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As you know, the functions of the organs/organ systems in our body
musl e coordinated o malnialn homeostasis. Coordination is the
proeess (hrough which two or more organs Inleract and complement the
[unclions of ene anolther. For eample, when we do physical exervises,
the energy demand ts Ilmreﬂ.lj_ni for malntatndng an mcreased muscular
aptivity. The supply of oxyeen is also tincreased. The tncreased supply of
oxyren necessilates an increase (n the rate of respiration, heart beat and
Increased blood flow via blood vessels. When physical exerclse 1s slopped.
the activities ol nerves. himgs. heart and kidney gradually reium Lo their
normal conditons. Thus, the [uncuons of muscles, lungs, heart, blood
vessels, kidney and other organs are coordinated while performing physical
exercises. In our hody the neural syslem and the endocrine system |nintly
coordinate arid integrate all the activities of the orgsans so (hal they function
In a syndhironlssd hshion.

The neurat system provides an organised network of polnt-to-potnt
connections for a quick coordination. The endocrine sysiem provides
chemical integration through hormones. In this chiapter. yon will learn
aboul the neural system of human, mechantsms of neural coordination
ltke transmission of nerve impulse, fimpulse conduction across a synapse.



18.1 NevraL Systes

The neural system of all animals ts composed of highly spectalised cells called
neurons which can detecl. recelve and transmit different kinds of stiimull

The neural organt=ation s very simple 1 'lower iverichmales, For
example, tn Hidra 1L s composed of 8 network of neurons, The neural
system 1s betler orgamised m tnsects, where a bratn is present along with
a mumber of ganglta and neural tissues. The veriebrates have a more
deeloped neural syslem.

18.2 Humax Neurar System

The human neursl system 1s divided tnto two parts -
{1} the central neural system (CN5)
() the peripheral neural system (PNS)

The CNS includes the braln and the spinal cord and s the site of
Information processing and control. The PNS comprisesof all the nerves
ol the body assoclaled with the CNS [braln and spliial cord). The nerve
libres of the PNS are of two (ypes

{it) afferent fibres

b) efferent fibras

The afferent nerve fibres transmit impulses from (ssues/fomgans Lo
the CNS and the efferent flbres transmitl regulatony tmpulses from the
NS bo the concerned peripberal Hssues/orzans,

Thie PNS 1= divided o two divisions called somatic nenral system
and autonomic neural system. The somailc neural sysiem relavs
impulses from the CNS (o skeletal miscles while (he autonomic newral
sysiem transmits impulses from the CNS to the tinvoluntary organs and
smooth miuscles of the body, The antonomic neural system 1s furiher
classtfied tnto sympathetic neural system and parasympathetic neural
system

Visceral nervous system s the part of the peripheral nesvous sysiem
that comprises the whaole complex of nerves, fibres, ganglia, and plexuses
by which tmpulses travel from the central nervous system (o the viscera
and {rom ihe viscera (o the central nervous system.

18.3 N=uoron as StTrRucTorAL A%D Foncrionar Umit oF
INEURAL SYSTEM

A penro 15 8 milcroscoplc streclare comiposed of Liree major parts, maiely,
cell body, dendrites and axon (Msue 18.1), The cell body conluins cylopia=m
with typieal cell organelles and certatn gramular bodies called Nissl's granules,
Short fibres which branch repeatedly and project out of the cell body. also
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Flgure 18.1 Stuctune of 8 neutor

conlatn Nissl's gramules and ane called dendriies These
fibres trmn=nil impulses (owards (he cell body. The
axon s a long fibre, the distal end of which Is branched.
Each branch lermilnales as g bulb-Uke stractore called
synaptic Enob which possess synaplic vesicles
contatning chemicals called neurotransmiiters. The
axocns tmnsmt nerve impulses away mom the cell body
Lo a synapse or o a neuro-musculsr junction. Based
on the number of axon and dendrites, the netions are
divided tnto three types, Lc.. multipolar fwith one axan
ancl two armore dendrites: found m (e carvbrat cortex),
bipolar fwith one axon and one dendriie; found i the
retina of eye) and unipolar {tell body with e axon
anly; Pund nsually tn the embivonde stagy). Thene are
two types of axons. namely, myelinated and non-
myelinated. The myelinated nerve fibres are emveloped
with Schwann cells. which [brm a mvelin sheath
around the axon. The gEps between two adjacent
myelin sheatlis are called nodes of Ranvier.
Myedtnatert nerve fibies are found (o spinad and crantal
nerves. Unmyelinated nerve fibre is enclosed by a
Selywaniy cell st does not [oim & myelin shealh
around the axon, and s commonly found in
atianonious and the somatic neural systems,

18.3.1 Generation and Conduoction of
Nerve Impulse

Neurons are excliable cells because thetr membranes are in a polarised
state. Do yoteknow why the membrane of a neuron is polarised? Dilferenl
types of jon channels are present on the neural membrane. These lon
channels are selectively permeable to different fons. When a neuron (s nol
conducting any lmpulse, Le , resting, the axonal membrane s
comparalively mare pertheable to polassium lons (K') and nearly
impermeable (o sodium lons (Na*]. Similarly, the membrane Is
impermeiable 1o pegatively charged proteins present in the axoplasm.
Conseguently. the axoplasm Inside the axon conlams high concentrtion
of K and negatively charped proléins and low concentration of Na*. In
contrast. the luld outstde the axon contalns a low concentration of K*, a
high concentration of Na® and thus form a concentration gradient. These
tonic gradients arross the resting membrane aro mainiained by the active
tranisport of Wons by the sodinm-potassium pump which transporis 8
Na' oulwards for 2 K into the cell, As a resull, the ouler surface of the
axonal membrane possesses a positive charge while Is Inner surface
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Figure 18.2 Mogrmmmatic representation of impulse conduction through an axon

(it points A and B

betomes negalively cliarged and (herelore 1s polarisetl) The eledlrical
potential difference across the resting plasma membrane ts called as the
resting potential

You might be curipus 1o know aboul Lhe mechanisms of generation
of nerve tmpulse and its conducton along anaxon. When a' stimulus 1s
applied al a stle (Flgure 18.2 ¢.g., paind A) on the polansed membrane,
the membrane al the site A becomes freely permeable 1o Na*. This leads
tor & rapid influx of Na* followed by the reversal of (he polanty al that site,
t.e.. the outer surface of the membrane becomes negatively charged and
the trmer stde becomies postiively chargesd. The palarily of the membrane
at Whe site A 1s s eversed and hence depolansad. The electrical potential
difference across the plasma membrane at the stle A 15 called the
action potential. which ts in fact termed as & nerve impulse. Al sites
Immediately abicad. the axon (e.g.. site B) membrane has a posiive charge
on (the outer surface and a negalive charge on IS inner surface, As a
resull, a current flows an the tnner surface (rom site A (o stte B. On the
outer surface curren| Jows from stie B (o site A (Figure 18.2) to complete
Lthe ctreutt of current fow. Henee, the polarity at the site 1s reversied, and
an acilon polenibial s generaled at site B, Thios, Lhe lmpulse [action
potenttal) generated &l site A arrtves al site B, The sequence ts repeated
along (he lengih of the axon and consequently the impulse &5 conducted.
The fse in the stimulus-induced permealility to Na* is extremely shori-
Itved. It 1s quickly foflowed by a nise n permeabtlity (o 1. Within a fraction
of 4 stcand, K* diffuses ouistde the membrane and réstores the resting
potental of the membrane at the site of excitation and the fibre becomes
ance more responstve (o mriher sttmulation.
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18.3.2 Transmission of Impulses

A nerve impulse s transmitled from ane neuron (o another through
Junctons called synapses. A synapse is formed by the membranes of a
pre-synaplic nearon and & post-synaplie nevron, which may or may not
be separated by a gap called synaptic cleft. There are two types of
synapses, namely, electrcal synapses anid chemical symapses. Al electrival
synapses, the membmnes of pre- and post-synaptic neurons are in very
close proximity. Elecirical current can low directly from one nieuron inlo
the other across (hese synapses, Transmission of an impulse across
clectrival synapses ts very simitlar (o impulse conduction along a single
axon. Impoise transmisslon acrmss an electrical synapse s always Gster
than thal across & chemical synapse. Electrical svnapses are rare tn our
sysliEn.

Al o chemical synapse, the membranes of the pre=and post-synaptic
neurans are separated by a Nuid-filled space ealled synaptic cleft
(Figare 18.3), Do you know how the pre-synapiic neuron transmits an
mypilse (action potenitiall across the synapiio clefl (o the post-synaplic
neuron? Chemicals called neurolransmillers are involved in the
transmission of tmpulses al these svnapses. The axon letmitnals conlatn
vesicles filled with these neurotransmitiers. When an impulse (action
poienttalj arrives al the axon lerminal, it stimulates the movement of the
synaplic vesicles wowards hw membrane where (hey ise wilh e plasma
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membimane and release their neurobransmitlers in the synaptie clefi. The
released neurotransmitters bind Lo their specllic receptors, present on
the post-synaptic membrane. This binding opens ton channels allowing
the entry of lons which can generate a new polential ' the post-synaplic
neuron, The new polental developed may be elther excllatory or
tmhibttory.

18.4 Czentrar Nevral Svsres

The bram 18 the central information processing organ of our body, and
acls as (he ‘command and control system’, 11 conirols the voluntary
moveinents, balance of the body, functtoning of vital inveluntary organs
(e, lungs, heart, kKidneys, elc.). thermoregulation, hunger and thirst,
cireadian (24-hour) thythms of our body, aciiviiies of several endocrine
plands and himan behaviour. ILts also the site [or processing of vislon.
heartng, speech. memory. intelligenee. @motions and (hbughts.

The human bratn 1s well protected by the skull. Inside the skull, the

hratn 15 covered by eranlal meninges consisiing of an outer layer called

dura mater. avery thin nuddie layer called arachnold and an inner layer
twhich isin contacl wilh ihie brdin lissie) calles] pla mater, The braincan
he divided into three major parts: (i) forebrain, (1) midbrain. and
(111} hindbrain (Figure 18 41
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Figure 18:4 Diasgram showing sapiial seetlon of the Wioman besin
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18.4.1 Forebrain

The foretirmin consists of cerebrum. thalamus snd hypothalamus
(Fimire 18.4), Cerebrum forms the major pan of the human bratn. A deep
cleft divides the cerebrum lemstiudinally tnto two halves, which are termed

as the left and righl cerebral hemispheres. The hemispheres are

connected by a tract of nerve fibres called corpus callosum. The laverof
cells which covers (he cerebral hemisphere Is calles] cerebral corex and is
thrown tnlo prominent folds. The cerebral cortex 1s refested Lo as the grey
maller due (o its greyish appearance. The neuron cell bodies are
concentrated here giving the colour, The cerebiral cortex contains motor
2Ieds. sensay areas and large reglons thal are nelther clearly sensory
nor motor in fimetion. These reglons called as the assoclation areas are
responsible for complex functons ke Intersensony assoctations, memory
and communication. Fibres of the tracts are covered with the myelin sheath,
which consttiute the inner part of cerebral hemisphere, They give an
opanque white appearance (o the laver and, hence, is called the white matier.
The cerchrum wraps around astructure called thalamus, which 1s a major
cosrdinating centre oy sensory and molor signaling. Another very
impaoriant part of the brain called hypothalamus lies al the base of the
thatamus, The hypolhalamus contains a mimber of centres which control
baocly temperature, orge for cattng and drtnking. 1L also contatns several
groups of neurosecretory cells, which secrele hormones called
hypothalamic hormones. The fnner parts of cerebrat bemtspheres and a
group of assoctated deep situctures lilke amvedala. hippocampus, eic.,
form a complex strcture called the lmbie lobe or Hmbic system. Along:
with the hypothalamus:it is ivolved in the regulation of sexunl behaviour,
expresston of emotional reactlons (e.g.. excitement. pleasure, rge and
fear), and motivallon.

18.4,2 Midbrain

The midbrainis located between the thalamus/hypothalumus of the
forelirain and pons of the hindbmatn, A canal called (the cerebral agueduct
passess lhmugh the midbratn, The dorsal poriion of the midbrain constsis
matnly of four round swellings (lobes) called corpora quadrigemina

18.4.3 Hindbrain

The hindbratn comprises pons, cerebellum and medulla (also called
the medulta oblongata), Pons conststs of fibre tracts that imterconmect
dtfferent regions of the brain. Cerebelliom has very comvoluted surizace in
order (o provide the addittonal space for meany more nearons, The medulla
of the brain is conniected to the spinal cornd. The medulla contatns centres
which control respimation, cardtovascular reflexes and gastric secretions.

Three major regiems make up the brain stem: mid brain, pons
and medulla oblongata. Brain stem forms the conpections befween
Lthe brain and spinal cord.
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Summary

The netral system coordinates and Integrates funclions as well as metabolic
and Nomeostatic activities of all the organs. Neurons, e functional wnlls of
neural syslemn are excilable cells due to a differential concentration gradient of
1ons across the membrane, The elecinical polential difference across the resting
neural membrane is called the resting potental’. The nerve impulse 1s conducted
along the axon membrane In the form of a wave of depolansation and
repolantsation. A synapse ts formed by the membranes of & pre-synaptic neuron
and a posi-synaptic neuron which may or may not be separaied by a gap called
synapiic cleft. Chemicals tnvalved 1o ihe transmisston of tmpulsés al chemieal
synapses are called neurolransmitlers :

Human neural system consists of two pars : (1) central neural system [CNS)
and [U) the perpheral neural systemi,. The CNS consisis of the brain and spiral
cord. The brain can be divided inlo three major parts : 1) forebrain, () midbrain
and (i) hindbratn. The forebrain consists of cerebrmm. thalamus and
hypothalamus. The cerebrum s longitudinally divided tnto two halves that are
connecied by Lhe corpus callosum. A very important part ol the forehrain called
hypothalamus controls the body temipersture, eating and drinking. Inner parts
of cerebral hemispheres and a group of assoctaled deep structures fom a complex
struclure called Bmbic system which = concerned with olfaction, autonomic
respenses, regulation of sexual behaviour, aqr_fmaiﬁn of emolional reactions,
and motivation. The midbrain recelves and inlegraies visual. taciile and andilory
tnpuis. The hindbrain comprises pons, eerebellim and medulla. The cerebellun
tntegrales information received from Lhe semiotroular canals of the ear and (he
audilory system. The medulla contalns centres, which cantrol respiration.
cardiovascular reflexes. and gastric secretions. Pons consist of fibre tracts that
tnterconnect different reéglons of the bratn.

Exurcises

L. Ericfly deseribe the structure of the Bmaln

2. Compare the following:
i) Central neural system (CNS) and Peripheral neural system (PNS)
{b] Resting potential and action polenli:l
3. Explain the following processes:
{a) Polarsation of the membrane of a nerve fibre
(b} Depatarisaiion of the menibrane afa nerve hre
{e] Transmission of a nerve impulse across a chemical synapse



4.

5.

-

Draw labelled dingrams of the following:

{a} Newron  {b] Brain

“Witte short notes on the following

{a) Neural coordination (b) Forebrain (¢) Midbratn

(d} Hindbratn (¢ Synapse

Give a brief account of Mechanism of synaplic transmisston.
Explan the role of Na® in the generatlon of action potential.
Differentiate hetween:

{a) Myelinated and non-myelinated axons
{h]]}nnthiltsﬂndﬂ:ms

Answer the following:
() Which pari of the lnuman brain is (hemost developed?
{b] Wlﬂthpmidmrmﬂalnamﬂ%aﬂsas;mﬁaw

ta}aﬂﬂmtnmnmmﬂef&mm » _
(b) tmpulse conduction n a mycltnated nerve fbre and unmyeltnated nerve
() crantal nerves and spinal nerves.




