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Abstract

Cytokine storm is the most prominent hallmark in patients with coronavirus disease 2019 (COVID-19) that stimulates the free
radical storm, both of which induce an overactive immune response during viral infection. We hypothesized that owning to
its radical-scavenging and anti-inflammatory properties, Edaravone could reduce multi-organ injury, clinical complications,
and mortality in severe COVID-19 cases. This single-center randomized clinical trial was accompanied in the intensive care
units (ICUs) of the teaching hospital of Tabriz University of Medical Sciences to evaluate the effect of Edaravone on the
outcome of patients with severe COVID-19. Thirty-eight patients admitted to ICU were included and randomized into two
control and intervention arms. Patients in the intervention group received 30 mg Edaravone by slow intravenous infusion
for three days in addition to receiving national therapy. The primary outcome was the need for intubation, the intubation
length, and mortality rate. Secondary endpoints were clinical improvement. Edaravone administration improved the primary
outcomes; it decreased the need for endotracheal intubation and mechanical ventilation [10.52% (n=2) versus 42.1% (n=38);
p=0.03] and intubation length [3 (1-7) versus 28 (4-28), p =0.04] compared to control group. Baseline characteristics and
laboratory tests were similar between the studied groups. No marked differences were observed in secondary endpoints
(p>0.05). Administration of Edaravone could decrease the need for mechanical ventilation and length of intubation in severe
COVID-19 patients admitted to ICU.
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Introduction response (Wu 2020). The lung is the major involved organ

in COVID-19 that is also prone to oxidative stress (Thimmu-

Cytokine storm is the most prominent hallmark of coronavi-
rus disease 2019 (COVID-19), mainly in those with severe
respiratory involvement. Inflammatory cytokines induce free
radicals formation and the interaction between free radical
storm and cytokine storm induces an overactive immune

< Mohammadreza Ardalan
ardalan34 @yahoo.com; ardalanm @tbzmed.ac.ir

P< Sepideh Zununi Vahed
zununivahed @tbzmed.ac.ir

Kidney Research Center, Tabriz University of Medical
Sciences, Tabriz, Iran

Student Research Committee, Tabriz University of Medical
Sciences, Tabriz, Iran

Tuberculosis and Lung Disease Research Center, Tabriz
University of Medical Sciences, Tabriz, Iran

lappa et al. 2020). The development of hypoxia in COVID-
19 is related to COVID-associated or cytokine-related paren-
chymal structural damage and thrombosis (Shadyro et al.
2021). Elevated levels of free radicals (reactive oxygen spe-
cies (ROS) and nitric oxide) are also among the contributors
to virus-induced pneumonia and death (Akaike et al. 1996;
Perrone et al. 2013). Free radicals induce oxidative stress in
a positive loop that helps SARS-CoV-2 replicate and conse-
quently, produces more inflammatory responses.

Free radicals could be a reliable therapeutic target in
cases with severe COVID infection. Edaravone is lipophilic
compound that has shown its in vitro activity to scavenge
free radicals along with antioxidant and anti-inflammatory
activity that has been used in the acute phase of stroke and
amyotrophic lateral sclerosis (Kikuchi et al. 2012; Watan-
abe et al. 2008). It has been introduced as an intravenously
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administrated antioxidant in the acute phase of cerebral
infarction and amyotrophic lateral sclerosis. It has also
been used in chemical-induced organ damage (Kikuchi et al.
2012). It diminishes the levels of and nitric oxide, ROS,
chemokines, and cytokines (tumor necrosis factor-alpha
(TNF-a), IL-1B, -2, -6,) in several experimental studies
(Kikuchi et al. 2012). In the setting of different diseases
caused by cytokine-induced apoptosis and oxidative stress
(e.g., hypertension, diabetes, atherosclerosis, or heart fail-
ure), Edaravone could be a therapeutic agent to improve
endothelial dysfunction (Kikuchi et al. 2013).

There are highly effective vaccines on diverse platforms
for COVID 19; however, the incidence of the new viral
mutations necessitates the development of effective thera-
peutic agents alongside the development of vaccination pro-
grams (Rahbar Saadat et al. 2021). Since both free radical
and cytokine storms are synergistically damaging patho-
physiology in COVID-19, it is essential to focus on free radi-
cal protection beside antiviral therapy developments. In this
regard, we examined the free radical-scavenging and anti-
inflammatory properties of Edaravone to reduce multi-organ
injury, clinical complications, and mortality in patients with
severe COVID-19.

Materials and methods
Study design and participants

This study was conducted in the intensive care units (ICU)
of the teaching hospital of Tabriz University of Medical Sci-
ences. Tabriz, Iran. An informed consent form was signed
by participants or their close family members, if they were
unable to cooperate. This study was permitted by the ethics
committee of Tabriz University of Medical Sciences (Ethics
code: IR TBZMED.REC.1399.128) and was registered at the
Iranian Registry of Clinical Trials (IRCT) with registration
code: IRCT20200317046797N6 (https://en.irct.ir/).

Patients and randomization

Patients who were diagnosed with SARS-CoV-2-related
pneumonia were recruited in this study from April to Sep-
tember 2021. The inclusion criteria were: (1) age> 18
and < 80 years; (2) positive real time-PCR for SARS-CoV-2;
(3) chest imaging-confirmed pneumonia (Computed tomog-
raphy (CT) of the chest scan); (4) patients with acute respira-
tory distress syndrome (ARDS) according to Berlin ARDS
criteria. Exclusion criteria were history of drug allergy,
pregnancy or lactating, patients on mechanical ventilation,
and expected survival duration <24 h. Enrolled patients
in other clinical trials were also excluded. Patients with
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severe COVID-19 were divided into two intervention and
non-intervention (control) arms by block randomization.
The study was blinded to the patients and researchers, but
unblinded for the clinical team. The patients in the interven-
tion arm in addition to their standard treatments protocols of
COVID-19, received Edaravone (Alsava, 1.5 mg/ml, 20 ml
vial, Zistdaru Danesh Co., Tehran, Iran) by slow intrave-
nous infusion 30 mg daily for three successive days. Con-
trol groups just received the standard therapeutic protocol of
the center. The infusion was immediately stopped when any
adverse events were seen during infusion and the patients
were carefully monitored.

Outcome and data collection

Baseline data, including vital signs, comorbid conditions,
demographics, laboratory data, PaO,/FiO, (arterial pO2/
fraction of inspired O, expressed as a decimal), sequential
Organ Failure Assessment (SOFA), and Glasgow Coma
Scale (GCS) scores were recorded during the follow-up
period (28 days). The primary outcomes were the need for
invasive mechanical ventilation, intubation length, and 28-
day mortality. Secondary endpoints including ICU admis-
sion length, inflammatory parameters including C-reactive
protein (CRP), PO,, erythrocyte sedimentation rate (ESR),
platelet (PLT), white blood cell, lymphocyte, and neutrophil
counts, urea, creatinine, prothrombin time (PT), partial PT
(PTT), along with SOFA and GCS scores were recorded for
both groups. The outcome of this trial was assessed on days
1, 3, 7, and 28.

Statistical analysis

Quantitative variables were presented as mean + stand-
ard deviation or median (min—max) and were compared
respectively via independent t-test or Mann—Whitney U
test between the groups. In addition, one-way ANOVA
test followed by post-hoc test (Tukey) was utilized for
comparing the intergroup variables. The frequency of
qualitative variables was compared between the groups
via Fisher’s exact test. SPSS software version 23.0
(Chicago, USA) was utilized for data analysis. A P
value < 0.05 was considered significant.

Results and discussion

Baseline characteristics of patients with severe
COVID-19

To conduct this single-center randomized controlled
trial (RCT), which was conducted during 5 months
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(April-September, 2021), 100 patients with severe COVID-
19 admitted to ICUs were assessed for enrollment criteria, of
which 38 cases were eligible for entering the study. Patients
were randomized equally to Edaravone (n=19) and con-
trol (n=19) groups (Fig. 1). Baseline features were similar
in both studied groups. In intervention group, 52.63% of
patients were women (n=10) and 47.36% were men (n=9).
The mean age of patients in the control and intervention
groups was 59.35+18.16 and 62.09 +9.55, respectively
(Table 1).

Primary outcomes of patients with severe COVID-19

Regarding to defined primary outcomes, patients who
received Edaravone did differ in the necessity of intubation
in comparison to the control group [10.52% (n=2) versus
42.1% (n=28); p=0.034]. Additionally, mean days of intu-
bation was significantly more in the control group than the
intervention group (median of 28 (4-28) versus 3 (1-7)
days, p=0.047). In both groups, mortality was almost
equal (p=0.66): 2 patients in the control arm (10.5%) and
3 in the Edaravone arm (15.78%) (Table 1). The median
duration of ICU admission in the intervention and control
groups were 11 (2-43) versus 10 (7-26) days, respectively
that was not different between the two groups (p =0.917).
Regarding symptom alleviation, considered symptoms
were not significantly different between the studied groups
on day 28.

Secondary outcomes of patients with severe
COVID-19

At the time of ICU admission, the P/F ratio was un-markedly
higher in the control arm in comparison to the intervention arm
(156.36+98.71 versus 184.33 +88.29, p=0.455). SOFA and
GCS were equal in both groups (p>0.79). Hemoglobin, urea,
serum creatinine, alanine transaminase (ALT), and aspartate
transaminase (AST) levels were not different between the inter-
vention and control groups during the mentioned followed-up
period (p>0.05). However, it was observed that the hemo-
globin levels of patients in the control group were significantly
decreased during the follow-up period compared to the baseline
(p=0.001). P/F ratio and platelets levels of patients in the inter-
vention group were slightly higher compared to the controls
(p>0.05). In contrast, the increased levels of the P/F ratio in the
control group after routine treatment were statistically signifi-
cant (p=0.026). International normalized ratio (INR) [(PT,./
PT,...)">"], alkaline phosphatase (ALP), serum total bilirubin
levels were slightly lower in the intervention group than the
control group (p>0.05). Total number of WBCs of patients in
the intervention group were lower than the control group and
this increase was statistically significant at day 1 (p=0.006). In
addition, ESR levels at third (p=0.018) and seventh (p=0.032)
days of hospitalization were significantly lower in the interven-
tion group compared to the control group. PT was lower in the
intervention group of patients with severe COVID-19 infection
than the control group at day 28 that was statistically significant
(p=0.044), Table 2.
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Table 1 The effect of Edaravone
in patients with severe COVID-

19 infection

Control (n=19) Intervention (n=19) P value

Clinical parameters

Age (years) 59.35+18.16 62.09+9.55 0.65

Gender; men/women 9 (47.4%)/10 (52.6%) 9 (47.36%)/10 (52.63%) 0.749
Primary outcomes

Need for intubation 8 (42.1%) 2 (10.52%) 0.034

Intubation length (days) 28 (4-28) 3(1-7) 0.047

ICU admission length (days) 10 (7-26) 11 (2-28) 0.917

Mortality 2 (10.5%) 3 (15.78%) 0.66

Quantitative variables were reported as mean+SD or median (min—-max) and qualitative variables were
reported as number (percentage). Independent #-test or Mann—Whitney U test were utilized for data analy-
sis and p value <0.05 was considered significant

Discussion

In this single-center RCT, there were significant differ-
ences regarding the primary outcomes including need for
mechanical intubation and intubation length between those
who received Edaravone compared with controls. Secondary
endpoints including ICU admission length, and general clin-
ical characteristics were quietly equal in the studied groups.

Recent studies propose that oxidative stress, an imbalance
condition between the prooxidants and antioxidants, has a
considerable role in SARS-CoV-2 viral infections (Schon-
rich et al. 2020). Respiratory viral infections are linked with
inhibition of antioxidant defenses pathways (Nuclear factor
erythroid 2-related factor 2 (Nrf2)-mediated) and activa-
tion of nuclear factor-kappa B (NF-kB) signaling that drives
inflammation, oxidative injury, and cytokine storm during
these infections (Komaravelli and Casola 2014). In line with
this, evidence indicates that there is a connection between
disease severity and reduced antioxidant enzymes, and lung
injury development in COVID-19 patients (Abouhashem
et al. 2020).

SARS-CoV-2 enters the host cells through angiotensin-
converting enzyme 2 (ACE2) receptor. ACE2 converts angi-
otensin IT (Angll) into angiotensin 1-7 (Touyz et al. 2020)
that can be inactivated by the viral action. Elevated levels
of Angll have been observed in serum samples of severe
COVID-19 patients (Wu et al., 2020). Intracellular signal-
ing of Angll includes an elevated levels of ROS (Dikalov
and Nazarewicz, 2013) to be used in signaling mechanisms
(Laurindo et al. 2002). However, excessive ROS results in
cell apoptosis or necrosis. Therefore, targeting the oxidative
stress and free radicals in COVID-19 could be a useful thera-
peutic target (Nasi et al. 2020). It is reported that vitamin C
level in patients with COVID-19 was considerably low and
its supplementation (100 mg/kg/day) is useful (Xing et al.,
2021). An open-label, randomized, controlled trial that was
conducted on 60 patients with severe COVID-19 infection
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did not find significantly better outcomes in patients who
received high-dose intravenous vitamin C (6 g daily) in
addition to their standard therapies (JamaliMoghadamSi-
ahkali et al. 2021). N-acetylcysteine (NAC), a glutathione
precursor, is also proposed to reestablish redox homeosta-
sis and improve the outcome in COVID-19 patients. This
antioxidant was also tested in a patient with G6PD (glucose
6-phosphate dehydrogenase) deficiency that because of glu-
tathione depletion was vulnerable to coronavirus infection
(Ibrahim et al., 2020). In a double-blind, placebo-controlled
RCT, high doses (about 300 mg/kg) administration of NAC
for 20 h did no significant impact on the clinical course of
patients with severe COVID-19 (de Alencar et al., 2021).

This study had some limitations; the small number of
enrolled patients was the main limitation of this study. Since
the distribution and duration of infected patients were unpre-
dictable, the number of enrolled patients may be low at such
this clinical centers. Therefore, several clinical trials in dif-
ferent centers are required to supply an adequate number of
patients for a larger studies in the future. Moreover, the trial
was unblinded for clinical staff who were in charge of enroll-
ing participants; however, to minimize bias, patients and
the research team were blinded. Additionally, the effect of
different therapeutic regimens that studied groups received
before their ICU admission were not erasable and may affect
our results.

Conclusion

Considering the radical-scavenging and anti-inflammatory
properties of Edaravone, the observed clinical benefit in our
preliminary study is promising for the effective role of Edar-
avone on the clinical outcome of severe COVID-19 patients.
It requires further studies with adequate patient numbers and
observation time to confirm this protective effect.
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Table 2 The clinical outcome of Edaravone in patients with severe COVID-19 infection

Parameters Groups First day 3rd day 7th day 28th day P value*

WBC (10°L)  Control 12,826.32 +5606.72 11,655.56 +5890.19 10,250 +5491.62 10,220+5145.39 0.484
Intervention 8444.44 +2999.25 9800+4339.21 11,614.29 +4382.8 7350+1909.18 0.125
P value 0.006 0.299 0.454 0.469

Hb (mg/dl) Control 13.23+2.13 12.69+2.02 11.85+2.46 9.81+1.58 0.001
Intervention 13.05+1.56 12.72+1.71 13.21+1.75 12.75+2.47 0.866
P value 0.764 0.964 0.09 0.182

PLT (10°L)  Control 213,578.95+126,171.53 184,133.33+135,862.52 221,444.44+122,607.56 231,900+ 137,522.07 0.764
Intervention 205,277.78 £113,609.13 243,411.76+166,113.68 257,230.77 +153,421.07 252,500+ 118,086.83 0.764
P value 0.835 0.255 0.476 0.849

PT (seconds)  Control 13 (12-17.1) 14.95 (12.5-20.1) 15.1 (12-23) 14.5 (13.5-25) 0.018
Intervention 13 (11.1-18) 15 (13-42.2) 14.75 (13.2-20.3) 12.8 (12.6-13) 0.134
P value 0.48 0.716 0.726 0.044

PTT (seconds) Control 33.95+5.75 35.94+10.54 35.17+8.07 42.56+29.6 0.438
Intervention 35.5+5.943 32.09+3.7 31+3.46 37+9.899 0.087
P value 0.425 0.259 0.146 0.806

CRP (mg/1) Control 66 (14-158) 54 (26-171) 22 (12-206) 46 (22-70) 0.638
Intervention 106 (7-186) 80 (3-194) 20 (1-145) 0.219
P value 0.247 0.937 0.545 0.564

Urea (mg/dL) Control 54 (18-136) 52 (20-206) 45 (15-238) 30 (17-245) 0.743
Intervention 47.5 (24-93) 56 (20-157) 62 (21-157) 44.5 (28-61) 0.313
P value 0.15 0.757 0.843 0.606

Cr (mg/dl) Control 1.37 (0.7-6.92) 1.07 (0.6-7.66) 1.01 (0.56-8.68) 0.91 (0.6-5.7) 0.889
Intervention 1.15 (0.8-1.7) 0.91 (0.72-2) 0.98 (0.51-2.26) 1.17 (0.95-1.4) 0.758
P value 0.129 0.483 0.512 0.364

P/F ratio Control 156.36 +98.71 161+89.99 245.55+£47.72 256 +62.68 0.026
Intervention 184.33 +88.29 217.91+98.29 255.45+£83.94 290+ 14.14 0.166
P value 0.455 0.176 0.757 0.504

SOFA Control 4.63+£1.53 4+1.29 429+1.79 4.55+2.35 0.944
Intervention 4.53+2.89 4.84+3.02 3.27+2.57 4+2.82 0.574
P value 0.9 0.666 0.226 0.775

GCS Control 15 (14-15) 15 (6-15) 15 (5-15) 0.644
Intervention 15 (6-15) 15 (7-15) 15 (13-15) 0.829
P value 0.796 0.851 0.879

Quantitative variables were reported as mean =+ SD or median (min—max)

AST aspartate transaminase, ALT alanine transaminase, ALP alkaline phosphatase, Cr creatinine, ESR erythrocyte sedimentation rate, CRP
C-reactive protein, GCS glasgow coma scale, Hb hemoglobin, /NR international normalized ratio, P/F ratio PaO2/FiO2 ratio, PT prothrombin
time, PLT platelets, PTT partial P, SOFA sequential organ failure assessment, WBC white-blood cell

*One-way ANOVA test was utilized for comparing intragroup values
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