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INTRODUCTION 
 
Efferent nerves of the skin, mucous membranes and viscera originate from two sources, i.e., 

from the autonomic and the somatic nervous systems. These tissues and organs also contain 

afferent nerves. Nerves within viscera can be classified in different ways. They can be divided 

into intrinsic neurons (i.e., those with cell bodies and processes within the given organ) and 

extrinsic ones (that send axons to the given organ).  

The present work deals with the functional innervation of the intestinal tract and the 

urinary bladder. While the gastrointestinal (GI) tract contains a massive intrinsic nervous 

system of considerable complexity (i.e., the enteric nervous system, ENS), comparatively few 

and scattered intrinsic nerves can be found in the wall of the bladder. Extrinsic visceral 

neurons can be either autonomic efferents (parasympathetic praeganglionic, sympathetic 

postganglionic fibres) or afferents (which, however, may also be able to release transmitters at 

the periphery).   

Autonomic nervous system can be devided into sympathetic, parasympathetic and 

enteric systems (ENS) (Wood, 1994). The ENS contains approximately as many neurons as 

the spinal cord (i.e., 107-108 neurons). These intrinsic neurons regulate many GI functions. 

Extrinsic nerves modulate GI function mainly by influencing intrinsic neurons. Most parts of  

the intestinal tract are able to function without extrinsic influences. 

Intrinsic neurons take place in the ganglionated plexuses of the gut wall (i.e., the 

myenteric and submucous plexuses). These neurons can influence other neurons and/or 

smooth muscle cells and other effector tissues (enteric neurons). The most important 

neurotransmitter of  enteric excitatory motoneurons is acetylcholin that acts on muscarinic 

receptors and thereby contracts circular and/or longitudinal muscles of the gut. When 

muscarinic receptors are blocked (e.g., by atropine), nerve stimulation is still able to evoke 

excitatory responses that are mediated by tachykinins (substance P, neurokinin A).  

Inhibitory motoneurons of the gut wall release nitric-oxide (NO) as the main 

transmitter, but this is evidenced for the mediator role of ATP, vasoactive intestinal 

polypeptide (VIP), pituitary adenylate cyclase-activating polypeptide (PACAP), calcitonin 

gene related peptide (CGRP) and carbon-monoxide (CO) as well (Goyal and Hirano, 1996). 

NO plays a transmitter role in the opening of sphincters, in the peristaltic reflex 

(descending inhibition), as well as the receptive relaxation of the stomach. NO plays a role in 

the non-adrenergic, non-cholinergic (NANC) relaxation in response to electrical stimulation, 

as well as in the regulation of spontaneous tone (see Whittle, 1994). NO is also able to elicit 
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excitatory responses in the intestine. Some preparations are contracted by NO via a 

stimulation of intrinsic neurons, while in other preparations NO causes primary contraction on 

the smooth muscle directly (Barthó and Lefebvre, 1994; Lefebvre and Barthó, 1997). 

Extracellular ATP can play a neurotransmitter role („purinergic nerves”; Burnstock, 

1972). Moreover, ATP may also play a cotransmitter and modulator role in the nervous 

system (Burnstock, 1997; Hoyle, 1992). Receptors of ATP have many types, i.e., P2X 

receptors (currently with 7 subtypes) and P2Y receptors (currently with 8 subtypes; see British 

J. Pharmacol.: Guide to Receptors and Channels, 2nd edition, 2006). ATP can mediate both 

excitatory and inhibitory responses; it probably participates in contracting or relaxing vascular 

smooth muscle, contracting the vas deferens, relaxing GI smooth muscle. Some inhibitory 

responses of  GI preparations are co-mediated by ATP and NO (see Barthó et al., 1998). To 

date, there has been  no evidence for such an interplay in the human GI system. 

Sensory neurons of the gut can also be classified as intrinsic and extrinsic. Intrinsic 

sensory neurons are activated by stretch and other stimuli; they activate interneurons that in 

turn stimulate enteric motoneurons. These latter mediate the contraction orally and relaxation 

anally to the stimulus, called „the law of intestine” (Bayliss and Starling, 1899). 

Extrinsic sensory neurons originate from the vagus nerve or the spinal cord. A special 

subgroup of spinal afferents is capsaicin-sensitive neurons (Szolcsányi, 1984). Capsaicin is 

the pungent substance in paprika (Capsicum annuum). It stimulates a specific, ion channel-

bound receptor (TRPV1). Opening of this channel causes membrane depolarisation in the 

sensory nerve ending (or varicosity). This, besides afferent activation, causes a release of 

biologically active substances from these nerve endings, in a manner not dependent on 

voltage-activated (tetrodotoxin-sensitive) Na+-channels or neuronal voltage-dependent Ca2+- 

channels. Biologically active substances released from capsaicin-sensitive afferents include 

neuropeptides (CGRP, substance P, neurokinin A) and possibly other substances (ATP, NO). 

All this evokes a variety of tissue responses (e.g., vasodilatation, increase in vascular 

permeability, smooth muscle contraction or relaxation) (Jancsó et al., 1967, 1968; Szolcsányi,  

1984; Barthó et al., 2004).  

The urogenital system is also innervated by capsaicin-sensitive afferents. CGRP and 

tachykinins release in these organs mostly originates from sensory neurones (Maggi, 1995; 

Barthó et al., 2004). Sensory neuron-mediated responses show inter-species variations and 

also differ as to different regions of, e.g., the bladder (detrusor muscle, bladder neck). The 

present work will not deal with capsaicin-sensitive responses of the airways and blood 

vessels, though this is also a highly interesting and well-studied area. 
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AIMS 

 
We planned in vitro experiments to get a better insight into the motor responses of visceral 

organs (GI system, urogenital tract). An important aspect was also the comparison of data 

obtained on animal preparations with human tissues (obtained from the Department of 

Surgery). We have been interested in the possible roles of sensory and other NANC 

transmitters in visceral responses in health and disease, interactions of these substances and 

possible drug effects upon them (stimulation, antagonism, modulation).  

To elicit motor responses of innervated smooth muscle preparations we used the 

sensory stimulant capsaicin, as well as non-selective „field” stimulation of intramural nerves. 

We have taken the „identity of effect” as an important criterion, but the „identity of specific 

antagonism” as the most decisive argument in the identification of a transmitter. In other 

words, the effect, but first of all, specific inhibition of the exogenous putative transmitter and 

the stimulation-evoked responses has to be largely similar. Also a specific inhibition of 

synthesis (NO)  or using of genetically modified animals can be regarded as ways of specific 

inhibition.  

Our work is basic research; it helps to understand the function of viscera in health and 

disease; on the long term, our results can be useful for clinical diagnosis and therapy. 

Moreover, some conclusions as to the peripheral neurotransmitter systems may have 

relevance for the central nervous system as well. First of all, primary sensory neurons most 

probably release the same substances from their peripheral and central endings. Since 

transmitter identification is easier in viscera than in the spinal cord, the conclusion drawn 

from such experiments may have implications for nociception and antinociception as well. 

 

Specific aims of the experiments 

 

1. We tested the  effects of capsaicin and their mechanisms in circular muscles of various 

segments of the human intestine, with special emphasis on the NO-guanylate cyclase 

system. We also tested different species of laboratory animals for a presence of NO-

mediated effects of capsaicin. 

2. The action of the endocannabinoid anandamide on the human gut has also been tested, 

with special attention to its possible interaction with TRPV1 receptor.  
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3. A possible interaction between the NO and purinoceptor-mediated systems have been 

examined on the rat ileum longitudinal and the human colon circular strips in the 

mechanism of electrical field stimulation-evoked relaxation. 

4. The hypothesis that, along with NO, other guanylate cyclase-stimulating transmitter 

(e.g. CO) can be involved in the NANC relaxant responses has been examined on 

several GI preparations. 

5. Functional innervation of the urinary bladder has been examined by pharmacological 

means; we tried to separate  cholinergic, purinergic and (sensory) peptidergic 

responses by using specific drugs. 

6. The effect of experimental diabetes on these responses has been studied and the effect 

of capsaicin has been pharmacologically characterised. 

 

 

EXPERIMENTAL 

 

Role of NO in the motor effects of capsaicin in intestinal circular muscle 

preparations of various species 

 
Introduction 

Capsaicin shows multiple motor effects on GI preparations. In the guinea-pig ileum, both the 

neurally-mediated contraction and a relaxant response have been detected (see among others 

Barthó and Szolcsányi, 1978; Szolcsányi and Barthó, 1978; Barthó et al., 1994, 1999, 2000). 

The latter may be mediated by CGRP (Barthó et al., 1987; 1991). Capsaicin evokes relaxation 

on human gut preparations (Maggi et al., 1988, 1990a,b). CGRP is not involved in this 

tetrodotoxin-resistant response. A possible role of a VIP-like peptide has been proposed 

(Maggi et al.,1989, 1990a,b).  

The aim of the present study was to examine the effects and mechanisms of action of 

capsaicin on the circular muscle of the human sigmoid colon, other human GI preparations 

and on the colon of the mouse and guinea-pig, with special reference to the NO-guanylate-

cyclase and the purinergic systems. We also tested if the endocannabinoid anandamide is able 

to mimic or modify the effect of capsaicin on the human colon, since anandamide has been 

reported to activate TRPV1 receptors (Smart et al., 2000), besides stimulating cannabinoid 

receptors (Szolcsányi, 2000).  
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Methods 

Guinea-pig proximal colon strips (mucosa-denuded), mouse distal colon zig-zag preparations, 

circular (mucosa-denuded) strips of human ileum, appendix, ascending and sigmoid colon 

were studied in conventional organ bath experiments, using oxygenised Krebs solution. 

Movements were recorded isotonically. Human appendix and guinea-pig colon preparations 

had a high spontaneous tone; the other preparations  were moderately pre-contracted. NANC 

conditions were maintained by atropine and the adrenergic blocking drug guanethidine. 

Responses are expressed as % of the maximal relaxation due to isoprenalin. Capsaicin was 

given only once to each preparation. 

 

Results 

In the human sigmoid colon, both the NO synthesis inhibitor L-NOARG (100 µM) and the 

guanylate cyclase inhibitor ODQ (1 µM) strongly and specifically inhibited the effect of 

capsaicin. The inhibitory action of L-NOARG was reversed by L-arginine (5 mM). ODQ 

prevented the relaxation in response to the NO donor sodium nitroprusside (500 nM-1 µM). 

Tetrodotoxin was ineffective against capsaicin.  

L-NOARG also inhibited the relaxant effect of capsaicin on the human ileal, appendix 

and ascending colonic circular muscle, as well as on the mouse colon, but not on the guinea-

pig colon. The effect of capsaicin was partly inhibited on the mouse colon, but not on the rest 

of preparations. The P2 purinoceptor antagonist PPADS (50 µM) did not influence the effect 

of capsaicin. PPADS inhibited relaxation induced by the P2 purinoceptor agonist α,β-

methylene ATP (10-30 µM). The endogen cannabinoid receptor agonist anandamide (1-300 

µM) failed to relax the human colon. The colon of TRPV1 „knockout” mice (Davis et 

al.,2000) failed to respond to capsaicin. 

 

Discussion 

Our data show for the first time that NO is an important mediator of the capsaicin-induced 

relaxation in the human ileal, appendix and colonic circular mucle, as well as the mouse, but 

not the guinea-pig colon. A partial inhibitory action of tetrodotoxin on the capsaicin-induced 

response in the mouse colon might indicate an involvement of intrinsic neurones and/or a 

sensory axon reflex mechanism. On the other hand, PPADS-sensitive purinoceptors are 

unlikely to participate in the effect of capsaicin in the human colon. 
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Capsaicin-sensitive and endocannabinoid mechanisms may have complex interactions. 

Anandamide has been shown to stimulate TRPV1 receptors (and upon prolonged exposure 

can also inhibit these receptors). On the other hand, activation of cannabinoid receptor has an 

inhibitory action on capsaicin-sensitive afferents (see Smart et al., 2000; Szolcsányi, 2000). In 

our experiment on the human colon, anandamide failed to show any effect. A possible 

explanation for this may be that the entry of anandamide into sensory neurons is not 

sufficiently quick to compensate for its elimination (anandamide acts at the intracellular part 

of the TRPV1 receptor; De Petrocellis et al., 2001). 

 

 

Nitrergic-purinergic interactions on human and rat intestinal preparations 
 

Introduction 

NANC responses due to electrical field stimulation are predominantly mediated by intrinsic 

neurons situated in the myenteric plexus; these nerves are insensitive to capsaicin. Both 

extracellular ATP and NO are respected neurotransmitters in the GI tract. NO-mediated 

mechanisms can be inhibited by a blockade of the NO synthase. For inhibiting purinergic 

transmission receptor antagonists, ATP desensitisation and, with some reservations, the K+-

channel blocker apamin can be used. 

The aim of the present experiment was to assess the combined effectiveness of NO synthase 

inhibition and P2 purinoceptor antagonism. The effect of guanylate cyclase inhibition has also 

been tested on the NANC relaxation. The questions to be answered were as follows. 

(a) Do purinergic nerves participate in the NANC relaxation? 

(b) If yes, what is their functional relation to nitrergic mechanisms? Can a combined 

inhibition of these mechanisms fully account for the NANC response? 

(c) Do nitrergic nerves act via an activation of  the guanylate cyclase also involved in the 

NANC relaxation? 

 

Methods 

Myenteric plexus-longitudinal muscle strips of the rat ileum were prepared with the method of 

Paton and Vizi (1969). Human colonic tissue was obtained and circular strips were prepared 

as described above. Organ bath experiments with electrical field stimulation were conducted 

and movements were recorded isotonically. Rat preparations were precontracted with 
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prostaglandin F2α and human strips with histamine. NANC relaxations were tetrodotoxin-

sensitive in both preparation. 

 

Results 

Rat ileal strip 

NANC relaxation to stimulation was reduced by L-NOARG (from 38 to 26 % relaxation, 

p<0,05). Apamin alone caused a reduction by one third, while L-NOARG plus apamin caused 

a nearly full inhibition. L-NOARG plus the purinoceptor antagonists PPADS (50 µM) or 

suramin (100 µM) practically abolished the NANC relaxation. PPADS alone caused a 

moderate inhibition. Subsequent administration of L-NOARG caused full inhibition. 

The inhibition of guanylate cyclase with ODQ (1 µM) failed to add to the reduction of 

the NANC response by L-NOARG. ODQ strongly inhibited the relaxant effect of 

nitroglycerin (13 µM). PPADS (50 µM) strongly and specifically inhibited relaxation induced 

by ATP (1 µM) or α,β-methylene ATP (10 µM).  

 

Human sigmoid colon 

NANC relaxation in response to electrical field stimulation (1 or 10 Hz) was reduced to its 

half by L-NOARG (100 µM). A further strong inhibition was produced by an addition of 

PPADS (50 µM) plus suramin (100 µM), but either PPADS or suramin alone ( in the presence 

of L-NOARG)  was without effect. Likewise, a combination of PPADS and suramin was 

ineffective in the absence of L-NOARG. The guanylate cyclase inhibitor ODQ (3 µM) 

reduced the NANC relaxation in the absence, but not in the presence of L-NOARG.  

PPADS plus suramin strongly, while PPADS (but not suramin) moderately inhibited 

the relaxant effect of α,β-methylene ATP (5 µM). PPADS plus suramin failed to influence 

relaxations evoked by the adrenergic β-receptor agonist isoprenaline or the Ca2+-channel 

blocker nifedipine. 

 

Discussion 

Purinergic and nitrergic nerves co-mediate the NANC relaxation in the rat longitudinal and 

human colonic circular muscle. Our study has been the first to investigate the combined 

effects of NO  synthase inhibition and purinoceptor antagonism. These data show that the two 

mechanisms together can account for practically the entire NANC relaxation, while Smits and 

Lefebvre (1996), using ATP desensitisation, concluded that a third transmitter (which is not 
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CO) is also involved. The apamin-sensitive (L-NOARG-resistant) component of the response 

may be identical with the purinergic one. Apamin, however, can also inhibit the effects of 

other relaxants (e.g., neuropeptides).  

P2 purinoceptors seem to be involved in the NANC relaxation of the human colon as 

well, however, their interaction with the nitrergic mechanisms seems to be more complex. 

First, a combination of PPADS and suramin was necessary to inhibit the non-nitrergic 

response. We believe that this combination covers a wider scale of purinoceptors than either 

drug alone. Second, even in combination these drugs failed to reduce the NANC relaxation in 

the absence of L-NOARG, i.e., a non-additive relationship exists between the two systems. 

The guanylate cyclase inhibitor ODQ reduced the NANC response in both the rat 

(Tanovic et al., 2001) and human preparations, but failed to add to the inhibitory action of the 

NO synthase inhibitor L-NOARG. This seems to indicate that (a) NO acts via the guanylate 

cyclase and (b) we do not have to assume a mediating role of any other stimulant of the 

guanylate cyclase (e.g., CO) in the NANC relaxation. 

 

 

Effect of experimental diabetes on purinergic, cholinergic and peptidergic 

motor responses evoked in the rat urinary bladder by electrical field 

stimulation and capsaicin 

 

Introduction 

Purinergic neurotransmission has long been known to play a role in bladder functions in 

mammals (see Hoyle, 1994; Burnstock, 1997). There are data on other neurotransmitters as 

well. Capsaicin causes atropine-resistant contraction in the rat bladder; this is inhibited by 

previous capsaicin treatment or tachykinin antagonists, but not by tetrodotoxin (Maggi et al., 

1991). This shows that capsaicin releases, in a tetrodotoxin-insensitive manner, tachykinins 

from sensory nerve endings and thereby causes contraction of the rat bladder smooth muscle. 

By applying long-term electrical stimulation Meini and Maggi (1994) demonstrated a 

capsaicin-sensitive tonic contraction in the bladder detrusor muscle. 

Diabetic neuropathy encounters autonomic, somatomotor and sensory neurons. A 

possible manifestation of neuropathy is bladder dysfunction. Data of the literature are 

contradictory as to the effects of experimental diabetes on the effect of capsaicin on the 
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bladder. Both reduced (Kamata et al., 1992; Pinna et al., 1994) and unchanged responses to 

capsaicin have been described (Santicioli et al., 1987; Dahlstrand et al., 1992).  

The aim of the present study was to investigate the effect of experimental diabetes on 

cholinergic, purinergic and capsaicin-sensitive responses of the rat bladder. Better than any 

other study, we separated these kinds of responses from each other by pharmacological 

means. Capsaicin-sensitive responses were evoked by capsaicin administration or by long-

term electrical stimulation. Moreover, it was tested whether capsaicin is able to elicit 

relaxation in precontracted preparation or to inhibit cholinergic or purinergic 

neurotransmission. 

 

Methods 

Streptozotocin treatment 

Male Wistar rats were given streptozotocin (50 mg/kg) or its solvent, 8 weeks before the 

experiments. Animals with blood glucose below 13 mM were excluded. 

Isolated bladder 

Two detrusor preparations were made up from each animal. Movements were recorded 

isotonically. Electrical field stimulation (120 V, 0.1 ms, single pulses or 1 Hz for 30 s, or 10 

Hz for 40 s) was applied. PPADS (50 µM) plus suramin (100 µM) was administered to inhibit 

purinergic (thus isolate cholinergic) responses and atropine (1 µM) for studying purinergic 

responses. Capsaicin-sensitive responses were studied in the presence of atropine and 

purinoceptor antagonists. Guanethidine (3 µM) was present throughout for an inhibition of 

sympathetic responses. 

 

Results 

Electrical stimulation in the presence of purinoceptor antagonists 

Preparations from solvent-treated animals exhibited „twitch” response to single shocks and 

tonic contraction to 1 Hz stimulation (17 and 46 % of the maximal contraction, respectively). 

Atropine (1 µM) reduced these responses to less than their half. Quite similar results were 

obtained on the bladders of diabetic rats. 

On solvent-treated animals, capsaicin tachyphylaxis failed to influence the effects of 

electrical field stimulation, indicating that they were mediated by capsaicin-insensitive nerves. 

Responses were blocked by tetrodotoxin (1 µM). 
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Electrical stimulation in the presence of atropine 

Preparations from solvent-treated animals showed twitch responses (approximately 15 and 40 

%, with single shocks and 1 Hz stimulation, respectively). Significantly higher responses were 

obtained in bladders from diabetic rats (26 and 53 %, respectively). PPADS plus suramin 

caused approximately 50 % inhibition in both the control and diabetic group. Capsaicin 

tachyphylaxis was ineffective on this type of contraction as well.  

Long-term electrical stimulation 

In the solvent group and in the presence of atropine and PPADS plus suramin, 10 Hz 

stimulation for 40 s resulted in an initial, quick, followed by a smaller, sustained contraction. 

Tetrodotoxin (1 µM) practically abolished both phases of this response. Capsaicin 

tachyphylaxis (1 µM for 40 min, without rinsing) slightly decreased the quick and strongly 

inhibited the tonic phase of the response. 

In bladders of diabetic animals the tonic component of the response to electrical 

stimulation was less than half of the controls (while the initial one was slightly enhanced). 

Capsaicin tachyphylaxis further reduced the tonic component (practically to zero).  

 

Table 1 

Effect of capsaicin tachyphylaxis to contractions evoked by sustained electrical stimulation 
(10 Hz for 40 s) on the rat bladder detrusor preparation. Fast and slower (tonic) phases of the 
response were distinguished. Mean ± S.E.M. *-Significant difference from the control 
response (Wilcoxon’s signed rank test); #-significantly different from the solvent-treated 
group (Mann-Whitney test); n denotes the number of preparations. 
 

 Control 
10 Hz 40 s 

Capsaicin 
tachyphylaxis  
(1 µM) 

n 

Solvent-treated group 

quick 26.1 ± 4.0 19.7 ± 2.7* 12 

sustained 25.2 ± 4.5 4.7 ± 1.6* 12 

Diabetic group 

quick 40.3 ± 3.2# 31.4 ± 4.0*# 12 

sustained 10.4 ± 2.5# 1.3 ± 0.9* 12 

 

Capsaicin-induced contraction 

30 nM and 1 µM capsaicin was administered in a cumulative fashion, each for 3 min. 

Atropine (1 µM), PPADS (50 µM) and suramin (100 µM) was present throughout the 
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experiments. Responses to capsaicin were approximately 20 % smaller in the diabetic than in 

the solvent treated group. The difference proved statistically significant at 1 µM of capsaicin. 

Capsaicin pretreatment abolished the contractile effect of capsaicin (30 nM or 1 µM), both in 

the solvent-treated and in the diabetic group. 

Pharmacological sensitivity of the capsaicin-induced contraction was studied in a 

separate group of untreated animals. The excitatory response to capsaicin (300 nM) was not 

influenced by tetrodotoxin (1 µM) or a combination by tetrodotoxin (1 µM) plus ω-conotoxin 

GVIA (an inhibitor on neuronal Ca2+ channels; 500 nM). Neither the tachykinin NK1 receptor 

antagonist SR 140 333 (200 nM), nor the tachykinin NK2 receptor antagonist SR 48 968 (200 

nM) had any inhibitory effect on the capsaicin-induced contraction. By contrast, a 

combination of the two tachykinin antagonists strongly (by approximately 80 %) inhibited the 

effect of capsaicin.  

Capsaicin fails to relax the bladder 

We examined the possibility of a relaxant effect of capsaicin that is normally masked by the 

contractile one. Preparations were treated with tachykinin antagonists plus atropin or 

purinoceptor antagonists. Capsaicin (1 µM, 2 min before stimulation) failed to infuence 

responses to single electrical shocks or 1 Hz stimulation. In preparations treated with 

tachykinin antagonists only and precontracted with acetylcholin (1 µM) capsaicin (1 µM) did 

not evoke any relaxant response.  

Effect of purinoceptor antagonists on the contractile action of ATP in the rat bladder 

A combination of PPADS (50 µM) and suramin (100 µM) strongly inhibited the contractile 

effect of exogenous ATP (1-100 µM). 

 

Discussion 

As far as it was possible, the cholinergic, purinergic and capsaicin-sensitive neuronal 

responses of the bladder were separated by pharmacological means. The nature of the 

„remaining” responses in the presence of atropine and purinoceptor antagonists remains 

obscure. Cholinergic and purinergic responses (as well as the „remaining” contraction) seem 

to be relatively insensitive to experimental diabetes (purinergic responses have in fact 

increased).  

Early observations of Maggi et al. (1991) on the tachykininergic mediation of the 

contractile response of capsaicin on the rat bladder were confirmed in the present experiments 

with the aid of receptor sutype-specific tachykinin receptor antagonists (SR 140 333 and SR 
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48 968). Since neither of these substances was effective on its own, a supra-additive 

collaboration between NK1 and NK2 receptors has to be presumed. We did not find evidence 

for any kind of acute inhibitory effect of capsaicin on the smooth muscle tone or on 

cholinergic or purinergic responses. 

A selective strong inhibition of the tonic capsaicin-sensitive contraction in diabetic 

rats makes it likely that diabetes damages capsaicin-sensitive neurons rather than smooth 

muscle cells. 
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SUMMARY OF THE NEW RESULTS 
 

Our results concerning the mechanisms of visceral motor responses revealed substantial 

species differences; while in the guinea-pig intestine mainly tachykinin-mediated excitation 

and CGRP-mediated inhibition is found (see Barthó et al., 2004), an NO-mediated relaxant 

response has been found in the human intestinal circular muscle and in the mouse colon. The 

lack of effect of tetrodotoxin on the response to capsaicin in human preparations makes an 

involvement of intrinsic nitrergic neurons unlikely; the possibility that NO originates from the 

sensory neurons themselves can be raised but has not been proven yet. To this end, we plan to 

test inhibitors of neuronal NO synthase.  

Co-transmission is an increasingly recognised phenomenon in the peripheral as well as 

in the central nervous system. In nearly all of our findings co-transmission is likely to play a 

role; purinergic and nitrergic mechanisms (in an apparently additive manner) in the rat ileal 

NANC relaxation, the same (but a clearly non-additive manner) in the human colonic NANC 

relaxation; purinergic and cholinergic mechanisms in autonomic responses of the rat bladder; 

finally, tachykinin NK1 and NK2 receptor-mediated (hence, probably involving the two 

preferential endogenous agonist ligands, substance P and neurokinin A) in the response to 

capsaicin, likewise in the rat bladder. 

With a sequential use of the NO synthase inhibitor L-NOARG and the guanylate 

cyclase inhibitor ODQ we proved a mediating role of this enzyme in the „nitrergic” responses 

of intestinal preparations, but we did not find any evidence for parallel involvement of another 

guanylate cyclase stimulating transmitter (e.g., CO). 

We have demonstrated a fairly selective damaging effect of experimental diabetes on 

the capsaicin-sensitive neurons supplying the rat urinary bladder. 
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