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Abstract
Background: The aim of this research was to study the plasma content of lipid peroxidation products and MMWP in obese 

adolescents. 
Materials and Results: The studies were conducted on 19 adolescent girls and 18 adolescent boys with an established 

diagnosis of exogenous constitutional obesity of the first degree. Twenty-four adolescent girls and 20 adolescent boys made up 
control groups. All adolescents were subjected to general clinical examination, including anamnestic data collection, physical 
examination, anthropometric data analysis, and nutritional status assessment. The content of primary, secondary, and final lipid 
peroxidation (LPO) products was evaluated, as well as medium-molecular-weight peptides (MMWP) absorbing at wavelengths 
238, 254, and 280 nm by the spectrophotometric method.The group of obese adolescent girls, compared to the control, showed 
lower values of secondary LPO (thiobarbituric acid reactants) (P=0.022) and elevated levels of MMWP-238  (P<0.0001) and 
MMWP-280  (P=0.03). The group of obese adolescent boys, compared to the control, showed higher values of secondary LPO 
products (ketodienes and conjugated trienes) (P=0.042) and elevated levels of MMWP-238 (P=0.03).

Conclusion: The obtained data demonstrate the presence of activation of lipid peroxidation processes at the stage of 
secondary products in adolescent boys and endogenous intoxication in obese adolescents, regardless of gender. The need to 
monitor and correct these indicators in adolescent patients with obesity should be an important component of pathogenetic 
treatment.(International Journal of Biomedicine. 2023;13(2):292-295.)
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Introduction
The study of the pathogenetic mechanisms of the 

formation of childhood obesity is becoming increasingly 
important due to the high prevalence and risk of developing 
numerous complications in adulthood.(1) The most common 
type of obesity is the exogenous-constitutional form, 
manifested by an imbalance between calories consumed 

and expended.(3) It has been established that obesity is 
associated with chronic inflammation of adipose tissue, 
activation of pro-inflammatory factors, dyslipidemia, the 
development of oxidative stress (OS), and other elements.(4-6) 

The progression of OS is accompanied by the formation and 
accumulation of cytotoxic compounds, which act as mediators 
of damage and provoke characteristic metabolic shifts.(7-

9) At the same time, lipid peroxidation (LPO) processes are 
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activated in the biological membranes of cells, against which 
endogenous intoxication of the body develops.(10-12) In this 
case, the damaging agents are unbalanced biologically active 
substances circulating in the blood and acquiring the properties 
of endogenous toxins.(13) The level of medium-molecular-
weight peptides (MMWP) is recognized as a universal 
biomarker of endogenous intoxication.(14) The composition 
of the MMWP includes various combinations of regulatory 
peptides, including peptide hormones and their fragments 
and non-regulatory oligopeptides.(15) Determination of the 
level of MMWP in biological fluids with a molecular weight 
of 300-5000 D makes it possible to characterize the severity 
of intoxication during the development of the pathological 
process.(14,15)

The aim of this research was to study the plasma 
content of lipid peroxidation products and MMWP in obese 
adolescents. 

Materials and Methods
The studies were conducted on 19 adolescent girls 

(mean age – 14.46±2.3 years) and 18 adolescent boys (mean 
age – 13.2±2.2 years old) with an established diagnosis of 
exogenous constitutional obesity of the first degree. Twenty-
four adolescent girls (mean age – 13.76±1.26 years) and 20 
adolescent boys (mean age – 13.89±1.41 years) made up 
control groups. 

Criteria for inclusion in groups with exogenous-
constitutional obesity of the 1st degree were excess body 
weight of more than the 95th percentile for a certain gender, 
height, and age; exclusion of acute or exacerbation of 
chronic diseases at the beginning of the examination or one 
month before it; permanent residence of a teenager on the 
territory of this municipality; signing by parents or legal 
representatives, as well as adolescents over 15 years of 
age informed consent to be included in the study. Height, 
body weight, and waist circumference were measured, body 
mass index (BMI) (kg/m2) was calculated, and the puberty 
stage, according to Tanner, was determined. Overweight was 
considered at a BMI >85th percentile for a given gender and 
age, and obesity - at a BMI>95th percentile.(16) Exclusion 
criteria from the group: physical development delay, body 
weight deficiency, genetic and symptomatic forms of obesity, 
taking medications that potentially affect body weight, and 
the estimated biochemical characteristics.

All adolescents were subjected to general clinical 
examination, including anamnestic data collection, physical 
examination, anthropometric data (measurement of body 
weight, height, determination of BMI) analysis, nutritional 
status assessment, and determination of the concentration of 
total cholesterol and triglycerides in blood serum, glucose 
tolerance testing. 

Biochemical measurements
Blood plasma was used as the material for the study. 

Plasma concentrations of primary/secondary/final products 
of LPO (conjugated dienes [CDs]/ketodienes and conjugated 
trienes [KD-CT]/Schiff bases [SB]) were estimated by I.A. 
Volchegorsky method.(17) TBARs (secondary LPO products) 

content was detected by fluorometry according to V.B. 
Gavrilov et al.(18) 

The content of primary, secondary, and final LPO 
products was evaluated, as well as MMWP absorbing at 
wavelengths 238, 254, and 280 nm by the spectrophotometric 
method.

The MMP values (MMP 238, MMP 254, MMP 
280) were evaluated by the spectrophotometric method.(19) 
Measurements were carried out on a spectrophotometer SF-
2000 (Russia) and BTS350 Analyzer (BioSystems, Spain).

Statistical analysis was performed using STATISTICA 
10.0 software package (Stat-Soft Inc, USA). The normality 
of distribution of continuous variables was tested by the 
Kolmogorov-Smirnov test with the Lilliefors correction and 
Shapiro-Wilk test. The F-test for equality of two variances 
was applied. For descriptive analysis, results are presented 
as median (Me), interquartile range (IQR; 25th to 75th 
percentiles). Differences of continuous variables departing 
from the normal distribution, even after transformation, were 
tested by the Mann-Whitney U-test. A probability value of 
P≤0.05 was considered statistically significant.

The study was carried out in accordance with the Helsinki 
Declaration of the World Medical Association (1964, ed. 2013) 
and approved by the Committee on Biomedical Ethics at the 
Scientific Center for Family Health and Human Reproduction 
(Extract from the meeting No. 5 as of 16.05.2016). 

Results and Discussion
The group of obese adolescent girls, compared to the 

control, showed lower values of secondary LPO (TBARs) 
(P=0.022) and elevated levels of MMWP-238 (P<0.0001) 
and MMWP-280 (P=0.03) (Table 1). The group of obese 
adolescent boys, compared to the control, showed higher 
values of secondary LPO products (KD and CT) (P=0.042) 
and elevated levels of MMWP-238 (P=0.03) (Table 1).

Parameters
Girls Boys

StatisticsControl
(1)

Obesity
(2)

Control
 (3)

Obesity
(4)

CDs, 
µmol/L

0.86
[0.64;1.08]

0.98
[0.82;1.15]

0.96
[0.8;1.45]

0.89
[0.8;1.11]

KD and CT,
 units

0.32
[0.13;0.60]

0.40
[0.30;0.56]

0.46
[0,23;0.66]

0.58
[0.24;0.48] P3-4=0.042

TBARs, 
µmol/L

1.54
[1.28;2.15]

1.23
[0.82;1.44]  

1.44 
[1.28;1.69]

1.18
[0.92;1.44]  P1-2=0.022

SB, 
µmol/L

0.04
[0.03;0.04]

0.04
[0.03;0.05]

0.04
[0.03;0.05]

0.04
[0.03;0.05]

MMWP 238,
units

0.09
[0.05;0.15]

0.26
[0.22;0.28]

0.01
[0.08;0.02]

0.25
[0.10;0.28]

P1-2<0.0001
P3-4=0.03

MMWP 254,
 units

0.16
[0.12;0.18]

0.20
[0.14;0.23]

0.15
[0.14;0.20]

0.20
[0.17;0.23]

MMWP 280, 
units

0.26
[0.24;0.28]

0.35
[0.25;0.38]

0.28
[0.22;0.34]

0.37
[0.30;0.38] P1-2=0.03

Table 1. 
Parameters of LPO products and MMWP in adolescents with 
obesity (Me (25%;75% quartiles)).
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OS is an important component of the pathogenesis of 
obesity and its possible complications.(20,21) Preclinical studies 
in vitro and in vivo have shown a stimulating effect of OS on 
the proliferation and differentiation of preadipocytes, as well as 
an increase in the size of adipocytes.(22) It is known that in a 
healthy body, reactive oxygen species (ROS) are involved in the 
activation of hypothalamic neurons involved in the regulation 
of eating behavior. In conditions of obesity, due to increased 
oxidative processes, the production of ROS increases, the 
hunger center is activated, the depot of white adipose tissue 
increases, and appetite increases.(23) In addition, the following 
factors associated with obesity that stimulate OS reactions can be 
distinguished: hyperglycemia, elevated lipid levels, bioelement 
deficiency, chronic inflammation, hyperleptinemia, increased 
activity of muscle tissue to maintain excess body weight in 
obesity, endothelial dysfunction, impaired respiratory function 
of mitochondria, etc.(24,25) Metabolic disorders in obesity include 
developing insulin resistance and hyperglycemia. Intracellular 
increase in glucose levels leads to activation of glycolysis and 
the tricarboxylic acid cycle, which leads to hyperproduction of 
oxidized forms of dehydrogenase coenzymes — nicotinamide 
adenine nucleotide phosphate (NADP) and flavin adenine 
dinucleotide (FAD), disruption of the mitochondrial respiratory 
chain and, as a consequence, hyperproduction of ROS.(4) 
Glucose autooxidation products serve as additional sources 
of hydroxyl radical and superoxide-anion radical production. 
(26) Obesity is accompanied by an increase in the level of free 
fatty acids in the blood, which stimulates the production of 
superoxide-anion radicals.(4)

LPO products formed at various stages of the chain 
process serve as significant markers of OS in the body.(27) We 
found higher values of secondary lipid peroxidation products 
(KD and CT) in obese adolescent boys. These products 
can damage the cell’s structural components by induction 
of apoptotic and mutational processes, inhibition of DNA 
synthesis, proliferation, etc.(4) A significant contribution to the 
accumulation of lipid peroxidation products can be made by 
the deficiency of vitamins and minerals observed in obesity. In 
addition, in obese patients, there is a decrease in the activity 
of antioxidant enzymes (superoxide dismutase, glutathione 
peroxidase) and a decrease in the overall antioxidant status 
of blood plasma, as well as a positive relationship between 
the level of these OS markers and BMI.(28,29) There is a close 
relationship between the accumulation of LPO products and the 
development of endogenous intoxication in obesity, which is 
also noted in our study.

MMWPs belong to the products of cellular disorganization, 
incomplete decomposition, and non-enzymatic transformation 
of proteins, the so-called fragments of endogenous proteins. The 
main source of MMWP formation is non-enzymatic proteolysis, 
including blood proteins (fibrinogen, albumin, thrombin), as a 
result of which products of high functional activity are formed.
(15,30) Several MMWP fractions are determined depending on 
the wavelength. In our study, the fraction with the intensity of 
ultraviolet absorption at 238 nm was the most indicative. As a 
rule, substances of catabolic origin, xenobiotics, decay products 
of tissue cells, and particles of microbial origin are registered in 
this range. In a healthy person’s biological fluids, such substances 

might be found in small quantities (i.e., below the threshold of 
sensitivity of the method). Therefore, the appearance of high 
extinction values at a wavelength of 238 nm always indicates 
pathological processes in the body. As a rule, an increase in the 
values of this indicator may indicate an increase in catabolic 
processes and stimulation of the LPO processes.(14) Due to the 
direct effect of MMP on biomembrane lipids, one can expect 
the development of pathological phenomena of a disconnecting 
nature: microcirculation disorders, disconnection of oxidative 
phosphorylation processes, inhibition of carbohydrate and 
energy metabolism enzymes, etc. (31) 

Conclusion
The obtained data demonstrate the activation of lipid 

peroxidation processes at the stage of secondary products 
in adolescent boys and endogenous intoxication in obese 
adolescents, regardless of gender. Monitoring and correcting 
these indicators in adolescent patients with obesity should be 
an important component of pathogenetic treatment.
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