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Abstract

Patients with COVID-19 have shown melatonin deficiency. We evaluated the efficacy and safety of administration oral mela-
tonin in patients with COVID-19-induced pneumonia. Patients were randomly assigned in a 1:1 ratio to receive melatonin
plus standard treatment or standard treatment alone. The primary outcomes were mortality rate and requirement of IMV.
The clinical status of patients was recorded at baseline and every day over hospitalization based on seven-category ordinal
scale from 1 (discharged) to 7 (death). A total of 226 patients (109 in the melatonin group and 117 in the control group) were
enrolled (median age; in melatonin group: 54.60+11.51, in control group: 54.69 + 13.40). The mortality rate was 67% in the
melatonin group and 94% in the control group (OR; 7.75,95% CI, 3.27-18.35, P <0.001). The rate of IMV requirement was
51.4% in the melatonin group and 70.9% in the control group, for an OR of 2.31 (95% CI, 1.34-4.00, P <0.001). The median
number of days to hospital discharge was 15 days (13—17) in the melatonin group and 21 days (14-24) in the control group
(OR; 5.00, 95% CI, 0.15-9.84, P=0.026). Time to clinical status improvement by >2 on the ordinal scale in was 12 days
(9-13) in the melatonin group and 16 days (10-19) in the control group (OR; 3.92, 95% CI, 1.69-6.14, P=0.038). Melatonin

significantly improved clinical status with a safe profile in patients with severe COVID-19 pneumonia.
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Introduction

Coronavirus disease 2019 (COVID-19) was a newly emerged
infection caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (Baloch et al. 2020). This dis-
ease has several consequences, including inflammation, sep-
sis, cytokine storm, hypoxia, fibrosis, neurological disorders,
and liver dysfunction (Bouck et al. 2021). Acute respiratory
distress syndrome (ARSD) is the most important complica-
tion in COVID-19 patients (Mazeraud et al. 2022). Also, the
SARS-CoV-2 impair coagulation process that causes disor-
ders as disseminated intravascular coagulation (DIC) and
venous thromboembolism (VTE) (Al-Samkari et al. 2020).
Although, there are currently some vaccines and drugs to
inhibit COVID-19, but due to the appearance of various vari-
ants of the virus, efforts to find a best protocol treatment for
the disease are ongoing (Cook et al. 2022).

Studies have shown that the serum level of melatonin in
patients with COVID-19 has decreased due to disruption in
melatonin synthesis pathway in the body by SARS-CoV-2
(Camp et al. 2021; Sen 2021). Melatonin is a nocturnal
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hormone secreted by the pineal gland with antioxidant,
anti-inflammatory potential (Sanchez-Lépez et al. 2018),
immunoregulatory (Marzougui et al. 2021), and ion che-
lator activity (Sen 2021) Besides, it also has a main role
in sleep regulation (Zisapel 2018). Clinical studies dem-
onstrated, melatonin could significantly decrease sepsis
reactions in newborns (Gitto et al. 2001; Henderson et al.
2018). Ex vivo model has supported that melatonin could
prevent sepsis by regulating oxidative stress, and cytokine
responses (Galley et al. 2014). Melatonin could improve
the risk of thrombosis by reducing clotting factor activity
and plasma level of FVIIL:C, VII (FVIIL:C), and fibrinogen
(Wirtz et al. 2008). Melatonin could decrease proinflamma-
tory cytokines in patients with advanced nonalcoholic stea-
tohepatitis (NASH) (Cichoz-Lach et al. 2010). In patients
with neoplasms, melatonin could improve clinical status by
reducing immunomodulating cytokines IL-2 and IL-12. IL-2
could induce lymphocytosis and IL-12 alone could cause
lymphocytopenia (Lissoni 2000). Clinical study on patients
with ARSD indicated that melatonin reduces inflammation
by inhibiting histone-induced NLRP3 inflammasome acti-
vation and suppressing the release of extracellular histones
(Zhang et al. 2016). It has also shown that the administration
of melatonin could reduce thrombosis, sepsis, and mortality
rate in hospitalized patients with COVID-19 (Hasan et al.
2022).

Considering the above-mentioned, it is possible that many
consequences caused by COVID-19 were due to melatonin
deficiency in these patients. Also, the need for high efficient
pharmacological agent for the management of COVID-19.
Therefore, in this study, we evaluated the efficacy and safety
of addition oral melatonin to standard treatment of hospital-
ized patients with COVID-19-induced pneumonia.

Materials and methods
Study Design

This is a single-center, open-label, randomized clinical
trial with a parallel-group design to assess the efficacy
and safety of melatonin in the treatment of patients with
confirmed COVID-19 admitted to the intensive care unit
(ICU). Patients were recruited between March 1, 2021, and
Nonmember 30, 2021. The trial was conducted at Shahid
Mohammadi Hospital affiliated with Hormozgan University
of Medical Sciences in Bandar Abbas, Iran. Ethics approval
was obtained from the ethics committee of Hormozgan Uni-
versity of Medical Sciences (IR HUMS.REC.1399.526).
This study was registered on the Iranian Registry of Clini-
cal Trials (IRCT20200506047323N7), registered on Febru-
ary 16, 2021. The protocol of this trial was also published
previously. The study was also undertaken in accordance
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with the guidelines of the Declaration of Helsinki and the
principles of the International Conference on Harmonization
Good Clinical Practice.

Participants

All patients with age of >20 years (weight > 35 kg) with
a confirmed diagnosis of COVID-19 based on the positive
real-time polymerase chain reaction (RT-PCR) test and
requirement of admission in ICU due to an oxygen satura-
tion (SpO,) of < 88%, respiratory rate (RR) of > 30, PaO2/
FiO2 <300 mmHg, or/and lung involvement > 50% in chest
CT scan imaging were eligible to enroll in this trial. Patients
with underlying diseases, including convulsive disorders,
chronic hepatic and renal diseases, use of invasive mechani-
cal ventilation (IMV), history of known allergy to mela-
tonin, and during pregnancy or breastfeeding period were
excluded. A written informed consent was obtained from
all patients.

Randomization

Eligible patients based on the inclusion and exclusion crite-
ria were randomly assigned to either the melatonin group or
control group in a 1:1 ratio using an interactive web-based
system. A stratified block randomization was used with
a block size of six to create the randomization sequence.
Sealed envelopes were used to protect the randomization
sequence. A unique code was allocated to every patient to
conceal their identity, and patients were assigned to the
groups based on their unique code.

Intervention

Patients in the melatonin group received the standard treat-
ment regimen for severe COVID-19 pneumonia, according
to the protocol of the Iranian Ministry of Health and Medical
Education plus melatonin soft gelatin capsule (Danna Phar-
maceutical Company, Iran) at a dose of 5 mg twice a day for
7 days. Patients in the control group received the standard
treatment regimen. Other supportive and routine care will
be the same in both groups.

Outcomes

In this trial, the time of ICU admission was defined as the
baseline, and patients were followed up for 28 days. A
seven-category ordinal scale was recorded at baseline and
every day over hospitalization to assess the clinical status
of patients, based on the following categories; 1, discharged
or ready to discharge; 2, non-ICU hospitalization without
supplemental oxygen; 3, non-ICU hospitalization with sup-
plemental oxygen; 4, non-ICU/ICU hospitalization with
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noninvasive ventilation; 5, ICU hospitalization with IMV;
6, ICU hospitalization with mechanical ventilation and addi-
tional organ support or extracorporeal membrane oxygena-
tion; and 7, death.

The primary endpoints of this trial were the number
of deaths until day 28, and need for invasive mechanical
ventilation. Secondary outcomes were the clinical status
of patients on the ordinal scale at days 7 and 14, length of
stay (LOS) in hospital until discharge, the number of days
until improvement by at least two categories on the seven-
category ordinal scale, LOS in ICU and the number of ven-
tilator-free days.

Statistical analysis

According to the previous studies, the study sample size was
calculated based on the assumption that the clinical improve-
ment by day 7 would be 80% in the treatment group and 55%
in the control group (Davoudi-Monfared et al. 2020; Dequin
et al. 2020; Rahmani et al. 2020). Considering a power of
80% and a significance level of 0.05, this trial needed 95
participants in each arm. Accounting for a probable 20%
dropout rate, 114 patients were required in each group.

Continuous variables were presented as median (inter-
quartile range), and categorical variables were expressed
as frequency (percentages) of patients in each category.
Mann—Whitney U test was applied to compare clinical
status, LOS, and ventilator-free days between the studied
groups. Moreover, mortality and IMV rates were compared
using Fisher’s exact test. Between-group difference and
Odds ratio (OR) were also calculated. The daily changes
of vital signs, arterial blood gasses (ABGs), and laboratory
findings were compared between the groups using the Gen-
eralized Estimation Equation (GEE) model considering the
time, treatment, and their interaction in the analysis. The
SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used
for statistical analysis, and p <0.05 was considered as sta-
tistically significant.

Results
Study population

A total of 317 patients with laboratory-confirmed SARS-
CoV-2 infection were screened. 91 patients were excluded
based on exclusion criteria. After assessment of eligibility
criteria, 226 patients were randomly allocated to the mela-
tonin (n=109) and control (n=117) groups, their data ana-
lyzed as intent-to-treat population. Fifty-three patients in the
melatonin group and 65 patients in the control group could
not complete their intervention for at least 7 days because
of intubation, or death, or ICU discharge before 7 days, and

the remaining patients completed the treatment at least for
7 days and were used for analysis as per-protocol population
(Fig. 1). None of the patients discontinued their intervention
because of adverse drug events.

Demographic characteristics of patients were generally
similar between the two trial groups. The mean age of the
patient was 54.60+ 11.51 years in the melatonin group and
54.69 +13.40 years in the control group, and about 50% of
patients in each group were male. Symptoms onset until
intervention and ward hospitalization before intervention
were similar between the two trial group. Baseline results
of lung imaging were also well balanced between the studied
groups. The percentage of patients who received antiviral
and glucocorticoid treatments was not statically different
between the groups (Table 1).

Outcomes
Primary outcomes

In-hospital mortality until day 28 was reported in 73 patients
(67%) in the melatonin group and 110 (94%) in the control
group, for an OR of 7.75 (95% CI; 3.27-18.35, P<0.001).
The rate of mortality over the study is illustrated in (Sup-
plementary Fig. 2). The rate of IMV was 51.4% in the mela-
tonin group and 70.9% in the control group, for an OR of
2.31 (95% CI, 1.34-4) (Supplementary Fig. 2).

Secondary outcomes

The clinical status on the 7-category ordinal scale at day
7 was 4.0 (ICU hospitalization with noninvasive ventila-
tion, 4.0-4.0) in the melatonin group and 4.0 (4.0-5.0) in
the control group (P=0.014). The clinical status at day 14
was also lower in the melatonin group (3, non-ICU hos-
pitalization with supplemental oxygen; 2.0-4.0) compared
to the control group (4; 3-5) (P <0.001). The information
regarding time to the improvement of clinical status is illus-
trated in (Fig. 2, Supplementary Fig. 1, and Supplementary
Table 2). The LOS in the hospital was 15 days (13-17) in
the melatonin group and 21 days (CI, 14-24) in the control
group (P=0.026). The time to clinical improvement (by >2
on an ordinal scale) was 12 days (9-13) in the melatonin
group and 16 days (10-19) in the control group (P=0.038).
The LOS in ICU was 9 days (6-10) in the melatonin group
and 13 days (7-15) in the control group, for a difference of
3.59 days (95% CI, 1.95-5.24). Patients in the melatonin
group had a more number of ventilator-free days (15.5 days;
7-18) than those in the control group (6 days; 4-9), for a
difference of 6 days (95% CI, 3.98-8.03). All outcomes are
summarized in (Table 2 and Supplementary Table 1).

The results of the GEE model for vital signs (Sup-
plementary Fig. 3), ABGs (Supplementary Fig. 4),
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Assessed for eligibility

(n=317)

Enrollment

J
Excluded (n = 91)

- Declined to participate (n = 23)

- Pregnancy and breastfeeding (n = 28)

v

- Convulsive disorder (n = 5)
- Renal disease (n = 19)
- Hepatic disease (n = 16)

Randomized (n = 226)

!

A 4

)

Allocation J v

Allocated to Melatonin Group (n = 109)
- 5 mg Melatonin BID for 7 days

v

Intention to treat population (n = 109)

Allocated to Control Group (n =117)

\4

Intention to treat population (n = 117)

v [ Follow-Up J

Discontinued intervention (n = 53)
- ICU discharge (n = 24)
- Intubation (h = 16)
- Death(n=13)

Discontinued intervention (n = 65)
- ICU discharge (n = 6)
- Intubation (n = 38)
- Death (n=21)

v [ Analysis ]

Per-protocol population (n = 56)

Fig. 1 Flowchart of patient enrollment and selection

hematological findings (Supplementary Fig. 5 and 6),
coagulation functions (Supplementary Fig. 7), biochemi-
cal characteristics (Supplementary Fig. 8), liver function
tests (Supplementary Fig. 9), and infection-related indices
(Supplementary Fig. 10), and clinical symptoms (Supple-
mentary Fig. 11) are demonstrated in the Supplementary
Appendix.
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Per-protocol population (n = 52)

Safety outcomes

Overall, more adverse events were reported in the control
group compared to the melatonin group. Dizziness were
the most prevalent side effects in melatonin group. Stroke,
gastrointestinal hemorrhage, and hematuria were the most
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Table' 1 D.emographi.c,. baseline Characteristic Melatonin (n=109) Control (n=117) P-value
lung imaging, and clinical
characteristics of the patients Age, year 54.60+11.51 54.69+13.40 0.954
20-39 6(5.5) 14 (12.0)
40-69 96 (88.1) 91 (77.8) 0.112
70-99 7 (6.4) 12 (10.3)
Male gender 47 (43.1) 49 (41.9) 0.893
Underlying disease
Hypertension 34 (31.2) 26 (22.2) 0.135
Diabetes mellitus 36 (33.0) 30 (25.6) 0.244
Hyperthyroidism 22 (20.2) 11 (9.4) 0.024
Hypothyroidism 7(6.4) 2(1.7) 0.092
Asthma 7 (6.4) 434 0.362
Thalassemia 9(8.3) 5(4.3) 0.273
Coronary artery disease 9(8.3) 5(4.3) 0.273
Rheumatoid arthritis 5(4.6) 3(2.6) 0.487
Malignancy 8(7.3) 43.4) 0.241
Imaging findings
Right upper zone infiltrate 58 (53.2) 61 (52.1) 0.895
Right middle zone infiltrate 101 (92.7) 106 (90.6) 0.637
Right lower zone infiltrate 109 (100) 117 (100) -
Left upper zone infiltrate 47 (43.1) 45 (38.5) 0.500
Left middle zone infiltrate 99 (90.8) 102 (87.2) 0.405
Left lower zone infiltrate 109 (100) 117 (100) -
Symptoms onset until hospitalization 9.84+1.66 9.89+1.66 0.839
Symptoms onset until Intervention (admit-  17.11+2.16 17.08 +2.04 0.905
ted ICU)
‘Ward LOS before Intervention 7.27+1.60 7.19+1.41 0.697
Drugs treatments
Antiviral drugs 57 (52.3) 56 (47.9) 0.594
Glucocorticoids 44 (40.4) 56 (47.9) 0.285

A Improvment in ordinal scale

Values were presented as mean +SD for continuous variables and n (%) for categorical variables. Baseline
was defined as the time of admission in ICU before the administration of melatonin. Comparison between
groups was performed using the t test or Fisher’s exact test. p <0.05 was considered as statistically signifi-
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B Hospital discharge
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prevalent in the control group. Other adverse events were
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Table 2 Clinical outcomes of the patients
Outcomes Melatonin (n=109) Control (n=117) Difference or Odds Ratio P-value
Primary outcome
In-hospital mortality until day 28 73/109 (67.0) 110/117 (94.0) 7.75 (3.27-18.35) <0.001
Invasive mechanical ventilation 56/109 (51.4) 83/117 (70.9) 2.31 (1.34-4.00) <0.001
Secondary outcome
Clinical status at day 7% 4.0 (4.0-4.0) 4.0 (4.0-5.0) -0.34 (-0.93-0.06) 0.014
Clinical status at day 14* 3.0 (2.04.0) 4.0 (3.0-5.0) -0.12 (-1.77-0.71) <0.001
Time to clinical improvement” 12.0 (9.0-13.0) 16.0 (10.0-19.0) 3.92 (1.69-6.14) 0.038
LOS in hospital until discharge® 15.0 (13.0-17.0) 21.0 (14.0-24.0) 5.00 (0.15-9.84) 0.026
LOS in ICU*¢ 9.0 (6.0-10.0) 13.0 (7.0-15.0) 3.59 (1.95-5.24) <0.001
Ventilator-free days 15.5 (7.0-18.0) 6.0 (4.0-9.0) 6.00 (3.98-8.03) <0.001

Values were presented as median (IQR) for continuous variables and n (%) for categorical variables. Primary and secondary outcomes were ana-
lyzed in the intent-to-treat population (patients received at least one dose of melatonin). Comparison between groups was performed using the
Mann-Whitney U test or the Fisher’s exact test. p <0.05 was considered as statistically significant

ICU intensive care unit, LOS length of stay

*Median value for clinical status on the ordinal scale at day 7 and 14

"Median number of days until improvement by > 2 on the ordinal scale in clinical status

“Median number of days until hospital/ICU discharge for alive patients

Table 3 Adverse drug events of the patients

Adverse drug events Melatonin Control P value

Group Group

(n=109) (n=117)
QTec interval prolongation 16(14.7) 11(9.4) 0.305
Cerebral hemorrhage 14(12.8) 6(5.1) 0.059
Dizziness 12(11) 3(2.6) 0.014
Stroke 9(8.3) 21(17.9) 0.048
Myopathy 12(11) 15(12.8) 0.688
Palpitations 16(14.7) 21(17.9) 0.591
Tremor 17(15.6) 8(6.8) 0.054
Gastrointestinal hemorrhage 7(6.4) 19(16.2) 0.023
Intestinal cramps 5(4.6) 8(6.8) 0.573
MI 12(11) 119.4) 0.826
Rash 28(25.7) 18(15.4) 0.069
Hematuria 8(7.3) 25(21.4) 0.004

Values were expressed as n (%). Comparison between groups was
performed using Fisher’s exact test. Data were collected within
period of randomization. The events were studied in the intent-to-
treat population

no significant difference between the melatonin and control
groups. (Table 3).

Discussion
In this randomized, open-label single-center clinical trial

with a parallel group, the efficacy and safety of oral mela-
tonin was assessed in hospitalized patients with severe
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COVID-19 within 28 days. The mortality rate, need for
IMYV, clinical status, ventilator-free days, and hospi-
tal length of stay (LOS) were significantly improved in
patients who received melatonin compared to the control
group.

The length of stay (LOS) in ICU and hospital were sig-
nificantly lower in patients of the melatonin group than in
the control group. Dianatkhah et al. reported melatonin
administration reduced the LOS in the ICU in patients with
hemorrhagic stroke admitted to ICU (Dianatkhah et al.
2017). In another clinical trial on a patient admitted to ICU
after coronary artery bypass grafting operation, melatonin
had effectively reduced their LOS in ICU and hospital (Can
et al. 2018).

Our results indicated a reduction in inflammation in
COVID-19 patients. The inflammatory biomarkers during
the first 7 days of intervention in patients with the same
lung involvement were reduced. Inflammation and cytokine
storms in the respiratory system were some of the serious
problems in COVID-19 patients (Rodriguez-Rubio et al.
2020). Cichoz-Lach et al. indicate melatonin could reduce
inflammation by pro-inflammatory cytokine (Cichoz-Lach
et al. 2010). Another clinical study has shown melatonin
decrease and increases in IL-2, and IL-12 levels play an
immunomodulating role in lymphocytosis and lymphocyto-
penia, controlling inflammation in patients with neoplasm
(Lissoni 2000). In another clinical trial performed on infants
with chronic lung disease, melatonin has reduced mortal-
ity in the group who received melatonin compared to those
who did not receive melatonin by reducing inflammatory
factors and cytokines. In patients with non-small cell lung
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carcinoma, melatonin by controlling immune function/
inflammation could delay mortality (Seely et al. 2021).

Our results demonstrated increment in hospital discharge
which may be due to the reduction of sepsis reactions in
COVID-19 patients. Sepsis was the chain extreme immu-
nological response to an infection. Sepsis was a dangerous
complication in COVID-19 patients, which often occurred
in severe and critical COVID-19 patients. Gitto et al. had
demonstrated in a clinical study on septic newborns, mela-
tonin could control sepsis effectively. Melatonin could be
able to prevent sepsis reactions in 24-48 h after interven-
tion effectively (Gitto et al. 2001). A clinical study on the
experimental human sepsis model had shown the administra-
tion of melatonin could reduce sepsis reaction by reducing
pro-inflammatory cytokine. The results of this study also
showed melatonin could prevent oxidative damages by play-
ing its antioxidant role in reducing oxidative stress (Alamili
et al. 2014). Other randomized controlled trials had indi-
cated administration of melatonin along with standard ther-
apy in patients with septic shock could significantly reduce
multiple organ failure acute respiratory distress syndrome
(Aisa-Alvarez et al. 2020). Thanon Hasan et al. had shown
in patients with COVID-19 administration, melatonin along
with standard therapy could reduce the mortality rate due to
reduction sepsis reaction and thrombosis events (Hasan et al.
2022). Camp et al. had shown melatonin could reduce sepsis
and cytokine storm in patient with COVID-19 by regulat-
ing immune response. In addition, melatonin could reduce
thromboembolism events in patients with COVID-19 (Camp
et al. 2021).

Our result had shown that clotting parameters such as
D-dimer, PT, PTT had reduced, and INR had improved.
Our study indicates melatonin could improve thrombosis
status in COVID-19 patients. Reduction of mortality rate
may be related to improvement in thrombosis status in
these patients. Thrombosis events such as venous throm-
boembolism (VTE) and deep vein thrombosis (DVT) were
the critical concern in COVID-19 patients, which caused
the death of many of these patients. Wirtz et al. had shown
melatonin could reduce thrombotic risk by reducing acti-
vation of fibrinogen, FVII: C in serum (Wirtz et al. 2008).
A clinical study on tetraplegia patients who had a high risk
of venous thrombosis and demonstrated that patients who
received melatonin had improved endogenous thrombin
potential (ETP) and thrombin generation peak compared
to placebo group (Iversen et al. 2015). Other clinical study
on tetraplegia patients were conducted in Norway had indi-
cated melatonin could reduce the risk of venous thrombo-
sis by reducing activation FVII (Aisa-Alvarez et al. 2020).
A clinical study on COVID-19 patients showed that in
patients who received venous melatonin, the thromboem-
bolism occurrence was less compared to control group,
D-dimer level had also reduced in serum. There was

an improved thrombosis condition in melatonin group
patients and reduced mortality rate in melatonin group
compared to control group (Hasan et al. 2022).

We have assessed 16 clinical symptoms like chills,
headache, sore throat, diarrhea, cough, dyspnea, phlegm,
lethargy, muscular pain, tiredness, chest pain, nausea, ano-
rexia, abdominal pain, smell loss, taste loss during the
first 7 days after the intervention. Our results had shown
melatonin had improved these clinical symptoms except
phlegm. Anderson et al. demonstrated melatonin could
improve some COVID-19 symptoms consistent with our
obtained results (Anderson and Reiter 2020). Randomized
controlled trial conducted in Lancaster County, Pennsylva-
nia, United states had shown oral melatonin could improve
clinical symptoms in mild—moderate COVID-19 patient
during 14 days of intervention and improve life quality
(Fogleman et al. 2022).

In adverse drug events assessing we observed gastrointes-
tinal hemorrhage occurred significantly less in the melatonin
group than in the control group. Anderson et al. indicated
that melatonin had beneficial effects on the gut disorder and
improved systemic homeostasis. There results indicated mel-
atonin could prevent the occurrence of gastrointestinal disor-
ders (Anderson and Maes 2020). A recent systematic review
has reported treatment with melatonin has slight side effects,
including sleepiness. But in some cases, adverse drug events
such as dizziness were also observed (Foley and Steel 2019).

Our findings had shown mortality rate and need for IMV
was significantly reduced. One of the leading causes of death
and need of IMV in COVID-19 patients was the occurrence
of acute respiratory distress syndrome (ARSD). Zhang et al.
demonstrated that melatonin could reduce the occurrence
of acute respiratory distress syndrome (ARDS) and acute
lung injury in COVID-19 patients and reduce the mortal-
ity rate in these patients by its antioxidant and anti-inflam-
matory effects. (Zhang et al. 2020). Kleszczynski et al.
indicated melatonin with immunoregulating effect could
inhibit the inflammatory reactions in the lung and prevent
the occurrence of ARDS and ALI in patient with COVID-
19 (Kleszczynski et al. 2020). Other study had also shown
melatonin had been able to reduce ARDS and ALI occur-
rence in patients with COVID-19 by its anti-inflammatory
and immunomodulatory effects (Nair 2022). A clinical study
was conducted in Mexico on patients admitted to ICU who
had indicated that the use of melatonin could reduce ARDS
occurrence and oxidative stress (Aisa-Alvarez et al. 2020).
Schneider et al. had shown melatonin with its antioxidant
effect reduced oxidative stress in patient with COVID-19.
Furthermore, melatonin could reduce cytokine storms and
severe respiratory inflammatory reactions by regulating
immune responses in patients with COVID-19. As result,
melatonin could reduce IMV requirement in patient with
COVID-19 (Shneider et al. 2020).
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The results of our study show that melatonin, due to its
iron-chelating role, has been able to prevent the excessive
increase of iron ions in COVID-19 patients, and the first
7-day ferritin test confirms it in these patients. The liver
was primarily responsible for the scavenger of iron ions,
and excess iron ion could damage liver cells. But, our result
showed the liver biomarkers levels such as ALT, AST, and
ALP during the first 7 days of the intervention demonstrated
that liver status was improved in patients who received mela-
tonin compared to the control group (Sen 2021). There was
an indication that melatonin could reduce liver damage by
its iron-chelating effect. These excess iron ions come from
the SARS-CoV-2 attack to the 1-beta chain of hemoglobin
and causes iron ions to separate from hemoglobin. Hemo-
globin is primarily responsible for the exchange of oxygen
and carbon dioxide gases. Hemoglobin loses its ability in
the absence of bounded iron ions (Kronstein-Wiedemann
et al. 2022). Patients with COVID-19 have respiratory dis-
order which reduces oxygen saturation, increases CO, and
HCO;- blood levels, disturbance in normal range of respira-
tory blood gases made loss of consciousness and mortality.
Camp et al. study had shown melatonin could improve oxy-
gen saturation (SpO,) level and reduced hypoxia in patient
with COVID-19 by increasing the hemoglobin capacity to
absorb oxygen (Camp et al. 2021). The results of our study
had indicated the improvement of respiratory gases ventila-
tion status in melatonin group compared to control group.
This may have been effective in reducing needs IMV and
hospital LOS and increasing ventilator-free days and dis-
charge rate alive.

Melatonin has antiviral activity. Studies had shown sup-
plemental melatonin helps eradicate the pathogenicity of
Venezuelan equine encephalitis (VEE) virus, Semliki Forest
virus (SFV), West Nile virus (WNV) (Bahrampour Juybari
et al. 2020; Bonilla et al. 2004), especially the Ebola virus
(Reiter et al. 2020) and severe acute respiratory syndrome
(SARS) (Shiu et al. 2003). The SARS-CoV-2 had emerged
from the mutation of SARS and very similar to SARS virus.
Considering that melatonin had been effective against SARS,
there was a possibility that it is also effective against SARS-
CoV-2 and has reduced mortality and increased hospital dis-
charges alive in melatonin group compared control group.

Considering the pharmacological properties of melatonin,
including the abilities to mitigate inflammation, diminish
redox stress, and moderate immune response, could improve
the success of clinical management in patients with severe
COVID-19 pneumonia.

The main limitation of the trial was the small number of
enrolled patients. This study has been initially protocoled
as a preliminary stage before multiple-center trials with
larger sample size; more trials with larger sample sizes,
different populations, and high-quality designs are needed

@ Springer

to confirm the results of this preliminary study. However,
being a natural molecule, well-studied, with high tolerabil-
ity and low price, are the main advantages of melatonin.
Therefore, oral melatonin administration could be effective
in patients with severe COVID-19, in poor communities,
particularly those do not have access to vaccines.

Conclusion

The use of oral melatonin in patients with severe COVID-
19 along with standard treatment could reduce mortality,
IMYV, hospital LOS and improve clinical status. Moreover,
ventilator-free days and hospital discharge alive increased.
Inflammatory markers, arterial blood gases parameters and
coagulating parameters had improved in melatonin group
compared control group. Although melatonin had good
effect in patients with severe COVID-19 but significantly
increased the risk of dizziness in these patients. However,
confirmation of the results of this preliminary trial requires
more detailed, randomized trials in larger populations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10787-022-01096-7.
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