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Abstract

The breakdown of the relaxation-inducing second messengers ¢cAMP and ¢GMP is mediated by phosphodiesterases.
Inhibitors of functionally present phosphodiesterases can be expected to induce relaxation by increasing the basic amount of
cAMP and/or cGMP. In the cat gastric fundus, vinpocetine, which has some selectivity for phosphodiesterase type I, only
induced contractions, but the inhibitors of type III [5-(4-acetimidophenyl)pyrazin-(1 H )-one; SKF 94120], type IV (rolipram) and
type V (zaprinast) phosphodiesterase all caused concentration-dependent relaxation, as did the non-specific phosphodiesterase
inhibitor 3-isobutyl-1-methylxanthine (IBMX). The most potent relaxant agent was rolipram (ECs, 9+5% 107 M and
34+ 1x10~7 M in longitudinal and circular smooth muscle strips, respectively). These results suggest that type III, IV and V
phosphodiesterases are functionally present in the cat gastric fundus and are involved in the regulation of tone. The possible
influence of the phosphodiesterase inhibitors on non-adrenergic non-cholinergic (NANC) relaxation induced by nitric oxide
(NO), vasoactive intestinal polypeptide (VIP) and train and sustained electrical field stimulation was then tested. Rolipram
(3% 1078 M), SKF 94120 (10> M) and IBMX (10~% M) did not potentiate any of the relaxant stimuli studied. Zaprinast (103
M), the cGMP specific type V phosphodiesterase inhibitor, caused a significant increase of the relaxation induced by exogenous
NO and by train electrical field stimulation. These stimuli are thought to induce relaxation via an increase of intracellular cGMP.
The type V phosphodiesterase might thus play a role in the metabolism of cGMP, synthesized in the smooth muscle cells by NO,
released from NANC nerves.
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1. Introduction contribute to sustained relaxation evoked by long-last-
ing electrical field stimulation.

The inhibitory neurotransmitters, VIP and NO, ex-
ert their relaxant effect via two separate signal trans-
duction mechanisms. The interaction of VIP with its
receptor leads to activation of adenylate cyclase, result-
ing in an increased intracellular content of cyclic

adenosine 3-5 monophosphate (cAMP; Gozes and

The presence of an inhibitory non-adrenergic non-
cholinergic (NANC) innervation in the cat gastric fun-
dus is well known (Martinson and Muren, 1963; Mar-
tinson, 1965). Both vasoactive intestinal polypeptide
(VIP, D’Amato et al, 1988) and nitric oxide (NO,
Barbier and Lefebvre, 1993) have been shown to be

involved in the relaxation of the cat gastric fundus
induced by stimulation of these NANC nerves. It was
shown that NO is mainly involved in the short-lasting
relaxation elicited by a short train of electrical field
stimulation of the NANC nerves, particularly at lower
frequencies of stimulation, whereas both NO and VIP
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Brenneman, 1989). NO promotes the accumulation of
cyclic guanosine 3'-5' monophosphate (¢cGMP) by acti-
vation of soluble guanylate cyclase (Waldman and Mu-
rad, 1987). The cyclic nucleotides initiate a cascade of
events leading to relaxation.

Cyclic nucleotides are degraded by cyclic nucleotide
phosphodiesterases, five main types of which have been
described (Beavo and Reifsnyder, 1990). The number
of phosphodiesterase types present in a particular cell
can vary from three (Nicholson et al., 1991) to five
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(Shahid et al., 1991). The phosphodiesterases control
the basic amount of cyclic nucleotides in the cell and
might influence the cyclic nucleotide response to VIP
and NO released from NANC nerves. Selective in-
hibitors are available for types I, III, IV and V phos-
phodiesterase (Nicholson et al., 1991). Inhibitors of the
phosphodiesterase types present in the smooth muscle
cells of the cat gastric fundus can be expected to
induce relaxation by increasing the basic amounts of
cAMP and/or ¢cGMP (Beavo and Reifsnyder, 1990).
Furthermore, the relaxant response to NANC stimula-
tion might be potentiated (Gibson and Mirzazadeh,
1989; Rattan and Moummi, 1989; Rhoden and Barnes,
1990). In this work, the effect per se and the influence
on relaxation induced by NO, VIP, and short- and
long-lasting electrical field stimulation was studied for
the following phosphodiesterase inhibitors: vinpocetine
(type 1), SKF 94120 (type III), rolipram (type IV),
zaprinast (type V) and the non-selective inhibitor 3-iso-
butyl-1-methylxanthine (IBMX). A preliminary account
of parts of these results was given (Barbier and Lefeb-
vre, 1994).

2. Materials and methods
2.1. General methodology

Cats of either sex (2.2 ~ 4.8 kg) were fasted for 24 h
before the experiment with free access to water. They
were anaesthetized with pentobarbital (30 mg/kg i.p.).
The stomach was removed and put in Tyrode’s solu-
tion. After removal of adhering fat tissue and mesen-
terium, the stomach was opened along the lesser curva-
ture. The mucosa was removed by sharp dissection.
Four longitudinal and circular smooth muscle strips
(20 X 3 mm) were cut from the ventral part. All strips
were suspended between parallel platinum electrodes
in glass organ baths containing 18 ml of Tyrode’s
solution, under a preload of 1 g. Strips were used
immediately or stored at 4°C in Tyrode’s solution for a
maximum of 4 h. The equilibration was 60 min for
strips which were used immediately after preparation,
and at least 30 min for strips which had been stored.
The bathing solution was bubbled with 95% O, and
5% C0, and kept at a temperature of 37°C; it was
changed every 15 min. The composition of the Tyrode’s
solution was (mM): NaCl, 136.8; KCl, 2.7; CaCl,, 1.8;
MgCl,, 1.6; NaH,PO,, 0.4; NaHCO0,, 11.9 and glucose,
5.6. The Tyrode’s solution contained atropine (10~°
M), 5-hydroxytryptamine (3 X 107¢ M) and guanethi-
dine (4 x 10~® M). Electrical field stimulation (40 V, 1
ms) was applied via a Grass S88 stimulator and relax-
ations were recorded isotonically (Bioscience T3 Iso-
tonic Transducers) on a Graphtec Linearcorder FWR
3701.

2.2. Experimental protocols

After the equilibration period, the tissues were re-
laxed by addition of 107> M sodium nitroprusside as
reference for other relaxant responses. The tissues
were then rinsed at 5-min intervals until tone had
recovered to the level before administration of sodium
nitroprusside, or until tone did not further recover
after three further rinsing sessions.

In the experiments concerning the relaxant effect of
the phosphodiesterase inhibitors, vinpocetine (10~ °-
10~% M), SKF 94120 (107°-10~* M), rolipram (10~8-
10~* M), zaprinast (107°-10"3 M) and IBMX (10~ %~
107* M) were added in a cumulative way to both
circular and longitudinal muscle strips, while the sol-
vent was added to parallel control strips. Only one type
of phosphodiesterase inhibitor was studied per tissue.

To study the influence of the phosphodiesterase
inhibitors on NANC relaxation, the relaxation in re-
sponse to NO, VIP and electrical field stimulation was
studied before and after 30-min incubation with a fixed
concentration of phosphodiesterase inhibitor; parallel
control tissues received the solvent of the phospho-
diesterase inhibitor. Each phosphodiesterase inhibitor
was tested only in longitudinal (IBMX, rolipram) or
circular muscle strips (SKF 94120, zaprinast). The re-
sponse to 107> M NO and to 1077 M VIP was studied
in half of the tissues, while the response to electrical
field stimulation (4 Hz, 10 s train and 2 Hz, sustained
until a plateau response was obtained) was studied in
the other half.

2.3. Drugs and materials

5-Hydroxytryptamine monohydrate was obtained
from Janssen Chimica (Belgium). Atropine sulphate,
IBMX, guanethidine sulphate and sodium nitroprus-
side were from Sigma Chemical Co. (USA). VIP was
from Cambridge Research Biochemicals (UK) and
Sigma. SKF 94120 [5-(4-acetimidophenyl)pyrazin-(1 H )-
one], zaprinast, rolipram and vinpocetine were gifts
from SmithKline Beecham (UK), Rhone-Poulenc (UK),
Schering AG (Germany) and Thieman Arzneimittel
(Germany), respectively. IBMX was solved in 50%, and
rolipram and vinpocetine in 100% ethanol, zaprinast in
20% ethanolamine and SKF 94120 in 0.1 N NaOH. A
saturated NO solution was prepared according to Kelm
and Schrader (1990) from NO gas (PAir Liquide, Bel-
gium).

2.4. Analysis of data

Peak relaxant responses to the different stimuli were
recorded and expressed as means + S.E.M.; n refers to
the number of experimental animals unless otherwise
indicated. The EC,, of the phosphodiesterase in-
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hibitors was determined by linear interpolation in each
concentration-response curve as the concentration re-
sponsible for 50% of the maximal relaxant response.
As administration of 107> M NO to cat gastric fundus
smooth muscle strips elicits a multiphasic response
consisting of an initial peak relaxation followed by a
sustained relaxation (Barbier and Lefebvre, 1993; see
also Fig. 2), the peak and sustained relaxation were
measured separately. The Wilcoxon signed-ranks test
for paired observations was used to compare NANC
relaxant responses before and in the presence of a
phosphodiesterase inhibitor. The Mann-Whitney U-test
was used to compare the ECs, in longitudinal and
circular smooth muscle strips. A difference was consid-
ered statistically significant at P < 0.05.

3. Results
3.1. Relaxant effects of the phosphodiesterase inhibitors

Vinpocetine (10~5-10~* M) produced only contrac-
tile effects and was not investigated further. Fig. 1
shows the relaxant effects of the other phospho-
diesterase inhibitors in longitudinal (1A) and circular
(1B) muscle strips. For zaprinast, the concentration-re-
sponse curve reached a plateau. For rolipram, the
mean concentration-response curve first tended to
reach a plateau but at the higher concentrations tested,
the effect again increased; this shape was, however, not
present in all strips. The ECy, and E_, values are
given in Table 1. For IBMX and SKF 94120, the
concentration-response curve did not tend to a plateau
at the highest concentrations tested; the real E_,, and
EC,, for these two substances might thus have been
somewhat higher than those reported in Table 1.
Rolipram was clearly the most potent drug. IBMX was
more effective than the other phosphodiesterase in-
hibitors, especially in the longitudinal smooth muscle
strips. The ECg,s in longitudinal and circular muscle
strips were not significantly different from each other.

In the parallel control strips, the solvent of vinpoce-
tine caused a contraction of 11.4 + 6.2% in longitudi-
nal muscle strips, and a relaxation of 29.6 + 32.5% in
circular muscle strips. The solvent of SKF 94120 had
no effect per se except at the concentration corre-
sponding to 107* M SKF 94120, where it caused a
relaxation of 25.9 + 27.3% (circular) and 6.4 + 4.8%
(longitudinal smooth muscle strips). The solvent of
rolipram had no consistent relaxant effect in circular
smooth muscle strips, while the concentration corre-
sponding to 10™* M rolipram caused a relaxation of
13.0 + 5.4% in longitudinal smooth muscle strips. The
solvent of zaprinast caused a tone increase at the
concentrations corresponding to 3 X 10™* M (13.8 +
5.3%) and 1072 M =zaprinast (33.1 + 19.3%) in the
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Fig. 1. Concentration-response curves for the relaxant effect of
phosphodiesterase inhibitors in cat gastric fundus smooth muscle
strips. (A) Longitudinal; (B) circular. (X) IBMX (107¢-10~* M), (®)
zaprinast (107°-1073 M), (a) rolipram (10~8-10"% M), (0) SKF
94120 (10~°-10* M). All data are the means+S.E.M. for six to
eight strips from four to six cats.

longitudinal muscle strips. In the circular muscle strips
the solvent of zaprinast had no effect. The solvent of
IBMX had no influence on tone.

3.2. Influence of phosphodiesterase inhibitors versus re-
laxant stimuli

As the phosphodiesterase inhibitors had the same
relaxant effect in both types of strips (see 3.1.), each
phosphodiesterase inhibitor was further investigated in
only one type of strip (IBMX and rolipram in longitu-
dinal, and zaprinast and SKF 94120 in circular smooth
muscle strips). In these subsequent experiments, the
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Table 1
ECsy and E,_,, for the relaxant effect of phosphodiesterase in-
hibitors

ECSO Emax
Longitudinal smooth muscle strips
SKF 94120 23 +08 xX107°M 722+11.9%
Rolipram 0.09+0.05x107° M 69.4+14.3%
Zaprinast 7.4 +1.9 x107° M 52.9+ 8.7%
IBMX 1.1 +03 x107°M 117.0+ 8.6%
Circular smooth muscle strips
SKF 94120 22 +03 xX107°M 445+11.4%
Rolipram 0.03+0.01x107°M 106.1 + 28.0%
Zaprinast 79 +1.6 x107°M 60.9+16.2%
IBMX 14 +04 xX107°M 148.5 +18.7%

EC;, was calculated with the relaxant effect at the highest concen-
tration studied taken as 100%. E,,, was expressed as percentage of
the response to 1073 M sodium nitroprusside. All data are the
means + S.E.M. for six to eight strips from four to six cats.

lowest concentration of the phosphodiesterase in-
hibitor that consistently induced relaxation was used,
except for IBMX. IBMX was first administered in a
concentration of 3 X 107% M, but this induced a far
more pronounced relaxation than when administered
during the construction of the concentration-response
curve. Therefore, 107% M IBMX was used, which
induced a tone decrease of 8.8 + 6.3% in one series
(n = 6; experiments with electrical field stimulation)
and a tone increase of 2.9 + 7.2% in the other (n = 6;
experiments with NO and VIP). The tone decrease
induced by 107> M zaprinast was 19.3 + 11.2% (n = 6)
and 124+ 16.6% (n="17), respectively. SKF 94120
(1073 M) caused a tone decrease of 34.1 + 13.4% (n =
8) and 25.8 + 8.0% (n="7). For 3 x10~% M rolipram
the tone decrease was 14.4 +9.4% (n=6) and 3.4 +
12.8% (n="7).

In the presence of 107> M SKF 94120 the peak
relaxant response to 107> M NO and the effect of
sustained stimulation at 2 Hz were decreased (Table 2,

Table 2

Zaprinast 1075M
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Fig. 2. Traces of the relaxant response to 1075 M NO, 10~7 M VIP
and electrical field stimulation at 4 Hz (train) and 2 Hz (sustained) in
the cat gastric fundus, before and after 30-min incubation with 107>
M zaprinast.

P < 0.05). The solvent of SKF 94120 did not influence
the relaxant responses. Rolipram (3 X 108 M) did not
potentiate the relaxant response to any of the relaxant
stimuli studied. Likewise, its solvent did not influence
the relaxations. In the presence of 107> M zaprinast,
the plateau component of the relaxant response to
10735 M NO was considerably potentiated (P < 0.05,
see Fig. 2 and Table 2); the relaxation induced by train
electrical field stimulation at 4 Hz was moderately
potentiated ( P < 0.05). The solvent of zaprinast did not
influence the effects of the relaxant agents. IBMX
(10~% M) did not influence the relaxation induced by
NO, VIP or electrical stimulation. The solvent of IBMX

Relaxant effect of NO, VIP and electrical field stimulation before and in the presence of phosphodiesterase inhibitors in the cat gastric fundus

SKF 94120 (10~3 M)

Rolipram (3 X 1078 M)

Before After Before After
NO (10~ M, peak) 59.2 + 16.0 340+ 872 509+ 6.1 56.3 +12.7
NO (plateau) 352+135 241+ 7.4 26.1+11.7 392+ 11.6
VIP (1077 M) 580+ 154 508 + 11.6 80.1 + 14.8 872+ 23.8
4 Hz (train) 550+ 7.1 540+ 78 534 +16.0 426 +17.0
2 Hz (sustained) 94.5 +21.9 793+17.1% 98.7 + 26.2 844 +24.1

Zaprinast (1075 M) IBMX (107° M)

Before After Before After
NO (10~° M, peak) 310+ 5.2 411+ 8.1 532+ 139 42.7+ 169
NO (plateau) 374+ 13.2 90.7+30.6 2 22.8+12.0 413+ 16.7
VIP (1077 M) 575+ 16.8 70.0 £ 11.1 49.1 +19.0 55.7+244
4 Hz (train) 413+ 7.0 537+ 827° 614+ 1.6 730+ 7.5
2 Hz (sustained) 70.6 + 9.7 849+ 75 99.7 + 11.7 98.7+ 8.1

All data are the means + S.E.M. for six to eight strips. * P < 0.05.
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caused a decrease of the peak relaxant response to
10~> M NO (from 60.3 + 11.4% to 42.0 + 10.0%, P <
0.05) and an increase of the relaxation elicited by
sustained electrical field stimulation at 2 Hz (from
138.4 + 31.3% to 187.0 + 5.3%, P < 0.05).

4. Discussion

When a particular phosphodiesterase isoenzyme is
functionally present in the cat gastric fundus smooth
muscle cells, one expects an inhibitor of this enzyme to
produce relaxation. Vinpocetine, which shows some
selectivity for phosphodiesterase type I and relaxes the
rat aorta in the concentration range of 107 to 10~ M
(Souness et al., 1989), only induced contraction, so that
the functional presence of phosphodiesterase type 1
under the experimental conditions seems unlikely. The
phosphodiesterase types III, IV and V inhibitors all
relaxed the cat gastric fundus in a concentration-de-

pendent way. The type III phosphodiesterase inhibitor,
SKF 94120, relaxed the cat gastric fundus in concentra-
tions ranging from 107® M to 10~* M. This range is
higher than that required to induce relaxation in the
guinea-pig trachea and the canine lower oesophageal
sphincter, but similar to that for the opossum lower
oesophageal sphincter (Table 3). The ECs, in the cat
gastric fundus was about 15 times higher than the K,
versus the type III phosphodiesterase, reported for the
cardiac ventricle (Nicholson et al., 1989). This should
not mean that the relaxant effect of SKF 94120 in the
cat gastric fundus is not due to phosphodiesterase type
III inhibition; we have to take in account the species
difference and, even in the same tissue, a clear discrep-
ancy can occur between the K; for phosphodiesterase
inhibition and the ECy, for relaxation (see e.g. the
100-fold difference for zaprinast in the rat aorta,
Souness et al., 1989). The type IV phosphodiesterase
inhibitor, rolipram, was the most potent phospho-
diesterase inhibitor in the cat gastric fundus, the ECg,

Table 3
Relaxant effects of phosphodiesterase inhibitors in respiratory and gastrointestinal tissues
Tissue Phosphodiesterase ECy, Concentration *
inhibitor
Opossum lower SKF 94120 Not given 1075-10* M (effective)
oesophageal sphincter !
Guinea pig trachea * SKF 94120 208x107°M 107°-10~* M (tested)
Canine lower SKF 94120 Not given 1078-3 X 10~ % M (effective)
oesophageal sphincter >
Bovine trachea * Rolipram 1.9x 1078 M 3% 107°-107% M (effective)
Guinea pig trachea ¢ Rolipram 98x107*M 3 x 107°-3 x 10~° M (effective)
Pig bronchus * Rolipram 56x107°M 107%-3 x 10~ * M (effective)
Mouse trachea * Rolipram >107°M 3% 1078-1073 M (effective)
Guinea pig trachea ° Rolipram 21x107"M 107°-3 X 1073 M (effective)
Human bronchus ° Rolipram 59%x107"M 1079-10* M (effective)
Human bronchus ° Rolipram 34x1078M P 10~8-107> M (effective)
Rolipram 52x1078M ¢ 10~8-107> M (effective)
Bovine trachea ’ Rolipram 1.6x107"M?® 10 ~3-10~* M (effective)
Rolipram 79x 1078 M ¢ 3% 1078-10"* M (effective)
Opossum lower Zaprinast Not given 3% 107%-10"* M (effective)
oesophageal sphincter !
Guinea pig internal anal sphincter ¢ Zaprinast Not given 1079-107° M (tested)
Canine lower Zaprinast Not given 3% 1077-3 X 10~° M (effective)
oesophageal sphincter >
Opossum lower Zaprinast Not given 3% 107 7-10"* M (effective)
oesophageal sphincter °
Mouse anococcygeus Zaprinast Not given 1075-10~* M (effective)
muscle!®
Rat gastric fundus !! Zaprinast 33X 1074 M 3 X 107°%-10 73 M (effective)
Bovine trachea 7 Zaprinast 40x107°M?® 3 X 1077-10"* M (effective)
Zaprinast 6.3x107% M4 3% 1077-10"* M (effective)
Rat gastric fundus ! IBMX 29x107° M 3x1076-3x 10~ * M (effective)
Guinea pig stomach 2 IBMX Not given 3X 1075-3 X 10~* M (tested)
Guinea pig trachea 2 IBMX 0.95%107°M 107°-10"* M (tested)
Bovine trachea 7 IBMX 25x107°M 9 3% 1077-10"* M (effective)

! Rattan and Moummi (1989); > Bryson and Roger (1987); > Barnette et al. (1990); * Tomkinson et al. (1993); > Cortijo et al. (1993); ® Qian et al.
(1993); 7 Shahid et al. (1991); 8 Baird and Muir (1990); ° Barnette et al. (1989); 1 Gibson and Mirzazadeh (1989); '! Barbier and Lefebvre
(1992); 12 Bitar and Makhlouf (1982).  Whenever possible, the concentration range in which the phosphodiesterase inhibitor induced more than
10% relaxation is indicated (effective). If this is not clear from the original article, the entire concentration-range tested is given (tested). ® Tissue

precontracted by metacholine, © precontracted by acetylcholine, d precontracted by histamine.
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being in the same range as found in the human and
guinea pig airways (see Table 3). The experiments of
Tomkinson et al. (1993), showing a wide range in ECy,
values in the same tissue between different species,
illustrate that the functional significance of a phospho-
diesterase type can differ greatly between species. Al-
though it was not found with all strips, the concentra-
tion-response curve of rolipram tended to be biphasic.
This has also been observed with other tissues and
might indicate interaction with a phosphodiesterase
type other than phosphodiesterase IV (Shahid et al.,
1991; Cortijo et al., 1993); the phosphodiesterase inhib-
ited by the higher concentrations of rolipram is most
probably the phosphodiesterase type III (Harris et al.,
1989). Zaprinast induced relaxations of the cat gastric
fundus in a concentration range similar to that effec-
tive in other gastrointestinal and respiratory tissues
(Table 3). Poor penetration of whole tissue prepara-
tions might contribute to the rather low relaxant po-
tency of zaprinast in many tissues (Chilvers et al.,
1991). Our results thus suggest the functional presence
of phosphodiesterase types III, IV and V in the cat
gastric fundus; the cyclic nucleotide affinity at these
phosphodiesterase isoenzymes is c¢GMP = cAMP,
cAMP > c¢GMP and cGMP > cAMP, respectively.
Inhibition of all these types and of the non-evaluable
type I1 might contribute to the relaxant effect of IBMX,
which was the most effective relaxant phospho-
diesterase inhibitor. It indeed inhibits the five
phosphodiesterase isoenzymes non-selectively (Shahid
et al., 1991), although it has been observed to prefer-
entially potentiate cAMP-dependent relaxant re-
sponses (Fujimoto and Matsuda, 1990; Barbier and
Lefebvre, 1992). In how far phosphodiesterase IV inhi-
bition is the major determinant of the relaxant effect of
IBMX in the cat gastric fundus cannot be deduced
from our results.

In the second part of our work, the possible modula-
tion of cyclic nucleotide generation during NANC re-
laxation by the phosphodiesterase isoenzymes was in-
vestigated. The relaxant stimuli were chosen to be
representative of the cAMP and ¢cGMP pathways acti-
vated in NANC neurotransmission. The ¢cGMP path-
way was investigated by means of exogenous NO and
short train electrical field stimulation, which leads to
the release of NO from NANC nerves (Barbier and
Lefebvre, 1993). The other NANC neurotransmitter,
VIP, was used to probe the cAMP-dependent pathway.
Finally, sustained electrical field stimulation, which
leads to a joint release of NO and VIP, was also
studied. In these experiments a low concentration of
phosphodiesterase inhibitors had to be used in order to
exclude a too pronounced effect on tone before the
relaxant stimuli were administered. This of course im-
plies that the targeted phosphodiesterase is not maxi-
mally inhibited, and this may explain some of our

negative results such as the non-effect of SKF 94120,
rolipram and IBMX on the VIP-induced relaxation. In
the rat gastric fundus and in the guinea pig trachea,
IBMX likewise did not influence the VIP-induced re-
laxation although it potentiated the relaxant effect of
the B-adrenoceptor agonist, isoprenaline (Shikada et
al., 1991; Barbier and Lefebvre, 1992). Only zaprinast
was able to potentiate a number of the relaxant stimuli
tested: the relaxation elicited by short train electrical
field stimulation and the protracted phase of the relax-
ation to NO. This contrasts with our results in the rat
gastric fundus, where 3 X 107> M zaprinast did not
potentiate the NO-induced relaxation or the relaxation
induced by train electrical field stimulation, although it
did potentiate the relaxant effect of the NO donor,
sodium nitroprusside (Barbier and Lefebvre, 1992). To
explain these results we hypothesized that zaprinast
might be effective to potentiate a c¢cGMP-mediated
effect when this effect is prolonged and accompanied
by a sustained accumulation of cGMP. This seems to
be corroborated by the present results: both the NO-
induced relaxation and the relaxation induced by train
electrical field stimulation were clearly more pro-
tracted in the cat gastric fundus than in the rat gastric
fundus and were indeed potentiated by 107> M zapri-
nast. No significant potentiation of the relaxation in-
duced by sustained electrical field stimulation at 2 Hz
was observed. VIP contributes to this response (Barbier
and Lefebvre, 1993), which is thus probably also re-
lated to accumulation of cAMP. This will not be influ-
enced by the cGMP-specific phosphodiesterase in-
hibitor, zaprinast. A potentiation of the NANC relax-
ant response to electrical field stimulation by zaprinast
was also found in the mouse anococcygeus (Gibson and
Mirzazadeh, 1989) and the guinea pig airways (Rhoden
and Barnes, 1990). Our data indicate that, in the cat
gastric fundus, phosphodiesterase V is functionally in-
volved in the regulation of ¢cGMP produced by NO,
both when exogenously administered and when en-
dogenously released from NANC nerves. We have no
explanation for the inhibitory effect of SKF 94120 on
the peak relaxant effect of NO and the relaxation
induced by sustained electrical field stimulation. SKF
94120 per se in a concentration of 1073 M produced
the most pronounced relaxation among the phospho-
diesterase inhibitors in this type of experiments. When
tone is decreased, relaxant responses will tend to be-
come smaller but it is not clear why this would become
manifest for NO and sustained electrical field stimula-
tion, but not for VIP and train electrical field stimula-
tion.

The results of this study indicate that type III, IV
and V phosphodiesterases are involved in the regula-
tion of tone in the cat gastric fundus. They furthermore
provide evidence that type V phosphodiesterase is in-
volved in the regulation of the NO-mediated increase
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in intracellular ¢cGMP content after stimulation of
NANC nerves.
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