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ＩＩＬ'）Stability,Solubility,ａｎｄDissolutionBehaviorof 

CefatrizineandCefadroxiMsaFunctionofpH2） 
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AquantitativestudyonthepH-dependencyofthedegradatiOn,solubility,anddissolutionof 
cefatrizineandｃｅｍｄｒｏｘｉｌｗａｓｃａｒｒｉｅｄｏｕｔａｔ３５ｏｒ３７｡Ｃ，ａｎｄａｔａｎｉｏｎｉｃｓｔｒｅｎｇｔｈｏｆＯ５・The

degradationratesofcefatrizineweredetenninedbyhigh-perfbrmanceliquidchromatography,At 
constantpHandtemperature,thedegradationfbllowedpseudofirst-orderkinetics･Theshapeof 
therateconstant-pHprofileresembledthosefbrcefMroxilandotheraminocephalosporinslnan 

D 

acidicmediumbelowpH4,cehltrizinewasreasonablystableｗｉｔｈａｈａｌｆＬｌｉｆｅｏｆｌ４ｄａｔ３５ｏＣ・At

neutralpH，cefatrizinewasdegradedwithahalM化ｏｆａｂｏｕｔ６ｈａｔ３５ｏＣｖｊＺｚｉｎｔｒａｍｏlecular

reactionbythenucleophilｉｃａｔｔａｃｋｏｆｔｈｅａ－ａｍｉｎｏｇｒｏｕｐｏｎｔｈｅβ-1actammoiety・The
intramolecularreactionratewasverysimilartothatofcephaloglycin,buttentimesfasterthan 

thosefbrcefMroxil,cephalexin,andcehPadineundertheｓａｍｅconditions、

BothaminocephalosporinsexhibitedsimilarU-shapedsolubilitycurvesagainstpH，Their 

minimumsolubilitieswere46×１０－２Ｍ,closetothatofcephalexinmonohydrate､Ｔｈｅdissolution 
rateconstantsfiPomarotatingdiskweredeterminedandi､terpretedsuccessM1yintermsofthe 

dissociationequilibriumreactionandthedifYilsionkineticmodelTemperatureefIbctsonthe 

degradationrate,solubility,andthedissolutionratewercalsoexamined 

Keywords--cefatrizine;cefadroxil;β-Iactamantibiotics;aminocephalosporin;intramolec‐ 

ularreaCtion;stability;ｓolubility;dissolutionrate;pHefIect;temperatureefIect 

Cefatrizineisaneworallyabsorbedaminocephalosporinantibioticwithabroad 

trumofantibacterialactivity,4)Chemically,ceflatrizineis7-[D-a-amino-a-(4-hydroxy‐ spectrumorantlbacterlalactlv1ty､箒jCnemlcally，cetatrlz1nels7-[D-a-ammo-a-(4-hydroxy‐

phenyl)acetamido]-3-([(１日と1,2,3-triazol-5-yl)-thio]methyl}-3-cephem-4-carboxylicacidItdifL
fersfromcefadroxil,whichisanotherorallyeflbctiveaminocephalosporin,inthereplacement 
ofa3-methylgroupwithathio-triazolemoiety(seeChartl)． 

Thcaqucousstabilitykineticsandthedegradationmechanismsofcefadroxilhavebeen 

reported1）Thepresentpaperdescribesthedegradationkineticsofcefatrizine，andthe 
comparativestability,solubilityanddissolutionratesofcefatrizineandcefndroxiL 

Experimental 

Materials---Cefatrizinepropylcneglycolate(832'9/ｍg)andcefadroxilmonohydrate(947似g/ｍｌ)wereusedas

suppliedbyBanyuPharmaceuticalCo.(Tokyo)andBristolMyersCo.(Tokyo),respectivelyBuiFersandallother 
chemicalswereofreagentgradefromWakoJunyakuKogyoCo.(Osaka)andwereusedwithoutfUrtherpurification・

Procedures-DegradationKinetics:Thekineticstudyofcefatrizinewascarriedoutat35＋Ｏ１ｏＣａｎｄａｎｉｏｍｃ 

ｓｔｒｅｎｇｔｈｏｆＯ５ｉｎｔｈｅｓａｍｅｗａｙａｓｔｈａｔｆｂｒｃｅｆａｄｒoxil,'）unlessotherwisestated､Thedegradationwasinitiatedby 
dissolvinganaccuratelyweighedamountofcefatrizineinanappropriatebufYbrsolutionorO・SMpotassiumchloride

solutionpreheatedtothedesiredtemperaturetomakeafinalconcentrationof5x１０－３Ｍ.ＷｈｅｎｔｈｅｐＨｏｆｔｈｅ 
ｓｏｌｕｔｉｏｎwasmaintainedbymeansofapH-stat(TTT2titratorandABU12bautoburet,Radiometer,Copenhagen， 

Denmark)duringthekineticrun,0.5MKClsolutioncontaininglx10-4Mdisodiumedetatewasusedinorderto 
avoidpossibleheavymetal-catalyzeddegradationSampleswerewithdrawnatsuitabletimeintervals,cooledinanice 
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Cemtrizine 

Cefndroxil 

Determinedatanionicstrengthof0.5．Eachvaluerepresentsthemean＋ＳＤ・ofthree
determinations 

Determinedbypotentiometricmethod 
Determinedbyspectrophotometricmethod 
FrｏｍｒｅｆＬ 

の
り
ｄ
の

bath,anddilutedwithaO2MacetatebufYbrofpH40topreventpossibledegradationduringtheanalysis・
Theconcentrationofresidualcefatrizinewasanalyzedbyahigh-perfbrmanceliquidchromatographic(ＨＰＬ ｑ Theconcentrationofresidualcefatrizinewasanalyzedbyahigh-perfbrmanceliquidchromatographic(ＨPLC） 

ｍｅｔｈｏｄｌｎａｄｄｉｔｉｏｎｔｏｔｈｅＨＰＬＣｄｅｔｅｒminationoftheoverallrateofcefatrizinedegradation,thedecreaseinthe 
concentrationoftheprimaryaminogroupinccmtrizincduringthedcgradationwasfbllowedbyacolorimetricassay 
asusedinthecefHdroxildegradationstudy.'） '● 

DeterminationoflonizationConstants:Thedissociationequilibriaofcefntrizineandcefadroxilareshownln 
ChartLTheapparentpKhlandpKh2valuesfbrthedissociationofthecarboxylicacidanda-ammoniummoietiesof 
bothantibioticsweredeterminedbythepotentiometrictiｔｒａｔｉｏｎｏｆＯＯ１Ｍantibioticaqueoussolutionatanionic 
strengthofq5andat35or37oCThevaluesofpKA3fbrthephenolicgroupsweredeterminedspectrophotometrically 
asdescribedpreviouslyfbrcefMroxiL1)ThecalculationfbrcefntrizinewasmadefiPomthechangeinabsorbanceat 
255nmmeasuredwithamodelUV‐Z00double-beamrecordingspectrophotometer(ShimadzuSeisakusho,Kyoto)． 
TheseresultsaresummarizedinTablel 

DeterminationofSolubilityandDissolutionRates：Theexperimentalproceduresweredescribedindetail 
previously.s)CefmrizineandcefMroxilwereassayedbytheHPLCmethodusedfbrtheirdegradationkinetics､The 
experimentalconditionswerechosenonthebasisofthepresentandpreviouskineticdata1)sothatthedegradationof 
theantibioticswaswithin５％､Accordingly,experimentsonthetemperatureeflbctsonsolubilitiesanddissolution 
rateswereconductedinO・ｓＭＫＣＬＳｉｎｃｅｔｈｅｓｏｌｕｔｉｏｎｐＨｗａｓ＜ｐＨ５，therewasnosignificantdegradationofeither
antibioticbelow60oC． 
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AnalyticalProcedures-HPLCTheliquidchromatograph(TRIROTOR-II,JapanSpectroscopicCo.,Tokyo） 
wasequippedwithaultraviolet(ＵＶ)detectｏｒ(UVIDEC-100-m,JapanSpectroscopicCo.)setat254nmanda 

4.O×300-mmstainlesssteelcolumnprepackedwithoctadecyl-silanechemicallｙｂｏｎｄｅｄｏｎtotallyporoussilicagel 
(似BondapakC18，WatersAssociates，Milfbrd，Mass.，us.Ａ)．Ｔｈｅmobilephasewasanacetonitrile-O､OIM
ammoniumacetatemixture;thecontcntsofacetonitrilewere7ａｎｄ２％fbrcefatrizineandcefMroxil,respectively・
Thechromatographywasperfbrmedatambienttemperature，ａｎｄｔｈｅｓａｍｐｌｅｓｗｅｒｅｅｌｕｔｅｄａｔａＨｏｗｒａｔｅｏｆｌｏｒ 
２ｍｌ/mintoobtainappropriateretentiontimesPeakheightswereusedtoquantitatetheamountofeachantibiotic、
Standardcurvesofthepeakheightofanantibioticvers"sconcentrationshowedalinearresponseinthe 
concentrationrangeof10-100’9/mLThesamplepeakheightswereconvertedtoconcentrationsbycompanson 
withastandardcurvewhichwasobtaineddaily 

ColorimetricAssay:Theprocedureusedfbrcefadroxil'）wasadoptedfbrcefatrizinedegradation 
DataAnalysis-Thenon-1inearleastsquarestreatmentsofthekiｎｅｔｉｃｄａｔａｗｅｒｅｒｕｎｏｎａＦＡＣＯＭ－１７０Ｆ 

ｄigitalcomputerattheDataProcessingCenter,KanazawaUniversity． 

Results 

DegradationKineticsofCefatrizine 

ReactionOrderandObservedRateConstants-Thekineticsofcefatrizinedegradation 
wasstudiedbytheＨＰＬＣｍｅｔｈｏｄ,byfbUowingthedisappearanceoftheintactantibioticasa 
fimctionoftime､ConstantpHwasmaintainedbyusinganappropriatebuffersysteminthe 
kineticrunswithahalfli化＞ｌｄｏｒｂｙｕｓｉｎｇａｐＨ－ｓｔａｔｉｎｔｈｅrelativelyfastdegradations､The
resultsobtainedindicatethatinaqueoussolutions，thedegradationof5mMcefatrizine 
fbllowspseudofirst-orderkineticswithrespecttocefatrizineunderconstantpH,temperature， 
andiomcstrengtｈconditions・Figurelshowstypicalplotsofseveralexperimentalrunsat
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FigLApparentFirst-OrderPlotsfbｒｔｈｅ 
Ｄｅｇｒａｄａｔｉｏｎｏｆ５ｘ１０－３ＭＣｅｈｌtrizineatVari‐ 

ouspHValues，３５．Ｃ，ａｎｄａｎｌｏｎｉｃＳｔｒｅｎｇｔｈ 
ｏｆｑ５，ＤｅｔｅｒｍｉｎｅｄｂｙＨＰＬＣＡｓｓａｙ 

Ａ,ｐＨ2.51(0.l5McitratebufIer);Ｂ,ｐＨ４５７(q2M 
acetatebulYbr);Ｃ,ｐＨ６．４２(0.112McitratebufYbr);Ｄ， 
ｐＨ８．００（pH-stat)；Ｅ，ｐＨ６．６８（O2Mphosphate 
bulYbr);Ｆ,ｐＨ10.5(pH-stat);Ｇ,ｐＨ１１．５(pH-stat） 

300 

Totalcitrate（Ｍ） 

Fig.２．PlotsofPseudo-First-OrderRateCon-
stantvelT"sTotalCitrateBuffbrConcentra‐ 

tionfbrCefatrizineDegradationatVarious 

pHValues，３５．Ｃ，ａｎｄａｎＩｏｎｉｃＳｔｒｅｎｇｔｈ 
ｏｆＯ・s

ThelinesweregeneratedfiPomEq.(2)byusingthe 
rateconstantsgiveninthetext． 



VｏＬ３１（1983） 4060 

TABLEILEfIectsofBufYerConcentrａｔｉｏｎａｎｄｐＨｏnthePseudo-First-Order 

RateConstantsfbrCefatrizineDegradationａｔ３５ｏＣ 

ａｎｄａｎＩｏｎｉｃＳｔｒｅｎｇｔｈｏｆ０．５ 

102ｋ。b3,ｈ-1
102ｋpH,ｈ-1 ｐＨ(Buffbr） 

0.20Ｍ 0.15Ｍ 0.10Ｍ 0.05Ｍ 

０．２０ 

０．２０ 

０．２０ 

０．２９ 

０．４２ 

０．６９ 

１．６０ 

0.23 

029 

０．４８ 

２．４５ 

６．３０ 

１０．５ 

５．７６ 

７．５５(37°Ｃ） 

19.5(44°Ｃ） 

３２．４(48°Ｃ） 

８２．４(58°Ｃ） 
１１．１ 

１５．５ 

２７．１ 

６２．２ 

１９３ 

２１０(30°Ｃ） 
４２５ 

４７０(37°Ｃ） 

６８７(40°Ｃ） 

1410(45°Ｃ） 
1175 

0.277 

0.291 

0.353 

０．５１７ 

１．１３ 

３５０(0.146Ｍ） 

４．３０(0.112Ｍ） 
0.665 

ＬＯ５ 

1.64 

17.1 

33.1 

43.2(018Ｍ） 

0.255 

0.269 

0.304 

0.488 

0.992 

2.86(0.110Ｍ） 

3.73(0.084Ｍ） 
0.609 

0.793 

1.42 

0.236 

0.255 

0.263 

0.408 

0.780 

２．１４(0.073Ｍ） 

３．０１(0.056M） 
0.480 

０．７１４ 

１．０８ 

9.42 

21.5 

30.0 

0.224 

0.225 

0.246 

0.341 

0.599 

１．３８(0.037Ｍ） 

２．２４(0.028Ｍ） 
０．３２１ 

0.461 

0.764 

6.30 

12.1 

19.0 

2.51（Citrate） 

3.11(Citrate） 

3.71(Citrate） 

4.31(Citrate） 

４９１(Citrate） 

5.82(Citrate） 

6.42(Citrate） 

４．２５(Acetate） 

４．５７(Acetate） 

５．２７(Acetate） 

６．１４(Phosphate） 

６．６８(Phosphate） 

７．２０(Phosphate） 

７００(pH-stat） 

7.00(pH-stat） 

700(pH-stat） 

７．００(pH-stat） 

7.00(pH-stat） 

8.00(pH-stat） 

９．００(pH-stat） 

１０００(pH-stat） 

10.50(pH-stat） 

1ＬＯＯ(pH-stat） 

11.50(pH-stat） 

11.50(pH-stat） 

11.50(pH-stat） 

11.50(pH-stat） 

11.50(pH-stat） 

12.00(pH-stat） 

13.7 

28.1 

38.4 

３５.CandionicstrengthO5,atselectedpHvalues・TablelIliststheobservedfirst-orderrate
constants,Aobs,determinedfTomtheslopesofsemilogarithmicplotsofthecefatrizineresidual 
percentvers"ｓｔｉｍｅ,andthebufIersystems、

GeneralAcid-BaseCatalysis-ThecatalyticefIectofthebufferspeciesinthecitrate， 
acetate,andphosphatebufIersusedinthesekineticstudiesweredeterminedatconstantpH， 
temperature,andionicstrengthinsolutionscontaining5mMcefatrizine;onlythetotalbuffbr 
concentrationwasvariedTheseexperimentswerecarriedoutatseveralpHvalueswithinthe 
effectiverangefbreachbufferemployed 

FigUre2illustratesthebufIerefIectofvanouscitratespeciesonthedegradationof 
ceflａｔｒｉｚｉｎｅｉｎｔｈｅｐＨｒａｎｇｅｂｅｔｗｅｅｎ２５１ａｎｄ6.42．Theobservedrateconstantsarethe 
summationofthespecificrateconstantfbrthebufferspeciesandthepH-dependentrate 
constantatzerobufIerconcentrationTherefbre，theobservedrateconstant，kobs，ｍａｙｂｅ 
ｗｒｉｔｔｅｎａｓ： 

ＩＣ・b3＝kpH＋kH3A[H3A]＋kH2A-[Ｈ２Ａ~]＋kHA2-[HA2-]＋lCA3-[A3~］ (1) 

wherekpHrepresentstherateconstantatzerobufferconcentration；otherkvaluesarethe 
second-orderrateconstantswithrespecttocitratebufIerspecies;[Ｈ３Ａｌ,[HzA~],[HA2~Ｌａｎｄ 
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[A3-]aretheconcentrationsofundissociatedcitricacid,dihydrogencitrateion,monohyd‐ 
rogencitrateion,andcitrateion,respectively､Ｂｙｅxpressingeachconcentrationintermsof 
totalcitrateconcentration[Cit几hydrogenionactivity,andthethreedissociationconstants，
Ｋｆｉｔ,Ｋ:i1,andKRitofcitricacid,Ｅｑ(2)canbeobtained 

kH3A(αHJ3＋kH1A-KFi1(αHJ2＋kHA1-KFi1K:i1qH+＋kA3-KPtK:iIK:ill 
kobs＝kpH＋[Cit]Ｔ （２） 

（αH+)3＋ＫＦｉＩ(α11+)２＋Ｋｆｉ(Ｋ:iIqH+＋KFiIK:'1Ｋ:ｉＵ 

Ｉｎｔｈｉｓｃａｓｅａｓｗｅｌｌａｓｉｎｔｈｅｃａｓｅｏfcefadroxildegradation,'）noattemptwasmadeto 
incorporatethecatalyticconstantswithrespecttotheprotonatedandzwitterionicspeciesof 
ceftLtrizmebecauseofdi伍cultyindifferentiationoftheirreactivities・Takingthedissociation
constants6)ofcitricacidaspKfit＝308,ｐＫ:i1＝475,andpKRit＝5.40,thecitratecatalytic 
constantsat35oCandionicstrengthofOSweredeterminedfromEq(2)byusingthenon‐ 
linearleast-squarescomputerprogram,ＮＯＮＬＩＮ７)ｔｏｂｅｋＨ３Ａ＝４２３×１０￣３Ｍ￣’ｈ￣1,kHzA＿＝ 
９．８１×ｌＯ－２Ｍ－１ｈ￣１，kHA2-＝７．８８×ｌＯ－２Ｍ－１ｈ－１，andkA3-＝0.264Ｍ-1ｈ-1．Theso1idlines 
inFig2representthebestfitsoftheobservedpoints、

Thecatalyticef[ectsofacetatebuffers(ｐＨ4.25-5.27)andphosphatebufIbrs(ｐＨ614-
720）ontherateofdegradationofceflatrizineareshowninFigs3and4,respectively, 
Treatmentofthekineticdatainamanneranalogoustothatusedintheinterpretationof 
citratebuffercatalysisasdescribedpreviouslyfbrcefadroxildegradation1)afIbrdedEqs.(3) 
and(4),respectively： 

kHAcqH＋＋kAC-KHAc 
kobs＝kpH＋[AC]Ｔ （３） 

αＨ＋＋KHAc 

kH1Po馴‐αH+＋kHpo42-KEh
kobs＝kpH＋[Ph]Ｔ （４） 

α酢十Ｋ:h

where[ＡＣ]TandPh]TrepresentthetotalacetateandphosphatecOncentratiOns,respectively； 
KHAcandK:hrepresentthedissociationconstantsfbraceticacidanddihydrogenphosphate 
ion,respectivelyByemployingPKHAc＝4588)ａｎｄｐＫ:h＝6591)ａｔ３５°Ｃａｎｄ似＝05,the
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Totalacetate（Ｍ） 

Fig.３．PlotsofPseudo-First-OrderRateCon‐ 
ｓｔａｎｔｖｅｌ･sMJTotalAcetateBufTerConcen-

trationforCeftltrizineDegradatiｏｎａｔＶａｒｉ－ 

ｏｕｓｐＨＶａｌｕｅｓ，３５°Ｃ，andanIonicStrength 
ofq5 

Theln]esweregeneratedfromEq.(3)byusingthe 
rateconstantsgiveninthetext． 

０．０５ｑ1００．１５０．２０ 

Totalphosphate（A1） 

Fig.４PlotsofPseudo-First-OrderRatｅＣｏｎ－ 

ｓｔａｎｔｖｅ'･UswsTotalPhosphateBufIbrConcen-

trationfbrCefatrizineDegradationatVari-

ouspHValues，３５°Ｃ，andanlonicStrength 
ofO5 

ThelincsweregeneratedfromEq.(4)byusingthe 
rateconstantsgiveninthetext． 
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fbllowingcatalyticrateconstantswereobtainedusingNONLIN;7)んHAC＝１．３６×１０~３Ｍ-1ｈ￣１，
kAc‐＝７．１６×１０－２Ｍ－1ｈ－１，kH2po4-＝０．２１１Ｍ－1ｈ-１，andkHpo42-＝２．２８Ｍ￣’ｈ－１．Thesolid 
linesinFigs､３ａｎｄ４ｒｅｐｒｅｓｅｎｔｔｈｅｂｅｓｔｆｉｔｓｔｏｔｈｅｏbservedpoints・

pH-RateProfile ThepHdependenceoftheoveraUfirst-orderrateconstant,kpH,ｏｆ 
cemtrizinedegradationat35oＣａｎｄｌｕ＝０．５ｉｓｓｈｏｗｎｉｎＦｉｇ、５．Therateconstantsusedin

constructionofthegraphwereobtainedfTomtheinterceptsoftheplotsofkobsve7s"stotal 
buHerconcentrationsatvariouspHvalues(Figs､２－４).TheresultsobtainedbyusingapH 
statwereincorporated(Tablell)． 

InthepHrangestudied,theamphotericantibioticcafatrizineexistsinfburdifferentionic 
fbnns;asacation(AH2+),azwitterion(ＡＨ±),amono-anion(Ａ~),andadi-anion(A2~),the 
apparentpKavaluesofAH2+,ＡＨ±,andA2-being2､60,7.00,and9.54,respectivelyat35oC 
andlu＝0.5(Chartl)． 

Forthesakeofcomparison，pH-rateprofilesfbrceftldroxil,'）cephaloglycin,g)cepha‐ 
lexin,g)andcephradine9）obtainedunderthesamekineticconditionsareredrawninFig5・
ThepH-dependencecurveofkpHfbrcefatrizineshowsthesameshapeasthosefbrallother 
aminocephalosporinsexceptthatinacidicmediumfbrcephaloglycinSincethereisnobreak 

nearpKulorpKh3intheloglcpH-pHprofileofcefatrizine,thedissociationsofthe4-carboxylic 
acidandthephenolmoietiesapparentlyhavenoefIbctonthedegradationrate，asalso 

observedfbrcefadroxil.')TheapparentinHectionsatpHaroundthepKl2valuesinthepＨ‐ 
rateprofilesofaUaminocephalosporinsindicatethatthedissociationequilibriaoftheside-
chaina-ammoniumgroupsdoinHuencethedegradationrates・

ＴｈｅｔｏｔａｌｓｈａｐｅｏｆｔｈｅｌｏｇＡｐＨ－ｐＨｐｒｏfileofceflatrizinecanbeinterpretedbythe 
fbllowingequationwhichalsosuccessMlydescribedthoseoftheraminocephalosporins:''9） 

峰H州(点ﾙ･鬮差（,）
wherelcorepresentsthefirst-orderrateconstantfbrthewater-catalyzeddegradationof 
cefatrizine;kbrepresentsthefirst-orderrateconstantfbrthespontaneous(orwater-catalyzed） 
degradationofthemono-anionicanddi-anionicspeciesofcefatrizine；koHrepresentsthe 
second-orderrateconstantfbrthebase-assisteddegradationofallspecies；KWisthe 

autoprotolyticconstant・
IncorporatingthevalueofKW＝2.09×l0-14at35oC,'０)thevariousrateconstantswere 

determinedbytheuseofNONLIN7)withweighingbasedonthereciprocalofeachkpHvalue、
ThesevaluesarelistedinTableIIItogetherwiththosefbrtheotheraminocephalosporins・''9）
ThelineinFig5representsthecurvecalculatedbysubstitutingthesekvaluesintoEq.(5) 
whilepointsshowtheexperimentalvalues・Thegoodagreementindicatesthatthisequation
adequatelydescribesthedegradationrateconstantsofcefatrizineasafnnctionofpH・

MechanismofDegradationlnvolvingtheSide-Chainoc-AminoGroup----Itbecameclear 
frOmrecentstudiesoncephaloglycin,9,11-13)cephalexin,9,13-15)cephradine,9,13,16)andcefn‐ 
droxil1）ｔｈａｔｔｈｅｐｒｉｍａｒｙｏ(-aminogroupsintheC-7side-chainofaminocephalosporinsare 
capableofattackingthereactiveβ-lactammoietiesintramolecularlytoyieldthepiperazine‐ 
2,5-dionederivativeslfsuchanintramolecularreactionoccurs,therewillbeaconsumption 
oftheside-chainprimaryaminogroupduringthedegradation,asconfirmedpreviouslyfbr 
cephaloglycin,'3)cephalexin,'3)andcefladroxiL1） 

Thedecreaseintheconcentrationoftheprimaryaminogroupsincefatrizinesolution 
duringthedegradationwasfbllowedbymeansofthetrinitrobenzene-sulfbnicacidassay、
Figure6showsaplotofthedisappearanceofaminogroupsin0.15MphosphatebufferatpH 
7､20,35°Ｃａｎｄ’＝0.5.Theinsertedplotindicatesthatthelossofaminogroupsfbllowsfirst‐ 
orderkineticsTheapparentrateconstantwasinreasonablygoodagreementwiththehrst‐ 
orderrateconstantfbrthetotaldisappearancefbllowedbytheHPLCmetｈｏｄｆｂｒｔｈｅｓａｍｅ 
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10 

１ 
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１
 

二）一一Ｑ壁

ﾋﾟﾂﾞｼﾞＩＪ 

Ｆｉｇ．５．１ogkpH-pHProfilesfbrtheDegradation 
ofCefatrizineat35oCandanIonicStrengthof 
O5 

Thesolidlinerepresentsthecurvecalculatedfrom 
Eq.(5)andtheconstantslistedinTablesIandlll;the 
pointsaretheexperimentalvalues、TheotherlineS
refertothelogkpH-pHprofilesfbrcefadroxil(－－－－)， 
cephalexin（ｘｘｘ),cephradine（●●●)，andcepha‐ 
loglycin㈹'1,,,）ａｔ３５.CandanionicstrengthofO5
（fiPomre色ｌａｎｄ９)．

10-2 

………沙
一10-3 

Ｏ１２３４５６７８９１０１１１２１３ 

ＰＨ 

TABLEIILRateConstantsq)fbrDegradationofAminocephalospｏｎｎｓ 
● 

ａｔ３５ｏＣａｎｄａｎＩｏｎｉｃＳｔｒｅｎｇｔｈｏｆ0.5 

lＯ３ｋｏ 
ｈ－１ 

l０Ｚｋｂ 
ｈ－１ 

l０－ｚｋｏＨ 
Ｍ－１ｈ－１ 

Cephalosporin 

Cefatrizine 

CefMroxilb） 

Cephalexind 

Cephradinec） 

Cephaloglycinc） 

1.96 

0.941 

1.15 

1.10 

5.00 

1４．４ 

１．６１ 

１．０１ 

0.740 

13.5 

５．８４ 

２．５４ 

２．６４ 

3.98 

13.1 

α）DefinedinEq.(5)６）ＦｒｏｍｒｅｆＬｃ）Ｆｒｏｍｒｅｆ９． 

sample,asshowninthefigureThisresultleadstotheconclusionthatthedegradationof 
cefatrizineproceedingatneutralpHisdominatedbytheintramolecularnucleophilicattackof 
theunprotonatedside-chainaminogroupontheβ-lactamcarbonylmoiety,probablytoyield 
thepiperazine-2,5-.ioneproduct・

EHectofTemperature----Thetemperaturedependenceofthedegradationofcefatrizine 
wasstudiedinnon-bufIbredsolutionatpH700andl１．５０ａｎｄａｔ似＝O5usingapH-stat
technique・TheArrheniusplotsareshowninFig７.Fromthesedata,theapparentactivation
energiesaｔｐＨ７・O０ａｎｄｌＬ５０weredeterminedtobe22､６ａｎｄ24.4kcal/ｍCl,respectively、

ＩｎａｑｕｅｏｕｓｓｏｌｕｔｉｏｎａｔｐＨ７００ａｎｄ３５｡Ｃ，cefatrizinewasdegradedvjaanintra‐ 
molecularlycatalyzedreaction(kb-reaction)totheextentof96％andWZzawater-catalyzed 
β-lactamopeningreaction(ko-reaction)totheextentof4％Therefbre,theactivationenergy 
(22.6kcal/ｍCl)determinedatthispHmainlyreHectstheintramolecularreactioninitiatedby 
theattackOfthea-aminogroupontheβ‐lactammoiety 

AtpH1L50,thehydroxideion-assisteddegradationproceededexclusively,thecontri‐ 
butionofthelcb-reactionbeingonly0.1％・Theapparentactivationenergyof24.4kcal/molat
thisalkalinepHmayincludetheheatofionizationofwater，13.1ｋcal/moL10)Ｔｈｅｎｅｔ 
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Ｆｉｇ．６．TimeCoursesfbrPrimaryAminoGroupDisappearanceduringl×１０－３M 
CefatrizineDegradationinO15MPhosphateBuffer(ｐＨ7.20)at35oCandan 

IonicStrengthofO5 

Absorbancerefbrstotheabsorbanceproducedbysubjectingequalaliquotsofthe 
reactionsolutiontothetrinitrobenzenesulfbnicacidassay・Theinsertshowsthefirst-order

plotsofthedata(○)obtainedbyGuggenheimtreatment(2hintervals)incompansonwith 
theHPLCassay(●)ofthesamesample 

「
］

１０ 

１．５０ 

十

１
 

二
）
一
一
Ｑ
室

Ｆｉｇ．７．ArrheniusPlotsoftheApparentFirst‐ 

OrderRateConstants，kpH，fbrCefatrizine 
DegradationatpH7､Ｏ０ａｎｄｌ1.50,ａｎｄａｎ 

ＩｏｎｉｃＳｔｒｅｎｇｔｈｏｆＯ５、

ThepHvaluesweremaintainedbytheｕｓｅｏｆａｐＨ‐ 
ｓtat． 

7.00 
10-1 

２６９３．０３．１３．２３．３３．４IhepHvaluesweremamtamedbytheusｅｏｆａｐＨ‐ 

１０３１/TstaL 

enthalPy，』Ｈ≠，ofthehydroxideion-assisteddegradationofcefatrizineactivationenthalpy，』Ｈ〒，ofthehydroxideion-assisteddegradationofcelatriz1newas

calculatedtobel0.7kcal/molat35゜C

Solubility-PHProme 
Thesolubilitiesofcefatrizinepropyleneglycolateandcefadroxilmonohydratewere 

determinedat37oCand似＝0.5,ａｎｄｔｈｅｄａｔａａｒｅｌｉｓｔｅｄｉｎＴａｂｌｅｌＶ．

TherelationshipbetweenthesolubilityandpHresemblestheproiilesreportedfbrother 
aminocephalosporins17)andalsoaminopenicillins5).Thetotalsolubility,ＣＴ,canbeexpressed 
asafimctionofthesolutionpH： 

ｑ－ｃｌ若半壽），`）
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TABLEIV・IntrisicSolubility,HeatofSolution,andDissociationConstants

ofAminocephalosporinsat37oCandanlonicStrengthofq5 

Solubility 

lO2Cb 
M(ｍg/ｍｌ） 

Heatofsolution 

4H6・ｌ

ｋｃａＶｍｏｌ 

DissociationconstantS 
Molecular 

weight 
Cephalosponn 

● 

pKh，ｐＫ§２ 

Cefatrizinepropyleneglycolate 

Cefadroxilmonohydrate 

Cephalexinmonohydrateq） 
CephradinemonohydrateQ） 

CephaloglycindihydratcQ） 

538.6 

381.4 

365.4 

367.4 

441.4 

460(24.8） 

4.59（17.5） 

4.72（17.2） 

7.08(26.0） 

3.36（14.8） 

5.25 

1.35 

1.39 

1.58 

1.87 

2.62 

2.70 

2.67 

2.63 

2.03 

6.99 

7.22 

6.96 

7.35 

6.89 

のFromrefl7．

Temperature（．Ｃ） 
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Fig.８．plotsofSolubilities（Squares，Left 
Scale）andDissolutionRateConstantsat 

228rpm（Cilcles,RightScale）ofCefatrizine 

propyleneGlycolate（OpenSymbols）and 

CefMroxilMonohydrate(ClosedSymbols)ｉｎ 
ｑ５ＭＫＣｌｖｅ応"stheReciprocalofAbsolute

Temperature 

0 １ ２ ３ ４ ５ 

､/可

Fig9EflectofStirringSpeed,､/の,onthe
DissolutionRateConstants,ｋＴ,ofCefntrizine 

PropyleneGlycolate（○）andCefadroxil 

Monohydrate(●)iｎＯ５ＭＫＣｌａｔ３７ｏＣ 

Theminimumsolubility（Cb）estimatedfiPomthesolubilityattheisoelectricpoint,ｐＩ＝ 
1/2(pKh,＋pKuz)，andthedissociationconstantsundertheexperimentalconditionsuse。
(37｡Ｃand似＝0.5)arelistedinTableIIThetheoreticalcurvesgeneratedfromEq.(6)fitted
reasonablywellwiththeexperimentalpointsfbrbothcefatrizineandcefMroxil(notshownl 

BothaminocephalosporinsexhibitedverysimilarpH-dependentsolubilitieswiththe 
minimumsolubilityof46×10-2Ｍ.Forcompanson,theCbvaluesofseveralaminocephalos-
porinsdeterminedunderthesameconditions'7)arealsolistedinTablelV;thesolubility-pH 
prohleofcephalexinmonohydrateisverysimilartothoseofcefatrizinepropyleneglycolate 
andcefadroxilmonohydrate 

AsshowninFi9.8,theapparentequilibriumsolubilitiesobservedoverthetemperature 
rangeof25--60oC，whenplottedintheclassicalvan，tHofTfashion，gaveagoodlinear 
relationship､Thevaluesoftheheatofsolution,』LL.,,fbrcefatrizineandcefadroxilwere
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TABＬＥＶ、TheoreticalEquationso)fbrtheDissolutionRateConstants

at228rpmandDifInsionCoefYicientsofAminocephalosponns 
at37oＣａｎｄａｎＩｏｎｉｃＳｔｒｅｎｇｔｈｏｆＯ５ 

Theoreticalequation,b） 

んT(theor）

Mcm2/ｓ 

DifIilsion 

coellicient 

lO6ncm2/ｓ 

Cephalosporin 

Cefntrizinepropyleneglycolate 

CefMroxilmonohydrate 

Cephalexinmonohydratec） 
Cephradinemonohydratec） 
Cephaloglycindihydratec） 

1.18×10-2(αH+)ｈ＋7.45×10-5＋1.59xlO-2(αoH-)h 
L22×10~2(αH十』＋9.73×10~5＋L36x10-2(αoH-)h
L22xlO~2(αH十ル＋M3x10-s＋Ｌ40×10~2(αoH-)h
L35x10-2(αH+)ｈ＋12.4×10-5＋1.50×10-2(αoH-)ｈ 
0.43×10~2(αH+),i＋5.19×10-5＋1.59×10-2(αoH-)ハ

α） 
6） 

c） 

Equation(9)． 

CalculatedhomEqs.(9)and(10)withtheparameterslistedinTablelVandthosecitedinthe 
teXt・
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Ｆｉｇ．１０．logkT-pHProiilesfbrtheDissolution 

ofCehltrizinePropyleneGlycolate（○）and 

CefMroxilMonohydrate（●）ａｔ228rpm， 
３７．Ｃ,ａｎｄａｎｌｏｎｉｃＳｔｒｅｎｇｔｈｏｆＯ５ 

Ｔｈｅｐｏｉｎｔsareexpenmentalvalues，andthesolid 

curvesweregeneratedfmmthetheoreticalequations 
listｅｄｉｎＴａｂｌｅＶ・Thedottedlinesareth巳theoretjEal

curves(firomrefl7,seeTableV)fbrthedissolution 
rateconstantsofcephradinemonohydrate(A),cepha‐ 
lexinmonohydrate(B),andcephaloglycindihydrate 
（qat228rpmandanionicstrengthof0.5. 

Ａ
Ｂ
 

Ｏｏ－Ｃ 
、

￣~－－－－－－－－－－－－－－－Ｃ 

０１２３４５６７８９１０ 

ｐＨ 

calculatedfromtheslopesinFig8tobe5.25and1.35kcal/ｍCl,respectively・ThedifYerence
insolvatedfbrmsbetweenthetwoantibioticsmayberesponsiblefbrthisdiflerenceinthe 
ＪＨ５.,values・
DissolutionRate-pHProfile 

ThedissolutionrateofdrugsolidinaqueoussolutioncanbedescribedbyEq.(7)under 
thesinkcondition:5） 

傍)｡-二階（７）
whereCrepresentstheconcentratiｏｎｏｆｔｈｅｄｉｓｓｏｌｖｅｄｄｍｇａｔｔｉｍｅｊｉｎthemedium，S 
representstheareaofthesolidsurfaceexposedtothesolvent，しrepresentsthevolumeofthe
dissolutionmedium,andlcTrepresentsthedissolutionｒａｔｅｃｏｎｓｔａｎｔｉｎｕｍｔｓｏｆＭｃｍｓ－１・

Whenthedissolutionofbothantibioticsfromtherotatingdiskisrate-limitedby 
diffilsion，thedissolutionrateconstantsattheisoelectricpHvaluescanbepredicted 
theoretically18)ａｓ： 

ICT＝0.620,2/3V－１/6の1/ｚＣｏ （８） 

whereDisthedifIilsioncoefIicieｎｔｏｆｄｒｕｇ，visthekinematicviscosityofthedissolution 
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medium,ａｎｄのistheangularvelocityofrotationTheobserveddissolutionrateconstants，
kT,measuredinO5MKClatfburdiflbrentrotatingspeedsareplottedagainst、/万inFig9，
andgiveareasonablystraightline,apparentlyobeyingEq.(8).TheD-valuesofthetwo 
antibioticscouldbecalculatedfTomtheslopesemployingv＝６．９９×ｌ０－３ｃｍ２ｓ－１１９)andare 
listedinTableVwiththecorrespondingCbvalues、

DissolutionrateconstantskT,weredeterminedasafimctionofthebulksolutionpHat 
37oCand’＝0.5(Fig.１０).Forcomparisonwithpreviousstudiesonotheraminopenicillins5） 
andaminocephalosporins,'7）therotatingspeedwasfixedat228rpmThedissolutionrate 
constantsincreasedlinearlywithdecreasingpHintheacidicmediumbelowpH3､Abovethis 
pH,therateconstantswereindependentofpHfbrbothcephalosporinsusedinthisstudy,as 
observedfbrtheotheramino-β-lactamantibiotics・

ThecomplicatedpH-dependentdissolutionkineticsoftheseantibiｏｔｉｃｓｃａｎｂｅｉｎ‐ 

terpretedtheoreticallybyEq.(9)whichwasderivedpreviously:5） 

ルールル器帆Ｍ+叱り'･卿､､宝器塵q仏･卿兆]',）
wheresubscriptsA+,Ａ±,andA-refertothecationic,zwitterionicandanionic(bothmono‐ 
anddi-anions)speciesofcefatrizineorcefMroxil,respectively;DisthediflilsioncoefYicient； 
(αH+Land(αoH-)harethehydrogen-ionandhydroxide-ionactivities,respectivelyinthebulk 
solution;ａｎｄハisthediflilsionlayerthicknesscalculatedfromEq.（10):'8）

ｈ＝1.612,1/3Ｖl/6の－１/２ （10） 

AssumingDA+＝ＤＡ±＝DA-andemployingDH+＝4.12×10-5ｃｍ2/s,２０)DoH-＝3.43×10~ｓ 
ｃｍ２/s,21,22）ＫW＝2.38×10~'4,10）andthepertinentparametersdeterｍｉｎｅｄｉｎｔｈｉｓｓｔｕｄｙ 
(TableslVandV),thetheoreticaldissolutionrateconstantMcT(theor)underthepresent 
experimentalconditionscanbederivedfromEqs.(9)and(10),andarelistedinTableV・The
theoreticalcurvesgeneratedfromtheseequationsexhibitreasonablygoodagreementwith 
theexperimentalpointsfbrbothantibiotics・

FigurelOalsoincludesthetheoreticalcurvesfbrotheraminocephalosporinstranscribed 
fromthepreviousreport,'7)showingsimilardissolutionkineticbehaviorwithrespecttothe 
changeinpHofthebulkdissolutionmediumAmongaminocephalosporins,itisclearthat 
cephradinemonohydrate,whichhasthehighestsolubility(seeTablelV),givesthehighest 
dissolutionrate,andthatcephaloglycindihydrate(withthelowestsolubility)exhibitsthe 
lowestdissolutionrate,overthepHrangebelow9Bothcefatrizinepropyleneglycolateand 
cefadroxilmonohydratewerefbundtohavemoderatesolubilitiesanddissolutionrates、

Figuｒｅ８ｓｈｏｗｓｐｌｏｔｓｏｆｔｈｅｌｏｇａｒｉｔｈｍｏｆｔheapparentdissolutionrateconstantsof 
cefatrizineandcefladroxiｌｉｎＯ・SMKClat228rpmagainstthereciprocaloftheabsolute
temperatureThevaluesofheatofdissolution,dHais,calculatedfromtheslopesoftheselines 
were754and499kcal/ｍCl,respectivelyBysubtractingtheheatofsolubility,ＪＨ６ｏｌ,fTom 
thatofdissolution，theintrinsicenergyconcernedwiththediflilsionoftheantibioticsand 

viscosityofthesolutioncanbeobtainedThecalculatedenergies,JHdis-JH5ol,were2.29and 
3.64kcal/molfbrcefatrizinepropyleneglycolateandcefadroxilmonohydrate,respectively 
Theenergiesareverysimilartothosefbrotheraminocephalosporinsdetenninedunderthe 
sameconditions,andarewithintherangeof3-5kcal/molconsideredreasonablefbra 
diflilsionprocess・'7）

Discussion 

Thedegradationratesofseveralaminocephalosporinsintheneutralandbasicregions 
apparentlydependonthenatureofsubstituentsatthe3-position(seeFig.5).Ceiatrizinewas 
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highlyreactive,likecephaloglycin，whilethederivativeswitha3-methylgroup,cephalexin， 
cephradine，andcefMroxil，arethemostrcsistanttodegradationAcomparisonofthe 
specincrateconstantsassociatedwiththereactionsofcefatrizineandcephaloglycinwiththe 
correspondingconstantsfbrthelatterthreeantibiotics(TableⅢ)showsthattheβ-1actam 
moietyofthefirsttwoantibioticsisabouttwofbldmoresusceptibletoattackofhydroxide‐ 
ionandaboutlOtimesmoresusceptibletointramolecularattackbytheC-7sidechainamino 
groupThedifIbrenceinreactivitybetweenthefirsttwoantibioticsandthelatterthree 

antibioticsmaybeascribedtothedifferenceinthelong-rangeinductiveeflbctonthe 
electrophilicityoftheβ‐lactamcarbonylcarbonatomtowardnucleophilessuchashydroxide 
ionandaminesand/ortheefIbctivenessasaleavinggroupofthe3-methylenemoiety(Rin 
Chartl)whichmaylowertheenergyofthetransitionstate,assuggestedpreviouslyfbrother 
cephalosporindegradations､９，１３） 

ＩｎａｃｉｄｉｃｍｅｄｉｕｍｂｅｌｏｗｐＨ４,cefatrizineisreasonablystablewｉｔｈａｈａｌｆＬｌｉｆｅｏｆｌ４ｄａｔ 
３５ｏＣａｎｄ似＝0.5,Amongaminocephalosporinssuchascephaloglycin，ｃephalexin，cephra‐
dine，cefadroxil，andcefatrizine，thestabilitiesofwhichhavebeeninvestigatedinour 
laboratory,''9）cephaloglyciniscosideredtobethemostacid-unstable，andtheother 
analoguesexhibitsimilaracid-stability(seeFig5)Instabilityofcephaloglycinisduetothe 
esterhydrolysisoftheC3sidechainratherthancleavageoftheβ-lactammoiety.,)However， 
cephaloglycinhastentimesgreateracid-stabilitythanampicilli､,23)anaminopenicillinlt 
seemssafbtosayfiPomourpresentandpreviousstudiesonthestabilityoM-lactamantibiotics 
thataminocephalosporinsaremoreacid-stablethanaminopenicillins・Ｔｈｅdestructionof

aminocephalosporinsduringagastricresidencetimeof30minatpHL3isalmostnegligible， 
whereasaboutlO％ofaminopenicillinsisdegradedundertheseconditions､5,23） 

Fromourquantitativestudiesonthesolubilityanddissolutionratesoffiveaminocepha‐ 

losporins,'7)itissuggestedthatthedissolutionoftheseantibioticscannotbearate-limiting 
stepintheirabsorptionprocesswhentheyareingestedwithsuflicientwater,asconcluded 
previously5)fbraminopenicillins、

However,fbrcefatrizineitsinstabilityattheintestinaland/orbodypHissuspectedto 

giveareducedurinaryrecovery，aspreviouslymentionedfbrcephaloglycin､9）Atthe 
physiologicaltemperatureoｆ３７ｏＣ,ｔｈｅｈａｌＭｖｅｓｏｆｃｅfatrizineareestimatedtobe92and 
6.6hinnon-buflbredsolutionatpH7.Ｏａｎｄ7.4,respectivelySincethereportedplasmahalfL 
lifbofceiatrizineisL4-1.7hafteroraladministrationinman,24￣26)themaxlmumextentof 

thechemicaldestructionofcefatrizincinthebodyiscalculatedtobeabout20％basedonthe 

assumptionoffirst-orderkinetics・Thisresultsuggeststhat,ifthedegradationinbodyfluids
proceedsinthesamefashionasinaqueoussolutionatphysiologicalpHandtemperature,the 
recoveryofcefatrizineinurinecanneverexceed８０％,ｅｖｅｎthoughrapidandcomplete 
absorptionaftertheoraldoseisestablishedGaverandDeebreportedthatthehalfL1ivesof 
ceflatrizineinhumaｎｐｌａｓｍａｗｅｒｅ３－４ｄａｔ７ｏＣａｎｄl5-16hatroomtemperature,26） 
whereasthehalPlivesofthechemicaldegradationextrapolatedfiFomthepresentkineticstudy 
arel2danｄ２４ｈ，respectively・Comparisonofthesedataindicatesthatcefatrizineis2-3
timesmoreunstableinhumanplasmathaninnon-buflbredaqueoussolutionunderthesame 

conditions・AssUggestedpreviously,somecOmplexreactionotherthanchemicaldegradation
mayoccursimultaneouslyintheplasma・

Widelyvaryingrecoveriesof35-82％inurinehavebeenreportedaftertheoral 
administrationofcefatrizineBecauseofthechemicalinstabilityofcefatrizine,thedifferences 

'amongthereportedurinerecoveriesmaybeascribedtovariationsinthepreparationand 
handlingoforaldosingsolutionsandinthetimeandtemperatureofstorageand/orhandling 
ofurinesamplesbefbreandduringanalysis・Cefatrizineisdegradedwhenstoredinasolution
ofpH7､0,thehalfLlivesoftheβ-1actamdegradationat25and7｡CbeingpredictedtobeL6 
andl6d,respectively,ingoodagreementwiththereportedｖａｌｕｅｓｏｆ２－３ａｎｄｌ５ｄａｔｐＨ６,８ 



Ｎｏ．1１ 4069 

inurine26)TheprcsentkineticstudysuggeststhatadjustingtheurinepHtobelow4markedly 
improvesthestabilityofcefatrizineGaverandDeeb26)demonstratedthat,inurineacidified 

topH4,morethan95％oftheoriginalactivitiywasstillpresentaftcr4datroomtemperatuｒｅ 
ａｎｄａｆｒｅｒ７ｄａｔ７ｏＣ,inaccordancewithohrcalculation、

Ontheotherhand,80-95％ofceftLdroxilwasexcretedinurineaftertheingestionofa 

single500mgtablet､27-29)CefadroxilistentimesmorestableunderthephysiologicalpHand 
temperatureconditionsthancefatrizine，suggestingnegligiblechemicalde9radationinthe 

body・Highrecoveryinurineisalsofbundforcephalexinandcefradine,indicatingcomplete
absorptionandnosigniiicantchemicalandenzymaticdegradationsinthebody． 
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