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Development of Oral Isoniazid and Rifampicin Microspheres
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Abstract
The objective of this study was to develop oral isoniazid and rifampicin microspheres in order to improve
rifampicin stability by avoiding its direct contact with INH and acidic environmental of stomach. In the study,
isoniazid microspheres were prepared by w/0/w emulsion solvent diffusion evaporation method using ethylcellulose

as wall material. Rifampicin microspheres were prepared by 0/0 emulsion solvent diffusion evaporation method
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using Eudragit®L 100-55 as polymer. Formulation variables which effect physical characteristic and microsphere
stability were investigated. Result from differential scanning calorimetry showed that isoniazid and rifampicin
when kept as drug powder at 37°C and 50°C for 2 weeks were unstable while drug encapsulated in microspheres
remained unchange. In vitro drug release showed a faster dissolution rate of rifampicin microspheres in
phosphate buffer pH 6.8 than in 0.1 N HCI which dued to the solubility of Eudragit®L 100-55 in the medium.

In conclusion, the combined isoniazid and rifampicin microspheres formulation exhibited a potential to improve

the rifampicin stability for oral application.
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Tagdusvldinimlsadu wmquﬁalumi
CaFievasdsznns ludssmafimasiamn Tasane
Hillsaian “ARamsunindounasindsn Geriald
Aatlymluwaig g duaawn wananitlumssnm
Fadsr uilyniniides 1ve9lie Mycobacterium
tuberculosis °w%"1_m§jmmﬁﬁ‘mﬁanlﬁﬂuéﬁé’umﬂ
fa lalowluwarda (Isoniazid), lsuwaigu (Rifampicin),
Iwidurlud (Pirazinamide) uazBunuynaa
(Ethambutol) Tagenfifinisldund .ada lalrluanda
walsunnidu iilasnniduendauionusn (First line
essential drug) uazeiaalgiaunuluzag 4 \deu avie
289mM33N©1 (Donald and Diacon, 2008)
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1. 19adl

Isoniazid [INH] (Acros®, USA), Rifampicin [RIF]
(Utopian, Thailand), Ethylcellulose 10 CPS [EC]
(Ethocel®, Germany), Eudragit® L 100 - 55 (Rhm
GmbH, Darmstadt, Germany), Methylene chloride
[Dichloromethane] [DCM] (Carlo Erba, France),
Polyvinyl alcohol [PVA] (Acros®, USA), Ethyl alcohol
(Carlo Erba, France), Magnesium stearate
(Fluka, Switzeland), Mineral oil (Altima, Thailand),
n-Hexane (Sckarlau Chemic S.A., Spain), Span 80
(Pharma, Thailand)

2. 3Ennaaag
2.1 NM15L@38 INH microspheres
2.1.1 N15LA58NA2835 o/w emulsion
solvent evaporation
UFud3931nisvas Sriwongjanya uaz
Bodmeier (Sriwongjanya and Bodmeier, 1997)
wisniananelulasnsazanoalsn INH uaz EC
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lu DM ansiuwsialilun wAvSan1aneuand
Usznauds 15azans 0.25% PVA lwih fudas
1A309 Homogenizer Tia 1wluwa (Ika®-WERKE,
Germany) finnusasey 500 rpm Jutian 15
Wit andwihaniudadasieies magnetic stirrer
fanuisasau 500 rpm 1iuam 3, 6 uaz 12 Talus
muldganaiu Waasurnua vmssdlulas Wes
¢t purified water Y311@3 500 mL 91W% 2 @39
udranlulas Lﬂyﬂuﬁg@mm%u

2.1.2 nMILasuaaeIs w1/o/w2 emulsion
solvent evaporation

U5u13991n35989 Yeh uazamie (Yeh et al.,
1995) wRguiama w, Tagnsazanssas INH Tui
il dun siuianiaidudilsznaudas
WaALNes EC azanulu Dichloromethane azld w /0
emulsion a1t luiun wRuSaniansuanii
Usznauds 15azans 0.25% PVA lwih fuds
13849 Homogenizer 1A7w1533501 500 rpm 1uiaan
15 wfl sntiwianiudadoieia magnetic stirrer
fnnuisa3au 500 rpm 1iuam 3, 6 uaz 12 Talus
muldgaaaiu Waasurnua vmssalulas Wes
¢t purified water U311@3 500 mL 914 2 @39
udranlulas Lﬂyﬂuﬁg@mm%u

2.2 N15LA3UN RIF microspheres

2.2.1 n15LASaNA2835 o/w emulsion
evaporation

U3u1/3991n35v849 Varshosaz UazAmi
(Varshosaz et al., 2007) t@3suianmeamelulasms
82a8¢I81 RIF Uaz Eudragit” L100-55 1w "un
283 95% Ethanol, Isopropyl alcohol uas DCM
niwi i unuiananeneniilsznaudas
38z 0.6% PVA luwh tfudaaie3as Homogenizer
Aanusisey 500 pm Wwaan 15 Wit 31Nt
wuntudadioiadas magnetic stirer ANA5IT0L
300 rpm tHuaan 12 Falug mulddaaniu
Weasurnua vimsaslulas Wes @ purified
water U331a3 500 mL 31u7% 2 A39 udrenn
lulas L*’?\luﬂuﬁ@@mwwﬁu
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2.2.2 NIATBNA2YIS 0/0 emulsion

U5u13991n75209 Yang uszamz (Yang
et al, 2005) lasfiitmiededada 1@3uuinna
mululasnsazanudasn RIF uaz Eudragit® L100-
55l WK V89 95% Ethanol uazidiy Tween 80
niwiludun auiameneueniivsznaudae
Span 80 1w Mineral oil ﬁu@‘hmﬂ%ad Homogenizer
Aanusisey 500 rpm Wwaan 15 wft 31Nt
ihaniludadeiadas magnetic stirer finnai3aTeu
300 rpm uaan 12 12l mulddanaiu ensy
mnua msanalulas Wasens Petroleum  ether
50 mL s 3 a39 udanlules Woslugaa
ANuTu

2.3 n1513213% INH wag RIF microspheres

2.3.1 MIIAVWINDRNAUNZNIINTZNY
WA

N137ATUIAARNIALAZNITNTZINHIUG
aun1Ava9 INH microspheres rlalasds wet
sieving lasnanlulas WosiaTom Salnig
Fenszanodluinduuseiiigasawa 25, 53, 75,
150 usz 180 um lapldzznatng seuiiald
Talas Wedimussmuamaeslulaniloing

N137ATUIAARNIALAZNITNIZINYIUG
auMAv8d RIF microspheres lanlindasgansyend
8LAn@YaULUY '8IN31a (Scanning Electron
Microscope, SEM)

2.3.2 50UAYNANAAVY microspheres
(% yield)

% vyield Hudfitsvandss niawlung
wisnifins o eiagduldluszniamsieon
anteuifissla Tasmaedoufifdss ninwansid

% yield 3 lag w1snawimle qadt
% yield = Total obtained weight of microspheres x 100

practical weight of drug + practical weight of polymer
2.3.3 % Encapsulation efficiency (% EE)

% EE \Judfitananidiaen RGLThaT

il wlules WeosundemAssle (Hafisuny

Usmmdann anfiduasluluduaeuninieioy

Aa a = ° v o X
lauszuuf@anasll % EE 4 &9 wndwamld aadt
% EE = practical drug load x 100

theoretical drug load
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2.3.4 n1531A3189ERIUSN1MVD9 INH

waz RIF mAunnlwlalas a3

“ﬁl‘d INH microspheres 2 mg azanolu
Methanol:H O (2:3) AU 50 mL uaz RIF
microspheres 2 mg azaolu phosphate buffer
pH 6.8 uaIu 50 mL rlUdadimiganiuu 9
finnuenIniu 262 usz 254 nm @WAIAU (Zhou
et al., 2005)

2.3.5 MSANHIANHMENNINLAN

dnwansmzasdlulas Weifesoule
Imlﬂﬁnﬁaagamiﬂﬁﬁ'ﬁflé'ammﬂ 5-40 \Yiuaznaad
9aN33EEUUL '89na (Scanning electron microscopy,
SEM) Lﬁagﬁﬂwm:ﬁuﬁmaﬂuim W Tassin
Tulas Wesildundaudensuazdenin lagls
AAua19Ang 15 kV (Zhou et al., 2005)

2.3.6 NMSANBIANNAIAINE Differential
scanning calorimetry (DSC)

ANBNIANUAITIVEINIELN RIF Ai WAL INH
L‘]ﬁilllL“ﬁUUﬁUijangﬂmlugﬂvaIﬂi WWesuag INH,
laules Wesves RIF, usslulas Wesvas RIF Ain o
Aululas Wes INH 1Earet19 4-10 mg 1 e
CERUSIIY # 10°C/min sznivgmngll 25°C 19
250°C lagld N, 50 mL/min (Rastogi et al., 2007)

2.3.7 msany1nsdanlasgarguuy
wansg (In vitro drug release)

T3 INH microspheres 165 mg (n=3),
RIF microspheres 70 mg (n=3) Waz IUN VU8
INH microspheres 165 mg AU RIF microspheres
70 mg (n=3) 1 luwaeawia 30 mL Affehda fin

1sazanpfilddnsinislsalseudinnda 0.1

N HCI w8z phosphate buffer pH 6.8 130103 15 mL
vn1sanslu horizontal shaker aunnil 37°C
AU 77 rpm iy mazarel Aoan 15 wd
30 Wl Ay 1, 2,4, 6, 8, 24, 48 las 72 ’I?’JING
lasgaian 1sazansl a1 5 mL udreiTy 1Iazany
Tnaifissinaswings 1 duasly antuin 1sazane
1 fldldiadn1sganduu 3 (Chidambaram and
Burgess, 1999)
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Nan1sANE1BLazan NN
1. HAYDAINTEUIRNITHAALAE O INVDIA2
NaLaNg@an1ItA38a INH microspheres

asiasoulasdd o/w emulsion WA w/o/w
emulsion solvent diffusion evaporation a%$n1® e}
lugdaurawinnin 180 um nisasoulasit
o/w emulsion solvent diffusion evaporation E]‘kg,cn’l@]“?]i
leazfianwuenay Sawadn hidmuanvasenma
w/0/w emulsion solvent diffusion evaporation
fianwaznay vwalngndn Inisuanvasannia
lanay Wade % yield Wz % entrapment efficacy
Plafienriniy 40.00 waz 13.90 musay Lilagan
nniuaeulumsiaiamameluasluianamouen
i INH liazanslu 1sazanswodiwed (Hunals
INH andsaglunszuandasn vléfans mi’s
TnduaauiluSinmann wazannweng SEM tie
Qé’ﬂwmzﬁuﬁ’swu’hﬂﬁm%mﬂwEJ o/w emulsion
solvent diffusion evaporation Ravaslulas Wes
a:ﬁgwgmﬁm%miauﬁnmﬂn'j'm'm@%mhm"?%'
w/0/w emulsion solvent diffusion evaporation
@l mlugﬂﬁ' 1

asiasoulasdt w/o/w emulsion solvent
diffusion evaporation 714 “a "waITIAzANLENI 9
fiuved DCM waz purified water 99788z INH
mu’mmgmﬂﬁvléfﬁﬁnwm:mﬁauﬁu fanay Anmsuan
VOIOUMALANIEDY U % yield WAz % entrapment
efficacy WU e3Ufi 2 (“@ au 300 mg: 1 ml
289 INH: purified water) 9:3 %yield #iosfl @ Ao 45
U@l % entrapment efficacy annil q(ﬂﬁﬂ 23.56 ifiosan
0 UEIUR 2 INH asfimsazaniteanng vl
INH o'l Tutuaaunsaaianmanioluaslu
IanaMauaniaanin@nIu o/w emulsion solvent
diffusion evaporation ULazMT_ WL 883 INH aanl
JAANAND%ENUBININEITU  w/o/w emulsion
solvent diffusion evaporation 715 @ "% @15ufi 3
(" 2% 300 mg: 1.5 mL va3 INH: purified water)
WAz Gn3UT 4 (A 9w 300 mg: 2 mL 289 INH:

purified water)
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18Kk m

AL isoniazid microspheres TINNABIIAVTTANELRAATOWILLERINTIA

A Ldnulagis ofw amulsion solvent evaporation faseE 200 win

B: Leoulngi® wiolw emulsion solvent diffusion evaporation fa3ue1a 200 in

c: oy lauiT ofw emulsion solvent evaporation R3UTD 1500 117

D: wwTeu anST wiofw emulsion solvent diffusion evaporation 839210 1500 LY

2. AanBMIVad RIF microspheres

sUTsuazansmzaadlulas WasaSouday
Y531 RIF fluandnanufie 50, 100 uaz 150 mg
Anmldannislendasganssad uaz scanning
electron microscope "l@‘fwaﬁagﬂﬁl 2 NNIINA[DY
WU Maeseulasn 81 50 Uz 150 mg a9 blu
G5 ﬁwlﬂﬁm&maﬁﬁauﬁnnau WENSUTH wen
100 mg ﬁ)z"l,ﬁati,mﬂﬁleiﬂammuﬁmfluﬁﬂwmwm
lalas Wesfuantiula wysal waluensufin wen
150 mg v=danwmeiuindlidesi3oy (asen
fUsumenfin sunserilinesiwesld "wisn
ﬁumvlﬁﬁtom@

3. MNIANBIANINAIAILALANATNILIANY
Differential scanning calorimetry (DSC)

3.1 MIANBIANBUMENILANUAZNIBATNYDI
INH microspheres

Wk INH w9 EC Falluwadiwas sndnmn
snwuzmMadnazmon1w lasgain DSC thermogram
MAw INH Ganwuiu crystalline form §3a
waauwaaglszinm 180°C asdangiiluanmue
endo peak hwnasluunsy u EC 3auilu amorphous
polymer AN LU thermogram ":Nvl,ﬂﬂﬂﬂgﬁﬂslm
WWosngen INH wazng EC W wawnmululngs udavin
AN wuddiaswugo a@zas INH laoding
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o a- . o - v
EIJ'I"I 2 BN rifampicin microspheres vﬂnmma?ammﬁamﬂmammuﬁaam*m

A: Drug leading = 50 mg fndawany 50 1vh

B: Drug loading = 100 mg ATA39E78 50 11
C: Drug loading = 150 mg 1184898 50 19
D: Drug loading = 50 mg M&LNE 1500 1A

E: Drug leading = 100 mg fivfawey 1500 1¥i

F: Drug loading = 150 mg fi&iaune 1500 win

Urngiudnuniz endo peak udfiniaideuinitan
I@UqﬂmaauLﬁaaLa"aum'ﬁ'ﬂs:mm 175°C (Rastogi
et al., 2007) usilaun INH microsphere aN@AN®A
ANuMe WUIIANwmeaNlu crystalline form
289 INH we'ld nanaiduansazas amorphous form
WN% W mimﬁaﬁwmm?w‘lugﬂ"lﬂm Weasuan
INH figm wiafiaowld o @a1u3ﬂﬁ 3
3.2 MIANBIANHIMENILANULAZNISATNY DI
RIF microspheres
\iiovnkasn RIF uazwg Eudragit® L100-55 &9
Wuwafiwas andnsanumen1aiLazn1gnIw

1a 699N DSC thermogram YnlifAwin RIF Sanwmmis
\Ju crystalline form &i3anaauinalagizanm 200°C
ﬁdﬂiﬂﬂg!,ﬁu Juanwme endo peak Tu thermogram
3% Eudragit® L100-55 1/51ng)anwme endo peak
A Uszanm 210°C w esindisnwain crystalline
form Lwilaw RIF Lfl‘a‘u:’mdm RIF LLRSN Eudragit®
L100-55 W anunululnis udnihanfnm woin
JIAINLATE NUAYBIRIF LAz Eudragit” L100-55
Taudsaasngifudneme endo peak wdfin1aidon
\initos udiiasin RIF microspheres anfin®n wuin
anwmeauilu crystalline form w9 RIF we'ld
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51113 DSC Thermogram uadsIuLlsznay isoniazid microspheres

[ Q- ) Ethylcellulose

(~-mm=- ) Isoniazid

[ Ge——— Physical mixture (Isoniazid+ Ethylcelluiose)
[ C— Isoniazid microspheres

T T | AL R
40 60 80 100 120

t J

AL JL AN LA IR 1
140 160 180 200 220 °C

gﬂﬁ 4 DSC Thermogram URAIRIULIZNEY rifampicin microspheres

( ) Eudragit® L100-55

| ) Rifampicin

—) Physical mixture (Rifampicin + Eudragit®L100-55)

Ce—) Rifampicin microspheres

(e ) Magnesium stearate

Lo o .® !
LAOINANWMEYDd Eudragit. L100-55 U @991
WathaneTonlugylulas 1Apsud RIF Sqo i@
Aasuld wananAgInuIngie 40°C waz 100°C

I A A A
Usnganwme endo peak Tutiuvasuuniiooa
A & o a [ {
\Aoisa Faiu stabilizer Tudnu dan aslugn 4

3.3 MIANHIANMAUAIAIUALDWAINILITZNIN
W98 INH waz RIF

\ila1im9en INH uae RIF indnmansuzlasgan
DSC thermogram vnl#Awin INH Hanwmziin
crystalline form ﬁg@%aaummagﬂi:mm 180°C
" RIF #9anaauinaiagilizanas 200°C aalng
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o N . " A wel .
DSC Thermogram WEOIANUAIATVEY isoniazid W rifampicin powder WaiulAanzdne g

— vy o du figunad 25°C

To— y o Aul w14 ﬁqmv&gﬁ 25°C
YRR y vt wu 14 du ﬁgmﬂgu 37°c
Loy dulF w14 9n ﬁqmﬂnu 50°C

au

40 60 80 100 120

140 160 180 200 220 °C

L i 1 ] L i L i L | —1

& o o . o ] o .
31]1!1 6 DSC Thermogram LRAIAINAINIVEN isoniazid ez rifampicin microspheres WalAulifanizsne 9

( )

au
]

u

wnduanwue endo peak Tu thermogram AdlL @9
1u3ﬂﬁ 5

WefnEanuaIdaTaIne INH uaz RIF (53910
Fuwsn dudluiud o ﬁqmmgﬁ 25°C aniusinly
Lﬁuvl,i“ﬁqmwn“ﬁ 25, 37 U8z 50°C LAIQHAANAIN)
Snasalwiud 14 wuindenaiullanuedives

Wiu'ly 0 Tu Ngmuwgl 25°C

inliunu 14 Tu Agangd

o 14 40 ?iaqmvmﬁ 25°c
37°c
wAnliun 14 Tu fignmpdl 50°C

N8N T Rsuulad LLazluqmvaﬁmaﬁ
& = A & o P
Suwazumistlfouudasunindn e miugﬂw 5

3.4 MSANBIANMNAIAILALARATAILITLIAIN
INH microspheres LLas RIF microspheres

Wann INH microspheres W8z RIF microspheres
Mﬂﬁﬂwﬁﬁﬂwmziﬂﬂgﬂﬂﬂ DSC thermogram Wu1d1
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INH microspheres L8z RIF microspheres Hanwmue
é’agﬂﬁ 6

Lﬁaﬁnmmmmﬁwadmm INH microspheres
Wwaz RIF microspheres (3uannuusn duiduiud o
ﬁqmﬁgﬁ 25°C awnfuﬁw"lﬂtﬁuvlfﬁqmﬁgﬁ 25, 37
Az 50°C LL&’J@Naﬂ’)’]&lﬂdﬁﬁaﬂﬂ%‘:\‘ilu{uﬁ 14 wWuin
Lﬁanmmuvlﬂsluqmwgﬁeme] ANAIAIVDILN
v palugdlulas Wasludnnufouudss @9
AIAINRBARINLNILALAN INH 13 poly (methacrylic
acid-g-ethylene glycol) {P(MAA-g-EG)} (Sipahigil
et al., 2006) dsu adluzuil 6

4. msdanlassalrgnuunansie (In vitro drug
release)
4.1 msdandaaualsn INH 1w 0.1 N Hel uas

phosphate buffer pH 6.8

4.1.1 msdandassaliz INH 91nHsn
INH

mM3vaataasdien INH Nk wuinazi
miaaddssainanaiiuazaisnzgnianldes
auasy 100% melu 1 521w flesan INH Jaalu
class | biopharmaceutical classification system (highly
soluble/highly permeable) (Kasim et al., 2004)
@l mlugﬂﬁ' 7

4.1.2 mmsdandaasalsn INH 910 INH
micropheres

INNITANBIWLAY INH microspheres
azilandaas@lsnaananlu phosphate buffer pH 6.8
l¢enn 0.1 N Hel Sslinandnoadsiumsdanlsas
INH 88n?1n alginate microparticles (Rastogi et al.,
2007) @9k mslugﬂﬁ 7 flssnnmsdinsnsazany
284968281 INH wudn INH  1ansnazansls phosphate
buffer pH 6.8 l&an31 0.1 N Helariwly 72 72lws
INH microspheres azdaadaasdisnaanuilu
phosphate buffer pH 6.8 waz 0.1 N HCI iU
24.65 Uae 2.41% @NA1AU NRINUT U8 INH
microspheres ﬁﬂ’dmmﬁalu phosphate buffer pH
6.8 Uaz 0.1 N HCI :ynmsianshmysunmaisn
INH wuinfiUSanmdaen INH ndelu phosphate
buffer pH 6.8 waz 0.1 N HCI Wiy 62.75 uaz

71

81.96% AUAIAL

nnmsansudIoufisunmsdandass INH
microspheres TURIET INH wuidilawa3oaen INH
lugﬂu‘uu microspheres Tagld Ethylcellulose 1w
wosweszdinsUaadsassndlndasisintiasan
(Dutt and Khuller, 2001) asgassnumsdaailsas
INH aanann liposome Wag poly (DL-lactide-
co-glycolide) (PLG) (Dutt and Khuller, 2001) lag
Wuhfinm 72 %’;‘[mﬁﬂ%mmﬁ'smﬁgﬂﬂa@ﬂdan
aanunlu phosphate buffer pH 6.8 Las 0.1 N HCI
WINND 24.65 WAz 2.41 aNUAIAU A9kl mslugﬂﬁ 7
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