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It is known that the carotid nerve runs from the superior cervical sympathetic ganglia to the internal carotid
artery and that its fibers spread out along the cerebral arteries as far as their finest divisions [3], However, in physi-
ological experiments in which the ganglia are stimnlated it is difficult to obtain any definite contraction of the pial
arteries: the effect is variable, extremely weak [3, 9], and sometimes absent altogether [10]. Only when the total
bloodflow to the brain is recorded by photoelectric counting of drops from the sagittal sinus [11] or determined by
resistance recordings [1] has any reduction of cerebral circulation been observed; however, it is still not clear which
cerebral vessels are affected by the sympathetic system.

Because of the discovery made in the last few years of the important part played by the internal carotid and
vertebral arteries in the regulation of the cerebral circulation [5] we decided to study the extent of the sympathetic
control over them.

EXPERIMENTAL METHOD
Because each of the four regional arteries receives its sympathetic innervation from different sources (the caro-
tids from the superior cervical, and the vertebral from the stellate ganglia), we have studied the influence of one of
the superior cervical ganglia on the internal carotid artery of the same side.

Some of the experiments were carried out on 12 adult rabbits under 1 g/kg urethane anesthesia, but most were
performed on 21 dogs anesthetized with 0.1 g/kg chioralose.

On both sides all branches of the carotid arteries except the internal carotids were ligated (in some experi-
ments we left only the external carotid arteries free). Cannulae om a hemotachometer for recording the bloodflow
(and resistance) in the internal carotid arteries were tied into the common carotids®.

After the superior cervical sympathetic ganglia had been carefully dissected out, electrical stimuli from 2-6 v
at 50 impulses per second were applied.

In order to eliminate possible changes of general arterial pressure which might influence bloodflow in the in-
ternal carotids, in some experiments we used the normal type of compensator whose cannula was inserted into the
femoral artery.

EXPERIMENTAL RESULTS
Influence of the superior cervical ganglion. Electrical stimulation at 2-6 v caused a reduction of bloodflow
through the ipsilateral internal carotid, while as a rule there was no change on the opposite side. This result indi-
cates that the nervous elements contained in the superior cervical ganglion exert a direct influence on the carotid

*See Byull. €ksper. biol., 1963, No. 1, p. 6.
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Fig. 1. Constriction of ipsilateral intemal carotid artery on stimulation of the su-
perior cervical sympathetic ganglion with impulses of 2 v (A, C). The absence of
any effect on stimulation with 3 v after intwavenous injection of 0.1 mg/kg ergo-
tamine is shown in B and D. A and B) Dog weighing 16,5 kg. Curves, from above
downwards: bloodflow in left internal carotid artery (on stimulated side); arterial
pressure in femoral artery (pressure compensator used); bloodflow in right (control)
internal carotid artery; stimulus marker; time marker (1 sec), Bloodflow in left
internal carotid artery for A, as follows: 0 sec - 1.27 ml/sec, 10 sec - 0.95 ml/sec,
for B: for the whole record 1.34 ml/sec, C, D) Dog weighing 12 kg. Curves, from
above downwards: curent flow in right internal carotid artery (on stimulated side);
arterial pressure; bloodflow in left internal carotid artery; stimulus marker; time
marker (1 sec). Bloodflow in right internal carotid artery, for C, as follows: 0 sec -
1.12 mV/sec, 5 sec - 0.88 mV/sec, for D: for the whole trace 0.98 m1/sec.

artery of the same side. The extent of its contraction (as judged from the reduction of bloodflow) for stimuli of 2 v
varied according to the experiment from 17 to 72% of the original blood pressure (Fig. 1); with stimuli of 6 v as a
rule bloodflow ceased, indicating complete closure of the Iumen of the internal carotid artery*.

The constrictor effects obtained in the case of the internal and external arteries could be compared. The blood-
flow through the external carotid was measured when the internal carotid was ligated. Stimuli were applied to the
superior cervical ganglion. It was found that the threshold of excitability was approximately the same in the two
cases: both the internal and external carotid arteries constricted when the stimulus intensity was 2 v. This result in-
dicated that the sensitivity to nervous impulses of the neuromuscular apparatus of the internal carotid artery regulat-
ing cerebral circulation is approximately the same as that of the supply to the extracerebral arteriest .

The strictly ipsilateral contraction of the internal carotid arteries indicated that sympathetic impulses from the
superior cervical ganglia did not extend their influence to the opposite internal carotid. At the same time the ab-
sence of any effect on the contralateral internal carotid showed that neither the vessels of the circle of Willis nor the

*At the present time it is difficult to determine whether the artery was closed along the whole of its length or only

in certain places, as occurred in our previous experiments[4].

i Some authors [3, 9] have found that in cats only when vigorous stimulation is applied to the superior cervical sym-
pathetic ganglion is there any constriction of the pial arteries, and that it does not exceed 8% of the diameter, where-
as the extracranial arteries close completely.
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Fig, 2, Reduction of bloodflow in right internal carotid artery of a dog on
electrical stimulation of the superior cervical sympathetic ganglion of the
same side (A) before and (B) after enucleation of the ipsilateral eye, Curves,
from above downwards: bloodflow in artery; arterial pressure in femoral
artery; stimulus marker (2 v), time marker (1 sec). Bloodflow for A: be-
fore stimulation - 0,87 ml/sec, after stimulation - 0,54 m1/sec; for Bs
before stimulation - 1,07 ml/sec, after stimulation - 0.54 ml/sec.

Im‘m" u m u

Fig. 3. Periodic fluctuations of the diameter of the internal carotid arteries of a dog weigh-
ing 9 kg. Curves, from above downwards: bloodflow in left internal carotid artery; arterial
pressure in femoral artery; bloodflow in right carotid artery; time marker (1 sec). Figures
below— time of recording (in hours and minutes). Minute volume of bloodflow and arterial
pressure, see table. At 15 hr 40 min there was no increase in the general arterial pressure,
but the pointer was raised.



cerebral vessels peripheral to it changed their diameter as a result of stimulation of the superior cervical sympa-
thetic ganglia,

The same thing was shown also by other experiments in which serial micrographs of the pial arteries were taken
during stimulation of the superior cervical ganglia. Subsequent measurement of their diameter revealed no consis-
tent changes in the diameter of the pial arteries (even in nnanesthetized animals), although any constrictor vaso-
motor influence on these vessels would undonbtedly have been shown up in this way.

In order to be sure that the constrictor effects on the internal carotid arteries were really a manifestation of
sympathetic control, in several experiments injections of 0.1 mg/kg ergotamine were made into the internal caro-
“tid. As a result the constrictor effect on the internal carotids due to stimulation of the superior cervical ganglion
was eliminated (see Fig. 1), The blocking action of ergotamine lasted for 15-30 min, after which the internal
carotid arteries could once more be made to contract,

Because the reduction of bloodflow in the internal carotid artery occurring on stimulation of the superior cer-
vical sympathetic ganglion might depend in some measure on constriction of the vessels of the eye*, we carried out
control experiments in which the eye on the stimulated side was enucleated. However, under these conditions a re-
duction of bloodflow still occurred (Fig. 2). We observed the same result when an arterial anastomosis was made be-
tween the internal carotid and the internal maxillary artery of dogs.

By use of a modification of a Rein’s timer, Shimizu [14] also obtained a constriction of the internal carotid
arteries on stimulation of the superior sympathetic ganglia; the vertebral arteries also constricted on stimulation of
the stellate ganglia, though the method he used did not enable quantitative results to be obtained nor the degree of
sympathetic control over the regional arteries to be measured.

Therefore nervous impulses spreading out from the superior cervical sympathetic ganglia may cause a consid-
erable constriction or even complete spasm of the internal carotid arteries on the same side, and the sensitivity of
the neuromuscular apparatus of these vessels to sympathetic influences is approximately the same as that of the ex-
tracranial arteries (branches of the external carotid artery).

Periodic fluctuations of the Iumen of the internal carotid arteries. In the last few years one of us (G. L
Mchedlishvili) has shown that the pulse pressure in the circle of Willis is extremely small, and that the pressure
variations are damped out in the regional arteries; while the general blood pressure remains constant, the arterial
pressure in the circle of Willis remains unchanged under normal conditions.

Our researches have revealed new facts concerning the function of the neuromuscular apparatus of the regional
cerebral arteries. Simultaneous recording with a photohemotachometer of the blood flow in both internal carotid
arteries has shown that there is a periodic fluctuation in their diameter: while one artery dilates the other contracts.
This fluctuation of the fumen is shown in Fig, 3, and the values of the bloodflow at different times is given in the table.

Periodic fluctuations and the width of arteries have been described in various organs, and it has been shown that
they are associated with the activity of vasoconstrictor nerves [2, 7, 8, 14, 16]. The periodic fluctuations of the lumen
of the internal carotid arteries reported here may also result from vasomotor control. Evidence is provided by the fact
that the effect does not occur in deep anesthesia, and that it disappears after intravenous injection of 0.1 mg/kg ergo-
tamine.

The effect of the periodic fluctuations of the regional cerebral arteries is to control the rate of bloodflow and the
blood pressure in the circle of Willis; because these changes are "reciprocal” in nature (see Fig. 3 and table) the net
result may be that these quantities remain unchanged and furnish an uninterrupted blood supply to the brain,

The results we have reported indicate that the internal carotid and vertebral arteries which play such an im-
portant part in regulating the cerebral blood supply are under the continuous control of the nervous system, which
exerts its effect through the cervical sympathetic ganglia,

However when an investigation was made of the reflex influence from the baroreceptors of the various sinuses

*Long ago Jensen [12] used a primitive stromuhr, and found that after stimulation of the cervical sympathetic region
bloodflow in the internal carotid arteries was reduced; he thought the result was caused by constriction of the cere-
bral arterioles and capillaries, However Tigerstedt [15] doubted whether the effect was due to the cerebral vessels
because it might be brought about merely by constriction of the ocular vessels.
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Minute Volume of Blood in the Left and Right Internal of the brain acting on the regional arteries [6] it was found
Carotid Arteries of a Dog that the effect was maintained even after complete cervi-
- cal sympathectomy (from the superior cervical to the stel-

Minute.vol. °§ late ganglia, inclusive). The conclusion is that there are
Time of day blood.(m mm7sec) arterial also constrictor reflexes acting on the internal carotid and
in artery pressure vertebral arteries, and that they are mediated by the sym-
left right (in mm) pathetic cervical trunk (in any case this will apply to those
reflexes which originate in receptors within the skull), The
. - fact that there are several sources of innervation of the re-
13 hr gg min. ..... .. 822 ggg gg gional arteries is important physiologically because in the
15" 9o Ll 0.93 0.00 | 117 case of damage to some of the pathways, the regulators of
%g ; 12 R 0'6332’45 822 }ég cerebral blood pressute are not denervated or deprived of
15" 17 Lot 0,71 0.64 | 120 control from the central nervous system.
TRI- IR ISR BN NI E N+ B | SUMMARY
5 38 : ceeeeaa.}0,84—0,55)0,71] 120 Experiments were made on the internal carotid ar-
e -l e e | 12 teries of dogs and rabbits using Cybulski and Klisiecki's
1B" 46 " ... 0,87 0,59} 120 method of photohemotachometry. A considerable constric-
%g . g% : cere e 8;8 (1)(7)} %%8 tion of the ipsilateral internal carotid artery followed elec-
1™ 55 " Ly 0.50 0.71 | 120 trical stimulation (2 v) of the superior cervical sympathetic
15" 56 " ........ 0,78 0.84 | 120 ganglion; a stronger stimulation (6 v) caused complete clo-
16 2 ot 0.55 1,25 | 120 sure of the arterial lumen. Ergotamine blocked this effect,
Simultaneous recordings of the bloodflow in both internal
carotid arteries revealed periodical vasomotor fluctuations
of the lumen, The effect appeared to be exerted by sym-
pathetic control over these arteries.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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