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Prostaglandins and Leukotrienes

• Prostaglandins(PGs)andLeukotrienes(LTs):Biologically
active20carbonatompolyunsaturatedessentialfatty
acidsreleasedfromcellmembranefattyacids–lipid
derivedautacoids

• Eicosanoids:PG,Thromboxanes(TX)andLTs-derived
from“eicosa”penta enoic acid -referringto20carbon
atoms(“enoic” –doublebonds)

• Theeicosanoidsareconsidered"localhormones"

•

•

• Mostuniversallydistributedautacoids–practicallyalltissues
cansynthesize1or2PGorLT
Theyhavespecificeffectsontargetcellsclosetotheirsiteof
formation
Theyarerapidlydegraded,sotheyarenottransportedto
distalsiteswithinthebody



Eicosanoids - Background

1930:Humansemen–contractsuterusandother
smoothmuscles(SM)–fallinBP
Prostaglandin–derivedfromprostate(!)

1960:Mixtureofcloselyrelatedcompounds(afamily)
1970:AspirinlikedrugsinhibitPGsynthesis

• Thromboxanes(TX)andProstacyclin(PGI)



Chemistry

Chemically,PGsarederivativeofProstanoic acid  –
doesnotoccurnaturallyinbody

PGsaredesignatedinseriesas–A,B,C….Ietc.
dependingonringstructureandsubstitution
Eachseriesisnamed1,2,3indicatingno.ofdouble
bonds

LTsarealsosimilarly–A,B,C…..Fand1,2,3,4



Chemistry of eicosanoids – contd.
 Inthebodyallarederivedfrom

eicosa (20Catoms) –
tri/tetra/pentaenoic acid

 Inhuman– derivedfrom
5,8,11,14 eicosa tetra eonic acid  
(arachidonicacid)

 DuringsynthesisofPG,TXand
LT–2doublebondsget
saturatedduetocyclization–
only2doublebondsinside
chain–so,2PGsareimportant
…..PGE2,PGF2α,PGI2,TXA2…….

 Nocyclizationorreductionfor
LTs–LTB4,LTC4,LTD4 Prostaglandin - PGE2



Biosynthesis of Eicosanoids - Pathway
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The Cycloxygenages (Cox)
1. Cox-1(‘thegoodguy’):

•
•
•

Constitutivelyexpressed
Synthesizedinbasalstates–notchangedevenifcellisfullygrown
Creditedfor‘house-keepingfunctions’–secretionofmucusinGastric
mucosa,haemostasisandrenalfunction

1. Cox-2(‘thebadguy’): Normally,intissuesIinsignificantamount
•

•
•

Induciblebyinflammatorymediators(cytokines,interleukin-1,tumor
necrosisfactor(TNF)-Inductioninhibitedbycorticosteroids
Blamedforinflammation/pain/feverException:Kidney,brainand
foetus

1. Cox-3(‘thedarkhorse’):
•
•
•

Veryrecentlydiscoveredindogbrain
SplicevariantofCox-1(intron1remainsinmRNA)-genesisoffever
Inhibitedbyacetaminophen–whichactsonlyweaklyonCox-1and
Cox-2



Synthesis inhibitors & Degradation
 NSAIDS–Mostlynon-selective(bothCOX-1andCOX-2)

 Aspirin –acetylatesCOXatserinesite–irreversibleinhibition
 OtherNSAIDs-competitiveandreversibleinhibition
 SelectiveCox1inhibitors–celecoxib, etoricoxib

 Zileuton –InhibitsLOX–wasusedinasthma
 Glucocorticoides–inhibitreleaseofarachidonicacid–produces

proteinannexin –inhibitsPhospholipaseA2

 AlsoinhibitsinductionofCOX-2
 Degradation:Mosttissues–rapidly–fastestinLungs

 MostPGs,TXA2andProstacyclins(PGI2)–halflifeoffewsecondsonly
 Carriermediateduptakeintocellsfollowedby–sidechainsareoxidizedand

soon….



PGs & TXAs: Pathophysiological - CVS
BothPGE2andPGF2α:Mostlyvasodilators-butPGF2α

constrictsPulmonaryveinandartery
 PGI2–uniformvasodilatorandpotenthypotensive>PGE2

 PGG2andPGH2–biphasicresponse(actuallyvasoconstrictor)
 TXA–vasoconstrictor

Heart:Stimulates:PGE2andPGF2α–directweakandreflex
action

Role:NoroleinsystemicVascularregulation–butPGI2
(COX-2generated)–localvasculartone(dilator)
 PGE₂ keepsductus arteriosus patent(Aspirin&Indomethacin)
 Exudation:PGsgeneratedbyCOX-2withLTsandotherautacoids
-inflammation



Pathophysiological Roles - Uterus

PGE2andPGF2α–uniformlycontractsuterus–pregnantand
non-pregnant…higherasthepregnancyprogresses
 Consistentcontraction–PGF2αbutPGE2–relaxesnot-pregnantand

contractspregnantuterus
 Atterm–softensuterus

Role:
 InitiationandprogressionoflabourbyPGF2α(Aspirindelays)
 SemeninhighPGs–movementoffemalegenitaltract,transportof

spermandfacilitationoffertilization
 Dysmenorrhoea–Uncoordinateduterinecontraction–ischemia–

pain(Aspirineffective)



Roles – Bronchial Muscles
 PGF2α,PGD2,TXA2andLTs–Potent
bronchoconstrictor

 PGE2>PGI2–dilators+inhibitreleaseofHistamine
–butnoclinicaluse(irritation)

Role:Asthma–imbalancebetweentheabove
Aspirin:inducesasthma–divertsarachidonicacidto
producemoreLTs(LTC4andLTD4)

 In allergicasthma–Leukotriene



Pathophysiological Roles – GIT
 Intestine:PGs(PGE2)–increasedpropulsiveactivity–colicandwatery

diarrhoea
 PGE2–increaseswater,electrolyteandmucussecretion….PGI2opposes
 Role:Toxininducedincreasedfluidmovementsinsecretarydiarrhoea

(aspirinreducesfluidvolume)
  ColonicpolypsandCancer–reducedcoloniccancerandreduced

polypformation
 Stomach:PGE2>PGI2reducesallgastricacidsecretions(alsopepsin)

–Gastrinalsoreduced-evenhistamine,gastrinandotherinduced
ones
 Mucus,HCO3secretionincreasedwithincreasedbloodflow-

Antiulcerogenic
 Role:PGI2–regulationofgastricmucosalbloodflow–naturalulcer

protective….NSAIDinducedulcers–duetolossofprotectivefunction
  GastricmucosalPGsareproducedbyCOX-1–selectiveCOX-2

inhibitorsareNOTULCEROGENIC



Pathophysiological Roles – contd.
Kidneys:PGE2&PGI2–Diureticeffect

 Renalvasodilatationandinhibittubularreabsorption(Furosemide
like–inhibitsCl-reabsorption

 TXA2–renalvasoconstriction
 Role:PGE2&PGI2(producedbyCOX-2)inkidney–intrarenal
bloodflowregulationandtubularreabsorption(less)….NSAIDs-
retainsaltandwater
  Reninrelease–PGE2andPGI2

CNS:Poorpenetration;injecteddirectly–PGE2–sedation,
rigidityandbehaviouralchanges;PGI2–fever
 Role:PGE2-Hypothalamus:pyrogeninducedfeverandmalaise
(COX-2involved–selectiveCOX-2inhibitors–antipyrretic

Neuromodulator–painperception,sleepandotherfunctions



Pathophysiological Roles – contd.

ANS:InhibitionaswellasaugmentationofNArelease–
dependsonPG,speciesandtissue
 Role:modulatesympatheticneurotransmission

Peripheralnerves:Sensitizeafferentnerveendingsto
paininducingchemicalandmechanicalstimuli–irritate
mucousmembrane
 Role:algesicduringinflammation(aspirincauseanalgesia)

Eye:PGF2α–inducesocularinflammationandlowersIOP
–enhancesuveoscleralandtubularoutflow(latanoprost)
  Role:LocalPGsfacilitateaqueoushumordrainage(lessCOX-2in
glaucoma)



Pathophysiological Roles – contd.

Endocrine:FacilitatereleaseofAnteriorPituitary
hormones–GH,Prolactin,ACTH,FSH,LH---also
Insulinandsteroids
Role:terminateearlypregnancyinwomen(luteolysis)

 Metabolism:Antilipolytic–Insulinelikeeffect-
mobilizeCa++fromBone



Pathophysiological Roles - Platelets

 TXA2>PGG2>PGH2–pro-aggregator……PGI2andPGD2

–anti-aggregator…..PGE2–inconsistenteffect
 Role:TXA2andPGI2–mutualantagonists–prevent
aggregationincirculation,butinducesaggregation
duringinjury
TXA2 –producedbyCOX-1–amplifyaggregation
Aspirin(lowdose):haemostasisinterferencebyinhibiting
plateletaggregation(COX-1inhibitionatportalcirculation)
–PGI2notinterfered(endothelium)



Straightchainlipoxygenaseproducts
Limitednumberoftissues

LTB4–Neutrophils
LTC4andLTD4-Macrophages



Leukotrienes –Roles

CVSandBlood:Injectionof LTC4andLTD4–briefrisein
BPfollowedbyprolongedfall(notduetovasodilatation)
 Duetocoronaryconstriction–duetodecreasedcardiacoutput-
reductionincirculatingvolume-increasedcapillarypermeability

 Morepotentthanhistamine -inLocaloedema
 LTB4–chemotacticforneutrophilsandmonocytes(alsoHETE)–
alsomigrationofneutrophilsthroughcapillariesandclumping

 LTC4andLTD4–chemotacticforeosinophils
Role:Importantmediatorsofinflammation(withPGs)

 LTC4andLTD4–exudationofplasma
 LTB4–attractstheinflammatorycells
 5-HPETEand5-HETE–facilitatereleaseofhistaminefrommast
cells



Pathophysiological Roles - LTs

SmoothMuscles:LTC4andLTD4contractssmooth
muscles–potentbronchoconstrictorandspastic
contractionofGIT
 Alsoincreaseinmucussecretion

Roles:Mediatorofhumanallergicasthma
 ReleasedwithPGsandotherautacoidsduringAG:ABreaction
 Morepotentthanothersandmetabolizedslowlyinlungs
 Responsibleforabdominalcolicsinanaphylaxis

AfferentNerves:
 LTB4-sensitizesafferentnervestopainmediators–Pain(like
PGs)–painandtendernessofinflammation



Prostanoid Receptors
PGs,TXandProstacyclin
actbytheirspecific
receptors

Fivefamilies–
correspondingtonatural
PGs

Al l areGPCRs
Functionally–excitatory
orcontractileand
inhibitoryorrelaxants

Contractilegroup:EP1,FP
andTP
 Gq–PLCandIP3/DAG
 Ca++releaseintracellularly
 Functions:SMcontraction
andPlateletaggregation

Relaxantgroup:DP1,EP2,
EP4andIP
 Gs–adenylylcyclase–cAMP
 Functions:SMrelaxationand
inhibition of Platelet 
aggregation



Leukotriene Receptors
 SeparatereceptorsforLTB4;andLTC4andLTD4

 LTB4–BLT1andBLT2

 Cysteinyl:LTC4andLTD4–cysLT1andcysLT2

All areGPCRs–IP3/DAG
BLT–chemotactic–inspleenandleucocytes
 cysLT1–bronchialandintestinalmuscles
(ZafirlukastandMontelukast)

 cysLT2–leukocytesandspleen



Therapeutic Uses –
PGs and analogoues
 Limitedavailability,shortlastingaction,costandfrequentsideeffects
 Abortion:Firsttrimesterabortion-SuctionevacuationplusPGE2

intravaginalpessary(before3hours)
 Nowupto7weeks-600mgMifepristone(antiprogestin)+misoprostol400µg

…provokeduterinecontraction
 Intravaginalapplicationorsublingualadministration–lessersideeffects
 Ruleoutectopicpregnancy
 ADRs:Uterinecramps,vaginalbleeding,nausea,vomitinganddiarrhoea…also

incompleteevacuation
 Methotrexate+Misoprostol

 Midtermabortion:missedabortion,molarabortion---erraticaction
andincompleteabortion…..Oxytocinresistanttoresponsive
 ExtraamnioticinjectionofsingledosePGE2–IVoxytocinorPGF2αwith

hypertonicsaline–highsuccessrate



Uses of PGs & analogoues –  
contd.
InductionofLabour:lessreliableandinter-individual
variation-Oxytocinispreferreddrug
  Inrenalfailureandtoxaemicpatients-PGE2orPGF2αused–
intravaginalrouteispreferred

Cervicalpriming:LowdoseofPGE2 -cervicalripeningin
unfavourtablecervix–intravaginallyused(12hoursbefore
induction)

PPH:15-methyl–PGF2α(Carboprost)IMinPPH
unresponsivenesstoergometrineandoxytocin–uterine
atony)



Other uses of PGs and
analogoues
 PepticUlcer:Cytoprotective–healingofulcer…patientswithNSAIDS

andsmokers–Misoprostol(SyntheticPGE1derivative)100
mcg/200mcgtab.–comparabletoRanitidineandCimetidine
 Ulcerpainisnotrelieved
 ADRs–poorpatientcompliance–diarrhoea,abdominalcramps,uterine

bleeding,abortion
 Primaryuse:NSAIDSinducedGIinjurywithbloodloss(PPIspreferred)

 Glaucoma:PGF2αanalogues–latanoprost,travoprostetc.–firstchoice
druginopenangleglaucoma
 MOA:Ocularinflammation–increaseduveoscleraloutflow(dueto

increasedpermeabilityoftissuesinciliarymuscles
 decreasedCOX-2inglaucomaatciliarybody(PGsRole)
 ADRs:ocularirritation,pain,irispigmentation,thickeninganddarkening

ofeyelashesandmacularoedema

Gastric Mucosa



Other uses of PGs  
and analogoues
 TomaintainPatencyofDuctusarteriosus:PGE1

alpha–Alprostadil–incongenitalheartdiseases–
tillsurgery

 Toavoidplateletdamage:PGI2–Epoprostenol–
inhaemodialysisandCardio-pulmonarybypass
surgery–alsoinharvestingplatelets

 Peripheralvasculardisease:IVinjectionofPGI2–
forhealingofischaemiculcers

Impotence–Alprostadil–injectedintothepenis



PREPARATIONS, DOSES &  
PLACEMENTS of PGs
  PGE₂:Dinoprostone–forInduction/augmentationoflabour,

midtermabortion..(Prostine-E)

•

•

•

•

•

• VaginalGel:1mginsertedintoposteriorfronixfollowedby1-2mgafter6hour
ifrequired
VaginalTab:3mginsertedintoposteriorfornix,followedbyanother3mgif
labourdoesnotstartwithin6hour
OralTablet:Primiprost0.5mgtab,onetab.Hourlytillinduction,maximum
1.5mgperhr.----rarelyused
CervicalGel:Cerviprime0.5mginsertedintocervicalcanalforpreinduction
cervicalsofteninganddilatationinpatientswithpoorBishop’sscore.
Gemeprost:1mgvaginalpessaryforsofteningofcervixinfirsttrimester–1mg
3hrbeforeattemptingdilatation,for2ndtrimesterabortion/molargestation–
1mgevery3hours,max.5doses
ExtraamnioticsolutionandIntravenoussolution–Rarelyused



PREPARATIONS & DOSES of PGs –
contd.

PGF₂α:Dinoprost
• ProstinF₂Alphaintraamnioticinjection5mg/mlin4
ml.amp.formidtermabortion/inductionoflabour–
rarelyused

• 15–methylPGF₂α(carboprost)….Prostodin0.25mgin1
mlampouleIMevery30-120minutesforPPH


