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Organization of the Nervous System

1

Peripheral nervous system (PNS)
« Cranial nerves and spinal nerves

= Communication lines between the
CNS and the rest of the body

)

Sensory (afferent) division

+ Somatic and visceral
sensory nerve fibers

+ Conducts impulses from

receptors to the CNS

Motor (efferent) division
* Motor nerve fibers

* Conducts impulses from
the CNS to effectors
{muscles and glands)

Sympathetic division Autonomic nervous Somatic nervous
* Mabilizes body systems system (ANS) system
during emergency situations * Involuntary * Voluntary (somatic
s o || 250
. ucts impulses from J§ | + Conducts impulses
m:tmg:wbm the CNS to cardiac from the CNS to
+ Promotes nonemergency muscles, smooth skeletal muscles
functions muscles, and glands

(a)
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Postganglionic organ (6.0,
Autonomic ~ e Intestine)
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= Somatic motor neuron Skeletal
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$SO/ANS : AUTONOMIC NERYOUS
SYSTEM

Terdiri dari 2 divisi :
1. Simpatis ANS (SANS)
disebut juga divisi

Thoracolumbalis Rest-and-digest Fightor-mght
( N.spinalisTh1s/d 12 & L
1,2,3) oy )
Fungsi : Fight or Flight system Ig::';r:;'/ ﬂﬁf \
branchesc\’/'","' ‘“*--_\\\-)

2. Parasimpatis ANS (PANS)
disebut juga divisi
Craniosacralis

( Cranio : Nc. N III, VII, IX, X,
Sacral : S2,3,4)

I Fungsi : Rest and Digest

Parasympathetic activity Sympathetic activity




The physiologic response to
flight or fighti stimuli

Mouth
Saliva production stops

Mental activity increases

Heart

Heart output increases
Blood pressure rises

Under arms

Sweat glands:increase secretion
Apocrine glands:increase seretion

Gastrointestinal
Digestion shuts down

Bladder

Badder sphincters
contract

General unspecific

Metabolism:glucose mobilized
Immune system suppressed

Eyes
Pupils dilate
Qliary muscle relaxed (for far sgntedness)

Lungs

Breathing increases
Airways dilate

Muscles

Blood vessels mostly constrice,
except to some muscles

Muscle:increased strength

Kidneys
Kidneys decrease output

Skin
Blood flow to skin Increases
Blood coagulation increases



Jenis Neurotransmitter (NT) &Reseptor (R)

PNAS SNAS

» NT= Asetil kolin (Ach) » NT= nor adrenalin/nor

» R/ Nikotinik (N) epinephrine (NE)
- Nikotinik neural (NN) » R/ &
> Nikotinik muscular (Nwm) o Alfa-1 (x1)
» R/ Muscarinic (M) > Alfa-2 (x2)
o Muscarinic -1 (M1) » R/ B
> Muscarinic-2 (M2) - Beta-1 (B1)
> Muscarinic-3 (M3) > Beta-2 (B2)

o Muscarinic-4 (M4)
o Muscarinic-5 (M5)

—



Perbedaan Anatomi

Parasimpatis dan Simpatis
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Anatomi SSO

Postganglionic

CNS
e neuron =
Preganglionic Various organs
72 neuron - | Heart, smooth
Craniosacral <Zt o <ACh 2 muscle,
o glands
Various organs |
Th I ‘2 N o «“ | Heart, smooth
or '
oracolumbar < ACh Nn WNE 3 muscle,
glands
. . Sweat glands
QG (Niy {eh (M piloerector
muscles
Neurohumoral various organs
transmission o
ACh NN o o © o < «>Epi |or Transported
B via blood
Adrenal medulla |
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Adrenal Medulla:
A Modified Sympathetic Ganglion

~ 1 . _ Adrenal cortex is a true endocrine gland.
A<
/e~ Adrenal medulla is a modified
/4.0 S< . sympathetic ganglion.
7R é{ LT ~e

The chromaffin
cell is a modified
postganglionic
ACh sympathetic
neuron.

Preganglionic ALY A=
sympathetic A —~a A A
£ o SRl o A‘ ..... q°
J . Sl
T

\ Epinephrine is a
Adrenal neurohormone that \"To target tissues
medulla enters the blood.

Blood vessel




Divisi ParaS|mpat|S » Sel bodi preganglionik
terletak di brainstem dan

bagian lateral spinal cord

o el SR gray matter S2-S4
.’\ » Ganglion terletak di
D i dinding atau dekat organ
: o mMidbrain yang diinervasi.
Cranial nerves - .. —Pons  -Brainstem
« & TF—Medulla | - Akson Preganglionik
dari otak menuju ke
4] I | ganglion melalui Nn
- R — Preganglionic cranial.
:gz:g:zgllomc ' neuron > Akson Preganglionik
Postganglionic da” r?g|0 Sak!‘a|
Terminal ganglia—~)— neuron menuju ganglion
melalui Nn Pelvic
Preganglionic——
neurons g Sacral region
R ‘[‘ of spinal cord
(S2-S4)



ORGANISASI DIVISI PARASIMPATIS

| PARASYMPATHETIC |
| DIVISION OF ANS |

lower abdominopelvic
canty

W intramural ganglia




SINTESA NEUROTRANSMITTER ACh

ACETYL-CoA

+ CH,

CHOLINE HO— CH,— CH,— *ril —CH,

CH,
Choline
Acetyltransferase

CH,

Y

ACETYLCHOLINE CH;—C —O—CH,— CH,—*N—CH,

I
O CH,
Acetylcholinesterase

Y
ACETATE CH,—C — OH

o)
Il

-

CHOLINE




potential

Axon
terminal

Synaptic %

vesicle

Preganglionic neuron

v Dorsal root
Preganglionic axon

Postganglic organ (e.g, + ¢
Autonomic L Intestine) Voltage— C32 Docki 9@ » @
ganglion o* OCKIn
v gated Ca :
protein
L channel R
Ventral root
Somatic motor neuron
NS — Postsynaptic
(spinal cord) B ynap Receptor

cell




TRANSMISI KOLINERGIK

Acetyl
Ghnllnesterase

Tissue

Acetic Ackd

+

Choline




RESEPTOR KOLINERGIK

RESEPTOR SUBTIPE LOKASI

MUSKARINIK M1 Lambung, ganglion otonom, CNS
M2 Miocard, ganglion otonom, CNS
M3 Otot Polos, Kelenjar eksokrin, Endothel

p.d, CNS

M4 Pleksus myenteric, CNS
M5 CNS

NIKOTINIK Nn Ganglion Otonom, Medula Adrenal, CNS

Nm

Neuromuskular Junction Otot Skelet




RESEPTOR MUSKARINIK (M1, M3, M5
G Protein-Linked Receptor

=

Sarcoplasmic
reticulum



http://www.mc.uky.edu/pharmacology/instruction/decor/ar/alpha_smooth.pps

RESEPTOR MUSKARINIK (M1 s.d M5
G Protein-Linked Receptor

Stimulatory Inhibitory
(M‘. M3’ Ms) (M20 Md)

Ins(1,4,5)P, + l
cCAMP

Ca®* release

—

TRENDS in Pharmacolonical Sciences



RESEPTOR MUSKARINIK M1 s.d M5

i 1
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Ach Na‘or Ca2+

Maglli owallim-

Hyperpolarization Depolarization
(K* channels (K* channels
opened) , Closed)
“Inhibition Excitation
Produces slower Causes smooth
heart rate muscles of the
digestive tract
o contract

M2 dan M4 M1, M3 dan M5
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Acetylcholine
Action potential %5 " ¢
C32+ +— Nat
)\~ Presynaptic terminal st o o F—
. » _— eceptor site for._ |
X:'ztf%f‘ag::;f \ [Synaplic vesior acetylcholine a2

| ,Synaptic cleft

Acetylcholine bound
to receptor site opens (a)
ligand-gated Na*

Acetylcholine , Open Na*

Postsynaptic channel

membrane

Acetylcholine bound
to receptor sites

- L
' L
ooooo

Nat diffuse through
the open channel

(b) o



RESEPTOR NIKOTINIK
lon Channel-Linked Receptor

- Ada 2 tipe :

a. Tipe neuronal (Nn): subunit bervariasi
lokasi : semua ganglion otonom, sel bodi serabut post
ganglion S & PS
antagonis selektif : hexamethonium, trimethaphan
agonis selektif : ion dimethylphenyl piperazinium
(DMPP)

b. Tipe Muscular (Nm): subunit a1 dan 3 1

Lokasi : skeletal muscle

Antagonis selektif : d-tubokurarin, vecuronium,
decamethonium

onis selektif : phenilmethyl ammonium




Mekanisme Sinyal Transduksi
Reseptor Kolinergik




EFEK STIMULASI
R/MUSKARINIK DAN R/ NIKOTINIK

ORGAN SUB TIPE RESPON
RESEPTOR
Otot Polos M3 Eksitasi
- Mata (otot sirkuler & siliar )
- Saluran nafas
- GIT, GU
- Pembuluh Darah M3 (mel EDRF) | Vasodilatasi

Kelenjar (saliva, M3, M1 Eksitasi (Sekresi 1)

bronkus, gaster)

Jantung M2 Inhibisi

(SA node, AV node, Otot (kronotropik -, inotropik -,

atrium, ventrikel) dromotropik -)

Ganglion otonom Nn Depolarisasi

ed Adrenal, CNS Sekresi katekolamin

unction Nm Depolarisasi end plate

Kontraksi otot skelet




DISTRIBUSI RESEPTOR MUSKARINIK
PARASIMPATIS

- ' W"‘m‘ Lacnmalgland"

Praganglionic neurons = e
Ganglicnic neurons = wee




Parasympathetic division (cholinergic) Controiled by
Ganglia: N, and M, receptors superordinate centers
Target organ: M; oder Mz receptors (e.g.. hypothalamus)
Eye
Sphincter pupill. A )—j———oo e
Ganglion sub- Giliary muscle C d,-arz
mandibulare 4 5cmal glands A > ——— 5 : 1
=~/ Gangfion L
Stllbt:;andibular A L pterygopalatinum } Vi
glan =4 <=’ Chorda tympani N
Parotid gland AD 2 -3 X
Heart Ganglion x Cervical
Activation oticum — anglia
Slows impulse 31| g
¥ conduction 1 =
Kinin release Heart rate 4 > > =) E]
¥ s
Vasodilatation - b= =
{sometimes with VIP Bronchi 3 6
as co-transmitter) Secretion A > ) 7
¥ - Musculature C> < - 8 +—C
Watery saliva 1 G
Stomach, intestine 2 G
{w/o lower colon 3 -G —
and rectum) X J =
Tone A < = 4 Co-
Sphincter R - <) A 5 s
Secretion A > = o e
b= 6
5 4
= 7
Gallbladder C > > - 8 -
>
> J =
y
Liver J Pancreas 10 2
11
Glycogenesis A - Exocrine e 12 )
secretion 3
S 2 \
£ i g
= 3
Preganglionic Ureter [y O I N = =
cholinergic
5
>
Postganglionic Lower colon, rectum 3
cholinergic TJone A > < =
Secretion A N T
Sphincter R e oE —— 3
et
™
J @ Genitals Urinary bladder 32 5 I_ g};mﬁoﬂ':eg_c
Erection Detrusor > < . nKgangia
(Vasodilatation) }“L sphincter R ; _; Spinal cord
=%
-

A - Activation I = Inhibitzon C = Contraction R — Relaxation D - Dilatation




Pengaruh PNAS pada Mata : ukuran pupil dan
akomodasi

Contraction of
ciliary muscle

Ciliary
muscle (M)

Muscarinic stimulation
Radial muscle (o.;)

; ' Suspensory
Sphincter muscle (M) Contractionof : 3
i sphincter muscle ligament \//\
/ o [ &
[\ ) Lens—{—
S ) . \
Muscarinic Muscarinic \ |
stimulation agonist '
Normal Spasm of
Normal Miosis Accommodation

Muscarinic stimulation

1. Miosis

2. Accommodation (near vision)

Muscarinic antagonism

1. Mydriasis

2. Accommodation to far vision, leading to cycloplegia (paralysis of accommodation)



Receptor Response

Eye Sphincter M5 Contraction—miosis
Ciliary M5 Contraction—accommodation for near vision
muscle

Heart SA node M, VHeart rate (HR)—negative chronotropy
AV node M, 4 Conduction velocity—negative dromotropy

No effects on ventricles, Purkinje system

Lungs Bronchioles M3 Contraction—bronchospasm
Glands M5 1 Secretion
Gl Stomach M 2 Motility—cramps
tract Glands M; 1 Secretion
Intestine M5 Contraction—diarrhea, involuntary defecation
Bladder M3 Contraction (detrusor), relaxation (trigone/sphincter),

voiding, urinary incontinence

Sphincters M5 Relaxation, except lower esophageal, which contracts

Glands M3 1 Secretion—sweat (thermoregulatory), salivation, and
lacrimation

Blood vessels M3 Dilation (via NO/endothelium-derived relaxing factor)—no
(endothelium) innervation, no effects of indirect agonists




OBAT YANG BEKERJA PADA SISTEM SARAF PARA SIMPATIS

NICOTINIC AGONIST
GANGLION STIMULANT
NICOTINE
CARBACHOL
ANTIKOLINE ESTERASE

GANGLION BLOKER

Saraf preganglion
Ganglion parasimpatis

Nicotinic reseptor

HEXAMETHONIUM
PEMPIDINE
MECAMYLAMINE

MUSCARINIC ANTAGONIST
ATROPINE
SCOPOLAMINE
IPRATROPIUM
TROPICAMIDE

Asetyl coA
Choline 4

acetate g

Saraf post ganglion

SETILKOLIN

MUSKARINIK AGONIST
METACHOLINE
CARBACHOL
BETHANECHOL
PILOCARPINE

ANTI CHOLINE ESTERASE
EDROPHONIUM
NEOSTIGMINE
PHYSOSTIGMINE
ORGANOPHOSPHAT

muskarinik AChE



CHOLINERGIC

Hemicholinium
’k{@/
Ve ~Choline
Acetyl-CoA + Choline

l ChAT
ACh

."‘_.7_,__\

Yoy > = Vesamicol

/Ca2+

Botulinum

b \ 4 _ Choline

+
AChE |  Acetate

_— iﬁ — Postsynapt

- i e
Cholinoceptor membrane Katzung, 2019




AT R FINAT I VTN IRT DORAT D B,

aselil
, -~ koenzim A
hemé&mhmum‘ ®

~_ enzim kolinasetilase

el

{oksin botulinum

asam asetat + kolin

" penghambat AChE

Gambar 2-6. Bagan transmisi kolinergik
Keterangan : ACh — asetilkolin. AchE - asetilkolinesterase

e




OBAT YANG BEKERJA PADA
SISTEM KOLINERGIK

A. Cholinoceptor Stimulant
(Cholinomimetic)

B. Cholinergic Antagonis

—



Cholinomimetic Drug

Direct-acting

Choline esters

ACETYLCHOLINE
BETHANECOL

Alkaloids
PILOCARPINE
MUSCARINE

Carbamates

PHYSOSTIGMINE
NEOSTIGMINE
PYRIDOSTIGMINE
EDR.OPHONIUM

Phosphates

IS0FLUROPHATE
Anfidots
PRALIDOXIME




AGONIS MUSKARINIK

O
+ +
(CHa)sNCHoCHoOCCHs  (CHa)aNCHpCHoOGNHy
ACETYLCHOLINE CARBACHOL
O O
+ Il + I
(CHa)NCH,CHOCCH;  (CHaN ngtle OCNH,
MET HACHOLINE BETHANECHOL

PHARMACOLOGICAL ACTIONS

SUSCEPT
CHOLINE IBILITY CARDIO- EYE ANTAGO-
ESTER T0O VASCULAR Gl GU (TOPICAL) | NISMBY
CHOLIN- ATROFINE
ESTERAS
E
ACETTLCEOLINE — = = = = —
METACHOLINE - — — — * —
CARBACHOL : ¥ e e n .

BETHANECOL : 3 rrm p— g —




APLIKASI KLINIK CHOLINOMIMETIC DRUGS
MUSCARINIC AGONIST

Activity AChE Clinical Uses
Hydrolysis

ACh M and ++H+ Short half-life—no clinical use

N
Bethanechol M - Rx—ileus (postop/neurogenic), urinary

retention

Methacholine M>N + Dx—bronchial hyperreactivity
Pilocarpine, M - Rx—xerostomia, glaucoma (pilocarpine)
cevimeline




CHOLINESTERASE INHIBITOR

» Mekanisme Kerja :

Mengikat enzim AChE di
tempat kerjanya,
sehingga AChE tidak bisa
menjalankan tugasnya
dalam menghidrolisa
ACh menjadi Choline dan
Asetat dan terjadi
penumpukan ACh di
celah sinap

(AChE mampu memetabolisme
0 molekul ACh / detik)

Indirect-acting parasympathomimetic
(cholinesterase drug)

D N L el

REVERSIBLE
INHIBITORS

IRREVERSIBLE
INHIBITOR

Water-Soluble

Lipid Soluble (dpt
melewati BBB)

Edrophonium
Neostigmine
Pyridostigmine
Physostigmine

Insektisida
Organophospat

|soflurophate




INTOKSIKASI
CHOLINESTERASE INHIBITOR

DHUMBELS
Diare
Hipotensi
Urinasi
Miosis
Bronkhokonstriksi, Bradikardi

Eksitasi (otot skelet : fasikulasi ; CNS:
tremor, ansietas, konvulsi, koma)-
nicotinic effect

» Lakrimasi

. » Salivasi, Sweating

vV Vv Vv Vv Vv V9



Obat yang digunakan pada
Intoksikasi Insektisida Organofosfat

» Antimuskarinik :  ATROPIN
=mengurangi efek Ach di tempat kerjanya
> Cholinesterase Reactivator : PRALIDOXIME
(2-PAM)
=melepas ikatan enzim AChE yang terikat

Cholinesterase inhibitor sehingga AChE
bebas. g

CH,
s Pralidoxirme




APLIKASI KLINIK CHOLINOMIMETIC DRUGS :
KOLINESTERAE INHIBITOR

Characteristics

Lipid-soluble,

Clinical Uses

Rx—ileus, urinary retention, myasthenia gtavls,
reversal of nondepolarizing NM blockers

Note: used as insecticides (malathion, parathion)

and as nerve gas (sarin)




¥

MUSCARINIC NICOTINIC
ANTAGONISTS ANTAGONISTS

GANGLIONIC NEUROMUSCULAR
BLOCKING AGENTS BLOCKING AGENTS




Cholinergic Antagonis

A. MUSCARINIC ANTAGONISTS

— Natural alkaloid : Atropin , Scopolamine (Hyoscine)

- Semisintetik analog tersier ammonium :
Scopolamin

metilbromid, Homatropin metilbromid, Pirenzepin,
Benztropin
- Semisintetik analog kuaterner ammonium :

Eprophanthelin, Metantelin metilbromid,
Ipratropium

bromida, Propanthelin, Tiotropium

B. NICOTINIC ANTAGONISTS

1. Ganglion Bloker : Hexamethonium, Trimethapan,
Mecamylamine

2. Neuromuskular Junction Bloker

epolarizing : Succynilcholine

izing : Tubocurare




A. MUSCARINIC ANTAGONISTS

» Mekanisme kerja : Direct-acting parasympatholytic
menghambat ACh menduduki \RpHcholinerGcidiod)
reseptor muskarinik secara [D
kompetitif

» Contoh : Atropin, 7 |

Scopolamine yang berasal
dari alkaloid belladona

» Atropin dan Scopolamine
berbeda dalam memberikan
efek CNS (Scopolamine dapat
melewati BBB)

R
E
c
E
P
1
O
R




EFEK ANTAGONIS MUSKARINIK

ORGAN EFEK MEKANISME
CNS Sedasi, anti motion sickness | Blok M (subtipe ?)
action, amnesia, delirium,
antiparkinson
Mata Siklopegi, midriasis Blok M3
Bronkhus Bronkodilatasi Blok M3
GIT Peristaltik |, konstipasi Blok M1 dan M3

Genitourinari

Relaksasi dinding VU, Retensi
urine

Blok M3

Jantung

Awalnya bradikardi,
selanjutnya takikardi

Vasodilatasi & hipertermia

Bradikardi akibat stim
vagus, takikardi akibat
blok M2

Blok M3

Kelenjar

Sekresi saliva, keringat |

Blok M1 dan M3




APLIKASI KLINIS
ANTAGONIS MUSKARINIK

Clinical Uses and/or Characteristics

Atropine Antispasmodic, antisecretory, management of AChE inhibitor OD,
antidiarrheal, ophthalmology (but long action)

Asthma and COPD (inhalational)—no CNS entry, no change in mucus
viscosity

Lipid-soluble (CNS entry) used in parkinsonism and in acute
extrapyramidal symptoms induced by antipsychotics




INTOKSIKASI ANTAGONIS MUSKARINIK

» Kering karena ped sekresi saliva,
keringat, airmata, bronkus

» Merah karena dilatasi pembuluh darah
kulit di kepala, leher, lengan, tubuh
(“atropin flush”), hipertermia

» Midriasis dan sikloplegi

» Gangguan di SSP : sedasi, amnesia,
delirium, halusinasi

—



OBAT GANGLION

—



Nicotinic Receptor Activation

Target Receptor Response

Adrenal medulla “ Secretion of epinephrine and NE
,',"""; 19 ".: ","',':;:;',"; . " -: ' nf;?.', .: ! v Or N . ‘. I ¢ “":-"\ ' .l S, 'r\" ﬁ 1 e ."'.'1 OO0 i
Ay st A AL Ao s Y ol - . e s haaA AL e A 0 AL A T T T PR LN Yy e Y P T e TV A N B A (NP S Ry S vy | ol
» < - 9 .". l‘
~—“ :'.‘-;".‘.‘:_-. o \\ (SOAs
et iduunniialiLe
.-" SN AN o ota )

Neuromuscular Ny | Stimulation—twitch/hyperactivity of skeletal muscle
junction

Note: N receptors desensitize very quickly upon excessive stimulation.




<4

Merangsang kemudian
menghambat

!

Nikotin

Bloker pada Ganglion

Langsung
menghambat

!

-

N

Ganglionik bloker :
heksamethonium

~




‘\\\\\\\“ a-adrenergik

Saraf preganglionik

R. nikotinik Sel ganglior
ganglia (Ny)

. (3 7T\ R. muskarinik (M)

I. Obat ganglionik A '
merangsang - menghambat ,
- Nikotin ’,' \
- TMA , ke >, R. peptida
Il. Obat ganglionik - g 4
langsung menghambat lll. Obat muskarinik '\
- C6 (heksametonium) )

\
- trimetafan IV. Obat antimuskarinik



Obat Yang Merangsang Kemudian Menghambat Ganglion
(NIKOTIN)

mm) Bekerja seperti ACh pada Ny

mm) Menimbulkan EPSP awal — mencapai ambang rangsang
— terjadi perangsangan ganglion.

mm) EPSP (depolarisasi) persisten menimbulkan hambatan
ganglion (desensitisasi kolinoseptor).

mm) Bersifat toksik, menimbulkan ketergantungan psikis.

me) Pertama kali diisolasi dari Nicotiana tabacum oleh
Posseltndan Reiman (1828).




GANGLIONIC BLOCKER

Menghambat secara kompetitif
ACh bekerja pada reseptor
nikotinik di ganglion

Contoh : Hexamethonium,
Trimethaphan, Mecamylamine

Efek : sangat banyak, meliputi
sistem simpatis dan
parasimpatis.

Efek pada organ : tergantung
dominasi innervasi pada
masing-masing organ




EFEK GANGLIONIC BLOCKER

Effector System Effect of Ganglion Blockade

Arterioles Vasodilation, hypotension

Heart Tachycardia

Ciliary muscle Cycloplegia

Urinary retention

Anhydrosis
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