12 Bulletin of Experimental Biology and Medicine, No. 1, 2002 PHYSIOLOGY

Synergism of Sympathetic and Parasympathetic Systems
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We studied the mechanisms of opposite effects of sympathetic and parasympathetic nervous
systems on gastric motility. The involvement of serotoninergic structures in the realization
of the stimulatory effect of the sympathetic trunk on gastric motility and the role of adrener-
gic intramural ganglia in vagal inhibition of electrical and motor activities of the antrum were

demonstrated.
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Regulation of internal organs by the autonomic ner-
vous system (ANS) is still an important problem of
experimental and clinical physiology, because the me-
chanisms of possible synergism of the sympathetic
and parasympathetic systems in this regulation are not
studied in detail.

Sympathetic and parasympathetic nerves produce
inhibitory or stimulatory effects on gastrointestinal
motility [11]. Sympathetic innervation can attenuate or
enhance vagal inhibition of cardiac activity [3,6,9].
The stimulatory effect of sympathetic nerves on ga-
strointestinal motility can be revealed after treatment
with sympatholytics [5] or at rest [10]. The stimula-
tory effects of the sympathetic trunk and vagus on
gastrointestinal motility attest to their synergistic in-
teractions [1,2,4,7,8].

The purpose of the present study was to examine
the transmitter mechanisms of sympathetic stimulation
and parasympathetic inhibition of the gastric motility.

MATERIALS AND METHODS

The experiments (n=23) were performed on male and
female mongrel dogs weighing 4-10 kg anesthetized
with hexanal or sodium thiopental. The experiment
was carried out for 5-7 h; narcosis, preparation, and
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tuning of recording devices took 3-4 h. The peripheral
segment of the right sympathetic nerve was stimulated
in the thorax, where this nerve is presented by only
sympathetic fibers (abdominal portion of this nerve
contains also parasympathetic vagal fibers). For ob-
taining more reliable results, 9 animals were subjected
to right-sided vagotomy in the cervical region 1.5-3
weeks before the experiment. Preliminary vagoctomy
caused degeneration of the main trunk and anastomo-
ses between vagal fibers and sympathetic trunk. How-
ever, the results of acute and chronic experiments were
similar, which pointed to the absence of these anasto-
moses in the thorax. Therefore, in the next 15 experi-
ments acute vagotomy was used, which allowed to ex-
clude vagus reflex effects on the gastrointestinal mo-
tility.

The mechanisms of inhibition of electrical ac-
tivity and motility of the antrum caused by vagus sti-
mulation were examined using platinum needle bi-
polar electrodes (diameter 0.3 mm, length 0.5 mm,
distance between tips 1.5 mm) for extracellular re-
cordings. The amplitude and frequency of recorded
slow electrical waves, baseline rhythm, and total fast
potentials were expressed in mV and the number of
fast potentials per 100 slow basic waves, respectively.

Myorelaxation of the antrum was caused by rela-
tively weak stimulation (0.5-5.0 V, 5 Hz, 2 msec) of
the peripheral vagus segment. The degree of myo-
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relaxation was evaluated by the decrease in the
frequency and amplitude of the total fast potentials.

The obtained results were processed using Stu-
dent’s ¢ test.

RESULTS

The effect of the digestion phase on the studied phe-
nomenon was examined in two animal groups. Group
1 (n=12) and group II (n=11) dogs received food 2.5-
3.5 h and 7-8 h before the experiment, respectively.
Control stimulation of the sympathetic trunk enhanced
stomach contractions. This stimulatory effect develo-
ping against the background of nerve stimulation with
3-10-min intervals was stable and observed more fre-
quently (in 73% animals) than the inhibitory one (11%
animals). No response was recorded in 16% animals.
Inhibition and the absence of response were most fre-
quently observed during weak stimulation (0.5-5.0 V).

Control stimulation also showed that weak back-
ground peristalsis and low initial gastric pressure
(6-12 mm Hg) promoted the development of the sti-
mulatory effect, while active peristalsis facilitated the
inhibitory effect. Enhanced stomach activity was ma-
nifested as single tonic contractions in response to
series of stimuli during 30-60 sec.

Thus, these experiments showed that, in most cases,
stimulation of the sympathetic trunk in the thorax in-
creased stomach activity, while active peristalsis faci-
litated the inhibitory reactions.

The role of catecholamines in the mechanism of
enhancement of stomach contractions by the sympa-
thetic trunk was examined in 11 experiments using
presynaptic sympatholytic bretylium (20 mg/kg intra-
venously). In these experiments, bretylium promoted
the development of the stimulatory sympathetic effects
in animals showing no excitation before bretylium ap-
plication. The inhibitory effect caused by sympathetic
nerve stimulation before bretylium injections was
transformed into stimulatory in 10 of 11 animals (95
vs. 73% in the control) against the background of bre-
tylium. This effect persisted during subsequent nerve
stimulation independently on the background peri-
stalsis, but significantly increased after bretylium in-
jections. Stimulation of the thoracic sympathetic nerve
in intact dogs enhanced tonic pressure in the stomach
from 8.4£1.4 to 17.6£3.4 mm Hg (by 129%, p<0.02),
but the same stimulation applied against the back-
ground of bretylium increased this parameter from
9.2+2.0 to 28.4+4.6 mm Hg (by 209%, p<0.01).

The experiments with bretylium showed that stomach
contractions induced by sympathetic trunk stimulation
were not mediated by catecholamines, because the
inhibition of their release into the synaptic cleft not
blocked, but even promoted the stimulatory effect.
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The role of pre- and postganglionic sympathetic
fibers in the realization of the stimulatory effect was
examined using ganglionic blockers (5-10 mg/kg he-
xamethonium or 1-3 mg/kg arfonad, intravenously)
against the background of bretylium. These experi-
ments showed that the blockade of nicotinic choli-
nergic receptors in autonomic ganglia did not prevent
the development of the stimulatory effect. Stimulation
of thoracic segment of sympathetic nerve combined
with injections of bretylium and hexamethonium or its
analogues cause the same tonic stomach contractions
as those observed during bretylium action before ap-
plication of ganglionic blockers. This was associated
with an increase in gastric pressure from 9.0£1.7 to
27.7£3.9 mm Hg (by 208%, p<0.01).

We assumed that stomach contractions were me-
diated by postganglionic nerve fibers, because their
stimulatory effect was not inhibited by ganglionic
blockers. However, these fibers were not adreno- or
cholinergic ones, because their effect was not blocked
by sympathetic and parasympathetic blocker hexame-
thonium or sympatholytic bretylium.

In 6 experiments on 12 dogs, this stimulatory ef-
fect was inhibited by the blockade of autonomic gang-
lionic SHT3(S3)-receptors with 0.05 mg/kg morphine
or 2 mg/kg promedol.

The last experimental series with the blocker of
muscular SHT1,2(S1,2)-receptors promethazine hyd-
rochloride (5 mg/kg) confirmed the participation of
serotoninergic structures in the mechanism of the exa-
mined effect. The stimulatory effect of sympathetic
nerve stimulation of gastric motility was completely
blocked by promethazine. Subsequent more strong
stimulation against the background of bretylium, hexa-
methonium, and promethazine, or bretylium and pro-
methazine caused no stomach contractions.

Thus, enhanced stomach contractions induced by
sympathetic nerve stimulation were mediated by pre-
ganglionic serotoninergic fibers synaptically connec-
ted with serotoninergic neurons of intramural ganglia.
The stimulatory action of sympathetic nerve can occur
more frequently than the inhibitory one. Our data al-
low us to conclude that the sympathetic trunk contains
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Fig. 1. Effect of vagal stimulation on electrical activity and motility
of the antrum. 7) inhibition after weak vagal stimulation, 2) absence
of inhibition against the background of propranolol and dihydro-
ergotoxine. Arrows indicate the moment of stimulation.



14 Bulletin of Experimental Biology and Medicine, No. 1, 2002 PHYSIOLOGY

serotoninergic fibers synergistically interacting with
the vagus and stimulating gastric motility.

Synergistic effect of the vagus and sympathetic
trunk on gastric motility was studied in experiments
on rabbits. Electrical activity and motility of the an-
trum was recorded in intact animals and during phar-
macological blockade of various ANS regions.

Stimulation of the peripheral vagus segment by
medium intensity current increased the frequency and
amplitude of slow electrical waves in the antrum (from
0.93+0.15 to 1.93+0.48 mV, by 108%, p<0.02), the
amplitude of total fast potentials and their number in
the bursts. Weak stimulation of peripheral vagus seg-
ment caused inhibitory response: the amplitude of
slow electrical waves reduced from 1.27+0.24 to
0.88+0.15 mV (by 31%, p<0.01). This inhibition could
be blocked by ganglionic blocker hexamethonium,
which pointed to the role of intramural ganglia in the
realization of this phenomenon.

Studies of the mechanisms of vagus inhibition of
electrical activity and motility of the antrum showed
that the examined phenomenon could be blocked by
combined, but not separate action of d- and [-adreno-
blockers (Fig. 1). Thus, this effect was realized via
intramural adrenergic neurons synaptically connected
with preganglionic parasympathetic vagus fibers.

Thus, we showed that serotoninergic fibers in sym-
pathetic trunk and the vagus nerve stimulate motility
of the stomach. The vagus nerve can stimulate and
inhibit motility of the antrum. This can be regarded as
synergistic interactions between the sympathetic and
parasympathetic systems.

REFERENCES

1. P. G. Bogach, Mechanisms of Nervous Regulation of Small
Intestine Motor Function [in Russian], Kiev (1961).

2. K. M. Bykov, Brain Cortex and Internal Organs [in Russian],
Moscow, 2 (1954).

3. N. A. Sokolova, G. N. Kopylova, E. A. Pavlenko, et al., Fiziol.
Zh. SSSR, 68, No. 11, 1537-1543 (1982).

4. B. I. Tkachenko and V. I. Ovsyannikov, Aktual. Vopr. Biol.
Med., No.1, 54-65 (1989).

5. R. V. Utkina, Fiziol. Zh. SSSR, 42, No. 12, 1053-1063 (1956).

6. Y. Furukawa, M. Takei, M. Marita, et al., Eur. J. Pharmacol.,
334, Nos. 2-3, 191-200 (1997).

7. G. B. Luckensmeyer and J. R. Keast, J. Physiol., 510, Pt. 2,
549-561 (1998).

8. N.J. Spencer, R. A. Bywater, and M. F. Klemm, Neurogastro-
enterol. Motil., 10, No. 6, 543-552 (1998).

9. Sh. L. Stuesse, D. W. Wallack, L. H. Harrison, and M. N.
Levy, Am. J. Physiol., 241, No. 6, H850-H856 (1981).

10. C. L. Van Harn, /bid., 204, No.2, 352-358 (1963).

11. K. Yokotany, Y. Okuma, and Y. Osumi, J. Pharmacol. Exp.
Ther., 260, No. 2, 728-733 (1992).




