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Abstract—p-Bromophenacyl bromide (PBPB), quinacrine and indomethacin, which inhibit phospholipase
A, (PLA,; EC 3.1.1.4) activity in several tissues, caused a dose-dependent inhibition of prelabelled
[*Hlnoradrenaline (PH]NA) release evoked by high concentrations of K+ from rat cerebral cortical
synaptosomes. Release of prelabelled [PH]NA was caused by natural lysophosphatidic acid (LPA;
10-6—10-5 g mL~") and lysophosphatidylcholine (LPC; 10-¢— 103 g mL~') and synthetic LPA (6 x 10-5,
2x 10~3Sm) and LPC (6 x 105, 2 x 10~-* M), but not by natural lysophosphatidylserine (LPS; 10-° g mL-!),
lysophosphatidylethanolamine (LPE; 10-° g mL ~!) and lysophosphatidylinositol (LPI; 10-% g mL~"). The
release evoked by natural LPA and LPC could be inhibited only marginally by PBPB and quinacrine.
Phosphatidic acid (PA)-specific and phosphatidylcholine (PC)-specific PLA,; activities from rat cerebral
cortical synaptosomes were stimulated in incubation medium containing high concentrations of K* or
calcium ionophore A23187. Low concentrations of PLA, (10-¢—10-8 g mL~1, from bee venom) inhibited
the synaptic membrane Na+, K+-ATPase activity in incubation media with intracellular levels of free Ca2+.
Several lysophospholipids (LPLs), metabolites of the PLA; type, also inhibited the synaptic membrane
Na*, K+-ATPase activity in a dose-dependent manner. The minimum effective concentrations of natural
LPA, LPC, LPS, LPI and LPE were 10-5,4-7x 1075, 10-5,4-7x 10-*and 4-7 x 10~> g mL ", respectively.
These results suggest that PLA, and/or its metabolites, LPLs, especially LPA and LPC, may play partial
roles in the depolarization and/or release of noradrenaline through their inhibitory action on the Na*, K *-

ATPase activity in the brain.

Hydrolysis of inositol phospholipids is now accepted as a
common mechanism for transducing various extracellular
signals (biologically active substances such as certain hor-
mones, neurotransmitters, antigens and other peptides) into
various cells, including those of the central nervous system
(Hokin & Hokin 1953; Michell 1975; Nahorski et al 1986). Of
the metabolites of inositol phospholipids, diacylglycerol
(Berridge 1984; Hirasawa & Nishizuka 1985) has been shown
to activate protein kinase C, which regulates several cell
functions, and inositol-1,4,5-trisphosphate (Berridge 1984;
Joseph et al 1984) to trigger the release of Ca?* from
intracellular stores.

Activation of cellular phospholipase A, (PLA,; EC
3.1.1.4) is a critical step in the initiation of Ca?*-dependent
cell function such as excitation-secretion (Sklenovsky 1976;
Marone et al 1981; Bradford et al 1983; Bormann et al 1984)
or excitation-contraction (Borda et al 1983; Frye & Holz
1983; Slapke 1984) coupling. PLA, hydrolyses intracellular
phospholipids such as phosphatidic acid (PA), phosphatidyl-
choline (PC), phosphatidylethanolamine (PE) or phosphati-
dylinositol (PI) to the corresponding lysophospholipids
(LPLs) and free fatty acids. There are the predominant
precursors for prostaglandins (PGs). PLA; is thought to be
the rate-limiting step enzyme in PG biosynthesis. In the
central nervous system, however, the E series of PGs inhibit
the excitation-secretion coupling (Bergstrom et al 1973;
Bradford et al 1983). On the other hand, several LPLs,
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metabolites of the PLA; type, produce intense inflammation
when applied locally (Phillips et al 1965), are vasoactive
when administered intravenously (Tokumura et al 1978),
induce aggregation of platelets (Gerrard et al 1979) or
chemotaxis of neutrophils in-vitro (Gerrard et al 1980), and
also are involved in cytotoxic effects on tumour cells
(Andreesen et al 1978), virus-induced cell fusion (Parkes &
Fox 1975) or various intracellular fusion processes such as
exocytosis (Smith 1972; Bradford et al 1983; Mets 1986).
However, the roles of the receptor-mediated activation of
this enzyme and LPLs in these cell activations have not been
thoroughly elucidated.

Membrane Na*, K+-ATPase (EC 3.6.1.3.) has been
shown to be involved in active ion transport across the cell
membrane and considered to be the biochemical basis for the
sodium pumping function (Skou 1965; Schwartz et al 1975).
The Na+*, K+-ATPase was shown to have a regulatory rolein
the release of neurotransmitters or other intracellular sub-
stances (Vizi 1977; Meyer & Cooper 1981) and to be
concentrated in synaptic membranes of the central nervous
system.

Thus, the present study was undertaken to determine the
effects of high concentrations of K+ and several LPLs on
prelabelled [*H]noradrenaline ([*H]NA) release from cortical
synaptosomes in the presence or absence of PLA, inhibitors.
The effects of high concentrations of K+ and calcium
ionophore A23187 were also determined on the PLA,
activity from the synaptosomes. Furthermore, the effects of
commercially available PLA, (from bee venom) and several
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phospholipids or LPLs on membrane Na*, K*-ATPase
activities of rat synaptosomal membranes were determined
in incubation media of various concentrations of free Ca?*+
using ethylene glycol bis (B-aminoethyl ether)-N,N,N',N'-
tetraacetate (EGTA), a divalent cation chelator with high
affinity for Ca?*. Here we describe the inhibitory action of
PLA, and LPLs on synaptic membrane Na*, K*-ATPase
activity in incubation media with intracellular levels of free
Ca?*. Our findings offer some explanations for the role of
PLA; and/or LPLs, especially lysophosphatidic acid (LPA)
and lysophosphatidylcholine (LPC), in the linkage of depo-
larization and/or Ca?*-increasing mechanism mediating the
release of [’H]NA in the brain. Some of the results have been
presented in a preliminary form (Nishikawa et al 1988).

Materials and Methods

Preparation of synaptosomes

Male Wistar rats, 150-250 g, were killed by exsanguination
after a blow on the head. The cerebral cortex was rapidly
removed and homogenized in 0-32 M sucrose containing 1-5
mMm ethylenediaminetetraacetate (EDTA). The synaptoso-
mal fraction was isolated by a slightly modified method of
Barker et al (1972). The homogenates (10% w/v) were
centrifuged for 15 min at 1000 g and the supernatant was
centrifuged for 20 min at 13500 g to sediment the crude
mitochondrial fraction (P, fraction). This fraction was gently
resuspended by hand in a glass-Teflon homogenizer and then
applied to a discontinuous gradient of 1-2 and 0-8 M sucrose
each containing 1-5mm EDTA, and centrifuged for 90 min at
98 000 g in the swing-out rotor (RPS50-2-151; 6 x SmL) of a
Hitachi 55P-7 ultracentrifuge. The materials from the inter-
phase between 1-2 and 0-8 M sucrose were collected by
suction with a syringe, diluted about ten times with 0-32 M
sucrose containing 1-5 mM EDTA, and sedimented by
centrifugation for 20 min at 16000 g. The synaptosomal
pellets were resuspended in 0-32 M sucrose and used for
subsequent experiments.

Assay for [PH]NA release

Preparation of [*H]NA-containing rat brain synaptosomes
and measurement of PH]NA release were carried out as
described by Bradford & Marinetti (1982). All phospholipids
were suspended in distilled water using a flash mixer and an
ultrasonicator (Bransonic 22S) for 15 s immediately before
use. LPA and lysophosphatidylinositol (LPI) in chloroform
were evaporated to dryness under reduced pressure before
the suspension. To study the effects of high K+ and LPLs
on the basal release of noradrenaline, 0-1 mL of *H]NA-
containing synaptosomes (about 200 ug of synaptosomal
membrane protein) was added to test tubes containing 50 mm
K+ and different natural and synthetic amounts of LPLs and
then re-suspended by sonication for 15 s at 37°C in 0-4 mL of
Ca’*-free Hanks buffer containing 20 mm mannitol, 0-5 mm
ascorbic acid, and 25 uMm iproniazid. To inhibit the reuptake
of the released NA, we added 2 uM imipramine to the buffer.
Concentrations of natural phospholipids used in the experi-
ments were expressed as g mL~! (final concentration), since
their exact molecular weights have not been decided, and
synthetic phospholipid concentrations were expressed in
molar concentrations. The mixtures were incubated at 37°C

for 4 min, and then 1-0 mL of Ca2* free buffer was added. To
the depolarized samples, 1-0 mL of buffer containing 72-5
mMm K+ or a calculated dose of LPLs and 1-5 mm Ca?* was
added to obtain a final concentration of 50 mm K+ or the
concentrations of LPLs indicated in the “Results” and 1 mm
Ca?+. After incubation at 37°C for an additional 2 min, the
samples were diluted with cold buffer and filtered through
glass fibre filters under vacuum. The filters were washed and
dried, placed in glass scintillation vials containing 7 mL of
ACS cocktail (Amersham), and counted for radioactivity.
The difference in counts remaining on the filters of control
versus treated samples represented the amount of PH]NA
released. When studying the effects of PLA; inhibitors on the
stimulated release of [PH]NA from synaptosomes, we
included the agents in the Hanks buffer during the 4 min
preincubation of synaptosomes to give the indicated concen-
trations. The mixtures were incubated at 37°C and then
depolarized for 2 min by addition of high-K+ buffer. The
samples were diluted, filtered, and analysed for radioactivity.
p-Bromophenacyl bromide (PBPB) and indomethacin were
dissolved in ethanol. Ethanol, which was included in control
and test samples, had a final concentration of 20 mM. This
concentration of ethanol had no significant effect on PH]NA
release.

Assay for PLA; activity

Synaptosomes were incubated at 18°C for 1 h in 6 mL of
Ca?*-free Hanks buffer containing 20 mMm mannitol and
[H]arachidonyl-PA and [“Clarachidonyl-PC. Aliquots (0-3
mL) of the synaptosomes containing either [*H]- or [“*C]
phospholipids were added to 2:7 mL of Hanks buffer and
incubated at 37°C for 8-12 min. Six mL of buffer containing
1-5mm Ca?+ and 5, 72-5 or 110 mM K+ was then added. This
gave final concentrations of 5, 50 and 75 mM K+ and 1 mm
Ca?*. After incubation at 37°C for 90 s, or the times
indicated, the samples were placed on ice and centrifuged at
9000 g for 15 min to sediment the synaptosomes. Lipidsin the
supernatant were extracted by the method of Bligh & Dyer
(1959). The synaptosomal pellets were washed in Ca’*-free
buffer, and the lipids were extracted by the method of Folch
et al (1957). The lipid extracts were concentrated and
chromatographed on thin-layer silica gel plates (Merck-
Darmstadt silica gel 60, 0-25 mm) in a two-stage system. The
plates were developed to two-thirds their height in a solvent
system of chloroform-acetone-methanol-acetic acid-water
(5:2:1:1:0-5,v/v), dried for 15 min, and then developed fully
in hexane—isopropyl ether-acetic acid (60:40:3, v/v). This
method separated authentic phospholipid and neutral lipid
standards as well as PGs. Lipid standards included LPA,
LPC, lysophosphatidylethanolamine (LPE), lysophos-
phatidylserine (LPS), LPI, PA, PC, PE, phosphatidylserine
(PS), P1, diglyceride, monoglyceride, arachidonic acid, PGE,
and PGF,,. Individual lipid spots were visualized by expo-
sure to iodine vapours. PE, PS, LPE, and LPS were detected
with ninhydrin reagent. The lipid spots were scraped from
the TLC plates into glass scintillation vials containing 7 mL
of ACS cocktail (Amersham) and counted for radioactivity.
K~ of 50 or 75 mmM and A23187 of 5 or 10 uM were included in
the buffer during the §-12 min preincubation. A23187 was
dissolved in ethanol, which was included in control and test
samples at a final concentration of 2 mM; this concentration
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of ethanol had no significant effect on arachidonyl-PA and
arachidonyl-PC specific PLA, activity.

Assay for Na*, K+-ATPase activity

Synaptic membrane fractions were prepared by osmotically
rupturing the synaptosomes using distilled water and centri-
fuging the resultant suspension at 50000 g for 1 h. About 40
ug mL~! (final) of synaptosomal membrane protein was used
in each assay. All phospholipids were suspended in distilled
water using a flash mixer and an ultrasonicator (Bransonic
22S) for 20 s immediately before use and were preincubated
for 5 min at 37°C before the addition of substrate. Details of
the media and conditions for the enzyme assay are essentially
the same as reported previously (Nishikawa et al 1985). The
medium used to estimate the total ATPase activity consisted
of 115 mMm Tris (pH 7-2), 2-0 mm MgCl,, 6-25 mm KCl and
72-5 mm NaCl. The medium for Mg?*-ATPase activity
consisted of 180-5 mm Tris (pH 7-2), 2-0 mm MgCl, and 1-0
mM ouabain. The Nat, K+-ATPase activity was calculated
by subtracting the Mg?*-ATPase activity from the total
ATPase activity. Under the present experimental conditions,
the Na+, K*-ATPase activity was almost completely inhi-
bited by addition of 1-0 mM ouabain; thus, the Na*, K*-
ATPase activity is ouabain-sensitive. The concentration of
free Ca?* in the incubation media was buffered with EGTA
and calculated (Ogawa 1968), assuming that K., (apparent
association constant) was 3-16x 10° Mm~! at pH 7-2. In all
experiments, the enzyme was preincubated for 5 min at 37°C
in the absence of substrate. The pH value of the incubation
medium was always confirmed to be ‘at pH 7-2 before the
start of preincubation. The reaction was terminated 6 min
after the addition of disodium adenosine triphosphate (2-0
mM of metal-ion-free disodium ATP) by adding ice-cold 15%
trichloacetic acid solution to the reaction test tube held in an
ice bath. The amounts of protein (Lowry et al 1951) and
inorganic phosphate (Taussky & Shorr 1953) in the superna-
tant were measured by previously established methods.

Chemicals

The following chemicals and phospholipids or lipids were
used: 1-[7-*H]-NA (20 Ci mmol~!, New England Nuclear), 1-
a-1-palmitoyl-2-[1-“Clarachidonyl-PC (43 mCi mmol-!,
New England Nuclear), 1-a-stearoyl-2-[5,6,8,9,11,12,14,15-
3H]arachidonyl-PA (60 Ci mmol-!, New England Nuclear),
i-NA hydrochloric (Sigma), quinacrine dihydrochloride
(Sigma), p-bromophenacyl bromide (PBPB; Sigma), diso-
dium ATP (Sigma, prepared by phosphorylation of adeno-
sine, grade I), Triton X-100 (Pierce Chemical Co.), sodium
dodecyl sulphate (Sigma), PGE; (Sigma), PGF2,, PI Na salt
(Avanti Polar Lipids, Inc., from bovine liver, >99%), LPI
(Serdary Res. Lab. Inc., from pig liver, >99%), PA (Avanti
Polar Lipids, Inc., from egg lecithin, >99%), LPA (Serdary
Res. Lab. Inc., from egg lecithin, >99%), palmitoyl-LPA
(Serdary Res. Lab. Inc.), oleoyl-LPA (Serdary Res. Lab.
Inc.), PE (Avanti Polar Lipids, Inc., from bovine heart), LPE
(Serdary Res. Lab. Inc., from pig liver, >99%), PC (Avanti
Polar Lipids, Inc., from bovine brain, >99%), LPC (Serdary
Res. Lab. Inc., from bovine brain, >99%), palmitoyl-LPC
(Larodan Fine Chemicals AB.), oleoyl-LPC (Serdary Res.
Lab. Inc.), PS (Serdary Res. Lab. Inc., from bovine brain,
>99%), LPS (Serdary Res. Lab. Inc., from bovine brain,

>99%), palmitoyl chloride (Sigma), oleoyl chloride (Sigma),
PLA, (Sigma, from bee venom, EC 3.1.1.4), phospholipase C
(Sigma, from Clostridium perfringens, Type 1, EC 3.1.4.3),
phospholipase D (Sigma, from cabbage, Type V, EC3.1.4.4),
and ouabain (Sigma).

Statistical analysis

Statistical analysis was performed using the independent ¢-
test for comparisons. The results in the text and figures are
expressed as the means +s.e.m.

Results

Effects of several phospholipase inhibitors on [ H]NA release
evoked by high K* and several LPLs

To determine if the stimulation of PLA; might be related to
neurotransmitter release, we studied the effects of several
PLA, inhibitors, PBPB, quinacrine and indomethacin, on
the release of prelabelled [PH]NA evoked by high concentra-
tions of K+ from synaptosomes of cerebral cortices. As
shown in Fig. 1, 10~* M PBPB, 2 x 10~° M quinacrine and
10-¢ M indomethacin significantly inhibited the K+-stimu-
lated release of PH]NA. We studied further the effects of
several natural and synthetic LPLs, metabolites of the PLA,;
type, on the release of prelabelled [PH]NA. As shown in Fig.
2, addition of small amounts of natural LPA (10-¢—10-°g
mL-!") or LPC (10-¢—10-° g mL~') and synthetic LPA
(6x10-¢%, 2x10-5 M) or LPC (6x10-%, 2x10° M) to
PH]NA-prelabelled synaptosomes enhanced the dose-
related increase in the release of neurotransmitter *H from
the synaptosomes. However, 10> g mL-! of natural LPS,
LPE and LPI did not enhance a statistically significant
release of neurotransmitter. And the stimulatory effects of
natural LPA (10-3 g mL-!) and LPC (10-° g mL~") were
not reduced by treatment with the PLA; inhibitors, PBPB
(10-* M) and quinacrine (2 x 10~3 M) (Fig. 3). These results
suggest a relatively specific action of LPA and also of LPC on
the neurotransmitter release. Natural PA, PC, PE, PS and
the detergent sodium dodecyl sulphate (SDS; 10-4M) at 10~}
g mL~! hardly affected [PH]NA release with the same
preparation of synaptosomes (data not shown).

To examine the possible role for PGs in synaptic function
and to ascertain whether they modulate neurosecretion, the
effects of exogenous PGE, (10-8—10-¢ M) and PGF,,
(10-8—10-% M) on the high K*-induced release of PH]NA
from synaptosomes were determined. Preincubation with
PGE, markedly inhibited high K+ (50, 75 mm)-induced
tritium release while PGF,, hardly inhibited it (data not
shown).

Effects of high K* and calcium ionophore A23187 on PLA;
activity

The results of experiments demonstrating the stimulation of
PLA; in the cerebral cortical synaptosomes by K+ depolari-
zation and by A23187 are summarized in Fig. 4. Since 1-acyl-
2-[*H]arachidonyl-PA and l-acyl-2-[*Clarachidonyl-PC
were used as substrate tracers in these experiments, the
production of [*H]arachidonic acid and [“C]arachidonic acid
may have reflected PA-specific and PC-specific PLA; activi-
ties, respectively. When synaptic membrane fractions were
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FiG. 1. Effects of PLA; inhibitors, PBPB, quinacrine and indomethacin, on [PH]NA release from synaptosomes evoked by
high Kt concentration. All inhibitors were added to the incubation tube before the start of incubation. After 2 min, the
synaptosomes were isolated and counted for radioactivity as described under ‘“‘Materials and Methods™. Values are
expressed as a percentage release of the total synaptosomal [*’H]NA. The control value was 0-41 pmol mg~! protein
released from synaptosomes. Columns represent mean values for 6 to 7 determinations with s.e.m. as a vertical line.
** Significantly different (P < 0-01) from control, * significantly different (P <0-05) from the response caused by 50 mM
K* alone, ** (P <0-01). PBPB: p-bromophenacyl bromide, QUIN: quinacrine, INDQ: indomethacin.
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F1G. 2. Effects of several lysophospholipids on [*H]NA release from synaptosomes. PH]NA-containing synaptosomes
(about 200 ug synaptosomal membrane protein) were incubated at 37°C either in a low concentration (5 mm) of K+
Hanks buffer without Ca’* or in Hanks buffer containing the indicated amounts of natural and synthetic
lysophospholipids and | mm Ca?*. Columns represent mean values for 6 to 7 determinations with s.e.m. as a vertical line.
* Significantly different (P <0-05) from control, ** (P <0-01). LPA: lysophosphatidic acid, LPC: lysophosphatidycho-
line, LPS: lysophosphatidylserine, LPE: lysophosphatidylethanolamine, LPI: lysophosphatidylinositol. For other
abbreviations and details, see Fig. 1 and “Materials and Methods™.

453

labelled with either [*H]phospholipid or [**C]phospholipid,
and subsequently reisolated by Ficoll gradient centrifugation
to remove unincorporated lipids, they contained 20+ 3 or
454 8% of the added labelled phospholipids, respectively.
An increase in both PLA, activities caused by high K+
occurred at 15 s, became maximal at 2 min and appeared to
fall slightly up to 6 min. Their stimulatory effects by 75 mm

K+ were similar to those of 10 uM A23187, when examined as
a function of time (data not shown). As shown in Fig. 4, PA-
specific PLA, was stimulated by small quantities of K+ (50
mm) and A23187 (5 um), but PC-specific PLA, was not, at
2 min after stimulation. However, higher concentrations of
K+ (75 mm) and A23187 (10 um) showed stimulatory effects
on both PLA,; activities.
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FIG. 3. Effects of PBPB and quinacrine on [*H]NA release evoked by LPA and LPC. Columns represent mean values for 6
to 7 determinations with s.e.m. as a vertical line. ** Significantly different (P <0-01) from control. Other details and

abbreviations are given in Figs 1, 2.
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F1G. 4. Stimulation of synaptosomal PLA, activity by high concentrations of K* and calcium ionophore A23187. PLA,
activity was expressed as pmol arachidonate formed/mg protein/2 min. Synaptosomes (about 10 mg protein) were
preincubated with 2 uCi of [H]arachidonyl-PA (33-3 nmol) and 2 uCi of ['*Clarachidony]-PC (46-5 nmol) in 5 mL of
Hanks buffer for 60 min at 25°C. Aliquots of 0-5 mL of synaptosome (about 1 mg protein) were diluted with buffer
containing 1 mM Ca?* and 5 mM K*, 50 mm K*, 75 mM K*, or 5§ mm K* plus 5 um (or 10 pm) A23187 (final
concentration). After 2 min the samples were put on ice-cold test tubes and the lipids were extracted and analyzed as
described in “Materials and Methods”. [*H]arachidonyl-PA, 0-65 nmol, and [*H]arachidonyl-PC, 1-23 nmol, were
incorporated per mg protein. These represent 0-26 and 0-49% of the total synaptosomal PA and PC, respectively. Thus
the tracers were diluted by 385- and 204-fold by endogenous PA and PC, respectively. Columns represent mean values for
6 to 7 determinations with s.e.m. as a vertical line. For other abbreviations, see Fig. 1. * Significantly different (P <0-05)

from corresponding controls, ** (P <0-01).

PLA; and several phospholipid effects on the synaptic mem-
brane Na*, K*-ATPase activity

To find whether PLA, activation (or conversion of phospho-
lipids into LPLs) has some role in the depolarization and/or
release of neurotransmitters in the brain, commercially
available PLA; (from bee venom) and several phospholipids
or LPLs were tested for their ability to influence the Na+*,
K +-ATPase activity of cerebro-cortical synaptic membrane
in the medium containing intracellular levels of free Ca®+. As
shown in Fig. 5, PLA; (10-¥—10-¢ g mL~") dose-depen-

dently inhibited the Na+*, K+*-ATPase activity and this
inhibition was increased with increasing free Ca?* concen-
tration within the range of 10-%—4-7x 10~7 M. However,
commercially available phospholipase C (10-8—10-4) and
phospholipase D (10-7—10-%) did not inhibit but slightly
stimulated the Na*, K+-ATPase activity (data not shown).

Fig. 6 shows the effect of several natural LPLs and
phospholipids on synaptosomal membrane Na*, K*-
ATPase activity in the presence of 0-2 mm EGTA. In the
presence of 0-2 mM EGTA, free Ca?* concentrations in the
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FiG. 5. PLA; effect on synaptosomal membrane Na*, K*-ATPase activity from the cerebral cortices of rats in the
intracellular levels of free Ca’*. Synaptosomal membranes were incubated with PLA; for 5 min before the addition of
substrate. The Na*, K+-ATPase activites were expressed as umoles inorganic phosphate formed per mg membrane
protein per h. The concentrations of free Ca?* were adjusted with Ca2+-EGTA buffer and calculated as described in the
“Materials and Methods”. Each point represents the mean of 7 to 9 determinations with bar denoting s.e.m. PLAy:
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F1G. 6. LPA, LPC and other phospholipid effects in synaptosomal membrane Na*, K+-ATPase activity from the
cerebral cortices of rats in the presence of EGTA. EGTA, final concentration 0-2 mM, was added before the start of
preincubation. Total (free and bound) calcium concentration of the incubation medium (40 ug mL ~! H,O synaptosomal
membrane protein) was 3-23 +0-03 x 10~7 M and that of all the phospholipids (10~ g mL~') was less than 3 x [0~% M. In
the presence of 0-2 mm EGTA, the free Ca’* concentration in all the incubation media used was no more than 10-%Mm
when calculated as described in the text. Each column represents the mean of 7 to 14 determinations with bars denoting
s.e.m. PA: L-a-phosphatidic acid. For abbreviations, see Fig. 2. * Significantly different (P <0-05) from control,

** (P<001).

incubation medium were less than 10~% M free Ca?*, when
calculated as described in the text. Natural LPA and LPC of
105 g mL~! markedly inhibited the Na*, K+-ATPase
activity. Similar potent inhibitory action was observed with
synthetic palmitoyl-LPA or oleoyl-LPA and synthetic palmi-
toyl-LPC or oleoyl-LPC, whereas higher concentrations of
palmitoyl chloride (10-°—3 x 10-* M) and oleoyl chloride
(10-5-2x 10-* M) caused no significant effect (data not
shown). The inhibitory effects of LPA and LPC were much
more potent than that of LPS. With 10-° g mL~! of LPA,
LPC and LPS, 54, 59 and 24% inhibition of Na+, K*-
ATPase activity was observed. PA, PE, LPE, PS and PC of
10-5 ¢ mL~! has little or no effect on this enzyme activity,
though higher concentrations of more than 4-7x10~° g
mL~-! of LPI and LPE slightly, but statistically significantly,
inhibited the enzyme activity (Fig. 7). The inhibitory effects
of natural and synthetic LPAs or LPCs were dose-dependent
and the minimum effective concentrations of natural LPA,

LPC, palmitoyl-LPA (data not shown), oleoyl-LPA (data
not shown), palmitoyl-LPC (data not shown) and oleoyl-
LPC (data not shown) were 10-¢gmL~},4-7x 10~ gmL~!,
22%x1075M, 23x107¢M, 1-1x10~°5 M and 1-2x 105 M,
respectively. In the concentration range of 47x10-7 to
47 x 10~% g mL !, the inhibitory action of natural LPA was
more potent than that of the other natural LPLs, although,
at higher concentrations (>10-% g mL~!), the inhibitory
potency of LPA was about the same as that of LPC, and at
much higher concentrations (>10~* g mL~"), LPA was less
potent than LPC. PA, natural LPA, PC, LPC, PE, LPE, LPI
and synthetic LPLs at 10-3 g mL-! scarcely affected the
Mg?+-ATPase activity. However, all these phospholipids
slightly enhanced the Mg?+-ATPase activity at more than
2:2x 1075 g mL-! (data not shown). As shown in Fig. 8§,
when the free Ca?* concentration was less than 2-:2 x 106 M,
natural LPA and LPC (6x10-¢ g mL-!) significantly
inhibited the Na+, K+-ATPase activity and the inhibition
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FI1G. 7. Dose-response curves showing the inhibitory effects of several lysophospholipids on the Na*, K*-ATPase
activity in the presence of EGTA (0-2 mM). The basal Na*, K*-ATPase activity was 442 +2-4 umol of inorganic
phosphate formed h~! (mg protein)~!. Each point represents the mean of 5 to 14 determinations with bars denoting
s.e.m. For abbreviations, see Fig. 2. (®) LPA; (®) LPC; (O0) LPS; (a) LPI; (0) LPE.
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FiG. 8. Effects of LPA and LPC on synaptosomal membrane Na*, K*-ATPase activity at various concentrations of free
Ca’*. The concentrations of free Ca’* were adjusted with Ca?*-EGTA buffer and calculated as described in the text.
Each point represents the mean of 7 to 14 determinations with bars denoting s.e.m. For abbreviations, see Fig. 7. (O)

Control; (O) LPC 6x 1075; () LPA 6 x 10~ g mL~1.

was more potent in the presence of free Ca?* concentrations
ranging from 10-7 to 4-7 x 10~7 M. Conversely either natural
or synthetic LPLs caused a slight increase in the enzyme
activity when the free Ca?* concentrations was more than
47 x 10~° M (data not shown).

Discussion

Our results showed that the release of [PHJNA from rat
cerebral cortical synaptosomes might be coupled to the
stimulation of endogenous PLA; activity. Synaptosomal
PA-specific or PC-specific PLA; activities were stimulated by
high concentrations of K+ and by A23187. The specific
production of PH]JLPA and [“C]LPC in K*- or A23187-

stimulated synaptosomes, together with the selective effect of
exogenous LPA or LPC on [*H]neurotransmitter release,
provide evidence that these lysolipids may be important in
the secretory process, although it is not known where the
added LPA and LPC are localised and if they behave exactly
like the endogenous LPLs in the synaptosomal membrane.
In fact, the effects of LPA and LPC on neurotransmitter
release may be attributed to synaptosomal lysis. However,
LPE or LPS, which have been reported to have lytic activity
comparable to that of LPA or LPC (Weltzien 1979), was
relatively ineffective in releasing [PH]NA, indicating that a
more specific action of LPA and LPC may be involved. In
connection with this, stimulation of PLA; was shown to be
necessary for antigen-stimulated release of histamine from
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rat basophilic leukemia cells (McGivney et al 1981) and for
potassium- or A23187-induced release of dopamine and NA
from rat brain synaptosomes (Bradford et al 1983). The
arachidonate metabolite tested, PGE,, did not stimulate, but
inhibited, the releasing processes.

Our result also showed that small amounts of natural and
synthetic LPAs or LPCs and commercially available PLA;
inhibited the synaptic membrane Na+, K*-ATPase activity
from rat cerebral cortices in incubation media containing
intracellular levels of free Ca’* concentration. The produc-
tion of LPLs, especially LPA and LPC, by PLA, may partly
contribute to the inactivation of Na*, K*-ATPase activity.
Arise of Nat, K+-ATPase and Mg?*, Ca?*-ATPase activi-
ties in the absence of calcium-chelating agents was observed
by several investigators with PLA,-treated preparations of
sarcoplasmic reticulum (Swoboda et al 1979) and human
erythrocyte membranes (Taverna & Hanahan 1980;
Schmalzing & Kutschera 1982). A rise of the enzyme activity
may in part be due to the chelating action of LPLs, since in
the medium containing high concentrations of free Ca’*,
LPAs and LPCs caused a slight increase in the Nat, K*-
ATPase activity as stated in the “Results”. Membrane Na*,
K*-ATPase activity is well known to be inhibited largely by
calcium ions.

The inhibitory effect of LPC on Na*, K+-ATPase activity
has already been found in dog and rabbit heart sarcolemma
(Karli et al 1979; Pitts & Okhuysen 1984) or human
erythrocyte membrane (Schmalzing & Kutschera 1982). The
inhibitory actions of LPAs or LPCs may be due to some
membrane-perturbing effects of the lysomoiety of the mole-
cule. However, the precise mechanism of the inhibitory
action of these LPLs on synaptic membrane Na*, K*-
ATPase is not clear at present.

Acidic phospholipids such as PA and LPA may act as
ionophores and increase the intracellular Ca** concentration
(Harris et al 1981; Serhan et al 1981; Nayar et al 1984). On
the other hand, it is well accepted that depolarization due to
the increased intracellular Na+ resulting from inhibition of
the Na+, K+-ATPase activity leads to an increase of Na*/
Ca?t exchange with a rise in intracellular Ca’* and that
neuronal depolarization sequentially activates an influx of
Ca?+ into nerve cells (Landis & Putney 1979; Gill 1982). The
Na*, K+-ATPase therefore may play a regulatory role in the
release of neurotransmitters or other intracellular substances
(Vizi 1977, Powis 1981; Meyer & Cooper 1981).

LPA or LPC has been shown to cause depolarization or to
potentiate the Ca?* influx in several tissues (Corr et al 1979;
Tokumura et al 1982; Clarkson & Ten Eick 1983; Bradford et
al 1983; Sediis et al 1983). Recently, Mets (1986) reported
that LPLs, except for LPS, might be true mediators of insulin
release.

Based on these lines of findings, we suggest that in the
brain tissues, LPA and/or LPC may participate in the
depolarization or Ca?*-increasing mechanisms mediating
the release of NA through its ionophoretic action and also its
inhibitory action on the membrane Na*, K+-ATPase acti-
vity. If this is true, LPA, LPC or PLA, should be able to
mediate an amplification mechanism to further enhance the
cell activation elicited by inositol-1,4,5-trisphosphate or
diacylglycerol following receptor stimulation. Further
research is needed to provide the answers.
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