FARMACOLOGIA DEL SISTEMA NERVIOSO

a) Repaso de SNC, SNP

b) Repaso de sinapsis y neurotransmisores
c) Anestésicos

d) Hipnoticos

e) Analgesia central

f) Sistema motor: relajantes, antiepilépticos
g) Antiparkinsonianos

h) Aminas biégenas

1) Antidepresivos

j) Antipsicoticos



La unidad de la
neuroy
psicofarmacologia
es la SINAPSIS

Los farmacos pueden actuar en la
sintesis, almacenamiento,
liberacion, interaccion y terminacion
de accion del neurotransmisor
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SINAPSIS QUIMICA

Comunicacion mediante neurotransmisores
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RAPIDA

Small
vesicles

~ 100 ms

Receptor postsinaptico ionotropico

NTs de bajo PM (ej. Ach, GABA)

Presencia de zonas activas
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vesicles

Receptor— : '.-'

Intracellular messenger

- 1sec.—1hr.
- Receptor postsinaptico metabotropico

- Aminas biogénicas y neuropéptidos



SISTEMA NERVIOSO

Localizacion ———  Central Periferico

Euncion . Sensorial Motor

Control . Somatico Autonomo
NEUROF_ARI\/IACOS PSICOFARMACOS
-Anest(?s!cos *Antipsicoticos
-Analggsmos *Ansioliticos
*Hipnoticos *Antidepresivos
-Seqan_te,s | *Estimulantes
*Antiepilépticos Alucinégenos

*Antiparkinsonianos



sistema nervioso AUTONOMO
SIMPATICO PARASIMPATICO
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Spinal canal
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Gray matter Dorsal horn
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sistema nervioso AUTONOMO

vias neuronales de transmision

Sympathetic Parasympathetic
Sympathetic chain ganglion Peripheral ganglion
Preganglionic / Postganglionic Postganglionic Preganglionic

neuron neuron neuron neuron
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Acetylcholine (ACh) Norsolienhehe Ch  ach



SISTEMA NERVIOSO AUTONOMO: un sistema de dos neuronas

AUTONOMIC SOMATIC
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Efectos antagonicos del simpatico y el parasimpatico

Relaxes detrusor; contraction
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LA SINAPSIS COLINERGICA

Choli Choli
“Na— (D, Naﬁ"},\ccm BB SYNTHESIS OF
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: e Transport of choline
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e Release blocked by
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CHOLINERGIC
~ AGONISTS

" piRECT.
| AGTING - ¢

_ Acetylcholine

| Bethanechol
| Carbachol

Pilocarpine

|ND|RECT 2
- ACTING
(reversible)

- Edrophonium
| Neostigmine

L Physostigmine

Pyridostigmine

ACTING

INDIRECT
(irreversible)

| Echothiophate

Isoflurophate

REACTIVATION
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AGONISTAS COLINERGICOS
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Otra forma de agonismo
colinérgico: la inhibicion de

la AChasa
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CHOLINERGIC
ANTAGONISTS

ANTIMUSCARINIC
AGENTS

- Atropine

L Ipratropium

L Scopolamine

GANGLIONIC
N BLOCKERS

— Mecamylamine
— Nicotine

— Trimethaphan

NEUROMUSCULAR
] BLOCKERS

— Atracurium

\— Doxacurium

— Metocurine

\ Mivacurium

\— Pancuronium
\— Pipercuronium
- Rocuronium

- Succinylcholine

|- Tubocurarine

L Vecuronium

ANTAGONISTAS COLINERGICOS
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of neuro-
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blockers

Acetylcholine
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muscarinic
drugs 1




ANTAGONISTAS COLINERGICOS: |
Efectos de la atropinay la escopolamina

Atropine

Scopolamlne‘ ' .Acetylchollne

Muscarinic
receptor

Hallucinations and
delirium; coma

v
—
Q
o
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Rapid heart rate; palpitation:
marked dryness of mouth:
dilation of pupil; some
blurring of near vision

50mgi

Dose of atropine

20mg !’

0.5 mg ' Slight cardiac slowing; some
dryness of the mouth; inhibition
of sweating




ANTAGONISTAS COLINERGICOS:
Usos clinicos

Muscarinic
blockers

[N

Drug

Therapeutic uses

> Atropine

In ophthalmology to produce mydriasis

. and cycloplegia prior to refraction

To treat spastic disorders of Gi
and lower urinary tract

To treat organophosphate poisoning

To suppress respiratory secretions
prior to surgery

Scopolamine

In obstetrics with morphine to
produce amnesia and sedation

To prevent motion sickness

Ipratropium

Treatment of asthma

Ganglionic
blockers

Nicotine

None

Trimethaphan

Short-term treatment of hypertension

Mecamylamine

Treatment of moderately severe
to severe hypertension

% BLURRED VISION

CONSTIPATION RETENTION

Adverse effects commonly observed with cholinergic antagonists



Sistema simpatico:
La sinapsis
noradrenérgica

SYNTHESIS OF
NOREPINEPHRINE

e Hydroxylation of tyrosine is
the rate-limiting step

Inactive
© Urine —  petanoltes

Tyrosine
Na*t

R Inactive
Urine <:: metabolites

NOREPINEPHRINE l'

Released norepinephrine is
pidly taken into neuron

Uptake is inhibited by
- cocaine and imipramine

y Dopamine

methyltransferase
{COMT)
pinephrine is N
ylated by COMT Rl R
INTRACELLULA

UPTAKE INTO |
STORAGE VESICLES

e Dopamine enters vesicle
and is converted to
norepinephrine

® Norepinephrine is protected
from degradation in
vesicle

Transport into vesicle is
inhibited by reserpine

RELEASE OF
NEUROTRANSMITTER

e Influx of calcium causes
fusion of vesicle with
cell membrane

e Release blocked by
guanethidine and bretylium

BINDING TO
RECEPTOR
o v e Postsynaptic receptor
Urine <: Inactive Nompimpnrine activated by binding
i metabolites of neurotransmitter
Catechol-O-

SYNAPTIC
SPACE

R RESPONSE



RECEPTORES NORADRENERGICOS

Adrenalin,
Noradrenalin

N

\J \j
Smooth muscle Inhibition of Smooth Heart muscle
contraction transmitter muscle contraction,
release contraction smooth muscle
relaxation,

glycogenolysis



RECEPTORES NORADRENERGICOS

Vasoconstriction :rno':'?;tlinoenpmlne Tachycardia Vasodilation
Increased peripheral release Increased lipolysis gtlalrglg:llgrgff;:?sst:gce
resistance
Inhibition of Increased myocardial BronehonIaiog
Increased blood pressure insulin release contractility
Increased muscle
Mydriasis and liver glycogenolysis

Increased closure of
internal sphincter of
the bladder

Increased release
of glucagon

Relaxed uterine
smooth muscle

Figure 6.6




AGONISTAS NORADRENERGICOS

HO
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AGONISTAS NORADRENERGICOS

Isoproterenol

| Onset of bronchodilation
| | Duration of bronchodilation

N
B, Broncho- l
= dilation

@ Epinephrine

IR Terhnarnl Isoproterenol ! =
Albuterol l
Salmeterol . S P
Metaproterenol I
131 Increased l
cardiac output Terbutaline )
0 5 10

Broncho-
dilation

Dopaminergic
Increased
blood flow

Dopamine



AGONISTAS

NORADRENERGICOS

usos clinicos

@ Rapid onset of action
Brief duration of action
@ Not administered orally

@ Do not penetrate blood-

>ATECHOLAMINES

"~ brain barrier

G

Drug Receptor l Therapeutic uses
specificity
| i
l
Epinephrine (ﬁxl, éxz | Acute asthma
1, P2 |
| Treatment of open-
angle glaucoma
Anaphylactic shock
In local anesthetics to
increase duration of action
Norepinephrine g,, o Treatment of shock
il 1
Isoproterenol B1, B2 As bronchodilator in asthma
As cardiac stimulant
Dopamine Dopaminergic Treatment of shock
By Treatment of congestive
heart failure
Dobutamine By Treatment of congestive
heart failure
Phenylephrine o As a nasal decongestant
Treatment of supraventricular
tachycardia
Methoxamine oy Treatment of supraventricular
tachycardia
Clonidine o) Treatment of hypertension
4 Metaproterenol B>y Treatment of bronchospasm
Terbutaline B Treatment of bronchospasm
Ritodrine and premature labor
. Albuterol e
Amphetamine o, B, CNS As CNS stimulant in treatment
of children with attention
deficit syndrome
Ephedrine o, B, CNS Treatment of asthma

As nasal decongestant




ANTAGONISTAS NORADRENERGICOS @

p Pt
ADRENERGIC » AL
BLOCKERS Ly
[ — B 2 (?c:ﬂgg'?&-ion

o-BLOCKERS ] Propranolol Q%
— Doxazosin @

— Phenoxybenzamine

) Reflex peripheral
— Phentolamine BZ vasoco?'lstricﬂon
— Prazosin
. Terazosin

-BLOCKERS l

| Acebutolol Increased
- Atenolol Propranolol f.;zm?;n
\— Labetalol

— Metoprolol
| Nadolol

| Pindolol =
| Propranolol Ciil
L Timolol

NEUROTRANSMITTER By Decrpasedt :
UPTAKE OR RELEASE cardiac outpu

DRUGS AFFECTING ] i

| Cocaine
— Guanethidine

i Acebutolol
— Reserpine Atenolol

Metoprolol




ANTAGONISTAS NORADRENERGICOS:
Usos clinicos

BRADYCARDIA

Propranolol B1, B> Hypertension
Glaucoma
Migraine
Hyperthyroidism

~ Angina pectoris

Myocardial infarction

Timolol Bi, B2 Glaucoma
Hypertension

Acebutolol B1 Hypertension

Atenolol

Metoprolol

Pindolol By, B2 Hypertension

Labetalol o, B, B2 Hypertension

7 22t

DROWSINESS

S e

’,




ANESTESICOS:

Evitar ansiedad

*Relajar musculos

*Prevenir trastornos respiratorios
«Antinociceptivo

*Prevenir nauseas

*Hipnotico

INDUCCION - MANTENIMIENTO = RECUPERACION

Estados: 1. analgesia
2. Excitacion
3. Anestesia quirurgica
4. Paralisis medular



Anestesia

Loss of consciousneas

Autonomic ﬂnbili:.uti-nn

A. Goals of surgical anesthesia

Mono-anesthesia
&.q., disthylether

Reduced pain
sensitivity

Loss of consciousness

Musacle relaxation

Paralysis of
vital centers

—

Far
UNCONSCIOUSNess:
e.g., halothanes
or propofol
For Far
muscle autonomic
relaxation stabilization
e.d., pan- e.g.,
CLRSnILIT atropine
For
analgesia
e.g., NsO
or fentanyl

B. Traditional monoanesthesia vs. modern balanced anesthesia




Medicacion preanestésica
*Anticolinérgicos
*Antieméticos
«Antihistaminicos
*Barbituricos

-BZP

*Opioides

Relajantes musculares
*Atracurio
*Succinilcolina
*\Vecuronio
*Pancuronio

Anestésicos locales
(canales Na+, vasoconstriccion)
*Bupicavaina

sLidocaina

*Procaina

*Tetracaina

*Cocaina




Anestesia

Pre-
medication  Induction

Analgesia

LInconsciousness \'\,

C. Regimen for balanced anesthesia




Anestesia local

A miotor
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ar
: Impules amphiphillc kocal
Local conduction 4 = local anesthatic
application cardiac arrsat gpolar ANEEthEtic
A. Effects of local anesthetics
Local anesthetic
g —

N —

o ——— _,--ﬁ'—x,‘_

*— 08— 1.4 mm —=

0.3 =07 mm

C sansory and
pastganglicnic

B. Inhibitizn of impulse conduction in different types of nerve fibers



Anestesia general

INHALATORIA ENDOVENOSA
Enflurano Barbituricos
Halotano Benzodiazepinas
Isoflurano Opioides
Metoxiflurano Disociativos

Oxido nitroso
Sevoflurano



Anestesia:
Oxido nitroso
vs halotano

Lm'l.r potency
rtlal ressire needad
reatwel:.r littl= blndlng to tissus

High potency
low partial pressure sufficient
relatively high binding in tissue

A Anesthetic potency

Halothana

Chilorofom

Enflurans

Diethylathar

Mitrous oxide Cyclopropane
N2O Xenon
Lipophilicity :
& Partial pressure of anasthetic
Tissus @d Abvaolar air

=

¥ Binding

& Partial prassura in tissus

Termnination of intake

NS

Tirne

. Lipophilicity, potency and elimination of N20 and halothane




HIPNOTICOS

BZP: hipnaoticos, Ansioliticos no Barbituricos:
ansioliticos, BZP: depresion SNC,
relajantes, *Buspirona induccidon enzimética
sedantes, *Hidroxyzina «Amobarbital
anticonvulsivantes Zolpidem *Fenobarbital
*Alprazolam *Pentobarbital
*Clonazepam «Sedantes no *Secobarbital
*Diazepam barbituricos:

*Lorazepam Antihistaminicos

*Midazolam *Hidrato de cloral

*Triazolam -Etanol

*AntiBZP: flumazenil

Picrotoxin

site '.I /
\ /
Barbiturata A
sie s

Alkuh!: el espiritu del vino

1 trago 0,02%

20 tragos 0,6% y depresion respiratoria
Deficiencia vitaminica y proteica

Dafio hepatico

Teratogénesis




Hipnaoticos

Barhiturates:

M Cal'ls
Ho—{

N H=CHsy

fon

H

Cath
Pentobarbital

Benzo-
diazepines:

HiC
‘;;’\N

ol =
Ci

Triazolam

} Etfect

Paralyzing

Pentobarbital

Anesthetizing

Hypnogenic

Hypnagogic

Calming, anxiolytic

* Concentration in blood

R1

R1 =Cl

C. Concentration dependence of barbiturate and benzodiazepine effects

RE-R4=-H Diazepam
Inhibition of / i
excitation [ | butryc acid

- E!enzndlaszlne
ari- recaptor_| .
zatlnn
_
|

1 Chlorida

CFf < i
L

] b GABA-receptor
GABA-gated Cl-channal




Vias del dolor

-\'\'-\.

— - (Gyrus postesntralis

"

5_\

Pamaption:
clull
dalayead
diffuss

. .-_.:""'H..h dapreasants
i .’ .‘_\H-.' Raticular . = 3
Opioida s 'y | formation |
u‘tf | | Descandl
P = ardinociceptve
8. B b
- - Cipioid
i S ER o
: B
3 z B
3
4
Mocicaptors
| Prostaglanding
‘ mbﬂnm = ‘

Caugs of pain

A. Pain machanisms and pathways




VIAS DE TRANSMISION DEL DOLOR

ﬂ,{”yﬁf/‘? L . .
G iy Discriminacion sensorial del dolor

Componentes afectivos del dolor (subjetivo)

Sensacion de dolor (objetivo)

\ e -~===== [racto neoespinotalamico

: N D= wemn - Nucleos del rafe y otros
—————- Funiculo dorsolateral VIAS
DESCENDENTES

] DOLOR
Estimulo doloroso | SoMATICO Y VISCERAL
entra por fibras punzante sordo
Ao y C (aferentes) AS C




HISTORIA'Y ORIGEN DE LA MORFINA

DERIVADOS
SEMISINTETICOS

|

[T MORFINA
% > 20 alcaloides:

Ej: codeina,
papaverina,
otros




TERMINOLOGIA: OPIOIDES - OPIACEOS

OPIOIDES:

TODOS LOS AGONISTAS Y ANTAGONISTAS DE
RECEPTORES DE MORFINA

+ /.B endorfina
PEPTIDOS ENDOGENOS (ENDORFINAS)Zs encefalinas
+ ™ dinorfina

PEPTIDOS SINTETICOS

OPIACEOS:

SUSTANCIAS NATURALES O SEMISINTETICAS
DERIVADAS DEL OPIO
(pueden tener actividad agonista o antagonista)




DOLOR NOCICEPTIVO NEUROPATICO

SOMATICO  VISCERAL A COMPRESION  DESTRUCCION

NERVIOSA NERVIOSA
Mediado por Receptores Receptores Receptores nocicep. , "
nocicenti - : ) . Vias sensitivas
Causas Alteracion tisular Distension Disfuncién en la Hiperexcitabilidad
capsular conduc. estim. nerv. neuronal
Patron Localizado Difuso (referido) Irradiacion dermatomerica

Continuo o Continuo, codlico o

Caracteristica| intermitente intermitente Lancinante, hiperalgesia, disestesias
Farmacos

AINEs +++ ++ + +/-
Opiaceos T i F +/-

GC- adyuv -- Antiespasmod. GCl/antidepresivos Antidepresivos

Rel. musc anticonvulsivantes Anticonvulsiv



MORFINA: DROGA PATRON DE LOS OPIOIDES - Farmacodinamia

TIPOS de receptores de
opioides

en 1, 2, 3

' SUST P, VIP, BK, CCK,
CGRP, NK, somatostatina

Sitios de acciéon
MORFINA

U K



Analgesia
opioide:
farmacocinética

Met-Erkezphalin Moarphing Fertaryl ~ FHaCH

gffm’ @_JA

—c—-:Hf

|

A. Bicavailability of opioids with different routes ﬂladnmrm

............................ >
s | opiod e
Mazal +
MUCoEa |
a.d., |
nErzin |
niravanous
applization
"Malriining®

Eronchial
mMUcosa
&.g., cplurm
SImcking

| |

B. Application and rate of disposition . Metabolism of moerphine



MORFINA: Farmacocinética

Absorcion rapida por via oral, dérmica, inhalatoria

Efecto de primer paso hepatico biodisponibilidad
por via oral: ~ 30%

Eliminacion por conjugacion con ac. Glucuronico
metabolitos activos e inactivos

alargan la duracion de la accion
de morfina y otros opioides



Farmacologia opioide
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Analgesia opioide
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OPIOIDES

AGONISTAS AGONISTAS MODERADOS ANTAGONISTAS
Fentanil Codeina Naloxona
Heroina Propoxifeno Naltrexona
Meperidona

Metadona

Morfina

Sufentamil

Receptores

v: analgesia, depresion respiratoria, euforia/sedacion
k: analgesia espinal, sedacion /disforia, miosis

o. alucinaciones, midriasis

5: encefalinas periféricas

Opioides endogenos

Proencefalina POMC Prodinorfina
MSH
Encefalina ACTH Dinorfina

b-endorfina




Efectos Farmacologicos y Adversos:

ANALGESIA disminuye la reactividad emocional al dolor
aumenta el umbral de dolor

SEDACION

EUFORIA - DISFORIA

MIOSIS por estimulacion Il par craneal (descarga Ach)
NAUSEAS - VOMITOS zona quimiorreceptora gatillo del vomito

DEPRESION RESPIRATORIA accion sobre el centro respiratorio bulbar
HIPOTENSION, liberacion de histamina

ANTITUSIVO suprime el reflejo a nivel bulbar
CONSTIPACION (antidiarreico) disminuye secreciones gastrointestinales

TOLERANCIA dependencia fisica y psiquica
sindrome de abstinencia



ANALGESICOS OPIOIDES Y SUS ANTAGONISTAS

DROGA Potencia | Actividad Tipo vida Comentarios
analgesica | intrinseca | receptor 1/2 indicaciones
MORFINA ++ 1 H o x (horas) Tratamiento del dolor
2 crénico
meperidina ++ 1 M 3 “ < (> eficacia oral)
metadona ++ 1 U 15-40 “ ¢ (Tratamiento de
adictos)
fentanilo +++ 1 M 3-4 Anestesia-postoperatoria
codeina + 1 o 2-4 Dolor / antitusivo
propoxifeno + 1 M 6-12 Dolor leve a moderado
nalbufina + 1yO0 MK 2-3 Dolor postoperatorio
(causa disforia)
buprenorfina T Oal o 5 Dolor crénico
(no en adictos)
difenoxilato + 1 H ~12 Tratam. diarreas
naloxona -- 0 L3 Kk 14 Tratamiento depresion

respiratoria
Recuperacién adictos
Diagnostico




Farmacologia del sistema motor: tono muscular

Antiepileptics | Antiparkinsonian drugs
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A. Mechanisms for influencing skeletal muscle tone




Sinapsis neuromuscular
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B. Inhibition of neuromuscular transmission and electromechanical coupling
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EPILEPSIA

Primaria
Secundaria

Parcial/focal
(fenitoina, CBM2)

Generalizada

*T/C (CBMZ, fenitoina)
*Ausencia

*Mioclonica (valproato, CLZP)
*Febril (PB)

Status epilepticus (DZP)

Crugs wa=d in the treatmsnt of status epilspticus:
Barzodiszepines, a.0., diszspam

Waking stats

Epilaptic attack
p

Crruga uss=d in the prophylaxis of epileptic ssizures

9P Fe i Ky

Carbamazeping  Phanytoin Phemobarkital Ethosuximide  Lamotrigine

HS_C'IHI

Hal "Ny CSCyhHg
Walproic acid Vigabatrin Giabapantin Falbarneate Topirameats

A. Epileptic attack, EEQ, and antiepileptics

Facal l. . . Shoice
ABlELres Simple sekuns Carbam- valprolc acid, | Primidens,
azepira Fhariytoin, Phanabar-
Clobazam bital
Complex + Lamatrgine or igabatin or Gatapentin
o secondaly
generalizad
Taric-charic Valproic add | | Carbam- Lamofrigne,
sk g St | |
n no
Taric attack
Clonic sttack + Lamatigine or Vigabatrn or Gabapentin
Myoclonic attack
L1 L] aHernatve
Absance Ethcandmide L] e
A
+ Lamaotrigine or Clonazepam

BE. Indications for antispileptics



Mecanismo de accion de los Antiepilépticos
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A, Antiparkinacnian drugs

Pero la dopamina
tiene muchas
otras funciones...



Psicofarmacos:
Trastornos del estado de animo

Aminas bidégenas — proyecciones en telarafia en el SNC
*Dopamina

Acetilcolina

*Noradrenalina

*Serotonina

*Histamina



Aminas bidogenas: dopamina

Dopaminergic neuron [

Dopamin

D,/D,-Antagonists | ‘ D,-Antagonists
Neuroleptics e.0., metoclopramide

Increase in dopamine synthesis
L-Dopa

Inhibition of synthesis and formation
of false transmitter: Methyldopa

Destruction of storage vesicles: Reserpine

D,-Agonists
2.0., bromocriptine

Area postrema (emesis)

Striatum (extrapyramidal motor function)

Adenohypophysis (prolactin secretion )

Dopamine

D,-Agonists
e.q., fenoldopam

Blood
flow 4

A. Dopamine actions as influenced by drugs




Vias dopaminérgicas en los roedores
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Receptores dopaminérgicos
Clasificacion

D1 D2
70 a '80
T cAMP ! cAMP
Tipo D1 Tipo D2
‘90
D1, D5 D2, D3, D4
: Quinpirol, clozapina,
Agonistas SKF38393 PD168077
Antagonistas SCH-23390 Spiperona,haloperidol

Sulpirida, PNU101387



Receptores dopaminérgicos
Estructura

Extracelular

>:> Transduccion

G./ G,/ G,

Intracelular



Expresion de receptores en
ovocitos de Xenopus laevis
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% of maximal DA response

COmo es esa modulacion?

Concentration (nM)

Variantes

D4.2
D4.4

D4.7

EC50

NE (n\M)  5HT (uM)
40.8+0.97 1.14+0.10
435+1.76  1.42+005
58.8+2.31 1.73+0.06



CONCLUSIONES

» Existen diferencias funcionales entre las variantes
polimorficas del D4R (D4.2=D4.7= D4.4).

« Esas diferencias funcionales no parecen estar
relacionadas con el largo del 3er loop intracelular.

* EI D4R es activado por DA, pero tambien por NE y 5HT.

 NE y 5HT no parecen discriminar entre las diferentes
variantes polimorficas del D4R
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Aminas biogenas: histamina

CH; —CH:—NH:

o

H,-Antagonists
e.g., fexofenadine

H.-Antagonists
e.g., ranitidine

\
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Bronchoconstriction Bowel peristalsis t permeability t
“H,-Antihistamines”®
Diphenhydramine Chlorpromazine

hypnoii-::,’
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action

AcetylcholiieJ

mACh-Receptor Dopamine receptors

H.-Receptors

\

Parietal cell

B. Histamine actions as influenced by drugs
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Antidepresivos:
Triciclicos

Inhibidores de uptake
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A. Antidepressants: activity profiles




ESTIMULANTES DEL CNS:

«Anfetamina (liberacion de catecolaminas)

*Cocaina (inhibicion de uptake)

*Nicotina (ganglios SNA, SNC)

*Metilxantinas: Teobromina

Teofilina, Cafeina (traslocacion de calcio extracelular)

ALUCINOGENOS:

L. SD (agonista 5-HT)

*THC (receptores)

*PCP (fenilciclidina, inhibidor de uptake DA, 5HT, NA)



