
 

Functions ofglialcells
form mechanical matrixfor neurons

ÉÉmmetabolic native role forneurons
regulate blood flowthrough brain

sourcesinkoftons
insulateaxons synapses
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y Itphagocytose neuraldebris

Astrocytes

form mechanical matrixfor neurons
metabolic native role forneurons
electricallyinsulate synapses f phagocytevesicle

may

Oligodendrocytes microglia

myelinate neurons of CNS

Schwann cell

myeliate peripheral nerves
Hmmmmm'm ependymal

We
smallest cells

scavenges cells in brain
phagocytic

Ependymal cells

produces CSF in ventricals ofbrain centralcanal of spinalcold



Arrivalofactionpotentialat
presynapticaxonterminal

Mechanism

ggagqtliiiti.atv
Depolarizationofpresynaptic

membrane quiff depolarization hyperpolarization

Mynatt openingofvoltage gatedcatchannels put
opens ionchannelwhichhelpY
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Docking primingofvesicles ingenerating andmessenger

increasedcatmediatedexocytosis
ofNt vesicles confirmationat change

t
Ntdiffusespassivelyacross
synapticcleftto
postsynapticmembrane

postsynapticmembrane

ExcitatoryPostsynapticPotentialCepsp

ifpotentialchange istowards depolarization
Epspproducedatonesynapticknobissmall EPsp atmanysynapticknobssummate

DuringEpsp excitabilityofpostsynapticneuronincreasestootherstimuli
neurotransmitters acetylcholine noradrenaline

IonicBasis causedbyopeningofNatorCattion
chattels closureofKtionchannels

slowEpspduetodecreased it conductance

InhibitoryPostsynaptic Potential IPP
If potential change is towards hyperpolarization
duringIPSPexcitabilityofpostsynapticneuron decreases toother
stimuli

localresponse canbesummated
neurotransmitters GABA glycine

JonicBastdueto opening of a initials openingof
ktchannds

closureofNat Cattchannels slowPsp duetoincreasedKtconductance
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Properties of synapses
LawofForwardConduction impulsetravelin onedirectiononly in chemicalsynapses
Inapterdaytimerequired fortheimpulseto betransmittedthroughthesynapse a o sms

timespent in entryofCatt into presynapticknob releaseof Nt actionofNt onpostsynapticmembrane
LawofConvergence Divergence

Convergence many to one projection
Physiological basis

facilitation

Ince one to many projection
Mat sign

es

Postsynaptic PotentialsEPsP or IPSP

SynapticInhibitions preventsthe explosivesituation ofwidespreadactivationofmanyneurons
preventsunnecessary spreadofimpulse

DirectPresynaptic Inhibition

occursthroughformationofIPsP atpostsynapticneuron
inhibitionofanteriorhorncellsAncbydescendinginhibitory
fibersinspinalcord
involvesthereleaseofinhibitoryNts
Indirect Postsynaptic Inhibition

passageofimpulseis inhibitedby another earlierimpulse originating fromaseparateneuron
dueto decreasedreleaseof Nt orduetorefractoryperiodofneuron



MechanismofPresynapticInhibition3mechanisms
i Activationofpresynapticreceptorsfacilitate a conductance i decreaseCattinflux decreasedNtrelease

ii opensvoltagegated Ktchannels Ktefflux decreasedCattinflux
Ciii Direct inhibitionof Ntrelease

GABI 2 receptors
GABAa increasing a conductance

GABAB increaseKtconductance

Feedback Inhibition

EERenshaw cell Inhibition
negative feedback inhibition inwhichcollateralfromspinalmotor

neuronends on an inhibitoryinternuson called Renshawcell
whichinturn inhibits dischargeofthesame motor neuron
a collateral from Renshaw cell also inhibits neighbouringmotorneuron
calledlateral inhibition

Feedforward Inhibition
E Inhibitionof Purkinjecelloutputbyparallel fibersfromgranulecellsin cerebellum
Nt secretedbyPurkinjecells is GABA
MossyfibersstimulategranulecellwhichthroughitsparallelfibresactivatesPurkinjecells
i stimulationofmossyfiber parallelfiberpathwayactivatesinhibitoryoutputofPurkinjecells

É
IfanNeighbour



Synaptic Facilitation processbywhich transmission through a synapse is increased
dueto increase in Nt release presynaptic facilitation

prolongationofaction potential voltagegatedCattchannelremainopenfora
longer duration greaterCattinflux increasedNtrelease

serotonin 5hydroxytryptamine S Ht
causessynaptic facilitationbyincreasing intranensonalcamplandsinduce
phosphorylationofonegroupofKtchannels thatcloses kt channels no effluxofKt
repolarization isslowed actionpotentialis prolonged

Summation synapticpotentialsaregraded

Temp spatial

Tempadsummation same inputstimulatesthe postsynapticneuronrepetitively in sucha
waythat2ndsynapticpotentialaminesbefore postsynaptic cell recoversfrom
first synaptic potential actionpotentials arrivein rapid succession
spatial summation 2asmore separateinputsarrive simultaneously

it all inputshavethesamesign t posynaptic responseevoked is larger

occlusion PresynapticneuronsB overlapof
EE's dischargezone

AtB 10
At B 8 postsynaptic

neurons

when Afines 5postsynapticneuronsdischarge
n B 11 5 X
whenA B arefired 8postsynaptic neuronsaredischargedinsteadof10

This iscalled occlusion

Habituationgradual decreaseofNt releaseinresponsetorepeatedtransmissionofimpulses
Sensitizationwhenatransmissionisaccompaniedbyapainfulorunpleasantsensation

responseincreases morebypresynapticfacilitationduetoincreasedCattinflux
Potentiation enhancedsynaptictransmissionfora prolongedduration

EI Posttetanic potentiation dueto increasedCattinpresynapticknob increasedNtrelease

Longtermpotentiationoccursduetoincreased CattinpostsynapticneuronduetoopeningofNMDANmethylD aspartate channels



GABI inhibitory
in brain

formed by decarboxylation of glutamate byenzyme glutamatedecarboxylase
taken upby nerve terminalby vesicular GABAtransporter VaAt
metabolized to succinateby transamination

Receptors
GABAa

ionotropic hyperpolarizeby promoting a influx

GABAB metabotropic producefast IPSP
GABAc ionotropic hyperpolarizeby promoting Cl influx



Sensory Receptors
Receptorstransducers thatconvertvariousformsofenergyintheenvironmentintoactionpotentialsin sensoryneurons

endingsofafferentneavefibres
usuallyassociatedwithnonneuralcellsthat surround it Receptors nonneural structure Senseorgan

specificfora particular stimulus
Adequatestimulusformofenergytowhichthe receptor ismostsensitive

etadequatestimulusforrods cones inretina islight

classification
BasedonFunction

Exteroceptors present in skin subcutaneous tissue

Interceptors detectchangesin internal environment EE beaoreceptors chemoreceptors

propriacaptors provide information about positionofbody in space at any given time
they are mechanoreceptorspresent in muscles tendon joints

Teleceptors receptors that receive stimuli or sensation presentfarawayfromthe body
esauditory receptors

Based on Adequate stimulus
Mechanoreceptors respondtoapplicationofmechanical stimulus
3categories C Expanded endings Merkel'sdisc Ruffini's endings

Ii Encapsulatedendings Paciniancorpuscles Meissner's corpuscles Krause's endbulbs
Nakednerveendings forelicitationofcutaneous sensations

Theamoreceptors sensitiveto changes in temperature

Twotypes
warmthreceptor
coldreceptor

Nociceptors respond to painfulstimuli stimulithatare harmful tothe organism

Twotypes I ASmechanicalnociceptor fastpain E sharppaindueto pricking
i C palymodalnociceptors thermal chemicalstimuli

Chemoreceptors respond to chemicalstimuli

E tastereceptors olfactory acceptors
Photoreceptors stimulus is light photons
EE Gods cones ofretina



Superficial in skin
BasedonLocation Deep in musclesbonestendonsetc

Visceral in viscera

largest mechanoreceptors

Pacinian corpuscle rapidlyadapting vibration touch pressure
Meissner's corpuscle rapidly adapting vibration touch

Merkel's Disc slowlyadapting touch pressure
mostRuffiniendings slowly adapting crudetouchsuperficial

Krause'sEndBuild rapidlyadapting touch pressure
smallest

Largemyelinated Ad Ap fibres mechanoreceptors

smallmyelinated AS fibres nociceptors fastpain cold receptors
Small unmyelinated C fibres slow pain temperature

t
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Properties ofReceptors
Sporty specificto a particulartypeofstimulus
dawns formofenergy to whichreceptor is mostsensitive

Adaptation whenstimulusofconstant strengthis appliedcontinuouslyto a receptor
frequencyofaction potentialdecreases calleddesensitization

Phasic receptorsrapidlyadapting touchpressure

TonicReceptorsslowlyadapting baroleceptors in carotidsinus aorticarch painreceptors

Acuityprecision ofstimulus localization
depends on noofreceptorspresent in receptivefieldarea

unity receptors dischargedepending on strengthofstimulus
whenstimulusstrength is less receptorspresentclose to thesiteofstimulus

receptors withlowthreshold discharge
whenstimulusstrengthismore neurons fire atmorerate receptorsthat are present

awayfromsiteofstimulusalsodischarge Receptor recruitment

Weber FechnerLawmagnitudeofsensationfeltis proportional to logofintensityofstimulus
Lawof Projection irrespective ofsiteofapplicationof stimulus in sensorypathwayalong its

course tocortex sensationevoked is feltatthereceptors
Thisformsthebasisof phantom limb patientcomplains thathe

feelspainitchin the amputatedlimb
Muller's DoctrineofSpecificNeaveEnergy sensation evokeddependsonthe precise area of

brainactivatedby stimulus pathways are specific discrete

Lunik singlesensoryaxon all its peripheralbranches
Receptive Field area fromwhich a stimulus produces a response in that unit
Receptor Recruitment



DorsalColumnPathways

Firstorderneurons

gracile fasciculus medially placed

lower extremity lowerpartof trunk
cuneatefasciculus laterallyplaced

upperextremity upperpartoftrunk

DorsalColumn nuclei nucleus gracilis nucleuscuneatus

Somatotopic organizationof DorsalColumnNuclei

face placed laterally

trunk hind limbmedially

DorsalColumnPathways

Finetouch

pappy

thinspinthalamictract made tea

Vibration Lateral spinothalamictract pain temperature

Tactile localization otherascendingpathways

Tactile Discrimination spinocerebellar dorsal ventral

Stereognosis
spinoreticulothalamic

spinocervicalthalamic
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spinothalamic
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DissociatedAnesthesia

Sensationofpain temp is lost

touch sensation is preserved

Causes Syringomyelia

Syringobulbia

spinalcord grey
mattersurrounding centralcanal isdamaged



PainPathway
Paleospinothalamic PSTP slow pain

mostly C fibers
Neospinothalamic NSTP fastpain

É
mostly AS fibers

was D

Periaqueductalgray

giggingReticular formation

PSTT

q

spinal



Referred Pain

visceral painmaybe referred tosomatic structures locatedawayfromviscera

areasofskin innervatedbysame embryonicspinal segment

E Painof Acute MI is referredto inner aspectof leftarm
Pain in acute cholecystitis is referred totipofright shoulder

Theories Deematomal visceralpain is refereed to a structurethat developsfromsame

embryonic segment dermatome

Convergence

Facilitation

Experience pain insteadof being felt at its usual site maybe
referred to some other area in which patient had an

nasghdinpathwas experience of pain earlier

Ascending

a

II
structure

Confffy
visceral

Facilitation

They



EndogenousNeural Analgesia System

From frontalcortex
hypothalamus

Periqueductal

gray
Enkephalineagic
neuron

medulla

Magnus

serotonergic neurons

Enkephalenergic is

AS CRain

pg

Primaryafferent

fibers



Intradayeinas

A anterior
medullarylamina VA ventral anterior

L ventral lateral

i iii mmmm
DL lateraldorsal

PL Lateral posterior

genteelate Basgalanglia
body medial
LAB geniculate cerebellum

body

MGB Dorsal
column Spinothalamic

pathway Pathway

Thalamic Nuclei

Nuclei
AssociationTt
nudes nudes nuclei

ascending afferent inputs receive inputs
fromsensorysynapsehere
me a pm

MtM
cerebellum

UBC ventrobasal system
Paleospinothalamic basalganglia

complex pulvinasnucleus
tract Lateral

LGB Dorsalnucleus
intralaminas VA

MGB centromedian ve
PL nucleus reticularnucleusAnteriornucleus



Functionsofthalamus

Relaystationforall somatic sensations majorrelaystationforsensory inputs
Centosfoe sensory integration

Relay of specialsensations allspecial sensations exceptolfaction
LGB visual afferents

MGB auditory afferents

VPL tasteafferents

Subcortical Perception of pain temperature pressure
motorfunction

influencesposturalmovements

influences planning programmingof movements

Memory Emotion

anteriorthalamus is a constituentofPapercircuit which receivesinputfrommamillary bodyoflimbicsystem
Role in sleep

Thalamocortical loop is important in generating patternofbrainactivity in sleepwakecycle

Sensory MotorCoordination

Coordination between sensory motor functions

concernedwith language speech

Thalamic Syndrome Lesion of ur dueto thrombosis of posterolateral branch

of posterior cerebral artery
severe impairmentof discriminative touch pressure sensation on contralateralside

decreased muscletone ataxia
emotion

maybe affected
Vascular lesionsusuallyspare medial thalamusincluding Upm sensations in

face head often remain intact



centralsulcus

Brown Sequard Syndrome
occurs in hemisectionof spinal cord

Cause injuryto spinalcord

tumors

on the side of lesion finetouch

proprioception

tactilediscrimination Densoy
on opposite side pain deficit

thermal sensations

Motor Deficit
There is damage to corticospinal tract on sideof hemisection

paresis muscle weakness spasticity on same sideof body



Tabetic Syndrome
Posterigynoldamme

iGio Ciiitiidi.is
Hemisection

Brown sequardSyndrome Completetransaction

syringomyelia
syndrome Anterior spinal

artery syndrome



laprimaryMuscle Spindle Melton
afferent

Befferent 8efferent afferent'd
a secondary
went

muscle

iitIEE.le fibresMuskieÉEn'Ind
Flames Cintra
Spongy

Mechanism ofmuscle contraction in response to stimulationof 8 motor neuron

Activation of 8 motor neuron

contraction of peripheral
fasts
ofmuscle spindle

stretching of
central

part of spindle

distortion ofsensory
heave

endings in nuclear bag fibre

generation of action
plotential

in IA afferent fibers

Stimulation of a
Tatar

neurons

Muscle
tcontraction



GolgiTendon Organ

tilt

Golgi



Components ofSpinal Reflex

i
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y

Intoneuron

Muscle

Mffurons

Stretch Reflex Myotatic Reflex monosynaptid

1 Phasic tot

neg IET during sustainedstretch
stretch

reflexcontraction

to stretch

ai

i

antagonistic
muscle

tontracts



InverseStretch Invitethyfaith reflex reflex relaxation of muscle in
response to strong stretch

Inhibitory
interneurons

Withdrawal Reflex polysynaptic

Crossed extensor Phillipson's reflex
É

Flexile

ipsilateral
EEE

egg


