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Abstract

Background: Intracerebral hemorrhage (ICH) is one of the most debilitating kinds of stroke. Recent evidence shows that the proper
initiation of neuroprotective agents might save at risk neurons and improve the outcome.
Objectives: The focus of this study is to evaluate the neuroprotective effect of melatonin on patients with hemorrhagic stroke.
Methods: Forty adult patients with confirmed nontraumatic ICH, who were admitted to the ICU within 24 hours of the stroke onset
were enrolled in this study. Subjects in the melatonin group received 30 mg of melatonin every night for 5 consecutive nights. In
order to evaluate the intensity of the neuronal injury, S100B was assessed once on day 1 and, day 5 post ICU admission. Additionally,
the length of ICU stay, mortality, and the duration of mechanical ventilation were also recorded.
Results: Forty patients completed the study. In both groups the plasma concentrations of S100B decreased after 5 days compared
with their baseline values. However, this reduction was more significant in the melatonin compared to the control group (P-value
< 0.05). The duration of mechanical ventilation and length of ICU stay was shorter in the melatonin group, and this difference
was statistically significant for the length of ICU stay (P-value < 0.05), and marginally significant for the duration of mechanical
ventilation (P-value = 0.065). The in-ICU mortality rate of the melatonin group was 15%, almost half of that of the control group
(30%). However, this difference was not statistically significant.
Conclusions: In conclusion, melatonin can be considered as a harmless and effective nueroprotective agent with some unique
features which has made it an appropriate adjunctive medicine for critically ill intubated patients.
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1. Background

Spontaneous, nontraumatic intracerebral hemor-
rhage (ICH) is one of the most debilitating kinds of stroke
(1, 2). Research has shown that most patients who are
admitted with small ICHs, can survive if they receive ap-
propriate medical care. Therefore, it can be concluded that
good medical interventions may improve the outcome
of these patients (3). Trials which have evaluated medical
therapy for hemorrhagic stroke are very scarce, and the

optimal treatment strategy remains to be found.

Neuroprotective agents have not been extensively in-
vestigated in animal models of ICH. However, recent evi-
dence shows that the proper initiation of neuroprotective
agents might save at-risk neurons and improve outcomes
in patients with hemorrhagic stroke (4). In recent years,
melatonin has generated a great deal of interest as a neuro-
protective agent for different neurological disorders (5) be-
cause of its low toxicity, antioxidative, antiapoptotic, and
anti-inflammatory properties (5, 6). In contrast to the par-

Copyright © 2021, Jundishapur Journal of Natural Pharmaceutical Products. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.

http://dx.doi.org/10.5812/jjnpp.64476
https://crossmark.crossref.org/dialog/?doi=10.5812/jjnpp.64476&domain=pdf
https://orcid.org/0000-0002-1595-0127
https://orcid.org/0000-0002-1785-4665


Sharifnia H et al.

tial distribution of other antioxidants, melatonin diffuses
easily across the cell membranes and can act as an intracel-
lular antioxidant as well as pass through the blood-brain
barrier (7, 8). With regards to its extraordinary high antiox-
idant effect, numerous animal studies have been designed
to evaluate the protective effect of melatonin on stroke (9).

The pathogenicity of stroke is a multifactorial process
involving the interaction of multiple mechanisms, such
as oxidative stress, excitotoxicity, mitochondrial dysfunc-
tion, and calcium dyshomeostasis (5). It has been widely
accepted that oxidative stress and inflammation are the
main causes of cell death in stroke (5). Because of its antiox-
idant effect, melatonin has shown to be protective against
oxidative injury in various in vivo and in vitro models of
neurodegenerative diseases (9-11). The protective effect of
melatonin on animal models of stroke has been indicated
in a metaanalysis (12).

In our research, S100B has been considered as a
biomarker of damage associated molecular pattern
(DAMP). This protein increases during the acute phase
of brain damage (13). The serum levels of S100B have
been shown to correlate with the severity of injury and
outcome. Moreover, it is a useful tool for predicting the
efficiency of the treatment and prognosis (14, 15). It has
been reported that after a hemorrhagic stroke, plasma
levels of S100B Increase within 6 hours, peak at 24 hours,
and then decline gradually over 2 days (15).

Previous studies have shown that pineal calcification
and low melatonin levels are associated with symptomatic
cerebral infarction and intracerebral hemorrhage (16, 17).

2. Objectives

The aim of this clinical trial was to evaluate the neuro-
protective effect of exogenous melatonin on patients with
hemorrhagic stroke.

3. Methods

Forty adult patients with confirmed acute ICH who
were admitted to the ICU within 24 hours of stroke on-
set were enrolled in this randomized double-blind clinical
trial.

Exclusion criteria were evidence of traumatic ICH,
brain neoplasm, contraindications to receiving oral med-
ication, Glasgow Coma scale (GCS) score of 8 or more, re-
nal insufficiency (estimated glomerular filtration rate <
60 mL/min), and pregnancy or breastfeeding. In order
to avoid the short-lasting pseudo increase in the plasma
levels of S100B after surgery, a 24 hour interval between
surgery and blood sampling was considered. If it was not

possible, then the patient would be excluded from the
study (18, 19).

The written informed consent was signed by a legal sur-
rogate instead of the patients due to the reduced level of
consciousness. The study protocol was approved by the
Ethics Committee for Human Research at Tehran Univer-
sity of Medical Sciences (code: IR.TUMS.VCR.REC.1395.884).
Patients were randomized using the permuted-block ran-
domization method. Patients in the treatment group re-
ceived 30 mg of melatonin (Melatonin, Webber naturals,
Canada) (as a tablet) every night throughout their nasogas-
tric tube for 5 nights. Clinical characteristics of patients
and demographic data were obtained at the time of enroll-
ment. Additionally, mortality, the duration of mechanical
ventilation, and the length of ICU stay were also recorded
for all patients. The period of study was about one year.

S100B (using a Human S100B ELISA kit, Biovender), as
a biomarker of neuronal injury was assessed once on the
first day and day 5 post ICU admission. Blood samples (5 cc)
were drawn from all patients through the antecubital vein
into the sampling tube on days 1 and day 5. After waiting
10 minutes for coagulation, samples were centrifuged (10
min, 1000 rpm) in order to obtain serum, which was sub-
sequently stored at -70°C until analyzed.

Student’s t or Mann-Whitney U-test was used to com-
pare the continuous variables between groups. Categor-
ical variables were described by frequency in percentage,
and the chi-square test was used to compare the groups.
Analysis of covariance (ANCOVA) was used to compare the
two groups when the baseline variable was assumed as a
covariate. P-values less than or equal to 0.05 were consid-
ered significant. The IBM SPSS Statistics for Windows, ver-
sion 20.0 (Armonk, NY: IBM Corp.) was used to conduct the
analyses.

4. Results

Forty patients who met our inclusion criteria were en-
rolled in the study: twenty (50%) patients were allocated in
the melatonin group and 20 (50%) patients in the control
group (Figure 1). No significant difference was seen in the
baseline characteristics of patients except for body mass
index (BMI) (P-value = 0.049) (Table 1).

There was not any significant difference in the baseline
plasma concentration of S100B between the two groups.
In both groups the plasma concentrations of S100B were
reduced after 5 days compared with their baseline values.
However, this reduction was more significant in the mela-
tonin compared to the control group (P-value < 0.05) (Ta-
ble 2).

The length of ICU stay and the duration of mechani-
cal ventilation was shorter in patients who received mela-
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Figure 1. Consort flow chart of the study

tonin in comparison with the control group, and this dif-
ference was statistically significant for the length of ICU
stay, and marginally significant for the duration of me-
chanical ventilation (P-value: 0.065) (Table 3).

A smaller proportion of the participants in the mela-
tonin group were diagnosed with sepsis during their ICU
stay in comparison with the control group. However, this
difference was not statistically significant.

The in-ICU mortality rate of the melatonin group was
15%, almost half of that of the control group (30%). How-
ever, this difference was not statistically significant (Table
3).

5. Discussion

Melatonin has been studied in different fields of neu-
rological disease such as seizures, brain edema, and trau-
matic brain injury with different dosing methods ranged
from 3 mg to 50 mg, without any adverse effects (10).

The result of our research has shown that melatonin
administered in a high dose within 24 hours of insult,
can increase the clearance of S100B. Previous studies have

demonstrated that the therapeutic window for neuropro-
tection in humans is up to four days after stroke onset.
With respect to this issue, an eligibility criteria of includ-
ing patients within 24 hours of onset seems rational (4).
Since it has been suggested that ischemic damage may con-
tinue for several days after infarction, 5 days of melatonin
therapy has been considered in this clinical trial (4).

Available clinical data show that melatonin possesses
hypnotic, anxiolytic, and analgesic properties, with min-
imal adverse effects on psychomotor performance, sleep
wake cycle, and respiratory system. Moreover, it has been
reported that melatonin is effective for both preventing
and treating ICU delirium (20, 21).

The result of this randomized clinical trial revealed
that administration of 30 mg of melatonin daily for 5 days
is safe and effective in reducing S100B protein levels in
patients with hemorrhagic stroke. One study has shown
that in spite of critical illness, the bioavailability of mela-
tonin after oral administration is satisfying, and the in-
testinal absorption is comparable to that of normal volun-
teers (22). The dose of 30 mg was chosen since investiga-
tions have shown that the antioxidant effect of melatonin
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Table 1. Demographic and Clinical Characteristics of the Patients in Groupsa , b

Melatonin (N = 20) Control (N = 20) P-Value

Age, y 57.7 ± 12.7 52.9 ± 13.7 0.329

Sex, male 12 (80) 9 (60) 0.232

BMI, kg/m2 26.03 ± 1.84 24.6 ± 1.79 0.049c

Hb, g/dL 12.1 ± 1.37 11.2 ± 1.52 0.245

Plt, 103 /mm3 195.0 ± 28.9 229.3 ± 35.9 0.061

Urea, mg/dL 33.9 ± 14.1 25.7 ± 9.27 0.215

Cr, mg/dL 0.96 ± 0.21 0.91 ± 0.15 0.634

INR 1.31 ± 0.25 1.26 ± 0.15 0.659

PTT, s 35.7 ± 9.05 38.2 ± 4.45 0.439

Ca, mg/dL 9.29 ± 0.85 8.94 ± 0.23 0.324

SOFA score 6.27 ± 0.70 6.64 ± 0.93 0.228

Apachi score 17.60 ± 4.22 16.9 ± 4.73 0.690

GCS day 1 6.13 ± 1.24 6.14 ± 0.95 0.982

Abbreviation: SOFA, The Sequential Organ Failure assessment.
aValues are expressed as No. (%) or mean ± SD.
bStudent’s t-test and Chi-square were used to compare these values respectively.
cP-value < 0.05 considered as significant.

Table 2. Effect of Melatonin on Serum Concentration of S100Ba , b

Melatonin Control P-Value

S100-before, pg/mL 133.8 ± 33.5 132.6 ± 33.5 0.910

S100-after, pg/mL 58.7 ± 9.04 80.6 ± 20.3 < 0.001

Difference 52.0 ± 16.2 75.2 ± 28.5 0.003

P-value < 0.001c < 0.001c < 0.001

aValues are expressed as mean ± SD to compare values before and after inter-
vention and between groups, paired t-test and t-test were used respectively.
bANCOVA was used to compare values between groups when the baseline val-
ues were assumed as a covariate.
cSignificant.

Table 3. Comparison of Duration of Mechanical Ventilation, Length of ICU Stay, in-
ICU Mortality Rate, and Occurrence of Sepsisa

Melatonin Control P-Value

Duration of mechanical
ventilation, d

4 (2 - 16) 12 (4 - 20) 0.065

Length of ICU stay, d 8 (6 - 21) 12 (8 - 25) 0.041

In ICU mortality 3 (15.0) 6 (30.0) 0.451

Sepsis 5 (25.0) 10 (50.0) 0.095

GCS day 5 8.60 ± 1.76 7.07 ± 1.33 0.064

aNumerical values were reported as median (inter quartile range), and nom-
inal factors as number (%), Mann-Whitney U-test and chi-square test were ap-
plied to compare these values respectively.

can be seen at doses above 10 mg, and with respect to safety,
most of the studies usually use the dose as high as 20 mg to
50 mg (23).

Because there is strong evidence that oxidative stress
is responsive to neuronal injury and its severity, antioxi-
dant therapy may be extremely effective in reducing the
cellular damage caused by free radicals (8). Moreover, it
has been suggested that melatonin can exert some protec-
tion against neurotoxicity via other mechanisms, includ-
ing regulation of calcium level, antiapoptotic activity, inhi-
bition of mitochondrial permeability, decreasing cerebral
edema, anticonvulsive, and anti-inflammatory effect (5, 11,
24, 25).

As has been shown in Table 2, a smaller proportion of
the participants in the melatonin group were diagnosed
with sepsis during their ICU stay in comparison with the
control group. The protective effect of melatonin against
sepsis and septic shock has been well documented in both
human and animal models. It has been reported that mela-
tonin can prevent circulatory failure, mitochondrial dam-
age, and multi-organ failure, reduce lipid peroxidation
and proinflammatory cytokines, and inhibit nitric oxide
synthase (23, 26, 27). An investigation indicated that cir-
cadian rhythm was impaired in the septic patients when
compared to the nonseptic ones, and it was concluded that
reduced circadian melatonin secretion in septic patients
may be the result of severe sepsis (28). Moreover, another
theory is that reduced plasma melatonin concentrations
may reflect the consumption of melatonin as an antiox-
idant (28, 29). In another study, decreased serum mela-
tonin levels were associated with higher mortality rates
in septic patients (30). A recent study revealed that the
administration of melatonin as an adjuvant medicine in
the treatment of septic newborns was associated with im-
provement of laboratory data and clinical outcomes (31).

As can be concluded from Table 2, the duration of me-
chanical ventilation was shorter in the melatonin group
compared with the control one. Although this difference
was not statistically significant, it can be hypothesized that
melatonin may accelerate the weaning process by reduc-
ing the need for high doses of sedatives with respiratory
depressant effects, inhibiting ventilator-associated lung
injury, and improving the neurological status (32-34).

With regard to safety issues, experimental animal stud-
ies have claimed that melatonin is generally safe even in a
dose as high as 200 mg/kg/day, and no serious adverse ef-
fects have been reported. Additionally, the safety of mela-
tonin in humans has been shown in a metanalysis (35).

Our study did have some limitations. In this study, the
total antioxidant capacity was not measured before and af-
ter the intervention in order to see to what extent the ad-
ministration of the supplement has changed the total an-
tioxidant capacity. Additionally, the absence of a placebo
group in this study can adversely affect the results.
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5.1. Conclusions

In conclusion, melatonin can be considered as a harm-
less and effective neuroprotective agent with some unique
features which has made it an appropriate adjunctive
medicine for critically ill intubated patients.
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