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CONTROL AND COORDINATION

Integration of all the activities of Organs so that all of them function in a synchronized fashion

BODY (2 systems)

NERVOUS SYSTEM

. : . . ENDOCRINE SYSTEM
(comprises entire mass of nervous tissues in the body)

Chemical messengers

Electric current signals (communication) (Hormones)

The kind of tissues which receives and Transmits stimuli in
the animal body is called A®rvous Tissue




Nervous System
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Central Nervous System (CNS)

——

Peripheral Nervous System {PNF]

——

Brain Spinal cord Motor Neurons Sensory Neurons
Receives and processes Conducts signals to CNS fo muscles Sensory organs
sensory information, and from the brain, and glands fo CNS
inifiates responses, controls reflex activities
stores, memories
generates thoughts I
and emotions

Somatic Nervous System Autonomic Nervous System
R-SN-CNSMNfi SM ,
Cantrols voluntary Controls involuntary
movements responses
Skeletal muscles Cardiac & smooth muscles & glands

Divisions of the nervous system.
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Sympathetic Division

. “Fight or Flight”
% ngart bgat

Parasympathetic Division

“Rest or Digest™ ||,
Heart beat

Central Nervous System

Brain

Spinal cord

Peripheral Nervous System
(Saltatory conduction)

plexus sensoty
receptors

Nerve

Nervous Systeri-- main component is nervous tissue (specialized TiSS@GNDUCT IMPULSES)
Location: CNS & PNS



The autonomic nervous system (ANS), sometimes called the visceral nervous system and
formerly the vegetative nervous system, is a division of the nervous system that operates internal
organs, smooth muscle and glands

The autonomic nervous systemis a component of the peripheral nervous system that
regulates involuntary physiologic processes including heart rate, blood pressure,
respiration,digestion,and sexualarousal

It containsthree anatomicallydistinctdivisions

sympathetic,parasympathetic,and enteric.

The sympathetic, parasympathetic,and enteric nervous systemsare all parts of the
autonomic nervous system, which controls involuntary bodily functions, with the key
differencebeingthat

A The sympatheticsystemis responsibldor "fight-or-flight" responses
A The parasympatheticystemmanagesrest-and-digest"functions,and
A The enteric nervoussystemspecificallycontrolsdigestionwithin the gastrointestinatract




Peripheral

System

™ 8 o
Cranial nerves S
W
A
AN
-:
Autonomic nervous

system ganglia

Nervous

-~
& ==
= & - N— —— e el s I e
- & = ' I
f

Spinal nerves

GANGLIA

J x
Superior 8 .\
cervical L 3
gangllonﬂ .
Middle \ ‘
cervical " e \E3 ‘
ganglion ——} L1 Cenical
’ sympathetic

— chain

Inferior
cervical

ganglion— [ s

Stellate j PN ¢

ganglion—{B¥ S ELSERE V),
A




INTRINSIC

Gl tract wall: Cross Section

Mucosa
Epithelia
Lamina propria
Muscularis mucosae

' Submucosa
S . c enl
".-’ By SUBAL HEGSHER']
[©996 X ‘ Muscularis externa

| —Inner circular layer

o _A—MYENTERIC (AUERBACH'S),
Lumen e NE’EX@__(____E
Outer longitudinallayer

Lo

Adventitia/Serosa

ENTERIC NERVOUS SYSTEM
 FOUND WITHIN WALLS of ENTIRE. Gl TRACT

SUBMUGOSAL PLEXUS/ MEISSNER'S PLEXUS

MYENTERIC or AUBERBACH'S PLEXUS

% PLEXUS is COMPOSED of
GANGLIA

L COLLECTIONS of
NEURONS




Sympathetic Nervous System
Adctivated during stressful situations.

Ancreases heart rate, blood pressure, an
breathing rate.

ACauses pupil dilation

2

Parasympathetic Nervous System:
Ahctivated during relaxation and digestio
A owers heart rate and blood pressure.

AStimulates digestion and saliva
production.

ACauses pupil constriction

n.

Enteric Nervous System:

A ocated entirely within the gastrointestinal tract.

AKControls bowel movements, absorption of
nutrients, and stomach acid secretion.




NERVOUS TISSUE CONTAINS
TWO CATEGORIES OF CELL

1. Neuron

(A nerve cell with its processes that forms the structural and functional unit of the
nervous system)

2. Neuroglia Or Glial Cell
(Supporting cells in nervous system)




Structure of a Typical Neuron

Processes?2 types
1. Short onedendrites
2. long one-axon

Dendrites =

(Thickness decreases)

(Rgnglron)
originpoigit:510>m)

A C s Niss| granulesleg€ofibrils and neuron membrane Axon Te rmlnals
Cytoplasm)
neuroplasm Axon Hillock (Conical elevation of cell body, negmall uniform diamgter)

Nucleus Node of Ranvier

Schwann’s Cells  §euriiem

\ \ Outermost |
N ’ of peripheg
Q On \ Absent in]

Longfelongated generally branchless ¥ v . ’ =
CYteplasinic process comes out of cell pody™%, N el

~Axon length variable ‘
M@t@lheurons: axon longer than dendttes

\N - Axbplasm
Mye"n Sheath (Contain: mitogondria, neurofibrils

but no Nissl granules

Cell Body(SomaCentron/Cytorn/Perikaryonj100>m diameter

DENDRITES

Distribution: Brain Spinal cord
Function: Receives nerve impulses

AXON/AXIS CYLINDER
Distribution: white matter of CNC & PNS
Functions: transmits impulses away from cell

body

W/{Dendrites
o 1

\ S N
J ALy -
/

I Collateral

A

/ |
(Axon terminals)

./f(§ %elowria

id Bulbs)

rminal bouton
"

Soma (cell body)

— AXxXon




\_/ (neu rOI’]- covered by thin neuron membrahe

Cell body withnon functional centrosomfe
So, nerve ggll do it divide

% Nucleolus
2 o :

/ 5%

Lysosome

Golgi
complex

——£ Free
Nucleus O ribosomes
on
> hilock
: .REF\’: ..... .
Protein synlhes(mamtenance and repak an nitial
f ment
for.productj neurotransmRers)\, €9 ;
Nissl Axon /
substance
Mitochondrion Axoplasm

_Myelin sheath
- Dendrite

Schwann cell -~
nucleus

Fig. 1.2. Schematic presentation of some features of the structure of 2 neuron as seen by EM.

Distribution:

Brain (Grey matter)
Spinal cord

Function:

Cell body regulates and coordinates the

function of a neuron

GRAY MATTER

OF THE BRAIN

CONTAINS MOST OF THE BRAINS
NEURONAL CELL BODIES

FULLY DEVELOPS ONCE A PERSON
REACHES HIS/HER 20'S

. CONDUCTS, PROCESSES, AND SENDS
* INFORMATION TO VARIOUS PARTS
OF THE BODY.

WHITE MATTER

60%

OF THE BRAIN

MADE UP OF BUNDLES WHICH CONNECT
VARIOUSGRAY MATTER AREAS

DEVELOPS THROUGHOUT THE 20'S
AND PEAKS IN MIDDLE AGE

INTERPRETS SENSORY INFORMATION

5 FROM VARIOUS PARTS OF

THE BODY.




Receptor portion Conductile portion Effector portion

| | N

Ef;'ector de)
skeletal muscie
( g

Non-myelinating

Nissl Schwann cell
bodies

: Node Myelin Z
A):op'h;llock Collateral  of related S
nital segment  branch Ranviér  Schwann 4 s
of axon /°f axon ~cell J s
\T: Myelin sheath it
- i S

Direction of nerve impulse R

(d).1: This diagram illustrates the receptor, conductile, and effector portions of a typical large neuron. The
effector endings on skeletal muscle identify this as a somatic motor neurom; in many neurons the effector
endings are applied to the receptor portions of other neurons. The presence of the myelin sheath on
the conductile portion of the neuron (the axon) increases conduction velocity. The axon is shown to be

interrupted, for it is much longer than can be illustrated here.
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Dendrite

@

— Nucleus

Schwann—=

cells

Myelin
sheath

NEURON

Schwann cell

Finish

FORMATION OF
MYELIN SHEATH

Neurilemma

V4

Myelin sheath

SCHWANN CELLS

A well-developedsSchwanncell is shapedlike a rolled-
up sheetof paper, with layers of myelin betweeneach
coil.

The inner layers of the wrapping forms the myelin
sheath while the  outermost layer  of

nucleatecytoplasnformsthe neurilemma.

Individual myelinating Schwann cells cover about
1 mm of an axor® equatingto about 1000 Schwann

cellsalonga 1-m lengthof theaxon

FUNCTION:
A Myelin sheathin PNS


https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Neurilemma

THE FORMATION OF THE MYELIN SHEATH  -MYELINOGENESIS

Premyelinating
oligodendrocyte

Cireumferantial

Lateral growth
wrapping

Inner tangue
Initiator process

Lamellar
extension

Duter tangue

Axan
1

Myelination in the central nervous system by an oligodendrocyte

INTERNAL MESAXON

NEURILEMMA

SCHWANN CELL:
~CYTOPLASM
~NUCLEUS

~MEMBRANE MESAXON

tnsunomanu.s
AXON

MYELIN SHEATH
EXTERNAL MESAXON



Differences between Axon and Dendrite

Character

Axon

—

Dendnte

;

1. Number

I

Branching

Length

Myelin sheath

- Neurilemma

6. Axoplasm

' 7. Schwann sheath

b

3]

8. Node of Ranvier

9. Nissl’s granules
10. Function

| Axon is long and single which
| originates from the axon hill-
| ock of a cell bodyw.

| Generally unbranched.

{ Longer in length.

| Axon is myelinated.
{ In axon neurilemma is present.
| Axoplasm is seen.

| Sheath with schwann cell
| present.

{ nodes and infer-nodes.

! Absent.

Transmits impulises received
from cell body.

——

{ More than one short processes
| originate from the cell body of
| @ neuron.

More short branches are presens
in a dendrite. '

! Shorter in length.
Devoid of myelin sheath.
! Devoid of neurilemma.
Neuroplasm is noticed.

fSch\vann sheath with cell ab-
sent.

Absence of node of Ranvier, i2,
sheath is not differentiated into

! nodes and inter-nodes.

Present

Receives impulses from other 1
neuron and fransmits to the cell
body. |

{
-



CLASSIFICATION
OF
NEURONS

A STRUCTURAL CLASSIFICATION OF NEURONS
(Based On No. Of Processes Extending From Cell Body)

A STRUCTURAL CLASSIFICATION OF NEURONS
(Based On Variation In Axons)

A Based on Function

A Based on presence or absence of myelin sheath




STRUCTURAL CLASSIFICATION OF NEURONS

(Based On No. Of Processes Extending From Cell Body)

v

[ Unipolar ]

7
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Only one process that
extends from the cell
body. Primary afferents
of spinal and some
cranial nerves in
vertebrates
most common neurons
in the CNS of
invertebrates

[ Psuedopolar ]
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Are unipolar neurons
but appears like
bipolar neuron. Most
sensory neurons are
pseudounipolar, dorsal
root ganglia of spinal
nerves

[ Bipolar ]
y - /!

2 distinct processes one
axon and one dendrite
arising directly from the
cell body
Rod and cone cells of
retina olfactory system

Neurons Based on Structure
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Most common with
multiple extensions
from soma
A motor neuron,
Majority of neurons of
CNS and PNS



STRUCTURAL CLASSIFICATION OF NEURONS
(Based On Variation In Axons)

_ A. Type | B. Type
1.Golgli type 1 neuron- long axons,

cell body of these neuronsin CNS

and axon reaches to remote . ..owiin
peripheral organs (connect remote

regions) motor neurons

Dendrites

Cell body
Apical dendrite etl bod)

] Cell body Axon
1.Golgl type 2 neuron O0Axons are . J Collaera

short and end near the cell body 0
present In cerebral cortex and Collateral
spinal cord (ie interneurons) o




Affgrent

0
[ SensuryNeuron ]
| .)

These neurons detect
stimuli from the
environment, such as
light, sound, and
touch. They transmit
this information to the

central nervous
system (CNS).

Neurons Based on Function

www hiologyexamsdu.com

Efferent

r
Molor(ﬂeuron

These neurons control
the muscles and other
organs of the body.
They transmit signals
from the CNS to the
muscles, telling them
to contract or relax.

‘ Interneuron \

) 6

These neurons connect
sensory neurons and
motor neurons, They

help to process

information and
coordinate the activity
of different parts of the

NEIVous system.

BIOI.OGYE; ‘

Interneuron
(Associate neuron)

Cell body
Cell body ¥
of sensory |
neurons -
=
=
D
 —
=
2 o
5] § Nerve fibre
[ ; abbreviated
— S
| =
D
n
Motor and
plates
-
Receptors
Fig Diagrammatic representation of three types

of neuron (basis of function).




~ NEURONS BASED ON PRESENCE OR ABSENCE QF
MYELIN SHEATH
(Myelinated And Non -myelinated Neurons)

A . action i
myelinated ootentel .
N()d(' of Ranvier axon .
Myelin sheath (nctwlc site) o ol A ++
! 4 o / AV Ranvier
[ WA W B . =B
¢ - $ — -
-\ A
¥ —A\'m St ;
~ Plasma membrane \. o el spread of t
: sheath depolarization
Myelinated axon
- cell body okt
+
(soma) gt _++++__+
Avolemma _-"+++++-_'- ‘
B _\ L TRt T 2 W
R S T R N + Gl A
T = + W\
B TR S S S y
¢ ¢+ = 4 4 9+ 4+ F 2 4+ aCtion
x_J potentia
Non-myelinated axon |
unmyelinated

axon © 2002 Encyclopadia Britannica, Inc.




MYELINATED
NERVE FIBRE

MY EIL.INATED NERVE FIBERS
V E RS O S
UNMYEI.INATEDD NERVE FIBERS
Mvyvelinated fibers
shecath
fiber

nerve Unmyvelinated

fibers do

ICTIT Ve

contain a mycelin NOL Contain a

around the nerve mycelin sheath

W hite

in color

Grey in color

Consist of nodes of INDoOo mnot consist of nodes

Ranvier Oof Ranvier

SincCe transmiission occurs T he speed of the

only throusgsh nodes of transmmiission of the merve

Ranvier, the speed of impulses is low since these

transmiission of nerve do nmnot contain myclin

impulses is higsh sheaths

L_ong axon nerve fibers Short fibers

unmyvelinated

AXOIT Mocrve AT C

arce miyvyelinated

Myvelin sheath prevents
the

Can lose the nerve impulse

loss of the impulse during conduction

during conduction
Axon of this fibre is covered internally by myelin sheath ar

Axon is coveredby neurolemmabut myelinsheathis absent
outwardly by Neurolemma

lon channelsre spreadthroughoutthe axon
lon channels are concentrated at Nodes of Ranvier

Conductiontype is ContinuousConduction
Conduction type is Saltatory Conduction

Present within the White matter of brain, Spinal cord, cranii Present within Gray matter of brain and spinal cord and
nerve and spinal nerve autonomicnervoussystem

NON
MYELINATED
NERVE FIBRE



DIFFERENCE---NEURON/NERVE FIBRE Vs NERVE

- bundle of
dendrite
% A 2,
Wk . -
,\Q},:‘ o \‘3 )
< - “ (neuron)
cell body { ——
Nerve
1] .1‘
T\ axon
l‘ .
,\ " -
\“
. ‘% 1 axon
node ol/ B v
Ranvier T
Neuron =

Schwann cell nucleus myelin

IPerineurium

[Peripheral (myelinated) nerve fiber

Peripheral nerve

Blood vessels
supplying nerve
(vasa nervorum)

Epineurium

Endoneurium

<
Neurolemmal (myelin) sheathj
formed by neurolemma

(Schwann) cells




GENERATION OF NERVE IMPULSES
AND
PROPOGATION OF NERVE IMPULSE

NERVE CONDUCTION (2 MAIN PHASES)
RESTING POTENTIAL
ACTION POTENTIAL




The Resting Membrane Potential

» Usually the cytoplasm is negative

(-20 to -110 mV, relative

to the ECF = 0 mV)

» Depends upon ions
present:

Permeability

Electrochemical
gradients

Voltmeter
“10m
Plasma Ground electrode
membrane +U+ + 4+ 4 outsidecell
A | A
; PR ——
Mlcroelectrode——_/ — )

inside cell i
d O+ + +
\ /

\ /" ~Axon
\ /
X /
\ j /
\ /

Neuron

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cumfhgs.

RESTING POTENTIAL

The resting membrane
potential of a cell is defined as
the difference In electrical
potential across the plasma
membrane when the cell is not
stimulated or when the cellisin
a state of relaxation.




(a) Resting potential

mv
<10 +40
mv /([ mv

=8/ ® @

@®@ Q@

Na' K

Extraceliular fluid S8
LAY

Na' channel

100000000 0000000 906000
M\ ! 14 !
UL 1
3
000.000.
\
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© :
(\I ATP @ @ (>

vansporter \K'/

Al the resting potential, all voltage-gated Na* channels and most voltage-gated K* channels are closed. The Na*/K" ransporter
pumps K* 10ns into the cell and Na'* ions out.
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T T
InNmnsicde= Crpat=ssicd =
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Whena neuronis at rest,the restingpotentialof a neuronis
typically -70 mV

This showsthe surplus negativechargedions on the inner
side of the membrane

insidethecell.

At the exteriorof the cell, the level of SodiumandChloride
ions(Na+andCl-) arein higherconcentration

Unlike othercell types,neuronsandmusclecells arecapable
of transitioningfrom arestingstateto a moreactiveone
When at rest, the neuron inegatively chargedelative to its
environment. This is because of the following events:

1) At rest the negatively charged iofl" and the positively
charged ionNa", cannot easily croghe plasma membrane of
the neurongodium channelslose)

i) Negatively charged proteins cannot readily leave the neu
as well (le., UNEQUAL DISTRIBUTION OF IONS)
i) A membrane pumpmovesthreeNa*" out for

everytwo K* entering the cell.

ST S ST S

A As a result, more Nidons are outside than inside and mor|
K*ions inside than outside the cell.

A This leads to aresting membrane potentiadf about -70mV, which
means the inside of the neuron is about 70 mV less than its
environment

Typically, a higher level of potassiumion K+ is present

I'c

e




ACTION POTENTIAL

ACTION POTENTIAL Begins
at the Axon Hillock as a result
of Depolarization

" Dendrte Neuronal ACtion POtential
' /on loc

Cell Body

al et CN\/\

Node of Ranvier

0mv

Kt Kt
Nat Kt A Nat
Ee *-l-"l-"l

Schwann Cell

ge(gtlir%rrigr?g:ri\?er})otent@stgtgF
$ £ % # + Ntk
CYTOSOL { ey, ATPase
+ + + + + T ol
i i ECF
Depolarization i 2
- - o= - = pran 4 Na’
CYTOSOL voltage
i - - ~ channel
+ + + + + +
Repolarization ECF
P + + + + + K
CYTOSOL  qumdmm svoltage
: Wy - ok L channel
+ + + + +
Refractive ECF
Period w, 0 L - S A, + Na*kK*
— CYTOSOL ==>ATPase
+ + + + + +

GENERATION OF ACTION POTENTIAL

ACTION POTENTIAL: It is the change in
electrical potential across the neuronal
membrane.

Action potential carries the impulses from one
neuron to the next neuronAction potentials are
all-or-none.




STEPS IN AN ACTION POTENTIAL

1. Resting potential or Polarization (70 mv)
¢ Nat outside, K+ inside
¢ Channels closed ‘”m
0+

2. Stimulus / Threshold

® Some Na+ channels open g

¢ Na+ comes in
M-

Membrane potential

¢ [fthreshold is passed

they all open (-50mV) -100

3. Depolarization (+30 mv) incd gz

® Na+ channels open, Na+ comes in and the cell becomes
positive

¢ (Chain reaction of Na+ channels opening down the axon

¢

4. Repolarization (.70 mv)
® Na+ channels close, K+ channels open
¢ K+ moves out and the cell becomes negative
5. Hyperpolarization or Undershoot & return to resting

potential

It makes the cell more negative than its typical resting membrane
potential. As the action potential passes through, potassium
channels stay open a little bit longer, and continue to let positive
ions exit the neuron.

This means that the cell temporarily hyperpolarizes, or gets even
more negative than its resting state (-90mV)

As the potassium channels close, the sodium-potassium pump
works to reestablish the resting state by actively transporting 3
Na+ outside and 2K+ inside (ATP use)

Extracellular Plasma
fluid membrane D Cytosol
- Na* channel K*channel
Na*- |

1. Resting state:

All voltage-gated Na* iy

P

and K* channels are mmu | ) !
closed. -gate S ‘..‘«:m»»nx
Inactivation ,!"—,."
te o g
— 430 2, Depolarizing phase:
Depolarization to threshold
opens Na* channel activation
gates.Na* inflow further
depolarizes the membrane,
R o opening more Na' channel
. Time —» activation gates.

4. Repolarization continues: 70
K' outflow restores resting
membrane potential.Na*
channel inactivation gates
open. Return to resting state
when K* gates close.

Time —»

3. Repolarizing phase:
Na* channel inactivation gates
close and K* channels open.
Outflow of K* causes
repolarization,

The Action

Potential:
Summarized

* Resting membrane
potential is -70mV

* Depolarizationis the
change from -70mV to
+30 mV

* Repolarization s the
reversal from +30 mV

back to -70 mV



PROPOGATION OF NERVE IMPULSE OR SIGNAL

1. MYELINATED NERVE FIBRE 2. NON -MYELINATED NERVE FIBRE

I d action 3
myelinate potential -
axon \ B -
: - 9 = +
(Saltatory Conduction)  node of --9 2 & +
. B
Ranvier ++-o~—-'/ +++ kg
\ < 4 =
+
myelin spread of +
sheath depolarization
cell body S A Ao i aa
(soma) AL N WS, e S e B
o P + + <+ + + Sy, - =
R R TR e =
+ : %
action
potential

(Continous Conduction)
unmyelinated
axon © 2002 Encyclopadia Britannica, Inc.
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Receiving
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Sending
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Degradation
& / enzyme
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Cellular response
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SYNAPSE

Synapse can be broadly classified into 2 Type
A. Electrical Synapse

A. Electrical Synapse with connexon

(common in lower vertebrates and invertebrates, found in
brains of mammals also)

Closed Open

Gaikes

Intercellular space

2-4 M Space . drophilic channel

B. Chemical Synaps&an CNS synapses)

()

e Ml rotubule

Fresymaptic

L P Cytoprlasim

Ml dkEC Pl Ficna

Fosbsymaprtic
IR L

Gajpe

jumctican

Loms Flowy thirowush
gap jumnction chanmels

;.:P H

-
=R~ - -
- - - - -
-
- =
-
1,.‘ -
-
Fostsymaptic

rmermbrrare Gap junction chamnels



B) CHEMICAL SYNAPSE
(Neurotransmitters Involve)

()

Presynaptic
FEL PO

Fostsynapitic
MELIFOT

nevrotransmitter

receptor

Meurotransmiitter released

[lons flow througl
postsynaptic channels

Presvnaptic membrane

N

Presynaptic
membrane

Action
potential

Synapti
vesicle

;

© : ®
L] o ®
synaptic s " * +—Neurotransmitter
. ®
a . 0 o 0 o —— Recepto!
Postsynaptic

memhrane



CLASSIFICATION OF CHEMICAL SYNAPSE

(Based On Neuronal Elements Associated)




NEUROTRANSMITTER

Neurotransmittersare chemicalsubstanceshat transmit signalsbetweenneurons
(nervecells)or from neuronsto musclesglands,or other targetcells

They are crucial for communicationwithin the nervous system and influence
variousphysicaland psychologicalunctionsof the body:.

When a neuron is activated by an electrical signal (action potential),
neurotransmitters are releasedfrom small sacs called synaptic vesiclesin the
neuron

These chemicalscross the synapse(the gap between neurons) and bind to
receptors on the target neuron or cell Once bound, neurotransmitters either
stimulate (excitatory) or inhibit (inhibitory) the next neuron, influencing its
electricalactivity.



Types of Neurotransmitters:

Neurotransmitters can be broadly classified into two typased on their effects on the target cells
Each type plays a specific role in maintaining balance in the nervous system

Functional Classification

Function Examples

Glutamate

X Aspartate
Exmtato_ry ) Serotonin
(leads to depolarization )
Histamine
ATP, CO
Glycine
Inhibitory Gamma amino butyric acid (GABA)
(leads to hyperpolarization ) Taurine
Excitatory & Inhibitory Acetylcholine
(leads to depolarization and Epinephrine (Adrenaline)
hyperpolarization depending on type of 3
receptor ) Dopamine

Norepinephrine (Noradrenaline)
NO

Endorphins, enkephalins, substance P,
cholecystokinin




NEUROTRANSMITTERS

ADRENALINE
fight or flight
produced in stressful situations. Increases heart rate
and blood flow, leading to physical boost and
heightened awareness.

NORADRENALINE

concentration
affects attention and responding actions in the
brain. Contracts blood vessels, increasing
blood flow.

DOPAMINE

pleasure
feelings of pleasure, also addiction, movement and
motivation. People repeat behaviors that lead to
dopamine release.

SEROTONIN

mood
contributes to well-being and happiness. Helps sleep
cycle and digestive system regulation. Affected by
exercise and light exposure.

GABA

calming
Calms firing nerves in the central nervous system.
High levels improve focus, low levels cause anxiety.
Also contributes to motor control and vision.

ACETYLCHOLINE

learning
Involved in thought, learning and memory. Activates
muscle action in the body. Also associated with
attention and awakening.

GLUTAMATE

memory
Most common neurotransmitter. Involved in learning
and memory, regulates development and creation of
nerve contacts.

ENDORPHINS

euphoria

Released during exercise, excitement and sex,
producing well-being and euphoria, reducing pain




1 . EXC'tatO ry neu I’O'[ran Sm |tte 'S when releasedexcitatoryneurotransmitters

haveexcitatoryeffectson the neuron It stimulatesa neuronthat will fire an action potential (electricalsignal),
causinghe target cellto becomemore active

Mechanismof Action

When these excitatory neurotransmittersbind to their receptorson the postsynapticneuron, they often
lead to the influx of positive ions (sodium) into the neuron This depolarizesthe neuron and brings it
closerto the thresholdfor firing an action potential.

CommonExamples
ExcitatoryNeurotransmitters

o Glutamate Themost commonexcitatory neurotransmitter in the brain. It playsa key role in learning
and memory.

o Aspartate Another excitatory neurotransmitter, lessabundant than glutamate but still important in
brain regions Binds with NMDA (N-Methyl D-Aspartate) Receptorswhich are crucial for synaptic
plasticity learningand memory.



2. Inhibitory neurotransmitters inhibitory neurotransmittershave inhibitory effects on
the neuron. It decreaseghe likelihood that a neuronwill fire an action potential, calmingthe nervous
systemand preventingoverstimulation.

Mechanismof Action

Inhibitory Neurotransmitters when they bind to their receptors,these neurotransmittersoften
lead to the influx of negative ions (like chloride) or the efflux of positive ions (like potassium)
They make the Iinside of the neuron more negative, which makesit less likely to reach the
thresholdneededto triggeranactionpotential.

Eg Inhibitory Neurotransmitters

o GABA(GammaAminobutyricAcid)} The primary inhibitory neurotransmitter in the brain. It
helpsregulateanxietyandmuscletone.

o Glycine Commonlyfound in the spinal cord and brainstem, it playsa crucialrole in inhibiting
motor neurons



SYNAPTIC TRANSMISSION
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NEUROMUSCULAR JUNCTION
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Neuromuscular Junction (NMJ)

The neuromuscular junction (NMJ) is a specialized synapse betwaetoaneuron and askeletal muscle
fiber . It is the site wherenerve impulses are transmitted from neurons to muscles , leading tanuscle
contraction .

Structure of the Neuromuscular Junction

1.Motor Neuron Terminal (Presynaptic Terminal):
1. The end of the motor neuron axon.
2. Containssynaptic vesicles filled with the neurotransmitteacetylcholine (ACh) .
3. Has voltagegatedcalcium (Ca? ¢) channels.
2.Synaptic Cleft:
1. A narrow space (~2680 nm) between the nerve terminal and the muscle fiber membrane.
2. Containsacetylcholinesterase ( AChE), the enzyme that breaks down ACh.
3.Motor End Plate (Postsynaptic Membrane):
1. The specialized area of tsarcolemma (muscle cell membrane) that lies opposite the neuron
terminal.
2. Containsnicotinic acetylcholine receptors ( nAChRS).
3. Highly folded to increase surface area for receptors.
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NEUROGLIA OR GLIAL CELLS

- Supporting Cell
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NEUROGLIA OR GLIAL CELLS

- Supporting Cell
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Neuroglial Cell Types & Function
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NEUROGLIA CELLS
IN
CENTRAL NERVOUS SYSTEM




ASTROCYTES
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Fig. +._J. Astrocytes and microglial cells.

Soma (cell body)

A Theyare star-shapedcells

A In expansionto blood vesselsor in relation to
surfaceof the brain.

A Gliosomes are present on the processes of
astrocytesrich in mitochondria.

A In general, there are two types of astrocytes
The processesof astrocytes are connected to
those of other astrocytesthrough gap junction
and communicate(calcium channels)

FUNCTION :

A Blood brain barrier

A Structural integrity ‘ vl £p o) g

A metaboliteexchange(glucose)

A Removegxcesglutamatefrom synapse
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OLIGODENDROCYTES

Oligodendrocyte

Neuron

Synapse
Myelin sheath

A Oligodendrocytes have rounded or pear-shaped bodies
with relatively few processes

A The somais small and the nucleusdistinctive

A The densecytoplasm stainsdarkly

A The processesxtendto different axonsand forms myelin
sheatharound them

FUNCTION

A Forms Myelin sheath



EPENDYMAL CELLS

;:"C'\’_ Cmehro-spin‘nl fluid (CSF) A
In ventricles or

Ependymalcells similar in appearance to epithelial cells, line the spinalcord
curri andventricularsystemof thebrain
A Thesecellscontaincilia andhasprominentucleus

Ependymocytes

A Theependymatellsareof threevariants

A Theependymocytepromotethe free movemenbf moleculeslt doesso betweerthe
neuronsandthecerebrospindluid.

Tanycytes

A Tanycytesrespondto alterationsin the hormonallevels It doeswithin the blood
derivedhormones

A choroidalepithelialcellscontrolthe chemicalcompositiorof the cerebrospinalfluid .

FUNCTION:

A Productionof CSFandits movement

A Acts as barrier betweenCSF in the ventricular systemand the
brain

Ependyrm al cells



