International Journal of Biomedicine 8(4) (2018) 306-310 INTERNATIONAL

http://dx.doi.org/10.21103/Article8(4) _OA7 JOURNAL
ORIGINAL ARTICLE OF BIOMEDICINE
Adolescent Health

Characteristics of Lipid Peroxidation Processes and Antioxidant
Status in Teenagers-Boys of Different Ethnic Groups with Exogenous
Constitutional Obesity and Non-Alcoholic Fatty Liver Disease

Marina A. Darenskaya, PhD, ScD"'"; Oksana A. Gavrilova'; Lyubov V. Rychkova, PhD, ScD?;
Larisa A. Zhdanova, PhD?; Ekaterina A. Buldaeva?; Lyudmila A. Grebenkina, PhD, ScD';
Elena V. Osipova, PhD'?; Sergey I. Kolesnikov, Academician of the RAS'#;

Lyubov I. Kolesnikova, Academician of the RAS'?

!Scientific Centre for Family Health and Human Reproduction Problems, Irkutsk, Russia
*Children’s Republican Clinical Hospital of the Ministry of Health of the Republic of Buryatia, Ulan-Ude, Russia
rkutsk State University, Irkutsk, Russia
‘M. V. Lomonosov Moscow State University, Moscow, Russia

Abstract

The aim of this research was to study changes in the LPO-AOD processes in Mongoloid and Caucasian teenagers with
exogenous constitutional obesity (ECO), including those complicated by non-alcoholic fatty liver disease (NAFLD).

Materials and Methods: A total of 18 Mongoloid teenage boys and 17 Caucasian teenage boys with NAFLD (Clinical
group 1 and Clinical group 2, respectively) on the background of ECO of the first degree were examined. For comparison, data
of 37 apparently healthy Mongoloid teenage boys (Control group 1) and 23 Caucasian teenage boys (Control group 2) was used.
The plasma level of antioxidant parameters (total antioxidant activity [TTA], SOD activity, a-tocopherol and retinol) and primary/
secondary products of LPO (conjugated dienes [CD], ketodienes and conjugated trienes [KD-CT], and thiobarbituric acid reactive
substances [TBARS]) were determined using spectrophotometric and fluorometric methods.

Results: Evaluation of the activity of LPO reactions in Clinical group 1 indicated an increase in the content of compounds
with DB relative to Control group 1. A similar trend was found in the concentration of CD and KD-CT. In Clinical group 2, we
found a statistically significant increase only in the values of KD-CT. In the parameters of the AOD system, multidirectional
changes of patients parameters compared with the control group were observed in Clinical group 1: the increased values of TAA,
SOD activity, and reduced levels of a-tocopherol, retinol, and GSSG. In Clinical group 2, lower values of a-tocopherol, GSSG,
and SOD activity were observed relative to Control group 2. Differences between the two ethnic groups were present in the control
groups—the reduced level of TAA, GSH and the increased level of GSSG in the group of Mongoloids; just as in clinical groups
with NAFLD, a high level of SOD activity was observed in Mongoloids compared to Caucasians.

Conclusion: The changes revealed in the redox state in Mongoloid and Caucasian teenagers with ECO and NAFLD indicate
high activity of LPO processes and severe deficiency of antioxidant vitamins in patients of both ethnic groups. The obtained results
allow us to recommend administration of antioxidant drugs in addition to courses of metabolic therapy in comprehensive treatment
of patients with ECO and NAFLD. (International Journal of Biomedicine. 2018;8(4):306-310.)
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is considered
to be a hepatic manifestation of metabolic syndrome, and
therefore its prevalence is directly associated with the growth in
obesity among the population.» NAFLD (liver steatosis, fatty
infiltration, and fatty liver) is a condition in which more than 5%
ofthe liver mass consists of fat, mostly triglycerides. Ifin addition
to excessive accumulation of fat, an active inflammatory process
takes place, it indicates the progression of the disease—non-
alcoholic steatohepatitis, which significantly increases the risk
of developing more serious liver diseases.®¥ Insulin resistance
and hypertriglyceridemia are observed in patients with
NAFLD; therefore, various methods of correcting overweight
are often used, including lipotropic drugs and antioxidants.®®
The results of numerous clinical studies indicate an increase
in the incidence of exogenous constitutional obesity in
teenagers, especially among boys; hence, studying NAFLD,
being a frequent concomitant disease in obesity, is highly
relevant.®1? Currently, for this category of patients it seems
appropriate to study changes in the LPO-AOD system, as well
as to administer a range of antioxidants, individually selected
according to the nature of the imbalance detected.*19 It is
also necessary to consider a patient’s ethnicity when making
a diagnosis and conducting differentiated health-improving
programs and therapy measures.(!”:'9

The aim of this research was to study changes in the
LPO-AOD processes in Mongoloid and Caucasian teenagers
with ECO, including those complicated by NAFLD.

Materials and Methods

A total of 18 Mongoloid teenage boys (mean age of
13.81+£2.23 years) and 17 Caucasian teenage boys (mean
age of 14.87+1.59 years) with NAFLD (Clinical group 1 and
Clinical group 2, respectively) on the background of ECO
of the first degree were examined. For comparison, data of
37 apparently healthy Mongoloid teenage boys (mean age—
15.14+0.88 years) (Control group 1) and 23 Caucasian teenage
boys (mean age of 14.33+1.86 years) (Control group 2) was
used. All patients underwent inpatient treatment in Children’s
Republican Clinical Hospital of the Ministry of Health of the
Republic of Buryatia (Ulan-Ude).

Inclusion criteria for clinical groups: age range of 13 to
17 years, excess body weight of more than 95 percentile for a
given height, age and sex; absence of acute, or exacerbation
of chronic diseases at the time of inclusion in the study and at
least one month before it.

Exclusion criteria: symptomatic and genetic forms of
obesity; intake of medications that could affect body weight
and estimated metabolic parameters. The criteria for the
diagnosis of NAFLD: ECO, diffuse changes of liver according
to ultrasound and computed tomography of the abdominal
cavity, absence of cytolysis (normal levels of ALT and AST),
and exclusion of infectious etiology of hepatitis.

Blood samples were collected in accordance with the
existing requirements in the morning on an empty stomach from
the cubital vein. All teenagers were subjected to general clinical

examination, including anamnestic data collection, physical
examination, anthropometric data analysis (BW, height, BMI),
blood pressure measurement, nutritional status assessment
and determination of concentration of total cholesterol and
triglycerides in blood serum, glucose tolerance testing.

The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Ethics Committee of Scientific
Centre for Family Health and Human Reproduction Problems.
Written informed consent was obtained from the patient/
parent/guardian/ relative of each patient.

Theintensity of LPO processes was assessed by the content
of DBs, primary/secondary products of LPO by the method
of I.A. Volchegorskii,"” based on the intensive absorption of
conjugated diene structures by lipid hydroperoxides in the
range 220 nm, 232 nm, and 278 nm. The content of TBARS
was determined in the reaction with thiobarbituric acid
using the fluorimetric method of V.B. Gavrilov et al.?” Total
antioxidant activity (TAA) was evaluated by the method of G.I.
Klebanov et al.?"

To evaluate TAA, we used a model system, which is a
lipoprotein suspension of chicken egg yolk that allows
evaluating the ability of blood serum to inhibit the
accumulation of TBARs in suspension. LPO was induced by
adding FeSO, % 7TH,0.

Concentrations of oa-tocopherol and retinol were
determined using the method of R.Ch. Chernyauskene.??
The method provides for the removal of substances that
prevent determination by saponification of samples in the
presence of large amounts of ascorbic acid and extraction of
unsaponifiable lipids with hexane, followed by fluorometric
determination of the content of a-tocopherol and retinol. At
this, a-tocopherol has intense fluorescence with maximum
excitation at A= 294 nm and radiation at A=330 nm; retinol
- at A= 335 nm and A= 460 nm. The content of GSH and
GSSG was determined by P.Y. Hissin and R. Hilf,*® the SOD
activity was determined by H.P. Misra and I. Fridovich.®
The measurements were conducted with a Shimadzu RF-1501
spectrophotometer (Japan) consisting of two blocks: a UV-
1650PC spectrophotometer and a RF-1501 spectrofluorimeter.

Statistical ~analysis was performed using the
Statistica 6.1 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. For descriptive analysis,
results are presented as median (Me) and interquartile range
(IQR; 25th to 75th percentiles). Differences between groups
were tested by the Mann-Whitney U-test. A probability value
of P<0.05 was considered statistically significant.

Results and Discussion

Analysis of anthropometric data in both clinical groups
showed a statistically significant increase in BW (P<0.001)
and BMI (P<0.001) compared to the control groups. At the
same time, there were no statistically significant differences
between clinical groups (Table 1). Thus, the studied clinical
groups were comparable in their main anthropometric indices.
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Table 1.

Anthropometric data of teenage boys of different ethnic groups
(Me, IOR [P2s; P7])

Mongoloids Caucasians
Parameters| Control Clinical Control Clinical
group 1 group 1 group 2 group 2
(n=37) (n=18) (n=23) (n=17)
BW. k 45.5 71.0 63.5 88.4
X8| (44.0;50.0) [(63.6;72.5)%| (50;68) [(74.3; 113.1)%
Height. em 154 155 170 169
gL CM (1503 157.5) (150; 163) | (160;176) | (163; 184)
) 19.4 28.0 21.9 30.8
BMLkg/m? 15 5.90.5) (28.0;28.7) (19.4:22) |(29.5; 37.3)*

*- P<0.05 - compared to the control group.

Evaluation of the activity of LPO reactions in Clinical
group | indicated an increase in the content of compounds
with DB (P=0.0013) relative to Control group 1 (Table 2). A
similar trend was found in the concentration of CD (P=0.0017)
and KD-CT (P<0.0001). An increase in the values of KD-CT
turned out to be significant—more than 4 times. In Clinical
group 2, we found a statistically significant increase only in the
values of KD-CT (P=0.0025) (Table 2). The level of TBARS
was not statistically changed in both clinical groups compared
to control groups (P>0.05). Interethnic differences were
related only to control groups and resulted in lower values
of compounds with DB (P<0.0001) and CD (P<0.0001), and
increased levels of TBARS in Mongoloid boys, compared to
Caucasians (Table 2).

Table 2.

State of LPO system in teenage boys of different ethnic groups
(Me, IOR [P2s; Pr])

Mongoloids Caucasians
IParameters Control Clinical Control Clinical
group 1 group 1 group 2 group 2
(n=37) (n=18) (n=23) (n=17)
Compounds
with conju- 1.02 1.83 2.58 2.03
gated DB, (0.84; 1.5) |(1.49; 2.07)* (1.38;3.7)"| (1.86; 2.34)
units
0.78 1.22 2.42 1.6
CD, pmol/L | 55.'0.96)|(1.04: 1.42)*{ (1.96: 2.94)Y (1.52; 1.82)
. 0.14 0.67 0.26 0.48
KD-CT. units | 1-'0.2) |(0.42: 0.85)% (0.14; 0.38)|(0.32; 0.72)*
TBARS, 1.15 0.95 0.71 1.26
pumol/L (1.08; 0.8) [ (0.77; 1.22) | (0.61; 0.96)" (0.87;1.41)

*-P<0.05 - compared to the control group

"~ P<0.05 - between two control groups

In the parameters of the AOD system, multidirectional

changes of patients parameters compared with the control
group were observed in Clinical group 1: the increased values
of TAA (P=0.0024), SOD activity (P=0.0004), and reduced
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levels of a-tocopherol (P<0.0001), retinol (P<0.0001), and
GSSG (P=0.0083) (Table 3). In Clinical group 2, lower values
of a-tocopherol (P=0.0012), GSSG (P=0.018), and SOD
activity (P=0.0099) were observed relative to Control group 2.
Differences between the two ethnic groups were present in the
control groups—the reduced level of TAA (P<0.0001), GSH
(P=0.0017) and the increased level of GSSG (P=0.0009) in the
group of Mongoloids; just as in clinical groups with NAFLD,
a high level of SOD activity (P=0.0011) was observed in
Mongoloids compared to Caucasians (Table 3).

Table 3.

State of AOD system in teenage boys of different ethnic groups (Me,
IQR [P;s; Prc))

Mongoloids Caucasians

Parameters Control Clinical Control Clinical

group 1 group 1 group 2 group 2

(n=38) (n=18) (n=23) (n=17)
TAA, 7.27 13.51 15.48 16.88
units (6.14; 9.24)|(6.02; 16.42)*(13.62; 19.01)"(15.4; 19.17)
o-tocopherol,|  6.48 3.6 7.08 3.66
umol/L (5.04; 7.96)((2.78; 4.69)*| (5.95;9.95) ((3.45;4.72)*
retinol, 0.61 0.43 0.59 0.41
umol/L (0.56; 0.68)((0.34; 0.46)*| (0.54;0.75) |(0.33;0.52)
SOD activity,  1.66 1.85 1.74 1.45
units (1.6; 1.72) [(1.83; 1.87)*| (1.64; 1.89) |(1.37; 1.8)*#
GSH, 1.89 1.93 222 2.18
mmol/L (1.8;2.07) | (1.76;2.51) | (2.04;2.46)" | (1.76;2.33)
GSSG, 224 1.94 2.00 1.72
mmol/L (2.05;2.39)|(1.67; 2.22)* | (1.84;2.14)" |(1.41; 1.79)*

*-P<0.05 - compared to the control group
"~ P<0.05 - between two control groups
# P<0.05 - between two clinical groups

In our study, an intensive accumulation of the secondary
LPO products was recorded in both Mongoloid and Caucasian
teenagers with obesity and NAFLD. Various studies have
shown that ECO is characterized by increased intensity of
free radical reactions that contribute to the accumulation
of toxic LPO products in the blood.?*?9 Serious metabolic
liver disorders in obesity, when excessive accumulation of
lipids in hepatocytes occurs, can contribute to the mentioned
disorders in the redox state in the presence of NAFLD.?"
Regular intensification of free radical oxidation of hepatic
lipids leads to an increase in the content of free fatty acids,
a decrease in the rate of their oxidation in mitochondria, an
increase in the level of triglycerides, cholesterol in the blood,
etc.®?® Hypersecretion of proinflammatory cytokines was also
observed, including tumor necrosis factor-a, interleukin-6,
and interleukin-8.® The result of these pathological reactions
is hepatocyte necrosis, development of inflammatory cell
infiltration, and subsequent activation of fibrogenesis.®>®
Thus, excessive accumulation of toxic LPO products may
exacerbate existing damage, preceding the appearance of
more serious changes in the metabolism.
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It is known that the parameters of the AOD system
are a significant diagnostic criterion of adaptation reactions
of the body."*'¥ The increase in TAA values as an integral
parameter of the AOD system in Mongoloid teenagers with
obesity and NAFLD may indicate activation of compensatory
reactions in this group of patients, which is also confirmed by
the increased activity of the main antioxidant enzyme—SOD.
At the same time, there is a severe deficiency of antioxidant
vitamins, o-tocopherol and retinol in these patients. In the
group of Caucasians with NAFLD, there is also a drastically
reduced level of some components of AOD system—a-
tocopherol, GSSG, and SOD activity. It has been established
that a-tocopherol and retinol are natural antioxidants and
necessary nutritional factors.!>*>? Thus, a-tocopherol has
a high membrane protective and antimutagenic activity,
whereby interacting with natural antioxidants of other classes,
it acts as an essential regulator of oxidative homeostasis of
cells and tissues.®” The antioxidant function of retinol is
expressed in the protection of biomembranes from damage
by active forms of oxygen.C” It is known that the liver is the
main pool of fat- and water-soluble vitamins; therefore, we
confirmed in our study the decrease in the content of these
vitamins in liver damage and their corresponding deficiency
at the system level in the teenagers of both ethnic groups.
However, interethnic data analysis showed an increased
activity of the main antioxidant enzyme SOD in Mongoloid
teenagers compared to Caucasians, which may indicate the
activation of compensatory processes in the Mongoloid group.

Conclusion

The changes revealed in the redox state in Mongoloid
and Caucasian teenagers with ECO and NAFLD indicate high
activity of LPO processes and severe deficiency of antioxidant
vitamins in patients of both ethnic groups. Interethnic
differences in observed groups were characterized by increased
activity of SOD in Mongoloids in comparison with Caucasians.
The obtained results allow us to recommend administration of
antioxidant drugs in addition to courses of metabolic therapy in
comprehensive treatment of patients with NAFLD.
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