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Abstract

Background: Although neurogenic inflammation via the
activation of C fibers in the airway must have an impor-
tant role in the pathogenesis of asthma, their regulatory
mechanism remains uncertain. Objective: The pharma-
cological profiles of endogenous cannabinoid receptor
agonists on the activation of C fibers in airway tissues
were investigated and the mechanisms how cannabi-
noids regulate airway inflammatory reactions were clar-
ified. Methods: The effects of endogenous cannabinoid
receptor agonists on electrical field stimulation-induced
bronchial smooth muscle contraction, capsaicin-induced
bronchoconstriction and capsaicin-induced substance P
release in guinea pig airway tissues were investigated.
The influences of cannabinoid receptor antagonists and
K* channel blockers to the effects of cannabinoid recep-
tor agonists on these respiratory reactions were exam-
ined. Results: Both endogenous cannabinoid receptor
agonists, anandamide and palmitoylethanolamide, in-
hibited electrical field stimulation-induced guinea pig
bronchial smooth muscle contraction, but not neuroki-
nin A-induced contraction. A cannabinoid CB2 antago-

nist, SR 144528, reduced the inhibitory effect of endog-
enous agonists, but not a cannabinoid CB1 antagonist,
SR 141716A. Inhibitory effects of agonists were also re-
duced by the pretreatment of large conductance Ca?*-
activated K* channel (maxi-K* channel) blockers, iberio-
toxin and charybdotoxin, but not by other K* channel
blockers, dendrotoxin or glibenclamide. Anandamide
and palmitoylethanolamide blocked the capsaicin-in-
duced release of substance P-like immunoreactivity from
guinea pig airway tissues. Additionally, intravenous in-
jection of palmitoylethanolamide dose-dependently in-
hibited capsaicin-induced guinea pig bronchoconstric-
tion, but not neurokinin A-induced reaction. However,
anandamide did not reduce capsaicin-induced guinea
pig bronchoconstriction. Conclusions: These findings
suggest that endogenous cannabinoid receptor agonists
inhibit the activation of C fibers via cannabinoid CB2 re-
ceptors and maxi-K* channels in guinea pig airways.
Copyright © 2005 S. Karger AG, Basel

Introduction

Several previous studies showed that neurogenic in-
flammation in the airway must have an important role in
the pathogenesis of asthma [1, 2]. By using tachykinin
antagonists, Murai et al. [3, 4] directly demonstrated that
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airway inflammation is generated by tachykinin released
from capsaicin-sensitive afferent sensory nerves (C fi-
bers), which are stimulated by various types of irritants
like cigarette smoke [5], cold air [6] and hypertonic saline
[7]. These irritants activate C fibers by opening nonselec-
tive cation channels with a high Ca>* permeability [8].
Morimoto et al. [9] have shown that w-conotoxin GVIA
blocked the activation of C fibers and the release of sub-
stance P from their endings and suggested that the open-
ing of N-type voltage-dependent Ca’* channels might ac-
tivate C fibers in guinea pig airway tissues.

Cannabinoids are psychoactive compounds which
produce a wide array of effects including hypothermia,
depressed motor activity, hypotension, inhibition of in-
testinal motility and antinociception [10]. The biological
effects of cannabinoids are mediated by specific cell sur-
face receptors, CB1 and CB2, in the central nervous sys-
tem and in peripheral tissues [11-13]. Over the last
10 years, much evidence has accumulated favoring the
concept that cannabinoids are endogenous modulators of
neuronal activity in several tissues [14, 15]. Cannabinoid
receptor agonists have been shown to inhibit the function
of Ca®* channels [16, 17].

In this report, we examined the effects of endogenous
cannabinoid receptor agonists, anandamide and palmi-
toylethanolamide, on the activation of C fibers in guinea
pig airway tissues and suggested that they show the in-
hibitory effects on airway inflammation induced by the
activation of C fibers via the opening of maxi-K* channels
by the activation of CB2 receptors. These results suggest-
ed that cannabinoid CB2 receptors might endogenously
and negatively regulate the release of tachykinins from
the endings of C fibers in guinea pig airways via the open-
ing of maxi-K* channels.

Materials and Methods

Animals

Twelve-week-old male Hartley guinea pigs (280-340 g) were
purchased from SLC (Hamamatsu, Japan) at least 1 week before
the experiments. The animals were housed in a temperature- and
humidity-controlled environment under a 12:12 h light/dark cycle
with light on at 7.00 a.m. Animals were allowed free access to food
and water ad libitum.

Materials

Substance P, neurokinin A, iberiotoxin, charybdotoxin and
phosphoramidon were purchased from Peptide Institute Inc. (Osa-
ka, Japan). Bacitracin was obtained from Sigma Chemical Com-
pany (St. Louis, Mo., USA). Capsaicin, dendrotoxin and gliben-
clamide were from Nakalai Tesque Chemical Company (Kyoto,
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Japan). Anandamide and palmitoylethanolamide were purchased
from Funakoshi Chemical Company (Tokyo, Japan). [N-(piperi-
din-1-yl)-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1 H-
pyrazole-3-carboxamidehydrochloride] (SR 141716A) and ({N-
[(1S)-endo-1,3,3-trimethylbicyclo[2.2.1]heptan-2-yl]-5-(4-chloro-
3-methylphenyl)-1-(4-methylbenzyl)pyrazole-3-carboxamide} (SR
144528) were kindly supplied by Sanofi-Synthelabo Recherche
(Montpellier, France). ['>*I]Substance P (74 TBg/mmol) and anti-
substance P antiserum for the radioimmunoassay were purchased
from Amersham Int., Ltd., UK. All drugs were dissolved in dimeth-
ylsulfoxide. In in vitro experiments, concentrated solutions of drugs
prepared in dimethylsulfoxide were diluted in Tyrode’s solution or
Krebs-Ringer HEPES buffer. The final bath concentration of di-
methylsulfoxide was 0.1%. In in vivo experiments, drugs prepared
in dimethylsulfoxide were injected intravenously (0.1 ml/kg). The
solvent alone or 0.1% dimethylsulfoxide had no effect on the re-
sponses in either the in vitro or in vivo studies.

Contractile Response of Isolated Guinea Pig Bronchi in vitro

The procedure of Fox et al. [ 18] was used with certain modifica-
tions. Male Hartley guinea pigs were killed and their bronchi rap-
idly removed. A ring preparation with 4-5 mm length of the main
bronchi (only one bronchi/animal) was mounted in 5-ml organ
baths filled with warmed (37°C) and oxygenated (95% O,, 5% CO,)
standard Tyrode’s solution (pH 7.5) containing 137.0 mM NacCl,
2.7 mM KCl, 1.8 mM CaCl,, 1.05 mM MgCl,, 0.4 mM NaHPO,,
5.6 mM dextrose and 11.9 mAM NaHCO; under a resting tension
of 0.5 g. After a 60-min equilibration period, bronchi were stimu-
lated by pre-established submaximal concentrations (data not
shown) or stimuli of 1 nM neurokinin A or electrical field stimula-
tion in the presence of 1 wM atropine, propranolol and phosphor-
amidon, respectively. Electrical field stimulation was delivered us-
ing two parallel platinum wires connected to a stimulator, and
square-wave pulses of supramaximal voltage (50 V) and 1 ms pulse
duration were applied for 30 s every 30 min at a frequency of 10 Hz.
After two reproducible responses were obtained (control response)
and the tension of the preparation returned to basal levels by wash-
ing, the endogenous cannabinoid agonist, anandamide or palmi-
toylethanolamide, was added, and 10 min later, contraction was
induced with the same stimuli of neurokinin A or electrical field
stimulation. The contractile response obtained in the presence of
the drug was compared with the control response. In separate ex-
periments, K* channel blockers, the CB1 receptor antagonist SR
141716A or the CB2 receptor antagonist SR 144528 were added
10 min before application of the agonist. Only one concentration
of one agonist and/or antagonist was tested per bronchi prepara-
tion. None of the drugs employed in this study did affect the base-
line tone.

Substance P Release from Guinea Pig Airway Tissues in vitro

The procedure of Ray et al. [19] was used with certain modifica-
tions. Male Hartley guinea pigs were killed and lungs were perfused
(6 ml/min, 37°C) with oxygenated (95% O,, 5% CO,) Krebs-Ring-
er HEPES buffer (pH 7.5) containing 138.0 mA/ NaCl, 5.6 mM
KCl, 1.0 mM CaCl,, 1.0 mM MgCl,, 1.0 mM NaH,POy4, 11 mM
NaHCOs3, 10 mM dextrose, 20 mM HEPES, 30 pM bacitracin and
1 wM phosphoramidon via a cannula that was inserted into the
pulmonary artery through the right ventricle. The left atrium was
opened to collect the outflow. Fifteen minutes after the start, per-
fusates from one period (15 min, 90 ml) were collected on ice in
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beakers containing hydrochloric acid to give a final concentration
of 0.1 M. Each fraction was desalted on Sep-Pak C,g cartridges
(Waters, Milford, Mass., USA) as described for somatostatin [20],
and the peptides were concentrated to a final volume of 1 ml. The
recovery from the Sep-Pak cartridge was more than 90% for radio-
labeled substance P. Chemical irritation of tissues was achieved by
perfusion with buffer containing 1 wM capsaicin for 5 min during
the second collection period. Substance P-like immunoreactivity
was measured by radioimmunoassay. The amount of substance P
released by capsaicin was calculated by subtracting the level de-
tected in the first period perfusate from that in the second period
perfusate. Drugs were added in Krebs-Ringer HEPES buffer
throughout the experiment. After the experiments were finished,
the lungs including trachea and bronchi were dissected out and
weighed. The increase in substance P-like immunoreactivity re-
lease was calculated in femtomole per gram of tissues.

Bronchoconstriction in Guinea Pigs in vivo

Male Hartley guinea pigs were anesthetized by intraperitoneal
injection of a-chloralose (100 mg/kg) and urethane (500 mg/kg).
The jugular vein and trachea were cannulated and the animals were
artificially ventilated (5 ml of air, 60 strokes/min). The pressure in
the respirator system, i.e. the insufflation pressure, was constantly
measured using a transducer (TP 200T, Nihon Kohden, Tokyo,
Japan). Each stimulant was injected intravenously every 15 min
through the jugular vein cannula to induce bronchoconstriction.
Stimulants were repeatedly administered (approximately 6 times)
until reproducible constriction (control response) was obtained.
Cannabinoid agonists were dissolved in dimethylsulfoxide and ad-
ministered intravenously (0.1 ml/kg) 2 min before the further chal-
lenge was repeated. Administration of the vehicle had no effect.
The resulting constriction was compared with the control constric-
tion. The following stimulants were used at the doses indicated:
neurokinin A (1 nmol/kg) and capsaicin (10 nmol/kg). The values
of control constriction after administration of dimethylsulfoxide
were not changed until the final injection of neurokinin A or cap-
saicin for 120 min, meaning no influence by repeated challenges of
agonists.

Statistical Analysis

Results are given as the means + SEM of five experiments. Sta-
tistical analyses were performed by either analysis of variance fol-
lowed by Dunnett’s multicomparison test (contractile response of
isolated guinea pig bronchi and bronchoconstriction) or by means
of the unpaired Student’s t test (others). p < 0.05 was considered
statistically significant.

Results

Effects of Endogenous Cannabinoid Receptor

Agonists on Isolated Guinea Pig Bronchial Smooth

Muscle Contraction

The effects of endogenous cannabinoid receptor ago-
nists on isolated guinea pig bronchial smooth muscle
contraction were examined. After electrical field stimula-
tion in the presence of atropine and propranolol, isolated
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Table 1. Effect of endogenous cannabinoid receptor agonists, anan-
damide and palmitoylethanolamide, on guinea pig isolated bron-
chial smooth muscle contraction induced by electrical field stimu-
lation and neurokinin A

Inhibition of control contraction, %

Dose, WM electrical field stimulation neurokinin A
Anandamide
0.0288 20.0+14.3 ND
0.288 32.4£18.9*% ND
2.88 61.0%£12.5% ND
28.8 85.4+£3.1* 3.7+£2.8
Palmitoylethanolamide
0.003 30.8£7.8 ND
0.033 65.0£5.5% ND
0.33 79.0%£6.2% ND
3.3 97.7£2.3* 5.4£3.0

Values are given as the mean + SEM of five experiments.
ND = Not done.
* Significantly different from control contraction, p < 0.05.

guinea pig bronchial smooth muscles evoked tachykinin-
dependent prolonged contraction [21]. Electrical field
stimulation and 1 nM neurokinin A elicited the guinea
pig isolated bronchial smooth muscle contraction of 0.28
+ 0.02 and 0.23 = 0.03 g, respectively. Endogenous
cannabinoid receptor agonists, anandamide (0.029-
29.0 pM) and palmitoylethanolamide (0.0033-3.3 wM),
dose-dependently inhibited electrical field stimulation-
induced tachykinin-dependent contraction (table 1). On
the other hand, neurokinin A-induced guinea pig bron-
chial smooth muscle contraction was not affected by these
cannabinoid agonists at their maximal doses. The ICs
values of anandamide and palmitoylethanolamide were
0.926 and 0.015 wM, respectively. The rank order of in-
hibitory effects of cannabinoid receptor agonists was pal-
mitoylethanolamide > anandamide. To identify the can-
nabinoid receptor subtype that was involved in these ef-
fects of cannabinoid receptor agonists, we examined the
influences of selective cannabinoid CB1 (SR 141716A)
and CB2 (SR 144528) receptor antagonists. SR 144528
(10 nM), but not SR 141716A (10 nM), reduced the in-
hibitory effects of anandamide and palmitoylethanol-
amide on the guinea pig bronchial smooth muscle con-
traction induced by electrical field stimulation (fig. 1).
We examined the influence of K* channel blockers on
inhibitory effects of cannabinoid receptor agonists on
C fibers. A maxi-K* channel antagonist, iberiotoxin
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Fig. 1. Effects of endogenous cannabinoid receptor agonists, anan-
damide (a) and palmitoylethanolamide (b), on isolated guinea pig
bronchial smooth muscle contraction induced by electrical field
stimulation with cannabinoid receptor antagonists, 10 nM SR
141716A (O), 10 nM SR 144528 (O) or vehicle (@). * Significantly
different from vehicle, p < 0.05. ** Significantly different from ve-
hicle, p < 0.01. Values are given as percent inhibition of control
contraction and are the mean * SEM of five experiments.

(0.1 wM) and charybdotoxin (0.01 wM) greatly reduced
the inhibitory effect of palmitoylethanolamide on electri-
cal field stimulation-induced guinea pig bronchial smooth
muscle contraction (fig. 2), while a voltage-sensitive A-
type K* channel blocker, dendrotoxin (1 pM), oran ATP-
sensitive K* channel blocker, glibenclamide (1 wM), had
no effect. Data were not shown, but the inhibitory effect
of anandamide on electrical field stimulation-induced
contraction was affected by these K* channel blockers,
the same as palmitoylethanolamide.
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Fig. 2. Effect of palmitoylethanolamide on isolated guinea pig
bronchial smooth muscle contraction induced by electrical field
stimulation with K* channel blockers, 1 wM dendrotoxin (O0), 1 M
glibenclamide (A), 0.01 wM charybdotoxin (@), 0.1 wM iberio-
toxin (M) or vehicle (O). * Significantly different from vehicle, p <
0.05. ** Significantly different from vehicle, p < 0.01. Values are
given as percent inhibition of control contraction and are the mean
+ SEM of five experiments.

Table 2. Effect of endogenous cannabinoid receptor agonists on
substance P-like immunoreactivity release from guinea pig airway
tissues induced by capsaicin

Treatment Increase of substance Inhi-
P-like immunoreactivity bition
release, fmol/g tissue %

Control 48.8+4.9 -

Anandamide 0.43 pM 39.6+2.5 18.8

Anandamide 4.3 pM 30.0+2.6* 38.6

Palmitoylethanolamide 0.05 wM 30.3+4.3* 38.0

Palmitoylethanolamide 0.5 i/ 7.1£1.9*% 85.4

Values are given as the mean = SEM of five experiments. Sub-
stance P-like immunoreactivity release was induced by capsaicin
(I wM). Anandamide and palmitoylethanolamide were added in
Krebs-Ringer HEPES buffer throughout the experiment.

* Significantly different from control release, p < 0.01.

Effects of Cannabinoid Receptor Agonists on

Substance P-Like Immunoreactivity Release from

Guinea Pig Airway Tissues

To clarify the mechanisms involved in cannabinoid
receptor agonist inhibition of electrical field stimulation-
induced guinea pig bronchial smooth muscle contraction,
their effects on capsaicin-induced substance P-like im-
munoreactivity release from guinea pig lungs were exam-
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Fig. 3. Effects of 0.32 mg/kg (A), | mg/kg (M) and 3.2 mg/kg (@)
palmitoylethanolamide or 3.2 mg/kg anandamide (O) on capsaicin-
induced guinea pig bronchoconstriction. * Significantly different
from control bronchoconstriction, p < 0.05. ** Significantly differ-
ent from control bronchoconstriction, p<0.01. Values are given as
percent inhibition of control bronchoconstriction and are the mean
+ SEM of five experiments.

ined (table 2). Anandamide (0.43 and 4.3 wM) and pal-
mitoylethanolamide (0.05 and 0.5 M) significantly in-
hibited the capsaicin-induced release of substance P-like
immunoreactivity from guinea pig airway tissues. The
rank order of inhibitory effects of cannabinoid receptor
agonists was palmitoylethanolamide > anandamide. In
the presence of SR 144528 (10 nM) and anandamide
(4.3 wM) or palmitoylethanolamide (0.5 M), the capsa-
icin-induced release of substance P-like immunoreac-
tivity from guinea pig airway tissues was 47.6 + 1.3 or
45.4 *+ 2.7 fmol/g tissue, respectively (not significantly
different from control, 48.2 *+ 1.4). In contrast, SR
141617A (10 nM) did not reduce the inhibitory effects
of anandamide and palmitoylethanolamide (data not
shown).

Effects of Cannabinoid Receptor Agonists on

Bronchoconstriction in Guinea Pigs

We examined the effects of cannabinoid receptor ago-
nists on capsaicin-induced bronchoconstriction in guinea
pig airway in vivo. Intravenous administration of palmi-
toylethanolamide (0.32-3.2 mg/kg) dose-dependently in-
hibited capsaicin-induced constriction (fig. 3). However,
neurokinin A-induced guinea pig bronchoconstriction
was unaffected by palmitoylethanolamide at a dose of
3.2 mg/kg (data not shown). In contrast, anandamide
(3.2 mg/kg, intravenous) had no effect on capsaicin-in-
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duced constriction. None of the cannabinoid receptor
agonists tested altered baseline airway resistance (percent
inhibition of baseline: 3.2 mg/kg palmitoylethanolamide,
0.5 * 0.3; 3.2 mg/kg anandamide, 1.8 = 1.2, n =5).

Discussion

It has been suggested that various stimuli act on irri-
tant receptors in respiratory mucosa and produce various
respiratory reactions (e.g. bronchoconstriction, tracheal
plasma extravasation and mucus hypersecretion) via the
release of tachykinins from the endings of C fibers [22].
The influx of Ca®* into presynaptic nerve endings through
voltage-dependent Ca®* channels is essential for the re-
lease of neurotransmitters within the nervous system.
Ca”* influx is a key step in excitation-release coupling in
C fibers [8, 23]. For asthma research, it is important to
examine how Ca?* influx into C fibers is modulated.
Morimoto et al. [9] suggested that N-type voltage-depen-
dent Ca?* channels are involved in the activation of C fi-
bers and that an agent which blocks N-type voltage-de-
pendent Ca* channels could be a valuable tool for asth-
ma research.

The biological effects of cannabinoids are mediated by
endogenous receptor agonists, such as anandamide and
palmitoylethanolamide, physiologically metabolized
from arachidonic acid. Anandamide, isolated from por-
cine brain, has been shown to bind to cannabinoid recep-
tors, suggesting that it might behave as endogenous ligand
for the cannabinoid receptor, the molecular target of A°-
tetrahydrocannabinol in marijuana [24]. Anandamide
behaves as a partial agonist at CB1 cannabinoid receptors
and exhibits less reactive intrinsic activity at CB2 can-
nabinoid receptors than at CB1 receptors [25-28]. By
activating CB1 cannabinoid receptors, anandamide,
through reducing adenylate cyclase activity, inhibiting
the activity of voltage-gated Ca’* currents and activating
inwardly rectifying K* currents [15, 17, 29, 30], reduces
neuronal excitability and transmitter release. However,
anandamide has been reported to bind to CB2 cannabi-
noid receptors while remaining functionally inactive [31]
and activate a nonselective cation channel, TRPV1 re-
ceptors, which stimulates sensory nerves in airway tissues
[32]. Palmitoylethanolamide inhibits mast cell activation
and reduces inflammatory responses [33, 34] by a mech-
anism that may involve binding to CB2 cannabinoid re-
ceptors [31, 35]. However, palmitoylethanolamide binds
to both cannabinoid receptor subtypes [24, 27] and po-
tentiates the action of anandamide by minimizing its deg-
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radation by fatty acid amide hydrolase [36]. Although
there is no doubt about the anti-inflammatory effect of
these endogenous cannabinoid receptor agonists in ro-
dents, the molecular mechanisms underlying their ac-
tions have been puzzles. In this study, we found that both
anandamide and palmitoylethanolamide inhibited elec-
trical field stimulation-induced isolated guinea pig bron-
chial smooth muscle contraction and capsaicin-induced
guinea pig bronchoconstriction. These reactions are de-
pendent on tachykinins because they were inhibited by
tachykinin receptor antagonists [4, 5]. In contrast, these
cannabinoid agonists did not influence neurokinin A-in-
duced bronchial smooth muscle contraction or broncho-
constriction. These results suggested that endogenous
cannabinoid receptor agonists might block the release of
tachykinins from C fibers, but do not antagonize the in-
teraction of tachykinins on their receptors. Indeed, anan-
damide and palmitoylethanolamide did significantly re-
duce the capsaicin-induced release of substance P-like
immunoreactivity from guinea pig airway tissues. Next,
the inhibitory effects of these agonists on electrical field
stimulation-induced isolated guinea pig bronchial smooth
muscle contraction and capsaicin-induced release of sub-
stance P from guinea pig airway tissues were reduced by
a specific CB2 cannabinoid receptor antagonist, SR
144528, but not by a CB1 antagonist, SR 141716A. Some
reports showed that pharmacological effects of palmi-
toylethanolamide were reversed by SR 144528 [37, 38]
and thus supported our results. It has been reported that
the activation of cannabinoid receptors caused the inhibi-
tion of neurotransmitters in the central nervous systems
and could affect the activities of peripheral tissues [10].
However, in the in vivo examinations of this study, be-
cause animals were anesthetized by a-chloralose and ure-
thane, the influence of the endogenous cannabinoid ago-
nists in the central nervous systems may be blocked to
affect capsaisin-induced bronchoconstriction via the ex-
clusion of efferent nervous transmissions. According to
these facts, in both the in vitro and the in vivo studies, it
is possible that CB2 receptors, which were not only inter-
acted by palmitoylethanolamide but also by anandamide,
exist on the C fibers in guinea pig airway and down-regu-
late the activation of C fibers and tachykinin release as
peripheral and physiological roles.

In the second part of this study, we examined which
mechanism is involved in the inhibitory effect of endog-
enous cannabinoid agonists on the activation of C fibers.
The function of C fibers may be inhibited at a presumed
prejunctional level via the activation of several receptor
types. Agonists at p-opioid, ay-adrenergic, GABAg, his-
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tamine Hj, neuropeptide Y, and 5-HT)-like receptors
have all been shown to inhibit excitatory nonadrenergic
noncholinergic bronchoconstriction in the guinea pig, im-
plying an action on airway C fibers [18]. Miura et al. [39,
40] also reported that nonadrenergic noncholinergic in-
hibitory nerves depressed the allergic reaction in cat air-
ways via the release of protease-sensitive neurotransmit-
ters, such as vasoactive intestinal peptide. Vasoactive in-
testinal peptide has been suggested to inhibit mediator
release by elevating the level of intracellular cyclic AMP
[41]. In the in vivo studies, it may be possible that non-
adrenergic noncholinergic inhibitory nerves were stimu-
lated by the injection of capsaicin. Still, we could not
decide on the influence of nonadrenergic noncholinergic
inhibitory nerves on capsaicin-induced guinea pig bron-
choconstriction in this study; however, it has been pro-
posed that the inhibition evoked by a number of these
receptors is mediated via a common mechanism blocking
the influx of Ca* into the endings of C fibers. Mackie and
Hille [17] suggested that the inhibitory effect of cannabi-
noids on N-type voltage-dependent Ca>* channels might
be mediated by their interaction with other ion channels
coupled either directly or indirectly to G proteins, e.g.
potassium channels. In this study, we discovered maxi-
K* channel blockers, iberiotoxin and charybdotoxin, re-
duced the inhibitory effect of endogenous cannabinoid
agonists on electrical field stimulation-induced guinea pig
bronchial smooth muscle contraction, but not an A chan-
nel blocker, dendrotoxin, or an ATP-sensitive K* channel
blocker, glibenclamide. This evidence suggests that en-
dogenous cannabinoid agonists may prevent the activa-
tion of C fibers via the opening of maxi-K* channels.
Cook et al. [42] have reported that cannabinoid-induced
antinociception is mediated by the effector systems such
as calcium or potassium channels. Our results support
their conclusion and suggest that cannabinoid-induced
antinociception is caused by the inhibition of N-type volt-
age-dependent Ca”* channels and the release of substance
P from sensory nerves via the opening of maxi-K* chan-
nels.

When excitatory C fibers are stimulated, not only sub-
stance P but other neuropeptides, e.g. neurokinin A and
calcitonin gene-related peptide, are also released from
their nerve endings and exert various respiratory reac-
tions [43]. The inflammatory effects of these neuropep-
tides on airway tissues may be of pathological relevance
in human bronchial hyperreactivity, and we showed that
antiasthmatic compounds, disodium cromoglycate and
nedocromil sodium, inhibited hypertonic saline-induced
plasma extravasation in guinea pig airways by the inacti-
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vation of C fibers [7]. We conclude that endogenous can-

nabinoid receptor agonists, anandamide and palmitoyl-

ethanolamide, which inhibit the activation of C fibers and
the release of these neuropeptides from their endings via
the opening of maxi-K* channels by the activation of CB2
receptors, might be involved in the clinical effects of an-

tiasthmatic compounds described above.

»10
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