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Circadian Rhythm Disruption and Subsequent Neurological
Disorders in Night-Shift Workers
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A large number of people in highly industrialized society are employed in night-shift work. Night-shift work interrupts

the 24-hour daily cycle known as the circadian rhythm, as well as melatonin synthesis. These disruptions can make

the body susceptible to oxidative stress and neural damage. In this regard, it is recommended that employees avoid

long-term exposure to night-shift work.
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INTRODUCTION

In industrialized countries, a large number of people are
engaging in night-shift work. This kind of work is reported
to cause various health problems, including sleep dis-
turbances [11], gastrointestinal or cardiovascular dysfunction
[2], metabolic syndrome [3], breast cancer [4], colorectal
cancer [5], oxidative stress [6], and even stroke [7].
However, night-shift work-induced neurological disorders
have not been investigated thoroughly. In this article, our
aim is to investigate the neurological susceptibility of

night-shift workers and to elucidate the associated risks.
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CIRCADIAN RHYTHM REGULATION

The internal environments of living creatures fluctuate on
a 24-hour daily cycle known as the circadian rhythm [8].
Among these internal fluctuations, the sleep-wake cycle is
the most prominent [9]. In mammals, the circadian rhythm
(including the sleep-wake cycle) is regulated by the circa-
dian master clock, the suprachiasmatic nucleus (SCN),
which is located in the anterior hypothalamus [9,10]. The
SCN consists of a vast population of clock cells that syn-
chronize the 24-hour biological clock by receiving light in-
formation through the retinohypothalamic tract [11], fol-
lowed by secondary orchestration from peripheral oscillators
located in other brain regions and peripheral organs [10,12].
In addition to this central master clock, feeding restriction
and forced exercise synchronize the peripheral clock [13].
The molecular circadian cycle is maintained by the key
transcriptional activators circadian locomotor output cycles
kaput (CLOCK) and brain muscle ARNT-like 1 (BMAL).
The intracellular CLOCK level remains consistent through-
out the day, but the level of BMAL increases in the morn-
ing, leading to binding between BMAL and CLOCK [14].
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This heterodimer activates the transcription of other clock
genes containing E-box cis regulatory sequences, including
period circadian protein homologue (per) and cryptochrome
(cry) in the daytime [15,16,17]. These accumulated PER
and CRY proteins in the cytosol heterodimerize and trans-
locate back to the nucleus at night [16]. Then, the
PER-CRY heterodimers terminate their own transcription
by inhibiting the CLOCK-BMAL complex, so that
CLOCK-BMAL-mediated transcription of PER-CRY no

longer occurs [15,16].

CIRCADIAN RHYTHM INTERACTION
WITH MELATONIN

Melatonin is known to modulate the sleep-wake cycle and
can alleviate sleep disorders [18]. Tryptophan, the precursor
of melatonin, is converted to 5-hydroxytryptophan by tryp-
tophan hydroxylase [19]. In sequence, aromatic amino acid
decarboxylase (AAD) converts 5-hydroxytryptophan into
serotonin [19]. Next, serotonin is acetylated through the ac-
tion of arylalkylamine N-acetyltransferase (AANAT) [19].

Then, the acetylated form of serotonin, N-acetylserotonin,
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is converted to melatonin by the action of hydroxyindole
O-methyltransferase (HIOMT) [19] (Fig. 1A).

It has been reported that the mammalian SCN regulates
the rhythmicity of melatonin synthesis by transmitting the
oscillatory information that fluctuates depending on the re-
lease of norepinephrine [20]. The release of this neuro-
transmitter increases at night and decreases during the day
[20,21]. The interaction between norepinephrine and S-
adrenergic receptors on pinealocytes leads to the synthesis
of adenosine 3°,5’-monophosphate (cyclic AMP; cAMP),
followed by the induction of arylalkylamine N-acetyl-
transferase (AANAT) [20].

The mammalian retina is responsible for photic synchro-
nization of the circadian rhythm. The retinal photoreceptors
are reported to depolarize at night and hyperpolarize in the
daytime [22]. Depolarization of photoreceptors causes Ca™
influx through voltage-gated channels and increases cAMP
level [22]. Consequently, the increase in cAMP level leads
to the transcription of the AANAT gene [22], the product
of which is known to be a rate-limiting enzyme in melato-
nin synthesis [23,24]. Thus, the circadian clock affects mel-

atonin synthesis by only enabling cAMP to activate
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Fig. 1. The pineal hormone melatonin. Since melatonin is synthesized circadian-dependently, this hormone is known to be produced
robustly at night. (A) Melatonin synthesizing procedures. Aromatic amino acid decarboxylase (AAD) converts 5-hydroxytryptophan
into serotonin. Next, serotonin is acetylated through the action of arylalkylamine N-acetyltransferase (AANAT). Then, the acetylated
form of serotonin, N-acetylserotonin, is converted to melatonin by the action of hydroxyindole O-methyltransferase (HIOMT) [27].
(B) Nocturnal melatonin synthesis seems to decrease with age. In elderlies, increased vulnerability to neurodegenerative diseases might

be due to decreased nocturnal melatonin synthesis [43].
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AANAT transcription at a specific time [22,23]. Another
study also demonstrated that the BMAL1/CLOCK complex
can activate AANAT transcription, suggesting that the cir-

cadian rhythm participates in melatonin synthesis [22,25].

NIGHT-SHIFT WORK AND THE
CIRCADIAN RHYTHM

Night-shift workers suffer from reduced alertness due to
disruption of the circadian rhythm. As described above, this
biological rhythm is regulated by the circadian master oscil-
lator, SCN [11]. When the body encounters a new circadian
phase, the central and peripheral oscillators begin adjusting
to the new schedule, but this adaptation does not occur im-
mediately [10,26]. The circadian adaptation to a new phase
is thought to occur at the speed of 1 hour per day [26].
However, this adjustment is impaired in night-shift workers,
because it is counteracted by the light cycle [26]. Also, the
adjustment speed of the central oscillator is faster than that
of the peripheral oscillators [26]. Therefore, this internal
desynchronization can cause functional disturbances; one
might feel drowsiness in the daytime and be unable to sleep
in the nighttime. Also, night-shift workers are likely to suf-
fer from sleep deprivation, which is known to alter not only
clock gene expression, but also the DNA binding patterns
of BMAL1-CLOCK heterodimers [27,28].

CIRCADIAN DISTURBANCES DUE TO
NIGHT-SHIFT WORK AND THEIR
IMPLECATIONS FOR NEUROLOGICAL
DISORDERS

As melatonin synthesis is affected by the circadian pat-
tern, the release of this hormone might reflect the circadian
state. Thus, neurological disorders seem to be associated
with circadian disturbances [29]. Therefore, night-shift
workers with disrupted circadian patterns and melatonin
level are thought to be vulnerable to neurological disorders.
Interestingly, nocturnal melatonin synthesis seems to de-
crease with age [30] (Fig. 1B). This might explain why the
increased risk for neurodegenerative disorders has been ob-
served not only in night-shift workers, but also in elderlies.

Therefore, it is essential to identify the role of melatonin
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to better understand the relationship between the circadian

rhythm and neurological disorders.
1. Stroke

As mentioned above, melatonin is synthesized circa-
dian-dependently and is known to be synthesized robustly
at night [31]. Thus, nighttime workers tend to have low lev-
els of melatonin. In turn, lowered melatonin concentration
might increase the risk of neurological disorders, especially
stroke [7]. Brown et al. suggested three reasons that reduced
melatonin level can increase the risk of stroke [7]. Lack of
melatonin can /) increase the risk of atherosclerosis, since
atherosclerosis is mainly due to ROS, and melatonin is an
antioxidant [7,32], 7)) contribute to hypercoagulability
[7,33], and 7)) reduce blood pressure [7,34]. These pro-
tective roles of melatonin cannot be fully exerted if workers
are constantly exposed to nighttime work, as melatonin syn-
thesis will be reduced. Other risk factors such as hyper-
tension, diabetes, heart disease, smoking, and obesity might

be considered as indirect risk factors for stroke [7].
2. Epilepsy

Patients with epilepsy suffer from seizures and tend to
experience seizures at particular times of day [9]. This has
been attributed to the circadian fluctuation of stress
hormones. The stress hormone cortisol is released in accord-
ance with circadian fluctuations [35,36]. Stress can be a risk
factor for epileptic seizures [35,37], and stress hormones can
affect the seizure threshold [35]. In this regard, circa-
dian-mediated changes in stress hormone release in

night-shift workers can cause diurnal epileptic seizures [35].
3. Alzheimer’s disease (AD)

Circadian rhythm disturbances can easily be seen in AD
patients. This disease is characterized by amyloid-/
accumulation. The relationship between amyloid- 4 and the
circadian rhythm has been investigated by numerous
researchers. It has been suggested that sleep deprivation in-
creases amyloid- A plaque formation and amyloid precursor
protein levels, and thus can increase AD risk in night work-
ers [38].

In addition to being a key regulator of the diurnal cycle,

the circadian clock might also suppress oxidative stress and
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synaptic damage [27]. For example, a reduced level of
BMALL, one of the circadian regulating factors, is thought
to cause neurodegeneration, as evidenced by the astrogliosis,
oxidative damage, and synaptic damage in Bmall knockout
mice [39]. In this regard, it is expected that the circadian
clock regulates amyloid- 8 level, and that disrupted circa-
dian rhythms make night-shift workers susceptible to amy-

loid- A accumulation.
4. Parkinson’s disease (PD)

Circadian disruptions and insufficient melatonin synthesis
in night-shift workers might make them susceptible to PD,
because this disease is also thought to be associated with the
pineal hormone melatonin. Previous studies have demon-
strated that melatonin level is lower in PD patients than in
normal individuals [29,40,41]. Also, clock gene expression
seems to be altered in these patients, implying circadian dis-
ruption [41]. Melatonin can protect against PD by reducing
the neurotoxicity of 1-methy-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP) [29,42], thus suppressing « -synuclein
assembly [29,43]. Therefore, night shift-work-induced cir-
cadian disruptions can increase the risk of PD, while melato-

nin can counteract this risk.
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Fig. 2. Night-shift work may increase the risk of neurological
disorders. Night-shift work can disrupt circadian rhythms, which
can alter the synthesis and concentration of melatonin, a
hormone that is synthesized circadian-dependently, and has
neuroprotective/antioxidative roles, thus increasing the risk of
neurodegenerative disorders.
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CONCLUSION

These days, numerous people are employed in night-shift
work; however, this kind of work makes people vulnerable
to various diseases. Night-shift work can disrupt circadian
rhythms, which can alter the synthesis and concentration of
melatonin, a hormone that is synthesized circadian-depend-
ently and has neuroprotective/antioxidative roles, thus in-
creasing the risk of neurodegenerative disorders (Fig. 2).
Therefore, night-shift workers should be advised to avoid

long-term exposure to night-shift work.
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