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Abstract

Objective: To correlate serum levels of melatonin and cortisol in sickle cell anemia (SCA) with age, age
at diagnosis, sex, anthropometry, vaso-occlusive crisis (VOC) and current treatment.
Methods: Twenty nine patients and 29 controls were recruited into this study. Melatonin and Cortisol
assays were performed using commercially available ELISA kit. Statistical analysis was done to assess
the difference in mean melatonin and cortisol levels and correlate these with age, age at diagnosis, sex,
anthropometry, vaso-occlusive crisis (VOC), current treatment.
Results: There was a significantly lower melatonin serum levels in SCA patients compared to controls
(p<0.001). Melatonin was negatively correlated with age, vaso-occlusive crisis and cortisol (r=-0.02,
p=0.9), (r=-0.13, p=0.5), (r=-0.28, p=0.15) respectively. However, melatonin levels were not correlated
with other parameters including weight and height. There was slightly small difference in the mean
levels of cortisol in patients compared to controls, but this difference was not statistically significant.
Similarly, no correlation with age, weight, or height was noted. There was no difference in mean serum
levels of melatonin and cortisol between males and females of SCA patients also, between that receiving
HU when compared with that not receiving HU.
Conclusion: In the present work, we observed a significant decrease in melatonin level in SCA patients
compared to controls. This highlights melatonin importance as a therapeutically agent for developing
antioxidant defence. The use of melatonin will certainly help in decreasing oxidative damage and will
ultimately results in detracting symptoms associated with SCA.
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Introduction
Sickle cell anemia (SCA) results from a mutation in the genetic
code such that glutamic acid is replaced by valine in the globin
chain of haemoglobin [1]. This substitution transforms normal
adult hemoglobin (HbA) into sickle hemoglobin (HbS).When
deoxygenated, HbS polymerizes, and when a critical amount of
HbS polymer accumulates within a sickle erythrocyte, cellular
injury occurs [2]. A sufficient number of damaged erythrocytes
cause the phenotype of sickle cell disease (SCD), characterized
by hemolytic anemia and vaso-occlusion [3,4].

Sickle cell anaemia is one of the diseases that exhibit circadian
rhythm in their symptoms. Rhythmic leukocyte/endothelial cell

interactions can contribute to obstructing blood flow in small
caliber vessels by exacerbating leukocyte activation, prompting
their interactions with other free-flowing blood components
such as red blood cells (RBCs), and potentially causing
thrombus formation and vascular infarction as observed in
SCD [5], and sometimes leads to increase oxidative stress [6].
It has been proposed that melatonin has antioxidant properties
[7-9] and increase in cortisol concentration has been associated
with decrease in total antioxidant levels and low total anti-
oxidant capacity is a common feature in all conditions where
elevated cortisol concentrations are observed [10]. The
importance of melatonin as an antioxidant is due to its capacity
to cross biological barriers, which eases the removal of reactive
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oxygen species (ROS) in different biological compartments
[11].

An improved understanding of the abnormal oxidative
processes that occur in SCA has led to new insights into the
action mechanisms of some currently accepted therapies and it
has also suggested new therapies for this disease [12,13]. For
this reason, antioxidant therapy is being a worthy, promising,
and increasing goal for SCA treatment. In addition, one of the
most appealing properties of melatonin which distinguishes it
from most antioxidants is that its metabolites also have the
ability to scavenge ROS.

Melatonin is an endogenously produced indoleamine secreted
by the pineal gland. Melatonin secretion has a circadian rhythm
and is influenced by environmental light. [14]. Melatonin has
been found to directly modulate cortisol levels. Cortisol is
another hormone which has circadian rhythm [15]. Normal
individuals, without disease of the hypothalamo-pituitary
adrenal axis, at midnight, have very low or undetectable
cortisol levels that build up overnight to peak first thing in the
morning. Cortisol levels then decline slowly throughout the
day [16-18]. Therefore melatonin is a hormone that supports a
healthy immune system, proper sleep and is the main hormone
involved in synchronizing the daily cycle of light exposure and
physical activity in the body. While cortisol is critical for
maintaining energy and supporting a healthy immune system.
Hence both are the major hormones of the circadian system.

Previous studies in rats and primates found that glucocorticoid
measures decreased after melatonin [19,20], also melatonin
attenuates corticosterone reactivity to an acute or chronic
stressor [19]. In young humans, single or repeated
administration of melatonin did not affect basal or
pharmacologically stimulated cortisol secretion [21].

In the present study we aim to analyze the effect of melatonin
and cortisol on the sickle cell anemia. In particular, we have to
explore the relation between serum levels of melatonin and
cortisol in SCA and correlate that with different disease
parameters. Additionally, we aim to assess if SCA does affect
interactions between these hormones.

Patients and Methods
This was a prospective case-control study conducted at the
maternity and children hospital (MMCH), Al Madinah
Almonowarah, Saudi Arabia, and at Pediatric and Medical
Biochemistry Department, Taibah University, Al Madinah
Almonowarah, Saudi Arabia. Children aged 6-16 years, were
enrolled into this study. The study included children having
sickle cell anaemia attending haematology clinic and agree to
participate in the study. Sickle cell anaemia diagnosis was
based on hemoglobin electrophoresis. The subjects were
screened using a questionnaire and an interview. They were
excluded if they were smokers, drinkers, or were taking
medication known to affect melatonin production, such as β-
adrenergic blockers. The patients qualified for the study gave
their written informed consent, which was approved by the
ethics committee of the Madinah Maternity and Children

Hospital (MMCH) and Taibah University. Additionally, we
recruited 29 apparently healthy children of the same age and
socioeconomic standards as a control group.

Detailed history-taking and thorough clinical examinations
were performed. At enrollment, the number of severe painful
episodes in the preceding 12 months was recorded (frequency
of vaso-occlusive crisis (VOC) per year), with a working
definition of a vaso-occlusive crisis (VOC) as pain in the
extremities, back, abdomen, chest, or head that led to an
unscheduled clinic or emergency room visit and required
hospitalization, and that could only be explained by SCD, with
exclusion of any episode of pain that was treated entirely at
home [22].

Biological samples
After informed consent signed by legal guardians, 3 mL of
peripheral blood samples were collected through venipuncture
around 7:30 AM.

Biochemical assay used to determine melatonin and
cortisol levels in blood sample
Three mL of blood sample was collected from the antecubetal
vein in a plain vacutainers, centrifuged at 3,000 g at 37°C for
20 minutes and the serum was separated and stored at –20°C
until processing. A commercially available ELISA kit was
used to quantify melatonin (CUSABIO BIOTECH CO catalog
No. CSB-E08132h) and cortisol (R&D Systems, Minneapolis,
USA catalog No.KGE008) levels in the serum samples using
horseradish peroxidase detection in accordance with the
manufacturer’s instructions. 100 μL of sample for melatonin
and cortisol were used. Samples were assayed as duplicates.
The minimum detection limit was less than 7.8 pg/ml and
0.071 ng/ml respectively. Results were finally obtained by
subjecting the 96 well microtitreplate to the ELISA reader at
405 nm.

Statistical analysis
Patients’ data were analyzed using the Microsoft Excel and
Statistical Package for Social Sciences (SPSS), version 16.0 for
Windows. Quantitative variables were expressed by mean ±
standard deviation (SD), and compared using Student’s t-test
for unpaired samples and Spearman’s rank-order test was used
for correlating quantitative variables. Qualitative variables
were expressed as numbers (frequency) and percentages, and
compared between groups using the chi-squared test. p-value
was considered to be significant if <0.05.

Results
Table 1 illustrates a comparison of the clinic epidemiologic
data between SCA patients and the control group. No
significant difference between patients & controls regarding
age, sex, anthropometric parameters, nationality, number of
sibling & consanguinity. Mean values of melatonin was
significantly lower in SCA patients than in control group
(Figure 1).
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This statistically significant difference was also observed when
comparison was made between patients and gender-matched
controls (Table 2). Gender did not appear to affect melatonin
level of SCA patients; there were no significant differences in
the mean levels of melatonin in SCD males or females (Table
2).

No significant differences in the mean levels of melatonin were
observed between SCD patients on hydroxyurea (HU) therapy
and those not receiving hydroxyurea (HU) (Table 3). No
significant correlations were detected between melatonin and
any of the patients clinical or laboratory finding However,
correlations with age, vasoocclussive crisis, cortisol is negative
but didn’t reach statistical significance (r=-0.02, p=0.9),
(r=-0.13, p=0.5), (r= -0.28, p=0.15) respectively (Table 4). Figure 1: Comparison of melatonin levels in patients and controls.

Table 1. Clinicoepidemiologic data of the studied children.

Parameter Patients (n=29) Controls (n=29) P-value

Clinico-epidemiologic data

Age in years (mean ± SD) 10.4 ± 2.7 9.7 ± 2 NS

Sex (male/female) 14/15, (48.3%; 51.7%) 11/18, (37.9%; 62.1%) NS

Weight in Kg (mean ± SD) 28.2 ± 9 32.6 ± 7.5 NS

Height in cm (mean ± SD) 132.9 ± 12.4 137.8 ± 10.9 NS

BMI(kg/m2) (mean ± SD) 15.9 ± 2.4 16.9 ± 1.7 NS

Ethnicity

(Saudi/non- Saudi)

19/10

(65.5%; 34.5%)

17/12

( 58.6%; 41.4 %,)

NS

No of siblings 7.6 ± 4.5 7.3 ± 4.5 NS

Consanguinity

(yes/no)

14/15

(48.3%; 51.7%)

11/18

(37.9%; 62.1%)

NS

BMI : Body Mass Index, SD: Standard Deviation

Table 2: Comparison of serum melatonin & cortisol in SCA patients and controls in relation to gender.

Males Females

Variables Cases (n=14) Controls (n=11) P value cases (n=15) Controls (n=18) P value

Melatonin (pg/ml) 17.5 ± 20.7 154.5 ± 25.1 0.000 27.4 ± 33.07 150.3 ± 29.9 <0.05

Cortisol (ng/ml) 37.14 ± 21.2 27.64 ± 10.6 0.19 31.56 ± 9.2 29.1 ± 175 0.6

SCA patients

Variables Males Females

Melatonin (pg/ml) 17.46 ± 20.7 27.4 ± 33.1 0.34

Cortisol (ng/ml) 37.1 ± 21.2 29.1 ± 17.5 0.27

Data presented as means ± SD.

In Cortisol level, results didn’t show significant difference in
SCA patients than in control group (Figure 2). Gender did not
appear to affect cortisol level of SCA patients and there were
no significant differences in the mean levels of cortisol in SCA
males and females (Table 2). No significant difference was

observed between cortisol and any of the patients clinical &
laboratory data (p value>0.05) (Table 4).
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Figure 2. Comparison of cortisol levels in patients and controls.

Table 3: Comparison of melatonin and cortisol in SCA patients
receiving HU and SCA patients not receiving HU.

Variables Patients
receiving HU
(n=11)

Patients not
receiving HU
(n=18)

P value

Melatonin (pg/ml) 22.9 ± 35 22.4 ± 23.5 0.97

Cortisol (ng/ml) 40.6 ± 20 28.3 ± 18.1 0.1

HU: hydroxyurea, Data presented as means ± SD.

Table 4: Correlation of serum melatonin and cortisol levels with
patients clinical and laboratory value.

Parameter
Melatonin Cortisol

p-value

Age (years) 0.9 0.9

Age at diagnosis (years) 0.49 0.41

VOC: vaso-occlusive crisis frequency (times/
year) 0.5 0.38

Weight (kg) 0.45 0.93

Height (cm) 0.84 0.72

BMI : body mass index (kg/m2) 0.64 0.46

Cortisol(ng/ml) 0.15 0.15

Discussion
Sickle cell anemia is one of the diseases that exhibit circadian
rhythm in their symptoms. A sufficient number of damaged
erythrocytes cause the phenotype of SCD, characterized by
hemolytic anemia and vaso-occlusion. In the present study we
analyzed the effect of melatonin and cortisol on the sickle cell
anemia. In particular, we explored the relation between serum
levels of melatonin and cortisol in SCA and correlate with
different disease parameters. The results indicated that there
were no significant difference between patients and controls in
regard to age, sex, anthropometric parameters, ethnicity,
number of sibling and consanguinity. We found significantly
reduced melatonin level in SCA patients compared to controls;
this corroborates a previous study by Shimauti et al. that also

found lower melatonin level in SCA patients than controls
[23]. Furthermore, melatonin displays exceptional multiplicity
of actions. Briefly, melatonin is involved in sleep initiation,
vasomotor control, adrenal function, anti-excitatory actions,
immunomodulation including anti-inflammatory properties,
direct and indirect antioxidant actions, and energy metabolism
[24,25]. Additionally, Chakravarty and Rizvi also showed in
vivo a circadian modulation of human erythrocyte
malondialdehyde and glutathione levels, as well as of
membrane redox system and ascorbate free radical reductase
activities, which emphasize the role of melatonin as an
antioxidant and its function against oxidative stress in RBCs.
Thus, many of melatonin actions are directly involved in the
SCA pathophysiological process [26,27]. Similarly, the recent
findings of Shimautiet al. showed that the SCA patients' mean
age in their study was 21.3 years while the control group had a
mean age of 29.2 years [23]. This is an indication that the
disease contributes to the decrease in melatonin levels since a
lower value would be expected in the older group as melatonin
decreases along age [28]. Thus the above cited literatures are
very well supported that the melatonin level is low because of
the SCA itself. In our SCA patients' mean age was 10.4 ± 2.7
years while the control group had a mean age of 9.7 ± 2 years.
Therefore a decrease in melatonin level in the control group
was expected, in contrary when comparing the control group
with the SCA patients there is a clear decrease of serum
melatonin level in the SCA patients, confirming that the
disease contributes to a significant decrease in melatonin level.
Reduced melatonin levels were observed in other chronic
diseases such as bronchial asthma [29], and inflammatory
bowel disease [30]. This could be attributed to the chronic
inflammatory condition in these diseases & reactive oxygen
species production in these diseases.

The mean serum melatonin levels in the control group were
151.9 pg/mL. Plasma melatonin levels ranging from 400 to 500
pmol/mL was found by Kennaway and Voultsios [31], which
corresponds to ~90 to 120 pg/mL [23]. Our results are higher
because our controls from the pediatric age group. Previous
review about melatonin done by Karasek [28] suggests that
serum melatonin concentration reach about 180 pg/mL in
children between 5 and 10 years old, and about 110 pg/mL
between 15 and 35 years old. The mean age of the studied
subjects is 10.4 year, age range from 6-16years, thus
confirming that serum melatonin levels found in the present
study are within the expected concentration for human blood
Ueno-Towatari et al. [32] found a mean melatonin level in the
Japanese population of ~90 pg/mL, with individuals reaching
220 pg/mL at 7:00 am., It should also be noted that there are no
previous reports for serum melatonin levels in the Saudi
population, also taking into consideration that our sample was
collected from Al Madinah Al Munawarrah, which is
genetically mixed. Melatonin is a hormone that supports a
healthy immune system, proper sleep and is the main hormone
involved in synchronizing the daily cycle of light exposure and
physical activity in the body. While cortisol is critical for
maintaining energy and supporting a healthy immune system.
Hence both are the major hormones of the circadian system.
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For Cortisol level, results didn’t show significant difference in
SCA patients than in control group. Gender did not appear to
affect cortisol level of SCA patients and there were no
significant differences in the mean levels of cortisol in SCD
males and females. No gender difference in the secretion of
melatonin and cortisol has been found in prepubertal children
[25]. No significant difference was observed between cortisol
& any of the patients clinical & laboratory data. There was no
significantly lower basal morning cortisol in patients than
controls (mean value in male patients were 37.14 ± 21.18
ng/ml compared with 27.64 ± 10.61ng/ml in control group with
p value of 0.19), whereas in female patients 31.56 ± 9.2 ng/ml
compared with 29.1 ± 175 ng/ml in control group with p value
0.6).

These present findings are also well supported by the earlier
work of Saad and Saad who had observed that the 14 sickle
cell anaemia patients and 16 normal controls were submitted to
rapid ACTH stimulation test for basal cortisol determination.
No significant differences were observed between the two
groups for the basal and stimulated cortisol levels or for the
increment at 30, 50 and 120 min. after infusion [33]. On other
hand, Hagag et al. reported that 60 children with sickle cell
anaemia with their age ranging from 5-17 years and mean age
value of 13 ± 3 in comparison with 30 healthy children
matched for age and sex as a control group. There was
significantly lower basal morning cortisol in patients than
controls (mean value in patients were 8.78 ± 3.5 ug/dl
compared with 11.79 ± 2.3 μg/dl in control group [34]. As
previously mentioned, previous animal studies emphasize that
melatonin has the ability to decrease serum levels of
corticosterone and also attenuates its level after acute and
chronic stress [19,20]. In our study melatonin is negatively
correlated with cortisol but didn’t reach statistical significance.
In contrary in healthy young humans, single or repeated
administration of melatonin did not affect basal or
pharmacologically stimulated cortisol secretion [21]. Recent
studies have investigated melatonin as antioxidant therapy for
SCA treatment [35]. In our SCA patients, melatonin showed a
potential role for detracting symptoms associated with SCA as
it is correlated negatively with vaso-occlusive crisis (VOC) and
cortisol but didn’t reach statistical significance. The exact
mechanism of how melatonin and cortisol affect reactive
oxygen species and its role in oxidative stress is not well
understood. We cannot offer an explanation to why melatonin
is more linked to SCA than cortisol (at least in our population).
The lower serum melatonin levels in SCA patients may be due
to the oxidation of melatonin by ROS and/or its consumption
by free iron released by erythrocyte haemolysis, but other
unknown process can also contribute to this result, including a
decrease in melatonin secretion by the organism. Based on our
findings, A larger longitudinal study is recommended with
measuring both melatonin and cortisol levels at different times
of the day before and after pharmacologically stimulated
cortisol secretion. Up to our knowledge this study is the first
one detecting serum level of melatonin in children in Saudi
Arabia. We recommend the addition of melatonin for the
treatment regimen of SCA.
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