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Sterilizationisanessentialstageintheprocessingofany

productdestinedforadministration,orforcontactwithbroken

skin,mucosalsurfaces,orinternalorgans,wherethethreatof

infectionexists.Thstanlizationofmicrobiologicalmaterials,

soileddressingsandothercontaminateditemsthereasonis

becausesterilizationprocess/stageinvolvetheapplicationofa

biocidalagentorphysicalmicrobialremovalprocesstoaproduct

orpreparationwiththeobjectofkillingorremovingall

microorganisms.Theseprocessesmayinvolveelevated

temperature,reactivegas,irradiationorfiltrationthrougha

microorganism-prooffilter.Thesuccessoftheprocessdepends

onasuitablechoiceoftreatmentconditions,e.g.temperatureand

durationofexposure.Itmustberemembered,however,thatwith

allarticlestobesterilizedthereisapotentialriskofproduct

damage,whichforapharmaceuticalpreparationmayresultin

reducedtherapeuticefficacy,stabilityorpatientacceptability.

Thus,thereisaneedtoachieveabalancebetweenthemaximum

acceptableriskoffailingtoachievesterilityandthemaximum

levelofproductdamagethatisacceptable.Thisisbest

determinedfromaknowledgeofthepropertiesofthesterilizing



agent,thepropertiesoftheproducttobesterilizedandthenature

ofthelikelycontaminants.Asuitablesterilizationprocessmay

thenbeselectedtoensuremaximummicrobialkill/removalwith

minimumproductdeterioration.

2Sensitivityofmicroorganisms

Thegeneralpatternofresistanceofmicroorganismstobiocidal

sterilizationprocessesisindependentofthetypeofagent

employed(heat,radiationorgas),withvegetativeformsof

bacteriaandfungi,alongwiththelargerviruses,showinga

greatersensitivitytosterilizationprocessesthansmallviruses

andbacterialorfungalspores.Thechoiceofsuitablereference

organismsfortestingtheefficiencyofsterilizationprocessesis

thereforemadefromthemostdurablebacterialspores;theseare

usuallyrepresentedbyBacillusstearothermophilusformoistheat,

certainstrainsofB.subtilisfordryheatandgaseoussterilization,

andB.pumilusforionizingradiation.

Ideally,whenconsideringtheleveloftreatmentnecessaryto

achievesterilityaknowledgeofthetypeandtotalnumberof

microorganismspresentinaproduct,togetherwiththeirlikely

responsetotheproposedtreatment,isnecessary.Withoutthis

information,however,itisusuallyassumedthatorganismswithin

theloadarenomoreresistantthanthereferencesporesorthan



specificresistantproductisolates.Inthelattercase,itmustbe

rememberedthatresistancemaybealteredorlostentirelyby

repeatedlaboratorysubcultureandtheresistancecharacteristics

ofthemaintainedstrainmustberegularlychecked.

Asterilizationprocessmaythusbedevelopedwithoutafull

microbiologicalbackgroundtotheproduct,insteadbeingbased

ontheabilitytodealwitha‘worstcase’condition.Thisisindeed

thesituationforofficialsterilizationmethods,whichmustbe

capableofgeneralapplication,andmodernpharmacopoeial

recommendationsarederivedfromacarefulanalysisof

experimentaldataonbacterialsporesurvivalfollowing

treatmentswithheat,ionizingradiationorgas.

However,theinfectiousagentsresponsibleforspongiform

encephalopathiessuchasbovinespongiformencephalopathy

(BSE)andCreutzfeldt–Jakobdisease(CJD)exhibitexceptional

degreesofresistancetomanylethalagents.Recentworkhas

evencastdoubtontheadequacyoftheprocessof18minute

exposuretosteamat134–138°Cwhichhasbeenrecommended

forthedestructionofprions(andwhichfarexceedsthelethal

treatmentrequiredtoachieveadequatedestructionofbacterial

spores).

2.1Survivorcurves



Whenexposedtoakillingprocess,populationsofmicro-

organismsgenerallylosetheirviabilityinanexponentialfashion,

independentoftheinitialnumberoforganisms.Thiscanbe

representedgraphicallywitha‘survivorcurve’drawnfromaplot

ofthelogarithmofthefractionofsurvivorsagainsttheexposure

timeordoses.

Sterilityassurance

Theterm‘sterile’,inamicrobiologicalcontext,meansno

survivingorganismswhatsoever.Thus,therearenodegreesof

sterility;anitemiseithersterileoritisnot,andsothereareno

levelsofcontaminationwhichmaybeconsiderednegligibleor

insignificantandthereforeacceptable.Fromthesurvivorcurves

presented,itcanbeseenthattheeliminationofviable

microorganismsfromaproductisatime-dependentprocess,and

willbeinfluencedbytherateanddurationofbiocidalactionand

theinitialmicrobialcontaminationlevel.Itisalsoevidentfrom

thattruesterility,representedbyzerosurvivors,canonlybe

achievedafteraninfiniteexposureperiodorradiationdose.

Clearly,then,itisillogicaltoclaim,orexpect,thatasterilization

procedurewillguaranteesterility.Thus,thelikelihoodofaproduct

beingproducedfreeofmicroorganismsisbestexpressedin

termsoftheprobabilityofanorganismsurvivingthetreatment



process,apossibilitynotentertainedintheabsoluteterm‘sterile’.

Fromthisapproachhasarisentheconceptofsterilityassurance

oramicrobialsafetyindexwhichgivesanumericalvaluetothe

probabilityofasinglesurvivingorganismremainingto

contaminateaprocessedproduct.Forpharmaceuticalproducts,

themostfrequentlyappliedstandardisthattheprobability,

poststerilization,ofanon-sterileunitisnomorethan1in1million

unitsprocessed(i.e.≤10−6).Thesterilizationprotocolnecessary

toachievethiswithanygivenorganismofknownD-valuecanbe

establishedfromtheinactivationfactor(IF)whichmaybedefined

as:wheretisthecontacttime(foraheatorgaseoussterilization

process)ordose(forionizingradiation)andDistheD-value

appropriatetotheprocessemployed.

Thus,foraninitialburdenof102sporesaninactivationfactorof

108willbeneededtogivetherequiredsterilityassuranceof10−6.

Thesterilizationprocesswillthereforeneedtoproducesufficient

lethalitytoachievean8logcyclereductioninviableorganisms;

thiswillrequireexposureoftheproducttoeighttimestheD-

valueofthereferenceorganism(8D).Inpractice,itisgenerally

assumedthatthecontaminantwillhavethesameresistanceas

therelevantbiologicalindicatorsporesunlessfullmicrobiological

dataareavailabletoindicateotherwise.Theinactivationfactors

associatedwithcertainsterilizationprotocolsandtheirbiological,



thereis(literally)10−1bacteriuminonebottle,i.e.in10loadsof

singlecontainers,therewouldbeonechancein10thatoneload

wouldbepositive.Likewise,atZ,thereis(literally)10−6

bacteriuminonebottle,i.e.in1million(106)loadsofsingle

containers,thereisonechancein1millionthatoneloadwouldbe

positive.

Sterilizationmethods

Asterilizationprocessshouldalwaysbeconsidereda

compromisebetweenachievinggoodantimicrobialactivityand

maintainingproductstability.Itmust,therefore,bevalidated

againstasuitabletestorganismanditsefficacycontinually

monitoredduringuse.Evenso,alimitwillexistastothetypeand

sizeofmicrobialchallengethatcanbehandledbytheprocess

withoutsignifi-cantlossofsterilityassurance.Thus,sterilization

mustnotbeseenasa‘catch-all’orasanalternativetoGood

ManufacturingPracticebutmustbeconsideredasonlythefinal

stageinaprogrammeofmicrobiologicalcontrol.TheEuropean

Pharmacopoeiarecognizesfivemethodsforthesterilizationof

pharmaceuticalproducts:(1)steamsterilization(heatinginan

autoclave);(2)dryheat;(3)ionizingradiation;(4)gaseous

sterilization;and(5)filtration.Inaddition,otherapproaches

involvingsteamandformaldehydeandUVlighthaveevolvedfor



useincertainsituations.Foreachmethod,thepossible

permutationsofexposureconditionsarenumerous,but

experienceandproductstabilityrequirementshavegenerally

servedtolimitthischoice.Nevertheless,itshouldberemembered

thateventherecommendedmethodsandregimensdonot

necessarilydemonstrateequivalentbiocidalpotential,butsimply

offeralternativestrategiesforapplicationtoawidevarietyof

producttypes.Thus,eachshouldbevalidatedintheirapplication

todemonstratethattheminimumrequiredlevelofsterility

assurancecanbeachieved.

Asanadagesays-‘Cleanlinessisastateofpurity,

clarityandprecision’,howcarefulareweregardingcleanlinessin

whateverwedo?Becauselittlethatweknowis,the

microorganismslikeinfectiousgermsthatlivesalmostinevery

corneroftheeartharethemaincauseofspreading

compromisinganddebilitatingdiseases.Thoughthereare

differentwaysofkillingthesemicroorganisms,itisimpossibleto

provethatallofthemaredestroyedpermanently.Toavoidany

kindofhealthdilemmasinthePharmaceuticalindustryitself,

GoodManufacturingPracticeshavebecomeimperativetoserve

besttotheworld.Rightfromindustry’spremises,people,

infrastructuretoitsmanufacturingfacilities,cleanlinessshould

beprioritizedbyallthetoppharmaceuticalcompanies.



Sterilizationisaprocessofremovingobjectionable

microorganismsandcontrollingmicrobialpopulationin

Pharmaceuticalindustrythatrequirestemperature,gases,

humidityandpressurelevelsusedin,areaccuratelymonitoredto

ensurevalidityandefficacy.Togaugethesurvivallevelofthe

microorganismsafterpurifyingthesubstances,sterilization

effectivelyrenderssurfacesandequipmentfreefromdangerous

germs.Italsopreventsthegrowthandspreadofdiseases.Every

Pharmaceuticalcompanymustalsolearnthebasicsof

sterilizationwithitsglossary.

ListeddownarethetypesandmethodsofSterilizationusedin

Pharmaceuticalindustry.

ThermalorHeatSterilizationMethods

Inheatmethodofsterilization,thelongertheexposuretoheatthe

betteristhesterilizationatagiventemperaturesothatheatcan

beintouchwithmicrobesanddestroyharmfulenzymes.Theheat

methodofsterilizationisagainbifurcatedintwotypes.

1.DryHeatSterilization

DryHeat(160-1800°C)Sterilizationreferstoremovingheavy

molecularpyrogenfromasolutionofpharmaceuticalvials.

Thermo-stableproductslikemetalinstruments,needlesand



petroleumproductsthatcanwithstandhightemperaturesare

oftensterilizedondryheatbecausetheyaredegradedwhen

exposedtosteamormoisture.Thesearedifferenttypesofdry

heatsterilization-

Hotairoventhatheatscoilsonthebottomisuseddifferently

accordingtothetypeofequipment.

Incinerationburnsdisposablemedicalwaste.Inmicrobecultures,

themetallicendoftheloopsareheatedtoredhotontheflameto

killallthegerms.

Flamingreferstoexposingobjectstodirectfireorflametokillthe

microbesanddustontheequipment.

Dryheatisapplicableforsterilizingglasswaresandmetal

surgicalinstruments.

2.MoistHeatSterilization

MoistHeat(121-1340°C)Sterilizationreferstoapplyingheatin

theformofsteamorjustboilingtomoisture-resistantmaterials.

Saturatedsteamactsasanefficientsterilizingagent.

a.SteamsterilizationorAutoclaveisachievedbyexposingthe

equipmenttobesterilizedwithsaturatedsteamunderpressure.

Steambooststheabilitytoheattokillmicroorganismsby



reducingthetimeandtemperaturerequiredtocoagulateproteins

inthemicroorganisms.Steamsterilizationgoesthrough3phases

duringitsprocess:–

InConditioningphase,airisremovedfromthechamberbygravity

displacementordynamicairremovalmethodsthus,theloadis

heatedtotheprescribedsterilizationtemperature.

InExposurephase,theheatedloadisexposedtosteamtothe

prescribedsterilizationtemperatureatthesettimethatfollows

thedevicemanufacturer'srecommendedstandardsand

guidelines.

InExhaustphase,steamisremovedfromtheautoclavechamber

andthepressureinsidethechamberisreleased.Thisphaseis

alsoknownasthecool-downordryingphaseasavacuumis

drivenouttoremovethesteamthathelpstheloadtodry.

Thepropersteamsystemconstructionandmaintenance,its

utilitysupplyincludinggoodsteamandwaterquality,steamboiler

andfewotherfactorsaccountstoeffectivesteamsterilization

process.

Moistheatisapplicablefordecontaminatinglaboratorywaste

andsterilizinglaboratoryglassware,mediaandreagents.

1.RadiationSterilizationwithhighenergygammaraysor



acceleratedelectronsisthemostusefulmethodthroughionizing

nucleicacidsfortheindustrialsterilizationofheat-sensitive

products.RadiatedUVlightwithitslowenergyandpoor

penetrabilityareNOTSUITABLEforsterilizationof

pharmaceuticaldosageforms.

Radiationreferstoexposingpackedmaterialstoradiationfor

sterilization.Furtherthismethodisdividedintotwotypes:–

Non-ionicradiationsusedlikeultravioletradiationsatthedoor

entrancestoprevententryoflivemicrobesthroughtheair.

Whereas,Ionizingisapowerfulradiationusedforsterilization

c.FiltrationSterilizationremovesthemicroorganismsfromboth

viableandnon-viableparticlesforclarificationandsterilizationof

liquidsandgases.Whilesterilizinggradefilterareusedinaseptic

areas,membranefiltersareusedforsterilitytesting.

ChemicalSterilizationMethods

Pharmaceuticaldevicesthataresensitivetothehighheatand

mightbedamagedbyirradiationarechemicallysterilized.

2.GaseousSterilization

Gaseoussterilizationisaprocessofpenetratingabilityofgases

throughalkylation,usedwidelytoprocessheat-sensitivedevices.



InETOorEOSterilization,EthyleneOxideisagasusedin

Gaseoussterilizationis1.5timesheavierthanairandcan

gravitatealongthefloor.Itiscolorlessandodorlessbelow500

ppmandsmellssweetabovesameppmconcentration.TheETO

orEOsterilizationislikedrysterilizationusedtosterilizethose

equipmentordevicesthatareoperatedwithelectricity,usually

wrappedwithplasticliningandcannottoleratetheinfluenceof

steam.Likesteamsterilization,ETOorEOsterilizationtoogoes

throughthreephasesduringitsprocess:–

Toprovideanidealgrowingenvironmenttothebacteria,

EnvironmentalPreconditioningisacrucialphasesothat

endosporeswillbecomeexposedtotheethyleneoxide.

TheETOorEOprocessingphaseincludesstepslikeinitial

evacuation,nitrogendilution,conditioning,ETOorEOinjection

anddwell,ETOorEOremoval,nitrogenwashandairin-bleed.

Initialevacuationandnitrogendilutionremovesatleast97%of

theoxygenfromthesterilizationchamber.

Conditioningstepheatsandhumidifiesthesterilizationload

whereas,sterilantinjection&dwellintroducesthevalidated

sterilitylevelofEOtothesterilizationloadforaspecifiedamount

oftime.



Sterilentremoval&nitrogenwashesremovesethyleneoxidefrom

theesterilizationchamberandproductpackaging,through

nitrogeninjection

Airin-bleedbringsthesterilizationvesseltoatmospheric

pressuresothatthesterilizerdoorscanbeopened.

InAerationphase,heatedairiscontinuouslycirculatedthrough

theaerationarea.ToeliminateremainingEOfromthesterilization

load,residualgasesareremovedthroughanabatementsystem.


