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EFFECT OF ACETYLCHOLINE ON RENAL VASOMOTION

Revisión of the litercrture leads to the conclusión that the work
done so for on renal innervotion has not yet thrown a cleor light on
the nature of the nervous supply to the kidneys. In the anatómica]
field, the works of Mitchell (1950), de Muylder (1952) and Stóhr

(1957) show that the kidney recaíves contributions from widespread
aources, both sympathetic and parasympathetic, and vagol fibres are

known to pass on the coeliac plexus, which gives rise to renal bronches.

From a physiologicol point of view, the works of Koplan et al (1953)

Yamagishi and Azuma (1963) and Page and McCubbin (1963) con-

tribute to the feeling that the control of the kidney is predominantly
sympathetic, but they do not exelude the presence of vasodilator

fibres. Moreover, the renal mechanism oí action of transmitter subs-

tances hove not been established, and we therefore considered it

of great interest to undertake the study of the effect of the autonomic
system and of the renal nerves on renal outflow, and to investigóte

the mechanisms by which renal responses to nerve stimulation are

brought about.

It has become evident that ACh has a sympathomimetic
effect on several organs (Hoffmann et al, 1945: Burn and Rand, 1959

Daly and Scott, 1961: Douglas and Ritchie, 1960: Blakeley, 1963: and
Ferry, 1963) and this drug was therefore usad in these experimenta

in on attempt to analyse the vasomotor responses of the kidney.

M ethods

Experiments were carried out on 50 mongrel dogs of eitheí

sex, weighing between 5 and 25 Kgs. The dogs were anaesthetised

with sodium pentobarbital (30 mgr. per Kg. weight). The animáis

left kidney was approached through a midlíne incisión and the renal

ortery and vein were carmulated as cióse as possible to their respective

origins from aorta or vena cava with a polyethylene catheter. The

nervovis spply was untouched.
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The renal ortery was perfused froin a Mariottle bottle, which
could be placed at any desired level. The perfusión oí the kidney
was carried out at a constant pressure, which was adj usted usually
between 60 and 100 mm. Hg. The bottle and the cannula were con-
nected by a rubber tube. The rate of renal venous outflow was
recorder on smoked paper by means of a drop interval (Palmer
Rheotachograph, Fig. I).

The perfusión fluid used was Tyrode's solution for dogs,
adjusted to pH 7.4.

The drugs were given in Tyrode into the renal artery by
means of the rubber tubing which connected the arterial cannula
to the perfusión bottle. The volume was always 1 mi. and the injection

speed was 15 seconds. Control volumes of Tyrode were used in every
experiment.

The following drugs were used:

Acetylcholine 0.1 mgr.% (Colliere), nicotine (Hopkin and
Williams Ltd.), noradrenaline (Instituto Bioquímica "Beta"), hexa-
methonium from Burroughs, Wellcome and Co., and Hydergine (Sondoz,

a preparation of dihydrocornine, dihydroergocristine and dihydroergo-

kryptine). Fresh solutions were prepared daily from these stocks.

The left splanchnic major nerve was isolated after thoracotomy
perfomed under artificial respiration and stimulated between T 10-

ccnd T 12 with square pulses by means of on electronic stimulator

through a pair of Ag—AgCl electrodes.

Both supradiaphragmatic vagii and the renal nerves were
also isolated and stimulated in the same way.

R esult s

Stimulation of the left splanchnic nerve at TÍO - T 12 with

a square have pulse of 3.5 V intensity and 5 msec. duration at a rate

of 10 c/sec. induced a notable vasoconstriction (Fig. II).

This finding is in accordance with the results of many authors

(Kaplctn, 1953: Yamagishi, 1963). Stimulation of isolated renal nerves

also induced vasoconstriction, but only at a higher voltage due to

pccrtial short-circuit of the current by surrounding fluid.

Stimulation of both supradiaphragmatic vagii failed to show
cttiy disturbance of the renal circulation.

The vasoconstrictor effect of the stimulation of the splanchnic

nerves and of the renal nerves was not blocked by either nicotine

or hexamethonium even in enormous doses (30.000 ugr): only a slight

reduction was occasionally found (Fig. III).

On re-injecting into the kidney the perfúsate obtained during

stimulation of the renal nerves, a strong vasoconstrictor effect was
repeatedly observed (Fig. IV). This finding points to the reléase of

a vasoconstrictor substonce by the kidney, due to stimulation of the

nerves. A clear demonstration of the existence of this substonce was
obtained by the following experiment: Kidney perfusate, re-injected

'

affer a control period during which the nerves were not stimulated,

had no effect on the outflow: whereas the perfusate re-injected after

stimulation had induced vasoconstriction, brought about a notable
"

reduction in outflow. A control injection of Tyrode had no eííecl

"

(Fig. V).
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Numerous popers have been concerned with the role of

acetylcholine like substances in the sympathetic innervation of several

organs, Experiments were therefore carried out to determine whether
ACh might have a similar effect on kidney innervation.

. The effect of ACh is seen in Fig. VI A, The lowest threshold

was: 0.0001 ugr/ml. although most kidneys responded only to doses
between 0.001 ugr/ml. and 0.01 ugr/ml. The strongest concentration,

OA ugr/ml., reduced kidney outflow from 8.6 ml/min. to 5.5 ml/min.,

a.37%:-reduction: and 0.0001 ugr/ml. ACh induced a barely perceptible

vaaocxsnstriction.

These thresholds were very variable and we did not find

two kindneys which responded in a similar degree to a same con-
centration of acetylcholine.

A few ostensibly healthy kidneys showed no alteration in

théir outflow after 1 ugr/ml., 10 ugr/ml. and 50 ugr/ml: ñor did they
respond to other drugs, such as nicotine and noradrenaline.

Higher concentrations of ACh (100-1000 ugr/ml often induced
vasodilatation.

Some' Quthors (De Muylder, Page and McCubbin, Mitchell)

indícate the existence of intrarenal ganglio. Investigating whether
the mode of action of ACh might be stimulation of intrarenal sympa-
thetic ganglia which would then libérate noradrenaline, nicotine was
us'ed in concentrations strong enough to block outonomic ganglio.

Small doses of nicotine (1-100 ugr) induced renal vasoconstriction

due to stimulation of either ganglio or post-ganglionic libres. We are

inclined to consider the latter possibility more likely, since stimulation

of - the left splanchnic nerve induced intense vasoconstriction which
was not blocked by nicotine or by hexamethonium injected into the

renal artery. Both these drugs block the stimulating effect of ACh on
intrarenal post-ganglionic fibres but do not block the conduction of

impulses through these fibres. These findings have been previously

coníirmed by Douglas and Ritchie (1960).

. Small doses of nicotine or of Ach stimulate post-ganglionic

fibres, whereas similar doses oí hexamethonium have no effect. Two
thousand ugr. nicotine induced complete blockade of the effect of

ACh (Figs. VI B and VI V), and this substance in concentrations of

10 ugr/ml. and 100 ugr/ml. had no effect whatsoever on outflow:

lOQO ugr/ml had to be given to show a minimal vasoconstrictor effect.

This effect, however, has never permanent: usually after five

or ten minutes ACh induced vasoconstriction in concentrations under
10 ugr/ml. and even under 1 ugr/ml.

Noradrenaline (0.0001 ugr/ml) induced strong vasoconstriction

in every kidney which responded to ACh and nicotine. These expe-

riments allow US to presume that renal innervation is adrenergic.

To test possibility further, vasoconstriction was induced by, renal

nerve stimulation. Hydergine (150-300 ugr) was then given, and on
repeating- stimulation no effect was obtained. Hydergine also blocked

the response to ACh and to noradrenaline (Fig. VII).
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D i s cus sion

Coníirming results íound in the literature, these findings
provide further evidence that the nervous control oí the kidney is

mainly sympathetic, since we were unable to elicit any respons© to

repeated vagal stimulation, ctnd stimulation oí the rencd nerves con*
sistently induced sympathetic eííects, as did also the various drugs
employed. Ahhough Mitchell (1950) shows clearly that vagal libres

are distributed to the coeliac plexus, which sends branches to tha
kidneys, we were unable to demónstrate vagal effects on these orgotns.

However, Mitchell points out that renal nerves arising from the loy/et

ends of the intermesenteric íibres or from the superior hypogastric
plexus might carry vasodilator íibres, and these were not stimulated.

On the other hand, stimulation of all the renal nerves produced
vasoconstriction and never vasodilatation, and some of ' these nerves
may orise from these presumed vasodilator-fibre-carrying bundles.

It was shown that the vasoconstrictor effect of nervous -stimula-

tion was only slightly affected by enormous doses of hexamethonium
and nicotine (30.000 ugr.) which are capable of completely blocking

any ganglia and which abolish the response to ACh -and nicotin*.

This suggests that these kindneys do not possess ganglia, for if BO,

hexamethonium would prevent the transmission of the nervous im-
pulses across the blocked ganglia, thus abolishing the effect oJ

stimulation.

The vasoconstrictor effect of ACh and nicotine, suggests that

they both act liberating noradrenaline, as in several other sympa-
thetically innervated organs.

Both hexamethonium and nicotine abolish the effect of ACh,
and since it is very doubtful that they do so by acting on a hypo-
thetical gonglion, the íollowing blocking mechanisms may be proposed:

1.— Blockade of sympathetic post-ganglionic nerve fibres.

2.— Blockade of some structure intervening between the adrenergic

nerve endings and the eífector cells: this structure (Gillespie

and Mackenna, 1960), would libérate cathecholeamines ñor*

mally. They were described by Cajal as "neuronea sym-
pathyques intersticiels".

3.— Blockade of an axon reflex set up by sensory nerve endinga

in the kidney.

To test these hypotheses further work is being corried out

in this laboratory and will be the object of other Communications.

S ummar y

1,— Stimulation of the left splanchnic major nervf at TIO-
T 12, and the renal nerves, consistently caused renal vasocbnstriction.

2.— Repeated stimulation of both supradiaphragnjatic vagii

failed to induce any vasomotion in the left kidney.

3.— The vasoconstrictor effect was not blocked by ^ither nico-

tine or hexamethonium even in enormous doses (30.000 ^ugr). ThÍ8

may indícate that intrarenal ganglia do not exist, as there gonglion

blockers would prevent transmission across the ganglia.

4.— Kidney, períusate, re-injected into the kidney after vaso-

constriction induced by stimulation of the renal nerves, brought a
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notable reduction in outflow. This efíect was not observed when
perfusate from a non-stimulated kidney was used. This points to the

.^reléase oí a vasoconstrictor substonce aíter nervous stimulation.

., 5.— Acetylcholine in concentration ranging from 0.001 ugr/ml.

..to.,0.01 ugr/ml. caused a reduction in renal outflow. Thresholds were
extremely variable. Higher concentrations of ACh (100-1000 ugr/ml.)
.piten induced vasodilatation.

6.— Nicotine and hexamethonium (1000-2000 ugr/ml.) induced
blockade which elevated the threshold for ACh to valúes of 1 000 ugr/ml.

7.— Noradrenaline (0.0001 ugr/ml.) induced strong renal vaso-

constriction.

8.— Hydergine (5-10 mi. solutions in concentrations ranging
írom 15 to 30 ugr/ml), blocked the renal response to nerve stimulation,

,;,to ACh and to noradrenaline. This suggests that the nature of the

renal innervation is adrenergic.

...:: 9.— These findings are discussed in relation to the hypothesis

thqt renal innervation is mainly adrenergic and that ACh acts as

sympathetic tronsmitter, liberating noradrenaline, and that this effecl

is blocked at post-ganglionic endings, or at some structure intervening

between adrenergic nerve endings and the efíector cells, or at sensory

nerve endings.
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MARIOTTE BOTTLE

MANOMETCR

INSCRfPTOR

TIME MARKER

INJECTION MARKER

Fig. 1- Schemo illustraling the melhod and recording unit

employed

Fig- U-— Dog- Pentobarbitone. Tyrode's solution íor dogs. Perlused

left kidney in situ. Eífect on renal venous outílow of the

stimulation of the left splanchnic major nerve between TÍO

and T12 with a square wave pulse of 3,5 V intensity

and 5 msec duration at a rate of 10 c/sec Time, 30 se-

condS'. The duration of the stimulation is signaled on

bottom trace.
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Fig. III— Dog. Pentobarbitone. Tyrode's solution for dogs- Perfused
left kidney in situ- Left: Efíect on renal venous outílow of

a renal nerve- Right: Efiecíl on renal venous outflow of

the stimulation of same nerve tive minutes ofeter the

injection of 30 mgr hexamethonium into the perfusión
Time, 30 seconds- The duration of the stimulation and of

the injection is signaled on bo'ttom trace-

Fig. IV.— Dog. Pentobarbitone— Tyrode's solution for dogs. Perfused
left kidney in situ. 1) Effect on renal venous outflow oí

the stimulation of a renal nerve. 2) EfíeCt on venous
outflow of the injection of 1 mi kidney perJusate into the
perfusión fluid. This perfusate was collected during the
preceding stimulation of the renal nerve.



j^g. V.— Dog.— Pentobarbitone. Tyrode's solution for dogs. Perfused

lett kidney in situ- 1) Eííect on renal venous outflow of fhe

injection of 1 mi kidney perfusate collected during stimula-

tion of a renal nerve. 2) Effect on venous outflow of Ihe

injection of 1 mi kidney perfusate into the perfusión fluid

collected before Stimulating the renal nerves. Time, 30

seconds- The duration of the injections is signalled on

bottom trace. 3) Effect on venous outflow of the injection

of 1 mi of Tyrode's solution into the perfusión iluid-

Fig- VI.— Uog- i-eiiiüíjari-iiiOin;. lyrujwS su.uiiOii lui uo^o. r-iiJ-

sed felt kidney in situ.

A) Effect on renal venous outflow of the injection of:

1) 0.1 ugr ACh; 2) 0-01 ugr ACh; 3) 0-001 ugr ACh;

4) 0.0001 ugr ACh into the perfusión fluid.

B) Effect on renal outflow of the injection of 100 ugr ni-

cotine into the perfusión fluid.

C) Effect of the injection of nicotine into the perfusión

fluid, on the threshold of ACh: 1) 2000 ugr nicotine; 2)

10 ugr ACh; 3) 100 ugr ACh; 4) 1000 ugr ACh.
Time, 30 seconds. The duration oí the injection is signal-

led on bottom trace.



Fig. VII— Dog. Pentobarbitone— Tyrode's solution for dogs. Perfu-

sión of the isolated left kidney. Effect oí the injection oí

300 ugr hydergine into the perfusión fluid, on the nervous
activity of the kidney:

At 1) stimulation of a renal nerve.

At H) injection of 300 ugr hydergine into the perfusión

fluid.

At 2) stimulation of the same nerve had no eífect on
venous outflow.

Time, 30 seconds. The duration of the stimulation and of

the injection is indicated on bottom trace.
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