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Prom morphological studies it is known that the sensory innervation of the heart arises from the stellate gang~ 

lion as well as the dorsal root ganglia of the upper thoracic segments [6, 10, 12]; extirpation of the latter influences 

the condition of the heart [1, 4, 8]. It has also been established that under these conditions there is a reduction of 
both sympathetic and vagal tone [2]. These results suggest that the sensory fibers entering the cord via the dorsal 

roots must be functionally related to the vagus and sympathetic nerves and must be involved in the regulation of car- 

diac activity.  

IlO 

90 

7C 

5g 

Tuzic Rat~ Naida 
110 

80 
! 

7o 
~\ - 

- -  \ \ .  ,/V 

.qO \ \., 

1 5 fO 15 20 f $ I0 15 ZO 

Minutes 

Fig. 1. Change in heart rate after a measured amount 

of physical work under conditions of blockade of the 
sympathetic nerves by dihydroergotoxin. 1) Change in 

heart rate after a calculated amount of physical work, 
and before de-afferentation; 2) in the first month af- 

ter de-afferentation; 8) at the 5th month; 4) at the 

8th month. An arrow pointing upwards indicates the 
injection of dihydroergotoxin, an arrow pointing down- 
wards indicates physical exercise. 

We have set out to determine the influence of a 

measured amount of physical work on the rate of contrac- 

tion of de-afferented heart. According to many authors 

the increase in heart rate which follows muscular activity 

is due to reduction of vagal tone as well  as to an increased 
sympathetic influence [5, 13]. h~ this connection it seemed 

worth while to study the extent to which the vagal and 
sympathetic nerves were involved in bringing about the in -  
creased rate by making observations of the effect of a meas-  

ured amount of muscuiar work on an animal  whose heart 

was deprived of spinal sensory innervation. 

E X P E R I M E N T A L  M E T H O D  

The experiments were carried out on 5 male  or %- 
male adult dogs from which the dorsal root ganglia were 

removed bilaterally from segments Ta-T5. The animals 

were made to run for 20 min on a moving track whose 

speed was set at 6 km per h. Records were made of the 
ECG (3 standard leads) before and immediate ly  after the 
animals had run, and the measurements were continued 
ti l l  the original heart rate had been restored. 

To study the part played by the vagal and sympathe- 

tic nerves in causing the increase in heart rate in response 
to physical work we blocked the autonomic innervation by 
use of atropine and dihydroergotoxin. 



TABLE 1. Effect of a Physicai Load oit Heart Rate Before and After Extirpation of the Dorsal Root Ganglia 
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TABLE 2, Effect of Physical Exercise on Heart Rate Before and After Extirpation of the Dorsal Root Ganglia and after 
Blockade of the Sympathetic Nerves with Dihydroergotoxin 
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These drugs were given intravenously; 0.2 mg/kg atropine over a period of i0 rain before running on the track, 
and 0,05 mg/kg dihydroergotoxin 20 rnin before the exercise. 

Experiments on the effect of exercise either with or without elimination of the autonomic nerves were carried 
out before and after extirpation of the dorsal root ganglia. Observations were made on the dogs for 9-10 months af-  
ter the operation. 

E X P E R I M E N T A L  RESULTS 

Before extirpation of the dorsal root ganglia in all the animals exercise caused an increase m heart rate. -In 
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Changes in the heart rate after a ea l -  Pig. 2. 

cuIated amount of physical exercise and after 

blockade of the vagi by atropine. An arrow in-  
dicates inject ion of atropine; an arrow down- 

wards indicates physical exercise. Other in-  

dications as in Fig. 1. 
rate fell from 110 to 82 per min.  Under the influence of physical 

exercise the heart rate rose by no more than 13 beats per min.  In 

Belka, Busina, and Mylya, as can be seen from Table 2 the intravenous inject ion of dihydroergotoxin caused the heart 

rate to fall to 60-63 beats per rain. However, the dogs responded differently to the influence of physical exercise. 

In Belka running on the track caused an increase in heart rate of 6 beats per rain, whereas in Mylya and Busina the in -  

crease was 20 beats per rain. These results indicate that act ivation of the sympathetic system plays an important 

part in the mechanism of increase of heart rate. At the present t ime many authors emphasize the special part played 

by the sympathetic innervation in the cardiac response to physical exercise [9, 14-18]. 

In the first months after the operation in all  dogs the heart rate was reduced by dihydroergotoxin, but the de- 

crease was Iess than before the extirpation (see Pig. 1). Under these circumstances in most cases physical exercise 

led to an increase in heart rate, though the increase was smaller than before the operation (Naida and Belka). In the 

subsequent months in these animals the cardiac response to physical exercise after e l iminat ion of sympathetic action 

increased considerably. In Tuzik, after de-afferenta t ionand blockade of the synqpathetic nerves, physical exercise 

would be expected to increase the heart rate almost to the level obtaining before the operation. Under these condi-  

tions Mulya and Busina reacted to physical exercise by a greater increase in heart rate than did Naida and Belka, but 

the increase was less than in Tuzik (Table 2). 

Tuzik 1 min after running on the moving track the heart rate in-  
creased from 86 to 122, and in Naida it rose from 110 to 118 per 

min. During the next 20 rain the rate returned to normal, but in 

Naida, Belka, and Mulya it  fell betow the original rate. These re- 

sults may be attributed to an enhanced vagat tone operating as part 
of a mechanism of recovery of heart rate after exercise [3, 5, 7, t l ] .  

After extirpation of the dorsal root ganglia in all  the dogs 

the heart rate fell by 20-25%, and physical exercise caused a 

smalter increase in heart rate than it did in normal animals 

(Table 1). 

Before the operation 20 rain after intravenous injection of di-  

hydroergotoxin in all  dogs the heart rate fell by 15-20 beats per 

rain (Fig. 1), a results which indicates the existence of sympathe- 

tic tone before the inject ion of the drug. 

After blockade of the sympathetic nerves by dihydroergotoxin 
a given amount of muscular work caused a Smaller increase in car- 

diac contraction than previously. Before the operation in Tuzik 

the intravenous inject ion of dihydroergotoxin caused the heart rate 

to fall from 80 to 58 per rain (see Fig. 1). In this condition 20min  

of physical exercise caused the heart rate to increase to 90 per 1-nin. 

In Naida the ini t ia l  heart rate before the injection of dihydroergo- 

toxin was higher. After blockade of the sympathetic nerves the 

The increase in heart rate due to physical exercise when the sympathetic innervation had been el iminated was 

due to reduction in vagal tone both in the operated and unoperated animals.  

h~travenous atropine caused a marked increase in heart rate up to 220-300 per rain. 

When the vagi were blocked with atropine physical exercise caused no further increase in heart rate; on the 

contrary after the exercise there was even some reduction in rate (Fig. 2). 

In the first month after operation inject ion of atropine caused a smalter increase in heart rate than it had done 
before the operation; subsequently the reaction to atropine recovered. After de-afferentation and after blockade of 
the vagi with atropine in most cases physical exercise caused no further increase in heart rate, or if it did the increase 
was very smaI1. Probably the different response to physical exercise among the different dogs depended upon the re- 

lationships between parasympathetic and sympathetic influences on the heart. 

The greatest increase in heart rate in response to exercise occurred i n  dogs in which sympathetic influence was 
very marked. In such animats (Naida and Belka) de-afferentation caused a decrease of sympathetic tone. Conse- 

quently, physicaI exercise had less influence on heart rate. 
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In Tuzik, Mutya, and Busina in which the sympathetic tone was weaker the increase in heart rate due to physi- 
cal exercise was brought about chiefly through reduction in vagal tone. hi these animals reduction of sympathetic 
tone had less influence on the effect of physical exercise on heart rate. 

At the same time injection of atropine showed that after extirpation of the dorsal root ganglia, especially in the 
first few months, there was a reduction in vagal tone. This was shown by the fact that intravenous injec:ion of atrop- 
ine caused a smaller increase in heart rate than it had done before the operation. 

The results obtained show that after extirpation of the dorsal root ganglia from the upper thoracic segments 
there is a change in the functional condition of the cardiac sympathetic and parasympathetic centers. This difference 
shows up more clearly under conditions of physical exercise. 

S U M M A R Y  

Long-term experiments were performed on dogs. A study was made of the effect produced by physical exercise 
on heart rate before and after extirpation of the spinal ganglia from the 5 upper thoracic segments. The vagi were 
blocked with atropine, and the sympathetic nerves with dihydroergotoxin. A decrease in heart rate occurred after the 
extirpation. The de-afferented heart showed a smaller increase in rate in response to physical exercise. 

Removal of the dorsal root ganglia was followed by a disturbance of vagal tone and by a more marked disturb- 
ance of sympathetic tone. 
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