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Abstract

Background: SARS-CoV-2 infection can cause significant alterations in our lives. Oxidative stress
(OS) has been proposed to play a major role in COVID-19 pathogenesis, and the determination of OS
biomarkers provides insight into disease severity.

Methods: The study was conducted during the second wave of the pandemic in 2020. Fifty blood
samples were collected from patients admitted to one of the COVID-19 isolation centers in Baghdad,
Iraq. The samples were subdivided into 25 patients admitted to the intensive care unit (ICU) and 25
non-ICU patients, compared to 25 healthy controls. All participants were aged 35-52 years.

Results: The study showed that the mean (£SD) serum total oxidant status (TOS) and malondialdehyde
(MDA) levels were significantly increased (p< 0.001) in the ICU group compared to the control and
non-ICU groups. Conversely, the levels of serum total antioxidant capacity (TAC) and serum
antioxidative enzymes superoxide dismutase (SOD), glutathione peroxidase (GPX), catalase, and
glutathione (GSH) were significantly decreased (p< 0.001) in the ICU group compared to both the
control and non-ICU groups. Serum zinc levels were significantly decreased (p< 0.001) in both ICU
and non-ICU groups compared to the control group, while serum selenium (Se), copper (Cu), and
vitamins C and E were significantly decreased (p< 0.001) in the ICU group compared to both the control
and non-1CU groups.

Conclusion: The presence of OS biomarkers in the sera of COVID-19 patients offers a potential new
approach for the treatment of this disease.
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Introduction

Severe  acute  respiratory  syndrome The OS is connected to the evolution of

coronavirus 2 (SARS-CoV-2), the main cause
of COVID-19, appears as a critical health
issue around the world, correlated with
inflammation, cytokine production, cell
death, and other pathophysiological
processes, that were associated with oxidative
stress (1). It was realized that an antioxidant
absence with over manufacturing of reactive
oxygen species (ROS) are critical for the viral
proliferative diseases (2). Inflammation is
recognized to be widely connected to OS (3).

various diseases comprising cardiovascular,
neurodegenerative, pulmonary diseases and
cancer (4). Alongside inflammation, other
pathophysiological mechanisms correlated
with excess OS had been supported to
illustrate COVID-19 pathogenesis (5). These
biomarkers can be differentiated into oxidants
such as MDA, and antioxidants such as
enzymes like GSH, GPx, SOD, and catalase;
free elements like Zn, Cu, and selenium; and
vitamins, such as vitamin C and vitamin E,
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which function as antioxidants in lipid
oxidative injuries (6, 7). Free radical reactions
damage can be inhibited or delayed by
antioxidants via neutralizing radicals through
scavenging by metal- chelating,
decomposition of peroxide, inhibiting of
chain reactions and stimulation of antioxidant
enzymes. Oxidative stress has a tremendous
role in the pathophysiology of many diseases.

A great deal of interest has been focused
on the role of OS in the pathogenesis of
several human diseases. Oxidative stress can
be manifested by increasing the levels of free
radicals and/or decreasing antioxidant levels,
especially in respiratory diseases such as
COVID-19 (8). The objective of the current
study was to estimate the OS markers levels
in persons intended to have COVID-19
infection.

Materials and Methods
This case-control study was conducted at one
of the COVID-19 isolation centers in
Baghdad, Irag. It was carried out during the
second pandemic wave in March 2020. The
study included 50 patients diagnosed with
COVID-19, who were subdivided into 25 ICU
patients and 25 non-ICU patients, compared
to 25 healthy subjects. The age range for all
patients and control groups was 35-52 years.
Only patients with symptoms were included,
while those with clinical manifestations of
any other apparent diseases and those taking
antioxidant supplements were excluded.
Venous blood samples were drawn into
EDTA and citrate-containing tubes and
centrifuged at 3000x g within 10 minutes.
Serum and plasma samples were then kept at
-80 °C until testing. A malondialdehyde
colorimetric assay kit (Elabscience®, United
States) was used for the spectrophotometric
measurement of serum MDA concentration.
Serum TOS was measured using the Erel
method (9), (Rel Assay®, Diagnostics Kits,
Turkey), while TAC of plasma was
determined using the Pouvoir AntiOxydant
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Total (PAOT®) method (Institut Européen
des Antioxydants, Nancy, France) (10).
Serum SOD and catalase were assayed using
ELISA kits from Elabscience® (14780
Memorial Drive Suite 216, Houston, Texas),
while erythrocyte GPx  activity was
determined using commercial RANSEL Kkits
(Randox Laboratories, Crumlin, Northern
Ireland, UK). Erythrocyte-reduced GSH
levels were evaluated according to the Beutler
et al. method (11).

Serum zinc and copper levels were
determined using a flame atomic absorption
spectrophotometer  (AA-646  Shimadzu,
Japan) (12).

Serum selenium levels were evaluated
using a flameless atomic absorption
spectrophotometer  (Perkin-Elmer  Model
503). Serum levels of Zn, Se, and Cu were
calculated after implementing absorbances on
an appropriate calibration curve for each
element from standards.

Serum vitamin C and E levels were
measured colorimetrically in accordance with
the methods of Roe and Kuether (13) and
Nield and Pearson,respectively (14).

Statistical Analysis

Statistical calculation of data was carried out
using Statistical Package for the Social
Sciences (SPSS), version 22. One-way
analysis of variance (ANOVA) was used to
test the significance of differences in means
for all parameters, and the least significant
difference (LSD) test was applied to evaluate
significant differences between two groups.
The correlation coefficient (r) was used to
determine the relationship between two
variables. A p-value < 0.05 was defined as
significant.

Results

The demographic data showed that there was a
non- significant difference in the (mean £SD)
values of the age and BMI between control,
non- ICU and ICU groups (Table 1).
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Table 1. Demographic characteristics of Covid-19 (ICU and non-ICU patients) and control groups.

Characteristic S NTHIGL o p-value
(N=25) (N=25) (N=25)

Age NS (years) 53.36+11.14 52.88 + 8.1 54.6 £7.51 0.787 NS

BMI NS (kg/m?) 26.99+ 0.88 26.92+1.02 27.32+0.66 0.231 N8

All values were expressed as Mean (xSD). BMI: body mass index; ANOVA test revealed a non- significant difference

among groups (NS)

Also, all the Mean (xSD) values of
oxidative stress markers and antioxidants

between control, Non- ICU and ICU are shown
in Table 2.

Table 2. Plasma levels of oxidative stress markers and antioxidants among healthy control, non-ICU and ICU Covid-19

patients.
p- value
Parameter Control Non-ICU ICU
(N=25) (N=25) (N=25) Control & Control& Non- ICU&
non-ICU ICU ICU

MDA 3.26+0.39 4.44+0.33 5.96+0.38 <0.001**  <0.001** <0.001**
TOS 2.54+0.69 5.85+0.80 12.56+1.32 <0.001**  <0.001** <0.001**
TAC 118.96+7.39 83.68+6.72 58.52+7.92 <0.001**  <0.001** <0.001**
SOD 28.0+1.58 25.24+2.06 2251+151 <0.001**  <0.001** <0.001**
Gpx 569.48t56.57 379.76£99.62 295.04+38.69 <0.001**  <0.001** <0.001**
Catalase 14.02+1.02 13.26+1.19 6.8+0.88 =0.013* <0.001** <0.001**
GSH 3.73+0.38 3.45+0.45 1.61+0.5 =0.03* <0.001** <0.001**
Zinc 88.48+7.13 75.00+4.83 70.08+5.76 <0.001**  <0.001** =0.005*
Se 80.60+5.85 76.4+6.29 69.68+3.86 =0.008 * <0.001** <0.001**
Cu 135.04+2.92 131.88+3.41 127.76+4.01 =0.002 * <0.001** <0.001**
Vitamin C 0.87+0.15 0.60+0.71 0.42+0.085 <0.001**  <0.001** <0.001**
Vitamin E 0.83+0.10 0.59+0.78 0.4+0.06 <0.001**  <0.001** <0.001**

Data are expressed as mean (SD). ** highly significant: P< 0.001, * significant: p< 0.05.

Also, the present study showed that there was
a significant negative correlation in the ICU
group between SOD and zinc level: r =-0.434,
p < 0.05. There was also a significant negative
correlation between GSH and Cu: r =-0.415, p
< 0.05; MDA and TAC: r = -0.410, p < 0.05.
In contrast, there was a significant positive
correlation between catalase and GPX: r =
0.495, p < 0.05, and between MDA and both
zinc and Se:r = 0.539, r = 0.522, p < 0.05,
respectively. There was also a significant

positive correlation between TOS and Cu: r =
0.570, p < 0.05. Additionally, there was a
highly significant positive correlation between
vitamin C and vitamin E: r = 0.710, p < 0.001.
Considering the non-ICU group, there was a
highly significant positive correlation between
catalase and GPX levels: r =0.738, p < 0.001.
Furthermore, there was a significant positive
correlation between MDA and TOS: r =0.471,
p <0.05.
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Discussion

There was no significant difference in both age
and BMI among the studied groups (ICU, non-
ICU, and control groups). In the current study,
patients and control groups were similar
concerning age and BMI. This similarity is
helpful to inhibit any variation in age and BMI
of the study. The increased levels of MDA in
COVID-19 patients in comparison to the
control group stated in the current research
suggest the subsequent formation of MDA as
byproducts due to the destruction of lipids by
an increased production of free radicals.

The results of the current study also show
that the serum level of TOS, as an OS
biomarker, was higher in the ICU and non-ICU
groups in comparison to the control group.
Generally, an appropriate nutritional status,
which is affected by drugs, dietary factors, and
pollutants, is considered an important factor
that supports the immune system during the
COVID-19 crisis (16). In the present study,
increasing TOS levels significantly impact the
increase in oxidative stress status, which could
be treated with antioxidant supplements and
physical exercise (17). SARS-CoV-2 can
generate ROS and deplete the antioxidant
potential, which could greatly increase the
severity of the disease (18).

SARS-CoV-2 can generate ROS and
deplete the antioxidant potential, which could
greatly increase the severity of the disease. The
levels of Zn, Se, and Cu were significantly
decreased in both the ICU and non-ICU groups
in comparison to the control group. In
oxidative stress, Zn binds to proteins to protect
them from oxidation (28).

Previously, it was proposed that zinc,
selenium and copper play a significant role in
both the innate and adaptive immune systems.
The decreasing plasma zinc level in patients
with Covid-19 in comparison to healthy
control was similar to the results of recent
studies conducted in Japan (29). Zinc was
documented to play a role as antiviral,
antioxidant and immunomodulatory agent
during COVID-19 infection. Kardos et al.
noted that zinc was an important antioxidant
that could play a major role in ZnCu-SOD
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performance (30). Barazzoni et al. also
observed a decrease in the plasma levels of
zinc in COVID-19 patients and stated that the
aggravation of this disease was accompanied
by a decrease in the number and function of
lymphocytes and the improvement of this state
would interfere with the synthesis of proteins
and replication of the virus (31). Similarly, the
decrease in the plasma level of selenium
observed in this study was also reported by
Zhang et al. , who stated that the infection with
RNA viruses will produce an insufficient
amount of seleno-proteins, resulting in
antioxidants that recall the infection more
malicious nature (32).

Kardos et al. noted that selenium deficiency
increases mutations in the viral genome,
transforming the virus into a more virulent
(30). Current studies also suggest that there is
a correlation between selenium level and
COVID-19 consequences. In China, it has
been reported that people with low selenium
level are at high risk for death than people with
a higher level (33). Serum Cu level has also
been observed in this study in comparison to
other studies. It has been recorded that Cu is
essential for the activity of antioxidant
enzymes such as Cu Zn-SOD in COVID-19
patients. (34). Kardos et al. noted that Cu
decrease is associated with an increase in OS
and an increase frequency of infections with
weakening of the human immune system (30).
Zabetakis et al. stated that COVID-19
infection was associated with a rise in
inflammatory cytokines accompanied by Cu
deficiency (35). The effect of COVID 19 on
plasma levels of vitamins C and E are also
considered by the current study. Vitamins C
and E were significantly decreased in COVID
19 patients in comparison to healthy control.
These results are identical to those of
Chiscano-Camon et al.,, who recorded a
considerable decrease of vitamin C in COVID-
19 patients (36). These results are also
supported by Chris et al., who investigated the
scavenging effect of antioxidants in COVID-
19 infection (37). Shakoor et al. proposed
methods for improving the level of these
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antioxidant vitamins in these patients (38). The
decreased serum level of the antioxidant
vitamins is accompanied by a great rise of ROS
produced by phagocytes in COVID-19 patients
(39). An increase in ROS will activate the
redox transcription factors and thus lead to the
release of more pro-inflammatory factors (40).
Vitamins C and E were determined as great
scavengers for these ROS (41). The negative
correlation observed in this study between Zn
and SOD is in contrast to that reported by
Maradi R et al., who observed a significant
correlation between them reporting the strong
effect of Zn on SOD (42). Along with
increasing of reactive oxygen species (ROS)
and its peroxides that are represented as the
second messengers, activate redox sensitive
transcription factors and stimulate the release
of different proinflammatory factors.
Oxidative stress markers play a significant
role in the pathogenesis of COVID-19. Thus,
determination of the level of these markers
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