tCNTROLLED RELEASE POANDER AND PROCESS FOR | TS PREPARATI ON Thi s invention
relates to controlled rel egse fornulations and, in particuylar, to sustained
i el ease powders tonsistingiof*discrete mcro- part?%ﬁes Many t'y zgheqiﬁ 1
control | ed or sustained rel ease pellets arg known which are | oa (;
capsul es for oral 5. adm ni stration. ~ Thgse peIIets can be described as
macr o- particles ‘and |nvar|ably have an average size greater than 400[err].
Such pellets are the subject, for exanple, of the Applicants' EP-A-0 122
077, EP-A-0 123 470, EP-A-Q 156 077 and EP-A-0 149 920. 10 - Sust ai ned
release pell ets cannot .be FEAGRY ' ] Sustalned rel ease.
li quids are desirable for - Sgi=etd ¢ formul ati ons.

Vari ous processes are.known for t he productlon of hicro- spheres using

sol vent evaporation enul sion techniques. 15  Known nicro-encapsul ation

t echni ques are general ly enpl oyed for phase transformati on, such as for the
conversion of liquids to solids. Alternatively, such techniques may be used
for protecting an active material, such as coating aspirin to nmask its
stomach irritant properties. 20 . Sustained release liquids are known

whi ch cont ai .| on fGNARGRNE E5hFe1addh Y BoitiRbAIieHeighepse | i aui ds the
C .

active |ngred|ent I's. bound Lo an 1on ex ange re e formof a
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properties r?£§¥€ s°a¥261§£§¥!hﬁfy’%Eve an average size greate: ‘than
' - 400y m. Such pellets are the subject, for example, of the
Applicants' EP-A-0 122 077, z:p-a-o 123“470.'-3?4—0 156 077

and EP-A-0 149 9320. o
10 Sustained release pellets cannot be’ readxly formulated

es-i:uuzde Sustained release liquids are des:.rable for use
as gerxatrzc and paedlatric formulations. o
Various processes are known for the production of
micro—spheres us:.ng solv_ent evaporation emulsion techniques.
15 Knowr: micfo—encapsulafidn techniques are'genétally employed
_ for phase transformatibh. such as for the conversion cf
- _ ' liqu;dé to solids. A.lternat:.vely. such techniques may be
'&”\—/ ' used for protecting an active material, such as coating
aspirin to mask its stomach irritant properties.
3. o Sustazned release liquids are known which contain ion
| exchange res‘ns._ In such sustained release liquids the
active :.ngred:.ent is bound to an ion exchange reszn in the
" form of a reversible complex and is displaced therefrom ina
_gigg.: Such -ustaingd release liquids are described, for
25 example, in Prench Patent Publication No. 2 278 325.
© Itiis an object of the present invention to provide a
" controlled release pcudér'of'discrege-iic:o?pgrtigles-upich
' can be readily formulated in liquid form but which can also
be fotﬁuléted'in other sustained release forms such as
30 tablets uhich have in“roved propertxes relative to the known
forms. h - -



- /Q\CCOI’dI ngly, the invention provides a controlled rel ease powder containing
di-screte mcro-particles for use in sustained rel ease conpositions, said

pOV\fder conpri si ng particles.containing an =acti-ve ingredient and '

optional I'y an excipient in intimte adnm xture with at |east one non-toxic

pol ymer, each of said art cI es gﬁlfngﬁ‘?&éﬂq‘ .ﬁ(}w&ﬁ.gf‘ﬁ?& flglax Wi th “#'
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Preferably. the particles have an average s;ze of .
between 5 and 100 um. . _ _ 2
The Applicants have colned £he term pharmasomes for
. the micro-particles of the powder accordxng to the . '
20 invention and which term is used herelnafter in the_
sPeczficatlon., , _ ,
- The controlled release powders accord;ng to the
invention can permlt 2 sustalned release of act;ve
;l ingredxent as here;nafter demonstrated.,
25 Further preferably, the active 1ngredient is a drug. a
. putrient,. a colouring agent, a fragrance, a herbic1de..a |
.pesticide. a flavouring agent or.a sweetening agent. _ : K_,-)'
- .The powder can be dispersed or suspended in a l1quld '
.fzfvehicle and will ma;ntain its sustained release '
30 'T:characteristics for a useful per;od of time. Such
d;spers;ons or. suspensxons have both chemical stabzlzty and |
stability in terms of dxssolution rate. ,
The. polymer may be soluble. insoluble. permeable,
. -lmpermeable or. biodegradable. The polymers may be §
351an.polymers or co-polymers.. The polymer -ay be a natural or
.. synthetic polymer..  Natural polymers include. polypeptzdes, o
- polysacchar;des and. alginic acid._ A suitable polypept;de is
gein and a suitable. polysaccharxde is cellulose. :
..Representative. synthetic polymers include alkyl
celluloses, hydroxyalkyl celluloses, cellulose ethers,



ynthetlc polymer. Natural polyners include polypeptides, polysaccharides
and alginic.acid. A suitable polypeptide is zein and a suitable
pol ysaccharide is cellulose. Representative synthetic pol ymers i ncl ude

al kyl cel |l ul oses; hydroxyalkyl cel l ul oses, cellul 8se ethers, - 3 -
celdll ose esters; nitro cellul oses, polyngr of . acrylic and met hacrylic
~aci ds and esters thereof, polyamn des, poly? car bonat es, pol yal kyl enes|

pol yal kyl ene gl ycols, poly- alkyl ene oxides, - polyalkylene t-erepht hal at es,
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th | at | but th | ate),
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15 cellulose sulphate sodium salt,-poly(me*hyl methacrylate),

o poly(ethyl methacrylate), poly(butyl methacrylate).
poly(isobutyl methacrylate), poly(hexyl methacrylate),
poly(isodecyl methacrylate). poly(lauryl methacrylate),

' poly(phenyl methacrylate). poly(methyl ‘acrylate),

20 'poly(iscpropyl acrylate), poly(isobutyl acrylete). _
poly(octadecyl acrylate), poly(ethylene), poly(ethylene) low
density, poly(ethylene) -high density. poly(prqpylene),
poly(ethylene glycol). poly(ethylene oxide). poly(ethylene

_ terephthalate). poly(vznyl alcohol), poly(v1hyl isobutyl

25 ° ether), poly(v;nyl acetate), poly(vinyl chloride) and

\r\ci polyvznylpyrrolidone. _ : :

' N Espec1ally suitable co-polymers include butyl |
methecrylate/isobutyl methacrylate co-polymer. high
molecular weight. methylvxnyl ether/maleic acid co—polymer,

30 methylv;nyl ether/maleic acid, monoethyl ester co—polymer.
methylvxnyl ether/maleic anhydride co-polymer and vinyl
alcohol/vinyl acetate co-polymer.. -

_ Representative biodegradable polymers include, poly
glycolides. poly(ethylene terephthalate) and polyurethane.

- 35 . Representative acrylates and methacrylates are polymers
_sold under the Trade Mark Eudragit. .

-When the active ingredient is a drug there is

_ essentially no limitation on the type of drug which may be
used.



met hacryl at e/ i sobutyl methacryl ate co-pol yner, high nol ecul ar wei ght,

met hyl vinyl ether/naleic acid co-polynmer, 30 nmet hyl vi nyl ether/ mal eic
acid, nonoet hyl ester co-polymer, nethylvinyl et her/ mal ei c. anhydri de

Cco- polyner and vi nyl aLcohoI/vinyI acetate co-polyner. Representative

bi odegr adabl e pol yners include, poly gl gcolides, poly(ethylene
terepht hal ate) and polyurethane. 35 - _§ - Representative acrylates and
met hacryl ates -are polyners sold under the Trade - Mark Eudragit. When the
active ingredient is.a. drug there is essentially-no Linmtation on the type
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anti - t hr onb8€ s, hanal gesr.cs pyretics,
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. drugs, hypebasae&mwoﬁaeaammm t&-b;menltaa.nchrmit-ceem:nt(s and '
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' additives. anti-obeeity drugs. enabolic drugs. erythropozetic

15 drugs. enti-esthmatics. bronchodiletors. expectorents.-

cough suppressanta. mucolytics and anti—uricemic drugs. -
Typical active ingrediente include gaetro—inteetinal
sedatives such as metoclopremide and propentheline'bromide,

~ antacids such ae aluminium triSilicete. aluminium hydroxide :

20 ~and c:metidine. anti-inflemmatory druge euch as
phenylbutazone._indomethecin. naproxen. ihuprofen. _
flurbiprofen. diclofenac. dexametheeone. prednisone and

'prednisolone, coronary vesodilator druge ‘such’ ee glyceryl
.trinitrate, ieoeorbide dinitrate and penteerythritol ' _
'25 tetranitrate. peripherel and cerebral vaeodiletore such as : {"‘)-
_ soloctidilum. vincemine, naftidrofuryl oxalate. co-dergocrine
' meeylate. cyclandelate. papaverine end nicotinic ecid, enti-
infective subetencee such ae erythromycin steerate. '
"cephelexin. nelidixic ecid. tetracycline hydrochloride.

30 . ampicillin. flucloxecillin sodium._hexamine mandelete and
hexamine hippurate. neuroleptic drugs such’ es flurazepem.
diazepam, temezepem. emitryptyline. doxepin. lithium '
cerbonate. lithium ‘sulfate, chlorpronezine. thioridazine.

_ ' trifluperazine. fluphenazine, piperothiezine. heloperidol.

35 .mAProtiline hydrochloride. imiprenine ‘and .' L

| desmethylimipremine. central nervous stimulents such as’
methylphenidete. ephedrine. epinephrine. isoproterenol.



phenyl but azone, i ndonet haci n, naproxen, ibuprofen, flurbi.profen,

di cl of enac, dexanet hasone, prednlsone and predni sol one, coronary
yvasodi | ator drugs such as glyceryl*'trinitrate, isosorbide dinitrate and
pentaerythritol 25 - tetranitrate, peripheral and cerebral vasodil ators
suck as soloctidilum vincami ne, naftidrgfuryl oxal ate, co-dergocrine
“mesyl ate, cycl andel'ate, papaveri-ne and=A®cotinic acid, anti- infective
substances such as erythromycin stearate, cephalexin, nalidixic acid,

tetracycline Jﬁgﬂ&l 8&'9&1:&%% ﬁ#ﬁ”ﬂhﬁh%i&&hnél gﬁkSFﬁfﬁ%ﬁdJ‘ §QQ%h as
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sul fate and esq&lehanhaeoﬂﬁh edilayr adpha dcopnerdl Nt wigiings andch as
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antl-dlarrhe rugs suc 1'saco magnesT um
| axative 5 HHERGNOF¥HBES %m%#ﬁﬁ-m&émmthﬁmf |"c"‘ieoh&P1’§uW*brrent s
such as ascords wezepdmib) phifddipapker ailtiddeni peosdthamide]oxi ne, '

-~ anti-spag dlss@ygma’gh Fa9%h! Q0L P A RN el oGS A fecting

t he rhyt m of eart_suc ver apa I ne |It
procai nani de UieidigesehyFanatee, dSPﬁFy‘H?ﬂn-"t’b@PaFé“ﬁ!ﬂ% G’ifne suI fate and
qui ni di ne gl rypeatensilongsadts ad paophaxéraamwbcaiofmrt;eaaemw as

propranol of ualcaaibaL £° ndtignabnh ol Ao rmRARH BB G BAAY) dopa,
oxpr enol ol ri de, captopr a ru s Used in the
t'r eat nent of cfﬁ’tq’ﬁ- rapth agingy g‘b‘f% r\’éeddi-ﬁg?‘ﬁaftfree@ﬁgt of '

coagul akigi tyrmfralﬁheodu&uds @rgopainl A, aswgacamfeeene@ld&aqudammWn ne .
of blood such as epsilon. amlnocaprozc acid and protemzne_ '
sulfate, analgeslc drugs such as acetylsalicylic acid,
scetam-nophen, codeine phosphate, codeine sulfate,
oxycodone. dxhydrocodezne tartra*e. oxycode;uone. morph;ne,

20 hero;n, nalbuphine, butorphanol tartrate, pentazocxne ‘
hydrochlorlde. cyclazac;ne. pethidine, buprenorphine,
scopolemzne and mefenam;c aczd, ant;-epxleptic drugs such as
phenytoin sod;um and sodlum valproate. neuromuscular drugs

) such as. dantrolene sod;um, substances used in the treatment :

-K*\,/ 25 of dzabe*es such as tolbutam;de, disbenase glucegon and
znsulxn. drugs used in the treatment of thyro1d gland
_dzsfunction such as trzlodothyronxne. thyroxine and '

' propylthzouracll, diuretic drugs such as furosemzde.'
chlorthalidone, hydrochlorthiazxde. spxronolactone and

30 tr1amterene. the uterine relaxant drug ritodrxne, appetite

’ . suppressants such as fenfluramine hydrochloride. phentermlne
and dxethylproprion hydrochlorxde, ant;-asthmatic and
bronchodllator drugs such as. eminophylline. theophylllne.
.salbutamol. orc;preneline sulphate and terbutalxne sulphate.7'
- 35 expectorant drugs such as guaiphenetin. eough suppressants
' such as dextromethorphan and noscapine. mucolytic drugs such
as_carbocistelne. anti-septics such as cetylpyrrdxnlum



sul fate, anal gesic drugs such as acetylsalicylic acid, acetam nophen,
codei ne phosphate, codei ne sul fate, oxycodone, - di hydrocodei ne tartrate,
oxycodei none, norphine, 20 her oi n,- nal buphi-ne, butorphanol tartrate,

pent azoci ne hydrochl ori de, cyclazacine, pethidine, buprenorphine, o
scopol am ne and. mefenam c acid, anti-epileptic drugs such as phenytoin et
sodi um and sodlunlvalproate neuronuscul -drugs such as dantrol ene sodi um.
substances used in the treatment 25 di abetes such as tol but ani de,

di sbenase glucagon and insuli.n, drugs used in. the treatment of thyroid -

- gland di sf unchlaxidmic hyagtbritb@lomﬂ/@rlpﬁbexﬂ-ﬁwex|¢F%&’E¥Bby¢mﬂour aci |,

di uretic drugger Ucd ghinw peses Hizé'ﬁamiQhJ %ahglsbdeeephéwnechhyph&tml de,

spi ronol act opge an %% kagl tﬁkg %f ﬁgg ritodrine,
appetite supgf%%%dﬂ{ §ﬁcﬁ 5 ?ﬁ% r OCHI OF | énternine and -
di et hyl pr opr nauséant detiger such mtptmﬂpe ah*ﬂ%hBGM%Q%gs such
~as am noghyl l’*f”f'h éd&palayklewsus Sﬁuwaeml foliei pEEdalnd easoimbat e and
terbutaline ﬂg ate, - . g r ant dr s suc? S %IBQ nesi n, cough
suppr essant sILEEIP 'd8f§F8ﬁE¥ éﬁﬁ 8§c§B ?Eanéﬁf & ch drugs such-
as carb00|stalxmpuzunol-saptpcebenﬁﬂidxs cetyl pyridinium chlorlde ‘

tKrotlh“ cin alnd Cﬁﬂﬁﬂ&g&hﬁ (ejprQWSc%EBedﬁ.flﬁﬁe&i%saSreh -
phenyl propang] am ne and pseudoephedsi ne otic. drugs, such as
. di chi or al phehBYRFRE&Fd PA? PFSE {h SRR-RO égg f %rtéﬁ? 'such. as

pr onet havi nedékerwiethorchasnDPLPRLANPIDL, Ghsgshxhb#P%ﬁ;d*ﬂéiPéeﬁ-sulphate .
~folic acid aﬂggﬁflédﬂﬂﬂ Qhuﬁﬁaéﬁﬁbdfﬁﬂ43O%QHbQidiHQ$ ‘éegthalaxiayl phi npyrazone,
al [ opuri nol robeneC| Par ti cul-ar| preferregagc gﬂredlents aret\d_J
i bupr of en, pSFER é&%ﬂﬁﬂ cep: ﬁFﬁBeSEﬂﬁgﬁﬂﬁé ra®t 0% d%x rgnefhorphan
pr opr anol ol , dicEEKEQAd.lnadodetbaemnunammaMQ¢ﬂdépa pPpeanrisdphiny i ne,
cimetidine, B&Q%feaﬂmceahéibﬁiufﬁmr Wﬁroﬂ?@i@%@htﬂrbﬁ?tﬂﬂm
dlazepagg. stearate, lincomyCin.:co-dergocrine mesylate. dcxycycline,
.dipyridamole, frusemide. triamterene, sulindac, nifedipine,
atenolol, lorazepam. glibenclamide. salbutamol{
crimethoprim/sulphamethoxazole. spironolactone. - f
'carbinoxamine maleate, guaiphenesin, potasSium chloride and .
20 mstoprolol tartrate.' '
Especially preferred active ingredients include
"theophylline. paracetqmol and potassium chloride.
T The active ingredient may also be a saccharin £or use
in edible compositions wherein it is desired to obtained a

25 ,controlled release of saccharin.'such as, for example in ’ \_,.i'

cheWing gums. The active ingredient may also be other
sweetening agents, ‘such as, for example, aspartame which is
-especially suitable for use in chewing gums.' S '
The invention also provides a process for preparing the
30 controlled release powder according to the inwention which

comprises:
a)__forming a solution of the polymer or polymers in a
"d"fsolvent, -
ﬁ)s'dissolving or dispersing the active ingredient in
s o ; ‘said polymer solution so as to form a uniform

o mixture. ‘and
c) removing the solvent from the mixtnre so as to
_ ohtain micro-particles having an average size in
the range 0.1 to 125 m.



"di_cl of enac, indonethacin, anoxycillin, pivanpicillin, bacanpicillin,

dicloxacillin, erythromycin, erythronycin 15 = stearate, |incomycin, .
£0-dergocri ne nesyl ate, doxycycline, dipyridanmole, frusem de, trianterene,
sulindac, nifedipine, atenolol, |orazepam glibenclam de, sal butanol,

triswet hopri nf'sul phanet hoxazol e, spirorel actone, carbi noxam ne mal eat e,
guai phenesi n, pot-assium chloride and 20 gnetoprolol tartrate. Especially
preferred active ingredients include theophylllne par acet anol and

pot assi um chl ori de. -The active ingredient may al sb Be a saccharin. for use
i n_edi bl e conposi Thensolverteiis: ubleetebﬁﬁaadﬁaaeebtmcw&m Z‘ietoﬂaﬂt rol |l ed

rel ease of s 0 égm:g The active
i'ngredi ent ngﬁﬁél%gﬂggégﬁﬂgﬁﬁgﬁée%gﬁ ad e?@lgggﬁ%ﬁakg' exa le,

aspart ame mm’ﬁrpgaémﬁ%ﬂnwndgu. %ﬁ%lrcomeﬁceﬁmmgugaﬁsu he
i nvention al syclievetihers gy acaizthipé fexpws.ng the 300 controlled release -

powder -acgor di ng | ri; ) m ol ution
of the polyner orhggéymer ?r?eafggf)%en%&bq‘gm &?‘gg%‘?%’ rfakg? dﬁgﬁ%’}%. ng the
active ingredi®@%Anen Methanol, ethangl; RqAKoRCer PRERYAGtHY1sEeEIN€0 form a
uni f or m mi xt weehyabsobytyleKationg, t hetipller@Nichlbedé h&hloxbBoéems0 as to
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[err]. The sol vent ect éd- Trom Vat al c
hal ogenat ed- al i ph&R¢ &%ﬁﬁoeﬁdgolm%g%meaﬁsmnc tiey dietated by
fggggpdﬂ ammpanhqﬂracydlgmefeoaﬁ@m@?le&@g sﬁ!&i:ﬂ.é‘d.eg BGfSefﬁmpﬁléen xt gr e
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: a m;xture of methanol and methylene chlorxde._

| ‘The  concentration of the polymer in the solvent wlll

normally -be less than 75% by weight. . NOrmally the | ) '_
15 . concentration will be in the range of 10-30% by wezght.

If the active. ingredient is not soluble in the polymer
sclutlon the particle size of the actzve 1ngred1ent is
reduced to less than 10 um. The reduct;on of particle size
may be achieved by milling, for example, by ball mllling cr

20 . jet milling. o _
The active ingredxent may, of course, be a 11qu1d
The ratioc of drug to polymer will vary within wide
©..limits, such as within the range 0.1:10 to 10: 1._'_
, - The uniform mixture of the active ingredient in the.
\4\“/ 25 pelymer solution may be achieved by_rap;d and cong;nuous
"-mxxxng. _ o . .

" The removal of the solvent and the formation of
partxcles of the desired size may be achieved. in a number of
ways.’ '

30 1. SPRAY DRYING.. o . .

 The n;xtute of active ingredxent and polymer in the
solvent is sprayed into a stream of hot air 1n convent;onal
manner. - This causes the solvent to evaporate and the powder
is collected in the spray drying vessel.. _ :

35 o The size of the perticles may be conttolled in a number

- of ways, for example, by pre-select;ng the inlet and outlet
temperature of the spray drying vessel:; the rate of




met hyl i sobutyl ketone, methylene chloride, chloroform carbon

tetrachl ori de, toluene, xylene and tetrahydrofuran. The choice of sol vent

or solvents will be dictated by 10 = the particul ar polynmer or polyners -
sel ected. -For exanple, suitable solventg for use with the cellul oses are
~acetone or a mxture of nethanol and net)gylLene chloride. The concentratior’r,;"'
of the polymer in the solvent wll nhormal |y be less than 75% by vvel'ght a
Normal |y the 15 “concentration will be in the range of 10-30% by wei ght

| f the activentbgdestiion ofs thet spodyihithel mizkeofthermprayl bip oor tthe

particle sizg, 9{ oldE é}ﬁt 'c‘éﬁchﬂ%@éi&f“of 2ckEYeCoshtdailents thhpoLied.Cr 1] .

The reduction 6 particle size may. be achieved by mlling, for exanple, by
ball mlling cr 20 jet m |1 ng. The acti.ve ingredient may, of course, be
a liquid. The.rag$p OF At EXTERNADL| IDMPIEIASEary within wide linits, such

as within the ra : tQel d-!:'&ld

“ingredient ‘in thgﬁg% . _thlﬁ(}e 8t 9°T1t‘t";“;ﬁﬁ‘ &%gmaﬁﬁ(fg/%?ﬂi tmi?c;ﬂ:\ée
.contl nluoés ][n‘-R‘lahb; foran %&P%FW‘H@’S(’I“\%’ sion t#fe%Fﬁﬂ ?@

particl es of 1i86idesiterthali phasay - bnmdmmddememmeocome%o 1.
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I's sprayed i At8°a ream o I n conventional manner. This causes the
sol vent to e‘#hﬁoﬂ*atbv%lﬁd‘&q?éiﬁbﬁz@?lwrcJ}H*éefﬁd in the spray drying
vessel . 35 -rﬁélecmm of elteepmal iXigpxidiphase wikk bel Beterminedunber

of ways, &yf or fieX@HE yc\_@ha‘i‘: %‘3&‘8%#9&& E 'alalg%eamgﬁ&ileﬁt: hggper ature of

t he spr
e B aeenar Suieobie Mo it e LreloatPifund o %120
pol yner. phase include water, agueous solutions, for example, sugar . g
solutions,’ organxc solvents, m;neral 0il; vegetable oils,
fixed. 0115. syrups ‘or silicones. - ‘The' ‘agueous’ solution may
15 xnclude a thidkening agent; such as xanthan gum. -£0 increase
the" viscosxty thereof. 'Oils may be made more viscous by the o
- addition of substances such as magneezum etearate. “The -
'external liquzd phase may also comprzee a solution of a -
different: pH, for example, a buffer.~' '
20 The ratio of external 11qu1d phase to polymer mixture
' wxll be at least 2:1. ' : : : C =
) Following addition of the actxve—ingredxent/polymer
' mixture to the external liquid phase, the two phase mlxture
‘obtained is emulsif1ed. for example, by rapid mlxlng. The

| .25 'emulsion formed may be elther stable or unstable. Globules _\_/*J
of" the act:.ve :.ngredxent/polymer are thereby formed in the ' o
emuleion. Coh

The solvent ‘may be removed in a number of ways.f If the
solvent is volat:Lle it can be removed passively. Por
'30 example, if the solvent is acetone it would normally be’
removed hy evaporation during the mixing ‘step. The
part;clee formed are then harvested by filtration ‘or
| centrifugation. o o ' R
o 'rhe solvent ‘can also be removed by heating ‘while mixing
35 the two phase mixture. -~ Por example. the solvent: may be - -
'~ removed on a rotary film evaporator’. ‘The ‘solvent may also
be removed under vacuum with or without heating. Microwave:



». USE OF AN EXTERNAL LI QUI D PHASE. The m xture of active |ngred| ent and
pol ymef which is 5 in the formof a solution or suspension, is poured
jnto a liquid external phase. The liquid external phase corrpri ses a
sol vent which is inmscibleée or partlally i mmisci bl=eswi th the active

i.ngeedi ent/ pol'ynmer m xture The choi ce of gxternal .[iquid phase wll be
determned 10 . by the particular conbi” ion of active ingredient and
pol ymer selected. -Suitable liquids for the external |iquid phase include
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i ncrease the drgingsity thereof. G ls may be nade: nore viscous by the
addi tion of substame& ﬁuebeae;ﬂ@wie&hum&eaxﬁxeuﬂbﬁ €heyewaall i quid

phase may_al so_&or e a,soluti T ent I

buffer. 28 iFa??‘Ser"é?&e@Fr’rgF Yﬁﬁﬁ bﬁ'&gg go 'bl(ﬁ%‘;;ﬁ'emr)sﬁi‘g( ur'e

will be at | eaenqvexl b?oﬂrnmgig addi tion of the active ingredient/polyner

(ranrrﬁlt grfe teg tpe eXtﬁr”@'xaln oe) %ﬂd}ﬁ&%e EBQvéﬂ\@ WEERS @8 Th étbirRe fﬁhtiatlged I Sb
ifi or_‘exa ra m xi, n he sian _forned may be

ei ther stabl e*%® ‘Jﬁg&b% 3@*&8{3 ?ﬁ% %fwéhfﬁgﬁm“g‘rﬁ Pool yrrer gre

t her eby for neperticlies wilil shergivere syslceeaivws@ensenw@u hexagenpapder of

ways. |iot hedls_ggd/@{t g45Scyol atile it can be renobved passi vely. For 30
exanple, if the sglvent is acet ne

O, Y Y
evaporation durin % Re€ fﬁ“%ﬁﬁl% e‘ﬁalfhgm‘bgﬂf #ﬁo ocr’rge a;ﬂé&?’ﬁ B vest ed
\%\P | trati orberachdevedf byaehelsifiisationvelth amh iaribnemiXe¥pPEd by heati ng

e m Xi Nng @brerd.he tvvo phase m xture. For exanple, the solvent may be .
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vacuum wi th or wi
15 - ways. For example, the particle Size may be controlled by

the rate of mixing, the v1scosity of the external liquid
rhase, the viscosity of the internal phase, the active
‘ingredient particle size or the volatility of the eolvent.
3. Other methods for the removal of the solvent include
20 phase separation, interfacial polymer deposition.and
coacervation. _ . ) . '
The optional excipient used in association'ﬁith'the or
each active ingredient will frequently have an active role .
to play following administration. For example. the
: 25 excipient may be a surface-active agent which facilitates
\“\v/- "~ the transport of water into the particles, for example.
o i sodium lauryl sulphate or a surface—active agent ‘sold under
the Trade Mark Tween. The excipient may also be an active
'transport agent such as, for example, glucose or one or more .
30 aminé acids. o
The excipient may comprise one or more organic aczds
-which facilitate the dissolution of drugs Which are poorly
soluble in alkaline media._ Such acida include._for example,'
ascorbic aciad, . citric acid, fumaric acid. malic acia,
35 succinic acid and tartaric acid. similarly. the excipient
' may comprise one or more basic materiale which facilitate
. the dissolution of drugs which are poorly SOIUble in ac;d
media. " Such baszc materials include aodium carbonate.



drying may al so be enployed with or without the application of a vacuum
Anot her  node of 'sol vent renoval is freeze drying. After harvesting of the
~mcro-particles, they will 5 normal Iy be given suceessive washings with a

sui tabl e solvent, followed by drying. For exanple, when the solvent used is
| S

acet.one and the external | i quid phase (& mineral oil, then the mcro-

partircles will be g| ven successive wasphgs with hexane and 10 dried at

[err]. On a .commercial scale enmulsification of the m xture may be achi eved.

by.emul sificatign. with.an in-line.mxer or nmixers. The particle size may be

control | ed spdiumupifrater apd sodiym biqayFbopALfin| e, the particle size may be
Cﬁnt rol | ed. by thwhéﬂttaw)fadﬂi»engngtémantsdasat drug, tthe akceenal i quid
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_ _ Powder formulations according to the invention include
15 dusting powders and douche powders.' - : '

. The particles according to the invention may also be
loaded into capsules which may be either soft gelatin'
capsules or hard gelatin capsules. ' o

' Other solid dosage forme include pessaries, rectal

20 suppositories, vaginal tablets and vaginal inserts.
_The particles according to the invention may also be
used in implants and ocular inserts. ' '

" The powders ‘can also be formulated in forms suitable
for topical application, such as, for example, ‘as creams or

25 'Ointments and for transdermal delivery. for example, 'in the 'Q,;~)

fform of transdermal patches.

The micro—particlate powders according to the invention
may also be used in the form of foams, gels, pastes,.gums,
mucilages and jellies. '

30 . ‘Other suitable formulations incorporating the micro-

_ particles according to ‘the invention include inhalants,
magmas, intrauterine deVices, patches, biodegradable wound
_dressings and other topical dressings., B P

The micro-particulate powders according to the

- 35 invention are especially suitable for formulation as liquids
for oral, local or parenteral administration. Thus, they .
can be formulated in liquid form for use as eye drops, nasal
drops, ear drops, suspensions, syrups, infusion and
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35 succinic acid and tartaric acid.. Simlarly, the excipient my
conprise one or nore basic materials which facilitate the dissol ution of :
drugs which are pooriy soluble in acid-nmedia. Such basic materials include
sodlun1carbonate sodiumcitrate andgodi-um bi carbonate. Wien the active
ingkedient is a drug, the nicro- parti<l@s-accordiing to the invention may
be formutated in a wide variety of forms. -Pharmaceutical fornulations 5
according to the invention_.nclude pills and tablets, for exanple, coated

tablets, effdniessahle sphusionshc ERe POudera; San ARAIPE fopmehated as g ¢
tabl ets. The pamail ebesyea.cccmﬂ! ligjectalbire isolanions imlule imtyavessed,into

tablets and uceeghw‘h&qa{@qn\@gmw&uﬂy 1%.;&5&36&& Yo16P8888. 10  occurring

in the partl urt hernore ecause e mcro rticulate nature of
the particles t heJh&rerahisusiepsigngand QXFPPEaﬁT‘F‘V‘ﬁé‘QrEﬁe ¥%r ground by
any chewisig dmiveagiokgwrie parvieulatiyrmizabledfor use ‘dhegerdetriicoandnc| ude

15 . dusti ngf‘l%l\ﬁqgi i@%%%&%e pﬂ(\Qe{ ui \Af]BﬁEéd Slae 666&”153 Jid to the

|nvent|onrra I nt o capsul es

er soft gelatin
capsul es or (f&ed geFRrthermare, becagse dhe; polymey s‘dé’@*?ﬁﬁn%ﬁ’h A3k )
pessaries, ratieahcRive imgyiiient;i tse amating masks eny anplemsantal inserts. .
The partlcleg gg%ordlng to the invention nay al so be used in inmplants and
ocul ar inserts omders can al so. be_ fornul ated sui table for

t opi cal ¥bpl i cat i Bnchatagterdstis, of gpRs Moukh E‘F%’aﬁl’&r ‘E% ie8)i%% nents and
for transder ciewdBlée vand effarvesaapt ctabletshe Becanssl ofr the dwkarst- pat ches. |

The m cro- paj %'r%keafafg%eé&eaw&ﬂe NSt Bﬁelww&nemrﬁ&@ ke used in
(ﬁg{jorn1of oamsi astes,. guns, nu0| ages and jellTes.
granular sensation.
Preferred paediatric liquids according to the invention
15 are suspensions or syrups of bronchial relaxants,
analgeSics, anti-pyretics, anti-tussives, anti-spasmodics,
anti-nauseants, anti-histamines. anti-epileptics and
" antibiotics. ' o e
Other especzally gsuitable liquid formulations according
20 to the invention are non-agueous suspensions of highly water
eoluble or water insoluble’ active ingredients. Suitable
drugs for formulating in this way include dextromethorphan,
guaiphenesin and pseudoephedrine or a salt thereof or
.potassium chloride. o ' ’ -
25 - The liquid formulations have good shelf life:- and.
K,X,j : demonstrate’ stability both in chemical terms and in terms of
- dissolution rates up to thirty days. ‘It is estimated that
'the shelf life can be as long as five years.
- In the liquid formulations according to the invention
30. oné can achieve a concentration of active 1ngredient of up
' ‘to 1 g per 5 ml. : = o
' Heretofore many drugs have not been etable in liquid
forﬁ,-for example, analgesics, necessitating a dosage
tegimen'df'every 4-6 hours. The liquids according to the
35 invention offer versatility and the possibility of twice -
- daily administraﬁion-for a'nedicament*suchres; for: example,
analgesics, anti-histamines and bronchial relaxants.
The taste masking feature of the powders according to
the invention'ie'bf:eignificant importance in the area of



30 O her suitable forrrul ations incorporating the mcro- particles
accor{ding to the invention include inhalants, magnas, |nt(auterine devi ces,
pat ches, biodegradabl e wound dressings and ot her topi cal dressings. The

m cro-particul ate powders according to the 35 .invention-are especially .
Sui _ta}_bl e fo_r fc_)_r_rrul ation as liquids forpral I.ocal_ or parenteral- :
adm ni stration.” Thus, they can be fOLqﬁfaIed inliquid formfor use as eye

drops, nasal drops, ear drops, suspensions, syrups, infusion and
~injectable sol-uti-ons: The powders can‘al so be -fornul‘ated as nasal" sprays.
The i nj ect algaeddekuiconedicineasde Boweveyerthis fratpueate s egugl -

; ne ?g:lﬁgult ?rmgdytsabab%xe ﬁét%éitizﬁfﬁ thtfcﬂEel'iJ fw‘:pea , AR thE bbge

ventiqn are i cul ar se '
geriatric ar‘i:bet 65‘&3?’&?%%’ ffitidfe © tgﬁé’?’?ﬁ‘fﬁrﬂs ﬁréﬁvﬁa‘\f‘eeé‘%amﬁ%’ﬁth f eel :
Fur t her nor e;uripleassstt Hol ke hasteybtt imtvirtupldyainmpesrible: koe i ngredi ent ),

the coatg ng dmh&s%ay &m&%&ouéheoréﬁy to anifiaféerausei stifs Of good
o0 chewabl_e t tablets Because of .

‘nout h feel a so a n rve

the micro- ggé%gerﬁﬁtﬁﬁg?ﬁ’ fﬁég% gﬁgggrrIRSQQXperlence a
granul ar seﬂEabwdmngEyef%u¢hukqamadpael|tOIWQﬁAﬂ$9nacet#(ﬂQﬂgctedthE i nvention
15 are sushgmRsigns or syrups of bronchi al relaxants anal gesi.cs, _
anti-pyretics, t ussi ves sp | - naus

anti - hi st am nes;, Qﬁﬁt?’%?ﬁ’?fepiﬂvfé‘ &88 gfrsﬂ?r% %'tsé ffhe@oggme‘m AFPS %uitabl e
li quid. ¥or mpravides centrefilnd ¥@lease %#k&h#ﬂk&ﬁ:ﬁéﬁm@#%¥Hﬂmﬁ aqueous
suspensi ons skl ¥1 1t Sfes Erehl enertadieof BaghUMhEivIGItivesbAgr edi ent s.

guai phenesi PIRTESRELTH R s b ALy Y ISRICE S?XLL?SEL.“‘JH’EﬁPm. de. —
a) are in the form of powders accordlng to. the
_ invention; . _ _ .
15 b) are in the form of" ron-aqueous suspensions of the
. powders according to the invention; or )
| c) are in the form of reconstitutable agueous .
suspensions of the powders accordlng to the
_ . ‘invention.. : o :
'20 ) The powders: accordlng to the lnvention can be used in
pre-nixes for animal feedstuffs and other feed additxves

In addltzon to drugs, nutrltlonal supplements such as

.vitamins can be administered orally to enlmals uslng the
~ powders accordlng to. the invent;on.“,;h . _ _
25 ~ . - Suitable veterinary preperatxons accordlng to the ' i.rdd
znvention include veterinary feeds. boluses, drenches and
weshes._'_ : : : '

In the agricultural field the powders accordxng to the

lnventlon can also be used for preparation of. controlled
.30 release herbicides and pesticides. '

:In the cosmetics field one use of the controlled
release powders according: to the inventzon is as sustalned
release fragrance particles for use in talcun pouders,_

_ creams, lotions and other cosmetic preparations.__ _
35 Each of the particles of the controlled releese powder
.according to the invention represents a true nicrometr;r
with. the active ingredient and.optionellylone_cr_more
excipients uniformly distributedftherethrcugn_as_depicted'in
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25 ~—— The l'iquid fornul ations have good shelf life and dermonstrate
stability both in chemcal terms and in terns of dissolution rates up to
thirty days. It-is estimated that the shel {z11fe can be as long as five
years‘ In the I|qU|d fornul ati ons accor di #g340-t he i nvention 30 one can -
- achijeve a concentration of active ingredient of up to 1 g per 5 m.

Her €t of ore many drugs-have not been .stable in I|qU|d form for exanple,
~anal gesi cs, nece55|tat|ng a dosage regi men.of every:4-6 hours. The liquids
according o tpgg 35 f”!ﬁ@tleeoﬂi,s BHGT 32hbinbe WHdchneePaSRhlliclibheo!
twice daily a A stration Tor a ne for_ exanple,

anal gesi cs, anﬂraﬂiaganrﬂeeraﬁdfﬁﬂﬂnéﬁlaFeFEFQRaHF§’°$FGPPane'HH?EPHQ°“59

feature of theg m%§n§C€ﬂéQpﬁ911Qneh8ndnp93ph93dl Ssoae%beabéacam Example
|rrportance in the area 0

feature is of %dbﬁ}°Vnpd¥Pﬁn§BePE E@SPFnSPgEgﬁdPSPHEV‘HgGP g?ﬁﬁbrginfn°Fhe
gaf? Oftfwélblﬂtlﬁﬁ £ﬂ?ﬂhafhfbu§hbﬁﬁyfhétpblyhehgtenaneeihleofl;henpleasant
itter taste if is virtua e admi cs
orally to anlnnP§ Pk aome f¥ #gg gsselﬁFth8°@ﬁc@§§¥§HP|?ggﬁgg thQ
bitter taste. #Rcerdctpdy, mﬁurbgkaphnoﬁrthefdphakmasonesarefterethed by
| Th t 1
v tos coot PERSGRhyLIYSEhER, bESACI8aEnEA BOE HIPAIEABLARIBACIn! fater

provi des contr Fot1c atio stantta ree from
the taste of sﬁmd 24thouvsi c Ooe phaleftewitbap UﬂtFéFeFFFEFyuHGeOthch

érg)lﬁrfﬂgpfgh§?£#%@@9£ fovdggsiaccording to the invention; 15 b)

non-agqueous suspensi ons of t he powgers accordln &P the
(nvention; or c) ar@hﬁﬁm%ﬁéoﬂéFﬁiEfnPEESﬁsttGP&bP@’ Gd§§scan also be

demonstrated by their. dissolution profile. Referring, for

example, to Examples 1 and 2 hereinbelow, it is found that

the dissolution rate (D) is directly proportional to the
15 square root of time (t) according to the following

eguation- o

after an initial burst of release of active ingredient which
is considered to be active ingredient lying close to the
surface of the particles. The dissolution rate is dependent
: 20 on the amount of active ingredient remaining in the
N % particle matrix at any given time. Theoretically the last
| | "molecule af active ingredient never leaches out. The
dissolution rate is assumed to reach 100% at infinity.
- The particles according to the invention also have a
25. degree of porosity which can be calculated from the absclute
denSity of the particles ‘measured on a pycnometer. The
_ dissolution rate of the particles according to the invention
1 is also found to relate to the degree of porosity .of said
particles._: . _
30 The nicroparticles according to the invention are to be
distingui:hed from microcapsules in that in the latter the
active ingredient is encapsulated by a polymer coating,



suspensions of the powders according to.the. invention. 20 The
powder's according-to the |nvent|on can be used in pre-m xes for aninal
feedstuffs and other feed additi®ves. In addition to drugs,, nutritional .
-suppl ements such as vitamns can be adm ni stered oraIIy to ani mal s using
the gowders dccording to the invention. 25 . Suitabl e veterinary
preparations according to the inventiaa include veterlnary f eeds, bol uses,
drenches and washes. In the agriculturas f< eld the powders accordlng to the
i nvention-can al so be used for preparatlon of ‘controll.ed 30 rel ease

her bi ci des and pesticides. In the cosne

one u ontrolled .
rel ease - powsbeseagcip ey fFmeRethR A% vcﬁﬁ §r§é"§'ﬁt§t%'z§ rileégrgglﬁ'gise |
fragrance paisiteibatédrthmghoutatberpplomesis materinl as §epshibehd ot her .

cosmetlc P eRaLa’ bRl s%‘%a;catea Eackigd. thanpaptos!are alecoiipangiig ol | ed

rel ease ‘po gccord: to the invention represents a true mcromatrix -
Wi th-.the a@FPVé“Hﬁgredlent .and optionally one.:or. nore eXC|g|ents unlforn1y
di stri buted thermbrm@nmrdqiﬂét bel furtheqzligluitbﬁtQ%@Ya 8npanyi ng '

drawi ngsy whigh 1ig: 8o Natdmd e d&ﬁ\%ﬂs Hﬁiﬁre%dtﬁéodﬁﬁblﬁtdehr ﬁﬂtmm ogr aph
of "phar masorres coﬂt alnrn theog XE *‘ §epgr exgea%%rggs in .
Exanmpl e 1 bahenvaripes & ﬂ@’&b& PVet” ofm ve ns or 5 a
labyrinth tlrraaugleoue thdd qm)ltwﬁeerammn%ﬁlaoF‘xthE IpMammdsdRe”. Fig. 2is

a hal f-tone dra N0y Q% a;h ufgr g@ ggmﬁi@gé;omom fil Ogf agiimuaktelie
"pharnasones artér t 43 l.i,ne has been | eached out by. dlssolutlon in
“water for 24%§F§nalcflb“’r% "(é‘f“dﬂ‘?h XY x structure of 10  pol ymeric.

material . The micromatrix nature of the ‘particles.can also .be denDnstrateq~’~;_
by tfmnfodlssolutlon profile. F@fergxxgpLgcy S _ . ;

Preparation of. micro-particles containing theophylline
Theophylline was ground in-a motorised ball mill and
then sieved through a 38um mesh sieve.. .
. Cellulose acetate ‘butyrate (CAB) was dissolved in
- 15 acetone so as to- give a concentration of CAB in acetone cf
| 15% w/v. . :
Hexane (20 ml) was. acded to an aliquot of the CAB
solution (100 g) with constant stirring.:
A portion of the sieved theophylline {10 g) was then
.iO | added to the polymer solution under constant. agitation.to
| ensure an ‘even dispersion of the theophylline. This product
-constituted an internal phase for the: subsequent _ : k_fu’

emulsification step.’ , _
Magnesium stearate was dissolved in. heavy mineral oil
- . 25 . U, s. Pharmacopoeia so as to achieve a concentration of
1. Stlw/v._ This solution was used as an external liquid
. phase.. 150 ml of the external liquid phase was decanted
- into a. tall 600 ml beaker and the internal phase prepared
| above was added thereto. Bmulsification was achieved ‘using
30. a silverson mixer (Silverson is a ‘prade Mark) at full speed
for 2 minutes and then dropping the speed as required to
achieve the desired particle size. - : :
The suspension of particles in- the external phase was
.then introduced into a rotary evaporator and the acetone
35 removed under vacuvm. - The suspension now consisted solely -



%xanple, to Exanples 1 and 2 hereinbelow, it is found that the dissolution
rate (D) is directly proportional to the 15  square root. of tine (t)
according to the follow ng equation: [ERR] after an initial burst of

rel ease of active ingredient which is considered to be active ingredient

| yisag- close-to the surface of; the particles. The:.dissolution rate is
depéndent: 20 on the anount of active pPgredient remmining in the particle
matrix at any-given tine. Iheorethalry*fhE | ast .nol.ecul e of active

i ngredi ent- never |eaches out. The dissolution rate is-assumed to reach

100% at infi Bktgo %Lu.-a'gxz GARA" qingd }O'ﬁttberda%ﬁ&* %&Jeaaeaay@ a 25

degree of poros can ulated, fromthe absol uté density of the
particles m&gﬁr%ﬁtm BigHifRRASe. TR T CERRIAPISHeFMIPAF M e particl es
accordi ng t opabeidle aizieowassfabmd toowradgeofrat A0 tool8he miegr ee of
porosity of said ‘@ﬂéﬁaﬂgéleég{#? cent-lr-tifugé&r% bh8! B%e ¥xtRkdafg to the

i nvention are to stlngw frommc capsules |nthat ma}.ge | atter
the acti e | AbreRiidarantedencTR RARIFLIEG Weh® Shee, vaghed fgPeatefi¥ cas in
the former twetRQiéptanengoetenste itheuexterna) digidi phasel Mheofighalit the
pol ymer i ¢ mgfga@édt . 33<1ERER! PEF AR GnAndr 70 14T uB0L A elciouts BN 2 Of

t he acconpanyrn e lnvention furt ér ég}at ed by the
5 follown %x%?ﬁﬂ‘é‘s}es YRTE Hehesk Sisved Yh%hd?%%‘om?%r? t he

vari ous pharp2ageirid Q80 {iar nuTia¢ inajor propastiad diyp&h%id:!a#dmr%t hod of

U. S.- Phapmac g ebhl r.p.m, usngOOngof sanpl e per
900 m gP m%?ﬁtrgécﬁ%ﬁ’arg}s‘%l %glm?lr%ezéexcl udin nz :
EXAWPLE 1 Prepar FNORLI§FORPELION FatE Ofcthe ot gﬁ%ﬂ é PEnEhe

partzcles was estimated using the Paddle Hethod of U.S.
PharmaCOpoela XX as indicated above. The results were as

) follows:
15 . Time (h) - % Relpase
. 0.5 B a2
1 57
2 62
3 65
20 4 69 -
| 5 73
Y 78
__ 7 85
N 8 91
25 9. 95 .
_ -

e
o

The pafticies.weré féund to be tasteless with complete
masking of the normally bitter taste of theophylline.

EXAMPLE 2
30 Preparation of micro-particles containingﬁparacetamoll'
Example 1 was repeated except that 20 g of paracetamol
was used in place of 10 g of theophylline. 1In the external

liquid phase heavy mineral oil was replaced by lzght mzneral
oil. A major proportion of the particles had an average

35 size of 90 um.



Theophyl | i ne was ground ina motorised ball nill and then sieved through a
38 [&érr] mesh sieve. Cellul ose acetate butyrate (CAB) was di ssolved in 15
acetone so as to give a concentration of CAB in acetone of,6 15% w/ v. Hexane
(20 nl) was added to an aliquot of the CAB solution (100 g) wi t h constant
stirying, A portion of the sieved theophylline (10 g) was then 20 added y
to the polymer solution under constantitagi tation to ensure an even

di spersi on of the theophyllrne Thrsléfbduct constituted an internal phase
for the subsequent: errul si fication step. Magnesi um st earate was di ssol ved-
in heavy m neral,ail R MREO to_achieve .
.concentration ofThf g ﬁﬂf“ %r lelgco |gﬁg\£‘&q’ﬂ§ agagnmgg ’3‘%‘2’5?‘ liquid
phase. - 1503n¢ﬂwﬁﬂ=fPhEdek9e¢¢mﬂsIﬁQ$}P33phase was decanted into a tall 600
m beaker and the internal phase prepared above was added thereto.

Enmul sification aghieved using 30 L on mxer (Silverson is a
Trade Mark) at Med for 2 mnut es%drobpi ng the speed as
required to achieve the desired particle size. The suspension of particles
in-the external plgase was.then introduced int@ a rotary .evaporator and the
acetone_35 rermrbe%_ under. vacuum  The-suspgpsi on now consisted solely

- of polyﬁer coat ed “t'Reophyl | i ne or " phar masones suspended in the external .
Irqurd phase. On /& croscopic exam nati on parﬁﬁcle size was found to range
from 10 to 180 m 2The.particles were centrifamed down and the external 5
phase decanted.: he particles were then washed repeatedly with hept ane to
renove the externdl |iquid phase. The final product was then filtered and
dried at [err] fod two hours. The particles &&re then sieved -with nmesh
si.zes p§ 50, 90, %25 and- 180 [err] - The maj @5 proportion of particles were™

7 - 91

8 S 26
The particles were found to be tasteless.
15 - . EXAMPLE 3

Preparation of micro-particies containing nifedipine.
Example 1 was repeated except that 16 g of nifedipine
was used in place of theophylline. The 1nterna1 phasge
ohsisﬁed'of Eudraoiﬁ RS 100 (Eudregit RS 100 is a Trade J
20 'Mark) in methanol at a concentration of 33% w/v. The _K_guf
external phase consisted of magnesium stearate in light )
mzneral oil at a concentration of 2. 5 & w/v.
' The dxssolution rate of the particles formed was
determ;ned_and was found to be as follqws--V' '

25 Time (h) % Release
0.5 . 25
L 30
.2 35
:3 . 55

30 4 - 70 -
e | g

' The particles were found to be tasteless.



10 retained by the 90 [err] sieve. The dissolution rate of the 90-125 m -
fractibn of the particles was estimated using the Paddl e Method of U. S.
Pharnacopoela XX as .Indicated above. The results were as follows: 15

Ti me (h) ' - % Rel ease 0.5 _ _ 42 1

57 | 62 3 - r 65 20
.. . - 695 - 736

787 .- ggg “~AE- | 91 25

9 : - 9510 - - '97 The

particles were found to be tastel ess nggrml ete masking of the normally
bitter taste of theophylline. EXANPLE'Z“EU“““Preparatlon of mcro- partlcles

cont ai ni ng paracetanDI Exanple 1 was- repeated except that 20 g of
par acet amol W& pff amicrg-prg perkaining ) dextyomethorphan, na|

l'i qui dt phasefh gycyb,raﬂa@al 0| I was repl aced by i ght m neral oil. A nmgjor
proportion o an _qv 3 The
di ssol ution rate }*‘H’&e rY?EI%?%? d8 ?r? Staég %81&3{?%5%113“

fol | ows: $|newa$rgep1aced by 10 g of dew;ngmeﬁgqggpan hydrobromide.

g552 _ _0 . The dissolution rate of thé3pirt1cles was determzned
and was found to be as follows-

Time (h) o - % Release
et ‘ 0.5 - 45
70
74

- 80

10

15 90 -

o b W N = O

EXAMPLE 5

Preparation of micro-particles.containiqg'saccharin sodium.
; Example 1 was repeated except that ‘theophylline was'd
\\_r/ ' replaced by 6.5 g of saccharin sodium. 'The 1nternal phase
' : 20 consisted of Ethocel (ethyl cellulose) (Ethocel is a Trade

Hark) 45 cps dissolved in ethanol so as to give a

g concentratxon of 15% w/v. Saccharin sodium was added to 50
g of_the_polymer solution. The external liquld_phase
consisted of heavy mineral oil u. S. Pharmacopoeia. '

25 The dxssolutlon rate of the particles was determined
and was found to be as follows. _ . h
Time (sec.) . ~ ' % Release
5 . - 60
10 o 75
30 15 L 89
; 30 ' _ 94

€0 : , 100



3 75 4 - 80 10

5 - _ 85 6 - 89 7
91 8- _ S 96 The partlcles were found to be
tastel ess. 15 g EXAMPLE 3 Preparation of -

o-particles: cont ai ni ng nifedipi né" Exanpl e. 1 was repeat ed’ except that W
16(3 of nifedipine was used in place of theophylline. The internal phase -

" consi sted of Eudragit RS 100 (EudrmpﬂESQOO is a Trade 20 Mark) in
nmet hanol _at a concentratlon of 33% WV The external phase consisted of

magnesi um st earat'e in |ight mneral 0|I .at a concentratlon of 2.5 % wv.

The di ssol Bteparation of migrorpartieles inipg RAGMCERNECEINEd was found
to be as fgyé%]_o}&de,  Time (h) S % Rel ease 0.5
. gg %0 - gPe procedare of %Qaﬁple 1 was reBeated except thaé“iﬁ%

85 The Spar theophwylidne vaekerrlacsd Pusi®|e&f Pse“@mﬁiﬁePrepar ation of .
i cro- part hg HEScIIUtiaeldi N§O d;ax:tfr GRBt Was pleed Whilchiwamiddesobxeddire 1 was

repeated except that g, 0 I S gd by 10 g of
dext r onet hgﬁ ‘ﬁg ‘{:% 8 58 stl%% EQ%S%%?[%l%ﬁg?a?%ﬁ%i% I’él cles was -

f
_det er ni ned and e Q‘jéﬁﬁéluf'%‘”bé'% PSI f‘bﬁ\é’arﬁ ﬁéef hyas ¢© dettem %

Release ~ and found to be as follows:

10  rime () - - -~ % Release : ,
| 0.5 - - -+ 35 o - *L’J
1 55 - ' : -
- 60
68
- 73
80
84
20
94

15

© WO WmE W

20 - ExaeE?

'Preparation of micro-particles contaxnlgg carbxnoxam;ne

maleate h Cr - S R _ _ . .

Example 1 was repeated using carbinoxamine maleate in ' _ .kﬁ_‘/
place of theophylline. The dissolution rate of the .

25 particles was determlned and found to be as follows..

:Tﬁﬁefth) o "~ - § Release -
30
45
55
65
70
73
78

30

N Vb W N R

35



.5 - 45 10 . -1 - 55
.. 703 74 4

80 5 15 6 . ' ' © 90 EXAMPLE 5 Preparation of

m cro-particles contalnlng saccharin sodium Exanple 1 was repeated except

t hat {heophylllne was replaced by 6.5-gQf saccharin sodium The internal
phase 20 consi sted of Ethocel (ethy#-&@k+u|ose) (Ethocel is a Trade Mark):
45 cps dissolved in ethanol so as to give a concentration of 15% w v. -
- Sacchari n -sodi um was. added to 50 g oigéggﬂggbyner solution. The external .
i quid phase con5|sted of heavy m ne S. Pharmacopoei a. 25 .
The dissolution rate of the particles was deternmined and was found to be as_

gglagms T]r$¥4§§¥§tkon -of mzcrofparticiﬁE@iéﬁﬁiiding_gua1phenesin
89 30 - _ Example 1 was rgggﬂéﬁd except that ‘theophylline TBB 'EXANPLE

6 Prepar at i arepifacedc bg- gaaipuwmdﬂ-al-ﬁlmb p&hed pphywe ¥ ROIMFdPBChI or i de.
The. procg dur@%ﬁ sﬁwakeséha@a r@Radket £ £ Mradeakatkp Gtnyiheophylline
was Tepl aced seu E%Fiedl‘l ne %}céiroct},l orlgg i‘;e ﬁ% of CAB was
used which V& ]dﬁlé‘:? )véd 58 AR AL £ 88 m the pol’ymer

sol ution. 1Tmnnhenymhmﬁpnnofa25$(ﬁ/W}he partlcles was detern1ned and found to

N O™

be as fol lows: The external phase consisted of an aquecus solut;on of
_sorbxtol 70% w/w (sorb1t01 solution B.P.)

, 10 : Upon removal of the solvent of the internal phase the

\~s~/ - . particles or "pharmasomes” remhined'suspended in the '

'sorbitol'solution. The particles were harvested by
decanting the sorbitol solution. The dlssolutlon rate of -
the particles was determlned and was found to be as

.15  follows:

Time (h) 2 " g Release

50
55 -
61 <
64"
70
76
81
87
93 . -

-

.20

25

@ N M bs W N O
1

Example 8 was repeated without decanting the sorbitol .
solution. The suspens;on thereby obtained was £lavoured and
‘made up to the required strength for use.as an oral . '

30 ' suspension. ' T :



10 Time (h) : ' % Rel ease 0.5

35 1 . 55 2 _ 60 3
68 15 4 : 73 5 -
| gg 60 - S 847 : | " 90 8
7 : EXARRLE 7 Preparatlon of micro-particl es?r'S

contalnlng carblnoxanlne mal eat e Exahﬂﬂé'l was r
epeated usin car bi noxam
mal eate in place of theophylline. The dissolution rate of" tﬁe 25 e

particles was det erm ned and foundmb&
_ égqgfdlm& ﬂne(m

% Rel ease 0.5

30 30 3 . | 2
30 30 3 45 4 |

23 35 Preparation of micro—pﬁﬁtfbles containing. erythromyc;n bage 7

mhcr o-particl esEXBRYS ﬁ&‘gﬁgf’eﬂté‘r'\%seixrf 1"atﬂgt by tEngtggegicrsgfolt Otnth |
t heophy! | i meplased oo Ryt HFPIY G ARpPASRs| THEL n§°§Yﬂ? BBglymer sol ution 5

consi stged Q«Iu'éhbecsf éﬂ]hﬂ.@ﬂe neetate aﬂftmtle) agctmnu;epneupssetq c
di 550l ved 10 SI0SEa5Pa 3° Juti ¥R 3: 9NV dAbbBulod FeW ue the b

partzcles was determined and was found to. be as follows-

- Time (h) : L I Releasgn

. Z
w o

20 . | .
e - g _ST,-/
40
55
70
78
87 .
95

10

15

SO bs W= O

Other mixed polymers were used in the internal phase
and proved successful in achieving a 100% release of the
active ingredxent from the part;cles formed. Bxamples of

~

20 mixed polymers used were as _follows:
.~ . . _. R - . . N N \ ;\‘\ 1 . o o | . - . |
. Eolymer - - " Ratio : N
Tﬂ*ééllulbse acetate-butyrate/ | .
IY'PQlyvinylpyr:clidone 9:1

S ' Cellulose acetate buiyrate/
25 . poleinylpyrrolidoneuc o 41

Cellulose acetate butyrate/ _ o
'Poly(methyl methacrylic acid) 1:1

Celldlcse_aéetate:butyrate/
Poly(methyl methacrylic acid) 331



i ) . i

The external phase consisted of an aqueous solution of sorbitol 70% w w
(sorbitol solution B.P.) 10 Upon renoval of the solvent of the
internal phase the particles or "pharmasones" remained suspended in the
sorbitol solution. The particles were barvested by decanting the sorbitol
solwtion. The di ssolution rate of thevgl-cl es was determ ned and was

found Yo be as 15 | follows: Time (h) . _ ' % Rel ease 0.5
50 1 - :

3 o Polzger ‘64 25 2 : Ratio 7Oﬂgl 20
76 6 o .. 817 | 87 25
8 _ Eudragit RS/EVArByMAuE 9 Exanpl e ﬁ]yvas repeat ed without

decanting the sorbitol solution. The suspension-thereby obtained was
fl avoured and made up to the required strength for use .as an oral 30
~ suspension. - EXEvRe€el/fpdiyiaydpyorokiidomecr o- par?ilcl es contai ni ng

erythronmycin base Exanple 1 was repeated except that theophylline was

repl aced by erythromycin base. The 5§§é§§é%gied was a 5 mxture of
cellul ose acetate butyrate and cell ate phthalate in a ratio of

2:1. The dissolution rate of the particles was deternined and was found to
be as fO'é(ﬂM%:éBhEﬁziBa of theophylline syrupX Rel ease 0.5

20 10 - Particles Q
. prepared according to Example 1 were
suspended in a sugar solution in water {66%) so as to obtain
T _' a theophylline syrup contalnlng 200 mg of theophylline per 5
\e\,/ o ml of syrup. When admxnlstered orally the normally bltter'
-10.' taste'of theophylline was completely masked.

PHARMACOLOGICAL DATA

The plasma level profile of theophylline was obtained from
the mean values obtained fof two subjects according to the
data listed in Tables 1 and 2.  Fig. 3 is a graph of plasma
15  levels (mcg/ml) versus'time after administration (hours) for
' the syrup prepared according to'Exemple 11 based on the
values indicated in Tables 1 and 2. o '
It will be observed from the accompanying Fig. 3 and
~ Tables 1 and 2 that the plasma levels after 10 hours are not
K\ W, 20 signifioantly-different from the plasma levels after one
_ hour.l Accordingly, the graph shows a prolonged absorption
E phase with the minimum of fluctuation of plasma levels over
10 hours. Normally, theophylline (rapid or immediate
_ release) peaks at 2 hours. The apparent biological half-
'25:"life of theophyllzne has been found to range from 4-9 hours.
One would normally expect half the peak plasma levels by 7
'hours'and approximately one third of the peak plasma levels
by 10 hours. '
: These results suggest that the syrup prepared according
30 to Example 11 could potentially be dosed gquite safely at
intervals of 12 hours i.e. twice daily. This is half the
dosage frequency of conventional non-sustained or immediate
release theophylline. '



2 - 40 3 55 4 - T
70 A 78 15 6 | -

87 7 : * 95 Ot her .ni xed polymers were used in the

i nt er nal phase and pr oved successful in gghieving a 100% rel ease of the
“actifve ingredient fromthe particles feor@®e Exanples of 20 -nixed N I
pol ymers used were as follows: Polyner - - Ratio

Cel lul ose acetate butyrate/ polyvi ny& | i done 9:1

Cel I ul ose acetate ‘butyrate/ 25 %l nyl pyrroli done . '

4:1 Cellul ose acetate butyrate/ Poly(nethyl nmethacrylic acid) 1.1

Cel | ul 0se 3Rt BrlEl YSRIY RESULTEEL NI QP PHARMAGUKINETIC DETAL -

Pol yner = - Rario Eudragif RS Eudragit RL

9:1 Ethocel/pol yvinyl pyrrolidone 9:1 EXAMPLE 11 5 Preparation of

t heophyl | i moymm:ﬂr-tl@tbanoﬁepar ed according to Exanple 1 were
suspended in a sugar solution in water (66% so as to obtain a. theophyl l'i ne
syrup cont ai ni nE'ZOO E of t,sﬁophyl line per 5 m of syrup. Wen

adm ni ster y bitter 10 taste of theophylline was
conpl etely masked.  PHARMAQOLOG CAL DATA The plasma | evel profile of
.theophyl | i ne was .obtai ned from t.he mean val ues obt ai ned for two subjects

2000101010 11 S it Rokib B 2 10 315 2 0rapn of plaame

. SUBI  0.00 “1.00 * . 2.00  4.00  6.00 8.00  10.00
1 - 0.00 3.15  4.25 -4,7Q 3.45 -7.3.00; 2,85 N/
2 0.00 2.90. 4.85 5.05 '5.00  4.30  4.25 !
MEAN 0.00  3.03 . 4.55  4.88°  4.23  3.€5 3.55
ST DEV  0.00 0.18 0.42 0.25  1.10° 0.92 0.99

« cv (8) ©0.00 5.8 . 9.32 5.08 25.94 25.18  27.89

MAX  0.00 3.15  4.85 ~ 5.05 5.00 -4.30 = 4.25

wiy.  0.00  2.90  4.25 4.70.  3.45 - 3.00 = 2.85
'+ ‘Coefficient of variatien - - Uy



15 Igvel s (ncg/ M) versus tinme after admnistration (hours) for the syrup
prepared according to Exanple 11 based on the values indicated in Tables 1
and 2. It will b€ observed fromthe acconpanying Fig. 3 and Tables 1 and 2
that the plasma | evels after 10 hours are not 20 significantly different
from-tthe plasna lI'evel s after one hour.2®ccordingly, the graph shows a '
prol onged absorpti on phase with the Tid€ mum of fluctuation of plasma | evel s
over 10 hours. Normally, theophylline (rapid or inedi ate rel ease) peaks at
2 hours. The apparent biol ogical haléﬂ_ﬁga&fz life of theophylline has been
- found to range from4-9 hours. One To—formal |y expect half the peak

pl asma | evel s ‘by 7 hours and approximately. one third of the peak plasnma _
| evel s by 10 hours. These results suggest that the syrup prepared according
30 t BPLE e okeptially be dosed quite safely at intervals of
12 hou?gﬁié?e. .tﬁ\nﬂ%e ?ﬁ°fj‘y"g %ﬁ?é is half the dosage frequency of - °
conventional non-sustained or inmedi ate rel ease theophylline. TABLE 1
BLOOD PEXEMACOKINERESEBARAMETERSNARY OF PHARMACOKI NETI C DATA THEOPHYLLI NE - .
600 mg S.D." PLASMA LEVELS ntg/nl HOURS AFTER ADM NI STRATI ON" SUBJ 0. 00
1.00°- 2.00 - 4.00 6.00 - 8.00 10.001 .« - 0.00  3.15. 4: 25
4:70 © . 3.45 3.00.  2.852 0. 00 2. 90 4:85 5.05 = 5.00
4.30° 4.25 VBAN* OPBAKING3.F¥RAK 4. 60max)/cGfn) 4ERDMINATION® HALFILGE

ST DEV  0.00 18 e Qe42 _ 1, A0y, 0 92 9 oV (9 ,Q 00

' 5.84 9. 32 ‘°‘§8’08 _.zg?.gﬁ. 2%‘.5113’“%527?‘591%? "%"%0.000“_9’%. 15 @1’# |

5.056  5.00 1%O0%pH) TF(max) ¢(max)o.00 2.90 ~ 4.25KEL.70 -3.45
8.Q0 2.85 * Coefficient of variation : o '

1 34.67 . 4.00  4.70 . 1.65 0.05  14.51

2 . 4313 4.00 5.05 . 1.19 0,03 20.74
' MEAN 38,90 . 4.00 4.88 1.2  © 0.04 17.62
©§T DEV 5.98 " 0.00  0.25 . 0.33 - T0.01 4.4
eV (8) 15.36  0.00 © 5.08 - 22.91 - * 25,00  25.00

BASED ON MEAN BLOOD LEVEL CURVE

MEAN .. 4.00  ‘4.88 -  1.37

* Area under _curvé



TABLE 2 THEOPHYLLINE - 600 ng S.D. PHARMACOKI NETI C PARAVETERS AUC

ﬁEﬁé&¥G XEAK C(max)/ C(m n) ELI M NATION HALF-LIFE (0. 00- TI VE
H 10. 00 HOURS = RATE T 1/2 10.00: H) T( rrax) C('max)

EL 1 34. 67 4.00 = 4.70 . 1.65 0.0 |
14.5¢ 2 - 43.13 © 400 505 - - 1.19 : 003 =
20. 74 MEAN 38.90 - 4. 00 4,88 - | 1.42 . 0.04 | N
17.62 ST DEV =~ 5. 98 000 025-3%- 033 o001
4.41 CV (% 15.36 @~ 0.00 5.08 ' 22.91 ' 25.00
55330*BQSED CNdNEAN BLOCD LEVEL CU AN 4. 00 N 4.88
1. rea. under curve - EXAMPLE yl 1'i ne Sus ension Theo 1ine-
g]f{opaétlcles "Pharmasones. (prepared as per. Exanpl e E) wer e suspggégglPﬁ :
b V\qu:“ghtvaﬁ-l & ﬁqgﬁbsgﬁ&geésm,pf 70% Sor bitol Sol ution - - 89.9% -

| o
0. 1% by, wei ght OﬂFﬁH@Yhé?Rﬁ miFropasticles 6%%3&? gﬁggghggkﬁﬁggﬁfg?ﬁﬁﬁg 280
My t heophyl peneExmiple I . weceduspenfedhin sy shiapdidovehirle SMRSIFAPIr oom

't'erhrpera ureggndtested at intervals to determne the stability of the -~ -
p arrrg ome$™" in suspension. 15 - At the tine of preparation the :
assayed content of theophylline was 188. 4 ng/5~n1 and after 15 weeks it  was
70% Sorbltol Solutlon : 9.9% by welght = o "
Glycerin- Cee _ 10.0% by weight
' Polysorbate-80 0.1% by weight _
{Trade Mark) _ . ' _ o _ ;

10 so as to give a'suspension containing 200'mg'theophylline'
| . .per 5 ml. ' , |
Samples of the suspensxon were stored at room
temperature and tested at intervals to determine the
. stability of the "pharmasomes in suspension.
-15 : At the tlme of preparation the assayed content of
theophylline was 188 4 mg/S ml and after 15 weeks it was
190.5 mg/5 ml indicating that there had been no dhem1cal
breakdown of the drug.
. The dissolution rate was also tested over a 15 week
20 perlod and the results are summarised in Table 3 and F;g. 4.
In summary the data shows that the suspension retains A
its potency and dissolutlon charaoterxstlcs for at least 15 :_ \_,_J]

| weeks:after preparatzon.

PHARMACOLOGICAL DATA

25 The suspension prepared as per Example 12 was tested in
"a six subject bioavaxlabzl;ty study at a dose of 720 mg (18
ml) versus a conventional syrup (SOmophylllne) given as two
doses of 360 mg at 0 and 6 hours. The results sre _
-summarised in Table 4 and Fig. 5. In Fig. 5 the curve (a)
30 represents the suspension of Example 12 and curve’ (b) the

. Somophylline’ syrup used as reference..



190.5 gu/5 m indicating that there had been no chenical breakdown of the
dr ug. e dissolution rate was al so tested over a 15 week 20 period and-
the results are summarised in Table 3 and Fig. 4. In summary the data shows
that- the suspension retains its potency and dissolution characteristics for
at keagt 15 weeks after preparation. PHABRVACOLOG CAL DATA 25 - The .
suspension prepared as per Exanple 12-ygg tested in a six subject

bi oavai | ability study. at a dose of 720 ng (18 m) ‘versus a conventi onal
syrup (Somephylline) given as two doses of 360 ng at O and 6 hours. The
results are summarised.in Table 4 anBABLE; 35 |n Fig. 5 the curve (a) 30
represents the suspension of Exanple 12 and curve (b) the Somophylline
syrup used as reLaLSPEE e bEnS T A N PENSI XAVPLE ~ 12
(200 g/ 5mM ) STABFER P ek BSst i Rt ge 12 (200, sy £ (HOURS) -
0.00 " 1.00 2.00 3. 00 STABILZWY OF DIHSOLUTZONO . 24.00 0 Wks 0.00
43. 30 59.20 75.60 80.00 84.30 87.70 100.00 3 Vs 0.00 39.50
59.10 aek! 1.84.20 87.70 ©99.50 5 Vs 0.00 . 40.00 60. 10
69. 80 —il%.—%gﬂ‘ﬂé;??g’°l-éi_‘%b 99.00 7 “Vks 0.00 42.00 63.00 79.20
84.20 ~ 90.00 90.60 -100.00 15 Wks . 0.00 45.80 60.90 ~72.50 80.70
84.90 88.00. 99.90 - TABLE 4 . MEAN THECPHYLLI NE PLASNMA CONCENTRATI ON

(mcg/ m ) THEOPHYE Nt (h). SOVOPHYLLINE - SUSPENSI ON
| '0.00, 1.00 2.00  3.00 ' 4.00 5.00  6.00 24.00

Wks 0.00 43.30 59.20 75.60 80.00 84.30 87.70 100.00
Wks 0.00 39.50 59.10 70.70 77.90 84.20 87.70  99.50
Wks 0.00 40.00 60.10 69.80 78.20 85.10 85.90 99.00
Wks 0.00 42.00 63.00 < 79.20 84.20 90.00 90.60 102.00
15 Wks 0.00 45.80 60.90 72.50 80.70 84.90 .88.00  99.50

SN w o
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9.75
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9.14 9.0_
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0.0

- 0.0 0.0 0.5
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. 5.25 a2 9.17 6.5 3
9.75 7.0 - 3P~ 1120 9.08 15
11. 75 8.84 8.0 12. 37
- 11.98 | 8.37 10.0
7.52 12.0 TABLE 4  8.99 6.26 20
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-

The data clearly shovs t hat al though the theophylline suspension of Exanpl e

12 is slightly, less bioavailable (87% than the reference,

the tinmne to

peak. and the duratlon of significant blood levels is indicative of a twice

~daily dosage reégr N
~ four tines per day.
" phar masones”

fractions:

wei ght 70% Sor bi t ol

Mar k)

10

15

- 20

25

wer
Exanple 13 -

THREOPHELELNE| PLASMAr
EXAMPLES 13 and 14 Theophyl|ine mcroparticles

anmpre I and screened into two
particle size 5 -

m croparticles having an average.
of l'ess.than 90 nicrons Exanple 14 - mcroparticles
particle size of

‘in a vehicle made

'CONCENTRATIONh tmegmY)ine 25 s

HRLINE.

aver age

g{;g&f)%)t han 90 m gyptryLIRRE pharsmmséuwere suspe(r%jgs

Sol ution e 3reet—RE 591 (Trade
0.7 - - |
0.0 - - 0.0 - 0.0

0.5 ' 7.98 1.38
J.o . 10.24 - 3.57
1. - 8,68 16.09
2.0 8.17 7.31
4.0 : | 7.68 8.81
4.0 - 5.93 . 9.75
6.0 5.25 9.17
65 10.94 9.75
7.0 11.20 9.08
7.5 11.75 8.84
8.0 12.37 9.14
9.0 ©11.98 8.37
10.0 10.76 $7.52
6.26

12,0 - 8

.99

The data clearly

than the reference, the time to

shows that although the theophylline
'§uspenszon of Example 12 is slightly less biocavailable (87%)

peak and the. duration of

51gnifxcant blood levels is indicative of a twice daily

dosage regimen. the usual dosa

is four times per aay.

ge regimen for ﬁheophylline



Pot ass'Lum Sor bat e . 0.3 Titani um Di oxi de 25%

2.7 15 (in 70@6Sorb|tol) Slnethlcone (Trade Mark) 10% Emul si on 0.01
@ ycerin _ o 10.8 Citric Acid ' ,

0.3 S&?lUﬁ]Lauryl Sulphate B " 0.04 20 so as to produce
a suspgensi on contai ni ng 300 ng Theophyl I3e per 5 nl . PHARMACOLOG CAL DATA

The suspensi ons of Exanpl es 13 and 14 Wwe®-tested for bioavailability in
four subjects at a dose of 690 ng (11.5 m) for the syrups of Exanples 13
and 14 versus. a 25 conventlonaﬁxﬁyg &§oggah¥lllne) given as two doses
of 320 ng at ‘0 and’ 6 hours. The—+1nn§§§rﬁmﬁs-sunnarlsed in Table 5 and Fig.
6. The Fig. 6, the curve (a) represents the suspension of Exanple 13, the
curve (b) the SUSﬂﬁiﬁpﬁylBiheEﬁﬁaﬁéﬁaﬁﬁidﬂﬁi rPRarmaaomest) webhe Srapaledl | i ne

syrup used g%gggrdu%; rﬁ%r glgﬁgle 1l QJ&'%%%%MJA*’%Q%W&L@R#MSNA

CONCENTRATI nsi on spensi me (h)
Sonmophyl I'i ne Exanple 13- Exanple 14 5 0
80 " Exagﬁég I8 - micropaPticles having ai. iiirage partxdlé%iite
.. : . - 9.21 6 94
6.45 2 3 5. g4 Of lesd Blag 90 microns S T,
7-74 ' Exagpbs 14 - m:Lcropagt;iqp.es having an gaverage partzcle] a—,i.&e

7-99 6 . - 5.21  of greatef.tifan 90 microndl3

- : The "pharmasomeSF.were suspended'in.a-vehiele made up

w ‘ C.f H L
. : ) ) _ _ NS ]
10 B , L o t by weight_'
708 sorbitol Solution - ... -85.3
Avicel RC 591 (Trade Mark) o 0.7
Potassium Sorbate - - S 0.3
- Titanium Dioxide 25% 2.7
15 (in 70% Sorbitol) ' _—
' Simethicone (Trade Mark) 10% Emuls1on _ 0.01
~ Glycerin _ _ . - 10.8
. - Citric Acid ' g 0.3
R SQdium'Leuryl Sulphate . 0.04
o/ i | |

20 _so as to produce—a suspension contaznxng 300 mg Theophylllne'
perﬁsﬂml.

 PHARMACOLOGICAL DATA

The suspensions of Examples 13 and 14 were tested for
bioavailability in four subjects at a dose of 690 mg (11 5
ml) for the syrups of Bxemples 13 and 14 versus a
25 conventional syrup (Somophylline) given as two doses of 320
| mg at 0 and 6 hours.  The results are summarised in Table 5
and Fig. 6. The Fig. 6, the curve (a) represents the
- suspension of Example 13, the curve (b) the suspens;on of
Example 14 and the curve (c) the SOmophylline syrup used as

- - 30 reference.



6.5 ' 8.79 _ - o= T 12. 00

6. 74(. 6.93 15 7.5 12.01 8 _ 12. 11

6. 03 - 6.47 9 11.61 - : . - 10 .

10. 17 5.35 5.82-12 - - 8.07 4. 06 -
5.02f20 - . 15 . o 2.77 - 4.04 18 ™
2.22% . .2.67 21 - 2.44 29 - 1.79 . 1.95. 24

1.55 1.28 1.59 The results confirmthe findings for

Exanpl e 12 as 25 indicated in Firg. 7, wherei.n curve (a) represents the -

suspensi on of Exanple 12, curve (b E&&Euépenm on of Exanple 13 and curve -
(c) the suspenS| on of Exarrpl e 14. EXAMPLE 15 - PARACETAMOL SUSPENSION

“'Paracet aol "pharnmasones": re p‘@pded in a
i qU| d vehi cl e pr’%‘r cgE Qgﬂﬁﬁgéﬁéﬂﬁcgéwéﬁé@g a "g ypensi on,
cont-aiing 300 ng of Paracetanol per 5 1. The siisfensian uas.stored at
‘room tenperature and tested at interval gugpénafbgweeksusﬁéniimtl me of

. preparation the assayed .content was 10 .8 mg.(paracgganol) per 5 n
and after 30 weeks was - '297.9 ng/5 M indi cg ing that there was no .
significant |oss Timeadhi)vi Somophyikiqpe hExample 13 ne M&lﬁ-dl ssol ut'i on

was.al'so tested and the results are gl ven i'n Table 6.° 15

TABLE 6 PERCENTAGE DI SSOLUTI O o .. TIME (hy
| 0.5 . 9,53 . . 2.65 1.98
1 10.14 - . 5.08° . 4.07 -
1.5 9.21  6.04 . 6.45-
2 8.64 7.16 = 6.81 -
10 3 7.74 . 6.93 7.67
- 4 6.82 7.76¢ - 1.99
6 5.21 6.46 ~  7.08
6.5 8.79 A
7 12.00 - 6.74 . 6.93
15 7.5 12.01 - =
8 12.11 6.03 7 6.47
10 10.17 '5.35  5.82
12 8.07  4.06 5.02
20 15 - - 2,77 - 4.04 | R
18 - - 222 . 2.67 L
C2t 2.44 © . 1.79° - 1.95 | :
24

1.55 1.28 . 1.59

The results conflrm the fxndings for Example 12 as :
25 ind;cated 1n Eig. 7. wherein curve (a) represents. the
suspensxon of Example 12, curve (b) the suspension of
' Example 13 and curve (c) the suspension of ."..xample 14.



0. 00 1.00 2.00 °  3.00 4.00 5.00 < 6.00 O Ws."' 0.00 56. 50
70. 60 { 76.00 - 81.30 83.80 86. 30 20 2 ks 0. 00 58. 40 71.80
. 80:40 81.70 86.40  87.90 5 VWks. ~ 0.00 56.90. 72.50 77.20 80.40
83. 90 84.40 7 WKs 0. 00 55. 30 69. 10 75.40 80.30 82.90  84.70

15Ws { 0.00 58.90. 69.30 76.78.. 60 82.80 84.30 30Wks 0. 00 .
58.10 " 71.50 - .76.90 81.90 84.70 - @& 30 25 A graphic representation
of these results i's shown in Fig. 8, . The suspensi on was tested for

bi oavai | abiHl ity in. 6 subjects at a dose of 1000 my versus a reference
sol ution (Dozol-Elixir (Dozol is a TREMPLERIR)) which was given as two
di vi ded doses of 500 ny. The results are given in Table 5 7. TABLE 7 MEAN

- PARACETAMOL  PLASNVA“ CONCENTRATI"GING, e - Suspension of
Time (h) (DOZOL) é§ﬁﬂkﬁikg§?§§§fﬂﬁi 0.0 _

0.0 _.0.00.5 _ 7.74 . -3.44'1.0

6. 49 3 ‘Paradetimol. Opharmasomes” pfepdred as per Example 2 36 3.0
3.04

were. susp%?%%% ii a liquia Giﬂgcée gr%?%fed az £%& Exaﬂ§1§3

4.60 6.0

2.65 7.05 12 to g:.vq; agguspension contaznlggQBO(g Ry of Paracetamoé} per

1.88 20 5 m1.9. 0 ' - 4.00° - - 1.63 10 0

3. 05 . + g 1.06 14. 0
1:10 _ The' %&éﬁ% %é 8 was stored ato éém temperature an 0 49 25
24. 0 teste@ qg;xntervals for 30 weeks

_ At the time of preparat1on the assayed content was
\_\v/.: 10 299, 8 mg- (paracetamol) per 5 ml and after 30 weeks was 297.9
’ mg/5 ml indicating that there was no. 51gn1f1cant loss of _

actlvity
Durlng the above time per1od the dzssolutxon was also

tested and the results are given in Table 6.
15 . | | TAELE 6

., -PERCENTAGE ‘DISSOLUTION e o -
A s
TIME (h) |

o.co f.00 2.00 300 4.00 5.00  6.00

Q 0.06 56.50 70.60 ~76.00 81.30 83.80 86.30
& :°0.00 58.40 71.80 80.40 81.70 86.40 87.90
=" 0.00° 56.90 72.50  77.20 80.40 83.90 84.40
s 10.00 55.30 69.10 - 75.40 80.30 82.90 84.70
s 0.00 58.90 69.30 76.78 80.60 82.80 84.30
 0.00 58.10 < 71.50 76.90 81.90 84.70 87.30

20

- 25 A graphic répresenﬁation of?these-:esﬁlts:is Shown in Fig. 8.



A grgphic representation is given in Fig. 9, wherein curve (a) represents
t he zﬁspen5|on of Exanple 15 and curve (b) the conventional Elixir. The

data shows that although the suspension of Exanple 30 15 is slightly |less
.bi oavai l abl e (9099 than the reference, the blood level is nalntalned for =
al st twi ce as |ong-equating to hal vingepf the dosage frequency. . -31- &
' °LE 16 " Phar masones" were preparec per Exanple 2 and suspended in

quuid as per Exanple 13 so as to. give a suspensjon containing 320 ng per 5

m . ~ This suspension was tested for 5 |oav Iab|I| 6 Jects'using
a conventional (TShe®RSPERSIAB YAS k%“lﬂqbfPf °?v?n %yé& ‘Xﬁm ngl e dose

of par acet anphb jedes s ardeose20001 0P @RIl vezspe) a\geferenre 8P ekPhing two -
doses of Tyl gnol {¥1QGiF0Xpdko? £8Ca Orfade MarxThowiinivas givemwiasen in

abl e |
EOVCEN?RA%?M(%@M dreee; £1cE0 - S@Eé\%.ﬁgﬁtwl W‘% Tyt enol

EI|X|r) 5 Exanple 16-0.0 - - 0.0 15
0.5 S 1433 figgﬁ $'0 .. 1405 -
15.09 2.0 . -~ 6.69 —T4.34 3.0 : 6. 95
13.24 4.0 - 40930 11.53- 20" 5,
15. 53 - O.MEANS PARACETAMOL PLASMA CONCENTRATIONS (mcgémbg 50
12.72 6.10 7.0 .. 0 8.92 4.43 8.0
g:ié S S . Ré%géénce S ngpen5§o§4§f -
| Time (h) - . (bozOL) . zxamplellsi . S
10 0.0 0.0 | 0.0
' 0.5 . 7.7 . 3.44
‘1.0 . 6.49 . .  .6.05_
2.0 4.14 = 7.36
. -3.0 3.4 . 5.80
15 4.0 2.04 | | 4.60
| 6.0 108 3.15
6.5 ~ 5.33 | ~ 2.€5
7.6 5.88 . 2,26
o 8.0 4.79 - 1.88
20 . 9.0 ‘_ 4.00 . L. 1.63 _
| 10.0 -~ 3.05 - 1.44 vl
126 1.81 - 1.06 ' '
7140 116 - 0.72
R TN T . 0.69 . . 0.49
25 2800 . 018 .. 0.4

" A graphic representat:.on is g1ven in FJ.g. 9, wherem
curve (a). tepresents the suspension of Example 15 and
"curve (b) the conventional Elixir. .

'The data shows that although the suspension of Example

30 15 is slightly less bioavailable (90%) than the reference,
' the blood level is maxntaxned for almost twice as long

equating to halving of the dosage frequency.



12.0 - 2.17 1.10 14.0 o 1.31

1.10 1&. 0 0.77 - 0.68 24.0° 0. 02
Q.17 The resul'ts are presented graphically in Figure 10 wherein curve
(a) corresponds to the suspension of Exanple 16 and curve (b) corresponds
to thd reference-Elixir. The prol ongeg.absorption profile again can be
seen wwth no 5 .significant loss in hi ailability, indicating a reduced
dosage frequency. EXAMPLE 17 "Pharmasones"” were prepared as per Example 2
“with cellulose acetate being substituted for the cellulose 10 acetate
butyrate. The suspension was preparEXAMPLED@6 Exanpl e 16. © The suspension
was tested in-a 6 subjéct bioavailability study at a single dose of- 2000 ng
agai nst a reference solution (Tylenol -Elixir)_given gs two 1000 Iy doses.
The results APbagmyepmes, Wefecpgepared as per EXample 2 and sUSPEnce® 1 g p g
. MEAN: PARACETAMOL 1 Bb A6\ GNCENARATE ONS sormy/ o) give ensuspehaien o
Suspensi on Ofcogkﬁnéﬂ%oazo ng pet § ﬁh.("—; This gu'sE&ﬁi&Br?w&Z_ Ledked £t

ggl 0. 7% Dbioavailabijitynin 6 su‘bjec_isOQ:-P_ 53 3. tepnventi'onall?‘!_‘%iezq}g
9.15 1.5 - (Trade MarK))) Elixir as referekiell BSsingle dose 9f(
8.19 o parac&ﬁm%l 3‘p§1armasomes"'-2000 @%331.25 m1) was 11.17 4.0
4.35 _.9.40 4. | 13.54 " 8537, 4-¢5
14. 00 - adminispeygd and two doses of Tylenol (1000 mg) at O _
S hours. The results are gi\(en' in"l‘iable 8. ' - ,
M g0 . maBLES
MEAN PARACETAMOL PLASMA CONCENTRATIONS (mcg/ml)
: _ Reference .~ Suspension cf
TIME (h) (Tylenol Elixir). Example 16
0.0 | 0.0 : 0.0
15 0.5 o - 14.33 . B.27
1.0 ~14.05 15.09
20 - e.69 14.34
o .- 3.0 : . 6.95 13.24
« o a0 77 4,93 - -11.53
T 20 4 15.53 . - 9.52 -
| TUrge 14.67 g8.08
S ciew0 1272 . 6.10
7.0 8.92 | 4.43
80 6.61 3.54
25 10.0 - - , 3.64 2,43
o 7 12.0 2,17 11.10
14.0 1.1 1.10 -
16.0 077 0.68

24.0 | ~ 0.02 0474




30 . 5.0 13. 02 7.55 5.5
13. o -

. 6. 57 -33- TABLE 9 (contd...) Tylenol Elixir
Suspension of TIME (h) 19gx2. Exarrple 17 2 gx 15
6.0 11. 20 5,71 7.0 : 8. 17 o~
4.54 8.0 . - 5.98 22 3.76 10.0 - 3.42 ¢
2.66* 12.0 ... 1.98 -3%¥ - 1.60 10 g 14.0 ' o
1.24 - - - 1.03 16.0 . 0.82 . 0:83 24.0

0.26 - _ 0. 39 ur es en anyl ng Figs.
11 and 12 agai n""b"erﬁﬁ‘?é’# Erfg%repsr 51(18\# 35‘%3sor )f%'lon na?@ﬂg the

- product. wheFeip c_‘nr\@ur(#é Ga"rmp&ﬁdﬁ}hFoﬂl‘Fﬂ?@l}Qﬁeﬂglm eExarrpl e 19
and curve ib)aﬂé‘ecﬂz%feer(%f)CEoi'yé%dsElththe réferénge ERizirye The)

~corresponds t_ %gﬂeq/s%(peniggg Q&% gi;‘SO?gg(é/%eng) sgh %@ suspensi on of

Exanpl e 16PER Luspenst on

EXAVPLE 188 Opmifianfuossnia; hiwafﬁlélbééaﬁl'r ci—‘%‘%’-‘iﬁtikgpaﬁ%‘ﬁ‘bcﬁﬂare prepared
in the fol fEYWncyAN i nternal’ phase was prepared by dissol ving
ethylcellu gé\% (45 cps‘)"ﬁyn sufficient. ethanol to produce 20025 g of
solution: 100 g of ‘Aspar tane . (Particle size |less than 60 microns) was

di spersed in 300.g of acetone. TIEXAMEBEIR.ids were then nixed by
mechani-cal agi tatlon The external phase was prepared according to Exanpl e

121 tres bei ‘nlgxarrr%slogneeg" wgpee glarep%rgﬁl a@”ﬂe?"éﬂ:ﬂiﬁk Qh@§@hwere m xed
| cellulose acetate being subst:.tuted for the cellulose
10 acetate butyrate. The suspens:.on was prepared as per . . ' T
' Exa.nple 16. The suspensxon was tested in a 6 subject ' L
b:.oava:.labil:.ty study at a s:.ngle dose of 2000 mg. aga:.nst a
. reference solution (Tylenol El:.xir) glven' as two - 1000 mg
doses. The results ‘are g:.ven in Table 9.-

15 S TABLE 9

MEAN PARACETAMOL PLASMA CONCENTRATIONS (meg/ml)

.. Tylenol Elixir Suspension of
TIME (h) - 1g9gx2 Example 17
| | - 2gxl o
o | .. MXE;/”
20 0.0 0.00 0.00 -
' o5 12.30 5.1
e.75 ~ 12.88 7.07
1.0 . 12.29 . 945
1.5 10.17 ~12.01
25 | 2.0 8.19 - . . - 12.47
| 3.0 . 6.00 - 11.17
4.0 4.35 . 9.40
4.5 - 13.54 S 8.37
4.75 14.00 - 8.04
30 . s.0 " 13.02 o 7.85 -

5.5 . : 13.09 - 6.57 -



- 34- by nechani cal agitatibn -and then passed through an enulsifier. The
enul si was placed in a vacuum and the.:gplvents (acetone and ethanol)
gvaporated. The Aspartane/ ethylcelIulose”n1cropart|cles wer e harvested by
5 _cenptrifugation. To eval uate. the Aspartame-contai ni ng "pbarnmasones",
unsmee(ened chemnng gum was used. Pure #gpartanme powder and the prepared
“phar masones" weré folded into the gun?sa(as to give a 0.2% concentration
of Aspartane. Both:types of gum 10  were chewed by. a panel of 24
vol unteers-in a blind,. crossover _manner The, vol.unteers were asked to

report their perceptlon of the | FABRE D (eontde-0do o of 0 to 10) and

duration of sweetness, ~On average the duration of sweetness for the pure
Aspartane contalnlng gumwas 10 nh@qgggl gﬂ}§3ﬂ£5 ‘sUspe HEidhabgi Ng t he '
"phar masones" was percelv d.as being,l ess jntensel ?ut observably
sweet for 30 minutes TINES E?age é?e&#ts are ¥ %ﬁé in Fig. 13
which is a graphic representation. of the Aspartanezsqseﬂness t est g|V|ng
nean val ues for the testing panel of 24 volunteers. 20
EXAMPLE 19 CHEWABLE-TABCETCONTAMNNNG PARACETANVCL T1e TOllomnng materi al s
were m xed together: 1000 g . Paracetanol -"pharnmasones” - as per Exanple 2
(equival est to 500 geeb Paracetanol) 12620 250 g DpHc (Trade Mark)
(Sucrose 97% Dextripsg3¥ 250 g Manngt Py 59 CoIIOIdag.; Silicon Dioxide 25

g Maize Starch 20 g Ma neS|un1Stearat . 15 ¢ ge Flavour 35 g
Orange Col our . 8 E gg 9735“

, .. 10,0 3.42 2.66
\~\,/ | | . 12.0  1.98 _'. . 1.60
w0 .. 140, . 1.24 _  1.03
| 16.0 ~ o0.82 . ‘o0.83

240 . 026 039

- The figures ngen in Table 9 end eccompenylng Fxgs. 11
and 12 agaln demonstrate the prolonged absorption nature of :
15 the product. In Pig. 11 curve (a) corresponds to the
suspension of Example 19 and curve (b) the reference Tylenol
Elixir. 1In Fig. 12 curve (a) corresponds to the suspension
_ of Exemple 15, curve (b) to the suspensxon of Example 16 and
L~«~/ _ _ curve (c) to the suspension of.Eremp;e_17,_w_

20 nxmaét.e 18

: Chewzng-gum conteinzng microperticles of Aspartame were
‘prepared in the followxng manner.
An internal phase was prepared by dissolvxng

ethylcelluloee (45 cps) in suffzcient ethenol to produce 200
25 g of solution. 100 g of Aspartame (Particle sxze less than -
| 60 microns) was dispereed in 300 g of acetone. Tne two

liquids were then mixed by ‘mechanical egitatxon. The

external phase was prepared accord;ng to Example 1, 2 litres

”being.required. 'The internal and external phase were mixed



cont

I ning 300 ng of Paracetanol .

435-£The bl end was conpressed at a wei ght of 960 rrg into tablets each
The tablets were pleasant to chew and the

~dissolution characteristics of the "pharmasones” werg unchanged as shomm in
Table 10 and Fig. 14. 5. TABLE 10 DI SSOLUTI ONNRATE TIWE. ¢hy -

" PHARVASOMES" . - TABLETS 58. 7% ; 59. 2910 : ’ 3.
- 95.8% In Flg 14 curve

79.8%

80. 7% 6 ' : 95.

."ﬂ-

"y

(a) corresponds to the dissolution pa M of the "pharmsomes" of Exanple
19 and curve (b) to the chewabl e tablets prepared therefrom 15 '

EXAMPLE 20 %Zﬁaﬂ@&ﬁ

1@@!16&:'\‘&5@ Bﬂ%@i%@@—t%b& M @kl ets are sinilar

to ch bl bI th t dI h
“do not " needMSIE EREuce <BiinPH Vet FYRREF SRR rati e thels. T oG
1000 g Parssdeeans| (dqstonmeodeethinel hervaparated. 2)'1'r(eq4§paar-em/ to 500 g

Par acet andlgen3Qcd1 Mibid Hictopadt VetédGiesd Harveaté®! vyl 0se 5
Strawberry Flavogﬁg& g Red Col our 60 g Cross-Povi done 5.g Sodi um Lauryl

SuI phat® 3F°3*EA

10

15

20

25

30 .

To evaluate the Aspartame-containing pharmasomes s
unsweetened chew;ng gum was used. Pure Aspartame powder and
the prepared pharmasomes" were folded into the gum so as to
give a 0.2% concentratlon of Aspartame. Both types of gum
were chewed by a panel of 24 volunteers ina: bllnd,
crossover manner. The volunteers were asked to report thezr

- perception of the jntens;ty (on a scale of 0 to 10) and

duration of sweetness. On average the duration of sweetness
for the pure Aspartame-contaxn;ng gum was 10 m;nutes. The .
gum conta;nlng the “pharmasomes” was percezved as belng

. less intensely sweet but observably sweet for 30 minutes on
‘average. The results are indicated in Fig. 13 which is a
_graphlc representat1on of the Aspartame sweetness test

giving mean values for the testing panel of 24 volunteers.
ﬁxAMPFEelgj_
CHEWABLE TAB;;E:-;-.' conﬁr_ur'ns 'PARACETAMOL =
The:folloqing-materialstwere.miieé toéetheré

1¢00“g. ?aracetsmol "pharmasomes“ - as-per_Example 2
. ' (equivalent to 500 g of Paracetamol)

259;g.lDipac (Trade Mark) (Sucrose 97%, Dextrins 3%)
256ig"nann1tol S :
5 g Colloidal 81licon onxxde
. 25 g Haize Starch- '
__iO.gl'nagnesxum Stearate
15 é'-Orsnge Flavour =
35 g Orange: Colour |

hyl starch 10 15 g Nhgne5|un18tearate

30 g



15 g 'I@ c The bl gnd was conpressed at a wei ght of 882 ng to give tablets
each contai ning 300 ng of Paracetandl. = The disintegration tine of .the
tablets was |.ess than 30'§econds nd the dissolutjon rate of the

" phar Zasorres" was unchemged as/ dicated in Table 11 and Fig. '15. 15 TABLE
11 Bl §SCLUTI ON RATE TIME (h) " PHARI\/A%VES - TABLETS 1

58.7% . 60 1% 20 - - 3 - 79. 8% ' _
81.2% 6 : - 95. 6% R 95.5% I n Fig. 15 curve (a) corresponds--
to the dissol utlorwa:meamwasrcbﬁ& igdled BBSaweight! ofxaep|mg Adeand curve

b) to th R
CONTAN s NERER PP ich, BoRRREAthd MGl pardefiibhol. > mid Radicrs

hature they WeFe Pieasamtokpngh SHCP%ﬁﬂﬁyeOdS9§FHﬁﬁﬂ9ﬂ &HP§!€%&%§%¥§%EeB§d to be
added to preunat-pnanﬁmsagedurwegeoanmuhgealhbliupwn'Iherimnu\mﬂ«mma of 20 ny

of Nifedi pl[ll_ﬁ encapsul ated into size No. 4, two piece -hard gelatin .
capsules e dlssolutlon rate remai ned .unchanged -as--shown in Table 12 and
Fig. 163 |IT Figure 16 curve (a) corresponds to the dissolution pattern for
t he "phar masones” of Exanple 21 and curve (b) to the capsul es prepared
therefrom 10 TABLE 12 DI SSOLUTI ON ReLELES ) © - TI ME~( h) -
" PHARMASOVES" CAPSULES 0.5 Eiﬁ% 6% T 41, 7% 1
56. 1% _ 54.9% )
' : ' stsonbnon RATE
. ) /s .
R . _TIME (h) .“PHARMASOMES“;_ " TABLETS
B L 10 Z S 17
10 - . 79.8% . .. 80.7%
- -6 .. .. 95.6% . . 95.8% =
In Fig. 14 curve (a) cotrespohds"to'the-dissolufion
' pattern of the “"pharmasomes"” of Example 19 and curve {b) to -
the chewable tablets prepared therefrom.

' rusni“'TABLETs;CONTAINING PARACETAMOL

'elt ablets are sim;lar to chewable tablete except
that they dlsintegrate rapidly in the mouth and do not need
to be dhewed. Such tablets were prepared ‘as follows:




‘ 74. 6% 73.6%5 85. 9%

84 4510 20 . 8 98. W% ° ' - 97.6% Al t'hough
. notwi shing to be bound by any t heoretical explanatien of the invention, it ’
is believed that the polyner substantially but not entkrely coats th
actli e ingredient, because a 100%rel gase of active ingredient can 25 - bé#
achiteved -even Wnen an insol ubl-e pol y-raﬂﬁr-s used. =  EXAMPLE 22 NO\I-AQJEQJS _
SUSPENSI-ON" OF- "POTASS| UM CHLORI DE A non aqueous suspensi on of potassium
chloride_- containing phar masones” )y concent ratl on
of potassium £000rg dd’&;ﬁ%@mﬁﬁ/ 5p ﬁg‘ r#&dgl tg"lug]r'létzo the .
phar masones " cont &i ned(ddiﬁ.vaﬁ.ehhouoriﬁo mlPeGFEﬁY-%‘W USP (Soy cotton

seed éﬁ‘S‘% m " Sorbitol Powder USP

100.00 g 10 5%90 2 (Trade &%{% .« 12.50 g Tenox
Gl 1 (Trade MagBP g Microcrystalline os g Gtric acid

0.025 . g Chocol gpe flmeﬁ:@tmiﬁour '0.52 n Chocol ate

m nt flavour # 395296_ d Colour 0.37 m 15 Fl avour enhancer

1.00 g Brown ék d§ ' : 0. 05 g Titanium

di oxi de 60 g Cross-Povidone g 19 ¢ The total volune of the
suspensi on W t hogt gt hgod ﬂhﬁmrxesmmusoo m. 20 The Sor bi t ol

powder USP and Aer05| %gz Lﬁdgtg/g&;) were dry bl ended and them bal
mlled with the38 8 nt&" ce an_even dispersion. The Tenox GI 1 -
(Tradepdbr k) whildhgi sMagne ‘F‘“ S5e3IAt®and the citric acid were dry bl ended
and t hen di spers_,_gd V\H;-Qleonstant agitation into the 25 ol mxture. The _.
chocol at e ‘and chocol ate m nt flavours and R o ' u

The blend was compressed | at a weight of 882 mg to g;vep

tablets each contain;ng 300 mg of Paracetamol. The

d1sxntegratlon time of the tablets was less than 30 seconds

ssolution rate of the *pharmasomes” ‘was unchanged

and the dz

as indicated in Table 11 and Fig. 15.
15

TABLE 11°
DISSOLUTION RATE
Tzuﬁ (h) "PHARMASOMES®  TABLETS | . |
1 ']58.7%'f”:f o 60.1%
20 -3 . . 79.8% ; - 81.2%
e . 9s.68 . 95.5%

In Fig. 15 curve (a) corresponds to the dissolution

patte:n for the "pharmasomes” of Example 20 and curve (b) to

the melt tablets prepared therefrom. -



the fl gvour enhancer were then dispersed into the oil mxture. Finally, the

Br own ke dye and the titani um di-oxi de were added to the oil mxture and

the resultant mixture was agitated for one hour to ensure even dispersion

30 . of the various ingredients. An anount of potassiumchl.oride -

contailni ng "pharrrasorres" prepared accegding to the procedure descri bed I n

Exanpl e 1 but substituting potassium chla&i<de for theophylline, and

equi val ent- to 300° ng potassium chloride -per 5 m was bl ended toget her with

the 35 ofl mxture resulting in an_evenly:.m xed suspension. CLAI M5 1.

A controlled release ‘powder .cont ai ni - e mcro-particles for use in

control l.ed rel-ease conposltlons sai d. pomder conprising 5 particles

contai ning an active ingre@pguregde ﬁ@(ﬁ#)l ent-in intimte

adm xture with at |east one nonLtggméﬂ%o yrrer& gg% of said particles bei ng -

in the formof a mcromatrix-with the active |ngred| ent. and the excipient,

i f present, uni forahqmmedj'uueﬂetjsrepxﬁwustﬁérrﬁample sai dsyl O

particles ha n ﬂ% ot &% . and havi ng
YaldraeRUFalle Free kfod  a3308nky o tsﬁekégrs.w{

a predeterm ned rel ease of. actlve I ngr ion rate
thereof is mEkERFateResdaf to P8 ?%%édhpsewe%oﬁwiessdum macopoei a XX .
at-[err] andcapsnle.fillsaigi pThei equivalenthef PO\G@faNifeshnind wae rate

which 155 '%néﬂB&éﬂ’Eéé"i‘rﬁEo‘”’ngQrﬁéOrk”" thd piece Hitaeqbpgts ! L1MTE 2. A

controlled rel easeé) wder accor
an average sC2BSPIe%he Theh 85°?'\5“1‘UD ’Féner fe'“?sined unghapged A§ &NOWB| case
powder accordnn'gabbedlhlamdlmg.zns. Ih N/getelmtdiﬂ:mt(a)recomsgdnaat is a
drug, a nutrigngne aaﬂs%»m&bagpag@&n @oaatﬁwe%»girh@%%gsm 1e” |

controll ed r !leas ccord aim I erern. e act [ ve
i ngred| ent g % ‘g‘l}'rlené g&ﬂt %\ “Ps"les P‘epared *'he”'frm .

TABLE 12

DISSOLUTION RATE

15 __TIME (h) _"PHARMASOMES"  CAPSULES
- 0.5 . 4268 . s
o Lo SR "'_56 - 101 S
A e 5 _'as 9%, T sa.as _
20 98.7% ' o7.6¢

Althoug‘h-not wishing to be bound by any theoretical
explanation of the invention. . it is believed t.hat the"
polymer substanf.ielly but not entirely coats the- active e
ingredient,. because a 100‘ release of active ingredient can S
25 'be achieved even when an insoluble polymer is used. N

e partlcles have . -



fragrance,

sel.ected from al kyl celluloses, hydroxyalkyl cellukoses, .cellul ose ethers,

cel | ul ose
aciQé and

a herbicide or a pesticide. 25 - 5 A controlled rel ease
powdér according to any one of clains 1 to 4, wherein the polyner is

esters, nitro cellul oses, polyners of acryllcwand met hacrylic

esters thereof, polyanm des,28oly- 30 * carbonates, ponaIkerneéé

pol yal kyl ene gl ycols, poly- al kyl ene~8%i des,- pol yal kyl ene- terephthalates

pol yvi nyl

pol yvi nyi_pyrrolidone,
co-pol ymers thereof.. 35

al cohol' s, polyvinyl ethers, polyvinyl esters, polyvinyl

hal i des, -

pOlyglyCO|IQQ§mﬂ@ﬂ y3i | oxanes and pol yur et hanes . and
6. —A process for -preparing a controlled.

rel ease powder according to any one of clains 1 to 5, which conprises the

st eps of:

a) NONWAQUEDUSOEUSPENSION OFc POBASSHIM 6FL98¥§Hhers in

a

sol vent ;" b) dissolving or dispersing the active |ngred|ent in -said polyner .

solution so as to forma uniform5

removi ng the

sol vent from t hi. pontaguecys. &&sPﬁpiﬁﬂﬁmq$ PPEPﬁ’%%?t FesgﬁaV|ng an average
size in theohtRERiRg 1-;marb250{aes1']vaﬂ prepargdockavingcdording to claimé,.
wher ei n t he B%Qx"c%ﬁ,onl%f %lgttgkgggmt@i%ﬁraeabgrm n@/semllnaﬁdnealﬁa:mge 5 to

100 [er |

to clhaimé6. o
‘selected f. rmrraﬂéu-ewn e SPIRETY zﬁ°8§8ﬁ3féd&‘§|m?§?if%pc %
-haIogenateqng&gagaheshydrocarbon conpounds

oceSss "accor

e sol vent
ompounds,
aromatii ¢ hydrocarbon conpounds

and 15 cyclic ethers or a mxture thereof, and the sol vent -is renpved in
step (c) -by spray dryi.ng, "use of ‘ap external 4 qui Qﬁpe phase

separ ati on 0ilnUSPf atPey + RAKHAET sﬁ@ﬁbm tion or coacgzr vat ion:

10

15

20

25

30

35

phar maceut 'sfb%lbxiemppawdér)msmnt aining a control | ed00.00 g
' Aerosil R 972 (Trade Mark) = - o 12. 50 g
Tenox GT 1 (Trade Mark) ' 0.20 g
Citric acid ' 2 ' 0.025 9
Chocolate flavour # 396676 . . 10.52 ml
Chocolate mint flavour # 395496 . 0.37 nls
Flavour enhancer o 1;00: g
Brown Lake dye . : : 0.05 g

Titanium dioxide ' ' | _ 0.10 g

The totalﬁ§61ume of the'eusﬁension'without“tne
pharmasomes' was 500 ml.
The Sorbitol powder UsP and Aerosil R 972 (Trade Mark)
were dry blended and them ball milled with the oil mix to
produce an. even dispersion. The Tenox 6T 1 (Trade Mark)

‘which is an anti-oxidant and. the citric acid were ary

blended and then dispersed with constant agitation into the
oxl mixture. The chocolate and chocolate mint flavours and
the flavour enhancer were then dispersed into the oil
mixture. - Finally, the Brown Lake dye and the titanium

‘dioxide were ‘added to. the oil mixture and the resultant

mixture was agitated for one hour to ensure even dispersion

of the various ingredients._ An amount of potassiun chloride

- containing pharmasomes N prepared accordxng to the. _
procedure described in Example 1 but substituting potassium
chloride for theophylline. and equivalent to 300 mg

'potassium chloride per 5 ml was blended together with the

oil mixture reeulting in an evenly ‘mixed suspension.

S



20. reI ease powder according to any one of clains 1 to 5. 10. A
phar hageut i cal conposition containing a controlled rel ease powder accordi ng
.J0) a‘rﬁpgne of Cldinms, 1 to 6, and v\/mchlsyhntheformof t abl et s,

capsul es, suppositories, inplants or QCUI‘&F =inserts. 25 11.- A
-phar’maceut I cal conposit i on. according to daim9, which is in the form of-
chewabl e tabl epazmg:nelt tablets: 12. . A pharnaceutical conposition.

containing a controlled réel ease powder according to any one of claims 1 to
5, and whith i.s-in.the formof a cream an ointnent or a 30 formulation

suitabl e for fransdeh RANtEOLledr yeldMse powdephesmunitiinigCals@BOSi tion
contai ni ng a sboio<pddcieseass wpedgy according to any one of claims 1-to

5, and which | form of ali for oral, local or parent er al
admini strati Onénéﬁoﬂ}? As h'é‘??&?g'lé&gf’esu E%’n‘bosﬂq"ﬂeﬁ eerpRisiing to claim
13, whichS3is Phrt#%lerbmnsazeyegokmpstinasaﬁgnsmt ana ékfﬁlb'iull? an
suspensi on, aesqipnnﬂ)ﬁnaﬂntﬁh@é %nﬁ&th?é%iﬁplse:f SQLHE'&IL n%g FS"_L‘Zl

-ph utic n_acc

\R/hg: renlaﬁet he gé?fxq/ﬁepto ﬁ‘eg 8gt é’&f’éﬁsf‘??ﬁ'ﬂg |5-15’u‘ﬁ¥‘6f€‘?r"' o4 acet anol ,
5- ani-no- sal i ¥ FROmRLITE ﬁekbrthetmphamgrsmmahal thé fﬁ@ﬁb!bhtﬂelf
dil ti azem nqifsééiﬁnauwwﬁdpﬂﬁmrrmﬁte&'{‘?{f HeRt £ hf'?e} Said

cephacl o] C roxen i roxic zepam - diclo en’ac
i ndonet hggl n; Ja}rrﬁa})((lillggl va Y %rﬁ?gé?ﬁﬁ ﬁlz‘bai‘dhﬁ&ecﬂ?gﬂ 0.3i 8Po¥k%i Wi n,
eryt hromycin 3’%4 Fmrﬁyeu A Pwemngoedl nel emey ot act fox Vingtledlént when
di pyri danol e.tHe dieebietids 'ﬂﬁéartﬁgﬁeof d 'ML%%urBh gé&qlgat Eeﬁ?' ol,

eryvhronycin S razepam bencl am

tri met hopri rT{PL%I ARaHe hS xa%ld) gg?ﬁﬂ%"rg e&r?exxcannl(S(&nﬁn@ nal eate,
guai phenesin rar?d'“weSa;hdopektﬁcﬂ.csafﬁrthGr havAnghar ai%%@lb%%bncmgs Uh'x% _'
accor di e to,_gl Qhﬁs%afnctrially proportional ‘to the square root of time. . '

2. A controlled release powder accord;ng to claim 1,
wherein the pertlcles hsve an averege size in the range. 5 to
lOOx.m. L o ' e A
3. A controlled release powder accordxrg to claim 1 or
- 20 2, where;n the actzve ingred;ent is a drug. 2 nntr;ent, a
flavourzng agent or a swee.enzng agent.. _
4. A controlled release powder eccord;ng to Cla;m l or
2, wherein the act;ve ingredient is a colouring agent, a
':fragrsnce, a herbicide or a pest;c;de.-: o
: - 25 s, A controlled. release powder sccordxng to any one of
\v§~/; - claims 1 to 4. where;n the polymer zs ‘selected from: alkyl
l'lcellfl”ses. hydroxyalkyl celluloses, cellulose ethers,
f se esters. nitro celluloses, polymers of acrylxc and
l'methacrylzc acids and esters thereof, polyamides, poly-
- 30 'j_csrbonetes, polyalkylenes. polyalkylene glycols, poly-
' _alkylene oxides, polyalkylene terephthslates, polyvinyl
. alcohols, polyvinyl ‘ethers, polyvinyl esters, polyvinyl'
”Thsl;des. polyvinylpyrrolidone. polyglycolides, polysiloxsnes
_ ~and polyurethsnes ‘and co—polymers thereof._ :
35 6. A process for preparxng a controlled.relesse powder
eccordxng to any one of claims 1 to: 5. which: comprises the
steps of. S : L. : o

' IR A



15 oraI adm ni stration, wherein the active ingredient is theophylline.

adn1n|str ereln &0 osi.tion acgording to Claim9 for ora

pharnaceu m , e active ingredient is panacetanol 20 - 18. - " A

phar moes j) accordlng to daim9-for oral admi ni stration, -~
ent S pota55|ud¥© | orsi de. 19. = A controlled 2

rel ease -powder accordlng to'claimi1, subs
t##kttal |y as herei nbefo
described with reference to 25 t he Exanples 20. A processrgccordlng

to claimé for preparing a controlled rel ea
0
Pglrg:agbef o\rl\g dea}(c]rq)be(fmﬁgréf éPéHGé°f’o°? gﬁgggﬁgﬁéguggtg@i cont rol I ed
e powder 1vetR3 '
[el eas 6pto e andenevgb red by a 30 process cl ained in any one of

.claim9, substanti 0 fﬁ§?°ﬂg?eé%bqarq§§ ﬁ%'tﬁQ”HE%LQéOﬂngﬁeaﬁehfmnﬂo

ef ore escrlbe wth reference to th
Exanpl es. 23. An eadld fporliymiext isoutdona8Ri ABsEPAEPER BoURY Oand635?

Pﬁgrggrzztggggglfsrﬂégg_gghtrgl dtla:Iy free of the taste of' the active
rel e

Claims 1'to 5 ang &b, zeeving na aActann e fhe SRR s opf Hoon o

ich is in the form Q;bﬁid Ciﬁldho-‘pﬂnﬂldlcest halving Apl PVBEBBEtleSa-H‘ gel

or gum - 25. ewabl e
I NS as sweet eni ng agent
aspart ame- contalnlng rﬁ éﬁﬁn accordphg to .any one 0 Dai

or 5. 26. . /Agpon- mpmmsmmwim gfo FLaighI6, WREZRIDH MBI pagtiptes”

vat er - i nrsrfélrjgl §Facé 4 Gd V0TS S ragd & Bl ztrhﬂ:lﬁltria\ngel SgtedlOnt uiw.in the o

f or m of es of a control d
of dainms 1 tB. 5. A process accordfng &% Saeinp%\'\%%:r ﬁ%@%@':.ﬂgthg any one

solvent is selected from water. alcohols. ketones,
halogenated aliphatic compounds. halogenated aromatxc
hydrocarbon compounds. aromatic hydrocarbon compounds and
15 cycl;c ethers or a mixture thereof. and the. solvent is
| removed in step (c) by spray dryzng._use of an external
1iquid phase, phase separataon. interfaczal polymer :
'deposxtzon or coacervatzon. ' '

9. A pharmaceutlcal composrtron conta1 1ng a controlled
20 _release powder accordlng to ‘any one of clarms 1l to S.
10. - A pharmaceutzcal composrtion contaxnlng a controlled

release powder accord;ng to any one of Claxms 1 to ‘5, and
which is in the form of tablets. capsules. supposxtorzes.

J

implants or ocular 1nserts. : _ . ' - o '~;

25 11.. i A pharmaceutzcal composrtion accordzng to Clalm 9,

o whidn 18 in the form of chewable. tablets or melt tablets.
12‘"_._-_;;_-_;_.-= A pharmaceut;cal composition ‘containing a controlled
release’ powder according to any one. of claims 1 to 5, and

" which is in the form of a cream, an ointment or a
30 formulation suitable for transdermal del;very._ .
13. - A pharmaceut;cal composztion contalning a controlled '
B release powder accordxng to any one of clazms 1 to'5, and
d'which is in the form of a liquid. for oral. local or
parenteral admxnrstration. - - :

'35 14. A pharmaceutical composztion according to claim 13,

' which is in the form of eye drops, nasal drops. ear drops, 2
suspension. a syrup, OFr an infusion or injectable solution. - o
15. A pharmaceut;cal composition accordlng to any one of



27. A non- agueous suspensi on accordlng to C ai m 26, mhereln the highly
ter-sol uble active ingredient is, 0 selected from dextronethorphan,
Sﬁalphene5|n and pseudoephgdri ne and salts thereof and potassiumchloride.
28.. A controlled rekease antibiotic fo | ation substantially free from
thekf ste of said antibiotic f&r pharnmat ital or. veterinary use which '
conpriSes a 15 control led rel ease powder according to any one of Cains 1,

2, 3 0r 5. 2%jaimsH 8BLLR] AUtidrdi® THbALLONVAAH rdhifnt G spBhllelq Wherein

the powder |s LNt a non ous sus nsi o

anti bi oti c. fof Heft pﬁ’&ﬁ’ﬁ?ﬁ%‘r cﬁ?ﬁﬁ%‘%’if m Al %Péﬁlﬂéhr% ach8.f or m of ‘a |

reconstltutab¢€$Qﬂ$m9Gb§rEuc¥mﬁnmqmtﬂndlol. thehphqaahnéxndmﬂtahzem,accord|ng

to Caim 23, Wa@khal bye@&aémreawhef Oéﬁnéiq%%hbeée%l sheference to 25
, sSu

t he Exanples. um according to C.aim Stantially as
her ei nb(r;P %’éﬁ‘ﬁlﬁéd cRBRTOXLT, RiFrsicam, diazepampy on- aqueous
suspensi on euﬂxplnﬂqgapo thénnnﬁh@cxsubcmcwncnﬂnip.apivTrpmeibein;e descri bed
with referen I I ntihbiotic
Q%éﬂgﬁor QiExPD| A Aoradfiiin, AyiURbgLif] YineBAze1AN!dp

fornulatlon a subst anfi.a P§ as escrlbed

m 2
35. A cont ?ﬁqqgflﬁﬁl%ﬁﬁ%&ﬁ?ﬁ?W§P§¥?¥ﬁ9§ﬂfboF& gidyroley SEusemids. clains 1
to 5 and 9 tctﬁzhmlerpnedm@dmmrdiflgiimmyatasomru.cleayﬂnr&nyﬁrs for use

in the. t1@at NRarake] NEcFUMERAT gRDbER1 dAAdE, bxam?{a%\i

trimethoprim/sulphamethoxazole. spironolactone,
' ' carbinoxamine maleate, guaiphenesin’ and metoprolol
N\ B tartrate.' ' '
- 16. . A pharmaceutical composition according to claim 9 for
15 oral administration, wherein the active ingredient is -
theophylline. _ C ;o o :
i7. & pharmaceutical COmpOSlthn according to Claim 9 for
oral adminis:ration, wherein the active. ingredient is
paracetamol. i C e S
20 18.-- A pharmaceuticai composition according to Claim 9 fo'
' oral administration, wherein the active ingredient is'
potassium chloride. ' :
19, A controlled release powder according to claim 1,

substantially as hereinbefore described with reference to
25  the Examples. S o
A~ 20, " A process according to claim 6 for preparing a
. .controlled release powder, substantially as hereinbefore-
_described w1th reference to the Examples. o
o fcontrolled release powder whenever. prepared by a
30 process claimed in any one of claims 6 to 8 and 20.
' zz;‘“f* A pharmaceutical composition according to

claim 9, substantially as hereinbefore descrlbed
‘with reference to the Examples.

23, ‘An oral formulation for administration to human and
35 non-human animals which is substantially free of the taste
' of the active ingredient comprising a controlled release :
powder according to any one of Claims 1 to 5 and 19.
.24, A oral formulation according to. Claim 23 which is
in the form oE a liquid, chewable tablet, melt tablet,
“foam, gel or gum..; s

|I!I|IIJ Mg



T

- 4% -

25;_1- A cheﬁable gum which contains as'sweetening agent
aspartame—containing microparticles according to any one
of Claims 1,,2, 3 or 5. '

26. . A non-aqueous suspension'of a highly'water-soluble-

or water-insoluble active 1ngredient, wherein the active

" ingredient is in the form of m1cropart1c1es of a controlled

' release ‘'powder according to any one of Claims 1 to 5.

10

15

27. | A non-aqueous suspension according to Claim 26.
wherein the highly water-soluble active 1ngred1ent is
selected from: dextromethorphan, guaiphenesin and -
pseudoephedrine and salts thereof and potassium chloride.:
28. - A controlled release antibiotic formulation '
substantially free from the taste of said antibiotic for:
pharmaceutical or veterinary use which'comprises a
controlled release powder according to any one of

Claims 1, 2, 3 or 5. o

29, An antibiotic formulation according to Claim 28,

fnwherein the powder is in the form of a non-aqueous

20

suspension. _ _
30. An antibiotic formulation according to Claim 28,
which 1s in the form of a reconstitutable aqueous

' suspension.

_substantially as: herelnbefore described w1th reference to

- 25

30

31. . An oral- formulation accordino to Claim 23,

the Examples.'

: 32;”f“ A chewing gum. according to Cla1m 25, substantially
as hereinbefore described with reference to Example 18.
33. A non-aqueous suspension according to Claim 26,
substantially as herelnbefore described w1th reference to _
Example 22, _ L '
4. a controlled release antibiotic formulation

according to Claim 28, substantially as hereinbefore
described. '

.35, " a controlled release formulation according to any

35

one of claims 1 to' 5 and 9 to 34 or produced according to
any one of claims 6 to 8 for use in the treatment of the
human or animal body by therapy. ' '




