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It may be taken as established that both vasodilator and vasoconstrictor nervous influences pass through the sym- 
pathetic system to the blood vessels. Most modern authors attribute vasoconstriction to the activity of special con- 
strictor fibers which liberate noradrenalin at their endings, while dilatation is thought to be brought about by cho- 
linergic elements of file sympathetic system [~, 7. 11]. It has been shown that according to the particular area aff- 
ected, stimulation of different cell groups and fibers within the central nervous system may cause eithera constrict- 
ion or a dilatation of the vessels of skeletal muscle [9]. It is much harder to differentiate fibers of the two types 
in the sympathetic chain and in the peripheral nerve trunks. Despite careful studies, until now no nerve fibers whose 
stimulation could consistently produce dilatations of the vessels of a particular organ have been found within the sym- 
pathetic system; this effect occurs only eratically, and has been observed by certain authors under certain special 
conditions of stimulation. A. A. Osuoumov [1] was first to show that dilatation of the vessels of the limbs occurs 
when the strength or frequency of stimuJation applied to the sciatic nerve is reduced. Subsequently it was established 
that reduction of the frequency of stimulation of the sympathetic chain [10] or increasing the duration of the stimulus 
[3] may also cause the vasoconstrictor effect to change over to one of vasodilatation [10]o 

It is thought that sympathetic vasodilators are present in the peripheral trunks, but that they are very few in 
number compared with the vasocomtrictor fibers. However, the idea that a particular response of an effector is assoc- 
iated with certain specific fibers responsible for the realization of the reaction is not the only possible view concern- 
ing the regulatory mechanism of the autonomic nervous system. M. G. Udel'nov [2], taking cardiac regulation as an 
example, has shown that cardiac output may be both petentialted and inhibited by the same nervous conductors. The 
nature of the response in any particular ease is determined by the number of effcctor fibers excited, and by the fre- 
quency of stimulation of each one of them, 

The object of the present investigation has been to determine to what extent the concept of lack of specificity 
of certain nerve fibers can be applied to the vasomotor system. If the different effects develop through stimuli 
which differ only in frequency and in the length of time for which they are applied, but which are identical in 
strength and duration of each stimulus [10], then it would seem to be difficult to e~plain the effects in terms of 
selective excitation of different.kinds of nervous elemenu making up the stimulated nerve trunk. If the nature of the 
response is determined not by specific properties of the excited fibet~, it then ~emains to explain the development of  
different :responses. As a field for investigation we chose the vascular system of the hind limb. 

METHOD 
The experiments were carried out on cats under ether-urethane anesthesia. The sympathetic chain was sti- 

mulated at the 4-6th lumbar segments, and In most cases the sympathetic chain was left intact; control experiments 
were also carried out In which the peripheral end of the chain was stimulated after it had been divided at the 3-4th 
segments, and dissected out tothe 5.6th lumbar segmenu. For this purpose we used implanted electrodes, As a sti- 
mulm we used a pulse generator which allowed the frequency to be varied from 0,1 to s cycles, the strength from 
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0 to 9 v. at, d the duration of the stimulus from 0 to 5 mseconds. According to Folkov [5], the maximum vasomotor 
;espop:ie is art alined at frequencies of 15-25 cycles. Eccause our observations confirmed these results, in our expcrl- 
mer,~s me stimulus f~eque::cy did not exceed 20 cycles. The rate of blood flow indicating the condition of the vessels 
was recorded in the femoral vein by means of Gaddum's apparatus [6]. The rate is shown as the ordinate of the re- 
cord, and the amplitude is directly proportional to the velocity of flow; in the absence of appreciable pressure 
changes a reduction in amplitude corresponds to a constriction, and anincrease, to a dilatation of the vessels. During 

Fig. 1. Vasoconstrictor effects due to stimulation of the 5th lumbar segment of the sym- 
pathetic chain, a) Dilatation of the vessels as a result of stimulation at low frequency. 
Curves, from above downwards: arterial pressure (tonometer); rate of venous outflow; 
stimulus marker with number indicating frequency in cycles; time marker (3 seconds); 
b) dilatation of the vessels as a result of short-lasting stimulation at a constant fre- 
quency (experiment with crossed cireulatiom). Curves, from above downwards; arterial 
pressure of donor; arterial pressure of recipient; rate of venous outflow from recipient 
limb; stimulus marker with frequency indicated in cycles; rime marker (5 seconds); c) 
dilatation of the vessels in response to long-duration high-frequency stimulation (experi- 
ment with crossed circulation). Curves as in Fig. lb) (Timc m a r k e t -  3 seconds). 

the exi:,erimcnt we recorded the arterial pressure in the carotid artery by means of a mercury manometer, and in some 
cases an elastic manometer was used. Two of the curves which are presented in this article were obtained with cross- 
ed circulation established by arranging for blood from the central end of the femoral artery of the donor to enter 

Fig. 2. Effect of frequency of stimulation 
and the nature of the vasomotor respome. 
Stimulation applied to the 4th lumbar 
segment of the sympathetic chain in the 
donor animal. Curves, from above down- 
wards: arterial pressure; rate of venous 
outflow; stimulus marker and figure In- 
dicating stimulus frequency in cycle, t; 
t ime marker ($ secondO. 

the femoral artery of the recipient, The amount of blood 
flowirg from a vein of the perfused limb was recorded. The 
blood withdrawn was infused as a drip into the external ju- 
gular vein of the donor ,animal. An injection of heparin was 
given to prevent clotting. 

RESULTS 
In studying file vascular responses in the limb develop- 

ing in respome to stimulation of tile sympathetic chain in 
the lumbar region, we were able to confirm the results of 
previous investigations. Figure la  shows a curve from an 
experiment in which a 20-cycle stimulation caused a con- 
striction of the vessels, while stimulation at 3 cycles caused 
a marked increase of the blood flow. A different form of 
the response is shown in Fig. lb. llere the stimulus frequency 
was not changed. The different effects were obtained at a 
stimulus frequency of 20 cycles prcscnted for different 
t i m e s -  about 1 second and 25 scconds. The short-lasting 
stimulus caused a 50/o increase of blood flow, while the 
prolongcd stimulus causcd a markcd vasoconstriction. In 
the experiment whose results are shown in Fig. lc ,  all the 
stimuli, independently of their frequency or duration, led to 
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a vasodilatation (the results shown are those obtained at a stimulus frequency of 10 cycles). 

The experiments whose results are shown in Fig. lb and c were carried out with the c!rculations crossed. 
The stimulation did not cause appreciable changes of arterial pressure; increase in the rate of blood flow could not 
have been due to this cause. 

Under the usual conditions of an acute experiment, dilatation of the limb vessels is most easily observed in 
resporae to a short-!asti~g stimulation of the sympathetic chain (30-40% of the experiments). Odlet methods of sti- 
mulation cause vascular dilatation only exceptionally. Dilatation in response to all stimulus frequencies is very rarely 
observed. We were able to obtain such a result only in 3 of the 49 experiments. It is probably for this reason that in 
some communications it is claimed that the only effect of stimulation of the sympathetic chain is a comtrietion of 
the limb vessels [8]. 

Fig. 3. Various forms of vasomotor response in experiments on the donor animal 
(stimulation of tile gth hunbar segment). Curves as in Fig. 2. (Time market in 
Fig. 3a - 5 seconds; in Fig. 3 b -  3 seconds). 

Under such conditlom, it is not possible to carry out a systematic investigation of the effects. It was important 
to find a method in which the vasodilator effects could be evoked very much oftener, and we succeeded in finding 
such a reel:hod. If the experiments are carried out with the circulations crossed (see above, under "Method'), then 
vasoconst~JEctor effects in the recipient are very seldom observed~ However, if after several hours of v, otk with crossed 
circulations tile experiment is carried out only on the donor, then in this animal stimulation of the sympathetic chain 
will much more frequently evoke a vascular dilatation in the limbs. This type of reaction was observed in a donor 
dog in 9 out of 26 experiments, as compared with 3 out of 49 under usual experimental conditions. The vascular di- 
latation is very much mote easily obtained by low frequency stimulation. The number of experiments on donor dogs 
in which no dilatation could be obtained did not exceed 20~7o. The transition from the consuictor to the dilator re- 
sponse was usually observed at frequencies which were higher than those used under normal conditions, For example, 
the curves in Fig. 2 show that stimulation at 20 cycles causes a biphastc effect in which the vasoconstrictor response 
preponderates, whereas at 9 cycles the effect is purely dilative. 

In other experiment,, ~he frequency "boundary" at which the transition from constrictor to dilator effects oc- 
cm~cd varied at quite widt; limlL., Figure ~qa illucrrates another case. when both frequencies used (20 and 8 cycles) 
caused vascular dilatation, though at 8 cycles the effect was more intense, and lasted longer. In the expctlment il- 
lusuated in Fig. 3b, aH frequencies cansed a dilatation of the vessels, and the maximal response occurred at 20 cycles, 
In our exp:rienee, use olr frequencies above 20-25 cycles caused no further increase of the vasodilator effect. 

Comequently, tn normal animals, in the great majority of cases stimulation of the chain led !,, constslction of 
the vessels. In the donor animal, under the influence of some as yet unknown factors, the vasoconstrictor effect pre- 
vailed over the dilator response. Dilatation which was observed initially as a response to the very lowest stimulus 
frequencies became shifted during this transformation to occur at higher frequencies, until finally all stimuli evoked 
the dilatation. 

As can be seen from the results, stimulation of the chain always causes an Increase of pressure, which may be 
quite large. But. as has already been pointed out above, the Increased blood flow can not be attributed to arterial 
pressure changes. For example, the curves of Fig. 3b show that the blood flow remains Increased long after the pres- 
sure has fallen below the initial level. 
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We have therefore discovered definite experimental conditiom under ~hich stimulation of the sympather2e 
chain causes dilatation of the lir~lb vessels. 

SUMMARY 
We showed that dilatation of the limb vessels in response to stimulation of the sympathetic chain occurred more 

fiequently than in the usual experimental set-up if the animal used first served for ~eve~M hours as a donor in a cross- 
circulation arrangement. !n a considerable number of experiments with such animals, a vasodilator effect occurred 
in tespome to all frequencies of stimulation. When stimuli of varying frequency or duration provoked different ef- 
fects, the dilatation of the vessels was attained only with stimuli of lower frequency and shorter duration than those 
which caused vasoconstriction. 
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