Ativacao de Receptores Adrenérgicos

(Simpatomiméticos)



INDIRECT-ACTING

Drug enhances release
of norepinephrine from
vesicles.

NEURON

MIXED-

ACTION

Drug acts both
directly and
indirectly.

- IRy Rp

POSTSYNAPTIC
TARGET CELL

DIRECT-ACTING| MEMBRANE

Drug directly
activates receptor.
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Agonista Antagonista Efeito
Tipo o, Fenilefrina, metoxamina Prazosin, Corinantina Para todos TIPS, DAG
G WB4101
O Cloroetilclonidina (irrev.)
op WB4101
Tipo a, Para todos: ¥cAMP
Oy Clonidina, Oximetazolina Rauwolscina, Yoimbina TK+; {Ca2t
Oy Prazosin dCa2+
Oy Prazosin
Tipo B Isoproterenol Propranolol Para todos: TcAMP
B, Dobutamina Betaxolol
B, Procaterol, Terbutalina Butoxamina
B, BRL37344
Dopamina: Dopamina
D, Fenoldopam TcAMP
D, Bromocriptina JcAMP; TK*; {Ca2*
D, Quinpirol AJ76 JcAMP; TK*; TCa2*
D, Clozapina {cAMP
D TcAMP

6]




Afinidades relativas

Agonistas a.:
Fenilefrina, Metoxamina

Clonidina, metilnorepinefrina

o, >, >>>>>f
o, > oy >>>>>

Agonistas mistos a e f3:
Norepinefrina
Epinefrina

o =ay; By >> P,
o =0a,; B =P,

Agonistas :
Dobutamina
Isoproterenol
Terbutalina, Metaproterenol,
Albuterol, Ritodrina

B, >B,>>>>a
B, =B, >>>>a
B,>> B, >>>>a

Agonistas domapinérgicos:
Dopamina
Fenoldopam

D, =D,>>p>>q
D,>>D,
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Protein Activated

receptor kinaseC — . PKC

Phospho-
lipase C 1Py

Ca®*-dependent
protein kinase

C Frge Starad
calcium calcium

Activated
protein kinase
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Adenylyl
/ cyclase

receplor receptor

GDF  GTP
ATP  cAMP
Enzyme
ATP
<+ — 2C R,C, protein kinase
ADP
Enzyme-PO, &H

|

Biologic effect
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T o, - 1G, —— L AC —— | cAMP

Ex:
Plaquetas —— Agregacao

J AC — | cAMP

B-YIivre + aS GS inativa

OL-

1

Ativacio de a,: T K*ch ‘} Independente de ¥ AC
I Ca?*ch| (Gi/ Gy 7?)




T8 - 171G, ——TAC ——T cAMP

Ex:
Figado T Glicogénio fosforilase
Coracao T Influxo de Ca2*

Misculo liso T Relaxamento

MLCK —2Y . MLCK-(P)

T B cardiacos

T canais Ca2* voltagem dependentes
(Dependente de T G, / Independente de T ¢cAMP)



Regulaciao dos Receptores Adrenérgicos

Catecolaminas
Idade »Niamero
Doencas » Afinidade

Hormonios / Drogas

v'Desensibilizacdo (tolerancia, taquifilaxia)
**Modificacao covalente (fosforilacio)

s*Internalizacao
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Simpatomiméticos sintéticos

QCH,

CH— CH,—NH— CH; O CH— CH,—NH,
" =@
Fenilefrina Metoxamina

@ —CH,—NH— (i, @‘CHz—TH—NHz
i L.

OH CH,

Efedrina Anfetamina
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HO {l','Hz HO (:llH:

NHCH; NH,
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w9
He oM | o)
HO ?.D
OH
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OH OH
/ /
CH,0 KIJH CH-0 IIH
HO CH 0K HO CH.
NHCH, NH;
Metanephrine Normetanephe ine

Y j’f
N\ on
CH,0 CH

OH

J-Methoxy-4-hydroxy -
mandelic acid

HO !IIH;
HO ?H;
NH;
Dopamine
HD CI‘H? CHSD CH]
HO flz=n HO -,l,H...
|

OH NH.
Dihyd k |-
| :::E%:ﬁn;w 3-Methoxytyramine
CH, CH,
HO C=0

|
OH

Homovanillic acid
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Tipo Tecido Ac¢oes
o, Maioria dos musculos lisos vasculares (inervados) Contragao
Misculo dilatador da pupila Contragao (dilata a pupila)
Misculo liso pilomotor Piloerecdo
Prostata Contracao
Coracao TForca de contracdo
a, Receptores adrenérgicos pos-sinapticos (SNC) Multiplas
Plaquetas Agregacao
Terminais nervosos adrenérgicos e colinérgicos Inibicao da liberacao do transmissor
Alguns musculos lisos vasculares Contracdo
Adipocitos Inibicao da lipélise
B, Coracao TForca e velocidade de contracio
B, Misculo liso vascular (Gtero, respiratério) Relaxamento
Misculo esquelético TEntrada (uptake) de K*
Figado (humano) Ativacao da glicogendlise
B, Adipocitos Ativacao da lipdlise
D, Misculo liso Dilatacdao de vasos sangiiineos renais
D, Terminais nervosos Modulacao da liberacao de

transmissores




Fenilefrina Epinefrina | Isoproterenol

Resisténcia vascular (tonus)

Cutinea, membranas muscosas (o) ™ ™ 0

Misculo esquelético (B,, ) T louT A

Renal (o, B) T T \

Esplancnico (o) ™ o U 3

Resisténcia total periférica ™1 lout * i

Tonus venoso (o, B) T T <
Cardiaca

Contratilidade (,) OouT T ()

Freqiiéncia (predominante f3,) I (reflexo vagal) Tould T

Débito cardiaco \’ T ™
Pressao arterial

Média ™ T "

Diastoélica ™ Vlou [ * AN

Sistolica ™ ™ 0ou+

*: baixas doses: ¥ / altas doses: T




190/145

FHEH FRE T R e R
ii-'.“'.-r-lr' LT .'.'r:if L T P R T
'.!.“':'“Fi?.I:|..|:|;':.’|:.'-:':'E!'- WA e ; ALk :

BP 145!100

HR 170

160

Phenylephrine

190/124

BP

HR 180 210

Epinephrine

BP 145/95

i,

HR

lsoproterenol 240 ;
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Autonomic

Hormonal

feedback loop

feedback loop
A

A

VASOMOTOR CENTER
/ \ RN

Sympathetic
Parasympathetic &utonomic
autonomic narnvous
nervous .~ System
system
Baroreceptors :
i /
Peripheral
vascular Heart Contractile  Venous
resistance fate force tone

y vy

Mean
arterial

Renal blood

Renin —————= Angiotensin
flow/pressure

Gaf‘diaﬂ Stroke ‘u’enﬂus Blood

pressure e oM Tl vOlume ‘_\

Aldosterone
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Olhos (o e B):
Ta Midriase

Ta T Fluxo de Saida de Humor aquoso

»LB —— | Humor aquoso Tratamento de Glaucoma

Respiratorio:
Bronquios B
Vasos o
Gastrointestinal:
TB Relaxamento ML (hiperpolarizacdo; direto)

Ta, Relaxamento ML (¥ Ach; indireto)



Utero (o e B):

T8, Relaxamento

Trabalho prematuro

Bexiga, esfincter urinario, prostata (o):

Ta - Contracao -Continéncia urinaria

™ > Relaxamento bexiga

Glandulas exdcrinas:
Salivares: TAmilase, agua (Clonidina ?)

Sudoriparas (nao termo-regulatdrias)

% %3 Sudoriparas (termo-regulatorias): Simpatico ACh (M)



Metabolismo:

T Lipélise: T8,

! Lipélise: Ta, (VcAMP)
Glicogendlise: T8,

™ [catecolaminas]: Acidose

! K* plasmatico: T8,

(T captacio deK*) Protecao no exercicio)

Insulina (TP ; Vo)

Renina (TB; Ya,)

PTH, Calcitonina, T,, Gastrina,
™ [Epi]: Leucocitose



CARDIAC
AHRHVTHMlS

TREMORS
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*Fenoldopam (D,): Hipertensao severa

*Dobutamina (f3,)

*Fenilefrina (o): Midriatico, descongestionante

*Metoxamina (o)

*Midodrina (a,): Hipotensao postural

*Efedrina (liberacao de catecolaminas; ~Epi):
Descongestionante nasal

* Anfetamina (Metanfetamina, Fenmetrazina, Pemoline):
(liberacao de catecolaminas)

*Fenilpropanolamina: Anorexigeno, descongestionante

*Clonidina, Metildopa, Guanfacina, Guanabenz (a,):
Hipertensao arterial

*Cocaina: Recaptacao de catecolaminas (dopamina)



e Tiramina:

Metabolismo da tirosina
MAO
Liberacao de catecolaminas

[ Cerveja
Leguminosas (fava, feijao)
Queijos

ro—~(O)—an—ai— <

Figado de frango
Chocolate
Embutidos (salsichas, salames, lingiiicas)

Peixes
Vinhos

\ Leveduras (fermentos)



Agonistas [3; seletivos

H CHy—CH,—NH HO—@‘O CHy TH CHs—NH

\ )

HO_<:> CH2 CHZ C{ T CH3

Dobutamina Prenalterol

el

Agonistas [, seletivos

r 3
HO—@ CH— CH—NH CH—CH,—NH (~: CH,
‘ o OH CH,
H CH;—CH,

Ritodrina Terbutalina



Bloqueadores de Receptores Adrenérgicos



Afinidade

Prazosin, terazosin, doxazosin o, >>>> a,
Fenoxibenzamina oy > 0,
Fentolamina oy = O,

Rawolscina, yoimbina, tolazolina oy >> 0,




Antagonistas a

O
S L)

Prazosin

C/V]—F

N—CH;—

el

Fentolamma

Fenoxibenzamina

Tamsulosin



Percent of maximum tension
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/
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3P 135/85 _ 128/50

Feb e AR RS |:'
MR R
II C ¥ } I

| i ..E.!-I_: | i:; -ill f i: I:._ :.I 1 : " ,:_ - :- i ¥ ,- a1 ' i
& Tt gr R R R i !
' 200
Phentolamine

160/82 . 175/110

3P 135/90

iR

Epinephrine before phentolamine

3P 125/85 {LIgar.

A R R EHR B SRR F B TR i|"

15k F 'F" i - i bl ian il ¥ FI i} i Do b g et st il
TR e e L T

R 00 A

: 210
Epinephrine after phentolamine
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Blood pressure (mm Hg)

240

220

200

180

160
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o—o0 Supine
~ A—4 Standing

N T H it
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: MRS A NN
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oy /,,-,4_;{: e 7 R, e 7

/ o
O s i ,
Wi 7
i e
E G s D

| | l 1 I 1 | | |

| | | | |
1 2 3 4 5 6 7 8 9 1011 12 13 14 15
Weeks
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Aplicacoes clinicas:

* Feocromocitoma (Fenoxibenzamina / + Metil-tirosina)
* Hipertensao cronica (Prazosin)

* Exceso de vasoconstritor local

*Hiperplasia benigna de prdstata (Tamsulosin, o, ,)

* Disfuncao sexual masculina (Fentolamina / + Papaverina)



ORTHOSTATIC SR
HYPOTENSION [EES

DYSFUNCTION

" USEXUAL

»Miose
»Congestao nasal

»>T Hipervolemia (uso cronico)

MN



Antagonistas [3

THS

CHy— CH— CH—NH—CH

OH (‘ZH3

Metoprolol

,— (H,—O0—(

7
B Pindolol



Afinidade

Metoprolol, acebutolol, alprenolol, B, >>> B,

atenolol, betaxolol, celiprolol, esmolol

Propranolol, carteolol, penbutolol, B = B»

pindolol, timolol

Butoxamina B, >>> B,

Mistos (Labetalol, carvedilol) B:=B,=0,>a,




»Cardiovascular (coracao, vasos, renina, SNC)
» Trato respiratorio

»Olhos (Timolol)

»Inibicao da lipolise

»>7T VLDL /! HDL Colesterol



Seletividade Agonista Anestésico | Lipossolubilidade T, F (%)
parcial? local?

Acebutolol B, Sim Sim Baixa 3-4h 50
Atenolol B, Nao Nao Baixa 6-9h 40
Betaxolol B, Nao Leve Baixa 14-22h |90
Bisoprolol B, Nao Nao Baixa 9-12h |80
Carteolol Nenhuma Sim W\ET) Baixa 6h 85
Carvedilol’ Nenhuma Nao Nao ? 6-8h 25-35
Celiprolol B, Sim? Nao ? 4-5h 70
Esmolol B, Nao Nao Baixa 10 min ~0
Labetalol’ Nenhuma Sim Sim Média 5h 30
Metoprolol | B, Nao Sim Média 3-4h 50
Nadolol Nenhuma Nao W\ET) Baixa 14-24h | 33
Penbutolol Nenhuma Sim W\ET) Alta 5h >90
Pindolol Nenhuma Sim Sim Média 3-4h 90
Propranolol | Nenhuma Nao Sim Alta 35-6h | 30°
Sotalol Nenhuma Nao Nao Baixa 12 h 90
Timolol Nenhuma Nao Nao Média 4-5h 50

ICarvedilol e Labetalol também bloqueiam a., ; 2Atividade agonista parcial f3,;
SBiodisponibilidade dependente da dose.




Cardiac
contractile
force

Arterial
pressure
(mm Hg)

Heart rate
(beats/min)

200

100

200

100

1 pg/kg Epinephrine

Propranolol
0.5 ma/kg

|

1 ng/kg Epinephrine

o L e
0

1 min

T

Aortic flow

(L/min)
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mnedll rlale

110

90

70

50

Drama _ Comedy Documentary

Placebo

A

Oxprenolol

I | | | | |

10 30 50 70 a0 110
Time (min)
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Cumulative mortality rate

30

.25

.20

15

10

.05

.00
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Time (mo)
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BRONCHO-
CONSTRICTION

i o

SEXUAL
DYSFUNCTION
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Hypertension
Propranolol, metoprolol, timolol,
other § blockers reduce cardiac
output and renin secretion.

Glaucoma
Timolol, and other ( blockers
reduce secretion of aqueous
humor.

Migraine

Propranolol provides
prophylactic effect.

Thyrotoxicosis
Propranolol reduces
cardiac rate and
potential for
arrhythmias.

@ Arrhythmia prophylaxis after
myocardial infarction
Propranolol, metoprolol and
timolol reduce cardiac output
and renin secretion.

@ Supraventricular tachycardias

Propranolol, esmolol, and acebutolo!
slow AV conduction velocity.

@ Angina pectoris
Propranolol, nadolol, and other
B-blockers reduce cardiac
rate and force.

MN



Drogas que interagem com

Neuronios Adrenérgicos
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Postsynaptic cell Other receptors

Adrenoceptors

AMNT



Sintese:
Metildopa
Carbidopa

a-Metiltirosina
6-OH-Dopamina

Estocagem:

Reserpina
Inibidores da MAO



Liberacao:

Exocitose (bloqueadores nuronais)
Guanetidina
Bretilio

Simpatomimeéticos de acao indireta
Tiramina
Anfetamina
Efedrina
o, pré-sinapticos

agonistas o,, AIl, Dopamina, PGs



1. Captacao
2. Descarboxilacao
3. hidroxilacao

Metil-noradrenalina

Metildopa

» resistente a MAO
» < poténcia que NA (a,)
» > poténcia que NA (a,)

(anti-hipertensivo)

6-OH-Dopamina

Quinona

(simpatectomia quimica)



o-Metiltirosina Tiro%ﬂase
(feocromocitoma)

Carbidopa , Dop%ilase
(Parkinson)




Reserpina: Ligacao ¢/proteina transportadora

(anti-hipertensivo)

EstoMNE

Acamulo de NE citoplasmatica MAO M




Guanetidina: Internalizacao / Acimulo

. 1

(Uptake 1)

Vesiculas . Dislocamento de NE

. 1

Acamulo de NE citoplasmatica MAD M




Anfetamina
Imipramina Uptake 1
Cocaina

fl Catecolaminas na fenda sinaptica



