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The study involved 271 patients (132 men and 139 women) with moderate COVID-19. Super-
oxide dismutase (SOD) activity in erythrocytes was measured spectrophotometrically. In total
group of patients (divided into age groups of 18-35, 36-45, 46-60, and 61-90 years), higher
SOD activity was found in the 18-35 age group in comparison with the groups 46-60 years
(p<0.01) and 61-90 years (p<0.05). Then, the groups were additionally divided by sex. In men,
no differences in enzyme activity were found between the age groups. In women of early
reproductive age, SOD activity was higher than in groups 36-45, 46-60, and 61-90 years. The
sex differences consisted in higher SOD activity in women aged 18-35 years in comparison
with men of this age. These data should be taken into account when choosing the tactics of
therapy for patients with moderate COVID-19 course.
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Superoxide dismutase (SOD) is a metal-containing
antioxidant enzyme that acts as the first line of de-
fense against ROS intensively generated during vi-
ral infections [1,2,11], including COVID-19 [7,9,12,14].
It has been shown that the intensity of oxidative
stress does not differ in moderate and severe forms
of COVID-19 [7]. Some studies showed a decrease in
SOD activity in patients with severe and critically
severe COVID-19 in comparison with mild COVID-19
[10], while in others, an increase in SOD activity was
reported [12]. It should be noted that the studies did
not take into account patient’s sex and age, though
these factors, according to some results, play a signi-
ficant role in enzyme activity [3,8,15].

In this study, we assessed SOD activity in dif-
ferent age groups of male and female patients with
moderate severity COVID-19 to obtain more sex- and
age-standardized indicators.
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MATERIALS AND METHODS

The study was conducted at the Research Center for
Family Health and Human Reproduction Problems in
accordance with the ethical standards of the Dec-
laration of Helsinki of the World Medical Associa-
tion (revision 2013). The study included 132 men and
139 women aged from 18 to 90 years with a verified
diagnosis of COVID-19, moderate severity, accompa-
nied by pneumonia, admitted to the Irkutsk Regional
Infectious Diseases Clinical Hospital during the period
from June 2020 to March 2021. Each patient signed
informed consent for participation in the study. The
study protocol was approved by the Biomedical Ethics
Committee of the Research Center for Family Health
and Human Reproduction Problems (Protocol No. 6.1,
June 19, 2020).

At admission, personal data were collected and
medical records were analyzed, general clinical exam-
ination and CT were performed. The survey included
information on the presence of positive PCR tests for
SARS-CoV-2 RNA (laboratory verification of the in-
fection at admission), data on the dynamic control of
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TABLE 1. Characteristics of Patients Participating in the Study (M+0o)

Parameters Age %2:32152 )years Age %2:4:157 )years Age 4(1326;(:)3 )years Age gllz-fggglears
Mean age, years mixed group 28.00+5.34 41.00+£2.81 53.0+4.4 70.0+8.7
men 27.0+5.2 41.00£2.71 53.00+4.63 71.00+8.35
women 29.00+5.24 41.00£2.67 53.00+4.23 69.00+8.77
BMI, kg/m? mixed group 26.16+5.80 29.37+6.46 28.84+4.54 30.96+10.19
men 27.74+£5.78 28.93+6.67 28.29+3.39 30.67+13.36
women 25.01+4.73 29.81+6.42 29.66+5.89 31.22+6.54

the presence of SARS-CoV-2 RNA by ELISA and PCR,
course of the disease, epidemiological data on possi-
ble virus transmission route, general data about the
patient, complications of the underlying disease, data
on laboratory-confirmed viral or fungal co-infection,
laboratory tests, etc.

The study participants were divided into 4 age
groups (18-35, 36-45, 46-60, and 61-90 years) and then
by sex within each group. The age and body mass
index (BMI) of the patients are presented in Table 1.

The blood for measuring SOD activity was ta-
ken from the cubital vein early in the morning on
an empty stomach. SOD activity was measured in
erythrocytes on a BTS 350 spectrophotometer (Bio-
Systems) [13].

The data obtained were processed in the Statis-
tica 10 (StatSoft, Inc.). The samples were characteri-
zed by a predominantly normal distribution, so the
differences between the groups were assessed by the
parametric Student’s t test. The results are presented
as Mto. The differences were significant at p<0.05.

RESULTS

The results of comparative analysis of SOD activity
in the mixed groups are shown in Figure 1. In the
group 18-35 years, SOD activity was higher than in the
groups 46-60 years (p<0.01) and 61-90 years (p<0.05).

The division of groups by sex showed that
18-35-year-old women had higher SOD activity than
36-45- (p<0.05), 46-60- (p<0.01), and 61-90-year-olds
(p<0.01). This can be due to higher estrogen levels
in the early reproductive period, because estrogens
are known to have antioxidant properties and can
influence activity of antioxidant enzymes, including
SOD. Thus, in a study involving women with surgical
menopause, along with a decrease in their estrogen
level, reduced expression of SOD mRNA was found,
while hormone replacement therapy increased this
parameter [4].

When comparing the age groups of male and
female patients separately, higher SOD activity was re-
vealed in women only in the group 18-35 years (p<0.05;

Fig. 2), which can also be determined by different
estrogen levels in females and males. The absence
of sex differences in other age groups is most likely
due to gradual decrease in the level of sex hormones
in women starting from the late reproductive period
(36-45 years). Similar levels of enzyme activity across
age groups in male patients with COVID-19 can also
be due to the lack of regulatory effects of estrogen.

Previous studies of free radical processes in pa-
tients with COVID-19 showed both a decrease [10] and
an increase in SOD activity [12] in the mixed groups
(without division by sex and age). The study [10]
compared patients with COVID-19 in severe and cri-
tical condition with patients with moderate COVID-19,
while the study [12] included predominantly elderly
patients, irrespective of the disease severity. The re-
sults obtained by us on standardized groups of pa-
tients showed the dependence of SOD activity on sex,
as well as on age (in women). This should be taken
into account when considering rationale for antioxi-
dant therapy in COVID-19 patients, which is currently
actively discussed [5,6].

The work was supported by the grant of the Pre-
sident of the Russian Federation (MD-3674.2022.1.4)
and was performed on equipment of the Common Use
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Fig. 1. SOD activity in patients with moderate COVID-19 in
different age groups. *p<0.05, **p<0.01 in comparison with the
group 18-35 years.
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Fig. 2. SOD activity in male and female patients with moderate
COVID-19 in different age groups. *p<0.05, **p<0.01 in com-
parison with 18-35-year-old women.

Center “Center for the Development of Progressive
Personalized Technologies for Health” of the Research
Center for Family Health and Human Reproduction
Problems (Irkutsk).

REFERENCES

1.

Kolesnikova LI, Darenskaya MA, Rashidova MA, Sholok-

hov LF, Grebenkina LA, Vanteeva OA. Lipid Peroxida-

tion State in Women of Reproductive Age with Acute

Form of Viral Hepatitis. Vestn. Ross. Akad. med. Nauk.

2016;71(1):11-15. doi: 10.15690/vramn525. Russian.

. Kolesnikova LI, Kolesnikov SI, Darenskaya MA, Greben-
kina LA, Timofeeva EV, Leshchenko OYa, Vanteeva OA,
Rashidov MA. Evaluation of the pro- and antioxidant
status of women with HIV or coinfection. Ter. Arkhiv.
2016;(11):17-21. doi: 10.17116/terarkh2016881117-21. Rus-
sian.

. Kolesnikova LI, Madaeva IM, Semenova NV, Osipova EV,
Darenskaya MA. Gender Features of Radical Oxidation of
Lipids in Menopausal Women and Men in Andropause.
Vestn. Ross. Akad. Med. Nauk. 2016;71(3):248-54. doi:
10.15690/vramn629

. Bellanti F, Matteo M, Rollo T, De Rosario F, Greco P,
Vendemiale G, Serviddio G. Sex hormones modulate
circulating antioxidant enzymes: impact of estrogen
therapy. Redox Biol. 2013;1(1):340-346. doi: 10.1016/j.re-
dox.2013.05.003

. Darenskaya M, Kolesnikova L, Kolesnikov S. The asso-

ciation of respiratory viruses with oxidative stress and

antioxidants. implications for the COVID-19 pandemic.

10.

11.

12.

13.

14.

15.

53

Curr. Pharm. Des. 2021;27(13):1618-1627. doi: 10.2174/13
81612827666210222113351

. Farella I, Panza R, Capozza M, Laforgia N. Lecithinized

superoxide dismutase in the past and in the present:
Any role in the actual pandemia of COVID-19? Biomed.
Pharmacother. 2021;141:111922. doi: 10.1016/j.bio-
pha.2021.111922

. Gadotti AC, Lipinski AL, Vasconcellos FT, Marqueze LF,

Cunha EB, Campos AC, Oliveira CF, Amaral AN, Bae-
na CP, Telles JP, Tuon FF, Pinho RA. Susceptibility of
the patients infected with Sars-Cov2 to oxidative stress
and possible interplay with severity of the disease. Free
Radic. Biol. Med. 2021;165:184-190. doi: 10.1016/j.freerad-
biomed.2021.01.044

. Giergiel M, Lopucki M, Stachowicz N, Kankofer M. The

influence of age and gender on antioxidant enzyme ac-
tivities in humans and laboratory animals. Aging Clin.
Exp. Res. 2012;24(6):561-569. doi: 10.3275/8587

. Karkhanei B, Talebi Ghane E, Mehri F. Evaluation of

oxidative stress level: total antioxidant capacity, total
oxidant status and glutathione activity in patients with
COVID-19. New Microbes New Infect. 2021;42:100897. doi:
10.1016/j.nmni.2021.100897

Liao FL, Peng DH, Chen W, Hu HN, Tang P, Liu YY,
Luo Y, Yao T. Evaluation of serum hepatic enzyme ac-
tivities in different COVID-19 phenotypes. J. Med. Virol.
2021;93(4):2365-2373. doi: 10.1002/jmv.26729

Liu M, Chen F, Liu T, Chen F, Liu S, Yang J. The role of
oxidative stress in influenza virus infection. Microbes In-
fect. 2017;19(12):580-586. doi: 10.1016/j.micinf.2017.08.008
Martin-Ferndndez M, Aller R, Heredia-Rodriguez M,
Gomez-Sanchez E, Martinez-Paz P, Gonzalo-Benito H,
Sanchez-de Prada L, Gorgojo 0, Carnicero-Frutos I,
Tamayo E, Tamayo-Velasco A. Lipid peroxidation as a
hallmark of severity in COVID-19 patients. Redox Biol.
2021;48:102181. doi: 10.1016/j.redox.2021.102181

Misra HP, Fridovich 1. The role of superoxide anion in
the autoxidation of epinephrine and a simple assay for
superoxide dismutase. J. Biol. Chem. 1972;247(10):3170-
3175.

Pincemail ], Cavalier E, Charlier C, Cheramy-Bien JP,
Brevers E, Courtois A, Fadeur M, Meziane S, Goff CL,
Misset B, Albert A, Defraigne JO, Rousseau AF. Oxida-
tive stress status in COVID-19 patients hospitalized in
intensive care unit for severe pneumonia. A pilot study.
Antioxidants (Basel). 2021;10(2):257. doi: 10.3390/anti-
0x10020257

Qu M, Wang ], Chen DC, Chen S, Xiu MH, Zhang XY.
Sex-specific association between peripheral superoxide
dismutase, BDNF and cognitive impairment in drug-
naive first episode patients with schizophrenia. Free
Radic. Biol. Med. 2020;160:887-893. doi: 10.1016/j.freerad-
biomed.2020.09.014




	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES

