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�CaseStudy:Aspirin
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�Traditionalsolution

�COX-2inhibitors

�Morphine,Codeine,&Heroin

�StructuralRelationships

�InsightsintoDrugDesign
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OldWives’Tales
Numerous’Homeremedies’havebeenknownfora
longtime.

�ChickenSoup-Actuallyappearstowork!?

�Fishisbrainfood-Goodsourceofproteinand
beneficialfats.

�Carrotshelpvision-GoodsourceofVitaminA.

�Willowbarkteatorelievepain(Hippocrates,4
B.C.)-Naturalsourceof’aspirin’.

�Don’tswimrightaftereating-Well,theycan’t
allberight.
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DefinitionofaDrug

�Textbook(p.394)
“Drugsaresubstancesthatprevent,moderate,or
cureillnesses.”

�Amoregeneraldefinition
Adrugisanyexternalsubstancethatalters
biochemicalreactionsinthebodywhentaken-it
changessomebodyfunction(s).

ChemistryinOurWorld–p.3/23

TheIdealDrug
Theperfectdrugdoesn’texist.However,thereare
certaincharacteristicsthataredesiredinalmostany
drug.

�Achievesdesiredeffect
�Extentofchangevariesbydosage

�Timeofeffectcontrollable

�Noundesirablesideeffects

�Inexpensive
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SampleDrugStructures

AspirinIbuprofen

CaffeineCodeine
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Hormones

�Hormonesare“simple”chemicalreleasedinto
bloodstream.

�Allcellshaveachanceto“see”hormone

�Onlyappropriatecellshavereceptorsforany
particularhormone.

Animperfectanalogy.
Lotsofdifferentcars(differenthormones)driveon
thestreetsinyourneighborhood(bloodstream),but
onlyyourfamily’scarshavethegarage-door-opener
(specifichormone)thatopensyourgaragedoor
(specifictypeofcell).
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Lock-and-KeyModel
Receptorslocatedonthesurfaceofcellsonlybinda
verylimitednumberofsubstrates(oftenonlyone).
Thereceptoristypicallymuchmorecomplicated
(larger)thanthesubstrate(hormone)thatbindstoit.
(Forananalogy,notethatalockismuchmore
complicatedthanakey).
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CaseStudy-Aspirin
(Seealsotextpp394-397&403-405)

�Ourbodiescontaincyclooxygenase(COX)
enzymes.

�COXenzymescatalyzeproductionofrelatively
largequantitiesprostaglandins.

�Prostaglandinsareresponsiblefor:

�Producingfeverandswelling

�Increasingsensitivitytopain

�Inhibitbloodvesseldilation

�Regulateproductionofacidandmucusin
stomach

�AssistkidneyfunctionChemistryinOurWorld–p.8/23

Relief
AspirinandotherNSAID’s(non-steroidal
anti-inflammatorydrugs)aretakentorelievepainand
inflammation.Givenabove,twopossibilities:

�DisableProstaglandins-Sinceprostaglandinsare
causingtheundesirableeffects,stoppingthese
shouldstopsymptoms.

�DisableCOXEnzymes-Bydisabling
prostaglandinproductionatthesource,smaller
quantitiesofdrugcanbeused,withsamerelief
fromsymptoms.

NSAID’sactasCOXenzymeinhibitors.Theybindto
theseenzymesandtemporarilydisablethem.
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Aspirin

Theredatomsaretheacetylgroup,whichisnot
presentinwillowbark.
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Prostaglandins
Severaldifferenttypesofprostaglandins,serving
manyroles.TwoclassesofCOXenzymesareknown.

�COX-1prostaglandins

�Maintainkidneyfunction

�Keepstomachliningintact

�COX-2prostaglandins

�inflammation

�pain

�fever

MostNSAID’s(includingaspirin)stopbothclassesof
COXenzymes.
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COXEnzymes

COX-1EnzymeCOX-2Enzyme

Redatomsareanon-selectiveinhibitor.
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COX-2Inhibitor

Celebrex(Celecoxib)structureshownabove.Only
bindstoCOX-2Enzymes
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Celebrex

Celebrex(left)ismorecomplicatedthanaspirin
(right).Thelargersizeandrigidshapemakethis
compoundunabletogetintothebindingsiteofthe
COX-1enzyme.
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MorphineandFriends

R�R�

MorphineHH
CodeineCH�H
HeroinCH�C(O)-CH�C(O)-
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ModeofAction
Morphine,codeine,andheroinhaveverysimilar
structures.Asmightbeexpected,theyalsohavevery
similarproperties.

�Mechanism
Allarebelievedtochangethepainreceptorsin
thebrain.Thepainsignalisnotturnedoff,butits
affectisnot“normal”.
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MorphineRule
ThefollowingsubstructureMUSTbepresent:

(SeeFigure10.12-textbookpage407)
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MorphineRule-Heroin

MorphineHeroin
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http://www.rci.rutgers.edu/~molbio/celeb.html


MorphineRule-Codeine

MorphineCodeine
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MorphineRule-Demerol

MorphineDemerol
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RelatedCompounds
Goal:Designadrugwithpain-relievingqualities,but
withouttheaddictionandothersideeffects.
Usingmorphinerule:

�Demerol:Effectivepain-reliever.
�Methadone:UsedtotreatHeroinaddiction.
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DrugDesign

�Rarelystartsfromscratch.

�Reliesonstructure/functionrelationships.

�Oncepromisingcandidatefound,derivatives
madetoseek“best”ofthebunch.

�Comparisonleadstounderstandingof
necessaryandunnecessarystructuralfeatures.
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Thalidomide
Thalidomideisanexampleofadrugwhosemirror
imageisadifferentcompound.(Right-and
Left-handedformsexist).
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