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3 Autonomic nervous system

The role of nervous system

Cortex —— Potential input

Sensor

ANTICIPATION

> Integration

Input Output

REGULATION

Potential output —— Cortex

Effector
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4 Autonomic nervous system

Feedback regulation

Simple Feedback Loop
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Redistribution of Blood Flow During Exercise

Cardiac output
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Redistribution of Blood Flow During Exercise

Cardiac output
25{/min = 25{/min.

100% 3-5% 4-5% 2-4% 05-1% 3-4% 80 - 85%

Heavy exercise " ~20{ /min.

Heavy
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2 Rest
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Somatic a autonomic nervous system

»,Voluntary“

v'Skeletal
muscle

mDirect
connection
between CNS
and effector

7  Autonomic nervous system

Somatic vs. Autonomic
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Cardiac
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(a) Somatic nervous system (b) Autonomic nervous system
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Somatic a autonomic nervous system

Somatic vs. Autonomic

» ,Involuntary”

»,Voluntary“

=Direc
conne
betw
and

nuclei of

spinal cord

/
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Autonomic nervous system

Visceral reflex loop

Dorsal
Sensory root
receptor in ganglion g:r':,t;zls
viscera |
I system

Xsfgﬁiga' ) Visceral reflex arc | 4
fiber o (Autonomic reflex) =

Postganglionic

axon i
= >
effector Integration center
o (may be preganglionic
Ganglionic neuron)
neuron
Autonomic Preganglionic axon
ganglion

Copynght @ 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.
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10 Autonomic nervous system

Visceral reflex loop

Dorsal
Sensory root Central
receptor in ganglion nervous
viscera I 3

Rl

Visceral

Preganglionic axon

ganglion
Copynght @ 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.
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Parasympathetic division

Dilates pupil
and elevates

Sympatthetic nervous
system

Parasympathetic nervous
system

Stimulates
salivation

Fight or flight response Cranial - Rest and digest response

-Submandibular

ganglion
Energy/store consumption — Hieee | conica Energy conservation/energy store
airways L )
_ s, s = production
Stimulates (& heartbeat =
¢ :;“m Accslerates a =] 3
Sancs heartbeat NG —~1
224 Stimulates =
digestion bz}
Thoracic < k=3 = Thoracic
Stimulates &
gallbladder to =
3 1 release bile Ly
& Stimulates glucose
L production and J
8 release 1
2 /~ Aorticorenal
x\ ganglion
Lumbar < ER I  Lumbar
Stimulates
secretion of
epinephrine )
; % _ Pelvic splanchnic 3
2 A/ Dilates blood vessels in nerves
} </ intestines and rectum /‘.‘f'l‘.—\o
fo
Sacral < = Sacral
Contracts
urinary
~ bladder J
) Sympathetic neurons
:::srgteric Relaxes urinary e
ganglion —Constiats sphincter Preganglionic
;?xv; ol Postganglionic
Prevartabral spneer Stivr;lates penile} Male Parasympathetic neurons
i : Stimulates emission erection
11 Autonomic nervous system gangia Rl -
Preganglionic
Stimulates o ommm——— I\/| E D
Stimulates contraction engorgement (- Female Postganglionic
of smooth muscle and secretions




Sympatthetic nervous
system

Fight or flight response

Energy/store consumption

Preganglionic neuron

— Spinal cord
-Thoraco - lumbar system

Ganglia Paravertebral
-Truncus sympathicus
- Majority
Prevertebral

-Plexus aorticus

Mostly diffuse effect
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Parasympathetic division

Cranial

Cervical <

N

Thoracic <

2V o

Lumbar <

Sacral <

Sympathetic
chain

Inferior

mesenteric
ganglion

Prevartabral
ganglia

Dilates pupil
and elevates
eyelid

NI
Constricts C

Ciliary
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salivation

» \ ENx  Cranial

Constricts = » Cervical
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I\
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Relaxes ufinary !
urinary bladder

bladder
Sympathetic neurons

Preganglionic

_Lr/ Relaxes urinary
sphincter
/~Constricts

Pelvic urinary

plexus  sphingter

Postganglionic

Stimulates penile} Male

erection Parasympathetic neurons

Stimulates emission
iaculati —

(ejaculation) Preganglionic

Stimulates

engorgement - Female

Postganglionic
and secretions

Stimulates contraction / T
of smooth muscle W

Parasympathetic nervous
system

Rest and digest response

Energy conservation/energy store
production

Preganglionic neuron
— Brain stem and spinal cord
— cranio-sacral system

Ganglia
Close to target organs or
intramurally

Mostly local effect
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Sympatthetic nervous

Parasympathetic division

Dilates pupil
and elevates
eyelid

Ciliary

Constricts
pup il
bady
Secretes gangrlyon
tears
A

Shmulates

system

System/function

Parasympathetlc

Sympathetic

Fight or flight resp

Energy/store consur

Preganglionic neu

— Spinal cord
-Thoraco - lumbar sys|

Ganglia Paraverte
-Truncus sympathic

- Majority
Prevertebral

-Plexus aorticus

Mostly diffuse ef

Cardiovascular

Pulmonary
Musculoskeletal
Pupillary
Urinary

Gastrointestinal

Glycogen to glucose
conversion

Adrenal gland

Decreased cardiac output and
heart rate

Bronchial constriction
Muscular relaxation
Constriction

Increased urinary output;
sphincter relaxation

Increased motility of stomach
and gastrointestinal tract;
increased secretions

No involvement

No involvement

Increased contraction and heart
rate; increased cardiac output

Bronchial dilatation
Muscular contraction
Dilatation

Decreased urinary output;
sphincter contraction

Decreased motility of stomach
and gastrointestinal tract;
decreased secretions

Increased

Release epinephrine and
norepinephrine

Parasympathetic nervous

system
and digest response

bnservation/energy store
production

rganglionic neuron
ain stem and spinal cord
- cranio-sacral system

Ganglia

e to target organs or
intramurally

flostly local effect
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tricts
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plexus  sphingter

Stimulates penile
erection
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and secretions
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Stimulates contraction /
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Mediators of somatic and autonomic nervous system

Central
nervouls system Peripheral nelrvous system Ei‘fectorl organs
[ ] Il 1
Acetyicholine \
Somatic nervous system @ e e e S e @‘.’,- ‘ Skeletal muscle
Aoetylcholine—\ Norepinephrine \ — Bt
B e A muscle
) 6’ ML (e.g., in
Ganali a blood
Sympathetic anglion vessel)
division Acetylicholine Epinephrine and
Autonomic 2N norepinephrine
nervous ==L Blood [~ Glands
system P b vessel
Adrenal medulla

Cardiac
muscle
Ganglion
Key:
=== = Preganglionic axons =~ - - = Postganglionic axons | = Myelination === = Preganglionic axons = = =.= Postganglionic axons
(sympathetic) (sympathetic) (parasympathetic) (parasympathetic)
14 Autonomic nervous system https://www.google.cz/url?sa=i&rct=j&q=8&esrc=s&source=imgres&cd=&ved=0ahUKEwjujdLGieLPAhVJOhQKHayOBnUQjBwIBA&url=http%3A%2F%2Fimg.docstoccdn.com
%2Fthumb%2Forig%2F105365259.png&psig=AFQjCNFxrUy63IICAIny-VhlyseAFHDMaw&ust=1476801796194278 I\/| E D



Q \ /

Acetylcholine

Preganglionic fibers
* Sympathetic

* Parasympathetic
v Nicotinic receptor

— Ligand-gated ion channels
— Na+, K+, Ca2+
— Neuronal (N) and muscle (N,,) type

— Excitatory
(a)
F , /'gﬂ\Aa\\x j //:Y\\\‘ y ";\\
AY /)
/’. "\ f I\\\
6nm \/ ‘ \
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Synaptic | | ] / M2 binding site
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Acetylcholine
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18 Autonomic nervous system

G-coupled
a type— generally excitatory (contraction)

OH

HOD/‘\/ NH;
HO

Norepinephrine

* Postganglionic sympathetic fibers
 Adrenergic receptor

with an exception of GIT

B type — generally inhibitory (relaxation)

with an exception of !!! heart !!!

Adrenalin,
Noradrenahn

/ By P
2
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Smooth muscle
contraction

Inhibition of
transmitter
release

X
-
0% /o ¢

Smooth
muscle
contraction

n“-

¢
g
© ¢
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contraction,
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OH
HO NHz

Norepinephrine
* Postganglionic sympathetic fibers

 Adrenergic receptor
— G-coupled
— a type—gene

t\on/769/f\ashca\'ds
y ot 929352™

Smooth muscle Inhibition of Smooth Heart muscle I\/I U I\I I
. contraction transmitter muscle contraction,
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Smooth muscle Inhibition of Smooth Heart muscle
. contraction transmitter muscle contraction,
20 Autonomic nervous system HPPARARS contraction smooth muscle

HO.

OH
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HO
Norepinephrine
* Postganglionic sympathetic fibers
 Adrenergic receptor

G-coupled

a type— generally excitatory (contraction)

with an exception of GIT

B type — generally inhibitory (relaxation) .
with an exception of !!! heart !!!
Adrenalin,
Noradrenalin
.. .. ° 9
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e Adrenal medulla
— Modified sympathetic ganglion
JJransmitters” (stress hormones)

secreted into the blood stream
* Norepinephrine
Epinephrine

— Sympathetic trunk
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Thoracic
splanchnic
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norepinephrine
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Brain centers controling autonomic nervous system

Heat control
Sympathetic Parasympathetic

Water

balance

Feeding
f control

H‘“‘Hypﬂthalamus

Urinary bladder control

Pneumotaxic center

T Adenohypophysis

Cardiac acceleration
and vasoconstriction

Cardiac slowing——

Mamillary body

—Pons

Respiratory center —Medulla
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Brain centers controling autonomic nervous system

Communication at
subconscious level

* Most of the regulations are Cerebralcotex )

. .. : (frontal lobe) :
unconscious and originate { 4 /
from the hypothalamus  Limbiclobe ]

(emotional input)/
| - i/ Z '
e Strong emotional Hypothalamus

. @ ~ Overall integration <
experiences or strong - of ANS—'the boss”
emotional memories can /I 2 s
. . Reticular formation £
trigger autonomic response N of brain stem [
] ' Regulation of pupil Y &
| size, respiration, ] s
(usually sympathetic) Qm“l st et ol :
swallowing, etc. 2

¥

Spinal cord

Urination, defecation,
erection, and
23 Autonomic nervous system ejaculation reflexes R/lll E I[\; I



Hypothalamus

Key center of autonomic
regulations and coordination

Integration of the information
from inner and outer
environment

Behavioral modulation

Regulation of autonomic
nervous system

l

Maintenance of homeostasis

24 Autonomic nervous system

Paraventricular Lateral Dorsal
nucleus

Preoptic
nuclous

Anterlor
hypothalamic
area

o L l"” (‘

Optic nerve / (
Optic chiasm Posterior
/ pituitary
Anterior
pituitary N\
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http://biology.about.com/od/anatomy/p/Hypo

thalamus.htm
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hypothalamic
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Hypothalamus

* Key center of autonomic
regulations and coordination

* Regulati
nervous

* Maintena

25 Autonomic nervous system

Optic nerve '
Optic chiasm \ Posterior
/ pituitary
Anterior
pituitary N\
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Hypothalamus

* Key center of autonomic
regulations and coordination

nervous

* Maintena
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Optic nerve ,,/ (

Optic chiasm Posterior
/ pituitary
Anterior
pituitary N\
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Hypothalamus

* Key center of autonomic
regulations and coordination

* Maintena

27 Autonomic nervous system
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28 Autonomic nervous system

Hypothalamus

Dorsomedial nucleus
* stimulation results in obesity and savage behavior

Paraventricular and supraoptic nuclei

* regulate water balance

* produce ADH and oxytocin

* destruction causes diabetes insipidus

* paraventricular nucleus projects to
autonomic nuclei of brainstem and
spinal cord

Posterior nucleus

« thermal regulation (conservation of heat)

* destruction results in inability to thermoregulate
« stimulates the sympathetic NS

Lateral nucleus
* stimulation induces eating
« destruction results in starvation

Anterior nucleus
* thermal regulation

(dissipation of heat)
* stimulates parasympathetic NS
* destruction results in hyperthermia

Mammillary body

* receives input from
hippocampal formation
via fornix

* projects to anterior nucleus
of thalamus

* contains hemorrhagic lesions
in Wernicke's encephalopathy

Preoptic area
» contains sexually dimorphic nucleus / =2\
* regulates release of gonadotropic /.

hormones —7

Suprachiasmatic nucleus
* receives input from retina

* controls circadian rhythms Ventromedial nucieus

* satiety center
* destruction results in obesity
and savage behavior

Arcuate nucleus
* produces hypothalamic releasing factors
* contains DOPA-ergic neurons that inhibit prolactin release

https://d26zfesik67yjk.cloudfront.net/361c35841d554b30a85962e9a342c8a9/c7af8f76e1dd465ba5b886ad34a65c20/e21bfc6faf2bdedc82dd247369a7f260/40cbc004f494419eaba552fbc2
98e645.jpg?Policy=eyJTdGFOZW1IbnQiOiBbey)SZXNvdXJjZSI6IClodHRwczovL2QyNnpmZXNpazY3eWprLmNsb3VkZnivbnQubmVOLzM2MWMzNTgOMWQINTRiIMzBhODUS5NjIIOWE
ZNDJjOGE5L2M3YWY4Zjc2ZTFkZDQ2NWIhNWI40DZhZDMOYTY1YzlwLyoilLCAiQ29uZGl0aW9uljogeyJEYXRITGVzc1RoYW4iOiB7IkFXUzpFcG9jaFRpbWUiIOiAXNTc30ODY1NjAwWfX19XX0
_&Signature=00ebw4KROVFSKJaiJxCjFmaolrqY0gYGE--PMkJbJ5cdHF-twpl3a-1J~Ltufp4SQQI3~LyWEmkxqMhfqg-WV-D3Z-y~yb-
TDc~BWTFnf77cAbQdAm1CTrPbrHEqfB36ho4B5nZdKO4hit4WiR6kHloxXfZk69QrdJt5ulGuPrbbimAHLWGW-qRsx4bsW2nj41kxIN7Zd6MS8Dle7~-
XMAPsuQ1UkmYlawBBEz~75vs4Q6cylCLePT3B2e8qBpVR8y54h9gY63Uw4iohFPk2mmoa~FAWmMc6yfPZUIkK~u7cq~39~uJEIYXKC8W5Vy2IsDGeBtIfkAg3qWYdVIN2bXiA__ &Key-
Pair-ld=APKAJY4Y3HIBJJ7SJ76A
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29 Autonomic nervous system

Neurosecretory cells produce

releasing and release-inhibiting
hormones.

These hormones are

secreted into a portal system.

Each type of hypothalamic
hormone either stimulates or
inhibits production and secretion
of an anterior pituitary hormone.

The anterior pituitary secretes
its hormones into the bloodstream.

gonadotropins

growth
hormone(GH)

Bones, Tissues

(FSH & LH)
Ovaries, Testes ////

prolactin(PRL)

Mammary
glands

hypothalamus
Neurosecretory

cells produce
,’/’ ADH and oxytocin.

These hormones move
down axons to axon endines.

pituitary
portal system

When appropriate, ADH and
oxytocin are secreted from
axon endings into the blood stream.

antidiure tic

posterior pituitary hormone (ADH)

Kidney tubules

oxytocin

oxytocin

adorenocortico thyroid
tropin (ACTH) stimulating
hormone (TSH)
Smooth muscle
in uterus

) \

Adrenal cortex

Mammary
glands

Thyroid

https://s-media-cache-ak0.pinimg.com/originals/5a/0a/78/5a0a78d64a682fcf9c5eb3b10d37a2al.jpg
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Enteric nervous system

e aprox. 500 mil. neurons
— (brain aprox. 100 bil.)

— (spinal cord aprox. 100 mil.) Mucosa

. Submucosal

* Plexus myentericus plexus
 Plexus submucosus Croulsr
muscle

e Sensory component
* Executive component

Myenteric
* [nterneurons plexus
* High level of autonomy Longitudinal

muscle

,brain in the gut”
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Oral » Anal
Distention
l ACh
NO
VIP
Secretory
neuron
Contraction Relaxation
ACh/SP NO/VIP/NPY/ATP
09000 Lo on o oo on oo
Lo an o J oo
L ] 3

Ascending ¥
(excitatory) o( IPAN
motor neruon

Descending
(inhibitory)
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Enteric nervous system

* Autonomy
— Control of motility
— Control of secretion
— Control of blood flow

e Autonomic nervous system
— Whole GIT regulation

— Coordination of all organ systems
activities

31 Autonomic nervous system

The Brain in Your Gut

The gut's brain, known as the enteric
nervous system, is located in sheaths of \ Mesentery

tissue lining the esophagus, stomach, Attaches the
small intestine and colon. bowel to the
body wall and

SMALL INTESTINE CROSS SECTION contains major
arteries, veins,
lymphatics and

external nerves.

Submucosal p”xus .............................
Layer contains sensory
celis that communicate
with the myenteric plexus
and motor fibers that
stimulate the secretion of . / S
fluids into the lumen. ¥ 5 T T

Myenteric plexus
Layer contains the
neurons responsible
for regulating the
enzyme output of
adjacent organs.

Lumen NO NEVes vieemmeen
actually enter this area,
where digestion occurs. The
brains in the head and gut have
to monitor conditions in the lumen
across the lining of the bowel.

Source: Dr. Michael 0. Gershon, Columbia Undversity

https://kin450-neurophysiology.wikispaces.com/file/view/gut.jpg/187924395/gut.jpg
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Enteric nervous system

* Autonomy
— Control of motility
— Control of secretion
— Control of blood flow

e Autonomic nervous system
— Whole GIT regulation

— Coordination of all organ systems
activities
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The Brain in Your Gut

The gut's brain, known as the enteric

nervous system, is located in sheaths of \

tissue lining the esophagus, stomach,
small intestine and colon.

SMALL INTESTINE CROSS SECTION

Submucosal p”xus .............................
Layer contains sensory
celis that communicate
with the myenteric plexus
and motor fibers that
stimulate the secretion of A / S
fluids into the lumen. Sl ML T

Myenteric plexus : ﬂ {
Layer contains the
neurons responsible
for regulating the
enzyme output of
adjacent organs.

Lumen NO NEVes vieemmeen
actually enter this area,
where digestion occurs. The
brains in the head and gut have
to monitor conditions in the lumen
across the lining of the bowel.

Source: Dr. Michael 0. Gershon, Columbia Undversity

- Mesentery

Attaches the
bowel to the
body wall and
contains major
arteries, veins,
lymphatics and
external nerves.
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ANS and cardiovascular system
Cardiac output 25 {/min E azrdsc'ac,mlonmpm Blood

redistribution
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Heavy exercise I ~20{ /min.
/\f \
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Rest
1 8
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100% 20-25% 4-5% 20% 3-5% 15% 4-5% 15-20%
Cardiac output I\ll U I\I I
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ANS and cardiovascular system

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Artery

* Local regulatory mechanisms
. . Sympathetic
play major role in nerve fiber

vasoreactivity @Y

@ Strong

sympathetic
tone

@ Smooth muscle
contraction
Vasomotor ——

. . tone
« Sympathetic regulation d A x
— Skin vessels contraction (a) Vasoconstriction
— Muscle vessels dilatation

@ Vasoconstriction

e Parsympathetic regulation

— GIT vessels dilation
@Weaker

sympathetic
tone

@ Smooth muscle
relaxation

@ Vasodilation

34 Autonomic nervous system (b) Vasodilation
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ANS and cardiovascular system

Sympathetic regulation
— Heart rate increase
— Contractility increase
— Conductivity increase

Parasympathetic regulation
— Heart rate decrease
— Contractility decrease
— Conductivity decrease

35 Autonomic nervous system

center (sympathetic)
r: Sympathetic

Dorsal motor nucleus
of vagus

Cardioinhibitory
center

J (parasympathetic)

&
[— Medulla oblongata

Cardioacceleratory «ﬁz

y trunk
'ganglion

gt

3 t :
| \-Thoraclc spinal cord
Sympathetic trunk

Sympathetic

cardiac Key:

B Parasympathetic
fibers

B sympathetic
fibers

[] Interneurons

https://medwrite.biz/58603_vagus_nerve_anatomy/
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Baroreceptors a chemoreceptors

ptors:

1. Aortic arch transmits via vagus nerve to medulla (responds only to T BP)

2. Carotid sinus transmits via glossopharyngeal nerve to solitary nucleus of medulla
(responds to L and T in BP).

Baroreceptors:

1. Hypotension—{ arterial pressure — L stretch — | afferent baroreceptor firing —
T efferent sympathetic firing and { efferent parasympathetic stimulation —
vasoconstriction, T HR, T contractility, T BP. Important in the response to severe
hemorrhage.

2. Carotid massage— T pressure on carotid artery — T stretch — T afferent
baroreceptor firing — 4 HR.

Chemoreceptors:

1. Peripheral —carotid and aortic bodies respond to 4 Po, (< 60 mmHg), T Pco,,
and | pH of blood.

2. Central —respond to changes in pH and PCO, of brain interstitial fluid, which in
turn are influenced by arterial CO,. Do not directly respond to Po,. Responsible
for Cushing reaction— T intracranial pressure constricts arterioles — cerebral
ischemia — hypertension (sympathetic response) — reflex bradycardia. Note:
Cushing triad = hypertension, bradycardia, respiratory depression.

https://i.ytimg.com/vi/RAhqTAcdh_4/maxresdefault.jpg
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Baroreflex
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ANS and urinary bladder

Descending
brainstem

inputs \

Sympathetic preganglionic
neurons (T10-L2)

* Sympathetic regulation
— Detrusor relaxation

Urinary bladder

Descending
somatic motor §

— Sphincter contraction '"*P“‘S\:g

Afferents to
brainstem nuclel
FPostganglionic
sympathetic axons

Inferior mesenteric — )
and pelvic ganglia

A\
* Parasympathetic regulation \

— Detrusor contraction

Visceral afferent

axons \

— Sphincter relaxation

38 Autonomic nervous system
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° Parasympathetic reg.
— Erection

* Sympathetic reg.
— Ejaculation

39 Autonomic nervous system
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ANS and female reproductive system

40 Autonomic nervous system

Pain
aflerents

Substantia  Dorsal root S;:"'ba':c ‘
gelatnosa ganglion N Inferior
Sympathetic nerves mesoniorc
chain \ ganglion
IML \‘: R
b~ Dorsal root QO‘EL ti‘:gsa
. ganglion
H
'
'
'
7 ML
'
'
'
'
'
=l
'
.
.
'
. Parasympathetic
- Hypogastric preganghionic
I~ plexus nourons
:
L}
'
'
'
'
\
'
'
'
'
'
'

Female sex
organ

Figure 22-10 Autonomic innervation of the female reproductive system (see text
for details). Red = sympathetic nervous system, blue = parasympathetic nervous
system. Solid lines = preganglionic fibers, dotted lines = postganglionic fibers. The
green lines indicate pain afferents.
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82. The basic division and functions of autonomic nervous
system

* Definition of autonomic nervous system  Examples of brain centers controlling the
autonomic nervous system (both in

e Somatic and autonomic nervous system :
Y hypothalamus, brain stem...)

comparison (function, synapse reflex circuit...)

+ Comparison of sympathetic and parasympathetic ~ " JPillary light reflex

division * Role of hypothalamus in essential regulations
* Basic charateristics of neurotransmitter and * Brief characterization of enteric nervous system
receptor systems (description of autonomic and its specifics

inervation of particular systems is covered in each
organ system separately)

41 Autonomic nervous system






	Slide 1
	Slide 2: 13  Autonomic nervous system
	Slide 3: The role of nervous system
	Slide 4: Feedback regulation
	Slide 5
	Slide 6
	Slide 7: Somatic a autonomic nervous system
	Slide 8: Somatic a autonomic nervous system
	Slide 9: Visceral reflex loop
	Slide 10: Visceral reflex loop
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Mediators of somatic and autonomic nervous system
	Slide 15: Acetylcholine
	Slide 16: Acetylcholine
	Slide 17: Acetylcholine
	Slide 18: Norepinephrine
	Slide 19: Norepinephrine
	Slide 20: Norepinephrine
	Slide 21: Norepinephrine
	Slide 22: Brain centers controling autonomic nervous system
	Slide 23: Brain centers controling autonomic nervous system
	Slide 24: Hypothalamus
	Slide 25: Hypothalamus
	Slide 26: Hypothalamus
	Slide 27: Hypothalamus
	Slide 28: Hypothalamus
	Slide 29
	Slide 30: Enteric nervous system
	Slide 31: Enteric nervous system
	Slide 32: Enteric nervous system
	Slide 33: ANS and cardiovascular system
	Slide 34: ANS and cardiovascular system
	Slide 35: ANS and cardiovascular system
	Slide 36: Baroreceptors a chemoreceptors
	Slide 37: Baroreflex
	Slide 38: ANS and urinary bladder
	Slide 39: ANS and male reproductive system
	Slide 40: ANS and female reproductive system
	Slide 41: 82. The basic division and functions of autonomic nervous system 
	Slide 42

