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ORIGINAL ARTICLE
Circadian variations in melatonin and cortisol in patients
with cervical spinal cord injury

G Fatima!, VP Sharma? and NS Verma?

Purpose: In cervical spinal cord injury (CSCI), afferent and efferent circuits that influence the basal production of melatonin and
cortisol may be disrupted and hence disrupt the basal functions of human physiology. Therefore, the aim of this study was to assess
circadian changes, if any, in serum cortisol and melatonin in patients with CSCI.

Methods: Serum levels of cortisol and melatonin were measured at 6-h intervals of the day (0600, 1200, 1800 and 0000 hours) in
22 CSCI patients, as well as 22 healthy controls.

Results: Significantly higher melatonin levels were observed in the patient group in morning hours, whereas a significantly lower level
of melatonin was found during the night time in the patient group than in the control group. Moreover, significantly higher values were
obtained in the evening and night time serum cortisol levels among the patients compared with controls. Further, when the mean values
of cortisol throughout the day were tested among patient and control groups similar circadian rhythm was found. The only difference

being that serum cortisol declined much more in controls in evening and night samples as compared with CSCI patients.

Conclusion:

We conclude that circadian variations exist in the circulating levels of serum cortisol and melatonin in patients with CSCI.

Low levels of melatonin secretion during night may contribute to the pervasive sleep disruption and increased pain perception.
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INTRODUCTION

Circadian rhythm is characterized by the dynamics of 24 h cycle. The
disturbance in secretion of hormones that are sensitive to light and
dark cycle results in abnormal circadian rhythm. Melatonin is the
primary hormone of the pineal gland, and it regulates the sleep and
wake cycle.! Melatonin has been documented to be a potent
neuroprotective agent in traumatic brain injury and spinal cord
injury.? Normally, melatonin levels begin to rise in the mid-to-late
evening, remain high for most of the night and then decline in the
early morning hours.> Melatonin is produced at night from
5-hydroxytryptophan, and it displays dynamic circadian rhythm.*
During the day, the intense light blocks the production of melatonin;
however, during night, the decline in the intensity of light is registered
in the retina, which then sends the information to the pineal gland.5
On arrival of the signal from the retina, melatonin begins to rise in
blood and then in all other body tissues, between 0000 hours to
0400 hours melatonin rises to 70 pgml™' and it remains elevated
during the normal hours of sleep at night.® This increase in melatonin
levels provides a convenient signal to all body cells about the onset of
night, which is a signal for sleep. Moreover, cortisol is produced in the
adrenal gland, and it normally follows a circadian pattern of secretion;
it peaks in the morning just after waking (10-20 pg dI"!) followed by a
gradual decrease at 1600 hours (3—10 pgdl™!) and during night time
(>5pgdl™).”% Melatonin and cortisol both are counter regulatory
hormone. When melatonin level rises at night, cortisol level drops to
its lowest, and when cortisol level rises to its highest in morning,
melatonin level drops to its lowest. Abnormal levels of melatonin and

cortisol rhythm result in problems with sleep. However, sleep
deprivation is common and can be a serious problem negatively
affecting health. Sleep has been reported to allow the removal of free
radicals accumulated in the brain during wakefulness, whereas poor
sleep can induce oxidative damage and disturb the removal of free
radicals in the brain. Long-term sleep deprivation is harmful to health
and can lead to multisystemic and multiorgan dysfunction, causing
maladaptive emotional regulation, exaggerated neural reactivity and
negative metabolic, psychological, physiological or even behavioral
reactivity.

In cervical spinal cord injury (CSCI), afferent and efferent circuits
that influence the basal production of melatonin and cortisol may be
disrupted and hence disrupt the basal functions of human physiology.
Further, cervical spinal cord lesions disrupt the circadian rhythm in
human melatonin excretion. Levels of serum cortisol, aldosterone and
growth hormone showed rhythmic variations in subjects with SCIL.
Reduced sleep efficiency in CSCI causes low night time melatonin
secretion. Thus, the decrease in night time melatonin in CSCI may
help explain the sleep disturbances, raising the possibility that
melatonin replacement therapy could help normalize sleep in these
patients.” Rhythm of serum melatonin with acute SCI was observed at
the cervical and thoracic regions in rats, and the study revealed that
the complete injuries at the lower cervical spinal cord could not
produce enough melatonin secretion, which may contribute to
impaired sleep at night, fatigue during the day, and immense pain
perception; on the contrary, complete injury at the upper thoracic
spinal cord showed normal melatonin secretion.'® Rhythms of serum
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melatonin in patients with spinal lesions at the cervical region were
seen, and it was observed that there were low levels of serum
melatonin with no observable diurnal rhythm in the patient with
CSCI (C4-5). This study suggests that the cervical region of the spinal
cord is part of the neural pathway essential for the diurnal rhythm of
pineal melatonin secretion in humans.!!

The similarity in symptoms between patients with CSCI and
individuals with misaligned circadian phase, as well as the observation
of cortisol and melatonin levels being tightly regulated by the circadian
pacemaker, raises the possibility that there may be a disturbed
circadian pattern of these hormones in patients with CSCI. Disrupted
hormone levels after SCI have been shown in previous studies, and in
this study we are confirming previous finding in an Indian population
by characterizing the results over more time intervals. Therefore, on
the basis of above reports, we planned to study the circadian pattern of
serum cortisol and melatonin in patients with CSCI and in healthy
subjects. The goal of this study was to examine the 24-h pattern of
cortisol and melatonin secretion in CSCI patients and controls. To test
this hypothesis, cortisol and melatonin were measured at different
time intervals during the day and night in patients with CSCL

MATERIALS AND METHODS

Twenty-four hour serum cortisol and melatonin patterns were determined in
22 CSCI patients and a control group comprising 22 healthy individuals
without CSCI who were non-alcoholic, non-smokers, non-diabetic without any
kind of cardiac, respiratory or endocrinal disease; 2 weeks post injury
participants were recruited. All the patients were in their acute injury phases.
Patients of CSCI were recruited from the spinal unit in the Department of
Physical Medicine and Rehabilitation, Consultant Incharge recruited the
patients, at the King George’s Medical University, Lucknow, India. The level
of SCI was determined by neurological examination of complete (Frankel A)
cervical injuries. Besides the neurological damage to their spinal cords, each
subject was physically and mentally healthy, as determined by history and
physical examination, psychological questionnaires and interview with a
psychologist, electrocardiogram, blood and urine chemistries and chest radio-
graphs. In no case was brain damage or extended loss of consciousness
associated with the SCI was found. All subjects were drug free at the time of
study, including prescription, nonprescription and over the counter medica-
tions, as well as caffeine, nicotine and alcohol, as confirmed by urine toxicology
on the first day of the inpatient study. During the week before the study,
subjects maintained a regular sleep/wake schedule, as confirmed by patient self-
report. These SCI subjects were otherwise healthy as established by medical

Table 1 Clinical and biochemical characteristics of CSCI patients and
Control groups

Variables CSCI patients Control P-value
n=22 n=22
Mean +s.d. (%) Mean +s.d. (%)

Age (years) 35.7+9.9 32.9+10.3 NS

Time since injury
Weight loss 10 (20) 3(6) <0.05
Muscles twitching 15 (30) 0 (0) <0.01
Frequent awakening 14 (28) 2 (4) <0.01
Disturbed sleep 19 (38) 4 (8) <0.01
Morning stiffness 17 (34) 3 (6) <0.01
Morning fatigue 17 (34) 4(8) <0.01
Headache 15 (30) 3(6) <0.01
Lack of energy 18 (36) 2 (4) <0.01

P<0.05 is considered significant, P<0.01 is considered highly significant and NS is
considered not significant by the 2 and the unpaired t-test.
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history and physical and psychological examination. Furthermore, all subjects
were male; control subjects were recruited from relatives of the patients and
other normal persons of Lucknow.

All the patients and controls were screened to exclude any recent
chronobiological disruptions, such as shift work or travel across various time
zones. Before enrolling in the study, written informed consent was obtained
from both the subject groups using documents approved by the Institutional
Ethics Committee, and all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed during this
study. All data were coded to remove any identifiable information. Both the
group of patients and controls were admitted to the Department of Physical
Medicine and Rehabilitation, where the subjects completed a structured
questionnaire, (developed inhouse and are not validated instruments) which
assessed the biographical information, medical, personal and family history.
Sleep status was measured from the questionnaire itself asking the patients they
have sound sleep or disturbed sleep. Intravenous blood (5 ml) was collected at
0600, 1200, 1800 and 0000 hours. Blood samples were centrifuged at
3000 r.p.m. for 10 min; all the samples collected in the day were spun within
half an hour of collection, and serum was separated and was aliquoted
into labeled storage tubes and frozen at —40°C until assayed. Serum cortisol
and melatonin levels were assayed by standard capture enzyme-linked
immunosorbent assay. The assays were performed according to the
manufacturer's instructions, and absorbance was measured at =450 nm on
a Microplate ELISA reader (BIO-RAD, i-MARK (IBL, Hamburg, Germany)).

Statistical analysis

Statistical analysis was performed using SPSS statistical software (16.0 versions,
SPSS Inc., Chicago, IL, USA). Quantitative variables of CSCI patients and
controls were presented as the meanz+s.d. and are compared by an
independent #-test. However, dichotomous (categorical) variables were com-
pared by the chi-square (5?) test. The circadian pattern in the hormonal profiles
(cortisol and melatonin) was analyzed by the analysis of variance test. A value of
P<0.05 was considered statistically significant, and P<0.01 is considered
highly significant.

RESULTS

Clinical parameters

Clinical assessments of CSCI patients and controls were reported, and
parameters like muscle twitching, lack of energy, morning stiffness,
morning fatigue, headache, frequent awakening, weight loss and sleep
status were measured; these clinical parameters were more commonly
seen among patients with CSCI than in controls. Further, there was no
missing data from any participant (Table 1).

Melatonin

Significantly higher melatonin levels were observed among the patients
group (patients 25.1+6.7; controls 13.7+6.9 P<0.01) in morning
hours, whereas significantly lower levels of melatonin were found in
the night time in the patients group (patients 49.3 +19.5; controls
65.6+10.6 P<0.01) than in the control group. However, no
statistically significant difference was found in the afternoon and
evening serum melatonin levels among patient and control groups.
Further, when the mean values of melatonin in the morning,
afternoon, evening and night time samples among patient and control
groups were tested with analysis of variance, a significant difference in
the circadian rhythm of melatonin among the patients and controls
was found (Figure 1).

Cortisol

Significant difference in the evening (patients 12.4+6.8; controls
10.9+4.7; P<0.05) and night time (patients 18.3+10.9; controls
8.1+4.0; P<0.01) serum cortisol levels was observed among the
patient and control groups. However, serum cortisol was not found
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Melatonin pattern in different time intervals of the day
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Figure 1 Showing serum melatonin levels at different time intervals of
the day.

significantly different between patients and control groups in the
morning hours and afternoon time. Further, when the mean values of
melatonin in the morning, afternoon, evening and night time samples
among patients and control groups were tested with analysis of
variance, a significant difference in the circadian rhythm of cortisol
among the patients and controls was found (Figure 2).

DISCUSSION

The present study was designed to examine the hypothesis that
patients with CSCI exhibit alterations in circadian rhythm of cortisol
and melatonin secretion. Neuro-endocrine hormone secretion is
characterized by circadian rhythmicity, for example, cortisol'> and
melatonin are secreted in periodic bursts, ' and these bursts cannot be
seen unless sampling is performed rapidly enough to capture the basic
structure of the burst. In this study, we found a significant difference
in the evening and mid-night level of serum cortisol in patients
compared with the control group, which revealed a disturbed
circadian pattern in serum cortisol level in patients with CSCL
However, study by Kalpakjian et al.,'® reported no changes in cortisol
pattern in both the patient and control group. Moreover,
a significantly higher melatonin levels were observed in morning
hours, whereas a significantly lower levels of melatonin was found in
the night time in the patient group than in the control group.
However, no statistically significant difference was found in the
afternoon and evening serum melatonin levels among patient and
control groups.

Cortisol has neuroprotective effects, and activation of cortisol
secretion starts immediately after the SCI injury and remained high
compared with the control.! In a study reported by Llompart et al.,'>
circadian variability of cortisol evaluated by serum and cerebral
microdialysis samples was found to be lost in traumatic brain injury
patients. Previous studies have reported conflicting data on cortisol
amplitude in chronic SCI, with some claiming low, others claiming
normal and yet others claiming high circulating concentrations
of cortisol.'*1® However, those studies generally relied on one or
two time points in the determination of amplitude. Under such
circumstances, the daily rhythm of cortisol concentrations and its
inherent pulsatility may have confounded the results. Our study
therefore have measured the 6 hourly blood levels of cortisol in CSCI
subjects, which exhibit alterations in circadian rhythm of serum
cortisol secretion. This increase in nocturnal serum cortisol in the
patient group suggests disturbed circadian patterns that may explain in
part the patient complaint of disturbed sleep.

Our findings of the altered level of serum melatonin at night agree
with Scheer et al.® report of disturbed level of night time melatonin
secretion, which results in chronically reduced sleep quality. Thus, the
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Figure 2 Showing serum cortisol levels at different time intervals of the day.

decreased night time melatonin secretion may explain the excessive
daytime sleepiness and disturbed sleep observed in patients with
CSCL!'*72! Furthermore, the increased latency to rapid eye movement
sleep in subjects with CSCI suggests that the decreased night time
melatonin secretion may partially underlie the previously observed
reduction in rapid eye movement sleep propensity.”’ Melatonin has
been proposed to facilitate sleep by inhibiting the circadian drive for
waking that emanates from the suprachiasmatic nucleus,?>* by
binding to the high-affinity melatonin receptors in the suprachias-
matic nucleus.”> Also, sleep propensity, sleepiness and rapid eye
movement sleep expression are mainly under circadian control.?®
Study by Shekleton et al, reported reduced evening melatonin
production that may indicate disruption to circadian regulation of
melatonin synthesis.>” However, our findings are in concurrence with
the report of Gezici et al.'® who found that injuries at the lower
cervical spinal cord may disturb the normal melatonin secretion, and
on the contrary injury at the upper thoracic spinal cord showed
normal melatonin secretion. Thus, the decrease in night time
melatonin secretion in CSCI may help explain the sleep disturbances.
Therefore, poor subjective sleep quality was associated with higher
ratings of pain intensity, anxiety and depression. It is possible that
disturbed melatonin secretion at night serves as a modulator of these
different aspects.?®

In a study by Jones ef al., the correlations between evening changes
in melatonin, core and skin temperature between thoracic and CSCI
and able-bodied participants were compared. They reported that
the correlation between evening changes in melatonin and thermo-
regulation is of a similar magnitude in paraplegic and controls.?’
However, others reported that in cervical spinal cord lesions normal
melatonin secretion is disturbed; this disruption of normal melatonin
secretion may be caused by decentralization of the pineal gland due to
a lesion within the cervical spinal cord interrupting descending
sympathetic fibers.!! SCI remains a devastating complication of
thoracic and thoraco-abdominal aortic operations, but the
melatonin-treated group had better neurologic function than the
non-treated group.®® Potent protective effects of melatonin on
experimental SCI showed that injection of melatonin reduced
thiobarbituric acid reactive substances content and myeloperoxidase
activity, facilitating recovery of the damaged spinal cord.?! Moreover,
melatonin supplementation and/or cortisol inhibitors could be
investigated in future as interventions that may help facilitate normal
sleep patterns in acute CSCI patients, and why might this be
important? healing? better wake/sleep cycles? Quality of life?.

In conclusion, our study suggests that using the rigorously
controlled, constant routine protocol to examine circadian variation
in the endocrine function, we demonstrated that patients with CSCI
suffer with disturbed cortisol and melatonin secretion. Therefore, the



results of the present study indicate that disturbed sleep in patients
with CSCI may in part be due to the disturbed nocturnal melatonin
secretion. Furthermore, increase in nocturnal serum cortisol in the
patients group suggests dysregulated circadian patterns. However, the
findings of the present study may be a very small step put forward.
Further studies are necessary to confirm, evaluate and replicate this
study in a larger sample size with different ethnicities.
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