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Abstract 

Effects of atrial natriuretic peptide (ANP) and 8-bromoguanosine 3':5'-cyclic monophosphate (8-BrcGMP) on contraction, 
overflow of tritium (after [3H]noradrenaline labelling) and overflow of ATP elicited by electrical field stimulation (210 pulses/7 
Hz) were studied in guinea-pig vas deferens. ANP (1-100 nM) slightly increased contractions, did not alter the overflow of 
tritium but decreased the overflow of ATP by up to 50%. 8-BrcGMP (3-300 /zM) markedly reduced contractions and ATP 
overflow with no effect on tritium overflow. Contractions were suppressed in the presence of prazosin plus suramin, and evoked 
overflow of ATP declined to 11%. ANP now gradually increased tritium overflow but again decreased the overflow of ATP. 
8-BrcGMP did not change tritium overflow, as before, but increased ATP overflow. The results indicate that ANP inhibits neural 
release of ATP by a mechanism independent of guanylyl cyclase activation with no major effect on noradrenaline release. 
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I.  Introduct ion  

In several sympathetically innervated tissues atrial 
natriuretic peptide (ANP) inhibits the action potential  
evoked release of noradrenaline (see Debinski et al., 
1990). Since noradrenaline and ATP are cotransmitters 
in postganglionic sympathetic neurones (see Burnstock, 
1990; Von Kiigelgen and Starke, 1991a; Hoyle, 1992), 
the question arises whether  ANP also modulates neu- 
ral release of  ATP. ANP reduced the first, mainly 
purinergic phase of the neurogenic contraction in 
guinea-pig (Mutafova-Yambolieva et al., 1993) and rab- 
bit vas deferens (Drewett  et al., 1989; Trachte  and 
Drewett ,  1994) as well as the isolated purinergic con- 
tract ion c o m p o n e n t  in guinea-pig vas deferens  
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(Mutafova-Yambolieva et al., 1993). These observa- 
tions agree with an ANP-media ted  inhibition of the 
purinergic neurotransmission, however, do not provide 
direct evidence for a decrease of neural ATP release. 

We therefore studied the effect of ANP on contrac- 
tion, [3H]noradrenaline (measured as total tritium) and 
ATP overflow in the guinea-pig vas deferens in order 
to investigate whether  ANP modulates both noradrena- 
line and ATP release. Because ANP is known to acti- 
vate guanylyl cyclase (e.g. Trachte and Drewett,  1994), 
we tested also the cyclic guanosine nucleotide analogue 
8-bromoguanosine  3':5'-cyclic monophospha t e  (8- 
BrcGMP). Sympathetic nerve stimulation elicits an 
overflow of ATP from guinea-pig vas deferens which is 
largely non-neural  in origin unless precautions are 
taken (Von Kiigelgen and Starke, 1991b; Sperl~igh and 
Vizi, 1992; Driessen et al., 1993; Gonqalves et al., 
1995). Thus, some experiments were carried out after 
blockade of aa-adrenoceptors  (prazosin) and P2- 
purinoceptors (suramin) in order to approach, as close 
as possible, neural release of ATP (Driessen et al., 
1993). 
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2. Mater ia ls  and methods  

Methods were as in Driessen et al. (1993), with 
modifications mentioned in the subsequent brief sum- 
mary. Male guinea pigs (450-1000 g) were decapitated, 
the vasa deferentia were removed and cleaned of con- 
nective tissue and thereafter preincubated with 0.1 ~M 
[3H] ( - ) -no rad rena l ine ,  specific activity 71.7 Ci 
mmol ~. Each organ was then suspended vertically 
between two parallel platinum wire electrodes, initial 
tension 9.8 mN, and superfused for 125 or 185 rain at 3 
ml min -t .  The medium contained (mM): NaCI 118, 
KC1 4.8, CaC1 z 2.5, MgSO 4 1.2, K}-I2PO 4 0.9, NaHCO 3 
25, glucose 11, ascorbic acid 0.3, and disodium E D T A  
0.03; it was saturated with 95% 0 2 / 5 %  CO 2 and kept 
at 37°C. 

A total of 3 or 5 periods of electrical field stimula- 
tion were applied, the first 60 min after the onset of 
superfusion, interval between beginnings of periods 30 
min. Each period consisted of 210 pulses at 7 Hz (0.7 
ms pulse width; current strength 45 mA). Only contrac- 
tions and overflow elicited by the stimulation periods 
at 90 min and later were evaluated (S 1 to $4; S 1, Sz). 
Prazosin plus suramin were administered throughout 
superfusion. ANP and 8-BrcGMP were added at cumu- 
latively increasing concentrations 25 rain before S 2, S 3 
and $4, and tetrodotoxin 1 /xM was added 25 rain 
before S 4. In experiments with prazosin plus suramin 
throughout, ANP was tested at only one concentration 
per experiment administered 25 min before S 2. At the 
end of each experiment, preparations were weighed 
(77 _+ 3 mg; n = 72) and solubilized. 

The amplitudes of phase I and II of the electrically 
evoked contractions (see Fig. 1 in Driessen et al., 1993) 
were evaluated separately. 

Tritium was measured in 1 ml aliquots of super- 
fusate samples and solubilized tissues by liquid scintil- 
lation spectrometry. Tritium outflow was expressed as 
fractional rate (rain-~) and electrically evoked overflow 
(total outflow minus basal outflow) as nCi (g tissue)-1 
or as a percentage of the tritium content of the tissue 
at the onset of the respective stimulation period. ATP 
was measured in 0.1 ml aliquots of superfusate samples 
by means of the luciferin-luciferase technique. Drugs 
present throughout superfusion were included in blank 
and calibration curve media. ANP, 8-BrcGMP and 
tetrodotoxin did not interfere with the assay at the 
highest concentrations used. Outflow of ATP was ex- 
pressed as pmol min-1 (g tissue)-I and evoked over- 
flow (total minus basal) as pmol (g tissue) - t .  For 
further evaluation, ratios were calculated of responses 
to $2, S 3 and S 4 (or tritium or ATP outflow immedi- 
ately before S 2, S 3 and S 4) and responses to S t (tritium 
or ATP outflow immediately before S1). 

Drugs were suramin hexasodium salt (Bayer, Wup- 
pertal, Germany); [ring-2,5,6-3H](-)-noradrenaline 

(DuPont, Dreieich, Germany); prazosin HC1 (Pfizer, 
Sandwich, Kent, UK); rauwolscine HC1 (Roth, Karls- 
ruhe, Germany); atrial natriuretic peptide (ANP; rat 
synthetic); 8-bromoguanosine Y:5'-cyclic monophos- 
phate sodium salt (8-BrcGMP); tetrodotoxin (Sigma, 
Deisenhofen, Germany). Drugs were dissolved in dis- 
tilled water except tetrodotoxin (sodium actetate buffer 
0.1 M, pH 4.85) and added to the superfusion fluid 
reservoir (solvent in controls). 

Results are given as arithmetic means + S.E.M. Dif- 
ferences between means were tested for significance by 
the Mann-Whitney test. P < 0.05 was taken to be sta- 
tistically significant. 

3. Results  

3.1. Experiments without prazosin and suramin 

As previously described (Driessen et al., 1993), elec- 
trical stimulation (210 pulses/7 Hz) in drug-free 
medium elicited biphasic contractions with an initial 
twitch (phase I) and a secondary slow phase (phase II) 
as well as steep tritium and ATP overflow peaks. 
Absolute values for basal tritium and ATP effiux and 
for responses to the stimulation period S 1 are given in 
the legend to Table 1. When tissues were stimulated 4 
times in control experiments (solvent before S 2 to $4), 
evoked contractions and tritium overflow remained 
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Fig. 1. Effect of atrial natriuretic peptide (ANP) on electrically 
evoked overflow of tritium and ATP from guinea-pig vas deferens in 
the presence of prazosin and suramin. Tissues were preincubated 
with [3H]noradrenaline, then superfused with medium containing 
prazosin 0.3 ~M plus suramin 300 p~M and stimulated twice by 210 
pulses, 7 Hz (S1, $2). ANP 1, 10 or 100 nM was added before S 2. 
Ordinates show overflow responses (means +_ S.E.M. of 5-8 experi- 
ments) after addition of ANP as a percentage of controls in which 
solvent was administered instead of ANP (based on S 2/S I ratios; 
there were 9 controls). Significant differences from corresponding 
control: * P < 0.05; * * P < 0.01. 
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Table 1 

Effect of atrial natr iuret ic  peptide (ANP), 8-bromoguanosine 3':5'-cyclic monophosphate  (8-BrcGMP) and tetrodotoxin on electrically evoked 
contraction, tr i t ium overflow and ATP overflow 

Drug added Drugs 

before 5 2 throughout  
Responses to electrical st imulation (% of control) 

Contraction phase Trit ium overflow ATP overflow 

I II 

Tetrodotoxin 1 ~tM - 0 + 0 b 0 _+ 0 b 0.7_+ 0.2 b 0 _+ 0 b 3 

ANP l n M  - 108.9+_3.3 a 111.0_+2.2 a 102.3_+2.6 76.8-+13.0 5 
ANP 10 nM - 117.6 -+ 3.4 b 112.8 -+ 4.1 a 104.1 _ 3.4 65.5 -+ 10.3 a 5 
ANP 100 nM - 116.2 + 3.1 b 115.0 _+ 4.4 a 104.1 ± 5.7 49.5 -+ 8.4 a 5 
8-BrcGMP 3 IzM - 93.7 _+ 2.1 a 100.7 -+ 4.7 89.7 _+ 8.9 81.8 _+ 12.0 6 

8-BrcGMP 30/~M - 79.5 + 6.1 a 72.7 _+ 8.5 a 90.2 _+ 6.6 62.7 _+ 10.2 a 6 
8-BrcGMP 300/xM - 36.7 _+ 1.8 b 38.1 _+ 6.2 b 80.6 ± 6.1 24.7 _+ 3.7 b 6 

8-BrcGMP 3 tzM Prazosin + suramin - - 97.5 ± 3.5 286.3 _+ 56.0 b 8 
8-BrcGMP 30 /zM Prazosin + suramin - - 98.5 ± 2.2 211.8 _+ 42.0 a 8 

8-BrcGMP 300/zM Prazosin + suramin - - 108.4 ± 3.8 206.6 _+ 57.9 a 8 

Tissues were preincubated with [3H]noradrenaline, then superfused with medium containing ei ther  no drug or prazosin 0.3 IzM plus suramin 300 
/zM and st imulated 4 t imes by 210 p u l s e s / 7  Hz (S 1 to $4). Atrial  natriuretic peptide (ANP) and 8-bromoguanosine 3':5'-cyclic monophosphate  

(8-BrcGMP) were added before $2, S 3 and S 4 at increasing concentrations whereas tetrodotoxin was added before S 4. Responses to electrical 
st imulation after addit ion of ANP, 8-BrcGMP or tetrodotoxin are expressed as a percentage of controls in which solvent was administered (based 
on Sn /S  1 ratios; there were 16 controls with drug-free medium and 6 controls with medium containing prazosin and suramin). Responses to S 1 in 
drug-free medium (n = 30): contraction phase I 31 ± 2 raN; phase II 20 +_ 1 mN; overflow of tri t ium 0.669_+ 0.034% of tissue tritium, 
corresponding to 159 _ 21 nCi (g t issue)-1;  of ATP 30.6 _+ 5.0 pmol (g tissue) 1. The fractional rate of tritium effiux immediately before S 1 was 
0.0015_+0.0001 min-1 ;  ATP effiux at this time was 0.77_+0.08 pmol min 1 (g tissue) 1. Means_+ S.E.M. of n experiments. Significant 
differences of S n / S  1 values from corresponding control: a p < 0.05; b p < 0.01. 

constant with Sn//S1 ratios close to unity whereas 
evoked ATP overflow gradually increased from S 1 to 
$4, as in a previous study (Driessen et al., 1993), with 
average S , / S  x ratios of 1.4-2.0. Tetrodotoxin 1 /.~M, 
when added before $4, virtually abolished electrically 
evoked responses (Table 1). 

ANP (1-100 nM), when added before S 2 to $4, 
slightly increased both phases of the neurogenic con- 
traction without changing evoked tritium overflow, but 
markedly decreased the evoked overflow of ATP (Ta- 
ble 1). 8-BrcGMP (3-300 /zM) reduced contractions, 
phases I and II, as well as the evoked overflow of ATP 
in a concentrat ion-dependent  manner  but did not alter 
tritium overflow (Table 1). The percentage decrease 
was similar for both contraction phases and ATP over- 
flow at a given concentration of 8-BrcGMP. Neither 
drug changed basal tension of the tissue or basal efflux 
of tritium and ATP. 

3.2. Experiments with prazosin and suramin 

Electrical stimulation elicited no (33 of 42 experi- 
ments) or almost no contraction (9 of 42 experiments) 
in tissues superfused with medium containing prazosin 
0 .3 /zM and suramin 300/xM. The overflow of tritium 
elicited at S 1 (n -- 42) amounted to 0.601 _+ 0.027% of 
tissue tritium, corresponding to 143 _+ 8 nCi (g t issue)- 1, 
and the fractional rate of tritium efflux immediately 
before S x was 0.0015 __ 0.0001 min -1. When compared 
to experiments with drug-free medium (cf. legend to 
Table 1), the evoked overflow of ATP in the presence 
of prazosin and suramin was greatly reduced by 89% 

(P  < 0.01), amounting to 3.4 _+ 0.6 pmol (g tissue) -1 at 
S t (n = 42), whereas the ATP effiux, amounting to 
2.58_+ 0.55 pmol min -1 (g tissue) -1 immediately be- 
fore S x, was 3.4-fold increased ( P < 0 . 0 5 ;  see also 
Driessen et al., 1993; Driessen and Starke, 1994; 
Gon~alves et al., 1995). When solvent was added be- 
fore S 2 to $4, tritium overflow remained constant with 
Sn/S  x ratios close to unity but the evoked overflow of 
ATP again increased from S 1 to S 4 as in previous 
studies (Driessen et al., 1993; Driessen and Starke, 
1994), with average Sn/S  1 ratios of 0.8-2.0. 

ANP (1-100 nM), when added before S 2, slightly 
increased the evoked overflow of tritium, significantly 
so at 100 nM, but again markedly decreased the evoked 
overflow of ATP in a concentrat ion-dependent manner 
(Fig. 1). The percentage decrease of ATP overflow at a 
given concentration of ANP was similar to the series 
without antagonists (cf. Table 1). 8-BrcGMP (3-300 
/zM) did not change the evoked overflow of tritium, as 
before in the absence of antagonists, but now more 
than doubled the evoked overflow of ATP at any 
concentration tested (Table 1). ANP and 8-BrcGMP 
did not alter basal tension, tritium outflow or ATP 
outflow in the presence of prazosin and suramin. 

4. Discussion 

Contractions as well as the overflow of tritium and 
ATP elicited by 210 pulses /7  Hz in the guinea-pig vas 
deferens were prevented by tetrodotoxin and, hence, 
due to neural excitation. The evoked overflow of total 
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tritium determined in these experiments is an appro- 
priate estimate of neural [3H]noradrenaline release, 
thus, modulation of tritium overflow can be interpreted 
as modulation of noradrenaline release (see Driessen 
et al., 1993; Driessen and Starke, 1994 for discussion). 

The present study is the first to demonstrate a 
decrease by ANP of the electrically evoked overflow of 
ATP from a sympathetically innervated tissue. It also 
provides further evidence that in the vas deferens ANP 
inhibits the purinergic neurotransmission via a prejunc- 
tional modulation of ATP release (Drewett et al., 1989; 
Mutafova-Yambolieva et al., 1993; Trachte and 
Drewett, 1994). In contrast to rabbit vas deferens 
(Drewett et al., 1989) as well as the majority of other 
tissues studied so far (see Debinski et al., 1990), ANP 
does not seem to reduce noradrenaline release in the 
guinea-pig vas deferens. It did not change evoked 
tritium overflow in the absence of other drugs, a result 
that agrees with the lack of effect on the adrenergic 
component of the neurogenic contraction (Mutafova- 
Yambolieva et al., 1993). Contrary to the finding of 
Mutafova-Yambolieva et al. (1993) in prostatic halves 
of the guinea-pig vas deferens, contractions (phases I 
and II) were not diminished but marginally increased 
by all concentrations of ANP in the present study using 
the entire organ despite a pronounced reduction of 
evoked ATP overflow and no change of tritium over- 
flow. We do not know the reason for this discrepancy. 
In agreement with recent reports (Drewett et al., 1989; 
Mutafova-Yambolieva et al., 1993) contractions to ex- 
ogenous ATP (0.3-300 /xM) and noradrenaline (0.3- 
300 /~M) were not significantly affected by ANP 100 
nM (n = 3, Driessen, unpublished observation), thus 
arguing against a direct postjunctional action of ANP. 

As mentioned in the Introduction total ATP over- 
flow measured in the absence of other drugs does not 
represent neural release of ATP. The 89% decrease 
caused by prazosin plus suramin in the present study 
confirms that most of the total overflow in unblocked 
preparations is postjunctional in origin. Therefore, 
changes by ANP in postjunctional ATP release (ob- 
served in unblocked tissues) must not coincide with 
changes in neural ATP release but may rather obscure 
them. However, when non-neural release of ATP was 
suppressed by means of the antagonists, ANP again 
reduced evoked ATP overflow and this in a manner 
similar to its inhibitory action in unblocked prepara- 
tions. Tritium overflow was only slightly increased by 
ANP 100 nM. These results indicate that ANP pre- 
junctionally inhibits neural release of ATP without an 
equal modulatory effect on the release of noradrena- 
line - with the ensuing basic problem of how this can 
be explained in the context of the vesicle and exocyto- 
sis theory of transmitter release (see Burnstock, 1990; 
Von Kfigelgen and Starke, 1991a). 

ANP causes an augmentation of the guanosine 

3':5'-cyclic monophosphate formation in the rabbit vas 
deferens (Trachte and Drewett, 1994). In order to test 
whether the reduction of ATP release by ANP was due 
to activation of guanylyl cyelase we examined the ef- 
fects of the stable analogue 8-BrcGMP on electrically 
evoked responses. In accordance with its inhibitory 
effect on contractile responses of blood vessels to ei- 
ther ATP (e.g. Andriantsitohaina et al., 1995) or nor- 
adrenaline (e.g. McMahon and Paul, 1986), 8-BrcGMP 
markedly and to about the same extent reduced both 
phases of the neurogenic contraction. Evoked tritium 
overflow was not changed whilst ATP overflow was 
decreased by up to about 75%, thus more marked than 
by ANP. However, 8-BrcGMP might have reduced the 
non-neural rather than neural release of ATP, possibly 
by decreasing the contraction response. Therefore, 8- 
BrcGMP experiments were repeated after suppression 
of contractions by prazosin plus suramin. In fact, under 
these conditions evoked overflow of tritium remained 
unchanged but the inhibition of the ATP overflow was 
reversed to a marked enhancement. In conjunction 
with recently published data from rabbit vas deferens 
(Trachte and Drewett, 1994), these results argue against 
an involvement of guanylyl cyclase activation in the 
prejunctional inhibition of neural ATP release by ANP. 
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