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Abstract 

Doubek J., P. Svoboda, A. Lojek, I. Kantorova,M. Cfi, E. Cerna: Reactive Oxygen 
Species in the Pathogenesis of Stress-Induced Gastric Ulceration in Rats and Protective Effect 
of Omeprazole. Acta vet. Bmo 1996, 65:201-207. 

To examine the role of reactive oxygen species (ROS) in stress-induced gastric ulceration 
and possible protective effect of proton pump inhibitor omeprazole male adult rats were 
immobilized for 9 hours. Phagocyte-derived ROS were measured using the 
chemiluminescence method in whole blood obtained at start and after 3,6, and 9 hours of 
immobilization. As indirect sign of gastric mucosal damage faeces were examined after 3 
and 6 hours for blood spots presence and after 9 hours the animals were killed and stomachs 
were examined. 

Stress resulted in a gigantic increase of ROS in immobilized animals both without and 
with omeprazole. Blood spots were not found after 3 hours of immobilization. After 6 
hours, massive presence of blood spots was found in immobilized animals in contrast to 
minimal presence (P<O.OOI) in rats treated with omeprazole. The same difference was 
observed for macroscopically evaluated gastric mucosa after decapitation. 

We conclude that immobilization causes a large increase of ROS in rats and this increase 
is not influenced by omeprazole. In contrast, omeprazole decreased bleeding from gastric 
mucosa and dramatically decreased both number and severity of gastric mucosal lesions. 

Rat, reactive oxygen species, immobilization, gastric Illeer, omeprazole. 

Various physical and psychological stresses cause gastric ulceration in humans and 
animals. The exact pathogenesis of ulcer generation still remains unclear. Various 
mechanisms like decreased gastric mucosal blood flow (K ita g a w a et al. 1979), 
increased gastric motility ( Gar ric k et al. 1986), acetylcholine as a mediator of vagal 
hyperactivity (G a ton et al. 1993), decreased prostaglandin serum (M i II e r 1987) 
or mucosa level (G it lin et al. 1988), and increased vascular permeability 
(Takeuchi et al. 1991) are supposed to be involved in ulcer development. 
Recently, attention has been focused on the role of reactive oxygen species (ROS). 
ROS have been found to play a role in experimental gastric damage induced by 
immobilization (M a n c in ell i et al. 1990), hemorrhagic shock ( Ito hand Gut h, 
1985), reperfusion (P err y et al. 1986), and nonsteroidal antiinflammatory drugs 
~Takeuchi et al. 1991). It is assumed that the gastric damage in rats induced by 
Immobilization stress may have a pathogenic mechanism in common with other types 
?f stress. Multiple organ failure (MOF) is the leading cause of late postinjury death 
In humans as in animals. The stress ulcer generation in MOF is mostly fatal. 
. The purpose of the study presented here therefore was to study the effect of 
Immobilization stress on the reactive oxygen species production during the 
development of gastric ulceration and to correlate these changes with a possible 
protective effect of the H+ ion blocker omeprazole on gastric ulceration. Omeprazole 
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is assumed to be the highly selective specific dose-dependent inhibitor of the H+,K+­
ATPase (proton pump) in the parietal cell. 

Materials and Methods 

Male Wistar rats (Institute of Biophysics, Academy of Sciences of the Czech Republic, Brno) weighing 
3S0-4S0g were used throughout all experiments. The animals were kept in cages made of transparent 
polypropylen under controlled temperature and light, and food and water were given ad libitum. The 
adaptation time for each experiment was 14 days. 

General Protocols 
The study was approved by the Scientific and Ethic Committee of Research Center for Traumatology 

and Surgery of Czech Ministry of Health and by the Ethic Committee Veterinary Faculty of University of 
Veterinary and Pharmaceutical Sciences in Brno. 

All studies were carried out using 6-10 rats per group. Three groups of rats were evaluated. The animals 
were fasted but allowed free access to water for 8 hours prior to the experiment and kept at room 
temperature. A small polyethylene catheter was introduced by puncture of the tail vein 60 minutes before 
start of the experiment. Blood samples (10 Ill) for laboratory examination were obtained from tail vein 
immediately before the immobilization, then 3 and 6 hours after the immobilization. The animals were 
killed under deep ether anaesthesia by decapitation after 9 hours and last blood samples were obtained 
from cut neck arteries and veins. 

To induce the stress ulcer, the experimental rats were immobilized in the transparent cylinder with 
respiratory openings - group A. 

In 6 rats the immobilization was performed in the same way as in group A, but a large dose of 1 mg/kg 
body mass of omeprazole (Losec, Astra, Sodertalje, Sweden) was administered to each animal as a water 
suspension by metal probe immediately after immobilization - group B. 

A group kept under these conditions without immobilization has been included as group C (control 
group) to eliminate possible influence of the described protocol on investigated parameters. 

Evaluation of mucosal bleeding, ulcer index 
As an indirect sign of ulcer generation, faeces were investigated 3 and 6 hours after immobilization for 

blood spot presence by modified guaiak test Haemoccult (Rohm Pharma, Weiperstadt, Germany) and 
semiquantitatively evaluated. The person evaluating the samples did not know the treatment protocol. 
Samples without blood spots presence were assessed 0 (no colour change), minimal blood presence 1 
(grey), medium 2 (grey-blue), and samples with maximal presence to 3 (Victoria blue) of the 4 degree scale. 
The sum of total scores in both stress exposed groups divided by the number of animals was expressed as 
the mean bleeding index. 

After decapitation the stomachs were removed, inflated by 8 ml of 2% formalin, immersed in 2% 
formalin for gastric wall fixing, and the mucosa was exposed by cutting along the greater curvature. The 
incidence of gastric ulcers was examined with the help of a magnifying glass by an examiner having no 
knowledge of treatment regime. The length of each lesion in millimetres was summed per stomach and 
used as ulcer index. The precise differentiation between mucosal lesion and ulcer was not done assuming 
the fact that these are two phases of the same process. 

Determination of reactive oxygen species 
A stock solution of 10 mM luminol (S-amino-2,3-dihydro-l,4 phtalazinedione, Sigma, USA) was 

prepared in 0.2 M sodium borate puffer with pH 9.0. Hanks's balanced salt solution (HBSS) without 
phenol red (pH 7.4). Zymosan (zymosan A from Saccharomyces cerevisiae, Sigma, USA) 180 mg was 
boiled in 9 ml of phosphate buffer (pH 7.6) and washed three times in HBSS. For opsonization the 
suspension was incubated in 6S% rat serum at 37°C for 60 minutes and washed twice with HBSS. 
Opsonized zymosan was resuspended (20 mg/ml) in HBSS containing 0.1 % gelatine. The suspensions were 
stored at -70°C. 

Production of phagocyte-derived reactive oxygen species was measured using the chemiluminescence 
(CL) method in whole blood diluted in HBSS buffer (10 ml whole blood: 1990 ml HBSS). The experiments 
were performed at 37°C using 300 ml of blood suspension as mentioned above, SO ml of luminol in final 
concentration of 1.4 xlO-4 M and SO ml of opsonized zymosan per cuvette. The assays were run with three 
repeats. CL emission was measured with BioOrbit (Finland) luminometer LKB 12S1. The measurements 
of CL emission were repeated at 201 second intervals for 60 minutes to obtain kinetic curves. For the 
intensity of ROS production of the sample, the peak CL and integral of the 60 minute curve was used. 
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Statistics 
Data are presented as mean ± SEM (standard error of the mean). Significance was calculated from 

paired and unpaired Student's t-test. 

Results 

For the samples obtained 3 hours after exposure of rats to immobilization stress, no 
presence of blood in faeces was observed in any of the animals. After 6 hours the 
positive Haemoccult test was found in all animals from group A with bleeding index 
2.3±0.3, while only 1 rat (17%) of group B treated with omeprazole had a minimally 
positive test; bleeding index of group B was 0.2±0.2 (P<0.001). No blood-trace was 
found in control group C. 

Exposure of rats to immobilization stress for 9 hours induced severe hemorrhagic 
gastric lesions/ulcers in all animals of group A with ulcer index 5.9±1.0. In group B 3 
rats developed a small lesion and 3 remained without lesions with ulcer index 0.9±0.2 
(P<0.001). No ulcer was observed in control group (Table 1). 

While studying the role played by reactive oxygen species on the stress-induced 
gastric damage, production of phagocyte-derived reactive oxygen species was 
measured. The curves representing the kinetics of ROS production measured as CL 
activity for 60 minutes are shown in Figs 1 and 2 (groups A and B) Group C is not 

Group A (n=10) 

(immobilization) 

Group B (n=6) 

(immob. + omepr.) 

Group C (n=7) 

(control) 

Table 1 

Bleeding index and ulcer index (Mean±SEM) 

Bleeding index 

3 hours 

o 

o 

o 

6 hours 

-Z.3±0.3 
I 

*** 

I 
0.2±0.2 

o 

Ulcer index 

9 hours 

-S.9±1.0 
I 

*** 

I 
0.9±0.2 

o 

• indicates values that are significantly (- P<O.OOI) different from the baseline value for the same group, 
• indicates values that are significantly (*** P < 0.001) different between the groups. Control group has not been 
evaluated statistically. 

shown, all curves of group C are similar to "start" curve of groups A and B. The peak 
levels and integrals in the control group remained significantly unchanged during 9 
hours of the experiment. In group A starting CL peak was 1.812±0.376 m V, integral 
5287±1213 mV.s; a non-significant increase after 3 hours (peak 2.973±0.414 mY, 
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Fig. 1. Kinetics of CL response of whole-blood 
phagocytes activated with opsonized zymosan in 
different intervals after immobilization of animals 
(group A - without omeprazole treatment). The 
curves are constructed from 20 points; every point 
was obtained as an average value of 10 assays. 
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Fig. 2. Kinetics of CL response of whole-blood 
phagocytes activated with opsonized zymosan in 
different intervals after immobilization of 
animals (group B - with omeprazole treatment). 
The curves are constructed from 20 points; every 
point was obtained as an average value of 6 
assays. 

Table 2 

CLresponse (peak) of 

start 

Group A 1.812±0.376 

(n=10) 

GroupB 1.566±0.221 

(n=6) 

Group C 1.788±0.352 

(n=7) 

whole-blood phagocytes 

3 hours 6 hours 

2.973±0.414 -U.085±2.523 

1.717±0.331 -9.69OiO.999 

1.345±0.279 

*[* 
*] 

2.050±0.220 

(mV) 

9 hours 

-4.744±0.660 
I 

*** 

-12_51O±0.881 
I 

*[* 

1.317±0.079 
J* 

# indicates values that are significantly (-P<O.OOl) different from the baseline value for the same group, 
* indicates values that are significantly (*** P < 0.001) different between the groups. 

integral 7091±1809 mV.s) was followed by a gigantic increase at 6 hours 
(peak 11.085±2.523 mY, integral 28086±6028 mV.s, P<O.OOl) and a smaller I 

but still dramatic increase after decapitation (peak 4.744±O.660 mY, integral 
12060±1490 mV.s, p<O.OOl). The values for group B treated with omeprazole rose 
slowly and culminated after 9 hours. The corresponding values for group B were 
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starting peak 1.566±O.221 mY, integral 4990±695 mV.s, peak 1.717±0.331 mY, 
integral 5008±792 mV.s, non-significant changes after 3 hours, peak 
9.690±O.999 mY, integral 22803±2519 mV.s, P<O.OOl after 6 hours, and peak 
12.51O±O.881 mY, integral 27547±1922 mV.s, P<O.001 after decapitation, 
respectively (Table 2, Figs. 3 and 4). 

Discussion 
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Fig. 3. CL response of whole-blood phagocytes 
activated with opsonized zymosan expressed as 
peak values (mean ± SEM) 
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Fig. 4. CL response of whole-blood phagocytes 
activated with opsonized zymosan expressed as 
integral values (mean ± SEM) 

Although the aetiology of stress-induced gastric ulceration in rat has been studied 
by many investigators, the actual pathophysiology is still obscure. The involvement 
of H+, the commonly known damaging factor in the pathogenesis of mucosal injury, 
has been challenged as administration of antacids provided no protection against 
stress ulcer. The increased level of histamine during cold stress being activator of 
gastric acid output has been indicated to be responsible for the severe inflammation 
observed in the ulcerated stomach (Cho and 0 gle 1992). On the contrary, D as 
and Ban e r j e e (1993) found significantly lower acid output during cold stress, what 
could be explain with some blocking effect of stress on parietal cell signal 
transduction or the terminal H+,K+ -ATPase. 

Besides the damaging effect of acid, the role of reactive oxygen species released by 
leukocytes as well as those derived from xanthine oxidase system may play an 
important role in the early stage of gastric lesions (T a k e u chi et a1. 1991). ROS 
mediated lipid peroxidation increases membrane fluidity, permeability and loss of 
integrity and may thus be involved in gastric mucosal damage during stress 
(Freeman and Crapo 1982). Indomethacin interacted with ROS to cause severe 
mucosal injury after irradiation with hydroxyl free radicals, even at a nonulcerogenic 
dose (D e 1 Sol d a t 0 et al. 1985). On the other hand, Ban e r j e e (1990) reported 
inhibited gastric peroxidase activity and increased accumulation of toxic oxygen 
metabolites in the gastric mucosa after nonsteroidal antiinflammatory drugs inhibit 
the gastric peroxidase activity. 

To study the role of ROS in the pathogenesis of stress ulcer in rats and the possible 
protective effect of proton pump blocker omeprazole, we evaluated one of the most 
severe stresses, immobilization (S u d a and M i k i 1993). In our study, the ROS 
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increased dramatically during stress both in the immobilized group without treatment 
and with omeprazole treatment; the increase in the omeprazole group was even greater. 
While a good correlation between ROS and bleeding index and ulcer index in 
immobilized group was found, in the omeprazole group the bleeding index was 
significantly lower and a small bleeding was observed in only one rat. The same 
difference - almost normal finding on gastric mucosa in contrast to the gigantic increase 
of ROS in omeprazole group when compared with many large ulcers in the simple 
immobilized group with similar ROS activity. We were able to prevent the bleeding 
from GIT in all animals except one. The gastric lesions after 9 hours of immobilization 
were significantly less frequent and smaller, when the animals were treated by 
omeprazole after immobilization. Omeprazole as a selective proton pump inhibitor 
inhibits the final stage of gastric acid formation. There is effective inhibition of both 
basal and stimulated acid secretion irrespective of the stimulus to acid formation. 
Omeprazole has no effect on acetylcholine or histamine receptors and no clinically 
significant pharmacodynamic effects have been observed other than those explained 
by the effect of omeprazole on acid secretion (Pro tze rand Hoi term ii 11 e r 1993). 
An important role of H+ ions not directly related to ROS in the ulcer formation is 
suggested by our finding. In our opinion, omeprazole can be used preventively in 
conditions predisposed to MOF development in our patients. No protection for acute 
stress gastric ulcer of H2 receptor blocker ranitidin or aluminium hydroxide, but similar 
protection of allopurinol as in our study has been found by Man c in e 11 i et al. (1990). 

In conclusion, our study suggests that immobilization causes a constant and a large 
increase of ROS in rats and this increase is not influenced by a potent H+ ions blocker 
omeprazole. In contrast, omeprazole eradicated bleeding from gastric mucosa and 
dramatically decreased both number and severity of gastric mucosal lesions. The 
protective effect of preventive administration of omeprazole to patients with critical 
trauma or other life-threatening disease is assumed. 

Reaktivni formy kysliku v patogenesi stresovych vredti zaludku u potkana 
a protektivni ucinek omeprazolu 

Byla zjisiovana uloha reaktivnich forem kysliku (ROS) pti vzniku zaludecnich 
ulceraci a potencialni protektivni uCinek inhibitoru H+, K+-ATPasy omeprazolu 
u imobilizovanych dospelych potkanu samciho pohlavi. 

Produkce ROS byla merena metodou chemiluminiscence v pIne krvi v case 0 h, 3 
h, 6 h a 9 h trvani experimentu. V case 3 h a 6 h byl provaden prukaz krve ve faeces 
a hodnocen index krvaceni. Po 9 h byli potkani utraceni dekapitaci v eterove anestezii 
a ze zmen na zaludecni sliznici byl hodnocen index vredu. 

U imobilizovanych zvirat (bez omeprazolu i s omeprazolem) byl prokazan vzestup 
produkce ROS, pti cemz v case 6 h a 9 h byly rozdily oproti neimobilizovanym 
zviratum vyznamne (P<O,OOl). Vyznamne rozdily (P<O,OOl) mezi imobilizovanymi 
zviraty bez omeprazolu a s omeprazolem byly zjisteny i v hodnotach indexu krvaceni 
v case 6 h a indexu ulceraci v case 9 h. 

Z vysledku vyplyva, ze imobilizacni stres vedl u potkanu k vyznamnemu zvyseni 
produkce ROS. Omeprazol signifikantne snizil stupen poskozeni sliznice zaludku, 
ale tvorbu ROS,jak bylo ocekavano, neovlivnil. Potvrzuje to, i.e ROS jsoujenjednim 
z ulcerogennich faktoru a zdrojem ROS za stresu neni pouze poskozeni tkane. 
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