20 sp ikes / sec  for  the fast activity and 175 waves / sec  for  the slow activity. 

In 3 experiments in which atropine hydrochloride (0.1 ml 10 -3) was injected 30 sec before the injec-  
tion of acetylcholine, the responses  of the recep tors  to acetylcholine were reduced. The inhibitory effect 
of atropine was grea te r  on the slow activity. 

In 2 of the 14 experiments in which a single injection of large doses (100-500 pg)of  acetylcholine was 
given, the fast ungrouped activity was replaced by spikes grouped in the rhythm of the pulse. Grouping of 
the waves was observed only for 30-60 sec after  the injection of acetylcholine, when the flow of both fast  
and slow activity was slightly weakened. Grouping of the spikes continued for  1.5-2 min, when it was r e -  
placed by the ordinary  ungrouped activity observed under the original  conditions. 

In one case the acetylcholine was injected 2-3 cm away f rom the hilus of the kidney (in Fig. 1D the 
ar row shows the approximate site of injection). In this experiment the threshold doses of acetylcholine 
were increased (to 5 #g for  the fast  activity and 20 #g for  the slow), and the responses  of the recep tors  
to acetylcholine were less marked.  

The increase  in blood flow and excitation of the renal  receptors  in response  to injection of smal ldoses  
of acetylcholine (0.25-0.75 ~g) was due to vasodilatation and to the depolarizing action of acetylcholine di-  
rec t ly  on the receptors  [17, 22]. When 0.1-0.25 pg acetyleholine was injected, the threshold dose causing 
the appearance or potentiation of activity was 0.25 pgo 

Average doses of acetylcholine (1-5 #g) produced no significant change in the blood flow during the 
f i r s t  10 sec, but produced a fur ther  increase  in the fast activity. Slow activity also appeared. The threshold 
of onset of this activity was 1 #g acetylcholine, i.e., four t imes higher than for the fast  activity. This can 
be explained most  probably by the lower sensit ivity of the recepto r sys tems of the group C fibers to the ac-  
tion of acetylcholine [16, 20]. For  example, when acetylchol ineis  injected subcutaneously, the threshold dose 
for  the appearance of activity in the group C afferent sys tems of the skin is 2 #g [13, 14], while for the 
group A fibers of the isolated receptors  of the crab it is only 0.001 ~g [22]. The resul ts  obtained after  
injection of average doses of acetylcholine prove that it has a direct  depolarizing action on the renal  r e -  
ceptors .  The fast  activity reached a maximum after  injection of 5 pg acetylcholine, when its f requency 
was 55 sp ikes / sec .  

Large doses of acetyleholine (10-1000 #g) reduced the renal  blood flow and weakened the fast  activity. 
The reasons  for  this weakening could be: a) constr ict ion of the renal  vesse ls  due to the direct  action of 
acetylcholine on them [8] and indirectly through a change in the general  circulation, and b) the inhibitory 
action of large or  repeated doses of acetylcholine on the receptors  [16, 20]. After the in i t ia l  weakening 
of the fast  activity, however,  fur ther  potentiation of the slow activity was observed,  to reach  a maximum 
occur red  in resp:onse to injection of 10 ~g acetylcholine, and corresponded to 150 waves / sec .  The second 
maximum of the slow activity was recorded  in response  to injection of 200 ~g acetylcholine and amounted 
to 175 waves/~sec. It was probably due to the depolarizing action of acetylcholine direct ly  on the nerve f i -  
bers  (principally on nonmedullated group C fibers as being more  access ib le  to the action of acetylcholine 
than the medullated group A fibers),  and also to the activity of the receptors  of the smooth muscles  of the 
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vesse l  walls on account of t he i r  spasm. Fo r  instance,  p re l iminary  in3ection of atropine hydroehloride,  
which has no effect on the action of acetylcholine on afferent  nerve  sys tems but which blocks its action on 
smooth muscle ,  into the renal  vesse ls  weakened the effect of acetylcholine on both act ivi t ies ,  but mainly 
on the slow activity.  

The suggestion has recen t ly  been made that the potentiation of afferent  activity by acetylcholine can 
be at tr ibuted par t ly  to its stimulant action on efferent  endings and, consequently, to ant idromic activity in 
sympathetic  nerve  f ibers  [1, 5, 11, 15]. 

Grouping of the spike act ivi ty in rhythm with the pulse observed in 2 of the 14 exper iments  in r e -  
sponse to a single injection of large doses of acetylcholine can evidently be explained by: a) increased ex- 
citabili ty of the renal  mechanorecep to r s  due to the depolarizing action of acetylcholine on them [6, 10, 12, 
14, 21, 22] and b) weakening of the background e lec t r i ca l  activity masking the pulse grouping of the spikes 
as a resu l t  of the vasocons t r i c to r  action of acetylcholine [8]. 

When acetylcholine was injected into the a r t e r y  2-3 cm away f rom the renal  hilus the threshold of 
the responses  was increased  by 20 t imes ,  while the maximal  value of the responses  of the r ecep to r s  to 
acetylcholine was reduced by 1.5-2 t imes ,  because  of its rapid destruct ion of the blood chol ines terase  [3]. 
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