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Abnormality of Circadian Rhythm of Serum Melatonin and Other
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Fibromyalgia syndrome (FMS) is a complex chronic condition causing widespread pain and variety of other symptoms.
It produces pain in the soft tissues located around joints throughout the body. FMS has unknown etiology and its
pathophysiology is not fully understood. However, abnormality in circadian rhythm of hormonal profiles and cytokines has
been observed in this disorder. Moreover, there are reports of deficiency of serotonin, melatonin, cortisol and cytokines in
FMS patients, which are fully regulated by circadian rhythm. Melatonin, the primary hormone of the pineal gland regulates
the body’s circadian rhythm and normally its levels begin to rise in the mid-to-late evening, remain high for most of the
night, and then decrease in the early morning. FMS patients have lower melatonin secretion during the hours of darkness
than the healthy subjects. This may contribute to impaired sleep at night, fatigue during the day and changed pain
perception. Studies have shown blunting of normal diurnal cortisol rhythm, with elevated evening serum cortisol level in
patients with FMS. Thus, due to perturbed level of cortisol secretion several symptoms of FMS may occur. Moreover,
disturbed cytokine levels have also been reported in FMS patients. Therefore, circadian rhythm can be an important factor in
the pathophysiology, diagnosis and treatment of FMS. This article explores the circadian pattern of abnormalities in FMS
patients, as this may help in better understanding the role of variation in symptoms of FMS and its possible relationship with

circadian variations of melatonin, cortisol, cytokines and serotonin levels.
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Introduction

Fibromyalgia syndrome (FMS) is characterized by
pronounced fatigue and widespread musculoskeletal
pain, which occurs for more than 3 months along with
the presence of 11 out of 18 tender points'. FMS is
usually considered a disorder of women between 20
to 50 yrs of age; however, it has also been observed in
males, children, adolescents, and older persons. The
prevalence of FMS based on the 1990 ACR
(American College of Rheumatology) classification
criteria in the general population of the USA is
reported to be 3.4% in women and 0.5% in men”. In a
study from Brazil, FM was found to be present in
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4.4% of the population. Its prevalence increases
steadily upto 80 yrs of age, and then declines and it
affects women 10-times more often than men’.

FMS patients have a number of symptoms which
include disturbed sleep, emotional distress, irritable
bowel syndrome, chronic fatigue syndrome, restless
leg syndrome, major depression, irritable bladder,
dysmenorroea and neuropathic pain*. However,
current evidence indicates that FMS is a hyperalgesic
state, resulting from generalized problem of
augmented pain processing. It has been reported that
in FM patients the descending pain pathway involving
serotonin, norepinephrine and dopamine, as opposed
to the descending opioid pain pathway, is selectively
attenuated’. Moreover, FM is also considered to be a
disorder of central pain processing that produces
heightened responses to painful stimuli (hyperalgesia)
and painful responses to non-painful stimuli
(allodynia). Therefore, the heightened state of pain
transmission may be due to increase in pronociceptive
neurotransmitters, such as substance P and glutamate(’.
Thus, the pain of FMS is often accompanied by one or
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such as affective moods,
cognitive insecurity, autonomic dysfunction, or
irritable bowel syndrome. However, the new
findings from brain imaging and polysomnography
imply that FMS may be a disorder of premature
neurologic aging’.

There have been reports that the changes in the
neuronal activity of CNS, abnormal metabolism of
biogenic amines, and immunological disorders may
contribute to the development of FMS®. In the
pathophysiology of FMS, the biologic, genetic, and
environmental factors may also be responsible. There
is strong evidence that cardinal pain symptoms of
FMS may occur due to alterations in central
processing of sensory input, along with aberrations in
the endogenous inhibition of pain’. Some studies
suggest that FMS may occur as a result of low
serotonin stateslo, sleep disorders and'', endocrine
disorders. However, the exact cause of FMS is not
known. This article reviews the abnormal circadian
rhythm in symptoms of FMS and the alternations in
the pattern of release of melatonin, serotonin, cortisol
and cytokines (Fig. 1).

more manifestations,

Circadian rhythm in FMS

The circadian system is organized in a hierarchical
manner and a central pacemaker in the
suprachiasmatic nucleus (SCN) of the hypothalamus
synchronizes cellular circadian oscillators in most
peripheral body cells. SCN is responsible for
controlling circadian rhythms and generates many
neuronal and hormonal signals which regulate body
functions in a 24-h cycle. Fasting-feeding cycles
accompanying rest-activity rhythms are the major
timing cues in the synchronization of circadian clock,

Causes of

fibromyalgia \

I—b

Disruption of ci
rhythm further leads to
more serious problems

Decrease level of

Elevated IL-6 causes melatonin leads to
disturbed sleep & disturbed sleep at
morning stiffness l night
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day are associated /
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Fig. 1—Disturbed level of cytokines and hormonal profiles are
responsible for the causes of fibromyalgia syndrome

suggesting that the temporal coordination of
metabolism is a major task of the human timing
system (Fig. 2). Many aspects of human behavior and
physiology show circadian rhythmicity, including
sleep, physical activity, alertness, hormone levels,
body temperature, immune functions and digestive
activity. Remarkably, all of these diverse rhythms are
controlled by SCN, and rhythms are lost, if the SCN
is destroyed. For example, in case of sleep in rats the
total amount is maintained even with SCN damage,
but the length and timing of sleep become erratic.
Light cues the body to produce cortisol, serotonin,
melatonin and other hormones and neurotransmitters
which are responsible for controlling the normal

circadian rhythm of various profiles including
sleep/wake cycle, blood pressure, and body
temperature. However, the normal rhythm of

secretion of these hormones gets disturbed in patients
with FMS. Therefore, many of the symptoms
associated with FMS (difficulty in sleeping, fatigue,
malaise, myalgias, gastrointestinal complaints and
decreased cognitive function) are similar to those
observed in individuals whose circadian pacemaker is
abnormally aligned with their sleep-wake schedule
and/or with local environmental time. Sleep
disturbances have been recognized as one of the most
probable cause of FMS'. The increase of cyclic
alternating pattern rate indicates a worst quality of
sleep in patients with FMS. This is strongly correlated
to the severity of FMS symptoms'”.

Melatonin

Melatonin is produced at night from 5-hydroxy
tryptophan (5-HT), and it displays dynamic circadian
rhythms in both synthesis and release'*. Because of
the close association of pineal melatonin release with

Pineal
ghnd's
* mdatening
chyfhn
£ |
RHT=Retino-hyp efhalamic /
neural fract
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§ € G=Superier cervical ganglien of | | STeep-viake cycle refease of hormones, sfeep

the sympathalic nervous system. l temperature & other ry#wnic functions ‘

Fig. 2—Influence of light and dark on circadian rhythm and
related physiology and behavior through the SCN (the circadian
clock of the brain) in humans [The SCN generates circadian
rhythms which are synchronized to 24 h mostly by light.
Melatonin influences the timing and overall activity of the SCN
and may also affect the function of the retina]
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the clock activity, melatonin has been regarded as an
accurate marker of the circadian pacemaker for both
animal and human circadian rhythm studies'>'°.
Melatonin is the mediator of external light to
physiologic adaptation during day and night rhythms
and facilitates sleep levels, which are highest during
night and decreases during the day'’. However, other
studies comparing melatonin levels in patients with
FMS to healthy controls have shown variable results
ranging from normal'®, decreased” to increased®
melatonin levels. These results indicate that both
5-HT and melatonin could serve as reliable markers
of the circadian clock because of their day-to-day
precision of onset timings®'.

Cortisol

Cortisol which is a marker of stress follows a
circadian rhythm with its elevated level in the
morning and decreased levels during night. However,
the altered functioning of the Hypothalamic-pituitary-
adrenal axis (HPA) is reported to be a important
factor in the perturbation of circadian symptoms of
FMS. Studies have shown blunting of the normal
diurnal cortisol rhythm, with elevated evening serum
cortisol levels in FMS patients®>*. But, most of the
studies have revealed low 24-h urinary free cortisol
excretion, exaggerated ACTH release in response to
corticotropin-releasing  challenge and abnormal
diurnal rhythmicity in the secretion of cortisol**. The
pattern of differences for basal circadian architecture
of HPA axis hormones differs between patients with
FMS and chronic fatigue syndrome (CFS) compared
to their matched control groups. The abnormalities in
FMS patients are consistent with loss of HPA axis®;
however, depression in FMS patients is due to the
disturbances in the HPA axis™.

Serotonin

Serotonin or 5-hydroxytryptamine (5-HTP) is a
monoamine neurotransmitter which is implicated in
psychiatric disorders, such as depression and anxiety.
However, interest has been growing in the possible
involvement of 5-HT in FM. Indeed, strong evidence
has accumulated to support the hypothesis that
deficiency in serotonergic neuronal functioning might
be related to the pathophysiology of FM*’. In one of
the study, lower levels of serotonin breakdown
metabolites have been found in the CSF of a group of
FMS patients, as well as in patients with rheumatoid
arthritis®™. In neurochemical pathogenesis of FMS*

and in other studies, both low levels of tryptophan®
and serotonin’ in the serum and low levels of
tryptophan and 5-HTP in the CSF have been found in
FMS patients”>. Low serum serotonin levels in
patients with FMS have been found to have an inverse
correlation with clinical measures of perceived pain™.

Cytokines

Consistently, human cytokine production exhibits a
diurnal rhythmicity with peak levels during the night
and in early morning, at a time when plasma cortisol
is lowest and melatonin is highest. The 24-h secretory
pattern of IL-6 in healthy young adults suggests that
IL-6 is secreted in a biphasic circadian pattern with
two nadirs at about 08.00 and 21.00, and two zeniths
at about 19.00 and 05.00 h. Thus, IL-6 is a mediator
of sleepiness and its circadian pattern reflects the
homeostatic drive for sleep™. Women with FMS
have shown a delayed rise in adeno-cortico-tropic
hormone (ACTH) in response to interleukin-6
(IL-6) administration®. Evidence from a
phychoneuroimmunological study in patients with
FMS suggests a disturbed HPA axis function, which
requires enhanced IL-6 levels™. However, in a study
on circadian rhythm, no significant difference has
been found in between the women with FM and
control in the circadian amplitude or phase of rhythms
of melatonin, cortisol and core body temperature.
Both groups of women have shown similar circadian
rhythms in self-reported alertness, although pain and
stiffness are significantly increased in women with
FM compared with healthy women®’.

Circadian variation of symptoms in FMS

Epidemiologic studies show that non-restorative
sleep is an important component of FMS, which is
caused by the disturbed level of melatonin in the hour
of darkness. Due to purturbed melatonin level, night
time sleep is disturbed in patients with FMS causing
pain in the early morning. The daytime symptoms,in
patients with FMS like headache, stiffness, fatigue
and pain are not fixed throughout the day. However,
stiffness and musculoskeletal pain are more
prominent in early morning. An examination of
circadian sleep-wake-related functions shows that the
symptoms of FMS vary over the course of the day.
However, normal subjects have their lowest
sensitivity of pain in the morning, patients with FMS
have increased tenderness in the morning, or no
overnight improvement in pain due to disturbed sleep
at night®® (Fig. 3).
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Fig. 3—FMS [Circadian rhythm of symptoms]

In women with FMS, pain symptoms early in the
day are associated with variations in function of the
HPA axis®. The primary FMS shows a circadian
rhythm of the symptoms and severe pain in winter
season. Although the pathophysiologic mechanisms
are unknown, the circadian variations are well
documented in the literature and the seasonality of
pain is clinically reported®. Patients with FM have
diurnal impairment in speed of performance of
complex cognitive tasks, which accompany light
stage 1 electroencephalographic (EEG) sleep and their
experience of pain and non-restorative sleep
symptoms of sleepiness, fatigue, and negative mood*'.

The pain and fatigue tend to decline, from mid
morning to mid afternoon, and after 3 p.m. patients
commonly complain that they have hit “a brick wall”
with fatigue and are unable to think properly or carry
out any meaningful tasks*.

When the patients with FMS go to bed at night,
they feel no better than when they awaken the
following morning. Overall, the disturbances in sleep
physiology contribute to the poor quality of sleep and
the vicious cycle of unrefreshing sleep, morning
aching, stiffness, and fatigue™*. It has also been
postulated that a change in melatonin secretion causes
changes in sleep, pain, somatotropic axis and HPA
axis™,. Thus, due to this blunting in level of cortisol,
melatonin, serotonin and cytokines, several symptoms
of FMS may occur causing circadian rhythm

disturbances in these patients which may contribute to
impaired sleep at night, fatigue during the day, and
causes changed pain perception.

The pro-inflammatory cytokines are often elevated
in FM patients, suppressing the circadian output
signals, resulting in the symptoms of FMS such as
fatigue, appetite loss and sleep disruption. Since the
serum level of pro-inflammatory cytokines follows
the circadian rhythm in healthy individuals, it is likely
that the synthesis and secretion of pro-inflammatory
cytokines are controlled or modulated by the circadian
clock®. Disruption of the circadian rhythm could lead
to deregulation of pro-inflammatory cytokine. It could
also disrupt the circadian rhythm in behavior and
physiology at the organism level®®. Thus, shift in
cytokines production may play a crucial role in
generating symptoms of FM, but its relationship to
circadian rhythm of symptoms is not known.

Is Circadian rhythm important in diagnosis and
treatment of FMS?

Circadian rhythms control the timing, quantity and
quality of the hormones and neurotransmitters that the
body produces and eventually secretes. Hormones and
neurotransmitters are the elements that determine how
we feel, our sleep patterns, our appetite, our sex drive
and other sleep and mood-related issues. And, when
functioning properly, our circadian rhythms create
circadian balance. When out of balance, quantity,
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quality and timing of hormone and neurotransmitter
secretion is hampered and there is a disturbed
circadian rhythm.

In disturbed circadian rhythm state, body produces
hormones, chemicals and neurotransmitters in
purturbed amounts and/or at the wrong time of the
day. Also in FMS melatonin is produced less at bed
time which affects sleep. One non-placebo controlled
study has shown a beneficial effect of melatonin
supplementation on FMS*. Another recent study
reports that the administration of melatonin is
effective in treating pain associated with FMS™*.
Rating of pain, stiffness, and fatigue in FM are
significantly correlated and show diurnal and possibly
weekly rhythmicity, especially when pain threshold is
low. This has important implications for scheduling
activities of daily living for measurement in clinical
trials and possibly for timing the administration of
medications®.

Circadian rhythms stimulate the timing and
production of many hormones and chemicals that
affect sleep and mood. If we know that at what time
of the day which symptoms of FMS occur then it
would be helpful in designing the treatment line. The
mammalian circadian system is organized in a
hierarchical manner in a central pacemaker (SCN) of
the brain's hypothalamus which synchronizes cellular
circadian oscillators in most peripheral body cells.
Fasting-feeding cycles accompanying rest-activity

rhythms are the major timing cues in the
synchronization of many peripheral clocks,
suggesting that the temporal coordination of

metabolism and proliferation is a major task of the
mammalian timing system. The rhythmic control of
xenobiotic detoxification provides the molecular basis
for scheduling the dose at a specific time, so as to
improve its efficacy and also to reduce its toxicity.
Therefore, the circadian rhythm can be used in
improving chronotherapeutics for the FMS patients™.

Conclusion

In recent years, FMS has become a serious social
problem in the well developed countries. Therefore,
efforts are to be made to properly diagnose FM and to
device its appropriate treatment modalities. As
discussed here, it seems that circadian rhythmicity can
be important in the pathophysiology, diagnosis and
treatment of FMS. Therefore, it may be stated that the
changes in serotonin, melatonin, cortisol and
cytokines (IL-6 and TNF-alpha) levels raise the

possibility that there is an abnormality of circadian
rhythm of these parameters in FMS patients.
However, to the best of our knowledge no controlled
studies of circadian rhythm have been performed in
patients with FMS. Therefore, a clear understanding
on circadian pattern of FMS symptoms will provide
useful information to augment the understanding of its
pathophysiology and help in the proper diagnosis and
treatment of FMS.
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