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Summary 

 

This work aimed to analyze the role of cannabinoid CB1 receptors and their endogenous 

ligands in the regulation of gastric mucosal integrity and to determine the α2-

adrenoceptor subtype(s) responsible for the inhibition of gastric motility. Gastric 

mucosal protection; gastric mucosal damage was induced by ethanol in rats. The 

cannabinoid agonists inhibited ethanol induced mucosal lesions after both peripheral 

and central administration. The anandamide uptake inhibitor AM 404 and FAAH 

inhibitor URB-597 also exerted gastroprotective effect against ethanol after central 

administration. This gastroprotective effect was mediated by activation of central CB1 

receptors. The gastroprotective effect of cannabinoids was prevented by opioid 

antagonists and reduced by endomorphin-2 antiserum. In conclusion it was 

demonstrated that the activation of central CB1 receptors results in gastroprotective 

effect, and this effect is mediated at least partly by endogenous opioids. Gastric 

motility; The effect of α2-adrenoceptor agonists/antagonists on electrical field 

stimulation (EFS) induced contractions in isolated gastric fundus strips of rats, NMRI 

mice and α2A-, α2B- and α2C-adrenoceptor deficient mice was tested. In the rat and 

NMRI mice, clonidine, oxymetazoline and ST-91 inhibited the EFS-evoked 

contractions in a concentration dependent manner. This inhibition was reversed by the 

non-selective α2-adrenoceptor antagonist idazoxan and α2A-adrenoceptor antagonist 

BRL 44408, but not by the α2B/2C-adrenoceptor antagonist ARC-239. Clonidine and ST-

91 inhibited the EFS-induced gastric contractions in α2B- and α2C-adrenoceptor deficient 

mice, but not in α2A-deficient mice. In conclusion, these results demonstrated that α2A-

adrenoceptor subtype is purely responsible for the inhibition of gastric motility. 
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Összefoglalás 

 

Munkám során egyrészt a cannabinoid CB1 receptorok és endogén ligandjaik szerepét 

vizsgáltam a gyomornyálkahártya integritásának a szabályozásában, másrészt pedig arra 

kerestem a választ, hogy melyik α2-adrenoceptor szubtípus felelős a gyomor 

motilitásának a gátlásáért. Gyomornyálkahártya-védelem; kísérleteimben az 

alkoholos fekélymodellt alkalmaztam patkányon. A cannabinoid agonisták gátolták az 

alkoholos fekélyek kialakulását mind perifériás, mind centrális adagolás során. Az 

anandamid visszavételét gátló AM 404 és a FAAH gátló URB-597 szintén védtek 

centrálisan az alkoholos károsodással szemben. A gyomorvédő hatást centrális CB1 

receptorok mediálták. A cannabinoidok védőhatását opioid antagonisták gátolták, 

endomorphin-2 antiszérum pedig csökkentette. Eredményeim arra utalnak, hogy a 

centrális CB1 receptorok aktivációja fokozza a mukozális védelmet, és a hatást részben 

endogén opioidok mediálják. Gyomormotilitás; α2-adrenoceptor agonisták ás 

antagonisták hatását vizsgáltam az elektromos téringerléssel (EFS) indukált 

gyomorkontrakciókra fundus stripen patkányban, valamint NMRI és α2A-, α2B- és α2C-

adrenoceptor génkiütött egerekben. A clonidine, oxymetazoline és ST-91 egyaránt 

gátolták az EFS-indukálta kontrakciókat patkányban és NMRI egerekben, dózisfüggő 

módon. A hatásukat mind a nem szelektív α2-adrenoceptor antagonista idazoxan, mind a 

szelektív α2A-adrenoceptor antagonista BRL 44408 felfüggesztette, azonban az α2B/2C-

adrenoceptor antagonista ARC-239 nem befolyásolta. A clonidine és ST-91 gátolták az 

EFS-indukálta kontrakciókat α2B- és α2C-adrenoceptor génkiütött egerekben, azonban α2A-

KO egerekben hatástalannak bizonyultak. Ezen eredmények arra utalnak, hogy a 

gyomormotilitás gátlásáért kizárólag az α2A-adrenoceptor szubtípus felelős. 
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ABBREVIATIONS 

 

2-AG    2-arachidonoyl glycerol 

ACEA   arachidonyl-2- chloroethylamide 

Anandamide   arachidonoyl ethanolamide 

CB1               cannabinoid-1 receptor 

CB2               cannabinoid-2 receptor 

CCK   cholecyctokinin 

CGRP           calcitonin gen-related peptide 

CNS                    central nervous system 

COX         cyclooxygenase 

DAGO   [D-Ala2, MePhe4,Gly5-ol]-enkephalin 

DMNV  dorsal motor nucleus of the vagus 

DPDPE  [D-Pen2, D-Pen5]-enkephalin 

DVC               dorsal vagal complex  

EFS   Electrical field stimulation 

ENS                 enteric nervous system 

FAAH                  fatty acid amide hydrolase 

FGID               functional gastrointestinal disorders 

GI                 gastrointestinal 

GMBF           gastric mucosal blood flow 

IBD                 irritable bowel syndrome 

i.c.                  intracisternal 

i.c.v.               Intracrebroventricular. 

i.v.                       Intravenous  

LH   lateral hypothalamus 

NSAID   non-steroidal anti-inflammatory drug  

NO               nitric oxide 

NOS              NO synthase 

nor-BNI               norbinaltorphimine 

NTS                       nucleus tractus solitarii 

PGs             prostaglandins 
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PGI2    prostacycline 

PVN                    paraventricular nuclei 

SRMD         stress related mucosal diseases 

S.E.M.   standard error of mean  

TRPV1          transient receptor potential vanilloid type 1 receptor 

TRH               thyreotropin releasing hormone 

Δ9-THC          delta-9 tetrahydrocannabinol. 

VIP                vasoactive intestinal polypeptide 
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1. Introduction 

 

1.1. Gastric mucosal integrity 

 

The development of gastric ulcers has been explained by the imbalance between 

the aggressive (e.g. hydrochloric acid, pepsin, gastrin, proteases, Helicobacter pylori) 

and defensive (e.g. barrier mucus, bicarbonate, mucosal microcirculation) factors (see 

Gyires, 2005). It is well known, that upper gastric ulcers are associated with normal or 

decreased acid secretion. In contrast, the distal gastric ulcers, where typically 

hypersecretion is observed, the acid output is in normal range in about half of the 

patients indicating that decreased mucosal resistance may be responsible for the 

development of mucosal damage. In addition to that, the fact that only 15 % of patient's 

stomachs infected by helicobacter pylori develop peptic ulcers derived great attention to 

the critical role of mucosal defense factors in the development of peptic ulcers (Walash 

and Peterson, 1995).  

Two clinical settings, in which mucosal injury is directly related to impairment 

in mucosal defense, are the non-steroidal anti inflammatory drugs (NSAIDs) associated 

injury, which is primarily related to inhibition of cyclooxygenase (COX)-mediated 

prostaglandins (PGs) synthesis and stress related mucosal diseases (SRMD) which 

occur with local ischemia (Laine et al., 2008). The prevalence of peptic ulcer formation 

in patients taking non-selective NSAID is about 15% - 30% (Laine et al., 1999). 

Moreover, gastric ulcers are about 4 times more common in patient taking NSAID 

(Laine et al., 1999) then duodenal ulcers and continued use of NSAID decreases healing 

rates even with concomitant antisecretory therapy (Lancaster-smith et al., 1991). The 

major clinical complications induced by NSAIDs are upper gastrointestinal bleeding 

and perforations. The risk of upper gastrointestinal (GI) complications in NSAIDs users 

is approximately 4-fold higher than in people not taking NSAIDs (Hernandez-Diaz and 

Rodriguez, 2000). Stress ulcer can develop in intensive care units patients and mortality 

due to gastric bleeding associated with stress ulcer can reach, even exceed 50% (Cook 

et al., 1994; Faisy et al., 2003; Yacashyn and Thomson, 2000). Moreover, bleeding 

complications and fatal events have not decreased even after the introduction of proton 

pump inhibitors (Conard, 2002). 
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The current therapy of peptic ulcers includes inhibition of gastric acid secretion 

by H2 receptor antagonists and proton pump inhibitors as well as eradication of 

Helicobacter pylori. However, acidity is just only one of the risk factors that lead to 

development of peptic ulcers and better therapeutic advances may be expected by 

focusing on other aspects of ulcers formation and prevention. Thus, augmentation of 

endogenous defensive mechanisms (gastric mucosal defense) is another possible 

approach of anti-ulcer therapy (For review see Gyires, 2005). 

Gastric mucosal defense is a term used to describe the factors and components 

that permit the mucosa to remain intact despite its frequent exposure to substances with 

a wide range of temperature, pH and osmolarity as well as to substances with detergent 

or cytotoxic actions and bacterial products capable of causing local and systemic 

inflammatory reactions (Wallace and Granger, 1996).  

The discovery by Vane (1971), that the gastric mucosal damage produced by 

aspirin and other NSAIDs is a result of inhibition of PGs synthesis and the development 

of cytoprotection concept in the late 1970s by Robert et al (1979), attracted tremendous 

interest in the gastric mucosal defense. Impairment of gastric mucosal defense 

mechanisms plays a crucial role in the development of gastric mucosal injuries. 

Mucosal defense can be initiated both peripherally and centrally. The peripheral 

mechanisms and mediators involved in mucosal protection have been well documented 

both structural elements and functional elements have been described. 

 

1.1.1. Peripheral mechanisms and mediator involved in gastric mucosal defense  

  

1.1.1.1. Structural elements of gastric mucosal defense 

  

The structural elements of gastric mucosal defense consist of physical and 

anatomical barriers which stand as the first defense wall against the luminal content of 

the stomach (acid and pepsin), exogenous toxic substances and invading bacteria.  

 

1.1.1.1.1. Mucus-bicarbonate-phospholipids barrier  
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This barrier constitutes the first line of mucosal defense. It is formed by mucus 

gel layer, bicarbonate and surfactant phospholipids, which cover the mucosal surface. 

This layer retains bicarbonate secreted by the surface epithelial cells to maintain a 

neutral microenvironment (pH ~ 7) which protects the surface epithelial cells against 

luminal acid and prevents its autodigestion by pepsin and proteolytic enzymes (Allen 

and Flemstrom, 2005). Mucus and bicarbonate production by the surface epithelial cells 

is regulated by numerous factors, such as vagal nerve as well as hormones, like gastrin, 

secretin, cholecystokinin (CCK), gherlin, melatonin, leptin, calcitonin gen-related 

peptide (CGRP),  PGs, nitric oxide (NO) and various growth factors (Konturek et al., 

2004; Konturek et al., 2007; Allen and Flemstrom, 2005). 

  

1.1.1.1.2. Surface epithelial cells 

   

The next line of mucosal defense is formed by a continuous layer of surface 

epithelial cells, which secret mucus and bicarbonate and generates prostaglandins. The 

surface epithelial cells are interconnected by tight junctions thus forming a barrier 

which prevent back diffusion of acid and pepsin (Ham and Kauntiz, 2007; Szabo, 1991; 

Allen and Flemstrom, 2005). 

 

1.1.1.1.3. Continuous cell renewal from mucosal progenitor cells 

  

The surface epithelial cells are characterized by a feature which maintains 

structural integrity of the mucosa. The epithelium is continually renewed by progenitor 

cells that enable replacement of damaged or aged surface epithelial cells during 3-7 

days (Modlin et al., 2003). Restitution of the surface epithelium after superficial injury 

occurs within minutes by migration of preserved epithelial cells located in the neck area 

of gastric gland (Svanes et al., 1982). Cell proliferation of progenitor cell is regulated by 

growth factors such as transforming growth factor alpha (TGF-alpha), insulin-like 

growth factor and prostaglandins utilizing epidermal growth factor receptor (Tarnawski 

et al., 1992). 

 

1.1.1.2. Functional elements of gastric mucosal defense 
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The functional elements of gastric mucosal defense include a number of 

endogenous substances which are involved in the regulation of gastric microcirculation 

and strengthen the structural barriers of the mucosa. 

 

1.1.1.2.1. Gastric mucosal microcirculation 

 

Gastric mucosal integrity is well maintained by gastric mucosal microcirculation 

which is responsible for the delivery of oxygen and nutrient, dilution of back-diffused 

acid and removal of noxious substances (Lain et al., 2008). The gastric mucosal blood 

flow (GMBF) is regulated by substances such as PGE2, prostacycline (PGI2), CGRP and 

NO (Wallace and Granger, 1996). Inhibition of their synthesis results in reduction of 

GMBF and gastric mucosal damage (Whittle et al., 1990; Holzer, 2000). In case of 

mucosal injury by an irritant or acid back diffusion occurs, the mucosal microcirculation 

respond very quickly by marked increase in the GMBF to dilute and remove the irritant 

or acid (Bruggeman et al., 1979). This hyperemic reaction is accomplished by sensory 

afferent nerves in the mucosa which detect the presence of acids via acid sensing ion 

channels (Holzer et al., 1991a) and responds by releasing CGRP to the vicinity of 

submucosal arterioles (Li et al., 1992).  

 

1.1.1.2.2. Sensory innervations of the gastric mucosa and sensory neuropeptides  

 

Gastric mucosal and submucosal vessels are innervated by primary afferent 

sensory neurons and nerves forming dense plexus at the mucosal base (Holzer, 1991; 

Holzer, 2007). These nerve endings can sense the luminal content and/or entry of acid 

into the mucosa via acid-sensing channels. Capsaicin, the active ingredient of hot chili, 

exerts a gastroprotective effect on the gastric mucosa by stimulating a group of afferent 

neurons with unmyelated (C) or thinly myelated (Aδ) nerve fibers (Holzer, 1991). 

Receptor binding sites for capsaicin on sensory afferent neurons were identified and 

named transient receptor potential vanilloid type 1 receptor (TRPV1) (Caterina et al., 

1997). Stimulation of these afferent fibers by short-term intragastric application of 

capsaicin resulted in a marked increase of GMBF (Holzer et al., 1991a; Chen et al., 
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1992). The major transmitter of vasodilatation appears to be the CGRP. Besides CGRP 

sensory afferent fibers contains a number of vasoactive polypeptides like tachykinins, 

vasoactive intestinal polypeptide (VIP) and substance P (Green and Dockray, 1987; 

Gibbins et al,. 1985). CGRP can induce vasodilatation partly by direct action on 

vascular smooth muscle (Holzer et al., 1993) or by NO release from the vascular 

endothelium (Lambrecht et al., 1993).  Interference with any aspect of the sensory 

innervations, such as ablation of the sensory afferent nerves with chronic, large doses of 

capsaicin, impairs the hyperemic response and thus diminishes resistance of the gastric 

mucosa to injury. In addition, inhibition of NO synthase blocked the gastric hyperemic 

and gastroprotective effect of both capsaicin and CGRP (Holzer et al., 1993; Merchant 

et al., 1995; Chen and Guth, 1995; Lambrecht et al., 1993).   

 

 1.1.1.2.3. Nitric oxide (NO) 

   

The vascular endothelial cells of the gastric mucosa release vasodilator such as 

endothelium derived relaxing factor identified as NO (Palmer et al., 1987; Ignarro et al., 

1987). NO is a freely diffusible molecule and exerts its biological action on vascular 

smooth muscle by stimulating soluble guanylyl cyclase and the subsequent formation of 

cyclic guanosine monophosphate (Kiss and Vizi, 2001), which results in vasodilatation.   

NO plays prominent role in the maintenance of mucosal integrity (McNaughton 

et al., 1989) by regulation of gastric mucosal microcirculation both under resting and 

stimulated conditions. Inhibition of NO synthase significantly reduced both the resting 

and the gastric acid induced increased gastric mucosal blood flow (Pique et al., 1992). 

NO mediates the mucosal vasodilator and gastroprotective effect of CGRP, which is 

released from nerve terminals of primary sensory neurons and plays a crucial role in 

gastric emergency system (Stroff, et al 1994a; Pique et al., 1989; Holzer et al., 1991b). 

NO also plays a role in the mucosal protective process of experimental gastroprotective 

agents, like capsaicin (Peskar et al., 1991; Brzozowski, et al., 1993), opioids (Gyires, 

1994), pentagastrin and related gut peptide cholecystokinin 8 (Stroff et al., 1994b). 

Moreover, exogenous NO generated by NO donors like S-nitroso-N-acetyl-

penicillamine (SNAP) and nitroprusside were also shown to protect the gastric mucosa 

against acute hemorrhagic mucosal injury induced by different noxious agents like 
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HCL, platelet-activating factor (PAF), topical irritant and endothelin (Boughton-Smith 

et al., 1992; Lopez-Belmonte et al., 1993) . When nitric oxide releasing moiety was 

coupled to standard NSAIDs, it was found that NO-releasing NSAIDs (such as 

nitroflubiprofen, nitroasprin, nitrosulindac, etc.) produced markedly less gastric injury 

than the native NSAIDs in the rat (Wallace et al., 1994; Wallace and Cirino, 1994). 

Hydrogen sulfide (H2S) is another endogenously generated compound that 

exerts a strong mucosal protective action similar to NO; it reduces tumor necrosis factor 

(TNF) expression, decreases leukocyte adherence to vascular endothelium, and inhibits 

NSAID-induced gastric mucosal injury. (Fiorucci, et al., 2005; Wallace et al., 2007) 

 

1.1.1.2.4. Prostaglandins 

  

Continuous generation of PGE2 and PGI2 by gastrointestinal mucosa is crucial 

for the maintenance of mucosal integrity and protection against ulcerogenic and 

necrotizing agents. Consequently, inhibition of PGs synthesis by NSAID results in 

gastric mucosal damage (Wallace and Granger, 1996).  Almost all of the mucosal 

defense mechanisms are stimulated and/or facilitated by PGs. PGs inhibit acid secretion 

(Barnett et al., 2000; Kato et al., 2005) stimulate mucus (Takahashi et al., 1999), 

bicarbonate, and phospholipids secretion (Takeuchi et al., 2006), increase mucosal 

blood flow (Wallace et al., 2000) and accelerate epithelial restitution and mucosal 

healing (Takeuchi et al., 2007). PGs also inhibit mast cell activation and leukocyte and 

platelet adherence to the vascular endothelium (Ham and Kaunitz, 2007; Kobayashi and 

Arakawa, 1995). The importance of PGE2 and PGI2 in gastric mucosal defense is 

demonstrated by the fact that immunoneutralizing antibodies to these PGs cause 

development of gastric and duodenal ulcers in rabbits and dogs (Redfern and Feldman, 

1989) identical to those produced by NSAIDs that inhibit PGs generation.  

 

1.1.2. The role of the central nervous system in the gastric mucosal defense 

 

In contrast, with the peripheral mechanisms of mucosal protection, much less 

has been known about the central processes, mediators and brain area(s) that may play a 
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role in the maintenance of gastric mucosal integrity and/or stimulation of mucosal 

defensive mechanisms.  

The central nervous system (CNS) plays an important role in the regulation of 

gastric functions. In particular, two structure of the hypothalamus, the lateral 

hypothalamus (LH) and the paraventricular nucleus (PVN) through descending neuronal 

projection to the dorsal vagal complex (DVC) which includes the nucleus tractus 

solitarii (NTS), dorsal motor nucleus of the vagus (DMNV) area postrema and vagal 

nerve play a prominent role in the regulation of gastric acid secretion and motility as 

well as gastric mucosal defense (Berk and Finkelstien, 1982; Gyires et al., 2000; Gyires 

and Ronai, 2001; Kaneko et al., 1998; Tache et al., 1994; Yang et al., 1999). Several 

neuropeptides and their receptors were identified in DVC, like angiotensin II, β-

endorphin, bombesin, CCK, corticotropin-releasing factor (CRF), dynorphin, 

enkephalins, galanin, neuropeptide Y (NPY), neurotensin, somatostatin, thyreotropin 

releasing hormone (TRH), vasopressin, VIP, (Diz et al., 1989), amylin (Paxinos et al., 

2004), orexin (Date et al 1999), ghrelin (Kojirna et al.,1999) endomorphins (Martin-

Schild, et al., 1999), nociceptin and nocistatin (Boom et al., 1999) or leptin (Boghossian 

et al., 2006). Neuropeptides can influence the activity of DVC also by neuronal 

projections. For instance, from the cerebral cortex and hypothalamus ghrelin-containing 

neurons project to the DVC (Hou et al., 2006), or similarly, orexigenic neurons project 

from the LH area to the DVC (Date et al., 1999). The neuropeptides can influence 

gastric acid secretion, gastrointestinal motility and as it was demonstrated in the last 

decade, when given centrally they can induce gastric mucosal protection. For example, 

in rats TRH injected intracisternally (i.c.) or directly into the DMNV in the dose below 

the threshold that stimulates acid secretion reduced the ethanol induced mucosal lesions 

(Tache et al., 1994). Intracisternal injection of other neuropeptides, like peptide YY and 

adrenomedullin (Kaneko et al., 1998; Yang et al., 1999) as well as 

intracerebroventricularly (i.c.v.) administered amylin (Guidobono et al., 1998) 

decreased the ethanol-induced gastric mucosal lesions in the rat. Moreover, different 

opioid peptides (Gyires et al., 2000; Gyires and Ronai, 2001), ghrelin (Brzozowski et 

al., 2006; Konturek et al., 2008), orexin (Konturek et al., 2008), nociceptin (Morini et 

al., 2005) and nocistatin (Zadori et al., 2008) also induced mucosal protection against 

ethanol induced mucosal lesions following central administration. 
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The first part of this work focus mainly on the central role of endocannabinoid 

system in the regulation of gastric mucosal defense mechanisms in the ethanol ulcer 

model, which is an acid-independent ulcer model suitable, quick and simple for the 

evaluation of gastroprotective action of drugs. 

 

1.2. The endocannabinoid system and the gastrointestinal tract 

  

For centuries, different preparations of cannabis sativa plants have been used for 

the treatment of gastrointestinal (GI) disorders such as GI pain, gastroenteritis, and 

diarrhea, and there are anecdotal reports suggesting that cannabis sativa extracts may be 

effective in alleviating symptoms of Crohn’s disease and diabetic gastroparesis (Izzo et 

al., 2001b). Nowadays, some cannabinoid agonists are already used clinically. For 

example, nabilone is used to suppress nausea and vomiting provoked by anticancer 

drugs and Δ9-tetrahydrocannabinol (Δ9-THC) is used to boost the appetite of AIDS 

patients (Pertwee, 2000). Moreover, the important role of the endocannabinoid system 

in the GI tract under physiological and pathophysiological conditions has been 

demonstrated recently (Massa et al., 2005). 

 

1.2.1. Cannabinoid receptors and their ligands 

 

Cannabis sativa extracts contain more than 60 different cannabinoid like 

compounds. Δ9-THC is the major psychoactive component of cannabis which exerts its 

pharmacological effects by activating at least two types of receptors named as 

cannabinoid receptor-1 (CB1) and cannabinoid receptor-2 (CB2) (Coutts and Izzo, 2004; 

Pertwee, 2001).  

CB1 receptors (Matsuda et al., 1990) are expressed by central and peripheral 

neurons while, CB2 receptors (Munro et al., 1993) are mainly expressed by immune 

cells. In neurons, pre-synaptic CB1 receptors mediate the effects of exogenous and 

endogenous cannabinoids primarily by modulating the transmission of different 

neurotransmitters, including γ-amino butyric acid, glutamate and acetylcholine (Howlett 

et al., 2002).  
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CB1 and CB2 receptors are coupled to pertussis toxin-sensitive Gi/o proteins 

(Howlett et al., 2002). Their activation by cannabinoid receptor agonists lead to 

inhibition of adenylyl cyclase (Howlett et al., 1986) and activation of the extracellular 

signal-regulated kinase (ERK) cascade (Derkinderen et al., 2003). Furthermore, the CB1 

receptor can induce inhibition of N-type and P/Q-type voltage sensitive Ca
2+

 channels, 

thus decreasing Ca
2+

 ion influx into the cell and inhibit inwardly rectifying potassium 

channels and voltage-dependent A-type potassium channels, eventually leading to an 

increased efflux of K
+
 ions (Howlett et al., 2002; Mu et al., 1999). This leads to 

membrane hyperpolarisation and inhibition of activity.  

After the discovery of CB1 and CB2 receptors the search for endogenous ligands 

for these receptors began. To date, the best characterized endogenous agonists for 

cannabinoid receptors are arachidonoyl ethanolamide (anandamide) (Devane et al., 

1992) and 2-arachidonoyl glycerol (2-AG) (Mechoulam et al., 1995). Both are produced 

on demand and they can undergo depolarization-induced release from neurons. The 

physiological effects of endocannabinoids (anandamide and 2-AG) are terminated by 

specific degradation systems involving the uptake of endocannabinoids into the cell by 

a facilitated endocannabinoid transport mechanism and the hydrolysis by fatty acid 

amide hydrolase (FAAH) (for both anandamide and 2-AG) and by monoacylglycerol 

lipase (for 2-AG) (Di Marzo et al., 1998; Maccarrone et al., 1998; Ueda et al., 2000; 

Dinh et al., 2002). Apart from binding to cannabinoid receptors, anandamide is also able 

to activate TRPV1 receptor (Zygmunt et al., 1999). Cannabinoid receptors and their 

endocannabinoids together are referred to as the endogenous cannabinoid system 

(endocannabinoids system). 

To investigate the physiological role of endocannabinoid system several non-

selective/selective agonists and selective antagonists have been developed. They are 

divided into four classes, according to their chemical structure; the classic cannabinoid 

receptor agonist (e.g. Δ9-THC, cannabinol and HU210), non-classical cannabinoid 

receptor agonists (e.g. CP55,940), aminoalkylindoles (e.g. WIN55,212-2) and 

eicosanoids (e.g. anandamide, 2-AG). Δ9-THC, HU210, CP 55,940, WIN55, 212-2 and 

eicosanoids are non-selective agents activate both CB1 and CB2 receptors with high 

efficacy (Pertwee and Rossa, 2002). Moreover, selective agonists and antagonists of 

CB1 and CB2 receptors have been developed. CB1 receptor selective agonists are ACEA 
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(arachidonyl-2-chloroethylamide) and ACPA (arachidonylcyclo-propylamide) (Hillard 

et al., 1999). CB2 selective agonists are AM1241 (Ibrahim et al., 2003), L-759633 

(Rossa et al., 1999) and HU-308 (Hanus et al., 1999). Potent CB1 receptor selective 

antagonists, are SR141716A (recently called rimonabant) (Rinaldi-Carmona et al., 

1995) and AM-251 (Gatley et al., 1998). CB2 receptor selective antagonists are 

SR144528 (Rinaldi-Carmona et al., 1998) and AM630 (Pertwee et al., 1995). In 

addition to the above mentioned cannabinoid receptors ligands, several synthetic 

compounds have been shown to inhibit endocannabinoid uptake (AM 404, VDM11, 

UCM707 and OMDM-2) (Fowler et al., 2004) or anandamide degradation (URB597) 

(Fegley et al., 2005), thus providing a pharmacological tool to enhance the activity of 

the endocannabinoid system and avoiding the “direct” stimulation of cannabinoid 

receptors. This latter possibility may be able to avoid the undesirable psychotropic 

effect of direct agonist.  

 

1.2.2. Localization of CB1 receptors and endocannabinoids in the GI tract and in 

brain regions involved in the regulation of GI functions 

 

Several evidences are available to demonstrate the presence of CB1 receptors in 

neurons of the enteric nervous system (ENS) of different species. For example, 

immunohistochemical studies showed the presence of CB1 receptor protein in neurons 

and fibers of the myenteric and submucosal plexuses in guinea pig and rat (Coutts et al. 

2002) and immunoreactivity to CB1 receptor was co-localized in the cholinergic 

neurons of porcine enteric nervous system (Kulkarni-Narla and Brown, 2000). Adami et 

al., (2002) have shown the immunohistochemical localization of CB1 receptors on 

acetylcholine-containing neurons that innervate smooth muscle, mucosa and 

submucosal blood vessels of the rat stomach.  Also CB1 receptor immunoreactivity was 

demonstrated in human colon, epithelium colonic cells, smooth muscle and colonic 

myentric plexus (Wright et al., 2005) and electrophysiological studies provided 

functional evidence of the existence of prejunctional CB1 receptors in the human ileum 

longitudinal smooth muscle (Croci et al., 1998). Moreover, Griffin et al., (1997) 

detected mRNA encoding the CB1 receptor but not CB2 receptor in the myenteric plexus 

of the guinea-pig small intestine. However, both types of mRNA were detected in 
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guinea-pig whole gut, possibly because of the presence of resident macrophages and 

other immune cells in the whole tissue which are known to contain CB2 receptors 

(Griffin et al., 1997). In the mouse gut, the CB1 receptor protein was detected by 

immunoblotting with a differential expression along the various segments of the gut 

(Casu et al., 2003). 

Beside the presence of CB1 receptors in neurons of the ENS, CB1 receptors are 

also identified in brain regions playing regulatory role in controlling GI tract functions, 

in the DVC: in NTS, in DMNV, and in area postrema (Matsuda et al., 1993; Tsou et al., 

1998; Partosoedarso et al., 2003; Van Sickle et al., 2001; Van Sickle et al., 2003). 

Moreover, CB1 receptors were described also in the PVN of the hypothalamus (Castelli 

et al., 2007). Projection from PVN to the dorsal vagal complex is also documented 

(Grijalva and Novin, 1990; Swanson and Kuypers, 1980). 

The presence of endocannabinoids in the GI tract was demonstrated, first 2-AG 

was isolated from canine intestine (Mechoulam et al., 1995), later on, anandamide was 

isolated in the small intestine and colon of the mice (Izzo et al., 2001a; Pinto et al., 

2002). In addition, the anandamide degrading enzyme FAAH was characterized in the 

mouse and rat intestine (Pinto et al., 2002; Katayama et al., 1997).  

 

1.2.3. Interaction between the opioid and cannabinoid systems 

 

The interaction between cannabinoids and opioids systems have been raised 

because both cannabinoids and opioids share a similar pharmacological profile: both 

induce analgesia, catalepsy, hypothermia, locomotor depression, hypotension, 

immunosuppression, sedation and reward effects (Manzanares et al., 1999). Both 

cannabinoid and opioid receptors belong to the superfamily of G protein coupled 

receptor. They bind to the inhibitory Gi/o protein and decrease adenylyle cyclase 

activity. These receptors are mainly located presynaptically where their activation 

causes inhibition of the release of different neurotransmitters (Mansour et al., 1995a; 

Schlicker and Kathmann, 2001). Anatomical studies have reported a similar distribution 

of CB1 cannabinoid and μ-opioid receptors in several structures within the CNS (Tsou 

et al., 1998; Mansour et al., 1995b) and in the dorsal horn of the spinal cord (Salio et al., 

2001). Furthermore, immunohistochemical studies revealed that some neurons 
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containing δ-opioid-receptor-like immunoreactivity are also immunoreactive for κ-

opioid, CB1 and TRPV1 receptors. These observations indicate that these receptor 

systems may interact with one another to modulate intestinal sensor/motor function in 

the myenteric plexus (Kulkarni-Narla and Brown, 2001). 

The interaction between cannabinoids and opioids has been demonstrated in 

their analgesic effects, opioid antagonists reduced cannabinoid-induced analgesia and 

cannabinoid antagonists reverse opioid-induced analgesia (Welch, 1993; Cichewicz et 

al., 1999). For example, the antinociceptive effect of intrathecally administered Δ9-THC 

was reversed by κ-opioid receptor antagonist norbinaltorphimine (nor-BNI) and SR 

141716A CB1 receptor antagonist as well. The antinociceptive effect of Δ9-THC was 

associated with enhancement of dynorphin-A release, and this effect was attenuated by 

SR 141716A which indicates CB1 receptor mediated effect. Theses results show the 

important role of dynorphin-A release in the initiation of cannabinoid-induced analgesic 

effect at the spinal level (Mason et al., 1999). Δ9-THC synergizes the analgesic effect of 

morphine and codeine by releasing endogenous opioids. Sub-active combination doses 

of Δ9-THC/morphine or Δ9-THC/codeine are equivalent in duration of action and 

efficacy to high-dose opioids alone. Thus, the cannabinoid/opioid combination might be 

useful in therapeutics to enhance opioid activity, as well as to restore the efficacy of 

opioids (Williams et al., 2006).  

 

1.2.4. Effects of cannabinoids on the GI tract 

 

Cannabinoids given both peripherally and centrally affect numerous 

gastrointestinal functions; it was shown that cannabinoids inhibited gastric motility in 

the rat through activation of CB1 receptors given, either peripherally (Izzo et al., 1999a) 

or centrally (Krowicki et al., 1999). Similarly, cannabinoid agonists inhibited 

gastrointestinal transit in the mice after both central and peripheral administration (Izzo 

et al., 2000). In addition, a study in ferrets suggests that the antiemetic effect of 

cannabinoids (Δ9-THC and WIN55,212-2) may be due to an action at the dorsal vagal 

complex in the brainstem (Van Sickle et al., 2001). CB1 receptor agonists were found to 

reduce intestinal secretion (Tyler et al., 2000) and given i.v. decreased the gastric acid 

secretion induced by indirect acting secretagogues, such as 2- deoxy-D-glucose or 
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pentagastrin (Adami et al., 2002; Coruzzi et al., 1999), but did not change acid output to 

histamine. This latter finding indicates that CB1 receptors are not located on parietal 

cells, but rather on vagal pathways. Since intracerebroventricularly injected cannabinoid 

agonists were ineffective in preventing the pentagastrin stimulated gastric acid 

secretion, the CB1 receptor-mediated inhibition of gastric acid secretion in the rat may 

be located mainly peripherally (Adami et al., 2004). Moreover, the endocannabinoids 

have been demonstrated to be involved in the regulation of gastrointestinal motility as 

well. The FAAH inhibitor N-arachidonyl-5-hydroxytryptamine reduced gastric 

emptying in the mice and this effect was reversed by the selective CB1 receptor 

antagonist SR141716A (Di Marzo et al., 2008). The selective anandamide reuptake 

inhibitor VDM11 significantly inhibited the colonic propulsions of mice in manner 

sensitive to SR141716A (Pinto et al., 2002).  

Cannabinoids have been shown to decrease the formation of experimental 

gastric ulcers as well. Δ9-THC, for example, reduced mucosal damage induced by 

pylorus ligation (Sofia et al., 1978) and Cannabis sativa extract was effective against 

restraint-induced gastric ulcerations (Desouza et al., 1978). Furthermore, anandamide 

reduced the gastric ulceration induced by water immersion and restrain stress 

(Dembinski et al., 2006) and the non-selective CB receptor agonist WIN55,212-2 

produced anti-ulcer effect in the cold/restraint stress ulcer model (Germano et al., 2001). 

Moreover, the selective cannabinoid CB1 receptor agonist, ACEA significantly reduced 

gastric ulcer formation induced by aspirin (Rutkowska and Fereniec-Goltbiewska, 

2006). These ulcer models are acid dependent models; consequently, the gastric 

mucosal protective effect of cannabinoids may be related to their antisecretory effect.  

 

1.3. Gastric motility  

 

1.3.1. The role of α2-adrenoceptor subtypes in the regulation of gastric motility 

 

It is well known that functional gastrointestinal disorders (FGID) like irritable 

bowel syndrome (IBD) and functional dyspepsia are associated with dysfunction of 

motor and/or sensory apparatus of the gastrointestinal tract (Barbara et al., 2004; 

Crowell et al., 2005). Current therapy for these conditions is unsatisfactory and there is 
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still a need for the development of more selective therapeutics. Moreover, correlation 

between gastric motility and gastric mucosal damage has been well documented, and 

increased gastric motor activity plays a role in the development of gastric mucosal 

lesions consequently, inhibition of gastrointestinal motility may contribute to 

gastroprotective action.  

The inhibitory effects of different α2-adrenoceptor agonist on the gastrointestinal 

motility have been demonstrated in different species, for example in rat (Fulop et al., 

2005; Zadori et al., 2007) or mice (Doherty and Hancock, 1983; Pol O et al., 1996). 

Also α2-adrenoceptor agonists modulate the motor and sensory functions of the human 

gastrointestinal tract as well (Bharucha et al., 1997; Thumshirn et al., 1999; Viramontes 

et al., 2001), which could provide a new therapeutical approach to management of 

patients with FGID and gastric ulcers as well.  

In the second part of this work I analyzed the α2-adrenoceptor subtype(s) 

involved in the regulation of gastric motility by mean of in vitro pharmacological 

analysis of the effect of different α2-adrenoceptors stimulants on electrically evoked 

contractions in isolated gastric fundus strip of rat, mice and α2-adrenoceptor subtypes 

deficient mice. 

 

1.3.2 α2-Adrenoceptor subtypes 

 

Different functions of the GI tract, like motility and secretion, are regulated by 

the enteric nervous system (ENS), which is located in the gut wall and consist of two 

major neural plexuses. The myenteric plexus is located between the circular and 

longitudinal muscle layers and mainly involved in the control of GI tract motor activity, 

while the submucosal plexus is located in the submucosa and responsible for the 

regulation of secretory functions. Beside the ENS the GI tract is extensively innervated 

by extrinsic postganglionic noradrenergic neurons (Furness and Costa, 1987), which 

mediate the effects of endogenous catecholamines and α2-adrenoceptors stimulants on 

variety of digestive functions, via activation of α2-adrenoceptors (DePonti et al., 1996). 

α2-Adrenoceptors belong to the superfamily of G-protein coupled receptors. 

They bind to the pertussis-toxin sensitive inhibitory G-protein Gi and Go and decrease 

adenylyl cyclase activity. However, α2-adrenoceptors may also couple Gs G-protein and 
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consequently increase adynylyl cyclase activity. It was suggested that α2-adrenoceptor 

agonists at low concentration decrease cAMP cellular level, while at high concentration 

they increase the cellular level of cAMP (Eason et al., 1992; Jasper et al., 1998; Jones et 

al., 1991). In the GI tract α2-adrenoceptors are found in abundant presynaptically around 

the myenteric and submucosal plexuses. They may act as autoreceptors which inhibit 

the release of noradrenalin from adrenergic nerve endings (langer, 1977; Starke et al., 

1989), or as heteroceptors which modulate the release of other neurotransmitter 

especially acetylcholine from nerve terminals (Paton and Vizi, 1969; Vizi, 1979).  

α2-Adrenoceptors represent a group of heterogeneous receptors, originally four 

subtypes have been identified and named ( α2A, α2B, α2C and α2D) on the basis of there 

different affinities for various pharmacological agents (Bylund, 1988). Prazosin and 

ARC-239 (Bylund, 1985) are α1 antagonists, but display high affinity for α2B-

adrenoceptor subtype and low affinity for α2A-adrenoceptor subtype as well. In contrast, 

oxymetazoline an α-adrenoceptor partial agonist and the α2A subtype selective 

antagonist BRL 44408 (Young et al., 1989) show high affinity for α2A subtype and low 

affinity for the α2B subtype. The pharmacological profile of α2C and α2D closely 

resemble those of α2B and α2A respectively. Molecular cloning evidence only yield three 

subtypes of α2-adrenoceptors cloned from human libraries, designated as α2 C10, α2 C2 

and α2 C4. They exhibit pharmacological characteristics corresponding to those of α2A, 

α2B and α2C subtypes respectively, and those cloned from the rat libraries, named as α2 

RNG, α2 RG10 and α2 RG20, show high correlation with those of native α2B, α2C and 

α2D subtypes respectively. Therefore, since gene coding human α2A- and the rat α2D-

adrenceptors share very high sequence identity and there co-existence within the same 

species has not been demonstrated, it is now accepted that α2A and α2D sites represent 

species homologues of the same receptor subtype (Bylund et al., 1994; Bylund et al., 

1992b). Accordingly, the general term α2A will be use in this text irrespectively of the 

species considered.  

 

1.3.3. α2-Adrenoceptors ligands 

  

Both agonist and antagonists for different α2-adrenoceptor subtypes have been 

developed. The α2-adrenoceptor agonists oxymetazoline and guinafcin were reported to 
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be selective for the α2A-adrenoceptors subtype, while the ST-91 a hydrophilic clonidine 

analogue was described as α2B/2C-adrenoceptor subtype preferring agonist (Takano et al., 

1992). Selective antagonists for different α2-adrenoceptors subtypes have been also 

developed. BRL 44408 and BRL 48962 are selective for the α2A subtype, prazosin, 

ARC-239 and imiloxan are selective for the α2B/2C subtype, while MK-912 and 

rauwolscine show higher affinity for α2C-adrenoceptor subtypes (Calzada and De 

Artinano, 2001; Gyires, 2009)  

It also should be borne in mind that several α2-adrenoceptor agonists contain 

imidazoline-like structure (e.g. clonidine, dexmedetomidine, oxymetazoline, ST-91, 

moxonidine and rilmenidine), and recognize non-α2-adrenoceptors binding sites as well. 

Oxymetazoline and clonidine besides binding to α2-adrenoceptors they also bind to 

imidazoline receptors (Ozaita et al., 1997; Miralles et al., 1993; Ernsberger et al., 1995). 

In addition, binding studies suggested a multiple receptorial actions of oxymetazoline it 

proved to be a full and potent agonist at 5-HT1A, 5-HT1B and 5-HT1D receptors and a 

partial agonist at 5-HT1C receptors (Schoeffter and Hoyer, 1991). 

 

1.3.4. α2-Adrenoceptor subtype deficient mice  

 

Several functional studies aimed to investigate the role of different α2-

adrenoceptor subtypes in mediating physiological function in different mammals, but 

the limited selectivity of α2-adrenoceptor agonists and antagonists left a doubt behind 

about defining a specific function for each subtype. On the other hand, the generation of 

mice with targeted deletions of the α2-adrenoceptors genes coding α2A-, α2B- (Link et al., 

1996, Altman et al., 1999; Hein et al., 1999) and α2C-adrenoceptors subtypes (Link et 

al., 1995), offer a good opportunity for the evaluation of a specific physiological role for 

α2-adrenoceptor subtypes. 

Functional studies preformed with α2-adrenoceptors subtype selective drugs at 

the intestinal level demonstrated the dominant role of α2A subtype as a hetreroreceptor 

in the pre-synaptic inhibition of acetylcholine release (Shen et al., 1990; Blandizzi et al., 

1993; Funk et al., 1995). In a study on the electrically evoked release of [3H]-

noradrenalin and [3H]-acetylcholine from ileal enteric nerves, experiments were 

performed on longitudinal muscle-myenteric plexus preparations isolated from either 
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wild type mice or mice lacking the expression of α2A-adrenoceptor. In the wild type, 

both noradrenalin and acetylcholine release were significantly decreased by the α2-

adrenoceptor non-selective agonist medetomidine. In contrast, the inhibitory effect of 

medetomidine on noradrenalin and acetylcholine release was abolished in the α2A-

knockout mice, thus providing direct evidence that α2-heteroreceptors on myenteric 

cholinergic motor neurons and α2-autoreceptors on enteric noradrenergic fibers belong 

to the α2A subtype (Scheibner et al., 2002). 

Studies on mice lacking α2A-, 2B- and 2C-adrenoceptor subtypes or both α2A- and 

2C-adrenoceptor subtypes have shown that the α2 autoreceptors in the heart, vas 

deference and brain are predominantly α2A with admixture with α2C and that deletion of 

these subtypes leads to anomalous sympathetic neurotransmission. (Altman et al., 1999; 

Trendelenburg et al., 1999; Trendelenburg et al., 2001; Hein et al., 1999; Hein, 2001; 

Starke, 2001).  

The antihypertensive and bradycardic effects of the α2-adrenoceptor agonists 

(clonidine, dexmedetomidine, moxonidine and rilmenidine) were found to be dependent 

entirely on α2A-adrenoceptor subtypes (Altman et al., 1999; MacMillan et al., 1996). 

Moreover, the dominant role of α2A-adrenoceptor subtype in cardiovascular regulation is 

supported by the findings that deletion of gene encoding α2A-adrenoceptors led to 

increased blood pressure, heart rate and susceptibility to develop cardiac failure (Brede 

et al., 2002). Also the sedative and antinociceptive effect of α2-adrenoceptor agonists is 

likely to be mediated dominantly by α2A-subtype, since no sedative or antinociceptive 

response developed to dexmedetomidine in α2A knockout mice, but the sedative and 

antinociceptive action was unchanged in wild type mice (Hunter et al., 1997; Lakhlani 

et al., 1997).  

 

1.3.5. Effects of α2-adrenoceptors in the gastrointestinal tract 

  

Activation of pre-synaptic α2-adrenoceptors has also been known to modulate 

several responses in GI tract and α2A-adrenoceptor subtype is likely to mediate most of 

the effects of α2-adrenoceptor stimulants. For example, α2A-adrenoceptors were shown 

to regulate basal and vagally stimulated gastric acid secretion (Blandizzi et al., 1995; 

Mullner et al., 2001; Mullner et al., 2002), ion transport and fluid secretion in the small 
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intestine (Hildebrand et al., 1993; Liu and Coupar, 1997b). Also the dominant role of 

α2A subtype in the regulation of gastrointestinal motility has been demonstrated both in 

vivo and in vitro studies.  In the in vivo studies, α2-adrenoceptor stimulants (clonidine, 

oxymetazoline) inhibited gastric motility, gastric emptying and intestinal transit (Fulop 

et al., 2005; Zadori et al., 2007; Asia et al., 1997a; Tadano et al., 1992; Ruwart et al., 

1980). This inhibitory effect of clonidine on the gastrointestinal motor activity was 

antagonized by the α2A subtype selective antagonist BRL 44408 (Zadori et al., 2007) but 

not by the α2B/2C preferring antagonist prazosin (Fulop et al., 2005, Tadano et al., 1992). 

In mice, the colonic motility and the gastrointestinal transit of charcoal meal in state of 

inflammation induced by croton oil and in a non inflammation state induced by castor 

oil were reduced by clonidine (Umezawa et al,. 2003; Pol et al., 1996; Doherty and 

Hancock, 1983). In the in vitro studies, clonidine and oxymetazoline inhibited the 

cholinergic contractions induced by electrical field stimulation in guinea pig ileum and 

duodenum myentric plexuses longitudinal muscle preparations (Colucci et al., 1998; 

Colucci et al.,1996), reduced the EFS-induced contractions in the guinea pig fundic and 

antral strips (James et al,. 2004) and inhibited the peristalsis of rat ileum segment 

induced by intraluminal pressure and the transmuraly evoked contractions in the circular 

muscle of the rat ileum segment in a concentration dependent manner (Liu and Coupar, 

1996; Liu and Coupar, 1997a).    

Moreover, in a study with mice lacking α2A subtype, an evidence of the 

involvement of α2A subtype in the regulation of intestinal motility was provided. In this 

study, medetomidine inhibited the electrically evoked contractions of segments of ileum 

and gastrointestinal transit of an intragastric charcoal bolus in the wild type mice, but 

not in the α2A subtype knockout mice (schbiener et al., 2002). 

Furthermore, centrally located α2B/2C-like adrenoceptor subtypes are supposed to 

mediate the gastroprotective action of α2-adrenoceptor stimulants, since 

intracerebroventricular and intracisternal injection of clonidine and rilmenidine (in 

picomolar dose range) and the α2B-adrenoceptor subtype preferring ST-91 resulted in 

inhibition of ethanol-induced mucosal lesions, and this effect was blocked by prazosin 

and ARC-239 (Gyires et al., 2007). 
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2. Aims of the study  

 

The first part of the present work was designed to analyze the mechanisms 

involved in the regulation of gastric mucosal integrity, particularly, by searching for 

new targets in the CNS (cannabinoid receptors). The second part of this work was 

designed to clarify the α2-adrenoceptor subtype(s) responsible for the inhibition of 

gastric motor activity. 

 

2.1 Gastric mucosal protection 

 

As mentioned in the introduction the antiulcer effect of cannabinoids was 

primarily investigated in acid dependent ulcer models, where the acid was the main 

causative agent of mucosal injuries. In these ulcer models the gastroprotective effect of 

cannabinoids may be related to their antisecretory effect on the gastric acid secretion. 

Since cytoprotective (gastroprotective) effect, originally described by Andre Robert 

(Robert A, et al., 1979) was demonstrated in chemically or physically induced acute 

gastric ulcer models and the protective effect was unrelated to inhibition of acid 

secretion, the question was raised whether cannabinoids can inhibit gastric mucosal 

lesions induced by ethanol an acid-independent ulcer models in which the gastric 

mucosal lesions are related to impairment of gastric mucosal defense.  

Therefore, the aims of the present study were:   

 To analyze the role of cannabinoid receptor agonists in the regulation of gastric 

mucosal integrity against ethanol induced gastric mucosal damage after both 

peripheral and central administration.   

 To clarify the role of both central and peripheral CB1 receptors in the regulation 

of gastric mucosal integrity.    

 To investigate whether endogenous cannabinoids are involved in the regulation 

of gastric mucosal protection.    

 To examine whether a potential interaction between cannabinoid and opioid 

systems can be demonstrated in the gastric mucosal protection.  

 To analyze whether TRPV1 receptor may contribute to the gastroprotective 

effect of cannabinoids.  
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 To study the possible role of nitric oxide (NO) and prostaglandins (PGs) in the 

mechanism of cannabinoid-induced gastroprotective effect.   

 

2.2. Gastric motility  

 

Our previous results demonstrated the role of α2-adrenoceptors in gastric 

mucosal defense (Gyires et al., 2000; Gyires et al., 2007). Correlation between gastric 

motility and gastric mucosal damage has been well documented (Takeuchi et al., 1985; 

Takeuchi et al., 1988) Therefore we examined the effect of α2-adrenoceptor agonists 

and antagonists on gastric motility of the rat in vivo and the results showed the 

predominant role of α2A-adrenoceptor subtype in the action (Fulop et al., 2005; Zadori et 

al., 2007). However, the involvement of the α2B- and α2C- subtypes in the regulation of 

gastric motility has not been ruled out.  

The present study was designed to give an additional evidence for the role of the 

α2A-adrenoceptors subtype in the regulation of gastric motor activity and to determine 

whether the inhibition of gastric motor activity by α2-adrenoceptor stimulants is 

mediated exclusively by α2A-adrenoceptors or the α2B- and α2C- subtypes may also 

contribute to the inhibitory effect of α2-adrenoceptor stimulants on gastric motor 

activity.  

In order to answer the questions experiments were carried out  

 To determine the effect of different α2-adrenoceptor agonists/antagonist on 

contractions evoked by electrical field stimulation (EFS) in isolated gastric 

fundus strips of rats and NMRI mice. 

 To investigate the effect of α2-adrenoceptor agonists/antagonists on the 

contractions induced by EFS in isolated gastric fundus strips prepared from 

C57/6L wild type, α2A-, 2B- and 2C-adrenoceptor subtypes deficient mice.  



 30 

3. Materials and Methods 

 

3.1. Animals 

 

Male Wistar rats (Charles River, Hungary) weighing 150-170 g for in vivo 

experiments on mucosal protection, and 250–350 g for in vitro analysis of gastric motor 

activity experiments were used. The rats were purchased, from the breeding colony of 

Semmelweis University (Charles River, Hungary).  

 NMRI mice (Charles River, Hungary) weighing 20-30 g, C57BL/6 wild type, 

and α2A-, 2B-, 2C-adrenoceptor subtype deficient mice obtained from L. Hein (University 

of Freiburg, Germany) of 20–30 g weight were used for in vitro analysis of gastric 

motor activity. The generation of the mouse lines lacking α2-adrenoceptor subtypes has 

been described previously in detail (Link et al., 1996; Link et al., 1995; Altman et al., 

1999). Genotypes were confirmed by subtype-specific polymerase chain reactions (with 

a Professional Basic Thermocycler, Biometra) performed with genomic DNA isolated 

from tail biopsies as described previously (Philipp et al., 2002). The animals were kept 

in a 12-hour light/dark cycle and under condition of controlled temperature. They were 

maintained on standard animals laboratory chow and tap water ad libitum. All 

procedures conformed to the European Convention for the protection of vertebrate 

animals used for experimental and other scientific purposes. The study was approved by 

the Animal Ethics Committee of Semmelweis University, Budapest (permission 

number: 1810/003/2004). 

 

3.2. Drugs administration   

 

3.2.1. Intracerebroventricular (i.c.v.) injections 

 

Intracerebroventricular injection into the lateral ventricle was performed in 

conscious rats as described by Noble and coworkers (1967). Briefly, animals were 

gently fixed and injections were made with microsyringe bearing 27 gauges. The 

injections were inserted with a depth of 4mm at a point 1.5 mm caudal and 1.5 mm 

lateral from bregma. The volume of the i.c.v. injection was 10 μl. 
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3.2.2 Intracisternal (i.c.) injection 

  

Injections were performed according to the method of Ueda et al. (1979) in 

conscious rats using a Hamilton microsyringe. A silicone ring 7 mm was fixed from the 

tip of needle to control the proper depth of the injection. The head of the animals were 

gently bent, and the needle was inserted in the midline into the cleft between occiput 

and atlas at a 40° angle relative to the plane of occipital bone. The bone structures 

bordering the narrow gap guide the needle. The volume of the i.c. injection was 5 μl.  

 

3.2.3. Intravenous (i.v.) injections 

 

Intravenous injections of drugs were performed in conscious rats into the tail 

vein. Drug solutions were given in 0.5 ml/100g volume. 

 

3.3. Gastric mucosal damage induced by acidified ethanol 

 

The gastroprotective effect of drugs was studied in an acid independent ulcer 

model, in which the gastric mucosal damage was produced by acidified ethanol.  

Rats were fasted for 24 hours before experiments with free access to tap water. 

Then they were given orally 0.5 ml acidified ethanol (2 ml cc.HCl added to 100 ml 

absolute ethanol). One hour later the animals were killed by overdose of ether, the 

stomachs were excised, opened along the greater curvature, rinsed with saline and 

examined for lesions. Total number of mucosal lesions was assessed in blinded manner 

by calculation of lesion index based on a 0 - 4 scoring system described previously 

(Gyires, 1990). Briefly, the lesions were systematized according to their severity. Thus 

in the cases of the small petechies, hemorrhages 1 score was given and the 2, 3, 4 mm 

long lesions received 2, 3, 4 score, respectively. The numbers of different severity 

lesions were multiplied by the respective severity factors and finally the sum of them 

was taken as ulcer index. Ulcer index is used to present the effect of antagonists on the 

gastroprotective effect of agonists. The gastroprotective effect of agonists is expressed 

by the percentage of inhibition of mucosal damage compared to the control group 
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treated with ethanol. The percentage of inhibition of mucosal damage was calculated as 

follows:  

 Lesion index in treated group 

100 -             x 100  

  Lesion index in control group 

The cannabinoid receptor agonists, the anandamide uptake inhibitor, the 

selective inhibitor of fatty acid amide hydrolyase (FAAH) and the opioid receptor 

agonists, were injected 15 min i.v. and 10 min i.c.v. before the ethanol challenge. The 

different antagonists, the cannabinoid receptor antagonists, the opioid receptor 

antagonists and the TRPV1 receptor antagonist were injected i.c.v. 10 min before the 

administration of the cannabinoid receptor agonists. The endomorphin-2 antiserum was 

injected i.c. 10 min before the administration of the cannabinoid receptor agonists. 

 

3.4. In vitro analysis of gastric motor activity  

 

3.4.1. Tissue Preparation 

 

The preparation of the gastric fundus strips from rats and mice was made 

according to the method of Vane (1957). Before the experiment, animals were fasted for 

24 h, with free access to tap water. At the time of the experiment they were killed by 

cervical dislocation, the abdomen of each animal was opened and the entire stomach 

was removed and placed into a dish containing Krebs solution at 37°C. The grey fundal 

part was separated from the pink pyloric part of each stomach, then the fundal part was 

cut longitudinally to form a sheet strip, from which one strip of about 2 - 4 cm long was 

prepared by transverse cuts on each side of the strip parallel to the longitudinal muscle. 

From each stomach only one strip was prepared. A thread was attached to each end of 

the strip and then the strip was suspended vertically between upper circular and lower 

straight platinum electrodes in organ bath of 35 ml and 5 ml for strips of rat and mice 

respectively. The organ bath was filled with Krebs solution of the following 

composition (mM/L: NaCl, 118.0; NaHCO3, 25.0; KCl, 4.7; KH2PO4, 1.2; glucose, 

11.0; CaCl2, 2.5; MgSO4, 1.2) and aerated with carbogen (gas mixture of 95% O2 and 

5% CO2) at 37
o
C. The upper thread was attached to a transducer connected by an 
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amplifier to the computer system which records the contractile activity of the strips. The 

strips were allowed to equilibrate for 30 - 45 min under tension of 1g for strips of rat 

and 0.5g for strips of mice respectively, before starting the experiment.  

 

3.4.2 Electrical field stimulation 

 

To induce contractions in the isolated gastric fundus strips of rats and mice, 

electrical field stimulation (EFS) was carried out according to Storr et al., (2002) with 

little modification. In the rat, contractions were elicited by applying EFS of the 

following parameters (200 ms pulse distance, 1 ms pulse width, 50 shocks, 9 V/cm i.e. 

supramaximal intensity of 5Hz repeated every 60 s). In the mouse, contractions were 

induced by applying EFS of the following parameters (200 ms pulse distance, 1 ms 

pulse width, 25 shocks, 9 V/cm i.e. supramaximal intensity of 5Hz repeated every 60 s). 

These contractions where inhibited by atropine (1000 nM) which indicates that the EFS-

induced contractions are mediated via cholinergic mechanisms. 

 

3.4.3. Experimental protocol  

 

After application of EFS a period of 20 – 30 min was allowed to reach stable 

contractions, then the α2-adrenoceptor agonists (clonidine, oxymetazoline and ST-91) 

were added cumulatively into the organ bath in ten fold concentration increment. A 

period of 5 min was allowed to elapse between agonists concentration increment. 

Cumulative concentration-response curves for the α2-adrenoceptor agonists were built 

up from 4 - 5 doses, and the 50 % effective concentration EC50 (nM) and the maximal 

effect Emax (%) values were calculated from the nonlinear regression of individual 

sigmoid concentration response curves fitted into the respective points by using Hill 3 

equation of Sigma-plot 8 version running under Windows XP. On the basis of the 

concentration-response curves the concentrations of the agonists that produced 

submaximal inhibitory effect on the electrically-evoked contractions was selected for 

further experiments with the antagonists. When the effect of α2-adrenoceptor 

antagonists (idazoxan, BRL 44408 and ARC-239) on the inhibitory effect of α2-
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adrenoceptor agonists was assessed, the antagonists were added into the organ bath and 

left to equilibrate for another 20 min.  

 

3.5. Drugs 

 

3.5.1. Drugs acting on the endocannabinoid system 

 

Cannabinoid receptor agonists 

Anandamide   (endogenous non-selective cannabinoid receptor agonist) 

Methanandamide  (synthetic stable analogue of anandamide) 

WIN55,212-2   (R)-(+)-[2,3-Dihydro-5-methyl-3-(4 

morpholinylmethyl)pyrrolo[1,2,3-de]-1,4-benzoxazin-6yl]-1 naphthalenylmethanone 

mesylate  (non-selective cannabinoid receptor agonist) 

ACEA    arachidonyl-2-chloroethylamide (selective CB1 receptor agonist)  

AM 404  N-(4-hydroxyphenyl-5Z, 8Z, 11Z, 14Z-eicosatetraenamide  

(selective inhibitor of anandmide uptake)  

URB-597  Cyclohexylcarbamic acid 3`-carbamoyl-biphenyl-3-yl ester 

 (selective inhibitor of fatty acid amide hydrolyase, FAAH) 

Cannabinoid receptor antagonist 

SR141716A   N-(piperidine-1-yl)-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-

methyl-1H-pyrazole-3-carboxamide hydrochloride (selective CB1 receptor antagonist) 

AM-251  N-(Piperidin-1-yl)-5-(4-iodophenyl)-1-(2,4-dichlorophenyl)-4-

methyl-1H-pyrazole-3-carboxamide (selective CB1 receptor antagonist) 

 SR141716A was a generous gift from T. Freund. All the other drugs were purchased 

from Tocris Bioscience. 

 

3.5.2. Drugs acting on the opioid system 

 

Opioid receptor agonists  

DAGO   [D-Ala
2
,Phe

4
,Gly

5
-ol]-enkephalin The selective μ-opioid receptor 

agonist was synthesized by A. Magyar, Eotvos University, Budapest, Hungary 
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Deltorphin II  selective δ-opioid receptor agonist was synthesized by G. Toth, 

Biological Research Centre of Hungarian Academy of Sciences, Szeged, Hungary)  

Opioid receptor agonists  

Naloxone   (non-selective opioid receptor antagonist)  

Naltrindole   (selective δ-opioid receptor antagonist)  

Norbinaltorphimine  (norBNI selective κ-opioid receptor antagonist)  

All were ordered from Sigma  

Endomorphin-2 antiserum (I. Barna, and A. Rónai, Hungarian Academy of Sciences) 

 

3.5.3. Drugs acting on the α2-adrenoceptors  

 

α2-Adrenoceptor agonists 

Clonidine   (non-selective α2-adrenoceptors agonist, Sigma) 

Oxymetazoline  (selective α2A-adrenoceptor agonist, RBI Natick)  

ST-91    2-[2,6-Diethylphenylamino]-2-imidazoline, 

α2B/2C-adrenoceptor preferring agonist was synthesized by P. Matyus (Department of 

Organic Chemistry, Semmelweis university, Budapest, Hungary) 

α2-adrenoceptor antagonists 

Idazoxan   (non-selective a2-adrenoceptors antagonist, Sigma)  

BRL 44408   (2-[2 H-(1-methyl-l,3-dihydroisoindole) methyl]-4,5-

dihydroimidazoline (α2A-adrenoceptor selective antagonist, Tocris Bioscience) 

ARC-239  2-[2-[4-(o-methoxyphenyl)piperazin-l-yl]ethyl]-4,4-dimethyl-l,3-

(2H,4H)-isoquinolinedione ( α2B/2C-adrenoceptor antagonist, Tocris Bioscience)   

  

3.5.4. Other drugs  

 

Capsazepine   (2-[2-(4-chlorphenyl)ethylamino-thiocarbonyl]-7,8-dihydroxy-

2,3,4,5 tetrahydro-lH-2-benzazepine) (transient receptor potential vanilloid receptor 1 

antagonist, Tocris Bioscience)  

LNNA    N
G
-nitro-L-arginine, NO synthase inhibitor  

Indomethacin   non-selective cyclooxygenase inhibitor    

Atropine   anticholinergic agent 

All the drugs were purchased from Sigma Chemical, St. Louis, Mo, USA. 
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3.6. Drugs preparation 

 

For in vivo experiments, anandamide, methanandamide and ACEA were 

dissolved in ethanol, and stock solutions were diluted with saline. WIN55,212-2 

SR141716A, AM 404, URB-597, AM-251 and capsazepine were dissolved in DMSO 

and then diluted with saline. Indomethacin was suspended in 1 % methylcellulose. All 

the other drugs were dissolved in saline. The property of antiserum to endomorphin-2 

was described previously (Ronai et al., 2009; Szemenyei E, et al., 2008). The antiserum 

was used at a 20-fold final dilution. The same dilution of non-reactive rabbit serum was 

used as control. Animals in the control groups received the drug solvents.  

For in vitro experiments, clonidine, oxymetazoline, idazoxane, BRL 44408, 

ARC-236 were dissolved in bidistilled water to prepare stock solutions, further dilution 

of the stock solutions was done with bidistilled water. ST-91 was dissolved in DMSO 

and the dilution was made with bidistilled water. 

 

3.7. Statistical analysis   

 

The ethanol induced gastric mucosal damage experiments results are presented 

as means ± S.E.M. (Standard Error of Mean). Data were evaluated by means of analysis 

of variance (ANOVA) followed by Newman-Keuls post hock test for multiple 

comparison. A probability value of p < 0.05 was considered statistically significant. 

Data of in vitro analysis of gastric motility are expressed as means ± S.E.M. The 

average of 5 peaks of contractions before adding the agonists was taken as 100% 

(control). The inhibitory effect of the agonists (the mean of 5 peaks) was expressed as a 

percentage to the control contractions. Statistical analysis of the data was preformed 

with analysis of variance (ANOVA) for repeated measures followed by Newman-Keuls 

post-hoc test for multiple comparisons, to evaluate the inhibitory effect of agonists. 

When the antagonist effect was tested, the difference between data sets (agonist and 

agonist + antagonist) were analyzed by mean of paired Student’s t test. A probability of 

p < 0.05 was considered statistically significant. 
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4. RESULTS 

 

4.1 Cannabinoids and gastric mucosal defense 

 

4.1.1 Effect of cannabinoids in ethanol ulcer model in the rat 

  

4.1.1.1 The effect of anandamide, methanandamide and WIN55,212-2 given i.v. on 

gastric mucosal damage induced by ethanol  

 

As Fig. 1. demonstrates the non-selective endogenous cannabinoid anandamide (0.28-

5.6 μmol/kg), its analogue methanandamide (0.7-5.6 μmol/kg) and the non-selective 

synthetic cannabinoid WIN55,212-2 (0.05-0.2 μmol/kg) inhibited the ethanol-induced 

gastric mucosal lesions in a dose-dependent manner after i.v. administration.  

 

Fig.1. The inhibitory effect of different non-selective cannabinoid receptor agonists 

(anandamide, methanandamide and WIN55,212-2) on gastric mucosal injury induced by 

ethanol in the rat. The compounds were injected intravenously (i.v.) 15 min before the 

ethanol challenge. Each column represents mean ± S.E.M., n = 5. 
*
p < 0.05, 

**
p < 0.01, 

***
p < 0.001 compared to the respective control groups (ANOVA, Newman–Keuls post 

hoc test). 
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4.1.1.2. The effect of anandamide, methanandamide and WIN55,212-2 given i.c.v. 

on gastric mucosal damage induced by ethanol  

 

Similarly, i.c.v. injection of anandamide (2.9-115 nmol/rat), methanandamide (0.27-70 

nmol/rat) and WIN55,212-2 (1.9-38 nmol/rat) significantly inhibited the gastric mucosal 

lesions induced by ethanol. WIN55,212-2 in the dose of 1.9 nmol/rat induced still a very 

pronounced (80%) inhibition of gastric mucosal lesions (Fig. 2.). 

 

Fig. 2. The inhibitory effect of different non-selective cannabinoid receptor agonists 

(anandamide, methanandamide and WIN55,212-2) on gastric mucosal injury induced by 

ethanol in the rat. The compounds were injected intracerebroventricularly (i.c.v.) 10 min 

before the ethanol challenge. Each column represents mean ± S.E.M., n = 5. 
*
p < 0.05, 

**
 p < 0.01, 

***
p < 0.001 compared to the respective control groups (ANOVA, Newman–

Keuls post hoc test). 

 

4.1.1.3. The effect of SR141716A given i.c.v on the gastroprotective effect of 

anandamide and methanandamide given i.c.v.  

 

Pretreatment with the selective CB1 receptor antagonist SR141716A (2.16 nmol/rat 

i.c.v.) reversed the gastroprotective effect of both anandamide (115 nmol/rat i.c.v.) and 

methanandamide (70 nmol /rat i.c.v.) after central administration (Fig. 3.). 
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Fig. 3. The effect of the CB1 cannabinoid receptor antagonist SR141716A (2.16 

nmol/rat i.c.v.) on the gastroprotective effect of anandamide (115 nmol/rat i.c.v.) and 

methanandamide (70 nmol/rat i.c.v.) on gastric mucosal injury induced by ethanol in the 

rat. Each column represents mean ± S.E.M., n = 5. 
***

p < 0.001 compared to vehicle-

treated group (column 1); 
##

p < 0.01, 
###

p < 0.001 compared to vehicle + CB receptor 

agonist (anandamide or methanandamide)-treated group (column 2) (ANOVA, 

Newman–Keuls post hoc test).  

 

4.1.1.4. The effect of SR141716A given i.c.v on the gastroprotective effect of 

methanandamide given i.v. 

 

Similarly, centrally injected SR141716A (2.16 nmol/rat i.c.v.) also antagonized the 

gastroprotective effect of i.v. injected methanandamide (5.6 μmol/kg i.v.) (Fig. 4.). 
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Fig. 4. The effect of the CB1 cannabinoid receptor antagonist SR141716A (2.16 

nmol/rat i.c.v.) on the gastroprotective effect of methanandamide (5.6 mol/kg i.v.) on 

gastric mucosal injury induced by ethanol in the rat. Each column represents mean ± 

S.E.M., n = 5. 
**

p < 0.01 compared to vehicle-treated group (column 1); 
#
p < 0.05 

compared to vehicle + methanandamide-treated group (column 2) (ANOVA, Newman–

Keuls post hoc test). 

 

4.1.1.5. The effect of ACEA on gastric mucosal damage given i.c.v.  

 

Since the previous results suggested the potential involvement of central CB1 receptors 

in the gastroprotective effect of cannabinoids, the effect of selective CB1 receptor 

agonist ACEA was studied against ethanol-induced ulcer formation. It was found that 

ACEA in the doses of 0.13-1.37 nmol/rat given i.c.v. induced 60-80% inhibition of the 

mucosal lesions (Fig. 5.). 
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Fig. 5. The inhibitory effect of the selective cannabinoid CB1 receptor agonist ACEA on 

gastric mucosal injury induced by ethanol in the rat. The compound was injected 

intracerebroventricularly (i.c.v.) 10 min before the ethanol challenge. Each column 

represents mean ± S.E.M., n = 5. 
**

p < 0.01, 
***

p < 0.001 compared to the control group 

(ANOVA, Newman–Keuls post hoc test). 

 

4.1.2. The role of endogenous cannabinoids in the gastric mucosal protection  

 

4.1.2.1 The effect of AM 404 and URB–597 given i.c.v on gastric mucosal damage 

induced by ethanol  

 

The selective inhibitor of anandamide uptake AM 404 (2.53–25.3 nmol/rat i.c.v) and the 

selective inhibitor of fatty acid amide hydrolyase (FAAH) URB-597 (2.96–29.6 

nmol/rat i.cv.) inhibited the gastric mucosal damage induced by ethanol in a significant 

manner (Fig. 6.).  
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Fig. 6. The inhibitory effect of the selective inhibitor of anandamide uptake AM 404 

and the selective inhibitor of the FAAH URB-597 on gastric mucosal injury induced by 

ethanol in the rat. The compounds were injected intracerebroventricularly (i.c.v.) 10 min 

before the ethanol challenge. Each column represents mean ± S.E.M., n = 5. 
*
p < 0.05, 

**
p < 0.01, 

***
p < 0.001 compared to the respective control group (ANOVA, Newman-

Keuls post hoc test).  

 

4.1.2.2 The effect of AM-251 given i.c.v. on the gastroprotective effect of AM 404 

and URB-597 given i.c.v.   

 

Pretreatment with the CB1 receptor antagonist AM-251 (1.8 nmol/rat i.c.v.) reversed the 

gastroprotective effect of both AM 404 (2.53 nmol/rat i.c.v.) and URB-597 (2.96 

nmol/rat i.c.v.) (Fig. 7.).  
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Fig. 7. The effect of the CB1 receptor antagonist AM-251 (1.8 nmol/rat i.c.v.) on the 

gastroprotective effect of AM 404 (2.53 nmol/rat i.c.v.) and URB-597 (2.96 nmol/rat 

i.c.v.) on gastric mucosal injury induced by ethanol in the rat. Each column represents 

mean ± S.E.M., n = 5.
 **

p < 0.01 compared to vehicle-treated group (column 1); 
#
p < 

0.05, 
##

p < 0.01 compared to vehicle + AM 404 or URB-597 respectively (column 2), 

(ANOVA, Newman-Kleus post hoc test). 

  

4.1.3. Interactions between cannabinoid and opioid systems in gastroprotection 

 

4.1.3.1. The effect of naloxone given i.c.v. on the gastroprotective effect of 

anandamide, methanandamide and WIN55,212-2 injected either i.c.v or i.v. 

 

The gastroprotective effect of centrally (i.c.v.) injected anandamide (115 nmol/rat) and 

WIN55,212-2 (38 nmol/rat) was reversed by naloxone (27.5 nmol/rat i.c.v.) (Fig. 8. A 

and C panel). The mucosal protective effect of methanandamide (70 nmol/rat i.c.v.) was 



 44 

diminished, but the reduction was not statistically significant (Fig. 8. B panel). Similar 

results were obtained when the effect of centrally injected naloxone was examined on 

the protective effect of anandamide (5.6 μmol/kg), methanandamide (5.6 μmol/kg) and 

WIN55,212-2 (0.2 μmol/kg) given intravenously; naloxone antagonized the mucosal 

protective effect of anandamide and WIN55,212-2 (Fig. 9. A and C). In the case of i.v. 

administration of methanandamide naloxone decreased the protective effect of 

methanandamide in a significant manner. However, methanandamide`s gastroprotective 

effect remained significant (Fig. 9. B panel).  
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Fig. 8. The effect of naloxone (27.5 nmol/rat i.c.v.) on the gastroprotective effect of 

anandamide, methanandamide and WIN55,212-2 (115, 70 and 38 nmol/rat i.c.v., 

respectively) on gastric mucosal injury induced by ethanol in the rat. Each column 

represents mean ± S.E.M., n = 5. 
**

p < 0.01, 
***

p < 0.001 compared to vehicle-treated 

group (column 1); 
#
p < 0.05 compared to vehicle + CB receptor agonist-treated group 

(column 2) (ANOVA, Newman–Keuls post hoc test). 
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Fig. 9. The effect of naloxone (27.5 nmol/rat i.c.v.) on the gastroprotective effect of 

anandamide, methanandamide and WIN55,212-2 (5.6, 5.6 and 0.2 mol/kg i.v., 

respectively) on gastric mucosal injury induced by ethanol in the rat. Each column 

represents mean ± S.E.M., n = 5. 
***

p < 0.001 compared to vehicle-treated group 

(column 1); 
#
p < 0.05, 

###
p < 0.001 compared to vehicle + CB receptor agonist-treated 

group (column 2); 
+++

p < 0.001 compared to naloxone-treated group (column 3) 

(ANOVA, Newman–Keuls post hoc test). 

 

4.1.3.2. The effect of naltrindole and norbinaltorphimine given i.c.v. on the 

gastroprotective effect of anandamide injected i.c.v. 

 

Both the δ-opioid receptor antagonist naltrindole (5 nmol/rat i.c.v.) and the κ-opioid 

receptor antagonist norbinaltorphimine (norBNI) (14 nmol/rat i.c.v.) counteracted the 

mucosal protective effect of anandamide (115 nmol/rat i.c.v.) (Fig. 10.). 

 

Fig. 10. The effect of naltrindole and norbinaltorphimine (norBNI) (5 and 14 nmol/rat 

i.c.v., respectively) on the gastroprotective effect of anandamide (115 nmol/rat i.c.v.) on 

gastric mucosal injury induced by ethanol in the rat. Each column represents mean ± 

S.E.M., n = 5. 
**

p < 0.01 compared to vehicle-treated group (column 1); 
#
p < 0.05 

compared to vehicle + anandamide-treated group (column 2) (ANOVA, Newman–

Keuls post hoc test). 
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4.1.3.3. The effect of endomorphin-2 antiserum injected i.c. on the gastroprotective 

effect of anandamide given i.c.v. 

 

Data are shown on Fig. 11. The endomorphin-2 antiserum did not affect the formation 

of ethanol-induced mucosal lesions, however decreased in a significant manner the 

protective effect of anandamide. However, the antagonism was not complete, and 

gastroprotective action of anandamide was remained.  

 

Fig. 11. The effect of endomorphin-2 antiserum (i.c.) on the gastroprotective effect of 

anandamide (11.5 nmol/rat i.c.v.) on gastric mucosal injury induced by ethanol in the 

rat. Each column represents mean ± S.E.M., n = 5. 
*
p < 0.05, 

***
p < 0.001 compared to 

vehicle-treated group (column 1); 
###

p < 0.001 compared to anandamide-treated group 

(column 2); 
+
p < 0.05 compared to endomorphin-2-antiserum-treated group (column 3) 

(ANOVA, Newman–Keuls post hoc test). 

 

4.1.3.4. The effect of SR141617A on the gastroprotective effect of DAGO and 

deltorphine II 
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The above results demonstrated the influence of opioid antagonists on the 

gastroprotective effect of cannabinoids. This raised up the question, whether CB1 

receptor antagonists have an influence on the gastroprotective effect of opioids as well. 

Centrally administered opioid peptides DAGO (0.973 nmol/rat i.c.v.) and deltorphine II 

(0.693 nmol/rat i.c.v.) exerted a significant inhibition of the gastric mucosal damage 

induced by ethanol. The gastric protective effect of DAGO and deltorphine II was 

reduced by the selective CB1 receptor antagonist SR 141716A (2.16 nmol/rat i.c.v.), but 

not abolished completely (Fig. 12.). 

 

Fig. 12. The effect of the CB1 cannabinoid receptor antagonist SR141716A (2.16 

nmol/rat i.c.v.) on the gastroprotective effect of DAGO (0.973 nmol/rat i.c.v) and 

deltorphine II (0.693 nmol/rat i.c.v.) against gastric mucosal damage induced by ethanol 

in the rat. Each column represents mean ± S.E.M., n = 5. 
**

p < 0.01 and
 +

p < 0.05, 
++

p < 

0.01 compared to vehicle and SR141716A treated groups respectively (column 1 & 4), 

#
p < 0.05 compared to DAGO or deltorphine II treated groups (column 2 & 3) 

(ANOVA, Newman–Keuls post hoc test).  

 

4.1.4. The role of TRPV1 receptors in the gastroprotective effect of cannabinoids 
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4.1.4.1. The effect of capsazepine given i.c.v. on the gastroprotective effect of 

centrally injected methanandamide 

 

To study, whether TRPV1 receptors are involved in the gastroprotective effect of 

cannabinoids, the effect of TRPV1 receptor antagonist capsazepine (53 nmol/rat i.c.v.) 

given i.c.v. was tested on the gastroprotective effect of i.c.v. injected methanandamide 

(1.4 nmol/rat i.c.v.). Capsazepine induced a statistically significant but not pronounced 

(20%) reduction of the mucosal damage induced by ethanol. On the other hand the 

gastroprotective effect of methanandamide was significantly reduced by capsazepine, 

but not abolished completely (Fig. 13.).  

 

Fig. 13. The effect of TRPV1 receptor antagonist capsazepine (53 nmol/rat i.c.v.) on the 

gastroprotective effect of methanandamide (1.4 nmol/rat i.c.v.) on gastric mucosal 

damage induced by ethanol in the rat. Each column represents mean ± S.E.M., n = 5. 
**

p 

< 0.01 and 
*
p < 0.05 compared to vehicle-treated group (column 1), 

#
p < 0.05 compared 

to the methanandamide group (column 2), 
+
p < 0.05 compared to the capsazepine 

treated group (column 3) (ANOVA, Newman-Keuls post hoc test). 

 

4.1.5. Peripheral factors involved in the central gastroprotective effect of 

cannabinoids 
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4.1.5.1. The effect of N
G

-nitro-L-Arginine (L-NNA) on the gastroprotective effect 

of centrally injected anandamide 

 

In order to study whether nitric oxide (NO) plays a role in the gastroprotective effect of 

cannabinoids, the effect of the NO synthase inhibitor N
G
-nitro-L-Arginine (L-NNA) 

given i.v. on the gastroprotective effect of centrally administered anandamide was 

investigated. The L-NNA (6 mg/kg i.v.) prevented the gastroprotective effect of 

anandamide (115 nmol/rat i.c.v) in a significant manner, indicating the involvement of 

NO in the cannabinoids induced gastric mucosal defense (Fig. 14.).  

 

Fig. 14. The effect of N
G
-nitro-L-Arginine (L-NNA 6mg/kg i.v.) on the gastroprotective 

of anandamide (115 nmol/rat i.c.v.) on the gastric mucosal injury induced by ethanol in 

the rat. Each column represents mean ± S.E.M., n = 5.
 **

p < 0.01 compared to the 

vehicle treated group (column 1); 
##

p < 0.01 compared with vehicle + anandamide-

treated group (column 2) (ANOVA, Newman-keuls post hoc test). 

 

4.1.5.2. The effect of indomethacin given orally on the gastroprotective effect of 

methanandamide and WIN 55 212-2 after central administration  
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In order to investigate whether prostaglandins are involved in the gastroprotective effect 

of cannabinoids, the effect of the non-selective cyclooxygenase inhibitor indomethacin 

(20 mg/kg p.o.) on the gastroprotective effect of  centrally administered 

methanandamide (70 nmol/rat i.c.v) and WIN55,212-2 (38 nmol/rat i.c.v.) was tested. 

Indomethacin reversed the gastroprotective effect of methanandamide and WIN55,212-

2, which indicate that, prostaglandins may play role in the gastroprotective effect of 

cannabinoids (Fig. 15.). 

 

Fig. 15. The effect of indomethacine (20 mg/kg p.os.) on the gastroprotective effect of 

methanandamide (70 nmol/rat i.c.v.) and WIN55,212-2 (38 nmol/rat i.c.v.) on ethanol- 

induced gastric mucosal damage in the rat. Each column represents mean ± S.E.M., n = 

5. 
***

p < 0.001 compared to vehicle treated group (column 1); 
##

p < 0.001 compared to 

vehicle + methanandamide and WIN55,212-2-trated group (column 2 & 3) (ANOVA, 

Newman-Kleus post hoc test).  

 

4.2. α2-Adrenoceptor subtypes and gastric motor activity 

 

4.2.1. In vitro analysis of the role of α2-adrenoceptor subtypes in the regulation of 

gastric motility in the rat  
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4.2.1.1. The effect of clonidine, oxymetazoline and ST-91 on EFS-induced 

contractions in gastric fundus strips of rat 

 

The electrical field stimulation (EFS) caused a twitch contractions, which were blocked 

by atropine (1000 nM), indicating that it was mediated by cholinergic mechanism (data 

not shown). The non-selective α2-adrenoceptor agonist clonidine, the α2A-subtype 

selective agonist oxymetazoline and the α2B/2C-subtype preferring agonist ST-91, 

reduced the cholinergic contractions induced by EFS in a concentration dependent 

manner (Fig.16.). The EC50 (nM), Emax (%) and relative potency values for the α2-

adrenoceptor agonists are listed in table 1. Oxymetazoline showed higher potency than 

clonidine and ST-91. The relative potency was taken 1 for clonidine and the relative 

potencies for oxymetazoline and ST-91 compared to that of clonidine were 7.3 and 0.9 

respectively.  

 

 

Fig.16. The inhibitory effect of clonidine, oxymetazoline and ST-91 on cholinergic 

contractions induced by EFS (200 ms pulse distance, 1 ms pulse width, 50 shocks, 9 

V/cm i.e. supramaximal intensity of 5Hz repeated every 60s) on the rat isolated gastric 

fundus strips. Agonists were added cumulatively into the organ bath at increasing 



 53 

concentration every 5 min. Each concentration response curve represents the mean ± 

S.E.M. values of inhibition. 

 

Table 1. The EC50 and Emax values of α2-adrenoceptor agonists measured in the rat 

gastric fundus strips. EC50 represents the concentration of agonists to inhibit 50% of 

maximal strip contractions and Emax represents the maximal inhibitory effect. 

Drug EC50 (nM) Emax (%) Relative potency n 

Clonidine 75  5.2 59.6  1.7 1 4 

Oxymetazoline 10.3  5.9 52.2  9.5 7.3 4 

ST-91 79.9  4.3 62.9  4.6 0.9 8 

  Values are presented as mean  S.E.M.; “n” indicates the number of experiments. 

 

4.2.1.2. The effect of idazoxan on the inhibitory effect of clonidine, oxymetazoline 

and ST-91 on the EFS- induced contractions in gastric fundus strips of the rat 

 

Fig.17. demonstrates the antagonism exerted by the non selective 2-adrenoceptor 

antagonist idazoxan (10,000 nM) on the inhibitory effect of clonidine (1000 nM), 

oxymetazoline (1000 nM) and ST-91 (1000 nM) on the EFS-induced contractions in 

gastric fundus strips of rat. The data show that idazoxan significantly inhibited the 

effect of clonidine, oxymetazoline and ST-91.   
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Fig. 17. The effect of idazoxan (10,000 nM) exerted on the inhibitory effect of clonidine 

(1000 nM), oxymetazoline (1000 nM) and ST-91 (1000 nM) on the EFS-induced 

contractions in gastric fundus strips of the rats. Each column represents mean ± S.E.M 

values of inhibition. Numbers in brackets indicate the number of experiments. 
*
p < 0.05, 

***
p < 0.001 compared to respective control group (clonidine, oxymetazoline or ST-91 

per s) (Paired Student’s t test). 

 

4.2.1.3. The effect of BRL 44408 on the inhibitory effect of clonidine, 

oxymetazoline and ST-91 on the EFS-induced contractions in gastric fundus strips 

of the rat. 

  

The α2A-adrenoceptor subtype selective antagonist BRL 44408 (10,000 nM) 

significantly reversed the inhibitory effect of clonidine (1000 nM), oxymetazoline (1000 

nM) and also that of the α2B/2C-subtype preferring agonist ST-91 (1000 nM) on the EFS-

induced contractions in gastric fundus strips of the rat (Fig. 18.).  

 

Fig. 18. The effect of BRL 44408 (10,000 nM) exerted on the inhibitory effect of 

clonidine (1000 nM), oxymetazoline (1000 nM) and ST-91 (1000 nM) on the EFS-

induced contractions of gastric fundus strips of rat. Each column represents mean ± 

S.E.M values of inhibition; numbers in brackets indicate the number of experiments.  

**
p < 0.01, 

***
p < 0.001 compared to respective control group (clonidine oxymetazoline 

or ST-91 per se) (Paired Student’s t test). 
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4.2.1.4. The effect of ARC-239 on the inhibitory effect of clonidine, oxymetazoline 

and ST-91 on the EFS-induced contractions in gastric fundus strips of the rat.  

 

As demonstrated in Fig. 19. the inhibitory effect of clonidine (1000 nM), oxymetazoline 

(1000 nM) and ST-91 (1000 nM) was not affected by the α2B/2C preferring antagonist 

ARC-239 (10,000 nM). 

 

Fig. 19. The effect of ARC-239 (10,000 nM) exerted on the inhibitory effect of 

clonidine (1000 nM), oxymetazoline (1000 nM) and ST-91 (1000 nM) on the EFS-

induced contractions of gastric fundus strips of rat. Each column represents mean ± 

S.E.M values of inhibition; numbers in brackets indicate the number of experiments.   

  

4.2.2. In vitro analysis of role of α2-adrenoceptor subtypes in the regulation of 

gastric motility in the NMRI mice  

 

4.2.2.1. The effect of clonidine, oxymetazoline and ST-91 on EFS-induced 

contractions in gastric fundus strips of NMRI mice. 
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The electrical field stimulation (EFS)-induced contractions in the gastric fundus strips 

of the NMRI mice were antagonized by atropine (1000 nM), indicating the involvement 

of cholinergic system in the contractile response (data not shown). The non-selective α2-

adrenoceptor agonist clonidine, the α2A-subtype selective agonist oxymetazoline and the 

α2B/2C-subtype preferring adrenoceptor agonist ST-91 inhibited the EFS-induced 

contractions in a concentration-dependent manner (Fig. 20). Clonidine, oxymetazoline 

and ST-91 showed approximately the same efficacy; their maximal inhibitory effect 

(Emax) was 86.6 ± 1.2 %, 78.4 ± 3.1 % and 75.7 ± 2.4 %, respectively. The relative 

potency was taken 1 for clonidine and the relative potencies for oxymetazoline and ST-

91, compared to that of clonidine, were 5 and 0.7 respectively (Table 2).  

 

Fig. 20. The inhibitory effect of clonidine, oxymetazoline and ST-91 on cholinergic 

contractions induced by electrical field stimulation (200 ms pulse distance, 1 ms pulse 

width, 25 shocks, 9 V/cm i.e. supramaximal intensity of 5 Hz repeated every 60s) of 

NMRI mice gastric fundus stripes. Agonists were added cumulatively into the organ 

bath at increasing concentration every 5 min. Each concentration response curve 

represents the mean ± S.E.M. values of inhibition.  
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Table 2. EC50 and Emax values of α2-adrenoceptor agonists measured in the NMRI mouse 

gastric fundus strips. EC50 represents the concentration of agonists to inhibit 50% of 

maxima strip contractions and Emax represent the maximal inhibitory effect. 

Drug EC50 (nM) Emax (%) Relative potency n 

Clonidine 19.4  1.3 86.6  1.2 1 15 

Oxymetazoline 3.9  1.1 78.4  3.1 5 10 

ST-91 28.7  4.3 75.7  2.4 0.7 6 

  Values are presented as mean  S.E.M.; “n” indicates the number of experiments. 

 

4.2.2.2. The effect of idazoxan on the inhibitory effect of clonidine, oxymetazoline 

and ST-91 on the EFS-induced contractions in gastric fundus strips of the NMRI 

mice. 

 Fig. 21. demonstrates the effect of the non selective α2-adrenoceptor antagonist, 

idazoxan (10,000 nM) on the inhibitory effect of clonidine (1000 nM), oxymetazoline 

(100 nM) and ST-91 (1000 nM) against the EFS-induced contractions in gastric fundus 

stripe of NMRI mice. The data show that idazoxan inhibited the effect of clonidine, 

oxymetazoline and ST-91 in a significant manner. 

 

Fig. 21. The effect of idazoxan (10,000 nM) exerted on the inhibitory effect of clonidine 

(1000 nM), oxymetazoline (100 nM) and ST-91 (1000 nM) on the EFS-induced 

cholinergic contractions in the gastric fundus strips of NMRI mice. Each column 
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represents mean ± S.E.M values of inhibition; numbers in brackets indicate the number 

of experiments. 
**

p < 0.01, 
***

p < 0.001 compared to the respective control groups 

(clonidine, oxymetazoline or ST-91 per se) (Paired Student’s t test). 

 

4.2.2.3. The effect of BRL 44408 on the inhibitory effect of clonidine, 

oxymetazoline and ST-91 on the EFS-induced contractions in gastric fundus strips 

of the NMRI mice.  

 

BRL 44408, an α2A subtype selective antagonist (10,000 nM) acted the similar way as 

idazoxan. It reduced the inhibitory action of the clonidine (1000 nM), oxymetazoline 

(100 nM) and surprisingly, also that of α2B/2C-adrenoceptor preferring agonist ST-91 

(1000 nM) on EFS-induced contractions of gastric fundus strips in a significant manner 

(Fig. 22.). This suggests that α2A-adrenoceptor subtype is involved in the meditation of 

the effect.  

 

Fig. 22. The effect of BRL 44408 (10,000 nM) exerted on the inhibitory effect of 

clonidine (1000 nM), oxymetazoline (100 nM) and ST-91 (1000 nM) on the EFS-

induced contractions in gastric fundus strips of NMRI mice. Each column represents 

mean ± S.E.M values of inhibition; numbers in brackets indicate the number of 

experiments. 
**

p < 0.01, 
***

p < 0.001 compared to respective control group (clonidine 

oxymetazoline or ST-91 per se) (Paired Student’s t test). 
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4.2.2.4. The effect of ARC-239 on the inhibitory effect of clonidine, oxymetazoline 

and ST-91 on the EFS-induced contractions in gastric fundus strips of the NMRI 

mice.  

 

The α2B/2C subtypes preferring antagonist ARC-239 (10,000 nM) failed to affect the 

inhibitory actions of clonidine (1000 nM), oxymetazoline (100 nM) and even that of 

ST-91 (1000 nM) indicating that α2B/2C-adrenergic receptors are not likely to be 

involved in the mediation of the effect of α2-adrenoceptor agonists (Fig. 23).  
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Fig. 23. The effect of ARC-239 (10,000 nM) exerted on the inhibitory effect of 

clonidine (1000 nM), oxymetazoline (100 nM) and ST-91 (1000 nM) on the EFS-

induced contractions of gastric fundus strips of NMRI mice. Each column represents 

mean ± S.E.M values of inhibition. Numbers in brackets indicate the number of 

experiments.  

 

4.2.3. In vitro analysis of α2-adrenoceptor subtypes role in the regulation of gastric 

motility in the wild type and α2-adrenoceptor subtype deficient C57BL/6 mice 
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4.2.3.1. The effect of idazoxan, BRL 44408 and ARC-239 on the clonidine-induced 

inhibition of contractions evoked by EFS in the gastric fundus strips of wild type 

mice. 

 

In wild type mice, clonidine (1000 nM) inhibited the EFS-induced contractions. This 

effect was reversed by idazoxan (10,000 nM) and BRL 44408 (10,000 nM) but not by 

ARC-239 (10,000 nM) (Fig. 24.).  
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Fig. 24. The effect of idazoxan (10,000 nM), BRL 44408 (10,000 nM) and ARC-239 

(10,000 nM) on the inhibitory effect of clonidine (1000 nM) exerted on the EFS-

induced contractions in gastric fundus strips of wild type mice. Each column represents 

mean ± S.E.M values of inhibition, n = (4). 
**

p < 0.01 compared to respective column of 

clonidine (Paired Student’s t test). 

 

4.2.3.2. The effect of clonidine on the EFS-induced contractions in gastric fundus 

strips of wild type, α2A-, α2B- and α2C-adrenoceptor subtype deficient C57BL/6 

mice. 

 

The non-selective α2-adrenoceptor agonist clonidine inhibited the EFS-induced 

contractions of gastric fundus strips in both wild type C57BL/6 mice (Fig. 25, panel A), 
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and in α2B- and α2C-adrenoceptor-deficient mice in a concentration-dependent manner 

(Fig. 25, panels C, D). In contrast, clonidine did not affect the EFS-induced contractions 

in α2A-deficient mice (Fig. 25, panel B) suggesting that expression of α2A-adrenoceptor 

subtype has a crucial role in the inhibitory effect of clonidine.  
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Fig. 25. The inhibitory effect of clonidine on EFS-induced contractions in isolated 

gastric fundus stripes of wild type, α2A-, α2B- and α2C- deficient C57BL/6 mice (Panel A, 

B, C and D, respectively). Each column represents mean ± S.E.M values of inhibition. 

**
p < 0.01, 

***
p < 0.001 compared to control contractions induced by EFS (ANOVA for 

repeated measures followed by Newman-Keules post-hoc test). 

 

4.2.3.3. The effect of ST-91 on the EFS-induced contractions in gastric fundus 

strips of wild type, α2A-, α2B- and α2C-adrenoceptor subtype deficient C57BL/6 

mice. 

 

Similarly to clonidine, the α2B/2C-adrenoceptor preferring agonist ST-91 (1000 nM) also 

exerted an inhibitory action on the EFS-induced contractions of gastric fundus strip in 
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wild type C57BL/6 mice as well as in α2B- and α2C-adrenoceptor deficient mice in a 

concentration-dependent manner, but it failed to inhibit the EFS-induced contractions in 

α2A-deficient mice (Fig. 26). Similarly, oxymetazoline also turned to be ineffective in 

α2A-deficient mice (data are not shown).  
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Fig. 26. The inhibitory effect of ST-91 on EFS-induced contractions in isolated gastric 

fundus strips of wild type, α2A-, α2B- and α2C-deficient C57BL/6 mice (Panel A, B, C 

and D, respectively). Each column represents mean ± S.E.M values of inhibition. 
*
p < 

0.05, 
**

P < 0.01, 
***

p < 0.001 compared to control contractions induced by EFS 

(Repeated measures ANOVA, followed by Newman-Keules post hoc test).  
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5. DISCUSSION 

 

5.1. Gastric mucosal integrity 

 

5.1.1. Effect of cannabinoids in ethanol ulcer model (acid-independent ulcer model) 

 

Cannabinoids were shown to inhibit the mucosal lesions in several ulcer models. 

For example, the selective CB1 receptor agonist ACEA significantly reduced gastric 

ulcer formation induced by aspirin (Rutkowska and Fereniec-Goltbiewska, 2006), WIN 

55,212-2 prevented gastric mucosal injuries in the cold/restrain ulcer model (Germano 

et al., 2001) and anandamide reduced the gastric ulceration induced by water immersion 

and restrain stress (Dembiniski et al., 2006). The anti-ulcer effect of cannabinoids is 

supported by the findings which demonstrated distribution of CB1 receptor 

immunoreactivity, was in cholinergic neural elements innervating smooth muscle, 

mucosa and submucosal blood vessels of rat stomach fundus, corpus and antrum 

(Adami et al., 2002) as well as in the enteric nervous system of different species (Griffin 

et al., 1997; Kulkarni-Narla and Brown, 2000; Coutts et al., 2002; Casue et al., 2003), 

Morover, since the above described experimental ulcers are acid-dependent ulcer 

models, the antisecretory effect of cannabinoids (Curozzi et al., 1999; Adami et al., 

2002) may contribute to the mucosal protective action of cannabinoids.  

The question has been raised whether cannabinoids are able to induce mucosal 

defense in ulcer models where the mechanism of mucosal damage is independent from 

acid secretion. The present results demonstrated first that the endocannabinoid 

anandamide, its stable analogue methanandamide and the synthetic, non-selective 

cannabinoid derivative WIN55,212-2 after intravenous administration inhibited 

the gastric mucosal lesions induced by ethanol. It has been well documented that the 

ethanol-induced gastric mucosal injury is acid independent ulcer model (Robert et al., 

1979) and the mucosal damage have been described to be associated with disturbances 

of gastric mucosal microcirculation (Oates and Hakkinen, 1988). Data of the literature 

show that anandamide enhanced gastric mucosal blood flow (Dembiniski et al., 2006) 

and methanandamide exerted vasodilatory effect on isolated small gastric arteries of the 

rat (Breyne and Vanheel, 2006). These actions may explain - at least partly - the 
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gastroprotective effect of cannabinoids against ethanol-induced gastric damage, since 

disturbance of mucosal circulation is a key factor of mucosal lesions. In addition, since 

increased gastric motor activity may contribute to the development of mucosal lesions 

(Takeuchi et al., 1985; Takeuchi et al., 1988) the inhibitory effect of cannabinoids on 

gastric emptying (Landi et al., 2002; Izzo et al., 1999a) and gastric motility (Krowicki et 

al., 1999), might be additional factors that contribute to their gastroprotective effect. 

Furthermore, it has not been analyzed whether the gastroprotective effect of 

cannabinoids involves central components as well.  There are only few data in the 

literature on the role of central cannabinoid receptors in regulation of gastrointestinal 

functions. E.g. Δ9-THC inhibited gastric motility after systemic and central 

administration. Although CB1 receptor activation can inhibit intestinal contractile 

activity directly by reducing excitatory neurotransmission to the smooth muscle 

(Pertwee, 2001), the inhibition of gastric motility by Δ9-THC is due primarily to 

activation of CB1 receptor in the vagal circuitry of the DVC of the brainstem. Tow line 

of evidence support this notion. Firstly, a dose of Δ9-THC that is lower then the 

effective systemic dose, applied directly to the surface of the medulla, reduces gastric 

motility and, secondly, vagotomy completely abolishes the gastric motor effect of 

systemically administered Δ9-THC (Krowicki et al., 1999). In addition, the antiemetic 

effect of peripherally administered Δ9-THC and WIN55212-2 in ferrets was suggested 

to be mediated by activation of CB1 receptor in the DVC (Van Sickle et al., 2001). In 

fact, application of Δ9-THC into the surface of the brainstem inhibited emesis induced 

by intragastric hypertonic saline (Van Sickle et al., 2003). Moreover, 

intracerebroventricular administration of WIN55,212-2 was more effective than its 

intraperitoneal administration in inhibition of intestinal motility, which may suggest 

central site of action. However, SR141716A given intracerebroventricularly failed to 

antagonize the effect of WIN55,212-2 injected intraperitoneally, indicating the primary 

role of peripheral CB1 receptors in the inhibition of upper intestinal motility (Landi et 

al., 2002). Others showed that WIN55,212-2 and cannabinol were significantly more 

active in reducing intestinal transit in mice when administered i.c.v. than when 

administered i.p. and their ED50 values were lower when administered i.c.v. than when 

administered i.p. The higher central-to-peripheral potency of cannabinoid agonists 

suggested a central site of action. However, central CB1 receptors probably contribute a 
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little to this effect, since the effect of i.p. injected cannabinoid agonists were not 

modified by the ganglionic blocker hexamethonium (Izzo et al., 2000). Adami et al., 

(2002) found that the synthetic cannabinoid receptor agonists WIN55,212-2 and HU-

210 were ineffective either on the basal secretion or on the pentagastrin-stimulated 

gastric acid output after i.c.v. administration, but in contrast, intravenously both 

WIN55,212-2 and HU-210 significantly inhibited pentagastrin-induced gastric acid 

secretion, and SR141716A antagonized this effect, indicating that CB1 receptors 

mediating inhibition of gastric acid secretion in the rat are mainly located in the 

periphery. Moreover, it was found that anandamide and WIN55,212-2, when 

administered peripherally to partially satiated animals, elicited significant and prolonged 

hyperphagia. In contrast, central injections of these cannabinoids had no effect on 

feeding, except at the highest dose (10 µg), which resulted already in motor impairment. 

They concluded that, cannabinoid agents can affect
 
food intake predominantly by 

engaging peripheral CB1 receptors localized to capsaicin-sensitive sensory terminals 

(Gomez et al., 2002). 

One of our most important findings was the demonstration of the 

involvement of CNS in the gastroprotective effect of cannabinoids against gastric 

mucosal damage induced by ethanol after central administration. It was found that 

the gastroprotective effect of methanandamide given i.v. was reversed by SR141716A 

administered centrally suggesting the primary role of centrally located CB1 receptors in 

the gastroprotective effect of methanandamide. Furthermore, i.c.v. injected anandamide, 

methanandamide, WIN55,212-2 and the CB1 receptor selective agonist ACEA (Hillard 

et al., 1999), dose-dependently reduced the gastric mucosal lesions induced by ethanol. 

This centrally induced gastroprotective effect of anandamide and methanandamide were 

reversed by a selective cannabinoid CB1 receptor antagonist SR141716A (Rinaldi-

Carmona et al., 1995) injected centrally, indicating involvement of CB1 receptor in their 

gastroprotective effect. The effective dose range of cannabinoids against ethanol-

induced lesions given i.c.v. were much lower than that injected i.v., providing an 

additional evidence for the dominant role of central CB1 receptors compared to the 

peripheral CB1 receptors in this action. Accordingly, since, cannabinoids agonist are 

lipophilic molecules which can easily cross blood brain barrier (Petitet et al., 1999), 

their peripheral gastroprotective effect might be mediated via central CB1 receptors. The 
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above data are further supported by the findings that CB1 receptor and its mRNA were 

found throughout the central nervous system (Matsuda et al., 1993; Tsou et al., 1998) in 

particular, CB1 receptors were co-localized in the DVC (which consist of NTS, DMNV 

and area of posterma of the brainstem) (Van Sickle et al., 2001; Van Sickle et al., 2003; 

Partosoedarso et al., 2003). 

 

5.1.2. The role of endogenous cannabinoids in the gastric mucosal protection 

 

Since, our present results demonstrated the gastroprotective effect of the 

endogenous cannabinoid anandamide and its analogue methanandamide after both 

peripheral and central administration. The question was raised whether 

endocannabinoids may have physiological role in maintaining gastric mucosal integrity. 

Therefore, we tested the effect of anandamide uptake inhibitor AM 404 and the inhibitor 

of fatty acid amide hydrolyase (FAAH) URB-597 on gastric mucosal damage induced 

by ethanol. Both AM 404 and URB-597 are known to increase the level of anandamide 

by interfering with anandamide uptake by the cells and its degradation by FAAH, 

respectively. It was found that i.c.v. injected anandamide uptake inhibitor AM 404 and 

the FAAH inhibitor URB-597 significantly inhibited the gastric mucosal lesions 

induced by ethanol. This effect was mediated via activation of CB1 receptor, since the 

selective CB1 receptor antagonist AM-251 (Gately et al 1997) reduced the 

gastroprotective effect of AM 404 and URB-597. This new finding provides the first 

evidence for the physiological role of endocannabinoids in gastric mucosal 

integrity. Data of the literature show that daily and acute treatment with AM 404 

prevented the development of thermal hyperalgesia and mechanical allodynia in 

neuropathic rats. During treatment no tolerance, overt behavior or motor impairments 

were induced by AM 404 (Costa et al., 2006; Mitchell et al., 2007). Therefore, it might 

be speculated that manipulations of the endocannabinoid system with drugs that 

interfere with endocannabinoids catabolism represent a novel strategy for increasing 

gastric mucosal defense without causing the undesirable side effect associated with 

exogenously given cannabinoid receptor agonists.  

The physiological role of endocannabinoids has been raised in the regulation of 

gastrointestinal motility, namely, when CB1 receptor selective antagonist SR141716A 
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administered alone increased upper gastrointestinal transit in the rat (Izzo et al., 1999b), 

and intestinal motility and colonic propulsions in mice (Izzo et al., 2001; Pinto et al., 

2002). This effect of SR141716A might be due to its inverse agonist properties 

described previously at the human recombinant CB1 receptor (Landsman et al., 1997) or 

to interruption of a tonic inhibition of motility by endocannabinoids. The latter 

hypothesis is supported by the following evidence; high amount of 2-AG and 

anandamide were measured in the intestine and colon of mice together with high 

activity of anandamide amide hydrolyase (Izzo et al., 2001a; Pinto et al., 2002). In 

particular, the amounts of anandamide measured in the colon of mice, were at least 20 

times higher than those measured in either rat (Sugiura et al., 1995) or mouse (Di Marzo 

et al., 2000) brain, and are enough to yield tissue concentration higher than the Ki values 

of CB1 receptor activation. The inhibitor of anandamide cellular uptake (5Z, 8Z, 11Z, 

14Z)-N-(4-Hydroxy-2-methylphenyl)-5, 8, 11, 14-eicosatetraenamide (VDM11) also 

decreased colonic propulsions in mice, an effect which was counteracted by 

SR141716A (Pinto et al., 2002). Moreover, it has been recently shown, that gastric 

emptying is physiologically regulated by the endocannabinoid system. It was found that 

anandamide reduced gastric emptying; this effect was antagonized by SR141716A in 

mice. Also, the fatty acid amide hydrolyase inhibitor N-arachidonyl-5-

hydroxytryptamine inhibited gastric emptying an effect which was counteracted by 

SR141716A. These data indicate a physiological role for the endocannabinoids in the 

regulation of gastric emptying in the mice (Di Marzo et al., 2008). Furthermore, URB-

597 a FAAH enzyme inhibitor known to increase basal level of anandamide in the rat 

brain (Fegely et al., 2005) has been reported to suppress vomiting produced by 

morphine-6-glucuronide in ferret (Sharkey et al., 2007). This anti-emetic effect of URB-

597 was mediated by its potential to prolong the activity of anandamide by inhibiting its 

degradation. Although anandamide was shown to have weak anti-emetic effects on its 

own in ferrets (Van Sickle et al., 2001) and least shrews (Darmani, 2002), its 

combination with URB-597 potentiate its anti-emetic effect against cisplatine-induced 

vomiting (Parker et al., 2009). These data suggest that endocannabinoid system plays a 

tonic role in the regulation of vomiting.  

The role of endocannabinoids was also shown in other pain transmission and 

manipulations of the endocannabinoid system with drugs that interfere with 
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endocannabinoids catabolism represent a novel strategy for pain management without 

causing the undesirable side effect associated with cannabinoid receptor agonists. It was 

reported that, AM 404 enhanced anandamide antinociceptive effect (Beltramo et al., 

1997) and was effective in relieving neuropathic pain (Costa et al., 2006; Mitchell et al., 

2007). Haller et al., (2008), demonstrated that URB-597 increases brain anandamide 

levels and enhances anandamide-induced antinociception in mice. The combination of 

URB597 and anandamide produced maximal antinociception in the mouse tail-flick test 

an effect which was antagonized by SR141716A. 

 

5.1.3. Interactions between cannabinoid and opioid systems in gastroprotection 

 

 Several lines of evidence suggest that opioid and cannabinoid receptors can 

functionally interact. Very recent data show that the antihyperalgesic action of 

anandamide against carrageenan-induced hyperalgesia was reversed by the opioid 

receptor antagonist naloxone, indicating that its antinociceptive effect may involve at 

least partly the opioid system (Reis et al., 2009). Another recent paper showed that AM 

404, an endocannabinoid uptake inhibitor, potentiated antinociception induced by 

cholestasis, which is associated with increased activity of the endogenous opioid system 

that results in analgesia. These results suggest a possible interaction between opioid and 

cannabinoid systems in this experimental model (Hasanein P. 2009). 

The interactions may be direct, such as through receptor heteromerization, or 

indirect, such as through signaling cross-talk that includes agonist-mediated release 

and/or synthesis of endogenous ligands that can activate downstream receptors (Bushlin 

et al., 2009). Data of the literature suggest possibility of an indirect interaction between 

opioids and cannabinoids; activation of cannabinoid receptors may induce the release of 

opioid peptides. E.g. intrathecal administration of anandamide, Δ9-THC and (-)-3-[2-

hydroxy-4-(1, 1-dimethyheptyl) ptyl) phenyl]-4-(3-hydr oxypropyl)-cicloexan-1-ol 

(CP55,940) induced spinal antinociception accompanied by differential kappa-opioid 

receptor involvement and dynorphin A peptide release (Mason et al., 1999). Others 

showed that while Δ9-THC releases dynorphin A and leucin-enkephalin (Welch and 

Eads, 1999; Welch, 2009), anandamide failed to induce the release of dynorphin A 

(Mason et al., 1999; Welch and Eads, 1999). With regard to the contribution of 
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endocannabinoids to the morphine induced peripheral antinociception, it has been 

reported that the selective CB1 receptor antagonist AM 251 completely reversed the 

peripheral antinociception induced by morphine and the administration of fatty acid 

amide hydrolase (5Z, 8Z, 11Z, 14Z) 5, 8, 11, 14-eicosatetraenyl-metheyl ester 

phosphonofluoridic acid (MAFP), enhanced the antinociception induced by morphine 

(da Fonseca et al., 2008). These results provide evidence for the involvement of 

endocannabinoids, in the peripheral antinociception induced by μ-opioid receptors. In 

addition, synergism between the opioid and cannabinoid agonists have been described 

at subeffective or submaximal doses and these effects were blocked by opioid receptor 

and cannabinoid receptor antagonists (Reche et al., 1996; Smith et al., 1998). 

Both opioid and cannabinoid receptors modulate several functions of the 

gastrointestinal tract including motility, acid secretion, intestinal secretion and gastric 

mucosal protection. Moreover, similar distribution for opioid and cannabinoid receptors 

was described in the DVC (Mansour et al., 1995b; Van Sickle et al., 2001; Pasteroeods 

et al., 2003) and myentric and submucosal plexuses of the ENS (Kulkarni-Narla and 

Brown, 2001). As the strong co-localization of CB1 and μ-opioid receptors in the dorsal 

horn of the rat spinal cord, explained the interaction between cannabinoids and opioids 

in the control of nociception at spinal level (Salio et al., 2001). However, such an 

interaction between the opioids and cannabinoids was not demonstrated in the 

regulation of gastrointestinal motility, since the inhibitory effect of morphine on the 

gastrointestinal transit of solid meal was not reversed by SR141716A. Similarly, 

naloxone a non-selective opioid receptor antagonist failed to reverse the inhibitory 

effect of WIN55,212-2 in the mice (Carai et al., 2006).  

Our present findings demonstrated first a cannabinoid-opioid interaction in 

centrally-induced gastric mucosal protection. Opioid peptides can induce gastric 

mucosal protection given both peripherally (Gyires et al., 1997) and centrally (Gyires et 

al., 2000; Gyires and Ronai, 2001). It was shown that naloxone given centrally 

antagonized the gastroprotective effect of anandamide and WIN55,212-2 injected i.c.v., 

the effect of methanandamide was only slightly affected. Since the centrally injected 

naloxone also inhibited the mucosal protective effect of intravenously injected 

anandamide, methanandamide and WIN55,212-2, the interaction may be located 

primarily in the CNS. In addition, the gastroprotective of centrally injected anandamide 
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was counteracted by -opioid receptor antagonist naltrindole and -opioid receptor 

antagonist norbinatorphimine (norBNI). These data, strongly suggest the involvement of 

central µ-, - and -opioid receptors in mediating the mucosal protective effect of 

anandmide. The role of μ- and δ- opioid receptors in gastroprotection has already been 

suggested. Both the μ-opioid receptor selective [D-Ala2, MePhe4,Gly5-ol]-enkephalin 

(DAGO) and δ-opioid receptor selective [D-Pen2, D-Pen5]- enkephalin (DPDPE) and 

deltorphin II injected either subcutaneously or i.c.v. were found to be effective against 

ethanol-induced lesions (Gyires et al., 1997; Gyires and Ronai, 2001). Our findings 

confirmed that the interaction between cannabinoid and opioid system is likely to be 

indirect, namely endomorphin-2 antiserum reduced the protective effect of anandamide 

in a significant manner indicating that endomorphin-2 release may be crucial for 

anandamide-induced gastroprotective effect. Endomorphin-2 and endomorphin-1 are -

opioid receptor selective endogenous opioids (Zadina et al., 1997); however, 

endomorphin-2 can induce the release of other endogenous opioids like dynorphine 

(Tseng et al., 2000) and [Met5]enkephalin (Ohsawa et al., 2001). This may explain 

partly that both the -opioid receptor antagonist norBNI and the -opioid receptor 

antagonist naltrindole reduced the gastroprotective effect of anandamide. However, it 

also can be raised that anandamide it self induce the release of dynorphine or 

enkephalin, though the data of the literature is contradictory in this respect (Mason, et 

al., 1999; Welch and Eads, 1999) and further investigation are needed to clarify this 

issue. 

We also investigated the effect of CB1 receptor selective antagonist SR141716A 

on the gastroprotective effect of the µ-opioid receptor selective agonist (DAGO) and -

opioid receptor selective agonist deltorphin II after central administration. It was found 

that the gastroprotective effect of opioid peptides was attenuated by SR141716A but not 

abolished completely, indicating that endocannabinoids may partly contribute to the 

gastroprotective effect of opioid peptide. Our data are in consistence with date of the 

literature that showed, that the CB1 receptor antagonist AM-251 can reverse morphine-

induced, peripheral antinociception in an inflammatory pain model (da Fonseca et al., 

2008) or central antinociception in an acute thermal pain model (Pachaceo et al., 2009), 

indicating that endocannabinoid activity may be critical for morphine mediated 

antinociception. 
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The above data suggested the crucial role of central CB1 receptors as well as 

the cannabinoid-opioid interaction in the gastroprotective effect of cannabinoids. 

The question is raised: where is the site of action of centrally initiated gastroprotective 

effect of cannabinoids?  Though, the precise site of action has not been clarified, DVC 

is supposed to play an important role in centrally induced gastroprotection as it is 

suggested by the data of the literature (Kaneko et al., 1998; Tache et al., 1994; Yang et 

al., 1999) and our previous findings (Gyires et al., 2000; Gyires and Ronai, 2001). It 

may be speculated that the site of action of the cannabinoid-induced gastroprotection 

and the interaction between cannabinoid-opioid system in gastric mucosal defense is the 

DVC, since: i./ cannabinoid CB1 receptors are located in this area (Partosoedarso et al., 

2003), ii./ different opioid peptides were identified in the DVC, e.g. expression of 

preproenkephalin and preprodynorphin messenger RNA was described in this region 

(Rutherfurd and Gundlach, 1993), -endorphin is synthetized in the NTS (besides 

arcuate nucleus, from where endorphin-containing fibers project to the NTS (Palkovits 

et al., 1987) and also endomorphin-1 and endomorphin-2 has been found in this area 

(Martin-Schild et al., 1999), iii./ endomorphin-2 antiserum given intracisternally 

decreased the mucosal protective effect of anandamide that was given.i.c.v. The above 

data on co-localization of ligands and receptors of cannabinoid and opioid system may 

serve a basis for a potential interaction between these two systems. It may be 

hypothesized that activation of CB1 receptors in DVC (or hypothalamus) directly or 

indirectly through the release of endogenous opioids (or by both mechanisms) initiates a 

chain of events which results in gastric protection against mucosal injury. Previous 

studies suggested that gastroprotection can be induced by low level of central vagal 

stimulation, and the consequent release of NO, PG and CGRP (Kato et al., 1994; Kiraly 

et al., 1993). Experiments are in progress on the role of vagal nerve in the 

gastroprotective effect of cannabinoids. 

 

5.1.4. The role of TRPV1 receptors in the gastroprotective effect of cannabinoids 

 

The endogenous cannabinoid receptor ligand anandamide (Devane et al., 1992) 

has been identified to function as an endogenous agonist at the TRPV1 receptor 
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(Zygmunt et al., 1999; Smart et al., 2000). A functional TRPV1 receptor has been 

cloned and characterized as an ion legend-gated cation channels, mainly expressed in 

the sensory neurons (Caterina et al., 1997). The distribution of TRPVI receptor in the 

DVC has been demonstrated. TRPV1 immunoreactivity was largely restricted to the 

NTS of the ferret with weak labeling in the DMNV and sparse distribution in the area 

postrema. A similar distribution of TRPV1, and its extensive co-localization with CB1 

receptor was observed in the mouse brain (Sharkey et al., 2007). Moreover, the 

expression and localization of TRPV1 receptor in the gastric mucosa have been 

demonstrated (Kato et al., 2003; Nozawa et al., 2001). 

The role of primary sensory afferent neurons in the periphery, in gastric mucosal 

protection is well documented (Holzer, 1998). These neurons express TRPV1 receptors, 

which are activated by noxious stimuli including molecules like capsaicin. Stimulation 

of these receptors triggers the local release of neuropeptides from their peripheral 

endings, the most important of which is the powerful vasodilator CGRP (Holzer and 

Pabst, 1999). CGRP released from sensory nerves exerts gastroprotection by enhancing 

gastric mucosal blood flow (Holzer and Lippe, 1988; Kinoshita et al., 1993). Moreover, 

its well known, that endogenous as well as synthetic cannabinoids have potent 

vasodilatory action in a variety of vascular preparations is mediated via activation of 

TRPV1 receptor. E.g. anandamide stimulate TRPV1 receptor on sensory afferent 

neuron, releasing CGRP (Ahluwalia et al., 2003a), which mediate vasodilatation by 

direct action on smooth muscles or by releasing of NO. In the rat isolated small gastric 

arteries and mesenteric arteries, methanandamide hyperpolarizes the smooth muscle 

cell, resulting in vasodilatation, an effect which was reversed by TRPV1 receptor 

antagonist capsazepine (Beryne and Vanheel 2006). 

On the other hand, several data suggest that the activation of the CB1 receptor by 

anandamide may attenuate its TRVP1 receptor-mediated action. For example, in the 

spinal cord, superfusion of the CB1 receptor antagonist significantly enhances the 

release of neuropeptide evoked by capsaicin (Lever and Malcagio, 2002). The activation 

of the TRPV1 receptor may evoke the release of endocannabinoids that subsequently 

activate CB1 receptors to attenuate the TRPV1 receptor-mediated release of 

neuropeptide. This hypothesis is supported by the finding that capsaicin induces a 

significant release of anandamide in DRG cultures (Ahluwalia et al., 2003b). However, 
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convergent actions of anandamide and TRPV1 agonists have also been described, Hajos 

and Freund (2002b) found that the CB1/CB2 receptor agonists (WIN55212 and 

CP55940) and capsaicin modulate excitatory transmission, an effect that is antagonised 

by capsazepine. The results suggest the existence of a novel site on the hippocampal 

excitatory axons at which both cannabinoids and vanilloids act to suppress 

glutamatergic transmission (Davies et al., 2002; Hajos and Freund, 2002a). 

To evaluate, if the TRPVI receptor is involved in central gastroprotective effect 

of endocannabinoids, we studied the effect of i.c.v. injected TRPV1 selective antagonist 

capsazepine on the gastroprotective effect of methanandamide given centrally. It was 

found that, the gastroprotective effect of methanandamide was reduced by capsazepine 

but not abolished completely. This result indicates that activation of central CB1 and 

TRPV1 receptor induces convergent actions, and the TRPV1 induced effect may 

contribute to the gastroprotective effect of cannabinoids. 

 

5.1.5. Peripheral factors involved in the central gastroprotective effect of 

cannabinoids 

 

What mechanisms may mediate the centrally initiated effect in the periphery?  

Data of the literature suggest that in the periphery numerous factors are involved in the 

maintenance of the integrity of the gastric mucosa. Whittle et al. (1990) suggested that 

nitric oxide, PGs, and sensory neuropeptides are responsible for the integrity of gastric 

mucosa. It was demonstrated that NO dilate gastric arteries leading to enhancement of 

GMBF (Holzer et al., 1993) and stimulate mucus secretion (Brown et al., 1993). 

Therefore, we investigated the involvement of these mediators in the central 

gastroprotection induced by cannabinoids. The present data showed that L-NNA (6 

mg/kg i.v.), an inhibitor of NO synthase, reduced the protective effect anandamide 

given i.c.v. This result indicates that mucosal NO is likely to be involved in the 

cannabinoids-induced gastroprotection. This result is in accordance with the data of 

Rutkowska and Ferniec-Golbiewska (2009); they showed that the gastroprotective 

effect of peripherally injected ACEA against aspirin-induced gastric ulceration was 

attenuated by pretreatment with L-NAME a NO synthase inhibitor. Moreover, 

inhibition of PGs synthesis by indomethacin also resulted in a significant reduction of 
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the cannabinoids-induced mucosal protective effect, suggesting that in addition to NO, 

PGS may also participate in the mucosal protective mechanism of the 

cannabinoids.  

 

5.2. In vitro analysis of the role of α2-adrenoceptor subtypes in the 

regulation of gastric motility 

 

The role of α2-adrenoceptors in the regulation of gastrointestinal motility has 

been well documented. Activation of pre-synaptic α2-adrenoceptor inhibits gastric 

emptying (Asia et al., 1997b; Fulop et al., 2005), stimulated gastric motility (Fulop et 

al., 2005; Zadori et al., 2007), gastrointestinal transit (Tadano, et al., 1992) and colonic 

motility (Umezawa et al., 2003; Pol et al 1996). In addition to that in vitro studies also 

confirm the regulatory role of α2-adrenoceptors in the gastrointestinal motor activity. 

For example, the cholinergic contractions evoked by EFS in the ileum segments of rat 

and guinea pig was reduced by α2-adrenoceptors stimulants in a significant manner (Liu 

and Coupar 1996; Colucci et al., 1998). The functional and pharmacological analysis of 

α2-adrenoceptor subtypes suggested that, the α2A-adrenoceptor subtype may be 

responsible for the inhibition of gastric motility (Fulop et al., 2005; Zadori et al., 2007). 

However, the involvement of the α2B- and α2C- subtypes in the regulation of gastric 

motility has not been ruled out. The purpose of the present work was to identify whether 

the α2-adrenoceptor-induced inhibition of gastric motor activity is mediated exclusively 

by α2A-adrenoceptors or α2B- and α2C-adrenoceptor subtypes may also be involved in the 

action.  

The study was preformed in vitro, in gastric fundus strip of rat, NMRI mice as 

well as in α2A-, 2B-, 2C-subtypes deficient C57BL/6 mice. The contractions were induced 

by electrical field stimulation, and the effect of different α2-adrenoceptor 

agonists/antagonists was determined. Since the EFS-induced contractions in the isolated 

gastric fundus strip of rat and NMRI mouse were greatly reduced by atropine it can be 

concluded that acetylcholine mediated this action.  

 

5.2.1. Analysis in the rat and the NMRI mouse 
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It was found that the non selective α2-adrenoceptor agonist clonidine, the α2A-

adrenoceptor subtype selective oxymetazoline (Bylund et al., 1994; Bylund, 1988; 

Devedjian et al., 1994) and the α2B/2C-adrenoceptor subtype preferring agonist ST-91 

(Takano et al., 1992) exerted a concentration dependent inhibition of electrically evoked 

contractions of the gastric fundus strips, indicating the involvement of α2-adrenoceptor 

in the control of gastric motility. The compounds showed about the same efficacy. 

Oxymetazoline was approximately 7 and 5 times more potent than colnidine and ST-91 

in rat and mouse, respectively (Table 1, 2). Since, oxymetazoline displays 108 and 13 

fold higher affinities for the α2A subtype than for the α2B and α2C subtypes respectively 

(Devedjian et al., 1994), which partly explain the dominant role of pre-synaptic α2A-

subtype in the inhibition of gastric contraction.  

To further characterize the α2-adrenoceptor subtype that mediate the inhibitory 

effect of α2-adrenoceptor agonists on EFS-induced gastric contractions, the effect of 

different subtype selective/preferring α2-adrenoceptor antagonists on the inhibitory 

effect of α2-adrenoceptor agonists was tested. For this purpose we applied the non-

selective α2-adrenoceptor antagonist idazoxan, the α2A-adrenoceptor subtype selective 

antagonist BRL 44408 which displays between 15 and 65 fold higher affinity for α2A 

over α2B/2C subtypes (Wikebergmatsson et al., 1995), and has been used for 

discrimination between α2A- and α2B-adrenoceptor subtypes in binding experiments 

(Young et al., 1989; Bylund, 1988) and the α2B/2C-adrenoceptor subtype selective 

antagonist ARC-239, which show greater affinity for α2B  and α2C subtypes by (25 and 

40 fold respectively) then the α2A subtype (Wikebergmatsson et al., 1995).  

We found that, in the rat the inhibitory effect of clonidine was antagonized by 

idazoxan and BRL 44408, however, ARC-239 failed to reveres the inhibitory effect of 

clonidine. The results indicate that α2A-adrenoceptor subtype may mediate the inhibitory 

action, however, α2B/α2C subtypes is not likely to be involved in the regulation of gastric 

motor activity of the rat. Similarly, the inhibitory effect of oxymetazoline on the EFS-

induced contractions may also be mediated by the pre-synaptic α2A-adrenoceptor 

subtype because; idazoxan and BRL 44408 exerted a significant antagonism on the 

oxymetazoline-induced effect, while ARC-239 (α1- / α2B/2C-adrenoceptor antagonist) 

was without effect. The inhibitory effect of the hydrophilic clonidine analogue, ST-91, 

an α2B/2C-adrenoceptor subtype preferring compound (Dowlatshahi, et al., 1997; Duflo, 



 76 

et al., 2003; Takano et al., 1992) was reversed not only by idazoxan but surprisingly 

also by the α2A subtype selective BRL 44408, however, the inhibitory effect of ST-91 

was not affected by the α2B/2C-adrenoceptor antagonist ARC-239. These results indicate 

that the inhibitory effect of S-T91 is likely to be mediated through activation of α2A-

adrenoceptor subtype. On the other hand, these results also suggest that the selectivity 

of ST-91 for the α2B/2C-adrenoceptor subtypes is not satisfactory. Accordingly, Nazarian 

et al. (2008) showed that ST-91 given intrathecally dose-dependently reduced the 

formalin-induced paw-flinching behavior in rats, which was blocked by the 2A-

adrenoceptor antagonist BRL 44408, but not by the 2B/2C-adrenoceptor antagonist 

ARC-239, indicating that the effect of ST-91 was mediated by 2A-adrenoceptor 

subtype. 

These findings are in concert with our previous in vivo data, which showed that 

the inhibitory effect of clonidine on the insulin stimulated gastric contractions was 

reversed by yohimbine and BRL 44408, but not by the α2B/2C-adrenocepror antagonist 

prazosin (Fulop et al., 2005; Zadori et al., 2007). However, the inhibitory effect of 

oxymetazoline on the insulin stimulated gastric contractions were slightly reduced by 

yohimbine and neither BRL 44408 nor prazosin antagonized its effect (Fulop et al., 

2005; Zadori et al., 2007). Consequently, a postsynaptic action for the oxymetazoline 

was raised, which was confirmed by the finding that oxymetazoline inhibited the 

carbachol stimulated gastric contractions (Zadori et al., 2007), This finding is in 

accordance with the data of Liu and Coupar (1997a), where oxymetazoline markedly 

reduced the carbachol-induced contractions in the rat ileum. This effect could be 

mediated by α1-adrenoceptors, since oxymetazoline stimulate α1-adrenoceptors beside 

α2A-adrenoceptor (Bylund, 1992). Furthermore, postjunctional inhibitory α1-

adrenoceptors have been described in the rat gastric fundus as well as in the rat ileum 

(Lefebvre et al., 1983; Liu and Coupar 1997a). However, the inhibitory effect of 

oxymetazoline on the gastric motility is not likely to be mediated by α1-adrenoceptors, 

since prazosin (α1- / α2B/2C-adrenoceptor antagonist) failed to affect it (Zadori et al., 

2007). Further investigations are needed to elucidate the postsynaptic inhibitory effect 

of oxymetazoline observed in vivo, since beside α1- and α2-adrenoceptors 5-HT receptor 

and imidazoline receptor are also targets for oxymetazoline.  
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Similar results were obtained with α2-adrenoceptor ligands in NMRI mice. 

Idazoxan reversed the inhibitory effect of clonidine, oxymetazolin and ST-91, 

indicating, the involvement of α2-adrenoceptors in the control of gastric motor activity 

in NMRI mice. In addition, BRL 44408 reversed the inhibition of the EFS-evoked 

contractions induced by clonidine, oxymetazoline and surprisingly also that of ST-91. In 

contrast, the α2B/2C selective antagonist ARC-239 failed to antagonize the inhibitory 

effect of clonidine, oxymetazoline and ST-91. These findings strongly suggest that, 

α2A-adrenoceptor subtype is responsible for the inhibition of gastric motor activity 

in the rat and in the mouse.  

The present results are in concert with other in vitro studies, which suggested 

that, the pre-synaptic α2-adrenoceptors subtype (heteroceptor) that inhibit the release of 

[3]acetylcholine in the guinea pig ileum were α2A subtype by using α2-adrenoceptor 

selective ligands (Shen et al., 1990, Blandizzi et al., 1991; Blandizzi et al., 1993; Funk 

et al., 1995). Furthermore, the contractions induced by EFS in the guinea pig 

duodenum, ileum and rat ileum were inhibited by different α2-adrenoceptor agonists. 

This inhibitory effect was counteracted by BRL 44408 but not by prazosin or ARC-239 

and the α2-adrenoceptor subtype mediating this inhibition displayed high sensitivity for 

oxymetazoline and very low affinity for prazosin and ARC-239 (Colucci et al., 1996; 

Colucci et al., 1998; Liu and Cuopar 1997a), consequently, the pre-synaptic α2-

adrenoceptor subtype that mediate this effect is the α2A –one.  

 

5.2.2. Analysis in the wild type C57BL/6 and α2A-, α2B- and α2C-adrenoceptor 

subtype deficient mice 

 

In the next step experiments were carried out in α2A-, α2B- and α2C-adrenoceptor 

subtype deficient mice to confirm the role of α2A-adrenoceptor subtype in regulation of 

gastric motility gained by pharmacological analysis. Namely, the selectivity of α2-

adrenoceptor ligands is not satisfactory, and the hypothesis based on pharmacological 

analysis should have been confirmed in genetically engineered mice. The genetically 

engineered α2A-, α2B- and α2C-adrenoceptor subtype deficient mice, has been used to 

elucidate the physiological role of α2-adrenoceptor subtypes. It has been demonstrated 

that, the pre-synaptic inhibition of neurotransmission, antihypertensive, antinociceptive 
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and sedative effects of α2-adrenoceptor agonists were entirely dependent on the α2A 

subtype (Altman et al., 1999; Hien et al., 1999; Trendelenburg et al., 2003; Hunter et al., 

1997; Lakhlani et al., 1997) (see the introduction). In the gastrointestinal tract, 

medetomidine reduced the EFS-induced release of [3]-acetylcholine in myenteric plexus 

longitudinal muscle preparation and contractions in segment of the ileum from wild 

type but not from α2A-adrenoceptor deficient mice (Schbiener et al., 2002).  

First, the inhibitory effect of clonidine on the EFS evoked contractions in the 

gastric fundus strips of wild type C57BL/6 mice was studied. The results showed no 

difference in the contractions evoked by EFS in the C57BL/6 wild type and NMRI mice 

strain. In the C57BL/6 wild type mice, the inhibitory effect of clonidine was 

counteracted by both idazoxan and BRL 44408, but not by ARC-239 as it was obtained 

previously in the NMRI mice strain, indicating the dominant role of α2A subtype.  

Furthermore, the effect of clonidine and ST-91 on EFS-induced contractions of 

α2A -, α2B- and α2C- subtype deficient mice was examined. It was found that, both 

clonidine and ST-91 failed to inhibit the EFS-induced contractions in α2A subtype 

deficient mice suggesting the crucial role of α2A subtype in the inhibitory effect of 

clonidine and ST91. In addition, oxymetazoline (data are not shown) also failed to 

inhibit the EFS-induced contractions in α2A subtype deficient mice. This finding is in 

agreement with results of Schbiener et al. (2002), which showed that medetomidine 

inhibits the EFS-induced contractions in the ileum segment of wild type, but not in the 

ileum segment of α2A subtype deficient mice. 

To determine whether besides α2A-subtype, the α2B- and/or α2C-adrenoceptor 

subtypes may also contribute to the inhibitory effect of clonidine and ST-91 on the EFS-

induced contractions in α2B- and α2C-adrenoceptor subtype deficient mice was tested. 

The results showed that, clonidine and ST-91 inhibited the contractions induced by EFS 

in the gastric fundus strips of α2B and α2C subtype deficient mice indicating that the 

deletion of either α2B-.or α2C-subtypes had no effect on the inhibitory action of either 

clonidine or ST-91. Consequently, it was first demonstrated that exclusively α2A-

adrenoceptor subtype mediates the regulatory effect of α2-adrenoceptor agonists 

on the gastric motor activity in the mouse.  

In summary, it was demonstrated that inhibition of electrically evoked 

contractions of gastric fundus strip by α2-adrenoceptor agonist in the mouse was 
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mediated by α2A-adrenoceptor subtype. Since, activation of α2A-adrenoceptor subtype 

was shown to inhibit intestinal motor activity as well (Scheibner et al., 2002, Blandizzi 

et al., 1993; Shen et al., 1990; Colucci et al., 1998; Liu and Coupar, 1997a), a 

peripherally acting α2A-adrenoceptor subtype selective ligand could exert beneficial 

effect in functional motor disorders of the gastrointestinal tract in humans with more 

favourable side effect profile (though potential involvement of central component in the 

action of α2A-adrenoceptor agonists/antagonist in regulation of gastrointestinal motor 

activity remains to be elucidated). Also the antisecretory effect of α2-adrenoceptor 

agonists is likely to be mediated by α2A-adrenoceptor subtype, which action may have 

therapeutic consequence as well. However, non-α2A-adrenoceptors are likely to mediate 

the mucosal protective effect, and central components are also involved in the action 

(Gyires et al., 2000; Gyires et al., 2007). Consequently, non-selective α2-adrenoceptor 

agonists may have therapeutic value in peptic ulcer disease, since both inhibition of 

gastric acid secretion; gastric motility (α2A-adrenoceptor) and stimulation of mucosal 

defense (α2non-A-adrenoceptor) contribute to the therapeutic effect.   

.  
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 6. Conclusions 

 

6.1. Gastroprotective effect of cannabinoids 

 

•  Both peripheral and central administration of cannabinoids induce gastric 

mucosal protection in acid independent ethanol ulcer model  

• The gastroprotective effect of cannabinoids is likely to be mediated by 

activation of central CB1 receptor 

• Inhibition of the uptake or degradation of endocannabinoids resulted in 

gastric mucosal protection, the effect was mediated by CB1 receptors  

• Interaction between cannabinoids and opioids system have been 

demonstrated in gastroprotection and the gastroprotective effect of 

cannabinoid may be mediated at least partly by release of endogenous 

opioids 

• TRPV1 receptors may contribute to the gastroprotection-induced by 

cannabinoids 

• NO and PGs are involved in the peripheral mechanisms of the 

gastroprotective action of cannabinoids 

 

5.2. Determination of α2-adrenoceptor subtype responsible for 

inhibition of gastric motor activity 

 

• Pharmacological analysis with α2-adrenoceptor agonist/antagonist 

suggested predominant role of α2A-subtype mediated inhibition of EFS-

induced contractions in isolated gastric fundus strips of rat and mice 

• α2-adrenoceptors agonist exerted inhibitory effect on the EFS evoked 

contractions in  α2B- and α2C-adrenoceptor subtype deficient mice but not in 

the α2A-subtype deficient mice 

• These results suggest that the α2-adrenoceptor agonist induced inhibition of 

EFS-evoked contractions in the mouse is mediated purely by the α2A-

subtype 



 81 

ACKNOWLEDGEMENTS 

 

This study was carried out at the Department of Pharmacology and Pharmacotherapy, 

Semmelweis University Budapest, Hungary. 

I would like to express my deep gratitude to all those who have helped during the 

course of my work and especially to: 

Professor Dr. Klára Gyires, head of the department and my tutor, for introducing me 

into the field of pharmacology, for her guidance throughout my studies and for her 

continuous help, 

Dr. Júlia Tímár for her critical review and helpful suggestions 

Dr Zoltán Zádori, Dr. Mahmoud Al-Khrasani, Dr. A.Z. Ronai for their valuable advices 

and Mrs. Judit Szalai for her technical assistance, Jenő Balogh, Antal Gulyás, Sámuel 

Péter and the whole staff of the department, and last but not least, my whole family for 

their patience and continuous support at the completion of the thesis. 

  



 82 

References 

 

Adami,M., Frati,P., Bertini,S., Kulkarni-Narla,A., Brown,D.R., de Caro,G., Coruzzi,G., 

Soldani,G., 2002. Gastric antisecretory role and immunohistochemical localization of 

cannabinoid receptors in the rat stomach. Br J Pharmacol. 135, 1598-1606. 

 Adami,M., Zamfirova,R., Sotirov,E., Tashev,R., Dobrinova,Y., Todorov,S., Coruzzi,G., 

2004. Gastric antisecretory effects of synthetic cannabinoids after central or peripheral 

administration in the rat. Brain Res Bull. 64, 357-361. 

 Ahluwalia,J., Urban,L., Bevan,S., Nagy,I., 2003a. Anandamide regulates neuropeptide 

release from capsaicin-sensitive primary sensory neurons by activating both the 

cannabinoid 1 receptor and the vanilloid receptor 1 in vitro. Eur J Neurosci. 17, 2611-

2618. 

      Ahluwalia,J., Yaqoob,M., Urban,L., Bevan,S., Nagy,I., 2003. Activation of capsaicin-

sensitive primary sensory neurones induces anandamide production and release. J 

Neurochem. 84, 585-591. 

 Allen,A., Flemstrom,G., 2005. Gastroduodenal mucus bicarbonate barrier: protection 

against acid and pepsin. Am J Physiol Cell Physiol. 288, C1-C19. 

 Altman,J.D., Trendelenburg,A.U., Macmillan,L., Bernstein,D., Limbird,L., Starke,K., 

Kobilka,B.K., Hein,L., 1999. Abnormal regulation of the sympathetic nervous system in 

alpha(2A)-adrenergic receptor knockout mice. Mol Pharmacol. 56, 154-161. 

 Asai,T., Mapleson,W.W., Power,I., 1997a. Differential effects of clonidine and 

dexmedetomidine on gastric emptying and gastrointestinal transit in the rat. Br J 

Anaesth. 78, 301-307. 

 Asai,T., Vickers,M.D., Power,I., 1997b. Clonidine inhibits gastric motility in the rat. 

Eur J Anaesthesiol. 14, 316-319. 



 83 

Barbara,G., De Giorgio,R., Stanghellini,V., Cremon,C., Salvioli,B., Corinaldesi,R., 

2004. New pathophysiological mechanisms in irritable bowel syndrome. Aliment 

Pharmacol Ther. 20, 1-9. 

 Barnett,K., Bell,C.J., McKnight,W., Dicay,M., Sharkey,K.A., Wallace,J.L., 2000. Role 

of cyclooxygenase-2 in modulating gastric acid secretion in the normal and inflamed rat 

stomach. Am J Physiol Gastrointest Liver Physiol. 279, G1292-G1297. 

 Beltramo,M., Stella,N., Calignano,A., Lin,S.Y., Makriyannis,A., Piomelli,D., 1997. 

Functional role of high-affinity anandamide transport, as revealed by selective 

inhibition. Science 277, 1094-1097. 

 Berk,M.L., Finkelstein,J.A., 1982. Efferent Connections of the Lateral Hypothalamic 

Area of the Rat - An Autoradiographic Investigation. Brain Res Bull. 8, 511-526. 

 Bharucha,A.E., Camilleri,M., Zinsmeister,A.R., Hanson,R.B., 1997. Adrenergic 

modulation of human colonic motor and sensory function. Am J Physiol Gastrointest 

Liver Physiol. 36, G997-G1006. 

 Blandizzi,C., Doda,M., Tarkovacs,G., DelTacca,M., Vizi,E.S., 1991. Functional 

Evidence That Acetylcholine-Release from Auerbach Plexus of Guinea-Pig Ileum Is 

Modulated by Alpha-2A-Adrenoceptor Subtype. Eur J Pharmacol. 205, 311-313. 

 Blandizzi,C., Natale,G., Colucci,R., Carignani,D., Lazzeri,G., DelTacca,M., 1995. 

Characterization of Alpha(2)-Adrenoceptor Subtypes Involved in the Modulation of 

Gastric-Acid Secretion. Eur J Pharmacol. 278, 179-182. 

Blandizzi,C., Tarkovacs,G., Natale,G., DelTacca,M., Vizi,E.S., 1993. Functional 

Evidence That [H-3] Acetylcholine and [H-3] Noradrenaline Release from Guinea-Pig 

Ileal Myenteric Plexus and Noradrenergic Terminals Is Modulated by Different 

Presynaptic Alpha-2-Adrenoceptor Subtypes. J Pharmacol Exp Ther. 267, 1054-1060. 

 Boghossian,S., Lecklin,A., Dube,M.G., Kalra,P.S., Kalra,S.P., 2006. Increased leptin 

expression in the dorsal vagal complex suppresses adiposity without affecting energy 

intake and metabolic hormones. Obesity 14, 1003-1009. 



 84 

 Boom,A., Mollereau,C., Meunier,J.C., Vassart,G., Parmentier,M., Vanderhaeghen,J.J., 

Schiffmann,S.N., 1999. Distribution of the nociceptin and nocistatin precursor transcript 

in the mouse central nervous system. Neuroscience 91, 991-1007. 

 Boughton-Smith,N.K., Deakin,A.M., Whittle,B.J., 1992. Actions of nitric oxide on the 

acute gastrointestinal damage induced by PAF in the rat. Agents Actions Spec No, C3-

C9. 

 Brede,M., Wiesmann,F., Jahns,R., Hadamek,K., Arnolt,C., Neubauer,S., Lohse,M.J., 

Hein,L., 2002. Feedback inhibition of catecholamine release by two different alpha(2)-

adrenoceptor subtypes prevents progression of heart failure. Circulation 106, 2491-

2496. 

 Breyne,J., Vanheel,B., 2006. Methanandamide hyperpolarizes gastric arteries by 

stimulation of TRPV1 receptors on perivascular CGRP containing nerves. J Cardiovasc 

Pharmacol. 47, 303-309. 

 Brown,J.F., Keates,A.C., Hanson,P.J., Whittle,B.J.R., 1993. Nitric-Oxide Generators 

and Cgmp Stimulate Mucus Secretion by Rat Gastric-Mucosal Cells. Am J Physiol. 

265, G418-G422. 

Bruggeman,T.M., Wood,J.G., Davenport,H.W., 1979. Local-Control of Blood-Flow in 

the Dogs Stomach - Vasodilatation Caused by Acid Back-Diffusion Following Topical 

Application of Salicylic-Acid. Gastroenterology 77, 736-744. 

 Brzozowski,T., Drozdowicz,D., Szlachcic,A., Pytkopolonczyk,J., Majka,J., 

Konturek,S.J., 1993. Role of Nitric-Oxide and Prostaglandins in Gastroprotection 

Induced by Capsaicin and Papaverine. Digestion 54, 24-31. 

 Brzozowski,T., Konturek,P.C., Sliwowski,Z., Drozdowicz,D., Pawlik,M., Burnat,G., 

Konturek,S.J., Pawlik,W.W., Hahn,E.G., 2006. Ghrelin-induced gastric secretory 

activity and gastroprotection against acute gastric lesions involves increased expression 

of histidine decarboxylase (HDC) and histamine release. Gastroenterology 130, A404. 

 Bushlin,I., Rozenfeld,R., Devi,L.A., 2010. Cannabinoid-opioid interactions during 

neuropathic pain and analgesia. Curr Opin Pharmacol. 10, 80-86. 



 85 

Bylund,D.B., 1985. Heterogeneity of Alpha-2 Adrenergic-Receptors. Pharmacol 

Biochem Behav. 22, 835-843. 

 Bylund,D.B., 1988. Subtypes of Alpha-2-Adrenoceptors - Pharmacological and 

Molecular Biological Evidence Converge. Trends Pharmacol Sci. 9, 356-361. 

 Bylund,D.B., 1992a. Subtypes of Alpha-1-Adrenergic and Alpha-2-Adrenergic 

Receptors. FASEB J. 6, 832-839. 

 Bylund,D.B., Blaxall,H.S., Iversen,L.J., Caron,M.G., Lefkowitz,R.J., Lomasney,J.W., 

1992b. Pharmacological Characteristics of Alpha-2-Adrenergic Receptors - Comparison 

of Pharmacologically Defined Subtypes with Subtypes Identified by Molecular-

Cloning. Mol Pharmacol. 42, 1-5. 

 Bylund,D.B., Eikenberg,D.C., Hieble,J.P., Langer,S.Z., Lefkowitz,R.J., 

Minneman,K.P., Molinoff,P.B., Ruffolo,R.R., Trendelenburg,U., 1994. International 

Union of Pharmacology Nomenclature of Adrenoceptors. Pharmacol Rev. 46, 121-136.  

 Calzada,B.C., De Artinano,A.A., 2001. Alpha-adrenoceptor subtypes. Pharmacol Res. 

44, 195-208. 

 Carai,M.A.M., Colombo,G., Gessa,G.L., Yalamanchili,R., Basavarajppa,B.S., 

Hungund,B.L., 2006. Investigation on the relationship between cannabinoid CB1 and 

opioid receptors in gastrointestinal motility in mice. Br J Pharmacol. 148, 1043-1050. 

 Castelli,M.P., Piras,A.P., Melis,T., Succu,S., Sanna,F., Melis,M.R., Collu,S., 

Ennas,M.G., Diaz,G., Mackie,K., Argiolas,A., 2007. Cannabinoid CB1 receptors in the 

paraventricular nucleus and central control of penile erection: Immunocytochemistry, 

autoradiography and behavioral studies. Neuroscience 147, 197-206. 

 Casu,M.A., Porcella,A., Ruiu,S., Saba,P., Marchese,G., Carai,M.A.M., Reali,R., 

Gessa,G.L., Pani,L., 2003. Differential distribution of functional cannabinoid CB1 

receptors in the mouse gastroenteric tract. Eur J Pharmacol. 459, 97-105. 



 86 

 Caterina,M.J., Schumacher,M.A., Tominaga,M., Rosen,T.A., Levine,J.D., Julius,D., 

1997. The capsaicin receptor: a heat-activated ion channel in the pain pathway. Nature 

389, 816-824. 

 Chen,R.Y., Li,D.S., Guth,P.H., 1992. Role of calcitonin gene-related peptide in 

capsaicin-induced gastric submucosal arteriolar dilation. Am J Physiol. 262, H1350-

H1355. 

 Chen,R.Y.Z., Guth,P.H., 1995. Interaction of Endogenous Nitric-Oxide and Cgrp in 

Sensory Neuron-Induced Gastric Vasodilation. Am J Physiol Gastrointest Liver Physiol. 

31, G791-G796. 

 Cichewicz,D.L., Martin,Z.L., Smith,F.L., Welch,S.P., 1999. Enhancement of mu opioid 

antinociception by oral Delta(9)-tetrahydrocannabinol: Dose-response analysis and 

receptor identification. J Pharmacol Exp Ther. 289, 859-867. 

 Colucci,R., Blandizzi,C., Carignani,D., Lazzeri,G., Natale,G., Crema,F., DelTacca,M., 

1996. Determination on functional basis of presynaptic alpha(2)-adrenoceptor subtypes 

in guinea-pig duodenum. Neurosci Lett. 210, 29-32. 

 Colucci,R., Blandizzi,C., Carignani,D., Placanica,G., Lazzeri,G., Del Tacca,M., 1998. 

Effects of imidazoline derivatives on cholinergic motility in guinea-pig ileum: 

involvement of presynaptic alpha(2)-adrenoceptors or imidazoline receptors? N-S Arch 

Pharmacol. 357, 682-691. 

 Conrad,S.A., 2002. Acute upper gastrointestinal bleeding in critically ill patients: 

Causes and treatment modalities. Crit Care Med. 30, S365-S368. 

 Cook,D.J., Fuller,H.D., Guyatt,G.H., Marshall,J.C., Leasa,D., Hall,R., Winton,T.L., 

Rutledge,F., Todd,T.J.R., Roy,P., Lacroix,J., Griffith,L., Willan,A., Noseworthy,T., 

Powles,P., Oppenheimer,L., Hewson,J., Lang,J., Lee,H., Guslits,B., Heule,M., 1994. 

Risk-Factors for Gastrointestinal-Bleeding in Critically Ill Patients. N Engl J Med. 330, 

377-381. 



 87 

 Coruzzi,G., Adami,M., Coppelli,G., Frati,P., Soldani,G., 1999. Inhibitory effect of the 

cannabinoid receptor agonist WIN 55,212-2 on pentagastrin-induced gastric acid 

secretion in the anaesthetized rat. N-S Arch Pharmacol. 360, 715-718. 

 Costa,B., Siniscalco,D., Trovato,A.E., Comelli,F., Sotgiu,M.L., Colleoni,M., Maione,S., 

Rossi,F., Giagnoni,G., 2006. AM404, an inhibitor of anandamide uptake, prevents pain 

behaviour and modulates cytokine and apoptotic pathways in a rat model of neuropathic 

pain. Br J Pharmacol. 148, 1022-1032. 

 Coutts,A.A., Irving,A.J., Mackie,K., Pertwee,R.G., Anavi-Goffer,S., 2002. Localisation 

of cannabinoid CB(1) receptor immunoreactivity in the guinea pig and rat myenteric 

plexus. J Comp Neurol. 448, 410-422. 

 Coutts,A.A., Izzo,A.A., 2004. The gastrointestinal pharmacology of cannabinoids: an 

update. Curr Opin Pharmacol. 4, 572-579. 

 Croci,T., Manara,L., Aureggi,G., Guagnini,F., Rinaldi-Carmona,M., Maffrand,J.P., Le 

Fur,G., Mukenge,S., Ferla,G., 1998. In vitro functional evidence of neuronal 

cannabinoid CB1 receptors in human ileum. Br J Pharmacol. 125, 1393-1395. 

Crowell,M.D., Harris,L., Jones,M.P., Chang,L., 2005. New insights into the 

pathophysiology of irritable bowel syndrome: implications for future treatments. Curr 

Gastroenterol Rep. 7, 272-279.  

da Fonseca,P.D., Klein,A., de Castro,P.A., Fonseca Pacheco,C.M., de Francischi,J.N., 

Duarte,I.D., 2008. The mu-opioid receptor agonist morphine, but not agonists at delta- 

or kappa-opioid receptors, induces peripheral antinociception mediated by cannabinoid 

receptors. Br J Pharmacol. 154, 1143-1149. 

Darmani,N.A., 2002. The potent emetogenic effects of the endocannabinoid, 2-AG (2-

arachidonoylglycerol) are blocked by Delta(9)-tetrahydrocannabinol and other 

cannnabinoids. J Pharmacol Exp Ther. 300, 34-42. 

Date,Y., Ueta,Y., Yamashita,H., Yamaguchi,H., Matsukura,S., Kangawa,K., Sakurai,T., 

Yanagisawa,M., Nakazato,M., 1999. Orexins, orexigenic hypothalamic peptides, 



 88 

interact with autonomic, neuroendocrine and neuroregulatory systems. Proc Natl Acad 

Sci U S A. 96, 748-753. 

Davies,S.N., Pertwee,R.G., Riedel,G., 2002. Functions of cannabinoid receptors in the 

hippocampus. Neuropharmacology 42, 993-1007. 

Dembinski,A., Warzecha,Z., Ceranowicz,P., Dembinski,M., Cieszkowski,J., 

Pawlik,W.W., Konturek,S.J., Tomaszewska,R., Hladki,W., Konturek,P.C., 2006. 

Cannabinoids in acute gastric damage and pancreatitis. J Physiol Pharmacol. 57 Suppl 

5, 137-154. 

 DePonti,F., Giaroni,C., Cosentino,M., Lecchini,S., Frigo,G., 1996. Adrenergic 

mechanisms in the control of gastrointestinal motility: From basic science to clinical 

applications. Pharmacol Therapeut. 69, 59-78. 

 Derkinderen,P., Valjent,E., Toutant,M., Corvol,J.C., Enslen,H., Ledent,C., Trzaskos,J., 

Caboche,J., Girault,J.A., 2003. Regulation of extracellular signal-regulated kinase by 

cannabinoids in hippocampus. J Neurosci. 23, 2371-2382. 

 Desouza,H., Trajano,E., Carvalho,F.V.D., Palermoneto,J., 1978. Effects of Acute and 

Long-Term Cannabis Treatment on Restraint-Induced Gastric Ulceration in Rats. Jpn J 

Pharmacol. 28, 507-510. 

 Devane,W.A., Hanus,L., Breuer,A., Pertwee,R.G., Stevenson,L.A., Griffin,G., 

Gibson,D., Mandelbaum,A., Etinger,A., Mechoulam,R., 1992. Isolation and Structure of 

A Brain Constituent That Binds to the Cannabinoid Receptor. Science 258, 1946-1949. 

            Devedjian,J.C., Esclapez,F., Denispouxviel,C., Paris,H., 1994. Further Characterization 

of Human Alpha(2)-Adrenoceptor Subtypes - [H-3] Rx821002 Binding and Definition 

of Additional Selective Drugs. Eur J Pharmacol. 252, 43-49. 

           Di Marzo,V., Bisogno,T., Sugiura,T., Melck,D., De Petrocellis,L., 1998. The novel 

endogenous cannabinoid 2-arachidonoylglycerol is inactivated by neuronal- and 

basophil-like cells: connections with anandamide. Biochem J. 331, 15-19. 



 89 

            Di Marzo,V., Breivogel,C.S., Tao,Q., Bridgen,D.T., Razdan,R.K., Zimmer,A.M., 

Zimmer,A., Martin,B.R., 2000. Levels, metabolism, and pharmacological activity of 

anandamide in CB1 cannabinoid receptor knockout mice: Evidence for non-CB1, non-

CB2 receptor-mediated actions of anandamide in mouse brain. J Neurochem. 75, 2434-

2444. 

 Di Marzo,V., Capasso,R., Matias,I., Aviello,G., Petrosino,S., Borrelli,F., Romano,B., 

Orlando,P., Capasso,F., Izzo,A.A., 2008. The role of endocannabinoids in the regulation 

of gastric emptying: alterations in mice fed a high-fat diet. Br J Pharmacol. 153, 1272-

1280. 

 Dinh,T.P., Carpenter,D., Leslie,F.M., Freund,T.F., Katona,I., Sensi,S.L., Kathuria,S., 

Piomelli,D., 2002. Brain monoglyceride lipase participating in endocannabinoid 

inactivation. Proc Nati Acad Sci U S A. 99, 10819-10824. 

 Diz,D.I., Ferrario,C.M., 1989. Angiotensin (Ang) Receptors in the Rostral Dorsomedial 

Medulla Recognize Ang-(1-7) with An Affinity Similar to That of Ang-Ii. Hypertension 

14, 343. 

            Doherty,N.S., Hancock,A.A., 1983. Role of Alpha-2 Adrenergic-Receptors in the 

Control of Diarrhea and Intestinal Motility. J Pharmacol Exp Ther. 225, 269-274. 

            Dowlatshahi,P., Yaksh,T.L., 1997. Differential effects of two intraventricularly injected 

alpha(2) agonists, ST-91 and dexmedetomidine, on electroencephalogram, feeding, and 

electromyogram. Anesth Analg. 84, 133-138. 

            Duflo,F., Conklin,D., Li,X.H., Eisenach,J.C., 2003. Spinal adrenergic and cholinergic 

receptor interactions activated by clonidine in postincisional pain. Anesthesiology 98, 

1237-1242. 

 Eason,M.G., Kurose,H., Holt,B.D., Raymond,J.R., Liggett,S.B., 1992. Simultaneous 

Coupling of Alpha-2-Adrenergic Receptors to 2 G-Proteins with Opposing Effects - 

Subtype-Selective Coupling of Alpha-2C10, Alpha-2C4, and Alpha-2C2 Adrenergic-

Receptors to G(I) and G(S). J Biol Chem. 267, 15795-15801. 



 90 

 Ernsberger,P., Graves,M.E., Graff,L.M., Zakieh,N., Nguyen,P., Collins,L.A., 

Westbrooks,K.L., Johnson,G.G., 1995. I1-imidazoline receptors. Definition, 

characterization, distribution, and transmembrane signaling. Ann N Y Acad Sci. 763, 

22-42. 

 Faisy,C., Guerot,E., Diehl,J.L., Iftimovici,E., Fagon,J.Y., 2003. Clinically significant 

gastrointestinal bleeding in critically ill patients with and without stress-ulcer 

prophylaxis. Intensive Care Med. 29, 1306-1313. 

            Fegley,D., Gaetani,S., Duranti,A., Tontini,A., Mor,M., Tarzia,G., Piomelli,D., 2005. 

Characterization of the fatty acid amide hydrolase inhibitor cyclohexyl carbamic acid 3'-

carbamoyl-biphenyl-3-yl ester (URB597): effects on anandamide and 

oleoylethanolamide deactivation. J Pharmacol Exp Ther. 313, 352-358. 

 Fiorucci,S., Mencarelli,A., Antonelli,E., Renga,B., Orlandi,S., Zanardo,R., Morelli,A., 

Del Soldato,P., Wallace,J.L., Sparatore,A., 2005. A new protective mechanisn in 

NSAID gastropathy. Evidence that hydrogen sulfide (H2S) modulates gastric mucosal 

integrity. Gastroenterology 128, A133. 

Fowler,C.J., Tiger,G., Ligresti,A., Lopez-Rodriguez,M.L., Di,M., V, 2004. Selective 

inhibition of anandamide cellular uptake versus enzymatic hydrolysis--a difficult issue 

to handle. Eur J Pharmacol. 492, 1-11.   

Fulop,K., Zadori,Z., Ronai,A.Z., Gyires,K., 2005. Characterisation of alpha(2)-

adrenoceptor subtypes involved in gastric emptying, gastric motility and gastric 

mucosal defence. Eur J Pharmacol. 528, 150-157. 

  Funk,L., Trendelenburg,A.U., Limberger,N., Starke,K., 1995. Subclassification of 

Presynaptic Alpha(2)-Adrenoceptors - Alpha(2D)-Autoreceptors and Alpha(2D)-

Adrenoceptors Modulating Release of Acetylcholine in Guinea-Pig Ileum. N-S Arch 

Pharmacol.352, 58-66. 

            Furness,J.B., Costa,M., 1987. Citation-Classic - Types of Nerves in the Enteric 

Nervous-System. Current Contents/Life Sci. 17. 



 91 

 Gatley,S.J., Lan,R., Volkow,N.D., Pappas,N., King,P., Wong,C.T., Gifford,A.N., 

Pyatt,B., Dewey,S.L., Makriyannis,A., 1998. Imaging the brain marijuana receptor: 

Development of a radioligand that binds to cannabinoid CB1 receptors in vivo. J 

Neurochem. 70, 417-423. 

 Germano,M.P., D'Angelo,V., Mondello,M.R., Pergolizzi,S., Capasso,F., Capasso,R., 

Izzo,A.A., Mascolo,N., De Pasquale,R., 2001. Cannabinoid CB1-mediated inhibition of 

stress-induced gastric ulcers in rats. N-S Arch Pharmacol. 363, 241-244. 

 Gibbins,I.L., Furness,J.B., Costa,M., MacIntyre,I., Hillyard,C.J., Girgis,S., 1985. Co-

localization of calcitonin gene-related peptide-like immunoreactivity with substance P 

in cutaneous, vascular and visceral sensory neurons of guinea pigs. Neurosci Lett. 57, 

125-130. 

 Gomez,R., Navarro,M., Ferrer,B., Trigo,J.M., Bilbao,A., Del Arco,I., Cippitelli,A., 

Nava,F., Piomelli,D., de Fonseca,F.R., 2002. A peripheral mechanism for CB1 

cannabinoid receptor-dependent modulation of feeding. J Neurosci. 22, 9612-9617. 

 Green,T., Dockray,G.J., 1987. Calcitonin Gene-Related Peptide and Substance-P in 

Afferents to the Upper Gastrointestinal-Tract in the Rat. Neurosci Lett. 76, 151-156. 

 Griffin,G., Fernando,S.R., Ross,R.A., McKay,N.G., Ashford,M.L., Shire,D., 

Huffman,J.W., Yu,S., Lainton,J.A., Pertwee,R.G., 1997. Evidence for the presence of 

CB2-like cannabinoid receptors on peripheral nerve terminals. Eur J Pharmacol. 339, 

53-61. 

 Grijalva,C.V., Novin,D., 1990. The Role of the Hypothalamus and Dorsal Vagal 

Complex in Gastrointestinal Function and Pathophysiology. Ann N Y Acad Sci. 597, 

207-222. 

 Guidobono,F., Pagani,F., Ticozzi,C., Sibilia,V., Netti,C., 1998. Investigation on the 

mechanisms involved in the central protective effect of amylin on gastric ulcers in rats. 

Br J Pharmacol. 125, 23-28. 

 Gyires,K., 1990. Morphine Inhibits the Ethanol-Induced Gastric Damage in Rats. Arch 

Int Pharmacodyn Ther. 306, 170-181. 



 92 

 Gyires,K., 1994. The Role of Endogenous Nitric-Oxide in the Gastroprotective Action 

of Morphine. Eur J Pharmacol. 255, 33-37. 

 Gyires,K., 2005. Gastric mucosal protection: From prostaglandins to gene-therapy. Curr 

Med Chem. 12, 203-215. 

 Gyires,K., Ronai,A.Z., 2001. Supraspinal delta- and mu-opioid receptors mediate 

gastric mucosal protection in the rat. J Pharmacol Exp Ther. 297, 1010-1015. 

 Gyires,K., Ronai,A.Z., Mullner,K., Furst,S., 2000. Intracerebroventricular injection of 

clonidine releases beta-endorphin to induce mucosal protection in the rat. 

Neuropharmacology 39, 961-968. 

 Gyires,K., Ronai,A.Z., Toth,T., Darula,Z., Furst,S., 1997. Analysis of the role of delta 

opioid receptors in gastroprotection in the rat. Life Sci. 60, 1337-1347. 

 Gyires,K., Zadori,Z.S., Shujaa,N., Minorics,R., Falkay,G., Matyus,P., 2007. Analysis of 

the role of central and peripheral alpha(2)-adrenoceptor subtypes in gastric mucosal 

defense in the rat. Neurochem Int. 51, 289-296. 

 Gyires,K., Zadori,Z.S., Torok,T., Matyus,P., 2009. alpha(2)-Adrenoceptor subtypes-

mediated physiological, pharmacological actions. Neurochem Int. 55, 447-453. 

             Hajos,N., Freund,T.F., 2002a. Distinct cannabinoid sensitive receptors regulate    

hippocampal excitation and inhibition. Chem Phys Lipids. 121, 73-82. 

  Hajos,N., Freund,T.F., 2002b. Pharmacological separation of cannabinoid sensitive 

receptors on hippocampal excitatory and inhibitory fibers. Neuropharmacology 43, 503-

510. 

 Haller,V.L., Stevens,D.L., Welch,S.P., 2008. Modulation of opioids via protection of 

anandamide degradation by fatty acid amide hydrolase. Eur J Pharmacol. 600, 50-58. 

 Ham,M., Kaunitz,J.D., 2007. Gastroduodenal defense. Curr Opin Gastroenterol. 23, 

607-616. 



 93 

 Hanus,L., Breuer,A., Tchilibon,S., Shiloah,S., Goldenberg,D., Horowitz,M., 

Pertwee,R.G., Ross,R.A., Mechoulam,R., Fride,E., 1999. HU-308: A specific agonist 

for CB2, a peripheral cannabinoid receptor. Proc Nati Acad Sci U S A. 96, 14228-

14233. 

 Hasanein,P., 2009. The endocannabinoid transport inhibitor AM404 modulates 

nociception in cholestasis. Neurosci Lett. 462, 230-234. 

 Hein,L., 2001. Transgenic models of alpha(2)-adrenergic receptor subtype function. Rev 

Physiol Biochem Pharmacol. 142, 161-185. 

 Hein,L., Altman,J.D., Kobilka,B.K., 1999. Two functionally distinct alpha(2)-

adrenergic receptors regulate sympathetic neurotransmission. Nature 402, 181-184. 

 Hernandez-Diaz,S., Rodriguez,L.A.G., 2000. Association between nonsteroidal anti-

inflammatory drugs and upper gastrointestinal tract bleeding/perforation - An overview 

of epidemiologic studies published in the 1990s. Arch Intern Med. 160, 2093-2099. 

 Hildebrand,K.R., Lin,G.F., Murtaugh,M.P., Brown,D.R., 1993. Molecular 

Characterization of Alpha-2-Adrenergic Receptors Regulating Intestinal Electrolyte 

Transport. Mol Pharmacol. 43, 23-29. 

 Hillard,C.J., Manna,S., Greenberg,M.J., Dicamelli,R., Ross,R.A., Stevenson,L.A., 

Murphy,V., Pertwee,R.G., Campbell,W.B., 1999. Synthesis and characterization of 

potent and selective agonists of the neuronal cannabinoid receptor (CB1). J Pharmacol 

Exp Ther. 289, 1427-1433. 

 Holzer,P., 1991. Capsaicin - Cellular Targets, Mechanisms of Action, and Selectivity 

for Thin Sensory Neurons. Pharmacol Rev. 43, 143-201. 

Holzer,P., 1998. Neural emergency system in the stomach. Gastroenterology 114, 823-

839. 

Holzer,P., 2000. Local microcirculatory reflexes and afferent signalling in response to 

gastric acid challenge. Gut 47, 46-48. 



 94 

 Holzer,P., 2007. Role of visceral afferent neurons in mucosal inflammation and defense. 

Curr Opin Pharmacol. 7, 563-569. 

 Holzer,P., Lippe,I.T., 1988. Stimulation of Afferent Nerve-Endings by Intragastric 

Capsaicin Protects Against Ethanol-Induced Damage of Gastric-Mucosa. Neuroscience 

27, 981-987. 

 Holzer,P., Lippe,I.T., Jocic,M., Wachter,C., Erb,R., Heinemann,A., 1993. Nitric Oxide-

Dependent and Oxide-Independent Hyperemia Due to Calcitonin-Gene-Related Peptide 

in the Rat Stomach. Br J Pharmacol. 110, 404-410. 

 Holzer,P., Livingston,E.H., Guth,P.H., 1991a. Sensory Neurons Signal for An Increase 

in Rat Gastric-Mucosal Blood-Flow in the Face of Pending Acid Injury. 

Gastroenterology 101, 416-423. 

 Holzer,P., Livingston,E.H., Saria,A., Guth,P.H., 1991b. Sensory Neurons Mediate 

Protective Vasodilatation in Rat Gastric-Mucosa. Am J Physiol. 260, G363-G370. 

 Holzer,P., Pabst,M.A., 1999. Visceral afferent neurons: Role in gastric mucosal 

protection. News Physiol Sci. 14, 201-206. 

 Hou,Z., Miao,Y., Gao,L., Pan,H., Zhu,S., 2006. Ghrelin-containing neuron in cerebral 

cortex and hypothalamus linked with the DVC of brainstem in rat. Regul Pept. 134, 

126-131. 

 Howlett,A.C., Barth,F., Bonner,T.I., Cabral,G., Casellas,P., Devane,W.A., Felder,C.C., 

Herkenham,M., Mackie,K., Martin,B.R., Mechoulam,R., Pertwee,R.G., 2002. 

International Union of Pharmacology. XXVII. Classification of cannabinoid receptors. 

Pharmacol Rev. 54, 161-202. 

 Howlett,A.C., Qualy,J.M., Khachatrian,L.L., 1986. Involvement of Gi in the Inhibition 

of Adenylate-Cyclase by Cannabimimetic Drugs. Mol Pharmacol. 29, 307-313. 

 Hunter,J.C., Fontana,D.J., Hedley,L.R., Jasper,J.R., Lewis,R., Link,R.E., Secchi,R., 

Sutton,J., Eglen,R.M., 1997. Assessment of the role of alpha(2)-adrenoceptor subtypes 



 95 

in the antinociceptive, sedative and hypothermic action of dexmedetomidine in 

transgenic mice. Br J Pharmacol. 122, 1339-1344. 

 Ibrahim,M.M., Deng,H.F., Zvonok,A., Cockayne,D.A., Kwan,J., Mata,H.P., 

Vanderah,T.W., Lai,J., Porreca,F., Makriyannis,A., Malan,T.P., 2003. Activation of 

CB2 cannabinoid receptors by AM1241 inhibits experimental neuropathic pain: Pain 

inhibition by receptors not present in the CNS. Proc Nati Acad Sci U S A. 100, 10529-

10533. 

 Ignarro,L.J., Buga,G.M., Byrns,R.E., Wood,K.S., Chaudhuri,G., 1987. 

Pharmacological, Biochemical and Chemical Characterization of Arterial and Venous 

Edrf As Nitric-Oxide. Circulation 76, 51. 

 Izzo,A.A., Fezza,F., Capasso,R., Bisogno,T., Pinto,L., Iuvone,T., Esposito,G., 

Mascolo,N., Di Marzo,V., Capasso,F., 2001a. Cannabinoid CB1-receptor mediated 

regulation of gastrointestinal motility in mice in a model of intestinal inflammation. Br J 

Pharmacol. 134, 563-570. 

 Izzo,A.A., Mascolo,N., Capasso,F., 2001b. The gastrointestinal pharmacology of 

cannabinoids. Curr Opin Pharmacol. 1, 597-603. 

 Izzo,A.A., Mascolo,N., Capasso,R., Germano,M.P., De Pasquale,R., Capasso,F., 1999a. 

Inhibitory effect of cannabinoid agonists on gastric emptying in the rat. N-S Arch 

Pharmacol. 360, 221-223. 

 Izzo,A.A., Mascolo,N., Pinto,L., Capasso,R., Capasso,F., 1999b. The role of 

cannabinoid receptors in intestinal motility, defaecation and diarrhoea in rats. Eur J 

Pharmacol. 384, 37-42. 

 Izzo,A.A., Pinto,L., Borrelli,F., Capasso,R., Mascolo,N., Capasso,F., 2000. Central and 

peripheral cannabinoid modulation of gastrointestinal transit in physiological states or 

during the diarrhoea induced by croton oil. Br J Pharmacol. 129, 1627-1632. 

 James,A.N., Ryan,J.P., Parkman,H.P., 2004. Effects of clonidine and tricyclic 

antidepressants on gastric smooth muscle contractility. Neurogastroenterol Motil. 16, 

143-153. 



 96 

 Jasper,J.R., Lesnick,J.D., Chang,L.K., Yamanishi,S.S., Chang,T.K., Hsu,S.A.O., 

Daunt,D.A., Bonhaus,D.W., Eglen,R.M., 1998. Ligand efficacy and potency at 

recombinant alpha(2) adrenergic receptors - Agonist-mediated [S-35]GTP gamma S 

binding. Biochem Pharmacol. 55, 1035-1043. 

 Jones,S.B., Halenda,S.P., Bylund,D.B., 1991. Alpha-2-Adrenergic Receptor Stimulation 

of Phospholipase-A2 and of Adenylate-Cyclase in Transfected Chinese-Hamster Ovary 

Cells Is Mediated by Different Mechanisms. Mol Pharmaco. 39, 239-245. 

 Kaneko,H., Mitsuma,T., Nagai,H., Mori,S., Iyo,T., Kusugami,K., Tache,Y., 1998. 

Central action of adrenomedullin to prevent ethanol-induced gastric injury through 

vagal pathways in rats. Am J Physiol Regulatory Integr Comp Physiol. 43, R1783-

R1788. 

 Katayma,K., Ueda,N., Kurahashi,Y., Suzuki,H., Yamamoto,S.,Kato,i., 1997. 

Distribution of anandamide amidohydrolase in rat tissue with special reference to small 

intestin. Biochim Biophys Acta. 1347, 212-218. 

 Kato,K., Yang,H., Tache,Y., 1994. Role of Peripheral Capsaicin-Sensitive Neurons and 

Cgrp in Central Vagally Mediated Gastroprotective Effect of Trh. Am J Physiol. 266, 

R1610-R1614. 

 Kato,S., Aihara,E., Nakamura,A., Hong,X., Kohama,K., Yamato,M., Takeuchi,K., 

2003. Vanilloid receptor expressed peripherally in rat gastric epithelial cells: Role in 

cellular protection. J Pharmacol Sci. 91, 231P. 

 Kato,S., Aihara,E., Yoshii,K., Takeuchi,K., 2005. Dual action of prostaglandin E-2 on 

gastric acid secretion through different EP-receptor subtypes in the rat. Am J Physiol 

Gastrointest Liver Physiol. 289, G64-G69. 

 Kinoshita,Y., Inui,T., Chiba,T., 1993. Calcitonin-Gene-Related Peptide - A 

Neurotransmitter Involved in Capsaicin-Sensitive Afferent Nerve-Mediated Gastric-

Mucosal Protection. J Clin Gastroenterol. 17, S27-S32. 

 Kiraly,A., Suto,G., Tache,Y., 1993. Role of Nitric-Oxide in the Gastric Cytoprotection 

Induced by Central Vagal-Stimulation. Eur J Pharmacol. 240, 299-301. 



 97 

 Kiss,J.P., Vizi,E.S., 2001. Nitric oxide: a novel link between synaptic and nonsynaptic 

transmission. Trends Neurosci. 24, 211-215. 

 Kobayashi,K., Arakawa,T., 1995. Arachidonic acid cascade and gastric mucosal injury, 

protection, and healing: topics of this decade. J Clin. Gastroenterol. 21 Suppl 1, S12-

S17. 

 Kojirna,M., Hosoda,H., Date,Y., Nakazato,M., Matsuo,H., Kangawa,K., 1999. Ghrelin 

is agrowth-hormone releasing acylated peptide from tjhe stomach. Nature 402, 656-660.  

 Konturek,S.J., Brzozowski,T., Konturek,P.C., Schubert,M.L., Pawlik,W.W., Padol,S., 

Bayner,J., 2008. Brain-Gut and Appetite Regulating Hormones in the Control of Gastric 

Secretion and Mucosal Protection. J Physiol Pharmacol. 59, 7-31. 

 Konturek,S.J., Konturek,P.C., Pawlik,T., Sliwowski,Z., Ochmanski,W., Hahn,E.G., 

2004. Duodenal mucosal protection by bicarbonate secretion and its mechanisms. J 

Physiol Pharmacol. 55 Suppl 2, 5-17. 

 Konturek,S.J., Zayachkivska,O., Havryluk,X.O., Brzozowski,T., Sliwowski,Z., 

Pawlik,M., Konturek,P.C., Czesnikiewicz-Guzik,M., Gzhegotsky,M.R., Pawlik,W.W., 

2007. Protective influence of melatonin against acute esophageal lesions involves 

prostaglandins, nitric oxide and sensory nerves. J Physiol Pharmacol.58, 361-377. 

 Krowicki,Z.K., Moerschbaecher,J.M., Winsauer,P.J., Digavalli,S.V., Hornby,P.J., 1999. 

Delta(9)-tetrahydrocannabinol inhibits gastric motility in the rat through cannabinoid 

CB1 receptors. Eur J Pharmacol. 371, 187-196. 

 Kulkarni-Narla,A., Brown,D.R., 2000. Localization of CB1-cannabinoid receptor 

immunoreactivity in the porcine enteric nervous system. Cell Tissue Res. 302, 73-80. 

 Kulkarni-Narla,A., Brown,D.R., 2001. Opioid, cannabinoid and vanilloid receptor 

localization on porcine cultured myenteric neurons. Neurosci Lett. 308, 153-156. 

 Laine,L., Harper,S., Simon,T., Bath,R., Johanson,J., Schwartz,H., Stern,S., Quan,H., 

Bolognese,J., 1999. A randomized trial comparing the effect of rofecoxib, a 



 98 

cyclooxygenase 2-specific inhibitor, with that of ibuprofen on the gastroduodenal 

mucose of patients with osteoarthritis. Gastroenterology 117, 776-783. 

 Laine,L., Takeuchi,K., Tarnawski,A., 2008. Gastric mucosal defense and 

cytoprotection: Bench to bedside. Gastroenterology 135, 41-60. 

 Lakhlani,P.P., MacMillan,L.B., Guo,T.Z., Mccool,B.A., Lovinger,D.M., Maze,M., 

Limbird,L.E., 1997. Substitution of a mutant alpha(2a)-adrenergic receptor via ''hit and 

run'' gene targeting reveals the role of this subtype in sedative, analgesic, and anesthetic-

sparing responses in vivo. Proc Nati Acad Sci U S A. 94, 9950-9955. 

  Lambrecht,N., Burchert,M., Respondek,M., Muller,K.M., Peskar,B.M., 1993a. Role of 

Calcitonin Gene-Related Peptide and Nitric-Oxide in the Gastroprotective Effect of 

Capsaicin in the Rat. Gastroenterology 104, 1371-1380. 

 Lancaster-Smith,M.J., Jaderberg,M.E., Jackson,D.A., 1991. Ranitidine in the treatment 

of non-steroidal anti-inflammatory drug associated gastric and duodenal ulcers. Gut 32, 

252-255. 

 Landi,M., Croci,T., Rinaldi-Carmona,M., Maffrand,J.P., Le Fur,G., Manara,L., 2002. 

Modulation of gastric emptying and gastrointestinal transit in rats through intestinal 

cannabinoid CB1 receptors. Eur J Pharmacol. 450, 77-83. 

 Landsman,R.S., Makriyannis,A., Deng,H.F., Consroe,P., Roeske,W.R., Yamamura,H.I., 

1998. AM630 is an inverse agonist at the human cannabinoid CB1 receptor. Life Sci. 

62, L109-L113. 

 Langer,S.Z., 1977. Presynaptic Receptors and Their Role in Regulation of Transmitter 

Release. Br J Pharmacol. 60, 481-497. 

 Lefebvre,R.A., Blancquaert,J.P., Willems,J.L., Bogaert,M.G., 1983. Invitro Study of the 

Inhibitory Effects of Dopamine on the Rat Gastric Fundus. N-S Arch Pharmacol. 322, 

228-236.  



 99 

 Lever,I.J., Malcangio,M., 2002. CB1 receptor antagonist SR141716A increases 

capsaicin-evoked release of Substance P from the adult mouse spinal cord. British 

Journal of Pharmacology 135, 21-24. 

 Li,D.S., Raybould,H.E., Quintero,E., Guth,P.H., 1992. Calcitonin Gene-Related Peptide 

Mediates the Gastric Hyperemic Response to Acid Back-Diffusion. Gastroenterology 

102, 1124-1128. 

 Link,R.E., Desai,K., Hein,L., Stevens,M.E., Chruscinski,A., Bernstein,D., Barsh,G.S., 

Kobilka,B.K., 1996. Cardiovascular regulation in mice lacking alpha(2)-adrenergic 

receptor subtypes b and c. Science 273, 803-805. 

 Link,R.E., Stevens,M.S., Kulatunga,M., Scheinin,M., Barsh,G.S., Kobilka,B.K., 1995. 

Targeted Inactivation of the Gene Encoding the Mouse Alpha(2C)-Adrenoceptor 

Homolog. Mol Pharmacol. 48, 48-55. 

 Liu,L., Coupar,I.M., 1996. Evidence for functional alpha(2D)-adrenoceptors in the rat 

intestine. Br J Pharmacol. 117, 787-792. 

 Liu,L., Coupar,I.M., 1997a. Characterisation of pre- and post-synaptic alpha-

adrenoceptors in modulation of the rat ileum longitudinal and circular muscle activities. 

N-S A Pharmacol. 356, 248-256. 

 Liu,L., Coupar,I.M., 1997b. Role of alpha(2)-adrenoceptors in the regulation of 

intestinal water transport. Br J Pharmacol.120, 892-898. 

 Lopez-Belmonte,J., Whittle,B.J., Moncada,S., 1993. The actions of nitric oxide donors 

in the prevention or induction of injury to the rat gastric mucosa. Br J Pharmacol. 108, 

73-78. 

 Maccarrone,M., van der Stelt,M., Rossi,A., Veldink,G.A., Vliegenthart,J.F.G., 

Agrio,A.F., 1998. Anandamide hydrolysis by human cells in culture and brain. J Biol 

Chem. 273, 32332-32339. 

 MacMillan,L.B., Hein,L., Smith,M.S., Piascik,M.T., Limbird,L.E., 1996. Central 

hypotensive effects of the alpha(2a)-adrenergic receptor subtype. Science 273, 801-803. 



 100 

  MacNaughton,W.K., Cirino,G., Wallace,J.L., 1989. Endothelium-derived relaxing 

factor (nitric oxide) has protective actions in the stomach. Life Sci. 45, 1869-1876. 

 Mansour,A., Watson,S.J., Akil,H., 1995a. Opioid Receptors - Past, Present and Future. 

Trends Neurosci. 18, 69-70. 

 Mansour,A., Fox,C.A., Akil,H., Watson,S.J., 1995b. Opioid-Receptor Messenger-Rna 

Expression in the Rat Cns - Anatomical and Functional Implications. Trends Neurosci. 

18, 22-29. 

 Manzanares,J., Corchero,J., Romero,J., Fernandez-Ruiz,J.J., Ramos,J.A., Fuentes,J.A., 

1999. Pharmacological and biochemical interactions between opioids and cannabinoids. 

Trends Pharmacol Sci. 20, 287-294. 

 Martin-Schild,S., Gerall,A.A., Kastin,A.J., Zadina,J.E., 1999. Differential distribution 

of endomorphin 1- and endomorphin 2-like immunoreactivities in the CNS of the 

rodent. J Comp Neurol. 405, 450-471. 

 Massa,F., Storr,M., Lutz,B., 2005. The endocannabinoid system in physiology and 

pathaphysiology of the gastrointestinal tract. J Mol Med. 83, 944-954.  

 Mason,D.J., Lowe,J., Welch,S.P., 1999. A diminution of Delta(9)-tetrahydrocannabinol 

modulation of dynorphin A-(1-17) in conjunction with tolerance development. Eur J 

Pharmacol. 381, 105-111. 

 Matsuda,L.A., Bonner,T.I., Lolait,S.J., 1993. Localization of Cannabinoid Receptor 

Messenger-RNA in Rat-brain. J Comp Neuro. 327, 535-550.  

 Matsuda,L.A., Lolait,S.J., Brownstein,M.J., Young,A.C., Bonner,T.I., 1990. Structure 

of A Cannabinoid Receptor and Functional Expression of the Cloned Cdna. Nature 346, 

561-564. 

 Mechoulam,R., Benshabat,S., Hanus,L., Ligumsky,M., Kaminski,N.E., Schatz,A.R., 

Gopher,A., Almog,S., Martin,B.R., Compton,D.R., Pertwee,R.G., Griffin,G., 

Bayewitch,M., Barg,J., Vogel,Z., 1995. Identification of An Endogenous 2-



 101 

Monoglyceride, Present in Canine Gut, That Binds to Cannabinoid Receptors. Biochem 

Pharmacol. 50, 83-90. 

 Merchant,N.B., Goodman,J., Dempsey,D.T., Milner,R.E., Ritchie,W.P., 1995. The Role 

of Calcitonin-Gene-Related Peptide and Nitric-Oxide in Gastric-Mucosal Hyperemia 

and Protection. J Surg Res. 58, 344-350. 

 Miralles,A., Olmos,G., Sastre,M., Barturen,F., Martin,I., Garciasevilla,J.A., 1993. 

Discrimination and Pharmacological Characterization of I-2-Imidazoline Sites with [H-

3] Idazoxan and Alpha-2 Adrenoceptors with [H-3] Rx821002 (2-Methoxy Idazoxan) in 

the Human and Rat Brains. J Pharmacol Exp Ther. 264, 1187-1197. 

 Mitchell,V.A., Greenwood,R., Jayamanne,A., Vaughan,C.W., 2007. Actions of the 

endocannabinoid transport inhibitor AM404 in neuropathic and inflammatory pain 

models. Clin Exp Pharmacol Physiol. 34, 1186-1190. 

 Modlin,I.M., Kidd,M., Lye,K.D., Wright,N.A., 2003. Gastric stem cells: an update. 

Keio J Med. 52, 134-137. 

 Morini,G., De Caroa,G., Guerrini,R., Massi,M., Polidori,C., 2005. Nociceptin/orphanin 

FQ prevents ethanol-induced gastric lesions in the rat. Regul Pept. 124, 203-207. 

 Mu,J., Zhuang,S.Y., Kirby,M.T., Hampson,R.E., Deadwyler,S.A., 1999. Cannabinoid 

receptors differentially modulate potassium A and D currents in hippocampal neurons in 

culture. J Pharmacol Exp Ther. 291, 893-902. 

 Mullner,K., Gyires,K., Furst,S., 2001. Involvement of the opioid system in the central 

antisecretory action of alpha-2 adrenoceptor agonists in rat. J Physiol Paris. 95, 209-

214. 

 Mullner,K., Ronai,A.Z., Fulop,K., Furst,S., Gyires,K., 2002. Involvement ofcentral K-

ATP channels in the gastric antisecretory action of alpha(2)-adrenoceptor agonists and 

beta-endorphin in rats. Eur J Pharmacol. 435, 225-229. 

 Munro,S., Thomas,K.L., Abushaar,M., 1993. Molecular Characterization of A 

Peripheral Receptor for Cannabinoids. Nature 365, 61-65. 



 102 

 Nazarian,A., Christianson,C.A., Hua,X.Y., Yaksh,T.L., 2008. Dexmedetomidine and 

ST-91 analgesia in the formalin model is mediated by alpha(2A)-adrenoceptors: a 

mechanism of action distinct from morphine. Br J Pharmacol. 155, 1117-1126. 

 Noble,E.P., Wurtman,R.J., Axelrod,J., 1967. A simple and rapid method for injecting 

H3-norepinephrine into the lateral ventricle of the rat brain. Life Sci. 6, 281-291. 

 Nozawa,Y., Nishihara,K., Yamamoto,A., Nakano,M., Ajioka,H., Matsuura,N., 2001. 

Distribution and characterization of vanilloid receptors in the rat stomach. Neurosci 

Lett. 309, 33-36. 

 Oates,P.J., Hakkinen,J.P., 1988. Studies on the Mechanism of Ethanol-Induced Gastric 

Damage in Rats. Gastroenterology 94, 10-21. 

 Ohsawa,M., Shiraki,M., Mizoguchi,H., Narita,M., Kawai,K., Nagase,H., Cheng,E.Y., 

Narita,M., Tseng,L.F., 2001. Release of [Met(5)]enkephalin from the spinal cord by 

intraventricularly administered endomorphin-2, but not endomorphin-1 in the 

anesthetized rat. Neurosci Lett. 316, 1-4. 

 Ozaita,A., Olmos,G., Boronat,M.A., Lizcano,J.M., Unzeta,M., GarciaSevilla,J.A., 1997. 

Inhibition of monoamine oxidase A and B activities by imidazol(ine)/guanidine drugs, 

nature of the interaction and distinction from I-2-imidazoline receptors in rat liver. Br J 

Pharmacol. 121, 901-912. 

 Pacheco,D.D., Klein,A., Perez,A.C., Pacheco,C.M.D., de Francischi,J.N., Reis,G.M.L., 

Duarte,I.D.G., 2009. Central antinociception induced by mu-opioid receptor agonist 

morphine, but not delta- or kappa-, is mediated by cannabinoid CB1 receptor. Br J 

Pharmacol. 158, 225-231. 

 Palkovits,M., Eskay,R.L., 1987. Distribution and Possible Origin of Beta-Endorphin 

and Acth in Discrete Brain-Stem Nuclei of Rats. Neuropeptides 9, 123-137. 

 Palmer,R.M.J., Ferrige,A.G., Moncada,S., 1987. Nitric-Oxide Release Accounts for the 

Biological-Activity of Endothelium-Derived Relaxing Factor. Nature 327, 524-526. 



 103 

 Parker,L.A., Limebeer,C.L., Rock,E.M., Litt,D.L., Kwiatkowska,M., Piomelli,D., 2009. 

The FAAH inhibitor URB-597 interferes with cisplatin- and nicotine-induced vomiting 

in the Suncus murinus (house musk shrew). Physiol Behav. 97, 121-124. 

 Partosoedarso,E.R., Abrahams,T.P., Scullion,R.T., Moerschbaecher,J.M., Hornby,P.J., 

2003. Cannabinoid1 receptor in the dorsal vagal complex modulates lower oesophageal 

sphincter relaxation in ferrets. J Physiol Lond. 550, 149-158. 

 Paton,W.D., Vizi,E.S., 1969. The inhibitory action of noradrenaline and adrenaline on 

acetylcholine output by guinea-pig ileum longitudinal muscle strip. Br J Pharmacol. 35, 

10-28. 

 Paxinos,G., Chai,S.Y., Christopoulos,G., Huang,X.F., Toga,A.W., Wang,H.Q., 

Sexton,P.M., 2004. In vitro autoradiographic localization of calcitonin and amylin 

binding sites in monkey brain. J Chem Neuroanat. 27, 217-236. 

 Pertwee,R.G., 2000. Cannabinoid receptor ligands: clinical and neuropharmacological 

considerations, relevant to future drug discovery and development. Expert Opin Investig 

Drugs. 9, 1553-1571. 

 Pertwee,R.G., 2001. Cannabinoids and the gastrointestinal tract. Gut 48, 859-867. 

 Pertwee,R.G., Griffin,G., Lainton,J.A.H., Huffman,J.W., 1995. Pharmacological 

Characterization of 3 Novel Cannabinoid Receptor Agonists in the Mouse Isolated Vas-

Deferens. Eur J Pharmacol. 284, 241-247. 

 Pertwee,R.G., Ross,R.A., 2002. Cannabinoid receptors and their ligands. Prostaglandins 

Leukot Essent Fatty Acids. 66, 101-121. 

 Peskar,B.M., Respondek,M., Muller,K.M., Peskar,B.A., 1991. A Role for Nitric-Oxide 

in Capsaicin-Induced Gastroprotection. Eur J Pharmacol. 198, 113-114. 

 Petitet,F., Jeantaud,B., Bertrand,P., Imperato,A., 1999. Cannabinoid penetration into 

mouse brain as determined by ex vivo binding. Eur J Pharmacol 374, 417-421. 



 104 

 Philipp,M., Brede,M.E., Hadamek,K., Gessler,M., Lohse,M.J., Hein,L., 2002. Placental 

alpha(2)-adrenoceptors control vascular development at the interface between mother 

and embryo. Nat Genet. 31, 311-315. 

 Pinto,L., Izzo,A.A., Cascio,M.G., Bisogno,T., Hospodar-Scott,K., Brown,D.R., 

Mascolo,N., Di Marzo,V., Capasso,F., 2002. Endocannabinoids as physiological 

regulators of colonic propulsion in mice. Gastroenterology 123, 227-234. 

 Pique,J.M., Esplugues,J.V., Whittle,B.J.R., 1992. Endogenous Nitric-Oxide As A 

Mediator of Gastric-Mucosal Vasodilatation During Acid-Secretion. Gastroenterology 

102, 168-174. 

 Pique,J.M., Whittle,B.J., Esplugues,J.V., 1989. The vasodilator role of endogenous 

nitric oxide in the rat gastric microcirculation. Eur J Pharmacol. 174, 293-296. 

 Pol,O., Valle,L., Ferrer,I., Puig,M.M., 1996. The inhibitory effects of alpha(2)-

adrenoceptor agonists on gastrointestinal transit during croton oil-induced intestinal 

inflammation. Br J Pharmacol. 119, 1649-1655. 

 Reche,I., Fuentes,J.A., Ruiz-Gayo,M., 1996. Potentiation of delta 9-

tetrahydrocannabinol-induced analgesia by morphine in mice: involvement of mu- and 

kappa-opioid receptors. Eur J Pharmacol. 318, 11-16. 

 Redfern,J.S., Feldman,M., 1989. Role of Endogenous Prostaglandins in Preventing 

Gastrointestinal Ulceration - Induction of Ulcers by Antibodies to Prostaglandins. 

Gastroenterology 96, 596-605. 

 Reis,G.M., Pacheco,D., Perez,A.C., Klein,A., Ramos,M.A., Duarte,I.D., 2009. Opioid 

receptor and NO/cGMP pathway as a mechanism of peripheral antinociceptive action of 

the cannabinoid receptor agonist anandamide. Life Sci. 85, 351-356. 

 Rinaldi-Carmona,M., Barth,F., Heaulme,M., Alonso,R., Shire,D., Congy,C., Soubrie,P., 

Breliere,J.C., Le Fur,G., 1995. Biochemical and pharmacological characterisation of 

SR141716A, the first potent and selective brain cannabinoid receptor antagonist. Life 

Sci. 56, 1941-1947. 



 105 

 Rinaldi-Carmona,M., Barth,F., Millan,J., Derocq,J.M., Casellas,P., Congy,C., 

Oustric,D., Sarran,M., Bouaboula,M., Calandra,B., Portier,M., Shire,D., Breliere,J.C., 

Le Fur,G., 1998. SR 144528, the first potent and selective antagonist of the CB2 

cannabinoid receptor. J Pharmacol Exp Ther. 284, 644-650. 

 Robert,A., Nezamis,J.E., Lancaster,C., Hanchar,A.J., 1979. Cyto-Protection by 

Prostaglandins in Rats - Prevention of Gastric Necrosis Produced by Alcohol, Hcl, 

Naoh, Hypertonic Nacl, and Thermal-Injury. Gastroenterology 77, 433-443. 

 Ronai,A.Z., Kiraly,K., Szebeni,A., Szemenyei,E., Prohaszka,Z., Darula,Z., Toth,G., 

Till,I., Szalay,B., Kato,E., Barna,I., 2009. Immunoreactive endomorphin 2 is generated 

extracellularly in rat isolated L4,5 dorsal root ganglia by DPP-IV. Regul Pept. 157, 1-2. 

 Ross,R.A., Brockie,H.C., Stevenson,L.A., Murphy,V.L., Templeton,F., Makriyannis,A., 

Pertwee,R.G., 1999. Agonist-inverse agonist characterization at CB1 and CB2 

cannabinoid receptors of L759633, L759656, and AM630. Br J Pharmacol. 126, 665-

672. 

 Rutherfurd,S.D., Gundlach,A.L., 1993. Opioid Peptide Gene-Expression in the Nucleus-

Tractus-Solitarius of Rat-Brain and Increases Induced by Unilateral Cervical Vagotomy 

- Implications for Role of Opioid Neurons in Respiratory Control Mechanisms. 

Neuroscience 57, 797-810. 

 Rutkowska,M., Fereniec-Golebiewska,L., 2006. ACEA (arachidonyl-2-

chloroethylamide), the selective cannabinoid CB1 receptor agonist, protects against 

aspirin-induced gastric ulceration. Pharmazie 61, 341-342. 

 Rutkowska,M., Fereniec-Golebiewska,L., 2009. Involvement of nitric oxide in the 

gastroprotective effect of ACEA, a selective cannabinoid CB1 receptor agonist, on 

aspirin-induced gastric ulceration. Pharmazie 64, 595-597. 

 Ruwart,M.J., Klepper,M.S., Rush,B.D., 1980. Clonidine Delays Small Intestinal Transit 

in the Rat. J Pharmacol Exp Ther. 212, 487-490. 



 106 

 Salio,C., Fischer,J., Franzoni,M.F., Mackie,K., Kaneko,T., Conrath,M., 2001. CB1-

cannabinoid and mu-opioid receptor co-localization on postsynaptic target in the rat 

dorsal horn. Neuroreport 12, 3689-3692. 

 Scheibner,J., Trendelenburg,A.U., Hein,L., Starke,K., Blandizzi,C., 2002. alpha(2)-

adrenoceptors in the enteric nervous system: a study in alpha(2A)-adrenoceptor-

deficient mice. British Journal of Pharmacology 135, 697-704. 

 Schlicker,E., Kathmann,M., 2001. Modulation of transmitter release via presynaptic 

cannabinoid receptors. Trends Pharmacol Sci. 22, 565-572. 

 Schoeffter,P., Hoyer,D., 1991. Interaction of the Alpha-Adrenoceptor Agonist 

Oxymetazoline with Serotonin 5-Ht1A-Receptors, 5-Ht1B-Receptors, 5-Ht1C-

Receptors and 5-Ht1D-Receptors. Eur J Pharmacol. 196, 213-216. 

 Sharkey,K.A., Cristino,L., Oland,L.D., Van Sickle,M.D., Starowicz,K., Pittman,Q.J., 

Guglielmotti,V., Davison,J.S., Di Marzo,V., 2007b. Arvanil, anandamide and N-

arachidonoyl-dopamine (NADA) inhibit emesis through cannabinoid CB1 and vanilloid 

TRPV1 receptors in the ferret. Eur J Neurosci. 25, 2773-2782. 

 Shen,K.Z., Barajaslopez,C., Surprenant,A., 1990. Functional-Characterization of 

Neuronal Pre and Postsynaptic Alpha-2-Adrenoceptor Subtypes in Guinea-Pig 

Submucosal Plexus. Br J Pharmacol101, 925-931. 

 Smart,D., Gunthorpe,M.J., Jerman,J.C., Nasir,S., Gray,J., Muir,A.I., Chambers,J.K., 

Randall,A.D., Davis,J.B., 2000. The endogenous lipid anandamide is a full agonist at 

the human vanilloid receptor (hVR1). Br J Pharmacol. 129, 227-230. 

 Smith,F.L., Cichewicz,D., Martin,Z.L., Welch,S.P., 1998. The enhancement of 

morphine antinociception in mice by Delta(9)-tetrahydrocannabinol. Pharmacol 

Biochem Behav. 60, 559-566. 

 Sofia,R.D., Diamantis,W., Edelson,J., 1978. Effect of Delta-9-Tetrahydrocannabinol on 

Gastrointestinal-Tract of Rat. Pharmacology 17, 79-82. 



 107 

 Starke,K., 2001. Presynaptic autoreceptors in the third decade: focus on alpha(2)-

adrenoceptors. J Neurochem. 78, 685-693. 

 Starke,K., Gothert,M., Kilbinger,H., 1989. Modulation of Neurotransmitter Release by 

Presynaptic Autoreceptors. Physiol Rev. 69, 864-989. 

 Storr,M., Gaffal,E., Saur,D., Schusdziarra,V., Allescher,H.D., 2002. Effect of 

cannabinoids on neural transmission in rat gastric fundus. Can J Physiol Pharmacol. 80, 

67-76. 

 Stroff,T., Burchert,M., Peskar,B.M., 1994a. The Gastroprotective Effect of the 

Tachykinin Neurokinin A4-10 Involves Sensory Neurons and Calcitonin-Gene-Related 

Peptide. Gastroenterology 106, A186. 

 Stroff,T., Lambrecht,N., Peskar,B.M., 1994b. Nitric-Oxide As Mediator of the 

Gastroprotection by Cholecystokinin-8 and Pentagastrin. Eur J Pharmacol. 260, R1-R2. 

 Sugiura,T., Kondo,S., Sukagawa,A., Nakane,S., Shinoda,A., Itoh,K., Yamashita,A., 

Waku,K., 1995. 2-Arachidonoylgylcerol - A Possible Endogenous Cannabinoid 

Receptor-Ligand in Brain. Biochem Biophys Res Commun. 215, 89-97. 

 Svanes,K., Ito,S., Takeuchi,K., Silen,W., 1982. Restitution of the surface epithelium of 

the in vitro frog gastric mucosa after damage with hyperosmolar sodium chloride. 

Morphologic and physiologic characteristics. Gastroenterology 82, 1409-1426. 

 Swanson,L.W., Kuypers,H.G.J.M., 1980. A Direct Projection from the Ventromedial 

Nucleus and Retrochiasmatic Area of the Hypothalamus to the Medulla and Spinal-

Cord of the Rat. Neurosci Lett. 17, 307-312. 

 Szabo,S., 1991. Mechanisms of gastric mucosal injury and protection. J Clin. 

Gastroenterol. 13 Suppl 2, S21-S34. 

 Szemenyei,E., Barna,I., Mergl,Z., Keresztes,A., Darula,Z., Kato,E., Toth,G., 

Ronai,A.Z., 2008. Detection of a novel immunoreactive endomorphin 2-like peptide in 

rat brain extracts. Regul Pept. 148, 54-61. 



 108 

 Tache,Y., Yoneda,M., Kato,K., Kiraly,A., Suto,G., Kaneko,H., 1994. Intracisternal 

thyrotropin-releasing hormone-induced vagally mediated gastric protection against 

ethanol lesions: central and peripheral mechanisms. J Gastroenterol Hepatol. 9 Suppl 1, 

S29-S35. 

Tadano,T., Kisara,K., Stewart,J.J., 1992. A Comparison of Peripheral and Central 

Effects of Clonidine on Rat Intestinal Transit. Res Commun Chem Pathol Pharmacol. 

78, 161-179. 

Takahashi,S., Takeuchi,K., Okabe,S., 1999. EP4 receptor mediation of prostaglandin E-

2-stimulated mucus secretion by rabbit gastric epithelial cells. Biochem Pharmacol. 58, 

1997-2002. 

Takano, Y., Takano, M., Yaksh, T.L., 1992. The effect of intrathecally administered 

imiloxan and WB4101: possible role of alpha 2-adrenoceptor subtypes in the spinal 

cord. Eur. J. Pharmacol. 219, 465-468.  

Takeuchi,K., Aihara,E., Sasaki,Y., Nomura,Y., Ise,F., 2006. Involvement of 

cyclooxygenase-1, prostaglandin E2 and EP1 receptors in acid-induced. J Physiol 

Pharmacol. 57, 661-676. 

Takeuchi,K., Nishiwaki,H., Okabe,S., 1988. Effects of dopamine on gastric mucosal 

lesions induced by ethanol in rats. Possible involvement of antigastric motor activity 

mediated with alpha 2-adrenoceptors. Dig Dis Sci. 33, 1560-1568. 

Takeuchi,K., Nobuhara,Y., 1985. Inhibition of Gastric Motor-Activity by 16,16-

Dimethyl Prostaglandin-E2 - A Possible Explanation of Cytoprotection. Dig Dis Sci. 

30, 1181-1188. 

Takeuchi,K., Tanaka,A., Kato,S., Aihara,E., Amagase,K., 2007. Effect of (S)-4-(1-(5-

chloro-2-(4-fluorophenyoxy)benzamido)ethyl) benzoic acid (CJ-42794), a selective 

antagonist of prostaglandin E receptor subtype 4, on ulcerogenic and healing responses 

in rat gastrointestinal mucosa. J Pharmacol Exp Ther. 322, 903-912. 



 109 

Tarnawski,A., Stachura,J., Durbin,T., Sarfeh,I.J., Gergely,H., 1992. Increased 

Expression of Epidermal Growth-Factor Receptor During Gastric-Ulcer Healing in 

Rats. Gastroenterology 102, 695-698. 

Thumshirn,M., Camilleri,M., Choi,M.G., Zinsmeister,A.R., 1999. Modulation of gastric 

sensory and motor functions by nitrergic and alpha(2)-adrenergic agents in humans. 

Gastroenterology 116, 573-585. 

Trendelenburg,A.U., Hein,L., Gaiser,E.G., Starke,K., 1999. Occurrence, pharmacology 

and function of presynaptic alpha(2)-autoreceptors in at alpha(2) (A/D)-adrenoceptor-

deficient mice. N-S Arch Pharmacol. 360, 540-551. 

Trendelenburg,A.U., Klebroff,W., Hein,L., Starke,K., 2001. A study of presynaptic 

alpha(2)-autoreceptors in alpha(2A/D)-, alpha(2B)- and alpha(2C)-adrenoceptor-

deficient mice. N-S Arch Pharmacol 364, 117-130. 

Trendelenburg,A.U., Meyer,A., Klebroff,W., Hein,L., Starke,K., 2003. Do all three 

alpha(2)-adrenoceptor subtypes operate as autoreceptors? N-S Arch Pharmacol. 367, 

R27. 

Tseng,L.F., Narita,M., Suganuma,C., Mizoguchi,H., Ohsawa,M., Nagase,H., 

Kampine,J.P., 2000. Differential antinociceptive effects of endomorphin-1 and 

endomorphin-2 in the mouse. J Pharmacol Exp Ther. 292, 576-583. 

Tsou,K., Brown,S., Sanudo-Pena,M.C., Mackie,K., Walker,J.M., 1998. 

Immunohistochemical distribution of cannabinoid CB1 receptors in the rat central 

nervous system. Neuroscience 83, 393-411. 

Tyler,K., Hillard,C.J., Greenwood-Van Meerveld,B., 2000. The regulation of small 

intestinal secretion by cannabinoids is CB1 receptor-mediated in rats. Gastroenterology 

118, A131. 

Ueda,H., Amano,H., Shiomi,H., Takagi,H., 1979. Comparison of the Analgesic Effects 

of Various Opioid Peptides by A Newly Devised Intracisternal Injection Technique in 

Conscious Mice. Eur J Pharmacol. 56, 265-268. 



 110 

Ueda,N., Puffenbarger,R.A., Yamamoto,S., Deutsch,D.G., 2000. The fatty acid amide 

hydrolase (FAAH). Chem Phys Lipids. 108, 107-121. 

Umezawa,T., Guo,S.Y., Jiao,Y.Y., Hisamitsu,T., 2003. Effect of clonidine on colonic 

motility in rats. Auton Neurosci. 107, 32-36. 

Van Sickle,M.D., Oland,L.D., Ho,W., Hillard,C.J., Mackie,K., Davison,J.S., 

Sharkey,K.A., 2001. Cannabinoids inhibit emesis through CB1 receptors in the 

brainstem of the ferret. Gastroenterology 121, 767-774. 

Van Sickle,M.D., Oland,L.D., Mackie,K., Davison,J.S., Sharkey,K.A., 2003. Delta(9)-

tetrahydrocannabinol selectively acts on CB1 receptors in specific regions of dorsal 

vagal complex to inhibit emesis in ferrets. Am J Physiol Gastrointest Liver Physiol. 

285, G566-G576. 

Vane,J.R., 1957. A sensitive method for the assay of 5-hydroxytryptamine. Br J 

Pharmacol Chemother. 12, 344-349. 

Vane,J.R., 1971. Inhibition of prostaglandin synthesis as a mechanism of action for 

aspirin-like drugs. Nat New Biol. 231, 232-235. 

Viramontes,B.E., Malcolm,A., Camilleri,M., Szarka,L.A., McKinzie,S., Burton,D.D., 

Zinsmeister,A.R., 2001. Effects of an alpha(2)-adrenergic agonist on gastrointestinal 

transit, colonic motility, and sensation in humans. Am J Physiol Gastrointest Liver 

Physiol. 281, G1468-G1476. 

Vizi,E.S., 1979. Presynaptic Modulation of Neurochemical Transmission. Prog 

Neurobiol. 12, 181-279. 

Wallace,J.L., Cirino,G., 1994. The Development of Gastrointestinal-Sparing 

Nonsteroidal Antiinflammatory Drugs. Trends Pharmacol Sci. 15, 405-406. 

Wallace,J.L., Dicay,M., McKnight,W., Martin,G.R., 2007. Hydrogen sulfide enhances 

ulcer healing in rats. FASEB J.l 21, 4070-4076. 



 111 

Wallace,J.L., Granger,D.N., 1996. The cellular and molecular basis of gastric mucosal 

defense. FASEB J. 10, 731-740. 

Wallace,J.L., Mcknight,W., Reuter,B., Cicala,C., Grisham,M., Cirino,G., 1994. Nitric-

Oxide Releasing Nsaid Derivatives - Antiinflammatory Without Gastropathy. 

Gastroenterology 106, A208. 

Wallace,J.L., McKnight,W., Reuter,B.K., Vergnolle,N., 2000. NSAID-induced gastric 

damage in rats: Requirement for inhibition of both cyclooxygenase 1 and 2. 

Gastroenterology 119, 706-714. 

Walsh,J.H., Peterson,W.L., 1995. The Treatment of Helicobacter-Pylori Infection in the 

Management of Peptic-Ulcer Disease. N Engl J Med. 333, 984-991. 

Welch,S.P., 1993. Blockade of Cannabinoid-Induced Antinociception by 

Norbinaltorphimine, But Not N,N-Diallyl-Tyrosine-Aib-Phenylalanine-Leucine, Ici 

174,864 Or Naloxone in Mice. J Pharmacol Exp Ther. 265, 633-640. 

Welch,S.P., 2009. Interaction of the cannabinoid and opioid systems in the modulation 

of nociception. Int Rev Psychiatry. 21, 143-151. 

Welch,S.P., Eads,M., 1999. Synergistic interactions of endogenous opioids and 

cannabinoid systems. Brain Res. 848, 183-190. 

Whittle,B.J.R., Lopez-Belmonte,J., Moncada,S., 1990. Regulation of Gastric-Mucosal 

Integrity by Endogenous Nitric-Oxide - Interactions with Prostanoids and Sensory 

Neuropeptides in the Rat. Br J Pharmacol. 99, 607-611. 

Wikbergmatsson,A., Wikberg,J.E.S., Uhlen,S., 1995. Identification of Drugs Subtype-

Selective for Alpha(2A)-Adrenoceptors, Alpha(2B)-Adrenoceptors, and Alpha(2C)-

Adrenoceptors in the Pig Cerebellum and Kidney Cortex. Eur J Pharmacol. 284, 271-

279. 

Williams,I.J., Edwards,S., Rubo,A., Haller,V.L., Stevens,D.L., Welch,S.P., 2006. Time 

course of the enhancement and restoration of the analgesic efficacy of codeine and 

morphine by Delta(9)-tetrahydrocannabinol. Eur J Pharmacol. 539, 57-63. 



 112 

Wright,K., Rooney,N., Feeney,M., Tate,J., Robertson,D., Welham,M., Ward,S., 2005. 

Differential expression of cannabinoid receptors in the human colon: Cannabinoids 

promote epithelial wound healing. Gastroenterology 129, 437-453. 

Yacyshyn,B.R., Thomson,A.B., 2000. Critical review of acid suppression in 

nonvariceal, acute, uppergastrointestinal bleeding. Dig Dis. 18, 117-128. 

Yang,H., Kawakubo,K., Tache,Y., 1999. Intracisternal PYY increases gastric mucosal 

resistance: role of cholinergic, CGRP, and NO pathways. Am J Physiol Gastrointest 

Liver Physiol. 277, G555-G562. 

Young,P., Berge,J., Chapman,H., Cawthorne,M.A., 1989. Novel Alpha-2-Adrenoceptor 

Antagonists Show Selectivity for Alpha-2A-Adrenoceptor and Alpha-2B-Adrenoceptor 

Subtypes. Eur J Pharmacol. 168, 381-386. 

Zadina,J.E., Hackler,L., Ge,L.J., Kastin,A.J., 1997. A potent and selective endogenous 

agonist for the mu-opiate receptor. Nature 386, 499-502. 

Zadori,Z.S., Shujaa,N., Koles,L., Kiraly,K.P., Tekes,K., Gyires,K., 2008. Nocistatin and 

nociceptin given centrally induce opioid-mediated gastric mucosal protection. Peptides 

29, 2257-2265. 

Zadoria,Z.S., Shujaa,N., Fulop,K., Dunkel,P., Gyires,K., 2007. Pre- and postsynaptic 

mechanisms in the clonidine- and oxymetazoline-induced inhibition of gastric motility 

in the rat. Neurochem Int. 51, 297-305. 

Zygmunt,P.M., Petersson,J., Andersson,D.A., Chuang,H.H., Sorgard,M., Di Marzo,V., 

Julius,D., Hogestatt,E.D., 1999. Vanilloid receptors on sensory nerves mediate the 

vasodilator action of anandamide. Nature 400, 452-457. 



 113 

Relevant Publications 

 

Papers 

  

Shujaa, N., Al-Khrasani, M., Zádori, Z.S., Rossi, M., Mátyus, P., Nemet, J., Hein, L., 

and Gyires, K., (2011). α2A-adrenoceptor agonists-induced inhibition of gastric motor 

activity is mediated by α2A-adrenoceptor subtype in the mouse.  Neurochem Int., 

accepted for publication 

 

Shujaa, N., Zadori, Z.S., Ronai, A.Z., Barna., I., Mergl, Z., Mozes, M.M., Gyires, K., 

(2009). Analysis of the effect of neuropeptides and cannabinoids in gastric mucosal 

defense initiated centrally in the rat. J Physiol Pharmacol. 60 Suppl 7:93-100. (IF: 

1.489) 

 

Gyires, K., Zádori, Z.S., Shujaa, N., Al-Khrasani, M., Pap, B., Mózes, M.M., Mátyus, 

P., (2009). Pharmacological analysis of alpha(2)-adrenoceptor subtypes mediating 

analgesic, anti-inflammatory and gastroprotective actions. Inflammopharmacology 17 

(3):171-9. 

 

Zádori, Z.S., Shujaa, N.,, Köles, L., Király, K.P., Tekes, K., Gyires, K., (2008). 

Nocistatin and nociceptin given centrally induce opioid-mediated gastric mucosal 

protection. Peptides (12):2257-65. (IF: 2.705) 

 

Kató, E., Lipták, L., Shujaa, N., Mátyus, P., Gyires, K., Rónai, A.Z., (2008). alpha2B-

adrenoceptor agonist ST-91 antagonizes beta2-adrenoceptor-mediated relaxation in rat 

mesenteric artery rings. Eur J Pharmacol. 580, (3):361-365. (IF: 2.585) 

  

Gyires, K., Zádori, Z.S., Shujaa, N., Minorics, R., Falkay, G., Mátyus, P., (2007). 

Analysis of the role of central and peripheral alpha2-adrenoceptor subtypes in gastric 

mucosal defense in the rat. Neurochem Int. 51(5):289-296. (IF: 3.541) 

 



 114 

Zádori, Z.S., Shujaa, N., Fülöp, K., Dunkel, P., Gyires, K., (2007). Pre- and 

postsynaptic mechanisms in the clonidine- and oxymetazoline-induced inhibition of 

gastric motility in the rat. Neurochem Int. 51(5):297-305. (IF: 3.541) 

 

Abstracts 

 

Shujaa, N., Zadori, Z.S., Gyires, K., (2007). Pharmacological analysis of cannabinoid-

induced inhibition of gastric mucosal damage and gastric motility. Zeitschrift für 

Gastroenterologie, 44: 421-452.  

 

Shujaa, N., Zádori, Z.S., Al-Khrasani, M., Fürst, S., Wenger, T., Gyires, K., (2007). 

The role of cannbinoid CB1 receptor agonists in gastric mucosal protection in rats and 

mice. BMC. Pharmacology, 7 (suppl 2):A47  

 

Aricó, G., Zádori, Z.S., Shujaa, N., Tekes, K., Gyires, K., (2007). Endogenous opioids 

may mediate the centraly-induced gastroprotective action of Nociceptin and Nocistatin. 

Zeitschrift für Gastroenterologie, 44: 421-452 

 

Zádori, Z.S, Shujaa, N., Tekes, K. and Gyires, K., (2007). Potential role of nociceptin 

and nocistatin in central regulation of gastic mucosal defence. BMC. Pharmacology, 7 

(suppl 2):A47  

 

Zádori, Z.S., Shujaa, N., Ronai, A.Z., Gyires, K., (2008). The role of central 

endogenous opioid system in the regulation of gastric mucosal integrity. Zeitschrift für 

Gastroenterologie 46: (5) p 519.  

 

Dabi, A., Decsei, O., Zádori Z.S., Shujaa, N., Gyires, K., (2009). Pharmacological 

analysis of the receptors mediating the gastroprotective effect of agmatin in the rat. 

Zeitschrift für Gastroenterologie 47: (5) 462-463. 

 



 115 

Pap, B., Kirsch, P., Zádori, Z.S, Shujaa, N., Gyires, K., (2009). Central and peripheral 

mechanisms involved in the agmatine-induced gastroprotection in the rat. Zeitschrift für 

Gastroenterologie 47: (5) p 477.  

 

Shujaa, N., Zádori Z.S., Al-Khrasani, M, Rossi, M., Iemolo, A., Gyires, K., (2009). In 

vitro and in vivo analysis of the role of alpha2-adrenoceptors in the regulation of gastric 

motility in the rat. Zeitschrift für Gastroenterologie 47: (5) 480-481. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


