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PHARMACEUTICAL STUDY OF SUPPOSITORY FORMULATIONS FOR 

       IMPROVED IN  VIVO KINETICS OF RIFAMPICIN

 1 Hisashi TAKI,  2Kenji OGAWA, and 3Toshiaki  NIKAI

Abstract [Purpose] To study rifampicin (RFP) suppository formulations that were prepared by adding an 

absorption promoter and a holding agent to conventional rifampicin suppositories in order to achieve higher 

blood drug levels. [Subjects and Methods] The subjects were 3 healthy volunteers who gave consent to partici-

pate in this study. Suppository formulations were prepared by adding sodium caprinate (the absorption promoter) 
to 600 mg, 750 mg, or 900 mg of RFP at about 3% of the suppository weight and sodium alginate (the holding 

agent) at  25% of the RFP content. Serum samples collected at 2, 6, and  10 hours after insertion of a suppository 

were subjected to RFP concentration analysis. [Results] In subject no.  1, the maximum concentration was 0.807 

 pglml, 1.093  ,ag/ml, and 1.291  pg1m1 after administration of a suppository containing 600 mg, 750 mg, or 
900 mg of RFP, respectively. [Discussion] Since an injectable RFP formulation has not been approved in Japan, 

formulation studies of RFP suppositories are important to achieve a better clinical response and to prevent the 

development of resistance. The present formulation that delivered a blood concentration of RFP considerably 
higher than 1  gig/m/ was considered to have therapeutic potential. Its clinical utility will be examined in further 

formulation studies. 

Key words : Pulmonary tuberculosis, Rifampicin, Suppository, Rectal absorption, Sodium caprinate, Sodium 

alginate

                 Introduction 

 Rifampicin (RFP) is a semisynthetic antibiotic of the 

ansamycin group that is a pivotal agent in the treatment of 

 tuberculosis11-3) When administered orally, RFP is readily 

absorbed from the small intestine and its maximum blood 

concentration occurs within 2 hours of  ingestion4) This drug 

is distributed widely to various organs and to body fluids 

such as the lymph and cerebro-spinal  fluid5). At the National 

Hospital Organization Higashi Nagoya National Hospital 

(Higashi Nagoya Hospital), over 8,000 capsules of RFP are 
used every month to treat almost all tuberculosis patients, 

except those infected with RFP-resistant strains and those who 

suffer adverse reactions to this drug. There are also some 

patients who cannot receive oral or tube administration of RFP 
due to various conditions and they are given  RFP suppositories 

that are prepared in-house. However, concern has been raised 

about the rectal absorption of  RFP6}, and development of a

suppository formulation that improves the absorption of this 

drug is urgently needed in Japan where an injectable RFP 

formulation has not been approved. Against this background, 
we set out to prepare a suppository formulation that could 

achieve blood levels of RFP exceeding 1  pglml, which make 

the development of resistance very unlikely. We sought to 

improve the pharmacokinetics of the suppository formulation 

by increasing the dose of RFP and by adding an absorption 

promoter and a holding agent. 

            Subjects and Methods 

( 1 ) Subjects 
 The subjects of this study were 3 healthy volunteers who 

gave consent to participation. This study was approved by the 
institutional review board of Higashi Nagoya Hospital. In 
addition, regarding the ethical consideration, RFP suppository 

was used upon obtaining an agreement after having explained 

the purpose of this study, drug efficacy of this pharmaceutical ,
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andingredientsindetail.

(2)Methods

(2-1)Materials

RFPgranulesfromRifadinecapsulemanufaαuredby

DailchiPharmace痴calsweregroundinamortartoprovide

powderforuseinthlsstudy、Vosc(⊃H-150b輸ineく11ヤom

MaruishiPharmaceuticalCo、,Ltd.(H-15)wasusedasthe

baseforthesuppository.Theabsorptionpromoterwass(》dium

n-decanoate(sodiumcaprin翁te)fromK錦toChemicalCo.,

Inc.,andsodiumalginate80-1200btainedfromWakoPure

ChemicalIndustries,Ltd.wasusedastheholdingagent,

Suppositorycontainerswith級volumeof2.25m'werefrom

MaruishiPharmaceuticalCo.,Ltd.

(2-2)PrepamtionofRFPsuppositoryformulations

RFPsuppositoryformulationswerepreparedbythemelting

method.Theforrnulat玉onsexaminedinthepresentstudyare

presentedinTableLTomakeupeachfomu1識tion,H-15was

weighedintoabeakerandmehedinanultrasonicbathat

50℃.Next,aweighedamountofsodiumcaprinatewasground

tofineparticlesinanagatemortar.To600mg,750mg,or

900mgofRFPpowder,sodiumcaprinatepowderpreparedin

thiswayandsodiumalginatewereadded.The鴛themixture

wasaddedtothemelted.H-15,andstirredat500Cfor30

minutesintheultrasonicbath.Finally,themix加rewasused

tofilhhesuppositorycont訊inerssothatitwasmoldedtofo㎜

む コ 　
suppositories,whichwerestoredat4to6Cwlthprotectlon

fromlight.Theformulationcontaining600mgofRFPwas

designatedasFomnulationNo.1,whilethosecontaining700

mgand900mgofRFPwereformulationsNo.2andNo3,

respectively.TheconventionalRFPsuppositorycuπentlyin

useatourhospitalwasdesignatedasNo.4.

(2-3)Serumsamples

Serumwasharvestedf而mbloodcollectedat2,6,andlO

hoursafterinse質ionofanRFPsupPositoτyfbrdetermination

oftheRFPconce磁ation.Serumsampleswerekeptat5

degreesCelsiusuntilmeasurement・Toremoveproteins・3m'

ofacetonitrilewasaddedtolmlofsemmsampleandthe

samplewasmixedfbr10seconds.Then,aftercentrifugingthe

sampleat3,700rpmfbr15minutes,1mlofs叩ematantwas

extractedfbranalysis.

(2-4)Referencestandardandreage脆 鵬

TheRFPrefbrences1andard,acetonitrilefbrhigh-perform-

anceliquldchroma10graphy(HPLC),dis重i1且edwa釦erfbr

HPLC,methanolforHPLC,sodiロmdjhydrogenphosph飢e

2H20,disodiロmhydrogenphosphate垂2H20,andreference

semm(controlserumIwAK(♪/B)wereallproductsofWako

PureChemicalEndustries,Ltd.

(2-5)PreparationofreferenceserumcontainingRFP

ToImlofthe爬fbrenceserum,甜fficienIRFPwasadded

t。makeupc・ncentrati・ 轟s・f25,5,75,10.O」2・5・and15Ptgt

m'.Thenthemixturewasstirredfbr10min頃es.

(2-6)Determinationoftheser毬mlevelofRFP

SerurnconcentrationsofRFPweredetr巳rmincdbyHPLC の
ThefollowingHPLCinstrumentswereused:aPr`)mlnence

HPLC。fShimadzuC・rp・rati・n(s・lv¢ntdeliveryuni電:LG

20AD,灘 。sampler:SIL-20A,c伽mn・ven:α0-20A・UV騨

VISdetector:CTO.20A),aShim-packFC-ODS{4・6m鵬

ID、 ×150mm:脚iclediameter:3μm)as鑑h¢analyt垂cal

c。lumn,andag"ardc・1umn(4、6mmm・ × 蓋Omm》 ・The

a織alyticalc・nditi・nswereac・lumntem剛 鵬 ・f40℃

am・bilephase・f40mm・1/Lph・sphatebuffer(pH6・7):

acetonitrile:metha薮01(520:390:90(vlv)),aflowraleofL葉

m〃min,adetectionwavelengthof340nm,andaninjection

volロmeoflOμ'.

(2-7)Statisticalanalysis

Allstatisticalanalyseswereperformedbythepairedlイes重

usingJSTATsoftware.

Results

(1)Subjects

Threehealthymalevolunteerswithnocurrentillnessesor

medicationsconsentedtoparticipateinthepresentstudy.The

averageagewas35.Oyears.Theheightofsu切ectno.蓋was

160cm;su切ectno.2,168cm;andsu切eαno.3」70cm.

Thebodyweightofsuヒ,jectno」was60kg;subjectno.2,61

kg;andsuヒ)jectno.3,67kg・

(2>HPLC

MeasurementofsenumRFPlevelsbyHPLCgavechroma-

togramssuchasthoseshowninFig.LThereten象iontimeof

RFPwasabout7.5minutesandnointerferingpeakswe跡e

Table1 Rifampicinsuppositoryfbrmulationstested

Formulation

RFP
content

(mg)

VOSCO
Absorption

enhancer

Holding

agent

H-15(g) E-75*(g) Sodium

n-decanoate
SodiumalgiRate

Designation

1

弓∠

3

4**

600

300十450

(750)

300十600

(900)

600

1.22

1.75十1.53

(3.28)

1.75十1.22

(2.97)

0.8 0.8

O.067

0.067十 〇.067

(0.134)

0.067十 〇.067

(0.134)

0.15

0.e77十 〇.113

(0.19)

0.077十 〇.15

(0.227)

RFP(600)-CA

RFP(750)-CA

RFP(900)-CA

R.FP(600)

*VOSCOE-75

**Currentτifampici摘supPositoryformula重ion
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observed.

(3)Calibratloncurveanddetectionlimltlevel

Totherefbrencesemm,theRFPrefbrencestandardwas

addeda象 盒nalconcentrationsof2.5,5,7.5,10,12.5,and15

μglm'.Thentheserumsampleswere創ss創yedandthed飢a

wereusedtoconstructacalibrationcurveinwhichthe段re創

ofRFPonthex-axiswasp童otted窺gainsttheconcentration

ofRFPonthey-axis(Fig.2).Thecalibrationcurvepassed

throughtheoriginandshowedg◎odlinearity.Theequatio轟

describingthecurvewasf(x)=0.00024×x(r篇0.999,p罵

α003),andtherew段sastrongcor鵬lationbetweent}峯eRFP

concentrationinreferencese肌 題mand重hepeaka1rea・In

addition,thedetectionlimitievelofRFPwasO,454μg1鵬'、

(4)Pro飢eofserumRFPievelsw垂theachfbrmulation

S叩positoriescontainingamixtureot'RFP(600薯ng,700mg,

or900mg)withsodiumcaprinateandsodiumalginale(RFP

(600)-CA,RFP(700}-CA,andRFP(900)-CA,resp㏄tively)

wereinsertedandser雛mRFPconcentrationsweremeasured

after2,6,and10hours、TheresultsareshownlnTab塁e2・

Notethatthedataat6hoロrsafteradminls重ra重ionofRFP(900)一

mAU

2.5 5.0

MPa
l4,25

13.OO

Fig.1 HPLCchr◎matogramofRFP-spikedplasma
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Fig.2CalibrationcurvefbrcontrolRFPserum

Table2SerumRFPconcentrationsafteradministrationofRFPsuppositories

Subject
RFP(600)-CA RFP(750)-CA RFP(900)一 一CA

2hr 6hr 10hr 2hr 6hr 10hr 2hr 6hr 10hr

1

2

3

AV±SD

0.089

0.104

0。062

0.085

±

O.017

0.807

0.471

0.126

0.468

±

0.278

0.736

0.363

0.09

0.396

±

0.265

0.317

0.178

0.075

0.190

±

0.099

1.093

0。544

0.175

0.604

±

0.377

0.739

0.361

0.159

0.419

±

0.240

0.221

0.108

0.114

0.148

±

0.052

1.291

0.311*

0.235

0.612

±

0.481

1.078

0.261*

0.193

0.511

±

0.402

*Dataobtainedfollowingevacuationaftervaluebloodsamplingattwohours
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CAtosu切ectno.2wasobtainedfollowingdefecation,which

occurredafterbloodcollecti{〕nat2ho欄's,Themean(mean

±standarddevi飢ion}se田mlevelofRFPat2,6,andlO

hoursafteradministrationofRFP(600}-CAwasO .085±

0.Ol7μg!m',0.468士0、278μglm',andO.396士0.265μg!m',

respectively.Themeanserumlevel{⊃fRFP飢2,6,and10

hoursafteradministrationofRFP(750)-CAwasO,190坐

0.099μglm',0.604士0.377μg!mノ,劉ndO、419±0.240μg/m',

respectively.ThemeεmRFPlevelat2,6,aiid101〕oursafter

administrationofRFP(900)-CAwasO」48±O.052ptg加',

0.612±0、48量 μg/m',andO.511土0.402
、μg/m～,respec重ively.

Althotightherewasadec1・ease飢6hoursafteradministra-

tionofRFP(900トCAi轟subjectno.2duetodefecationtha重

reducedthemeanRFPlevel,these紺mconcentr劉ti◎nof

RFPgenerallyshowedadose-dependentincrease.Thechanges

ofRFPovertimeforeachsuppositoryfbrmulatioRarepresent一

edinFig.3to5.Inallthree鋤 切eαs,愉epeakse釦mRFP

concentra監ionwassee轟at6ho鵬a伽radminisεmtion.Fig。6

8ho照these紺mconcentrationofRFPat6hoursobtained

w鮭heachfbrmu1盆tion,SerumRFP藍evelsexceedinglμ91m'

wereachievedinsu切eαno.葦afteradmln重str刎io雌ofbotわ

RFP(750).CAandRFP(900).CA(1.e.,LO93、 μ9!m'御nd

L291μ9/m',respectively),

Diseussion

Atpresent,theRFPsupP・sit・ryformula伽usedatHjgashj

NagoyaHospitalispreparedextemporaneouslyandco飢aansa

mixtureot'RFPfromcommercialcapsuiesplusth¢supPos置to「y

baseH-150rE。75.Itisusedfbfthetreatmen重(》 負 勧bercレ

1・sisinelderlypatientswh・havedifficultyinswa且1・wmgo「

patientsinwh・mwecam・tusefeedingtubedue重 ・refl・xo「

becausetheypul蓋 ・utthetuberepeatedly・H。wever・the麟
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Fig.3Timecourseofser縫mRFPconcentrationsaft釘

administrationofsuppositoriescontaining600mgof

RFP(n篇3)

Fig.5TimecourseofserumRFPco魔cenmtionsafter

adminisIrationofsuppositoriesconta最ning900mgofRFP

(n=3)
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Fig.4TimecourseofserumRFPconcentrationsafter

administrationofsuppositoriescontaining750mgof

RFP(n=3)

Fig.6SerumRFPconcentrationsat6hoursafter

administrationofsupPositoriescontaining600mg、750

mg,and900mgofRFP
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bloodconcentrationofRFPachievedfollowingadministration

ヨ の の
asasupposltoryisrelativelylowcomparedwiththatafteroral

administration,andRFPwasreportedtobepoorlyabsorbed

fromtherectum6}.AccordiAgly,fbτmulatio轟studiesonRFP

supPositorieshavebeenperfbmed7).Wepreviouslyreported

thatthebloodlevelofRFPincreaseddose。dependentlyaftel・

administrationasasupPository9}.Inthepresentstudy,we

soughUo玉mprovethepharmacokineticsofthesuppository

fbrmulationbyaddingsodiumcaprin窺teasanabsorptio轟

promoterandsodiumalginateasaholdingagent,aimingto

achieveanincreaseofthebloodlevelofRFPtoabovei

μglm',atwhichresistanceisnotthoughttodevelop9,.The

reasonfbradoptingsodiumcaprinateastheabsorption

promoterwasbecausethismediumchainfattyacidsalt(with

lOcarbon飢omsofvariouschainlengths)w窺sreportedtobe

themosteffectiveabsorptionpromoterforampicillinsupPosi-

toriesbyNishimuraetal.lo).In日ddition,sod沁mcaprinatehas

aneffヒctonboththeintracellularandintercellularroutesof

dnユgabsorptionaccordingtoTakaha曲ietal.,anditwas

fbundtopromoterectalabsorptionofdrugsf沁msupposito-

riesln.Sodiumcaprinateisusedinampicillinsuppositories

(Herpen,1)ainipponSumitomoPharmaCo.,Ltd.)andcefti-

zoximesuppositories(Epocelin,ChoseidoPharmaceu重icals)。

anditssafetyhasbeendemonstratedinbasicexperimentsdur-

ingdevelopment,clinicals加dies,andpost-marketingsurveys.

Thereasonfbradoptingsod沁 】malginateas重heholdingagent

isbecauseitisabundantinseaweedsuchaskonbu(kelp,

Lanminar'aノ αponicの,wakame(brownseaweed,こ/ndaria

ρ'ηηα'tPUdの,hijiki(Hizikia/iZsiformis),andmozuku(ハlema-

cys伽sdecipiens),aRdhaslongbeenusedclinicallyinextem-

poraneousformulationsofmorphinehydrochloridesupposito-

riesasaholdingagent,withnoadverseeventsbeingreported

duringuseofformulationscontainingthissubstancei2}.Inthe

presentstudy,noadverseeventscausedbysodiumcaprinate

orsodiumalginatewerereportedeitheLThesizeofthe

suppositorycontainerallowedfbrmulationofsuppositories

containing600mgofRFPatmaxi搬u搬.Therefbre,RFP

(300)-CAplusRFP(450)-CAwereusedfbradministration

of750mg(RFP(750)-CA),whileRFP(300)-CAplusRFP

(600)-CAwereusedfbradministrationof900mg(RFP(900)-

CA).

Thepresentstudyinvestigated鵬ethodsfori拠provingthe

rectalabsorPtionofRFPfromourin-housesupPositories重o

achievehigherblooddruglevels・Althoughthedatafrom

subjectno。2at6hoursafteradministτationofRFP(900)-

CAledtoareductionofthemeanconcentration(duet◎

defecation),theserumlevelofRFPgenerallyincreaseddose-

dependently.At6hoursafteradministrationofRFP(600)。CA

andRFP(750)-CA,themean(mean±standarddeviation)

senlmlevelofRFPwasO.468±0.278μ9!mlandO.604±

0.377μ9!m1,respectively,showinga1・29-fbldincrease,

whilethesemmlevelsafteτRFP(600)。CAandafterRFP

(900)-CAwereO.468±0278μ9/mlandO・612±0・481μ9/m1,

respectively,showingaL31-foldincrease・AtlOhoursafter

455

administrationofRFP(600)-CAandRFP(750)-CA,themean

(mean±standarddevia1ion)serumlevelofRFPO.396士0・265

μ9/鵬'縦ndO,419±0,240、 μ9/m',respectiveEy,showinga1・06-

foldincrease,whlleIhese川mlevelsafterRFP(600)-CAand

afterRFP(900)・CAwereO.396±0.265、 μ9/m'andO・511

土0,402μg!m',respectively,showingaL29イbldincrease.

However,asigni行ca薮tdifferencewasnotobservedineither

group、Thiswasconsideredtobeattributabletothed㏄rease

ofthesemmRFPlevelinsubjectno.2d膝etodefbcationa侮d

thelargedifferencesofserumconcentrat垂onsbetweensubject

no.landsロ 切ectno.3,Thismarkeddifferencebetween

subjectsland3wasconsideredtobedueto垂ndividua且

varlationsinhepaticmetabolism,but重hereasonneeds

tobeexaminedinfurtherstロdies.Thesamevariationisa且so

observedwithbloodlevelsofRFPaftero£aladministration.

Inthepresentstudy,由etimesofbloodcollectionweresetat

2,6,and10hoursafteradministration.Inpreviousstudies,

thetimeof2hoursafteradministrationwasconsideredtobe

appropriateconsideringtheabsorptionprofileofRFPfromthe

smallintestine,thefactthatthemaximロmb蓋ood韮evelof

RFPoccurswithin2hoursafterad]ministration,andthegood

absorptionofdmgsfrommostsuppositories」nthepresent

study,however,itwasassumedthattheholdingagentadded

tothesuppositorywouldmaintainthebloodlevelofRFP

f()rlongerandthatthepeakconcentra匝onwou1(至occur韮a{er。

AdditionofsodiumalginateatO.15gtoRFP(600)-CA,O.19g

toRFP(750)-CA,andO.225gtoRFP(900)-CAdelayed

thepeakserumconcentrationofRFPuntil6hoursafter

administration.Whiletherehavebeennopharmacokinetic-

pharmacodynamicanalysesofRFPreported,itisassumed

thatmaintenanceofaserロmconcentrationgreaterthan重

μg/mlmeansprolongedexposureofthetuberclebaci恥sto

RFP,AvailabilityofRFPagainst雛berculosisbaci監1usandthe

pharmaceutica1devisingofRFPsuppositoryaimedatthe

evasionofacquiredresistanttuberculosisbacillusbyRFIP

areconsideredveryimportantfortuberc"losistreatment.

Especiallyinoursubjectno.1,theserumlevelofRFPat6

hoursafteradministrationofRFP(750)-CAandRFP(900)-

CAwas1.093μg/mlandL291μg1m',respectively,withboth

beinggreaterthanlptg/ml.AtlOhoursafteradministrationof

RFP(900)-Cへtheserumlevelwasstill1.078μg1m',showing

thatahighconce就rationwassustained.Theaboveresults

suggestedthatrectalabsorptionofRFPfromsuppositoriescan

beimprovedbyadditionofanabsorptionpromoterand

aholdingagenttothesuppositoryf()mmulation.Thiscould

Ieadtoimprovementoftheefficacyoftherapyfbrpatients

withpulmonarytuberculosiswhocannottolerateoralor

加beadminist蘭on.Weplantoconductfurtherformulation

studies,includingastudyontheoptimumratioofsodium

caprinate,aswellasassessingtheclinicalusefulnessofRFP

supPositoriesasanalternativetotheoralformulationinJapan

(whereparenteralRFPisnotapProved).
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直腸吸収改善を目的として製剤改良 したリファンピシン坐剤の検討

1滝 久 司
,2小 川 賢 二,3二 改 俊 章

要 旨:〔 目的 〕Rifampicin(RFP)坐 剤 に吸 収 促 進 剤 お よ び吸 収 保 持 剤 を 配 合 し血 中RFP濃 度 上 昇 を目

的 と して 製剤 化 したRFP坐 剤 の 検 討 を 行 っ た 。 〔対 象 お よ び方 法 〕対 象 は研 究 に 同 意 した3名 の ヘ ル

ス ボ ラ ンテ ィ ア と した。RFP坐 剤 は600mg,750mg,900mgのRFPに 吸 収 促 進 剤 で あ る カ プ リ ン酸

ナ トリ ウ ム坐 剤 重 量 の3%前 後,吸 収 保 持 剤 で あ る ア ル ギ ン酸 ナ トリ ウ ム をRFP含 量 の25%添 加 し

た。 各 坐 剤 挿 入 後2時 間,6時 間,10時 間 後 に採 血 した 血 清 を検 体 と して血 中RFP濃 度 を測 定 した 。

〔結 果 〕Subjectno.1に お いて はRFP600mgを 含 有す る坐 剤 で0.807μg/ml,750mgで1,093μg/ml,900

mgで1.291μg/m1と な るRFPの 最 高 血 中濃 度 が 得 られ た 。 〔考 察 〕本 邦 に お い てRFP注 射 剤 が 使 用 で

きな い た め,RFP坐 剤 の 製剤 的検 討 が,治 療 効 果 を示 す う えで も耐性 菌 の 出現 を 回避 す る うえ で も重

要 な課 題 で あ った 。 本研 究 に お い てRFP血 中濃 度 が1μg/mlを 超 え た こ とに よ り治 療 薬 と して 使 用 可

能 で あ る と考 え られ た 。今 後,さ らに 製剤 的検 討 を加 えて 臨床 的 な有 用 性 を検 討 して い きた い 。

キ ー ワ ー ズ:肺 結 核 症,リ フ ァ ンピ シ ン,坐 剤,直 腸 吸収,カ プ リ ン酸 ナ トリ ウム,ア ル ギ ン酸 ナ ト

リ ウム




