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Brain

« The brain is the intracranial part of the CNS

« Weighs between 1200-1500 grams

« Macroscopically, it is divided into three parts:
1. Prosencephalon = telencephalon + diencephalon
2. Midbrain= mesencephalon
(1 + 2 = cerebrum)

3- Rhombencephalon = metencephalon (pons +
cerebellum) +myelencephalon



Sagittal Section of the Brain
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Cranial vault
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‘ icroglia) production and circulation of CSF.
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CIRCADIAN RHYTHMS

cortisol / melatonin); Metabolism;

llar turnover ;



CIRCANNUAL RHYTHMS:

sleep requirements;

s of reproductive activity.
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Melateonin

Melatonin-Biosynthese
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TRP-H: Tryptophan-Hydroxylase

OH-TRP-DC: 5-Hydroxy-Tryptophan-Decarboxylase
S-N-AT: Serotonin-N-Acety-Transferase

AS-O-MT: Acetyl-Serotonin-O-Methyl-Transferase
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Functions ofi Melatenin |

t and maintenance of sleep

it and immunomodulator



BIOLOGICAL CLOCKS



Clock genes

MORNING/DAYTIME
Clock+Bmall proteins bind to DNA—activate—PER and CRY ; by
gene transcription enter the nucleus

Desactivate Clock +Bmal 1
EVENING/ NIGHTTIME



piological clock;

5 In CRY1, PER 2, etc., have
es to melatonin;




PATHOLOGICAL EFFECTS OF EXPC
DURING THE NIGH

sircannual rhythms.

UIMC 2 October 2026
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NON-VISUAL PHOTORECEPT!(
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NON-VISUAL PHOTORECEPTC
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Frog
Frontal eye outside the skull
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Neuroscience Letters 588 (2015) 1-6

Contents lists available at ScienceDirect

Neuroscience Letters

journal homepage: www.elsevier.com/locate/neulet

Retina-Pineal Body Connections

Research article

Is a neuronal chain between the pineal body and the retina in rats and
hamsters? Transneural tracing studies

Agnes Csiki®, Béla Vigh?, Zsolt Boldogkdi®, Viktoria Vereczki®, Agoston Szél?,
Katalin Koves®*

2 Department of Human and D Biology, is University, Budapest, Hungary
® Department of Medical Biology, Faculty of Medicine, University of Szeged, Hungary
© Department of Anatomy, Histology and Embryology, Semmelweis University, Budapest, Hungary

Neuroscience Letters 665 (2018) 189-194

Contents lists available at ScienceDirect

Neuroscience Letters

journal homepage: www.elsevier.com/locate/neulet

Research article
Ontogenesis of the pinealo-retinal neuronal connection in albino rats

Agnes Cséki®, Viktéria Vereczki®, Akos Lukats®, Zsolt Boldogksi®, Anna Sebestyén®, Zita Puskér®,
Katalin Koves™"
* Department of Anatomy, Histology and Embryology, Facuity of Medicine, Semmelweis University, Budapest, Hungary

 Department of Medical Biology, Faculty of Medicine, University of Szeged, Hungary
© Department of Pathology and Experimental Cancer Research, Faculty of Medicine, Budapest, Hungary
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Light—Circadian System

 Non-visual photoreceptors detect light via their

photopigments (opsin, rhodopsin, iodopsin, pinopsin,
melanopsin)

« and send direct signals, via nerve tracts, to the suprachiasmatic
nucleus (SCN) in the hypothalamus, the master clock



Interaction between Light, Melatonin and
Metabolism

« Circadian rhythms are linked to light, melatonin
and metabolism — CHRONOBIOLOGY -
Integrating the brain, hormones and cells
throughout the body.

 Light is the main synchroniser (“zeitgeber”) of
the biological clock



Suprachiasmatic Nucleus — SCN

* Resets and synchronises the expression of the CLOCK,
BMALL, PER and CRY genes

 adjusting all peripheral clocks (liver, pancreas kidneys, skin,
gut,...)

« The SCN sends information directly to the pineal gland
or activates sympathetic fibres that stimulate the pineal
body/gland to produce melatonin.



Biological Effects of Light

 Morning light:
iIncreases cortisol; wakes up the brain; advances
the body clock (it becomes ‘earlier’)

. Light at night:

suppresses melatonin; delays the body clock (makes
it harder to fall asleep); affects the liver and metabolism



Interaction with melatonin

« Melatonin is the ‘dark hormone’, produced by
the pinealocytes of the pineal gland

 How is it requlated?

1. Darkness —the SCN activates sympathetic fibres that
stimulate the pineal gland/body

2. Light — via non-visual photoreceptors — retinal ganglion
cells — SCN — inhibits its production



Circadian Rhythm Genes

* In mammals (including humans), more
than 100 circadian rhythm genes are
known.

* They form the molecular ‘gearwork’ of the
circadian rhythm



Key genes of the circadian clock

« 1.CLOCK- activates the transcription of the various clock
genes

« 2.BMAL1- essential partner of the CLOCK dimer — the most
Indispensable gene in the circadian clock

 3.PER1,PER2,PERS3 (Period genes)
Negative feedback loop

maintenance of stable rhythms (PER2!)

. 4. CRY1 and CRY2(cryptochrome genes)
Inhibit Clock/Bmall activity

Affect the duration of the cycle



Positive and negative feedback loops

« The circadian system consists of positive and negative feedback loops
that generate a cycle of approximately 24 hours

« Positive loop — activation of the Clock/Bmall genes —dimer;
DNA E-boxes (activating various genes — Perl, Per2, Per3)

* Negative |OOp — after a few hours, the Per and Cry proteins accumulate in
the cytoplasm, forming Per/Cry complexes which migrate to the nucleus. Within
the nucleus, Per/Cry inhibit Clock/Bmall, bringing the active phase to an end

This delay between activation and inhibition generates a cycle of
approximately 24 hours

* secondary |OOp— regulates Bmall levels throughout the day, reinforcing
the rhythm (VER-ERB repressor and RORs, which activate Bmall)



Output genes—DBP,TEF,HLF

These are activated via Clock/Bmall transcription

regulating physiological processes:energy metabolism;
hormones (melatonin, cortisol, GH, etc.);

sleep/wakefulness; body temperature; the immune system,
hepatic detoxification.

All tissues have peripheral clocks controlled by these genes!



Human mutations and their effects

CRYl mUtation - dEIayEd Sleep (Delayed Sleep Phase

Disorder)

PER?2 mutation — advanced sleep phase aniia

Advanced Sleep Phase Syndrome)

CK1ldelta — also causes an advanced sleep phase

PERS3 — variant associated with being more of a ‘morning
person’ or an ‘evening person’



How it all fits together:light—-melatonin—

metabolism—-genes

1.Morning light resets the NSQ-activated CLOCK/BMAL
2. Darkness- increases melatonin
3. Melatonin — sends a ‘night-time’ signal to the organs — regulates PER/CRY

4. In the liver, pancreas and muscles, circadian genes determine: whether it
IS time to eat, burn or store energy

5. What we eat and when we eat also send signals back to the clock via SIRT1,
AMPK and mTOR (cellular sensor genes)

In summary: the body only functions properly when light, sleep and food are in
synchronization with the biological clock



Epigenetics, our hope!
Our DNA doesn’t change, but the way it is used throughout our lives does!

The environment; lifestyle; diet and sleep;

We can create markers or ‘switches’ that block genes, for better or for worse

(DNA methylation — switches off certain genes; histone modification — the way
DNA winds itself; non-coding RNA — gene activation)



NIGHT-TIME WORK
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The health consequences of exposure t

light can manifest as:
be as restorative due to various

creased food intake in the evening,

; metabolic disorders (dlabetes obeS|ty)

eobyl (1986), which occurred at 1.25 am; and the Bhopal
(1984) which occurred at 0.57 am
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MEDICAL EVALUATIONS |

tes, Epilepsy;

elatonin test (?)
Questionnaires(?)



Night Work
ecommendations

d.'.marker of the circadian rhythm (melatonin

X

.colour and of reduced intensity;

ast tumours should be advised not to work night shlfts
“Scand J Work Environ Health” — online first: doi:105271/sjwek.3282 g ] e
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No Light at Night!

Thank You fd
oeing here!
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