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BACKGROUND OF THE INVENTION

A wide number of pathological conditions are characterized by the need to
suppress gastric acid secretion. Such conditions include, but are not limited to
Zollinger/Ellison syndrome (ZES), gastroesophageal reflux disease (GERD), peptic
ulcer disease, duodenal ulcers, esophagitis, and the like. Conditions such as peptic
ulcers caﬁ have serious complications and represent some of the most prevalent
diseases in industrialized nations.

Presently, the main therapies employed in the treatment of GERD and peptic
ulcer diseases include agents for reducing the stomach acidity, for example by using
the histamine Hj-receptor antagonists 'or proton pump inhibitors (PPIs). PPls act by
inhibiting the parietal cell H'/K" ATPase proton pumps responsible for acid secretion
from these cells. PPIs, such as omeprazole, and its pharmaceutically acceptable salts
are disclosed for example in EP 05129, EP 124495 and US Patent No. 4,255,431.

PPI agents are acid-labile pro-drugs that are usually administered in enteric-
coated granules and are weak bases. Following absorption in the small intestine, PPIs
preferentially accumulate within the acid milieu of the acid-secreting parietal cells.
The acid environment within the acid milieu of parietal cells causes the conversion of

the pro-drugs into the active sulfenamides, which are the active agents that bind and
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The development of an effective treatment for pathologies in which inhibition
of gastric acid secretion is required would fulfill a long felt need. Despite the wide-
spread use of PPIs, a need still exist for increasing the PPI efficacy, e.g., prolonged
effect to control night time acid breakthrough, greater effect at reduced dosage, meal-
independent administration and control of night time acid production. Applicants’

invention disclosed herein meets many of these unmet needs.

SUMMARY OF THE INVENTION
It is the object of the present invention to provide PPI-based compositions
with enhanced activity in inhibition of gastric acid secretion.
In one erfzbodiment, the present invention relates to compositions comprising a
substituted benzimidazole H'/K'-ATPase proton pump inhibitor (PPI) as a gastric
acid secretion inhibitor and one or more derivatives of saturated -or non-saturated

aliphatic carboxylic acids such as monocarboxylic, dicarboxylic or tricarboxylic acid
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The present invention is based on the inventors surprising discovery that while
specific aliphatic dicarboxylic acid molecules involved in the mitochondrial
respération circle (Krebs cycle) such as maleic acid and succinic acid can activate
parietal cell, thereby enhancing the activity of proton pump inhibitors in inhibiting
gastric acid secretion, specific derivatives of such acid molecules are more effective
in inhibiting gastric acid secretion in combination with PPL. Without being bound by
theory, it is believed that the derivatives possess delayed and/or sustained parietal cell
activation or accelerated drug stability compared to the non-derivatized acid
molecules, thereby enabling adequate overlap of pharmacodynamic profiles of these
two components. Therefore, the synchronized activation of the parietal cells by the
derivatives of the present invention maximizes the inhibition of the pumps by the PPIL

The compositions of the present invention exhibit the following advantages

over the known PPI-based compositions aimed to reduce gastric acid secretion. The
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advant ages
agents of the present compositions provide an effective solution for bed-time PPI

administration in GERD patients that are instructed not to ingest food at bed-time.

The compositions according to the present invention may comprise any
derivative of aliphatic monocarboxylic, dicarboxylic or tricarboxylic acid molecules,
such as salts, esters, aldehydes, ketones, nitriles, alcohols, polymorphs, hydrates, or
conformers, provided that the derivatives possess sustained and/or delayed parietal
cell activation or accelerated drug stability compared to the non-derivatized
carboxylic acid molecules. Preferred derivatives of carboxylic acid molecules are
esters of such aliphatic monocarboxylic, dicarboxylic or tricarboxylic acid molecules,
more preferably methyl, ethyl, propyl or butyl esters of aliphatic dicarboxylic acids
having between three to ten carbons in the aliphatic chain. Most preferred derivatives
are dimethyl or diethyl esters of dicarboxylic acid molecules such as dimethyl or
diethyl succinic acid.

Preferred carboxylic acid molecules which are the basis of this invention are
aliphatic saturated or non-saturated monocarboxylic, dicarboxylic or tricarboxylic
acids involved in Krebs cycle. Most preferred aliphatic carboxylic acids are saturated
or non-saturated dicarboxylic or tricarboxylic acids having between three to six
carbons in the aliphatic chain such as maleic acid, succinic acid or citric acid. Also
included within the scope of the present invention are other aliphatic carboxylic acid
molecules involved in Krebs cycle such as for example pyruvate, a-ketoglutarate,
succinyl-CoA, fumarate, or oxaloacetate.

The preferred acid molecules according to the present invention are methyl,
ethyl, propyl or butyl -esters of maleic acid, succinic acid or citric acid, most
preferably dimethyl-ester or diethyl-ester of succinic acid or combination thereof (for
example, succinic acid di-ester in which one ca.rboxyiic end is esterified to a methyl
ester and the second carboxylic end is esterified to an ethyl ester). It is also possible
that the derivatives of acid molecules of the present invention are combined in a
composition with the non-derivatized acid molecules and PPI in order to get both
immediate and delayed or sustained effect of the acid molecules on parietal cell

activation. For example in a preferred embodiment, the composition comprises a
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separate dosage forms. For example, the aliphatic carboxylic acid derivative
according to the present invention may be formulated in an oral suspension or a solid
dosage‘form such as capsules, tablets, suspension tablets, or effervescent tablets and ‘
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tablets comprising beads with enteric pH-dependent release polymers or non-enteric
time-dependent release polymers. The separate dosage forms may be provided as a
kit containing particles of the aliphatic carboxylic acid derivative in one dosage form

and the particles of PPI in a separate dosage form. In this case, the aliphatic
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i nventi on é be for | ated as nulti-layered tablets, suspension
tabl ets, ng&e’ﬁ 2lly-apl ets, powder, pellets, granules, hard

gel atin Capsul eThe QB iﬁgﬁaﬂleﬁwldﬂﬂm ﬁe&ﬁﬁﬁiﬁmnﬂfn 0§ hlsg Beabinmlfapsih es
containing a I|p|d based vehicle. Liguid dosage forns such as

suspensi ondlosags fera tdfable deor RR»EanBfal?ﬁ@HFﬁﬂlatl%ﬂl 96 THTAV FIPME ARBEHBIT, | | ¢
acid der| V%hbéé?d&ﬁﬂér@&ﬂ%&h%hﬁsymﬁ‘éﬁﬁ{ aft‘%Qale‘gS’srsﬁl)?é thhCorR2VdY ik SlaRBIE
to the PPl during storage. Accordi ng to one enbodi nent, the

sol i d dosadesrédients sfadmiastereé gealy (aunlvmhpbath @rlwxmhcp@niveuwmelecules in

mul ti - . ! ayer etg & l na%)SLﬁQ tz%dn{hgg eaj):l)ld Q&Ne' i ﬁleﬁf ZtthgdPIW? 1? ggﬁ&l&&

enteric pH— epende ease ol'yner s or n-en endant
rel ease polpymatesallgmﬂ 1mm¢en@1selsy afccdl deliaty mbcmamzaustmyeyﬂmm acid

derivati ve. eces hati c. car box aci d derivati

ot ol be e 1 OF A RrCHaaSad) 1B Dot SRBRRY it Jirae 6 oL mpnad
bi oadhesi vereﬁmgml sabjeBNsu GG 'fEin® A- diYdBerl B WHiCAtJuppre@ion§ bOaddtmg acid
formul ati on or  del ayed release fornulation in order tqQ extend.the

rel easi ng tSFeFeHqyist igguieadoorat Hisonder nenellsdreﬁtﬁés%wpteﬁe?n &f gastiicepsid

al i phati ¢ garbasty! ithe HidekbdEirhRide G0 feRS btiad S phdtmaoentiog! ©
oral dosage frorm Wne?el r% each %igl’l vgg?léiglehn |(r)1gt di ff’erenP gast re
retentive @pnmwagaedommfmem of 4 [gasiric acid secTetwnaiphibiter andgmediremers of
the presen ahkﬁa\f%néar&{%}f Pdl ag \p?vgso;g n‘gll?éleg ance§ eﬁﬁér@ﬁe%hgo&%gﬁves
forms. For e atic car oxyllc aci d derivative

accordi ng tp@sstebse qeraeecerﬂndlonvmtaumm MyndemeﬁordﬁfabtabedtﬁenPah dtiaty or
suspensi on S e form such as, capsul es, ts,

sushensi on ealfepd ung SRR S Yo aeE i SR mobRufity ' e
formul ated i n aTaepRhpbLStsR bdthdqsaest frﬁ}érﬁﬁonpﬁ';gﬁ ocakbty feapeuding Ot
tabl ets conpri sing beads with enteric pH— dependent re] ease pol yners

or non- ent éf%Rkng pABolagise Ak erramBpk s whish) iphidition ofhgasticparid seTeivsage
forms may Bg;pgVi ﬁﬁe@er@ﬁgathg'zﬁarﬁﬁﬂtﬁ' R, P éﬁnﬂﬁasﬁfmé e QR:@&&' c
carboxylic acid derivatiVve in one dosage formand the particles of
PPl in a sdépentioreagostgevd mthin treptingithe rpdtwdogiesradah imphiatitiog the risk of
carboxylic ered in conjunction
with the Plf’g%lgprﬁ% P}l%h\régth?@gw %ﬁseso?g&()ﬁﬁcﬂ!r)%%ol ogi cal overlap in
t heir physi ol oglmmlphaMacwttcyL cohipesifibhs afthe tpinesert] mpémbn enaydrebasey lin @

acid derivat.iyve c ni ster.ed sjinultaneo and/. or

sequent i al |¥jde number C%RE%Q gi“@e““’?i’f&?‘éﬂ}"@ﬁf%tr?ﬁmdﬁ?‘?'ey“ﬁ}’@%?ﬂ of; 8338 2718 n
may al so beedefidh| Sic@ohditichsdASAEE bt QU dTh&UinkiedAl 6 ZoRingBARIA rome
adm ni stration such as intravenous adm ni stration, buccal delivery

and subcut 4AE8lsaptresertiager] reffux; diseapes (CTHRBY| %P@agﬁast Peptie wer fpgases,

active i F‘grogﬂh&ﬁi Sulbérs, 24k tﬁfde%a&ﬁgl EbsibRUC By @39‘ Jﬁlduced
carboxylic derivative ecu es iIT tablets of c nd t he
second act |gae£romglyedldehc Iikﬁt he PPl) is admnister ed par enteral ly by

i ntravenous, ucce | i ary; cut neo

anot her errbodl rre ‘fgsﬁn eepglgﬂta l{}%H? ShPre™ ?etu ggzjtﬁ(gt £ %?erabn%taﬁoéilof

treating a @Maeeﬁmﬁufher i nghd rigm @pldalsyordmlmses £ ehtlwpmgleﬂem@n aof
gastric aci i di sorder ngqrnall

ecretl isS required o reat ed
suppr essi oqu‘G‘Fm"gfﬁ’étf %@F‘aveg@e?% n(S‘I?Pé He 95y 2 mﬁéﬁ%yﬁc a‘”d

derivative according to the present invention; and (ii) a substituted benzimidazole

H'/K*-ATPase proton pump inhibitor. In one embodiment, the active ingredients are
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The pharnmaceutical conpositions of the present invention may be used
in a wi de nunber of pathological conditions that are treated by

suppr essi %n??&’égf’wz' c acid secretion. Such conditions Pl(l‘l?‘}ﬂ; 9 ‘%t

are not ol I'inger/Ellison syndrone (ZES), gast roesop ageal
refl ux d| sease (GERD), esophagitis, peptic ulcer diseases, duodenal

ul cers, gadomudated 'mrﬂgpgatgtdos%geeméisfpm Thpyldpepy ber useSAItEat drptevaatia
gast r opat hy;. n l. ' es
a pharmceu 3 ca? 'LQ . jpr e erngfu%preSSR’n D%epﬁ%tpﬁa@é@u%ec%gif)glélé?e.qh[%%leﬂgi t
typical ly cdmpristeis as aaetibjeee thegreadd émgrsdlmtpha'rhmmutdrcaiokq aliphatic
effective al unt1 of : (dlgz1 Qne or rmre al |E]fat|cdcar aci d
derivative S 863( ifi 79 5ty en Al Dmically, Pami Erred Y %n ‘3“5 > FHBEL? 1%t ed
benzi m daquwovamé.ﬁle/alﬁhﬁ{[&ﬁgengfmgq)pl punp inhibitor. In one

enbodi ment, the active ingredients are_ fornmulated in separ at e, dosage

unit forms. The Tkese andfurtier grmbediments malk be appapmng Fam the defpie drsfrintian

subj ect i n Whkehh itk gsRdwn of gastric acid secretion is required by
adm nistering to'a subject the active ingredients. The one or nore

aliphatic carboxylic acid derivatives are typically adm nistered

si mul t aneously, prior tﬁR?fB flﬁié mwﬁr?&ﬁ%ﬁrom on of the PPI.

These and further enbodi rren be appa e detailed
descri ption and Figurapl &hemdnaiatéwhﬂabvmuccﬁﬂb%xmw lelbt @ chpible of
FI GURES ure.l dgrmnstrat eﬁﬁtégat succinic .acid dinmethyl ester

i s capabl eeﬁmﬁﬁ‘%éﬁﬁlﬁﬁm QuiPpy ene Gripyes B Ao er 60 mi nut es

fromdosing.  Figurki QWeRodstFh@IDMaL dRhRBy1t Rk ¢ AREIRK 26181187 caBhble of
succinic acid is capable of enhancing the activity of pantoprazole on

gastric aci@h¥esedhe aeiivifyerf RARODPERZRISt 9N gastrissackt sestetion velien the denddhxhas
admi ni st er egie3QrNGuBeifil! Hid (Wast MinRALEO S5 BRoCto RANLARIAERYEN of

pantoprazole.

DETAILED DESCRIPTION OF THE INVENTION

The compositions of the present invention provide a unique combination of
PPI as a gastric acid secretion inhibitor and one or more derivatives of aliphatic
monocarboxylic, dicartboxylic or tricarboxylic acid molecules as parietal cell
activators, wherein the derivatives possess delayed or sustained parietal cell activation
or accelerated drug stability compared to the non-derivatized acid molecules.

A "derivative" of a compound means a chemically modified compound
wherein the chemical modification takes place at one or more functional groups of the
compound. The derivative however, is expected to retain the pharmacological activity
of the compound from which it is derived.

The compositions of the present invention may be used for preventing or
treating pathologies in a mammal in which inhibition of gastric acid secretion is
required. The compositions of the present invention are effective both in treating the
pathologies and in minimizing tﬁe risk of development of such pathologies before
onset. Such pathologies include for example: Reflux esophagitis, gastritis, duodenitis,
gastric ulcer and duodenal ulcer. Furthermore, the compositions of the present
invention may be used for treatment or prevention of other gastrointestinal disorders

where gastric acid inhibitory effect is desirable, e.g. in patients on nonsteroidal anti-
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The conpositions of the
present invention provide a unique conbination of PPl as a gastric

aci d secr%{)g&sjogﬁj&pi tor and one or nore derivatives Ofpc"‘}](ﬂaﬁ)dﬂ%dzﬁzs
iC I

nonocar boxy carboxylic or tricarboxylic acid nol ecul'es as
parietal cell activators, wherein the derivatives possess del ayed or
sust ai ned peflanmeaiprycdngs QAN tthesepyolinchedieg byvatess asping). 9n apiignts yith

3t S o . M g
oo compodn GieBBSRhg Ik pARHAGHE PRI Busto-ssophadtal £ URHXS
chem cal n§GERDGasndoin padests vpllagsstratonmne Trey miayealke be tusahad pgieotaps of
th ._The derjvative h L ted. to, inth
Dhar o) odEmveRes Gy RS Tt e FOBn P iteSita bedtag Pigs
The conpositlideging peptid t16erf) i€ pRidhts vAthedhl AteMippEeabisdittedtPhl ERURN frNg

or treating pathologies in a mammal in which inhibition of gastric
aci d secr etPFOfnfan ¢ dlustrestrelatete BERYBLI blesding.of int Honditieenel | Beedi on

are ef fect ip\ﬂﬁo%&ﬁtﬂeiyptot B2 Abrk Q%i{?g?% 8?%2&%6;?&8 Sin@"d g%&e@g%}ﬁr%‘ Rfedshe

ri sk of devel opnent “of such p . ore ons J _
pat hol ogi esilderationdeFirther.ethaymhay. bRabdfulk ire dwpheayineitsof Halitobagterspylor

duoden! ti S’inf@&fotnr lafid %s%&res quccg 'tlooﬁ'l%g]eal OHlleg Eﬁdi’[lizéjnrt heeI‘f hes: 1't Qee frment
conpositions 0 P e present T nventi'oh may be U8l Yor treatment ot
prevent i on infludy betrargas tindied te Zoilingdr-Ellisarsgedrsme/(ZES), Yoetiict's Syrmlednle,
inhibitory effect .is desirable, e.g. in patients on nonsteroidal
anti- i nf 13BfSFIRYF PaFOBYSSI¥ NSAI D) t herapy (i ncl uding | ow dose

aspirin), in path et smdditelome bb:GRTvETRIROSlesbnt InfeRRhiREess MidldVed
synptomati c gastro-esophageal reflux disease (GERD), and in patients
wi th gast r iPABeakcellpgivativr pompared fcthe seprdesivabized avd Bojeguleh Fenetapple ar e

situations,d Her%{i{r%rﬁo%sél% rg rag&gf ElL RS hH AP hicR sBHE Shbdtals B}n? Eg%’leﬂ?,

such as bl eeding peptic In patients wth nonvaricea
gast r oi nt estimal60tuirg §Ginng S0moy, 1{fmenenl?Gmnddlleting siradinatsdtionicosal

bl eeding, in conditions o re-and postoperatively to. prevent
aspiration of gasfPft era‘érfl%”dglﬁam‘t g’cp AV esa‘%([]ltlhf rpé%Fms‘t“?%rgl 1l possess a
ul cer at i on.suftsinédpdrietd] Bely adtRytidiecongRfad| to ittt ddnedetiv fddcdaeitl neflecules. For

Hel i cobact er lori jnfections and .di seases. related to these. her
condi ti ons %551%% gvatpes PP%&%SrPéﬁﬁtafﬁ@i eralé'?ﬂ%w%%h@rﬂa%gﬂ forpt astt o

Zol | i nger - !ﬁbbﬁtsmﬁ?’a@ﬂﬂ@é(ﬁrﬁﬁsﬁm}%%ﬁ, SO4HEL OB 126G RNSHEY fheir
mast ocyt osi s. n one enbodi nent, the derivatives of the present

i nventi on péBwusEtiandel ayed parietal cell activation conpared to the

derivatized . | . .
o pari ctal cor| Rgth wBReE it Einpitohe BEAARKE: of 4R olSH oG BORS ¢
60m n, 75mipariet®0nelh acth@fion rwidch k@6siabodtol $ming r3@miin ed Imiad GOmins t75atin,on.

| n anot her .enhodj rent, derivatives. of the present inventio
boseoss o SRS SR or B hup PRy Hmim B AR e et & eas
non- deri vataba&td3@sing 450§ CeUnSs, 75h@in, AR eoshidcoderdnat foVlewingo&eRsSS
parietal cell activation which prolongs for at |east about 30m n,
45mi n, 60mAMIMHRAT. 90ni n, 105min or 120min fol | owi ng their

admi ni stration. o another embodiment, the derivatives of the present invention possess
accelerated drug stability (especially accelerated drug stability during storage)
compared to the non-derivatized acid molecules. For example, the derivatives possess
an increase in drug stability of about 25%, 50%, 75% or 100% compared to the
stability of the non-derivatized acid molecules.
In a preferred embodiment, the activation of parietal cells by the derivatives of
the present invention initiates at least about 30 min following derivatives
administration and/or prolongs for at least about 60 min following derivatives

administration.



In yet another enbodi nment, the derivatives of the present invention
possess a parietal cell activation which starts about 15m n, 30m n,
45m n, 60m ] 90m n, 105mn or 120m n foll ow ng i

admi ni st r%gg%ﬂgéﬁg%rol ongs for at |east about 30m n, Af?rqrﬁq?mg&ﬂr%mﬁ,
75mn, 90mi n, 105mn or 120mn follow ng their admnistration.

I n anot her enbodheremmhancerseofidhd wnti-sscestoryf effdet ofr the epreton nprmp ilginbitor
possess ac ated dt tabilit especi al | v ac -at ed dr .
stability %géoﬁéfgéss %rag%ég)grgsoerrrl%)a}né’ nt§°(51 the A eﬁ?/ﬁ&er:‘\e\%g {l‘g%d 0afcia;lzjfghatlc
nol ecul es. rhatocakayk edicirbexydierdrvetirb@slipasidess sah tharesfe areferrad deidg
stability of .about 25% 50% . 75% or..100% conpgred to the stabil.ity of
the non- der TSRS AUEtErbERiEgrids mvolvel T Brchs syl Saeain Berraett
the acti vatdcnmefeciiad bt ddrivaflds Sofbélighhﬁb_ Salrhtéd ok tR-siurdidie dRBEE/ e
invention injtiates at |east about 30 mn follow ng derivatives

admi ni st r ataFigh thahmey be pcdias RES erhepcest adcerd g ta Hsuiresgot inyention) Pepiireg
derivati ves g ks akA; : e h 1 tory
effect of th prc ot on %‘tg&ﬁ% réli:mr‘li Ri*hi ¥38g£§1é§flo%?%gé%8&§ ﬁ‘];eﬁ%}égsq&édr)ﬁcs_ﬁ%&

i nventi on d@Hs(vdeiedn & Wer $)v Brievifis setfiratddi iphaticedimbagdic oy laiecOxalic

di car boxyl i,c_ar icarb lic¢.acids,..or .salt. thereof. Preferred acid
ol ocut on. AP RionEer Kpdeiuib -2 s oy RS R PR B BT
Speci fi Cdprfeﬁm rRrdfesred dlipiﬂglig@idaﬂﬁbx?lk?ao@déd&gﬁ%éﬁs vefused %@Pﬂtdngancers
saturated or non-saturated dicarboxylic acjds that nay be used as PPI
enhancers FECBIHE Yy STERY iByeatien freialipkaticidisarbopylit andsheving fmagite 6

di car boxy! icgrbdf iafbensafrd ﬁ@f&&@oﬁh REIbBY afohR sGENAS @bcihiRr 4. Freferred non-
HO2C- (C112) n0OO211 (where n = 0 to 5). Specific saturated aliphatic

di car boxy! isatugasgddaliphptic diearbprylicrredd derivativenite bemsad accguiies toi de present,
Gutaric (Nz3h: L = Pi_nmgl =H)..;Acids. Preferred
aliphatic g?@&%@%&ﬁlﬁeﬁ&g&aﬁgo gﬁiﬂs}gta g\ﬁ/ggf?%ﬂlgg)aa@.ed as PPl enhancers
accordi ng to th&hprdisahoxyleveciti derivatieesalttiaphasy dediveat ox Vbt cexamplds
having from.2 ,to car.bon_at , re preferably. 4 carb at ogns, such
ne " succi ni ity RppaH asiPn AR e RaiPh A s p AL B IRE Hei o
derivati vesmhahtalel,mgﬂom@ﬁddine@,s.@ic&rb@am@,sﬁmﬂeé (MENad sifilabgcina®),
four carbon leic acid, and fumaric acid. The_di car bo%;;i c acid
deri vat i velqoRak (sl ap dicthydene glycolegrucenaipppalts cerysiplink polymorbs guch as
esters, al dglhudes pEqU CehAH | eJmidket (

di met hyl 1, ?-}béycl Shexgﬂg%iggp%g’- gbﬂgblg?egéaﬁgg%}ggt gé?‘,dgﬁi ?dr}i?lﬁsésﬁ%%%gsﬁsoés
nitrile sudbtermxalic adiydodesl Alses inchided withistthy scope ofjthg potsentsnoamiion te) |
salts, cr ysatllgﬁitf&n%areg)&ﬂﬁo ! &GS dgﬁlfa%vgsmg%&ggs qrrxvotf\?etda i .Olhgrmrit%c Tandrial
conforners, prodrugs, -am des, halides, nydrates, or dicarboxylic
anhydr i des.respiration ciedlel {Ecebpicktlensiches Soopangle phavieedest, funvent,i@n

are aliphatic r boxyl i.c id derivative nolecules involved in the
rritochondritk_ﬁ'fogf"’g% rs ?‘Bﬂ?(g‘?‘}ﬂ@mk%%ﬁ% cycle) such as for exanple
pyruvate, citratpestichlatpodfat® cMeNR0bNEIBIBEBAic SIET HEWatiGNHAl may be
oxal oacet at e. Particul ar preferred exanples of diccarboxylic acid

deri vat i vedisedi thengyesert inecation are dearbexye monpepiesn oT Bigstarsdmethiyl, ethyl,
di car boxyl i i t r r t
cstor s suott AT BRI P budl &ShilcneilE (kb £ ulbibein Pl At Hlestil o
di car boxy| idicaalwixplieratid cublesyles) ODter cpappipd of dishrbdkyler bud ylerieatived dre
Gerl vat | Vo LAY 5% SEIRESE S bR e et
wher ei n t heniltiple @fid enERKyd agidp usrdimthd dreeSérdr tdrbed! irbilibsahky I be

O her exanpl es_of succipic acid derivatives are
t et r anet hyI'@ﬁEgF%‘ﬁtggﬁ‘y'ri met hyl succi nat e, di et hyl succi nat e,

di met hyl succi nat(ﬁhe?‘éﬁﬂnﬁl%s of succinic acid derivatives are tetramethylsuccinates,
arabi t ol- 5- hydroxyl, 2, 3, 4-tetranet h(érlnsucm nat e,

4-t er t - but yrmsthylsierinate, dierdsueenate, dmehylsyorimateheuescirshitob—5-hydroxy-
1,2,3,4-tetramethylsuccinate, 4-tert-butyl-succinate, threitol-1,2,4-trimethylsuccinate,

threitol-3-succinoyl-1,2,4-trimethylsuccinate, ethanediol-1,2-diethylsuccinate,
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propanedi ol- 1, 2- di net hyl succi nate, threitol-1,2,4-trinethylsuccinate.
Q her esters of succinic acid nmolecules are diisopropyl, disalicyl,

di butyl, benz drogen, diallyl, allyl hydrogen, iso

0- et hyl - @&%’ E% , 3-0-net hyl- 6-am no- 6- deoxy- 6- Bgﬁﬁ%%gvpmns
6- am no- 6- deoxy- 6- D-galactosyl but hyl , hexyl, dipropyl. O her
exanpl es ofprcmanﬁhohl(ﬁ émlemhymmansﬁe ahmt@ullg:emydlmsﬂmlsmacmatee@t}muwmof:

Seterof oalGUEH)mOLGE 75 Bt . R B8, Gpe i oBeh RN

succinic aaugll hyﬂﬂig&@hibﬁpfoﬁﬁ Ceetly-601-gldest9n) $10-5iet6-Blatime 6-deodi @t hyl
ester of t deceE% succi ni ¢ acid, nmonooctyl ester of octadecenyl
succini ¢ a = e 114 ta?}m‘é”gtdé?xycﬂ Dogalagipsyl AYihYl heed dirorydi d, nononony !
ester of octadecRnyloxsHpiet BF Guckfidlaci@lieReRVire BRERV sAbstRRCAUREARY heid
succinic acid, nonol auryl ester of octadecenyl succinic acid,

dil auryl egpé Pstmof@ékbéd@@émd sigeigicricid inelude meneratthylreyter e%@féade@q%nyl
dodecyl su i S c
nononethylggg?gg 0 ﬁg§g§gcyt&LSgé%ﬁ@g&%gﬁggﬁg%la§ %ﬂﬂbgmgp %a'Of
hexadecyl ouoedécanyd sacrinds aﬂdnhahjdwsteesf eatadcﬁeﬂy&ama;dmmyicus uchbodtyl aer d
di et hyl ester of hexadec |n| aci este of

oct adecy! gc? RN g@f"c‘f}%ﬁl F‘?\ﬂt ﬁ ggsttférro chc 8‘%3881[ %%7?1 r'i‘?oéloﬁ?ﬂyb
nmonoet hyl estiebf chtaﬂeéeﬁﬂle@&/dcnﬁcﬂ%idnldimﬁﬁjl Gsteflioft &Ydde@?ﬁ kudfnic acid,
oct adecyl succj ni aC|d nonooctyl ester_ of octadec¥ succinic aC|d

di octyl ~ esfRoBpTYS esteriiqrfadesrayt ficeiniccacil. dipyl ester i ogladesenydpuccinic
oct adecyl %&G%ﬁh&la@r?l gsteﬂ‘&”@d@WlVﬁc&&E%ldm‘dﬂﬂﬁ&la&?&%f RMES Bu&id€! d,
di lauryl ester of ocfadecyl succinic acid, a reaction product of an
al kenyl sué@gidn mna@p@ybf:st@r pf bpradesid surdinjorasid, impthyl egtercelf borrderybns
on an aver [ u

pol ybut eny?&gb@%%ﬁ?cﬂg%%%lw% %f)ﬁl%g{)g%}gr?g a{:/laﬁg %E\tﬂ v%ﬁeéggh&aldecgul ar
wei ght of 40@iranchedl, mmapypletnd eg;teycmﬂ pctaddcyl smeimapcan dinbth)lergenxf de

ceter of oOPRUBERFP R AR R NERL BBt ROy TR B b

est er 'of O@bﬁd&:@Ewbinﬂimﬁd nn@oaaynestacumctaaafy@amcaﬁb Bi@idctylecsexiodie

ester of octadecenyl, succjinic acid, nmer capt.an et hyl ene oxi de

ester of oOf% éé%&*y?mwe@r WOBOIQWHeStQYQgP?f?d%]r%lﬁ‘ﬁiﬁléﬁmﬂf%ﬁ%l@%‘ S%F de
ester of oeF a&@&e@ﬂ)’shccﬁhiﬁ GEiQ] dazaagdl esteﬁaf oBMHERX MrcBinicicRDS Péaxdmrﬁp%&xct of
oct adecenyl succinic acid roxy-3, 4-di thi ahexyl ester of

oct adeceny of 83 @lenylcsugeinig aawldo spropyleae oligomer hapipe 3R perban elamen Ry

Their dori a e SO BRIcap RAcof AR E RoBRy S Skl i fr 87

such succi rppbrbafcnajhaya‘ng B zanemge moppeeniar eweight of 40Sdindra mumdem@l;e:ol octyl

dlsodlun1su00|n ciu gein te Si um,succ

ot ass um SHrCEP AL hFEAG, okfaes 8 BF rSoagREART RS dER T ann m
succi nat e hpexpghyie bride esdi sp&tw&@w@mﬁﬁ@a&@n{vﬁgr AU Iptan ethylendyaiap! es
of carboxyllc aci ds pol yporphs that nay be used in the present

i nvention &P ﬁéﬂéﬁta@e%ﬁ@wh sugcifiaraod aRquy! YaereARART Propylene a%des Getes 9f ¢
aci d pol ymaephigehi nﬁllcéiﬁicn&t@rMﬁ?ﬁhﬁér@@ptaﬁ@!h?&% YxiRAGMEL S octadecenyl
nonst ochi onetric 1 nclusion compounds, stoicionetric sol vates and

anor phous F¥AcHAg acid, lauryl mpyeapsercprepylenaneradn st 0&#)@@;16@@% pusciinyagih ddnt g
nol ecul es i d Iy V.

ol ccul oo ACGS RGN Vel o A BEARDORKERF: B0 6 HEbER  ihishexyt
enV|ronnentswwmhamdbmhﬂ@upnmceadandﬁmlmern1 prodrug refers to a

drug, d dified drug that AT
avar | abl o unt | | AB3rRIBrTROIY, TP i HerRRL sy 6 1 gp

avai | abl e fsadcific &€ BndtheRdeBvAIRtLEE) Be Ticdhh tHeSprbRht m@ﬁah eEafples of
nol ecul e that is peing cleaved.,in vivo to rel ease the_active
car boxyl i c such sucGpAc @tif csalts are in particular, sodium succinate, disodium succinate,

calcium succinate, magnesium succinate and potassium succinate as well as their

11



The conpositions of the present invention conprise one or nore
derivative of aliphatic carboxylic acids or an analog thereof in an
ef fective t 0 possess del ayed and/ or sustai ned patl

activati orﬁgg&%yg?lerat ed drug stability conpared to t%@‘r&f;ﬂ;hw&)%zls
non-derivatized acid nol ecul es wit hout undue adverse side effects.
The st andarkdowp phivatesatseclanmpursbdiofn tshecimdte plieathyelrater Misegiunc sacdimhte
derivative  pre ent) in the conpositions is preferably in an anount of
1- 2500 ny, ¢ °B¥ef erabl y 10- 1000 ng, and nost preferably 50-600 nyg.
I n one preferr edxgnfiedbireitboxlib ackie HROSdrpianthaf mahdepises enthd presunt i on
conprises Qne Qr nore aliphatic tricarboxylic acids, preferably
citric aci dYeRlQLHSiTRAEF apdwfanmric feide gIaH At Bdaticairls e PRy B
derivati vegincilififigShodslndg APROAX SRfkErs 2HEHMchBhneRRe iRTusiBR &mpounds,
tricarboxylic acids” present in the conpositions is preferably in an
amount of Btoid@netry solvalesang ambmbaid fprm®)- 1000 ny, and nost preferably
50- 200 nyg. t, nrefer enhodi t LIl of
t he present invgg% i%% u{ﬁ t9 nélf%c%%p!r;c%gléssggnglloor e %Q@agwgﬁg%sk%e
pari et al cetfiveamtboxglioadd idariatide mospulaBii wiveehiohgh expjoswatto arpadicular
parietal cells. These may jnclude chocol ate, caffeine, bufferi

hgents suckMERSIe8E FIRTEIIERl Bomseaoicdpestmicde: Pradik Wi I o e,
cal ci um gl ueghsb@irsos 3t flobiich MelipQKtdenotGallE hdtive BE B allbSle ARG oAl &icd

gl ycer ophosphat e_z, peppermnt oil, spearmnt oil, theophylline

t heobr omi n&lvodiadtsherarsulieallycvior avallgie fymaSudh Predmgdmelpsplt Bighhhe
Such pari ety exifible 26 HoYhR e ¥ BirAURIL SRS RFkolrDleAR th ARV Larboryl
sufficient t.oexprggucg tglyle %e%} re%ls I r?ui‘3 at orly gfrf gct W t houtarco(jl(ljjsui3 ng
undesi red skidandéduéscts to the subject. The conpositions of the
present inventi fur I ri -PP| -1 hat e kbl e
i nhi bi tor of thgﬂ‘a%@’{lé?qg‘c’fg ?%—?Pﬁﬁgs‘%@%ﬁ% %ﬁ“p%%%rg’?g%ﬁ&ﬁﬁ{&%%%n
t he presentaliplmtie nfatboryldmacite onny aasibg tthdredfeid dre off¢ctivel arohst Lopgssisnd

having fit - ATPRPase i nhibitin ctivity. For, th urpases of this
aventi on. dhued Bl s PR SRR St F et D et
possessi ng (phas Mesaboekical asiat hylebiles2vitAdutl tHBI 4d0ErsOfsidd, effdcts: AThase,
i ncluding, but not limted to, onmeprazole, |ansoprazole,

pant opr azolstndard gaRspximsicamasheiope alibric caskaylia agd dewlispaiseay i e
magnesi um 1c|oﬁ§9§951§%§’¢n§fer:¥b%pﬁpﬁtr ﬁﬁdﬂn?ﬁ ﬂgfdd%gﬁﬂl%l:éﬁnffg& QR @80y, and

| emi noprazol e i n neut ormor a sa orm -a g enant i oner- or
i somer or cnfhasteefersbly Weo®m@n al kal i ne salt of an enanti oner of

t he sane. Exanpl Q Stric I—%KLATP . pr n i.nhlibifors
that may be usegin ioglet%rg% HF‘ ées%l}l c’dlmrll‘?}l«!j'n hl‘:’o(r:fmr1 ?%ﬁlé’?s%ﬁt g}seegyeg%nrt %‘Y(%rfrrlﬁ e

i R US Pat ep:]tconﬁri%%ﬂ@&rtﬂﬁaie disieiric bleis?]rh?&eib hdidsdpratepdbly ftripoatidisn
that are effective as_ proton punps inhibitors., European Patent Nos.
322133 and ‘386’%%12?0‘6?’%’1 8“§e°‘&?ufeh ?i%“lﬂ’é?%é?‘ﬁv‘g@,"gﬁﬁsopigﬁ S Tlaéit

No. 259174 eaginhddesmélit BObAS G e tAHo¥ o acdkdiChri¥eh b/ iH3bihodifiond S
Pat ent 5, 750, 531 di scl ose pyrim di ne derivatives, as proton pu

i nhi bi t or s .Prefeiablybineatp ewovRf ofu by 0PM g mere spraferably 46-180G e snd nlg%ﬁ’f

exanpl e in 1 BAhR6, , EP- Al- 166287, GB 2 163 747 and W90/ 06925,
W91/ 19711,%@%/"]1%?@, 8094/ 27988 and W95/ 01977. In a

non-limting entodhetbert prefelred reatbiodinizat, wee nothpesitemad{ the girépondyiniventiasi d

derivative g ol SRes 30 of D8reAatithsl AR cefiichviiSrs HP8MEr b Raximize
the activation of parietal cells. These may include chocolate, caffeine, buffering
agents such as sodium bicarbonate, calcium (e.g., calcium carbonate, calcium
gluconate, calcium hydroxide, calcium acetate and calcium glycerophosphate),
peppefmint oil, spearmint oil, theophylline, theobromine, and amino acids such as

phenylalanine and tryptophan. Such parietal cell activators are administered in an
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The conpositions of the present invention are preferably suitable for
oral adm nistration. The PPl particles in the oral conpositions

accor di nga,g,gﬁt!%}%lzg‘giesent i nvention nmay be either coat e%cqhmommnzﬂzs
non- coat ed. e preparation of enteric-coated particles conprising a
PPl such as Oreprazole is disclosed for exanple in US Patents Nos.
4,786, 505 amdunt sg8fRjea8®. produce theTesiresiontipodateny@ifsctorithoub copsimgandesired

i nvention ¢qn {ﬁiec%e %Pslifllb.eicf an effective anount to achieve a

phar macol ogr car ¢ b Oof "t herapeutic inprovenent w thout undue

adver se side ef Thetampaiitione bfihe pidsentiinqeaooe fiether congdrise @PHi uhat iasts Ot

limted to: raisi of .gastric pH.,. C astrointestjpna | eedi ng,
or i rrproveﬂ%f‘ffev(?‘fsgg? ?“If]i‘fq%ﬁf P Wecggmgﬁ/%lgg%fé&‘%&?&?ﬂ} Wﬂ“ﬁ?'olrge EPQ'I’S@’ﬁr“éd
embodi nent thethGsehtiRldibn 821 beYans QSR tiRted liBziRRlaz¥ R cb@Boditichatink | dEPeNnd
on various factors such as the individual requirenents of the

patients ahdFesrinhibifigswstiviyy. bEon the aueases|of this preation, dheategsi PYT'dbal of
PPl w1l bgLp Lheg ﬁﬁ%@g%e&irﬁggzo poéeﬁéﬁ%?ﬁﬁrﬁﬂcﬁ&%@ﬁ%aivi . as |a.]i’ly

appr oxi mat &€ anount present int nposition is typica
about 20- 8nhilgtoof BHEKT akDPase, induding, 30t nef limitesldpy cragirezole msepra®lay

pant oprazol e, about 2 r.abepr.azol and the pharmacol ogi cal |

aui val ont PR FbalRAllf oaPHEr BT, DRBHERF DOrRPHRle St
dont opr azohghepfaabie0 pnddRhBlc, RRripiaad6) ®ndiSprafoty bAY MneinGREALS i fpytral

t enat oprazql e and | em noprazole. . The active [ngredients of, the
present i n{QIA PlohsHl ©TEy & FBBSITNILOBIEHAT BOWET PhotherdeRypiavesirAn akdigge

f or m cont aif)i Mhn@nhnietdr YEhkRGhedi ents. The conpositions of the
present invention nay be fornmulated in either solid or liquid form

It is noted thaExaoplesiof gisiriesl BKoAd Paseeprpionfpampeighibitongithal ey henesed

i nproved s L] f. id for i QNS 0 ing&lh

formul ati osﬁg%nh}%%rﬁt%?&%gﬁiaé‘%tdqgg%%%) ?%n%%.ﬁlp?c ﬂpﬂfﬁega{gﬁtekg%g%% rtr%artlt ,
t he PPl padescdbessneambthimdéazole compeurdk ithan atel effecdvdomqycbion paaipd inhibitors.

derivatives_are for ted.in.a single solid dosage form.su as

ol 411 ay e EutbrEa R Ny dzbiha nd Pt aRorCaR R OB AR Aty feen
powder, pelPh@hSNo.IXBNW 8sschbes GRARDUEerBaiRs] &1dTWOWI/1330 @nb edBatas
well as a c%osul e wthin a capsule or a double chanberedsﬁ?agsul e. In

anot her enBoaPrehdiscloporyainnifipe dedeatives. AuRrolos PrEwHINBIYS PHidRlearaigne
liquid d08§9§})fag§m&y&ﬂa afs® dRLRR ka&n@@é‘&%ﬁlhm?@ﬁ@ BBIA 1856287, GB

i ngr edi ent y suspension to be reconstituted prior to use.

The aci d-18bil6d PHT guk tWOPRE692A, t WEO P EHant WOBNDPHEL2t | BI994RE988 and
pr ef er abl y&&gﬂlg%ed as enteric-coated del ayed-rel ease granul es or
as granul es coatéd with-non-enteric tine-dependent rel ease polyners
in order to avoidacmatiggitingMeidbolif@ngakd Fdtio Beivwesd. thBlemalli surtidxgplc acid

exanpl es of suit abl dependent enteric-coated polyners to be used
1t he. pr e SERYAIVAISHRlsh 2H 81 B preAPOS OBy _?@qpfﬁt hal at e,

hydr oxypr opyl netrhy |cegipbsiti@ieofPihe NrésRhCinvBaidnVvirB WreéeRbBt Suifablchk k4,
nmet hacrylic acid copolyner, shellac, hydroxypropyl rret]g{grl cel |l ul ose

succi nat e, 2é@pigifagee Jhe R eatticlepin fhetelecompegitiniisceagpiitngoto hapresentt he
f or egoi ng. ; i rciakl aj I Lo j

exanpl e, i é‘ﬁ’s?gﬁeg{ %%ngecghﬁg?tc?g e%rnlgx%g%?&;gﬁh%[ﬁ%@g#?g% @%dltgr&c&%ofgg?ng
can be spragtckatcedposinga PREsushibsOmapmzole is discldved foe vk@nple ic Ua{Patints

ti me- dependent e s include, for exanple, one or nore

pol ymers t %\?\gf&fwd{?‘%ﬁgﬁé‘mch via the absorption of water from.
the gastric flumde dohpositivns MCMRFsEIRAL tnventiinZengfrist REPPRIH bg le€fctive
create thick coating . layer. The tine- d&pendeﬂt rel ease coati ng',
general |y [FBQURLS &baChictssp hampdpioricali FIGR 06 hERRAYEF IMPEOUCRgR! Rithout

i ndependentun@fe idversBldebrtle Sth&igatic APHEANTIRENME but ot 1ihiRd to:

raising of gastric pH, reduced gastrdintestinal bleeding, or improvement or
elimination of symptoms. According to a preferred embodiment, the typical daily

dose of the PPI varies and will depend on various factors such as the individual
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active ingredient is slowy released fromthe particles by diffusion
or follow ng slow erosion of the particles in the stomach.

Suitable non-enteric tinme-dependent rel ease coatings a | e:
filmfor m%%z@gfﬂﬁgﬂnds such as cel lul osic derivatives, '}g:a{[%{og—fzﬁﬁgﬁg
met hyl cel | ul ose, hydroxypropyl nethylcellul ose (HPMC),

hydr oxyet hydquabhentosfhe pattbhtrand dreydiseesepo by treated. | In@enetalnthe thidy dose of

-enteri f.the E it brand _pol .. Oher filmforpm
Tater i al s PRy LD B HRERAT baop e diBief S A AT At HERAEP i
the ones | ippt gscab@y e cORDBSO happitillyrabbor 70-8@ mgpdfaineptacgeatpuadd y
i ncl ude pol y(vinyl pyrrolidone), Zein, paly(ethylene glycol g
pol y( et hy| &t lagsergple, 58Pyt 49 dps pantepenls., about é@vmﬁyqab%aép énd theg

ethyl cell yhQ88eoldSc B! dquiiledt Asdes BN AHBEGMLhE PRIY: YaRSeEBlcaPirfrazale,
hydrophili ¢ and hydrophobic filmformng materials. These

filmformnm dgntapreedls, aansopyolpareappiole(-omspraselc uAzS e ) tanaloprazels apd)

wat er as ”1‘%11%@31!156'1&? or, alternatively, a solvent system
Hydr o- al cohol'i ¢ systens nmay al so be enployed to serve as a vehicle

for filmfornmat Tbaactive ingrederiebf thvtpeesemtlisventior hreqrrefesibiyt fabindatbd i a

maki ng the tipme-dependepnt rel ease coating of ,the invention.include,
by way of PTG A ARg £ aFOR IoetishiSs gt gpinpontiont of 11
pol ysacchampkddent gvdtish 6layas ahilage anaither koleDbRquid o, ghas hoted that
tragacant h, arabi nggal actan, pectin, and xanthan; water-soluble salts

of pol ysac it i lenydiipns sefeh Prereed it el gbfn dltce mBEYPd mtsbiliy aek sehd n,
and 0di UMeGHAARA SloRipaHRLE TigRe R ABNCLARAL UiGR bhibRsee wher ei n

the al kyl nenber 1s straight or branched of | to"7 carbons such as
hydr oxymet hyl celt ohosmbodingnte heePPlypariéglésidnsisene emutore aliphatic carboxylic

hydr oxypr opyilicel. , el - S0l I -has

" o REAGREHRE Sre BERLORL I VAL SO M 5 LoD P pHRRRTered
met hyl cel | udhdge saglehgibiombletie eifraticemSatiets ponslen paiety arammids ec aebufes om
t he group consi.sting ,of dr.oxyet hyl met hyl cel L ul ose, hydroxypr I
ot hyl ool 1 GPOREnG AR IRGIar BT by elluas e e MBS Gl @31 GPOSk
pol ynmers sugim@geboghile) Band@%y BRbIlheR! the hAFE agaiidimey beformakediifhk s
known to those of ordinary skill in the art. Other lamna formn

material s tHgle ko desags Bmryeh phsuspengiop Gemtaining alljeetive mgredients or

pol y(vi nyl Qﬁgl;eggi&p@rbg)mcogmtw\éaP_Mg,,%gggjol , pol yethyl ene oxide, a blend
of gelatin and pol yvi nélbi-ipyrro i done, gelatin, glucose, saccharides,

povi done; copovilderasid-labily (RBInpirpsles dn i the rmegsepiolcgippesiyan atee peefasybly
copol yner. . S i fi X e ' b f_ s )
et mfammulated & ARGIORER WL Gy @AMl of BRI Ol vl fon.

mul ti pl e beatsic ¢inm-ddpasdbni reléde gobyaleat innordapwudvesd cdiftet cafhsthk emstric
contain m xed ul.ation of peads .sel e d from beads conprisin
nter | c- codtige WP IB P [ b Gbls g P dsal et R pRmers %0
dependent nrgkfasy PahyMepres@Rd REAIFForCOMGRET SiROUIBRE OdcefdR € phitapiigt i C
carboxylic acid derivatives either non-coated or coated w.th

hydr oxy pr opyAromsempyleehyleslvdese phthalaty Relyeinytreriate phihaleen mefupiliaasidn
of beads MRy,&9mbr bendiaa! Qiﬁrﬂﬁni‘sgbﬂa {hfyfc@ﬂlﬁf}%e CRBkEe \WBinliSset heSGte
capsul es are contained Wi thin sPng e capsul e. I'n yet anot her
exanpl e, t HemeBitgio shd noxtyresfof ameopihe Saegoingiva stitable coraméroally hedilableas
press-coat or .doubl el red.tabl et.s risin i c-coat in
one | ayer fﬁgfnglnil%%atl’i %}(gﬁarr%pol%ﬁ isgldaué‘lﬁ%n@%rtﬁa(\i/% [ ger}%sJ greaigtE r%‘e?@dn%éjﬁ- Eg%eslt ed
or coated wohiinguyadbexpay opydd ores thylsclstrhia) ose in a second | ayer.
Non-enteric-coated time-dependent release polymers include, for example,
one or more polymers that swell in the stomach via the absorption of water from the
 gastric fluid, thereby increasing the size of the particles to create thick coating layer.
The time-dependent release coating generally possesses erosion and/or diffusion

properties that are independent of the pH of the external aqueous medium. Thus, the

14



In a further exanple, the conpositions of the present invention may
be formul ated as two layer non-aqueous semi-solid fill into hard
gelatin ca sules in which the PPl is solubilized in a i

(non-aque a/ﬂ]rzé%l rel ease) which is liquid above rooﬁpg}é 'ﬂ‘}f?q}?e
but forns a sem solid on cooling and can therefore be fiIIed into
hard gel at iantivaipgietiest is slowly reldasedoférin ige pargelesdhyeditfasioh of fodloprimssbot

i nvention %beformjl ted.in a |tiple oral dosage forns in which

the ali phatTECARHRAITC esé’&fhasﬁ’é‘}af:ni’;ati ve is administered in a

separat e dosage SuURAUR Bbt-edtEric Ol LIGRdNdORt rélchdt $0aBndiPire fHOExBPNMITHIR-
the ali phat| c carboxylic acid derivative may_be fornul ated in _oral

suspensi on ML seAmReupdss Y 1251 ﬁ?lgﬁ@w adsriyatpesl euch taghmethyleellulose,

suspensi on o] I b

f ornul at ed h&%k% }gr %eﬁfyic%{lﬂlg osage f o§ &"’gm‘fﬁe"'rag%}ﬁ% e%?ﬁelorrl %c 82& ed
beads or tlmbmmmulelmg the|reasetebe ddanscohthai Emida@tnbnaatbmlywrsor Other
tabl et s. ral _dosage forns C
car boxylic ﬁal.%]i %)QQJ%EI va nla\%en%,%e Seg aP T él%(éorlgbdn%@fléﬁflglém qul® g%é"%usl y
with, or aftheronthdisie®l above se’ﬂesenbﬁlad fidel nfomméder atatedinls péreradlynimglude

sonme substan del m.n or,even few hours et n the
dm i St 1 a DB BYPEFRED S, R B IUMS5R ENES ST G VoA g BB
PPl as | onGicasol, h&lﬂbin?ﬁ@éeta@e)cﬁ{rp&ﬁ% ¢eqau@§é dasdﬁ!lll MadthaepHanfac@sialipd
sonme physi ol ogi cal effect when the is adm ni stered or becones

active. | n 2scoptablecideaphilictind Mﬁmhohmﬁhm&rmwnﬁeg@lér dhese Jilmrfoppiag
enteric-co epde r is
enbodi nment %iﬁ%a?sgr%l fb%l'g eg:g:tfg ﬁl’?hﬂ%#‘ﬁé %%%? g{ﬁwlts%‘f%gttﬁ%rr}ggjtrc%céges
the ali phatailtem@ta‘reﬂjsOﬂySOiI\@nm:)rsthdeﬁydwt-almoéd Nystinss may iabsn bei amapdoyeti do
derivati ves, . a nd/ .0r sustai ned enhancenment effect on
the PPl act |I&??’§g§%&%§r¥% atlmFlon derivatized acid nol ecul es.

It is al so possidihe haedais vhmihf arel duirablg efot snakingt e tirg-depeaddno Release
order to faCIthafteﬁ the rel eaEle of the PPI fromthe entFrLc coat ed
pel | ets, t FoRHIS ClRAIMERTP MR denR6 Mgy o6 Fxarple rad ppibopt, ipptating, water

Speci f i cal |s¥iubR folsh@hhid AGRNEuch UsRaRSrcbRih, B8R, Sound GRHH ni‘ragacanth
bi carbonate may be added in an anount sufficient to provide pH

above 5 in arwogﬂ@#a@wect%m%mﬂwewa@@%M%sa#@@f p@y@c@@udwgmm such
sodi um bi CadE% U 31%1?% dﬁﬁjlq ggl&nhhﬁe Jnﬁrégdu% ﬁaﬁtalfea%ter—so}uble
P q I's'p

absorption of uired, SSI
non-ent er i dl}’ﬁ’t@biyﬁbﬁb@lhls)sc rwlterﬁm tireealkyit mf:mbmls @traights or bm@ﬂwds:fcla@w

the stabili f th PPI in .t esto b res ue to

but for | ng. SELRE ¢ Ny o adb P SIRETItese , ExBoCRIRlERNE | e
act |h ve i ngriedicappspdéeiuhge; p;yﬁ&l I eﬂittwhﬂ&#&ﬂﬁ‘dl@Belmsemesddnﬁhﬁfnadbﬁte&dshuch
within inert ar. utlc cce case, the
drug(s) rra;ﬁsﬁfgehlml Egﬁl 3%%{4?%3&18 @nygﬁﬁ‘goiﬁ’rqe ‘r‘loi 96'@?%"69 YR8 d
onto the b%ﬂfemblef‘%l@&b@rﬁ&n ItRE | sl cOtlstiag eofn@}dr&;ayelhquétmcelnhm@l@r s,

surfactants, fillers, disintegrating agents, alkaline additives or

ot her phar rh;{é@mr@ayn nye@aﬂe@bﬂ@mi and hydronyter smethyloellulese; prherricsliuleses .
Binders in 9,@]1}
met hyl cel | fﬂ nglgers% gr oxypr opyF %ﬂlﬁ%@giogéé d %%gt%rrlg%ﬁﬁ%ﬁw{o thos 1°6se

sodi um polof\rdiydry pkmllrmltln&jmrn eDtleu tparisa fcsmmgzhasnaim thabtauelye used for this

pharnaceutlcall ept.apl e.subst.ances ., wit sive 0

Bt abi o s bt iR EGE PRAR RS E AR R et AL elPBleBPRife 3 or
ioni c surfadt gethisn a @s@myepﬁfolﬂoﬁdgl gabtlirg gliEdseC tsasuhatidesS Qfdividahe,
llauryl sulfate. particles g&gyle formed into a packed mass

for ingest |°GH°‘69/°*1?0?R}¥(MWB’HHP1‘4‘E’€}TH‘PI agetAtc)icABRIMMER, the particles

may be encapsul aj egheaSp&Rifid akslnpit) |t1?ed cBA) $§§H1&1 J#SihBIple R invention is
encapsul ati ng procedures and materials. The enca}gsul at| ng materi al

shoul d be HpuRigted @8 wbsinglp rogeest forme dompriging gnvlfiple hends parrtziped sxharde
gelatin capsules. The capsules contain mixed population of beads selected from:

beads comprising enteric-coated PPI or beads comprising PPI coated with time-
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I n anot her enbodi nent, the active ingredients of the present

i nvention are packaged in conpressed tablets. The term "conpressed
tabl et” g%&'ﬁ@uls)oi’;zﬁ efers to a plain, uncoated tabl et f?ETRﬁﬂ#?lOUZUZS

i ngestion, prepa d1 by a single conpression or by pre-conpaction

t appi ng foI I ovved by a final conpression. Such solid forns can be
manuf act ur depeadent selwbIPOIommmandnbaaﬁreccannnsmgameeQr Hoveraipbeiie ¢ashoxulie,
for exanple se t

starch. i g eyl Bl oeRfbC B col P o Rl T el RAEL
silicon di algimes, Thedifferem|gopslati@oadi Hmds tuadyCeachegnemtainad sih e didfeesnt
stearic acid, ]% ot her exc |ents qc/) ants dllu«?nts buffering
agents, moFyish “ﬂb‘eéﬂ@ﬁf’@su %@é?’\‘fé‘f‘f’ 1“1513%‘?5‘9 Pegents, and

phar maceuti cal | ¥y GeiMAshE! exaRfs, ﬁkseorf{ﬂz@nﬁﬁ@ Wramk Upletalt RhRHE6S Qﬁe nmay
enpl oy one, or a conbl nati on of, four established nethods: (1)

m xi ng; ( 2forarubaiad ascprewreegt poseublestpyared fablel comRIsig) enfsie- C@a@éé’ﬁ’é it
granul atio r

Phar macy ? ?LQE%EP% Wt%f%?%éag%ﬁv%@gn%%%g%? ﬁ%%ﬁé%g{l%?g M\?\ﬁhl ch
pref er abl yhmdrgsmrwierpdwmtlallosaIng@sctmd&ay@r upon cont act with diluent.

I n anot her altegnat the Si of e en ntj.op. are
formulated in c%“rrprlbélgggrde?%?pﬁt%mgucc Pgséf%lhss%%én%m b%‘ etgl&gn Y Be

ef f er vesceffigrnfubdidde S tws Udler tbaquepon s¢rsissalit oftl \witd rhamatgelanm capatilee rin

di luents, the_aqu s form.of the conposition is produc d for.o
admi ni St Ve, BeEaLas solhzed i %&Ptdl"@a? éreqr\/aqyg%ﬁsuﬂmﬁ Felsast) Efaﬁ*

chil dren amnguidheosd 1@6151' tYmPEFuRITYE Fo¥mb B sénMRYidlbAdbolir 4% Chn Hefefore be
acceptabl e than swal |l ow ng or chewing a tablet. The present

phar maceut ifidlad intbardgelaid capshles sol i d dosage forns disintegrate the
al kal i ne agent wpLh, {Hé"n‘g}éd aﬁélﬁ&‘ﬂﬂe ?['e AR LAt may be fmﬁla{eﬁri'ﬁ‘ a
suspenS|on tabl ets' é erein Fers to conpressed tablets

whi ch rapi diujtige sirait é@a&ft éOIafSt mr Wﬁxtcéytharaélpbatwcedboxylm@ai dervetivarie
readi ly dispersi.bl |on cont |n| sage
of the pri SRETEeE ©sonntalf st Bo@SRbh VAR PIE T frafttie

t he tabl et theaalifhaiih tageanic @L&ﬂbrﬁ&tl‘ﬁd’ msp@erfehmaaed $w didliguspeysidicondded

to the forg&'@%lon The di si ntegran be bl enrged inﬁ.corrl)ressﬁd

tabl et for Gsa%fs o SHEh 2342BFiesoiab) ° %’is‘r?&t‘? FiS it eHfervescent tablets

M crocryst ahd kRepEehhy b FSmuMMCH 4 Sep W%{e' s QBadeObrmh ! Sreiliblyl énfericO
i nprove conpressibility of difficult to conpress tablet materials.

M cr ocr yst &P3teheeadepy tifperdenengdint racase beads eandrinatis B gapsiiien oplahlgts. _
i ngredients, i Svﬁ{eiogﬁpgﬁg{@gl _ gﬂ)‘ltdo\éf%f %mﬁmﬁ?{)e@g@hc; ?%?‘#yﬁwag d's

wel | knownfor its a i Nprove tonpressi lcult to
conpr ess t detredtivaeie rheaadministereidsbafmmmrmﬂtaﬂldoyslav\aith ab| dteartbie PP hdn

Avi cel tradenmar spension tahl et ..conposi tiqn i

Bad L on ¢ SUBRE agpinisualpt HEBRY R b0t B ER el fp BY or tn

i ngr edi ent Fewhbe®) bEweer fhe BRGSO bmb ah;ﬂhhetcaboxylmlmdu degivithe\aadi ng
agents, sweetening agents, flqw aids, rlc nts or, other co

tabl et adj WWardtd, Salongi py e aa\%aﬁ e"rﬁb‘lxéi AEHYAVE i3 roERE SPme

Gt her di si %?ﬂél%@f%@l efﬁefsahaﬁthe TPPS By a&ﬂﬁi@@m@nﬂ beesthatBchlAr E1ha gleygiat e
may be enployed, "al t hou croscarnel |l ose sodiumis preferred.

I'n addi t i orertbedimeat, abheR Ilaqlgw@éne@ﬁtls in the e@tr:m-c%@iag@ theotivig-deresidentbed
above may gl %&ecﬁ%?" Q‘o 6’{951% tlﬂy%ﬂl?)b&lfn%ﬁt qf 10%ReY eé@éaﬁ:{ IRt She PH-
I I nderss, éis, n]

di l uents, lubricants, granulating’al
f | avor ant s admghigjtatidapreeddsathe alighato narboryilio raaid danivaﬂma zphranmm@mtmml

art. The quantiti of thes i tional mat |s wil e, sufficlent
Co provi do Ehdeulirbactproteatd sH dushred ThrteRa ot Scb i
exanpl es ofacﬁhe}rcrmqﬁwdltsa{dmnal@ﬁwiz&bh@dﬁlarebmeg,s and exci pi ents that
may be used to fornul ate
4 Es also possﬂ)le to add buffering agents to the formulation in order to
facilitate the release o‘f the PPI from the enteric-coated pellets, thereby enhancing the

absorption of the PPI in blood. Specifically, a buffering agent such as for example
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dosage forns are described in the Handbook of Pharnmaceuti cal
Exci pi ents, Anerican Pharmaceutical Association (1986), incorporated
by refereg&gﬂmgﬁgkﬂ. For parenteral adninistratigETﬂ%ﬁ@”ﬁﬁhhve
ingredients are préferably adm nistered by intravenous, su cu{aneous,
intramuscul ar injection or buccal (for exanple, sublingual . '
adni ni st r asedwn bicarhoptp orytbeaddedintan aptoantradiiant toaprpyide e eEpibawe & in
vehicles oy, CRILIGE! For E:?&nﬁgfﬂeﬂwbe%h 138h 195 06y n{g{uf%&tlihﬂlnbicdrf)oﬂa& may be
preferred to use the actiVve ingredirents™in solution in a Steri e
aqueous Vvehiddddeo thehfoomlatkon. dif ot stentpiibm o PPein bdaidus esjusert; hit iapossillé er s

or preservatives as well as, sufficient quantities of pharnmaceutically
St abl o Wineangnelt by ftishan iy e Bt Fufis B8 SRl B
respect to iy rrgGh theRtohRERWilRbé pRsdrh@ duRas R eaMEIodgefORNQSoFilan gt o
the formof a solution or suspension, all diluents customarily used
in the art 2§ 8 thesdinackyanpl es of suitable diluents are water,

ethyl al cohol, gLORMIRNREBHER of tBE ?&ééﬂt 3R B2} BRI Mborpba@l Qlithin
pol yoxyet hyl ene sorbitol,; and sorbitan esters. Sodium chioride,

gl ucose or wfrhypharmcertipglly ecepteble pordst dul thinease.dhe frae@Epmay be myeshwith n

; g . . : N ti
agent mmy fiivich eFilen et 38 B Bk GO el Bien b ifabalARRLT  ©
pr eser vat i weslimaaitopbindanautfictamts| fdlersn disadperdtiag aperag nintes addiiwsor s,

sweet ener s, .,and, ot her .pharmacol ogi cal.ly acti ve.agents iLch ar nown
P Lot R T o Ay e
i ngredi ent Sorokx@ilE] adiRidsed nubiat dhydiodptdpyMthabyleiluiles, gadexipeopd | ow

for delivery across the oral mucosa. Transnucosal delivery of PPI
and/ or al i SFHpse apdpasboymethvkesiinlons sedivmnerolpiny] pyaelidane s pEsFrshse
route of adgh Binet ;Sl?ahhﬁ&uﬁ&@l& aEé’e%'ta@leVs_ubBE&c%é%%ﬁ cgﬁéﬁ%ﬁpr d;_?eYt@és.S seftaibe
active ingredients. TransnmuCosal delivery systens are disclosed for
exanpl e i nsucpatsenciuge phamacaiticdly, Feeptalde n5Y-iands on G SBGOIa8E2. An t
is prefera PP [ i ansnmucosal delivery and
the ali pha?%‘%néclgrgt%%q} Plg Sgrgécgmggs éﬁn\ellg?rﬂ/%“% fereof such as succinic
acid or the net iyt pattiey madebe Yatned étd b packed massefoddigestivndg cona@ntiomt

tabl ets or capsul e.. Thu PPI be faormul ated for tra osal .
bocenr) aafRBRRS Fof Mo The g ny N apo sttt 6 b0 e Paien s
may -be for niinatiedwh Ghcapsalatifg pRIcEdifies SRIPHietNs.deTHevicHpsuldfing inhdieal
separate or_ sl ngl e-unit dosage form The dosage of the

d h
al i phatic chPWoRS highlysetuble i gastricdivid s that the rertisles pespidly disessied dn

may be in thegsangents QELaRAMYS thel®qd100 my/ kg body weight, preferably
fromabout 1 to 10 ng/ kg body weight by parenteral adm nistration per

day in nultipl eldesdherdupmdiment, tipowetivhingrefiratsos! thiespessat invhgion are
fsever Ity Ofga&&n d {nl c%ﬁléarré)ss&ie taﬁ{eg?‘t'ﬁg’tex%{-' dco (ta‘es!sédktgbl]pt" %eneralllg_ Iﬂ:‘?’?rs tc{ a

ol l owi ng exanples are presented in order to nore Tulty ri1ustrate
certai n emnipten, mandatedobblehfar oral @peston, prepayd B asinglel dompoessiay or hppever ,

be construed as limting_the hroad scope of the ipnventi.qQn. One
ki |1 ed | n SPRERLp Ry SIS Gep: S TRPrertPT at MR orms an be
modi fi cat i gRubbtutdiasBE WBIE kidveis intthé &t O FEletTOI® dan WMdIlR U or @RiAH1E, 0R8

fromthe scope of the invention. EXAMPLES Exanple 1: Stinulation of
Gastric Aci%l Mg o dactse.rappmtal.repriosiarchapeiate; starelh imigrpehystalling gehnlose,

succi nat eLnpaeITelnyih e s5iffidd " sitho RbNYE, ESkBimeAbses Wbl GIRGhaknbdudral S

stearate, stearic acid, and other excipients, colorants, diluents, buffering agents,

moistening agents, preservatives, flavoring agents, and pharmaceutically compatible
carriers. The manufacturing processes may employ one, or a combination of, four
established methods: (1) dry mixing; (2) direct compression; (3) milling; and (4) non-

aqueous granulation. Lachman et al., The Theory and Practice of Industrial Pharmacy
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Rats were adm nistered (per os) with succinic acid (SA 14.88 ng/kg),
nononet hyl ester of succinic acid (n5, 16.65 ng/kg) or dinmethyl ester
of succi ni L nS, 17.65 ny/kg) using gavage. 60 m

the rats vﬁ?g&gﬂlezé etized with ketam ne/dom tor and tf!l)g&%%%g}r!ﬂ%&\%vas
| i gated. Follow ng additional 30 mn, gastric juice was collected
from the g&5186).cSuchriahicts mey elswcarpprise s cdgings.hieuproferabis dissolvempon t h
NaCH. Tot alorqcli%t%lﬁt ut nexc,%g??s%g '!ﬂmqu HCI was cal cul ated by

mul ti plying The %anp ePoIU ‘ﬁly f] € dacid concentration. Results are
expressed as neansanofieM afemtied)i el sohp@iticnachf akpanéswentimlentooupe As

denonstrated in Fjgure 1, oral admnistrati.on di net hyl es f
Ga0ei i ¢ oA SRS NS A IR LRSI D e g
(m6) were ghdieatat \{%oh NeRAPAR NG SraBRSdrT biheOUllidhts, RA abhddud Tbrns HPWheN
ef fect when given 60 mnutes prior to pylorus ligation. These results
i ndi cat e t feEPeséondis pEadiged 165 pral admimisahemeTspe fargws aFe pRstiqulasly well of
succi ni ¢ agi i i 1C: aci t ter
20 m nut co 7y BvaTRnBildfen B HINGiT 07 G il o PR A G
derivati vescenptahlsthan swaloimingern qhewingoarablet d Tho prebant pbarmdesubival ttitiesl

succinic acid. Ex Le 2:.dimethyl ester of.succini.c aci.d_i apabl e
of “enhanc 5 WG SO fheds, o Bliiessf M EsR “Gat v Rty SaBRRRY o
To further aghatidyt. t he del ayed or sustai ned enhancenent effect of

di met hyl ester ﬁf succinic acid on the actjvity of antograz | &, an
experi mental nodéf Gm c%lﬁ%ﬁ*&ﬁéalﬁwoﬁwqq b%f?lédre 5% &0 GREPTGEEY O 5
exper i ment ahhiddsildRasifekateldher RBRkN Dl c@in Whiter, @hd ﬁ_ﬁfrea@fl% disp@asibRNo
gastric acid secretion in conscious animals and avoi ds the effect of
anest hesi a forn gasspensiorpeaniinieg p @rdcisa dosaga tod HreaBR| aad dheoPlRd qBategr-nfe or

; nbi i itk >l Ni j 14. - t
) S R T g P SRl 3 s

gavage. Theodiumcmapttesadded go aberifminadaioad Ibe wiismtegrardrmay be Hdended in

adm ni-stration_of toprazole in, order to_test.the sustained of.

ol ayea o canpregred A RhRAR s o e drin cSRbinEy B PO e
ngn- deri VatcbﬂlﬂdseSﬁfﬁibhliﬁ ﬂclftlizicﬁlvn fb20s mimﬁp@&hplgu@cdnnﬁmﬁ;ﬂity ﬁf difficult to
adm ni stration, t ani ma re anesthetized using anesthetic, ga
machi ne forcoafpgﬂﬁ%_r@ieﬁé??t%ﬁsli?‘Rﬂlﬁw&fyé@;hnﬁ ujoge, AT i %Emff'éseﬂe?’ft rm
t he pyl or usiidr éd?éhtd?!s%&%oﬁm@d?ﬁhdﬁﬁiv@ |f6}5c%n{p_?&se@tt5¥9é¥§51r_id iI%IchEibﬁﬁ! S
were then placed back into its cage for additional 110m n after which

t he ani mal doxs abilify éq infnreecronprpssipilignefdiEicil 4o enmepresy taied mrateriale It is

esophagus, Joﬂ&e?#i&l it %l%gwcﬁghggqg&ﬁggehﬁrﬁontent was col | ect ed.

Fol | owi ng centrifi stric outplt and the pH of the
gastric juice sdipl sspamaendeblet mompdsiti@atmaay, sinprédtert ¢d the mE@dESEM
of gastric putput..The nupber .of .anipals i.s 6-7.i.n each experi t al
aroup. ¢ BB aorS U o GHrERT ofRe it dn STReTHENRE! e
adm ni st er dfclangfavdiing Qerlty) sivb@erdG@hgenss! Flati a3, Dibrigmet iRz ab@moan! y
di net hyl ester of succini¢ acid was capabl e of. enhancing the effect

of PPI " on ga¥eradivaR oo 2praweste thessakilieddn short. Qe ey,
sust ai ned egbangedBRHivigideeata bdithesttcheliidiaie The) beednpifely ardughhe
PPl activity conpared to the non-derivatized succinic acid. Exanple

3: Oral forawescamiedpse sedivpyis srefgred: prot on punp inhibitor (PPI) and dim
et hyl ester of j.d: ti .

el at i - capsul edtaaub 8 Sle il R o GAPSUAET forms descrbl e
ester of suoay aisc cagiath {bleBl: @QundtiiRRl of OS mterialsan.gi nibeha dibrichregse

formul ation.anpnd PPl is fornul ate ent eri ¢g- coat.e ranul es .or ..
tF o depen e ertsuleing B selbrite Ty B Purd 8RS &l AR Mo iy fhgn
packed i nt ah@phafdc@atatitn TheRGaltRics Bf MBsc2daditithalCiaiteeaPattbagfficetOny
PPl and 600-700 ng DMS per. capsule, Alternatively, each corrpouCed nay
be packed it BIAVidRdhe datied effgst do dheudesiesd; ingplation s (Tnseifig r FapRERr &F

pharmaceutically acceptable carriers and excipients that may be used to fortulate oral
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A) I medi ate rel ease DVS formulation: 40 ng enteric-coated (Eudragit)
or tinme-dependent rel ease coated (HPMC) PPl granules 600-700 ng DMS

be. it he TorIAPPHabl ot “or more preferanl y capl et - ThECRAHy R

contains a m xed of DVS (i medi ate rel ease as nentioned above),

ent eri c- codosage €nmr$ iamadeaeﬁgddleﬁle Hallpasof Cbamadewmiosl Eximbits Amrediean

corm oo OByl GER A0t ) YR P AR L 20 1 o

oral suspensi onFor parenteral adnumstratlon, the active ingredients are preferably
administered by intravenous, subcutaneous, intramuscular injection 61' buccal (for
example, sublingual) administration, in compositions with pharmaceutically

- acceptable vehicles or carriers. For administration by injection, it is preferred to use

the active ingredients in solution in a sterile aqueous vehicle, which may also contain
other solutes such as buffers or preservatives as well as sufficient quantities of
pharmaceutically acceptable salts or of glucose to make the solution isotonic with
respect to blood. In formulating the pharmaceutical composition into the form of a
solution or suspension, all dilnents customarily used in the art can be used. Examples
of suitable diluents are water, ethyl alcohol, propylene glycol, ethoxylated isostearyl
alcohol, polyoxyethylene sorbitol, and sorbitan esters. Sodium chloride, glucose or
glycerol may be incorporated into a therapeutic agent in an amount sufficient to
prepare an isotonic solution. The therapeutic agent may further contain ordinary
dissolving aids, buffers, and preservatives, and opﬁonally, coloring agents, fragrances,
flavors, sweeteners, and other pharmacologically active agents which are known in
the art.

For buccal delivery, either one of the active ingredients or both are formulated
in a formulation designed to allow for delivery across the oral mucosa. Transmucosal
delivery of PPI and/or aliphatic carboxylic acid molecules provides an altemnative
route of administration that rapidly increases plasma levels of the active ingredients.
Transmucosal delivery systems are disclosed for example in US patent numbers
5,137,729, 6,159,498 and 5,800,832. It is preferable that the PPI is delivered via
transmucosal delivery and the aliphatic carboxylic acid or derivative thereof such as
succinic acid or the methyl ester derivative thereof are delivered via oral tablets or
capsule. Thus, PPI may be formulated for transmucosal (buccal) delivery and the
aliphatic carboxylic derivative molecules may be formulated for oral (tablets, capsule)
delivery, in either separate or single-unit dosage form.

The dosage of the aliphatic carboxylic derivative molecules of the present
invention may be in the range from about 1 to 100 mg/kg body weight, preferably
from about 1 to 10 mg/kg body weight by parenteral administration per day in
multiple dose, depending upon the type of disease, the severity of condition to be
treated, and the like.
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Powder for oral suspension is conprised of DVS and enteric-coated or
ti me-dependent rel ease coated PPl granules. DM5 is in inmmediate

rel ease fﬁg{%&%iﬁ@ (as nentioned above). PPl are formﬂ, %l%gpﬁtﬁntgs

enteric-c I me- dependent rel ease coated granul €s
rel ease). The conposition conmes in individual packets to be _
constituted wt Hhmlwing/%mmdsmdpmmﬁﬁd\ﬁmoeier tpmactelinllp dlbustrets cartain

uni formli SUs arat 0 A PPl _and DVS
liquid sol fj& bo(rllmllegpspogseﬂﬁ%rmev nﬁ syo?lvggde wg¥r3h B r]i’e(fc’@%%us?gcﬁsum
chl ori de sdinitih®rhe Broadsepané tl& i’nhyrﬂioﬁl ameCﬁilleﬂ iﬁ%esaldgﬂm@@xﬂilyodlév&)e
solution for dissalution of. PP ate 10 tinmes
sol ution ofmaé'%%ﬂxoaw%ﬂwﬁlﬁa@%wﬂ@mﬁm Sesiiraesst M Mo depaik
sol ution. T@nphepdbeofkheRSentloar m for intravenous adm nistration, PPl
and DVS are dissolved in 10 mM of 0.9% sodi um chl oride sol ution at
concentrations of 4 ng/m and 60 ng/m, respectively, and the
resulting solution may be used in EWUS adm ni stration of the
conmpounds. It will be apprecrate y a person skilled in the
art that t Wﬂfummem nﬁ Gabtsicnddid SemncwdFJd!nm#momlasdtbmatwn
articul arl descr .Lhe ,sq
Phe | nvent 1SR HEH Qui il TRGTopREDIERGT RS oyl et ai o s ©1
A phar naceuti caRatsowpasadet@Wdrsm)gwﬁls saediniv acid1¢8 £di18138 Smg/kg),

har maceuti cal | ect .ve anount of a p rietal cell activator
: onpri sing Wﬂéﬂl%%o F‘i“‘-ﬁﬁ’é‘i ped éﬁlﬁbééﬁl’ i1 drarthylaesicr e SYetmigt ed

from nethykid (ﬁi‘nﬁ}"l? 69%&%@) WRingiab¥de. Qﬁ)txﬁfrﬁte@f]atéﬂ thO Bl Werd MeDRXYeli C
acid nolecules; and (ii) an irreversib gastric 14/ K+- ATPase proton

punp i nhi bivtit thmmmy/domﬁ@rr m%therwlw waﬂlgatecb E@B@@@g aglditiayel B0amdt, or
sust ai ned %@é&hs ke G&! L 1?&‘8&{1 %A er t R0 a\é%teﬁﬁﬂle&‘%&d
(f'u I phatic carbox

mol ecul es an erein the a i'c acl ecu es are’one
or nore of :fitmtdremethaSa@H. sTmdli md:omputdewesabﬁamenEmH(Eian csﬂcutaedaﬂag,

Commest Dl onliAhgng HEGbe VSR e R PRSFEME, Resuls ok cxpliSiergn

means + SEM of 8 animals from each experimental group. As demonstrated in Figure
1, oral administration of dimethyl ester of succinic acid (dmS) as well as the
monomethyl ester of succinic acid (mS) were effective in enhancing gastric output.
SA did not show an effect when given 60 minutes prior to pylorus ligation. These
results indicate that the dimethyl ester and momomethyl ester derivatives of succinic
acid are capable in enhancing gastric acid output even after 60 minutes from dosing,
suggesting delayed or sustained effect of the derivatives on gastric acid output

compared to the non-derivatized succinic acid.

Example 2: dimethyl ester of succinic acid is capable of enhancing the activity of
pantoprazole on gastric acid secretion

To further study the delayed or sustained enhancement effect of dimethyl ester
of succinic acid on the activity of pantoprazole, an experimental model of conscious
pylorus-ligated rats was used. This experimental model permits the analysis of the
effect of drugs on gastric acid secretion in conscious animals and avoids the effect of
anesthesia on gastric acid secretion. Pantoprazole alone (3 mg/ml) or in combination
with succinic acid (SA, 14.88 mg/kg) or dimethyl ester of succinic acid (dmS, 17.65

mg/kg) were administered by oral gavage. The succinates were administered 30 min
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3. The conposition of claim2, wherein the derivative of aliphatic
carboxylic acid nolecule is nmononethyl or dinmethyl ester of succinic

acid in a&g\?\ﬁ%{%ﬂf bet ween 50 to 1000 ny. 4, T?@E@%ﬁﬁa’g‘?zﬁgre

of claim ereirn the active ingredients are fornul a

unit oral dosage formselected from a double-layered tablet, a

pr ess- coat ptiabtoethe adminidttatiopaf pardopradode capsiol ®, testrihe fifstained saralelayed
tablet, a s ensj.on.tabl et . sol.ution, and suspepsion.. . .. .5 The
conpos! ti oR LR AR St eRRc PR EebpomRagh K hoaerixatsed dugpuic
coated wi t Aciént 2 hin @Ot dubgindies hdmiBisdefandentnifralsense apedthuieed using
the one or nore ,derivatives of aliﬁgl%atic,car;ggﬁﬁ){lic ¢id nol ecul es -

are fornul absthenne ingt for ¢ sharbregiof {p minyfe is sufficien to peyform the

conposi ti oRyRiusGlgatith Aroctdugd SldtolctRe ARRBINER OThé bhilARW&O AR iphRSd One
or nore non-derivatized aliphatic carboxylic acid nolecules.

7. The conpedintodis qage &ir giditienal Whemiai after fhich dhe angiaals warei sperificafli ghat i c
car boxyl i c ;ggil ' Wl ' | | G

car boxyl i ¢ BaE B e Srabd SHEELBRRhE oMo B! RI LT conten

8. The conpasicollastedofFollbwing centrifilgatien, the bastricadutput ked theent ofithe gagrior

nore derivat.ives of aliphati.c carboxylic acid nol s.and .t he PP
T out | aoite’ Fnadtn Bt AGhlifed DREYY pike el fio BRIERIAT B Bid Al
wher ei n t h@hPRhmbeér of ehianilsds 657ringadhhg perimdetal gedupl St i ng of :

r abeprazol e, onepraz | sogeprazol e, | ansoprazol e Flga,ntoprazole,

| e, ( | e,
| emi nopr azol e, t’*ér?éfgﬁrsﬁ%l“el,:‘ ey |V eB AR FISHBeE WeoRe stezgde 29 mHR
sal ts ther ¢gbr ®fle Fminiki@fod BEpBprazole, only dimethyl ester of succinic acid was

capable of enhancing the effect of PPI on gastric acid output. These results support a
delayed or sustained enhancement effect of the dimethyl ester derivative on the PPI

activity compared to the non-derivatized succinic acid.

Example 3: Oral formulations comprising a proton pump inhibitor (PPI) and
dimethyl ester of succinic acid:
Hard gelatin capsules
Hard gelatin capsules may contain a mixed granules population of dimethyl
ester of succinic acid (DMS) and PPI. DMS is in an immediate release formulation
and PPI is formulated as enteric-coated granules or time-dependent release coating
(delayed release). Granules may be packed into a hard gelatin capsule in an amount
corresponding to 40mg PPI and 600-700 mg DMS per capsule. Alternatively, each
compound may be packed in an individual capsule while those capsules are packed
together in a single capsule. Another possibility is that each compound may be
separated using a double chambered capsule.
A) Immediate release DMS formulation:
e 40 mg enteﬁc;coated (Eudragit) or time-dependent release
| coated (HPMC) PPI granules
° 600-700 mg DMS

° diluent
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10. The conposition of claim1, wherein the conposition further
conprising an antibiotic agent effective against bacteria residing in

the st omachpeirsAimeaddi tional parietal cell activator selggifg; e
chocol ate, caffeine, buffering agents, peppermnt oil, spearm nt oi

t heophyl | i ne, tagﬁbéonini% and aromati c am no aci ds. 11. A
phai maceuti cal & g as active ingredients a pharmaceutically
ef fecti ve amuntthefphafrhdce@idaPlchb@pitidie aya§d iy ah® IforeiO BT taSleNBr ke OF
nor e allphatlc carboxyllc acid derivatives selected from nethy

et hyl, propyfe@blypeapiet. ebice caplest coptainsna tmixed of Jaddp) (immediate Fﬁéqaéfb&'ﬁ es;
and (I i) annddibfelbabd)] Entdastdated drl 'er;?e*ﬂi'é erﬁi@ﬁ@%feaﬁ QR B Ratid Rhdet t or

(PPl), wherein derivatives possess sust ai ned pari et al
cel | acti vapmpresgompreswuk)tand novidd oatista ol zenvenicond! fbletiog islsagantd to be

mhergin th-0&%&@&9%&8a%%#%9%¥%ﬂ&1%CId nol ecul es are one or nore of:
) pyru

mal ei ¢ aci uccrnic a , Citrate, fumarate,
a- ket ogl utarate, succinyl-CoA, and oxal oacetate. 12. A
conbi nation conpri si a Parkg&al cell activator conprising one or

nore aliphatic rivatives selected from nethyl,

ethyl, propyl opoRUértor 6%t SisperRfondl bafgises of BIMDXNA bfterRChktear Gl €S
and a proton punp inhibitor (PPl) for use in reducin gastrlc aci d

secretion idPendaainelaae copipdPRY grames. JAYIS vain ipaacdipge Panulpien (as .
and/ or - sustgiRgdPHol S af’Plcﬁlalfoﬁﬁfl YPhd OftesERRCS fifle 0 &ié?l]'i 'ré{@afsé zed

acid nol ecul es and erein th atlc carboxylic ac nol ec
are one or Cmfé gxaﬁulemilehwcﬂ wishst). Eh@mmposman pdrnpg/mumawd}lalmmheatte be

finnarate, Lutara succ and oxal gacet a
13" The. corBiiRE Mg pR, rpSh AR b R e 058 RBRET s by e
fromthe gmoqmnmmn5|st|ng of reflux esophagltls, gastritis,
duodenitis, gastric ulcer, duodenal ulcer, pathol ogies associated
wi t h nonst er oi dal anti-inflannatory drugs (NSAI D), non-ul cer
Dyspepsi a, gast gﬁg %M1 ef | ux di sease, gastrinonas, acute upper
gastroi ntestina ess ul ceration, Helicobacter pylon

i nfections, Zol|A BBeand BMS Hquid syhdom ieprepdess) by \dﬁsﬂﬁrmg ISMBdmdrIH’,I imnd

\?\%Zﬁ gim nCt h S%MSI éﬂtgidﬁﬁ?gﬁiogﬁ b’f%g{%pgrgr;b;gi{]y%%o oglca 0. 9(3) so 1um chlonde
solution for dissolution of PPI and DMS, a concentrated (10 times) solution of 9%
sodium chloride solution is diluted to obtain a 1x solution. To prepare a dose form for
intravenous administration, PPI and DMS are dissolved in 10 ml of 0.9% sodium
chloride solution at concentrations of 4 mg/ml and 60 mg/ml, respectively, and the -
resulting solution may be used in intravenous administration of the compounds.

It will be appreciated by a person skilled in the art that the present invention is
not limited by what has been particularly shown and described hereinabove. Rather,

the scope of the invention is defined by the claims that follow.
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15. The conbination of claim 14, wherein the one or nore derivatives
of aliphatic carboxylic acid nolecules are fornul ated as an i medi ate
rel ease formulation and are for use sinmultaneously with a

del ayed-rel ease PI9 fornul ation. 16. The conbi nation of claim
15, wherein the one or nore derivatives of aliphatic carboxylic acid
nol ecul es are nononet hyl, dinmethyl, nonoethyl or diethyl esters of:
mal ei ¢ acid, succinic acid, pyruvate, citrate, fumarate,
a-ketoglutaratgniﬁgpcinyICoA or oxal oacet at e. 17. The

conbi nati on of ¢iarm 14, wherein the one or nore derivatives of

al i phatic carboxylic acid nolecules in conjunction with an effective
anount of the PPl are Lornul tqd for qral adm ni strati.on.. .

1. A~ pharmaceufical ~ composition comprising as active ingredients a
pharmaceutically effective amount of: (i) a parietal cell activator comprising one or more
aliphatic carboxylic acid derivatives selected from: methyl, ethyl, propyl or butyl esters
of aliphatic carboxylic acid molecules; and (ii) an irreversible gastric H'/K™- ATPase
proton pump inhibitor (PPI), wherein the derivatives possess delayed and/or sustained
parietal cell activation compared to non-derivatized acid molecules and wherein the
aliphatic carboxylic acid molecules are one or more off maleic acid, succinic acid

pyruvate, citrate, fumarate, o-ketoglutarate, succinyl-CoA, and oxaloacetate,
2, The composition of claim 1, in a form suitable for oral administration.

3. The composition of claim 2, wherein the derivative of aliphatic carboxylic
acid molecule is monomethy] or dimethyl ester of succinic acid in an amount of between

50 to 1000 mg.

4. The composition of claim 3, wherein the active ingredients are formulated
in a single unit oral dosage form selected from: a double-layered tablet, a press-coat
tablet, a multi-particulate capsule, an effervescent tablet, a suspension tabiet, solution and

suspension.

5. The composition of claim 4, wherein the PPI is granulated into beads
coated with enteric-coating or time-dependent release polymers and the one or more
derivatives of aliphatic carboxylic acid molecules are formulated in immediate release

formulation.

6. The composition of claim 1, wherein the composition further comprises

one or more non-derivatized aliphatic carboxylic acid molecules.
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7. The composition of claim 6, wherein the non- derivatized aliphatic
carboxylic acid molecule is succinic acid and the aliphatic carboxylic acid derivative is

dimethyl ester of succinic acid.

8. The composition of ¢laim 1, wherein the ratio between the one or more

derivatives of aliphatic carboxylic acid molecules and the PPI is about 20:1 to about 1:5.

9. The composition of claim 1, wherein the PPI is selected from the group
consisting of: rabeprazole, omeprazole, isomeprazole, lansoprazole, pantoprazole,
leminoprazole, tenatoprazole, single enantiomers thereof, alkaline salts thereof and

mixfures thereof.

10.  The composition of claim 1, wherein the composition further comprising
an antibiotic agent effective against bacteria residing in the stomach or an additional
parietal cell activator selected from: chocolate, caffeine, buffering agents, peppermint oil,

spearmint oil, theophylline, theobromine, and aromatic amino acids.

11. A pharmaceutical kit comprising as active ingredients a pharmaceutically
effective amount of: (i) a parietal cell activator comprising one or more aliphatic
carboxylic acid derivatives selected from: methyl, ethyl, propyl or butyl esters of
aliphatic carboxylic acid molecules; and (ii) an irreversible gastric H'/K"- ATPase proton
pump inhibitor (PPI), wherein derivatives possess delayed and/or sustained parietal cell
activation compared to non-derivatized acid molecules and wherein the aliphatic
carboxylic acid molecules are one or more off maleic acid, succinic acid pyruvate,

citrate, fumarate, o-ketoglutarate, succinyl-CoA, and oxaloacetate.

12. A combination comprising a parietal cell activator comprising one or more
aliphatic carboxylic acid derivatives selected from: methyl, ethyl, propyl or butyl esters
of aliphatic carboxylic acid molecules and a proton pump inhibitor (PPI) for use in
reducing gastric acid secretion in a mammal, wherein the derivatives possess delayed

and/or sustained parietal cell activation compared to non-derivatized acid molecules and
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wherein the aliphatic carboxylic acid molecules are one or more of: maleic acid, succinic

acid pyruvate, citrate, fumarate, a-ketoglutarate, succinyl-CoA, and oxaloacetate.

13. The combination of claim 12, wherein the disorder is selected from the
group consisting of: reflux esophagitis, gastritis, duodenitis, gastric ulcer, duodenal ulcer,
pathologies associated with nonstercidal anti-inflammatory drugs (NSAID), non-ulcer
Dyspepsia, gastroesophageal reflux disease, gastrinomas, acute upper gastrointestinal
bleeding, stress ulceration, Helicobacter pylori infections, Zollinger- Ellison syndrome

(ZES), Werner's syndrome, and systemic mastocytosis.

14.  The combination of claim 13, wherein the mammal is a human subject.

15. The combination of claim 14, wherein the one or more derivatives of
aliphatic carboxylic acid molecules are formulated as an immediate release formulation

and are for use simultaneously with a delayed-release PP1 formulation.

16.  The combination of claim 15, wherein the one or more derivatives of
aliphatic carboxylic acid molecules are monomethyl, dimethyl, monoethyl or diethyl
esters of: maleic acid, succinic acid, pyruvate, citrate, fumarate, c-ketoglutarate, succinyl-

CoA or oxaloacetate.

17. The combination of claim 14, wherein the one or more derivatives of
aliphatic carboxylic acid molecules in conjunction with an effective amount of the PPI

are formulated for oral administration.
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