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Abstract

Objective: To evaluate the efficacy of localized hypothermia as a tissue-protection strategy in mitigating ischemic and inflammatory
damage during colon strangulation. Specifically, this study aimed to assess the impact of hypothermia on colon wall thickness, inflammatory
cell infiltration, and pro-inflammatory cytokine levels in a controlled experimental model using white rats. By comparing outcomes
between hypothermia-treated and untreated groups, the research sought to provide insights into the potential of hypothermia as an
adjunctive therapy to enhance surgical outcomes and reduce complications associated with strangulated hernias.

Methods: This experimental study involved 40 white rats with induced colon strangulation, divided into control (n = 20) and hypothermia
(n = 20) groups. Local hypothermia was applied to the abdominal region at 13°C for 3—6 hours. The study evaluated colon wall thickness,
inflammatory infiltrate area, macrophage counts, and levels of pro-inflammatory cytokines (IL-1B, IL-6, TNF-a) using histological,
morphometric, and biochemical methods. Statistical significance was determined using Student’s t-test (P < 0.05).

Results: Hypothermia significantly reduced colon wall thickness (0.5 + 0.2 mm vs. 1.2 + 0.3 mm in the control, P < 0.01), inflammatory
infiltrate area (5,000 = 1,500 pm? vs. 12,000 + 3,000 um?, P < 0.05), and macrophage counts (50 + 10 cells vs. 100 + 20 cells, P < 0.05). Pro-
inflammatory cytokine levels (IL-18, IL-6, TNF-a) decreased by 45.8%, 47.4%, and 56.3%, respectively, in the hypothermia group compared
to the control group (P < 0.01 for all). These findings confirm hypothermia’s anti-inflammatory and tissue-protective properties.
Condlusions: Hypothermia demonstrates significant potential in minimizing ischemic and inflammatory damage in cases of colon
strangulation, reducing tissue edema and inflammatory cell infiltration. This approach may improve surgical outcomes and warrants

further exploration for integration into clinical practice.
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Introduction

Intestinal strangulation, including that of the large intestine,
in hernial disease is one of the most complex and pressing
problems in modern surgery. The pathological changes during
strangulation are based on ischemia, reperfusion syndrome,
hypoxia, and subsequent inflammatory reactions, which lead
to disruption of microcirculation, damage to the mucous and
submucous layers of the intestinal wall, and ultimately, to
necrotic changes in the tissues of the large intestine. These
pathological processes contribute to the development of
severe complications, including peritonitis, sepsis, and mul-
tiple organ failure, which significantly increase mortality
rates, reaching 35-50% in the absence of timely treatment."

The large intestine, being highly sensitive to ischemia
due to the peculiarities of its blood supply and cellular
energy metabolism, undergoes significant structural changes
when strangulated. The disruption of blood circulation in its
wall is accompanied by the activation of endothelial cells,
increased capillary permeability, enhanced exudation, and
leukocyte migration. Against the background of hypoxia, an
imbalance occurs between the processes of apoptosis and
necrosis of the mucosal cells, which exacerbates the inflam-
matory response and contributes to the progression of
damage.’

86

Modern methods of tissue protection, such as pharma-
cological drugs (antioxidants, anti-inflammatory agents)
and surgical interventions, do not always ensure full pre-
vention of ischemic and inflammatory damage to the colon
wall. This is due to the limitation of their action at the sys-
temic level, insufficient specificity to local pathological
changes, and the inability of tissues to quickly adapt to
acute changes in microcirculation. Therefore, the search for
alternative and additional approaches to tissue protection
in conditions of intestinal strangulation remains extremely
important.

Hypothermia, as a method of active tissue protection,
demonstrates significant potential in preventing ischemic and
inflammatory damage. Its mechanism of action includes
reducing the metabolic activity of cells, decreasing the produc-
tion of pro-inflammatory mediators such as interleukin-1p
(IL-1P), interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-a), as well as stabilizing cell membranes and improving
microcirculation.*” In addition, hypothermia contributes to a
decrease in capillary permeability and suppresses leukocyte
migration to the damaged area, which reduces tissue edema
and exudation.®

Studies dedicated to the application of hypothermia have
shown its effectiveness in various areas of surgery, including
organ transplantation, cardiac surgery, and the treatment of
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acute abdominal conditions. However, the clinical potential of
hypothermia in large intestine strangulation has not been suf-
ficiently studied. Data on its influence on the morphological
changes in the wall of the large intestine, as well as on the level
of pro-inflammatory cytokines and the functional state of tis-
sues under ischemic conditions, remain limited.

The aim of this study is to investigate the influence of
hypothermia on morphological changes in the large intes-
tine wall in cases of strangulated hernias. Particular atten-
tion is paid to analyzing the intestinal wall thickness, the
degree of inflammatory infiltrate, the number of mac-
rophages, as well as the level of key pro-inflammatory
mediators. The obtained data will allow not only to assess
the effectiveness of hypothermia as a method of tissue pro-
tection but also to determine its place in the treatment algo-
rithm for strangulated hernias of the colon. Improving the
understanding of hypothermia’s mechanisms of action and
its impact on damaged tissues will also contribute to the
development of more effective approaches to surgical treat-
ment of such patients.

Materials and Methods

Research design. The experimental study was conducted
using a model of colon strangulation in laboratory animals.
The study was carried out from 2023 to 2024 at the Depart-
ment of Experimental Surgery of the State Institution “Repub-
lican Specialized Scientific and Practical Medical Center of
Surgery named after Academician V. Vakhidov”.

Research subjects. The experiment involved 40 white,
outbred rats of both sexes, weighing 210-249 g. The animals
were kept in vivarium conditions at a stable temperature of
22-24°C, with free access to food and water. All procedures
were performed under general anesthesia using a ketamine
solution (100 mg/kg) and diazepam (5 mg/kg), in accordance
with ethical principles (Strasbourg Declaration, 1996).’

Animal groups:

« Control group (n = 20): modeling of colon strangulation
without using additional protective methods.

« Hypothermia group (n = 20): modeling of colon strangu-
lation with local cooling of the abdominal region to 13°C
for 3-6 hours.

Application of hypothermia. To carry out local cooling,
specialized equipment was used, which ensured accurate
maintenance of the exposure temperature. Thermal sensors,
placed directly on the surface of the colon wall, allowed for the
control of cooling levels and prevented overheating or over-
cooling of tissues beyond permissible values. The exposure
was continued until a uniform temperature was achieved in
the strangulation zone.

Evaluation Methods

- Histological examination. Colon tissue biopsies were
fixed in a 10% formalin solution, after which histo-
logical preparations were made and stained with
hematoxylineosin. The analysis was performed under
a light microscope to assess structural changes in the
intestinal wall.

- Morphometry. A quantitative analysis was conducted on
the thickness of the colon wall (mm), the area of inflamma-
tory infiltrate (um?), and the number of macrophages per
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unit area. Digital microscopes with morphometric capabil-
ities were used for measurements.

- Biochemical analysis. Colon tissue samples were used to
determine the levels of pro-inflammatory cytokines (IL-1,
IL-6, TNF-a). Cytokine levels were measured using the
enzyme-linked immunosorbent assay (ELISA) method
with commercial analysis Kits.

Statistical analysis. All obtained data were processed
using statistical analysis software (Statistica 7 program). The
results are presented as mean (M) and standard deviation
(SD). Student’s t-test for independent samples was used to
assess the statistical significance of differences between groups.
Differences were considered statistically significant at a signif-
icance level of P < 0.05.

Results

Thickness of the colon wall. In the control group, the thickness
of the colon wall was 1.2 + 0.3 mm, reflecting pronounced
inflammatory edema resulting from impaired microcirculation
and increased capillary permeability. In the hypothermia group,
this parameter was 0.5 + 0.2 mm (P < 0.01), indicating a signifi-
cant reduction in edema and inflammatory processes under the
influence of local cooling. Hypothermia demonstrated the ability
to decrease the severity of the inflammatory response by stabi-
lizing the vascular wall and suppressing exudation*” (Fig. 1).

Area of inflammatory infiltrate. In the control group, the
area of inflammatory infiltrate in the colon was 12,000 + 3,000
um?, indicating active involvement of inflammatory cells such
as neutrophils, macrophages, and lymphocytes in the damaged
tissue. In the hypothermia group, the area of inflammatory
infiltrate decreased to 5,000 + 1,500 um? (P < 0.05). This reduc-
tion is associated with suppression of pro-inflammatory pro-
cesses, decreased recruitment of inflammatory cells, and
reduced secretion of pro-inflammatory mediators. The results
confirm the anti-inflammatory properties of hypothermia,
which are expressed in decreased neutrophil migration and
reduced tissue damage®’ '’ (Fig. 1).

Number of macrophages. Macrophages play a key role
in inflammatory processes, participating in phagocytosis,
secretion of pro-inflammatory cytokines, and activation of
other immune cells. In the control group, the average number
of macrophages in the colon tissue was 100 + 20 cells per unit
area. In the hypothermia group, this indicator decreased to
50 + 10 cells (P < 0.05). The decrease in the number of mac-
rophages under the influence of hypothermia is associated
with suppression of monocyte chemotaxis, reduced produc-
tion of pro-inflammatory mediators such as IL-1p and
TNF-a, and overall attenuation of the inflammatory resp-
onse’ (Fig. 1).

Level of pro-inflammatory cytokines. A significantly
elevated level of pro-inflammatory cytokines was observed in
the colon tissues of the control group:

o IL-1p: 120 + 15 pg/ml;
o IL-6:95 + 12 pg/ml;
o TNF-a: 80 + 10 pg/ml.
In the hypothermia group, the level of cytokines decreased:
o IL-1pB: 65 + 10 pg/ml (P < 0.01);

o IL-6:50 + 8 pg/ml (P < 0.01);
o TNF-a: 35+ 7 pg/ml (P < 0.01).
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Fig. T Comparative-diagram representation of the obtained data.

The reduction in pro-inflammatory mediator levels under
the influence of hypothermia indicates suppression of the
inflammatory response and a decrease in the activity of
inflammatory cells”"* (Fig. 1).

Discussion

The results of this study confirm the pronounced protective
properties of hypothermia in colon strangulation. A signifi-
cant decrease in the thickness of the large intestine wall, a
reduction in the area of inflammatory infiltrate and the
number of macrophages, as well as suppression of pro-
inflammatory cytokines (IL-1B, IL-6, TNF-a) indicate the
ability of hypothermia to effectively prevent ischemic and
inflammatory tissue damage.

The main mechanism of action of hypothermia is a
decrease in the metabolic activity of cells and a reduction in
the production of pro-inflammatory mediators. Under hypo-
thermic conditions, cell membranes stabilize, vessel permea-
bility decreases, and the migration of inflammatory cells into
the tissue is suppressed.'” This leads to a decrease in tissue
edema and infiltration, which is confirmed by a 58.3% reduc-
tion in the area of inflammatory infiltrate in the hypothermia
group compared to the control group.

These data are consistent with the research of Hartmann
et al. (2019), which demonstrated that hypothermia reduces
structural changes in the intestinal wall, preventing cell apop-
tosis and stabilizing tissue morphology. Additionally, the work
of Krarup et al. (2013) showed that local cooling suppresses
free radical formation and improves microcirculation, which
is crucial for protecting tissues from reperfusion injury. In
addition, the work of Krarup et al. (2013) showed that local
cooling suppresses free radical formation and improves
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microcirculation, which is important for protecting tissues
from reperfusion damage.

Another important aspect of hypothermia’s action is its
ability to reduce the levels of key pro-inflammatory cytokines,
which contributes to the attenuation of the inflammatory
response. Under hypothermic conditions, IL-1P levels decre-
ased by 45.8%, IL-6 by 47.4%, and TNF-a by 56.3% compared
to the control group, highlighting the significant anti-
inflammatory effect of this method.

The clinical significance of hypothermia extends beyond
the treatment of strangulated colon hernias. It is actively used
in transplantology to prevent ischemia in transplanted organs,
in cardiac surgery to protect the myocardium during cardiac
arrest, and in the treatment of abdominal complications. These
data underscore the versatility and broad prospects of using
hypothermia in surgical practice.”®

However, there remain questions that require further
study. It is necessary to determine the optimal parameters for
applying hypothermia, including the duration of exposure and
temperature range. Furthermore, standards need to be devel-
oped for integrating hypothermia into existing treatment pro-
tocols for strangulated hernias and other critical conditions.

Conclusion

Hypothermia demonstrates high effectiveness in protecting
the tissues of the large intestine in strangulated hernias. The
obtained results confirm its ability to:

 Reduce the thickness of the colon wall.

o Decrease the area of inflammatory infiltrate.

 Reduce the number of macrophages.

o Suppress levels of pro-inflammatory cytokines (IL-1f,
IL-6, TNF-a).
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These effects contribute to minimizing ischemic and
inflammatory damage, which improves the prognosis of
surgical treatment for patients with strangulated hernias.
Developing and implementing standards for the use of
hypothermia will optimize its application in clinical prac-
tice, improve treatment quality, and reduce the risk of
complications.
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Further research aimed at studying the mechanisms of
hypothermia action and optimizing its parameters will facilitate
the integration of this method into a wide range of surgical practices.
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