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THE ROLE Of HYPOXIA AND PROTON MECHANISM Of PARIETAL CELLS 
IN THE OCCuRENCE Of STRESS-INDuCED AND PEPTIC uLCERS

Based on experimental and clinical research, the authors revealed the preventive and therapeutic effect of 
continued intragastric delivery of molecular oxygen in case of stress-induced and peptic erosions and ulcers of 
stomach and duodenum. The hypothesis of possible role of hypoxia in the mechanism of injury of parietal cells is 
based on a consequence of transfer of protons from matrix of mitochondria and its further accumulation in cytoplasm. 
In this situation, the H+-dependent processes occur, particularly ATP synthesis and production of hydrochloric acid 
for which the protons are used. 
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INTRODUCTION. Significant role of the occur-
rence of stress-induced, peptic ulcers and its resis-
tance to the treatment is given to hypoxia [1–6].

The improvement of circulation of gastroduo-
denal zone, microcirculation of mucous layer of the 
stomach and duodenum, usage of antioxidants [2, 
5], smoothing the metabolism are justified thera-
peutic methods in terms of ulcer pathogenesis. They 
are based on the principle of the recovery of ade-
quate oxygen supply to cells according to their 
metabolic need. A good effect is observed because 
of the usage of oxygen (hyperbaric oxygenation [4, 
6] with its enteric supply) in complex treatment of 
ulcer disease. It should be noted that oxygen 
therapy is delivered by seances (hyperbaric oxy-
genation – 50–60 minutes every 2nd day; enteric 
oxygen supply – by fractional method of 800–
1200 ml every day). However the usage of oxygen 
therapy of short seances provides a short-lasting 
effect: after the cessation of gas supply, the partial 
pressure of oxygen in the tissues returns to previous 
values and adverse effect of hypoxia is retrieved. 
It stimulated us to develop a method of elimination 
of tissue hypoxia of gastrointestinal (GI) tract during 
the whole period of influence of negative factors 
and for the treatment of ulcer by using the continu-
ous gastric oxygen therapy.

METHODS OF RESEARSH. In the experiment 
we discovered the peculiarities of stress-induced 
erosion and ulcer formation and in clinic – the treat-

ment effectiveness for peptic ulcers: the elimination 
of hypoxia of mucous layer of GI tract by supplying 
the molecular oxygen with volume speed of 0.1–
0.2 ml min-1·m2 through the endonasal probe.

In animals (12 rats) we modeled stress-induced 
damage of mucous layer of the stomach by immo-
bilizing them during 6 hours at the low temperature 
(+4 °С). At such conditions we supplied the ex-
perimental group of animals (12 rats) with molecu-
lar oxygen by using the apparatus “Infuzomat” and 
the catheter.

This method of oxygen therapy was used in the 
treatment of ulcer disease of stomach and duode-
num (in 22 patients – conservatively, in 46 – during 
the surgery and in post-operative period) [1]. The 
control group (20 patients) was formed of patients 
with the same pathology, who obtained the surgical 
treatment without using gastric oxygen therapy. 

We evaluated the clinical data, motor-evacuation 
function of the stomach (electrogastrographically), 
endoscopic data, circulation of the organ (reo gra-
phically – the apparatus RPG 2-02) and blood gases 
(the apparatus UNISTAT OXIMETER). The received 
data were statistically processed by using Student’s 
t-Test and compared to the data of control group of 
patients. 

RESULTS AND DISCUSSION. In the experiment 
in control group of animals we detected the clinical 
pattern of expressed stress (low activity, low res-
piratory and heart rate, body temperature) and 
morphologically verified massive erosion and ulcers 
of mucous layer of the stomach. In experimented 
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animals, which received oxygen into stomach cavity, 
we observed the following changes: rats were more 
active, the body temperature was on (1.3±0.3) °С 
higher, the skin color, respiratory and heart rate 
were close to the normal values. Morphological 
research showed the cytoprotective influence of 
oxygen which was seen as the absence of stress 
ulcers in stomach mucous layer and no hypoxic 
damage of liver tissue in experimented animals 
compared to the control group.

At presence of lasting usage of continuous 
gastric oxygenation in complex therapy of conser-
vative treatment of patients with peptic ulcer, the 
stomach mucous layer microcirculation repaired 
(verified reographically) and ulcer healing (verified 
endoscopically) occurred in 5–7 days earlier, than 
in patients of control group (20), which obtained 
standard treatment.

During the surgery of patients with penetrative 
ulcer we evaluated the effectiveness of oxygen 
absorption from stomach cavity. During continuous 
gastric oxygen therapy surgeons took blood from 
right gastroepiploic vein (in aseptic conditions). It 
was observed that the blood became of more bright 
red color compared to mixed venous blood. The 
significant increase in oxygen saturation of venous 
blood (p<0.05) was seen. The data is provided in 
Table. Intragastric pressure didn’t rise during the 
séance of oxygen therapy. It indicated on effective 
oxygen delivery from organ cavity into mucous 
layer cells, the following penetration of gas into a 
blood flow and elimination of tissue hypoxia.

During the postoperative period we observed 
early (from first hours) restoration of peristaltic 
moves of the bowels, decrease on (60.5±15.0) % 
of volume of stagnant stomach contents (p<0.01) 
in 20 hours after the surgery. Spontaneous gas 
discharge was in (32±3.4) hours earlier compared 
to patients of control group. It allowed prescribing 
enteric nutrition in 1.5 days earlier, decreasing the 
volume of infusion and transfusion therapy, and 
quickly activating the patient. The side effects du ring 
the gastric oxygen therapy were not observed in 
any patient.

How the mechanism of prophylactic and 
therapeutic effect of continuous gastric oxygenation 
can be explained?

According to the data of functional histology 
and physiology, the majority of erosions were loca-
lized in the fundus and body of the stomach (in the 
area of main glands). In the place of minor gastric 
curvature the most intensive (with higher acidity) 
gland secretion was observed as the response to 
the irritant. The most expressed structural changes 
of main and parietal cells were observed here as 
well, which ended up with ulcer formation (It was 
verified by us during the experiment).

Primary damages of stomach mucous layer in 
terms of stress came up on the level of parietal cells, 
which are responsible for hydrochloric acid produc-
tion. Its production and discharge into GI tract are 
the processes, which require great energy con-
sumption.

The scientific papers review and the results of 
own research allowed us to suggest the generalized 
hypothesis for sequence of processes that lead to 
the formation of stress and peptic ulcers.

The primary factor of functional and morpho-
logical disturbance of stomach mucous layer cells 
is stress. The excessive discharge of stress hor-
mones (adrenaline and glucocorticosteroids), indu-
ced by stress, leads to the increase of periphe ral 
vascular tone and insufficient tissue microcirculation 
of visceral organs. At the same time adrenaline 
induces adenylate cyclase system: cyclic-AMP is 
produced, which stimulates the glycolysis as the 
only source of ATP synthesis in such conditions. 
Oxidative phosphorylation of ADP to ATP in terms 
of hypoxia is weak and cannot provide tissues with 
required energy in needed amounts. 

Glycolysis leads to short-lasting energy supply. 
But its fast growth causes the acidification of inter-
nal environment of cells due to the lactate and 
pyruvate accumulation, which conversely inhibits 
glycolysis.

The acidification (the increase of Н+ concentra-
tion) is assisted by such factor that the hypoxia 
weakens tissue respiration and ATP-synthase of 
mitochondria, which in normal conditions products 
ATP due to proton potential or electrochemical 
gradient of Н+ ions. It is described in chemiosmotic 
theory of Peter Mitchell. According to this theory, 
there are 2 components that function on the level 
of mitochondrial membrane: osmotic – the diffe-

Table – the influence of gastric oxygen therapy on oxygenation of venous blood in patients  
with penetrative ulcers during the surgery (М±m)

Value
Blood from right gastroepiploic vein Mixed venous blood

Gastric oxygen  
therapy

Patients of control 
group

Gastric oxygen 
therapy

Patients of control 
group

Sв.О2, % 82.4±1.8* 78.4±1.2 75.6±1.4 75.4±2.1
Св.О2, ml·l-1 144.4±2.8** 136.6±2.5 128.4±1.9 128.1±2.0

Note. * – р<0.05; ** – р<0.01 compared to control group. 
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rence of Н+ ions concentrations on both sides of 
inner membrane of mitochondria and electrical – the 
difference in electrical charge. The energy synthe-
sis of ATP molecule from ADP and inorganic phos-
phate is followed with penetration of 2 protons from 
outside to the inside of mitochondrion. The created 
ATP is transported from matrix to intermembrane 
space and cell cytoplasm, where it is used due to 
the need.

Hypoxia and acidification of intracellular envi-
ronment inhibit the ATP-synthase. The created ATP 
undergoes hydrolytic decomposition and Н+ ions 
are directed from matrix to the outer side of the 
inner membrane of mitochondria for supporting its 
membrane potential in order to save its vitality. 
Thereby, the flow of protons from matrix to inter-
membrane space and cell cytoplasm is the second 
explanation of acidification of cells by protons.

The carboanhydrase promotes the Н+ produc-
tion in mucous layer, in particular, in parietal cells 
of the stomach by catalyzing the following chemical 
reaction: 

 СО2 + Н2О→Н2СО3→Н+ + НСО3
–

Normally, this reaction is the main one in gene-
ration of Н+ which are used for HCl secretion.

We can suppose that the primary damage of 
cells that product hydrochloric acid is caused by 
disturbance of these mechanisms. The parietal 
cells, besides of saving the structural integrity, are 
also obliged to implement their specific function of 
production and secretion of HCl into GI tract. HCl 
is composed of hydrogen cations – protons and 
chloride anions. Consequently, in these cells the 
competitive Н+-dependent processes occur: the 
usage of protons not only for ATP synthesis, but for 

the production of HCl as well. The concentration of 
hydrogen ions in gastric juice is for hundreds and 
thousands times higher than in blood and other 
tissues.

Microorganisms such as Helicobacter рylori 
(H. pylori) currently get an important role in peptic 
ulcer formation. They stimulate the secretion of 
hydrochloric acid and obviously inhibit the activity 
of Н+-ATP-synthase by decreasing the processes 
of energy formation of cells. 

The acidification of intracellular environment of 
mucous layer and the limit of ATP synthesis promo-
tes such following defects in normal cell functioning 
as: at pH=5.0 the lysosomal hydrolases are acti-
vated; deficiency of ATP depresses the function of 
transport ATP-dependent systems (Na+, K+ ATPases, 
К+, Н+-ATPases, anion-sensitive ATPases). Conse-
quently, Na+ і Са2+ ions, which came into cells due 
to the concentration gradients, will be accumulated 
and will also delay electroneutral Cl–. The outcome 
of it is an “osmotic shock” inside the cell: hydro-
philic ions, by increasing the osmotic pressure, hold 
the water and cause cell cytolysis (the damage of 
plasmatic membranes).

On the level of mucous layer it macroscopically 
appears as the acute erosion. The significant role 
in pathogenesis of peptic ulcer is given to the 
imbalance between local protective factors of the 
mucous layer and the aggression factors. The 
appearance of peptic ulcer of duodenum is assisted 
by metaplasia of gastric epithelium to it, where the 
colonization of H. pylori occurs and consequently 
causes ulcer. 

These considerations are presented in 
scheme 1. 

Scheme 1. The role of hypoxia and proton mechanism in ulcer formation.

                    

                    

Scheme 1. The role of hypoxia and proton mechanism in ulcer formation.

The truthfulness of this hypothesis is proved by the formation of opposite conditions

for the cell: the oxygen that is supplied to the stomach is effectively absorbed through

mucous layer and saturates tissues by passing the vessels due to the pressure gradient. As 

being the terminal acceptor of electrons, it promotes the normalization of oxidative 

phosphorylation, flattens all the energy-dependent reactions in cells and their structural 

reparation (scheme 2). Besides, the high concentration of oxygen in gastro-intestinal tract 
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The truthfulness of this hypothesis is proved by 
the formation of opposite conditions for the cell: the 
oxygen that is supplied to the stomach is effec-
tively absorbed through mucous layer and saturates 
tissues by passing the vessels due to the pressure 
gradient. As being the terminal acceptor of elec-
trons, it promotes the normalization of oxidative 

phosphorylation, flattens all the energy-dependent 
reactions in cells and their structural reparation 
(scheme 2). Besides, the high concentration of 
oxygen in gastro-intestinal tract implements a bad 
influence on H. pylori, as it belongs to facultative 
aerobe and optimally develops in the environment 
of oxygen concentration of 5 %.

Scheme 2. The influence of continuous gastric oxygen therapy on ulcer healing. 

implements a bad influence on H. pylori, as it belongs to facultative aerobe and optimally 

develops in the environment of oxygen concentration of 5 %.

                                  

Optimization 
of tissue respiration
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gastric

oxygen therapy
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Attenuated glycolysis

Ulcer healing

Income of oxygen 
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Suppression 
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CONCLUSIONS. The suggested hypothesis of 
the role of hypoxia and defect of proton gradient in 
formation of stress and peptic ulcers to some extent 
explains the protective and treatment effect of con-
tinuous gastric oxygen therapy. Additionally, this 

method in clinical conditions indicates on the neces-
sity of further studies concerned to the influence of 
molecular oxygen on the functional state of GI tract 
(secretory function of stomach and intestines) and 
its effect on eradication of H. pylori. 
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вих та пептичних ерозіях і виразках шлунка та дванадцятипалої кишки. Запропоновано гіпотезу щодо 
ролі гіпоксії в ушкодженні парієтальних клітин внаслідок переміщення протонів з матриксу мітохондрій 
та накопичення їх у цитоплазмі. При цьому в клітинах відбуваються конкуруючі, Н+-залежні процеси (син-
тез АТФ та продукування хлористоводневої кислоти), на забезпечення яких використовуються протони. 
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Резюме
На основе экспериментальных и клинических исследований авторы обнаружили предупредительный 

и лечебный эффект от непрерывного длительного внутрижелудочного введения молекулярного кисло-
рода при стрессовых и пептических эрозиях и язвах желудка и двенадцатиперстной кишки. Предложена 
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