WO 03/ 033031 PCT/ AU02/ 01426 1 Dosage Form Device and Met hods of Treatnent
Technical Field This invention relates to a dosage form and device for

admi ni st reDios33B1 t her apeuti ¢ and/ or 5 bioactive subst an®ez/Atm2biaest ock,
met hods for dosing |ivestock with therapeutic and/or bioactive substances,
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Background Art A nunb met ho and m nistering active
agents such as therapeutic 10 and/ or bioactive substances to livestock are
known, i ncl udi ng tabl ets and sol uti qaghhidal Fjé adm ni stration, injectable
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rumen of rum nant animals and shaped/ desi gned to be retained therein are
descri bed in for exarrpl e, US patengg A 720,972, 5,322,692 and

4,268, 497. patents 5, 720,972 and Rgz 692 20 dlsclose sustalned rel ease
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to provide c rolslé%g rel ea of . the ac !F ag ent over.. ext ended peri ods of

time. US pa‘t”@l ? THju 039‘*?368 lﬁ solutions ap cghs BEHdimesRayT-gn 28 speteqn, e

agent uni f ofarinplatiioss.r i but ed throughout a sheet of ethyl ene-vinyl acetate
copol yrer, and which is adm nistered to the 25 runmen of a rumnant in a
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t he runen f ui ds at ent I scl oses | on
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bl oat - conty plovidigy 2@RAnLSl rbiRESS MherSRNREbiabvAsubbbiticahid the %malsmr harying
di spensi ng devices with varying release patterns generated by 3

bi odegr adabl'@e@EB8Y ts on the osmotic nenbrane. On erosion of the
bi odegradabl e deposits, the contents of the osnotic device(s) are rel eased
gradual | y i @bnirdlied selaass formGtutions fdredirace irsasi@ndeaio the sushes iodf I‘t@tﬁlrfaﬁf animals

5277, 012, b ArbY Myl B8 S8R by S ASEAR By fop RANETS TiSvpeen ep
715, 847 andm8rg 072N, otk 6% med d268A07aglidt patpnthal, @2 B972addé 5,322,692
20 disclose sustained release boluses including bioactive agents incorporated within matrices
formed of excipients which are insoluble or slowly degradable in rumen fluids so as to
provide controlled release of the active agent over extended periods of time. US patent
4,268,497 discloses a formulation comprised of an active agent uniformly distributed
throughout a sheet of ethylene-vinylacetate copolymer, and which is administered to the
25 rumen of a ruminant in a rolled up form which opens up in the rumen and which is slowly
erodable in the rumen fluids.

US patent 4,927,419 discloses a device for retention in the rumen of ruminant animals
which provides controlled release of bloat-controlling agents therein, comprising a
plurality of osmotic dispensing devices with varying release patterns generated by
30 biodegradable deposits on the osmotic membrane. On erosion of the biodegradable
deposits, the contents of the osmotic device(s) are released gradually into the rumen.

Controlled release devices designed for retention in the rumen, as described in, for
example, US patents 5,277,912, 5,562,915, 4,803,076, 4,687,480 and European patent
numbers EP 715,847 and 373,890, and comprising active agent(s) have an added
35 advantage that, generally, a substantially constant surface of a slowly erodable



35 advantage that, generally, a substantially constant surface of a slowy
er odabl e WO 03/ 033031 PCT/ AU02/ 01426 2 fornulation of an active agent is
exposed twotod@3zanen fluids so as to provide a nore constramAwebease of
the active agent into the runen. Fornulations for inclusion in such devices
are al so described in, for exarrpl e, US patent nunbers 5,277,912 and
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provi di ng t&ﬁ,}gg{sadels%cgel ayed episodes or pulses of release into the runen
of anot her erapeut i ¢/ bi oactive substance. 30 Disclosure of the Invention
It has now been found that a dosage form adapted for location in, and
retention i hheRels fhgsefarcom Aeqdfpmantmesns nefl deliverive flosesuphinseticidal asnd/or

al | ow del aygiysicRdgeasy RhivaRuBEidc¥€to animals as one or more discrete episodes at one or

more predetermined times after a single convenient administration.

Objects of the Invention
It is therefore an object of this invention to provide a dosage form for providing a delayed
release into the rumen of a ruminant animal of a therapeutic and/or bioactive substance at
25 one or more periods of time after administration of the dosage form to the animal.

It is a further object of this invention to provide a dosage form for providing a controlled
release into the rumen of a ruminant animal of a therapeutic and/or bioactive substance
over an extended period of time, while also providing temporally delayed episodes or
pulses of release into the rumen of another therapeutic/bioactive substance.

30 Disclosure of the Invention

It has now been found that a dosage form adapted for location in, and retention in the
rumen of a ruminant animal can be formulated so as to allow delayed release of an active



WO 03/ 033031 PCT/ AU02/ 01426 3 substance at one or nore predeterm ned tines
after admnistration of the dosage formto the animal. As used herein, the
term " delwopad/3iognl t he context of delivery of an active agec/Atvebates to
one or nore intermttent dosings of an active agent fromone or nore
release units 5 included in a single dosdge form elenent, over an

extended ti ggysRREd Aol &ChoreAdBAMRAAT R8s MerlARiHOSFA Jﬂﬁéﬁd&&g@ fSMprLCt -

As used herein, . the term“controlled” in the context of dissolution, and/or
rel ease of ange?i ve agent, relates to substantially constant rate of

di ssolution,of, and/or_rel ease,of an _actiyve t fram a.dosage form over
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cor r espondi Admiestiatien of terdosagedoinmteemsitiect.o include within their scope
"disintegrate" and corresponding derived terns. 15 According to an

embodi nent 66 usebhergipe tg D “cartrellads ip theyeamest £f disselubpn.eandiusalsase ofcdrease

el ement adapdtR@ deent)eclhtls & @fdtanthIly BoMbtane AL BEidsBlutibe of, WiRIbr QEledse! dfdhant

animal for one or re del ayed releases of at least a first active agent
into the ruﬁ%We\ﬁg‘?rHirF&’r%r? c?o‘g,g(geeﬂgg@quqyee @H{netnqgog ement conprising: a)

one or nore discrete and predeterm ned anounts of at |east a first

f or nul at i @nAs2Bedberpin, shengrmt ‘competing’ hmednsr ‘Ghclading peinagelhy,, but het hevesgatiat i on
bei ng adapt i i ’ |y ds rate sush that dissolution
of each of eelglﬁng%%i?%r%ﬁog tlgen\gé@'ssc%g{m?fln s’tS%]i‘l gsf n%qmaqrfSSnmﬁ(ﬁ o PR bﬁ‘(’)ert
or pul sed epfirsespendifgly sheedsmeafingshe first active agent into the rumen; and
b) one or nore predeterm ned anpunts of at |east a second fornulation

adapt ed to Apsised sewsiydhatersn cdiatoler’) end caxresponding dstived terens; aratinterndad tohe

one or nor eindiay RlithiPthefristie Taninabatc” aRd 86BespbRUhg 8L iR 1A%, or nore
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typical |y ac¥ensed itimepesiod, theelement eamprésiegipl e 90 to 100 days is i ntended.
a) one or more discrete and predetermined amounts of at least a first formulation
20 comprising at least the first active agent, the formulation being adapted to dissolve in
rumen fluids at a rate such that dissolution of each of the one or more amounts of first
formulation provides a short or pulsed episode of release of the first active agent into the
rumen; and

b) one or more predetermined amounts of at least a second formulation adapted to
25 dissolve at a controlled rate in rumen fluids;
wherein the one or more amounts of first formulation are provided at one or more

predetermined locations within the element relative to the one or more amounts of second
formulation.

Such a dosage element facilitates delivery of an active agent, or a greater rate of release of

30 an active agent, at one or more delayed time periods as short or pulsed episodes during an
extended time period. By way of “extended time period”, periods of several days to
months, more typically several weeks to months, and even more typically a plurality of
months, for example 90 to 100 days is intended.

For example, the first formulation may leave the device as one or more pulses in a matter

35 of seconds to minutes, such as would be achieved by an effervescent or rapidly



For exanple, the first formul ation nmay | eave the device as one or nore
pulses in a matter 35 of seconds to m nutes, such as would be achi eved by
an ef f er weemas308r rapi dly WO 03/033031 PCT/ AU02/ 01426 4Pprdirsitseegrat i ng
fornmul ation, or as short episodes of a matter of minutes to hours dependi ng
on the pharmaco-kinetic profile that is tdhought nost desirable for the
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uni nt er r upt éskapetiemssrt. of a second active agent, the second active agent
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pul ses. Pr efoemuhdonl @sBylee pﬂoenhdtm avgulfficipttyysrdl ameuits bﬁm aa;hffimmllytnapmws
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days, with one or“nore s epi sodes o ease
active agentshputtimgpemed peri od. Advant ageously, the eI enment conpri ses a
hol | ow vessel having a discharge opening at one 30 end and being generally

cl osed ataot ARe@bitRily, &tchsavul, eintiat Bﬁd‘gecbﬂ&'f&hﬁlattﬁ‘ﬁs bbihSorifitbe $6S ARY active

formul ati ons |p ahépred%herm ned order P res i.ng Lromthe di scharge end to

the cl osed 28ent, W reby the first acfive agent 1s re ease intd the rumen of a ruminant at a
controlled rate over an extended time period, with one or more intermittent delayed short

or pulsed episodes of release into the rumen of the first active agent at an increased rate.

According to a preferred aspect, the first, delayed release formulation dissolves rapidly in
25 rumen fluids to provide the one or more delayed releases as pulses.

Preferred dosage elements will provide a substantially continuous release of the second
and/or first active agent over a period of 90 to 100 days, with one or more short or pulsed
episodes of release of the first active agent during this period.

Advantageously, the element comprises a hollow vessel having a discharge opening at one
30 end and being generally closed at the other end and containing therein the first and second
formulations in a predetermined order progressing from the discharge end to the closed
end, and wherein the formulations are urged by biasing means towards the discharge
opening when formulation dissolves from a leading front of a formulation at the opening.



end, and wherein the fornul ations are urged by biasing nmeans towards the
di scharge opening when fornul ati on dissolves froma |eading front of a
f or nul at iwo 0an3iobe openi ng. WO 03/ 033031 PCT/ AUO2/ 01426 PCRragfoent4d
vessels for containing the at |east first and second fornul ations are
controlled release capsules (CRCs) which5are inserted into the rumen of
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formul ation and the first, delayed release formulation is inl ayed into the
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preferred ﬁpe H}Pthe first and second formulatjons are incorporated in a
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positioned in a predetermined order within the element, which is typically an open-ended

vessel such as a CRC.

According to another preferred aspect, the second, controlled dissolution formulation is

25 tabletted and a shallow well is formed in a tablet of the second formulation and the first,
delayed release formulation is inlayed into the shallow well, and wherein one or more
tablets inlayed with the first formulation and one or more tablets comprised of the second
formulation alone are positioned in a predetermined order within the element, which is
typically an open-ended vessel such as a CRC.

30 According to yet another preferred aspect, the first and second formulations are
incorporated in a unitary form comprising one or more inclusions of the first, delayed
release formulation within a body of the second, controlled dissolution formulation.

According to another aspect of the invention, the element may comprise at least a third
formulation which dissolves at a third dissolution rate in rumen fluids.



rel ease fornmulation within a body of the second, controlled dissolution
formul ati on. According to another aspect of the invention, the el enment may
conprise wDW®a®B1 a third fornmulation which dissolves at PaTtAtio/d1426

di ssolution rate in rumen fluids. WD 03/033031 PCT/ AU02/ 01426 6 The
present invention further provides a meth®dd for delivering at least a first
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25 An "effective amount”, as referred to herein, includes a non-toxic therapeutic/prophylactic
amount of an active agent to provide the desired effect. The “effective amount” will vary
from subject to subject depending on one or more of a number of factors amongst, for
example, the particular agent being administered, the type and/or severity of a condition
being treated, the species being treated, the weight, age and general condition of the

30 subject and the mode of administration. For any given case, an appropriate “effective
amount” may be determined by one of ordinary skill in the art using omly routine
experimentation. Also, extensive literature is available for many known active agents
through, for example, manufacturers’ catalogues, the internet, scientific journals and
patent literature, including effective amounts for administration to target animals.
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Examples of glycopeptide antibiotics are actaplanin, avoparcin, A35512, A477, ristocetin,
vancomycin, and related glycopeptides.

Examples of anthelmintics are antimony, macrocyclic lactones including avermectins and

25 milbemycins, benzimidazoles, azoles including niridazole and imidazothiazoles,
potassium tartrate, bephenium hydroxy naphthoate, bithionol, chloroquine, dichlorophen,
diethylcarbamazine citrate, hexylresorcinol, hycanthone mesylate, lucanthone
hydrochloride, niclosamide, piperazine citrate, pyrantel pamoate, pyrvinium pamoate,
quinacrine hydrochloride, stibocaptate, stibophen, tetrachloroethylene, phenothiazine,

30 hexachloroethane, or carbon disulphide. Especially preferred anthelmintics are
benzimidazoles, imidazothiazoles, and macrocyclic lactones.

Examples of suitable benzimidazoles include thiabendazole, triclabendazole, albendazole,
cambendazole, fenbendazole, mebendazole, oxfendazole, or oxibendazole, or active
derivatives thereof.
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del ayed rel ease is ivernectin, a single del ayed rel eas

i ver nectin W ?mX%lQéﬁPS}OI?}PB‘PnPd%Dﬂ&%% a%egﬁesc(demtbéd JEHCU%%Q 3/@()#@@ in
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given j unb Sfidkd QBlease of ivermectin will typically provide between about 0.05 to 1.0 mg
ivermectin per kg animal weight, more typically 0.1 to 0.5 mg ivermectin per kg animal
weight, and more typically about 0.2 to about 0.3mg ivermectin per kg animal weight.

For beef cattle, delayed release episodes of ivermectin are typically provided at intervals
of about ten to thirty, preferably thirty days. For dairy cattle, a single delayed release

25 episode would be preferred at, for example, ten days after administration of the dosage
clement to the animal, so as to overcome the long milk witholding period. Further pulses
for dairy cattle may be possible, depending on the existence and threshold of a Maximum
Residue Limit as stipulated by any given jurisdiction.

Active agents preferred for controlled release into the rumen over extended time periods
30 may be selected from ionophores such as polyether antibiotics or carboxylic ionophores.
Preferably the ionophore is a polyether antibiotic.
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| asal oci d enhancers such as monensin (1nclud1ng one or a combination of the various factors A, B,

and C, and the alkali metal salts, for instance monensin sodium, and the various esters
thereof), ionomycin, laidlomycin, nigericin, grisorixin, dianemycin, maduramicin,
semduramicin, Compound 51,532, lenoremycin, salinomycin, narasin, lonomycin,

25 antibiotic X206, alborixin, septamycin, antibiotic A204, Compound 47,224, etheromycin,
lasalocid (factors A, B, C, D, and E, individually or various combinations thereof),
mutalomycin, K41, isolasalocid A, lysocellin, tetronasin, and antibiotics X-14766A,
A23187 and A32887.

Preferred polyether antibiotics include monensin, narasin, lasalocid, salinomycin, A-204,
30 lonomycin, X-206, nigericin, and dianemycin, and especially monensin, narasin, lasalocid
and salinomycin.

An especially preferred polyether for controlled release according to this invention is
monensin, a compound widely used in the improvement of feed utilisation in ruminants
(see U.S. Patent No. 3,839,557). As used herein, "monensin" includes the various active



and sal i nonmycin. An especially preferred polyether for controlled rel ease
according to this invention is nonensin, a conpound w dely used in the

i mprovenewD 0df3¥eed utilisation in rumnants (see U. S. PaCeEmuobio1426
3,839,557). As used herein, "nonensin” includes the various active WD
03/033031 PCT/ AU02/ 01426 10 fact ors, thdOsalts such as nonensin sodi um

and the monengd) RS sAESsauH 3RS ana%hs%n%ﬂgntegt%ré Lk s Cé%ﬂaﬁaké y
t he amount of |ono haore use |n t e formilation ranges om 0. 60w %
preferably estesgpd 9 based on the total anount of fornulati on. Typ| cally

a nonensin 5 dosage will range from about 100 to about 500 ng nonensin per
head of cat Gleﬁer@lﬂ?y tMnoﬁﬁﬂﬁﬂdﬁd}@otBﬁuiehenWﬁdz %ﬁnutlﬁtlohh@ngmlﬂﬂ@fh 0.Freboweh) v

b 150 el d h h 200
Aot 50 S LSRR aBE v o Mo Mgl AR LRl bR,
up to 500 5kgosage weil girige feemaebailt] 0G0 Hbowt 05mgusamhsiy per Geddooflcafile pay,day,
pr ef er abl y 8o %ﬁ%ﬁl@ oh tﬁme gf @ta{nﬁnallng’ \91f %ﬁ'{ TS(? ﬁ’lr%dig lrélgf?s § gelp%éf 1%9)

ani mal day m or
i ncl udi ng s@eéﬁmmﬁaratﬂ@ Qfdyssﬁbmug@bkg A awgh@n@dmhogt 3ebin é(i)(hmggper day for

formul ati onci@g oﬁzsaéfpm a8d apitd! m)@lkg& dRi rﬁelcreﬂbﬂdny QY Red. sdﬁsuaﬁfb%nwms

brom de, sel eni uegl (5 ; sel eni de sel enat es exanpl e, _barium

sel enate, of&sé&f ?FP]PIé(s 75 P drrihg &F 07é| @ni‘@&l(’éﬂﬂ?”%ﬁns’é‘a’ﬁl %"E’@ﬂdﬁatké grgmal
pref erabl y weilt per dahdorfcattiaul ati on. 15 CGeneral ly the anount of sel eni um
used in the formulation ranges fromO0.01 to 2wt % based on the total armunt

of fornul at n r.at.e rel.ease. of seleniuminto

runen wll %&ng ﬁi %Ye%ﬁ%ec%)% Er)lllﬁﬁlﬁlmc%dm%aelemg?l SfBS By ‘1%51 %10??8?11%& ght
per day. E&tm’ﬁ?pnlelg fflﬁmubtpantforlemmp@ a@antlm dmid@dsel(eﬁmagmylﬂlsies selbnias
ract opamn bed
in US pat eﬁl?ror?{id@ erse X ]’gﬁg%%a%%(ges %%1%13&2%%%& %% @@S %53‘3‘%1 g&%?g?%g&glﬁ%'

Reci procal Msaientshsylenismeadfor badwnisplgsate viqreferably uq@dm th(e ggm}latp@g pect i veI y.
The use of these substances for nutrient repartitioning in aninmals being

descri bedisi Genefr@llly eeafRbent dISseRaiei tus Bl D Eies fo'inﬁf’a@ioﬁlﬁn%esadfr&nﬁ’@& 8 QwropThe

formul atio rol.led rel ease dgsage ment f the
i nvention \r/\lﬁ?afsfaé)BIé"flh tptabglpganw(ﬂ%t I, &1 }yptc&]rlyﬁ-grrgtem% aSFﬁ?ts‘ﬁ‘émB’F‘thm ch
are suit abl theframevwilébe Haw YO nRpepaniped ear. dayeorer( @20y glorapimabiveighiagdridey.s or
excipients for use in pr epari ng the formul ations include, for exanple,

sodiumcit I’EJ( gggé %?ltfé éllfﬂl gd%gﬁtg 1n§h@9€f§ %%o I ngﬁh& o ??Jt Erﬁn«? uglgut%lsol

agar - agar oVl I'nclu yrroll

cross- | i nkedimajsaphy\slenpuisyel r@ll lld@ﬂﬂe%@eraés Olilblftdn@) Uy aiatent nl,unélmr 6§@0§§i,er s,
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40, p.47 (1987) respectively. The use of these substances for nutrient repartitioning in
animals being described in, for example, US patent numbers 5,686,413 and 5,308,870.

The formulations for use in the controlled release dosage elements of the invention will be
prepared with any one of carriers known in the art which are suitable for veterinary
25 purposes.

Veterinary acceptable carriers or excipients for use in preparing the formulations include,
for example, sodium citrate; dicalcium phosphate; binders and disintegrants such as agar-
agar, alginate, povidones including polyvinylpyrrolidone or cross-linked
polyvinylpyrrolidone (crospovidone), gelatin, sucrose esters, zein, starches such as potato
30 starch or tapioca starch, modified starches such as starch glycollate salts, and other natural
or modified carbohydrate polymers such as xanthan gum, gum tragacanth, guar or locust
gums, carboxymethylcellulose (carmellose), methyl-, hyroxypropyl-, hydroxymethyl- or
hydroxypropylmethyl- celluloses; other disintegrating agents, for example, carbonate or
bicarbonate salts, when mixed with suitable organic acids such as citric or tartaric acids,

35 or silicates such as aluminium magnesium silicate or bentonite; solution retarders, for
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the access of rumen fluids to the disintegrants/effervescent comblnatlons by inclusion of,

25 for example, waxes, including microcrystalline waxes, glycerol- or polyglycerol esters in
the formulation, or vice-versa. Preparation of appropriate formulations of particular
dissolution/disintegrating characteristics is within the skills of appropriately trained
formulators, with knowledge of known carriers/excipients such as listed above, by no
more than routine experimentation.

30 If necessary, one or more of the formulations may be provided with a coating, such as a
sugar layer or a film dissolvable by rumen fluids, existing at least at boundaries between
first and second formulations, so as to protect one formulation from the other, particularly
if these are non-compatible such as may arise in the case of, for example, effervescent
formulations. Materials, compositions and techniques for sugar or film coating are known

35 to those skilled in the art.
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are optionally polyoxyethylenated, in particular polysorbate 80, polyoxyethylenated alkyl
ethers; polyoxypropylated fatty alcohols such as polyoxypropylene-styrol ether;
polyethylene glycol stearate, polyoxyethylenated derivatives of castor oil, polyglycerol
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25 the alcohol ethoxylates are of octyl-, nonyl- and dodecyl phenol, natural and synthetic
alcohols, saturated and unsaturated fatty acids and both block and random copolymers.
Polyoxyalkylene sorbitan- or sorbitol- esters include polyoxyethylene sorbitan fatty
acid esters such as those of the Ecoteric® series, for example polyoxyethylene
sorbitan monolaurate (Ecoteric® T 20) and polyoxyethylene sorbitan monooleate
30 (Ecoteric® T 80). Alcohol ethoxylates such as those of the Teric® series of the Pluronic
® PE series of mixtures thereof are preferred. An especially preferred non ionic
surfactant is Teric® 12A23, which is lauryl (dodecanol) condensed with 23 moles of
ethylene oxide.

Examples of silicone anti-foam agents are aqueous or anhydrous, preferably anhydrous.
35 The silicone anti foam agents may be a mixture of dimethyl silicones or silicone glycol,
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formul ation for controlled dissolution, wherein
20 Figures 5A and 5B show another preferred embodiment of formulations for inclusion in a

dosage element according to the invention, the delayed release and controlled dissolution

formulations being provided in tabletted form, formulations for delayed release being

provided as thin layers on tablets of the formulation for controlled dissolution, wherein

layered and non-layered tablets can be stacked in an arrangement according to a desired
25 delayed release regime;

Figures 6A to 6C show another preferred embodiment of formulations for inclusion in a
dosage element according to the invention, the delayed release and controlled dissolution
formulations being provided in tabletted form, formulations for delayed release being
provided as thin layers included in shallow wells in tablets of the formulation for
30 controlled dissolution, wherein inlayed and non-inlayed tablets can be stacked in an
arrangement according to a desired delayed release regime. The shallow wells may, for
example, define discoid-shaped depressions (Fig. 6B), or part-spherical-shaped
depressions (Fig. 6C), but may define any other appropriately shaped depression;
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Briefly, CUMERIIFING decorpqrated Rere €10 with one end seal abl e

by a screw threaded cap 20, and the other end 30 having a circul ar
aperture 35Brieffy, itbﬂahpsylesemh]aisleea opMihdrical bagy 40 wﬂapné@nd sedlabde by a screw-
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ani mal . Refer J to Figures 2 or Wroge ornul ation unit
be placed i édng ey With respect to % e ax1s of the ody 10. The arms 50 can be bent down

around the body 10 whilst administering to the rumen of the animal.

Referring to Figures 2 and 3, one or more formulation units 60 can be placed in the body
10. A piston 70 is then placed on top of the formulation unit(s) and a spring 80

25 compressed between the piston 70 and the cap 20 which is secured into position. Before
such assembly, a lubricant such as a light silicone lubricant is desirably applied either to
the inner surface of the body 10 or to the outer surface of the formulation unit(s) 60. Such
lubricant provides an initial seal, gives some waterproofing for the pre-formed core, and
forms a barrier film to prevent adhesion of the core to the barrel. This will help to ensure

30 that the formulation unit(s) 60 will slide in the barrel and will be initially pressed by the
light spring 80 into sealing engagement with the end wall or end 30 and maintained in
engagement therewith throughout the long period of controlled release of the capsule
composition at the delivery opening 35 of the capsule.
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Figures 4A and 4B show one preferred form of formulations for inclusion in a controlled
25 dosage release element according to the invention. First, delayed release, and second,
controlled dissolution formulations are provided in separately tabletted forms 90 and 100
respectively. The first formulation comprises at least a first active agent for delivery at
one or more pre-determined, delayed times after administration of the element to a
ruminant animal, and is advantageously quickly to rapidly dissolvable by rumen fluids,
30 allowing for a pulsed release of the first active agent into the rumen. The first formulation
may also include other active agents. Tablets of the first formulation 90 are typically
thinner than those of the second formulation 100, as shown, but the thickness will depend
on the desired intensity and duration of the period of administration of the first
formulation. The second formulation is slowly dissolvable by rumen fluids and preferably
35 comprises at least a second active agent, so as to allow for controlled release of the second
active agent over an extended period of time. The second active agent may also be
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25 Figures 6A to 6C show a third preferred form of formulations for inclusion in a controlled
dosage release element according to the invention. This form is a variation of that
illustrated in Figures SA and 5B, and in which a thin layer 150 of the first, delayed release
formulation is located within a shallow well in a tablet 160 of the second, controlled
dissolution formulation to provide a dual formulation tablet 170. The shallow well

30 formed in the tablet 160 may define a discoid-shaped depression (Fig. 6B) or a part-
spherical-shaped depression (Fig. 6C), or other conveniently shaped depression. The
second formulation may also be provided in separately tabletted form 180 without a layer
of the first formulation.
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active agent, and 1vermect1n as a delayed release active agent, into the rumen of an
animal of about 200-300 kg weight, from a controlled release capsule (“CRC™) as
illustrated in Figures 1 to 3 and including formulations as described herein. Amounts of a

25 first, delayed release formulation, each amount comprising about 40 mg ivermectin will
be provided in the CRC, spaced apart by amounts of a second, controlled dissolution
formulation comprising monensin and selenium (hypothetical release profile for selenium
not shown), releasing about 300 mg of monensin, and about 5-10 mg selenium per day,
over a period of about 100 days. The amounts of first formulation, according to the

30 profile illustrated in Figure 8, will be spaced apart by amounts of second, controlled
dissolution formulation such that the an amount of first formulation is exposed to rumen
fluids at about 10, 40 and 70 days.

The following formulation examples illustrate typical solid therapeutic compositions
which can be included in the controlled dosage release elements according to the
35 invention.
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formulation weight):

Ingredient Formulation | Formulation | Formulation | Formulation
1 2 3 4
Ivermectin 2 2 2 2
Sodium bicarbonate 40 40 38 35
Citric acid 30 24 23 0
Tartaric acid 0 0 16 32
Povidone 0.5 0.5 0.5 0.5
Polyethylene glycol 1.7 1.7 1.7 1.7
6000
Starch, lactose, sucrose 25.8 31.8 18.8 28.8
ester or TAL160, or a
combination thereof,
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glycollate (Explotab®)

Microcrystalline 0 0 0 1-5
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Binder (such as starches 10 10 10 10
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hydroxyalkyl-

celluloses.

Filler (such as lactose 82-86 82-86 82-86 82-86
or starch).

Lubricant (such as 1.0 1.0 1.0 1.0
magnesium stearate

and/or talc)

For treatment of cattle to prevent bloat, each animal being approximately 200 kg in
weight, 300 mg of monensin per day will be required (1.5 mg monensin per kg per day).

5 Growth improvement would be achieved with 150 mg monensin per day. Taking 300 mg
monensin per day, each tablet will comprise 3g monensin, each formed by compression
after wet granulation of the formulation.

The second formulation will contain approximately:
Monensin 40%

10 Glycerol ester 60%
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Example 2
An alternative means of ivermectin delivery at specified periods, whilst releasing
15 monensin at a controlled rate over a prolonged period, would be to prepare dual
formulation tablets including both the first, delayed release, and second, controlled
dissolution formulations. To provide such a dual formulation tablet, a tablet of the second
formulation would be prepared, as described in Example 1 above, and a thin layer of
ivermectin formulation, either effervescent or disintegrating as per Example 1, adjusted by
20 varying the ivermectin/filler quantities as required, would then be formed on the tablet, as
illustrated in Figures SA and 5B, with a separating coating between the two formulations
if necessary.

The concentration of ivermectin would depend on the thickness of the tablet. For
example, a 1 mm thick layer would contain between 5 and 20 % ivermectin to be

25 delivered in one day. A thicker layer, say 2 mm, would contain 2.5 to 10 % ivermectin
and a 3 mm thick layer from 1.5 to 7 % ivermectin. A suitable formulation for a 1 mm
thick tablet would be as follows:

Ivermectin 15%

Sodium starch glycollate 1to 5%
30 or other suitable disintegrant

methylcellulose 10%

starch/lactose 69 to 74%

magnesium stearate 1%
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being a thick, viscous solution, suspension or gel which flattens out on application to the

20 tablet of monensin formulation. In the case of an effervescent ivermectin formulation,
this would be provided as a dry compressible powder, and compressed into a layer onto
the surface of the tablet of monensin formulation.

Example 3
A further improvement in the formulations described in Example 2 above, would include
25 forming a shallow well in a tablet of controlled dissolution monensin formulation and
placing delayed release ivermectin formulation, as described in Example 2, in the shallow
well to provide the dual formulation tablet, as per Figures 6A to 6C.

A suitable fast release formulation would contain about 15% ivermectin in an effervescent
or disintegrating formulation as per Example 1.



di ssolvable in runmen fluids so as to protect the two fornul ations from each
ot her, thereby 15 avoiding any undesirable cross-reactions. In the case of
a di si nt egyoaBiosay3i ayer, this layer could be applied as aPrdmoyaioeni«b
ivermectin fornulation also including a water soluble dye, and a sticking
agent such as PVP or PVA and all owed to gpread over the surface of the
tablet. The ivernmectin fornulatlﬂ&hﬁgﬁgig ficSbilfy! OW penetrating nature,
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1. WD 03/033031 PCT/ AU02/ 01426 22 Industrial Applicability A dosage

el enent of the invention can be readily used to control disease, growh
rates and/or patterns, or control physiological events such as Qestrus or

| actation timng. It wll be appreciated that, although specific

enbodi nents of the invention have been 5 described herein for the purpose
of illustration, various nodifications my be made wi thout deviating from
the spirit and scope of the invention as defined in the follow ng clains.
WO 03/ 033031 PCT/ AU02/ 01426 23 dains 1. A controlled dosage rel ease

el enent adapted to be inserted into and retained in the runen of a

rum nant aninmal, said elenment conprising: a) one or nore discrete and
predeterm ned amounts of at least a first forrmulation 5 conprising at

| east a first active agent, said fornulation being adapted to dissolve in
rumen fluids at a rate such that dissolution of each of said one or nore
anounts of first formulation provides a short or pul sed epi sode of rel ease
of said first active agent into the runen; and b) one or nore predeterm ned
anounts of at |east a second fornulation adapted to



di ssolve at a controlled rate in rumen fluids; 10 wherein said one or nore
anmounts of first fornulation are provided at one or nore predeterm ned

| ocat i onswaioBios3e3t he el ement relative to said one or noreParpuned1Qb second
formul ation for one or nore del ayed rel eases of at |least said first active
agent into said runen at predetermned tinmes before, during, after, or any
conbi nation thereof, of a predeterm ned extended tine period defined by
said second forrmulation. 15 2. A control lcf%d dosage rel ease el enent
according to claim1l, wherein said secon controll ed dissolution

formul atio corrprl ses at |least a second active agent, whereby said second
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accor di ng to any one o
3 A controlled dosage release element according to claim 2, wherein said first,

delayed release formulation also comprises at least said second active agent.

4. A controlled dosage release element according to any one of claims 1 to 3,
wherein said first and second formulations both comprise said first active agent, whereby
said first active agent is released into the rumen of a ruminant at a controlled rate over a

25 predetermined extended time period, with one or more intermittent delayed short or pulsed
episodes of release into the rumen of said first active agent.

5. A controlled dosage release element according to any one of claims 1 to 4,
wherein said first, delayed release formulation dissolves rapidly in ramen fluids to provide
said one or more delayed releases as pulses.

30 6. A controlled dosage release element according to any one of claims 1 to 5,
wherein said predetermined extended time period is from approximately 90 to approximately
100 days.

7. A controlled dosage release element according to any one of claims 1 to 6,
comprising a hollow vessel having a discharge opening at one end and being generally closed

35 at the other end and containing therein said first and second formulations in a predetermined



wherein said first and second fornulations are in separately tabletted
forms, and wherein one or nore tablets of said first, delayed rel ease

f ormul at iwo camsBoene or nore tablets of said second, cont paTiAdw2di€sol ution
formul ation are positioned in a predetermned order within the 1 o

el ement. 10. A controll ed dosage rel ease el enent according to any one of
clains 1 to 8 wherein said second, controlled dissolution fornmulation is
tabletted and said first, delayed releasg forrmulation is forned as a
superficial |ayer on a tablet of second fornulation, and wherein one or
nore tablets |ayered with said first fornul ation and one or. nore tablets 15
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20 inlayed into said shallow well, and wherein one or more tablets inlayed with the first
formulation and one or more tablets comprised of the second formulation alone are
positioned in a predetermined order within the element.

12. A controlled dosage release element according to any one of claims 1 to 8,
wherein said first and second formulations are incorporated in a unitary form comprising one

25 or more inclusions of said first, delayed release formulation within a body of said second,
controlled dissolution formulation.

13. A controlled dosage release element according to any one of claims 1 to 12,
comprising at least a third formulation which dissolves at a third dissolution rate in rumen
fluids.

30 14. A controlled dosage release element according to any one of claims 1 to 13,
wherein said first active agent is selected from orally active hormones, glycopeptide
antibiotics, anthelmintics, ectoparasiticides, minerals, and vitamins.

15. A controlled dosage release element according to claim 14, wherein said first
active agent is ivermectin.



to a rum nant animal, said episodes being separated by about 30 days from
each other. 18. A controll ed dosage rel ease el enent according to any one of
cl ai rs 15WD®3A73031 wherei n a singl e del ayed rel ease of iverPcgationorebeases
about 0.05 to about 1.0ng ivernmectin into the rumen per kg ani mal weight.
10 19. A controll ed dosage rel ease el enent according to claim 18, wherein a
single delayed release of ivernmectin releases about 0.1 to about 0.5ng
ivernectin into the rumen per kg ani mal jueight. 20. A controlled dosage
rel ease el enent according to claim 18, wherein a single delayed rel ease of
ivernmectin rel eases about 0.2 to about 0.3ng ivernectin into the runen

per kg ani mal Wei ghtcongrelledidesape Ff‘é?als‘éélea’@%@@‘)?dé‘ll%%@a’@l dprwhergia rl%nShgnet 0
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to claim
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ani mal is fron2@bobtcontrotled slosage 2Rgses elemeniunscopling ke clawnntd, wadregint a simgle
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el ement according to claim?22, wherein the rate of | ease sel eni um
into the'r PFFS WM Hni mal is from about 5 to about 10ng sel enium per
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erein atcieast,8 5aid second, controlled dissolution formulation comprises an ionophore as a
second active agent.

22. A controlled dosage release element according to claim 21, wherein said

20 ionophore is monensin.

23. A controlled dosage release element according to claim 22, wherein the rate of
release of monensin into the rumen of said animal is from about 0.5 to about 2.5mg
monensin per kg animal weight per day.

24. A controlled dosage release element according to claim 23, wherein the rate of

25 release of monensin into the rumen of said animal is from about 0.5 to about 1.5mg
monensin per kg animal weight per day.

25. A controlled dosage release element according to claim 23, wherein the rate of
release of monensin into the rumen of said animal is from about 0.75 to about 1.0mg
monensin per kg animal weight per day.

30 26. A controlled dosage release element according to any one of claims 21 to 24,
wherein said second, controlled dissolution formulation also comprises a form of selenium.

27. A controlled dosage release element according to claim 26, wherein the rate of
release of selenium into the rumen of said animal is from about 10 to about 20ug selenium
per kg animal weight per day.



5 wherein at |east said second, controlled dissolution formulation al so
conprises a non-ionic surfactant or a silicone antifoamagent. 30. A

cont rol | edodosaxyal r el ease el enent according to any one of PCraiuve/0l4260 29,
wherein said forrmul ati ons al so conpri se excipients selected froma
veterinary acceptable carrier, diluent, excipient, adjuvant or

conbi nations thereof. 10 31. A nethod for delivering at |least a first
active agent to the rumen of a rumnant ogninmal in a delayed manner at one
or nore predetermned tines after admnistration to said animl of a
conposi tion contalnln active agent, said nethod conprisin
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20 period is from approx1mately 90 to approximately 100 days

34. A method according to any one of claims 31 to 33, wherein said first active agent
is selected from hormones, glycopeptide antibiotics, anthelmintics, ectoparasiticides,
minerals, and vitamins.

35. A method according to claim 34, wherein said first active agent is ivermectin.

25 36. A method according to claim 35, wherein at least one delayed release of
ivermectin occurs at about 10 days after administration of said element to a ruminant animal.

37. A method according to claim 35 or claim 36, wherein multiple episodes of
delayed release of ivermectin occur after administration of said element to a ruminant
animal, said episodes being separated by about 30 days from each other.

30 38. A method according to any one of claims 35 to 37, wherein a single delayed
release of ivermectin releases about 0.05 to about 1.0mg ivermectin into the rumen per kg
animal weight.

39. A method according to claim 38, wherein a single delayed release of ivermectin
releases about 0.1 to about 0.5mg ivermectin into the rumen per kg animal weight.



controlled dissolution formulati on conprises an ionophore as a second
active agent for 5 controlled release over an extended tine period. 42. A
met hod acworodiosgy3t o cl aim 41, wherein said i onophore i s mpaEndion01428. A
met hod according to claim42, wherein the rate of rel ease of nonensin into
the runmen of said animal is fromabout 0.5 to about 2.5ng nonensin per kg
ani mal wei ght per day. 10 44. A nethod according to claim43, wherein the
rate of release of nonensin into the rumgn of said animal is from about
0.5 to about 1.5ng nonensin per kg ani nal meight per day. 45. A nethﬁd
according to claimA43, erein the rel ease of nen5|n into the
runen of gsai d éﬁl nélmF@mQraB‘?ﬁr SG‘P c 1n7% tWhSIE?Hh? SHIg WSASPIERSS OgéYerRﬁCtm
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to 45, whereln rm um, s __co-del.l yere 1.onophor e.
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kg ani mal, ?S’dtﬂhltedﬂ’aéas We alggzté}ﬁledﬁn{gfi{ gg according to claim 4_6, wher ei n
t

the rate of release o 1 enium i rumen of said animal is from
about 5 to abofi#: 16@@@@@@@90%1@@1% ﬁblwl}fé@ma@tshorwhowmon@@sm or the

treatment, pr 0@31)/' A&h&h@d a&f&cﬂngto Saih 32‘%1%?6& rthé ﬁf@@ﬁ@ﬁaﬁ @fﬁﬁoﬂeﬁsm@nto the
rum nant ani mal ri sll adni ni s@grl n %25 rum.nant _an el ement

accor di ng f‘Bn‘?ih?/f igial 1 fpmgabput gﬂl%?{lﬁBdPe’f kg agimad fyeight nge

physi ol ogi da. status of a rum nant aninal, corrpr ising admnistering to
sal d rumpnant gn eAerﬁgtﬂE)d ggc%(r)(img'g Bcihi 225»1 XNI?C?gln e ralteac|> rele%set oF rr?i’(())riensin into the
rumen of said animal is from about 0.5 to about 1.5mg monensin per kg animal weight per
day.
45. A method according to claim 43, wherein the rate of release of monensin into the
rumen of said animal is from about 0.75 to about 1.0mg monensin per kg animal weight per
15 day.
46. A method according to any one of claims 41 to 45, wherein a form of selenium is
co-delivered with said ionophore.
47. A method according to claim 46, wherein the rate of release of selenium into the
rumen of said animal is from about 10 to about 20ug selenium per kg animal weight per day.
20 48. A method according to claim 46, wherein the rate of release of selenium into the
rumen of said animal is from about 5 to about 10mg selenium per animal per day.
49. A method for the treatment, prophylaxis or both of a diseased or infested state in
a ruminant animal, comprising administering to said ruminant an element according to any
one of claims 1 to 30.
25 50. A method for altering the physiological status of a ruminant animal, comprising
administering to said ruminant an element according to any one of claims 1 to 30.



