Naunyn-Schmiedeberg’s Arch Pharmacol (1997) 356:653—661 © Springer-Verlag 1997

ORIGINAL ARTICLE

Ralph Bultmann - Georg Hansmann - Florin Tuluc
Klaus Starke

Vasoconstrictor and vasodilator effects
of guanine nucleotides in the rat aorta

Received: 21 March 1997 / Accepted: 31 July 1997

Abstract Although GTP, like ATP and UTP, is stored itMeSATP. Suraminiso-PPADS and NHO5 were about as
platelet dense granules, little is known about its vascupertent against GTP and GJy® as previously found
effects. The present study was carried out in orderagainst (the P2U effect of) UTP and in particular ATP.
characterize the effects of GTP and related compoutids concluded that guanine nucleotides can cause both
in the rat aorta. contraction and relaxation of the rat aorta. The high con-
Contractionswere examined in aortic rings at restingentrations of GTP and GDP required, and in the case of
tension. In rings with intact endothelium, GTP, GDIRpntraction the small size of the response, make a physi-
guanosine 5'-O-(3-thiotriphosphate) (G/BP and gua- ological role of the vascular effects of these nucleotides
nosine 5'-O-(2-thiodiphosphate) (GP®) caused small unlikely. GTP and GT¥S elicit endothelium-dependent
contractions. In endothelium-denuded rings, the contraelaxation through P2U-receptors. GTP in addition relax-
tions were unchanged or increased and persisted afteregethe aorta through smooth muscle receptors, possibly
sensitization of P2X-receptors hy,3-methylene ATP. by way of its degradation product guanosine. The stable
Relaxationswvere examined in aortic rings precontracteahalog GTRS is a relatively potent and selective agonist
with noradrenaline. In rings with intact endotheliunfor the endothelial P2U-receptor.
GTP (EGp 131uM), GDP (no maximal effect obtained),
GTPRYS (EG, 6.8 uM) and guanosine (Eg 822 uM)
caused prominent relaxation, whereas @BBPcaused Key words Rat aorta - Endothelium - P2-receptors -
further contraction. In endothelium-denuded rings, tfR2U-receptor - P2-receptor antagonists -
relaxant effect of GTP was greatly reduced, that of GERianine nucleotides - GTP - Guanosine
and guanosine was unchanged, and that of ySTP
was abolished. Relaxations by GTP and €5 endo-
thelium-intact rings were studied in more detail. The rbtroduction
laxation by GTP was slightly and the relaxation by
GTPyS greatly reduced after treatment with-hitro-L- Extracellular adenine and possibly uracil nucleotides
arginine methyl ester. Pre-exposure to a high concentrantribute to the local regulation of vascular tone (for re-
tion of the P2Y-receptor agonist 2-methylthio ATRiew see Olsson and Pearson 1990; Ralevic and Burn-
(MeSATP) did not attenuate the effects of GTP amstiock 1991a). One possible source of the nucleotides is
GTPyS. Four compounds previously identified as antagggregating platelets. Like ATP and UTP, the guanine
onists at the P2Y- and P2U-receptors of rat aortic endaicleotide GTP is stored in platelet dense granules. Al-
thelium — suramin, reactive blue 2, pyridoxalphosphatiéough the amount of GTP stored exceeds the amount of
6-azophenyl-2',5'-disulphonates¢PPADS) and 5,5'- UTP (Goetz et al. 1971), little is known about its vascu-
(1,1'-biphenyl-4,4'-diylbisazobis-7-amino-6-hydroxy- lar effects. GTP caused contraction of the rabbit ear ar-
naphthalene-1,4-disulphonate (NHO5) — were testedly (von Kigelgen et al. 1987) and the rat mesenteric
against GTP and GW8. Suramin, reactive blue 2 andrasculature (Ralevic and Burnstock 1991b; but see Juul
iso-PPADS were much less potent against GTP aetlal. 1993) and induced a small’C@ansient in rat aor-
GTPyS than previously found against (the P2Y effect dfi myocytes (Tawada et al. 1987). In each case GTP was
considerably less effective than ATP and UTP. On the
other hand, endothelium-dependent relaxation in re-
R. Bltmann &) - G. Hansmann - F. Tuluc - K. Starke sponse to GTP has been demonstrated in the pig aorta

Pharmakologisches Institut, Hermann-Herder-Strasse 5, (Martin et al. 1985), the guinea-pig coronary (Vials and
D-79104 Freiburg i.Br., Germany Burnstock 1993) and the rat mesenteric vasculature
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(Ralevic and Burnstock 1991b; Vuorinen et al. 1998imilar or smaller relaxation compared to the same concentration

1994). In the latter, GTP was 10- to 100-fold less pmé"‘%{,’?Li'r?éi‘é%%%ﬁ?i{?gﬁi?ﬁﬁx'?rﬁiﬁi%?fgé‘{svii' dEGilues of ag-
than ATI_D f”md l.JTP’ and j[he response to GTP was me%ﬁkts (concentrations producing 50% of the5 respective maxi-
ed by nitric oxide (Vuorinen et al. 1992). Based on thum), logistic curves were fitted to weighted mean contraction or

observation that the P2-receptor antagonist reactive bielexation values by means of Eq. 25 of Waud (1976) and non-lin-
2 (10uM) attenuated endothelium-dependent relaxatiof@ regression. When a concentration-response relationship was

; i ell-shaped (Figs. 3-5), the responses to concentrations higher
of the rat mesenteric artery elicited by ATP but not rel n the maximally relaxant one were taken to be identical with

ations elicited by GTP, Vuorinen et al. (1994) Suggestﬁﬁ maximal response. Apparent antagokigtvalues were de-
the existence of a guanine nucleotide-specifi¢{'Pe- rived by one of two procedures. If, in a pair of antagonist and ago-
ceptor. nist, the antagonist did not change the maximum of the agonist

i i ~ti ncentration-response curve, the appakentvas derived from
In the present experiments, vasoconstriction and \?ae shift of the curve to the right at the level of thesg@sing

sodilation by GTP and related compounds was inve J. 4 of Furchgott (1972). If, in an antagonist-agonist pair, the an-

gated in the rat thoracic aorta. Two aims were pursu€gjonist depressed the maximum of the agonist concentration-re-
to describe in greater detail the vascular effects of GEppnse curve, the apparéqfvalue was derived from a double re-
and to identify new selective agonists for the P2-recepfgirocal plot according to pp. 335 and 342 of Kenakin (1993; cf.

. . s ansmann et al. 1997).
subtypes previously found in this tissue. The following drugs were used: suramin hexasodium (Bayer,

Wuppertal, Germany); 2-methylthio ATP tetrasodium (MeSATP),
8-(para-sulphophenyl)theophylline (8-SPT), reactive blue 2 (Bio-
Methods trend, Koln, Germany); pyridoxalphosphate-6-azophenyl-2',5'-
disulphonate tetrasodium is¢-PPADS; Cookson Chemicals,
outhampton, UK); acetylcholine chloride, guanosine, guanosine
osphate trilithium (GDP), guanosine triphosphate tetralithium
TP), guanosine 5'-O-(2-thiodiphosphate) trilithium (GISHp,
anosine 5'-O-(3-thiotriphosphate) tetralithium (G$) guan-
imidodiphosphate trisodium B(y-NHGTP), o,B-methylene
dilithium (a,B-MeATP), a,B-methylene GDP disodiunu (-
GDP), B,y-methylene GTP trisodiumB(y-MeGTP), Ne-nitro-
-arginine methyl ester (L-NAME), (-)-noradrenaline bi-(+)-tar-
te (Sigma, Deisenhofen, Germany); and 5,5'-(1,1'-biphenyl-4,4'-
iylbisazo)bis-7-amino-6-hydroxy-naphthalene-1,4-disulphonate
etrasodium (NHO5; Syntec, Wolfen, Germany). Antagonists and
noradrenaline were dissolved in distilled water. Acetylcholine,
%Janosine, 8-SPT and the nucleotides were dissolved in medium.
Data are expressed as either the arithmetic me@BM or, in
case of fitted curves, the E@nd maximal effect with the SE
defined by Waud (1976). Differences between fitted curves
re tested according to p. 371 of Motulsky and Ransnas (1987).
0.05 was taken as the limit of statistical significance.

Male Wistar rats (250 to 300 g) were decapitated. The tho
cic aorta was cleaned of adherent tissue and cut into rings of al
4 mm length. In some rings the endothelium was removed by g
ly rubbing the intimal surface (see Hansmann et al. 1997).
rings were mounted in a 5.9-ml organ bath. Two stainless st
hooks were inserted through the lumen; the lower hook was fi
and the upper one attached to an isometric force transducer (
Hugo Sachs Elektronik, Hugstetten, Germany). The incubati
medium contained (mM): NaCl 118, KCI 4.8, CaZb, KH,PO, 0.9,
NaHCQ, 25, glucose 11, ascorbic acid 0.3 and disodium ED
0.03. It was saturated with 95%/6% CQO, and kept at 37°C. Un-
less stated otherwise, the medium was replaced every 15 min.

During a 60-min equilibration period, the resting tension w
twice adjusted to 9.8 mN (Graphtec thermal pen recorder, Ettli[ﬂé
gen, Germany). Noradrenaline (M) was then added to the me-
dium twice, 60 and 80 min after the beginning of the experime
During the plateau of the second noradrenaline contraction, ace
choline (1uM) was added in order to examine the condition of the
endothelium. The endothelium was considered intact when acetyl-
choline caused at least 50% relaxation; it was considered removed
when acetylcholine failed to elicit relaxation. Rings that did n@esults
satisfy these criteria were discarded.

In order to determine concentration-contraction curves, gL@- .
nosine or the guanine nucleotides were added in a cumulafv@Ntraction
fashion three times, 110, 170 and 230 min after the beginning of
the experiment, to rings at resting tension (after the two init@he ability of guanosine and the guanine nucleotides to
— 60 and 80 min — responses to noradrenaline). They were wasgiglit contraction was studied in aortic rings at resting

out when the contraction elicited by the highest concentration - - : o
maximal. It took 5 to 10 min to determine a concentration-contr:\\fg-?1SIon (i.e. non-precontracted). In preparations with in-

tion curve. Three different agonists were studied in each prepd@ct endothelium, GTP, GDP, guanosine 5-O-(3-thio-
tion in varying order of application. Contractions were measurédphosphate) (GT¥S) and guanosine 5°-O-(2-thio-

at their maximum and expressed as a percentage of the secondiihosphate) (GDBS) caused small, sustained contrac-
tial noradrenaline contraction. jons, always below 10% of the response to noradrena-

| . . t
In order to determine concentration-relaxation curves, nor. s _ Al
renaline (1M usually) was again added to the medium eithime (1pM; Fig. 1a; open symbols in Fig. 4),y-Methyl-

twice, 105 and 165 min, or three times, 105, 165 and 225 min, @fie GTP [,y-MeGTP), a,3-methylene GDP d,3-Me-
ter the beginning of the experiment (‘precontraction’). GuanosiBDP), guanylylimidodiphosphate 3,¢-NHGTP) and

or the nucleotides were added in a cumulative fashion during @?anosine were without effect at up to 10@ (n = 3
plateau of the noradrenaline response, i.e. from 5 to 7 min after $he_, .

addition of noradrenaline onwards. They were washed out togefifich; not shown). ,

er with noradrenaline when the relaxation elicited by the highest In endothelium-denuded rings, GTP, GDP, @3P
concentration was maximal. It took 5 to 15 min to determineand the lower concentrations of GB® elicited similar
concentration-relaxation curve. Unless stated otherwise, only %:

agonist was studied per preparation. Relaxations were measur ﬁjl},ﬁhghtly higher contractions. The response to iIbD

their maximum and expressed as a percentage of the respe . S was mth. larger than in. rin_gs with intact endo-
noradrenaline precontraction. The cumulative protocol did not ium (Fig. 1a; filled symbols in Fig. 2B,y-MeGTP,
derestimate agonist potencies: addition of single concentrationgig8-MeGDP, 3,y-NHGTP and guanosine again were in-

GTRS (10 or 32uM) after noradrenaline precontraction elicitedqctive at up to 10QM (n = 3 each; not shown).
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Fig. 1a,b Contraction and re- a
laxation evoked by guanine nu- '
cleotides in r|ngs of rat aorta. GDPRS (endothelium intact) GDPRBS (endthelium removed)

Typical responses in prepara-
tions with intact endothelium
(left-hand tracingsand endo-
thelium-denuded preparations 100 5 min
(right-hand tracing}. a Prepa- 10 32 100 32

rations at resting tone. Increas- o A

ing concentrationsuyM) of —_

GDPBS were administered in a

cumulative fashionb Prepara- b

tions precontracted with norad-

renaline (1uM; o). Increasing GTP (endothelium intact) GTP (endothelium removed)
concentrationsyM) of GTP or

GTPyS were administered in a 32

cumulative fashion during the 1 |10/32

plateau of each response to 114 /100

5 mN

- ) 32 100
noradrenaline. Representative o o 320 1000
tracings from 3 to 5 experi- ' 3000
ments '
3200
- L]
GTPyS (endothelium intact) GTPyS (endothelium removed)
32
0.32 111032 190
0.1 /1 /3.2
LI
110
]
32
L]
100
]
L] L ]

a,B-Methylene ATP ¢,3-MeATP; 100uM), given in  such experiments see Hansmann et al. 1997). When add-

order to desensitize P2X-receptors (see Garcia-Velasdoduring the plateau of this contraction, increasing con-

et al. 1995), caused transient contraction in endothelivcentrations of GTP, GDP, G¥® and guanosine caused

denuded aortic rings (28% of the response to noradprominent relaxation (Fig. 1lb; open symbols in Fig.

renaline 1uM; n = 13). When added 30 min after, and iBa,b,c,h). Responses to GTP and €3 ®ere rapid and

the continued presence of, 1AM of a,3-MeATP, GTP transient (Fig. 1b), those to GDP and guanosine were

(100-3200 uM), GDP (320-3200 uM), GTPyS slower and more sustained (not shown). The,E&lues

(10-100uM) and GDRBS (10-10QuM) elicited contrac- (and maximal percentage relaxations) werexl21uM

tions similar to those in the absence @f-MeATP (99+2%) for GTP, 6.80.7 uM (86x3%) for GTR/'S and

(n= 3 each; not shown). 822+146 uM (104+5%) for guanosine (from experiments
of Fig. 3). The concentration-response curve of GDP did
not reach a maximum within the concentration range

Relaxation studied (Fig. 3b). Relaxations caused Py-MeGTP,
a,3-MeGDP and3,y-NHGTP hardly exceeded 10%, and

The ability of guanosine and the guanine nucleotides@G®PBS did not cause relaxation but further contraction

cause relaxation was studied in aortic rings precontrac(eden symbols in Fig. 3d—g).

with noradrenaline. In preparations with intact endotheli- In endothelium-denuded rings, the first precontraction

um, the first precontraction caused by noradrenalitee noradrenaline (uM) averaged 7:80.5 mN f = 24;

(1 uM) averaged 720.2 mN f = 83; for the slight in- not significantly different from endothelium-intact

crease of noradrenaline precontractions in the courseainfs). GTP, GDP and guanosine again caused relaxation
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Fig. 2a—d Contraction evoked by guanine nucleotides in endoth

lium-intact (0 ) and endothelium-denude® ) rat aortic rings at 50
resting tension. Three concentration-contraction curves were
termined in each ring, interval 60 min, each for a different agoni
using varying orders of application. GT&,(GDP ), GTRS (c) 100
or GDR3S () was administered in a cumulative fashiéscis-

sae agonist concentratiorOrdinatesshow contraction as a per-
centage of an initial contraction caused by noradrenalinev{iL
Meanst SEM from 3 experiments each O ==-=---- -

Agonist concentration (uM)

Relaxation (%)

g A, y—NHGTP h Guanosine

50

(Fig. 1b; filled symbols in Fig. 3a,b,h). Responses
GDP and guanosine were unchanged in time course |
shown) and magnitude (Fig. 3b,h). TheE@alue (and ettt + ot @it v - TR
maximal percentage relaxation) for guanosine w 01 1 10 100 100010000 01 1 10 100 100010000
504£55 pM (102£2%; not significantly different from Agenist concentration (M)
endothelium-intact rings). Responses to GTP were mt

smaller than in endothelium-intact preparations and aFig. 3a—h Relaxation evoked by guanine nucleotides in endotheli-

; - um-intact ) and endothelium-denuded ) rat aortic rings pre-
slower (Fig. 1b), resembling in time course the reSpon‘contracted with noradrenaline. Noradrenalingkl) was added to

to GDP and guanosine, and did not reach an asymptyne medium three times, interval 60 min. GE, GDP b), GTP-
maximum within the concentration range studied (FiyS ), GDFBS (), B.y-MeGTP €), a,3-MeGDP §), B,y-NHGTP
3a). GTRS failed to relax endothelium-denuded rings, () or guanosine) was administered in a cumulative fashion

marked contrast to rings with intact endothelium (Fi‘during the plateau of each response to noradrenaline. Three differ-
ent agonists were tested in each preparation, using varying orders

1b; Fig. 3C)'B'Y'MeGTP’G'B'MeGDP_andB'V'NHGTP of application.Abscissagagonist concentratiorOrdinatesshow
caused little, if any, relaxation (Fig. 3e—g). GE¥ relaxation as a percentage of the respective response to noradrena-
caused further contraction also in endothelium-denucline. Meanst SEM from 3 to 5 experiments
preparations (Fig. 3d).

Relaxations caused by GTP and G$Rn rings with
intact endothelium were examined in greater detaihs higher (9.¥1.0 mN; n = 8) than the (second) pre-
(Figs. 4 and 5). In these experiments, a second and tltindtraction to noradrenaline {(@M) in the absence of
concentration-response curve for both nucleotides, afteNAME (P<0.01; cf. Hansmann et al. 1997). L-NAME
addition of solvent, was similar to the first one (Figs. 480 uM) shifted the concentration-relaxation curve of
and 5a), except that in the case of @Rhe maximal GTP slightly to the right (Fig. 4bP<0.01) and greatly
relaxation tended to be lower in the third curve (Fig. Saeduced the effect of G¥B (Fig. 5b).
P>0.05). In order to investigate a possible contribution of P2Y-

The effect of MN-nitro-L-arginine methyl ester receptors, nucleotide interactions were studied as follows
(L-NAME), an inhibitor of nitric oxide synthase, wagDainty et al. 1991; Hansmann et al. 1997). Immediately
studied first. As L-NAME (3QuM) increases the norad-after the application of noradrenaline(4; second pre-
renaline-evoked contraction of the rat aorta (Hansmazontraction), a high concentration of 2-methylthio ATP
et al. 1997), the concentration of noradrenaline, whéleSATP; 100uM) was added and this was followed,
added in the presence of L-NAME, was reduced when the contraction plateaued and without washout, by
0.01uM. Even noradrenaline (0.01M) elicited a (sec- the usual determination of GTP or G/& concentration-
ond) precontraction in the presence of L-NAME whictelaxation curves. The initial high concentration of Me-

"
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a Solvent b L—NAME a Solvent b L—NAME
r 30 uM r 30 uM
0 0
50 50
100 100
d Suramin c MeSATP d Suramin
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& 100 ® 100!
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x i
o] - 0r
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o3 ol
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Fig. 4a—h Effect of N*-nitro-L-arginine methyl ester (L-NAME), Fig. 5 Effect of Ne-nitro-L-arginine methyl ester (L-NAME),
MeSATP and P2-receptor antagonists on the GTP-evoked relMeSATP and P2-receptor antagonists on the ¥&Fevoked relax-
ation of rat aortic rings precontracted with noradrenaline. Norzation of rat aortic rings precontracted with noradrenaline. Details
renaline (1uM; in the presence of L-NAME 0.0fM) was added are as in the legend to Fig. 4, G/BPreplacing the GTP of Fig. 4.

to the medium twoly,c,g) or three §,d—f,h) times, interval 60 - Meanst SEM from 4 to 7 experiments

min. GTP was administered in a cumulative fashion during t

plateau of each response to noradrenaline. L-NAMEW@) was

added 30 min before the second addition of noradrenaline, e .
about 35 min before the second GTP concentration-relaxatf%?l-P (100 UM) did not reduce but enhanced the relax-

curve p). MeSATP (100uM) was added immediately after thedtion caused by GTP (Fig. 4c) and GBRFig. 5¢; both
second addition of noradrenaline, i.e. about 5 min before the sBe0.01).

ond GTP concentration-relaxation cung. (The P2-receptor an-  Four P2-receptor antagonists were tested against GTP

tagonists were added at a two increasing concentrations immegi- . ; ; ; B
ately after the first and second GTP concentration-relaxati d GTRS: suramin, reactive blue 2, pyridoxalphos

curve, i.e. about 50 min before the second and third concentratiBRate-6-azophenyl-2',5'-disulphonatsofPPADS), and
relaxation curved—f andh; iso-PPADS ing was given only at a the trypan blue analogue 5,5'-(1,1'-biphenyl-4,4'-diylbis-
single concentration)Abscissag GTP concentrationOrdinates azo)bis-7-amino-6-hydroxy-naphthalene-1,4-disulpho-
i[]?\%srieliat’l‘%“°?e;gnfggtofgg\%’g?brsﬁl?gf'u(S) iﬁgﬁ:;{‘ég%g)) nate (NHO5; Wittenburg et al. 1996). All were used at
as a percentage of the respective response ?o noradrenaline. MEGRSENtrations that did not attem!ate _the endothelium-de-
+ SEM from 4 to 7 experiments pendent relaxation of rat aortic rings produced by
acetylcholine (Hansmann et al. 1997). Suramin and
iso-PPADS shifted the concentration-relaxation curves of
SATP reduced the noradrenaline response t80633mMN GTP and GTKS to the right at the higher concentrations
(n = 9; P<0.05 vs. second precontraction without MeSxamined (100 and 1M, respectively; Figs. 4d,f,g and
ATP; cf. Hansmann et al. 1997). Pre-exposure to Me®i,f,g);iso-PPADS (10uM) also reduced the maximum
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Table 1 ApparentK, values of P2-receptor antagonisgvalues ~ causing no contraction and minimal relaxation. So the
against GTP and G8 were calculated from the experiments of main aim of the Discussion will be to interpret the ef-

Figs. 4 and 5. Values against MeSATP, UTP and ATP are from ; _
Hansmann et al. (1997) fects of GTP, GDP, GT¥S and GDBS in terms of ac-
tions at the plasma membrane receptors for nucleotides

Antagonist,uM ApparentK, value (M) against previously identified, or suggested to exist, in the rat
aorta.
GTP GTRS MeSATP UTP ATP
Suramin 10 n.e. n.e. 2.4 n.e. n.e. .
100 263 291 47 36.5 26.1 Contraction
Reactiveblue2 3.2 ne.  ne. 054 65 o210 Like several other nucleotides (White et al. 1985; Gar-
n-e. n.e. ' ' cia-Velasco et al. 1995; Hansmann et al. 1997), GTP,
iso-PPADS 0.32 n.e. ne. 0.08 GDP, GTRS and GDBS caused contraction of rat aortic
32 ne. ne 008 1.7 n.e. rings at resting tension. Removal of the endothelium ei-
10 3.6 48 3.6 33 ther did not modify or enhanced the contraction (Figs. 1la
NHO5 1 ne. ne. 044 021 10 @and2), indicating that it was mediated by smooth muscle
32 24 ne. 035 033 1.8 receptors. Which are these receptors?

The smooth muscle of the rat aorta seems to contain
n.e, no effect at concentration indicated at least three receptors for adenine and uracil nucle-
= Maximum of concentration-relaxation curve reduced by Up f}ides. One is a P2X-receptor (Garcia-Velasco et al.
50%; apparenk, value determined according to Kenakin (1993) 1995; Pacaud et al. 1995 see Fredholm et al. 1994 and
Burnstock and King 1996 for the subclassification of P2-
receptors). A second receptor has been suggested to me-
of the GTRS concentration-relaxation curve (Fig. 5 gdiate the contraction elicited by UTP and to be a
Reactive blue 2 caused no change (Figs. 4e and 5e;‘plyeimidinoceptor’ insensitive to ATP (Garcia-Velasco et
tendency for a lower maximum in the third contral. 1995). The third is a P2U-receptor, sensitive to both
GTPYS concentration-relaxation curve should be reme®FP and UTP and mediating a rise in intracellulaé*Ca
bered: compare Fig. 5e and Fig. 5a). NHO5 (8 an- in cultured rat aortic myocytes (Kitajima et al. 1994,
tagonized significantly only GTP but not Gy® Pacaud et al. 1995). In support of the existence of two
(Figs. 4h and 5h). Apparent antagoni&t values are nucleotide receptors in addition to P2X, mRNA tran-
summarized in Table 1. scripts encoding for a ‘pyrimidinoceptor’ (P@Yand for
Finally, the interaction of suramin and the P1-pur& P2U-receptor (P2Y Burnstock and King 1996) have
noceptor antagonist $dra-sulphophenyl)theophylline been demonstrated in rat aortic myocytes (Chang et al.
(8-SPT) with GTP and guanosine was studied in end®95).
thelium-denuded preparations. Solvent or antagonistsDesensitization of P2X-receptors wiih,3-MeATP
were added immediately after the first of two agonidid not change the contraction of rat aortic rings elicited
concentration-relaxation curves. A second concentratidry GTP, GDP, GT¥S and GDBS (as has been shown
response curve for GTP and guanosine, after additionfamf GTP in the rat mesenteric vascular bed; Ralevic and
solvent, was similar to the first onen = 3 each). Burnstock 1991b), indicating that the contraction-medi-
Suramin (10QuM) and 8-SPT (10@M) did not alter the ating receptor for the guanine compounds is not P2X. In
relaxation caused by GTP (3.2-320®; n = 3 each). fact GTP is inactive at recombinant P2X-receptors (e.g.
8-SPT (100uM) did not alter the relaxation caused b¥2X;: Valera et al. 1994). This leaves the ‘pyrimi-
guanosine (32—3200M; n = 3; not shown). dinoceptor’ (P2¥) and the P2U-receptor (P2Y No un-
equivocal distinction is possible. GTP is an, albeit weak,
agonist at recombinant rat PgWeceptors (Chen et al.
Discussion 1996), and GTP, GDP and Gy®are agonists at recom-
binant human P2Yreceptors (Lazarowski et al. 1995).
The stable guanine nucleotides GBPand GDBS are On the other hand, GTP, GDP and GSRire inactive at
commonly employed to study the function of G-proteinmative P2¥%-receptors in C6-2B rat glioma cells (Lazar-
They do not readily cross the plasma membrane, awiski and Harden 1994; Nicholas et al. 1996). It would
cells have to be permeabilized to allow access of\STRseem more likely, therefore, that GTP, GDP and TP
or GDR3S (e.g., Brock et al. 1988; Shibano et al. 1992)ontract the rat aorta through the P2U-receptor. For the
It is unlikely, therefore, that the effects observed in timost effective agonist, GIBS, lack of data concerning
present study were due to a direct interaction of the gita-activity at identified P2-receptors prevents even this
nine nucleotides with G-proteins. This possibility is aghreliminary assessment of probabilities.
ditionally refuted by the observation thgty-MeGTP, The naturally occurring nucleotides GTP and GDP
a,3-MeGDP, B,y-NHGTP, which also interact with G-caused only minor contraction of the aorta and were less
proteins (e.g., Cockcroft and Gomperts 1985), did reffective than ATP and in particular UTP (cf. Garcia-Ve-
mimick the effects of the phosphorothioate analodasco et al. 1995; Hansmann et al. 1997), a finding that




659

argues against a physiological guanine nucleotidieating that the site of action of GTP and G$Rvas
evoked vasoconstriction. not the P2Y-receptor (cf. Hansmann et al. 1997). The re-
sults obtained with the P2-antagonists confirm this view:
as shown in Table 1, suramin, reactive blue 2 iand
Relaxation PPADS were much less potent against GTP andySTP
than against MeSATP (data from Hansmann et al. 1997).
Like several other nucleotides (see White et al. 198Bn the positive side, thkK, values of suramin an$o-
Dainty et al. 1991; Hansmann et al. 1997), GTP, GCHPADS against GTP and Gy are very similar to those
GTPyS and guanosine relaxed aortic rings precontracteghinst ATP and UTP (from Hansmann et al. 1997), sug-
with noradrenaline. Removal of the endothelium abaesting an action of GTP and Gf3through the P2U-
ished, and L-NAME markedly attenuated, the responszeptor. The effects of reactive blue 2 and NHO5, both
to GTRS (Figs. 1b, 3c and 5b). We have previousiyore potent against UTP than against GTP andySTP
shown that at least the major mechanism of the antaftable 1), might seem to contradict this view. However,
nism of L-NAME against the relaxant effect of acetyklwo considerations indicate that the contradiction is only
choline, adenosine 5'-O-(2-thiodiphosphate) (BSP apparent. First, the potency of antagonists against the re-
and UTP in rat aorta is blockade of nitric oxide synthakeation effect of UTP may be overestimated due to a si-
(Hansmann et al. 1997). The relaxation caused byyGTRwltaneous contraction effect of UTP (Hansmann et al.
S, therefore, was entirely due to activation of endothell97); in fact theK, value of NHO5 against ATP, which
receptors, and nitric oxide was the main mediator lacks the prominent contraction effect of UTP (Hans-
leased. GTP produced relaxation also in endothelium-deann et al. 1997), was similar to that against GTP
nuded preparations, much smaller though than when (h&-1.8vs 2.4; Table 1). Second, the highest concentra-
endothelium was intact, and its effect was attenuatiwhs of reactive blue 2 and NHO5 that were tested
much less by L-NAME (Fig. 1b, 3a and 4b). The modmainst GTP and G¥8 were close to thK, values of
of action of GTP therefore comprises an endothelial th@se antagonists against ATP so that the lack of signifi-
well as a non-endothelial component (compare the effeant antagonism may well have been chance; higher con-
of ATP in Hansmann et al. 1997). The relaxation causeehtrations of reactive blue 2 and NHO5 could not be
by GDP or guanosine, finally, was not altered by remowsed because they are non-selective for P2-receptors (as
al of the endothelium at all (Fig. 3b,h), indicating thatmpared to muscarinic receptors; Hansmann et al.
these two acted entirely through receptors located on 1#887). Overall, the agonist interaction and the antagonist
smooth muscle cells. Which are the smooth muscle agberiments are compatible with the view that GTP and
the endothelial receptors? GTPyS cause relaxation through the endothelial P2U-re-
As GTP and GDP are susceptible to enzymatic hgeptor.
drolysis and guanosine is an effective relaxant, it seemdn agreement with the present data, the endothelium-
possible that the endothelium-independent relaxatideapendent relaxation of rat mesenteric arteries in re-
caused by GTP and GDP was mediated by their degrasfaonse to GTP was not altered by reactive blue 2
tion product guanosine. In support of this view, the ré0 uM; Vuorinen et al. 1994). The authors proposed
sponse to GTP was slow in endothelium-denuded aottiat GTP acted at a specificgPreceptor. However, the
rings, similar to the responses to GDP and guanosiardothelium of the rat mesenteric vasculature is now
and was not altered by the P2 antagonist suraminkimown to possess P2U-receptors (Windscheif et al. 1994;
these preparations. The relaxation-mediating receptor Ralevic and Burnstock 1996), and our results suggest
guanosine is not known. The lack of effect of 8-SPT dhat, as in the aorta, this subtype mediated the effect of
gues against an adenosine P1-purinoceptor (cf. Vuorif&hP.
et al. 1994). However, the endothelium-independent re-A secondary aim of the present study was to detect
laxation of the rat aorta caused by adenosine itselfselective agonists for the P2-receptors of the rat aorta.
equally resistant to several adenosine receptor antag@i+yS may be one. It elicited prominent endothelium-
sts including 8-SPT (up to 1Q€M; Prentice and Hour- dependent relaxation, with an E(J6.8 pM) close to
ani 1996). Possibly the — atypical — smooth muscle &FP (3.5uM) and UTP (1.1uM; Hansmann et al. 1997),
ceptor activated by adenosine is also the site of actiorbat little contraction, and it did not relax endothelium-
guanosine. denuded preparations. G§¥, hence, is a relatively po-
The endothelium-dependent relaxation of the rat aotéat and selective agonist for the P2U-receptor of rat aor-
in response to extracellular adenine and uracil nucte-endothelial cells. It has not been tested in other blood
otides is mediated by P2Y-receptors, which are selectivessels in which effects of GTP were examined (see In-
ly activated by MeSATP, and P2U-receptors, which at@duction), but presumably P2-receptor-mediated effects
selectively activated by UTP and also ATP (which doe$ GTPyS have been observed in rat hepatocytes (e;g. IP
not act noticeably through the endothelial P2Y-receptdosmation; Okajima et al. 1987) and human neutrophils
in this preparation; Dainty et al. 1991; Hansmann et é.g. stimulation of superoxide formation; Seifert et al.
1997). The endothelium-dependent relaxation caused1®89). The P2 subtype for these responses has not been
GTP and GTIS was not attenuated after pre-exposucharacterized but may be P2U, a receptor which both rat
to a high concentration of MeSATP (Figs. 4c¢ and 5c), in-
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hepatocytes and human neutrophils possess (see O’Gtmsmann G, Biltmann R, Tuluc F, Starke K (1997) Characteriza-
nor et al. 1991; Keppens 1993) tion by antagonists of P2-receptors mediating endothelium-de-
L ' ' : pendent relaxation in the rat aorta. Naunyn-Schmiedeberg’s
With an EG, value of 131uM, GTP was cons_lder-_ _ Arch Pharmacol 356:641—652
ably less potent than ATP and UTP (see above) in eligiful B, Plesner L, Aalkjaer C (1993) Effects of ATP and related
ing endothelium-dependent relaxation of the rat aorta. nucleotides on the tone of isolated rat mesenteric resistance ar-

GDP also produced relaxation only at very high concen- teries. J Pharmacol Exp Ther 264:1234-1240

; ; Aeri nakin T (1993) Pharmacologic analysis of drug-receptor inter-
trations. It seems unlikely, therefore, that platelet derivE action. Raven Press, New York

guanine nucleotides are major physiological vasodileppens S (1993) The complex interaction of ATP and UTP with
tors. isolated hepatocytes. How many receptors? Gen Pharmacol
24:283-289
Kitajima S, Ozaki H, Karaki H (1994) Role of different subtypes
. of P, purinoceptor on cytosolic alevels in rat aortic smooth

Conclusion muscle. Eur J Pharmacol 266:263—-267

Lazarowski ER, Harden TK (1994) Identification of a uridine nu-
Guanine nucleotides can cause both contraction and recleotide-selective G-protein-linked receptor that activates

i i - phospholipase C. J Biol Chem 269:11830-11836

O e g O euti L5 e WG, St 1 St R, arden T
P L pect t 1995) Pharmacological selectivity of the cloned human
sponse. Hence, vasoconstriction or vasodilation cause ,u-purinoceptor: potent activation by diadenosine tetraphos-
by platelet-derived guanine nucleotides is unlikely to be phate. Br J Pharmacol 116:1619-1627 -
physiologically relevant. The stable analog GFRelec- Martin W, Cusack NJ, Carleton JS, Gordon JL (1985) Specificity

; ; ; of P,-purinoceptor that mediates endothelium-dependent re-
tively activates the endothelial P2U-receptor and may P 2Pt the%ig ot B S o boE 209

therefore be useful in delineating P2-receptor subtypesyotulsky HJ, Ransnas LA (1987) Fitting curves to data using non-
linear regression: a practical and nonmathematical review.
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