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Background: Quercetin, a natural polyphenol with demonstrated broad-spectrum antiviral, anti-inflammatory, and antioxidant properties, has been proposed as an adjuvant for early-stage coronavirus disease 2019 (COVID-19) infection.
Objective: To explore the possible therapeutic effect of quercetin in outpatients with early-stage mild to moderate symptoms of COVID-19.
Methods: This was an open-label randomized controlled clinical trial conducted at the department of medicine, King Edward Medical University, Lahore, PK. Patients were randomized to receive either standard of care (SC) plus an oral quercetin supplement (500 mg Quercetin Phytosome®, 1st week, TDS: 2nd week, BDS) (n = 50, quercetin group) or SC alone (n = 50, control group).
Results: After one week of treatment, patients in the quercetin group showed a speedy recovery from COVID-19 as compared to the control group, i.e., 34 patients (vs. 12 in the control group) tested negative for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (p = 0.0004), and 26 patients (vs. 12 in the control group) had their COVID-19-associated acute symptoms resolved (p = 0.0051). Patients in the quercetin group also showed a significant fall in the serum lactate dehydrogenase (LDH) mean values i.e., from 406.56 ± 183.92 to 257.74 ± 110.73 U/L, p = 0.0001. Quercetin was well-tolerated by all the 50 patients, and no side effects were reported.
Conclusion: Our results, suggest the possible therapeutic role of quercetin in early-stage COVID-19, including speedy clearance of SARS-CoV-2, early resolution of the acute symptoms and modulation of the host’s hyperinflammatory response.
Clinical Trial Registration: clinicaltrials.gov, identifier NCT04861298
Keywords: Quercetin, COVID-19, SARS-CoV-2, Phytosome®, Natural Polyphenols, 3CL protease inhibition
INTRODUCTION
Coronavirus disease 2019 (COVID-19), a pathology caused by the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is a respiratory viral infectious disease that has provoked an ongoing pandemic. COVID-19 has severely affected the lives of all human beings. As of 7 July 2022, the disease has affected more than 552 million people and resulted in nearly 6.34 million deaths worldwide. Although effective COVID-19 vaccines have been developed, but possible mutations in the SARS-CoV-2 put the effectiveness of the vaccination campaign at serious risk. There is currently no specific and conclusively proven treatment available for COVID-19. Though several early-stage COVID-19 antivirals including molnupiravir, sotrovimab, casirivimab/imdevimab, nirmatrelvir/ritonavir have been developed, but these drugs are highly costly and available only in a few developed countries such as the United Kingdom and United States. Reported evidence suggest that it is highly unlikely that a single “magic bullet” drug will cure COVID-19, but rather a combination therapy of antiviral and anti-inflammatory agents administered at the early-stage is likely to be an effective treatment for COVID-19 (Chakraborty et al., 2021).
There is currently a wide scientific interest to explore natural dietary supplements as possible adjuvant therapy for COVID-19. Amongst such agents is quercetin (Figure 1), an extensively studied flavonoid, that possesses diverse pharmacological activities, including antioxidant, anti-inflammatory, immunomodulatory, and anti-senescence (Colunga Biancatelli et al., 2020; Derosa et al., 2021; Lee et al., 2021; Saeedi-Boroujeni and Mahmoudian-Sani, 2021). Quercetin has shown inhibitory activity against many viruses including SARS-CoV-2 (Abian et al., 2020a; Kandeil et al., 2021; Rizzuti et al., 2021; Bahun et al., 2022), SARS-CoV-1 (Chen et al., 2006), human respiratory syncytial virus, human immunodeficiency virus (HIV), poliovirus (type 1), herpes simplex virus (type 1 and 2), Hepatitis B and C virus, and parainfluenza virus (type 3) (Colunga Biancatelli et al., 2020; Derosa et al., 2021; Di Petrillo et al., 2022). Recently, several clinical trials have revealed treatment benefits of quercetin supplementation in patients with COVID-19, including prophylaxis, speedy clearance of the SARS-CoV-2, speedy resolution of the acute symptoms and improvement in the serum inflammatory biomarker levels (Imran et al., 2022). Quercetin has a well-demonstrated safety and tolerability profile in humans and has received the FDA GRAS (Generally Recognized As Safe) status for use as a dietary supplement (US Food and Drug Administration Letter, 2010). In the middle of this ongoing pandemic, we investigated the possible treatment benefits of quercetin in mild to moderately symptomatic COVID-19 outpatients in a randomized clinical trial with an aim that quercetin is safe, cheap, and worldwide available agent, and could help in the care of community-based COVID-19 patients (Di Pierro et al., 2021a). In this study, patients who received quercetin (500 mg oral Quercetin Phytosome® BDS for 30 days) supplement as add-on to the standard of care (SC) (n = 76) showed a significant reduction in the rate and length of hospitalization, need of non-invasive oxygen therapy, progression to intensive care unit and mortality. The study also evaluated the excellent safety and tolerability profile of quercetin in patients with COVID-19. The promising results of this first clinical trial prompted us to investigate if quercetin supplementation could possibly affect the time to SARS-CoV-2 clearance and improvement in the COVID-19-associated acute symptoms in a second clinical trial in mild to moderately symptomatic COVID-19 outpatients. Due to the urgent requirement for early-stage COVID-19 medications, in May 2021, we reported the preliminary results of the first 42 patients enrolled in this study (Di Pierro et al., 2021b). The results revealed that patients treated with quercetin (500 mg Quercetin Phytosome® TDS for the 1st week and BDS for the 2nd week) as add-on to the SC, had a shorter time to SARS-CoV-2 clearance as shown by reverse-transcriptase polymerase chain reaction (RT-PCR) test, an early resolution of the COVID-19-associated acute symptoms and an improvement in the serum inflammatory biomarker levels as compared to the patients who received the SC alone. In the present study we report the overall results of 100 COVID-19 outpatients who completed the study, and the concluding results validates the preliminary results we reported earlier, implying the possible therapeutic role of quercetin supplementation in patients at early-stage of COVID-19.
[image: Figure 1]FIGURE 1 | Chemical structure of quercetin.
MATERIALS AND METHODS
This was a single-center, open-label, and randomized controlled clinical trial, conducted at the Department of Medicine, King Edward University, Lahore, Pakistan. The study compared the treatment effect of SC plus quercetin vs. SC alone in mild to moderately symptomatic, RT-PCR confirmed COVID-19 outpatients. The study was approved by the Institutional Review Board King Edward Medical University, Lahore, Pakistan (PK), via Ref. No. 192/RC/KEMU and conducted according to the guidelines and recommendations of Good Clinical Practice and the Declaration of Helsinki. Informed written consent was obtained from each participant before enrolling in the study. The study has been registered on clinicaltrial.gov with identifier number as NCT04861298.
The inclusion criteria include patients 18 years or older of either gender, tested positive for SARS-CoV-2 by nasopharyngeal and/or oropharyngeal swab RT-PCR test, with mild to moderate COVID-19 acute symptoms such as fever, dyspnea, persistent dry cough, sore throat, myalgia, weakness, oxygen saturation >93%, and not severely ill to require hospital admission. The exclusion criteria include: patients with a proven history of hypersensitivity/allergic reaction to quercetin, chronic kidney disease, severe hypotensive, moderate or severe thrombocytopenia, pregnancy, or on immune system booster medications at the time of enrolment. A total of 108 COVID-19 outpatients who attended the medical outpatients’ clinics of King Edward Medical University Lahore, PK, from December 2020 to September 2021, after fulfilling all the inclusion criteria and non-of the exclusion ones, consented, and, were enrolled in the study. Patients were randomly assigned (by Block Randomization Algorithm) in a 1:1 ratio to receive either the SC plus quercetin (quercetin group) or SC alone (control group). The randomization was carried out by a trained healthcare professional who has no role in the study. The study CONSORT flow diagram is shown in Figure 2. Patients were then clinically assessed by the outpatient’s physician for COVID-19-associated acute symptoms, and laboratory biochemistry including C-reactive protein (CRP), D-Dimer, lactate dehydrogenase (LDH), ferritin and complete blood count were evaluated, and treatment to be taken at home prescribed as per randomization. The SC medications as per the hospital guidelines included analgesics/anti-fevers and antibiotics. The quercetin complementary treatment consisted of an oral 500 mg Quercetin Phytosome® (developed by Indena S.p.A, Milan, Italy) tablets (Quevir®, manufactured by Pharmextracta S.p.A, Italy), 1st week TDS, 2nd week BDS as an add-on to the same SC. Each 500 mg Quercetin Phytosome® Quevir® tablet contained 200 mg pure quercetin formulated with sunflower lecithin. Patients were provided with a telephone number to contact the trial clinical team in case of an emergency or if they need any medical advice. A second in-person follow-up appointment was made for all the patients with the outpatient’s physician at day 7 of the treatment to test for the SARS-CoV-2 by RT-PCR and assess persistence of COVID-19-associated acute symptoms and evaluate biochemistry. If necessary, a 3rd RT-PCR was also arranged for day 14th and 21st of the enrollment.
[image: Figure 2]FIGURE 2 | Study CONSORT flowchart.
OUTCOME
The study primary outcomes were to investigate the effect of quercetin supplementation on time needed to test negative for SARS-CoV-2 by RT-PCR analysis, and improvement in the COVID-19- associated acute symptoms, while secondary outcome include improvement in the laboratory biochemistry.
STATISTICAL ANALYSIS
For statistical evaluation between the two treatment groups, and within observation periods (Day 1 vs. Day 7), the Split-Plot Design, a mixed analysis of variance was used. In the presence of significant interaction, the Tukey’s Multiple HSD Comparison Test was applied. Statistical significance was achieved with p < 0.05. The variables analyzed with these procedures were CRP, LDH, Ferritin and D-Dimer. For SARS-CoV-2 RT-PCR analysis, Pearson’s Chi-Square statistic was used. To investigate if the patient’s age in the two groups could influence the results, the analysis of covariance (ANCOVA) was applied. To evaluate the significance of symptoms’ shift, the pseudo discrete-time Markov chain (DTMC) was applied. A contingency table was used with the change in symptoms’ frequency between Day 1 and Day 7. The DTMC analysis allowed us to define the subjects as healthy (patients who show one or more symptoms at baseline, but no symptoms at Day 7), improved (patients who show fewer symptoms at Day 7 than those at baseline), unchanged (patients whose symptoms were not changed by Day 7); worsened (patients with a higher number of symptoms at Day 7 than baseline). The results obtained from this methodology were compared, between groups, using Chi-Square Test (Pearson and Likelihood Ratio). Moreover, for a multivariate analysis of the results, all the variables were used simultaneously by Discriminant Analysis. The observed values of the two groups were represented as points (canonical variables) on a biplot graph. A 95% confidence level ellipse is plotted for each mean. If two groups differ significantly (p < 0.05), the confidence ellipses tend not to intersect.
RESULTS
Amongst the total 108 patients randomized, 100 patients consisting of 50 patients in the quercetin group and 50 patients in the control group, completed the study. Amongst the remaining 8 patients, 3 patients failed to attend the follow-up appointment and 5 patients discontinued the treatment on their own choice. Patients’ demographics and baseline clinical characteristics are summarized in Table 1. The mean age was 47.6 ± 15.7 years and includes almost half males and half females. The modal age group was between 30–40 years with 23% of the total cases (data not shown). At baseline, the two groups were overlapping for all parameters except age which on average was significantly higher in the control group. Patients on antihistamine drugs, statins, metformin, proton pomp inhibitors, acetyl salicylic acid, and antihypertensive drugs, were also not significantly different in the two groups (data not shown). All the patients in both groups had not received COVID-19 vaccination.
TABLE 1 | Patient’s demographics and baseline clinical characteristics.
[image: Table 1]In assessing the clinical recovery, by week one, the complementary treatment with quercetin significantly reduced the virus persistence by 68% vs. 24% in the control group (p = 0.0004) i.e, tested negative for SARS-CoV-2 (Figure 3). By week two, nearly all the subjects of both groups (98% in quercetin group, and 94% in the control group) tested negative for SARS-CoV-2. By week three, one patient was still SARS-CoV-2 positive in the control group, while there was no SARS-CoV-2 positive patient left in the quercetin group.
[image: Figure 3]FIGURE 3 | Patient’s follow-up RT-PCR COVID-19 test results in the two treatment groups.
In assessing the treatment effect on COVID-19-associated acute symptoms (Figure 4), significantly speedy clinical recovery was observed in the quercetin group, with 52% of patients had all their COVID-19-associated symptoms resolved by week one (vs. 24% in the control group) (p = 0.0051). By week two of treatment, most of the patients in both groups were free from COVID-19 symptoms (data not shown).
[image: Figure 4]FIGURE 4 | Patient’s Day 7 follow-up COVID-19-associated symptoms in the two treatment groups. Healed: Patients who manifested one or more COVID-19 associated symptoms at baseline, but no symptoms on Day 7; Improved: Patients who showed fewer symptoms on Day 7 than baseline; Unchanged: Patients who have no treatment effect on their COVID-19 symptoms.
In evaluating the treatment effect on the patient’s serum levels of inflammatory biomarkers after one week of treatment, patients in the quercetin group showed a significant reduction in LDH levels (Table 2). Improvement in CRP, ferritin, and D-dimer levels were also observed but not significantly so. There was no change in the patient’s hemoglobin, platelets, white blood cells, neutrophils, and leucocytes counts at baseline and day 7 (data not shown). As the two groups showed a significant difference in age, a covariance analysis was performed to evaluate if this parameter could have affected the results. However, no such association was observed (data not shown).
TABLE 2 | Patient’s baseline and day 7 inflammatory biomarkers levels in the two treatment groups.
[image: Table 2]One patient (sex: female; age: 69; affected by hypertension, type 2 diabetes, and chronic kidney disease) in the control group died (day 20 of enrolment) after being hospitalized and admitted in intensive care unit. Quercetin complementary treatment was well tolerated by all 50 patients with no apparent toxicity; and no peculiar side effects were reported by the patients.
To test the validity of our results, Discriminant Analysis were performed. The procedure divides patients into different groups according to their level of similarity measured by the values of simultaneously selected variables. As shown in Figure 5A, at baseline the two groups were overlapping without any clear differentiation. Therefore, according to the overall set of variables considered simultaneously, they were homogeneous. As shown in Figure 5B, by week one of the treatment, the two groups were no longer overlapping and showed a significant difference (p < 0.05; confidence level ellipse) due to the different response in the quercetin group to the variables considered as a whole.
[image: Figure 5]FIGURE 5 | Canonical plot of the two treatment groups obtained by Discriminant Analysis at (A) baseline and (B) Day 7. Blue (standard of care alone), and red (with Quercetin Phytosome®) colours represents control and quercetin group respectively. The observations and the multivariate means of each group are represented as points on the biplot and expressed in terms of the first two canonical variables. The point corresponding to each multivariate mean is denoted by a plus (”+“) marker. A 95% confidence level ellipse is plotted for each mean. If two groups differ significantly, the confidence ellipses tend not to intersect. An ellipse denoting a 50% contour is plotted for each group. This depicts a region in the space of the first two canonical variables that contains approximately 50% of the observations, assuming normality.
DISCUSSION
This randomized clinical trial investigated the possible adjuvant effect of an oral quercetin supplementation in mild to moderately symptomatic COVID-19 outpatients. The results revealed that patients who received quercetin in addition to SC, expeditiously cleared the virus (tested negative for SARS-CoV-2) (p = 0.0004) and had a speedy resolution of their COVID-19-associated acute symptoms as compared to the patients who received the SC alone (p = 0.0051). Moreover, patients in the quercetin group also showed statistically significant improvement in the serum levels of inflammatory biomarker LDH, p = 0.0001. In this study no treatment-emergent effect or serious adverse events were reported which further confirm the safety of quercetin in patients with COVID-19. The speedy clearance of the SARS-CoV-2 in patients in the quercetin group is possibly due to the inhibition of the SARS-CoV-2 3C-like protease (3CLPro), also called main protease (Mpro) by quercetin (Chen et al., 2006;; Kandeil et al., 2021; Rizzuti et al., 2021; Bahun et al., 2022). 3CLPro is a crucial enzyme involved in the replication of SARS-CoV-2. Quercetin can also exert its antiviral effect by acting either directly on the viral particles i. e; blocking the viral cell entry (Yi et al., 2004; Wu et al., 2015) or at difference stages of the replecative cycle by interacting with the viral proteins or by interferring in the cellular processes of pathways essential for the viral replication (Ono and Nakane, 1990; Chiang et al., 2003). Human angiotensin-converting enzyme 2 (ACE2) has been identified as a receptor of S-protein of SARS-CoV-2 to infiltrate host cells (Lan et al., 2020; Yan et al., 2020); inhibiting the interaction between S protein and the host ACE2 is believed to inhibit SARS-CoV-2 infection. Quercetin has been reported to be an inhibitor of ACE2 (Liu et al., 2020).
The present study also revealed significant improvement in the patients serum LDH levels, supporting the possible anti-inflammatory therapeutic effect of quercetin in COVID-19. Serum LDH level is an important severity marker in patients with COVID-19 (Szarpak et al., 2021). In a metanalysis study by Henry et al. (2020) elevated LDH levels were associated with a ∼6-fold increase in odds of developing severe disease and a ∼16-fold increase in odds of mortality in patients with COVID-19. Quercetin exhibits diverse anti-inflammatory mechanisms including the inhibition of lipid-peroxidation, lipoxygenase and phospholipase A2, the nucleotide-binding oligomerization domain leucine rich repeat and pyrine domain containing protein 3 (NLRP3) inflmmasome-mediated IL-1ß production (Tőzsér and Benkő, 2016), and pro-inflammatory cytokines such as IL-1ß, IL-6, INF-γ, and TNF-α (Colunga Biancatelli et al., 2020). Quercetin in combination with dasatinib has been shown to selectively eliminate SARS-CoV-2 virus-induced senescent cells, mitigate COVID-19 reminiscent lung disease, and reduce inflammation in SARS-CoV-2 infected hamsters and mice (Lee et al., 2021). Systemic inflammation, which is predominant in the lung cells is a hallmark of severe COVID-19; and anti-inflammatory therapies including corticosteroids, interleukin-6 (IL-6) receptor blockers (tocilizumab) and Jinas-kinase inhibitors (bariticinib) have been shown to help in reducing mortality in hospitalized severely-ill COVID-19 patients (Kalil et al., 2020; RECOVERY Collaborative Group, 2021a; RECOVERY Collaborative Group, 2021b). These anti-inflammatory therapies however have shown no treatment benefits in the early stage of COVID-19. The clinical course of SARS-CoV-2 infection is quite unpredictable particularly in vulnerable patients; and a combination of suitable antiviral and anti-inflammatory therapies in the early-stage is believed to be the key in preventing the progression to severe illness. We can therefore, suggest that the complementary therapy of quercetin has the potential to interfere with the early stages of the SARS-CoV-2 infection (replication), and simultaneously helping in the modulation of the host’s hyperinflammatory response. Together with these effects quercetin supplementation can help in the speedy recovery of patients from COVID-19. Moreover, unlike the conventional anti-inflmammatory agents, quercetin does not suffer from the intrinsic drawbcak of immuno-supression.
The results of quercetin complementary therapy revealed in this study are also in line with those reported by other randomized clinical trials in hospitalised COVID-19 patients. In study by Shohan et al. (2022) a daily 1000 mg quercetin supplementation with antivirals (remdesivir or favipiravir) for 7 days was significantly associated with partial earlier hospital discharge, reduction in the serum levels of LDH, alkaline phosphatase (ALP), and q-CRP, as well as significant increase in the patients hemoglobin level and respiratory rate as compared to the antiviral treatment alone. In study by Onal et al. (2021) a daily 1000 mg of quercetin (in combination with 1000 mg vitamin C and 100 mg bromelain) resulted in significant reduction in CRP, ferritin levels, and increase in platelet and lymphocyte counts. In study by Zupanets et al. (2021) on COVID-19 patients associated with pneumonia, intravenous administration of quercetin/polyvinylirolidone during the first 10 days followed by oral administration of quercetin/pectin over the next 10 days, significantly improved the patients oxygen saturation level, cough, as well as helped to stabilize the level of D-dimer. Moreover, quecetin has also been assessed as possible proplylactic for COVID-19. In study by Rondanelli et al. (2022) a daily 500 mg quercetin supplementaion provied 14% additional protection to volunteers against SARS-CoV-2 infection as compared to the placebo group.
Although several COVID-19 vaccines have been developed, and the rate of SARS-CoV-2 infection and community spread, hospitalization and mortality have significantly reduced, but the pandemic continues and affecting the lives of everyone. There is currently a fresh wave of COVID-19 in many developing countries with still a higher rate of hospitalization and mortality as compared to the developed nations. To protect the world’s population from COVID-19 infection, would require entire world’s population to be COVID-19 vaccinated. However, such efforts could take many years and have many associated challenges including cost, distribution under cold-chain, anti-vaccine campaign, and emergence of new SARS-CoV-2 variants due to mutations etc. Therefore, there is an urgent need of safe, affordable, and worldwide available medications for COVID-19 to treat the disease in the early-stage and prevent community transmission. Although scientific efforts to date have been more focused on drug identification (repurposing) for the treatment of hospitalized COVID-19 patients with the disease already in the advance stage; identification of treatment for early-stage and/or mild disease is critical to curb the COVID-19 transmission. Treating people early in the course of infection with SARS-CoV-2, would speed their recovery, reduce the likelihood that they develop severe outcomes and reduce demand on the healthcare system. In this context quercetin is a safe, cheap, and worldwide available agent; and in combination with SC can help and contribute in the efforts to control the ongoing pandemic.
Our study also has limitations. Small sample size, and not being in a double-blind and placebo-controlled conditions are some of the drawbacks of our study. Nevertheless, we are in a pandemic and there is an urgent need of safe, cheap, and readily available medications for COVID-19, particularly in the developing countries. We have carried out a pragmatic clinical study to investigate the possible complementary treatment benefits of quercetin in patients with early-stage COVID-19. The results revealed in this study can be easily translated to help in this pandemic.
In conclusions, the results revealed in this study suggest possible therapeutic role of quercetin supplementation in the early-stage mild to moderately symptomatic COVID-19 outpatients and may help in the speedy clearance of the SARS-CoV-2 infection, early resolution of the acute symptoms and modulation/control of the host’s hyperinflammatory response. The present study also supports the safety of quercetin supplementation in patients with COVID-19 which has an unpredictable and complex course and hence may be used as an adjuvant alongside routine care in the management of mild to moderate symptoms of COVID-19.
DATA AVAILABILITY STATEMENT
The original contributions presented in this study are included in this article, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The study was approved by the Institutional Review Board, King Edward Medical University, Lahore, Pakistan via Ref. No. 192/RC/KEMU. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
Conceptualization, FD, AK, SI, ST, PA, NZ, and AR; methodology, AK, SI, and FD; validation, SI, MC, and SM; formal analysis, MR; investigation; SI, MC, and SM; resources; AK, SI, FD, and ST; data curation, SI, MC, and SM; Writing–original draft preparation; FD and AK, writing–review and editing, AB, GD, PM, AR, and PA; visualization, AK, FD, and SI; supervision, AK and SI; project administration, AK and SI.
ACKNOWLEDGMENTS
We thank all the patients who participated in the study. We also thank all the clinicians who treated these COVID-19 outpatients and helped in the collection of the data. We are also grateful to Indena S.p.A. and Pharmextracta S.p.A. for donating the Quercetin Phytosome® Quevir® supplement tablets for the study.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abian, O., Ortega-Alarcon, D., Jimenez-Alesanco, A., Ceballos-Laita, L., Vega, S., Reyburn, H. T., et al. (2020). Structural stability of SARS-CoV-2 3CL pro and identification of quercetin as an inhibitor by experimental screening. Int. J. Biol. Macromol. 164, 1693–1703. doi:10.1016/j.ijbiomac.2020.07.235
 Bahun, M., Jukic, M., Oblak, D., Kranjc, L., Bajc, G., Butala, M., et al. (2022). Inhibition of the SARS-CoV-2 3CL(pro) main protease by plant polyphenols. Food. Chem. 373, 131594. doi:10.1016/j.foodchem.2021.131594
 Chakraborty, C., Sharma, A. R., Bhattacharya, M., Agoramoorthy, G., and Lee, S. S. (2021). The drug repurposing for COVID-19 clinical trials provide very effective therapeutic combinations: Lessons learned from major clinical studies. Front. Pharmacol. 12, 704205. doi:10.3389/fphar.2021.704205
 Chen, L., Li, J., Luo, C., Liu, H., Xu, W., Chen, G., et al. (2006). Binding interaction of quercetin-3-beta-galactoside and its synthetic derivatives with SARS-CoV 3CL(pro): Structure-activity relationship studies reveal salient pharmacophore features. Bioorg Med. Chem. 14 (24), 8295–8306. doi:10.1016/j.bmc.2006.09.014
 Chiang, L. C., Chiang, W., Liu, M. C., and Lin, C. C. (2003). In vitro antiviral activities of Caesalpinia pulcherrima and its related flavonoids. J. Antimicrob. Chemother. 52 (2), 194–198. doi:10.1093/jac/dkg291
 Colunga Biancatelli, R. M. L., Berrill, M., Catravas, J. D., and Marik, P. E. (2020). Quercetin and vitamin C: An experimental, synergistic therapy for the prevention and treatment of SARS-CoV-2 related disease (COVID-19). Front. Immunol. 11, 1451. doi:10.3389/fimmu.2020.01451
 Derosa, G., Maffioli, P., D'Angelo, A., and Di Pierro, F. (2021). A role for quercetin in coronavirus disease 2019 (COVID-19). Phytother. Res. 35 (3), 1230–1236. doi:10.1002/ptr.6887
 Di Petrillo, A., Orrù, G., Fais, A., and Fantini, M. C. (2022). Quercetin and its derivates as antiviral potentials: A comprehensive review. Phytother. Res. 36 (1), 266–278. doi:10.1002/ptr.7309
 Di Pierro, F., Derosa, G., Maffioli, P., Bertuccioli, A., Togni, S., Riva, A., et al. (2021a). Possible therapeutic effects of adjuvant quercetin supplementation against early-stage COVID-19 infection: A prospective, randomized, controlled, and open-label study. Int. J. Gen. Med. 14, 2359–2366. doi:10.2147/IJGM.S318720
 Di Pierro, F., Iqtadar, S., Khan, A., Ullah Mumtaz, S., Masud Chaudhry, M., Bertuccioli, A., et al. (2021b). Potential clinical benefits of quercetin in the early stage of COVID-19: Results of a second, pilot, randomized, controlled and open-label clinical trial. Int. J. Gen. Med. 14, 2807–2816. doi:10.2147/IJGM.S318949
 Henry, B. M., Aggarwal, G., Wong, J., Benoit, S., Vikse, J., Plebani, M., et al. (2020). Lactate dehydrogenase levels predict coronavirus disease 2019 (COVID-19) severity and mortality: A pooled analysis. Am. J. Emerg. Med. 38 (9), 1722–1726. doi:10.1016/j.ajem.2020.05.073
 Imran, M., Thabet, H. K., Alaqel, S. I., Alzahrani, A. R., Abida, A., Alshammari, M. K., et al. (2022). The therapeutic and prophylactic potential of quercetin against COVID-19: An outlook on the clinical studies, inventive compositions, and patent literature. Antioxidants (Basel) 11 (5), 876. doi:10.3390/antiox11050876
 Kalil, A. C., Patterson, T. F., Mehta, A. K., Tomashek, K. M., Wolfe, C. R., Ghazaryan, V., et al. (2020). Baricitinib plus remdesivir for hospitalized adults with covid-19. N. Engl. J. Med. 384 (9), 795–807. doi:10.1056/NEJMoa2031994
 Kandeil, A., Mostafa, A., Kutkat, O., Moatasim, Y., Al-Karmalawy, A. A., Rashad, A. A., et al. (2021). Bioactive polyphenolic compounds showing strong antiviral activities against severe acute respiratory syndrome coronavirus 2. Pathogens 10 (6), 758. doi:10.3390/pathogens10060758
 Lan, J., Ge, J., Yu, J., Shan, S., Zhou, H., Fan, S., et al. (2020). Structure of the SARS-CoV-2 spike receptor-binding domain bound to the ACE2 receptor. Nature 581 (7807), 215–220. doi:10.1038/s41586-020-2180-5
 Lee, S., Yu, Y., Trimpert, J., Benthani, F., Mairhofer, M., Richter-Pechanska, P., et al. (2021). Virus-induced senescence is a driver and therapeutic target in COVID-19. Nature 599 (7884), 283–289. doi:10.1038/s41586-021-03995-1
 Liu, X., Raghuvanshi, R., Ceylan, F. D., and Bolling, B. W. (2020). Quercetin and its metabolites inhibit recombinant human angiotensin-converting enzyme 2 (ACE2) activity. J. Agric. Food Chem. 68 (47), 13982–13989. doi:10.1021/acs.jafc.0c05064
 Onal, H., Arslan, B., Ucuncu Ergun, N., Topuz, S., Yilmaz Semerci, S., Kurnaz, M. E., et al. (2021). Treatment of COVID-19 patients with quercetin: A prospective, single center, randomized, controlled trial. Turk J. Biol. 45 (4), 518–529. doi:10.3906/biy-2104-16
 Ono, K., and Nakane, H. (1990). Mechanisms of inhibition of various cellular DNA and RNA polymerases by several flavonoids. J. Biochem. 108 (4), 609–613. doi:10.1093/oxfordjournals.jbchem.a123251
 RECOVERY Collaborative Group (2021). Dexamethasone in hospitalized patients with covid-19. N. Engl. J. Med. 384 (8), 693–704. doi:10.1056/NEJMoa2021436
 RECOVERY Collaborative Group (2021). Tocilizumab in patients admitted to hospital with COVID-19: A randomised, controlled, open-label, platform trial. Lancet 397 (10285), 1637–1645. doi:10.1016/S0140-6736(21)00676-0
 Rizzuti, B., Grande, F., Conforti, F., Jimenez-Alesanco, A., Ceballos-Laita, L., Ortega-Alarcon, D., et al. (2021). Rutin is a low micromolar inhibitor of SARS-CoV-2 main protease 3CLpro: Implications for drug Design of quercetin analogs. Biomedicines 9 (4), 375. doi:10.3390/biomedicines9040375
 Rondanelli, M., Perna, S., Gasparri, C., Petrangolini, G., Allegrini, P., Cavioni, A., et al. (2022). Promising effects of 3-month period of quercetin Phytosome® supplementation in the prevention of symptomatic COVID-19 disease in healthcare workers: A pilot study. Life (Basel) 12 (1), 66. doi:10.3390/life12010066
 Saeedi-Boroujeni, A., and Mahmoudian-Sani, M. R. (2021). Anti-inflammatory potential of Quercetin in COVID-19 treatment. J. Inflamm. (Lond) 18 (1), 3. doi:10.1186/s12950-021-00268-6
 Shohan, M., Nashibi, R., Mahmoudian-Sani, M. R., Abolnezhadian, F., Ghafourian, M., Alavi, S. M., et al. (2022). The therapeutic efficacy of quercetin in combination with antiviral drugs in hospitalized COVID-19 patients: A randomized controlled trial. Eur. J. Pharmacol. 914, 174615. doi:10.1016/j.ejphar.2021.174615
 Szarpak, L., Ruetzler, K., Safiejko, K., Hampel, M., Pruc, M., Kanczuga-Koda, L., et al. (2021). Lactate dehydrogenase level as a COVID-19 severity marker. Am. J. Emerg. Med. 45, 638–639. doi:10.1016/j.ajem.2020.11.025
 Tőzsér, J., and Benkő, S. (2016). Natural Compounds as Regulators of NLRP3 Inflammasome-Mediated IL-1β Production. Mediators Inflamm. , 5460302. doi:10.1155/2016/5460302
 Us Food and Drug Administration Letter, (2010). GRAS notices: Agency response letter GRAS notice No. GRN 000341. [Online]. Available at: https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=GRASNotices&id=341&sort=GRN_No&order=DESC&startrow=1&type=basic&search=quercetin.Accessed: December 6 2022
 Wu, W., Li, R., Li, X., He, J., Jiang, S., Liu, S., et al. (2015). Quercetin as an antiviral agent inhibits influenza A virus (iav) entry. Viruses 8 (1), 6. doi:10.3390/v8010006
 Yan, R., Zhang, Y., Li, Y., Xia, L., Guo, Y., and Zhou, Q. (2020). Structural basis for the recognition of SARS-CoV-2 by full-length human ACE2. Science 367 (6485), 1444–1448. doi:10.1126/science.abb2762
 Yi, L., Li, Z., Yuan, K., Qu, X., Chen, J., Wang, G., et al. (2004). Small molecules blocking the entry of severe acute respiratory syndrome coronavirus into host cells. J. Virol. 78 (20), 11334–11339. doi:10.1128/jvi.78.20.11334-11339.2004
 Zupanets, I. A., Golubovska, O. A., Tarasenko, O. O., Bezuhla, N. P., Pasichnik, M. F., Karabinyosh, S. O., et al. (2021). Efficacy of quercetin in patients with pneumonia associated with coronavirus disease (COVID-19). Zaporizhia Med. J. 23 (5), 636–643. doi:10.14739/2310-1210.2021.5.231714
Conflict of interest: FDP belongs to the Scientific Board of Pharmextracta. AB is a Pharmextracta scientific advisor. ST, PA, and AR belong to the Scientific Board of Indena.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Di Pierro, Khan, Iqtadar, Mumtaz, Chaudhry, Bertuccioli, Derosa, Maffioli, Togni, Riva, Allegrini, Recchia and Zerbinati. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-1096853-g005.gif
1o

g






OPS/images/fphar-13-1096853-t001.jpg
cteristics Control group Quercetin group

Gender, male, female (n) 25,25 23,27 ns

Age, mean + SD (years) 541+ 203 411 %203 <0.001

‘ Comorbidities* (n)

None/single 32 35 ns
Two or more 18 15 ns

‘ COVID-19 symptoms (n)

Fever 3 41 ns
Cough 2 2 ns
Myalgia 23 29 ns
Sore throat u 2 ns
Dyspnoea 12 9 ns
Headache 3 ns
Flu-like symptoms. 5 6 ns
Weakness 3 ns

SD, standard deviation; n.s., not significant; *, hypertension; type 2 diabetes, heart disease, kidney disease, hypercholesterolemia, obesity, asthma/allergy; , no of cases with fever >39.5°C,
S o





OPS/images/fphar-13-1096853-g003.gif
Patiorts i)

suegssas

R

e

saom)
o
e 29
e L
Fontre bt

Poatve 0oy 7 Poaimn o 1
ARG AR

Pt 0o 21





OPS/images/fphar-13-1096853-g004.gif
B

prapass

e
I l =
e s =y

R i —





OPS/images/fphar-13-1096853-t002.jpg
Control group (n

LDH (mean + SD) U/L

50)

Baseline 35928 + 140.40 40656 + 183.92 0.0001
Day 7 31684 + 133.02 257.74 + 110.73

CRP (mean + SD) mg/L
Baseline 3001 £ 27.40 2593 £2578 ns
Day 7 17.36 + 22.54 1107 +13.65

Ferritin (mean + SD) ng/mL
Baseline 639.17 £ 799.96 521.82 + 24991 ns
Day 7 508.76 + 594.72 30648 + 14453

D-Dimer (mean + SD) ng/mL
Baseline 266.13 + 220.32 21725 + 69.67 ns
Day 7 180.46 + 102.40 186.14 + 51.87

LD, factute dvbwidvopvnass: R Corenctive: protuiin. nas; not it






OPS/xhtml/nav.xhtml
Contents

		Cover

		Quercetin as a possible complementary agent for early-stage COVID-19: Concluding results of a randomized clinical trial		Introduction

		Materials and methods

		Outcome

		Statistical analysis

		Results

		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-13-1096853-g001.gif





OPS/images/fphar-13-1096853-g002.gif
Assassed for elgiity (=128)

Exciosed (-20)
+ Not mesing incusion creria (0=15)

| * Decinedto paricpate (1-04)

© Other reasons et (=01)

Randomized v=108)

| T I

Alocated o Quercotin Phytosome group (»=54)
+ Receied slocated nerverton (n-54)

Asocaes o Control group (n=54)
+ Receied alocsied nerventon (1=54)

| el

Lostio folowup (patients nc atiended cric)
o)
Discontned nteventon (pasers own choce)
=)

Lost o folowup (patierts ot atended i)
=)
Disconined interventon (paserts own choce)
2)

Anaysed (1=50)
© Excuded rom analysis (0<0)

snshysed (n=50)
+Excloded fom anaysis (1=0)










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





