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Abstract

Objective: In the COVID-19 pandemic, the SARS-CoV-2
virus has infected millions of people worldwide. Mortal-
ity primarily results from the inflammation state and its
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complications. High-dose melatonin has been established
as an anti-inflammatory agent. This study evaluated high-
dose melatonin as an adjuvant therapy in critically ill
patients with SARS-CoV-2 infection.

Methods: We conducted a double-blinded, randomized
clinical trial of 21 mg of melatonin per day compared
with a placebo in 67 patients with COVID-19. We
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enrolled patients older than 18 years of age with docu-
mented SARS-CoV-2 infection, who were admitted to the
intensive care unit and underwent invasive mechanical
ventilation. Administration of melatonin and placebo
through a nasogastric tube continued for 5 days. The
main outcomes were mortality rate, duration of me-
chanical ventilation, changes in oxygenation indices, and
C-reactive protein (CRP) levels.

Results: No significant differences were observed in
mortality and duration of mechanical ventilation between
the control and intervention groups. After 5 days of the
intervention, the mean (+standard deviation) CRP and
platelet count were 47.28 (+38.86) mg/L and 195.73
(£87.13) x 1000/uL, respectively, in the intervention
group and 75.52 (£48.02) mg/L and 149.62
(£68.03) x 1000/uL, respectively, in the control group
(P < 0.05).

Conclusion: High-dose melatonin in intubated patients
with COVID-19 was associated with a decrease in CRP
levels. However, this treatment did not apparently affect
patient outcomes.

Keywords: Adjuvant therapy; COVID-19; Intubated; Mela-
tonin; Mortality
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Introduction

The SARS-CoV-2 virus, which causes COVID-19, has led
to more than 5.7 million deaths and 370 million infections
globally.] This infection presents differently among cases,
and may range from asymptomatic, flu-like symptoms in
most patients to severe conditions or death.>® The
pathogenesis of the infection is not fully known; however,
most scientists believe that cytokine storms and severe
inflammatory responses are associated with organ damage
and patient death. In the past 3 years, several clinical trials
have been conducted to decrease severe inflammation and
its subsequent complications in patients with COVID-19.*
Scientists have recommended several immunomodulatory
agents, such as corticosteroids, anti-interleukins, and gran-
ulocyte macrophage colony stimulating factor inhibitors.
Although these agents are lifesaving, they sometimes result in
adverse reactions such as flare-up of latent infections (e.g.,
tuberculosis, hepatitis B, or strongyloidiasis), or fungal and
bacterial superinfections.’ -8

Melatonin is a potent free radical scavenger. This hor-
mone up-regulates anti-oxidative enzymes (e.g., glutathione
peroxidase or superoxide dismutase) and down-regulates
pro-oxidative enzymes. Melatonin decreases the expression
of inflammatory cytokines, such as interleukins 1, 6 and 8
and tumor necrosis factor-alpha (TNF-a), and increases the
levels of the anti-inflammatory cytokine interleukin 10°. No

reports have documented fungal and bacterial superinfection
or reactivation of latent infection after melatonin use. El
Frargy and colleagues have reported that the administration
of melatonin as adjuvant therapy in septic newborns is
associated with improved clinical outcomes.'" Melatonin
might be beneficial for prophylaxis or treatment of patients
with COVID-19.' Although melatonin does not have
direct antiviral activity, animal studies have shown that it
decreases viremia, viral load, and mortality rates in rats
infected with influenza virus.' However, melatonin has a
synergic effect with some antiviral drugs, such as ribavirin,
in animal models of influenza. Moreover, it decreases renal
damage due to the oxidative stress caused by lopinavir/
ritonavir combination treatment.'”

Research in 2015, during the Ebola outbreak, has sug-
gested that melatonin decreases Ebola symptoms and in-
creases patient survival.’” Although mechanical ventilation is
lifesaving in patients with respiratory failure, this modality is
associated with increased oxidant generation and pulmonary
injury.'” Melatonin has several protective effects against
ventilator-associated injuryM; therefore, its administration
in intubated patients with COVID-19 might be beneficial.
Therefore, the current study aimed to evaluate the effects of
melatonin on critically ill patients with COVID-19 who un-
derwent invasive mechanical ventilation. To our knowledge,
this is the first trial of high-dose oral melatonin in severe
COVID-19 cases.

Materials and Methods
Study design

This study was a single-center, double-blinded, random-
ized controlled trial conducted from June to September
2020 at the Tehran University of Medical Sciences, Iran. The
trial was registered with the Iranian registry of clinical trials
(TRCT20210225050495N1).

Study population

Patients with COVID-19 who were admitted to the
intensive care unit (ICU) and had undergone invasive
ventilation were included in a prospective, interventional
study. The diagnosis of COVID-19 was confirmed by poly-
merase chain reaction testing and chest imaging. An age
below 18 years, hepatic failure (Child-Pugh class C), and
intolerance of nasogastric feeding were all exclusion criteria.
The patients’ legal guardians were adequately informed
regarding the study, and their consent was obtained.

Randomization and treatment

During the first 24 h of intubation, the patients were
randomly allocated to one of two treatment arms in a 1:1
ratio through permuted block randomization. A biostatisti-
cian oversaw the randomization techniques. The interven-
tion group received 21 mg melatonin daily (i.e., seven
crushed tablets of 3 mg melatonin, Razak, Tehran, Iran)
through a nasogastric tube for five nights. If patients were
extubated before five nights, drug administration was
stopped. The matched placebo was given to the control
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group. The medications were administered in a double-
blinded manner, and the placebo tablet had the same size
and shape as the melatonin tablet. All patients received the
standard care recommended by the national Iranian
COVID-19 treatment guidelines: remdesivir (200 mg on the
first day and 100 mg daily for 4 days thereafter), corticoste-
roids, anticoagulant (prophylactic dose), and sometimes
tocilizumab. They also received supportive care in the
intensive care unit.

Data collection

The following were recorded on the first day of ICU
hospitalization: demographic data, Glasgow Coma Scale
(GCS) score; Acute Physiology and Chronic Health Evalu-
ation (APACHE) score; hemodynamic parameters such as
pulse rate and mean arterial pressure; urine output; and
laboratory parameters such as arterial blood gas, blood urea
nitrogen, creatinine (Cr), C-reactive protein (CRP), eryth-
rocyte sedimentation rate (ESR), white blood cell (WBC)
count, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and alkaline phosphatase.

GCS status, hemodynamic and laboratory parameters,
oxygenation indices, and prescribed medicines were recorded
daily. CRP was rechecked on the sixth day of the interven-
tion. At the end of the study, the length of ICU stay, duration
of mechanical ventilation, extubation rate, mortality,
changes in oxygenation indices, and laboratory tests (i.e.,
WBC, CRP, ALT, AST, and Cr) were evaluated as out-
comes. All patients were observed and followed up during
their ICU admission.

Statistical analysis

Data were statistically analyzed in IBM SPSS (IBM
Corp.2011. IBM SPSS Statistics for Windows, version 20.0.
NY, EUA). The Kolmogorov—Smirnov test was used to
assess the normal distribution of continuous variables.
Normally and non-normally distributed continuous data

were expressed as mean and standard deviation and median
(interquartile range). Categorical variables are reported as
percentages. The chi-squared or Fisher’s exact test evaluated
probable associations between categorical variables. Para-
metric and non-parametric continuous variables were
analyzed with independent t and Mann—Whitney tests. A P-
value less than 0.05 was considered statistically significant.
All analyses were performed in statistical software version
22.

Results
Comparison of baseline characteristics

A total of 67 patients who met the inclusion criteria were
enrolled in the study. They were randomly divided into two
groups. The intervention and control groups comprised 34
and 33 patients, respectively. Overall, 43 patients were men
(64%), and 24 were women (36%). In both groups, most
patients were men (19 (57.6%) and 24 (70.6%) of the patients
in intervention and control groups, respectively). The pa-
tients’ mean age (+standard deviation) was 65.73 + 19.47
years and 61.27 £ 18.09 years in the intervention and control
groups, respectively. Ten patients were extubated during the
study. Seven (27.2%) patients were in the intervention group,
and three (9.1%) were in the control group (P = 0.283). All
extubated patients survived except for one patient in the
intervention group who died from Acinetobacter-associated
sepsis (Figure 1). More information regarding the baseline
characteristics is presented in Table 1.

Comparison of outcomes between the intervention and
placebo groups

On day 1 (Table 1), no significant differences were
observed between the melatonin and placebo groups in
CBC, CRP, and liver enzymes (Table 1). However, on day
6, significant differences were found between the melatonin
and placebo groups in terms of CRP and platelets. The

Assessed for eligibility

Enroliment

(m=90)
Excludeded (n=21)
Not meeting inclusion criteria
Randomized
(n=69)

Allocated to Melatonin
(n=33)

Allocated control group (n =34)

Allocation I

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

i

Excluded from analysis (n=1)

Analyzed (n=34)
Excluded from analysis (n= 1)

Figure 1: CONSORT flow diagram of the study.
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Table 1: Demographic and clinical characteristics of the study groups on day 1.

Variables Melatonin group Control group P-value
Day 1 Day 1 Day 1
Age (years) 61.27 £ 18.09 65.35 £ 19.30 0.376
Sex (male) 19 (57.6) 24 (70.6) 0.316
BMI ([kg/cm]?) 26.66 + 5.32 25.52 +4.71 0.46
WBC (x1000/nL) 11.41 +£4.24 12.66 + 4.37 0.241
Neutrophil (x1000/uL) 9630 + 3810 11,010 £ 4170 0.199
Lymph (x1000/uL) 880 £ 530 1050 £ 420 0.173
Neutrophil/lymph 14.18 £ 7.10 1191 £ 5.73 0.190
Platelet (x1000/pL) 221.36 £+ 123.03 208.88 + 87.94
Urea (mg/dL) 70.94 £ 43.99 50.12 + 23.30 0.019
Cr (mg/dL) 1.25 £ 0.54 1.14 £ 0.46 0.401
ALT (U/L) 65.03 £ 60.75 62.20 £ 67.21 0.871
AST (U/L) 58.21 £ 35.48 56.37 + 50.44 0.871
CRP (mg/L) 62.73 £ 67.04 64.55 £ 55.15 0.913
ESR (mm/h) 47.66 + 27.59 55.40 £ 38.80 0.507
APACHE score 19.6 £ 3.35 18.9 £ 4.43 0.682
GCS 7.62 £ 3.95 7.93 £3.19 0.721

BMI: Body mass index, WBC: white blood cells, Lymph: lymphocytes, Cr: serum creatinine, ALT: alanine aminotransferase, AST:
aspartate aminotransferase, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, APACHE: Acute Physiology and Chronic

Health Evaluation, GCS: Glasgow Coma Scale.

Table 2: Demographic and clinical characteristics of the study groups: day 6.

Variables Melatonin group Control group P-value
Day 6 Day 6 Day 6
WBC (x1000/uL) 12.44 £+ 5.17 13.68 £ 6.29 0.491
Neutrophil (x1000/uL) 12,840 + 9640 11,980 + 5670 0.770
Lymph (x1000/uL) 910 £ 410 1320 + 950 0.077
Neutrophil/lymph 15.86 £ 11.70 11.97 £+ 5.44 0.267
Platelet (x1000/uL) 195.73 + 87.13 149.62 + 68.03 0.048
Urea (mg/dL) 86.73 £ 68.67 105.13 £ 68.27 0.337
Cr (mg/dL) 1.14 £ 0.46 1.25 + 0.54 0.401
ALT (U/L) 44.30 £ 30.33 51.88 + 53.93 0.559
AST (U/L) 96.03 + 188.76 70.10 £+ 118.83 0.598
CRP (mg/L) 47.28 + 38.86 75.52 £ 48.02 0.042
ESR (mm/h) 85.57 £+ 38.35 60.71 £+ 29.28 0.163

WBC: white blood cells, Lymph: lymphocytes, Cr: serum creatinine, ALT: alanine aminotransferase, AST: aspartate aminotransferase,

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate.

Table 3: Comparison of duration of in-hospital mortality, extubation rate, and duration of mechanical ventilation.

Variable Melatonin group Control group P-value
Extubation rate (patients) 7 (21.2%) 3(9.1%) 0.283
Duration of mechanical ventilation, time to extubation (days) 27 (18—=35) 37 (22—45) 0.091
In-patient mortality (patients) 28 (84.8%) 30 (90.9%) 0.451

Numerical values are reported as median (interquartile range), and nominal factors are reported as number (%).

CRP titer in the melatonin and control groups was
47.28 £+ 38.86 and 75.52 + 48.02, respectively (P = 0.042).
In addition, the platelet count in the melatonin and control
groups significantly differed (195.73 + 87.13 and
149.62 + 68.03; P = 0.048). No significant differences were
observed between groups in the other variables (Tables 2
and 3).

Discussion

Melatonin is a sleep hormone with a broad range of
characteristics, such as anti-inflammatory, antioxidant, and
antiviral activity. Given the wide range of its effects, mela-
tonin is advised for treating sleep disorders and various
medical conditions (e.g., rheumatologic conditions,
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respiratory illness, renal diseases, and viral 1nfe<:t10n).]3 19

The COVID-19 pandemic has burdened the health system,
and the presence of effective treatments or vaccines is
inevitable.'>*"

The pathogenesis of COVID-19 poses a dilemma; most
experts believe that a heightened immune response against
SARS-CoV-2 may be the essential factor responsible for
cytokine storms, and the subsequent damage to the lungs and
other organs. This severe immune reaction can result in ICU
admission and death.>' >’

Clinicians must sometimes use immunomodulatory
agents (e.g., corticosteroids, anti-interleukins, and Gran-
ulocyte Macrophage Colony Stimulating factor (GCF) in-
hibitors) to modulate excessive immune responses; however,
the risk of adverse effects, such as reactivation and superin-
fection of pathogens, is not negligible.5’("8’24 Regarding
melatonin’s anti-inflammatory effects in decreasing inflam-
matory cytokines,25 2% the present study was designed to
investigate the effects of high dose of melatonin on patient
outcomes. We enrolled intubated patients because
respiratory apnea may be induced by high doses of
melatonin.”’ A systematic review (studies from 28
countries) has indicated that the mortality of intubated
patients with COVID-19 is 43%, and the mean duration of
intubation is 10.12 days.zx’” Our study indicated a lower
mortality rate and intubation period in both intervention
and control groups (Table 3). The intervention group had
fewer deaths and shorter intubation periods (i.e., two cases
and 10 days, respectively) than the control group. The lack
of a significant difference in this regard might have been
due to the small sample size and enrollment of patients in
deteriorated condition with low survival probability in our
study. Despite the scarcity of research on patients with
COVID-19 extubation, evidence has demonstrated that in
severe SARS-CoV-2 infection, the risks of respiratory fail-
ure, organ damage, and intubation are elevated, and fewer
than 50% of intubated COVID-19 cases lead to extuba-
tion.””*" In this study, the extubation rate in the intervention
group was twice that of the control group, but this difference
was non-significant (Table 3). A high dose of melatonin on
the first intubation day decreased inflammation (CRP) and
organ failure. Therefore, the patients might have had a
high chance of being extubated.

CRP is an acute phase mediator produced in liver tissue;
in normal conditions, its serum level is less than 10 mg/dL.
Conditions including infection, chronic inflammation, car-
diovascular diseases, and necrosis can lead to tissue damage,
thus triggering CRP formation, which in turn improves
opsonization and phagocytosis, and helps heal these in-
juries.3() In severe SARS-CoV-2 infection, several inflam-
matory mediators increase (e.g., interleukins, GCS-F, CRP,
ferritin, and TNF-a), thus potentially causing organ failure
and death. CRP levels are associated with the severity of
COVID-19 infection, even on the first admission day.
Therefore, CRP can be used to predict death risk, and
decreasing CRP levels indicate improving conditions.”" ** In
a recent study, the difference in CRP levels between groups
on day 6 was significant; however, on the first day, it was
not (Tables 1 and 2). Administering a high dose of
melatonin in the first 5 days of intubation might decrease
inflammation and CRP. Therefore, a high dose of

melatonin may be an effective adjuvant treatment in
critical COVID-19 cases.

The platelet count is an easily accessed test that has been
used in different prognostic systems; a decreased platelet
count is a parameter in the Sequential Organ Failure
Assessment (SOFA) score and Multiple Organ Dysfunction
Score (MODS) to predict ICU patient outcomes.’ In
addition, in severe SARS-CoV-2 infection, the platelet
count decreases. The possible mechanism of thrombocyto-
penia involves direct invasion of the bone marrow by the
virus, destruction of precursor cells in the bone marrow
through cytokine storms and immune complexes, platelet
consumption due to disseminated intravascular coagulation,
and microthrombosis after lung damage.”>*° Subsequently,
thrombotic complications and bleeding may result in
death.’”** Our study revealed that on day 6, the final level
of CRP in the intervention group was significantly lower
than that in the control group.

However, the platelet count was significantly higher than
that in the control group (Table 2). This finding might have
been due to decreased inflammation after melatonin
administration, thereby improving the platelet count.
According to the present study, the difference in platelet
counts between the intervention and control group (on day
6) was significant. Inflammatory process changes on day 6
(decreased CRP levels and increased platelet counts)
occurred in parallel with amelioration of COVID-19.354
Thus, administering high-dose melatonin in critically ill pa-
tients with COVID-19 who have undergone invasive me-
chanical ventilation might decrease the inflammatory
response and improve patient outcomes. The small sample
size and inaccessibility to parenteral dosage forms of mela-
tonin are limitations of this study. Therefore, further studies
with larger sample sizes and intravenous high-dose mela-
tonin are recommended. To our knowledge, this is the first
clinical trial administering high-dose melatonin in critically
ill patients with COVID-19.

Conclusion

Administration of high-dose melatonin in critically ill
patients with COVID-19 who have undergone invasive me-
chanical ventilation might decrease the inflammatory
response.
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