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1)DISCUSSINDETAILSTHEFACTORSAFFECTINGDRUGMETABOLISM

Drugscanbemetabolizedbydifferentpathwaysandmanyfactorscan
determinewhichpathwayisusedbywhichdrugandtowhatextentaparticulardrug
isbio-transformedbyaparticularpathway.Thesefactorsrangefrom thespeciesof
organism studiedtotheenvironmentinwhichthatorganism lives.Inorderto
discussthistopic,thefactorsaffectingdrugmetabolism willbesplitintointernal(i.e.
physiologicalandpathological)factorsandexternalfactors(i.e.dietand
environment).

FACTORSAFFECTINGDRUGMETABOLISM
A.INTERNALFACTORS:species,genetic,age,sex,hormones,disease
B.EXTERNALFACTORS:dietandenvironment

A)INTERNALFACTORS

1.Speciesdifferences:indrug/xenobioticsmetabolism havebeenknownfor

manyyearsbuthavebecometopicalduetothenecessitytorelatemetabolism of
drugsinanimalsystemstothatinmanduringroutinedrugtestingandthe
adventofsimplertestsystems(e.g.isolatedlivercells)whichallowacloser
investigationofinterspeciesvariability.Speciesdifferencescanbefoundfor
bothphase1andphase2metabolism andcanbeeitherquantitative(same
metabolicroutebutdifferingrates)orqualitative(differingmetabolicroutes)

2.Geneticdifferences:Ithasbeennotedabovethatsignificantdifferencesin

drugmetabolism arefoundbetweenspecies–itisequallytrue,however,that
suchdifferencesexistwithinspecies.Thisismosteasilyseenintheinbred
populationsofratsandmiceusedinmanystudiesbutarealsobeingfoundfor
otherspecies,includingman.Suchdifferencesarereferredtoasgenetic
polymorphism.

Theclassicalexampleofstraindifferencesindrugmetabolism isthatof
hexobarbitonemetabolism inthemouse.Thereisuptoa2.5-folddifferencein
sleepingtimebetweenonestrainofmouseandanotherandthevaluesforthe
animalsintheinbredgroupsareclosetoeachotherwhereastheoutbredgroup
showsawidevariationinsleepingtime.Thisisclearevidenceforagenetic
.controlofdrugmetabolism.



3.Age:Ithaslongbeenrecognisedthattheyoung,andparticularlythenewborn,

andtheoldofmanyanimalsaremoresusceptibletodrugaction.Studiesonthe
developmentofdrug-metabolisingcapacityhaveindicatedthatthisincreased
sensitivityofneonatesmayberelatedtotheirverylowor,attimes,
unmeasurabledrug-metabolisingcapacitywhichsubsequentlydevelopsina
species-,strain-,substrate-andsex-dependentmanneruntiladultlevelsof
enzymeactivityareachieved.Thedecreaseindrug-metabolisingcapacityinold
agealsoappearstobedependentonthesefactorsalthoughotherspecific
factorsmaybeinvolved.

4.Hormonalcontrol:Hormonesplayamajorroleinthecontrolofdrug

metabolism and,inparticular,thehormonesofthepituitary,adrenalandtestes
areinvolvedinthiscontrol.Theendocrineglandssuchasthethyroidgland,
pancreas,andpregnancyequallyplayarole.

 Thepituitarygland:controlsthereleaseofhormonesfrom theotherendocrine
organs(exceptinthecaseofthepancreaswhereotherinfluencesaremore
important)andthusanyeffectsexertedbytheendocrineorganswillbe
mimickedbythepituitarygland.Directeffectsofpituitaryhormones,suchas
growthhormones,havealsobeenseen.Otherdirecteffectsonhepaticdrug
metabolism areseenwithadrenocorticotrophichormone(ACTH),luteinizing
hormone(LH),follicle-stimulatinghormone(FSH)andprolactin.Thepituitary
gland,therefore,occupiesacentralroleinthehormonalcontrolofdrug
metabolism.

 Sexglands:Sexglandsinthiscontextrefertotheendocrineglands,thetestes(in
themale)producingandrogensandtheovaries(inthefemale)producing
estrogensandprogestins.Theeffectsofthesehormonesondrugmetabolism
are,aswouldbeexpected,mainlyrelatedtosexdifferences,althoughprogestins
(e.g.progesterone)havebeenimplicatedintheinductionofCYP3A4inwomen.
SexdifferencesindrugactionswerefirstnotedbyNicholasandBarronin1932
thatsawthatfemaleratsrequiredonlyhalfthedoseofbarbiturateneededby
maleratstoinducesleep.
In1958itwasproposedthatandrogensweretheregulatorsofthesex
differences.
Thusthepresenceorabsenceofandrogensintheperinatalperioddetermines
whetherananimalismaleorfemalewithrespecttodrugmetabolism –a
processknownas‘imprinting’.

 Theadrenalglands:arehowever,alsothoughttobeinvolvedintheregulationof
drugmetabolism intheadultperiod.Adrenalectomyhasbeenshowntoreduce
thephase1microsomalmetabolism ofanumberofxenobiotics,whereas
glucocorticoidreplacementtherapycanreversetheeffectofadrenalectomy.

 Thyroidgland:Inthehuman,thethyroidglandhasalsobeenimplicatedinthe
controlofdrugmetabolism.Forthelimitednumberofsubstratesused
(antipyrine,paracetamolandaspirin),thyroidectomyalwaysdecreasestheir
apparentmetabolism.Themechanism ofthyroidcontrolofdrugmetabolism is



unclearbutmayinvolvechangesincytochromeP450,althoughnotallchangesin
enzymeactivityarecorrelatedwithchangesincytochromeP450.

 Thepancreas:producesandsecretesonehormoneofparticularrelevancetothe
controlofdrugmetabolism,i.e.insulin.Thisisproducedbythecellsofthe
endocrinepancreas.Diabetesmellitus(areductionintheamountoractionof
insulincausedbygeneticabnormalitiesorchemicallybymeansof
streptozotocin)causesmarkedchangesinhepaticphase1and2metabolism.

 Pregnancy:isanaturalconditionwhenthehormonalbalanceofthefemalebody
isgrosslyaltered.Theoestrous(menstrual)cycleceasesandtherearelarge
changesinbloodlevelsofpeptideandsteroidhormones.Itisrelevant,therefore,
todiscusstheeffectsofpregnancyondrugmetabolism undertheheadingof
HormonalControl.Intherat,pregnancycausesageneraldecreaseindrug
metabolism.

5.Diseases:Manydiseasestateshavebeenshowntoaffectthewayinwhichthe

bodyclearsdrugsandthesearelistedinTable4.12.Itcanbeseenthatthemajor
effectsareobservedwithdiseasesaffectingtheliver.Thisishardlysurprisingas
theliverisquantitativelythemostimportantsiteofdrugbiotransformation.
Otherdiseases,however,suchasinfectionsandendocrinedisorders,arealso
importantwhenlookingatdrugmetabolism.Drugmetabolism canbereducedin
thefollowing:

- Livercirrhosis

- Alcoholicliverdisease

- Viralhepatitis

- Hepatoma

Ashasbeenseen,diseasesofvarioustypesgenerallydecreasetheliver’s
abilitytometabolisedrugs(withthenotableexceptionofchronicethanol
exposure).Thepossiblereasonsforthisdecreasedcapacityarelistedbelow:
1.Decreasedenzymeactivityinliver
2.Alteredhepaticbloodflow(intra/extrahepaticshunting)
3.Hypoalbuminaemia(leadingtolowerplasmabindingofdrugs).

6.Non-hepaticdiseases:Othernon-hepaticdiseasesshouldalsobeconsidered

in termsoftheirinfluenceondrugmetabolism andtheseparticularlyinclude
thehormonaldiseasessuchashyperthyroidism,pituitaryinsufficiency
(dwarfism),adrenalinsufficiency,pituitary,thyroidoradrenaltumours,diabetes,
andthegeneticabnormalitiesofsexualdevelopment.Alloftheabove-mentioned
diseasestateshavebeenshowntoinfluencedrugmetabolism.

B)EXTERNALFACTORS
Thereareotherfactors,from outsidethebodythatcanalsohaveaprofound

influenceondrugmetabolism.Thebodycanbeexposedtothesefactorsby
design(e.g.substancestakenasfood,alcoholandtobaccosmoke)orby
accident(air,waterandfoodcontaminantsorpollutants).Thefirstgroupwillbe



referredtoasdietaryfactorsandthesecondgroupasenvironmentalfactors.

1)Dietaryfactors:thiscanbegroupedintomacronutrients,micronutrients,

alcohol,non-nutrientsandcomponentsoftobaccosmoke.

- Macronutrients:thisincludesprotein,carbohydrate,fatswhichmakeupthe

bulkofthediet.
1.Protein:Drugmetabolisingcapacitydecreaseswithdecreaseinprotein

duetodecreaseinmicrosomalproteineffectontheenzymes.
2.Lipids:arerequiredbythedrug-metabolisingenzymesasmembrane

componentsand,possibly,forspecificinteractionsandcertainlipid
componentscanalsoactasinhibitorsofdrugmetabolism (e.g.steroids).

3. Carbohydrates:seem tohavefeweffectsondrugmetabolism,althougha
highintakeofglucoseinparticularcaninhibitbarbituratemetabolism,and
thuslengthensleepingtime.Glucoseexcesshasalsobeenshownto
decreasehepaticcytochromeP450contentandtolowerbiphenyl-4-
hydroxylaseactivity.

4.Starvationandre-feeding:Inhumanstheeffectsofstarvationandre-
feedingarealsosomewhatconfusing,withtheclearanceofparacetamol
(acetaminophen),chloroquineandmetranidazolealldecreasedwhereasin
malnourishedchildren,aspirinclearancemaybeenhanced.

- Vitamins:areessentialpartsofthedietandareneededforthesynthesisof

proteinsandlipids,bothofwhicharevitalcomponentsofthedrug
metabolisingenzymesystem.
1.VitaminA:Retinoids(vitaminAanditsmetabolites)havebeenfoundto

haveprofoundeffectsondrugmetabolism.Theeffectsoftheretinoids
dependonwhethertheybindtotheretinoicacid(RAR)orretinoidX(RXR)
receptors.VitaminAdeficiencyisalsoseentocauseafallincirculating
androgenlevelsbutandrogentreatmenthasnoeffectoncirculating
vitaminAlevels.

2.Riboflavin(vitaminB2):Adeficiencyofriboflavin,therefore,wouldbe
expectedtoreduceNADPH-cytochromeP450reductasecontentandthus
decreasedrug-metabolisingcapacity.

3.VitaminC(ascorbicacid):Inman,excessvitaminCingestiondecreases
theabilityoftheguttoconjugateestrogenswithsulfate.

4.VitaminE:DeficienciesofvitaminEreducedrug-metabolisingcapacity
whenassayedwithavarietyofsubstrates.

- Minerals:Mineralsaretheelementsneededinthediettomaintaingood

healthandnormalphysiologicalfunction.Thosewhichhavebeenshownto
affectdrugmetabolism areiron,calcium,magnesium,zinc,copper,selenium
andiodine.Mostmineraldeficienciesleadtoafallindrugmetabolism.
However,ironisanexceptiontothisrule.

1.Irondeficiencyincreasesdrugmetabolism andexcessinhibitsdrug
metabolism.



2.Calcium andmagnesium deficiencydecreasesdrugmetabolism.
However,theonsetoftheeffectofcalcium deficiencytakeslonger.

3. Excesscopperandcopperdeficiencyhasthesameeffectasitreduces
theabilitytometabolisedrugsinsomecases.

4. Zincdeficiencyreducesdrugmetabolism andexcesszinchassome
toxologicaleffect.

5.Selenium deficiencyimpairstheabilityofthelivertorespondto
phenobarbitonetreatment.Inthepresenceofselenium a3.65-fold
inductionisseenbutthisfallsto2.64-foldinselenium-deficientanimals.
Selenium deficiencyhasalsobeenshowntomarkedlyinhibitexpression
oftheestrogensulfotransferasegeneintherat(tolessthan10%of
control).

- Non-nutrients:Themostnotablegroupofthesesubstancesnaturally

occurringinfoodwhichaffectdrugmetabolism arethepyrolysisproducts–
chemicalsformedbythecooking(literallyburning)ofthefood.Thepyrolysis
productsthatareformedinmeatandfish,particularlywhenfriedorcharcoal-
broiled,havebeenisolatedasbreakdownproductsofaminoacids,mainly
tryptophan.Allthesearepotentialmutagensorcarcinogens.Itisfoundthat
feedingcharcoal-broiledbeeftoratsinducesthemetabolism ofphenacetinin
theintestines,thusloweringbioavailabilityofthedrug.Afallisalsoseenin
plasmaconcentrationsofphenacetinandtheophyllineinhumansfedona
charcoal-broiledbeefdiet.

- Tobaccosmoking:Althoughnotstrictlyafoodcomponent,tobaccosmokeis

inhaleddeliberatelyand,thus,isaselfinflictedeffectorofdrugmetabolism.
Tobaccosmokingcanbethoughtofasadifferentwayofingestingpyrolysis
products(from theburningoftheplantmaterialsintobacco)withthelungs
thefirstsiteofinteractionratherthantheintestineasinthecaseofcharcoal-
broiledmeat.Themostcommoneffectoftobaccosmokingisanincreasein
biotransformationofdrugs–aneffectverysimilartothatseenforingestion
ofcharcoal-broiledmeat.

ENVIRONMENTALFACTORS:Environmentalfactorsarethoseinfluencesinour



surroundingsthatcanaffectdrugmetabolism;noconsciousactisrequiredtobe
influencedbythem buttheeffectsondrugmetabolism canbeprofound.Itshould
alsoberealisedthattherearealargenumberofenvironmentalchemicalsthatcould
potentiallyaffectdrugmetabolism;

1)Heavymetals:Exposureofthehumanpopulationtoheavymetalscanberelated
tooccupation(cadmium from zincsmelting),diet(suchascadmium in
vegetables)orotherphenomena(e.g.leadinwaterfrom leadpipes).Most
exposureislowlevelandlongterm andsocumulativeexposurebecomes
important.Chronicexposureofratstoleadinthediethaslittleeffectondrug
metabolisingcapacitybutdoesinducecytochromeP450levels.Theincreased
levelofcytochromeP450indicatesthatleadinducesaform ofenzymethatdoes
notmetaboliseanyofthesubstratessofartested–differentsubstratesmay
showinductionofdrug-metabolisingcapacity.Acuteleadtoxicityinrats,
however,isassociatedwithreduceddrug-metabolisingcapacity.Thesituation
foundinhumansubjectswassimilarbutonlyyoungchildrenexhibitedthe
inhibitionofdrugmetabolism duringacuteleadtoxicity.

2)Industrialpollutants:Thereareliterallythousandsofindustrialpollutantsthat,in
experimentalanimals,havebeenshowntoaffectdrugmetabolism;
a)TCDD:TCDDisapolycycliccompound(Figure5.10)witharigidplanar

structure.Itisaprecursorforanumberofherbicides.TCDDcausesmarked
inductionofthemetabolism ofpolycyclichydrocarbonsandoftheenzymes
UDP-glucuronosyltransferase,-aminolevulinicacidsynthetaseandglutathione
-S-transferase;itcanthusaffectbothphase1and2metabolisms.

b)Solvents:areinverywidespreaduseinindustry(andinthehome).Serious
concernisnowbeingexpressedabouttheireffectsonthebody.Thetwo
groupsofsolventsofmostinterestinthestudyofdrugmetabolism arethe
benzenederivatives(benzene,tolueneandthexylenes)andthechlorinated
hydrocarbons(chloroform,trichloroethyleneanddichloromethane).

Thearomatichydrocarbons,therefore,seem tobephenobarbitone-like
inducersofdrugmetabolism andareactivebyinhalation,thusindicatingthat
workersinthoseindustriesusingsuchsolvents(e.g.thepaintindustry)may
haveinduceddrugmetabolism asaresultofsolventexposure.

Thechlorinatedhydrocarbons,incontrasttothearomatichydrocarbonas
discussedabove,donotalwayscauseinductionofdrugmetabolism.

Benzene



Toluene

c)Polychlorinatedbiphenyls(PCBs):Thepolychlorinatedbiphenyls(PCBs)area
largegroupofcompoundsusedinvariousmanufacturingindustries.
Structurallythecompoundscanbesplitintotwodistinctgroups:theplanar
andnon-planartypes.Thesetwogroupsofcompoundhavedifferenteffects
ondrugmetabolism.TheplanarPCBsinducehepaticdrugmetabolism
similartopolycyclichydrocarbonswhereasthenon-planarPCBsexhibit
inductionofdrugmetabolism ofthephenobarbitonetype.

d)Pesticidesofvarioustypesareprevalentenvironmentalcontaminantsinair,
waterandfood.Again,therearemanydifferentchemicaltypesofherbicides,
insecticidesetc.,andonlyafewwillbediscussedherewithrespecttotheir
effectsondrugmetabolism.Thecompoundstobediscussedaremirex,
kepone,malathion,parathionandDDT.

Mirexandkeponearestructurallysimilarinsecticides.Thereisan
indicationthatbothofthesecompoundsarespecificinducingagents.

Malathionandparathionarewell-known,phosphothionate-typeinsecticides
whichareconvertedinvivoandinvitrotothecorrespondingphosphates,



malaoxonandparaoxon.Theseinsecticidesareinhibitorsofdrug
metabolism bothinvivoandinvitro,probablyduetocompetitiveinhibitionof
thecytochromeP450-dependentreactionthatalsometabolisesthe
insecticides.

Pesticidescan,therefore,beinducersorinhibitorsofdrugmetabolism.
e)MotorvehicleexhaustSimilartotobaccosmoke,theexhaustfrom atwo-

strokepetrolenginecontainsthousandsofcompoundsincludingalkanesand
cyclichydrocarbonssuchasbenzene,tolueneandxyleneaswellaspolycyclic
aromatichydrocarbons.Itislittlesurprisethatthispotentmixturecaninduce
drugmetabolism.


