ELECTROPHYSIOLOGICAL STUDY OF THE EFFECT
OF ACETYLCHOLINE ON RENAL RECEPTORS

Yu. L. Pines UDC 615.217.32.015,45: 612.46,073.7

Injection of small doses of acetylcholine (0.25-0.75 ug) into a branch of the renal artery of
an anesthetized cat increased the renal blood flow and potentiated the fast flow of impulses
in the afferent nerves of the kidney. Average doses (1-5 pg) had no significant effect on
the blood flow, but potentiated the flow of fast impulses still further; slow activity also ap-
peared under these conditions. Large doses (10-1000 ug) of acetylcholine reduced the
blood flow and the fast activity but potentiated the slow activity still further. In thewriter's
opinion, acetylcholine has a direct depolarizing action on the kidney receptors and gives
rise to effects indirectly through vascular changes and changes in the tone of the smooth
muscle,

The mechanisms of action of acetylcholine on the receptors includes its action on the specialized
cholinergic receptor [2-4], a nonspecific depolarizing action on various receptors and on nerve fibers,
mainly the nonmedullated group C fibers [6, 7, 9, 14, 18, 19], and an action on receptors produced indi-
rectly through contraction of neighboring smooth musele [14, 21].

This paper deals with the effect of acetylcholine on the receptors of the kidney in connection with its
action on the renal blood flow,

EXPERIMENTAL METHOD

Experiments were carried out on 29 cats anesthetized with hexobarbital (1% solution, intravenously).
Activity was recorded from the peripheral ends of the divided renal nerves, amplified, and recorded on a
CRO. Acetylcholine (0.1-1000 ug) in Ringer's solution (dilutions 107%-107%) was injected from a syringe
into the renal vessels through a divided branch of the renal artery, the needle attached to the syringe being
inserted as far as the hilus of the kidney. Activity was recorded 5 sec after each injection. The blood flow-
ing from a divided branch of the renal vein, into which a thin glass cannula was introduced, was measured
indrops (Fig. 1D).

EXPERIMENTAL RESULTS AND DISCUSSION

Injection of 0.25-0,75 pg acetylcholine into the renal artery increased the renal blood flow (Fig, 1A)
and led to the appearance or potentiation of ungrouped fast activity (Fig. 2A). The amplitude of the in-
dividual spikes was 20-30 pV. After injection of 0.1-0.5 ug acetylcholine, the threshold dose causing the
appearance or potentiation of this activity was asarule 0.25 ug, but in 3 cases it was 0.5 ug.

Injection of 1-5 ug acetylcholine caused no significant change in the renal blood flow in the first 10
sec (Fig. 1B), but led to a further increase in the fast activity (Fig. 2B). Slow potentials appeared under
these conditions, and the amplitude of the composite wave reached 10-20 pV.* The threshold dose causing

* These complex potentials will be described subsequently in the text as waves, by contrast with the simple
potentials which are called spikes.
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Fig. 1. Renal blood flow (in drops per 10 sec) after injection of small (A), av-
erage (B), and large (C) doses of acetylcholine into the hilus of the kidney {(mean
results of 8 experiments); D) scheme showing method using to measure blood
flow: 1) renal artery; 2) renal vein; 3) ureter,

Fig. 2. Afferent activity in renal nerves after injection of small (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 pug acetylcholine
respectively; in B: 1) before, 2) 5 sec after injection of 1 pg acetylcholine;
inC: 1, 3, 5,7, 9 before, and 2, 4, 6, 8, 10) 5 sec after injection of 10, 20,
50, 200, and 600 pug acetylcholine respectively, Time marker 0.02 sec.

the appearance of slow potentials was 1 ug 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 directly proportional to the dose of acetylcholine (Fig, 1C). The frequency of the fast activity was con-
siderably reduced (Fig. 2C). Injection of large doses of acetylcholine after the previous injection of smaller
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 illustrated. For instance, the threshold of appearance of fast activity was 0.25 ug acetylcholine,
and of slow activity 1 pg; the maximum of the fast activity was recorded after injection of 5 pg acetylchol-
ine and its frequency was 55 spikes/sec, while the slow activity reached a maximum after the injection of
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Fig. 3. Fig. 3. Aiferent activity in renal nerves after in-
jection of small, average, and large doses of acetylcholine
into the hilus of the kidney (mean results of 15 experiments):
1) fast activity; 2) slow activity. Abscissa, logarithm of
dose of acetylcholine; ordinate, frequency of activity.

10 pg acetylcholine, when its frequency was 150 waves/sec. With a further incrase in the dose of acetyl-
choline in response to injection of 200 ug the activity reached a second maximum, corresponding to a fre-
quency of 20 spikes/sec for the fast activity and 175 waves/sec for the slow activity.

In 3 experiments in which atropine hydrochloride (0.1 ml 1073 was injected 30 sec before the injec-
tion of acetylcholine, the responses of the receptors to acetylcholine were reduced. The inhibitory effect
of atropine was greater on the slow activity.

In 2 of the 14 experiments in which a single injection of large doses (100-500 ug) 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 re-
placed by the ordinary ungrouped activity observed under the original conditions.

In one case the acetylcholine was injected 2-3 cm away from the hilus of the kidney (in Fig. 1D the
arrow shows the approximate site of injection), In this experiment the threshold doses of acetylcholine
were increased (to 5 ug for the fast activity and 20 ug for the slow), and the responses of the receptors
to acetylcholine were less marked.

The increase in blood flow and excitation of the renal receptors in response to injection of small doses
of acetylcholine (0.25-0.75 ug) was due to vasodilatation and to the depolarizing action of acetylcholine di-
rectly on the receptors [17, 22]. When 0,1-0.25 pg acetylcholine was injected, the threshold dose causing
the appearance or potentiation of activity was 0.25 ug.

Average doses of acetylcholine (1-5 pg) produced no significant change in the blood flow during the
first 10 sec, but produced a further increase in the fast activity. Slow activity also appeared. The threshold
of onset of this activity was 1 pg acetylcholine, i.e,, four times higher than for the fast activity. This can
be explained most probably by the lower sensitivity of the receptor systems of the group C fibers to the ac-
tion of acetylcholine [16, 20]. For example, when acetylcholineis injected subcutaneously, the threshold dose
for the appearance of activity in the group C afferent systems of the skin is 2 ug [13, 14], while for the
group A fibers of the isolated receptors of the crab it is only 0.001 pg [22]. The results obtained after
injection of average doses of acetylcholine prove that it has a direct depolarizing action on the renal re-
ceptors, The fast activity reached a maximum after injection of 5 ug acetylcholine, when its frequency
was 55 spikes/sec.

Large doses of acetylcholine (10-1000 pg) reduced the renal blood flow and weakened the fast activity,

The reasons for this weakening could be: a) constriction of the renal vessels 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 'initial weakening

of the fast activity, however, further potentiation of the slow activity was observed, to reach a maximum
occurred in response to injection of 10 pg acetylcholine, and corresponded to 150 waves/sec. The second
maximum of the slow activity was recorded in response to injection of 200 pg acetylcholine and amounted
to 175 waves/sec. It was probably due to the depolarizing action of acetylcholine directly on the nerve fi-
bers (principally on nonmedullated group C fibers as being more accessible 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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vessel walls on account of their spasm. For instance, preliminary injection of atropine hydrochloride,
which has no effect on the action of acetylcholine on afferent nerve systems but which blocks its actionon
smooth muscle, into the renal vessels weakened the effect of acetylcholine on both activities, but mainly
on the slow activity.

The suggestion has recently been made that the potentiation of afferent activity by acetylcholine can
be attributed partly to its stimulant action on efferent endings and, consequently, to antidromic activity in
sympathetic nerve fibers {1, 5, 11, 15].

Grouping of the spike activity in rhythm with the pulse observed in 2 of the 14 experiments in re-
sponse to a single injection of large doses of acetylcholine can evidently be explained by: a) increased ex~
citability of the renal mechanoreceptors due to the depolarizing action of acetylcholine on them [6, 10, 12,
14, 21, 22] and b) weakening of the background electrical activity masking the pulse grouping of the spikes
as a result of the vasoconstrictor action of acetylcholine [8].

When acetylcholine was injected into the artery 2-3 cm away from the renal hilus the threshold of
the responses was increased by 20 times, while the maximal value of the responses of the receptors to
acetylcholine was reduced by 1.5-2 times, because of its rapid destruction of the blood cholinesterase [3].
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