Full title: Efficacy of a Low Dose of Melatonin as an Adjunctive Therapy in Hospitalized
Patients with COVID-19: A Randomized, Double-blind Clinical Trial

Short running title: Adjuvant treatment of melatonin in patients with COVID-19

Full names of the authors:

Gholamreza Farnoosh', Mostafa Akbariqomi?, Taleb Badri’, Mahdi Bagheri’, Morteza Izadi*, Ali
Saeedi-Boroujeni’, Ehsan Rezaie®, Hadi Esmaeili Gouvarchin Ghaleh’, Hossein Aghamollaei®,
Mahdi Fasihi-ramandi®, Kazem Hassanpour’, GholamHossein Alishiri®

Author's institutional affiliations:

! Applied Biotechnology Research Center, Bagiyatallah University of Medical Sciences, Tehran, Iran

2 Applied Microbiology Research Center, Systems Biology and poisonings Institute, Baqgiyatallah
university of Medical Sciences, Tehran, Iran

3 Neuroscience Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran

*Health Research Center, Life Style Institute, Bagiyatallah University of Medical Sciences, Tehran, Iran
> Department of Immunology, Faculty of Medicine, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran

Molecular Biology Research Center, Systems Biology and Poisonings Institute, Bagiyatallah University
of Medical Sciences, Tehran, Iran

7 Applied Virology Research Center, Bagiyatallah University of Medical Sciences, Tehran, Iran

¥ Chemical Injuries Research Center, Systems Biology and Poisonings Institute, Bagiyatallah

University of Medical Sciences, Tehran, Iran

? Department of Pediatric, School of Medicine, Sabzevar University of Medical Sciences, Sabzevar, Iran

Corresponding author:

GholamHossein Alishiri, MD

Chemical Injuries Research Center of Baqiyatallah University of Medical Sciences, Tehran, Iran
P.O. Box 19395-5487, Tel/fax: +982182482549

e-mail: ghalishiri@gmail.com



E-mail:

Gholamreza Farnoosh: rzfarnoosh@yahoo.com
Mostafa Akbariqomi: m-akbariq@razi.tums.ac.ir
Taleb Badri: dr.badri52@gmail.com

Mahdi Bagheri: mbagheri.pharm@gmail.com
Morteza Izadi: morteza izadi@yahoo.com

Ali Saeedi-Boroujeni: ali.immune1989@gmail.com
Ehsan Rezaie: rezaie.ehs@gmail.com

Hadi Esmaeili Gouvarchin Ghaleh: h.smaili69@yahoo.com
Hossein Aghamollaei: aghamolaei22@gmail.com
Mahdi Fasihi-ramandi: fasihi.m@gmail.com
Kazem Hassanpour: drhassanpour@yahoo.com

GholamHossein Alishiri: ghalishiri@gmail.com

Authors' contributions

GHH.A, GHR.F and MI designed the study. TB, MB, A.SB, ER, H.EGG and KH collected the
data. MA, HA, M.FR analyzed and interpreted the data. MA and GHR.F wrote the first draft of

the manuscript. GHH.A did the latest revision of manuscript. All the authors reviewed and

approved the final manuscript.

Acknowledgments

We would like to thank all the participants for their contribution in the current trial. Also, we

thank the guidance and advice of the "Clinical Research Development Unit of Bagiyatallah

Hospital".

Funding

This research did not receive any specific grant from funding agencies in the public, commercial,

or not-for-profit sectors.

Disclosure

All authors have no conflict of interest to declare.



Abstract

Aim: To evaluate the clinical efficacy of adjuvant use of melatonin in patients with coronavirus
disease 2019 (COVID-19).

Methods: This single-center, double-blind, randomized clinical trial included 74 hospitalized
patients with confirmed mild to moderate COVID-19 at Baqiyatallah Hospital in Tehran, Iran,
from April 25, 2020 to June 5, 2020. Patients were randomly assigned in a 1:1 ratio to receive
standard of care and standard of care plus melatonin at a dose of 3 mg three times daily for 14
days. Clinical characteristics, laboratory, and radiological findings were assessed and compared
between two study groups at baseline and post-intervention. Safety and clinical outcomes were
followed up for four weeks.

Results: A total of 24 patients in the intervention group and 20 patients in the control group
completed the treatment. Compared with the control group, the clinical symptoms such as cough,
dyspnea, and fatigue, as well as the level of CRP and the pulmonary involvement in the
intervention group had significantly improved (P < 0.05). The mean time of hospital discharge of
patients and return to baseline health was significantly shorter in the intervention group
compared to the control group (P < 0.05). No deaths and adverse events were observed in both
groups during this study.

Conclusions: Adjuvant use of melatonin has a potential to improve clinical symptoms of
COVID-19 patients and contribute to a faster return of patients to baseline health.

Keywords: COVID-19, Melatonin, Clinical trial, Adjunctive therapy

Trial Registration: ClinicalTrials.gov Identifier: NCT04409522



What is already known about this topic?

* Hyperinflammation and uncontrolled oxidation play an important role in COVID-19
pathogenesis.

* There is no definitive treatment approved for COVID-19 until now

What does this article add?

* Adjuvant use of a low dose of melatonin could improve respiratory symptoms and reduce
the severity of pulmonary involvement in patients with mild to moderate COVID-19.

* Improvement in CRP was significantly observed in the patients receiving melatonin
supplementation.

* Melatonin as an adjunctive therapy contribute to a faster return of COVID-19 patients to
baseline health.



1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the
outbreak of an intense respiratory illness named coronavirus disease 2019 (COVID-19). The
COVID-19 was first reported in Wuhan, China in late December 2019 and soon spread around
the world.'? As of November 8, 2020, the COVID-19 pandemic had infected nearly 50 million
people and killed more than 1 million worldwide.> A range of severity of COVID-19 has been
reported from mild, self-limiting respiratory tract disease to severe progressive pneumonia,
multiple organ dysfunction, and death. Most patients with COVID-19 have a self-limiting
infection and have recover, however, about 15% of cases suffer from severe pneumonia and in
5% of cases a critical illness occurs which requires the intensive care unit (ICU) admission and
some of them die.*’

Whereas COVID-19 infection continues to spread around the world, multiple therapeutic
agents have been tested or are under clinical trials. However, these medications have not yet
been proven effective in treating patients with COVID-19. Many papers have reported
compassionate use of drugs with inconclusive therapeutic effects and many side effects.®™®
Accordingly, there is currently no definitive treatment for this novel coronavirus. Due to the high
contagiousness and rapid spread of SARS-CoV-2 infection, the need for safe and effective
drugs for the treatment of COVID~-19 is becoming increasingly urgent.

The pathophysiology of COVD-19 is triggered by the coronavirus cell entry via binding
spike protein to angiotensin converting the enzyme 2 (ACE2) host receptor, which expresses in
different human tissues and cell types.”'® The COVID-19 infection launches a cytokine storm
and an inflammatory cascade that can significantly contribute to disease progression and even
leads to death.'" Therefore, modulation of the excessive inflammatory responses is thought to be
important in improving the treatment outcomes for COVID-19 patients.

Melatonin is a multifunctional molecule that is well-known as an anti-inflammatory,
antioxidant and immune modulator. It has also been proven that melatonin is involved in
regulating sleep, blood pressure, and vascular function and alleviates viral respiratory disorders.
Due to these properties, recent publications have suggested the possible beneficial effects of
melatonin on improving clinical outcomes of COVID-19 patients.'>"> However, there are few
clinical and laboratory data on the use of melatonin as an adjunctive therapeutic agent in

COVID-19 infection. Hence, in this study a randomized clinical trial was designed and



performed to evaluate the efficacy and safety of oral melatonin in combination with standard
treatment for improving clinical status in adult patients hospitalized with mild to moderate

COVID-19.

2. Methods
2.1. Study design and patients

This study was a single-center, double-blind, randomized clinical trial to assess the efficacy
and safety of melatonin in adults with COVID-19 admitted to Bagiyatallah Hospital, Iran, from
April 25, 2020 to June 5, 2020. The diagnosis of COVID-19 was confirmed by Reverse
Transcription-Polymerase Chain Reaction (RT-PCR), as well as chest radiography or Computed
Tomography (CT) findings consistent with the COVID-19 pneumonia. A total of 100 patients
were screened, of whom 26 patients were excluded, due to the lack of inclusion criteria and non-
acceptance to participate in the study. Thus, 74 patients were selected to participate in the trial.

Eligible patients fulfilled inclusion and exclusion criteria. The inclusion criteria were
hospitalized patients with confirmed mild to moderate COVID-19, inclusion within the first 48
hours of hospital admission, males and non-pregnant females aged 18 years or older, and
willingness to participate in this clinical trials. The exclusion criteria were as follows: pregnancy
or breastfeeding, neurological diseases, chronic hepatitis, kidney failure, use of antioxidants,
anti-inflammatory and immunosuppressant drugs, known allergy to melatonin, and participation
in another clinical trial at least 30 days prior to enrollment.

The study protocol was approved by the ethical committee of the Baqiyatallah University of
Medical Sciences, Iran (IR.BMSU.REC.1399.039), and the trial was registered with
ClinicalTrials.gov (NCT04409522). Before enrollment, the study protocol and objectives was
explained for all patients or/and their legal representatives, and a written informed consent was

obtained from them.
2.2. Randomization and procedures

Eligible patients were randomly divided into two groups of intervention and control using a

random permuted block design (1:1 ratio) based on the combined analysis. The control group



received standard of care, and the intervention group received standard of care plus melatonin at
a dose of 3 mg three times daily for 14 days.

The standard of care for Covid-19 was at the discretion of treating physicians and according
to the Iranian national COVID-19 treatment protocol including antiviral agents, antibiotic agents,
glucocorticoids and immunomodulators. Patients were evaluated once daily by trained nurses
using a checklist, which recorded clinical outcomes and complications. Safety assessments
included monitoring for adverse events, vital signs, laboratory parameters (days 1, and 14), and
12-lead electrocardiograms (days 1, and 14). If a specific complication was observed in the
melatonin group, the use of melatonin was broken and the patient was excluded from the group.
All recorded data were entered into an electronic database after being reviewed again. Both
researchers and patients were blinded to the details of therapeutic intervention. To ensure correct
use of the tablets by patients, they were reminded via a phone call or text message. The patients
who did not take more than 10% of the tablets were excluded from the study. The follow-up

period was 4 weeks for all patients.
2.3. Outcomes

The primary clinical outcomes included evaluation of clinical improvement of symptoms and
laboratory parameters including neutrophil-lymphocyte ratio (NLR), erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP). Secondary clinical outcomes were chest radiographic
improvement, time to discharge, transfer to ICU, and 28-day mortality. Safety outcomes included
the occurrence of adverse events during treatment, serious infections, laboratory abnormalities,

and premature discontinuation of melatonin.
2.4. Statistical analysis

Assuming a 5% dropout rate, at least a sample size of 20 patients was estimated for each
treatment group to make a difference of 3 days in clinical recovery time, with 80% power and a
two-sided a level of 0.05. Normality distribution of variables was assessed by the Kolmogorov-
Smirnov test. Continuous variables were reported as mean + standard deviation (SD) or median
with interquartile range (IQR) and were compared with the independent t-test or Mann-Whitney
U test. Categorical ones were expressed as frequencies and percentages (%) and were compared
by the Fisher exact test or y2 test. Statistical analyses were performed using SPSS software

(version 22.0; IBM), and p-value <0.05 was considered significant.



3. Results

Among the 100 COVID-19 patients assessed for eligibility, 26 were excluded as they did not
meet the eligibility criteria or declined to participate in the study. The remaining 74 patients with
mild to moderate COVID-19 were randomized. Due to the dropouts, a total of 44 patients (24 in
the intervention and 20 in the control group) completed the scheduled treatment and were
analyzed (Figure 1).

The baseline demographic and clinical characteristics of the studied patients in both groups
are shown in Table 1. The mean + SD age in the intervention and control group was 50.75 +
14.43 and 52.95 + 14.07 years, respectively. From among the patients, 26 of them were males
(59.1%). There was no significant difference in terms of demographic data, underlying
comorbidities, clinical signs/symptoms, laboratory findings, and pulmonary involvement
between two groups at baseline (P > 0.05). Hypertension (25%), diabetes (22.7%), rheumatic
disease (9.1%), cardiovascular diseases (6.8%), and cancer (6.8%) were common underlying
comorbidities. Also, no significant difference was noted in the median interval time from
symptom onset to randomization between both groups (7 [IQR, 6-9] day in the intervention
group versus 7 [IQR, 5-8] day in the control group, P = 0.435).

Table 2 shows the post-treatment clinical characteristics and outcomes of patients in the
intervention and control group. Patients receiving melatonin compared with control patients
showed a significant improvement of respiratory symptoms including cough (4.2% vs. 25%; P =
0.045) and dyspnea (0% vs. 15%; P = 0.049). Similar results were observed for fatigue (8.3% vs.
30%; P = 0.020), while there was no significant difference in other symptoms between the two
groups. Comparing the laboratory and radiographic findings showed an improvement in the level
of CRP (4.2% vs. 25%; P = 0.045) and the pulmonary involvement (4.2% vs. 25%; P = 0.045) in
the intervention group compared to the control group. Figure 2 shows the chest CT results of the
COVID-19 patients in the intervention and control group.

On day 14 of therapy, 91.7% of patients in the intervention group and 85% of patients in the
control group were discharged. The mean time of hospital discharge of patients (4.65 + 3.37 vs.
8.15 £ 5.97; P = 0.021) was significantly shorter in the intervention group compared to the
control group. Moreover, during follow-up, patients treated with melatonin showed a return to

baseline health sooner than control patients (15.09 + 8.69 vs. 29.60 = 21.12; P = 0.004).



There was no significant difference in the rate of ICU admissions and 28-day mortality
between the two groups. This is while no patients died in both groups. No adverse events were

also observed in patients receiving melatonin during the treatment period.
4. Discussion

With the growing spread of the COVID-19 outbreak globally, seeking an effective treatment
strategy is essential. As of now, COVID-19 treatment is still empirically based and drugs are
prescribed in a compassionate manner. The efficacy of melatonin as an adjunctive therapy has
been demonstrated in several diseases.'>'®'® However, there are few trials regarding the use of
melatonin in COVID-19 patients, and to our knowledge, this is the first randomized trial to
evaluate the efficacy and safety of a low dose of oral melatonin as an adjunctive therapy in
patients hospitalized with mild to moderate COVID-19.

The results of this clinical trial showed that two weeks consumption of oral melatonin 3 mg
three times a day combined with standard of care could significantly relieve the clinical
symptoms such as cough, dyspnea and fatigue in patients hospitalized with mild to moderate
COVID-19. These are the major symptoms of lower respiratory tract infections during COVID-
19, which are associated with high prevalence and mortality rates. It has been well found that
melatonin administration could mitigate viral infection-induced oxidative stress through reducing
the level of malondialdehyde, 8-isoprostane, as well as increasing the antioxidant enzymes
activity, and improving respiratory symptoms."

The CRP is an acute-phase protein and an indicator of inflammation, infection, and tissue
damage. Hepatic synthesis of CRP is mainly induced by IL-6 with a half-life of 19 hours. The
measurement of CRP is a reliable test for early screening and rapid isolation of suspected
COVID-19 patients, and elevated levels of CRP correlate with poor prognosis.***' In this study,
87.5% and 90% of patients were positive for the CRP test in the intervention and control group,
respectively, at baseline. At post-intervention, improvement in CRP was observed in most
patients with a significant difference between the two groups, indicating the effective impact of
melatonin in inhibiting inflammation under the COVID-19 infection.

The chest radiographic results demonstrated a significant difference between the two groups.

In this clinical trial, an improvement in the respiratory symptoms in COVID-19 patients who



received melatonin, reflected a decline in the severity of pulmonary involvement through
reducing airway oxidative stress and immunomodulatory in these patients.

During the follow-up, although no significant difference was observed in the rate of hospital
discharge, hospital stay, ICU admissions and 28-day mortality, interestingly, the mean time of
discharge and return to baseline health were significantly shorter in the patients receiving
melatonin supplementation. Cumulatively, these observations suggest that adjuvant use of
melatonin may not only reduce the disease burden and healthcare utilization caused by COVID-
19, but may also increase the effectiveness of antiviral drugs as a bridge to recovery, with less
side effects and dose-limiting toxicity.

This study has a randomized double blind structure to better clarify the results, and assuming
that interventions may be more effective in the early course of the disease, early treatment was
given. However, the main limitations of this trial included the small sample size and short-term
follow-up, which may lead to bias. Therefore, further randomized clinical trials with larger
sample sizes need to be undertaken in order to provide sufficient power for detecting the
differences in the clinical outcomes and to also support the adjuvant use of a low dose of

melatonin in COVID-19 patients.

5. Conclusion

To concluded, the results from this study revealed the efficacy of oral melatonin as an
adjuvant therapy added to the standard of care compared with standard of care alone in patients
hospitalized with mild to moderate COVID-19. Improving respiratory symptoms, time of patient
discharge and return to baseline health are in favor of the efficacy of this adjuvant medication in
mitigating this infectious disease. Considering the high performance of melatonin as an
inexpensive, affordable, highly safe to human and readily-available medication, its prescribe in
the prophylaxis of COVID-19 among patients' families and healthcare workers is strongly

recommended to be addressed in future studies.
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