
ling is a long-lastlng change in efficiency of synaptic pathways in the hippocampus, which 
is probably similar in nature to the long-term potentiation which has been widely discussed 
in the literature [3]. The results now obtained are evidence that changes in reactivity of 
neurons accompanying kindling may be found in a separate hippocampal segment, so that this 
phenomenon can be studied at synaptic and molecular levels. This model can be used to study 
the effects of various antiepileptic agents. 

LITERATURE CITED 

I. F. P. Vedyaev and T. M. Vorob'eva, Models and Mechanisms of Emotional Stresses [in 
Russian], Kiev (1983). 

2. V. S. Vorob'ev and V. G. Skrebitskii, Zh. Vyssh. Nerv. Deyat., No. 2, 395 (1981). 
3. L. L. Voronin, Usp. Fiziol. Nauk, 13, No. 4, 45 (1982). 
4. G. N. Kryzhanovskii, Determinant Structures in the Pathology of the Nervous System 

[in Russian], Moscow (1980). 
5. G. N. Kryzhanovskii and A. A. Shandra, Farmakol. Toksikol., No. 2, 16 (1984). 
6. A. A. Shandra, L. S. Godlevskii, and N. D. Semenyuk, Byull. Eksp. Biol. Med., No. 4, 

20 (1983). 
7. D. P. Cain, Epilepsia, 21, 245 (1980). 
8. D. W. Esplin and D. M. Woodbury, J. Pharmacol. Exp. Ther., 118, 129 (1956). 
9. J. P. Fabisiak and W. S. Schwark, Exp. Neurol., 78, 7 (1982). 

i0. M. W. Kalichman and W. M. Burnham, Exp. Neurol., 70, 167 (1980). 
ii. K. M. Post, W. S. Sonillace, and A. Pert, Soc. Neurosci. Abst., 3, 204 (1977). 
12. S. G. Rowles, G. S. Born, H. T. Russell, et al., J. Pharm. Sci., 60, 725 (1971). 
13. H. W. Vohland and W. Koransky, Naunyn Schmiederbergs Arch. Pharmakol., 273, 99 (1972). 
14. J. A. Wada, M. Sara, and M. E. Corcoran, Epilepsia, 15, 465 (1974). 
15. C. Yamamoto, K. Matsumoto, and M. Takagi, Exp. Brain Res., 38, 469 (1980). 

EFFECT OF THE SYMPATHETIC NERVOUS SYSTEM ON CARDIAC RHYTHM CONTROL 

DURING BURST STIMULATION OF THE VAGUS NERVE 

V. M. Pokrovskii and L. I. Sukach UDC 612.178.1 

KEY WORDS: vagus nerve; burst stimulation; inferior cardiac nerve; heart rate. 

The cardiac rhythm can be controlled with a fair degree of accuracy by burst stimula- 
tion of the vagus nerve (VN) [2, 3, 6, 7]. The control phenomenon is manifested as close 
agreement between heart rate and the frequency of volleys of impulses used to stimulate VN 
[2, 3]. With a change in following frequency of the bursts within a certain range, the 
heart rate changes correspondingly. For each characteristic of the burst, determined by 
the number of impulses, there is a corresponding range of control of the cardiac rhythm. 
With the aid of a successive series of ranges, the cardiac rhythm can be controlled within 
wide limits [3]. No data could be found in the accessible literature on the effect of 
activation of the sympathetic nervous system on this phenomenon of heart rate control. 

in this investigation the effect of the sympathetic nervous system on heart rate con- 
trol was studied by means of burst stimulation of the vagus nerve. 

EXPERIMENTAL METHOD 

Experiments were carried out on 40 adult noninbred cats of both sexes. The animals 
were anesthetized intraperitoneally with a 1% solution of chloralose-pentobarbital mixture 
(75 and 15 mg/kg respectively). The right inferior cardiac nerve (ICN) and the right VN 
were identified and dissected. The peripheral ends of divided nerves were placed on platinum 
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TABLE I. Ranges of Control of Heart Rate (number of beats per minute) during Burst 
Stimulation of Vagus Nerve Accompanied by Stimulation of Right Inferior Cardiac Nerve 
in Cats 

O =  

ON O 

upper 

1 M~m 123,5_+2,80 
<0,001 

2 IMam 115,6_+3,36<0,001 

110,5-+3,34 4IMam I 
<0,001 

8 M-+m 94,1-+3,94<0,001 

16 M-+m 71,2_+2,60 
f <0,001 

L e g e n d ,  

right VN 

lower 

i 15,8_+2,82 
<0,001 

105,0-+4,52 
<0,001 

92,1-+ 3,72 
<0,001 

80,2-+4,93 
<0,001 

59,6_+4,46 
<0,001 

i 

width of 
range 

7,7-+0,93 

10,6-+2,63 

18,4-+ 1,32 

13,9-+2,50 

11,6-+ 2,5C 

Boundary of rangeran e a u n n g d u r i n  stimulation of 
right VN accomoanied bv stimula- right VN aecomoaniedJ~v" stimula- 
tion of right ICN with frgquency tiSn of right ICN with ir~quency 
of 2 Hz of 4 Hz 

upper lower 

142,6-+ 6,42 
0,03 

126,4-+5,57 
0,001 

109,0-+5,23 
<O,OOl 

89,5-+5,97 
<0,001 

62,8-+4,86 
<0,001 

width of 
range 

7,5_+I,12 

9,8-+1,11 

13,7-+2,i5 

13,6-+7,55 

16,0~3.2< 

upper 

167,8-+8,49 
0,26 

155,2• 
0,20 

141,6-+6,65 
0,003 

111,8_+4,58 
<0,001 

84,0_+ t,50 
<0,001 

150,1• 
0,12 

136,2• 
0,016 

122,7+_3,92 
<0,001 

I03,1• 
<0,001 

78,8+2,60 
<0,001 

lower 

160,5+_9,43 
0,1 

I46,2_+9,09 
0,03 

131,6-+6,46 
O,O01 

98,516,85 
<0,001 

66,0_+ 5,51 
<0,001 

width of 
range 

7,3_+ 1,17 

9,0• 1,75 

lO,Oz 1,41 

t3,3_+2,71 

18,0+4,0C~ 

Significance of differences of P determined relative to original heart rate. 
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Fig. i, Ranges of control of heart rate during burst stimulation of 
right VN against the background of stimulation of the right ICN in cats. 
Abscissa, number of impulses in burst; ordinate, heart rate, beats/min, 
and frequency of bursts of impulses. Circled dot denotes heart rate: 
I) initial; 2) against the background of stimulation of ICN with a fre- 
quency of 4 Hz. Here and in Fig. 3~ continuous line represents range 
of control during isolated stimulation of VN; broken line, during com- 
bined stimulation of VN and ICN with a frequency of 2 Hz; crosses and 
dashes, during combined stimulation of VN and ICN with a frequency of 
4 Hz. 

Fig. 2. Effect of stimulation of right VN with bursts of four impulses 
against the background of stimulation of right !CN with frequencies of 
2 and 4 Hz on heart rate. a) Initial ECG; b) isolated stimulation of 
VN; c) stimulation of VN against the background of stimulation of ICN 
with a frequency of 2 Hz; d) stimulation of VN against the background 
of stimulation of ICN with a frequency of 4 Hz. Top of fragment cor- 
responds to upper limit of range of control, bottom part to lower limit. 
Times of arrival of burst and of periodic stimulation recorded as ar- 
tefacts on ECG. 
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Fig. 3. Ranges of control of heart rate during burst stimulation of 
right VN against the background of stimulation of right ICN in cats. 
Abscissa, number of impulses in burst; ordinate, heart rate (in % of 
background frequency). 

bipolar electrodes with interelectrode distance of 2 mm and embedded in a heated mixture 
of wax and mineral oil. The nerves were stimulated electrically by two ESU-2 stimulators. 
The right VN was stimulated by bursts of square pulses With following frequency of 0.9-2~i 
Hz and amplitude of 1.9-6.0 V. Bursts of i, 2, 4, 8, and 16 impulses were used. The dura- 
tion of the impulse and frequency of impulse generation in the bursts were 2 msec and 40 
Hz respectively. The right ICN was stimulated periodically by square pulses with a fre- 
quency of 2 and 4 Hz, and with an amplitude that varied from 7 to 16 V. In the course of 
the experiment the animals' ECG and blood pressure were recorded. After the original car- 
diac rhythm had been monitored, burst stimulation of the right VN was carried out. The 
limits of control were determined. Stimulation of the right ICN with a frequency of 2 Hz 
was applied. Against this background the limits of the ranges of control were again deter- 
mined. Ranges of control during stimulation of the right ICN with a frequency of 4 Hz were 
determined similarly. 

EXPERIMENTAL RESULTS 

The stimulation of ICN led to an upward shift of the ranges of heart rate control 
along the frequency scale (Table i; Figs. i and 2). During isolated stimulation of VN, the 
cardiac rhythm was controlled within limits of between 123.5 • 2.8 and 59.6 • 4.46 beats/ 
min. During simultaneous stimulation of the right ICN with a frequency of 2 Hz and the 
right VN with bursts of impulses the ranges of control occupied the frequency band from 
150.1 • 6.83 to 62.8 • 4.86 beats/min. The width of the individual ranges varied from 
7.5 • 1.12 to 16.0 • 3.26 beats/min. In response to stimulation of ICN with a frequency 
of 4 Hz the following results were obtained: The ranges of control were between 167.8 • 8.49 
and 66.0 • 5.51 beats/min, and the width of the ranges of control varied from 7.3 • 1.17 to 
18.0 • 4.00 beats/min. 

The upward shift of the limits of the ranges along the frequency scale depended mainly 
on the intensity of stimulation of the right ICN and the number of impulses in the burst 
stimulating VN. The largest upward shift of the range along the frequency scale was ob- 
served during stimulation of the right VN with a "burst" of one impulse, against the back- 
ground of stimulation of the right ICN with a frequency of 4 Hz. The limits of the range 
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of control did not differ significantly from the original heart rate (P = 0.26), as a result 
of which control of the cardiac rhythm was achieved in a frequency band close to the original 
rhythm. With an increase in the number of impulses in the burst the degree of upward shift 
of the limits of the rangesof control along the frequency scale was~reduced, and when there 
were 16 impulses in the burst the limits of the ranges did not differ significantly from 
those observed during isolated stimulation of VN. 

The changes described above were compared with the original values observed before stim- 
ulation of ICNo Isolated stimulation of the right ICN with a frequency of 2 Hz led to an 
increase in heart rate from 161.7 • 2.38 to 212.1 • 2.93 beats/min. On stimulation of the 
right ICN with a frequency of 4 Hz the heart rate was increased from 171.5 • 3.15 to 228.1 • 
4.18 beats/min. The ranges of control of the heart rate, as a percentage'of the rate newly 
established under the influence of stimulation of ICN, are shown in Fig. 3o Expressed as 
percentages, the ranges of control did not differ significantly. 

Control of the heart rate in warm-blooded animals has been achieved previously [i, 4] 
only within a frequency band below the original heart rate. The results now described are 
evidence that the degree of sympathetic activity has a significant influence on manifesta- 
tion of the phenomenon of control of the heart rate, and that stimulation of ICN enables 
the heart rate to be controlled within the limits of the original rhythm. These data are 
in agreement with observations on frogs, in which sympathetic and parasympathetic fibers 
run to the heart in a common vagosympathetic trunk~ During control of the heart rate in 
these animals, both sympathetic and parasympathetic structures are stimulated simultaneously. 
The possibility of control within a range close to the original rhythm, or even at a higher 
frequency, also was demonstrated in this case [5]. The sympathetic nervous system thus 
corrects reception by the heart of contr,!ling impulses arriving along VN. 
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