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Characterisation of P2Y -like receptor in cultured rat pineal glands
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Abstract

The rat pineal gland possesses P2 receptors which potentiate the effect of noradrenaline-Mdacetyl-5-hydroxytryptamine
(N'-acetyl-5-HT) production. In the current study, this receptor was characterised according to agonist selectivity and signal transduction
mechanisms. 2-MethylthioATP 2MeSATP , 2-chloroATP 2-CIATP , adenosir@ Sthiodiphosphate, ADPS), ATP and ADP, but
not UTP, potentiated noradrenaline-induddttacetyl-5-HT production in a concentration-dependent manner. 2MeSATP neither induced
the production of adenosiné 3 :5 -cyclic monophosplate cyclic AMP , nor inhibited its formation when the glands were stimulated by
forskolin. The phospholipase C inhibitor[1{[6- E)?#3-Methoxyestra-1,3(5 20 -trien-17}yl amino hexyH¥pyrrole-2,5-diond U73122 ,
but not the inactive analogue,[1{[6- A73-Methoxyestra-1,3(5 20 -trien-17}yl amino helkyl -2,5-pyrrolidinedibne U73343 , blocked the
2MeSATP effect. The P2 receptor antagonist pyridoxalphosphate-6-azophehyl-2 ,4 -dissulphofic acid) PPADS , which inhibits phospholi-
pase C-coupled P2Y receptors, blocked the 2MeSATP effect. In conclusion, our data strongly suggest that the P2-like receptor that is
present in rat pinealocytes and which is responsible for the potentiation of noradrenaline-indiaedtyl-5-HT production is a
P2Y, -like receptor, coupled to a G protein which stimulates phospholipage2001 Elsevier Science B.V. All rights reserved.
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1. Introduction of the enzyme arylalkylaminbl-acetyltransferase, resul-
ting in the formation of the precursdf’-acetyl-5-HT.

The pineal gland conveys information concerning the  ATP is thought to be released along with noradrenaline
light—dark cycle to body centres for the organisation of during neurotransmission and has been suggested as a
seasonal and circadian rhythms. The pattern of secretion ofco-transmitter in postganglionic sympathetic neurones
the pineal hormoneéN-acetyl-5 methoxytryptamine, known  (Burnstock, 1975 . It is now well established from func-
as melatonin, forms the basis for this message. Mela-tional and molecular biology studies that extracellular ATP
tonin is synthesised from 5-hydroxytryptamife 5HT exerts its effect directly, or through metabolites, such as
via N-acetylation by arylalkylamin®&-acetyltransferase = ADP or adenosine, via specific receptors called purine
(E.C.2:3.1.87 toN’-acetyl-5-hydroxytryptaminé€ N’-ace- receptors. There are two main families of purine receptors:
tyl5-HT) and O-methylation by hydroxyindol&-methyl- adenosine or P1 receptors and P2 receptors, which recog-
transferasé E.C.2.1.0.4 to melatofiin Klein et al., 2983 . nise primarily ATP, ADP, UTP, and UDP. Adenosjiiel
Both melatonin andN’-acetyl-5-HT are released in the receptors have been further subdivided into four subtypes,
blood strean( Niles et al., 1984 . The gland is innervated all of them coupled to G proteins. The P2 receptors are
primarily from the peripheral sympathetic tract Kappers, primarily subdivided into two main subtypes: ligand-gated
1960 . Noradrenaline triggers the nocturnal peak of mela- ion channel€ P2X receptors and G protein-coupled recep-
tonin due to the induction of the synthesis and activation tors (P2Y receptods( Abbracchio and Burnstock, 1994;

Barnard et al., 1994; Fredholm et al., 1994 . P2X receptors

mediate the rapid onset within 10 i)ns nonselective pas-

sage of cations{ Na , K and €2 across the cell

" Corresponding author. Tel.+55-11-818-7612 fax: +55-11-818- membrane, resulting in depolarisation and an increase in
7612. intracellular C&* ( Bean, 1992; Dubyak and El-Moatas-
E-mail address: rpmarkus@usp.bf R.P. Markus . sim, 1993 . Most P2Y receptors act via G protein coupling
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to activate phospholipase C, leading to the formation of NEN™ Life Science Products—E.I. DuPont de Nemours,
inositol-1,4,5-triphosphaté P and to the mobilisation of Boston, MA.

intracellular C&" ( Boyer et al., 1989 . Coupling to adeny-

lyl cyclase by some P2Y receptors has also been described o pineal culture

(Boyer et al., 1998 . The response time of P2Y is longer

than that_oyc the rapid responses mediated by P2X. regeptors Pineal glands were obtained from male or female Wis-
because it mvolves.second-messen_gersystemécnndmp tar rats( 1—2 month-old kept under a 12:12-h light—dark
conductances mediated by G protein coupling Ralevic and .y |e and killed by decapitation between 0900 and 1100 h,
Burnstock, 1998 . To date, seven mammalian P2X recep- ;o previously described Ferreira et al., 1994 . The glands
tors(P2X _,) and five P2Y receptofs P2Y , PRY , P2Y . were incubated 3T: 95% O : 5% CQ) in the BGJ
P2Y; and_ P2Y,) have been clone_zd, pharmacologically medium, supplied with 2 mM glutamine, 0.1 gl
characterised and accepted as valid members of the P2 scorbic acid, 100 uniggnl penicillin, 100.g/ml strepto-

family (Ralevic and Burnstock, 1998 .

We have previously shown that, in denervated pineal

glands, ATP and the less hydrolysable agonisadenyly-
limido-diphosphate( AMP-PNP , which have no effect
alone, potentiate the production dFf-acetyl-5-HT induced

by noradrenaliné Ferreira et al., 1994 . The effect of ATP

is inhibited by suramin and high doses efp-methylene
ATP (a,B-mATP), suggesting that stimulation of P2-like

receptors might also contribute to the production of mela-

tonin.
The aim of the present paper was to investigate whic

mycin and 1 mg'ml bovine serum albumifi fraction)V , in

a 24-multiwell platel 1 gland per well, 2Q0! per well) for

48 h prior to treatment. Presynaptic elements degenerate
during this period, resulting in a completely denervated
preparatior( Parfitt et al., 1976 .

2.3. N'-Acetyl-5-HT production measurements

After 48 h, the cultured pineal glands were placed in

p fresh medium for 1 h and then incubated with the agonists

subtype of P2-like receptors mediates the potentiation of for 5 h. Each gland was incubated with one concentration

the noradrenaline-induced production df-acetyl-5-HT in

cultured rat pineal glands. Thus, in order to characterise

of the following agonists: 2MeSATF 3@M-1 mM),
2-CIATP (30 .M—1 mM), ADPBS (10 .M—1 mM), ATP

this receptor, we investigated its selectivity for agonists, (10 »M—1 mM), ADP(10pM-1 mM) and UTR( 1 mM ,

the second messengers responsible for the transductio
signal and the effect of the antagonist pyridoxalphosphate-

simultaneously with noradrenalife 10 nM . PPADS 10,

30 and 60u.M), when present, was added 15 min prior to

6-azophenyl-2 /4 -dissulphonic acid PPADS , by measur- other treatments. At the end of the incubation period,

ing the product of arylalkylamind&l-acetyltransferase ac-
tivity in cultured glands and in the incubation medium.

glands and medium were placed in different microtubes
and stored at-70°C. The N'-acetyl-5-HT content in the

The denomination P2-like receptor will be used since the 9/and and incubation medium was determined by high-per-

characterisation is based on its pharmacological profile an
signal transduction.

2. Materials and methods

2.1. Materials

2-MethylthioADP (2MeSADP , 2-methylthioATP
(2MeSATP, 2-chloroATP ( 2-CIATP, PPADS( [1-6-
[[(17B)-3-Methoxyestra-1,3(5 20 -trien-17}yl amino helxyl
-1H-pyrrole-2,5-diong ( U73122 and forskolin were pur-
chased from RBI, Natick, USA; ATPN'-acetyl-5-HT,
noradrenaline, UTP, adenosine’-&2-thiodiphosphate
(ADPBS), ADP, (1f 6 [[( 1B)-3-Methoxyestra-1,3(5 20 -
trien-17-ylaming hexyl -2,5-pyrrolidinedione (  U73343 ,
3-isobutyl-1-methylxanthine( IBMX, BGJ medium—
(Fitton—Jackson maodification and bovine albumin from
Sigma, St. Louis, USA; ascorbic acid from Hoechst, Brazil;
citric acid, EDTA, sodium acetate, sodium bisulphite,
methanol, perchloric acid and acetic acid from Merck,
Brazil; and cyclic AMP[**® | radioimmunoassay kit from

gformance liquid chromatography and measured by electro-

chemical detection based on a previously described method
(Ferreira et al., 1994 . Briefly, each gland was homoge-
nized (5 3 in ice-cold 0.1 M perchloric acid 120l)
containing 0.02% EDTA and 0.02% sodium bisulphite.
Protein and cell debris were removed by centrifugation
(13,000% g, 5 min, £C). Twenty microlitres of the clear
supernatant or the incubation medium was injected into the
chromatographic systefn Shimadzu , which was isocrati-
cally operated. The mobile phagée 0.1 M sodium acetate,
0.1 M citric acid, 0.15 mM EDTA, 10% methanol, pH 3.7
flowed at a rate of 1.0 mdmin through a 52m Resolve
C,g reversed-phase colunfn 1%08.9 mm i.d., Waters .
The detector potential was adjusted t0.90 V (vs.
Ag/AgCl reference electrode .

2.4. Sgnaling pathways

Adenylyl cyclase pathway was evaluated by measuring
the ability of 2MeSATP to induce the production of cyclic
AMP or to inhibit the production of this second messenger
induced by forskolin. Glands treated for 20 min with
IBMX 0.1 mM) were incubated for 15 min more with
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2MeSATP(0, 1 or 3 mM in the presence or absence of

forskolin (0.1 mM . The glands were homogenised, lysed
(acetic acid 5 mM, 5 min, boiling and stored at7C°C.

Samples were assayed in duplicate for cyclic AMP using a

radioimmunoassay RDA kit witf'*® ]I cyclic AMP as a

tracer (NEN™). Protein was measured by a dye-binding

method using bovine serum albumin as a standard Brad-

ford, 1979 .

The involvement of phospholipase C was evaluated by

inhibiting the potentiation of noradrenaline-inducex-
acetyl-5-HT production by 2MeSATP with the phospholi-
pase C inhibitor, U73122. This inhibitor was added to the
cultured pineal glands 1 h prior to addition of noradrena-
line (10 nM plus 2MeSATR 0.1 mM . Control experi-
ments were performed with U73343 30M), a similar
compound that does not inhibit phospholipase C. At the
end of the incubation period, glands and medium were
placed in different microtubes, stored at70°C, and the
N’-acetyl-5-HT content in the gland and incubation medium
was determined by high-performance liquid chromatogra-
phy.

2.5. Data analysis

Results of N'-acetyl-5-HT content are expressed as
nanogranypineal or nanogramwell and cyclic AMP lev-
els as picomgfmicrogram protein. All data are presented
as meang S.E.M. Statistical comparisons were made by
Student’st test or analysis of variande ANOVA followed
by Newman—Keuls test, when appropriate. ValuesPof
0.05 were considered statistically significant.

3. Results
3.1. Effect of agonists on N'-acetyl-5-HT production

Glands stimulated with noradrenalife 10 hM had a
basal production ofN'-acetyl-5-HT of 2.5+ 0.4 ng/pineal
and 15.6+ 1.8 ng/well (n=23). In pineals stimulated
with noradrenaline( 10 nM , the P2-agonists, 2-CIATP,
2MeSATP, ADBS, ADP and ATP increasel’-acetyl-5-

HT production in a concentration-dependent mariner Fig.
1). 2MeSATP induced the greatest increaséNiracetyl-5-

HT production( about 4.4 times over the basal noradrena-
line-induced responge . UT@ 1 mM failed to potentiate
noradrenaline-induced\’-acetyl-5-HT production as mea-
sured in the gland and in the mediufh 2:6%.6
ng/pineal; 17.3+ 3.4 ng/well, n = 6).

3.2. Sgnaling pathways

Most P2Y, -like receptors act via G protein coupling to
activate phospholipase C, leading to the formation gf IP
and mobilization of intracellular G4. Coupling to adeny-
lyl cyclase by some P2Y -like receptors has also been
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Fig. 1. Concentration—effect curves for 2MeSATP, 2-CIATP, AR
ADP and ATP onN'-acetyl-5-HT production induced by noradrenaline
(NA, 10 nM, n=23) as measured in pineal tisse) A and in the
incubation mediung B . Glands were incubated for 5 h. Each point on the
concentration—effect curves is the mea8.E.M. for each agonist con-
centration(n = 4-10 glands tested independently . When no error bar is
shown, the error was smaller than the symbol.

of adenylyl cyclase or phospholipase C in the signal
pathway.

3.2.1. Cyclic AMP involvement after stimulation of P2
receptors in the pineal gland

2MeSATP neither induced the production of cyclic
AMP, nor inhibited its formation when the glands were
stimulated by forskolil 0.1 mM( Fig.)2 . Therefore, the
P2Y receptor present in the rat pineal gland does not act
via G protein coupled to adenylyl cyclase.

3.2.2. Effect of phospholipase C inhibitor and PPADS on
the potentiating effect of 2MeSATP

The phospholipase C inhibitor U73122, but not the
inactive analogue U73343, blocked the potentiating effect
of 2MeSATP in noradrenaline-stimulated pineal glands

described. The next step was to evaluate the participation(Fig. 3A,B). Neither analogue had an effect on the action
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Fig. 2. Effect of 2MeSATP on cyclic AMP production in rat pineal gland. Glands were incubated in the presence of(IBMX 0.1 mM,)20 min .
Subsequently, 2MeSAT€ 1 mM or 3 MM in the presence or absence of forékolin 0)1 mM was added for 15 min. Values ateSriedhsn = 3 per
treatment.” P < 0.05 compared to glands not stimulated with forskolin.

of the threshold concentration of noradrenaline 10)nM , et al., 1994 , was able to block the 2MeSATP-induced
which suggests that this agonist acted thropggtadrenoc- increase inN’-acetyl-5-HT productior{ Fig. 3C,D . Thus,
eptors. we concluded that in the rat pineal gland the P2 receptors

PPADS, a putative inhibitor of PZY receptors which are coupled to G protein, which stimulates phospholipase
activate phospholipase C but not adenylyl cyclase Boyer C and promotes an increase in intracellulaf Ca

C—1 Noradrenaline 10 nM
1 Noradrenaline + 2MeSATP 0.1 mM
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Fig. 3. Inhibition of the effect of 2MeSATP on noradrenaline-indudgdacetyl-5-HT production by phospholipase C inhibitor and PPADS. )A,B :
U73122 (10 wM) and U73343( 10uM) were added 1 h before addition of noradrenaline 10)nM or noradrenaline plus 2MeSATP 011 mM .
N’-acetyl-5-HT was measured in pineal tissue A and in the incubation medidm B . Values aresre&nbl., (n= 4 per treatment ( C,D : PPADS
(10-60nM) was added 15 min prior to noradrenalinie 10nM and noradrenaline plus 2MeGATP 0.1Nislcetyl-5-HT was measured in pineal tissue
(C) and in the incubation mediufh )D . Values are mear&E.M.(n = 4 per treatment * P < 0.05 compared to noradrenalirfé‘P < 0.05 compared to
noradrenaline plus 2MeSATP.
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4. Discussion an inhibitor of phospholipase C to block the 2MeSATP-in-
duced potentiation ofN’-acetyl-5-HT production were
The aim of this study was to characterise, in terms of tested. Coupling to adenylyl cyclase was excluded because
pharmacological properties and signal transduction mecha-2MeSATP neither induced the production of cyclic AMP
nisms, the subtype of P2-like receptor which mediates the nor reduced the amount of cyclic AMP produced by
potentiation of noradrenaline-inducedN’-acetyl-5-HT forskolin stimulation. This result makes it possible to
(melatonin precursdr in the rat pineal gland. In a previous discard the presence of PZY -like receptors which use
study, we have shown that the rat pineal gland has aboth phospholipase C and adenylyl cyclase pathways
functional P2-like receptdr Ferreira et al., 1994 . ATP and (Communi et al., 1997 .
the less hydrolysable agonist, AMP-PNP, were able to  The phospholipase C inhibitor U73122 was not able to
potentiate the production ofN’-acetyl-5-HT induced by  modify the effect of noradrenaliné 10 M, confirming
noradrenaline, while suramin and high doses«g3-mATP that at this concentration noradrenaline is not able to
blocked the adenine nucleotide-induced effect. P2X , mobilize C&* ( Sugden et al., 1987 .
P2X;, P2X, and P2X involvement was excluded since ~ The 2MeSATP potentiation of noradrenaline-induced
o,B-mATP activates the first two subtypes and the two last N'-acetyl-5-HT production was inhibited by the phospholi-
are insensitive to suramiq  Ralevic and Burnstock, 3998 . pase C inhibitor U73122, but not by the inactive analogue
In the present paper, we show that ADP and AP U73343, suggesting a coupling to phospholipase C. This
which act at some P2Y receptors, but are weak or inactive was confirmed by testing the effect of PPADS. This
at P2X receptors, also potentiate noradrenaline-inducedcompound was originally put forward as a P2X-selective
N'-acetyl-5-HT production, suggesting that this response is antagonist but is now accepted as a non-seledtive but
probably mediated by a subtype of the P2Y-like receptor. non-universal P2 receptor antagorist Ralevic and Burn-
P2Y, receptor mRNA is found in different portions of stock, 1998 . In systems where the P2X receptor is not
the rat brain and its expression is high in the pineal gland present or does not participate in the functional response,
of neonatal rat Webb et al., 1998 . However, the re- PPADS can be used to discriminate R2Y from BR2Y
sponse studied here is probably not mediated by,P2Y receptors, and P2Y receptors coupled to phospholipase C
receptors because 2-CIATP, which is inactive at P2Y from P2Y, receptors coupled to inhibition of adenylyl
receptors( Harden et al., 1998 , but not UTP, which is cyclase( Boyer et al., 1994; Ralevic and Burnstock, 1996,
active at this receptor subtype Ralevic and Burnstock, 1999 . PPADS blocked the effect of 2MeSATP, thereby
1999, potentiated noradrenaline-inducét-acetyl-5-HT corroborating the hypothesis that P2Y -like receptors in the
production. It is interesting to note that in other tissues, pineal gland are coupled to G protein which activates
such as rat myocytes, P2Y mRNA is found only in phospholipase C. Therefore, taking together the effect of
neonatal animalé Webb et al., 1996 . The lack of responseU73122 and PPADS, the hypothesis that the effect of
to UTP also suggests that PRY -like receptors do not 2MeSATP on the potentiation oN’-acetyl-5-HT produc-
mediate the action of P2 agonists in pinealocytes, becauseion is dependent on phospholipase C activation is rein-
the P2Y, receptor is activated by ATP and UTP with forced.
similar potency. Characteristically, among all P2Y recep- In conclusion, in rat pineal gland, the potentiation of
tors, the P2Y subtype is activated by 2MeSATP, ADP, noradrenaline-inducetll’-acetyl-5-HT production is medi-
ADPBS, 2-CIATP and ATP, but not by UTP Ralevic and ated by P2Y -like receptors, which are coupled to a G
Burnstock, 1998; Harden et al., 1998 . Therefore, the protein that stimulates phospholipase C. Thus, ATP might
agonistic effect for potentiating noradrenaline-induced contribute to the production of melatonin by stimulating
N’-acetyl-5-HT production points to the presence of a P2Y,-like receptors. The presence of a sympathetic inner-
P2Y, -like receptor. vation and P2Y receptors suggests that ATP may be a
Stimulation of P2Y -like receptors does not promote the co-transmitter of noradrenaline in the rat pineal gland. In
production of N'-acetyl-5-HT by itself. Similar to other  fact, it was shown recently that electrical stimulation of
agents which elevate pinealocyte cytosolic’Cal * K , pineal nerve terminals releases noradrenaline and ATP
ouabain, ionomycin, ionophore A23187 ar-adrenocep-  (Barbosa et al., 2000 .
tor agonists, Sugden et al., 1986, 1887, P2 receptor
agonists only act after prior stimulation of noradrenocep-
tors. Therefore, the potentiation of noradrenaline-induced
N'-acetyl-5-HT production mediated by P2 agonists is Acknowledgements
probably due to an elevation of intracellular®Ca
In order to evaluate the signal transduction pathway This work was supported by Fundar de Amparo a
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