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Learning Outcomes
Students will be able to:
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Recognize Teceptors as transducers sensitive to various stimuli.
Trace the path ofam

. €Ssage transmitted to the CNS for processing.
Identify the three neurons (sensory, intermediate,
transmission.

Identify muscles and glands as the effectors.
Describe the detailed structure

relate the specialization in stru
Differentiate between myelin
Explain the function of the th
Define nerve impulse.

Describe the generation and transmission of nerve impulse.
Name the factors responsible for the restin

Evaluate from a graph the phenom

motor) involved in nervous

of a sensory neuron, associative and
ctures with functions.

ated and non-myelinated neurons.
ree types of neurons with the help ofareflex arc.

a motor neuron and

g membrane potential of neuron.

ena of polarization, depolarization and
hyperpolarisation of membrane. = :
Compare the velocities of nerve impulse in the axon membrane and in the synaptic
cleft.

Describe the role of local circuits in saltatory conduction of nerve impulse.
Describe the structure of synapse.

Explain synaptic transmission ofﬁner_w? impulse. ‘
Classify neurotransmitters as inhibitory and excitatory
examples.
Idemil;y the main components of thfa nervous system.
Explain briefly the functions of major divisions of brain. _ ! | .
_Dxp ribe the architecture of human brain and compare its sectional view with that of
esc
e spinal cord. : :
}f])lcscl?"ibc cranial and spinal nerves in man.
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Explain the structure, types and functions of autonomic nervous system. h/pain.
Explain the structure and functionin g of the receptors for smell, taste anq UL
Define narcotic drugs as agents that interact with the normal nervous activity. icotine
Compare the use and abuse of drugs with respect to heroine, Cannabis, n :
alcohol and inhalants like nail polish remover and glue. : '
® Define and explain the termsI; drug addiction and drug tolerance with referefl?e to
caffeine and nicotine. et us
* Associate the effects of drug addiction and tolerance with the functioning of nervo
system.
¢ Describe withdrawal symptoms of alcohol. ; o
¢ Classify nervous disorders into vascular, infectious, structural, functional an
degenerative disorders. ;
Describe the causes, symptoms and treatment one type of each category 'Of disorders
outlined below (e.g. stroke as vascular, meningitis as infectious, brain tumor as
structural, headache as functional and Alzheimer disease as degenerative disorder).

* Explain the principles of the important diagnostic tests for nervous disorders i.e. EEG,
CT scan and MRI.

Introduction

All animals show some common characteristics, one of these is to produce
response to stimuli (i.e. any internal and external change). The activities of different
body parts in response to the stimuli must be coordinated. The coordination makes
possible the integration of functions essential to animal behavior. It is must for animals
and human to survive. In human and most animals there are two types of coordination, i.e.

nervous coordination and endocrine coordination. This unit deals with only nervous
coordination.

17.1 Nervous System of Man

The study of nervous system is known as neurology. The working of different
body parts with cooperation to each other and under the control of coo
Spinal cord or ganglia) is called coordination.

The system of the body that provides coordination throu
different body parts during the response to a particular sti
system. The most developed, advanced
organisms is that of human.

rdinator (Brain,

gh electric signal among
mulus is called nervous
and evolved nervous system among all

17.1.1 Steps Involved in Nervous Coordination

Nervous coordination involves highly specialized cells known as ¥
are either connected together or via centralized nervous system to form
linked to the receptors and effectors.

Nervous system in human and higher anim

urons, which
a network that is

als consists o fthree basic elements.




| : : et ive information
‘ Receptors are cells, tissues or organs which receive stimuli and give In

[

1O sensory neurons.

: : ous .
s The neuron has the capacity to generate and conduct impulses to central nerv ¢

system where processing / analysis of information takes place and pass responses i

effectors.
= Effectors are structures such as cells, tissues, muscles and glands which carry out
action or make responses.

17.1.2 Receptors or Transducers 2

Receptors are organs, tissues, cells or nerve endings that detect changes (stimuli)
in the external or internal environment of an animal (e.g. Human). These stimuli then
transmitted to the brain or spinal cord through sensory neurons.

Classification of Receptors on the Basis of Stimuli
Receptors are classified into following five types.

® Chemoreceptors, which detect the concentration of certain chemicals or ions,
e.g. CO, level in the blood by medulla of brain, O, level by carotid body. The
chemoreceptors for blood glucose, amino acids, fatty acids are located in the
hypothalamus of brain, smell (olfaction) in the nasal epithelium, taste (gustation)
found in tongue and osmoreceptor (detect osmotic pressure of blood) in hypothalamus.

o Mechanoreceptors, which detect stimuli of pressure, body position or
acceleration, include Meissner's corpuscles in skin for touch, Pacinian's corpuscles
also in skin, baroreceptors in blood vessel for pressure and stretch also in, ear for
hearing and equilibrium.

o Thermoreceptors are mostly located in the skin to detect change in temperature
(cold/warmth).

. Nociceptors are pain receptors widely distributed in the skin and other internal
organs which detect damage to body tissues.

. Photoreceptors or electromagnetic receptors, detect light stimuli, such as rods
and cone cells in the retina of our eyes.

17.1.3 Processing/Analysis of Information
All types of sensory inputs from various receptors are conveyed to coordinator i.e
brain and spinal cord by sensory neurons. The information collected by them is processeci

and analysed, for a suitable response by special types of neurons ovn A
associated or relay neurons,

17.1.4 Effectors :
Effectors respond to stimuli by impulse coming via motor neuron, such as
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: i nd
muscles and glands. The glands secrete some types of chemicals while muscles respo

by contracting.
Stimulus Receptor Sensory neuron Interneuron (CNS) Motor neuron Effector
Response.

17.2 Neurons -

Neurons are the chief structural and functional units of nervous system. In
addition to neurons, nervous system contains neuroglial cells, which nourish the neurons
and also protect the neurons by myelin sheath.

17.2.1 Structure of Neuron

A typical neuron consists of three basic
components, i.e. cell body, axon and dendrites. The cell :
body or soma or cyton or perikaryon of neuron iNEWC’USS}’Smmalsocom'aiﬁsE
contain, nucleus and various cellular organelles except |2P0ut 50% of neuro-glial |
centrioles. The neuron cell body contains a mass of e | s
granular cytoplasm and enclosed by cell membrane (neurilemma). The nucleus is
centrally placed. The cell body contains a group of ribosomes associated with rough
endoplasmic reticulum and Golgi bodies known as Nissl's granules (these help in
protein synthesis and acetyl-choline forming enzyme) These granules are absent in axon
and Dendron. (Fig.17.1) :

The cell body of Dendrite
neuron is surrounded by
cytoplasmic fibres, which are
of two main types, i.e. axon
and dendrites.

Axons are cytoplas-
mic process that conduct
impulses away from cell body.
Each axon is a usually thick
long fibre (few mms to more 1o
than a meter in length) with a Fig. 17.1: A Tipical Neuron
constant diameter. The cytopl-

AL

Cytoplasm and
cell body Axon Terminal

Node of €
Ranvier

Neurilemma

Axon Axoplasm

_ asm of the axon is called axoplasm and cell membrane is called axolemma. Each axon

terminates by branching to form small extension with knob like ending to cell
presynaptic terminal. The neuroglia or glial cells that nourish, protect and support the

“neurons. In peripheral nervous system these cells are known as Schwann cells, which

cover the axon by repeatedly wrapping it.
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These cells are also covered by a fatty substance | M\ elinated l‘lbl‘ES ,

known as myelin sheath, which act as an insulator. Thus
axons are called myelinated fibres. The non-myelinated rapidly than non- -myelinated
portion of axon is called node of Ranvier, located . ron. It has larger and
between Schwann cells. The impulses jump fromnode of | thicker axon because velocity |
Ranvier to node of Ranvier, which are known as  of impulse depends upon the |
saltatory impulses. ' diameter, length and myelin
Dendrites are also cytoplasmic extensions that 'sheath.

carry impulses towards the cell body. If they are single,

then called Dendron. They are thin, short and mostly branched. The branches are
gradually tapered from the base to their tips. The gap between dendrites of one neuron
and axon terminals of another neuron is called synapse.

17.2.2 Types of Neurons '

On the basis of functions, the neurons are of three types. i.e. sensory neurons, mnter
neurons and motor neurons.

: It is transmit 1mpulses much

i) Sensory Neurons conduct impulses form receptors to central nervous system.
These are unipolar because only one fibre originating from cell body which
immediately gives rise to two branches, one towards receptor and other towards central
nervous system. Both fibres are structurally axon like except their terminal portions
differ that is one is like dendrites and other is like axon. One (axon) carries impulse
towards cell body while other (Dendron) away from cell body. Majority of sensory

Dendnites

Axon termina Axon terminal Axon
terminal

Multipolar Neuron Bipolar Neuron Unipolar Neuron

Fig.17.2: Multipolar, B:pm’m and Unipolar Neurons
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A - o e necially n
NEuran are ynipolar but some are hipolar. The unipolar neurons are found specially
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between various parts of the UNS, Inter neurons are mostly multipolar h:::aug SEAges
fibres arises from cell body. Their axon s thin and non-myelmated, while many d A lm'my
curry impulses o its cell body. ¥ dendrites
i)  Motor Neurans conduct impulses from ONS to effectors. Fhne
neurons, Their cell body containg many branched dendrites and g single
owards clfector, (Fig. 17.3)
Myelinated and Nop=-Myelinnted Neurons =
Myelinated neurons {Nerve fibres) ure covered by M vellnateg Nbur.[;;!. -
fatty layer known as myelin sheath {(axons) whereas non- x .
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17.2.3 Reflexaction and Reflex arc :
B Reflex action or Reflexes are involuntary, automatic, unconscious or immediate
| 'esponse to external or internal environmental change or stimuli. The_ pathway through
which a reflex travel is called reflex arc. The direction of reflex action is from receptor to
 Sensory neuron to CNS to inter neuron and then through motor neuron to the effectors.
;i Reflexes have no involvement of conscious portion of brain, therefore, the response is
| quick than the conscious pathway. (Fig.17.4)

White matter

Dorsal root Cell body of

SENSOry neuron

& Pin prick

Gray matter

DORSAL

Receptor
(in skin)

Central canal

\

Ventral Root

VENTRAL

== Cell body of
Spinal Cord motor neuron

Effector (Muscley—
Fig 17.4: Reflex Arc

Example of Reflex arc: If we unexpectedly touch a hot object or pin prick, our

hands are rapidly removed from it. The receptors of our hands are activated by heat of the

object. This impulse is conveyed to sensory neuron leading to spinal cord via spinal nerve

then to inter neuron which lies entirely within the spinal cord. The inter neuron then

passes this impulse to motor neuron then to effectors, i.e. muscles which causes them to
contract. (Fig.17.4)

| EXIrG ""ﬂ
17.3 Nerve Impulse (

Nerve impulsg is the information about a Refractory period lasts for
stimulus that is transmitted from receptors to CNS and | about four millise-conds so as
from CNS to the effectors. Itisa wave of electrochemical |2 neuron can conduct 250

change which runs along the length of the neuron, \!Mpulsespersecond.
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involving chemical reactions and movement of ions across the neu,rﬂemmah: ﬁf
measurement of the capacity to do electrical work is known as electric potential.

I represents a type of stored energy produces during separation of charge* thr»-augh a barrier.

| The charges are positive or negative, which act as separating barrier in the plasma

; membrane of neuron (Neurilemma).

,- Oscilloscope

It is an instrument with a screen which display
changes in the voltage on both side of plasma membrane
of neuron with time. The electric potential which exists
across a cell membrane is known as membrane
potential. The membrane potential is either resting

membrane potential (RMP) or action membrane
potential (AMP).

In human, normally the speed
of flow of impulse in neuron is
about 100-120m/ second.

e e 7

17.3.1 Resting Membrane Potential

A typical neuron at rest or non-conducting neuron is called resting membrane
potential. In this case a typical neuron is more positive electrically outside than inside the

plasma membrane while inside is more negative as compared to outside the plasma
membrane. [t measures about — 70 millivolts (- 0.07 volt).

Outside of the Cell N’»’

' P “ell” Cell 2 i
Inside of the Cell -?O}!:{lgmﬂr

3 Fig. 17.5: Resting Membrane [ Yotential (RMP)
Factors Involved in Resting Membrane Potential (RMP)
Major factors thatare involved in RMP are:

Sodium and Potassium ions
There are many kinds of ions which are present

inside and outside the plasma
101
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y : ; tassium (K ') 10ns.
Membrane of neurons but the most important is sodium (Na ) and po

Sodium ions are tenfold higher in concentration outside tpan .lnS.ld'E lt1hfr:l ﬁftlgzza?heé
whereas potassium ions are thirty fold higher in concentration inside t a g s
membrane. The membrane of all the nerve cells possesses sodm-m and p‘DtdSbILII:'l [t)r : pn
to transport these ions with the help of energy (ATP) agams_t tl_““r li:oncun bErlalel)e
| gradients. For every two potassium that are actively transported 11j151de the mem ; !
S three sodinng ions are pumped out. Thus inside become more negative ( 70 mV) than the
outside of the plasma membrane of nerve cell, which is more positive electrically thffﬂ
inside the membrane.

s N b= 3 i d
gehixie £ 7 F - Fosmio o
% SNERN 5 f

Sodium_ ions

k Potassium ions

Negative ions

Negative Organic lons

Many types of large negative organic compounds are present in the both sides of
plasma membrane of neurons. These organic ions include some proteins, amino acids,
RNA, SO,, PO,, efc. These negative ions are much more inside the membrane than

outside (outside Cl ions are present) where they are only in negligible concentration.
Thus inside is more negative than outside.(Fig.17.6)

Schwann cell

pr}mlm ized region
(node of Ranvier)

Myelin
’-\\"L

sheath

N
&5
\N’\"\

; " .
Cell body \~

!
lp.
|

Fig. 17.6: Depolarized Region and Saltator Impulse

Channel Proteins (Gates) in Plasma Membrane of Newrons
The plasma membrane is virtually impermeable to all jons except
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: : - e sion. That 1S
It is slightly permeable to potassium, so it leaks out of the neuron by diffusi

S
why inside becomes more negative than outside of the plasma membrane of 'Ifl[f):u;c":fl) T’llzllllle
non-conducting neuron is in polarized state (i.e. RMP — 0.07 volts or : S
resting membrane potential (RMP) will be maintained in undisturbed meml?l'aﬂ ‘t e
disturbed or stimulated by a sufficient stimulus known as threshold, then action pote
will occur.

17.3.2 Action Membrane Potential (AMP) (Depolarized State)

In action/active membrane potential, inside of neuron become fnore p
outside become more negative. It is called depolarized state, which hﬂ'PPF“ when
appropriate stimulus receives, the positive charge sodium ion tends to move inside of the
neuron. The electrochemical change is so brief (about one millisecond) that onl‘_?' a
portion of the neuron (i.e. one node of Ranvier to another node of Ranvier) is in the action
membrane potential state followed by the recovery of polarized state, thus impulses flow
from one node of Ranvier another to node of Ranvier.

The major factors involved in changing the resting membrane potential to action
membrane potential are:

1. Threshold Stimulus
[tis capability of a stimulus to bring electrochemical charge on neuron or to excite
a given tissue. Itis also known as adequate stimulus (about — 50 to -55 mV electric
membrane potential). If
stimulus is not capable to .49

ositive and

Action potential

excite or not appropriate, then Na' ions in
it is called sub threshold or ®
inadequate stimulus.

q : P

Influx of Na ions
When threshold is

reached, the membrane
become more pe:'meable to = | Threshold
Na' than to the K due to the
opening of Na gates. Thus
influx of Na_ ions by diffusion

IS
3

S
=
S
S
&

Q

Voltage (mv)

_ Failed
mtiations

Resti_'ﬂg State

Stimulus

occurs, and electric potential -

of the membrane changes % _
Yperpolarizati

from -70 mV towards zero and - I - : 4 ” 5

then reach to about somv. e

This reversal of polanty Fig. 17.7: Flow of Impulse
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tion. This state of electropositive

: : iza 3
= o of membrane is called depos llisecond till the Na gates are not

= i
Inside and electronegative outside lasts for about one m

e et . e e T

' srosfine T

e g formation SN
R‘Cpljli’lt"i?i"[t ‘;f&l[t} g The continuous i =‘n
After the peak of action poténtial, called the spike |, curs 1 oD f}‘.'.:? . |
Potential, the permeability of Na decreases, anfl now 11?‘1111\!_“1‘1lu"i:;-.1‘1.-lI:l: : e |
become more permeable for K+ by opening of K gates T\u\ ]:;u““'»: “‘1; k\i & ;_l !
thus K rapidly diffuses out from cytoplasm to :1:5;;”::1 50 action poten-tial |

extracellular fluid. The sodium gate closes and the How s wave J
neuron get its original polarity i.e. repolarized (inside ' : :
more electro negative and outside more electro positive). Infact, there is a slight
overshoot into a more negative potential than original resting potelztlal. This is known'as
hyperpolarized state. It is due to the slight delay in closing of all K- gates compared with
Na’ gates. (Fig. 1 1:7)

' Refractory Period (Resting State)

B ——

| It is a period when after an : == Na*
~ : : Na* = GNaD Na
action potential, nerve fibre e K
undergoes a period of recovery, in  Na*  Na Nat K+ Na' Na*
which it regain the original ionic
distribution and polarity, thus nnnunnnnnn HHH HHUHEH
prepare itself for the next
stimulation. The original ionic K* | |
S 5 : K’ K Ko Na' K*

distribution is restored by a sodium Ng*
— potassium exchange pump which 2R CIKD) Na*
actively transport Na  ions out and K K+ ¢
K ions in the neuron. This return Fig. 17.8

- ; 3 8: R‘fﬁ‘m'f”’:" Period of Neuron
the membrane to its resting potential

ie. from+50mVto—70mV.

The resting membrane potential (RMP) will
membrane. If it is disturbed or stimulated by a sufficie
then action potential will occur. (Fig, 17.8)

be maintained in undisturbed
nt stimulus known as threshold,

17.3.3 The role of Local Circuits in Saltatory .
Impulse ry Conduction of Nerve

Saltatory conductian is the propagation of action potenti :
(L 518K entia
from node to node. The “local circuits” explaj p I along myleinated axon

1 : tio 1 15
transmitted along the neuron. Basically an actjop p : n potential (AP)

e
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a local circuit because, the influx of sodium ions at that point makes that pa'rticular point
positively charged. However, regions around that point are still negatively charged
(because they are still in the f‘rcsting POtt‘.lltiﬂl [bnnatign“)_ The sodium ions at the pOth
of AI.’ are then attracted to these negatively charged regions, hence setting up a “local
circuit” at those regions. This circuit then opens the sodium channels at these points,

sodium ions flow in and the whole AP circle continues, hence the AP moves-along the
axon.

17.4 Synapse

: There is no cytoplasmic connection between successive neurons, however,
impulses are transmitted and this transmission occur at synapse. Synapses are
MICTOSCOpIC gap between successive neurons. These gaps are between axon terminal of
one neuron and dendrites of another neuron. (Fi 2.17.9)

)
. 3 f \
——"=""Dendrite i . 2- Vesicle fuses with
- k'S ! Axon \ membrane
> 1- Vesicle with W (exocviosis)

)

. ﬂ NEUTOrAnSIMIErs «

i ver e o
i (4"

Calcium
channel

tL..-!f L-G&B‘JL._.:?. ¥\
Ca™ 03\\

3- Ncurotransmitter

Q
-I'. l‘ L] -
’ 4- .\r.‘g'_h‘ll.‘ll'l‘v]i‘ul“k‘l Synaptic s !
o . =, difluses across spacce released into synapsc
r is

synapse and bing

'I‘ .
" with receptor on
dendnte
Dendrite i 7

lIon channel

Synapse

Dendrite

Lls Axon

Fig. 17.9: Synapse

A single neuron may form synapses with many incoming fibres of different
neurons. The gaps between SUCCessive neurons are cleave-shaped thus called synaptic
cleft. A neuron carries information (impulse l{?wards a synaptic cleft known as
transmitting neuron or presy naptic neuron while a neuron which gets the impulse
from synaptic cleft, is called post symll)li(i;s: neuron or receiving neuron, The axon
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Pr— T T T
Tras -

terminals of each presynaptic neuron have exp

Many spherical sacs, known as synaptic vesicl s
molecules of chemical messengers, the neurotransmi

POst synaptic neuron lacks these vesicles. The transfer of im
called synaptic transmission.

Steps of Mechanism of Synaptic Transmission
1.

When action potential
reaches the axon termi-
nal, it is received by
synaptic knob. The
calcium channels, pres-
ent in the presynaptic
membrane open and
calcium from synaptic
cleft transfer into the
knob. Thus Ca"" concen-
tration increases, the
synaptic vesicles move
towards the pre-synaptic
membrane. /
The vesicles containing
neurotransmitter fuse
with presynaptic memb-
rane and release their
neurotransmitters mol-
ecules into the synaptic
cleft.

The neurotransmitter
diffuses across the
synaptic cleft and bind
to receptor molecules on
postsynaptic membrane.
The receptor of post
synaptic membrane,
opens some channels
and allow sodium i0ns to
diffuse across the

ended endings called knobs which contain
es. Each vesicle contain as many as 10,000
: tter substance. The dendrite of

pulse across the synapse is

There are 100 known types of

< Y L neurotransmitters.
\ \\-. @
a4
4 \ !
. Axon 1. Action
Axon of terminal pOI_t:ntia]
transmitting e
neuron
."; il S}.'l:n;‘-{'ag
~ ,.-f“‘ \|crl \
F, l.‘\\} \1 :
A
Receiving
neuron S}'Ilﬂpsc
™

o Transmitting neuron

2. \'-"'N'i 'i . 4
r‘xrém-‘?fu-m, 4, N_eurotr:mmmter
plasma 3. Neurotransmitter binds tQ receptar
membrane s released mto On receiving

< Synaptic clefl neuron s

membrane

g‘ ] I
P - e

R ’ .‘
! i
< ' -

Synaptic clel‘t

» »
B 0.6 ‘Neurotransmitter
~ molecules

-
i ak

Ion channels

- Receiving neuron
Fig. 17.10: Steps of Synaptic Transmission
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postsynaptic membrane. As a result post synaptic membrane depolarizes ie.
(inside + outside -) and action potential is generated. Since this depolarization
brings the membrane potential towards threshold level, it is called Excitatory
postsynaptic pot-ential (EPSP). _ :

5. After the activation of post synaptic membrane, the neurotransmitters are
immediately broken down by enzymes (like acetylcholinesterase for
acetylcholine and monoamine oxidases for adrenaline). (Fig.17.10)

:7.4.1 Classification of Neurotransmitters
There are two major classes of neurotransmitters.
1. Excitatory Neurotransmitters ""
- =4+ o) =, s | 1 r Y ....-l --..'.I.
These initiate nerve impulses, cause increased | _faornidiion 4 A
o= 3 : { of|
membrane permeability to sodium ions. They may be | Tl:;rpzesare two types T;
2 = - " Sy i I
acetylcholine for peripheral nervous system, biogenic 11.  Electrical synapses, |
amine (derived from amino acids) for central nervous | which are rapid and synaptic |
system. Their types are epinephrine and nor |cleft iSOﬂlYO-Zlﬂmmle- .
s : . . 12, Chemical synapses, 1n
epinephrin ; serotonin | " . :
pinep e'for heart beat rate during stress: sero | Which ‘gap sis 120 mn' THIS
and dopamine affect mood, sleep, attention and | transfer of impulses occurs by |
learning. All of these function like hormones. | neurotransmitters (Chemi- |

‘\c_als).___m 2 )

e — a T

7 IS Inhibitory Neurotransmitter
This decrease membrane permeability to Na

ions, which result to raise threshold of stimulus. Thus the
nerve impulse does not trigger or lessens, to adjoining
neuron. Examples are glycine amino acid, gamma-
amino-butyric acid (GABA), while the endorphin are
peptides, decreases pain reception and act both as
neurotransmitters and hormones.

Coelenterates and echinode-
rms possess diffused nervous
system.

17.5 Human Nervous System

Human and most animals (except coelenterates and Echinoderms) have
centralized nervous system. Human nervous system is most advanced and also poﬁ'sess
some unique features, i.e. enable us to convey our complex ideas, information and
messages in the form of language, make and use various tools, preserve information (in
written and video), great learning, memory storage capacities, efc.

Human nervous systems consist of two primary divisions, the central nervous
system (CNS) and peripheral nervous system (PNS). (Flow chart | )
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Nervous System

Central Nervous System Peripheral Nervous System |
(Brain, Spinal Cord) (EE?;;?[NT:;E:::?

Sensory Neurons Motor Neurons
(Afferent Neurons) (Efferent Neurons)

ey

Somatic Nervous Autonomic Nervous
System (Involuntary)

System (Voluntary)

Nervous System
(Fight of flight)

Nervous System

Sympathetic Parasympathetic
(Rest and digestion)

Skeletal Muscles Cardiac Muscles
Smooth Muscles Glands
Flow Chart.1: Classification of Human Nervous Systen

17.5.1 Architecture of Brain and Spinal Cord and their functions

Central Nervous System of Human (CNS)

It consists of brain and spinal cord, act as
coordinating centre, these lies in the skull (Brain) and
above the vertebral column (spinal cord) i.e. in midline
of the body.

CNS is hollow and fluid filled. The brain has four
cavities called ventricles while the cavity of spinal cord
is known as central canal. The fluid in these cavities
named as cerebrospinal fluid (CSF) (similar to blood
plasma) actas cushion and bathes the neurons of CNS.

Protection of Central Nervous system
The brain is protected by bony cranium of skull

while spinal cord 1s protected by vertebrae of vertebral
column. Both brain and spinal cord are also covered by

three membranes, collectively known as meninges
meninx), the outer hard Dura matter (next to

pia matter, nextto brain and spinal cord
d matter. The cerebrospinal fluid is
ter and arachnoid matter,
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(singular;
cranium), inner
and middle arachnoi'
present between the piamat

 Interesting
fnformaitton

Cerebrum is the largest part of
brain and contains highest

- ——————

number of neurons than any
\other part of brain. J

| According to
| “Roger Spray”

'Both cerebral hemisphere of |
cerebrum superficially same
‘but right and left portion
function so differently that we
- could almost say we have two
‘brain in one. Left cerebrum
‘house our language centre,
.:log.ic mathematical abilities
‘While the right hemisphere !
|Imagination, spatial perce- | -
' ption, artistic and emotional
abilities.




Brain

' The brain of human can be
divided into forebrain, mid brain
and hind brain. (Fig.17.11)

Fore Brain

Forebrain has two sub-
divisions; telencephalon (cereb-
rum) and diencephalon
(thalamus and limbic system).
The cerebrum of human is
largest among all other animals
(more than half of the brain). Itis
divided into two cerebral hemispheres, which are
connected together by a band of axons known as corpus-
callosum. It carries memory available on one side of the
brain to the other side. Cerebrum contains four lobes,
frontal, parietal, temporal and occipital lobe. The left
cerebral hemis-phere controls the right side of the body
while right cerebral hemisphere controls left side of the
body. Functionally, cerebrum consist of sensory area,
(receive impulses from receptors), motor area (give
responses) and associated area (interprets or analyses
the incoming information) cerebrum act as control centre
for sight, smell, taste, speech and hearing. It also controls
voluntary movements, thinking, learning, conscious

Skull

Frontal lobe
Thalamus
Hypothalamus

Pitwitary
gland

sensations,
intelligence, analysis and interpretation of memory.

Pons

JJ--'.'--' J17.11:

Parietal

lobe

Occipital
|U["L‘

Corpus
callosum

Dura
mater

Medulla
oblongata Spinal
cord

C. S of Brain of Man

There are convolutions
(groove) called gyri which are
seen on outer part of cerebrum
(cerebral cortex). The deep
grooves are called fissure
while shallow grooves are
called sulcus. These grooves
greatly increase the surface
area of cerebrum. A longi-
tudinal fissure i1s present
between two parts of

L\éerebmm. )

judgment, reasoning, decision-making, dreams, emotional feeling,

Although the motor sensory and associated areas are located in all parts of
cerebrum, however motor areas are more abundant in frontal lobe. The associated areas
are most occupy the anterior of frontal lobe and wide spread in lateral portion of parietal,
temporal and occipital lobes.

Diencephalon (Thalamus and limbic system): Thalamus lies below the
cerebrum, act as relay centre and carries sensory impulse to the cerebrum and limbic
system. Thalamus receives all sensory impulses (except sense of smell).

Limbic System

This system1s located inan arc justunder cerebrum. The limbic system consists of
pothalamus, amy gdala, hippocampus and some part of cerebrum,
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Hypothalamus located on the ventral side of thalamus. It is both nervous and
endocrine centre j ¢ link between nervous and endocrine centre.

The function of hypothalamus is to maintain homeostasis and contains centres for
regulating body temperature, water balance, menstrual cycle, blood pressure, sleep wake
cycle, hunger, sexual response and fight or flight.

Amygdalae are two almond shape masses of neurons on either side of the
thalamus. It produces sensation of pleasure, sexual arousal when stimulated,
punishment, love, hate, fear and rage.

Hippocampus consists of two horns that curves back from the amygdala and play
important role in the formation of long term and short term memory, thus required for
learning.

Mid Brain Menin m\ \kuli Third ventricle

In human this portion Lateral ventricle, { aptionCerebrum
of brain is reduced. It contains ¢ orpus callosums,
auditory relay centre and ¥ “ .

Thalamus
centre that control reflex [
movement of eyes alsg Piencephalon f.,r \\
contains auditory reflex Hypothal- —4
centre. Mid brain contains - TS
reticular formation, which is a Pltuitary gland =g .: : :
relay centre connecting fore 1y oD 9* _,,"-
brain with hind brain and is kel T /} \
very important in screening “1h|fl.'|.'“ Cerebellum
the input information before Versbra ..pm!l
they reach higher brain O Vertebra
centres. (Fig.17.12) Fig.17.12: Brain Stem
Hind Brain

Hind brain includes the pons, cerebellum and medulla.

Pons 1s a group of neuron, located above the medulla; act as a bridge between
cerebellum medulla and cerebrum.

Itis involved inrate and pattern of breathing, sleep and wakefulness.

Cerebellum is second largest part of the brain, bulb or leaf like in shape. It

coordinates body movements and maintains body position i.e. equilibrium. The
cerebellum guides, smooth and accurate motions and maintains body position. It also
involves in the learning and memory storage for behavior. It is best developed in bird,
which engages them in complex activity of flight.
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Medulla is last part of brain but in evolutionary point of view, it developed ﬁrsF. It
controls several automatic functions, such as heart beat rate, blood pressure, breathing
and swallowing. : =

The mid brain, together with pons and medulla know as brain stem, whic
support the life.

Ventricles of Brain :

Human brain possesses four ventricles or cavities, which are ﬁl'led with
cerebrospinal fluid. The first and second ventricles are present between limbic s}.rster.n
and cerebrum known as lateral ventricles. Another ventricle is present between limbic
system and thalamus called third ventricle while fourth ventricle is present in medulla.
There is a tube between third and fourth ventricle known as iter or cerebral aqueduct,
while an opening between lateral ventricles and third ventricle is called intra ventricular
foramen. (Fig.17.13)

Lateral Ventricles

Interventricular
foramen

Third Ventricle

Cerebral aqueduct

Fourth Ventricle

: Latral View
Dorsal View Central canal

Fig. 17.13: Ventricles of the Brain
17.5.2 Spinal Cord
Medulla narrows down into the spinal cord. It is
an elongated, hollow fluid filled and cylindrical
structure, extends from the foramen magnum (a hole in
the bottom of skull) lying in the neural canal of vertebral
column (up to 3" lumbar vertebrae). In a cross.
section of spinal cord exhibits inner butterfly shaped
grey matter while peripheral white matter. There is a
tiny central canal in the centre of grey matter, filled with CSF around the central canal is

~ Interesting
. Information
Local anaesthesia is given at
fourth lumbar, so as to protect
the spinal cord.

" asingle layer of cells called ependymal layer.

The grey matter cor;sists of non-myelinated portion i.e. mostly cell bodies of
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neuron while white matter is composed of myelinated nerve fibres i.e. mostly axons.
Spinal cord controls reflexes below the neck region. It also conducts imp'ulses to afld
from the different part of the bodies and brain. Thus helps in better function of brain.
(Fig.17.14)

o Dorsal horn [nterneuron
White matter ; : Dorsal root
Dorsal root

irey S sanglion
Grey Dorsal (Back) Sensory ganglic
matter. : eSS :
_ neuran I{w;iptut‘
e — . —:I‘:‘\
- d A

B
—

e

18 ' S A S P

.\\Ii.\Umi
: seripheral
Ventral i m]'r\ &

hom Muscle

Ventral (Front)
Motor
canal neuron

Fig. 17.14: C.S. of Spinal Cord

17.5.3 Architecture of Human Brain and compare its sectional view
with that of spinal cord :

Both brain and spinal cord are made of white and grey matter. The difference is in
brain grey matter mostly lies outside (Cerebral cortex) and white matter lies inside
(Cerebral medulla) while spinal cord grey matter lies inside look like butterfly shape and
white matter lies outside . (Fig.17.14)

= Cerebral cortex [t st ( terolateral sulcus i P ——
SEY R\ \ t) (Grey matter) I\\Donalmoﬂk 7 & -~-~F----~-r~j | White matter
- ! ﬁ \ Ao bas e =
"=V \ < T T
: -‘ﬁ--._,___ \ “, i .}"
= +~- _ Cerebral medulla AT 15,\
j’ (White matter) L : 5 > P2
' "- o ks
A 72 —~ /
© ' . \ {/j
k.“‘ . : __\y - \L#

e
Fig. 17.15: Cross Section view of Brain and Spinal Cord e
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17.5.4 Peripheral Nervous System

Itis the system of nerves and ganglia. The nerv
fibres (axon and dendron fibres) while ganglion is the concentration O .
neurons with in peripheral nervous system. Nerves may be sensory Nerves (Cﬂﬂtafns
sensory neurons), Motor nerves (contain motor neurons) and mixed nerves (co 15_1“.‘5
both sensory and motor nerves). There are two types of nerves on the basis of their origin

es are cables of bundles of nerve
f cell bodies of

i.e. spinal nerves and cranial nerves.

Spinal Nerves
In human thirty-one pairs spinal nerves, all are mixed. Each serves those regions

of the body where it is located, Cervical, 8; Thoracic, 12; Lumber, 05; sacral, 05;
coccygeal, 01. Each nerve has a dorsal root, contains sensory fibres and ventral root
contains motor fibres. Both of these roots join just before a spinal nerve leave the
vertebral column.

Cranial Nerves _
These nerves are also called cerebral nerves. There are 12 pairs of cranial nerves
arising from or lead to the brain. The cerebral nerves functionally may be sensory (three
pair I, I VIII), motor (five pairs, I11, IV, VI, X1, XII) and mixed in nature ( four pair V, VII,
X and X). These are mostly concerned with head, neck and facial regions of the body,
only 10" cranial nerves, named vagus have branches to the pharynx, larynx and most

internal organs.
The peripheral nervous system functionally subdivided into the somatic and

autonomic nervous system.

Somatic Nervous System (SNS)
This subdivision controls voluntary movements which are consciously

controlled, involving skeletal muscles except reflex action of skeletal muscles.

Autonomic Nervous System (ANS)
This subdivision controls involuntary responses (automatic and subconscious),

consists of both sensory neurons and motor neurons that runs between central nervous

system and many viscera like lungs, heart and glands. Autonomic nervous system also
controls the contraction of cardiac and smooth muscles.
The motor neurons of autonomic nervous system are divided into sympathetic

nervous system and parasympathetic nervous. The differences between these two system
are explained in the Table 17.1. (Fig.17.16)
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Table 17.1: Differences between Sympathetic and Parasympathetic Nervous System

Sympathetic Nervous System

I! prepares the body for emergency
Situations and associated with “flight and
flight”. Increase metabolism to avoid
danger.

A.Lcce]erates the heart beat from set point,
rise BP.

Parasympathetic Nervous System

It promotes all internal responses which are
concerned with the rest situation, and
maintain body homeostasis, ie. returns
body functions to normal position.

Retards heart beat that is maintain at set
point and lowering of BP.

L ]

Dila}tt?s Pt}pils_ e Contracts Pupils.
Inhibits digestion of food Increases digestion of food.

Most preganglionic fibre (nerves) arise
from the middle portion of the spinal cord
and almost immediately terminate in
ganglia that lie near the spinal cord.

Preganglionic fibres are short and

A few cranial nerves, including the vagus
nerve, together with fibres ‘that arise from
the sacral (bottom) portion of the spinal
cord.

Preganglionic fibres are long and

postganglionic short.

postganglionic long. 39,

Brain activity Brain activity

decrease ETufr;;;}:y_c_ |
Metabolic rate Iu.t 'ulu., rate
decrease 1[%1_;.-1.3&.
= 1HALCS
: upil
Stimulates - A x p :
flow of saliva anglion Inhibits flow
of salive
Slows Medulla oblongata Accelerates
heartbeat heartbeat
llates
Constricts fagus : E.l.i : R'l
bronchi L NETVE Solar St
3_plexus Inhibits
\ 1011
. peristalsis
. e }
Stimulates ) : | v J and secretion
s fgg};éﬂtis&s} = , Conversion
. @ _’ of glycogen
Stimulates , : = 9 glucose
release of bile e i (% = Secretion of
‘ _-é by adrenaline and
- noradrenaline
4 : — Chain of_ P e
ontracts ‘fﬁi}“ sympathetic t:‘* Inhibits
bladder ganglia &  bladder
_ contraction =
Stimulates 8 Stin _
sexual arousal, | stimulates

orgasm,

erection : ,
€jaculation

of genital

Fig. 17.16: Parasympathetic and Sympathetic Nervous System
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17.5.5 Structure and Functioning of Receptors of Smell, Taste, Touch
and Pain

=~ 1)  Smell or Olfactory Receptors

The receptors, which are stimulated by chemicals E——
are called smell or olfactory receptors. In human it is Tnleresting f
: - Information.
not as much developed or important as vision and There arerabout 1,000
hearing. Although in most predators sense of smell is | gifferent types of receptor
highly developed and important to detect preys. These | protein on receptor neurons,
receptors are located in the upper part of the nasal cavity, |€ach is sensitive to different
which are neurons. The neurons are surrounded \°dors: S5 LEBY
by ciliated columnar epithelial cells. Chemicals that
stimulate the olfactory receptors enter the nasal cavity as gases, which dissolve in
watery fluids that surround the cilia before they can be detected. The axons of neurons

carry the smell impulses to the olfactory bulb of fore brain for appropriate responses.
(Flgl?l?) Smell signal g i1

Vi
r

yimiell and taste center

Detecting an odor
Olfactory bulb Olfactory nerve

Detecting a Taste

D)) B2 | R

Epithelium of

= Cilia- Smell receptor

Odor . Olfactory :
cpithclti?m Taste receptor

Nerve fiber

Fig-17:17- Olfactory and GH.WU.’HJ:I' Receptors

2) Taste Receptors (Gustation) :
These receptors are located on the throat and mouth especiall

o

38

y inthe upper surface




of tongue as many raised structure called

papillae or taste buds. Each taste bud has a
‘ pore through which fluid in the mouth contact
‘ the surface of receptor cells.

There are thousands of taste buds which
perceived tastes, all are combination of four
primary sensations; sweet (elicited by sucrose, Bitier
glucose and other simple sugars), sour (acids),
salty (NaCl and other salts) and bitter <.,
(alkaloids and other potentially toxic plant
substances). (Fig.17.18)

3)  Touch (Tactile Receptor) Salty
There are two touch receptors (also called :
mechanoreceptors) disc-shaped dendrite Sweet
endings called Merkel's disc and egg shaped :
- J,f T ,'! -.. .- I_ ‘O ! {if o or o
( receptors called Meissner's corpuscles'. (the /s ; s ReLr
word corpuscle mean “Little body™). i
(Fig.17.19)
Epidermis
i N
F Free —
| nerve endings Meissner
:} (pain, heat, cold) corpuscles
| ISy (touch)
: Llljl ¢ :ILI
Merkel 2
disks i
(touch) Pacinian
- corpuscles
r B Y . g | ol (hot)
| P f i * e K~
Krause ' (B / :
end bulbs : | B L
(cold) oz | B P
1] . = e B : L]
}-% = 7 Dermis Ruffini
- --.B \.r: e endings
7 - (pressure)

-

Root hair plexus

[luuch]. Fig. 17.19: T.S Skin
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‘ Both these receptors are widely distributed in the skin but are most numMero

the hands (finger tips), feet, and eyelids, tip of the tongue, lips, nipples, clitoris anfl nplof
the penis. In addition, free nerve endings wrap around the roots of hairs, detect stimulus

like wind or an insects that moves body hair.

Pressure receptors called pacinian corpuscles are placed deeper with n skin.

1) Pain Receptors (Nociceptors)

There are three types of pain receptors, i.e. cutaneous (skin), somat
bones), and visceral (all body organs except brain). These receptors are naked dendrites
that respond to chemicals released from injured tissues Or €Xcess stimuli of pressure and
heat.

ic (Joints and

2)  Thermorceptors
Which are encapsulated nerve endings located in the dermis of skin (for hot

Ruffini ending and for cold Krause end bulbs).

17.6 Effects of Drugs on Nervous Coordination

Broadly speaking, a drug is a substance introduced into the body to provoke a
specific physiological response. Some drugs help a person cope with illness or emotional
stress. Other act on the brain, artificially fanning pleasure associated with sex and other
self-grafting behaviors. Many drugs are habit-forming. Habituation and tolerance are
sign of drug addiction.

A narcotic is a group of substances, bind to certain pain killing sites in the brain
thus stop the perception of brain. Their constant use blocks the production of endorphin
(natural pain killer hormone secreted from anterior pituitary gland). Thus narcotic acts as
an agent which interacts with the normal nervous activity.

The side effect of narcotics is change in mood, drowsiness, nausea, vomiting,
euphoria (an exaggerated feeling of wellbeing), efc. Some common narcotic drugs are
discussed here.

17.6.1 Heroin

[t is most commonly use addictive illegal drug in our country, processed from
morphine (extracted from the seed pod of certain varieties of poppy plant). Heroin gives

- 4 feeling of euphoria and acts as pain killer. It is usually injected via intravenous or
* intramuscular, sniffed/snorted or smoked.

Their side effects are nausea, vomiting, dysphoria (abnormal depression and
discontent), respiratory depression, severe itching, dry mouth and spontaneous
abortion ¢eilc.
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17.6.2 Marijuana, Hashish (Cannabis sativa)

Maii;:;idazg hl:shish is made from crushed leaves, flowers and sten:is of the
plant cannabis sativa, in low dose it is like a depressant. It slows dn::nwn but does not
Impair motor activities. It relaxes the body and elicits mild ffuphoffa- It also Causes
disorientation, increased anxiety bordering to panic, delusion .(mcludlmg paranoia) ali}d
hallucinations. Cannabis has very beneficial effects as medicine, (stimulate hupger in
Acquired Immunodeficiency Syndrome (AIDS) patients, chemotherapy). It is also
effective for treating glaucoma (eye disease) by reducing intraocular eye pressure.

17.6.3 Nicotine

It is an alkaloid found in tobacco, has powerful effects on nervous system (both
CNS and PNS). It mimics acetylcholine and directly stimulates a variety of sensory
receptors. In short term effects include water retention, irritability, and increased heart
beat rate and high blood pressure. It also causes gastric upsets. '

17.6.4 Alcohol

Alcohol directly acts on the plasma membrane to alert cell function. It is lipid
soluble thus easily crosses the blood brain barrier to exert rapid effects. Alcohol is one of
the most powerful psychoactive drugs and a major factor in many deaths. In short term, a
small amount causes disorientation and uncoordinated motor functions, diminish
Judgment. Long term addiction can lead to liver cirrhosis.

-Withdrawal symptoms of Alcohol
The symptoms are feeling of nervousness. anxiety, irritability, shakiness,
depression, headache, fatigue, rapid emotional changes and hallucination, efc,

17.6.5 Inhalants

Inhalants are volatile (vapours / gases) organic chemicals, which enhance
psychoactive effects (Mind alerting) when abused or misused by concentrating and
intentionally inhaling these fumes. Examples are fuel gases nitrates and anaesthetic
gases. These are found in glue, thinner, paint, gasoline and nail polish remover,

Inhalant provide and instant rush like alcohol, causes euphoria followed by
central nervous system depression.

Deep breathing of inhalant may result in loss of self-control, violent behavior,
nausea, vomiting, unconsciousness, giddiness, loss of appetite. Their high dose cause
hallucination, slurred speech, loss of motor skills and heart palpitation.

17.6.6 DrugsAddiction
It is a state when a person highly dependence on illegal drugs or medication. Many
people want to quit these drugs butthey cannot do it on their own_
118
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17.6.7 Drug Tolerance ( ]i,ﬂ:f;{;f:ﬁ;ﬁﬁr

If a person's diminished res hich |
ponse to a drug, which | ST I
: ' Amphetamine is a commonly
occurs whv?:n drug is used repeatedly and the body adapts | useg st drug. These
to the continued presence of the drug. Examples are daily |jnclude methamphetamine

users of tea, coffee and cigarette smokers. iand phentermine. _Cocaine
(coke), is a strong stimulant,

17.6.8 Effectsof DrugAddiction and Drugs  \usedasarecreationaldrug. _/

Tolerance on CNS

There are three main types of drugs affecting the CNS.
i) Depressants

Those drugs that slow down the functions of the CNS. These drugs (like alcohol,
heroin) don't necessary make a person feel depressed, instead feel more relaxed if use in
small quantities. Although if use in large quantities then cause vomiting, uncons-
ciousness and even may fatal. It can disturb our coordination and concentration.
ii) Stimulants

Stimulants like caffeine, nicotine, cocaine, amphetamine and many other
stimulants increase alertness and body activity, then cause depression. Caffeine, a truly
common stimulant, which is present in coffee, tea, chocolate and many soft drinks. Large
quantities of stimulants can “over stimulate” the user, causing anxiety, panic, headache
stomach cramps, aggression and paranoia.
iii) Hallucinegens |

These affect perception, the user may believe they see or hear things that are not
really there, or what they see may be distorted in some way. These include, Cannabis,
Darura. which interfering with the activities of acetylcholine, norepinephrine or
serotonin.

17.7 Disorders of Nervous System and Diagnostic Tests

Diseases of nervous system are also called neurological disorders. These
disorders can be classified into vascular, infectious, structural, functional. and
degenerative. 2

17.7.1 Vascular Disorder of Central Nervous system

This disorder occurs due to abnormality in blood circulation to CNS e g. stroke
and brain haemorrhage. 8.

Strokes
It is also called cerebrovascular accident (CVA) and occurs due

small perforating cerebral arteries. to rupture of
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: I bolism, cigarette smoking,

Causes: Hypertension, diabetes mellitus, thrombosis, em )
{gEabie ot ' ' i ses numbness of
S\ﬁ‘tptmm: Sudden loss of function in one region of brain, which cau <
the face, arm or leg of one side of the body (paralysis occur).

. Aphasia i.e. inability to express throughin word.

# Trouble seeing in one or both eyes. '
reatment: Mostly anticoagulants (such as -Heparin) and platelet aggregation
inhibitor (such as aspirin) are used.

. Blood pressure management and nursing is essential.

17.7.2 Infectious Disorders of Central Nervous System '
This can be caused by almost any infectious agent, including viruses, bacteria,
fungi, protozoa and platyhelminthes. Meningitis is a common example.
Meningitis
It is an inflammation of the meninges. It may be virally induced but more often
bacterial, sometime other microorganisms.

Symptoms: The common symptoms are stiffness in the neck, photophobia, headache,

nausea, vomiting and fever. In severe cases meningitis may also cause paralysis, coma
and even death.

Treatment:
a

For viral meningitis there is no specific treatment and the condition is usually
benign and self-limiting.

Hecovery usually occurs within days.,
\ntibiotics and corticosteroid are also used as general treatment.

17.7.3 Structural Disorders of CNS

[

Several disorders disturb the structure of brain are referred as structural disorders,
such as tumors.

Tumer

The tumor is an abnormal mass of neuroglial cells produced as a result of
uncontrolled cell division. It may be benign or malignant tumors.

auses: Itis caused by mutation and may occur at any age in brain and spinal cord.
tn

symptoms: The sign and symptoms vary widely, depending on the location of the °
tumor but may include, headache, vision problem, neuralgia (Pain along the distribution

of a peripheral nerve). Some of the symptoms are paralysis, hearing problems, seizures,
behavior change, coma and death.

reatment: Tumorirremoved Surgically.
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Functional Disorders of CNS

!leadache: Headache or cephalalgia is pain anywhere in the region of the head or neck.
. Symptoms: The brain tissue itselfis not sensitive to pain because it lacks pain receptors.
Rather, the pain is caused by disturbance of the pain-sensitive structures around the
brain.

There are two major categories of headaches.
T Primary Headaches |

Itis due to the headache condition itself and not due to another cause. Primary

headaches include migraine, tension and cluster headaches.
2 Secondary headaches

Itis due to an underlying structural problem in the head or neck such as bleeding in

the brain, tumor, meningitis, encephalitis, sinusitis and certain drugs.
Ireatment: Headache is treated by several analgesic drugs.

17.7.4 Degenerative Disorders of CNS

Many diseases cause degeneration in different part of the nervous system without
an identifiable external cause or it may be genetic, example is Alzheimer's disease.
Alzheimer's disease (AD)

[t was first described by Alois Alzheimerin 1907.
Alzheimer's disease is a slowly progressive disease of the brain that is

characterized by impairment of memory and eventually by disturbances in reasoning,
planning, language, and perception.

Symptoms: There is decline in the brain function in aged peoples. Its symptoms are
similar to those diseases that cause dementia (memory loss/ impairment of memory/

particularly for recent events i.e. short-term memory).
(auses: There is a genetic pre-disposition to the disease in some people, therefore runs

in families. High levels of aluminium may contribute to the onset of this disease.
Treatment: Sofarno effective treatment is known for this disease.

17.7.5 Diagnostic Tests for Nervous Disorders
Some common diagnostic tests for nervous disorders.

e Electroencephalogram (EEG)

The neurons of the cerebral cortex continuo-usly generate electric activity. This
. activity can be recorded by electrodes attached to precise location on the scalp, producing
electroencephalogram (EEG). An EEG pattern is commonly called brain waves.

(Fig.17.20)
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EEG reading

Fig. 17.20: Electroencephalogram (EEG)

Classification of Brain Waves (EEG of brain in Sleep and fully awake person)

The EEG regular patterns are classified as alpha, beta, theta and delta waves.
During wakefulness alpha and beta activities are experienced in human brain.

Alpha wave: These waves consists of medium frequency waves.

Beta wave: These waves consists of irregular low amplitude waves found during
highly alert and attentive state. .

Theta waves: These waves can occur in adults who have drowsy brain.

This is a transition stage between sleep and wakefulness.

Delta waves: These waves are of high altitude occurring in deep sleep, in infancy
and in patient with severe brain disorders. Distinct types of EEG patterns can be detected
in patients with specific brain disorders such as epilepsy.

Computer Tomography (CT) Scan
ks It is an X-Ray procedure that
combines many X-ray images
with the aid of computer to
generate cross-section views
and if needed 3d images of
internal organs and structures of
the body.

Computerized tomography is
more commonly known by its
abbreviated names, CT scan or
CAT scan. A CT scan 1s used to

o




define normal and abno
helping to accurate]
(Fig.17.21)

Tomograph and Tomogram
1. A large donut-

rmal structures in the body and / or assist in procedures by
Y guide the placement of instruments or treatments.

shaped X-ray machine or scanner called tomography takes X-ray

images at many different angles around the body.

2 These images are processed by a computer to produce cross-sectional pictures of
body. In each of these pictures body is seen as an X-ray “slice” of body, which is
recorded on a film. This recorded image is called atomogram.

Magnetic Resonance Imaging (MRI):
An MRI (magnetic resonance

Imaging) scan is a radiology technique that

uses magnetism, radio waves and a

computer to produce images of body

structures.

MR Scanner is a tube surrounded

Radio frequency coil

radient coils

by a giant circular magnet.

Mechanism -

. Patient is placed on a moveable Ly, BB B
bed thatis inserted into the magnet. CMET Sgu;{gr_-’

“ The patient is exposed to strong i (Cutavay) S i G
magnetic field and beam of radio- Fig. 17.22: A MRI Scanner
waves.

o The receiver information is processed by a computer and an image is produced.

Image and resolution produced by MRI is quite detailed and can detect tiny
changes of structures within the body.

e i ——
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1.  Justify the way nervous system helps to coordinate complex and
intricate movement of hand to play a piano or write alphabets.

The information gathered by the sensory receptors in the form ofelectrical impulses
is a process called transduction. The nerve impulses are then transmitted over
peripheral nervous system to the central nervous system. There the signals are
integrated; .. they are brought together, creating a sensation (preceptions), adding to
the memory or helping to produce thoughts. As a result of this integrative function,

conscious or subconscious decisions are made and then acted upon by motor functions
\&

123 - J

e —— e —




N
m employ peripheral nerves. They carry

ffector i.e. muscles that contract when
we may play a piano or X

(The motor functions of the nervous Syst€

impulses from the central nervous systemto thee

stimulated by impulses. Thus hand and fingers move, SO that

write alphabets.

Ze Ascertain the effect of nerve gas as an inhibitor or
acetylcholinesterase.

The nerve gases are a class of organic chemicals t
which nerve transfer messages to organs. The principleu
to inhibit a particular enzyme in the body, namely acetylcholinesterase which rapidly
break down the neurotransmitter, acetylcholine. The reason is that the
organophosphorous compound transfers a phosphate group to the enzyme, making it
inactive. As a result acetylcholine build up causing a jam in the nervous system and
@uscle contraction continue uncontrollably. The person will die. 2!

hat disrupt the mechanism by
pon which nerve gases work is

" SUMMARY 5

o Nervous system detects, interprets, and issue calls for response to stimuli in the
animal's (e.g. human) external and internal environment.

« Receptors are the parts of the body that receive stimuli from internal or external
environment.

« Neurons are the structural and functional unit of nervous system.

There are three basic components of each neuron, i.e. axon, cell body and dendrites.

« Based on the function, there are three types of neuron, sensory, associated and motor

neurons.
+ Reflex action is immediate, involuntary and automatic response to external and

internal stimuli.
Nerve impulse is a wave of electrochemical changes that travels along the length of

neuron.

Synapse is a microscopic junction between two successive neurons, which transmit

impulse from one neuron to another neuron.

Central nervous system consists of brain and spinal cord

The brain is divided into three parts, fore brain, mid brain and hind brain.

The peripheral nervous system includes cranial nerves and spinal nerves.

Olfactory receptors arc chemoreceptors, stimulated by chemicals dissolved in liquid

The receptors for touch and pressure are also called mechanoreceptors. e
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* Endorphins are the natural pain killer chemicals in the brain.

* Nicotine is an alkaloid derived from tobacco.

* Meningitis is the inflammation of the meninges.

® Tumor is an abnormal mass cells which produced as a result of
division.

uncontrolled cell

* Aheadacheisalso called cephalalgia.
» EEG, CT scan and MRI scan are commonly used diagnostic test for nervous

disorders.
s Inhalants are volatile organic chemicals, commonly called “glue sniffing™.
EXERCISE
SECTION-I: OBJECTIVE QUESTIONS. .
Multiple Choice Questions (MCQs)
A. Choose the correct answers.

I Nissel's granules is the group of:
(a) Mesosomes (b) Lysosomes
(c) Ribosomes (d) Chromosomes

2 Main transmitter for synapses that lie outside CNS is:
(a) Serotonin (b) Acetylcholine
(¢) Dopamine (d) Adrenalin

3. In human rely center is located in:
(a) Forebrain (b) Mid brain
(¢) Hidbrain (d) Spinal cord

4, The part of brain which controls breathing, heart rate and swallowing is:
(a) Cerebellum (b) Medulla
(¢) Thalamus (d) Cerebrum

5 Which of the following receptors produces sensation of touch and
pressure?
(a) Chemoreceptor (b) Mechanoreceptors
(¢) Nociceptors (d) Photoreceptors

6. Chemoreceptors detect the stimulus of:
(a) Pressure (b) Temperature
(c¢) Light (d) Smell

7. The portion of neuron that conducts nerve impulse towards cyton (cell
body) is:
(a) Axon (b) Dendrites
(c) Myelin - (d) Soma
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8. Neurilemma is the membrane of:
(a) Muscle cell (b) cytonofneuron
(c) Axon (d) Nervefibre .
9. The fibres at the end of axon are called
(a) Dendrites (b) Dendron s
(¢) Axon fibres (d) Cyton
10, Synapse is microscopic gap between two successive:
(a) Neuroglia (b) Neuron
(c) Axons (d) Soma
I'l. Brainand spinal cord together known as:
(a) PNS (b) ANS
(c)" SNS (d) CNS
|2, Second largest part of brain is:
(a) Forebrain (b) Cerebrum
| (c) Cerebellum (d) Medulla
' I3, Thenumber of cranial and spinal nerves in human are
| (a) 24and62 (b) 12+31
(c) 20+68 (d) 20+62
14, The volatile organic chemicals, once commonly referred to as “glue
sniffing” are
(a) Cannabis (b) Inhalants
(c) Narcotics (d) Caffeine

B. Fill in the blanks.
5 Neurotransmitter molecules bind to the receptors on the

membrane at synapse.

2 A microscopic gap between two consecutive neuronsis called ............
3 The collection of axons and dendrites are called ........ .
4 Muscles and glands are principal ............
5 An infection of the central nervous systemiscalled ......... ...
6 The structures which respond by impulse coming from motor neurons are
7. Nociceptors detectstimulusof............
B Neurons are structural and functional unitof .. ... . ... ; -
9. Nissl's granulés are the groupof ........... in the neuron cell body:.
0. Serotoninand acetylcholineare............
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Give the short answers of the following questions.
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10.

Define nervous coordination, receptors and effectors.

Describe briefly about axon.

Differences between sensory neuron and motor neuron.
Difference between reflex action and reflex arc.

Define synapse, presynaptic neuron and post synaptic neuron.
Define neurotransmitter, write name of any four neurotransmitters.
Write note on mid brain.

Describe ventricles of brain.

Name the five fundamental parts of reflex arc.

Describe structure and function of spinal card.

Write any three differences between sympathetic and parasympathetic
nervous system.

[llustrate cranial nerves.

Write note on gustatory receptors.

Write short note on heroin.

Prove that MR1 is a better diagnostic test than CT scan.

ECTION-I EXTENSIVE QUES‘I‘IONS

L e P Vg Y | .-

- Give detailed answers of the following questions.

Describe structure of a typical neuron.

Define reflex arc and explain it with example.

Write detail note on resting membrane potential.

Define synapse and describe structure and write steps of mechanism of
synaptic transmission.

Write the name of largest part of the brain and explain its structure and
function.

Describe peripheral nervous system.

Write note on olfactory receptors and taste receptors.

Write a comprehensive note on nicotine and cannabis.

Describe stroke and meningitis.

Write note on electroencephalogram.
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