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Bacterialendotoxins

Whatarebacterialendotoxin?

Anendotoxinisalipopolysaccharide(LPS)foundinthecellwall

ofgram-negativebacteria.Itisatypicalpyrogen,whichinduces

variousbiologicalreactionswhenevenasmallamountofpg(10-

12g)orng(10-9g)entersthebloodstream.Duetoitsheat

resistanceandstability,completeinactivationofendotoxinisnot

possiblewithautoclaving.Dryheatsterilizationforatleast30

minutesatatemperatureof250°Cormoreisrequiredcomplete

inactiocaiton,.Itexistsintheenvironment(e.g.water,air)

inhabitedbygram-negativebacteria,andbacterialendotoxins

(LPS)remainevenafterthebacteriadie.Thebacterialendotoxin

test(BET)isonesuchqualitycontroltest.TheBETusinggelclot

methodisa60-mintestuseddeterminetheendotoxincontent.

ThegelclotistechnicallythemostsimpleandwasthefirstBET

approvedbytheFoodandDrugAdministration(FDA).Endotoxin

isasubsetofpyrogensthatarestrictlyofgram-negativeorigin,a

naturalcomplexoflipopolysaccharidesoccurringintheouter

layerofthebilayeredgram-negativebacterialcell.Fromthe

circulatingbloodcellsofLimuluspolyphemus,calledamebocytes,

aclearlysateisobtainedthatformsanopaquegelinthe



presenceofextremelylowconcentrationsofbacterialendotoxins.

Effects of endotoxin

SepticshockoccursduringsevereinfectionswithGram-negative

organismswhenbacteriaorlipopolysaccharideenterthe

bloodstream. Endotoxin actsonneutrophils,plateletsand

complementtoproduce,bothdirectlyandthroughmastcell

degranulation,vasoactiveaminesthatcausehypotension.

Mosttimeswhenbacterialendotoxincomesincontactwith

someoneitcausessepsisleadingtosepticshockandthen

leadingtoDEATH

TESTFORBACTERIALENDOTOXINS

Thebacterialendotoxinstest(BET)isatesttodetectorquantify

endotoxinsfromGram-negativebacteriausingamoebocytelysate

fromthehorseshoecrab(LimuluspolyphemusorTachypleus

tridentatus).Therearethreemethodsforthistest:

•MethodA.Thegel-clottechnique,whichisbasedongel

formation;



•MethodB.Theturbidimetrictechnique,basedonthe

developmentofturbidityaftercleavageofanendogenous

substrate;

•MethodC.Thechromogenictechnique,basedonthe

developmentofcoloraftercleavageofasyntheticpeptide-

chromogencomplex.

Allglasswareweredepyrogenatedandotherheatstable

materialsinahotairovenusingavalidatedprocess.Acommonly

usedminimumtimeandtemperatureis30minutesat250°C.If

employingplasticapparatussuchasmicroplatesandpipettipsfor

automaticpipetters,useapparatusshowntobefreeofdetectable

endotoxinandwhichdoesnotinterfereinthetest.

REAGENTSANDTESTSOLUTIONS

Amoebocytelysate

Alyophilizedproductobtainedfromthelysateofamebocytes

(whitebloodcells)fromthehorseshoecrab(Limuluspolyphemus

orTachypleustridentatus).



Note:Amebocytelysatereactstosomeβ-glucansinadditionto

endotoxins.

Amebocytelysatepreparationswhichdonotreacttoglucansare

available:theyarepreparedbyremovingtheGfactorreactingto

glucansfromamebocytelysateorbyinhibitingtheGfactor

reactingsystemofamebocytelysateandmaybeusedforthe

endotoxintestinginthepresenceofglucans.

LysateTS

DissolveamebocytelysateinwaterBETorinabuffer

recommendedbythelysatemanufacturer,bygentlestirring.The

reconstitutedlysate,wasstoredrefrigeratedorfrozen,according

tothespecificationsofthemanufacturer.

WaterBET

Waterforinjectionsorwaterproducedbyotherproceduresthat

showsnoreactionwiththelysateemployed,atthedetectionlimit

ofthereagent.

PreparationofStandardEndotoxinStockSolution



AStandardEndotoxinStockSolutionispreparedfroman

endotoxinreferencestandardthathasbeencalibratedagainstthe

InternationalStandardforendotoxins.

EndotoxinisexpressedinInternationalUnits(IU)ofendotoxin.

Note:OneInternationalUnit(IU)ofendotoxinisequaltoone

EndotoxinUnit(EU).

PreparationofStandardEndotoxinSolution

AftermixingtheStandardEndotoxinStockSolutionvigorously,

theappropriateserialdilutionsofStandardEndotoxinSolution,

werepreparedusingwaterBET.

Usedilutionsassoonaspossibletoavoidlossofactivityby

adsorption.

Preparationofsamplesolutions

Thesamplesolutionswerepreparedbydissolvingordiluting

drugsusingwaterBET.Somesubstancesorpreparationsmaybe

moreappropriatelydissolvedordilutedinotheraqueoussolutions.

Ifnecessary,adjustthepHofthesolutiontobeexamined(or



dilutionthereof)sothatthepHofthemixtureofthelysateTSand

samplesolutionfallswithinthepHrangespecifiedbythelysate

manufacturer,usually6.0to8.0.ThepHmaybeadjustedbythe

useofacid,base,orsuitablebufferasrecommendedbythe

lysatemanufacturer.Acidsandbasesmaybepreparedfrom

concentratesorsolidswithwaterBETincontainersfreeof

detectableendotoxin.Buffersmustbevalidatedtobefreeof

detectableendotoxinandinterferingfactors.

DETERMINATIONOFMAXIMUMVALIDDILUTION

TheMaximumValidDilution(MVD)isthemaximumallowable

dilutionofasampleatwhichtheendotoxinlimitcanbe

determined.

DeterminetheMVDfromthefollowingequation:

MVD=EndotoxinLimit×Concentrationofsamplesolution

λ

METHODA:GEL-CLOTTECHNIQUE

Thegel-clottechniqueisfordetectingorquantifyingendotoxins

basedonclottingofthelysateTSinthepresenceofendotoxin.



Theminimumconcentrationofendotoxinrequiredtocausethe

lysatetoclotunderstandardconditionsisthelabeledsensitivityof

thelysateTS.Toensureboththeprecisionandvalidityofthetest,

thetestswereperformedforconfirmingthelabeledlysate

sensitivityandforinterferingfactors.

Testforconfirmationoflabeledlysatesensitivity

Infourreplicatesthelabeledsensitivity,λ,expressedinIU/mlof

thelysatepriortouseinthetest.Thetestforconfirmationofthe

lysatesensitivityistobecarriedoutwhenanewlotoflysateis

usedorwhenthereisanychangeinthetestconditionswhich

mayaffecttheoutcomeofthetest.

Thestandardsolutionswerepreparedhavingatleastfour

concentrationsequivalentto2λ,λ,0.5λand0.25λbydilutingthe

StandardEndotoxinStockSolutionwithwaterBET.

AvolumeofthelysateTSwasmixedwithanequalvolumeofone

ofthestandardsolutions(suchas0.1mlaliquots)ineachtube.

Whensingletestvialsorampoules,containinglyophilizedlysate

areemployed,addsolutionsofstandardsdirectlytothevialor

ampoule.Incubatethereactionmixtureforaconstantperiod



accordingtodirectionsofthelysatemanufacturer(usuallyat

37±1°Cfor60±2minutes),avoidingvibration.Testtheintegrity

ofthegelfortestscarriedoutintubes,takeeachtubeinturn

directlyfromtheincubatorandinvertitthroughapproximately180

degreesinonesmoothmotion.Ifafirmgelhasformedthat

remainsinplaceuponinversion,recordtheresultaspositive.A

resultisnegativeifanintactgelisnotformed.

Thetestisconsideredvalidwhenthelowestconcentrationofthe

standardsolutionsshowsanegativeresultinallreplicatetests.

Theendpointisthelowestconcentrationintheseriesof

decreasingconcentrationsofstandardendotoxinthatclotsthe

lysate.Determinethegeometricmeanendpointconcentrationby

calculatingthemeanofthelogarithmsoftheendpoint

concentrationsofthefourdilutionseries,taketheantilogarithmof

thisvalue,asindicatedinthefollowingformula:

GeometricMeanEndpointConcentration=antilog



∑e

f

∑e=thesumofthelogendpointconcentrationsofthedilution

seriesused

f=thenumberofreplicatetesttubes

Thegeometricmeanendpointconcentrationisthemeasured

sensitivityofthelysate(IU/ml).Ifthisisnotlessthan0.5λandnot

morethan2λ,thelabeledsensitivityisconfirmedandisusedin

testsperformedwiththislysate.

METHODB.TURBIDIMETRICTECHNIQUE

Thistechniqueisaphotometricassaymeasuringincreasesin

reactantturbidity.Onthebasisoftheparticularassayprinciple

employed,thistechniquemaybeclassifiedaseitheranendpoint-

turbidimetricassayorakinetic-turbidimetricassay.

Theendpoint-turbidimetricassayisbasedonthequantitative

relationshipbetweentheconcentrationofendotoxinsandthe

turbidity(absorbanceortransmission)ofthereactionmixtureat

theendofanincubationperiod.



Thekinetic-turbidimetricassayisamethodtomeasureeitherthe

time(onsettime)neededtoreachapredeterminedabsorbanceor

transmissionofthereactionmixture,ortherateofturbidity

development.

Thetestiscarriedoutattheincubationtemperature

recommendedbythelysatemanufacturer(whichisusually37±

1°C).

METHODC.CHROMOGENICTECHNIQUE

Thistechniqueisanassaytomeasurethechromophorereleased

fromasuitablechromogenicpeptidebythereactionofendotoxins

withlysate.thistechniquemaybeclassifiedaseitheranendpoint

-chromogenicassayorakinetic-chromogenicassay.

Theendpoint-chromogenicassayisbasedonthequantitative

relationshipbetweentheconcentrationofendotoxinsandthe

releaseofchromophoreattheendofanincubationperiod.

Thekinetic-chromogenicassayisamethodtomeasureeitherthe

time(onsettime)neededtoreachapredeterminedabsorbanceof

thereactionmixture,ortherateofcolordevelopment.

Thetestiscarriedoutattheincubationtemperature

recommendedbythelysatemanufacturer(whichisusually37±

1°C).



Safetytest

safetyassessment,ortoxicitytesting,istheprocessof

determiningthedegreetowhichasubstanceofinterest

negativelyimpactsthenormalbiologicalfunctionsofanorganism,

givenacertainexposureduration,routeofexposure,and

substanceconcentration.Toxicologytestingisoftenconductedby

researcherswhofollowestablishedtoxicologytestprotocolfora

certainsubstance,modeofexposure,exposureenvironment,

durationofexposure,orforaparticularorganismofinterest,orfor

aparticulardevelopmentalstageofinterest.Toxicologytestingis

commonlyconductedduringpreclinicaldevelopmentfora

substanceintendedforhumanexposure.Stagesofinvitroandin

vivoresearchareconductedtodeterminesafeexposuredoses.

Safetytestsareshortdurationsingleapplicationtesttoevaluate

overtoxicity.Thetestareevaluatedforgrossevidenceoftoxicity

suchassurvivaland/orbodyweightloss.Duringtheperiodof

timetheexpectedoutcomeofatoxicityfreesampleisweightgain,

goodhealthwhiletheexpectedoutcomeofatoxicityfilledsample

isweightlossanddeath.

Safetytestasdoneintheinvivolaboratorywascarriedoutby

administeringdrugsthatareundergoingsafetyortoxicology



testingandadministeredtolaboratoryanimalsandtheseanimals

arethenobservedforaperiodof7daysandcarefullyobserved

forlossofweight,I'llhealthordeath.


