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Autonomic Nervous System:

Derived from the words auto means ‘self” and nomos
means ‘control’.

Emotional responses of the body and responses to
environment.

Primarily concerned with regulation of visceral or
vegetative functions of the body. So, it 1s also called
Vegetative or Involuntary nervous system.



nnervation

All smooth muscles
All the glandular structure
Myocardium

Innervates all over the body EXCEPT neuromuscular
structure of skeletal muscle.



_Biochemical substal

® Acetylcholine
® Noradrenaline



~Synthesis of Ach an

Acetate Iy Prourcoral
+ / Receptor Diffuse into
Choline Blood
Axon T

ﬂ Postjunctional

Dopa—DA—0)
b ) Receptor

Nerve
Terminal

Extraneuronal
" Uptake

S

Neuronal

U Reuptake

At
Ca (blocked by cocaine)

Metabolized

Tyr, tyrosine; TH, tyrosine hydroxylase; DD, DOPA decarboxylase;
DA, dopamine; DBH, dopamine B-hydroxylase; NE, norepinephrine



Division

® Three division— 1. Sympathetic

2. Parasympathetic
3. ENS
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Various influencer of autonomic system

sensory neurons, the ones that take messages to Keith's
brain about what's happening in his environment






FIGURE 15.5 Meural Pathways Through the Sympathetic Chain Ganglia. Sympathetic fibers can follow any of the three numbered
routes: (1) the spinal nerve route, (2] the sympathatic nerve route, or (3) the splanchaic merve route. The somatic efferent pathway s showmn
on the left for comparison.
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ympathetic System:

Emergency conditions
Exercise

Stressful situations, sympathetic system provides the
desirable assistance.

Critical situations 1n life.

Sympathetic system also helps to control normal functions
of the body such as regulation of blood pressure,
respiration, metabolism, etc.



Sympathetic Division:

Thoracolumbar outflow T1 to T12 and L2,3 and 4

Preganglionic fibers from anterolateral horn to
paravertebral ganglion is cholinergic in nature.

Preganglionic fibers leave the spinal cord through anterior
nerve root and white rami communicants and terminate 1n
the postganglionic neurons, which are situated in the
sympathetic ganglia.

Gray rami division supplies to smooth blood vessels of
skin, hair and skeletal muscle.



Ganglia of sympathetic division are classified into 3
groups:
Paravertebral or Sympathetic chain ganglia
Prevertebral or Collateral ganglia

Terminal or Peripheral ganglia.



ravertebral or Sympathet n

Ganglia

Paravertebral or Sympathetic chain ganglia are arranged 1n
a segmental fashion along the anterolateral horn of
vertebral column.

Ganglia on either side of the spinal cord are connected
with each other by longitudinal fibers, to form the
sympathetic chain. Both the chains extend from skull to
COCCYX.

Ganglia of the sympathetic chain (trunk) on each side are
divided into four groups.
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II) Pre-vertebral or Collateral Ganglia:

Pre-vertebral ganglia are situated 1n thorax, abdomen and
pelvis, 1n relation to aorta and its branches.

Pre-vertebral ganglia are:

a) Celiac ganglion

b) Superior mesenteric ganglion

¢) Inferior mesenteric ganglion.

Pre-vertebral ganglia receive preganglionic fibers from T,

to L, segments.

Postganglionic fibers from these ganglia supply the
visceral organs of thorax, abdomen and pelvis.



Terminal or intramura
Peripheral Ganglia:

Terminal ganglia are situated within or close to structures
innervated by them.

Heart, Bronchi, Pancreas and Urinary bladder are
innervated by the terminal ganglia.

Adrenal medulla innervated through celiac ganglion.
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unctions of ANS

Can be broadly categorized into five parts:
Maintenance of homeostatic conditions of the body.
Regulation of visceral activities.

Smoothening body’s responses to environmental
changes.

Coordination of body’s responses to exercise and stress.

Assisting the endocrine system to regulate reproductive
functions



Sympathetic Nervous system

Sympathetic stimulation-

All tissue have ---alpha 1 Adrenergic receptor
except

Heart (beta 1),

Juxtaglomerular apparatus (beta 1)
lipocytes (betai/beta3s)

Inhibition -
All tissue have inhibited - beta 2 receptor.
except

Presynaptic nerve ending,
Platelets,

GIT have alpha2 receptor.



Cutaneous action--

® Arrector pili -
contraction- erection -
(alpha 1 )piloerection

® Skin-blood vessels -
alpha 1




ve— pupil dilator and ciliary muscle
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Parasympathetic
(3rd cranial nerve)
= Miosis

Schlemm /\l /

Cornea ——

j

Iris

Pupil
Circular fibers ————=2)
(constriction) \
Sympathetic Radial fibers \
(Superior cervical (dilatation) \
ganglion) A il
—Mydriasis o O
y %
N
Muscarinic antagonists
— dilate pupll

/ — decrease production

Ganalof Al of aqueous humor
UK
)

f-blockers

Muscarinic agonists

— contract circular fibers
(constrict pupil)

- relax lens for near vision

- improve drainage

Suspensory
ligaments

Circular fibers :
o Ciliary body
Meridional fibers

— occlude canal of Schiemm \ )

- raise intraocular pressure
(precipitate glaucoma)

muhadharaty.com

® Pupil dilatory or radial
muscle have alfa 1
receptor.

® Ciliary muscle have beta
2 receptor.

® Mydriasis.



Respiratory system

Bronchiole

Narrowed
lumen

Muscle

B
\‘é

N'rway wall
%&/\ Increased

i
contraction \\%"/J

Inflamed

| mucus

Contraction
of smooth
muscle fibres  \g

Inflamed

bronchial tubes

with extra
mucus secretion

=\ A trapped

within alveoli

® Blood vessels constrict-
alfa 1.

® Mast cell inhibition-
beta 2.

® Smooth muscle relaxed -
beta 2.



Cardio-vascular system

Table 9.6: Comparative effects of adrenaline,
noradrenaline and isoprenaline

Adr NA Iso
1. Heart rate T d Tt
2. Cardiac output 1 - T
3. BP—Systolic 3 T i
Diastolic 11 T i)
Mean T T l

4. Blood flow
Skin and mm ! L -
Sk, muscle 1 —,L T
Kidney 1 l -
Liver T - T
Coronary T T T
5. Bronchial muscle U - Ll
6. Intestinal muscle 4 ! l
7. Blood sugar T —,T T

® Skin - alfa1
GIT-alfa1
Kidney—alfa 1

Skeletal muscle- beta 2

CNS and coronary artery- alfa
1and beta 2 -- autoregulation

Lungs blood vessels- alfa 1

SA node- beta 1- chronotropic
AV node- beta 1-dromotropic
Fibre- beta 1 bathmotropic
Myocardium- beta1 ionotropic



“Gastrointestinal system

®* GIT blood vessels- alfa 1.
. ® Sphincter - alfa 1.

/Oesophagus' The vascular
S system: . .
1. Apeistalsi T ® Less peristalsis- beta 2.
2. Uncoordinated hypotension
Conectors 2. Postprandial
g fluctuations in blood
glucose
( 4
Stomach:
1. Delayed or . A
accelerated gastric Colon: -
emptying time 1. Hypomotility or
2. Reduced hypermotility in
postprandial diabetes .
accommodation 2. Delayed colonic
\ transit time in
/ Parkinson's disease
(T— \
Small intestine:
1. Prolonged transit e
time Anorectum:
2. Increased 1. Anal sphincter
prevalence of bacterial dysfunction
overgrowth 2. Rectal -
3. Unpredictable hyposensitivity in
absorption of medicine diabetes
. Y/ & /




Urinary system

® Inhibition of Detrusor
muscle- beta 2.

- Renal
>, / Calyces

® Constriction of
sphincters — alfa1.

Catecholamines

u1 A-adrenoceptor & a1B-adrenoceptor & a1D-adrenoceptor ém -adrenaceptor éﬁzwadrenoceptor éﬂ}adr&nocemor




Genitalia

= __ HYPOTHALAMUS
" (hrain region comrolling e piitary gland by CIUL AL,
GH, GaRH. TRH.|

PINEAL GLAND
- (welaronir

PITUITARY GLAND
{seceates mang different harmanes, some of
¢ LH, FSH, ACTH. prolactin, visopressinl

THYROTD GLAND
fallicts melabolism, smun olber
things by 13,14, and caleitoning

PARATHYROIDS / o L *, THYROTD GLAND
fhelp regulace the level uf calciun Y k * falTets melabolist, among ofler
inth blood by parsthyroid hormons) things by T3, T4, and calsitoning

PARATHYROIDS
theln requlare the level af enlefum
in e bluod by perethyroid hormons)

ADRENAL GLANDS
thelp rrigeer the fight or Mligh
rosponse by eurtisul, eiteaalin,
1 akfosisione)

", ADRENAL GLANDS

“thelp trigger the fight or flighe
by eurtsal. edeesline,
nacadreneling, and aldosterane)

Resps
inthe hlood by insulin, and glhucagany

TESTIS ‘ ' ANCREAS
fsecretes male sex hormones: 1estostennng) "regulites the level of' sugar
inths blood b insutin, and o

OVARY
Isecretes female re hommenes:
sstrogen, progikzonc

In male no erection—no
ejaculation.

In female- uterus have
alfa 1 receptor and
tendency contract, but
genetically after
fertilization alfa 1 gene
shifted to form beta 2
gene protein be relaxed.



Biochemistry

Glycogenolysis increase

gluconeogenesis increases
Glycogenesis decreases
Fatty acid decreases
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PARASYMPATHETIC DIVISION:

Otherwise called the Cranio-sacral outflow (the fibers of
this division arise from Brain and Sacral segments of
spinal cord).
1) CRANIAL OUTFLOW OR CRANIAL PORTION OF
PARASYMPATHETIC DIVISION:

® Cranial outflow or cranial portion of parasympathetic
division arises from brainstem.

* It innervates the blood vessels of head and neck and
many thoraco-abdominal visceral organs.
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Cont...

* Cramial outflow includes the following cranial nerves:
a) Oculomotor (III) nerve

b) Facial (VII) nerve

¢) Glossopharyngeal (IX) nerve

d) Vagus (X) nerve.

* Sacral has s2,3,and 4 segment.
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3" nerve

Oculomotor Nerve (lll) Pathway

Superior oblique
Superior
Rectus

al  Levator
palpebrag
superioris

Cliary ~ Inferior Inferior
Ganglion ~ rectus oblique

® Motor 1n nature

® Preganglionic nerve
terminate in ciliary
ganglion and post
ganglionic supply to
circular and ciliary body.

® Meiosis and near vision

® It has muscarinic
receptor.
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7 ) Sexual organs

|
Externul genitalia

e ' e —@-_h_“ e Submazillary gland
i A ; > m‘!}? Subdingual gland
i b : i ‘
1G. === B by e . Otle Muweowes meni, moulh
c— N T . — T | - :
o "'.Qlj N -
'

® Superior salivatory

nucleus

® Pterygopalatine ganglion
supplied to lacrimal
gland, nasal and palatal
glands.

® Submandibular
ganglion- sublingual and
submandibular gland.




SNy Eaerimael gland

&

N e e
Submoxiliary gland
Sublingual gland

Bronchi

Esophagus
Slomach
Bloodves, of abd,

Ldeer and dugly

Hancreas

Adrenal

Hrall intestine

- : Targe intesiing

Reetim

Kidney

71 Sexrnal organs

e
\e# Brternal genitalta

® Origin from inferior
salivatory nucleus--Otic
ganglion post ganglionic
with auricular nerve-
supplied to parotid gland.
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Hit nappe |
Bladder
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\E-y’"\ Sexual organs
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t/ Externul genitalie

Dorsal nucleus of vagus
supplied through
intramural ganglion
supplied to pharynx,
larynx, oesophagus,
heart, lungs, stomach,
liver, pancreas, small
intestine, colon,
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7 1) Sexval organs
o
\ / Externel genitalia

¢ Intramural ganglion-

Pelvic, some part of
transverse colon,
descending colon,
rectum, sigmoid colon,
urinary bladder, male
and female genitalia.



Pontine T
storage ¥ .
center +
o\
Lower thoracic T
or upper lumbar
spinal cord o
Sympathetic fibers

I—Sml‘.ln motor fibers of
pudendal nerve
Internal urethral External urethral
{a) sphincter sphincler

Filling of urinary bladder

'

Stimulation of stretch receptors

!

Afferent impulses pass via pelvic nerve

!

Sacral segments of spinal cord

|

Efferent impulses via pelvic nerve

!

Contraction of detrusor muscle and
relaxation of internal sphincter

‘

Flow of urine into urethra and
stimulation of stretch receptors

!

Afferent impulses via pelvic nerve

|

Inhibition of pudendal nerve

}

Relaxation of external sphincter

}

Veiding of urine




Stretch receptor and sensory input through s2,3 and 4
and pudendal nerve from external sphincter.

Sympathetic innervation in circumstances condition
leads to beta 2 for detrusor muscle and alfa1 for
internal sphincter.

Ponto-spinal path inhibits to lumber and sacral nerve
to for micturition.



Parasympathetic division

Consiricior paspdiliase Ciliary ganglion Dilator paupeliae
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FUNCTIONS OF-ANS:— /

TABLE | C:C: Actions of sympathetic and parasympathetic divisions of autonomic nervous system

_
Effector organ Sympathetic division Parasympathetic division
- Ciliary muscle Relaxation Contraction
1. Eye
Pupil Dilatation Constriction
2. Lacrimal glands Decrease in secretion Increase in secretion
N e L Decrease in secretion and Increase in secretion and
: v vasoconstriction vasodilatation
Motility Inhibition Acceleration
Secretion Decrease Increase
4. Gastrointestinal tract _ - _
Sphincters Constriction Relaxation
Smooth muscles Relaxation Contraction
5. Gallbladder Relaxation Contraction
, Detrusor muscle Relaxation Contraction
6. Urinary bladder
Internal sphincter Constriction Relaxation
7. Sweat glands Increase in secretion -
B. Heart — rate and force Increase Decrease
Constriction of all blood vessels,
9. Blood vessels except those in heart and skeletal Dilatation
muscle
10. Bronchioles Dilatation Constriction
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GENERAL FUNCTIONS OF VATA
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SPECIFIC FUNCTIONS OF VATA
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Applied aspect of ANS

® Megacolon
® Raynaud’s disease
® Myasthenia gravis
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