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(57) Abstract: A delayed-release pharmaceutical composition, comprising; an effervescent tablet, granule, or powder containing a
first effervescing organic acid component and a first effervescing base component, wherein said tablet granule, or powder is com-
pletely solubilized in drinking water at 25 °C within 2 minutes without stirring; and an effective amount of active pharmaceutical in -
gredient (API) coated with a delayed- release effervescent floating delivery system containing a second effervescing base compon -
ent, which system is buoyant, in gastric fluid and thus increases gastric retention time (GRT) in a patient
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Title

Effervesvent Formularions That Deliver Particley Which Float in the Stoemach

Fiedd of the Invention

Effervescent delaved reloase formulations,

Backercund of the lovention

Sustaingd- or delavad-release pharmacentical compositions are well known and generally
smploy spectalized coatings based on pH or water solability effects, placed on the active
pharmacentival ingradient {APIY It is also known that drug releass rates can be delaved or
controdled by delivering an APDio the stomach in a floating drug delivery system having a bulk
density fesy than gastric fhud, which svxtem remains buovant in the stomach for an extended
peniod of time and increases the gastric retention ime {GRT). Typically as such a system is
floattng on the gastric Huid the APL s released slowly at the desived rate, and, after release of the
drug, the residual svateny i emptied from the stomach resulting i better control of the
Hoctuations in plasma drug concentration. Floattng drug delivery systems melude gag-genorating
and nop-effervesvent systems. Delaved-relegse contings that depend on pH or water solubility

Iy

effects are sometimes combinad with Hoating systems.

Non-effervescent floating systems typically contain celludose derivatives ke starch and a higher
farty aleolol or fatty acid ghveenide, bilaver compressed capsnles, moltttayvered fexible sheet-lke
medicament devices, hollow microspheres of gorylic resins, polystyrene floatable shells, single
and multiple unit devices with floatation chambers and microporous compartments and buovant
controdied release powder formudations, or hwdrogels that expand  hondreds of times their
debiydrated form when inpersed inowater, Oral drug delivery formulations made from these gels
swell rapidly in the stomach, causing medications 1 move more slowly from the stomach 1o the

mesiines and be absorbed move officiently by the body.

Gas-generating sysiems typrcally nse effervescent cotsponents soach as sodinm Incarbonate, citrie
ackd and tartaric acid. The stedchiometrie ratio of citvie ackd and sodiwm bicarbonate optinsal fiow
¢as generation 1 (U761 The common spproach for preparing these svstams velhves rosin beeds

fouded with brearbonate and coated with sthvl celludoae. The msoluble coating sllows
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permention of water cansing carbon dioxide 1 releass and the beads to foat m the stomach.
Other approaches mclude the use of highly swellable hydrocolloids and light mineral oils 2
mixture of sodim algimate and sodiom bicarbonate, multiple unit Nloating pills that penerate
carbon dioside when tnpested, Hoating minicapsules with g core of sodium bicarhonate, lacotes
and polyvinyl p}-'rm}ﬁdune coats with hydroxvpropy! methvivellulose, and floating systems

based on fon exchange resin technology

i’r‘

,,,,, esoer Hogting svstem
with f cowventional effervescent tablet Forroudation for dissobving i water belore mgestion by
the patient, That is bevause comunercial effervescent tablets and granules contamn relatively large
soants of the aciddhase couple 1o promote rapid disintegration, so the large smoeunt of acid
wonld react 10 some extent with the effervescent compounds within the floating system before it

reached the stomach.

Swmnmary of the lnvention

An object of the present vention s to provide a Jelayed-release pharmaceutioad

&ﬁ’éﬁ}}ﬁ‘ﬁi}(‘ﬂ H‘ml?ﬁ iﬂi\

an effervescent tablet, granule, or powder containing a first effervescing organio auid
component and 8 fiest effervescing base component, whersin said tablet, gramale, or powder is

completely solubilized tn drinlong water o 253 °C within 2 minntes withowt stisring; and

an effective amount of active pharmacentical ingredient {APT) couted with a delayved-
velease effervescent floating delivery system containing a second effervescing base camponent,
which system s buovant in gastric fhad and thus increases gastric refention time (GRTY ina

patient.

Ancther object of the fnvention is o provide a method for mumatactunmg a defayvedd

release pharmaceutical composition, conmpising

preparing an effervescent tablet, granude, or powder comtaming a first effervescing

erganio aoid componsnt and 8 first effervescing base component, and

T
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adding an effective mmount of sn active pharmaceutical ingredient (AP coated with &
delaved-release effervescent Hoating dedivery system swhich 15 buovant in gasiric Huaid, thas

jncreasing gastric retention e {GRT}) in 8 patient,

wherein sad tabled, granule, or powder iy completely solobilized in drinking water at 25

*C within 2 minntes without stirring,

Brief Description of the Fieures

Fig. 1 is a diagram showmg a preforred smbodiunent of the manufactoring process using 8

LabRAM acoustic nuser.

Pretaided Beseniption of the Ivvention

o

SRR WY T K ] BN iy R SRS s Py A EY e oY o
As part of the Srst o man effervesvent system, an aoid »

gonststting of oi acld, rertariv acid, i acld, Tameric sl malipde anid, sucthvic achl; an

sthrvdnide of sard soads) an soud salt selveted frow the group consiating of seliun dibvdrogey

phosphate, disodinen dibvdrogen pyophosphate and sodium acod suifite and nustss of the

LA

e e 2% Enh oD ety o PR, < 1% 5¢ Yivov fnet A STy TR
Az paet of the Hrst ov ropin offorvescont syston, § carbomsge sowrne 13 selected frony the group

o . UK S Tovgpene o O U U
IR H3 of sodivm i rparbomsate, sodiun carbons I, M sassinm boarbonais, POTESSHER

p: &

s theveol

wate, soshium ghveme carbonate, and mixy

The delaved release }}h;;zrtrz&cm}ficai compostiions of the wvention way contain g siugle AR
{2.g., metformin HCY), pharmacentivally acceptable salt, hydrate, solvate, polvmorph,
sterepdsomer, ester, prodrug and complexe thereof) or aptionally may be combined with another
AP e g, metfornuin hydrochloride mixed with a compound selected from the group consisting
of GUIPIZIGE GLYBURIDE, MOGLITAFONE HYDROUHLORIDE  REFAGLINIDE,
ROBGLITAZONE MALEATE, SAXAGLIPTE and SITAGLIPTIN PHOSPHATEL

,«”4
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The delaved-relpase effervescent Hoating debivery svstem pharmaceutical composition{s) of the

mvention comtains the APL 3~ 10 %% by weteht of 3 second effervescine base component {g.u,,
> “ Py Ny ¥ “ o

boiy
R

sochuy bivarbonate, seediung carbonats, potassiam Mearbonats, potsasiom carbosate, sodhy

sesgnicarboaate, sodivn pheine corhonate, and mistures thereot), and one or more coatings such

as film cpating, siteric coating, bloadhesive conting, diffusion coating, and other non-water-

permeable costings known o the ant.

These cogtings can be functional or non-functionsl. A functional coating helps slow the welease
of the active ingredient at the requared site of action. In one example, the coating prevents the
AP from contacting the mouth or esophapus thereby maslang #s taste. In snother example, the
cogting remanss wiact pntil reaching the small intestine {e.g., an enteric conting). Dissoluuon of »
pharmaceatical composttion i the mowth can be provented with a tayer or coating of hvdrophilic
podyrners sach as cellulose or pelatin, Bndephi®R of vanious grades or other suitable polywers

nay be incorporated 1w coating cmr;.ar}gmsitims to release the AP in the colon.

Conting agents inclade, Ing are not Hmited to, polysaccharides such as maltodextrin, alkyd
celludoses such as methyt or ethed sellpdose, hvdvoxyalkvicelluloses {eg. hvdvoxvpropvlcellulose
ar hydvoxypropyimethvicelhuloses), pobyeinvlipyeralidone, acacha, com, sucrose, gelatin, shellag,
cellulose acetate pthalate, lipids, svathetic resing, aervlic polymers, polyvinyl alcohol {(PVAY
copolvoerns of vinylpyrrohdoue and vinvl gestate {e.g. marketed ander the brand name of
Plasdone & and polymers based on methacryvlic acid such as thoss marketed under the brand

oame of BudragaR,

Exciptents can be included slong with the film formers 1o obtain satisfactory costings. These
excipionts can include plasticizers such as dibutyl phthalate, triethyl citraty, dibutyl sibacate,
trincetine, polyvethivlene ghyveol (PEG) and the like, sntitacking agents such as tale, steane acid,
magnesivm stearate and colloidal sthicon dioxide and the like, surfactants such as polysorbates
and sodiwm lauryl sulphate, fillers such as tale, precipitated calohim carbongie, polishing agents
such gs besswax, carnauba war, synthetic chlonnated wax and opacilving sgewts such as
titannnn dioxkde and the ke, All these excipients can be used at levels well koown to the

pevsons skilled i the art.
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Non-permenble coatings of inxeluble polvmers, e.g, celinlose scetate, ethyloellulose, canbe
used as snterie coatings for delayedimuodified release by inclusion of soluble pore formers in the

coating, e.2., PEQ, PVA, sugars, salis, detergenty, triethyt cltrate, triacetn, eic.

The coating is a sustained releass coating. The beads are retained m the stomach by floating
thent, which alse controls the drug release rate. Ad added agent such as alginate or polyacrvlate

may be used 1o foror s floating raft, which will nap the beads.

Coatings of polymers that are susceptible o enzyvmatic cleavage by colonic bactenia are a means
of ensuring release o distal Howm and ascending colon. Materials such as calchun pectinate can
be applied 83 coatings fo composition and maltiparticulates that disiotegrate in the fower
pastrowntestinal tract, due 1o bacterial achion. Calctum pectinate capsules for encapsuiation of

brogdhesive mudaparticalates are also avalable.

Preferred sustained reloase materials are cellulosic and polvacevlic acid polymers (g
poltyvearbophils or Bwdragits). These components contred diffusion of water during the tme it
takes for the patient to swallow the efferevecent boverage. Once i the stomach, the acid in
gastric juice will react with the second effervescent base, e.g., bicarbonate.. When the
hicarbonate reacts, gas bubbles form The coating Weally "eels™ and taps the bicarbonate inade,
bicarbonat £ bubbles § 11 ating Koally "gels™ and taps the bcarbonay !

making the hile beads foat

The slow release pharmicenteal compositions of the invention can be coated by awide variety
of methodds. Suitable methods include compression coating, coating in a Nuidized bed or & pan

and hot melt {fextrusion} coating. Such methods are well known to those shalled 1 the an

The preferred controlled-release coatings are applied 10 the APLising non-2queaus Systems w

protect the second effervescing bass component frony water.

In @ preforred coating method, the AP core particles are mixed with 2 @ 1Y wi% of au

effervescing base component, such as o brearbonate salt {eog., sodinm bicarbonate), nanosilica

{optionallv}, an ert media such as sucrose or ghass beads, and water insoluble polymer
particles, to produce costed APY core particles. The coated AP cors particles gre then subjected

to mechanical stresy, elevated temperature or a combination thersof i order to defbrm the

L5 41
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coating o a continuony oy The costng sticks to the core AP particle when i is "pressed 1n

place” by a hard, inert media parcticle sach as sncvose. After coating the sucrose 13 then removed.

Qptionally the costing inchudes a combination of water soluble or swellable coating waterial
particles so that the water soluble or swellable particles are imbedded within a water msoluble,

deformable continuous pobymer layer

The AP in the coated APE core particles does not release mmediately m the mouth and thus the
parttcies can be taste prasked in this manver, vet the AP s released m a relatively short e
from the coated pharmaceution! formulation once reaching the stomach. At that tme the seeond
etfervesciog base component can react with acid i the gastng Juce to generate carbon dioxide,

causing the AP partivle to float on the gastoe flud and thus delay relegse of the ARL

Dryv coating may be accomplished by sav sultable device known 1o a skilled person. Suiable
devices inclade, but not limited to Comnl (U3 Quadro Comil of Quadro Penmsytvania, 118},
L.abRAM {(Resadyne Minnesota, UK}, Magoencally Assisted Impact Coater (MAIC, Aveka
Minoesota, U.8.) and Fluid Epergy Ml {FEM, Qualification Micronizer of Sturtevam
Massachusetts 1.5 The FEM ix able wo simalaveoualy mill and dry coat the particles to achieve
particle sizes thet wre cgual 0 or foss than 30% of the nitis! particle size i snller particles are
desived, Dry coating of the particles can be accomplished tn g relatively short e using sweh

squipment, for example, 100 grams of costed AF] core particles may be dry coated in S 10 10

nantes using & LabRAM.

Advantages of the present invention include reproductbibity of both the high rte of solubiltsaion
of the effervescent tablet itself and the slow rate of API release. The present system offers
floxibility i terms of release profile, compatibntity of the sssential components, and high
uwniformity of coating. The presend method of dry particle voating {s simple to mplement fr a
wide rangs of APU's. Coating weight is relatively low while the rate of production output pey
e are high. The wvention uses bicarbonates and acceptable salts as an essential coating
waterial. From a temperature standpeint 118 g colid coating provess, which belps with excipients
{no meling’ and no calcination reaction @ site, Refrigeration is possible. The process i3

compatble with FRYI0G componenty, and it can be used as part of related processes, ey, ong
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can coanbine granuniation with fluid bed coating phas BRAM, depending on nesds and

CITCHMSIANCES,

The water-insoluble polyimer ts in particle form, with w median particle size 8 range of from ]
g to 20 g, from § pan to 12 g or from 5-6 pan. The water msoluble polymer s deformable
under mechanical afress, slevated femperatore or a combination thereof and thas s selected o
have a Young's modulng of not greater than 420 MPa, or not greater than 200 MPg, or ant
gregter than 100 MPa_ as measored at 20 °C, Alternatively, the deformabality shonld be
equivalont 1o a Young's modulus of not greater than 420 MPa or not greator than 200 M¥Fs, or
not greater than 100 MPa, as messored gt 20 70 when measured at elevated or reduced
temperatures sctually wsed for processing. Thus, it is contemplated, for example, that elevated
processing temperatures could be employed 1o soften the water inscluble polvore for
deformation ov that a combinaion of softening at elevated temperature and mwechanical stresy can

be smploved.

The water insoluble polymer may be selected from sastly deformable oucromized polvimers. The
water maoluble polymer may be selected Brom the gronp consisting of polvethiviene,
pobypropylens, polytetrafinoroethyiene, camanba wax, castor way, polyamide wax, amd

combmations tharsof.

The water insoluble layer should allow g diffusivity of the AP in the range of 6220
x 107 s or move preferable 3-15 x 107 m/s. The coatings result in a sigaificant delay or
recduction it AP release for the first two o four minutes of release m a dissolution test indicative

of tasto-relense in the wouth, while pormitting complefe digsolution of the offervescent tablet

The water soluble or swellable matorial is o particle form, with a median particle stee ina g
of froms 0.8 pa 10 20 pawy o 1 8 range of frome b to 10 fen, The waler swellable matenal
swalls upon absorption of water and may be selected from typical disintegrants used n the
pharmacsutical indastey gy addittves for blendys wade for tableting, Exemplary water swellable

e

materialy molude crospovidone, croscarmetiose and sodium starch glveolate. Such muatenials, o
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not seduble 1o water, must swall upon sbsorption of water such that thew diameter can merease to

120-600% of their original diameter prior 1o waltr exposure, more proferably, 200-600%

The water soluble material has a solubility of at least 50 mgfmi w water at neutral

pH and 20 °C. The water soluble matarial shoukd be readily soluble m water and have an
intrinsic dissolution rate of 3-60 pe'm™s. Water soluble materials having higher intrinsis
dissolution rates of 003} py ms s may also be used but shoold first be coated with ¢

hydrophobie silica laver m an amount of 106-300% swrface coverags. Examples of watsr soluble
materials clade nocronizable materials soch ag sugars soch as sucrose, polyols such ag
manin! and serbitol, pelyvinylpyerehdone, ethyleelinlose, hvdroxsypropvimethyleetindos
{HPMC), hvdroxypropyleetinlose (HPCY, lactose, and poly-{ethylene oxade) (PEO),
polvmethacrylates {Eudragtt brand polymers), and combinations thereof. Hydrophilic polymers

are a particularly useful class of materialy that nay be used.

The smount of water soluble or water swellable material emploved in the mixing stepising
vavge of from 0.1 wi 96 10 25 wi. %, or from D3 wi %0 40 13 wi. % of the total weight of the APRL

core particies and costing materials.

Particles conted with the water soluble or water swellalde material may be optionally dry coated
with hydrophobic silics ® @ SAT from 1009 1o 400% 10 slow the dissolution mie of the APL

This option is especially beneficiad for comg matorials that dissolve audior swell o quickiy to
muask the APTs taste. Dry costing with hvibrophobic silica may produce a poorly wetting but still

soluble particle.

The silica particles wsed for dey conting inchude hydrophobic silica or vdrophobically treated

sihiea. Examples melude Aerost RO72 ailica {(Degussa), CABR-O-SIL EH-S silica {Cabot), QX530

sifiea (Degussa), COSMOSS (Catalyst & Chemioal Ind. Co. Lad (apanty, P-500 hyilrophntic

sitica {Catalyst & Chemieal Ind. Co. Lt (lapan ) and TXS sibics {Cabotd In some embodiments,
mere than one tvpe of silica axay be wsed m combination. For example, TS amd Asrost] RE72

may he used together to coat the APT core particles.
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The voatings also peront ot least 90% of the release of the unvosted APT core particles at 38
mimges of 60 numutes, as desived, in 5 standard USP dissolution test indicative of dissolation in
the G fract. Specifically, in the first tvo mimutes, the release from the test sample consisting of
coated particles s nearly arrested by the costing, with less than 0.1 % of drug dissolving in a
dissolution test inchicative of taste-release in the mouth, mwore preferably, less thag 0.07 % of drug
dissolving in a dissolution test indicative of taste-release in the mouth. Alse, in some
embodiments less than about T % of drug dissolves in a dissolution test wdicative of taste-release
1 the mouth at four minutss, more preferably less than 0.5 %, as compared with the release from

a test sample of uncosted drug panticles of comparable size.

Example |

A deformable polymer, polyethyvione (PE) wax haviog a particle stre of 8.3 pon 15 nsed 1o coat
metformin hydrochionde. The polvethylene wax has a Young's Modulus of 200 MPa. The
mixigre contains 20 wiA sucrose media, 10 wi % nanosilica, § wi % sodipm bicarsbonate, and 10
wi. % metformin HCL The powder blend is provessed using an acoustic mixer as shown in

Frgure 1

Fagmnle }

A deformable polvmer, pobvethyiene (PEY wax baving a pastivle stze of 8.5 gm s used 1o coat
metformin hvdrochlonide. The pobvethiviene wax has @ Young's Modalos of 200 MPa. The
naivtre contains 2wt seorose media, 1wt % nanostlica, 3wt % sodiam Mearbosate, wad 10
wi, %o metformin HCL The powder blend s processed using an gcoustic mixer g5 shown in

Frgure 1

Example 2

Metformin HOT particles {10 wi8%) with & volume averaged modian particle size of 41 pm are
coated with PE wax {median particle size 5.5 um) as the hydrophobie polemer and vanous
different polymers a3 the nvdvophilic polvorr ata loading of 8624 {hydrophobie to
hvdrophilic), The hydrophilic pobvmer particles are HPC (3 o), BC (17 pm)d, lantose (8

pm} dry coated with Asrosil R972, and Iactone (18 pn) dry coated with Aerosit R972. The

e

mixture confains 25 wi % sucrose medig, 10 wi % sodium bicarbonate, The

u
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The foregoing examples have been presented for the purpose of Slustration and

desoription onty. The scope of the yvention s 1o be deternvined from the claims appender
hereie.
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{laims

o A delaved-release pharmaceniical composition, comprising:

an effervescent tablet, granule, or powder containing a Hest effervescing orgame ackd
component and a first effervescing base componant, wherein said tabled, granule, or powder i3

completely solubilized 1n drinking water a1 23 °C within 2 mibnutes without stirring; and

an effective smount of getive pharmaceutice! ingredient (AP coated with a delayed

refease effervescent Hoating delivery system containing a second effervescing base componet,

which system 18 buovant in gastrie fhud snd thus increases gasiric retention hne {GRTY in g

patient.
2. The composition of claim 1, wherein the AP s costed with polvethylene.

s
<

The compasition of claim 1, wherein the AP is metformin HCL

The composition of claim 1, wherein the AP is a combination of Caniglaflozin and

Metformin

o

The composition of claim 1, wherein the APDis 8 combination of Glipizide and Metformin,

& A method for manufactaring @ delaved-relesse phanmaceutical Composition, comprising:

preparing an efferescent tablet, geanude, or powder containing a Rrst effeveesving

erganic sad component and @ first effervescing base component, and

adding an effective amount of an active pharmaceutical ingredient (AP coated with &
delayved-release effervescent Hoating delivery system shich is buoyant w gastrie Huid, thus

increasing gastiic retention time {GRT) in g patient,

wherein said tablet, granule, or powder is completely solubilized i drinking water at 23

*C within 2 minpies withowt stining.

The wethod of clanm &, wheremn the AP s coated with polyethviene.
The method of claim 8, wherein the AP is matformun HCL

The composition of clasn &, wherein the APLis g combination of Cantglaflozin and Metformun,

16 The composition of claim 6, wherein the APHis a combination of Glipizide and Metformin,
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