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The type 2 coronavirus causes severe acute respiratory syndrome (SARS-CoV-2) and produces pneumonia
with pulmonary alveolar collapse. In some cases it also causes sepsis and septic shock. There is no specific
treatment for coronavirus disease 2019 (COVID-19). Vitamin C (Vit C), Vitamin E (Vit E), N-acetylcysteine
(NAC) andMelatonin (MT) increase the intracellular content of GSH, kidnap free radicals and protect DNA,
proteins in the cytosol and lipids in cell membranes. Pentoxifylline (Px) has anti-inflammatory activities.
Here we evaluate the effect of Vit C, Vit E, NAC, and MT plus Px in COVID-19 patients with moderate and
severe pneumonia. 110 patients of either sex were included. They were divided into five groups with 22
patients each. Group 1 received Vit C + Px, group 2 Vit E + Px, group 3 NAC + Px, group 4MT + Px, and group
5 only Px. Oxidative stress (OS) markers such as lipid peroxidation (LPO) levels, total antioxidant capacity
(TAC) and nitrites (NO2

–) were evaluated in plasma. The antioxidant therapy improved the survival scores
including the Sequential Organ Failure Assessment (SOFA), the Acute Physiology and chronic Health
Evaluation II (Apache II), the Simplified Acute Physiology Score II (SAPS II), the Critical Illness Risk Score,
Launched during COVID-19 crisis (COVIDGRAM) and the Glasgow Coma Scale (GCS). We found that LPO
(p�0.04) and inflammation markers such as interleukin-6 (IL-6, p� 0.01), C reactive protein (CRP, p �
0.01) and procalcitonin (PCT, p � 0.05) were elevated. TAC (p � 0.03) and NO2

– (p � 0.04) were diminished
in diminished in COVID-19 patients upon admission to the hospital. The different antioxidants reversed
this alteration at the end of the treatment. The treatment with antioxidant supplements such as Vit C, E,
NAC, and MT plus Px could decelerate the aggressive and lethal development of COVID-19. Antioxidant
therapy can be effective in this pandemia since it improves the survival scores including SOFA, Apache
II, SAPS II, COVIDGRAM, GCS by lowering the LPO, IL-6, CRP, PCT and increasing systemic TAC and NO2

–.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by the type 2
coronavirus that causes severe acute respiratory syndrome
(SARS-CoV-2) and results in pneumonia with different presenta-
tions ranging from mild to severe. Pneumonia is defined as a lung
inflammation caused by bacterial or viral infections in which the
air sacs fill with pus and may solidify. In patients with the severe
form of the disease, pneumonia leads to pulmonary alveolar col-
lapse with cessation of oxygen exchange. Patients also show dysp-
nea, (respiratory rate � 30/min), decreased blood oxygen
saturation (�93%), reduced ratio of partial pressure of arterial oxy-
gen to fraction of inspired oxygen (h300) and/or presence of pul-
monary infiltrates (>50%) within 24 to 48 h [1]. There may also
be respiratory distress. Lymphopenia, lactate, creatinine, and
kinase dehydrogenase levels are elevated, and there are increased
concentrations of interleukins such as interleukin (IL) IL-1b, IL-5,
IL-7, IL-8, IL-9, IL-10, IL-15, IL-12p70, fibroblast growth factors
(FGF), granulocyte colony stimulating factor (GCSF), granulocyte
macrophage colony stimulating factor (GMCSF), interferon c
(IFNc), inducible protein 10 (IP10), monocyte chemoattractant pro-
tein 1 (MCP1), macrophage inflammatory protein 1A (MIP1A),
macrophage inflammatory protein 1B (MIP1B), platelet derived
growth factor (PDGF), tumor ecrosis factor-a (TNF-a) and vascular
endothelial growth factor (VEGF). Alterations in the redox home-
ostasis in respiratory tract infected cells are one of the key events
that are linked to infection and to inflammation [2].

Patients with moderate and severe pneumonia by COVID-19
may develop sepsis which is defined as life-threatening organ
dysfunction caused by the host’s inadequate response to infec-
tion. Septic shock is a consequence of sepsis and is associated
with multiple organ failure (MOF) and high mortality [3]. Sepsis
is the leading cause of mortality in intensive care units (ICU)
worldwide, reaching up to 80% in patients with MOF [4]. In
experimental models and in humans with septic shock, there is
a high production of reactive species oxygen (ROS), and reactive
nitrogen species (RNS, e g., nitric oxide (NO)) that can cause mul-
tiple organ failure (pulmonary, cardiac, neurological, and hepatic)
[3]. During septic shock, there is an increase in cardiac output
accompanied by a decrease in systemic vascular resistance caused
by arterial dilation [5]. Excessive or prolonged reduction in vascu-
lar resistance produces vasopressor-resistant hypotension, which
contributes to severe heart failure [5-6]. There is no specific treat-
ment for COVID-19. Most treatments are accompanied by mea-
sures that decrease the inflammatory condition known as the
cytokine storm [7]. However, much less attention has been placed
in the use of antioxidant therapy. ROS are produced by phagocytic
leukocytes such as neutrophils, monocytes, macrophages, and
eosinophils during invasion of the tissues by microorganisms,
and may lead to cytotoxicity and cellular injury. ROS also partic-
ipate the mechanism of inflammation by activating nuclear factor
kB (NFkB) resulting in the transcription of cytokine producing
genes that may be involved in the cytokine storm present in
COVID-19 patients [1].

The use of antioxidant therapy for septic shock was proposed
since Hippocrates, who used myrrha (Commiphora mukul, Com-
miphora myrrha) for therapeutic and anti-inflammatory medicinal
purposes. The supplementation with antioxidants improves oxy-
genation rates, leads to higher levels of glutathione (GSH) and
strengthens the immune response [3]. In addition, with its use,
the hospital stay is reduced as well as the time of mechanical ven-
tilation, the length of the ICU stays, multiple organ dysfunction
rates, and the mortality rate in patients with acute lung injury
(ALI) and reduce the sequential organ failure assessment score
(SOFA). Among antioxidants Vitamin C (Vit C), Vitamin E (Vit E),
N-acetylcysteine (NAC), melatonin (MT) and pentoxifylline (Px)
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have been proposed [3]. Therapies using these agents might reduce
the effects of COVID-19 on several organs.

Vit C is a cofactor of multiple enzymes [8]. It inhibits the pro-
duction of superoxide (O2

–) and peroxynitrite (ONOO–) by inhibiting
the O2

– producing NADPH oxidase and the expression of the mRNA
of the inducible nitric oxide synthase (iNOS) [9]. Furthermore,
patients with sepsis that receiving Vit C, have a greater decrease
in the SOFA score than placebo groups [10]. Vit E is considered as
the most important lipophilic antioxidant in cell membranes,
lipids, plasma, and red blood cells [11]. It protects cell membranes
from lipid peroxidation (LPO) by ending the lipid chain reaction. It
also functions as an O2

– and hydroxyl radical (OH) scavenger. A
study ex vivo that evaluated the effect of Vit E on the production
of O2

– in septic and non-septic patients in the ICU, showed that in
the septic patients, the administration of Vit E significantly
decreased the O2

– overproduction through inactivation of the
NADPH oxidase [12]. A study in humans with 7469 elderly men
with community acquired pneumonia reported that this condition
was lowered by treatment with Vit E [13]. Supplementation with
nutrients that are a source of Vit E, controls nutritional deficiencies,
overweight and promotes an adequate nutritional status in COVID-
19 patients, improving the immune response and the antioxidant
status during the infective phase.

NAC is a GSH precursor. It increases the activities of redox
enzymes that employ GSH such as glutathione-S-transferase
(GST), glutathione peroxidase (GPx), glutathione reductase (GR),
thioredoxin reductase (TrxR) [14]. It also has a direct action on
ROS, thus limiting oxidative lung injury [15], and may reduce the
levels of IL-8, IL-6, and intercellular adhesion molecule (ICAM).
The use of NAC in patients with septic shock was associated with
a shorter time of mechanical ventilation and a shorter stay in the
ICU [16].

MT sequesters ROS, thus protecting lipids in cell membranes,
proteins in the cytosol, DNA, and mitochondria [17]. In vitro and
in vivo studies have shown that it can prevent increases in LPO
[18], preserve cellular membrane permeability by increasing its
fluidity, and reduce levels of H2O2 in mitochondria and cytosol
by restoring GSH homeostasis [19], through the stimulation of
the activity of the c-glutamyl cysteine synthase and glutathione
synthase. These actions increase the intracellular synthesis of
GSH [20]. MT may also stimulate antioxidant enzymes, such as
catalase (CAT), super oxide dismutase (SOD) isoforms, GPx and
GR [21]. SARS-CoV-2 infection leads to inflammation in the lungs
by pyroptosis [22]. COVID-19 patients suffer from anxiety and lack
of sleep and MT improves sleep habits, reduces anxiety, and stim-
ulates immunity. It has therefore been proposed as an adjuvant
therapy [23]. Pentoxifylline (Px), exerts several antioxidant and
anti-inflammatory activities, such as the maintenance of GSH
levels and mitochondrial viability, the inhibition of the production
of TNF-a and the preservation of vascular endothelial functions
[24]. In addition, a recent work by our group showed that the
antioxidant therapy with Vit C, Vit E, NAC, and MT in patients with
septic shock reduced MOF, the SOFA score, the time in ICU, oxida-
tive stress (OS) and inflammation [3]. Therefore, the aim of this
study was to evaluate the effect of the use of Vit C, Vit E, NAC,
MT and Px on the outcome of patients with moderate and severe
COVID-19 with and without sepsis.
2. Materials and methods

2.1. Description of the study population

This was an open, quasi-experimental, analytical, prospective,
and longitudinal (before-after) study run between August 20 and
September 20, 2020. The study population consisted of patients
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over 18 years of age who were admitted to the ICU of the CITIBA-
NAMEX Center and who developed or not septic shock, secondary
to moderate or severe pneumonia due to COVID-19. The diagnostic
criteria for septic shock were based on the Sepsis-3 consensus [25].
Patients considered to have septic shock had to have an acute
increase of at least 2 points in the SOFA score [26], lactate
levels�2 mmol/L and they had to be dependent on a vasopressor
for at least 2 h before the time of enrollment. Exclusion from this
study occurred when patients were younger than 18 years, were
not able to grant an informed consent, refused to be included, if
pregnant or breastfeeding or if they were under chronic use (last
6th months) or recent use of steroids, statins, or antioxidants.
Patients were also excluded if there was any contraindication for
the use of Vit C, Vit E, NAC, MT and Px.

The hospitalized patients that formed the general group, were
classified as moderate or severe and this classification was decided
according to their ventilatory status. Patients with the severe con-
dition required invasive mechanical intubation according to the
criteria of Berlin for acute respiratory distress syndrome (ARDS).
The Berlin definition proposes 3 categories of ARDS based on the
severity of hypoxemia: mild (200 mm Hg < Pao2/Fio2 � 300 mm
Hg), moderate (100 mm Hg < Pao2/Fio2 � 200 mm Hg), and severe
(Pao2/Fio2 � 100 mm Hg), along with explicit criteria related to
timing of the syndrome’s onset, origin of edema, and the chest
radiograph findings. The ARDS definition task force was considered
[27].

Ethical approval was obtained from the local ethics committee
on August 19th, 2020 (Control-9867/2020, register REG.
CONBIOETICA-09-CEI-011-20160627). A written informed consent
for enrollment or consent to use patient data was obtained from
each patient or their legal surrogate. The protocol was registered
(TRIAL REGISTRATION: ClinicalTrials.gov Identifier: NCT
04570254).

2.2. Collection samples to verify infection by SARS-CoV-2

In the study design, samples from patients and from personnel
engaged in clinical and laboratory activities were collected. Paired
saliva and nasopharyngeal swab samples were collected from 110
patients who were suspected to be infected by SARS-CoV-2. Sam-
ples were classified as positive for SARS-CoV-2 when both the N1
and N2 primer-probe sets were detected. The presence of the
SARS-CoV-2 virus was evaluated for (COVID-19) using specific
probes for the detection of the virus in conjunction with the real-
time reverse transcriptase polymerase chain reaction technique
(qRT-PCR). To evaluate organ dysfunction, the SOFA score (neuro-
logic, respiratory, hemodynamic, hepatic, and hematologic) was
calculated at admission and during all of the days of treatment
[26].

2.3. Standard therapeutic management

The treatment applied during hospitalization was chosen
according to standard maneuvers considering the requirements
of each individual patient, the hemodynamic and electrolyte
demands, and the ventilator demands. Treatment was initiated
during the first hour after admission and before the recognition
of the presence or absence of septic shock. Cultures were per-
formed on admission before starting the administration of a
broad-spectrum intravenous antibiotic. In this study, only one
patient required management with antibiotics since the coexis-
tence with pseudomonas infection was found and the patient
was treated with Meropenem. In all patients, the use of hydroxy-
chloroquine or antivirals was not considered, since they received
individualized management according to the algorithm proposed
[1].
1381
Management with crystalloid solutions and/or albumin was
considered depending on the hemodynamic status, by means of
dynamic indicators. Use of vasopressors to maintain a media arte-
rial pressure (MAP) � 65 mmHg was given if necessary. Nore-
pinephrine was the first option and/or vasopressin was used
when there was a need to increase the MAP or reduce the dose
of norepinephrine. Inotropics were administered in cases of
myocardial dysfunction (dobutamine). Transfusion of blood packs
were applied in case of a decrease in hemoglobin (<7.0 g/dl) in
the absence of myocardial ischemia, severe hypoxemia, or severe
bleeding. Mechanical ventilation with tidal volumes of 6 ml/kg
was used in patients with ARDS. Plateau pressure was maintained
at�30 cmH2O, and alveolar conduction pressure of�13 cmH2O.
Positive end expiration pressure (PEEP) titration was managed by
the use of the FiO2/PEEP (Fraction inspired of oxygen/Positive
end expiration pressure) according to the table published by Ancu-
kiewicz [28]. The treatment with anticoagulants was based on the
Thachil guidelines [29]. The management with the prone position
was necessary in patients with PaO2/FiO2 of�150 [30].

In all patients, the standard therapeutic management with dex-
amethasone 8 mg i.v. each 24 h for 7 days was applied between day
1 and 21 of the onset of symptoms when not contraindicated. It
was contraindicated when there was a requirement of O2>3 L, pro-
gressive requirement of = 2, PAO2/FiO2 � 250 mmHg, use of O2 plus
bilateral infiltrates in the radiography, use of O2 plus DHL� 250U/L
or ferritin� 300 or DD� 1000 ng/mL, CPK� 2 times the upper nor-
mal value. The following conditions were not considered as con-
traindications or relative contraindications: glucose >250 mg/dL
with hypoglycemic, hypokalemia < 3.3 meq, blood
pressure > 155/95 mmHg with antihypertensive treatment, glau-
coma, triglycerides > 500 mg/dL (start treatment), history of
known peptic ulcer or bleeding from recent gastrointestinal tract,
untreated or decompensated dementia or psychiatric illness, use
of non-potassium sparing diuretics or use of inhaled B2 agonists.
The next conditions were monitored at follow-up: pre-prandial
capillary glucometer (7–13–19 hrs.) for 10 days, even in fasting
patients, blood pressure per shift and basal potassium every 72 h.
2.4. Antioxidant therapy

To administer the antioxidant therapy, a medical management
algorithm was used considering the presence of comorbidities in
each patient; this algorithm was previously reported by our group
[1]. The antioxidant was adjusted to each comorbid condition or to
the presence of potential allergies or heart rhythm disorders due to
each individual history. All antioxidants were orally administered
or administered by a nasogastric tube, depending on the clinical
status of the patient during the 5 days of the treatment. All data
entry was monitored at the coordinating center, with site visits
for source data verification.
2.5. Doses of the antioxidant therapy

Five treatments were used each in an independent group of
twenty-two patients. Group 1; Vit C tablets of 1 g were adminis-
tered every 12 h by oral route or naso-enteral tube for 5 days.
Group 2; Vit E (a-tocopheryl acetate) capsules of 400 IU equivalent
to 800 mg were administered every 12 h for 5 days. Group 3; effer-
vescent tablets of NAC 600 mg were used every 12 h by the oral
route or naso-enteral tube for 5 days. Group 4; MT of 5 mg
(50 mg) (10 prolonged-release capsules) was given every 12 h by
oral route or naso-enteral tube for 5 days. Group 5; Px tablets of
400 mg a dose every 12 h by oral route or naso-enteral tube for
5 days. Additionally, groups 1–4 received Px at the same concen-
tration as in group 5.
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2.6. Blood sample obtainment and storage

Blood samples were obtained from each patient that entered
the draw, before initiation of the treatment and 48 h after the
administration of the antioxidant. The blood samples were cen-
trifuged for 20 min at 936 g and 4 �C. The plasma of the samples
was placed in 3 or 4 aliquots and stored at �30 �C.

Laboratory tests were made in patients with COVID-19 to deter-
mine acute-phase reactants, hemoglobin, leukocytes, lymphocytes,
platelets, creatinine, urea nitrogen, glucose, C-reactive protein
(CRP), albumin, D-dimer, ferritin, fibrinogen, procalcitonin (PCT),
interleukin-6 (IL-6) and oxygen saturation. Data from the patient’s
medical history including demographic, prior illnesses to infection
by SARS-CoV-2, test result for COVID-19, whether mechanical ven-
tilation was used, and type of treatment given were used for the
analysis of the results. Additionally, other biochemical variables
were determined in plasma such as OS markers, lipid peroxidation
(LPO), total antioxidant capacity (TAC), and nitrite (NO2

–).

2.7. Oxidative stress markers

2.7.1. Nitrites
The NO2

– levels in plasma were determined by the Griess reac-
tion. 100 ll of plasma previously deproteinated with 0.5 N, NaOH
and 10%, ZnSO4 were centrifuged at 1789 g for10 min. The super-
natant was recovered and 200 ml of 1% sulfanilamide and 200 ml
of 0.1% N-naphthyl-ethyl diamine were added. The total volume
was adjusted to 1 ml. The calibration curve was obtained with
solution KNO2 of 5–0.156 nM and the absorbance was measured
at 540 nm.

2.7.2. Lipid peroxidation levels
50 ml CH3-OH with 4% BHT plus phosphate buffer pH 7.4 were

added to 100 ml of plasma. The reaction tube was incubated to
100 �C for 1 h and centrifuged at 936 g at room temperature for
2 min. Then, the n-butanol phase was extracted, and the absor-
bance was measured at 532 nm [31].

2.7.3. Evaluation of total antioxidant capacity
100 ll of plasma were suspended in 1.5 ml of a reaction mixture

prepared as follows: 300 mM acetate buffer pH 3.6, 20 mM hex-
ahydrate of ferric chloride, and 10 mM of 2,4,6-Tris-2- pyridyl-s-
triazine dissolved in 40 mM chlorhydric acid. These reactants were
added in a relation of 10:1:1 v/v, respectively. After mixing, the
samples were incubated at 37 �C for 15 min in the dark. The absor-
bance was measured at 593 nm [31].

2.7.4. Interleukin-6 concentration
IL-6 levels were measured in plasma samples by enzyme-linked

immunosorbent assay (ELISA) using a commercial kit according to
the manufacturer’s instructions (BioLegend, San Diego, CA, USA).

3. Statistical analysis

Continuous variables were expressed as the mean ± standard
deviation or median with minimum and maximum, depending
on their distribution. Categorical variables are expressed as fre-
quencies and percentages. The normality of the variables was eval-
uated using the Shapiro-Wilk or Shapiro-France test, depending on
the size of the sample. A graphical analysis of the distribution of
the variables was also performed with histograms and/or stem
and leaf graphs. We used non-parametric tests (Mann-Whitney
test, Kruskal-Wallis t, depending on the particular case) to contrast
variables without Gaussian distribution. The analysis of paired
samples (before-after) was carried out with Friedman or Wilcoxon
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signed rank test depending on the distribution of the data. The
Pearson correlation was used for the estimation of biomarkers. Sta-
tistical analyses were performed with SPSS version 26. The Sigma
Plot 14 program (Jendel Corporation, 1986–2017) was used to gen-
erate the analysis and graphs of the OS markers and statistical sig-
nificance was determined by the Mann-Whitney rank sum test
followed by the normality test (Shapiro-Wilk). Differences were
considered statistically significant when p � 0.05.
4. Results

4.1. Demographic characteristics

A total of 110 patients were examined, of which 78 (71%) were
men and 32 (29%) were women. Patients had an age range of 57.
9 ± 12.8 years. In all patients, infection by SARS-CoV-2 was diag-
nosed through a CRP-test. The demographic characteristics of the
patients are shown in Table 1. The average body mass index was
29.1 ± 4.1 kg/m2 with normal weight in 13 (12%) subjects, over-
weight in 52 (47%) and obesity in 45 (41%). Comorbid conditions
prior to SARS-CoV-2 infection were, dyslipidemia 52 (47.3%), sys-
temic arterial hypertension 44 (40%) diabetes mellitus 41 (37%),
chronic obstructive lung disease 5 (4.5%), chronic kidney disease
4 (4%) and coronary heart disease 4 (3.6%). There were no patients
with cancer, liver disease or previous autoimmune diseases or
infection associated with bacteria and fungi. The main symptoms
at the time of hospital admission were cough 74 (67%), fever 73
(66%) headache 51 (46.4%), anosmia 26 (24%), dysgeusia 23
(21%), conjunctivitis 10 (9%), diarrhea 14 (13%), arthralgia 39
(35.5%), myalgia 43 (39%), pharyngodynia 23 (21%) and rhinorrhea
16 (14.5%). Interventional treatment was warranted. 35 patients
required invasive mechanical ventilation and in 75 required non-
invasive techniques at the time of admission. The days required
of invasive mechanical ventilation and length of stay in the ICU
in patients with severe condition had a median of 13 days with a
minimum of 2 and a maximum of 30 days. The total time of hospi-
tal stay had a median of 17 days with a minimum of 6 and a max-
imum of 36 days.

Thirty-one patients developed septic shock and were kept in the
ICU. Of them, 23 were admitted with this condition and 8 were
admitted without data of septic shock and developed this condi-
tion during their stay in the ICU. The survival rate was of 100% in
patients with moderate symptoms that received ventilatory help
with a mask and air flow and only three of them required invasive
ventilatory help. In the group of patients with severe symptoms, all
patients required mechanical ventilation since they arrived to the
hospital and only three patients died. One of them developed an
infection by pseudomonas. Of the other two patients who did not
develop septic shock and died, one had end-stage chronic kidney
failure and the other an acute myocardial infarction. The survival
analysis did not show differences between the applied treatments
and the Log-Rank did not show significance (p = 0.21).

Regarding adverse effects of the antioxidant therapy, only one
patient had an allergic reaction to the antioxidant and was treated
without presenting consequences. The indexes for organic and
physiological severity, risk, thrombo-prophylaxis, and state of con-
sciousness were evaluated in the experimental groups at the time
of admission and throughout the in-hospital period and are shown
in Table 2 according to the severity of the condition. The survival
rate to 30 days and 90 days was of 90% as shown in Table 3.
4.2. Oxidative stress markers in plasma

The LPO index showed a significant increase in the general
group that included patients with moderate and severe symptoms



Table 1
Demographic characteristics at admission of patients infected with COVID-19 Abbreviations: BMI = Body mass index, HR = Heart rate, MAP = Mean arterial pressure, HDL = High-
density lipoproteins, LDL = Low-density lipoproteins, TB = Total bilirubin, DB = Direct bilirubin, IL = Interleukin, N/L = Neutrophil/lymphocyte, DM = Diabetes Mellitus,
SAH = Systemic arterial hypertension, CD = Cardiovascular disease, COPD = Chronic obstructive pulmonary disease, ECKD = End-stage chronic kidney disease, FiO2 = Inspired
fraction of oxygen, PCO2 = Partial pressure of carbon dioxide, SpO2 = Oxygen saturation.

All Number and (%) Moderate Number and (%) Severe Number and (%) p

Women 32 (29%) 18 (31) 14 (27) NS
Men 78 (71%) 41 (69) 37 (73) NS
DM 41 (37.3) 17 (29) 24 (47) 0.05
SAH 44 (4) 21 (36) 23 (45) NS
Dyslipidemia 52 (47.3) 32 (54) 20 (39) NS
COPD 5 (4.5) 2 (4) 3 (6) NS
CD 2 (1.8) 0 2 (4) NS
ECKD 4 (3.6) 0 4 (8) 0.04
Norepinephrine 21 (19) 0 21 (41) 0.0001
Enteral nutrition 45 (41) 33 (56) 12 (24) 0.0001
Deaths 3 (2.7) 0 3 (6) 0.09

Mean ± SE
Age 57.9 ± 12.8 54 ± 12.3 62 ± 12.3 0.002
BMI (kg/m2) 29.1 ± 4.1 29.3 ± 4.4 28.9 ± 3.8 NS
Temperature (�C) 36.6 ± 0.46 36.6 ± 0.48 36.6 ± 0.45 NS
PaO2 (58.5–67.1 mmHg) 84.7 ± 44.1 84.4 ± 37.9 85.02 ± 50.7 NS
PCO2 (30.4–40 mmHg) 31.7 ± 6.1 30.65 ± 4.3 33.04 ± 7.5 0.052
PaO2/FiO2 (>164) 149.7 ± 60.7 171.3 ± 55.1 125.4 ± 57.9 0.0001
SpO2/FiO2 (>300) 146.3 ± 54.5 162.5 ± 52.6 125.1 ± 51.3 0.0001
HR (60–100 beats/min) 80.8 ± 19.3 84.5 ± 17.6 76.4 ± 20.4 0.03
MAP (70–105 mmHg) 80.3 ± 11.7 81 ± 12 79 ± 12 NS
Glucose (70–105 mg/dL) 147.5 ± 68.1 141.9 ± 64.05 153.9 ± 72.5 NS
Urea (<40 mg/dL) 43.9 ± 38.3 33.02 ± 11.5 55.3 ± 51.3 0.005
Ureic nitrogen (7–25 mg/dL) 22 ± 16.40 18.7 ± 7.8 25.7 ± 21.9 0.04
Total cholesterol (<200 mg/dL) 139.4 ± 33.8 141.04 ± 32.2 137.6 ± 35.8 NS
Triglycerides (<150 mg/dL) 163.4 ± 88.09 174.7 ± 106 150.4 ± 58.4 NS
HDL (23–92 mg/dL) 32.3 ± 8.9 32.2 ± 9.9 32.5 ± 8.5 NS
LDL (75–193 mg/dL) 75.7 ± 25.5 76.8 ± 24 74.4 ± 27.2 NS
DHL (140–271 U/L) 290.4 ± 103 266.5 ± 95.1 317.3 ± 105.9 0.01
TB (0.03–1 mg/dL) 0.65 ± 0.30 0.59 ± 0.20 0.71 ± 0.39 0.05
DB 0.03–0.18 mg/dL) 0.19 ± 0.11 0.17 ± 0.10 0.22 ± 0.11 0.03
Leukocytes (3.56–10.310^3/mL) 10.2 ± 4.0 9.5 ± 3.5 11.1 ± 4.5 0.05
Lymphocytes (0.99–3.2410^3/mL) 0.91 ± 0.87 1.05 ± 1.1 0.74 ± 0.45 0.05
Platelets (150000–50000010^3/mL) 254.2 ± 89 260.8 ± 99.9 246.8 ± 87.2 NS

(Median, min–max)
Ferritin (11–307 ng/mL) 586 (24.7–3373) 579 (24.7–2354) 59 7.7 (146–3373) NS
IL-6 admission (pg/mL) 43.2 (7.8–638.5) 24.6 (7.8–626) 75.4 (7.8–638) 0.001
Index N/L (>3) 11 (1–106) 10 (2–46) 12 (1–106) 0.05
D-Dimer (0–0.24 mg/mL) 740 (200–35,200) 610 (200–35200) 880 (210–34920) 0.006

Table 2
Characteristics of the scores between initially seriously ill patients and patients who progressed to severity and those who were stable and persisted stable.

All (median, min–max) Moderate (median, min–max) Severe (median, min–max) p

SOFA 1 (0–8) 0 (0–5) 2 (0–8) 0.001
Apache II 5 (3–14) 5 (3–8) 6 (4–14) 0.001
SAPS II 27 (3–32) 26 (3–31) 28 (13–32) 0.001
COVIDGRAM 116 (50–240) 113 (50–162) 120 (81–240) 0.009
Padua 6 (5–7) 5 (5–7) 6 (5–7) NS
GCS 15 (12–15) 15 (14–15) 15 (12–15) 0.001

Abbreviations: SOFA = Sequential Organ Failure Assessment, Apache = Acute Physiology and chronic Health Evaluation II, SAPS = Simplified Acute Physiology Score II,
COVIDGRAM = Name of Critical Illness Risk Score, Launched during COVID-19 crisis, Padua = Name of prediction score for risk of venous thromboembolism, GCS = Glasgow
Coma Scale.
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when subjects were admitted to the hospital. After of the antiox-
idant therapy there was a decrease in LPO levels in the patients
that received Vit E + Px, NAC + Px and MT + Px (p = 0.002,
p = 0.004 and p < 0.001 respectively, Fig. 1A). However, when
the patients were separated into groups separating the patients
the moderate and severe symptoms, the LPO index in the group
of patients with moderate symptoms showed a significant
decrease with the Vit C + Px, NAC + Px and MT + Px treatments
(p = 0.01, p = 0.04 and p = 0.01 respectively, Fig. 1B). In the group
of patients with severe symptoms, the LPO index was decrease
with the Vit E + Px and NAC + Px therapies (p = 0.02 and
p = 0.05 respectively, Fig. 1C).
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The TAC showed a significant decrease in the general group that
included moderate and severe patients when subjects were admit-
ted to the hospital. After of the antioxidant therapy there were
increases in the TAC levels in patients receiving Vit C + Px and
NAC + Px (p = 0.02, and p = 0.03 respectively). However, there
was a tendency to a decrease in the patients treated with Vit
E + Px (p = 0.06, Fig. 2A). When patients were separated into groups
of patients showingmoderate and severe symptoms, the TAC in the
patients with moderate symptoms showed a significant increase
with the Vit C + Px treatment (p = 0.01, Fig. 2B). In the patients with
severe symptoms the TAC was increase in the group treated with
NAC + Px (p = 0.03, Fig. 2C).



Table 3
Determination of inflammation markers, IL-6, CRP and PCT levels before (basal) and after antioxidant treatment in the group of COVID-19 patients, in the general group and
divided into moderate and severe.

General group 110 (100%) Moderate 59 (54%) Severe 51 (46%)

Basal (Median,
min–max)

Post treatment
(Median, min–max)

P Basal (Median,
min–max)

Post treatment
(Median, min–max)

P Basal (Median,
min–max)

Post treatment
(Median, min–max)

P

IL-6 (pg/ml)
Vit C + Px 22.4 (7.8–638) 7.8 (7.8–547) 0.01 13.5 (7.8–

214.08)
7.8 (7.8–10.6) 0.02 57.89 (7.8–638) 11.8 (7.8–547) NS

Vit E + Px 51.6 (7.8–395) 7.8 (7.8–284.9) 0.001 29.9 (7.8–177) 7.8 (7.8–45.2) 0.04 217 (7.8–637) 7.8 (7.8–282) 0.02
NAC + Px 77.9 (7.8–637) 7.8 (7.8–282.08) 0.004 20.5 (7.8–466) 7.8 (7.8–108) 0.06 37.6 (9.1–

324.11)
7.8 (7.8–406) NS

MT + Px 68.4 (7.8–626) 7.8 (7.8–406) 0.07 34.2 (7.8–
293.2)

7.8 (7.8–7.8) 0.005 74.9 (9.5–
395.6)

8 (7.8–284.9) 0.08

Px 68.4 (7.8–626) 7.8 (7.8–640) NS 56.4 (7.8–
626.8)

7.8 (7.8–150) 0.001 190.1 (23–315) 198.6 (7.8–640.1) NS

CRP (1–3 mg/L)
Vit C + Px 117 (20–494) 44.6 (4.10–201.48) 0.01 120.4 (20.1–

494)
37.6 (6.8–91.1) 0.04 57.8 (7.8–

638.5)
11.8 (7.8–547.7) NS

Vit E + Px 165 (28.5–
384.7)

43.8 (1.8–263.5) 0.01 143.4 (28.5–
259.2)

22.3 (1.8–110) 0.02 217.4 (7.8–637) 7.8 (7.8–282) NS

NAC + Px 144 (15.1–221) 43.3 (7.3–148) 0.001 146 (15.1–178) 33.4 (7.3–148) 0.06 37.6 (9.1–
324.1)

7.8 (7.8–406.9) 0.01

MT + Px 145 (6.8–308) 23.4 (3.3–357.9) 0.004 152 (6.8–308) 14.1 (3.3–57.3) 0.005 74.9 (9,5–
395.6)

8 (7.8–284.9) NS

Px 141.6 (33.7–
283)

20.3 (2.09–191.77) 0.0001 90.4 (33.7–252) 12.5 (2.09–191.7) 0.001 190.1 (9.5–
395.6)

8 (7.8–284.9) 0.04

PCT (ng/ml)
Vit C + Px 0.16 (0.03–

2.04)
0.07 (0.03–0.78) 0.04 0.15 (0.03–

0.41)
0.04 (0.03–0.08) 0.05 0.20 (0.09–

2.04)
0.12 (0.04–0.78) NS

Vit E + Px 0.33 (0.06–2.2) 0.16 (0.01–0.50) 0.004 0.40 (0.14–1.7) 0.11 (0.01–0.50) 0.04 0.33 (0.06–2.2) 0.19 (0.04–0.39) 0.04
NAC + Px 0.23 (0.08–

11.4)
0.12 (0.02–0.90) 0.01 0.21 (0.10–

0.90)
0.07 (0.04–0.90) NS 0.28 (0.08–

11.4)
0.13 (0.02–0.32) 0.01

MT + Px 0.40 (0.06–
34.7)

0.15 (0.01–8.3) NS 0.46 (0.0–1.23) 0.08 (0.01–0.19) 0.03 0.40 (0.09–
34.7)

0.29 (0.06–8.3) NS

Px 0.19 (0.03–
1.35)

0.06 (0.01–1.25) NS 0.12 (0.03–
0.68)

0.05 (0.01–0.21) NS 0.45 (0.12–
1.35)

0.80 (0.16–1.25) NS

Abbreviations: IL-6 = Interleukin-6, C reactive protein = CRP, Procalcitonin = PCT, Vit C = Vitamin C, Vit E = Vitamin E, NAC = N acetylcysteine, MT = Melatonin,
Px = Pentoxifylline.
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The NO2
– concentration showed significant decrease in the gen-

eral group that included patients with moderate and severe symp-
toms when subjects were admitted to the hospital. After the
antioxidant therapy there was an increase with the Vit C + Px,
Vit E + Px, NAC + Px and MT + Px treatments (p < 0.001). However,
in the Px group was (p = 0.02, Fig. 3A). When the patients were sep-
arated into the moderate and severe symptons groups, the NO2

– in
the group of patients with moderate symptoms showed a signifi-
cant increase with the Vit C + Px, Vit E + Px, NAC + Px, MT + Px
and Px treatments (p < 0.001, Fig. 3B). In the group patients with
severe symptoms, the NO2

– was increased with the Vit C + Px, Vit
E + Px, NAC + Px and MT + Px treatments (p = 0.002, p < 0.001,
p = 0.004 and p = 0.04 respectively, Fig. 3C).

Table 3 shows that the levels of IL-6 were significantly
increased in the general patient group that included patients with
moderate and severe symptoms when subjects were admitted to
the hospital. After of the antioxidant treatment, there was a
decrease in the IL-6 levels with the Vit C + Px, Vit E + Px, and
NAC + Px treatments (p � 0.01). In the MT + Px group there was
only a tendency to a decrease (p = 0.07). However, when the
patients were separated into groups including patients with mod-
erate and severe symptoms, the IL-6 levels showed a significant
decrease with all of the treatments (p = 0.02, p = 0.04, p = 0.005
and p = 0.001 respectively) except with the group treated only with
NAC + Px group there was only a tendency to a decrease (p = 0.06),
in group of patients with moderate symptoms. In the group of
patients with severe symptoms, the IL-6 levels were decreased
only with the Vit E + Px treatment (p = 0.02), and there was a ten-
dency to a decrease with the MT + Px treatment (p = 0.08).

Table 3 also shows that the CRP levels were found significantly
increased in the general patient group that included patients with
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moderate and severe symptoms when subjects were admitted to
the hospital. After the antioxidant treatment there was a decrease
with all of the treatments (p � 0.01). In addition, when the patients
were separated into groups of patients with moderate and severe
symptoms, the CRP levels in the patients with moderate symp-
toms, showed a significant decrease with all of the treatments
(p = 0.04, p = 0.02, p = 0.005 and p = 0.001 respectively) except
for the patients receiving NAC + Px in whom only a tendency
was observed (p = 0.06). In the patients with severe symptoms,
the CRP levels were only decreased with the NAC + Px and Px treat-
ments (p = 0.01 and p = 0.04 respectively).

In addition, the PCT levels showed a significant increase in the
general patient group that included patients with moderate and
severe symptoms when subjects were admitted to the hospital.
After the antioxidant treatment the level of PCT was decreased
with VitC + Px, Vit E + Px and NAC + Px (p = 0.04, p = 0.004 and
0.01 respectively). However, when the patients were separated
into groups including subjects with moderate and severe symp-
toms, the CPR levels in the patients with moderate symptoms,
showed a significant decrease with the Vit C + Px, Vit E + Px and
MT + Px treatments (p = 0.05, p = 0.04 and p = 0.03 respectively).
In the severe patients the CRP levels were decreased only with
the Vit E + Px and NAC + Px treatments (p = 0.04 and p = 0.01
respectively, Table 3).
5. Discussion

There is still no vaccine against SARS-CoV-2, and despite the
overwhelming information in the literature, the effects and inter-
actions of multiple therapies that may be used against COVID-19



Fig. 1. LPO index in the general group both in basal and posttreatment conditions
(Panel A), Panel B shows the LPO index in moderate patients both in basal and post
treatment conditions, and panel C shows the LPO index in severe patients both in
basal and post treatment conditions.

Fig. 2. TAC index in the general group both in basal and post treatment conditions
(panel A). Panel B shows the TAC index in moderate patients both in basal and post
treatment conditions, and panel C shows the TAC index in severe patients both in
basal and post treatment conditions.
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are still unknown. Therefore, there is not yet an effective therapy. A
two-phase combined therapy strategy has proven to be the most
effective measure for the treatment of the disease. The first phase
aims to lower the viral load that is the source and origin of the
chronic inflammatory condition leading to severe sepsis and
MOF. The second phase reduces the septic condition, thereby
reducing MOF, and the uncontrolled cytokine storm. The use of
antioxidants might decrease the exacerbated inflammatory
response without collateral effects. Since the two phases occur
simultaneously, the therapeutic strategy should be selected avoid-
ing subsequent collateral damage in patient with COVID-19. The
aim of this study was to evaluate the use of antioxidants such as
Vit C, Vit E, NAC, MT and Px (anti-inflammatory) in patients with
moderate and severe infection by SARS-CoV-2. There is evidence
that most people infected with SARS-CoV-2 (81%) have mild or
uncomplicated forms of the disease [32]. However, some patients
develop the serious form of the illness requiring oxygen therapy
(14%) and approximately 5% need treatment in the ICU. Most crit-
ically ill patients require mechanical ventilation [33].

The most common condition in patients with severe COVID-19
is pneumonia. The death rate by severe pneumonia in China was
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from 15% [34]. In this COVID-19 pandemic, severe pneumonia
and septic shock are the leading causes of morbidity and mortality
in ICU around the world.

OS seems to play an important role in the pathophysiological
mechanisms responsible for this disease and the use of antioxidant
therapies could be effective. Our group has found that antioxidant
therapy is useful in other conditions such as sepsis [3]. In chronic
obstructive pulmonary disease (COPD), ALI, and ARDS, there is an
increase in ROS [35], which is associated with a high release of
pro-inflammatory mediators including IL-6, IL-8, and TNF-a by
bronchial epithelial cells and alveolar macrophages [36]. ROS acti-
vate neutrophils and macrophages, resulting in destruction of the
alveolar wall and collapse of small airways [37]. These changes
induce endothelial damage, pulmonary capillary hyperpermeabil-
ity, and pulmonary edema, resulting in impaired pulmonary gas
exchange [38]. Furthermore, during severe sepsis, where there is
life-threatening organ dysfunction caused by an inadequate host
response to infection such as in ALI/ARDS, the cardiovascular sys-
tem increases cardiac output and decreases peripheral resistance,
adopting a hemodynamic profile that leads to arterial dilation.
An excessive drop in peripheral resistance or its prolonged dura-
tion lead to progressive hypotension that is refractory to cate-
cholamines can contribute to severe cardiovascular failure [39].



Fig. 3. Plasma nitrite concentration in the general group both in basal and post
treatment conditions (panel A), panel B shows the NO2

– concentration in moderate
patients both in basal and post treatment conditions. The panel C shows the NO2

–

concentration in severe patients both in basal and post treatment conditions.
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In different experimental animal models and in humans with
severe septic shock, there is high production and release of O2

–

and ONOO– by different pathways that contributes to the failure
of the lungs, heart, brain, and liver [40]. Although clinical data
are limited, many viral diseases such as SARS-CoV lead to moderate
and severe septic shock and increase ROS. This condition is associ-
ated with overexpression of iNOS, NADPH oxidases, cyclooxyge-
nase 2 and xanthine oxidase which activate the transcription of
factors such as NF-jB resulting in an exacerbated pro-
inflammatory host response [1]. In addition, O2

– and ONOO– partic-
ipate as important mediators of a pro-inflammatory interleukin
storm, which stimulates the production and release of more ROS.
This interferes with the mitochondrial respiration and depletes
ATP. Mitochondrial dysfunction is commonly induced in an envi-
ronment of septic shock [41]. Our results show that the OS markers
in plasma such as LPO and TAC were increase and decrease respec-
tively, and inflammation markers such as the IL-6, CRP and PCT
were increase in COVID-19 patients when they were admitted to
the hospital. The use of the different antioxidants including Vit
C + Px, Vit E + Px, NAC + Px and MT + Px, reversed these alterations
at the end of the hospital stay. Although in the group that received
only Px there were no significant changes in OS markers. IL-6 and
CRP were decreased in these groups. This suggests an additive
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effect between Px which has anti-inflammatory properties and
the antioxidant capacity caused by each of the antioxidants used
in this study.

Vit C is a potent natural antioxidant that removes ROS which
are over-produced in inflammation. Alveolar epithelial type II cells
in the lung require high concentrations of intercellular Vit C (mM)
to sustain their pivotal functions in innate immunity [42]. Low
levels of Vit C are present in patients with septic shock [43]. This
decrease is caused by an inadequate intake, acute or chronic con-
sumption secondary to an increase of the OS and/or an increase
in the loss of this vitamin. Critically ill patients have low levels of
Vit C despite the administration of its daily requirements. In the
CITRIS-ALI trial, an intravenous administration of vitamin C was
recommended to reduce mortality [44]. There is also a decreased
level of Vit C in severe MOF. However, there was a decrease in
the SOFA score in a phase I study where the Vit C was administered
in patients with severe sepsis. No adverse effects were reported. In
the VITAMINS trial that studied ARDS, although there was not a
significant difference in the SOFA score, there were decreased
CRP levels and reduced mortality [45]. In another study with ARDS
patients, there were decreased levels of CRP after treatment with
Vit C [46]. In an in vivo mice model of sepsis, the administration
of Vit C attenuated the elevation of the serum aminotransferase,
TNF-a, cyclooxygenase 2 mRNAs and of LPO [47]. In another study,
Vit C or Vit E, attenuated the increase in the CYP1A1 and CYP2E1
mRNA expression in the liver and decreased aminotransferase
and the LPO levels in serum [48].

Vit C in plasma is incorporated into cells by a sodium dependent
Vit C transporter. In parallel, dehydroascorbic acid, an oxidized
form of Vit C, is taken up through glucose transporters. Since glu-
cose competes with dehydroascorbic acid for the transporters, Vit
C availability may be limited in cells when high blood sugar condi-
tions are present. This might be a potential reason for the patholog-
ical severity of COVID-19 in diabetic patients [48].

Few studies have evaluated the antioxidant effect of Vit E as
monotherapy and most have been carried out with its administra-
tion in conjunction with other antioxidants. An ex vivo study
showed the effect of Vit E on the O2

– production in septic and
non-septic patients in the ICU and concluded that septic patients
have significantly decreased levels of Vit E and an O2

– overproduc-
tion. However, the administration of the combination of Vit E and
simvastatin reduces this phenomenon through inactivation of
NADPH oxidase [49]. In addition, there is a decrease in the inci-
dence of pneumonia in old men who quit smoking after adminis-
tration of Vit E [50]. Also, a recent study by our group
demonstrated that treatment with Vit E reduces the PCT levels in
serum in patients with severe sepsis [3]. The results of this study
suggest that the combination of Vit E with Px reduces the LPO
and increases TAC in COVID-19 patients. The treatment also has
a synergic effect decreasing markers of inflammation such as IL-
6, CRP, and PCT. This treatment can be used as an adjuvant without
showing collateral effects.

MT is not an antiviral drug, but it may have indirect anti-viral
actions due to its anti-inflammatory, antioxidant, and immune
enhancing properties. MT levels are decrease in the pineal gland
and in mitochondria and this decrease can contribute to elevate
the replication of viruses and the severity of many viral infections
[51]. In mice whose central nervous system is infected by viruses,
MT decreases the viral load, and reduces paralysis and death [52].
In models of respiratory syncytial virus infections, MT down regu-
lates acute lung oxidative injury, pro-inflammatory cytokine
release and inflammatory cell recruitment [53]. MT also down-
regulates NF-jB activation in T cells and lung tissue [54]. The
anti- oxidant effect of MT is due to its anti-inflammatory and
antioxidant actions by up-regulating anti-oxidative enzymes such
as SOD, and down-regulating pro-oxidative enzymes including
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iNOS. MT also directly interacts with ROS as a free radical scav-
enger and induces up regulation of Nrf2 which is depleted in
COVID-19 [55]. Furthermore, MT regulates the immune system
and improves proliferation and maturation of natural killer cells,
T and B lymphocytes, granulocytes and monocytes in the bone
marrow and other tissues [56]. In a clinical trial of patients suffer-
ing of severe multiple sclerosis, MT administration reduced serum
concentrations of TNF-a, IL-6, IL-1b and LPO [52]. A recent meta-
analysis suggested that the supplementary use of MT significantly
reduced TNF-a and IL-6 levels [57]. The results from the present
study suggest that the use of MT as an adjuvant may effectively
reduce the circulating cytokine levels and lower the pro-
inflammatory cytokine storm and the OS present in COVID-19
patients.

Published reports also indicate that MT application may amelio-
rate septic shock via the NLRP3 pathway. MT prevents against
sepsis-induced renal injury, septic cardiomyopathy, and liver
injury [58]. Moreover, MT exerts neurological protection by reduc-
ing the cerebral inflammatory response, cerebral edema, and
brain-blood barrier permeability [59]. In addition, deep sedation
of the patients in the ICU is associated with increased long-term
mortality, and MT application reduces the use of sedatives and
the frequency of anxiety, agitation, and pain [59]. MT does not pre-
sent adverse effects up to a dose of 1 g/day for a month, [60].

Another antioxidant that has protective actions in sepsis is NAC
which is a precursor of GSH. Low levels of GSH are found in COVID-
19 patients [61]. In animal models, in in vitro studies and in clinical
trials, the use of NAC has beneficial effects. NAC administration
reverses the enteropathogenic effects of the porcine coronavirus
and of diarrhea viruses. It decreases levels of H2O2 in plasma and
mucosa layers. NAC also inhibits the H5N1 infection in lung epithe-
lial cells in vitro and the production of pro-inflammatory media-
tors [62]. NAC administration after sepsis induction by injecting
LPS in rats, prevented the decrease in the mean arterial pressure,
and diminished markers of organic injury such as BUN, creatinine,
lactate dehydrogenase, creatine phosphokinase, ALT, AST TNF-a,
IL-6 [63]. Similarly, NAC administration before injecting endotoxin
to rats showed decreased lung NF-kB activation and diminished
cytokine-induced neutrophil chemo attractant mRNA expression
in lung tissue. This was associated with a diminished inflammatory
response in the lungs [64]. Treatment with NAC increased the TAC
in patients with sepsis [3]. NAC has also been used as a treatment
in numerous pulmonary ailments including COPD and chronic
bronchitis. It prevents COPD exacerbations and chronic bronchitis
flare-ups, and this was also shown in a meta-analysis. NAC also
exhibited promising results when used as an adjuvant treatment
for idiopathic pulmonary fibrosis [65]. A recent review discussed
the potential use of NAC for the treatment of COVID-19 [65].
NAC binds to Cys-145, the active site of the M protein, and thus
inhibit the protease activity and viral replication [66]. This struc-
tural characteristic might render NAC as a potentially specific
first-line drug for SARS-CoV-2.

NAC reduces the incidence of pneumonia, as well as the fre-
quency and severity of influenza [67]. It also reduces levels of
TNF-a and malondialdehyde and improves OS and modulates
inflammation [68]. In patients with mild to moderate acute lung
injury, intravenous treatment with NAC improves systemic oxy-
genation, reduces the need for ventilatory support, and also
slightly decreased the mortality rate [69]. The effect of NAC in
COVID-19 in a double-blind, randomized, placebo-controlled and
unicentric trial, conducted in patients with the severe disease, hav-
ing as a primary endpoint the need for mechanical ventilation was
recently published. Time of mechanical ventilation, admission to
ICU, time in ICU, and mortality were secondary endpoints of this
paper and it was found that administration of NAC in high doses
did not affect the evolution of severe form of COVID-19 [70]. The
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difference with our study resides in the studied populations, the
doses of NAC and in the fact that the authors did not explain
whether the therapy was an adjuvant to standard comprehensive
management. Here we evaluated the clinical anti-inflammatory
status and the OS deregulation, and our results are promising.
Therefore, our results and others shown in the literature, suggest
that NAC could contribute to the deceleration of the aggressive
and lethal development of COVID-19 with the use of moderate
doses [1,71]. ARDS patients have decreased plasma concentrations
of GSH in alveolar epithelial tissue and erythrocytes. In a random-
ized crossover study, patients who were given intravenous NAC,
showed an increase in GSH levels. These individuals also exhibited
a clinical response to the treatment with increased oxygen deliv-
ery, improved lung compliance, and resolution of pulmonary
edema. In another randomized controlled trial in patients with
community acquired pneumonia, NAC treatment in conjunction
with conventional therapy decreased the inflammatory response
[68]. ROS production increases IL-6 production and LPO resulting
in cell damage. Early treatment with NAC + Px during COVID-19
may bypass the excessive inflammation and cell damage that leads
to the severe form of the infection, since SARS-CoV-2 influences
intracellular GSH levels by decreasing the function of intracellular
Nrf2 [72].

On the other hand, the combination of Px with any of the
antioxidants used in this study, decreased IL-6 and CRP concentra-
tions. This suggests a synergic effect by decreasing inflammation
markers. Px is a xanthine drug indicated in some severe cases of
alcoholic hepatitis. It may act on the plasma membrane of red
blood cells and render it more malleable, thus improving blood
perfusion. Px exerts anti-inflammatory activities, decreasing the
production of TNF-a and CRP. In a randomized controlled study
in newborns the administration of Px was associated with reduced
levels of TNF-a and CRP. It decreased the need for vasopressors, the
duration of respiratory support, the antibiotic treatment, it short-
ened hospitalization, reduced the incidence of disseminated
intravascular coagulopathy, of metabolic acidosis, and thrombocy-
topenia [73]. However, no difference in short-term morbidity was
found between Px-treated and untreated septic infants [74]. In a
meta-analysis, the administration of Px in septic newborns showed
it to be effective in reducing all-cause mortality and length of hos-
pital stay. A subgroup analysis demonstrated significantly reduced
mortality in premature newborns and infants, newborns with pro-
ven sepsis, and infants with gram-negative sepsis [75]. This led to
the conclusion that Px may represent a beneficial adjuvant therapy
in COVID-19 sepsis. However, it is contraindicated in patients with
recent or active cerebral or retinal hemorrhage, in coronary artery
disease and in patients with impaired renal or hepatic function. In
addition, production, and release from extra thyroidal sources of
PCT into the circulation is enormously amplified during bacterial
infections. It is actively sustained by enhanced concentrations of
TNF-a and IL-6. Nevertheless, the synthesis of this biomarker is
inhibited by INF-c, whose concentration increases during viral
infections. Therefore, PCT value would be expected to stay within
the reference range in patients with non-complicated SARS-CoV-
2 infection. Therefore, its substantial increase would reflect bacte-
rial co-infection in patients developing the severe form of COVID-
19 and could contribute to complicate the clinical picture [76].
However the results of this study suggest that the combination
therapy with antioxidants is able to elevate the decreased levels
of PCT.

An increase in circulating neutrophils enhances ROS release,
LPO and reduces nitric oxide (NO) during obstructive sleep apnea
and ARDS. This may cause an increase in platelet aggregation, ele-
vated levels of adhesion molecules, endothelin and vascular
endothelial growth that contributes to sepsis [77]. In ARDS there
is a low local pH in the damaged capillaries which might help pro-
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duce NO from NO2
–. Even at a near neutral pH, NO2

– can be reduced
to NO in hypoxic conditions by multiple enzymes, such as deoxy
hemoglobin from erythrocytes, blood xanthine oxidoreductase, or
cytochrome oxidase from the mitochondrial respiratory chain.
Lower or impaired NOmetabolism is associated with the patholog-
ical severity of COVID-19. The NO synthesis by nitric oxide syn-
thases requires O2, and in ARDS, this is due to hypoxia that is
decreased. As a consequence, the NO oxidation products NO3

–

and/or NO2
– in plasma would be expected to be low [78]. The

results in this study show that NO2
– was decreased in all groups

from the entrance to the hospital and that the antioxidant therapy
increased it. In the absence of blood circulation in the lungs there is
LPO and OS due to the hypoxic condition. Furthermore, NADPH
oxidase and iNOS in the endothelium are one of the main causes
of oxidation in pulmonary ischemia. Immune cells such as macro-
phages and neutrophils can also contribute to oxidative damage in
the lungs by the same enzymatic mechanism [79]. However, NO
overproduction could be expected in sepsis by infection SARS-
CoV-2 since it results from the activation of iNOS which con-
tributes to the inflammation process. Nevertheless, our results
show a decrease in the plasmatic levels of NO2

–. The possible expla-
nation to this may be through the hypoxic condition, in which the
O2 concentration decreased and optimal concentrations of O2 are
required for NO synthesis by the oxide nitric synthases. In addition,
the NO which is synthetized might be oxidized by ROS to ONOO–

and this nitrogen specie may contribute to the inflammatory pro-
cess in COVID-19 patients [38].

In this study, when patients with severe pneumonia were only
treated with Px there was a decrease in CRP, which confirms the
participation of this drug in the control of inflammation. There
Fig. 4. Effect of different treatments for SARS-Cov-2 on antioxidants systems. Abbrevia
chronic health evaluation II, ARDS = acute respiratory distress syndrome, COVIDGRAM =
Scale, GPx = glutathione peroxidase, GR = glutathione reductase, GSH = glutathione, GSSG
Melatonin, NAC = N-acetylcysteine, NF-jB = nuclear factor k-light-chain-enhancer of acti
superoxide anion, OH = hydroxyl radical, ONOO- = peroxynitrate, Px = Pentoxifylline, S
Sequential Organ Failure Assessment, TAC = total antioxidant capacity, TNF-a = factor d
inflammasome.
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was not a decrease in LPO, but an increase the TAC was found.
There was also a lower average of days of stay in ventilation, of
days in the ICU and of days of hospitalization (date not shown).
We observed that Px had a better effect in patients with moderate
pneumonia. It improved levels of inflammatory biomarkers in
patients with moderate and severe pneumonia. The combination
of Vit E + Px reduced IL-6 levels more than Px alone. There were
no statistically relevant data in severe patients. However, CRP
levels decreased with the use of NAC combined with Px and Px
alone. On the other hand, the use of NAC and Vit E combined with
Px produced better effects up-PCT levels. This suggests that the
inflammatory state could have a better performance with the com-
bination of two antioxidants and the use of Px, NAC and MT were
the ones that showed the best performance. Therefore, we propose
that this could be a further improvement to the therapy for
patients with severe pneumonia due to COVID-19.

On the other hand, the decrease observed in the inflammatory
state through the decrease in IL-6, CRP and PCT in most patients
who did not develop septic shock in this study; suggest that the
use of antioxidants or Px should be started early. The antioxidants
proposed are Vit C, Vit E, NAC, MT, and Px and their preventive use
should also be analyzed in the context of clinical trials. This ther-
apy should also be evaluated as a means to stop the use of invasive
intubation. The Fig. 4 resume the results the antioxidant therapy
on the SARS-CoV-2 infection in COVID-19 patients.

Finally, it is relevant to point out that we obtained only 2.7%
mortality in this series and therefore the survival rate was high.
Regarding the causes of death in 3 of our patients, it should be
mentioned that there were in them other non-COVID-19 related
factors that determined their fate. From their arrival to the
tions: ACE2 = angiotensin converting enzyme 2, Apache II = acute physiology and
name of critical illness risk score, H2O2 = hydrogen peroxide, GCS = Glasgow Coma
= oxidized glutathione, LPO = lipid peroxidation, MOF = multiple organ failure, MT =
vated B cells, NLR3 = NLR family pyrin domain containing 3, NO = nitric oxide, O2- =
APS = Simplified Acute Physiology Score II, SOD = super oxide dismutase, SOFA =
e necrosis tumoral alfa, NLRP3 = NOD-like receptor protei 3 that activation of the
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hospital, these patients needed invasive ventilatory support and
one of them was already in a terminal renal state. In a second
patient there was a myocardial infarction and in the last one there
was a co-existent infection with pseudomona together with SARS-
CoV2. There is pulmonary micro thrombosis in lung alveoli in
COVID-19 patients and fibrinotic thrombi have been found in echo-
graphic autopsies of pulmonary arterioles. These thrombi are dif-
ferent from those found in pulmonary embolia [80]. Intravascular
pulmonary microthrombi are associated to the development of
hypoxemia in the first stages of ARDS in COVID-19. Therefore, in
patients with associated prothrombotic disorders as in these cases,
the deterioration is imminent and may explain the poor response
to any treatment. Therefore, deaths in this series were not related
to complications of COVID-19 and this study generates the hypoth-
esis that the treatment should be applied using the combination of
Px with the antioxidants since it shows better clinical improve-
ments in the regulation of biomarkers of inflammation and OS

6. Conclusion

This study confirms the presence of OS in COVID-19 patients.
The results suggest that the treatment with antioxidant supple-
ments such as Vit C, Vit E, NAC, and MT plus Px could contribute
to the deceleration of the aggressive and lethal development
COVID-19. There is evidence that antioxidants in moderate doses
decrease inflammation and control of OS; therefore, their use as
an adjuvant therapy to improve prognosis is confirmed. The
antioxidant therapy can be effective in this pandemia since it
improves all of the survival scores including SOFA, Apache II, SAPS
II, COVIDGRAM, GCS by lowering the LPO, IL-6, CRP, PCT and
increasing systemic TAC. The survival prognosis is >90%, in patients
with pneumonia by COVID-19 which supports its use. There is still
needed to evaluate the reproducibility of our findings in a similar
treatment and context.
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