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Question

Discussindetailsthefactorsaffectingdrugmetabolism.Dr.(Mrs)Owolabi

Drugmetabolism isthemetabolicbreakdownofdrugsbyliving

organisms,usuallythroughspecializedenzymaticsystems.Thestudyof

drugmetabolism iscalledpharmacokinetics.

Xenobioticmetabolism isthesetofmetabolicpathwaysthatmodify

thechemicalstructureofxenobiotics,whicharecompoundsforeigntoan

organism'snormalbiochemistry,suchasanydrugorpoison.

Themetabolism ofpharmaceuticaldrugsisanimportantaspectof

pharmacologyandmedicine.Forexample,therateofmetabolism

determinesthedurationandintensityofadrug'spharmacologicaction.

Drugmetabolism alsoaffectsmultidrugresistanceininfectiousdiseases

andinchemotherapyforcancer,andtheactionsofsomedrugsas

substratesorinhibitorsofenzymesinvolvedinxenobioticmetabolism are

acommonreasonforhazardousdruginteractions.



Quantitatively,thesmoothendoplasmicreticulum ofthelivercellisthe

principalorganofdrugmetabolism,althougheverybiologicaltissuehas

someabilitytometabolizedrugs.Factorsresponsiblefortheliver's

contributiontodrugmetabolism includethatitisalargeorgan,thatitisthe

firstorganperfusedbychemicalsabsorbedinthegut,andthatthereare

veryhighconcentrationsofmostdrug-metabolizingenzymesystems

relativetootherorgans.

Othersitesofdrugmetabolism includeepithelialcellsofthe

gastrointestinaltract,lungs,kidneys,andtheskin.Thesesitesareusually

responsibleforlocalizedtoxicityreactions.

FACTORSTHATAFFECTDRUGMETABOLISM

1.AGEDIFFERENCES:Age-relateddifferencesindrugmetabolism are

generallyquiteapparentinthenewborn.Inmostfetalandnewborn

animals,undevelopedordeficientoxidativeandconjugativeenzymes

arechieflyresponsibleforthereducedmetaboliccapabilityseen.In

general,theabilitytocarryoutmetabolicreactionsincreasesrapidly

afterbirthandapproachesadultlevelsasthechilddevelops.In

humans,oxidativeandconjugative(e.g.,glucuronida-tion)capabilities

ofnewbornsarealsolowcomparedwiththoseofadults.Drug

metabolism alsodiminisheswitholdage.

2.SPECIESANDSTRAINDIFFERENCES:Themetabolism ofmanydrugs

andforeigncompoundsisoftenspeciesdependent.Differentanimal

speciesmaybiotransform aparticularxenobioticbysimilaror

markedlydifferentmetabolicpathways.Evenwithinthesame

species,individualvariations(straindifferences)mayresultin

significantdifferencesinaspecificmetabolicpathway.Thisisa

problem whenanewdrugisunderdevelopment.Anewdrug

applicationrequiresthedevelopertoaccountfortheproductasit

movesfrom thesiteofadministrationtofinaleliminationfrom the

body.Itisdifficultenoughtofindappropriateanimalmodelsfora

disease.Itisevenhardertofindanimalmodelsthatmimichuman



drugmetabolism.

Speciesvariationhasbeenobservedinmanyoxidative

biotransformationandconjugationreactions.Often,these

differencesarecausedbythepresenceorabsenceoftransferase

enzymesinvolvedintheconjugativeprocess.

Straindifferencesindrugmetabolism exist,particularlyin

inbredmiceandrabbits.Thesedifferencesapparentlyarecaused

bygeneticvariationsintheamountofmetabolizingenzyme

presentamongthedifferentstrains.Forexample,invitrostudies

indicatethatcottontailrabbitlivermicrosomesmetabolize

hexobarbitalabout10timesfasterthanNewZealandrabbitliver

microsomes.

3.HEREDITARYORGENETICFACTORS:Markedindividualdifferences

inthemetabolism ofseveraldrugsexistinhumans.Manyofthese

geneticorhereditaryfactorsareresponsibleforthelargedifferences

seenintherateofmetabolism ofthesedrugs.Inter-individual

variationsmightoccur,asdrugsbehavedifferentlyindifferent

individualsduetogeneticvariationsresultingfrom absentor

malformedenzymes.Mostlynonmicrosomalenzymeshowgenetic

variations.Geneticfactorsalsoappeartoinfluencetherateof

oxidationofdrugssuchasphenytoin,phenylbutazone,dicumarol,and

nortriptyline.Numerousstudiesintwins(identicalandfraternal)and

infamiliesindicatethatoxidationofthesedrugsisundergenetic

control.

4.SEXDIFFERENCES:Therateofmetabolism ofxenobioticsalsovaries

accordingtogenderinsomeanimalspecies.Amarkeddifferenceis

observedbetweenfemaleandmalerats.Adultmaleratsmetabolize

severalforeigncompoundsatamuchfasterratethanfemalerats.

Apparently,thissexdifferencealsodependsonthesubstrate,

becausesomexenobioticsaremetabolizedatthesamerateinboth

femaleandmalerats.Differencesinmicrosomaloxidationareunder



thecontrolofsexhormones,particularlyandrogens;theanabolic

actionofandrogensseemstoincreasemetabolism.Females,during

pregnancy,haveanincreasedrateofmetabolism.Thus,thedrug

dosehastobeincreased.Afterthepregnancyisover,thedosageis

decreasedbacktonormallevels

Sexdifferencesindrugmetabolism appeartobespecies

dependent.Rabbitsandmice,forexample,donotshowa

significantsexdifferenceindrugmetabolism.Inhumans,there

havebeenafewreportsofsexdifferencesinmetabolism.For

instance,nicotineandaspirinseem tobemetabolizeddifferently

inwomenandmen.Ontheotherhand,genderdifferencescan

becomesignificantintermsofdrug-druginteractionsbasedon

thedrug'smetabolism.

5.ENZYMEINDUCTION:Theactivityofhepaticmicrosomalenzymes,

suchastheCYPmixed-functionoxidasesystem,canbeincreased

markedlybyexposuretodiversedrugs,pesticides,polycyclic

aromatichydrocarbons,andenvironmentalxenobiotics.Theprocess

bywhichtheactivityofthesedrug-metabolizingenzymesis

increasedistermedenzymeinduction.Theincreasedactivityis

apparentlycausedbyanincreasedamountofnewlysynthesized

enzyme.Enzymeinductionoftenincreasestherateofdrug

metabolism anddecreasesthedurationofdrugaction.Inducing

agentsmayincreasetherateoftheirownmetabolism aswellas

thoseofotherunrelateddrugsorforeigncompounds.Concomitant

administrationoftwoormoredrugsoftenmayleadtoseriousdrug

interactionsasaresultofenzymeinduction.Forinstance,aclinically

criticaldruginteractionoccurswithphenobarbitalandwarfarin.

Inductionofmicrosomalenzymesbyphenobarbitalincreasesthe

metabolism ofwarfarinand,consequently,markedlydecreasesthe

anticoagulanteffect.Therefore,ifapatientisreceivingwarfarin

anticoagulanttherapyandbeginstakingphenobarbital,careful

attentionmustbepaidtoreadjustmentofthewarfarindose



6.ENZYMEINHIBITION:Theprocessinwhichdrugmetabolizing

capacityofcytochromeisdecreasedisknownasenzymeinhibition.

Therateofmetabolism isdecreased.Drugsbringingaboutthese

changesareknownasenzymeinhibitors.Examplesinclude

ketoconazole-antifungaldrug,cimetidineandverapamil-calcium

channelblocker.

Enzymeinhibitionisarapidlyoccurringprocess,mostcritical

forthedrugshavingalargetherapeuticindex.Competitionforthe

activesitestakesplacebetweentheenzymesandthegivendrugs.

Whenenzymeinhibitorattaches,lessmetabolism occurs.Asrate

ofmetabolism isdecreased,plasmalevelsofparentdrugare

increasedwhilethatofmetabolitesarelow.Seriousdrug-drug

interactionsmightoccur,astheplasmahalflifeisalsoincreased.

7.EXPOSURETOPOLLUTANTSFROM ENVIRONMENTORINDUSTRY:

Cigarettesmokersmightactasenzymeinducers.Chronicalcoholism

mightleadtoenzymeinductionaswell.Similarly,pesticidesor

insecticidesmayactasenzymeinducers.

Inhotandhumidclimatedrugmetabolism isdecreasedand

viceversa.Athighaltitude,decreaseddrugmetabolism occurs

duetodecreasedoxygenleadingtodecreasedoxidationofdrugs.

8.NUTRITION:Malnutritionmayalsoaffectdrugmetabolism.Depletion

ofaminoacidsandglycinemayaffectdrugmetabolizingcapacity,

especiallyduringthephaseII,whichdependsonthefoodstores.

Synthesisofmicrosomalenzymesdependonnutritionalstatus.

9.PATHOLOGICALCONDITIONS:Mostofthedrugsaremetabolizedin

theliver,anydiseaseofwhich(cirrhosis,viralhepatitis,drugsinduced

hepatitis,hepatocarcinoma)mayaffectandslowdownthe

metabolizingcapacity.Jaundicedepressesglucuronicacid

conjugationandoxidativefunctionoflivermicrosomes.

Cardiovasculardiseases,althoughhavenodirecteffect,



decreasethebloodflow,whichmayslowdownbiotransformation

ofdrugslikeisoniazid,morphineandpropanolol.Similarly

pulmonaryconditionsmaydecreasedrugmetabolism.Procaine

andprocainamidehydrolysisisimpaired.

Hypothyroidism increasesdrugmetabolizingcapacity

(increasedhalflifeofantipyrine,digoxin,methimazole,practolol)

whilehyperthyroidism decreasesit.

10. Circadianrhythm:Therateofhepaticmetabolism ofcertain

drugsfollowdiurnalrhythm inratsandmice.Thismaybetruein

humansaswell.


