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WO 96/ 01621
PQT/SE95/23§#§9 BEADS FOR CONTROLLED RELEASE AND A PHARNACEUTsE4S0061E-
PARATI ON I THE SAME. Field of the invention 5 The present
invention relates to controlled rel ease beads &nd a novel pharnaceuti cal
preparation containing a core around which is a drug-containing |ayer e.qg.
a |l ayer containing an active substance, i.e. a practically insoluable
active substance, preferably furosem d to the use of said preparation and
to a process for preparing the sane. 10 Background of the invention The

present inventionypogEdes @oRO¥ENTAORDEDMRESHASEANGY AL hvﬂ'zx%m%ﬁﬁjﬁgii PRE-
preparation with v aracteristics I ch t hst

erx favourabl e ch may W t hstan

mechani cal st ressPAR! EIOHUFPHEAEHE‘ﬁQCFﬁgn.SAmﬁese favour abl e nmechani cal
characteristics are advantageous when 15 dealing with nultiple unit dose
systens conpri si ngﬂdﬂ&ﬂﬂiﬂ&mﬁﬁﬂont roll ed rel ease properties. A conmon
problemwith nultiple unit dose systens designated to have nodified or
controlled release properties is their sensitivity to nechanical stress,
e.g. conpacti org 20TheSireRabinvéntiontelates 36 coritrolled éléasd BeadS dnd b A6¥e] pHarfacéirtal
rel ease controlling menbrane (Bechard and Leroux 1992) or fragnmentation of
the core (Magnat i gmepatatidnkcohgdning a bbtetarpund which is dalragreontaisingiayenayg. diayer
filled into capsul es or, sachets, thus requiring,suffjcjent. nechanical
proper ties to vi t ORBHNGALAEYE HRRanee, i fad PEGHRIY Msolisble AStivRAbsianes, prsferably
conpact multiple idsémi ; ' [ t Sgnlf i cant
nmechani cal st ress%&ccor%ggé?%ﬁ%ldﬁ Seﬁ@ﬁgg??’é@%ﬁgﬁ?&ﬁ@nﬁg gfq‘h&
mechani cal suitability nmentioned above has been overcone by using inert and

non- sol ubl. e cqres of gl as ?r sand ., WO 96/ 01621
PCT/ SE95/ 006760 Background of the invention

The present invention provides a novel a pharmaceutical multiple unit dose preparation
with very favourable characteristics which may withstand mechanical stress, i.e. during
compaction. These favourable mechanical characteristics are advantageous when

15 dealing with multiple unit dose systems comprising modified or controlled release

properties.

A common problem with multiple unit dose systems designated to have modified or

controlled release properties is their sensitivity to mechanical stress, e.g. compaction
20 stress, giving rise to rupturing and cracking of the release controlling membrane

(Bechard and Leroux 19§2) or fragmentation of the core (Magnatiand Celik 1994).

Multiple unit dosage systems may be filled into capsules or sachets, thus requiring
sufficient mechanical properties to withstand processing. It may even be advantageous
25 to compact multiple units into tablets, subjecting the systems to significant mechanical

stress.

According to the present invention the problem of mechanical suitability mentioned

above has been overcome by using inert and non-soluble cores of glass or sand



particles or soluble cores such as sugar spheres capable of w thstanding
mechani cal stress, in conbination with a plasticizing | %

hydr opMQ $8036H yner - cont ai ni ng the active substance, op?ﬁ%sg ’g/(ﬁ\-/’\ﬁ th
addi'tional |ayers of the polymer not congaining the active substance,

| ayered between the core and the rel ease controlling nenbrane. 5 Prior art
In abstract PDD 7397 from AAPs congress, USA, Pharnmaceutical Research '
(suppl enent), 1993, it is described that the coating of pellets provides a
~ physical 10 protection of the pellet core which nust remain intact and

have suitabl e nechani cal properties in order to be resistant to .
fragment at | BAMGLRSion §olublesarasisuch asrsugnespherss @pablephwihstanding,meghagicab ovever

found to be 0% . ] . g
Devel opnent sgﬁéﬁﬁ%@aﬁgﬂ “é’%‘a% @%%?ﬁ%%ﬁ H‘ %@8@%@{1’3&%’ %4"’9[‘%&&

manuf act ur edctiveasubsansy; bpliorally Withadditions! luyedsf the pblynenot contiinbigithei zed -

w th 24% DBS, ;suitable for the controlled rel ease of chlorpheniram ne

nal eat e froRftivessubstande, layeredbetwesn thetoreandthe release eontrolling membranged. These
films.do.not, however, have the appropriate nmechanical properties to

wi t hst and conpaction forces without rupturing, 2 0 and the controlled

rel ease propgipk s of the conpacted pellets are thus |ost during the
process. In npacti on studies on pellets”, L. Maganti and M Celik,

I nternational Journal of Pharmaceutics, 95 (1993) 2942, conpaction

characteristics of lets,. 1.€e.,..cores 2.5 frommcrocrystalline
cel | ul ose, E@ﬂtmﬁﬁhoé?ﬁéﬁ@ Wéf&ggegﬁgﬁrsgq%mﬁ S€arcl o descri bed,
and it is c m t : : TR | and
brittle fr agpr'f@ ht at ¢ h?ﬁségtnfggﬁgtﬁlﬁgﬁﬁngg%@g gt ﬁ?fg{@rgfﬁgﬁ{sgpﬁe)l sg:tglr engt h.
WO 96/ 016821 protection of the pellet core which must remain intact and have suitable mechanical
PCT/ SE95/ 00676 , . : . ' . . . '

: properties in order to be resistant to fragmentation during compaction of the tablet.

Fragmexitation was, however, found to be between 18 and 42% for ethylcellulose

pellets.

15 InDrug Development and Industrial Pharmacy, 18(8), 1927-1944 (1992), films
manufactured from an ethyl cellulose pseudolatex dispersion plasticized with 24%

- DBS, suitable for the controlled release of chlorpheniramine maleate from small pellets
with a size of 250-840 mm, are described. These films do not, however, have the
appropriate mechanical properties to withstand compaction forces without rupturing,

20  and the controlled release properties of the compacted pellets are thus lost during the

process.

In "Compaction studies on pellets”, L. Maganti and M. Celik, International Journal of
Pharmacémics, 95 (1993) 29-42, compaction characteristics of pellets, i.e. cores made

25 from microcrystalline cellulose, dicalbiumphos;ihate, lactose and propranolol HC), are
described, and it is concluded that the pellets exhibit elastic deformation and brittle
fragmentation, resulting in compacts of lower tensile strength.



I n "Conpaction studies on pellets”, L. Maganti and M Celik, International
Journal of Pharmaceutics, 103 (1994) 55-67, it is described tgaysiobosre
addi ti on of VP g material alters the deformation characteristics of
uncoated pellets. Further, it is shown that goated pellets |ost their
sustai ned rel ease characteristics after conpaction. 5 US patent 4,713, 248
describes a controlled release multiple unit fornul ati on containing an
active substance coated with a water based fil mconprising a honbgeneous
conbi nati on of water-dispersable filmform ng agent and a polyneric
substance which inpart conpressability to the coating. 10 EP 361 874

descri bes a prochs'Cdmpactibrestpdiepen pellets!, bf MagamirandiM. €glika ytenationab Joprasiwfes
with a dispersion of a |ow substituted hydroxypropyl cell ul.ose, and if .
necessary si mul tEhm%%‘cﬂdﬁr’ﬂ?ﬁ)éstﬁ]st‘i‘ﬁ@esﬁ%ﬂég?‘t éd‘g?‘%'b@f%i:‘?ﬁﬁmgf"af?{@l
dusting powder c i | | | | i 3 | es
obt ai ned exhi bi tﬁ%ﬁ%ﬁgﬁéﬁ@&@%ﬁﬁ%ﬂgﬁ%@%ﬁ&gR%}@ﬁp‘i‘gg\ﬁ/% négi}?’r‘#(ratg?;t I on
properties. EP 2dcatéfpelletsdostithelr/sustaiifed delease icharactetiich afteyumnipactioroat i ng of
cores with a spraying powder containing an active drug and | ow substituted
hydr oxypropyl Scel | ul ose. As described in EP 361 874 the cores have

' d hard d,f | e 20 | Si | ' : 277 127
doscr i bes_cont r PP g R dxtiubtha bt G BRI Bt fofiBlabl’ 070 0
rel ease. The phagdmsifingiaf aktiveCsubstindeQoRR With Swhllef ba¥ed Gitin comprisiag ¥ent and

applied onto an insoluble core material with a porosity of less than 15%
25 There is not bemogeneeus combikation of watendispersahle film formingragent anska palymerice

Msol Uble. cor e WFBRBSHBRBCTpRErome P e I frelpr e i th o -
phar maceuticg@f practically insoluable
EP 361 874 describes a process for the preparation of a core by spraying core granules
with a dispersion of a low substituted hydroxypropylcellulose, and if necessary
simultaneously applying a dusting powder. The dispersion or the dusting powder can
be incorporated with an active ingredient. The granules obtained exhibit increased

15 granule strength and improved disintegration properties.

EP 277 874 and EP 475 536 describe a technique for coating of cores with a spraying
powder containing an active drug and low substituted hydroxypropyl cellulose. As
described in EP 361 874 the cores have increased hardness and favourable

20 disintegration properties.

EP 277 127 describes controlled release beads coz_;ied with a membrane controlling
drug release. The pharmaceutical active compound is dissolved in a solvent and applied
onto an insoluble core material with a porosity of less than 15%.

25
There is not described anywhere in the prior art a controlled release multiple unit
system or beads comprising a soluble co're, alternatively an insoluble core with a

porosity of less than 15% layered with a pharmaceutical practically insoluable



WO 96/ 01621 _ PCT/ SE95/ 00676
4 (USP Xfldsloiggt i ve substance dispersed in or honpgeneouptysidsiesieni th a
hydrophi I'i c polymer, thereby exhibiting excellent nmechanical properties. *
Qutline of the invention 5 W have now sﬁrpri singly found that the problem
menti oned above can be solved by the new pharnmaceutical preparation *
according to the present invention. The invention provides a novel,
controlled release multiple unit dose fornulation having clinical and
pharmaceuti cal advantages and with excel |l ent conpaction characteristics

CWith di 0. A : . . : |
Bl teri ng of YRR Pl sty ihoRhncd Wkt # bf hfodthlldslyifined Witn ARG |
Wien f or m ngolyher, Rherebypexhibiitigpéxcallenp fiedlianival propertidé. ng to the invention it

has surprisingly been found that the addition of a hydrophilic polyner in a-
| ayer together 15 wth the active substance in specified ratios and the

rati o of acU’ ¥l§ s.i;’tﬂ@tianc& to the core being within specified ratios in the
beads, give hani cal properties w thstandi ng cracking,

especi al Isy of the release controlling nmenbrane, when exposed to nechani cal

stresses, eMg. during filling in capsules or sachets or during conpaction.
2 0 The acWe/kavembwt susprisingly found thatitheproblemmeentionedabovecanbesgodveddy i n a

powdor | ayc ey HiagRacsutics plpaisin sCafas i e preBut Btretin: The BHEBIOR: no
hydr ophi I Cpﬂ%d&@%%o@&?c& . ll@ﬂé]&?ﬁéﬂ?ﬁﬂé‘&ﬁ@d&%f aanmgwﬁggga&&n%nahe

core, the principle according to ivent1 on rmay be obtal A sol ution
of the acti pharmabattiaaladvahitageslané svithrexeellent compactiery characteristicsowibhsismting

Fel case L0oneFaRIon o e AisRiOn RoKighad eagse Brie OEbe beavBBHIRG R o
Laabl o ab comil el RERUAREHERY 0 Ui cal purposes. | Lo TS ®
When forming the pharmaceutical prep_aratiQn according to the invention it has
surprisingly been found that the additidn of a hydrophilic polymer in a layer together
15  with the active substance in specified r_atiéS and the ratio of active substance to the
core being within specified ratios in the beads, gi\}es_ favourable mechanical properties
_ withstanding cracking, especially of the release controllihg membrane, when exposed

to mechanical stresses, e.g. during filling in capsules or sachets or during compaction.

20 The active substance is, according to the invention, dispefsed in a solution of the
hydrophilic polymer and applied to the core. By using powder layering, i.e.
simultaneously spraying an ageous solution of the hydrophiiic polymer and the active
substance as a dﬁxg powder onto the core, the pn'nciple according to the invention may
be obtained. A solution of the active substance dissolved in a solvent may also be

. 25 used, whereby the solution of active substance is applied ont'o the core. A release
| controlling membrane is further applied t_o. obtain controlled release properties. This
membrane may also contain additional po)ymers ie. ulsablé.as coating materials for

pharmaceutical purposes.
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WO 96/ 01621

PCT/ SE95/ 00676 The | ayering technique according to the invention Il ves
ma tipl e uni WO¥OIs™ which exhibit sufficient plasticity and Pﬂrgf?ﬁ?qsﬁy
to withstand cracking or rupturing of the relgase control ling nenbrane
during conmpaction, i.e. no significant changes in the release profile
characteristics of conpressed coated pellets relative to unconpressed 5
coated pellets are seen. A conbination of the polynmer |ayering of the core
and a controlled rel ease nenbrane containing pol yneric substances as
descri bed above is also favourable to inprove the conpaction properties of
the nmul tipl e uni tEhe ldyeringre¢hniqat according 36 tHesinvdntion,| giveganultipte anit sfstemsavhich
inert and insoluble_particles, cores, 10 which are |layered with an active
compound e.g., f Lﬁxgﬂnérﬁt@‘}cw plasticity and Sexibiitaowithstand Genkingear ruptyang ef the

have a size of 0.1 - - . - st a 0.1
P R 2 O ikl S Rink couPacioRL e SRR RS TR ot
water or 15 physelehsqirofile chhidbtéfistics ¢F Bompredscdcdated pelldié RfatiVe t& ahbnipredsed ON
di oxi de) or a soluable core such as sugar spheres. The core nmaterial used

accordi ng to tthe coatedrpellets aresgem| A combination ofshe polymeulsyesingrofthe goireand &
materials, i.e. spherjcal ,or neayly spherical ,core bgads nade out ,o .

pol yvi nyl chl or i dé?’%B"%F@'E%é%fee’BF“éﬁﬁ&Bm W%&EE?W&? asacfeégﬂ}e&&gve 15

i nsol ubl e synt hetalGAlavRhME TS intprovd e icBmpaRILA propeib ctdhe ﬂﬁh?ﬂﬁrﬁ’t%.s- 20 The

core material should have a standardi zed size ‘and shape, preferably
spherical, it should have a hi gh enough density to nmake possible fluidizing

processes. The pharmaceutically actiye co und, i s applied o the core
material prefera HS?PQZS“"WQ'?WSHEN ﬁ%“‘gﬁg‘?‘cﬂ swall giegt %ﬁt“!‘?%&s&aéﬁ‘d%‘f corSH
spray techni f ' ' : dgl PO} 1€ |

7o 211 ow the ooy autieh relbRegl i o it BEOIRE LI FrBpdhll UdfERC n § ot
particle size of pohaercti ve conpound have to be small, normally |ess

The cores have a size of 0.1 - 2 mm, preferably 0.1 - 0.5 mm, and most preferably 0.1 -
0.3 mm, and consists of insoluble inert material, i.e. not soluble in water or

15 physiological fluids, such as glass particles or sand (silicon dioxide) or a soluable core
such as sugar spheres. The core material used according to the invention may also
consist of insoluble inert plastic materials, i.e. spherical or nearly spherical core beads
made out of polyvinylchloride, polystyrene or any other pharmaceutical acceptable

insoluble synthetical polymeric material made into beads or pellets.
20

The core material should have a standardized size and shape, preferably spherical, it

should have a high enough density to make possible fluidizing processes.

The pharmaceutically active compound is applied onto the core material preferably by
25 spraying in a fluidized bed with wurster or top spray technique from a dispersion of the
compound in a polymeric solution. To allow the spraying process from a dispersion of

the particles the particle size of the active compound have to be small, normally less
than 100 mm, more preferably less than 30 mm.



than 100 mm nore preferably I ess than 30 mm WD 96/ 01621

PCT/ SE9 (he active conpound thereby forms a conpager yg‘;osy(pget her
W th thgﬁggﬁﬁégﬁ | ubl e REsuI ti ng parti cl es;s‘li e. the '

control | ed rel ease|| bensiSHERVe a si 2% of 072 - 3.0 nm nore preferably 0.2 - -

Tt o —nost—preheyl abl y RE®2 - 0.9 nmjwhen filled into capsules and 0.3 -
THIS SHEET G1AS BEEN || —Ffie hydrophiTic pol ymer gives the beads plastic
r ofREREAGEDNd e\len act as a bi nder. Hydrophilic polynmers such as

pol yvi nyt pyrrotidone, polyal cyl ene glycol such as pol yet hyl ene glycol,

gel atine, polTheiacive compolnd thesébyrfolmaacormipact lagér togethésheitie tie pobaier ohake
derivatives such as hydroxynet hyl propyl - cellul ose, hydroxypropylcellulose
10 car boxyrrmsnbab ecore. Resaling paitisles 1.e. dhe corealled prleass beads have asize of 0.2 -

Col 1 Ul ose o S PR orshaRIR T [ mfmodlebiFapb 20 E TR e ST NG, ™ e
core particl Qgpsﬁﬁgap@ogaalt $thndritabléshgact i ve substance di spersed in the
hydrophilic 1 pol yners by powder |ayering technique, i.e. the active

substance$ is applied to the core.in dry form as powder. At the sane tinme

t he pol yner to the c s.a.solution in such a t hat
Sotvent  pr cilBe BSH: 8 mgwsaﬁﬁﬁsf&?hsaﬁafqm&waap%’éﬁnacga%%%rvi@qd to the
cores togeth Ym}hh t ﬁf,,ﬁ,g m[rgg:ﬁ

di sper si on. g{d’d ¥ tio o# actl?g su @?nﬁg%&fosﬂgﬂﬁg%ﬁl C po yrrer may be

from about 1@olyethgleabghytollgelatine; polyvinptalcolpl, starcheand desivativesthateofit 5: 1 t o
about 1:1, nost preferaply fromahout 2:1 to aboyt 1: and for filling
into capsul e§el Eﬂ@péeamtw f%aam&oxmetbﬂpm G ulsseifllydzsxquwéc Ilalp% of

active sybst AnGExiethyl REfiulOR mefiyt BIf1ose) fopi chluibsShytfd/ithyl Edilicbout 5: 1
carboxyethyl cellulose, carBoxymethylhydroxyethyl cellulose or any other

pharmaceutically acceptable hydrophilic polymer.

The core particles may be coated with the active substance dispersed in the hydrophilic
15 polymers by powder layering technique, i. e. the active substances is applied to the core
in dry form as powder At the same time the polymer is sprayed onto the coresasa
solution in such a way that solvent, preferably water, is evaporated and the polymer is
applied to the cores together with the active substance, i.e. forming a homogenous
dispersion.
20
The raﬁo of active substance to hydrophilic polymer may be from about 10:1 to about
1:2 for tableting, 'prefer-ably from about 5:1 to about 1:1, most preferably from about
2:1 to about i:l, and for filling into capsules preferably from about 10:1 to about 5:1.

25 The ratio of active substance to inert non-soluble core particles may be from about 5:1

to about 1:2, preferably from about 2:1 to about 1:2.

is Sheet Has Been Replaced

i v I




to about 1:2, preferably fromabout 2:1 to about 1:2. WD 96/ 01621

PCT/ SE95/ 006§§ )§£<6§Eerred active substances are furosenid, capbpSBISHOETS
ibuprofen,‘w probeneci d, indonetacin, ketoprofen, spironol actone,
fel odi pin, nifedipin, dipyridanole, pindolol, ni trazepam or

dext ronet hor phan, particularly preferred is furosemd. 5 The nethod

descri bed above can be used for other pharmaceutical substances as well,
provi ded that they can be dispersed in liquid containing a dissolved
hydrophilic polyner, water- based solutions of a hydrophilic polynmer is
especially preferable It even be possible to dissolve the active
substance in |iB Q!T%mtia'# 9 qcns;are|ﬁ§9mrmédcamm¥wlp.ribupf9fqnomnr@w§pr ayi ng

onto the cores. e bead th_a e.nodi fyi ng
and control li ng 50??8“79 dnqoa) q“‘%‘?ég% E@.&é{%%eﬁ%ﬁe ﬁera?pé?’ease t he
drug according §igyNadrhole Mél@ﬁ%ﬁmﬁé 6tecfextr6nﬁth afl Spficl Rty prefired i
coating, pH |nde8enden Sﬂﬁt or vmtéﬁﬁﬂ | ag tlnéﬂﬁgg’ The nnst I mport ant
use is pH |ndepﬁmdnnudcontrolled rel ease in the range of pH 1-8. Exanpl es
of suitable polynmeric materials are ethyl cellul ose, hydroxypropyl nethyl
cel l ul ose, hydroxypropyl cellul ose, hydroxypropyl nethyl phtalate (e.g. HP

59). cel | Ul 05 SRR hofeLined e 7 Shibk SrirhlalElich! Bb andel i a4l

RL, Eudragit RS use aI on I n Ination Wth
e.g. a water sobndvidadpbimh‘eyca?fbe &spefsedmlﬁqwﬂmmmngyldmbﬂvyd hydrbphilicose to

2er Y1 c and met PRETSR WAt e-base g spIBhans it 2 pHBPHIE PRVTST TRl FrovaBerts ci n
ohar maceut | cal | LSRR ibsie (s At b v Hikbighe TRGig cchfiffing the dissplved
filmlayer gpe pelyimet piid puyﬁﬁ&wqp@ﬁeﬂﬁghmglkylene gl ycol s such as
pol yet hyl ene glycol, and cell ul ose
The beads are coated with a polymeric membrane modifying and controlling the drug
release. The polymeric membrane can release the drug according to various release
profiles, e.g. pH dependent, enteric coating, pH independent, with or without lag time.
15 The most important use is pH independent controlled release in the range of pH 1-8.
Examples of suitable polymeric materials are ethyl cellulose, hydroxypropylmethyl
cellulose, hydroxypropy! cellulose, hydroxypropylmethyl phtalate (e.g. HP 55),
cellulose acetate phtalate, cellulose acetate trimellitate, l’-:udragit0 RL, l'iudragit‘ID RS.
Ethyl cellulose can be used alone or in a combination with e.g. a water soluble polymer
20 such as hydroxypropyimethyl cellulose to adjust the permeability of the coating layer.
Even the copolymerisate of acrylic and methacrylic acid esters or other film-formers
mentioned herein may be used in combination with a water-soluble polymer. Other
pharmaceutically acceptable polymers which could be incorporated in the film layer are
polyvinylpyrrolidone, polyalkylene glycols such as polyethylene glycol, and cellulose
25 derivatives such as hydroxypropyl cellulose, carboxymethyt cellulose, methy! cellulose,
propyl cellulose, hydroxyethyl cellulose, carboxyethyl cellulose,
carboxymethythydroxyethy! cellulose, hydroxymethylcellulose,
carboxymethylethylcellulose, methyl- hydroxypropylcellulose.



25 derivatives such as hydroxypropyl cellul ose, carboxynethyl cellul ose,

met hyl cel | ul ose, propyl cellulose, hydroxyethyl cellula | yet hyl
cel | ul oweg9s/8wboxymnet hyl hydr oxyet hyl cell ul ose, h_ydroxyrréﬁ?ﬁ%g)’g?ﬁél ose, '

car boxynet hyl et hyl cel | ul ose, nethyl - hydrgxypropyl cel | ul ose. WO 96/ 01621
PCT/ SE95/ 00676 Ethyl cellulose is available in grades having different
viscosities. Different kinds of viscosity grades are suitable. Even

- wat er-based di spersions of ethylcellulose is suitable. Eudragit is the
trade nanme for a nunber of filmcoating substances on an acrylic resin 5.
basis produced by Rohm Pharma. E.g. Eudragit[err] RL and RS are cogolyners
synt het i zed Etlhcelluioseiizavailablerin gradesihaviog diffesens viseosities Differert kinds ofit ent  of

guaternary a ni.um _groups. . The | ar ratio, af these ni,um groups, to the
renai ni ng neg’{g?%l%“y(&?g({eﬁ cﬁ“ff?&ﬁ‘ ﬁl\})&pav aégrt?l@'sgd ﬁ?'§pef‘°?'%f 9%%&#3&% S‘F?ﬁa%!fnd
1:40 for Eudragit[err] RS resulting in different perneability
~characteristics. her variants of Eudragit[err] that can 10 be used are

Eudragit L, Eudrasi% 1§ the radSnameifora aumyer ¢ffiim] cominguhstances oarad acnylic resin

pl astici zers, may_be added, 1,0 the ri,c ti in order to inprove the
t echni cal gpr Bﬁ%¥?ﬁ°§§°’%&%@"ﬁ%ﬂﬂ§ﬁ%£ﬁ"ﬂ%&ﬁ taﬂg é’%&g%‘ﬁ}ﬁ"ﬁ%ﬁ acteristics.
Exanpl es of ey tand et rsCuvit g,tnxll!,at ed
nonogl yceri dg}sﬁﬁélﬁgeaﬁgrﬁﬁda%*‘%ggri nelﬁh?fygggtag?ée O glgﬁlidév E?Q)'ftﬁr{ti%gﬁgﬁor -
wat er - based amspaism grosps Themolgradatioef theseeammonibimigroupsito ¢he emaikiigy t he man

skilled in the art g Aquagoat[err],. Sureleasglerr],. Eudragit[er] E 30
D, Eudragit] EF‘F‘P"I&"‘&&@}Y@G&"&SW isded beE“@B@Z‘iakLﬁgé 140 fﬁéﬁwféﬁg di fyi ng

and controllj a2 Of 1 Y Cep, S| the |
Bhar maceut i ¢ ealing o BeRAT feriabil chatiEtefflds; gt AR puflaa S P o
are obt al 0edbe dbed aré Badagh? EJEbdragis® ® andBLdragh®ELNi t s descri bed above are
favourabl e in obtaining coated :

Pigments and/or plasticizers may be added to the polymeric solution in order to

improve the technical properties of the membrane or modify the release characteristics.

Examples of pIaSticizers that may be used are citrate esters, acetylated monoglycerides,

15 and glycerinetriacetate.

Organic solutions or water-based dispersions of the polymers, as will be appreciated by
the man skilled in the art (e.g Aquacoat®, Surelease®, Eudragit® E 30 D, Eudragit® L
30 D) could be used for obtaining the membrane modifying and controlling the release

20 of the active substance.

By using the pharmaceutical preparation according to the invention several advantages

are obtained.

25 | The coated beads or multiple units described above are favourable in obtaining coated
beads filled into capsules or sachets. Especially advantageous according to the
invention is when the beads are compressed into tablets. By using the pharmaceutical
preparation according to the invention it is possible to compress coated beads into

tablets without altering the dissolution profile as a consequence of the mechanical



beads filled into capsules or sachets. Especially advantageous according to
t he inventi%g i n the beads are conpressed into tablets. fyrssdsngsishe
phar maceutic ?9%9'\3%; ation according to the invention it is possible to
conpress coated beads into tablets wi thout algtering the dissolution profile
as a consequence ofthe nechani cal WD 96/ 01621

PCT/ SE95/ 00676 stress during the conpaction process. A conbination of the

| ayering met hod descri bed herein and the controlled release film

formul ati on described herein, conprising the filmformer and a pol yneric
substance is especially favourable to obtain the excellent conpaction
characteri stics streshduringthe eompartiohgratiesss 4l aonibination of thedayeriag snethododescrbed S

bi oavail ability and clinical effect, dyri onpacti gn., Use of or.gani.c

ol vent s g ve i 8o ani s ptralicEacleass Hlin PSR Shsritsd hesean GomprEnas bl
hazard unless ¢ Malak rs : ' : ' tal
poi nt of view tg%%ﬁrv{a‘ﬁﬁ/ @Aﬂ%‘ﬁ%@%ﬁf?@ggﬁ gﬂf%ﬁ gg&}]?g‘ngﬂ%[)g’gsi e to

| ayer core nat erd¢ompactidiclearadteristissivithaut alterirg thi dssol@tisroprefiles, andchencetthe ot her

wat er i nsol ubl e subst ances, bﬁniUSie&g 10 ., a dispersion of the active
conpound in ah cdjevadabiliyand ghnical efee, |coRPaeHPrer, thus without using a
sol ution in orgay We[UIP | Il [ ' |y
Spraying of an- concet SrEe Sovelts ¢ Ak BRAEb i ollion, dafiser DEBHIOAURANG
substance as dr yhaamiisiles® 6bslyirBéyclifg prodedupési aré useSFrom 8 erfvirofritvital poiRNGHA
advant ages are obtai ned. A further advant ag?e wth the fornulation according

to the inventi onvigw thériaventionipespasinally-favgurablegeit isnoissible to dayereare magpsiahwith

with the active pharmgceutical. a ' lve _mor VO bl .
Possi bi 111 s HanenBreretgh BOBROmIY bS, BF nde el TSty S ieE by wrine
coat ed beadsiof of dispersion of thealctived tomouns in £iVRjeold svlutRIafthydrophilie polymer, thus
preparation according to the invention is particularly advantageous when
controll ed and cwithoutusing @|solution it ongaric ligéidsipeut i cal agent is wanted. A
met hod for the

By using powder layering, i.e. simultaneously spraying of an aqueous solution of the
hydrophilic polymer and the active substance as dry powder onto the core material,

15 similar enviromental advantages are obtained.

A further advantage with the formulation according to the invention is the
incorporation of a hydrophilic polymer together with the active pharmaceutical agent.
This may give more favourable possibilities to control the dissolution profile of the

20 uncoated and coated beads, for furosemid at pH values lower than about 4.

The preparation according to the invention is particularly advantageous when

controlled and constant release of the therapeutical agent is wanted. A method for the

controlled release of the therapeutically active substance e.g., furosemid is a further
25 aspect of the invention. Thus giving flexibility and favourable mechanical properties in

such a way that cracking or rupturing of the release controlling membrane is avoided.



controlled rel ease of the therapeutically active substance e.g., furosemd
is a further 25 aspect of the invention. Thus giving fl ggmigel nd :
f avour 3P 8MM82hani cal properties in such a way that cracki ndﬂgtg)’?%gﬁpturi ng * -
of the release controlling nmenbrane is oi ded. WO 96/ 01621

PCT/ SE95/ 00676 10 Pharmaceutical preparations The fornul ati on above
conprising-nultiple unit dose systens with a rel ease controlling nenbrane
may be prepared by conventional nmethods such as fluidized beds with top- 5
spray -or wurster techniques or powder |ayering techniques, or any technique
wel | known to one skilled in the art. When the pellets are conpressed into

t abl et s t hePhamecaitivabigrdpasatidgnsconvent i onal exci pents to obtain favourable
filling, binding, lubrication and disintegration properties. Exanples of

exci pients are mcrocrystalline cellul ose, lactose, spray dried |actose, 10

di cal cium p . or, it : LG Lvatl

t hereof suc Eﬂgg&@{ggal% %agggér%ﬁﬁ@sé@gwg{@% 8@%&@%&3§ g'r“? H@‘{ﬂ%s%%%qh,h\éﬁglﬁti tol,
cel | ul ose apfénfbedrie\idy bessrepdied BPEonvational meth6ddsuth & Midize® badsi with top-
pyrrolidone, conpressable sugar, stearic acid, magnesiunstearat, sodium :
st ear y| f Gasprey or warster teciniquesiof payvder layerngyeohrtiquss,cor any yechnique wellnvent i onal
exci pi ent ugﬁbl e for %@PI el more aration as wll be clear to anyone skilled
in 15 the APOWRg,Qne.3cueg; ,i.e. the fillers and binders, conprising
the tabl et NpheniRe pEIRES @8 cemﬁ@sﬂedmawaﬂma@mﬁw%ﬁ convidifgalmey be
granul ated into granules with favourabl e conpression characteristics.

Di si nt egr at excipgntsio obigin fayoutablefiling binding, lubrication and disidGegrationpropertitse

added. The m)unlt _o;. fll.llgrs and bi nder s, e'ntlual I%ey &r aaul(g]t&ed i nt Q' |
gr anul es, ampies ft PIAPIEHHYE MPETORTY ‘Pﬁcﬁéﬁs&f actpse, sRaY Anedlaftose.ei ght . ‘o
bt ai bl . e . b
get \% gn‘iggnglr;égfchgﬁ f?éc%%ﬂﬁﬁ@, ;ﬁeé‘émmfz%&&afvﬂ, &RRh&CINA dertVdthas teredf Sidtast e
sodium starch glycolate, maltodextrine, sorbitol, maltitol, cellulose and derivatives .

thereof, polyethylene glycol, polyvinyl pyrrolidone, ¢oﬁ'\pressable sugar, stearic acid,

magnesiumstearat, sodium stearylfumarate, talc, colloidal silicone dioxide or any other

conventional excipient usable for tablet preparation as will be clear to anyone skilled in
15 theart.

The excipients, i.e. the fillers and binders, comprising the tablet may be used as direct
compression excipients or they may be granulated into granules with favourable
compression characteristics. Disintegrats may or may not be added. Lubricants will
20 normally be added. The amount of fillers and binders, eventually granulated into
granules, may be in the range from 25 to 75% of the total tablet weight. To obtain
- even more favourable compression characteristics it should be between 40 and 75% of _

the total tablet weight.

25 The pharmaceutical preparations according to the present invention may be
administered orally. Substances, s_uch as furosemid, which are excellent as a
medicament against cardiovascular diseases such as hypertension, congestive heart

failure and oedema, especially for the treatment of hypertension are of special interest.



the total tablet weight. 25 The pharmaceutical preparations according to

t he present
furosem d,

96/ 01621

O her active substances coul d be used,
antiepileptic,
foll owi ng exanples w ||

diuretic,

i nventjon
KP2ROIRL
di seases such as hypertension,
especially for the treatnent of hypertension are of speci al

e.g.
antiinflammtori c,
describe the invention in nore detail.

i nterest.

may be adm ni stered orally. Substances, pgggRosiféTs
excel l ent as a nedi canent agai nst cardi ovascul ar
congestive heang failure and oedems,

)

PCT/ SE95/ 00676
substances for the treatnent of

anal getic conditions.

The

5 Exanp

le 1

Cores: Silicone dOther adtivesubstances aonld be usagioe ggsubstances for thgyreaymeny of direig,
yvinyl pyrrolidone,

2000 g Furosem d
500 g
60. 3 g Hydroxypropyl net hyl cel | ul ose

K- 30
6.0 g Ethanol
1480 ¢

5

10

15

20

25

%ﬁ#gﬁﬁmq@c, malggtg%%)oﬁgilﬁg g%‘l ul ose

13.3 g Triethylcitrate

_ 1446.5 g 2 0 Exanpl es 2-4 Cores:
Sili cone di oxi de The followihgrexamples wilB@éschbetheanvention infrneng detail.

Example 1

Cores:

Silicone dioxide (0.1-0.3 mm)
Water, purified

Furosemid (90%<25um)
Polyvinyl pyrrolidone, K-30

Polymeric Layer:
Ethylcellulose

Hydroxypropylmethylcellulose
Trethylcitrate
Ethanol

Examples 2-4

Cores:

Silicone dioxide (0.1-0.3 mm)
Water, purified

Furosemid (90%<10um)
Polyvinyl pyrrolidone, K-30

1000 g
2000 g
1000 g

500 g

603 g
133 g
60g
14465 g

800g
1480 g
800g
400 g



WO 96/ 01621

25 _ Furosem d (90% < 10[err]m
b/ SESRPaRRYE! po ‘ayer
292 g 5 Hydr oxypr opyl cel | ul ose

3500 g Exanple 3 Ethylcellul ose
Hydr oxypr opyl cel | ul ose o
3500 g Exanple 4 Etyl cellul ose
Hydr oxypr opyl cel | ul ose

silicone dioxide.

pol ymeric sol ution containing ethyl

hydr oxypr opyl ne | ul ose,

800 g Pol yvi nyl
PCT/SE95/00676

Pol ynmeric |ayers: Exanple 2 Ethylcellul ose

108 g Et hanol
266 g 10

134 g Et hanol

240 g 15

160 g Ethanol =
3500g In a fl ui?bl?ﬂ,#g_%anul ator furosem d dispersed in a solution of
pol yvi nyl pyrrolTdon -30) in water was sprayed onto the cores of

800 g of the beads so 2 0 _
cel l ul ose and
and triethylcitrate in Exanple 1,

formed were covered with the

et hyl

cellul ose and h yl cel l ul ose in Exa e 24, by spraying a sol ution
of the nentionegg@g%g@é%ges i n ethanol. 25 r£Eérsr’rul ati-on exanples 5-7 The -
pel l ets Hornmed chwgﬁhragyl&alulagarrpl e 1 were Q@ essed into tablets

containing furosemd I n an anount
tabl etted by niKthagol |

Example 3
Ethylcellulose

Hydroxypropylce"ulose
Ethanol

10

Example 4
Etjlcellulose
15 Hydroxypropylcellulose

Ethanol

of 30-60

. The small beads were thus
3?80g

266 g
134 g
3500 g

240g
160 g
3500 ¢

In a fluidized bed granulator furosemid dispersed in a solution of polyviny! pyrrolidone

(K-30) in water was sprayed onto the cores of silicone dioxide. 800 g of the beads so

20

formed were covered with the polymeric solution containing ethyl cellulose and

hydroxypropylmethylcellulose, and triethylcitrate in Example 1, ethyl cellulose and

hydroxypropylcellulose in Example 2-4, by spraying a solution of the mentioned

substances in ethanol.

25 Formulation examples 5-7

The pellets formed according to Example 1 were compressed into tablets containing
furosemid in an amount of 30-60 mg. The small beads were thus tabletted by mixing
'with additives containing e.g. microcrystalline cellulose such as Avicel ®, which



L]
w th additives containing e.g. mcrocrystalline cellulose such as Avicel
[err] , whi ch VWO 96/ 01621 CT/SE95/00676
PCT/ SE95/ 008YR 4% 62 pr oves the tableting properites and faci R ves T he
disintegration of the tablet to liberate thep ndividual beads. Conposition
for one tablet (nmgy) 5 Exanple 5 Coated pellels (Exampl e 1)

171.8 Mcrocrystalline cellulose (Avicel[err] PH 200) 171. 8 Sodi um

starch glycol ate 13.7 10 Magnesi um st ear ate
0.4 Exanple 6 Coated pellets (Exanple 1) 171. 8
M crocrystalline cellul ose (Avicel[err] PH 102) 171.8 15 Sodi um

st ear yl f umar at e improves the tableting properites andXadilitatesthé disifite@rationdf pled fabletto

(Exanmpl e 1) . g 171.8 Mcrocrystalline cellul ose
(Avicel [err] PHliberie the “ﬁ“f@%ajfﬁadls- Sodi um starch gl ycol ate
13. 7 Sodi um stearyl fumarate 0.3 The nultiple unit

pellets described in Exanple 1 were m xed with equal anounts of

m crocrystal |l i n€ sitionsfor ogedblet) er mxed with 4% sodi um starch
glycolate 25 (exanple 5 and exanple 7). Magnesium stearate (exanple 5) or
sodi um steary fumarate (exanple 6 and exanple 7) was admi xed, and the

m xtures were

Example §

Coated pellets (Example 1) 171.8

Microcrystalline cellulose (Avicel‘E PH 200) 171.8

Sodium starch glycolate 13.7
10 Magnesium stearate 04

Example 6

Coated pellets (Example 1) 171.8

Microcrystalline cellulose (Avit:elo PH 102) 171.8
15 Sodium stearylfumarate 03

Example 7

Coated pellets (Example 1) 171.8

Microcrystalline cellulose (Avicel® PH 102) 171.8
20 Sodium starch glycolate 13.7

Sodium stearylfumarate 0.3

The multiple unit pellets described in Example 1 were mixed with equal amounts of
microcrystalline cellulose, and further mixed with 4% sodium starch glycolate

25 (example 5 and example 7).':Magnesium stearate (example 5) or sodium
stearylfumarate (example 6 and example 7) was admixed, and the mixtures were
compressed into tablets in a singel punch tablet press at a compression pressure of 8
kN (£ 1 kN) and 4 kN (x 1 kN) at a compression speed of 35 rpm. Flat faced punch

with a diameter of 1.13 cm was used.



conpressed into tablets in a singel punch tablet press at a conpression
pressure of 8 kKN ([err] 1 kN) and 4 kN ([err] 1 kN) at r L on speed
of 35 r¥RIRI6Al faced punch with a diameter of 1.13 cm 3&@%@’(@&&6 W .
96/.01621 ' _ 1] PCT/ SE95/ 00676
14 Characterization of the tablets according to exanple 5 The tablets
disintegrated into nultiple unit pellets within 30 seconds in 1000 m
purified water at 37[err]C. 5 The in vitro dissolution, in accordance with
USP Paddl e net hod, 1000 ml buffer pH 6.8, of the tablets conpressed at 8
kN, containj 60.n% fupgsem d, is g.hown in Taple 1. 10 Reference 1 Cores:
Silicone di £ 0 cecording to example J 000, g Water, purified

1950 g 15 Furosenid (90%25 [err]m) 1000 g
Pol yvi nyl. pyrrolidone, K-90 50 g Polyneric Layer: Ref 1
20 " ETleytabletsl disintegratbdimormultiple ufid pelletsiwithin30[se¢condsin 170 g

Acetyltribufyl citrat 13 g Ina fluidized bed
gr anul at or # Jelpurified, watsgat 37°G.n a4 sol ution of polyvinyl pyrrolidone
(K-90) i® water was sprayed onto the cores of -silicone dioxide. 800 g of
the beads so 25 fornmed were coated with the aqueous polyneric

et hyl cel | ul Disecindiitspdissoltion, in‘steoriande] witl USP Paddle method, 1000 mi buffer pH -

6.8, of the tablets compressed at 8 kN, containing 60 mg ﬁlrosemid; is shown in
Table 1.

'10 Reference 1

Cores:;

Silicone dioxide (0.15-0.25 mm) 1000 g

Water, purified . . 1950g
15 Furosemid (90%<25 um) _ 1000 g

Polyvinyl pyrrolidone, K-90 : 50g

Polymeric Layer:

20 Ethylcellulose dispersion, 30% (Aquacoat® . 170g

Acetyltributyl citrate . 13g

- In a fluidized bed granulator furosemid dispersed in a solution of polyvinyl pyrrolidone
(K-90) in water was sprayed onto the cores of silicone dioxide. 806 g of the beads so
25 formed were coated with the aqueous polymeric ethyléellulosé dispersion, (Aquacoat®)
containing additional plasticizer acetyltributyl citrate. After the coating procedure the
coated pellets were heated for 17 hours at 70°C. |



containing additional plasticizer acetyltributyl citrate. After the coating
procedure the coated pellets were heated for 17 hours at 70]

96/ 01621  WO96/0162l gg#%@%’%%%\g?e
15 The beads described were further, as descy§ bed in exanple 5, mxed with
equal amounts of mcrocrystalline cellulose, and further mxed with 4%

sodi um starch gl ycol ate and 0. 1% nmagnesi um st earate and conpressed into
tablets in a singel punch tablet press at a conpression pressure of 8 kN
([err] 1kN) at a conpression speed of 35 5 rpm Flat faced punch with a
diameter of 1.13 cmwas used. The tablets contained 60 ng flurosem d. Table
1 illustrates tHEhekdadadescribed wene further; asrdesgrihed én example 5 mixedwith£aual peads.

10 Table 1 Dissolution.of fur m d,.fromfurosem d tabl.efes,

prepar ed accor di TPYms e5migEee sgﬁgrheacep‘élf’éﬁ' éﬁ&cjé' er iuxed s «Lthe“n?t?’asag’gpﬂg%tglém d

rel eased at pH Gfcdidte dhd 01184 iaghesitin stearatbfand comg?d@sed into tablet8in a singel pafich
10h Exanple 5 18% 33% 52% 65% 790% _ >90%

Ref erence 1 41%ablet press at@gOsgmpressioppygssure of 8 kN (+ 1kN) atra-cempression speedvaf 35n

table 1 the pellets n conpr.essed into tablets accordi xanpl. e

52 shovied ‘SuSk ai I A ke GHBUL R dindistes o J o Ses bied. T il Gbutegpd
into tablets, ‘M}ﬁé?@rﬁ afsl! ets prepared according to reference 1 released
furosemd relatively ?ast'. The amount of ethylcellul ose and plasticizer in
relation to pellets was 8% by weight in exanple 5 and reference 1.

Table 1 illustrates the release pattern in vitro for ethylcellulose coated beads.
10 Tablel

Dissolution of furosemid from furosemid tablets, 60 mg, prepared according to

example 5 and reference 1.

15

Percentage furosemid released at pH 6.8 (n=3) after:

0sh 1b 2h 3h sh 10h

Example § 18% | 33% 52% 65% 79% >90%

Reference 1 41% 60% >80%

(n=2)

As is shown in table 1 the pellets when compressed into tablets according to example
20 5, showed sustained or extended release properties even when compressed into tablets,

whereas pellets prepared according to reference 1 released furosemid relatively fast.

The amount of ethylcellulose and plasticiz.er.in relation to pellets was 8% by weight in

example 5 and reference 1.



PCT/ SE95/ 00676 WD 96/ 01621 Exanple 8 The pellets forrred according to

Exanple 1 were filled into hard gel atine capsul es. %sﬁoﬁgd 10

Cor es: VB P¢@I6Re di oxide (0.1-0.3 nmm 100 Wat er ,«
purified 19&0 g Furosem d (90%25 [err]m
1000 g Pol yvinyl pyrrolidone, K-90 : 100 g Pol ymeric
‘Layer: 15 Exanple 9 Ethylcellul ose dispersion, 30% ( Aquacoat) 128 ¢
Acetyltributyl citrate - 10 g 20. Exanpl e 10
Et hyl cel | ul ose di spersion, 30% (Aquacoat) - 170 g Acetyltributyl citrate

13 g In a fluidized bed granul ator furosem d dispersed in a solution of

pol yvi nyl PExalplélgne 25 (K-90) in water was sprayed onto the cores of
silicone dioxide. 800 g of the beads so forned were coated with the aqueous

pol ynmeric ethylcellul ose dispersion, (Aquacoat) containing additional

Lt 5 A e P B i o

5 -Example 9and 10

Cores:

Silicone dioxide (0.1-0.3 mm) 1000g o
10 Water, purified 1900 g

'Furosemid (90%<25 um) 1000 g

Poiyvinyl pyrrolidone, K-90 : 100 g

Polymeric La
15

Example 9 _ S |

Ethylcellulose dispersion, 30% (Aquacoat) | 128 g

Acetyltributyl citrate 10g
20 Example 10 | -

Ethylcellulose dispersion, 30% (Aquacoat) 170 g

~ Acetyltributyl citrate : 13g

In a fluidized bed granulator ﬁmﬁemid dispersed in a solution of polyvinyl pyrrolidone

25 (K-90) in water was Sprayed onto the cores of silicone dioxide. 300 g of the beads so
formed were coated with the aqueous polymeric ethylcellulose dispersion, (Aquacoat)
containing additional plb.Stizér écetyltﬁbutyl citrate. After the coating procedure the
coated pellets were heated for 17 hours at 70°C. '



WO 96/ 01621 PCT/ SE95/ 00676
17 The pellets were finally filled into hard gel ati ne capsul gsr/d3§80676
capsul e con4f 14y ng furosem d. The in vitro dissolution of the capsul es
in accordance with USP Paddl e met hod, 1000 5gm buffer pH 6.8, is shown in
Table 2. Table 2 10 Dissolution of furosem’g fromfurosem d capsul es, 60
ng, prepared according to exanples 9 and 10. Percentage furosem d rel eased

at pH 6.8 (n=6) after: 0.5h 1h 2h 3h 5h 10h 13. 3h
Exampl e 9 31% 48% 67% 75% >90% - Exanple 10
10% 19% 33% 44% 60% 70% >800% 15 Fornul ation

Exanpl es 11- 24 Thke pelletsovese finallydilled into halidrgglatine tipsulebh Eachgapssbe eontaipddetd 2- 4
were conpressed into tahlets containing furosemd in an anmount of 60 nmg. 20
Conposi tions forM@AdoemMter (ng) WD 96/ 01621

PCT/ SE95/ 00676 Exanple 11 Coated pellets (exanple 2)

221 Mcrocrystalline cellulose (Avicel sp. coarse grade) 331 5

Sodi um st arch gl Jiedhaitfo dissolution of the capsules in accordance #4th USP Paddle method, 1000
5 mibuffer pH 6.8, is shown in Table 2. |

Table 2

10 Dissolution of furosemid from furosemid capsules, 60 mg, prepared according to

examples 9 and 10.

Percentage furosemid released at pH 6.8 (n=6) after:
0.5 1h 2h 3h Sh 10h 13.3h

Example 9 31% | 48% | 67% | 75% | >90% - -

Example 10 10% 19% | 33% | 44% 60% 70% | >80%

15
Formulation Examples 11-24
The pellets formed according to the above given examples 2-4 were compressed into
tablets containing furosemid in an amount of 60 mg.

20

Compositions for one tablet (mg)



Magnesi um st ear at e 0. 28 Exanple 12 Coated

pellets (exanple 2) ' 221 10 - rystalline
cel | ul D¥x9604631ce| PH 302) 331 Sodi um starch gl ycSFﬁsggg&m*s .
22 Magnesi um st earate 0. 28 Exanple 13 15
Coated pellets (exanple 2) 18 ' 221 Mcrocrystalline

cel lul ose (Avicel sp. coarse grade) 331 Sodi um st earyl fumarat e

0. 20 Exanple 14 20 Coat ed pellets (exanple 2) -
221 Mcrocrystalline cellul ose (Avicel sp. coarse grade) 331 Crospovidone
22 Sodi um stearyl fumarate : 0.20 25 The nultiple

unit pellets described in exanple 2 were nixed with 60 % ni crocrystalline
cel lul ose, and further nmixed with 4 % sodi um starch gl ycol ate (exanple 11
and 12) or Cro¥xampledde (exanple 14). Magnesium stearate (exanple 11 and

12) or sodium Wi rate (Lxanmpl es 13 and 14) was,adm xed and, the

m Xt ures were ?c?ﬁ%ndé’segé ?1W'Bl°tébl ets in a si ngI e pun?ﬁ?t abl et press_at a
conpr essi on h)ﬁ@o%ﬁ}s%ﬁﬁjceﬂulose (chel sp- coarse grade) 331 |
PCT/ SE95/ 00676 pressure of N (+/ kN)~ at "a conpression speed of 30

rpm Fl & face&oﬂmntstwh\glwhlm di.ameter of 1.13 cmwer2used. Exanple 15 5

Coat ed peI I etsb‘laeg)ﬁgsn st3 e 221 n(I)JZS

Example 12 o
| Coated pellets (example 2) o 221 | | {

10 Microcrystalline cellulose (Avicel PH 302) 331
Sodium starch glycolate 22
Magnesium stearate . _ 0.28
Example 13 _

15 - Coated pellets (example 2) 221

o Microcrystalfine cellulose (chel sp coarse grade) 331

Sodium steaxylﬁxmarate 0.20
Example 14

20 Coated pellets (example 2) . 221
Microcrystalline cellulose (Avicel sp. coarse grade) 331
Crospovidone . 22
Sodium stearylfumarate _ 7 0.20

25 The multiple unit pellets described in example 2 _\#}ere mixed with 60 %
microcrystalline cellulose, and further mixed with 4 % sodium starch glycolate
(example 11 and 12) or Crospovidone (example 14). Magnesium steérate (example 11
and 12) or sodium stea_rylﬁamarate (examples 13 and 14) was admixed and, the

mixtures were compressed into tablets in a single punch tablet press at a compression



M crocrystalline cellulose (Avicel sp.coarse grade) 221 nmg Sodi um st arch

gl ycol ate 18 ng Magnesi um stearate pCT/SE95/00676

0. 22 ng 10 WO%'m‘uExanpl e 16 Coated pellets (exanple 3)

221 mg Mcrocrystalline cellul ose (Avicel PH%302) 221 ng Sodi um starch
gl ycol ate 18 ng Magnesi um st earate

0.22 ng 15 Exanple 17 Coated pellets (exanple 3) 221 ny
M crocrystal line cellul ose (Avicel sp. coarse grade) 331 ng Magnesi um
Stearate 0.28 ng 20 Sodi um st arch

gl ycol ate 2 Exannl bﬁﬁ |l e
3) pressure of $ N (- 4 k) 2F 3 EPopT B St of 300 DR LPLLRIRNETT
grade) 221 NG yath a diameter oPH1Y BInSW@RRu¥ed umar at e

0.18 ng WO 96/ 01621

PCT/ SE95/ 00676 20 Exanple 19 Coated pellets (exanple 3) _

221 ng Mcrocrystalline cellulose (Avicel sp. coarse grade) 221 ny

Cr ospovi done Example 15 18 ng 5 Sodi um
stearyl furmargte Coated pellets (example 3) 0.18 ngy 221 mg
Microcrystalline cellulose (Avicel sp.coarse grade) 221 mg
Sodium starch glycolate 18 mg
Magnesium stearate 022 mg
10 Example 16
Coated pellets (example 3) 221 mg
Microcrystalline cellulose (Avicel PH 302) 221 mg
Sodium starch glycolate .18 mg
Magnesium stearate 0.22 mg
15
Example 17
Coated pellets (example 3) 221 mg
Microcrystalline cellulose (Avicel sp. coarse grade) 331 mg
Magnesium stearate 0.28 mg
20 Sodium starch glycolate 22 mg
Example 18
Coated pellets (example 3) : 221 mg

Microcrystalline cellulose (Avicel sp.coarse grade) 221 mg
25 Sodium stearylfumarate 0.13 mg



The nmultiple unit pellets described in exanple 3 were m xed with 50 or 60 %
m crocrystal line cellulose, and further mxed with 4 %s%

gl ycol a é“t‘@}%pl e 15-17) or Crospovidone (exanple 19) gnesi um st earate s.
(example 15-17) 10 or sodiumstearyl furggrate (exanple 18 and 19) was

admi xed and, the nixtures were conpressed into tablets in a single punch ;
tabl et press at a conpression pressure of 12 kN (+/- 0.6 kN) and 16 kN (+/-

0.8 kN) at a conpression speed of 30 rpm Flat faced punches with a

di ameter of 1.13 cmwere used. 15 Exanpl e 20 Coated pellets (exanple
4) 223 ng Mcrocrystalline ceI | ul ose (Avicel sp.coarse
gr ade) 334 ny g_ip &tarch glycol ate 22 ngy
Magnesi um st ear 0.28 éo Exanpl e 21 Coat ed
pel l ets (exanpl °z$5°d pellets (example 3) 223 my Mecr oc kM8 | i ne cel |l ul ose
(Avi cel PH 302) 22
Nad¥: 2) %lgso%ml ik earanu&@ éméeféb.f&bm@bﬁhe) 21mg W Vo
96/ 01621 Crospovidone '- 18 mg PCT/ SE95/ 00676
21 Exanpl e 22 Coated pellets (exanple 4) : 223 ng .

M crocrysk al | i neodiim stegryiumaatecel sp. coarse grade) . 1§318 my Sodi um

stearyl fumarate . - 0.20 ng 5

The multiple unit pellets described in example 3 were mixed with 50 or 60 %
microcrystalline ceilulose, and further mixed with 4 % sodium starch glycolate
(example 15-17) or Crospovidone (example 19). Magnesium stearate (example 15-17) {
10 or sodium stearylfumaraté (example 18 and 19) was admixed and, the mixtures were |
;:orripressed into tablets in a single punch tablet press at a comp'r_esSion pressure of 12
kN (+/- 0.6 kN) and 16 kN (+/- 0.8 kN) at a compression speed of 30 rpm. Flat faced

punches with a diameter of 1.13 cm were used.

15 Example 20 _
Coated pellets (example 4) 223 mg
Microcrystalline cellulose (Avicel sp.coarse grade) 334 mg
Sodium starch glycolate - 22mg
Magnesium stearate 028 mg
20 |
Example 21
Coated pellets (example 4) 223 mg
Microcrystalline cellulose (Avicel PH 302) 334 mg
Sodium starch glycolate ' 22 mg

25 Magnesium stearate 0.28 mg



Exanpl e 23 Coated pellets (exanple 4) 223 ngy

M crocrystalline cellulose (Avicel sp. coarse grade) 334 ng 91%6%’.”9
22 ng 10 WO9/@6H um stearyl funarate : ng lhe
nmultiple unit pellets described in exanpl e 4¥were nixed with 60%

m crocrystalline cellulose, and further mxed with 4 % sodi um starch

gl ycol ate (exanple 20 and 21) or Crospovidone (exanple 23). Magnesi um
stearate (exanple 20 15 and 21) or sodiumstearylfumarate (exanple 22 and
23) was adm xed, and the m xtures were conpressed into tablets in a single
punch tabl et press ression pressure of 8 kKN (+1- 0.4 kN) and 16 kN
(+/- 0.8 kN) at a c%n speed of 30 rpm Flat faced punches with a
diameter of 1.13 cmCwated petied.(exdehpléar act eri zati on of t 223 tngbl ets formed
according to formul atjon exanples 11-21 The tablets o)li sintergrated into
multiple unit pell etMicrgorystalline qelluloseeAvicel spoearss 2rade)i ri 83 MBter at 37[err]

C. 25 The in vitrodigssolutien. j.n accordance with USP nmet hod, 1000
m buffer pH 6.8, oédogwg‘ftgwg?@dégnpressed at 8, 12 and&?g%, containing -

60 ng furosemgd, is shown in.Table 3. WO 96/ 01621
PCT/ SE95/ 00676 Tabl e 3 Percentage furosem de at pH 6.8 (n=3) 5 Exanples
Conpact i on Exafple23ht f ur osemi de di ssolved at pH 6.8 Pressure
30 60 120 180 300 600 840, 1200 (kN)
(nin) 2 | Coated pellets(%exane4)2 4 g 23ymg o go
96 Microcrystalline cellulose (Avicel sp. coarse grade} 334 mg
Crospovidone 22 mg
10 Sodium stearyifumarate 0.28 mg

The multiple unit pellets described in example 4 were mixed with 60 %
microcrystalline cellulose, and further mixed with 4 % sodium starch glycolate
(example 20 and 21) or Crospovidone (example 23). Magnesium stearate (example 20
15 and 21) or sodium stearylfumarate (example 22 and 23) was admixed, and the mixtures
were compressed into tablets in a single punch tablet press at a compression pressure
of 8 kN (+/- 0.4 kN) and 16 kN (+/- 0.8 kN) at a compression speed of 30 rpm. Fiat

faced punches with a diameter of 1.13 cm were used.

20 Characterization of the tablets formed according to formulation examples 11-21

The tablets disintergrated into multiple unit peliets within 3 minutes in 1000 ml purified

water at 37° C.

25 The in vitro dissolution, in accordance with USP Paddle method, 1000 ml buffer pH
6.8, of the tablets compressed at 8, 12 and 16 kN, containing 60 mg furosemid, is
shown in Table 3.



10 11 8 1 2 5 10 2

4 69 91
100 12 8 o1 2 5 9 2 0 98.4
3 WO 96/01621 13 22 56 88 100 15 §CTISE§75/0067% 12 )
12 21 50 82 100 16 g 9 18 46 79
100 15 17 16 - 8 17 49 84 100 4
- 14 34 83 100 20 8 11 36 90 100
20 16 12 39 97 100 21 8 . 11
38 98 100 20 Exanple 24 Core: 2 5 Silicone dioxide (0.1-0.3 mm
800 g Vat er o r3ified 1480 g Naproxen _
800 g Pol yvi yrrol i done, k-30 400 g 30 ©° WD 96/01621
PCT/ SE95/ 00676 23 Pol yneric | ayer: Ethylcellul ose .
266 g Hydr opyRLnRbk a6blémias &t pH 6.8 (n=3 134.g 5 Et hanol
3500 g Conposi telg% 0 one’ ta{ﬁet ((rg)-) i _ _
5 Exampies ~ Compaction Percent furosemide dissolved at pH 6.8
~ Pressure 30 60 120 180 300 600 840 1200
(kN) (min)
2 . - 12 _ 8 19 56 80 96
10 11 8 1 2 5 10 24 69 091 100
12 | 8 1 2 s 9 23 67 90 984 |
3 - 13 22 56 - 88 100
15 12 12 21 50 82 100
16 12 . 9 18 4 79 100
15 17 _ 16 8 17 49 84 100
4 - 14 34 83 100
20 -8 11 36 90 100
20 16 12 39 97 . 100
21 _ 8 - 11 38 98 100
20
Example 24
Core:
25 Silicone dioxide (0.1-0.3 mm) 800 g
Water, purified 1480 g
- Naproxen 800 g
Polyvinyl pyrrolidone, k-30 400 g

30



Coated pellets (exanple 24) 247 10 M crocrystalline
cel lul ose (Avicel sp. coarse grade) 370 Sodi um starch gl ycol at

25 Magnesi uV@P&al6at e 0.31 15 The"ﬁﬂ?fglsﬁ’f’gsunit
pell ets described in exanple 24 were m xed with 60 % m croscrystalline
cellulose, and further mxed with 4 % sodi um®tarch gl ycol ate. Magnesi um
stearate was adm xed and, the m xture was conpressed into tablets in a
single punch tablet press at a conpression pressure of 8 kN (+/- 0.4 kN) at
a conpression speed of 30 rpm Flat faced punches with a dianmeter of 1.13
cmwere 2 0 wused. The in vitro dissolution, in accordance wth USP paddl e
met hod, 1000 m Ipalyinddricdyer.. 4, of the tablets conpressed at 8 kN,

cont ai ning 60 ng Naproxen, is shown in Table 4. 25 WO 96/ 01621

PCT/ SE95/ 00676 24 Tabl e 4 Percentage naproxen at pH 7.4 (n=3) 5 Exanpel
Conmpacti on Per Ce”hﬁ'@%ﬁf&%@ di ssolved at pH 7.4 24 266 g Pressure

30 60 180 300 Pellets
10 30 Hgﬁﬁ)xypropylcelhﬁﬁse 99 Tabl ets 134g 8 9
32 79 8 - 100 10 Conclusion 15 By using the

principles descri bedBikanel n reproduci bl e and control | abl e @uction

Composition of one tablet (mg)

Coated pellets (example 24) 247
10 Microcrystalline cellulose (Avicel sp. coarse grade) 370

Sodium starch glycolate 25

Magnesium stearate 0.31

15 The muitiple unit pellets described in example 24 were mixed with 60 %
microscrystalline cellulose, and further mixed with 4 % sodium starch glycolate.
Magnesium stearate was admixed and, the mixture was compressed into tablets in a
single punch tablet press at a compression pressure of 8 kN (_+/- 04kN)ata
compression speed of 30 rpm. Flat faced punches with a diameter of 1.13 cm were

20 used.

The in vitro dissolution, in accordance with USP paddle method, 1000 ml buffer pH
7.4, of the tablets compressed at 8 kN, containing 60 mg Naproxen, is shown in
Table 4.

25



processes for nultiple unit systens conpressed into tablets or filled into
capsul es or sachets are obtained. Further this new for ¢ knci pl e

gi ves XPPAL nultiple unit systenms withstanding nec%?%%ﬁlyggt&i%sses and s
gi ving enough flexibility and plasticitg®%to avoid cracking or rupturing of
rel ease controlling nenbranes. 20 WO 96/ 01621 - _ -
PCT/ SE95/ 00676 CLAIMS 1. Controlled rel ease beads with a size of 0.2 - 3.0
mm conprising cores -of an insoluble or soluable inert material with a size
of 0.1 - 2 mm optionally layered with a'5 first . inner |ayer of

hydr ophi | i Cp I%rrer, said core or said core optionally layered with the
first inner r of hydrophilic polyner being |ayered with active

subst ance dpsm;,ﬁgglnaﬁoge,hmyfppmmkg) pol ymer, the ratio of active substance
to hydrophilic polyner being in the range of from about 10:1 to about 1:2
and the ratio of active substance to inert insoluble or soluable core being
in the range of fromabout 5:1 to about 1:2, said 10 active substance
bei ng opt i oraty—-arered—w-th—aR—eut-er—tayer—ef—hydrephi--e—pelyrer——and

Wi th an qut praiBabr angofphctfNt I Obdrbéht nEPreRGEIIRbIVed St ity e substance,
wherein the beads have excellent nechanical characteristics and rel ease
properties. 24 Contr olRressurec| ease3®eads acd® di ng t120cl ai m180wher ei3@0t he.
ratio of active 15 substance to hydrophilic polymer being in the range of
from about 2 o—abol ; 3—Cont+roll-e = beads—accordi-hg-to—claim
1, wherein ores have a size 0.1 - mm 4. Cogkrol | edggel ease
beads accorglageéé:to claim 3, V\herelﬂjn t he co%ggi S Iai’gr ed wt Egt he actg?ve
subst ance dfTsiletssed i n a shydrophi 19 c pol ym®2, whiclf9in turn9gs | aydoed wi t‘h :
an outer nenbrane for controlled release. 5. Controlled rel ease beads
accordi AQ taclaimd wherein the hydrophilic polymer jis :

Conélusion

15 By using the principles described herein reproducible and controllable production
processes for multiple unit systems compressed into tablets or filled into capsules or
sachets are obtained. Further this new formulation principle gii'es excellent multiple
unit systems withstanding mechanical stresses and giving énough ﬂexlblhty and
plasticity to avoid cracking or rupturing of release controlling membranes.

20



2 5 polyvinyl pyrrolidone. 6. Controlled rel ease beads according to claim

1, wherein the beads hafhés ShetH Replaged] 5 pm WO 96/ 0162} r/sg9s/00676

PCT/ SE95/ 0068 RS2 hCED ﬁﬁ'lrlﬁﬁl el easgcbeads according FOSC A m 4,
wherein the active subst i d. A process fog ]

of controlled rel ease beads according to claim1, 5 wherefnTHRESHEET HAS BEEN
phar maceutical active conpound is an active substance havi fjg a paePLACED
size of less than 100 [err]mis dispersed in a solution of f
pol ymer, sprayed onto the insoluble inert cores, or said cores optionally
| ayered with a fi@iADMSner | ayer of hydrophilic polyner, giving a | ayer of
active substance and thereafter the outer nenbrane for controlled rel ease
is sprayed onto the previous |ayer, optionally an outer 10 |ayer of

hydrophi li ¢ pol r e I ave n.before e ntrol |l ed rel ease_.l ayer.
9?/ A ErIoc:assloac)c/g'r3 dicg%?rtogedc%%‘?gdmgéisﬁet"’ﬁé&n’yﬁﬁgﬂ?ﬂW’ﬁ‘é’gfﬁﬁss °f§"y
pol yvinyl pyrr ol iigiofidle droluable thert' mpeAsl WiftLa!sik€ ot 0. PL 2RAMAGPtRIMaliPIIPéred wri]m a

controlled rel ease beads according to claim1, optionally together wt
phar maceut i cald y fiasstdensr wbleoféwdtqvgémtpglm.sazdqﬂmomamdaenrboatioqﬂlgﬂayewdivdﬁi

di t | ai 0,. wh ' h ti t IS | 1d. 20 12. A
Dhar maceyt i cal . prEERLIG R 6 hAA i P drisRIR ecr M s e gbsace e of n
the amount of aCHis‘ﬁ@rsé&'ﬁ%l@'ﬂﬁ{‘pbﬂﬁ_ﬂM&?ﬁth& ?ﬂﬂﬁot‘%@tim]get@gtlaﬁ% tﬁ]l@dnr'g?hilic polymer

pharmaceutical preparation-according to claim 12, e “anount
active 25 subst being in theirangehd froanabeuBD0:1 t68bouy.1:2 and the ratio of active substance to

inert insoluble or soluable core being in the range of from about 5:1 to about 1:2, said

10 active substance being optionally layered with an outer layer of hydrophilic polymer,
and with an outer membrane for controlled release of the active substance, wherein the

beads have excellent mechanical characteristics and release properties.

2. Controlled release beads according to claim 1 wherein the ratio of active

15 substance to hydrophilic polymer being in the range of from about 2:1 to about 1:2.

3. Controlled release beads according to claim 1, wherein the cores have a size of 0.1

- 0.3 mm.

20 4. Controlled release beads according to claim 3, wherein the core is layered with the
active substance dispersed in a hydrophilic polymer, which in tumn is layered with an

outer membrane for controlled release,

5. Controlled release beads according to claim 4, wherein the hydrophilic polymer is
25 polyvinyl pyrrolidone.

6. Controlled release beads aécording to claim 1, wherein the beads have a size of
0.2-1.5 mm.

.



14. A pharmaceutical preparation according to any one of clains 12 or 13,

In the form of tabtets;—havimg—excell ent conpaction Char%s%?%@&?&& 15.

A phar N¥@ 2162k | 1or i rding to claim14, wherein atio of *
active substances BopR i;“&onlyrnsuis of fromabout 5:1 to about 1:1
and the ratio of E'MEE m Il Feto_inert NOJFF wr%@ icles is of '
fromabout 2:1 to Lt 16. A phar nelt St 55&"%@ @n accordi ng

to claim15, wherein the ratio of active subsfance R&P aphi | #jc pol yner
is of fromabout 2:1 to about 1:1 and the ratio of active substance to

I nert non-spl ull e re particlJes ig of fromabput., 2°1 to about 1.2. 17. A
phar maceut isi:)al té‘g@f’é&' ﬁﬁi’ﬁi‘%&%‘?faﬁgt‘%c f‘n’f"gﬁ'ﬁmit# 4qtive SUBSTANGE 1% 5 s Ul es.
10 18. A phifdeemiiti cal preparation according to claim17, wherein the

rati o of active substance to hydrophilic polymer is of fromabout 10:1 to
about 5:1 and the ratio of active subStance to i nert non-sol uble core

particles is of fromabqut 2:1 {o gbout 1:2. .15 9. A pharmaceuti cal
prepar-atiorﬁac%(?f"lﬁe Wg‘ed?rﬁ?%' afb "“H&@Hekésea{’&ﬁ&srﬁcg? @d%r}iam_. 20. A
process & or Rinhcbuficdl actve i L nCal: g %aa;‘%\{ Lhg to
claim 14% m%%%}gipnqﬁ?hﬁe coregcgragﬁvcorrp esggﬁ %n;a?{cgvfgatﬁ%{'?%a?& | néasvi th
addi tives. s GFless'han K00 on il digiersed i £bstation bRwl@reptiliv/pblyiver, sprajed m 1 i n
the manufacture of a nedicanment for the treatment of cardi ovascul ar
di seases suatio she ingqluble inegicores, orsigenres aptionaliy layesed with afirst innedayer ob5 22
A nmethod fqr the.treatnent. of ertension. . oedenmns angd congestive heart
Fai T ure. wndMaropHie s Gyihe et oL AHRS SPoeE SOT BeRReC NI 10- 10 »
adm ni st er &flerhbrafle it Tbniréliedtelenrassprhyed ko thePréviduidliayer, optionally an outer (
10 layer of hydrophilic polymer can be sprayed on before the controlled release layer.

9. A process according to claim 8, wherein the hydrophilic polymer is polyvinyl
pyrrolidone.

15 10. A pharmaceutical preparation comprising controlled release beads according to

claim 1, optionally together with pharmaceutically acceptable excipients.

11. A pharmaceutical preparation according to claim 10, wherein the active substance
is furosemid.

20
12. A pharmaceutical ﬁreparation according to any one of claims 10 or 11, wherein

the amount of active substance is in the range 20 - 100 mg.

13. A pharmaceutical preparation according to claim  1 2, wherein the amount of active

- 25 substance is in the range 30 - 60 mg.

14. A pharmaceutical preparation according to any one of claims 12 or 13, in the form

~ of tablets, having excellent compaction characteristics.

O
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15. A pharmaceutical preparation according to claim 14, wherein the ratio of active

substances to hydrophilic polymer is of from about 5:1 to about 1:1 and the ratio of

active substance to inert non-soluble core particles is of from about 2:1 to about 1:2.

5 16. A pharmaceutical preparation according to claim 15, wherein the ratio of active
substance to hydrophilic polymer is of from about 2:1 to about 1:1 and the ratio of

active substance to inert non-soluble core particles is of from about 2:1 to about 1:2.

17. A pharmaceutical preparation according to claim 12, in the form of capsules.

10
18. A pharmaceutical preparation according to claim 17, wherein the ratio of active
substance to hydrophilic polymer is of from about 10:1 to about 5:1 and the ratio of

active substance to inert non-soluble core particles is of from about 2:1 to about 1:2.

15 19. A pharmaceutical preparation according to claims 10-18 which is administered

orally.

20. A process for the manufacture of a pharmaceutical preparation according to claim
14, wherein the cores are compressed into tablets by mixing with additives.

20
21. Use of controlled release beads according to claim 1 in the manufacture of a
medicament for the treatment of cardiovascular diseases such as hypertension,

congestive heart failure and oedema.

25 22. A method for the treatment of hypertension, oedemas and congestive heart failure
wherein a pharmaceutical preparation according to claim 10-19 is administered to a

host in the need of such treatment.




