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Some neurotransmitter molecules bind to receptors on ion channels.
When a neurotransmitter molecule binds to an ionotropic rgceptor,
the channel opens (as in this case) or closes, theréfby alteg'ng the
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Metabotropic receptors
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Some neurotransmitter molecules bind to receptors on membré f_;; /
signal proteins, which are linked to G proteins. When a neurotransmitter AI I d 9) pam INe rece pto s

molecule binds to a metabotropic receptor, a subunit of the G protein
breaks off into the neuron and either binds to an ion channel or
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Agonists and Antagonists

Transmittemandchannehlresimilarto key andlock
Lockscanbe picked
Channelsalsocanben pi c k e d o

Agonisti chemicalatleastin binding partsimilar in structure
to the transmitter,it opensthe samechannelswvhen binds
to them

Antagonisti chemical at least in binding part similar in
structureto the transmitter blocksthe channelwhenbinds
to it (sometimesalledcompetitiveinhibitor)

Often agonistsand antagonistsare more specific than the
transmittentself

Wide variety of drug effectsis basedon drugmo | e c u |
similarity to a certaintransmitter
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Nicotine (ACh Agonist)

Binds to nicotinic cholinergicreceptorsand opens
therespectiveehannels

Higher affinity for receptorsn the brainthanthose
In skeletalmuscle,thoughat toxic dosesit can
Inducecontractionsandrespiratoryparalysis

401 60 mg (0.5-1.0 mg/kg) can be a lethal dosage
for adulthumans

Reqgular smoking decreaseshe demandon ACh
and Its production and up-regulates ACh
receptorsin cerebellumand ventral tegmental
area

Quitting withdrawal symptomsare causedby the
lack of ACh in the body as well as reduced

actionof otherneurotransmitters
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Nicotine (ACh Agonist)

Indirectactionsof nicotineincludereleasef

I norepinephrin@nd dopamine at low doses,
acts as a stimulant

I serotonin and betandorphinet high doses,
acts as a relaxant

Users report relaxation, sharpnesscalmnessand
alertness

I Concentration due toACh substitution
I Alerthess due to enhanced NE release
I Relaxation due to betaendorphin release

I Sensitivity to reward due to increase in DA
effective time
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Morphine and Derivatives (BetaEndorphine Agonist)

Morphine was the first purified plant
alcaloid

Used as a benchmarkfor pain-killer
effectiveness

Binds to £-opioid receptorsand opens
therespectiveehannels

Endogenous morphines (endorphinS)[BAYER. —_— Send far sampies |
1 : PHARHACEUTICA!,_/_”::?:T‘IIN\\'and Literature to

are responsible for analgesic| probvers ARRex
(reducing pain), causingsleepiness -\

andfeelingsof pleasure

Can be releasedin responseto pain,
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Morphine and Derivatives (BetaEndorphine Agonist)

APat hol ogn aradfectively
addictedo endogenoumorphines

Psychological dependency develops
very fast, physiologicaldependenc
takesseveralweeks/months

Down-regulates the opioid receptors

thus reducing the effectivenessof rgayex /5,, T

>~ and Literature to

endogenoupain-killing system P PRODUCTS A e

e -
e

Reducesarousalandimpairsfine motor

control
Effects are hard to study, espemally»‘»gﬁggmﬁgmco& P 40 srows Son
long-termeffects - = m m e
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Tetrahydrocannabinol (THC)

Bindsto the cannabinoidCB, receptoran the centralnervous
systemandthe CB, receptoin theimmunesystem

CB, receptorns the mostabundants-proteincoupledreceptor
In thebrain

It actsasa partial agoniston both receptorsj.e., it activates
thembutnotto their full extent

This activationleadsto a decrease concentratiorof CAMP

THC has lower specificity and affinity then endogenous
cannabinoidsthusactsalsoasantagonist

Endogenouscannabinoidsare releasedfrom
the postsynaptic cell into the synaptic
cleft, where binding occurs at receptors
present on pre-synaptic neurons thus
modulatingneurotransmission




Tetrahydrocannabinol (THC)

|n .rss Iaml

It is alsoinvolved in partial activationof the m@b MARINOLC

opiatepathanddopamingelease ‘ {dronaTg)mw '''''
DA related action is partially involved In MPROVESP ET]TE
Increase@ppetiteespeciallyfor tastyfood
Altered endorphinereleaseallows it to actas "
mild painsuppressor b
-
i

Information on dependencyis controversial,
but it Is clearly lower than many other
psychoactivelrugs

Low toxicity: ratio of effectivedoseto
lethaldosels about1:1000
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Caffeine (Adenosine Antagonist

Nonselective antagonist of adenosine
receptors

Brain adenosina&ctsto protectthe brain
from  metabolic stresses by
suppressingieural activity and also
by increasingoloodflow

Adenosineis also usedto inducetorpor
In hibernatinganimals

Unlike other neurotransmitters,
adenosineés generateextracellularly

Caffeine decreasedlood flow by 20
30%

| N\

Caffeinatxd
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Caffeine (Adenosine Antagonist

Some evidence suggests interactions
between adenosine and dopamine
systems

Caffeine also seem to Increase
norepinephrine levels and Ilower
neuronaklctivationthresholds

Generally has a disinhibitory effect on
neuralactivity

Additional short term effect might free
adenosindor more ATP accumulation,
long term may result in reduction of
ATP synthesis

| N\

Caffeinatxd
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LSD (Serotonin et al. Agonist)

LSD affects a large number of the G protein coupled
receptorsncludingseverakerotonirreceptors

Primary psychedeliceffect is attributedto opening5-HT,,
receptors most agonists of

these receptors have

psychedeligpropertiesantagonistblock the effect

Also affects all dopamlnereceptorsand all noreplnephrlne
receptors —
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LSD (Serotonin et al. Agonist)

Exact effect is unknown, but it is thoughtthat it increases
glutamatereleasein the cortex, specifically in layers |V
andV

Panicattacks anxietyincreaseandothernegativefeelingscan
result( n btardi p 0)

Peopleunderinfluencearemoresuggestible

Hallucinogenpersistingperceptiordisorder(HPPD) might be
related to prior LSD use, affects small percent of
predisposedsersandoftenrequiresenvironmentatrigger

Physical effects like genetic alteration or inducing uterine
contractionsarenot supportedy clearevidence

Very low effectivedosemakedethalresultsrare(none?)
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Phencyclidine a.k.a. PCP (NMDA Antagonist)

Inhibits NMDA glutamatereceptor(majorexcitatoryreceptor
In the brain)

Counterintuitively it doesincreasecortical activity levelsin
humansandrodents

Effectively messesip theinformationprocessingn the brain

Some versions also Iinhibit nicotinic ACh and excite D2
dopamingeceptors

Alters moodstatesin anunpredictabldashion,causingsome
Individuals to becomedetached,and othersto become
animated

Causeschizophrenidike brainchanges
In ratsandsimilar symptoman humans
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Phencyclidine a.k.a. PCP (NMDA Antagonist)

Intoxicatedindividuals may act in an unpredictablefashion
Including actsof selfinjury, suicide,andattackson others
or destructiorof property

PCPis widely usedin animalresearcltbecausef importance
of NMDA channeldor learning

Minor affinity for €-opioid receptorscausesslight anesthetic
effects, but long half-life and side effects made it
unsuitablgor medicalapplications
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Other Drug Mechanisms

Transmitteraction consistsof release binding, and removal
(diffusion out of the cleft, reuptake, and enzymatic
degradation)

Agonists and antagonists substitute for corresponding
neurotransmitterduringbinding

Otherdrugscanalterthereleasereuptakeanddegradation

RememberTHC bindsto presynaptiaeceptorsandaltersthe
releaseof transmitters

Any otherdrugthatbindsto axo-axonicsynapsesvill havea
similar effect(in biochemicakerms)

Altering Ca* levels, spike duration or amplitude at the
synapticterminalswill affectthereleaseof transmitter
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Inhibition of Enzymatic Degradation

Monoamine oxidase Iinhibitors (MAOIs) prevent the
breakdownof monoamineneurotransmittergDA, 5-HT,
NE) andtherebyincreaseaheir availability andeffect

Usedasstrongantidepressants

Interact with some foods and wines, which can lead to
hypertensive crisis, unless administered not through
stomach

Tobaccoalso containsMAQOI, which is the major causeof
addictionto smoking

HannibalLecter mentionsthat he onceatea liver of a census
takern w i1 sbniefavabeansandanice Chianto

Il He had named t hree of t he

patients taking MAO inhibitors
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Selective Reuptake Inhibitors

Suppress reuptake of a certain neurotransmitter, thus
prolongingits action
Many antidepressantsare selective serotonin reuptake

Inhibitors (SSRI), some others also inhibit reuptake of
norepinephrin®r dopamine

Recently the direct role of serotoninin depressionwas
guestionedand more indirect mechanismsof SSRI are
studied

Norepinephrinereuptake inhibitors (NRIs) are thought to
havea positiveeffecton the concentratiormandmotivation

Selectivenatureand more gradedindirect effect makesthese
drugsmoresuitablefor medicaluse
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Amphetamine (DA, 5HT, NE Reuptake Inhibitor?)

Increaseswakefulness and focus, decreasesfatigue and
appetite

Elevatesardiacoutputandbloodpressure

Appearsto be areaspecific, neuronsreleasingdopaminein
the hippocampusrenot affected,in striatumareaffected

Endogenous amphetamindike chemicals modulate
excitemenandalertness

Two theories
I Increasing DA level in thpresynapticell ¢*
i Reversing the action from reuptake to release

Increaseof DA In the cytosolis toxic andleadsto degradation
of theneurons
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Amphetamine (DA, 5HT, NE Reuptake Inhibitor?)

Additional actionis similarto MAOI inhibitor

All theseactionscombinedandlong half-life of amphetamine
leadto largerDA releasé¢hananyotherdrug

Similar reverseactionon serotoninreuptakealsoin localized
areas

Increaseof serotoninseemto increasethe glutamaterelease
In VTA to prefrontal projectionsi action selectionand
decisionmakingcircuits,aswell asworking memory

Use of amphetaminein adolescencecan lead to working
memoryimpairmentdaterin life

CN 510 Lecture0



Cocaine (DA, 5HT, NE Reuptake Inhibitor)

Chemicalstructureallows it to penetrateblood-brain barrier
muchbetterthanotherdrugs

Ratioof inhibition is about3:2:5

Prolongedexposureto cocaine leads to profound up and
down regulationof variousreceptorsespeciallyevidentin
DA system

The 5-HT, receptor shows influence in the evocation of
hyperactivitydisplayedn cocaineuse

Thelack of normallevelsof DA and5-HT
aretheprimary cause®f withdrawal
symptoms
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Cocaine (DA, 5HT, NE Reuptake Inhibitor)

Cocaine also blocks sodium channels,thereby interfering
with the propagatiorof actionpotentials

I As aresult it acts as a local anesthetic

I Lignhocaineand novocaine have similar active site but
larger molecules, so they do not penetrate blood brain
barrier and are limited to local action

3/28/2010 CN 210/NE 204 24



