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The content of phospholipids in various tissues was studied during synergistic interaction
between two branches of the autonomic nervous system. We found higher myocardial con-
tent of choline-containing phospholipids and lower rigidity of erythrocyte membranesin rab-
bits with pronounced sympathetic potentiation of the cardioinhibitory effect of the vagus nerve
compared to rabbits without such potentiation.
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There is a concept that disturbed functional antago-
nism between sympathetic and parasympathetic regu-
lation promotes damage to the myocardium [9,12,13].
Pathogenesis of reversible and irreversible myocardial
injuries probably includes changes in the phospholipid
metabolism and permeability of cardiomyocyte mem-
branes [8,11].

It is commonly accepted that the effects of sym-
pathetic and parasympathetic nerves on the viscera are
opposite (they are usually called antagonistic, which
is not correct, on our opinion). Opposite effects of the
vagus and sympathetic nerves improve adaptive re-
sponses of internal organs. However, simultaneous
stimulation of the vagus and sympathetic nerves under
experimental conditions sometimes leads to their sy-
nergistic interaction. On our opinion, this synergism
is mediated via preganglionic serotonergic nervous
fibers going along the sympathetic trunk and making
synapses on serotonergic intramural neurons [6].

In the early period after vagotomy (2-7 days), the
content of lysophospholipids lysophosphatidylcholine
(LPC) and lysophosphatidylethanolamine increased
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and returned to normal on day 20 after vagotomy.
Sympathectomy induced opposite changes: the content
of phosphatidylcholine (PC) and phosphatidylethanol-
amine increased, while the content of lysophospho-
lipids decreased [2].

We hypothesized that sympathetic potentiation of
the vagal inhibitory effect on the heart could be related
to specific changes in phospholipid metabolism. Here
we studied phospholipid composition of various tis-
sues in animals with and without synergistic interac-
tions not between the sympathetic and parasympathe-
tic systems in the regulation of cardiac function.

MATERIALS AND METHODS

The experiments were performed on 15 rabbits weig-
hing 2-5 kg. Potentiation of the vagal cardioinhibitory
effect during simultaneous stimulation of the vagus
and sympathetic nerves was found in 10 rabbits. These
rabbits were divided into two groups according to their
body weights. In group 1 rabbits (<3 kg) the effect
appeared after administration of [-adrenoceptor bloc-
kers, while in group 2 rabbits (>3 kg) the sympathetic
potentiation manifested without such pretreatment
(group 2 rabbits were ~6 months older).
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The third group consisted of 5 rabbits aged as
group 1 animals and exhibiting no potentiation pheno-
menon even after B-adrenoceptor blockade.

Phospholipids were extracted from homogenates
of the vagus nerve, stellate ganglion, liver, apex myo-
cardium, plasma, and erythrocytes by the method of
Folch and analyzed by thin-layer chromatography [6].
The blood was collected before testing of the auto-
nomic responses. Erythrocytes were used for evalua-
tion of differences in the composition of membrane
phospholipids in rabbits with and without potentiation
phenomenon. The data on membrane structure were
obtained on whole erythrocytes but not their ghosts and
should be considered as preliminary.

RESULTS

The content of phospholipids in rabbit erythrocyte
membranes in group 1 rabbits 133% surpassed that in
group 3 (p<0.05). The lowest phospholipid-to-chole-
sterol ratio was found in group 3 rabbits (0.5 vs. 2.5
and 1.5in groups 1 and 2, respectively), which attested
to high rigidity of erythrocyte membranes in animals
without sympathetic potentiation of the vagal cardio-
inhibitory effect.

The highest levels of phospholipids in the vagus
nerve homogenates were observed in group 1.

The relative content of phospholipids in the myo-
cardium in group 1 was by 141% higher than in group
3. The opposite tendency was found in the stellate
ganglion: the relative content of phospholipids in
groups 2 (2.67+0.27) and 3 (3.75+0.35) were higher
(by 234.4% and 136.6%, respectively) than in group
1 (1.6£0.3).

The concentration of glycerophosphate in the stel-
late ganglion was maximum in group 2 (52.3+2.7 mg/
100 g tissue) and minimum (5.7+0.2 mg/100 g tissue)
in group 1.

Thus, phospholipid degradation in the stellate gan-
glion in group 2 was more intensive than in group 1.

The content of sphingomyelin in the stellate gan-
glion was similar in all groups of rabbits, while in the
vagus nerve it was by 18.8 and 30.7% higher in group
3 than in group 1 and 2, respectively (p<0.05). The
content of sphingomyelin in the myocardium in group
3 was 7.8- and 1.7-fold higher than in groups 1 and 2,
respectively. This agrees with published data on the
important role of sphingomyelin cycle in the regula-
tion of voltage-dependent channels. In particular, sphin-
gosyl phosphocholine does not block calcium chan-
nels, but affects intracellular calcium depot [1].

Plasma content of sphingomyelin was similar in
al groups. The content of sphingomyelin in erythro-
cyte membranes in group 2 rabbits surpassed that in
groups 1 and 3 (by 50 and 33.4%, respectively). The

high content of sphingomyelin in group 2 was asso-
ciated with low functional activity of the sympathetic
system.

The content of phosphatidylethanolamine in liver
homogenates was maximum in group 1 (39.8+3.5 vs.
1.9+3.5 and 5.3+0.4 mg/100 g in groups 2 and 3, re-
spectively).

The animals exhibiting the potentiation pheno-
menon were more mature. This is confirmed by in-
creased contents of phosphatidylethanolamine in the
stellate ganglion (22.3+10.5 mg/100 g) and vagus ner-
ve (27.3x2.8 mg/100 g) in group 2 rabbits compared
with group 3 animals (14.0+3.0 and 17.7+3.4 mg/100 g,
respectively). Increased concentration of choline-con-
taining phospholipids (CCP) in the stellate ganglion
homogenates attests to their possible involvement in
transmitter metabolism and modulation of (-adreno-
ceptor activity in the myocardium [8].

In all tissues except erythrocytes, PC content in
groups 1 and 2 was higher than in group 3.

In group 1, the transported PC pool and the con-
tent of PC in the stellate ganglion (playing the major
role in the potentiation phenomenon) were increased.

It was of special interest to measure the contents
of lysophosphatidylcholine (LPC), the modulator of
presynaptic membrane conductivity and choline meta-
bolism [3], and the total content of CCP. Catechol-
amines play the major role in PC synthesis [5] and
determine high level of sympathetic activity in groups
1 and 3.

In group 2, the contents of LPC in the liver, plas-
ma, and erythrocytes were increased by 31.5, 71.3, and
95.3%, compared with group 1, respectively.

The PC/LPC ratio in erythrocyte membranes re-
flecting the rate of PC synthesis from lyso PC [4] was
higher of group 3 rabbits compared to groups 1 and 2
(6.3+1.2 vs. 1.5+0.5 and 3.0+0.8, respectively).

In group 1, the content of CCP in the stellate gan-
glion was higher than in group 3. CCP concentration
in the vagus nerve, myocardium, and erythrocytes dif-
fered insignificantly.

In group 1 and 2 rabbits plasma contents of CCP
were increased. This attests to intensive function of the
phospholipid transporting system and increased con-
centrations of acetylcholine precursors in the blood of
animals exhibiting pronounced potentiation pheno-
menon.

The increased content of CCP and high PC/LPC
ratio in the liver of rabbits exhibiting pronounced po-
tentiation phenomenon (groups 1 and 2), suggest en-
hanced synthesis and reduced degradation of CCP in
the liver of these animals compared to group 3 rabbits.

In group 1, the total content of CCP in homo-
genates of the stellate ganglion (including preganglio-
nic serotonergic fibers passing through it) and in the
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plasmawas higher than in group 3. Acetylcholine syn-
thesized from choline released during CCP degrada-
tion can also contribute to potentiation of the vagal
inhibitory effect. This agrees with published data [7].

Replacement of 2.3% cell phospholipids with LPC
considerably changed electrophysiological properties
of Purkinje fibers [10]. In group 2 rabbits, the rela-
tively high myocardial content of L PC was associated
with maximum instability of cardiac function at the
peak of the potentiation effect. Thus, high levels of
CCP in rabbits exhibiting pronounced sympathetic
potentiation of the vagal cardioinhibitory effect con-
firms the important role of CCP in the mechanisms of
this phenomenon.

The plasma content of CCP in group 1 and 2 rab-
bits was increased and the content of sphingomyelins
also tended to increase, which indicated activation of
CCP transport in rabbits exhibiting pronounced poten-
tiation effect.

Thus, the animals with pronounced sympathetic
potentiation of the vagal cardioinhibitory effect (group
2) are the most mature in biochemical respect. This
biochemical maturity is probably responsible for rela-
tively low activity of the sympathetic system, higher

313

membrane permeability for transmitters in nerve en-
dings, and most pronounced potentiation phenomenon.
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