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DrugStability

TheUSPdefinesthestabilityof

pharmaceuticalproductas“extenttowhich

aproductretainswithinspecifiedlimits”

andthroughoutitsperiodofstorageanduse

(i.eitsshelflife)thesamepropertiesand

characteristicsthatitpossessedatthetime

ofitsmanufacturer



WhyStability?

Instabilityleadsto-

üLossofactivedrugorpotency.

üLossofcontentuniformity(e.g.creamingofemulsions,

impactionofsuspensions).

üLossofelegance(e.g.fadingoftabletsandcoloured

solutions).

üReductioninbioavailability(e.g.changeindissolution

profile).

üProductionofpotentialtoxicmaterials(e.g.drugdegradation

products).

üEconomicloss.





ShelfLife



Kinetics









ZEROOrderReactions

Rateisconstantandindependentoftheconcentrationofany

reactants.



ZEROOrderReactions



FirstOrderReaction

Rateofthereactionorchangeisdirectlyproportionaltothe

concentrationofthereactant.

UnitsofRateConstantK=time-1



FirstOrderReaction



FirstOrderReaction



SecondOrderReaction

Rateofthereactiondependsupontheproductofthetwo

concentrationtermsi.e.whentwocomponentreactingwith

eachotheroronecomponentreactingwithitself.



SecondOrderReaction

UnitsofRateConstantK=

HalfLife,t1/2=1/KCo

ShelfLife,t0.9=0.11/KCo

-1Time-1=Mol-1Sec-1Conc



SecondOrderReaction

UnitsofRateConstantK=

HalfLife,t1/2=1/KCo

ShelfLife,t0.9=0.11/KCo

-1Time-1=Mol-1Sec-1Conc



PseudoOrderReaction

Therateofthereactionmaybeindependentofthe

concentrationofoneormoreofthereactingspecies

overawiderangeofreactions.

Thesemayoccurunderthefollowingconditions:

üOneormoreofthereactantsentersintotherateequationin

greatexcesscomparedtoothers;

üOneofthereactantiscatalyst;

üOneormoreofthereactantsisconstantlyreplenishedduring

thecourseofreaction

üExample:Decompositionofadrugfrom saturatedsuspension



followsPseudozero-orderkinetics.



Determinationofreactionorder

SubstitutionMethod

GraphicMethod

HalflifeMethod

OstwaldIsolationMethod



Determinationofreactionorder

SubstitutionMethod

Dataaccumulatedinexperimentalkineticstudymaybesubstitutedin

theintegratedform ofthezero,firstandsecondorderequation.The

equationwhichgivesconstantvalueofK,indicatestheorderofthe

reaction



Determinationofreactionorder

GraphicMethod

Aplotof:

Concentrationagainsttime……..zeroorderreaction[ifstraightline]

logconcentrationagainsttime…….Firstorderreaction[ifstraightline]

1/[concentration]againsttime……..secondorderreaction[ifstraightline].

1/[concentration]2againsttime……..secondorderreaction[ifstraightline].



Determinationofreactionorder

HalfLifeMethod

n-1)t1/21/(a



IsolationMethod

Determinationofreactionorder
Thismethodcanbeusedirrespectiveofthenumberofreactants

involvede.g.,considerthereaction

(i)ConcentrationsofBandCconstant,whileAisdoubled,therateofthereaction

becomesfourtimes.i.e.,orderwithrespecttoAis2

(ii)ConcentrationsofAandCconstant,whileBisdoubled,therateofreactionis

alsodoubledi.e.,orderwithrespecttoBis1

(iii)ConcentrationsofAandBconstant,whileCisdoubled,therateofreaction

remainswithoutanyaffect.Thismeansthatrateisindependentofthe

concentrationofCi.e.,orderwithrespecttoCiszero.Hencetheoverallratelaw

expressionwillbe,Rate=k[A]2[B][C]0



Overallorderofreaction=2+1+0=3.

n1A+n2B+n3C

Products



Foranyreactiontooccur-

Moleculesmustcollidewitheachother

CollisionTheory
— oncemoleculescollidetheymayreacttogether

Moleculesmusthavesufficientenergy

Moleculesmusthavecorrectgeometry

O3(g)+NO(g)O2(g)+NO2(g)

O=O-O+NO[O=O-O....NO]O=O(g)+ONO(g)

O=O-O+ON[O=O-O....ON]O=O(g)+OON(g)XX



ActivationEnergy

A+B

C+D

Energybarriertothereaction

Activationenergy

— amountofenergyneededtoconvertreactantsintotheactivatedcomplex

ActivatedComplex

— activatedcomplexisachemicalspecieswithpartiallybrokenand

partially

formedbonds

— alwaysveryhighinenergybecauseofpartialbonds



Factorsaffectingdrugdegradation

Temperature

Solvent

IonicStrength

Dielectricconstant

Catalyst



Factorsaffectingdrugdegradation

Solvent



Factorsaffectingdrugdegradation

IonicStrength



Factorsaffectingdrugdegradation

IonicStrength



Factorsaffectingdrugdegradation

IonicStrength



Factorsaffectingdrugdegradation

Dielectricconstant



Factorsaffectingdrugdegradation

Dielectricconstant



Factorsaffectingdrugdegradation

Catalyst



Factorsaffectingdrugdegradation

Catalyst



Factorsaffectingdrugdegradation

Temperature

Measureofaveragekineticenergy

oCrisedoublestherateofreactionEvery10

ParticlesaboveEawill

react



Factorsaffectingdrugdegradation

Temperature



Factorsaffectingdrugdegradation

Temperature

Slope=Ea/R



Hydrolysisofdrugs



Hydrolysisofdrugs
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Hydrolysisofdrugs



Hydrolysisofdrugs

Goodpackagingpracticeslikemoistureresistantpacks.Eg-

strippacksstoredincontrolledhumidityandtemperature

conditions,evenusingdesiccantsuchassilicagel.

BufferingagentsforpHcontrol

Alterationofdielectricconstant

Additionofcomplexingagentslikecaffeine

UseofSurfactants,GoodRefrigeration



Oxidationofdrugs



Oxidationofdrugs

Oils,Polyunsaturatedfattyacids

SteroidsandSterols

Phenothiazines

Statins-Simvastatin,Atorvastatin

Polyeneantibiotics



Vitamins



Oxidationofdrugs

üofantioxidantssuchasBHA,

BHT,Propyl

gallate,Tocopherol,Ascorbicacid,Sodium sulfate

üusingEDTA,Citricacid,Tartaricacid

üofinertgaslikeNitrogen

üfrom lightbyuseofambercolored

container

üatlowtemperature



Photolysisofdrugs

Vitamins,Steroids,Phenothiazines,Doxorubicin,

Nifedipine,Metronidazole,Soruvidine,Molsimidineetc.

Prevention

— Lightactinicamberglasscontainers(excluderadiationof<

470nm)

— Storageindark

— Aluminium wraps,Cardboardouters

— Photostabilizingagents,coating

— Complexation



AcceleratedStabilityStudies



ICH

ICHstandsforInternationalConferenceonHarmonizationof

Technical

RequirementsforRegistrationofPharmaceuticalsforHuman

use

ObjectivesofICH

Harmonizationofregistrationapplicationswithinthethree

regionsof

theEU,JapanandtheUnitedStates.

ICHisajointinitiativeinvolvingbothregulatorsandindustryas

equal

partnersinthescientificandtechnicaldiscussionsofthe

testing



procedureswhicharerequiredtoensureandassessthe

safety,quality

andefficacyofmedicines.

Tripartiteguidelineonstabilitytestingofnewdrugsubstances

and

products(Q1A)in1993,hasbecomestandardforstability

evaluationin

Japan,US,Europe.
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