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1 Vasoconstrictions induced by transmural electrical ®eld stimulation were frequency-dependent from 2
to 32 Hz in the rabbit isolated splenic artery. All contractions were abolished in the presence of
tetrodotoxin 1 mM or guanethidine 100 mM. Stimulation at a frequency of more than 32 Hz induced both
neurogenic and myogenic responses.

2 Prazosin (1 mM) did not signi®cantly a�ect vascular contractions to electrical stimulation.
Desensitization of P2X-purinoceptors with a,b-methylene ATP (a,b-meATP, 3 mM) abolished the
contractions to stimulation at 2 ± 8 Hz and inhibited more than 80% of the vascular response at
16 Hz, but it did not signi®cantly change the responses at 32 Hz. Contractile responses at 32 Hz were
inhibited by a combination of prazosin and a,b-meATP. E�ects of pyridoxal-phosphate-6-azophenyl-2',
4'-disulphonic acid tetrasodium salt (a selective P2X-purinoceptor antagonist) and suramin (a competitive
P2-purinoceptor antagonist) on the neurogenic responses were investigated in this study.

3 2,2'-Pyridylisatogen tosylate (PIT, 0.3 ± 3 mM) signi®cantly potentiated the vasoconstrictions to
electrical stimulation at 2 ± 32 Hz in a concentration-dependent manner. Potentiated responses were
restored to the control level 30 min after washing. Concentration-dependent response curves for
noradrenaline (NA) or a,b-meATP were not signi®cantly changed by 3 mM PIT, and vasoconstriction by
adenosine 5'-triphosphate (ATP, 300 mM) was una�ected by PIT. Coomassie brilliant blue-G (1 mM),
which shares the potentiating e�ect on a recombinant P2Y-purinoceptor with PIT (King et al., 1996), did
not inhibit or potentiate the purinergically-mediated component of the response to sympathetic nerve
stimulation. The selective a2-adrenoceptor antagonist yohimbine (1 mM) also potentiated the vascular
responses to electrical stimulation.

4 The present results indicate that ATP evokes postjunctional contractile responses at low and high
frequency electrical stimulation of sympathetic nerves supplying the rabbit splenic artery. PIT potentiates
the responses to sympathetic (purinergic) nerve stimulation; this appears to be mainly via prejunctional
rather than postjunctional actions.

Keywords: Sympathetic nerves; purinergic transmission; prejunctional modulation; 2,2'-pyridylisatogen tosylate; vasocon-
striction; rabbit splenic artery

Introduction

It is generally accepted that adenosine 5'-triphosphate (ATP) is
a cotransmitter with noradrenaline (NA) in sympathetic nerves
supplying various blood vessels (Burnstock, 1990; von KuÈ -
gelgen & Starke, 1991). Evidence for this concept in the vas-
culature was obtained largely from in vitro experiments with
rabbit blood vessels, including aorta (Su, 1975; 1978), pul-
monary artery (Katsuragi & Su, 1980; 1982), ear artery
(Kennedy et al., 1986), jejunal artery (Ramme et al., 1987),
saphenous artery (Burnstock & Warland, 1987) and hepatic
artery (Brizzolara & Burnstock, 1990). The proportion of the
purinergic to the adrenergic component varies considerably
among di�erent arteries (ear artery, Kennedy et al., 1986; sa-
phenous artery, Burnstock & Warland, 1987; hepatic artery,
Brizzolara & Burnstock, 1990). It has been shown that the sole
transmitter released by sympathetic nerves supplying rabbit
mesenteric arteries and guinea-pig submucosal arterioles is
ATP, while NA acts as a prejunctional modulator of ATP
release (Ramme et al., 1987; Evans & Surprenant, 1992). Si-
milarly, we demonstrated recently that ATP is the sole trans-
mitter of contractile responses to sympathetic nerve
stimulation at 1 Hz, while NA co-released with ATP acted as a
prejunctional modulator in the canine isolated and perfused
splenic artery (Ren et al., 1996).

The present study was designed to investigate contractile
responses to sympathetic nerve stimulation in rabbit splenic

artery. We analysed neurogenic vasoconstriction, by use of a
selective P2X-purinoceptor antagonist, pyridoxal-phosphate-6-
azophenyl-2', 4'-disulphonic acid tetrasodium salt (PPADS)
(Ziganshin et al., 1994), a competitive P2-purinoceptor an-
tagonist, suramin (Dunn & Blakeley, 1988; Le� et al., 1990),
and desensitisation of P2X-purinoceptors with a,b -methylene
ATP (a,b-meATP) (Warland & Burnstock, 1987). Another
known P2-purinoceptor antagonist, 2,2'-pyridylisatogen tosy-
late (PIT) (Spedding et al., 1975), was recently shown to be a
forerunner of a new class of therapeutic agents because of its
potentiating action in low concentrations of ATP-responses at
P2Y-purinoceptors (King et al., 1996). Potentiation of the re-
sponse to ATP by PIT at low concentration was also obtained
in the guinea-pig terminal ileum (Kazic & Milosavljevic, 1977).
Thus, we also investigated whether PIT potentiated the pur-
inergic component of the responses to sympathetic nerve sti-
mulation in the rabbit splenic artery.

Methods

Arterial preparations

Male New Zealand white rabbits (3.0 ± 3.5 kg) were killed by
an overdose of pentobarbitone sodium (Sagatal) injected via
the ear vein, then exsanguinated. The splenic artery was ex-
cised and cleaned of excess connective tissue and fat. Ring
segments with endothelium (4 mm in length) were mounted
horizontally in a 10 ml organ bath by carefully inserting a1Author for correspondence.
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tungsten wire through the lumen of the vessel ring and an-
choring it to a stationary support. Another wire similarly in-
serted, was connected to a Grass FT03C force-displacement
transducer and responses were recorded on a pen recorder
(Grass). The preparation was placed under a resting tension of
1.0 g and allowed to equilibrate for 1 h in a physiological so-
lution of the following composition (mM): NaCl 133, KCl 4.7,
NaH2PO4 1.35, NaHCO3, 16.3, MgSO4 0.61, glucose 7.8 and
CaCl2 2.52, pH 7.2 (BuÈ lbring, 1953). The solution was main-
tained at 378C and aerated with 95% O2 and 5% CO2.

Transmural electrical stimulation was delivered to the tissue
by means of two platinum wire electrodes placed parallel to,
and on each side of the vessel, by a Grass S11 stimulator. A
voltage of 60 ± 70 V and a pulse width of 0.09 ± 0.1 ms were
used in the experiments and the neurogenic origin of the re-
sponses was con®rmed by the abolition of all contractions with
1 mM tetrodotoxin (TTX). The preparation was stimulated
over a frequency range of 2 ± 32 Hz for 1 s at 5 min intervals.
This frequency-dependent response curve was repeated 4 or 5
times at 30 min intervals in each preparation. The ®rst set of
data was not used in the present experiments.

NA was added cumulatively to the organ bath to produce
agonist concentration-response curves. The concentration-re-
sponse curve for NA was repeated 3 times in each preparation
at 1 h intervals. The ®rst set of data was not used in analysis.
The P2X-purinoceptor agonist a,b-meATP, which rapidly de-
sensitizes its own receptors, was added non-cumulatively at
30 min intervals. Only one concentration-response curve for
a,b-meATP was generated per preparation. a,b-MeATP
(10 mM) was added to the organ bath and the preparation re-
peatedly washed for 1 h before the concentration-response
curve for a,b-meATP was constructed; this initial response was
used to standardize the experimental data.

Antagonists and inhibitors were added to the organ bath
20 min before carrying out the next experimental procedure
(electrical stimulation, concentration-dependent response
curve for NA or administration of a,b-meATP), except for
TTX (10 min before). Desensitization of the P2X-purinoceptor
was achieved by several exposures (generally 3 times) of the
vessel to a,b-meATP (1 mM) at 5 min intervals until no further
contraction was elicited and tone had returned to baseline. The
selective a-1-adrenoceptor antagonist prazosin (1 mM) was used
to block an adrenergic component of the neurogenic response
(Brizzolara & Burnstock, 1990). The selective P2X-pur-
inoceptor antagonist, PPADS (30 mM, Ziganshin, 1994), the
P2X-purinoceptor desensitising agent, a,b-meATP (Sneddon &
Burnstock, 1985), and the competitive P2-purinoceptor an-
tagonist, suramin (300 mM, Dunn & Blakeley, 1988; Le� et al.,
1990), were used to block the purinergic component of the
neurogenic response. The e�ects of each antagonist, inhibitor
and desensitization of P2X-purinoceptor with a,b-meATP on
the contractile responses to NA and to a,b-meATP (as an
agonist) were tested.

The e�ects of PIT (0.3 ± 3 mM) and Coomassie brilliant blue-
G (1 mM), which both potentiate P2-purinoceptor-regulated
functional responses (King et al., 1996), on the vascular re-
sponses to electrical stimulation and to exogenous NA, ATP or
a,b-meATP were observed.

In order to determine whether there was prejunctional
modulation in the present experimental system (Story et al.,
1981; Bulloch & Starke, 1990), the selective a2-adrenoceptor
antagonist, yohimbine (1 mM, Ramme et al., 1987), was tested.
TTX (1 mM) and guanethidine (100 mM) were applied to ana-
lyse whether the contractile response was generated by neu-
rotransmitters from sympathetic nerves.

Drugs

a,b-Methylene adenosine 5'-triphosphate (a,b-meATP, lithium
salt), (7)-noradrenaline bitartrate (NA), adenosine 5'-tripho-
sphate (ATP, sodium salt), Coomassie brilliant blue-G, pra-
zosin hydrochloride, tetrodotoxin (TTX), and yohimbine
hydrochloride were all obtained from Sigma Chemical Com-

pany. Guanethidine sulphate (Ismelin) was obtained from
CIBA Laboratories, and pentobarbitone sodium was supplied
by May and Baker Ltd. Pyridoxal-phosphate-6-azophenyl-2',
4'-disulphonic acid tetrasodium salt (PPADS) was purchased
from Tocris Cookson Ltd. Suramin was a gift from Bayer Plc.
2,2'-Pyridylisatogen tosylate (PIT) was synthesized by Dr. D.
Billington, Institut de Recherches Servier, France. All drugs
were dissolved in distilled water, except for PIT which was
dissolved in 0.1 N HCl and then brought back to pH 7.4 by
adding 0.5 N NaOH. Ascorbic acid (100 mM) was added to the
NA solution.

Statistical analysis

Vascular responses to drugs and electrical stimulation are ex-
pressed as the maximal changes in tension (mg or g) from their
control levels, unless mentioned otherwise (see Results). Values
presented are the mean+s.e.mean. An analysis of variance
(general linear model) was used to evaluate any di�erences
between frequency-dependent response curves for electrical
stimulation or concentration-response curves for drug. If the F
statistic was signi®cant, we compared the individual datum
with its respective control value by simultaneous multiple
comparisons, by use of Dunnett's test (Wallenstein et al.,
1980). The EC50 value for a drug was calculated from the mean
(concentration)+s.e.mean which produced 50% of its max-
imal response. Comparison of NA maximal responses and its
EC50 values before and after treatment were analysed by un-
paired t tests. Comparison of a pair of responses to ATP be-
fore and after treatment was analysed by paired t tests. P
values less than 0.05 were considered statistically signi®cant.

Results

E�ects of TTX and guanethidine on the contractile
responses to electrical stimulation

Electrical stimulation (2 ± 32 Hz) produced a frequency-de-
pendent response curve and reproducible response curves were
obtained on 3 or 4 successive occasions without signi®cant
di�erence. The contractile responses to stimulation were
abolished by treatment with TTX (1 mM) or guanethidine
(100 mM) (Figure 1). NA (0.01 ± 100 mM) gave reproducible
concentration-dependent responses curves (Figure 2a). TTX
(1 mM) changed neither the maximal response nor the EC50

value of NA signi®cantly (Table 1). Guanethidine (100 mM)
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Figure 1 E�ects of tetrodotoxin and guanethidine on the vascular
responses to electrical sitmulation in the rabbit splenic artery. (a)
Frequency-dependent response curves of time control; (*) the ®rst
time; (&) the second time; (~) the third time. (b) (*) Control; (&)
1 mM tetrodotoxin. (c) (*) Control (&) 100 mM guanethidine. Points
represent the mean values and vertical lines show s.e.mean. Asterisks
represent statistical signi®cance vs the respective control value:
*P50.05; **P50.01, n=7± 8.
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signi®cantly shifted the concentration-dependent response
curve for NA to the left in a parallel manner, but it did not
a�ect the maximal contractile response to NA (Figure 2c).

E�ects of prazosin, P2X-purinoceptor desensitization and
P2-purinoceptor antagonists on the contractile responses
induced by electrical stimulation, NA and a,b-meATP

Prazosin (1 mM) did not a�ect the vascular responses to sti-
mulation at 2 ± 16 Hz. In eight preparations stimulated at
32 Hz, the contractile responses in three preparations were
enhanced or not changed, and in the other 5 responses were
partially inhibited by prazosin. Desensitization of P2X-pur-
inoceptors with a,b-meATP (3 mM) abolished the contractile
responses to stimulations at 2 ± 8 Hz. The response to stimu-
lation at 16 Hz was signi®cantly inhibited by 86.3+5%. In
eight preparations stimulated at 32 Hz, the contractile re-
sponses in three preparations were enhanced, and in the other
5 responses were partially inhibited by desensitization of P2X-
purinoceptors with ab-meATP. A combination of both pra-
zosin and a,b-meATP blocked all responses to electical sti-
mulation at 2 ± 16 Hz, and signi®cantly inhibited responses at
32 Hz by 86.3+5% (Figure 3a) and 93+2.4% (Figure 3b).
Vasoconstrictor responses to NA (0.1 ± 100 mM) were com-
pletely inhibited by prazosin (1 mM) except for the response to
100 mM NA which was inhibited by 98+0.8% (Figure 2b). In
preparations desensitized with a,b-meATP (3 mM), a,b-meATP
(0.01 ± 30 mM, as an agonist) failed to elicit further contractile

responses (data not shown), but the concentration-dependent
response curve for NA was not changed signi®cantly (Table 1).

Treatment with the selective P2X-purinoceptor antagonist
PPADS (30 mM) or a combination of both PPADS and pra-
zosin changed the contractile responses to electrical stimula-
tion at 2 ± 32 Hz in a similar manner to desensitisation with
a,b-meATP or the combination of both a,b-meATP and pra-
zosin (Figure 4a). Suramin (100 mM) did not change the neu-
rogenic contraction induced by electrical stimulation (data not
shown). Suramin (300 mM) signi®cantly inhibited the con-
tractile responses to electrical stimulation at 2, 4, 8, 16 and 32
Hz by 84%, 69%, 46%, 49% and 52%, respectively. A com-
bination of both prazosin and suramin signi®cantly inhibited
responses at 4 and 8 Hz (Figure 4b).
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Figure 2 E�ects of prazosin and guanethidine on the vascular
responses to noradrenaline in the rabbit splenic artery. (a)
Concentration-dependent response curves for noradrenaline; (*)
the ®rst time; (&) the second time. (b) (*), Control; (&), 1 mM
prazosin. (c) (*) Control; (&) 100 mM guanethidine. Points represent
the mean values and vertical lines show s.e.mean. Asterisks represent
statistical signi®cance vs the respective control value: *P50.05,
n=7±10.

Table 1 Effects of P
2
-purinoceptor antagonists, ab-methy-

lene ATP, PIT, guanethidine and tetrodotoxin on the

vasoconstrictive responses to NA in the rabbit splenic

artery

Antagonist Maximal responses (g) EC50 values (mM)
(mM) Control Treatment Control Treatment

Suramin (300)

PPADS (30)

a,b-meATP (3)

PIT (3)

Guaneth (100)

TTX (1)

3.87+0.46

4.0+0.3

3.19+0.38

3.34+0.56

3.99+0.5

3.22+0.22

3.68+0.38

3.90+0.4

3.13+0.37

3.37+0.58

3.86+0.51

3.04+0.23

3.5+0.4

3.2+0.6

3.2+0.5

3.2+0.6

3.6+0.4

3.4+0.6

4.1+0.3

3.1+0.6

3.3+0.6

3.1+0.6

1.4+0.1**

3.6+0.6

**P50.01, n=6±8. PIT=2,2'-pyridylisatogen tosylate.
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Figure 3 E�ects of 1 mM prazosin (&, a), desensitization of P2X-
purinoceptor with 3 mM a,b-meATP (&, b), and a combination of
both drugs (~, a and b) on the contractile responses (*, control) to
electrical stimulation. Points represent the mean values and vertical
lines show s.e.mean. *Represents statistical signi®cance vs the
respective control value. {Represents statistical signi®cance vs
prazosin treatment (a) or a,b-meATP treatment (b): *P50.05;
{P50.05, n=8.
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Figure 4 E�ects of 30 mM PPADS (&, a), 300 mM suramin (&, b),
and a combination of both PPADS and 1 mM prazosin (~, a) or both
suramin and prazosin (~, b) on the contractile responses (*,
control) to electrical stimulation. Points represent the mean values
and vertical lines show s.e.mean. *Represents statistical signi®cance
vs the respective control value. {Represents statistical signi®cance vs
PPADS treatment (a) or suramin treatment (b): *P50.05; {P50.05,
n=7.
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A non-cumulative concentration-response curve for a,b-
meATP (as an agonist) was constructed from 0.01 to 30 mM.
Maximal contractions to a,b-meATP were observed at 10 mM,
the EC50 was 0.6+0.07 mM (n=5). Concentration-response
curves for a,b-meATP were signi®cantly shifted to the right by
either PPADS or suramin. Only PPADS reduced the maximal
contraction of a,b-meATP (Figure 5). Neither PPADS nor
suramin a�ected the maximal response and the EC50 value for
NA (Table 1).

E�ects of PIT, Coomassie brilliant blue-G and
yohimbine on electrical stimulation-induced contraction
and vascular responses to NA, ATP and a, b-meATP

Figure 6 shows the e�ects of PIT on neurogenic responses.
Each response, after treatment with PIT, was expressed as
percentage of its respective control. PIT (0.3 ± 3 mM) did not
change the resting tension of the preparation, but it po-
tentiated the contractile responses to electrical stimulation at
2 ± 32 Hz, signi®cantly and concentration-dependently. The
potentiation by PIT of the neurogenic response was more
prominent at low rather than high frequencies of stimulation
(Figure 6). Potentiated responses were restored to control level
after washing for 30 min (Figure 7). The maximal contractile
response to NA and its EC50 value were not changed by 3 mM
PIT (Table 1). The concentration-response curve for
a,bmeATP in the preparations treated by 3 mM PIT was not
signi®cantly di�erent from the control curve (Figure 5). PIT
(3 mM) did not a�ect the contractile responses to 300 mM ATP
(Figure 8). Coomassie brilliant blue-G (1 mM) did not cause
any signi®cant e�ects on the vasoconstriction induced by
electrical stimulation (n=4, data not shown). Vascular re-
sponses induced by electrical stimulation at 2 ± 32 Hz were
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Figure 5 E�ects of 300 mM suramin (&), 30 mM PPADS (~) and
3 mM 2,2'-pyridylisatogen tosylate (!) on the vascular contractile
response curve for a,b-methylene ATP (*). The responses are
expressed as percentage of those to an initial administration of 10 mM
a,b-meATP 1 h before the response curve in each preparation was
constructed. Points represent the mean values and vertical lines show
s.e.mean. Asterisks represent statistical signi®cance vs the respective
control value: *P50.05, n=5.
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Figure 6 E�ects of 2,2'-pyridylisatogen tosylate (PIT, 0.3 ± 3 mM) on
vasoconstrictions induced by electrical stimulation at 2 (*), 4 (&), 8
(~), 16 (!) and 32 Hz (^) Hz in the rabbit splenic artery.
Responses are expressed as percentage of the response to the same
frequency of stimulation in the absence of PIT. Points represent the
mean values and vertical lines show s.e.mean. Asterisks represent
statistical signi®cance vs the respective control value: *P50.05, n=8.
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Figure 7 Single traces showing frequency-dependent contractile
responses to electrical stimulation, 2 ± 32 Hz, in the rabbit splenic
artery in the absence (a) and presence (b) of 3 mM 2,2'-pyridylisatogen
tosylate and (c) 30 min after washing out the drug.

PIT-potentiated neurogenic vasoconstriction 533L.-M. Ren & G. Burnstock



potentiated by the selective a2-adrenoceptor antagonist yo-
himbine (1 mM) from control values of 11+10 (mg, n=4),
29+15, 68+11, 137+15 and 339+37, to values of 20+20,
63+12, 133+12 (P50.05), 315+21 (P50.05) and 510+17
(P50.05).

Discussion

The results of this study lead to two main conclusions. First,
electrical stimulation of sympathetic nerves supplying the
rabbit splenic artery induces a vasoconstriction, which is lar-
gely the result of the action of the purinergic cotransmitter,
ATP; while NA is responsible for negative autofeedback
modulation of transmitter release via prejunctional a2-adre-
noceptors. Second, PIT potentiates sympathetic purinergic
cotransmission, apparently at a prejunctional site.

Although the arteries were stimulated by electrical stimu-
lation with a short train (1 s), which favoured the purinergic
component of the vasoconstriction, prazosin signi®cantly in-
hibits most of the contractile response at 2 ± 100 Hz in the
rabbit ear artery (Kennedy et al., 1986), a portion of the
response at 8 ± 32 Hz in the rabbit hepatic artery (Brizzolara
& Burnsock, 1990), a portion of the response in the rabbit
jejunal artery (10 Hz, Evans & Cunnane, 1992) and saphe-
nous artery (32 ± 64 Hz, Warland & Burnstock, 1987). How-
ever, the contractile responses in the rabbit splenic artery to
electrical stimulation with 2 ± 16 Hz were not changed by
prazosin, but were abolished by desensitization of P2X-pur-
inoceptors with a,b-meATP. The response induced by 32 Hz
stimulation was not signi®cantly reduced by prazosin alone,
but blocked by a combination of both a,b-meATP and pra-
zosin. This concentration of prazosin blocked the endogenous
NA-induced vasoconstriction, while desensitisation of the
P2X-purinoceptor with a,b-meATP did not a�ect the re-
sponses to NA. Similar results were observed in the experi-
ments in which a selective P2X-purinoceptor antagonist,
PPADS, was used. Furthermore, the neurogenic contraction
was blocked by guanethidine, which is a sympathetic neurone
blocking agent (Burnstock & Warland, 1987; Ren et al.,
1994). These results suggest that, in common with mesenteric
and submucosal vessels (Ramme et al., 1987 Evans & Sur-
prenant, 1992), ATP released by sympathetic nerves is in-
volved predominantly in postjunctional contraction of the
rabbit splenic artery, and there is no an apparent adrenergic
component of the neurogenic contraction induced by elec-
trical stimulation over a wide range of frequencies, 2 ± 32 Hz,
in the present experimental conditions. On the other hand,
the selective a1-adrenoceptor antagonist prazosin blocked the

responses to NA, while yohimbine signi®cantly potentiated
the neurogenic contractions, indicating that only postjunc-
tional a-1-adrenoceptors are responsible for the contraction to
NA and endogenous NA co-released by electrical stimulation
inhibits the release of neurotransmitters at prejunctional a2-
adrenoceptors, similar to the splenic artery of the dog (Ren et
al., 1994; 1996).

The spleen and liver have a large potential for blood mo-
bilisation and serve as the major blood volume reservoir in
some animals (Brooksby & Donald, 1972). It has been de-
monstrated that after the induction of cardiogenic shock in the
dog, hepatic volume is increased whereas splenic volume de-
creased, which probably involves active dilatation of the he-
patic vessels and active splenic contraction, respectively (RisoÈ e
et al., 1991). Previous work in our laboratory showed that
there were no clear contractile responses in the rabbit hepatic
artery to electrical stimulation at a frequency less than 8 Hz
(Brizzolara & Burnstock, 1990), but electrical stimulation at
2 ± 8 Hz caused an obvious contraction in the rabbit splenic
artery. Maximal contraction induced by NA (3 ± 4 g) and a,b-
meATP (2.9 g) in the rabbit splenic artery was 2 and 4 times,
respectively, the strength of the responses of the hepatic artery
(Brizzolara & Burnstock, 1990). Therefore, the results of this
study and a previous study of the hepatic artery show further
evidence of a di�erence in sensitivity of the sympathetic nerves
and a di�erence in reactivity of the smooth muscles to drugs,
consistent with the pathological changes in cardiogenic shock
in the dog (RisoÈ e et al., 1991). It has been speculated that the
purinergic component of sympathetic cotransmission is in-
volved in the rapid and powerful vasoconstriction in the de-
fence reaction (Burnstock, 1988).

A relatively small inhibitory e�ect of suramin on the pur-
inergic contraction elicited by electrical stimulation might be
due to its property of competitive antagonism and its in-
hibitory action on ecto-ATPase (Crack et al., 1994). Indeed,
the maximal response to a,b-meATP (agonist) was obviously
reduced by PPADS, but not changed by suramin (Figure 5).
The potentiation by guanethidine of NA-induced contractile
responses could be explained by its inhibitory action on neu-
ronal uptake of catecholamines (Lundborg & Stitzel, 1968;
Khan & Wakade, 1979), which would result in an increase in
the concentration of NA at the vascular neuromuscular junc-
tions.

It has been shown that PIT (512.5 mM) selectively sup-
presses the relaxant responses of the guinea-pig taenia caeci to
ATP in a time- and concentration-dependent manner (Sped-
ding et al., 1975; Spedding & Weetman, 1978). However, lower
concentrations (0.5 ± 2.5 mM) of PIT, enhanced the contrac-
tions to exogenous ATP, KCl and electrical stimulation in the
guinea-pig terminal ileum (Kazic & Milosavljevic, 1977). Re-
cently, King et al. (1996) found that PIT at a concentration of
0.1 ± 3 mM potentiated ATP-evoked inward membrane currents
in cRNA-injected Xenopus oocytes expressing chick P2Y1

-pur-
inoceptors. A direct relaxant response to low concentrations
(less than 2.5 mM) of PIT was also observed in the taenia caeci
(Spedding et al., 1975; Spedding & Weetman, 1978).

The present study showed that PIT (0.3 ± 3 mM) signi®cantly
potentiated the contractions induced by electrical stimulation
of sympathetic (purinergic) nerves, but did not a�ect the vas-
cular contractile responses to a,b-meATP (as an agonist),
exogenous ATP and NA in the rabbit splenic artery (Figures 5,
6, 7 and 8). All the known actions of PIT at low concentrations
do not account for the apparent discrepancy between the e�ect
of PIT on the response to electrical stimulation and that to
exogenous drugs. By analogy, a potentiation of P2Y-pur-
inoceptor-mediated responses by PIT (King et al., 1996) and
an action of directly relaxing smooth muscles by PIT (Sped-
ding et al., 1975) should have reduced the contractile response
to electrical stimulation in the present study. Instead, we did
not observe any signi®cant changes in resting tension when the
preparation was incubated with PIT and the responses to ATP
were not a�ected by PIT. It was also recon®rmed that PIT at
lower concentrations failed to potentiate ATP-induced relax-
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Figure 8 E�ects of (a) vehicle and (b) 3 mM 2,2'-pyridylisatogen
tosylate (solid columns) on the vascular contractile response induced
by ATP. Control responses to ATP (open columns). Columns
represent the mean values with s.e.mean; n=8.
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ant responses in the guinea-pig taenia caeci (Spedding et al.,
1994). An action of PIT on ecto-ATPase is excluded because it
inhibits the ecto-ATPase only weakly and not in a con-
centration-dependent manner (King et al., 1996).

Antagonism by PIT against ATP-induced relaxation at
postjunctional P2Y-purinoceptors (Spedding et al., 1975; King
et al., 1996) could provide an explanation for the potentiation
of neurogenic responses to electrical stimulation in the present
study. However, a concentration of more than 12.5 or 20 mM
was needed for development of its antagonism to P2Y-pur-
inoceptors, and this action was irreversible (Spedding et al.,
1994; King et al., 1996). In the present study 0.3 ± 3 mM PIT
signi®cantly potentiated the responses to electrical stimulation
at 2 ± 32 Hz in a concentration-dependent manner, and this
potentiation recovered to the control level quickly after
washing. In addition, a more potent antagonist of P2-pur-
inoceptors, Coomassie brilliant blue-G (Solto� et al., 1989),
which shares the potentiating e�ect on P2-purinoceptor with
PIT (King et al., 1996), was ine�ective in the splenic artery.
Thus, a prejunctional modulation by PIT of the release of
purinergic transmitters from sympathetic nerves rather than
antagonism against the postjunctional P2Y-purinoceptors

might also account for the potentiation by PIT of the pur-
inergic responses to electrical stimulation. It is interesting to
note that Su (1978) found that PIT potentiated the contractile
response to electrical stimulation in the rabbit saphenous vien,
although the author himself did not present the data and did
not comment on this ®nding in his publication. Further study
is needed to clarify the mechanism of prejunctional potentia-
tion by PIT of sympathetic purinergic cotransmission. Since
PIT has weak a�nity for an adenosine (A1) receptor (King et
al., 1996), further investigation should be designed to clarify
whether the potentiation by PIT is related to its action at
prejunctional P1-purinoceptors.
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