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ARTICLE INFO ABSTRACT

Keywords: In this study, the therapeutic efficacy of quercetin in combination with remdesivir and favipiravir, were eval-
COVID'@ uated in severe hospitalized COVID-19 patients. Our main objective was to assess the ability of quercetin for
Quercetin preventing the progression of the disease into critical phase, and reducing the levels of inflammatory markers
?::Sﬁ::;rr related to SARS-Cov-2 pathogenesis. Through an open-label clinical trial, 60 severe cases were randomly divided

into control and intervention groups. During a 7-day period, patients in the control group received antivirals, i.e.,
remdesivir or favipiravir, while the intervention group was treated with 1000 mg of quercetin daily in addition to
the antiviral drugs. According to the results, taking quercetin was significantly associated with partial earlier
discharge and reduced serum levels of ALP, q-CRP, and LDH in the intervention group. Furthermore, although
the values were in normal range, the statistical outputs showed significant increase in hemoglobin level and
respiratory rate in patients who were taking quercetin. Based on our observations, quercetin is safe and effective
in lowering the serum levels of ALP, q-CRP, and LDH as critical markers involved in COVID-19 severity. How-
ever, according to the non-significant borderline results in comparing the mortality, the ICU-admission rate, and
the duration of ICU-admission, further studies can be helpful to compensate the limitations of our study and
clarify the therapeutic potential of quercetin in COVID-19 treatments.

management and O, therapy. Given the importance of controlling the
mortality rate, uncovering the cellular and molecular mechanisms
involved in the progression of disease into the storm phase is necessary.
Immune dysregulation is a significant challenge, which drives the dis-
ease into cytokine storm and mortality phases. Macrophages are critical

severe agute respiratory syn.drome corone}Virus—Z. The virus waslﬁrst players in severe lung injury caused by the activation of NLRP3
detected in December 2019 in Wuhan, China. Most COVID-19 patients inflammasome following the virus entry. Massive secretion of inflam-

demonstrate mild symptoms and usually recover without hospitaliza- matory cytokines, such as IL-1p, IL-6, IL-18, TNFa, and CXCL-10, by
tion. However, almost 15%-20% of the cases develop severe lung
infiltration that may lead to multiple organ failure and acute respiratory
distress syndrome, which is called critical COVID-19 (Huang et al.,
2020). Thus far, approximately more than 240 million infected cases
and almost 5 million deaths due to SARS-Cov-2 have been reported
globally. Available therapeutic approaches are symptomatic

1. Introduction

Coronavirus disease 2019 is a respiratory viral infection caused by

macrophages leads to systemic inflammatory response syndrome,
thrombotic complications, and multiorgan failure in severe COVID-19
cases (Mangalmurti and Hunter, 2020). While there is no specific drug
targeting SARS-Cov-2, several antivirals, including nucleotide analogues
remdesivir or favipiravir, and immune-based therapies, including
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Abbreviations:

ARDS  Acute respiratory distress syndrome
ALP Alkaline phosphatase
BUN Blood urea nitrogen

Cr Creatinine

CK-mb Creatine kinase-mb

ESR Erythrocyte sedimentation rate

FIASMA Functional inhibitors of acid sphingomyelinase
LFTs Liver function tests

LDH Lactate dehydrogenase

q-CRP  Quantitative C-reactive protein

SIRS Systemic inflammatory response syndrome
SGOT Serum glutamic oxaloacetic transaminase
SGPT Serum glutamic pyruvic transaminase

tocilizumab, are prescribed with various controversial efficacies re-
ported (Frediansyah et al., 2020). Quercetin, a plant flavonoid, is a
well-known natural supplement found in green tea, apples, red wine,
berries, onions, and several green leaf plants. It has been confirmed that
quercetin may affect the viral entry and regulate the virus-mediated
immune response (Colunga Biancatelli et al., 2020). Inhibition of the
virus entry into the host cells and viral replication as well as inhibitory
effects on NLRP3 inflammasome activation are all considered
anti-inflammatory effects of quercetin in viral infections (Colunga
Biancatelli et al., 2020). On the other hand, quercetin may be effective in
inhibiting the clinical deterioration of SARS-Cov-2 infected patients
through regulating the acid sphingomyelinase/ceramide system, which
is remarkably involved in viral internalization into the respiratory
epithelial cells during SARS-Cov-2 infection (Marin-Corral et al., 2021).
Potential usefulness of acid/sphingomyelinase ceramide system in-
hibitors in reducing the intubation and mortality risk of COVID-19 were
reported by recently published clinical trials. Taking an antidepressant,
such as fluoxetine or paroxetine (Hoertel et al., 2021a), or more broadly
a FIASMA medication upon hospital admission (Hoertel et al., 2021b),
may be significantly and substantially associated with reduced risk of
intubation or death in COVID-19 inpatients. Two clinical trials,
including a randomized placebo-controlled trial (Lenze et al., 2020) and
an open-label pragmatic trial (Seftel and Boulware, 2021), report a
significant reduced risk of clinical deterioration associated with a
2-week prescription of the FIASMA antidepressant fluvoxamine among
COVID-19 outpatients. Furthermore, pharmacological inhibition of acid
sphingomyelinase by amitriptyline or secretolytic therapy of broncho-
pulmonary complications related to excessive mucus secretion and
impaired mucus transport by ambroxol have been shown to be effec-
tively related to the inhibition of SARS-Cov-2 entry into the lung
epithelial cells by preventing the ACE2/sphingomyelin/ceramide in-
teractions (Carpinteiro et al., 2020, 2021). The inhibitory potential of
quercetin on sphingomyelinase ceramide system has been investigated
in experimental models of traumatic hemorrhagic shock and reperfu-
sion. It was observed that quercetin could prevent the sphingomyelinase
activity and inhibit the progression of lung edema (Chamorro et al.,
2016). Consequently, through a similar mechanism with antidepres-
sants, quercetin may be considered as an inhibitor of acid sphingo-
myelinase ceramide system, leading to prevention of SARS-Cov-2 entry
into the host epithelial cells. In this trial, our main objective was to
evaluate the therapeutic efficacy of quercetin in combination with
antiviral drugs remdesivir and favipiravir in severe non-ICU admitted
patients.
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2. Materials and methods
2.1. Study design, inclusion and exclusion criteria

The project was designed to evaluate the inhibitory effectiveness of
quercetin on SARS-Cov-2 infection. A combination therapy of nucleotide
analogues, i.e., remdesivir or favipiravir, with quercetin was adminis-
tered for patients with severe SARS-Cov-2 infection. A total number of
60 patients with definite COVID-19 diagnosis who were admitted in
Ahvaz Razi Teaching Hospital were enrolled into an open-label clinical
trial from December 2020 to January 2021. The study plan was
explained, and written informed consents were obtained from the pa-
tients who agreed to participate in the study. Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences approved the study (IR.
AJUMS.REC.1399.087). Moreover, the project was registered as a clin-
ical trial in Iranian Registry of Clinical Trials (IRCT20200419047128N2
(. Non-ICU admission, uninterrupted O, therapy supported by reservoir
bags, arterial blood O3 saturation under 93% (based on IDSA guidelines
defining severe COVID-19), nasopharyngeal detected SARS-Cov-2 re-
ported by RT-PCR, lung involvement with crazy paving pattern, ground
glass opacities, unilateral or bilateral consolidation, and an age >18
years were considered as the inclusion criteria. Furthermore, patients
who did not agree to participate in the study, patients under 18 years
old, patients with negative PCR report despite respiratory involvement,
pregnant patients, and patients with a history of allergic reaction to
quercetin-containing sources were excluded. Based on the national
therapeutic protocols of COVID-19 at the time of the study, patients with
low PO tolerability and O, saturation lower than 90% were received
remdesivir, while patients with O, saturation higher than 90% and
optimal PO tolerability were received favipiravir. Reducing the length of
hospitalization, decreasing the mortality rate, and the number of ICU-
admissions, were defined as the primary endpoints. Also, reducing the
lung involvement with normal O, saturation and respiratory rate were
considered as the secondary endpoints of this study.

2.2. Study procedure

A nasopharyngeal swab sampling was performed for SARS-Cov-2
detection by RT-PCR. RNJia Virus Kit (ROJE Technologies, Iran) and
COVITECH COVID-19 multiplex qPCR kit (ACECR, Iran) were used for
RNA extraction and qPCR quantification, respectively. After passing the
eligibility criteria, patients were admitted to the Infectious Diseases
Ward to start the treatment process, and they were randomly (1:1)
divided into control and quercetin groups (Fig. 1). Demographic and
clinical information, including age, gender, history of underlying dis-
eases, vital signs, and clinical symptoms at admission, were recorded
(Table 1).

2.3. Statistical analysis

Descriptive and inferential statistics including the Fisher’s exact test,
Chi-square and independent T-tests, were performed to analyze the
demographic and clinical data. The laboratorial and clinical data were
compared parametrically using repeated measures analysis and mixed-
design analysis of variance (ANOVA). SPSS 23.0 was used for data
analysis and designing the graphs. P-values lower than 0.05 were
considered statistically significant.

2.4. Patients’ follow-up and clinical outcomes of the study

Due to the impacts of corticosteroid consumption in the patients, all
the cases (diabetic and non-diabetic) were controlled by blood sugar
check within the first 48 h of admission, and based on the BS range,
insulin was prescribed to control the blood sugar level. Moreover, the
probability of diabetic ketoacidosis was controlled in diabetic patients
by uric acid test and arterial blood gas measurement. Patients with
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[ 72 patients were screened for eligibility ]
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Fig. 1. Consort flowchart of the trial. A total number of 72 cases were screened for eligibility. 60 patients were passed the enrolling criteria and finally allocated to

control and intervention groups (30 cases per group).

history of hypertension and cardiovascular diseases were regularly
visited by cardiologist to assess the probability of any interference be-
tween their anti-hypertensive drugs and the treatments used in the
study. According to the cardiology consultation, the type of anti-
hypertensive drug was changed if any interference with the antiviral
drugs was seen. Fortunately, no drug interference was seen. The patients
with asthma and salbutamol inhalation were monitored by pulmonol-
ogist during the study. Moreover, the patients with history of fatty liver
diseases were in grade I of the disease and were not taking medications.
The intervention period was 7 days, however, the participants who
completed the study were followed for 14 more days. The patients in the
control group received remdesivir or favipiravir, while the patients in
the intervention group received quercetin in addition to remdesivir or
favipiravir (Table 2). Peripheral blood samples were collected before
and after the intervention. Clinical and laboratorial analyses were per-
formed before, during, and after the study, and the serum levels of IL-1f,
TNFo, and IL-6 cytokines were measured using ELISA Kkits from Kar-
mania Pars Gene Company, Kerman, Iran (Cat numbers: KPG-hIL-1p,
KPG-hTNF-a, and KPG-hIL-6). No interference was observed between
discharge time and the study process. Actually, none of the participants
were discharged earlier than 7 days as the project was being conducted.
All the patients in the control and intervention groups were monitored
by the clinical consulter of the project to control the possible side effects
related to the use of remdesivir. Based on the clinical therapeutic
guidelines, daily LFTs and BUN/Cr check were done for all the

participants to evaluate the risk of liver hepatotoxicity (5-10 time in-
crease in serum levels of SGPT and SGOT) and kidney damage
(Glomerular filtration rate <30 mL/min/1.73 mz) in the patients. The
risk of coagulation disorders that might appear with the sign of he-
moptysis, was followed in the patients by performing daily PT/PTT and
INR check. Moreover, daily electrocardiogram and cardiology exami-
nation were done for the patients to control the risk of bradycardia and
reduction in pulse rate (<40 BPM). For the patients who were taking
favipiravir, famotidine was prescribed to reduce the risk of dyspepsia.
Also, the electrolyte imbalances such as hypomagnesemia that might
increase the risk of QT prolongation, was treated by MgSO4 based on the
serum magnesium level of the patients (Table 2). Uric acid level was
assessed to control the risk of favipiravir-associated hyperuricemia.
Fortunately, no serious side effect leading to drug discharge was
observed in the patients. The tolerability of the antiviral drugs and
quercetin used in this trial, was followed and evaluated by the clinical
advisor of the project. Although the values were close to statistical sig-
nificance, there were not any significant differences between control and
intervention groups in the number of ICU-admitted patients, the dura-
tion of ICU admission, the number of deaths and discharged patients.
However, the duration of hospitalization after the intervention to
discharge time was partially lower in quercetin group (Table 3). Also,
the number of patients received favipiravir or remdesivir, were not
significantly different (Table 3).
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Table 1
Demographic information, clinical symptoms and the duration of symptoms
before randomization.
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Table 2
Dosage and time period of antiviral drugs, quercetin, and other therapies used in
the study.

Variable Definition Control (n Quercetin (n P
= 30) =30)
Age (years) Min 32 35
Max 79 75 0.56
Std. deviation 13189 1032
Mean 527 509
Gende Male 17(56.7%) 17(56.7%) 1.00
Female 13(43.3%) 13(43.3%)
Underlying Diabetes 8(26.7%) 7(23.3%) 0.76
diseases
Hypertension 4 (13.3%) 8 (26.7%) 0.33
Cardiovascular 4 (13.3%) 5 (16.7%) 1.00
diseases
Asthma 1 (3.3%) 3 (10%) 0.61
BMI >25:* 10(33.3%) 9(30%) 0.78
atty liver history 4 (13.3%) 4 (13.3%) 1.00
Clinical Cough 27(90%) 24(80%) 0.47
symptoms
before Dyspnea 28(93.3%) 29(96.7%) 1.00
randomization
Chest pain 18(60%) 20(66.7%) 0.59
Headache 15(50%) 15(50%) 1.00
Weakness and 27(90%) 23(76.7%) 0.29
lethargy
Fever 15(50%) 24(80%) 0.015*
Runny nose 5(16.7%) 9(30%) 0.22
Diarrhea 9(30%) 12(40%) 0.41
Nausea 9(30%) 8(26.7% 0.77
Vomiting 11(36.7%) 9(30%) 0.58
Duration of Min 3 3
symptoms
before Max 20 14 0.043*
randomization
Std. deviation 353 263
Mean 943 777

Based on the statistical outputs of Fisher’s exact and Chi-square tests, there was
not any significant differences between control and intervention groups in terms
of age, gender, history of underlying diseases, and clinical symptoms at the time
of admission. However, the number of patients with body temperature >38 °C
was significantly higher in quercetin group rather than control at the time of
admission (P: 0.015). Furthermore, the duration of symptoms onset before
randomization was partially higher in control group (P: 0.043). The number of
overweight and obese participants were measured using Body Mass Index based
on the CDC guidelines. Overweight: BMI between 25 and <30. Obesity: BMI
between 30 and <35. Control group: 6 overweight and 4 obese patients. Quer-
cetin group: 7 overweight and 2 obese patients.

3. Results

Although the intervention period was 7 days, the participants were
followed for 14 days after completing the trial to follow their clinical
symptoms (Table 4). Complete blood count and biochemical and coag-
ulation assessment, including BUN, Cr, SGOT, SGPT, Total/Direct Bili-
rubin, ALP, LDH, quantitative CRP, ESR, D-dimer, CK-mb, and
quantitative Troponin, were measured before and after the intervention
in both groups. Moreover, vital signs, including O, saturation, pulse
rate, respiratory rate, body temperature, and blood pressure, were
monitored and recorded daily. Based on the confirmed inhibitory effects
of quercetin on the expression of cytokines involved in SARS-Cov-2
immunopathogenesis, serum levels of IL-1p, TNFa, and IL-6 were
measured before and after the intervention. Comparisons within period,
comparisons between groups and group/period interaction analysis
were applied to evaluate the therapeutic efficacy of our intervention in
different times, between the groups and mixed time/group effect
(Table 5).

Group Dosage and duration of administration

Control and Remdesivir (Ronak Pharmaceutical Co. Tehran, Iran)
intervention

First day: 200 mg (IV injection)

Second to fifth day: 100 mg (IV injection daily)
Favipiravir (Cytovex, Abidi Pharmaceutical Co. Tehran,
Iran)

First day: 3200 mg (1600 mg PO BD)

Second to fifth day: 1200 mg (600 mg PO BD)
Quercetin® (Jarrow FORMULAS, USA)

1000 mg daily for 7 days (500 mg PO BD)

Vitamin. D: 1000 IU PO daily

Intervention

Control and
intervention
MgS04: 250 mg PO BD (based on serum Mg level)
Famotidine: 40 mg PO daily
Zinc sulfate: 30 mg PO daily
Vitamin C: 500-1000 mg PO daily
Dexamethasone: 8 mg daily IV injection

PO: Oral consumption BD: Bidaily.

 Several formulation strategies such as enzymatic modifications and the use
of vitamins have been tested to enhance the bioavailability and dissolution of
quercetin in the human body. In this study, 500 mg veggie caps dietary sup-
plement of quercetin (manufactured by Jarrow Formulas Company, USA) was
used. According to the manufacturer, this dietary supplement is suitable for
vegetarians or vegans, and no wheat, gluten, soybeans, dairy, egg, fish/shellfish,
or peanuts/tree nuts is found in this product. Moreover, the product is also non-
GMO and contains only organic ingredients. Based on the recent reports, vitamin
C was prescribed for all the patients enrolled in the study to improve the efficacy
and bioavailability of quercetin (Ahmed et al., 2020; Colunga Biancatelli et al.,
2020).

Table 3
Clinical outcomes of the study and the number of patients based on the type of
antiviral drug received. The analyses were applied by proportion test.

Control (n Quercetin (n P
= 30) = 30)
Number of ICU-admitted patients 5 (16.6%) 3 (10%) 0.44
Duration of ICU-admission 8-15 days 6-10 days 0.053
Number of deaths 3 (10%) 0 (0%) 0.076
Number of discharged patients 27 (90%) 30 (100%) 0.076
Duration from 7th day of mean: 4.63 mean: 3.13
intervention to discharge (days) min: 1 min: 1 0.039*
max: 15 max: 12
Number of patients received 13 (43.3%) 16 (53.3%) 0.43
favipiravir
Number of patients received 17 (56.6%) 14 (46.6%)
remdesivir

3.1. Earlier discharge time was observed in the patients who were taking
quercetin

The statistical assessments indicated that daily taking of 1000 mg
quercetin for 1 week, was associated with partially shorter hospitaliza-
tion time. The average of days between the 7th day of intervention to
discharge time was significantly lower in the patients who were taking
quercetin in comparison with the patients in the control group (Table 3).

3.2. Statistical comparisons of the clinical and laboratorial data “within
the periods” and “between the groups”

According to the statistical outputs, it was observed that the levels of
PLT, D-dimer, q-CRP, ESR, CK-mb, LDH, body temperature and O,
saturation rate, were remarkably changed during the time of interven-
tion. Also, serum concentrations of IL-1f, IL-6, and TNF-a cytokines
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Table 4
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Comparisons of the clinical symptoms in the control and quercetin groups in 7th day and 14th day after the intervention. The statistical analysis was applied by

proportion test.

7 days after intervention

14 days after intervention

Clinical symptoms Control Quercetin P Control Quercetin P
Cough 13 (43.3%) 12 (40%) 0.79 7 (23.3%) 4 (13.3%) 0.31
Dyspnea 14 (46.6%) 8 (26.6%) 0.1 6 (20%) 2 (6.6%) 0.12
Chest pain 3 (10%) 4 (13.3%) 0.68 1(3.3% 2 (6.6%) 0.55
Headache 8 (26.6%) 5 (16.6%) 0.34 6 (20%) 2 (6.6%) 0.27
Weakness and lethargy 22 (73.3%) 13 (43.3%) 0.018* 12 (40%) 7 (23.3%) 0.16
Fever 8 (26.6%) 3 (10%) 0.09 2 (6.6%) 1 (3.3%) 0.55
Runny nose 2 (6.6%) 3 (10%) 0.64 0 (0%) 0 (0%) -
Diarrhea 6 (20%) 4 (13.3%) 0.31 0 (0%) 0 (0%) -
Nausea 11 (36.6%) 6 (20%) 0.15 4 (13.3% 1 (3.3%) 0.16
Vomiting 4 (13.3%) 2 (6.6%) 0.38 0 (0%) 0 (0%) -
Table 5

Comparisons of laboratorial and clinical parameters in control and quercetin groups, before and after the intervention. Repeated measures analysis using mixed-design
ANOVA test was applied to compare the data. The mean values with standard deviations in 4 different times are provided. Statistical outcomes including P-values of

ANOVA test and F statistics of Fisher test are also presented.

A B C

Test Control (Day 1)  Control (Day 7)  Quercetin (Day 1)  Quercetin (Day7) P F P F P F

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
WBC 9363 (3876) 9213 (4088) 8260 (2839) 8390 (2804) 0.98 0.001  0.22 1.48 0.73 0.11
RBC 4.58 (0.64) 4.56 (0.74) 5.11 (0.62) 5.10 (0.66) 0.78 0.08 0.001 11.41  0.95 0.003
HCT 38.55 (4.77) 37.78 (5.43) 39.19 (3.35) 39.94 (4.35) 0.98 0.00 0.19 1.69 0.11 2.59
HGB 12.8 (1.6) 12.3(1.8) 13.4 (1.4) 13.5(1.7) 0.38 0.77 0.027 5.11 0.04 4.24
PLT 218300 (64625) 224533 (64627) 239667 (68561) 280833 (76612) 0.01 5.87 0.01 6.86 0.07 3.18
PT 13.3(1.2) 13.6 (1.7) 12.7 (0.9) 12.5 (0.5) 0.85 0.03 0.001 11.54 0.28 1.14
PTT 36.5 (12.7) 38.4 (16.1) 37.3(3.3) 37.6 (3.1) 0.56 0.03 0.93 0.00 0.66 0.19
BUN 20.4 (9.9) 18 (5.7) 14.3 (5.1) 15 (5.6) 0.32 1.05 0.005 8.42 0.059 3.7
Cr 1.1(1.2) 1.2(1.7) 0.8 (0.1) 0.7 (0.1) 0.73 0.11 0.17 1.91 0.25 1.31
SGOT 63.8 (32.5) 56.9 (44.9) 50.3 (21.4) 40.5 (17) 0.06 3.47 0.027 5.12 0.75 0.1
SGPT 58.9 (48.5) 60.5 (51) 51.2(21.3) 41.8 (11) 0.28 1.16 0.14 2.19 0.13 2.28
ALP 192 (84) 202 (80) 200 (37) 179 (35) 0.27 1.19 0.63 0.22 0.002  10.02
Total Bilirubin 1.06 (0.38) 1.2 (0.33) 0.98 (0.36) 0.92 (0.33) 0.4 0.71 0.019 5.78 0.052  3.92
Direct Bilirubin 0.27 (0.13) 0.37 (0.34) 0.2 (0.1) 0.2 (0.2) 0.058 3.75 0.059 3.71 0.42 0.65
q-Troponin 0.02 (0.006) 0.03 (0.007) 0.02 (0.006) 0.02 (0.006) 0.72 0.058 0.53 0.48 0.56 0.33
D-dimer 834 (867) 516 (314) 872 (452) 513 (207) 0.00 15.01 0.86 0.029 0.8 0.05
q-CRP 62.9 (30.3) 34.1 (17.3) 66.9 (23.9) 21.4 (13.8) 0.00 182.8 0.39 0.73 0.004 9.2
ESR 50 (17) 32(14) 41 (12) 23 (7) 0.00 141.9 0.004 9 0.89 0.017
CK-mb 18 (3) 15 (4) 14 (4) 11 (3) 0.00 20.24  0.00 25.24  0.96 0.002
LDH 754 (290) 537 (154) 792 (234) 439 (128) 0.00 84.45 0.5 0.44 0.032 4.85
SpO2 88 (3) 93 (3) 90 (2) 95 (3) 0.00 76.24 0.051 3.97 0.14 1.16
Body Temperature 37.5 (0.6) 37.4(0.3) 37.6 (0.4) 37.3(0.3) 0.005  8.69 0.77 0.08 0.24 1.39
Respiratory rate 27 (6) 25 (5) 27 (5) 29 (6) 0.63 0.23 0.11 2.51 0.011  6.91
Pulse rate 82 (12) 82(13) 79 (13) 75 (14) 0.35 0.87 0.061 3.53 0.29 1.12
Systolic/Diastolic blood pressure 12/7 (1/0.7) 12/7 (1/0 .6) 12/7 (1/0.5) 12/7 (0.6/0.5) 0.63 0.23 0.53 0.38 0.77 0.08
IL-1p 64 (27) 52 (22) 61 (27) 39 (24) 0.00 2655 0.2 1.63 0.13 2.26
1L-6 33 (10) 27 (7) 27 (8) 18 (6) 0.00 39.96  0.00 1455 0.22 1.48
TNF-a 21 (11) 16 (7) 24 (9) 15 (7) 0.00 30.59 0.53 0.39 0.1 2.76

A: Comparisons within periods B: Comparisons between groups C: Group x Period interaction. WBC: cells/mm?. RBC: 10°/UL. HCT: %. HGB: g/dl. PLT: cells/mm?®.
PT/PTT: second (s). BUN/Cr: mg/dl. SGOT/SGPT/ALP: U/L. Total/Direct Bilirubin: mg/dl. q-Troponin: ng/ml. D-dimer: ng/ml.
q-CRP: mg/L ESR: mm/h CK-mb/LDH: U/L SpO,: % Body Temperature: °C Respiratory/Pulse rate: BPM Systolic/Diastolic BP: mm/Hg.

IL-1p/IL-6/TNF-: pg/ml.

were significantly changed in 4 different times that was measured in
control and intervention groups, before and after the intervention.
Moreover, comparisons between the groups revealed that the levels of
HGB, PLT, PT, BUN, SGOT, total bilirubin, ESR, CK-mb, and IL-6 were
considerably different between the control and the intervention groups.
The related statistical analyses are given in Table 5.

3.3. Taking quercetin was associated with a more effective decrease in the
levels of q-CRP, LDH, and ALP in the intervention group

To evaluate the therapeutic efficacy of quercetin, mixed-design
analysis of variance test was applied to show the period x group in-
teractions. As presented in Table 5, it was observed that taking 500 mg
quercetin bidaily for 1 week, could significantly decrease the serum

levels of g-CRP and LDH in the intervention group rather that the control
group (p: 0.004 & 0.032, respectively for q-CRP and LDH). Moreover,
serum concentration of ALP demonstrated a remarkable decrease in the
patients who were taking quercetin in addition to the antiviral drugs (p:
0.002). Although the measured values were in normal range, the sta-
tistical analysis showed that the levels of hemoglobin concentration and
also the respiratory rate were partially increased in the intervention
group in comparison to the control group (p: 0.04 & 0.011, respectively
for HGB and respiratory rate). The statistical graphs displaying the
comparisons of HGB, q-CRP, LDH, ALP, and respiratory rate between the
control and quercetin groups before and after the intervention, are
displayed in Fig. 2.
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Fig. 2. Statistical graphs of the mixed-design ANOVA comparisons of the variables that were significantly changed during the intervention. The reported p-values are
the outputs of period x group interactions which were presented in the results section. Due to its clinical importance, changes in O, saturation level during the study

are also displayed.
4. Discussion

Due to the complicated pathophysiology of COVID-19, there are
various therapeutic choices to be prescribed for the patients which are
dependent on the stage of the disease. Patients with severe COVID-19
show heterogenous immune responses to the inflammatory cascade
caused by the virus-mediated immune dysregulation. After the first
exposure, viral antigens are recognized by innate immunity receptors,
such as TLRs and NLRs, to induce an effective antiviral interferon
response; however, this is not the only outcome. Concurrent with the
release of interferons, the expression of co-stimulatory molecules and
antigen presentation signals will be induced to provide adaptive im-
mune responses, leading to antibody secretion and antiviral T cells
activation. Exactly at this point, the immune system faces the dilemma
of cytokine storm or recovery by walking on the sword of NLRP3
inflammasome. Uncontrolled NLRP3 induction leads to the over secre-
tion of IL-1f and IL-18, and the respiratory infiltration of mononuclear
phagocytes, neutrophils, and T cells, resulting in serious lung injury and
inflammatory storm (Mortaz et al., 2020; Nile et al., 2020; Ros et al.,
2020). NLRP3 inflammasome is, in effect, an uncontrolled inflammatory
weapon which is considered as an important SARS-Cov-2 associated
therapeutic target (Zhao et al., 2021). According to the recent reports on

the inhibitory effects of quercetin on NLRP3 inflammasome, a combi-
nation therapy of quercetin with antiviral drugs, i.e., remdesivir and
favipiravir has been carried out in this trial (Saeedi-Boroujeni and
Mahmoudian-Sani, 2021; van den Berg and Te Velde, 2020). From the
beginning of the COVID-19 pandemic, there are controversial reports
regarding to the therapeutic effectiveness of antiviral drugs in promot-
ing clinical improvement in SARS-Cov-2 patients. A study by J. Grein
et al. that was conducted with a total number of 61 patients who were
received at least one dose of remdesivir, showed that compassionate use
of remdesivir was associated with clinical improvement in 68% of the
patients hospitalized for severe COVID-19 (Grein et al., 2020). More-
over, the results of a double-blind, randomized, placebo-controlled trial
of intravenous remdesivir in 1062 hospitalized adults with COVID-19,
demonstrated that remdesivir was superior in shortening the time to
clinical recovery in the patients with lower respiratory tract infection
(Beigel et al., 2020). Based on the results of systematic reviews and
meta-analysis studies, remdesivir has shown no benefit in reducing the
mortality rate, however, in terms of reducing the proportion receiving
ventilation and serious harms, remdesivir may be effective in hospital-
ized adults with severe form of COVID-19 (Kaka et al., 2021; Singh et al.,
2021). On the other hand, there are several controversial reports on the
efficacy of favipiravir in the therapeutic protocols related to COVID-19
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management. The effectiveness of favipiravir has been confirmed in
moderate COVID-19 patients with SpOy > 94%, obviously with short-
ening the time to clinical improvement by approximately 3 days in these
patients (Shinkai et al., 2021). Another study conducted by H. M. Dab-
bous et al. showed that favipiravir was superior to chloroquine in
decreasing the hospital stay and the need for mechanical ventilation in
mild to moderate COVID-19 cases who were hospitalized (Dabbous
et al.,, 2021a). Moreover, it was reported that, the combination treat-
ment with favipiravir and methylprednisolone was significantly associ-
ated with good clinical outcomes by reducing the need for oxygen
supplementation and ventilation in severe COVID-19 patients (Mur-
ohashi et al., 2020). Taken together, it can be concluded from the
findings in the literature, that remdesivir may be effective in shortening
the time to clinical improvement in severe COVID-19 cases with no
benefits in reducing the mortality. Also, favipiravir should be prescribed
for the moderate cases as quickly as possible after the onset of the
symptoms to be effective in improving the clinical condition of the pa-
tients, and decreasing the need for mechanical ventilation (Dabbous
etal., 2021b; Ucan et al., 2021). Quercetin, chemically known as 3,3',4/,
5,7-pentahydroxyflavone, is a plant flavonol, which is a member of the
flavonoid family (Derosa et al., 2021). Gene set enrichment analyses
have revealed that quercetin is able to regulate the expression of 85% of
SARS-Cov-2 structural proteins (Glinsky, 2020). Moreover, molecular
docking screening has shown that quercetin effectively reduces the lytic
release replication and frustrates the SARS-Cov-2 replication cycle
through binding to 3CL and PL proteases of the virus (Jo et al., 2020).
Quercetin suppresses TNF/TNFR and NLRP3 downstream signals, such
as Nf-xB and IL-1p (Li et al., 2016). Significant reductions in viral load,
replication, and virus-mediated cholinergic hyperresponsiveness are
confirmed as the effects of quercetin in clinical trial reports on hepatitis
C, herpes simplex, and rhinoviruses infections (Agrawal et al., 2020).
Consequently, we decided to conduct a therapeutic method based on
the combination of antiviral drugs and quercetin in severe COVID-19
patients. The prophylactic and therapeutic use of quercetin in combi-
nation with vitamin D3 and ascorbic acid is recommended as a com-
plementary therapy to increase the efficiency of antiviral drugs and the
plasma exchange method in severe COVID-19 cases. Improved clinical
conditions and good prognosis were reported in SARS-Cov-2 infected
patients after taking 800 mg of quercetin daily in combination with 50
mg of zinc acetate and 165 mg of bromelain for 5 days before antiviral
prescription (Ahmed et al., 2020). Based on our observations, in addi-
tion to the antiviral drugs, taking 1000 mg of quercetin daily for 1 week
was associated with lower hospital stay in the intervention group
(Table 3). Moreover, taking quercetin reduced the serum levels of
gq-CRP, LDH, and ALP in the intervention group (Fig. 2/Table 5).
Inversely, although the values were in normal range, statistical evalua-
tions demonstrated that the respiratory rate and hemoglobin level were
partially increased during the intervention in the patients who were
taking quercetin (Fig. 2/Table 5). In line with our results, Di Pierro et al.
showed that taking 1000 mg quercetin for 30 days in 152 patients, was
remarkably associated with the reduction in length of hospitalization, in
need of non-invasive oxygenation, in progression into intensive care
units, and in the number of deaths (Di Pierro et al., 2021a). Although the
number of enrolled patients and the time of quercetin administration
were lower in our study, the results were close to statistical significance
when we compared the number of ICU-admitted patients, the number of
deaths, and the duration of ICU-admission in the control and quercetin
groups (Table 3). The ability of quercetin in virus clearance and
ameliorating the clinical symptoms was further evaluated by Di Pierro
et al. It was observed that taking quercetin for 2 weeks in addition to
standard care, statistically shortened the timing of molecular test con-
version from positive to negative. Also, taking quercetin remarkably
reduced the levels of LDH, Ferritin, CRP, and D-dimer (Di Pierro et al.,
2021b). To compare the improvement of clinical symptoms between the
groups, we followed the patients for 14 more days after the intervention
period to evaluate the presence of the symptoms. Although the statistical
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comparisons did not demonstrate significant differences, the patients in
quercetin group showed better clinical improvements in terms of the
symptoms (Table 3). Approximately 15%-58% of COVID-19 patients
show elevated serum LFTs as a secondary outcome (Moon and Barritt,
2020). Therefore, to avoid any liver and even cardiac damage, we
checked LFTs daily and measured CK-mb/troponin before and after the
study. Fortunately, no serious rise in LFTs was observed in the patients
that require drug discharge. Providing a definitive conclusion requires
further clinical observations; however, other clinical trial reports have
also confirmed the hepatic safety of quercetin in COVID-19 patients
(Moon and Barritt, 2020; Onal et al., 2021).

5. Conclusion

This is the first study reporting the therapeutic efficacy of quercetin
in combination with antiviral drugs, i.e., remdesivir and favipiravir in
severe form of COVID-19 disease. The results showed that quercetin was
able to reduce the hospitalization period. Also, the serum levels of g-
CRP, LDH, and ALP were decreased more effectively after taking quer-
cetin. Based on the observations, there were no significant differences in
mortality, duration of ICU-admission, and the number of ICU-admitted
cases, although our study may be underpowered to detect an effect on
these outcomes if it exists. Due to the complicated pathophysiology of
SARS-Cov-2, more research is needed to provide a definite conclusion.
Nonetheless, based on these results, it can be stated that quercetin may
be therapeutically effective in reducing the time to clinical improvement
upon combination with antiviral drugs.
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