
ذیْلَ لِتَ  ی جَعَلَ لکَُُُ الل ارَ مُ هُوَ الَّذ نذ سْکُنوُا فیهِ وَ النَّذ
ِ
بْصِِاً ا

ذلِکَ لَآیاتٍ لِقَوْمٍ یسَْمَعُونَ فی
(67)یونس 

باتًا و جَعَلنْا نوَْمَکُُْ س ُ
النبا( 9)

قرار دادیم[ و تمدّد اعصاب]و خوابتان را مایه استراحت و آرامش 

را برای شما پدید آورد تا در آن بیارامید، و روز را نور [ تاریک]اوست کسی که شبِ 
؛ یقیناً در این امور برای گروهی که [قرار داد تا در آن به کار و کوشش بپردازید]افشان 

.ست[ از توحید و قدرت و ربوبیّت خدا]حقایق را بشنوند، نشانه هایی 



Circadian Rhythms



Introduction 

❖ Almost all life on earth uses an internal biological clock to

anticipate the profound changes that result from the Earth’ s

rotation upon its axis.

❖ The Nobel Prize in Physiology or Medicine 2017 was awarded

jointly to Jeffrey C. Hall, Michael Rosbash and Michael W. Young

for their work on the molecular mechanisms controlling the

circadian rhythms.

❖ A circadian rhythm or circadian cycle, is a natural, internal

process that regulates the sleep–wake cycle and repeats roughly

every 24 hours. It can refer to any process that originates within

an organism (i.e., endogenous) and responds to the environment

(entrained by the environment).

❖ The term circadian comes from the circa, meaning "around" (or

"approximately"), and diēm, meaning "day".

❖ Chronobiology is a field that studies the effects of time on

biological systems. Periodicity is of particular interest.
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https://en.wikipedia.org/wiki/Endogeny_(biology)
https://en.wikipedia.org/wiki/Entrainment_(chronobiology)
https://en.wiktionary.org/wiki/circa#Latin
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Endogenous biological rhythms are naturally occurring 

cycles within our bodies. Endogenous means that it is 'built 

in' and it naturally occurs within our body. 

Exogenous rhythms are Zeitgebers that 

means environmental time cues such as sunlight, 

alarm clocks, or social interaction that helps trigger 

an organism to entrainment to a 24-hour cycle.

Internal circadian clocks and external Zeitgebers
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Hierarchical organization of the mammalian clock system
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Central clock
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The transcription–translation feedback loop

• The circadian transcriptional machinery

consists of two transcription factors, CLOCK

and BMAL1 (the activators) that

heterodimerize and bind to the E-Box

sequences of the promoters of ~10-15% of our

genes to direct their rhythmic transcription.

• This transcriptional activity peaks during the

day but is inhibited at night by the proteins

period (PER) and cryptochrome (CRY) (the

repressors).

• Additionally, several kinases and

phosphatases regulate the phosphorylation of

both activators and repressors, controlling the

localization and stability of these integral clock

proteins.
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Melatonin and orexin signalling in circadian rhythm
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Melatonin and orexin signalling in circadian rhythm
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The peripheral clocks in humans
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Crosstalk between metabolism and circadian clocks
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Circadian Regeneration Organ Systems

keratinocytes

High Per2 expression correlated with increased motility and a

significantly faster time to heal. This rhythmicity of wound

healing efficacy also correlated with human burn healing data

that showed an approximate 60% increase in the time to heal

when the injury occurred during the nighttime (human resting

phase) versus the daytime.

More specifically, differentiation-related genes are upregulated

in “late night and early morning” while UV protection, DNA

replication, and cell cycle genes are upregulated in “afternoon

and evening”.

Mitotic activity of crypt cells peaked from ZT0-4 (light on from

ZT0-12 and light o from ZT12-24) with a nadir of ZT12-16.

At light onset, NE and TNF secretion induce HSPC

differentiation and egress through an increase in ROS levels

in HSPCs (a characteristic of HSPC activation) and by

increasing vascular permeability.

In mouse liver, the number of ribosomal mRNAs incorporated

into polysomes, an indirect measurement of translation, was

higher at night than in the morning, although the levels of the

total ribosomal mRNA remained unchanged. Consistently,

ribosomal protein translation and assembly occurred at night,

indicating a higher capacity for protein synthesis during

mouse active hours.
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Epithelial and stromal circadian clocks are inversely regulated by 

their mechano-matrix environment
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Circadian Rhythms and Disease



Chronotherapy and Future Prospects

Circadian pharmacology

▪ Pharmacological interventions for 
insomnia and jet lag

Targeting the circadian 
machinery

Environmental and lifestyle 
modifications
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Targeting the circadian machinery
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Targeting the circadian machinery
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Environmental and lifestyle modifications

• Blue light is a dominant zeitgeber, and the pervasive

night-time light exposure in modern societies

interferes with neuroendocrine circuits to perturb

sleep and dampen rhythms of melatonin and cortisol.

• Conversely, bright light therapy, commonly

conducted by exposure to broad-spectrum bright

light (2,000–10,000 lux) for 1–3 hours in the

morning, can improve sleep–wake cycles, mood and

cognitive functions in patients with sleep or seasonal

affective disorders.

• For example, time-restricted feeding (TRF),

characterized by food access for 8–9 hours during

the active phase, has been found to exert strong

preventive and therapeutic effects in metabolic

disorders.

• Temporally controlled activity has also been studied

in laboratory and clinical settings. In humans,

exercise and activity can reset circadian melatonin

rhythms, and afternoon exercise has been found to

improve sleep quality in older people.



Conclusion


