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Modification by betamethasone of the effects of
bronchodilator drugs on cholinergic
bronchoconstriction in rats
M.J. Mattila & R.O. Salonen

Department of Pharmacology, University of Helsinki, Siltavuorenpenger 10, SF-00170 Helsinki 17?Finland

1 Effects of betamethasone (BM), a long-acting glucocorticoid, given alone and in combination
with bronchodilator drugs, terbutaline (Ter), theophylline (Theo), or ipratropium bromide (Ipra),
were studied on dose-related methacholine (MeCh 2, 3, and 4.5 jig i.v.)-induced bronchoconstric-
tion in anaesthetized rats. BM (0.4 or 2 mg kg-1) was given intraperitoneally 24h before the
experiment followed by a similar dose intravenously, 12 min before MeCh challenge. The bron-
chodilator drugs were given i.v. as acute single doses.
2 BM 0.4 mg kg-' counteracted significantly MeCh-induced bronchoconstriction without modify-
ing MeCh-induced transient bradycardia and hypotension. BM 2 mg kg-' failed to improve that
response. A time interval of 24 h after pretreatment proved mandatory to produce these effects.
3 Combined treatment with BM 0.4mgkg-1+Ter 20pgkg-1 antagonized the MeCh-induced
bronchoconstriction in-an additive manner at 2 and 3 jig of MeCh, but a synergistic interaction was
found at the largest MeCh dose. The effects of the other combinations (BM 0.4 mg kg-1 +Theo
20 mg kg- I and BM 0.4 mg kg-' + Ipra 0.5 fig kg-') on airways failed to exceed the expected sum of
the individual drugs.
4 The combination of BM + Ter was selective to the airways only, whereas BM + Theo also
counteracted MeCh-induced bradycardia and BM + Ipra counteracted both hypotension and
bradycardia.
5 It is concluded that combined treatment with glucocorticoid and 32-adrenoceptor agonist may
result in a synergistic interaction on severe airway obstruction without significant influence on

cardiovascular system.

Introduction

Glucocorticoids are important drugs in the treatment
of bronchial asthma, being life-saving in severe acute
attacks. The anti-inflammatory action of glucocor-
ticoids is probably their major therapeutic mechan-
ism in asthma (Melby, 1977; Stevenson, 1977), but
they also have a permissive effect on P-adrenoceptor
stimulation in the airways (Ellul-Micallef & Fenech,
1975; Middleton, 1975). Corticosteroids are known
to potentiate the relaxant action of catecholamines
on animal and human isolated airway smooth mus-
cles (Lefcoe etal., 1975; Rinard, 1978). A synergistic
effect between corticosteroids and isoprenaline has
also been seen in asthmatic patients (Franklin et al.,
1958; Hume & Jones, 1960; Shenfield et al., 1975).
Holgate et al. (1977) showed that intravenous hyd-
rocortisone could restore the bronchial responsive-
ness to salbutamol, which had been lost after regular
high-dose inhalations in healthy volunteers.
The present study was conducted in order to inves-

tigate the actions of a glucocorticoid in combination
with bronchodilator drugs with different mechanisms
of action. The bronchodilators used were a 12-
selective agonist terbutaline, theophylline, and a
quaternary antimuscarinic agent, ipratropium
bromide (Bauer et al., 1976). Betamethasone, a
long-acting glucocorticoid without significant
mineralocorticoid activity (Melby, 1977), was chosen
to represent modem glucocorticoids. Single and
combined bronchodilator actions of these drugs were
studied on dose-related bronchoconstriction with
methacholine (MeCh) in anaesthetized rats as previ-
ously reported (Salonen et al., 1982). The use of
MeCh seems appropriate since cholinergic mechan-
isms play an important role in the regulation of
bronchomotor tone in normal and asthmatic states
(Reed, 1974; Widdicombe, 1979; Boushey et al.,
1980).
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Methods

Anaesthetized rat preparation

Female Sprague-Dawley rats weighing 200-250g
(Tuohilampi farm, Finland) were anaesthetized with
pentobarbitone sodium (50 mg kg-1 i.p.) and relaxed
with pancuronium bromide (2mg kg- i.p.) to pre-
vent spontaneous respiration. During the experiment
no extra doses of anaesthetic or relaxant were given.
The animals, which occasionally failed to show full
anaesthesia with complete muscle relaxation after
this medication, were discarded.

Polyethylene catheters were inserted in the right
jugular vein and the left carotid artery, and a metal
cannula through the tracheostomy. The animals were
artificially ventilated with a Palmer constant volume
respiration pump and the intratracheal pressure was
measured as previously described (McCulloch et al.,
1967; Salonen & Mattila, 1981). The outputs of a
tracheal pressure transducer (Statham P 23 BC) and
a blood pressure transducer (Statham P 23 Db) were

fed to preamplifiers of a Grass Model 7 D Polygraph.
The animals were ventilated (stroke volume
1.4-2.2 ml; 72 strokes min-') with a maximal intra-
tracheal pressure of 5 mmHg at rest. The heart rate
was recorded with a Nihon Kohden one-channel
electrocardiograph using a limb connection.
At the end of each experiment the lungs were

dissected free, and major bronchi and blood vessels
were cut off. The lungs were weighed (wet weight),
dried for 5 s under firm finger pressure with filter
paper, and reweighed (dry weight), in order to esti-
mate leakage of fluid from blood vessels and possible
changes in the pulmonary vascular bed.

Measurement of bronchoconstriction

About 10 min after the administration of pan-

curonium, the test animals usually showed no spon-

taneous breathing. Bronchoconstriction was induced
with three consecutive doses (2, 3, and 4.5 ig) of
methacholine (MeCh) as hydrochloride injected at

2 min intervals into the right jugular vein. The ECG
was recorded at the time of peak intratracheal pres-

sure response (PIPR) and the heart rate was calcu-
lated.

In order to quantitate bronchoconstriction in re-

sponse to MeCh, the difference in the penwriter
amplitude between the peak response and the basal
resting values was measured in mm and determined
as PIPR for every MeCh dose. An increase in the
response area (RA) was also measured for the 2 min
period after each MeCh dose, using transparent mil-
limeter paper and expressing the values in mm2
(Salonen & Mattila, 1981).

Two groups of six rats each received 0.4 or 2 mg kg- 1

of betamethasone (BM) infused i.v. 12 min before
the MeCh challenge. Twelve rats out of 60 were

injected with 0.2 ml of saline i.v. and served as con-
trols. The other groups each consisting of six rats
received terbutaline (Ter) 20 fig kg-', theophylline
(Theo) 20mg kg-', or ipratropium bromide (Ipra)
0.5 ig kg-1 i.v. 5 min before the MeCh challenge in
combination with either saline or 0.4 mg kg- ofBM
given in similar manner as above.

Glucocorticoid pretreatment

In addition to BM (0.4 or 2 mg kg- 1) given i.v. during
the experiment, the rats were also pretreated by
injecting a similar dose of BM i.p. 24 h before the
experiment. Other rats not receiving BM were given
0.5 ml of saline i.p., respectively. The order of rats
allocated to different treatment groups was balanced.

Drugs

The following drugs were used: betamethasone di-
sodiumphosphate (Betnesol, Glaxo, United King-
dom), ipratropium bromide (Boehringer Sohn, Ger-
many), methacholine hydrochloride (Sigma,
U.S.A.), pancuronium bromide (Pavulon, Organon,
Holland), pentobarbitone sodium (Apodan, Den-
mark), terbutaline sulphate (Draco, Sweden),
theophylline ethylenediamine (Theophyllaminum,
Medica, Finland).

Statistics

The results of pulmonary and cardiovascular meas-
urements were tested with one-way analysis of var-
iance (ANOVA) at every MeCh dose. The final
comparisons between treatment groups were done
with Duncan's new multiple-range test (Duncan,
1955).

Results

Effects of betamethasone

Infusion of BM 0.4 or 2 mg kg-1, did not have any
immediate effects on pulmonary or cardiovascular
parameters. BM 2 mg kg- failed to counteract
MeCh-induced bronchoconstriction, bradycardia, or
hypotension, when given as an acute single dose or
after a 12 h pretreatment with a similar dose. When
BM was administered 24 h before the experiment
and a similar acute dose was given 12 min prior to the
MeCh challenge, both 0.4 and 2mgkg-1 of BM

Bronchodilator treatment
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counteracted significantly (Duncan's test; P <0.05)
MeCh-induced bronchoconstriction at the two low-
est MeCh doses (Figure 1). BM 0.4mg kg-1 seemed
to give a maximal response, because no further bron-
chodilatation was seen after BM 2 mg kg- l. The
PIPR values at 2, 3, and 4.5 jg of MeCh were 1.3,
3.6, and 7.8 mmHg forBM 0.4 mg kg-1 as well as 1.7,
3.7, and 8.8 mmHg for BM 2 mg kg-', respectively.
Neither dose of BM counteracted significantly
MeCh-induced transient bradycardia or hypoten-
sion.

Additional experiments (n = 3 in each group) were
performed in order to check the significance of the
acute administration to the effects of BM. The an-
tagonism of the MeCh-induced bronchoconstriction
by BM 2 mg kg1- wwas similar, irrespective of whether
it was given only once 24 h before the experiment or
in combination with a similar acute dose 12 min prior
to the MeCh challenge. The PIPR values at 2, 3, and
4.5 pg of MeCh were 1.1, 2.4, and 5.6mmHg for
subacute BM treatment, and 1.0, 2.3, and 5.1 mmHg
for subacute + acute BM treatment. The PIPR values
of the respective saline controls were 1.8, 4.2, and
8.3 mmHg.
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Effects of terbutaline, theophylline and ipratropium
bromide

Infusion of Ter 20 fig kg- 1 within 2 min decreased
blood pressure and increased heart rate transiently. It
also counteracted significantly (P<0.05 to 0.01)
MeCh-induced bronchoconstriction assessed in
terms of PIPR and RA (Figure 1). Infusion of Theo
20 mg kg- 1 caused a transient decrease in blood pres-
sure but a sustained increase in heart rate. Theo
counteracted significantly (P <0.05 to 0.01) MeCh-
induced changes in PIPR and RA values (Figure 2).

Ipra 0.5 jig kg-' infused in a similar manner to Ter
and TIheo had no effect on blood pressure or heart
rate. It antagonized significantly (P<0.05 to 0.01)
the bronchoconstrictor effects of MeCh at every
MeCh dose (Figure 3). Infusion of Ter, Theo, or Ipra
did not change basal bronchial tone. None of these
drugs counteracted significantly MeCh-induced
dose-dependent hypotension or bradycardia (Table
1). Nor did they modify the lung weight or leakage of
fluid from blood vessels.
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Flgure 1 Effects of betamethasone (BM) and terbutaline (Ter), alone and in combination, on methacholine
(MeCh)-induced bronchoconstriction in anaesthetized and relaxed rats assessed in terms of peak intratracheal
pressure responses (PIPR) and response areas (RA) for 2, 3, and 4.5 jig ofMeCh given i.v. All animals receivingBM
i.v. were also pretreated with a similar dose ofBM i.p. 24 h before the experiment. Other rats were each given 0.5 ml
saline, i.p. Symbols: (0) controls given 0.2 ml of saline i.v. (n = 12); (0) BM 0.4 mgkg-1 i.v. (n = 6); (A) Ter
20 jig kg-1 i.v. (n = 6); (A) BM 0.4 mg kg-l + Ter 20 gig kg-l i.v. (n = 6). Mean values are presented for each group;
vertical lines show s.e.mean. Statistical significance (Duncan's test; *P <0.05; *P <0.01) refers to differences
from the control group.
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Figure 2 Effects of betamethasone (BM) and theophylline (Theo), alone and in combination, on methacholine
(MeCh)-induced bronchoconstriction. Symbols: (O) controls given 0.2ml of saline i.v. (n= 12); (-) BM
0.4 mg kg- l i.v. (n = 6); (O) Theo 20 mg kg- l i.v. (n = 6); (-)BM 0.4 mg kg- l + Theo 20 mg kg- l i.v. (n = 6). Mean
values are presented for each group; vertical lines show s.e.mean. Statistical significance (Duncan's test; *P <0.05;
**P< 0.01) refers to differences from the control group. For further details see Figure 1 and Methods.

Table 1 Cardiovascular effects of consecutive doses of methacholine (MeCh) in anaesthetized rats, as modified by
saline (controls), betamethasone (BM), terbutaline (Ter), theophylline (Theo), and ipratropium bromide (Ipra)
given i.v. alone and in combinations

Treatment Baseline MeCh doses (pLg)
2 3 4.5

Controls BP: 173+ 5 65+± 5 45+± 7 34+± 4
HR:470+13 412+±14 377+±16 347+15

BMO.4mgkg-1 BP: 174+ 7 77+± 7 65+± 8 45+± 7
HR: 480 +15 470 +±14 427 ± 21 387 ± 17

BM2mgkg-1 BP: 169+ 5 65+ 4 54+± 7 35+± 8
FIR: 473 +25 453 +25 420 +27 347 ± 17

Ter20tgkg- BP: 163+ 9 69±+11 57+ 9 44± 8
HR: 457 +16 430 +24 403 +±26 350 ± 28

BMO0.4+Ter20 BP: 185+ 5 73+ 7 58+± 9 43+± 8
HR: 473 +7 450 +12 400 ± 27 377 ± 19

Theo20mgkg- BP: 186+ 4 64±+11 38+± 6 33+± 4
HR: 477+6 450 +±48 417 ± 40 367 +±40

BM0.4+Theo20 BP: 175+ 4 78+ 6 64± 7 55+± 6
HR: 477 6 507 4* 480 ± 14* 470 ± 15**

Ipra 0.5pgkg- 1 BP: 178+ 3 68+12 58+± 11 44+± 6
HR: 493 +13 427 +30 400 ± 37 403 ± 8

BMO.4+Ipra O.5 BP: 182+ 5 98+ 8* 88+ 10** 80± 9**
HR: 500 12 473 17 4605 17 453 ± 16**

Mean s.e.mean values of blood pressure (BP, mmHg) and heart rate (HR beats min-c are presented for each
group. The number of experments was twelve in the control group and six in the other groupsnStatistical significance
(Duncan's test; P< 0.05; **P <0.01) refers to differences from the controls.
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Figure 3 Effects of betamethasone (BM) and ipratropium bromide (Ipra), alone and in combination, on
methacholine (MeCh)-induced bronchoconstriction. Symbols: (0) controls given 0.2 ml of saline i.v. (n = 12); (0)
BM0.4mgkg-l i.v. (n=6); (O) Ipra0.5 jgkg-l i.v. (n=6); (*) BM0.4mgkg-1+Ipra0.5 jgkg- i.v. (n=6).
Mean values are presented for each group; vertical lines show s.e.mean. Statistical significance (Duncan's test;
*P<0.05; **P<0.01) refers to differences from the control group. For further details see Figure 1 and Methods.

Terbutaline, theophylline and ipratropium in
betamethasonepretreated rats

The immediate cardiovascular effects after infusion
of Ter, Theo, and Ipra in the BM (0.4mgkg-')-
treated animals were similar to those recorded in
animals receiving Ter, Theo, or Ipra alone. The
combined actions of BM 0.4mg kg- 1+ Ter
20 jgkg-1 on PIPR depended on the severity of
airway obstruction, being additive at 2 and 3 jig of
MeCh and more than the expected sum of the indi-
vidual drugs at MeCh 4.5 jg (Figure 1). The PIPR
differences between BM and BM + Ter were statisti-
cally significant (P <0.05 to 0.01) at all MeCh doses,
while the differences between Ter and the combina-
tion were significant (P <0.05) only at the largest
dose of MeCh. No more than additive effects were
seen on RA at any MeCh dose (Figure 1), and the
only significant (P< 0.05) difference between drug
treatments was between Ter and BM + Ter at MeCh
4.5 pg. The combination did not modify MeCh-
induced reversible hypotension or bradycardia
(Table 1).
BM 0.4 mg kg- I + Theo 20 mg kg-' counteracted

MeCh bronchoconstriction more than did the respec-

tive doses of BM and Theo alone (Figure 2), but the
combined actions on PIPR and RA were only addi-
tive at all MeCh doses (Figure 2). The PIPR values
between BM and the combination differed signific-
antly (P <0.05 to 0.01) from each other at 3 and
4.5 jig of MeCh, while the differences between Theo
and BM + Theo were not significant. As to the RA
values there were no significant differences between
the combination and the single drugs. BM +Theo
counteracted significantly MeCh-induced bradycar-
dia but not hypotension at every MeCh dose when
compared to the controls (Table 1). The heart rate
values after the combination also differed significant-
ly (P< 0.05 to 0.01) from those after treatment with
BM or Theo alone at the largest MeCh dose.
Combined treatment with BM 0.4 mg kg-' +fi Ipra

0.5 jig kg-1 antagonized MeCh-induced bronchocon-
striction better than did the single drugs, but the
effects on PIPR and RA did not exceed the expected
sum of the individual drug treatments at any MeCh
dose (Figure 3). The PIPR but not the RA values
after BM + Ipra differed significantly (P<0.05 to
0.01) from those after BM alone at 3 and 4.5 jg of
MeCh, while the differences between Ipra and
BM + Ipra were not significant. BM + Ipra antagon-
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ized significantly MeCh-induced hypotension at
every MeCh dose as well as bradycardia at the largest
MeCh dose (Table 1). The blood pressure values
after the combination also differed significantly
(P<0.05 to 0.01) from those measured after Ipra
alone at every MeCh dose, and from those measured
after BM alone at 4.5 pg of MeCh. The heart rate
values after BM + Ipra were significantly (P <0.05)
different from those recorded after BM at MeCh
4.5 jig but not from those after Ipra.

Discussion

The present results demonstrate that BM, a potent
glucocorticoid, counteracted MeCh-induced bron-
choconstriction in rats. The combined actions of BM
and Ter on peak intratracheal pressure response
(PIPR) seemed to depend on the severity of airway
obstruction, being additive on mild or moderate
states and synergistic on the most severe bron-
choconstriction (Figure 1). A similar response pat-
tern has previously been observed by us using combi-
nations of Theo with Ter or Ipra (Salonen et al.,
1982). In the present study, only an additive effect
was seen with BM + Ter on response area (RA), i.e.
an integral of the bronchoconstrictor response. The
effects of the other drug combinations, BM + Theo
(Figure 2) and BM + Ipra (Figure 3), on PIPR or RA
failed to exceed the expected sum of the individual
drug treatments at any MeCh dose. Furthermore,
combined actions of BM + Ter were selective to the
airways only, whereas the other combinations had
synergistic interactions on the cardiovascular system
especially at the largest MeCh dose (Table 1). BM
was not effective after an acute single dose, but a time
interval of 24 h was necessary to provide these ef-
fects. After this pretreatment acute administration
did not seem to make any significant contribution to
the effects of BM. The time lag of 24 h in response
suggests an action at the level of protein synthesis.
Our findings tally well with some previous results.

Aviado & Carrillo (1969) showed that high acute
doses of dexamethasone failed to counteract
bradykinin- or 5-hydroxytryptamine-induced bron-
choconstriction in rats, but after a pretreatment of
seven days it reduced the bronchoconstrictor re-
sponse to inhalation of cigarette smoke. Church
(1975) demonstrated that dexamethasone,
5 mg kg-, given 24 h before the experiment coun-
teracted bradykinin- or acetylcholine-induced bron-
choconstriction in pithed rats. A time interval of
8-24 h after the corticosteroid treatment was needed
to counteract effectively anaphylactic bronchocon-
striction in rats (Church et al., 1972) and to reduce
airway sensitivity to inhaled histamine in guinea-pigs
(Brink et al., 1977). There seems to be species differ-

ences in response to corticosteroids, because Carrillo
& Aviado (1968) have reported a fall in pulmonary
resistance after an acute i.v. injection of dexa-
methasone to nonsensitized rabbits.
The mechanism of the airway actions of BM, given

alone or in combination with bronchodilator drugs,
has remained obscure. Hydrocortisone reduces a-
adrenoceptor-mediated contraction and enhances 3-
adrenoceptor-induced relaxation in isolated airway
smooth muscle (Townley et al., 1970; 1972). In
vascular tissues adrenal cortical steroids increase the
contractile responses to oa-adrenoceptor agonists
(Fritz & Levine, 1951; Zweifach etal., 1953); Besse
& Bass, 1966; Kalsner, 1969). Corticosteroids could
enhance the effects of endogenous or exogenous
adrenoceptor agonists by reducing their elimination
when blocking the extraneuronal uptake (Iversen &
Salt, 1970; Salt, 1972; Pun et al., 1973) and/or
catechol-O-methyltransferase (COMT) (Kalsner,
1969). Other possible mechanisms include an ac-
cumulation of cyclic AMP due to stimulation of
adenylate cyclase (Logsdon et al., 1972; Parker et al.,
1973), inhibition of cyclic AMP phosphodiesterase
(Senft et al., 1968), or increase in the number of
pulmonary ,B-adrenoceptors (Mano et al., 1979).

In the present study, inhibition of extraneuronal
uptake and/or COMT by BM seems unlikely. Cor-
ticosteroids inhibit extraneuronal uptake within a
few min after an acute treatment (Salt, 1972; Pun et
al., 1973; Geddes et al., 1974), which suggests that
this action is not mediated by the synthesis of new
proteins. Extraneuronal uptake and metabolism by
COMT is specific to catecholamines only (Kalsner,
1969; Geddes et al., 1974), which means that block-
ing these events does not explain why the bron-
chodilator action of Ter was enhanced. Furthermore,
it seems that selective glucocorticoids like BM and
dexamethasone do not inhibit extraneuronal uptake
(Salt, 1972; Geddes et al., 1974). Iversen & Salt
(1972) and Salt (1973) have shown that the endogen-
ous corticosteroid corticosterone, but not hydrocor-
tisone, blocks the extraneuronal uptake of
catecholamines in the rat heart.
The influence of BM on the airways could be

directly associated with ,B-adrenoceptors. Andersson
& Kovesi (1974) and Brink et al. (1977) have re-
ported that the bronchodilator action of hydrocor-
tisone can be abolished by ,3-receptor antagonists.
Hydrocortisone increases cyclic AMP concentration
by stimulating adenylate cyclase in human lympho-
cytes (Logsdon et al., 1972; Parker et al., 1973), but
according to Andersson & Kovesi (1974) the in-
crease of cyclic AMP in human tracheal smooth
muscle does not result from the stimulation of adeny-
late cyclase or inhibition of cyclicAMP phosphodies-
terase. A direct elevation of intracellular cyclicAMP
in the airways does not seem to be the probable
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mechanism by which BM influenced the MeCh-
induced bronchoconstriction in the present study,
because that effect is seen within 1 to 5 min after the
corticosteroid treatment both in human lymphocytes
and tracheal tissue. Another possibility might be an
increased number of functional 13-adrenoceptors in
the lung after subacute glucocorticoid treatment.
Mano et al. (1979) have shown that hydrocortisone
(50 mg kg- given i.p. for nine days) increases the
total number of f-adrenoceptor binding sites by 70%
in rat lung tissue.

It is concluded that combined treatment with
glucocorticoid and the 132-adrenoceptor agonist, ter-

butaline, may result in a synergistic interaction on
severe airway obstruction without any significant
effect on the cardiovascular system. The combina-
tions of glucocorticoid with theophylline or iprat-
ropium were additive only, and they also influenced
circulation. A time interval of 24 h after be-
tamethasone pretreatment was required to produce
these effects suggesting the necessity of new protein
synthesis.

This study was supported by the Astra Research Founda-
tion (Sodertalje, Sweden), the Finnish Antituberculosis
Association, and Vaino and Laina Kivi's Foundation.
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