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Sphingosine-1-phosphate and sphingosylphosphorylcholine
constrict renal and mesenteric microvessels in vitro
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1 Sphingolipids such as sphingosine-1-phosphate (SPP) and sphingosylphosphorylcholine (SPPC)
can act both intracellularly and at G-protein-coupled receptors, some of which were cloned and
designated as Edg-receptors.

2 Sphingolipid-induced vascular effects were determined in isolated rat mesenteric and intrarenal
microvessels. Additionally, sphingolipid-induced elevations in intracellular Ca*>* concentration were
measured in cultured rat aortic smooth muscle cells.

3 SPPC and SPP (0.1-100 umol 17') caused concentration-dependent contraction of mesenteric
and intrarenal microvessels (e.g. SPPC in mesenteric microvessels pECsy 5.63+0.17 and E,.
49+ 3% of noradrenaline), with other sphingolipids being less active. The vasoconstrictor effect of
SPPC in mesenteric microvessels was stereospecific (pECs, D-erythro-SPPC 5.69+0.08, L-threo-
SPPC 5.3140.06) and inhibited by pretreatment with pertussis toxin (E,.. from 4445 to 19+4%),
by chelation of extracellular Ca®>" with EGTA and by nitrendipine (E,.x from 4046 to 641 and
29+ 6%, respectively). Mechanical endothelial denudation or NO synthase inhibition did not alter
the SPPC effects, while indomethacin reduced them (E,.x from 87+3 to 70 +4%).

4 SPP and SPPC caused transient increases in intracellular Ca®>" concentrations in rat aortic
smooth muscle cells in a pertussis toxin-sensitive manner.

5 Our data demonstrate that SPP and SPPC cause vasoconstriction of isolated rat microvessels and
increase intracellular Ca®>" concentrations in cultured rat aortic smooth muscle cells. These effects
appear to occur via receptors coupled to pertussis toxin-sensitive G-proteins. This is the first
demonstration of effects of SPP and SPPC on vascular tone and suggests that sphingolipids may be
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an hitherto unrecognized class of endogenous regulators of vascular tone.
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Introduction

Sphingolipid metabolites such as sphingosine-1-phosphate
(SPP) and sphingosine (SPH) have recently gained much
attention as bioactive molecules (Ghosh et al., 1997; Meyer zu
Heringdorf et al., 1997; Spiegel & Milstien, 1995). SPP is
produced from SPH by sphingosine kinase and rapidly
degraded by a phosphatase or a specific lyase (for review see
Spiegel & Milstien, 1995). SPP is a rather unusual signalling
molecule since it can act as an intracellular second messenger
as well as an extracellular ligand at plasma membrane
receptors (Hla et al., 1999; Meyer zu Heringdorf et al.,
1998a; Van Brocklyn et al., 1998; van Koppen et al., 1996).
Intracellular SPP can release Ca’>" from intracellular stores,
and the sphingosine kinase/SPP signal transduction pathway
might play a similar role in Ca?" signalling as the
phospholipase C/inositol-1,4,5-trisphosphate pathway (Meyer
zu Heringdorf et al., 1998a). In contrast, extracellular SPP
activates specific G-protein-coupled receptors, which belong to
the family of endothelial differentiation gene (Edg) receptors
(for review see Goetzl & An, 1998). While Edg-2 and -4 are
activated by lysophosphatidic acid, Edg-1, -3 and -5 are
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activated by SPP at nanomolar concentrations. These
receptors are also activated by sphingosylphosphorylcholine
(SPPC), however at much higher (i.e. micromolar) concentra-
tions. SPPC, similar to SPP, also can release Ca’" from
intracellular stores; the effects of SPPC on G-protein-coupled
receptors can be distinguished from its intracellular activity by
the stereospecificity of the former (Meyer zu Heringdorf et al.,
1998b). While many but not all receptor-mediated sphingolipid
effects are inhibited by pertussis toxin (PTX), PTX sensitivity
indicates receptor-mediated rather than intracellular sphingo-
lipid actions (Goetzl & An, 1998).

SPP has been identified in human serum and plasma, where
it occurs in concentrations of 484+ 82 and 191 +79 nmol 17},
respectively (Yatomi et al., 1997). One source of extracellular
SPP are platelets, which release the lipid upon activation
(Yatomi et al., 1995). Thus, it is tempting to assume a role for
SPP in cardiovascular function. In fact, both endothelial cells
and vascular smooth muscle cells express Edg receptors, e.g.
Edg-1 in differentiating human endothelial cells (Hla &
Maciag, 1990) and Edg-5 in rat aortic smooth muscle cells
(Okazaki et al., 1993). However, a systematic analysis of Edg
receptor expression in the cardiovascular system is still lacking.
Functional data obtained with cultivated cells show that
vascular endothelial as well as smooth muscle cells are
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activated by SPP (Bornfeldt et al., 1995; Meyer zu Heringdorf
et al., 1996; Xia et al., 1998). In bovine aortic endothelial cells,
SPP increases intracellular Ca®>* concentrations in a PTX-
sensitive manner (Meyer zu Heringdorf e al., 1996), which
strongly argues for the involvement of G protein-coupled SPP
receptors. SPP-induced increases of intracellular Ca®>" con-
centration have also been demonstrated in human arterial
smooth muscle cells (Bornfeldt ez al., 1995), but it is not known
whether this is PTX-sensitive. Whether sphingolipids affect
vascular tone is not known. Therefore, the functional
responses to SPP, SPPC and related sphingolipids in isolated
rat mesenteric and intrarenal microvessels were investigated.

Methods

Assessment of microvessel contraction

Mesenteric microvessels and renal microvessels (interlobar
arteries) were prepared from adult male Wistar rats (280—
380 g) as previously described (Chen et al., 1996, 1997). Rats
were killed by decapitation except for the experiments with
PTX treated rats which were killed by an overdose of
thiobutabarbitone. Experiments were performed according to
the procedure of Mulvany & Halpern (1977), with minor
modifications. Briefly, the vessels were mounted on 40 um
diameter stainless steel wires in a myograph chamber for
isometric recording of tension development. They were bathed
in Krebs-Henseleit buffer of the following composition
(mmol 17"): NaCl 119, NaHCO; 25, KCl 4.7, KH,PO, 1.18,
MgSO, 1.17, CaCl, 2.5, EDTA 0.026, D-glucose 5.5. The buffer
temperature was maintained at 37°C, and the chamber was
gassed with 5% CO,/95% O, to maintain pH at 7.4.
Additionally, 5 umol 17! cocaine and 1 umol 17! (4)-propra-
nolol were added to block neuronal catecholamine uptake and
p-adrenoceptor activation by high noradrenaline concentra-
tions. Unless otherwise noted, the following experimental
design was used: Following equilibration, the vessels were
challenged several times with 125 mmolI=!' KCl and
10 umol 17! noradrenaline. Thereafter, the vessels were treated
with 100 umol 17! carbachol; only vessels with a relaxation
response of at least 50% were accepted, indicating a
functionally intact endothelium. Following washout and
another 30 min of equilibration, a concentration-response
curve for noradrenaline was generated. After another washout
and 30 min equilibration, a concentration-response curve for a
sphingolipid was performed.

In some experiments, nitrendipine and EGTA were added
to the organ bath 30 min prior to the sphingolipid, and
indomethacin and/or N€-nitro-L-arginine 20 min prior to the
sphingolipid. In some other experiments, the endothelium was
mechanically removed by gently rubbing a rat whisker hair
through the lumen prior to mounting the vessel in the
myograph chamber. In some other experiments, rats were
treated with 10 ug kg=! PTX or vehicle given via the jugular
vein under light ketamine (100 mg kg~', i.p.) anaesthesia 3
days before the experiment.

Measurement of intracellular free Ca’*”" concentrations
in cultured rat aortic smooth muscle cells

Vascular smooth muscle cells were prepared from rat
thoracic aorta according to Rosskopf ef al. (1995). Briefly,
freshly prepared aortae were incubated for 30 min at room
temperature with 125 uml~' collagenase 1 in Hank’s
balanced salt solution (HBSS) of the following composition

(mmol 17"): NaCl 118, KCI 5, CaCl, 1, MgCl, 1, D-glucose
S, HEPES 15, pH 7.4. Thereafter, remaining connective
tissue and endothelium were removed, the aortae were cut
into small pieces and incubated for 4-6 h at 37°C in

DMEM/F12  medium  with 100 uml™'  penicillin,
100 ug ml~! streptomycin, 250 ng ml~' amphotericin B.
Treatment with collagenase (125 uml~') and elastase

(0.5 mg ml™') in HBSS without Ca** and Mg?" followed
for 2 h at 37°C. The reaction was stopped by addition of
DMEM/F12 medium containing 20% foetal calf serum and
penicillin, streptomycin and amphotericin B, and cells were
plated onto 60-mm cell culture plates. The cells were used
between passage 3 and 6. The Ca®" concentration
measurements were performed as described previously
(Meyer zu Heringdorf et al., 1996). The cells were loaded
with 1 uM fura2/AM for 1 h at room temperature in HBSS,
washed with HBSS, and used for fluorescence measurements
within the next hour. Ca®>" concentrations were measured in
a continuously stirred cell suspension at room temperature
in a Hitachi F2000 spectrofluorometer as described (Meyer
zu Heringdorf et al., 1996).

Data analysis

In the microvessel studies, force of contraction data were
normalized to % of the maximal noradrenaline effect in the
respective vessel (Chen et al., 1997) unless otherwise noted;
maximum noradrenaline-induced contraction was =18 mN
and ~6 mN in the mesenteric and intrarenal microvessels,
respectively. Data are shown as mean+ts.e.mean for n
experiments. Whenever sphingolipid concentration-response
curves approached saturating maximal responses, pECs, and
E..x were calculated by fitting sigmoidal functions to the
experimental data using the Prism program (GraphPAD
Software, San Diego, CA, U.S.A.).

Statistical significance of differences between two groups
was analysed by two-tailed t-tests, while for comparison of
multiple groups a one-way analysis of variance followed by a
Dunnett multiple comparison test was used. In some cases
entire concentration-response curves were compared by two-
way analysis of variance testing for the overall treatment effect.
All statistical calculations were performed with the Prism
program, and P <0.05 was considered significant.

Chemicals

SPP and SPPC were obtained from Biomol (Hamburg,
Germany); SPH, glucopsychosine (GLU) and psychosine
(PSY) were obtained from Matreya (Bad Homburg,
Germany). The SPPC stercoisomers were a kind gift from
the Bayer AG (Leverkusen, Germany). For all studies,
sphingolipids were dissolved in methanol, dried in a
SpeedVac concentrator and redissolved in 1 mg ml~' bovine
serum albumin. Within each series of experiments only one
SPPC batch was used, but multiple batches were used for
the overall study. (—)-Noradrenaline bitartrate, methoxa-
mine HCI, carbachol HCl and (+)-propranolol HCI (all
dissolved in 10 mmol 1=' HCI), indomethacin (dissolved in
25 mmol 17!, NaH,P0O,/25 mmol 17!, K,HPO,/1 mmol 17,
MgCl, buffer), NS-itro-L-arginine (dissolved in destilled
H,O) and collagenase I were obtained from Sigma
(Deisenhofen, Germany). Nitrendipine (dissolved in ethanol)
was obtained from RBI (Natick, MA, U.S.A.), PTX was
from ICN (Eschwege, Germany), elastase from Fluka
(Deisenhofen, Germany) and cell culture media supplements
from Gibco (Karlsruhe, Germany).
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Results

Since ceramide can cause vasodilatation (Johns et al., 1997)
and SPP is a ceramide metabolite (Meyer zu Heringdorf et al.,
1997), it was initially tested whether SPP can cause
vasodilatation. Mesenteric microvessels were precontracted
with 100 umol 17" methoxamine to reach a force of contrac-
tion of 13.04+0.8 mN (n=13). Addition of 100 umol 1-' SPP
did not cause relaxation but rather a contraction which took
~5 min to fully develop (data not shown) to maximal values
of 29+6% above the methoxamine responses. In contrast,
addition of 100 umol 17! carbachol reduced the tone of these
microvessels by 57+5%. Similar data were obtained with
SPPC (contraction of 164+1% above methoxamine values;
n=238). Therefore, our further studies focused on vasoconstrict-
ing effects of the sphingolipids.

In initial experiments, the vasoconstricting effects of SPP,
SPPC, SPH, PSY (i.e. galactosyl-sphingosine), and GLU (i.e.
glucosyl-sphingosine) on mesenteric and intrarenal micro-
vessels (n=8—10 each) were compared. All five sphingolipids
caused concentration-dependent vasoconstriction in both
vessel types which reached maximum values after 5—7 min
(Figure 1). In mesenteric microvessels the calculated pECs, and
E..x for SPPC and SPH were 5.6340.17 and 5.36+0.19,
respectively, and 49 +3 and 324+2% of maximum noradrena-
line values (=8 each). In intrarenal microvessels the
calculated pECsy and E_,  for SPPC and SPH were
4.7540.16 and 5.06+0.58, respectively, and 68+8 and
42+10% of maximum noradrenaline values (n=28 for SPPC,
only five of 10 SPH curves could be fitted). In both vessel types
pECsy and E,.. of the other sphingolipids could not be
determined reliably by curve fitting since their curves did not

—e—SPP

60-

force of contraction
% of noradrenaline

force of contraction
% of noradrenaline

[sphingolipid], log mol I"!

Figure 1 Effects of sphingolipids on rat mesenteric and renal
microvessels in vitro. Data are mean+s.e.mean (n=8-10) and
normalized as % of maximal noradrenaline values (x 18 and 6 mN
for mesenteric and intrarenal vessels, respectively). SPP, SPPC, SPH,
PSY, and GLU concentration-dependently constricted isolated
mesenteric (A) and intrarenal (B) microvessels.

yield clear plateau effects. However, at a concentration of
100 umol 17!, the order of efficacy was SPPC~SPP>SPH >
PSY>GLU in mesenteric vessels and SPPC>SPP~SPH~
PSY ~GLU in intrarenal vessels (Figure 1). Since in vitro
vasoconstriction was greater and more consistent in the
mesenteric than in the intrarenal vessels, mesenteric micro-
vessels with SPPC as the agonist were used in all further in vitro
experiments.

Two series of experiments were performed to determine
whether sphingolipid-induced vasoconstriction is receptor-
mediated. As SPPC effects on membrane receptors, but not
intracellular SPPC effects, exhibit stereospecificity (Meyer zu
Heringdorf et al., 1998b), a possible stereospecifity of SPPC
was investigated first. The SPPC diastereoisomer D-erythro-
SPPC was significantly more potent and efficient than L-threo-
SPPC to cause contraction of rat mesenteric microvessels
(pECs 5.694+0.08 and 5.13+0.06, n=14 and 8, respectively,
P<0.001; Epux 76+4 and 56+8%; P <0.005), while racemic
SPPC had intermediate values (pECs, 5.59+40.13, E,.«
59+4%, n=29; Figure 2). To determine a role for G-proteins
in sphingolipid-induced vasoconstriction, mesenteric micro-
vessels from rats which had been treated with 10 ug kg=' PTX
or its vehicle 3 days before the experiment (n=16-—17) were
studied. PTX treatment did not significantly affect the ability
of carbachol (100 yumol 1 ~') to induce relaxation (8544 vs
93 +2% for vehicle and PTX treatment, respectively) and the
maximal contractile response to noradrenaline (20.2+0.9 vs
19.6+ 1.2 mN) and only slightly but significantly decreased
pECs, values for noradrenaline (6.36+0.07 vs 6.10+0.05,
P<0.01). In contrast, PTX treatment greatly reduced the
SPPC-induced vasoconstriction (n=16 and 18, respectively;
pECs, from 5.034+0.05 to 4.80+0.04, P<0.01; E,.. from
44+5 to 18+3%, P<0.0001; Figure 3). In comparison,
vasoconstriction induced by 100 nmol 17" neuropeptide Y,
which acts via receptors coupled to PTX-sensitive G-proteins
(Michel et al., 1998), was reduced by PTX treatment from
6.94+0.7 to 3.6+ 1.3 mN (P<0.05). To further demonstrate
that our conditions of PTX treatment did not non-specifically
alter microvessel responsiveness, the vasoconstriction evoked
by 125 mmol 17! KCl was studied in a separate series of
experiments and found to be not significantly altered (9.7+ 1.4
vs 8.6+ 1.4 mN; n=11 each).

The role of extracellular Ca®>* and L-type Ca®" channels in
SPPC-induced vasoconstriction was investigated by adding
EGTA (0.5 mmol 1-! with nominally Ca®"-free buffer in the
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Figure 2 Effects of SPPC diastereoisomers on rat mesenteric
microvessels in vitro. Data are mean+s.e.mean (n=8-14) and
normalized as % of maximal noradrenaline values (& 16 mN). D-
erythro-SPPC was significantly more potent and efficient than L-
threo-SPPC (P<0.05, see results) with intermediate values for
racemic SPPC.
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Figure 3 Effect of PTX treatment (10 ug kg~' 3 days before the
experiment) on SPPC-induced vasoconstriction in rat mesenteric
microvessels in vitro. Data are meants.e.mean (n=16-17) and
normalized as % of maximal noradrenaline values (~20 mN). In
microvessels of PTX-treated rats, the SPPC-induced vasoconstriction
was significantly reduced compared to vehicle-treated animals
(P<0.05, see results).

organ bath) or nitrendipine (300 nmol 1=') 30 min prior to
SPPC. Addition of nitrendipine slightly and that of EGTA
markedly reduced vasoconstriction at all effective SPPC
concentrations (e.g. contraction at 100 umol 1=! SPPC control
40+ 6%, nitrendipine 29 + 6%, EGTA addition 6 +1%,n=13,
11 and 12, respectively; P<0.05 for nitrendipine and
P<0.0001 for EGTA in a two-way analysis of variance testing
for overall treatment effect based on the entire concentration-
response curve; Figure 4). When 5 mmol 1-' EGTA was added
1 min prior to SPPC in standard buffer to prevent depletion of
intracellular Ca®* stores prior to SPPC addition, EGTA
addition also markedly reduced SPPC-induced contraction
almost completely (e.g. at 100 umol 17" control 754+ 10% and
EGTA 10+2%, n=4 and 8, respectively, P<0.0001).

The possible role of endothelium-derived modifiers or
mediators of sphingolipid effects in the microvessels was tested
using the NO synthase inhibitor, N©-nitro-L-arginine
(1 mmol 17!, n=9), the cyclooxygenase inhibitor, indometha-
cin (10 umol 17!, n=g8), both (n=12) or vehicle (n=8) added
20 min prior to SPPC, and mechanical endothelium denuda-
tion (n=16). None of the treatments significantly affected the
pECs, of SPPC (control 5.62+40.11, NS-nitro-L-arginine
5.60+0.12, indomethacin 5.48+0.12, indomethacin plus N°-
nitro-L-arginine 5.82 +0.10). The E,,,, of SPPC (87 +3%) was
not significantly altered by N©-nitro-L-arginine (96+5%),
tended to be reduced by indomethacin (70 +4%; P<0.01 in ¢-
test but P>0.05 in one-way ANOVA followed by Dunnett
test) and was significantly reduced by indomethacin plus N°-
nitro-L-arginine (66+6%, P<0.05 in one-way ANOVA
followed by Dunnett test; Figure 5). Mechanical endothelium
removal did not significantly alter the SPPC-induced
vasoconstriction (pEC50 control 5.36+0.12 and denuded
5.36+0.06, n=13 and 9, respectively, E..« control 47+5%
and denuded 50+5%; Figure 5), while it reduced the
vasorelaxant effects of 100 umol 1=! carbachol from 77+4 to
14+3% (P<0.0001).

Since it is unknown whether previously reported SPP-
induced elevations of intracellular Ca>* in vascular smooth
muscle cells (Bornfeldt ez al., 1995) are PTX-sensitive and since
sufficient numbers of cells could not be obtained from the
microvessels, this question was studied in cultured rat aortic
smooth muscle cells. SPP and SPPC concentration-depen-
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Figure 4 Effects of EGTA (0.5 mmol 1~ with nominally Ca**-free
buffer in the organ bath) and nitrendipine (300 nmol 17 ") treatment
on SPPC-induced contraction of rat mesenteric microvessels in vitro.
Data are mean+s.e.mean (n=11-13) and normalized as % of
maximal noradrenaline values (=18 mN). Nitrendipine significantly
attenuated SPPC-induced vasoconstriction (P<0.05 in a two-way
analysis of variance) compared to controls, while EGTA abolished it.
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Figure 5 Effects of endothelial mediators on SPPC-induced
contraction of rat mesenteric microvessels in vitro. Data are
mean+s.e.mean (n=8-9) and normalized as % of maximal
noradrenaline values (~13mN and 19mN for A and B,
respectively). Effects of NS-nitro-L-arginine (L-NA, 1 mmol 17})
and indomethacin (10 umol 17'). L-NA alone did not affect SPPC-
induced vasoconstriction, while indomethacin alone or in combina-
tion with L-NA slightly but significantly decreased the response
(P<0.05 in a two-way analysis of variance (A). Effects of SPPC in
intact and denuded mesenteric microvessels which did not differ
significantly in their responsiveness in a two-way analysis of
variance (B).

dently elevated intracellular Ca*>" concentrations (ECsy~ 1 n-
mol 17! vs 0.6 pmol 1~ and maximum increases ~ 700 nmol
17! vs =250 nmol 17! in two experiments). The Ca?"
elevations consisted of transient peak elevations followed by

British Journal of Pharmacology, vol 130 (8)
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Figure 6 Original recordings of elevations of intracellular Ca®>* concentrations by SPP and SPPC in cultured rat aortic smooth
muscle cells. Intracellular Ca®>" concentrations were measured in Fura2-loaded cells pretreated with or without 100 ng ml~! PTX
for 16 h. The arrows indicate time points of addition of SPP (1 umol 1=") or SPPC (10 umol 1-'). SPP (A) and SPPC (C) rapidly
and transiently elevated intracellular Ca>* concentrations with a larger increase upon stimulation with SPP compared to SPPC. The

effect of SPP and SPPC was strongly attenuated by PTX (B, D).

much smaller but sustained plateau elevations (Figure 6).
Smooth muscle cell treatment with PTX largely abolished the
Ca*" elevations by 1 umol 1=! SPP or 10 umol 1=! SPPC but
had little effect on the plateau elevations (Figure 6).

Discussion

Recent studies have identified SPP as an endogenous
sphingolipid metabolite in platelets, plasma and serum
(Yatomi et al., 1995, 1997). The reported plasma and serum
concentrations are in the high nanomolar range, and since
sphingolipids are believed to act in a paracrine rather than
hormonal manner, it can be expected that their concentra-
tions in the effect compartment may be in the micromolar
range. These data suggest that sphingolipids may play a
mediator role in the vascular system. Therefore, the present
study was designed to investigate vascular sphingolipid
effects in isolated mesenteric and intrarenal microvessels. All

tested sphingolipids caused concentration-dependent contrac-
tion of isolated mesenteric and intrarenal microvessels with
pECs, values in the low micromolar range. Together with
estimated endogenous sphingolipid concentrations (see
above), these data indicate that sphingolipids are an hitherto
unrecognized class of endogenous vasoactive agents. The
maximal effects of all tested sphingolipids in both vascular
beds were smaller and developed more slowly than ox-
adrenoceptor-mediated vasoconstriction by noradrenaline,
but their magnitude and slow time course resembled those
of neuropeptide Y Y, receptor-mediated vasoconstriction
(Chen et al., 1996, 1997). In both vessel types, SPPC was the
most and PSY und GLU the least effective vasoconstrictor,
with SPP and SPH having intermediate effects. This order,
particularly the high potency of SPPC, does not match the
sphingolipid order of potency in cultured cells expressing
endogenous or cloned Edg receptors (Ancellin & Hla, 1999;
Meyer zu Heringdorf et al., 1996; van Koppen et al., 1996;
Xu et al., 2000). Therefore, additional experiments were

British Journal of Pharmacology, vol 130 (8)
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designed to determine whether sphingolipid effects on
vascular tone were receptor-mediated.

For the mechanistic experiments, isolated mesenteric
microvessels and SPPC as the agonist were used primarily,
since this combination caused the most prominent vasocon-
striction. The SPPC effects were stereospecific, the naturally
occurring D-erythro-SPPC being significantly more potent
than L-threo-SPPC. A similar stereospecificity has been
demonstrated for SPPC-induced increases of Ca®>* concentra-
tions in cultured human embryonic kidney cells (Meyer zu
Heringdorf et al., 1998b) and activation of Ixcn) in rat atrial
cardiomyocytes (Blinemann ez al., 1996). Since receptor-
mediated but not intracellular SPPC effects are stereospecific
(Meyer zu Heringdorf et al., 1998b), our data strongly suggest
that SPPC-induced vasoconstriction is receptor-mediated.

Sphingolipid receptors of the Edg family can couple to
PTX-sensitive G-proteins (An et al., 1997, 1999; Goetzl & An,
1998; Hla et al., 1999; Liu et al., 1999; Meyer zu Heringdorf et
al., 1997; Okamoto et al., 1999; Van Brocklyn et al., 1998;
Zondag et al., 1998). Therefore, the hypothesis of a receptor-
mediated sphingolipid effect on the vasculature was tested
further by using PTX. Our conditions of in vivo PTX treatment
did not cause toxic effects, since they had no major effects on
noradrenaline- or KCl-induced vasoconstriction or on
carbachol-induced vasodilatation. On the other hand, the
PTX treatment was effective since it significantly reduced the
vasoconstriction caused by neuropeptide Y, which acts via
receptors coupled to PTX-sensitive G-proteins (Michel et al.,
1998). PTX treatment greatly reduced the SPPC-induced
vasoconstriction, indicating that it occurs predominantly, if
not exclusively, via receptors coupled to PTX-sensitive G-
proteins. Possible candidates are receptors belonging to the
Edg receptor family which are activated by SPP and SPPC.
However, the previously cloned Edg receptors are generally
more sensitive to SPP than SPPC. Hence, the high potency of
SPPC in our in vitro studies suggests that additional as yet
unrecognized subtypes of Edg receptors may exist. Indeed very
recent studies have identified the orphan receptor OGR1 as a
SPPC-prefering receptor (Xu et al., 2000). Alternatively, it is
possible that vasoconstriction is mediated by one of the known
Edg receptors but that the relative potencies of SPP and SPPC
differ between isolated cells and intact tissues. In this context it
should be noted that SPP was much more potent and efficient
than SPPC in raising intracellular Ca*>* concentrations in our
cultured rat smooth muscle cells. While a resolution of this
problem was beyond the scope of the present study, further
experiments were designed to determine the roles of
extracellular Ca>" and the vascular endothelium in sphingo-
lipid-induced vasoconstriction.

Enhancement of vascular smooth muscle tone largely relies
on elevation of intracellular Ca>" concentrations caused by
mobilization of Ca?* from intracellular stores and/or by the
influx of extracellular Ca**. Sphingolipid-induced elevation of
intracellular Ca®>" concentrations has been demonstrated in
various types of cultured cells (Bornfeldt ez al., 1995; Ghosh et
al., 1990, 1994; Gijsbers et al., 1999; Meyer zu Heringdorf et
al., 1996, 1998a; Tornquist & Ekokoski, 1994). Our data
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