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Abstract
The aim. To compare the dynamics of lipid peroxidation (malonic dialdehyde and diene conjugates)
during experimental traumatic muscle injury and mesenchymal stem cell correction.
Materials and methods. The experimental study was performed on 92 nonlinear white rats, which
were divided into three groups - control and experimental: I - thigh muscle injury, II - thigh muscle injury
with correction of mesenchymal stem cells. Animals in the experimental groups underwent thigh
muscle injury under thiopental-sodium anesthesia using a developed percussion mechanism. According
to the developed method, blood was taken for biochemical parameters and production and
administration of mesenchymal stem cells were performed. Changes in lipid peroxidation in
experimental white rats were assessed by plasma levels of primary lipid peroxidation products such as
diene conjugates and malonic dialdehyde.
Results. Our studies found that in the early post-traumatic period after traumatic muscle injury,
hyperactivation of free radical lipid oxidation is detected on the first day of the experiment and
increases until the seventh day of the post-traumatic period compared with the intact group. Analyzing
the indicators of peroxide oxidation in the late post-traumatic period, we note that malonic dialdihyde
decreases on the fourteenth day compared with the seventh day. After analyzing the data, we found
that the correction of mesenchymal stem cells has a positive effect on the dynamics of thiobarbituric
acid products from the first day of observation. The concentration of malonic dialdihydride in the
corrected animals also decreased, but slightly less than the level of diene conjugates. Under the
conditions of experimental correction with the use of mesenchymal stem cells, the activity of free
radical processes is inhibited, which leads to a decrease in the level of products of lipid peroxidation.
Conclusions. After analyzing the results of our experiments, we found that during traumatic injury of
the thigh muscles, hyperactivation of free radical lipid oxidation occurs from the first day and reaches a
maximum on the fourteenth day of the post-traumatic period compared to the control group. Under
the influence of mesenchymal stem cells in the blood there is a decrease in the activity of lipid
peroxidation, which leads to a decrease in the signs of inflammation in the injured muscle.
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Introduction
The treatment of soft tissue injuries, such as
muscle tears, ligaments and tendons, is a complex
issue in the 21st century, as it involves physical,
chemical and cellular processes [1]. Mesenchymal
stem cells are increasingly used in wound healing
processes, and the study of its effect on biochemical
parameters remains relevant [2, 3].
One of the most important oxidative processes in
the body is lipid peroxidation (LPO), which is the
main cause of cell membrane damage. LPO is also
one of the main causes of cell damage and death
due to the action of reactive oxygen species [4, 5,
6].
This process is regulated by the lipid composition
of biomembranes, and also participates in the
synthesis
of
leukotrienes,
prostaglandins,
catecholamine metabolism, and affects the ability of
membranes to penetrate and transport substances
through them [7, 8]. One of the most common
aldehydes is malonic dialdehyde (MDA) with the
formula CH2(CHO)2, which is formed during the
secondary oxidation of lipids, and is also most often
used as a marker of oxidation. Malonic dialdehyde is
formed during the free radical oxidation of
membrane lipids and accounts for 70% of the total
amount of similar lipids [9, 10]. Increased
concentration of malonic dialdehyde indicates an
acceleration of lipid peroxidation, with a violation of
important membrane functions, such as enzymatic
and receptor activity, ion transport and others [11,
12].
Also, the products of lipid peroxidation include
diene conjugates, which are their primary products.
Diene conjugates (DC) are toxic metabolites that
damage proteins, enzymes and nucleic acids [13].
The aim of study. To compare the dynamics of
lipid peroxidation (malonic dialdehyde and diene
conjugates) during experimental traumatic muscle
injury and mesenchymal stem cell correction.

Methods
The experimental study was performed on 92
nonlinear white rats weighing 180–210 g, which
were divided into three groups - control (12 rats) and
experimental: I - thigh muscle injury (observation
days 1st, 7 th, 14th, 21st (40 animals)), II - injury of the
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thigh muscle with correction of mesenchymal stem
cells (days of observation 1 st, 7 th, 14th, 21st (40
animals)). Animals in the experimental group under
thiopental-sodium anesthesia (40 mg / kg body
weight of the rat intraperitoneally) were simulated
using a percussion mechanism to injure the thigh
muscle. Femoral muscle injury was simulated by
applying a single dosed blow to a specially designed
device on the left thigh with a cylindrical surface,
which caused injury to the thigh muscle without
causing skin damage and fracture of the femur.
During the experimental work with animals, we
followed the rules of treatment of experimental
animals according to the EU Council Directive
2010/63 / EU on compliance with regulations, laws,
administrative regulations of the EU on animal
protection, which are used for scientific purposes
[14, 15]. Blood sampling for biochemical parameters
and production and administration of mesenchymal
stem cells were performed according to the
developed method [16].
Changes in lipid peroxidation in experimental
white rats were assessed by plasma levels of
primary lipid peroxidation products such as diene
conjugates and malonic dialdehyde. Determination
of diene conjugates according to the method of I.D.
Stalnaya (1977) [17]. Malonic dialdehyde was
determined by the method of I.D. Stalnaya, M.G.
Garishvili (1987) [18].
Statistical processing of the material was
performed using a personal computer and an
application program for working with Microsoft
Excel spreadsheets using the package "STATISTICA10 for Windows®-6, 0". Graphs were designed using
"Microsoft Excel 7.0".

Results
To assess the impact of traumatic muscle injury
and corrective therapy, we compared the blood
parameters of experimental animals, in the posttraumatic period without correction and after
correction with mesenchymal stem cells. To assess
disorders of muscle injury, lipid peroxidation
parameters were determined: malonic dialdehyde,
diene conjugates. The analysis revealed deviations
of the studied parameters in the group of animals
with simulated traumatic muscle injury from similar
indicators
of
intact
animals.
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Analyzing the data in table 1, in the group where
no correction was performed, in the early posttraumatic period, lipid peroxidation increased, so
the level of MDA on the first day was 7.02 ± 0.02
(μmol /L), on the seventh day - 7.64 ± 0.01 (μmol /L),
which compared with intact increased 2.3 times on
the first day and 2.6 times on the 7 th day, the level of
DC - 3.12 ± 0.02 (conv.un), on the first day, on the 7 th
day - 4.32 ± 0.02 (conv.un), which compared with
intact increased by 3.3 times on the 1st day and 5.1 on
the 7th day (p <0.05).
In the experimental group, which was corrected
by mesenchymal stem cells, in the early posttraumatic period the following changes were
detected, namely the level of MDA on the first day
was 6.83 ± 0.02 (μmol /L), on the seventh day - 5.26
± 0 , 02 (μmol /L), which was 2.1 times higher than
intact on the first day and 1.6 times on the 7 th day,
the level of DC was - 3.1 ± 0.01 (conv. un.). On on the
first day, on the 7 th day - 3.81 ± 0.01 (conv.un.), which
compared with intact increased by 3.1 times on the
1st day and 3.9 times on the 7 th day (p <0.05).
Analyzing the indicators of peroxide oxidation in
the late post-traumatic period in the first
experimental group, we note that on the 14th day
MDA decreases compared to the seventh day and is
5.63 ± 0.04 (μmol /L), and on the 21st day this figure
is 5.14 ± 0, 04 (μmol /L), and compared with intact
higher 1.7 times on day 14 and 1.6 times on day 21,
respectively. The level of DC on the 14th day was 4.01
± 0.02 (conv.un.), Compared with the intact group
of rats, this figure was 4.01 times higher. On the 21 st
day of the experiment, the index was 3.21 ± 0.02
(μmol /L), and therefore exceeded the index of the
intact group by 3.3 times.
In the second experimental group where
mesenchymal stem cell correction was performed in
the late post-traumatic period, it was found that
index MDA on the 14th day was 4.34 ± 0.03 (μmol /L),
and on the 21st day 4.06 ± 0.01(μmol /L), which is 1.38
times and 1.26 times higher than intact. The level of
DC at day 14 was at the level of 3.15 ± 0.02
(conv.un.), and compared with animals of the intact
group, it was 3.2 times higher. And on the 21 st day of
the experiment it was 1.68 ± 0.01 (conv.un.) and
exceeded the intact index by 1.7 times.
Reactive forms of oxygen are formed in skeletal
muscle during traumatic muscle damage and reduce
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cell viability at the site of injury. Our studies found
that in the early post-traumatic period after
traumatic muscle injury hyperactivation of free
radical oxidation of lipids is detected on the 1st day
and increases to the 7 th day of the post-traumatic
period compared with intact which can be seen in
table 1. Analyzing the peroxide oxide in the late
post-traumatic period, we note that index MDA
decreases by 26.3% on the 14th day compared to the
seventh day and on the 21st day did not reach intact,
but these indicators are significantly higher than
control (see Table 1). Analyzing the data in table 5.1,
we can assume that the correction of MSCs has a
positive effect on the dynamics of thiobarbituric
acid products from the 1st day of observation, as the
DC on the 1st day of observation did not differ
significantly from that of animals not corrected, but
on the 7 th day amounted to 88.0% of the animals
without correction, on the 14th - 78%, and on the 21st 52%, significantly not exceeding the level of animals
without simulated pathology. The concentration of
MDA in animals that underwent correction was also
reduced, but slightly less than the level of DC: On
the 1st day, this decrease was not significant, but on
the 7 th indicator was 68.8%, on the 14th - 77%, on the
21st - 78% of the level of animals that were not
corrected., (Table 1). Under the conditions of
experimental correction with the use of MSK there
is a suppression of the activity of free radical
processes, which leads to a decrease in the level of
LPO products.

Conclusions
According to the analyzed results of our studies, it
was found that traumatic injury of the thigh muscles
causes hyperactivation of free radical oxidation of
lipids from the first day and reaches a maximum by
the 14th day of the post-traumatic period compared
with the control group. The use of mesenchymal
blood stem cells reduces the activity of lipid
peroxidation, which reduces the signs of
inflammation in the injured muscle.
After analyzing the results of our experiments, we
found that during traumatic injury of the thigh
muscles, hyperactivation of free radical lipid
oxidation occurs from the first day and reaches a
maximum on the fourteenth day of the posttraumatic period compared to the control group.
Under the influence of mesenchymal stem cells in
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the blood there is a decrease in the activity of
lipid peroxidation, which leads to a decrease in the
signs of inflammation in the injured muscle.

Acknowledgments
The authors declsre that there are no conflicts of
interest.

References
1. Neiduski, R. L., Powell, R. K. (2019). Flexor
tendon rehabilitation in the 21st century: A
systematic review. Journal of hand therapy :
official journal of the American Society of Hand
Therapists,
32(2),
165–174.
https://doi.org/10.1016/j.jht.2018.06.001
2. Drela, K., Stanaszek, L., Nowakowski, A.,
Kuczynska, Z., et al. Experimental strategies of
mesenchymal stem cell propagation: adverse
events and potential risk of functional changes.
Stem cells international, 2019, 7012692.
https://doi.org/10.1155/2019/7012692
3. Laube Mandy, Pietsch Soeren, Pannicke Thomas
et
al.
Development
and
functional
characterization of fetal lung organoids.
Frontiers in Medicine. Vol. 8. 2021. P. 1525-1560.
DOI=10.3389/fmed.2021.678438
4. Fulvio Ursini,
Matilde Maiorino.
Lipid
peroxidation and ferroptosis: The role of GSH
and GPx4. Free Radical Biology and Medicine. Vol.
152.
2020.
P.
175-185.
https://doi.org/10.1016/j.freeradbiomed.2020.02.
027
5. Regeda-Furdychko MM The role of lipid
peroxidation and antioxidant protection in the
skin in the dynamics of experimental contact
dermatitis. Achievements of clinical and
experimental medicine. 2019. N 3. S. 124–128.
https://doi.org/10.11603/1811-2471.2019.v.i3.10524
6. Dzhyvak V.G., Klishch I.M. Efficacy of plateletenriched blood plasma in the induction of
muscle tissue healing in an experimental study.
Hospital surgery.. 2020. № 3 (91). Pp. 36–43.
https://doi.org/10.11603/2414-4533.2020.3.11461
7. Tyazhka O.V., Zagorodnya Ya. M. The state of
lipid peroxidation and antioxidant system in
children of different ages. Perinatology and
pediatrics.
№ 2. 2016.
pp. 101–105.
https://doi.org/10.15574/PP.2016.66.101

677 (pag 674-679)

8. Barriuso B., Astiasarán I., Ansorena D. A review
of analytical methods measuring lipid oxidation
status in foods: A challenging task. Eur. Food Res.
Technol.
2013.
P.
1–15.
https://doi.org/10.1007/s00217-012-1866-9
9. Sirman Y.V., Savitsky I.V., Price N.I. Dynamics of
malonic dialdehyde level in experimental
diabetic retinopathy and methods of its
correction. Actual problems of modern
medicine. Volume 20, Issue 4 (72). C. 95-100.
https://doi.org/10.31718/2077-1096.20.4.95
10. Kazimirskii, A. N., Poryadin, G. V., Salmasi, Z. M.
et al. (2018). Endogenous Regulators of the
Immune System (sCD100, Malonic Dialdehyde,
and Arginase). Bulletin of experimental biology
and
medicine,
164(5),
693–700.
https://doi.org/10.1007/s10517-018-4061-6
11. Ali A. Tufail, Jamil M.K., et al. Comparative
Analysis of Ethylene/Diene Copolymerization and
Ethylene/Propylene/Diene
Terpolymerization
Using
Ansa-Zirconocene
Catalyst
with
Alkylaluminum/Borate Activator: The Effect of
Conjugated and Nonconjugated Dienes on
Catalytic Behavior and Polymer Microstructure.
Molecules
2021,
26,
2037.
https://doi.org/10.3390/molecules2607203
12. Lankin, V. Z., Sharapov, M. G., Goncharov, R. G.
et al. (2019). Natural Dicarbonyls Inhibit
Peroxidase Activity of Peroxiredoxins. Doklady.
Biochemistry and biophysics, 485(1), 132–134.
https://doi.org/10.1134/S1607672919020157
13. Stechyshyn, I., Pavliuk, B. et al. (2020). The
quercetine containing drugs in pharmacological
correction of experimental diabetes with
myocardial injury. Romanian Journal of Diabetes
Nutrition and Metabolic Diseases, 26(4), 393-399.
14. Kozhemyakin Yu. M. Scientific and practical
recommendations for the maintenance of
laboratory animals and work with them / Yu. M.
Kozhemyakin. - K., 2002. –155 p.Directive
2010/63/EU of the European Parliament and of
the Council of 22 September 2010 on the
protection of animals used for scientific
purposes. Official Journal of the European Union.
2010. Vol. 276. Р. 33–79.
15. Dzhyvak V. G., Dovhalyuk A. I., Paliy I. R., Klishch,
I. M. Research of stimulating efficiency of blood
allogeneic plasma fractions on cell proliferation
in vitro conditions. Journal of Education, Health

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

Dzhyvak, et al.

and
Sport.
2020;10(8).
P.
559-569.
http://dx.doi.org/10.12775/JEHS.2020.10.08.068
16. Stalnaya I.D. Method for determining higher
diene conjugates fatty acids // Modern methods
in biochemistry / Ed. VN Orekhovich. - M:
Medicine, 1977. - P. 63–64.

678 (pag 674-679)

17. Stalnaya I.D., Garishvili T.G. Method for
determination of malonic dialdehyde using
thiobarbituric acid. Modern methods in
biochemistry. M: Medicine, 1997. - P. 66-68.

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

Dzhyvak, et al.

679 (pag 674-679)

Table 1. Comparative levels of malonic dialdehyde and diene conjugates in animals with traumatic muscle injury
without correction and with mesenchymal stem cell correction injury (M ± m)
Indicator
Group

Diene conjugates
(conv. un.)

Malonic dialdehyde
(μmol / l)

0,97 ± 0,01

3,14 ± 0,01

1st day (n = 9)

3,12 ± 0,02*

7,02 ± 0,02*

7th day. (n = 8)
14th day. (n = 8)

4,32 ± 0,02*
4,01 ± 0,02*

7,64 ± 0,01*
5,63 ± 0,04*

21st day (n = 7)

3,21 ± 0,02*

5,14 ± 0,04*

Intact (n=12)
First group
(n=40)

Second group (n=40)

1st day (n = 9)
3,1 ± 0,01*
6,83 ± 0,02*
7th day (n = 9)
3,81 ± 0,01*
5,26 ± 0,02*
14th day (n = 8)
3,15 ± 0,02*
4,34 ± 0,03*
21st day (n = 8)
1,68 ± 0,01*
4,06 ± 0,01*
Note. * - values that are statistically significant from similar indicators in the control group of
animals (p <0,05).
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