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Summary

The study was designed to evaluate the medical relevance of Malondialdehyde (MDA) (a marker
of oxidative stress) and total antioxidant capacity (TAC) in coronavirus disease 2019 (COVID-19) groups,
cured groups, and control groups; before and after taking the vaccine. Blood samples were taken from Oncology
Unit in Al-Mahaweel hospital in Hilla city. Sixteen patients, sixteen cured patients, thirty control, sixteen
subjects were taken one dose of Pfizer vaccine, sixteen subjects were taken two doses of Pfizer vaccine.
We found that significantly increased lipid peroxidation, measured as MDA, was demonstrated in the serum
of COVID-19 patients and TAC decreased in patients when compared with the control groups. Inversely,
we found the mean MDA levels decrease and increase in TAC levels in cured patients when compare
with COVID-19 patients. In addition, it is found that subjects were taken one dose or two doses of the Pfizer
vaccine have less MDA levels and more TAC levels than the COVID-19 vaccine for that reason the Pfizer
vaccines play the important role in the activity of immune systems.
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Introduction

The new coronavirus SARSCoV2 produces respiratory sickness in the majority of cases, needing no particular
medical therapy, nevertheless, up to 20% of COVID-19 patients require hospitalization (1). Infection with COVID-19
causes an unbalanced and uncontrolled cytokine response (known as cytokine storm), exuberant endothelial
inflammatory responses, and vascular thrombosis. Acute respiratory distress syndrome (ARDS), a leading cause
of mortality in COVID-19 patients, may be caused by these and other unknown causes (2). SARSCoV2 causes
viral pneumonia, which causes an overactive immune response in the lung tissues that are impacted by virus
replication, alongside the presence of oxidative stress during this pathogenic process (3).
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The inability of the body to defend itself against ROS due to a disruption in the endogenous balance between
them and oxidizing agents (OA) is known as oxidative stress (4). This imbalance has the potential to cause structural
and functional problems. ROS are oxygenated chemical entities such as free radicals, oxygenated ions, and peroxides
that have unpaired valence electrons in the outermost orbital, making them chemically extremely reactive. Either
oxidation (loss of this free electron) or reduction (acquisition of another electron) restores the equilibrium (5).

Several variables impact oxidative stress, some of which increase ROS generation, such as increased O,
consumption during high-energy sports exercise, and others which reduce antioxidant capacities, such as congenital
GO6PD enzyme deficiency (6), such as 4-hydroxynonenal (4-HNE) and Malondialdehyde (MDA) (7-9) were among
the reactive metabolites produced by lipid peroxidation. MDA is a naturally occurring end product of lipid
peroxidation that is widely employed as a lipid peroxidation indicator. MDA is produced when ROS destroy
polyunsaturated lipids (10). This substance is a reactive aldehyde, one of the numerous reactive electrophile species
that produce toxic stress in cells and create advanced glycation end products. A high quantity of aldehyde is utilized
as a biomarker to assess an organism'’s level of oxidative stress. MDA is a carcinogen that has been linked to ageing,
carcinogenesis, diabetic nephropathy, and radiation damage (11, 12).

The body uses a variety of enzymatic and non-enzymatic defensive mechanisms to protect itself against
the creation and attack of these oxidants. Antioxidant species are chemicals capable of neutralizing active forms
of oxygen and allowing non-cytotoxic amounts of free radicals to be maintained at the cell and organism levels.
It decreases or prevents the oxidation of other chemical compounds, among other things (13, 14).

Antioxidants work in a variety of ways: they can scavenge radicals, block certain oxidizing enzymes, or react
with oxidizing chemicals before they harm biological components. Primary defences and secondary defences are
the two types of systems responsible for reversing the damaging effects of free radicals.

Materials and Methods

Study Design: This study is a controlled observational clinical study, in which the sample collection was
conducted during the period from October-2021 to November-2021. The subjects enrolled in the study were
classified into either one of the following classes:

Group-1: 30 healthy group

Group-2: 16 COVID-19 patients

Group-3: 16 cured patients

Group-4: 16 persons who get the Pfizer vaccination of one dose
Group-5: 16 persons who get the Pfizer vaccination of two dose

Sample collection and preparation: Blood Sample Collection: Five millilitres of venous blood were withdrawn
from each of the patients, control group, and cured patients. receiving a group of one dose Pfizer vaccine
and receiving a group of one dose Pfizer vaccine by medical syringes. The blood samples were placed in gel tubes
and then left at room temperature for (20) minutes for coagulation, then centrifuged (at 3000 X g) for 20 minutes
for serum separation. The sera were divided into five Eppendorf tubes and stored at (-20 C°) until the time
of biochemical estimation.

The study patients in Al-Mahaweel hospital excluded patients with other chronic diseases which might affect
the oxidant/antioxidant status, smoker, hyperlipidemia, diabetes, metabolic syndrome, vascular diseases, multiple
sclerosis, systematic immune disease, gestational diabetes, thyroid gland diseases, and kidney diseases.

Assay principle of TAC and MDA: The principle of assay base on a sandwich kit for the accurate quantitative
detection of human Total Antioxidant Capacity (TAC) and Human MDA (also known as T-AOC- MDA) in serum,
an Enzyme-Linked Immunosorbent Assay (ELISA).

Statistical analysis: The result is represented as mean + SD (1SD). Data analysis was performed using a student's
t-test to obtain significance between the patient group and healthy group are considered as p values <0.05.
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Results

Patients with COVID-19 had less TAC (17 + 1.7) levels (p<0.001) than the healthy group (21 + 2.9) U/ml.
Conversely, the MDA levels of patients (19.6 + 9.5) were more than the MDA levels in control groups (18.3 + 5.8)
nmol/ml.

A non-significant difference (P.0.05) exists between TAC and MDA levels of cured patients compared to the control
group. In vaccinated groups, TAC was significantly higher and MDA was significantly lower than in the control
group (Figure 1).
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Figure 1. Oxidant-antioxidant status in COVID-19 patients, cured COVID-19 patients, and vaccinated individuals. Data
expressed as mean+SD, *p<0.05 indicate significantly higher measured parameters in the control group compared to the other
group, and #p<0.05 indicate significantly higher measured parameters in a specified group compared to the control group.
D1= first dose vaccine, D2= second dose vaccine, MDA= Malondialdehyde and TAC=total antioxidant capacity.

Discussion

ROS are present in tolerable amounts in the cell, and their concentration is controlled by the balance between
their rate of creation and rate of removal by antioxidant systems. In the quiescent state, the balance of antioxidants
and pro-oxidants (balancing redox) is considered to be in equilibrium (15).

This redox balance, however, can be disrupted by either an increase in ROS generation (as seen in ageing
or atherosclerosis) or a reduction in antioxidant capacity (as in people suffering from obesity and smokers). This is
referred to as oxidative stress. The activation of ROS production systems can generate this imbalance in a regulated
manner (16, 17).

The antioxidant response is then successful in balancing this production, and the imbalance is only temporary.
On the other hand, in some pathological circumstances (such as cancer), ROS generation is greater and lasts longer,
and the antioxidant response is inadequate (18, 19). Oxidative stress is a physiological condition in which the cellular
antioxidant buffering capability is increased by systemic quantities of ROS, eventually causing damage to cellular
macromolecules (20). During normal cellular metabolism, ROS and free radicals are produced. ROS get a favourable
role in crucial signalling pathways that are necessary for basic cellular processes under normal physiological
settings (21).
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One of the underlying causes of organ damage in COVID-19 might be mitochondrial dysfunctions leading
to increased ROS generation as a result of SARS CoV/SARS CoV 2 Spike Protein interactions with ACE2 (22, 23).
ACE?2 is a membrane-bound protein that is responsible for the conversion of Ang II, a vasoconstrictor, to Ang 1-7,
a vasodilator, according to current understanding (24). As a result of the greater interaction with spike protein, Ang II
creates RONS via activating membrane-bound NADPH oxidase, resulting in severe oxidative stress due to increased
ROS. MDA levels in COVID-19 patients were higher in our research. In terms of the virus, patients' oxidative
stress levels were found to be excessive. M. Martin-Fernandez et al. (2021) claimed that a change in peroxidant-
antioxidant balance in COVID-19 patients caused an increase in LPO when compared to a healthy group (25).
A recent study indicated that elevated oxidative stress in COVID-19 patients had a link to ROS-induced damage (26).
Our findings are consistent with earlier research suggesting that CIVID patients may cause cell damage. The cells
that contain arachidonic and linoleic acid) in their cellular biomembranes, in particular, become targets for excessive
ROS (24, 26). As a result, we postulated that an excess of LPO causes an increase in MDA product movement
in the circulatory system, resulting in higher MDA levels in COVID-19 patients.

MDA levels were lower in group 4 (people who received the first dose) and group 5 (those who received
the second dose) than in COVID-19 patients in the current investigation, however, neither group 4 nor group 5
were statistically significant for the control. Various pre-existing environmental stressors and pressures linked
to coronavirus illness 2019 increase the viral disease's consequences by causing oxidative stress (27). The oxidative
stress causes cell membrane or DNA damage, which can lead to viral mutations and limit the efficiency of COVID-19
treatment, including vaccination (28). COVID-19 is vaccinated using the Pfizer BioNTech (BNT162b2) vaccine.
The Pfizer-BioNTech COVID-19 mRNA vaccine is safe and efficient, and it is designed to increase the production
of immunogens while avoiding the underlying innate immune response (29). Our findings corroborate earlier
findings. Because the spike protein generated by these vaccinations has proline mutations, it loses its capacity
to bind to ACE2 and is unable to adjust to its form, the MDA level remains unchanged. As a result, the possibility
of the spike protein in the vaccine interacting with ACE2 receptors on platelets cannot be ruled out, and the immune
response resulting in the production of neutralizing antibodies against the spike protein will also protect against
any systemic effects of spike protein interactions with ACE2.

TAC in COVID-19 patients is lower than in healthy people in our study, and both groups get the vaccination.
Respiratory virus infections are commonly connected with cytokine production, inflammation, and other
pathophysiological processes resulting from a redox imbalance, disturbance of the thiol redox cycle, and other
redox (3) circuits, according to (Delgado-Roche L et al, 2020). As a result, one of the important processes
connected to viral replication and eventual virus-associated illness is the overproduction of ROS and the depletion
of antioxidant mechanisms (30).

Thiol groups appear to be the principal regulators of oxidative stress, as they are among the most common
and essential antioxidant molecules present in both cells and plasma. Organic molecules called thiols are found
inside protein structures. To maintain dynamic thiol-disulfide homeostasis, thiol groups can create reversible
disulfide bridges when exposed to oxidants (31).

The thiol-disulfide equilibrium, which is important for viral entrance, reactivity, and fusing with the host cell,
can be disrupted by oxidative stress (32-35). When the disulfide linkages in both angiotensin-converting enzyme
II (ACE2) and the SARS-CoV/CoV?2 spike proteins were reduced to thiol groups, the binding affinity was
dramatically decreased, according to the researchers. TAC levels in patients who received vaccination were higher
than in COVID-19 patients in our study, which is consistent with earlier research. This is because the vaccine's
spike protein does not bind to ACE2. These pathways of coronavirus utilization to invade the host has been
extensively reviewed by Adnan ef al. and the review has confirmed some antihypertensive drugs could be used
whilst other should not be used, similarly antidiabetic and medication for various diseases has been reported to be
safe or carrying deleterious impact on COVID-19 and associated illness; these could subsequently affect the course
of vaccination or admission therapy (36).

The findings of this study refer to COVID-19 may be elevated production of ROS relying on inhibition

of ACE2 and impaired antioxidation enzymic, while vaccination increases from the activity of antioxidation
enzymic.
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Conclusion

Our finding shows that COVID-19 is associated with oxidative stress and decline activity of antioxidation
enzymic, thereby the MDA levels elevated. Pfizer vaccine helpful by the rising defence of immunosystem through
elevated activity antioxidant of an enzyme. We also suggest that the formation of ROS decreased when taking
the vaccine may be increased the activity of ACE2.

Acknowledgement

The authors are grateful for the assistance offered by the University of Babylon in ensuring the highest value
of this research.

Conflict of interest
The authors declare no conflict of interest concerned in the present study.
Adherence to Ethical Standards

The study was approved by the Research Ethical Committee and Scientific Committee in the College of Science
for Women, the University of Babylon as a part of Master's student projects.

References

1. Darweesh O, Abdulrazzaq GM, Al-Zidan RN, et al. Evaluation of the Pharmacologic Treatment of COVID-19
Pandemic in Iraq. Current Pharmacology Reports. 2021;7(4):171-178. https://doi.org/10.1007/s40495-021-00262-9
2. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory distress syndrome and death in patients
with coronavirus disease 2019 pneumonia in Wuhan, China. JAMA internal medicine. 2020;180(7):934-943.
https://doi.org/10.1001/jamainternmed.2020.0994
3. Delgado-Roche L, Mesta F. Oxidative stress as a key player in severe acute respiratory syndrome coronavirus
(SARS-CoV) infection. Archives of medical research. 2020;51(5):384-387.
https://doi.org/10.1016/j.arcmed.2020.04.019
4.Liguori I, Russo G, Curcio F, et al. Oxidative stress, aging, and diseases. Clinical interventions in aging.
2018;13:757. https://doi.org/10.2147/CIA.S158513
5. Taysi S, Tascan AS, Ugur MG, et al. Radicals, oxidative/nitrosative stress and preeclampsia. Mini reviews
in medicinal chemistry. 2019;19(3):178-193. https://doi.org/10.2174/1389557518666181015151350
6. Katerji M, Filippova M, Duerksen-Hughes P. Approaches and methods to measure oxidative stress in clinical
samples: Research applications in the cancer field. Oxidative medicine and cellular longevity. 2014(1):978.
https://doi.org/10.1155/2019/1279250
7.Pérez-Estrada JR, Hernandez-Garcia D, Leyva-Castro F, et al. Reduced lifespan of mice lacking catalase
correlates with altered lipid metabolism without oxidative damage or premature aging. Free Radical Biology
and Medicine. 2019;135:102-115. https://doi.org/10.1016/j.freeradbiomed.2019.02.016
8. Mesquita CS, Oliveira R, Bento F, et al. Simplified 2, 4-dinitrophenylhydrazine spectrophotometric assay
for quantification of carbonyls in oxidized proteins. Analytical biochemistry. 2014;458:69-71.
https://doi.org/10.1016/j.ab.2014.04.034
9.Ho E, Karimi Galougahi K, Liu CC, et al. Biological markers of oxidative stress: applications to cardiovascular
research and practice. Redox Biol. 2013;1:483—491. https://doi.org/10.1016/j.redox.2013.07.006
10. Masia M, Padilla S, Fernandez M, et al. Oxidative stress predicts all-cause mortality in HI'V-infected patients.
PloS one. 2016;11(4):¢0153456. https://doi.org/10.1371/journal.pone.0153456
11. Radovanovic S, Savic-Radojevic A, Pljesa-Ercegovac M, et al. Markers of oxidative damage and antioxidant
enzyme activities as predictors of morbidity and mortality in patients with chronic heart failure. Journal
of cardiac failure. 2012;18(6):493-501. https://doi.org/10.1016/j.cardfail.2012.04.003
12. Ayala A, Munoz MF, Arguelles S. Lipid peroxidation: production, metabolism, and signaling mechanisms
of malondialdehyde and 4-hydroxy-2-nonenal. Oxidative Med Cell Longev. 2014;2014:360438.
https://doi.org/10.1155/2014/360438

126



Hade et al.: Redox status in COVID-19

13.Nimse SB, Pal D. Free radicals, natural antioxidants, and their reaction mechanisms. RSC advances.
2015;5(35):27986-28006. https://doi.org/10.1039/C4RA13315C

14. Holy B, Ngoye BO. Clinical relevance of superoxide dismutase and glutathione peroxidase levels in management
of diabetes Type2. Int J Contemp Med Res. 2016;3(5):1380-1382.

15. Kunwar A and Priyadarsini KI. Free radicals, oxidative stress and importance of antioxidants in human health.
J Med Allied Sci. 2011;1(2):53-60.

16. Klaunig JE, Wang Z, Pu X, et al. Oxidative stress and oxidative damage in chemical carcinogenesis. Toxicology
and applied pharmacology. 2011;254(2):86-99. https://doi.org/10.1016/j.taap.2009.11.028

17.Li'Y, Ambrosone CB, McCullough MJ, et al. Oxidative stress-related genotypes, fruit and vegetable consumption
and breast cancer risk. Carcinogenesis. 2009;30(5):777-784. https://doi.org/10.1093/carcin/bgp053

18. Reuter S, Gupta SC, Chaturvedi MM, et al. Oxidative stress, inflammation, and cancer: how are they linked?
Free radical biology and medicine. 2010;49(11):1603-1616. https://doi.org/10.1016/j.freeradbiomed.2010.09.006

19. Lozano-Sepulveda SA, Bryan-Marrugo OL, Cordova-Fletes C,et al. Oxidative stress modulation in hepatitis C
virus infected cells. World journal of hepatology. 2015;7(29):2880. https://doi.org/10.4254/wjh.v7.i129.2880

20. Alkadi H. A review on free radicals and antioxidants. Infectious Disorders-Drug Targets (Formerly Current
Drug Targets-Infectious Disorders). 2020;20(1):16-26. https://doi.org/10.2174/1871526518666180628124323

21. Alpay M, Backman LR, Cheng X, et al. Oxidative stress shapes breast cancer phenotype through chronic
activation of ATM-dependent signaling. Breast cancer research and treatment. 2015;151(1):75-87.
https://doi.org/10.1007/s10549-015-3368-5

22.Doss GP, Agoramoorthy G, Chakraborty C. TNF/TNFR: drug target for autoimmune diseases and immune-
mediated inflammatory diseases. Frontiers in bioscience (Landmark edition). 2014;19:1028-1040.
https://doi.org/10.2741/4265

23. Al-Owaedi OA, Khalil TT, Karim SA, et al. The promising barrier: Theoretical investigation. Systematic
Reviews in Pharmacy. 2020;11(5):110-115. https://doi.org/10.31838/srp.2020.5.18

24. Ganji R and Reddy PH. Impact of COVID-19 on Mitochondrial-Based Immunity in Aging and Age-Related
Diseases .Front. Aging Neurosci. 12:614650. https://doi.org/10.3389/fnagi.2020.614650

25.Martin-Fernandez M, Aller R, Heredia-Rodriguez M, et al. Lipid peroxidation as a hallmark of severity
in COVID-19 patients. Redox biology. 2021;48:102181. https://doi.org/10.1016/j.redox.2021.102181

26.Zhao W, Li H, Li J, et al. The mechanism of multiple organ dyfunction syndrome in patients with COVID-19.
Journal of Medical Virology. https://doi.org/10.1002/jmv.27627

27.Bakadia BM, Boni BO, Ahmed AA, et al. The impact of oxidative stress damage induced by the environmental
stressors on COVID-19. Life sciences. 2021;264:118653. https://doi.org/10.1016/j.1£5.2020.118653

28. Forcados GE, Muhammad A, Oladipo OO, et al. Metabolic implications of oxidative stress and inflammatory
process in SARS-CoV-2 pathogenesis: therapeutic potential of natural antioxidants. Frontiers in cellular and
infection microbiology. 2021;11:457. https://doi.org/10.3389/fcimb.2021.654813

29. Comirnaty and Pfizer-BioNTech COVID-19 Vaccine. https://www.fda.gov/emergency-preparedness-and-
response/coronavirus-disease-2019-COVID-19/comirnaty-and-pfizer-biontech-COVID-19-vaccine

30.Khomich OA, Kochetkov SN, Bartosch B, et al. Redox biology of respiratory viral infections. Viruses
2018;10:392. https://doi.org/10.3390/v10080392

31.Erel O, Neselioglu S. A novel and automated assay for thiol/disulphide homeostasis. Clin Biochem.
2014;47(18):326-332. https://doi.org/10.1016/j.clinbiochem.2014.09.026

32. Suhail S, Zajac J, Fossum C, et al. Role of oxidative stress on SARS-CoV (SARS) and SARS-CoV-2 (COVID-19)
infection: a review. The protein journal. 2020;39(6):644-656. https://doi.org/10.1007/s10930-020-09935-8

33. Markovic I, Stantchev TS, Fields KH, et al. Thiol/disulfide exchange is a prerequisite for CXCR4-tropic HIV-1
envelope-mediated  T-cell ~ fusion  during  viral entry. Blood.  2004;103(5):1586-1594.
https://doi.org/10.1182/blood-2003-05-1390

34. Lavillette D, Barbouche R, Yao Y, et al. Significant redox insensitivity of the functions of the SARS-CoV spike
glycoprotein: comparison with HIV envelope. Journal of Biological Chemistry. 2006;281(14):9200-9204.
https://doi.org/10.1074/jbc.M512529200

35.Hati S, Bhattacharyya S. Impact of Thiol-Disulfide Balance on the Binding of COVID-19 Spike Protein
with  Angiotensin-Converting Enzyme 2 Receptor. ACS Omega. 2020;5(26):16292-16298.
https://doi.org/10.1021/acsomega.0c02125.

36. Zainal AA, Merkhan MM. Impact of antidiabetic drugs on risk and outcome of COVID-19 infection: a review.
MMSL;91(2):140-160. https://doi.org/10.31482/mmsl.2022.004

127



