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Abstract

This study examines the mechanisms by which the standardised ethanolic extract of propolis

induces relaxation of the guinea-pig trachea in-vitro. In guinea-pig trachea with or without

epithelium and contracted by histamine, the propolis extract caused reproducible and graded

relaxation, with a mean EC50 value of 3.8 or 10.5 g mL 1 and Emax of 100%, respectively. The

propolis extract-induced relaxation was markedly reduced (26³ 9 and 96 ³ 3%) when guinea-

pig tracheas were exposed to Krebs solution containing elevated K+ in the medium (40 or

80 mM). Pre-incubation of guinea-pig tracheas with tetraethylamonium (100 mM) or with 4-

aminopyridine (10 mM) reduced the propolis extract-induced relaxation by 31 ³ 10% and

28 ³ 2%. Likewise, apamin (0.1 M), charybdotoxin (0.1 M) or iberiotoxin (0.1 M) caused

marked inhibition of propolis extract-mediatedrelaxation in guinea-pigtrachea (percentage of

inhibition: 65³ 3%, 60³ 5 % and 65 ³ 9%, respectively). Also, glibenclamide (1 M) inhibited

the relaxant response caused by the propolis extract by 57³ 4%. -Conotoxin GIVA (0.1 M) or

capsaicin (1 M) produced small but signi� cant inhibition (30³ 5% or 47³ 7%, respectively) of

the propolis extract-induced relaxation. The vasoactive intestinal peptide (VIP) antagonist D-P-

Cl-Phe6,Leu17[VIP] porcine (0.1 M) inhibited relaxation by 55 ³ 5%, while propranolol (1 M)

induced a parallel rightward displacement (about 20 fold) of the propolis extract concentra-

tion–response curve. Finally, the propolis extract-induced relaxation was inhibited by the nitric

oxide synthase inhibitor L-NG-nitroarginine (L-NOArg, 100 M) (48 ³ 6%), and by the soluble

guanylate cyclase inhibitor methylene blue (10 M) (37 ³ 6%), while the more selective soluble

guanylate cyclase inhibitor 1H-[1,2,4]oxadiazolol[4,3-a]quinoxalin-1-one (ODQ, 1 M) pro-

duced only a parallel (about 3 fold) rightward displacement of the propolis extract

concentration–response curve. Collectively, these results support the notion that the propolis

extract-mediated relaxation in the guinea-pig trachea involves the release of nitric oxide,

probably from sensory neurons, besides the activation of soluble guanylate cyclase and

activation of Ca2+- andATP-sensitiveK+ channels.Furthermore,the stimulation of 2-adrenergic

and VIP receptors also seems to account for its relaxant action.

Introduction

Propolis, a naturally occurring substance, is a red or yellow-brown to dark-brown

lipophilic mixture that is produced by mixing the exudates collected from various

plants by honeybees (Miyataka et al 1997). Propolis, also known as bee glue, is a

traditional remedy that is widely used in many countries for the management
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of numerous diseases, including airway aŒections,

cutaneo-mucosal infections and viral infections

(Amoros et al 1994).

There are numerous reports in the literature indicating

that propolis and its active constituents exert a great

range of biological actions such as free radical scavenger

and antioxidant properties (Matsushige et al 1996), anti-

carcinogenic properties (Jaiswal et al 1997), antiviral

eŒects (Amoros et al 1994), antibacterial activity

(Bankova et al 1995), anti-protozoal action against

Trypanosoma cruzi (De Castro & Higashi 1995) and

immunomodulatory and anti-in¯ ammatory properties

(Ivanovska et al 1995), as well as a liver-protective

eŒect (Mahran et al 1996).

We have demonstrated that the ethanolic extract of

propolis induces a pronounced antinociceptive eŒect

according to evaluation in chemical models of nocicep-

tion in mice (de Campos et al 1998).

Several naturally occurring constituents, such as phe-

nolic acids, terpenes, lignans, cinnamic acid, caŒeic acid,

several esters and ¯ avonoids, have been described in dif-

ferent propolis samples (Bankova et al 1995, Banskota

et al 1998). The majority of such compounds are known

to exhibit important pharmacological properties. Thus,

the prenylated derivative present in propolis exhibits in-

vitro cytotoxic actions against carcinoma and leukaemic

cells (Banskota et al 1998; Kimoto et al 2001a, b).

The clerodane diterpenoid inhibits chemical substance-

induced skin tumours in mice (Mitamura et al 1996)

and exhibits antimicrobial actions (Aga et al 1994). It

has also been reported that some phenolic components

present in propolis extract are able to inhibit the neutro-

phils ’ chemiluminescence (Krol et al 1996) apart from

exerting an anticomplementary activity (Georgieva et al

1997).

In this study we therefore investigated, by use of

receptor- and ion-channel-selective antagonists, some

of the mechanisms underlying the relaxant eŒect caused

by the Brazilian ethanolic extract of propolis on the

guinea-pig isolated trachea in-vitro.

Materials and Methods

Drugs

The drugs used were obtained from the following

sources : standardised ethanolic extract of propolis (P1)

(from Apis Nativa Produtos Naturais Ltda, Ararangua! ,
Brazil), histamine, tetraethylammonium, 4-aminopyri-

dine, apamin, charybdotoxin, iberiotoxin, glibencla-

mide, -conotoxin GIVA, d -P-Cl-Phe6,Leu17[VIP] por-

cine, capsaicin, propranolol, l -NG-nitroarginine (L-

NOArg), methylene blue and 1H-[1,2,4]oxadiazolol[4,3-

a]quinoxalin-1-one (ODQ) (all from Sigma Chemical

Co., St Louis, MO). The other chemical products and

salts were obtained from Merck (Germany), and had a

high degree of analytic purity. The stock solutions of

these drugs were prepared and stored at ® 20 ° C. The

bath concentration of ethanol did not exceed 0.03% ,

which was shown to have no eŒect on the basal tonus of

the preparations (see below) or on the agonist-mediated

relaxation. The concentration of antagonists or ionic-

channel blockers used in this experiment did not change

the basal tonus of preparations.

Propolis extract preparations

Standardised ethanolic extract of propolis, P1, obtained

from commercial preparations available in southern

Brazil, supplied by Apis Nativa Produtos Naturais Ltda

(http:}}www.prodapys.com.br), lot P1 n.10}2000, was

used. The alcohol of this preparation was evaporated

and the dry resin was diluted in stock solution at a

concentration of 10% (w}v). The propolis was collected

from the beehive in March (1999) near Ararangua! city,

in Santa Catarina state, Brazil (following a sample

stocked in our labaratory). Propolis was triturated

and mixed with an extractive solution containing 96GL

alcohol. The mixture was left for 10 days, with a single

mixing of 10 min once a day. After this period, the

mixture was concentrated in Soxhlet, an extractor of

compounds from plant and natural products, and the

alcohol was removed from the solution to make a dry

residue. The product of this extraction was diluted at a

concentration of 10% (w}v) in 96GL alcohol.

High-performance liquid chromatographic assay

The ethanolic extracts of propolis were analysed using

HPLC apparatus (Merck-Hitachi, Germany) equipped

with a pump (model L-6200, Merck-Hitachi, Germany)

and a diode array detector (L-3000, Merck-Hitachi,

Germany). Separation was achieved on a Lichrochart

125-4 column (Merck, Darmstadt, Germany) (RP-18,

12.5 ¬ 0.4 cm, 5 m particle size) using water± formic

acid (95:5, v}v) (solvent A) and methanol (solvent B).

The elution was carried out with a linear gradient and a

¯ ow rate of 1 mL min 1. The detection was monitored

at 280 nm and the compounds were identi® ed using

standards as references (according to Marcucci 2000).

For data analysis, the Merck-Hitachi D-6000 (Chroma-

tography Data Station ± DAD Manager) was used.

http://www.prodapys.com.br
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The sample used in this experiment presented the

following phenolic compound composition : 3-prenyl-4-

hydroxycinnamic acid (1.72 mgmL 1), 2,2-dimethyl-6-

carboxyethenyl-2H-1-benzopyran (38.04 mg mL 1) and

3,5-diprenyl-4-hydroxycinnamic acid (26.21 mg mL 1).

Tissue preparations

Guinea-pigs (250± 400 g) of both sexes were anaesthe-

tised and killed by cervical dislocation (Paulino et al

1996) (protocol approved by ethical committee at Uni-

versidade do Sul de Santa Catarina). The trachea was

rapidly removed and, after being freed from connective

tissue, was cut into six transverse rings (3± 4 mm wide),

each containing 3 cartilages as described previously

(Paulino et al 1999). The rings were opened (usually 6

strips of 8± 10 mm in length, obtained from the same

guinea-pig) and were suspended in individual 10-mL

jacketed organ baths containing Krebs-Henseleit sol-

ution maintained at 37° C, pH 7.2, gassed with 95%

O2± 5% CO2. The Krebs solution had the following

composition (m m ): NaCl 118.0, KCl 4.4, MgSO4 1.1,

CaCl2 2.5, NaHCO3 25.0, KH2PO4 1.2, glucose 11.0.

Tissues were allowed to equilibrate for at least 60 min

before drug addition, during which time the fresh buŒer

solution was renewed every 15 min, under a resting

tension of 1 g. Isometric responses were measured by

means of TRI-201 force displacement transducers and

were recorded on a polygraph (Letica Scienti® c Instru-

ments, Barcelona, Spain). In most experiments, the

epithelial layer of the trachea was gently removed with

a cotton-tipped applicator. The integrity of the epi-

thelium was assessed by the ability of bradykinin to

induce relaxation (Paulino et al 1996). The guinea-pigs

were used in accordance with current ethical guidelines

for the care of laboratory animals.

Experimental procedure

After the equilibration period of at least 60 min, the

preparations with or without epithelium were pre-

contracted with histamine (1± 3 m , approximately the

EC50) and, when tonic contraction became stable

(usually after 5 min), were exposed to the propolis

extract (10 7± 10 3 g mL 1), which was added to the bath

by cumulative method (Van Rossum 1963). Usually,

2± 5 complete cumulative concentration± response curves

were obtained for the propolis extract in each prep-

aration, at 60-min intervals between curves.

To investigate the possible mechanisms responsible

for the relaxation response induced by propolis extract

in the guinea-pig trachea, the preparations without

epithelium were pre-contracted by addition of histamine

(1 or 3 m ), 20 min before being incubated with one of

the following drugs : tetraethylammonium (a non-selec-

tive blocker of K+ channels, 100 m m ), 4-aminopyridine

(a selective blocker of voltage-sensitive K+ channels

(Kv), 10 m m ), apamin (a selective blocker of Ca2+-

sensitive K+ channels, 0.1 m ), charybdotoxin (a selec-

tive blocker of large Ca2+-sensitive K+ channels, 0.1 m ),

iberiotoxin (a selective blocker of large Ca2+-sensitive

K+ channels, 0.1 m ), glibenclamide (a selective blocker

of ATP-sensitive K+ channels, 1 m ), -conotoxin

GIVA (a selective blocker of voltage-activated N-type

Ca2+ channels and inhibitor of neurotransmitter release

at neuronal synapses, 0.1 m ), d -P-Cl-Phe6,Leu17[VIP]

porcine (a vasoactive intestinal peptide (VIP) receptor

antagonist, 0.1 m ), capsaicin (an excitatory and desen-

sitising agent on a subset of primary aŒerent sensory

neurons, 1 m ), propranolol (a -adrenergic blocker,

1 m ), L-NOArg (a nitric oxide synthase competitive

antagonist, 100 m ), methylene blue (a non-selective

inhibitor of soluble guanylate cyclase, 10 m ) and ODQ

(a selective inhibitor of soluble guanylate cyclase, 1 m ).

In addition, we also investigated the ability of the

propolis extract to elicit relaxation in preparations

maintained in Krebs solution containing 40 or 80 m m of

KCl instead of 4.7 m m .

Statistical analysis

Responses were expressed as absolute changes in % of

tension and reported as means ³ s.d. Statistical analysis

of the results was carried out by means of the unpaired

Student’ s t-test (Graph Pad Instat program), by com-

parison of individual points of the treated groups with

the control groups, during the relaxant concentrated

cumulative curve. P ! 0.05 was considered as indicative

of signi® cance. The EC50 values were determined from

individual experiments for the complete concentration±

response curves by graphical interpretation test (Graph

Pad Instat program). The EC50 values are reported as

geometric means accompanied by their respective 95%

con® dence limits.

Results

The chemical constitution of propolis was evaluated by

HPLC analysis, and the chromatogram showed the

characteristic pro® le of samples from the south of Brazil
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Figure 1 Chromatographic analysis by HPLC of the propolis extract sample from South Brazil. The HPLC was run on a Merck-Hitachi D-

6000 (model L-3000,Merck-Hitachi, Germany),Lichrochart 125-4 column (Merck, Darmstadt, Germany) (RP-18, 12.5 ¬ 0.4 cm, 5 m particle

size) using water± formic acid (95 :5, v}v) (solvent A) and methanol (solvent B). The elution was carried out with a linear gradient and ¯ ow rate

of 1 mL min 1. The detection was monitored at 280 nm. A, 3-prenyl-4-hydroxycinnamic acid; B, 2,2-dimethyl-6-carboxyethenyl-2H-1-

benzopyran; C, 3,5-diprenyl-4-hydroxycinnamic acid.

(–log[g mL–1])

Figure 2 Mean relaxant concentration± response curves for the

ethanolic extract of propolis in guinea-pig trachea without epithelium

(E) or with intact epithelium (D). Values are mean³ s.d. of 6

experiments. *P ! 0.05 for the diŒerence between points.

P1 (Figure 1). The presence of phenolic compounds was

observed and determined in all the samples of propolis.

Chemical analysis revealed the presence of the 3-

prenyl-4-hydroxycinnamic acid, in 1.72 mg mL 1, peak

A; 2,2-dimethyl-6-carboxyethenyl-2H-1-benzopyrane,

in 38.04 mg mL 1, peak B; 3,5- diprenyl-4-hydroxy-

cinnamic acid, in 26.21 mg mL 1, peak C, in the samples

of propolis studied (Figure 1).

Cumulative addition of the standardised propolis

extract (P1)(10 7± 10 3 g mL 1) to the guinea-pig trachea,

with or without epithelium and pre-contracted by his-

tamine, resulted in a concentration-dependent complete

relaxation of the preparations. The calculated mean

EC50 values (and 95% con® dence limits) for these

eŒects were 10.5 (2.5± 43.6) g mL 1 and 3.8 (1.2±

12.0) g mL 1, respectively (Figure 2). The relaxation

induced by the propolis extract was well reproducible

with no evidence of tachyphylaxis when experiments

were carried out at 60-min intervals between curves

(results not shown).

The results in Figure 3A show that the maximal

relaxant eŒect of propolis extract (P1) in preparations

without epithelium was signi® cantly antagonised (26 ³
9% ) when the preparations were transferred to Krebs

solution containing 40 m m KCl, and these responses

were practically abolished (96 ³ 3% of inhibition) by

increasing concentrations of potassium in the bath to

80 m m .

The maximal relaxation induced by propolis extract

(P1) in guinea-pig trachea without epithelium was anta-
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Figure 3 Mean relaxant concentration± response curves for the

ethanolic extract of propolis in guinea-pig trachea without epithelium

in the absence (E) or presence of (A) KCl, 80 mm (D) or 40 m m (+),

(B) tetraethylammonium100 m m (D) or 4-aminopyridine10 mm (+).

Values are means³ s.d. of 6 experiments. *P ! 0.05 vs values obtained

in the absence of KCl.

gonised in a reversible manner by both tetraethylam-

monium (100 m m , a non-selective blocker of K+ chan-

nels) (31 ³ 10% ) and 4-aminopyridine (10 m m , at this

concentration, a selective blocker of voltage-sensitive

K+ channels (Kv) (28 ³ 2% ) (Figure 3B). The pre-

incubation of preparations with apamin (0.1 m , a

selective blocker of small Ca2+-sensitive K+ channels)

inhibited the propolis-mediated relaxation in a con-

centration-dependent manner (65 ³ 3% ). Similarly,

charybdotoxin (0.1 m , a selective blocker of large

Ca2+-sensitive K+ channels) and iberiotoxin (0.1 m ,

a highly selective blocker of large Ca2+-sensitive K+

(–log[g mL–1])

Figure 4 Mean relaxant concentration± response curves for the

ethanolic extract of propolis in guinea-pig trachea without epithelium

in the absence (E) or presence of apamin 0.1 m (D), charybdotoxin

0.1 m (+), iberiotoxin 0.1 m (*) or glibenclamide 1 m (_).

Values are means³ s.d. of 6 experiments. *P ! 0.05 vs values obtained

in the absence of compounds.

channels) each consistently inhibited the propolis

extract-mediated relaxation in guinea-pig trachea (% of

inhibition, 60 ³ 5 and 65 ³ 9, respectively). Likewise,

pre-incubation of preparations with glibenclamide

(1 m , a selective blocker of ATP-sensitive K+ chan-

nels) also consistently inhibited, in a concentration-

dependent fashion (57 ³ 5% ), the relaxation caused by

propolis extract (Figure 4).

Pre-incubation of the preparations with -conotoxin

GIVA (0.1 m , a selective blocker of voltage-activated

N-type Ca2+ channels and neurotransmitter release in-

hibitor at neuronal synapses) or with capsaicin (1 m , an

excitatory and desensitizing agent on a subset of primary

aŒerent sensory neurons ) signi® cantly inhibited the pro-

polis extract-mediated relaxation in guinea-pig trachea

(30³ 5 and 47 ³ 7% , respectively) (Figure 5). Pre-in-

cubation of preparations with d -P-Cl-Phe6,Leu17[VIP]

porcine (0.1 m , a VIP receptor antagonist) produced a

55³ 6% inhibition of propolis extract-mediated relax-

ation in the isolated guinea-pig trachea, while pro-

pranolol (1 m , a -adrenergic antagonist) induced a

marked parallel rightward displacement (about 20 fold)

of the propolis extract concentration± response curve

(Figure 5). At the same concentrations, propranolol and

the VIP receptor antagonists almost completely abo-

lished the relaxant response induced, respectively, by

noradrenaline (norepinephrine) and VIP in the prepara-

tions (results not shown).
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(–log[g mL–1])

Figure 5 Mean relaxant concentration± response curves for the

ethanolic extract of propolis in guinea-pig trachea without epithelium

in the absence (E) or presence of -conotoxin GIVA 0.1 m (D),

d -P-Cl-Phe6,Leu17[VIP] (porcine) 0.1 m (+), capsaicin 1 m (*)

or propranolol 1 m (_). Values are means³ s.d. of 6 experiments.

*P ! 0.05 vs values obtained in the absence of compounds.

(–log[g mL–1])

Figure 6 Mean relaxant concentration± response curves for the

ethanolic extract of propolis in guinea-pig trachea without epithelium

in the absence (E) or presence of L-NOArg 100 m (D) ; methylene

blue 10 m (+) or ODQ 1 m (*). Values are means³ s.d. of 6

experiments. *P ! 0.05 vs values obtained in the absence of com-

pounds.

Finally, the nitric oxide pathway was also investi-

gated by means of incubation of the guinea-pig trachea

without epithelium with L-NOArg (100 m , a nitric

oxide synthase competitive antagonist), and it was

found that the propolis extract-induced relaxation

(Figure 6) was inhibited in a graded manner (48 ³ 6% ).

Furthermore, methylene blue (10 m , a non-selective

inhibitor of soluble guanylate cyclase) inhibited by

37³ 6% , while ODQ (1 m , a selective inhibitor of

soluble guanylate cyclase) induced a small but sig-

ni® cant rightward displacement (about 3 fold) of

the propolis extract concentration± response curve

(Figure 6). None of the test-drugs signi® cantly aŒected

the tonus of the guinea-pig isolated trachea without

epithelium.

Discussion

Despite the existence of several in-vivo and in-vitro

studies with propolis extract, to the best of our knowl-

edge this represents the ® rst study which demonstrates

that the standardised propolis extract causes, at low

concentrations, a concentration-dependent, complete

and well-reproducible relaxation response in guinea-pig

trachea in-vitro pre-contracted by histamine, both in

the presence and in the absence of epithelium.

Since K+ channels are important modulators of the

smooth muscle tonus, including in the airways smooth

muscle (KotlikoŒ1993; Viana-Jorge et al 2000), we also

investigated the possible contribution of various K+

channel types to the relaxant action of propolis extract

in the guinea-pig trachea. Our results clearly show that

both the small and large conductance Ca2+-activated K+

channels are molecular targets of the propolis extract in

the guinea-pig trachea. This notion derives from the

results indicating that the selective antagonists of small

and large conductance Ca2+-activated K+ channels such

as apamin, charybdotoxin and iberiotoxin (Gimenez-

Gallego et al 1988; Suarez-Kurtz et al 1991) each

consistently aŒected the guinea-pig trachea relaxation

caused by propolis extract. Furthermore, the relaxation

caused by propolis extract in the guinea-pig trachea

involved indirect or direct activation with ATP-sensitive

K+ channels, because glibenclamide, at a concentration

known to inhibit these channels (Winquist et al 1989;

Paulino et al 1999), greatly antagonised the action of the

propolis extract. However, the non-selective K+-channel

antagonist tetraethylammonium and the non-selective

voltage dependent K+-channel antagonist 4-aminopyri-

dine also partially but signi® cantly antagonised the

propolis extract-mediated relaxation in guinea-pig tra-

chea. An additional piece of evidence showing the

contribution of K+ channels to the relaxant action of

propolis extract in the guinea-pig trachea was that the

increase of K+ in the medium by 40 and 80 m m largely

antagonised its relaxant eŒect, indicating the require-
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ment of the integrity of the cell membrane for the

propolis extract-mediated relaxation.

A growing amount of evidence now suggests that

nitric oxide can be released in airway tissues including

the trachea, either at the epithelium or in sensory

neurons (Vaali et al 2000). It has been reported that

nitric oxide is capable of stimulating Ca2+-activated K+

channels (Bolotina et al 1994), including those in airway

smooth muscles (Abderrahmane et al 1998), causing

membrane hyperpolarization, a decrease in calcium

in¯ ux and muscle relaxation (Lincoln & Cornwell 1991).

Results of this study show that despite the fact that

propolis extract-induced relaxation was unaŒected by

removal of the trachea epithelium, the incubation of

nitric oxide synthase antagonist signi® cantly prevented

its relaxant response, suggesting that the nitric oxide,

probably released from sensory neurons, participates in

guinea-pig trachea relaxation in response to propolis

extract. We next explored whether or not the relaxant

action of propolis extract on guinea-pig trachea was

mediated by activation of soluble guanylate cyclase.

Our results indicate that the less-selective soluble guany-

late cyclase inhibitor methylene blue (Ellis 1997) greatly

inhibited the propolis extract-mediated relaxation. In

addition, the more selective soluble guanylate cyclase

inhibitor ODQ, at a concentration known to inhibit this

enzyme (Schrammel et al 1996), produced a rightward

displacement (about 3 fold) of the relaxant response

caused by propolis extract. Taken together, these ® nd-

ings indicate that activation of soluble guanylate cyclase

and increase of cGMP take part in the relaxant action of

propolis extract in guinea-pig trachea.

One important result presented here was the ® nding

that pre-incubation of preparations with the selective

antagonist of VIP receptors prevented, by more than

50% , the propolis extract-induced relaxation, suggest-

ing a role exerted by VIP in its relaxant eŒect. Also, the

involvement of -adrenoceptors in the relaxant action

caused by propolis extract in the guinea-pig trachea is

evident from the fact that the non-selective 1- and

2-receptor antagonist propranolol largely prevented

the propolis extract-mediated relaxation. The release

of neuropetide from sensory neurons was con® rmed

by pre-treatment of preparations with the neuro-

toxin capsaicin which selectively depletes neuropetides

from sensory neurons. Furthermore, pre-incubation of

guinea-pig trachea with -conotoxin GIVA, a selective

blocker of voltage-activated N-type voltage-sensitive

Ca2+ channels and potent neurotransmitter release in-

hibitor at the neuronal synapse (Nielsen et al 2000),

signi® cantly reduced the relaxant response caused by the

propolis extract. These ® ndings further indicate the

relevant role played by the indirect release of relaxant

substances from neuronal synapses in the relaxantaction

of propolis extract in guinea-pig trachea.

The constituents responsible for the relaxant eŒect of

propolis extract in guinea-pig trachea are currently not

completely known. However, this eŒect is likely to be

related to the presence of three phenolic compounds

(Marcucci et al 2001) already reported in the sample of

propolis (P1) used in this study. Chemical and phar-

macological studies are now in progress to isolate and

chemically characterise the constituents responsible for

such eŒects, and also to investigate in more detail the

precise mechanisms by which these compounds exert

their relaxant action in the guinea-pig isolated trachea

in-vitro.

In conclusion, our results show that propolis induces

a relaxant eŒect on the guinea-pig isolated trachea by

means of several mechanisms that include direct or

indirect activation of potassium channels or modulation

of VIP, adrenergic or nitric oxide pathways.
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