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KoichimKASEandTakaShiFU]mlOTO

DeptofShigaRESeaIChLabomtoIiesぅScheringPloughKK

FbrthepuIposeofdeveIopingaphalmaceuficalsu印ensionfbrnasalsp町contaiIBingEnedmgsl山stancesofcontmⅡed

pGI1iclesizebawEtmicmnizaiionmethodusingultmsonichomogenizaljonafterconvertinglhepaI1icleshapeloa館gle

shuctuI巳句sp町dlyingw3sexaminedltw3sfbundthattheavelagepaIticlesizeofSp町dIiedpo研delrcouldbeIeducedto

thesUbmicmnlevel・ItwasJSofbundlhatthepmiclesizecouldbeconmlledbysuspensionにmpelatulebeibIeulimsonic

homogenizaiionbecausethelempeIatuleofdlesu印endedsolutionisoneofthecritic31pammete耐fbrparticlesizeIEduction

Ina通tiolLthemechfmismofmIticlesizeneductionwasconsiderEdinteImsofthechangeofpamcleshapeandcIy5tal
fbrmdulingthemicmnizalionpmcess．

K匂ﾉ恥庇なMicmnizatiolLSu印ensi皿Palticlesize,Spl副/dIyingU1tmsonichomOgenizaUon

1．INTRODUCTION

lnlhephamlaceuUcalEeld,adivedmgsUbslancesIaにlb'alB

adminjsteIEdaschemicalentitiesbutalmoStalⅥzWsinsomeldndof

fblmulaUonHomlheem5ca呼pointofviewぅiblmulaieddmg

pmdudSshouldbedeSigledsoastomaximizelhepctemialactiviU

ordmg副jbslancSs・Tooplimizelhepcriblmanceofdmgpmdudsも

itisnecessalytohaveacompleteundeI盲tandingoflhe

plwgicochemicalpmpertiesofdmgsUbstancespriortofbImulalion

intodmgpmducts・P10喧icochemicalpmpeItiesofdmgsm]stances

someiimes垂ctthepmductpmEIeSpalticmalb/palticlesizq

whichcnensmn的a錠dslhedissolutionmtellabsolptionIate2）
andbioavailabili『)．TheIEib喝vaIiousmicmnizalionmeillods

ibrdmgsUbslanceshavebeentIiedinoldertoimpmvethe

plwsicochemicalpmpeltiesofdmgpmduclS4”､Sincesonihcation

hasbeenusedasamicmnizationmethodq7)as賑Ⅱasａ〔曲叩elsion

melhodofdmgsUbstancesinsu叩ensloLawEtmicmnization

method料召sconsidelEdHoweve喝therBisnoIEpoItoflEducing

lheparticle劃zetosUbmicmonl乱eltysoni且catioIL

ForthepulposeofdevelOpingaphalmaceulicalsu印ensionibr

nasalspmycontaining面nedmgsubstances,weendeavolBdto

lBducelhepaIticlesizeofdmgsUbstancestosubmicronleveltWa

wetmicmnizationmetho4usingulilasonichomogenizeraner

coIwertingtheparticleshapetoafragilestmcturebyspray

Ｍ、]scriptReceiptDate：September21,19％
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２EXPERIMENTAL

２．１MATERlALS

Anew剖eIDidsubslanced戯℃lopedatSchering-PloughU.S・A

wasusedasUledIugsUbslance、SpecimcationsofthestemidaIE

shomlinTableLBenzalkoniumchlolide,pobsorbate80，

prupyleneglycolalldgbcemlwe唾1】sedassu印endiIIglEagents・

AllSu印endjnglEagentsusedwe唾ＧＰ厚ade．

Tab1elSpec而cationsofactivedmgsubstance

Empilic31ibmmla:Ｃ27恥Q206・ILO

MOIecularTvEi邸:539.45

Appeamnce:WhiiecUstallinepomer

Meltingpoint215･C

SolUbiliW:so１曲leinacetoneandchlomibImラ

praclic31b/insol曲1einwaler

２．２EQUIPMENT

PULⅥＳＩＶ皿ISPRAY(Y3maioCo,Ltd)wasusedaslhespl可ノ

dlyerandulhasonichomogenjzeEandUS-600(NihonSeikiCo，

Ltd)w3susedibrmicmnimlioILX町powderdimadome1eL
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suspendedinL2mg/mlofbenzalkoniumchloride

soluUonat20oC、

2.3.3CONCENTRAnONOFSUSPENDnJGREAGENＴ

Ｓｐ町dIiedpowder(５０ｍｇ/ml)wassuspendedin1.2,

2.4,ａｎｄ５ｍｇ/mlofbenzalkoniumchloridesolutionat

20oC

2.3.4SUSPENSIONTmv征画RAnJRESpl副ノdIied

powder(５０ｍｇ/ml)wassuspendedin１．２ｍｇ/mlcf

benzajkoniumchloridesolmionat２，５，２０，４０，ｍ．

６０℃．

RAD-RB(Ri顔kuCo,Ltd),andspechuphotometer,２１５GIitachi

Co,Ltd.),ｗＥ肥usedlbrdelemlimtionofclyslalliniw．PalUclesize

dislnbmionanalyzenCAPA〆700(HOribaCo,Ltd)andscannmg

electmnmicmscope,Ｓ-650価tachiCo‘Ltd),wCn3bothusedfbr

thepaI1iclesizeandpaI1icleshapedetermillation．Medianpanicle

slzevliasmeasulEdbyvolumebasis．

２３IWICRONlZATlONIWETHOO

DmgsUbStancesdissolvedinmethylenechlorideWBIBspI珂ノ

dlied(sp町dliedpowd鋤underthecondiUonslistedin'1ﾖble2．

3．RESULTS
Table2Conditionsofsp面ydrying

S8mplesolution:３０mlofbenzalkoniumchloIidesolution

suSpendedSpl副ﾉdliedpowder

〔bnditionsofultmsonichomogenizer：

Power:600Ｗ

ＦｉＥ印】e､可:２０±２妊也

Tipdjameter:３６ｍｍ

Sp町solulion:３％adhEdmgsUbstanceinmetlWlenechlolide

SpI可/Speed:２０ｍl/irin

Atomj五ngairpIEssulB:２９４１⑲a

DCmgair：

InlettempemtuI巳:５５.C

OutlettempemmIe:３５.Ｃ

Ｆｌｏｗｍｌｅ：０．４，３/ｍｉＩＬ

３．１SUSPENDlNGREAGENTS

Sincea型Omemiioncfdmgsl血stanceswascbservEddmng

ullmsonichomogenjzalionM1enpob5olbate80,pIupyleneglycol

andgwcemwenellsed3ndw8snotobservedwhenbenzalkonium

chloridewflsusedbenzalkoniumchloridewasselecied3sthe

sUspendinglEagent
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３．２CONCENTRATIONOFSPRAYDRIEDPOWDEＲ

ＡｓｓｈｍｖｎｉｎＦｉｇｌ,UleconcenlmtionofdmgsUbsｵanceshad

no亜bctonlheleductionofpaI1iclesｉｚｅｏｆｄｍｇＳｌ山stancEs、

Subslantial訂eductioninpfmiclesizewasno(edaner5miIL

eJ印osuletjme；aplaleauw3sneachedatthatlime，andlonger

e]叩oぷ１１己cal】sｅｄｌｉｍｅｏｒｎofimherlEduclioninthemeanmniCle

diameter，FinepanicIes,avemgnglesslhanLO1』m，渦Ere

Obtainedine3ch１㎡３１．

AnersuEpending5p町dIiedpo梱er(suspendedpowder)in

UlesolutionconlajningsuspendinglEagenLsuspendedpowderwas

micmnjzed(micmnjzedpowdeI)bytheulhasonichomogenizer・

Typicalcondilionsofmicmnjzaiionmethodal巳listedinTable3．

TabIe3ConditionsofuItrasonichomogeni塾tion

(3)

1.0

－←４ｍｇ/ｍｌ

－←５０ｍｇ/ｍｌ
－犀１００ｍｇ/ｍｌ

０２４６８１０１２

Ultrasonichomogenizationtime(ｍin.）

Fig.１Theeffectofconcent『ationofspraydried
powderonreduction

３．３CONCENTRATiONOFSUSPENDINGREAGENT

Asshov1ninFi9.2,theconcemmUonofbenzalkonium

chloridehadaneJigibleeHbctonthe正duclionofpalliclesizeof

０．０

ＴＴ１ｅｅⅡbclsofsuspendinglEagems，concelltmiionof印I可ノ

dIiedpowdenconcenlmtionofsu旧pendinglEagentandsuspendjng

tempeIatuIBofsp町dIiedpowderontl肥IEductionofpaI1iclesize

ofdmgsl山slanceswもIBevaluatedasfbuows：

2.3.ｌＳＵＳＰＥＮＤｍＧＲＥＡＧＥＮＴＳＳｐＩ珂/dliedpowder

（５０ｍｇ/ml）wBEsuSpendedinasolulionof

benzalkoniumchloIide，pol》mrbate80，pmpylene

glycolandgb/ceIin(1.2ｍｇ/ml)at20℃、

2.3.2ＣＯＮＣＥＮＴＲＡｎＯＮＯＦＳＰＲＡＹＤＲ正ＤｒＣＷＤ画ｌ

Ｆｏｕｍ５０,andlOOmg/inlofsp”dIiedpoMIerw哩鵡



4０

dmgsUbstalIces,butsmallerpalliclesizeofdmgsUbs1ancEswas

obSeIvEdwilhhigherconcenllalionofbeIEalkoniumchloKide‘

MicmnjzatiollwascolI叩letedwithin5milLandEnepallic瞳

av巳圃陣nglesslhanl､O1mL1妃meObtainedineachなial．
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CRYSTALLlN1TYANDPARTlCLESHAPE

１CRYSnALTIJNIIYTheXIzWpowderdi伍adion

paliemsoforignaldmgSUbStanceaSp町dliedpowder

andmicmnizedpowderaｌｅｓｈｏｗｎｉｎＦｉｇ５・Ｔｈｅ

ｌＥｓｕｌｔｓｏｆＸ町powderdi伍actomeUyindicatedlhat

SPr8ydliedpolvderwBEamolphousbecausea

dimadionpeakwasnotObselvedandthemicmnized

powderwasUlesamemonolWdmlecIystalaslhe

orignaldmgsUbstances・The正spectlaoforiginal

dmgsI山stancesぅspI副ﾉdliedpowderandmicmnized

powderaｌｅｓｈｏｗｎｉｎＦｉｇ６・ThechamcterisUc

absolpｲionbandofmonolWdlatepowder(3,565cmF')，

aIisingmmOLHs歴tchingvibmtionofcI〕献alwa唾

disappealEdinthespecm】mcfspl可ﾉdIiedpowderand

appealEdillthespechumofmicmnizedpowder，Ｔｈｅ

ｌＥ割]ltsindica1edthatspl珂ﾉdIiedpowderwasanlWdluus

andmicmnizedpowderwasIhesamemonohJdlateas

theoriginaldmgsUbstances．Ｘ町powder

di瞳aclome血ｙａｎｄ皿specmme紅ynndin摩suggested

lhatlheorignaldmg釦bstamceswelBmonolWdlate

c可glals,spl可ﾉdliedpowderwasanhydmusamolpllous

andmicmnizedpowdemBsmonomdIatecIy5tal，Ｉｔ

ＴⅧsalsocolmImedthatwhenlhesuspension

tempemtulewas3bovB20oC，ｓｐ町dliedpowder

（anhJdmusammphous）wasrapidlyco瓜℃rtedto

monohydIatecIy百talbeIbreulImSonicllomogenization

wasbelow5oqsp画dIied”dem盃notcom毛Itedto

monolWdIHtecxystalbごbmeultmEonichomogenization

butwasconveItedafierullmsonichomogenjzatiolL

鯉
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3.5.1

一一１．２ｍｇ/ｍ’

一参２．４ｍｇ/ｍＩ

－詮５ｍｇ/ｍｌ
Fig.４Thepartidesizedistributionofmicronized

powderaftersuspensioｎａｔ２ｏＣ
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Ultmsonichomogenizationtime(ｍin.）

Fig-2Theeffectofconcentrationofsuspending
reagentonreduction

０１０２０３０４０５０６０７０

Suspendingtemperature（｡Ｃ）

Fig.３Theeffectofsuspensiontemperature
onreduc6on

a4SUSPENSlONTEMPERATURE

AsshownｉｎＦｉｇ３，suspen且ontempeIatuI巳il]Ⅱuencedthe

n3ductionofpalticlesizeofdmgsUbstances9withlowEr副1spenslon

tempelatulEsmesuliinginsmallerpGxliclesjzEs，ＦｉｎｅpaIticles5

HvEmgnglessthanl､０１｣nLweneobtainediI1eachlrial・

PalticulalbveIymepalticles,1heavEmgepalticlesizeofwhich

w3s0.261』ｍａｎｄＯ３０１』mIEspedivEⅨwexBObtainedwhenlhe

suspe画ontempemmIEwas2oCand5｡C・

Thepalticledzedislxibutionofmicmnizedpowderafier

suspensionat2oCislistedinFig､4．’1hislEsultindjcatedthatlhe

paI1iclesizedismbImonofmicmnizedpowderwasshalpand90％

ofpalticles科Ｂｒ巳diStlibutedbetweenO､１１』manｄ０．６１』、

０．０

(4)
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(a）

1１ 議雲妻雲書

；

3.5.2PARIICLESHAPEElectlonmicmphotogHphsof

eachpowderalBshovminFig.7．OIi恩naldmg

sUbstanceswemenon-speciＥＣ;ｓｐ町dliedpowderwas

observedasspheIicalandashavingahoⅡowthinsheu；

andmicmonizedpo科derwasObsewEdasshortand

tUbular、nnepowdersuSpendedbelow5oChadlhe

samespheIicalshapeandllollowlhinsheuasthespl可ノ

dliedpoWdeEandlhepowdersu印endedabo,e20oC

hadneedle-ljkesmlcl、己．

4．ＤｌＳＣＵＳＳＩＯＮ
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４．１ESTIMATEDMECHANISMOFMICRONlZATION

BelblBconductingthisstudbノitwasexpectedthat

micmnizaUonwouldbecausede碇ctivelybWmaldngtheshapeof

olignaldmgsubstancesnlolB趣gletWcIEatingahouowlhinsheu

bySp町dlyingAswase印ecte4spmydIiedpowdersuspended

at20oCwaSneducedinsizeIoSubmicmnlevBl(ave田gepmicle

size:0.61』､)byulImsonichomogenizaUon・HowBve亀ihelEsullsof

雲驚

Fi9.6Infraredspectraofpowder
（a)Ori9inaId『u9substance
（b)Spraydriedpowder
（c)Micronizedpowder

(5)

；
１ ０２０Ze

Fi9・SX-raydiffraにtionpaltemsofpowder
（a)OriginaIdrugsubstance

（b)Spraydriedpowder
（c)Micronizedpowder

謹畷；

3０００２０００１０００

Ｗａｖｅnumber(cm-1）
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Fig.７ElectronmicI℃graphsofpowder

（a)OnginaIdrugsubstance

（b)Spraydriedpowder

（c)Suspendedpowder

（d)Micronizedpowder

隠

paltjcleshapeCbseIvationindicaled(hatlhe5pI可ﾉdIiedpoWder

changedtoneedle-ljkeshapedulingbenzalkoniumchloride

su印ension，Itsuggestedtlmttheneedle-likecIyglalconvExted

hDmsp町dliedpowdem召salso丘agileenou虫tobelEducedby

ulllasonichomogenizaUolLInincLsp”dliedpowdersuspended

below5oCwasmeducedmoleeⅡbdivelb′(avEmgep311iclesize：

0.26-0.301上､)thanwhensu印endedat20℃,andsuspendedsp町

dliedpowderdidnotchangesl旧peandcIyslalliniWbeibIB

micmnizaUonaccoldingtothelesuhsofpaIticleshapeobservaljon

andclyslalliniWdeteImination’IhereIbme,ｖｗ巳summalizethe

me〔雪hFmifmofmicmni調finnaslbuows：

MicmnizationafYcrsuSpensionatlowertempemm正

Ｓｐ町dIicdpowdcrw3snotconverlcdlolnonohydm(ecIyslal

whenUlesuspendedtempemｌｕＩＥｗａｓｂｅｌｏｗ５ｏＣｓｏｌｈａｔＩｌ肥

sphericalpaI1iclehavinga釣gileIhinsheUw3EnotchangedbeiblB

ullmsonichomogenizalion．,nlerEfbIe,aspheIicalpmicIehavillg

aEnagilelhillsllell歴IEducedbyullmsonichomogenizaIioI1

cIIbdivdy，AtalmostUle瓢ｍｃｉｉｍｅａｓ１ｈｅ1℃ductjoILconve応ion

(6)

ofcn庵1allinibﾉmmanhydIuusamolphoustomonohydmleclystal

occurIBd3sarEsultoflheenelEyofulllz喝onicalionandlhepanicle

Shapel歴changedtoavely位1eneedlelikeshapesimultaneouslv，

Thenneneedleljkesbape研もslEducedagainbyulilasonic

homogenjzalioILTheI巳fble，itsuggestedthatmicmnjzalion

occullEdtwicedulingulImsonichomogsnizaUonaSsholminFi9.8,

andveIyEnepanicles賑reOblainedeⅡbctively．

鴬一驚幽蝶，
'……↓総

”:蹴鴛Ii醤榊皿造’ロロロロ

Fig.８Mechanismofmici･onizationat

Iowertemperature

Micmm吃atiom蛾ersuspensionathighertempcmtIme

Ｓｐ町dliedpowderwascomEr(ed1omonolWdmtecTyslal,and

thesh2pel唾changedtoaneedle-1ikestmctuleM1enUle

suSpensiontempemtuleW3s3bo1e20oCsothatlheneedle-Iike

paI1jclesweremicmnizedbyulmsonichomogenizaliolL

ThexEfb配，micmnj型tionoccunEdoncedulingulimSonic

homogenizalionasshmminFi9.9.

露
CIyslaIchange

-← ≦
SpmydriedpowderSuspendedpowder

ＩMicroniza1ioI1

､零:回Ｉ
園ﾛロロ

Micronizcdpowder

Fig.９Mechanismofmicronizationat

highertemperature



４．２CONTROLOFMlCRONIZATION

TheFeasonlbrthepaniclesizemicmnizedaRertempemtuIE

suspensionbeingsmalｌｊｎｐｍｐｏｍｏｎｔｏｔｈｅｆｍｉｎｓｕＳｐｅｎｓｉｏn

tempelatuIEw3sthatthethiclmessoflheneedleljkepalticles

converted伽mspheIicalpaIticleswithanzlglethinsheuwEfe

slmn駒innuenced上Wsu印ensiontempelatuIBsothatlhelowerthe

suspemsionten叩elature,1heHnerthelIeedlelikeshapewas，

ThelEiblc,micmnizaiionoflhesteluidusedinlhisstu山ﾉcould

besimplb/contmuedbctweenO､３ａｎｄ０．９１』mlnmeanpalticle

diameler１ｺWthesuspeI1siontempeIamB．

5．CONCLUSION

Inthissm町》wBest2blid〕edanewwetmicmnjzationmethod

句usingulmsonichomogenizationafiercomerlingthepaIticle

shapetoamo妃6nagleslmcmIBtWSp町dlying・WeconEmled

lhatthepamcles吃eofdmgsl曲stancescouldbeIEducedto０．２６！』m

mmEanpallicIedjameterina曲orttime,andthelEductionof

p81ticlesizetWlhisme4hodcouldbeeasibﾉcontmlledtWthe

副lspensionlempelatuIEbefblEultmsonichomogenizatiolL

EⅡbctivepgmclesize正dudionwasconsidelEdtobecausedtW

makinglhep8I1icleshapemolBmgletWnotonlyobtajninga

sphericalpalljclehavingahoⅡowthinsheubysp”dIyingbutalso

I｡Woblaininganeedle-ljkepaI1icletWthepaIUclcshapechangngtW

cl〕悪talconversiondulingthemicmnizationpmcess．
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加瀬公一郎

シェリング・プラウ（株）

滋賀研究所化学系研究室第１

課長

滋賀県甲賀郡水口町笹が丘

１４，Tt10748-62-7113，

FaxO748-62-9281

略歴:1981年京都工芸繊維大

学工芸学部卒業，同年シエリ

ング・プラウ（株）に入社．

主として製剤開発,新薬の申

請業務に従事


