
Nervoussystem coordinatesandcontrolstheactivitiesoftheanimals.Thenervoussystem

iscomposedoftwoprincipaltypesofcells:neuronsandneuroglia.Neuronsarethebasic

structuralandfunctionalunitsofthenervoussystem.Theyarespecializedtorespondto

physicalandchemicalstimuli,conductelectrochemical impulsesandreleaseschemical

regulators.Neurogliaorsimplyglialcells(glia=glue)supports,nourishesandprotectsthe

neurons.

Neurons

Neuronspossesselectricalexcitability,theabilitytorespondtoastimulusand

convertitintoactionpotential.Astimulusisanychangeintheenvironmentthatisstrong

enoughtoinitiateanactionpotential.Anactionpotential(nerveimpulse)isanelectrical

signalthatpropagates(travels)alongthesurfaceofthemembraneofaneuron.

Structure:Mostneuronshavethreeparts:acellbody,dendritesandanaxon.

Thecellbody/perikaryon/somacontainsanucleussurroundedbycytoplasm thatincludes

typicalcellularorganelles,suchaslysosomes,mitochondriaandagolgicomplex.neuronal

cellbodiesalso contain freeribosomesand prominentclusterofRough endoplasmic

reticulum termedNisslbodies.cellbodiesinthePNS(Peripheralnervoussystem)usually

occurinclusterscalledganglia.

Anervefibreisageneralterm foranyneuronalprocessorextensionthatemergefrom the

cellbodyoftheneuron.Mostneuronshavetwokindsofprocesses:multipledendrites and

asingleaxon.Dendritesarethereceivingorinputportionofneurons.Theyusuallyareshort,

tapering and highlybranched.Thesingleaxon ofaneuron propagatesnerveimpulse

towards anotherneuron,amusclefibre,oraglandcell.Anaxonisalong,thin,cylindrical

projectionthatoftenjoinsthecellbodyatacone-shapedelevationcalledtheaxonhillock.

Axonsvaryinlengthfrom onlyamillimetrelongtouptoametreormore.Axonsometimes

iscoveredbyafattysubstanceform byphosphlipidswhichisknownasmyelinsheath.This

sheathcanclassifytheneuronintomyelinatedandnonmyelinated.

Myelinatedsheathisnotacontinuoussheathovertheaxolemma,ratheritisexposedtothe

extracellularspacebysomeregionsknownasnodeofRanvier.



Anaxoncontainsmitochondria,microtubules,andneurofibrils.Becauseroughendoplasmic

reticulum isnotpresent,proteinsynthesisdoesnotoccurintheaxon.Thecytoplasm ofan

axon,calledaxoplasm,issurroundedbyaplasmamembraneknownastheaxolemma

(lemma=sheathofhusk).Alongthelengthofaaxonsidebranchescalledaxoncollaterals

maybranchoff,typicallyatarightangletotheaxon.Theaxonanditscollateralsendby

dividingintomanyprocessescalledaxonterminals(telodendria).

TypesofSynapse:

Thereareinnumerablesynapsesinthenervoussystem (thetotalnumberissaidto

beabout2×1014 roughly).Thesesynapsesareofdifferenttypesandhavevariousnames.

Synapsesareusuallyclassifiedasfollows:

A.Accordingtothepartoftheneuronsinvolved.

1.Axodendric:AxonwithDendrite

2.Axosomatic:AxonwithSomaorcellbody.

3.Axoaxonic:Axonwithaxon

4.Dendrodendritic:Dendritewithdendrite

Thesesynapsearenotalwaysanendtoendaffairandmaybebasketlikeorintertwining

typeetc.

B.Accordingtothenatureoftransmission:

1.Chemicalsynapse:throughneurotransmitter.

2.Electricalsynapse:throughGAPjunction.

3.Conjointsynapse:partlyelectricalpartlychemical



C.Accordingtothenumberofneuronesinvolved:

1.oneneuroneendsonanother.

2.Multipleneuronesendingonasingleneurone.

3.Oneneuronesendonamultipleneurones.

Neuromuscularjunction:

A neuromuscularjunction (or myoneuraljunction)isa chemicalsynapse formedbythe
contactbetweena motorneuron anda musclefiber. Itisattheneuromuscularjunctionthat
amotorneuronisabletotransmitasignaltothemusclefiber,causing musclecontraction.

Musclesrequireinnervationtofunction—andevenjusttomaintain muscletone,
avoiding atrophy.Inthe neuromuscularsystem nervesfrom the centralnervoussystem and
the peripheralnervoussystem arelinkedandworktogetherwithmuscles. 

WorkingMechanism:Synaptictransmissionattheneuromuscularjunction
beginswhenan actionpotential reachesthepresynapticterminalofamotorneuron,which
activates voltage-gatedcalcium channels toallowcalcium ionstoentertheneuron.Calcium
ionsbindtosensorproteins(synaptotagmin)onsynapticvesicles,triggeringvesiclefusion
withthecellmembraneandsubsequent neurotransmitter releasefrom themotorneuron
intothe synapticcleft.In vertebrates,motorneuronsrelease acetylcholine (ACh),asmall
moleculeneurotransmitter,whichdiffusesacrossthesynapticcleftandbindsto nicotinic
acetylcholinereceptors (nAChRs)onthecellmembraneofthemusclefiber,alsoknownas
the sarcolemma.nAChRsare ionotropic receptors,meaningtheyserveas ligand-gated ion
channels.ThebindingofAChtothereceptorcandepolarizethemusclefiber,causinga
cascadethateventuallyresultsinmusclecontraction.

Neuromuscularjunctiondiseases canbeof genetic and autoimmune origin.
Geneticdisorders,suchas Duchennemusculardystrophy,canarisefrom mutatedstructural
proteinsthatcomprisetheneuromuscularjunction,whereasautoimmunediseases,such
as myastheniagravis,occurwhenantibodiesareproducedagainstnicotinicacetylcholine
receptorsonthesarcolemma.

OriginandpropagationofActionpotential:

Innervecells(neurons),therestingpotential(membranepotentialinrestingstate)isabout-

70mV,withtheinsideofthecellatanegativepotentialrelativetotheexternalmedium.A

nervecellthatexhibitarestingmembranepotentialissaidtobepolarized.Changesin

membranepotentialsarebroughtaboutbyachangesinionmovementacrossthe

membrane.Forexample,ifthenetinwardflowofpositivelychargedionincreasescompared

totherestingstate(suchasmoreNa+movesin),themembranedepolarizes(becomeless

negativeinside).Bycontrastifthenetoutwardflowofpositivelychargedionsincreases

comparedtotherestingstate(suchasmoreK+movesout),themembranehyperpolarizes

(becomemorenegativeinside).



Arapidandlargechangesinmembranepotentialofexcitablecells(suchasnerve

cells)duringwhichthepotentialactuallyreversessothattheinsideoftheexcitablecell

transientlybecomesmorepositivethantheoutsideistermedasactionpotential.Anaction

potentialinamusclefiberiscalledamuscleactionpotential.Whenanactionpotential

occursinanervecell,itiscalledanerveactionpotential(nerveimpulse).

Ionchannelsmaybeeitherleakychannelsorgatedchannels.Leakychannels,whichare

openallthetime,permitunregulatedleakageofspecificionacrossthemembrane.Gated

channels,incontrast,havegatesthatcanbeopenorclosed,permittingionpassage

throughthechannelswhenopenandpreventingionpassagethroughthechannelswhen

closed.MovementofK+throughK+leakychannelsmakesthegreatestcontributiontothe

establishmentoftherestingpotential.

Duringanactionpotential,rapidfluxesofNa+occurthroughvoltagegatedNa+

channelsdowntheirelectrochemicalgradients.Thisvoltage-gatedNa+canexistinthree

conformations:1.closedbutcapableofopening;2.openoractivatedand;3.closedandnot

capableofopeningorinactivated.

 Atrestingpotential(about-70mV),Na+voltage-gatedchannelsareclosed.Therefore

Na+cannotpassthroughthesevoltage-gatedchannelsatrestingpotential.A

stimulusthatcausessufficientdepolarizationpromptlycausesvoltage-gatedNa+

channelstoopen,allowingasmallamountofNa+toenterthecelldownits

electrochemicalgradient.Theinfluxofpositivechargedepolarizesthemembrane

further,therebyopeningmoreNa+channels,whichadmitmoreNa+ions,causingstill

furtherdepolarization.Thischangesthemembranepotentialvalueofabout-70mVto

about+30mVwithinafractionofasecond.

 TheNa+channelshaveanautomaticinactivatingmechanism,whichcausesthe

channelstorecloserapidlyeventhroughthemembraneisstilldepolarized.TheNa+

channelsremaininthisinactivatedstate,unabletoreopen,untilafewmilliseconds

afterthemembranepotentialreturnstoitsinitialnegativevalue.

 Anotherchannelsoperatetohelpbringtheactivatedplasmamembranemorerapidly

backtowarditsoriginalnegativepotential.Itisvoltage-gatedK+channels.The

openingandconsequenteffluxofK+quicklydrivesthemembranebacktowardtheK+

equilibrium potential.Thisprocessiscalledrepolarization.Voltage-gatedK+

channelsrespondtochangesinmembranepotentialinmuchthesamewayasthe

Na+channelsdo,butwithslightlyslowerkinetics;forthisreasontheyaresometimes

calleddelayedK+Channels.Unlikevoltage-gatedNa+channels,mostvoltage-gated

K+channelsdonotexhibitaninactivatedstate.Instead,theyalternatebetween

closedandopenstates.

 Hence,anactionpotentialhastwomainphases:adepolarizingphaseanda

repolarizingphase.Duringthedepolarizingphase,thenegativemembranepotential

becomeslessnegative,reacheszero,andthenbecomespositive.Duringthe

repolarizingphase,themembranepotentialisrestoredtotherestingstateof-70mV.

Followingtherepolarizingphasetheremaybeanafter-hyperpolarizingphase,during



whichthemembranepotentialtemporarilybecomesmorenegative(about-90mV)

thantherestinglevel.Theperiodoftimeafteranactionpotentialbeginsduring

whichanexcitablecellcannotgenerateanotheractionpotentialinresponsetoa

normalthresholdstimulusiscalledtherefractoryperiod.Itcanbeabsoluteor

relative.







Transmissionofnerveimpulse

Nerveimpulsepropagates(travels)alongthesurfaceofthemembraneofaneuronatspeed

rangingfrom 0.5to130meterspersecond.Therearetwotypesofpropagation:continuous

coduction and saltatoryconduction.The continuousconduction involvesstep bystep

depolarizationandrepolarizationofeachadjacentsegmentoftheplasmamembrane.

In continuousconduction,ionsflow throughtheirvoltage-gatedchannelsineach

adjacentsegmentofthemembrane.Itoccursinunmyelinatedaxons.Saltatoryconduction

isaspecialtypeofaxonpotential propagationthatoccursalongmyelinatedaxons.It

occursbecauseoftheunevendistributionofvoltage-gatedchannels.Few voltage-gated

channelsarepresentinregionswhereamyelinsheathcoverstheaxolemma(plasma

membrane).BycontrastatthenodeofRanvier(wherethereisnomyelinsheath)the

axolemmahasmanyvoltage-gatedchannels.

Synaptictransmission

Thejunctionbetweentwoneuroniscalledasynapse.Typically,asynapseinvolvesa

junctionbetweenaactionterminalofoneneuron,knownasthepresynapticneuron,andthe

dendritesorcellbodyofsecondneuronknownasthepostsynapticneuron.Thespace

betweenthepre&postsynapticneuroniscalledsynapticcleft.Synapsesaremerelygaps,

butarefunctionallinksbetweenthetwo neurons.Synapsecanbeeitherchemicalor

electrical.

Atelectricalsynapse,actionpotentials(Impulses)conductdirectlybetweenadjacent

cellsthroughstructurecalledgapjunctions. Gapjunctionsallow rapidcommunication

betweencells.Noneurotransmittersareinvolvedinanelectricalsynapse.Asionsflowfrom

onecelltothenextthroughthegapjunctions,theactionpotentialspreadsfrom celltocell.

Incontrasttwochemicalsynapses,electricalsynapsestransmitsignalsinbothdirections

andhavetwomainadvantages:Fastercommunication&Synchronization.

Inchemicalsynapse,theaxonterminalofthepresynapticneuron,whichconductits

actionpotentialstowardthesynapse,endsinaslightswelling,theSynapticKnob.The

SynapticKnobcontainssynapticvesicles,whichstoreaspecificchemicalmessenger,a

neurotransmitterthathasbeensynthesizedandpackagedbythepresynapticneuron.There

aremanykindsofneurotransmitters,thebasestudiedexamplesbeingacetylcholine.Most

chemicalsynapsesoperatesinonedirectiononly:Thatisthepresynapticneuronbrings

aboutchangesinmembranepotentialofthepostsynapticneuron.Neurotransmittersare

usuallysmallmolecularweightparacrinesignalmolecule,suchas,aminoacids,amines,

purinesandneuropeptides.Thesemoleculesaresynthesizedinthepresynapticterminalsof

neuronsandreleasedonstimulation.

Neurotransmitter Functionalclass

Ester

Acetylcholine(Nicotinic)

Acetylcholine(Muscarinic)

Excitatory

Inhibitory

Biogenicamines



Norepinephrine

Dopamine

Serotonin(5-hydroxytryptamine)

ExcitatoryorInhibitory

Generallyexcitatory,maybeinhibitoryat

somesites

Generallyinhibitory

Aminoacids

GABA(Gammaaminobutyricacid)

Glycine

Glutamate

Aspartate

Inhibitory

Inhibitory

Excitatory

Excitatory

Neuropeptides

SubstanceP

Met-enkephalin

Excitatory

GenerallyInhibitory

Fig:Themajorknownneurotransmitter

Atachemicalsynapseapresynapticneuronconvertsanelectricalsignal(NerveImpulse)

intoachemicalsignal(NeurotransmitterRelease).Thepostsynapticneuronthenconverts

thechemicalsignalbackintoanelectricalsignal(PostsynapticPotential).Ofthemany

synapsesonaneuron,sometendtoexciteit(excitatorysynapse),otherstoinhibitit

(InhibitorySynapses).Neurotransmitterreleasedatanexcitatorysynapsecausesasmall

depolarizationinthepostsynapticmembranecalledanexcitatorypostsynapticpotential

(EPSP),whileneurotransmitterreleasedataninhibitorysynapsegenerallycausesasmall

hyperpolerizationcalledaninhibitorypostsynapticpotential(IPSP).

Neurotransmitterreleasedfrom apresynapticneuronbindtoneurotransmitterreceptorsin

theplasmamembraneofpostsynapticcell.Whenaneurotransmitterbindstothecorrect

neurotransmitterreceptor,anionchannelopensandapostsynapticpotential(eitherEPSP

orIPSP)formsinthemembraneofthepostsynapticcell.Neurotransmitterreceptorsare

classifiedaseitherionotropicreceptorormetabotropicreceptorsbasedonwhetherthe

neurotransmitterbindingsiteandtheionchannelarecomponentsofthesameproteinorare

componentsofdifferentprotein.

Mechanism ofsynaptictransmission:

 Anerveimpulsearrivesatasynapticendbulbofapresynapticaxon.The

changeinmembranepotentialcausedbythearrivalofactionpotential.

 Thisleadstoopeningofvoltage-gatedcalcium channelsinthepresynaptic



membrane.Becauseconcentrationofcalcium ionsaremoreinextracellular

fluid,calcium flowsinwardthroughtheopenedchannels.

 Increaseintheconcentrationofcalcium insidethepresynapticneuronserves

asasignalthattriggersexocytosisofthesynapticvesicles.

 Asvesiclemembranemergewiththeplasmamembrane,neurotransmitter

moleculeswithinthevesiclesarereleasedintosynapticcleft.

 Each synaptic vesicles contain several thousand molecules of

neurotransmitter.

 Theneurotransmittermoleculediffuseacrossthesynapticcleftandbindto

the neurotransmitter receptors in the postsynaptic neuron's plasma

membrane.

 Binding ofneurotransmittermolecule to theirreceptor on ligand-gated

channelopensthechannelsandallowsparticularionstoflow acrossthe

membrane.

 Asionsflowthroughtheopenedchannels,thevoltageacrossthemembrane

changes.Thischangeinmembranevoltageisapostsynapticpotential.

Dependingonwhichionsthechannelsadmit,thepostsynapticpotentialmay

beadepolarizationorahyperpolarization.

 Asinglepostsynapticneuronreceivesinputfrom manypresynapticneurons,

someofwhichreleasesexcitatoryneurotransmittersandsomeofwhich

releaseinhibitoryneurotransmitters.



Acetylcholineisacolinergicneurotransmittersynthesizedfrom cholineandacetylco-Aby

enzymecholineacetyltransferase.Itissynthesizedintheaxonalterminalbulbs.After

synthesis,itisreleasedbytheprocessofexocytosisinthesynapticcleft.GPIlinkedenzyme

acetylcholineesteraselocatedonthepost-synapticmembranebreaksacetylcholineinto

cholineandacetyl-coA.


