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Investigations of the circulation of the blood in hypothermia have mainly dealt with the study of the state of 
the heart muscle, the level of the arterial and venous pressure, and the changes in the vascular reflex responses to 
various afferent stimuli [1, 2, 8]. 

In the course of our researches into the mechanisms of the effect of vasomotor fibers, we came to the conclu- 
sion that a lowering of the body temperature of an animal causes a qualitative change in the reaction of the vessels 
to stimulation of the effector sympathetic fibers. The marked constriction of the vesssels usually observed in normal 
conditions is replaced by an equally marked dilatation. 

A B C 

Fig. 1. Forms of vasomotor responses of the limb during stimulation of the 5th 
lumbar segment of the sympathetic chain in animals cooled to different tempera-  
tures (a, b, c). Significance of the curves (from above down): general blood pres- 
sure; rate of outflow of blood from the femoral vein; stimulus marker indicating 
frequency; time marker (5 seconds); the temperature recorded in the limb muscles 
is given above the stimulus marker. 
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We found no mention of these facts in the latest publications summarizing the results of study of the physiol- 
ogical  functions in hypothermia [2, 8]. Nevertheless, much work was done on this subject as long ago as the end 
oflastcentury [5, 7, 9]. Our findings are essentially merely the confirmation of facts known for a long time. 

Fig. 2. Changes in the form of the vasomotor reaction of the limb 
observed in response to stimulation of the sympathetic chain in 
the lumbar region during the gradual elevation of the body tempera- 
ture of a preliminarily cooled animal. Significance of the curves 
as in Fig. 1. 

The interpretation of these facts from the modern point of view is of interest not only to the study of the 
physiology of hypothermia, but also in relation to the mechanism of the influence of the nervous system on the 
vessels. 

E X P E R I M E N T A L  M E T H O D  
Experiments were conducted on cats under ether-urethane anesthesia. The velocity of the venous outflow was 

recorded by Gaddum's method [6], which permits the volume velocity of the blood flow to be expressed as a series 
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of ordinates, the height of which is directly proportional to the velocity of the blood flow. The ouflow was reg- 
istered from the femoral vein, collecting blood mainly from the vessels of the limb muscles. The sympathetic 
chain was stimulated in the lumbar part at the level of the 4th-6th segments by means of a stimulator allowing 
the frequency, amplitude, and duration of the stimuli to be regulated independently. Hypothermia was produced 
by the method of "internal cooling," i.e., by cooling the blood ['10]. The abdominal aorta was divided at the level 
of the middle lumbar segments, and blood from the central end was directed into a coil immersed in cold water. 
Blood from the coil was returned to the peripheral end of the divided aortal The temperature was recorded in the 
muscles by an electric thermometer. 

E X P E R I M E N T A L  RESULTS 
Dilatation of the limb vessels in response to stimulation of the 'sympathetic chain may be observed in or- 

dinary experimental conditions only in rare cases. If  the animal used for the experiment has previously served for 
a few hours as donor in a crossed circulation experimentl the vasodilator effects arise much more often and are 
much more marked. In some such experiments all frequencies and strengths of Stimulation elicit only a vasodila- 
tot response [S]. What is responsible for the modification of the vascular reaction in an animal used as donor in a 
crossed circulation experiment ? From an analysis of the experimental conditions it became clear that the blood 
passing through the recording apparatus and then into the body of the donor animal is cooled as a result of contact 
with the surrounding air. 

a b 

Fig. 3. The effect of atropine on the vasodilator effect 
obtained during stimulation of the sympathetic chain in 
the segment in a cooled animal, a)Before injection of 
atropine; b) after injection of atropine in a dose Of 0.1 
mg/kg body weight. Significance Of the curves as in 
Fig. 1. 

Measurements showed that at the end of an experiment lasting 1-3 hours, the donor's body temperature was 
always 9.-4* lower than the recipient' s, being 29-83*. Was this fall in body temperature resulting from the intro- 
duction of cooled blood the cause of the change inthe reaction of the vessels of the donor animal to stimulation of 
effector fibers .9 Our experiments confirmed this suggestion. 

The lowering of the body temperature by the method described above caused a change in the character of 
the response of the vessels to stimulation of the sympathetic fibers. In Fig. 1 we show the changes in the blood flow 
in the limb observed during stimulation of the sympathetic chain in a cooled animal. In all the cases cited the 
effect took the form of an increase in the velocity of the blood flow, varying in its intensity and duration. Accord- 
ing to our observations, the most marked vasodilatation could be found when the body temperature fell to ~,8-80", 
although at these temperatures a vasodilator response could be found in not more than 5~o of the animals, The 
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rest gave the usual vasoconstrictor reaction.  At 24-27'  a vasodilator response was observed in most exper imenta l  

animals ,  but its magni tude was diminished.  At 17-20" a l l  vasomotor responses disappeared.  In some animals  no 

vasodtlator  responses whatever could be obse rved-dur ing  gradual cool ing the vasoconstrictor response gradual ly  

diminished until  it  disappeared comple t e ly  (in 8 of 18 experiments) .  Factors such as ex t r eme ly  rapid cool ing of 
the body (as observed when the temperature  of the water in which the coi l  was immersed was not more than 5-8*) 
of the rapid repet i t ion of the s t imulat ion of the chain prevented the appearance of the vasodilator  effects.  

An increase in the body temperature  led to restoration of the in i t ia l ,  i .e. ,  the vasoconstrictor response. The 
curves are shown in Fig. 2, the first of which was obtained at a body temperature  of 25.7*. St imulat ion was ac -  

companied  in this case by d i la ta t ion  of the vessels. At 32* the same st imulat ion caused a vasoconstrictor response. 

The vasodilator  effects observed in the cooled an imal  were abolished by  atropine. In Fig. 3a, we i l lustrate 

the vasodilator  effect  obtained in an animat  at a body tempera ture  of 28.5 ~ After inject ion of atropine, s t imu-  
lat ion was accompanied  bv constrict ion of vessels. We observed the same result in relat ion to the di la tor  effects 
taking p lace  in the donor animals.  

In consequence of the exper imenta l  conditions a gradual lowering of the body temperature  and a change in 
the character  of the vasomotor response to s t imulat ion of the sympathe t ic  chain thus took p lace  in the donor an-  
imal .  Cooling of the an imal  by a different method led to analogous changes in the vasomotor response. The 
s imi la r i ty  between these vasodilator  reactions is also stressed by the fact  that they were both abolished by atropine. 
These results give weighty support to the view that changes in body temperature  are in fact  responsible for the 
character  of the vascular reaction to s t imulat ion of the sympathet ic  chain. 

We must point  out, however, that  there is a slight but essential  difference between the experiments  on the 

donor animals  and on the cooled animals .  In the first case a vasodilator  vasomotor response took p tace  when the 
body tempera ture  had fallen only to 30-33*, but in the second a deeper degree of hypothermia was necessary to 

change the vasomotor react ion.  This difference may  have been due to a difference in the ra te  of fal l  of the t e m -  
perature.  It is also possible that some other, as ye t  unknown factors may  influence the donor animal ,  fac i l i t a t ing  
the deve lopment  of  a vasodi la tor  response. 

The vasomotor effects described in this paper were obtained during s t imulat ion of  the intact  sympathe t ic  

chain,  in which both effector and afferent  fibers were present. The question arises whether ref lex influences play 
any part in the vasomotor effects we observed. We accordingly  carried out a series of control exper iments  in which 
the vasomotor react ions were obtained by s t imulat ion of the per iphera l  end of the sympathet ic  chain divided at the 
l eve l  of  the 4 th-g th  segments and dissected over the course of the 1 or 2 segments below this level .  It was shown 

that  there was no signif icant  difference in the character  of the vasodilator  response of the l imb. Only the reac t ion  

of the genera l  blood pressure to s t imulat ion was modif ied.  The rise of blood pressure observed during s t imulat ion,  

and arising even when the l imb vessels were d i la ted ,  was reflex in nature. 

An a t t empt  may  be made to answer the question, which organs were responsible for the changes observed in 
the charac te r  of the vasomotor react ion.  As we showed above, d i la ta t ion  of the vessels may  be observed in a cooled 

an imal  (donor) during s t imulat ion of the per ipheral  end of the dissected and divided chain.  Consequently,  d i la ta t ion  
arises as a result of s t imulat ion of the pregangl ionic  sympathet ic  fibers. The change in the vasomotor react ion was 

ev iden t ly  due to processes taking p lace  ei ther  in the sympathe t ic  ganglion or at the p e r i p h e r y - i n  the region of the 
neurovascular  synapse or the smooth muscle of the vessel. In his studies of the sympathe t ic  ganglion in hypother-  
mic  conditions,  A. I. Shapovalov [4] showed that  no changes take place  in the transmission of exc i ta t ion  from the 
pregangl ionic  to the postgangl ionic  fibers at  a body tempera ture  of 25-26 ~ if the frequency of s t imulat ion does not 

exceed  15 cps, although frequencies of 20-9.5 cps begin to under transformation into a lower rhythm. Vasodilator  
effects may  be observed, as we have seen, at higher temperatures  than 26*. In the in i t ia l  stages, moreover,  d i l a -  
ta t ion of the vessels arises only during low frequencies of s t imula t ion  of the order of 3, 5, or 8 cps [8]. 

These facts suggest that  the change in the charac ter  of the vasomotor react ion in hypothermia  is not re la ted  
to a disturbance of conduction in the sympathet ic  ganglion,  but  is due main ly  to the influence of a lowered body 
tempera ture  on the processes taking p lace  at the periphery,  i .e . ,  in the smooth muscle  of the vessel and in the re-  
gion of the neurovascular  synapse. 

A fa l l  in the an imal ' s  body temperature  thus leads to essential  changes in the react ion of the l imb vessels to 
s t imula t ion  of the sympathe t ic  effector  fibers. Whereas in normal  conditions vasoconstriction is observed in the 
overwhelming majo r i ty  of cases, with even a slight fa l l  in the body temperature  (28-29*) a marked vasodi lator  res- 
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ponse is found in a considerable proportion of experiments. With a further lowering of the temperature this effect 
diminishes and it disappears completely at 1"/-20 ~ A leading part in the production of the vasodilator effect is 
evidently played by the influence of the lowered temperature on the neurovascular synapse and on the smooth mus- 
cle of the vessel. 

SUMMARY 
As shown, hypothermia leads to the change of the vascular reaction in the extremities in response m the stim- 

ulation of the sympathetic chain (its lumbar portion). In reducing the body temperature to 28-19" a considerable 
vasodilatation, instead of the usual vasoconstriction, was noted in a considerable number of experiments. This 
effect diminishes, with further temperature reduction, disappearing entirely at a temperature of 17-20"C. This 
leads to a conclusion that the changes in the character of the vasomotor response are caused by the effects pro- 
duced by reduced temperature on the smooth muscle on the vessels and on the neurovascular synapsis, not on the 
excitation transmission in tile sympathetic ganglion. 
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