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Abstract

Background. COVID 19 is a major human infectious disease with
devastating economic and public health impacts globally. Oxidative stress plays a
pivotal role in the pathogenesis and progression of various viral infections. The
aim of the present study was to evaluate oxidative stress biomarkers in COVID-19

patients with different severity to healthy participants.

Materials and methods. This case-control study was conducted on 60
patients with COVID-19 infection (30 moderate and 30 severe) and 30 matched
healthy controls referred to Bagiyatallah Hospital, Tehran from March until July
2020. Serum levels of total antioxidant capacity (TAC) and oxidative stress
biomarkers such as superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) and glutathione reductase (GR) activities and levels of
glutathione (GSH) and malondialdehyde (MDA) were measured using biochemical

methods.

Results. In terms of gender, the healthy control group consisted of 17 males
and 13 females, and the group of moderate patients included 20 males and 10
females and severe COVID-19 patients included 14 males and 16 females, which
were not statistically significant (P=0.295). Also, the mean age in severe COVID-
19 patients (46.6+£12.8) was not significantly different from the healthy control
(43.8+12; P=0.683) and moderate (45.60+13.30; P=0.953) groups. The results
showed that SOD and CAT activities and MDA level in moderate and severe of
COVID-19 patients were higher than the healthy individuals, while GPx and GR
activities and GSH and TAC levels were significantly lower. SOD and GPx
activities and MDA level in severe of COVID-19 patients were significantly
different from moderate patients. However, CAT and GR activities and TAC level

in severe cases was not significantly different from moderate patients.

Conclusion. Oxidative stress plays an important role in the pathogenesis of

COVID 19 infection as indicated by the enhancement of lipid peroxidation,



10.15789/2220-7619-SRD-17819
depletion of GSH and alteration in antioxidant enzymes. The systemic oxidative
stress is directly related to the severity of the pathogenesis. Therefore, substances
with antioxidant properties may be a potential choice for the treatment of COVID

19 infection.

Keywords: COVID-19, Severity of disease Oxidative stress, Antioxidant

enzymes, Lipid peroxidation, Serum
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Pe3rome

Brenenune. COVID-19 sBasiercst cepbE3HbIM HHPEKIIMOHHBIM 3a00JIeBaHUEM,
OKa3bIBasi pa3pylIUTEILHOE BO3JCHCTBUE Ha HKOHOMHUKY M OOIIECTBEHHOE
3/IpaBOOXpaHeHue BO BceM Mupe. OKUCIUTENBHBIN CTPECC UTPAET KIIFOYEBYIO POJIb
B MATOT€HE3¢ M IPOTPECCHUPOBAHUHU PA3JIMUHBIX BUPYCHBIX HHpeKiun. llennio
HACTOSIIIETO UCCIICOBAHUS OblIa OlleHKa OMOMapKEPOB OKUCIUTEIHLHOTO CTPECca Y

nanueHToB ¢ COVID-19 paznnuHoi CTeeH! TSKECTU U 'y BOJIOHTEPOB.

Martepuansl 1 Meronbl. Hacrosiee nccnenoBanue ciy4aii-KOHTpPOJIb ObLIO
nposeneHo ¢ yyactueM 60 namuentoB ¢ COVID-19 (o 30 yenoBek co cpeiHeit u ¢
TSOKENOW CTeneHbto TsKeCTH) W 30 310pOBBIX JUI[ KOHTPOJIBHOW TI'pYMIIbI,
nocTynuBIIMX B OonbHULY «bakusaramiax» B Terepane ¢ mapra o utoas 2020 roaa.
buoxumuyeckre MeToAbl MCIOJIb30BAIKNCH IJI1 OLEHKA CHIBOPOTOYHBIX YPOBHEM
oOmel anTnokcuaanTHOM akTUBHOCTH (OAC) um OMOMapKkepoB OKHUCIUTEIBHOTO
cTpecca, Takux kak cynepokcugmucmyrtaza (COJl), xaramaza (KAT),
rinytatuonnepokcunaza (I'Tl) m rayrarunonpenykraza (I'P), a Takxke ypoBHHU

riytatuona (GSH) u manonoBoro nuansaeruaa (MJIA).

Pe3ynbTaThl. B KOHTPOJIbHYIO TpyIiny BOUUIX 17 My 4uH U 13 *eHIUH, a B
rpynmmy manueHToB cpenueit creneHu Tsokectn COVID-19 — 20 myxuwma u 10
KEHINH, ¢ TsoKeabiM TedeHneM COVID-19 — 14 myxuun u 16 xxenmun (P=0,295).
Kpome Toro, cpeiHuii BO3pacT y maMeHToB ¢ TsbkeabiM Teuenuem COVID-19 (46,6
+ 12,8 5eT) cyuiecTBEHHO HE OTiIMYayics OT rpymnn KoHTpois (43,8 + 12 njer;
P=0,683) u cpenueii crenenu tsorectu (45,60 + 13,30 ner; P=0,953). Pe3ynbrarst
noka3zanu, uro aktuBHocTh COJl u KAT, a Takxke ypoBenb MJIA y manueHTOB
cpenHer u Tspkenoil creneHu Tsxectd COVID-19 Obuin Bblle, 4eM Y 340POBBIX
autl, B To Bpemsi kak akTuBHOCTEL ['TI u I'P, a takxe ypoBau GSH u OAC 6butn
3HaunTeNbHO HUKE. AKTUBHOCTh CO/l u I'Tl, a Taxxke ypoBenr M/IA y manueHToB
Tspkenoit crenenu Tsbkectu COVID-19 cyliecTBEHHO OTIWYanvCh OT TMAIIMEHTOB

cpenHel crenenu TsbkecTH. OpHako aktuBHOCTh KAT u I'P, a Takke ypoBenp OAC
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Y NagUCHTOB C TSAXKCIIBIM TCUCHHUEM 3a00JICBaHM AOCTOBCPHO HEC OTIHMYAIHUCH OT

TAKOBLIX Y ITIAIIUCHTOB CO CpCI[HGﬁ CTCIICHBIO TAXKCCTH.

3axintroyeHue. OKUCIUTENBHBIM CTPECC UIPAeT BaXKHYIO POJIb B IATOIEHE3E
uHpexunu COVID-19, 0 yem CBUAECTETBCTBYIOT YCUIICHHE MIEPEKUCHOTO OKUCIICHUS
munuaoB, ucromeHnne GSH W u3MEHEHHME AKTMBHOCTM AHTHOKCHIAHTHBIX
¢depmenToB. CHCTEMHBIN OKHCIUTENBHBIN CTPECC HAMPSMYIO CBSA3AH C TSKECTHIO
nmatoreneza COVID-19. CnemoBarenbHO, BelIecTBa € AaHTHOKCHUIAHTHBIMH

CBOMCTBaMHU MOTYT OBITh ITOTEHIIMAJIBHBIM BbIOOpOM jis Jieuenuss COVID-19.

KmroueBpie ciaoBa: COVID-19, Tskects 3abonieBanust, OKHCIUTEIHHBIA
cTpecc, AHTHOKCHIAHTHBIE ¢epMeHTh, I[lepeKkncHOe OKHUCICHHE JIUIUIOB,

CBIBOPOTKA KPOBH.
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1 Introduction

COVID-19 is a major human infectious disease with devastating economic and
public health impacts globally [1, 2]. The pathogenic agent of its illness is the severe
acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) that was first identified
in December 2019 in Wuhan, China [2, 3]. SARS-CoV-2 is enveloped virus with a
single positive-stranded RNA genome. There are four subfamilies of coronaviruses,
known as alpha, beta, gamma, and delta. However, it is the beta-coronaviruses to
which SARS-CoV-2 belongs that cause the most severe morbidity and fatality [1,
4]. COVID-19 has caused more than 241.5 million confirmed cases and more than
4.9 million deaths worldwide [5]. The clinical manifestations of COVID-19 cover a

broad range from asymptomatic to severe symptoms (acute lung injury) [2, 3].

Oxidative stress plays a crucial role in the initiation and progression of progression
of many diseases such as diabetes mellitus, cancers, hypertension, coronary heart
disease, pulmonary disease and various viral infections [6, 7]. Increase in plasma
pro-inflammatory cytokines during infectious disease release a great number of
reactive oxygen species (ROS) resulting in damage to cellular macromolecules such
as such as DNA, lipids, and proteins [1, 8]. Antioxidant defense system includes
enzyme antioxidants such as superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), and glutathione reductase (GR), and nonenzyme
antioxidants such as reduced glutathione (GSH) protect the cells from damage of
ROS [6, 9]. Numerous studies have shown that COVID-19 infection is associated
with alteration of antioxidant enzyme activities, depletion of GSH and an increase
of membrane lipid peroxidation, all of which can lead to oxidative stress and finally
cell death [2, 3, 5, 6]. Several investigations have reported that oxidative stress is an
essential factor in increasing the severity of COVID-19 in some patients, and it is
associated with pulmonary dysfunction, cytokine storm and viral sepsis derived
from SARS-CoV-2 infection [6, 10, 11].

Despite the increase in the number of COVID-19 related scientific articles, the

pathphysiologic mechanisms underlying the disease are not completely elucidated


https://www.sciencedirect.com/topics/medicine-and-dentistry/ischemic-heart-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/ischemic-heart-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/cytokine-storm

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

10.15789/2220-7619-SRD-17819
[5]. Elucidating the molecular and cellular pathways activated in response to
infection is crucial to understanding disease pathogenesis and to developing
therapeutic strategies and identify prognostic markers [3, 12, 13]. The ability of
oxidant-antioxidant defense system against infection differs in severity of disease
[6]. There are few reports on the disease severity effects of COVID-19 infection on
induction of oxidative stress. The aim of the present study was to investigate these
effects on important biomarkers of oxidative stress including malondialdehyde
(MDA) content as an important index of lipid peroxidation and antioxidant defense
parameters such as GSH level, activities of SOD, CAT, GPX and GR in serum of

COVID-19 patients and assessing their relationship with severity of disease.
2 Material and methods
Patients and Study design

This case-control study was conducted at Bagiyatallah Hospital of the Bagiyatallah
University of Medical Sciences, Tehran, Iran from March until July 2020. The
control group consisted from 30 healthy participants without COVID-19. The case
group were selected in two groups, including hospitalised group in non—intensive
care units (Non-1CU) (Moderate group) (n = 30) and hospitalised group in intensive
care units (ICU) (Severe group) (n=30). The control group was similar in age and

sex to the two case groups.

The inclusion criteria for selecting healthy participants as our control group were the
people who had no COVID-19 symptoms, or a history of visiting a doctor or being
hospitalised due to COVID-19, and for patient groups where patients admitted in
hospital due to infection with COVID-19, with a positive COVID-19 RT-PCR test,
and identified based on World Health Organization interim guidelines [14]. Subjects
with a history of diabetes, hypertension, cancers, autoimmune disorders and using
medications with antioxidant properties were excluded from the control and case
groups. Prior to the study, all patients were asked to complete a checklist of variables

including age and gender by a research physician. Besides that, the participants or
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their relatives completed and signed an informed consent form. The ethics
committee of the Bagiyatallah University of Medical Sciences approved the study
protocol (IR.BMSU.REC.1399.279).

Serum preparation

Venous blood samples were taken from all subjects on the first day after admission.
After clot forming, the serum was separated from the coagulated blood by
centrifugation at 1500%g for 15 min at 4°C. Then, samples were then transferred into

0.5 ml microtubes and stored at —80°C until analysis.
Biomarkers of oxidative stress

Serum SOD, CAT, GPx and GR activities and the levels of GSH, total antioxidant
capacity (TAC) and MDA were measured using commercially available Eliza Kits
(ZellBio GmbH, Germany).

Statistical analysis

Statistical analysis of the data was conducted using SPSS statistical software version
22 (IBM Corporation, USA). Chi-square test was used for analysis of patients’
gender and severity of COVID-19. Data were tested for normal distribution with the
Kolmogorov-Smirnov test. Significance was determined by one-way analysis of
variance (ANOVA) followed by post hoc analysis using Tukey multiple comparison
tests to test within and between subject differences in oxidative stress biomarkers
levels. Results were expressed as mean + SD. Significance level was based on P<
0.05.

3 Result
Clinical characteristics of the study population

Totally 90 participants were enrolled in this study, 30 healthy controls and 60
patients with COVID-19 disease including 30 moderate and 30 severe patients. In
terms of gender, the healthy control group consisted of 17 (56.7%) males and 13
(43.3%) females, and the group of moderate patients included 20 (66.7%) males and
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10 (33.3%) females and severe COVID-19 patients included 14 (46.7%) males and
16 (53.3%) females, which were not statistically significant (P=0.295). Also, the
mean age in severe COVID-19 patients (46.6+12.8) was not significantly different
from the healthy control (43.8+12; P=0.683) and moderate (45.60+13.30; P=0.953)

groups.
Parameters of oxidative stress biomarkers

Serum TAC level in severe of COVID-19 patients was lower than the control group
(15.2%, P=0.014). However, the decreased TAC level in severe cases was not

significantly different from moderate group (P=0.062) (Figure 1).

Serum GSH level in moderate (8.06%, P=0.042) and severe (12.87%, P=0.001) of
COVID-19 patients was lower than the control group. However, GSH level in severe
cases was not significantly different from moderate group (P=0.31). In addition,
serum MDA level in moderate (11.16%, P=0.007) and severe (24.20%, P=0.0001)
of COVID-19 patients was higher than the control group. MDA level in severe
COVID-19 patients was also significantly higher than moderate covid-19 patients
(11.72%, P=0.012) (Figure 2).

Serum SOD activity in moderate (10.37%, P=0.03) and severe (19.9%, P=0.000009)
of COVID-19 patients was increased compared to the control group. In addition,
SOD activity in severe cases was significantly higher than moderate group (8.64%,
P=0.049). In addition, serum CAT activity in moderate (32.73%, P=0.004) and
severe (53.9%, P=0.000001) of COVID-19 patients was higher than the control
group. However, CAT activity in severe cases was not significantly different from
moderate group (P=0.086) (Figure 3).

Serum GPx activity in moderate (12.01%, P=0.044) and severe (27.23%,
P=0.000001) of COVID-19 patients was lower than the control group. In addition,
GPx activity in severe cases was significantly lower than moderate group (17.3%,
P=0.008). In addition, serum GR activity in moderate (7.4%, P=0.040) and severe
(11.57%, P=0.001) of COVID-19 patients was lower than the control group.
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However, GR activity in severe cases was not significantly different from moderate
group (P=0.35) (Figure 4).

4 Discussion

Oxidative stress is triggered by a wide variety of viral infections, including
HIV, herpes viruses, respiratory viruses, such as corona viruses. During viral
infections, ROS are mainly produced by the mitochondrial respiratory chain that
activate proinflammatory cytokines such as tumor necrosis factor-alpha (TNF-a),
interleukin 6 (IL-6) and interleukin 8 in macrophages, neutrophils and endothelial
cells through NADPH oxidase to produce more superoxide and H,O, [1, 6]. The
human body has strong endogenous antioxidant mechanisms including SOD and
CAT that counteract the harmful effects of ROS. SOD detoxifies superoxide to
hydrogen peroxide (H,O,), while CAT convert H,O, into water and oxygen and
inhibit the formation of *OH radical [13, 14]. Our results indicated that the activities
of SOD and CAT in the serum of moderate and severe patients were significantly
higher than the non-patient group. In addition, SOD in the serum of severe COVID-
19 patients was significantly higher than the serum of moderate COVID-19 patients.
The elevated activities of the antioxidant enzymes are considered as a neutralizing
step against increased ROS generation in tissues [15-17]. Overproduction of ROS in
COVID-19 patients activates nuclear factor-kappa B, which in turn increases the
expression of cytokines genes such as TNF-a and IL-6, leadings to inflammation
and depletion of GSH and increased MDA levels [1, 11, 18]. The rise in superoxide
anion would have further consequences. It reacts with NO to form peroxynitrite
radical and generates hydroxyl radical in conjunction with H,O, through the Haber—
Weiss and Fenton reactions, all exacerbating lipid peroxidation, DNA damage and
cell death [14]. The present results are consistent with a number of studies [2, 17,
19, 20] and in disagreement with a few other ones which reported an otherwise
decrease in antioxidant enzymes activities [15, 20]. Yaghoubi et al showed that no
significant differences were found between serum activities of SOD and CAT

enzymes in COVID-19 infected patients compared with healthy individuals [3].
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Also, Golabi et al. reported that there was no significant differences in SOD and GPx
activities between COVID-19 patients in the mild and asymptomatic group

compared to those with moderate-grade severity [21].

GSH as non-protein thiol source is one of the most important small molecular weight
antioxidants in the cell, which acts as a free radical scavenger. Furthermore, it serves
as a substrate for several enzymes, including GPx, GR and glutathione S-
transferases. Its depletion is considered as an important biomarker of oxidative stress
in animals and humans [6, 18]. GPx degrades H,O, to water and oxygen in the
presence of adequate amount of GSH. GR catalyzes the reduction of glutathione
disulfide (GSSG) to GSH and thus it is a key enzyme in the maintenance of GSH [4,
22]. The current study, serum GPx and GR activities and GSH level were
significantly lower in COVID-19 patients. In addition, patients with severe injuries
showed tendencies for a decreased activity of GPx than patients with moderate
injuries. The decline in GSH level could be due to increased utilization of GSH in
protecting SH-containing proteins from ROS, which leads to oxidative stress. The
decreased GSH leads to the production of oxidized GSH (GSSG) and decrease in
GPx activity. Depletion of GPx special in severe patients leads to the accumulation
of H,O,, which may subsequently reacts forming hydroxyl radical (*OH) through
the Fenton reaction leading lipid peroxidation, DNA damage and cell death [14, 15].
Also, the decrease in GR activity converting GSSG to GSH suggests a decrease in
the GSH/GSSG ratio, an index of tissue oxidative stress, which may shift cells
through different biological stages, such as proliferation, differentiation, apoptosis
and necrosis [4, 22, 23]. Oral administration NAC could potentially be a viable drug
to treat COVID-19 infection due to its role in the synthesis of glutathione, improving
T cell response, and modulating inflammation and cell death [4, 24]. These findings
are in agreement with the results of the previous reports [15, 20, 22, 25]. Several
studies indicated high serum level of SOD, CAT and GPx activities in COVID-19
patients [2, 17, 21]. Infection with COVID-19 can stimulate a positive feedback

cycle of increased IL-6 and decreased GSH that may explain the cytokine storm that
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can accompany this infection [6, 26]. Decreased GSH was associated with increased
ROS and more severe clinical manifestation of coronavirus [25, 27]. Studies
revealed that COVID-19 patients with critical condition demonstrated lower
glutathione levels, with a high concentration of ROS as compared to the patients
with mild symptoms [6, 25, 28].

Our results showed a significant increase in serum MDA level in COVID-19
patients. Furthermore, MDA level in the serum of severe COVID-19 patients was
significantly higher than the serum of moderate COVID-19 patients. MDA is an end-
product of lipid peroxidation, which leads to loss of the cellular membrane integrity
via the oxidation of polyunsaturated fatty acids [9, 16]. The increase in lipid
peroxidation was associated with a decrease in GSH level in patients, which could
severely impair tissue antioxidant function and make the tissue more susceptible to
potential oxidative stress [9]. The same results have been obtained by different
studies [2, 17, 29].

The cumulative antioxidant efficiency and ability of all antioxidants in the biological
fluids to protect is calculated as the serum TAC. In fact, TAC is used as a new
clinical biomarker for diagnosis, prognosis and prevention of many diseases [9].
Because TAC is a biochemical parameter, it can be suitable for evaluating the overall
antioxidant status of cells against ROS [6]. Our study demonstrated less serum TAC
level in patients with severe injuries, suggesting a rising risk of disease
progression in COVID-19 patients [6]. The difference in TAC levels over various
groups of this study could be attributed to high ROS production, acute inflammatory
condition and infiltration of inflammatory cells into the different organs [3]. In
addition, the reduced TAC level in COVID-19 patients may be due to the lower
plasma vitamins C and E levels, which act as strong antioxidants and help to
scavenge the ROS [15, 30].

Moreover, it has been proved that the malnourished individuals have a rising risk of
being admitted to the ICU and COVID-19-related mortality [15, 31]. This finding

supports a strong relationship between impairment of antioxidant defense in the
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pathogenesis of COVID-19. Numerous investigations have also reported the low
levels of antioxidant vitamins in COVID-19 patients, and hence suggested that
strategies aimed at improving the levels of these vitamins may be useful in these
patients [32, 33]. Zhang et al showed that TAC levels at the early stage of COVID-
19 tended to increase with disease severity [34]. Golabi et al. showed that there was
no significant difference in serum TAC with an increase in COVID-19 disease
severity [21]. Several studies have reported that serum TOS (total oxidant status)
was significantly increased in COVID-19 patients [2, 17, 29]. The differences
observed in the relevant literature may underlie subject age and gender, the sampling

time and assay technique employed [34].
5 Conclusion

Oxidative stress plays an important role in the pathogenesis of COVID-19 infection
as indicated by the enhancement of lipid peroxidation, depletion of GSH and
alteration in antioxidant enzymes. The systemic oxidative stress is directly related to
the severity of the pathogenesis. Therefore, substances with antioxidant properties
may be a potential choice for the treatment of COVID-19 infection. However, further
in vitro and in vivo studies are necessary to determine the effectiveness of
antioxidants for COVID-19 treatment.
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PUCYHKHU

Figure 1. Serum total antioxidant capacity (TAC) level among the healthy,
moderate and severe COVID-19 patients. Values are expressed as mean+SD
(n=30).
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Figure 2. Serum glutathione (GSH) and malondialdehyde (MDA) levels among
the healthy, moderate and severe COVID-19 patients. Values are expressed as
mean£SD (n=30).
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Figure 3. Serum superoxide dismutase (SOD) and catalase (CAT) activities among
the healthy group, moderate and severe COVID-19 patients. Values are expressed

as mean£=SD (n=30).
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Figure 4. Serum glutathione peroxidase (GPx) and glutathione reductase (GR)
activities among the healthy, moderate and severe COVID-19 patients. Values are

expressed as mean£SD (n=30).
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