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ABSTRACT: Our recent in vitro studies on airway smooth muscles of 
cats with turpentine oil Inflammation showed an increase of isometric 
tension of the lung strips to h.lstamlne application. This communication 
describes the effect of atropine, acetylsalicylic acid, FPL 55712, an.d phen
tolamine on the histamine contractions of the lung strips derived from 
control and experimental groups of cats. Pretreatment of the lung strips 
with atropine and acetylsalicylic acid had no significant effect on hista
mine induced contraction. FPL 55712 significantly decreased the mean 
values of isometric contractions after the low doses of histamine In ex
perimental groups of strips. The isometric contractions after higher doses 
of histamine were not affected by FPL 55712 in both groups of strips. 
The significant increase of histamine contractions of the lung strips in
duced by e.xperimental Inflammation was reduced by phentolamine. The 
role of alpha adrenergic receptors in the increased responsiveness of the 
inflamed lung tissues to histamine Is discussed. 
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One of the characteristic features of asthma is the 
increased responsiveness of the airways to non-specific 
stimuli including chemical, physical, pharmacological 
and infectious stimuli. The mechanisms involved in the 
modulation of the non-specific bronchial reactivity are 
not known but the role of airway inflammation has 
recently been stressed [1-3]. This hypothesis is based 
on the observation that exogenous factors increasing non 
specific bronchial reactivity can cause airway inflam
mation. Although the participation of cholinergic re
flexes in the expression of airway hyperresponsiveness 
is well recognised, a solely neurological mechanism 
could not account for all its features [4]. 

In previous works we reported that experimentally 
induced airway inflammation increased the responsive
ness of the cat lung strips to histamine in vitro [5, 6). 
This communication describes the effects of atropine, 
acetylsalicylic acid, FPL 55712 and phentolamine on the 
histamine contractions of the lung strips derived from 
control groups of cats and cats suffering from experi
mentally induced inflammation. 

Methods 

The experiments were conducted with 21 male and 
female cats weighing from 2.0 to 3.5 kg. 

Model of airway inflammation 

To induce the experimental inflammation, a method 
described in the previous paper was used [7]. The cats 
were anaesthetized with thiopental sodium (30 mg·kg·1, 

i.p.). The cervical part of trachea was exposed. A can
nula was then introduced into the trachea, and through 
it 5 mg of turpentine oil aerosol was administered, for 
2 minutes, to spontaneously breathing cats. The cannula 
was then removed and the incision was sutured. The 
lung strips were prepared 48 h after the administration 
of turpentine oil. 

The experimental inflammatory process in the airways 
was evaluated in living animals on the basis of their 
behaviour and auscultation of the lungs. Part of the tra
chea and lung parenchyma of every cat was taken for 
histological assessment of the inflammation. 

In vitro method 

At the above interval after administration of the aero
sol, cats from the experimental group and healthy (con
trol) animals were anaesthetized with thiopental sodium 
(30 mg·kg·1, i.p.) and exsanguinated. Their thoracic 
cavities were opened and the lungs were removed. The 
lung parenchyma! strip (20x3x3 mm) was cut out from 
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the diaphragmatic lobe of the lung according to Luucu 
et al. [8] and placed in an organ bath containing Krebs
Henseleit solution (NaCl 112.9, KCL 4.7, CaCI2 ·2, H.p 
2.08, MgS04 0.5, NaHC0

3 
24.9 and glucose 11.1 moH 

1) at 37•c and pH 7.4, saturated with 95% 0 2 and 5% 
C0

2
• After 20 min initial tension of the preparations at 

4 g and after an adaptational interval of 30 min at a 
working tension at 2 g, histamine was added cumula
tively to the organ bath. The various histamine concen
trations used (10·9-10·3 mol·l"1, final bath concentrations) 
were always in the same volume (0.2 ml). Alropine, 
phentolamine and FPL 55712 were added to the organ 
bath 5 min, and acetylsalicyclic acid 30 min, before the 
addition of histamine. In this study, comparisons of 
contraction responsive curves in paired strips from the 
same cats were used to test the effect of pretreatment. 
On each strip only one dose-response curve was 
determined. Mechanical responses were recorded isom
etrically, using a static-dynamic MlOOO tensometric ap
paratus, and were registered on an MTA 175 Kutesz 
linear recorder. 

The following substances were employed: Acetylsali
cylic acid (Spofa), atropine (Spofa), FPL 55712 
(Fisons), histamine (Spofa), phentolamine (Ciba) and 
thiopental sodium (Spofa). 

Data Analysis 

Histamine responses were plotted as a percent 
of maximal force at the highest concentration 
(10·3 mol·/"1) of the control group. Individual concen
tration-response curves were drawn by hand and ED

50 
value was defined as the concentration of agent produc
ing a half maximal response. (The maximal isometric 
tension was elicited after the dose 10·3 mol·Z·1 of hista
mine. However, the dose 10·2 mol-1"1 of histamine had 
to be used in some lung strips to elicit the maximal ten
sion). ED50 values were a measure of the sensitivity of 
the preparations and the potency of the agonist. 
Student's t-test was used to test the probability that 
observed differences between means were due to 
chance. Differences that produced p values of less than 
0.05 were accepted as significant. In the figures the 
mean values+sE are presented. 

Table 1. - ED50 values for histamine in control and 
experimental groups of lung strips 

Treated by: Control groups Experimental groups 

Without 1.7 xiQ·S:t0.32 r.8 x 10·s:ro.8o 
Atropine 1.06 xiQ-5±0.18 1.8 X 1Q·S;t0.56 
Acetylsalicylic 1.6 x 10·s:ro.n 1.75 xiQ-~0.65 

acid 
FPL 55712 1.2 x w-s..to.66 2.0 X 10·5±0.71 
Phentolamine 2.3 x 1 o-5±0.63 2.2 X 1Q·S:t0.90 

Results 

Histamine (10·8- 10·3 mol-1"1
) produced a dose related 

contraction of the cat lung parenchyma! strip. In the 

control group (n=11), the maximal isometric tension of 
the lung strips was 1.06±0.20 g. The ED

50 
value for 

histamine was 1.7x10·5±0.32 mol·/·1• In the strips, a dif
ference between control histamine response and those 
obtained from cats with experimentally induced airway 
inflammation (experimental group; n=10) was evident. 
The maximal isometric tension of the lung strips was 
1.80±0.19 g, a value significantly different (p<O.Ol) 
from that of the control group. The ED50 for histamine 
(1.8x10·5 + 0.80 moH1) was not significantly different 
when compared with control group. 

The possible participation of the cholinergic "M" 
receptors in the histamine-induced contraction of the 
lung strips was examined by pretreatment with atropine 
(final bath concentration 10·6 mol·/·1). The application 
of the atropine to the organ bath did not change the 
initial tension of the control as well as experimental 
lung strips. No significant effect of atropine pretreat
ment in both groups of lung strips was observed. The 
isometric tension developed after 10·3 mol·l"1 histamine 
was treated in the control group with atropine 1.06±0.18 
g (n=11), and the ED50 value for histamine was 
1.80 X I0-5±0.56 mol·l·1

• In the experimental group, the 
lung strips pretreated with atropine (n= 1 0) the maximal 
isometric tension developed after the histaminewas 
1.72±0.18 g . The ED50 value for histamine was 
1.6xl0·5 mol·l"1. 

The application of acetylsalicylic acid (lQ-4 mol·I-1) 

the inhibitor of prostaglandin synthesis - to the organ 
bath did not change the initial tone of the lung strips 
of the control group. In the experimental group of strips 
acetylsalicylic acid produced a slow loss of the base
line tension (0.09±0.03g) in four of the ten lung strips. 
The histamine induced contraction of the lung strips of 
both groups was not significantly influenced by acetyl
salicylic acid. The maximal isometric tension in the 
control (n=ll) and experimental (n=lO) groups, both 
pretreated with acetylsalicylic acid was 0.91±0.16 g and 
1.70±0.20 g, respectively. No significant changes in the 
ED50 values for histamine were observed (1.6xi0·5±0.72 
mol-!·1; 1.75 x 10·5±0.65 mol·Z·1). 

On the other hand, the antagonist of the leukotriene 
C

4 
and leukotriene D

4 
(LTC

4
, LTD

4
) FPL 55712 in dose 

10·6 mol·Z·1 decreased the mean values of isometric con
tractions after the low doses of histamine in both groups 
of strips. However, this decrease was significant 
(p<0.05) in the experimental group only. The isomet
ric contractions after higher doses of histamine were not 
affected by FPL 55712 in both groups of the lung 
strips. The maximal tensions were 1.19±0.16 g and 
1.89±0.17 g, respectively. No significant differences in 
ED

50 
values for histamine were observed in treated lung 

strips (1.2xl0·5±0.66 mol·Z· ' control group, n=ll; 
2xl0·5±0.71 mol·/·1 experimental group, (n=IO) when 
compared with ED50 values for histamine obtained in 
the paired lung strips without pretreatment. The FPL 
55712 did not change the base-line tension of the lung 
strips in both groups. 

Similarly, the application of the adrenergic 
alpha-receptor blocker phentolamine (10·6 mol·L-1) to the 
organ bath did not change the initial tension of the 
control as well as experimental lung strips. Figure 1 
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shows the effect of phentolamine pretreatment on 
histamine induced contractions of control (n=ll) and 
experimental (n=lO) groups of strips. The mean values 
of the isometric contractions were decreased in both 
groups, but significantly in the experimental group 
only. The ED$

0 
values for histamine were not signifi

cantly changed (treated control group - 2.3xl0'5±0.63 
moJ.l·1

; treated experimental group - 2.2xi0·5±0.90 
moJ./'1). The maximal isometric tension of the treated 
controls was 0.92±0.14 g, and the maximum tension de
veloped in the treated experimental group was 
1.35±0.15 g. The significant increase of the histamine 
contractions of the lung strips induced by experimental 
inflammation was reduced by phentolamine. 
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Fig. 1. - Effect of phentolamine on histamine response of !he lung 
strips from control (C) and experimental (E) groups of cats. Statis
tical significance: •p<O.OS; .. p<O.Ol. (T=pretreatment of !he lung 
strips by 10'6 mol·t·• phentolamine). 

Discussion 

In our previous in vitro experiments we observed that 
the contractile responses of the lung strips to histamine 
were enhanced depending on the stage of the develop
ment of airway inflammation (3, 6]. 

One of the possible explanations is that airway 
smooth muscle contraction can be augmented by inter
action between histamine and simultaneous cholinergic 
stimulation [9-11]. We tested this possible mechanism 
of enhanced histamine responsiveness of the lung strips 
under conditions of airway inflammation by pretreat-

ment of the lung strips with atropine. STEPHENS et al 
[12] reported that atropine reduced the tension devel
oped by tracheal smooth muscles in vitro in response 
to histamine. In our experiments atropine did not 
change the histamine contractions in control as well as 
in experimental groups of strips. This is in agreement 
with results reported by SKOOGH et al [13]. Our results 
suggest no participation of cholinergic mechanisms in 
histamine-induced contraction of cat lung strip. 

The role of the prostaglandins in the inflammatory 
process is well documented [14, 15]. Their possible 
participation in the increased smooth muscle responsive
ness was analysed by pretreatment with acetylsalicylic 
acid. The application of acetylsalicylic acid to the or
gan bath did not change the initial tone of the lung 
strips of the control group. In the experimental group 
of lung strips, acetylsalicylic acid produced a loss of 
the base-line tension in four out of ten lung strips. We 
suppose that under conditions of experimental 
inflammation of the airways the synthesis of bron
choconstricting cyclo-oxygenase products is increased. 
Another possible explanation is that the number or 
activity of receptors for endogenous bronchoconstrictive 
prostaglandins is increased [16]. In this study, the pre
treatment of the control as well as of the experimental 
group of lung strips with acetylsalicylic acid does not 
significantly change the histamine responsiveness and 
the increased responsiveness of the lung strips of the 
experimental group persist. In experiments of WEICHMAN 
et al. [17) the meclofenamic acid (a cyclo-oxygenase 
inhibitor) enhanced the histamine contraction ·of guinea 
pig trachea but histamine contraction of guinea pig lung 
strip remained unchanged. This is in agreement with our 
results. 

Another group of metabolites of arachidonic acid, 
leukotrienes have potent myotropic activity on airway 
smooth muscles [18]. However, their role in the inflam
matory reactions is not fully understood. We studied the 
influence of FPL 55712 on histamine-induced contrac
tions of the cat lung strips. Application of FPL 55712 
to the organ bath did not change the initial tension of 
the lung strips of control and experimental groups. This 
indicates no participation of the leukotrienes which can 
be blocked by FPL 55712 in regulation of initial ten
sion of the cat lung strip. Similarly, the histamine
induced contractions of the control lung strips were not 
significantly influenced by FPL 55712. This is in agree
ment with results obtained in canine tracheal smooth 
muscle [19) and guinea pig lung strip (18]. In the ex
perimental group of lung strips the responses to lower 
concentrations of histamine were significantly decreased. 
However, the responses to higher concentrations of his
tamine remained unchanged. In experiments of CREASE 
and BAcH [20], I0-9 moH' LTC4 did not affect the 
concentration-response relationship for histamine
induced contraction. Higher LTC

4 
and LTD

4 
concentra

tions produced contractile responses. This increase in 
the base-line tension was associated with a decrease in 
the maximum response to histamine, but a combined 
response to LTC

4 
or LTD4 and histamine (3·10·4 

mol·/-1) was not significantly different from the maxi
mum control response to histamine alone. These results 
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agree with those of ANDERsoN and GoLDBERG [21]. We 
suppose that under inflammatory conditions low hista
mine concentrations elicit the production of leuk:otrienes 
and their overadditive effect on histamine contraction 
is blocked by FPL 55712. 

Phentolamine, a non-selective antagonist of the alpha 
adrenergic receptors, was the only drug able to elimi
nate the significance of the difference in the responsive
ness between the control and the inflamed lung strip 
groups. These results point out the role of alpha 
adrenergic receptors in the increased reactivity of the 
inflamed lung tissue to histamine. An antihistaminic 
effect of phentolamine can be excluded. Phentolamine 
did not show any effect in the uninflamed controls. In 
addition, pretreatment of the lung strips of control and 
experimental groups by clemastine (an antagonist of the 
histamine H

1 
receptors) depresses the contractile re

sponse to histamine in both groups leaving the signifi
cant differences in their reactivity unchanged [22]. A 
role for alpha adrenergic enhancement of the histamine
induced contraction of the airways smooth muscle has 
been proposed by ANDERSSON and NILssoN. DouGLAS et 
al [23] demonstrated an inhibition of the histamine
induced bronchoconstriction in guinea pigs after the 
pretreatment with phentolamine suggesting direct inter
action with histamine. At present, the mechanism re
mains unknown. In the observations of KNEussL and 
RrcHARDSON [24] bronchial smooth muscle taken at 
autopsy from persons with no evidence of lung disease 
contracted when exposed to norepinephrine after pre
treatment by histamine, whereas the muscle from 
patients with the chronic obstructive lung disease or 
bronchopneumonia contracted without any pretreatment 
and the contraction could be blocked by phentolamine. 
HENDERSON et al [25] observed exaggerated alpha
adrenergic responses in the patients suffering from 
asthma in comparison to normal subjects. There is also 
evidence from receptor binding studies in guinea-pigs 
suggesting an increase in the number of alpha recep
tors and a decrease of beta receptors in an animal 
model of chronic asthma [26]. Further studies are re
quired to investigate the role of alpha-adrenergic recep
tors in bronchial hyperreactivity. 
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Effets de l'atropine, de l'acide acetylsalicylique, du FPL 
55712, et de la phentolamine sur l'hyperreactivite a 
l'histamine dans des lambeaux de poumon de chat, dans des 
conditions d'inflammation des voies aeriennes. P. Banovcin, 
P. Visnovsky, J. Hanacek, L. Plank, J. Korpas. 
RESUME: Nos etudes recentes in vitro sur les muscles lisses 

des voies aeriennes du chat, faisant appel a une 
inflammation par l'huile de terebenthine, ant montre une 
augmentation de la tension isometrique des lambeaux 
pulmonaires en cas d'application d'histamine. Cette 
communication decrit l'effet de !'atropine, de l'acide 
acetylsalicylique, du FPL 55712, et de la phentolamine, sur 
les contractions histaminiques des lambeaux pulmonaires 
provenant de groupes de chats controles et experimentaux. Un 
traitement prealable des larnbeaux pulmonaires a !'atropine et 
a l'acide acetylsalicylique n'a pas eu d'effet significatif sur la 
contraction induite par !'histamine. Par contre, FPL 55712 a 
diminue de fac;:on significative les valeurs moyennes des 
contractions isometriques apres les petites doses d'histamine 
dans le groupe experimental de larnbeaux. Les contractions 
isometriques apres des doses plus elevees d'histamine ne sont 
pas influencees par FPL 55712 dans les deux groupes de 
larnbeaux. L'augmentation significative des contractions 
histaminiques des lambeaux pulmonaires induite par 
!'inflammation experimentale est diminuee par la 
phentolamine. Le role des recepteurs alpha-adrenergiques dans 
!'augmentation de reactivite des tissus pulmonaires enflammes 
a !'histamine fait l'objet d'une discussion. 
Eur Respir J., 1989, 2, 517-521 . 


