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Major Concept.

In this Unit you will learn:

# Nervous system of man

¢ Steps involved in nervous coordination.

& Neuron structure and types

P Nerve impulse

* Tranemission of action potential between cells
* Basic on FATIEALION of human nervyous SYVELEm
F Sensary receptors

* Effect of drugs on nervous coordination

* DMeorders of nervous svstem

¥ Diagnostic tests for nervous disorder
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NERVOUS COORDINATION

All animals except sponges wse a network of nerve cellis to
gather Information about the body's comdition and the external
environment, to process and integrate that information, and to send

commands to the body's muscles and glands.

17.1.1 Steps invalved in nervous coordination.

The aystem of the bady that provides communication
[coordination] throwgh electrical and chemical signals 15 called the
nervous gystem. Nervous coordination compriges highly specialized
cells, called neuroms. As the hindamental unit of the nervous

gyatem, cach neuron must perform fve flunctions.
# Kecerve mmdormation oo the nternal orF ectermal envirosmend

or from other neurons.
» Integrate the information it recelves and produce an

appropriate output signal.
= Conduct the signal to its terminal ending, which may be some

distance away. -
= Transmit the signal to other nerve cell, glamds or muscles, : -y
» Coordinate the metabolic activities that maintain the integricy d
it thie oell. _
4
17.1.1.1 Receptors as Transduaoers ¥

The detection of the energy of a stimulus by sensory oells, most
gensory receplors are specialized neurons or epithelial cells that exist
singly or in groups with other cell types within sensory organs, such
as the eye and ears. All receptors are Tranaducers “structures that
conwvert signals from one form to another form™ QOn the type of

energy they detect (Transduce), receptors fall into five categories.
Meéechanareceptors are stimulated by physical deformation Gaused

by such stimub as pressure, touch, stretch, motion and sound all
forms of mechanical enmergy. Pain receptors (Nociceptors) a

stimulhas that causes or 1s about to cause hissue damage 15 percelved

ag pain. The receptors that transmit impualses perceived as pain ane
callsd pain receptors or nociceptors. Thermoreceptors thess

receptors are responding to either heat or cold help in regulation of
Bady  lemperaluce by sipnaling both surface and body  core

temperature, Chemoreceptors These receptors transmit information
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aboul the total solute concentration o oa solution and speciBic
receptors that nrespond to individual kinds of molecules,
osmorecaptars in human bram (hypothalamus) detect changes 1n
total solute concentration of the blood and stimulate thirst when
pamolarity increases. Chemoreceptors [ound in nasal epathelivum are

olfactory receptors [smell) chemoreceptor found in tongue for tastes
are pustatory receptors. Photoreceptors these receptors detect

hight stimul, are organized 1o eyes (Rods and Cones).
All sensory inputs from receptors are received by the central
nervous system [CNS). This collected information 15 further processed

or analyzed for appropriate response by special type of neurons
called mterneurons.

Effectors

Effectors are generally muscles or glands, An effector produces
a response o oa stimulus, Efectors receive commands from the

central nervous system o producs & heec] N D ECe

17.1.2 The Path of a Message Transmitted to the CNS
The CHNE, which I8 made up of the brain and spinal cord,

receives signals and reacts by designating particular assigned
neursns through effector organs.

Braln and spinad ¢ord

Paripharnl reredla Entrad e o
uya s [P Ay aiam (A

Fig.17.1 Pathwnay of Nervous Coordination
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The messages are packed up by specific sensors, which could

be the sensory neuron's nerve ends in &an organ or another tvpes of
cell that signals the sensory neuron. A nerve impulse that goes to the

brain or spanal cord 15 started by the sensory neuron. Sensors in the
eyes, cars, muscles, skin, and other body components send messages
to the spinal cord or bramn via sensory neumns. In agreement wath

that, the effector organ receives & message from the brain or spinal
cord VA a moldr feEuron.

17.1.4, Neurons
The meurmn 15 8 functamal and structuecal anet of the nervous

ayatem and 12 specialized for trensmitting signals from one location
i the body o another.

Structure of Neuron
A neuron has a relatvely large cell body (soma) containing the

nuclews and vanety of cell organclles in cvtoplasm, MNissl's bodies or &
pranules are group ol fnbosomes and rough endoplasmuc reticulim ‘-

associated with protein synthesis, It 15 covered with membrane calked _ ;_"h
neurclemma, one of the main functions of the oell body I8 to

manuiacture neurotransmitters, which are chemcals stored n r
secretory vesicles at the ends of axon, ~

Pendrites Call bady

o
Kuchsm™
_' ImEill e
T M A BT 12 Weulin shanth pap
P ——T (made ol Banyier
rrdoplap e Ty #.Jl_‘_.ﬁd ..-..Ih-i.. _I‘ Ax t—mq
retieuiemn L hh:ﬂﬂ_ """"._,_,. -3 -
x
Termumai brancher

FEp. 17,4 Btmcturs ol Nearom

v 4 )




Dendrites [Gr: Dendron = Tree)

Branched tendrils that extend outward from the cell body anre
specialized to respond to signals rom other neuroms or bom the

external environment, their branched form provides a large surface
area o receive these signals,

Axon (LiF: AXon = ARISs)
A long hber extends owutward from the oe=ll body, malking

neurons the longest cell in the body. The cytoplasm of an axon is
called an acoplasm covered with axolemma. The axon 15 primarcily

involved in carryving the electnical signals from the ¢ell body to the

neunon ending and transmitting it o other neuron or elfectors.

Nedwroglia (Glial cells)

Structurally and functionally neurons are supported by
supporting cells, which are collectively called neuroglia. They serve a
variety of lunctions, including supplving the neurons with nutnents,

removing wastes from neurons, puiding axon migration and providing
immune hunctions. Neoroglie are of two types Schwann cells and

Oligodendrocytes
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schwann cells prodoce myelin in penpheral nervous system

(FN5] and oligodendrocytes produce myelin in central nervous system
(CNS]. Axon that have myelin sheath are sasd (o be myelinated hibers,

and those that dont are unmyelinated fiber, A non-myclinated part of
axon bBetveen two Schwann cells is called Node of Ranwvier or

Negrofibril Nodes.

Types of Neurons

Functionally, there are three types of neurons,
Sensory Neuron |Afferent neuron)

These neurons are generally found In the sensory organs, such
as the syes nose, skan, tongue and ear, These nerve cells are

triggered by the chemical and physical inputs of our envircnment,
swch as sound, heat, and hght. The séengory neurmons achtate the

movement of sensory impulses from receptors to the central nervous
system [(CNS).

Motor Neuron (Efferent neuron) |
These neurans are the ones that facilitate the transmission of S
motor impulses from the central nervous system to the effectors. - ]
These types of neurons play a major roele in the voluntary and d

involuntary movermnent of the body

S
malor rEuron
“eHermnt”

Fig.17.9 '!I']rpu- o Neurom
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Internearon (Association neuron)

These neurons act as f mediator between sensory Newrons,
motor neurons and the central nervous system. It helps in the

smooth transmission of signals.

Rellex action

Each sensory newron
conveys a sgnal, from a
BETIE0NY recCepior O a modor

neuron, which 1 turn sending E'-l:ll::_T'n-nl
zignals o an effector the resuls régr=gLion

i85 often a simple, automatic

response called a reflex or
reflex actlon. Fathway along
which impulses are transmitted _____,.-———.. |

from a receptor to an efector e Thf""’“
called reflex are. Examplezs of _-..ﬂ-—“l#

human reflexes include the Y
familiar knees jerk and  pain Fi
withfdrawal reflexes. The pain

withdrawal refiex wuses one Fig.17.5 Reflex action

neurcn of each type. Reflexes
of this sorf do nof require the nternevrons [Braon), although we

know, other pathways inform the brain of prnicked fingers,

17.1.3 Nerve Impulse

Nerve impulse 15 an electrical signal that depends on the flow
of ilong across the membrane of a neuron. The signal begins as a
change in the electrical gradient across the cell's plasma membrane.

Genefalion and Lransmission and nerve impulse
All Thnang cells have an electncal charge difference across thear

neurdlemma. Differences in charge give rise to an electrical woltapge
gradient across the membrane. The voltage measured across the
neurcdemma 15 called membrane potential.

The nerve impulse s the electrochemical tranamission of
messages through neurons. It travels through dendrites or axon due

i the voltage protemic gated channels in the neuarolemma, Thess

-
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channel opén and close I response o the electncal waltage.

Meurolemma 1= polarized and from inside negatively charged with

respect o the outside due to distribution of wons.

Diatribution of [ons
Polarz=ation means the mtracellular mapor positee ons are

potassium (K} and sodium (Na®) are major extracellular jions. The
concentration of potassium [K*) 13 30 bmes greater inside the fuwid

than outside and the concentration of sodium (Na®) 15 nearly 10 times
greater outside than inside the flud. Distribution i8 created largely
by the sodium, potassium pumps which actively transport sodinam

out of the cell and potassium inside the cell. The channels in
membrane are specihic to ions and allow only one kand of 1ons and

restrict other ions to pass through it, The negative ions inside the
peurolemma are chloride (Cl], POs-2, 504 and some proteins that

are produced inside and cannot diffuse outside the cell,

Resting membrane potential [EMP|

A resting nerve cell 18 the condition when it 18 not being
stimiulated to send a nerve impulse. The resting membrane s only
zslightly permeable to these 1ons while the thresheld established
during action potential. The potential difference the positive and
nesative charges across the cell membrane are called the membrane

potential and are measured in millivelts. The resting membrane
potential has a value of -70 millivolts. The negative sign is related to

the inside excessive negative ons. Neurons are excitable means they
pespond to changes in thelr surroundings. These changes or stimull
affect the membrane potential. If the membmane potental becomes

more negative than the resting potential the membrane becomes
hyperpolarized and il the membrane becomes less negative than the

resting potential, the membranes depolanzed, Sufficaent

depolarization resulis in an action potential.

When the membrane 15 at rest, B 1ons accumulate inside the

cell due to 8 net movement with the concentration gradient. The
reegative reshing membrane polental 15 created and maintaaned by

increasing the concentration of cations outside the cell {in the
extracellular fuid) relative to inside the cell in the cvitoplasm). The
nesative charge wathin the cell 15 created by the cell membrane being

rz e
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mare permeable to potassium on movement than sodiem 6n

movement, In neurons, poftassiam wons are mantained at hgh
concentrations within the cell while sodium ong are maintained at
high concentrabions outside of the cell. The cell possesses potassium

and sodium leakage channels that allow the two cattons to diffuse

down thelr concentration gradient.

Howeever, the neurons have [Ar more potassinom leakage
channels than sodinm leakage channels, Therefore, potassiam
diffuses out of the neurelermma at a much faster rate than soedium
AakKs 1in. Because more calions are leaving the cell than are entering,
this causes the intenor of the ceil to be negatively charped relative to
the outside of the neurolemma. The actions of the sodium potassium

pump help 1o mammtam the resling potential, once established. Kecall
that sodium potassium pumps bnngs two K' ions mto the cell while

removing three Na® ons per ATP consumed. As more catns are
expelled frofm the cell than taken in, the inside of the cell remains
negatively charged relative to the extracellular fluid. It should be

noted that chlorine (CH tends to accumulate ocutside of the cell
because they are repelled by negatively changed proteins within the

cytoplasm,
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Action Membrane Potential [AMP)

Action potential 1s tnggered when any stimnelus received by the
neuron. The sodium channels open instantly and Na* jons ruskbed
inside the cell depending upen the intensity of stimualus. The
membrane potential changes rom s resting value, depolarize and
beoomes posttive on the mside the membrane, The action potential

may reach up to 530 mVY. Then the gates of sodium closed and
potassium channels open which diffuses oul of the membrane. As

potassium goes out the membranes potential becomes negatively

charged once again and repolarize. This return to the resting state
usually takes from 10 to 20 malhseconds.

If a stirulus |8 capable to preduce action potential in neuron it
1% called threshold stimuahias. [f stimulos s ot capable o excite ol

fails to arise any response, it 15 called sub-threshold stimulus,

Depolarization

It refers to & graded potential state because a threshold
strmalus of about =35 mV causes a change n the membrane

potential, The threshold stimulus must be strong enough to change
the restifg membrane potential mto action membrane potential. This
results in the alternation in the electro-negatmaty of the membrane
because the stimulus causes the influx of sodium lons
telectroposthive 10ns) by 10 bmes more than in the resthing state,. For

thiz, sadium veltage-gated channels open. The action potential state
i based on the “All or none” method and has two possibilities:

i the stimulus s not more than the threshold valhae, then there will
be o action potentlal state acrogs the length of the neurolemma.
I the stimulas 15 more than the threshaold value, then 11 wall generate

a nerve impulse that will travel sacross the entire length of the
nEUrOEmimnaA.

Voltage-gated sodium channel Open channel carries an influx of

Ma" wns, gving rnse o depolanzation. As the channel becomes closed

or inactivated, the depolarization ends. Aflter a cell has established a
resting potential) that cell has the capacity 1o undergo depalansation.

Dunng depolanzation, the membrans potential ramdly shifts from
negative to positive. For this rapid change to take place within the
intenor of the cell, several events must ocour aklong the neurobemma

7z e
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of the cell. While the sodium-potassium pump continues (o work,

the voltage-pated channels that had been closed while the cell was at

resting potential are opened 1n response to an imthal change in

voltage. As the sodium ons nesh beck inte the cell, they add positive

charge 1o the cell mnténor, and change the membrane poltental rosmn

negative to positive, Omee the interor of the cell becomes more
positively charged, depolarnzation of the cell 15 complete, and the

channels close again,

outside cell: [Ma*] == [K*]
m i g (met positive charge)

E®
passive
iransport

aclive transpon
B i inside cell: [K¥] > [Nat]

- [net negative charge)

Fig.- L T.T lendc movemsant scross mrerolemma

Repolarization

It 15 a condition dunng which the electrical balance 15 restored
inside and outside the neurolemma. Due 1o the high concentration of
sodrum ions insice the axoplasm, the potassium channels anll open.

During the repolarization state, efflux of potassium lons through the
potassium channe] occurs. As a result of the openming of potassium

jE—— T [E—— —-. [ EET—
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voltage-gmted channels, sodium voltage-gated channels will be closed.
Thus, no sodium ions wiall move inside the membrane, Therefore,
repolarization helps In malntaining or restoring  the onginal
memibrane potential state,

Tl
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FIg-17.B Actlon membrane potentinl
Until patassium channels close, the number of potassium ions
that have moved across the membrane 15 enough to restore the matial

polanzed potential state, As & result of this, the membrane becomes
hyperpolarized and has a potential difference of -90 mV. Alter a cell
hias been depolanzed, 18 undergoes one fnal change 1In mternal

charge, Follownng depolanzation, the woltage-gated sodium  jon
channels that had been open while the cell was underpaing
depolarzation close again. The moreased positive charge withan the
cell now cayses the potassium channels to open. Potassium ions (K*)
begin to move down the electrochemical gradient {in favor of the
conéEntralon gradient and the oewly established electncal gradient).
As potRssium moves out of the cell the potential within the cell
decreazes and approaches its resting potential once more. The
sodiim  polassium  pump works continuously throughout this
ProCEss,
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Relractory Period

The refrectory phase 12 a brief perniod after the successful
transrmission of a nerve impulse. During this period, the membrane
prepares itself for the conduction of the second stimulus after
restoring the onginal resting state. It persists for only 2 milliseconds.

Dunng this, the sodium ATP drven pump allows the re-

sstablishment of the orginal distribution of sodium and potassium
wins. The sodium and potassium ATF pump, dinven by using ATP,

helps o restore the resting membranes state for the conduction of a
second nerve impulse in regponsge to the other stimulus. [t causes the
movement of 1ions both aganst the concentrabion gradewent. For every

two potassium ons that move inside the cell, three sodium lons are
transpoarted oulsede, This process regures ATF because  the

movement of 1ons 15 against the concentration gradient of both ons

Hyperpolarization

The process of repolarization causes an overshoot in the
potential of the cell. Potassium ons continuae to move out through K+

channels or Cl- influx through CL- channels thersfore the resting
potential i3 exceeded and the new cell potennal bBecomes more
negative than the resting potential =70 my to =ThHmy), The resting
potential is ultimately re-established by the closing of all voltage-
galed 1on chanmels and the activity of the sodium potassium 1on

pump

Velocities of Nerve Impulse

Action potentials st travel rapidly. Animals have evalved two
ways o mncrease the selocbes of nerve mmpulses. The velocity of

conduction 18 greater if the diameter of the axon 18 larger or if the
axon i myehnaled. Increasing the diameter ol an axon increases the
velocity of nerve impulse due to the electmcal property of resistance.
Electrical resistance 18 inversely proportional 1o cross sectional area.
=0 larger diameter axons have less resistance to nerve tmpulse

(current flow] Tranasmission speed varies fnom several centimeters per
second in very thin axons o about 100 mfsec i the gpant asons.

Myelinated axons conduct impulses more rapdly than unmyelinated
axong because the action potental iz myelinated axons are only
produced at nodes of RBanwier [small gaps between successive
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schwann cells). Also extracellular fluid s 10 contact with the axon

membrane only at the nodes, so that the flow of 1ons between the

inskde and outaide of the axon can occur only in these regions. The
action polential does not propagate over the length of the axon, bul
rather jump from node to node, skippong the insulated regions of the

membrans between the nodes this mechanizm, celled saltatory
conduction results In faster Impulse transmission up to 150m )/ sec
LM SOCTIE NElroTs.

non-mvelinated axon:

| - - - ol
.r'l 1'|

b

AL

myelmsled axon:

FRE-17.% Velacities of Nerve impulse

17.1.4. Synapse ~
Synapse 15 a junchon that controls commumication between a F

neuron amd another cell, Synapse 15 found between two neurons,

b3 Cw T BEBOTY I'EIZ'E".'IIIIII:' and SCNS0CY  ELINon, Dt EEnE  mdtor

réviron and the muscle cells, they controd and bebwedén néeuron and

plands cells.

Structure of synapss

The neuron whose axon btrmansmts acton potential to Ehe
symapse 15 termed the pre-synaptic cell, and the cell receving the
glgnal on the other glde of the aynapsae i8 the postsvnaptic cell. There
15 & gap called a synaphe clell between theém.

Mechanlsm of Synaptic Transmisslon

The movement of lmpulse scrosa the synapse 12 called a
synaple ransmssion. In ammals two basic types ol synapses are

glectrical synapse and chemical synapse.

FJ .8
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An eleetrical synapse involves direct cytoplasmic connections

formed by gap junctions betwesn the presynaptic neuron and post
synaplic neurons. These make it possible for impulses o transmit
from mneuron to neuron without delay and with no loss of signal
strength. Electrical synapses In the central Dervous svetem
synchronize the actwvity of neurons responstble for some mpod

stereotvpical movement. Electrical synapses &re common o
invertebrate nervous systerms, bul less 20 10 vertebrates.

iy ) Lat ot . n

Fig. 1 7.1 Synapas

The wvast maponty of synapses 0 vertebrates are chemical

synapse the key to understanding the function of a chemical symapss
5 [0 exammne it structure. The end of the presyonaptic axon 18
swollen and contains numerous synaphtc vesicles, sach packed with

e Lmx.
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chemicals called neorotransmitters. When action potential armves
at the end of the axon, they stimulate the opening of voltage gated
calcium (Ca™] channels causing mpid imward diffuswon of Ca*™r. Thas
influx of Ca** trigpgers a complex series of events that lesds to the
fusion ol synaptwe vesicles with the plasma membrane and the

release of neurstransmitters by exocytosis, Neurotransmitter when
birsds 1o its receptors alters the membrane potential of the post
symaptic cell.

Depending on the type of receptors and the ons channels they
montrod neurstransmitters h-'inr.ﬁn.g to the post synaptic membrane

may either excite the membrane by bring it2 voltage closer o the
threshold potential or mhobats the post synaptic coell by

hyperpolarizing {ts membrane. Neurctranamitter must be rapidly
removed mom the synaptic clelt to allow new spnals o be

transmitted. This 8 accomplished by a wvariety of mechaniasms,
mcluding enzymatic digestion n the synaptic clelt, reuaplake o
neurotransmitters by the neuron and uptake by ghal cells

Claszification of Neurotranasmitters
Neurtransmitters are classified as excitatory and inkhibitory.

i. EXcitatory Neurotransmitters
At an excitatory synapse neurgtransmitter recepiors control a

v of gated channel that allows Na® 1o enter the cell and K*° 1o leave
the cell cause depolanzation, the electrical change cause by the

binding of neurotransmitter o the receptor s called an excltatory

postsynaptic potential [EP3P]. Chemicals cause these changes
called excitatory neurctransmitters such as Acetylcholing 15 one of

the Mmost oommon n$neurotransoitiecs, @ can be exclatory or

inhibitory depending on the tvpe of receptor,
The biogenic amines are nmeurotransmitiers derived from

pming ackls most commonly function a8 trensmitters within the
CNS. They include Epinephrine and norepinephrise, which also

function as bhormones and a closely related compound called
dopamine, another blogenic amine i seretonin. Noreplnephrine

funchinns 1n autonomic nervous system. Dopamine and serotonum

affect sleep, mood, attention and learning, imbalance of these
rreurmtransmitters 15 associated with severasl disosders. Parkinson's

F __®
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disease 15 dus to low leve] of dopamine and schizophrenia 15 due to
excess level of dopamine.

[T

¥

Fig.17.11 Excitatory and Imkibitory Synapae

1. Inhibitory Neurotransmitters

At an inhibitory synapse, the binding of neurotransmitter
moseciales 1o the ]_'.|-|:-:51s}'n.:|||:_|-1i|:: membrane  hyperpolarizes  the
membrane by opning N channels thal make the membrane more
perrneabde erther o K-, which rusbes autl of el or to Cl- wheeh enters
the cell Bacaiise of & Lil.r]:_l;l!'! concentration gradient or to both el these
ns, membrane pofential even more negative than the resting
potential making it more dillicult for an action potential o be
penerated, voltage change associated with chemical signaling at an
inhibktory  synapse s called inhibitory postsynaptie potential
[(IPEP). Chemicals cause these voltage |::|'|.'|.r|*|;|:‘.:-:. called mhhatory
neurntransmatiers such a: gamma amino butyric acid (GAEBA),

Glyeine, glutamate and aspartate.
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17.1.5, Basic organization of human nervous system

The human nervous aystem consists of central nervous system

(CNS] and peripheral nervous system (PNS). The CNS inclades the
brain and spinal cord, which have a central location, they lie mn the

midline of the body, The PNS consizts of nerves projecting from CNS
and have a peripheral lecation m the body,

Peripheral Nervous System  Central Nervous System

Autnncmsic .'. }-‘
o -k
'.1"_:.' :E‘ "-II:I--'I'I.II.I'I .:"_..
e 3
1 S |
B i | irmpabree
e il -
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Fig.17.12 CN2 and PFNS

Architecture of Brain and spinal cord

Central Nervous Systein [CN3)

CNS 13 an integrating portion of the nervous system, where
sensory  mlormation s recenved and processed, thoughts are
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generated and responses are directed. The CHNS primanly consists of
assaciation neurons (Inter neurons) between 10=100 billions
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The CNE 18 protected in three ways.
The first Ime of defense 15 bony armor
consisting of the skull that surrounds the
braan and the werfebmal olumn  that

protects the spinal cord. Beneath bony
armaor, a trple layer of connective tissue
callsd meninpes, Outer layer next to the

cranium called duara mater, middle layer
called arachnoid mater and mner reext to

the nervous tissue called pla mater.
Between the arachnoid and pla mater clears
Iymph hke ligud, the cerebrospinal flaid
ICEF] cushions the brain and spinal cord.,

Fig. 17,13 NMennges
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HBrain

The main component of the central nervous system in humans

5 the brain, which 13 housed in the skull and sheelded by the
cranium. The structure and general design of the human braln are

similar to those of other animeal braons, but the cerebral cortex 15
more developed in humans, The human brain is incredibly large and

complicated, approximately 1.4 kg [(Jpounds) in welght, depending on
the body weight and sex of each individual, it is divided into three

parts, fore brain, mid brain and hind brain.
Forebrain The forebrain 1s the largest and most abviouns part of

himan brain. Forebrain 8 divided into two reglons, the
telencephalon and the diencephalon.

The twelencephalon Iz differentiated Inte twoe cerebral

hemispheres or cerebhrum that communicates with each other by
means of a large band ol axons, the corpus callosam. Each

hemisphers consists of an outer grey matter or cerebral cortex and
an inner white matter. Cerebral cortex i3 the most sophisticated

information processing center of the brain. It contains over 10-50 ‘- -
talhion nedrons are packed into thas Than surface Laver.

Firrrhad psran Cerrsl Bilnpn PopceTyH ppris

Freavial by
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The surface of the cerebral corfex s hghly convoluted which

increases the surface area of the cortex thresfold, The cerebral cortex
15 divided into four regions based on anatomical criteria, frontal
parietal, oceipital and temporal lobes. The actoaties of the cerebral

cortex fall into sensory ares, association area and motor area.
Beansory area: this area receives inputs [bom different body parts.
Association area: this area 15 a site of higher mental asctivites

fintelligence, reasoning and memory] which interpret or analvze the
incoming information. Metor area: this area controls the responses
of the body,

The diencephalon consists of thalamuos and lmbic system.
The thalamus & major mntegrating cenler, 11 18 alses the man impual
center for sensory Information going to the cerebrmam and the main
output center for motor information leaving the cercbrum. [ncoming
information from all the senses is sorted out in the thalamus and

sent onto the appropriate higher brain center for  further
interpretation and integration.
Limbic systém 15 & diverse group of structures loceated m oan

arc between the thalamus and the cerebmam. It inchades the
hypothalamua, amyedala amd the hippocampus. Hypothalamus

contains many different clusters of neurons. Some of thess are

neurgsecretory cells that release hormones through 1ts hormone
production and neural conduction, the hypothalamus act as a major
coordinating center, controlling body temperatare, hunger, tharst,

water helance, the menstrual coyele and the autonomic nervous

Syalem. I addition, 'h
stirmulation of specific "y 700" - | halamus

I'II"I.I.U':I'.-HI.:’ miLi=, 1T RN N LT
arca of the hypothalamus s o s

elcits emolons such as
mge, Ear, pleasure and

sryal aronsal,

Amypgdala 1= beheved 1o
be responsible for the

production of appropriate Ay geala

behavioral responses 1o

Ernronmeenisl stimuli. My T R T

They control feelings and Fig.17.15 Limbic syatems

ermotiong of loner, fear,
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hater rage and sexual arousal. Hippoecampus name rom its shape, it

resembles that of a seahorss. It playvs an important role in the
formation of long term memory and |8 thus required for learning
ahorl-term memory and procedural memory types [remember of how

o do motor acts, like walkingl, on the other hand, are not mediated
by the hippocampus. The cortex and cerebellum are principally
respansible ke managing thern.

Mid brain 1= extremely reduced in humans but an important relay

center midbrain contains reticular formation. Which extend all the
way [rom the central core of the medulla, through the pons, the
midbrain and on nto lower regpons of the forebramn, the reticular

formation plays & role in sleep and arcusal, emotion, muscle tone,
certain movernent and reflexes.

Hind brain

Hirvdbrain consists of medulla, pons amd cerebellum.
Medaolln

The medulla contrels several autonomic functions, such as
breathing, heart-rate, blood pressure, swallowing etc. Pons located

above the medulla, tend o nloence transitons between sleep and

wakefulness and betwesn stages of sleep, other influences inchade
the rate of pattern of
breathing. Cerebellim 15
crucially important  in
coordinating movement
of  the Body. The

cerebhellum ~ FECEIVES & N
BCTIBOTY Information rebe
aboul the position ol the ) = Mikdbrain
poants and the ength of -__:E:ﬂu

the muscles, as well as

information from  the

auditory and visual systems. It alag receives input from the motor
pathways, telling it which actions are beng commanded from the
cerchrum. The cerebellum uses this information to provide automatic
co~ordination of movement and bBalance

Brainstem s a region at the base ol the brain that s cated between
the cenacal spinal cord and the deep cerebral hemespheres. [t plays a

» 4

Fig. 17.16 Mid and Hind brafm
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crucial rode in controlhing some myoluntary bodily hanctions hke
breathing and heartbeat, Humans have thres distinct parts to their
praimstem: the medulla oblongata [(myelencephalon), the pons
imetencephalon), and the midbraon (mesencephalon |

apinal cord

The spinal cord 15 a neural cable extending from the brain
down through the backbone, it 12 enclesed and protected by the
vertebral column and layer of membrane called meninges, which also
covers the braun, Inside the spinal cord are two zones, the Imner zons
15 Grey matter and primarly consists of the ozll bodies of
interneurons, motor neuron and neurogla,

Carsteogpingl —
Auld |C5F] '-.___... = Yeniral

Fig. 17.17 Cross ssction of Spinal cord

The outer zone 15 white matter and contians axon of sensory
neuron o dorsal codumn and axon of motor neuron o ventral
column, thes: nerve tracts may also contain the dendrtes of the
nerve cells, Messapes from the body and the brain run up and down
the spinal cord, the body’s information highway. In addition to
relaving messages, the spinal cord alse functions in reflexes, the
sudden, involuntary movement of muscles. A reflex produces a rapid
mator response o a stimuius because the sensory neuron PissEs 11%
mlormation o a motor neuron i the spinal cosd.

jE—— T [E—— —-. [ EET—
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Cranial and spinal nerves in man! The penpheral nervous system

consists of paired cranial and spinal nerves and associated ganglia.
The cranal nerves ariginate in the bram and innervate omgans of the

head and upper body. The spinal nerves oniginate in the spinal cord
and imnervate the entire body. There are 12 pairs of éranial nerves

and 31 pairs of spinal nerves In human., Most of cranial nerves
contain both sensory and motor neurons, a few of the cranlal nerves
are sensory only (the olfactory and optic nerves), Spinal nere
separates into sensory and motor components. The axons of sensory
neurons enter the dorsal surface of the spinal cord and form the

dorsal root of the gpinal nerves, whereas motor axong leave from the
veniral surfce of the spinal cord and form the véentral reot of the

apinal nerve. The cell bodies of sensory neurons are grouped topether
oputsede each level of the spinal card, 1n the dorsal rootl gangha, The

cell bodies of motor neurons on the other hand, are located within
the spinal cord and 4 are nol located m gangla.

Comiral nesvyous P ", Faripheeal nersous
dgalern (CME) T, | dpilar [PRE) ‘
'I'—I— .
Oraa .1...--:.' }ﬁ
Skl b —II'|—. -:!I-.____ =7 pavel
o 1 -_l'll-
e Gasghe L

Fig.17. 1% Cranial and spimal merves
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Somatic and Autonomic Nervous System

The motor portion of the peripheral nervous system 1S
subdivided into two parts, somatic nervous system and autonomic
nervous system.

Somatic Nervous System

The somatic nervous system 15 often considersd vwHuantary
because 1t 18 subjected to conscious control. [t2 neurons stimulate
the skeletal muscles of the body to contract in response o CONSCioUs

commands and as part of reflexes that do not regquire conscious
control.

Autonomic Nervoos system

The sutonomic nervous system conveys =gnals thet regulate
the internal environment by controlling amodath and cardiac muscles
and the organs of the gastrointestinal tract, cardiovascular, excretory
and endocnine svstem this contrel 13 penerally inwoluntary, The
autonoemic nervous system consists of two subdmizions that are
anatomically, phyvsiologically and chemically distinguishable, the

sympathetic and pamsympathetic dnasion,

Sympathetic Nervous Systemn

The sympathetic nervous system acts on organs in ways that
prepare the body for stressful or highly energetic activity such as
fichting, escaping or giving a speech during such “Fight-or-Flight™
activities. [t consists of thomcic and lumber nerves onginate from
spinal cord.

Parasympathetic Nervous System

The parasympathetic nervous system o contrast dominates
during maintenance activities that can be carried on at leisure, often
called “rest and rummation®. Under its control, the digestive trac

pecomes active, heart rate slows, and air passage 1n the lungs
constrict. It consists of cranial nerves from the brain and sacral
nerves from spinal cord.

jE—— T [E—— —-. [ EET—
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Flg.17.19 Autonomic Nervous System
17.1.6. Sengory recepltors and thelr working

Smell receptors [Olfactory receptors)
In human the sense of smell [olfaction) involves

chemoreceptors located in the upper portion of the nasal cavity, The
human ollactory epithelium iz small compared wath that of many
other mammals |(dogs] whose sense of smell 15 far more active,




Fig.17.20 Bmel] redeplar
Clfactory neurons dendntes end in tassels of cilia, progect tn'to

 the nasal mucosa, and their axons project directly into the cercbral
- cortex. When odorcus substance diffuses into this region it binds 1o
< specific receptor madecules on the plasma membranes of the olfactory

cilis, there may be 1000 types of receptor proteing embedded in the
olfactory cilia. Each receplor prolein i3 specialized o bind a
& particular bype of molecule and stimulage the olfactory neuron to

zend a message to the brain.

Taste receptors

The receptors cells for taste
(Custation] are modibed epathelial

cells orgamized mto taste buds,
human twongue bears about 10000
taste buds. Most of the taste buds

are on the surface of the tongue or
an associated with #nipple like
projections called papillas on the

tengae,  Although we  cannot
distinguizh different types of taste
receptors from thas  stroecture, we

recognize five basic taste

Fig.1T.21 Taats receptomn
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perceptions, sweet, sodr, salty, bitter and umamid (perception of
glutamate and other amino ackds that grre a hearty taste to many
protein rich foods such as meat, cheese and butter].

Sensory receptors in human skin

Scveral types of mechancreceptors are present in akin. Some in
the decmus and others n e underlying subcutaneous bssues, these
recepiors contam sensory  cells which detect vanous forms of
physical contact, known as the sense of touch, The phasic receptors
include hate follicle receplors and Meissner's corpuscles, which are
present on surfaces that do not contain harr, such as the ingers,

palms and nipples, The tonic receptors consist of Ruffind's
corpuscles in the dermis and touch, dome endings (Merkel's diska)

located near the surface of the skin. These receptors monitor the

duration of touch and the extent to which it is applied. Desp below
the akin pressure sensation receptors called Pacinian corpuscles. In
human a class of naked dendotes i the epedermus of the skin called

nociceptors, =0 named Decause they can be sensation o noxious
substances as well as tissue damage,
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1T.2. EFFECT OF DRUGS ON NERVOUS CO-ORDINATION

Drugs that provide paon relief, such as morphine or Demeral,

block synapses in the pain pathways of the brain or spinal cord. In
wavs that we are just beginning to understand, the brain can
mociulate 1ts perception of pan through its own narcotic ke

endorphins, In cntical situation such as combat or dunng escape
from a fire, endorphing may allow us o function by blocking our
percepton of pain until the emerpency 15 over,

Narcotle Draga:
Comiman narcolke  drugs  are
herroane, cannabes, nmecotine, alochol

and inhalants

Heroin:
A white powder with B hitter
taste abused for its euphoric effects, It
15 a haghly addictive drug i1s derived
- from the morphine alkaloid found n
< opium  poppy  plants, ]t exhibits
euphoric [Eush) antl-anxiety and pain & |
relieving properties, Fig.17 23 Oplam poppy

Cannabis:
[t 15 thwe dred [lowering tops and
leaves. The cannabis plant [(Cannabas

satiza) 13 broadly distrnibuted and grows
i temnperate and tropical areas,
together with tobacoo, alocohol and
caffeine. It 15 one of the most widely
consumed drugs throughout the waorld.
In many Counttes, herbal cannalas
and cannahbis resin are formally known

as manjuana and hashish [hazh] cause
mild euphoria, with alteration n vision
and judgment,

Fig.17.24 Cannahis sativn
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Nicotine:
It 1= an alkaloid of tobacco, S

nicotime binds directly to specific
recepor on post synaplc eurons ol R

the brain. Nicotine receptors are a RS
class of receptors that normally bhmads F 1.-"'-"-'.
the neurstransmitter acetvicholine,

Micotine stimulates heart rate, bBlood
pregsure and mcreased muscular

activity

Aleohol:

MAlenhal  mmterleres withh the Flg.17.25 Tobacco leaves

brain’s communication pathways, and
can aflect the way the braon looks and work., These disrupfions can

change mood and behavior and make it harder 1o think cleasly and
move with coordination -

Inhalants:
These are volatile substances easily bought and found i the

home or workplace such as spray paints, markers, gloes, and
cleaning fluids, They contain dangerous substances that have g
pevchoactive [mind altering) properties when inhaled.

Drug addiction and drag tolerance

Drug addiction i a complex mneurobiclogical disorder, which
affects a person's brain and behavior m a way that they lose the

abality to resist the urge Lo use drags.

Drug addiction

Diug addiction or dependence on lllegal drugs like cocaine,
nmicotine you can get addicted fo substances ke medication dmag,
alcohol nikeotine, manjuana and other legal drags as  well,

dependence start with an e«xpenment, you take drugs because you
like the way it leels, repeated misuse of drugs changes how your

brain works, it makes yvou lose self-contral and messes with the
desire to take drags,

» 4




Drug tolerance
Dirug tolerance means loss of efficiency with repeated drnag

exposure when nicotine and caffeine is used for long time, larger and
larper doses must be taken to produce the same effect.

1T.3. DISORDERS OF NERVOUS SYSTEM AND DIAGNOSTIC
TESTS
Mervous disorders may be classified as vascular, infections,
struactural, lunchonal and degeneratnme,

1 7.3.1 Vascular disorders of the CNS

Mervous disorders due

o abmormalty i Blood i e Hermoarhage SHoke
circulation 15 called vascular '

disorder of the nervous
gyatem €2 stroke  and
Hermalorms

Stroke: [t 15 caused by an
interference with Blond
Eupply to the braon. They
may occur when a  blood
weseels bursts in the hrmin,
when blosd flow in cerebral
artery 12 blocked by a blood

¢

cliod. P B o Bl e, By o Sl ed ey

b b e b o e gt BON TR PR T
Cause: The cause of stroke Fig.17.27 Stroke
incldes hy'perlensmm,

smnoking, diabetes mellitus, high aloohol intake and cocaine abuse.

Symptoms: The logs of blood flow to the braln damage tissues within
the brain svmptoms ol stroke show up in the body pars conteolled
by the damaged area of the bramn. Loss of balance and co-ordination

severs and sudden hesdache, paralysis, weakness in the arm, face
and leg.

Treatment: a stroke s a medical emergency; immediate treatment
can save lves and reduce |_'|I!E.Fi|:ll1|l1'_l,l' freaftment depends on the

e L
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severity and type of stroke. Treatment wall locus on restoning blood

flow anticoagulants and platelets ageregation inhibitor i3 given blood

pressure management and nursimg care s essentbal,

Hematoma: The TLA S& Ve

accumulation of bleod Into the
space between the brain and s

outermost covenng 5 called
hematoma.,

Cause: Hematoma Is due to
hypertension.

Symptoms! Hematoma symptoms

inchede loss of consciousncss
sudden, confusion, pale skin color Fig.17.28 Hematoma

and seizures

| .
Treatment: It depends on the extent of the hematoma and the B Sy
presence of other injuries. Depending on the severity of the injury, g o
management may include surgery to drain blood and remove the
Blood clot. e
3

17.3.34 Infectiouns Disorders of the NS
Mervous disorders due  Eo

infection of virus, bacteria, fung
and protosoan eg., menmgibis
and encephalitis Swri
Meningitis [t 5 an inflammaton

of the fluid and membranes
(meninges]  surrounding your

brain and spinal cord,

Canse: viral infections arne the _
most common cause of this
disease, followed by bactenal

infectionz and, rarely, fungal

infections.

FIg-17.2% Menimgitis
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saymptoms: Usually include sudden high fever, stiflness in neclk, and
headache vath nausea or vomiting, 1t mey cause paralysis coma or
death.

Treatment: Depends on the type of disease, Bacterial meningins
must be treated immediately with intravenous antibiotics and more
recently, corticosteradds. Vical menmgitis cannol be cured with
antibiotics and most cases improve on their oem 1o several weeks,
apread through coughing, sneczing (alr borne rot).

Encephalitis: [t 15 @an
inflammation of the brain.

Capse: VYVius and rarely

funpus cause encephalitis.
Symptoms: Encephaliles
sy TIVptoIms sl e fever,
w0 headache and confusion may
- L Wh ] e weakoiess,
< dementia and rotabilaty.

Trepfment: E;n.:-r_'phgjll:m
needs to be treated urgently. &
& Treatment invalves tackling

the underlyving CRLLBE,
relisving symptoms and supporting bodily functions.

Fig.17.30 Encaphlnlitia viras
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1 7.3.3 Structural disorder of CNS

Mervous disorder which disturbs the
struchare of bramn and spinal cosd.,

"=

Tuimour;

A brain tumour 15 a growth of cells
the bhran that divides in an abnormal,
uncontrollable way.

T

Canse:

[t 18 caused by mutation and i
radiations. Fig.1T.3]1 Tumaiar

& " W
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Symptoms:
The slgn and symptoms depend on the slze, location and rate

of growth of brain tumour 1t may include, hesdache, vision problems,
Selsures, paralysis, coma and death,

Treatment:
Inciude surgery, radiatwon therapy, chemotherapy and tarpeted
therapy.

1 7.3. 4% Functional Disorder of the CNS

Headache:
Headache 15 defined as pain ansing from the head or upper

nieck of the body. Pain originates from the hissues and structures that
surround the skull, the brain itself has no nerves that give riae o the

sensation of pain there are three major categones of headache based
upon the source of the pan.

Primary headache:
Includes migraine, tension, and cluster headaches.

Secondary headache:

[t 15 due to an underlying or infection problem in the head or
neck, dental pain from infected t=eth, pam [rom an infected sinus.

and bleeding in the brain or infections like encephalitis or meningitis.

Cranial neuralgias, facial pain and other headache:
Cranial neurogha means inflammation of ane of the 12 cranial

nerves coming from the brain that control the muscles and carmy
sensory signaks 00 and mm the head and neck.

Canse:

[t 15 caused by miammation or rmtation of stractures that
surrounds the bram.

Symptoms:
Fiain that begins in the hack of the head and upper neck,

F &
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Treatment: Most people successhally treat themselves waath pain
medications to contnod headaches.

Cluster

Sinus Tension

Migraine

o=

Fig.17.32 Types of Headaokes

: __‘ 17.3.59, Degenerative Disorders of the CNS
ﬂ-_‘ = Nervous disorder due (o degeneration in diflerent part of CNS

_ Alrheimer's disease
B Alzhemmer s 15 4}
A progressive  disease, where
dementia symptoms gradually
worsen over A number of years
In its early stage memory loss 15
mikl, but with Ilate stage
mndividual loss the ability to
carry on a conversation and
respond to their envimonment.

Canse: [t 152 dues to nhenting
certain penes

symptoms: In the early stage, new or recent memones are difbcult
t¢ recall and hard to learn. In muld stage individual mey have
delusion, hallucination

[ Vi,
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Treatment: There 15 no cure lor Alzheimer. The goal of treatment s
e manage symptoms and slow the progression of the dissase,

Healihy Hrain Al Alvhelimer's “rvere Alehoimor's

Flg.17.33 Aleheimer's dissags

Parkingon's digsease

[t is & brain disorder caused
elther by degeneration or damapge
o nerve ftissues withon the basal

ganglia of the brain

Canse: Ceath of  dopamine
producing neurons.

Symptoms: [t inchides tremors 1
the arm or leg which iz worse at the
ume when himb s i rest. Later the

disease afiects both sides of the
oy and cause stiffvess, weakness
and trembling ol the muscles.

Treatment: There 8 no cure for
Parkinson disease, bhut treatments

arc avallable to help relieve the
symptoms  and maintain  your Fig.17.34 Parkinson's Discass

guality of hie,




1T7.3.6 DHagnostic Test for nervous disorders

To diagnose a nervous disorder number of diapnostic test hawe
been developed ep. EEG, CT scan and ME]

Electroencephalogram [EEL

[t =2 a peurcimaging test which can detect and record minute
changes m electneal acthivity within the bramn thus test using macro-
slectrodes (large, flat electrodes stuck to the skin or scalpl. It
produces a chart (an encephalogram) which shows how brain waves
vary by [reguency and amplitisde ol electrical output From the brain

changes over time.

Fig. 17 .45 EleciroemncephalogEram

Computed tomography (CT scan)
Computed tomography &

refere to a computerized X-rav ki

imaging procedure in which an x-
may beam mofates around the
body, producing signals that ans
processed by the machine's
computer o gEnerale Ccross
sectional images or slices, These

slices are called tomographic
images and can provide more

detailed Informeaticn than
conventonal x-rave.

-1

(

iy

Fig. 17,386 CT scan
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Magnotlc Resonance lmaging [MRI)

It 15 a radiolesncal techngue that uses magnetism, madio wayve
arvdl a computer to produce detailled image of body structures. The
MRE] scanner 15 a tube surrcounded by a circular megnet. The patient

15 placed on & moveable bed that 15 Inserted intoe the magnet, The
magnel creates a strong magnetic field that aligns the protons of

hydrogen atoms. Which are then exposed to a beam of radio wave,

this spins the vanous protons of the body, and they produce a faint
sipriial that 15 detected by the recever portion alf the ME] scanneér, &

computer processes the recelver Information, which produces an
IMBEE.

Fig.17.37 MEI]




Y SUMMARY

~ MNervous co-ordination mainly comprises on highly specialized

cells, called neurons.
= All receptors are transducers that convert algnals from one form
Eo another orm.

= Schwann cells produce myelin in peripheral nerrous system
(PNS) and oligodendrocytes produce myvelin in central nervous
system [CNS].

= Merve impulse iz an electrical signal that depende on the flow of
Wors across the membrane of 8 neuron.

# The wvoltage measured across the plasma membrane 15 calied
membrane potential and it is typically in the range from -20my
fo = 1 00my 1n an ammal cell.

= Action potential is & sudden reversal of the electrical charpe
across the membrane, trggered by a temporary, localized

e Increase 1o its permeahbility 1o sodium
- = Depolarization makes the membrane potential less negative,
whereas hyperpolanzetion makes the membranes potential more
negative.
r = The level of depolanzation needed o produce an action potential
& 15 called threshold potential,

= Velocity of conduction is greater if the diameter of the axon is
Larger or if the axon 15 myelinated.

= Bynapss 18 junction that control communication bBetween &
rielron and anotbwer cell.

= The movemesnt of impulse across the synapse 15 called a synaptic
transmisslon.

~ Electrnical synapse mvolves direct cytoplasmic connections

formed by gap junctions between the presynaptic neurcn and
sl Synaplic neurons.

» Biogenic amines are neurotransmitters dernved from aminog acids
most commonly function as tranamitters within the CNS.

= Human nervous system consists of central nervous system and

penpheral nervous syatem,
« Central nervous system 18 inlegrating portion of the nervous
BySiem,
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= The CNS 15 protected m thres ways the first line of defenss 1=
bony armor, beneath bony armor a tnple layer of connective
tissue called meninges and ceresbrospinal fluid cushion the brain
anel spinal cord.

= The forebrain 15 the largest and most obvious part of human's
braimn.

= The mudbrain 15 extremely reduced in humans but an important
relay center,

= Hind brain consists of medulla, pons and cerebelham.

= The PMS consists of pared cramal and spinal neroes and
paesociated ganglia,

= Sense of smell involves chemoreceptors located n the upper
portion of the nasal cavity.

= The rmeceptors colls for taste are modifsed epithelial cells
organized into taste buds,

= Dirug that provide pain relief, such as morphine or Demensl,
block synaspses in the pain pathways of the brain or spinal &

o, | 5.,:"In

E EXERCISE

1. Encircle the correct cholce.

1]  Maost o the neurons in the haman brain are
@] Sensory Reurans [B} Motar neurans

] Intermeurons [} Avcditory newrons

m A nErvvous system can alter activihes i ifs Liar e cells 1
s les andd E|.i] el Berause
[a) They are electrically coupled by gap junctions.
o] The target cells have receptor proteins lor the signals
released by the nervous system.
le] The nervous svstem relesses signiels into the blood to
controf the target cells.
ldd] The target cells that become disconnectad rom the nervous
system rapudly die.

» 4
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i) For a nedron aath an inifial membrane potential at -Y0my, an

increase in the movement of potasszium ons: out of that
feEUtan s Cytoplasm would resull i

[a) Depolanization of the neuron
b} Hyperpolarization of neuror
[} The replacement of potassium wns with sodiam 1ons.

dj The replacement of potassium onsg with calcium ions.

v  Action potentials move along Axons
[a] More slowly In axons of large than in amall diameter.
[h} The direct action of acetylcholine on the axon membrane,

¢} Activating the sodium-potassium pump at each point along
the axon meembrane,

() More rapidly in myelinated than in non-myelinated axons.

vj The surface on a neuron that discharges vesicles 1s the

|a] Dendrite |b] Axon hillock
[} Presynuaptic membmne || Postsyniapiic membrane,

vi] An inlubitory postsynaptic potential oocurs in a membrane
made maore permeable to

[a] Potassivam ons b Sadium lons
[ Caloium 1ons |l ATF
vil] The major inhibitory neurotransmitter of the brain is
[a] Acetylcholine b Epinephrnne
o) GABA |d| Endorphin

vill) Where are neurotransmitter receptors located
[&] Ty The nuclear membrane
[hh Im the myelin sheet
() At nodes aof Ranvier
[} On the postsynapiic membrane

X} Which selection I8 incorrectly paired®
[&] Forebrain — Dencephalon
[b) Fore brain — Cerebnam
) Midbrain — Brainsterm
[cd) M brain — Cerebellum

L jE—— T [E—— —-. [ EET—
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¥] Which of the lollowing receptors s incorrectly paired wath the
type of energy 18 transduces ~
la] Mechanoreceptors - Sound
B3] Pain receplors — Electrcity
e} Chemoreceptors — Solute concentration
|d] Therme receptors — Head

2. Write short answers of the following questions:
)  Why receptors are called transducers?
]  Why neurmlemima 1% polarised?
i) What do yvou mean by threshold potential?
wl  Why impulses mowe faster in myelinated neurcons?
vl Why imtermeurons are called association newron?
vi] What do yvou mean by saltatory conduction?
vil] [hifferentate between following
a) Electncal and Chemical synaps:s
B] CNS and PNS
e} Excitatory neurotransmitters and Inhibitory

neurctransmitters
|d] Parasympathet: nervous system  ard  Sympathetic

nepnsous sysiem

vill) Define following terms g
&) Endaorphins (B Pacinian corpusloes
] Nociceplaors |d] Reflex arc
) Stroke {f}] Meningitis

3. Write detailed answers of the followling guestions:

1. [Describe structure and function of neurons.

i, Descnbe mechanism of action membrans potential,
ii. Explain vascular and mlectious disorders of CNS.

iw. Describe anatomy and physiology of human brain.
v, [Dwescrnibe sensory receptors and their working.
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