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Autonomni nervovy systém
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ANS inervuje:

1 Zldzy s vnéjSi sekreci (slinné, potni, slzné, rizné sliznice produkuijici hlen)
" hladkou svalovinu

“IsrdeCni svalovinu

I srdce a krevni cévy pro kontrolu krevniho tlaku a pritoku

[1pradusky v plicich pro feSeni kyslikové naro¢nosti organismu

"JANS reguluje:

_Itravici a metabolické funkce jater, GIT, pankreatu
1funkce ledvin, moCového méchyre, tlustého streva, rekta
1ANS je nezbytny pro sexualni reakce genitalii a reprodukénich organu

linteraguje s imunitnim systémem téla

Ve vétsiné pripadu jsou urovné aktivity obou ¢asti ANS recipro¢ni=vzajemné
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- kdyz je jedna vysoka, druha ma tendenci byt nizka a naopak.
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autonomni NS versus somaticky (motoricky) NS

Comparison of Somatic Motor and Autonomic Divisions

SOMATIC MOTOR AUTONOMIC
Number of neurons in efferent path 1 2
Neurotransmitter/receptor at neuron-target synapse ACh/nicotinic ACh/muscarinic or NE/a- or B-adrenergic
Target tissue Skeletal muscle Smooth and cardiac muscle; some endocrine

and exocrine glands; some adipose tissue

Neurotransmitter released from Axon terminals Varicosities and axon terminals
Effects on target tissue Excitatory or inhibitory
Peripheral components found outside the CNS Axons only Preganglionic axons, ganglia, postganglionic neurons
Summary of function Posture and movement Visceral function, including movement in internal

organs and secretion; control of metabolism
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Autonomni nervovy system

AUTONOMIC PATHWAYS

(a) Parasympathetic Pathway
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Autonomni nervovy systém

Pregangliova vlakna ACh

CI:I) _CHg
LISNS, PNS CHz— C—O—CH>;—CH, —N*;g::
_|Nikotinovy recepto et

[Ny typ a Ny typ
[JExcita¢ni typ receptoru

“llonotropni receptor

(po navazani se otevira iontovy kanél)




Autonomni nervovy system

Postgangliova vlakna
_IPNS

_| Muscarinovy receptor

_ISptazeny s G proteinem

_Excitat¢ni efekt maji: M, M5, M,
Inhibicni efekt: M,, M,

Metabotropni receptor

M1, M3, M5 M2, M4

NH, -

! Putative allosteric
Orthosteric (ACh) binding sites

binding site
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Autonomni nervovy system
" |Postgangliova vlakna Adrenergic receptors

ISNS ‘

| Adrenergni receptor
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Systém druhych poslu

Hormone

(First Messenger)
Extracellular fluid

[\

? Receptor

Cell membrane

yaaaaaaddaddadadd e
}ﬂ% G protein ‘{é Effector é!)

(Transducer) Adenylyl cyclase
Guanylyl cyclase
Intracellular fluid Phospholipase C

Second messenger

Phosphorylated precursor

ATP cAMP
GTP cGMP
Phosphatidylinositol Inositol 1,4,5-trisphosphate
4. 5-bisphosphate and diacylglycerol
Target

A

Cell response
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Autonomni nervovy system

Adrenergnl’ receptor Adrenergic receptors
v oW ’ b B | o) Qy
_ISprazeny s G-proteinem 1 ] -
By [B:l Bs Ay Qg Oy Oip Ojp Gy

" ITyp a —Excitacni receptory

"ITyp B — Inhibi¢ni receptory
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e

q

TEF g

&

TIP3and Ca”, DAG  Sympathetic postsynaptic nerve terminals  Increase vascular smooth muscle contraction
1 cAMP Sympathetic presynaptic nerve terminals,  Inhibit norepinephrine release, inhibit insulin
beta cell of pancreatic islets release
T cAMP Heart Increase cardiac output
T cAMP Liver: smooth muscle of vasculature, Increase hepatic glucose output: decrease
bronchioles, and uterus contraction of blood vessels, bronchioles,
and uterus
T cAMP Liver, adipose tissue Increase hepatic glucose output, increase
lipolysis J
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Autonomni nervovy system

Sympathetic
nervous system
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Sympathetic
nervous system

Fight or flight
response

Energy/store
consumption
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Preganglionic neuron
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Rest and digest response

Energy conservation/en.
store production

Preganglionic neuron
— Brain stem and spinal cord
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Mostly local
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Sympattheti S Parasympath
C nervous ﬁ\“ i etic nervous
Sys VoY a a) G il Ciliar:? = / cwvct m
System/function Parasympathetic Sympathetic
Fight q Cardiovascular Decreased cardiac output and  Increased contraction and heart digest
resp heart rate rate; increased cardiac output |se
Pulmonary Bronchial constriction Bronchial dilatation
Energ) . ‘ y
consul Musculoskeletal Muscular relaxation Muscular contraction bn/ene
Pupillary Constriction Dilatation re
P Urinary Increased urinary output; Decreased urinary output; lon
regar sphincter relaxation sphincter contraction o
neu ' ' = = lonic
— spir| Gastrointestinal Increased motility of stomach  Decreased motility of stomach |,
-Thoraca gnd gastrointest{nal tract; and gastrointestinal tract; ' and
Sys increased secretions decreased secretions brd
. | syst:
Glycogen to glucose  No involvement Increased system
Gan conversion .
Parave _ : : ia
-Trd Adrenal gland No involvement Release epinephrine and target
sympd norepinephrine or
- MOJUI 187/ [ "\1}| ! / Sympathetic neurons .
Prevertebral et P S intramurally
-Plexus aorticus Proeesa PR - 1) B
(e atcy) Preganglicnic
Mostly diffuse e B L BT Mostly local
effect effect
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Oviladani mozku ANS

Autonomic centers—brain stem and hypothalamus
1. Medulla

Vasomotor center
Respiratory center
Swallowing, coughing, and vomiting centers

2. Pons

Pneumotaxic center
3. Midbrain

Micturition center
4. Hypothalamus

Temperature regulation center
Thirst and food intake regulatory centers

Temperature control

Water balance—

Eating
behavior

control
Medulla

Secondary
respiratory center

Respiratory center

Blood pressure
control
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Baroreceptor vs. Chemoreceptor
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Baroreflex

mssmmm Aferentni draha
= Parasympaticka draha
s Sympaticka draha
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Mean arterial pressures (mm Hg)

Time (sec

TK=TF x SO x PO

TF - tepova frekvence, SO - systolicky
objem, PO - periferni odpor I\ll U I\I I
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Respiracni sinusova arytmie

Respiratory
center
(medulla)
Change in Change in
intrathoracic lung volume -
pressure (stretch receptors) Y
- Cardiac
-
* vagal center Hefut
> (medulla) [0
Changein | Bainbridge
—
venous return reflex
Change in
. Baroreceptor
arterial = oflex
pressure
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Neco navic....

JOkulokardialni reflex

[1Tlak na o¢ni bulby snizuje tepovou frekvenci (aktivace n.vagus)
[1Lze vyuzit k potlaceni €i uplnému zastaveninahle vzniklé srde¢ni tachykardie

" 1Potapéci reflex

1 Ponofreni obliCeje do studené vody je doprovazeno zastavou dychani, periferni vazokonstrikci, bradykardii (az
srdeCni zastavou).

"JKoronarni chemoreflex (Bezoldov-Hirtov-Jarischuv reflex)

1 Pfi aplikaci nékterych latek do levé koronarni arterie (napf. veratridine, kapsaicin, nékteré kontrastni latky,
produkty ischemizujici tkané) vyvolaji zastavu dechu (apnoe) a poté hyperpnoe, hypotenzi, bradykardii (aktivace
n.vagus)
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Chemoreflex

Peripheral | Primary effect (+) _ | Medullary ()
chemoreceptors - vagal center

(+)

Hypocapnia
_ | = Secondary

Respiratory
activity

effects
Increased
- lung stretch
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ANS and cé

Sympathetic chain
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GIT — Entericky nervovy systém

Myenteric plexus el i

Circular muscle
Deep muscular plexus

Submucosal plexus

Paravascular
nerve

Perivascular
nerves

Longitudinal
muscle

Subserous
nerve

Mesentery

" Submucosal
artery

Mucosa Muscularis

muscle
Mucosal plexus

Submucosal
plexus

Myenteric
plexus

Deep muscular
plexus
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GIT a ANS

SNS

Medulla
oblongata
' LY kk:
———Superior b
cervical
ganglion
Thoraco- T
\
lumbar
region —
=

Prevertebral ganglia

1. Celiac

2. Superior mesenteric
3. Inferior mesenteric

PNS

Medulla / Vagal nerves
)blongata I
(dorsal
vagal
complex)

Sacral
dinal cord —

Pelvic
nerves
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ANS a mocovy mechyr

SNS
DETRUSOR RELAXATION
SPHINCTER CONTRACTION

PSN
DETRUSOR CONTRACTION
SPHINCTER RELAXATION

Y+T

| Sympathetic |
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A i
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innervation \,|/
o
L3
Visceral afferent
Hypogastric innervation

nerve

Pelvic nerve n~
Parasympathetic /. /

. Inne NaTIOI']_/

Internal
sphincter

Pudendal nerve

External Somatic
sphincter (voluntary)
innervation

Pontine
rostral pons

Lumbar cord

Sacral cord
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Neurogenni mocovy mechyr

— COMMENTS

Uninhibited bladder Lesion: above the pontine micturition center
Signs: reduced awareness of bladder fullness, incontinence may occur

Upper motor neuron bladder Lesion: between the pontine micturition center and sacral cord

(Detrusor-sphincter dyssynergia) Signs: detrusor is usually spastic, simultaneous detrusor and urinary sphincter
contractions increase pressures in the bladder, can lead to vesicoureteral reflux that and
renal damage

Mixed type A bladder Lesion: sacral cord lesion at the detrusor nucleus with sparring of the pudendal nucleus
Signs: the detrusor muscle is flaccid, bladder is large, external urinary sphincter is spastic,
incontinence uncommon

Mixed type B bladder Lesion: sacral cord lesion at the pudendal nucleus with sparring of the detrusor nucleus
Signs: the bladder is spastic and the external urinary sphincter is flaccid, incontinence is
common

Lower motor neuron bladder Lesion: sacral cord or sacral root while the thoracic sympathetic outflow to the lower

urinary tract is preserved
Signs: bladder is large and hypotonic, incontinence uncommon
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ANS a sexualni funkce

CaVari?:)eL:;ig)erve - = Sexual stimulation
T (tactile, visual, auditory, psychic)
NO Type 5 PDE inhibitors
(e.g., Viagra)
p— =l
Vascular smooth ¢ Guanylyl cyclase phosphodiesterase
muscles of §  GTP —> cGMP — GMP

. ' A
helicine arteries

—

Relaxation .

Increased blood flow into
sinusoidal cavernous spaces =

—*-. ’
. Erection

Collapse of venous return ——
from cavernous spaces

Contraction of muscles

'/
—

around base of penis
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ANS a

caviialni fiinkea

Substantia  Dorsal root slp;igmgﬁ:m
gelatinosa ganglion Sympathetic  nerves
chain

T12

i

IML

Pain
afferents

Uterus

Female sex
organ

-—-—

Inferior
meseanteric

" ganglion

Dorsal root
ganglion

Pelvic
nerve

Ventral
root

Hypogastric
plexus

Substantia
gelatinosa

IML

82-54

Parasympathetic
preganglionic
neurons
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Dekuji za pozornost
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