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PLANO DE AULA

Ritmicidade bioldgica
— Reldgios bioldgicos

— Marcadores moleculares

Ritmicidade dos processos fisiologicos

Cronofarmacologia

* Cronoterapéutica

— Exemplos
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CONCEITOS IMPORTANTES:

* Cronobiologia: ciéncia que estuda os reldgios
biologicos e seus ritmos

* Ritmo: Evento recorrente que é caracterizado por
periodo, frequéncia, amplitude, e fase.

* Periodo: tempo necessario para completar um ciclo
do ritmo em questao.

* Frequéncia: numero de ciclos/tempo.

* Amplitude: Quantidade de variacdao sobre um valor
médio.

RITMOS BIOLOGICOS
Ciclo vigilia-sono
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RITMOS BIOLOGICOS
Temperatura corpodrea
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RITMOS BIOLOGICOS

 Circadianos — periodo de aproximadamente
24 horas

— GH
* Infradianos — periodo > 28 horas

— Ciclo menstrual

 Ultradianos — periodo < 20 horas
— Secrecdao hormonal

RITMOS BIOLOGICOS
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Peak time functions
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RITMOS TEM CARACTER

ENDOGENO OU EXOGENQ???

10

6/8/22



HISTORICO

Influéncia ambiental nos ritmos biolégicos

Observadores dos ritmos da natureza

11

HISTORICO

DE MAIRAN.

K
Credit: National Library of Medicine

Jean-Jaques de Marian —sec. XVIII
Experimentos com Mimosa pudica
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O RELOGIO BIOLOGICO GERA UMA
OSCILACAO NATURAL EM HUMANOS

Experimento: individuo confinado no escuro durante meses.
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PAPEL SINCRONIZADOR DO
AMBIENTE

Sistemas
efefores

Aferentes Marca-passos

Olho e

Outros =,

Feedback

Dia 1

Ritmos

Dia2 Dia 3
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RELOGIOS BIOLOGICOS - FUNCAO:

* Sincronizar a atividade dos animais com as
variacoes do meio (incluindo fatores sociais)

— Preparo para eventos previsiveis (inverno, noite)
* Sincronizar os processos fisioldgicos e

bioquimicos nos animais

— Otimizagao do funcionamento

* Sincronizadores — Zeitgebers
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PRINCIPAIS Y
RELOGIOS: \ ﬁ = -
o 1 ki
 Olhos dos anfibios " O ° ‘
+ Glandula pineal em L]

peixes, répteis e aves * -
* Nucleo \ /
£ N

supraquiasmatico em Ca P ‘

mamiferos l
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RELOGIO HIPOTALAMICO:

* Nucleo supraquiasmatico

* Aferéncias do sistema visual — via retino
hipotalamica e nucleo geniculado lateral

* Eferéncias

— Qutros nucleos do hipotalamo — funcdes

viscerais

— Prosencéfalo basal e Talamo —
comportamentos motivados

17

Registro didrio

da atividade
locomotora

- Lesdo do trato dptico:
ndao muda padrao locomotor

- Lesdo do feixe retino-hipotalamico:
livre curso (ciclo de 25 ou 26h)

T —

PAPEL DO NUCLEO SUPRAQUIAMATICO

Ritmo locomotor
circadiano regular

Lesdo bilateral dos Nu.
supraquiasmaticos

= Desaparecimento da

ritmicidade.
Momentos de locomogdo
aleatdrios

C

¢ Transplante de células do Nu.

Supraquiasmatico de outro
animal retoma padrdo
locomotor circadiano.
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Prosencéfalo
— basal

\7 Pincal

_ Nu. supra-
quiasmdtico

Nu. geniculado
lateral ventral

. Medula
" Tdlamo espinhal

Figwa 7.3 Esquema mostrando i posicio dos NSQs no sistena nervoso humano.
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Circadian timing system

Sleep/
wakefulness

Environment

« Day/night

« Social

« Familial

* Meal Core body
temperature

rhythm

timing Hormonal
rhythms

Sympathetic/

parasympathetic
systems

\

Circadian clocks and DNA repair
in peripheral @) | - Drug metabolism
organs and detoxification

« Angiogenesis

T
PO R
.

« Cell cycle, apoptosis,

Lévi et al. 2010. Annun. Rev. Pharmacol. Toxicol. 50: 377-421.
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HIERARQUIA

SCN a2

)
¥

Peripheral
Clocks

SCN Input Light

SCN Output Sleep/Wakefulness
Feeding & Energy Expenditure

i\’b
0 Glucose Homeostasis
: Hormonal Regulation
Body Temperature Regulation
Blood Pressure & Respiratory Changes

Peripheral Clocks Input Feeding/Fasting
Signals from SCN

Peripheral Clocks Output Lipogenesis

Insulin Secretion
Glucose Clearance
Food Absorption

Fat Accumulation

Griffet & Burris, 2013. Bioorg. Med. Chem. Let. 1929-1934.
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FUNCIONAMENTO DO RELOGIO
HIPOTALAMICO

- Neuronios do Nu. Supraquiasmatico cultivados in vitro
- Potencial de repouso dos neurdnios do nu. supraquiasmatico oscila naturalmente
- Expressao ciclica dos genes-reldgios
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CIENCIA
Reldgio biolégico rende Nobel de Medicina a trés americanos

Os pesquisadores foram reconhecidos por suas "descobertas dos mecanismos moleculares que controlam o
ritmo circadiano" - conhecido como relégio bioldgico

Jeffrey C. Hall, Michael Rosbash e Michael W. Young foram os ganhadores do prémio Nobel de Medicina 2017
(Nobel Prize/Divulgag&o)

23

Nobel Lectures:

* The Little Flies: Multifaceted Basic Research
Coming Out Better than Intended

— Jeffrey C. Hall

* The Circadian Clock, Transcriptional Feedback
and the Regulation of Gene Expression
— Michael Rosbash

* Time Travels: A 40 Year Journey from

Drosophila's Clock Mutants to Human Circadian
Disorders

— Michael W. Young

24

6/8/22

12


https://exame.abril.com.br/ciencia

RITMICIDADE DO GENE PERIOD

25
MECANISMO DE REGULACAO
@ﬁ Cytoplasm
I
26
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D Mammals

—* Translocation to
the nucleus
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RELOGIOS MOLECULARES

* Ritmicidade na expressao de genes

* Via dos fatores de transcricao como CLOCK ou
NPAS2 — BMAL

* Controle da transcricao de Cryptochrome (Cry)
e Period (Per)

* O acumulo das proteinas CRY e PER inibem os
complexos CLOCK ou NPAS2/BMAL

28
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RELOGIOS MOLECULARES
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Griffet & Burris, 2013. Bioorg. Med. Chem. Let. 1929-1934.
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E COMO ESSA
INFORMACAO E
TRANSMITIDA PARA O

ORGANISMOQ???

30
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circadian rhythm

400nm  500nm 600 nm 700 nm

. Light

Activated by sunlight during daytime,
SCN project inhibitory information to 4 d

PVN in hypothalamus. The long axons ~ Suprachiasmatic
of PVN then send nerve pulses down i cleus (SCN)
to the preganglianic sympathetic
neurons of the spinal cord, which in

turn modulate the activity of the superior aventricular
cervical ganglia. The latter further project ucleus (PVN)
to the pineal gland to regulate the secretion ; ;

of melatonin. superior cervical

ganglia
The circadian rhythm can be disrupted:

. Exposure to 400-500nm light at night
’ Not receiving the light in the morning

@ etiag - results in an imbalance of
g/ nevrotransmitters and hormones

+ Shift work where workers are exposed to visible light at night
de-regulates a gene involved in controlling the circadian rhythm.

preganglionic
Exposure to light at abnormal times or due to change in location
“ wil either disrupt the clock gene function of cause activation of sympathetic
the 'wake state’ of the circadian cycle at an abnormal time, such neurons

as in the evening.
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OUTPUT — EXEMPLO DA MELATONINA

* Melatonina é produzida pela glandula pineal a
partir do aminoacido triptofano

* Papel de sinalizacao circadiana para os tecidos
periféricos
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OUTPUT — EXEMPLO DA MELATONINA

Melatonin (pg/mL plasma)

0 B

Noon 6 PM Midnight 6AM. Noon 3PM

Melantonin is the "darkness hormone,* secreted at night as we
sleep. It is the chemical messenger that transmits information about
light-dark cycles to the brain center that governs the body's
biological clock.

(Adapted from J. Arendt, Clin. Endocrinol. 29:205-229, 1988.)

I 1}
CH0 CHy CHNH-C—CHy

.‘|
Melatonin is an amine hormone
derived from the amino acid tryptophan.

Ten years ago scientists and the popular press were trying

to link melatonin to sexual function, the onset of puberty,
seasonal affective depressive disorder (SADD) in the darker
winter months, and sleep-wake cycles. At that time, the only
function supported with scientific evidence was the hormone's
ability to help shift timing of the body's internal clock, making
it useful in overcoming jet lag. Now there is evidence that
melatonin is a powerful antioxidant that has the potential to
protect the body from the damage caused by free radicals.
For a recent review, see "Melatonin: lowering the high price
of free radicals,” News in Physiologi

246-250, Oct. 2000 (httg ips.ph)

37

Y Melatonina — transdutor do ciclo claro-

m)

@]X

Melatonin rhythm

iisg escuro ambiental

Melatonin

Melatonin

W

38

6/8/22

19



H,C— 0 Melatonin
NH_ ,CH;
K 2/ NH\K ~

MT1/MT2 lon channels

Wi
0109900994440

.................................

Membrane / 2
/4 u
pkaspkc N & NQO2/

Nuclear receptors

ATranscription

TRENDS in Pharmacological Sciences
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RITMOS RELACIONADOS A MELATONINA

Reproducao

Inflamacao
* Transmissao colinérgica

Sono-Vigilia

Envelhecimento

41

Advances in Neuroimmune Biology 1 (2011) 95-104 o5
DOI 10.3233/NIB-2011-009
108 Press.

The Immune-Pineal Axis: the Role of Pineal
and Extra-Pineal Melatonin in Modulating
Inflammation

Journal of Medical Virology 87:537-543 (2015)

Regina P. Markus* and Zulma S. Ferreira
Laboratory of CI h logy, Institute of Biosci Uniy idade de Sdo Paulo, Sdo Paulo, Brazil

Ebola Virus: Melatonin as a Readily Available
Treatment Option

George Anderson,'* Michael Maes,>** Regina P. Markus,” and Moses Rodriguez®

CRC Scotland and London, Eccleston Square, London, United Kingdom

2Impact Strategic Treatment Center, Deakin University, Geelong, Australia

Department of Psychiatry, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand.

“Health Sciences Graduate Program, Health Sciences Center, State University of Londrina, Brazil

®Lab CI logy, of Phy: 7y, Institute of B University de Sao Paulo, Brazil
6 of 5 of Neurology, Mayo Clinic, Rochester, New York

Pharmacology & Therapeutics 126 (2010) 251-262

Contents lists available at ScienceDirect

Pharmacology & Therapeutics

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

Associate Editor: M.M. Teixeira

Is modulation of nicotinic acetylcholine receptors by melatonin relevant for therapy
with cholinergic drugs?

Regina P. Markus **, Claudia LM. Silva ®, Daiane Gil Franco?,

Eduardo Mortani Barbosa Jr.€, Zulma S. Ferreira?®

* Laboratory of Chronopharmacology, Department of Physiology, Institute of Bioscience, Universidade de Sdo Paulo, Brazil

® Cellular and Molecular Pharmacology Research Program, Biomedical Sciences Institute, Universidade Federal do Rio de Janeiro, CCS, K], Brazil
© Radiology Department, University of Pennsylvania, Philadelphia, PA, USA

42
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RITMICIDADE CIRCADIANA

Comportamento

Metabolismo

Funcao cardiaca

Funcao digestiva

Sistema imunologico
* Etc.

43

CRONOFARMACOCINETICA

* Motilidade gastrica é o dobro durante o dia

* Concentracao de proteinas plasmaticas é
maior durante o dia

* Fluxo sanguineo hepatico é maior as 08:00, e
o metabolismo reduzido a noite

44
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Drug entry

Bile synthesis and excretion
Gastric pH
Gastric emptying

Elimination by the [Eieadn detoxification
hepatobiliary system t
_______ QYP 2B-2C-2A-3A, SULT, UGT, ABC transporter
. { V. o
Gastric blood flow CAR +‘ ot
| —=

DBP, TFF‘ HLF
g Circadian

\ “ oscillator.

] ‘ F
) / Elimination of
metabolites
Gut motility w\&/ | ABCcs, S22y
- <,/‘ Renal blood flow
Elimination Glomerular filtration rateyeiy
through Drug transport
faeces Urine pH

Elimination
through urine
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RITMICIDADE DA ABSORCAO

* A absorcao depende do pH, esvaziamento
gastrico, motilidade, fluxo sanguineo
gastrintestinal

* Farmacos lipofilicos — maior absorcao de
manha por conta do esvaziamento gastrico
mais rapido, e maior perfusao do TGl

46
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RITMICIDADE DA DISTRIBUICAO

* O fluxo sanguineo depende de varios fatores,
incluindo os sistemas simpatico e
parassimpatico, cuja atividade é ritmica.
Sistema simpatico — predominantemente
diurno!

* Pico da concentracado plasmatica de albumina
em torno do meio-dia.

47

RITMICIDADE DO METABOLISMO

Cytochrome p450’s
Variable Efficacy

r"'r n\“\
BMIA(_\;’:R Sulfotransferases - Variable Pharmacokinetics
CLOCK  cRy Variable Toxicity

v Glucurononsyl Transferases With Time of Day Dependence

Other Drug Metabolizing Enzymes

Drug Targets

D000

Time of Day

Expression

Griffet & Burris, 2013. Bioorg. Med. Chem. Let. 1929-1934.
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FARMACOCINETICA DA ELIMINACAO

* Funcao renal é maior durante o dia:
— Filtracdo glomerular
— Fluxo renal
— pH urina
— Reabsorc¢ao tubular

49

RITMICIDADE CIRCADIANA
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E QUAL A RELACAO DESTA
RITMICIDADE COM A
FARMACOLOGIA???

51

DEFINICAO:

* E o0 estudo de como o efeito dos farmacos
varia com a ritmicidade endégena

* Reconhecida a partir da década de 70

* Reconhecimento da ritmicidade das “doencas”

— Hipdcrates ca 400bc
— ldade média — ritmicidade da asma bronquica

52
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RITMICIDADE DAS DOENCAS

Peptic ulcer disease
Epilepsy Exacerbation
Congestive heart failure

Intractable Pain fpnon

Prinzmetal’sangina

Cutaneousreactivity,
Asthma
Osteoarthritis
Epistaxis
Epilepsy
Bronchitis/Emphysema
Epistaxis
R Rheumatoid arthritis
Hemorrhagic Allergic rhinitis/Migraine
& Perforated Ulcer
Hospitalization ’Angina/Myocardial infraction
Sudden cardiac death
Thrombotic/ Hemorrhagic stroke
Sickle cell anemia crises
53
| I ASTHMA EDUCATION CLINIC
COURSES RESOURCES PRODUCTS CONTACT
Why Nocturnal Asthma 2017
54
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Nighttime variations leading to nocturnal asthma

Increased Decreased

Lung Volumes
Cortisol levels
Epinephrine levels
Mucociliary clearance
Airway conductivity
Temperature

Airway resistance
Vagal tone
Histamine levels
Mediator levels
Cholinergic output
Bronchial reactivity

Inflammatory cells .
Y Oxygen saturation

Activity of beta-2 receptors

Table 1: Changes that occur during sleep leading to symptoms

55

Experimental & Mlecular Medicine (2015) 47, €148; doi:10.1038emm 2014.121
OPEN 015 KSBIB. Al s esnen 292641515 @

W nature convemm

REVIEW

Sleep, circadian rhythms, and the pathogenesis
of Alzheimer Disease

Erik S Musick, David D Xiong and David M Holtzman

SCN
dysfunchon

W Tau phosphorylation

tNeuronal activity Glymphatic protein
clearance

ER slress *

Oxidative
., stress

@

Alzheimer’s Disease

Figure 1 Proposed mechanisms linking sleep deprivation, circadian
dysfunction, and AD. Dotted arrows represent hypothetical links.
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Acta Pharmaceutica Sinica B 2015;5(2):113-122

HOSTED BY Chinese Pharmaceutical Association

Institute of Materia Medica, Chinese Academy of Medical Sciences

Acta Pharmaceutica Sinica B

www.elsevier.com/locate/apsb
www.sciencedirect.com

Circadian rhythms in liver metabolism and disease () o
Jessica M. Ferrell, John Y.L. Chiang*

Department of Integrative Medical Sciences, Northeast Ohio Medical University, Rootstown OH 44272, USA

57

Normal Circadian
Physiology Disruption

Hepatocyte

Glucose/Insulin '
Bile Acids/Cyp7a1

Lipids
Drug Enzymes |

Synchronized Desynchronized Rhythms
Homeostatic Control & Metabolic Syndrome

o S

58
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CRONOTERAPEUTICA

* Refere-se ao esquema terapéutico que
observa o ritmo da doenga e sincroniza a
biodisponibilidade do farmaco de acordo, para
minimizar os efeitos colaterais e otimizar os
efeitos terapéuticos

* Importancia da formulagcao farmacéutica

59

60
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CRONOFARMACOCINETICA
Exemplos:

e Antibidticos — toxicidade renal dos
aminoglicosideos € menor quando
administrado durante o dia.

* Antihipertensivos — Cmax maior e tmax menor
guando administrados pela manha (nifedipina,
nitratos).

— Inibidores da ECA sdao mais seguros quando
administrados a noite

61

CRONOFARMACOCINETICA
Exemplos:

* Antineoplasicos
— 5-FU — melhor tolerabilidade entre 00:00 e 04:00

— Gentamicina — menos toxica se administrada de
manha

* Antilipidémicos
— Colesterol — sintese maior a noite

— Estatinas — uso noturno (com excec¢ao da
atorvastatina)

* Opioides: Efeitos analgésicos maiores a noite para
o tramadol e dihidrocodeina

62
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22:00
Working ability decrease, increase 02:00
of numbers of leucocytes Deepest sleep, at this time happen
% 0 most of the car accidents
e 04:00
High risk of heart attack,

19:00

RESUMINDO... .

Highest blood pressure

SN
N
\ t? many babies are born at this

\ time

06:00 )| 06:00 Metabolism starts to
23 run, right time for waking up

PepEtic uk;:ra disease 14:00 R 08:00 The best time for love
Epilepsy xacerbation The body is the less
Congestive heart failure sensitive to pain (€me 1o go mmﬁ»;ﬂw testosterone
. Apnea to the dentist or operation) 10:00
Intractable Pain High alertness
Prinzmetal'sangina
Cutaneousreactivity,
Asthma
Osteoarthritis
Epistaxis
Epilepsy
Bronchitis/Emphysema
Epistaxis
) Rheumatoid arthritis
Hemorrhagic Allergicrhinitis/Migraine
& Perforated Ulcer 3 R
HosphNsation /Angina/Myocardial infraction
Sudden cardiac death
Thrombotic/ Hemorrhagic stroke

Sickle cell anemia crises

63
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