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Capsaicin and papaverine are potent vasorelaxants with strong gastroprotective 
activity against damage induced by absolute ethanol. This protection was originally 
attributed to the increase in gastric mucosal blood flow (GBF) but the possibility 
that NO mediates the protective and hyperemic effects of capsaicin and papaverine 
has been little studied. Using N-nitro-L-arginine (L-NNA), a selective blocker of 
NO synthase, and L-arginine as a substrate for NO, we investigated the role of NO 
in protective action of capsaicin and papaverine against ethanol-induced gastric 
damage and in GBF. Pretreatment with capsaicin (0.1—0.5mg/kg i.g.) or 
papaverine (0.1—2mg/kg i.g.) reduced dose-dependently the area of ethanol- 
induced lesions, the LD, being 0.3 and I mg/kg, respectively. This protection was 
accompanied by a gradual increase in the GBF. Intravenous (i.v.) injection of 
L-NNA (1.2—5 mg/kg), which by itself caused only a small increase in ethanol 
lesions, reversed dose-dependently the protective and hyperemic effects of capsaicin 
and papaverine against ethanol-induced damage and attenuated the increase in GBF 
induced by each of these agents alone. This deleterious effect of L-NNA on the 
gastric mucosa and the GBF was fully antagonized by L-arginine (200 mg/kg i. v.) 
but not by D-arginine. L-arginine partly restored the decrease in GBF induced by 
L-NNA. Pretreatment with indomethacin (Smg/kg i.p.), which suppressed the 
generation of PG by 85%, slightly enhaced the mucosal lesions induced by ethanol 
but failed to affect the fall in GBF induced by this irritant. Gastroprotective and 
hyperemic effects of capsaicin and papaverine were partly reversed by indomethacin 
suggesting that endogenous PG are also implicated in these effects. Addition of 
L-NNA to indomethacin completely eliminated both the protective and hyperemic 
effects of capsaicin and papaverine. We conclude that both NO and PG contribute 
to the gastroprotective and hyperemic effects of capsaicin and papaverine on the 
gastric mucosa. 
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INTRODUCTION 

Capsaicin and papaverine are highly protective against acute gastric 

mucosal damage induced by absolute ethanol (1—4). Capsaicin, the pungent 
ingredient found in red pepper (5), represents a selective probe for the
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stimulation of primary afferent neurons (6). Papaverine is a potent 

vasorelaxant showing gastroprotective action attributed to the stimulation of 
endogenous prostaglandins (PG) (7). 

Afferent neurons are believed to participate in gastroprotection, since 

ablation of capsaicin-sensitive neurons leads to an aggravation of mucosal 

lesions induced by variety of ulcerogens (5, 8, 9). On the other hand, the 

stimulation of afferent neurons by intragastric administration of capsaicin was 

recently shown to induce the protection against gastric damage caused by 

absolute ethanol and aspirin (2, 10, 11) but the potential mediators and the 

mechanism of these effects have not been fully elucidated. 

The local release of vasodilators such as epithelium derived relaxing factor 

(12), identified as nitric oxide (NO), is considered to play an essential role in 

the maintenance of mucosal integrity (13). The possibility that the protective 

action of capsaicin and papaverine is mediated by NO has not been fully 

explored, however, recent study by Peskar et al. (14) suggested that NO might 

be involved in gastroprotection induced by capsaicin. It is also unclear whether 

PG contribute to the gastroprotective activity of capsaicin and papaverine. 

In this study, using N-nitro-L-arginine (L-NNA), a selective blocker of NO 
synthase, and indomethacin, a potent inhibitor of PG cyclooxygenase path- 

way, we attempted to determine the role of NO in both gastroprotective and 

circulatory effects of capsaicin and papaverine against lesions induced by 
absolute ethanol. 

MATERIAL AND METHODS 

Wistar rats of both sexes, weighing 180—220 g, were fasted 18h in individual cages but had 

only free access to water before the study. Gastric lesions were induced by intragastric (i. g.) 

administration of 1.5 ml of 100% ethanol. Several series of experiments were carried out including; 

1) control 100% ethanol (i.g.), 2) capsaicin (0.12—0.5 mg/kg 1.g.) given 30min. prior 100% 

ethanol, 3) papaverine (0.1—2 mg/kg i.g.) given 30min prior 100% ethanol, 4) L-NNA (1.2— 

5 mg/kg i. v.) injected 15 min prior 100% ethanol, 5) L-NNA (1.2—5 mg/kg 1. v.) injected 15 min 

prior to capsaicin (0.5 mg/kg i.g.) and then 30 min later followed by 100% ethanol, 6) L-NNA 

(1.2—S mg/kg 1.v.) injected 15min prior to papaverine (1 mg/kg i.g.) and then followed 30min 

later by 100% ethanol. 

Since pretreatment with L-NNA abolished the gastroprotective activity of capsaicin and 

papaverine another series of experiments were performed using capsaicin (0.5mg/kg) or 

papaverine (1 mg/kg) combined with L-NNA (5 mg/kg i. v.) alone or with L-arginine or D-arginine 

(200 mg/kg 1. v.) followed 30 min later by 100% ethanol (1.5 ml). To assess the role of endogenous 

PG in gastroprotection by capsaicin and papaverine additional groups of rats were used and 

divided into the following treatment groups: 1) indomethacin (5 mg/kg i.p.) given 90 min prior 

100% ethanol, 2) indomethacin (5 mg/kg 1. p.) given 90min prior capsaicin (0.5 mg/kg i. p.) then 

followed 30min later by 100% ethanol, 3) indomethacin (5mg/kg i.p.) given 90min prior 

papaverine (1 mg/kg i.g.) then followed 30min later by 100% ethanol, 4) L-NNA (5 mg/kg i.v.) 

injected 15min prior to indomethacin and then 90min later followed by the combination of
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capsaicin (0.5mg/kg i.g.) plus 100% ethanol, 5) L-NNA (5mg/kg 1.v.) injected 15min prior 

indomethacin and then followed 90 min later by the combination of papaverine (1 mg/kg i. g.) plus 

100% ethanol. 

One hour after 100% ethanol was introduced, animals were anesthetized with ether, the 

abdomen was opened and the stomach was exposed to measure the gastric mucosal blood flow 

(GBF). Then the stomachs were removed and opened along the greater curvature for macroscopic 

examination. The area of gastric lesions was measured planimetrically (Morphomat, Carl Zeiss, 

Germany). 

Measurement of the gastric blood flow. 

Gastric blood flow was measured in the gastric mucosa of rats without or with ethanol 

administration using H,-gas clearance technique as described previously (15). Briefly, the double 

needle electrodes were inserted through the serosa into the oxyntic mucosa, one electrode was used 

for the local generation of H,-gas and the other for the measurement of tissue H,. With this 

method, the H, generated is carried away by the blood and the polarographic current detector 

gives the decreasing tissue H, content as the clearance curve, which is then used to calculate 

absolute flow rates (ml/min/100 g) in the tissue. For determination of GBF in the gastric mucosa 

not exposed to ethanol additional rats were divided into the following treatment groups (6—8 

animals) including: 1) vehicle (control), 2) capsaicin (0.5 mg/kg) alone, 3) papaverine (1 mg/kg) 

alone, 4) capsaicin (0.5 mg/kg) followed 30min later by L-NNA (5mg/kg i.v.), 5) papaverine 

(1 mg/kg) followed 30 min later by L-NNA (5 mg/kg i. v.), 6) L-NNA (5 mg/kg i. v.) given 15 min 

prior to capsaicin (0.5mg/kg) and 7) L-NNA (5mg/kg i.v.) given 15min prior to papaverine 

(1 mg/kg). 30 min after the last treatment dose, the animals were lightly anesthetized with ether, the 

abdomen was opened and the GBF was recorded in the oxyntic mucosa. 

Capsaicin (8-methyl-N-vanillyl-6-nonenamide; Fluka, Buchs, Switzerland) was dissolved in 

vehicle consisting of 10% ethanol, 10% Tween 80 and 80% saline (vol/vol/vol) as described 

previously by Yonei et al (8) and given to the rats in a volume of Iml. Papaverine (6, 

7-dimetoxy-1-veratrylisoquinoline; Sigma Co., St. Louis) was dissolved in 1 ml of 0.9% saline and 

prepared freshly before use. Control animals received | ml of vehicle (saline). 

Results are presented as means +SEM. Statistical evaluation was made by analysis of variance 

and, where appropriate, by the unpaired Student’s t test, a P value of less then 0.05 being 

considered significant. 

RESULTS 

Effect of capsaicin and papaverine on the GBF and the area of lesions induced by 
100% _ ethanol. 

In vehicle-treated control rats, no lesions in the stomach were observed and 

the GBF averaged 47+4ml/min/100 g. Intragastric application of capsaicin 

(0.5mg/kg) or papaverine (1 mg/kg) did not cause any mucosal lesions and 

resulted in a significant increase in the GBF by about 40% and 55%, 
respectively (Table 1). Intravenous injection of L-NNA (5mg/kg), which by 
itself also did not cause mucosal damage, resulted in a significant reduction in
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Table 1. Effects of intragastric (i. g.) application of capsaicin (0.5 mg/kg) or papaverine (1 mg/kg) 

given alone or in the combination with L-NNA (5mg/kg) injected i.v. 15min before or 30min 

after capsaicin or papaverine on the GBF in oxyntic mucosa. Results are mean +SEM of 8 rats in 

each group. Asterisk indicates significant change as compared to the value obtained with the intact 

mucosa. Cross indicates significant decrease below the value obtained in the mucosa treated with 

capsaicin or papaverine alone. 

  

  

Type of test GBF (ml/min — 100 g) 

Intact 47+4 

Capsaicin alone (0.5 mg/kg) 66 + 8* 

Papaverine alone (1 mg/kg) J3: 7" 

L-NNA alone (5 mg/kg) 29+ 3* 

L-NNA + Capsaicin (15min later) 37+5** 

L-NNA + Papaverine (15min later) 30+2** 

Capsaicin + L-NNA (30min later) 34+4** 

Papaverine + L-NNA (30min later) 38+5**         

GBF by about 50% as compared to intact controls. Intravenous injection of 

L-NNA 15min before i. g. administration of capsaicin or papaverine reduced 

significantly the increase in GBF induced by these agents by about 44% and 

58%, respectively. When L-NNA was injected 30 min after the administration 

of capsaicin or papaverine, it also caused the reduction in GBF by about 50%. 

Administration of 100% ethanol resulted in the appearance of gastric 

lesions in all animals tested and this was accompanied by a significant 

reduction in GBF. The mean lesion area in rats receiving ethanol was 

78+6тт? ап СВЕ was reduced by 56% comparing to vehicle-treated 
controls (Fig. 1., Table 2). Capsaicin given i.g. in graded doses (0.12— 
0.5 mg/kg), reduced dose-dependently the mean lesion area, the dose reducing 

the lesion area by about 50% (ID,,) being 0.3 mg/kg (Fig. 1). This reduction 

Table 2. Effect of pretreatment with L-NNA (1.2—5 mg/kg i. v.) on the mean lesion area and GBF 

in rats receiving 100% ethanol. Results are mean +SEM of 8 rats in each group. Asterisk indicates 

a significant decrease below the value obtained in intact mucosa not exposed to ethanol. 

  

  

Tupe of test Lesion area GBF 

(mm?) (ml/min — 100 g) 

Intact — 47+4 

100% Ethanol 78 +6 21+4* 

100% Ethanol + L-NNA (mg/kg) 1.2 7545 224. 3* 

2.9 80+4 20+4* 

5.0 81+6 19+ 2*          
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was followed by an increase in the GBF, that at a dose of 0.5mg/kg of 

capsaicin amounted to about 85% of the value obtained in the vehicle-treated 

controls. Pretreatment with i. g. papaverine in a various doses (0.1—2.0 mg/kg) 

also resulted in a significant and dose-dependent reduction in the mean lesion 
area, the ID., being about I mg/kg. (Fig. 2). Papaverine given i.g. prior the 

administration of ethanol significantly increased the GBF, the significant 

increase to about 85% of the vehicle-treated control was achieved at a dose of 

lmg/kg of papaverine. 
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Fig. 1. Effect of various doses of capsaicin (0.12—0.5 mg/kg 1. g) on the changes in GBF and mean 

lesion area of gastric lesions induced by 100% ethanol. Results are mean +SEM of 8—10 rats in 

each group. Asterisk indicates significant decrease or increase below or above the value obtained 

with vehicle controls. 

Effects of L-NNA (1.2—5.0 mg/kg) alone or in the combination with L-arginine 
(200 mg/kg) or D-arginine (200mg/kg) on the changes in the GBF and 

gastroprotection induced by capsaicin and papaverine. 

As shown in Fig 3 and 4, the pretreatment with a standard dose of capsaicin 
(0.5mg/kg) or papaverine (1 mg/kg) reduced significantly the mean area of 

ethanol-induced lesions and increased markedly the GBF. Intravenous (i. v.) 

injection of L-NNA in various doses (1.2—5 mg/kg) failed to affect significant- 

ly the area of lesions and the fall in GBF induced by 100% ethanol alone 
(Table 2). Such pretreatment with L-NNA resulted in a dose-dependent
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Fig. 2. Effect of various doses of papaverine (0.1—2.0 mg/kg i.g.) on the changes in GBF and 

mean lesion area of gastric lesions induced by 100% ethanol. Results are mean +SEM of 8—10 

rats in each group. Asterisk indicates significant decrease or increase below or above the value 

obtained with vehicle controls. 
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Fig. 3. Effect of graded doses of L-NNA (1.2—5.0 mg/kg i.v.) on gastroprotection and GBF 

changes induced by capsaicin against ethanol injury. Results are mean +SEM of 8—10 rats in 

each group. Asterisk indicates a significant decrease or increase below or above the value obtained 

in rats receiving the combination of capsaicin plus 100% ethanol. 

reversion of gastroprotection induced by capsaicin or papaverine and in the 
reduction in GBF (Figs 3 and 4). At the dose of 5mg/kg of L-NNA, the area 

of lesions and GBF in rats treated with capsaicin or papaverine was not 
significantly different from that achieved with ethanol alone. Figs 5 and 6 show 

that in rats treated with capsaicin or papaverine combined with L-NNA, the
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Fig. 4. Effects of graded doses of L-NNA (1.2—5.0 mg/kg i.v.) on gastroprotection and GBF 

changes induced by papaverine against injury caused by 100% ethanol. Results are mean +SEM 

of 8—10 rats in each group. Asterisk indicates significant decrease or increase below or above the 

value recorded in vehicle controls. 
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Fig. 5. Effects of vehicle, papaverine (1 mg/kg i.g.) and L-NNA (5 mg/kg i. v.) with or without 
addition of L-arginine or D-arginine (200 mg/kg i. v.) on the area of ethanol induced gastric lesion 
and gastric blood flow. Results are mean +SEM of 8—10 rats in each group. Asterisk indicates 

significant decrease or increase below or above the value obtained in vehicle controls. 

addition of L-arginine (50 mg/kg) to i. v. injection of L-NNA almost complete- 
ly reversed the deleterious effects of L-NNA on the mucosal lesions and GBF 
(Figs 5 and 6). Addition of D-arginine failed to affect the L-NNA induced 
increase in mucosal damage and in the fall of GBF in rats treated with 
capsaicin or papaverine.
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Fig. 6. Effects of vehicle, capsaicin (0.5 mg/kg i.g.) and L-NNA (5mg/kg i.v.) with or without 

addition of L-arginine or D-arginine (200 mg/kg i. v.) on the area of ethanol induced gastric lesion 

and gastric blood flow. Results are mean +SEM of 8—10 rats from 6 experiments. Asterisk 

indicates significant decrease or increase below or above the value recorded in vehicle controls. 
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Fig. 7. Effects of pretreatment with indomethacin (5mg/kg i.p.) on the lesions area and GBF 
changes induced by ethanol alone or the combination of ethanol plus capsaicin (0.5 mg/kg i. g.) or 
papaverine (1 mg/kg 1.g.). Results are mean +SEM of 8—12 rats in each group. Asterisk indicates 
significant change below or above vehicle controls without indomethacin. Cross indicates 
significant decrease or increase below or above the value obtained in rats without the pretreatment 

with indomethacin. 
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Effect of pretreatment with indomethacin alone or in the combination with 

L-NNA on the GBF and gastroprotection induced by capsaicin and papaverine. 

As shown in Fig. 7, the pretreatment with indomethacin given at a dose of 
Smg/kg (i.p.) 90min before 100% ethanol caused a small but significant 

increase in the area of gastric lesions and a small but insignificant reduction in
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the GBF below that recorded in animals receiving ethanol alone. Such 
pretreatment with indomethacin almost completely abolished the protective 

activity of capsaicin and papaverine and this action was associated with 

a significant attenuation of the GBF to the level similar to that obtained 

Table 3. Effects of L-NNA (5mg/kg i.v.) and indomethacin (Indo) (5mg/kg i.p.) or their 

combination on the area of gastric lesions and changes in GBF induced by 100% ethanol in rats 

without or with pretreatment with capsaicin (CAP) (0.5 mg/kg 1. g.) or papaverine (PAP) (1 mg/kg 

i.g.). Results are mean +SEM of 8—10 rats from 6 experiments. Single asterisk indicates 

significant change as compared to the value obtained with 100% ethanol alone. Double asterisk 

indicates significant change as compared to the value recorded in rats treated with the combination 

of capsaicin or papaverine plus ethanol. Cross indicates significant change as compared to the 

value obtained in indomethacin pretreated rats receiving the combination of capsaicin or 

papaverine plus ethanol. 

  

  

      

Test Lesion area GBF 

(mm?) (ml/min/100 g) 

100% ethanol (control) 18+6 22+3 

CAP + 100% ethanol 8+0.5* 38+4* 

PAP +100% ethanol 21+3* 41+4* 

L-NNA + CAP + 100% ethanol 62+8** 21+2** 

Indo + 100% ethanol 85+4** 21+3** 

L-NNA + PAP + 100% ethanol 72+ 7** 22+ 3** 

Indo +CAP + 100% ethanol 69 + 8** 24+ 4** 

Indo +PAP + 100% ethanol 73+6** 25+4** 

L-NNA + Indo + CAP + 100% ethanol 88+5* 18+2" 

L-NNA + Indo + PAP + 100% ethanol 92+4* 17+1*     
with 100% ethanol (Fig. 7, Table 3). Addition of L-NNA to indomethacin 

resulted in further aggravation of the lesion area over that achieved with 
indomethacin alone and significantly diminished the blood flow changes below 

the value recorded in indomethacin treated rats (Table 3). 

DISCUSSION 

Our present study confirms previous findings (I—4) that capsaicin and 

papaverine protect the gastric mucosa against acute damage induced by 

ethanol and shows that this protection is accompanied by an increase in gastric 
mucosal blood flow. The current data demonstrate, that the selective blockade 

of NO synthase by L-NNA reversed; in part, the gastroprotective and 
hyperemic effects of capsaicin and papaverine and that these effects were 

completely eliminated by the combination of L-NNA and indomethacin,
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indicating that both NO and PG are involved in the action of these compounds 
on the gastric mucosa. 

Previous studies have shown that the stimulation of afferent sensory 
neurons by intragastric administration of capsaicin leads to the protection 
of gastric mucosa against the injury induced by various irritants and 
ulcerogens such as absolute ethanol (1, 2, 11), acidified aspirin (10) and 
pylorus ligation (5). This action was attributed to the release of vasoactive 
peptides such as CGRP from capsaicin-sensitive sensory nerve fibers (2, 
16, 17). Furthermore, the stimulation of these nerves could result in an 
axon-reflex vasodilatation in the presence of sensory neurotransmitters as 
observed by others (17, 18) and confirmed in our present study. The 
local release of neuropeptides such as CGRP has also been implicated 
in the maintenance of mucosal integrity since the ablation of afferent 
neurons by the pretreatment with capsaicin enhanced gastric mucosal damage 
induced by various noxious agents (1, 5, 18, 20). Furthermore, exogenous 
CGRP resulted in gastric mucosal protection against ethanol damage and 
in the enhancement of the mucosal blood flow (18, 19). 

Increased gastric blood flow is thought to be an important factor in gastric 
mucosal protection (21—23). Indeed, our present study demonstrates that 
intragastric application of capsaicin or papaverine caused a marked increase in 
GBF indicating that this increase might contribute to their protective activity. 
Whether endothelial factors such as endothelium-derived relaxing factor or 
nitric oxide (NO) mediate the protective action of capsaicin and papaverine 
remains unsettled. Whittle et al. (25) reported that the suppression of the NO 
biosynthesis by methyl-arginine (L-NMMA) greatly attenuated the mucosal 
blood flow, especially in capsaicin-pretreated rats, with depleted sensory 
neuropeptides from afferent neurons. An interaction between NO and sensory 
neurons have been proposed for the modulation of mucosal integrity. Peskar et 
al (14) demonstrated that L-NNA attenuated the protective action of capsaicin 
against ethanol damage, but the gastric blood flow was not measured in that 
study. 

The results of our study demonstrate that capsaicin induced both 
the increase in GBF and the protection against ethanol and that the 
administration of L-NNA, a selective inhibitor of NO synthase, eliminated 
these effects while the addition of L-arginine, a substrate of endogenous 
NO (12), restored both the mucosal protective and hyperemic activity of 
capsaicin. Such an supplementation of NO from L-arginine was found 
previously to enhance the endothelium-dependent vasodilatation in vitro (26, 
27) suggesting that currently observed protective and vasoactive effect of 
L-arginine is highly specific. This notion is also supported by the fact that 
pretreatment with D-arginine under similar experimental conditions was 
completely ineffective.
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Papaverine was originally shown as an agent capable of protecting the 
gastric mucosa against the damage by ethanol (3, 4) and stress (28, 29) and our 

results confirm these findings. In addition, we found for the first time that this 

protection is accompanied by a marked increase in GBF. The mechanism of 

this protection has not been extensively investigated, but Ligumsky et al (7) 

reported previously that papaverine stimulated the generation of PG from 
isolated rabbit gastric mucosal cells, suggesting that PG could contribute to its 

protective activity. Since in our present study, L-NNA greatly reduced the 
protection induced by papaverine, it is likely that the gastroprotective and 

hyperemic actions of this agent are mediated, at least in part, by NO. This 
notion was also supported by the fact that concurrent administration of 

L-arginine but not D-arginine antagonized the deleterious effects of L-NNA 
on papaverine-induced gastroprotection and the increase in blood flow. On the 

other hand, Kitagawa et al (30) reported that an increase in mucosal microcir- 

culation induced by papaverine is not mediated by NO, because the inhibition 
of NO biosynthesis failed to affect the papaverine-induced vasodilation. In our 

in vitro study (unpublished observation) using rat fundic strips and aorta 

deprived of endothelium we also found that papaverine induced relaxation was 

not influenced by L-NNA, indicating that NO may not be responsible for the 

relaxing effect of this agent on smooth muscle. These data seem to be at 

variance with the results in the present study, especially regarding the involve- 

ment of NO in the increase in gastric blood flow by papaverine. Since there is 

an evidence that NO may be generated and released by nerve endings (6) and 

by the platelets (31) it is possible that papaverine, like capsaicin, stimulates the 

release of NO in the gastric mucosa from other sources than vascular 
endothelium, however, this hypothesis remains to be tested. It is also possible 
that papaverine like capsaicin (32) affects the function of platelets and this 

could contribute to its gastroprotective activity. It has recently been demon- 

strated that leukocyte adherence to the vascular endothelium is an important 
event in the pathogenesis of acute gastric lesions induced by number of 

ulcerogens including ethanol (33), aspirin (34), hemorrhagic shock (35) and 

ischemia reperfusion (35). Leukocytes might contribute to the ulceration by 

occluding microvessels, thereby reducing mucosal blood flow and by releasing 

various mediators such as leukotrienes or PAF that can induce damage to the 
gastric mucosa (37). 

The most important finding of this study is the demonstration that the 

protective effect of capsaicin and papaverine was attenuated by pretreatment 

with indomethacin in a dose that was sufficient to cause almost complete 

inhibition of PG biosynthesis. Whittle and his coworkers (25) were the first 

who proposed that endogenous prostaglandis and NO interact on the gastric 
mucosa and play a crucial role in the maintenance of mucosal integrity. Our 

present data are in keeping with this hypothesis because hyperemic and
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protective effect of papaverine and capsaicin were markedly reduced by 
indomethacin and the addition of L-NNA eliminated completely the protective 
activity of both agents. This observation indicates that both endogenous PG 
and NO released either by endothelium or by the afferent neurons contribute 
to the vasodilator and protective actions of capsaicin and papaverine. Our 
finding clearly disagrees with the recent report by Holzer et al. (11) showing 
that the protection of deep necrosis by capsaicin was not affected by 
indomethacin, that reduced ex vivo formation of PG by about 90%. This 
discrepancy could be explained by the difference in the experimental methods 
and conditions used in their (11) and our present study. In other studies, 
Uchida et al. (38) and Takeuchi et al. (39) demonstrated that the protection 
and the enhancement in the gastric motility and the blood flow caused by 
capsaicin was markedly reversed by indomethacin, suggesting a close 
relationship between the stimulation of primary afferent neurons and 
endogenous PG. They postulated (39) that afferent neurons are sensitized by 

endogenous PG and that this effect could contribute, at least in part, to 

protective activity of capsaicin. Thus, our present data indicate that close 
interaction between NO and PG systems contribute to the protective action of 

capsaicin and papaverine against ethanol damage. 
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