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QUESTION

Discussindetailsthefactorsaffectingdrugmetabolism

Introduction

Mostdrugsundergochemicalalterationbyvariousbodilysystemsasa

waytocreatecompoundsthataremoreeasilyexcretedfrom thebody.

Thesechemicalalterationsoccurprimarilyintheliverandareknownas

biotransformations.Understandingthesealterationsinchemicalactivityis

crucialinutilizingtheoptimalpharmacologicalintervention.

Drugscanbemetabolizedbymanydifferentpathwaysandmanyfactors

candeterminewhichpathwayisusedbywhichdrugandtowhatextenta

particulardrugisbiotransformedbyaparticularpathway.

Thesefactorsrangefrom thespeciesoforganism andtheenvironmentin

whichsuchorganismslive.

Factorsaffectingdrugmetabolism aresplitintointernalfactors(i.e

physiologicalandpathological)andexternalfactors(i.edietand

environment).



InternalFactors

Specie:

Themetabolism ofmanydrugsandforeigncompoundsisoftenspecies

dependent.

Differentanimalspeciesmaybiotransform aparticularxenobioticordrug

bysimilarormarkedlydifferentmetabolicpathways.Sometimeseven,

withinsamespecies,individualvariations(straindifferences)mayresultin

significantdifferencesinaspecificmetabolicpathway.

Specieshavequalitativedifferencesgenerallyasaresultofeitherthe

presenceorabsenceofspecificenzymesorenzymesinthosespecies.

Qualitativedifferencesalsoresultfrom variationsintheamountand

localizationofenzymes,theamountofnaturalinhibitors,andthe

competitionofenzymesforspecificsubstrates.

HumanlivercontainslesscytochromeP-450pergram oftissuethando

theliversofotherspecies.

Forexample,ratlivercontainsapproximately30-50mmol/gofcytochrome

P-450,whereashumanlivercontains10-20mmol/g.

Furthermore,humanliveris2percentofbodyweight,whereasratliveris

approximately4percent.

Similarly,inmen,amphetamineandephedrinearepredominantly

metabolizedbyoxidativedeamination,whereasinratsaromaticoxidation

isthemajorrouteinphase-IIreactions.Alsoinpigs,phenolisexcreted

mainlyasglucuronidewhereasitssulphateconjugatedominatesincats.

Also,speciesvariationhasbeenobservedinmanyoxidative

biotransformationreactions.Forexample,metabolism ofamphetamine

occursbytwomainpathways:oxidativedeaminationoraromatic

hydroxylation.Inhumans(rabbitsandguineapigsalso),oxidative

deaminationissaidtobethepredominantpathway;intherat,aromatic

hydroxylationissaidtobethemoreimportantroute.



Genetics:

Markedindividualdifferencesinthemetabolism ofseveraldrugsexistin

humans.Manyofthesegeneticorhereditaryfactorsareresponsibleforthe

largedifferencesseenintherateofmetabolism ofthesedrugs.

Geneticfactorsinfluencetherateofoxidationofdrugs,hence,therateof

oxidationofdrugsvarieswidelyamongdifferentindividuals.However,the

differencesarenotdistributedbimodally,asinacetylation.

Generally,individualswhooxidizeonedrugrapidlyarealsolikelytooxidize

otherdrugsrapidly.

Thisdifferenceindrugmetabolism mayeitherbemonogeneticallyor

polygeneticallycontrolled(asobservedintwins).

Inidenticaltwins(monozygotic),verylittleornodifferenceinmetabolism

ofhalothane,phenylbutazone,dicoumaralandantipyrinewasdetectedbut

largevariationswereobservedinfraternal(dizygotic)twins.

Differencescouldalsobeobservedinthemetabolism ofdrugamong

differentraces.Thisisreferredtoasethnicvariations.Suchvariationsmay

bemonomorphicorpolymorphic.Forexample,approximatelyequal

percentofslowandrapidacetylatorsarefoundamongwhitesandblacks

whereastheslowacetylatorsdominateJapaneseandEskimopopulation.

Hormone:

Higherlevelofonehormonemayinhibittheactivityoffewenzymeswhile

inducingthatofothers.

Forexample,adrenolectomy,thyroidectomyandalloxan-induceddiabetisin

animalsusuallyshowimpairmentintheenzymeactivitywithsubsequent

fallintherateofmetabolism.

Asimilareffectisalsousuallyobservedwithregardstopituitarygrowth



hormoneandstressrelatedchangesinadrenocorticotropichormone

(ACTH)levels.

Sex:

Therateofmetabolism ofdrugsalsovariesaccordingtogenderinsome

animalspecies.

Variationsbetweenmaleandfemaleareobservedfollowingpuberty.This

alsoappliestodrugmetabolism.

Sexrelateddifferencesintherateofmetabolism maybeduetosex

hormones.

Forexample,maleratshavegreaterdrugmetabolizingactivity.Alsoin

humans,womenmetabolizebenzodiazepinesslowlythanmenandalso,

womenoncontraceptivepillsmetabolizeanumberofdrugsataslowrate.

Also,nicotineandaspirinaremetabolizeddifferentlyinwomenandmen.

Thissexdifferencealsodependsonthesubstrate,becausesomedrugs

aremetabolizedatthesamerateinbothmaleandfemale.

Differencesinmicrosomaloxidationareunderthecontrolofsexhormones,

particularlyandrogens.Theanabolicactionofandrogensincreases

metabolism.

Pregnancy

Pregnancy,withincreasingevidence,issaidtoalterthefunctionofdrug-

metabolizingenzymesanddrugtransportersinagestational-stageand

tissuespecificmanner.

Pregnancyisassociatedwithmanyphysiologicchangesthatcaninfluence

drugabsorption,distribution,metabolism,andexcretion,suchasincrease

ingastricpHandreductioninintestinalmotility,increasedcardiacoutput,

increasedglomerularfiltrationrate,andreducedplasmaalbumin

concentrations,hence,activitiesofallkeydrug-metabolizingP450

enzymeschangeduringpregnancy.



Alsocontributingtohowpregnancyaffectshepaticdrugmetabolism is

elevatedconcentrationofvarioushormonessuchasestrogen,

progesterone,placentalgrowthhormoneandprolactinowingtocomplex

inter-relationshipsbetweenmultipleregulatorsofdrugmetabolism and

transportgenes.

Age:

Thedrugmetabolicrateinthedifferentagegroupsdiffersmainlydueto

variationsintheenzymecontent,enzymeactivityandhaemodynamics.

Age-relateddifferencesindrugmetabolism aregenerallyquiteapparentin

thenewbornwhichisusuallyduetoundevelopedordeficientoxidativeand

conjugativeenzymes.Ingeneral,theabilitytocarryoutmetabolicreactions

increasesrapidlyafterbirthandapproachesadultlevelsinabout1to2

months.

Anillustrationoftheinfluenceofageondrugmetabolism isseeninthe

durationofaction(sleeptime)ofhexobarbitalinnewbornandaultmice.

Whengivenadoseof10mg/kgofbodyweight,thenewbornmousesleeps

morethan6hours.Incontrast,theadultmousesleepsforfewerthan5

minuteswhengiventhesamedose.

Inhumansalso,oxidativeandconjugative(e.g.glucuronidation)

capabilitiesotnewbornsarelowcomparedwiththoseofadults.

Theinabilityofinfantstoconjugatechloramphenicolwithglucuronicacid

appearstoberesponsiblefortheaccumulationoftoxiclevelsofthis

antibiotic,resultingintheso-calledgraybabysyndrome.

Similarly,neonatalhyperbilirubinaemia(kernicterus)resultsfrom the

inabilityofnewbornbabiestoglucuronidatebilirubin.

Inneonates(upto2months),andininfants(2monthsto1year),the

microsomalenzymesystem isnotfullydeveloped,thereforemanydrugs

aremetabolizedslowly.Forexample,caffeinehasahalf-lifeoffour(4)

daysinneonatesincomparisonto4hoursinadults.

Children(between1yearand12years)metabolizeseveraldrugsmuch



morerapidlythanadultsastherateofmetabolism reachesamaximum

between6monthsand12years,hence,theyrequirelargemg/kgdosein

comparisontoadults.

Inelderlypersons,theliversizeisreduced,themicrosomalenzymeactivity

isdecreasedandhepaticbloodflowalsodeclinesasaresultofreduced

cardiacoutput,allofwhichcontributestodecreasedmetabolism ofdrugs.

Forexample,chlomethiazoleshowsahighbioavailabilitywithintheelderly,

thereforetheyrequirealowerdose.

Disease:

Therearemanydiseasesthataffectthemetabolism ofdrug.

Asliverisquantitativelytheimportantsitefordrugmetabolism,major

effectsareseenindiseasesthataffecttheliver.

Theeffectonmetabolism duetodiseaseisdueto:

i. Decreasedenzymeactivityintheliver

ii. Alteredhepaticbloodflow

iii. Hypoalbuminaemia(leadingtolowerplasmabindingofdrugs).

ExternalFactors

Diet:

Enzymecontentandactivityisalteredlargelybyanumberofdietary

components.

Generally:

i. Lowproteindietdecreasesandhighproteindietincreasesthe

drugmetabolizingabilityasenzymesynthesisispromotedby

proteindietandalsoraisethelevelofaminoacidsforconjugation

withdrugs.

ii. FatfreedietdepressescytochromeP-450levelssince



phospholipids,whichareimportantcomponentsofmicrosomes

becomedeficient.

iii. Grapefruitinhibitsmetabolism ofmanydrugsandimprovetheir

oralbioavailability

iv. DietarydeficiencyofvitaminslikevitaminA,B2,B3,CandEand

mineralssuchasFe,Ca,Mg,Znretardthemetabolicactivityof

enzymes.

v. Starvationresultsindecreasedamountofglucuronidesformed

thanundernormalconditions.

EnvironmentalFactor:

Variouskindsofenvironmentalfactorsalterdrugmetabolism byhaving

directeffectontheactivityofcytochromeP-450enzymesinliver

microsomes.

Theeffectswilldependontherelativeimportanceofexcretoryand

metabolicmachanismsintheeliminationofthedrug,therelative

importanceofvariousmetabolicreactionsindifferenttissues,extraction

ratioofdrugbytheliverandtherouteofadministrationofthedrug.

Environmentalfactorsmaynotonlyalterrelativeactivitiesofthe

cytochromeP-450alone,butcanalsoaltertheactivitiesofotherdrug

metabolizingenzyme.

Also,therelativeeffectofenvironmentalfactorsonenzymesinvolvedin

drugmetabolism differdependingontheanimalspeciesorstrain.

Severalenvironmentalagentsinfluencethedrugmetabolizingabilityof

enzymes.Examplesinclude:

i. HalogenatedpesticidessuchasDichlorodiphenyltrichloroethane

(DDT)andpolycyclicaromatichydrocarbonscontainedincigarette

smokehaveenzymeinductioneffect.



ii. Organophosphateinsecticidesandheavymetalssuchasmercury,

nickel,cobaltandarsenicinhibitdrugmetabolizingabilityof

enzymes.

Otherenvironmentalfactorsthatinfluencedrugmetabolism are

temperature,altitude,pressure,atmosphereetc.


