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Neurotransmitters

Aneurotransmitterisdefinedasachemicalmessengerthatcarries,boosts,andbalances

signalsbetweenneurons,ornervecells,andothercellsinthebody.Thesechemical

messengerscanaffectawidevarietyofbothphysicalandpsychologicalfunctionsincluding

heartrate,sleep,appetite,mood,andfear.Billionsofneurotransmittermoleculeswork

constantlytokeepourbrainsfunctioning,managingeverythingfrom ourbreathingtoour

heartbeattoourlearningandconcentrationlevels.

HowNeurotransmittersWork

Inorderforneuronstosendmessagesthroughoutthebody,theyneedtobeableto

communicatewithoneanothertotransmitsignals.However,neuronsarenotsimplyconnected

tooneanother.Attheendofeachneuronisatinygapcalledasynapseandinorderto

communicatewiththenextcell,thesignalneedstobeabletocrossthissmallspace.This

occursthroughaprocessknownasneurotransmission.

Inmostcases,aneurotransmitterisreleasedfrom what'sknownastheaxonterminalafteran

actionpotentialhasreachedthesynapse,aplacewhereneuronscantransmitsignalstoeach

other.

Whenanelectricalsignalreachestheendofaneuron,ittriggersthereleaseofsmallsacs

calledvesiclesthatcontaintheneurotransmitters.Thesesacsspilltheircontentsintothe

synapse,wheretheneurotransmittersthenmoveacrossthegaptowardtheneighboringcells.

Thesecellscontainreceptorswheretheneurotransmitterscanbindandtriggerchangesinthe

cells.



Afterrelease,theneurotransmittercrossesthesynapticgapandattachestothereceptorsite

ontheotherneuron,eitherexcitingorinhibitingthereceivingneurondependingonwhatthe

neurotransmitteris.

Neurotransmittersactlikeakey,andthereceptorsitesactlikealock.Ittakestherightkeyto

openspecificlocks.Iftheneurotransmitterisabletoworkonthereceptorsite,ittriggers

changesinthereceivingcell.

Sometimesneurotransmitterscanbindtoreceptorsandcauseanelectricalsignaltobe

transmitteddownthecell(excitatory).Inothercases,theneurotransmittercanactuallyblock

thesignalfrom continuing,preventingthemessagefrom beingcarriedon(inhibitory).

Sowhathappenstoaneurotransmitterafteritsjobiscomplete?Oncetheneurotransmitterhas

hadthedesignedeffect,itsactivitycanbestoppedbydifferentmechanisms.

Itcanbedegradedordeactivatedbyenzymes

Itcandriftawayfrom thereceptor

Itcanbetakenbackupbytheaxonoftheneuronthatreleaseditinaprocessknownas

reuptake

Neurotransmittersplayamajorroleineverydaylifeandfunctioning.Scientistsdonotyetknow

exactlyhowmanyneurotransmittersexist,butmorethan60distinctchemicalmessengershave

beenidentified.1

WhatTheyDo

Neurotransmitterscanbeclassifiedbytheirfunction:2

Excitatoryneurotransmitters:Thesetypesofneurotransmittershaveexcitatoryeffectsonthe

neuron,meaningtheyincreasethelikelihoodthattheneuronwillfireanactionpotential.Some



ofthemajorexcitatoryneurotransmittersincludeepinephrineandnorepinephrine.

Inhibitoryneurotransmitters:Thesetypesofneurotransmittershaveinhibitoryeffectsonthe

neuron;theydecreasethelikelihoodthattheneuronwillfireanactionpotential.Someofthe

majorinhibitoryneurotransmittersincludeserotoninandgamma-aminobutyricacid(GABA).

Someneurotransmitters,suchasacetylcholineanddopamine,cancreatebothexcitatoryand

inhibitoryeffectsdependinguponthetypeofreceptorsthatarepresent.

Modulatoryneurotransmitters:Theseneurotransmitters,oftenreferredtoasneuromodulators,

arecapableofaffectingalargernumberofneuronsatthesametime.Theseneuromodulators

alsoinfluencetheeffectsofotherchemicalmessengers.Wheresynapticneurotransmittersare

releasedbyaxonterminalstohaveafast-actingimpactonotherreceptorneurons,

neuromodulatorsdiffuseacrossalargerareaandaremoreslow-acting.

Types

Thereareanumberofdifferentwaystoclassifyandcategorizeneurotransmitters.Insome

instances,theyaresimplydividedintomonoamines,aminoacids,andpeptides.3

Neurotransmitterscanalsobecategorizedintooneofsixtypes:

AminoAcids

Gamma-aminobutyricacid(GABA)actsasthebody'smaininhibitorychemicalmessenger.

GABAcontributestovision,motorcontrol,andplaysaroleintheregulationofanxiety.

Benzodiazepines,whichareusedtohelptreatanxiety,functionbyincreasingtheefficiencyof

GABAneurotransmitters,whichcanincreasefeelingsofrelaxationandcalm.

Glutamateisthemostplentifulneurotransmitterfoundinthenervoussystem whereitplaysa

roleincognitivefunctionssuchasmemoryandlearning.Excessiveamountsofglutamatecan

causeexcitotoxicityresultingincellulardeath.Thisexcitotoxicitycausedbyglutamatebuild-up

isassociatedwithsomediseasesandbraininjuriesincludingAlzheimer'sdisease4,stroke,

andepilepticseizures.



Peptides

Oxytocinisbothahormoneandaneurotransmitter.Itisproducedbythehypothalamusand

playsaroleinsocialrecognition,bonding,andsexualreproduction.5 Syntheticoxytocinsuch

asPitocinisoftenusedasanaidinlaboranddelivery.BothoxytocinandPitocincausethe

uterustocontractduringlabor.

Endorphinsareneurotransmittersthaninhibitthetransmissionofpainsignalsandpromote

feelingsofeuphoria.Thesechemicalmessengersareproducednaturallybythebodyin

responsetopain,buttheycanalsobetriggeredbyotheractivitiessuchasaerobicexercise.6

Forexample,experiencinga"runner'shigh"isanexampleofpleasurablefeelingsgeneratedby

theproductionofendorphins.

Monoamines

Epinephrineisconsideredbothahormoneandaneurotransmitter.Generally,epinephrine

(adrenaline)isastresshormonethatisreleasedbytheadrenalsystem.However,itfunctions

asaneurotransmitterinthebrain.7

Norepinephrineisaneurotransmitterthatplaysanimportantroleinalertnessisinvolvedinthe

body'sfightorflightresponse.Itsroleistohelpmobilizethebodyandbraintotakeactionin

timesofdangerorstress.Levelsofthisneurotransmitteraretypicallylowestduringsleepand

highestduringtimesofstress.

Histamineactsasaneurotransmitterinthebrainandspinalcord.8 Itplaysaroleinallergic

reactionsandisproducedaspartoftheimmunesystem'sresponsetopathogens.

Dopamineplaysanimportantroleinthecoordinationofbodymovements.Dopamineisalso

involvedinreward,motivation,andadditions.9 Severaltypesofaddictivedrugsincrease

dopaminelevelsinthebrain.Parkinson'sdisease,whichisadegenerativediseasethatresults

intremorsandmotormovementimpairments,iscausedbythelossofdopamine-generating

neuronsinthebrain.

Serotoninplaysanimportantroleinregulatingandmodulatingmood,sleep,anxiety,sexuality,

andappetite.Selectiveserotoninreuptakeinhibitors,usuallyreferredtoasSSRIs,areatypeof

antidepressantmedicationcommonlyprescribedtotreatdepression,anxiety,panicdisorder,

andpanicattacks.SSRIsworktobalanceserotoninlevelsbyblockingthereuptakeofserotonin

inthebrain,whichcanhelpimprovemoodandreducefeelingsofanxiety.10

Purines

Adenosineactsasaneuromodulatorinthebrainandisinvolvedinsuppressingarousingand

improvingsleep.

Adenosinetriphosphate(ATP)actsasaneurotransmitterinthecentralandperipheralnervous



systems.11 Itplaysaroleinautonomiccontrol,sensorytransduction,andcommunication

withglialcells.Researchsuggestsitmayalsohaveapartinsomeneurologicalproblems

includingpain,trauma,andneurodegenerativedisorders.

Gasotransmitters

Nitricoxideplaysaroleinaffectingsmoothmuscles,relaxingthem toallowbloodvesselsto

dilateandincreasebloodflowtocertainareasofthebody.

Carbonmonoxideisusuallyknownasbeingacolorless,odorlessgasthatcanhavetoxicand

potentiallyfataleffectswhenpeopleareexposedtohighlevelsofthesubstance.However,itis

alsoproducednaturallybythebodywhereitactsasaneurotransmitterthathelpsmodulatethe

body'sinflammatoryresponse.12

Acetylcholine

Acetylcholineistheonlyneurotransmitterinitsclass.Foundinboththecentralandperipheral

nervoussystems,itistheprimaryneurotransmitterassociatedwithmotorneurons.13 Itplays

aroleinmusclemovementsaswellasmemoryandlearning.

WhatHappensWhenNeurotransmittersDoNotWorkRight

Aswithmanyofthebody'sprocesses,thingscansometimesgoawry.Itisperhapsnot

surprisingthatasystem asvastandcomplexasthehumannervoussystem wouldbe

susceptibletoproblems.

Afewofthethingsthatmightgowronginclude:

Neuronsmightnotmanufactureenoughofaparticularneurotransmitter

Toomuchofaparticularneurotransmittermaybereleased

Toomanyneurotransmittersmaybedeactivatedbyenzymes

Neurotransmittersmaybereabsorbedtooquickly

Whenneurotransmittersareaffectedbydiseaseordrugs,therecanbeanumberofdifferent

adverseeffectsonthebody.

DiseasessuchasAlzheimer's,epilepsy,andParkinson'sareassociatedwithdeficitsincertain

neurotransmitters.



Healthprofessionalsrecognizetherolethatneurotransmitterscanplayinmentalhealth

conditions,whichiswhymedicationsthatinfluencetheactionsofthebody'schemical

messengersareoftenprescribedtohelptreatavarietyofpsychiatricconditions.

Forexample,dopamineisassociatedwithsuchthingsasaddictionandschizophrenia.

SerotoninplaysaroleinmooddisordersincludingdepressionandOCD.10 Drugs,suchas

SSRIs,maybeprescribedbyphysiciansandpsychiatriststohelptreatsymptomsofdepression

oranxiety.Medicationsaresometimesusedalone,buttheymayalsobeusedinconjunction

withothertherapeutictreatmentsincludingcognitive-behavioraltherapy.

DrugsThatInfluenceNeurotransmitters

Perhapsthegreatestpracticalapplicationforthediscoveryanddetailedunderstandingofhow

neurotransmittersfunctionhasbeenthedevelopmentofdrugsthatimpactchemical

transmission.Thesedrugsarecapableofchangingtheeffectsofneurotransmitters,whichcan

alleviatethesymptomsofsomediseases.

AgonistsvsAntagonists:Somedrugsareknownasagonistsandfunctionbyincreasingthe

effectsofspecificneurotransmitters.Otherdrugsandreferredtoasantagonistsandactto

blocktheeffectsofneurotransmission.14

DirectvsIndirectEffects:Theseneuro-actingdrugscanbefurtherbrokendownbasedon

whethertheyhaveadirectorindirecteffect.Thosethathaveadirecteffectworkbymimicking

theneurotransmittersbecausetheyareverysimilarinchemicalstructure.Thosethathavean

indirectimpactworkbyactingonthesynapticreceptors.

Drugsthatcaninfluenceneurotransmissionincludemedicationsusedtotreatillnessincluding

depressionandanxiety,suchasSSRIs,tricyclicantidepressants,andbenzodiazepines.

Illicitdrugssuchasheroin,cocaine,andmarijuanaalsohaveaneffectonneurotransmission.

Heroinactsasadirect-actingagonist,mimickingthebrain'snaturalopioidsenoughtostimulate

theirassociatedreceptors.Cocaineisanexampleofanindirect-actingdrugthatinfluencesthe

transmissionofdopamine.15

IdentifyingNeurotransmitters



Theactualidentificationofneurotransmitterscanactuallybequitedifficult.Whilescientistscan

observethevesiclescontainingneurotransmitters,figuringoutwhatchemicalsarestoredinthe

vesiclesisnotquitesosimple.

Becauseofthis,neuroscientistshavedevelopedanumberofguidelinesfordetermining

whetherornotachemicalshouldbedefinedasaneurotransmitter:16

Thechemicalmustbeproducedinsidetheneuron.

Thenecessaryprecursorenzymesmustbepresentintheneuron.

Theremustbeenoughofthechemicalpresenttoactuallyhaveaneffectonthepostsynaptic

neuron.

Thechemicalmustbereleasedbythepresynapticneuron,andthepostsynapticneuronmust

containreceptorsthatthechemicalwillbindto.

Theremustbeareuptakemechanism orenzymepresentthatstopstheactionofthechemical.

Neurotransmittersplayacriticalroleinneuralcommunication,influencingeverythingfrom

involuntarymovementstolearningtomood.Thissystem isbothcomplexandhighly

interconnected.Neurotransmittersactinspecificways,buttheycanalsobeaffectedby

diseases,drugs,oreventheactionsofotherchemicalmessengers.

BiosynthesisofSelectedNeurotransmitters

(1).Glutamate;

(2).Norepinephrine

Inneuroscience,glutamatereferstotheanionofglutamicacidinitsroleasaneurotransmitter:

achemicalthatnervecellsusetosendsignalstoothercells.Itisbyawidemarginthemost

abundantexcitatoryneurotransmitterinthevertebratenervoussystem.[1]Itisusedbyevery

majorexcitatoryfunctioninthevertebratebrain,accountingintotalforwellover90%ofthe

synapticconnectionsinthehumanbrain.Italsoservesastheprimaryneurotransmitterfor

somelocalizedbrainregions,suchascerebellum granulecells.



Biochemicalreceptorsforglutamatefallintothreemajorclasses,knownasAMPAreceptors,

NMDAreceptors,andmetabotropicglutamatereceptors.Afourthclass,knownaskainate

receptors,aresimilarinmanyrespectstoAMPAreceptors,butmuchlessabundant.Many

synapsesusemultipletypesofglutamatereceptors.AMPAreceptorsareionotropicreceptors

specializedforfastexcitation:inmanysynapsestheyproduceexcitatoryelectricalresponsesin

theirtargetsafractionofamillisecondafterbeingstimulated.NMDAreceptorsarealso

ionotropic,buttheydifferfrom AMPAreceptorsinbeingpermeable,whenactivated,tocalcium.

Theirpropertiesmakethem particularlyimportantforlearningandmemory.Metabotropic

receptorsactthroughsecondmessengersystemstocreateslow,sustainedeffectsontheir

targets.

Becauseofitsroleinsynapticplasticity,glutamateisinvolvedincognitivefunctionssuchas

learningandmemoryinthebrain.[2]Theform ofplasticityknownaslong-term potentiation

takesplaceatglutamatergicsynapsesinthehippocampus,neocortex,andotherpartsofthe

brain.Glutamateworksnotonlyasapoint-to-pointtransmitter,butalsothroughspill-over

synapticcrosstalkbetweensynapsesinwhichsummationofglutamatereleasedfrom a

neighboringsynapsecreatesextrasynapticsignaling/volumetransmission.[3]Inaddition,

glutamateplaysimportantrolesintheregulationofgrowthconesandsynaptogenesisduring

braindevelopment.

Biosynthesis

Glutamateisamajorconstituentofawidevarietyofproteins;consequentlyitisoneofthemost

abundantaminoacidsinthehumanbody.[1]Underordinaryconditionsenoughisobtainedfrom

thedietthatthereisnoneedforanytobesynthesized.Nevertheless,glutamateisformally

classifiedasanon-essentialaminoacid,becauseitcanbesynthesizedfrom alpha-Ketoglutaric

acid,whichisproducedaspartofthecitricacidcyclebyaseriesofreactionswhosestarting

pointiscitrate.Glutamatecannotcrosstheblood-brainbarrierunassisted,butitisactively

transportedoutofthenervoussystem byahighaffinitytransportsystem,whichmaintainsits

concentrationinbrainfluidsatafairlyconstantlevel.[4]

Glutamateissynthesizedinthecentralnervoussystem from glutamineaspartofthe

glutamate–glutaminecyclebytheenzymeglutaminase.Thiscanoccurinthepresynaptic

neuronorinneighboringglialcells.

GlutamateitselfservesasmetabolicprecursorfortheneurotransmitterGABA,viatheactionof

theenzymeglutamatedecarboxylase.



SynthesisofNorepinephrine

TheretentionofH3-norepinephrineintheratbrainaftertheinjectionofH3-norepinephrineinto

thelateralventricleofthebrainwasseverelyreduced6hrafterasingleinjectionofreserpine.

TheabilitytoretainsmallamountsofH3-norepinephrineinthebrainrecoveredrapidlybetween

24and48hrafterreserpineatatimewhentheanimalswererecoveringfrom themostobvious

behavioraleffectsofthedrug.Duringthisperiodtheendogenousnorepinephrinecontentofthe

brainwasmarkedlydepressedandroseonlyslowlyto40%ofnormallevelsafter8days.In

reserpine-treatedratbrainstheaccumulationofH3-norepinephrinecouldbeinhibitedby

pretreatmentwithaseconddoseofreserpineorincreasedbytreatmentwithaninhibitorof

monoamineoxidase.TreatmentofreserpinizedanimalswithamphetamineorDMIproduced

changesinthemetabolism ofH3-norepinephriflewhichindicatethatthesedrugsarestillableto

inhibitnorepinephrineuptakeinsuchanimals.Theseresultsareconsistentwithotherstudies

whichsuggestthattheprimaryactionofreserpineistoimpairtheintracellularstorageof

norepinephrineratherthantoinhibittheuptakeofnorepinephrineintoadrenergicneurons.The

smallamountofH3-norepinephrineretainedinthebrainsof24-hrreserpinizedanimalswas

resistanttoreleasebyamphetamineorbytheadministrationofanadditionaldoseofreserpine.

AftertheadministrationofC14-tyrosineorH3-dopamineintothelateralventricleofnormalor

reserpinizedratbrainsitwaspossibletodemonstratethatalltheenzymaticstepsinvolvedin

thebiosynthesisofnorepinephrinecanoccurinreserpinizedanimals.


