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Learning objectives

t the end of the chapter the student should be

able to
< Explain the classification of nervous system
and write the functions of organs of

Nervous system

Describe autonomic nervous system

=5
and explain about sympathetic and
parasympathetic nervous system

= Explain about the structure and properties
of neuron and neuroglia

= Define 2 synapse, write its classifications
and explain the excitatory and inhibitory
post synaptic potentials

= Understznd the physiology of memory and
learning

= Explain about reflexes and its types

The system that controls and coordinates

all the functions of the body comprises the

nervous system.

Nervous system is divided into
Central nervous system.
Peripheral nervous system.

Central nervous system comprises the main
core or the control point of the nervous
system. It consists of the brain and spinal

cord.

of the body.

Peripheral nervous system comprises the
connections of the central nervous system
to rest of the body or it is the connection
between the control enter and the effectors

It is made up of somatic nervous syst,
and Autonomic nervous system. '

Autonomic nervous system
further divided into sympathetic apg
parasympathetic nervous system.

LNervous systenﬂ

Functionally nervous system can be divided
into.

Central nervous system

Peripheral nervous

Nervous system

Central nervous Peripheral nervous
system system

i !

Somatic Autonomic

-

Sympathetic

parasympathetic
/

N =0

1 i

Peripheral nervous system is divided
Somatic nervous system.
Autonomous nervous system.
Autonomic nervous system e

divided, /it




J Brain is further subdivided into 3 divisions
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N

a Histologimlly nervous s

2 Neuroglias are the supporting ce

3 Neuron is the

Nucleus §

. Structural and funct
nervous system

ional unit of

e T R TR vmawe

ystem is com posvd
of two types of cells.

1. Neuron

2. Neuroglia

lls of the
nervous system which help in activities like
metabolism, production of myelin sheath,
production and circulation ot CSF.
structural and functional unit
of nervous system.

Dendrite
’ Axon terminal
! «  Cell body

-~ Nodeof Schwann cell
- Ranvier

Figure 4.3 : Neuron

O It has three basic parts

Cell body
Contains nucleus and surrounding
cytoplasm  that  includes  typical

organelles like lysosomes, mitochondria,
golgicomplex, nissl bodies (Nissl granules
are modification of rough endoplasmic
reticulum which serves as centre for
production of proteins) neurofibrils which
form cytoskeleton and gives support to cell.

Dendrites

They are t'he processes that are receiving
portion or input portion of the neuron.

Axon

gei a cylindrical projection which carries
€ impulse to another neuron, gland or

muscle fiber.

An axon contains mitochondy;
microtubules neurofibrils but net Toug‘ﬁ

endoplasmic reticulum.,

Its cytoplasm is called as axoplasm ;
surrounded by plasma membrane callelcst
axolemma.

An axon ends by dividing into fipe
collaterals called axon terminals,

Tips of axon terminals swell into bylp

shaped structures called synaptic eng
bulbs.

They contain membranous sacs called
synaptic vesicles which contain chemical
substance called neurotransmitters.

Myelin sheath

a

Q

Myelin sheath is the lipoprotein covering
of the axon.

It is responsible for faster conduction of
action potentials and provides insulafion
to a nerve fiber/axon.

Myelin sheath is produced by the speﬂal
type of neuroglia called a Schwann cells in
the CNS.

Myelin sheath in PNS is produced by
oligodendrocytes.

LCIasslﬂcqtlQﬂ of ﬂ)‘“@

Structurally neurons are classified intc:

1.

Multi polar neurons — These ne“mw |
multiple poles for axon MW 43
Bipolar neurons- ! ’
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2

Multipolar
(Motoneuron)

Unipolar

gipolar
1e (Sensory Neuron)

(|nterneuron)

Figure 4.4 : Types of Neuron
Functionally the neurons are classified into

three types.
1. Motor neurons

2. Sensory neurons
3. Association neurons

LProperties of nerve fibersJ

Excitability

0 Nerve fibres respond to any external
stimuli and cause an electric potential
of cell.

0 Nerve fibers respond to all sort of

stimuli like mechanical, electrical
stimuli, thermal or chemical stimuli.

All or none law

U When a stimulus is applied to a nerve
fiber it either responds to the stimuli
or it does not respond.

J There is no half responses in a nerve
fiber.

Refractory period

d Every nerve fiber has a refractory
period.

Refractory period is a period where in if
two successive stimulus are applied to
anerve the nerve is unable to respond.

Q

4.

Conductibility

O An action potential that is generated
across a cell is propagated all along the
axon till the axon terminal.

Summation

QO  Application of a subthreshold stimulus
in a nerve evokes no response where
as, when many such stimulus are given
in rapid succession, they are summated
or added upon to produce a action
potential.

Accommodation

Q Application of repeated stimuli
decreases excitability of a nerve fiber.

Infatigability

O A nerve fiber never undergoes fatigue
even in continuos stimulation for long

time.

LTypes of conducticﬂ

Saltatory conduction

Q It is a characteristic of myelinated
fibers.

O Here the action potential jumps across
the node of Ranvier from one node to
another.

O Here the action potential is transmitted
from one place of absence of myelin
sheath to another place of absence of
myelin sheath.

O Hence this type of conduction is
comparatively faster.

Continuous conduction

O It is seen in unmyelinated nerve fibres.

QO Here the action potential travels across
the neurilemma 1f a neuron.

O This conduction is ¢
slower lere is n ‘
saltat
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MITOCHONDRIAS

Figure 4.5 : Neuron Anatomy

The site of functional contact between
two neurons or between a neuron and an
effector cell (muscle or gland) is called as
synapse.

Synapses are of 2 types.

Physiologically

1.  Electrical synapse

2. Chemical synapse

Structurally synapses are of 3 types
1. Axoaxonic synapse

2. Axodendrite synapse

3. Axosomatic synapse.

Here the impulses are transmitted from

Synapse

POSTSYNAPTIC MEMBRANE

RECEPTOR

one neuron to another through presence of
gap junctions between two neurons.

This physical connectivity between tv::;
neurons means that there is n0 synap
delay in transmission of nerve Imp Sns
Electrical synapses are present in ]uﬂ:;l"e&
between neurons in cardiac I:he oo
smooth muscles of intestine andm e

of eyes.
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called as synaptic cleft.

The action potential that reaches the
presynaptic terminal  will release g2
neurotransmitter into the synaptic cleft.

The neurotransmitter upon reaching the
ost Synaptic neuron will cause a change

in the potential of the post synaptic neuron

there by developing an action potential.

Conjoint synapse

' 0

g Theseare the synapses where electrical and

chemical synapses co-exist.

LProperties ofa synapseJ

convergence and divergence

O Presynaptic neurons can converge
on single post synaptic neuron and
similarly presynaptic neurons diverge
into many post synaptic neurons too.

Law of forward conduction

O The transmission of an impulse
happens from pre synaptic to post
synaptic neuron in one way direction.

Fatigue

O When a presynaptic neuron is
stimulated repeatedly it may lead
to fatigue and inability to transmit
impulses.

Synaptic delay

Q The time interval between arrival of
a synapse at the pre synaptic neuron
and post synaptic neuron is called as
synaptic delay.

Occlusion

J The response seen during stimulation
of more than one presynaptic neuron
will be less than the sum total of the
response that would have been seen if
stimulated separately.

U This due to overlapping of the afferent

fibres in their central distribution.
Summation

9 Upon application of repeated stimuli

at frequent intervals then the next
stimulus will get a add on from the
previous postsynaptic potential and
will lead to a wider response.

Q This type of summation is called
Temporal summation.

QO In the case where a post synaptic
neuron receives impulses from a large
number of presynaptic terminals at the
same time then there will be a adding
up effect eliciting a greater response.

O This type of summation is called as
Spatial summation.

U  When two different excitatory nerves to
amuscle are stimulated simultaneously
the tension developed in a individual
muscle may be less than the tension
that would have been generated if
stimulated separately.

O This decreased response is due
to presynaptic fibers sharing post
synaptic neurons.

Reciprocal inhibition

Q This is property seen in a synapse
where an stimulus on the presynaptic
neuron will result in excitatory effect
in a group of muscles and at the same
time cause inhibitory effect in another
group of muscles.

Learning and plasticity

O Plasticity refers to a special property
in a synapse where the synaptic
transmission can be increased or
decreased based on past experiences.

lonic basis of excitatory synapse
and inhibitory synapse

Excitatory synapse is a synapse which
results in transmission of a nerve impulse
further. ~
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Excitatory post synaptic potential

: ~
. Opening of Na' channels and entry of Na’

, —
| Arrival of action potential at axon tgrmma_l |

e TR e e~ - ) TN

a Opening of calcium channels in i

( _ |

{ presynaptic membrane .
¢

Entry of calcium ions from ECF to axon termjngl }

————————— et

- ¥
Stimulation of synaptic vesicles and |
release of acetylcholine

L

g O )
Acetyl choline moves into synaptic cleft |

-

-
Gets attached to the receptors

in the post synaptic neuron

.

ions in the post synaptic neuron

_

| Development of excitatory post )

! synaptic potential (EPSP) J
|

Spread of action potential j

——

inhibitory post synaptic potentia|

——

| Arrival of action potaatilakaes terming|
| .

Opening of calcium channels i
presynaptic membrane

—_—

Entry of calcium ions from

» ECF to axon termijg\\JI
|

Stimulation of synaptic vesicles |

¥ and release of GABA \J
|

F GABA moves into synapticm

Opening of K’ channels and movement
of K' ions out of the post synaptic neuron

!

Opening of CI channels and entry of
Cl ions in the post synaptic neuron

!

Inhibition of synaptic transmission ‘]

=
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Neuroglia

Neuroglias are basically of 6 types. |Brain|

1. Astrocytes: Help in the metabolism of ‘
neurotransmitters and take part in forming
plood brain barrier.

7. Oligodendrocytes: They help in producticn
of myelin sheath in CNS.

3. Microglia: They are small phagocytic cells.

They acts as scavengers of nervous system.

Brain is conventionally divided into four
principal parts.

1. Brain stem

2. Dincephalon

3. Cerebellum

4. Cerebrum

4. Ependymal cells: They line the ventricles  Coverings of brain

and help in the production of CSF. O  Brain is protected by the cranial bones and
The other two types of Neuroglia are found in cranial meninges.
- PNSnamely. _ QO Three cranial meninges cover the brain
5 schwann cells: They help in production of T ™ I ——

myelin in PNS.

4. Ssatellite cells: Supporting cells of PNS. 2. Middle arachnoid meter

3. Inner piameter
Neurotransmitter O An extension of duramater called as falx

O Chemical mediators liberated from the cerebri separates two hemispheres of
nerve endings that are responsible for cerebrum.
transmission ofa nerve impulse is called as 5§ Aj extension of duramater called as falx
aneurotransmitter. cerebelli separates two lobes of cerebellum.
Somle of the important neurotre'msrr;.:t?ers O An extension of duramater called as
employed by the neurons are Epinephrine, tentorium cerebelli separates cerebrum
Nor epinephrine, Acetylcholine, Dopamine, from cerebellum.

GABA (gamma amino butyric acid).

Postcentral gyrus

Precentral gyrus
Limbic lobe

Frontal lobe

Corpus callosum

Thalamus

Optic chiasm

Pituitary gland

Temporal lob®

Mamillary body
Medulla oblongata

Figure 4.6: Human brain"
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ted against

Brain and spinal cord are protec
by a fluid

physical or mechanical injury
called as cerebrospinal fluid.
This fluid continuously circulates across

subarachnoid space (between arachnoid
and pia meter) and in central canal and

cavities in brain and spinal cord.

Four cavities within brain namely two
lateral ventricles, third ventricle, and
fourth ventricle play a role in formation
and circulation of cerebrospinal fluid.
Entire nervous system contains about 80-
150 ml of CSF at one time where as the total
production of CSF is about 450 — 500ml/24
hrs.

It is a clear colourless fluid containing
glucose, proteins, lactic acid, urea, cations
and anions.

LFormation of Cs_lj

CSF is formed in the choroid plexus which
are a network of capillaries in the walls of
ventricles of the brain.

The capillaries are covered by ependymal
cells which form cerebrospinal fluid from
blood plasma by filtration and secretion.

CSF is formed in the choroid plexus of
each lateral ventricle and flows into third
ventr.icle through a pair of narrow oval
openings called interventricular foramina
(Foramina of Monroe).

The fluid then passes through cerebral

aqueduct from midbrain i
in
ventricle, a7

CSF enters into sub i
arachnoid space
through three openings in the fo}tjxrth
vMentncle' called as Median aperture' of
agendie, Median aperture of Luschka

a

and rest of it passes throy

into spinal cord. B centry) Cang]

It is gradually reabsorbed

blood through arachnoid Villi_ack into fhe

LFormation and circulation
of CSF|

T

ﬁhoroid plexus of lateral ventricles secrete (g |
I St
( CSF flows through interventricular

foramina into third ventricle }
}

(Cerebral aqueduct (Aqueduct of sylvil$J
]!

[ Fourth ventricle J‘
!

i Lateral and median aperture j
|

Subarachnoid space _J
“ 1

[ Reabsorbed by arachnoid/J

3 villi into dural sinuses

e

()

Volume — 150 ml
Specific gravity - 1.005

| Functions of csF)
CSF acts like 2

fluid

extﬁ'“’l

Protective function: : 5
buffer and protects brain from =

shock and mjury T
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Blood brain barri '
L rlerJ O Blood brain barrier is formed due to

a A special barrier exists between the brain astrocytes. Astrocytes surround the
' and the blood. capillaries of brain and form a sheath

around the capillaries and form a barrier.

O In the endothelium of capillaries of brain,
cells are joined by “tight junctions”.

' g This barrier called as blood brain barrier
selectively ~ permits  small  molecules,
uncharged molecules and lipids to enter
into the system. U These tight junction prevent excess
permeability there by strengthening the
blood brain barrier and protecting the
brain.

. g It does not allow large molecules; plasma
rotein bound substances and water
. goluble substances to pass through it.

Cerebrum

Superior
sagittal sinus
Arachnoid
granulation
Subarachnoid
space
Choroid Meningeal dura
plexus mater

Right lateral
ventricle

Interventricular
foramen

Third
ventricle.
7

Cerebral aqueduct

Lateral aperture Median aperture

Fourth ventricle
Central canal

Figure 4.7: Cerebrum

@ay and white matted nervous system is called as nuclei.
White . , d The collection of cell bodies outside central
matter refers to aggregation O nervous system is called as ganglion.

myelinated processes from many neurons.

The colour of myelin sheath is responsible
for the white matter being called so.

lhe gray matter of nervous system contains
oth cell bodies dendrites and neuroglia.

&anglia and nuclej

The collectipn of cell bodies in central
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0 Gyri are elevated ridges #winding” around
the brain.

0 Sulci are small grooves dividing the gyri.

0 Itis divided into right and Jeft hemispheres
by a fissure called as longitudinal fissure.

0 Between the hemispheres is an extension of
duramater called falx cerebri.

0 The hemispheres are connected internally
by a bundle of transverse fibres called as
corpus callosum.

2 Cerebral cortex is composed of 6 layers

namely the

frontal lobe

Q

Molecular layer

External granular layer
Outer pyramidal layer
Internal granular layer
Ganglionic layer
Fusiform cell layer

Each cerebral hemispheres is g;

lobes namely vided ipy,
1. Frontal

2. Parietal

3. Temporal

4. Occipital

parietal lobe

occipital lobe

cerebellum
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i A central sulcus separates frontal lobe from

ietal lobe. O Primary gustatory area: Area 43 Present in
parieta the parietal lobe of cerebral cortex.
A lateral sulcus separates frontal lobe from
temporal lobe and also temporal lobe from LMJ
parietal lobe. Q

Primary motor area: Located in the prefrontal
area of frontal lobe.

A

! g A parieto occipital sulcus separates parietal

ietal lobe from occipital lobe.
parieta prialione O  Brocas area (Area no 44 and 45)

: ional areas (Brodman ;
The functio ( % areas) of Q It is the motor area for speech located

. cerebrum can be divided into.

1. Sensory areas
2. Motor areas

3. Association areas

LSensory areasJ

Primary somesthetic area:

in the dominant hemisphere of the
frontal lobe.

O Itcoordinates the movements of organs
of voice production like tongue, lips
and larynx.

LAssociation areasJ

O Gnostic area: Common integrative area
¢ Alsocalled Area 1, Area 2 and Area 3. among somatosensory, visual and auditory
e Itis present in the parietal lobe. association areas.

o It receives sensory impulses of O Visual association area Area 18, 19 located in
touch, pressure, pain, heat cold and the occipital lobe.
discriminative touch. O Wernickes area (Auditory association area)
Primary visual area: Area 17 in the occipital Area no 22- temporal lobe.
lobe. O Premotor area (Area no 6) - Frontal cortex.
Primary auditory area: Area no 41, 42 in the O Frontal eyelid area (Area 8) — Frontal cortex.

temporal lobe.

in the

Primary olfactory area: Present

temporal lobe.
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Brain Stem

M
1. Medulla oblongata

It comprises of

1
2.
3

Medulla oblongata (3 [t starts at Foramen magnum where e
cord ends and extends till po 4

Pons pons.

Mid brain

The Brain Stem

Third ventricle

Thalamus

Superior Corpora ]
Pineal gland C°"'C_UI“5 quadregemina
Lateral geniculate Inferior of tectum

colliculus

* \— Trochlear (IV) nerve et
Superior cerebellar peduncle
Middle cerebellar peduncle _H Pons
s Inferior cerebellar peduncle g
: b ———— Facial (VII) nerve

Vestibulocochlear (Vi) nerve

Choroid plexus e : N H Medulla
(fourth vZnticle) X Y ! Glossopharyngeal (IX) nerve
i & K

J ?//r& Vagus (X) nerve

nucleus

Medial geniculate
nucleus

Anterior wall of
fourth ventricle

Posterior median sulcus
Fasciculus cuneatus Accessory (XI) nerve o

Fasciculus gracilis j‘k\: 73\ Posterior (dorsal) root

of first cervical nerve

Dorsal view

Figure 4.10: The Brain Stem |
It C(f)ntains a median fissure at the anterior 0 It contains all the sensory and m@ ygh 1o
surface, e PR S o it -mﬁ l :
On either site of the fissure two swellings Q : w
called as olive are present.

Just posterior to the pyramids i
1s are eleva
called as olive. o

Gracile tupercle and cuneate tubercle
corresponding to the nucleus cuneatus

and gracilis are present posteri i
inferior part of medulla. s s
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Dﬁ-/It contains medullary rhythmicity area

which controls the basic rhythm of
preathing.
Dorsal and ventral group of respiratory

neurons areresponsible for the maintenance
of thythm of respiration.

Cardiovascular centre controls rate and
force of heart beat and diameter of blood
vessels.

5. Other centres in medulla coordinate

swallowing, vomiting, coughing, sneezing,
secretion of saliva and hiccups.

Pons
Pons extends from medulla to midbrain.

It is about 2.5 cms long.

Middle cerebellar peduncles present
laterally on the pons connect the pons with
the cerebellum.

Its crucial role is associated with

respiratory control.

It has 2 areas pneumotaxic area and
apneustic area responsible for maintenance
of respiration.

Pneumotaxic area is situated in upper
pons and is responsible for regulation of
inspiratory rate by inhibitory effect and
apneustic centre is situated in lower pons
and it increases the respiratory rate.

It lodges the nuclei of cranial nerves 5 - 8

1. Trigeminal nerve

2. Abducens nerve

o

Fascial nerve
4. Vestibulocochlear nerve

Pons acts as pathway that connects
cerebellum with cerebral cortex

Itacts like a pathway for all the pyramidal
tracts that pass from the brain

Midbrain

& is  present

i between
dlenCephalon.

pons and

(H

It has 2 areas called superior and inferior ; '

colliculus in the posterior part called as
tectum.

Cerebral peduncles are the part of midbrain
lying in front of the line passing through
the cerebral aqueduct.

Superior colliculus helps in reflex
movements of head, trunk, limbs and

movement of eyeball in response to any
visual stimuli.

It is considered as the centre for light reflex.

Inferior  colliculus helps in  reflex
movements of head and trunk in response
to auditory stimuli.

It is considered as the centre for auditory
reflex.

It has 2 distinct areas calied red nuclei
which have the cell bodies of cranial nerves
3 and 4 namely the occulomotor nerve and
the trochlear nerve.

[Cerebelluml

It consists of 2 cerebellar hemispheres
which are separated by central body called
as vermis.

It is separated from cerebrum by a deep
groove called as transverse fissure and by
an extensior: of cranial duramater called
tentorium cerebellum.

! Functions’

It compares intended movements with
what s actually happening and coordinates

complex skilled movements.
It helps in regulation of muscle tone,
posture and balance.

It is responsible for integration and
regulation of muscular activities.

Preve exaggerated
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for many of the tracts or pathw
from periphery to the centre an
centre to the periphery. :
It helps in maintenance of equilibri

the body.
(Thalamus|

Thalamus is an oval shaped collection of

gray matter.
It is situated in the region of diencephalon.

ays coming
d from the

um of

It acts like a relay station for transmission
of all sensory impulses from periphery to
the cerebral cortex.

Thalamus forms a part of ascendi-ng
reticular activating system, (ARAS) which

is responsible for keeping a person awake.
(Arousal).

Thalamus is responsible for determining
the quality of sensation due to its role in
discrimination of sensations.

It helps in differentiation of different
modalities of sensations like heat cold and
pain.

Along with hypothalamus, thalamus too
plays a role in maintenance of behaviour
and personality.

Thalamus has centre for a large number of
reflexes of head and thorax.

Thalamic radiation: All the thalamocrotical
and corticothalamic fibres pass through the
thalamus forming thalamic radiation.

[ Basal Nuclei ;

Basal nuclei are five grey nuclear masses

that ‘are present at the base of cerebral
hemispheres.

They mainly play a role in influencing the

motor activities of the body.

A basal nuclei also regulates cognition

motivation, arousal and social behaviour.

A basal nuclei controls the muscle tone in

the body.

Reflex activities of the body are also

controlled by the basa] ‘nuClei

Components of basal nuclej

1. Caudate nucleus
Putamen

Globus pallidus
Subthalamic body of Luys
Sunstantia nigra

Hypothalamys

0 Hypothalamusformsapartof 4;
and is situated below thalamliislencephalon

OF_ e 0 I

0 Hypothalamus plays a re
in functioning of all thegu}l;:l?;stmle
atic

mechanisms of the body.

l Functionsl

0 Hypothalamus controls mest th
endocrine glands of the body through th:
hypothalamo pituitary axis.

O It secretes the controlling hormones o
pituitary namely.
1. Growth hormone releasing hormone
(GHRH),
2. Thyrotropin releasing hormone (TRH)
3. Corticotrophin releasing hormont
(CRH),
4. Gonadotrophin releasing hormor
(Gnrh),
5. Prolactin inhibiting hormone (PH):
Q  Control of autonomic nervous system: ;
ik i
e Sympathetic division of IR

. a :
nervous system 1S i o
posterior and lateral U .

hypothalamus. A
 parasympathetic




hypothalamus regulates the hunger and
food intake of the body.

Posterior hypothalamus along  with
hippocampus is responsible for olfaction.

Regulation of sleep pattern, biological
clock is done by hypothalamus there by
maintaining the circadian rhythm.

Hypothalamus is responsible for
. maintaining the water balance of the body
. by activating the thirst centre.

Role in emotional response and stress
. management:

« Hypothalamus is responsible for

the release of catecholamines from
medulla.
This stimulation of adrenal medulla
by hypothalamus plays an important
role in emotional responses and
management of stressful situations.

LLimbic SystemJ

It is the specialised system comprising of
' organs responsible for the emotions and
- memory.

It is one among the primary organs
- responsible for the mind- body sync.

It is composed of subcortical structures
!,around the cerebral cortex.

Hippocampus, dentate gyrus, piriform
cortex, olfactory lobe, olfactory tubercle,
i amygdale, thalamic
nuclei, hypothalamic nuclei and reticular
lformation form the limbic system.

Q

l Functionsl

Limbic system, mainly the hypothalamus
plays a role in regulation of autonomic
functions of the body namely:-

the thermoregulation,
maintenance of water balance,
regulation of cardiac and
respiratory rate.

Limbic system is also the primary centre
for memory and emotional responses.

Memory: Hippocampus of the limbic
system plays an important role in memory.

Emotional response: the physical and
. psychological response of a person to any
emotional stimuli is due to the role of
hippocampus and the hypothalamus.

Regulation of endocrine functions through
the hypothalamo - pituitary axis is also one
of the primary functions of limbic system.

Thalamus

Hypothalamus

Frontal
Lobe

Olfactory

Bulb Hippocampus

Amygdala

Figure 4.11: Limbic System




Cranial nerves are

|

Vi

Vil

Vil

IX

Xl

Xl

Olfactory

Optic

Oculomotor

Trochlear

Trigeminal

Abducens

Facial
Vestibulocochlear

Glossopharyngeal

Vagus

Accessory

Hypoglossal

12 in number

Semsony
Sensory

smell

Vision

Movement of the eyes, elevation of the eyelids, constriction of_ pupil in

response to light due t0 the motor innervations of inferior oblique, superior

recfus inferior rectus, medial rectus, constrictor pupillae and cilary muscle. e
Sensory portion brings proprioceptive information from the above eye

muscles.

he eyes due to innervations from the

Inferior and lateral movement of t : :
depression and elevation of

superior oblique muscle.(Intorsion, extorsion,
eyeball).

The sensory
oblique muscle.

branch brings proprioceptive information from the superior

Sensory branch brings sensation from the face, mucous and oral cavity.
Opening and closing of mouth , control of muscles of mastication and control  Both

of the tension in tympanic membrane is through the moyor branch

Lateral movement of the eye and sensory portion bring the proprioceptive Both
information from the muscles of eye.

Control of the muscles involved in facial expression, taste (from anterior 2/3 of Both
tounge), Lacrimation, salivation

Hearing , proprioception of head region and balance and equilibrium. Tirg T

Salivation, taste perceptions (From posterior 1/3 of tongue)and also supplies
to the middle ear and Eustachian tube.

Control of the muscles involved in swallowing, ta
innervations of various organs. It brings sensory
abdomen and the viscera

Movement of head and should i i
ers by innervating t!
trapezius muscles, Y e J

Control of the muscles of the tongue
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Spinal Cord

Spinal cord is located within vertebral
‘canal of vertebral column.

Ttis protected by bony vertebrae, meninges
and cerebrospinal fluid.

iSpinal cord extends from medulla to upper
border of 2™ lumbar vertebrae.

pinal cord measures about 45 cm in males
d 43 cm in females.

hs medullaris

ir the lumbar enlargement, the spinal cord
ows and moves downward in a cone
ed termination called as conus medullaris.

non nervous sac extending from conus
aris till the second sacral vertebrae.

Gray matter

Sl .

Motor neuron
soma

Cauda equina

J

White matter

Figure 4.12: Cross Section of

It is a bundle of spinal nerves that extend
from the lumbar enlargement or conus
medullaris downwards.

It is called as cauda equina as it resembles
a horse tail.

Cauda equina contains nerve fibers from
2" to 5™ lumbar vertebrae, 1-5" sacral
vertebrae and the coccygeal neve.

It is divided into spinal segments

Cervical - 8

Thoracic - 12
Lumbar -5
Sacral -5

B S o

Coccygeal -1
After the 2" lumbar vertebrae an extension
of piamater called as filum terminale
extends inferiorly till the coccyx.

Dorsal root

ganglion
Dorsal root

Sensory
neuron
soma
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I Structure ’

Spinal cord is made up of white matter
externally and H shaped grey matter
internally

Two groove/separations divide the spinal
cord into right and left grooves.

The anteromedian fissure and posterior
median sulcus.

The anteromedian fissureis a deep wide
groove on anterior side and posterior
median sulcus is a narrow groove on
posterior surface.

Internally the spinal cord is made up of
internal gray matter and external white
matter.

The cross bar of “H” is formed by gray
commisure.

In the centre of gray matter is a small space
called central canal.

This canal extends the entire length of
spinal cord.

Anterior to gray commissure is anterior
white commissure which connects white
matter of right and left sides of spinal cord.

Proprioception,
deep touch,
vibration

Proprioception

Voluntary
motion

Prqprioception
Pgln, temperature
Light touch, pressure

Figure 4.13: Structure of spin

Q

Back

Voluntary
motion

Front

Thg gray‘matter on each side of s J
divided m.to regions called ag hom Corg
1. Anterior gray horn

2. Posterior gray horn

3. Lateral gray horn

Lateral gray horns are Present
thoracic, upper lumbar and sacra] Only
of the cord. S€8Men;

The cell bodies of motor neurong
skeletal muscles are located in ¢
gray horn.

SUpplyin
he anten 0%

The cell bodies of motor neurons g, i

smooth, cardiac muscles ang pp])IIng
through autonomic nervous systexgnands
located in the lateral gray horn, e

The white matter of a spinal cord is divideg
into

1. Anterior white column

2. DPosterior white column

3. Lateral white column

These columns contain distinct bundle
of nerve axons having common origin
and destination and carrying similar
information. These bundles are called
tracts.

B Back (posterior)
N of the cord

Side
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spinal segment and spinal nerves J

gpinal cord is divided into 31 segments

s

a
namely:-
1. 8cervical,
2. 12 thoracic,
3. 5lumbar,
4. 5sacral and

5. 1coccygeal segment.

g Spinal nerves are paths of communication
between spinal cord and most of the body.

| g Each spinal nerve is a mixed nerve formed

by the union of a dorsal root (sensory) and

a ventral root (motor).

0 Spinal nerves are 31 pairs in number and
Jeave the spinal cord at their corresponding
vertebrae till L2.

O Later they progress like a horse’s tail called
as cauda equine.

[Ascending and descending tracts of brainJ

The highways that go in and out of brain

0 Ascending tracts (Sensory tracts) contain
axons that conduct nerve impulses towards
brain.

And descending tracts (Motor tracts)
conduct nerve impulses from brain to the
periphery.

Ascending tracts of spinal cord can be
divided into.

terior and lateral spinothalamic tracts

f‘\nterior spino thalamic tract — Carries
Impulses relating to crude touch. (This
tract is explained in detail in the chapter
Pertaining to the special senses).

:‘ea];e;al Spino thalamic tract carries impulses

tract ng to th(? pain and temperature. (This

Perta-l S explained in detail in the chapter
ning to the special senses).

en .
Carr:ral.and dorsal spino cerebellar tract
. ¢S Impulses relating to subconscious

Nesthetje sensations.

Spin
O tectal tract carries sensations relating

to spinovisual reflexes.

W Spino reticular tract carries sensations
related to consciousness and awareness.

- Spino olivary tracts carry sensations
relating to proprioception.
U Spino vestibular tract carries sensations to

lateral vestibular nucleus relating to the
proprioception.

Posterior column tracts

U Posterior spino thalamic tract carries
sensations relating to fine touch and two
point discriminations through faciculus
gracilis and fasciculus cuneatus.

u:)escending tracts of spinal cordJ

U  They are the tracts that pass from centre to
the periphery.

W The motor tracts of spinal cord are of two

types.
1. Pyramidal tracts

2. Extra pyramidal tracts

s

Pyramidal tracts

@ Pyramidal tracts start from the frontal and
parietal lobes of brain.

O They decussate at a region in midbrain

called as pyramid.

@ They carry sensations pertaining to motor
activities of the body.

2. Extra pyramidal tracts

(0 Medial longitudinal fasciculus — Carries
sensations pertaining to reflex ocular
movements.

L Anterior and lateral vestibule spinal tract play
a role in adjustment of muscle tone and

il
y

C O




medulla: lateral corticospinal
tract fibers cross over

to limb muscles €~ --~--

N

o m e R G -

i
I
i

neurons in the cerebral cortex
control movements of the
contralateral limbs

lateral corticos

anterior corticospinal tract

[— lateral corticospinal tract: neurons project to

somatic efferents that innervate limb muscles

>-+-anterior corticospinal tract: neurons project bilaterally to
somatic efferents that innervate proximal muscles

= = ==pto limb muscles

to proximal muscles<€= ]*‘ql-

» to proximal muscles

Figure 4.14: Tracts of spinal cord

|
|
|
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- - Reflex

| Reflexes  are fast, predictable autonomic 2. Sensory neuron: The fibres carrying sensory

. responses to changes in the environment. information.

Integrating centre: brain or the spinal cord

g W arc
. Reflex arc includes five basic components. 4. Motor neuron: The fibres carrying motor
0 commands.

Receptors: they are of many types like
pacinian corpuscles for touch, nociceptors
for pain, photoreceptors for light etc.

1. Effector: The functional units of the muscle

or gland that respond to the sensory

stimulus.
E Step 2:
| Step 1: Activation of a Sensation
" | Arrival of Sensory neuron Dorsal root relayed
4 , stimulus and to brain
. activation of by collateral
| receptor.

Receptor REFLEX
ARC

Step 5:
Response Effector
by effector T

:’fgf’a' Step 3:
Information
Step 4: processing in CNS

Activation of a
motor neuron

Figure 4.15: Reflex Arc
ication of reflexes : tween the
M : ’ : ‘
onosynaptic: Only one synapse will be

2 )
Eeesent In between afferent and efferent
uron,

Pol 5
VS\C!:)laptfc reflexes: This is a type of reflex
Ntains more than one inter neuron
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Delay :

Every reflex is associated with a
time interval between the application of
stimulus and generation of a response.

One way conduction: In a reflex arc, the
impulses are transmitted only in one
direction. The impulses started from the
receptor to the centre and from centre to

the effector.

Summation

e Upon application of repeated stimuli
at frequent intervals then the next
stimulus will get a add on from the
previous postsynaptic potential and
will lead to a wider response. This
type of summation is called Temporal
summation.

e In the case where a post synaptic
neuron receives impulses from a large
number of presynaptic terminals at the
same time then there will be a adding
up effect eliciting a greater response.
This type of summation is called as
Spatial summation.

Irradiation: When the stimulus applied is
too strong then the reflex will spread to
many neighbouring neurons in the centre
and will produce a wider response.

Facilitation: When areflex iselicited
repeatedly  its  response  becomes
progressively higher due to facilitation.

Habituation: When a particular stimulus is
applied repeatedly at frequent interval then
the response of the reflex will be lessened
this is called habituation or fatigue.

‘Se_nsi.tization: When an adverse stimulus or
Injurious stimulus is applied repeatedly it

will result in aamplification of the reflex
response,

Spinal cord reflexes are of three T

Muscle reflex
Stretch reflex and golgi tenqg ot
e Stretch reflex:

Tefley,

It results in reflex I
; Ontract
muscle that is being stretc}:;on

* Golgi tendon reflex:
It is also called as invers
e Str
etCh reﬂex

It is a protective reflex sepn :
€en in f
called as golgi tendon organs eceplo

Cutaneous reflex:
Withdrawal reflex

This sort of a reflex occurs in response |
a painful stimuli and results i remov;
or withdrawal of the body part from g
painful stimiuli.

Clinical reflexes of 3 types namely

1. Superficial reflex

2. Deep reflex

3. Visceral reflex

e Superficial reflex: These types o
reflexes are seen upon the stimulation
of receptors present on skin or mucs
membrane. Example : Corneal reflex
plantar reflex.

e Deep reflex: The reflexes originated
from stimulating a tendon are &
reflexes.

e Visceral reflex: The reflexes ﬂ@g
from a visceral organﬂaf‘@- the

where at least one part
arc is formed by an at

called as
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Autonomic Nervous System

O Autonomicnervous system is a subdivision They are situated in either side of
of perlphera.l nervous sys.tem which is spinal cord in segmental fashion along
concerned with the regulation of visceral the anterolateral surface of vertebral
and involuntary functions of the body. column.

a It is subdivided into sympathetic nervous 2. Prevertebral ganglia
system and parasympathetic nervous Situated in thorax abdomen and pelvis.
system. 3. Terminal ganglia

0O Autonomic nervous system is independent Situated near to the structures
of the conscious will of the person. Hence innervated by them namely heart,
it is called as autonomous or independent. pancreas, urinary bladder etc.

0 Sympathetic nervous system is the cranio
sacral outflow and parasympathetic

nervous system is the thoraco-lumbar g Parasympathetic nervous system has its
outflow. fibres ousting through the 3, 7, 9 and 10°
cranial nerves and 27, 3 and 4% sacral
nerve.

u?arasympathetic division)

Sympathetic division of
Autonomic nervous system

Q The cranial out flow of parasympathetic

0 Sympathetic outflow occurs through the system innervates head, neck, thorax and
12 thoracic and 1% and 2™ lumbar spinal abdomen.
LT Q They arise from the region of brain stem.

, O The nerve fibres arising from these @ The sacral outflow of the parasympathetic

segments terminate in post ganglionic system arises from the 2%, 3%, 4® sacral
neurons of sympathetic ganglia. segments of spinal cord.

. 0 There are three types of neurons in They innervate abdominal and lower
sympathetic ganglia abdominal structures like large intestine,
1. Paravertebral ganglia liver spleen,external genitalia etc.

i b s
{ ‘ " b L e
' A il
? el )
] (=] ]
, LA 4 |

R TR

- Itis the thoraco lumbar division of spinal cord

- Postganglionic neuron is located closer to the
centre

Fosteanglionic fibresarelong
- Preganglionic neurotransmitter is Acetylcholine il

-t el ey
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PUPIL CONSTRICTION

STIMULATEL SALIVA
CONSTRICTS BRONCHI 7
ELAXES Bhow
INCREASE]
HEARTBEAT
SLOW HEART RATL
SLOWS
DOWN DIGESTION
STIMULATES
PRODUCTION OF BILE
STIMULATES
GLUCOSE RFL=ASE
STIMULATES
i C
DIGESTION it
INTESTINAL
MUSCLES
INTESTINAL
MUSCLE ADRENALINE
RELAXATION

R e

)

Dilation of pupils

Gitat  intibition ofsecrtory functions 0GR
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Organ

1 Heart

%ungs

Intestines

ormonal secretion

- Blood vessels

@ladder

: ‘large intestine,
- rectum

Functional differences

Sympathetic nervous system
Cardio acceleratory in function

Increase of respiratory rate
Bronchodilator in action

Decreases intestinal motility and
decreases peristalsis

Increase in secretion of cortisol, thyroid
hormones and adrenalin

Vasoconstriction

Inhibits micturition

Inhibits defecation

Stimulates ejaculation in reproductive
system

Mainly plays a role in “fight and flight”

Causes localised sweating (Adrenergic
sweating)

Causes relaxation of gall bladder

Causes erection of hair due to
contraction of erector pili

Increases breakdown of glycogen
and formation of glucose of energy
production

Parasympathetic nervous system
Cardio inhibitory in function

Decrease of respiratory rate Causes
bronchoconst-riction

Promotes motility of digestive tract and
increases peristalsis

Decrease in secretion of cortisol, thyroid
hormones and adrenalin

Vasodilation
Stimulates Micturition

Stimulates Defecation

Stimulates erection in reproductive
system

Mainly plays role in “rest and digest”

Causes generalised sweating
(Cholinergic sweating)

Causes contraction of gall bladder

No

Promotes formation of glycogen from
glucose




LL‘earnlngi}

iring new information
d as learning”.
ation of a

@ “The process of acqu
by experience is calle
O It results in alteration or adnpt_ ‘
person’s response to particular stimuli.
Q Itis classified into
1. Associative learning

2. Non Associative learning

LNon associative learnin*gJ

t is divided into two types
Habituation
Sensitization

fond

P

Habituation
O This is a process in which a person gets
accustomed to particular stimuli in such

a way that repeated application of that
stimuli will elicit less and less response.

J Example: When a person is exposed to cold
breeze he feels the bite in his skin, but on
regular exposure he will not notice the
change due to habituation.

2. Sensitization

J  This is a process in which a person becomes
more and more responsive to particular
stimuli due to repeated exposure.

-

W Example: If a person’s fingers are exposed

to a burn/pain due to fire while doing some
work, he will be sensitized to that stimulus

of fire.

He will learn to be very alert to that stimuli.

And if the person is exposed to any work
associated with fire again his fingers will

be extra sensitive to heat.

| Associative learning|

Classical conditioning

) Here an unconditioned stimulys (whigh
ic

usually elicits a reflex) is paireq with
neutral stimulus repeatedly. a

() This will result in the eliciting of both th
unconditioned stimulus and the neutr(;
stimulus. "

Example for classical conditioning:

Q@ When a dog is always given food after the
ring of a bell as in pavlov’sexperiments, (In
the beginning the sight of food will cayge
salivation in the dog.

QO But due to repeated pairing of the ring of
the bell and food even a mere ring of bell
will cause salivation in the dog.)

Operant conditioning

Q This involves applying a reward or
punishment after a behaviour.

QO Operant conditioning involves making
of a relationship between a voluntary
behaviour and the consequence.

Examples for operant conditioning:

1. Training a dog to fetch the ball
e When a dog is rewarded with a bor®

whenever it fetches the ball, the mbaﬂw ?’g
will reinforce the fetching of b8 &

much better way. e B
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4 4 lMemoryl

Memory is defined as retention of learned
information and experiences.

" Memory is a process by which information

is acqulred, stored and retrieved.

LStages of memoryJ

. g The memory process is completed through
three stages, namely.

1. Encoding: Receiving and processing
information.

storage: Creation of
synaptic connections.

Retrieval: Recall of information in
response to any stimuli.

!\)

permanent

(_JJ

] 0 Any event, experience or fact is at first
coded through development of new codes
or new sensory connections.

0 This is followed by development of newer
synapses and connection of newer synapses
which leads to storage of memory.

0 This stored information is retrieved upon
exposure to certain trigger or stimuli which
usually happens to be any of the sensory
perception associated with that experience
or fact.

Elassification of mem@

?ased on duration memory

L. Sensory memory

2. Short term memory

3. Long term memory

Sensory memory

This type of memory is very short lived.

It_ involves the different things we see,
dl.fferem sounds we hear in our daily life
Without really noticing them

Short term memory
Memory pertaining to recent events.

S is the memory pertaining to events

th - »
; i:)t ‘;ve are currently aware of or thinking
ut,

U This type of memory can be recalled till few
hours.

W Ttis also called as working memory.

W Consolidation of this memory will make it
a long term memory otherwise short term
memory will usually fade away.

3. Long term memory

(.

Memory pertaining to older events.

W This is the well consolidated memory
which can be retrieved even after a very
long time of many years.

Based on quality of memory
1. Implicit memory
2. Explicit memory
1. Explicit memory

Q It is the memory that involves conscious
recollection of events that have been
experienced by the person. It is also called
as declarative memory.

Q Itis of two types

1. Episodic memory: Episodic memory

includes memories of specific events in
episodes.
How was the taste of today’s meal — the
answer good /bad/ not so good may
vary based on the experience of the
person.

2. Semantic memory: This type of memory
involves recollection of facts, names,
and events.

Eg: Which is the largest gland of the
body? — The answer is liver for each
and everybody.
2. Implicit memory
It is the memory that involves recollection
of memory pertaining to a skill or work
experienced by the person.
of memory does not involve




1. Respiration

Areas of memory

O Memory is formed due to the formation 3 This is the first g bl

brain with respect to where the inspiration A Pmclu%n

of newer synapses in br: ' :
memory and storage of information. processes involved in y o expiraﬁon

i esponsibl .
O Multiple cortical and subcortical structures rf 1p ible for movement of air i, il
h the storage and recall. of larynx. oy

are involved wit
1 There canbeno speech witlidupa
rESp",aﬁ

O Most importantly the Hipppcampus,
Amygdala, hypothalamus, cingulated

gyrus, rticula formation are the main areas 2. Phonation

of the memory. O This is the stage of sound Product
) : vibration of vocal cords, HCtion by
Lphysiology of speech and artlculat@ O Sound is produced by mod
Y modulati .
Q Speech is the vocalized form of human flowing out of lungs. ating the 4,
communication.
3 Speechis one of the most advanced traitsof 3. Resonance
a living organism. . QO The proper texture and amplification »:
3 Speech helps a man to communicate and to the sound produced with the he?v:'
interact verbally with his surroundings. mouth, nose, teeth and oral stmcmrgS is
3 Speech involves the activity of brain and called as resonance.
the lungs, larynx and the vocal tract for ) )
the production of sound and giving proper ~ 4. Articulation
meaning to that sound. @ The sounds produced by phonation will be
&peech centres in brain J g; ‘éiﬁlsﬁeaﬁc meaning by the process of
ation.
- Sfr C;:Z l?;aela g risen’t inferior to c{r OT_‘:EI gyrus 1O This is brought about by the movementsof
ex 1s concerned with motor i
ket oF sl palate, teeth, lips and mouth.
a its is called as motor speech area (Area 44,  Classification of sounds
). ' ,
Sounds have been classified into multiple /P

a We@&es area present in posterior part of  based on the way of articulation as: -
superior temporal gyrus and angular gyrus :
(Area 39) plays a very important role as oy
associative areas in production of speech. Labiodental,
Labiopalatal,

U Exners writing area located i
in the posteri
part of frontal lobe helps u? visrtl:;i
perception of written words,

&m of speech production J
Respiration
Phonation
Resonance
Articulation

a
a
Q
a
a
a
Q
g

EaE 39
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Nervous System

Thermoregulation

ability to regulate body
temperature living organisms are broadly
classified into two categories.

1. Homeothermic animals are animals that
are capable of regulating their internal
body temperature and

o

Poikilothermic animals are cold
blooded animals that are not capable
of regulating their internal body
temperature.

The human body temperature has to be
maintained constant in this ever changing
climate and environment.

Moreover the different physiological
processes taking place in the body also
produce heat which has to be regulated by
the body.

Heat gain centre

* Heat gain centre is situated in posterior
hypothalamus.

* Stimulation of this centre stimulates
shivering and secretion of thyrotrophin
releasing hormone which increases the

BMR and temperature.
Heat loss centre
* Heat loss centre is situated in

the preoptic nucleus of anterior
hypothalamus.

Stimulation of this centre produces
Cutaneous vasodilation and sweating.

g})ecnmma] temperature is about 98.6" F or

ltmay range from 35.80C — 37.39C or 97-99'F.

But the climatic temperature on earth varies

om -500C to 520C in extreme climatic
fonditiong,

PG TP

U Humanbodyhastomaintainitstemperature

in this particular range irrespective of the
atmospheric temperature.

Therefore human body faces this task of
regulating the body temperature constantly
through the process of homeostasis.

LUp-regulation of temperature}

Following are some of the physiological
changes undertaken by the body in order to
cause Up-regulation of temperature

1.

Vasoconstriction: In order to prevent heat
loss.

Increase of metabolic activities: To promote
heat production.

Shivering: To promote heat promotion due
to the muscle activity.

Muscle contraction: For heat generation.
Increased appetite.

Reduction in surface area of the body
(crouching): In order to reduce the exposed
surface area and prevent loss of heat.

| Down regulation of temperature|

The physiological changes initiated by the
body to cause down regulation of temperature
are as follows.

Promotion of sweat secretion and increase of
peripheral circulation: to promote heat loss.

Inhibi promotu "

L




. | 7 i musche activity and reduced
appetite to prevent heat production
i Increase of body surface area [stretching): TO

increawe the area available for heat foss

|Mechanisms of temperature reguiation,

When temperature increases in the body
the heat loss from the body happens through
following mechanisms namely
1. Conduction:
0 Heat is lost by contact
surrounding surfaces
O Every object that comes nto
with the body can conduct heat into S
body or out of the oy

of body o

~outil et

Eg: Loss of heat to a chair whike bewng

weated

L

Radiation '
Q Transfer o
Cm: N
2 T I
:;:t: ‘;:hxch COMes ingy
wind o i trom e ¥ iy
i Evaporation:

J Heat s lost from the body th

evaporation (Through mm

waler Into gas or water vapour) frop,

fungs and sweat.

yand

heat |
bY it
w"iﬁ

tg Through perspiration,
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Physiology of Pai
gy dain

.~ pefinition of Rolando form the second order neurons.

Pain is an uxl}lvleiasagt sen‘satéon induced by a O  The fibres from these neurons cross the over
- oxious stimulus and receive and transmitted and ascend along the lateral spinothalamic

by free nerve endings. Frach
4 lTypesI 3. Third order neurons

1. Fastpain: O These neurons mainly arise from

thalamic nucleus, reticular formation,

.« sharp, precisely localised and very fast.
[tis sharp, p y y tectum and the gray matter around the

- 2. Slow pain: aqueduct of Sylvius.

' 1tis dull, slow and may not be precisely located O Axons from these neurons terminate in
or may also be diffused. the parietal lobe of cerebral cortex.
Other types of pain O The centre for pain sensation lies in the

0 Referred pain: post central gyrus of cerebral cortex.

~ + Referred pain in the pain that is perceived

at a site adjacent or away from the site of B 1order
. . . neurones
- origin of pain. B 2 order
~ + Referred pain occurs due to the dermatomal m :S::"es
rule, where pain occurs in the same neurones
structures that are embryological origin.
Eg: Cardiac pain is felt at the inner part of
left arm and left shoulder.
|Pain Pathwayl
f ﬁ?rin from the skin and deeper structures is felt QN /
' through ¢ . < Lateral NN Anterior
| gh the lateral spino thalamic tract. spinothalamic_h o
b tract tract
Ly ral spinothalamic tract Temperature Crude touch
: and pain and pressure

- The receptors will be located in the free nerve

E‘;‘;ﬁlgs which are distributed throughout the
- Dody,

B
First order neurons

Q Fast pain sensations are carried by
fibres called as Ad fibers.

Q' Slow pain is carried by C type fibres.
Second order neurons
Marginal nucleus and substantia gelatinosa
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M - Tactile Sensations and Skin
L
Epidermig
Free nerve endings MeiSSner
(pain, heat, cold) Cr)rnu;'._!‘y3
@ (T.Ouch)
Pacinian
Corpuscles
(pressure)
Merkel disks
(touch) . »
’B\Lalgsitglch) * Rufﬂm
- endings
) (pressure)
Root hair plexus (touch) Dermis
Figure 4.18: Tactile Sensations and Skin
-2 Skin is the largest organ of the body. O Krauses end bulb : touch and pressure.
< It performs the important functions of .
protection and sensation. LFlne Touch pathwaj
3 Skin will be containing different receptors 1 The pathway for fine touch is called =
over its surface that will be responsible for dorsal column medial lemniscus pathway. |
the perceptions of sensations like touch, O Here the first order neurons that reside
pain heat, itch etc. dorsal root ganglion bring somatose(;\f‘ﬂ;l!’
. sensations from the periphery to the do
Eeceptors of skuﬂ grey horn
] B . afus
lefergnt receptors  pertaining to different (3 It will ascend through fasciculus cun® i
sensations will be scattered over the surface of and fasiculus gracili and fter® sent
— nuclei cuneatus and nuclei §
dJ ::st:'l;e'(sj dtlscls Touch and pressure and finer in medulla oblongata. (cros
$ ke U Here themmﬂhﬂs“"“ in e
3 Meissners corpuscles: Fine discriminative over) and will ascend up '"m M |
touch and vibration. contralam; , MQMQ el
< Pacinian corpuscles:  Responsible  for - R
sensations of vibrations and pressure, J

O Ruffinis end organs : Crude touch and heat.
O Free nerve endings : Pain.
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L/ Rec;e_ptors ]

+

| L’ Dorsal root ganglion ]

L - Dorsal grey horn r

<+

‘ Eé;ciculus cuneatus and fasciculus graciclis |

" Nuclei cuneatus and gracuhs in medulla

.

e —

B Thalamus (VPL nucleus) —
3 L—_____‘_»_ e — — S— <-..__A.<_-__}

Somatosensory area of cerebral cortex }

‘Crude touch!
e 4

The pathway for crude touch is called as
anterior spinothalamic tract.

Here the first order neurons from Dorsal

Rk

root ganglion will terminate in the dorsal
horn of spinal cord.

L Here they will decussate and will ascend

contra laterally to the VPL Nucleus of
thalamus.

1 The third order neurons from thalamus

will end in somatosensory area of cerebral
cortex.

’,V”I/ e

Medulla e )
oblongata | )
’ Nucleus
s
sl cuneatus
N Nucleus B 1st order neurones
gracilis
[] 2nd order neurones
_Lower limb ‘
. B 3rd order neurones
Upper limb

Figure 4.19: Crude touch
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Learning objectives like: s
A student at the end of the chapter a student 1. By altering the permeability Gl
should be able to membrane: Certain  hormones lke
o Understand what is a gland and write the adrepalme undert?ke their actiong p,
classification of glands, gltermg the opening and closing
AP ions channels on the cell membrane
= Understand what is a hormone and write its o )
. 2. By activating intracellular enzymes; |,
classifications ) S :
o : functi certain cells, the binding of the recepty
< Explain in detail at?out strufcturei" ur;ct:ﬁn and the hormone will geners
and applied physiology of each ot the intercellular enzymes or second
endocrine gland. messengers within the cell. Thes
second messengers will bring about
lHormones’ the desired action in the cell.
3. Through gene activation.
Definition 4. Through tyrosine kinase activation.
J Hormones are chemical messengers that are

hormones are executed in different

produced by endocrine glands in response (Types of hormones|

to a specific stimuli and act like messenger  p.<ad on their structure hormones are classified
molecules by exerting their effects on the
target cells.

into three types.

o - o Bancticns 1. Peptide hormones: Hormones like insul®
ormones influence the functioning of one growth hormone, secretin etc.

or more physiological entities of the body

icoids
by acting at a cellular level. Glucocortic

2. Steroid hormones:
mineralocorticoids, estrogen.
. . ine:
3. Hormones derived from ammgac:d ty:,:me
They are thyroxine, epinephrine dop
etc.

Hormone is derived from greek word
“horman” meaning to excite.

Secretin was the first hormone to be

discovered in the year 1902. l J
|Mode of action of hormones | 1. Classical hormones: They are Jiberated f;‘ﬁ |
i y s o ad b bl |
Hormones act on their target cells by . OCﬁ!W glands and are cam(?d i

binding with the specific receptors located 0:'. -

on their target cell.

bt

The receptor mediated actions of the



"~ paracrine hormones: These are the hormones
" (hat have their effect on their adjacent cells,
‘ Autocrine - hormones: They are  the
hormones secreted by the cell into the fluid

Surmunding it and act on the same cell to
regulate its functions.

LTypes of glandsJ

gndocrine glands: The glands without duct
are endocrine glands these are the glands
that secrete their hormones directly into
the blood circulation.

gg: Thyroid gland, pituitary gland.

gxocrine glands: These are the glands with
ducts; they secrete their secretions through
their ducts into the site of action.

Eg: Parotid glands, oxyntic glands.

hey are again divided into 3 types based on
nature and mode of secretion.

Holocrine glands: The cell membrane of a
cell ruptures off during secretion of the
chemical messengers by these types of
glands. This results in destruction of the
secreting cell.

Eg: Sebaceous glands.

2} SRR

Mesocrine glands: They are the glands
where the cells secrete their substances by
exocytosis into an duct.

Eg: Salivary glands.

Apocrine glands: The portion of cell
membrane that contains the secretion or
hormone buds off during the secretion of
hormone,.

Eg: Apocrine sweat glands.

LEndocrine glandsJ

The endocrine glands in the body are many
in number.

Some are exclusively endocrine where
as some of the organs function as both
endocrine glands and also as organs or
other important systems.

Eg: Kidneys and heart also have endocrine
secretions but they serve more important
functions in renal and circulatory systems
respectively.
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Pituitary Gland

Figure 5.1: Pituitary Gland
Optic chiasma

Anterior lobe
(adenohypophysis):

Pars tuberalis

Pars distalis

Infundibulum

Posterior lobe
(neurohypophysis)

Figure 5.2: Endocrine System

Pituitary gland is also called as hypophysis.

U Functional anatomy: It is a small pea sized
structure weighing 0.5 -1 gram.

(W]

U Location: Sella turcica of sphenoid bone at
the base of skull.

Q It is made out of 3 lobes
1. Anterior pituitary (Adenohypophysis).
2. Posterior pituitary (N eurohypophysis).

Pituitary Gland

——m

3. Intermediate
intermedia).

LAdenOhVPOPhYSiS (Anteriw

O Functional anatomy: It is made Uup of three
lobes.

1. Pars distalis
2. Pars tuberalis

3. Pars intermedia

pil”uitary (Pars

0 Anterior pituitary is made out of 2 types of
cells.

1. Chromophobe cells

® They are structural cells and are not
secretory.

e Chromophobe cells are about
25% whereas chromophil cells are
remaining 75% and are secretory in
nature.

2. Chromophil cells

* Secretory in nature.

* Chromophil cells are of 5 types

1. Somatotrophs: They secrete Growth
hormone.

2. Thyrotrophs: They secrete thyroid
stimulating hormone.

3. Corticotrophs: They  secrete
adrenocorticotrophic hormone
(ACTH).

4. Gonadotrophs:  They  secret

luteinising hormone and follicl

stimulating hormone. -
5. lactotrophs: They secrete prolacti™
“ othalamus executes a control OV

its
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vaothalamlls releases these hormones
into pituitary through the hypothalamo
h\'pOPh\'SO“I axis.

{&9',?99?5 of Hypothalamus |

GHRH (Growth hormone releasing hormone):
gtimulates the release of growth hormone.
Growth hormone releasing hormone (GHIH):
Inhibits the release of growth hormone.
Thyrotropic releasing hormone: Stimulates
the release of thyroid stimulating hormone.
Corticotrophin releasing
([CRH): Stimulates  the
adrenocorticotrophin.

hormone
release of

Gonadotrophin releasing hormone (GnRH):
Stimulates the release of LH and FSH.

prolactin inhibitory hormone (PIH): It inhibits
the secretion of prolactin.

tGrowth hormonej

It is secreted from somatotrophs and is
under the control of hypothalamus through
growth . hormone releasing hormone
(GHRH) and growth hormone inhibiting
hormone (GHIH.)

Effect on growth: Growth hormone
promotes the growth and repair of tissues
_ in the body by stimulating chondrocytes
- present in epiphyseal end of long bones in
- cartilages.

 Effect on bones: It promotes bone growth
- by promoting osteoblastic activity.

Effect on muscles: Growth hormone
. Promotes the growth of skeletal muscle by
Icreasing protein synthesis.

Effect on proteins: It promotes synthesis of
Proteins for tissue growth and repair.

::iffect on carbohydrates: It increases

Hhepatic release of glucose by promoting
8luconogenesis,

V€t on  lipid metabolism: It causes
mob‘h_Zaﬁon of fats from adipose tissues
1 y Sthtlng them into fatty acids.

J

0 0

0

Effect on cell: Growth hormone increases
the entry of acids into the cells and tissues
and promotes synthesis of DNA and RNA
in the cell.

Effect on electrolytes: Increases plasma
causes sodium retention and

increases ECF volume.

calcium,

Thyroid stimulating hormone )

It is secreted from the thyrotrophs.

It controls the growth and functioning of
thyroid gland.

It increases iodide uptake and iodide
trapping in the thyroid.

It cause growth and hypertrophy of thyroid
gland and increases blood circulation of
thyroid gland.

[t stimulates thyroid gland to produce and
release its hormones.

It increases blood flow to thyroid gland
and causes growth of thyroid gland.

@drenocorticotrophic hormoneJi

[t controls the functioning of adrenal cortex.

It stimulates adrenal cortex to secrete
cortisol and other hormones.

It controls the growth of adrenal cortex
and stimulates the synthesis of cortisol and
plays a crucial role in stress physiology.

ACTH Increases MSH (Melanocyte
stimulating hormone) activity causing
hyper pigmentation of skin.

ACTH controls the immune system by
controlling the secretion of cytokines from
lymphocytes.
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ovarian follicles into mature Graafian
follicles.

0O It also stimulates the theca cells of G
follicle to secrete estrogen.

O In males it helps in the process of

stimulation of spermatogenesis.

ILeutinising hormone’

ecreted from the gonadotrophs of

raafian

Q Itiss
anterior pituitary.
r the control of hypothalamus

Q It is unde releasing

through Gnrh (Gonadotroph
hormone).

QO In females it is
responsible for ovulation.

3 The secretion of LH (Luteinizing Hormone)
suddenly surges on 13 or 14% day of the
menstrual cycle.

O The LH (Luteinizing Hormone) surge is
responsible for the rupture of Graafian
follicle and release of ovum. Thereby

helping in fertilization. -

O The secretion of LH (Luteinizing Hormone)
reduces again after ovulation due to the
negative feedback mechanism.

O Inmalesitisalso called as ICSH (Interstitial
Cell Stimulating Hormone) as it stimulates
interstitial cells of leydig to secrete
testosterone.

I Prolactin l

Q  Itis secreted from lactotrophic cells

the main hormone

Q It is under the control of hypothalamus
through the prolactin inhibiting hormone

(PIH) and prolactin releasing h
ats ing hormone

O Pregnancy and breast feeding further
promotes synthesis of prolactin.,

U It helps in development of alveolar system
and duct system in the mammary glands
and causes hyperplasia of breast tissue.

O  Prolactin stimulates S i
th i
secretion of milk. gt And

Q  Itactson alveolar epithelium and promotes

a

léctogeru'c activity.
Increased levels of prolactin inp,;
secretions of FSH and LH ang tbhlt the
cause lactational amenorrhoea. €Teby
This is caused due to negative feed)

of prolatin on the GnRH secretiop, fraCk
hypothalamus. Om

| Melanocyte stimulating hormone|

It is a hormone secreted from intermedjat
Jobe of pituitary and also throug}(:
corticotrophs. |

(Intermediate lobe is prominent in Iowey
animals and is rudimentary in humans),

MSH causes dispersion of melanin granules
and darkening of the skin.

Pigmentation of skin has a protective effect
on skin.

LPosterior pituitary J

It is made up of neural cells called as
pituicytes and unmyelinated nerve fibers.
Posterior pituitary does not produce the

hormones by itself but it stores and later
releases the hormones produced from

hypothalamus.
Oxytocin

Oxytocin is a peptide hormone synthesised

from the hypothalamus and released from

the posterior pituitary.

It primarily acts on the breasts and the

uterus.

Control and regulation of secretion:

Oxytocin secretion increases in tespﬁ"se :“"‘l

fation
- g % b |

[ )




causes contraction of Effect on metabolism

g Oxytoen .
mvoepithehal cells of mammary gland
which will be responsible for ejection of J  ADH is also known to cause glycogenolvtic
ilk. actions in the liver by causing breakdown
of glvcogen.
5 n uterus
Action © Effect on smooth
d Oxytocin causes contraction of the smooth e muscles
muSCleS of uterus in pregnant women Q ltertl‘t‘_\‘ the constriction of smooth muscles
thereby causing uterine contractions which ot spermatic chord
Are responsiblt‘ for parturition (Parturition: | Applied |
e\pulgon ot tetus o1 ldbﬂllr). /
gffect on reproductive system Growth hormons
o 1. Hyper secretion of growth hormone
4 Sperm transport: oxvtocin facilitates  the - S PR
Srt of sperm in female genital tract @ R i mosed (e B SIGES R
ST C ho d & . - v .
transpc ; = O . acidophilic cells or somatotrophic cells
tocin secretion is also known to be - ;
a o tomi o Al iuri;lv ¢ ; h 3 It causes gigantism when seen in
o~ Q ales ¢ o Qoreas < : i 3 .
increased m ma g orgasm and 1as children and Acromegalv when seen in
a supportive role to play in ejaculation. il )
LAnti diuretic hormoneJ QO Gigantism is characterised by excessive
growth of long bones at the epiphvseal
J Anti - against dl}lre§15 - (Expulsion ot ends leading to abnormal height and
water in the form of urine). mav be associated to osteo arthntic
7 It is also called as vasopressin (Vaso- conditions.
vessels: Pressin- contracting). Acromegaly:
It is characterised by
Effect on water balance . : __
p— ) ) Q Acromegalic face: thick nose, hps, tace.
2 Antidiuretichormone helpsinreabsorption O Prognathi Protrusion of k .
i . . aQ Prog sm : Protrusion of lower aw.
of water in the distal convoluted tubules AR - =
of the nephron there by preventing excess Q kyphosis due to bending of vertebra
excretion of water from the body. and abnormally large palms and feet.
3 It increases the permeability of water in 2. Hyposecretion of growth harmone
DCT and collecting ducts through channels O It causes dwarfism when in seen in 1
called as aquaporins. children and tetany in adults.
4 ltis responsible for maintenance of water O Tetany is characterised by growth
balance in the body by its antidiuretic retardation and impotency.
action.
Effect on blood vessels

D ‘
| ADH is a vasoconstrictor and is also called
| ds vasopressin.,
0 .
Secretion of ADH leads to increase of blood

g:;szure dye to the vasoconstrictor effect
ue to increase of peripheral resistance.

‘



Q Improper secretions of luteinising pProlocatin:
hormone and follicle stimulating Increased prolactin  secretion ‘.
hormone will cause disorders of reduces spermatogenesis. Maleg

sterility and menstrual irregularities.
Thyroid stimulating hormone (TSH):

2. Hypo secretion
0 Reduced secretion of thyroid stimuy
at

Q Hypo secretion of  Antidiuretic

hormone causes diabetes insipidus hormone leads to secondary
characterised by excretion of large thyroidism and atrophy of thyroid glan};po
amount of dilute urine. 0 Increased secretion of thyroid stimuly :
O It is characterised by polyurea and hormone results inhypertrophy of th tm
gland. yroid

polydipsia.




E"dm':_rﬁlnologvy: |

Adrenal Gland

Left
Adrenal

Figure 5.3: Kidney

2 Adrenal glands are a pair of glands situated
on the upper pole of the kidneys.

LFunctional anatom\d

d Itismade up of two divisions.

1. Outer part of adrenal gland is called as
Adrenal Cortex and.

2. Inner part is called as Adrenal Medulla.

'@renal cortex J

LA
It is divided into 3 layers which secrete
€€ groups of hormones

1.
Zo_"a glomerulosa: It secretes
2 Mineralocrticoids.
' Ztlina fasciculata: It secretes
glucocorticoids,

Zon . 5 .
a reticularis: It secretes sex steroids.

Mineralocorticoids

QO Aldosterone and Deoxycorticosterone is
the most important mineralocorticoids.

@ It acts on the P cells of DCT (Distal
Convoluted Tubules) and CT (Collecting
Tubules) thereby helping in reabsorption
of Na" ions and water in exchange for
potassium ions.

O It decreases the excretion of Na' in the
sweat and increases the excretion of K™ and
HCO,".

O This helps in maintaining the electrolyte
balance in the body.

O It helps in regulation of blood pressure
through the influence of rennin-angiotensin
mechanism.

O H+ excretion: Aldosterone helps in excretion
of H* in exchange for reabsorption of K
ions in collecting duct.

O Regulation of aldosterone secretion: The
secretion of aldosterone is regulated by
the secretion of Angiotensin 2 in the renin
angiotensin mechanism.

Glucocorticoids

O Cortisol is the most important

glucocorticoid.
0O Corticosterone and cortisone are the other
important glucocorticoids.

O Cortisol has a hyperglycaenﬂc effect nver‘.
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Cortisol increases synthesis of glycogen
and its deposition in liver.
Cortisol causes redistribution of fats by
causing lipolysis at first followed by
deposition of lipids.

ases appetite and food intake.

Cortisol incre
thereby

in excretion of water

Helps
maintaining the water balance.

Increases GFR by increasing glomerular
blood flow and causes excretion of water.
Glucocorticoids have anti-inflammatory
and anti-allergic effects over the body.
Cortisol has anti allergic effects by
preventing the histamine release and
preventing the growth of mast cells.
Cortisol is known to increase the secretions
from parietal cells of stomach of pepsin

and HCL.

Action over CVS

a

a

Cortisol is responsible for maintenance of
vascular reactivity.

It increases responsiveness of arterioles
to catecholamines and angiotensin 2 and
decreases release of vasodilators like
prostaglandins.

Cortisol promotes bone resorption and
might cause reduced bone mass in its hyper
secretion.

Action over Gl tract

Cortisol promotes HCI secretion from stomach

and

increases  calcium absorption from

intestines.

Role of cortisol in stress

a

Cortisol plays a protective role in
conditions of stress. Stress causes
secretion of CRH (corticotrophin releasing
hormone) from hypothalamus and ACTH
(Adrenocorticotrophic hormone)  from
anterior pituitary.

Cortisol causes ready availability of
through its hyper glycemic effeglt. 2

Q

Cortisol makes ready aVailab‘Lh'A" o
fatty acids as a source of energy ny of Fre,
Cortisol maintains vascular rgao(.il{cﬁon-
stress and hence prevents shocj iIC\tlcV] i

stress. ases ¢
Cortisol prevents the release of hi

and formation of mast cells in Strstamine
situations. €SS fy)

This reduces allergic reactions and aiq
S the

body physiology in channelizing itsels
counter the stressful situation, to

Sex steroids

a

Adrenal cortex produces andrq, o
mainly  dehydroepiandrosterone Oa:;
androstnedione that helps in reproductiye
functions in males.

These hormone increase protein synthesig,
facilitate growth and cause a masculinising
effect in males.

In both males and females, it helps in
muscle growth and repair.

Smallamounts of estrogen and progesterone
are also produced in the adrenal cortex.

In fetal life too adrenals act as a man
precursor for production of estrogen by

placenta.

LApplied physiologj

Hypersecretion of glucocorticoids .willl
lead to a condition called as Cushings

syndrome.

It is characterized by centripetal obES}tyi
moon facies, skin thinning with gipds
excess sodium retention and potassiu™
excretion, hirsutism, menstrual irregmant{i
osteoporosis, delayed wound heaiing &

reproductive dysfunction.

; 41 Jead
Hyposecretion of glucocorticoxds will le?

to a condition called as Addison’s diseaS:Y

Addison’s disease is Cl'laf“'“eri‘zef1 [
muscle

blood

weakness, ~confusion |
skin, decrease Jovel




— adaptability to stress.
Hypersecretion of aldosterone leads to
Conn’s syndrome, it is characterized by
Hypernatraemia, Hypertension, muscle
weakness.

Hypersecretion of adrenal sex steroids leads
to Adrenogenital syndrome characterized
bv masculinisation features in females and
Precocious Pseudopuberty in young males.

LAdrenaI medulla J

It is the inner core of adrenal gland it is
composed of cells called as pheochrome
cells or chromaffin cells .

It is functionally a part of sympathetic
nervous system.

These cells secrete hormones upon
sympathetic stimulation.

They secrete catecholamines derived out
of amino acid tyrosine, namely adrenaline,
nor adrenaline and dopamine.

{Functions’

These hormones are cardioaccelerator,

they also increase the basal metabolic rate,
respiratory rate, and blood pressure and
blood sugar levels.

Catecholamine’s cause glycogenolysis,
stimulate gluconeogenesis and cause
thermo genesis in the body.

Catecholamine’s cause inhibition of
motility and secretions of GIT.

They cause dilatation of pupil and increases
vision during alertness.

Catecholamine’s cause vasodilatation,
increases physical and mental alertness
and initiates fight and flight response.

LApplied physiologyJ

Hyper secretion of adrenaline and
noradrenaline occurs in tumour of adrenal
medulla called as pheochromocytoma.

It is characterised hypertension, increased
blood sugar levels anxiety and muscular
weakness.
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Thyroid Gland

Thyroid
cartilage

Left lobe

~————Trachea

Figure 5.4: Thyroid Gland

It is an endocrine gland that is situated at

the root of neck anterior to and on either

side of trachea.
It is located between the cricoid cartilage
and the suprasternal notch.
It has two lobes which are connected to
each other by isthumus.
Each lobe of thyroid gland is made up of
several follicles each being made up of
follicular cells.
The follicular cells are present around a
matrix called as thyroglobulin. Such a unit
is called as a follicle.
Thyroid' gland is composed of thousands
such units called as follicles.
Scattered cells called as parafollicular cells
are found around the follicular cells.
Parafgllicular cells are responsible for
secretion of calcitonin.

eand tetrai i
and calcitonin. Rihyronioe)

(Synthesis of thyroid hormo
tres; ne]

Nt

Synthesis of thyroid hormone takes ol
ace in

following stages

1.

Thyroxine has
physiology

Thyroglobulin synthesis:  Follicular

in thyroid gland synthesise a 1ce”5
leCOPI‘Otein called as thyroglobulin W;i]r.ge
plays a main role in thyroxine forma'rionICh
lodide trapping: The iodide is taken up
the thyroglobulin of thyroid gland by
Na'-I- symport mechanism. !
Oxidation of iodide to iodine: Todide is
actively transported into the thyroglobulin
and iodide is oxidised into iodine in order
to facilitate the combination with tyrosine
to form the thyroid hormones.

lodination of tyrosine:

The iodine is transported into the
follicular cavity and bound with
thyroglobulin.

Here iodination of tyrosine takes place
into MIT and DIT (Mono iodo tyrosine
and Di iodo tyrosine).

Coupling reactions

e Coupling reactions t :
DIT and MIT to form the thyroid

hormones namely Tri iodotyrosine (T)
and Tetra iodo tyrosine (T,)

e Two molecules of DIT underg?
oxidative condensation to form Tm A
iodo tyrosine (T) and one V2. © :
one DIT combine to form on¢
tyrosine (T;). e P SRR )

ake place between
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Actions OVe! growth

3l stimulates nrowth and  skeletal
maturation
FIIONES AT NECEssary o the

U
Ihvrond Q9
h

J
qowth, dey clopment and  sustenance ot
t“i“é\"’!\‘.\’kt“ﬂ(‘idi Sy sten,

Action over brain and cognition

hormones — sustain. - memory

J Thyroid
and mntellectual abilities m the

learning
brain.
hormones — are  NECEssary for

3 Thyroud
wral nervous svstem during

\;:‘0\\‘{?\ m <t

intancy and pregnancy.

Action over carbohydrates, proteins and fats

3 Thyroid  hormones  cause increase
absorption of glucose from intestine and
promotes gluconcogenesis.

J Thyroid hormones promote proteolysis
and promote release of aminoacids.

2 Thyroid hormones have lipolytic effect
thereby causing break down of fat.

Action on GIT

< Thyroid hormones enhance the motility of
gastrointestinal tract.

Action over respiratory system

u O N ) i '
Suntm.n of  thyroid  hormones s
.rt.sp(msublv for increase of respiratory rate
and cardiac output,

Thermogenic action

Q Thyroi
t::%'mld hormones —increase  of - body

- DOT p . '
Perature and perspiration and help in

mamtaming the thermoregulation.

Effect over CVS and blood pressure

.

Secretion of thy roid hormone has a cardio
acceleratory ettect and increases the systolic
Blood pressure and marginally decreases
Jdiastohe pressare

Effect over hemopolesis

J

Lhy tord hormonesstimulate ot vihropoietic
activity

LAppNed physlolo_!!)

Hyper Thyroidism

J

It s coused due to ditterent causes like
praves discase, or tovic nodular goitre or
hyper secretion ot thyroid sti;nul.mng
hormones due to pituitary tumours,

Hyper secretion of thyroid hormones or
h)‘p«‘l‘th\'rnidism will be characterised by
increased pulse rate, increased respiratory
rate, increased blood pressure, increased
body temperature, increased frequency ot
defecation, increased  hunger,  increased
stimulation of nervous system,  tremors
and loss of sleep.

Hyper thyroidism in long run can cause
protrusion ot eyeball with retracted lid
(exophthalmous), — swelling — of  thyroid
gland, loss of libido and gynaecomastia in
males.

Hypo thyroidism
U Hypo thyroidism or reduced secretion ot

thyroid hormones will cause decreased
pulse rate, decreased respiratory rate,
decreased blood pressure, and decreased
body temperature, decreased frequency
of defecation, loss of appetite, decreased
stimulation of nervous system, excessive
sleep and cold intolerance.

pothyroidism in adults over a longer
iod of cause a condition called




Tem“""“""visaﬁra ,-

cardia, decreased time in tendon reflexes,
cool extremities, menorrhagia, lethargy,
tirednessconfusion, hoarseness of voice
and weakness of muscles.

Q Severe thyroid deficiency in fetal life may
cause cretinism characterised by mental

retardation.

Calcitonin
QO Calcitonin is a hormone secreted from the
parafollicular cells of thyroid gland.

QO Parathyroid glands are two pairs of glands
situated on the upper and lower poles of
the thyroid gland.

O Parathyroid gland is composed of cells
called as chief cells and oxyphill cells.

Q Chief cells are secretory in nature and
secrete hormone called as parathormone.

1. Parathormone helps in regulation of
calcium levels in the body.

2. It promotes the process of
demineralization or resorption of
calcium from the bone when the
calcium levels in the body decrease.

3. Parathormone also increases the

reabsorption of calcium from the
intestine and nephrons.

4. It also increases the formation of
25-hydroxycholecalciferol from Vit
D3. (25-hydroxycholecalciferol further

Parathyroid Gland

‘decreased reabsorption of calcmm

O Calcitonin helps in re
levels in the body.

Sulation o Calgy
u

Q It decreases the plasmy il
by promoting deposition oft'lu . levg)
bones, it also inhibits bopge X Calejyp,
% oy wg eSOr . ln
inhibiting the osteoclastjc actii Ption by

and reduces the absorption of ca] N bong,
Clum

phosphate in kidneys. ang
O It is antagonist to Parathormgp -
actions. € in i

increases the absorption of calcium
from the intestines there by helping in
increase of calcium levels.)

5. Parathormone increases the resorption
of phosphate from the bones and
increases the absorption of phosphate
from the gut.

6. It also increases the urinary excretion
of phosphate.

7. Parathormone also promotes the lbogi
synthesis by increasing the osteoblas
activity in the bones.

|Hypoparathyroidism)
els due © &

Hypoparathyroidism will
by reduced plasma calcium e

and gut, reduc

bone resorpti:
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Pancreas

Figure 5.5: Pancreas

Pancreas is an organ that is both endocrine 3. & cells = They constitute about 9% of
and exocrine in nature. cells and secrete somatostatin

Exocrine part of pancreas secretes 4. F cells = The constitute about 1% of
pancreatic juice whereas endocrine part cells and they secrete pancreatic
secretes hormones. polypeptide

@nctional anatomy J ‘ Insulin’

Pancreas is a | shaped organ that is divided  neylin is very important hormone that acts
Into head, neck body and tail. on metabolism of carbohydrates, proteins and
It is made up of acinus which constitutes  lipids and plays an important role in growth
the exocrine part of pancreas. and repair of body tissues.

x

AL

Thf? endocrine part of pancreas is made up B ——
of islet of langerhans. L. il

2};: islet of langerhans have got 4 types of
s

L

@ cells ~They constitute about 20% of
cell and secrete glucagon

b,
1 B cells =They constitute 70% of the cells
and secrete insulin



J LS calorigenic action.

=

o

o

glﬁcose.

ge in the a It1 causes mcr.eased lyco
gluconeogenesis - there 8engy,,.
¥sig .

increase in blood glucose o pr%%\;
. : Vi Y
) Ithas lipolytic action on o els.

It promotes the
form of glycogen-
Insulin  inhibits gl
producti
fatty acids).

uconeogenesis. a.e
roteins an

Somatostatin

g It inhibits the secretion of p, "

nthesis and storage of glucagon.
s cellular utilization of O It reduces the motilitgal ..
a

Action on proteins
ingy;
Iy %

It promotes the sy

proteins and inhibit
proteins. intestines. ch arg,
“
Action on lipids 0 It inhibits HCL and pepsin
stomach. PSIN secrefiy,

of excess glucose

It enhances conversion
lycerides and

into fatty acids and trig 0 It inhibits secretion of gastrin g

Seqs
&
3

storage of lipids in adipose tissue. in GIT.
Insulin reduces ketogenesis in the body. LP
ancreatic polypepﬁdeJ

Action on lons

) It acts in inhibiting the exocri :
It reduces plasma K levels by promoting  pancreas. 8 XOCTINe Secrefiy .
entry of K into the cells.
Growth and repair LAPPHEd PhysiologyJ

gslslsgsbi; tt'l(ei' grow}zlth and repair of body  Diabetes mellitus

sue: aiding the transport of ami

acidsinto the cells, port of amino 3 Reduced secretion of insulin lead*
improper uptake and utilisation of ghue

by the cells. This leads to increased &

sugar levels and is called as typel et

U&egulation of insulin secretionJ

Thelevel ofblood .
i glucosehelpsinregulati i
<I)rf1 slﬂ;ulm by feedback mechemismfu 5 0 g:;hms‘ '
u o insulin recepte®
» th:;lifif;;tclloln 1s accelerated in response the 11111(::3 l'e;};lc;nse gt . asedwi
evels of blood glucose. sugar le?els beaclso causfe ;erke of M :
ause O ‘

HO i
4 4

stimulate insulin secretion inside the cells.
: a ‘

Epinephrine
: and somatostatin inh;
secretion of insulin Secretiozgn inhibit the

(Ghcagon|

Glucagon is |

' a hormo .

; . ne that j :

}:) nsulin and helps ip il
omeostasis of the body T

Most of its fun, ' i

. ctio
functions of insulinﬁ téll:': b0 /
It increases bloog gluco 'Od
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polydipsia: Increased frequency of
water intake.

polyphagia: Increased frequency of
food intake.

Asthenia: Loss of strength.

Pituitary gland
Pons

Medulia oblongata

Pineal gland is a small gland located in
the diencephalic area of brain above the
hypothalamus.

Itis a very small gland weighing about 150
mg,

Itis a cone shaped structure consisting of

0 types of cells parenchymal cells and
Neuroglial ce]ls.

Itis pj

alls Pine corie shaped in appearance and is
- 480 called ag epiphysis.

~Cretion

Pine,
i al glang secretes a hormone called as
elatonjp,

It K, :
elps in maintenance of sleep — wake

1 ]
;tycs ?“d Circadian rhythm in humans.
€ps in . :
r maint i
h_Ythms of the bOdy.enance of biological

tis kn
. Oown
in Some toregulate the sexual behaviour

e o ;
ahtngnad the lower animals due to its
Otropic action, rl

® Ketogeneisis may be caused in cases
where the body is not able to utilise
glucose for energy production. Ketone
bodies are produced when the body
utilises the fats for its energy needs.

Pineal Gland

Pineal gland

Cerebellum

Spinal cord

Figure 5.6: Pineal Gland

0 Secretion of melatonin exhibits diurnal
variations. The secretion is more during
phases of night and in dark hours of the

day.

Thymus qungl‘;

a Thyrrilis gland is alymphoid organ situated
in front of trachea below the thyroid gland
in the superior mediastinum.

O It is located between the sternum and the
aorta. ,
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weeks after the birth.
Secretion: Thymosin.
It suppresses

o

release  of

Thymosin:
acetylcholine and suppresses
neuromuscular activity.

o

ONCOSSIVEe

3 Thvmus gland is the site for processing of
T lvmphocytes and there by promoting the
cellular immunity in the body.

Figure 5.7: Lymphatic System

LEndocrine functions of Heaﬂ

Atrial natriuretic peptide

3 ANP is produced by the atrial cells of the
heart.

3 Itissecreted whenever there is a stretch seen

in the atrial walls due to increased blood
volume and increased blood pressure.

QO It causes natriuresis and diuresis. ANP acts
on the mesangial cells of the glomeruli and
increases the glomerular filtration rate.

O ANP also causes reduced reabsorption of
sodium in the renal tubules.

3O ANP reduces the blood volume and blood

% %k ok

pressure due to its tmtriure.tic;effe 7 t
Ct,

Local hormones
2 Local hormones are the ho
rmo
NS that oy

PI‘OdllCt‘d in the different tic'qLIe
bodv and exert their action locallys Of the

J Serotonin: Serotonin is Produced
aminoacid tryptophan. It ig Produ fro
enterochromatfin cells, platelets, |, " by
in brain. » 1UNgs ang

) Actions: Serotonin acts as a Vasoconstrict
or,

Q Itis acardiac stimulant and increases bloog
pressure.

2 It has specific actions on mood, behavigyy
sleep and analgesia. '

Prostaglandins

J Prostaglandins are synthesised from the
arachidonic acid. They can be synthesised
in most of the tissues of the body.

0 Actions: Prostaglandins have vasodilator
effect.

O They are bronchodilators

0O They decrease progesterone secretion and
delay blood coagulation.

Histamine

O It is a local hormone produced from
aminoacid histidine.

O Histamine is found in mast cglls, basophils: 3
gastric mucosal cells and brain cells. . ‘

O It is responsible for allergic reaction®
like anaphylactic  shock
bronchoconstriction.

0 It increases gastric
secretion.

O  Itisrespo

motilty and 857




