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Abstract 
This study investigated the release of calcitonin-gene related peptide-like (CGRP) 
immunoreactivity and bronchoconstriction induced by pH 6 buffer in guinea-pig isolated 
perfused lung. 

Both pH 6-induced CGRP-like immunoreactivity and bronchoconstriction were com- 
pletely abolished after systemic pretreatment with capsaicin. Pretreatment with the NK2 
receptor antagonist SR 48968 (5 x M) completely inhibited bronchoconstriction and 
significantly reduced the immunoreactivity induced by the pH 6 buffer. The NK1 
antagonist SR 140333 (5 x l O V 7 ~ )  and, to a lesser extent the NKI antagonist CP 
96345, morphine (5 x 1 0 - 6 ~ ) ,  the a2-adrenoceptor agonist UK 14304 (10-7M) and 
betamethasone ( 1 0 - 6 ~ )  significantly reduced both pH 6-induced bronchial response and 
CGRP-like immunoreactivity overflow. The effects of morphine and UK14304 were 
partially reversed by naloxone (5 x l O P 5 ~ )  and idazoxan (5 x l O P 5 ~ ) .  

Therefore, NK1, NK2, p-opioid, a2-adrenoceptor and glucocorticoid receptors seemed to 
have a prejunctional action on pH 6 buffer-induced CGRP-like immunoreactivity and 
bronchoconstriction. 

Development of competitive non-peptide tachykinin 
receptor antagonists has clarified the role of endogen- 
ous tachykinins. In recent studies, potent and selective 
non-peptide antagonists of the NK1 receptor have been 
described. They include CP 96345 (2S,3S-cis- 
2(diphenylmethyl)-N- [( 2-methoxyphenyl) ethyl] - 1 - 
azabicyclo[2.2.2]octam-3-amine) (Snider et a1 1991) 
and SR 140333 (S- 1 - { 2-[3-(3,4-dichloro-phenyl)- 1 - 
(3-isopropoxyphenylacetyl)piperidin-3-yl]-ethyl} -4- 
phenyl- 1-azoniabicyclo[2.2.2]octane, chloride) (Edmo- 
nd- Alt et a1 1993) for the NK1 receptor. The compound 
SR 48968 (S-N-methyl-N-[4-(4-acethylamino-4- 
pheny1piperidino)-2-( 3,4-dichloro-phenyl)butyl] - 
benzamide) has antagonist properties for the NK2 
receptor (Edmonds-Alt et a1 1992). 

Low-pH buffer has been shown to induce 
bronchoconstriction via the NK2 receptor, plasma 
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protein extravasation via the NKI receptor (Lou & 
Lundberg 1992; Auberson & Lundberg 1993) and 
CGRP (calcitonin- gene related peptide) release in 
guinea-pig isolated perfused heart (Franco-Cere- 
ceda & Lundberg 1992). 

Neurotransmitter release from sensory nerves can 
be influenced by opioids and a2-adrenoceptors 
(Matran et a1 1989). Morphine inhibits the non- 
adrenergic-non-cholinergic (NANC) bronchocon- 
striction evoked by electric field-stimulation in- 
vitro (Barth6 et a1 1987; Matran et a1 1989) and in- 
vivo (Belvisi et a1 1988) via a naloxone-sensitive 
mechanism. Capsaicin-induced bronchoconstric- 
tion seems not to be influenced by morphine, sug- 
gesting a different site of action (Barth6 et a1 1987; 
Matran et a1 1989). Bronchoconstriction evoked by 
electric field-stimulation is markedly reduced in the 
presence of the a2-adrenoceptor agonist UK 14304 
whereas capsaicin-evoked bronchoconstriction is 
not modified (Matran et a1 1989). Lou et al (1992) 
have demonstrated that bronchoconstriction evoked 
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by a low concentration of capsaicin (lO-*M) can be 
inhibited by a2-adrenoceptor stimulation. 

Glucocorticosteroids have anti-inflammatory 
action and are widely used as anti-asthma drugs. 
Their mechanism of action is complex and has been 
partly elucidated (Barnes 1996). Recent studies in- 
vitro indicate that corticosteroids stimulate the 
activity of neutral endopeptidase (Borson & Grue- 
nert 1991) and inhibit substance P-receptor 
expression (Ihara & Nakanishi 1990). 

We examined the implication of NK1 and NK2 
receptors in pH 6-evoked CGRP-like immuno- 
reactivity and bronchoconstriction in the guinea-pig 
isolated lung. CGRP-like immunoreactivity release 
was used as a marker of sensory nerve activation 
(Kroll et a1 1990). The influence of pretreatment 
with an a2-adrenoceptor agonist, with morphine 
and with a corticosteroid were also studied. 

Materials and Methods 

Drugs 
For systemic pretreatment, capsaicin (Fluka, Swit- 
zerland) 1OmgmI-' was dissolved in 0.9% saline 
containing 20% Tween 80 and 10% ethanol. For 
infusion, capsaicin was dissolved in 0.9% saline 
containing 60% ethanol at a concentration of 
1 O p 2 ~  and then diluted with Krebs buffer. Capsa- 
zepine (donated by the Sandoz Institute, London, 
UK) was dissolved in 100% ethanol to 1 0 - l ~  and 
then diluted in Krebs buffer. Diclofenac (Sigma, St 
Louis, MO) was dissolved in 100% ethanol to I M  
and then diluted in Krebs buffer. Lactic acid and 
sodium lactate (Sigma) were dissolved in pH 7 
stock solution. 

CP 96345 and CP 96344 were obtained from 
Pfizer Central Research (Groton, CT), and 
SR140333 and SR 48968 from Sanofi Research 
(Montpellier Cedex, France). They were dissolved 
in ethanol. Idazoxan was from Synthelabo (France), 
UK 14304, morphine, naloxone, betamethasone 
from Sigma, heparin from Kabivitrum (Sweden), 
terbutaline from Draco (Sweden), theophylline 
from Kabi Pharmacia (Sweden) and sodium pento- 
barbital from Apoteksbolaget (Sweden). 

Experimental procedures 
Dunkin Hartley guinea-pigs (250-4OOg) of both 
sexes were used. They were anaesthetized with 
pentobarbital sodium (Mebumal; 50mgkg-', i.p.). 
After tracheotomy, a tracheal cannula was inserted 
and artificial ventilation was maintained by means 
of an Ealing constant-volume ventilator (Scientific 
& Research Instruments, Kent, UK) with a tidal 

volume of approximately 3 mL adjusted according 
to the size of the animal. The cervical vagal nerve 
beside the trachea was isolated and cut. The chest 
was opened, heparin (15OOIunits) was injected into 
the right ventricle and the lung was then perfused, 
through a cannula inserted in the pulmonary artery, 
with Krebs-Ringer solution of composition (m): 
NaCl 118, CaC12 2.5, MgS04 1.2, NaHC03 24.9, 
KHP04 1.2, KC1 4.7, glucose 5.6 and Hepes 12.6) 
at 37°C oxygenated with 93.5% 02-6.5% C 0 2  to 
give a pH of 7.4. The perfusion solution was col- 
lected via a tube introduced into the left atrium. 
The lung was left in the chest for the duration of the 
experiment. The lung insufflation pressure was 
regarded as an indicator of bronchial smooth- 
muscle tone and was continuously monitored by 
means of a low-pressure transducer (Statham 
Instruments, Puerto Rico) and a Grass polygraph 
(model 7D). The lung was perfused at 25mLmin-' 
using a peristaltic pump (Gilson Medical Electro- 
nic, France) and the perfusion pressure was kept 
between 10 and 12cm water. Body temperature 
was maintained at 38°C with a heating control 
device (Elbeco Electronic, Uppsala, Sweden). All 
experiments were performed after an equilibration 
period of 15min and in the presence of the p2- 
adrenoceptor agonist terbutaline ( M). 

In the control group pH 6 buffer (composition 
(mM): NaCl 139.6, CaC12 2.5, KCl 0.74, MgS04 
1-5, Na2HP04 0.8, KH2PO4 5.86 and glucose 11) 
was perfused through the guinea-pig isolated lung 
for 7.5 min. In a separate experiment, 15 min before 
exposure to pH 6 buffer the lung was pretreated 
with one of several drugs (the NKI anta onists 
SR140333 (5 X w 7 M ) ,  CP 96345 (5 X 10- M) or 
its enantiomer (2R,3R) CP 96344 (5 x lOP7hl), the 
NK2 antagonist SR 48968 (5 x lO-'M), the a2- 
adrenoceptor agonist UK 14304 ( lOP7M), UK 
14304 ( l O p 7 ~ )  fidazoxan (an a2 antagonist) 
(5 x ~O-%I) ,  morphine (5 x 1 0 - 6 ~ ) ,  morphine 
(5 x 10-6M)+naloxone (5 x W 5 M )  or beta- 
methasone (1OP6~))  by addition of the drug to the 
perfusate. A separate group received 1 mgday-' 
subcutaneous betamethasone four days before the 
experiment. 

The pH of the perfusate and effluent was mea- 
sured with a glass pH electrode. 

5 

Systemic capsaicin pretreatment 
A separate group was pretreated with capsaicin 
under ketamine (50mgkg-', i.m.) anaesthesia. The 
bronchodilators terbutaline (50mgkg-', s.c.) and 
theophyllamine (lOmg kg-', i.m.) were given 
10min before each injection of capsaicin. The total 
dose of capsaicin (50mgkg-') was divided into 
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nine portions (0.25 + 0.25 + 0.5 + 2 + 2 + 5 + 10 
+ 10 + 20mgkg-') injected subcutaneously over 2 
days (Lundberg et a1 1983). Experiments on these 
guinea-pigs were performed three weeks later. 

CGRP-like immunoreactivity release 
The perfusate was collected in 3-min fractions. The 
volume of each was measured and acetic acid was 
subsequently added to give a final concentration of 
0.2M. Using Sep-Pak CIS cartridges, the perfusate 
samples were desalted, lyophilized and redissolved 
in buffer before CGRP-like immunoreactivity was 
determined by radioimmunoassay with an anti- 
serum raised against human CGRP alpha (RAS 
6009, Peninsula, Belmont, CA; Franco-Cereceda 
1988). 

Data analysis 
Data are reported as meansf s.e.m. Statistical sig- 
nificance was evaluated by analysis of variance 
(Macintosh computer). P values < 0.05 were con- 
sidered to be indicative of significance. 

Results 
After introduction of the medium at pH 6 
(5.98 f 0.05) into the isolated perfused lung, the pH 
in the effluent was higher-6.25 f 0.03 in the first 
3-min fraction and 6.01 f 0.04 in the second 3-min 
fraction. Pretreatment with the different drugs did 
not significantly influence the pH or volume of the 
effluent (not shown). Buffer at pH 6 resulted in a 
marked CGRP-like immunoreactivity overflow in 
the two 3-min fractions, from 8.5 f 0.6 to 28.6 f 3.5 

and to 72.9 f 5.9fmol per fraction in the first and 
second fractions, respectively (Table 1). The limit 
of detection for the radioimmunoassay of CGRP 
immunoreactivity was 7.8 1 fmol fraction-', Immu- 
noreactivity was significantly higher in the second 
fraction than in the first. At the same time, the 
insufflation pressure increased by 1 O O k  11.2% 
(Table 2). Peptide overflow and bronchial response 
were absent after systemic capsaicin pretreatment 
(Tables 1 and 2). Pretreatment with the NK2 
receptor antagonist SR 48968 (5  x l O P 7 ~ )  reduced 
immunoreactivity by 87% in the first fraction and 
by 80% in the second fraction (Table 1). Pretreat- 
ment with SR 48968 completely inhibited pH 6- 
induced bronchoconstriction (Table 2). The x2- 
adrenoceptor agonist, UK 14304 ( 1 0 - 7 ~ )  com- 
pletely inhibited CGRP-like immunoreactivity 
induced by pH 6 in the first fraction and reduced it 
by 70% in the second (Table 1). Simultaneously, 
there was an 87% attenuation of the insufflation 
pressure increase (Table 2). We recorded a sig- 
nificant reduction of the onset of maximum 
bronchoconstriction effect from 236 f 22.6s after 
pH 6-treatment alone to 8 4 f 2 8 s  after pretreat- 
ment with UK 14304 (not shown). Idazoxan 
(5  x l O P 5 ~ )  largely reversed the effects of UK 
14304 (Tables 1 and 2). 

The NKI receptor antagonist SR 140333 sig- 
nificantly inhibited both pH 6-induced CGRP-like 
immunoreactivity overflow in the two fractions and 
functional response (Tables 1 and 2) whereas CP 
96345 significantly reduced immunoreactivity in 
the second fraction only (Table 1). This reduction 
of CGRP-like immunoreactivity release was sig- 
nificantly different from the effect of CP 96344, the 

Table 1. 
after exposure to pH 6 in control experiment and after different types of pretreatment. 

Treatment CGRP (fmol fraction-') 

Calcitonin-gene related peptide-like (CGRP) immunoreactivity release in the first and second 3-min perfusate fractions 

pH 6 buffer 
pH 6+SR 48968 (5  x 1 0 - 7 ~ )  
pH 6+UK 14304 (10-7M) 
pH 6+UK 14304 (IO-7M)+idazoxan (5  x 1 0 - 5 ~ )  
pH 6 + C P  96345 (5  x 10-7M) 
pH 6+CP 96344 (5  x lOP7M) 
pH 6+SR 140333 (5  x lOP7M) 
pH 6 + betamethasone (lOP6M) 
pH 6 +morphine (5  x lo-%) 
pH 6 +morphine (5  x lo-%) + naloxone ( 5  x lO-'M) 
pH 6 +systemic capsaicin pretreatment 

First fraction 

28.6f 3.5 
1 5 f  1.6* 

8.9f l.l**f 
22.8 f 2.29 
19.1 f I.8t 
32.5 f 3.2 
15.8 f 2* 
33.1 f 5.7 
11.2+0.9** 
16.3% 1.5* 
7.81** 

Second fraction 

72.9f 5.9 
25.2 f 2.8*** 
33.6f 22.8 
55.7f4.4 
34.6f 8.9** 
46.1 f 3.9* 
45.9 f 4.8* 
47.1 f 8.5* 
18.6f 2.3***§ 
35.1 f 4.9** 
7.81*** 

Data are meansf s.e.m. (n =4-9 in each group). * P  < 0.05, **P < 0.01, ***P < 0.001, significantly different from result for pH 
6 buffer. $ P  < 0.05, significantly different from result for pH 6 + UK14304 + idazoxan. f P  < 0.05, significantly different from 
result for pH 6 + CP 96344. § P  < 0.05, significantly different from result for pH 6 + morphine + naloxone. 
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Table 2. Insufflation pressure changes after exposure to pH 6 in control experiment and after different types of pretreatment. 

Treatment Insufflation pressure changes (% of basal) 

pH 6 buffer 
pH 6 + SR 48968 (5  x 1 0 p 7 ~ )  
pH 6 + UK 14304 ( lOP7M) 
pH 6+UK 14304 (10-7M)+idazoxan (5  x lO-’M) 
pH 6+CP 96345 (5 x lOP7M) 
pH 6 + CP 96344 (5 x 1 0 p 7 ~ )  
pH 6 + SR 140333 (5  x 1 0 - 7 ~ )  
pH 6 + betamethasone ( 1OP6M) 
pH 6 +morphine (5  x 1 0 - 6 ~ )  
pH 6+morphine (5  x 10-6M)+naloxone (5  x lO-’M) 
pH 6 + systemic capsaicin pretreatment 

l O O f  11.2 
O*** 

12.7* 3.6***7 
121.7f38.5 
61.7f 12 
15.1 f 8.2*** 
32.1f4.3** 
53.5 f 16.7* 
26.1 f 4.6*** 
37.9 4~ 18* 

O*** 

Data are meansf s.e.m. (n =4-9 in each group). *P < 0.05, **P < 0.01, ***P < 0,001, significantly different from result for pH 
6 buffer. tP < 0.001, significantly different from result for pH 6 + UK 14304 + idazoxan. 

inactive enantiomer of CP 96345, in the first frac- 
tion (Table 1). After pretreatment with CP 96345 
bronchoconstriction was significantly reduced 
compared with treatment with CP 96344 (Table 2). 
Both CP 96344 and CP 96345 reduced the onset of 
the maximum bronchoconstriction response by 49 
and 74%, respectively (not shown). After both 
types of pretreatment associated with betametha- 
sone there was a significant reduction (48%) of 
CGRP-like immunoreactivity overflow in the sec- 
ond 3-min fraction (Table 1) with a parallel 
reduction of the functional response (Table 2). 
Perfusion with morphine (5  x 1 0 P 6 ~ )  inhibited 
immunoreactivity overflow in the two consecutive 
fraction by 95% and 87%, respectively (Table 1). 
This effect was partially reversed by naloxone 
(5  x 1 0 P 5 ~ ) .  In contrast, the reduction of the 
bronchoconstriction observed in the presence of 
morphine was not reversed by naloxone (Table 2). 

The basal values of CGRP-like immunoreactivity 
were statistically higher than controls after pre- 
treatment with SR 140333, betamethasone, mor- 
phine + naloxone and UK 14304 + idazoxan. 

Discussion 
Treatment at pH 6 induced bronchoconstriction in 
parallel with CGRP-like immunoreactivity release 
in the isolated perfused lung. Solutions of pH < 6.2 
are known to activate capsaicin-sensitive sensory 
neurons. (Bevan & Yeats 1991). The involvement 
of capsaicin-sensitive sensory nerves in the effects 
of pH 6 treatment was strongly suggested by the 
abolition of both CGRP-like immunoreactivity 
overflow and functional response after systemic 
capsaicin pretreatment. 

SR 48968 (5  x 1 0 P 7 ~ )  completely abolished the 
bronchoconstriction and markedly reduced the 

CGRP-like immunoreactivity induced by pH 6 
buffer, confirming the main role of the NK2 
receptor in bronchial smooth-muscle contraction. 
Lou et a1 (1993) have reported that SR 48968 at the 
same concentration as in our experiment did not 
influence CGRP-like immunoreactivi ty overflow 
evoked by capsaicin ( 1 0 P 8 ~ )  in guinea-pig lung in- 
vivo and in-vitro. These observations imply selec- 
tive post-junctional action of SR 48968. The 
CGRP-like immunoreactivity overflow and 
bronchoconstriction induced by pH 6 were clearly 
reduced by SR 48968, suggesting the involvement 
of prejunctional NK2 receptors. The occurrence of 
NK2 subtypes, for example the NK2A receptor, in 
guinea-pig bronchi has been suggested by Maggi et 
a1 (1991), and involvement of prejunctional NK2B 
receptors cannot be excluded. Non-specific action 
of SR 48968 is also possible. Thus, it has been 
shown that this non-peptide antagonist has a non- 
specific inhibitory effect on neurotransmission 
involving blockage of sodium channels by a 
mechanism similar to that of local anaesthetics 
(Wang et a1 1994). 

The involvement of both NKI and NK2 receptors 
in bronchoconstriction is supported by the report 
that these receptor are present in guinea-pig bron- 
chial smooth muscle and that both receptors are 
involved in NANC bronchoconstriction (Dion et a1 
1987). However bronchoconstriction seems to be 
mainly a result of NK2 receptor activation, NKI 
receptors being involved to a minor extent only 
(Lou et a1 1993). Consistent with this finding is the 
observation that pH 6-evoked CGRP-like immuno- 
reactivity release and bronchoconstriction were 
inhibited by the NKI antagonists SR 140333 and 
partially by CP 96345 at the same concentration 
(5  x 1 0 - 7 ~ ) .  The affinity of CP 96345 seems to be 
species-dependent-it is approximately two orders 



PREJUNCTIONAL CONTROL OF PH 6-INDUCED BRONCHOCONSTRICTION 903 

of magnitude higher for the NKI receptors of man 
and the guinea-pig than for those of the rat or 
mouse (Gitter et a1 1991). For SR 140333 there 
seems to be no marked species difference in-vivo or 
in-vitro (Edmonds-Alt et a1 1993). The occurrence 
of NK1 receptor subtypes cannot, however, be 
excluded in the guinea-pig ileum (Maggi et a1 
1994). CP96344, the 2R,3R enantiomer of CP 
96345, lacks NKI receptor-blocking activity (Sni- 
der et a1 1991). CP96344 and 96345 have been 
shown to have L-type calcium-channel antagonism 
not related to blockade of the NKI receptor (Con- 
stantine et a1 1994). This L-type calcium-channel- 
antagonist action of CP 96344 could explain the 
effect of this drug on pH 6-induced bronchocon- 
striction and peptide release, an effect in agreement 
with the results of Geppetti et a1 (1991) which 
showed a reduction of 35% in pH 5-induced 
CGRP-like immunoreactivity release by nifedipine, 
a L-type calcium-channel antagonist. 

Our current data show the inhibitory action of 
morphine on sensory peptide release and broncho- 
constriction induced by pH 6. These effects were 
partially reversed by naloxone. Morphine is known 
to prevent release of substance P from peripheral 
sensory nerves (Brodin et a1 1983). Prejunctional 
inhibition by morphine of NANC bronchocon- 
striction by a naloxone-sensitive mechanism has 
been demonstrated in-vitro (Barth6 et a1 1987) and 
in-vivo (Belvisi et a1 1988) in guinea-pig bronchi. 
Conflicting data have been published on the influ- 
ence of opioids on CGRP-like immunoreactivity 
release from the spinal cord, depending also on the 
animal species studied. Opioids reduce CGRP-like 
immunoreactivity release from the rat spinal cord 
in-vitro (Pohl et a1 1989), whereas the spinal 
release of CGRP-like immunoreactivity was not 
affected by morphine in the cat in-vivo (Morton & 
Hutchinson 1990). Because morphine is prefer- 
entially a p receptor-selective agonist in-vitro, 
(Wood et a1 198l), our finding with regard to 
CGRP-like immunoreactivity suggests prejunc- 
tional control of p receptors by morphine. Partici- 
pation of other opioid receptors cannot be 
discounted, because morphine can also bind to 6 
and K receptors (Takemori & Portoghese 1987). 
The reduction of pH 6-induced bronchoconstriction 
provoked by morphine was not statistically mod- 
ified by addition of naloxone, whereas CGRP-like 
immunoreactivity release was partially antag- 
onized. A direct effect of naloxone or morphine on 
bronchial smooth muscle is less likely, because 
electrically evoked bronchial contraction is not 
influence by naloxone (Barth6 et a1 1987). 

a2-Adrenoceptor agonists reduce low-frequency 
electric field-stimulated bronchoconstriction and 
low-dose (lo-* M) capsaicin-induced NANC 
bronchoconstriction by prejunctional action in the 
guinea-pig lung (Matran et a1 1989; Lou et a1 
1992). Both CGRP-like immunoreactivity release 
and bronchoconstriction induced by a high dose of 
capsaicin ( 1 O P 6 ~ )  seem to be less inhibited by an a 
agonist. In the current study pH 6-induced 
bronchoconstriction and CGRP-like immuno- 
reactivity release were clearly inhibited by UK 
14304 and these effects were reversed by idazoxan. 
These observations suggest that pH 6 buffer 
stimulates sensory nerves by a mechanism similar 
to that of capsaicin at low concentrations. At least 
two subtypes (a and b) of the a2-adrenoceptor have 
been described. UK 14304 seemed to have more 
affinity for the a2,-adrenoceptor subtype (Ruffolo 
et a1 1993). Predominant prejunctional control of 
the sensory nerves by a2, adrenoceptors has been 
suggested by Matran et a1 (1989). 

In the mouse, dexamethasone was shown to 
inhibit capsaicin-induced ear oedema, which is 
primarily mediated by sensory neuropeptides 
(Inoue et a1 1993). In the current study, beta- 
methasone inhibited both pH 6-induced CGRP-like 
immunoreactivity overflow and bronchoconstric- 
tion, indicating probable involvement of prejunc- 
tional glucocorticoid receptors. In-vitro studies 
have demonstrated that betamethasone reduces the 
expression of the NKI receptor (Gerard et a1 1991). 
This mechanism of action could explain the 
reduced bronchoconstriction induced by beta- 
methasone. A betamethasone-induced increase in 
the activity of neutral endopeptidase, an enzyme 
involved in CGRP degradation, cannot be excluded 
(Borson & Gruenert 1991). However, dexametha- 
sone has been shown to reduce the amount of 
plasma extravasation evoked by tachykinins in the 
rat trachea via a mechanism unrelated to neutral 
endopeptidase activation (Brokaw et a1 1995). 

In conclusion, this study provides evidence that 
prejunctional NK1, NK2, opioid, a2-adreno- and 
probably glucocorticoid receptors regulate the local 
release of CGRP-like immunoreactivity and the 
bronchoconstriction evoked by pH 6 buffer. 
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