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ABSTRACT

INTRODUCTION: Severe thermal burns disturb tissue homeostasis of many organs, but the exact mecha-

nisms of gastric mucosa changes are not yet clear. Various cellular mechanisms, such as cell activation, mi-

tochondrial dysfunction, free oxygen radicals and cytokine overproduction may be involved in this process. 

AIM: The aim of this study was to assess the levels of malondialdehyde (MDA), apoptotic proteins Bax and 

Bcl-2 in normal gastric mucosa and to test the hypothesis that oxidative stress activation induces apoptotic 

processes in the stomach after experimental thermal trauma. 

MATERIALS AND METHODS: Under anesthesia, the shaved rats’ dorsum was exposed to 90° C bath for 10 

s to induce third-degree burn injury, involving 30% of the total body surface area. We determined the tis-

sue level of MDA, a lipid peroxidation marker, by spectrophotometric method and the apoptosis of epithe-

lial cells in gastric mucosa, which was immunohistochemically determined at the level of Bcl-2 and Bax in 

burn trauma.

RESULTS: The gastric MDA level was higher (p<0.01) in the burned group compared to the control group 24 

hours after thermal injury. The gastric mucosa in the treated group showed congestion, degenerative chang-

es in the surface epithelium, focal destruction of glandular epithelium with formation of acute erosions. Bax 

expressed moderately in epithelial cells, predominantly in the basal parts of the gastric glands, while in the 

control group protein content was localized in the same region, but it was weak. Bcl-2 protein in the control 

group revealed nuclear expression in surface epithelium, while in the basal layer of gastric mucosa the ex-

pression was moderate and mainly cytoplasmic. In the burned group, Bcl-2 expression was more diffuse, nu-

clear and cytoplasmic, but cytoplasmic expression was weak.

CONCLUSION: Thermal skin trauma induces gastric mucosal injury through the activation of lipid perox-

idation, increase of pro-apoptotic Bax protein expression and decrease of anti-apoptotic Bcl-2 protein ex-

pression in epithelial cells. We suggest that apoptosis is a possible mechanism for structural changes in the 

gastric mucosa. Scr Sci Med. 2018;50(1):25-30
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INTRODUCTION

Severe thermal skin injury causes damage in 
many organs and systems, away from the site of ex-
posure of the thermal agent. The digestive system is 
severely impaired, with dysfunction and tissue dam-
age in all organs, including the stomach. It is known 
that burns lead to dilation and delayed evacuation of 
stomach content, formation of stress ulcers (Curling 
ulcers) and hemorrhages (1,2).
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imals and performed with a strong consideration for 
the ethics of animal experimentation. Age-matched 
male Wistar rats weighing between 220 and 250 g 
fasted for 12 h were allowed free access to water be-
fore injury. Animals were housed in a 20°C and of-
fered rat chow and water ad libitum. They were kept 
in dark: light cycles (DL = 12:12 h) in individual wire-
bottomed cages. Thus, lights were turned off at 8:00 
p.m. and turned on at 8:00 a.m. for achieving satis-

factory photoperiod.

Experimental Design

For the experimental procedure, fourteen ani-
mals were randomly divided into two groups (n=7 in 
each group) as follows: control - non-burned, non-
treated (C) and vehicle-treated burned group (B). Af-
ter light ether inhalation, general anesthesia was per-
formed using thiopental (30 mg/kg i.p.). In order to 
accomplish 30% of third-degree burn hot boiling wa-
ter (90°C) was applied on the back of the animals for 
a period of 10 sec. For those rats, which were subject-
ed to burn injury, 4 mL of physiological saline were 
applied intraperitoneally (i.p.) for immediate resusci-
tation following burn injury. No animals died within 

the first 24 h of post-burn period.

Biochemical Analysis

The stomach was gently separated from the un-
derlying tissue and homogenized in 1:5 w/v 50 mM 
phosphate buffer (pH 7.4) containing 0.1 mM EDTA 
at 4000 rpm for 10 min. The homogenate was centri-
fuged at 800 x g rpm for 15 min to discard the sedi-
ment and supernatant was frozen until analysis. All 
the manipulations were performed at 4-8oC. The 
samples were analyzed immediately after thawing.

Membrane lipid peroxidation was assayed by 
MDA measured by its thiobarbituric acid (TBA) re-
activity of stomach homogenate using the method 
of Porter et al. (13). Results were determined using 
the extinction coefficient of MDA-TBA complex at 
532nm = 1.56 x 10-5 cm-1 M-1 solution and were ex-

pressed as nmol MDA/g tissue.

Paraffin Processing of Tissue

The specimens of gastric oxyntic mucosa were 
fixed in 10% buffered formalin (pH 7.2), dehydrat-
ed in ascending series of ethyl alcohol (70% - 100%) 
and embedded in paraffin wax. Tissue sections with 
5 μm thickness were stained with hematoxylin and 

The exact pathogenetic mechanisms of burn-in-
duced gastric mucosal injury are still poorly under-
stood. The rapid onset of hypovolemia, generalized 
vasospasm, reduced splanchnic blood flow following 
thermal injury causes an imbalance between protec-
tive and aggressive factors in the gastric mucosa (3,4). 
The production of prostaglandins and other protec-
tive factors is reduced, along with decreased antioxi-
dant defense of the gastric mucosa (4,5). Increased re-
lease of free radicals, overproduction of cytokines and 
other cell-derived inflammatory mediators, under 
conditions of reduced antioxidant defense, is proba-
bly one of the major pathogenetic mechanisms of gas-
tric mucosal alteration in thermal injury (6-8).

The tissue damage can occur in two different 
ways: necrosis and apoptosis (programmed cell death 
(9). Аpoptosis can be initiated by two main apoptot-
ic pathways: extrinsic, receptor-mediated (death re-
ceptor) and intrinsic (mitochondrial) pathway (10). 
Stimulation of the mitochondrial pathway is induced 
by reactive oxygen species (ROS) and mitochondrial 
DNA damage. Pro-apoptotic Bax and anti-apoptot-
ic Bcl-2 are members of the Bcl-2 family of proteins, 
which are major players in outer membrane perme-
abilization and translocation of cytochrome C (11).

The experimental and clinical studies show that 
apoptosis is a mechanism for burn-induced damage 
and a result of „systemic apoptotic response“ but 
there are not enough data for its implication in gas-

tric mucosal injury (12).

AIM

The aim of the present study was to determine 
the tissue gastric level of malondialdehyde (MDA), 
a lipid peroxidation marker of oxidative stress, by 
spectrophotometric method and apoptosis of epithe-
lial cells in gastric mucosa, which was immunohisto-
chemically determined at the level of Bcl-2 and Bax 
in thermal trauma. We tested the hypothesis of burn-
induced apoptosis as a mechanism for cell death by 
increasing Вах protein expression and decreasing 
Bcl-2 protein expression in gastric mucosa under ox-

idative stress conditions.

MATERIAL AND METHODS

Animals

The experimental procedure was approved by 
the Home Office for Care and Use of Laboratory An-
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eosin (H&E) and examined using a light microscope 

(Olympus BH-2, Tokyo, Japan).

Immunohistochemistry

The deparaffinized and dehydrated sections 
(5-μm thick) were treated with 1% hydrogen perox-
ide for peroxidase activity inhibition for 5 min. Then 
they were rinsed in 0.1 M phosphate buffered saline 
(PBS) (pH 7.4) and treated with normal goat serum 
for 20 min. Subsequently, the sections were incubat-
ed with primary antibody for 24 h at room tempera-
ture. We used the following antibodies: Bcl-2 (N-19) 
and Вах (C-20) (Santa Cruz, USA) in dilution 1:50. 
Finally, peroxidase activity was estimated by the di-
aminobenzydine-tetrachloride H

2
O

2
-method. Nega-

tive controls were incubated with non-immune sera 
instead of primary antibody.

The intensity of the immunohistochemical re-

action was assessed as weak, moderate and strong.

Statistical Analysis

The data were statistically analyzed using a one-
way analysis of variance (ANOVA) and expressed as 
mean ±SEM. The statistical significance of the dif-
ference was evaluated with the unpaired Student’s 
t-test. A value of p<0.05 was considered statistical-
ly significant. The statistical analysis was performed 

using the GraphPad Prism software, version 6.0.

RESULTS

MDA Level in Gastric Mucosal Tissue

The gastric MDA level was found to be higher 

by 51% (p<0.01) in the burned group compared to the 

control group 24 hours after thermal injury (Fig. 1). 

Histological Changes of Gastric Mucosa

Microscopic evaluation revealed no architectur-
al changes of gastric mucosa in the control group (Fig 
2. А, Аа). The gastric mucosa in the burned group 
showed congestion, degenerative changes in the sur-
face epithelium, focal destruction of glandular epi-
thelium with formation of acute erosions contained 
cell debris and neutrophil leukocytes (Fig 2. B, Bb).

Immunohistochemical Expression of Pro-

Apoptotic Bax Protein in Gastric Mucosa

Bax expressed weakly in epithelial cells of the 
contol group predominantly in the basal parts of the 
gastric glands (Fig. 3 А), while in the burn group 
protein content was localized in the same region, but 
was moderate (Fig. 3 B).

Immunohistochemical Expression of Anti-

Apoptotic Bcl-2 Protein in Gastric Mucosa

Bcl-2 protein in the control group revealed nu-
clear expression in the surface epithelium, while 
in the basal layer of gastric mucosa expression was 
moderate and mainly cytoplasmic (Fig. 4 А). In the 

Fig. 1. MDA level in gastric mucosa after burns. (A) 
Control group, (B) Burned group. Results are given as 
mean ± SEM **р<0.01 compared with control group

Fig. 2. Histological changes in gastric mucosa in rats. 
Representative data. HE staining. Original magnification 
100, 200x. (А, Аа) Control group, (B, Bb) Burned group
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burned group, Bcl-2 expression was more diffuse, 
nuclear and cytoplasmic, but cytoplasmic expression 
was weak (Fig 4 B).

DISCUSSION

In this study, we found significantly high lev-
els of gastric MDA, an indication of lipid peroxida-
tion induced in burn group rats. Similar results have 
been obtained by other authors in experimental rat 
models of burns (7,8). Our results showed that the 
high gastric MDA level in burns was associated with 
structural changes in gastric mucosa, such as acute 
erosions.

ROS and reactive nitrogen species (RNS) gen-
eration is important in for the pathogenesis of tissue 
damage in thermal trauma. 

Increased free radicals production has been 
demonstrated in experimental and clinical studies 

of burns (14,15). This is probably due to ischemia/re-
perfusion (I/R), xanthine oxidase  activation and in-
flammatory mediator secretion in gastric mucosa af-
ter severe burns (16,17). 

We have previously reported that thermal trau-
ma increases free radical overproduction, lipid per-
oxidation activation and leads to glutathione (GSH) 
depletion. All these contributes to oxidative gastric 
mucosal injury in burns (18). Other authors have re-
ported similar results (19,20).

In addition, I/R causes mitochondrial dysfunc-
tion and decreases energy production. There are dis-
rupted mitochondrial redox balance and further in-
creases of free radical production (21,22). On the oth-
er hand, I/R induces cell inflammatory response. Ac-
tivated leukocytes release ROS and pro-inflammato-
ry mediators (TNF-α, IL-1, IL-6) (23). Gastric myelo-
peroxidase (MPO) activity, an index of neutrophil 
infiltration, is also elevated after thermal injury (8). 
Similar to these studies, we also found neutrophils at 
the bottom of gastric erosions in the burn group. In 
addition, ROS and pro-inflammatory cytokines acti-
vate iNOS, an inducible form of nitric oxide synthase 
enzymes. iNOS is a key enzyme of “classically acti-
vated” or “killer” macrophages (M1) and contributes 
to NO synthesis from L-arginin (24). In support of 
these results in a previous study, we found increased 
expression of iNOS (25). Upregulated NO/iNOS pro-
duction and its interaction with superoxide radicals 
leads to production of highly toxic peroxynitrite rad-
ical. Increased ROS/RNS formation results in oxida-
tive stress, macromolecule alteration and possible ac-
tivation of necrosis or apoptosis (26).

Apoptosis is one of the major pathways for 
cell death. Oxidative stress and decreased antioxi-
dant defense contribute to both mitochondrial mem-
brane and DNA damage. Members of the Bcl-2 fam-
ily of proteins regulate the mitochondrial pathway of 
apoptosis (27). Bax/Bak forms oligomers on the out-
er mitochondrial surface and activates the caspase 
cascade (28). Studies have shown that programmed 
cell death and increased Bax protein expression play 
an important role gastric injuries induced by NSAID 
(29), ethanol (30,31) and water immersion-restraint 
stress (32).

We established an increased level of Bax pro-
tein predominantly in the basal parts of the gas-

Fig. 3. Immunohistochemical expression of Bax protein in 
gastric mucosa after burns. (A) Control group, (B) Burned 
group. Representative data. Original magnification, 200.

Fig. 4. Immunohistochemical expression of Bcl-2 protein in 
gastric mucosa after burns. (A) Control group, (B) Burned 
group. Representative data. Original magnification, 200x
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tric glands in thermal trauma, while mucosal le-
sions were found in the superficial layer. An elevated 
Bax protein expression and apoptosis have been ob-
served in hepatocytes and intestinal cells after burns 
(33,34). It is considered that Bax protein is the ma-
jor protein, which may trigger apoptosis via differ-
ent mechanisms. We considered that acute erosions 
at 24 hours after thermal trauma are associated with 
reduced of anti-apoptotic protein Bcl-2 in both nu-
clei and cytoplasm. The decreased level of Bcl-2 pro-
tein does not provide sufficient inhibition of apopto-
sis, and the epithelial cells in the superficial layer ac-
quire a pro-apoptotic phenotype and cell death oc-
curs. We, similar to other authors, suppose that in 
experimental thermal trauma the balance between 
pro- and anti-apoptotic proteins in gastric mucosa is 
disrupted (35). Similarly decreased Bcl-2 protein lev-
el was found in liver and intestinal mucosa in exper-
imental thermal trauma (33,36). The increased Bax 
expression in the basal layer of the gastric mucosa re-
mains unclear, because gastric mucosa does not show 

structural changes in this zone.

CONCLUSION

In conclusion, thermal skin trauma causes gas-
tric mucosal injury by lipid peroxidation and the 
morphological changes may relate to apoptotic cell 

death of epithelial cells.
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