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Betainehasalsobeendemonstratedtoincreaselowplasmamethionineand  
S－adenosylmethionine（SAM）1evelsinpatientswithMTHFRde重ciencyandcbldefbct．   

InCBS－de重cientpatients，1argeincreasesinmethioninelevelsoverbaselinehavebeen  
observed．   

Betaineoccursnaturallyinthebody・Itisametaboliteofcholineandispresentinsmall  
amountsinfoodssuchasbeets，Spinach，Cereals，andseafood．   

Pharmacokineticstudiesofbetainearenotavailable，Plasmalevelsofbetainehavenotbeen  

measuredinpatientsandhavenotbeencorrelatedtohomocysteinelevels，However，  
pharmacodynamicmeasurements，i・e・，mOnitonngofplasmahomocysteinelevels，have  
demonstratedthattheonsetofactionofbetaineiswithinseveraldaysandthatasteadystate  
inresponsetodosageisachievedwithinseveralweeks．Patientshavetakenbetainefor  
manyyearswithoutevidenceoftolerance．  

lNDlCATlONS AND USAGE 

Cystadane（betaineanhydrousfororalsolution）isindicatedforthetreatmentof  
homocystinuriatodecreaseelevatedhomocysteinebloodlevels．Includedwithinthe  
CategOryOfhomocystinuriaaredencienciesordefbctsin：   

1． cystathioninebeta－Synthase（CBS），  
2． 5，10－methylenetetrahydrofo1atereductase（MTHFR），  
3． cobalamincofactormetabolism（Cbl）．   

PatientresponsetoCystadanecanbemonitoredbyhomocysteineplasmalevels（See  
DOSAGEANDADMNSTRATION）．Responseusual1yoccurswithinaweekandsteady  
statewithinamonth．   

CystadanehasbeenadministeredconcomitantlywithvitaminB6（pyridoxine），VitaminB12  
（CObalamin），andfolate．  

PRECAUT10NS  

General   

TherapywithCystadaneshouldbedirectedbyphysiciansknowledgeableinthemanagement  
Ofpatientswithhomocystinuria．   

Hypermethioninemia   

Patientswithhomocystinuriaduetocystathioninebeta－Synthase（CBS）de坑ciencymayalso  
haveelevatedplasmamethionineconcentrations．TreatmentwithCystadanemayfurther   
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increasemethionineconcentrationsduetotheremethylationofhomocysteinetomethionine・  
Cerebraledemahasbeenreportedinpatientswithhypermethioninemia，includingaftw  
patientstreatedwithCystadane・Plasmamethionineconcentrationsshouldbemonitoredin  

patientswithCBSdenciency・Plasmamethionineconcentrationsshouldbekeptbelow  

l，000umouLthroughdietarymodincationand，ifnecessary，areductionofCystadanedose・   

lnfonnation For Patients 

l， ShakebottlelightlybeforeremovlngCaP．  

2． Measurewiththescoopprovided．  

3， Onelevelscoop（1．7cc）isequivalenttolgramofbetaineanhydrouspowder・  
Measurethenumberofscoopsyourphysicianhasprescribed・  

4・ Mixwith4to60unCeS（120to180mL）ofwater，juce，milk，Orformulauntil  
COmpletelydissoIved，Ormixwithfood，theningestlmmediately・   

AIwaysreplacethecaptightlyafterusing・Protectfrommoisture・   

Carcinogenesis，Mutagenesis，lmpairmentofFertility   

Long－termCarCinogenicityandftrtilitystudieshavenotbeenconductedonbetaine・No  

evidenceofgenotoxicitywasdemonstratedinthefo1lowingtests：MetaphaseAnalysisof  
HumanLymphocytes；BacterialReverseMutationAssay；andMouseMicronucleusTest・   

Pregnancy   

PregnancyCategoryC・Animalreproductionstudieshavenotbeenconductedwithbetaine・  

Itisalsonotknownwhetherbetainecancausefttalharmwhenadministeredtoapregnant  
womanorcanafrtctreproductioncapacity．Cystadane（betaineanl1ydrousfororalsolution）  

shouldbegiventoapregnantwomanonlyifclearlyneeded・   

NursingMothers   

Itisnotknownwhetherbetaineisexcretedinhumanm此（althoughitsmetabolicprecursor，  

Choline，0CurSathighlevelsinhumanmilk）・BecausemanydrugSareeXCretedinhuman  

milk，CautlOnShouldbeexercisedwhenCystadaneisadministeredtoanursingwoman・   

PediatricUse   

Them往iorityofcasestudiesofhomocystinuriapatientstreatedwithbetainehavebeen  

pediatricpatients・Thedisorder，initsmostsevereform，Canbemaniftstedwithinthe丘rst  

monthsoryearsofliftbylethargy，failuretothrive，developmentaldelays，Seizures，OrOPtlC  

lensdisplacement・Patientshavebeentreatedsuccessfu11ywithoutadverseefftctswithinthe  

nrstmonthsoryearsofliftwithdosagesof6gramsperdayormoreofbetainewith  
resultantbiochemicalandclinicalimprovement・However，dosagetitrationmaybe  
preftrableinpediatricpatients（SeeDOSAGEANDADMNISTRAT10N）・   
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ADVERSEREACT］ONS   

Adversereactionstobetainehavebeenminimal．InasurveyStudyofphysicianswhohad  
treatedatotaloflllhomocystinuriapatientswithbetaine，thetypeSOfadversee能ctsand  

thenumberofpatientsexperienclngthemwereasfo1lows：   

Nausea  2  ’’Causedodor”  1   

GIdistress  2  Questionablepsychological  1  

Changes   

Diarrhea  l  ”Aspiratedthepowder”  1   

Unspeci坑edproblem  l  

Af己wcasesofcerebraledemahavebeenreportedsecondarytoseverehypermethioninemia  

inpatientswithcystathioninebeta－Synthase（CBS）de坑ciencytreatedwithCystadane・See  

PRECAUTIONS：Hypermethioninemia．  

OVERDOSAGE   

Inanacutetoxicologystudyinrats，death丘equentlyocculTedatdosesequaltoorgreater  
山肌10，000mg此g．  

DOSAGE AND ADMlNlSTRATlON 

Theusualdosageusedinadultandpediatricpatientsis6gramsperdayadministeredorally  
individeddosesof3gramstwotimesperday．Dosagesofupto20gramsperdayhavebeen  
necessarytocontrolhomocysteinelevelsinsomepatients．Inpediatricpatientslessthan3  
yearsofage，dosagemaybestartedatlOOmgn’g／dayandthenincreasedweeklyby50  
mgn’gincrements・InonestudybyMatthewsletal・，pharmacokineticand  

pharmacodynamicsimulationindicatedminimalbene丘tfromexceedingatwice－dailydosing  
SCheduleanda150mgn（g／daydosageforbetaine．Dosageinallpatientscanbegradually  
increaseduntilplasmatotalhomocysteineisundetectableorpresentonlyinsmallamounts．  
PlasmamethionineconcentrationsshouldbemonitoredinpatientswithCBS－de重ciency．See  
PRECAUTIONS：Hypermethioninemia．   

TheprescribedamountofCystadane（betaineanhydrousfororalsolution）shouldbe  
measuredwiththemeasuringscoopprovided（onelevell．7ccscoopisequaltolgramof  

betaineanhydrouspowder）andthendissoIvedin4to60uCeS（120to180mL）ofwater，  

JulCe，mi1k，Orformula，OrmixedwithfoodforimmediatelngeStion・   
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HOWSUPPLIED   

Cystadaneisavailableinplasticbottlescontainlng180gramsofbetaineanhydrous・Each  
bottleisequippedwithaplasticchild－reSistantcapandissuppliedwithapolystyrene  
measuringscoop．Onelevelscoop（l・7cc）isequaltolgramofbetaineanhydrouspowder・   

NDC62161－004－20 180gn）Ottle  
DINO2238526  

Storeatroomtemperature，150－300C（590－860F）・   

ForquestionsofamedicalnatureintheU・S・OrCanada，Calll－888－80RPHAN（1－888－867－  

7426）．  

Cystadane⑧canbeorderedbycallingOrphanMedical，Inc・CustOmerServiceatl－800－359－  
43040rbycontactlngyOurlocalwholesaler・  

DistributedinthetJ．S．by  

OrphanMedical，Inc・  

Minnetonka，MN55305   

DistributedinCanadaby：  
OrphanMedical，Inc・  

Scarborough，Ontario  
MIH2W4  

RevisionDate：Nov2005  

PartNo．4040155  

1Ma仙ewsAJohn叫r  h廟n  
l）h；1mlaC（）12002二54：‡4（ト1ヰ6、   



SCIENTIFIC DISCUSSION 

l．Introduction   

Homocystinuriaisaseri0us1ifb－longdiseaseandisassociatedwithahighmorbidityandmortality・  
Treatmentaimstoreducehomocysteineaccumulationandtorestorethetransmethylationcapacityby  
normalisingtheconcentrationsofS－adenosylmethionine（SAH）andS－adenosylhomocysteine（SAM）・   

Homocystinuriaisaninheriteddisorderofthemetabolismoftheaminoacidmethionineleadingto  
accumulationofhomocysteineinthebloodandurine．Thisisduetoadysfunctioninoneofthe  
metabolicpathwaysresponsiblefbrtranSulfurationandremethylationofhomocysteine．Itis  
COnSideredthesecondmostcommoninbornerrOrOfaminoacidmetabolismafterphenylketonuria・  
Themqjorclinicalmanifbstationsincludementalretardation，dislocationoftheopticlentis（ectopia  
lentis），Skeletalabnormalitiesandatendencytothromboembolicepisodes．Theestimatedincidenceof  
homocystinuriaduetoCystathioninebeta－Synthase（CBS）deficiencyislin335000birthsworldwide，  
WithmarkedreglOnalvariations．   

Theaimofthetreatmentofhomocystinuriaistonormalizehomosysteinelevelsbyseveralwaysin  
Varyingcombinationssuchas：boostingresidualenzymeactivitywithvitaminB6，vitaminB12and  
fo1ates，reducingloadonthemetabolicpathwaya飴ctedwithlow－methioninediet（CBSde坑ciency），  
SupPlementationwiththedeficientproductsdownStreamOftheenzymeabnormality（CySteineforCBS  
deficiencyandmethionineforimpairedremethylation），usingthealtemativepathwaytoeliminatethe  
toxic substratei．e．pharmacologlC treatment With betaine which remethylates homocysteine to  
methionine．   

BetainehydrochlorideisadrugPrOductavai1ableover－the－COunterusedtoacidifythegastricjuicein  
patientswith maldigestion due to achlorhydria．Betaine dihydrogencitrateis available as a drug  
PrOductinGermany（Flacar⑧，Fa・Schwabe）andrecommendedforfattyliverandotherliverdiseases  
inamOuntSOf2－4gramsperday．  
Betaineanhydrous（Cystadane）isgiventopatientswithhomocystinuriainEuropeonacompassionate  
use basis．Betaine anllydrous has been obtained舟om chemicalcompanies to treat patlentS With  
homocystinuria for many years. 

TheseformsofbetainedissoIveeasilyandcompletelyatphysiologicpHinthegastrointestinaltract．  
Due toits molecular struCture and rapid absorption kineticsitis generally accepted that the  
bioavailabilityof oralbetaineis high，although this has never beenformally evaluated．The  
bioavailabilityofallbetainesaltsshouldtheoretical1ybesimi1aralthoughthishasalsonot  
beenfbrmallytested．   

CurrentlythereisnotreatmenttocorrectthebasicgeneticcauseSOfhomocystinuria．Consequently，  
therapyisdirectedatcorrectingthebiochemicalabnormalitiesofthesedisorders．   

BetaineanhydrousWaSgrantedorphanmedicinalproductstatusfortreatmentoftheorphancondition  
homocystinuriainJuly2001・   

Betaine（trimethylglycine）actsbyremethylationofhomocysteinetomethionine，andtherebyreduces  

levels ofhomocysteine．Betaineisfound naturallylnmany fbods，including sugarbeets，however  
levelsfoundsareinsu用cienttoachievereductioninhomocysteinelevelsinpatientssufftringfrom  
thecondition．Patientsareusuallytreatedwithadoseof3gtwiceadayofbetaine．   

Cystadane（betaine）isformulated as an oralpowder allowingfor weight－adapted dosagein the  
importantpatientgroupofchildren・   

TheApplicanthassubmittedacompletemixedapplication（COntainingowndatafナomthecompany  
andbibliographicdata）throughtheCentralisedprocedure・  
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Cystadaneisindicatedforthetreatmentofhomocystinuna，invoIvingdeficienciesordefbctsin：   

・Cystathioninebeta－Synthase（CBS），   

・5，10－methyleneterahydrofblatereductase（MTtiFR），   

・Cobalamincofactormetabolism（Cbl）．  

2．qualityaspects   

I爪trOduction   

Betaineisawellknown，natural1yoccurringdrugSubstancethatcanbeisolated丘omsugarbeets．  

Thedrugproductisanoralpowderconsistingoflgofbetaine（betainefreebase）withoutany  
exClplentS・  

Itispackagedin300mlHigh－DensitypOlyethylene（HDPE）bottlewithpolypropylene（PP）child  
resistantcapsandthreepolystyrenespoonSaSmeaSuringdevicesfortheadministrationoftheproduct．  
Itisproposedasanorphandrugfbrthetreatmentofhomocystinuria・  

ActiYeSubstance   

BetaineanhydrousisnotdescribedintheEuropeanPhmacopoeiaandscientほcdatahavebeen  
SubmittedinthefbrmofTheActiveSubstanceMasterFile（ASMF）．Theactivesubstanceisinthe  
anhydrousfbrmandthestructuralformulaisprovidedbelow：   

CH3      cH，」工cH2－COO－                    1  
CH3   

Betaineanl1ydrouseXistseitheraswhitecrystalsoracrystallinepowderwithaweakcharacteristic  
Odour．Itisfreelysolubleinwater．Ithasmeltingpointrangeof301－3050Candabulkdensityof  
O．71g／1．ThepHofal％aqueoussolutionwasfoundtobe5．0－8・0・Itishygroscopic，  

Manu払cture   

DescriptionofManufhcturingProcessandProcessControIs   

Betaine technicalgradeis extractedfrom sugar beet molasses as a result ofa purincation  
prOCeSS・  

BetaineoccurswithanaverageabundanceofO．2％－0．3％inthecommonvarietyofsugar  
beets（betavu1garis L）andis a naturalkey－interrnediate ofthe amino acid and methyl－  
metabolisminallvertebrates．  

Effbrtsofthesugarindustrytoincreasesugaryieldshaveledtothedevelopmentofchromato－  
graphicprocessesforlargescaledesugarizationofmolasses・Ionexclusionisusedtoseparate  
Sugarandnon－Sugarfractionsofmolasses・   

ThemanufacturlngprOCeSSCanbesummarisedasfo1low：  
1：Pre－prOCeSS  

Rawmateriaトdilution－mtration－twice［ionexclusioChromatographyrconcentrationby  
evaporationoftheBetainefraction］－SeParationbycentrifugatlOn－dryingtoBetainetechnicalgrade・  

喧）EMEA2007   2ノ16  



2：Betaineprocess  
Starting material－ dissolutionwith distilled water－ aCtivated carbon treatment－nltration，  
micro創tration－CryStal1isationby evaporation－Separationby centrifugation－VaCuumdrying－  
Sieving－PaCkaging－Weighing．   

Sectionsrelatedtocontrolofmaterials，COntrOlofcriticalstepsandintermediates，PrOCeSSValidation  
andmanufacturingprocessdevelopmentaresuitablydetailedintheclosedpartoftheASMF・   

ThestructurehasbeensatisfactorilyelucidatedbyelementalanalysISandspectralanalysesi・e・  
X－rayPOWderd冊action，UV，IR，andlH－NMRspectroscoplCanalysis・Thesolidstateis  
Characterised by re丘activeindex，thermalanalysis，thermogravic analysIS，and microscoplC  
appearanCe・   

Potentialimpuritiesanslngfromthemanufacturingprocessareaminoacidsandsugars・Theyare  
quantitatively removed duringthe pur捕cation process・Theirpresenceis controlled by adequate  
analyticalmethods．  
Appropriatedataanddiscussionregardingpotentialdegradationproductshavebeenincluded．  
Residual solvents testing was not deemed necessary since only water was used during the 

manufacturingprocessofbetaine．   

● Spec摘cation   

Sincebetaineanhydrousisnotdescribedinanypharmacopoeia，aninternalmonographhasbeen  
developedbytheASMFholderaswellasbytheapplicant，OrphanEurope・Bothspecificationsare  
detai1ed・Theydifftrslightlybutarebothacceptable・   

Appropriatespecificationfbrbetaineincludesparameterssuchasappearance，identincation，pH，loss  
Ondrying，aSSay，relatedsubstanCeS，particlesize，bulkvolume，microbiologicalquality・Analytical  
methodsareinaccordancewithPh．Eur．   

lmpurity1imitshavebeenadequatelyjustifiedbybatchanalysis，Stabilitystudies，tOXicologicaland  
Clinicalstudies．   

Analyticalmethodstocontroltheactivesubstancesuchastestonforeignmatter，aSSayandrelated  
Sugarimpurities（HPLC）andotheraminoacids（AAA），identincation（IR），1imittestsforchloride，  

Sulphate，1rOnandheavymetals，PH，lossondrying，Sulphatedashandtotalviableaerobiccounthave  
beensuitablydescribedandvalidatedbyboththeapplicantandtheASMFholderinaccordancewith  
ICHguidelines．   

DataareprOVidedfor3batchesofactivebetaineanhydroustestedbytheASMFholderand3batches  
tested by the applicant・Results areinline with the respective specification and con坑rm the  
COnSistencyanduniformityoftheprocess．  

Stabiliけ   

Stability Summary and Conclusions 

StabilitystudieswerecarriedoutbytheASMFholderon3batcheskeptinthecommercialcontainer  
at room temperature（notICH conditions，but temperature and humiditywere continuous1y  
monitored）・Criteriatestedincluded＝apPearanCe，Odour，loss on drying，aSSay，pH，tranSmittance，  
relatedsubstances，tOtalviableaerobiccountandyeastsandmoulds．  
Resultswereprovidedupto6years，theactivesubstanceremainedverystableexceptfヒwout－Of－SpeC  

resultsfoundafter3yearsfbrlossondrying・TheASMFholderhascommittedtoconductpost－  
approvalstabilitystudiesunderICHconditions．  
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StabiIitystudies were perfbrmed by the applicant on3production－SCale batches keptinasmaller  
VerSionofthecommercialcontainerunderlCHconditions（upto24monthsat250C／60％RHand6  
months at400C／75％RH）・Criteria testedincluded：description，ident沌cation，appearanCe Of  
COnStitutedsolution，pH，lossondrying，SaCCharide＆aminoacidimpurities，aSSay，andmicrobial  
limits・Allresultsremainedwithinthespecincationafterlong－termandacceleratedstorageexcept2  
results（lossondryingtest）adequatelyjustined・Nosaccharideoraminoacidimpuritiesweredetected，  
andmicrobialresultswerewithinsetspecifications．   

Results showed that fbrced degradation studies（OXidation，aCid and alkalihydrolysis，elevated  
temperatureandlight）didnotadverselyaffbcttheactivesubstance．  

Based onthe presented data，the proposedretest period of2years by the applicantis considered  
Satisfactory・However，theASMF holderhas committedto conductpost－apPrOValstabilitystudies  
underlCHconditions．  

MedicinalProduct   

PharmaceuficalDeYelopment   

Betaineintheanhydrousfbrmisawhitecrystallinepowder．Dissolutionstudieswereomittedsinceit  
is丘eelysolubleinwater．  

Itexistsasanhydrous，mOnOhydrateandhydrochlorideforms．Theapplicanthasjustifieditschoiceof  
theanhydrousform；thehydrochloridewasdiscountedonorganoleptlCreaSOnlng，andthe  
monohydratewasnotchosenduetopoornowpropertiesofthecompound．  

Theapplicanthasdiscussedindetailtheimplicationsofformationofthemonohydrateform，andthe  
efftctofhumidityandhightemperatureontheproduct・Humidityconditionsabove50％werefound  
tohaveanegativeimpactonthepowderwithmoistureabsorbanCeanddeliquescenceobserved．  
ConsequentlyⅢ1ingconditionsaremaintainedbelow40％humidity．  

Theapplicanthasprovidedjust沌cationfbra重nishedproductconsistlngSOlelyoftheactive，Onthe  
groundsthatthedrugSubstancehasidealflowcharacteristics，isfreelysolubleinwater，hasalow  
angIeofreposeandthequantitytobeconsumedbythepatient（upto20gdaiZy）andthisisconsidered  
Satisfactory．   

AdvemtitiousAgemts   

Potentialcontaminatesorlglnatingftomthestartingmaterialusedforsynthesisofthedrugsubstance  
havebeenconvinclnglyru1edout．   

Manufacture of the Product 

ThemanufactunngprocesshasbeenadequatelydetailedandconsistssolelyofⅢ1ingthebottlewith  
theactivesubstance，Outerlabellingandpackaging，QCcontrolandEUrelease（OrphanEurope，  
FranCe）．Anoveragehasbeenaddedfbrthefillingandisadequatelyjustified．  

ParameterssuchastemperatureandrelativehumiditycontroIwereidentinedascriticalparameters  
andcontrolledduringthef用ingprocess．   

Aprocessvalidationprotocoldescribingtheoperations，equlPmentuSedandteststobeperformed  
havebeenprovided，aSWe‖asvalidationresultsofthreeconsecutivebatches・Al）threeJotscomp】ied  

withtheacceptancecriteria．  

ProductSpeci鮎ation   

Appropriate nrljshed product specification at release and end ofshelfこ1ift have been provided．It  
includesparameterssuchasidentification（IR，HPLC），appearanCeOftheconstitutedsolution，Odour  
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testing，lossondrying，Impurity（GCP），aSSayOfbetaine（HPLC），uniformityofmassofdelivered  
doses丘ommultidosecontainers（Ph・Eur・2・9・27）andmicrobiologicalquality（Skiptesting）．  

AnalyticalmethodshavebeendescribedandvalidatedapartfromthemethodsdescribedinPh・Eur．   

Batchanalysesareprovidedfbr3pilotbatchesof鎖nishedproduct・Allresultsappeartomeetthe  
nnishedproductspecincation・Assaywasalwaysabove98％，lossondryingwasbelowl・0％andno  
aminoacidorsaccharideimpuritiesweredetected．   

Theapplicanthasreftrredtothesectiononimpuritiesaspersection3・2・S・3・2impuritiesandasthe  
nnishedproductconsistsonlyoftheactive，thisisconsideredsatisfactory・Limitsandspecincations  
areadequatelyjustified．   

Cystadaneispackedina300ccround，OPaque，White，HDPEbottlewithawhitePolypropylenechild  
resistant Closure・Three polystyrene measuring spoonsare enClosedin the cartonforeach bottle．  
Informationonthemeasurlngdevicescanbefbundinsection3・2・RreglOnalinformationandthe  
applicant commits to perform post－apPrOValadditionaltesting and to provide resultsfor the  
“uniformityofmassofdelivereddoses”．   

Sourcesandspecificationsofthebottleandcaparespecinedandsupportedbycert浦catesofanalysIS  
舟omthe負nishedproductmanufacturer．  
PrimarypackagingmaterialssuchasHDPEandPPareinlinewiththePh．Eur．Requirements．   

StabiliけOftheProduct   

Threepilotbatchesofthefinishedproductstoredinthecommercialpackaginghavebeenplacedon  

StabilityunderICHconditions（upto24monthsat25土20C／60土5％RHand6monthsat40j＝2OC／75  

土5％R11）・ResultsareinaccordanCeWiththespecincation，andinparticularassayremainswithinthe  
range95－105％，andneithersaccharidenoraminoacidimpuritiesweredetectedatanytimepointfor  

forbothstorageconditions・Basedontheavai1abledata，aShelfliftof2yearswiththeprecaution“do  

notstoreabove250CMand“keepthebottletightlyclosedinordertoprotectagalnStmOisture＝canbe  
granted・TheapplicantCOmmitstoperformstabilitystudiesunderICHconditionsandinaccordance  
Withrevisedspecification．   

In－uSeStabilitystudiesrenectingtheconditionsofuseoftheproductwereperformed・Thefinished  
productwasstoredatambienttemperatureandunderhighhumidityconditions（75％RH）sincethe  
activesubstanceishygroscopic・ThebottJewasopeneddailyandasamplewaswithdrawn・AnalysIS  
OftheremalnlngpOWderwasperformedunti131daysinordertocoverthetimerequiredwhen  
dosagesunder6g／perdayareusedforchildrenunder10yearsofage・Resultswereallwithinthe  
proposedspecification．   

Additionalresultsofstabilitytestingperformedontwobatchesofthe頁nishedproduct，inaqueous  

SOlutionandinsimulatedgastricfluidwerepresented．rnlequantityofpowder（6g）dissoIvedwas  

equlValenttoadoseofthefinishedproductaspersection4・20ftheSPC・Satisfactoryassayresults  

WereprOvidedforproductsolutionsover24hinwaterand2hinsimulatedgastricfluid・   

Theapplicanthascommittedtocontinuetestingofthe3batchestotheendoftheshelflift（2years）  
andtoplacelbatchperyearunderstability，Anydeviationwouldbereported．   

Discussiononchemical，Pharmaceuticalandbiologicalaspects  

Genera11y，Satisfactory documentation has been provided and the minor objections raisedin the  
Day120ListofQuestionsandD180ListofOustandingIssuesweresoIvedduringtheevaluation  
procedure・The active substance betaineis well－Characterised and the retained speCificationis  
acceptable．  
Resultsshowedthatbetaineisstableandstabilitydatasupporttheproposedre－teStPeriod・  
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Regardingthefinishedproduct，themanufacturlngprOCeSSisasimplefⅢingprocessandhasbeen  
adequatelydescribedandcontrolled・Itshouldensureaconsistentqualityfortheproduct・Appropriate  
SPeC摘cationhasbeenselectedfbrthisoralpowder．  

StabilitystudiesunderICHconditionshavedemonstratedthegoodstabilityofthe坑nishedproduct．  
Stabilitydatasupporttheproposedshelf－1ifb（beforeopeningandin－use）andstorageconditionsas  
de丘nedintheSummaryofProductCharacteristics．  

AtthetimeoftheCHMPopinion，thereweresomeoutstandingminorqualityissueswithnoimpacton  
the benent／risk・The applicant undertookto provide with the necessaryinformation asfo1low－up  
measureswithinanagreedtime斤ameandtosubmitvariationsifrequiredfo1lowlngtheevaluationof  
thisadditionalinformation．  

3．Non－Clinicalaspects   

Introduction   

Thepharmacologyandthetoxicologysectionsarebasedontheapplicant’sowrldataandbibliographic  
data．TheapplicantperformedoneprimarypharmaCOdynamicstudyandfourtoxicologystudies（one  
acutetoxicitytestingandthreetestsforgenotoxicity）．Allotherdatawasofbibliographicorigin．   

Thesearchforpreclinicalbibliographicdatawasperformedintwosteps．   

Theかststepwasconductedin1995bytheliteraturesearchserviceoftheMinnesotaTechnology’s  
Prqject Outreach．Inthis attemptarticles onanimalstudieswith betainefrom1967to1995were  
acquired丘omthedatabasesMEDLINE，ToxlitandPUBMED．ThesearchwasperformedforCAS  
reglStry‘‘107－43－7”orfbr”betaine”orlrimethylglyclne”・71articleswhereconsideredusefu1forthe  

”non－Clinicaldevelopmentprogram”atthistimepolnt．   

The second step was conductedin2005with aliterature searchin severaldatabase such as  
MEDLINE，TOXLINEandBIOSISfbrtheperiod1995－2005．Thekeywordscombinedtermslike  
“cystadane，betaine，betaine－anhydous，trimethylglyclne，N－trimethyJglyclne，methanaminium，in  
Vitro，animal－Study，animaトmodel，pharmacology，pharmacokinetics，tOXicoIogyortoxicity’’．About  
150articleswereidentinedand58wereconsideredusefu1．   

Theapplicantfocusedon45relevantrefbrences・  

Pbarmacology   

Betaine（trimethylglycin，CAS：107－43－7，Mw：117．15）isanaturaloccurringquaternaryamineclosely  
relatedtotheaminoacidglyclne・Itsprlmaryfunctioninmammalsiswithinthemetaboliccycleof  
methionine．Cataboljsm ofmethionine occurs by transfbrofthe ader10Sy】group舟om ATP tothe  
SulphurgroupofmethionineformlngS－adenosylmethionin．Subsequently S－adenosylhomocysteinis  
fbrmedbytransferofthemethylgrouptoanapproprlateaCCeptOrSuChasphosphatidylethan01amine．  
S－adenosylhomocysteineis then hydrolysed to homocysteine and adenosjne．Methionine carlbe  
regenerated（1）bytransfヒrofthemethylgr？upOfmethyltetrahydrofo1atetohomocysteineby  
homocysteinemethyltransftrase（MS）（resultinglnmethionineandtetrahydrofo1ate）or（2）bytransftr  
Ofthe methylgroup ofbetaineby the betainehomocysteinmethyltransftrase（BHMT）（resultingin  
methionineanddimethylglycine）．Thesereactionsconstitutethewellknownactivatedmethylcycle．ln  
additionhomocysteineisaninterrnediateinthesynthesisofcysteine（3）・Thereforehomocysteiヮeand  

Serine are condensed to cystathionine by the cystathionine synthetase（CBS）．Cysthationlneis  
deaminatedandcleavedbycystathionineasetocysteineandα－ketobutyrate．   

Thecatabolicpathwayofmethionineandtheroleofhomocysteinearewellestablishedandcanbe  
fbundinseveraltextbooksofbiochemistry（Biochemistry；Streyer1988，thirdedition）．Theroleof  
betaineisweJJdefinedtoo．TherationalefbrdeveJopingbetaineastreatmentfbrhomocysteinuriais  
reasonable．  
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Primarypharmacodynamics   

Severalpivotalpnmary pharmaCOdynamics studies were provided which showedthattheBHMT－  
Catalysedreactionisinducib）einrats，miceandchicks．AsecondsetofexperimentsinMS－inactivated  

bats showed that betaineis able to prevent neurologlCalimpalrment and that betaineis able to  
StimulatetheBHMTdependentpathwayundertheseconditions．Athirdsetofexperimentsinethanol  
ftdratsshowedthatbetaineis abletoprevent5－methylterahydrofblate accumulationindicatingan  
activationoftheBHMTpathway．InsummaryplVOtalstudieswerepresentedwhichdemonstratedthat  
theBHMTpathwaycanbeactivatedbybetaineinseveralmammalianspecies．   

Seeondarypharmacodynamics   

Some secondary pharmacodynamics studies demonstrated antioxidative，anticonvulsant，OSmOlytic  

functionandanti－apOptOticeffbctsofbetaineinseveralmodels．   

Intherat，betainewasdemonstratedtoprotecttheliveragainstethanol－inducedirtiuryandtoprevent  
VitaminAdepletion・Theantioxidativeefftctofbetainewasrelatedtoitsabilitytoincreasehepatic  
SAM（S－adenosylhomocysteine）1evelsandtopreventfatty1iverinethanol－ftdrats．   

Inratsandmice，betaine（intraperitonealadministration）blockedhomocysteine－inducedconvulsions  
andantagonisedstryclmine－，electroshock－，andPTZ－（pentilentetrazole）inducedseizures・FollowiTg  

localapplications，italsoblockedneuronalexcitationinducedbyglutamateandbyhomocysteineln  
the rat．Since PTZis known to block chloride channels and reduce GABAergicinhibition，an  
interactionisconsistentwiththephysiologicalef托ctofbetaineasanOSmOlyticprotectant．   

TheprotectivefunctionofbetaineasanOrganicosmolytewasdemonstratedintherat．   

Theincrease of superoxide dismutaseand catalase activities and the decrease of glutathione  
peroxidaseactivityinducedbysubcutaneousadministrationofcarbontetrachloridewasnormalisedin  
the kidney ofrats pretreated with betaine．Pre－incubation ofrat culture hepatocytes with betaine  
largelypreventedbileacidinducedapoptosis．Invivobetainesupplementationinwatersignincantly  
amelioratedhepatocyteapoptosisfo1lowingbileductligation．   

Safbtypharmaco）ogyprogramme  

No specinc studies r甲arding safety pharmacology（except fbr CNS parameterS）and  
pharmacodynamicinteractlOnWerepreSented．Non－Clinicalandhumandatawassubmittedregarding  
theinfluenceofbetaineonrenalsystem，CNSandCVS．Withrespecttothesafttyphmacologythe  
datawasincomplete．   

TheapplicanthadnotprovidedanyrelevantrecentclinicaldataconcemlngpOtentialefftctsonthe  
CVSinparticular on the electrophysiology．Theinfluence ofbetaine on the electrophysiology of  
Cardiac actionwasnotdiscussed．Sincehomocysteinuriaitselfincreasestheriskforcardiovascular  
diseasesitcanbeassumedthattreatedpatientsarecloselymonitoredbytheirphysicianSandpotential  
electrophysiologlCaldisturbanceswouldhavebeenreportedinthepast．AIso，takingintoaccountthat  
betaineis anaturalconstituentofthe human nutritionthe CHMPfoundthelackofnon－Clinicaldata  
acceptable．   

Pharmacodynamic drug interactions 

Nospecificstudieshavebeenpresented．  
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Pharmacokinetics   

BetaineanditsmetaboliteDMG（Dimethylglycine）weredeterminedbyisocraticHPLCprocedure  
Withu．v．detection．ThedetectionlimitswerespecifiedtobeO．005mM／lforbetaineandO．002mM／1  

brDMG．   

Nospecificpharmacokineticanimalstudieshavebeenperformed・Withrespecttothelong－Standing  

useofbetaineinhumanStheapplicantpresentedhumandata．   

Nodatawaspresentedconcern1ngtissuedistribution，prOteinbinding，Placentaltransfbr，SeCretioninto  
themilkandpharmacokineticdruglnteraCtions．Sincenoanimaldatawaspresentednointerspecies  
COmParisonswerepossible．   

Safttymarginsarecurrentlyneitheravai1ablenorconsiderednecessary．  

Toxicology   

Single dose toxicity 

Thesing】edo5etOXicitystudieswereconsistentwitharelativelyJowtoxicityofbetaine．Themain  
SymptOmSCOuldbecharacterisedasknownsymptomsoftheCNSandgastrointestinalbleeding．  

PublLsheddbta：theacutetoxic吋Ofbetaineislow・1nthe？0use，LD50Valuesof10，800m釘kgand  

830mgn（gbythesubcutaneOuSandintravenousrouterespectlVelywerereported・   

4wlicant与dbta：Intheor）eSingle－dosestudyconductedinratsatdoselevelsupto20，000mgn（g，the  
COmbined（maleandfbmale）LD50WaSll，179mgn（g．Them再orantemortemsignoftoxicitywasCNS  
depression・Necropsy ofdecedants revealed areas ofbody surface stalnlng，altered stomach，Small  

intestine and caecum contents and darkenedglandular gastric mucosa and brain．Red nuid was  
observedin the smallintestine of2fヒmales andin the smallintestine and brain of one male at  

20，000mgn（g．Necropsyofsurvivorswasunremarkable．  
The signs ofCNS depression were consistent with the anticonvuJsant ef托cts discussedinthe  

SeCOndary pharmacodynamics section・The delayed deaths（1／10atlO，000and12，500mgn（g）  
appearedtobetheresultofgastro－intestina＝rritationandbleeding，nOtpreSentinsurvivorsandinthe  
non－1ethaldosesof5000mgn（g．   

Repeatdosetoxicity（Withtoxicokimetics）   

Studies were mainly reported fナom the publishedliterature but one study was conductedwith  
Cystadanebytheapplicant．   

Published（ねta：The studies conductedatBIBRAinvoIved adose range丘ndingstudytoevaluate  

reversibility．The highest dose used allowed the observation of some biologicaleffbcts which  
disappearedduringtherecoveryperiod、Inthedennitivestudybetainewasaddedtothedietinratsat  
l％，2％and5％（17．5g／day）fbr140r280r90days．Therewasnoclearevidenceoftoxicitybutat  
higherbetaineintakesseveralserumclinicalchemistryparameterswerealteredincludinglnCreaSed  
ALKPandLDHlevels，decreasedALTactivity，increasedgammaGTandbilirubininftmalesand  

decreased albumin and proteinlevelsin males．The Mean CellVolume（MCV），Mean Ce11  
Haemoglobin（MCH）andMeanCorpuscularHaemoglobinConcentration（MCHC）oftheredblood  
Cellswerereducedandhepatocytesdevelopedfattydropletsinadoserelatedmanner・Femaleswere  
moreaf托ctedthanmales．Theseeffbcts，eXCeptthoseonthereducedMCVandMCH，WerereVerSed  
duringtherecoveryperiod．   

IntheBrandeisUniversltyStudiesconductedinratsatdietarydoselevelsofO・5％，0・75％，1and5％  

（25g／day）fbr28daysor5％fbr90days，hepaticlipiddropletswereinvestigatedinmoredetail．Liver  
lipidwasreducedbybetaine．Therewerenosignificantadverseefftctsofclinicalsignincance，butthe  
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MCVwasagalnreducedat5％betaineinthe28daystudybuta1lotherparameterswerecompletely  
reversible．   

Theinnuenceofbetaineontheliverandapossibleimbalanceinthefo1ate－mediatedmetabolismwas  
discussed・TheobservedefftctsofbetaineonhaematologlCalparameterswereattributedmainlyto  
nutritionaldi飴rencesbetweentheBIBRAandtheBrandeisstudypart・Theratchowusedinthe  
Brandeisstudysuppliedmuchmorenutrients，VitaminsandmineralsthanthechowusedintheBIBRA  
Part・Itis reaLSOnablethat haematologlCalefftcts may occurinJuVenile animals which whereill－  
nourishedespeCiallylnindividualsundergolngPrOnOunCedgrowth・Withrespecttotheinnuenceof  
betaineontheliveritwasshownthatbetaineenhanCeSlipoproteinsecretionandpossiblyapoprotein  
Synthesis・TheobserveddropletslikelyrepresentVLDLparticles（VLDLsynthesismaybeimpaired  
duetoalimitedenergy／proteinsupplyintheBIBRApart），SincenochangeSWhereapparentinthe  
TGSRintheBrandeispartofthestudy・Again，difftrencesinthecompositionofthechowmay  
COntributetotheobservedinnuenceontheliver・Thedatawasconsideredsatisfactory・Withrespectto  

theextensiveclinicalexperiencenoevidenceofadversee脆ctsontheliverhasbeenident摘ed．   

A4－Weekstudyinmaleratstoinvestigatetheefftctsofdietarybetainesupplementation（0．5％w／v，  
approximatelyl．3gn（g）onmethioninemetabolismincontrolandethanol－ftdanimalsrevealedthat  
betainehadnoe脆ctsonbodyweightgainbutpreventedweightlossinducedbyethanOlandprotected  
againstalcoholicfatty1iver（Baraketal．，1993）．   

JIEPlicant’sdb（a：（ThisstudyhasbeenalsoreportedinthePhamacodynamicsSection）．Liquiddietary  

administrationofbetaineatO％，0・5％（1・3gn’g／day）orl％（2．6gn（g／day）wルofbetainefbr29days  
revealed no sign捕cant treatment related efftcts onfood consumption，body weight gain orin  
histopathologlCalexamination．   

The repeated－dosetoxicitystudies donotcomplywiththeNoteforGuidanCe Onrepeated Dose  
Toxicity（CPMP／SWP／1042／99）・However，inviewoftheextensiveclinicalexperience，thiswas  

COnSideredacceptable．   

Table 2 

StudyID Species／Se〟  

Number／Group  
Dose／Route  DuratioJ）  NOEL／  

NOAEL  

Major  
瓜ndings  

Applicant’s  

Study・ID Rat／10sex／group  
not given 

BIBRA RaulOsexh；rOup  studies  
Rat／40sex／group  

Rat／20F／訂Oup  

None in 
29days ＞2．6g此g／dqy parameterS  

evaluated  

Oral，dietary  
Doserangel．3－2・6gn（g／day  

Oral，dietary  
Doserangel，2and5％   

（17．5g／day）   

14days   

90d町S   

28days  

Clinical  
chemistry and 
red blood cell 
parameter   
Changes  

Not  

established  

Reversible  
decrease in 

28 days l％   MCVat5％  
in28d町  

Brandeis  
Studies Rat／8sex／group  

Oral，dietary  
O．5，0．75，1and5％   

（25g／day）  
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Genotoxic托y   

Asexpected，betainetestednegativeinthegenotoxicitytesting・Betainewastestedformutagenicityin  
Salmonella typhimurium strains TA1535，TA1537，TA1538，TA98and TA100with orwithout  
metabolic activation at concentrationlevels up to5000Llg／plate．This study was negative．The  
Clastogenic potentialwas assessedin vitro uslng humanIymphocyteswith or without metabolic  
activationatconcentrationlevelsuptolO，000Llg／mLfbr3hours（activatedcelIs）or24hours（non  

activatedcells）・Thisstudywasnegative・TheclastogenicpotentialwasaヲSeSSedinvivoinamouse  
micronucleusteStatdoselevelsupto2000mgkgp．0．ThisstudywasnegatlVe．   

In the bacterialmutagenicity assay，the relevant guideline states thatthe standard set ofbacterial  
StrainsShouldincludestrainsthatwi11detectpointmutationsatA－T（adenine－thymine）sitessuchasS．  
typhimuriumTAlO20rE，COliWP2uvrA．Thepackagepresenteddidnothavethesestrains．However，  

inviewofthenatureoftheproduct，thepackagesubmittedwasconsideredacceptable．   

Table 3 

Typeoftest／study  Test system CotLCentrationrange／  Results  

ID／GLP  MetabolisiJl   

Salmonella strains 
TA1535，TA1537，  

TA1538，TA98  
TAlOO  

Human  
lymphocytes  

Genemutationsin  

bacteria  

MノAMES／17027  

＋／－S9 8－5000ト1g／plate  Negative  

Chromosomal  

aberrationsinvitro  

M／HL／1702S  

Chromosomal  

aberrationsinvivo  

MノMMN／17029  

＋／－S91000－10，000トLg／mL Negative  

Mouse，micronuclei 
inbonema汀OW  

＋／－S9 500－2000mgn（g   Negative  

Carcinogenicity   

Long－termStudies   

TherearenoreportsintheliteratureofcarcinogenlCltyCauSedbytreatmentwithbetaineatdosesupto  
30gdai1yover6monthsor8－20g／dayforlto3years，althoughinvi？WOftheshortdurationof  

treatment，theseホndingscannotbetakenasstrongevidenceoflackofcarclnOgenicpotential．   

AsbetaineisanaturallyconstituteofmammaliancellsoccurrlnglnquitehighamountsandtakinglntO  
accountitsalreadylongtermuseinclinicalpracticelongtermcarcinogenicityStudieswereconsidered  
notnecessarybytheCHMP・   

NodatawasprovidedconcernlngShortormedium－termStudies．   

ReproductiomToxicity   

Norelevantstudieshavebeenconducted．Theapplicantstatedthatinviewofthenatureoftheproduct  
andtheextensiveclinicalexperience，itwasnotrelevanttoconductanimalstudies．   

The applicant stated thatlittleis known about theinteractions between choline andfo1ate and  
homocysteinemetabolismduringpregnancydespitethefactthatpregnancyplacesconsiderablestress  
Onmaternalfblateandcholinestoresandthatcholineisacriticalnutrientfbrthefoetus．Furthermore，  
thepotentialimbalanceinfo1ateactivityandmod沌cationinpurinmetabolismandce11divisionwith  
COnSequenCeOnrePrOductivefunctionduringbetainesupplementationwerenot凡111yexplored・  
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The applicant reported6cases ofpregnancywith betaine treatmentwithout adverse efftcts on  
pregnanCyOrOnthehealthofthefoetus／newbornchildandreportedonemorecasewhichhadbeen  
Publishedin20000r2003byGissenetal・TheissuewasconsideredacceptablebytheCHMP・   

Toxicokineticdata  

Nonon－Clinicaldata  

Loealtolerance   

Notapplicable．   

Other toxicity studies 

None   

Ecotoxicity／environmentalriskassessment   

Betaineisstatedtobeidenticaltothenaturalconstituentsofmammaliantissues・Afterabsorption，this  
aminoacidrapidlyentersthemethionine／homocysteinecycle．Thereforenoenvironmentalriskcanbe  
expected舟omthetherapeuticuseOfbetaine・lndeed，aminoacidsarespecifically exemptedftom  
testinginthemostrecentdraftguideline．   

DiscussionoJlthenon－CliniealaspeCtS   

Thee飴ctsofbetainerelatedtotheproposedtherapeuticusehavebeeninvestlgatedinseveralrat  
Studies・Theefftctswerealsoinvestigatedinnon－COnVentionalspeciessuchaschickandfruitbat・The  
resultssupporttheuseofbetainefortheindicationofhomocystinuria・   

Studiesonsecondaryphamacodynamics showedthatbetaine protectedtheliveragainstethanol－  
inducedirtiury which was related toits abilitytoincrease hepatic SAMlevelsandbetaine also  
PreVentedvitaminAdepletion・Betainewasshowntohaveanti－COnvulsantandanti－apOptOticactivity．   

Therearenospec抗cstudiesonsafttypharmacologyorforpharmaCOdynamicreaction・Itwasstated  
thatbetaineoccursnorma11yinthebody，theinfbrencebeingthatitisunlikelytohaveadverseefftcts．  
A鮎rahighsingledosesomeCNSdepressionsignsappearedinanimals（SeeSingledosetoxicity  
below）；itwasproposedthatthesewereconsistentwiththeanti－COnvu1santef托cts．Inviewofthe  
extensiveclimicalexperience，theclinicaldatamaybeofgreaterutilityinrevealingpotentialadverse  
treatmentrelatedef托cts．   

Thesingledosetoxicityofbetainewaslowinrats．TheCNSdepressantactivity0nlyoccurredatvery  
highdoselevels・Thiswasconsistentwiththeanti－COnvu1santef托ctofbetainereported，Theirritation  

Ofthe gastrointestinaltract observedis consistentwiththe mild gastrointestinale脆cts reported  
Clinically．   

Followingdietaryadministrationtoratsatdoselevelsupto5％ofthedietfor280r90days，theonly  
adversetreatmentrela‡ede脆ctsreportedweresmallperturbationsinredbloodcellparametersand  

SerumChemistTyValues・Thesewereallfu11yreversibleafter90daysrecoveryperiod・However，the  

informationobtainedforbetainefromhealthyanimalsmaynotbedirectlyrelevanttoassesslngthe  
POtentialtoxicityinthepresenceofmetabolicabnormalities．   

lnthepackageofstudiespresented，＼betainewasnotmutagenic．Carcinogenicityandreproduction  

toxicitystudieswerenotbeenconducted・Inviewofthenatureoftheproduct，thiswasconsidered  
acceptablebytheCHMP．  

11／16  ◎EMEA2007   




