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Fenoterol, a selective beta,-adrenergic
agonist, and inhibition of IgE-mediated
basophil histamine release

Y. Morita & T. MivyaMoTO

Department of Medicine and Physical Therapy, Faculty of Medicine, University of Tokyo, Japan

The present study was undertaken to evaluate the effect of fenoterol, a selective beta,-
adrenergic agonist, on basophil histamine release. Fenoterol at 10-7 to 10-* M did not
inhibit the release of histamine induced by Dermatophagoides farinae extract (D.f.) from
leukocytes from allergic patients sensitive to mite. Similarly, there was no suppression
of histamine release induced by anti-IgE and formyl-methionyl-leucyl-phenylalanine
under the influence of fenoterol. Fenoterol caused a slight inhibition of the calcium
ionophore A23187-induced histamine release at 10-3 M with % inhibition of
11.8 £ 2.4 (x £ SEM, P < 0.05). There was no synergism between fenoterol and
theophylline in inhibiting D.f.-induced histamine release. Fenoterol did not suppress
the release of histamine induced by antigen at low as well as high levels of release.
Based on the data on the effect of fenoterol on IgE-mediated histamine release, it was
concluded that in contrast to a human lung mast cell system, the beta-adrenergic
receptor-adenylate cyclase system is not a control mechanism in IgE-mediated basophil
histamine release.
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IgE-mediated histamine release from mast
cells and basophils is an i wvitro model of
immediate hypersensitivity. This reaction by
chopped lung fragments and human lung mast
cells is inhibited by beta-adrenergic agents
which raise intracellular cyclic 3’,5’-adenosine
monophosphate (cAMP) through interaction
with beta-adrenergic receptors (1-4, 9-11). On
the other hand, in a human basophil system,
concentrations of isoproterenol required to
suppress IgE-mediated histamine release are
relatively high (5). This finding raises a ques-
tion about an idea that the beta-adrenergic
receptor-adenylate cyclase system i1s an impor-
tant control mechanism in IgE-mediated ba-
sophil histamine release. Therefore, we ex-
amined the effect of fenoterol, a selective
beta,-adrenergic agonist, on basophil hista-

mine release.

MATERIAL AND METHODS

Material

acid ]
and formyl-methionyl-leucyl-phenyl-

Piperazine-N,N’-bis  [2-ethanesulfonic
(Pipes)
alanine (FMLP) were purchased from the Sig-
ma Chemical Co., St. Louis, MO., USA. The
calcium ionophore A23187 was from Cal-
biochem-Behring Corp., La Jolla, CA, USA,
theophylline from Wako Pure Chemical Indus-
tries, Osaka, Japan, anti-human IgE from
Medical Biological Laboratory, Nagoya, Japan.
Lyophilized extract of Dermatophagoides farinae
(D.f.) was generously provided by Torii Phar-
maceutical Co., Tokyo, Japan. Although it was
a crude allergen, it did not cause non-specific
histamine release from basophils obtained from
healthy donors not sensitive to D.f. Fenoterol
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was kindly donated by Boehringer-Ingelheim,
Kawanishi, Japan.

Preparation of leukocytes

Venous blood was drawn by venipuncture
from seven patients with bronchial asthma,
one with allergic rhinitis, four with atopic der-
matitis and four healthy donors, and allowed
to sediment at room temperature for 90 min
with 2.5 ml of 6% dextran-2.8 % glucose solu-
tion (6% dextran in saline, Midorijuji Phar-
maceutical Co., Osaka, Japan) per 10 ml of
blood. The plasma-leukocyte layer was trans-
ferred to a new tube. After centrifugation at
400 x g at 4°C, leukocytes were obtained,
and washed with Pipes A (119mM NaCl,
5mM KCIl, 25mM Pipes, 0.03%

serum albumin; pH 7.4) containing 4mM eth-

human

washed
with Pipes A and finally suspended in an
adequate amount of Pipes ACM (Pipes A with
2mM Ca?* and 0.5mM Mg?*).

ylenediaminetetraacetic acid, again

Histamine release

Leukocytes in 0.2 ml of Pipes ACM were prein-
cubated with 0.2 ml of various concentrations of
fenoterol in the absence or presence of theo-
phylline for 15 min at 37°C in 12 x 75 mm
polystyrene tubes. Histamine release reaction
was initiated by the addition of 0.1 ml of D.f.,
anti-IgE, ionophore A23187 or FMLP. Incuba-
tion was carried out at 37°C for 45 min. The
final cell concentrations of reaction mixture
were 1 to 6 x 10%ml. Final concentrations of
D.f., anti-IgE, 1onophore A23187 and FMLP
were 0.1 pg/ml, 1:1000 (or 1:10000), 0.5 pg/ml
and 10-* M, respectively.

When the relationship between the levels of
histamine release and the effect of fenoterol
was examined, three different concentrations
of D.f. were used to obtain a wide range of
release.

The tubes were then centrifuged at 400 x g
for 15 min at 4°C. Supernatants were stored at
4°C until histamine assay. An aliquot of cells in
0.5 ml of Pipes ACM was lysed with perchloric
acid (final concentration : 2 %) to evaluate total

8525

cellular histamine. Experiments were performed
in duplicate or triplicate.

Histamine assay

Histamine was determined by an automated flu-
orometric technique (12). Histamine released
was expressed as a percentage of total cellular
histamine.

RESULTS

Effect of fenoterol on basophil histamine release

The effect of fenoterol on histamine release from
human basophils was studied. Leukocytes were
preincubated with 107 to 10~* M of fenoterol for
15 min at 37°C and stimulated with 0.1 pg/ml of
D.f. Fenoterol did not have any effect on D.f.-
induced histamine release from basophils taken
from seven asthmatic patients allergic to mite
(Fig. 1A). Similar results were obtained when
leukocytes were preincubated with fenoterol for
0, 2, 5 and 30 min, respectively (data not
shown). Similarly, fenoterol did not suppress
anti-IgE-induced histamine release from baso-
phils taken from four healthy donors (Fig. 1B).
Furthermore, fenoterol did not affect the release
of histamine induced by FMLP from basophils
obtained from an asthmatic patient, a patient
with allergic rhinitis, and two healthy donors
(Fig. 1€

The effect of fenoterol on calcium ionophore
A23187-induced basophil histamine release
using leukocytes from a patient with allergic rhi-
nitis and two healthy donors was then studied.

There was no effect on histamine release at 10!
to 10-* M of fenoterol (Fig. 1D). At 10 M, a slight
inhibition was observed with % inhibition of

11.8 =+ 2.4 (% £ SEM) (P < 0.05).

No synergism between fenoterol and theophylline in
inhibiting IgE-mediated histamine release

Fenoterol did not inhibit the release of hista-
mine by human basophils stimulated with D.f.
However, fenoterol could suppress histamine
release in the presence of phosphodiesterase
inhibitors which are known to inhibit antigen-
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Fig. 1. Effect of fenoterol on basophil histamine release induced by various stimuli. Leukocytes from D.f.-sensitive asthmatic

patients, a patient with allergic rhinitis, and healthy donors were preincubated with various concentrations of fenoterol for 15

min at 37°C, and stimulated by various stimuli. D.f. allergen,
used as stimuli for histamnine release in Fig. 1A, B, C, and D,
donors.

induced basophil histamine release by increas-
ing cellular levels of cAMP (5). Therefore, the
effect of fenoterol plus theophylline on D.f.-
induced histamine release was tested.

There was no synergism between fenoterol

and theophylline (Fig. 2).

Relationship between effect of fenoterol and levels of

histamine release

Fenoterol did not reduce D.f.-induced hista-
mine release. In these experiments, high control
release was obtained (79.3 * 5.1 %). There-
fore, we tested the effect of fenoterol on various
levels of histamine release induced by D.f.

anti-IgE, FMLP, and the calcium ionophore A23187 were
respectively. The numbers in parentheses indicate those of

As shown in Fig. 3, there was no significant
inhibition of antigen-induced histamine release
by fenoterol at low as well as high levels of
release.

DISCUSSION

Antigen-induced IgE-mediated histamine and
slow-reacting substance of anaphylaxis (SRS-A)
release from human lung fragments is inhibited
by the beta-adrenergic agonists (1, 9). IgE-
mediated histamine release from dispersed
human lung mast cells obtained by enzymatic

digestion and purified human lung mast cells by
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Fig. 2. No synergism between fenoterol and theophylline in inhibiting antigen-induced histamine release. Leukocytes were
preincubated with 10-7 to 10-3 M of fenoterol in the absence or presence of theophylline for 15 min at 37°C. Mite antigen (0.1

pg/ml) was then added.
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Fig. 3. Relationship between the effect of fenoterol and the
levels of histamine release. Leukocytes from allergic patients
sensitive to mite were stimulated with various concentrations
of D .f to obtain different levels of histamine release.

elutriation and affinity column chromatography
is also reduced by fenoterol (10, 11). These
observations indicate that IgE-mediated hista-
mine release is modulated by the beta-adre-

nergic receptor-adenylate cyclase system in
human lung mast cells.

In the present experiments, we demonstrated
that antigen and anti-IgE-induced histamine
release from human basophils was not inhibited by
fenoterol. Furthermore, there was no synergism
between fenoterol and theophylline in inhibiting
D.f.-induced histamine release. These results
clearly indicate that the beta-adrenergic receptor-
adenylate cyclase system is not a control mecha-
nism in [gE-mediated basophil histamine release.

It has been reported that human granulocytes
and lymphocytes possess beta-adrenergic recep-
tors (15). However, beta-adrenergic receptor-
mediated changes in cAMP levels induced by
beta-adrenergic agents are different between
two cell types; lymphocytes respond much bet-
ter to beta-adrenergic agents than granulocytes
(7). CAMP response to beta-adrenergic ago-
nists might also be poor in human basophils.

The existence of beta-adrenergic receptors in
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rat mast cells has been demonstrated, and there
was anelevationinintracellularcAMP in response
to fenoterol (8). Nevertheless, suppression of IgE-
mediated histamine release by fenoterol was not
noted (8).

Further studies have to be done to know which
mechanism is involved in the inability of fenoterol
to inhibit IgE-mediated basophil histamine
release.

Tung et al. reported that cAMP active drugs
were more potent inhibitors at low levels of hista-
mine release than at highlevels (14). However, we
could not obtain similar results. Fenoterol did not
inhibit significantly antigen-induced histamine
release at low as well as high levels of release.

Fenoterol did not cause an inhibition of hista-
mine release induced by the calcium ionophore
A23187 at 107" to 10* M. At 10 M, a slight
inhibition was observed. These results are consis-
tent with a previous report (6). Furthermore,
fenoterol did not reduce FMLP-induced basophil
histamine release. The release of histamine induced
by this stimulus has been reported to be inhibited by
dibutyryl cAMP (13). The discrepancy suggests
that beta-adrenergic agonists do not increase intra-
cellular cAMP levels in human basophils.

In summary, IgE-mediated histamine release
from human basophils was not inhibited by
fenoterol. This finding indicates that in human
basophils, the beta-adrenergic receptor-adenylate
cyclase system does not regulate IgE-mediated
histamine release.
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