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Abstract

Effects of 4-(3-chlorophenyl)-1,7-diethylpyrido[2,3-d]pyrimidin-2(1H)-one (YM976), a novel and selective phosphodiesterase type 4
inhibitor, on tension and adenosine 3’,5'-cyclic monophosphate (cAMP) content of bovine tracheal smooth muscle were compared with those
of rolipram and theophylline. YM976, rolipram and theophylline relaxed the tracheal preparations contracted with histamine in a
concentration-dependent manner. The relaxant effects of YM976 and rolipram were more potent than those of theophylline. These
phosphodiesterase inhibitors-induced relaxations were dramatically diminished when tracheal smooth muscle was contracted with
methacholine instead of histamine. Pretreatment of the tracheal preparations with YM976 (10 pM) or rolipram (10 uM), but not with
theophylline (1 mM), shifted the concentration—response curves for contractile responses to histamine; however, the same procedure failed to
affect concentration—response relationships for methacholine-induced contractions. At 1 and 10 pM, both YM976 and rolipram increased the
tissues cCAMP content. These results suggest that YM976 relaxes tracheal smooth muscle, probably through the cAMP-dependent mechanism.
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1. Introduction

The cyclic nucleotide phosphodiesterases configure a
family of enzymes that hydrolyze adenosine 3’,5'-cyclic
monophosphate (¢cAMP) and guanosine 3',5'-cyclic mono-
phosphate (¢cGMP). These enzymes, therefore, regulate mul-
tiple signaling pathways through changing intracellular
cyclic nucleotide levels. Eleven family members of phos-
phodiesterase are distributed heterogeneously in different
tissues and they differ in substrate specificity, affinity for
cyclic nucleotides and regulatory properties (Fawcett et al.,
2000; Fisher et al., 1998a,b; Fujishige et al., 1999; Hayashi et
al., 1998; Hetman et al., 2000; Loughney et al., 1999;
Soderling et al., 1999). Among these enzymes, type 4
phosphodiesterase is a high-affinity cAMP-selective iso-
zyme (Beavo, 1995). The inhibition of phosphodiesterase 4
relaxes airway smooth muscle (Torphy et al., 1988; Harris et
al., 1989; Shahid et al., 1991; Heaslip et al., 1994) and
induces anti-inflammatory effects, such as the reduction of
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chemical mediator release from mast cells (Weston et al.,
1997), basophils (Peachell et al., 1992; Weston et al., 1997),
eosinophils (Dent et al., 1991; Underwood et al., 1993, 1994;
Raeburn et al., 1994) and macrophages (Germain et al., 1998;
Goncalves de Moraes et al., 1998). As a result, phosphodies-
terase 4 inhibitors have been focused as drugs for treatment
of asthma and a wide range of inflammatory diseases.
Several selective phosphodiesterase 4 inhibitors, includ-
ing rolipram, R-(+)-4-[2-(3-cyclopentoxy-4-methoxy-
phenyl)-2-phenylethyl] pyridine (CDP840) (Holbrook et
al.,, 1996) and 3-cyclopentyloxy-N-(3,5-dichloro-4-pyr-
idyl)-4-methoxybenzamide (RP73401) (Raeburn et al.,
1994) have been developed, and clinical trials showed the
potential use of phosphodiesterase 4 inhibitors in asthma
and chronic obstructive pulmonary disease (Torphy et al.,
1999); however, these phosphodiesterase 4 inhibitors have
adverse actions such as nausea and vomiting. In many
cases, these undesirable effects limit clinical usefulness of
phosphodiesterase 4 inhibitors. Therefore, phosphodiester-
ase 4 inhibitors with little or no emetic effect have been
desired for a novel anti-asthmatic or anti-inflammatory
agent. 4-(3-Chlorophenyl)-1,7-diethylpyrido[2,3-d]pyrimi-
din-2(1H)-one (YM976) is a novel phosphodiesterase 4

0014-2999/03/$ - see front matter © 2003 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0014-2999(03)01754-0



58 H. Moriuchi et al. / European Journal of Pharmacology 470 (2003) 57—64

inhibitor, which is a pyrimidine derivative and totally differ-
ent from rolipram in structure. This compound showed the
dissociation of anti-inflammatory activities from emetic
effects (Aoki et al., 2000) and inhibited the antigen-induced
airway responses (Aoki et al., 2001b). However, YM976,
unlike rolipram and RP73401, exerted only a small relaxant
effect on guinea pig isolated tracheal preparations and
showed the slight inhibition for bronchospasm induced by
leukotriene D4 and acetylcholine in vivo (Aoki et al.,
2001b). The cellular heterogeneity of guinea pig tracheal
preparations and in vivo conditions preclude an evaluation
of the effects of compounds on tracheal smooth muscle.
Thus, we chose to examine the effects of YM976 on
relaxation and cAMP accumulation of bovine tracheal
smooth muscle. These preparations have been demonstrated
to consist ~ 95% of smooth muscle (Katsuki and Murad,
1977) and are more amenable to the evaluation of second
messengers involved in drug-induced relaxation.

2. Materials and methods

2.1. Preparation of bovine tracheal smooth muscle seg-
ments

Fresh bovine tracheas were obtained from a local abattoir
and transported to the laboratory in ice-cold Krebs—Ringer
bicarbonate buffer (composition in mM: NaCl, 118.5; KCI,
4.47; MgSOQ,, 1.18; KH,PO,, 1.18; CaCl,, 2.54; NaHCO3,
24.9; glucose, 10.0; and pyruvic acid, 1.0) (pH=7.4). The
smooth muscle layers were dissected from the cartilage,
mucosa and connective tissues while immersed in ice-cold
Krebs—Ringer bicarbonate buffer gassed with 95% O0,—5%
CO,. Segments (1 X2 X 10 mm) of smooth muscle were
used for experiments.

2.2. Measurement of mechanical activity

One end of each muscle was attached by a cotton thread
to a force displacement transducer (model TB-611T, Nihon
Kohden, Tokyo, Japan) and the other end was tied to a
stainless-steel holder. Muscle tension was recorded isometri-
cally. The muscle segments were mounted in 20-ml jacketed
organ baths containing Krebs—Ringer bicarbonate buffer
gassed with 95% O,—5% CO, at 37 °C, and subsequently
allowed to equilibrate for 2 h under an initial tension of 0.75
g. The bath solution was changed every 15 min during the
incubation period. The resting tension was adjusted to 0.5 g
10 min before starting each experiment.

2.3. Reversal effects of YM976, rolipram and theophylline
on contractile responses to histamine and methacholine

Contractile responses to histamine and methacholine in
bovine tracheal smooth muscle preparations were deter-
mined in preliminary studies by cumulative addition of

agonists (Fig. 1). We examined the reversal effects of
YMO76, rolipram and theophylline on preparations con-
tracted with two different concentrations of histamine (3 or
100 uM) or methacholine (0.1 pM). After confirming the
plateau of the effects of histamine and methacholine, we
added cumulatively YM976 (0.1 nM to 10 uM), rolipram
(0.1 nM to 10 pM) or theophylline (0.1 nM to 10 pM) to the
tissue baths. In separate experiments, we examined the
effect of cimetidine, a blocker of histamine H, receptors,
on relaxant responses to YM976 and rolipram in histamine
(100 pM)-contracted bovine tracheal smooth muscle.

2.4. Preventive effects of YM976, rolipram and theophylline
on contractile responses to histamine and methacholine

To examine the preventive effects of YM976, rolipram
and theophylline on contractile responses to histamine and
methacholine, we incubated the tissues with YM976 (0.1 or
10 pM), rolipram (0.1 or 10 pM), theophylline (10 or 1000
uM) or their solvent for 10—15 min and then added
histamine (0.1 pM to 10 mM) or methacholine (0.3 nM to
300 uM) to the tissue baths.

2.5. Time-courses of YM976-, rolipram- and theophylline-
induced cAMP accumulation

Each smooth muscle segment was equilibrated for 2 h in
an organ chamber that warmed to 37 °C and filled with 5 ml
of Krebs—Ringer bicarbonate buffer gassed with 95% O,—
5% CO,. After the equilibration period, tissues were exposed
to maximally effective concentration of either YM976, roli-
pram or theophylline for 3, 5 or 15 min. The concentrations of
YMO976, rolipram and theophylline were 10 pM, 10 uM and 1
mM, respectively. At the end of the incubation, the tissues
were rapidly frozen in liquid nitrogen and stored at — 80 °C.

2.6. Concentration-dependencies of YM976-, rolipram- and
theophylline-induced cAMP accumulation

To examine the concentration—response relationships for
YMO976-, rolipram- and theophylline-induced cAMP accu-

A B

20- 20;
3
c
K]
g
S 10 10
[

0

0O T T y T 0—o-o-¢

-7 -6 -5 -4 -3 -2 -9 -8 -7 -6 -5 -4
Histamine (log M) Methacholine (log M)

Fig. 1. Effects of histamine and methacholine on the tension of bovine

tracheal smooth muscle preparations. Each point with a vertical bar

represents the mean + S.E.M. from five separate preparations.
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Fig. 2. Reversal effects of YM976, rolipram and theophylline on bovine
tracheal smooth muscle preparations precontracted with histamine (A: 3
uM, B: 100 uM). Each point with a vertical bar represents the
mean = S.E.M. from five to six separate preparations.

mulation, we incubated the tissues with YM976 (0.1, 1 or
10 uM), rolipram (0.1, 1 or 10 uM) or theophylline (10, 100
or 1000 pM) for 15 min before freezing for measurement of
cAMP content.

2.7. Measurement of tissue cAMP content

Frozen tissue samples were homogenized in 2 ml of ice-
cold 6% trichloroacetic acid, using a glass homogenizer.
The homogenate was centrifuged at 1500 X g for 10 min at
4 °C. The supernatant was extracted three times with three
volumes of diethyl ether. We determined the cAMP content
using a method of radioimmunoassay (cAMP assay Kkit,
Yamasa Shoyu, Choshi, Japan). The tissues residue was
dissolved in 2N NaOH and the protein content was deter-
mined using a protein assay kit (Bio-Rad protein Assay,
Bio-Rad Laboratories, Hercules, CA, USA) with bovine
serum albumin as the standard. Tissue contents of cAMP
were presented as pmol/mg protein.

2.8. Data analysis and statistics

Data were expressed as the mean + S.E.M. pECs, (neg-
ative logarithm of the molar concentration of the agonist
producing 50% of the corresponding agonist-induced max-
imum response) and pICs, values (negative logarithm of the
molar concentration required to decrease methacholine- or
histamine-induced tension by 50%) were determined by
nonlinear curve fitting using the GraphPad Prism program
(GraphPad Software, San Diego, CA, USA). The data were
analyzed using either Student’s #-test or Dunnet’s multiple
comparison test after one-way analysis of variance (one-way
ANOVA). A P-value smaller than 0.05 was considered
significant.

2.9. Chemicals
YM976 and rolipram were synthesized by Yamanouchi

Pharmaceutical (Tsukuba, Ibaraki, Japan). Acetyl-p-methyl-
choline chloride (methacholine), calbamylcholine chloride

(carbachol), histamine dihydrochloride and theophylline
were obtained from Sigma (St. Louis, MO, USA). YM976
was dissolved in ethanol and diluted by Krebs—Ringer
bicarbonate buffer. Rolipram was dissolved in dimethyl
sulfoxide (DMSO).

3. Results
3.1. Effects of histamine and methacholine

Histamine (0.1 uM—10 mM) and methacholine (0.001—
300 pM) produced a concentration-dependent contraction of
bovine tracheal smooth muscle preparations with pECsg
values of 5.00 £0.11 and 6.63 & 0.08, respectively (n=5)
(Fig. 1). The maximum developed tensions of histamine and
methacholine were 18.7 £ 0.8 and 23.5 + 1.1 g, respectively
(n=5). Thus, methacholine was both more potent and more
effective than histamine.

3.2. Reversal effects of YM976, rolipram and theophylline
on histamine- and methacholine-induced contractions

Fig. 2 and Table 1 show the effects of YM976, rolipram
and theophylline on histamine-contracted preparations.
YM976, rolipram and theophylline concentration-depend-
ently reversed contraction with either 3 or 100 pM histamine
(Fig. 2). The relaxant responses to YM976, rolipram and
theophylline were reduced substantially as the concentration
of histamine was increased. YM976 was less potent than
rolipram in attenuating histamine-induced contraction at the
concentration range below 1 pM. On the other hand, at 3
and 10 uM, both YM976 and rolipram exhibited almost
equal inhibitions against histamine-induced contraction.

Cimetidine did not affect relaxant responses to YM976
and rolipram in the histamine (100 puM)-contracted pre-
parations (pICso values for YM976, 6.48 £0.12 vs.
6.53 £0.14; pICsq values for rolipram, 7.80 £+ 0.04 vs.
7.85 £ 0.15) (n=4 in each case).

Table 1
Reversal effects of YM976, rolipram and theophylline on bovine tracheal
smooth muscle contracted with histamine (3 and 100 uM)

Histamine (3 pM) Histamine (100 uM)

pICso Residual pICso Residual
tension (%) tension (%)
YMO976 7.14 £0.09 14+04 6.23+0.11* 1.8 £0.8
Rolipram 8.57+0.08° 12403 7.62+0.08° 54426
Theophylline - 73.6+4.4 - 91.5+3.1

The values represent the mean = S.E.M. from five separate preparations.
pICs, indicates negative logarithm of the molar concentration required to
decrease methacholine- or histamine-induced tension by 50%. Residual
tension is response remaining after administration of maximal concentration
(10 uM) of each drug.
2 P<0.01 vs. corresponding histamine (3 uM) values (unpaired #-test).
® P<0.01 vs. corresponding YM976 values (unpaired #test).
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Fig. 3. Reversal effects of YM976, rolipram and theophylline on bovine
tracheal smooth muscle preparations precontracted with methacholine (0.1
puM). Each point with a vertical bar represents the mean = S.E.M. from five
to six separate preparations.

Fig. 3 shows the effects of YM976, rolipram and
theophylline on contraction with methacholine (0.1 pM).
Thus, the relaxant effects of phosphodiesterase inhibitors on
methacholine-induced contractions were much smaller than
those on histamine (3 or 100 pM)-induced ones.

3.3. Preventive effects of YM976, rolipram and theophylline
on histamine- and methacholine-induced contractions

Fig. 4 and Table 2 show the preventive effects of
YMO976, rolipram and theophylline on histamine-induced
contractions. Both YM976 (10 uM) and rolipram (10 uM)
significantly shifted the concentration—response curves for
histamine-induced contractions to the right by about two-
fold without reducing the maximal response. At 0.1 puM,
they failed to decrease the pECso values for histamine-
induced contractions (Table 2). In contrast to YM976 and
rolipram, theophylline (10 uM and 1 mM) did not signifi-
cantly affect contractile responses to histamine.

On the other hand, YM976 (10 pM) and rolipram (10
uM) did not shift the concentration—response curves for
methacholine-induced contractions (pECsgs; control,
6.72 £0.08 vs. YM976, 6.58 £ 0.19; control, 6.55 £ 0.03
vs. rolipram, 6.50 £ 0.09) (n=6 in each case).

Table 2
Preventive effects of YM976, rolipram and theophylline on the contractile
response to histamine in bovine tracheal smooth muscle

PDE inhibitor pECso Ernax (%0)
(concentration)

Control Treated Control Treated

YM976 (0.1 uM) 4.96+0.05 484+0.08 768+23 756+3.6
YMO976 (10 uM) 496 +0.06 4.62+0.05* 75.2+2.1 725426
Rolipram (0.1 pM) 5.00+0.10 4.80%+0.10 79.0+2.1 77.6+34
Rolipram (10 pM) 5.04+0.13 4.63+0.08 813+04 79.1+0.8
Theophylline (10 pM) 5.04 £0.08 5.08 £0.07 80.7+2.6 81.1+22
Theophylline (1 mM) 4.96+0.13 480+0.12 76.6+2.6 76.3+2.9

The values represent the mean + S.EM. from five to six separate
preparations. pECso and E,,c indicate the negative logarithm of half-
maximum effective concentration of histamine and maximal responses
produced by histamine, respectively. E. values were expressed as
percentages of the contraction induced by addition of carbachol (30 pM) at
end of experiments.

#P<0.01 vs. corresponding control values (unpaired r-test).

® P<0.05 vs. corresponding control values (unpaired r-test).

3.4. Time-courses for YM976-, rolipram- and theophylline-
induced cAMP accumulation

Fig. 5 indicates time-courses for YM976 (10 uM)-,
rolipram (10 pM)- and theophylline (1 mM)-induced
accumulation of cAMP in the bovine tracheal preparations.
These phosphodiesterase inhibitors caused time-dependent
increases in cAMP accumulation. The cAMP accumulation
due to each phosphodiesterase inhibitor reached a steady-
state level at 5—15 min after its addition. Therefore, to
examine the concentration-dependencies of YM976, roli-
pram and theophylline to increase the tissue cAMP con-
tent, they were assessed 15 min after addition of each
agent.

3.5. Concentration-dependencies of YM976, rolipram and
theophylline on cAMP accumulation

Fig. 6 shows concentration-dependencies of YM976,
rolipram and theophylline on cAMP accumulation.
YMO976 was less potent than rolipram in increasing cAMP
content at concentrations 1 pM and below. On the other
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Fig. 5. Time-courses of cAMP responses of bovine tracheal smooth muscle
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hand, at 10 uM, both YM976 and rolipram exhibited almost
equal accumulation of cAMP. Theophylline did not cause a
significant cAMP accumulation at the concentration range
below 1 mM.
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4. Discussion

In the present study, we have shown that YM976, a novel
and selective inhibitor of phosphodiesterase 4, markedly
attenuated contractions of bovine tracheal smooth muscle
induced by histamine, which is generally considered to
participate in airway contraction during asthmatic attacks.
At the concentrations that relaxed histamine-induced con-
tractions, YM976 significantly enhanced the cAMP accu-
mulation. These results suggest that YM976 accumulates
intracellular cAMP due to inhibition of phosphodiesterase 4
and thereby relaxes the tracheal smooth muscle prepara-
tions.

YMO976 is a novel type of phosphodiesterase 4 inhibitor
synthesized based on a lead compound found by random
screening. The structure is totally different from the existing
phosphodiesterase 4 inhibitors, in terms of lacking the 3-
cyclopentyloxy-4-methoxyphenyl group, which is shared by
rolipram and others. In vitro cell-free experiments showed
that YM976 was a strong and competitive inhibitor of
phosphodiesterase 4. Its inhibitory effect on phosphodies-
terase 4 activity was approximately 400-fold stronger than
that of rolipram (ICsos; YM976, 2.2 nM vs. rolipram, 820
nM) (Aoki et al., 2000). Nevertheless, YM976 was less
potent than rolipram in attenuating histamine-induced con-
traction. Because rolipram, like YM976, increased tissue
cAMP content at concentrations that attenuated histamine-
induced contractions, it is likely that rolipram relaxes the
bovine tracheal smooth muscle via a cAMP-dependent
mechanism. However, in the case of rolipram, the concen-
trations that attenuated histamine-induced contractions were
lower than ICso values to inhibit phosphodiesterase 4
activity ( ~ 1.6 uM)(Giembycz and Barnes, 1991; Shahid
et al., 1991; Underwood et al., 1994). Previously, Aoki et al.
(2001b) have demonstrated that the ECs, value for rolipram
inhibition of leukotriene D4-induced contractions (50 nM) in
guinea pig tracheal preparations was lower than the ICs
value for phosphodiesterase 4 enzyme. Also in human
monocytic cells, the effective concentrations of rolipram
on prostaglandin E,-induced cAMP accumulation and lip-
opolysaccharide-induced tumor necrosis factor-a production
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Fig. 6. Concentration-dependencies of YM976-, rolipram- and theophylline-induced cAMP accumulation in bovine tracheal smooth muscle preparations.
Preparations were incubated with indicated concentration of YM976, rolipram or theophylline for 15 min, and then tissue content of cAMP was measured by
radioimmunoassay. Each point with a vertical bar represents the mean + S.E.M. from five to seven separate preparations. 100% represents cAMP accumulation
in the absence of phosphodiesterase inhibitor. *P<0.05, **P<0.01 vs. corresponding control (CONT) values.
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were lower than the ICsy value for phosphodiesterase 4
enzyme (Aoki et al., 2000). These results may indicate that
rolipram increases the intracellular cAMP through unde-
fined mechanisms other than inhibition of phosphodiester-
ase 4.

A previous study indicated that the inhibitory actions of
YMO976 on the precontracted guinea pig tracheal prepara-
tions and leukotriene Dy4-induced bronchospasm in vivo
were weaker than those of rolipram (Aoki et al., 2001b).
These results were consistent with our results obtained from
the current study on bovine tracheal smooth muscle. In
contrast, YM976 was more potent than rolipram in prevent-
ing antigen-induced bronchoconstriction and airway hyper-
reactivity (Aoki et al., 2001b). YM976 has been shown to
inhibit inflammatory cell functions, such as production of
cytokines, superoxide formation and chemotaxis, at concen-
trations of nanomolar range (Aoki et al., 2000). The ability
of YMO976 to inhibit inflammatory cell functions was more
potent than that of rolipram (Aoki et al., 2000). Thus,
YM976 may suppress antigen-induced bronchoconstriction
through inhibition of the spasmogen release from the
leukocytes rather than by any direct relaxation effect.

YMO976 was more potent than rolipram in preventing
inflammatory cell functions, whereas this compound was
less potent than rolipram in relaxing tracheal smooth
muscle. This reason is unknown, however, two possible
mechanisms could be ruled out. First, phosphodiesterase 4
has at least four subtypes (A, B, C and D), which are
differently regulated and expressed in different cells (Muller
et al., 1996). Although the correlation between cell function
and subtype was proposed, the obvious differences in
subtype selectivity between YM976 and rolipram were not
found (Aoki et al.,, 2001a). Second, it was reported that
phosphodiesterase 4 has two different conformational states,
which can be distinguished by their different affinity for
rolipram (i.e., the protein conformation with low affinity for
rolipram and the protein conformation with high affinity for
rolipram) (Souness and Rao, 1997). Recent studies suggest
that the interaction of phosphodiesterase 4 inhibitors with
the protein conformation with low affinity for rolipram may
relate to the anti-inflammatory effects. On the other hand,
the association with the protein conformation with high
affinity for rolipram strongly correlates with emesis, but not
with anti-inflammatory effects (Souness and Rao, 1997).
However, a previous report demonstrated that YM976
exhibited the displacement of [*H]rolipram with an ICs,
value of 2.6 nM, which was almost identical to that of
rolipram (1.2 nM)(Aoki et al., 2001a). Thus, neither phos-
phodiesterase 4 subtype selectivity nor binding for protein
conformation with high affinity for rolipram explain the
observation that the relaxant actions of YM976 was weaker
than those of rolipram, even though YM976 was more
potent than rolipram in preventing inflammatory cell func-
tions.

The relaxant effects of phosphodiesterase inhibitors
tested on preparations contracted with methacholine (0.1

uM) were weaker than those with histamine. As shown in
Fig. 1, tensions developed by 0.1 uM methacholine were
smaller than those by 100 pM histamine. Thus, the
decreased effect of phosphodiesterase inhibitors in prepara-
tions contracted with methacholine was not due to stronger
contraction. Histamine stimulates cAMP synthesis via his-
tamine H, receptors that are coupled to adenylyl cyclase in
the airway smooth muscle (Duncan et al., 1980; Hall et al.,
1989); therefore, inhibition of phosphodiesterase may aug-
ment the accumulation of cAMP produced by histamine.
However, this possibility could be ruled out, because
cimetidine, a blocker of histamine H, receptors, did not
affect the relaxant effects of YM976 and rolipram on
histamine-induced contractions. At present, the mechanism
by which these phosphodiesterase inhibitors are more effec-
tive against contractions produced by histamine than against
those induced by methacholine is not clear, although similar
observations have been shown in many previous reports
(Shahid et al., 1991; Torphy et al., 1988; Heaslip et al.,
1994; Raeburn et al., 1994; Fujii et al., 1998).

Some investigators demonstrated that rolipram appa-
rently relaxed the bovine tracheal smooth muscle contracted
with muscarinic agonists (Hall et al., 1990; Shahid et al.,
1991; Hall and Hill, 1992). On the other hand, in this study,
rolipram had only a slight relaxant action on the methacho-
line (0.1 uM)-contracted preparations. The reason(s) for this
differential sensitivity is unknown. However, in the hista-
mine-contracted preparations, the relaxant effect of rolipram
was compatible with that reported previously (pICsg, 7.1)
(Shahid et al., 1991). Therefore, under our experimental
conditions, the relaxant actions of phosphodiesterase inhib-
itors may become less marked in the preparations contracted
with muscarinic agonists. Thus, even at 0.1 pM, methacho-
line resulted in a pronounced decrease in the ability of
rolipram to relax the tracheal smooth muscle.

In this study, pretreatment with YM976 or rolipram had a
significant preventive effect on the development of tensions
induced by histamine. However, compared to the reversal
effects, the preventive effects appear to be small. Similar
phenomena have been observed in bovine (Challiss et al.,
1998), guinea-pig (Bernareggi et al., 1999) and human
(Fujit et al., 1998) airway smooth muscles. One possible
explanation for these observations is that the mechanisms,
which mediate tension generation, differ from those that
maintain tension and phosphodiesterase inhibitors differ-
entially affect these processes.

YMO976 at concentrations below 1 pM was less than
rolipram in histamine-contracted bovine tracheal smooth
muscle; however, the higher concentrations (3 and 10 pM)
of YM976 and rolipram caused the almost equal relaxations.
In addition, at 10 uM YM976 and rolipram equally shifted
the concentration—response curves for histamine-induced
contractions to the right. Moreover, accumulation of cAMP
elicited by 10 pM YM976 was similar to that by 10 uM
rolipram. These results indicated that the difference between
the ability of YM976 and rolipram to reverse contraction of
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tracheal smooth muscle disappeared as the concentrations of
both agents were increased. In other words, YM976 showed
a considerable potent relaxant action on tracheal smooth
muscle. Furthermore, the anti-inflammatory activities of
YMO976 are apparently more dissociated from its emetoge-
nicity than other phosphodiesterase 4 inhibitors such as
rolipram. Thus, YM976 would be a candidate for inflam-
matory diseases such as bronchial asthma.

In summary, a novel and selective inhibitor of phospho-
diesterase 4, YM976, reversed histamine-induced contrac-
tions of bovine tracheal smooth muscle. YM976 also
prevented the development of tensions induced by hista-
mine. These effects elicited by YM976 in bovine tracheal
smooth muscle may be related to its ability to selectively
inhibit phosphodiesterase 4 and increase the cAMP content.
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