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ABSTRACT

Objective: The aim of the study was to investigate the changes in major indicators of protein metabolism in 

peritoneal exudate (PE) obtained from patients undergoing surgery in the terminal phase of peritonitis under 

the influence of the enzyme superoxide dismutase (SOD), and to determine the mechanisms of protein homeo-

stasis disruption and the effect of neutralizing superoxide radicals on these processes during peritonitis. 

Methods: The study was conducted at the Scientific Research Center of Azerbaijan Medical University. Protein 

fractions in peritoneal exudate samples obtained from 30 (17 males and 13 females, aged between 34 and 

72 years) patients were measured. Peritoneal exudate samples were divided into aliquots and analyzed with 

or without SOD after 6 and 24 hours. In samples incubated without SOD, time-dependent alterations in total 

protein and electrophoretic fractions were observed, indicating that oxidative processes alone can modify the 

protein profile of peritoneal exudates. SOD was added to the exudate samples and incubated at 10°C for 6 and 

24 hours. Total protein, albumin, γ, α1, α2, and β globulins were determined. 

Results: In the terminal phase of peritonitis, the mean concentration of total protein in peritoneal exudate was 

44±2.55 g/L, and albumin was 25±1.54 g/L. After the addition of SOD, total protein increased by 9.8% at 6 hours 

and by 27.3% at 24 hours, while albumin levels decreased by 26.7%. γ-globulin levels increased by 11.5% at  
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6 hours and even more at 24 hours. Simultaneously, decreases were observed in α1, α2, and β-globulin fractions. 

Conclusion: In the terminal phase of peritonitis, significant changes in the protein composition of peritoneal exu-

date were observed under the influence of SOD. These changes varied depending on the type of protein fraction 

and reflected the disturbances in protein metabolism and potential for correction. (www.actabiomedica.it)

Key words: peritoneal intoxication, peritoneal exudate, terminal phase, protein metabolism, superoxide  

dismutase enzyme

Introduction

Peritonitis is one of the most frequently encoun-
tered acute surgical diseases of the abdominal cavity 
and is characterized by a high mortality rate. Accord-
ing to the literature, the contents of the abdominal 
cavity in cases of peritonitis contain substances of 
various natures, which not only increase the toxicity 
of the peritoneal exudate but also disrupt the normal 
physiological processes of the organism, thereby ag-
gravating the ongoing pathological condition (1-3). 
One of the main factors in the development of peri-
toneal intoxication (PI) is the activation of the micro-
bial flora, since peritonitis begins with the disruption 
of the integrity of the abdominal organs and the gas-
trointestinal tract. In such cases, the gastrointestinal 
microflora enters the abdominal cavity and begins to 
proliferate rapidly. The metabolic products of these 
microorganisms possess acute toxic properties, which 
lead to the formation of highly toxic exudate in the 
abdominal cavity (4). These toxic substances of vari-
ous origins accumulate in the abdominal cavity and are 
absorbed into the body through lymphatic and blood 
vessels, spreading throughout the organism and caus-
ing severe pathophysiological disturbances in meta-
bolic processes (5,6). One of the target organs affected 
by endogenous intoxication during peritonitis is the 
liver. Toxic substances transported to the liver via the 
bloodstream impair its functional state and negatively 
influence various metabolic processes occurring there 
(7). As a result of the effects of peritoneal intoxica-
tion, several synthetic functions of the liver, including 
protein synthesis, are disrupted (8,9). Clarifying the 
mechanisms of protein metabolism disorders and their 

pathogenetic significance in the terminal stage of dif-
fuse peritonitis is of great importance (10,11).

Materials and Methods

The experiments were conducted at the Scientific 
Research Center of Azerbaijan Medical University. 
The study investigated changes in protein metabolism 
indicators in the peritoneal exudate (PE) obtained 
from the abdominal cavity of 30 patients who under-
went surgery during the terminal phase of peritonitis 
(12,13). All patients underwent a single emergency 
surgical procedure during the terminal phase of peri-
tonitis. Peritoneal exudate samples were collected 
intraoperatively, immediately after opening the ab-
dominal cavity and before any lavage or additional 
manipulation was performed. No repeated surgeries 
or postoperative lavages were performed prior to sam-
ple collection.The study population consisted of 30 
patients (17 males and 13 females) aged between 34 
and 72 years. Inclusion criteria: Patients aged 34–72 
years with terminal phase peritonitis who underwent 
emergency surgery and provided informed consent. 
Exclusion criteria: Patients with chronic liver or kid-
ney disease, immunodeficiency, malignancy, or incom-
plete clinical records.The mean age of the patients was 
52.3 ± 11.4 years, ensuring adequate representation of 
both genders. Simultaneously, the effect of adding the 
superoxide dismutase (SOD) preparation to the PE 
on the dynamics of changes in protein metabolism in-
dicators was studied (14,15). These experiments were 
performed in vitro and incubated in a thermostat at 
10°C for 6 and 24 hours. PE aliquots were processed 
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and incubated under aseptic conditions, but no pro-
tease inhibitor cocktail was added prior to incuba-
tion. Proteolytic degradation under ex-vivo conditions 
may therefore have contributed to changes in albumin 
and some globulin fractions; this is acknowledged as 
a limitation and is discussed below. Samples were in-
cubated at 10°C to slow enzymatic degradation and 
microbial proliferation during the in vitro incubation 
period, allowing controlled observation of SOD- 
dependent changes in protein fractions while minimiz-
ing artifactual proteolysis. We chose to incubate the 
samples at 10°C to slow down enzymatic degradation 
and microbial growth, allowing for a controlled assess-
ment of protein metabolism changes without compro-
mising the integrity of the peritoneal exudate during 
the incubation period. Patients were selected using 
stratified randomization to ensure homogeneity in age, 
sex, and disease severity. However, instead of assigning 
patients to separate groups, each peritoneal exudate 
(PE) sample was immediately divided into three equal 
aliquots, allowing within-sample (paired) comparison 
of the following experimental conditions: baseline 
(no incubation), incubation at 10 °C without SOD, 
and incubation at 10 °C with SOD. One aliquot was 
analyzed immediately (baseline/control), the second 
aliquot was incubated at 10°C without added enzyme 
(incubation control), and the third aliquot received 
the superoxide dismutase (SOD) preparation and was 
incubated at 10°C (SOD condition). For clarification, 
although the results are presented as three “groups” 
(control, incubation, and SOD-treated), these corre-
spond to three experimental conditions applied to ali-
quots of the same peritoneal exudate sample obtained 
from each patient, rather than to three separate patient 
cohorts. The superoxide dismutase (SOD) used in this 
study was a homogeneous preparation produced in the 
Russian Federation. The stock solution contained 3000 
U/mL and was dissolved in isotonic saline to reach the 
working concentration in each aliquot of peritoneal 
exudate. For every 500 mL of exudate, 3 mL of the 
SOD stock was added and 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. Patient selection remained balanced for 
age, sex and disease severity by stratified enrolment, 
and each patient’s three aliquots were processed in 

parallel. This design reduced selection bias and allowed 
accurate comparison of all experimental conditions us-
ing aliquots derived from the same patient sample.

Group 1 (Control group, n=10): In this group, the 
peritoneal exudate was analyzed immediately after be-
ing collected from the abdominal cavity without in-
cubation or the addition of SOD, and the amounts of 
total protein, albumin, γ globulin, α1, α2, and β globu-
lin fractions were determined.

Group 2 (Experimental group, n=10): In this 
group, the peritoneal exudate was incubated without 
the addition of SOD at 10°C for 6 and 24 hours, and 
the same protein fractions were measured.

Group 3 (SOD group, n=10): In this group, the 
SOD preparation was added to the peritoneal exudate 
and incubated at 10°C for 6 and 24 hours to study its 
effect on the protein fractions.

Although the results are described as three groups 
(Group 1, Group 2, Group 3), these do not represent 
three independent sets of patients. Each of the 30 pa-
tients provided one peritoneal exudate (PE) sample, 
and each sample was immediately divided into three 
equal aliquots. These aliquots were then subjected to 
three experimental conditions: (1) baseline analysis, 
(2) incubation at 10°C without SOD, and (3) incuba-
tion at 10°C with SOD. Therefore, the term “group” 
refers to experimental conditions applied to aliquots 
from the same patients, not to separate patient cohorts.

The peritoneal content was collected from the fol-
lowing patients:

1.	 Peritonitis developing as a result of gastric  
ulcer perforation – 6 patients

2.	 Peritonitis developing as a result of gallbladder 
perforation – 6 patients

3.	 Peritonitis caused by small bowel obstruction 
– 6 patients

4.	 Peritonitis developing as a result of appendix-
like protrusion perforation – 6 patients

5.	 Peritonitis developing after surgery on the 
genital organs – 6 patients

In total, 30 patients participated in the study and 
were equally divided into 3 groups.

Although the study included a total of 30 pa-
tients, they were randomly assigned to three groups 
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The pH is adjusted to 6.9 by titration. After that,  
10 ml of 25% ethanol is added to the PE in the flask. 
The flask is incubated in a thermostat at 5°C for 24 
hours. Then the solution is decanted until sediment 
appears. 10 ml of physiological saline is added to the 
sediment and shaken until a primary solution is ob-
tained. Using six pipettes (1 ml in each), 3 ml of the 
solution is used to determine β-globulin, and the other 
3 ml is used to determine γ-globulin, using specific 
reagent kits produced in the Czech Republic.

Determination of albumin concentration

For the determination of albumin concentration, 
5 ml of filtered PE is poured into a 10 ml flask. The 
pH is adjusted to 4.8 by titration. Then, 5 ml of 40% 
ethanol is added, and the flask is shaken until a pri-
mary solution is obtained. The solution is incubated in 
a thermostat at 5°C for 24 hours. After incubation, the 
flask is removed from the thermostat, and the super-
natant is completely aspirated using a pipette. Then, 
5 ml of physiological saline is added to the sediment 
and shaken until it becomes completely homogeneous. 
From the resulting solution, 1 ml is transferred into 
each of three test tubes. Then, 1 ml of a specific reagent 
for albumin determination from a standard reagent kit 
designed for “protein metabolism analysis” produced 
in the Czech Republic is added to each test tube. The 
mixture is analyzed using an FK-500 microanalyzer. 
The results from the test tubes are added together and 
averaged by dividing by three.

Protein concentration

The total protein concentration in the perito-
neal exudate was determined using a modified biuret 
method, in accordance with the general procedure for 
protein quantification. Measurements were performed 
spectrophotometrically using standard reagent kits, 
similarly to the method used for albumin determina-
tion. The SOD (superoxide dismutase) preparation 
used in the experiments is a homogeneous preparation 
stored in a special container and produced in the Rus-
sian Federation. The SOD preparation was prepared 
at a concentration of 3000 U/ml, dissolved in 3 ml of 
isotonic solution, and added to 500 ml of peritoneal 
exudate, followed by incubation at 10°C for 6 and 24 

using stratified randomization to ensure balanced dis-
tribution with respect to age, sex, and disease severity, 
thereby minimizing potential confounding factors.

Collection and preparation of peritoneal contents 
for examination were performed as follows: During 
surgery, immediately upon opening the abdominal 
cavity, the contents were aspirated using an electric 
suction device. Large particles were removed, and the 
sample was filtered through a sterile filter into a glass 
container for analysis and determined using a modified 
Kon sedimentation method.

Determination of α1-globulin concentration

To determine the amount of α1-globulin, 5 ml of 
filtered PE (peritoneal exudate) is taken and poured 
into a 10 ml flask. The pH is then measured. Based 
on the pH level, titration is carried out to adjust the 
pH to 5.2. Subsequently, 5 ml of 18% ethanol is added 
to the exudate. The flask is incubated in a thermostat 
at 5°C for 24 hours. After incubation, the solution is 
decanted until sediment appears and discarded. Then,  
5 ml of physiological saline is added to the sediment 
and shaken until a primary solution is obtained. From 
this solution, three separate 1 ml samples are taken us-
ing pipettes and transferred into three test tubes. Using 
a special reagent kit produced in the Czech Republic, 
the determination is carried out on an FP-marked mi-
croanalyzer. The results are collected and averaged by 
dividing by three.

Determination of α2-globulin concentration

The determination of α2-globulin concentration 
is performed similarly to the method used for α1-
globulin. However, the difference lies in adjusting the 
pH to 5.8. The flask is shaken until a homogeneous 
solution is obtained and incubated in a thermostat at 
5°C. The subsequent steps are continued in the same 
manner as described for α1-globulin.

Determination of β- and γ-globulin 
concentrations

The determination of β- and γ-globulins is per-
formed using the same precipitation method. For this, 
a 20 ml flask is taken, and 10 ml of filtered PE is added. 
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to detect biologically meaningful trends. We acknowl-
edge that the sample size limits statistical power for 
small effect sizes, and larger confirmatory studies are 
recommended.

Results

Protein levels in peritoneal exudate obtained 
from the abdominal cavity in the terminal phase of 
peritonitis were analyzed in samples from 30 patients  
(n = 30). These samples represent the control (baseline) 
condition before enzyme addition. Table 1 presents the 
mean concentrations of total protein and individual 
protein fractions. To investigate the effect of super-
oxide dismutase (SOD), the same peritoneal exudate 
samples were incubated with SOD for 6 and 24 hours. 
Table 2 presents the dynamics of protein metabolism 
under three experimental conditions (baseline, incuba-
tion without SOD, and incubation 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 dis-
mutase (SOD), additional aliquots of the same PE 
samples were incubated at 10°C for 6 and 24 hours 
both without and with SOD. Incubation without 
SOD caused a moderate decline in albumin and α-
globulin fractions (approximately 8–12%) and a slight 
increase in γ-globulin levels, which likely reflect early 
proteolytic and oxidative changes in vitro (Table 2). In 
contrast, addition of SOD produced more pronounced 
shifts—particularly an increase in total protein and γ-
globulin concentrations and a decrease in albumin—
indicating the modulatory role of superoxide dismutase 
in protein metabolism under these conditions. Figure 1  
provides a visual representation of these findings, 

hours. We focused on superoxide dismutase due to 
its established role in neutralizing superoxide radicals 
that contribute to protein oxidation and imbalance 
in protein fractions during peritonitis, and based on 
this mechanism, we selected it. To minimize inter-
individual variability, each peritoneal exudate sample 
obtained from the same 30 patients was immediately 
divided into three equal aliquots and processed in par-
allel under three experimental conditions (baseline, 
incubation without SOD, and incubation with SOD), 
allowing paired within-sample comparison. Normality 
of continuous variables was assessed with the Shapiro– 
Wilk test. Because each patient’s PE sample was split 
into three aliquots and measured at baseline, 6 h and 24 h  
(paired design), within-sample comparisons across 
time/conditions were analyzed using the Wilcoxon 
signed-rank test for two-timepoint paired compari-
sons and the Friedman test for three-timepoint com-
parisons. For independent group comparisons (when 
performed), the Mann–Whitney U test was used. 
Exact p-values are reported throughout. To account 
for multiple comparisons across protein fractions and 
timepoints, Bonferroni correction was applied; the 
adjusted significance threshold is reported where ap-
plicable (αadjusted = 0.05 / number of comparisons). 
Effect sizes (rank-based) and 95% confidence intervals 
for mean changes were computed and are presented 
alongside p-values. All analyses were performed using 
SPSS version 22 and Microsoft Excel 2016.For all re-
ported comparisons we present median (interquartile 
range) or mean ± SD as appropriate, exact p-values, 
and 95% CIs. After Bonferroni correction, signifi-
cance was considered at p < 0,05. No formal a priori 
power calculation was performed for this exploratory 
ex-vivo study; a convenience sample of 30 patients (30 
PE samples; each split into three aliquots) was used 

Table 1. Protein levels in peritoneal exudate obtained from the abdominal cavity in the terminal phase of peritonitis (n = 30). Values 
are shown as mean ± SEM (minimum–maximum). Units: g·L⁻¹.

Statistical indicators 

Proteins, g/l

Total protein Albumin γ globulin α1- globulin α2- globulin β-qlobulin

Mean±SEM 44±2,55 25±1,54 18,68±1,32 2,64±0,18 4,56±0,41 7,71±0,73

Min 28 16 12 1,6 2 3,5

Max 61 37 28 4 8,5 15

Values are expressed as Mean ± SEM.
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Table 2. Experimental dynamics of protein metabolism in peritoneal exudate from patients with terminal peritonitis after incubation 
at 10°C with and without superoxide dismutase (SOD). 

Proteins
Baseline  

(from Table 1) 6 h (no SOD) 24 h (no SOD) 6 h (with SOD) 24 h (with SOD) p-value

Total protein 44 ± 2.55 
(28–61)

42 ± 3.10 
(30–59)

40 ± 2.85 (28–57) 48.3 ± 5.07 
(37–65)

56 ± 4.66 
(35–65)

<0.05

Albumin 25 ± 1.54 
(16–37)

23 ± 1.90 
(15–34)

21 ± 2.10 (13–32) 18.5 ± 2.56 
(12–29)

18.3 ± 2.06 
(9–23)

<0.05

γ-globulin 18.68 ± 1.32 
(12-28)

19.5 ± 1.80 
(14–27

20.2 ± 2.00 
(15–29)

20.83 ± 2.15 
(15–28)

23 ± 2.68 
(15–30)

>0.05

α₁-globulin 2.64 ± 0.18 
(1.6–4.0)

2.35 ± 0.25 
(1.5–3.5)

2.10 ± 0.30 
(1.0–3.0)

1.95 ± 0.59 
(1.0–3.0)

1.8 ± 0.38 
(0.3–3.0)

<0.05

α₂-globulin 4.56 ± 0.41 
(2.0–8.5)

4.20 ± 0.50 
(2.5–7.0)

3.85 ± 0.55 
(2.0–6.5)

3.12 ± 0.45 
(2.0–5.0)

3.52 ± 0.59 
(3.5–6.5)

<0.05

β-globulin 7.71 ± 0.73 
(3.5–15.0)

7.20 ± 0.80 
(3.5–12.0)

6.80 ± 0.90 
(3.0–10.0)

6.11 ± 0.63 
(4.0–8.2)

6.20 ± 1.13 
(2.0–10.0)

>0.05

Values are presented as mean ± SEM (min–max); units: g/L.
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Figure 1. Relative percentage changes in total protein, albumin, and glob-
ulin fractions after SOD addition compared with baseline and incubation 
control samples. The figure illustrates the relative percentage changes in 
total protein, albumin, and globulin fractions after incubation with and 
without SOD at 6 and 24 hours. A more pronounced increase in total 
protein and γ-globulin, along with a significant decrease in albumin, is 
observed in the SOD-treated samples compared with both baseline and 
incubation controls.

showing the relative percentage changes in total pro-
tein and individual protein fractions after incubation 
with and without SOD at 6 and 24 hours. (Figure 1).

To provide a complete and reliable comparative 
analysis of protein metabolism dynamics, an additional 
series of experiments was conducted using aliquots of 

the same peritoneal exudate samples obtained from pa-
tients in the terminal phase of peritonitis. These aliquots 
were incubated at 10°C for 6 and 24 hours without the 
addition of SOD (incubation control) in order to evalu-
ate the intrinsic effect of incubation in the absence of 
antioxidant protection. The obtained experimental data 
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peritoneal exudate and incubation in a thermostat for 
6 hours, the γ-globulin level increased by 11.5%, with 
an average concentration of 20.83±2.15 g/L (p>0.05), 
a minimum value of 15 g/L, and a maximum value of 
28 g/L. Although some changes in γ-globulin levels 
were observed after SOD addition, these differences 
were not statistically significant (p>0.05) and should 
therefore be interpreted as biological trends rather 
than definitive effects (1,2). By the 24th hour of the 
experiment, the influence of superoxide dismutase led 
to a further increase in γ-globulin concentration in the 
peritoneal exudates (16,17). The mean concentration 
reached 23±2.68 g/L, with a minimum of 15 g/L and a 
maximum of 30 g/L (Table 2) .In the terminal stage of 
peritonitis, the average concentration of α1-globulin 
in the peritoneal exudate obtained from the abdomi-
nal cavity was 2.64±0.18 g/L, with a minimum value 
of 1.6 g/L and a maximum value of 4 g/L. After the 
addition of superoxide dismutase, within 6 hours, the 
mean concentration of α1-globulin in the peritoneal 
exudate decreased by 26.2%, reaching 1.95±0.37 g/L, 
with a minimum value of 1 g/L and a maximum value 
of 3 g/L (p<0.05). After incubation in a thermostat for 
24 hours, the concentration of α1-globulin in the peri-
toneal exudate decreased further, reaching an average 
value of 1.8±0.38 g/L (min. 0.3 g/L, max. 3 g/L). This 
reduction corresponds to a 31.9% decrease compared 
to the peritoneal exudate obtained from the abdominal 
cavity (p<0.05) (Figure 1).

Discussion

When comparing the difference in α1-levels, its 
minimum value decreased by 1.6 times at the 6th hour 
and by 3.3 times at the 24th hour of the experiment, 
compared to the exudate before the addition of su-
peroxide dismutase. The maximum value decreased by 
1.3 times in both cases. At 6 hours, the α2-globulin 
concentration decreased by 31.6% compared to base-
line (from 4.56 ± 0.41 g/L to 3.12 ± 0.45 g/L). By 
24 hours, the concentration partially recovered, show-
ing a 12.8% increase relative to the 6-hour value 
(3.52 ± 0.59 g/L), while still remaining 22.8% lower 
than baseline (5,6). In this case, the minimum value 
dropped to 1.5 g/l, and the maximum value to 5.5 g/l, 

demonstrated that, even without SOD, minor bio-
chemical alterations occurred in the peritoneal exudate 
during incubation, reflecting the natural progression of 
proteolytic and oxidative processes under ex-vivo condi-
tions. The results of these experiments are summarized 
in Table 2. As shown, incubation without SOD resulted 
in a slight decline in total protein and albumin levels 
(approximately 8–10%) and moderate decreases in α-
globulins, which likely indicate early proteolytic activ-
ity and partial degradation of low-molecular-weight 
proteins. In contrast, the addition of SOD led to more 
pronounced shifts in protein composition, most nota-
bly a significant increase in total protein and γ-globulin 
fractions, suggesting a stabilizing and protective effect 
of the enzyme on protein structures and the overall met-
abolic balance of the peritoneal exudate.

After adding the superoxide dismutase preparation 
to the peritoneal exudate obtained from the abdominal 
cavity and incubating the solution in a thermostat at 
10°C for 6 hours, the total protein amount increased 
to 9.8%. After 24 hours under the same conditions, 
the total protein amount increased to 27.3% (p<0.05). 
In the terminal phase of peritonitis, the average quan-
titative indicator of albumin in the peritoneal exudate 
obtained from the abdominal cavity was 25±1.54 g/l, 
with a minimum value of 16 g/l and a maximum value 
of 37 g/l (Table 2). After 6 hours of incubation with 
SOD, the mean albumin concentration decreased to 
18.5 ± 2.56 g/L (p < 0.05), and this value remained 
essentially unchanged at 24 hours (18.3 ± 2.06 g/L,  
p < 0.05). At the 24th hour, compared to the 6-hour 
mark, it practically did not change. Table 1 and Table 2  
units have been standardized to g·L⁻¹ (g/L). All val-
ues are presented as mean ± SEM with minimum and 
maximum values indicated. Exact p-values are reported 
in the tables. On the day following the surgery, the al-
bumin level in the peritoneal exudate collected from 
the abdominal cavity was decreased by 26.7% com-
pared to the baseline level (p<0.05). Upon the addition 
of superoxide dismutase, the albumin concentration 
showed a progressive decrease every 2 hours (p<0.05). 
In the terminal phase of peritonitis, the concentration 
of γ-globulin in the peritoneal exudate collected from 
the abdominal cavity reached 18.68±1.31 g/L, with a 
minimum value of 12 g/L and a maximum value of 28 
g/L. After the addition of superoxide dismutase to the 
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and subsequent proteolytic cleavage or redistribution 
among exudate compartments; conversely, increases in 
γ-globulin could be due to relative enrichment follow-
ing albumin loss or selective stability/aggregation of 
immunoglobulins under oxidative conditions. These 
alterations suggest that SOD indirectly modulates 
protein homeostasis by shifting the oxidative bal-
ance. Neutralization of superoxide radicals may ac-
celerate the oxidative modification and degradation of 
albumin, whereas γ-globulins, due to their structural 
stability and immunological function, remain less af-
fected or relatively increased. This mechanism reflects 
a compensatory response of the immune system under 
oxidative stress and explains the disproportionate pres-
ervation of immunoglobulins compared with albumin. 
These hypotheses are consistent with reports linking 
oxidative stress to albumin modification and altered 
protein turnover in severe inflammation (10, 18).

In contrast to previous studies (20,21) who ob-
served only mild γ-globulin changes after SOD 
treatment in septic patients, our study in terminal peri-
tonitis patients revealed a more pronounced increase, 
which may be explained by the advanced stage of the 
disease in our population. These results highlight the 
dual role of SOD: while it enhances certain protective 
protein fractions, it may also contribute to albumin 
depletion, indicating a complex balance between an-
tioxidant activity and protein catabolism (20,21). This 
study focused on assessing the modulatory influence 
of superoxide dismutase (SOD) on protein metabo-
lism in peritoneal exudate under ex-vivo conditions, 
rather than directly measuring its enzymatic activity. 
Although this design allowed us to evaluate the bio-
chemical effects of SOD on major protein fractions, 
the absence of direct measurements of residual SOD 
activity at 6 and 24 hours is recognized as a limitation. 
Such measurements would have provided additional 
mechanistic understanding of enzyme stability and its 
contribution to the regulation of protein homeostasis 
during peritonitis. Nevertheless, previous reports have 
shown that SOD retains its catalytic activity for up 
to 24 hours at comparable incubation temperatures 
(13,14), supporting the validity of the experimental 
approach and the interpretation of our findings. These 
findings suggest that oxidative stress plays a key role in 
disrupting protein homeostasis in terminal peritonitis. 

meaning the minimum decreased by 1.3 times and 
the maximum by 1.5 times. In the terminal stage of 
peritonitis, the average concentration of β-globulin in 
the peritoneal exudate taken from the abdominal cav-
ity was 7.71 ± 0.73 g/L, with a minimum value of 3.5 
g/L and a maximum value of 15 g/L. When superoxide 
dismutase was added to this exudate and it was incu-
bated in a thermostat at 10°C for 6 hours, the average 
concentration of β-globulin decreased to 6.11 ± 0.63 
g/L, with a minimum of 4 g/L and a maximum of 8.2 
g/L. Compared to the intact state at the 6th hour of 
the experiment, the concentration of β-globulin in the 
exudate decreased by 20.6%. At the 24th hour of the 
experiment, a slight increase was observed; however, 
the level remained lower than the initial state before 
the addition of superoxide dismutase. This decrease 
amounted to 19.5%. After 24 hours, the minimum 
value of β-globulin was 2 g/L, the maximum was 10 
g/L, and the average concentration was 6.2 ± 1.13 g/L 
(18). This study was performed under in vitro condi-
tions, which allowed for the controlled evaluation of 
biochemical changes in protein fractions upon expo-
sure to superoxide dismutase. However, in vitro mod-
els do not fully replicate the complexity of the in vivo 
inflammatory environment in peritonitis. Therefore, 
while these findings provide important preliminary 
insights into the oxidative modulation of protein me-
tabolism, further in vivo and clinical studies are war-
ranted to validate the physiological and therapeutic 
relevance of these results. We incubated peritoneal 
exudates at 10°C to reduce rapid enzymatic and mi-
crobial changes ex vivo; however, this temperature is 
not physiological and may alter reaction kinetics and 
protein–enzyme interactions compared with in vivo 
conditions. Therefore, the observed dynamics should 
be interpreted primarily as biochemical trends under 
the tested ex-vivo conditions, and in vivo confirmation 
at physiological temperature is warranted. Our find-
ings regarding the decrease in albumin and α-globulin 
fractions are consistent with previous studies reporting 
impaired hepatic protein synthesis during peritonitis 
(10,19). This similarity suggests that oxidative stress 
may represent a common pathway in protein imbal-
ance in both experimental and clinical settings (10,19).

The observed decrease in albumin following SOD 
exposure may reflect enhanced albumin oxidation 
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