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Experiments on smooth muscles of rat stomach showed that lysophosphatidylcholine in
concentrations of 10—8 and 10—7 g/ml does not modulate the tonotropic effect of acetyl-
choline (10—6 g/ml), in a concentration of 10—6 g/ml potentiated this effect (similarly to
phosphatidylcholine, 10—6 g/ml), and reduced it in concentrations of 10—5-10—4 g/ml
(similarly to hen egg yolk in dilutions of 1:500, 1:100, and 1:500). These data indicate
that lysophosphatidylcholine modifies signal transduction from the receptor to G protein.
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Lysophosphatidylcholine (lysoPC) is produced by
various cells of the organism [5,10,12,15]. Phos-
phatidylcholine (PC), a precursor of lysoPC, is the
major component of phospholipids in human and
animal cells. This synthesis is activated by phos-
pholipase A2 and lecithin-cholesterol acyltransfe-
rase. In blood plasma of humans and animals, lysoPC
exists in a free form (20-80 µM) or is bound to
albumin and other proteins. The content of lysoPC
reaches 20% of total phospholipid content in the
blood [5]. Previous experiments studying the nature
of muscarinic cholinoceptor inhibitor effect of ani-
mal plasma on the heart of frogs and rabbits sho-
wed that lysoPC (but not PC, lysoPC precursor) in
relatively low concentrations (10 µM) potentiated
the negative inotropic effect of acetylcholine (ACh),
i.e. lysoPC increased the muscarinic cholinergic

reactivity of the myocardium, while in high concen-
tration (100 µM) lysoPC (similarly to blood plas-
ma) decreased this parameter [5]. Further studies
showed that human plasma in some dilutions (1:50,
1:100, 1:500, and 1:1000) decreases muscarinic
cholinergic reactivity of rat myometrium [8], frog
myocardium [9], and rat stomach [3]. This effect
was associated with the presence of an endogenous
muscarinic cholinoceptor antagonist in the blood.
LysoPC probably serves as the major component
of this compound.

Here we studied the ability of lysoPC, PC (lyso-
PC precursor), and hen egg yolk (EY, source for
nonenzymatic formation of lysoPC) to modulate
the ACh-induced activation of muscarinic cholino-
ceptors in smooth muscles of rat stomach.

MATERIALS AND METHODS

Experiments were performed on 64 strips (length
5-8 mm, width 2-3 mm). Circular strips were exci-
sed from the fundus of the stomach of 22 adult
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female rats. The rats were euthanized without ta-
king into consideration the phase of the estrous
cycle. The study was performed according to regu-
lations for the use of experimental animals.

Contractile activity of strips was recorded on a
Miotsitograf 6-channel device [7] at 38oC. The wor-
king chamber was perfused with Krebs solution at
a flow rate of 0.7 ml/min and passively aerated.
The initial load was 500 mg (4.9 mN). A Miotsito-
graf device consisted of 6MKh1S mechanotrons, H-
3020 self-recording units, and original spray bat-
cher and thermostat.

Krebs solution (pH 7.4) contained 136 mM NaCl,
4.7 mM KCl, 2.52 mM CaCl2, 1.2 mM MgCl2, 0.6
mM KH2PO4, 4.7 mM NaHCO3, and 11 mM C6H12O6.

Baseline muscarinic cholinergic reactivity of
strips was estimated as follows: Krebs solution→test
concentration of ACh→Krebs solution. Each expo-
sure lasted for at least 10 min. The effects of lysoPC,
PC, and EY were studied by the scheme: Krebs
solution→ACh (10—6 g/ml)→ACh+test substance→
ACh→Krebs solution. We used ACh chloride (10—9-
10—5 g/ml), atropine sulfate (10—10-10—7 g/ml),
lysoPC (10—8-10—4 g/ml), and PC (10—7-10—4 g/ml).
EY was dissolved with distilled water (1:1) and
Krebs solution by 50, 100, 500, and 1000 times.
Changes in the tone of strips were expressed in mN
or percents of the basal level (1st test with ACh).

The results were analyzed by the parametric
method. The differences were estimated by Tukey
test and Newman—Keuls test [1]. The significance
level was p<0.05.

RESULTS

Circular strips from the fundus of rat stomach had
low basal tone during perfusion with Krebs so-
lution; in some experiments low-amplitude phasic
contractions were recorded. ACh in concentrations
of 10—8, 10—7, 10—6, and 10—5 g/ml induced a dose-
dependent increase in the basal tone to 0.36±0.23

(n=4), 1.28±0.18 (n=8), 3.06±0.36 (n=8), and 4.41±
1.05 mN (n=8), respectively (Fig. 1, a). The disso-
ciation constant for ACh was 635±130 ng/ml. Atro-
pine in concentrations of 10—10-10—7 g/ml dose-
dependently decreased the response of strips to
ACh (10—6 g/ml; Fig. 1, b). These findings support
the data that ACh increases contractile activity of
myocytes in rat stomach due to activation of mus-
carinic cholinergic receptors, primarily of subtypes
M2 and M3 [13,14]. Taking these data into account,
the effects of lysoPC, PC, and EY were studied
using ACh in a concentration of 10—6 g/ml.

LysoPC in concentrations of 10—8 and 10—7

g/ml did not modulate the tonotropic effect of ACh
(10—6 g/ml, Table 1); in a concentration of 10—6

g/ml lysoPC had a muscarinic-sensitizing effect, i.e.
potentiated the effect of ACh (Fig. 2, a) and in
concentrations of 10—5 and 10—4 g/ml decreased the
ACh-induced tone (Fig. 2, b; Table 1). This de-
crease was most pronounced after removal of lyso-
PC, but not during exposure. Hence, lysoPC in
concentrations of 10—5 and 10—4 g/ml exhibited
properties of muscarinic cholinergic antagonist.
However, this effect was preceded by a 10-15 min
latent period. In relatively low concentrations (10—6

g/ml) lysoPC increased muscarinic cholinergic
reactivity of cells, i.e. acted as an endogenous sen-
sitizer of muscarinic receptors (the presence of this
sensitizer in blood plasma and liquor was previous-
ly hypothesized [6]), while in high concentrations
(10—5 and, particularly, 10—4 g/ml) it decreased mus-
carinic cholinergic activity of cells, i.e. acted as an
endogenous antagonist of muscarinic receptors.

PC in concentrations of 10—7, 10—5, and 10—4

g/ml did not modulate muscarinic receptors, while
in a concentration of 10—6 g/ml potentiated the
positive tonotropic effect of ACh (10—6 g/ml), i.e.
demonstrated a muscarinic-sensitizing effect (Fig.
2, c, d; Table 1). Hence, PC (10—6 g/ml) similarly
to lysoPC (10—6 g/ml) can be a component of endoge-
nous sensitizers of muscarinic cholinergic receptors.

Fig. 1. Mechanograms of circular strips
from the fundus of rat stomach. Dose-
dependent effect of ACh in concentrations
of 10—5-10—8 g/ml (a); blockade of the effect
with atropine (b). Here and in Fig. 2:
horizontal lines, treatment with the sub-
stance.
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EY in a dilution of 1:1000 did not modulate the
ACh-induced tone of muscle strips from rat sto-
mach, but in dilutions of 1:500, 1:100, and 1:50
dose-dependently decreased it (Fig. 2, e; Table 1).
Hence, EY similarly to lysoPC exhibited properties
of a muscarinic cholinergic antagonist. These data

are consistent with the results of previous experi-
ments on longitudinal strips from rat uterine horn
[6] demonstrating that EY in dilutions of 1:500,
1:100, and 1:50 induced a dose-dependent decrea-
se in the stimulatory effect of ACh. It seems most
likely that the antagonistic effect of EY on mus-

TABLE 1. Tone of Circular Strips from the Fundus of Rat Stomach Induced by ACh in a Concentration of 10—6 g/ml (% of
the Basal Tone) under the Influence of lysoPC, PC, and EY (M±m)

lysoPC 112.58±10.28 108.14±9.92 122.80±5.83* 92.07±8.46 77.90±10.14*

(n=6) (n=7) (n=10) (n=13) (n=11)

PC — 96.62±2.92 113.11±5.48* 110.88±7.24 96.66±9.17

(n=8) (n=8) (n=9) (n=8)

EY Dilutions 1:1000 (n=9) 1:500 (n=9) 1:100 (n=10) 1:50 (n=10) —

97.30±7.05 67.89±4.96* 45.50±8.94* 17.70±5.71* —

Note. *p<0.05 compared to the basal ACh-induced tone (Tukey test). Dash: not measured.

Substance
10—410—510—610—710—8

Concentration of lysoPC and PC, g/ml

Fig. 2. Mechanograms of circular strips from the fundus of rat stomach. Muscarinic-sensitizing effect of lysoPC (a); muscarinic blockade
after lysoPC treatment (b); muscarinic sensitization and no change after PC treatment (c, d); muscarinic cholinergic blockade after EY
treatment (dilutions 1:100 and 1:50, e).
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carinic cholinergic receptors in myocytes of the
uterus and stomach is related to the presence of
lysoPC. EY is enriched with PC. Nonenzymatic
hydrolysis of PC results in the formation of lysoPC
[5]. The results of experiments with EY support our
hypothesis that lysoPC acts as a muscarinic choli-
nergic receptor antagonist. We conclude that lyso-
PC is the major constituent of endogenous anta-
gonists of muscarinic cholinergic receptors. These
data suggest that the modulatory effect of blood on
the muscarinic cholinergic system depends on the
type of nutrition.

Our results are consistent with published data
that lysoPC acts as a muscarinic cholinergic re-
ceptor blocker [5]. However, this activity of lysoPC
is nonspecific, because lysoPC attenuates the effect
on target cells of not only ACh, but also endo-
thelium-dependent vasodilators thrombin and sero-
tonin [11], epinephrine as a positive inotropic fac-
tor in the myocardium of frogs and rats [4] and as
vasoconstrictor of the renal artery in cows [2]. Re-
ceptors for these compounds, similarly to mus-
carinic cholinergic receptors, are coupled with G
protein [6]. Therefore it can be hypothesized that
the blocking effect of lysoPC (including blockade
of muscarinic cholinergic receptors) is associated
with uncoupling of signal transduction from re-
ceptors to G protein. The unique ability of lysoPC
to isolate the cells from exogenous signals confirms
the important role of this molecule under normal
and pathological conditions. Moreover, lysoPC pro-
duction undergoes significant changes under the
influence of various factors [5,10,12,15]. It should
be emphasized that lysoPC not only modulates
transmembrane signal transduction, but also serves
as a secondary messenger, contributes to phospho-

rylation of p38, transcription factors GREB and
ATF-1, and protein tyrosine kinase [12], and acti-
vates atherogenesis due to the interaction with spe-
cific receptors [10,12]. Further studies of chemo-
modulatory activity of lysoPC hold much promise
for clinical practice.
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