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Background: Cultured human mast cells are known to resem-
ble human lung mast cells in terms of the profiles of intracellu-
lar protease, the characteristics of histamine release, and the
pharmacologic properties.

Objective: The role of cyclic 3",5"-adenosine monophosphate
(cAMP) in chemical mediator release and cytokine production
by human mast cells was determined.

Methods: We investigated the effects of cCAMP-elevating agents on
IgE-mediated chemical mediator release and cytokine production
by cultured human mast cells. We also examined the relationship
between intracellular cAMP levels and the inhibition of chemical
mediator release or cytokine production by various drugs.
Results: B-agonists significantly suppressed IgE-mediated
release of histamine, leukotrienes, and PGchemical media-
tors) and the production of GM-CSF, IL-5 and macrophage
inflammatory protein-1a (cytokines). Phosphodiesterase
inhibitors (theophylline, rolipram, and cilostazol) had no effect
on chemical mediators but suppressed cytokine production.
Dibutyryl cAMP significantly suppressed both chemical media-
tor release and cytokine production, suggesting that their induc-
tion was regulated by intracellular cAMP. Elevation of cAMP

by B-agonists at 10 minutes after treatment correlated well with
the inhibition of histamine release. There was a significant rela-
tionship between cAMP elevation at 180 minutes and the inhibi-
tion of GM-CSF production at 360 minutes by3-agonists,
rolipram, or cilostazol. Although 100 umol/L theophylline signif-
icantly inhibited GM-CSF production, it had no effect on cAMP.
Conclusion: Elevation of cCAMP may be responsible for the
inhibitory effect of -agonists, rolipram, and cilostazol on
chemical mediator release and cytokine production by cul-
tured human mast cells. In contrast, theophylline may inhibit
GM-CSF production independently of cAMP. (J Allergy Clin
Immunol 1999;103:5421-8.)
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(SCF), IL-6, and PGE!-2The characteristics of these cul-
tured mast cells have been examined by some investiga-
tors. Saito et &2 demonstrated that the cells contained
about 3.61g of histamine and 3459 tryptase per ¥gells

and expressed IgE high-affinity receptorgRt on their
surface. These cultured mast cells released preformed
mediator (histamined newly generated arachidonic acid
metabolites (sulfido-leukotrienes [LTs] and PgP3and
newly generated cytokines (TNE-GM-CSF, IL-5, and
macrophage inflammatory protei-IMIP-1a) on stim-
ulation through cell surface Ig# More than 99% of the
cultured mast cells contained tryptase-positive granules,
and 20% to 30% had chymase-positive grantifes6
Therefore these cultured cells are mainly tryptase-positive
mast cell$ like those seen in human lung tissue and the
gastrointestinal mucosa. Igarashi €t siggested that
these cells resemble human lung mast cells in terms of
their histamine release, because histamine is released by
stimulation with anti-lgE or calcium ionophore A23187
but not by stimulation with compound 48/80 or substance
P. Our recent studies have also indicated that the pharma-
cologic properties of cultured mast cells resemble those of
human lung mast cellsTherefore cultured mast cells
may be useful for biologic and pharmacologic studies of
human lung mast cells.

Recently, cultured human mast cells have been mad Both -adrenoceptor agonist§-ggonists) and phos-
available by culturing cord blood mononuclear cells forphodiesterase inhibitors have been widely used for the
more than 10 weeks in the presence of stem-cell factctreatment of asthma as bronchodilators. It is also well
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known thatp-agonists are potent inhibitors of mediator
release from human mast celfsagonists inhibit anti-
gen-induced release of chemical mediators (such as hist-
amine, LTs, and PGJ) from human lung tissue frag-
ment§-12 and from isolated human lung mast céfd>
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examining the effects of phosphodiesterase inhibitors on
the release of mediators from human mast cells. In our
previous study, rolipram (100umol/L) weakly but sig-
nificantly inhibited the release of histamine, LTs, and
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PGD,, whereas other phosphodiesterase inhibitors (theo(Seikagaku Co, Tokyo, Japan) at pH 7.4 and were treated with sev-
phylline and cilostazol) had no effect. Therefore theeral cAMP-elevating agents for 10 minutes and then were chal-
effects of phosphodiesterase inhibitors on mediatojienged by anti-human IgE (Cooper Biomedical, Inc, Malvern, Pa) at
release from human mast cells remain unclear 4 pg/mL for 30 minutes. In our preliminary experiments, the chem-

- - ical mediator release increased in a dose-dependent manner (eg,
P-agonists are known to activate adenylate cyclase ananti-IgE—induced histamine release; anti-IgE at 40 ng/mL, 1.4% +

then to elevate intracellular cyclic 3',5’-adenosm(_ao_6%; 400 ng/mL, 3.7% + 2.3%: Ag/mL, 10.8% + 3.9%: 20
monOphO.Sph"{‘te (cAMP) levels, although phOSphOd"pg/mL, 21.3% * 0.4%; n = 3). We wanted to use the near optimum
esterase inhibitors also elevate cCAMP levels. Peachell €oncentration of anti-IgE for the pharmacologic studies, but the
al*4 found that the elevation of cAMP was correlated concentration for optimal chemical mediator release was so high
quite well with the inhibition of IgE-mediated release of that it could have decreased the effect of the drugs. Therefore we
histamine and LT¢from human lung mast cells. used anti-IgE at fig/mL for chemical mediator assays.

In the present study, to determine the role of cAMP inc ki ducti
the release of chemical mediators and the production ¢ ytokine production
cytokines by human mast cells, we examined the effect: To examine the effect of the agents on cytokine production (GM-
of B-agonists (isoproterenol and salbutamol) and phosCSF: IL-5, and MIP-), cells were resuspended at 80 cells/mL
phodiesterase inhibitors (theophylline, rolipram, and in fresh culture medium and were t.reated with agents for }0 mln.utes
cilostazol) on the IgE-mediated release of histamine, LTs2"d then were challenged with anti-human IGE (Cooper Biomedical,

. Inc, Malvern, Pa) at pig/mL for 6 hours. In previous studies, Saito
and PG and the production of GM-CSF, IL-5, al_’1d et aP showed that histamine release 30 minutes after anti-IgE chal-
MIP-1a by CUI.turEd human mast cel_ls. We also exam'n?dlenge increased dose-dependently whereas dlgFeduction 360
mast cells and the inhibition of mediator release orsawa et 4 showed that the dose-response of GM-CSF, IL-5, and
cytokine production by these cAMP-elevating agents.  MIP-1a was similar to that of TN We confirmed that production
of these cytokines peaked at approximatglg/nL of anti-IgE. The
METHODS reason the optimum concentration of anti-IgE differs for chemical
Reagents mediator release and cytokine production is not clear. Anti-IgE (4
pg/mL)-induced chemical mediator release reached a plateau within

Isoproterenol, salbutamol, and theophylline (Sigma Chemicals,30 minutes, whereas anti-IgE |@/mL)—induced cytokine produc-
St Louis, Mo), rolipram and cilostazol (Nissan Chem Ind Ltd, tjon reached a plateau at about 360 minutes after challenge.
Tokyo, Japan), and dibutyryl cAMP (Wako Pure Chem Ind Ltd,
Osaka, Japan) were dissolved in dimethyl sulfoxide. In preliminarylMeasurement of chemical mediators and
experiments, the concentrations of dimethyl sulfoxide in working cytokines
dilutions used in the present study (<0.1%) had no effect on the
release of histamine, LTs, and P&ar on the production of GM-
CSF, IL-5, and MIP-& by cultured mast cells.

The concentration of histamine released into the supernatant was
quantified by postcolumn derivatization, as reported previdusly.
For the analysis of LTs, we used a commercial ELISA kit
Mast-cell culture (Buhimann Laboratory, Allschwile, Switzerland), which is based on

) - an mAb that recognizes LTs (LLCLTD,, and LTE4) equally8

Cultured mast cells were obtained from human umbilical cord ¢ PGD) concentration was measured by a RGIDX EIA kit
blood cells by the method described previously with some modifica-(Cayman Chemical Co, Ann Arbor, Mich). The kit was based on the
tions:2Briefly, mononuclear cells were separated from heparinized conyersion of PGRto a stable methoxime derivative by treatment
umbilical cord blood on a Ficoll (Organon Teknika Co, Durham, yyith methoxime hydrochlorid& The concentrations of GM-CSF,
NC) gradient. CD3#cells were purified from the mononuclear cells || .5 and MIP-1x were measured by ELISA kits (R&D Systems
with a CD34 progenitor cell isolation kit (Miltenyi Biotec, Bergisch Inc, Minneapolis, Minn). The minimum detectable concentration of
Gladbach, Germany) and a magnetic cell sorting system (Miltenyipistamine. LTs PGR GM-CSF, IL-5, and MIP-& was 200, 41
Biotec). Purified CD3#cells were cultured in-minimum essential 35 15 7.8 and 31.3 pg/mL, respectively. Measurements were per-
medium (GIBCO-BRL Laboratories, Grand Island, NY) containing formed in duplicate. Histamine release was expressed as a percent-
15% FBS (Filtron Pty Ltd, Brooklyn, Australia) in the presence of 80 a4¢ of the total histamine content determined by cell lysis with per-
ng/mL human recombinant SCF (Kirin Brewery, Maebashi, Japan)choric acid. The inhibitory effects of drugs on release of each medi-
and 50 ng/mL human recombinant IL-6 (Kirin). Cells were harvest- a1o; were expressed as the percent inhibition relative to control
ed weekly and resuspended in the fresh medium. The purity of thyglease. Although cultured mast cells showed marked variability in
mast cells was determined by toluidine blue and May-Gruenwald-gnij.|gE—induced mediator release and cytokine production (hista-
Giemsa staining. Immunoperoxidase staining for tryptase and chymine 7.349% to 27.29% of the total histamine content: LTs, 2.1 to
mase was performed by previous methd@ultured mast cells used g o ng/16 cells; PGB, 3.1 to 12.2 ng/1®cells; GM-CSF, 0.1 to 1.9
in the present stu_d_y were 92.0 + 2.9 days old (n = 35_)._ Cells Welthg/1( cells; IL-5, 0.1 to 1.1 ng/10cells; MIP-1o,: 0.7 to 6.5
almost 100% positive for tryptase and about 14% positive for chy-nq/1( cells), the inhibitory effects of the drugs were uniform.
mase on immunophenotypic analysis.

. . Preparation of samples for cAMP analysis
Chemical mediator release

» ) . The cAMP levels were measured according to the method of

Mast cells were sensitized with human myeloma IgE (Chemiconyerghese et &9 Cells were resuspended at<5L06 cells/mL in

Int Inc, Temecula, Calif) at 37°C overnight. In the experiment on Tyrode's solution or culture medium and were incubated with
IgE-mediated chemical mediator release (histamine, LTS, anccamp-elevating agents in the presence of anti-IgE in a total volume
PGD,), cells were resuspended at 10 cells/mL in Tyrode’s solu-  of 100 L. The reaction was terminated by snap freezing in liquid
tion containing 1 mmol/L CaCl2, 0.6 mmol/L MgClI2, 0.03% BSA nitrogen. After the thawing and acetylating of samples, a cCAMP
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FIG 1. Effects of isoproterenol (A), salbutamol (B), theophylline (C), rolipram (D), and cilostazol (E) on chemi-
cal mediator release (histamine, LTs and PGD2) and on cytokine production (GM-CSF, IL-5, and MIP-1a) by cul-
tured mast cells. Cells were treated with several concentrations of drugs for 10 minutes and then challenged
with anti-IgE at 4 pg/mL for 30 minutes (chemical mediator release assay) or with anti-IlgE at 2 pg/mL for 360
minutes (cytokine production assay). Values are expressed as the percent inhibition of control chemical medi-
ator release and cytokine production. The mean control histamine, LTs, PGD2, GM-CSF, IL-5, and MIP-1a
release was 14.3% *+ 2.3%, 2.7 + 1.4 ng/10© cells, 4.3 + 1.6 ng/108 cells, 177.2 + 51.3 pg/108 cells, 581.0 + 174.7
pg/10@ cells, and 2.6 + 0.8 ng/106 cells, respectively. Results are the mean + SEM of 4 to 6 experiments. Sig-
nificant differences between control mediator release and drug-treated mediator release: *P < .05; **P < .01;
***P < .001.

EIA kit (Amersham Int plc, Buckinghamshire, UK) was used to PGD,) release by th@-agonists appeared to be greater
measure the CAMP level. Values were expressed as the percent ethan that of histamine release, as reported previdasly.
vation relative to the control cAMP level at each time. Moreover, significant inhibition of cytokine productions
by isoproterenol and salbutamol was observed at 10- to

Statistical analysis : . o
100-fold lower concentrations than those causing signif-

Statistical significance was analyzed by comparing control anc

treated cells using the Studémest for paired data. Differences were ICa'g\lItﬂI]nhlb;]tlon of hflst';]amlﬂe rerl]ea:js.e't inhibit had
considered to be significant at the .05 level. All data are expressed ough none or theé phosphodiesterase INnIbItors ha

as the mean + SEM. Correlations between the inhibition of histaminé significant eﬁ_eCt_Qn the re_lea_s_e of chemical me_diators,
release or GM-CSF production and the elevation of cAMP levelsthese drugs significantly inhibited the production of

were determined by Spearman’s correlation coefficients. cytokines (Fig 1C, D, andE). The inhibitory effects of
rolipram and cilostazol on GM-CSF and MIRB-pro-
RESULTS duction reached a plateau at 0.01 to jiol/L. Lower
Effects of B-agonists and phosphodiesterase concentrations of rolipram and cilostazol had a weaker
inhibitors on chemical mediator release and effect on the production of GM-CSF and MIB-(0.001
cytokine production pumol/L rolipram inhibited GM-CSF and MIPel by

29.9% and 37.2%, respectively; 0.0Q@hol/L rolipram
The B-agonists, isoproterenol (Fig &) and salbuta- inhibited GM-CSF and MIP-d by 12.0% and 10.4%,
mol (Fig 1,B), inhibited the release of histamine, LTs, respectively; 0.00umol/L cilostazol inhibited GM-CSF
and PGD and the production of GM-CSF, IL-5, and and MIP-Ix by 7.1% and 18.4%, respectively). Although
MIP-1a by cultured mast cells in a dose-dependent manthe inhibitory effect on IL-5 production of phosphodi-
ner. Inhibition of arachidonic acid—metabolite (LTs andesterase inhibitors, but ntagonists, was weaker than
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FIG 2. Effect of dibutyryl cAMP on anti-lgE-induced release of histamine (A), LTs (B), and PGD, (C) and on the
production of GM-CSF (D), IL-5 (E), and MIP-1a (F) by cultured mast cells. Cells were treated with dibutyryl cAMP
at 100 pmol/L or 1 mmol/L for 10 minutes and then challenged with anti-IgE at 4 pg/mL for 30 minutes (chemi-
cal mediator release assay) or with anti-IgE at 2 pg/mL for 360 minutes (cytokine production assay). Results are
the mean + SEM of 4 to 5 experiments. Significant differences between control and drug-treated values: *P < .05.

that on GM-CSF and MIPelproduction, the difference isoproterenol (0.01 anddmol/L; Fig 3,A) and salbuta-
was not significant. These drugs had no effect on the viamol (1 umol/L; Fig 3, B) after 10 minutes of treatment.
bility of cultured mast cells at 360 minutes after treat- The cAMP levels declined again at 60 minutes and then
ment when assessed by the trypan blue exclusion test. rose to reach a plateau at 180 minutes. In contrast, iso-
] . . proterenol (0.000Jumol/L; Fig 3, A), and salbutamol
Effect of dibutyryl cAMP on chemical media- 5 4001 and 0.0umol/L: Fig 3,B) elevated cAMP lev-
tor release and cytokine production els after 180 minutes of treatment without affecting the
As shown in Fig 2, 1 mmol/L dibutyryl cAMP inhibit- level at 10 minutes. In the case of phosphodiesterase
ed the release of histamine, LTs, and BGithough 100  inhibitors, a slight elevation of cCAMP levels was recog-
pmol/L dibutyryl cAMP inhibited the production of GM- nized from 180 minutes after treatment (FigC3, The
CSF, IL-5, and MIP-&r. These results suggested that kinetics of CAMP in spontaneous and anti-IgE treated
intracellular cAMP was involved in regulating the release cells were almost the same; the level increased slightly,
of chemical mediators and the production of cytokines bybut not significantly, after 60 minutes of treatment, and
mast cells and that cytokine production was more sensithe increase persisted until 360 minutes.

tive to cAMP than chemical mediator release.
Relationship between inhibition of histamine

Kinetics of cAMP elevation by B-agonists and release and elevation of cAMP by (3-agonists

phosphodiesterase inhibitors We then examined the relationship between the inhibi-
To determine whetheB-agonists and phosphodi- tion of histamine release and the elevation of cCAMP lev-
esterase inhibitors affect the cAMP level in cultured mastels after 10 minutes of treatment wifagonists. Isopro-
cells, we treated cells with these drugs in the presence cterenol (0.01 to 1umol/L) and salbutamol (1 to 10
anti-IgE for 10 to 360 minutes and then measured cAMPumol/L) significantly elevated cAMP level (Fig 4) in
Significant elevation of the cAMP level was caused by a dose-dependent manner, and the increase corresponded
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FIG 3. Kinetics of cAMP elevation by B-agonists and phosphodiesterase (PDE) inhibitors. Cells were treated
with isoproterenol (A; 0.0001, 0.01, and 1 pmol/L; n = 5), salbutamol (B; 0.0001, 0.01, and 1 umol/L; n =5), theo-
phylline (100 pumol/L), rolipram (1 umol/L), and cilostazol (C; 1 pmol/L; n = 5) in the presence of anti-IgE at 2
pug/mL and then were lysed at each specified time. The cAMP level was expressed as the percent elevation of
the spontaneous level at each time. The mean spontaneous cAMP level was 40.6 + 5.2 fmol/106 cells at 10
minutes, 68.8 + 4.6 fmol/106 cells at 60 minutes, 66.6 + 11.2 fmol/106 cells at 180 minutes, and 61.4 + 10.4
fmol/108 cells at 360 minutes after treatment. Significant differences between spontaneous and drug-treated
cAMP levels: *P < .05, **P < .01.

with the inhibition of histamine release by these drugsof GM-CSF production and the elevation of cAMPy
(Fig 1,A andB). There was a strong correlation betweenagonists, rolipram, and cilostazol (r = 0./8& .0001; n
the inhibition of histamine release and the elevation o= 46). Although comparatively higher concentrations of
cAMP levels after 10 minutes of drug treatment (r = 0.73;3-agonists (isoproterenol at 0.01 anduthol/L and

P <.0001; n = 20; Fig 8B). salbutamol at Jumol/L) almost completely inhibited
GM-CSF production (94% to 100% inhibition), the
Relationship between inhibition of GM-CSF cAMP level was elevated by these drugs in a dose-depen-
production and elevation of cAMP by (3-ago- dent manner (43% to 84% elevation). Theophylline (100
nists or by phosphodiesterase inhibitors pmol/L) also inhibited GM-CSF production (mean inhi-

bition, 81.8%;P < .0001), whereas cAMP level after 180

We then examined the relationship between the inhibiminutes of treatment was unchanged (mean elevation,
tion of GM-CSF production and the elevation of CAMP 10.5%; Fig 5B).
levels. We measured the amount of GM-CSF at 360 min
utes and the amount of intracellular cAMP after 180 min-
utes of drug treatment in the presence of anti-IgE. ThPISCUS‘Q“’IO'\I
Spearman’s correlation coefficient for the relationship In this study, we demonstrated that the inhibition of
between the inhibition of GM-CSF production and thechemical mediator release and cytokine productiofd-by
elevation of cAMP byf3-agonists, rolipram, cilostazol, agonists and phosphodiesterase inhibitors, except for
and theophylline was 0.73 (n = 28), 0.58 (n = 9), 0.56 (rtheophylline, was correlated well with the elevation of
=9) and 0.24 (n = 6), respectively. As shown in Fig\5, intracellular cAMP levels in cultured human mast cells.
there was a significant correlation between the inhibitior It has already been reported tBaagonists inhibit the
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FIG 4. A, Effects of 3-agonists, isoproterenol (0.001 to 10 mmol/L)
and salbutamol (0.01 to 10 mmol/L), on the cAMP level after 10
minutes of drug-treatment in the presence of anti-IgE (4 pg/mL).
The cAMP level was expressed as the percent elevation of the
spontaneous level. The mean spontaneous cAMP level was 51.8
+ 9.6 fmol/106 cells. Results are the mean + SEM of 6 experiments.
Significant differences between the spontaneous cAMP and the
drug-treated cAMP level: *P < .05; **P < .01. B, Relationship
between inhibition of histamine release and elevation of cAMP by
B-agonists (n = 20). Histamine release is expressed as the percent
inhibition of control release. The mean control histamine release
was 12.3% + 2.3%. The relation between the inhibition of hista-
mine release and the elevation of cAMP was determined by
Spearman’s correlation coefficient.
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FIG 5. Relationship between inhibition of GM-CSF production and
elevation of cAMP by B-agonists or phosphodiesterase inhibitors.
Cells were treated for 180 minutes with B-agonists, rolipram,
cilostazol, and theophylline in the presence of anti-IgE (2 pg/mL)
and then lysed. The effects of drugs on GM-CSF production are
expressed as the percent inhibition of control production. The
mean control GM-CSF production was 567.4 + 176.7 pg/106 cells.
The levels of cAMP are expressed as the percent elevation of
spontaneous level. The mean spontaneous cAMP level was 85.4
+ 3.2 fmol/108 cells. The relation between the inhibition of GM-
CSF production and the elevation of cAMP was determined by
Spearman'’s correlation coefficient.

antigen-induced release of chemical mediators such aand the newly generated arachidonic acid metabolites
histamine, LTs, and PGLfrom human lung tissue frag- (LTs and PGE) reached a plateau within 30 minutes,
ment$§-12 and dispersed human lung mast cEl&? In whereas the production of cytokines and chemokines
the present study, we found that isoproterenol and salbu(GM-CSF, IL-5, and MIP-&) was recognized from 120
tamol inhibited anti-lgE—induced release of histamine, minutes after anti-lgE challenge and reached a plateau at
LTs, and PGB from cultured human mast cells. We also 360 minutes or more after challenyalthough the role
demonstrated thdd-agonists suppressed the production of cCAMP in the regulatory pathway for chemical media-
of cytokines (GM-CSF, IL-5, and MIPel) induced by  tor release and cytokine production is not clear, the inhi-
anti-IgE stimulation. The mechanism of actiorf3edigo- bition of histamine release was well correlated with the
nists appeared to be related to the activation of adenylatelevation of cAMP after 10 minutes of drug treatment,
cyclase coupled t@-adrenoceptors, which increased and the inhibition of GM-CSF production was well cor-
intracellular cAMP. Dibutyryl cAMP, a lipophilic analog related with the cAMP level at 180 minutes. Interesting-
of cAMP, also inhibited chemical mediator release andly, it has been reported that cAMP-elevating agents
cytokine production by cultured human mast cells, inhibited the production of Ji cytokines such as IL-2,
demonstrating that these processes were downregulatebut not T,, cytokines such as IL-4 or IL-5 (some studies
by cAMP. Release of the preformed mediator (histamine)have shown that these agents enhanggdyfokine pro-
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ductionf1.22 although in the case of cultured mast cells,esterase inhibitors have been reported to inhibit not only
the elevation of CAMP nonselectively inhibited chemical the early but also the late asthmatic response in3¢ii®.
mediator release and cytokine production. Severalhe inhibition of mast-cell chemical-mediator release
authorg3-27 have reported that cAMP blocked the and cytokine production bg-agonists and phosphodi-
immunologically induced increase of €ain rat or  esterase inhibitors may contribute to their inhibition of
mouse mast cells. A possible mechanism of action fothe asthmatic response. Agents that can cause long-term
cAMP is therefore assumed to be prevention of*Ca inhibition of mast-cell chemical-mediator release and

release from intracellular stoP8sand/or prevention of
Ca&* influx from extracellular fluicg®

cytokine production may be of therapeutic benefit, and
cultured human mast cells may be useful for studies on

It has been reported that nonselective phosphodithe development of antiasthma agents that inhibit mast-
esterase inhibitors, such as theophylline and IBMX, effeccell function.

tively block antigen-induced histamine release from rat
mast cell8%.31and human lung tissue fragmetddow-
ever, the cAMP-selective phosphodiesterase inhibitorgy
(rolipranm®3 and RO20-172%) do not inhibit IgE-mediat- (D
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few reports about the effects of selective phosphodido
esterase inhibitors on human mast-cell-mediator release,
and whether these inhibitors suppress mediator release b
increasing cAMP levels is unresolved. In the presen
study, a nonselective phosphodiesterase inhibitor (theo?-
phylline), a type IV-selective inhibitor (rolipram), and a
type lllI-selective inhibitor (cilostazol) all failed to affect
chemical mediator release or elevate the cCAMP level aften.
10 minutes of treatment. The reason for this discrepancy
between the effects @-agonists and phosphodiesterase
inhibitors is not clear. The concentrations of the inhibitors
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