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In experiments on rat aortic ring segments, lysophosphatidylcholine in concentrations of 
2×106, 2×105, and 2×104 M did not suppress the tonotropic effect of phenylephrine (6×106 
and 6×105 M) and in concentration of 2×105 M even potentiated it, which was noted for 
phenylephrine at a concentration of 6×106 M. It was concluded that the chemomodulating 
effect of lysophosphatidylcholine depends on the type of receptors and cells.
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It had been previously shown that lysophosphatidyl-
choline (LPC) synthesized in the body decreases the 
effi ciency of activation of muscarinic cholinergic re-
ceptors in the myocardium [5,6] and smooth muscles 
of the stomach [3] and blood vessels [12-14]; therefore, 
LPC can be considered as a component of endogenous 
blocker of muscarinic cholinergic receptors, postulated 
to explain the antimuscarinic activity of blood serum 
[3,7,8]. It was shown that LPC attenuates the positive 
inotropic effect of epinephrine on frog and rat myo-
cardium (i.e. reduced the effi ciency of activation of 
cardiomyocyte β-adrenergic receptors (AR) [4]) and 
the stimulating effect of epinephrine on circular strips 
of the cow renal artery (i.e. reduced the effi ciency of 
α-AR activation [2]). These data suggest that LPC 
can be regarded as a universal factor reducing the ef-
fi ciency of signal transduction from G-protein coupled 
receptors into the cell. However, the data that LPC 
(105 M) does not attenuate, but even potentiates the 
effectiveness of α-AR activation by selective agonists 
contradict this hypothesis [9,14]. This was shown in 
experiments on rat aortic rings using selective α2-AR 
agonist UK14,304 [9] and with segments of rat mesen-
teric artery using selective α1-AR agonist phenyle ph-

rine (PE) [14]. The authors explained the potentiating 
effect of LPC by its infl uence on activity of tyrosine 
kinase [9] or cyclooxygenase leading to enhanced pro-
duction of thromboxane in the endothelial cells [14]. 
Taking into account the fact that LPC is constantly 
produced in the body from phosphatidylcholine in the 
reaction catalyzed by phospholipase A2 and lecithin-
cholesterol acyltransferase [5], i.e. is a natural cell 
component, we studied the infl uence of LPC on the 
effects of selective α1-AR agonist PE in experiments 
with rat aortic rings.

MATERIALS AND METHODS

Experiments were carried out on 63 aortic rings (3-4 
mm wide) with intact endothelium isolated from the 
thoracic aorta of white outbred male rats weighing 
200-250 g (n=16) and immediately used in experi-
ments. The animals were sacrifi ced with ether in ac-
cordance to Rules for Work with Experimental Ani-
mals (1977). The baseline and evoked contractile ac-
tivity was recorded as described previously [8] using 
a multichannel Myocytograph assembled on the basis 
of the 6MH1S mechanotrons at 38oC and 0.7 ml/min 
perfusion rate (Krebs solution, KS). The initial load 
in all experiments was 1 g. Six experimental series 
were performed: the effect of LPC in concentrations 
of 2×106, 2×105, and 2×104 M on vasoconstrictor 
effect of PE in concentrations of 6×106 M (series 1, 2, 
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and 3) or 6×105 M (series 4, 5, and 6) was eva luated. 
Each series was carried out by the standard proce-
dure: KS→PE→KS→LPC→LPC+PE→KS→PE. We 
used KS containing (in mM): 136 NaCl, 4.7 KCl, 2.52 
CaCl2, 1.2 MgCl2, 0.6 KH2PO4, 4.7 NaHCO3, and 11 
C6H12O6 (pН 7.4). We also used mezaton (PE, Experi-
mental Plant, Research Center of Drugs, Ukraine) and 
LPC (Kharkov Plant of Bacterial Preparations).

The data were processed by methods of variation 
statistics (M±m). The differences were assessed by 
Student’s t test and Wilcoxon’s test and were signifi -
cant at p<0.05 [1].

RESULTS

Rat aortic rings had a low basal tone during perfusion 
with KS. Preliminary experiments showed that PE in 
concentrations of 6×(108, 107, 106, 105, and 104) M 
increased the basal tone to 1.6±0.3, 3.5±0.3, 4.8±0.5, 
4.7±0.6, and 4.4±0.7 mN, respectively, i.e. produced 
vasoconstrictor effect of PE attained the maximum at 
a concentration of 6×106 M. Therefore, when study-
ing the effect of LPC on PE-induced contration, we 
used PE in two concentrations, 6×106 and 6×105 M. 
It was pre viously shown that repeated applications of 
6×106 M PE (alternating with KS washouts) increa-
sed the vascular tone by the same value: during the 
2nd and 3rd applications it constituted 98.6±3.5 and 
97.8±2.2% of the value observed during the fi rst ap-
plication, respectively (data of 10 experiments). This 
allowed us to study the effect of LPC on the effective-
ness of α-AR activation using 3-fold PE application in 

the same concentration: before LPS addition, in the 
presence of LPS, and after its removal.

In the main 6 experimental series, we showed 
that the tonotropic effect of PE in concentrations of 
6×106 and 6×105 M on ring segments was similar: 
3.4±0.2 (n=30) and 3.2±0.3 mN (n=33), respectively 
(Fig. 1). PE removal was accompanied by recovery 
of the basal tone. Addition of LPC in concentrations 
of 2×106 and 2×105 M reduced the basal tone in 45 
and 61% cases, respectively. The effect of LPC in 
a concentration of 2×105 M was more pronounced 
than in concentration of 2×106 M: 2.5±0.3 (n=14) 
vs. 1.5±0.3 mN (n=9). However, LPS in higher con-
centration (2×104 M), which is close to its cytolytic 
concentration [5], showed a negative tonotropic effect 
only in 20% cases. These results are consistent with 
published data [10] that LPC reduces the basal tone of 
myocytes in rabbit thoracic aorta. On the other hand 
it was shown that LPC does not reduce the tone of 
endothelium-free aortic segments [11]. This means 
that decreased tone of rat aortic myocytes under the 
infl uence of LPC can be a result of activation of NO 
production by endothelium.

Evaluation of the effect of LPC on tonotropic ef-
fects of PE in a concentration of 6×106 M showed 
(Table 1) that LPC in a concentration of 2×106 M did 
not affect vasoconstrictor effects of PE, in a concentra-
tion of 2×105 M enhanced it during the 2nd and 3rd 
applications (i.e. exhibits α-AR-sensitizing activity), 
and was ineffective in a nearly damaging concentra-
tion (2×104 M). At the same time, in all experiments 
LPC in concentrations of 2×(106, 105, 104) M did 

Fig. 1. Mechanograms of rat aortic rings demonstrating the tonotropic effect of PE in a concentration of 6106 M (PE-6) before application 
of LPC (1), in the presence of LPS (2), and after removal (3) of LPC in concentrations of 2106 M (LPC-6; a), 2105 M (LPC-5; b) and 
2104 M (LPC-4; c). Horizontal lines under the mechanogram show the time of drug exposure.
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not abolish the vasoconstrictor effect of PE (6×106 
M) even after its removal.

Evaluation of the effect of LPC on tonotropic ef-
fects of PE in a concentration of 6×105 M showed 
(Table 1) that LPC in a concentration of 2×106 M 
does not affect the effects of PE. LPC in a concentra-
tion of 2×105 M did not potentiate the tonotropic ef-
fects, as it was observed for PE in a concentration of 
6×106 M, but even signifi cantly attenuated this effect; 
it should be noted that this attenuation was observed 
during the 3rd, but not the 2nd testing, i.e. after LPS 
removal. In a higher concentration (2×104 M) LPC 
attenuated the tonotropic effect of PE neither dur-
ing the 2nd, nor during the 3rd testing. If LPC really 
blocked PE effects, it obviously would have produced 
this blockade at higher concentration. Thus, we can 
conclude that LPC in doses of 2×(106, 105, 104) M 
most likely does not reduce the tonotropic effect of PE 
in concentrations of 6×106 and 6×105 M. Moreover, 
LPC increased PE tonotropic effect in a concentration 
of 6×106 M

Thus, our results confi rm previous observations 
[9,14] that LPC does not reduce the effectiveness 
of α-AR activation in rat aortic myocytes, and under 
certain conditions even increases it. We observed this 
phenomenon during combined application of 2×105 M 
LPC with 6×106 M PE. According to published data, 
the α-AR-sensitizing effect of LPC is determined by 
modulation of tyrosine kinase activity [9] or cyclo-
oxygenase activity [14]. We did not investigate the 
mechanisms underlying these effects of LPC, but we 
hypothesized that LPC can not only reduce, but also 
increase the effi ciency of activation of G-protein cou-
pled receptors. This assumption is indirectly confi rmed 
by experiments [3], where LPC improves the effi cien-

cy of activation of muscarinic cholinergic receptors 
in smooth muscles of the stomach in a concentration 
of 2×106 M, but reduces it in higher concentrations 
(2×105 and 2×104 M). From this standpoint it is clear 
that LPC can be considered as a natural factor modu-
lating the effect of hormones on cell functioning and 
the direction of this modulating effect depends on 
LPC concentration in the medium. At the same time, 
our fi ndings and published data [9,14] differ signifi -
cantly from those obtained in experiments on cow 
renal artery [2], according to which LPC in concen-
trations of 2×107-2×104 M dose-dependently and re-
versibly reduced the tonotropic effect of epinephrine. 
These fi ndings suggest that myocytes of rat aorta are 
highly resistant to LPC. On the other hand, LPC was 
shown to reversibly reduce the effectiveness of β-AR 
activation in cardiomyocytes of rat and frog [4] and 
muscarinic receptors in frog and rabbit myocardium 
[5,6], myocytes of rat stomach [3] and blood vessels 
[12,13], including the aorta [14]. This suggests that 
LPC can reduce the effectiveness of transmembrane 
signal transduction from the receptors into the cell 
depends not only on the type of cells, but also on the 
type of G-protein coupled receptors.
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