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Quantitative analysis and pharmacokinetic study 
of a novel diarylurea EGFR inhibitor (ZCJ14) in rat plasma 

using a validated LC-MS/MS method

1-(4-(Pyrrolidin-1-yl-methyl)phenyl)-3-(4-((3-(trifluoromethyl)
phenyl)amino)quinazolin-6-yl)urea (ZCJ14),anovelepider-
malgrowthfactorreceptor(EGFR)inhibitor,withdiarylurea
moiety,displaysanticancereffect.Inthepresentstudy,anLC-
MS/MSmethodwasestablishedtodeterminetheconcentra-
tionofZCJ14 in ratplasma.Furthermore, themethodwas
appliedtoinvestigatethepharmacokineticcharacteristicsof
ZCJ14. Chromatographic separation of ZCJ14 and internal
standard(IS)[1-phenyl-3-(4-((3-(trifluoromethyl)phenyl)ami-
no)quinazolin-6-yl)urea]wasaccomplishedbygradientelu-
tionusing theKromasilC18 column.The selected reaction
monitoringtransitionswereperformedatm/z507.24→436.18
and424.13→330.96 forZCJ14 and IS, resp.The established
methodwaslinearovertheconcentrationrangeof10–1000ng
mL–1.Theintra-andinter-dayprecisionswere<11.0%(except
forLLOQwhichwasupto14.3%)andtherespectiveaccura-
cieswerewithintherangeof87.5–99.0%.Theextractionre-
coveryandmatrixeffectwerewithintherangeof88.4–104.5%
and87.3–109.9%,resp.ZCJ14wasstableunderallstoragecon-
ditions.Thevalidatedmethodwassuccessfullyappliedtothe
pharmacokineticstudyofZCJ14inrats,andthepharmacoki-
neticparametershavebeendetermined.Theoralbioavail-
abilityofZCJ14wasfoundtobe46.1%.Overall,thisaccurate
andreliablequantificationmethodmightbeusefulforother
diarylureamoiety-containingdrugs.

Keywords:ZCJ14,epidermalgrowthfactorreceptorinhibi-
tor,LC-MS/MS,pharmacokinetics,bioavailability

Theepidermalgrowthfactorreceptor(EGFR)belongstothefamilyofreceptortyro-
sinekinases(RTKs),whichplaysavitalroleintheregulationoftumorgrowth,differen-
tiation,survivalandinvasiveness(1).AmongtherecognizedRTKs,EGFRhasbeenexten-
sivelystudiedandclinicallyvalidatedasanimportanttargetforchemicaltherapies(2,3).
VarioussmallmoleculesweresynthesizedandevaluatedaspotentialinhibitorsofEGFR.
Amongthem,gefitinib,erlotinibandlapatinibwerelaunchedsuccessfullytotreatcancer
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in clinicalstudies(4,5).Thecommonstructuresharedbygefitinib,erlotinibandlapatinib
is4-anilinoquinazoline,whosestructure-activityrelationshipwaselucidated(6).How-
ever,inmostofthepatientsthatinitiallyshowedadramaticresponsetotheseEGFRinhi-
bitors,therewasaprogressionofdiseaseduetotheacquisitionofasecondmutationinthe
EGFR-TKgene (7,8).Thereupon, third-generationofEGFR inhibitors (osimertiniband
WZ4002)wasdevelopedtoovercomethesecondmutation,viz.,T790Mmutationinthe
gatekeeperofthekinasedomain(9–11).Whatismore,agreatnumberofcompoundswith
variousstructureshavebeendevelopedasEGFRmulti-targetinhibitorstoenhancethe
anticancereffects(12–18).

Inourpreviouswork,weintegratedtertiaryaminegroup,ureamoietyand4-anilino-
quinazolinescaffoldintoonemoleculetolookfornovelEGFR-TKinhibitorsandantican-
ceragents(19).Theresultsofbiologicalactivityevaluation in vitroindicatedthatthecell-
basedactivityofthecompound1-(4-(pyrrolidin-1-yl-methyl)phenyl)-3-(4-((3-(trifluoromethyl)
phenyl)amino)quinazolin-6-yl)urea (ZCJ14) increased by 7-fold compared to gefitinib
againstthelungadenocarcinomaepithelialcellline(A549).Furtherstudiesshowedthat
compoundZCJ14canpotentlysuppressthetumorgrowthin vivo.Thus,ZCJ14mightserve
asapotentialEGFRinhibitorandanticancercandidate.

TocarryonthepharmacokineticstudyofZCJ14,itisnecessarytodevelopanewmethod
thatcoulddetermineZCJ14inbiologicalsamples.DifferentanalyticalmethodsforEGFR
inhibitorshavebeensearchedfor,developedandvalidatedindiversebiologicalsamples
(20–23).ComparedwithHPLCandothermethods,duetohighsensitivityandspecificity,
LC-MS/MSmethodismorefavorableforthepharmacokineticstudyofanovelcompound.
Thus,thepurposeofthepresentworkistoestablishareliablemethodtoextractanddeter-
mineZCJ14frombiologicalsamplesbyusingtheLC-MS/MSmethod.Toproveitsfeasibility,
weverifiedindicatorssuchasselectivity,precision,accuracy,matrixeffect,recovery,stability
anddilutioneffectofZCJ14.Subsequently,themethodwasappliedtothepharmacokinetics
andbioavailabilitystudyofZCJ14in vivo.Thedatathusobtainedcouldserveforfurther
preclinicalinvestigationanddirecttheclinicalapplicationofZCJ14.

EXPERIMENTAL

Reagents and solvents
ZCJ14(purity96.9%)andinternalstandard[IS,1-phenyl-3-(4-((3-(trifluoromethyl)phe-

nyl)amino)quinazolin-6-yl)urea,purity98.0%]weresynthesizedinourlaboratory(struc-

Fig.1.Chemicalstructuresof1-(4-(pyrrolidin-1-yl-methyl)phenyl)-3-(4-((3-(trifluoromethyl)phenyl)
amino)quinazolin-6-yl)urea(ZCJ14)and1-phenyl-3-(4-((3-(trifluoromethyl)phenyl)amino)quinazo-
lin-6-yl)urea(IS).
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tureidentificationofZCJ14andISaregiveninthesupplementarymaterial).Thestructures
ofbothcompoundsareshowninFig.1.Methanolandacetonitrile (HPLCgrade)were
purchasedfromMerck(Germany).Formicacid(HPLCgrade)waspurchasedfromKemiou
Chemicals(China).Thetri-distilledwaterwasobtainedbytheMilliporewaterpurification
machine(Millipore,USA).

Animals
BlankratplasmawascollectedfromSprague-Dawleyrats.ThirtymaleSprague-Daw-

leyrats(bodymass:250±10g)wereobtainedfromtheLaboratoryAnimalCenterofXi’an
JiaotongUniversity.Theyfastedovernightbeforetheexperimentandhadfreeaccessto
water.TheexperimentalprocedureswereinaccordancewiththeNationalInstitutesof
HealthGuideforCareandUseofLaboratoryAnimalsandwereapprovedbytheInstitu-
tionalAnimalCareCommitteeofXi’anJiaotongUniversity(Shaanxi,China).

Instrumentation
TSQVantagetriplequadrupoleLC-MS/MSsystem(ThermoFisherScientific,USA)

wasused.ThechromatographicanalysiswasconductedbyaDionexUltimate3000UPLC
system(ThermoFisherScientific)stockedwithanUltimate3000PumpandCTCPalauto-
sampler(CTCAnalyticsAG,Switzerland).ChromatographicseparationofZCJ14andIS
wereaccomplishedbyaKromasilC18column(AkzoNobel,150×4.6mm,5.0μm).

Centrifugationwasperformedonacryogenichigh-speedcentrifuge(AllegraX-22R,
Beckman,USA).Vortexgenerator(Vortex-Genie2,ScientificIndustries,USA)wasusedin
samplepreparation.TheXcalibursoftware(version3.0.63)wasusedforinstrumentcontrol
anddataprocessing.

Optimization of LC-MS/MS conditions
Variousexperimentalconditionswereoptimizedtoobtainsymmetricandhigh-reso-

lutionpeakshapesfortheanalyte.Mobilephases,suchasacetonitrile/water,methanol/
waterandacetonitrile/methanol/waterindifferentratios,wereevaluatedtooptimizethe
chromatographicconditions.Itwasdiscoveredthattheionizationandseparationeffects
ofmethanolweremoresuccessfulthanthoseofacetonitrile.Formicacidwasessentialfor
themobilephasetoformasymmetricpeakshape.Thus,asaresult,twomobilephaseelu-
entsinagradientmodewereusedforchromatographicanalysis,includingamixtureof
0.1%formicacid(A)andmethanol(B).Theflowratewas0.5mLmin–1.Thegradientelu-
tionwasprogrammedasTableI.Ten(10μL)ofthesampleswereinjectedintothesystem
throughanauto-sampler,withthecolumntemperaturesettoroomtemperature,andthe
traytemperatureintheauto-samplermaintainedat4°C.

Table I. Gradient elution program

Time(min) 0 1 2 8 9 10

Mobilephase
A 50 50 2 2 50 50

B 50 50 98 98 50 50
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Themass spectrometerwasoperated in theelectron spray ionpositivemode.The
acquisitionwasconductedatmultiplereactionmonitoring(MRM)modes.ZCJ14andIS
gaveabundantsinglychargedprotonatedprecursorions[M+H]+atm/z507.24and424.13in
Q1scanmode,resp.(seeFig.2).ZCJ14andISgaveinabundanceproductionsatm/z436.18
and330.96intheproductionscan,resp.(seeFig.2).Therefore,theselectedreactionmoni-
toringtransitionsforZCJ14andISwereperformedatm/z507.24→436.18(collisionenergy:
15.3V)and424.13→330.96(collisionenergy:26.1V),resp.Theradiofrequency(RF)lenses
forZCJ14andISwere158.3Vand182.3V,resp.Othermassspectrometerconditionswere
asfollows:sheathgaspressureof241.3kPa,auxgaspressureof55.2kPa,positiveionspray
voltage3500V,negativeionsprayvoltage2500V,iontransfertubetemperature300°Cand
vaporizertemperature400°C.

Preparation of stock standards and quality control (QC) samples

ZCJ14andISweredissolvedinmethanoltoaconcentrationof1.0mgmL–1toprepare
thestocksolutions.Stocksolutionswerethendilutedwithmethanoltopreparetheworking
standardsofZCJ14rangingfrom200to20,000ngmL–1andanISsolutionof200ngmL–1.
Calibrationstandardsinplasmawerepreparedasfollows:5μLofeachworkingstandard
wasspikedwith95μLblankratplasmatoreachtheconcentrationof10,25,50,100,250,500,
1000ngmL–1.QCplasmasampleswerepreparedat20,100,and800ngmL–1inthesame
manner.

Fig.2.a)Precursorion(m/z507.24)ofZCJ14,b)precursorion(m/z424.13)ofIS,c)productions(m/z 
436.18,331.16,106.25)ofZCJ14,d)productions(m/z330.96,311.17,270.85)ofIS.

a)b)

c)d)
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Sample preparation

Theplasmasampleswerepreparedut infra:100μLofeachplasmasamplewasspiked
with5μLISsolution(200ngmL–1),followedbytheadditionof500μLacetonitrile.After
a20-svigorousvortexmixing,themixturewascentrifugedfor15minat13000rpm;the
supernatantliquidwasthenfilteredthroughMilliporefilterand10μLofthefiltratewas
injectedintotheLC-MS/MSsystem.

Method validation

Duringthecourseofmethodvalidation,selectivity,calibrationcurve,thelowerlimit
ofquantification(LLOQ),accuracy,precision,recovery,matrixeffect,dilutioneffectand
stabilitywereevaluated(24).

Selectivity.–Theselectivityofthemethodwasvalidatedbyevaluatingtheinterfer-
enceofendogenoussubstancesattheretentiontime(tR)ofZCJ14andIS.Thechromato-
gramsofsixdifferentblankratplasmasampleswerecomparedwithblankratplasma
spikedwithZCJ14orIS,andratplasmasampleafterintravenousadministrationorintra-
gastricaladministrationofZCJ14.Themethodisconsideredselectiveifthepeakresponse
of theendogenoussubstanceswasnotexceeding20.0%of themeanpeakresponseof
ZCJ14atLLOQandnotexceeding5.0%ofthemeanpeakresponseofIS.

Calibration curve and limits of quantification.–Eachcalibrationcurveshouldconsistof
sevenconcentrationlevels(10,25,50,100,250,500and1000ngmL–1).Theratioofpeakarea
ofZCJ14toISwasplottedagainstthecorrespondingstandardnominalconcentrationof
ZCJ14toacquirethecalibrationcurve.Allthecurveswerefittedtothedatabylinearleast
squareregressionanalysis(1/x2weighting)todeterminetheintercept,theslopeandthe
correlationcoefficient.Thelowerlimitofquantification(LLOQ)wasdefinedasthelowest
concentrationonthecalibrationcurvewhichshouldhaveasignal/noise(S/N)ratiogreater
than10.Thecalibrationcurvewasacceptableifatleast75.0%oftheback-calculatedcon-
centrationsofthestandardswerewithin±15.0%oftheirnominalvalues,orwithin±20.0%
fortheLLOQ(24).TheLLOQwasestimatedas10ngmL–1 bymeasuringfivereplicatesof
thesamplesspikedwithblankplasma,wheretheaccuracyandprecision(n=5)should
havebeenwithin±20.0%.Theupperlimitofquantification(ULOQ)wasevaluatedby
analyzingplasmasampleswithconcentrationlevelsoverthehighestcalibrationstandard
(1000ngmL–1).Theseplasmasampleswereanalyzedafteratenfolddilutionwithblankrat
plasma.TheULOQ wassetat1000ngmL–1withprecisionandaccuracywithin±15.0%.

Accuracy and precision.–Accuracyandprecisionoftheestablishedmethodweremea-
suredatfourQClevels(10,20,100and800ngmL–1)infivereplicatesonthesameday
(intra-day)andfiveconsecutivedays(inter-day).Calibrationcurveswereprepareddaily
andwereusedtodeterminetheactualconcentrationateachQClevel.Theintra-andinter-
dayaccuracyoftheanalyticalmethodwasexpressedasapercentage,whichwascalcu-
latedbytheratioofthemeasuredconcentrationtothenominalvalue.Theprecisionofthe
analyticalmethodwasdescribedbytheproximityofrepeatedmeasurementsoftheana-
lyte (expressedasRSD,%).Theacceptance standard shouldbewithin85.0–115.0%of
nominal concentration and 15.0%RSD for accuracy andprecision, resp.,whereas for
LLOQQC(10ngmL–1),theaccuracyandprecisionshouldbewithin±20.0%.
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Extraction recovery and matrix effect.–Theextractionefficiencyisevaluatedbycom-
parisonofpeakareasofplasmaspikedwithZCJ14carriedbythesamplepreparationand
processingproceduresofthemethodvs.post-extractionblankplasmaspikedwithZCJ14.
TheextractionrecoveryofZCJ14wasmeasuredatthreelevelsofQCsamples(20,100,and
800ngmL–1)withfivereplicates.

Thestudyofmatrixeffect(matrixfactor)wascarriedoutbycomparingpeakareasof
thepost-extractionblankmatrixspikedwithZCJ14vs.puresolutionofZCJ14.Themea-
surementwasperformedat threeQC levelsofZCJ14 (20,100and800ngmL–1) infive
replicates.TheextractionrecoveryandmatrixeffectforISweredeterminedattheworking
concentration(200ngmL–1)inthesamemanner.Theextractionrecoveryandmatrixeffect
areacceptableiftheinaccuracyandRSDarewithin±15.0%.

Dilution effect.–Thedilutioneffectexperimentwasperformedtoanalyzerealsamples
withtheconcentrationofanalytebeyondtheupperlimitofthecalibrationcurve.Such
plasmasamplesweredilutedbytenfoldswithblankratplasmaandthedilutioneffectwas
measuredbycomparingthecalculatedconcentrationsofdilutedplasmasampleswiththe
nominalvalues(expressedasapercentage).Theacceptancestandardshouldbewithin
85.0–115.0%ofnominalconcentration(one-tenth)forthedilutioneffect.

Stability.–Stabilityinvestigationswereconductedbyassayingtheplasmasamplesat
threelevelsofQCsamples(20,100and800ngmL–1,eachn=5)underthefollowingcir-
cumstances: (i) short-termstabilitywasdeterminedafter storingat room temperature
(25°C)for24h,(ii)long-termstabilitywasdeterminedafterstoringat–20°Cfor15days,
(iii)threecyclesoffreeze-thaw(–20to25°C)wasconductedtodeterminethefreeze-thaw
stability.Ineachcycle,thesampleswerefrozenforatleast24handthawedatroomtem-
perature.Theanalytesareassumedstableifthemeanvaluedonotexceed±15.0%around
thenominalconcentration.

Pharmacokinetic study and incurred sample reanalysis

TheZCJ14powderwasdissolvedindimethylsulfoxide(10.0%,V/V),dilutedwith
PEG400(70.0%,V/V)andwater(20.0%,V/V)inattempttoprepareasolutionwithacon-
centrationof10mgmL–1fororalapplication.Likewise,theZCJ14powderwasdissolvedin
1.0%aceticacidaqueoussolution(20.0%,V/V),dilutedwithPEG400(10.0%,V/V)and
5.0%glucoseinjection(70.0%,V/V)toobtainasolutionof5mgmL–1forthei.v.administra-
tion.

PharmacokineticandbioavailabilitystudieswerecarriedoutusingtwelveSprague-
-Dawleyrats.Theywererandomlydividedintotwogroups(n=6).Thefirstgroupreceived
intravenousinjectionthroughajugularvein(25mgkg–1bm)andthesecondgroupre-
ceivedanoraldose(50mgkg–1bm)viaoralgavage.Thedosageofthisarosefromthe
previousstudy(19).Amaximumof200μLbloodsampleswascollectedfromtheratfemo-
ralarteryintoheparincontainingpolypropylenetubesbeforedosingandat0.167,0.5,1,
1.5,2,4,6,10,20hafterthei.v.administration.Forperoraladministration,bloodsampling
wasperformedinthesameway,beforedosingandat0.167,0.5,1,2,4,12,16,18,20,22,24,
26,28,36,44hafteradministration.Plasmawasharvestedaftercentrifugingtheblood
samplesat3000rpmfor10minateachtimepoint.Plasmawasthenstoredat−20°Cbefore
analysis.
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PharmacokineticparametersofZCJ14werecalculatedbyPKSolver1.0(25)usingnon-
compartmentalmethods(26).Themaximumpeakplasmaconcentration(Cmax)andthe
time to reachCmax (Tmax)were determined based on the observed concentration-time
curves.Theareaundertheplasmaconcentration-timecurve(AUC0−inf_obs)followingadmi-
nistrationper oswasobtainedbyPKSolver1.0.TheAUCfollowingthei.v.administration
wascalculatedusingthemodifiedmethod,whichwasbasedonthetrapezoidalruleand
pseudo-equilibrium(27).Theabsoluteoralbioavailability (F)wascalculatedusing the
followingEquation1:

 F AUC i g i g
AUC i v i v

( ) ( . .) / ( . .)
( . .) / ( . .)

% dose
dose

=  (1)

Incurredsamplereanalysis(ISR)wasconductedusing24bloodsamplesfromtwelve
Sprague-Dawleyratsmentionedabove:twosamplesfromeachsubject,onenearCmaxand
theotherattheeliminationphase.Whenthereanalyzedresultsarecomparedwiththe
originaldata,thepercentagedifferenceinthevalueshouldbewithin±20.0%.

RESULTSANDDISCUSSION

Method validation

Specificity and selectivity. –Representativechromatogramsofblankratplasma,blank
ratplasmaspikedwithISandZCJ14(LLOQ,10ngmL–1),aplasmasampleharvestedat
0.5hafter the i.v. administrationof 25mgkg–1ZCJ14 to rats are shown inFig. 3.The
chromatogramsrevealedclearlythattheinterferencepeakfromtheendogenousmatrix
wasnotobservedduringtheretentionperiod.Chromatographicparametersinvestigated
bythecharacterizationofQCsamplesareshowninTableII.Theresults indicatedthe
suitabilityofthemethod.

Fig.3.RepresentativeselectedmonitoringLC-MS/MSchromatograms[intensity (cps)versus time
(min)]including:a)blankratplasma,b)blankratplasmaspikedwith10ngmL–1 (LLOQ)ZCJ14and
IS,c)ratplasmasamplecollected0.5hafteri.v.administrationofZCJ14.

a)b)c)
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Calibration curve, ULOQ and LLOQ. –Within the concentration range of 10–1000 
ngmL–1,calibrationcurvesofratplasmaspikedwithknownamountsofZCJ14werelinear
withthecoefficientofdetermination≥0.99.Alltheback-calculatedconcentrationsofthe
standardswerewithin±12.5%oftheirnominalvalues.Therepresentativelinearregres-
sionequationacquiredby leastsquaredregressionwasy=0.00367x–0.00294437(R2 = 
0.9904),whereyistheZCJ14/ISpeakarearatioandxistheconcentrationofZCJ14.

TheLLOQforZCJ14was10ngmL–1 (S/N>10)andtheprecisionandaccuracyatLLOQ 
werewithin±12.1%.TheULOQ forZCJ14was1000ngmL–1withtheprecisionandaccu-
racywithin±8.6%.

Precision and accuracy.–TheprecisionandaccuracyofZCJ14inratplasmagainedfrom
analyzingQCsamplesatLLOQ, low,medium,andhigh levels (10,20,100and800ng
mL–1)weresatisfactoryunderthepresentmethodvalidationconditions.Theintra-and
inter-dayprecisionofZCJ14,aspresentedinTableIII,werewithintheacceptancelimits
(RSD≤14.3%).Assayaccuracywasfoundtobewithintherangeof87.5–99.0%(n=5).

Theresultsindicatedthatthebioanalyticalmethoddevelopedinthisstudywaspre-
ciseandaccurateenoughforassayingZCJ14inratplasmawithintheestablishedconcen-
trationrange.

Matrix effect and extraction recovery. –TableIVsummarizesthematrixeffectandextrac-
tionrecoveryofZCJ14andIS.ThematrixeffectforZCJ14was93.6±4.9,109.9±7.2and87.3±
5.3%atconcentrationlevelsof20,100and800ngmL–1,resp.ThematrixeffectforIS(200ng

Table II. Chromatographic parameters

Compound tR(min)
Instrument
precision 
(RSD,%)

Capacity
factor 

(k´)

Resolution 
(Rs)

Tailing
factor 

(Tf)

Platecount 
(N)

ZCJ14 4.77 0.26 6.22 – 1.28 5919

IS 6.00 0.39 8.15 4.11 1.17 14994

Table III. Inter- and intra-day precision and accuracy of ZCJ14 in rat plasma

ZCJ14
nominal
conc. 

(ngmL–1)

Inter-day Intra-day

Measured 
concentration
(ngmL–1)a

Precison
(RSD,%)

Model 
accuracy
(%)

Measured 
concentration
(ngmL–1)a

Precison
(RSD,%)

Model 
accuracy
(%)

10.0 9.9±1.2 12.1 99.0 9.8±1.4 14.3 98.0

20.0 17.5±0.8 4.6 87.5 18.7±2.0 10.7 93.5

100.0 94.5±7.3 7.7 94.5 95.8±5.8 6.1 95.8

800.0 743.5±81.6 11.0 92.9 725.2±49.4 6.8 90.7

a Mean±SD,n=5.
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mL–1)was87.8±5.2%.Theresultsshowedthatundertheworkingconditionsthematrix
effectsonZCJ14andISwereacceptable.Atthesameconcentrations,theextractionrecovery
forZCJ14was92.1±12.7,101.0±2.9and88.4±6.2%,resp.,whereasforISitwas104.5±9.7%.

Thesedatademonstratedthattheextractionoftheanalytefromratplasmacouldoffer
acceptablerecoverywithsuitableprecisionandaccuracy.

Dilution effect.–ThedilutioneffectforZCJ14wasmeasuredbyanalyzingplasmasam-
plesatthreeconcentrations(200,1000and8000ngmL–1).Eachsamplewasdiluted10times
withblankratplasmabeforeanalyzingandtheaccuracywas87.2,86.9and105.4%,resp.
Theresultsconfirmedthattheplasmasamplescouldbedilutedwithblankratplasmaand
analyzedwithreasonableaccuracy.

Stability.–AsshowninTableV,roomtemperaturestorageofQCsamplesforupto24
hhaslittleeffectonthequantificationofZCJ14(accuracybetween93.0and112.4%,RSD

Fig.4.Plasmaconcentration-timeprofilesofZCJ14inratsfollowingasingleperoraldoseof:a)50mgkg–1 
andb)i.v.doseof25mgkg–1ofZCJ14.Dataareexpressedasmean±SD(n=6).
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within14.0%).ZCJ14wasstableat–20°Cfor15dayswithaccuracyvalues99.5–112.9%and
RSD<13.8%.ThechangesinZCJ14concentrationafterthreefreeze-thawcyclesindicated
nostabilityproblems(accuracybetween98.0and109.8%,RSD<13.9%).

Table IV. Matrix effect and recovery of ZCJ14 and IS in rat plasma

Compound Conc. 
(ngmL–1)

Matrixeffect
(%)a

RSD 
(%)

Recovery 
(%)a

RSD 
(%)

ZCJ14
20 93.6±4.9 5.2 92.1±11.7 12.7
100 109.9±7.2 6.6 101.0±2.9 2.9
800 87.3±5.3 6.1 88.4±6.2 7.0

IS 200 87.8±5.2 5.9 104.5±9.7 9.3

a Mean±SD,n=5.

Table V. Stability of ZCJ14 in rat plasma

Conditions Nominalconcentration
(ngmL–1)a

Foundconcentration
(ngmL–1)a Accuracy(%) RSD(%)

24h,room
temperature

20.0 18.6±2.2 93.0 11.9
100.0 106.2±9.1 106.2 8.6
800.0 899.5±126.2 112.4 14.0

15days,–20°C
20.0 19.9±2.7 99.5 13.8
100.0 112.9±8.9 112.9 7.8
800.0 814.6±55.1 101.8 6.8

Threefreeze-thaw
cycles

20.0 19.6±2.7 98.0 13.9
100.0 109.8±4.0 109.8 3.7
800.0 806.3±106.4 100.8 13.2

a Mean±SD,n=5.

Table VI. Mean pharmacokinetic parameters of ZCJ14 in rats following per os or intravenous administration

Parameter
Typeofadministration

p.o.(dose:50mgkg–1)a i.v.(dose:25mgkg–1)a

AUC0-inf_obs(nghmL–1) 6731.7±694.8 7294.3±1499.6
MRT0-inf_obs (h) 22.2±2.1 5.3±1.5

t1/2(h) 7.7±2.9 5.9±1.4
Tmax (h) 18.0±1.3 –

Cmax(ngmL–1) 350.4±63.7 –
Cl(mLh–1 g–1) – 2.0±0.2

Vz(mLg–1) – 17.2±3.3
F(%) 46.1 –

a Mean±SD,n=6.
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Pharmacokinetic study and 
incurred sample re-analysis

The newly-established LC-
MS/MSmethodhasbeensuccess-
fullyappliedinthisresearchand
achieved satisfying results for
thequantificationofZCJ14inrat
plasmaafteri.v.orper osadmini-
strationof25or50mgkg–1ZCJ14,
resp. As some of the plasma
samples exceeded the standard
curve range, proper dilution of
these samples was carried out
withblankratplasmausingthe
verified dilution factors and re-
analyzed.Themeanplasmacon-
centration-time profiles are
showninFig.4.Thepharmacoki-
netic parameters calculated by
non-compartmentalanalysisare
summarizedinTableVI.

Intheplasmaconcentration-
time profiles of ZCJ14 after ad-
ministrationper os,twopeakcon-
centrationswereobservedafter1
hand18handtheconcentration
of thefirstpeakwaslowerthan
thelatterone.Therefore,weput
forwardtwopossiblereasonsfor
this double-peak phenomenon.
Firstly,theoccurrenceofthefirst
peakconcentrationmayberelat-
ed to the solubility of ZCJ14.
Compound ZCJ14 is lipophilic.
After peroral administration,
onlyoneportionofZCJ14wasab-
sorbed into the bloodstream.
ThustheabsorptionofZCJ14was
slow.Withabsorbing theZCJ14,
blood concentration increased
slowly,which led to the forma-
tionofasecondpeakafteralong
periodoftime.Secondly,gastric
motility may be affected by
ZCJ14.Thismayexplainthefor-
mation of double peaks in the
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plasma(28).Infact,theirritationofthestomachafteradministrationofgefitiniborother
EGFR-TKinhibitorshasbeenregardedasoneofthemajorside-effectsofEGFR-TKinhibi-
tors(29).Thus,asanEGFR-TKinhibitor,ZCJ14mayalsohavethiscommonproblemwhich
maycauseanadverseimpactofdrugabsorptionandthereforeleadtothedoublepeaks
phenomenon.

Despitethefirstpeak,theplasmaconcentrationofZCJ14increasedtoCmaxof350.4±
63.7ngmL–1 within18.0±1.3h(Tmax)followingperoraladministration.Comparedwiththe
publishedpharmacokineticparametersofgefitinibinrats(30),inwhichTmaxwas2hand
Cmaxwas836ngmL–1 attheoraldose20mgkg–1,theTmaxofZCJ14waslongerandtheCmax
ofZCJ14waslower.Theeliminationhalf-lives(t1/2)ofZCJ14were7.7±2.9hand5.9±1.4h
afterper os ori.v.administration,resp.Theplasmaclearance(Cl)ofZCJ14is2.0mLh–1 g–1,
whichishigherthantheClofgefitinib(1.5mLh–1 g–1)inrats.Theoralbioavailability(F) 
ofZCJ14inratsis46.1%,whichislowerthanthatofgefitinib(59.3%).Thepresentphar-
macokineticdatacanserveasabasisforpreclinicalstudyandmayhelptheresearchand
developmentofappropriatedosageformsforclinicalapplicationofZCJ14underthecondi-
tionofrationaladministration.

Duringthecourseofincurredsamplereanalysis,thedifferencebetweenreanalyzed
resultsandinitialdataofthesamesubjectsampleswerewithin±9.8%(TableVII),which
iswithintheacceptancecriterion(±20.0%).

CONCLUSIONS

Inthisstudy,afast,sensitiveandspecificLC-MS/MSmethodwasestablishedand
validated.Also,thequantificationwithacompleteanddetailedelaborationofanoveldia-
rylureaEGFRtyrosinekinaseinhibitor(ZCJ14)inratplasmawasconductedforthefirst
time.Thenewlydevelopedmethodwassuccessfullyappliedtothepharmacokineticsand
bioavailabilitystudiesofZCJ14afterp.o.ori.v.administrationtoSDrats.Theresultssuggest
thatthismethodisrapid,simple,sensitiveandaccurate,andmayserveasavaluabletool
in further clinical research. Thepresent study can shed some light on thepreclinical
researchofthisnovelanticanceragentandmayhelppredictthepharmacokineticpara-
metersinthehumanbody.Studiesregardingtissuedistribution,metabolismandexcretion
arerequiredtobedoneinthefuture.
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