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Bradykinin (BK) and related kinins are autocoid peptides that play integral roles in many
pathophysiological processes such as cough.

In this study, the inhibitory effect of noscapine, the antitussive opioid alkaloid, on BK
receptors, was tested in the guinea-pig ileum. Contractions of the isolated ileum of the guinea-pig
in response to BK were inhibited by noscapine (10–1000 nM) in a concentration-dependent
manner. Concentration-response curves (CRCs) to BK were slightly shifted to the right with a
concomitant decrease in the maximum effect. A pA2 value of 6.68 was calculated for noscapine.
The slope of the Schild plot of the antagonism was found to be 0.56.

Noscapine had no effect on contractions induced by KCl, acetylcholine, histamine,
5-hydroxy tryptamine or angiotensin II.

In conclusion, noscapine has a specific antagonistic effect on BK receptors and the mode
of inhibition was found to be non-competitive.
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Bradykinin (BK) and related peptides are autocoids derived from enzymatic
action of kallikreins on kininogens (3, 18, 19). BK binds to specific receptors and
participates in a wide number of physiological and pathological states; such as
vasodilatation, control of blood pressure, smooth muscle contraction, increased vascular
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permeability and several inflammatory processes (7, 10, 19). BK also participates in
angiotensin-converting enzyme (ACE) inhibitors induced cough (2).

Therapy with ACE inhibitors is associated with a high prevalence of dry, non-
productive cough (0%–39%) (8, 11). The most logical and popular hypothesis is that
the degradation of kinins, particularly BK in the airways is inhibited (15), because ACE
or kininase II has a major role in the catabolism of kinins (20, 21).

Noscapine is a phtalideisoquinoline alkaloid obtained from opium. It lacks
analgesic, sedative and respiratory depressant properties, and it does not produce
euphoria or dependence (17). The only pharmacological effect of noscapine is cough
suppression, for which it has been used since the mid 50s (14). Noscapine is a safe and
specific antitussive through its central and peripheral activities (4). Kamei also
suggested that σ sites might be involved in the antitussive mechanism of this drug (12).

Following the discovery of two subtypes of bradykinin receptors, B1 and B2,
much effort has been concentrated on the production or detection of antagonists for
these receptors (19). In this study, the inhibitory effects of noscapine on BK in the
guinea-pig isolated ileum were investigated.

Materials and Methods

Tissue preparation

Guinea-pigs (200–350 g) of both sexes were lightly anesthetized with chloroform,
killed by a blow on the head. The guinea-pig ileum was rapidly removed and carefully
dissected free from adhering tissues. Pieces of ileum (20 mm in length) were set up in
10 ml organ baths containing Tyrode (37 °C) solution. Preparations were be bobbled
with carbogen (95% O2, 5% CO2) under 1 g of load. The isotonic contractions were
recorded. Preparations were allowed to equilibrate for at least 60 min before the
experiments were started, and during this period the bath solution was changed every
15 min. Responses to BK in all tissues were determined in the presence of captopril
(3 µM) to avoid degradation by the action of kininase II (5).

For the construction of concentration-response curves (CRCs) for BK, the ileum
of the guinea-pig was prepared as described above. After an equilibrium period, BK
was applied to the organ bath in a non-cumulative manner to obtain contractions from
0.1 nM to 100 nM. A further resting period of 30 min was allowed during which the
bath solution was replaced with fresh solution 4–6 times. Noscapine (10, 100 or
1000 nM) was added to the organ bath 5 min before the construction of a second BK
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CRC. In order to avoid or minimize BK desensitization, in each preparation, 2–3 non-
cumulative CRCs were obtained. All effects of BK are expressed as % of the maximum
effect established during the first CRC.

In order to exclude unspecific inhibitory effects, noscapine was also tested against
the contractile responses of acetylcholine (1 µM), histamine (10 µM), 5-hydroxy
tryptamine (100 nM), angiotensin II (10 nM) (9), and KCl (80 mM). The effect of
noscapine on the contractile responses of the other agonists on the guinea-pig ileum was
examined in the concentration of agonist causing 75% or more of maximal contractile
response.

Solutions and drugs

All solutions were prepared freshly on the day of the experiments. Acetylcholine,
histamine, 5-hydroxy tryptamine, angiotensin II and bradykinin were purchased from
Sigma. Noscapine was a gift from TEMAD-DP CO. (Tehran-Iran).

Tyrode solution (mM): NaCl 137; KCl 2.7; CaCl2 1.8; MgCl2 1.0; NaHCO3 11.9;
NaH2PO 4 0.4 and glucose 5.5.

All salts were of analytic grade and were obtained from Merck.

Data analysis

The contractile responses of BK in the absence or presence of noscapine are
presented as the percentages of maximum contractile response established during the
first CRC in one tissue. The nature of the interaction of antagonists with the receptors
was checked by the Schild regression as follows: antagonist-induced shifts of CRCs to
the agonist were calculated graphically at the level of the half-maximal response as the
ratio (concentration-ratio, CR) of equieffective concentrations of agonist. Estimates of
log (CR-1) were plotted against log (antagonist concentration).

Antagonists providing plots with linear regression lines and slopes less than unity
were considered to act in a non-competitive manner (1). The pA2 value as an estimate
for the antagonist’s affinity in this tissue were derived from the linear regression
analysis.

Comparisons of effects in the presence of noscapine to values obtained before
were performed by means of Student’s t-test for paired data. Differences between
groups were considered to be significant at p<0.05. All values presented in the tables
and figures are arithmetical means with s.e.mean; where no s.e.mean is indicated in a
figure, it was smaller than the symbol used.
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Results

Noscapine had no effect on high concentration KCl (80 mM) induced
contractions of guinea-pig ileum.

Similarly noscapine had no antagonistic effects on acetylcholine (1 µM, as
previously reported by Kamikawa et al. 1991) (13), histamine (10 µM), 5-hydroxy
tryptamine (100 nM), and angiotensin II (10 nM) (Table I).

Addition of BK (0.1 to 100 nM) to the organ bath, caused a concentration-
dependent contractile response (first CRC). The addition of noscapine (10, 100,
1000 nM) to the organ bath resulted in a concentration-dependent reduction of the
contractile effects of BK, in the isolated ileum of the guinea-pig (Figs 1 and 2).

Non-cumulative CRCs to BK in the presence of noscapine show concomitant
decrease in the maximum contractile responses, and the EC50 of BK in the presence of
the antagonist show no significant changes. A pA2 value of 6.68 was calculated. The
slope of Schild plot was –0.56 (Fig. 3).

Discussion

In the guinea-pig ileum, noscapine caused a reduction of the maximum effect with
no significant change in the EC50 of bradykinin. The slope of the Schild plot of this
interaction was calculated and found to be –0.56. Thus a typical non-competitive mode
of interaction with the BK receptors of the guinea-pig ileum can be assumed.

Table I

Comparisons of contractile responses of some agonists in the absence (A) and presence (I) of noscapine
(1 µM) in the guinea-pig ileum

Agonist A I t-test
Mean (SEM) Mean (SEM)

Ach (1 µM) 75.59% (2.04%) 78.89% (3.21%) N.S.
His (10 µM) 78.30% (2.02%) 77.58% (3.08%) N.S.
5-HT (100 nM) 78.82% (2.14%) 77.31% (2.28%) N.S.
A II (10 nM) 81.21% (4.07%) 79.21% (4.81%) N.S.

Ach: Acetylcholine, His: Histamine, 5-HT: 5-Hydroxy tryptamine, A II: Angiotensin II and N.S.: No

Significant. Mean (SEM) values are shown; n=6.
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Fig. 1. Contractile responses to bradykinin (10 nM) before and after addition of noscapine (1 µM) in the
guinea-pig ileum, recorded by physiograph

Fig. 2. Effect of noscapine and bradykinin-induved contractions of the isolated ileum of the guinea-pig
Non-cumulative concentration-response curves (CRCs) to bradykinin (BK) were established under control
conditions (∆) and in the presence of noscapine (�: 10 nM; {: 100 nM; ◊: 1000 nM) applied 5 min before
the challenge with BK. In each individual preparation two CRCs to BK were established under control
conditions and in the presence of one concentration of noscapine. Contractions are given as % of the
maximum BK-induced contraction obtained at the beginning of each experiment. Mean values are shown,

vertical lines indicate the standard error of the mean (SEM) n=4–5
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Fig. 3. Schild plot of the antagonistic effect of noscapine on bradykinin-induced contraction in the
guinea-pig ileum

Any new compound that is suggested to be a receptor antagonist must exhibit
both a selective inhibition of the receptor-mediated actions of the agonist in question
and a lack of effect at other receptor systems. Noscapine did not inhibit the actions of
acetylcholine (similar to the result of Kamikawa et al.) (13), histamine, 5-hydroxy
tryptamine or angiotensin II. Therefore, noscapine can be a specific but noncompetitive
antagonist of the BK receptors.

As it has been reported in various studied, the participation of kinins in cough and
BK-accumulation induced by ACE inhibitors (6) are suggested to play a major role in
this adverse effect of these drugs (16). Emanueli et al. has showen that, Hoe 140, the
bradykinin B2 receptor antagonist inhibits plasma extravasation increased by captopril
in mice (6). Therefore, antagonists of bradykinin are of interests in various
pathophysiological conditions.

In conclusion, it seems that noscapine is a specific and non-competitive
antagonist of the BK receptors and this may be involved in the pharmacological effect
of this drug.
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