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Abstract-We have examined the actions of non-narcotic antitussive drugs on the response evoked by 
electrical field stimulation or by acetylcholine (ACh) and neurokinin A (NKA) on guinea-pig bronchial 
strip chain. Electrical field stimulation (1-32 Hz, 0.5 ms, 30 V for 5 s) evoked a biphasic contraction in a 
frequency-dependent manner, consisting of a cholinergically mediated fast contraction followed by a non- 
cholinergically mediated slow contraction. Dextromethorphan (1-300 p ~ )  and tipepidine (0.1-100 p ~ )  
caused a concentration-dependent inhibition in the height of the biphasic contraction, but noscapine (1  -300 
p ~ )  was less effective. Submaximal contractions of bronchial muscle evoked by exogenous ACh (1-30 p ~ )  
were inhibited by tipepidine (10-100 p ~ ) ,  but not by dextromethorphan (10-100 p ~ )  or noscapine (10-100 
p ~ ) ,  while those evoked by exogenous NKA (10-300 nM) were augmented by these drugs. The results 
indicate that in guinea-pig isolated bronchial muscle, dextromethorphan inhibited both neurally-mediated 
responses but not those to the exogenously applied agent. Tipepidine caused an inhibition similar to the 
non-cholinergically mediated response of dextromethorphan, it also caused a more profound inhibition of 
the cholinergically mediated response and selectively antagonized ACh. Noscapine had no effect. 

Recently, we have reported that catecholamines, purine 
compounds and opioid agonists can inhibit excitatory 
cholinergic and non-cholinergic neurotransmission of the 
guinea-pig airways via prejunctional a*-adrenoceptors, PI- 
purinoceptors and K-opioid receptors, respectively (Kamik- 
awa & Shimo 1986, 1989, 1990 a ,  b). Similar observations 
were made by others (Grundstrom et al 1984; Frossard & 
Barnes 1987). Recent evidence indicates that the site of the 
antitussive actions of morphine and codeine may be not only 
the cough centre in the medulla oblongata but also periph- 
eral nerve endings in the lung (Kase 1980; Yanaura et a1 198 I ;  
Parsons et al 1986; Karlsson et a1 1988a). BW443C, a newly 
synthesized enkephalin analogue with poor penetration into 
the brain, had a peripheral rather than a central antitussive 
action in the guinea-pig (Adcock et al 1988), and inhibited 
non-cholinergic neurally mediated contraction of the guinea- 
pig isolated bronchial muscle (Shankley et al 1989; Kamik- 
awa & Shimo 1990b). Non-cholinergic bronchoconstrictions 
are thought to be mediated by the release of substance P or  
neurokinin A (NKA) from pulmonary sensory nerve endings 
(Anderson & Grundstrom 1987; Lundberg & Saria 1987). 
Since sensory nerves in the airways have a potential role for 
producing cough and bronchoconstriction as a defense reflex 
(Karlsson et a1 1988b; Coleridge et a1 1989), these findings 
suggest that non-cholinergic neurotransmission may be a 
peripheral target for antitussive drugs. Hence, in the present 
study we have investigated the modulating effects of non- 
narcotic antitussive drugs on electrically induced neurogenic 
contractions of the guinea-pig bronchi. A preliminary report 
of some of these results has been made (Kamikawa & Shimo 
1990~). 

Correspondence: Y. Kamikawa, Department of Pharmacology. 
Dokkyo University School of Medicine. Mibu, Tochigi 321-02, 
Japan. 

Materials and Methods 

Male guinea-pigs, 300-700 g, were anaesthetized with diethyl 
ether, and bled from the cervical artery. The tracheo- 
bronchial tree was excised and the bronchial strip chain was 
prepared (Kamikawa & Shimo 1989). Briefly, two pieces of 
right and left bronchial transverse strips, 2-3 mm wide, were 
connected in alignment with threads and immersed in a 10 
mL organ bath filled with modified Krebs bicarbonate 
solution of the following composition (mM); NaCl 120, KCI 
4.7, CaC12 2.5, MgClz 1.2, NaHCO, 25, KH2POp 1.2, 
disodium edetate 0.03, ascorbic acid 0.12 and glucose 1 I (pH 
7.4). The Krebs solution always contained 20 p~ choline 
chloride and was bubbled with 5% carbon dioxide in oxygen, 
and maintained a t  37°C. 

The preparation was suspended under an initial tension of 
0.5 g and 60 min was allowed to elapse before experiments 
were started. The bronchial response was isometrically 
recorded by means of a force-displacement transducer 
(Nihon Kohden SB-IT-H) and a Nihon Kohden polygraph 
recorder (RJG-4004). Electrical field stimulation was with 
rectangular pulses of 1-32 Hz frequency, 0.5 ms duration and 
supramaximal voltage for 5 s, through bipolar platinum 
electrodes which were 10 mm apart and connected to a 
Nihon Kohden stimulator (SEN-I 101). For the elimination 
of endogenous prostaglandin biosynthesis in response to 
field stimulation, the Krebs solution contained 2 p~ indo- 
methacin. When the strip was electrically stimulated, a 
biphasic contraction was obtained at  every stimulus fre- 
quency. The response was composed of an initial fast 
contraction followed by a sustained contraction which was 
mediated by cholinergic and non-cholinergic nerve stimula- 
tion, respectively (Kamikawa & Shimo 1989). The heights of 
these contractions were comparable with those of submaxi- 
ma1 contractions evoked by exogenous acetylcholine (ACh, 
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1-30 PM) and NKA (10-300 nM), respectively. The effects of 
non-narcotic antitussive drugs on electrically induced con- 
tractions were measured as the percentage changes from the 
original contraction height just before the drug was applied 
to the bath. Data are expressed as the meanfs.e.m. Each 
experimental group consisted of 6-1 1 preparations taken 
from different animals. Student's r-test for paired or 
unpaired observations was used for statistical evaluation of 
the data. P i :  0.05 was considered significant. 

Drugs used were dextromethorphan hydrobromide (Shio- 
nogi), noscapine hydrochloride (Sigma), tipepidine diben- 
zoate (Tanabe), naloxone hydrochloride (Endo), yohimbine 
hydrochloride (Sigma), propranolol hydrochloride (Sigma), 
aminophylline (Sigma), indomethacin (Sankyo), acetylcho- 
line chloride (Daiichi) and neurokinin A (Peptide Institute). 
To prepare the drug solutions, indomethacin was dissolved 
in distilled water containing equimolar concentrations of 
Na2C03 and diluted with 0.9% wjv NaCl (saline); all other 
drugs were dissolved in and diluted with saline. The molar 
concentrations of drugs in this paper refer to the final bath 
concentrations. 
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Results 

Eflect qf dextrornethorphan 
When the bronchial strip chain was electrically stimulated at  
various frequencies from 1 to 32 Hz, a biphasic contraction 
was obtained in a frequency-dependent manner (Fig. IA). 
After the pretreatment with dextromethorphan (100 p ~ ) ,  the 
biphasic contraction was markedly inhibited at all stimulus 
frequencies with a progressive decline in resting tone (Fig. 
1 B). The response was concentration-dependent and rever- 
sible by washing. Fig. 2A summarizes the inhibitory effect of 
dextromethorphan on the cholinergic and non-cholinergic 
components of the electrically-induced contraction. Both 
components a t  every stimulus frequency were equally inhi- 
bited by the pretreatment with 10 PM dextromethorphan, and 
were abolished with 100 PM. When the bronchial muscle was 
repetitively stimulated at  8 Hz every 20 min, reproducible 
biphasic contractions were obtained. Dextromethorphan, a t  
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FIG. 2. Frequency-response relationship for biphasic contraction to 
electrical field stimulation (1  -32 Hz, 0.5 ms, 30 V for S s) of guinea- 
pig bronchial strip chain preparation in the absence (open symbols) 
or presence (closed symbols) of 10 PM (solid lines) and 100 PM (dotted 
lines) of non-narcotic antitussive drugs. Left panels, cholinergically 
mediated fast contraction; right panels, non-cholinergically 
mediated sustained contraction. Note that dextromethorphan and 
tipepidine significantly inhibited both neurogenic contractions. 
Ordinates, tension development from resting tone. Each point 
represents meanks.e.m. * PcO.05;  ** P<O.O1; *** P <0.001. 
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FIG. 1. Representative trace of biphasic contraction to electrical field stimulation (1-32 Hz, 0.5 ms, 30 V for S s at m) of guinea-pig bronchial 
strip chain preparation before (A) and after (B) administration of dextromethorphan (100 PM at arrow). Note that dextromethorphan reduced 
amplitude of electrically induced biphasic contraction at  every stimulus frequency. 
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FIG. 3. Cumulative log concentration-response curves for the inhibitory actions of non-narcotic antitussive drugs on electrically (8 Hz. 0.5 ms, 
30 V for 5 s) induced cholinergic (A) and non-cholinergic (B) contractions of guinea-pig bronchial strip chain preparation. Each point 
represents mean +s.e.m. Tip, tipepidine; Dex, dextromethorphan; Nos, noscapine. Numbers of observations are shown in Table 1. * P i  0.05; 
** P<O.OI; *** P<O.OOl. 

Table I. lnhibitoryactivities ofthe non-narcoticantitussivedrugs on 
cholinergically and non-cholinergically mediated neurogenic con- 
tractions of guinea-pig bronchial strip chain preparations evoked by 
8 Hz electrical stimulation. 

- Loglo IC50 

Antitussive drug n Cholinergic Non-cholinergic 
Dextromethorphan 9 4.60k0.10 4.3 I & 0.07* 
Noscapine 10 < 3.50 < 3.50 
Tipepidine II 5.81k0.12 4.92+0.07*** 

All values represent the mean* s.e.m. of the -log molar concen- 
trations causing 50% reduction of the contraction height. * P < 0.05: 
*** P<O.OOl .  These were compared with the value for cholinergic 
component using the unpaired /-test. The values of tipepidine for 
cholinergic and noncholinergic components were also significantly 
greater than those of dextromethorphan (P iO .001) .  

higher concentrations than 1 p ~ ,  inhibited the response in a 
concentration-dependent manner (Fig. 3). The concentra- 
tion of dextromethorphan required to  inhibit the contraction 
height by 50nh (-l0g,~IC50, mean & s.e.m.) was 4.60*0.10 
for the cholinergic component and 4.31 k0.07 for the non- 
cholinergic component (Table I).  At the concentrations 
examined (10 and 100 p ~ ) ,  dextromethorphan did not 
modify submaximal contractions of bronchial muscle 
cvoked by exogenous ACh (1-30 p ~ )  (Fig. 4A). Submaximal 
contractions evoked by NKA (10--300 nM) were augmented 
by the pretreatment with 10 p ~ ,  but not 100 p ~ ,  dextrometh- 
orphan. 

Efkct  qf'noscupine 
Noscapine (10 and 100 p ~ )  caused no significant change to 
the biphasic contraction evoked by stimulation (1-16 Hz) 
(Fig. 2B). Only the non-cholinergically mediated contraction 
evoked by a high frequency stimulation (32 Hz) was 
significantly inhibited by 100 p~ noscapine. The biphasic 
contraction evoked by 8 Hz electrical stimulation was 
inhibited only 10-30% by noscapine at a concentration 

ranging from 1 to 300 p~ (Fig. 3 ) .  Submaximal contractions 
of bronchial muscle evoked by exogenous ACh (1-30 p ~ )  or 
NKA (10-300 nM) were not significantly modified by the 
pretreatment with 10 or  100 A ~ M  noscapine (Fig. 4B). 

Efect qf tipepidine 
Tipepidine (10 p ~ )  significantly inhibited the electrically 
induced biphasic contraction at  every stimulus frequency 
and the cholinergic component was more inhibited than the 
non-cholinergic component (Fig. 2C). Tipepidine (100 p ~ )  
abolished the response at all stimulus frequencies. Tipepi- 
dine, at higher concentrations than 0.1 p ~ ,  inhibited the 
biphasic contraction evoked by 8 Hz electrical stimulation in 
a concentration-dependent manner (Fig. 3). The ICSO value 
was 5.8 1 f 0.12 for the cholinergic component and 
4.92 f0.07 for the non-cholinergic component (Table 1) .  
Submaximal contractions of bronchial muscle evoked by 
exogenous ACh (1-30 p ~ )  were concentration-dependently 
inhibited by tipepidine (10-100 p ~ ) ,  while those by exoge- 
nous NKA (10-300 nM) were augmented by 10 p~ tipepidine 
(Fig. 4C). 

Eflect of' receptor antagonists 
The inhibitory action of antitussive drugs on the biphasic 
contraction to 8 Hz electrical stimulation were examined 
under conditions of pre-treatment or post-treatment with 
various receptor antagonists. Yohimbine (2 p ~ ,  n =9), 
propranolol (2 p ~ ,  n=6),  naloxone (10 p ~ ,  n=9)  and 
aminophylline (10 p ~ ,  n = 9 )  were unable to reverse the 
inhibitory actions of dextromethorphan ( 100 p ~ ) ,  noscapine 
( I  00 p ~ )  and tipepidine (100 p ~ ) .  

Discussion 

In this study we have demonstrated that dextromethorphan, 
noscapine and tipepidine inhibit the electrically induced 
neurogenic contractions of guinea-pig bronchial muscle. The 
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order of inhibitory activity was tipepidine > dextromethor- 
phan + noscapine. Dextromethorphan and tipepidine more 
effectively inhibited the cholinergic component than the non- 
cholinergic component of the electrically induced response. 
Submaximal contraction to exogenous ACh was unaffected 
by dextromethorphan or noscapine, but was inhibited by 
tipepidine. Dextromethorphan and tipepidine augmented 
submaximal contraction to exogenous NKA. These data 
suggest that the inhibitory actions of dextromethorphan and 
noscapine on neurogenic contractions are mediated solely by 
a pre-junctional reduction of the transmitter release from 
cholinergic and non-cholinergic nerves. The inhibitory 
action of tipepidine seems to be mediated by a post- 
junctional inhibition of cholinoceptors and a pre-junctional 
reduction of the transmitter release from non-cholinergic 
nerves. The pre-junctional inhibitory actions of these drugs 
are thought not to be mediated by tl2- and P-adrenoceptors, 
opioid receptors or purinoceptors, because the actions were 
not antagonized by yohimbine, propranolol, naloxone and 
aminophylline. 

It has been reported that narcotic antitussive drugs can 
selectively inhibit non-cholinergic bronchoconstriction via 
pre-junctional opioid receptors (Frossard & Barnes 1987; 
Buchan et a1 1989; Shankley et a1 1989; Kamikawa & Shimo 
1990b). Although antitussive drugs are generally thought to  
exert their action by suppressing the cough centre in the 
medulla (Kase 1980), recent evidence suggests that narcotic 
antitussive drugs also have a peripheral site of action in the 
lung (Yanaura et a1 1981; Parsons et a1 1986; Adcock et a1 
1988; Karlsson et a1 1988a). As a possible site of action of the 
narcotics, non-cholinergic nerves or sensory nerves in the 
airways have been given attention (Adcock et al 1987; 
Shankley et a1 1989; Buchan et a1 1989). Much evidence 
indicates that non-cholinergic bronchoconstriction is 
mediated by the release of substance P or NKA from sensory 
nerve endings (Lundberg et a1 1983; Andersson & Grund- 
strom 1987; Kamikawa & Shimo 1989). The present study 
provided further evidence supporting the theory that antitus- 
sive drugs may exert their pharmacological actions by 
inhibiting the tachykinin-containing sensory nerve endings. 
The idea is also supported by the fact that cough and 
bronchoconstriction are concurrently evoked by the stimula- 
tion of sensory nerve endings in the airways as a defense 
reflex (Salem & Aviado 1964; Karlsson et a1 1988b). 

The exact receptor mechanism of non-narcotic antitussive 
drugs for inhibiting non-cholinergic neurotransmission 
could not be determined from the present results. Previously, 
Craviso & Musacchio (1983a) have reported that dextro- 
methorphan has its specific binding site in the guinea-pig 
brain. They have also found that other antitussive drugs such 
as caramiphen and carbetapentane display nanomolar affin- 
ity for this binding site (Craviso & Musacchio 1983b), 
suggesting that the dextromethorphan binding site mediates 
the antitussive action. Since phenytoin and noscapine pro- 
duced an allosteric enhancement of the binding of dextro- 
methorphan, these authors suspected that antitussive drugs 
may have anticonvulsant properties. This was confirmed by 
the finding that dextromethorphan and carbetapentane 
protect rats against maximal electroshock seizure and 
enhance the anticonvulsant effect of phenytoin (Tortella & 
Musacchio 1986). We also had reported that tipepidine has a 
specific anticonvulsant activity on tonic extension of mice 
elicited by maximal electroshock, in addition to its antitus- 
sive action (Kase et a1 1959, 1970). Together with these 
findings, the present results suggest that non-narcotic anti- 
tussive drugs may inhibit non-cholinergic neurotransmission 
via a common receptor mechanism. 

In conclusion, dextromethorphan inhibited neurally- 
mediated responses but not those to the exogenously applied 
agents of guinea-pig bronchial muscle. Tipepidine caused 
similar inhibition to  dextromethorphan of the non-choliner- 
gically mediated response, a more profound inhibition of the 
cholinergically mediated one and selectively antagonized 
ACh. Noscapine had little effect. 
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