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PGE2, NO and CGRP in adaptation to stressR Tan et al.

PROSTAGLANDINS, CAPSAICIN-SENSITIVE SENSORY NERVES 
AND NEUTROPHIL INFILTRATION, BUT NOT NITRIC OXIDE, 

CONTRIBUTE TO COLD RESTRAINT STRESS-INDUCED 
GASTRIC ADAPTATION IN RATS

Ruken Tan,* Mehmet Bülbül,* Gözde Öngüt,† Özgür Tosun,‡ and V Nimet 3zgüt-Uysal*

Departments of *Physiology, †Microbiology and Clinical Microbiology and ‡Biostatistics, Faculty of Medicine, 
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SUMMARY

1. The aim of the present study was to determine the role of
prostaglandins (PG), nitric oxide (NO) and capsaicin-sensitive
sensory nerves in neutrophil infiltration in gastric adaptation to
cold restraint stress in rats.

2. Wistar rats were exposed to single or repeated cold
restraint stress for 3.5 h every other day for up to 4 days. Prior
to repeated stress, rats were pretreated with N G-nitro-L-arginine
methyl ester (L-NAME; 10 mg/kg, s.c.), indomethacin (10 mg/kg,
s.c.) or capsaicin (125 mg/kg, s.c.). The extent of gastric mucosal
lesions was evaluated histologically and myeloproxidase (MPO)
activity, PGE2, NO and calcitonin gene-related peptide (CGRP)
levels were measured in gastric tissue.

3. Cold restraint stress produced haemorrhagic lesions and
reduced PGE2 and CGRP levels in the stomach, with an increase
in MPO activity and NO levels. Repeated stress insults reduced
stress-induced gastric damage, NO production and MPO activ-
ity, with an increase in PGE2 and CGRP levels compared with
rats exposed to single cold restraint stress. Adaptation to cold
restraint stress was prevented by indomethacin and capsaicin
pretreatment, but not by L-NAME.

4. We conclude that the stomach has the ability to adapt to
repeated exposure to cold restraint stress and that the adapta-
tion, via inhibition of neutrophil infiltration, is mediated, at least
in part, by endogenous PG and CGRP.

Key words: calcitonin gene-related peptide, capsaicin, cold
restraint stress, gastric adaptation, nitric oxide, prostaglandin E2.

INTRODUCTION

Gastric adaptation is a special feature of the stomach to resist the

damage caused by repeated exposure to strong mucosal irritants.

Gastric adaptation was originally observed in rats exposed to non-

steroidal anti-inflammatory drugs,1 but has also been observed in

stomachs exposed to topical irritants including 70% ethanol,2

0.2 mol/L NaOH,3 hypertonic NaCl4 and stress.5

It is well known that stress produces acute haemorrhagic lesions

in the gastric mucosa of experimental animals.6–8 Cold restraint

stress is a commonly used and clinically relevant experimental

model for acute gastric damage.7,9 A sudden reduction of blood

flow to the gastric mucosa and increased free radical formation

due to leucocyte activation play fundamental roles the formation of

ulcers.9,10 Repeated stress insults have been found to increase

the tolerance of the gastric mucosa to stress ulcerogenesis and to

attenuate the formation of acute gastric lesions.11–13

The release of vasoactive mediators is crucial for the gastric

mucosa to resist the continual onslaught of agressive factors.

Previous findings have suggested that there are interactions between

vasodilator mediators, including prostaglandins (PG) that can

regulate gastric mucosal microcirculation and integrity and the highly

labile humoral vasodilator substance nitric oxide (NO).14,15 However,

the sensory nerves play an important role in gastroprotection against

harmful effects, probably via release of sensory neuropeptides, such

as calcitonin gene-related peptide (CGRP), which mediates vascular

relaxation.16

The present study was designed to determine whether gastric

adaptation to repeated stress could be related to inhibition of

stress-induced leucocyte infiltration to gastric mucosa and, if so,

to elucidate the contribution of endogenous PG, NO and capsaicin-

sensitive sensory nerves to the gastroprotection against repeated cold

restraint stress.

METHODS

Male Wistar rats, weighing 180–220 g, were used in all experiments. Before

each experiment, rats were deprived of food and allowed free access to tap

water for 18 h. All experimental procedures were approved by the Animal

Care and Use Committee of Akdeniz University.

General procedures

Animals were divided into control (n = 12) and experimental (n = 52) groups.

The experimental group was divided into five groups, consisting of one group

receiving a single exposure to cold restraint stress and four groups receiving

multiple exposures (n = 10 in each group; Table 1) to repeated cold restraint

stress for 4 consecutive days. The single exposure group was put into

individual loose-fitting tubular restraint cages made of wire mesh and were kept

there for 3.5 h at 4∞C.17 The multiple exposure groups were treated similarly

except that after the stress period animals were removed from the cages,

placed at room temperature and rechallenged with cold restraint stress for

3.5 h the next morning.18 Animals were killed after 4 consecutive days. The
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multiple exposure groups were pretreated with either saline (0.5 mL/100 g,

s.c.), indomethacin (10 mg/kg, s.c.), NG-nitro-l-arginine methyl ester

(l-NAME; 10 mg/kg, s.c.) or capsaicin (125 mg/kg, s.c.) 0.5 h before

each of the four exposures to cold restraint stress.19 Indomethacin was used

a non-selective cyclo-oxygenase (COX) inhibitor and l-NAME was used

as a non-selective NO synthase (NOS) inhibitor.

Denervation of primary sensory nerves by capsaicin

Ablation of capsaicin-sensitive afferent neurons was accomplished by high-

dose capsaicin administration, as described previously.20,21 Rats received a

total dose of 125 mg/kg capsaicin administered in divided over 3 days with

25 mg/kg on the 1st day, 50 mg/kg on the 2nd day and 50 mg/kg on the 3rd

day. All injections of capsaicin or its vehicle (see below) were performed

with the rats under light ether anaesthesia. After 10 days, both capsaicin-

and vehicle-treated rats were used for the study of gastric adaptation to 3.5 h

cold restraint stress and underwent the same schedule of repeated stress

insults. One day before the first exposure to cold restraint stress, the effective-
ness of capsaicin treatment was checked by instilling a drop of 0.001%

capsaicin in saline into one eye of each rat that were then observed for any

protective wiping movements. Those capsaicin-treated rats that showed any

wiping movement were excluded from the study.

Preparation of drugs

All chemicals were purchased from Sigma Chemical (St Louis, MO, USA).

Indomethacin was suspended in saline with a drop of Tween 80, whereas

l-NAME was dissolved in saline. Capsaicin was dissolved in vehicle consisting

of 10% ethanol, 10% Tween 80 and 80% saline. Each agent was prepared

immediately before use and administered s.c. in a volume of 0.5 mL per

100 g bodyweight. In the present study, we used three vehicle groups that

were treated with saline (n = 10), saline containing a drop of Tween 80 (n = 6)

or saline containing 10% ethanol and 10% Tween 80 (n = 6). At the end

of the study, the results for the three vehicle-treated groups were not

statistically different from each other and so we used the data obtained

for the saline-treated group to prepare the graphs and in all statistical

analyses (Fig. 1).

Measurement of gastric lesions

At the end of the experimental period, the animals were anaesthetized by

ether and exsanguinated via the abdominal aorta. Their stomachs were

removed, opened by an incision along the greater curvature and pinned onto

a platform. Lesion areas were examined with a ruler under a stereoscopic

microscope (Stemi SV 11; Zeiss, Jena, Germany; ¥20) and the total area of

haemorrhagic erosions was determined to be the lesion index (in mm2), as

described previously.22

After calculation of the lesion index, stomachs were divided into four

pieces throughout the greater curvature for CGRP, myeloperoxidase (MPO),

nitrite/nitrate (NOx) and PGE2 determination. Each piece contained all

anatomical parts of the stomach assigned to each measurement protocol.

Measurement of gastric MPO activity

Leucocyte infiltration in the gastric mucosa was assessed by determining

gastric MPO activity using a modification of the method described by Krawisz

et al.23 Briefly, stomach segments were weighed and suspended in 5 mL of

50 mmol/L phosphate buffer (pH 6.0) containing 1% hexadecyltrimethylam-

monium bromide. Samples were then homogenized and the homogenate was

sonicated and stored in a deep freezer at -80∞C until the assay. Samples were

centrifuged at 4500 g for 30 min at 4∞C. Aliquots (0.1 mL) of supernatant

to be measured were then mixed with 0.55 mL reaction buffer (50 mmol/L

phosphate, pH 6.0, containing 0.0005% hydrogen peroxide and 1.25 mg/mL

o-dianisidine dihydrochloride). The change in absorbance at 460 nm over a

6.5 min period was measured in a spectrophotometer (UV 1600; Shimadzu,

Kyoto, Japan). One unit (U) of MPO activity was defined as the amount of

enzyme causing a change in absorbance of 0.001/min. Results are expressed

as U/g protein.

Determination of gastric PGE2 levels

The gastric PGE2 assay was performed according to the methods described

by Cockrell and Ellis.24 The PGE2 content of the gastric mucosa was meas-

ured using a Varian HPLC (model 5000; Varian Instrument Group, Walnut

Creek, CA, USA). The mucosa of gastric segments was scraped rapidly

with a glass slide. Mucosal scrapings were weighed and placed in a Kreb’s

solution containing 128 mmol/L NaCl, 4.7 mmol/L KCl, 3.3 mmol/L CaCl2,

1.2 mmol/L KH2PO4, 14.3 mmol/L NaHCO3, 11.1 mmol/L glucose and

28 mmol/L indomethacin (to prevent any neo-formation of PG during the

extraction process). The tissue sample was then homogenized with a tissue

homogenizer (TRI-R, STIR-R, model K43; TRI-R Instruments, New York,

NY, USA) for 20 s under ice-cold conditions, followed by centrifugation

at 15 000 g for 20 min at 4∞C. The supernatant was stored at -20∞C until

the assay.25 A sample (2 mL) from each supernatant was added to 2 mL

chloroform. After being vortexed for 1 min, the extracts were evaporated

under azot and dissolved in 1 mL mobile phase composed of

water : acetonitril : benzene : acetic acid (767 : 230 : 2 : 1, v/v/v/v) and

loaded onto a reverse-phase column (SP C18; 150 ¥ 4 mm; 3 mm particle

size; Varian Instrument Group, Walnut Creek, CA, USA) with a mobile

phase flow rate of 1 mL/min. Eluted mucosal extracts were detected by UV

absorbance at 280 nm at 28∞C. Quantitative integration of chromatographic

separations was performed using a Varian integrator (model 4290; Varian

Instrument Group) and PGE2 standard as a reference.

Measurement of NOx in gastric tissue

Stomach segments were weighed and suspended in 2 mL of 0.1 mol/L phos-

phate buffer (pH 7.4). Samples were then homogenized for 20 s under ice-

cold conditions. After deproteinization and centrifugation (5000 g, 10 min),

nitrite was measured by a colourimetric assay using the Griess method.26

Equal volumes of Griess reagents (1% sulphanilamide in 5% phosphoric acid

and 0.1% naphthyl ethylenediamine dihidrochloride) were mixed and incub-
ated with the samples for 10 min at room temperature and absorbance was

measured at 540 nm. An aliquot of sodium nitrite solution (5 mmol/L) was

used as a standard, in accordance with the detectable biological concentra-

tion. Nitrate levels were measured by an enzymatic one-step methodology

based on the reduction of nitrate to nitrite by nitrate reductase from Aspergil-

lus in the presence of b-NADPH.27 A 100 mL aliquot of the sample was incu-

bated with 250 mL potassium phosphate buffer (100 mmol/L pH 7.5), 50 mL

distilled water, 50 mL flavin adenine dinucleotide (FAD; 0.2 mmol/L) and

10 mL b-NADPH (12 mmol/L). Tubes were equilibrated to 25∞C the enzy-

matic reaction was started by the addition of 40 mL nitrate reductase (500 U/L).

The reaction was allowed to develop in the dark because of the photolabil-
ity of FAD. After 45 min precisely, absorbance was recorded at 340 nm

and the nitrate concentration in the sample was calculated as described

previously.27 Nitrite + nitrate (NOx) levels are expressed as mmol/g tissue.

Table 1 Experimental groups

Group n

Control 12

Experimental groups

Single exposure 12

Multiple exposure

Vehicle 10

Indomethacin (10 mg/kg, s.c.) 10

l-NAME (10 mg/kg, s.c.) 10

Capsaicin (125 mg/kg s.c.) 10

l-NAME, NG-nitro-l-arginine methyl ester.
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Determination of gastric CGRP levels

Gastric CGRP levels were determined by a modification of methods

described previously.21,28 Stomach segments were weighed and then homog-

enized in 1 mL of 2 mol/L acetic acid. The homogenates were bathed in 95∞C

water for 10 min and then centrifuged at 20 000 g for 45 min. Calcitonin

gene-related peptide was extracted from the supernatant by using reverse-

phase C18 columns (Cayman Chemicals, Ann Arbor, MI, USA) after diluting

the supernatant 1 : 4 with 4% acetic acid. Columns were activated by first

passing 5 mL methanol, 10 mL of 8 mol/L urea and then 10 mL bidistilled

water through the column before use. A 1 mL aliquot of the sample was

applied to the column, followed by washing with 10 mL of 4% acetic acid.

Calcitonin gene-related peptide was eluted with 3 mL methanol : water with

4% acetic acid (90 : 10, v/v) and the solvent was evaporated under a stream

of nitrogen gas. The concentration of CGRP was assayed by using a specific

enzyme immunoassay kit (SPI-BIO Massy Cedex, France). The sensitivity

of the CGRP assay was 10 pg/mL. Results are expressed as ng CGRP/g tissue.

Statistics

Statistical analyses were performed using spss version 13 software (SPSS,

Chicago, IL, USA). Data are presented as the mean±SEM. The Kolmogorov–

Smirnov test of normality was used to check the normality of group data

distributions. No data transformation was required. The statistical signific-
ance of differences between group means was compared with one-way anal-

ysis of variance (anova). Fisher’s least significance difference method was

used as a post hoc test. The level of significance was accepted as P < 0.05.

RESULTS

Lesion Index

As shown in Fig. 2, the total area of the lesions was expressed a

morphological index of gastric injury. In contrast with the normal colour

and appearance of the gastric mucosa of control rats, exposure of

rats to 3.5 h cold restraint stress caused numerous haemorrhagic

lesions in the stomach, the lesion score being 5.30 ± 0.99 mm2.

Repeated stress for 4 days significantly reduced the lesion area to

1.06 ± 0.13 mm2. The effect of repeated stress was significantly

reversed when animals were pretreated with indomethacin

(5.26 ± 0.68 mm2) or capsaicin (3.34 ± 0.30 mm2). The administra-

tion of l-NAME did not prevent the adaptation of the gastric mucosa

to repeated stress (1.87 ± 0.46 mm2).

Gastric MPO Activity

Myeloperoxidase activity in the gastric mucosa, an index of tissue

neutrophil infiltration, was significantly higher in the single exposure

Fig. 1 Comparisons of vehicle-

treated groups treated with saline,

saline + Tween 80 or saline + Tween

80 + ethanol in terms of (a) lesion index,

(b) myeloperoxidase (MPO) activity and

(c) prostaglandin (PG) E2 and (d) NOx

levels. Data are the mean±SEM.

Fig. 2 Lesion areas of the gastric mucosa. Gastric mucosal injury was

induced by 3.5 h cold restraint stress in a single exposure group and repeated

for 4 days in the multiple exposure groups. Indomethacin (10 mg/kg, s.c.)

or NG-nitro-l-arginine methyl ester (l-NAME; 10 mg/kg, s.c.) was

administered 0.5 h before each of the four exposures to cold restraint stress.

Functional denervation of capsaicin-sensitive sensory nerves was induced by

s.c. injection of capsaicin once daily for 3 consecutive days (total dose

125 mg/kg) 10 days before the experiment. Data are the mean±SEM.

*P < 0.001 compared with control; †P < 0.001 compared with single

exposure; ‡P < 0.01, ‡‡P < 0.001 compared with vehicle.
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group compared with the control group (3.67 ± 0.34 and

0.63 ± 0.09 U/g protein, respectively). In the vehicle-treated mul-

tiple exposure group, MPO activity was reduced to 2.50 ± 0.09 U/g

protein. Pre-administration of indomethacin (3.73 ± 0.38 U/g

protein) and capsaicin (3.61 ± 0.36 U/g protein) suppressed the effect

of repeated stress on MPO activity, whereas the administration of

l-NAME had no effect (1.93 ± 0.13 U/g protein; Fig. 3).

Mucosal levels of PGE2

The PGE2 levels in the intact gastric mucosa were found to be

31.07 ± 1.84 pmol/L per g tissue but, when cold restraint stress

was applied once, PGE2 generation decreased significantly to

6.38 ± 1.07 pmol/L per g tissue weight. In the vehicle-treated

multiple exposure group, PGE2 levels increased significantly, reaching

13.60 ± 1.37 pmol/L per g tissue weight. Although PGE2 levels were

significantly reduced in the indomethacin- and l-NAME-pretreated

multiple exposure groups (1.23 ± 0.29 and 4.70 ± 0.50 pmol/L

per g tissue, respectively), the reduction in PGE2 levels in the

capsaicin-pretreated multiple exposure group was not significant

(9.03 ± 2.73 pmol/L per g tissue; Fig. 4).

Gastric tissue levels of NOx

The gastric tissue NOx levels of the control group were

319.96 ± 31.13 mmol/g tissue. Cold restraint stress increased NOx

levels within 3.5 h to 489.88 ± 35.99 mmol/g tissue. In the vehicle-

pretreated multiple exposure group, NOx levels were significantly

reduced and values reached those seen in the control group

(391.37 ± 40.48 mmol/g tissue). In the indomethacin-, l-NAME- and

capsaicin-pretreated multiple exposure groups, NOx levels were much

lower than those observed in the vehicle-treated multiple exposure

group (256.30 ± 32.80, 231.23 ± 27.45 and 281.35 ± 23.46 mmol/g

tissue, respectively; Fig. 5).

Fig. 3 Changes in gastric mucosal myeloperoxidase (MPO) activity in

single exposure and multiple exposure groups. Indomethacin (10 mg/kg, s.c.)

or NG-nitro-l-arginine methyl ester (l-NAME; 10 mg/kg, s.c.) was

administered 0.5 h before each of the four exposures to cold restraint stress.

Functional denervation of capsaicin-sensitive sensory nerves was induced by

s.c. injection of capsaicin once daily for 3 consecutive days (total dose

125 mg/kg) 10 days before the experiment. Data are the mean±SEM.

*P < 0.001 compared with control; †P < 0.01 compared with single

exposure; ‡P < 0.05, ‡‡P < 0.01 compared with vehicle.

Fig. 4 Changes in gastric mucosal levels of prostaglandin (PG) E2 in single

exposure and multiple exposure groups. Indomethacin (10 mg/kg, s.c.)

or NG-nitro-l-arginine methyl ester (l-NAME; 10 mg/kg, s.c.) was

administered 0.5 h before each of the four exposures to cold restraint stress.

Functional denervation of capsaicin-sensitive sensory nerves was induced by

s.c. injection of capsaicin once daily for 3 consecutive days (total dose

125 mg/kg) 10 days before the experiment. Data are the mean±SEM.

*P < 0.01 compared with control; †P < 0.01 from single exposure; ‡P < 0.01

compared with vehicle.

Fig. 5 Changes in gastric mucosal nitrite/nitrate (NOx) concentration in

single exposure and multiple exposure groups. Indomethacin (10 mg/kg, s.c.)

or NG-nitro-l-arginine methyl ester (l-NAME; 10 mg/kg, s.c.) was

administered 0.5 h before each of the four exposures to cold restraint stress.

Functional denervation of capsaicin-sensitive sensory nerves was induced by

s.c. injection of capsaicin once daily for 3 consecutive days (total dose

125 mg/kg) 10 days before the experiment. Data are the mean±SEM.

*P < 0.001 compared with control; †P < 0.05 compared with single

exposure; ‡P < 0.05, ‡‡P < 0.01 compared with vehicle.

 

Fig. 6 Changes in gastric mucosal levels of calcitonin gene-related peptide

(CGRP) in single exposure and multiple exposure groups. Indomethacin

(10 mg/kg, s.c.) or NG-nitro-l-arginine methyl ester (l-NAME; 10 mg/kg,

s.c.) was administered 0.5 h before each of the four exposures to cold restraint

stress. Functional denervation of capsaicin-sensitive sensory nerves was

induced by s.c. injection of capsaicin once daily for 3 consecutive days (total

dose 125 mg/kg) 10 days before the experiment. Data are the mean±SEM.

*P < 0.01 compared with control; †P < 0.05 compared with single exposure;
‡P < 0.01 compared with vehicle.
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Gastric tissue levels of CGRP

Cold restraint stress was associated with a significant reduction

in the CGRP content of gastric tissues (11.89 ± 1.68 and

3.97 ± 0.27 ng/g tissue in the control and single exposure groups,

respectively). Repeated stress reversed the decrease in gastric tissue

levels of CGRP (9.26 ± 1.98 ng/g tissue) and pretreatment with

l-NAME and indomethacin had no effect on the decrease in gastric

CGRP brought about by repeated cold restraint stress (7.46 ± 1.40

and 5.31 ± 0.96 ng/g tissue, respectively). Pretreatment of rats with

neurotoxic doses (125 mg/kg, s.c.) of capsaicin significantly reduced

the CGRP content to 2.00 ± 0.24 ng/g tissue (Fig. 6).

DISCUSSION

The present study confirms that the stomach is capable of adapting

to repeated stress insults by reducing the activation of neutrophils,

which is probably mediated by capsaicin-sensitive sensory nerves,

CGRP and PG. The gastric adaptive response to stress-induced

ulcerogenesis reached a maximum after four repeated exposures to

3.5 h cold restraint stress performed every other day.

The major factors implicated in the pathogenesis of stress ulcera-

tions include an increase in aggressive factors, such as acid–pepsin

secretion and gastric motility, decreased blood flow to the mucosa,

activation of neutrophils and increased free radical generation,

resulting in increased lipid peroxidation.29,30

In a cold restraint stress model, gastric ulcer formation was associ-

ated with MPO activity.31,32 Because MPO is mainly produced by

neutrophils, MPO activity is considered an index of neutrophil infil-

tration.33 Because activated neutrophils produce many enzymes and

free radicals that damage the gastric mucosa, neutrophil infiltration

is considered as an aggressive factor in ulcer formation.31–33

Gastric mucosa exposed to a hostile environment is capable of

adapting to repeated exposures to various noxious agents.30 Gastric

adaptation that occures to repeated cold restraint stress has been stud-

ied little. Guth and Mendick34 observed that the incidence of gastric

mucosal ulceration in animals subjected to chronic restraint stress

was markedly reduced compared with a single exposure to stress. We

demonstrated that the severity of stress-induced gastric lesions decreased

with repeated stress and this gastric adaptation to stress is accompanied

by an increase in gastric PGE2 and CGRP levels and a decrease in gastric

MPO activity. It is known that PGE2 has an inhibitory effect on

neutrophil functions, including chemotaxis.35,36 We confirmed that

pretreatment with indomethacin to suppress the mucosal biosynthesis

of endogenous PG almost completely abolished the gastric adapta-

tion to repeated stress insults. Inhibition of PG synthesis prevented

the reduction in both lesion index and MPO activity in the gastric

mucosa during the development of adaptation. These data suggest that

endogenous PG are involved in the gastric adaptation to cold restraint

stress.

Previous studies confirmed that NO has a cytoprotective activity

in the gastric mucosa.37–39 However, the present data demonstrate that

increased gastric NOx concentrations were associated with increased

lesion index after a single stress insult compared with no insult; in

addition, the dose of l-NAME (10 mg/kg) used in the present study,

which caused 40% inhibition of NO synthesis, was not related to

gastric MPO activity. Previous studies have shown that, in water

immersion and restraint stress, increases in NO concentration are

accompanied with increases in inducible NOS (iNOS) activity and

decreases in constitutive NOS (cNOS) activity.15,40 Such findings

reflect two ideas: limited concentrations of NO produced by cNOS

have a protective effect against stress, whereas high concentrations

of NO produced by iNOS during stress augment lesion forma-

tion.15,40 It has been reported that infiltration of neutrophils into

gastric mucosal tissue largely contributes to gastric mucosal lesion

development in rats with stress.15,35,40

It has been indicated that NO exerts an inhibitory action on

neutrophil infiltration into tissues.15,40 In addition, in rats exposed to

water immersion and restraint stress, a decrease in cNOS activity in

gastric mucosal tissue could contribute to increased neutrophil infil-

tration into gastric mucosal tissue, resulting in the development of

gastric mucosal lesions.15,41 It has also been suggested that activated

neutrophils that have infiltrated the gastric mucosal tissues of

stressed rats could be one of the sources of increased iNOS in the

tissue.15,40,41 Consequently, we conclude that NO has no discernable

role in the gastroprotective mechanism of the adaptation process

against cold restraint stress.

The other finding of the present study is the observation that

deactivation of capsaicin-sensitive sensory neurons by systemic pre-

treatment with capsaicin partially abolished adaptation of the gastric

mucosa.16,30 Previous studies have demonstrated that capsaicin has

a dual action on the stomach. When administered orally in low doses,

capsaicin protects the mucosa against the formation of gastric

lesions. This action has been attributed to CGRP released from

capsaicin-sensitive sensory nerves in the gastric mucosa. Conversely,

systemic administration of large doses of capsaicin (125 mg/kg, s.c.)

cause functional ablation of afferent capsaicin-sensitive sensory

neurons.37 The release of CGRP from the capsaicin-sensitive sensory

nerves has also been implicated in the maintenance of mucosal

integrity, because functional ablation of these neurons results in a

decrease in immunoreactive CGRP in the mucosa and leads to an

aggravation of gastric lesions induced by various ulcerogens.16,37

The present findings are in keeping with these observations in

showing that capsaicin denervation of sensory neurons eliminated

gastric adaptation to repeated stress insults. The increases in lesion

index and MPO activity in gastric mucosa from rats exposed to

repeated stress insults and pretreated with large doses of capsaicin

indicate that capsaicin-sensitive sensory nerves mediate neutrophil

infiltration into the gastric mucosa during the adaptation process and

contribute to the enhancement of the tolerance of the gastric mucosa

to repeated cold restraint stress.

Capsaicin-induced denervation abolished the ability of the stom-

ach to adapt to repeated stress, indicating that the capsaicin-sensitive

sensory nerves play an important role in this adaptation, probably

via release of the sensory neuropeptide CGRP. We demonstrated that

denervation of capsaicin-sensitive sensory nerves with capsaicin

reversed the decrease in both lesion index and MPO activity of the

gastric mucosa due to repeated stress.

In conclusion, the present study has demonstrated that: (i) the

stomach is capable of adapting to repeated stress insults by reducing

the neutrophil activation; and (ii) adaptation to stress in the gastric

mucosa is probably mediated by PG- and CGRP-containing

capsaicin-sensitive sensory nerves.
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