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Short communication

Sphingomyelin inhibits platelet 12-lipoxygenase activity
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Abstract

Ž .The effect of sphingomyelin on the formation of 12-hydroxy-5,8,10,14-eicosatetraenoic acid 12-HETE , thromboxane B and2
Ž .12-hydroxy-5,8,10-heptadecatrienoic acid HHT in washed rabbit platelets was examined. Sphingomyelin had a powerful inhibitory

effect on 12-HETE formation, while it produced only a small increase in thromboxane B and HHT formation. The sphingomyelin2

metabolite ceramide did not affect the formation of 12-HETE, thromboxane B and HHT. These results suggest that sphingomyelin is a2

selective inhibitor of platelet 12-lipoxygenase and may have functional effects in platelets. q 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction

In platelets, arachidonic acid is converted into throm-
boxane A and 12-hydroxy-5,8,10-heptadecatrienoic acid2
Ž .HHT by the cyclooxygenase pathway and into 12-hy-

Ž .droxy-5,8,10,14-eicosatetraenoic acid 12-HETE by the
Ž12-lipoxygenase pathway Hamberg and Samuelsson,

.1974 . Thromboxane A is a potent vasoconstrictor and2

inducer of platelet aggregation and rapidly breaks down to
form the stable end-product thromboxane B . 12-HETE2

has been shown to play a central role in the regulation of
Žplatelet aggregation Dutilh et al., 1978; Sekiya et al.,

.1991 .
ŽSphingomyelin N-acylsphingosine-1-phosphocholine

.or ceramide phosphocholine is found in all tissues and
Ž .lipoproteins Merrill and Jones, 1990 . Whether or not

sphingomyelin has a specific function in cell membranes is
unknown, although it is usually a significant component of
the phospholipid bilayer and occurs in especially high
concentrations in the plasma membrane. Previous studies
have shown that sphingomyelin inhibits phosphatidylinosi-

Žtol phosphodiesterase in the brain and platelets Dawson et
. Žal., 1985 and phospholipase Cd in the liver Pawelczyk

.and Lowenstein, 1992 . However, little information is
available concerning the influence of sphingomyelin on the
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metabolism of arachidonic acid via cyclooxygenase and
12-lipoxygenase in platelets.

In this paper, we describe our finding that sphingo-
myelin inhibits platelet 12-lipoxygenase activity.

2. Materials and methods

2.1. Materials

Thromboxane B , sodium salt of arachidonic acid, sph-2
Žingomyelin from bovine erythrocytes containing primarily

. Žlignoceric acid or bovine brain containing primarily
.stearic and nervonic acids , ceramide from bovine brain

sphingomyelin and phosphocholine chloride were pur-
Ž .chased from Sigma St. Louis, MO, USA . HHT was

Ž .purchased from Cayman Chemical MI, USA and 12-
Ž .HETE was from Cascade Biochem Berkshire, England .

9-Anthryldiazomethane was obtained from Funakoshi
Ž .Pharmaceutical Tokyo, Japan . All other reagents were

analytical grade.

2.2. Preparation of platelets

Blood was withdrawn into a 3.8% solution of trisodium
Ž .citrate 9:1, vrv from the abdominal aorta of male rabbits

Ž .2–2.5 kg under sodium pentobarbital anaesthesia.
Platelets were then collected by differential centrifugation.
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Whole blood was centrifuged for 10 min at 200=g at
room temperature and the platelet-rich plasma was with-
drawn from above the pelleted erythrocytes. After addition

Ž .of EDTA to a final concentration of 1 mM , the platelet-
rich plasma was cooled to 08C and centrifuged at 2000=g
for 10 min. The platelet pellet was washed twice with 134
mM NaCl, 5 mM glucose, 15 mM Tris–HCl buffer, pH

Ž .7.4 buffer A containing 1 mM EDTA, and then resus-
pended in buffer A.

2.3. Incubation conditions and measurement of metabolites
from arachidonic acid

Ž 8 .The washed platelet suspension 3=10 platelets was
preincubated for 5 min at 378C in 1 ml of buffer A with or
without the indicated concentrations of sphingomyelin,
ceramide or phosphocholine chloride. Sphingomyelin and
ceramide were dissolved in ethanol. The final concentra-
tion of ethanol in the platelet suspension was held constant

Ž .at 2.5% vrv in all experiments. At this concentration,
ethanol had no effect on arachidonic acid metabolism in

Ž .platelets. Arachidonic acid 40 mM was subsequently
added to the platelet suspension, and the mixture was
incubated at 378C for 5 min. The reaction was terminated
by quickly adding 20 ml of 0.25 M HCl to bring the pH of
the reaction mixture to 3.0. The reaction mixture was then
extracted with 3 ml of ethyl acetate. 12-HETE, thrombox-
ane B and HHT in the extracted lipid were simultane-2

ously determined by a high-performance liquid chromato-
graphic method as described in our previous studies
Ž .Fujimoto et al., 1990; Tsunomori et al., 1996 . Briefly,
12-HETE and HHT were separated by normal-phase chro-
matography and simultaneously quantitated by using a UV
spectrophotometric detector. Thromboxane B was mea-2

sured after esterification with 9-anthryldiazomethane.
Thromboxane B esterified with 9-anthryldiazomethane2

was separated by reverse-phase chromatography and si-
multaneously quantitated by using a fluorescence spectro-

fluorometer. Our previous study with indomethacin, an
Ž .inhibitor of cyclooxygenase Flower, 1974 , and quercetin,
Žan inhibitor of lipoxygenase Hope et al., 1983; Nakadate

.et al., 1985 , demonstrated the capacity of the present in
vitro system to simultaneously detect changes in the activi-
ties of platelet cyclooxygenase and 12-lipoxygenase
Ž .Fujimoto et al., 1992 .

2.4. Statistics

Results are means"S.E.M. Statistical significance was
determined by Student’s t-test.

3. Results

Ž 8 .Washed rabbit platelets 3=10 rml metabolized ex-
Ž .ogenously added arachidonic acid 40 mM to 12-HETE,

Ž .thromboxane B and HHT Fig. 1 . Under the experimen-2

tal conditions described under Section 2, without the addi-
tion of sphingomyelin, rabbit platelets produced 4–5 times
more 12-HETE than thromboxane B or HHT. A similar2

tendency has been described for human platelets
Ž .Vanderhoek et al., 1980 . The high generation of 12-HETE
probably reflects the special importance of this metabolite
to the regulation of platelet function. As shown in Fig. 1,
preincubation of platelets with sphingomyelin from bovine
erythrocytes for 5 min before addition of arachidonic acid
inhibited the production of 12-lipoxygenase metabolite
Ž . Ž12-HETE ; in the range of 100 to 500 mgrml from 120

.to 610 mM , the effect of sphingomyelin was concentra-
tion dependent. The formation of products of cyclooxy-

Ž .genase thromboxane B and HHT was slightly enhanced2

by sphingomyelin. At concentrations between 100 and 500
Ž .mgrml about 130–650 mM sphingomyelin from bovine

brain inhibited 12-HETE formation and stimulated throm-
boxane B and HHT formation to the same extent as2

sphingomyelin from bovine erythrocytes.

Ž . Ž . Ž .Fig. 1. Effects of sphingomyelin from bovine erythrocytes or bovine brain on the formation of 12-HETE v , thromboxane B I and HHT ^ in2
Ž 8 .washed rabbit platelets. Platelets 3=10 rml were preincubated with or without various concentrations of sphingomyelin for 5 min at 378C prior to
Ž . Uincubation with arachidonic acid 40 mM for 5 min at 378. Each point indicates the mean of five experiments; vertical lines show S.E.M. P-0.05,

UU P-0.01; significantly different from the corresponding value in the absence of sphingomyelin.
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Plasma membranes contain a neutral sphingomyelinase
which hydrolyses sphingomyelin to ceramide and phospho-

Ž .choline Merrill and Jones, 1990 . The sphingomyelin
metabolite ceramide has been proposed to play a pivotal

Ž .role in a variety of cellular processes Hannun, 1994 .
Therefore, we examined the effects of ceramide and phos-
phocholine on the formation of 12-HETE, thromboxane B2

Ž .and HHT in washed rabbit platelets data not shown .
Preincubation of the platelets with ceramide from bovine
brain sphingomyelin or phosphocholine failed to show any
effect on the formation of 12-HETE, thromboxane B and2

ŽHHT at concentrations of up to 500 mgrml about 830
. Ž .mM, ceramide or 1000 mM phosphocholine .

4. Discussion

Sphingomyelin has been shown to affect the activity of
Ža number of cellular phospholipases Dawson et al., 1985;

.Pawelczyk and Lowenstein, 1992 . However, few reports
indicate an effect on the activity of platelet 12-lipo-
xygenase and cyclooxygenase. In the present study, we
obtained the first evidence that sphingomyelin had an
inhibitory effect on 12-HETE formation by platelets. The
concentration for 50% inhibition by sphingomyelin was
approximately 600 mM. Simultaneously, sphingomyelin
stimulated slightly thromboxane B generation. The net2

increased amount of thromboxane B was much smaller2
Ž . Ž .than the net decreased amount of 12-HETE 22% Fig. 1 .

Ž .Lignoceroyl sphingomyelin from erythrocytes and
Ž .stearoyl and nervonoyl sphingomyelin from brain were

similarly potent in causing inhibition of platelet 12-lipo-
xygenase, suggesting that the difference in the fatty acid
moiety is not important for the inhibition by sphingo-
myelin. In addition, the inhibitory effect of sphingomyelin
on platelet 12-lipoxygenase was not due to an intracellular
degradation product of sphingomyelin, because neither
ceramide nor phosphocholine was found to have an effect
on the activity of this enzyme. Therefore, it seems that
sphingomyelin itself is a putative naturally occurring regu-
lator of 12-lipoxygenase activity in platelets.

Sphingomyelin is asymmetrically distributed in the lipid
Ž .bilayer of cellular membranes Rawyler et al., 1983 . The

average sphingomyelin content of liver is about 7 mmolrg
fresh weight, of which about 20% is found in the plasma

Ž .membrane Pawelczyk and Lowenstein, 1992 . A total of
Ž .2.2 mmol of sphingomyelinrml 2.2 mM are on the

cytosolic side. In erythrocytes, 2.1–2.8 mmol of sphingo-
Ž .myelinrml 2.1–2.8 mM are on the cytosolic side. Com-

parison of the physiological concentrations of sphingo-
myelin with the concentration yielding 50% inhibition of
platelet 12-lipoxygenase indicates that sphingomyelin is
likely to be a major factor in regulating the activity of
12-lipoxygenase in platelets.

When platelets are activated, vigorous metabolism of
arachidonic acid is initiated. Thromboxane A is immedi-2

ately formed but readily disappears due to its lability. In
addition, the production of thromboxane A is restricted2

Žby the suicide inactivation of cyclooxygenase Egan et al.,
. Ž1976 and thromboxane A synthase Jones and Fitz-2

.patrick, 1990 . The production of 12-HETE by 12-lipo-
Ž .xygenase, however, proceeds linearly Dutilh et al., 1978 ,

and leads to the accumulation of a considerable amount of
the product. 12-HETE is essential for irreversible blood
platelet aggregation and accelerates thrombus formation
Ž .Dutilh et al., 1978; Sekiya et al., 1991 . Thus, it seems
likely that sphingomyelin, by inhibiting 12-HETE forma-
tion, could play a regulatory role on platelet function.

The mechanism of inhibition remains to be investigated;
however, we have provided the first direct evidence that
sphingomyelin inhibits platelet 12-lipoxygenase activity. It
is suggested that some physiological and pharmacological
actions of sphingomyelin may be related to its ability to
modulate platelet 12-lipoxygenase activity.
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