SESION CLINICA

CRONOTERAPIA

El tiempo como aliado

Servicio de Farmacia — Complejo Asistencial Universitario de Ledn

Juan Carlos Saez
Sesion Clinica
01/04/2024
@JCSzHr

: : Complejo Asistencial ||}
MW Universitario de Leén ||i8




INDICE

1. INTRODUCCION

1.
2.
3.

Cronobiologia
Cronopatologia

Cronofarmacologia

2. CRONOFARMACOLOGIA

1.

NELD SRS N

SISTEMA NERVIOSO
SISTEMA CARDIOVASCULAR
SISTEMA ENDOCRINO
ANTIRREUMATICOS
SISTEMA RESPIRATORIO
SISTEMA DIGESTIVO
OFTALMICOS

3. BIBLIOGRAFIA



CRONOBIOLOGIA

RITMOS BIOLOGICOS

ULTRADIANOS
(<20h)

CIRCADIANOS
(24h)

INFRADIANOS
(>24h)

0,17 2 electroencefalograma

1” 2 electrocardiograma

6” 2 respiracion

60’ = secrecion pulsdtil de hormonas
90’ 2 fases del suefio

Ciclo sueno-vigilia
Actividad locomotora
Temperatura corporal

Ciclo menstrual
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Drugs

indication

Circadian gene target

Dipeptidy| peptidase-4 inhibitors
Gliclazide

Glimepiride

Insulin

Metformin

Pioglitazone

Alirocumal

Atorvastatin

Ezetimibe

Lovastatin, fluvastatin, pravastatin, rosuvastatin, and simvastatin
Fenofibrate

Allopurinol and febuxostat

Diabetes mellitus
Diabetes mellitus
Diabetes mellitus
Diabetes mellitus
Diabetes mellitus
Diabetes mellitus
Dryslipidemia
Dryslipidemia
Dryslipidemia
Dryslipidemia
Hypertriglyceridemia
Hyperuricemia

DPP4

ABCCE and VEGFA

KCN(T and ABCCS

IGFTR and INSR

PRKAB1, ETFDH and GPD1
PPARG and MAOE

PCSKS

HMGCR, DPP4, AHR and NR1I3
S0ATT

HMGCR

PPARA, NRTI2 and MMP25
XDH

Minnetti M, Hasenmajer V, Pofi R, Venneri MA, Alexandraki K|, Isidori AM. Fixing the broken clock in adrenal
disorders: focus on glucocorticoids and chronotherapy. J Endocrinol 2020 -08;246(2):R13-R31.



MORMNING

+ sacretion of hormoneas: cartisol,
testosterone, catecholamines
+ activity of tha renin-angiotensin-
-aldasterone (RAA) system
+ platelet aggregation
+ bload viscasity
1 hepatic blond flow
+ heart rate

+ blaad pressure

AFTERHOON
#+ secretiaon af insuling adipenectin
4 diuresis
#+ body temperature
+ airway patency

EVENING

+ secretion of leptin

4 gastric acid secretion

+ uric acid secretion

+ gynthesis of cholesterol

NIGHT

+ secretion of hormanes:
melatonin, growth hormone, ACTH,
T5H, prolackin

+ secretion of cytokines: THF-a,
INF-y, interleukin-6

# bane remodelling

Dobrek L. Chronopharmacology in Therapeutic Drug Monitoring-Dependencies between the Rhythmics of
Pharmacokinetic Processes and Drug Concentration in Blood. Pharmaceutics 2021 -11-12;13(11).



WBC TSH

Gastric Acid Secretion Lymphocytes

Prolactin

Acid Phosphatase

Liric Acid
Platelats
Triglycerides
Cholesterol

Insulin

Melatonin
Eosinophils

ACTH

FSH. LH

Cortisol

Aldosterone
Testosterone
Catecholamines Surge
Platelet Adhesiveness

Peptic Ulcer Disease
Exacerbation

Epileptic
Seizure

Congestive Heart Failure

Chronic Pain

Prinzmetal's

Angina
Dermatoses g

Asthma
Osteoarthritis

Epileptic
Seizure

Hemorrhagic
and Perforated
Ulcer Crises

Migraine Headache
Allergic / Infectious
Rhinitis

Blood Viscosity
MNE-Cell Activity Sickle Cell
Anemia Crises

Body Temperature Rheumatoid Arthritis
Angina, Acute Myocardial Infarction
Sudden Cardiac Death
Hemorrhagic / Thrombotic Stroke

Hemaoglobin

RBC

Ohdo S. Chronopharmacology focused on biological clock. Drug Metab Pharmacokinet 2007 -02-25;22(1):3-14.



CRONOFARMACOLOGIA

EXPRESION RITMICA
en tejidos

DIANAS MOLECULARES
FARMACOS

La caracterizacion del ritmo de

R las dianas no es suficiente

Pueden estar requlados por
ritmos circadianos
centrales o periféricos

El tiempo S|
IMPORTA para
lograr una
eficacia optima

LADME

* Liberacion

* Absorcion

* Distribucidn

* Metabolismo
* Excrecion

Absorcion
¢ Como entra?

Metabolismo
¢ Como se transforma?

Higado Distribucion
¢Adonde se dirige?

Transportadores




Distribution

: ctribsti BBB permeability
cisesleoeec Brain homeostasis
Blood pressure Efflux transporters
Heart rate

Distribution and elimination
Metabolism

Plasma proteins

Liver enzyme activity
Blood flow
Efflux transporters

Excretion Absorption
‘ Gastric acid secretion

Blood flow 1 Gastric emptying time

Glomerular filtration rate ‘ pH

; Motility

Absorption

Intestinal permeabiity
Efflux transporters

Procesos fisiologicos regulados por ritmos circadianos con efecto en la farmacocinética de los farmacos

Silva S, Bicker J, Falcdo A, Fortuna A. Antidepressants and Circadian Rhythm: Exploring Their Bidirectional Interaction for the Treatment of Depression. Pharmaceutics 2021 -11-
21;13(11).



CRONOFARMACOLOGIA

El tiempo S|
DIANAS MOLECULARES EXPRESION RITMICA IMPORTA para
FARMACOS en tejidos lograr una

eficacia optima

La caracterizacion del ritmo de LADME
0JO ] .. : .,
las dianas no es suficiente e Liberacion
* Absorcion
Pueden estar regulados por e Distribucién i 3 it

ritmos circadianos .
e * Metabolismo
centrales o periféricos aiahisiians

([ ] Exc recio’n ¢ Como se transforma?

Higado Distribucion
¢Adonde se dirige?

Transportadores

Mediadores ajenos a la diana causantes de toxicidad
pueden no tener el mismo ciclo que la diana principal

Excrecion

;Como se elimina?




CRONOFARMACOLOGIA
PROPIEDADES FARMACOS Y DIANAS PARA CRONOTERAPIA

« DIANA CICLICA: Variacion ciclica firme de la diana permite administrar férmaco en el pico de la expresién

* Ej: Inhibidores de la HMG-coA Reductasa

* FISIOLOGIA o FISIOPATOLOGIA CICLICA

* Ej: Alergias, Insomnio

 SEMIVIDA CORTA: Picos en su biodisponibilidad

* Ej: Anticuerpos con semividas de semanas.

« DIANAS NO TERAPEUTICAS CICLICAS: Idealmente, administrar fdrmacos cuando diana responsable de
toxicidad esté en momento de minima expresion.

Lee Y, Field JM, Sehgal A. Circadian Rhythms, Disease and Chronotherapy. J Biol Rhythms 2021 -12;36(6):503-531.



SISTEMA NERVIOSO

PROCESOS BIOQUIMICOS INFLUENCIADOS POR RITMOS CIRCADIANOS N
N W
% < '/ .’ | =
* SENALIZACION: Sintesis de mediadores = Degradacion ‘SYNTHESIS [ ]
TH(DA,NE,E) / \ v
«  ENDOCITOSIS/EXOCITOSIS \f\“ ) REUPTAKE
\ /42 © 5-HTT
* ELIMINACION DE DESECHOS ‘f d:) ,  DAT
PACKAGING | K\ D TN
* PERMEABILIDAD BHE & RELEASE "/"L OL 4
) RECEPTOR /
NMDAR CATABOLISM
5-HT1A AChE
GABAR / MAOA



SISTEMA NERVIOSO

Triptéfano

i Triptéfano hidroxilasa

HO
[ D
{_%T/\/LDH
N~ NH,
H

5-Hidroxiriptéfano

i

|/\l

d
5-HT
N-acetil-

transferasa

/ H
Serotonina (
/ HO
Q-
M NH,

H
M-acetil serotonina
5-hidroxiindol-0-
O l

metiltransferasa
AN
Qe

Aminoacido aromatico-

2

\

ASLEEF

60 -

40

escarboxilasa 20 —

Levels in bloodstream (pg/ml)

Moncaminooxidasa
+ Aldehido

\:ifmdmgenasa
T)

Qs

Acido 5-
hidroxiindolacético

Melatonin

T
12pm

-
Bam 12pm 6pm 12am 6am 6pm 12am

Tratamiento insomnio con Melatonina - administracion por la tarde

Agomelatina = usado en depresion y demencia = puede favorecer la
induccion del suefio en estos pacientes con ciclos de suefo alterados

0
M NH,

H
\ MELATONINA /

Glandula pineal

AGOMELATINA ©

Dobrek L. Chronopharmacology in Therapeutic Drug Monitoring-Dependencies between the Rhythmics of Pharmacokinetic
Processes and Drug Concentration in Blood. Pharmaceutics 2021 -11-12;13(11).



ANTIDEPRESIVOS

Parametros cronofarmacocinéticos de antidepresivos en humanos

Plasma Pharmacokinetic Parame ters

Antidepressant or Subiects Study Daily Dose Duration . Time of
Active Metabolite ubpec Design (mg) (Days) Formulation Administration e (h Crnax AUC tuzp k. k. (h-1 MET (hi et
man (h) (mg/L} (mg.hiL) (h) (h-1y  Rath [
0 healthy subiects () N 9o 32 96.1 1270 157 - 0.36 -
Amitriptyline 10 h:;_lt.hﬂ"v:;'::itd (&) Crossover 501 21 l_lf'-'f\_“t'_:'bk [37]
B salution 21h00 44+ 728 1224 17.2 - 0.25* -
e 10 healthy subjects (), . ; Oral formulation: 9h00 6.2 32 A 150 ) ) ) e
Mortriptyline iy Crossover 100 14 £ o caocukes [50]
22-30years old. 25 mg capsules 21hil 88 11 730 16.0 - - -
Oral formulation: Shi 25 . 362 109 - - 10.8
100 myg tablet . o -
o . 12 healthy subjects (5 2, B 20000 28 392 376 99 - - 115
Trimipramine - - - Crossover 100 15 [46]
i d'), 22-37 years old. il 15+ L = g ag*
Oral formulation: St . 52 2 - - -
solubion 20h0 25% BB 323 11.1 - - 11.5*
Sertraline 10 healthy subjects ('), Crossover 100 ] Oral formulation: Morning 7.0 24.5 0.664 200 0.0347 i} ) [47]
Sertraline T st : 100 myg tablet h
18-45years old S Evening 7.3 244 0.705 20.8 0.0333 - -

Note: Only average values are presented for pharmacokinetic parameters, and some were converted to uniform units. Abbreviations: AUC, area under the curve; Cya,, maximum concentration; k,, constant

absorption rate; kg, constant elimination rate; MET, mean residence time; b /25, elimination half-life time; by, fime to reach the maximum concentrabion. * Statistically significant values (* p < 0.05).

Silva S, Bicker J, FalcéGo A, Fortuna A. Antidepressants and Circadian Rhythm: Exploring Their Bidirectional Interaction for the Treatment of Depression. Pharmaceutics 2021 -11-21;13(11).



ANTIDEPRESIVOS

% $§
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\ NSRI //; SERT
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WL 2 S
AR - S5-HT
B Oo_ AR SHT 0y THT 2wz &
@) 5-HT,
W 5-Hydroxytryptamine (5-HT) o)
@ Norepinephrine (NE) §
@ Subjected to circadian » 5
rhythm oscillations 23
e B —
* 5-HT,: subtipos receptores 5-HT * NSRI: inhibidor recaptacion NA y 5-HT

* a,B-AR: receptores adrenérgicos a o 8
*  NET: transportador noradrenalina
*  SERT: transportador serotonina

SSRI: inhibidores recaptacion 5-HT
TCA: antidepresivos triciclicos

Transcripcion SERT - mayores niveles
durante actividad

Aumento 5-HT,, (correlacionado con luz
diurna y estacional) durante el dia.

Receptores H, a; muscarinicos pico
diario

MAO - mayores niveles durante el dia
Dopamina, glutamato, GABA = mdximos

nocturnos en estriado y nucleo
accumbenes.

Silva S, Bicker J, Falcdo A, Fortuna A. Antidepressants and
Circadian Rhythm: Exploring Their Bidirectional Interaction for the
Treatment of Depression. Pharmaceutics 2021 -11-21;13(11).



ANTIDEPRESIVOS

Imipramine
Milnacipran
—.__Bupropion

e
ZT2
ZT4 \ Fluoxetine
ZT6
/’Venlafaxine
ZT18/
ZT10

Amitriptyline 2

" Imipramine
Fluvoxamine

Silva S, Bicker J, Falcdo A, Fortuna A. Antidepressants and Circadian Rhythm:

Depression. Pharmaceutics 2021 -11-21;13(11).

08h

10h

Lofepramine [1]1]}} 12h | Clomipramine

Amitriptyline

Exploring Their Bidirectional Interaction for the Treatment of



ANTIDEPRESIVOS

 (Con efecto sedativo = por la noche: Mianserina, Mirtazapina, Antidepresivos Triciclicos
(Amitriptilina, Clomipramina, Imipramina,...).

* Posibles causantes de insomnio = por la manana:
e ISRS (Citalopram, Escitalopram, Fluoxetina, Paroxetina, Sertralinag,...)

* ISRSN (Venlafaxina, Duloxetina,...) poco efecto sedativo = en funcion de tolerancia
* En general tendencia a individualizar en funcion de eficacia y tolerancia

* Amitriptilina 2 efectos adversos (antimuscarinicos y sedativos) incrementados al administrar por la
manana

- Grannell L. When should | take my medicines? Australian Prescriber 2019 Jun 3,;42(86).

- Silva S, Bicker J, Falcdo A, Fortuna A. Antidepressants and Circadian Rhythm: Exploring Their Bidirectional Interaction for the Treatment of
Depression. Pharmaceutics 2021 -11-21;13(11).



ANTIEPILEPTICOS

 Dificultad: diferentes tipos de epilepsia = localizacion y semiologia de las crisis con
hora de aparicion.

Lobulo parietal y fronal

Mahana
ST RS 4 Lobulo temporal
Mds frecuentemente por la mafiana LOCALIZACION rarde v posible icg e
(06:00-07:00) areeyp pico MALLng

Mayoria (ténicas, clénicas, ténico-
clonicas, automotoras, hipermotoras,
atonicas, miocldnicas, hipomotoras, etc)
Manana

Crisis secundarias

SEMIOLOGIA generalizadas
Patrdon nocturno

Sion B, Bégou M. Can chronopharmacology improve the therapeutic management of neurological diseases? Fundam Clin Pharmacol 2021 -06;35(3):564-581



ANTIEPILEPTICOS

e Tratar en funcion de la hora de aparicion de las crisis principales

* Dosis elevadas por la noche (Valproico, Fenitoina, Levetiracetam, Oxcarbazepina, Clobazam) mejoran
respuesta y tolerancia en adultos y jovenes con crisis nocturnas y matinales.

* Cronofarmacocinética antiepilépticos:

» \Variaciones en proteinas plasmdticas = Valproico y Carbamazepina: concentraciones libres mdximas
02:00/06:00am

* Absorcion y distribucion = Diazepam por la mafiana se reduce Tmax

* Oscilacion eliminacidn renal = disminucion excrecion Valproico 02:00/08:00am

Sion B, Bégou M. Can chronopharmacology improve the therapeutic management of neurological diseases? Fundam Clin Pharmacol 2021 -06,35(3):564-581



ANTIEPILEPTICOS

Epilepsy & Behavior 20 (2011) 334-337

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

Contents lists available at ScienceDirect

Epilepsy & Behavior

Higher evening antiepileptic drug dose for nocturnal and early-morning seizures

LM.EFE. Guilhoto *"<!, T. Loddenkemper ', M. Vendrame ¢, A. Bergin ® B.F. Bourgeois ®, S.V. Kothare **

* Department of Neurology, Children's Hospital Boston, Harvard Medical School, Boston, MA, U'SA

® Hospital Universitario da Universidade de Sdo Paulo, Sdo Paulo, Brazil

© Unidade de Pesquisa e Tratamento das Epilepsias, Deparmment of Neurology and Neurosurgery, Universidade Federal de Sdo Poulo, 530 Poulo, Brazil
4 Department of Neurology, Brigham & Women's Hospital, Harvard Medical School, Bostan, MA, USA
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RESULTADOS = De los 17 pacientes: =—»

ABSTRACT

‘We describe 17 children with nocturnal or early-morning seizure s whowere switched to a proportionally higher
evening dose of antiepileptic drugs and were retros pectively reviewed for seizure outcome and side effects. 0OF 10
children with unknown etiology, clinical presentation was consistent with nocturnal frontal lobe epilepsy (NFLE)
in5 and benign epilepsy with centrotemporal spikes (BECTS) in 3. After a mean follow-up of 5.3 months, 15
patients were classified as responders; 11 of these became seizure free (5 NFLE, 1 BECTS, 5 with structural lesions)
and 4 (2 BECTS, 2 with structural lesions) experienced 75-90% reductions in seizures. Among two nonresponders,
seizures in one had failed to resolve with epile psy surgery. Nine subjects ( 53%) received monotherapy after dose
modification, and none presented with worsening of seizures Two complained of transient side effects ( fatigue/
somnolence). Differential dosing led to seizure freedom in 64.7% (11/17) of patients, and 88.2% (15/17)
experienced = 50% reductions in seizures,

© 2010 Elsevier Inc. All rights reserved

15 Pacientes respondedores
e 11 libres de crisis
* 4 reduccion del 75-
90% de las crisis

Pacientes pedidtricos con crisis
mayoritariamente nocturnas o a primera hora
de la manana.

Cambio a dosis proporcionalmente mayor por
la noche.

Dosis total no se altera.

Si mds de dos dosis, la mayor por la noche

40

_—
[ ]

|_ Baseline [ After DD |

Fig. 1. Seizure frequency (per month) before (Baseline) and after differential dosing
(After DD). The upper and lower margins of the baxes indicate the interquartile ranges
demarcating the 25th and 75th percentiles, and the center line indicates the median
score; the out bars represent the 90th and 10th percentiles.
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CARDIOVASCULAR
ANTIHIPERTENSIVOS

PATRON CIRCADIANO PRESION ARTERIAL:

e Disminucion nocturna (=03:00 am)

» Alteraciones en la disminucion nocturna
de la PA =2 indicador prondstico de mortalidad
y morbilidad cardiovascular

200
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T
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| .
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|
G 100
- |
o
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o ¢ .
[ ] o :
60 [ ) L ]
— s

'
o

7 1" 15 19 23
Time of Day (h)

Normotensos

PA diurna media —PA nocturna media

* Ratio PA diurna/nocturna = 100 x

* Clasificacion pacientes hipertensos
* Dippers
* Dippers extremos

PA diurna media

* No dippers
* Dippers inversos (risers)

Mayor riesgo complicaciones
CV derivadas de hipertension

Blood Pressure (mmH

200

180

9
=
Ll
(=]

-
=1
=]

A 4

11 15 18 23 3 7
Time of Day (h)

Hipertension primaria no
tratada

Hipertrofia ventricular
Arritmias ventriculares
Remodelacion carotidea
Fallo renal

ete




150 -

Morning surge

CARDIOVASCULAR %

ANTIHIPERTENSIVOS = 07
TRATAMIENTO EN FUNCION DEL PERFIL HIPERTENSO: E, 130 - Reverse dipper or riser /1

o V
* Dippers =2 Antihipertensivos por la mahana § ., |
e of o c | E:gtreme
* No dippers = Antihipertensivos por la noche dipper
Nighttime (sleep) Morning

* 0:2/3 dosis por la noche + 1/3 por la manana

* Dippers + pico matutino = Antihipertensivos por la mafiana
 O:%dosis por la manana + % dosis por la noche

* No dippers + pico nocturno = Antihipertensivos por la noche
 0:2/3dosis por la noche + 1/3 por la mafiana

Dobrek L. Chronopharmacology in Therapeutic Drug Monitoring-Dependencies between the Rhythmics of Pharmacokinetic
Processes and Drug Concentration in Blood. Pharmaceutics 2021 -11-12;13(11).



CARDIOVASCULAR

ANTIHIPERTENSIVOS
CALCIO-ANTAGONISTAS

» Subunidades Canales Ca tipo L = expresion ciclica en corazdn y tejido vascular
*  Nifedipino muestra mayor eficacia al administrarse por la noche

Formulaciones retard.
* Verapamilo (Manidon ©)
e Administracion nocturna.
» Liberacion aprox 4-5h tras la ingesta = Pico mdximo 06:00/10:00am
 Semivida: permite concentracion sostenida durante actividad diurna y reduccion progresiva hasta
minima por la noche.
* Diltiazem RETARD
* Administracion nocturna (hacia perfil no dipper)

Dihidropiridinas
* Administracion nocturna: Reduccion de efectos adversos (edema, principalmente)
* NO demostrada mayor eficacia.

Hermida RC, Ayala DE, Smolensky MH, Portaluppi F. Chronotherapy in hypertensive patients: administration-time dependent effects of treatment on blood pressure regulation.
Expert Rev Cardiovasc Ther 2007 -05;5(3):463-475.

Dobrek L. Chronopharmacology in Therapeutic Drug Monitoring-Dependencies between the Rhythmics of Pharmacokinetic Processes and Drug Concentration in Blood.
Pharmaceutics 2021 -11-12;13(11).



CARDIOVASCULAR

ANTIHIPERTENSIVOS Pico mdximo renina =2 ultimas horas de suefio nocturno
Pico minimo = principio de la tarde

IECA

Administracion nocturna: efecto en la presion arterial nocturna y modificacion del perfil a un patron
mds dipper.

e Segun patron hipertension:
* Hipertension nocturna: administrar por la noche
* Hipertension diurna: administrar por la manana

ARA-II

Administracion nocturna = aumento ratio PA diurna/nocturna =2 reduccion n® de pacientes No
dippers.

* Hora de administracion en funcion de estado dipper.
Pacientes ancianos (perfil no dipper con la edad) = Mayor eficacia por la noche.

Recomendacion general = cuando se administren varios medicamentos antihipertensivos, administrar uno
al menos por la noche (preferentemente un IECA o un ARA-II

De Giorgi A, Mallozzi Menegatti A, Fabbian F, Portaluppi F, Manfredini R. Circadian rhythms and medical diseases: does it
matter when drugs are taken? Eur J Intern Med 2013 -12;24(8):698-706.




CARDIOVASCULAR
ANTIHIPERTENSIVOS

B-BLOQUEANTES

Mayor eficacia en reducir valores diurnos de PA.

Buena correlacion con el rimo circadiano del sistema simpdtico, estimado por
el ritmo circadiano de la concentracion plasmdtica de noradrenalina

Ajuste en funcion de tolerancia y caracteristicas farmacocinéticas
* Propranolol: 2 veces dia (t¥; 6h)

* Bisoprolol: 1 vez al dia (t ¥ 12h)

» Metoprolol: 2 veces al dia (t % 4-8h)

* Carvedilol: 1-2 veces al dia (t % 6h)

» Atenolol: 1-2 veces al dia (t % 6h)

Norepinephrine [pg/mL] Cortisol [ug/mL]

20

15

o)

400

200

o

200

100

Epinephrine [pg/mLI]
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B-BLOQUEANTES S °
_ B | 40
* Mayor eficacia en reducir valores diurnos de PA. E a0
2 400 - fg
Q
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.% 100 +——Fr++++ ——————
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a-BLOQUEANTES

* Bloqueo receptores alfa, reduce resistencias periféricas mds efectivamente por la manana.

* Administracion nocturna de Doxazosina reduce PAS y PAD por el dia y la noche, pero su mayor efecto lo

ejerce por la manana.
*  Pico de doxazosina tras administracion nocturna se obtiene mas tarde de los predicho por su PK

* Doxazosina liberacion modificada:
* Administracion nocturna aporta cobertura terapéutica todo el dia (administracion diurna no).
* Cmax aproximadamente un tercio que presentacion de liberacion inmediata

Epinephrine [pg/mLI]



CARDIOVASCULAR
ANTIHIPERTENSIVOS

DIURETICOS

* Administracion por la maiana -2 diuresis nocturna interfiere con el suefio e
incrementa el riesgo de caidas en ancianos.

* En caso de necesitar dos dosis diarias: en funcion de la fuerza diurética
* Diuréticos del asa: segunda dosis a mediodia
* Hidroclorotiazida o Amilorida: sequnda dosis antes de las 18:00 PM.

Grannell L. When should | take my medicines? Australian Prescriber 2019 Jun 3,;42(86).



CARDIOVASCULAR
ANTIHIPERTENSIVOS

ASOCIACIONES

» ARA-Il + Calcio antagonistas = mayor efectividad por la noche
* Asmaretal (2011): Valsartan + Amlodipino 2 sin diferencias significativas noche vs maiana

* Hidroclorotiazida + Amlodipino / Hidroclorotiazida + Valsartan = mayor efectividad por la noche

* |ECA + Diurético = mayor efectividad por la mafiana

ENFERMEDAD RENAL CRONICA y DIABETES MELLITUS Il

e Patron non dipper mas frecuente

e Mejor patron con administracion nocturna de antihipertensivos

De Giorgi A, Mallozzi Menegatti A, Fabbian F, Portaluppi F, Manfredini R. Circadian rhythms and medical diseases: does it
matter when drugs are taken? Eur J Intern Med 2013 -12,;24(8):698-706.
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Estudio MAPEC (Monitorizacion Ambulatoria para la Prediccion de Efectos Cardiovasculares)

 2010. Vigo
» Estudio prospectivo = cronoterapia con >

levantarse)

1 farmaco antihipertensivo administrado por la noche mejora el
control de la PA y reduccion de riesgo de eventos CV con respecto a terapia convencional (administracion al

Vanable*

Awakening

Bedtome

Jf.i between groups

Patients, n

1084 1072

Primary endpoints, events [ 1000 patient-yrs (event-number in parenthesis)

Total events
Total death
Cardiovascular
Other cause
CVD events
Cerebrovascular events
Heart failure
Other events

27.80 (187)

4.16 (28) 2.11 (1R)
2.08 (14) 0.53 (3)
2.08 (14) 1.58 (9)
11.00 (74) 5.27 (30)
3.57 (24) 1.23 (7)
4.91 (33) 1.41 (8)
4.16 (28) 1.93 (11)

11.95 (68)

<.001
008
006
250

<.001
001

<.001
004
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ANTIHIPERTENSIVOS

Estudio MAPEC (Monitorizacion Ambulatoria para la Prediccion de Efectos Cardiovasculares)

 2010. Vigo
» Estudio prospectivo = cronoterapia con = 1 fdrmaco antihipertensivo administrado por la noche mejora el
control de la PA y reduccion de riesgo de eventos CV con respecto a terapia convencional (administracion al

levantarse)

Vanable* Awakening Bedume P between groups

Patients, n 1084 1072

H_‘}'}.‘Jé‘.‘rf enstom trealment

Number of medications Ly B = B 2014 302
1 medication, Y% 413 4 45.0) H68
2 medications, % 16.9 15.9 766
= 3 medicanons, % 40.5 41.1 697
ARB, % 58.8 60.1 535
ACELl, % 20.3 17.1 055
CCB. % 38.1 40.6 239
a-Blocker, 9% 16.1 172 488
p-Blocker, % ShEL o 20.0 122

Diuretic, % 3.9 45.8 <.001
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ANTIHIPERTENSIVOS

Estudio MAPEC (Monitorizacion Ambulatoria para la Prediccion de Efectos Cardiovasculares)

Variable*

Awakening

Bedtume

j.i between groups

Clinic and ambulatory BP

Clinic SBP, mm HgT 144.4 + 23.0 142.6 + 20.1 065
Clinic DBP, mm HgT 814+132 81.1+12.1 695
Clinic PP, mm Hgir 63.0+ 16.2 61.5+ 14.6 024
Clinic HR, beats/min’ 724+13.0 73.0+£135.1 345
Awake SBP mean, mm Hg 124.9 + 15.1 125.3 +12.9 546
Asleep SBP mean, mm Hg 116.1 £ 17.9 110.9=13.9 <.001
48-h SBP mean, mm Hg 122.1 + 15.1 120.8+12.6 029
Sleep-time relative SBP decline, % 7.0£9.1 11.4+7.3 <.001
Awake DBP mean, mm Hg 74.7+104 75.9+10.2 005
Asleep DBP mean, mm Hg 65.2 = 10.4 63.1 9.4 <.001
48-h DBP mean, mm Hg 71.6+ 9.8 71.9+95 475
Sleep-time relative DBP decline, % 12.3 + 10.7 16.6 + 8.7 <001
|.\J(311-dipper. % 61.6 3.4 <.001 |
Controlled ambulatory BP, % 52.8 62.2 <.001

Conclusiones del estudio
* Administracion nocturna de > 1 fdrmaco antihipertensivo administrado por la noche:
* Mejora coste-efectiva del control de la PA
* Reduccion de prevalencia de no dippers
e Reduccion significativa del riesgo CV

—— Total events
—e— Major events
o Total death
& CVD death
& Stroke
—o—— CVD events
P Myocardial infarction
o Angina pectoris
o Heart failure
= Occlusion retinal artery
Bediime betier | Awakening beuer
| | | | |
| | | | |
0.2 0.4 0.6 08 1.0 12

Relative risk

Hermida RC, Ayala DE, Mojon A, Ferndndez JR. Influence of circadian time
of hypertension treatment on cardiovascular risk: results of the MAPEC
study. Chronobiol Int 2010 -09;27(8):1629-1651
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Yariable All Awakening Bedtime P between groups
A NTIHIPERTENSI VOS Demographic and clinical characteristics
Farticipants, n 19084 9552 9532
Age, years 605 + 137 605+ 139 606+ 135 0.831
@ E SC European Heart Journal (2020) 41, 43654576 CLINICAL RESEARCH SE{.I % men > 262 >0 0.0%
E{urropig.arISociety doi:10. 1093 /eurheartjehz? 54 Hypertension H'E'IEI'EL oam 1&19 + 9'5 1&-3{] + 9:"- 16-13 + 95 {JUE?
i Weight, kg 790+ 152 785+ 153 79.0 £ 15.1 0.518
BMI, kg."n"l1 297 £ 48 296+ 48 297 £47 0.030
Bedtime hypertension treatment improves Waist, cm 10134122 1012 £ 123 101.3 £ 122 0.850
. . . . Might-time sleep duration, h BE+13 BE+14 BB+13 0.156
cardiovascular risk reduction: the Hygia hi-time sieep durat
. Type 2 diabetes, % 239 237 24.1 0.484
Chronotherapy Trial Obstructive sleep apnoea, % 41 42 19 0.374
Ramén C. Hermida ® "%, Juan J. Crespo'?, Manuel Dominguez-Sardina?, EIMEIE' % 152 156 148 0.129
Alfonso Otero®, Ana Moyé", Maria T. Rios'*?, Elvira Sineiro', Maria C. Castineira'®, Obesity, % 430 426 435 0.180
Pedro A. Callejas ©® 12 Lorenzo Pousa1‘2,josé L. Salgado1'1, Carmen Duran?, Chronic Kdney disease, % 294 259 B89 214
Juan J. Sanchez'%, José R. Fernandez', Artemio Mojon', and Diana E. Ayala'; Previous OV events, % 104 108 100 0.054
; : : T
for thetiyge Rroject Investigators Hypertension treatment, % 574 579 56.9 0.166
Duration of known hypertension, years BT+ 83 Bé+ 83 BR+82 0137
Variable Awakening Bedtime P between groups
Participants, n 9552 9532
Hypertensicn treatment
Periodo MNumber of medications 1.80 + 0.89 1.71+093 <0.001
segwm/ento: ARB, % 53.1 53.1 0.995
2008-2018 ACEI % 253 23.4 0.002
CCB, % 327 36.8 <0.001
B-Blocker, % 220 17.5 <0.001
Diuretic, % 46.5 39.5 <0.001
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# events

0.58 [0.54-0.62], P<0.001; 3246

0.55 [0.50-0.61], P<0.001; 1752

0.51[0.41-0.63], P<0.001; 345
0.56 [0.49-0.64], P<0.001; $85
0.57 [0.51-0.63], P<0.001; 1406
0.60 [0.52-0.69], P<0.001; 847

# cvents
0.55 [0.4R-0.63]. P<0.001; 957
0.44 [0.34-0.56], P<0.001; 310
0.54 [0.42-0.69], P<0.001; 274
0.39 [0.23-0.65]. P<0.001: 71
0.60 [0.32-0.84], P<0.001; 274
0.60 [0.47-0.75], P<0.001; 302
0.58 [0.49-0.70], P<0.001; 521
0.73 [0.51-1.04], P=0.078; 127
0.65 [0.51-0.83], P<0.001; 279
0.52 [0.41-0.671. P<0.001: 296
0.56 [0.40-0.79], P<0.001; 145

A
-O- Total events:
-O-- Total CVD events: 0.57 [0.53-0.62], P<0.001; 2454
—— CVD-outcome:
—_—— Stroke:
—a— Coronary events:
—o— Cardiac events:
—o— Minor events:
% Bedtime better | Awakening better
0.3 04 05 0.7 1.0 2.0 3.0
B
—O— Total death:
—a— CVD death:
—_—a— Ischemie stroke:
o Hemorrhagic stroke:
—_— Myocardial infarction:
— Coronary revascularization:
—_—r Heart failure:
———&—— Transient ischemic attack:
—a— Angina pectoris:
—g— Peripheral artery disease:
e Oclussion retinal artery:
- Bedtime better | Awakening better
0.2 0.4 0.6 08 10 3.0

Adjusted HR

Muerte por ECV,
infarto miocardio,
revascularizacion
coronaria, IC, ictus

Eventos CV totales

One minus cumulative survival

Panents an risk;
Awekening

Bedtime

IVE surviva

One minus cumulat

Patients at risk:
Awakening
Bediime

04—

(h3=—

0.1

4=

0.1

Treatment upon awakening

Tremment at bedtime

I | 1 I I |
2 4 6 ) 10 12
Duration of follow-up (years)
BT 523 4851 2894 G0
8344 B832 S168 2462 1041
Freatment upon awakenmg
Treatment at bedtime
I 1 1 ] I 1
2 4 b B 1] 12
Duration of follow-up (vears)
7702 b362 4767 2874 924
Bl68 6720 5117 045 1077
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PHARMACODYNAMICS

The impact of acetylsalicylic acid dosed at bedtime
on circadian rhythms of blood pressure in the high-risk group
of cardiovascular patients—a randomized, controlled trial

Beata Krasinska' (- Lech Paluszkiewicz® - Ewa Miciak-tawicka' - Maciej Krasinski® « Piotr Rzymski*®
Andrzej Tykarski' - Zbigniew Krasinski®

Received: 20 September 2019 /Accepted: 11 September 2020 / Published online: 21 September 2020
C) The Author(s) 2020

Abstract

Purpose Time of drug administration may significantly influence its effect. The aim of the present study was to investigate the
effect of ASA (administrated in the moming or in the evening) on the anti-hypertensive effect and diurnal blood pressure profile
in the high-risk group of cardiovascular patients.

Methods All patients (n=114) had been diagnosed with coronary heart disease and arterial hypertension prior to the
enrolment and had been treated with 75 mg per day of ASA in the moming. The patients were randomly assigned to

mamm ok tha dewra ctaandsr censien sanadsrise TR sae A AT A sne dasr de s cdscala csdialatalad thosnsesrs Fae 2 snneetho G dha

Patients [n]

* Efecto antihipertensivo y sobre el ciclo
diario de PA del AAS a dosis bajas en
pacientes con enfermedad coronaria e
hipertension que ya tomaban AAS.

O Visit 1 W Visit 2
501 0>0.05 p=0.0000039 0>0.05
i | I i

40- ] —

30

204 []

10-

c '_ll '_|l L]

Dippers Non Extreme| Dippers Non Extreme Dippers MNon Extreme
dippers dippers dippers !dippers dipperdippers

ASA morning ASA evening Control



CARDIOVASCULAR
ENFERMEDAD CARDIACA

Horas de la manana:
*  Pico frecuencia cardiaca

*  Pico presion arterial

Estado de hiperagregabilidad plaquetaria

Actividad fibrinolitica disminuida
*  Aumento viscosidad sangre

Aumento FCy PA

*  Pico liberacion adrenalina y noradrenalina (6-
bloqueantes)

*  Aumento demanda miocdrdica de oxigeno
. Vasocontriccion coronaria y sisitémica
*  Mayor propension a arritmias

Administracion fdrmacos por la manana

é‘.’? . _
E i
=
w |
8% /
SUDDEN
Pl W CARDIAC
6% | 8™ DEATH
/ il |
i I-.\ |r
/ 7 “JH] NON-FATAL
4%, ’; [l MYOCARDIAL
INFARCTION
| if
2% | f
. TOTAL
: i & L] | ISCHAEMA
(o SN 2 A P

1 T T T T T T T T T T T T T T T T T T {
0123456758 91011213141516 17 181920212223
hours

Purcell H, Mulcahy D, Fox K. Circadian patterns of myocardial ischaemia and the effects of antianginal
drugs. Chronobiol Int 1991,;8(5):309-320.
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ANTITROMBOTICOS y ANTICOAGULANTES

e Ritmo circadiano activacion plaquetaria

* Administracion antitromboticos por la noche

Haus E. Chronobiology of hemostasis and inferences for the chronotherapy of coagulation disorders and
thrombosis prevention. Adv Drug Deliv Rev 2007 -08-31,;59(9-10):966-984

Platelet Surface

Platelet Surface
Plafeiss SUMGe OFID (MEI) P-selectin (MFI) Activated GPIlb-llla (% positive)

Platelet Size (A.U.)

9AM 5PM 1AM 9AM 5PM 1AM

36
P=0.012 | 41

34-
L110
321 L105
30+ +100
L95

28-
L90
261 -85
24 -80

0 120 240 0 120 240
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P=0.0065}-106
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o o8
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1004
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0 120 240 0 120 240
Circadian phase (degrees)
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el 1105
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0.65 i 1 i L i 1
P=0.023
. 0.60- 120
s
< 0.551 110
@
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ANTITROMBOTICOS y ANTICOAGULANTES

* Heparinas de bajo peso molecular
* Efecto anticoagulante mayor en administracion por la tarde

Hirudina
» Sin variacion circadiana = anticoagulacion mds estable y predictible

Anti-vitamina K
*  Poca correlacion circadiana = algunos estudios mejor por la tarde

« AAS:
 Administrado por la noche reduce la funcion plaquetaria dependiente de la COX-1 por la manana, ademads, se asocia
con una reduccion significativa y una mejora del perfil de presion arterial

Rivaroxaban
« Toma por la noche se asocia con menores niveles de trombina y menos probabilidad de eventos tromboembdlicos
por la mafana

Haus E. Chronobiology of hemostasis and inferences for the chronotherapy of coagulation disorders and
thrombosis prevention. Adv Drug Deliv Rev 2007 -08-31,;59(9-10):966-984

Dobrek L. Chronopharmacology in Therapeutic Drug Monitoring-Dependencies between the Rhythmics of
Pharmacokinetic Processes and Drug Concentration in Blood. Pharmaceutics 2021 -11-12;13(11).
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ESTATINAS

* Sintesis de colesterol incrementada por la noche

 HMG-CoA reductasa = Expresion ritmica con pico
nocturno (00:00 AM — 06:00 AM)

* En funcidn de la semivida:

 Semivida corta: SIMVASTATINA, PRAVASTATINA
= Administracion nocturna

 Semivida larga: ATORVASTATINA,
ROSUVASTATINA = Cualquier momento.
- Cualquier

e Aociaciones con Ezetimiba

momento

* Grannell L. When should | take my medicines? Australian Prescriber 2019 Jun 3,;42(86).
* De Giorgi A, Mallozzi Menegatti A, Fabbian F, Portaluppi F, Manfredini R. Circadian rhythms and medical
diseases: does it matter when drugs are taken? Eur J Intern Med 2013 -12;24(8):698-706.

| Acetil-CoA

HMG-CoA

HMG-CoA reductasa l

Mevalonato
Mevalonato
descarboxilasa
Farnesol
Escualeno
Escualeno ciclasa l
A?*.reductasa
Lanosterol

P 24-dihidrolanosterol

!

A?.reductasa

!

!
HO HO
7,24-colestadien-3f-oL 7-colestadien-3j3-oL
5 (latosterol) 5
A°-desaturasa l A’-desaturasa
=
A% -reductasa -
HO HO
5,7,24-colestadien-3p-oL 7-deshidrocolesterol
Ad-desaturasa | AS-desaturasa
l :
-
A%*-reductasa >
HO HO
Desmosterol Colesterol

Arch Cardiol Mex. 2016;86:163-9
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SISTEMA ENDOCRINO
+ HORMONA LIBERADORA DE CORTICOTROPINA (CRH) Y CORTISOL

« Terapia mantenimiento corticoides = Dosis de mantenimiento administrar por la mafiana con alimentos = imitar
produccion normal de cortisol y asi minimizar supresion adrenocortical.

* Enfermedad de Addison = Terapia de sustitucion de cortisol = dosis elevada por la mafiana y dosis baja por la

noche
* Ataque agudo de asma = coticoides sistémicos a mediodia. “Ij o '
5 ! A | : !I
e INSULINA 2 N {?P TN N4
*  Noche = pico de hormona de crecimiento = Pico cortisol = Hiperglucemia % © j/ J v f‘{'i .
*  Falta de insulina = Hiperglucemia 04:00-08:00am. i ; L‘;I.{w“if
* Terapia insulinica intensiva para normalizar el perfil glucémico. E ' { -
= |
A E' I
« TIROTROPINA (TSH)
*  Madximo = 21:00-05:00 // Minimo = 16:00-19:00 35 L
5 A0 il '
- " R I i I
* Tradicionalmente = Administracion por la mafiana en ayunas E ;: 1B ﬁl" ,rr TR
(30-60’ antes del desayuno), & ; [ W ' Ll
* Por la noche 4 horas después de la cena S Wy R
@ g ') ~d
Minnetti M, Hasenmajer V, Pofi R, Venneri MA, Alexandraki K, Isidori AM. Fixing the broken clock in adrenal disorders: 0.0

m

focus on glucocorticoids and chronotherapy. J Endocrinol 2020 -08;246(2):R13-R31.
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ORIGINAL ARTICLE

Effect of timing of levothyroxine administration on the treatment of
hypothyroidism: a three-period crossover randomized study

Marko Skelin(3' - Tomo Lucijani¢? - Ana-Marija Liberati-Cizmek® - Sanja Majanovi¢ Klobuéar® - Marko Lucijani¢® -
Lejsa Jakupovic® - Miro Bakula® - Jelena Vuéak Lonéar” - Sre¢ko Marudié? - Tomas Mati¢? - Zeljko Romic®
Jerka Dumié® - Dario Rahelié?

Received: 11 April 2018 / Accepted: 12 July 2018
@ Springer Science | Business Media, LLC, part of Springer MNature 2018

Abstract

Aim Hypothyroidism is a common clinical problem that is successfully treated with hormone substitutes in the form of

levothyroxine (LT4). LT4 is a drug with a narrow therapeutic index and is usually administered by strict rules, standardly at

least half an hour before breakfast. The aim of this study was to investigate a possible effect of different timings of

administration on thyroid function status and lipid profile.

Methods The swudy included patients with the diagnosis of primary hypothyroidism, which were using a stable dose of

levothyroxine. They were randomized into three different groups regarding the timing of LT4 administration in a crossover

fashion. Each timing regimen lasted for at least 8 weeks: timing regimen A—half an hour before breakfast; timing regimen B
an hour before the main meal of the day: timing regimen C—at bedtime (minimally 2 h after dinner). The hormones (TSH.

* NO inferioridad de distintas
administraciones en funcion de la
regulacion por TSH

* NO diferencias significativas en otros
estados de funcion tiroidea

* NO diferencias en perfil lipidico

Levotiroxina

Baseline

A

C

P-value

TSH (mIU/L)
T4 (pmol/L)

2 IQR (1.2-2.8)
15.6 IQR (13.6-17.3)

1.9 IQR (1.1-3.2)
15.1 IQR (12.9-16.6)

23 I0R (1.4-3.3)
14.3 IQR (12.4-16.5)

2.21I0R (1.3-3.4)
149 IQR (13.4-169) 0.145

0.193

fT3 (pmol/L) 4.5 IQR {4.1-5.0) 4.5 10K (4.0-5.2) 46 I0R (4.1-5.0) 4.5 IR (4.0-5.0) 0.793
a0
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251 : S 10
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18} H - 8
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10F = : N 1
e * i mmae 4 ==y HH
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ARTRITIS REUMATOIDE

* Intensificacion sintomas al levantarse

 IL-6, IFN-y e IL-12 alcanzan su mdximo a primera hora de la manana (approximadamente 03:00 a.m.)
 TNF-a, IL-1 e IL-10 niveles mdximos al final de la tarde (aproximadamente 09:00 p.m.)

* PicodelL-6
» Estimulo persistente del eje hipotdlamo-hipdfiso-adrenal = insuficiencia progresiva de produccion de
CRH, ACTH y Cortisol (mediador antiinflamatorio)

* Pacientes con AR =2 pico cortisol 23:00-02:00 (normal 06:00-08:00) 2 niveles insuficientes
(insuficiencia adrenal relativa)

» Corticoides por la mafiana 2 alivio sintomas

» Corticoide a dosis bajas por la noche = reduccion progresion (formulaciones prednisona de
liberacion modificada)

* Metotrexato > Administracion nocturna: mayor eficacia en el control de sintomas.

* Ursini F, De Giorgi A, D'Onghia M, De Giorgio R, Fabbian F, Manfredini R. Chronobiology and Chronotherapy in Inflammatory Joint Diseases. Pharmaceutics
2021 -11-02;13(11).
* LeeY, Field IM, Sehgal A. Circadian Rhythms, Disease and Chronotherapy. J Biol Rhythms 2021 -12;36(6):503-531.



( Circadian rhythms )

SISTEMA RESPIRATORIO
3 3 > , 2 .
ASMA [mjl[ B,-receptors ]I l“'m? '::1';""""31-3'5‘ ]I [ Vagal activity l [Bndy 1emparature]l
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* CORTICOIDES
* Ataque agudo de asma = corticoides sistémicos a mediodia.
* Corticoides inhalados (mantenimiento)
e Sin diferencias entre una y dos administraciones diarias
» Sin diferencias entre administracion por la mafiana o por noche = tendencia a ser mds eficaz por la noche

* TEOFILINA
* Liberacion modificada = Administracion nocturna

Burioka N, Fukuoka Y, Koyanagi S, Miyata M, Takata M, Chikumi H, et al. Asthma: Chronopharmacotherapy and the molecular clock. Adv Drug Deliv Rev 2010 -
07-31,62(9-10):946-955.

De Giorgi A, Mallozzi Menegatti A, Fabbian F, Portaluppi F, Manfredini R. Circadian rhythms and medical diseases: does it matter when drugs are taken? Eur J
Intern Med 2013 -12,24(8):698-706.
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SISTEMA RESPIRATORIO
S 3§ 3 2 , N .

Cortisol Jl[ B.-receptors ]I lhlrwa? I:::IasmmaioryI [ Vagal activity l [ij1JII mmparamm]l
mn:fumbarofl-mes:n [ Epinephrine l
350 -
300 / \
2504 /W
200 <
150 - / \ > Airflow limitation,
o 4 e Airway hyperreactivity -4
SD_J \a- ¥, /
O sleep | Hﬁ'*";"'""'ﬂ""‘*?“*3'“‘-*""“‘*2-'2*‘3":l‘sTep| "
1:00 400 700 10:00 1300 16:00 19:00 22:00 (Time)
. Nocturnal asthma
 AGONISTAS BETA-2 de larga duracion (LABA)

* Similar eficacia 1 o 2 dosis diarias
e Teoricamente, mayor eficacia por la mafiana

(Actividad simpdtica elevada) La administracion en
inhalacion no ha
. .. trado di '
- ANTIMUSCARINICOS de larga duracién (LAMA) mos;gn%cc,’];%zCIas
 Tedricamente mayor eficacia por la noche

(Actividad parasimpdtica elevada)

Burioka N, Fukuoka Y, Koyanagi S, Miyata M, Takata M, Chikumi H, et al. Asthma: Chronopharmacotherapy and the molecular clock. Adv Drug Deliv Rev 2010 -
07-31,62(9-10):946-955.

De Giorgi A, Mallozzi Menegatti A, Fabbian F, Portaluppi F, Manfredini R. Circadian rhythms and medical diseases: does it matter when drugs are taken? Eur J
Intern Med 2013 -12,24(8):698-706.



SISTEMA RESPIRATORIO

RINITIS ALERGICA

ANTIHISTAMINICOS H1

e Sin grandes diferencias entre administracion s

diurna o nocturna

 Tendencia a mejor perfil con administracion

nocturna
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Burioka N, Fukuoka Y, Koyanagi S, Miyata M, Takata M, Chikumi H, et al. Asthma:
Chronopharmacotherapy and the molecular clock. Adv Drug Deliv Rev 2010 -07-31;62(9-
10):946-955.



SISTEMA DIGESTIVO

Ulcera péptica N—0)
DS US
INHIBIDORES DE LA BOMBA DE PROTONES =5 N

 En general, administrar por la manana en ayunas

 No obstante, en reflujo gastroesofdgico con sintomatologia principalmente nocturna, administrar
antes de cenar.

Feptic ylicer

ANTIHISTAMINICOS H2
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* Administracion por la noche.
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OFTALMOLOGICOS

Presion intraocular
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Piffaretti F. et al. Rollable and implantable intraocular pressure sensor for the continuous
adaptive management of glaucoma, 2013 35th Annual International Conference of the
IEEE Engineering in Medicine and Biology Society (EMBC), Osaka, Japan, 2013, pp. 3198-
3201
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