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ABSTRACT

Background and aim: Peritonitis is a common and clinically significant disease of the abdominal cavity. In the
terminal stage of the disease, increased oxidative stress leads to the intensification of lipid peroxidation pro-
cesses and impairment of the antioxidant defense system. The aim of this study was to evaluate the levels of
lipid peroxidation products in peritoneal exudate obtained from patients with terminal peritonitis and to investi-
gate the effect of superoxide dismutase (SOD) on these parameters under ex vivo conditions.

Methods: The study included 30 patients (17 males and 13 females; age range 34—72 years) diagnosed with
terminal peritonitis who received standard clinical management. Peritoneal exudate samples obtained during
surgery were divided into aliquots under ex vivo conditions and incubated at 10°C for 6 and 24 hours with and
without the addition of superoxide dismutase (SOD). Analyses were performed within each sample using a
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ured in the peritoneal exudate.

activity, adjunctive therapy

paired design. Malondialdehyde (MDA), diene conjugates (DC), and total antioxidant activity (TAA) were meas-

Results: At baseline, MDA and DC levels were 2.98 + 0.08 nmol/mL and 2.56 + 0.14 nmol/mL, respectively,
while total antioxidant activity was 21.09 + 0.57. After 24 hours of incubation with SOD, MDA and DC levels
significantly decreased, whereas total antioxidant activity significantly increased (p < 0.001).

Conclusions: These findings highlight the potential therapeutic relevance of antioxidant approaches aimed at
reducing oxidative stress in peritonitis. (www.actabiomedica.it)
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Introduction

Peritonitis is one of the most common acute
conditions affecting the abdominal cavity. Despite
advances in medical management, severe peritonitis
remains a significant clinical problem due to systemic
inflammation and oxidative stress—related tissue dam-
age (1-3). In the terminal stage, the accumulation of
endotoxins and other toxic substances leads to pro-
found metabolic disturbances, cellular membrane
damage, and the development of conditions conducive
to septic shock (4). A marked increase in lipid per-
oxidation (LPO) products and reactive oxygen species
is observed at this stage (5-7). Oxidative stress plays
a critical role in the progression of inflammatory and
metabolic disorders by enhancing lipid peroxidation,
damaging cellular membranes, and impairing antioxi-
dant defense systems (8,9). Assessment of oxidative
stress markers in peritoneal exudate may provide clini-
cally relevant information regarding disease severity
and progression (10,11). Lipid peroxidation products,
particularly malondialdehyde (MDA) and diene con-
jugates (DC), contribute to cellular membrane dam-
age and disruption of metabolic processes, thereby
amplifying oxidative stress and promoting tissue in-
jury (12,13). These processes lead to tissue hypoxia,
impaired microcirculation, disseminated intravascu-
lar coagulation, and ultimately multiple organ failure
(14,15). The imbalance between increased lipid perox-
idation and impaired antioxidant defense mechanisms

in peritonitis complicates the neutralization of free
radicals (16,17). Therefore, antioxidant enzymes such
as superoxide dismutase may play a crucial role in
reducing the intensity of lipid peroxidation and en-
hancing antioxidant protection, potentially represent-
ing a therapeutic approach for modulating oxidative
stress (18,19). Thus, the evaluation of lipid peroxi-
dation products and antioxidant status in peritoneal
exudate obtained during terminal peritonitis reflects
the mechanisms of oxidative stress and endogenous
intoxication, providing a rationale for investigating
the modulatory effects of superoxide dismutase (20).
However, despite substantial evidence of oxidative
stress in peritonitis, the dynamics of lipid peroxida-
tion in peritoneal exudate from patients with terminal
peritonitis have not been sufliciently studied, particu-
larly with regard to the ex vivo effects of superoxide
dismutase (21). The aim of the present study was to
evaluate oxidative stress markers in peritoneal exudate
obtained from patients with terminal peritonitis and
to assess the potential modulatory role of superoxide
dismutase, with a focus on its clinical relevance. In
this study, we investigated whether lipid peroxidation
is significantly elevated in peritoneal exudate during
terminal peritonitis and whether ex vivo administra-
tion of superoxide dismutase can attenuate oxidative
damage and enhance antioxidant capacity (22). Un-
derstanding these mechanisms may have important
clinical implications for the development of adjunctive
therapeutic strategies targeting oxidative stress.
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Materials and methods

This study was conducted at the Scientific Re-
search Center of Azerbaijan Medical University. It
examined changes in lipid peroxidation products in
peritoneal exudate (PE) obtained from the abdomi-
nal cavity of 30 patients with terminal-stage peritoni-
tis who had undergone surgery and received standard
clinical treatment. Peritoneal exudate samples were
collected under standardized conditions intraopera-
tively, immediately after opening the abdominal cavity
and prior to any lavage or additional manipulation.

Sample handling

Samples were processed immediately after in-
traoperative collection under sterile conditions. All
procedures were performed according to a standard-
ized protocol to minimize pre-analytical variability.
Samples exhibiting visible hemolysis or contamination
were excluded from analysis. The study population
included 30 patients (17 males and 13 females) aged
34-72 years.

Inclusion criteria

Patients diagnosed with advanced peritonitis who
underwent emergency surgical intervention for clini-
cal indications and provided informed consent were
included in the study, and intraoperative peritoneal
exudate samples were collected from patients with
peritonitis of different etiologies.

Exclusion criteria

Patients with chronic liver or kidney disease, im-
munodeficiency, malignancy, gynecological disorders,
or incomplete clinical records were excluded. The
mean age of the patients was 52.3 + 11.4 years, en-
suring adequate representation of both sexes. Simul-
taneously, the effect of adding superoxide dismutase
(SOD) to the peritoneal exudate on the dynamics of
lipid peroxidation products was investigated. These ex-
periments were performed in vitro, with samples incu-
bated in a thermostat at 10°C for 6 and 24 hours. PE
aliquots were processed and incubated under aseptic

conditions; however, no protease inhibitor cocktail was
added prior to incubation. Samples were maintained
at 10°C to minimize enzymatic degradation and mi-
crobial proliferation during the incubation period. The
peritoneal content was obtained from patients with the
following etiologies:

1. Peritonitis secondary to gastric ulcer perfora-
tion — 6 patients

2. Peritonitis secondary to gallbladder perforation
— 6 patients

3. DPeritonitis associated with small bowel
obstruction — 6 patients

4. Peritonitis secondary to appendiceal perfora-
tion — 6 patients

5. Postoperative peritonitis following genital
organ surgery — 6 patients

Peritoneal contents were collected and prepared
as follows: immediately after opening the abdominal
cavity during laparotomy, the contents were aspirated
using an electric suction device. Large particulate mat-
ter was removed, and the sample was filtered through
a sterile filter into a glass container for subsequent
analysis.

Definition of terminal peritonitis

In this study, terminal peritonitis was defined
based on a combination of clinical and intraopera-
tive criteria. These included signs of diffuse perito-
neal inflammation, severe endotoxicosis or sepsis,
hemodynamic instability, and evidence of multiple
organ dysfunction. In all included patients, intraop-
erative findings were consistent with diffuse purulent-
fibrinous peritonitis. When available, disease severity
was additionally evaluated using clinical records.

Experimental groups and study design

Patients were selected using stratified enrolment
to ensure homogeneity with respect to age, sex, and
disease severity. Instead of assigning patients to sepa-
rate groups, each peritoneal exudate (PE) sample was
immediately divided into three equal aliquots, ena-
bling within-sample (paired) comparison under the
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following conditions: baseline (no incubation), incu-
bation at 10°C without superoxide dismutase (SOD),
and incubation at 10°C with SOD. One aliquot was
analyzed immediately (baseline/control), the second
aliquot was incubated at 10°C without enzyme ad-
dition (incubation control), and the third aliquot was
treated with superoxide dismutase (SOD) and incu-
bated at 10°C (SOD condition). Thus, although results
are presented as three “groups” (control, incubation,
and SOD-treated), these represent three experimental
conditions applied to aliquots of the same peritoneal
exudate sample obtained from each patient, rather than
three independent patient cohorts. The superoxide dis-
mutase (SOD) used in this study was a homogeneous
preparation produced in the Russian Federation. The
stock solution contained 3000 U/mL and was diluted
in isotonic saline to achieve the working concentration
in each aliquot of peritoneal exudate. For every 500
mL of exudate, 3 mL of the SOD stock solution was
added, and samples were incubated at 10°C for 6 and
24 hours. The preparation was supplied in sealed sterile
containers and stored according to the manufacturer’s
instructions. For experimental consistency, propor-
tional volumes were applied to each aliquot based on
its volume. This design minimized selection bias and
enabled accurate comparison of all experimental con-
ditions using aliquots derived from the same patient
sample. This study was conducted under ex vivo condi-
tions using a within-sample paired design. Peritoneal
exudate samples were obtained intraoperatively from
30 patients with terminal peritonitis. Each sample was
divided into aliquots to allow paired comparison under
three conditions: baseline, incubation without SOD,
and incubation with SOD.

Experimental groups

Group 1 (control group): the peritoneal exudate ali-
quotwas analyzed immediately after collection, without
incubation and without the addition of SOD. Group 2
(incubation without SOD): the peritoneal exudate ali-
quot was incubated at 10°C for 6 and 24 hours without
the addition of SOD. Group 3 (SOD-treated group):
SOD was added to the peritoneal exudate aliquot,
which was subsequently incubated at 10°C for 6 and
24 hours. To minimize inter-individual variability, each

peritoneal exudate sample obtained from the same 30
patients was immediately divided into three equal ali-
quots and processed in parallel under three experimen-
tal conditions (baseline, incubation without SOD, and
incubation with SOD), enabling paired within-sample
comparison.

Determination of lipid peroxidation
product levels

The levels of lipid peroxidation products, includ-
ing malondialdehyde (MDA), diene conjugates (DC),
and total antioxidant activity (TAA), were determined
in all samples (12,13). An adequate volume of perito-
neal exudate was aspirated intraoperatively from each
patient. For analysis, a standardized portion of each
sample was isolated and divided into three equal ali-
quots. Samples were processed according to a prede-
fined standardized protocol for biochemical analysis.
A defined volume of isotonic solution was added to
standardize viscosity and enhance centrifugation effi-
ciency. The samples were then centrifuged at 3000 x g
for 10 minutes, after which the supernatant was care-
fully separated from the sediment.

Biochemical measurements

Malondialdehyde (MDA) levels were determined
spectrophotometrically based on the thiobarbituric acid
(TBA) reaction at 532 nm. Diene conjugates (DC) were
measured following lipid extraction using UV spectro-
photometric detection at 232-234 nm. Total antioxidant
activity (TAA) was assessed using a standard colorimet-
ric method. All measurements were performed using
a BOECO S-300 spectrophotometer (Boeckel & Co.,
Germany) under standardized conditions. Each sample
was analyzed in triplicate to ensure reproducibility.

Statistical analysis

Normality of continuous variables was assessed us-
ing the Shapiro-Wilk test. Given that each peritoneal
exudate (PE) sample was divided into three aliquots
and analyzed at baseline, 6 h, and 24 h under a paired
design, within-sample comparisons across timepoints
and experimental conditions were performed using
the Wilcoxon signed-rank test for two-timepoint
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paired comparisons and the Friedman test for three-
timepoint comparisons. Where applicable, independ-
ent group comparisons were conducted using the
Mann-Whitney U test. Exact p-values are reported
throughout. To account for multiple comparisons
across lipid peroxidation markers and timepoints,
Bonferroni correction was applied, and the adjusted
significance threshold is reported where appropriate
(Bonferroni-adjusted a = 0.05 divided by the num-
ber of comparisons). Specifically, comparisons were
performed across three biomarkers (MDA, DC, and
TAA) and multiple timepoints (baseline, 6 h, and
24 h), resulting in a structured set of pairwise com-
parisons. Effect sizes (rank-based) and 95% confidence
intervals (Cls) for mean changes were calculated and
reported alongside p-values. Data are presented as me-
dian (interquartile range) or mean * standard devia-
tion, as appropriate. All analyses were performed using
SPSSversion 22 (IBM Corp., USA) and Microsoft Ex-
cel 2016. Statistical significance was defined as p < 0.05
after Bonferroni adjustment. No formal a priori power
calculation was performed, as this was an exploratory

ex vivo study. A convenience sample of 30 patients
(30 PE samples, each divided into three aliquots) was
used to identify biologically relevant trends. The study
design was intended to reflect clinically meaningful
biochemical changes in peritoneal exudate associated
with oxidative stress.

Results

Lipid peroxidation products in peritoneal exu-
date obtained from the abdominal cavity in the ter-
minal phase of peritonitis were analyzed in samples
from 30 patients (n = 30). Statistical comparisons were
performed between baseline values and incubation
conditions (6 h and 24 h), as well as between samples
incubated with and without SOD. Baseline values of
lipid peroxidation products and total antioxidant activ-
ity are presented in Table 1. To investigate the effect
of superoxide dismutase (SOD), the same peritoneal
exudate samples were incubated with SOD for 6 and
24 hours. Table 2 presents the dynamics of lipid

Table 1. Lipid peroxidation product levels in peritoneal exudate obtained from the abdominal cavity in the terminal phase of
peritonitis (n = 30). Values are shown as Mean + SD (minimum-—maximum).

Lipid peroxidation products
Statistical indicators MDA (nmol/mL) DC (nmol/mL) TAA (%)
MeanzSD 2.98+0.08 2.56+0.14 21.09+0.57
Min 2.37 1.2 171
Max 3.5 3.3 24.5

Values are presented as mean + SD (min-max). Units: nmol/mL (for MDA and DC) and % (for total antioxidant activity).

Table 2. Experimental dynamics of lipid peroxidation products in peritoneal exudate from patients with terminal peritonitis after
incubation at 10°C with and without superoxide dismutase (SOD). Statistical comparisons were performed using the Friedman test

followed by Wilcoxon signed-rank post-hoc tests.

Lipid peroxidation Baseline 24h
products (from Table 1) 6 h (no SOD) 24 h (no SOD) 6 h (with SOD) (with SOD) | p-value
MDA (nmol/mL) 2.98+0.08 3.21 £ 0.09 3.46 £ 0.11 2.27 +0.11 (1.5-2.9) | 2.02+0.10 <0.001
(2.37-3.5) (3.03-3.39) (3.24-3.68) (1.2-2.7)
DC (nmol/mL) 2.56+0.14 2.79 +0.15 3.05 +0.16 2.0 £ 0.14 (0.5-2.6) 1.8+0.14 <0.001
(1.2-3.3) (2.49-3.09) (2.73-3.37) (0.5-2.5)
TAA (%) 21.09+0.57 19.6 + 0.52 18.1 + 0.48 27.5 +0.46 (25-32) | 30.98+0.42 <0.001
(17.1-24.5) (18.6-20.6) (17.1-19.1) (26-34.6)

Values are presented as mean + SD (min—max). Units: nmol/mL for MDA and DC, and % for total antioxidant activity (TAA).
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peroxidation parameters under three experimental
conditions (baseline, incubation without SOD, and in-
cubation with SOD), using aliquots derived from the
same 30 patients’ peritoneal exudate samples rather
than separate patient groups. In order to assess the
specific effect of superoxide dismutase (SOD), addi-
tional aliquots of the same PE samples were incubated
at 10°C for 6 and 24 hours both without and with
SOD. Incubation without SOD maintained elevated
levels of lipid peroxidation products characteristic of
terminal peritonitis. After 24 hours of incubation with
SOD, MDA levels decreased from 2.98 + 0.08 nmol/
mL (baseline) to 2.02 + 0.10 nmol/mL (p < 0.001).
The observed changes were associated with large effect
sizes, indicating that the differences were not only sta-
tistically significant but also of substantial magnitude.
Similarly, diene conjugates (DC) levels decreased from
2.56 + 0.14 nmol/mL to 1.80 + 0.14 nmol/mL (p <
0.001). In contrast, total antioxidant activity increased
from 21.09 + 0.57% at baseline to 30.98 + 0.42%
after 24 hours of incubation with SOD (p < 0.001)
(Table 2).

In addition to statistical significance, the observed
changes demonstrate clear biological and potential
clinical relevance. The reduction in MDA and DC lev-
els reflects attenuation of lipid peroxidation-mediated
membrane damage, while the increase in total anti-
oxidant activity indicates restoration of redox balance
(14). The magnitude of these changes (approximately
30-32% reduction in lipid peroxidation markers and
~47% increase in antioxidant activity) suggests that
SOD exerts not only statistically significant but also
biologically meaningful effects on oxidative stress pro-
cesses. To provide a complete and reliable compara-
tive analysis of lipid peroxidation dynamics, aliquots
of the same peritoneal exudate samples obtained from
patients in the terminal phase of peritonitis were in-
cubated at 10°C for 6 and 24 hours without the addi-
tion of SOD (incubation control). The results of these
experiments are summarized in Table 2. As shown, in-
cubation without SOD maintained elevated levels of
lipid peroxidation products characteristic of terminal
peritonitis. In contrast, the addition of SOD led to
pronounced shifts in lipid parameters, most notably a
significant decrease in malondialdehyde (MDA) and

diene conjugates (DC) concentrations and a marked

increase in total antioxidant activity (TAA). Impor-
tantly, incubation without SOD resulted in a pro-
gressive increase in lipid peroxidation products and
a decrease in antioxidant activity, whereas the addi-
tion of SOD reversed this trend, indicating that the
observed effects are specifically attributable to the
enzymatic antioxidant activity of SOD rather than in-
cubation conditions alone. It should be noted that the
indicators of peritoneal exudate showed certain vari-
ability among individual patients. At the same time,
the direction of changes observed after the addition
of SOD was consistent across all samples; in all cases,
the levels of MDA and DC decreased, while total an-
tioxidant activity (TAA) increased. Nevertheless, the
overall trend observed across all samples was charac-
terized by a decrease in lipid peroxidation products
and an increase in total antioxidant activity. Incuba-
tion of peritoneal exudate samples in the absence of
superoxide dismutase (SOD) led to a progressive ac-
tivation of lipid peroxidation processes. These findings
are further illustrated in Figure 1, which demonstrates
the comparative effects of incubation with and with-
out superoxide dismutase (SOD) on lipid peroxidation
products and total antioxidant activity after 24 hours.
As shown in Figure 1, incubation without SOD
resulted in increased levels of malondialdehyde
(MDA) and diene conjugates (DC) along with a de-
crease in total antioxidant activity (TAA), whereas the
addition of SOD produced the opposite effect, con-
firming its significant antioxidant role. After 24 hours
of incubation without SOD, MDA levels increased
from 2.98 + 0.08 nmol/mL to 3.46 = 0.11 nmol/mL,
while DC levels increased from 2.56 + 0.14 nmol/mL
to 3.05 + 0.16 nmol/mL. At the same time, total anti-
oxidant activity decreased from 21.09 + 0.57% to 18.1
+ 0.48%. Incubation of peritoneal exudate samples
without SOD resulted in a time-dependent increase
in lipid peroxidation products and a decrease in total
antioxidant activity, as shown in Table 2. The analysis
of time dynamics showed that the effect of SOD ad-
dition becomes more clearly expressed with increas-
ing incubation time. This observation indicates that
the antioxidant effect of SOD has a cumulative nature
over time and that prolongation of the incubation pe-
riod leads to a more effective attenuation of oxidative
processes. In particular, a more pronounced decrease
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Figure 1. Effects of incubation with and without superoxide dismutase (SOD) on lipid
peroxidation markers (MDA, DC) and total antioxidant activity (TAA) in peritoneal exu-
date after 24 h. Incubation without SOD increased MDA and DC levels and decreased
TAA, indicating enhanced oxidative stress. In contrast, SOD treatment reduced lipid
peroxidation markers and significantly increased TAA, reflecting attenuation of oxidative
damage and improved antioxidant defense. Data are presented as mean + SD.
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Figure 2. Distribution of malondialdehyde (MDA), diene conjugates (DC), and total
antioxidant activity (TAA) in peritoneal exudate samples obtained from patients with
terminal peritonitis. The figure demonstrates inter-individual variability of lipid peroxida-
tion markers and antioxidant activity across representative patient samples. MDA and
DC values are expressed in nmol/mL, whereas TAA values are presented as percentages.
Representative individual patient data (n = 16 out of 30) are shown to illustrate inter-

individual variability.
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Figure 3. Relative percentage changes in malondialdehyde (MDA), di-
ene conjugates (DC), and total antioxidant activity (TAA) in peritoneal
exudate samples after incubation with and without superoxide dismutase
(SOD) at 6 and 24 hours. The figure illustrates the dynamic changes in
lipid peroxidation products and antioxidant activity under experimental
conditions, demonstrating a decrease in MDA and DC levels and an
increase in TAA following SOD treatment compared with baseline and
incubation without SOD. Overall, these findings confirm the inhibitory
effect of superoxide dismutase on lipid peroxidation processes and its
role in enhancing antioxidant defense in peritoneal exudate.

in lipid peroxidation products was observed after 24
hours of incubation, indicating that the antioxidant ef-
fect of the enzyme increases over time. It should be
noted that the indicators of peritoneal exudate showed
certain variability among individual patients, as shown
in Figure 2.

At the same time, the direction of changes ob-
served after the addition of SOD was consistent across
all samples; in all cases, the levels of MDA and DC
decreased, while total antioxidant activity (TAA) in-
creased. Nevertheless, the overall trend observed
across all samples was characterized by a decrease in
lipid peroxidation products and an increase in total an-
tioxidant activity. These changes are not only statisti-
cally significant but also indicate a real reduction in the
intensity of lipid peroxidation processes. In particular,
the decrease in MDA and DC levels reflects a reduc-
tion in oxidative damage to cell membranes, while the
increase in total antioxidant activity (TAA) reflects the
activation of the antioxidant defense system, as illus-
trated in Figure 3.

Statistical note: p-values represent comparisons
between baseline and incubation conditions (6 h and

24 h) as well as between incubation without SOD and
incubation with SOD using paired non-parametric
tests.

In contrast to the lipid peroxidation products
studied above, the intensity of total antioxidant ac-
tivity showed a sharply opposite trend. When peri-
toneal exudate obtained from the abdominal cavity
during the terminal phase of peritonitis was incu-
bated for 24 hours at 10 °C in a thermostat with
the addition of SOD, the quantitative value of to-
tal antioxidant activity in this fluid reached 30.98
0.42 %, with a minimum of 26% and a maximum
of 34.6%. Figure 3 provides a visual representation
of these findings, showing the relative percentage
changes in lipid peroxidation products and total an-
tioxidant activity after incubation with and without

SOD at 6 and 24 hours.

Discussion

The results of this study demonstrate that, in ter-
minal peritonitis, oxidative stress in peritoneal exudate
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is characterized by elevated levels of lipid peroxidation
products and a concomitant impairment of the anti-
oxidant defense system. In the present study, the ad-
dition of superoxide dismutase significantly decreased
the concentrations of malondialdehyde and diene con-
jugates, while simultaneously increasing total antioxi-
dant activity in peritoneal exudate samples. Overall,
these findings suggest that oxidative stress markers in
peritoneal exudate may serve as indirect indicators of
disease severity, reflecting the extent of metabolic and
inflammatory disturbances in patients with terminal
peritonitis. The observed changes indicate that modu-
lation of oxidative stress within the peritoneal envi-
ronment may represent a potential therapeutic strategy
aimed at reducing local tissue injury and limiting the
progression of the inflammatory response. Accordingly,
antioxidant-based interventions, including enzymatic
therapies such as SOD, may be considered as adjunc-
tive treatment options, particularly in advanced stages
of the disease. It should be noted that the results of
this study are based on ex vivo incubation of peritoneal
exudate. However, several limitations inherent to the
ex vivo experimental model must be considered when
interpreting the findings. First, ex vivo conditions do
not fully replicate the complex in vivo physiological
environment, where systemic factors such as blood
circulation, immune responses, and neurohumoral
regulation influence oxidative processes. Second, the
incubation temperature of 10°C, although applied to
reduce enzymatic degradation and microbial activity,
does not reflect physiological conditions and may af-
fect enzyme kinetics and reaction rates. These findings
should be interpreted with caution in the context of an
ex vivo model, as their applicability to clinical practice
requires further confirmation in in vivo experimental
models and well-designed studies. Nevertheless, the
observed alterations may reflect underlying pathoge-
netic mechanisms of oxidative stress. Increased lipid
peroxidation products are known to contribute to
destabilization of cellular membranes and the pro-
gression of inflammatory reactions. In this context,
Valgimigli (2023) reported that lipid peroxidation
products disrupt the structural and functional integrity
of cell membranes, thereby promoting the progression
of inflammatory responses (6). Our results are consist-
ent with those reported by Erkan et al. (2020). Similar

findings have been described in several experimental
and clinical studies investigating oxidative stress in in-
flammatory conditions (13). For instance, Jomova et al.
(2023) demonstrated that excessive production of re-
active oxygen species promotes lipid peroxidation and
impairs antioxidant defense mechanisms in severe in-
flammatory diseases (15). These observations are in
line with our findings, which show elevated levels of
MDA and DC in peritoneal exudate during terminal
peritonitis. It has also been reported that, in general-
ized peritonitis, levels of lipid peroxidation products,
particularly malondialdehyde, are increased, along with
alterations in antioxidant enzyme activity. Collectively,
these findings indicate that lipid peroxidation products
may serve as important indicators of oxidative stress
in peritonitis. The significant decrease in MDA and
diene conjugates following the addition of superoxide
dismutase
mediated reactions. The observed effects of SOD may
be associated with the neutralization of superoxide

indicates attenuation of free radical-

radicals. By catalyzing the dismutation of superoxide
anions into hydrogen peroxide and molecular oxygen,
superoxide dismutase interrupts lipid peroxidation
chain reactions and limits the formation of secondary
lipid peroxidation products. This process has led to a
weakening of lipid peroxidation chain reactions and,
consequently, to a decrease in the levels of MDA and
DC. These changes suggest that oxidative stress within
the peritoneal environment may contribute to local
tissue damage and amplification of inflammatory pro-
cesses in peritonitis. Mechanistically, the observed ef-
fects of SOD may be explained by its ability to catalyze
the dismutation of superoxide anions into hydrogen
peroxide and molecular oxygen, thereby reducing the
availability of highly reactive oxygen species that initi-
ate and propagate lipid peroxidation. Given the central
role of oxidative stress in the progression of peritonitis
and systemic inflammatory response, modulation of
these processes may have implications for disease se-
verity and progression. After 24 hours of incubation,
SOD supplementation was associated with an approx-
imately 32% reduction in MDA levels, a 29% reduc-
tion in DC levels, and an approximately 46% increase
in total antioxidant activity, indicating its modulatory
effect on oxidative processes. In contrast, incubation
without SOD resulted in increased lipid peroxidation
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markers and decreased antioxidant activity, as reflected
by elevated MDA and DC levels and reduced total an-
tioxidant activity. The main novelty of this study lies
in the systematic evaluation, under ex vivo conditions,
of lipid peroxidation dynamics in peritoneal exudate
during terminal peritonitis and the modulatory effects
of superoxide dismutase on these parameters. From
this perspective, SOD supplementation may contrib-
ute to the restoration of oxidative balance in perito-
neal exudate and to the reduction of lipid peroxidation
products. From a clinical standpoint, modulation of
oxidative stress within the peritoneal environment may
reduce tissue injury and limit the progression of in-
flammation in severe peritonitis. Therefore, antioxidant
enzymes such as SOD may be considered as potential
adjunctive therapeutic agents aimed at attenuating ox-
idative injury within the abdominal cavity. Given the
central role of oxidative stress in peritonitis, enhanced
lipid peroxidation in the peritoneal environment may
contribute not only to local tissue damage but also to
systemic metabolic disturbances, including impaired
hepatic function, disruption of protein metabolism,
and progression toward multiple organ dysfunction.
In this context, modulation of oxidative stress through
antioxidant approaches such as superoxide dismutase
may have clinical relevance as an adjunctive therapy,
particularly in reducing local oxidative damage and
supporting metabolic stabilization in patients with
terminal peritonitis. Overall, these findings underscore
the potential value of targeting oxidative stress as part
of a broader therapeutic strategy in the management of
severe peritonitis.

Strengths and limitations

This study has several strengths, including the use
of peritoneal exudate samples obtained from patients
and a within-sample paired design, which minimized
inter-individual variability and allowed direct compar-
ison of experimental conditions. In addition, the study
provides a focused analysis of lipid peroxidation dy-
namics under controlled ex vivo conditions. However,
several limitations should be acknowledged. Second,
the relatively small sample size may limit the general-
izability of the findings. In addition, only biochemical

markers of lipid peroxidation were assessed, while in-
flammatory cytokines and clinical severity parameters
were not evaluated.

Future research directions

Future studies should focus on validating these
findings under in vivo conditions and exploring the
role of inflammatory and immunological parameters
in peritonitis. Larger-scale clinical studies are needed
to better understand the therapeutic potential of anti-
oxidant enzymes such as superoxide dismutase. In ad-
dition, investigation of cytokine profiles and clinical
outcomes may provide a more comprehensive under-
standing of oxidative stress modulation in peritoneal
exudate.

Conclusion

This study demonstrates that lipid peroxidation
processes are markedly activated in peritoneal exu-
date during the terminal stage of peritonitis, accom-
panied by impaired antioxidant defense. The findings
indicate that superoxide dismutase may play a role in
modulating oxidative stress and reducing lipid peroxi-
dation intensity. These results highlight the potential
therapeutic relevance of antioxidant approaches in se-
vere peritonitis. Further studies are warranted to bet-
ter define their clinical significance and therapeutic
potential.
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