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“The addition of porcine pancreatic group | phospholipase Ay (PLAI) praduced u transient contraction {ollowed by a relaxation in helical strips

of porcine cerebral arteries, [ts ED g value (2.3 nM) was almost identical to the &, value (3.9 nM) caleulated from the specific binding of ***l-labeled

poreine PLA,-I in cultured poreine cerebral arterial smooth muscle cells. Type-specific action of PLAs and homologous desensitization strongly

implicated the involvement of PLAI-specific sites in the response. The transient contrastion was abolished by treatment with indomethacin as

well us by the removal of endothelium. indicating the dependence of vasoconstrictor prostoglandins synthesized by PLA-I in endothelium. The

PLAyl-induced reluxation response wus also observed in bovine und cat cerebral arteries, thus providing a new aspect of PLA,-1 as a vasoactive
substance.

Phosphalipase Ay Specific binding site: Relaxation; Contraction: Porcing cercbral artery

. INTRODUCTION

Mammalian extracellular phospholipase A, (PLA,)
can be classified into two types., pancreatic group I
(PLA,-I) and arthritic group II (PLA,-II). based on
their primary structures (1). PLA;-I is mainly secreted
from the pancreas and has long been thought to act as
a digestive enzyme in pancreatic juice {2]. However, in
the membranes of a variety of cells and tissues, includ-
ing those of human origin, we found a specific binding
protein that recognizes a mammalian mature type of
PLA,-I1[3,4]. More recently, the PLA,-I binding protein
was purified from bovine corpus luteumn membranes,
and found to be composed of a single glycoprotein of
M, 190,000 [S]. PLA,-I directly stimulated the DNA
synthesis in Swiss 3T3 cells (3], rat synovial cells {4], rat
vascular smooth muscle cells [4] and rat chondrocytes
[6), and also induced chemokinetic migration in rat em-
bryonic aortic smooth muscle cells (A7rS) [7] via its
specific binding sites. Furthermore, binding of PLA;-I
to the specific sites resulted in a contraction of guinea
pig lung parenchyma through the sccondarily produced
thromboxane A, [8). These findings strongly implicate
PLA,-I in the modulation of cellular functions with re-
spect to some pathophysiological states. In this study
we characterized the PLA,-I-specific binding sites in
porcine cerebral arterial cells and examined the effect of
PLA,-I on mammalian cerebral arteries.
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Japan.
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2. MATERIALS AND METHODS

2.\, Mwerials

Preparation of 4 variety of PLA;s and ladination of porcine PLA,-1
were curried out as described in the previous paper (3, 4]. Drugs used
were prostoglandin Fy, (PGFy,) (Ono Pharmascutisal Co., Osaka);
pagpaverine hydrochloride (Dainippon Pharmaseutical Co., Osaka),
nitroglycerin (Nihon Kayaku Co.. Tokyo); substanace P (Peptide In-
stitute, Minoh); cimetidine (Fujisawa Pharmaceutical Co., Osaka);
(+)chlorphenilamine maleate (Schering Corp., Kenilworth, NI
Methylene blue trihydrate (Nakarai Chemisals Lid., Kyoto); AASS|
(Takeda Chemical [ndustries Ltd., Osaka); and indomethacin.
atropine, propranoclol, glybenclamide, Nw-nitrosL-arginine, NG-
monemethyl arginine (Sigma, St. Louis, MO). FPL 55712 and CV
6209 were synthesized in our laboratories.

2.2, Colt culture anet binding experiments

The basilar cercbral arterics were isolated from porcine brain ob-
tained from a local slaughterhouse. After removal of the endothelium
by gentle rubbing with a cotlon pellet, smooth muscle cells were
isolated from medial explants by the method of Ross (8). The resulting
¢clls were grown in Dulbecco's mosified Eagle's medium supple-
mented with 20% fetal bovine seruin (Gibeo), 100 U/ml penicillin and
100 g4p/ml streptomyein in a huntidified atmosphere of $% CO, at
37°C. Cells were passaged by harvesting with 0.125% trypsin/0.01%
EDTA. After serial subsulturs, the cells harvested between the fifth
and cighth passages were used in the binding experiments. The binding
assay using [**IJPLA,I as a radioligand was carried out according to
the method previously described [4).

2.3, Respanses to PLAy! of isolated cerebral arterfes

Porcine and bovine brains were obtained from a local slaughter~
house. Cats (weighing 3.5~5.5 kg) were anesthetized with intraperi-
toneal injections of sodium pentobarbital (30 mg/kg) and sacrificed by
blecding from the common carotid arteries. The brain was removed
rapidly and basilar, middle cerebral and anterior cerebral arteries were
isolated. The arteries were helically cut into strips of approxzimately
20 man tong. Each specimen was vertieally Sxed between hogks in a
muscle bath containing modified Ringer-Locke selution, which was
maintained at 37°C and aeratad with a mixture of 95% O, and 5%
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CO,. The hook anchoring the upper end of (the strips wis connected
to the lever of u farce-displacement trunsducer (Nihon-kohden Kogye
Co., Tokyo). The resting tension was adjusted to 1.$ g far poreine
cerebral arteries, 2.0 g for bovine cerebral arteries and 0.5 g for eut
cerebral urteries. Constituents of the solution were us [ollows: (mM):
NaCl 120; KCi $.4; CuCl,y 2.2; MgCl, 1.0; NaHCO, 25.0; und dextrase
5.6. Belore the stast of experiments, all strips were ullowed to equili-
brate for 90-120 min in the bathing mediu, during which time the
medium was peplaced every 10-15 min. Isometric contructions and
reluxations were recorded on un ink-wriling oscillograph. The con.
tructile response to 30 mM K™ waa first obtained, then the prepara-
tions were repeutedly washed with lresh solution, und equilibrated for
30-40 min. The concentration-response relutionship for PLA,L
proPLA.-I or PLA~I[ wai abtained by udding each PLA, directly to
the bathing media in cumulative concentrations, To test the response
of PLA I, proPLA[ or PLA LI and the reluxant effect of substance
P or isoproterencl, the arterial strips were purtially contricted with
PGF, (10" ta 3x 107" M) orserotanin (107 1o 107 M), as previously
described [10]. At the end of euch series of experiments, papaverine
(107 M) was applied to attuin the maximum relaxation, which was
taken as 100% relaxation. Prepurations had been treated for Y0-40 min
with blocking ugents before FLA,-I wus added. In some preparations
the endotheliuin was removed by gently rubbing the intimal surface
with u cotton pellet. and the response of endatheliumedenuded strips
wiis compired with that of strips with intast endothelium abtained
from the same animals, Removal of endothelium was confirmed by a

A) Endothebum (s)

Control

T~

PLA2-l 10%M

indomethacin 10-5m

T~

PLA -l 100m
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maurked suppression of relaxution indused by substance P (107! M),
and histologicully by the mathad reported by Abrol et al, (1]

24. Sunistics
Results shawn in the text and figures ure expressed us meoun values
% S.E.M. Stutistical analysex were made using Student’s paired. and
unpuired stest,

3. RESULTS AND DISCUSSION

When ['*I]JPLA;-1 (porcine) was incubated with cul-
tured smooth muscle cells of porcine cerebral arteries,
it bound specifically in a saturable manner. The
Scatchard plot of the [**IJPLA.I specific binding re-
vealed the presence of a single ¢lass of binding sites with
an equilibrium binding constant (K) of 3.9 nM and a
maximum binding capucity (Bp.) of 40 fmol/10°® calls
(data not shown). This K, value is similar to those re-
ported for other cells and tissues that possess specific
PLA,-I binding sites [4). Thc specific binding of
['*I]PLA-I to the cells was completely inhibited by 100
nM of porcine. human and rat PLA,-[ but was not

108

I

B) Endothelium(-)

Control

PLAZ 0N

225

Fig. 1. Typical recordings of the responses to PLA,1 (10°* M) of poreine anterior cercbral arterinl strips with (A) and without (B) endothelium
or absence and presence of indomethacin (107* M), The strip was purtially contracted with PGFy, (10°7 M}, The arterial strips were obtained from
the same brain. PA (papuverine, 107 M) was then added to attain the maximum relaxation.
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Fig. 2. Homologous desensitization of the PLA-l-induced reluxation
in poreine anterior eercbral arteries partially contracted with PGF,,
(10°7 M) in the presence of indomethacin (10°* M). After 30 min of
the uddition of PLAI (107 M), 4 higher concentration of PLA.1 (3
x 10" M) was added (First). The strip was then repeatedly washed
with bathing media every 10 min to allow basal levels 1o be regained.
After the strip wits aguin pre-cantructed with PGF,, (10" M), PLA1
(10°* M) or rut ANP (107 M) was udded (Second). Relaxatian induced
by pupaverine (107 M) wus taken as 100%. Vertical bars represent
S.E.M. und numbers in parentheses indicate the number of prepura-
tions exumined,

affected by PLA,-II purified from rat and rabbit plate-
lets and the 2ymogens of rat and human PLA,-I (data
not shown), indicating that the cerebral arterial smooth
muscle cells have a specific binding site for the mature
type of mammalian PLA,-l, as previously reported for
several rat preparations [4-6). Primary cultured porcine
cerebral arterial endothelial cells were also confirmed to
possess the PLAyI-specific binding sites in lesser
amounts (K. Hanasaki and H. Arita, unpublished data).

As shown in Fig. 1. porcine PLA,-I (107* M) elicited
4 transient contraction followed by & slowly developing
relaxation in helical strips of cerebral arteries partially
pre-contracted with PGF,,. The transient contraction
was completely abolished by the treatment with in-
domethacin (10°* M) or the removal of endothelium
(Fig. 1), whereas the maximal relaxation was not signif-
icantly influenced (n=35), mean % relaxation in the strips
with and without endothelium were 41.66 * 4.06 (n=35)
and 48.84 £ 2.27 (n=85), respectively, relative to relaxa-
tions caused by 10™* M papaverine. These results sug-
gest that PLA,-I-induced transient constriction is medi-
ated by some vasoconstrictive cycloc:ygenase meta-
bolites produced by the endothelial cells in response to
PLA,-I, whereas the relaxation response depends on the
dirsct action of PLA.-I in the smooth muscle cells, It has
been reported that isolated cerebral arteries contract in
response to cyclooxygenase products, such as PGF,,,
PGE,. PGD, and thromboxane A, [i2, 13], which are
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Table 1

The reluxation response induced by PLA,-I in porcine, bovineand cat
cercbral arteries

PLAyI-induced relaxation (%)

Ba MCA ACA

Poreine  6842% 5.16(7) 4594 x510(7) 4498 + 4,43 (9)
Bavine 4067 £ 1055 (4) 53.36x17.27(4) 4440 £ 7.41 (4)
Cat 4383 693(7) €8.55:8133(0)

Each preparative strip was partially contrasted with PGF,, (1077 M)

in the presence of indomethacin (10™* M), and then PLA;-I (107 M)

was added, The PLA,«{-induced relaxation was expressed asa percent.

age of the response induced by papaverine (107 M). Numbers in

parentheses indicate the number of preparations examined, BA, basi-

lar artery; MCA, middle cerebral artery; ACA, anterior cercbral
artery.

known to be synthesized in cerebral arterial endothe-
lium [10Q). Although vasodilator PGs, such as PGI;, may
also be released by PLA,-I, this prostancid (10~ M to
107¢ M) could not induce relaxation of porcine cerebral
arteries (M. Nakajima, unpublished data).

In the arteries treated with indomethacin, 107 M
PLA,-I caused only a slow developing relaxation (Fig.
1), however, further addition of PLA-I (3 x 10" M)
resulted in no additional relaxation (Fig.2). After wash-
ing with the bathing media and returning to the baseline
level, PLA.-I (10™* M) was again added. As shown in
Fig. 2 (Second), no further relaxation cccurred, al-
though a response to rat atrial natriuretic polypeptide
(ANP) (10" M) could be detected. The homologous
desensitization mechanism by PLA,-I may be explained
by rapid internalization of the PLA,-I binding site, as
has been found in rat vascular smooth muscle cells [4)].
As shown in Fig. 3, the ECy, value (the PLA,-1 coneen-
tration giving a half-maximal relaxation response) was
2.32 £ Q.16 nM (1=8), a value which is similar to the K,
value (3.9 nM) for PLA,-I binding. On the other hand,
neither porcine pro-PLA,-I nor rat PLA,-II induced
relaxation significantly. The relaxations induced by
PLA,-I (10™® M) were also observed in arteries partiaily
contracted with serotonin; 51.8 £ 5.18% (n=7). As sum-
marized in Table I, PLA,-I (107* M) indused relaxation
of basilar, middle cerebral and anterior cerebral arteries
prepared from porcine, bovine or cat, whereas any sig-
nificant effects could not be observed in the thoracic
aortic strips.

The effects of several inhibitors or receptor antago-
nists on the PLA,-I-induced relaxation were than exam-
ined in porcine cerebral arteries. The PLA;-I-induced
responses could not be influenced by 10" M atropine
(muscarinic receptor antagonist), 10" M propranclol
(8-receptor antagonist), 10~* M cimetidine (H,-receptor
antagonist), 107 M chlorphenylamine (H,-receptor an-
tagonist), 10~ M FPL 55712 (leukotriene antagonist),
107 M CV 6209 (PAF antagonist), 107* M AAB61 (5-
lipoxygenase inhibitor), 10°® M glybenclamide (ATP-
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Fig. 3. Concentration-response curve fur the reluxation of porcine

anterior cerebral arteries in the presence of indomethacin (10™* M) in

response to porcine PLAgI, poreine proPLA,-1 and rat PLALL The

strips were purtinlly contracted with PGF,. The maximum relaxation

obtained by the addition of 10™ M papaverine was tiken as 100%,

Yertical bars represent S.E.M. Numbers in parentheses indicate the
naumber of preparations examined.

sensitive K channel blocker). 107" M Methylene blue
(soluble guanylate eyclase inhibitor). 10 M Nw-nitro-
L-arginine (NO synthase inhibitor) and 3 x 10* M
NG-monomethyl arginine (NO synthase inhibitor).
Treatment with PLA,-I (107" M) did not affect the con-
centration-response curves of nitroglycerin (107" to 107*
M) (n=4) and isoproterenol (107" to 107* M) (n=4).
Furthermore, any significant increase in cGMP (gua-
nosine 3,5 cyclic monophosphate) and cAMP (ade-
nosine 3,5’ monophosphate) levels could not be de-
tected in cultured porcine cerebral arterial smooth mus-
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cle cells stimulated by PLA,-I (1077 M), whereas rat
ANP (1077 M) and PGE, (10" M) significantly en-
hanced the cGMP and cAMP levels, respectively (K.
Hanasaki and H. Arita, unpublished data). Thus, un-
known intracellular second messengers might be in-
volved in the PLA,-I-cvoked relaxation via its specific
receptor in cerebral arteriul smooth muscles.

In conclusion, our findings reveal a new aspect of
PLA,-I action in cerebral arteries as a vasoactive sub-
stance. We are now conducting further studies into its
pathophysiological functions, as well as signal
transduction mechanisms under the PLA,-I-evoked re-
sponses.
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