WO 03/ 061584 PCT/ US03/ 01640 5 NOVEL SUBSTI TUTED BENZI M DAZOLE DOSAGE FORNVS
AND METHOD OF USI NG SAME TECHNI CAL FI ELD The present invention relates to
phar maceuwpaalossepar at i ons conpri si ng substituted 10 bemzirnisdaawhe pr ot on
punp inhibiting agents. BACKGROUND OF THE | NVENTI ON Oneprazole is a
substituted benzi m dazol e, 5-nethoxy-2-[ (4-nethoxy-3,5-dinethyl -
2-pyridinyl) nmethyl] sulfinyl]-1H benzim dazole, that inhibits gastric acid
secretion. 15 Oreprazole belongs to a class of antisecretory conpounds
called proton punp inhibitors proton punp inhibiting agents ("PPIs") that
do not sexhi bi t anNGGHOLH BRIBHETED HIRANHIIY OEE 1FOS 2GRk MR! OPer L i es.
Drugs of this class suppress gastric acid secretion by the specific

i nhibition of the H+, K+- ATRANRMETHOD Gk USENGSAMEon punp) at the
secretory surface of the gastric parietal cell. 20 Typically, omeprazole,

| ansoprazol e and ot her proton p Lahihi t re fornulated in an
enteric-coated solid dosage forﬁf?gbﬂﬁrghéﬂiilgelayed-release capsul e or
tabl et) or as dme piesént Aiverdtianselsted otpharmacasical piepathticis doatprisieg autstitutedt i on) ,
and are prescribed for short-termtreatnent of active duodenal ulcers,
gastriw uluwsfimidagds bfodaspliagiabiting efdnttx di sease (GERD), severe erosive
esophagitis, poorly responsive synptomatic gastroesophageal reflux disease,
25 and pat hol ogi cal hypersecretory conditions such as Zollinger Ellison
syndrone. These conditions are caused by an inbal ance between acid and

pepsi n production, called pOYOKESEOVRD ORTHI INVENTigncous, bi carbonate, and
prostagl andi n production, called defensive factors. These above-listed

condi tions comfraPyazaleiisesybstithied benpymigazols pmeghaxyy?-f (rmyhaxyeht-dimel nay be
acconpani ed by significant upper gastrointestinal bleeding. W 03/061584
PCT/ US03/ (tevlingd) rpgthy hsudmmi- fﬂ@?nzamdwlqa ghat whibits gestre Aok SECTEYA commonl y
adm nistered to mnimze the pain and the conplications related to these
condi t i5onsOmanrezsde khlangs torasless obantisgametely sampeinda glsd arsaaiumpanhipitery t hei r
use. Sone of these drugs are not conpletely effective in

proton pump inhibiting agents (“PPIs”) that do not exhibit anti-cholinergic or H; histamine

antagonist properties. Drugs of this class suppress gastric acid secretion by the specific
inhibition of the H+, K -ATPase enzyme system (proton pump) at the secretory surface of the

gastric parietal cell.

20 Typically, omeprazole, lansoprazole and other proton pump inhibitors are formulated
in an enteric-coated solid dosage form (as either a delayed-release capsule or tablet) or as an
intravenous solution (as a product for reconstitution), and are prescribed for short-term
treatment of active duodenal ulcers, gastric ulcers, gastroesophageal reflux disease (GERD),
severe erosive esophagitis, poorly responsive symptomatic gastroesophageal reflux disease,

25  and pathological hypersecretory conditions such as Zollinger Ellison syndrome. These
conditions are caused by an imbalance between acid and pepsin production, called aggressive
factors, and mucous, bicarbonate, and prostaglandin production, called defensive factors.
These above-listed conditions commonly arise in healthy or critically ill patients, and may be

accompanied by significant upper gastrointestinal bleeding.



the treatnent of the aforenentioned conditions and/or produce adverse side
effects, such as nental confusion, constipation, diarrhea, and

t hr ombocywopsns®s4 H2- ant agoni sts, such as 10 ranitidi ne ardToiSo®biedé ne, are
relatively costly nodes of therapy, particularly in NPO patients, which
frequently require the use of automated infusion punps for continuous

i ntravenous infusion of the drug. Patients with significant physiologic
stress are at risk for stress-related gastric nucosal damage and
subsequent upper gastrointestinal bleeding (Marrone and Silen, 15
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Di sease After Thermal |nj. t}/ A End 351% Fval nmglence and
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Respiratory .Failure, oten5| on aundi ce: . ndr one
resoci Ot ectuite stsimrd %Wﬁ%vglw%  Reder SRRtttz b0 gty
SURG., 25 117: 523-530 (.1969); and Coo t aI , Ri_sk Factors for

Gast r oi nt e%?‘?kh%‘?qu@i‘tb’erﬂﬂlﬂﬁ thiuserof pytpmpted infysjqn psigps EfcentingousdRjegvenops \ep, |
330: 377-381 (1994)). One or nore of these factors are often found in
critical | ynfupion of e dRigi ve care unit patients. A recent cohort study
chal l enges other risk factors previously identified such as aci d-base

di sorders, nul fejnés vitatigrilicast phisrlogiaired ook fesieu-rdetrd 650% 01640 5
hypertensi on, rraj or surgery, multiple operative procedures, acute renal
failure, s‘é?f@ﬁ@ anypge 408 REDSEQSBLINRET BabtrointritiaRl hiegding(Marrgne amdSilewi nt est i nal
Bleeding in Critically Ill Patients, N ENG. J. MED., 330:377-381
(1994))>  ReglgdhasissDiggnastreini Tskatmgl;.f)ef Aata Gastrie MigasaderioisoSHN damage
results in significant norbidity and nortality. Cinically significant
bl eedi ng OG&UTREENTEEROAL3: 1682660 (184D yRigk fagtont thgthapabden nleatlywpssoriasesewith nor e
risk factors who are left untreated
the development of stress-related mucosal damage are mechanical ventilation, coagulopathy,
extensive burns, head injury, and organ transplant (Zinner et al., The Prevention of
Gastrointestinal Tract Bleeding in Patients in an Intensive Care Unit, SURG. GYNECOL.
20  OBSTET., 153: 214-220 (1981); Larson et al., Gastric Response to Severe Head Injury, AM. J.
SURG. 147: 97-105 (1984); Czaja et al., Acute Gastroduodenal Disease After Thermal Injury:
An Endoscopic Evaluation of Incidence and Natural History, N ENGL. J. MED, 291: 925-929
(1974); Skillman et al., Respiratory Failure, Hypotension, Sepsis and Jaundice: A Clinical
Syndrome Associated with Lethal Hemorrhage From Acute Stress Ulceration, AM. J. SURG.,
25  117:523-530 (1969); and Cook et al., Risk Factors for Gastrointestinal Bleeding in Critically
11l Patients, N. ENGL. J. MED., 330:377-381 (1994)). One or more of these factors are often

found in critically ill, intensive care unit patients. A recent cohort study challenges other risk

factors previously identified such as acid-base disorders, multiple trauma, significant



10 (Martin et al., Continuous Intravenous cinetidi ne Decreases

Stress-rel ated Upper Gastro- intestinal Henorrhage Wthout Pronoting
Pneunoni awo@RI0d158£CARE MED. , 21: 19-39 (1993)). O those waa/Ushgento
approximately ten percent require surgery (usually gastrectony) with a
reported nortality of thirty percent to fifty percent (Czaja et al., Acute
Gastroduodenal Disease After Thermal Ir jury: An Endoscopi c Eval uati on of

I nci dence and Natural History, 15 N ENG.. J. MED, 291: 925-929 (1974);
Peura and Johnson, Cinetidinefor Prevention and Treatnent of
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(1981); V&P f I Rveapy P&F"e aﬁié“&tsa it'b?féerﬂfﬁ“’é%’tl e Afele 8?‘6"‘@ cretion
and Gastrlc H+, K+- ATPase 25 Activity . Bl QL. g 260: 136%@}13684
(1985) 10 FrMartihet abt Cagfinuous Ifeqvengys 5&*&?@#? fesrigases tressw%(flieétlfgper V8 Af t er

H+, K+- ATPase Bl ockade, AM J. PHYSIOL., 254 (3 PT 1 G399- 407 &1988)) 3
VO 03/ 06wswmefrﬁmeﬁa@fé%dwwsprpm@fl%ﬁffaf’fﬁmﬂn%l&Q é“%%n%la|1?f3%( dPPi nyl

group in a bridge between substituted benzim dazol e and ridine rings, as
i |1 ustrat €f hesesihio bisedapprafmpichrten perertsluaEsugeEsually MséeCth?Q\"ﬁthﬂ\lH 0~NH

O LANSOPRAZOLE OCHS3 .
reported mortality of thirty percent to fifty percent (Czaja et al., Acute Gastroduodenal

Disease After Thermal Injury: An Endoscopic Evaluation of Incidence and Natural History,
15 NENGL.J. MED, 291: 925-929 (1974); Peura and Johnson, Cimetidine for Prevention and
Treatment of Gastroduodenal Mucosal Lesions in Patients in an Intensive Care Unit, ANN
INTERN MED., 103: 173-177 (1985)). Those who do not need surgery often require multiple
transfusions and prolonged hospitalization. Prevention of stress-related upper gastrointestinal
bleeding is an important clinical goal.
20 Omeprazole (Prilosec®), lansoprazole (Prevacid®) and other proton pump inhibitors

reduce gastric acid production by inhibiting H+,K+-ATPase of the parietal cell—the final

common pathway for gastric acid secretion (Fellenius et al., Substituted Benzimidazoles
Inhibit Gastric Acid Secretion by Blocking H',K"-ATPase, NATURE, 290: 159-161 (1981);
Wallmark et al, The Relationship Between Gastric Acid Secretion and Gastric H' K"-ATPase
25 Activity, J. BIOL.CHEM., 260: 13681-13684 (1985); Fryklund et al., Function and Structure of
Parietal Cells After H' K" -ATPase Blockade, AM. J. PHYSIOL., 254 (3 PT 1); G399-407

(1988)).
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PCT/ US03/ 01640 5 At neutral pH, oneprazole, |ansoprazole and ot her proton

punp inhibitors are chemcally stable, |ipid-soluble, weak bases that are
devoid of inhibitory activity. These neutral weak bases reach pari etal
cells fromthe blood and diffuse into the secretory canaliculi, where the

drugs becone protonated and thereby trapped. The protonated agent
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spanni ng H+, K+- ATPase (Hardman et al., Goodman & Gl man's The

Phar macol ogi cal Basis of Therapeutics, p. 907 (9 h ed. 1996)). Oreprazole
and | ansowpazobesss t heref ore, are prodrugs that nust be aeCinusb@dics® be
effective. The specificity of the effects of proton punp inhibitors is

al so dependent upon: (a) the selective distribution of H+ K+ ATPase; (b)
the requirenent 15 for acidic conditions to catalyze generation of the
reactive inhibitor; and (c) the trapping of the protonated drug and the
cationic sulfenam de within the acidic canaliculi and adjacent to the

target senzyme. aAthaANEE, Ghepizole, 1429Pazol OIRPEBREPrQo@Plng RADRPEAZ0l e are .

avail able for oral adm nistration as enteric-coated granules in gelatin

capsul es. £XhehiPhiOMpRUWIRLIMIEA $08sShat Y HedSid bRRERIEZ L BYiN AR
pant oprazol e are supplied as enteric-coated dosage fornms. THe enteric

dosage f OriE Ay hibGasePleh M paftlihl %ﬂgfﬁoﬁqﬁmw{l@xﬁ%s@mﬁ%ge&&srap are acid
| abile; thus, it Is Inportant that these rugs not be exposed to | ow pH
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i srupted fe.g., P ri P At Toh Yo conpound a“25 1T quid, or éhemﬁnglﬁ e

capsul e), t.he sage for f the prjor. ar i ).l be.exposed.to egr.adati on
by t hel%)g as‘?”p] % ﬂﬁ%‘?'gl FHRe chrg‘tc%lr?gﬁsrﬁ ﬂﬁ%‘trg%eglgir%QUIBP&1§§OI§%I roggl & r%et?g) r%’re “oral
l'iquid dosage formin the United States has t i ng and use of
omepr azol epanuHsd pkaAdiFaseatitirdragne phA908 ¢ Gman's The-Bharmagologiaal Kgsis
03/ 061584 PCT/ US03/01640 5 patient population. Barie et al., Therapeutic
Use of OnegfiThzmpentitsp. RIf(BAed. dP96)5t OmemaiahanddahsGastotd, theMicresad piedmgs r hage,
CRIT. CARE MED., 20: 899-901 (1992) have described the use of oneprazole
ent eri c- cabdtahspled dcataedatd e nffedtiee.eThd dpeafigily of tixasttiga st piotont wby itlobitwnt r ol
gastrointestinal henorrhage in a critical care patient with nulti-organ

failure. H@u\r@a@épen&w&ponpﬁb hetSedive dR@butisest H'ag - TeXseC@) tRGguagata and
occl ude such tubes, and they are not suitable 10 for patients who cannot

|1 t 2.l et s,.. AMI. STP o2 eal= 30
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use of H2-antagoni és, antaci ds. and sucral fate as.a treafnent..for
conpl i cat itg%grog)giatgﬁ e g %he Cationic suﬂgnamlc(l:e Siehif the 23R tah iR 3k TR adjac%nt to

the target enzyme. (Hardman et al., 1996).
Omeprazole and lansoprazole are available for oral administration as enteric-coated
granules in gelatin capsules. Other proton pump inhibitors such as rabeprazole and
20  pantoprazole are supplied as enteric-coated dosage forms. The enteric dosage forms of fhe
prior art have been employed because they are acid labile; thus, it is important that these
drugs not be exposed to low pH gastric acid prior to absorption. Although these drugs are
stable at alkaline pH, they are destroyed rapidly as pH falls (e.g., by gastric acid). Therefore,
if the micro-encapsulation or the enteric coating is disrupted (e.g., trituration to compound a
25 liquid, or chewing the capsule), the dosage forms of the prior art will be exposed to
degradation by the gastric acid in the stomach.
The absence of an intravenous or oral liquid dosage form in the United States has

limited the testing and use of omeprazole, lansoprazole and rabeprazole in the critical care



stress-rel ated nucosal damage. However, in their current form (capsul es
containing enteric- coated granules or enteric-coated tablets), proton punp
i nhi bi t orwoaanetse4 di fficult or 15 inpossible to adm ni st ercrasoabicent s who
are either unwilling or unable to swallow tablets or capsules, such as
critically ill patients, children, the elderly, and patients suffering from
dysphagi a. Therefore, it would be desirable to fornulate a proton punp

i nhi bitor solution or suspension which can be enterally delivered to a
patient thereby providing the benefits of the proton punp inhibitor

Wi thouts t NGk YRARIH. Bricle§l., GHELEAicRE BF DheSHA201Efbr ROKdHor) 35898 FRed O 115,

Oneprazole, the first proton punp inhibitor i'ntroduced into use, has been
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adm ni stration e rectuma tat es tent No.
5,219,870 tg Kim.. 25 United .St at.es

_ .es Patent No. 5 39 , g dor( " 323)
i ol oses ShPutihs bt igh 86 B0 Bl iR ki, HBLedMer 0%
parenteral ]l y acce bl.e hiquid formfo renteral admnistration to a
ot ent . 55 LA o pedtirersefRlt slloBROEH B O el R e chr s
pl aced in the device and, di ssolved. by normal saljne  and ﬂg; g
Dar ontdr 2l PYPRE WERnpat Ao Dl odrdotsuiiet LI sABHY L 1
devi ce and net hod of parenteral infusionlof oneprazol e doeslnot.grovide t he
onepr azol e sol GEFIEMPUEP WRIDUORS Spchy as smMgaTgeqle Teppsserit an aqyartagepus pIIRAtNC Lg) it i on
directly admnistered to the.dis%?sed or affected areasT nanel %he
stomach arfbe b5 9EHgaeeeith ariatidsn ard sucralfeie as p BratgaRidor ompliGHOpT B K100
formul ation provide the imediate antacid effect of the present
f or mul at i ofessyolatgdimusasabiiamags. Paveyr INdreigur gl faps(carsules goprtaning entepc-
di scl oses a pharmaceutical preparation contajning onmeprazole together with
an al kal i rfeated genilagorcaippsupriedbiablgy). PEItREPYTRRngiRiters 63n bfifical 6T e opti onal |y
together with an al kaline conpound as a core material in a tablet
f or mul &t i ompossiide oadmiigertippaicaisivdioi acatithgr enelliog or mableje ewglovt tabletsiokal i ne
material, which can be chosen from such substances as the sodium salt of
car boni ¢ awpshlesasugh aseitically ill patients, children, the elderly, and patients suffering from
dysphagia. Therefore, it would be desirable to formulate a proton pump inhibitor solution or
suspension which can be enterally delivered to a patient thereby providing the benefits of the
proton pump inhibitor without the drawbacks of the current enteric-coated solid dosage
20  forms.
Omeprazole, the first proton pump inhibitor introduced into use, has been formulated
in many different embodiments such as in a mixture of polyethylene glycols, adeps solidus
and sodium lauryl sulfate in a soluble, basic amino acid to yield a formulation designed for
administration in the rectum as taught by United States Patent No. 5,219,870 to Kim.
25 United States Patent No. 5,395,323 to Berglund ('323) discloses a device for mixing a
pharmaceutical from a solid supply into a parenterally acceptable liquid form for parenteral

administration to a patient. The '323 patent teaches the use of an omeprazole tablet which is

placed in the device and dissolved by normal saline, and infused parenterally into the patient.



15 forma "mcro-pH' around each oneprazole particle to protect the
oneprazol e which is highly sensitive to acid pH The powder m xture is then
f or nul at ewoiosbelsent eri c- coated small beads, pellets, tablpetrasasndionay be

| oaded into capsul es by conventional pharmaceutical procedures. This
formul ati on of oneprazol e does not teach a non-enteric-coated oneprazol e
dosage form which can be enterally admnistered to a patient who may be
unabl e and/or 20 unwilling to swallow capsules, tablets or pellets, nor
does it teach a convenient formwhich can be used to make an oneprazol e or

ot her py Ot-ff RUIR hdReRbl }afpﬁaltmﬂ isi08 %ﬁa{ﬁ@%iecaaes no SMs{Rlmebuf fered

onepr azol e oral sol utions/ suspensions have been discl osed. For exanple,

Pi |l brant et ) f - F I A ol e, SCAND.

> eastratg s RSP R byt p Rl Bl ek AP s AIRRERSS, O OF

m croni zed 25 .one I 6 i 0 m._ of .wa L nL.pg: 8 mmol es
o “soat um SEERLTEEuSksePeBiostdind. Hmel, gRloRlee BRSO G T
fasting for at |east .10 hours,. patients re . given a.so ion.of 8 nmol es
of sodium 'fﬁcgéf?rb‘g)ﬁ%l & ?'ﬂepé?fofﬁfo Jl%&f‘@?o.“ iﬂ\?/ee‘"%eﬁlbattee@sm cé({eerec&cﬁéhe patients
took the one r%zohg suspension and rinsed it down with another 50 m of
sodi um 7 VRFERYOB1EERPCT/ USO3/ 01640 5 bi carbonate sol ution. Ten (10), 20

and 30 mnutes |ater, a furé*er gg B%@ f sodium ,.bicarbaonate sol uti on was
admi ni W er ed. - AlTie Siai Patniyo- + BhPisdowiiael Dstigtoad punaceril o
I ntravenous and, Oral Doses of Oreprazole, EURJ. CLIN. PHARVACOL. 39:
195- 197 ( 1UORFAUAN SHNHEWE omsprgole ingether Witlan Bkplingragine somPOyes A2 ol e
di ssol ved in PEG 400, sodium bicarbonate and water. The 10 concentr%tion of
onepr azol edlkdnnsnlt YomearagelaPpeenallyweetbiravidangikalpg eRiprouas 8s 4f9fe B osed.
Nevertheless, it is apparent fromthis reference that nultiple doses of
sodi um bi ciarpgreifermujgioa. Fbmeare istkaneateifFally captad-aFhegise phibe alkalieanaigrial
suspensi on. Andersson et al., Pharnmacokinetics and Bi oavai|ability of
Onepr azol ewitith ean tRichgiea froarriciReybeiancssl ahe fodimisa| aftcadpnip acidprgsgf {hy
Subj ects, BR J. CLIN. PHARMAC. 29: 557-63 15 (1990) teaches the oral use
of 20 gy oforrorEmicag-oHE aronhd edshwaspdials partiele ta prooighoémepr@oleorhi¢hsis
gravity=1.14) and diluted with 50 mMl of water containing 8 mml es of sodi um
highly sensitive to acid pH. The powder mixture is then formulated into enteric-coated small
beads, pellets, tablets and may be loaded into capsules by conventional pharmaceutical
procedures. This formulation of omeprazole does not teach a non-enteric-coated omeprazole
dosage form which can be enterally administered to a patient who may be unable and/or
20  unwilling to swallow capsules, tablets or pellets, nor does it teach a convenient form which
can be used to make an omeprazole or other proton pump inhibitor solution or suspension.
Several buffered omeprazole oral solutions/ suspensions have been disclosed. For
example, Pilbrant et al., Development of an Oral Formulation of Omeprazole, SCAND. J.
GASTROENT. 20(Suppl. 108): 113-120 (1985) teaches a suspension of micronized
25  omeprazole, 60 mg, in 50 ml of water also containing 8 mmoles of sodium bicarbonate. The
suspension was administered as follows: After fasting for at least 10 hours, patients were

given a solution of 8 mmoles of sodium bicarbonate in 50 ml of water. Five minutes later the

patients took the omeprazole suspension and rinsed it down with another 50 ml of sodium



bi carbonate. In order to protect the oneprazole fromgastric acid, the
buffered solution was given with 48 mmol es of sodi um bi carbonate in 300 m
of wat er . wBagasdhts et al ., The Pharnacokinetics of Orepraz®@Ce/usni/snens - A
Study of Single 20 Intravenous and Oral Doses, THER DRUG MON. 12: 163-72
(1990) discloses an oral dose of oneprazole at a concentration 0.4 ng/m
after the drug was dissolved in PEG 400, water and sodium bicarbonate (8
mol es). A solution containing 16 muvl es of sodi um bi carbonate in 100 m
of water was conconmitantly given wth the omeprazol e solution. That dose

vas folsl owedrddnad sk, IR (8F), Tlandl30 AfinfleshiBteMhkhes 961mUBT RUkar bonat e t hat

was used for rinsing 25 the vessel. In both the IV and oral experinent, 50
m of 0.1§; dmj(/ngtegaqhmglaggﬁ Qpaie was adnministered 5 nminutes before
adm ni stration, 0, 20 and 30 m nut es post-dose. Landahl et al.
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This reference does not tea he fina concentratl on of the oneprazole
sol uti on a¥y ﬁ‘f"%‘fllﬂeé‘?ﬂlw‘ﬂh?"tdﬁg‘ﬁ'g € PCRS: S8 he need for pre,

concom tant and post sodi um bi carbonate, dosin a total of_ 48 nmol es
to prevent aci dndeigioagath é)ﬁaﬂ’f“?]ﬁée”d"?ﬁ’@f’B’fgv"I\é{%’é(@anmeé’faZ&[FAﬁerL‘?iﬁ%l%prazol e:
Phase | Study of |ansoprazole (AG 1749) Anti-ul cer aﬁi

THERAPEUT 473 Rep e, Q’Pééi’}“”fséfae?fb’él f{qqéhﬁue?!ecadﬁi* i SENFHARNAGE 293é5?fé3 of

| ansopr azol e suspended in-100 M of sodium bicarbonate, whi

ch wa
adnmi ni 5t er@2P0) éaghssitheraral use pi Wupnokomassgssyhick weygigsolved in 20g of PEG 400

(sp. gravity=1.14) and diluted with 50 ml of water containing 8 mmoles of sodium
bicarbonate. In order to protect the omeprazole from gastric acid, the buffered solution was
given with 48 mmoles of sodium bicarbonate in 300 ml of water.
Regardh et al., The Pharmacokinetics of Omeprazole in Humans—A Study of Single
20  Intravenous and Oral Doses, THER. DRUG MON. 12: 163-72 (1990) discloses an oral dose of
omeprazole at a concentration 0.4 mg/ml after the drug was dissolved in PEG 400, water and
sodium bicarbonate (8 mmoles). A solution containing 16 mmoles of sodium bicarbonate in
100 ml of water was concomitantly given with the omeprazole solution. That dose was
followed by a solution of 50 ml of 0.16 mol/L sodium bicarbonate that was used for rinsing
25  the vessel. In both the IV and oral experiment, 50 ml of 0.16 mol/L sodium bicarbonate was
administered 5 minutes before administration, and 10, 20 and 30 minutes post-dose.
Landahl et al., Pharmacokinetics Study of Omeprazole in Elderly Healthy Volunteers,

CLIN. PHARMACOKINETICS 23 (6): 469-476 (1992) teaches the use of an oral dose of 40 mg of



Al'l of the buffered oneprazol e solutions described in these references were
20 adm nistered orally, and were given to healthy subjects who were able to

i ngest thwoasabisdese. In all of these studies, oneprazol ecmasosospended in
a solution including sodium bicarbonate, as a pH buffer, in order to
protect the acid sensitive oneprazole during admnistration. In all of

t hese studies, repeated adm nistration of sodi um bi carbonate both prior to,
during, and follow ng oneprazole adm nistration were required in order to
prevent acid degradation of 25 the onmeprazole given via the oral route of

adm ni s¢ ra&méaszolkalsgaeedah@%wot Siust MeirBshatednd WMdRR TS red&er@ab&sopf sodi um
bi carbonate in 300 of water nust be ingested for a single dose of

onmepr azol &;{chsPhe Qirngll Jo}{cé’i\qgﬁ({ﬂs %§1ﬁ£e@d Ag%n%sqgféxgﬁéé&ﬂ:hgﬁé H%Qé‘feo 1640 5 The
buf f ered omeprazol e solutions of the above cited prior art require the

i ngesti on agﬁnnl, & %6n amu&m&&brﬁﬂ?e " %&aarntaq@%ﬁomqfté%gany@m@s of wat er
by repeate dm nistration. I's ‘has been consi dered necessary to prevent

acid degrq%ﬁ&l on of the oneprazole. In the above-cited studies, basically
heal t hy vo unteers r at her than sick patients, were given dilute buf fered

omeprazol e util) by éleli qe.lﬁ a(%OE"nq'ch f[grdg:?mﬁpgaz\’\qe in Plazaen }?A VaJES of

Eodlug110 bi carboRa dAArs & ar e ff ‘$odi um ]
dd : Fedpfy %@e&f@ e Zié@o?l' b tu : fr% e?%aﬁl%m%@'né
{ ﬁeiéedés.ewé%gebfmw " bh aangis s SUP RGP &ﬁr ag%‘msluar‘e’be?rma W

pati ents wh receive m | e 15 .dos of o oIe The

Dol ums. wobICEFBLsD fos FRCTHEF b PReTiaHoT R O R S ST ABETs ot he
| i kel i hood of conplications in critically ill patients such as the
aspirati on? %P“gkg‘h"é’fll?}}a%‘z?fdm R or pS%E%‘?fﬁm‘tb‘gé% tERdip Bispprets osiigual |y

neutralized in the stomach or is absorbed, such that belching results,
pati ents wiiiha lpid of Gompioles opeveneryiddegradotionofdhs d8ge or worsen their 20
reflux disease as the bel ching can cause upward novenent of stomach acid

(Brunt bh, AgentNakagayia, ¢tiab, lapsenraiolof Phaset $tdy okéargonrgzoinet Grrl &8 refitulast

Pepti c Ulcers IN, Goodnman AG, et al.
Agent J. CLIN. THERAPEUTICS & MED. (1991) teaches the oral administration of 30 mg of

lansoprazole suspended in 100 ml of sodium bicarbonate, which was administered to patients
through a nasogastric tube.
All of the buffered omeprazole solutions described in these references were

20  administered orally, and were given to healthy subjects who were able to ingest the oral dose.
In all of these studies, omeprazole was suspended in a solution including sodium bicarbonate,
as a pH buffer, in order to protect the acid sensitive omeprazole during administration. In all
of these studies, repeated administration of sodium bicarbonate both prior to, during, and
following omeprazole administration were required in order to prevent acid degradation of

25  the omeprazole given via the oral route of administration. In the above-cited studies, as much
as 48 mmoles of sodium bicarbonate in 300 ml of water must be ingested for a single dose of

omeprazole to be orally administered.



The Pharmacol ogi ¢ Basis of Therapeutics. (New York, p. 907 (1990)). Third,
patients with conditions such as hypertension or heart failure are

st andar dlwo oadvissed to avoid the intake of excessive sodi maTAS08/0168@N cause
aggravation or exacerbation of 25 their hypertensive conditions (Brunton,
supra). The ingestion of |arge anounts of sodium bicarbonate is
inconsistent wwth this advice. 10 WD 03/061584 PCT/US03/01640 5 Fourth,
patients with nunerous conditions that typically acconpany critical illness
shoul d avoid the intake of excessive sodium bicarbonate as it can cause

met abolsi ¢ al kahsbsfertd\Gher @31 SRMbis (jf’ﬁleaabg;ﬁzrJi@H?riWrﬁ%&&if&h@ﬁlgésh_@n of
patient's condition. Fifth, excessive antacid intake (such as sodi um

bi car bonatlgr e Qﬁgur{tfﬁ{éb%iu}nrbli&%&ate LRE BERGHIARS of Hak: B QPUER ARklid4dopdver se

effects. For exanple, by altering gasttic and urinary 10 pH, antacids can

alter rateg.: i I - Pl -0l i i)opt nd renal
ol i m nat 1 ot e AIESAl Mok AR RUEL R e ) SOV R ARl
sol utions of t i . LI rol on 0L St at | p [ um

o1 car bonatsovs e BRARL oS b o RS TARE: BT TLERLAS A A0y FOW

regi mens qf .th rior art. .For exanple, Pilbrant.et al . disclose an oral
onepr azol Celbu{ftgrega Mepigqly uiiane %?’g?%lgﬁn%@gftﬁo%g Pap ?%rﬁ%vcg M Snolcfss drsuélfli on to a
subjecﬁ) 0 q?s been fasting for at |east ten hours, a solution of 8

mrol es!’of BEE VAT LI carbonate in 50 M of water. Five ninutes later, the

subj ect ingests._ a suspension of 60 f omeprazole in 50.mM aof water that
al so contains %hﬁﬁ%P@ trBtl‘O“s‘gd‘?rﬁ‘?ﬁrB‘?‘é’Tgsrogé?fg‘f'B. 1c#poRate §a"r1?rﬂ%‘i§83t38%5% th
another 50 m __of 8 nmoles sodjum bi carbonate sol ytion. . Ten m nutes after
the i ngestY®HiGH @H@S%ﬁjéeﬁﬁa%w% cazvgﬂagt@?‘?x Trausg by dheacy G PweBE o

bi carbonate solution (8 mmles). This is repeated at twenty _m nutes and
thirty m r#ieys gededusaisoyssllbed bt ty paenfs- ditgt thegfirdyyolymesef ﬂff»‘ﬁ%ﬂ'f%glgof
sodi um bi carbonate and 300 mM of water in total that are ingested by the
subj ect f drrotgedds wetld nodieespitabiofor sigereritisglly 1B pryengrorty mpt seceidg muiple equi r e
t he ingestion of excessive anmounts of bicarbonate and water, which is

| i kel yI% o dssesgeingepraede.t Thedange vplameeyewd rgsult insthe, distepiaqnyofithesgtonpash agdn

heal t hy patients would conply with this regi nen. o
increase the likelihood of complications in critically ill patients such as the aspiration of

gastric contents.
| Second, because bicarbonate is usually neutralized in the stomach or is absorbed, such
that belching results, patients with gastroesophageal reflux may exacerbate or worsen their
20  reflux disease as the belching can cause upward movement of stomach acid (Brunton, Agents
for the Control of Gastric Acidity and Treatment of Peptic Ulcers, IN, Goodman AG, et al.

The Pharmacologic Basis of Therapeutics. (New York, p. 907 (1990)).

Third, patients with conditions such as hypertension or heart failure are standardly
advised to avoid the intake of excessive sodium as it can cause aggravation or exacerbation of
25  their hypertensive conditions (Brunton, supra). The ingestion of large amounts of sodium

bicarbonate is inconsistent with this advice.
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It is well docunented that patients who are required to foll ow conpl ex
schedul es for drug admnistration are non-conpliant and, thus, the

ef fi cacy wb oBlelsbuf f ered onmeprazol e solutions of the pri @cTarsp3/oww d be
expected to be reduced due to non-conpliance. 11 WO 03/ 061584

PCT/ US03/ 01640 5 Conpliance has been found to be markedly reduced when
patients are required to deviate froma schedule of one or two (usually
nmor ni ng and ni ght) doses of a nedication per day. The use of the prior art
buffered onmeprazol e solutions which require admnistration protocols wth

NUMer oys st eps pogh, bme%tw,ﬁma%r&é@&&dﬁmn@&&a?p@mt&c&m REifkithess PEG 400
versus sodi um bi carbonate al one), and specific time allotments between

each stageugfig avm%d Memékeﬂo@ Ah QM LiGIHIER a's R o dke O BERIBURsis

efficacious results is clearly 1n contrast wth both current drug

Corfp"anC%th%aﬁrengapg@gn UTRARAL NS e plRAPLfioR L (PITbrant et al., 1985)

teaches that t ered onepraZzo uspensi on can be stored at

ref ri ger at or t?)é eg)%teysqv%s {agld u?ta kch%gg @?&Bw};@%ﬁé}&&rﬂesﬁ i’ﬁcﬁ'l[l%wm le still

mai nt ai ni ng 99 |ts initral a1 ab have an

oneprazole or oth Jhrato |b| or sol.ution or su ngi hat
coul d be SPEPEFSL 8 m £ Sﬁrb%ursél e eg%rt13 n ?arexam?le i erart“%ﬁ'gafg%g% (Z‘rn?% s of

he i itk o Aee %t WG arer e B auf ongitp i ARRBbE R e a form

of the g;g}azolg?and blcagbonate whi ch can be utilized to instantly nmake
t he omepr 1atiog GPPOB RS pensi on of the present invention which is

l'i ed I f i ¢h ts 20 th 1 f
SherTio1ife at SoveeRpopaPiged PRaEoEGR RS R ReET agte PERBEHE ve

shi ppi ng costs, and mhlch IS |less expensive to sto It would, therefore,
be desi r afdmipigratgy af sodmybicarbonatey it imakesyf ¢ gﬁcu%té?rrﬂﬂp%ﬁt? rFomphy; vith t 1i1E)r ovi des a
cost-effective neans for the treatnent of the aforementioned conditions
wi t hout  tREImsasefitheprior pec ForsxampleePiffrantot 4l ediselpse an oAt ABPHIZIEs, ant aci ds,
and sucralfate. Further, it 25 would be desirable to have a proton punp
i nhi bi tor adavinisirasion pretagal eeHingdorthnedsministiationdo a prbagshvbo aweawﬁﬁwgsfpé?t to
patients unable to ingest solid dosage forns such as tablets or capsules,
whi ch is rlegt thoubaoodidn obhomodas ofsodinma bicyrberateeint>e mal|of yate| Fiyer ed as a
liquid form

q minutes later, the subject ingests a suspension of 60 mg of omeprazole in 50 ml of water that

also contains 8 mmoles of sodium bicarbonate. This is rinsed down with another 50 ml of 8
mmoles sodium bicarbonate solution. Ten minutes after the ingestion of the omeprazole

20  dose, the subject ingests 50 ml of bicarbonate solution (8 mmoles). This is repeated at twenty
minutes and thirty minutes post omeprazole dosing to yield a total of 48 mmoles of sodium
bicarbonate and 300 ml of water in total that are ingested by the subject for a single
omeprazole dose. Not only does this regimen require the ingestion of excessive amounts of
bicarbonate and water, which is likely to be dangerous to some patients, it is unlikely that

25  even healthy patients would comply with this regimen.

It is well documented that patients who are required to follow complex schedules for

drug administration are non-compliant and, thus, the efficacy of the buffered omeprazole

solutions of the prior art would be expected to be reduced due to non-compliance.
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or solid form It is desirable that the liquid fornulation not clog

i ndwel I'i ng tubes, such as 12 WO 03/061584 PCT/US03/01640 5 nasogastric

t ubes or wolewnessMm | ar tubes, and which acts as an ant aci @crruseslowtel y upon
delivery. It would further be advantageous to have a potentiator or
enhancer of the pharnmacological activity of the proton punp inhibitors. It
has been theorized by applicant that the proton punp inhibitors can only
exert their effects on H+ K+- ATPase when the 10 parietal cells are active.
Accordingly, applicant has identified, as discussed below parietal cel

act i vatsor scdhidlan@ s BN BRI B@glaﬁl@d@)féﬂ%egi whdnGalidnts #BRRNRE blgviaet i vity of
the proton punp inhibitors. Additionally, the intravenous dosage forns of

proton pu | ar ger
R L A N L T g

orepr azol erltﬁus%ﬁﬂ %or%ﬂ%’ﬂffé%@ oﬁ‘i@{ér%&{e WRGIRES, fcﬁ'?eqﬁgﬁ L(ﬁl‘&ﬁfsﬂ‘!mogu%gtoécﬁs 20 to

40 ny/ day. Large oses are necessary to ac l'eve t esire

phar macol Ox% fifdr g? %%ﬁtdluﬁg 5 (50 Ivg{léa o%grﬁ +rE%§'e‘éF%Ele SRR @e&s%% cells

are in ares |ng pas uri OSE given

patlents ar.e 0 ubst ances nDuth 0 her ef or e,
P = Y e 38 PR BTGRPl B el

| | |
AR fo? yaé%epﬁ%g{ea?ﬁsﬁm ey F‘b*&%f%% s@ §%1°#‘§)‘Sfr%s|“R? Yorare i vidBef o
woul d be ver nta eous, to hav 05|t|ons and net hods for |V

adni ni st rat' 8ﬂ ?%P Fﬁﬁﬁ%?@&ﬁ?psmpﬁg at'drreug is required. SUMARY OF THE
| NVENTI ON AND ADVANT The fore nt a d objects are.
acconpl i shed bﬁlaf’ HB%%%? Hprang %91&'}9 g@ﬁgac éﬁ g"b‘?fégeg ﬁ’f“ep'lﬁ%%lﬁ FISBHSKPovi des

an oral solutlon/susp nsion conprising a proton punp inhibitin agent and
at | east o738 bBarredef i 'gégéﬂttemmﬁ%urﬁf@aaweshwqeﬁm Tpen; fRp %FQEWP‘%’C%EW be any

substituted benzini dazol e conpound havi n% K+- ATPase i nhibiting activity
and bei ng MRS 9% of itsdnitial pekacy. iy warld be desiiahls e bavean emsparleriifidtvel y be

fornmul ated as a powder, 13
15 proton pump inhibitor solution or suspension that could be stored at room temperature or in a

refrigerator for periods of time which exceed those of the prior art while still maintaining
99% of the initial potency. Additionally, it would be advantageous to have a form of the
omeprazole and bicarbonate which can be utilized to instantly make the omeprazole
solution/suspension of the present invention which is supplied in a solid form which imparts

20  the advantages of improved shelf-life at room temperature, lower cost to produce, less
expensive shipping costs, and which is less expensive to store.

It would, therefore, be desirable to have a proton pump inhibitor formulation, which
provides a cost-effective means for the treatment of the aforementioned conditions without
the adverse effect profile of H, receptor antagonists, antacids, and sucralfate. Further, it

25  would be desirable to have a proton pump inhibitor formulation which is convenient to
prepare and administer to patients unable to ingest solid dosage forms such as tablets or
capsules, which is rapidly absorbed, and can be orally or enterally delivered as a liquid form

or solid form. It is desirable that the liquid formulation not clog indwelling tubes, such as

12



WO 03/ 061584 PCT/ US03/01640 5 tablet, suspension tablet, chewable tablet,
capsul e, two-part tablet or capsule, effervescent powder, effervescent

tabl et, pwbloatsisand granul es. Such dosage forns are advantragasosbis4o devoi d
of any enteric coating. or del ayed or sustained-rel ease delivery mechani sns,
and conprise a proton punp inhibiting agent and at | east one buffering
agent to protect the proton punp inhibiting agent against acid
degradation. Both the liquid and dry dosage forns can 10 further include
anti-foam ng agents, parietal cell activators and flavoring agents. In

anot hers enogh fBOMubesUrdkhed SRAGENDQT IR Alieh MiSklRRECIE AMRELSEDApSn
conbi nation of enteric-coated or del ayed-rel eased proton punp inhibiting

agent W th.pnantacid(s). Such forms may optionally conprise a
non-enteric-coated proton punp inhibiting agent. Kits utilizing the

[ [ d | i sel - ' ide f 15 th
i nventive dry ¢qg gﬁrﬁl?ﬂ(%%@%(g%g%git?hﬁ% a%%?e%{&ﬁx; cﬁ'g:?};/&n erif the! de 1 or the

easy preparation o 1on from orns. | n accordance
with the prese pnvent.i. there is further { . 0 treating
gast i ¢ aQraTarYbEH R B e R Sn i MRS s, B R b R AR
pharmaceutj cal conpositiqn(s) and/ or dosage formn(s)+disclosed herein.
Addi t i onal t“%}%‘%ﬂﬁ%togg‘é‘% H*Sﬂohlﬁgﬂﬁéml el exeat B EETTecss %{*"I!.Ire%h- P B NG ng the
20 pharmacol ogi cal activity of an intravenously adm nistered proton punp
i nhi bi ¥ ngasefelells are agihviec Acetrdinglysappbcrmt hawriflantified, geHiscusgadibelawoparietal or al | y
adm nistered to the patient before, during and/or after the intravenous
adm ni st r akll activefors that apr ainunisteredyo symbigiiticallygnbayeathe afiintyldf yhe préten pyras ent
invention relates to a nethod for optim zing the type and anmount of buffer
desi r abl e ifildbitarndi vi dual proton punp inhibiting agents. 25 14 WD 03/ 061584
PCT/ US03/ 01640 5 BRI EF DESCRI PTI ON OF THE DRAW NGS O her advant ages of the
present i nvent iAwditishally, be intesenduy deqapes foemabdbfdotas ptlp irhitiers dideqgmiesarbet t er
understood by reference to the followi ng detail ed description when
consi der edir¢ dfteh@dn@dteod intaighr dRe thachepaniorig Eiravarige, whetypical adult IV
15  dose of omeprazole is greater than 100 mg/day whereas the adult oral dose is 20 to 40
mg/day. Large IV doses are necessary to achieve the desired pharmacologic effect because, it
is believed, many of the parietal cells are in a resting phase (mostly inactive) during an IV

dose given to patients who are not taking oral substances by mouth (npo) and, therefore, there
is little active (that which is inserted into the secretory canalicular membrane) H' K'-ATPase

20  to inhibit. Because of the clear disparity in the amount of drug necessary for IV versus oral
doses, it would be very advantageous to have compositions and methods for IV

administration where significantly less drug is required.

SUMMARY OF THE INVENTION AND ADVANTAGES

The foregoing advantages and objects are accomplished by the present invention. The
25  present invention provides an oral solution/suspension comprising a proton pump inhibiting

agent and at least one buffering agent. The proton pump inhibiting agent can be any
substituted benzimidazole compound having H' K'-ATPase inhibiting activity and being

unstable to acid. The inventive composition can alternatively be formulated as a powder,

13



Figure 1 is a graph showing the effect of the onmeprazole solution of the
present 10 invention on gastric pHin patients at risk for upper
gastroi ntwstasmaissbl eedi ng from stress- rel ated nucosal damregajsosbguee 2 is

a flowchart illustrating a patient enrollnment scheme; Figure 3 is a bar
graph illustrating gastric pH both pre- and post-adm nistration of

onepr azol e solution according to the present invention; 15 Figure 4 is a
graph illustrating the stomach pH val ues after the oral adm nistration of

bot h ChocoBase pl us | ansoprazol e and | ansoprazol e alone; Figure 5 is a

graph isl | yshgaduspiasion RisleR cRBGbEOREILE Bakh10Iwelpad abldi eLSPRANAGEBNedcatl UX
di sease; Figure 6 is a graph illustrating an endoscopic confirmation of

gast r oesopadeakisredsbaht tabid i rarfuled U5 Gch/doksseFoitsaR hdvhiibiisd | g t he
percentaggmof patieﬁts &%o’ﬁg%§§%§§¥%gﬁ% gny ty%% of reflugg%hgggpy in the

past; Fi 968 of fhylen@ridRBatlnl 'oygéléﬂhiopglsia dﬁ%l{agﬁ%ézlmﬂﬁrﬁ&h%isﬁ?ﬁn@hoc0' Base

Formulation 1; and 25 Figure I's a graph illustrati'ng the environnental
P el s AR L83t Sk PG PR ROAPLS OB BESHORL o
VT, b A PR FERRL VRO D AL EERE KnBo|
(e oo B GRIR A8 RS G B SR AR 1,
RSN ORI
di scussed errllteerrig-icgat\é\é ;[)rhdeﬁar}]lgd—lrjerl]eggerdsl}rgigrq Ipl?rgp Entpx%gtir'fghaegerﬁrwelalearr]ltan’gaicI%E:SB.O§uL<|:E1e
forms may optionally comprise a non—enteric-cbated proton pump inhibiting agent.
Kits utilizing the inventive dry dosage forms are also disclosed herein to provide for
15  the easy preparation of a liquid composition from the dry forms.
In accordance with the present invention, there is further provided a method of
treating gastric acid disorders by orally administering to a patient a pharmaceutical
composition(s) and/or dosage form(s) disclosed herein.
Additionally, the present invention relates to a method for enhancing the
20  pharmacological activity of an intravenously administered proton pump inhibiting agent in
which at least one parietal cell activator is orally administered to the patient before, during
and/or after the intravenous administration of the proton pump inhibiting agent.
Finally, the present invention relates to a method for optimizing the type and amount

of buffer desirable for individual proton pump inhibiting agents.

25
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is to be considered only as an exenplification of the principles of the
invention, and it is not intended tolimt the invention to the

enbodi nermve mlob1ss4 r at ed. For exanpl e, where the 15 presentrdrrusesnvican i s
illustrated herein with particular reference to oneprazol e, |ansoprazole,
pant opr azol e, rabeprazol e, esoneprazole, pariprazole, or |lemnoprazole, it
w Il be understood that any other proton punp inhibiting agent, if
desired, can be substituted in whole or in part for oneprazole,

| ansopr azol e, pantoprazol e, rabeprazole, esoneprazole, pariprazole, or

| emi nopy azol e in the nmetdiggs pKéERIPEOLORAHE PRAWINGEONPOSi tions herein
descri bed. 20 The present 1 nvention provides a nethod of increasing

absorption of @)ﬂﬁﬁéga\%ﬂta@mmé& I ihi Ao REA e Jemtiﬁ bhecie@90ms S of a

subj ect. The nethod conprises admnistering to e subject a solid

phar ”HCe“tﬂe‘&%es%?ﬁ&}%hér%tﬁ?g%?ﬁof@errén%é Hﬁhé”‘fo‘%ﬁﬁn%’he%@&’dés Hihia9 agent and a

buf fering agent tor ora nistration and I"ngestion by the subject. Upon
adm ni stration the iti.0 0 t (¢ fluid of the stomach
and ¢ hor eny st OB BOTRER! 1B BORRENTnt B RS el g § i b 1 g

agent into the bl ood. seru reater than.the absorption the proton punp
i nhibiting agerﬁ)guf%pfsﬁegra rﬁs REEEste etf%gt %E#efoé?ﬁpﬁaéoggﬁ%lﬁ on é)rtjhﬂée prgsr?gtunt of
bufferjng .agent present .in the conposition is sufficient. to increase the
oast o1 1971 ETEROn B ERERinet Sursliir A RO B b patroRs b Eope PRl aci o
degradati on of the Eéoton punp 16 WO 03/061584 PCT/US03/01640 5 inhibiting

agent in tTfBeYIUePsaLdaMagy of the stomach, and to all ow a neasurabl e serum
concentration of the proton pu i nhibiting agent to be absorbed into the
bl ood serum of Fi§¥Ee 2 Bd{wet .aﬂTﬂ‘gtr&WIF‘ggf‘ﬁ’ﬂmBPt Sﬁﬁ%nepr ot on punp

i nhi biting agent can be determ ned using har macoki neti¢c testing

procedur es knoWtgU o3 isideb @R uggpting epsee %IEP?th?FFe apg psEAIMIRBEEN SN al so
provides for a method of treating a gastrointestinal disorder 10 in a

subj ect i roEREHoke ekl accprdingta fhepreseitiiiieatidlt i ng to the subject a solid
phar maceutical conposition conprising a proton punp inhibiting agent and a
buf f er I'hg agentFigurhe istagrimdyijlpgratingybp stomach pH ypuesaiighihe et admaipistration of

i ncrease the pH of the stomach content of the subject to a pH that

prevent s opoth GhdcoBass plusilehsdergrodeizndilemorrhzolhadons; ot on punp i nhi bi ting agent
in the stomach and to allow bl ood serum absorption of the proton punp

i nhi biting agertguge & sstaggraph illustrating a pH probe confirmation of gastroesophageal reflux

disease;
Figure 6 is a graph illustrating an endoscopic confirmation of gastroesophageal reflux
20  disease;
Figure 7 is a graph illustrating the percentage of patients who had undergone any type
of reflux therapy in the past;
Figure 8 is a graph illustrating the effectiveness of the Choco-Base Formulation 1;
and
25 Figure 9 is a graph illustrating the environmental pH values after administration of the

proton pump inhibiting agent/buffer formulation.

15



15 than the bl ood serum absorption of the proton punp inhibiting agent in

t he absence of the buffering agent when the conposition is adm nistered
oral |y towbphw/sisBj ect. A therapeutically effective anpuntrcafusps/otéan punp
inhibiting agent is thus absorbed into the blood serumof the subject. The
present invention also provides a nethod of treating an acid related 20
gastroi ntestinal disorder in a subject in need thereof, by orally

adm nistering to the subject a pharnaceutical conposition in an oral
dosage formfor imredi ate rel ease into an absorption pool of the subject.

In one g£nmbodi ment of tHRTRIEESPEICRIPTIONOF i POSERPIORN pool s highly
acidic pH The conposition conprises a proton punp inhibiting agent and a

buf fering ﬁgenqnn@ gﬁogufferlng agent is in an anmount sufficient to

i ncrease t absorption pool of the 25 subject to a pH that
prevents or |nh|bits acid degradation of the proton punp inhibiting agent

and to al | ow abg@ppist M Rhtidde dRE RIS MR HHERs, mblc&htﬂnmqm@%afcmﬁﬁ&mohmr
absor ption pool |nto bl ood serum of the subject greater than the

absor pt i Ontré?itm% 'ﬂ?ev@ﬁt‘i}{g%‘ r&HErH%'tH&'HsP bf 4810 E'thaét%mtéslﬂﬁalfﬁ%%?délcﬁ deadehe

bufferi ng agent when the conposition 1s admnistered orally to the subject

17 VD 03/ 0&%%8@11? foTh R0 Qéd%gl o?reﬂﬂ:% t@gg%x'{&%m?éstlﬁ’aﬁ‘a¥58{?1elpé{rﬁ?seés@hﬁ hiting

agent is suf &nt 1o achi eve measur a serum concentration of the
pr ot on, cﬂhg&%tggeagent in the bl ood serum of the subject after ora
adnlnls e conp05|t|on The present invention also provides a

nmet hod of nakl harmaceuti.cal 0 Shition for raI adnlnlstratlon to a
rWhﬁle tR (fmv ntion mag%e%%% 31 1n manl)Fp efﬁntlf%rﬁls Y?rarl]lg agent and

subj ect and for Ihedrate rerease

a bufferin ent t o an absor on of t he enbodi ment

of the pr e PR PR e R ahebatn AP g s Pt técPfafeep e

nmet hod ses t he i nhi.

but fori ng BgLpRcosEeh Y d g PaBhror 8 Br PR it Skppe ﬁtt iy
ncrease the of. t he absor of t ct to H t hat

:or eventS s o‘F‘tCPR‘% gl %I“des‘a@ F%E‘EFF‘B?A"G‘F“T HE‘S‘ﬁart?fP iPr SEARPLS, t‘i‘ﬁ‘? i ng agent

in the 15 absorption pogol and to. allow absorption of the proton pu

i nhi bi 13 ngpra%jéhmmlamleéstra%é%rﬁml&Pa&&faiar rﬁ@rsn%ﬁ%a'ae@éfﬂwaefopwelesub, ect

greater than the absorption of the proton
pantoprazole, rabeprazole, esomeprazole, pariprazole, or leminoprazole, it will be understood

that any other proton pump inhibiting agent, if desired, can be substituted in whole or in part
for omeprazole, lansoprazole, pantoprazole, rabeprazole, esomeprazole, pariprazole, or
leminoprazole in the methods, kits, combinations, and compositions herein described.

20 The present invention provides a method of increasing absorption of a proton pump
inhibiting agent into the blood serum of a subject. The method comprises administering to
the subject a solid pharmaceutical composition comprising a proton pump inhibiting agent
and a buffering agent for oral administration and ingestion by the subject. Upon
administration the composition contacts the gastric fluid of the stomach and thereby increases

25  the absorption of the proton pump inhibiting agent into the blood serum greater than the
absorption of the proton pump inhibiting agent in the absence of the buffering agent. The
amount of buffering agent present in the composition is sufficient to increase the gastric fluid

pH of the stomach to a pH that prevents or inhibits acid degradation of the proton pump
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punp inhibiting agent in the absence of the buffering agent when the
conposition is admnistered orally to the subject. The anount of the
proton puwp o3nbisBiti ng agent is sufficient to achieve a meagisoabiceo ser um
concentration in the blood serumof the subject after 20 oral

adm nistration of the conposition. In one enbodi nent of the present

i nvention, the conposition is admnistered in an anmount to achieve a
measur abl e serum concentration of the proton punp inhibiting agent greater
than about 0.1 g/m wthin about 15 minutes after adm nistration of the
conposi4 i Ofhipliig 30N Rahe SRRRHUTBH thOdtohil®, R118S §MSw h LGNt serdnhe
conposition is adm nistefred to 25 the subject in an amount to achieve a
measur abl & AELAONGRBE bOilo Hoiti{h: RO Be RUBBed I bldoB Berfd SR IncOT eat er
t han aboutcoo. fﬁg?(rﬁﬁ&?r m aﬁgutpﬂn%@uﬁes o abou{3 éﬂﬂoulrbs&oa?% er ©
adm ni strag i ROSE b - / ’ 5 1n yet
ot her cnboitane CfeFRRBRSE Brormflokt hHE Ff odeul sl

adm nistered to the.subject in an amount 1o i nmeasur abl e serum
concentrat@gﬂn%?ﬁ?ﬁgﬁgV%%Bﬁm%ﬁﬁ%qm?ﬁﬁfb%?*ﬁéﬁggghggageater t han about 0. 15
g/m from about.15 mnutes.to,about . 1.5 hours gfter adm nistrati.on,of the
Sonposi (i on. | TTEPIET ANERISH SRBaRETE B nsrinea kol @it e

conposjtion is .adm ni stere 10 .to the subject in an amunt to achieve a
byt bl i ac bR b R et e RO B e mhop Pty 4G ht Cor eat er
t han about 0.2 g/nﬂ Wi thin about 15 mnutes after aﬂninistrah% n_of. the
conposi t i ofPMPEILPYEAmALISINg § PrR BYmR BRIbRgAReR! FRGY Ing agent 3&#1%“‘%
invention is also useful for veterinary treatnment of co ni on manmal s,
exotic ani PSS By amopRh suHicial @,ln?rF?éFﬁwip'ﬁ’gof ﬂifsst%m%t?mgg%ﬁv@?%% t he
like. I'n one enbodi nent, the manmal |ncludes a horse, dog, or, cat. For the
pur poses ofH {13 erevgnis o inhibits geid drgradationof the srasen Rinpgnhikiingegewt intheyr  » ppy |
or "proton punp inhibiting agent"” means any agent possessing

phar macol ofpeadh aad q a}liowﬂ%f% sgrym 3bserpReR Rfrthepprotan pupp inkiiptiggagent #eales of

proton gunp inhibiting agents useful in the nethods,
1 than the blood serum absorption of the proton pump inhibiting agent in the absence of the

buffering agent when the composition is administered orally to the subject. A therapeutically
effective amount of proton pump inhibiting agent is thus absorbed into the blood serum of the
subject.
The present invention also provides a method of treating an acid related
20  gastrointestinal disorder in a subject in need thereof, by orally administering to the subject a
pharmaceutical composition in an oral dosage form for immediate release into an absorption
pool of the subject. In one embodiment of the present invention, the absorption pool is highly
acidic pH. The composition comprises a proton pump inhibiting agent and a buffering agent.
The buffering agent is in an amount sufficient to increase the pH of the absorption pool of the
25  subject to a pH that prevents or inhibits acid degradation of the proton pump inhibiting agent
and to allow absorption of the proton pump inhibiting agent from the absorption pool into
blood serum of the subject greater than the absorption of the proton pump inhibiting agent in

the absence of the buffering agent when the composition is administered orally to the subject.

17



20 kits, conbinations, and conpositions of the present invention includes
substituted benzim dazol e conpounds possessing such pharnacol ogi cal
activity we oaneisshi bitor of H+, K+-ATPase. | n one enbodi memtusos/otche
present invention, the proton punp inhibiting agent is acid sensitive. In
anot her aspect of the invention, the substituted benzi m dazol e conpound
enpl oyed in the nmethods, kits, conbinations, and conpositions can include,
for exanple, 25 oneprazole, |ansoprazole, pantoprazole, rabeprazole,
esonepr azol e, pariprazole or |em noprazole. The definition of "PPI," or

" pr ot o PUFRR ahfdfhdd bkon pulp inRbRIHE RedtRufrciaR BialhiG AGERErabI@Sertised her ei n
can al so nean that the agent possessing pharmacol ogical activity as an

i nhi bi t or atgwﬁgg%?&@ﬁp lrélb‘f{ﬁ% éiggq in 1€ bjoBd 5&Emf ?E}{@S%_]e& aR@ldral ester,

19 WO 03/0 enanti oner, isoner, tautoner,

pr odrug, Q%ﬁhnﬁﬁhﬁfof&e% <£h%§ provi ded the salt, ester, anlde

enanti oner r prodrug, or derlvatlve i's SU|tabIe

phar macol ogi cal that is ffect ve | net h

conbi nat i ons, nggw“mt‘V88W88§| F%%ssaghgg fngéggggeﬁ§?%??gjole conpounds
and the salts antlo lprodrugs

and deri vactowgséfn? fgf 5t %9‘5‘5%105?%%5%68 ik |fﬂrgmglf”§1a%a59%asﬁr géé’cf’ R own t o

t hose 0 sk led in the art .of syntheti ani c and descri bed,
for ox 1519% Mg fese\agv%ﬁ%@awcangﬁ e SR a&? s,

Nbchanlsns Struc#ure 4t h Ed. M/Ybrk WF ﬁﬁ nce 992). As
expl ai ned ot i ePrrsent lﬁéerw%flt? PRHPDIPRAL B ME g% J“be

inhibit ATPase in the sanme way. Differences in ons t. and r,bﬁép¥

pot enci es QPBTIFRGBINIEHE PN pfslpdvlflblél%i*&?@%arﬁdﬁh%%eae$ 88 hs fFfffgﬁ of the
parent conpounds. |n one enbodinent, the therapeutic agents of . the present

i nvent i on 4&H 1H 2N dreEntar Egienhle weresse be @B DRl IR B8Icei 18R or as

i ndependent nul tiple pharmaceutical dosa forms. Pharmaceuti cal

conposi t i albthatrieYedisey inhipits peid degradatien Pffg@ RO PUNRANiYBng ARSSEIndls t abl e f or
oral, rectal, buccal (for exanple, sublingual), or parenteral (for exanple,
i nt r avenolabyorptiorardel #ridge pliaw ebsorpsipe hbthg brofarepumpgphibiting aganefremtice i n any
given case wi Il depend on the nature and severity of the condition being
treat ed arsbsentierohiatairleodoerunhef thesubjesugraaterdhamibeiakgorption of the proton

pump inhibiting agent in the absence of the buffering agent when the composition is

administered orally to the subject. The amount of the proton pump inhibiting agent is

sufficient to achieve a measurable serum concentration in the blood serum of the subject after
20  oral administration of the composition.

In one embodiment of the present invention, the composition is administered in an
amount to achieve a measurable serum concentration of the proton pump inhibiting agent
greater than about 0.1 pg/ml within about 15 minutes after administration of the composition.

In another embodiment of the present invention, the composition is administered to

25  the subject in an amount to achieve a measurable serum concentration of the proton pump
inhibiting agent greater than about 0.1 pg/ml from about 15 minutes to about 6 hours after

administration of the composition.
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which is being used. Such dosage forms include, but are not limted to, a
tablet, a powder, a suspension tablet, a chewable tablet, a capsule, an

ef f ervescwotospemsser, an effervescent tablet, a pellet, oPCa/ugpammshe. 25 In
one enbodi nent of the present invention, the conpositions conprise a dry
formul ation, or a solution and/or a suspension of the proton punp
inhibiting agent. As used herein, the terns "suspension” and "sol ution"
are interchangeable with each other and generally nean a solution and/or
suspensi on of the substituted benzi m dazole in an aqueous 20 WO 03/061584

PCT/ US@_?’/ 01640 n et Hﬁ&héi‘ RmbsMmbntdf Yhefﬁ?és@i%l iRfehO6S ihe&@lnﬁébéi%ﬁis anfihkered
suspensions may al so i nclude, for exanple, a suspending agent (for exanple,

guns, Xan%@ﬁﬁ%uM@&hﬂ&lﬁﬁh&§m%@ﬂeéﬂﬁﬁ&§hmb@sauﬂﬁﬁﬁéﬁ&m&%%ﬁﬂw%%ﬁ@@bﬁnp
sorbitol), a solubilizer (for exanple, ethanol, water, PEG and propyl ene

glycol), a}nhiéiﬂé% g%#ﬁ&gatérgﬁz{n a%’r&?t’B?f s\e}leg/%Pf‘?&HqP&ﬁ“ﬁ imﬁé&'t{) Mt 1 SRBAS afidVEENS,

and cetyl pyri eservati an antioxidant (for exanple,

par abens, and .vit.am E and. C), an anti-caking 10 agent, a coating agent,
a chelatiﬁ@"ﬂb%ﬁ%mT?€$68¥5%ﬁv@% EDTA), a stabalizer, an antinicrobia

agent, an antifungal or antibacterjial agent (for, exanple, parabens
chlorobutanol,&%ﬁgﬁﬁpfer q%ﬁﬂ%“%&f%??mé tF?ﬁ%@ﬁﬂ@e& STF fﬂgwﬁﬁﬁﬁg,
sugar, sodiymchloride), a thickening agent (for example, neth

cel | uldse)to 1 spPigsidp Fhnageitchry; ’@%’SH%PQ,SC W&&B?e&{r%t,%p“toﬁ SRR Rump
aspartame, root beer or waternelon or other flavorings stable at pH 7 to
9), an antinbibisiagperyt ergeiar thineabgut 0.2 ge/ayl withiy abed 5 NpytpLaflsr pgnpinisgation of
disintegrant, a flow aid, a lubricant, an adjuvant, an excipient, a
col or ant, the ¢iinhpoeitin. a noi st eni ng agent, a preservative, a pharnaceutically
conpatible carrier, or a parietal cell activator. In one enbodi nent, the
present i nvent iBesidesdieagesefiofonhyyivar trea thesnt, itheairescotipesstion snplsogerfpirfpsi ng a
proton punp inhibiting agent, a buffering agent, and optionally a parietal
cell 20 aeterimatyoreatmEheofpompariompuapmalkhixbii¢ arimelf abdifarp aeigeiw inclodept i on may
or may not be enteric coated, or sustained or del ayed-rel ease dependi ng on
t he corst exharmimalgftrbddtst hrel the Hiteo rin prgmbddithéninithd mgmmglintludes atbiskjidogdor | N one
enbodi ment of the present invention the proton punp inhibiting agent is
not enteridgat.coated, or sustained or del ayed-rel ease. In yet another

For the purposes of this application, the term “proton pump inhibitor,” or “PP1,” or
“proton pump inhibiting agent” means any agent possessing pharmacological activity as an
inhibitor of H', K'-ATPase. A class of proton pump inhibiting agents useful in the methods,
20  Kkits, combinations, and compositions of the present invention includes substituted

benzimidazole compounds possessing such pharmacological activity as an inhibitor of H+,
K'-ATPase. In one embodiment of the present invention, the proton pump inhibiting agent is

acid sensitive. In another aspect of the invention, the substituted benzimidazole compound

employed in the methods, kits, combinations, and compositions can include, for example,
25  omeprazole, lansoprazole, pantoprazole, rabeprazole, esomeprazole, pariprazole, or

leminoprazole. The definition of “PPL” or “proton pump inhibitor,” or “proton pump

inhibiting agent” as used herein can also mean that the agent possessing pharmacological

activity as an inhibitor of H+,K+-ATPase may, if desired, be in the form of a salt, ester,

19



enbodi ment the proton punp inhibitor is enteric coated, or sustained or
del ayed-rel ease. 25 And in another enbodi nent the conposition may contain
bot h an ewpemioeissoat ed proton punp inhibiting agent and @cmarsogntees i C
coated proton punp inhibiting agent. Such a conposition is contenplated
where both an imedi ate rel ease of the proton punp inhibiting agent into
the 21 WD 03/061584 PCT/ US03/01640 5 absorption pool is desired as well
as a del ayed rel ease of the proton punp inhibiting agent is desired
provi di ng an extended therapeutic effect. In still another exanple, a

phar mageut £ @, edAlioMEaLshbAG, {aftoRlcE PRIIRE:, B¥ivALi¥d agh&me,e;fsﬂocidpma%ﬂg e@éranul es
of a proton punp inhibiting agent with one or nore buffering agents (e.g.,

omepr azol g, g H&nﬂ&rﬁé}ﬂsgﬁ%{alh%négg;drggu%Qpééﬁ%t@%e%ww%ﬁarﬁﬂgolég&uzg cal ci um

carbonate) 10°in a so sage pon oral admnistration, t

buffering RA &) Eﬁec‘abg ?‘ﬁeﬁleeﬁ)r%{aégt @%ﬁ%ﬁ%&%aﬁ%% PF% ?‘g& %@A{Oﬁfﬁgnsp aubstRted N

enteric coating is disso gastric er than, for

exanpl e, quérelé[l " gc%,a%llg cr:r]r?irrrép Iurlﬂ?searr]l}{ it e @§t6r9f%ngg'ega%}ldgtgoqﬁl#%sloa%ﬂgtauaﬁxsegma prazol e

is availa ate refeaseé 1nt ric r absof ption
into the bl opdstregm ny, variations in. t.his t f faorpul ati i.e.,
hi gher or Ao aﬁ&r@ﬂh‘fag{g 65¥heir?ﬂ§inﬁ?'t Fﬁgpaaré’%ﬁ§ln%% défde rg(fefl ert %"“%é"gg’é‘%t) may
.invention. Aft Lstration thtQ subj ect
'8t ™at i on

be utilized.in.the present r, adm n
ond " atr el e el BR B st il AR P S vk
i ntravenous nt .is delivered via the hlood s rjous
tissues aHEAREE AUENTAR I : : '“géﬁgg§£Wﬁ$":ntending
to be bound by any one_ theory, research suggests that when the proton punp
i nhi bi t i ng"dgehterseiencs; 193 form of a weak 20 base and is non-ionized, it
freely passes through physial ogi c menbranes, including the cellular
menbr anes of t H¥ cpelringd Qirtherdierein, the prefop gy b 1NgAgeRth gensBllY i ed pr ot on
punp inhibiting agent noves into the acid-secreting portion of the
pari et al clfase inibe samervery o Djfferengsn in et gad rebative PPEncigserelarsglydugie i eu of the
secretory canaliculus, the proton punp inhibiting agent is apparently
pr ot onlgt edlifférerresy mdhe apidiingtabilieral die raeent eanpgetdsve form of the 25 drug.
Ceneral Iy, ionized proton punp inhibiting agents are nenbrane inperneabl e
and form di sullfipereenthoditenhtheigherapeuiid agents\pd theipmsentdryediscan e formuiaiadha
subunit of the proton punp. :

as a single pharmaceutical composition or as independent multiple pharmaceutical dosage

forms. Pharmaceutical compositions according to the present invention include those suitable
for oral, rectal, buccal (for example, sublingual), or parenteral (for example, intravenous)

20  administration, although the most suitable route in any given case will depend on the nature
and severity of the condition being treated and on the nature of the particular compound
which is being used. Such dosage forms include, but are not limited to, a tablet, a powder, a
suspension tablet, a chewable tablet, a capsule, an effervescent powder, an effervescent
tablet, a pellet, or a granule.

25 In one embodiment of the present invention, the compositions comprise a dry
formulation, or a solution and/or a suspension of the proton pump inhibiting agent. As used
herein, the terms “suspension’ and “solution” are interchangeable with each other and

generally mean a solution and/or suspension of the substituted benzimidazole in an aqueous

20



Such active fornms are included within the definition of "PPl," "proton punp
inhibitor,” or "proton punp inhibiting agent” herein. 22 WO 03/061584

PCT/ US03/WD64061584 The proton punp inhibiting agent is adnmpairatses/ed+@nd
dosed in accordance with good nedical practice, taking into account the
clinical condition of the individual patient, the site and nethod of

adm ni stration, scheduling of adm nistration, and other factors known to
medi cal practitioners. For the purposes of this application, the term
"buffering agent™ or "buffer” means any 10 pharnmaceutically appropriate

veak base Qtdish! GG PREEmIRAGhsMoKHdhEMdIR ShispLislons Al alswhRNude f BF Sdlplegd oF
delivered with (e.g., before, during and/or after) the proton punp

| nhi bi ting, su@&%?i%% abdh bt Q0% Ie?glﬁﬁgl,)ﬁr@f%lg,%ull}ios%s%\ﬁ@Q&ga%'tj, A HifHeBhde (Fpe acid

degradati on of prot on pu Inhibiting agent by gastric acid sufficient

i i ot er 80 BERPLTH KRl Yo bablif. FASDRI-RATG A HIMRRBIRE | ons,

5 and conpasl P Al RIS EM hNE AT 5L udeca B parbpRat e Salt of

G oup | A netal, c gnesi um’hyd nesi um

e ot U AL B bt o RATE PR RIS TR R T, SARRIRARE . O

magnesi um® gents’ Inc ut’are no ted
to, pofassium bi carbonat e, nesi hydr o ig nesji.um_ | actate,
magnbs] Qm B UCLHA B2 S haragicerT heLhre KDTAooR A a2 B AL num 20
hydr oxi de/ sodi um hi carbonate coprecipitate, a m xtu f an am npo acid and
2 buffer, A IEROF AT RS St PR R P AP BT P Bk RIPE of an
acid salt of ,anﬁgm’ no acid an? a bulf fer, and a m x(% gre of an al ktglri sal t
of an am nOiTIAdadsYoRE pEY (ForRBPlep L TR Fq 81318?1 ed> a higkgnngagepfdiqiseqd i n
t he nmethods, kits, conbinations, and conpositi ons of the 'gr esent invention
i ncl ude, bRemRIcemABY! qeilposedp Hayoridgrgent{ A examrle cheolntq halaentig, apHaME di um
acetate, 25 sodium carbonate, sodi um pol éphosphat e, potassium
pol yphos phapbeesesdraiermsipnop Rbspiayeangs spsleas BH P Bi b pHb 3R i (€ 8ei um
hydr ogenphosphat e, di potassi um hydrogenphosphate, trjsodi um phosphate,
tri pot bssi umethiseng Matlison goridisinicaieet aflew ajdot Hbsranm e BEHEBISEEBIEN fragnesi um
oxi de, magnesi um hydr oxi de, nmagnesi um carbonate, nmagnesi um silicate,
cal ci um colorant, a diluent, a moistening agent, a preservative, a pharmaceutically compatible carrier,

or a parietal cell activator.

In one embodiment, the present invention relates to a pharmaceutical composition
comprising a proton pump inhibiting agent, a buffering agent, and optionally a parietal cell
20  activator. The proton pump inhibitor of the present invention may or may not be enteric

coated, or sustained or delayed-release depending on the context in which the proton pump

inhibiting agent in utilized. In one embodiment of the present invention the proton pump

inhibiting agent is not enteric coated, or sustained or delayed-release. In yet another

embodiment the proton pump inhibitor is enteric coated, or sustained or delayed-release.

25  And in another embodiment the composition may contain both an enteric coated proton pump

inhibiting agent and a non-enteric coated proton pump inhibiting agent. Such a composition

is contemplated where both an immediate release of the proton pump inhibiting agent into the
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23 WO 03/061584 PCT/ US03/01640 5 acetate, cal cium glycerophosphate,

cal cium chol ri de, cal cium hydroxi de, calciumlactate, cal cium carbonate,

cal ci um bwoashersat e, and other calciumsalts. M xtures of pamyusos/oiche
foregoing can also be used in the nethods, kits, conbinations, and
conpositions of the present invention. The buffering agent is adm nistered
in an anount sufficient to substantially prevent 10 or inhibit the acid
degradation of the proton punp inhibiting agent by gastric acid sufficient
to preserve the bioavailability of the proton punp inhibiting agent

admi ni ste ra%ﬂyr%tﬁﬁ%ogf S A& E s %Q?asaatﬂela'ygd’ re‘fgasé mmpﬂfr@toﬁ BuRp Wbty ehding agent
to elicit a therapeutic effect. Theréfore, buf feri ng agent of the

present i Ny RRsidi 59“&Q“E§EWBﬁ§§§@ﬁﬁt°f the bi ol ogical fluids of the
stomach, nmust only elevate t ese biological fluids sufficiently

to achieve ade%ﬁtﬁa&%ﬁtepéxqa %é Elg%rr#nﬁcte}{tl&i fotnlﬁﬁlag(gﬁJg [}J)Ee ar%ﬁi)9ﬁﬁx1ﬁ @r{t@rﬂzeu“ c

action. In one e ering agent sent”’ I n the nethods,

S DO P AR LRI SR e

I n anot her enbodi ent t|on the fferln
pres ent i nonéeﬁraé%ngﬁ ranubeg LWLPS&S 0(!11{10 a(barbotnatﬁ agd ?@J calc1u1% cgrg)gnate  on 20

punp i h|b|t| ent n ther t. of t ntion
the b fer‘t’ﬁ@ogd(g)g?ﬁe Tpigh e AP S AR VS g e §69=1t6 ety

anot her enb t of t pr esent |nven ion the buffering age S present
in an armlfo aglt%l}j’f‘“ ?g&ﬁﬁ‘&fert‘%coéﬁ%‘? Yreéqm thergastgp flpyd (?ﬂﬁf ﬂ’@? Bbodi ment
the buffering agent present in a t of out 20 t 40
mEq. And i¥2gRlE '8 el RHsBUToRENDt %ﬁhet%g eawg U TR0l S ft‘ﬂblﬁ’g nt of
the 25 bufferlngaa%ent IS present in_an anpunt nore, than about 20 tines the
amount of HedpRgeisese ip tsgasthnyd fragsopanngtheblgedsgem. (Mamieragrionsdsi s in
the conposition. In one enbodi nent of the present invention, the buffering

agent is dbaitmnof fraslebemace huher or ovsr amevats phinkipisingagensang/or ppffering

conbi nati ons and conpositions in an anount 24 WO 03/061584 PCT/ US03/ 01640
15  agent) may be utilized in the present invention.

After administration to the subject and absorption of the proton pump inhibiting agent
(or administration intravenously), the agent is delivered via the blood serum to various tissues
and cells of the body including the parietal cells. Not intending to be bound by any one
theory, research suggests that when the proton pump inhibiting agent is in the form of a weak
20  base and is non-ionized, it freely passes through physiologic membranes, including the
cellular membranes of the parietal cell. It is believed that the non-ionized proton pump
inhibiting agent moves into the acid-secreting portion of the parietal cell, the secretory
canaliculus. Once in the acidic milieu of the secretory canaliculus, the proton pump
inhibiting agent is apparently protonated (ionized) and converted to the active form of the
25  drug. Generally, ionized proton pump inhibiting agents are membrane impermeable and form
disulfide covalent bonds with cysteine residues in the alpha subunit of the proton pump.
Such active forms are included within the definition of “PPI,” “proton pump inhibitor,” or

“proton pump inhibiting agent” herein.
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5 of at least 250 ng. I n another enbodinent, the sodium bicarbonate is
present in an anmount of at |east 800 ng. In yet another enbodi nent, the
sodi um biwerlbosEse i s present in an anmount from about 25@cmysomombout 4000
ng. And in still another enbodi nent, the sodium bicarbonate is present in
an anmount from about 1000 ng to about 1680 ng. In one enbodi nent of the
present invention, the buffering agent is calciumcarbonate 10 and is
present in the methods, kits, conbinations and conpositions in an anount of
at least 250 ng. In another enbodi ment, the cal cium carbonate is present

in an amunt ofrh@protdduinp iB00iNEY agénf‘ls)é@ﬁnr@s'?é?&@ﬁ{d REAH EBRPdance Wigh %@hCi um
carbonate is present in an anmount from about 250 ng to about 4000 ng. And

in still apoiepra&ILONAE Mo a&@ﬁ]t%lcﬁhfdﬁmc@)ﬁ“@mtﬁe indiviRhBR88lt, thésigh anount
fromabout 500 ng to about 10 The term "effective anount” neans,

consiste nt elfhog %?§dn‘iii fsﬁ&tﬁo?ln&h&ﬂ? ¥YE of Qinlilﬁﬁtreﬁfofﬁ ) andtok}%r %%%09/]}1 tPr oton punp

|nh|b|t|ng agent or ot er agent ctive to elicit armacol ogi ¢ effect

or therap i ncluding, but not limted to rai sing of gastric
pH, reducsﬁ%ﬁ%ééé%ﬁgﬁﬁ%estlnal bl eedi ng, reducing in the need for bl ood

transfusion, | bl AYpiigeSULV A faliey thewegnec‘bu@@ngv%gégg%w%p L5k aly cel

activation and ase I’on or 'Tm nati on of
synpto i ndi cat ors are se asures by
Uhose Ski 11 ﬁ““ﬁ‘n‘fﬁ‘& afmpﬂameﬁ%u%seanmgi E?Hda FfRE GRFAEHE. "?' term
"neasurabl on" t he oncentratlo plcally
measured i1 “nge a}%?hg lﬁggﬁgfe ng Protgi purgp 1 bIood
serum) of a apeut i t absorbe to t bIoodstrean1after

adni n st r 46PYn un‘ftmgagotswﬁitﬂ%ﬂweméOgs@ﬁ%n%a EQ eetoRaT g BORPEPR on punp
i nhi biting agent of the gresent i nvention t .corre sponpi to a neasurable
ser um concBHPIEE pEFRt Pygasily a&’é]‘tﬂ“fﬁcéeﬁb odEFseVE L r loavaifabiliy g BBGIOPURE/ m . I n
anot her enbodi ment of the present invention, the serum concentration of
the pr ot oripbitipe pemt mlpﬁtjredagAemffefIH&ﬁgeevaF%% Bohg gethgds kite senbE#Io8sser um
concentration for an adult human is | ess than 25 WO 03/ 061584

PCT/ USE3/ (rnd £0mpssitipng ok the pregeng mypntionanglyde adyrathvante sebofdimpmiA Betat sehpr esent

invention, the serumconcentration of the proton punp inhibiting agent that
corres pon09§, fopexampiea mageesiue kydraxade, magnesium lactate, magnesium gluconate,

magnesium oxide, magnesium carbonate, or magnesium silicate. Other buffering agents
include, but are not limited to, potassium bicarbonate, magnesium hydroxide, magnesium
lactate, magnesium gluconate, other magnesium salts, aluminum hydroxide, aluminum

20  hydroxide/ sodium bicarbonate coprecipitate, a mixture of an amino acid and a buffer, a
mixture of aluminum glycinate and a buffer, a mixture of an acid salt of an amino acid and a
buffer, and a mixture of an alkali salt of an amino acid and a buffer. Other buffering agents
that may be used in the methods, kits, combinations, and compositions of the present
invention include, but are not limited to, sodium citrate, sodium tartarate, sodium acetate,

25  sodium carbonate, sodium polyphosphate, potassium polyphosphate, sodium pyrophosphate,
potassium pyrophosphate, disodium hydrogenphosphate, dipotassium hydrogenphosphate,
trisodium phosphate, tripotassium phosphate, sodium acetate, potassium metaphosphate,

magnesium oxide, magnesium hydroxide, magnesium carbonate, magnesium silicate, calcium
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concentration for an adult human is fromabout 0.01 g/m to about 5 g/m.
And in still another enbodi nent of the present invention, the serum
concent r awpma/06fs8t he proton punp inhibiting agent that cecraspso@dsoto a
measur abl e serum concentration for an adult human is 10 from about 0.25
g/m to about 2.5 g/m . In one enbodi nent of the present invention, the
conposition is admnistered to a subject in a therapeutically-effective
anount, that is, the conposition is admnistered in an anount that
achieves a therapeutically-effective dose of a proton punp inhibiting agent

i n the s blpageSalHH %gcéo bR cefl&ﬁm%hdﬁﬁ&é QalcRn HydPRideOcaikf idctate, desi red
t herapeutic effect. ustratively, in a fasting adul t human (fasting

for generaéaicmn%aﬂho%aét Laifaur a:%?boﬁzﬁ? 260 PROTalchsalts S ML bBAG 0B thet O achi eve
a therapeutical [y-effective dose of a proton punp inhibiting agent in the

bl ood ser %}eg&flgca"\h%éo%tuséd’ d&hﬁ%ﬁ&ds%lw ﬁ)%tﬁl%dtl@ﬁ&t gﬁd JoSikiSds cﬁttﬂeon of the

COI'T'pOSI tion anot her pr esent inventi on,

t her apeuti V: tive dose of the proton punp |nh|b|t|ng agent is
achi eved ﬂ%a%h“nﬁ%oég serum of a subject at about 10 m nutes from 20 the

time of adm ni eab %to Hgé%ﬁektqgagml Is%%édtllng 1%18untt Qlﬁ 1§1lé t? g&bs%al‘npal?%%\lg

enbodi nent of t i nven era eu i've dose of
Sub octd ar At ﬁl%&ﬁld“ tuB7 Py Pweow%%ﬁllge%*?&aa%ﬁ%m PR A T Rl ©

[ vent | on. RGP RRILT BaTiRy S f?ére&%rqi’végﬁEfgﬁb”ﬁr?gdfig%%”atgmlgﬁre%ﬁ% BRI 1 ng
Pom the LPRESS ORISR PATY BREBICOREN LS @ PR L o hol R Bt 1

still another enbodi nent of the present  invention, i )
t her apeut i Rudferipe %Eeflb‘tftt?%eseawéené‘fm’t"ﬂ@“ g e BWS‘?ﬂS?‘rﬁf tﬁ?\ Hiobﬁgﬁah@lé’b‘gﬁ}ie is
achieved in the blood serumof a subject at about m nutes fromthe time

of adni ni sYeBIhIRUSPIY Klevats thsad] ef tb%e prlagrrsl @usi %\{fécwr}tb{ D ARIYE 2448148/ 061584
PCT/ US03/ 01640 5 enbodi nent of the present invention, a

t her apBut i iedveijabdlity et the deigde gkech fherapentisagidn punp | nhi bi ting agent is
achieved in the blood serumof a subject at about 20 mi nutes to about 12
hours from t he In prreerifodznaent.Ahesbufering pgest is presend Gh%éﬁethoéh kity combinatighf.ect . | n

anot her enbodi nent of the present invention, a therapeutically-effective
dose of t hadgpmperitiquaHthe present invention in an amount of about 0.05 mEq to about 5.0 mEq

per mg of proton pump inhibiting agent. In another embodiment of the present invention the
buffering agent is present in an amount of about 0.1 mEq to about 2.5 mEq per mg of proton
20  pump inhibiting agent. In yet another embodiment of the present invention the buffering
agent is present in an amount of at least 10 mEq. In yet another embodiment of the present
invention the buffering agent is present in an amount of about 10 mEq to about 70 mEq. In
still another embodiment, the buffering agent is present in an amount of about 20 mEq to
about 40 mEq. And in yet another embodiment of the present invention, the amount of the
25  buffering agent is present in an amount more than about 20 times the amount of the proton
pump inhibiting agent on a weight to weight basis in the composition.
In one embodiment of the present invention, the buffering agent is sodium

bicarbonate and is present in the methods, kits, combinations and compositions in an amount
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inhibiting agent is achieved in the blood serumof a subject at about 20
m nutes to about 6 10 hours fromthe time of adm nistration of the

conposi tiwo woctske subject. In yet another enbodi ment of PdTaSos/esent
invention, a therapeutically-effective dose of the proton punp inhibiting
agent is achieved in the blood serumof a subject at about 20 mnutes to
about 2 hours fromthe tine of admnistration of the conposition to the
subject. In still another enbodi nent of the present invention, a

t herapeutical ly-effective dose of the proton punp 15 inhibiting agent is

achi eved igrat R&tPSPAE BEMUMPIMBEDARHGI, A8 sodfunfbiOHborAR i8hisneH dhandbRUt 2
hours fromthe tinme of adm nistration of the conposition to the subject.

And in yet,ranidgho mg RO MRler @hbbdifieR! @S §iurh BYEBbARLs pfesent inan
t herapeutical l y-effective dose of the proton punp inhibiting agent is

achi eved i Jtﬂrhotu'flﬁfr&h 0ht 28 Mg}ooiboﬂt cﬁ)‘é%%ﬁt;\trﬂgn AP HotEPe b UILER, hOsARANT 1

hour fromthe tinme of admnistration conposition to the subject. 20

| gener aluc S aURaLERaR LLmblE REEREHBYEb LA Syaf i stered at a

dose suita 0 I de an average um conce tion of a proton

punp inhibitin ent. qf a ast out. 1. | | e ra
period of abou%i n %gehe&ljbro(ag?etné?ij tﬁ%?ﬁe%f‘i“s?‘? gr%“iog’ntge E%)f%{ng%rﬁé%tt gscf%fé@l(r)nrr%%bsoﬁ%ﬁ?ons of

the present .i.nventj.o r QVi .a therapeutic effect as proton

i bi 05 ngnigufenl S heitiodia oA of oS Gtond B SR BB, abou
24 hours er admnjstrati.on, 25 enabli once-a-day or twce-g-d

adn i st v sADane 11 ohsh ROl 8 ERBORDAT G M af aneie SRR on, t e
conpositi%@ is dninisﬁergg $t a gﬁze suitable to é%ovide an avyerage bl ood
ser um conc®RP&aLT ¥ 2Bqthes epbadigisnty IGGRlF M BrAonHg SATEHE BA™ ARYRLCM apout 1.0
g/m in a _subject about 10, 20, 30, or 40 mnutes after adm nistration of
the conpositPRionOm PRRow Ajlme. Apg in g9 e Pabac R (RSGRICHTRAPONS® e
anount of therapeutic agent necessary to elicit a therapeutic effect can be
exper i nentHpseyt igar émﬁvmgre%%@%mg tP3poudt9Phne, the absorption rate of the
agent into the blood serum the bioavailability of the agent, and the
anount1%f pr ot €ihg tsmn@fferdive pmewns” mgast consiptentivgth popddesatings knaygygesrart. t hat
speci fic dose |levels of the therapeutic agents of the present invention
for any pathe poodndef praton enmp deplehesaggpion otheyagentefiectiye tp glicib? rhammedolpgiong t he
activity of 10 the specific conpound enpl oyed, the age, body weight,

gener al hedfechqr themapeutagedfedi (@tclugtingt bt not limited to, raising of gastric pH, reducing

gastrointestinal bleeding, reducing in the need for blood transfusion, improving survival rate,
more rapid recovery, parietal cell activation and H+, K -ATPase inhibition or improvement or
20  elimination of symptoms, and other indicators as are selected as appropriate measures by
those skilled in the art), without undue adverse side effects.
The term "measurable serum concentration" means the serum concentration (typically
measured in mg, ug, or ng of therapeutic agent per ml, dl, or 1 of blood serum) of a
therapeutic agent absorbed into the bloodstream after administration. Illustratively, the serum
25  concentration of a proton pump inhibiting agent of the present invention that corresponds to a
measurable serum concentration for an adult subject is greater than about 5 ng/ml. In another
embodiment of the present invention, the serum concentration of the proton pump inhibiting

agent that corresponds to a measurable serum concentration for an adult human is less than
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subj ect (including, for exanple, whether the subject is in a fasting or fed
state), the tine of admnistration, the rate of excretion, the drug

conbi nat iwo,03a6ks84 he severity of the particular di sorder poaiusgspreeat ed and
formof adm nistration. Treatnment dosages generally nmay be titrated to
optim ze safety and efficacy. Typically, dosage-effect relationships from
invitro 15 and/or in vivo tests initially can provide useful guidance on
the proper doses for subject admnistration. Studies in aninmal nodels
generally may be used for guidance regarding effective dosages for

Lreat ment. buORY (PRI Dol RRIHRLEoPhe fledRREEIoR, APsORAance with the

present invention.  In térns of treatnent protocols, 1t should be

Fac o |eng Efi%%“rﬁefﬂ%‘)p%ﬁt?? P‘é‘fﬁ AR at’éf*e*"“é*%ﬂdg i s?%a?‘%ﬁﬁl\“ﬁrea'rout e
II
Cpeaki ng. ot Bee 1R PyanintrCea! Ep! GralBH sndeE AR nat 1 s

effective to achleve serun1|eve| conmensurate with the concentrations
found to LRNOHEY %‘Ndv@ewt ff the pregenf dventionfhe pegem Gencentration of e PIARN RGPl i cit a
therapeutic effect. Thus, where a conpound is found to denobnstrate-in
vitro actiiphibyingpgent gat @xrafmpés to pangagyTARle seEvR copcentralies feranpdulgmaniist er an
25 amount of the drug that is effective to provide at |east about a 10
ng/ M Ybnckem pbaut 635 ive/mlity abouf Bp pg/meri od of time that elicits a desired

t herapeutic effect, for exanple, raising of gastric pH  reducing

gast r oi nt est i ndh oid @elehdimggnt pEttie presgpt inventivecttie fonpdsitioo ds admamistEied itaom,
improving survival rate, nore rapid recovery, parietal cell activation and
H+, K+- ATPas®jeknhialtherdpoitically-28ecil: BB3606 | 5h8dis, Fhel ¢ ddfositiod 840mirbstérainemenent  or
elimnation of synptons, and other indicators as are selected as 4
appropr i at amsmmasut hictds atthogeutdalyleéctiva dbdearfaptotorDaings ithibétink @pendn thiese
paranmeters is well within the skill of the art. These considerations are

wel | knownbloét dehign af 4 suBjeck for £pERIAGF tie tb ¢ltititdasickdrtkbrajeetid dfeks. | n order to
measure and determ ne the gastrointestinal disorder- or disease-effective

10 anmopt PlusteativEIPLAA FRUAPaduMHubah (fAgin@ g8 HenérallyA 1646110 VigurS thé €ondpoSitibh ect ,
serum proton punp inhibiting agent concentrations can be neasured using

standard agaamini@eiMoALaSve a RN LeBro¥hvRABYY offa§ 65 pliRp oBitlnRAgentOf
pl asma concentrations, or the range of
in the blood serum of a subject from about 5 minutes after administration of the composition.
In another embodiment of the present invention, a therapeutically-effective dose of the proton
pump inhibiting agent is achieved in the blood serum of a subject at about 10 minutes from
20  the time of administration of the composition to the subject. In another embodiment of the
present invention, a therapeutically-effective dose of the proton pump inhibiting agent is
achieved in the blood serum of a subject at about 20 minutes from the time of administration
of the composition to the subject. In yet another embodiment of the present invention, a
therapeutically-effective dose of the proton pump inhibiting agent is achieved in the blood
25  serum of a subject at about 30 minutes from the time of administration of the composition to
the subject. In still another embodiment of the present invention, a therapeutically-effective

dose of the proton pump inhibiting agent is achieved in the blood serum of a subject at about

40 minutes from the time of administration of the composition to the subject. In one
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| evel s of therapeutically active substance at the site of action, with a
hi gh probability of eliciting a therapeutic effect. 15 It wll be

under st ooaOtob@61584 t her apeutically effective anount of a pPOTASOPUIGHO

i nhibiting agent and/or a buffering agent that is adm nistered to a subject
is dependent inter alia on the body weight of the subject. Illustratively,
where the agent is a substituted benzim dazole such as, for exanple,
oneprazol e, | ansoprazol e, pantoprazole, rabeprazole, esoneprazole,

pari prazol e, or |em noprazole, and the subject is a child or a snall ani na

(e. 9., 520 gmbd@ihent $fQhe H¥RAPIMGention, a&h@hpevBlatlyleprattAaRbs of e fréten in the
dose range of about- | ng to about 20 ng is likely to provide Iood serum

concent r atijhApeing %ﬁlﬁ%@ﬂ&wﬁﬁﬁhm%ﬂﬁ&@g%HBTgsu &t 8Chb¥@NeRiRute @bt i De
subject is an adu human or a large aninmal (e.g., a horse), achievenent

of such blpad e fﬁg‘tlﬁ{%%‘?%}hﬁmfﬁrhtﬂﬁ%f‘ﬁfe &)Qlﬁom&) R ibfebk 6 Yndugy " €QUI T € dose

units containing a relatively greater unt of the agent. For exanple, in

an adul t REREfAEoRRe §@§eQPQ§ent1§fg a%her%%ﬁ?&aﬁgte!f@&?ve d@&%fi}ﬁe{ﬁ?&?h Pﬁlﬂ{js of the

present invention co i'se a hibrtin anpl e,

Onepr azol 6|45 gul ern%%'cﬁevee%%fo%a 4% oqrgg&gmc%ga'bs?t zo%gg@%g{o%&h%

parlprazole to about
rzr; V\f):)r 1%&{ %g%%%fb PgT / ynse%%/ I%'lgndé atioéld)(%%‘% cngll'pom 10n e[suglfgt In y? On?it %rﬁ‘,?ogto ?rgo
The solid col 05| S of he prese | nven e raI in the form
of discret®?° n’g %&B%P%Wf grggron salfgef{a%émf% f?’%fﬂ’ e?f’ge ‘%L?S’R’z&f’é " B{%Bensi on
tabl et, che ble t abl et ps effer ent ef fervesc

L DS B Frogn SRS 2 of %&utf?{?dweatﬁ §' Bt ont ai n
about 0 abouyt 1000 ng. of the proton ent, or about 5
Mg to ' abdudoe g im0t BRI TR ﬂie&"H‘r}?Bng;%d Jobt 18BELEoYsT mg to
about 80 ng. IIIustratlver, t hese unit dose artlcles nay contain a 5 ny,
10 mg, 15 eﬁxﬁ)odlzn@pnhaf th Qgreﬂ%@t mggltlopfg'lt Qfepeﬁﬂca %wc@ese@f th eﬂgotﬁg PUBB ngy, or
100 ng dose of a proton punp inhibiting agent. In one enbodi nent, the

buf f ering 1aigkiting Pge"ﬁrsé‘ﬁ@ﬁ‘fed|“fhﬂ’é(‘3}?66§?rtlmd’rﬁ§ sejeqt Aabaraninuienpeleitdn in 15

an anount of about 0.05 nEg to about 5.0 nEq per ng of proton pu
i nhi bi t i nghostseram thgtime of administration of the composition to the subject. And in yet another

embodiment of the present invention, a therapeutically-effective dose of the proton pump
inhibiting agent is achieved in the blood serum of a subject at about 40 minutes to about 1
hour from the time of administration of the composition to the subject.

20 In general, a composition of the present invention is administered at a dose suitable to
provide an average blood serum concentration of a proton pump inhibiting agent of at least
about 1.0 pg/ml in a subject over a period of about 1 hour after administration. Contemplated
compositions of the present invention provide a therapeutic effect as proton pump inhibiting
agent medications over an interval of about 5 minutes to about 24 hours after administration,

25  enabling once-a-day or twice-a-day administration if desired. In one embodiment of the
present invention, the composition is administered at a dose suitable to provide an average
blood serum concentration of a proton pump inhibiting agent of at least about 1.0 pg/mlina

subject about 10, 20, 30, or 40 minutes after administration of the composition to the subject.
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about 0.1 nEq to about 2.5 nEq per ng of proton punp inhibiting agent, or
about 0.5 nEq to about 1.0 nEq per ng of proton punp inhibiting agent.
Such dosawe oanstss4 may be given at | east once or twi ce a @ay/Usos/0®30 many
times as needed to elicit a therapeutic response. A particular unit dosage
formcan be selected to acconmodate the desired frequency of 20

adm ni stration used to achieve a specified daily dosage. A pharnmaceuti cal
formul ati on of the proton punp inhibiting agents utilized in the present
invention can be administered orally or enterally to the subject. This can

be acconplishege a&eﬁm%mfmhamclagerﬁtqéeeggaalt%rehaga tbRpaRk ditQRavbe a
nasogastric (ng) tube or ot I'ndwel I'ing tubes placed in the G tract. In

one enbodi mmmtalty%teaéﬁgc?%e a% ?%;[e'g?xg?le tHe % sOfiodmd & tﬁev&f%xq ih@enecri ti cal

di sadvant a s associ.at e I ng rge anounts of sodium

bi car bonat@oodtéagmprt@etbq&ave ﬁg,emg%ﬁnpggm@q ﬁ&' hfo% f%dntnpgftmé i

i nvention mni stere a sin ose | Ch oes not equl re any

furth t t f h

i o1 st p o eaa ”‘?’)‘?41 %W‘@vef i SRR o Bl Sl Oy BB’

PCT/ US03/ 0164 t I

bi car bonat 88 °H u(}rf‘ e¥ p3 rt]c‘il%tp gﬁ%rm %?eﬁdsl ué) on gg%rlleir(t’zo Ctgrrsr |C(1)ur nagrutp é aCQW{% af punp

i nhi bi agent. sol uti n dnlnlstratl r ot out |.in above,
the ol f?P&ﬁlﬁafcomunﬁ E’Hfd’ {50gH e %B.gg%eﬁal%ﬁﬁté SR8 s o
does not uire |stra iC rbonate ei.t her r r after

admi ni st ra%“ggﬁt(ﬂ’fc FB’E%‘W t%e” hIUIEE i %&étﬁﬂg Orﬁfgﬁaﬁ%eg‘éﬁf" i%vent i on
el imnates the need pre-or post-dose wth i tional volunes of water
and sodi unadav@aﬁr%@ﬂa%%rawféxgmfnt eé‘f‘“‘%"&ﬁ’l“lﬁ‘fiﬂ‘étﬁg dRiCHPA It R t he
single dose adm njstration of the present invention is |less than the
amount of HFE BeWE st PSR %@@Hlllagr%tlﬁﬁgﬁfeaﬁnﬁnf frsagss eenerallymaydeer ences
cited above. The term"imedi ate rel ease"” is intended to refer to any
proton puniyratiipieptimizg safefyand effieasy al YRiowyy 1 dopsastedlier gRationshins @mer"é}”é'ése of

t he proton punp |nh|b|t|n? agent is immediate, 15 i.e., with an "inmedi ate
rel eastS fawdfabmrivotssts il sempraride psefil @ridercsentke preper dosseifusebied| ease  of
the proton punp inhibiting agent into an absorption pool. See al so,

Rem ngt on: adnfieistr&one Sodica moenPna grddels gemerﬁlyanwsedxfonémé@m regrding East on,
Pa.: Mack Publi shing Conpany,

effective dosages for treatment of gastrointestinal disorders or diseases in accordance with the
present invention. In terms of treatment protocols, it should be appreciated that the dosage to
be administered will depend on several factors, including the particular agent that is

20  administered, the route administered, the condition of the particular subject, etc. Generally
speaking, one will desire to administer an amount of the compound that is effective to
achieve a serum level commensurate with the concentrations found to be effective in vitro for
a period of time effective to elicit a therapeutic effect. Thus, where a compound is found to
demonstrate in vitro activity at, for example, 10 ng/ml, one will desire to administer an

25  amount of the drug that is effective to provide at least about a 10 ng/ml concentration in vivo
for a period of time that elicits a desired therapeutic effect, for example, raising of gastric pH,
reducing gastrointestinal bleeding, reducing the need for blood transfusion, improving

survival rate, more rapid recovery, parietal cell activation and H+,K -ATPase inhibition or
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1995). As discussed herein, imediate and noni rmedi ate rel ease (or
controlled release) can be defined kinetically by reference to the

f ol | owi ngweguasisen: 20 Dosage Kr Absorption Ka 10 Form dr egTRs0s/0msor pti on
rel ease Target Ke Area elimnation The absorption pool represents a
solution of the drug adm nistered at a particul ar absorption site, and Kr,
Ka, and Ke are first-order rate constants for (1) release of the drug from
the formulation, (2) absorption, and (3) elimnation, respectively. For

i mredi ate 31 WD 03/061584 PCT/ US03/ 01640 5 rel ease dosage forns, the rate

constant fighrdEMentloBLBAREH of syRpOREShAbInr RERMAbrsa® aRlscBEBRELIpplopakte t he
absorption rate constant Ka. For controlled rel ease fornul ations, the

0pPOSI t e i feas HEIS ARk il af: Dedimindfon SR neRHRRANGS il yigheue! el ease

of drug fromthe ‘dosage formis the rate-limting step in the delivery of

the drug tRif ({}?rete agg gﬂieseagoﬁgiderl&%s LRI 11;1(318&}1 'irg!hle &f and %@S%ﬁ'l')ed NSlaHEeS . any

noni mredi at e ormulatron, 1 nc Ing but not 'rmted to enteric 10
coat ed fonnqtq&%ons and sustai ned rel ease, del ayed rel ease and pul satile
€X cr . " . "o . !

rel ease fornulations. The term"sustained release" is used in its

conventional sense to refer t drug formul ation. that provides faor
r adual rer easdh 3ehS Ao oifad it e U P O iR

sometipes, alt h not necessari | result in substantially constant bl ood
ovel ity artoypt i A H S butS BRRE a6 B oo S e i PR o § o
refers to the concentration of a, substance. in Q&qu %jaﬁgE or blood serum
"Drug absdPPPiiBRAEHF COGEURIIARS capbe mEgsured usigs SRRIAT s venent £ rom
the site of admnistration of a dr to the system c circul atjon.

" Bi oavai | abi | | {yRerRepis windgwy petersiathgang molafr»a(fﬂsm capFeRzatons oRedEe Phr ug or
nmetabolite) is 20 absorbed. into the general circulatjon and hecqones

avai | abl e '5rels ¢{ahezgnenticafly a?tu/@ substanggatithe sitg @f action, with a high probability o

eliciting a therapeutic effect.

15 It will be understood that a therapeutically effective amount of a proton pump
inhibiting agent and/or a buffering agent that is administered to a subject is dependent inter
alia on the body weight of the subject. Illustratively, where the agent is a substituted
benzimidazole such as, for example, omeprazole, lansoprazole, pantoprazole, rabeprazole,
esomeprazole, pariprazole, or leminoprazole, and the subject is a child or a small animal (e.g.,

20  adog), for example, a relatively low amount of the agent in the dose range of about 1 mg to
about 20 mg is likely to provide blood serum concentrations consistent with therapeutic
effectiveness. Where the subject is an adult human or a large animal (e.g., a horse),
achievement of such blood serum concentrations of the agent are likely to require dose units
containing a relatively greater amount of the agent. For example, in an adult human the

25  methods, kits, combinations, and compositions of the present invention comprise a proton
pump inhibiting agent, for example, omeprazole, lansoprazole, pantoprazole, rabeprazole,

esomeprazole, pariprazole, or leminoprazole, in a dosage amount of about 5 mg to about
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body. "Drug elimnation” or "elimnation" refers to the sumof the
processes of drug loss fromthe body. "Metabolisnt refers to the process
of chem cab oalossat i on of drugs in the body. 25 "Phar macedynasod/esido refers
to the factors which determ ne the biol ogic response observed relative to
the concentration of drug at a site of action. 32 WO 03/061584

PCT/ US03/ 01640 5 "Pharmacoki netics" refers to the factors which determ ne
the attai nnent and nai ntenance of the appropriate concentration of drug at
a site of action. "Half-life" refers to the time required for the plasma

drug concefmod alyl 6MbofAboltIS AERIMBbut 300 nigd)8r HAMYutt10 rieer8858 0P SE bbb i t s
maxi mum concentration. The use of the term"highly acidic pH in the

present di schogubsud®ans @ PH in the 10 range of about 1 to 4. The use of
the term"less acidic to basic pH' in the present disclosure neans a pH

greater than abut,h %&ﬁﬁgg%%@%ip%grﬁliyyeﬂ@&%re ?e&rall??x?;h\:’iﬁgo(ff dibftd erm

"about" in the present sure neans "approxinate

sttt s bsmal i DB LGBk PSR RS Al dosgaRe 511 ont

out si de the ci nma ctrve and sa dosages
o o0 AR BB e EIR 8 o L SRS AR R TR,
phar maiibut Ea 9o REERRR! 4fh CobE e MePn U hEPET 1 P& B S it o
appr opr  at€oM TS RER L 0 R gb P SEior ! SrmBlT B A Ena 20 of her
oS! ol o e RSP S Tk oh s SR A s B ARl
val ences. Preferred organic__ions include protonated tertiary. am nes and
quat er nar ym&’m’épn%g? Bi8s 7> mROURE f 19%hmp 4pse of aPrqtomRYRA 'aﬁ%ﬁe,g agent.
di et hyl am ne, N, N -di benzyl et hyl enedi am ne, chl oroprocai ne, choline,
di et hanol aioae Fmé?qﬁvﬁlén@a¥aﬁ%rwg 229Rb {5/ RIFFERTEN COmPRSELIODS of the BiFFRE Veign in
procal ?56' an amount of about 0.05 mEq to about 5.0 mEq per mg of proton pump inhibiting agent, or

about 0.1 mEq to about 2.5 mEq per mg of proton pump inhibiting agent, or about 0.5 mEq to

about 1.0 mEq per mg of proton pump inhibiting agent. Such dosage units may be given at

least once or twice a day, or as many times as needed to elicit a therapeutic response. A

particular unit dosage form can be selected to accommodate the desired frequency of

20  administration used to achieve a specified daily dosage.
A pharmaceutical formulation of the proton pump inhibiting agents utilized in the

present invention can be administered orally or enterally to the subject. This can be

accomplished, for example, by administering the solution via a nasogastric (ng) tube or other

indwelling tubes placed in the GI tract. In one embodiment of the present invention, in order

25  to avoid the critical disadvantages associated with administering large amounts of sodium
bicarbonate, the proton pump inhibiting agent solution of the present invention is

administered in a single dose which does not require any further administration of

bicarbonate, or other buffer following the administration of the proton pump inhibiting agent
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25 Exenpl ary pharmaceutically acceptable acids include without [imtation
hydrochl oric acid, hydrobrom c acid, phosphoric acid, sulfuric acid,
nethanesquonmew&cid acetic acid, fornic aci d, tartaricpamnmpymﬁheic
acid, malic acid, citric acid, isocitric acid, succinic acid, lactic acid,
33 WD 03/ 061584 PCT/U803/01640 5 gl uconic acid, gl ucuronic acid, pyruvi c
aci d oxal acetic acid, fumaric acid, propionic acid, aspartic acid, glutamc
acid, benzoic acid, and the like. The phrase "gastrointestinal disorder"” or
"gastrointestinal disease" refers generally to a disorder or disease that

OCCUrs § N IIRATHR d6HdGt edhile Nl ImBul 8F ¥eSBormtd ¢ baftek RERS MThatis, AdKIES | ON,
call ed aggressive factors, and nucous, bicarbonate, and prostaglandin

producti o Nhe ?JQOICA@J dr&gn 9%]? ﬂﬁiib‘ft@ngf a%@ﬁt(%l%t10ds@n@§@%ls§ratu§%&o%l§wtﬁli%'ds or

di seases include, but are not limted denal ulcer, gastric ulcer,
aci d dyspeyo%i@,thegqaﬁimaﬁ,%%?'af%gﬁ@slamnﬁieiiu&l g gﬁ@ﬁ‘ﬁﬁa §F e, wHEV GBI n6 OS1 Ve
esophagitis, poorly responsive synptonmati C gastroesop agea [lix di sease,
heart burn, e 1 t| I . gi cal
hypersecrng&na&%gﬁgﬂgggﬁﬁéﬁ%‘§8Eq%£Iﬂrﬁﬂg? ?%@ﬁk§§ﬁ’r£§%p Qﬂhgnt of

t hese condi |s |.i shed ni rin a ct a
therapeutica%ﬁ 8Bt eggﬁﬁﬂﬁrnm?eh m%%g%ﬁﬁ%gﬁ?PcéFPOM(k%S|kﬁon accordi ng

to th ¢ The t "t d h
ot or o100 RRY o RAR et Py e SR Db g B P

gastr0|nte d i.ncl.udes s not |limted to,, preventing

na| SO n t i
the di sord%dlt'“l‘ Bt BabeShits A attmItagol of G wis?ﬁiiainvemioeiﬁlﬁwhaaéhepredi sposed
to 20 the disorder. or dis ase but ha L é’ bean di agno %’ as having the
di sorder o?m‘di"é%@’é%a‘ bonpig B‘i‘“c‘sit‘?fﬁéji‘srfé“%‘f JPGRTOT 3t THFSRES &G PP Vexanpl e,

arresting the devel opnent of the disorder or disease, relieV|n t he

di sorder or di sHRdem WpRediasrdrase” s inieldad tortatsF gy BFPieE pli%mhibgwsaé?mor

di sease; or relieving the condition caused by the disease or disorder, for
exanpl e, s’f%‘fﬂb‘i‘%fonﬂ%é logyﬁﬁ‘tfvﬁilsre'sisem@e@r%%@@%inhdit%raa@it is ipanediREs. t er m
"prevent” or "prevention " in relation to a gastrointestjnal disorder or

di seas®S miwsitithen wmmedia nelesse’| loamulaianeprgbadnypisition seseliziavmmspiaienielesse none
had occurred, or no further gastrointestinal disorder or disease

devel oprren@f thqs prph)@rpgmpaxdnlatmgwyt igteean absorption pool. See also, Remington: The

Science and Practice of Pharmacy, Nineteenth Ed. (Easton, Pa.: Mack Publishing Company,
1995). As discussed herein, immediate and nonimmediate release (or controlled release) can

be defined kinetically by reference to the following equation:

20
Dosage Ky - Absorption Ka -
Form - Pool . -
drug 00 absorption
release
K
Target © >
Area elimination

The absorption pool represents a solution of the drug administered at a particular

absorption site, and K, Kj, and Ke are first-order rate constants for (1) release of the drug

from the formulation, (2) absorption, and (3) elimination, respectively. For immediate
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devel opmrent of the gastrointestinal disorder or disease. 34 WO 03/061584
PCT/ US03/ 01640 5 The present invention also relates to admnistration kits
to ease mwpoiageEsd admi ni stration. Illustratively, a nontrcI/sappicyo of
powder or tablets, for exanple, can be packaged with a separate nonth's
supply of diluent, and a re-usable plastic dosing cup. Mdxre specifically,
t he package could contain thirty (30) suspension tablets containing 20 ny
oneprazol e each, 1 L sodium bicarbonate 8.4% solution, and a 30 nm dose
cup. The user 10 places the tablet in the enpty dose cup, fills it to the
30 M mark with the sodi um bi carbonate, waits for it to dissolve (gentle
stirrimy dieleagsidesner Smadle B oagtant forgive relrast FmFaepgalinwualdp ep®hdfon. One
skilled in the art will appreciate that such kits may contain many
different variations of the above components. For exanple, if the tablets
or powder thitethe ahppmtine eade canstapidht: dion cqrrgtieshrelsasppomHatismg.itheorrgsists and
buffering agent, the diluent may be water, 15 sodi um bi carbonate, or other
conpati bl e diluent, and the dose cup can be larger or smaller than 30 nj
in size. Aeseallgtiehiki Ks <cdfn, beshplzat kegetd of releasyi af dgsfeorh therdosage fam iweekl vy,
nonthly, or yearly kits, etc. In human therapy, it is inportant to provide

d f t hat. del i th ired th ] nt_of. the d i
Vivo, and PERIGIEIERER TGS ABSOAT IS o BHERTE e Conpe. 0 "
f | at | .t to] t] tisfy thes. ds.. Il. P t]
e R e Y T S g i (VR

l'iquid oral rmaceuticagl conposition o he pr.esent. invenfion is
pr epar K b@Pa%BE?Wfa&%*;ﬁ“afbﬁméméiﬁ?]é?ﬁec&&”da‘s E a%ﬂsfngrpa ﬁﬁﬂéé‘g‘("‘@? forgulagins.

AstraZenecag,tor oneprazol e base, aor other proton punp inhibjtor or
%

deri vat i veshemah sstaippd leases & uied iritsicARyeRtgmRseate paeiet toddauaiarrditiony agent

(with or without a parietal cell activator, as discussed below). In one
embodi nent thatgweyides £51 eaadyp! tslepserof 3 dpreyer srsnissenrd of tmeyapdmayan be
obt ai ned from powder, capsules, and tablets or obtained from 35 WO

03/ 061584 RaEtiysH 3/tippgh ot necessarily, result in substantially constant blood levels of a drug

over an extended time period.
15 "Plasma coﬁcentration" refers to the concentration of a substance in blood plasma or
blood serum.
"Drug absorption" or “absorption” refers to the process of movement from the site of
administration of a drug toward the systemic circulation.
"Bioavailability" refers to the extent to which an active moiety (drug or metabolite) is

20  absorbed into the general circulation and becomes available at the site of drug action in the

body.
"Drug elimination" or “elimination” refers to the sum of the processes of drug loss
from the body.
"Metabolism" refers to the process of chemical alteration of drugs in the body.
25 "Pharmacodynamics" refers to the factors which determine the biologic response

observed relative to the concentration of drug at a site of action.
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5 the solution for parenteral admnistration, is mxed with a sodium

bi carbonate solution to achieve a desired final oneprazole (or other proton
punp i nhiwotwnyissoncentrati on. As an exanpl e, the concentPCailisos0mHo
oneprazole in the solution can range fromapproxinmately 0.4 nmg/m to
approximately 10.0 ng/m . The preferred concentration for the oneprazole in
the solution ranges fromapproximately 1.0 ng/m to approximtely 4.0
ng/m, with 2.0 ng/mM 10 being the standard concentration. For |ansoprazole
(Prevaci dr TAP Pharmaceuticals, Inc.) the concentration can range from

about 05 3 MG/ M ph@mbdbtied Wik o B &R EHBIh BllemBRNGE BidiRhdRAndei Ng about 3

nmg/ M . The pharnaceutically acceptable carrier of the oral |iquid may
conpri se anBheaidopake Qfon @bl &t diB Ak s@Sofefider i ng agent, and can
be prepared by m xing ?%ﬁédbfaeeapgogatensa Pif"gt15so 0the Goup IA netal,

preferably sodlnlltlg]flyfgargg @th‘%t rfﬁtﬁeht I\Q?tf&fthe %Qs%ac&l? G EatiOor%he ]I"F&;,’  anges

bi carbonate salt of the oup in the corrp sition genera

from appr Oﬁgl oed‘&}/o ?ecpeapeeqy%%%.'fr&‘gItt@%gl%ﬂrg%n%eﬁaﬁgq O percent. In one

enbodi nent, ent o carbonate sa the G oup I A netal

ranges from aboyt 3 &FTH@ gl'ﬂ%a%]élcnﬁg % é)regerﬁ isc19ize Im%e(l)r%slag)l-ﬁm(?ﬁ her

enbodi nent, the am)unt o o Use solution of

t he pr ent iny tel, sodi carbonate
bor 5 5" p Do ifﬁeo PGBy Yo P SR O DB RGET o5
nEq (mol e er razaole. In an enbo nt of the resent

i n\q/e§1t| on, g’eaﬁjtsérpﬁc%n?qt‘?ﬂ@(?é‘gelgéld‘ﬁéf)?%%’f‘@atﬁ}i’ﬂbf’ (ge 25 are obltoai ned from
del ayed rel ease_ca osec traZeneca). Alternati veJ

onepr azol e basgrhﬁé‘gi‘j%1J Eléé‘&i e‘PFFéerEHtSéPF‘ESt e3nSC BRATRHMAIEH, %‘i‘ol e
particles are mxed w t a SOdI um bj car bonat e (NaHCO3) sol uti on 8.4%,
whi ch di sstPsedvelhdheresf the teBapPoy indigates t?ﬁtftoseaﬁs 8@B¥a§%@eth§6rt ion. 36

WO 03/ 061584 PCT/ US03/01640 5 The inventive solutions and ot her dosage
forms of tHBSSSMEYaHe bealfestive anl 9y andotvah deseeniarratlioengRrirasted fdheossene

standard enteric-coated and tine-rel eased proton punp
of the present claims.

The phrase “pharmaceutically acceptable” is used adjectivally herein to mean that the
modified noun is appropriate for use in a pharmaceutical product. Pharmaceutically
acceptable cations include metallic ions and organic ions. More preferred metallic ions
include, but are not limited, to appropriate alkali metal salts, alkaline earth metal salts and

20  other physiological acceptable metal ions. Exemplary ions include aluminum, calcium,
lithium, magnesium, potassium, sodium and zinc in their usual valences. Preferred organic
ions include protonated tertiary amines and quaternary ammonium cations, including in part,
trimethylamine, diethylamine, N,N’-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, meglumine (N-methylglucamine) and procaine.

25  Exemplary pharmaceutically acceptable acids include without limitation hydrochloric acid,
hydrobromic acid, phosphoric acid, sulfuric acid, methanesulfonic acid, acetic acid, formic

acid, tartaric acid, maleic acid, malic acid, citric acid, isocitric acid, succinic acid, lactic acid,
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i nhi bitor dosage forns, including: (a) nore rapid drug absorbance tine
(about 10 to 60 mnutes) followng adm nistration for the proton punp

i nhi bi t orweaBosissn or dry formversus about 1 to 3 hours picalusosw1ego

adm nistration for the enteric-coated pellets; (b) the buffer 10 sol ution
protects the proton punp inhibitor fromacid degradation prior to
absorption; (c) the buffer acts as an antacid while the proton punp
inhibitor is being absorbed for rapid antacid relief; and (d) the

sol utions can be adm ni stered through an existing indwelling tube w thout

cloggi ng, di@onR%BAPLIRurdASLIBD fulvie 201d RhAGHichegHumarié dhe prdpichidiral, or
duodenal ), including snall bofe needle cat het er feedi ng tubes. 15

Sol uti ons, ,sSHEPLNS I RsniAdd RIS sid Ahd IeGRASt i tut abl e delivery systens
i nclude vehicles Such as suspendi ng agents (for exanple, guns, xanthans,

cel | ul oses and The ﬂrra?a) “’gast&%ﬁ&%@sﬁrd&f Yr « égﬁmﬁ e@tma?@iggi'sé Qhfers %%rh‘l@ fol Z€r's

(for exanple, eth wat er pyl ene glycol), surtfactants (for
exanpl e, Soﬂéolll&gr A4S ase EMJ d.'I é\%rgm Slplglgﬁl’a] éﬂ%ﬁ%balﬁﬁgb&@gég acupéﬁd gf)sq?)
preservatives and anti oxi t0or exa , parabens, vitam E and C,
agents (1 Sv‘”é’ucﬁ%p%g@déé‘r}é‘\%sﬁve %anﬂ%&%‘%ﬁ”éu% S “9 S
t t bi I t
tori ity et PBebRTe Py AT G bt o aaeT Delee ZitRe hot'hnﬁ%dci n
t dant t , d addit I ff
D e R ST AR R PR R RS RIS, e

possesses anti m crobi and 25 antifungal acti.vit Vario nti bacteri al
Bnd ant i f UREEIF CRGREOPLERI REOTl FeSPoRSRE Ry mBIOmalie parlsasePhas Al SY B SRS
phenol , sorbic aC|d and the |ike capn enhance. preventi.on of the action of
ni cr oor ganfedfumn e W%@%@M@em‘fmﬁﬂﬂ@ﬂt@a{@ﬂl‘)ﬂf)gt‘rcé‘ﬂg} BEEEOD ¢ woul d
be desirable to include isotonic agents,_ for exanple, sugars, sodium

chl ori de, C&ﬁéltlph@wh.akéolhw‘dﬁélrsaﬁévwomf hTexBRntR) theserAndOnRl as net hyl
cellulose are desirable to use in order to reduce the settling of the
omepr akol excepmplished byadstinipierngig a spbipgtiithegepenticalls eifeedive yaountRE: eof from the

suspension. The liquid oral solution may further conprise flavoring agents
(e.g., c h orlwrmgceutical composition according to the present invention.

The term “treat” or “treatment” as used herein refers to any treatment of a disorder or
disease associated with gastrointestinal disorder, and includes, but is not limited to,
preventing the disorder or disease from occurring in a mammal which may be predisposed to

20  the disorder or disease, but has not yet been diagnosed as having the disorder or disease;
inhibiting the disorder or disease, for example, arresting the development of the disorder or
disease; relieving the disorder or disease, for example, causing regression of the disorder or
disease; or relieving the condition caused by the disease or disorder, for example, stopping
the symptoms of the disease or disorder.

25 The term “prevent” or “prevention,” in relation to a gastrointestinal disorder or
disease, means no gastrointestinal disorder or disease development if none had occurred, or
no further gastrointestinal disorder or disease development if there had already been

development of the gastrointestinal disorder or disease.
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10 thal mantin, aspartane, root beer or waternelon) or other flavorings
stable at pH7 to 9, anti- foam ng agents (e.g., sinethicone 80 ng,

Myl i con(rwp oanéhispari etal cell activators (di scussed bel owrcT/UB&0prESENt
invention further includes a pharnmaceutical conposition conprising
oneprazol e or other proton punp inhibitor and derivatives thereof and at
| east one buffering 15 agent in a form convenient for storage, whereby
when the conposition is placed into an aqueous sol ution, the conposition
di ssol ves and/ or disperses yielding a suspension suitable for enteral

adm ni sfrati on e piséi vefton aldGeIRBALRBMAHItG8) kiEATRAR kAR adS 1N a solid
form prior to dissolution or suspension in an aqueous solution. The

onepr azol iotAReh p { R i t:Sh iddgpagent can
R R R L N R iy

known to t}ﬂ@]?a%eé Kith b §hakdte h %p%rs%p\})l):r gledlfugrﬁuzlrltdadr}g-ug{ﬁ‘rﬁaﬁlﬂ%fl?Iggsx@oéuﬂt MRfRe 1 S

stable at Toomtenperature several weeks and the grow h of

bacteria or f. i i TN, - . . l.ished in
Exanpl e XfPF?H?%%’égpﬁﬁ?wﬁmH@fh gﬁg@ﬁé?gﬂﬁggx%ﬂ%ﬁggggg%ﬁﬁ?ﬁgE%@?ency for 12

ot hs, Dot s B BIRRRCHERF SRR i AFllipe spgeazol e or

| at er dj ssql ve r..suspended jn a scriped. anpunt ..of agueous solution to

Vrera fhe bt e i BEERR dofe GpPERSE RS AR i e ST M BBl
roduction, .shi ppi ng, and storage are.qreatly reduced _as.no |iquids are

ghi pped ( r‘éﬂ[???ﬁq‘gto ‘&iﬁ?@ﬂ?geé{h%“f’g’é& ‘3f,agﬁ%t§mt“i‘f‘é(¥’§ “is‘:s‘ﬁ’na'é‘g B dnseys p‘gf rigerate

the solid formof the ¢ osition_or the 38 WO 03/ 061584 .PCT/ U /01640 5

Sorut 1 o, RS RH HPANE G aF AR SBFaItT D! Bah R SRR B BIHERy | de

dosages for a single subject over a course of tinme, or, for sever

subj ects. Y¥iph t : ) i ve, and

ariptionp o fheabovg (gmppRiafs. Eor Famplss Hdles telIptier pRVeR e CORBePdTsh

as described in part in Phillips U S Pat. No. 5,840,737, the formulations
of the pre9&ARtainpIeR PEMP B tIEages andbuifering pgank dhg filuerimaybe "atesd f or ns,

such 10 as powders, capsules, tablets, suspension tablets and effervescent
t abl et &5 orsogumieicarbonafsi etpther spmpriibladilupryvind thidase oyt canibe drgegpsseallsed such
that upon reaction with water, gastric '
than 30 ml in size. Also, such kits can be packaged in unit dose form, or as weekly, monthly,
or yearly Kkits, etc.
In human therapy, it is important to provide a dosage form that delivers the required

therapeutic amount of the drug in vivo, and renders the drug bioavailable in a rapid manner.

20  The formulations of the present invention satisfy these needs.

II. Preparation of Oral Liquids

As described in Phillips U.S. Pat. No. 5,840,737, the liquid oral pharmaceutical
composition of the present invention is prepared by mixing omeprazole enteric-coated
25  granules (Prilosec® AstraZeneca), or omeprazole base, or other proton pump inhibitor or
derivatives thereof with a solution including at least one buffering agent (with or without a
parietal cell activator, as discussed below). In one embodiment, omeprazole or other proton

pump inhibitor, which can be obtained from powder, capsules, and tablets or obtained from
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secretions or other diluent, the aqueous formof the present invention is
produced. The present pharmaceutical tablets or other solid dosage forns

di si nt egreoasnaEsdl y i n  aqueous nmedi a and form an aqueou®cIaSos/Hwmao of t he
proton punp inhibitor and buffering 15 agent with mnimal shaking or
agitation. Such tablets utilize comonly available materials and achieve

t hese and ot her desirable objectives. The tablets or other solid dosage
forms of this invention provide for precise dosing of a proton punp

i nhibitor that may be of low solubility in water. They may be particularly

usef ul § ory,gedhERfoNhr&Idhidasihi@Adod, RemBkdhith¥% so@ld bRlaRBhae sdludugy that is
much nore acceptable than swall ow ng or chewing a tablet. The 20 tablets

that are piRAYCLHedIRY fin I%Wi[eéﬂagcﬁpwrio{hét %xﬁﬁalﬁipﬂﬂnpfeinil{é‘él}so?)a&hée)ﬁnﬁﬁ&n%%t abl e.

The term "suspension table as used herein to conpressed tablets

which 1 apéth%led{hé 'c@r‘c%gl{'&tog 09&;1 razton:qx tl%rsgluﬂLﬁgﬁqagésfé@%ﬁfsrox%ﬂg?@roql readily

dispersible t0o forma suspension containing a pre age of "the proton
punp inhibitor. The su ion tablets . o his.ipvepti i in
Conbi nat | et ¢ Fared B0 bfe St o el MR pHRY e
buffering agent, and.a disinte , re part.icula . Lhe. pensi on
Cabl et s conpicbs 2l B REEHELD mal® afifolbalth 0 Yeriel BP0, m
bi car bppat e.. osca | | ose sodi is ak di. sl ant for tablet
For mul B § oine R e sepsiaire THF B oEEs Bar BHEitt SAP Hhirtesaliahiee pa.
under the trademark Ac-Di -Solo. It | 9 03/061584 PCT/ US03/01640 5
frequent | ytL“B CRITERERIOR C?fb‘r‘?‘b%eegé%ﬁboﬂ‘é@? é‘ig rﬁbt\(/’\ﬁ(g MR ‘E"lﬂbﬂ? pg‘iyfrFFgr al one or in
conmbination with mcrocrystal]ine cellulose to achieve rapid
di si nt egr atanesntgHon prang 2ot MFlcr ocrystal i ne cel | ul ose, al one or co
processed with other ingredients, is also a conmon additive for conpressed
tabl ets and is Wsiphamgeticalhyacpapsablasiarier 9f the orahPawd aay compriss BN of
difficult to conpress tablet materials. It is connercjallé%available under
10 the Avi #diof Crouprladueetalas buffgrmnedeeitend sen Reprerargd by pragibe icabanatpsplti zed,
Avicel (r) PH which is nicrocrﬁ§talline cel lul ose, and Avicel (r) AC 815, a
co protesseldheGray [dmeid, prefsragilysodiim igaghopateysithawaten elhe spnagnisaion ghtheg
cal ci um sodi um al gi nate conplex in which the calciumto sodiumratio is in
t he range bitarhirotesad ofithe Group Idoete! ir e compyitienegengaliy Binges froonpri sed of

approximately 5.0 percent to approximately 60.0 percent. In one embodiment, the content of

the bicarbonate salt of the Group IA metal ranges from about 3 mEq to about 45 mEq per oral

dose.

20 In another embodiment, the amount of sodium bicarbonate 8.4% used in the solution

of the present invention is approximately 1 mEq (or mmole) sodium bicarbonate per 2 mg

omeprazole, with a range of approximately 0.2 mEq (mmole) to 5 mEq (mmole) per 2 mg of

omeprazole.

In an embodiment of the present invention, enterically-coated omeprazole particles
25  are obtained from delayed release capsules (Prilosec® AstraZeneca). Alternatively,
omeprazole base powder can be used. The enterically coated omeprazole particles are mixed

with a sodium bicarbonate (NaHCO3) solution (8.4%), which dissolves the enteric coating

and forms an omeprazole solution.
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85% m crocrystalline cellulose (MXC) and 15% of a cal ci umsodi um al gi nate
conpl ex, for 15 purposes of the present invention this ratio nmay be varied
from abowOo™3861RC t 0 25% al ginate up to about 95% MCC t @eCFAGsab/gicnat e.
Dependi ng on the particular fornulation and active ingredient, these two
conponents may be present in approxi mately equal anounts or in unequal
anounts, and either may conprise from about 10%to about 50% by wei ght of
the tablet. 20 The suspension tablet conmposition may, in addition to the
i ngredi ents descri bed above, contain other ingredients often used in

phar maceut i cal Thahlvelive sbiGbHIhAGmE! R tBths AURPrSenSHRALIGMAE agents,
flow aids, |ubricants or other comon tablet adjuvants, as wll

be
apparent t [ ' €bat8h Shd\ b or
P amovi et il Saala cridriitbn i MAMALLA S po Pufts,
croscar nel. i S : err i L t i
cr 05 oar e AR UL Tk, RUGERL Bl AL DR Sl ARpRERS 00

f wd I ) I if.a i
o, & POy AR P oD A SR & SPABRERT ™

(e.g., a p ervesc roc er
ngost 1 on. “RUN Gl doRovEE dPal o ahEE G0 Prls S B OB
ot noe oG R b R B ol Gl SRR B @

2ot ve i nfEHl B aRT U Y eg aBt BLPba oG Bk eb SRS SESHLMNAL | mpr ove

the properties of the product. The term "conpressed tablet" generally
refers to Bighaddd) hnsuions caperadpynisterrd thregieh an Pxigdg pOKeling WhaY BPUby~ a
single conmpression or by pre-conpactign tapping . followed by a final
conpr essi ofoggey fos examulé naspeatioerOthes fredina tuben0eneal pr dipdenablywpludigg i nder s
(for exanple, hydroxypropyl nethyl cell ul ose, polyvinyl pyrilodone, other
cel | ul osi csmpdltherd needle safhetet fapding tubesdj | uents (for exanpl e, |actose and ot her
sugars, starch, dical cium phosphate and cellulosic 15 materials),
di si nt Byr at i ng Selinns syspersiaas ardircavderstierreepnpiamiabhe delivenysystents inchisle ¢
materi al s) and

)vehicles such as suspending agents (for example, gums, xanthans, celluloses and sugars),

humectants (for example, sorbitol), solubilizers (for example, ethanol, water, PEG and
propylene glycol), surfactants (for example, sodium lauryl sulfate, Spans, Tweens, and cetyl
pyridine), preservatives and antioxidants (for example, parabens, vitamins E and C, and

20  ascorbic acid), anti-caking agents, coating agents, and chelating agents (for example, EDTA).

Additionally, various additives can be incorporated into the inventive solution to

enhance its stability, sterility and isotonicity. Antimicrobial preservatives, such as ambicin,
antioxidants, chelating agents, and additional buffers can be added. However,
microbiological evidence shows that this formulation inherently possesses antimicrobial and

25 antifungal activity. Various antibacterial and antifungal agents such as, for example,
parabens, chlorobutanol, phenol, sorbic acid, and the like can enhance prevention of the

action of microorganisms.
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| ubricating agents (for exanple, stearates and talc). Such solid forns can
be manufactured as is well known in the art. Tablet forms can include, for
exanpl e, woa3os1seore of |actose, mannitol, corn starch, pecatusosomnch,

m crocrystalline cellul ose, acacia, gelatin, colloidal silicon dioxide,
croscarnel |l ose sodium 20 talc, magnesium stearate, stearic acid, and other
exci pients, colorants, diluents, buffering agents, noistening agents,
preservatives, flavoring agents, and pharmaceutically conpatible carriers.
The manufacturing processes may enploy one, or a conbination of, four

establ ished meh hafpeaséslit vl B8 debiRBle t6 fclude s fnicCARBME, 88 Sdxample (Bpardi | | 1 ng;
and (4) non-aqueous granulation. Lachman et al., The Theory and Practice

of | ndust rdoghmRRf BN (HIRR) Ad%%hm@?thtcﬁmi@% SrelRYud & e MBIIuRRe hre! M
coatings, which preferably dissolve upon oral 1ngestion or upon contact

th dil _ it . . d b
Wi th di | ueflirNOBubd 1|‘ﬁ‘ofrde'?90 Eé%@%g@%g Sid cﬁﬁélp?a%l%g)‘? GEh%T fé’ﬁi"? BufBpu e

utilized in such tablets 1nc um bi carbonate, a earth neta

salts Sucﬁnﬁﬁ%ﬁ?ﬁﬁgﬁgh%%ﬁﬂgaﬁ‘ﬁm1ﬁggﬁkaﬂbn4l WO 03/ 061584 PCT/ US03/ 01640 5

hydr oxi de, cal ciumTlactate, calcium gfycerophosphate, calcium acetat e,

magnesi um carb e . nesj. um hydroxi 8] ' Llicat gnesi um
al um nat e, aIuﬁﬂ%hﬁ?d%§%P§§+oém%%%gﬁaﬁ?ﬁaﬁ1naSﬁ%%#%%?%&%?gﬁﬁgggaA
partic eart h net salt. u

| kal i h | ful f ki id tablet i
Cal of ubd et B SRt TR 37 vaneBitaneRby b B FRiIO & 402 7 1S

useful for_ nmakin %ﬁ$ gr.anul.es QO a r di 0 IF resent jinvention is
extra |1 ghPABREaRn Ear ot ons P maRpaceT dhdpsstlrdl e i i .
Adans, Me. Ihg density of the extra |ight cal cium carbonate, prior to being
processedlg(F’rding to the present invention, is about 0.37 g/m. O her
acceptabl e buffers are, provided throughout this i cation. The granul es
used to make t HECPHBFEIYCRRAIHERS gncﬂtts‘e%@aélmf&mlﬁgﬁfmweﬁ EOPRESEnt 15
invention are made by either spray dryin pr,pre-conpacting the raw
mat er i al s. OMEPFaEPIerp ofhes prgton prEe adukiter pc drriyptivgh hessobindat feagongbyffeEag ¢ he
densitY of the alkali earth metal salts useful in the present invention
r anges!¥ r oecaiip aform @nygmgnt {o skt Wisrehs wenthe compputiongp plagildnte 2p. 35
aqueous solution, the composition dissolves and/or disperses yielding a suspension suitable
for enteral administration to a subject. The pharmaceutical composition is in a solid form
prior to dissolution or suspension in an aqueous solution. The omeprazole or other proton
pump inhibiting agents and buffering agent can be formed into a tablet, capsule, pellets or
20  granules, by methods well known to those skilled in the art.
The resultant omeprazole solution is stable at room temperature for several weeks and
inhibits the growth of bacteria or fungi as shown in Example X below. Indeed, as established
in Example XIII, the solution maintains greater than 90% of its potency for 12 months. By
providing a pharmaceutical composition including omeprazole or other proton pump inhibitor
25  with buffer in a solid form, which can be later dissolved or suspended in a prescribed amount
of aqueous solution to yield the desired concentration of omeprazole and buffer, the cost of

production, shipping, and storage are greatly reduced as no liquids are shipped (reducing

weight and cost), and there is no need to refrigerate the solid form of the composition or the
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g/m to about 0.45 g/m, even nore preferably about 0.37 g/m to about 0.42
g/m. Additionally, the present invention can be manufactured by utilizing
m cr oni zewl0o2B0ewspounds in place of the granules or powdePCTMSes/@IwiZat i on
is the process by which solid drug particles are reduced in size. Since
the dissolution rate is directly proportional to the surface area of the
solid, and reducing the particle size increases the surface area, reducing
the particle size increases the dissolution rate. Al though m cronization
results in increased surface area possibly causing particle aggregation,

whi ch ean ReGah CohdenRENRE tdsulRhnt SohtBnChP R 8 LRA (PREvidS deRRBENGhIE
manuf acturing step, it does have the significant benefit o? i ncreasing the

dissolutiqﬂb%aggmqﬂx$ggg§ﬁ¥gk¥ﬂ%@g@£ﬂgmﬁgﬁyble drugs, such as oneprazole
and other proton punp inhibiting agents. 42 WO 03/ 061584 PCT/ US03/ 01640 5

Al t hough tllile tafl?llbﬁz*ssan%fO@ E} §0ﬁmg|@%£g&&re primarily intended as a
suspensi on dos used to formthe tablet may al so
be used to formrapidly disintegrating chewable tablets, |ozenges,

troches, or swaldouabla fai)@\tél, S Pas d_gl:?i‘)@(fh At if PGNP U PRONRL 5%846,@7?11\[3 ations

as well as the process for preparing them provide additional novel aspects

of the pregelucndYeHL in\%&;[nhi]n,([-\)/ﬁr'r:tfofn%ﬁxy9§&%ar¥uﬁ%{hﬂéc§in%&?¢e99¥@@fe§m@,rs@chal S0

prepared in accordance e present invention. Effervescent salts have

been Uﬁ)ed z;[s;%og/g r%{%%ésﬁ}g@f‘g’t%l&% @Es}ehé?om&% aL@Ef\f\%Le@Lent %ﬂf&é&%&@é&, ich .

Ef f ervescen ranul’es or coarse powders containing a nedicina
and 1 ar taril ChaT O R AR an S e SR B "t e ¢
a1 1 or vescirieions ST hEeCHBRtoRE PRl S BB il LR PLRRA BRI s
A S S
base rel ea%qélg‘)‘k?é‘?eﬂlﬁ‘ﬁmﬂl%% YIRS a}%na"é’toi?&? R PR PR Ehige ar%P&??%?‘& of such

acids 20 include, but are not linmted to, tartaric aci anq fitric aci d.
Pr ef er bbl yagepq-yé]tl'ale]nﬂnql shaking or agitation. Such tablets utilize commonly available materials

and achieve these and other desirable objectives. The tablets or other solid dosage forms of
this invention provide for precise dosing of a proton pump inhibitor that may be of low
solubility in water. They may be particularly useful for medicating children and the elderly
and others in a way that is much more acceptable than swallowing or chewing a tablet. The
20 tablets that are produced have low friability, making them easily transportable.
The term “suspension tablets” as used herein refers to compressed tablets which
rapidly disintegrate after they are placed in water, and are readily dispersible to form a
suspension containing a precise dosage of the proton pump inhibitor. The suspension tablets
of this invention comprise, in combination, a therapeutic amount of a proton pump inhibitor,
25  abuffering agent, and a disintegrant. More particularly, the suspension tablets comprise
about 20 mg omeprazole and about 4-30 mEq of sodium bicarbonate.
Croscarmellose sodium is a known disintegrant for tablet formulations, and is

available from FMC Corporation, Philadelphia, Pa. under the trademark Ac-Di-Sol®. Itis
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conbi nation of both tartaric acid and citric acid. Exanples of bases

i nclude, but are not |imted to, sodium carbonate, potassium bicarbonate
and sodi vwobBeaiskonate. Preferably, the base is sodi um bpcanisosiaice and
the effervescent conbination has a pH of about 6.0 or higher. Effervescent
salts preferably include the follow ng ingredients, which actually 25
produce the effervescence: sodium bicarbonate, citric acid and tartaric
acid. Wien added to water the acids and base react to |iberate carbon

di oxide, resulting in effervescence. It should be noted that any acid-base

conbi naf i %q%ﬂt?%lé’n@@dﬁlntc%mb{éséeh@aﬂlétilﬂg'f@l%rliuf&ﬂo&feitﬁ@tr AR od iPonbfhatisPWitH be

used in place of the conbi nation of Sodi um bi carbonate and citric and

tartaric %fc%%ryséﬁm}!@l&?&esgf%%%%ﬁg %&@QI"WG% Hof te @5led. ONG as the

i ngredients were suita ceutl use, and result in a pH of

about 6.0 or %?leé/stihﬁr}%ﬁgglmsg, aotﬁle%(r-){:(? oI:J}?etddg{h Jtﬁéﬂ%gﬁ%ﬁerﬁ’s, h&(ﬁul es of

NaHCO3 to peutra 1z . Clt.IC aci « and 2 ecul es of NaHCGO3
to neutral clo%nef\n ]1'1 agglltieg H)lr %\or(rjl]c cgs%‘irl Ea%[e'tscangcf\éf\g?q lldlovx}n%irgl?sélbp&f]g) ik??o&pt he

t
approximate rati o of 1rngredients 1I's as WS Tartaric

Aci d: Sodi um Bi carbonate..= .1- 2: 3. 44 wei ght )... This ratio ¢ i ed
And cont 1 roER SRR ErgH okt EMELARLH hris COBe Rl BufRfe Bag e ©
exanpl g, ratios about. 1:Q:3 or 0:1-2 are also.effecti The .net hod of
pL epar%?[i o © gy1¢ e“@?‘f‘é&v@éfi@ﬁ%md\l Qﬁlﬂ]ﬂé%pr8?‘_wfshaée Wilizs ﬁ%‘f"‘f%@g%%ﬁh Senpl oys
et hod 15 MiEenSBITE 57 e PR cielp Rore o & b SPeeSheid CEF BFPAT Vescent
powders. It shoul d be noted that althqugh these nqthod .ar iqtended for
the preparBiFasrseilingcelilpssand g palcipmrsefiuiyalgpate samples ngy ‘%stg%ﬁat W% s of the
present invention could also _be gregared as tab%ﬁts, accordiqg,t |1
| RO |

known pri ofodiim rafie sim e sgige rbpbaubBred thitoptt-ati Wihile derslgrsenm s the
ol dest npth%d of granul e Ereparation. Tbe i ndi vidual steps in 20 the wet
granul at i ob*présedstdinacgiplete (M elpandd p orpfiaselrivaesodium dlagais semeiFePing of
the ingredients; dry powder mxing, wet massing; granulation;, and final
gri ndi hy. mrposey efribd rieseaninyention thisratio mey be siried et 7aMEWeVnt o a
rough tablet or "slug" ,
alginate up to about 95% MCC to 5% alginate. Depending on the particular formulation and
active ingredient, these two components may be present in approximately equal amounts or in
unequal amounts, and either may comprise from about 10% to about 50% by weight of the
tablet.
20 The suspension tablet composition may, in addition to the ingredients described
above, contain other ingredients often used in pharmaceutical tablets, including flavoring
agents, sweetening agents, flow aids, lubricants or other common tablet adjuvants, as will be
apparent to those skilled in the art. Other disintegrants, such as crospovidone and sodium
starch glycolate may be employed, although croscarmellose sodium is preferred.
25 In addition to the suspension tablet, the solid formulation of the present invention can
be in the form of a powder, a tablet, a capsule, or other suitable solid dosage form (e.g., a

pelleted form or an effervescing tablet, troche or powder), which creates the inventive

solution in the presence of diluent or upon ingestion. For example, the water in the stomach
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on a heavy-duty rotary tablet press. The slugs are then broken up into
granul ar particles by a grinding operation, usually by passage through an
oscil | atiwpogmerssd at or. The i ndi vidual steps 25 include mnpxiTngosdicuhe
powders; conpressing (slugging); and grinding (slug reduction or

granul ation). No wet binder or noisture is involved in any of the steps.
The fusion nethod is the nost preferred nethod for preparing the granul es
of the present invention. In this method, the conpressing (slugging) step
of the dry granulation 44 WO 03/061584 PCT/ US03/01640 5 process is

el imnat Edsecrkﬂé{s%@@atel; i BOVERE So & oNaRL &fidId0saBE FRMENQErRhIBE agitohabl e
source of heat Proton Punp Inhibitors Adm nistered with Parietal Cel
Act i vat or sy, pllcant has unexpectedly di scovered that certain conmpounds,
such as choco ate, calcium and sodi um bi carbonate and ot her al kaline
subst ances, sti t I - col ogi c
activity of t h%pﬁsgeﬁ tgﬁﬁg%{eﬁﬁﬁ‘ﬁ‘?"f@ ﬂo S%r%?psat}%rbg}%ﬁ@g&m% Q%rgﬁﬁaﬁ’ggs es gf
E:glms)oﬁﬁgl Io%)?i %n(?r)lr:% an a% [ i%%l%ldlel’(l:tealnla e)?‘cqtllgr\lltg‘gseg?ctedqgs ﬁlgﬁﬁetsér&%tsi‘?é% an%h‘r?lh# n- any

i ncludi ng, _but .n sodlun1b|c ﬁ%l?ona

|
(e g canPQfﬁ%l%%a?Bl&Pa?&ém b s g Sre B B S R DR Bl g

X|de cal ci um

acetat and cal ciu cer ophosphat e er.mn ear nt oil, 15
o f oeld { cPIETar ua| BEEsH iy BiPPRES BRa aPElsREPBRON Gy PET AP HEBION | ne,
theobronlzf ﬁ nb acids (particularly aronatlc am no acids such as
phenyl al a H%W % Wﬁf%ﬁﬂﬁ Mand conbinations thereof, and the salts

t hereof. Such parietal cell activators are ad 'n'séer d i n an anount
sufficient to prg@iddormybtionsean Fenfaia exsipipni S'I'Cg]a%‘f"P I35 PABEE: causi ng
untoward side effects to subjects. For exanple, 20 chocolate, as raw
cocoa, is W&Fﬁxﬁp@!’@ﬂ@@yicﬁ“‘&ﬂsea?ﬁmﬁ?y] 4 “‘85‘6‘1% otgergllylgsiomaterjals apd séﬁc}ﬁg dose

of oneprazol e (or equival ent pharnacol ogi c dose of other proton p

i nhi bi t or)dilvpnts (@pe@mpls lagioss apdiogier segsrsnitachrdiq@iayn ghosakaigind Cﬁlé‘l‘lt*i“b ularly a
human, in the context of the present invention should be sufficient to

ef fect 1 tnetragoudisivtegrnsppresats(for exampdn arrbeglyafersend colfulgsicongerialp ang

inhibitor) over a reasonable tine frame. The dose will be determ ned by the
st rengt h olubricating agents (for example, stearates and talc).

Such solid forms can be manufactured as is well known in the art. Tablet forms can
include, for example, one or more of lactose, mannitol, corn starch, potato starch,
microcrystalline cellulose, acacia, gelatin, colloidal silicon dioxide, croscarmellose sodium,

20  talc, magnesium 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 (1986). Such

25  tablets may also comprise film coatings, which preferably dissolve upon oral ingestion or
upon contact with diluent.
Non-limiting examples of buffering agents which could be utilized in such tablets

include sodium bicarbonate, alkali earth metal salts such as calcium carbonate, calcium
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25 the particular conpositions enployed and the condition of the person, as
well as the body weight of the person to be treated. The size of the dose
al so wi | Iwbe3detses mi ned by the existence, nature, and extPemtusos/oway
adverse side effects that m ght acconpany the admnistration of a
particul ar conmposition. 45 WD 03/061584 PCT/ US03/ 01640 5 The approxi mate
effective ranges for various parietal cell activators per 20 ng dose of
oneprazol e (or equival ent dose of other proton punp inhibitor) are:

Chocol ate (raw cocoa) - 5 ng to 2.5 g Sodium bicarbonate - 7 nEq to 25 nEq

Cal ci ug Ca}{ygwiﬁfeeca‘lcu;lm mtarteocalmg’m% égro%sﬁhﬂéncglkfdﬁ%%ﬁ maéneE‘fgmt 0159

Calcium |l actate - | ci um hydr oxi de - to 1.5 g Calcium
acetate - mm 9 15
Peppernintgﬂgpagl%ﬁmmdere IGé¥&¥Q&Mﬁﬁ&gamp%gg%%gwhygmﬁm?ymgﬁléomdered

;grg} . ngﬁgghﬁkqﬁﬁﬁggi e|H%%gughg%gm&éQA%kgaﬂ%ﬁggéﬁﬁﬁ$nﬁgl%ﬁ%lgklmg?gal-Sg

Theobron1ne Phen | al anine - 0.5 ng to 1.5g Tryptophan -
0.5 ny toIﬁdgggmﬁgq%hég%éﬁ%g%mcal PY°%¢%eptabl e carriers are wel | -known to

those who are S i gxlat%glelo?atlow density alkali earth metal salt useful for making the granules

10 according to the present invention is extra light calcium carbonate available from Specialty
Minerals Inc., Adams, Me. The density of the extra light calcium carbonate, prior to being
processed according to the present invention, is about 0.37 g/ml. Other acceptable buffers are
provided throughout this application.

The granules used to make the tablets according to one embodiment of the present

15 invention are made by either spray drying or pre-compacting the raw materials. Prior to being
processed into granules by either process, the density of the alkali earth metal salts useful in
the present invention ranges from about 0.3 g/ml to about 0.55 g/ml, preferably about 0.35
g/ml to about 0.45 g/ml, even more preferably about 0.37 g/ml to about 0.42 g/ml.

Additionally, the present invention can be manufactured by utilizing micronized

20  compounds in place of the granules or powder. Micronization is the process by which solid
drug particles are reduced in size. Since the dissolution rate is directly proportional to the
surface area of the solid, and reducing the particle size increases the surface area, reducing
the particle size increases the dissolution rate. Although micronization results in increased
surface area possibly causing particle aggregation, which can negate the benefit of

25  micronization and is an expensive manufacturing step, it does have the significant benefit of
increasing the dissolution rate of relatively water insoluble drugs, such as omeprazole and

other proton pump inhibiting agents.
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art. The choice of carrier will be determned, in part, both by the
particul ar conposition and by the particular nethod used to adm nister the
conposi tiwn.o3hese4 di ngly, there is a wwde variety of suitaltfusos/orenul ati ons
of the pharmaceutical conpositions of the present invention. 30 V.

Exanpl es The present invention is further illustrated by the foll ow ng
formul ati ons, which should not be construed as limting in any way. The
practice of the present invention will enploy, unless otherw se indicated,

conventional techniques of pharmacol ogy and pharnaceutics, which are

wi thin e ski LWgleH heuBl or 3 YD Se pnﬁfanﬁﬁiﬁkn@d%'s@fs@sgeewnr&saéespenm on

Tabl ets of Orrepraz fast di sintegrating tab i's conpounded

foll dl
ctirred beakr %?%‘Jéﬁqﬁﬁsnés_‘%@%“% e %2%3’%%%&% @&%&é“i%wat‘“%&w&
PCT/ US03/ O%QWE%I élb]% gulroEéﬁlgh tchh\)l%}3 %r%%llo&@B ét? Sl"he(rg?ﬁgttﬁg% e?mgcgatg

(powdered) I's place m xer m xrng, the

?r: gre:ybgflvlfc i?(,:t}a%gl%?s walsas atrﬁlu?rlg%'lerp% o% pra darl tlsle Pheln € 6 (%g%raﬂ nove rsg‘ezc?s oef t n df‘ |hg d
at 70C for three hgurs The dry granul at| on is then pl aced in a bl ender
and to it AFSHIBEFIoh 500 g of ~Avicel (¢c) AC- 815 (85% ni crocrystal l'i ne

cel l ul gse copr ssed with 15%of a 10 calciu sodi um al gi nat e conpl ex)
and 1,800 g of %iéfvéé‘ie{“r‘j’blﬁiﬂ?@‘g%ovtdr‘?fscf‘r‘%@?%/%rf%ﬁ‘ﬁr’a et B beater tni s
m xtur e i s tharoughly bl ende nggp esium stearate | s added and

m xed for 'BVeRfiAfyt elderveprent palis PYW@H h%eséﬁm FE GRS LLEYT RE G2k abl et's on a
standard tablet press (Hata HS). These tablets have an .aver age, vvel ght of
about 0. 7% @Im%trﬁéroe&f{emﬁceabwﬁ arg granyles BHE8FSE POV ders qariadning aprdifigalhave | ow
friability and rapid disi ntegratlon time, This 15 forpul ation may he

di ssol ved 4eantdma dryumisiyse. setally icompesshebioAiuRLPisarbRBicefifTitgc g artprt acid.

i nmedi ate oral administration. Alternatively, the suspension tablet may be
swal | owed Whet e galtsiaredded tatvyada, the acidsandl &l bage wae i libergie prsban dierddesgast he

preferred solution i S sodi um bi car bonate 8.4% As a
15  thereby causing “effervescence.”

The choice of ingredients for effervescent granules depends both upon the
requirements of the manufacturing process and the necessity of making a preparation which
dissolves readily in water. The two required ingredients are at least one acid and at least one
base. The base releases carbon dioxide upon reaction with the acid. Examples of such acids

20  include, but are not limited to, tartaric acid and citric acid. Preferably, the acid is a
combination of both tartaric acid and citric acid. Examples of bases include, but are not
limited to, sodium carbonate, potassium bicarbonate and sodium bicarbonate. Preferably, the
base is sodium bicarbonate, and the effervescent combination has a pH of about 6.0 or higher.

Effervescent salts preferably include the following ingredients, which actually

25  produce the effervescence: sodium bicarbonate, citric acid and tartaric acid. When added to
water the acids and base react to liberate carbon dioxide, resulting in effervescence. It should
be noted that any acid-base combination which results in the liberation of carbon dioxide

could be used in place of the combination of sodium bicarbonate and citric and tartaric acids,
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further alternative, sodium bi carbonate powder (about 975 ng per 20 ng dose
of onmeprazole 20 (or an equi potent anount of other proton punp inhibitor)

I s conpouwodad/odiseect |y into the tablet. Such tablets areprCharsoslossol ved in
wat er or sodi um bi carbonate 8.4% or swallowed whole with an agueous
diluent. Bl. 10 ng Tabl et Formula. Omeprazole 10 ng (or | ansoprazole or
pant oprazole 25 or other proton punp inhibitor in an equi potent anobunt)
Calciumlactate 175ng Cal ci um gl ycerophosphate 175ng Sodi um bi car bonat e
250mg 30 Aspartane cal ci um (phenyl al anine) 0.5ng Colloidal silicon dioxide

12ny r : WE e 47 WO
03/ 061 84%ﬁiér“?g[ﬁ‘%@’sef‘g%‘%%&“t%@%%%%?n?ﬁ?ﬁé‘%& iyt %%’ei}?rrf%ﬁg%ﬁﬁ%nni tol 3ng

Pregelatiqggagﬁg%grch 3ng 10 B2. 10 ng Tablet Formula. Proton punp
i nhi bitor: "one the followi ng: Oreprazole 10 ng Lansoprazole 15ng

Pant opr azol e ng slhl(;md%g qlgte% %aﬁ%?e%mrgszf)rlnglegqusi o%rfqam to neutralize 1 molecule of

citric acid and 2 molecules of NaHCOs to neutralize 1 molecule of tartaric acid. It is desired
that the approximate ratio of ingredients is as follows:

10  Citric Acid:Tartaric Acid:Sodium Bicarbonate = 1:2:3.44 (by weight). This ratio can be
varied and continue to produce an effective release of carbon dioxide. For example, ratios of
about 1:0:3 or 0:1:2 are also effective.

The method of preparation of the effervescent granules of the present invention
employs three basic processes: wet and dry granulation, and fusion. The fusion method is

15  used for the preparation of most commercial effervescent powders. It should be noted that
although these methods are intended for the preparation of granules, the formulations of
effervescent salts of the present invention could also be prepared as tablets, according to well
known prior art technology for tablet preparation.

Wet granulation is the oldest method of granule preparation. The individual steps in

20  the wet granulation process of tablet preparation include milling and sieving of the
ingredients; dry powder mixing; wet massing; granulation; and final grinding.

Dry granulation involves compressing a powder mixture into a rough tablet or "slug"
on a heavy-duty rotary tablet press. The slugs are then broken up into granular particles by a
grinding operation, usually by passage through an oscillation granulator. The individual steps

25  include mixing of the powders; compressing (slugging); and grinding (slug reduction or
granulation). No wet binder or moisture is involved in any of the steps.

The fusion method is the most preferred method for preparing the granules of the

present invention. In this method, the compressing (slugging) step of the dry granulation
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O her proton punp inhibitor in an equi potent anbunt Calciumlactate 375nyg
Cal ci um gl ycerophosphate 375ng Aspartane cal ci um (phenyl al ani ne) 0.5ng 20
Col | oi dalweimioersa4 di oxi de 12ng Corn starch 15 ng Croscamraeliusoselssodi um 12
ng Dextrose 10 ng Peppermnt 3 ng 25 Maltodextrin 20 ng Mannitol 30 ngy
Pregel atinized starch 30 ng B3. 10 ng Tablet Formula. 30 Proton punp

i nhibitor: one of the following: Oreprazole 10 ng Lansoprazole 15ng

Pant opr azol e sodi um 20ng 35 Rabeprazol e sodium 10ng O her proton punp
inhibitor in an equi potent anmobunt Sodi um bi carbonate 750 ng Aspartane
sodi um 4 phepekak aithgld AnsediBthe Pollirt S daliedSihlah 608h ottt HBtalie séice §F0r
starch 15 ng Croscarnellose sodium 12 ng Dextrose 10 ng Peppermnt 3 ng
45 Mal todegtyin 20 ng

Iv. Proton Pump Inhibitors Administered with Parietal Cell Activators

Applicant has unexpectedly discovered that certain compounds, such as chocolate,
calcium and sodium bicarbonate and other alkaline substances, stimulate the .parietal cells and

10 enhance the pharmacologic activity of the proton pump inhibitor administered. For the
purposes of this application, “parietal cell activator” or “activator” shall mean any compound
or mixture of compounds possessing such stimulatory effect including, but not limited to,
chocolate, sodium bicarbonate, calcium (e.g., calcium carbonate, calcium gluconate, calcium
hydroxide, calcium acetate and calcium glycerophosphate), peppermint oil, spearmint oil,

15  coffee, tea and colas (even if decaffeinated), caffeine, theophylline, theobromine, and amino
acids (particularly aromatic amino acids such as phenylalanine and tryptophan) and
combinations thereof, and the salts thereof.

Such parietal cell activators are administered in an amount sufficient to produce the
desired stimulatory effect without causing untoward side effects to subjects. For example,

20  chocolate, as raw cocoa, is administered in an amount of about 5 mg to 2.5 g per 20 mg dose
of omeprazole (or equivalent pharmacologic dose of other proton pump inhibitor). The dose
of activator administered to a mammal, particularly a human, in the context of the present
invention should be sufficient to effect a therapeutic response (i.e., enhanced effect of proton
pump inhibitor) over a reasonable time frame. The dose will be determined by the strength of

25  the particular compositions employed and the condition of the person, as well as the body
weight of the person to be treated. The size of the dose also will be determined by the
existence, nature, and extent of any adverse side effects that might accompany the

administration of a particular composition.
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Mannitol 30 ng Pregelatinized starch 30 ng 48 WO 03/061584 PCT/ US03/ 01640
5 d. 20 ng Tablet Formula. Oreprazole 20mg (or |ansoprazole or

pant opr azwba3m061580t her proton punp inhibitor in an equi pecentsoaomunt )
Calciumlactate 175ng 10 Cal ci um gl ycerophosphate 175ng Sodi um

bi carbonate 250nmg Aspartamne cal ci um (phenyl al ani ne) 0.5ng Col | oi dal
silicon dioxide 12ng Corn starch 15 ng 15 Croscarnell ose sodium 12 ny
Dextrose 10ng Cal ci um hydroxi de 10ng Peppermint 3ng Maltodextrin 3ng 20
Mannitol 3ng Pregel atinized starch 3ng C2. 20 ng Tabl et Formula. Proton
punp i mhi bi tor :Th@;%rgtlmtada%ﬁ{e&weqmg@gfor Jaic BRI 0412t 04Brs pbARSAPaGE Rk e 30

ng Pantoprazole 4 her proton punp inhibitor in an equipotent anmount
Cal cium | %ﬂ«%}ﬁoﬁz@@uwalent dose of other proton pump inhibitor) are:

Chocolate (raw cocoa) -5mgto2.5 g
Sodium bicarbonate — 7 mEq to 25 mEq
Calcium carbonate — 1 mgto 1.5 g
10 Calcium gluconate— 1 mgto 1.5 g
Calcium lactate— 1 mgto 1.5 g
Calcium hydroxide— 1 mgto 1.5 g
Calcium acetate — 0.5 mgto 1.5 g
Calcium glycerophosphate - 0.5mgto 1.5 g
15 Peppermint oil — (powdered form) l mgto 1 g
Spearmint oil — (powdered form) l mgto 1 g
Coffee — 20 ml to 240 ml
Tea — 20 ml to 240 ml
Cola — 20 ml to 240 ml
20 Caffeine — 0.5 mg to 1.5g
Theophylline — 0.5 mg to 1.5g
Theobromine — 0.5 mg to 1.5g
Phenylalanine — 0.5 mg to 1.5g
Tryptophan — 0.5 mg to 1.5g
25
Pharmaceutically acceptable carriers are well-known to those who are skilled in the

art. The choice of carrier will be determined, in part, both by the particular composition and
by the particular method used to administer the composition. Accordingly, there is a wide

variety of suitable formulations of the pharmaceutical compositions of the present invention.

30 V. Examples

The present invention is further illustrated by the following formulations, which
should not be construed as limiting in any way. The practice of the present invention will
employ, unless otherwise indicated, conventional techniques of pharmacology and
pharmaceutics, which are within the skill of the art.

35 Example 1
A. Fast Disintegrating Suspension Tablets of Omeprazole.

A fast disintegrating tablet is compounded as follows: Croscarmellose sodium 300 g

is added to the vortex of a rapidly stirred beaker containing 3.0 kg of deionized water. This
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30 Cal ci um gl ycer ophosphate 375nmg Aspartane cal ci um (phenyl al ani ne) 0. 5ng
Coll oidal silicon dioxide 12ng Corn starch 15 ng Croscarnell ose sodi um 12
ng 35 Dexwoas®6is84 ng Peppermint 3 ng Ml todextrin 20 ngPpCvarses/owho 30 ng
Pregel atinized starch 30 ng 40 C3. 20 ng Tabl et Formula. Proton punp
inhibitor: One of the followi ng: Oneprazole 20ng Lansoprazole 30 ng 45
Pant oprazole 40 ngy Oher proton punp inhibitor in an equi potent anbunt
Sodi um bi car bonate 750ng Aspartane sodi um (phenyl al anine) 0.5ng 49 WO
03/061584 PCT/ US03/01640 5 Colloidal silicon dioxide 12nmg Corn starch 15

. gje )5< f fsl*id}BJZ% %ngd%&wgﬂr?#ﬁh&ﬁ%s. gigm%;g%ﬁé 858 (rbYdBBd) iPFRAKI T box1 HBa 10
Hobart mixer. After mixing, the slurry of croscarmellose sodium is added slowly to the
omeprazole in the mixer bowl, forming a granulation, which is then placed in trays and dried
at 70°C for three hours. The dry granulation is then placed in a blender, and to it is added
1,500 g of Avicel® AC-815 (85% microcrystalline.cellulose coprocessed with 15% of a

10 calcium, sodium alginate complex) and 1,500 g of Avicel® PH-302 (microcrystalline
cellulose). After this mixtufe is thoroughly blended, 35 g of magnesium stearate is added and
mixed for 5 minutes. The resulting mixture is compressed into tablets on a standard tablet
press (Hata HS). These tablets have an average weight of about 0.75 g, and contain about 20
mg omeprazole. These tablets have low friability and rapid disintegration time. This

15  formulation may be dissolved in an aqueous solution containing a buffering agent for
immediate oral administration.

Alternatively, the suspension tablet may be swallowed whole with a solution of
buffering agent. In both cases, the preferred solution is sodium bicarbonate 8.4%. Asa
further alternative, sodium bicarbonate powder (about 975 mg per 20 mg dose of omeprazole

20  (or an equipotent amount of other proton pump inhibitor) is compounded directly into the
tablet. Such tablets are then dissolved in water or sodium bicarbonate 8.4%, or swallowed

whole with an aqueous diluent.

Bl. 10 mg Tablet Formula.

Omeprazole 10 mg (or lansoprazole or pantoprazole

25 or other proton pump inhibitor in an
equipotent amount)

Calcium lactate 175mg

Calcium glycerophosphate 175mg

Sodium bicarbonate 250mg
30 Aspartame calcium (phenylalanine) 0.5mg

Colloidal silicon dioxide 12mg

Corn starch 15 mg

Croscarmellose sodium 12 mg

Dextrose 10mg

47



Pregel atini zed starch 30 ng Dl. Tablet for Rapid D ssolution. 15
Oneprazol e 20ng (or | ansoprazol e or pantoprazole or other proton punp

i nhi bi t orwor3asissequi pot ent anount) Cal ci um | act at e 175ng PCTAISO3/01540

gl ycer ophosphate 175ng 20 Sodi um bi carbonate 500nmg Cal ci um hydr oxi de 50ng
Croscarnel | ose sodium 12 ng D2. Tablet for Rapid Dissolution. 25 Proton
punp inhibitor: One of the followi ng: Oneprazole 20ng Lansoprazole 30 ng
Pant oprazol e 40 ng Rabeprazol e sodi um 20ng 30 Esoneprazol e magnesi um 20ngy
O her proton punp inhibitor in an equi potent anbunt Calciumlactate 300nyg
Cal ci um gl ycer pphpspiigt € 300ng 35 Cal ci um h%qjgroxi de 50ng Croscarnell ose
sodium 12 ng loddhet for Rapid Dissol utj'npém Proton punp inhibitor: One
of the follow pg, .48 Oreprazol e 20ny Lansoj%gazol e 30 ng Pantoprazol e 40

n
Mg Rabeprazol ¢, 50fllMA0T8, 3mg

10 B2. 10 mg Tablet Formula.
Proton pump inhibitor: one of the following:
Omeprazole 10 mg
Lansoprazole 15mg
Pantoprazole sodium 20mg

15 Rabeprazole sodium 10mg
Other proton pump inhibitor in an equipotent amount
Calcium lactate 375mg
Calcium glycerophosphate 375mg
Aspartame calcium (phenylalanine) 0.5mg

20 Colloidal silicon dioxide 12mg
Com starch 15mg
Croscarmellose sodium 12 mg
Dextrose 10 mg
Peppermint 3mg

25 Maltodextrin 20 mg
Mannitol 30 mg
Pregelatinized starch 30 mg

B3. 10 mg Tablet Formula.

30
Proton pump inhibitor: one of the following:
Omeprazole 10 mg
Lansoprazole 15mg
Pantoprazole sodium 20mg
35 Rabeprazole sodium 10mg
Other proton pump inhibitor in an equipotent amount
Sodium bicarbonate 750 mg
Aspartame sodium (phenylalanine) 0.5 mg
40 Colloidal silicon dioxide 12 mg
Corn starch 15 mg
Croscarmellose sodium 12 mg
Dextrose 10 mg
Peppermint 3mg
45 Maltodextrin 20 mg
Mannitol 30 mg
Pregelatinized starch 30 mg
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Esonepr azol e magnesi um 20ng 45 Ot her proton punp inhibitor in an

equi potent anount Sodi um bi carbonate 700 ng Tri sodi um phosphate
dodecahydwetos/odB&4 ny Croscarnel |l ose sodium 12 ng 50 50 WOTAB0HGHB4

PCT/ US03/ 01640 5 El. Powder for Reconstitution for Oal Use (or per ng
tube). Oneprazole 20ng (or | ansoprazole or pantoprazole or other proton
punp inhibitor in an equi potent anount) Calciumlactate 175ng 10 Cal ci um
gl ycer ophosphate 175ng Sodi um bi carbonat e 500nmg Cal ci um hydr oxi de 50ng

d ycerine 200nmg 15 E2. Powder for Reconstitution for Oal Use (or per ng

t ube). sProton girrp M‘ﬂh%EBFFor of the follow ng: Oreprazole 20ngy
Lansoprazol e 3 ng Pant opr azol e %0 ng 20 Rabeprazol e sodi um 20ngy

Esonmeprazol e m 20my QO her proton pig ﬁ, le bibaAdrBaME Bt ent
AN

anount Cal ci um ct ate 300ng 25 Cal ci um gl yc! 5 aAhBbrd
equipotent amount)

Calcium lactate 175mg

10 Calcium glycerophosphate 175mg
Sodium bicarbonate 250mg
Aspartame calcium (phenylalanine) 0.5mg
Colloidal silicon dioxide 12mg
Corn starch 15 mg

15 Croscarmellose sodium 12 mg
Dextrose 10mg
Calcium hydroxide 10mg
Peppermint 3mg
Maltodextrin 3mg

20 Mannitol 3mg
Pregelatinized starch 3mg

C2. 20 mg Tablet Formula.

Proton pump inhibitor: One of the following:

25 Omeprazole 20mg
Lansoprazole 30 mg
Pantoprazole 40 mg
Other proton pump inhibitor in an equipotent amount
Calcium lactate 375mg

30 Calcium glycerophosphate 375mg
Aspartame calcium (phenylalanine) 0.5mg
Colloidal silicon dioxide 12mg
Com starch 15 mg
Croscarmellose sodium 12 mg

35 Dextrose 10 mg
Peppermint 3 mg
Maltodextrin 20 mg
Mannitol 30 mg
Pregelatinized starch 30 mg

40

C3. 20 mg Tablet Formula.

Proton pump inhibitor: One of the following:

Omeprazole 20mg
Lansoprazole 30 mg
45 Pantoprazole 40 mg
Other proton pump inhibitor in an equipotent amount
Sodium bicarbonate 750mg
Aspartame sodium (phenylalanine) 0.5mg
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Cal ci um hydroxi de 50ng G ycerine 200ng E3. Powder for Reconstitution for

Oral Use (or per ng tube). 30 Proton punp inhibitor: One of the foll ow ng:

Orepr azolwo20mgissd.ansopr azol e 30 ng Pantoprazole 40 ng Ravapoaeshe sodi um

20mg 35 Esoneprazol e magnesi um 20ng Ot her proton punp inhibitor in an

equi potent anount Sodi um bi carbonate 850 ng Trisodi um phosphate 50ng 40

FI. 10 ng Tabl et Formula. Oneprazole 10ng (or | ansoprazol e or pantoprazol e

or other proton punp inhibitor in an equipotent anmount) 45 Cal cium

| actate 175ng Cal ci um gl ycer ophosphate 175ng Sodi um bi carbonate 250ngy

Pol yet byl ene gbéﬁé?ihal%ﬁ{m dl%ilndi\{g 03/ 061584 Fig;l;{ US03/ 01640 5 Croscarnel |l ose
g

sodium 12 ngy i%g nesi um si | |1(5q1tlge | ing Magnesium stearate
ling 10 F2. 1 rd%a Ls%tsoggﬁlm‘” a. 12 mg
Dextrose 10 mg
Peppermint 3mg
10 Maltodextrin 20 mg
Mannitol 30 mg
Pregelatinized starch 30 mg

D1.  Tablet for Rapid Dissolution.

15 Omeprazole 20mg (or lansoprazole or pantoprazole or
other proton pump inhibitor in an
equipotent amount)

Calcium lactate 175mg
Calcium glycerophosphate 175mg
20 Sodium bicarbonate 500mg
Calcium hydroxide 50mg
Croscarmellose sodium 12 mg

D2.  Tablet for Rapid Dissolution.

25 Proton pump inhibitor: One of the following:
Omeprazole 20mg
Lansoprazole 30 mg
Pantoprazole 40 mg
Rabeprazole sodium 20mg

30 Esomeprazole magnesium 20mg

Other proton pump inhibitor in an equipotent amount

Calcium lactate 300mg

Calcium glycerophosphate 300mg
35 Calcium hydroxide 50mg

Croscarmellose sodium 12 mg

D3.  Tablet for Rapid Dissolution.

Proton pump inhibitor: One of the following:

40 Omeprazole 20mg
Lansoprazole 30 mg
Pantoprazole 40 mg
Rabeprazole sodium 20mg
Esomeprazole magnesium 20mg

45
Other proton pump inhibitor in an equipotent amount
Sodium bicarbonate 700 mg
Trisodium phosphate dodecahydrate 100 mg
Croscarmellose sodium 12 mg
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Proton punp inhibitor:

One of the follow ng:

Oreprazol e 10nmg Lansoprazol e

15mg Pant oprazol e sodi um 20ng 15 Rabeprazol e sodium 10ng Esoneprazol e

magnesi unwbBm615& her proton punp inhibitor

i n an equi pot eatr/ R nsHo

Calciumlactate 475 ng 20 Cal ci um gl ycerophosphate 250 ng Pol yet hyl ene

gl ycol 20 ng

Croscarnel |l ose sodium 12 ng Peppermnt 3 ng Magnesium

silicate 10 ng 25 Magnesium stearate 10 ng F3. 10 ng Tabl et Formul a.

Prot on punp inhibitor:

One of the follow ng: 30 Oreprazole 10ny

Lansoprazol e 15ng Pant oprazol e sodi um 20ng Rabeprazol e sodi um 10ng
Esomeprazol e mnesrmawgecﬁﬁ A onPJz%e P&W;’th{'bﬂbp' tor in an

equi pot'ent anount Sodi u

blcar onaté 700

POl yet hyl’ene gl ycol 20 ng

Croscar el | ose sediiflel2 ng 40 Peppernint 320r;§gg (MRERS RN bdntpRiz61e P MO

10

15

20

25

30

35

40

45

Calcium lactate

Calcium glycerophosphate
Sodium bicarbonate
Calcium hydroxide
Glycerine

other proton pump inhibitor in an
equipotent amount)

175mg

175mg

500mg

50mg

200mg

E2.  Powder for Reconstitution for Oral Use (or per ng tube).

Proton pump inhibitor: One of the following:

Omeprazole

Lansoprazole
Pantoprazole

Rabeprazole sodium
Esomeprazole magnesium

20mg
30 mg
40 mg
20mg
20mg

Other proton pump inhibitor in an equipotent amount

Calcium lactate

Calcium glycerophosphate
Calcium hydroxide
Glycerine

300mg
300mg
50mg

200mg

E3.  Powder for Reconstitution for Oral Use (or per ng tube).

Proton pump inhibitor: One of the following:

Omeprazole

Lansoprazole
Pantoprazole

Rabeprazole sodium
Esomeprazole magnesium

20mg
30 mg
40 mg
20mg
20mg

Other proton pump inhibitor in an equipotent amount

Sodium bicarbonate
Trisodium phosphate

F1. 10 mg Tablet Formula.
Omeprazole

Calcium lactate

Calcium glycerophosphate

Sodium bicarbonate
Polyethylene glycol

51

850 mg
50mg

10mg (or lansoprazole or pantoprazole or
other proton pump inhibitor in an
equipotent amount)

175mg

175mg

250mg

20mg



Magnesi um stearate 10 ng 4.

10 ng Tabl et Formula. 45 Oneprazole 10ng (or

| ansopr azol e or pantoprazole or other proton punp inhibitor in an

equi pot enwoaswerss} Cal ci um | actate 200ng Cal ci um gl ycer oploaasoat 54@00ny

50 Sodi um bi carbonate 400ng 52 WO 03/061584 PCT/ US03/01640 5

Croscarnel | ose sodium 12 ng Pregel atini zed starch 3ng Q.
Formul a. Proton punp inhibitor:

Lansoprazol e 15ng Pantoprazol e sodi um 20ng Rabeprazol e sodi um 10ngy

Esonmepr azol e magnesi um 10ng

Croscarnel | ose

Forrmul a. Prot orMégﬂgg;u&l Rip.hLtor:

10

15

20

25

30

35

40

45

50

2 ng 20 Pregel ati ni

Magnesium stearate

F2. 10 mg Tablet Formula.

Proton pump inhibitor: One of the following:

Omeprazole
Lansoprazole
Pantoprazole sodium
Rabeprazole sodium
Esomeprazole magnesium

15 Gt her proton punp inhibitor in an

equi potent  andinbscamicidsThiuact at e 400my  Gal,gi um gl ycer ophosphate 400ng
j 1

z starch 3ng G3. 10 ng Tabl et
One of the foll ow ng:

Oreprazol e 10ngy
lmg

10mg
15mg
20mg
10mg
10mg

Other proton pump inhibitor in an equipotent amount

Calcium lactate

Calcium glycerophosphate
Polyethylene glycol
Croscarmellose sodium
Peppermint

Magnesium silicate
Magnesium stearate

F3. 10 mg Tablet Formula.

475 mg
250 mg
20 mg
12 mg
3mg
10 mg
10 mg

Proton pump inhibitor: One of the following:

Omeprazole
Lansoprazole
Pantoprazole sodium
Rabeprazole sodium
Esomeprazole magnesium

10mg
15mg
20mg
10mg
10mg

Other proton pump inhibitor in an equipotent amount

Sodium bicarbonate
Polyethylene glycol
Croscarmellose sodium
Peppermint
Magnesium silicate
Magnesium stearate

Gl. 10 mg Tablet Formula.
Omeprazole
Calcium lactate

Calcium glycerophosphate
Sodium bicarbonate

52

700 mg
20 mg
12 mg
3 mg
10 mg
10 mg

10mg (or lansoprazole or pantoprazole or
other proton pump inhibitor in an
equipotent amount)

200mg

200mg

400mg

10 ng Tabl et
One of the follow ng: 10 Oreprazole 10ng



25 Lansoprazol e 15ng Pant oprazol e sodi um 20ng Rabeprazol e sodi um 10ng
Esoneprazol e magnesi um 10ng 30 Ot her proton punp inhibitor in an equi potent
anmount  Sadioansisscar boante 750nmg  Croscarnel | ose sodi um 12CmgIs03/01640

Pregel atini zed starch 3ng 35 All of the tablets and powders of this Exanple
may be swal | owed whol e, chewed or m xed with an aqueous nediumprior to
adm ni stration. Exanple Il Standard Tablet of Proton Punp Inhibitor and

Buf fering Agent. Ten (10) tablets were prepared using a standard tabl et
press, each tablet conprising 40 about 20 ng oneprazol e and about 975 ngy
sodi umgi car bogf L.k RrBhiymdi spersed thrgyghout the tablet. To test the
di sintegration lfr.%%ﬁtir%edt%aﬁﬁabl ets, each dded to 60 ml of water.

Usi ng previously prepare Fi qui d onmeprazol e/ sodi um bi car bonat e sol uti on as
a 53 WD 03/ 061&8324 Pg{(/ Ug%[ep}MO 5 visual conparator, it was observed that

each tabl et was ¢onp 'é'lgely di ‘érﬁne"rhé'ed in under three (3) mnutes. Another

study using the tabl ets. ounded..a rding to this Exanpl e evaluated the
bi oact{ovi ty of %r%tgnlt)u lélﬁfs%ﬂlgrntl)f"e ogthf%q%ggfﬁ'ltomcri tical care subjects. Each
subj ect” was admM AL &PEr ed one tablet via ngWth a small anount of water,
and the pH of fg"¥8B? St e. was 10 nonitored N88g paper measure. The pH for
each subj ect nigpray %Togﬂm? or 6 hours and “&mai ned above 4, thus
demonstrating tHECRHEIABEUE ¢ benefit of the™%blets in these patients.
Tabl et s were al SEHFOLBE Y Bori ng out the™fenter of sodi um bi carbonat e
UsP 975 ng tablets with a knjfe. Mst of the renoved sodi um bi carbonate
powder was t herPBSTPFQUPHRYERP MDA If AR CHBPRIEHAROWE 4 20 ng Pril osec(r)

capsul e and t h&aduplacialty ni xture was then ?gﬁ‘rged into
Calcium glycerophosphate 00mg

Croscarmellose sodium 12 mg
20 Pregelatinized starch 3mg
G3. 10 mg Tablet Formula.

Proton pump inhibitor: One of the following:

Omeprazole 10mg
25 Lansoprazole 15mg
Pantoprazole sodium 20mg
Rabeprazole sodium 10mg
Esomeprazole magnesium 10mg
30 Other proton pump inhibitor in an equipotent amount
Sodium bicarboante 750mg
Croscarmellose sodium 12 mg
Pregelatinized starch 3mg
35 All of the tablets and powders of this Example may be swallowed whole, chewed or

mixed with an aqueous medium prior to administration.

Example 11
Standard Tablet of Proton Pump Inhibitor and Buffering Agent.

Ten (10) tablets were prepared using a standard tablet press, each tablet comprising
40  about 20 mg omeprazole and about 975 mg sodium bicarbonate uniformly dispersed
throughout the tablet. To test the disintegration rate of the tablets, each was added to 60 ml

of water. Using previously prepared liquid omeprazole/sodium bicarbonate solution as a
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15 the hole in the tablet and sealed with glycerin. Exanple IIl Proton
Punmp I nhibitor Central Core Tablet. Tablets are prepared in a two-step
process. Woresheisabout 20 ng of oneprazole is fornmed intopaTisob/ete4@s is
known in the art to be used as a central core. Second, about 975 ng 20
sodi um bi carbonate USP is used to uniformy surround the central core to
forman outer protective cover of sodium bicarbonate. The central core and
outer cover are both prepared using standard bi nders and ot her excipients
to create a finished, pharmaceutically acceptable tablet. The tablets may

be swals vagammpgra%,tihwé’s SHs@9&d @bt B Ghlet WRSRBRbR e Vdisperselid §lavedeent

Tabl ets and G anul es.” The granul es of one 20ng Prilosec(c) capsule were
enpti ed iqumglggrtar and triturated with a pestle to a fine powder. The
onepr azol e pomaer was then geonetrically diluted with about 958 ng sodi um

bi car bonat e Usainoﬁlgp&&dgﬁﬁ%ﬁgye t%l%trs icgm QJinﬁiedgl%Ec%ralglg ft@m%"ﬁxamgéle%gglg%@&gs si um

carbonate USP to form geneous xture o ervesce 03/ 061584
T U0, 03 SRORE ey BT e PO 58, L s, Lo about o0
O e AR PR P BB P TP BORRNES P
o I o e ke bR B e TP SLBASF PR R gy oo o
g/e aZ”Lgﬂr Sr'e%g]g?ci %tggé?(,gﬁ%j%%mﬁ%@%ggs Elaéle%a@ggtgzr@gggttof RS S1cts inthand Ui ROSL dose
Tablets were also prepared by boring out the center of sodium bicarbonate USP 975
mg tablets with a knife. Most of the removed sodium bicarbonate powder was then triturated
with the contents of a 20 mg Prilosec® capsule and the resulting mixture was then packed into

15  the hole in the tablet and sealed with glycerin.

Example I11
Proton Pump Inhibitor Central Core Tablet.

Tablets are prepared in a two-step process. First, about 20 mg of omeprazole is
formed into a tablet as is known in the art to be used as a central core. Second, about 975 mg
20  sodium bicarbonate USP is used to uniformly surround the central core to form an outer
protective cover of sodium bicarbonate. The central core and outer cover are both prepared
using standard binders and other excipients to create a finished, pharmaceutically acceptable
tablet. The tablets may be swallowed whole with a glass of water.

~ Example IV
25 Effervescent Tablets and Granules.

The granules of one 20mg Prilosec® capsule were emptied into a mortar and
triturated with a pestle to a fine powder. The omeprazole powder was then geometrically
diluted with about 958 mg sodium bicarbonate USP, about 832 mg citric acid USP and about

312 mg potassium carbonate USP to form a homogeneous mixture of effervescent
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8 hours post dose 4 One skilled in the art of pharmaceutical conmpoundi ng

w Il appreciate that bul k powders can be nmanufactured using the above

rati os ofwongwedsents, and that the powder can be presse#cirnsos/tishl et s
usi ng standard bi nders and excipients. Such tablets are then m xed 20 with
water to activate the effervescent agents and create the desired sol ution.
In addition, [|ansoprazole 30 ng (or an equi potent dose of other proton
punp inhibitor) can be substituted for oneprazole. The effervescent powder
and tablets can alternatively be fornulated by enploying the above m xture

and taf It | ! _ XL
ut addj ng, raaglgh&weaalrhé%gggg%ﬁ&qgggg@r{g?%& @@nl%pwngwﬁ&e@eﬁ%e a

resulting solutron wth a I nstead of the excess 200 ng

of sodi um QJ gﬁrechMﬁ th%gr{%‘egg)ecg‘;ate(é%{‘rﬁ%j/egggngé.;//Q gﬁ@pg&ﬂﬁ'l%nere&rlteégf) my of

. O,
cal cium | dctate can be lnations o e sane can al so added.

Exanple V Par iaezgl%llapte?e %i%cg)Aa‘g%ith\gég‘a‘ltggéid's‘%] 1&rﬁéllé%t%ea;ll-y é?th%{u%Jéigatie.oﬁe ' ff! cacy.

30 Chil dr eN"RrE°% ro esophageal r ux disease { W th
atypical nmanjfestat.ions. ny of .thes t.ypi cal s ons_are difficult to
control w“t’ﬁ%%@ﬂ?‘?‘%ﬁ%ﬁ Oraggt e@é?%@f%ﬁ?ﬁbj%ﬁa%é%%ﬂﬁs MESEF %5%1“% uch as
H2-antagonhfts, ci sapr.i de, ,or sucrqlfate. Proton punp inhibiting agents are
more ef f edtiXFEON RRREE Nt HEdFI Y A8 (¥ ShH and t he synptoms of

gast roesophageal refl ux disease than other agents. However, proton punp
i nhi bi ¥4 ng ageddBedpervddt available in dosa@é&%ﬂ!ﬁ?— that are easy to

adm ni ster to VpuR@iath pibi &dosd0 address this problem applicant enployed
onepr azol e or | ansoprazole in a buffered chocol ate suspensi on (Choco-Base),
in children 10 MiorRPefa#isEest ati ons of gastroesophageal reflux di sease.

Appl i cant perforymad Rst®td ospective evaluation ¢f children with
gastroesophageal reflux disease referred to the University of

M ssour i - Col unisi pufsremdpsO5 to 1998 who receivéd treatnent with the

experingent al Or@%?sé%tedoﬁd’ | ansopr azol e Choco-Base suspension fornul ated
in accordance wth Formulation 1 stated bel ow. Data were included on all
8 hours post dose 4

One skilled in the art of pharmaceutical compounding will appreciate that bulk
powders can be manufactured using the above ratios of ingredients, and that the powder can
be pressed into tablets using standard binders and excipients. Such tablets are then mixed

20  with water to activate the effervescent agents and create the desired solution. In addition,
lansoprazole 30 mg (or an equipotent dose of other proton pump inhibitor) can be substituted
for omeprazole.

The effervescent powder and tablets can alternatively be formulated by employing the
above mixture but adding an additional 200 mg of sodium bicarbonate USP to create a

25  resulting solution with a higher pH. Further, instead of the excess 200 mg of sodium
bicarbonate, 100 mg of calcium glycerophosphate or 100 mg of calcium lactate can be
employed. Combinations of the same can also added.

Example V
Parietal Cell Activator “Choco-Base™” Formulations and Efficacy.

30 Children are affected by gastro esophageal reflux disease (GERD) with atypical

manifestations. Many of these atypical symptoms are difficult to control with traditional
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15 patients with follow up information sufficient to draw concl usi ons about
pre/ post treatnment (usually > 6 nonths). There were 25 patients who net
the critewvoashersss hi s eval uati on. Age range was several weeksoz/@oegreat er
than 5 years. Most patients had a history of numerous unsuccessful
attenpts at aneliorating the effects of gastroesophageal reflux disease.
Medi cation histories indicated many trials of various drugs. 20 The primary
investigator reviewed all charts for uniformty of data collection. Wen
insufficient data was available in the University charts, attenpts were

made tq reaéiégsggafg 12 tJIanith,eciJaﬁg&', oPLbHREY. BRI &%ﬁhﬁtﬁiﬂg%&&f&&es for

fol l owup- ormat1’on S st unaval l'abl'e to r ew, attenpts

were made to cantact faml.v for.f 0 I i : il able
he e re e SARRE Iy LAt bRl H bR B AL iondldal (et BINSL | 20|
in detail. Da

ta not ed re date of comencenent of the dat e of
t er i nati otharb?tﬁ?rﬁé'f‘rgsp;}x\(g“hederaRv?qné)é@é)rfmf‘ g 3%??1&8@5 ?oéﬁv%{aﬁfe%?'{n 9?152%6 froessponse
to treatnent. Patjent .denographi wer, l.so ecorbgeed, S re.any other
modi cal 11 THEEsES) sg s ar oo ek 4T 0G0dR A oL TRt Al S Ve s o5 wer e
di vided grossly jnto those that are gssociated w tﬁ or exacerbate
gast roesop‘?i‘éﬁ’é%P{eroé Q“EBPw&PE‘é’égé“@?fad ?al}%glételsﬁsgf""sbod‘( B??“%’é’h‘?ﬁéﬁgr ts were
exam ned for evidence of response to the _a%. As this was largely a
referrdl popmarifesiztionsof sastreetoppgsel e "\féi‘sre iew, quantification of
synpt omat ol ogy based on_ scores, office visits and ED visits was difficult.
Therefore, applARPhfant pstiarmade reperecdve ypluaitnafichiddies v sk sasirosorbageal change
in patient synptons. Any data to point towards inprovenent, decline or
| ack of ch&fledisraseretsmspinbe Unirgrsits ebMisseuri-Ralypbiagrom 34 4P9%wha3
pediatric patients to date have been treated with the above-descri bed
suspensi onreggivadieeatoreny witks the wxprrimentab emenrazoles|lanseirazoleacghacpdBasssuspansigit s, 9
were excluded 15 fromthe study, all based upon insufficient data about
comencenefermuldted &t dcoerdoce wiithdormulatipn 1t stated brdow. JAdte weprinelodedpa®l i nhi bi t or
therapy. This left 24 patients wth enough data to draw concl usions.
15  patients with follow up information sufficient to draw conclusions about pre/post treatment
(usually > 6 months). There were 25 patients who met the criteria for this evaluation. Age
range was several weeks to greater than 5 years. Most patients had a history of numerous
unsuccessful attempts at ameliorating the effects of gastroesophageal reflux disease.
Medication histories indicated many trials of various drugs.
20 The primary investigator reviewed all charts for uniformity of data collection. When
insufficient data was available in the University charts, attempts were made to review charts
in the local primary care physicians’ offices for follow-up data. If information was still
unavailable to review, attempts were made to contact family for follow-up. If data were still
unavailable the patients were considered inevaluable.
25 Patient charts were reviewed in detail. Data noted were date of commencement of

therapy, date of termination of therapy and any reason for termination other than responsé to

treatment. Patient demographics were also recorded, as were any other medical illnesses.
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O the 24 remmining patients, 18 were nales and 6 fenal es. Ages at

i npl ementation of proton punp inhibitor therapy ranged from2 weeks of age
to 9 yearwomBdeiskedi an age at 20 start of therapy was 26PETrusnd/is4( nean of
37 no.]. Early on, reflux was usually docunented by endoscopy and
confirmed by pH probe. Eventually, pH probe was dropped and endoscopy was
the sole nethod for docunenting reflux, usually at the tinme of another
surgery (nmost often T- tubes or adenoi dectony). Seven patients had pH probe
confirmati on of gastroesophageal reflux di sease, whereas 18 had endoscopic

confir At il\%c]di%{l 1lfn§{£es:@%]é'el%%nll& lg%js'slg%tgltﬂé)rslglhg%e mgciﬁé‘cgwﬂﬁoxperxqpér done (See

Figure 5 an ux was di‘agnose oscopy nost commonly by

cobbl est oni of e, racheal I i | aryngeal and pharyngeal
cobbl estorﬁa%goego h%geﬁlcﬁeﬁﬁ)égllsenas%a éb\?sﬁa a}g% (gti Si x patients had neither pH

nor endoscopi ¢_docunent ati on _of .gastroesophageal ,refl ux di sease, but were
tried on prot oﬁ)aﬁf&rghar{gﬁﬁfeo‘?x%?mfl %érrez‘ﬁ%?mﬁa (raecig%nﬁe tsoytﬁpe@rfi %Ym‘gso‘ﬁ‘édi/aséﬁr eﬁ%. 57
WO 03/ 061584 PCT/ USO3/ 01640 5 Past nedical history. was identified in each
Chart, Tert EETOIPAITTOY ShLf FeARsERiscPArtoa gl OL sy e g Pasi sy
commonl y cer ebr pal sy, ematurity and _Pierre Robin sequepce. her

di agnoses $i@fe Oglfirvé%tf’?%gbé’lsﬁﬁf‘%é%@%‘ga ‘?re{%&l’ ‘rcﬁ‘ft(?i‘az{@f‘%‘r&@f}ﬁ%one,

Down syndrone and De CGeorge's. syndrome. Non-reflux nedical history was al so
i dent i fd ec?VidsAes Afen Sveralcmpaindlsny syapiams:afnedasa fpdogijovaids IBRIQVEREY: wer e,
in general, referral patients fromlocal famly practice clinics,

pedi at ri cidealine gslackiof ghangewpiseximingbadreadide prof essi onal s. Most pati ents

were referred to ENT for upper airway problens, sinusitis, or
recurrent/chRewi& otitis nedia that had been refractory to nedical therapy

as reported by A e Bf 3IRdYa G fieRbdakd ARe beTRhRIH it Mt bbeEescriBRat
commonly found in these patients were recorded and tallied. Al signs and

sympt ons lo%%@ﬁgign B RKBRivEIQI of MsSoudd 2CJTRM O, 9@?&99?5%& § Werctasmbied (2)
otologic; ( respiratory; (4) gastrointestinal; (5) sleep-related; and

6 t . ) ation o comeift 3
(6) oter fr%ggg%gg& gm%e%p%mhmn{m 2ol QniiSicQfient HutatiBh of Sicduid 1§

cat egori es ow). Mst patients had been treated i n the past

W th medi Ct?e!atr%&‘? (v?tmf)rdtgh }BJ?I%) ifnﬁﬁamrotilerapy. This left 24 patients with enough data to draw

conclusions.
Of the 24 remaining patients, 18 were males and 6 females. Ages at implementation
of proton pump inhibitor therapy ranged from 2 weeks of age to 9 years old. Median age at
20  start of therapy was 26.5 months [mean of 37 mo.]. Early on, reflux was usually documented
by endoscopy and confirmed by pH probe. Eventually, pH probe was dropped and
endoscopy wc;is the sole method for documenting reflux, usually at the time of another
surgery (most often T- tubes or adenoidectomy). Seven patients had pH probe confirmation
of gastroesophageal reflux disease, whereas 18 had endoscopic confirmation of reflux
25  including all eight who had pH probing done (See Figure 5 and 6). Reflux was diagnosed on
endoscopy most commonly by cobblestoning of the tracheal wall, with laryngeal and
pharyngeal cobblestoning as findings in a few patients. Six patients had neither pH nor
endoscopic documentation of gastroesophageal reflux disease, but were tried on proton pump

inhibitor therapy based on symptomatology alone.
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antibiotics, steroids, asthma nedications and ot her di agnosi s-appropriate
therapies. In 20 addition, nine of the patients had been on reflux therapy
in the pawo, 0308584 cormonly in the formof conservative trerapsys/esen as
head of bed el evation 30, avoi dance of evening snacks, avoi dance of

caf fei nated beverages as well as cisapride and ranitidine (See Figure 7).
The proton punp inhibitor suspension used in this group of patients was
Choco- Base suspension of either |ansoprazole or onmeprazole. The dosing was
very uniform wth patients 25 receiving doses of either 10 or 20 ng of

onepr azol e and p23 n@nc%fhlétérg%%’ Hc@ﬁﬁ’ﬂi m le AMKt g ! Ten ﬂa'ﬁelﬁpﬁddl refifix-d28Garhen

therapy was first i1nstitut oneprazol e was used. There were 3

patients I(f'agkp%é. ‘Pﬁésk%en% ?cmgqﬁgweﬁraﬁﬁh %rérﬁé hf?x ahXP}@h%'&o%. my po qd of

onepr azol e ree subsequen wer e 1 ncreased to el ng po qd of

onepr azol e F(guren%?’ (gft'gerpcﬁ)a g?srﬁzg eé%h\é\gopﬁ/{apg Jl%gﬁln dP gﬂe %ééa@cflﬁéglﬁlcgndm e prazol e

Iansoprazo remal atients wer
or the 23 Ianso ra treatne t g i ne case 0 nmg of
ansopr azo[F% A BORERRE Bt 2 %dr"f%mf ﬁ@? a"ef‘mlﬁ* VR H%Eti%e%once
per day, fersp g ttn g%f @ 1 ases. Suspensions were all filled
t hr ough tﬁ@ &P SRATARY (6P J8bleif PeIBAr macy at Green Meadows. This al | owed
for tracking of usage through rg% | data g tlent . responded
favorably to aﬁﬁ"?ﬁ§%@8‘8§e b T H@Tﬁgﬁﬁ§ﬁﬂﬁ %%BP6W9GHBE%= BYSe proton punp
i nhi bi tor suspension. Two patients had c d adverse ef}
associ at ed’eﬁ]aﬁ’r?lat“ﬁé’r qher Radiafrpechepihygagspig iMbpst BFtieRly SHsEnEreTC tq n one
patient, the nother  reported increased bur |ng up and dyspeﬁ% , Whi ch was
t hought t oE%qurépa%réaWﬁbp&oPlé@@ FENgItis fos Tgcyfrentcippic tiffg media thabhad by sl |
anounts of Dbl oody stools per nother. This patient never 15 had his, stool
tested, agehpaonsiomadical thseApy s sReRId LY the BIR®Y Cifis GRYIEYs Ammteretand sighapy |
with no further sequellae. The other 23 patients had no docunented adverse
ef fects. Pags epmmons feundan hgwmatiends Yers é@orsiﬁd ped/fabigd opll gignhand syepEsand
chart review into general categories: roved; éZ) unchanged; (3)
failedS anger¢ hokemdorcintsiixvmajoCfatezariep b |néfﬁlﬂ £2)itelpgisuBY testivnry;:dat a f or
foll ow up, 18 showed inprovenment in synptomatol ogy upon 20 commencenent of
pr ot on purgastraintesinab(S)slvep-sgiated; FRYI6) othbe e weast somonah roblems fedspio e or
all of the first 3 categories (See Table 1 below).
Most patients had been treated in the past with medical therapy in the form of
antibiotics, steroids, asthma medications and other diagnosis-appropriate therapies. In
20  addition, nine of the patients had been on reflux therapy in the past, most commonly in the
form of conservative therapy such as head of bed elevation 30°, avoidance of evening snacks,
avoidance of caffeinated beverages as well as cisapride and ranitidine (See Figure 7).
The proton pump inhibitor suspension used in this group of patients was Choco-Base
suspension of either lansoprazole or omeprazole. The dosing was very uniform, with patients
25  receiving doses of either 10 or 20 mg of omeprazole and 23 mg of lansoprazole. Initially, in
April of 1996 when therapy was first instituted 10 mg of omeprazole was used. There were 3

patients in this early phase who were treated initially with 10 mg po qd of omeprazole. All

three subsequently were increased to either 20 mg po qd of omeprazole or 23 mg po qd of
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wer e anal yzed and grouped. Three showed no change in synptonatol ogy and
clinical findings while on therapy, one conplained of worsening synptons
whi | e on wbhasapyss4 one patient had therapy as prophyl axi s picarusesioes y, and
two stopped therapy just after its comencenent (see Figure 8). Setting
aside the cases in which therapy was stopped before 25 concl usions could be
drawn and the case in which proton punp inhibitor therapy was for purely
prophyl actic reasons, |eaves (17/21) 81 % of patients that responded to
Choco-Base suspension. This neans that 19% (4/21) of patients received no

appar ent r
oot ents, STy 4l SR PR L G AR B ey B rob BT

PCT/ US03] q;n%%p%oﬁ AnthSa R Bl fecha wﬁ&ggmggya%%ag%gg WELET | 0 bl oody

st ool that y resol ve upon cessation-o scuss ion.
Gastroeso refl LY a N atively
conmmon, p[h ec Were Al ée(? °§81570to?lr &Fggg(@; &Fﬁgﬁ%hggotlpdog cé‘graf'jtss out gr ow
phyS|oIog| r ef ef u ects ter 5% of
all chil dr%‘ﬁpe{lﬁ‘f"%su‘&?{?)&ﬁ ﬁ@ﬁ“‘]‘ LERTOID N&%Sﬁ““% TP LA °B3i nt ed
to reflux

i.ol ogi ctor in_ex esophageal ar eas.
gastroesop yveﬁ!l E‘-‘ﬂ“ﬁ%“ﬂ% gé‘éfﬁ%e thlﬁgg}blgbh%g?t r i buted to sinusitis, dental
caries, otitis__nedia, asthnm, apnea, ar neunonj a, bro itis, and
cough, 1%npng oPﬂ@F@”wﬁégﬁP?Ehﬁﬁgomg@ﬁﬂﬁﬁﬂﬂé ?QB%?m?é?ﬂ%Q”“E gﬁgogﬁens to
have been little inprovenent in therapy for reflux, 15 e aIIy in the
non- sur gi 2S¢ BPERZUMPHRINRIEOL SURRFRFIQE TIodaLsS hagy OF‘HBer{t?dé‘éf’?’Fg%
gastroesophageal ref|ux disease in the pediatric population has becone a
progr essi AFSTiEhEEEpseaf 'fh?@r?tﬁféplaw%ﬁar LSRRBFIARt Ingie ptiend thepotRernet i ¢
agent and H 2 bl ocker therapy. Nonethel ess atients fail this
treat ment reparist @@maswrm&g:wdsdyﬁwwwle%w%hwgt torbg relefed fosreaiiedt on punp
i nhi bi tor thera is effective 20 in 90% of those treated for
gast r oesopldgea er@hqcrmtlw bechsseall ampugts pEbloedy) stegly rer mothoy.e Thigpatigat nepprp
bl ockers, the proton punp inhibiting agents have not been studi ed
ext ensi’vel hadihfs stdebtestoddis Atsiblapdp siool raenpthy, resedyed uppn tdseation o€ Barapy withtios | ack

of data may be related to the absence of
further sequellae. The other 23 patients had no documented adverse effects.

Patients were categorized based on review of clinic notes and chart review into
general categories: (1) improved; (2) unchanged; (3) failed; and (4) inconclusive. Of 24
patients with sufficient data for follow up, 18 showed improvement in symptomatology upon
20  commencement of proton pump inhibitor therapy [72%]. The seven who did nolt respond
were analyzed and grouped. Three showed no change in symptomatology and clinical
findings while on therapy, one complained of worsening symptoms while on therapy, one
patient had therapy as prophylaxis for surgery, and two stopped therapy just after its
commencement (see Figure 8). Setting aside the cases in which therapy was stopped before
25  conclusions could be drawn and the case in which proton pump inhibitor therapy was for
purely prophylactic reasons, leaves (17/21) 81% of patients that responded to Choco-Base
suspension. This means that 19% (4/21) of patients received no apparent benefit from proton

pump inhibitor therapy. Of all these patients, only 4% complained of worsening symptoms
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a suitable dosage formulation for this very young popul ation, primarily
under 2 years of age, that does not swallow capsules or tablets. It would
be desirawlba3teissave a true liquid 25 formulation (sol uti @CTWSIYUEPENSI ON)
wi th good pal atability such as is used for oral antibiotics,
decongestants, antihistam nes, H 2 bl ockers, cisapride, netoclopram de,
etc. The use of |ansoprazole granules (renoved fromthe gelatin capule)
and sprinkled on appl esauce has been approved by the Food and Drug

Adm ni stration as an alternative nethod of drug admnistration in adults

but notc i ' 148 : ' | f the 60
VO 031 051983 "B OR5Y) 81645 0] Ay B eyl AN BBl RR | aren.
Cheprazolqmgg§eg§%go§&ggbgd for bioequival ence as a sprinkle in adults and
appears to 'produce conpardable serum concentrati ons when conpared to the

st andard capﬁple”.Again no data are avail able on the oneprazole sprinkle in
children. AR“§481° onal di sadvant age of oneprazole is its taste which is
qui ni ne-li ke. Eastmocsspbageabiefipedidede inthg padadric pypplasmgcdatorelyt dognhdnke, t he
bitter nature of the nedicine is easily tasted 10 even if one granule is
chewed. Faffettiigalfhieasor of ppihaantEver dntgiainbyt ifingoessecphysologie reflux,

| ansoprazol e in Choco-Base. Pantoprazol e and rabeprazol e are avail able as
ent er i - coatidibgid @NEdtS afabty apgrotimartyl 375 ofainehildfen tiiieughoot ahildimiedp i nhi biti ng
agents available in the United States are approved for pediatric use.
There i s SRerentBOIdhEi@tEH1SYat@iBastpdintddab rdflue aappétgicfacior deIagesophapehld be in
this group of patients. A recent review by Israel D., et al. suggests that
15 ef f ect i iensPERkOEsophbEPal rdtiixkide e hOBRE afrilslaLb dinbstid) dgharcatidiastitishat
originally reported, i.e., fromO.7 ng/kg to 2 or 3 ng/kg oneprazol e.

Si nce toxigédiy, ahinh, phQ, HoM0 Pnfliihid, BRnEHifid, BEH corgeRkibng 5theR! De&fte teven at
>50ng/ kg, there appears little risk associated with the higher dosages.
Based on oRsffdtalbeast dfiuxd hﬁrelufaw@foaiawbéah 1iMeSEBHVEMER RS ihgtap for WituR, t he

findings of this review, applicant established a sinple fixed dosage

reginen;ofﬁ;&&nbigh@ggﬂﬁﬂggd%&mgpspension daily. This 10m dose provided
20ng onepragole or 23 ng Fansoprazole. In the ICU setting, the University

of Mssouri - Colﬂgigiaﬁda?@éftpé;;@ f&ﬂn@gre%eumf'gggsf&%ﬁoghag%m&m AWIR. ih i bi tor

suspensi on gi ven once dai er various tu sogastric, g-tube,

jejunal fe eq}aﬁ% gogf}lg%i%na le%c%l?n%’a &5&9@&?&&&%@&%&& %%Fap9 PP Mtﬁﬁqtiﬁn oft

seened onl ogic
a pro-kinetic agent and H-2 blocker therapy. Nonetheless, many patients fail this treatment

protocol and become surgical candidates. In adults, proton pump inhibitor thera;;y is effective

20  in 90% of those treated for gastroesophageal reflux disease. As a medical alternative to the
H-2 blockers, the proton pump inhibiting agents have not been studied extensively in the
pediatric population. Part of the reason for this lack of data may be related to the absence of
a suitable dosage formulation for this very young population, primarily under 2 years of age,
that does not swallow capsules or tablets. It would be desirable to have a true liquid

25  formulation (solution or suspension) with good palatability such as is used for oral
antibiotics, decongestants, antihistamines, H-2 blockers, cisapride, metoclopramide, etc. The
use of lansoprazole granules (removed from the gelatin capule) and sprinkled on applesauce
has been approved by the Food and Drug Administration as an alternative method of drug

administration in adults but not in children. Published data are lacking on the efficacy of the
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this therapy could be made into a palatable form it would have many idea
drug 25 characteristics for the pediatric population. First, it would be
i quid, awo wlerseiore could be admnistered at earlier ages/usBgewmnd, if
made flavorful it could help to reduce nonconpliance. Third, it could
afford once daily dosing, also helping in reducing 61 WD 03/ 061584

PCT/ US03/ 01640 5 nonconpliance. In the process, applicant discovered that
t he dosing coul d be standardi zed, which nearly elimnated dosing

conpl exity. Choco-Base is a product which protects drugs which are acid

|abi | e.s UGBS, AE G RUAR i AMRLE DAL RGBT oL OuRE kA wizqriadali gn. The

first feM/pe tri pati ents I ux prescrl 0oCcoO- se were sicker

patients. %?éklgwa&ﬁs&qo@pg# qré@t%g o PR Qﬁ& p&@{lmﬂaﬁmg 9§ﬁgar9@t h by

pH probe an n oscopy s appl'i can

patients V\fo efs%a dgfg capsu%n%pra%zn%k ataqlge efvallarlmé dg%a% mg% zoo"llg gprltnmfdn 3h11d?e§1. g/ kg)

sonewhat |ne |Ve |ncrease

AR T 1??@*’%%3%%1“2‘%&66?1%%&’%?@ s G aiphein 3P Bt @&t e et ner 20
L enpr s 5{%5%%9641@%% aPrmypeiod D Rer Bee Ry b Flﬁ%zyr'*g sk d S s
1 22 e Bnssvah i opn 8RB Fetew S8 Dt Ts edsoprinhicat Al TR Etra o rg ?’Z?S care

center popul ati on, and they were inherently sicker and refractory
medi cal t h@PSBIAZelR iy %CB%@ FeRtopegelf ang ralm'%zgl?@é%%vgﬂablaﬁ%erﬁteglc§P?t§ﬁu | y
| ower than the 90% success rates of proton punp inhibiting gents in the
adul t 20 p@plasaplyosurprity penef igrPrefan pirep inBLhiteg agents ‘I’l‘é‘ﬂ?‘é? itBe Hpiednat ure of
their illness, nost having failed prior non- proton punp inhibitor
t r eat ment . StRsears apRIP¥adi forpadipticyss. Shaeli spme pstroverRasiatihe bthe pPRgeRTiteal
practice popul ations. Conclusion. Proton punp inhibitor therapy is a
benef i ci al dashgershpddibe in thistsrawn of patients. Yyreeempisriewdty Israg . eftjalygugeestythay
synptons in the pediatric population. Its once daily dosing and standard
dosi nglscheffrsticoprbion pampiinthitbiter gesagtsshdudd aolrigher dtan dret pagieallyi repaaiedigeal
phar macol ogi ¢ agent.

from 0.7 mg/kg to 2 or 3 mg/kg omeprazole. Since toxicity with the proton pump inhibiting

agents is not seen even at >50mg/kg, there appears little risk associated with the higher

dosages. Based on observations at the University of Missouri consistent with the findings of

this review, applicant established a simple fixed dosage regimen of 10ml Choco-Base

20  suspension daily. This 10ml dose provided 20mg omeprazole or 23 mg lansoprazole.
In the ICU setting, the University of Missouri-Columbia has been using an unflavored

proton pump inhibitor suspension given once daily per various tubes (nasogastric, g-tube,

jejunal feeding tube, duo tube, etc.) for stress ulcer prophylaxis. It seemed only logical that if

this therapy could be made into a palatable form, it would have many ideal drug

25  characteristics for the pediatric population. First, it would be liquid, and therefore could be

administered at earlier ages. Second, if made flavorful it could help to reduce

noncompliance. Third, it could afford once daily dosing, also helping in reducing
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62 WO 03/061584 PCT/ US03/01640 5 TABLE 1 Synptons Patient Nunmbers Nasal:
35 Sinusitis 7 Oher 4 OGologic: 26 Qitis Media 17 OQorrhea 9 Weeze
11 Respi rapaspeBBstress: 5 Pneunmpnia 2 Oher 6 Refl ux/ Yomusosigicdo O her
4 Sl eep Disturbances: 11 Oher 2 63 W 03/061584 PCT/ US03/01640 5 TABLE
2 Reflux Associated: 12 Premature 5 Pierre-Robin 2 Cerebral Palsy 2
Vel ocardi ofacial Syndrone 1 Oher Medical H story 12 Cdeft Palate 3

5  noncompliance. In the process, applicant discovered that the dosing could be standardized,
which nearly eliminated dosing complexity.

Choco-Base is a product which protects drugs which are acid labile, such as proton
pump inhibiting agents, from acid degradation. The first few pediatric patients with reflux
prescribed Choco-Base were sicker patients. They had been on prior therapy and had been

10  diagnosed both by pH probe and endoscopy. In the first few months, applicant treated
patients with 10 mg of omeprazole qd (1 mg/kg) and found this to be somewhat ineffective,
and quickly increased the dosing to 20 mg (2 mg/kg) of omeprazole. About halfway through
the study, applicant began using lansoprazole 23 mg po qd. Applicant’s standard therapy was
then either 20 mg of omeprazole or 23 mg of lansoprazole once daily. The extra 3 mg of

15  lansoprazole is related only to the fact that the final concentration was 2.25 mg/ml, and
applicant desired to keep dosing simple, so he used a 10 ml suspension.

The patients that were treated represented a tertiary care center population, and they
were inherently sicker and refractory to medical therapy in the past. The overall 72% success
rate is slightly lower than the 90% success rates of proton pump inhibiting agents in the adult

20  population, but this can be attributed to the refractory nature of their illness, most having

“failed prior non- proton pump inhibitor treatment. The population in this study is not
indicative of general practice populations.

Conclusion.

Proton pump inhibitor therapy is a beneficial therapeutic option in the treatment of
25  reflux related symptoms in the pediatric population. Its once daily dosing and standard

dosing scheme combined with a palatable formulation makes it an ideal pharmacologic agent.
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Asthma 3 Diabetes Mellitus 1 Subglottic Stenosis | Tracheostony
Dependent | The Choco-Base product is fornulated as follows: FORMJLATI ON 1
PART A | NGBEBI&ENSS AMOUNT (ng) Oneprazole 200 Sucrose 2000SoSodisaim

Bi car bonat e 9400 Cocoa 1800 Corn Syrup Solids 6000 Sodium Caseinate 1000
Soy Lecithin 150 Sodium Chloride 35 Tricalcium Phosphate 20 D potassi um
Phosphate 12 Silicon Dioxide 5 Sodium Stearoyl Lactylate 5 PART B

| NGREDI ENTS AMOUNT (m) Distilled Water 100 COMPOUNDI NG | NSTRUCTI ONS Add
Part Bto Part Ato create a total volunme of approximately 130 mMl with an
oneprazol e concentration of about lyzppg/yi. 64 WO 03/061584

PCT/ US03/ 01646 :Symptoms Patient Numbers
Nasal: 35
Sinusitis 7
Other 4
Otologic: 26
Otitis Media 17
Otorrhea 9
Wheeze 11
Respiratory Distress: 5
Pneumonia 2
Other 6
Reflux/Vomiting 4
Other 4
Sleep Disturbances: 11
Other 2
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FORMULATI ON 2 PART A I NGREDI ENTS (nmg) AMOUNT (nmg) Sucrose 26000 Cocoa
1800 Corn Syrup Solids 6000 Sodi um Caseinate 1000 Soy Lecithin 150

Sodi um Crworosmels86 Tri cal ci um Phosphate 20 Di pot assi um Paaasoat m4d 2
Silicon Dioxide 5 Sodium Stearoyl Lactylate 5 PART B | NGREDI ENTS AMOUNT
Distilled WVater 100 Ml Sodi um Bi car bonate 8400 ng Oneprazole 200 ng
COVPOUNDI NG I NSTRUCTIONS M x the constituents of Part B together thoroughly
and then add to Part A. This results in a total volunme of approximtely
130 M with an oneprazole concentration of about 1.5 ng/m. 65 WO

03/ 061584 PCT/ US03/ 01640 5 FORMULATI OiJAgB A | NGREDI ENTS (ng) AMOUNT
(ng) ucrose 26000 __ Sodi um Bi car bonat e

Reflux Associated:; 12
Premature 5
Pierre-Robin 2
Cercbral Palsy 2
Velocardiofacial Syndrome 1
Other Medical History 12
Cleft Palate 3
Asthma 3
Diabetes Mellitus 1
Subglottic Stenosis 1
Tracheostomy Dependent 1
The Choco-Base product is formulated as follows:
FORMULATION 1

PART A INGREDIENTS AMOUNT (mg)

Omeprazole 200

Sucrose 26000

Sodium Bicarbonate 9400

Cocoa 1800

Corn Syrup Solids 6000

Sodium Caseinate 1000

Soy Lecithin 150

Sodium Chloride 35

Tricalcium Phosphate 20

Dipotassium Phosphate 12

Silicon Dioxide 5

Sodium Stearoyl Lactylate 5

PART B INGREDIENTS AMOUNT (ml)

Distilled Water 100

COMPOUNDING INSTRUCTIONS

Add Part B to Part A to create a total volume of

approximately 130 ml with an omeprazole

concentration of about 1.5 mg/ml.
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Cocoa 1800 Corn Syrup Solids 6000 Sodium Casemate 1000 Soy Lecithin 150
Sodi um Chl oride 35 Trical ci um Phosphate 20 D potassi um Phosphate 12
Silicon Dvox3mels84 Sodi um Stearoyl Lactylate 5 PART B | NGREDINEMT/® 6ANMOUNT
Distilled Water 100 ml  Oreprazole 200 ng COVPOUNDI NG | NSTRUCTI ONS Thi s
formulation is reconstituted at the tinme of use by a pharmacist. Part B is
mxed first and is then uniformy mxed with the conponents of Part A A
final volune of about 130 m is created having an oneprazole concentration
of about 1.5 ng/m . 66 WO 03/061584 PCT/ US03/01640 5 FORMULATION 4 PART A
| NGREDI;ENTS (ng) AMOUNT (ng) Sucrose 26000 Cocoa 1800 Corn Syrup Solids

6000 Sodi um Caseinate 1000 Soy Lecithin 150
FORMULATION 2

PART A INGREDIENTS (mg) AMOUNT (mg)
Sucrose 26000
Cocoa 1800
Cormn Syrup Solids 6000
Sodium Caseinate 1000
Soy Lecithin 150
Sodium Chloride 35
Tricalcium Phosphate 20
Dipotassium Phosphate 12
Silicon Dioxide 5
Sodium Stearoyl Lactylate 5
PART B INGREDIENTS AMOUNT
Distilled Water 100 ml
Sodium Bicarbonate 8400 mg
Omeprazole 200 mg
COMPOUNDING INSTRUCTIONS
Mix the constituents of Part B together thoroughly
and then add to Part A. This results in a total
volume of approximately 130 ml with an omeprazole
concentration of about 1.5 mg/ml.
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Sodi um Chl oride 35 Trical ci um Phosphate 20 Di potassi um Phosphate 12

Silicon Do

Distill edwo&aBm®615800 m

xi de 5 Sodi um St ear oyl

Lactyl ate 5 PART B | NGREDI ENTS AMOUNT
Sodi um Bi car bonate 8400 ng Onepr REBIES020G40y

COVPOUNDI NG | NSTRUCTIONS This fornulation is reconstituted at the tine of

use by a pharmacist. Part Bis mxed first and is then wuniformy m xed
with the conponents of Part AL A final volunme of about 130 ml is created
having an oneprazol e concentration of about 1.5 ng/m . In all four of the
above fornul ations, |ansoprazole or other proton punp inhibitor can be
substituted for orreprazol ein eqw potent anounts. For exanple, 300 ng of
A 1 onal | o oetetpmn conhe SOSOORUIAHUNS P 2 SeCeT Ol
fol | owi ng obRARTIAL VE?@?.‘FJ Sima)e enp! c‘,ed as|-AM Ig:rg',"gldj sv-arts—and
exci pi ents: _%ﬂ 5 ' ——cafrageenan 290000 " and di ghycerides, and
| actated m chéﬁail}@BQte e skilled in the ab9%04 1 appreciate that not
all of the GQﬁOédl ents are necessary ta creatp!8hoco-Base formuliation
that is saf eComdyaffSaids v razol er poOeht erjc-coated granul es
can be used| Sedign€hsdmtarul ation. If 15 the ent dP9&-coated granules| are
used, the cpddylgithe either di ssolved by the apué®us dil uent or
i nacti vat ed| ®ydidrh iChiordei on in the conpoundi ng prégess. 67 WD 03/061584
PCT/ US03/ 01p%ficalGurPpbspbaat addi tional |y anal ygedothe effects of a
| ansopr azol eDiFaesgum@aesphaemul at i on 12

Silicon Dioxide 5

Sodium Stearoyl Lactylate 5

PART B INGREDIENTS AMOUNT

Distilled Water 100 ml

Omeprazole 200 mg

COMPOUNDING INSTRUCTIONS

This formulation is reconstituted at the time of use
by a pharmacist. Part B is mixed first and is then
uniformly mixed with the components of Part A. A
final volume of about 130 ml is created having an
omeprazole concentration of about 1.5 mg/ml.
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on gastric pH using a pH neter (Fisher Scientific) in one adult patient
versus | ansoprazole alone. The patient was first given a 30 ng oral

capsul e owolmsmssps azol e (Prevacid(r)), and the patient's pgaaisos/eiep was
nmeasured at 0, 4, 8, 12, and 16 hours post dose. The results are
illustrated in Fig. 4. 10 The ChocoBase product was conpounded according to
Fornmul ati on 1 above, except 300 ng of | ansoprazole was used instead of
oneprazol e. A dose of 30 ng | ansoprazole Choco-Base was orally

adm ni stered at hour e. neasur ed

usi ng
| ansoprazol
conbi nati on
at hours 4-
chocol ate e
results est
flavoring a
proton punp
i nhi biting

effectively
the secreto
punp i nhi bi
synchroni za
subsequent

illustrated
phar macol og
al one. 68

Del i vering
wer e conpou

18 post | ansoprazol e al on

e al one dose.

Gastric pH was

resulted i n higher pHORMUIATION 4

9-56 than | ansoprazol
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Tabl et s

NSedlu Hicagbdoawwn net hods by form ng

&nod mper core of 10m

Omeprazole

200 mg

COMPOUNDING INSTRUCTIONS

This formulation is reconstituted at the time of use
by a pharmacist. Part B is mixed first and is then
uniformly mixed with the components of Part A. A
final volume of about 130 ml is created having an
omeprazole concentration of about 1.5 mg/ml.

In all four of the above formulations, lansoprazole or other proton pump inhibitor can

be substituted for omeprazole in equipotent amounts. For example, 300 mg of lansoprazole

may be substituted for the 200 mg of omeprazole. Additionally, aspartame can be substituted

10

for sucrose, and the following other ingredients can be employed as carriers, adjuvants and

excipients: maltodextrin, vanilla, carrageenan, mono and diglycerides, and lactated

monoglycerides. One skilled in the art will appreciate that not all of the ingredients are

necessary to create a Choco-Base formulation that is safe and effective.

15

Omeprazole powder or enteric-coated granules can be used in each formulation. If

inactivated by trituration in the compounding process.

67

the enteric-coated granules are used, the coating is either dissolved by the aqueous diluent or



oneprazol e powder m xed with 750 ng sodi um bi carbonate, and an outer core
of 10 ng 10 oneprazole enteric-coated granules m xed wth known bi nders
and exci pwernB®6158pon i ngestion of the whole tablet, the tabraiSoslisdol ves
and the inner core is dispersed in the stonmach where it is absorbed for

i mredi ate therapeutic effect. The enteric-coated granules are |later
absorbed in the duodenumto provide synptomatic relief later in the dosing
cycle. This tablet is particularly useful in patients who experience
breakt hrough gastritis between 15 conventional doses, such as while

sl eepi g or i n ApBRcARAdYONBITYARG ZPME StfedeX@MNARopthiole (Tﬁ&()%@éﬂohﬁulatlon
Application. Patients were evaluable if they net the followng criteria:

had two oronateic hiisKink APHOhSter (fpgﬁer%%mlﬁmﬁ bR deRpati@nldrbidlidiespraddfad
injury, severe burn, sSepsis, nultiple trauma, adul't 20 respiratory

di stress Sﬂ&gr Qﬂgpatﬁm Whs ﬁ%’trgg@;ﬁé SOMrgl Jagﬁﬁ’é offlgdsl)}%léﬁ)le @‘r'cl,vtaél@@)a aRPREative

procedures, coagu otherapy significant portension, acid-base disorder,

and hepat | gaballil prr ARSI LECAR0Y 55121 3R | Ohout oyt il PR 0 O

conconita t pro & Grepr azol e 36! Ut on was prepared by
m xi ng 10 % odlun1b|carbonate mnth the contents of a 20 ng
capsul e ofﬁkwgkgg%g éﬁ(wbrck & Cb Inc., West Point, PA) to 25 vyield a

sol uti havi ng..a ? | e concentr at Nasogastri c
(ng) tubes vver gh’plcfhgco asenp rf) FogRes™ aeﬁﬂccorél to%ogn %lngong?oésbéwe e’ﬁ o ocol

of buffer zol e 9 lut| 2 p - 8.49%
ol Foved 59 TR gr G aies w?do s %168%2%?"540 Ets fé‘ﬂ%ﬂ?l%ﬁm our 5,
t hen 20 e same . b ffered 0 o) utlon or . five
days. m‘?‘l%a— S BB 81 B0 B et BR-ost AR dioR < Py

nasogastrlc suc i Qn turned off t y, m es. 69 WO 03/ 061584
PCT/ US03/ CRERe B5ieg %eéﬁn%%tﬂ ‘é%f%lgvé% e&ar"é&ér %51 %%ﬁitﬁ% Sat's wer e
mechani cal |y ventilated. Two hours after the initial 40 ng dose of buffered
oneprazolém§6W@??%ﬁbn%¢Fepatlents had an increase in gastric pHto greater
t han et?ht as shown in Figure 1. Ten of the el even patients nmaintained a

gastri b pH of drguag lustiaies the lapypneeolelsogog spmmatipndgyiltad iy ighsgpBnt hgurs

onepr azol e o
19-56 than lansoprazole aloue at hours 4-18. Therefore, the combination of the lansoprazole
®

with chocolate enhanced the pharmacologic activity of the lansoprazole. The results establish
that the sodium bicarbonate as well as chocolate flavoring and calcium were all able to
stimulate the activation of the proton pumps, perhaps due to the release of gastrin. Proton

20  pump inhibiting agents work by functionally inhibiting the proton pump and effectively block
activated proton pumps (primarily those inserted into the secretory canalicular membrane).
By further administering the proton pump inhibitor with one of these activators or enhancers,
there is a synchronization of activation of the proton pump with the absorption and
subsequent parietal cell concentrations of the proton pump inhibitor. As illustrated in Figure

25 4, this combination produced a much longer pharmacologic effect than when the proton pump

inhibitor was administered alone.
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solution. One patient required 40 ng oneprazol e solution per day (closed
head injury, five 10 total risk factors for SRVD). Two patients were
changed twoma®prsszol e sol ution after having devel oped cl iPriramsbd/g1640
significant upper gastrointestinal bleeding while receiving conventional

i ntravenous H2-antagoni sts. Bl eeding subsided in both cases after
twenty-four hours. Cinically significant upper gastrointestinal bl eeding
did not occur in the other nine patients. Overall nortality was 27%
nortality attributable to upper gastrointestinal bleeding was 0% 15
Pneunonj a devel oped in one patient Q&Lﬁbmhnitiating oneprazol e therapy and
was present upon the initiation of azol e therap n_anot her patient.
The nean | engt KoswingtiapHyplash divges B?’F’%é”@&i”é""‘ﬂ(%‘l‘iéﬂ%ﬁ’&? EEesnf®mBnal ysi s

reveal ed dnlbitperence in the total cost of care for the prophylaxis of

SRVD: 20 rani t itgdhieR wefdendolhdel u&ﬂ@kﬁd%fﬂﬂ&hbd&fﬂz&&bﬁﬂng M hAKRBRWE!1ImE 150
ng/ 24 hours) x five days $125.50; cinetidine (Taganet(r)) continuous

i nfusion '&%&%&8@QH%thﬁﬁprﬁﬂbﬁﬂn?Qﬂﬁéﬁb%m%b&ﬁaaﬁﬁ%§m§&@%m@$do%ﬁpr3|fate
one g slurry four 'tines a day per (ng) tube x five days $73.00; and 25

buf fergd f’c{ﬂ?&??a@ggleﬁteﬁglc&gté %}aﬂlﬁ&'nﬁ‘f%h PRI 1 R biddihend eﬁe,ylemgiaugmﬁ% 70. This

exanpl e i trates t cacy of the buffered onepr azol e solution of the

present rﬁ}{%@ﬁ&{)&tﬁé‘&'ﬁﬁe %lettr?ﬁethﬂgtr0¢£§ﬁe§ ﬁér%%n%&)dlg& {ﬁQd cost of

the buffere oneprazol e sol’'ution as axis. 70 WO

03/ 061584 RCFHSALE40e0rRa AR ﬁﬁéé'd,%,?&ql@g ecpnrehémeﬁ&%%mgﬁ Jner e

carried o erm ne t'he oneprazole oTutlon (2

ng onepr a20| E‘ter absorbNg ngS gu?cﬁznum rg\r/'rl]dg S;[gpr et latm‘lg‘%ﬁ?{ gg é/ p ) ep aring a

subsequent p nmeasurenen rou TFicotub
total of 4811sngbleI 18 partxcual rly us%FFT‘ Pn pa%lents wﬁg e)l('lptelrlgrpce breakttnrouglqgastrﬁls beIween

15  conventional doses, such as while sleeping or in the early morning hours.

Example VII
Therapeutic Application.

Patients were evaluable if they met the following criteria: had two or more risk factors
for SRMD (mechanical ventilation, head injury, severe burn, sepsis, multiple trauma, adult
20  respiratory distress syndrome, major surgery, acute renal failure, multiple operative
procedures, coagulotherapy, significant hyportension, acid-base disorder, and hepatic failure),
gastric pH of < 4 prior to study entry, and no concomitant prophylaxis for SRMD.
The omeprazole solution was prepared by mixing 10 ml of 8.4% sodium bicarbonate
with the contents of a 20 mg capsule of omeprazole (Merck & Co. Inc., West Point, PA) to
25  vyield a solution having a final omeprazole concentration of 2 mg/ml.
Nasogastric (ng) tubes were placed in the patients and an omeprazole dosage protocol
of buffered 40 mg omeprazole solution (2 mg omeprazole/1 ml NaHCO; - 8.4%) followed by
40 mg of the same buffered omeprazole solution in eight hours, then 20 mg of the same
buffered omeprazole solution per day, for five days. After each buffered omeprazole solution

30 administration, nasogastric suction was turned off for thirty minutes.
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Exanple VI1, doses were adm nistered into the stomach, usually through a
nasogastric (ng) tube. Nasogastric tubes fromnine different institutions
wer e gat woad/o6s4 an eval uation. Artificial gastric flui @crgfSps/ oo
prepared according to the USP. pH recordings were made in triplicate using
a Mcroconmputer Portable pH neter nodel 6007 (Jenco El ectronics Ltd., 15
Tai pei, Taiwan). First, the termnal portion (tp) of the nasogastric tubes
was placed into a gl ass beaker containing the gastric fluid. A5 n

al i quot of gastric fluid was aspirated through each tube and the pH

recorded; thispgen fich@betdWalupbie: RMBRAGEO&Ge HREMNICAMY PhHREAS T
nmeasur enent . Second, the termnal portion (tp) of each of the nasogastric

tubes was J.GROMECHE [R50 E@ﬁxr%g%igsé)ﬁ%%regt)mgﬁ’é&ﬂé Sudidodi i ,%Qmphmqner%@ an

enpty beaker. Twenty omeprazole solution was delivered through

each of t hff t R n&-?ﬁ) p%rleeﬁ?r teaeeﬁg}ﬁl?gs olvH%bﬁgux\@" it Iteil[gf % ef%tfer{ t¥vat er. The

term nal e nascogastric tubes wa aced back into

the gast rr{uﬁntalna(!tl g aas'éf t Eﬁ u QaQer tﬂa%% %Jyf H)bi%{n] Wiikn a%m?nﬁ$reﬁkb gng'% grfazchSt ric

fluid was aspir nasogastri c tube
this was ca éhe "after fi,r t dose_ S

i i
Sol uti on] s&ém ﬂ%%attlent rﬁulregﬁ e Oeprazole aéuitugn Lpe gﬁa)h ose%hea néusrgotlwe t he
second ste 33%6 ﬂ called,the "after ‘ﬁ
[Si npl 1§ Eta*“%%é%?@é Srarabli Tt ise R R eme S T btiof 00 e gvmg
pr e- onepr e surenent.,. the H of. the strl EUId was chec. in
r it ont deafioR H‘éalive%%ﬂ%“ahﬁm?%af‘amg‘?%b’& Toedieanle Tririv e o
nmeasurenents of +/- 0.3 unlts %ngﬂﬁere%ﬁ nlflcant The Friedman test
wes 71 VIO BESeSSl- ety s BN bEdtLE P AP W RHOF It s, The
Friedman test is a two way anal ysis of variance which js used when nore
than two rieimgady S%&ﬁﬁ?‘éé‘p%ﬁréa%’imq“iﬁ‘%arl &lepding didingt ?Céﬁb‘é%tﬂéeo"thﬁég’ﬁrpé%‘rt& s. The
results of these experinents are outlined in Table 3. TABLE 3 ngl 2 ng3
ng4 ng5 nd@vergimeigditnges 2174 megtality agriputablg teyuppergag rojnigstigahbleedinggas 046 pr o
15 Pneumonia developed in one patient after initiating omeprazole therapy and was present upon
the initiation of omeprazole therapy in another patient. The mean length of prophylaxis was
five days.
A pharmacoeconomic analysis revealed a difference in the total cost of care for the
prophylaxis of SRMD:
20 ranitidine (Zantac®) continuous infusion intravenously (150 mg/24 hours) x five days
$125.50;
cimetidine (Tagamet®) continuous infusion intravenously (900 mg/24 hours) x five
days $109.61;
sucralfate one g slurry four times a day per (ng) tube x five days $73.00; and
25 buffered omeprazole solution regimen per (ng) tube x five days $65.70.
This example illustrates the efficacy of the buffered omeprazole solution of the

present invention based on the increase in gastric pH, safety and cost of the buffered

omeprazole solution as a method for SRMD prophylaxis.
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SCS [2] gf p1.31.31.31 1 1 1.3 1.3 1.3 151 dose 1. 3+check of df
pH[3] gf p 1.3 1.31.41.41.41.31.41.31.3 2nd Dose 1.3Tcheck of gf
pH SOS pHve 03/0615840 Table 3 illustrates the results of thecpHSowasus enent s
that were taken during the course of the experinment. These results
illustrate that there were no statistically significant I|atent effects of
onepr azol e solution adm nistration (per nasogastric tube) on the accuracy
of subsequent pH nmeasurenents obtained through the sane nasogastric tube.
Exanple 1 X 15 Efficacy of Buffered Oreprazole Solution in Ventil ated

Pati entss. Experiments were perfor magahpiOvAer to deternmine the efficacy,
safety, and cogpf,n gpif fered oneprazole solution in nmechanically

ventilated cri texﬁé%lnlle)ﬁtgwére pﬁrlé@m% Y8 thaUEmdhe tht 8AS: oPME oRGsthidional i sk
factor for stress-related nucosal damage. Patients: Seventy-five adult,

nmechani cal I al risk
f act or forsjo}s{lttl}rglggt ﬁlééﬁt“@‘?‘ B rﬁljggﬁs\%ﬁ wc(i)tanaégg%)) S5ty 8%%%%91%&% {503/ 01640 5

| nt t I | ut d
Exanpl 6 VI TORRE ?%ﬁﬁg%%?%%&’?ﬁ‘%qg‘??“%%ﬁ% &) initially, 101 omd by a

second102 0 mi dlcﬁ%%r re ar a égtapor}l40r}1? cgfsbulff@}eg %{lle;tjp?cﬁe QOQut[Hn faafe hefgt Y-

Onepr azol e sol ntion’ mas adm ni st er ed
E‘]gg 8;22 ¢ ?i as O%a\ﬁ& rcfogestwge?ﬁe)%ddélg%!eregﬁgo lﬂ}é s omac OuSPéSHy at%lrto ha nangastrlc rEng)

d t 10 Me t R t t
measur o bt INaRRSHE Jobes e i re@igse ruaa%ﬁ%ggr? s el Rrddber m ned by
endoscopl c, eval {Jat i or%]mdr}aﬁo‘gast ric

Artificial gastric as prepared according to the USP. pH recordings were made in

.31.31.3
1 1 1

triplicate using a Microcomputer Portable pH meter model 6007 (Jenco Electronics Ltd.,
15  Taipei, Taiwan).

First, the terminal portion (tp) of the nasogastric tubes was placed into a glass beaker
containing the gastric fluid. A 5 ml aliquot of gastric fluid was aspirated through each tube
and the pH recorded; this was called the “pre-omeprazole solution/suspension measurement.”
Second, the terminal portion (tp) of each of the nasogastric tubes was removed from the

20  beaker of gastric fluid and placed into an empty beaker. Twenty (20) mg of omeprazole
solution was delivered through each of the nasogastric tubes and flushed with 10 ml of tap
water. The terminal portion (tp) of each of the nasogastric tubes was placed back into the
gastric fluid. After a one hour incubation, a 5 ml aliquot of gastric fluid was aspirated
through each nasogastric tube and the pH recorded; this was called the “after first dose SOS

25  [Simplified Omeprazole Solution] measurement.” Third, after an additional hour had passed,
the second step was repeated; this was called the “after second dose SOS [Simplified
Omeprazole Solution] measurement.” In addition to the pre-omeprazole measurement, the
pH of the gastric fluid was checked in triplicate after the second and third steps. A change in

the pH measurements of +/- 0.3 units was considered significant. The Friedman test was
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aspirate exam nation, or heme-positive coffee ground material that did not
clear with | avage and was associated with a five percent decrease in

hemat ocr i wo iSeeadary ef fi cacy nmeasures were gastric pH megaisogoiciour
hours after oneprazole was first adm nistered, nean gastric 15 pH after
oneprazol e was started, and the | owest gastric pH during oneprazol e
therapy. Safety-rel ated outcones included the incidence of adverse events
and the incidence of pneunonia. No patient experienced clinically
significant upper gastrointestinal bleeding after receiving oneprazole

suspensj oned A& of ?h’r’é 1RAEE1R OBhe BTRIRLALR! € 23RS Wal QnaW'sllsV@SIar?anlie (hRANY ., the
mean gastric pH after starting onmeprazole was 6.8 (‘nean) and the | owest pH

after starnklNghgOmTRRLA%0 lre@at&@s%ﬁéie@ afd T rest [36n k:BGdthaﬂQﬁuf&ne%eumm a was
twel ve percent. No patient In hi gh-ri sk population experienced an

adverse event Q2. tﬁe@% g)(p%ﬁﬁllerggalte%ﬁ{lm E]Ta% fe{¥ i butabl e to omeprazol e.
Concl usi ons: Qmreprazol e solution prevente Inically signi ficant upper
gastroi ntesti nal bleedlng and nalntaTABdIghstrlc pH above 5.5 1in

nmechani cal | A ;

Instltutlon. R ;
WO 03/061584UR€T/U803/01640 SIStudy3PoUdIatNdn Aﬁl adalt (&18 Years oId)
patients adn¥tted to the surgical intensive care and burn unit at the

University of Mssouri Hospital with an intact stomach, a nasogastric tube
in place, angbs@an antici pated intensive care unit stay of at |east
forty-eight hours were considered for inclusion in the study. To be

i ncl uded pat 2esits al so had3to have B gastricl3pH ofF <4,!3hadito bkl
nechanlcallysyentllated and have one of the follow ng additional 10 risk
factors for a B ni mum of twenty-four hours after initiation of oneprazole
suspensi on: i headkdrgiury with altered | evel of consciousness, extensive
burns (>20% Body Surface Area), acute renal failure, acid-base di sorder,
mul tiple tralhe#p coagul opdt hy!3nul t4 pl el“oper'dti vel prddedurés, tbmm,

hypot ensi on E@r | onger than one hour or sepsis (see Table 4). Sepsis was

Dose

1.3A4check of gf pH SOSpH=9.0

10 Table 3 illustrates the results of the pH measurements that were taken during the
course of the experiment. These results illustrate that there were no statistically significant
latent effects of omeprazole solution administration (per nasogastric tube) on the accuracy of
subsequent pH measurements obtained through the same nasogastric tube.

Example IX
15 Efficacy of Buffered Omeprazole Solution in Ventilated Patients.

Experiments were performed in order to determine the efficacy, safety, and cost of
buffered omeprazole solution in mechanically ventilated critically ill patients who have at
least one additional risk factor for stress-related mucosal damage.

Patients: Seventy-five adult, mechanically ventilated patients with at least one

20  additional risk factor for stress-related mucosal damage.
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defined as the presence of invasive pathogenic organisns or their toxins in
bl ood or tissues 15 resulting in a systematic response that included two or
nore of twe oBoéilsewm ng: tenperature greater than 38C or | ess/ushaecdoC,

heart rate greater than 90 beats/m nute, respiratory rate greater than 20
breaths/ mnute (or p02 less than 75 mm Hg), and white bl ood cell count
greater than 12,000 or |less than 4,000 cells/mB or nore than 10 percent
bands (Bone, Let's Agree on Term nology: Definitions of Sepsis, CRIT. CARE
MED., 19: 27 (1991)). Patients in 20 whom H2-ant agoni st therapy had failed

or who sexper i engedemb 2 PiaERErcBU &M 20MI drepkL6RIsVILAGh (PFPaRAL SR Exahpleher apy
were al so included. Patients were excluded fromthe study if they were

recei ving gg %&@%Aiwgm?g oagﬁggrmé) miga%pfoﬁlta@;e@@ysp%gﬁawmt dhesixwer e

likely to swallow blood (€e.g., facial and/or sinus fractures, oral

I : . : i . . 30, 000
acer at i onag}g gt;grg IRV R %@Lgagﬂ%ﬁgglgp%g%me%mﬁ GOt bARSrERAN -

cel l s/ MmB); I ngs through the nasogastric

be; h i L : I .
5, O Rl 5 By ORIy BS503R |

addi ti on, Ients our

ft | CU adm ssi ith hyl axi L1 ali:
arver U AR, i o BEORP A B RS SRR e e v

partici pation. nt s evel ope
t hat wgs not stress-re“ate nmu 5%&.§%6V£593/%g15§%1Pgﬁé%%?%QO%ﬁ4o 5
damage' (e.g., ERISLESH 4 ed VRITEEQM BINEEHTHG® OF° VRIToY yv- vei ss
tears, oral. lesions, . nasa{ tears gfe.t | acenent of the nasogastric tube)
were excl ciigllifnbeastreiatesing] Yegdingds ”E‘]H‘F?B‘Ee‘gdrc?acoggteé@éi?tfo?el&asg%as Svi ng
non-stress-re]ated.nucosa% bl eedi.ng. . The re son.ﬁor this FXCL#ﬁion is the
conf oundi MFPERF BAMIRRIORA, her-BeU YeoPRerontitBasTal prad difi g elsH VarT'F sy -
rel ated outcones, such as the use of nasoq?stric 3§p%%fte i.nspection to
define cl i#idewspssoited Witk iefive Rpicent SpErasy Fshemeiasib st PR EEAGY My2su&tSudy
Drug Adm nistration: Oreprazol e solution was prepared. i mediately before
adm ni st r aVFiegasRe pih@episddagr houm aftseoniarglentas e pAmimsTged meen &sti%ns:
enpty the contents of one or two 20 ng oneprazol e capsul%&%g into an enpty
10 M kyripldefiqromenrazge yaygjartadeand the lowgstgasitie pHdERE QREREFFOIHBEB UNger has
been renoved. (Oreprazol e del ayed-rel ease capsules, 15 Merck & Co., Inc.,
Vst Poi nt Safemyrelated phtaereestirrdudst tregasidensel ol adverse evsats gad diedncidgnedefr aw 10

pneumonia. No patient experienced clinically significant upper gastrointestinal bleeding after

receiving omeprazole suspension. The four-hour post omeprazole gastric pH was 7.1 (mean),

the mean gastric pH after starting omeprazole was 6.8 (mean) and the lowest pH after starting

20  omeprazole was 5.6 (mean). The incidence of pneumonia was twelve percent. No patient in
this high-risk population experienced an adverse event or a drug interaction that was
attributable to omeprazole.
Conclusions: Omeprazole solution prevented clinically significant upper
gastrointestinal bleeding and maintained gastric pH above 5.5 in mechanically ventilated

25  critical care patients without producing toxicity.

Materials and Methods:
The study protocol was approved by the Institutional Review Board for the University

of Missourt at Columbia.
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m of 8.4% sodi um bi carbonate solution or 20 m if 40 ng given (Abbott
Laboratories, North Chicago, IL), to create a concentration of 2 ny
onmepr azol wopsnerst4 of 8. 4% sodi um bi carbonate; and al | ow tPloa/Esos/eré4e coat ed
pell ets of oneprazole to conpletely breakdown, 30 mnutes (agitation is

hel pful). The onmeprazole in the resultant preparation is partially 20

di ssol ved and partially suspended. The preparation should have a m | ky
white appearance wth fine sediment and shoul d be shaken before

adm ni stration. The solution was not admnistered with acidic substances.

A hi gh-spressur &, i, @b.fafH¢ NRIAH Izﬁ’qﬁsmeal%_tom?ﬁ_aeff@% adRBdaas IRAulhal intensive

denonstrated that this preparation of sinplified oneprazol e suspension

mai ntal ns 2% BAhARR%: HOUNMRKRD PRS0 R HEGAM | AIRERAL YR S Preparati on

remai ned free acterial ungal contamnation for thirty days when

N s e A S S e i oA

| ater, then a 20 dai |y dose. adm.ni st.ered,at 8:.00 AM s 75 WO
07 061564 TRelt IRtk tor ARG iR LR SRS TR b8 IpsfloBbpdihs EESRaB3& S 72,

nasogastric t.ub t hen flushed wth.5-10 of t er.and.cl anped for
at | east cﬁ%mEBﬁro\f@MBE% OrE° W%?lypvfnvxlétgé%ﬁqvﬁﬁg%gfm%ﬂﬁ’ﬁlow{nﬁélg(g&\?\%gp no

| onger._a ne for_stress ulcer praophylaxis (usually after .the nasogastric
tube vile TR SRS AG bR el T o R R Bl HSRTRRor af ¢ or
the patient was renpved rom nmechani cal ventilati 0. Pri mar t cone
Measur es: PPPAEIBEY Wénfgy?ﬁﬁﬁ‘ﬂ I%ﬂ\?f NSOt s Ye i’m‘a & %g%&?%egufé%e‘xre%
clinically significant stress-rel ated nucosal bl eedi hg defined as

endoscopi G irgehiriugsacidspasgdisorder @PB@‘WS&?&‘F“&W@@&?VHQ’uﬁ’rpleoqpfeﬁ“ﬂf’e red bl ood
per nasogastric tube that did not clear after a 5-mnute | avage or

per si st entPrE&gdyres cempthypaarsionder laeepithag 98 hows 1 sensin 556 iTrhle4)- SAPSIS Wesi ti ve
coffee ground material for four consecutive hours that did not clear with

| avage (atdefiged asdlq pregocagi)invapie prieegeis Qreanse Qeieis fadnsiimbleediar eyest |
Secondary Qutcone Measures: The secondary efficacy neasures were gastric pH

measurkd frowdtingon e sysignasic respeqse dhabineludedstwadmimarseldhefpllowmgntegagrarec pH

after starting
greater than 38°C or less than 36°C, heart rate greater than 90 beats/minute, respiratory rate

greater than 20 breaths/minute (or ;,O, less than 75 mm Hg), and white blood cell count
greater than 12,000 or less than 4,000 cells/mm’ or more than 10 percent bands (Bone, Let's
Agree on Terminology: Definitions of Sepsis, CRIT. CARE MED., 19: 27 (1991)). Patients in

20  whom H;-antagonist therapy had failed or who experienced an adverse event while receiving
H,-antagonist therapy were also included.

Patients were excluded from the study if they were receiving azole antifungal agents
through the nasogastric tube; were likely to swallow blood (e.g., facial and/or sinus fractures,
oral lacerations); had severe thrombocytopenia (platelet count less than 30,000 cells/mm’);

25  were receiving enteral feedings through the nasogastric tube; or had a history of vagotomy,
pyloroplasty, or gastroplasty. In addition, patients with a gastric pH above four for forty-
eight hours after ICU admission (without prophylaxis) were not eligible for participation.

Patients who developed bleeding within the digestive tract that was not stress-related mucosal
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oneprazol e and | owest gastric pH during oneprazole admnistration. Gastric
pH was neasured imedi ately after aspirating gastric contents through the
nasogast rwo osuobiss4 pH 20 paper (pHydrion inproved pH paper CTNMSos/owssent i al
Laboratory, Brooklyn, NY) was used to nmneasure gastric aspirate pH The pH
range of the test strips was 1 to 11, in increnments of one pH unit.
Gastric pH was neasured before the initiation of oneprazole solution
therapy, immediately before each dose, and every four hours between doses.
O her secondary outconme nmeasures were incidence of adverse events

(i ncludi ngighBo(e. o2 2nb A& AEY VOrGad VAREL . PRISHHTRI b riMal BRY. MRS @i o/8Veflbns hat
devel oped during the study was recorded. Pneunonia was defined using

i ndi t i [ Cont r ol
i ndi ca or%agag@eqkeoqef@g%emﬁtm%%é%am ﬂf@é}%&a@@;@%@@@g@m ntro

definition Nosoco pneunonia {Garner” et al. According to
these critgri,a; ' I N A d pa S QY

dui 1 ness 1o siordnl bt bl T3 aE BRI BuRBR £l B Tne RHSR A,

exam natiqp..qf .the ches r has t [ t r

ot oar eos! Vb Ei iRy Blnd e R ERR AN Rl ol rtlecBR BROERT o
o0 s Aok REShEb R Bensh e ARG RS R g o,
culture, feve or Ieukoqﬁﬂpﬁiﬁ,lor.evidence of infection froma protective
speci n&n  TFHROPPE SREHOST VAN S Neavage. Patients who met the criteria

for pneunonia ggd 2§re éo_receiyin antim crobi al agents far q% t r eat ment
of pneunoni a ; ISgral Qn%ﬁﬁﬁﬂﬁﬁﬂPgw]ﬁ@ﬂﬁg%5§‘WFﬁg?§h' f¥Ee
criteria were also used as an initial screen hefore the first dose_ of
study dr ugdaRstEGAD HY g"t‘aé’ﬂé"d‘tf H‘réee‘fsé‘}ng?lé’qlP’fmﬁﬁ’éﬁ?Hﬁiﬂ“é‘ FBRYY PregQBiGES BF i or to
the start of oneprazol e suspension. Cost of Care Analysis: A
phar mac oe <8R VO 4/aE aReparlotaprais(esatofn cawtpllgphiyriags @ith 28 egugeqgedle
oneprazol e solution was perforned. The eval uation included total drug cost
(acqui si t iBRlagedromyhish dierphungeihas bernrempvedo §Pmepazbefelayedi relpashoapsN/es se
events (e.g., psychiatr consultation for nmental confusion), costs
associ i@t edMgiick ik ©9-i Inr ¢ MepyPointginh) replage thgppwger agd sngapithensedlpwithdsve BYi ng.
Total drug cost was cal cul ated by adding the average institutional costs
of omepr azol o 8249 pefliwna piserberate Bdutioh os 3¢l tHafinegsivar(@bbotyLahogatorisdNarth nd
syringes with
Chicago, IL), to create a concentration of 2 mg omeprazole per ml of 8.4% sodium
bicarbonate; and allow the enteric coated pellets of omeprazole to completely breakdown,
30 minutes (agitation is helpful). The omeprazole in the resultant preparation is partially
20  dissolved and partially suspended. The preparation should have a milky white appearance
with fine sediment and should be shaken before administration. The solution was not
administered with acidic substances. A high-pressure liquid chromatography study was
performed that demonstrated that this preparation of simplified omeprazole suspension
maintains >90% potency for seven days at room temperature. This preparation remained free
25  of bacterial and fungal contamination for thirty days when stored at room temperature (See
Table 7).

The initial dose of omeprazole solution was 40 mg, followed by a second 40 mg dose

six to eight hours later, then a 20 mg daily dose administered at 8:00 AM. Each dose was
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20 needle; nursing tinme (drug adm nistration, pH nonitoring); pharmacy tine
(drug preparation); and disposal costs. Costs associated with clinically
signi fi cawD 0appess4 gastroi ntestinal bl eeding included end@stasy3/etsar ges and
acconpanyi ng consultation fees, procedures required to stop the bl eeding
(e.g., surgery, henostatic agents, endoscopic procedures), increased
hospital |ength of stay (as assessed by the attendi ng physician), and 25
cost of drugs used to treat the gastrointestinal bleeding. Statistical

Anal ysis: The paired t-test (two-tailed) was used to conpare gastric pH

bef or e sanddafidiQkre@ RAIAZIY @g?aw& B, FEThAbSdsrR i WA EkntfRisKARRAreI@ast ri ¢
pH before 77 WO 03/ 061584 PCT/ US03/ 01640 5 oneprazol e sol ution

adm ni st rahj @FlapWdelr dhbelaiped iR aded ¥R out aShEhrazdk ¥ @b PR BAGMIE Un@f t er
begi nni ng oneprazol e. Results: Seventy-seven patients nmet the inclusion

and excl ushQp wat hd Bhhd a3eel fof SRlsY Bifer pPIRRTaRE %s‘ﬁal%%flls& teMadopRrid e & 2) -

Two patients were excluded fromthe efficacy 10 éval uati on because the

f
protocol far ONERE &z aﬁe@%ﬁ%@%é\%féfg&g\gﬁﬁnm, of th%rwgﬁxltmﬁ&%ovg@_se’ the

oneprazol e enteric-coated p conpl ete en down prior to

t he adninﬁ&ﬁ&g?%g%ﬂqk?ﬁgghgirst two doses, which produced an erratic

ef fect on gas astric pHincreased to above six as soon as the
P enf v 01 Y20, BB AR 35EL oy P OD L PR G B )
e R e e e S A e A A T
st ot LSSl TS e P TIE THE B NS B gy B op oo
adequat o, GG P pie BRRG oD Coh i A B By Speea o gyl A o
R R RN et
both patients. These two patients were

15  least 100 ml) and produced a 5% decrease in hematocrit.

Secondary Qutcome Measures: The secondary efficacy measures were gastric pH

measured four hours after omeprazole was administered, mean gastric pH after starting
omeprazole and lowest gastric pH during omeprazole administration. Gastric pH was
measured immediately after aspirating gastric contents through the nasogastric tube. pH
20  paper (pHydrion improved pH papers, Microessential Laboratory, Brooklyn, NY) was used to
measure gastric aspirate pH. The pH range of the test strips was 1 to 11, in increments of one
pH unit. Gastric pH was measured before the initiation of omeprazole solution therapy,
immediately before each dose, and every four hours between doses.
Other secondary outcome measures were incidence of adverse events (including drug
25  interactions) and pneumonia. Any adverse event that developed during the study was
recorded. Pneumonia was defined using indicators adapted from the Centers for Disease
Prevention and Control definition of nosocomial pneumonia (Gamner et al., 1988). According

to these criteria, a patient who has pneumonia is one who has rales or dullness to percussion
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included in the safety and efficacy evaluations, including the gastric pH
analysis. After the two patients were declared failures, their pH val ues
were no |lwogsnefsed | owed. 25 The ages of the renmining seveamuNsums4pat i ent s
ranged from ei ghteen to eighty-seven vyears; forty-two patients were nale
and thirty-three were female. Al patients were nechanically ventil ated
during the study. Table 4 shows the frequency of risk factors for
stress-rel ated bl eeding that were exhibited by the patients in this study.
The nost common 78 WO 03/ 061584 PCT/ US03/ 01640 5 risk factors in this

popul aty on, Wk GcdTRe iRl of VR Vhbd: B 12210 ROH raARIzRiph HAF SRLY ned BE ﬂb%@ﬁl@v@f ri sk
factors for any given patient was two to ten, wth a nean of % 1)

(standard iqgl\{liaéfs?&'a)isolidgtio\él, %?wgsgtio%rﬁ%&% ek &dh iMd o 1841 Jraf Hguahoped

clinically significant edi recel ving continuous infusions of

N1 L1 0 0,450, TR o & T 800, 0l dn el pfdve cases.

the bl eeding su e gast rose to above five w

thirty-six rcérg bﬁ?‘%" El%ﬁtu%g &l {,ﬂ'aﬁeki?g)}té%sg 89%@\/\%&%9& St i BN ggé?c{cg%pﬁ%gﬁ%ﬁ't S

were enrol e avi ng consecutive ga ues
bel ow 1 hr eru \lk\ﬁjcirlbeonr O%E\;CV- ngva% ?gﬁeaﬁ%t OIIQEi:t%'tl crgtcierr%t f{)lhe 919181%%80 \Rlclariened
above). In al ' ChrE 5285 3%3 ricop 056 10 above’ Ve Wt hi A f our
hour s g{ter oneprazal e t her s initiated. Faur ot.her patjents were
enrol | B4 riseeHreerdinergbe L for s tneot bpremetia psie ipludsyl e
t hr onbocyt openi a niﬁé gurin H2- antj gens t her . A5 Wthi hiyty-six
nour s of * STFVERTA e TkBred e | Tsse T par Sele a8 gl stren Sefpiahe Pl ar ed
Mucosal Bl eedi nd Mortality: None of the sixty-five patients who
recei ved UgFT%E YRV 1é6¢ﬁf9§%F@¥?eﬂ epmp PFP&P”%W%BWVﬁ%Q?§mﬁgainst
stress-related mucosal bl eeding devel oped overt or clinically significant
upper gast ¥ioMEPBERlF BuPenst®edi ng. In four of the five patients who had
devel oped upper _gastrointestinal bleeding before study 20 entry, bleeding
di ni ni shed t o t4es¢flesedralvssr Apbaimesossprasric sYANAtioTasHtes T eAr PrOpBYERYF ve)
within eighteen hours of starting oneprazol e solution; bleeding stopped in
al | pali entsinggmenragolesplatign was perfanads Thy pealupfien gicludadiotahdiuggostate in this
group of critically ill patients was eleven percent. No death was
at t ri but ableequisstiannpd rdmyasstiratdms asyial ¢vals absloeiadil mathadvarsreeverde (e, pspiiggiazol e
sol ution.

consultation for mental confusion), costs associated with clinically significant upper

gastrointestinal bleeding. Total drug cost was calculated by adding the average institutional

costs of omeprazole 20 mg capsules, 50 ml sodium bicarbonate vials, and 10 ml syringes with

20  needle; nursing time (drug administration, pH monitoring); pharmacy time (drug

preparation); and disposal costs. Costs associated with clinically significant upper

gastrointestinal bleeding included endoscopy charges and accompanying consultation fees,

procedures required to stop the bleeding (e.g., surgery, hemostatic agents, endoscopic

procedures), increased hospital length of stay (as assessed by the attending physician), and

25  cost of drugs used to treat the gastrointestinal bleeding.

Statistical Analysis: The paired t-test (two-tailed) was used to compare gastric pH

before and after omeprazole solution administration and to compare gastric pH before
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25 Gastric pH: The nean ( standard devi ati on) pre-oneprazole gastric pH was
3.5 1.9. Wthin four hours of oneprazole admnistration, the gastric pH
rose to Wb o3bess{ See Figure 3); this difference was si gmCiusast1640
(p<0.001). The differences between pre-oneprazole gastric pH and the nmean
and | owest gastric pH nmeasurenents during oneprazole 79 WD 03/ 061584

PCT/ US03/ 01640 5 admnistration (6.8 0.6 and 5.6 1.3, respectively) were
al so statistically significant (p<0.001). Sae : QOreprazol e solution was
well tolerated in this group of critically ill patients. Only one patient

Wi th sgpsi o?negﬂa@le sQRGSEhdAnigeYBh %@th@/eerﬂéantah@io%@y%a%g SHRARR nfhied flept ed

t hronbocyt openi a. However, the platelet count continued to fall after

onepr azol %eﬁﬁﬁin%gm%r%bﬁ’ d. The platelet count then returned to normnal
despite reifistitution of oneprazole therapy. O note, one patient on a jet
ventil at or contﬂeglﬂpsusl y expelled all liquids placed in her stomach up and
out through her nouth, and thus was unable to continue on oneprazole. No

clinically significant dr interactions wWth,onepr.azol e, wer.e noted during
the study periBeroAL et biEs BEEOR eluslon atd prbuisiSparise avy Kecved Ve 0 o
concern in patients receivin odi um bi car bonat wever, the anount of
sodi um bi ¢ el%aﬁglfjéglf‘{\onoﬁﬁep#ﬁgrgljzz igf’ 8248 W%%xcguaﬁ(ﬁmwlfzefﬁgﬁy 10 m) and no
el ectrol yte abnormalities were found. Pneunoni a: Pneu i a devyel oped in

i e (Do R PG PRI LU OB RS PO OHa BB pr esont
in an additional five gatients before the start o% %gegrazoLe herapy. 20
Phar macoecdifo ECMERFERla ertere-copird Pallet hadenof eqmpleely rakeR P R AT R B ni ne” days.
The cost of care data are listed in Tables 5 and 6, The costs gj drug
acqui si ti IMIHHEHAR at hHHISt Bridosefeirl Pipdpesd a8 SFRUGHTCHY 835Gt JfSI  agent s
used in the prophylaxis of stress-related upper  gastrointestinal bleeding
are |i st ed®FcPHNGeased tpRp e sietsaopmasibepaticnigvasgiven pdnse Abamepigele associ at ed
with onmeprazol e solution. Since two of seventy-five patients required 40 ng
of 25 oneprhiien én sdichithomtaigicpated pelisod amerpgplcindibes allpied te complgtely he

acqui sition/preparation cost should reflect this. The additional 20 ng of
onepr albol ebredkdpwi)ehi cl e adds seven cents per

The reason for the second exclusion was that nasogastric suctioning was not turned
off after the omeprazole dose was administered. This resulted in a transient effect on gastric
pH. The suction was turned off with subsequent omeprazole doses, and control of gastric pH
was achieved. Two patients were considered efficacy failures because omeprazole failed to

20  maintain adequate gastric pH control on the standard omeprazole 20 mg/day maintenance
dose. When the omeprazole dose was increased to 40 mg/day (40 mg once/day or 20 mg
twice/day), gastric pH was maintained above four in both patients. These two patients were
included in the safety and efficacy evaluations, including the gastric pH analysis. After the
two patients were declared failures, their pH values were no longer followed.

25 The ages of the remaining seventy-five patients ranged from eighteen to eighty-seven
years; forty-two patients were male and thirty-three were female. All patients were
mecl\lanically ventilated during the study. Table 4 shows the frequency of risk factors for

stress-related bleeding that were exhibited by the patients in this study. The most common
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day to the cost of care. Therefore, the daily cost of care for oneprazole
solution in the prophylaxis of stress-related nucosal bl eeding was $12. 60
(See TablwogpBoe384 WO 03/ 061584 PCT/ US03/ 01640 5 QOreprazolpeTasosdican i s a
safe and effective therapy for the prevention of clinically significant
stress-rel ated nucosal bleeding in critical care patients. The contribution
of many risk factors to stress-related nmucosal danmage has been chal | enged
recently. Al of the patients in this study had at | east one risk factor
that has clearly been associated with stress- related nucosal danmage -

nmechanical ik gatidrb Atthd PopuhtRi S mbéHad s veRttlatbatadd MapNs@rgbOC aNE tavigd &
publ i shed study show that stress ulcer prophylaxis Is of proven benefit in

patients afskith3dts BRAny gl BESRER s thd RS WilhaUahh dra (DB (MBI &flaib®. | ncl ude
a placebo group in this study. No clinically significant upper

gastroi nt &gtd HaknldLGEHNG tl%%ﬁﬂgrhgﬁidgﬂéfo- E@cl&‘i@}?{/ éié%h@arﬁ QieH&iL%@zhilé herapy.

Gastric pH was nal ntal ned abov on oneprazole ng/ day 1h seventy-three

of Seventr)ééefi\%i fcoﬂﬁﬂdo%?&ffusim o"f‘?L‘ﬁ‘r’t{d@% (fﬁ@ﬁ%%ﬁﬂ%gﬁi%ti}ﬁ% %‘9‘0@%4/24‘%22 oci at ed

wi th oneprazol e were 15 encountered. Maj or “Mul'tT - Hypo-
Sepei s Opey B sARk e bl e HT e GRS A L P AR 3R, T2
Ve o WLl o PR oS S R S
]2'61 é;_l \]/'é éc%v%géegé\zo E@;@g%tﬁ%irs 4}8—5 v Ee?kég% tgraeg Iw%ﬂtta rsec!aiointggin ?—Iz-%%t%gynis(t n = 75)

(in the doses outlined above). In all three cases, gastric pH rose to above five within four

hours after omeprazole therapy was initiated. Four other patients were enrolled in this study

atter experiencing confusion (n=2) or thrombocytopenia (n=2) during H,-antigens therapy.

15  Within thirty-six hours of switching therapy, these adverse events resolved.

Stress-related Mucosal Bleeding and Mortality: None of the sixty-five patients who

received buffered omeprazole solution as their initial prophylaxis against stress-related
mucosal bleeding developed overt or clinically significant upper gastrointestinal bleeding. In
four of the five patients who had developed upper gastrointestinal bleeding before study

20  entry, bleeding diminished to the presence of occult blood only (Gastroccult-positive) within
eighteen hours of starting omeprazole solution; bleeding stopped in all patients within thirty-
six hours. The overall mortality rate in this group of critically ill patients was eleven
percent. No death was attributable to upper gastrointestinal bleeding or the use of
omeprazole solution.

25 Gastric pH: The mean (+ standard deviation) pre-omeprazole gastric pH was 3.5 +
1.9. Within four hours of omeprazole administration, the gastric pH rose to 7.1 + 1.1 (See
Figure 3); this difference was significant (p<0.001). The differences between pre-omeprazole

gastric pH and the mean and lowest gastric pH measurements during omeprazole
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Per day RANITIDINE (day 1-9) Rantidine 150 ng/24 hr 6.15 Ancillary
Product (1) Piggyback (60% 0.75 Ancillary Product (2) mcro tubing (etc.)
2. 00 AncwblanyisBs oduct (3) filter 0.40 Sterile Prep reqwordasoyes4iR N
time ($24/hr) 20 mnutes/day (includes pH 8.00 nonitoring) R Ph. tine,
hood maint. 3 mnutes ($40/hr) 2.00 Punp cost $29/24 hrs x 50% 14.50
TOTAL for 9 days 304.20 RANITIDH NE Cost per day 33.80 Cl METIDI NE (day
1-9) GCinetidine 900 ng/24 hr 3.96 Ancillary Product (1) Piggyback 1.25
Anci | lary Product (2) micro tubing (etc.) 2.00 Ancillary Product (3)

filter s0. 4QminditRkibh & .9 68 ah&9 i e4l ré’s%%ctg/eg@weg alNo s{ah%aﬁﬁ%éﬂlhéa)nt 20

m nut es/ day (includes pH nonitoring) R Ph. tinme, hood maint. 3 m nutes
($40/ hr) épgp giunp cost $29/24 hrs x 50% 14.50 TOTAL for 9 days 288.99
Cl METI DI NE Cost "per day 32.11 SUCRALFATE (day 1-9) Sucralfate 1 g x 4 2.40

Ancillary Pr OdlS' égg( é%eﬁrﬁ%l@%@utgn%&s well tolerated in this group of critically ill patients.

Only one patient with sepsis experienced an adverse event that may have been drug-related
thrombocytopenia. However, the platelet count continued to fall after omeprazole was

10  stopped. The platelet count then returned to normal despite reinstitution of omeprazole
therapy. Of note, one patient on a jet ventilator continuously expelled all liquids placed in
her stomach up and out through her mouth, and thus was unable to continue on omeprazole.
No clinically significant drug interactions with omeprazole were noted during the study
period. As stated above, metabolic alkalosis is a potential concemn in patients receiving

15 sodium bicarbonate. However, the amount of sodium bicarbonate in omeprazole solution
was small (12 mEq/10 ml) and no electrolyte abnormalities were found.

Pneumonia: Pneumonia developed in nine (12%) patients receiving omeprazole

solution. Pneumonia was present in an additional five patients before the start of omeprazole
therapy.

20 Pharmacoeconomic evaluation: The average length of treatment was nine days. The

cost of care data are listed in Tables 5 and 6. The costs of drug acquisition, preparation, and
delivery for some of the traditional agents used in the prophylaxis of stress-related upper
gastrointestinal bleeding are listed in Table 5. There were no costs to add from toxicity
associated with omeprazole solution. Since two of seventy-five patients required 40 mg of

25  omeprazole solution daily to adequately control gastric pH, the acquisition/preparation cost
should reflect this. The additional 20 mg of omeprazole with vehicle adds seven cents per
day to the cost of care. Therefore, the daily cost of care for omeprazole solution in the

prophylaxis of stress-related mucosal bleeding was $12.60 (See Table 6).
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Sterile Prep required no RN tine ($24/hr) 30 m nutes/day (includes pH
12.00 nonitoring) TOTAL for 9 days 131.40 SUCRALFATE Cost per day 14.60
Not e: Doeworeiweisacl ude the cost of failure and/ or adver se Pefrfiz08/01640

Acqui sition, preparation and delivery costs of traditional agents. 82 WO
03/ 061584 PCT/ US03/01640 5 TABLE 6 The average length of treatnent was 9
days. Cost of care was calculated fromthese date Per Day Total OVEPRAZOLE
(day 1) Product acquisition cost 40 ng load x 2 (5.66/dose) 11.32 11.32
Anci |l ary product materials for solution preparation 0.41 0.41 Ancillary

products syri ngemépresrlseufer R aQaftQnd str&fivé BicRp £ RRMR JréRnHéh sRUHIcEIed 6
mnutes 2.40 4.80 SOCS preparation time 21 m nutes/day (includes pH

moni t ori oo BHdAt GreéDelafd: n%&sagbyedlﬁémnﬁ% 44 Pltlen%@%ﬁlt&)ﬁ dYfhahy oduct

acqusition cost 20 ng per Anci Il ary product materials for

sol ution pr‘ls?%’cft&% b PlreQ: Aihrld- nﬁ?cosa/f‘ﬂﬁh#e%é’be%gfi’ah'l% e%%deﬂ%‘? Xipegdl e 0. 20

1.60 Sterile preparation no require m nut es

patients in this study had at least one risk factor that has clearly been associated with stress-
related mucosal damage - mechanical ventilation. Previous trials and data from a recently

10 published study show that stress ulcer prophylaxis is of proven benefit in patients at risk and,
therefore, it was thought to be unethical to include a placebo group in this study. No
clinically significant upper gastrointestinal bleeding occurred during omeprazole solution
therapy. Gastric pH was maintained above 4 on omeprazole 20 mg/day in seventy-three of
seventy-five patients. No adverse events or drug interaction associated with omeprazole were

15 encountered.

TABLE 4
Mech Major Multi- Head Hypo- Renal Multiple Acid/ Liver Bum
Vent Surgery | trauma Injury tension Failure Sepsis Operation | Base Coma Failure
75 61 35 16 14 14 14 12 10 4 2 2
Mech Major Muiti- Head Hypo- Renal Multiple Acid/ Liver
Vent Surge trauma Injury tension Failure Sepsis Operation Base Coma Failure Bumn
ry
75 6l 35 16 14 14 14 12 10 4 2 2

Risk factors present in patients in this study (n = 75)

20
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SCS preparation tine 18 m nutes/day (includes pH nonitoring) 8.40 57.60
(RN) RN time ($24/hr) 2/ 75 patient require 40 ng sinplified oneparzole
sol uti on wero3denss{ days 2-9) No additional cost for adver eTafsheeteso or for
failure TOTAL Sinplified Orerprazole Solution cost per day

Phar macoecononi ¢ eval uati on of omeprazol e cost of care TABLE 7 Tinme Contr ol
1 hour 24 hour 2 day 7 day 14 day Cone (ng/m) 2.01 2.07 1.94 1.96 1.97
1.98 Stability of Sinplified Oreprazole Solution at roomtenperature (25
C.) Values are the nean of three sanples 10 Exanple X Bacteriostatic and
Fungi stsatic Effects of Oreprazol e Sorugigs The antim crobial or
bacteriostafffc effects oI tle Onepr azor e sof utt o wer e anat yzed

applicant. An oneprazol e soI ut| on (2 ng/ m of 8. 4% sodi um bi car"b’d‘f‘?ét e) nade
accordi ng t e=the—present—Havept--oR—was—siored—at—room-tenperat-tre =or four
weeks and thWal yzed f or fungal and bact er| al gr owt h. Fol | ow ng
four weeks of storage at room tenperature, no bacterial or fungal growh
was det ect edy"83¢ W0 03/ 061584 PCT/ USH3EY 840 5 An omeprazole s lution (2
my/ M of 8. 43%% chﬁrddm(él carbonat e) MRES whi @qcor dance with the pg@sent

i nvention \NaSanirmrcedt(a)t room tenperature for twel ve weeks and then was
anal yzed forSt “ifr*i?% d bacterial grow h/d A? ter twelve weeks of jncubation
at room tenpers no fungal or Eq USRI YP8W h was det ect et The
results of th%ﬁneﬂﬁ(@&ﬁlhlﬁent s illust Baﬁueestsmobact eriostatic and fangistatic
10 characterfwpfoets of the onmeprazol &580rut?dn of the present |m‘/5§’nt| on.

OTAL for 9 days
Exanpl e X' RANITIDINE Cost per day 33 80

CIMETIDINE (day 1-9)

Cimetidine 900 mg/24 hr 3.96
Ancillary Product (1) Piggyback 1.25
Ancillary Product (2) micro tubing (etc.) 2.00
Ancillary Product (3) filter 0.40
Sterile Prep required yes 8.00
R.N. time ($24/hr) 20 minutes/day (includes pH
monitoring)

R.Ph. time, hood maint. 3 minutes ($40/hr) 2.00
Pump cost $29/24 hrs x 50%) 14.50
TOTAL for 9 days 288.99
CIMETIDINE Cost per day 32.11

SUCRALFATE (day 1-9)

Sucralfate lgx4 2.40
Ancillary Product (1) syringe 0.20
Sterile Prep required no
R.N. time ($24/hr) 30 minutes/day (includes pH 12.00
monitoring)
TOTAL for 9 days 131.40
SUCRALFATE Cost per day 14.60
Note:

Does not include the cost of failure and/or adverse effect.

Acquisition, preparation and delivery costs of traditional agents.
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A. Bi oequi val ency Study. Healthy male and fermal e study participants over
the age of 18 will be random zed to receive oneprazole in the follow ng
fornms: 15wOApB/0RGSay of a liquid forrmulation of approxi mat @cy/uX03/0m40
oneprazole in 4.8 nEq sodium bicarbonate gs to 10 M with water; (B) 20 ng
of a liquid fornulation of approximately 2 ng oneprazole per 1 m of 8.4%
sodi um bi carbonate. (C) Prilosec(r) (oneprazole) 20 ng capsule; 20 (D)
Capsul e prepared by inserting non-enteric coated oneprazole 20 ng into a #4
enpty gelatin capsule (Lilly) uniformy dispersed in 240 ng of sodium

bi carbopate powder USP to form an i gagicg@psul e. The inner capsule is then

inserted i nFo a#uu?llpty gﬁLlll m \l_llly) Lugﬁl WECIT d
honpgeneous HEREee ' S shal brreevaschieiaigd fgm tgpdaig

pregel atini zed star ch NF 25 After appr opr| ate screeni ngreabsl corwent ,

heal thy volunteers will be random zed to receive one of the foll ow ng four

regi nens as-rando assSi gned by Latln Square. Eac subj ect w e
crossed to e%&t‘%ﬂ‘éﬁéﬁuamordi ng to the random zati on sequence until all
subj ect s havg.d&&isNiedosal bo f@M x N E@uIBNS (Wi th one week separatjng each
regi nen). 84AMﬁrﬁﬁdd®61584mFP&§2's’fbﬂsmﬁﬁr@&ﬁfb@m 5 Regi nen A (20ng onmeprazol e in
4.8 nEq sodi misy edcbonat &risav/ 1@l vol une); Regi men B (20 onedr*dzol e in
10m 8. 4% som"tfgﬁte‘bafaté"&r bongte.dn 10n volume); Reginen C (ap intast 20y
oneprazol e capskbajior ifegi DBkl k/Capsebeminforiggipsul e for mul adwon, ssee
above). For &3abh dose/ week, subjects will have an i.v. saline Iock pl aced

for bl ood saPhMi'MA§2™ For each regi nen, blood samples will be taken over 24
hours a total of 16 tines (with the last 10 two speci nens obtai ned 12 hours
and 24 hour s24FRaEOk adninistration). B. Patient Eligibility Four

heal t hy femal'es and four healthy nmales will be consented for the study. C
Inclusion Criteria

Product acqusition cost 20 mg per day 2.80 22.65
Ancillary product materials for solution preparation 0.41 0.82
Ancillary product syringe w/needle 0.20 1.60
Sterile preparation no

required 6 minutes 2.40 4.80
SOS preparation time 18 minutes/day (includes pH monitoring) 8.40 57.60
(RN

R.N. time ($24/hr)

2/75 patient require 40 mg simplified omeparzole solution per day (days 2-9)
No additional cost for adverse effects or for failure

TOTAL

Simplified Omerprazole Solution cost per day

Pharmacoeconomic evaluation of omeprazole cost of care

TABLE 7
Time Control 1 hour 24 hour 2 day 7 day 14 day
Conc (mg/ml) 2.01 2.07 1.94 1.96 1.97 1.98

Stability of Simplificd Omeprazole Solution at room temperature (25° C.) Values are the mean of three samples

10 Example X
Bacteriostatic and Fungistatic Effects of Omeprazole Solution

The antimicrobial or bacteriostatic effects of the omeprazole solution were analyzed
by applicant. An omeprazole solution (2 mg/ml of 8.4% sodium bicarbonate) made
according to the present invention was stored at room temperature for four weeks and then

15  was analyzed for fungal and bacterial growth. Following four weeks of storage at room

temperature, no bacterial or fungal growth was detected.

83



Signed informed consent. 15 D. Exclusion Criteria 1. Currently taking
H2-recept or antagoni st, antacid, or sucralfate. 2. Recent (wthin 7 days)
t her apy vWwoh3loexssopr azol e, oneprazol e, or other proton pecp/usesiotsid or. 3.
Recent (within 7 days) therapy with warfarin. 20 4. History of variceal

bl eeding. 5. Hi story of peptic ulcer disease or currently active G|

bleed. 6. History of vagotony or pyloroplasty. 7. Patient has received an
i nvestigational drug within 30 days. 8. Treatnment with ketoconazol e or
itraconazole. 25 9. Patient has an allergy to omeprazole. E

Phar nogoki net i %n%%%%%&l%@@luﬁ&g(z%?hﬁ§f_té.@ﬁ'socﬁ\ﬁ&ﬁ|bYo§}b%nﬁé)Q9£He$ﬁ£H%1%§ndéﬁ Il be
centrifuged within hours of colTection and the plasma will then

separ at ed @iﬂﬁlhé {nsaze%laing&mfotmvag:s&% ok VBT dmpthile BESRKE JreeRNA @}Eeﬁ%is netic

vari abl es w | include: time to peak concentration, nean pea

concent r aténglpzed%{ffu(lgag td%&l ?a[&%gép%g\ggi Ay dye1 B3R 9&&%&@&4%?’% US03/ 01640

5 Anal ysi s vari an to detect statistica erence.

5 Anal ysi s "of Varl ect "stat i stical drfPerence.
one- < aed Papild (B BP RRTREL B DR BRREST T2 P © anaysis

Orepr azol e andT%Qte&@gaﬁﬁ%g%%%ﬁ%gggﬁgg&%é&ﬁg%%ukggpg%%ng&?%R;azole and

. IeS
internal 10 standar reatron o € procedure

descri phed mant e nd_ Nar an Anpnt ea VA rang PK. | nproved
br ocedll e PP PHEAP PRl S HERPEDe By R abol | & es. L ng
Rever sed- Phased Hi gh Performance Liﬂyid onot ography. J. CHROVATOGRAPHY
426; 216-222 (1988)). Briefly, 20ul *5f™B azol e 2ng/ M NaHCO3 or

Choco- Base onmem.azoBwegus@engisadyand 100ul of the internal standard are

vortexed wth Healthy male and female study participants over the age of 18 will be randomized to

receive omeprazole in the following forms:

15 (A) 20 mg of a liquid formulation of approximately 20 mg omeprazole in 4.8 mEq
sodium bicarbonate gs to 10 ml with water;
(B) 20 mg of a liquid formulation of approximately 2 mg omeprazole per 1 ml of
8.4% sodium bicarbonate.
© Prilosec® (omeprazole) 20 mg capsule;
20 (D)  Capsule prepared by inserting non-enteric coated omeprazole 20 mg into a #4
empty gelatin capsule (Lilly) uniformly dispersed in 240 mg of sodium bicarbonate powder
USP to form an inner capsule. The inner capsule is then inserted into a #00 empty gelatin
capsule (Lilly) together with a homogeneous mixture of 600 mg sodium bicarbonate USP and
110 mg pregelatinized starch NF.
25 After appropriate screening and consent, healthy volunteers will be randomized to
receive one of the following four regimens as randomly assigned by Latin Square. Each
subject will be crossed to each regimen according to the randomization sequence until all

subjects have received all four regimens (with one week separating each regimen).
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15 150ul of carbonate buffer (pH=9.8), 5 m of dichloroethane, 5 m of
hexane, and 980 ul of sterile water. After the sanple is centrifuged, the
organi c |wpas/sssextracted and dried over a nitrogen streamusksciv4pel | et
is reconstituted with 150 ul of nobile phase (40% nethanol, 52%0.025
phosphate buffer, 8% acetonitrile, pH=7.4). O the reconstituted sanple,
75ul is injected onto a C18 5 U colum equilibrated with the sane nobile
phase at 1.Ilm/mn. Under 20 these conditions, onmeprazole is eluted at
approximately 5 minutes, and the internal standard at approximately 7.5
mnutes, The stapgand ﬁz'éfnxg%rﬁegra&a@ﬁm&wsomﬁ HANSRRE LR 0PN ofARge O-3

nmg/ m (in previous wor , and the between-day coefficient of

variation %n&he@ghoga}gorfﬂ%fra&gie in FRRCELAY, s@&ﬁr&%?cnrb-ggzﬁ O@’Mnﬁ%luﬁi%?ﬁke@%lekor the

standard cu in prior (omeprazol e 2nyg/ n
NaHCO3 8. | X Fa=il

denonst ratACe/?atnHét?cetélells?1 Eitor g}azgl Qag)gltl@bis{ggi Fﬂ[el on(C% N K m g{el onstla?m%q/l Je% b) and
d) as co d rb o, the enteric ranul e at

,(Adéli ti onal G)\appli hg Seevg?ee’cf’bs’e ldhag t ALY ﬁglf el?cé( p\?ﬁcﬁkan OOdéigrﬁlmFence in
the 86 WO 3/0 1584 P 803/016 absor pt 0
through (d) -G o Sa*aglswﬂﬂfe tﬁke&%er 4 Oafsea&O%E SupdrRirath AT {he
curve shoul d be.si the fo tions t hrough (d
o & X1 0RO PRGBS tn SR bRt 08 BB | on Wik O
Pari et al CBII Activator 10 Sixteen (16) normal, healthy nmale and fermale
st udy subjectslﬁver Patient Eligibliy 18 wi || be randoni zed to receive

pant oprazol e a over to 30 m.nutes in conbination
Brth a 50 oai bl et i s by B i b B BHAH B el g TV over
15 to 30 minut&s i NIsausemEkileda With a 20 M oral dose of 15 water. The

subjects will receive a single dose of (a) or (b) above, and wll be
crossed- over t ®igned)nfamebd(cbpsentn r andom f ashi on. Serum concentrati ons of

pant Op{saZO| e V%.SusEtxiclg?iot?fCIrggria

1. Currently taking H,-receptor antagonist, antacid, or sucralfate.
2. Recent (within 7 days) therapy with lansoprazole, omeprazole, or other proton

pump inhibitor.

3. Recent (within 7 days) therapy with warfarin.
20 4. History of variceal bleeding.
5. History of peptic ulcer disease or currently active G.I. bleed.

6. History of vagotomy or pyloroplasty.

7. Patient has received an investigational drug within 30 days.
8. Treatment with ketoconazole or itraconazole.

25 9. Patient has an allergy to omeprazole.
E. Pharmocokinetic Evaluation and Statistical Analysis

Blood samples will be centrifuged within 2 hours of collection and the plasma will
then separated and frozen at —10° C (or lower) until assayed. Pharmacokinetic variables will

include: time to peak concentration, mean peak concentration, AUC (0-t) and (0-infinity).
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adm nistration data will be collected, as well|l as gastric pH control as
nmeasured with an indwelling pH probe. 20 Further, simlar studies are
cont enpl awed3whessei n chocol ate or other parietal cell actPicTaisos/0i630
substituted for the parietal cell activator sodium bicarbonate, and ot her
proton punp inhibiting agents are substituted for pantoprazole. The
parietal cell activator can be admnistered either within about 5 m nutes
before, during or within about 5 mnutes after the 1V dose of proton punp
i nhi p}_tor .MZS Appl i (t:ant expects tha_tﬂﬁjtahgse studies will i:idem)nsth_rat e that

si gni fican $ : - LEGY : - ve

t her apeslcjtl C aé’fs Lsg)ct§ arv%%é;&'ﬁ%mssegﬁ\%tﬁlcl n tc{(ljérzrlg{ilrf%!t%lnon vmb{vﬁ a%%ygﬁlérgpari et al
cell activator., . Addid-bonall adm ni st,rat | i

i nhi bi tor aaslsr?asegrb éﬁ%pgtgr/(? g%ngpgﬂccgln}qew%g ?hsg{v{))g&é%!# %SQS{D%JC %gé“g}a%gﬁﬁ;ﬁ 0\t;ari ous
forms forc“?@ée of adm nistration and to optim ze 30 packing and shi ppi ng
the product”~"Such kits can be in unit dose or multiple dose form 87 WO
S Siafone SHHRBSEERTL o prene o By o s b o

bi carbonate w oneprazole t 0 i nal  concentration .of, 2 nmg/m to
determine the sta falzg e)?no¥n?%mn%Btragéaéﬁﬁjgﬁggﬁﬁi }Vglra]be B %e(?m%pr%%)rlﬁ Ehnél .muﬂlu%l

resul tgnt pr ration was stored.in clear glass at ro enperature, 10
refrig atsgﬁﬁgrﬁdvﬁ L’%E‘S?‘ﬁ“reg}%ﬂ?Oedgﬁﬁﬁlg?%oﬁﬁ%%gcegﬂee“%s?ﬁﬁg’h%‘ﬁ‘a §t fné(tji on from
the store reparatio th rescribed tinmes. The sanples.were {hen
Stored ar NoRe RRbaue Vo dlecive DR P Ran Pirssie ThOM ey g e o e,
When the col | ection process was_co eted, the sanples were shipped to a
Iaborgt or Wd”d\i‘é"r‘?ﬁl"gf?f lU_cSVi’g ti’/erfeélsép 'f“é?rg))lé’ﬁg%@fi;’ﬁ“gﬁiﬁ% _ ‘lg_o%f@ﬁ’%’aﬁed fg_r 30
seconds and sanple aliquots were analyze intriplicate according
to 15 m|¢HWGWH§a§,.2lér?@5r(h9§§De alﬁgy’@ﬁu} qf QMeprazgle %w&/ﬁaéﬁi%f’é
measured by a nodification of the procedure described by Anmantea and

Nar ang. ( palasanePRgLe ety sERsion #Rdri§Gw @t theiyemal sandarg pregipaisksdsith on o

Oreprazol e And Metabolites Usi ng Reverse-Phased Hi gh-
15 150ul of carbonate buffer (pH=9.8%, 5 ml of dichloroethane, 5 mI of hexane, and 980 ul of

sterile water. After the sample is centrifuged, the organic layer is extracted and dried over a
nitrogen stream. Each pellet is recoﬁstituted with 150 ul of mobile phase (40% methanol,
52% 0.025 phosphate buffer, 8% acetonitrile, pH=7.4). Of the reconstituted sample, 75ul is
injected onto a Cyg 5 U column equilibrated with the same mobile phase at 1.1ml/min. Under

20 these conditions, omeprazole is eluted at approximately 5 minutes, and the internal standard
at approximately 7.5 minutes. The standard curve is linear over the concentration range 0-3
mg/ml (in previous work with SOS), and the between-day coefficient of variation has been
<8% at all concentrations. The typical mean R? for the standard curve has been 0.98 in prior
work with SOS (omeprazole 2mg/ml NaHCO; 8.4%).

25 Applicant expects that the above experiments will demonstrate there is more rapid
absorption of formulations (a), (b) and (d) as compared to the enteric coated granules of

formulation (¢). Additionally, applicant expects that although there will be a difference in the
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Per formance Liquid Chromatography, J. CHROVATOGCRAPHY, 426: 216-222 (1988)).
Twenty (20) ul of the oneprazole 2ng/m NaHCO3 sol ution and 100 ul of the
i nt ernal wopandersd4 20 sol uti on were vortexed with 150 ul ofrcaardosomue buffer
(pH=9.8), 5 mM dichloroethane, 5 m hexane, and 980 ul of sterile water.
The sanple was centrifuged and the organic |ayer was extracted and dried
over a nitrogen stream Each pellet was reconstituted with 150 ul of

nobi | e phase (40% net hanol, 52% 0. 025 phosphate buffer, 8% acetonitrile,
pH=7.4). O the reconstituted sanple, 75ul were injected onto a Cl85u

col um sequbded Qﬂ'a@Ecﬁ?tri]dN Mn%@&nﬁi‘mh%@gmﬁ'tﬂe%x%@%b%rpt%or%(am&%f&d bPMRpr azol e

was eluted at -5 and"the internal Sstandard at - m n. The standard

cur ve vas JLNGAL Y8l d OROPIREN Al R LABYLHO ohnilBhs (ofitbuaPRyMeen- day

coefficient of variatio at a centrations. for the
standard curve was 0.980. 88 WO 03/?’%’2‘%46{5 / US03/ 01640 5 The 6 nonth
sanpl e showed stability at greater ant 90% of the ori gi nal concentration
of 2 ng/m . (i Iefrqvefied®8 PrabuiPump IQHibity/imiCombir@Pionlffith Qral Penietedledl X V

Phar macokiswwaer and Phar macodynam ¢ Study of Duodenal or Jejunal 10

Admi ni gf ration sgg{%?gfe%%gﬁal%%g@%@%ﬁ fu 1’3&%@%%@%%@&%@%@ 6 PLARAYR

Suspension in nt's ress prazo suspensi on
adm ni st ertedarglpmized t¢ epeivapantpratoede frdlows.out e was conpared in a

random zed, cross-oyer fashion w,th.nasogastr.ic. LWhistration [0 patients
at risk for 15(Bal t reks((gl-n éle'é)tv eerdl%éf) 3%@(%%“3‘?5613?0@1?%?0%% aozr%tns}f%uralydggen&ol | ment

were all aduylt b[)atient§4(,>18 yr.) admtted to the surgical intensive care
n

unit who HREUPSBRIGC (¥ 8ne a mjor surgical procedure or were
tt it t e, Physj ol i | d i C. th E td
Capacre 11 "scdve” s BTy bl sthdp nbieh Somangin Sy IE PLm esEtte "ol so

required to be nechanically ventilated in addition to having at | east one
of t hel¥ ol Y& ng risk factors: head 20 injury with altered |evel of
consci ousness; _extensive_ burns (>20% bodfy surfaag)e ar ecg); acute _renal

dosq ot ¥l

failure; acid- J88&wbEcsorddrceivng singh dos¢ pahadb) 8%y andput b ross-2¥epie

operative ] ) ) i
(2) and (b) in random fashion. Serum concentrations of pantoprazole versus time after

administration data will be collected, as well as gastric pH control as measured with an
indwelling pH probe.

20 Further, similar studies are contemplated wherein chocolate or other parietal cell
activator is substituted for the parietal cell activator sodium bicarbonate, and other proton
pump inhibiting agents are substituted for pantoprazole. The parietal cell activator can be
administered either within about 5 minutes before, during or within about 5 minutes after the
IV dose of proton pump inhibitor.

25 Applicant expects that these studies will demonstrate that significantly less IV proton
pump inhibitor is required to achieve therapeutic effect when it is given in combination with
an oral parietal cell activator.

Additionally, administration kits of IV proton pump inhibitor and oral parietal cell
activator can be packaged in many various forms for ease of administration and to optimize

30  packing and shipping the product. Such kits can be in unit dose or multiple dose form.
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procedures; coma; hypotension for >1 h; or sepsis syndrone. Patients were
excluded from participation if they had any of the follow ng

char act erwstisosisshypochl or hydri a; status of "Do Not Resu®cTiEI®lIc4@

hi story of vagotomny, pyloroplasty, or gastroplasty; an allergy to proton 25
punp inhibitors; active G bleeding (including variceal bleeding);

t hrombocytopenia (<30,000/mmM platelets); active peptic ulcer disease
treated within the past year; were likely at risk of swallow ng bl ood
(i.e., severe facial trauma, oral |acerations, henoptysis); currently or
during st he study receiving ketocongzQhfokmitraconazol e or enteral tube
feedi ngs; or had received an investigational drug within 30 days,

oneprazol e or R0IChMonthy Gelitity i By apraiplsiSugitensig® wit hin 5 days, or warfarin

or nonst er oi dala @RpdnsibA vaSpreBdrQl by AIxESs 4990 {8 bicatdahte dii ARG nf Bra¥¥R 3/ 061584
PCT/ US03/ 01640 5 aspirin, wthin 24 h. Admnistration of the study drug

was not i nirbdRt 8 EnttbhdentrdionRal nEAhI t%@teﬁ%yﬁﬁraiasﬂnﬂ@s&nqép&zm@ssmti?fl- 0. If

48 h had passed and gastric pH was not <4.0, the patient was excluded from

study partjgg} f’%hfﬂ@.- "I'l%’artegu%_gxtlﬁ)r%pati%(’v%s QBrcl il Qfar BBET TSN fnfplralier apy for

<24 h were allowed to participate after discontinuation of their nedication

and galtq)t r ir(éfr%(éliagidta}‘ﬁl Fré‘{éni §Xrﬁgli%@§re%trweifiem<8§o%gh R iaEiQﬁ‘ﬂSm(tgea&(%I%a ¢ pH <4.0).

Subj ects were not allowed to receive antisecretory agents (e.g., H2RA)

duri ng t he g}%}kﬁ?lé%%gl% ;6%§%1%/e}éi§¥r!gqﬁgﬁ%r%§le§Wegﬁggﬁ tc%rgcp £t 79% pﬂ%&é/nega%%}! of

M ssouri at col a nt ormed consent
obtal ned. bEhgnS HLTINSL LUEAL9N, RAELbe3HRL RS e EGREEsl opRiionol o
gl M R e R e SR e
mixing. THE IR srearron e A debvat Mo ERTRRIE A BufEl BEaBERREL g
o R s R e BRSO e e e S e
of the nas%%astri ¢ tube was confirned by x-ray and 20 aspiration of gastric

contents fYrhsaocedpieidesrabsbly Ampres A NBago i) Marier Mdo dFrae PRy Bugoved: e

pl aced by standard surgical technique andA/}oosi tioning was confirnmed by
X-ray. On @pe@iyr@%’@r Quantitation Of Omeprazole And Metabolites Using Reverse-Phased High-

Performance Liquid Chromatography, ]. CHROMATOGRAPHY, 426: 216-222 (1988)). Twenty
(20) ul of the omeprazole 2mg/ml NaHCOj5 solution and 100 ul of the internal standard

20  solution were vortexed with 150 ul of carbonate buffer (pH = 9.8), 5 ml dichloroethane, 5 ml
hexane, and 980 ul of sterile water. The sample was centrifuged and the organic layer was
extracted and dried over a nitrogen stream. Each pellet was reconstituted with 150 ul of
mobile phase (40% methanol, 52% 0.025 phosphate buffer, 8% acetonitrile, pH=7.4). Of the
reconstituted sample, 75ul were injected onto a C185u column equilibrated with the same

25  mobile phase at 1.1 ml/min. Omeprazole was eluted at ~5 min, and the internal standard at
~7.5 min. The standard curve was linear over the concentrated range 0-3 mg/ml, and
between-day coefficient of variation was < 8% at all concentrations. Mean R? for the

standard curve was 0.980.
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1, when gastric pH decreased to <4, the patients were random zed to receive
a single 40 ng dose of oneprazol e suspension by either nasogastric tube or
j €j unal / dwodenedssadm ni strati on. When gastric pH subsequeatriysosiospped
again to <4 (>24 h in all patients), each patient was 25 crossed-over to
the other admnistration route followed by a single 40 ng dose of
oneprazol e suspension. Al patients received the cross-over dose 72 h
after the first day and after the pH had dropped to <4. After oneprazole
adm ni stration, the nasogastric or duodenal /jejunal tube 90 WO 03/061584
PCT/ USQS/ 01640 Th§ 6\f)f!§fl'§tthf %gﬂ%ﬂ&%& s@at}m&m dgTQJtﬂWﬁJn@O"/ﬁ?ﬁdh&& H}Pa‘?d for 1-2 h. A

Latin square cross-over sign was use A total f of bl ood was
collected | I (o] e establish the
absorptlonogﬁﬁnaﬁg%ﬁggg%H é?lbygggl&@té?gqgﬁﬁ%ﬁg%?l?g e as adm ni stered by
the different enteral routes. Blood sanples were obtained i mediately
before each dose of 10 drug and at 3, 5, 10, 20, 30, 60, 120, 240, 480,
720, 960, and 1440 min after drug dnini§irat|on Al'l sanples were
collected in red-top tubes (Vacut ai s %mcton- Di cki nson, Franklin
Lakes, NJ), al |ravegladobinedicoind Piard@cadyiamic Sm}tj) wy Deogaabérufepynabind

cent r i fougedidriarstraflo MCovdpared tNdOQBriy. Advivaistregai 4fl Ovgeselode SBpersomoned and
i mredi at el Barieh#s @Z Rk fdr StreQQUldpvisi | anal ysis. The study was conducted for
approxi mately 4 days per patient 15 Conti nuous nnnitoring of gastric

acidity occurred throu udy .peri.od, for al patient s who
ecel vid bibpr SRS PRI PR b e 1§ B dwadBla Bl %jswwgared
measured with Ztn tics Zinetics Medical, Salt Lak

Grepr azol &' adE ChricBie %&f?%w& s R AR A D ATRT G PGt %
preV|oust ormance |liquid chro a ay. The
range of | trﬁgaﬁetate? qlg ee@‘ﬁ% g B@é%ﬁf%@ meWrﬁﬁlm“?t?p&ngé?agnyr'%he | ower
limts of detection were . Coefficients of variation (R2) for the
omepr azol erdgutiegto StPét“gt%bm?P%‘ﬁ‘ti%ﬁf%iu‘EW% addgeeRnpRasTEoR & ntwéurgtsa 9 for the
entire study. Intra- and interassay coefficients of variation

consi st entRrgeedprenugvate pogHawna Witk pnAsute RBysitdesical and Glaropie Fealth E‘ff‘hta&%e The

serum onepr azol e concentration-time data were anal yzed via WnNonlin
(APACHE II) score >18. To be included in the study, patients were also required to be

mechanically ventilated in addition to having at least one of the following risk factors: head
20  injury with altered level of consciousness; extensive bums (>20% body surface area); acute
renal failure; acid-base disorder; multiple traumas; coagulopathy; multiple operative
procedures; coma; hypotension for >1 h; or sepsis syndrome. Patients were excluded from
participation if they had any of the following characteristics: hypochlorhydria; status of “Do
Not Resuscitate”; a history of vagotomy, pyloroplasty, or gastroplasty; an allergy to proton
25  pump inhibitors; active GI bleeding (including variceal bleeding); thrombocytopenia
(<30,000/mm’ platelets); active peptic ulcer disease treated within the past year; were likely at
risk of swallowing blood (i.e., severe facial trauma, oral lacerations, hemoptysis); currently or
during the study receiving ketoconazole or itraconazole or enteral tube feedings; or had
received an investigational drug within 30 days, omeprazole or another proton pump inhibitor

30  within 5 days, or warfarin or nonsteroidal anti-inflammatory drugs (NSAIDs), including
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25 Software, Standard Edition, Version 1.5 (Scientific Consulting, Cary,
NC). First dose pharnacokinetic paraneters including half-life (Tin.),

maxi mum swouswemacentrati on (Cmax), tinme to maxi num ser uPCaTArsogNtA@t i on
(Tmex), drug clearance (C 155/F) were estinmated using a nonconpartnmental
extravascul ar dose nodel. Area under the serumconcentration tinme curve 91
WO 03/061584 PCT/ US03/01640 5 (AUC) was determ ned by trapezoidal rule and
was extrapolated to 24 h (AUCo_24) and to infinity (AUCo-00), using the
fitted values of the final plasma concentration tine curves. Denographic,

pPH, and phakiRRGAKiNSs hCAdRIHAstAliSh §BROhBMAS whiltot WRdled Wil 82 pW&dnk has  the
range for respective values when appropriate. The pharmacodynam c

rel ati onsh %lmgﬁéd\@%c\éﬁrdf‘l‘d% F?msrm;a%gs@@aﬁ&ga@él{c%m@s%t < DGhasHtRe

cl earance AUC, "were 10 conpared to nean pH val ues obtai ned for each

respect | ve, AT RIS LOR) £ B IpARAYAS derbi RSB LEBHERERY for

Oreprazol e concentrati o data graphical representatio

statisti 0324%19&? gl'lcb egg{) ﬁgﬁ%@&? b %ls cﬁti}ﬁug) {Q'n%ﬂtﬁ:ﬁfntl%ﬁw rf?qdigghp 9901d1,v9h” cago,

IL). Ap v ons ered significant atrsti

anal yses. OERLAROLE SRR t'ﬁanaengaﬁr%aﬂ%&%(@%@&m@@m{gﬁg W JFhe per f or med

in nine critirca urgl Rent's men and four woren). The
adm ni tratl on eragﬁﬁﬁ n F‘&' erse ts. The
mean (I%SD)recéeéVé" “g’ﬁ({ry a%?ﬁ% &fe :{Mﬁ'érmg% a?'nglg‘p i lgmﬂ\ﬁev Flen s(pwer e 33
11 yr (ra 3-5 78 .19 124‘{1%&‘1 and, 95 4.0 mM/mn
(r ange &gﬁ%%ﬂf%mtﬁf} MissQurh q(\l§‘81‘l§()a a 0‘}68 eéﬁ?tgc g ’Ellé dEonseuy & liver
di sease by clinjcal boratory evidence of hepatic dysfunction.
Al nine 2Bt %‘%flla SW%SW%’C%’FQ}&B%%%YG&&& écﬁl a nasogastri c adm ni stration,
conpared with seven and two, patients 8 wer e ilso ra ﬁ%t receive
the drug via t ﬁ@nﬁpéqmwépspavsmwéﬁ&pow@e and stored mAmGey <r eS 3 n’ﬂ}soki netic
paranmeters for both groups are shown in Table 8. The nean plasnma
concent r atdmeaprazplgevas proparsd By dissolving thy cottershefiiva281mee eapses{Erilsec®ini ni st er ed
via the nasogastric and jejunal/duodenal routes produced a biphasic curve
with the hhghefenpmalagee, $4) imdlcohafdm sadiumbicpbendie (Addpott Labarathres, North
j ej unal / duodenal group conpared to nasogastric admnistration (1.833
0. 416 fi g/Ghivago, 1) 970 gedledBaking ©/asdure plequate NOGIz. Thewpdiam bicerbonate
dissolves the enteric-coated beads leaving “free omeprazole” in the suspension.
A nasogastric tube and needle catheter jejunostomy or duodenal tube was placed
before study initiation. Placement of the nasogastric tube was confirmed by x-ray and
20  aspiration of gastric contents for pH confirmation. The jejunostomy and duodenal tubes were
placed by standard surgical technique and positioning was confirmed by x-ray. On study day
1, when gastric pH decreased to <4, the patients were randomized to receive a single 40 mg
dose of omeprazole suspension by either nasogastric tube or jejunal/duodenal administration.
When gastric pH subsequently dropped again to <4 (>24 h in all patients), each patient was
25  crossed-over to the other administration route followed by a single 40 mg dose of omeprazole

suspension. All patients received the cross-over dose 72 h after the first day and after the pH

had dropped to <4. After omeprazole administration, the nasogastric or duodenal/jejunal tube
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absorption was also significantly slower by conparison of tine to maxi num
concentration (Tmar) when adm ni stered by nasogastric tube vs.

j ej unal / cwodeneissadm ni stration (108.3 f 92 WO 03/ 061584 PRCT/USB8B1601.640 5
42.0 vs. 12.1 7.9 min. p <0.0001). QG her nmean pharnmacoki netic parameters
(t,, d... AUCO_ 24, AUCo-o00) were not statistically different between the
two groups, although there was a trend toward a shorter half-life for
patients who received drug via the jejunal/duodenal route. The nean
baseline pH was 1.63 0.89 for the jejunal/duodenal group and 2.12 0.67

for the nagQgsidalvmdlont Bf {Brerand: cRped MAM h. ”NL%%%&Ja{eCcr&Hé V@l disign hase to

>4 1 h after 10 omeprazole adm nistration and remai ned >4 for the entire
24-h study period in both groups. Wen conparing the nean pH data
(nasogastrl C (6.32 1.04) vs. jejunal/duodenal (5.57 1.15), p = 0.015)

nasogastric adm gl shf@f P cgb'ﬂ%d%é‘ Ql?el_'teﬁ' gggnlgg&%oté &vepbﬁr?&dll&gﬁz_;r *Pcfougho‘“

the study with fewer i1ncidences
Phar macoki ne Lers

. azol e Suspension arla e astrlc
Jej unal / DfS%ﬁ%lhsl E‘F?bs‘(rﬂ o dp?’f‘xfmac ‘““v‘élparam é’meﬁ‘?éo % ‘g‘E%‘S“z’r G
340.1 0.99, Al T 108. 3 f
42.0 12.1 tPe di‘ng%Qbe%%“ “]l“iszpﬁ ]ans? 6W?5‘? °i’?ftb“36 g5y ‘elylb:‘%"%g%h%ﬁs“
0. 144 0 8 0.19 ( . 833 f 0.416
0. 0006!0 Zsssiﬁ 393738 93‘8%0 %80 %@%&n@% g‘f’fa%fi’%ti cally
5|gn|f|cant AUCo 24 = area under_the curve fromO to 24 h; AUCo-o00 = Area
under the aéi]’r"?}étmlﬂf’@mﬁﬁ spmples Werp polifcied in redytop tubes (Yaoutainer@x PRYIPR s er um
concentration; T12 = half life; d/F = drug clearance; CM, = maxinum
ser um condeinkingsni BranklingLakes, akewed tnalob§adp mie atzaem tamperaie.cndof  SOS

resulted in | ower maxi num nean f
centrifuged for 10 minutes at 1000 g. The resulting sera was removed and immediately

frozen at -70°C until analysis. The study was conducted for approximately 4 days per patient.
15 Continuous monitoring of gastric acidity (pH) occurred throughout the study period
for all patients who received omeprazole suspension. Continuous gastric pH readings were
measured with a Zinetics probe (Zinetics Medical, Salt Lake City, UT).
Omeprazole plasma concentrations were determined by modification of a previously
published high-performance liquid chromatography assay. The range of linearity for the

20  assay was 25-1000 ng/ml for serum. The lower limits of detection were 10 ng/ml.

. .. 2
Coefficients of variation (R") for the omeprazole assay over the standard curve

concentrations were >0.99 for the entire study. Intra- and interassay coefficients of variation
were consistently <8.5% at concentrations included in the linearity range.
The serum omeprazole concentration-time data were analyzed via WinNonlin
25  Software, Standard Edition, Version 1.5 (Scientific Consulting, Cary, NC). First dose
pharmacokinetic parameters including half-life (T12), maximum serum-concentration (Ci.x),
time to maximum serum concentration (T,,,), drug clearance (C1,/F) were estimated using a

noncompartmental extravascular dose model. Area under the serum-concentration time curve
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SD serum concentrations conpared to jejunal/duodenal dosing (0.970 0.436
vs. 1.833 0.416 ug/mM, p = 0.006). SCS absorption was significantly

sl ower whwo Borised stered via 93 WO 03/ 061584 PCT/ US03/ 0164Q/usb3/mms@gastri c
tube (108.3 42.0 vs. 12.1 7.9 mn, p < 0.001). However, all routes of

adm nistration resulted in simlar SOS area under the serum
concentration-tinme curves (AUCo-o00) (415.1 291.8 vs. 396.7 388.1 pg
h/m, p =0.91). Mean intragastric pH values renmined >4 at 1 h after SOS
adm ni stration and remai ned >4 for the entire 24-h study (nasogastric

(6:32 S A SrsiBLHRALY Si0ARATk (. S ik clElooRics 28RN CL el o35 of 10

adm ni str route. Exa prazol e Suspensi on ( SOS)

phar macoK! ARl S RIBH TRAAANDRRYC B8 A b BRLLEBU S facbd B bR

stress-rela nucos mage rot oco spitalized patients
who were at ri of siress-rel ated sal. da Lled in
thi's"study to SyareEPheyRT lpMfleEnt fis fRTRGE: FlChentF S0 S Uefiks
intragastric pH changes acconpanyi ng a. single dose of oneprazagl.e 40ngy in
20nEq sodi (IFTDE BT EEPBEMarave (St et giiatoate S TReRYpILE TRITSHRD wer o
consi dere | igible and recei ved no rior .freatnment Wt razol e

(i thi & el varicip afrmc Ot Apr s Bob B e G BRAERE ¥eftune (i th a
pH probe - incorporated in the tip_- G.aphProbe Zineti.csMedical s

pl aced!d n fom@E Shigen %V@P%ﬁ&f%gr@%ﬁ@ ‘eﬁéf‘i‘vé’r?flg“’}‘%%f’\“/@&teé‘“§8éaéy7\§% SOS
(40ng oneprazole in 20 nL 8.40/0 sodi um hi carbonate) after the gastric pH
dr opped bePYoear regrsssigly (HPETeFoRERiRIeEs-Eme datdpsrapiifebrepssetaiicmidat t he
following tines: OmMn 3 mMnb5mnl0 mn 15 mMn 20 min 30 mMn 45 mn 1 hr
2 hrs 4 hrsatitigl gnalysp wirg perlprmed wib Prig sefpwarp (Grephfad dducagerid) farideltisi ng t he

Zi neti csMedi cal G aphProbe and the DatalLogger from Sandhill scientific.
of <0.05 was considered significant for all statistical analyses.

Omeprazole absorption and pharmacokinetic analyses were performed in nine

15 critically ill surgical patients (five men and four women). The administration was well
tolerated without any apparent adverse events. The mean (+ SD) age, weight, and creatinine
clearance of these patients were 33 £ 11 yr (range, 23-56 yr), 78 £ 19 kg (range, 59-124 kg),
and 95 + 24.0 ml/min (range, 35-120 ml/min), respectively. No patients had demonstrated
liver disease by either clinical or laboratory evidence of hepatic dysfunction. All nine

20  patients received omeprazole via nasogastric administration, compared with seven and two
patients who were also randomized to receive the drug via the jejunal or duodenal route,
respectively. Pharmacokinetic parameters for both groups are shown in Table 8. The mean
plasma concentration-time éurves after 40 mg of omeprazole suspension administered via the
nasogastric and jejunal/duodenal routes produced a biphasic curve with the higher peak

25  serum concentrations resulting from the jejﬁnal/duodenal group compared to nasogastric
administration (1.833 = 0.416 pg/m vs. 0.970 £ 0.436 ug/ml, p = 0.006). Omeprazole
absorption was also significantly slower by comparison of time to maximum concentration

(Tne) When administered by nasogastric tube vs. jejunal/duodenal administration (108.3 +
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94 WO 03/061584 PCT/ US03/01640 5 Serumwas ultracentrifuged and stored at
-70 C and sent as a single batch to David Fl ockhart MD, PhD at Georgetown
Uni ver si twoMBabrsad Center for HPLC (H gh Pressure Liqui dpCrusosdmge aphy)
measurenent. B. Results 10 The oneprazol e plasna concentrations for 17

subj ects are provided belowin Table Nos. 12, 13, 14, and 15. Belowis

al so a summary the pharnmacoki netic and pharnmacodynam ¢ findings. 1.

Phar macoki neti c Absorption: Absorption was rapid as indicated by the
appearance of oneprazole in 15 serumat <10 minutes in nmany subjects. Tmax

The G may ((JBKX MUMSEHLUTLEORAT n@{h@t ﬂnemph\ﬁ%caltﬁawﬁﬁ%@ws @L @i nast when

conpared to the enteric-coated granul es. The C max in nost every pati ent

appear i ng bef -mﬂveréﬁnrg#gm{.sT cgffé%%be @nate%%gwugp affouk AR FRLAZOl e did

not appear 'to be’si |cant ecrease orrpar to oneprazole in

the enter It?e oy a%g gl%rtg{ ﬁaﬁfc f’[%? %\ J)\féhcﬁregé%vetdqg\?% vih B %)er lMﬁod(eﬁ%’cgute

Pharnacodynanlc appear e y rap

sust ai ned at an,unusu p flrst r Table
9. Oneprazol e CORCERAT TS lenerP Selréjt%8%9 B fﬁa‘tuna%t%o%mlgrq‘sp% ?3}12%0
Pat i ent #%. %tlent #2 Pat i

8 t

| Orenr a2 lTa O pidEl et Pa i %ﬁ%ﬁﬁf‘%&%@g?}ﬁ i S ot ATRRERZ FL

pl asma Og / ome%lraazglgaadlgumstra (l)na asnr;riarergalgédg4 1%r %e entlre§4\ﬁotu%§1/pgn 1? 1%%051%%&%%03/ 01640

When comparing the mean pH data (nasogastric (6.32 £ 1.04) vs. jejunal/duodenal (5.57 +
1.15), p =0.015) nasogastric administration maintained higher gastric pH values throughout

the study with fewer incidences of pH values <4.0 overall.

15 Table 8. Pharmacokinetic Parameters of Omeprazole Suspension
Variable Nasogastric Jejunal/Duodenal p
(N=9) (N=9) Value
AUC,.4 373.3+£256.2 375.3+£340.1 0.99
AUCo-0 415.1+291.8 396.7 + 388.1 0.91
T (Min) 108.3+42.0 12.1+79 <0.001
Ty, (min) 250.7 £ 100.0 162.9+138.9 0.14
Cl/F 0.144 +0.098 0.199 +0.137 0.34
Coax (11g/ml) 0.970 £ 0.436 1.833 £0.416 0.0006

Data expressed as mean + SD. p <0.05 considered statistically significant.
AUC,.,.= area under the curve from 0 to 24 h; AUCo-0 = Area under the curve from 0 h to
infinity; T,., = time to maximum serum concentration; T\, = half life; CI/F = drug clearance;
C...« = maximum serum concentration.
20
In summary, nasogastric administration of SOS resulted in lower maximum mean +

SD serum concentrations compared to jejunal/duodenal dosing (0.970 £ 0.436 vs. 1.833 &

0.416 ug/ml, p = 0.006). SOS absorption was significantly slower when administered via

93



mn. ND ND ND ND ND 3 mn. ND 0.155 0.149 0.02 ND 5 mn. 0.201 0.44
.165 0.148 0.1 10 min. 0.322 0.551 0.233 0.34 0.278 15 min. ND 0.587

. 261 0. 40344384 20 m n. 0.381 1.01 0.382 0.554 0.537 3@cmiuso3/0i64¢l5 1. 33
.386 0.718 0.628 45 min. 0.658 1.46 0.445 0.89 0.68 1 hr. 0.755 1.24
.501 0.893 0.749 2 hrs. 0.911 0.894 0.715 0.695 0.763 4 hrs. 0.976 0.13
.463 ND 0.622 8 hrs. 0.78 0.05 0.305 ND 0.319 12 hrs. 0.303 ND 0.293 ND
.133 18 hrs. ND ND ND ND ND 24 hrs. 0.218 ND 0.215 ND ND 5 96 WO

03/ 061584 PCT/ US03/ 01640 5 Table 10. Oneprazol e Concentrations Over tine

for Patg enﬁasJ)%%c@ml%dsg!m}oIg 7818316 G, ,#60 fAY] BBk edt,, aabledyr #8 Pati ent
#9 Pati ent [ Omepr azol e] [ Oneprazol e] [Orreprazol e] [ Oreprazol e]

[ Onepr azol m plasm
oD Ry Eh R BRTR i SRR ART e Bl Bl oo BLAR TREe ™ 1 25 0

0.058 10 (%%0—0%(%}%7 %291158\% Sébeé%’jg@g?é 11/17?17 6§1WI\QeanQntQa7£15tgc 8151 V91u§4 0.073

0.192 20

remained >4 at 1 h after SOS administration and remained >4 for the entire 24-h study

OO0O0OO0COoOOor

(nasogastric (6.32 + 1.04) vs. jejunal/duodenal (5.57 £ 1.15), p =0.015), regardless of
10 administration route.

Example XV

Simplified Omeprazole Suspension (SOS) pharmacokinetic / pharmacodynamic
study in patients at risk for stress-related mucosal damage (SRMD).

15 A Protocol
Hospitalized patients who were at risk of stress-related mucosal damage (SRMD)

were enrolled in this study to evaluate the serum concentration vs. time profile and
intragastric pH changes accompanying a single dose of omeprazole 40mg in 20mEq sodium

20  bicarbonate suspension. Patients at risk for SRMD were considered eligible and received no .
prior treatment with omeprazole (within 5 days). Informed Consent was obtained. A
nasogastric tube (with a pH probe — incorporated in the tip — GraphProbe ZineticsMedical)
was placed in the stomach by standard means. Patients received a dose of SOS (40mg
omeprazole in 20 mL 8.4% sodium bicarbonate) after the gastric pH dropped below 4.

25  Serum concentrations of omeprazole were drawn at the following times:

0 min 3 min 5 min 10 min 15 min 20 min
30 min 45 min 1 hr 2 hrs 4 hrs 8 hrs
12 hrs 24 hrs

30  Gastric pH tracings were made using the ZineticsMedical GraphProbe and the Datal.ogger

from Sandhill scientific.
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30 min. 0.0925 ND 0.66 0.152 0.237 45 mn.
hr. 0.058 0.623 0.386 0.24 0.263 1 hr.
0.012 0. 2w B/0d6584 0. 406 0.221 4 hrs. ND 0.107 0.044 0. 86PCA/139101680 hrs. ND
ND ND 0.303 0.164 12 hrs. ND ND ND 0.168 0.055 18 hrs. ND ND ND ND ND 24
hrs. ND ND ND 0.108 ND 97 WO 03/061584 PCT/US03/01640 5 Table 11.
Oneprazol e Concentrations Over tinme for Patient Nos. 11-15 (g/m) Tinme
Patient #11 Patient #12 Patient # 13 Patient #14 Patient #15 [ Oreprazol e]

[ Oneprazol e] [ Oreprazol e] [Oreprazole] [Oreprazole] g/m plasma g/ m

| asma sg/ nm pl . m
b. 6278 Mo N0 o SRR s PRy GoTh R b i, T

D \D N0 3BTty PR3P G e Ryt e f‘?ﬁ%‘b o 0 10

0.025 0. 8%quld%g%m%tojg§aﬁl)h§) mggsﬁlremgnt526 0.046 0.841 0.269 0.196

0.095 ND 0.437 0.186 0.234 1
15 ND 0.61 ND ND ND mn. 2 hrs.

B. Results
10 The omeprazole plasma concentrations for 17 subjects are provided below in Table
Nos. 12,13, 14, and 15. Below is also a summary the pharmacokinetic and

pharmacodynamic findings.

1 Pharmacokinetic
Absorption: Absorption was rapid as indicated by the appearance of omeprazole in
15  serum at <10 minutes in many subjects.
Tmax : The C max (maximum serum concentration) was also rapidly attained when
compared to the enteric-coated granules. The C max in most every patient appearing before 1
hour (Tmax). |
AUC: The absorption of the omeprazole did not appear to be significantly decreased
20  when compared to omeprazole in the enteric-coated form as measured by Area Under the
Curve (AUC).
2. Pharmacodynamic
The gastric pH control appeared to be very rapid and sustained at an unusually high
pH for a first dose of omeprazole.

25
Table 9. Omeprazole Concentrations Over time for Patient Nos. 1-5 (pg/ml)

Time Patient #1 Patient #2 Patient #3 Patient #4 Patient #5

[Omeprazole]
pg/ml plasma

[Omeprazole]
pg/ml plasma

[Omeprazole]
pg/ml plasma

[Omeprazole]
pg/ml plasma

[Omeprazole]
pg/ml plasma
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1 hr. 0.486 0.077 0.896 0.276 0.155 2 hrs. 0.458 0.128 0.504 0.343 0.17 4
hrs. 0.466 0.17 0.278 0.435 0.139 8 hrs. 0.232 0.148 0.145 0.204 ND 12
hrs. 0. 0980030628ND 0. 131 ND 18 hrs. ND ND ND ND ND 24 mcg/ushioiiy ND ND
ND 98 WO 03/061584 PCT/US03/01640 5 Table 12. Oreprazol e Concentrations
Over tinme for Patient Nos. 16-17 (g/m) Tinme Patient #16 Patient #17

[ Oreprazol e] [Oneprazole] g/m plasma pg/m plasma 1 min. ND ND 3 mn. ND
ND 5 mn. NDND 10 min. ND 0.504 15 min. ND 0.6932 20 min. ND 0.765 30
mn. 0.076 0.777 45 min. 0.186 0.645 1 hr. 0.242 0.547 2 hrs. 0.193

0.508 4 (g, NDNRS nrs. NGHD 12 MRy ND ND [} nrs. NO{E
3 min. ND 0.155 0.149 0.02 ND
5 min. 0.201 0.44 0.165 0.148 0.1
10 min. 0.322 0.551 0.233 0.34 0.278
15 min. ND 0.587 0.261 0.44 0.413
20 min. 0.381 1.01 0.382 0.554 0.537
30 min. 0.445 1.33 0.386 0.718 0.628
45 min. 0.658 1.46 0.445 0.89 0.68
1 hr. 0.755 1.24 0.501 0.893 0.749
2 hrs. 0911 0.894 0.715 0.695 0.763
4 hrs. 0.976 0.13 0.463 ND 0.622
8 hrs. 0.78 0.05 0.305 ND 0.319
12 hrs. 0.303 ND 0.293 ND 0.133
18 hrs. ND ND ND ND ND
24 hrs. 0.218 ND 0.215 ND ND
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24 hrs. ND ND Exanple XVI A Conparison of the Pharnmacokinetics and

Phar macodynam cs of Oneprazole 10 Delivered Oally with D fferent Doses

of Ant aci dworn3essed Subjects A. Adm nistration of Test ArtPicalese3/iese
articles were adm ni stered to each subject according to the foll ow ng
schedul e: 99 WD 03/061584 PCT/ US03/01640 5 Period 1: 1 antacid tablet (30
nEg of 1 part sodi um bicarbonate to 3 parts cal ci um carbonate) plus 40 ng
oneprazol e powder was administered in the fasted state with 60 nL (2 o0z.)
water. Period 2: A solution/suspension of onmeprazole 40ng and 20 nEq of

sodi umg bi car b%ﬂfe%(bgkg#a Mgbuﬁ&ﬁ&og}dva TN @@ﬁ{enm%st k&b ( Ha)

adm nistered to 10 th jec atey(vmt hin 3 seco s) after

adm ni st ragtom—the 1 i t |-| a_stratsamoun vat—e;——-whl ch
was al so | 38 ni st %éyedﬁ ?6 lé h alﬁ ct ﬁ]i? 21)5%{% (5:11 Pat‘e traz laj;d t he
subj ect was gi ver ‘1 I'Ef@l lﬂ ?pé O P 8]rr p Pi°om of
the 20 m| of t he |G¥EPPEBRe %’amﬁﬁ“&ﬁ(&m}ﬁ B 5 die(t Pt 15
Period 3: capsuhe—of Pri losee—(40—rg ent-ere—coat CUr oERt "zol e—afone)
in the fa]s'ﬁné’d stat®with 12001 wat er 1QPen od 5: ant aC| d FQbI et (30 nEq
of 1 part sod+umBcarbonrate—+a—1 paf{ ealetm—caarbonate C} (I)'”‘ 40 Y
omepr azol | Potder JDB@ admi ni NBred in {RY fasted ate witp 8 m water.
20 B. Treat ri’lil"c‘nl"‘l‘iJP" ]j)ub ont Y ""“y’ (mJ WaS— %44cu 1 Olﬁ:sg,l e
Subj ects fa¥t'ed fcrN | east ({ﬁours 8ver ni ght the clinpic pr| or tlo
in!tiatin@WWhﬁ Emc:lc allﬁ)/:,yni:gl' wat-er gk zl UILUI‘IWILII 1 hour
prior to dose administration| h subj ect recei i ng Df" onepr azol e
powder wasTdH TS tGREY ey, 0.34 0.073 0.192

20 min. 0.05 ND 0.44 0.096 0.213

30 min. 0.0925 ND 0.66 0.152 0.237

45 min. 0.095 ND 0.437 0.186 0.234

1 hr. 0.058 0.623 0.386 0.24 0.263

1 hr. 15 ND 0.61 ND ND ND

min.

2 hrs. 0.012 0.177 0.153 0.406 0.221

4 hrs. ND 0.107 0.044 0.865 0.391

8 hrs. - | ND ND ND 0.303 0.164

12 hrs. ND ND ND 0.168 0.055

18 hrs. ND ND ND ND ND

24 hrs. ND ND ND 0.108 ND
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25 product by site staff directly onto the dorsal m d-tongue. |medi ately
thereafter, subjects were adm nistered one or two chewable antacid tablets
and begarwohews1sg4 Each subject 100 WO 03/ 061584 PCT/ USORCAu08016%0
continued to chew the tablet(s), while mxing it with the oneprazole
powder, carefully avoiding swallow ng the powder i mediately. One minute
after initiating chewing (and after conpletely swallow ng the test
articles), each subject drank 60-120 nL of water rising the oral cavity
before swall owi ng. No additional water was allowed until after the 6-hour

post dOSSG pH anflalma }’Pdoﬁl%giﬁkogé C%ceﬁtratt‘gh (P%r%e%r Iyﬁl%nta}hésoy\ﬁ% ﬁ%/rh bi tum For

10 pharmacokinetic phar ynamc sanpl'ing, zero tinme was t rre that
chewi ng i g=—inttigt ...""""“J" teri-a bieets et t he
trial if fHEY net § “318?1 j 16118%2 atjen W’?ﬁ Eg;q ’}QI%}@ r%tggt#ﬁﬁ 18 to
45 years pf age. 1 ﬁlepw‘? Q‘PﬁpﬁaZP | 1amgeal | Ibmepresels) é%ao ody
wei ght. 3| Weére i HEG® BhP ﬁ%a ty #8108 PHEMA; |JteaPlplasi s /R plasma
exan nat i pp—and—Habor ﬂ* nry va. ves 441 Had not—udsed-anyfofm-ofteoebagco
(e.qg., srm]ki“ng g\\%—i)ng) for MRe 1ast y&4t. 5. TN Rrat ed i 1§Pal | ati on of
nasogastr oH-pr £ oF Mst 5—mhutes—20—6—Had—=a—bas gast++q pH
at each tr%’éi"n'vi si|t %75’| ess N2n 2.5, | DD Excl usi Criteri NQubj ects |were
excl uded u;.. the H—they—ret—any-nt—thefoHlowing—1 WWO-63/6961584
PCT/ US03/ 5 fd@éd 5?? ficant mﬁstory of /Ibn? concur gﬁ Z :
gastroi nt estl naI di sease or uOI’ldI tion, |[such as GERD, heart b{it% 20 FE% uy
esophagi t s eptHe—dlcer—dtsease \gaaLri ¢—or—duodeng)——ota-fantty
hi story ofmplg]ﬁti ¢ | f(-:361 di seagg) gastri é‘%urgery()((jdeng;1 . vag )9'3%%/,

WA Y
Pyl oropl astyye 10154 ND 1.08 0.161 0.176

17 min. ND ND ND ND ND

20 min. 0.177 0.012 1.04 0.187 ND

(or 5 min.)

30 min. 0.388 0.025 0.865 0.224 0.184

45 min. 0.526 0.046 0.841 0.269 0.196

1 hr. 0.486 0.077 0.896 0.276 0.155

2 hrs. 0.458 0.128 0.504 0.343 0.17

4 hrs. 0.466 0.17 0.278 0.435 0.139

8 hrs. 0.232 0.148 0.145 0.204 ND

12 hrs. 0.093 0.052 ND 0.131 ND

18 hrs. ND ND ND ND ND

24 hrs. ND ND ND ND ND
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2. Had any significant nedical

respiratory,
car di ovaswoloang1seet abol i c,

10 al

| ergic,
or

hi story or concurrent
psychi atri c,
endocrine condition,

condition which the investigator or

sufficiently serious to interfere with the conduct,

of the tr

ial,

nmed

illness,
neur ol ogi cal, renal,

noni t or consi der
conpl et i

i cal

or constituted an unacceptable risk to the subject.

such as
hepati c,

or anycatuses/oreeai cal

ed
on, or results

3. Had a

hi story of significant drug allergy. 15 4. Known hypersensitivity to any of

the ingredients in the test articles.

5. Had a positive urine test of

astric

s (including

he trial. 7.

e, tea,
trial period.

stration in

ering the

ed with any

trial in the

ich could have

i stration of
trial,

10 12. Had

reference r anges

of infection
15 15. Known

al cohols orpghies dr bgRpAkoldBYndehirlonyDSEL - 6. Had taken any g
anti secretory drugs, e.g. 2 antagonists or PPls, or ant aci d
OTC nedi cations) w {:hi.R %ﬁtgﬁ R Bﬂgeriod 1 or during t
Had taken xant hi ne- éont%]nfngxégog erages (e.g., coffe
chocol at e)—20—wtHht ?%u “L'“ : cu +Ag the clinic for each
8. Had ind@g?ed grap %ﬁlﬁsﬁﬁ % 7 days of dose adm ni
any trial| period. rﬁ@&“ﬂ ﬁﬂﬂﬁﬁ% wi thin 90 days of ent
trial. 102 WO 03/ OpASBIPIT BED0¥EWS | 5 10. Had been treat
i nvest i gat+onal—drug—ar—therapy—or—participated in a clinical
90 days prﬁ@F‘to ent'ering the N al. 11.| Had any condition wh
i nterferegs—w-th—ass °Bnen%s, vosed—addi-ti onal risks in admn
the trial| ¥y to th& subj ect precl uded conpl etion of the
i ncl udi ng—a—hi-story—efnonconpliance—akcohol i sm or drug abuse.
any Iaboré?gpb test| PBsul t s debgating friom t he nor nal
establisheAlgr the eat Iabu.ﬁ%ﬁ"y by—pore then 20% that the investigator
j udged to e of popsible clin|Ca? signiffi cance. 13. Evi dence
with H V. i RKnown Nﬁgﬁﬁ1ﬁ—ﬂﬁ—6%gggrkt#s B surface antigen.
carrier of "hepatitip anti body.

20 min. ND 0.765

30 min. 0.076 0.777

45 min. 0.186 0.645

1 hr. 0.242 0.547

2 hrs. 0.193 0.508

4 hrs. ND ND

8 hrs. ND ND

12 hrs. ND ND

18 hrs. ND ND

24 hrs. ND ND

Example XVI
A Comparison of the Pharmacokinetics and Pharmacodynamics of Omeprazole
10 Delivered Orally with Different Doses of Antacid in Fasted Subjects

A.

Administration of Test Articles

Test articles were administered to each subject according to the following schedule:
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E. Oreprazol e Pharmacoki netics Bl ood sanples (10 nL) for neasurenent of

pl asma oneprazole were taken within 30 mnutes prior to each dosing, and
at 5, 10,wb93/08684 45, 60, 90, 120, 180, 240, 300, and 360 PcmiuUsat/es4( 6
hours) after dosing. These sanples were taken at the sane tine as the
gastric pH 20 was being recorded. Plasma onmeprazol e was neasured using a
previously validated LC- NMSMS assay. Zero tinme was the tinme that the
subject first chewed a table fornulation, swallowed a capsule, or first
swal lowed a liquid formulation of test article. F. Test Article Evaluation

(Day 1); 103, 03/ 0615 84tadibbidOBY/ PELAA part sEMumBYcatbondik k@8 patsGaRAREr t han

or less than 10 hour fast, pH recordings of the gastric fluid began in the

morning for 1 hour prj j Hpaj Qal : ' dplq 6
hours postdose. G Phggﬁg%%kgﬁiﬁ?ggﬁﬁgﬁ?gyé off%hééggggﬁg%#ﬂgg?ollomjng

phar macoki neti c parangfets W@%ﬁ,‘%y) §d: 10 Oneprazole plasnma
concentration at each sanp*ing tIne. eak oneprazol e plasnma concentration

(Crar) and time to peak plasma concentration (Trmae) obtained directly from

the data 'e%i'a@%.t I nt emsiuawaﬂgens%ﬁroifm@;&raz%hé 40290 S & s6@pmt ant (key)

determ ne roma |log-linear regression analysis of the termnal plasm

onmepr azol e concentrat {; 5 i i nati Lt Life.
cal (I?ul ated as 0.693/ k‘?gﬁo%gee(éo%iﬁ[ [eprn{13 t Oelgﬂ()h{egﬁl%g{zﬂgﬁgebdgﬁaiaﬁgh&ﬁ“(&%)

CO”CG”{c{]a“ on-time Cupye l&gc\?ﬁn{r{%&%ﬁaetglgr(\gitﬁig 3b 55 nds) hfter a@irifsedation, G Cul at ed

usi ng e trapezodial ru I'asma concentration at tirnme "t" being

the | ast neasurable c entration.. Area under .the ORepr pl asma
concentration-tine cuﬁ@geF?%%$?lﬁghfg?%ﬁﬁgovﬁﬁgwmgb“ﬁ%ﬁfﬁ%gkg(AUCo_inf),

cal cul ated as AUCO i + C /Kkei, er , 4.S.the | ast neasur e | asna
concentration and keia¢§mFﬁgﬁﬁ8ﬁ%ﬁH§F&;F%%?Wﬁfﬁ ﬁmﬁgFE%%gﬂgﬁg%?mﬁg i ned

above. H  Onset, Dur aEvlaé) gbenaant(?)tal}/gp {UOtnliJ]g gf \ggterEJerre ﬁ\te 3dministration of the 20 mL

of the omeprazole/sodium bicarbonate solution/suspension.

15  Period 3: 1 capsule of Prilosec (40 mg of enteric-coated omeprazole alone) in the

fasted state with 120 mL water.

Period 5: 1 antacid tablet (30 mEq of 1 part sodium bicarbonate to 1 part calcium
carbonate) plus 40 mg omeprazole powder was administered in the fasted

state with 120 ml water.
20 B. Treatment Periods

Only 1 day (Day 1) was required in the clinic. Subjects fasted for at least 10 hours
overnight in the clinic prior to initiating pH monitoring; they were allowed water ad libitum

until 1 hour prior to dose administration.

Each subject receiving 40 mg of omeprazole powder was administered the drug
25  product by site staff directly onto the dorsal mid-tongue. Immediately thereafter, subjects

were administered one or two chewable antacid tablets and began chewing. Each subject
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104 WD 03/061584 PCT/ US03/ 01640 5 Onset of action was defined as the
earliest tine that the value with active treatnment was significantly

di ff er entwbroomstske correspondi ng basel i ne val ue. The baselpcmaiseabiseo f or
each subject was the nean of values fromthe twelve 5-m nute baseline
periods. Duration of action was the latest tine that the value with active
treatnent was significantly different fromthe correspondi ng baseline

val ue. 10 Magnitude of effect was eval uated for each 5-m nute postdosing
interval as well as for the postdosing intervals 0-360 m nutes. |

Descri pf i ofpntthRd %@é@bﬁ@ta@l&K&WQlé RRIBLBWHE T oRePABAE Hoder Ndfetuli 5
Phar maceuticals, Inc. (518 dell Drive, Lexington, KY 40509- 1 16) and

cont ai ned é@ﬁu%mlmagm%@da%mla@wr@nelrﬁmﬁéraﬁ&ma&ﬁmg&ew ol (a¥SfepON
exci pients itional formulation(s) Tor oral adm nistration and nmay

contain So&h?'i@té?% %Jlﬁ%?gttﬁe?e'@tda( <{1es‘}%£<94 édg?r & rm%t BoGhLt Qle\{'até‘?lsﬁl\%gﬁéjl et or

liquid, in ddition to oneprazole.” USP e, bulk oneprazol e

purcheseq OGN IEE o Bcbont Gl Ba SRRl Al 1 o1
fl

on{i‘é?;‘zSF’ﬁ@@Ogﬂv‘*ﬁ%Mﬁt’oﬁvﬁ%ﬁ?Q% M ?*’ﬁ? rﬂg%?%?ﬁdtaﬁqua it f’? “For each uni
dose, Wﬁmﬁacolgl;leat{cﬁ)hagq cadyﬂg ml1c samg{l% ZETr0 t1g10 as; Itﬁett%né% thV\fecthWm on an

analytl anc ionn %ach time
period. Thi s, glxture was stored under controlled conditions of humdity
and tenper @8 25 J. Results 105 WO 03/ 061584 PCT/ US03/ 01640 5 The
oneprazol e pl asma concentrations for 10 subjects of the study are provided
bel ow in Tgble N%dhsB Tgble 13. Oneprazol e Concentrations (ng/m)

ioh Criteria

Subjects were included in the trial if they met all of the following:

1. Were non-Asian males from 18 to 45 years of age.
15 2. Were within the ranges of about 20% of ideal body weight.
3. Were in good health on the basis of history, physical examination, and laboratory
values.
4, Had not used any form of tobacco (e.g., smoking, chewing) for the last year.
5. Tolerated installation of nasogastric pH probe for at least 5 minutes.
20 6. Had a basal gastric pH at each trial visit of less than 2.5.
D. Exclusion Criteria

Subjects were excluded from the trial if they met any of the following:
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Sampling Times (hour) Sub Period 0.00 0.08 0.17 0.25 0.50 0.75 1.00 1.50
2.00 3.00 4.00 5.00 6.00 No. 1 1 0.00 16.4 321 738 968 783 605 357 211
97.9 40. Iwbhe3061584 4 1 2 0.00 79.3 312 388 441 454 292 200CTAB03B1640 21. O
9.44 4.32 1 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 39.4 120 366 406 161 109
1 5NSNSNSNSNSNSNSNSNSNSNSNSNS 21 0.006.82 234 326 582 875
615 322 220 84.2 38.1 14.7 6.39 2 2 0.00 47.6 84.3 168 1040 717 484 265
162 67.6 26.2 11.6 4.02 2 3 0.00 0.00 0.00 0.00 1.57 51.3 98.6 363 379 429
204 99.0 51.2 2 5 0.00 22.9 315 661 983 797 582 375 306 124 57.8 25.3 12.2

3 10.00 203 1231Qad1a4§%1ﬁ&QPh éi&g, o?%?c&%nén%asﬁgm%sé?al alséa%eﬁrJon%%on 3uéh 0. 00
20. 6 302 583 831 740 573 336 203 82.0 37.6 17 00 0.00 0.00

N s 1w v 4 000 R Ay S ISP, 1S
0,00 0.00 000 o"g0"B b0y Pk a R e Bus° B8 o0y £ 0”106

1240 1740 994 644 48"3;‘ 5?%5 207 101 44.3 18.9 8.16 5 1 0.00 107 984 1080 662
409 250 118 60. PG 44 2.95 1.47 5 2 0.00 385 1400 1380 693 394 278

144 78.1 21.8 7.20 2.16 BQL 5 3 0.00 0.00 0.00 BQL 9.25 44.0 319 340 252

1120 677 430 o RSP G B b ls oo o0
215 100 a1 8 o AR PR el St I T "5e1 162
85.0 29.0 14.4 SGH%

ocrine condition, or any other medical condition which the investigator or
medical monitor considered sufficiently serious to interfere with the conduct,

completion, or results of the trial, or constituted an unacceptable risk to the subject.

3. Had a history of significant drug allergy.
15 4. Known hypersensitivity to any of the ingredients in the test articles.
5. Had a positive urine test of alcohol or other drugs at any trial visit.
6. Had taken any gastric antisecretory drugs, e.g., H2 antagonists or PPIs, or antacids

(including OTC medications) within 14 days prior to Period 1 or during the trial.

7. Had taken xanthine-containing foods or beverages (e.g., coffee, tea, chocolate)
20 within 48 hours of entering the clinic for each trial period.
8. Had ingested grapefruit juice within 7 days of dose administration in any trial
period.
9. Had donated blood within 90 days of entering the trial.
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6 5 0.00 5.72 26.6 50.2 190 514 398 177 108 51.3 22.0 7.75 3.45 7 1 0.00
5.24 97.4 269 638 543 431 255 164 63.6 29.0 11.9 5.79 7 2 0.00 84.0 960
1170 899 wWdI3AE(38£31 140 54.1 24.0 12.0 5.54 7 3 0.00 0. eoTAS0ots4612 31. 0
992 1110 515 310 115 47.0 21.8 9.32 7 5 0.00 5.35 72.9 165 363 302 221 268
256 150 71.1 29.4 11.4 8 1 0.00 49.9 358 746 1090 784 609 367 243 104 51.1
23.1 12.1 8 2 0.00 38.6 262 1280 846 563 434 237 148 66.9 29.5 15.7 6.15
8 3 0.00 0.00 0.00 0.00 0.00 3.84 80.6 401 313 476 225 108 47.1 8 5 0.00
19.7 148 582 1130 822 688 461 264 132 64.5 31.8 15.8 9 1 0.00 16.0 139 309

305 178 79 36 A e gem Gy paisop) g s nEh SRRRpEding ™y £61 oo

T 182 5os S2ioid AP RD SRS 15 M5"S Do es i

1100 634 421 310 136 80.7 28.5 11.6 4.85 1.87 10 3 0.00 0.00 0.00 0.00

5.80 114 148 36 ;agaqigz,b i AR R Bk nROfd 458102, 562 253

198 110 36. guantitation:

1700 ng/ i BQ FHBRL O ALARE) LAAE B bl thg%%@@o@g egﬁagﬁ%m{oysf%/ 01640

5 VI. Proton punp 1n np05| I ONS Z|ng t

Buffer to be Admnis LN Pr ot on Pu I nhi bitor A
I nt roducti on Theu%%ﬁ%%gp Pgﬁg) Pb Com?mgﬁ%fk?%ggﬁ¥§5ﬁ %ren%e5|gned to

produce rapid release of 10 actlve drug to the site of delivery (typically

the St?ﬁci‘) w tltfz?cfja tli%%ra?c{‘??‘?e%?}e&}ig% v1§t dn?the%‘c? 4 E@&g@c&é&%@yw rel eased

dosage rns, whi reven ng acl egr t|on 0
established by the local laboratory by more then 20% that the investigator judged to

be of possible clinical significance.

13. Evidence of infection with HIV.

14. Known carrier of hepatitis B surface antigen.
15 15. Known carrier of hepatitis C antibody.

E. Omeprazole Pharmacokinetics

Blood samples (10 mL) for measurement of plasma omeprazole were taken within
30 minutes prior to each dosing, and at 5, 10, 15, 30, 45, 60, 90, 120, 180, 240, 300, and 360
minutes (6 hours) after dosing. These samples were taken at the same time as the gastric pH
20  was being recorded. Plasma omeprazole was measured using a previously validated LC-
MSMS assay. Zero time was the time that the subject first chewed a table formulation,

swallowed a capsule, or first swallowed a liquid formulation of test article.

F. Test Article Evaluation (Day 1)
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Acid labile proton punp inhibiting agents, for exanple, can be fornulated
or coadmnistered wth one or nore buffers sufficient to protect the
proton puwp oebiseitor in any environment, wth the ulti mece/ugoabichei ng to
deliver a proton punp inhibitor to the stomach (or other 15 environnent)
either via a liquid, a powder or solid dosage formthat produces an

i medi ate release of active drug to the site of delivery such that the
proton punp inhibitor is quickly available for absorption. Accordingly,
Appl i cant has found that certain amounts of buffers coadm nistered or

m xed w th cert&ppr PLAB LLERer Al Rildst Al RORRE BisDpE Y&BEiRGIH e gasadat i on

of the proton punp i'nhibitor when the buffers produce a pHin the stomach
or Other Sidieudhn FREMERTANIPD ho: Aty looSHYAM N 1 pdFiRHR BB rREOL ON Punp
inhibitor%%1u§%%% amount s Fk?egﬁgﬁg ogr'tecﬂﬁ%hé pro?gn bunp i nhi bi tor
fron1acid§m%gﬁoggg%ide undegr aded and bi oactive proton punp inhibitor to

t he bl ood upon admhnistration (e.g., a final pH of pKa of proton punp
inhibitor + 0.7 log value will reduce the degradation to about 10% . Such
buffers should 4 it dr asen, L9, at _rates that exceed the
interactig% of #v%%%%%%L?%%Aaf@%gghe %?% gh 25 punp inhibitor. Thus, the
solubilities of the buffers and proton punp inhibiting agents are

i nportant consi dglasiNR, HEFAMIRINSR! piRirhdidrY wk Fallif¥d-det erm nant of the
rate of interaction of 1on wth ‘another conmpound. Typically, a proton
punp inhibitor fornulation of the present invention conprises two primary
conpongnts: a Rr, R RN Rih @4t RfeRR eti,dl Buffer. An Essentia
Eutror 108 woroaraRyRl Pl Tl hadat 55@ 2 de a buffer or

conbi nation of buffers that interact with HCl (or other acids in the

envi ronnment of i ro RWM bR Lor interacts
with the sane aé%ggEﬁa@%%%?%%g%gﬁngﬁugﬂﬁﬁgﬂ?éﬁgﬁase is d% y in water), the
Essential Buffer produces..and .nmaintai a pH at, | east the pKa of the
proton punp i nhi°18F‘Ee&g?‘“ﬂ“r{TBﬁ)e"béar‘r%egd‘?rﬁQI:%f,r°‘%§’erd§¥as"|”¥nh§“ﬁﬂéérpﬁ UORF t he
environment to the sane of the pKa of the proton punp inhibitor plus about

0.7 log 10 valu or greater), the ex t deqgr adati,on..(i oni zat.ion) can be
r educed fron1asgﬁ%mgﬁgéw8“§5%6ﬂ?“¥6@€R§§“%gb "%%%BFHPO%ﬂéa“E¥§§ﬂ Tal pH' is
the | owest pH of the environnept of interest needed to mnimze or

elimnate the acdnavsinatieerraughrlesme MEPELOlE KRSSRERISAS: punp

15 e Terminal elimination half-life (t;,) calculated as 0.693/ k).

o Area under the omeprazole plasma concentration-time curve from time zero to time
“t”

(AUC,.,), calculated using the trapezodial rule with the plasma concentration at

time “t” being the last measurable concentration.

¢ Area under the omeprazole plasma concentration-time curve from time zero to time
20 infinity (AUC,.ins), calculated as AUC,. + Ci/kei, where C; is the last measurable

plasma concentration and ke, is the terminal elimination rate constant defined above.

H. Onset, Duration, and Magnitude of Effects
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i nhibitor. The buffering agent(s) enployed may raise the pH of the
environnent to the Essential pH such that 30% 40% or 50% of the proton
punp i nhiwDteneiss4 undegr aded, or be 15 present in an anmoumrcTdishé/dwient to
substantially protect (i.e., greater than 50% stability) the proton punp
inhibitor. In another enbodinent, the Essential pHis the pKa of the proton
punp inhibitor. In a further enbodinent, the Essential pHis the sum of
the pKa of the proton punp inhibitor plus log 0.7. A log val ue of about
0.7 is added to the pKa, which represents a decrease of about 20 5.01187%
in stability of dg JpLal Rlvapugmle?th@'emestfnm%% WBIGR wRthUStive Qi@ ue,

thus resultingTn a stability of approximately 90% a value w dely

accept ed %asqgﬁlffcﬁlﬁ Cifrllent PSR @?8@%@&%&%&9&&{8%@%'ﬂaﬁ])%é%ngé‘ﬁ@éfokt may be

pernm ssiblet acce a vaI ue e aspect o he

i nventi on egrh su gtswasq an ofvalugs taon§ %wélfvl g' 8 LE P#eln%c%:?‘ggl lable to 25

prowdethe heut rallza ) cap ssenti a paC|ty ("EBC"')) to
mai ntain the elevated pH of the enV| ronment (usually gastric) throughout

envi ronment Qﬁdtﬁ‘#ﬁ%@r“?ﬁa&%ﬁ%’égmeﬁ%@%@w s eSS o

Essenti al Bufffc%r]t? (llEﬁs roz%nt Blégrfrgsrs %nbaseil dIvV ged into two groups: Primary
Essential “BUifer econ ary sse i nﬁu?lflers Every fornulation is

conbi ned Wi th, elther directly or indirectly, at Ieast one Primary

Essent Buf f erM %ﬂﬁg{ P(%f feﬁggt*agg%%ttédaf{)r %ldfl g%lﬁ %Q eeril 2Q0R1QE |

conb|nat|on ering activity OWt uet | eads to

ti ssue 10 4 |ta n_or n bove a | ower Ilmt for the Essential pH
of the pro rtrheBos i terggggggogerg%%dary Essential Buffers are not required
in every formulation but can be conbined with Primary Essential Buffers to

produce a jhigher, eggrﬁmg added neutralization capacity for the fornul ation.
Determ ning the typ nd dose of buffer to protect acid |abile substituted
15 benzi m dazol e proton punp inhibiting agents (and ot her drugs) is useful

for efficacious The chewable antacid tablets were produced by Murty Pharmaceuticals, Inc. (518
Codell Drive, Lexington, KY 40509-1016) and contained sodium bicarbonate and calcium

15 carbonate, as well as common excipients. Additional formulation(s) for oral administration

and may contain sodium bicarbonate and/or calcium carbonate either as a tablet or liquid, in

addition to omeprazole. USP grade, bulk omeprazole was purchased from Esteve Quimica,

S.A. (Barcelona, Spain).

At the trial site, the pharmacy staff mixed omeprazole powder with powdered
20  peppermint flavoring and Equal® Sweetener (containing aspartame) [1 part omeprazole: 2
parts peppermint flavoring:1.8 part Equal®]. For each unit dose, 120 mg (containing 40 mg
omeprazole powder) was weighed on an analytic balance within 1-2 hours of dose
administration in each time period. This mixture was stored under controlled conditions of

humidity and temperature.

25 L Results
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set of storag
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vari ous environnents, but a typica

j €j unum

l'i quid,
e may be exposed to
WO 03/ 061584

etc

OT640—S5

conmditToms—TcHudes

rect al
in

SO SR TAImEy (hogfy T L erpeTat ure (85-30F)
and m ni npl or no |exposure to heat, co'll“?,lfél I gﬁs;( oryhum dity as is kno in
the art. [TQ® PG o0MRIGEID. 1I7NC.BATE s@Tlo. 73 URDbT LR dae 2o 4daZ3loe [ Bloation
punp inhipiting 4&gentls, their|salts, esters, am des, enant|i ongrs,
racemat esy N@rodrugs, derivatives and the lilke, | and is |not |limjted|to tjhose
proton pupp inhibijting agents used|to exenplify the fol|l owiing 10
cal cul ati pnis. The |Es®gnibidad|32Buf 138r i| e Capacicdy |(3SEBQ1) |iw.otihe.1gapagilty jof a
proton pupp _inhilitor/bufifer formul atijon tlo resist| degradation fromitjs
envi ronmeptl. Th2z Huidoegr7oid 312ap3Bi { y41of| 484 przé2 ofrk0PuUN28i \M3idgi2l or| Slsdf| Bee
formulatipn is prijmarilly derived from gonponentls of the fdrnuliation that
possess thel abiBi t|y0.60g GOnisi-te| WPQ 08I |@DO(| 19L0i |[0¥9s) | K20 grA6d het0d g 161 | 109
environmept. The HBC contrlibutes to botlh acid utrializatiagn (gntagid
effect) apd to 5rm'ihﬁf’t aitv ng¥an| ¥hvil NenmeY aNSpH NS pkaS + NS 7 N |p¥Sot| &6t
proton pulg inhibiting agents from! aciid rl.:grarlm‘inn t hr onuagbhout! the dwel |
tine. The| Brinaty [Es¥dr8241238uf 3261 |$8 4835 gRéll B2 |MRONnt¥4iZ BHe 184|659
stomach cpntents (lor gtherl environmepnt i at la s whiat _constiant {l evel

2 2 [0.00147.6|843 | 168 | 1040"| 717 [ 484 | 265 | 162 | 67.6 262 | 11.6 [ 4.02

2 3 0.00 | 0.00 | 0.00 { 0.00 | 1.57 | 51.3 198.6 | 363 379 429 | 204 |99.0 | 51.2

2 5 1000[229]315 | 661 [983 [797 [582 {375 |306 | 124 |57.8 (253 12.2

3 1 ]0.00{203 | 1230 | 1450 | 1000 | 693 | 525 |306 | 191 [79.3{32.2|14.8|7.22

3 2 |0.00[20.6}|302 | 583 [831 |740 [573 |336 |203 |82.0]37.6|17.69.38

3 3 |0.00[0.000.00 | 0.00 |9.85 |57.7 179 [683 | 681 |345 [ 158 |85.4|45.9

3 S |NS |[NS [NS [NS |[NS NS [NS [NS [NS [NS [NS |[NS |NS

4 1 |0.00[4.57[164 |516 |1230|780 | 495 |254 | 153 |55.020.8(8.523.93

4 2 [0.00]953|61.6 471 |881 |566 |388 {182 |107 |36.5|17.9]6.17|2.63

4 3 10.00]0.000.00 [ 0.00 |0.00 [0.00|18.6 |386 |454 | 233 | 126 |81.3|51.7

4 5 10.00]{196 | 1240 | 1740 | 994 | 644 | 493 |[305 | 207 | 101 |44.3 | 18.9|8.16

5 1 000|107 {984 | 1080|662 |409 |250 | 118 [60.3|19.7|7.44|295|1.47

5 2 0.00 | 385 | 1400 | 1380 | 693 | 394 [ 278 | 144 |78.1|21.8|7.20]2.16 | BQL

5 3 [0.00[000|0.00 | BQL|9.25 [44.0|319 [340 [252 [95.5|38.8]14.6|8.16

1
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within a desired range for a period of tinme so that the proton punp

i nhi bitor can be absorbed 20 fromthe gastric or other environnent.

Accor di ngwg,03bissEssent i al Buffer is generally nore rapi @Crrusos/e1640
conplexation with HC 1 (or other acid) than the proton punp inhibitor

adm ni stered so that the Essential Buffer is capable of protecting the
proton punp inhibitor. Any weak base, strong base, or conbi nation thereof
may be a suitable Essential Buffer. Essential Buffers include, but are not
limted to, electrolytes containing the cations 25 sodium potassium

cal ci um gness umoo \RssMUbiy | 1100 REA Tla8d,[ 38411 [NG3 3G7@Y,35R1 Q8 g1/ 394 OR.06 ]
protein hydrol ysatles gan gerve] as Essenti al| Bufiffers owiing tjo their |abillity
to rapidllyeneutrallizm | 3261|d4o WD pogst or2punpy 1|NBe HidkiaNg@4adends 4an ¢ 21me xjed
with the [Essenti al{ Bufiffer, thel proton |punp inhibit|ling|agents may be in the
free basel foor m 2 syanogsizoneprRazol e| ¢69 | ansgpabzicdlie;| oa |B1E |WO103/1061384
PCT/ US03/)01640 5 tlhe sodiymsalt form |[such as |lesoneprdzol @ sodi um

onepr azol e 6sodi am| FRION0GDN0e| WA hY | 2pantdPriaddl (€68 qdddm298t d44 8% n a
magnesi unpsalt forjm such gs es razolle magnesli umlor lonepgrazaole magnesi um

ne
or cal ci umSsal t5 f qrih?; | o2 @@ﬁer”szg 190 9ok 3%se1r7t7i 08 B 84230 dvil déS |t he

Essenti al i@i—e algne aor 1 n conbinationw-tth -Secondary
Essenti al T | TS 026§ojﬁ}m Bﬁ%)s 6ﬁh&ﬁe25§ndl6§0(ﬁ38ng'8r Bé‘ﬁe?ggﬁrae
exanpl es Fssenttpl=Butiefrsorgadipsti-ngthe mi-ofamy
Primary Esdenti al er?b g?:onggtg/g ssgﬁ%i é‘?f g&?felflg r?é? gg'gi s}%ﬁt ﬁéﬂ

lg g d§.i?

a 1

Primary Bssentai— B 0o [ .dBT st B 1156, G991 b QY ET7 HIBTEYRIE,
ti me. Secpndary Esjsent|ial |Buffers nheutr e HQ or otlher jacids 1n the
envi ronnenty) Sk [F@fol V5350 2RBE| T 1863y [BE5ENt] al 268U F56T(Si50 oG Y eb 4 [GNAY
produce pH val ues |too high to be 1% used aljone,| as |t hey} woUl d liead |to
gastroi ntlesti nal njuxams|ado.oi[r358 t pi46oh1090Nag4 dree9 uiskasd [t3a3 |ioerlesase 28he 1pH fand
provi de additi onal| bufifferijng cppacity ijn canbination wijth g Prijmary
Essenti al | Buf f e2. [Se@oriddr|\26ESSER01 846 BUbI @434 da23dot 14pl [a0p.9d 295 P67t @it | ol e
in protecfing the jprotljon Ipunplinhibitaor frilomearlyl acild-induced :
degradat i pr®. Beé&aus®00 |HEP |d0npf-00wpPRO 53-84a B EI 401 1203tiHEg |da85 ndP8 plddy k
maj or r ol in protlon punp linhibitor praotectiion through it he idwelll tilne

8 5 10.007]19.7|148 [582 | 1130|822 | 688 [461 | 264 | 132 |64.5 318|158

N
[ W\

9 1 0.00 | 16.0 | 139 [ 309 | 462 |355 | 330 | 605 317 |111 |472|21.9| 102

9 2 0.00 [ 277 | 1550 | 1740 | 1150 | 744 | 522 305 {178 | 79.2 {36.6 | 14.1 | 6.96

9 3 0.00 1 0.00 | 0.00 | 0.00 | 0.00 | 1.62 | 47.7 | 551 | 566 | 287 | 153 | 98.0 | 52.5

9 5 NS |NS |NS |NS |NS |NS (NS [NS |NS |NS |NS [NS |NS

10 1 0.00 | 15.8 {130 |202 |311 |233 [456 |378 {187 {61.6121.2|9.90]4.20

10 2 0.00 [ 250 | 1010 | 1100 | 634 |421 | 310 136 |80.7|28.5|11.6|4.85]| 1.87

10 3 0.00 | 0.00 | 0.00 [ 0.00 | 5.80 | 114 | 148 | 366 390 [ 174 | 79.4|29.2| 105

10 5 0.00 | 103 [ 994 | 1190|702 |562 |353 | 198 | 110 |36.7| 143 | 5.40 | 2.28

5 NS = No Sample
LOQ = Limit of quantitation: 1.00 ng/ml

BQL = Below quantitation limit
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O her buffers ("Non-Essential Buffers”) can be added to the Prinmary and/or
Secondary Essential Buffers to provide a |latent antacid effect that

ext ends bwgandetske antacid effect of Essential Buffers. Famysasidicto onal
buffers can be used, alone or in conbination, to achieve an effective 25
buffering capacity for proton punp inhibiting agents or acid |abile drugs.
A desirable characteristic of buffers includes rapid neutralization of
acid environnents to greater than pKa + 0.7 for the drug bei ng considered.
112 WD 03/061584 PCT/ US03/01640 5 Non-limting exanples of Primary and

Second y pse Shbi Eg ifi TABLE 8
Exanpl 25; o ¥ by p&gfln pﬁmg fhid ,E tos { %éﬁ%%ithlé‘%ﬁ? ﬂ,bﬁg utgle hﬁ‘gmé’ MV
Sodlun1blcarbonaréﬁg‘gﬁ‘%ifég—w - 5ﬁ“‘SﬁﬁgﬁhrgEsqurcarbUﬁaré 6.3

g/ 100 nm. 9.9 - 10— 174 ™Di basic sodlun1phosphate 10 g/100 nL 8.6-9.3 142
Sodi um tri pol yphosphat&anfaugp? 100 nL 9.7 - 10 368 Tetrasodi um pyrophosphat e
5 g/100 nL 9.8-10.3 266 Sodiumcitrate 72 g/100 nL 5 294 Calciumcitrate

10 ng/ 100 ni Gﬁeé%p&ﬁlo% HIE BB & Bntibn Ard Wb Blorddude b larél&@e ofVAgnesi um
oxi de 0.62 ng/ 100 nmL 9.5-10.5 40 Sodi um gl uconate 60 g/lOB 6-8 218

Sodi umd acf{gLedm tHné s18e0<9 d@live &Qﬁca@%@ RGN RSt M%e&/s&%f@heﬁc 9 82
Di pot assi um phosphate 150 g/ 100 nL 973 174 Tetrapot assi um pyrophosphate 185

9/ 100 ni 1(95a&ng%%9 delayed released dosage forms, while preventing acid degradation of the drug.

Acid labile proton pump inhibiting agents, for example, can be formulated or coadministered
with one or more buffers sufficient to protect the proton pump inhibitor in any environment,
with the ultimate goal being to deliver a proton pump inhibitor to the stomach (or other

15  environment) either via a liquid, a powder or solid dosage form that produces an immediate
release of active drug to the site of delivery such that the proton pump inhibitor is quickly
available for absorption. Accordingly, Applicant has found that certain amounts of buffers
coadministered or mixed with certain proton pump inhibiting agents prevent acid degradation
of the proton pump inhibitor when the buffers produce a pH in the stomach or other site of

20  environment that is equal to the pKa of the proton pump inhibitor plus an amount sufficient to
protect the proton pump inhibitor from acids and provide undegraded and bioactive proton
pump inhib.itor to the blood upon administration (e.g., a final pH of pKa of proton pump
inhibitor + 0.7 log value will reduce the degradation to about 10%). Such buffers should
interact with hydrogen ion at rates that exceed the interaction of hydrogen ion with the proton

25  pump inhibitor. Thus, the solubilities of the buffers and proton pump inhibiting agents are
important considerations because solubility is a key determinant of the rate of interaction of
H+ ion with another compound.

Typically, a proton pump inhibitor formulation of the present invention comprises two

primary components: a proton pump inhibitor and an Essential Buffer. An Essential Buffer
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Pot assi um bi carbonate 36 g/ 100 nL 8.2 100 Calciumlactate 6 g/100 nL 7 218
Cal ci um gl ycer ophosphate 6 g/ 100 nL 7 210 Calciumgluconate 3 g/100 nL 7.4
430 Magrweioamsisact ate 10 g/ 100 nL 5.5-7.5 269 Magnesi um gcaasnaomw4d6 g/ 100
m. 7.3 414 $ solubility is altered by tenperature pHis altered by
concentration and tenperature 10 Note: hydrated and anhydrous forns are
acceptabl e provided they neet the criteria of a Primary Essential Buffer.
TABLE 9 Exanpl es of Secondary Essential Buffers These buffers are too
caustic to be used alone but are suitable for addition in low quantities

to the §r 'rHW YelE@sSERifferbr BiidiSthian bf QAR GntEractEoEANE] ?l’ otRfLRE imygb ubi it $
H MW Sodi um car bonate 45.5 g/ 100 nL 10.6-11.4 106 Potassium carbonate

11.5 138 Sodi - Lhas : 12 i
hydr oxi desé%gg&%ﬂg%gﬁ%g 5&%kﬂ%ﬁ‘ﬁf?&?ﬁg‘hgﬁ%hygﬁ%eﬁﬁc%é th %ggmée%;gg ubi 1t y

1y R PSR R SHED. B S R and e
2ce P! 201 POHLISE AR, FERL WU 5L el R SROSRMALL b RIMLEE
Buffers, the, 4038508 ML Slnd T SR R B8 uRE OBl okl g | oW g
10 value (or greater), the expected degradation (ionization) can be reduced from about 50% to
about 10%. As used herein, the “Essential pH” is the lowest pH of the environment of
interest needed to minimize or eliminate the acid-induced degradation of the proton pump
inhibitor. The buffering agent(s) employed may raise the pH of the environment to the
Essential pH such that 30%, 40% or 50% of the proton pump inhibitor is undegraded, or be
15  present in an amount sufficient to substantially protect (i.e., greater than 50% stability) the
proton pump inhibitor.
In another embodiment; the Essential pH is the pKa of the proton pump inhibitor. In a
further embodiment, the Essential pH is the sum of the pKa of the proton pump inhibitor plus
log 0.7. A log value of about 0.7 is added to the pKa, which represents a decrease of about
20  5.01187% in stability of the proton pump inhibitor from the pKa plus 1 log value, thus
resulting in a stability of approximately 90%, a value widely accepted as desirable in
pharmaceutical products. In some cases it may be permissible to accept a value of less than
log 0.7.
One aspect of the invention provides that there is also sufficient buffer available to
25  provide the neutralization capacity (Essential Buffer Capacity (“EBC”)) to maintain the

elevated pH of the environment (usually gastric) throughout the dwell time that the proton

pump inhibitor is passed from the environment and into the blood.
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10 TABLE 10 One Letter Three Amno Acid MWPH Solubility Synbol Letter
(g/100g Synbol H20 at 25C A Ala Alanine 89 6 16.65 C Cys Cysteine 121
5.02 Verywob3MdspsAspartic Acid 133 2.77 0.778 E G u d ut @crawsheiw4d47 3. 22
0.864 F Phe Phenyl al anine 165 5.48 2.965 G dy Gycine 75 5.97 24.99 H
Hs Hstidine 155 7.47 4.19 | Ile Isoleucine 133 5.94 4.117 K Lys Lysine
146 9.59 Very L Leu Leucine 131 5.98 2.426 M Met Methionine 149 5.74
3.381 N Asn Asparagine 132 5.41 3.53 P Pro Proline 115 6.30 162.3 Q dn
Gutamne 146 5.65 2.5 R Arg Arginine 174 11.15 15 S Ser Serine 105 5.68
5.023 T Thr Thy eongl@nddBuprefd Very V Val Valine 117 5.96 8.85 WTrp
Tryptophan 204 5.89 1.136 Y Tyr Tyrosine 181 5.66 0.0453 114 WO 03/061584
PCT/ US03/ 01640 EsseniRaBRFRRAGES be divided into two groups: Primary Essential Buffers and
Secondary Essential Buffers. Every formulation is combined with, either directly or
indirectly, at least one Primary Essential Buffer. The Primary Essential Buffers, when used
alone or in combination, provide buffering activity below the value that leads to tissue
10  irritation or damage and above a lower limit for the Essential pH of the proton pump
inhibitor. Secondary Essential Buffers are not required in every formulation but can be
combined with Primary Essential Buffers to produce a higher pH and added neutralization
capacity for the formulation.
Determining the type and dose of buffer to protect acid labile substituted
15  benzimidazole proton pump inhibiting agents (and other drugs) is useful for efficacious
proton pump inhibitor delivery to and action upon parietal cell proton pumps, particularly
when the proton pump inhibitor is administered as an immediate release product designed to
disintegrate in the stomach rather than a traditional delayed-release product designed to
disintegrate beyond the stomach in higher pH environments such as the duodenum. The
20  present compositions and methods employ determinations of the nature of the buffer(s) to be
used, as well as calculations to determine Essential pH, buffering capacity, and volume
measurements for individual proton pump inhibitor doses based on their respective
solubilities and pKa’s. Such inventive methods are applicable for determining the type and
amount of buffer(s) necessary to protect the proton pump inhibitor in an array of
25  environments (e.g., mouth, esophagus, stomach, duodenum, jejunum, rectal vault, nasogastric

tube, or a powder, tablet, capsule, liquid, etc. in storage before administration). Dosage

forms in storage may be exposed to various environments, but a typical set of storage
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| UPAC-1 UB Conmi ssion on Bi ochem cal Nonenclature (CBN), Rules for Nam ng
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"Essential pH' .s.the vi ronment of 1 nterest needed to
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t he envi ro‘fpi)‘ﬁi‘ech%’ 0&59% pé.‘"%’t‘B}PB‘é‘g ‘rﬁpﬁ‘g?t‘%‘rls PRardly JRREA ro’i“hcé’“Pf?F rrp

03/ 061584 PCT/ US03/ 01640 5 environnment presents a set of conditions to the
proton punyf therierprletnythaipessess tg Rblits &0 qosthinerwith acids (Hilonghiom the pr esence or
absence of water. The dwell time is the time that the proton P

i nhi bi tor enxsprmentnThe BRe eortiikutesio bpth apidmeutralization (anigeidgffachgpd toprj or to its

passage . . e
maintaining an environmental pH > pKa + 0.7 to protect proton pump inhibiting agents from

acid degradation throughout the dwell time. The Primary Essential Buffer is designed to
maintain the pH of stomach contents (or other environment) at a somewhat constant level
within a desired range for a period of time so that the proton pump inhibitor can be absorbed
20  from the gastric or other environment. Accordingly, the Essential Buffer is generally more
rapid in its complexation with HC1 (or other acid) than the proton pump inhibitor
administered so that the Essential Buffer is capable of protecting the proton pump inhibitor.
Any weak base, strong base, or combination thereof may be a suitable Essential
Buffer. Essential Buffers include, but are not limited to, electrolytes containing the cations
25  sodium, potassium, calcium, magnesium or bismuth. In addition, amino acids, proteins or
protein hydrolysates can serve as Essential Buffers owing to their ability to rapidly neutralize
acid. When proton pump inhibiting agents are mixed with the Essential Buffer, the proton

pump inhibiting agents may be in the free base form, such as omeprazole or lansoprazole; in
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into a different environnment, i.e. the blood serum The shelf-life is
anot her exanple of a dwell tinme, in which case, the specific environnent
may be a worwasrses of dry, powdered 10 fornul ation. As us@dTE&I1640
"Resultant pH' is the pHthat is the result of adding a proton punp

i nhibitor/buffer fornmulation to an environnent of interest. "Fornulation
pH'" is the pH of the proton punp inhibitor/buffer fornmulation when it is
inliquid form A proton punp inhibitor dose within its cal cul ated pHE
range i s designed to ensure sufficient proton punp inhibitor protection

fromag d Jeg/d@t@tdio0ms 4ath dsReSmedel-beRbYiumOod&azolkd 0@, ABHPRR: BARKON
punps occur. In one desirable enbodiment, the pHE is the sum of the pKa of

a gi ven prioh@BraPMERoditH &L {&in anug«neeiamtgan%% sullhs‘s éahﬁaelsézo%agmguﬁ%rt he pH

at which '50%of a chemical is in"the ionized form Wen the pH of

envir 0””‘9% %@fe -ﬁ#ﬁ@} &ich erFl E‘ﬁt BhRL 890&3&4"5‘31n !ﬁgﬂ's bEEsQﬁnal BO&Ls E@xﬁde

i onizatio egra pr ot on punp 1 n OCCUI’S wever,

addi ng t hethaﬁgs%gti_a I.\ffgmtg Cg&it&& §' elt%}l 'o?ﬂl éo?nb]m%qﬁ? @ﬂhg Eng,

Stability e ran |on I'n |ch t he
| ower i ffers t he sum of the pKa of a given proton punp inhibitor +0.7
| og, and t e upper limt is the pH at which elimnation of acid

degradgti on occurs mnthout @%gu0|n i SS irritat rom.extremnme

al kal i il ty. SRPIP8SiE3qauyT BhCS aaé‘édg%ﬁm Ak °?i"’é%i’rF§B?"éPq%%°£|SF°‘1“F?‘é (or a dwel
time), t enyv mept a h unt xpect e
encount er Saﬁ?L%ﬂaﬁfF % §§gaﬁ6&i@§ﬂ§ BFm S?Fﬁgggﬁﬂ gﬁ%@%Véggyﬁﬁﬁted
after t he i s adm t.ered. and re th drug,reaches the bl oo

(i.e., eglbf%g? yay f‘%ﬁ’é}t?‘e Heay “F’b‘?H ?erB‘rPrP ingpte ‘i‘eé“aj’(f? "ebﬁ‘efﬁveﬁ]he
tolerablllty of the gastrointestinal  nucosa to al kaline substanpces, which
i s det er mi By $pordan’ Esserial Beifanneyiialized1G hior ether afgsamis§1EBAMER US03/ 01640
5 concentration of al kaline material presented. For practical purposes, pH
= 10. 9 del SHE3HE thePrimpase Essentigl Buffersy hpweggsrthey profuce bk i &eduieh P&t t he
amount of buffer is an inportant aspect of the tissue destructive

pot ent }%al sfd alana pkdiey weuld lasd tagrstointehignabmyeesal irHatiogRTheshre 45ed gy ven

proton punp inhibitor begins at the sumof the pKa of the proton punp
i nhi bi t or crasg thegritiandepreadrasidifionalibg eting apgrify i ceppuation @i a Primary

Essential Buffer.
Secondary Essential Buffers do not play an important role in protecting the proton
pump inhibitor from early acid-induced degradation. Because they do not work as rapidly,
20  they do not play a major role in proton pump inhibitor protection through the dwell time.
Other buffers (“Non-Essential Buffers”) can be added to the Primary and/or Secondary
Essential Buffers to provide a latent antacid effect that extends beyond the antacid effect of
Essential Buffers.
Many additional buffers can be used, alone or in combination, to achieve an effective
25  buffering capacity for proton pump inhibiting agents or acid labile drugs. A desirable
characteristic of buffers includes rapid neutralization of acid environments to greater than

pKa + 0.7 for the drug being considered.
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10 The Essential pH used with the SRF establishes a desirable range for the
stability to the actions of H+ ion (or other acidic conponent) on the
proton puwp o3nbistitor/ buffer formulation. Sufficient buffremiusgs/capacity
mai ntai ns an Essential pH as described below as "Essential Buffering
Capacity." Exanples of pHE calculations with SRF for specific proton punp

i nhibiting agents are 15 as follows: pHE of proton punp inhibitor = pKa of
proton punp inhibitor + 0.7. SRF = the range: pHE to 10.9. SRF for
oneprazol e = (pKa oneprazole + 0.7) to 10.9 = (3.9 + 0.7) = 4.6 to 10. 9.
SRF for 'ansopw.qhﬁatm é,%js]e's% F&B&?é&h Bechn s 7)555tegtla]r@u%er§ aﬁe%eéfoﬁhql N =48

to 10. 20 SRF for rabe azo a“rab eprazole + (4.9 +
0. 7) = %a%%s§%98?b§?§ for pant oprazol e = (pKa pant oprazol e + 0 7) to 10.9
+ 0.

In nost instances, the | ower end of each of the
above ranges is |ncreased by one pH T ILIEZLS m ni mze by a factor of 10,
|

any | ocal effects—wthin—the-Sstpmagh that-ha 1'B‘f1‘i'férs s—of—tower pH
AN

[} U
that m ght cause—preten—pyro= ripmapy Bssgadl: A—va of—+1-+pg 25
value is al o surfv?“f B i he vtver\vm'i'u..tvrmf Neak %ﬂg opergie ‘rgst
efficientlylat b fefhymby o B-¢d ue hhote the pKa.
For exanple] o édVBUFﬁWé%ﬁ@E¥eto encBari 90 malhout 1odf35é0n1 bf 1d%11| to
0. 16N HC1 n the adult fasting stomach, which ils equivalent [to abaout 12-24
nEq of HJ . | THabasiosadiummphosghee WhH 03/1061168mLPCT/ USO 01830 5 eddal | amount
of base will _neutralize this acid. If about 12-24 nEq of sodjum bicarbonate
i s enpl oyed| as Sediembyuclyphosphite r esul 6igmglOdknini | || be 9-éftl0at { he368Ka| of t he
conjugate acid of sodium bicarbaonate (carbonic jacid), which|is about 6.14
or great er. | THesasodiugrpyaiphosphitan [t he 5 g/d0kemL] i mi  oP.8thid.JHE| f &66onepr azol e
of 4.6. Thu$, adnministering 12-24 nEg of sodi um| bicarbonate|with
onmepr azol e prot ectShdghedirae t han |95%70fy/10benldr ug| when £ncount erigdg 12-24 10
mEq of HC 1| BecawarRim®€itrbten bi carjbongal@g/complexes wtlgsHC 1 at ggrate that
exceeds the| rafeaRfum &Inaet 1 On [of 109mpriagalie, 1T i1 consi deredoa suitable

Er

Qo

buf fer. Magnesium oxide 0.62 mg/100 mL 95-10.5 40
Sodium gluconate 60 g/100 mL 6-8 218
Sodium lactate 40 g/ 100 mL 7 112
Sodium acetate 119 g/100 mL 8.9 82
Dipotassium phosphate 150 g/100 mL 9.3 174
Tetrapotassium pyrophosphate 185 g/100 mL 10.4 330
Potassium bicarbonate 36 g/100 mL 8.2 100
Calcium lactate 6 g/100 mL 7 218
Calcium glycerophosphate 6 g/100 mL 7 210
Calcium gluconate 3 g/100 mL 7.4 430
Magnesium lactate 10 g/100 mL 5.5-7.5 269
Magnesium gluconate 16 g/100 mL 7.3 414

1 solubility is altered by temperature
§ pH is altered by concentration and temperature
10 Note: hydrated and anhydrous forms are acceptable provided they meet the criteria of a Primary
Essential Buffer.

TABLE 9
Examples of Secondary Essential Buffers
These buffers are too caustic to be used alone but are suitable for addition in low
quantities to the Primary Essential Buffers from Table 8.

Essential Buffer Solubility] pH§ MW
Sodium carbonate 45.5 g/100 mL 10.6-11.4 106
Potassium carbonate 11.5 138
Sodium phosphate (tribasic) 8 g/100 mL 10.7-12.1 163

Calcium hydroxide 185 mg/100 mL 12 74

Sodium hydroxide 114-132 40

} solubility is altered by temperature
§ pH is altered by concentration and temperature
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It should be noted that depending on age and di sease, the anount of acid to
be encountered can be significantly nore or less than the 12-24 nEq range,
but is geweroalobysdirom about 4 nmEq to about 30 nEq. 15 Usipag/usesomsse um

oxi de or magnesi um hydroxide in an anmpunt of 12 to 24 nEq al so provides
sufficient neutralizing capacity |leaving the pH at approximately 7 (Il owered
only slightly by the mninmal hydrolysis of nmagnesiun). However, nagnesium
hydroxide is not rapid in onset and care should be taken to ensure that
early degradation of the proton punp inhibitor does not occur. Early

degr adati on caRobayRaQiafledhyByusiBict Nohc@pbflph @lde RGPk St Bigerid OF alsWondh@yer s: - an
i nner layer of Epengilonffunp i nhibitor. and sodi um bi carbonate, and an outer

| ayer of nagnesi um hydroxide dried gel or magnesium oxide with suitable

di si nt egrant sdehno adidstcan Akso hagnelgyairas Sxindey sicisrendprydissinjiaBuffers, 8grat e i n
the stomach. Alternatively, the inner |ayer can contain the magnesi um
buf f er andlos¢sef hichmaydy erlchlatsd a¢verdmaip dire follerping rfpimiation. and  sodi um

bi carbonate. 25 Additionally, mcronization of the slower acting buffer can
be used to enhance its ability to ABLBA0W th acid. Cal ci um car bonat e
(and many pOheLetta@l ¢iThrebuf f e A)mins Azid s| MWar sl|p#er acti nGolubditparped to
sodi um bi chsynindAt e) (duitepot ent buffer. Therefore,| i f used, | (g/100goul d| be
best suited in an oJtSymbohyer |of a tablet formul dtion with|H® athner| | ayer
118 WO 03/ p61584 PCT/ US03/ 01640 5 conprising a rlapid actingstuffer Wth
prot on punpal nhi bitgralgor vice Alghisa) gernativiedy, m xtuees of the
buffers capcbe enpl gyed for the,auher Tayerr 1T deyvel opl ng|a/ely quid
formul ati oppor a powdgy, for reoQpakit ABRI P33 @ M XTAFE of a hapgd act ng
buf f er and|gtower GLNT OUT T iyl A VsEA (€. g3 pF0di umigigear bonat e and
magnesi um pEide; Eijﬁ(eLI vety) Pher WS EC ihéé)llb to 4 e for mlz%sons y

entail adj Jati ng—the-pH of—pro oG ™ H |7a§>| c 1 Oh7 @ act UI q 251[9 5,
i ncl udi ng pjt—hot H it zed t0; %.3%1 cats J:f;sf,ri bed— ) uugllUL & 19... S
appl | Cat | oh Nodr 1 o 1>nno of 1|§ }\nve nld -\r\nnrl ot lln Ny r]ot be
T LAAA%LENLI : \.'- -\JIIJ A\ A | 1 Cl PII A\ | UTT PI II_ LI} \.I|7 u_y
per f or ned h sneciflh )’ﬁ net ang I@'leuﬁlgﬁnnrl Iif non ci\i‘*- Qac Aal disease and
i I. Ur.l\r\.ll LI L~ LI = MII.\ 7y . uvr.lvllu E’6 ur.l\.r T \.II Iy %, A B EEC= A g 1]
ot her vari afions bel_ﬁé.’én_pa,u;m@e 1 Ty
L Leu Leucine 131 5.98 2.426
M Met Methionine 149 5.74 3.381
N Asn Asparagine 132 541 3.53
P Pro Proline 115 6.30 162.3
Q Gln Glutamine 146 5.65 2.5
R Arg Arginine 174 11.15 15
S Ser Serine 105 5.68 5.023
T Thr Threonine 119 5.64 Very
\Y Val Valine 117 5.96 8.85
W Trp Tryptophan 204 5.89 1.136
Y Tyr Tyrosine 181 5.66 0.0453
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D. pKa and Solubility of Proton Punp Inhibiting Agents 15 As nenti oned
above, the pKa of a given proton punp inhibitor indicates inherent

st abi l it ywoioshérsespect to aci d degradation; the | ower theppiKaisos/us40mor e
stable the proton punp inhibitor. The solubility of the proton punp
inhibitor will also dictate the rate at which the proton punp inhibitor
conpl exes with, and is degraded by, acid. These two physi cochem cal
characteristics (pKa and solubility) of the proton punp inhibitor interact
with the 20 physicochem cal characteristics of the buffer(s) (pH buffering
capaci tyy and r glgr@ieuffering action) in the presence of acid in the
environnent to determ ne the degradation of the proton punp inhibitor over

time. The | ess]@Phét?U% @Ongﬁzpstz&dmp&mebz%y bILQ{cldtzﬁ*el(@Bwyegfegrﬁyp W?zmu%\/\er t he

initial degradation when placed in an aci |c envi r onment I"'owi ng

Tabl e L1 S AMOIASHADL DAL PRl e OB AEHSDILONE 6603 d@qi " 1),

pKa and s I'n wat roton punp i iting agents.

119 1D 03 06554 BCT| USOY 918605, TABLE 11 2 o G AL TR 4001 ©

Lantopraz eprazol e iumso
LRy R
g' ot e;@ﬁi’é@?ﬁ ELE%B e T A S
52 57- 70a %@ﬁ%ZQﬁH‘ﬁ%{h?k%& 34892@%% Stug%&%t“ “!é'%tb 2 53{5)0 %\/ACC}V%P;’%?I y nore
stable in (a867?CM0L BIOL. 2: 466-469 (1968) (in Russian); PURE APPL. CHEM. 31: 647-653 (1972);
TUPAC Commission on Nomenclature of Organic Chemistry (CNOC), Nomenclature of
15 Organic Chemistry, STEREOCHEM. REC. E: (1974), PURE APPL. CHEM. 45: 11-30 (1976). See

also Biochemical Nomenclature and Related Documents, PORTLAND PRESS. 2: 1-18 (1992).

C. The Essential pH (pHg)

Substituted benzimidazole proton pump inhibiting agents are labile under acidic
conditions. Orally administered proton pump inhibiting agents must be protected from the

20  strongly acidic conditions of the stomach, whether acidic from gastric acids or acids
introduced through tube feeds or other sources. In general, the higher the pH of the gastric
environment, the greater the stability of the proton pump inhibitor, and thus the more time it
has to undergo absorption into the blood and reach and act upon the proton pumps of the
gastric parietal cells.

25 As mentioned, the “Essential pH” is the lowest pH of the environment of interest
needed to minimize or eliminate the acid-induced degradation of the proton pump inhibitor
during the dwell time in the environment. It is generally expressed herein as pH range. Such
pH is the pH of the environment in which the proton pump inhibitot/buffer formulation

resides. For example, the environment may be a storage container or the stomach. The
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envi ronment than other proton punp inhibiting agents, it is also very
soluble in water and 10 thus coul d undergo 50% degradation in an acidic
stomach wohsaesss of 1.2 in less than 5 mnutes. Theref oPET/USH3/1540
important for the buffer(s) used with pantoprazole sodiumto interact wth
H+ ion (or other acidic substances) nore rapidly than the pantoprazole
sodiuminteracts wth such acids and maintain the rapid conpl exation
through the dwell tinme; otherw se, additional dosing of buffer nay be

requi red. The overall pH of the gastric contents should be 15 kept at

least af tHQirbhiRent plsehts(d seoficorditionsitd BRIPEAIE SunfBinhBRoM@ELRUMURP | nhi bi t or
in solution conmes into contact with the gastric acid continuing throughout

the dwell ﬁtelln atufe; Eﬁ,rhtnh e pr&gé\%effr%bge%e deiveir ATAOEWR dthd RR%e @he MRNhOPT azol e
sodi um i nclude those buffers ose conjugate acids possess a pKa > 3.7 and

which are ot troépgllff]b g'g)}bﬁtg# ?‘8@%? g‘;’ e%ﬁﬁ'eﬁ%&fn&ﬂ{, ngtﬂs S}I 120G rRP R ik ssage

bi car bonat’e . tions ew se woul d require buffers whose
20 con u9ai§1{% aacﬁffgreﬁ%gﬁ?o%?n%%t ia?e.%ablgod?‘SeZu .nflhersﬁgl'f-%fecg g;%t?é%?(én%]e PIOEI ential.
Most magnesium cal clum and ‘al umnumsalts are not suitable unless the
pant opr azol e .sodi um j.s pl aced i-th or without additi buffer) in an
Poner” por ciesh Gr 1 vhigh BB af sekloh Pulormihialiite SR U 4G H o

03/ 061584 PCT/.US03/,0164 5 surrounded,.by a.rapi.d,acting.buffer with a
Capia O i TRYFIRT A ARet Ieesns BEPa D eeHOER pore ST Sraimsiets [
decrease its so]ubili uch as by sel.ecting.a. less.sol upl.e [t form or

t he non- saff™h IBLlﬁitorG’gh%b%Pﬁ Bien to AR FREoRPS LT TSP '°§mﬁ{g§8ﬂ ?S/@d? tlée’(J[T]'Enbl ein
wat er and coul d undergo 50% degradation in an acidic stomach with a pH of
1.2 in | es%fﬂf‘%%fﬂtoil.megi“H‘L‘H’@é/g“‘?‘?r% on ybeyitiyig iawddemy i g 10 degradati on
due to its higher pKa of 4.9. A suitable buffer(s) for rabeprazol e sodi um
interacts with AMEofgpupginkibifns dosecyidie ‘t%i?g%’ﬂaé%ra?ﬁ?r‘%d?sﬂﬁf%ﬁnﬂﬁan t he
rabeprazol e sodium interacts with such acids to prevent early degradation,
and shoul dsubddes groten RympriBlybitef|rateign fromasd degradeiionsug atdsHepy 80e to
survive through the dwell tine. Sodium or potassium bicarbonate woul d be
good chbi caesion ppantireon punpsmseur. Imongdssiiable gphodinent.dhe phRpis thedy®|of theodi um (as
wel | as any sodiumsalt of a proton punp inhibitor, which would tend to be
mor e sol ubblea eftregivanipeotpmpemy mhipjtor slus apopedivic Eha i is defunisilas thg pH at which

50% of a chemical is in the ionized form. When the pH of the environment equals the pKa of
the proton pump inhibitor, then 50% ionization (degradation) of the proton pump inhibitor
occurs. However, by adding the factor of 0.7, this 1onization is reduced to 90%.

20 The Stability Range Factor (“SRF”) is the range of pH elevation in which the lower
limit is the sum of the pKa of a given proton pump inhibitor +0.7 log, and the upper limit is
the pH at which elimination of acid degradation occurs without producing tissue irritation
from extreme alkalinity. SRF is calculated based on the desirable shelf-life (or a dwell time),
the environmental pH and the amount of acid expected to be encountered, along with a

25  knowledge of the time of exposure expected after the drug is administered and before the
drug reaches the blood (i.e., the dwell time).

The upper limit of the SRF is a function of the tolerability of the gastrointestinal

mucosa to alkaline substances, which is determined by the Formulation pH and the
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of rabeprazol e sodi um when in aqueous form such as using a | ess soluble
salt formor using the non-salt form This decreases early degradation
because twe mabesps azol e nmust first undergo dissol ution inpealEsos/bsiore it
is degraded by acid. In this enbodi nent, the suitable 20 buffer(s) for
rabeprazol e sodi um shoul d possess high neutralizing capacity to enable
rabeprazole to survive through the dwell tinme. For proton punp inhibiting
agents that possess high pKa's, such as rabeprazole sodium a two-part
l'iquid formulation can be utilized. The liquid part has the proton punp

i nhi bi tor QAcknBattin@? akbindHitedal lpfé‘%rm,éq F{al"{nfa&fc'aﬂglr&ﬁ%a}lt%’ 109 ginkdiGuhd part

is added to a 25 second part that possesses a | ower but a hi gher nEqg

buf feri ng mm é(f the fthﬁfcﬁnémdgeﬁﬁ{an &e%&%uﬁ%@ﬁgfférqgg'{] h)?)()lgirff‘.'?%pe&r ior to

adm nistra on ation witha l'ower pH and ring

capacity i (ﬁﬂpert%g&éca%gtg?abgﬁ té%dai of Kn'4ia é&xﬁftﬁcgn'?‘ﬁé}ei%% the J8p J@xﬁ&ggﬁ'ehoo

caustic to tissues es of suc ormul ati ons are provi ow. 121

VO 031 061584, CTE U 03600 sgR L BB oK B PR BEP, DBt 0

agents, roddced I'or msuch as a

tabl et, a{;(%éld?e%ow(raar pé&\ggé%q?ﬁuffer(s), whi ch di si nt egr ate and reach

solutlon e proton punp inhibitor and thereby
provi des the ﬁi‘ ntlal .protectio ft roton pu | phi bi tor
prior to its di %gfsﬁ{‘ adlﬁ’ ﬁfi)wftﬁfh@rsg{%ﬁsﬁﬁl s\%f Q?H%‘%@Pae {%ﬁ%ﬁgg‘é’mﬁor onnent .
Furt her, e table sul e . be fornmulated 10 to sse an outer
portion of! Eﬁeﬁt%sroflamdwaﬁo -memgﬂ rcmna?f’eeaﬁﬂﬁremfgn prae Hﬁo% T@’Sffeﬁm bi tor,
or a bl end of protonfp TTF i nhj bitor_ and buffer. |t| onal ngt ?ﬂds i ncl ude
for nul at i n§RHeHonh G fistent brifrisgainagy papting |ae-E§ﬁea e‘é 8 descrped 2 ¥d) and
the proton n? inhibitor in a larger particle size. Thi s results in the
di si nt egr athsemtigBufisEng a8y conponent prior to disintegration of the
proton punp inhibitor conmponent. Al of these nethods of fornulation aimto
create 15 an erdbpmplsneirHrsrlcstaspns with SR for sprsifismertomp R hHHIEHBELT 26 ur i ng
the dwell tinme. The dosage formnay affect the suitability of a buffer for
use inla fasdfplldvest i on. For exanple, magnesiumoxide is a buffer with high
buffering capacity but slow onset when fornulated as a tablet. However,
when f or nmul at edHaof aropovpenp, inlobiter <t e eftpraién pump inhibitor +0.7.
SRF = the range: pHg to 10.9.
SRF for omeprazole = (pKa omeprazole +0.7) to 10.9 =(3.9 +0.7) =4.6 to 10.9.
SRF for lansoprazole = (pKa lansoprazole + 0.7) to 10.9 = (4.1 +0.7) =4.8 to 10.9.
20 SRF for rabeprazole = (pKa rabeprazole +0.7) to 10.9=(4.9 + 0.7) = 5.6 to 10.9.
SRF for pantoprazole = (pKa pantoprazole + 0.7) to 10.9 = (3 +0.7) = 3.7 to 10.9.
In most instances, the lower end of each of the above ranges is increased by one pH
unit to minimize, by a factor of 10, any local effects within the stomach that may produce
areas of lower pH that might cause proton pump inhibitor degradation. A value of +1 log
25  value is also supported by the observation that weak bases operate most efficiently at
neutralizing acid beginning at +1 log value above the pKa.

For example, one would expect to encounter about 100-150 ml of 0.11 to 0.16N HCI

in the adult fasting stomach, which is equivalent to about 12-24 mEq of HC1. Therefore, an
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conpression, or with tablet disintegrants such as pregel atinized starch, it
disintegrates nore 20 rapidly. Oreprazole base is only slightly soluble in
wat er andwoas/osiseh, | ess of the drug is subject to earlyramdisosnicsmued
degradati on. The soluble portion of oneprazole is vulnerable to early
degradation in the gastric environnent. D ssolution of the remaining
insoluble portion is expected to occur within mnutes of encountering the
wat er of the gastric 25 secretions. This dissolution tine provides sone
protection agai nst early degradation provided that relatively |ow vol unes

of water akgauaRdnhbhdadyifl Ghinfiby thi¥facidd 1f fBuPOHUGEq of QUM ALdrOhateAf t €7
several mnutes in the gastric environnent, upon conpl ete dissolution,

onepr azol 9 i j t m Orepr azol e
s 22 w0 SIS a8 B BB KHBE BHLN D bR R TR bR o! P RE ot

3.9. A sui stoﬁilalnempa%cjng{e((éa)rbgnﬂ:r acg(g,g\ipl%iaizg lagmjt 3 lFlgp -ggat@f: t"fhr;'ﬁglg %ﬁgtep far frsSes at

| east noderate neutralizi ng ca y to enab meprazo survive

t hrough the ||t ng. used her gi "rapi.d acting,, i the context of a
buf fer negﬂgméﬂ%%?§%%gﬁﬁgﬁ%?%ﬁ%gge?%ﬁbngﬁpﬁﬁg?lgﬁﬁﬁaﬂg%%wgﬂPp?gnﬁ?eater
t han or eqHaI 0 HE o

to th f. a particul )0 O inhibitor . iy a tinme
Lot o entorebansiennfh Pidprable Bl st Hnafsoh AP IR vhr Bl 12 Bt or
I n one, _enbodi he rapi.d acti,ng buffer rai. t e pHto at(#]ast t he
Dka o1 nank BEBE!. it R m e ntl s tute LA A RE teRe Shedi! oo
Preferred buffer(%é.grgduce a& envi r onnent whgég #he Resul tant pH of the
envi r onmerffteiod migadion b ogFrPrypoleattds coppidered pauieble o) pH such that: (1) the
onset of pH chanqﬁ i? to equal tQ or greater than the %ﬁ + 0,7 begins
before the aci dtiqed eaotaég?%%%w ot azeiaad disgse ASABAYT HIFENi® BF occur s,
and (2) the Resultant pH at or greater than the pHE + 0.7 |asts _throughout
the dwel | grerterghiagbe signifigantly anqrg onless thanthed HE4 miamanset R sigane ity Ed8e of
gastric enptying for an adult. It is desirable that the buffer be rapid
acting to avehi4inke teabertd04eEd- i nduced degradation. The nost rapid acting
buffers are water soluble (or soluble in the 20 environnent). High
sol ubi 13 ty, hoWsingrmagngsiyim pxigde oramicsive hydioaisls in 3n amounbefridde dhmbriate and
provides sufficient neutralizing capacity leaving the pH at approximately 7 (lowered only
slightly by the minimal hydrolysis of magnesium). However, magnesium hydroxide is not
rapid in onset and care should be taken to ensure that early degradation of the proton pump
inhibitor does not occur. Early degradation can be avoided by making a tablet comprising
20  two layers: an inner layer of proton pump inhibitor and sodium bicarbonate, and an outer
layer of magnesium hydroxide dried gel or magnesium oxide with suitable disintegrant such
that the magnesium oxide would rapidly disintegrate in the stomach. Alternatively, the inner
layer can contain the magnesium buffer and the outer layer has the proton pump inhibitor and
sodium bicarbonate.
25 Additionally, micronization of the slower acting buffer can be used to enhance its
ability to combine with acid. Calcium carbonate (and many other calcium buffers) is a

similar slower acting (compared to sodium bicarbonate) but potent buffer. Therefore, if used,

it would be best suited in an outer layer of a tablet formulation with the inner layer
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cal cium carbonate, both only slightly soluble, are capable of significant
conplexation with gastric acid albeit at a slower rate. If a dry

fornul atiwo w®c1s8€d, such as a tablet, the particle sizepaff/usogotsud f er (s)
can be reduced to enhance the dissolution rate while the particle size of

t he proton punp inhibitor can be increased. D sintegrants can be added to
enhance the 25 avail-ability of poorly soluble buffers. Lansoprazole base is
very slightly soluble in water and, as such, less of the drug is subject
to early degradation. The soluble portion is vulnerable to early

degr adat i Aymprikihg 8 Ydpitt 48R Bkfed nﬁthrw iMQinh 56! @Plige PALD Altedngtivekpect ed to
occur W thi ergev%ralpmn‘i nu% es (;f 123 V\Dﬁjorgl?l(5161584('éPéT7 USO%/Ol%4Ol gp

encount er i Gk FIRIRIEfRkad E'@erﬂ;ﬁé}éditﬁr tﬁ@@&t@#l%ﬁ??lf d@'&lah&pi:ﬁjg' §§(91|id*'t ion tine
provi des sonme protection against early degradation provided that relatively

| ow vol unEl% lat_Y@lto?'é g%@erlférergcongtﬂﬁtidgl? (Lj 'm\fﬁ[l%é 0?5 I -ﬁﬂd zgc:ag% Qﬁf@gl'clﬁ& flf)\%rmjl ation.

After several mnutes, upon conplet I'ssolutio soprazol e could

ovi ng o TuNERRER Sheldc Ak EReoroRNE BRY AFRI Sl bR LA O 51 d b

o enabl e 1 ansonralsrangs e PIRIERR: FRSELR Rl A Ak eGP r Y
about 1 & et R R B ot ist e dror R mrofr g Fones 1 o
C e AR i PR TR YRR DS ©

el ecti ng SOPEraRpick GRIGHE 50 BIPFAES forisE AR PO PGIPAL RS cac. -
The- ANC uses, both the formula weight (FW.) and the valence to determ ne

buf fering REFHEity. An exanple of an ANC cal cul ati on for sodi um bi carbonat e
is as follows: _Sodi um Bi car bonat e W . =84, val ence=l. The 20 -

oJf Na+HCC3-, FW
conversion equddi on PiagRASqlubilisy efPraten BwmpdphijitingAgedts (Equi val ent Wi ght

("EW) ?5( o 1000W,‘Irsorlr12n<ti%rr1gcrio alb{)\}erjﬁx%)pl(‘a of g Ié?i/rgg prcg)ftonl\}l)aﬁmp inhibitor indicates inherent

stability with respect to acid degradation; the lc;wer the pKa, the more stable the proton pump
inhibitor. The solubility of the proton pump inhibitor will also dictate the rate at which the
proton pump inhibitor complexes with, and is degraded by, acid. These two physicochemical
characteristics (pKa and solubility) of the proton pump inhibitor interact with the

20  physicochemical characteristics of the buffer(s) (pH, buffering capacity and rate of buffering
action) in the presence of acid in the environment to determine the degradation of the proton
pump inhibitor over time. The less soluble a proton pump inhibitor is in water, the lower the
mitial degradation when placed in an acidic environment. The following Table 11 elaborates
on the time for 50% of drug to be degraded (t 1/2), pKa and solubility in water of several

25  proton pump inhibiting agents.
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25 EWE(FW.)/(valence) = 84/1 = 84 g/nol. (84g/nmol)(1 nol/1000mmol ) (1
mol / 1 nEqQ) (4nEqQ) =0. 34g NaHCO3 needed for 4nEq of buffering capacity.
Accor di ngwg,o03foerssd OrEq, one needs 0. 840 g NaHCO3, and for p8Q/usasyp1620 52 gm
is 30 required. The range of 4-30m Eq is used because that is the range of
nEq of acid to be encountered in nost patients. The ANCs of other buffers
are simlarly calculated. ANC determ nations are from Drake and Hol | ander,
Neutralizing Capacity And Cost Effectiveness O Antacids, ANN 124 WO

03/ 061584 PCT/ US03/01640 5 INTERN. MED. 109:215-17 (1981). GCenerally, the
formul ations of the present inventiogeed,about 4 to about 30 nEq of

buf fering capgs Ty alfFioug g s Us ng patients.
Sodi um bi car bpnat e i rj-Sorut |f§n ’(‘_ﬁfge gars&s?llés a%’zéé';ﬁé%@ f eﬂaﬂs gzz% e |and
rapidly neutralizes Mc envi ronnents.| As stated aboveodivmpi d
conplexation with HCl1 is a 10 desirable|characterisfic of an Essenti al
Buffer. | dgal ) 1.' ut noAgG{heﬁ&:essdrzg T equi reg’l ini ndircat q@ d1 for mJI ations
that contain a tabletl in a tablet, the Essential Buffier conplexes with the
acid at a faster Yate tRa&hrt he prdtOdm purrp i nhibrt or it IS intended to
protect. In setecting—ESs i"ui’l ers; a—knpytedge guf-fering capacity
is al so useful FF\ ﬁ po<ses 4cﬁfferi ng p " at ar?glﬁrém&ncentrations.
The magni t ude| of (Ihe regilgirang¢e of7.3hr 15 |buf f@shi o pH changes is [referred
to as buffer capacity (Beta) -t has been defined by Koppel—SpiHo and Van
Sl yke as the tatio ofl tHe¥ncdement 1f stirong %E‘id (or base) to tlhe change
in pH brought aigyt Dy agiditifon ok oaci d.| The fplTowing Tofgula 1|s used to
nmeasur e buffer_capacilty: Buffler capacity = the increnent (in gram
equi val ent s peSolubiior yeryfsolbleg shghilyiselublggedveroslighdy buf Yav seublatilon to
produce a pH change (lchange as measured iln al§8®blste tlerns), or buffer 20
capacity = chargeei ¥ eadil?ﬁf%?'i%?ﬁgem%r’e ‘N%']%‘Eﬁ*%\?@ﬁ%’ﬁ?@ﬂ%‘?d?ﬁ’éimfdeqomné have
been nmade to iBl“Eﬁ t“ﬁg" RYACCLAHH *thefs’d-P-or m t he ba

mat hemat i cal cSHBAYESRFA0BR ‘blﬁ]s? yra, iy pKa, (‘JFe‘Pléetr?”cSIPf %%%ts%B‘paéllaC'déi oChem

Z. (65) 409-439 (1914 Van Slyke, J. Bl CL.
(65) env1ronme(nt than 2)t’her proton pme mh‘lJbltmg agents, 1t 1s Iz\l/{so very soluble in water and

-an "

10 thus could undergo 50% degradation in an acidic stomach with a pH of 1.2 in less than 5
minutes. Therefore, it is important for the buffer(s) used with pantoprazole sodium to interact
with H+ ion (or other acidic substances) more rapidly than the pantoprazole sodium interacts
with such acids and maintain the rapid complexation through the dwell time; otherwise,
additional dosing of buffer may‘be required. The overall pH of the gastric contents should be

15  kept at least at the pKa + 0.7 (i.e., 3.7) from the time the proton pump inhibitor in solution
comes into contact with the gastric acid continuing throughout the dwell time. Essential
Buffers for liquid formulations of pantoprazole sodium inclgde those buffers whose
conjugate acids possess a pKa > 3.7 and which are very soluble (e.g., potassium bicarbonate
and sodium bicarbonate) Oral solid formulations likewise would require buffers whose

20  conjugate acid possesses a pKa > 3.7 and rapid complexation potential. Most magnesium,
calcium and aluminum salts are not suitable unless the pantoprazole sodium is placed (with or

without additional buffer) in an inner portion of a tablet or capsule with such antacids, and
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52:525 (1922). \When the proton punp inhibitor/buffer fornmulation is placed
in the environment, the 25 proton punp inhibitor is subject to degradation
by the acwo msnetskat environnment. As depicted in Figure 9PCErushamepunp

i nhibitor solubility, the pKa of the proton punp inhibitor, and the anount
and concentration of acid (H+ ion) encountered in the environnment are

vari ables that can be used to determ ne the appropriate candi date as an
Essential Buffer. Early degradation 125 WD 03/061584 PCT/ US03/01640 5
occurs when the soluble portion of the proton punp inhibitor (that portion

avai | abj e duaburdde®Bylhddpfd Adthe bRGdr Wi aWhbild dldihidgPihl. ARSIRS GQaRIdMYA FRINGGT S by Ht
ion. proton punp inhibiting agents differ in their solubility and,

t heref ore, iof BRSGHrdBRLs RIR R s §&Lwlt?éy%uaaag%y%eleatn§ratwsalsolme salrolth gher
portion of proton punp inhibitor degraded by early interaction with H+ ion.

The pKa qf.h aﬁ%ﬂﬁg&anﬁgﬁg?Jthbltor and the pH of the environment of the

stomach (or o Sit interest) after addition of the proton punp

| nhi bi tor/buff ab@aq‘%£z§'1ﬂf§8fuﬁﬂéﬁﬁ§§é{iéts&ﬂﬁle %at&%ﬂ P&ld Hﬁ@e?%?t %)V/ejﬁég%{d%&? the

desi rabl e Essen uring t ant tine

pH data Vern%}'il%m{hﬁ ag‘l!;]wlﬂﬁa% otftl(:‘2d f3s EF 1. Smmute%UI% n%tv lﬁr ?obarllcpf pH

over tinme can e Use o eva uat e vari ous raph can
be dev ong f.or t.i.al |on usi,n

r fer th
Rossot 10 R gy Rk slgse ‘g‘ﬁé Rh£0 Rl fireGRBL \/pa?ZOletSOgH%O‘ The
Efficacy The requ ntly. Ant aci ds .\ cula Attention To
Tabl ets. ARFFI&&TS&M%%E S R e Hanctﬁmhﬁmaﬁo 981 o' of
sinmulated gastric fluid.. See USP XXl |1, The Uni St at es . Phar nacopei a,
5570 Rewt STBHCSOAIN Wi S48 S opHA A S oMY DA FIEeh R TURI ¢ he
test enploys 150 nL of simulated ric flujid con5|st|n of 2 Gh1of sodi um
20 chi ori d@PHY taeiabigfabepragalsdg wr‘gl 'ith{;%‘g'é cU 815 SHORF OF PRESSHT | N HOl
g.s. to 1000 nL with distilled water. The pH of the sinulated gastric
fluid is 1PicarboRateayruld bregoodchaiess indhisjpstanses fluid is stirred at 300 rpm +
30 rpn1mnth a magnetic stirrer and kept at 37.1 C A pH electrode is kept

in thellupper r eyio8ir eptioner r@bgpiazplgsodighdas walt asigny pesdiurg palt of@ pEipp piyaP

fornulation is added to the container to start the evaluation. At 10
m nut es, ankibiten whishavould; tpnd to be more soluble than the base form) is to reduce the solubility

of rabeprazole sodium when in aqueous form such as using a less soluble salt form or using
the non-salt form. This decreases early degradation because the rabeprazole must first
undergo dissolution in water before it is degraded by acid. In this embodiment, the suitable

20  buffer(s) for rabeprazole sodium should possess high neutralizing capacity to enable
rabeprazole to survive through the dwell time.

For proton pump inhibiting agents that possess high pKa’s, such as rabeprazole
sodium, a two-part liquid formulation can be utilized. The liquid part has the proton pump
inhibitor and a high pH, but a low mEq buffering capacity. The liquid part is added to a

25  second part that possesses a lower pH but a higher mEq buffering capacity. When these two
parts are added together just prior to administration, a formulation with a lower pH and a
higher buffering capacity is produced which will neutralize stomach acid but not be too

caustic to tissues. Examples of such formulations are provided below.
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25 of sinulated gastric fluid is added to the test container at a rate of
1.6 M/mnto simulate gastric secretion. Approximately 1.6 nmb/mn is
renoved fwormstohesst est contai ner to keep the volune in thedrashsemat ai ner
constant. The eval uation continues for at |east 90 m nutes. 126 WO

03/ 061584 PCT/ US03/01640 5 This methodol ogy allows for a dynam c

eval uation of buffering capacity in a nodel designed to mmc a fasting
human stonmach. It has been described in part for use in evaluating antacids
by Beneyto JE, et. al., Evaluation of a New Antacid, Al magate,

ARZNEI M FORSCH) Qﬂg& : O -4 ; St at
Tirati % of AIFum nJ%@?%@tﬂgﬁ%{e}% 19%?1}1%%@ e&%’ thé%&iﬂﬁﬁ%ngl%\%agglé p%lglzl%eg ?I;E 10

Using this raci c Jat J. F f
oo 1 as 74 SRl B e oot 84 e CARREo (Y RLANRF bfer YA disile | 0TS 20

be taken dyi g, LSS PRI HENDeL BUAHAE SuckDRNBILERY oRLeth 00 ks BT

i nhi bitor degradation a rrous ti ers w a sultable

profile as_exemplified.in Figure Z abl e .t.o. .mai ntai n_pH greater, than or
equal to e TErPbE" Rioistatobe Brlnhird WO drdir By A apl e
Essential Buffers.

.15 1 n_one enmbodi men s depicted in Figure. 9 the pH
wns. recor dBrBgET il ald e RPARORFE: Pkt (e BPR P snirErd el rhuheed
applicable for use as Essentjal _ Buffers. Therefore,.once an Es tial
Bul fer [ s QRESER 1 PREr BRFGOMY! HHUEERY AP ELPYRGY P E PRles PERRRBPar ed. As
used herein, the EBC is the bufferi capaci.ty, or gmpunt of al kal|ne
buf fer, in¥ahadof ROl TG Rbiigrand Bt Aados4) meioft Brhds fumBatuk b o pH
range and thereby protect any substituted 20 benzi m dazo] e pr.oton punp
i nhi bi t or Rybtet e sgrberRapiclotiZzed e Be MiCTaRgsd) apthbAProlanPuRp iPRIRHY In @ BEEFTr i ng
continuing proton punp inhibitor admnnistration (e.g. daily), nore.
buf f er i ng Pagtiacse yiNisagsulie e disipteration phthe heffaricpmpongatprias o disintegrationy doses
than wi th subsequent doses because the proton punp inhibitor may encounter
nore aci d @fithhpretas pimp inhiitog eeyerpnentsddlad theshymethadseaf fomulatiop ging fosTgatss s
buffering capacity because the initial proton punp 25 inhibitor doses wll
have r&ducadgnyagmentolztabdlity fadhecnrpion pummh shitlor duingdhe dredltinog- e be  reduced
i n subsequent doses. The product's buffering capacity may be formul ated as
desired, for ilhstdesagefonntreyradfoptebe suitabipiytdf e ufferfer usgema éyrmolatigpdiires.

example, magnesium oxide is a buffer with high buffering capacity but slow onset when

formulated as a tablet. However, when formulated as a powder, or a tablet of low

compression, or with tablet disintegrants such as pregelatinized starch, it disintegrates more
20  rapidly.

Omeprazole base is only slightly soluble in water and, as such, less of the drug is
subject to early and continued degradation. The soluble portion of omeprazole is vulnerable
to early degradation in the gastric environment. Dissolution of the remaining insoluble
portion is expected to occur within minutes of encountering the water of the gastric

25  secretions. This dissolution time provides some protection against early degradation
provided that relatively low volumes of water are used during delivery or in the product

formulation. After several minutes in the gastric environment, upon complete dissolution,

omeprazole could undergo 50% degradation in less than 3 minutes. Omeprazole is

122



127 WO 03/ 061584 PCT/ US03/ 01640 5 Experinmental data from adult human

subj ects showed an effective EBC range of a first dose of oneprazole to be
about 4 twoabostss20 nEq (" EBC O range") of sodi um bi car becatusps/mickh a
range of about 12 to about 25 nEq suitable in nost instances. Subsequent
doses of oneprazole require less EBC, with a range of about 4 to 15 nEq
sodi um bi carbonate. In one enbodinent, this latter EBC range proved
optimal for an oneprazole 10 suspension adm nistered to patients with
varyi ng degrees of gastrointestinal transit and acid output, based on a

know edge QfdebagaktaBIb dwirb Wbk 26+ Ho ONLRiklbR lﬁlfffe?(sﬁﬂfjorgénr%ﬁ/ b%rd, actin%

respectively. These studies have been reported in Phil

CRIT. CARE, ngsses%gsgﬁ ’leastl'rﬁéc{%}{at@ﬁeuﬁ'!ahzm cap%ﬁ@%aﬂa%%%ep%%ﬁ]@% Ql'?wrz roEEﬁ: O

range, the ove ANC cal ati1on can | oyed. 15 irtironally, Tt
expected to. epGPyRLer about 100-150 nL of 0.1 N HO (equating to about
12-24 nEq of acl in a fastlng st omach. Varlatlons in the acid encountered

in the envi r ONIE! éd lwréln pl(? %cttmt hl%t escsmel ex (%J ab ﬁg{% %1@9 bgﬁ'gre}ﬁéttr%ses %1%”' red.

The above EBC ranges ré€la ients. , produce
| ess acid n r son erefore endi ng on
the-pat i ert? ButribBE heeaRbiin o uaéi%glﬁp?"aP%a%fﬁ%%l?wmw%mt@paci e
requir Nuper ous ref C re ayailable to a lSt t he
ki1 | el ar EVo o A SRR Reret e sre d%%'a?%t@fl St s SR PROLr ot on
punp |nh|b tor to deter he desirable c acteristi t at ed herein.
See, “Inggp papedim “H]srapl aKteg ff‘b"l’%&ﬁfh& togh?flﬁés*w ot K §Pe. Fact or
in hbutrallzatlgn of Gastric Amlg J. AMER. PHARM ASSN. 36: 149-51
(1947); LiRympgphibiser plusgh/ feg yplyg wi WIQfmIBEfF? ering Capacity and Acid
Neutralizing pH Tinme Profile of Antacids, J. FORMOSA MED. ASSN. 97 (10)
704- 710 (1998) :Prederyed hugler(Prpapdnse gn enypronment ydhere thesResHias i ofhee sci ence and

Practice of Pharmacy (2000). 128 WD 03/061584 PCT/US03/01640 5 F. The
Desi r abl e anyirfrgent is equal to or greater than the Essential pH such that: (1) the onset of pH change

15  to equal to or greater than the pHg + 0.7 begins before the acid-induced degradation of the
proton pump inhibitor occurs, and (2) the Resultant pH at or greater than the pHg + 0.7 lasts
throughout the dwell time, which is typically a minimum of 30 minutes in the case of gastric
emptying for an adult. It is desirable that the buffer be rapid acting to minimize early acid-
induced degradation. The most rapid acting buffers are water soluble (or soluble in the

20  environment). High solubility, however, is not an absolute necessity as magnesium oxide and
calcium carbonate, both only slightly soluble, are capable of significant complexation with
gastric acid albeit at a slower rate. If a dry formulation is used, such as a tablet, the particle
size of the buffer(s) can be reduced to enhance the dissolution rate while the particle size of
the proton pump inhibitor can be increased. Disintegrants can be added to enhance the

25  availability of poorly soluble buffers.

Lansoprazole base is very slightly soluble in water and, as such, less of the drug is
subject to early degradation. The soluble portion is vulnerable to early degradation.

Dissolution of the remaining insoluble portion is expected to occur within several minutes of
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The Desirable Volunme ("DV') of a proton punp inhibitor dose nmay affect
proton punp inhibitor delivery to and action upon parietal cell proton
punps. ThwoDvoefssa dose is partly based on the EBC. For [PCqisd3/01640
formul ati ons, a desirable volune should deliver sufficient buffer to act
as an antacid to neutralize a substantial anpbunt of gastric or other 10
acids. For solid fornul ati ons such as tablets, a nom nal anmount of water or
other fluid will be consunmed to aid in swallowing the tablet. Liquid
preparations of the present invention use volumes as small as about 2

or in excessoferARMNlwdd ofthe NQH i ER St AR THY dilsORBor tifk pRRthes tddhder than 60
m are contenpl ated, and nayg%e used as desired to SUIF i ndi vi dual

patients, \Prétu&tbnagam PRLY d%fsgrafagtvmﬁsadwma&%l (RHDE Qb Qhedi d higuent

species. Very large volumes may 15 | ead I gher anounts of |ess soluble

prot on. puge, SRESIGE il BIBAL Soulrdhon, ATEREAER!nuced BBSORAAAL B pAREN OF T5)

90|ng into so cou result in vul ner Ity to ear

o0y adat | Oosgh AR O MTERISAR, o BD 2Rl mm?taghu_sed in

newbor ns or nts ecause O elrr

smal | er St C%w%'g fo 1%5 é)'%)sog 4. la A sa'Jltggle uffn?% forEI‘a c? Qazro e ulﬁ% fre%r d?ﬁgs

fornulatef fer ‘tONCRRtrar ieve

rel ati gnshi en the EBC a be ny

bt £ er BB aPt Rk RS B mtraﬁzw%gaﬁ’aﬁb(t %@Sﬁgsaf‘ée pie

conc. (ng/ . Ater at|v can .be substit ted for rmul a.
%5 G Secg%agvh&&ms Biist Shepr Phibeizaitic rorfeniia & ?fSHH‘éWeE TGRS o o
required but nay be useg hance t he ghar ol ogi ca action or
pharnaceut?@&?mé fhge abog, 853@&@ BsRIAeR ﬁ%@ﬁ%&?“ﬂ&?cmg?%nﬂot limited
to, parietal cel] activators and other redlents Parietal cel

act i vat or sconist vyigigth 9\6‘5@9@611@82“%@7}1%59‘81@4@6 lligimg scussed above, are
conpounds that produce an increase in Proton punp activity such that proton
punps are rel odat ed Rkylativg sheayeidNaupaligng (apagigrof Sutfercei | | i . e.

t ubul ovesicles, _to the ite of H+ K+t ex n t he secr ¢ tor
canal i £l us. A%@Fléﬂawﬁ%émg caRap ity BAGIC @*ﬁigfob@éf%aybe used o asdist in

selecting a preferred amount of buffer(s) needed to provide the EBC. The. ANC uses both the
formula weight (FWt.) and the valence to determine buffering capacity.
An example of an ANC calculation for sodium bicarbonate is as follows:

Sodium Bicarbonate, Na"HCO;", FWt.=84, valence=1. The
20 conversion equation from equivalent weight to grams is:

(Equivalent Weight (“EW?”))(1/1000mmol)(1mmol/ImEq) =
grams of NaCHO3

25 EW=(FWt.)/(valence) = 84/1 = 84 g/mol.

(84g/mol)(1mol/1000mmol)(1mmol/1mEq)(4mEq)=0.34g
NaHCO; needed for 4mEq of buffering capacity.

Accordingly, for 10mEq, one needs 0.840 g NaHCO; and for 30 mEq, 2.52 gm is
30  required. The range of 4-30m Eq is used because that is the range of mEq of acid to be
encountered in most patients.
The ANCs of other buffers are similarly calculated. ANC determinations are from

Drake and Hollander, Neutralizing Capacity And Cost Effectiveness Of Antacids, ANN
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ot her functions. For exanple, sodium bicarbonate is an Essential Buffer as
well as a parietal «cell activator, chocolate is a parietal cell activator
and a f| aworBogissgent, and aspartane, 10 which contai ns plremyisat/erssne, is a
sweetener as well as a parietal cell activator. Parietal cell activators
can be divided into four groups: 1) rapid acting buffers that are weak
bases, strong bases or conbinations thereof that also produce a rapid onset
of effect (the pH drops rather suddenly after the buffer is exhausted;
these buffers typically cause the pH of the stomach to rise to above 5);

2) am no aghes mRH Ol .izrﬂs-twg{]sellyseén%al@rtﬁ? RIALIGHEdH of e pf;et,ﬁum&& feedt ai ni ng

corrpounds such as cal cium | oride or clium car bonate; and 4

conmposi ti ofig,, SYGHAS0 G fo?%u{f&%%?%%acﬁgfafﬂﬁ Etﬁ’}‘% ﬁ%tﬂf?t@ré‘ﬁlﬁ't;e usT:g%t ot her

i ngredi ent's conprise co onen are secondary to the

primary come one{tetnes O her ingredients include, but are not limted to,

t hi ckeni ng ag flavoring agent s, sweeteners, antifoam ng agents (such

as si et hi cone), .pr servat ves act Li antl i cr.obi.-al s agents
Sor RSl 3B oPomE] ’

(such as cefaz ArRskanate s Fcﬂunontﬂolssg?%f ﬁB a? |s%1>(<1§ao 2,
erythromycin and other nmcrolides rm amtmmwmn)
and Second%ﬁ“ga]%§%% f&rfwrlgﬂ’inlalef K ﬁg? FeraI? 89/’8? e’ﬁg%aé"étﬁ W& be added to
t he dosage, forns, ) be buffered to the p

H ‘avor Thg. deBeChg LD o) 37 o aﬁﬁ?@ffsh RS RS st B ahge of pHe
val ues of proton punp inhibiting. agents. |ncIud but ot mte to
appl e, caidiseird infamulationy thgl conkin ¢ ghlet ig@dsb etﬁﬁ%ﬁ%ﬁ@ﬂﬁé}lf@f COE’(B’# eVt
licorice, nut, butter, butterscotch and eanut butter flavorings, used

al one or i He afig alcoheFriatitiam theapraton ghmp mhétrltor itdy ptepdsdde €r9'9E | uded in the
formul ati on of any proton punp inhibitor product, |ncIud|n? but = 130 WO

03/ 061584 PCT/ useemmsﬁﬁﬁemaﬁl rlifutffetS| wkoxdedgs of bifferipa canesity 1§ AlSp pesdHisige agent s,
potentiators, antioxidants, antimcrobial agents, chel ators, sweeteners,

t hi ckener stheppassess dilieringBHs ¥ varousepnosaEtions: e Ehegnagsiinds of theetssistanpe 19ba

buffered to the pHE. H Exanples Uilizing the Calcul ations The pHE, the
EBC, ahil thdfeDto i clangesas wherrsd tpas viffebéapantydBete). thhasde¢redatingd b Boppel,

Spiro and Van Slyke as the ratio of the increment of strong acid (or base) to the change in pH
brought about by addition of acid. The following formula is used to measure buffer capacity:
Buffer capacity = the increment (in gram equivalents per liter) of strong acid added to the
buffer solution to produce a pH change (change as measured in absolute terms), or buffer
20  capacity = change in acid/change in pH. Improvements in the formula have been made to
improve the precision, and these form the basis for mathematical comparison of buffers for
consideration. See Koppel, BioChem, Z. (65) 409-439 (1914), Van Slyke, J. BIOL. CHEM.
52:525 (1922).
When the proton pump inhibitor/buffer formulation is placed in the environment, the
25  proton pump inhibitor is subject to degradation by the acid in that environment. As depicted
in Figure 9, proton pump inhibitor solubility, the pKa of the proton pump inhibitor, and the
amount and concentration of acid (H+ ion) encountered in the environment are variables that

can be used to determine the appropriate candidate as an Essential Buffer. Early degradation
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10 punp inhibitor delivery to, and action upon, parietal cell proton punps.
The following calculations tailor an Essential Buffer dose for any

subst i t utwo ieeEssHi dazol e proton punp inhibitor to pronotPeTIrSos/orE4@UNP
inhibitor efficacy in an oral adm nistration. Exanple 1. To deliver a 20 ny
dose of omeprazole (pKa = 3.9) in sodium bicarbonate: 15 Step 1. The pHE
of oneprazole = pKa of oneprazole + 0.7 = 4.6. The SRF of oneprazole = pHE
to 10.9 = 4.6 to 10.9. At a Forrmulation pH of 4.6 to 10.9, the conjugate
base of sodi um bi carbonate (carbonic acid) has a pKa of 6.14. Therefore, an

amount of océagwga B SRLB BB S, gﬁf*ﬂk¥@t&£ﬁun&ﬁnﬂlgﬁo@%%1&fav§ﬁdb% fop be

encountered woul d produce a pH of Ichi1s wwthin the SRF of 4.6 to

30 % o eI AAREERANE IR e do TG B Hl 4 3RS w8 lsrbg&&% Afnfnfidfng - Step

pacity equ

determine J06s SR mAl iy MPHEADBRREE d AINLOLIRAL hw]ehg)o &%@a‘

oneprazole sodi i'carbohate 1s cal cu ated
sodi um bi

£ .

(BW (1/ 1000 n%mﬁffﬁm QW g Patyoisd et o pbeirispastin wita-fon B o/ mo
(84 g/nDI) 1000 lLmmpl 4 4 Step
5 For 1 qE PSP RPTEA LR prerpRfror b emlfwr%éhof&? S%"rﬁ’%'s*é?{t q ae1 G er
( EB) ng)/ uf 0 131 WD. 4 PCT/ 016 Buf f er
conc. = tB mt%ﬁ% ﬁéd‘{‘&n%gg%grf’@“ ?Bmi’rl"g% W%H@?rrﬁ)ml ulp ‘f% ?ﬂjb‘ 8r ef or e,
for 20 ng of onepyazol e to be adequately buffered in m . of olution,
the concentUstd Wifetlsrmug &Ietﬂ‘?f‘fﬁb@a@s%ﬁ‘é]t %‘Y §qf| OBV @eﬁ%‘rlfg t}leg{ei‘ﬂ@n fYer Exanpl e
2: To deliver a 20 nmg dose of oneprazole ( 9%1 |baS|c sodi um
phosphat e: 1M thgpkhdata verps timgpeap pe Bloged %%zsswnf 1%9 o PHI¥eL|e 7 The
SRF of oneprazole (3.9+0.7) to 10.9=4.6 to 10.

can then be used to evaluate various buffers.

Such a graph can be developed for a potential buffer or buffer combination using the
15 Rossett-Rice test (Rosset NE, Marion L: An In Vitro Evaluation Of The Efficacy Of The
More Frequently Used Antacids With Particular Attention To Tablets. ANTACIDS 26: 490-95
(1954), modified with continual addition of simulated gastric fluid. See USP XXIII, The

United States Pharmacopeia, 23™ Revision, United States Pharmacopeia Convention, Inc.

Briefly, the test employs 150 mL of simulated gastric fluid consisting of 2 Gm of sodium

20  chloride and 3.2 Gm of pepsin, which are dissolved in 7 mL of 1N HCl, g.s. to 1000 mL with
distilled water. The pH of the simulated gastric fluid is 1.2. A container of 150 mL of this
fluid is stirred at 300 rpm + 30 rpm with a magnetic stirrer and kept at 37.1° C. A pH
electrode is kept in the upper region of the solution. The test buffer or the subject
formulation is added to the container to start the evaluation. At 10 minutes, a continuous drip

25  of simulated gastric fluid is added to the test container at a rate of 1.6 ml/min to simulate
gastric secretion. Approximately 1.6 mL/min is removed from the test container to keep the

volume in the test container constant. The evaluation continues for at least 90 minutes.

126



Step 2: The EBC = 4 to 30 nEq buffering capacity equivalent. Step 3: To
determ ne the anount of dibasic sodi um phosphate to adm nister wth the
onmepr azol wo whe1s8NC f or di basi ¢ sodi um phosphat e i s cal culpatracho3/dtseo ANC f or
di basi ¢ 15 sodi um phosphate (MAs 142) = (EW (1/1000mol ) ( 1nmol / 1nEq) ( EBC) .
EW= MN (valence) = 142/2 = 71 g/nmol. (71

g/ mol ) (I nol / 2000mol ) (1nmoU nEq) (4 to 30 nEq) = 0.28 g to 2.13 g Step 4:

For liquid forrmulations, if the DV = 20 m, then DV = EB (ng)/Buffer conc.
(my/m ) 20 Buffer conc. = EB/DV = 280 ng to 2130 ng/20 mM = 14 nmg/mM to 107

mg/ m . 5 Ther ef af@ mdtRddorddy Aoy foP TBRTAZOL G 1daGorPST RHBGHALBAN YAV ida&d 1 n 20
m of solution, the concentration of dibasic sodi um phosphate should be 14

to 107 o/ qrkiend(6 rilhi: epifastjrggllﬁglq}l LBMREH SPHRR bEerl Feschibd in %I?t?gp L€, an amount

of disodi um phosphate equivalent to the anount of aci e encountered
voul 0 Pr okl SRR 4. T2y LR APl D v
a5 PRGOS ) ARG RS, 2 P, o
Ine % Ly ARG el Bt BaTn,E S L 108, Sem 2 The
ot P! ool YL DA Epl eSO Ry 05 ARERRE BB
(MAEB4) = 1/ 1000 1), (.1nmol / 1nE %EBC EW = val ence = 84/ 1 g/ nol
(84g/ ol ) ‘ifﬁ%%";‘ f@éeﬁﬁnn%g? %"&iﬂ{b@/sﬁ )O?E{‘ {5t “t}?ﬁdj‘%\e.’ *ége‘b‘{]“PBg Je5y g 15 Step
g O n E f)r l( :Tgf;ilchgr)i;xgnrt rtrcyel:V%}ulat%r%ﬁe’ exltgnt E) perot|<:))r\1/ pimg ?nhmifor 'c[lehger'\Qiat[l%)\{l aﬁ vErl?ou(s r’;ri%?e/s.BUf Fer
Those buffers with a suitable profile as exemplified in Figure 9 able to maintain pH greater
than or equal to pHg for 30 minutes or greater, can be considered suitable Essential Buffers.
15  In one embodiment, as depicted in Figure 9, the pH was recorded over 10 second intervals.
A number of buffers may be applicable for use as Essential Buffers. Therefore, once
an Essential Buffer is chosen, the amount necessary to provide the EBC is calculated. As
used herein, the EBC is the buffering capacity, or amount of alkaline buffer, included in the
dose and calculated to maintain the Essential pH range and thereby protect any substituted
20  benzimidazole proton pump inhibitor in the gastric (or other) environment. In patients
requiring continuing proton pump inhibitor administration (e.g. daily), more buffering
capacity may be necessary with the first dose or first few doses than with subsequent doses
because the proton pump inhibitor may encounter more acid with the initial doses.
Subsequent doses will require less buffering capacity because the initial proton pump
25  inhibitor doses will have reduced gastric acid production. The EBC could therefore be

reduced in subsequent doses. The product’s buffering capacity may be formulated as desired,

for instance with respect to patient age, gender or species.
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Buffer conc. = EB/DV = 340 ng to 2520 ng/20 mM = 17 nmg/m to 126 ng/m .
Therefore, for 30 ng of |ansoprazole to be adequately buffered in 20 m of
sol ut i on,wotohmersencent rati on of sodi um bi carbonat e shoul d Pea/momute4d7 t 0
about 126 ng/m . 20 Exanple 4: To deliver a 40 ng dose of pantoprazole (pKa
= 3) in sodium bicarbonate: Step 1. The pHE of pantoprazole = pKa of

pant oprazole + 0.7. The SRF of pantoprazole = (3+ 0.7) to 10.9 = 3.7 to
10.9. Step 2: The EBC = 4 - 30 nkEq buffering capacity equivalent. 25 Step
3: To determ ne the amount of sodi um bicarbonate to adm nister with the

pant oprazol e, tﬁiﬁerﬁlﬁ%té‘l@&ta%%q{ N RLSRT %@is%hé@ed%'e%&t%%c g ANC for
sodi um bi carbonate (1/1000mmol ) (1mmoUl nEq) (EBC)  EW =

MAE
vEq) = 0 S “f%é‘f’z&“(%‘m'eféi“v%ﬁ% sei0aY et PGS 1e - PR Oror
(i) B 'f‘%%%ﬂ%““ ”a@%? B ot 230 a3 B s e e BB P T0 126
20 M there 9%%.19%6%[0? Shereoli ufr%“%. 5 %Vﬁtsiaira“b ou%j”aﬁﬁ L ?*W[“ﬁdl'z?s
ggé |m um ég Exa%méte ; |"3C:L°d’l§%/ez’ &Ts %gﬁﬁpﬁﬁ%g? gr};gfro Br azo Or an © %razo © a
St ggprﬁ?L@Sp%g%ma%mnmseg’e%aa%b%?@ Vra?év?%gifbe&&%ef g ?eaaﬁ%letaitglﬁ{ w3,
2 i ot erOUREPetona e@ Jdut 2531 Al R R S ga P basi ¢ i s
cal cul at edresp-gcr:]tlevely These studies have been reported in Phillips J.O. et al., CRIT. CARE MED. 1996;
Lasky et al., J. TRAUMA 1998.
Based on the EBC-O range, the above ANC calculation can be employed.
15  Additionally, it is expected to encounter about 100-150 mL of 0.1 N HCI (equating to about
12-24 mEq of acid) in a fasting stomach. Variations in the acid encountered in the
environment will affect the Essential Buffering Capacity required. The above EBC ranges
relate to adult patients. Children, however, produce less acid per unit time in comparison to
adults. Therefore, depending on the patient population, the amount of Essential Buffering
20 Capacity. required may be altered.
Numerous references are available to assist the skilled artisan in identifying a suitable
buffer companion with a proton pump inhibitor to determine the desirable characteristics
stated herein. See, e.g., Holbert, et. al., 4 Study of Antacid Buffers: I. The Time Factor in
Neutralization of Gastric Acidity, J. AMER. PHARM. ASSN. 36: 149-51 (1947); Lin, et. al,,
25  Evaluation of Buffering Capacity and Acid Neutralizing pH Time Profile of Antacids, J.

FORMOSA MED. ASSN. 97 (10) 704-710 (1998); Physical Pharmacy, pp 169-189; Remington:

The Science and Practice of Pharmacy (2000).
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ANC for sodi um phosphate di basic (duohydrate) (MM 174) (EW(1 /
1000mmol ) (1 nmol /1 nEqQ) (EBC) EW = MNval ence = 178/ 1 g/ nmol 20

(178g/ mol wOlaob158000mol ) (I mol /1 nEq) (4 to 20 nEq) =0. 712 @ctraish3/Bb4@ sodi um
phosphate dibasic. Step 4: For liquid forrmulations, if the DV = 20 ml, then
DV = EB (ng)/Buffer conc. (ng/m). Buffer conc. = EB/DV = 0.712 g to 2
g/20 M = 35.6 ng/mM to 100 ng/m . In this 25 case, the solubility of

di sodi um phosphate would |imt the anopunt that could be dissolved in 20

m.. Qobviously, this would exceed the solubility of disodi um phosphate

(sodi umm phosphat e ¢wbBiicable ViIGRf ore, for 20 ng of rabeprazole to be
adequately buffered in 20 Ml of solution, the concentration of sodium

phosphat e di bagihe Dekiebledvdiemabmnt’) 36a Frop/piinptishitiRR ddSMmMRIRS/ PS84
PCT/ US03/ 01640 5 ng/m at a pH range of about 6.9 to 10.9. The pka of

di sodi um ghapRh@bieoridsliver2 . and Bétfon uPbn BdFRMMtelBfro@h O NMTHRIDS BhadRe is

equi val ent to the amount of acid to be encountered would produce a pH of

appr oxi natp%hw based orAREEBAI BE) 1Y, cBucﬂﬂoﬁQahwﬁg PhRsRv ®IRdiHduldRKkEvea Sui table

choi ce as buffer. It should be noted that the suitability of buffers

rel ates t%u?ﬂ%‘%‘énK bHES 1d Wn%%ud té‘fl&ﬁ{ahzelﬁsu'%t%ﬁtﬁgam&ﬂn of gekicbPo@hance the
shelf-1ife, higher pH values would be anticipated wthin the range of

accept ﬁ)bl eachbEFofr %lldafoghMgtﬂ)nQ Elﬁ:&lgptag%%pa h([)}mnplbtxﬁmt &S(va"f’é? o?ét‘ﬁ%u‘?d will be

rabeprazol e suspensions contalnlng vari ous ers were eval uated for

col or_changg, heaquss fSanAda sl 150 BRoRYIR: 0P H: kiM% BaRILS, T esul ts
2 it G BlipRd

in a color ange to brown O suspensi ons st arted out

whi te in C\% Rhes 6 LG o X\@ez‘ﬂﬁl & e)Ic‘él d&%@ﬁﬁ.e{/}(ﬂd Otk lnfn T8 ina 20 g

Rabeprazol e in ar ous fers ore rigerate i ons

Suspensi Oq ggro%gneéq rgﬁrg \A%ne%ef‘népclbte&) ran(?O .aOE)e used as Xesugé_'toastult }n 1v1g%?pat1§8tgl um

bi car bonat & BrGwWN

such as those of advanced or very young age or of different species. Very large volumes may
15 lead to higher amounts of less soluble proton pump inhibiting agents (e.g., omeprazole,
lansoprazole base forms) going into solution, which could result in vulnerability to early
degradation.
For instance, volumes smaller than about 2 ml may be used in newborns or premature
infants, or in small animals, because of their smaller stomach size. Also, a large DV may be
20  required for doses formulated with dilute buffer concentrations, to achieve the EBC. The
relationship between the EBC and DV is in part shown below:
If EBC(mg buffer)=Buffer conc.(mg/ml) x DV(ml),
then DV(ml)=EBC(mg)/Buffer conc.(mg/ml).
Alternatively, mEq can be substituted for mg in the formula.

25 G. Secondary Components of the Formulations

Secondary components are not required but may be used to enhance the
pharmacological action or as pharmaceutical aids. Secondary components may include, but

are not limited to, parietal cell activators and other ingredients. Parietal cell activators, as
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Di sodi um phosphate 800nmg/1 O white white 10.3 Disodi um phosphate 700ny;
white white 10.5 Trisodi um phosphate 100ng/I On. 15 Sim | ar cal cul ati ons
may be pewbosnerdsd or any substituted benzi m dazol e prot onpcpusps/orsh bit or
and appropriate buffer(s) including, but not limted to, those exenplified
above. One skilled in the art will appreciate that the order of the above
steps is not critical to the invention. The above cal cul ati ons may be used
for formul ations conprising one or nore 20 proton punp inhibitor and one or
nore buffers. 1. Veterinary Formul ati ons Horses produce stomach acid

cont i nuousi;y., {0 pigbow co%ﬂ)?ge hat blodu dn1Ecr@RS B prdtoh Pump GEIVRY s&h thdtom t he

stomach in the absence o ing that 1s responsible for thé erosion of
th ' - |1
secret o a TR PPt T8 o TR By B o B A B el Ve,
whi e Ut e S B SLRTRGN P oL IREARE Rb&iRR00APR SLA Y,

S are of sales, ey y eb¥

trained for OWs or pr are usua In stalls

roch o eGPt SRS SRR B B P B 10

R N T e T EE R
(9,15 TUAH SRl pecs Rt 8 SRR Y e epied) ord e (P cal
e enoR 0 OB PR SR AU LS S0 LNl RS

in horses but smaller anmpbunts can_be used in 15 dogs with an EBC of 10 to
20 nEq. 1 Jpcandasss,/stengtasesmrrmbmatiqns gegeof that also produce a rapid onset of effect (the

pH drops rather suddenly after the buffer is exhausted; these buffers typically cause the pH of
the stomach to rise to above 5); 2) amino acids, protein hydrolysates and proteins; 3) calcium

15  containing compounds such as calcium chloride or calcium carbonate; and 4) compositions
such as coffee, cocoa, caffeine and peppermint.

The other ingredients comprise components of a formulation that are secondary to the
primary components. Other ingredients include, but are not limited to, thickening agents,
flavoring agents, sweeteners, antifoaming agents (such as simethicone), preservatives,

20  antibacterial or antimicrobials agents (such as cefazolin, amoxicillin, sulfamethoxazole,
sulfisoxazole, erythromycin and other macrolides such as clarithromycin or azithromycin),
and Secondary Essential Buffers.

Desirable flavoring agents may be added to the dosage forms, and may or may not
need to be buffered to the pHg. Flavoring agents with pH values inherently suitable to the

25 range of pHg values of proton pump inhibiting agents include, but are not limited to, apple,
caramel, meat, chocolate, root beer, maple, cherry, coffee, mint, licorice, nut, butter,
butterscotch, and peanut butter flavorings, used alone or in any combination. Similarly, all

substances included in the formulation of any proton pump inhibitor product, including but
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5 Formul ation 5: Veterinary Fornul ation of Oreprazole This fornulation is
particularly well suited for animls rather than humans because the dose
of prot orwpuwspeisshi bitor is high. EBC = 75 nEq Essential pHT(uso®préazol e
pKa=3.9 + 0.7 > 4.6) Proton punp inhibitor: QOreprazole 500 ng (a range of
350 to 700ng) powder Primary Essential Buffers : Sodium bicarbonate 5 g
(59.5 nEq) D basic sodium phosphate (anhydrous) 2 g (14 nEq Optional
Secondary Essential Buffer(s): Tribasic sodium phosphate 200 ng. (1.2nEQ)
(* Any Secondary Essential Buffer(s) may be added in higher or |ower

amunt s; t GoafnH&E to Pl Abrs, HBRahGE 2ERDIpblchiatd@ hindd8uddty Gn@RtRGIaladhts,
buffering effect.) Powders of the above conpounds are conbined as is known

in the ar tchEthﬁf\sf S@eRnés, tﬂ[@k%%fo‘é?%g OHSivEl Xt e a%&lb‘estop%lﬂﬁggée% 'nﬁ? pef a

t hi ckener such as guar gum artificial maple avor powder 100 ng,

t haumat i n Jewd (to mask the bitterness of oneprazole), and sucrose
25 Gm C;gg tog%b%gﬁﬁgmﬁth distilled water to achieve a final oneprazole

concentration 5 po/nk. Di.fferent.vol.ures of water nay be added to
achi eve oneprggoleﬁg%ﬁtﬁ%ﬁbgPP%ﬁg(%éﬂﬂﬁﬁﬁmfron1about 0.8 to about 20

mg/nL. 15 Al teﬁﬂé‘%ﬁg};’,%&EBémnﬁ tﬁe%%%gﬁ?%?ﬁgﬂ%ii%bi%r\ﬂbgqg?{ IHet frdBn P LS.

The dry part may _reconstituted w qui d part the tine of use.

o1 LR BUA behRRAE F RN P,

Lansopr az Oc'a?cul%é(())ns%lor B E‘sjsgﬂtial Buffer dose for any substituted benzimidazole proton pump
inhibitor to promote proton pump inhibitor efficacy in an oral administration.

Example 1: To deliver a 20 mg dose of omeprazole (pKa = 3.9) in sodium
bicarbonate:

15 Step 1: The pHg of omeprazole = pKa of omeprazole + 0.7 = 4.6. The SRF of
omeprazole = pHg to 10.9 =4.6 to 10.9. At a Formulation pH of 4.6 to 10.9, the conjugate
base of sodium bicarbonate (carbonic acid) has a pKa of 6.14. Therefore, an amount of
sodium bicarbonate equivalent to the amount of acid to be encountered would produce a pH
of 6.14, which is within the SRF of 4.6 to 10.9. Sodium bicarbonate would make a suitable

20  choice as a buffer.

Step 2: The EBC =4 to 30 mEq buffering capacity equivalent.

Step 3: To determine the amount of sodium bicarbonate to administer with the
omeprazole, the ANC for sodium bicarbonate is calculated. The ANC for sodium
bicarbonate (MW=84 for 4 — 30 mEq) = (EW)(1/1000mmol)(Immol/l mEq)(EBC)

25 EW = MW/(valence) = 84/1 = 84 g/mol

(84 g/mol)(1mol/1000mmol)(1mmol/ImEq)(4 to 30 mEq)=0.34gto2.52 g

Step 4: For liquid formulations, if the DV =20 ml, then DV = Essential Buffer (EB)

(mg)/Buffer conc. (mg/ml)

131



Primary Essential Buffers : Sodium bicarbonate 6 g (71.4 nEq) (* Any
Secondary Essential Buffer(s) may be added in higher or |ower anmounts to
adj ust pHvbas/ehesi red stability and additive antacid or Iraftfiesos/om4ef f ect.)
20 Powders of the above conmpounds are conbined as is known in the art to
create a honogenous m xture with the addition of a thickener such as

xant han gum 300 ng, artificial peanut butter flavor powder 100 ng, and
sucrose 35 Gn Qs. to 100 nL with distilled water 137 WO 03/061584

PCT/ US03/ 01640 5 to achieve a final |ansoprazole concentration of 7.5

mg/ nL. sThe suspgRed QRc oD L84d fblid 990aLEsh Al L @Y ngBROBIbb fgihon.
D fferent volunmes of water nay be added to achi eve | ansoprazole

concent rat i ons 1,308 GoHH 4P & Q 1§ GUERALd 4 9b Y1 of Qistion,

formul ati on may %?v%rdeci i(r?lrtqgo(gvto\%%%azl%t émTﬁ'éq‘éi‘féf part rrlay eo recz)orrllsti tuted
with the |jgui . . - i 7: Veterinary

For mul at i odﬁ o% g?_ngf%{é%npftt;g%% bg%z%&%%isgﬁ?dpﬁ:ﬁtﬁgg%rg@bl e pka =4.1+0.7 >
4.8) EBC = 63. or Ot u i nhi hi tor; S a e ny
Primary Essent ;’ié‘% Effeﬁ’((ge;}végga unt ‘ussgé’?%%ﬂ’é]f’%ﬂ:s@gg(%)g“ ﬁﬁgﬁc £O§§J§gndary
Essenti al pEuffer,(s): Sodi um car bonate 400 nmg* (3.8 nEq) 10 (* Any Secondary
Essenti al BT‘T}%tF( s) may be added to adjust pH for desired stability and

additive antacid .or_ buffering effect owders. of th e. conpounds are
combi ndd as i swﬁ’;{lﬁ ﬂéorég‘imtoﬁ)e ?Plé%l?gonéepra%lr‘?ggoe ‘oﬁléea%?{ﬂnéep Z%’J]ﬁ t he

addi ti on of t hickener such as hydroxypropyl methyl cellulose 15 300 ng,
artifici al"ﬂgqugjﬂoé\B(?r“ig@’ ;- and sucrose 35 Gn Qs. to 100 nL with
distilled

Step 2: The EBC =4 to 30 mEq buffering capacity equivalent.
Step 3: To determine the amount of dibasic sodium phosphate to administer with the
omeprazole, the ANC for dibasic sodium phosphate is calculated. The ANC for dibasic
15  sodium phosphate (MW=142) = (EW)(1/1000mmol)(1mmol/ImEq)(EBC).
EW = MW/(valence) = 142/2 =71 g/mol.
(71 g/mol)(1mol/1000mmol)(1mmol/ImEq)(4 to 30 mEq) =0.28 gto 2.13 g
Step 4: For liquid formulations, if the DV = 20 ml, then DV = EB (mg)/Buffer conc.
(mg/ml)
20 Buffer conc. = EB/DV = 280 mg to 2130 mg/20 ml = 14 mg/ml to 107 mg/ml.
Therefore, for 20 mg of omeprazole to be adequately buffered in 20 ml of solution,
the concentration of dibasic sodium phosphate should be 14 to 107 mg/ml. The pka of
disodium phosphate is 7.21. Therefore, an amount of disodium phosphate equivalent to the
amount of acid to be encountered would produce a pH of approximately 7.2. Thus, disodium

25  phosphate would make a suitable choice as a buffer.
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water to achieve a final |ansoprazole concentration of 7.5 ng/nmL. Different
vol unmes of water may be added to achi eve | ansoprazol e concentrations
rangi ng fworm@e3s84 0 20 ng/ nL. Alternatively, this fornul acrarsosrens4@i vi ded
into two parts. The dry part nmay be reconstituted with'the liquid part at
the time of use. 20 138 WO 03/061584 PCT/US03/01640 5 Fornul ation 8:

Vet erinary Fornul ati on of Esoneprazol e Magnesium Essential pH
(esonmeprazole pKa = 3.9 + 0.7 > 4.6) EBC = 53.2 nEq Proton punp inhibitor:
Esonepr azol e nmagnesi um powder 500 ng Primary Essential Buffer(s): Sodium

bi carbanate 5 Grxathpids: ”ﬁ%ehvgmgd&%‘ﬂm EQ&K@ 209 ifGafum 6 mEQ) (*

Any Secondary Essential Buffer(s) may be added hlgher or | ower anobunts
to adjustlggh%g& desired stability and addltlve antacid or buffering
capacity.) Powders of the above conpounds are conbined as is known in the

art Lo create due,l0 MRmpOsh e AN DLNE AR ! ofl shiget i ckener

such as hydrox Icial butterscotch flavor 100

ng, thaumatin and, s Q 30 Gn Qs. to 100 nmL with
dlstlllegqﬁ%?ggz? ééalevét%. ?ngﬁggigﬁeprazole concentration of 7.5 nyg/nL.

Concent o ons T TR e SR SU RGBT 52U o e,
Corul 1 on_of A O 270% 5 SR P PRSBG0S ARGy Sosen o
lansoprazole, the ANC for sodium bicarbonate is calculated. The ANC for sodium
bicarbonate (MW=84) = (EW)(1/1000mmol)(1 mmol/1mEq)(EBC)
EW = MW/valence = 84/1 g/mol
(84g/mol)(1mol/1000mmol)(1mmol/1mEq)(4 to 30 mEq)=0.34 gto 2.52 g
15 Step 4: For liquid formulations, if the DV = 20 ml, then DV = EB (mg)/Buffer conc.
(mg/ml)
Buffer conc. = EB/DV = 340 mg to 2520 mg/20 ml =17 mg/ml to 126 mg/ml.

Therefore, for 30 mg of lansoprazole to be adequately buffered in 20 ml of solution,
the concentration of sodium bicarbonate should be about 17 to about 126 mg/ml.

20 Example 4: To deliver a 40 mg dose of pantoprazole (pKa = 3) in sodium
bicarbonate:

Step 1: The pHg of pantoprazole = pKa of pantoprazole + 0.7. The SRF of
pantoprazole = (3+0.7) to 10.9=3.7 to 10.9.
Step 2: The EBC =4 — 30 mEq buffering capacity equivalent.

25 Step 3: To determine the amount of sodium bicarbonate to administer with the
pantoprazole, the ANC for sodium bicarbonate is calculated. The ANC for sodium
bicarbonate (MW=84) = (EW)(1/1000mmol)(1mmol/ImEq)(EBC)

EW = MW/(valence) = 84/1 g/mol
(84 g/mol)(1mol/1000mmol)(1mmol/ImEq)(4 to 30 mEq) =0.34 gto2.52 g
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Pant opr azol e sodi um or pantoprazole 1000 ng powder Primary Essenti al
Buffer(s): Sodium bicarbonate 4 g (47.6 nEq) Secondary Essenti al

Buf f er (s)womBios3ddi um phosphate 1000 nmg* (6.2 nEq) 15 (* ArgTSsSosnmbas y
Essential Buffer(s) nmay be added in higher or |ower anounts to adjust pH
for desired stability and additive antacid or buffering capacity.) Powders
of the above conpounds are conbined as is known in the art to create a
honbgenous m xture with the addition of a thickener such as hydroxypropyl
cel lul ose 300 139 WD 03/061584 PCT/US03/01640 5 ng, artificial )

buttergcotch fkayar F&PRqUIB formBREERL if heAPMESD nl, 1Bn DENCES e L PSEfe3dofan Q s.
to 100 nL with distilled water to achieve a final pantoprazole

concentratjgp,upf 10 ng/mi. Different volumes of water may be added to
achi eve esomeprazol e concentrations ranging fromO0.2 to 20 ng/ni.

Formul at i on 10'13u§‘§s§5'%%3é /DF\PL%U@gkmzog,;@%cﬁﬂB@&ﬁlé%tm%in fll ON Punp

I nhi bitor EBC = rimary sent | er: Sodi um arbonate 6 g

1000 g+ (= Ay el RRary e AP, Al N RRR B DS omer

anounts to_ad t pH for desire 10, .stapi i itive antacid or
buf fering Cgrécp?g%c%%{oy.o)tSﬁ%g}cgrlbt%aqet ﬁlgulggog\?gouéétr%ooun sg g‘?’e conbined as is

RO D 1 St B BR8PPIl o
flavor loqmggk:thaunatin pomdet 5 ng, and sucrose 30 Gn Q s.
Step 1: The pHE of rabeprazole = pKa of rabeprazole + 0.7. The SRF of rabeprazole
=49+0.7) t0o 10.9=5.6 to 10.9.
Step 2: The EBC = 4 — 30 mEq buffering capacity equivalent.
15 Step 3: Therefore, to determine the amount of sodium phosphate dibasic to
administer with the rabeprazole, the ANC for potassium sodium dibasic is calculated. The
ANC for sodium phosphate dibasic (duohydrate) (MW=174) =
(EW)(1/1000mmol)(1mmol/1mEq)(EBC)
EW = MW/valence = 178/1 g/mol
20 (178g/mol)(1mol/1000mmol)(1mmol/1mEq)(4 to 20 mEq)=0.712 g to 5.34 g sodium
phosphate dibasic.
Step 4: For liquid formulations, if the DV = 20 ml, then DV = EB (mg)/Buffer conc.
(mg/ml).
Buffer conc. = EB/DV = 0.712 g to 2 g/20 ml = 35.6 mg/ml to 100 mg/ml. In this
25  case, the solubility of disodium phosphate would limit the amount that could be dissolved in
20 mL. Obviously, this would exceed the solubility of disodium phosphate (sodium
phosphate dibasic). Therefore, for 20 mg of rabeprazole to be adequately buffered in 20 ml

of solution, the concentration of sodium phosphate dibasic should be about 35.6 mg/ml to 100
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15 to 100 nL with distilled water. A proton punp inhibitor or other
acid-labile drug may be added by the conpoundi ng pharnmaci st selected from
avai | abl ewprostoersspunp i nhi biting agents or acid-1abile dregaushs/ompowder
or enteric-coated oral solid dosage forns. Different volunes of water may
be added to achi eve proton punp inhibitor concentrations ranging fromO0.8
to 20 ng/nm.. If other acid |labile drugs are enpl oyed, the range of
concentrations 20 would be as required to deliver the normal dosage in an
acceptable volunme of 1 nL to 30 nL. The amount of buffer required to
protect t Re, /i G JiraAReStaLoR o bh'03! %ﬂe?ﬁ&ﬂfi@oﬂﬁﬁﬁﬁsﬂﬂa@'i@bl. figasibl e
volume. This fornulatfTon may be in"the Tormof a one-part product (liquid
or dry) or - RA: 1 gyl £ or ) t he

o par t cunsfi 9B BLARME Lyl S RO pid M THATRIER U fed to
the dry faoroul af | N eIt . - t f use,
or the” ar g iegb s BRatinGeli 2 SRRt o Binino BRAER il B8 Sy BRID

03/ 061584 FCWég§Q§/9164O 5 buffered to a pH abogg)that required for

di si nt egr SPSh36t Uit eri c- coated drug formul ations’ (typically pH of 6.8 or

greater). For al f . the terinary..and., h n.oral dosage for. di.scl osed
herei n, sweet eites:bg‘?ld bﬁﬁ?tf%ﬁ‘éﬁ J’%?—ﬂ‘ﬁaglgg't %\?ﬁt{{f}?&latf%%}?férnuégg?mﬁ(ﬁgglé Pt}%ﬁ i ves,
and flavoring agents may als e ded. et eners.jnclude but, K are not
e o T om Ben TEgier0 Sl B SpraHE Feinsnrtt SEhE re i ST 58l ¢ are.
Thi ckeners include but are not Iimted to pethylcell ul ose, xantqan gum

car r ageendfee i accsbiable griorpreien PLoen RAY HADINe ASFREHRRRIS YR hoi | age
and include but are not limted to sodium benzoate, nethyl paraben and
propy| par SBEKNSINSLOBRINE VagSHbytler werhwaluated fonsrlor phange Perrsdesiiitionr e not
limted to apple, caranel, maple, peanut butter, neat, etc. 15 J. Oher
For mul at i GHSTGERIE Pua InhiBiiRg RERTSTRYItR & Rfoor chinget@bravngnblask M bE&senti al

Buf fer may range from about 4 nEq to about 30 nEq per dose. Fornul ation
11: Oral Bufreeyiorssiapicd uiviyhitsdueole ditsa 2 pigals thafellpyvingobgarmtiongjeere Made:use to
protect acid labile drugs) ultidose Conposition

20 mg Rabeprazole in Various Buffers Stored Under Refrigerated Conditions
As Suspensions

Buffer Original Color Color 14 days pH at 14 days
Sodium bicarbonate 800mg/10mL white brown 8.3
Disodium phosphate 800mg/10mL ' white white 10.3
Disodium phosphate 700mg; white white 10.5
Trisodium phosphate 100mg/10mL

15
Similar calculations may be performed for any substituted benzimidazole proton

pump inhibitor and appropriate buffer(s) including, but not limited to, those exemplified

above. One skilled in the art will appreciate that the order of the above steps is not critical to

the invention. The above calculations may be used for formulations comprising one or more
20  proton pump inhibitor and one or more buffers.

L Veterinary Formulations

Horses produce stomach acid continuously throughout the day. It is the basal acid
secretion from the stomach in the absence of feeding that is responsible for the erosion of the

squamous mucosa in the stomach and ulcers. Horses on pasture normally secrete a
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Primary Essential Buffer: D basic sodi um phosphate or sodi um bi carbonate 10
g (range 2 g to 10 g) Optional Secondary Essential Buffer: 200 ng Tri basic
sodi um phwepbatssor sodi um carbonate O her ingredients: SCarEss&060 g

Mal t odextrin 2 g Cocoa processed with alkali 1800 ng Corn syrup solids
6000 ng Sodium caseinate 100 ng Soy lecithin 80 ng (*Any Secondary
Essential Buffer may be added in higher or |ower anmounts to adjust pH for
desired stability and additive antacid or buffering capacity.) Thoroughly
bl end the powder, then store in a container protected fromlight and 20

Moi StUrse, HGoASsupPlydfkAivh, WREKEIffer IS HBMYA dc}ie SWAGYhoRRs A deidg tiaddnet ar d
spoi l age and include” but are not Iimted to sodi um benzoat e,

met hyl par abala1,2fsned fapyﬂowo@gf% ared [0 SHENBES ar WSihny Kt iV Qa3h 06 lordt
PCT/ US03/ 01640 "' 5 as xant han gu guar gum " or hydroxynet hyl propyl

cel | ul ose Gany Qg Y O5daN@n@ I8N RurkiRa ARG e Bh e?ﬁahﬁﬂﬁs hﬁ&%ﬁé@%m&&@&?' ate,
mapl e, b d

car anel , utter pecan and other 1l avorings as ave been outlined
previously., ..Dif. t umes of water may be added to achieve proton punp
inhibitorlg%%%%é§§§ fgﬁnganging fromO0.8 to 20 ng/nL. Wei gh out

approxtmatel y 60y Qb o Dl PITHER: ey SRR ROA pRVIR DRk §07 | 10

ot her aci d-1 abi rug I Ca e ur val 0 YO 'doses
(range,d, Q48880550 e SRt S obit PRI 85 oy
Gener al Usn?gﬁ(g/dg &E)s%% tup 'tAc\)le glg}'k%%iagl gmy ¢ %ll;lireF()i gltl ;tr;lpllzglevséighl\{lﬁl)rtai h_oPs%Slse S(J:UX anpl e
kg. Similar dosages are expected for rabeprazole and lansoprazole.
Dogs can also suffer from ulcers and their dosage is approximately 1 mg/kg/day. The

following formulations are designed for use in horses but smaller amounts can be used in

15  dogs with an EBC of 10 to 20 mEq.

136



Primary Essential Buffer: Sodium bicarbonate 5 g (range 2 g to 10 g) (59.5
nEgq) Optional: Secondary Essential Buffer None* (* Any Secondary
Essent i alwBuBfersssray be added in higher or |ower amounts troTat§osrete40 pH f or
desired stability and additive antacid or buffering capacity.) O her

I ngredi ents Sucrose 26 g Maltodextrin 2 g Cocoa processed with al kali
1800 mg Corn syrup solids 6000 ng Soy lecithin 80 ng Note that cocoa is a
parietal cell activator. 15 Thoroughly blend the powder, then store in a
container protected fromlight and noisture, such as in a foil packet.

Wi gh oyt apprOX| mately 60 g of the fornulation. Add ‘proton punp I nhi bitor

(or other ac¢crd-tabit o B Vb riary Fol lﬁHﬁ’ giemtto I doses
(range = 1 {igge 32&% Sikuls @eu'g%gﬁ P e

Different V) nﬂ#a | eve proton punp
i nhi bitor co é‘rﬁ%ge?%f ““éprr%x‘b g“ ﬁ‘o 8 to 20 ng/nL. 142 WO 03/ 061584

PCT/ US03/ 01646 3 D
| nhi bi tor Fe ﬁ P (Omeprazofcpk ._EL cet-" Ak tabiteBrugs:—Pratel fFree,
Lact ose Fr e PRRIPR PBB‘?é“h'EQ%rer(P’@epr % on pu?PB TERTRTEEST S SNS gb‘(’g be| added
| ater, e.g. B&_Eém%aunm—ng—phapaasl st)

Primary Essential Buffer(s):

Sodium bicarbonate 5 g(59.5 mEq)

Dibasic sodium phosphate (anhydrous) 2 g (14 mEq)

Optional Secondary Essential Buffer(s):

Tribasic sodium phosphate » 200 mg. (1.2mEq)

(* Any Secondary Essential Buffer(s) may be added in higher or lower amounts to adjust pH for
desired stability and additive antacid or buffering effect.)

Powders of the above compounds are combined as is known in the art to create a
10  homogenous mixture with the addition of a thickener such as guar gum 350 mg, artificial
maple flavor powder 100 mg, thaumatin powder 10 mg (to mask the bitterness of
omeprazole), and sucrose 25 Gm. Q.s. to 100 mL with distilled water to achieve a final
omeprazole concentration of 5 mg/mL. Different volumes of water may be added to achieve
omeprazole concentrations ranging from about 0.8 to about 20 mg/mL.
15 Alternatively, this formulation may be divided into two parts. The dry part may be

reconstituted with the liquid part at the time of use.

Formulation 6: Veterinary Formulation of Lansoprazole
Essential pH (lansoprazole pKa=4.1 + 0.7 > 4.8)
EBC =71.4 mEq

Proton pump inhibitor: Lansoprazole 750 mg
powder

Primary Essential Buffer(s):

Sodium bicarbonate 6 g (71.4 mEq)

(* Any Secondary Essential Buffer(s) may be added in higher or lower amounts to adjust pH for
desired stability and additive antacid or buffering effect.)

20 Powders of the above compounds are combined as is known in the art to create a
homogenous mixture with the addition of a thickener such as xanthan gum 300 mg, artificial

peanut butter flavor powder 100 mg, and sucrose 35 Gm. Q.s. to 100 mL with distilled water
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Primary Essential Buffers : Sodium bicarbonate 8 g (range 2 g to 10 Q)

O her ingredients: Sucrose 26 g Mltodextrin 2 g Corn syrup solids 6000
ng Partiwblog/obyds ogenat ed soybean oil 400 nmg Di pot assi umcphusephmsie 300 ng
Caranel flavor 270 ng Soy lecithin 80 ng Sodiumsilico alum nate 20 ng

Ti tani um di oxi de 10 ng Thoroughly bl end the powder, then store in a
container protected fromlight and noisture, such as in a foil packet.
Optional Secondary Essential Buffer: 10 Tribasic sodi um phosphate 1000 ng
Wei gh out approximately 60 g of the formnulation. Add proton punp inhibitor

(or otsher i &l 8t L : ¢ clagy Vgl { ihel 0 10 doses
(range 5: 1tO ggﬂsl%etagm?oﬁn%g%g%f wr%bg@aln%) %Oflg%h%ﬁnl\ﬁ th df@?%iF%{gldoq%%eer.

Di fferent f i oNy. i nhi bitor
concont r at PR afl: ARGl ARY S BRAGR RS o RpBCRAPUERERTAREITY | N0 D] o
W t hout Pr I.nhi bitor For r to Protect Acid Labile
Drugs; Pr olgéaslgﬁm lrfggo,m%apﬁs a%“%?%ngl%etgkwn ton punp inhibitor: None (to be
added | ater, e

G B di har maci Pr | E i al  Buf f :
D1 basi ¢ sadt umBIERNERE g Pl BRSO JREL Mo iy Ko i ol sfi's: ' °

reconstituted with the liquid part at the time of use.

Formulation 7: Veterinary Formulation of Lansoprazole

Essential pH (lansoprazole pKa = 4.1 + 0.7 > 4.8)
EBC = 63.3 mEq

Proton pump inhibitor:

Lansoprazole powder 750 mg

Primary Essential Buffer(s)

Sodium bicarbonate 5 g(59.5 mEq)
Secondary Essential Buffer(s): |
Sodium carbonate 400 mg* (3.8 mEq)
10 (* Any Secondary Essential Buffer(s) may be added to adjust pH for desired stability and additive

antacid or buffering effect.)

Powders of the above compounds are combined as is known in the art to create a
homogenous mixture with the addition of a thickener such as hydroxypropyl methyl cellulose
15 300 mg, artificial maple flavor 100 mg, and sucrose 35 Gm. Q.s. to 100 mL with distilled
water to achieve a final lansoprazole concentration of 7.5 mg/mL. Different volumes of
water may be added to achieve lansoprazole concentrations ranging from 0.3 to 20 mg/mL.
Alternatively, this formulation may divided into two parts. Thé dry part may be
reconstituted with the liquid part at the time of use.

20
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Sucrose 26 g Mltodextrin 2 g Butterscotch flavor 270 ng Corn syrup
solids 6000 ng 143 WD 03/061584 PCT/ US03/ 01640 5 Thoroughly bl end the
powder, tWen3®tBB£ in a container protected fromlight ane@cTrusozowsse, such
as in a foil packet. Wigh out approxinmately 60 g of the fornulation. Add
proton punp inhibitor (or other acid-labile drug) typically in the anount
equi valent to 10 doses (range = 1 dose to 30 10 doses). Qs. to 100 nL
with distilled water. Different volunmes of water may be added to achieve
proton punp inhibitor concentrations ranging fromO0.8 to 20 ny/ nL.

Formul afion 15: Buffer Conplex Wthout Proton Punp Inhibitor For General
Use to Protg | 8 e} Proton
punp inhibitor: /-llg\(fonem"? N V%t crgagyllﬁo ﬁlma@iog ?Ef)mh (;%r%)(])un ng__pharnpci st)
Primary Essnﬁstsmaialﬁiif(ésemégr)azol@pﬂdziﬁwbwzarzbt@ate 8 g (range 1 g to 10 g)
Secondary E>E§§tl§§l %ffers . Trisodi um phosphate 1.5 g (range 0 g 5 0)
O her i ngredrent crose 26 g Mltodextrin 2 g Butterscotch flavor 270
ng Corn syfP@ptewpuslp iMiibidorsy Thor oughly bl end the powder, then stofe in a

cont ai ner p*nf ected fromlight—and

o
-

Esomeprazole magnesiuin powder 500 mg

Primary Essential Buffer(s):

Sodium bicarbonate 5 g(47.6 mEq)
Dibasic sodium phosphate 800 mg (5.6 mEq)

(* Any Secondary Essential Buffer(s) may be added in higher or lower amounts to adjust pH for
desired stability and additive antacid or buffering capacity.)

Powders of the above compounds are combined as is known in the art to create a
10  homogenous mixture with the addition of a thickener such as hydroxypropyl cellulose 300
mg, artificial butterscotch flavor 100 mg, thaumatin powder 5 mg, and sucrose 30 Gm. Q.s.
to 100 mL with distilled water to achieve a final esomeprazole concentration of 7.5 mg/mL.
Different volumes of water may be added to achieve esomeprazole concentrations ranging

from 0.8 to 20 mg/mL.

Formulation 9: Veterinary Formulation of Pantoprazole Sodium or
Pantoprazole Base Powder
Essential pH (pantoprazole sodium pKa =3 + 0.7 > 3.7)

EBC =53.8 mEq
Pantoprazole sodium or pantoprazole 1000 mg
powder
Primary Essential Buffer(s):
Sodium bicarbonate 4 g (47.6 mEq)
Secondary Essential Buffer(s):
Trisodium phosphate 1000 mg* (6.2 mEq)
15 (* Any Secondary Essential Buffer(s) may be added in higher or lower amounts to adjust pH for

desired stability and additive antacid or buffering capacity.)

Powders of the above compounds are combined as is known in the art to create a

homogenous mixture with the addition of a thickener such as hydroxypropyl cellulose 300
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nmoi sture, such as in a foil packet. Wigh out approximately 60 g of the
formul ation. Add 15 proton punp inhibitor (or other acid-Ilabile drug)

t ypi cal | ywonsthssanount equi val ent to 10 doses (range = 1Pdages0s/01630
doses). Qs. to 100 mL with distilled water. Different volunmes of water
may be added to achi eve proton punp inhibitor concentrations ranging from
0.8 to 20 ng/nmL. 144 WD 03/061584 PCT/ US03/01640 5 Formul ation 16: One
Phase Lansoprazole 30 ng Tablet Lansoprazole has a pKa of 4.1; thus, the
Essential pH= 4.1 + 0.7 > 4.8 Exanples of buffers that produce a sol ution
W th pH 4-6%,%ifflfa?l%té?s.c@t@lgﬂg\ro?gb@@gttﬂ&mfﬁ%%@vhé@ mBUhl S{drod 26RRCOLY

i ncl ude, are not [imte , di um bi carbonat &, sodi um carbonat e,

di basi ¢ ?QQE&U%EQ@&%@I% Brﬁigftocﬁcfﬁ%é‘asﬁﬁah‘t'%ﬁ&&%&%ﬁcmﬁﬁ'@&z}@ f for 11

1 .
tablets is welg on punp In Itor: Lansoprazo e@po er 330 ny

Pri E ial ff . Sodli ' . [d basi di
PRy S5 el B O L 7P AL RN ERTB Bl SR RN Mo Rl Sod um
t he honogefg{%gbu%}n&&t uf"i‘e[hrl s poured into a tablet reservoir (1/2 inch

di anet er) LesUg ough a full notion of the press as is known in
the art. Th t t-ad d

raocul+t an tahl At ~ANt Al No: lancanrazal A 20 [P0 HEPRTZ Y

COoOUTr T arit T T T COoOmtT T 1To.0 L% AL . J Ll \CAC LI
bi car bonat e FEI?"_‘%?)‘CP 0: Ysterinary OHR}‘a-a&Qa%ﬁb‘iﬂedﬁﬁsy‘éﬁ%SPFféO" PB™P e | abl et
contains 6 rﬂ "élf?dli um bi carbonate and 1.4 nEq di basic sodi um phosphate.
Variations [PtRS-4MElet may include a tablet containing—alldibasjc

sodi um Primary Essential Buffer:
Sodium bicarbonate 6 g 71.4 mEq
Optional Secondary Essential Buffer:
Tribasic sodium phosphate 1000 mg*
(* Any Secondary Essential Buffer may be added in higher or lower amounts to adjust pH for desired
10 stability and additive antacid or buffering capacity.)

Powders of the above compounds are combined as is known in the art to create a
homogenous mixture with the addition of a thickener such as hydroxypropyl cellulose 300
myg, artificial butterscotch flavor 100 mg, thaumatin powder 5 mg, and sucrose 30 Gm. Q.s.
15  to 100 mL with distilled water. A proton pump inhibitor or other acid-labile drug may be
added by the compounding pharmacist selected from available proton pump inhibiting agents
or acid-labile drugs from powder or enteric-coated oral solid dosage forms. Different
volumes of water may be added to achieve proton pump inhibitor concentrations ranging
from 0.8 to 20 mg/mL. If other acid labile drugs are employed, the range of concentrations
20  would be as required to deliver the normal dosage in an acceptable volume of 1 mL to 30 mL.
The amount of buffer reqﬁired to protect the drug in question will also determine the minimal
feasible volume. This formulation may be in the form of a one-part product (liquid or dry) or
a two-part product (liquid and dry), for examples. In the two-part example, the drug to be
added to the formulation may be added to the dry formulation and the liquid part may be

25  added at the time of use, or the drug may be added to the liquid portion which would be
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phosphate or all sodi um bi carbonate or other buffers fromthe Essenti al
Buffers list. The anmount of Effective Buffer Capacity per tablet nay range
from as |wotlBeeEss about 4 nEq to as 15 nuch as about 30 wEg/ushsidicto onal
tabl et disintegrants such as croscarnel ose sodi um pregelatinized starch,

or providone, and tablet binders such as tapioca, gelatin, or PVP may be
added. Further, a film coating may be placed on the tablet to reduce the
penetration of light and inprove ease of swallow ng. 20 145 WO 03/061584
PCT/ US03/ 01640 5 Fornul ation 17: One Phase Omeprazole 20 ng Tabl et

Orepr azpl &, /ARR 4% LKA aBéveInal 'reqtulﬂle’@ for Eﬂfﬁtéﬁ?ﬁﬂ Bf &terRtomted dfig Forthulatond - 6

Exanpl es of buffers that are soluble at pH 4 or greater include, but are

not limt &y 5 QFk Y Gah bonat e, sodi um car bonat e, di sodi um hydr ogen
phosphateq%&)fbays? g)}ge osphate) and di potassi um phosphate. Enough

powder for wel gh ggnaé [ r Qggetp azol e
powder USP 220 E%n%h? rhéngerty sentl alt‘i %rur(?()%%% Slc:ljdr% %?éégal?’bsgﬁate JSP 6500
ng Magnesmm 1650 0scC 0) e

asul tant HOTREh R BREES ‘C‘ﬁf‘e‘srﬁ s R T ri% %?nq way %%n%eg%s%%us

m xture servo ter gl pressed

[ t
t hr ough a ‘? fio C“%H‘%“ﬁe g’f‘t alr?'u'éo hﬂﬂltgg o " ?ygulf(%lm fe 8 Symp{’ ﬁléga FEEUmH A0 S 1 t ant
Labl o€, £OnLal i, QIR 2A%MG R 0 B S SIS SR 230,59 7O

carrageenan, and guar gum. Preservatives may be added to retard spoilage and include but
are not limited to sodium benzoate, methylparaben and propylparaben. Flavoring agents in
these formulations include but are not limited to apple, carafnel, maple, peanut butter, meat,
etc.
15 J. Other Formulations
For all formulations herein, the total amount of Essential Buffer may range from

about 4 mEq to about 30 mEq per dose.

Formulation 11: Oral Buffer Complex Without Proton Pump Inhibitor (for
general use to protect acid labile drugs) Multidose Composition

Primary Essential Buffer:

Dibasic sodium phosphate or sodium bicarbonate | 10 g (range 2 g to 10 g)
Optional Secondary Essential Buffer: 200 mg
Tribasic sodium phosphate or sodium carbonate

Other ingredients:

Sucrose 26 g
Maltodextrin 2g
Cocoa processed with alkali 1800 mg
Corn syrup solids 6000 mg
Sodium caseinate 100 mg
Soy lecithin 80 mg

(*Any Secondary Essential Buffer may be added in higher or lower amounts to adjust
pH for desired stability and additive antacid or buffering capacity.)

Thoroughly blend the powder, then store in a container protected from light and
20  moisture, such as in a foil packet. Preservatives may be added to retard spoilage and include

but are not limited to sodium benzoate, methylparaben, and propylparaben. Thickeners such

141



Magnesi um oxi de 150 ng Croscarnel ose sodium 27.27 ng 10 The tabl et
contains 7 nEq sodi um bi carbonate and 3. 75 nEg magnesi um oxi de. The anopunt
of Effectwoe3Bofster Capacity may range fromas little as @ooutsodlorsiEyg t o as
much as about 30 nEq. The tabl et excipients, tablet binders, and film
coating of Fornulation 16 may also be added. Fornul ation 18: One Phase Ore
razole 40 ng Tabl et Enough powder for 11 tablets is weighed out: Proton
punp inhibitor: Qreprazole powder USP 440 ng Prinmary Essential Buffers
Sodi um bi car bonat e USP 6500 ngy Nhgnesiun1oxide 1650 ng Pregel atini zed
star ch $00,sM8nthdrgubll GubiSRi, bARdr ?l ﬁr%p}tliaglﬁlﬁb@thy bdMaBen 2-lr 8R 826 ng of

t he honbgeneous m xture ~is poure 0 a tablet reservoir 2 inch

di anet er) Tzﬂ&‘é f&%ﬁi‘a’%%ﬁs ﬁ@lﬁ@%‘%cé\at@ LUa an{gl)tni%g: V%tegg%aggﬁ@&ﬁerg%/ gk BOWN i n

the art. e resultant tablet contalns 1584 P 3/01640

A L R L e L
bi car bonat e _and ne5|un1OX|@§E)¥nnynﬁpount of Effectlve Buf f er
qt

Chraci Ly e BBl ol i R0 R R %% 50

Weigh out approximately 60 g of the formulation. Add proton pump inhibitor (or
10 other acid-labile drug) typically in the amount equivalent to 10 doses (range 1 dose to 30
doses).

Q.s. to 100 mL with distilled water.

Formulation 12: Oral Buffer Complex Without Proton Pump Inhibitor For

General Use to Protect Acid Labile Drugs; Protein Free, Multi-Dose Example
Primary Essential Buffer:
Sodium bicarbonate 5 g (range 2 g to 10 g) (59.5 mEq)
Optional: Secondary Essential Buffer
None*
(* Any Secondary Essential Buffer may be added in higher or lower amounts to adjust
pH for desired stability and additive antacid or buffering capacity.)

Other ingredients

Sucrose 26 g
Maltodextrin 2g
Cocoa processed with alkali 1800 mg
Corn syrup solids 6000 mg
Soy lecithin 80 mg

Note that cocoa is a parietal cell activator.

15 Thoroughly blend the powder, then store in a container protected from light and
moisture, such as in a foil packet. Weigh out approximately 60 g of the formulation. Add
proton pump inhibitor (or other acid-labile drug) typically in the amount equivalent to 10
doses (range = 1 dose to 30 doses).

Q.s. to 100 mL with distilled water. Different volumes of water may be added to

20  achieve proton pump inhibitor concentrations ranging from 0.8 to 20 mg/mL.
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nEq. The tabl et excipients, tablet binders, and filmcoating of Fornulation
16 may al so be added. 10 Esoneprazol e nagnesi um or ot her proton punp

i nhi bi ti nyoageostss4 whi ch are of low solubility (such as treThass0fear N5) nmay
be used in place of oneprazole or |ansoprazole in the above fornulations.
The tabl et excipients, tablet binders, and filmcoatings of Fornulation 16
may al so be added. In addition, powlders of any of the fornulations

di scl osed herein may be nmanufactured by thoroughly m xi ng the powders as
when making tablets and omtting the 15 pressing of the tablets. The powder
i's packaged in a suitable container protecting the fornulation fromair

moi stur'e ang i ianoC @ DFhe AR um T T RIORT Caerr Vol une
of water (elg dor%sta p%gtett c.h&%btﬂ gg;ry%bta@mrﬁx "%cigﬁtiemtdtsér

adm ni stered ng or I'avori ng agents such| as are
outlined infthe—abo
_ri\) ?Qlil llm luhh y\ ht It + 3 v DN oAt o o

£

attons—nay ut: sed,—for—exanpte,——carne| flavor

0.1 %w w. o tie t Fotoh ki Dt Rg—Z0—=_agents stchi as
pantoprazoleﬁogﬁg?P%%%F ﬁ&@so%ﬁgfg?gpéaggd rlabepr azol e, the use of
thaurmt| n I Ihlha;rnﬁi 1% ti1t vy f\f E tn 10 nnm mv tho necoful 1 n moclkinag +h

X .\A ATTO T tl.i f\J I.'\J =\ WIII Ilu_y LAY \Vk= A2 mav ] LELIL TTOUOINT Ilg L9 |
bitterness. Ha8) sucrose 'S 19 e o—be—enpl oyed

Tabl et di si lttsﬂdwlﬁrl?fcé‘rb@nﬁ'tﬁ as _croscarnelose LIHAC 2

magnesi um st @thesringrediontsydi i onal Ly be used 147 WO m/ 061'%84
PCT/ US03/ 01648cro% Formul ation 19: Oreprazol e 3dder Formul ations (s| ngl e
dose) Prot oMapadextrimhi bi t or : Oneprazol e powdeg USP 20 ng or 40 ny (or
esonepr azol ¢ Couxpyewisahds. Primary Essential BufoPemgs): Sodi um bi carbopnate
USP powder ( Ba&tiallychyamged:0@sonbean MHgnesi um ox|i 49 nigSP powder 500 ng  Opti onal
Secondary Es$®éputdsalimBlbdpits @ Tri basi ¢ sodi uymophasphate 200 ng*

Caramel flavor 270 mg
Soy lecithin 80 mg
Sodium silico aluminate 20 mg
Titanium dioxide 10 mg

Thoroughly blend the powder, then store in a container protected from light and
moisture, such as in a foil packet.

Optional Secondary Essential Buffer:
10 Tribasic sodium phosphate 1000 mg

Weigh out approximately 60 g of the formulation. Add proton pump inhibitor (or
other acid-labile drug) typically in the amount equivalent to 10 doses (range = 1 dose to 30
doses). Q.s. to 100 mL with distilled water. Different volumes of water may be added to

15  achieve proton pump inhibitor concentrations ranging from 0.3 to 20 mg/mL.

Formulation 14: Buffer Complex Without Proton Pump Inhibitor For General
Use to Protect Acid Labile Drugs; Protein Free, Multi-Dose Example
Proton pump inhibitor:
None (to be added later, e.g. by compounding
pharmacist)
Primary Essential Buffer(s):
Dibasic sodium phosphate 8 g (range 2 g to 10 g)
Other ingredients:
Sucrose 26 g
Maltodextrin 2g
Butterscotch flavor 270 mg
Corn syrup solids 6000 mg
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O her ingredients: Dextrose 60 ng Xanthan gum (Rhodigel ultra fine) 15 ny
Thaumatin (Flavor enhancer) 5 to 10 ppm Thoroughly bl end the powder,
reconsti twoa3sabissof the powder with 5 m to 20 ml  distil lpetd/usat/erc4@nd
adm ni ster the suspension enterally to the patient. Formul ation 20:

Unf | avored Oreprazol e Powder (single dose) Oreprazole powder USP 20 ng or
40 ng Sodi um bi carbonate USP 1500 ng Parietal cell activator: Calcium
chloride 200 ng Oher ingredients: Dextrose 60 ng Xanthan gum ( Rhodi gel
ulta fine) 15 ng Thaumatin (Flavor enhancer) 5 to 10 ppm 10 Thoroughly

bl end tshe powder. Reconstitute all of the powder with 5 nL to 20 niL

di stilled watefrngRdsiadBlehd fHepowhdChet'SRENSA OhefifdrFdAddon thdin lifi aRAL I ent.
Fornul ati on 21: Fl avored Oreprazol e Powder (single dose) Oneprazole powder

USP 20 my DAi.Basi §cf 9inb el at e duohydrate 2000 ng Sodi um bi car bonate
USP 840 ng to 1680 ngn Suc?gas(gbz. 6 Maltodextrin 200 ng Cocoa processed

with al kali* 180. . ' B, Aspart anme
15 my  Thaumat ﬁ’ﬁelglg%g%rgm%felﬂpwsg J)f tgéfogggla{i"&. mg't%{? pgrﬂmxﬂlﬁoltgy(or
other acid-labile drug) typically in the amount equivalent to 10 doses (range = 1 dose to 30

10 doses). Q.s. to 100 mL with distilled water. Different volumes of water may be added to

achieve proton pump inhibitor concentrations ranging from 0.8 to 20 mg/mL.

Formulation 15: Buffer Complex Without Proton Pump Inhibitor For General
Use to Protect Acid Labile Drugs; Protein Free, Multi-Dose Example
Proton pump inhibitor:
None (to be added later, e.g. by compounding
pharmacist)
Primary Essential Buffer(s):
Sodium bicarbonate 8 g (range 1 gto 10 g)
Secondary Essential Buffer(s):
Trisodium phosphate 1.5 g (range 0 gto S g)
Other ingredients:
Sucrose 26 g
Maltodextrin 2g
Butterscotch flavor 270 mg
Corn syrup solids 6000 mg

Thoroughly blend the powder, then store in a container protected from light and
moisture, such as in a foil packet. Weigh out approximately 60 g of the formulation. Add
15  proton pump inhibitor (or other acid-labile drug) typically in the amount equivalent to 10
doses (range = 1 dose to 30 doses). Q.s. to 100 mL with distilled water. Different volumes
of water may be added to achieve proton pump inhibitor concentrations ranging from 0.8 to

20 mg/mL.
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Soy lecithin 10 ngy *Parietal cell activator 148 WO 03/ 061584

PCT/ US03/ 01640 5 Thoroughly blend the powder. Reconstitute all of the
powder wWiwbok@6rsk4to 20 nmL distilled water at the tinme ofrcuamos/bwrorul ati on
22: Unfl avored Lansoprazol e Powder sin | e dose) Lansoprazole powder USP 15
nmg or 30 ng Sodi um bi carbonate USP 400 ng to 1500 ng Optionally: Tribasic
sodi um phosphate to adjust pH for longer stability and enhanced buffering
capacity (alternatively other Essential Buffers may be enpl oyed) 10

Thor oughly bl end the powder. Reconstitute all of the powder with 5 nL to 20
m. distilled water at the tinme of use. Fornulation 23: Flavored

Lansoprazol ¢ POWIET 5l N8R G5 one PRSP la i ph ofa%b%gﬂme&ansomazol e
powder USP ﬁaﬂ}BpraEélé RRY, %Tﬁlitthﬂéz}% sTsé?Htl‘aEﬁH 2 a5 HE SpUr unm Posp ate USP

or 1500 M0 IEREY oGl R UIRL S e s&ﬂhbr‘r’%?h SH 4% o WL TRl &efheu coa
processed W Egsef’f{i at %ﬁu{"f%ri)n ”g?na%rl?wllde %lft aPe dno}mdt (\E\)Ic\;dséod&‘[&'ﬁ%}%gjﬁgolr n 80 ng

*Parietal ce 0 r cons |t’ute al | of
t he powder d"'un&“ub nnﬁgﬁwmphmp% € e 6f s

Formul ati on Oug ‘pWQQIApr tgﬂﬁﬁ_\ls \%ea OH’\\AH ;Va; nI:i. nl :'lli :.3'\ T
Proton pump inhibitor: ) oo o
Lansoprazole powder 330 mg
Primary Essential Buffer(s):
Sodium bicarbonate USP 5500 mg
Dibasic sodium phosphate 2200 mg

The resultant powder is thoroughly mixed. Then 720 mg of the homogeneous mixture
is poured into a tablet reservoir (1/2 inch diameter) and pressed through a full motion of the

press as is known in the art. The resultant tablet contains:

Lansoprazole 30 mg
Sodium bicarbonate USP 500 mg
Disodium hydrogen phosphate 200 mg

10
The tablet contains 6 mEq sodium bicarbonate and 1.4 mEq dibasic sodium

phosphate. Variations in this tablet may include a tablet containing all dibasic sodium

phosphate or all sodium bicarbonate or other buffers from the Essential Buffers list. The

amount of Effective Buffer Capacity per tablet may range from as little as about 4 mEq to as
15  much as about 30 mEq.

Additional tablet disintegrants such as croscarmelose sodium, pregelatinized starch, or
providone, and tablet binders such as tapioca, gelatin, or PVP may be added. Further, a film
coating may be placed on the tablet to reduce the penetration of light and improve ease of
swallowing.

20
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Proton punp inhibitor: Rabeprazol e sodium powder USP 20 ng Primary
Essential Buffers : Di sodi um phosphate duohydrate USP 2000 ng Opti onal
Secondar ywasseaissal Buffer(s) Tribasic sodi um phosphate 1@0Trayo¥nermoughl y
bl end the powder and reconstitute with distilled water prior to

adm nistration. Optionally, thickeners and flavoring agents nay be added as
stated throughout this application. The anticipated volunme for this powder
woul d be 20 nL per 20 dose. This formulation is designed to enhance
stability of rabeprazole through the use of the 149 WD 03/061584

PCT/ US%3/01640 5 common ion effect V\/nereby sodi um causes a "salting out"

of rabeprazpre~sod umr.'.mnaﬁ.o?.aeﬁeéns Pliade SRR 50 RGO T STal N
'Rg;g:ogglzglte' delé'hés%ﬂ{ 9 S EPELb pHET POSL P 25 onftavpred -
IRSTEs SFBLAEH Hal B8 SanbIE LOTPH 6 RV IR ElEREL B orf &W
powder USP 2 o0 um:br ca USP 1200
Nl RN L

ng Seconda e seba,tq)ha,ng d_lpo S8 gf 5 rll%srp %ntpélo ~Opti onal
Moy |ony ‘

'L.

Oﬁ
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¢ cﬂc
T X 3

Secondary E may be

added in hi }E&?—ghrp—ﬁgﬂé?—ﬂ%blﬁtﬂswqghedé G / and

addi tive an{Xretanppmpimhibiteriy canacity  Thor Ly blend the powder! and
reconstitute eﬂmepwququd%lléﬂ [l pd wat pr at t ﬁ&ﬁﬁngm of use._ 10

Al t er nat i vel Yrimary EpseptizhBuffestlict nay be enpl oyed conprising one paft of
about 5 to |Sbdum biaronpatelUSPi | | ed water with @00ow concentration of
Secondary Es$¥d&ghésaim Guded mwdee. g. 1650 mg

Croscarmelose sodium 300 mg

The resultant powder is thoroughly mixed. Then 788 mg of the homogeneous mixture
is poured into a tablet reservoir (1/2 inch diameter) and pressed through a full motion of the

press as is known in the art. The resultant tablet contains:

Omeprazole USP 20 mg
Sodium bicarbonate USP 590 mg
Magnesium oxide 150 mg
Croscarmelose sodium 2727 mg
10
The tablet contains 7 mEq sodium bicarbonate and 3.75 mEq magnesium oxide. The
amount of Effective Buffer Capacity may range from as little as about 4 mEq to as much as
about 30 mEq. The tablet excipients, tablet binders, and film coating of Formulation 16 may
also be added.
Formulation 18: One Phase Omeprazole 40 mg Tablet
Enough powder for 11 tablets is weighed out:
Proton pump inhibitor:
Omeprazole powder USP 440 mg
Primary Essential Buffer(s):
Sodium bicarbonate USP 6500 mg
Magnesium oxide 1650 mg
Pregelatinized starch 500 mg
15

The resultant powder is thoroughly mixed. Then 826 mg of the homogeneous mixture
is poured into a tablet reservoir (1/2 inch diameter) and pressed through a full motion of the

press as is known in the art. The resultant tablet contains:
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trisodi um phosphate (100 ng) or sodi um hydroxide (50 ng)) used to dissolve
an enteric- coated tablet of rabeprazole thereby producing a stable

sol uti on/wogpmesson. This highly al kaline suspensi on contrairnisasoices
neutralization capacity and rabeprazol e sodiummay then 15 be added with a
second part containing the Primary Essential Buffer(s) having significant
neutralization capacity. |If desired other Secondary Essential Buffer(s) may
be included with the Primary Essential Buffers. This formulation is
designed to enable the use of the connercially avai |l abl e enteric-coated
tabl et of raPRRLAZOLESPS The source of The praugh,punp Tnnibitor. This

t abl et requi S&ﬁurﬂ'b?daﬁ}oﬁﬂé@‘s?m' prior to USe ag 530 ggui dformuotation Part 1
(the 20 | ow

" i{hﬁg)laé)” of—Secondary—Essent+ olls I,R]lél fer)y—produces—Tapi d
di ssol uti on Peoﬂ e &Y t=—tetleaset=a '"t "s @g%f—as—pfekaﬁged—sfaoiIity
of rabe razu.“géa%ﬂ%ﬁuﬁ.Fthc H u‘d 6 RS céuu.es the—preparation to
be preﬁgred pri %& adm .ni trat n g&? g o the Pri
Boshnt al Bur t e &Pie BNy Medispfip aEh TR S Lo Al Dby
Formul ati on 26; Unfl avore Rabe razol e P wder Ie dose) Proton punp
i nhi bi t or : AFABEREIGEE %bfgﬁ rGrAPISERNRSY rHigp 190 %&? rfaﬁq/m@g@ﬁle Pat0 Buffers
Cal cium |l actate USP 700 CaIC|un1egcerophosphate 700 Secondary
Essential BEff Elﬁf‘stablefc%cteremﬁ 1hlat Rindesre angsiim epatipge of F(Oﬁlhlé?‘mg%c‘lw crlsa e
Essential Buffers with cations of sodium or potassiummay be added in
hi gher or a4dgdwer anounts to adjust pH for desirable stability.) Thoroughly
bl end the powder. Reconstitute the powder with a liquid part conprising 10
mL gl ykerol andisomeprzals megriepine oRather pratonphap inhikitieg aggste whihags ofdew vel v,
the liquid for 10 reconstitution may be only water (e.g. distilled) and
cont ai n soypubglity {sueh anth¢ base forme) mayged used ingrlace @€ omsprizolg ¢rdansprrgzobeinglgopl i ed

as a buffered product (to pH 9-11) for dissolving
above formulations. The tablet excipients, tablet binders, and film coatings of Formulation

—~ QD
-h f-"‘

T T
q
-T Q

16 may also be added. In addition, powders of any of the formulations disclosed herein may
be manufactured by thoroughly mixing the powders as when making tablets and omitting the
15  pressing of the tablets. The powder is packaged in a suitable container protecting the
formulation from air moisture and light such as a foil pack or sachet. When added to a
volume of water (e.g. 3 to 20 mL) the formulation may be taken orally or administered down
a feeding or NG tube, etc. Flavoring agents such as are outlined in the above formulations
may be used, for example, carmel flavor 0.1% w/w. For bitter tasting proton pump inhibiting
20  agents such as pantoprazole, omeprazole, egomperazole and rabeprazole, the use of thaumatin
in a quantity of 5 to 10 ppm may be useful in masking the bitterness. Sweeteners such as
sucrose or aspartame may also be employed. Tablet disintegrants such as croscarmélose

sodium and glidants such as magnesium stearate may additionally be used.
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rabeprazol e sodi um del ayed-rel ease tablets (if used as a source of
rabeprazol e sodium. Fornulation 27: Unfl avored Esoneprazol e Powder (single
dose) Prwoos/opssp i nhi bitor: Esomeprazol e magnesi um powd @CTUSE3/@@40my
Primary Essential Buffers : Calciumlactate USP 800 ng Cal cium

gl ycer ophosphate 800 ng Secondary Essential Buffers : Cal ci um hydroxide
USP 15 ng (O her Secondary Essential Buffers with cations of cal cium or
magnesi um may be added in higher or |ower anobunts to adjust pH for
desirable stability.) 15 Thoroughly blend the powder. Reconstitute the
powder swi th a liquid part conprising of 10 nL distilled water at the tine
of use.  Thert T Ol tref Rhudiof O13° Uk dphaBMe Poae FoF HERIREARIcos 0 T eT e

product (to PH 5 pip iMibitors SO! V1 1Y _ESUMEQT azote agnesTum gefayed el ease
granul es (i oWiSet of —esomeprazote— B L I 20—151W
03/ 061584 Pf?rmnmqn&ﬁ% § nulatlon 28: Cnepra e dﬁﬂ% Part Tabl et Two

art tabl et -Ohta er—u
P ohi bi tor - GRFUMArEEsyent al? ff%as(s=gh. LS mp

punp i nhi bi { gpdt ’&1?&6?@%? DBB @m(@’é@i'é’z@m -
omepr azol e $8HELS TS PELENL |
Optlonal Secondary ssentlal Buffer(s):

-h

t
u C

—1 e—FProton
mepr azol e magngsi um or

Tribasic sodium phosphate 200 mg*
Other ingredients:

Dextrose 60 mg
Xanthan gum (Rhodigel ultra fine) 15 mg
Thaumatin (Flavor enhancer) 5 to 10 ppm

Thoroughly blend the powder, reconstitute all of the powder with 5 ml to 20 ml

distilled water and administer the suspension enterally to the patient.

Formulation 20: Unflavored Omeprazole Powder (single dose)
Omeprazole powder USP 20 mg or 40 mg
Sodium bicarbonate USP 1500 mg
Parietal cell activator:
Calcium chloride 200 mg
Other ingredients:
Dextrose 60 mg
Xanthan gum (Rhodigel ulta fine) 15 mg
Thaumatin (Flavor enhancer) 5 to 10 ppm
10 Thoroughly blend the powder. Reconstitute all of the powder with 5 mL to 20 mL

distilled water and administer the suspension enterally to the patient.

Formulation 21: Flavored Omeprazole Powder (single dose)
Omeprazole powder USP 20 mg
Dibasic sodium Phosphate duohydrate 2000 mg
Sodium bicarbonate USP 840 mg to 1680 mg
Sucrose 26¢g
Maltodextrin 200 mg
Cocoa processed with alkali* 180 mg
Com syrup solids 600 mg
Xanthan gum 15 mg
Aspartame 15 mg
Thaumatin 2 mg
Soy lecithin 10 mg

*Parietal cell activator
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Sodi um bi carbonate USP 1200 ng CQuter Phase: Sodi um bi carbonate USP 3960 ny
(Secondary Essential Buffers such as trisodi um phosphate, tripotassium
phosphat evoro3®edsam car bonate or others may be added to edomarso®oi1640
neutralization capacity.) Thoroughly blend the powlders for the inner core,

t hen wei gh out approximately 220 10 ng of the resultant blend and add to a
die of 3/8" dianeter. The powder m xture is then fornulated into snal

tabl ets by conventional pharnaceutical procedures. Repeat for five
additional tablets, then set these small inner tablets aside. The outside

layer surr Oundlﬂﬂgrohﬁkﬂ BlcRE A2 pBWAR. IRREIMRIithRMa It felowd el WigS1 RS L A0 PimL
buf fering zone. Enoug% sodi um bi carbonate for 6 tablets is weighed out with

appr oxi mat gliMied w2telSdBmPEf usktabl et for a total of 1680 ng sodi um
bi car bonat e USP. Then melgh out apprOX|nater 280 ng of the resultant blend

and add to g dre of, g.—%lﬁau T fayorcl TRisdp A P wdtr (Hhile HL O TO_Fompact
ole powder,

t he powder ce thetabiet DACRTI LY 2= mch—die and
7 0

t hen pl ace 1 5g%oﬁa 1 %i‘o KISy l. aun cL \l et l. am :21130 \%llrils "‘guf the—1/2{' tabl et

and center = C%p ?9’1{‘ | h% e st f’é gelbI %rl% %(:\? ﬂgr:crzlegc; :lffgn'n'e e on

top of the 1/2‘£i @‘{ i% 6&3% mmgggf evedl T €88 LREESHR™™ ul 1 ot on

to conpact the naterla S Into one tab The ~approxi mate melght of each
tabletigs 815 rmoﬁoaglﬁ%leﬂ@mtyabvaemm@naﬁutagn ofmp pawddrevith BuhDeeZEmBUch as
tapi oca or PVP and disintigrants such as pregel atinized starch nmay be

added. Thgst0Me ehtel Mthd e 8f &, conpri se pharnmaceutically acceptabl e tabl et
exipients. Optional coatings can also be enployed, for exanple, light film
coatings ang Coall NggmufatlonPss: Flavordd Lantbp¥aghle Powdbr @meglexidsgOWN 1 N The art.
152 WO 03/ 063$psidn &@.Hﬁﬂﬁh&*°4u S VEgnesTum gxide or nagne5|un1nyarOX|de
may be substifu B P O(ﬂfE%pUIUHIDICaFDOHa[e ALY pnase Enough gnesi um
?)élr d: Ig: a|6 ,EE:?%LPE' Bst entlaﬂl eth): out - t ||I —apprgximat ety 280y per tabl et

UA.uc USP—The & wei-gh—otut—approxiimat el
?’ @ ?% %%é&L“% Tadd to a die SQqu di ameter. Press Y
um bicarbonate

280 nmg of th
Sucrose 26 g
Maltodextrin 2g
Cocoa processed with alkali* 18 mg
Corn syrup solids 600 mg
Soy lecithin 80 mg

*Parietal cell activator
Thoroughly blend the powder. Reconstitute all of the powder with 5 mL to 20 mL

15  distilled water at the time of use.

Formulation 24: Unflavored Rabeprazole Powder (single dose)
Proton pump inhibitor:
Rabeprazole sodium powder USP 20 mg
Primary Essential Buffer(s):
Disodium phosphate duohydrate USP 2000 mg
Optional Secondary Essential Buffer(s)
Tribasic sodium phosphate 100 mg

Thoroughly blend the powder and reconstitute with distilled water prior to
administration. Optionally, thickeners and flavoring agents may be added as stated
throughout this application. The anticipated volume for this powder would be 20 mL per

20  dose. This formulation is designed to enhance stability of rabeprazole through the use of the
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through a full notion to conpact the powder into a tablet. Place the tablet
back into the'/2 10 inch die and then place the smaller 3/8" tablet (inner
tabl et) owotepeB4the '/ 2" tablet and center it. Add appratiusat/eieyo 380 ng
magnesi um oxide to the die on top of the' /2" tablet and the 3/8" tablet.
Press through a full notion to conpact the materials into one tablet. The
approxi mate wei ght of each tablet is 815 ng to 890 ng contai ning 20 ny
oneprazol e. Binders such as tapioca or PVP and disintigrants such as
pregel atini zed starch, croscarnel ose 15 sodium or mcrocrystalline

cel | ul gse (oMufeh iNektePvh @bl dRin daGREE “Chiiel Ae” dteatlopralRyY sfum 2tidled. The

outer layer may al so conpri'se pharmaceutically acceptable tablet exipients.

Optional cQakl ﬁlg%t%ﬁﬁlzé\la ié&mﬁﬁ‘ toexllgBLli(ﬂ?ﬁ?sq ubleFherf 'lﬁprlegs;iné iitsgbatbil?ct}i.l m coati ngs

and coatings to repel ultraviolet light as is known'in the art. The outer
phase can afternatigggh ¥iaholps. Oifiagored KAbdpt a1 Pw e gHE fispar bomate and
e et tof—29: zote—1Wwo

o

f nough

20 magnesi uppoxite 0 Oot——z9 <&t cvae)
for 6 table%ﬂ—%@g'ﬁ o IU“.“er Cof-e—Prpt-on—pup —Ahbtor—
Lansopr azol prpSREaec WA USE L o EcohfLE) Buf fer: Soditm—

h=

@)

bi car bonat e tﬁt@am'@éﬁf jal Byffer(s): u :vSodi uvb- carbonate USP 3960
Thor oughl y Pediym brarbepaiglHPR of t he inner ch}4d0 iah out

appr oxi mat e| SecondaryBssemtial Bufferd)| t ant blenfl and add to a die of 3/8"
di anet er. Thérisodiver phospha SR tablets are {3 MEorned as described| in
For mul at i on| Ogtio SeepmdnrixEssemtinl Buffgr(s): of each tablet is 825 153
03/ 061584 PLCI4digaBydesudeor Hritmgic pota@dn mgy bBadvige irshigher lor Wavet apiwisdo of  PVP
and di si nti padmt pHSocdesias] sabdoe hrat ddditve dnts¢idochuffemmy cdpacigdded.

Thoroughly blend the powder and reconstitute with 15 mL distilled water at the time
of use.

10 Alternatively, a two part product may be employed comprising one part of about 5 to
about 15 mL distilled water with a low concentration of Secondary Essential Buffer (e.g.
trisodium phosphate (100 mg) or sodium hydroxide (50 mg)) used to dissolve an enteric-
coated tablet of rabeprazole thereby producing a stable solution/suspension. This highly
alkaline suspension containing low neutralization capacity and rabeprazole sodium may then

15  be added with a second part containing the Primary Essential Buffer(s) having significant
neutralization cabacity. If desired other Secondary Essential Buffer(s) may be included with
the Primary Essential Buffers. This formulation is designed to enable the use of the
commercially available enteric-coated tablet of rabeprazole as the source of the proton pump
inhibitor. This tablet requires disintegration prior to use as a liquid formulation. Part 1 (the

20  low concentration of Secondary Essential Buffer) produces rapid dissolution of the delayed-
release tablet as well as prolonged stability of rabeprazole sodium in the liquid form. This
enables the preparation to be prepared prior to administration and simply added to the

Primary Essential Buffer(s) (part 2) prior to use.
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Forrmul ati on 30: Pantoprazole Two Part Tablet Enough for 6 tablets is

wei ghed out. Inner Core: Proton punp inhibitor: Pantoprazole powder USP 240
ng (or paotepsEsol e sodiunm) Primary Essential Buffer: Sodcarushs/emabonat e
USP 1200 ng CQuter Phase: Sodi um bi carbonate USP 3960 ng Thoroughly bl end

t he powders for the inner core, then weigh out approximately 220 ng of the
resultant blend and add to a die of 3/8" dianeter. The inner and outer
tablets are 10 then forned as described in Formul ati on 28. The approxi mate
wei ght of each tablet is 835 ng to 910 ng. Binders such as tapioca or PVP

and di si nti grant's EGH AR 260Eh Aot d] gbe’iﬁ?io%ﬁder%n?ﬁ@ﬁﬁs@?' ose Sodi um

Eﬁgubﬁ ?g(rtle Prd_tl __Hmﬂlﬁlﬂﬂntt?r" un—:pl dZU € Or ﬁesonegr aLzo tWo pdr[ (t;lrfat.
Erough for IAREE i SIetigpt ter L Proten purp e or
Prinary Essehrmary Essential BWer(s): v e o bonat b 1200 Outer—Phase—bSodi um
bi car bonat e Qg%waquﬁ hohly bl end t he nowigx’ngf ?he inner core—t hen
wei gh out ap QWW“&‘V‘EFQF’]@%MW ng of the rpd®Ent blend and add th a die

of 3/8" di arrS}WPdarHﬁfs‘PmmBuﬁfﬁﬂs)nut er tablets are then formed as descri bed
in For rr5uI at iL&alcg hyprexided B xi mat e wei ght 12H€h tablet is 815

(Other Secondary Essential Buffers with cations of sodium or potassium may be added in higher or
lower amounts to adjust pH for desirable stability.)

Thoroughly blend the powder. Reconstitute the powder with a liquid part comprising
10 mL glycerol and 10 mL distilled water at the time of use. Alternatively, the liquid for
10  reconstitution may be only water (e.g. distilled) and contain some of the buffer. The liquid
for reconstitution may be supplied as a buffered product (to pH 9-11) for dissolving

rabeprazole sodium delayed-release tablets (if used as a source of rabeprazole sodium).

Formulation 27: Unflavored Esomeprazole Powder (single dose)
Proton pump inhibitor:
Esomeprazole magnesium powder USP 20 mg
Primary Essential Buffer(s):
Calcium lactate USP 800 mg
Calcium glycerophosphate 800 mg
Secondary Essential Buffer(s):
Calcium hydroxide USP 15 mg

(Other Secondary Essential Buffers with cations of calcium or magnesium may be added in higher or
lower amounts to adjust pH for desirable stability.)

© Thoroughly blend the powder. Reconstitute the powder with a liquid part comprising
of 10 mL distilled water at the time of use. The liquid for reconstitution may be supplied as a
buffered product (to pH 8-11) for dissolving esomeprazole magnesium delayed release
granules (if used as a source of esomeprazole magnesium).

20
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ng to 890 ng. Binders such as tapioca or PVP and disintigrants have been
mentioned and nay be added. Secondary Essential Buffers such as trisodium
phosphat ewotmiopssassi um phosphate or sodi um carbonat e or porthesosorsay be
added to enhance neutralization capacity. 154 WO 03/061584 PCT/ US03/ 01640
Forrmul ati on 32: Lansoprazole Two part tablet Enough for 6 tablets is

wei ghed-out. Inner Core: Proton punp inhibitor: Lansoprazole powder USP
180 ng Primary Essential Buffer: Sodium bicarbonate 1200 ng CQuter Phase:
Sodi um bi carbonate 3960ng 5 Thoroughly blend the powder of the inner core,
then we gh out approximately 230 ng of the resultant blend and add to a

die of 3/8 ﬂmra Bn 2818 BP O1PTW) PR FablefD! €TS are Them —formed ps
described in § L1t O%n ‘?er%BHé hé@%‘iﬁn}é‘{@} OTr/?Fot&a;ﬁllEh Libiek: | S 825
ng to 900 rrgOre &N %B.}ws(yt% e@% 82&9% I sI nt e?nts have been
ment i oned arufm =r3Core ST tary Eb sential uf-fers—such—as
trisodium phrl‘53 ugﬁate t le tassi tHh phos fat-e ar Sﬁd tcat-borate—or| ot hers
may be added 1r o piinpdnhibitor” 2, oo F on capacity—FoFmylatien—33:
Pant opr azol ¢ ﬁq;é%??ﬁ’ EQ‘HIIESEP Enough for 6 tablets 1sét()\ﬂ%ghed out. |nner
Core: Prot on (Essneprize CeogyE- wder USP 240 ng— Primary
Essenti al Bu w*aryEﬁmnnalBﬁf.fer(%nmp 1200 ny

Sodium bicarbonate USP 1200 mg

Quter Phase:

Sodium bicarbonate USP 3960 mg

(Secondary Essential Buffers such as trisodium phosphate, tripotassium phosphate or sodium carbonate
or others may be added to enhance neutralization capacity.)

Thoroughly blend the powders for the inner core, then weigh out approximately 220
10  mg of the resultant blend and add to a die of 3/8” diameter. The powder mixture is then
formulated into small tablets by conventional pharmaceutical procedures. Repeat for five
additional tablets, then set these small inner tablets aside.
The outside layer surrounding the proton pump inhibitor tablet serves as a pH-
buffering zone. Enough sodium bicarbonate for 6 tablets is weighed out with approximately
15 280 mg per tablet for a total of 1680 mg sodium bicarbonate USP. Then weigh out
approximately 280 mg of the resultant blend and add to a die of 1/2” diameter. Press through
a full motion to compact the powder into a tablet. Place the tablet back into the 1/2 inch die
and then place the smaller 3/8” tablet (inner tablet) on top of the 1/2” tablet and center it.
Add approximately 380 mg sodium bicarbonate to the die on top of the 1/2” tablet and the
20  3/8” tablet. Press through a full motion to compact the materials into one tablet. The
approximate weight of each tablet is 815 mg to 890 mg containing 20 mg omeprazole.
Binders such as tapioca or PVP and disintigrants such as pregelatinized starch may be added.
The outer lay may also comprise pharmaceutically acceptable tablet exipients. Optional
coatings can also be employed, for example, light film coatings and coatings to repel

25  ultraviolet light as is known in the art.
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Qut er Phase: Sodi um bi carbonate 3960ng Thor oughly bl end the powders of the
i nner core, then weigh out approximately 220 ng of the resultant blend and
add to a woa3e61584 8" di anmeter. The inner and outer tabl et ®caresosbsse hen
formed as described in Formulation 28. The approxi mate wei ght of each
tablet is 835 ng to 910 ng. Binders such as tapioca or PVP and

di sintegrants may al so be added. Secondary Essential Buffers, such as

tri sodi um phosphate, tripotassi um phosphate, sodium carbonate or others,
may be added to enhance neutralization capacity. 155 WD 03/ 061584

PCT/ USG3/ 01640 naynEQEABLiat bOfa &%SIU%WOQ%Q hf2y 20 sdBith WA thaht soligfyh et | nner

Core: Proton punp inhibitor: prazole enteric coated granul es (base, or

20 Mg SOGi;Lm, eou%épﬁa%% n ngﬁiﬁ]gne%f&q{ RO FRORRSE ug)ggéamwﬁhase Sodi um

bi car bonat € po I nner core IS crea as is known in the

art such t %Fox rQa“t‘elg EE@H %a:&g@l t!nfgxg%to?an Hb%o ﬁgrﬂéc‘%x'r ediiim ORI I RopS 4l drﬁ @&%ha' 'y

i ntact. ase-Is e as SCI’I be

For mul at I Oc?ut 3$prox1m teirf}/ 2‘é@r ;gagfl t}(l)e{] r%su?tarlljt bl In% aﬁggécfto a d1 Afu/dedlgmé{nrl fP%sEn enteric

coating 10 sUfToun he | nner core instead
o SeR! e ewm&&%*@mr s T BTG o
coat edl(p ' m&x 12 an threT;gplace tge smalgr §E’ tablet (inner tablet) on top of the 4" tablet and center

it. Add approximately 380 mg magnesium oxide to the die on top of the '2” tablet and the

3/8” tablet. Press through a full motion to compact the materials into one tablet. The

approximate weight of each tablet is 815 mg to 890 mg containing 20 mg omeprazole.

Binders such as tapioca or PVP and disintigrants such as pregelatinized starch, croscarmelose

15  sodium or microcrystalline cellulose (MCC) and colloidal silicone dioxide (CSD) may be

added. The outer layer may also comprise pharmaceutically acceptable tablet exipients.

Optional coatings can also be employed, for example, light film coatings and coatings to

repel ultraviolet light as is known in the art.

The outer phase can alternatively comprise a combination of sodium bicarbonate and

20  magnesium oxide.

Formulation 29: Lansoprazole Two Part Tablet
Enough for 6 tablets is weighed out.

Inner Core:

Proton pump inhibitor:
Lansoprazole powder USP 180 mg
Primary Essential Buffer:
Sodium bicarbonate USP 1200 mg
Outer Phase:
Sodium bicarbonate USP 3960 mg

Thoroughly blend the powders of the inner core, then weigh out approximately 230
mg of the resultant blend and add to a die of 3/8” diameter. The inner and outer tablets are

then formed as described in Formulation 28. The approximate weight of each tablet is 825
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Sodi um bi car bonate powder USP 1000 ng This two-part tablet is fornul ated
as per Formulation. 34. Fornulation 36: Rabeprazole 20 m Two-Part Tabl et

| nner Corwo oBoetseh punp i nhi bitor: Rabeprazole enteric co@cadisgsexsy es 20
ng Quter Phase: Sodi um bi carbonate powder USP 1000 mg 15 This two-part
tablet is fornmulated as per Formnulation 34. Fornulation 37: QOreprazole Two
Part Tabl et Enough for 6 tablets is weighed out |Inner Core: Oreprazole 120
ng Sodi um bi car bonate power USP 1200 ng Quter Phase: Magnesi um oxi de 1500
ng Optional - calciumcarbonate 3000 ng 156 WD 03/061584 PCT/ US03/ 01640
5 The omephaiod i) BindiediskéR RiGAERRPAYE 2Rl disiBgraftt SichGe hR AR thiARBEANeous| y
m xed and fornmed as in Formul ation 28. The outer phase is conbined with the
i nner cor &,a8,d Jided70r Mul ation 28. Formul ati on 38: Conbination Antacid and
Enteric Coat'ed Dosage Form Oreprazole enteric coated granules or 20 ng (or

an equi val en rdfl?lg 0 (ﬁllﬂ‘)&l' " 25 b5 ey gdtabtet—protompunpTThi bi tor)
. orn : azole rt e . .

Cal ciumcarb Irlléaut gf;&%%l%isiwﬁeq 1aQave conponents are conbined wth care

exerted to :[.nsntérr—éotré_.a FRe—CREEre

Proton pump inhibitor:
Pantoprazole powder USP 240 mg
(or pantoprazole sodium)

Primary Essential Buffer:

Sodium bicarbonate USP 1200 mg
QOuter Phase:
Sodium bicarbonate USP 3960 mg

Thoroughly blend the powders for the inner core, then weigh out approximately 220
mg of the resultant blend and add to a die of 3/8” diameter. The inner and outer tablets are
10 then formed as described in Formulation 28. The approximate weight of each tablet is 835 mg
to 910 mg. Binders such as tapioca or PVP and disintigrants such as pregelatinized starch or

croscarmelose sodium may be added.

Formulation 31: Omeprazole or esomeprazole two part tablet.
Enough for 6 tablets is weighed out.
Inner Core:

Proton pump inhibitor:
Omeprazole powder USP (or esomeprazole or 120 mg
omeprazole sodium).
Primary Essential Buffer:

Sodium bicarbonate 1200 mg
QOuter Phase:
Sodium bicarbonate 3960mg

Thoroughly blend the powders of the inner core, then weigh out approximately 220
15  mg of the resultant blend and add to a die of 3/8” diameter. The inner and outer tablets are
then formed as described in Formulation 28. The approximate weight of each tablet is 815
mg to 890 mg. Binders such as tapioca or PVP and disintigrants have been mentioned and
may be added. Secondary Essential Buffers such as trisodium phosphate, tripotassium

phosphate or sodium carbonate or others may be added to enhance neutralization capacity.
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formed as described in Formulation 28. The approximate weight of each tablet is 825 mg to

900 mg. Binders such as tapioca or PVP and disintigrants have been mentioned and may be

10  added. Secondary Essential Buffers such as trisodium phosphate, tripotassium phosphate or
sodium carbonate or others may be added to enhance neutralization capacity.
Formulation 33: Pantoprazole Two part tablet
Enough for 6 tablets is weighed out.
Inner Core:
Proton pump inhibitor: ,
Pantoprazole sodium powder USP 240 mg
Primary Essential Buffer:
Sodium bicarbonate 1200 mg
Quter Phase:
Sodium bicarbonate 3960mg
Thoroughly blend the powders of the inner core, then weigh out approximately 220
mg of the resultant blend and add to a die of 3/8” diameter. The inner and outer tablets are
15  then formed as described in Formulation 28. The approximate weight of each tablet is 835

mg to 910 mg. Binders such as tapioca or PVP and disintegrants may also be added.

Secondary Essential Buffers, such as trisodium phosphate, tripotassium phosphate, sodium

carbonate or others, may be added to enhance neutralization capacity.
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intact. The outer phase is bound to the inner core as described herein and
as known in the art. 10 Fornul ation 40: Soft Chewabl e Proton Punp | nhibitor
- Buf f er Desagmetsss m Oreprazole 10 or 20 ng (or an equi valremusdssw4@f

anot her proton punp inhibitor) is conbined with the ingredients of a soft
chewabl e antacid tablet (e.g., Viactiv(r)), which conprises calcium
carbonate 500 or 1000 ng, corn syrup, sugar, chocolate non fat mlk, cocoa
butter, salt, soy lecithin, glyceryl nonostearate, flavoring (e.g.,
caranel ), carrageenan, 15 and sodi um phosphate. Vitam ns D3 and/or Kl can
al so beg added. The finished chew tablets are admnistered to patients once
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Formulation 35: Lansoprazole 30 mg Two-Part Tablet
Inner Core:

Proton pump inhibitor:

Lansoprazole enteric coated granules 30 mg
Outer Phase:

Sodium bicarbonate powder USP 1000 mg

This two-part tablet is formulated as per Formulation. 34.

Formulation 36: Rabeprazole 20 mg Two-Part Tablet

Inner Core:

Proton pump inhibitor:

Rabeprazole enteric coated granules 20 mg

Outer Phase:

Sodium bicarbonate powder USP 1000 mg
15 This two-part tablet is formulated as per Formulation 34.

Formulation 37: Omeprazole Two Part Tablet

Enough for 6 tablets is weighed out

Inner Core:

Omeprazole 120 mg

Sodium bicarbonate power USP 1200 mg

Outer Phase:

Magnesium oxide 1500 mg

Optional — calcium carbonate 3000 mg
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tablet or capsule. If an enteric coated tablet is alternatively utilized, it forms a central core,

0—5 3. A
subj|ect

Q 1 A
O T CO17T700Uo07 UL
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which is uniformly surrounded by the calcium carbonate in either a compressed tablet or in a
larger capsule. In another embodiment, a capsule containing enteric coated granules of
proton pump inhibitor can be placed within a larger capsule containing the calcium carbonate.
It should be noted that other buffering agents can be utilized in lieu of or in
combination with calcium carbonate. The buffer(s) employed is present in an amount of at
least about 5 mEq per dose of the composition with the preferred range been 7.5 to 15 mEq.
For example, sodium bicarbonate may be preferred over calcium carbonate and other antacids
(such as magnesium or aluminum salts) because in many cases, sodium bicarbonate more

quickly lowers gastric pH.
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4. The method of claim1l, 2, or 3, wherein the conposition is adm nistered
in an anount to achi eve a nmeasurabl e serum concentration of the proton
punp i nhiwotmngsagent 20 greater than about 0.15 g/m w t rcm/Esbere4d 5

m nutes after ingestion of the conposition. 5. The nethod of claim1, 2, or
3, wherein the conposition is adm nistered in an anount to achieve a
nmeasur abl e serum concentration of the proton punp inhibiting agent greater
t han about 0.15 g/m from about 15 m nutes to about 1 hour after ingestion
of the conposition. 25 6. The method of claim1, 2, or 3, wherein the
conposistion is admnistered in an anount to achieve a neasurable serum
concentration of the proton punp |nh| b|t| ng agent greater than about 0. 15
pg/m fro iob 30 0
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2, or 3, u%n inr}n 1oer %@lﬂ éEl
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/01640 5 7. The mothod of ol aif
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conposi ti oe ) taér\-ff ﬂ%ﬁd ?aﬁ m 1, 'mo i}tp %ﬁlp TRe“CEPOSItT on i s
adm ni st f 3““' "ihaﬁ‘. t t o—achi-eve a SRS Y im-concentration of

t he proto ' agen 0—gred : 3

15 m nut gs

met hod oflLclaimi1 2  or 3 wherein the PWWPHNH i) adninistered vi a a
route sel ééatl@aquadmnﬂqwow#%uo consistin 11990 ™M#al nasogastric, _and stomach
tube. 10. The nethod of claim 1, 2, or 3 wherei n the pharmaceuti cal
conposi tion i s Thacenstignts of e gulerrregire Pmﬁqrmﬂtemqﬁéuﬁh%@mﬂgteﬂﬁge@td 3
tabl et, capsule, powder, suspension tablet, effervescent tablet or
capsul e, gs hmwreia;,th@mdsuah tatjhe dntcrrice@taéngsw thd sramyesam yablst reniaen fubsterjsilng
with an aqueous nmedium 11. The nmethod of claiml, 2, or 3, wherein the
conposi t i antatturThhentecpimps is Yesndan thegmiee core as destelbd hewinoamd psi kpowminitlhs 4ri. ng
agent .

10 Formulation 40: Soft Chewable Proton Pump Inhibitor -Buffer Dosage Form

Omeprazole 10 or 20 mg (or an equivalent dose of another proton putnp inhibitor) is
combined with the ingredients of a soft chewable antacid tablet (e.g., Viactiv®), which
comprises calcium carbonate 500 or 1000 mg, corn syrup, sugar, chocolate non fat milk,
cocoa butter, salt, soy lecithin, glyceryl monostearate, flavoring (e.g., caramel), carrageenan,

15  and sodium phosphate. Vitamins D3 and/or K1 can also be added. The finished chew tablets
are administered to patients once to thrice daily for gastric acid related disorders.

For all formulations herein, multiple doses may be proportionally compounded as is
known in the art. The invention has been described in an illustrative manner, and it is to be
understood the terminology used is intended to be in the nature of description rather than of

20  limitation. All patents and other references cited herein are incorporated herein by reference
in their entirety. Obviously,. many modifications, equivalents, and variations of the present
invention are possible in light of the above teachings. Therefore, it is to be understood that
within the scope of the appended claims, the invention may be practiced other than as

specifically described.
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20 12. The method of claim1l1, 2, or 3, wherein the anount of the proton
punp inhibiting agent absorbed into the blood serumis therapeutically

ef fecti vewpDrosbssat i ng an acid related gastrointestinal ceadiusonmesel ect ed
fromthe group consisting of duodenal ulcer disease, gastric ulcer

di sease, gastroesophageal reflux disease, erosive esophagitis, poorly
responsi ve synptomati c gastroesophageal reflux di sease, pathol ogical
gastrointestinal 25 hypersecretory di sease, Zollinger Ellison Syndronme, and
acid dyspepsia. 13. The nethod of claim1, 2, or 3, wherein the proton punp
i nhibity ngcpgen is selected fromthe group consisting of oneprazole,

| ansopr azol e, rabeprazol e, esoneprazole, 161 WO 03/061584 PCT/ US03/ 01640

5 pant opr azg|;g, pariprazole, and | em noprazole, or an enantioner, isoner,
derivative, free base, or salt thereof. 14. The nmethod of claim1, 2, 3,

or 13, wherein the amount of the proton punp inhibiting agent is about 5

g to about 30Q. NY. AlRethod 6 ifRLRRE aBorstofioM protah pudip iRkibikiAg apMAEMR N t he
anount of the proton punp 10 inhibiting agent is about 10 ng to about 100

ng. 16. ThgodBkhQfofof subfed Brdprisitng: 3: OF 13, wherein the anmount of the
proton punp inhibiting agent 1s about 15 ng. 17. The nethod of claim1, 2,

3, or 13, whereifid; ; : mihiofd Rt tnd S about
20 my. 15 1. Pho HOL hour g arar g PR ghr Rk BRR HEpRERST OF he

2oL O P PR P e TR R ol m 2, 2
0, 20, TS AR b b g0 UBEEL 405 ARy (e
oot o bt B A el SR AR Bk PR oo oo
inhibiting agent into the blood serum in an amount greater than the absorption of the proton
pump inhibiting agent in the absence of the buffering agent;
15 wherein the buffering agent is in an amount sufficient to increase gastric fluid pH of
the stomach to a pH that inhibits acid degradation of the proton pump inhibiting agent in the
gastric fluid so as to provide a measurable serum concentration upon pharmacokinetic testing.
2. A method of treating an acid related gastrointestinal disorder in a subject in
need thereof, comprising:
20 orally administering to the subject a solid pharmaceutical composition comprising a
proton pump inhibiting agent and a buffering agent;
wherein the buffering agent is in an amount sufficient to increase stomach content pH
to a pH that inhibits acid degradation of the proton pump inhibiting agent in the stomach and
to allow absorption of the proton pump inhibiting agent into blood serum of the subject in an
25  amount greater than the absorption of the proton pump inhibiting agent in the absence of the

buffering agent; and wherein the amount of proton pump inhibiting agent absorbed into the

blood serum is therapeutically effective in treating the disorder.
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22. The nethod of claim1, 2, 3, or 13-21, wherein the anount of the
buffering agent is about 10 nEq to about 70 nEq. 25 23. The net hod of
claim1l, WO03/061384 13- 21, wherein the anount of the bufferipog/usagemwto i s at

| east 10 nEq. 24. The method of claim1, 2, 3, or 13-21, wherein the anount
of the buffering agent is about 20 nEq to about 40 nEgq. 162 WO 03/ 061584
PCT/ US03/ 01640 5 25. The nethod of claim1, 2, 3, or 13-21, wherein the
buffering agent conprises a conbination of cal cium carbonate and sodi um

bi carbonate. 26. The nethod of claim1, 2, 3, or 13-21, wherein the

buf f eriyng agent; cConarj&rsu @uemu%aarnbaew%l@teéghstuoglftesana%gwaeﬂﬁa@@&@dt in 27. The
met hod of claim1, 2, 3, or -Z21, whereinthe buffering agent conprises

10 at Ieaq%eggéﬁgfcaggqgigun1hydrOX|de magnesi um | act at e, nmagnesi um
gl uconat e, nmagnesium  oxi de, magnhesi um carbonate, or nagnesiunlsilicate.

28. The net hod o?afl %h%‘uﬁgt& ng2to th%’su ct]az)t g{‘?ﬂac%@ l%bgﬁ%nqmdltl 6tal &gent

COI'TpI’I ses at Iea t one O cal ci U at e, ca clu ycerop OSp at e,

cal Cl um oy ok kS EBhE . NS OB 0 PRSI SRR Sigfighe hm oar bonate,

cal ci um bi car bona crum gl ucon Umsalts. 29. The
met hod of cl ai gent conpri ses

Sod|un]b|CaPB@%%f%““@%““%ﬁé“%ﬁ%%‘EPmgﬁmrgﬂﬁ?ggngm%g§%#g9%$é sodi um
et hod b ol ai BB BABTAT e e L1 aefivea Ble e e kB trom
S e R
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absorption pool into blood serum of the subject in an amount greater than the absorption of
the proton pump inhibiting agent in the absence of the buffering agent; and
15 wherein the proton pump inhibiting agent is in an amount sufficient to achieve a
measurable serum concentration in the blood serum of the subject after oral administration to
the subject.
4. The method of claim 1, 2, or 3, wherein the composition is administered in an
amount to achieve a measurable serum concentration of the proton pump inhibiting agent
20  greater than about 0.15 pg/ml within about 15 minutes after ingestion of the composition.
5. The method of claim 1, 2, or 3, wherein the composition is administered in an
amount to achieve a measurable serum concentration of the proton pump inhibiting agent
greater than about 0.15 pg/ml from about 15 minutes to about 1 hour after ingestion of the
composition.
25 6. The method of claim 1, 2, or 3, wherein the composition is administered in an
amount to achieve a measurable serum concentration of the proton pump inhibiting agent

greater than about 0.15 pg/ml from about 15 minutes to about 1.5 hours after ingestion of the

composition.
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25 cal ci um carbonate. 34. The nethod of claim 33, wherein the cal cium
carbonate is in an anount from about 250 ng to about 4000 ny. 163 WD

03/ 061584wB@3/0&IS88/ 01640 5 35. The nethod of claim 33, wreraisa3/ofseo cal ci um
carbonate is in an anount from about 500 ng to about 1000 ng. 36. The

met hod of claim 33, wherein the cal ciumcarbonate is in an anmount of at

| east about 700 ngy. 37. The nethod of claiml1, 2, or 3, wherein the
conposition is in a dosage form 10 selected fromthe group consisting of a
tabl et, powder, suspension tablet, chewable tablet, capsule, effervescent

powder 5 ef f er vescentrhd Abth&d of d¥gh! letz; or3N A heEANM c%mp%ﬁtnoﬁr RadABidQed Bfancl @i m
1, 2, or 3, wherein the conposition further conprises a disintegrant, flow

ai d, | ubriganh oadhitedheasE¥Gik Qérsmtcon&%ﬁro%rf the PrdtotEBmp ﬁﬂfbﬁh%@%&ﬁ agent,
preservative, or a pharmaceutically conpatible carrier. he et hod

of claim ea%er tl?an a%Out\en éir&%lﬂpwt]ﬁg ﬁ&{nf 9%1%? rﬁgtfelu mh&?gn Sﬂﬁpgdn?p%§1§1§n flavoring

agent co 1 S1 ng roo ermn ear m nt or
wat er mel on, an couﬁ,nat 0 of t oi n %
claim1, 2, or %3 her @Ft:)i‘ ‘?ﬂfecq?fg‘rawbés % & ere‘?(%[éed%i nggl? @&%‘H&%ﬂe P atnvvl ce a
day. 20 41. A nethad of naqug @harnaceutlgqﬁ 0Si t] ntfor ora
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the bufferin ent wherein upon oral adm nistration to a subject, the
buf f erithg & ‘?ftt qnsabplﬁ Odm%{wb&ﬂm abaufflf mipudestto pboyt hé#*e%éftﬁ%@geﬁwrbq they
absorption pool of the subject to a pH that inhibits acid 25 degradation
of the prowowoptielh i nhibiting agent and to al |l ow absorption of the proton
punp inhibiting agent fromthe absorption pool into blood serumof the
subj ect in an &mounilhe gedad ef claitva 2t ¢18, wheroinghd compositipinis admansieredhvimg
inhibiting agent in the absence of the
route selected from the group consisting of oral, nasogastric, and stomach tube.
10.  The method of claim 1, 2, or 3, wherein the pharmaceutical composition is in a
15  form selected from the group consisting of a tablet, capsule, powder, suspension tablet,
effervescent tablet or capsule, granules, and a liquid created by mixing any of the foregoing
with an aqueous medium.
11. The method of claim 1, 2, or 3, wherein the composition further comprises an
enteric coated proton pump inhibiting agent.
20 12.  The method of claim 1, 2, or 3, wherein the amount of the proton pump
inhibiting agent absorbed into the blood serum is therapeutically effective in treating an acid
related gastrointestinal condition selected from the group consisting of duodenal ulcer
disease, gastric ulcer disease, gastroesophageal reflux disease, erosive esophagitis, poorly
responsive symptomatic gastroesophageal reflux disease, pathological gastrointestinal
25  hypersecretory disease, Zollinger Ellison Syndrome, and acid dyspepsia.

13.  The method of claim 1, 2, or 3, wherein the proton pump inhibiting agent is

selected from the group consisting of omeprazole, lansoprazole, rabeprazole, esomeprazole,
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buffering agent; and 164 WO 03/ 061584 PCT/ US03/01640 5 wherein the proton
punp inhibiting agent is in an anmount sufficient to achieve a neasurable
serum corwenBnetsson in the bl ood serum of the subject aftecTarsab/o1640

adm nistration to the subject. 42. The nethod of claim41l, wherein the
anount of buffering agent achieves a neasurable serum concentration of the
proton punp inhibiting agent greater than about 0.15 10g/m wi thin about
15 minutes after administration of the conmposition. 43. The nmethod of claim
41, wherein the anount of buffering agent achieves a neasurable serum
concentq at b 000001k NariPfa810n® Wiindgt¥oRi &l AEnaG8RHer, WoRRE, Eril 48 fRBGMe, 0. 15
g/m fron1%%08tzﬁ5qﬁpﬁﬁtes Po abgd? 1 hour gfter gdﬁinist?ation of the
conposi ti of}.c,f#ereof® Method of claim4l, wherein the amount of buffering
agent achieves a 15 neasurabl e serum concentration of the proton punp

i nhi biting agent, gr r t 0. : ] sto
about 1.5 hourghaftgﬁégﬁﬁ???g?ag?#ghgé%§%ﬁ§k§%h%%gﬁ%ﬁgﬁ?hfégnqL@Hﬁgthod of
claimd4l, wherein the t bu ring agent achieves a neasurable
serun1conc§ﬁ%gg i %ngf§¥ﬁ§93ﬁ§§%ﬁugﬁﬁghgnhibi;ing agent greater than about
RPN AT e R itk s A el
achi ev a._ neasurabl e. serum congce tion of the proton punp inhibiting
agent ea‘f’Bﬂb‘t?’ﬁéﬁe"gﬁ&Bi’”tdBPgt@/aﬁr‘i’u%p@mgabout 15 m nutes to about 1.5 hours
after admnistration, of th position. . 47. The nethod_.qof claim41,
wherein the conlgosi ﬁ“‘?)ﬁlefthé’gagﬁfn% ]ztzei”é)ﬂléfivg‘eéelq gEourt of epkyfoR PYRR t he
g;ouP ponz% ﬁ%ﬂ%ﬁ@%ﬁﬁbﬁéhﬁﬁgiﬁgaSt[iC’|and ston?ph tube. 25 ?8. The Fethog
of clai m 47, ceutical conpositionis in a form selecte
fromthe group consisting of a tablet, capsule, powder, suspension tablet,
ef fervescent taptet 18 Melgd of dainyh. g4 3 whegemytheagigrnt of thereden BY™Rri xi ng

any of the foregoing wth an aqueous nedium 165
inhibiting agent is about 20 mg.

15 18. The method of claim 1, 2, 3, or 13, wherein the amount of the proton pump
inhibiting agent is about 30 mg.
19. The method of claim 1, 2, 3, or 13, wherein the amount of the proton pump
inhibiting agent is about 40 mg.
20. The method of claim 1, 2, 3, or 13, wherein the amount of the proton pump
20  inhibiting agent is about 80 to about 120 mg.
21. The method of claim 1, 2, 3, or 13, wherein the amount of the buffering agent
is about 0.1 mEq to about 2.5 mEq per mg of proton pump inhibiting agent.
22. The method of claim 1, 2, 3, or 13-21, wherein the amount of the buffering
agent is about 10 mEq to about 70 mEq.
25 23. The method of claim 1, 2, 3, or 13-21, wherein the amount of the buffering
agent is at least 10 mEq.
24. The méthod of claim 1, 2, 3, or 13-21, wherein the amount of the buffering

agent is about 20 mEq to about 40 mEq.
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WO 03/ 061584 PCT/ US03/01640 5 49. The nethod of claim4l, wherein the
proton punp inhibiting agent is enteric coated. 50. The nmethod of claim
41, wher ewo joe1sps ot on punp inhibiting agent is acid sen®Cuitses/0sio The
met hod of claim4l, wherein the proton punp inhibiting agent is sel ected

10 fromthe group consisting of oneprazole, |ansoprazole, rabeprazole,
esoneprazol e, pantoprazole, pariprazole, and | em noprazole, or an
enantiomer, isoner, derivative, free base, or salt thereof. 52. The nethod
of claim4l, wherein the amount of the proton punp inhibiting agent is

about 5 ng to aBout TRORehBd ofidaimdl, 2,73 1@r MEbhasheRfin Gk BuiRithl agWhiRb@pitset Be
anount of the proton punp |nh|b|t|ng agent is about 10 ng to about 100 ng.

54. The melhfthafbn 6t @iciintdarbMBRMRl Bodilif bRAMYRALe Of the proton punp
inhibiting agent is about 15 ng. 55. The nethod of claim41, wherein the

amount of the pgot OfLPHER A BRI, B, of 93- Qg‘%ﬂ{erélﬁth@li}gﬁérn%(&ggfﬁcorﬁ?nsel?e

nmet hod of cIa|n141 wherein the afount of the proton punp inhib agent
i s about Eﬁ&i h i claim 41, mhereln t he amount of the
proton punp | Im%%??%gﬁGgﬁg'gq}% about 40 . 25 58. The nethod of claim

41, wherein th%7annqﬂ%ﬂg& ?ﬁﬂﬁ&ﬂt Byﬂ?ﬁhﬂﬁag1ﬁhﬁ%ugﬁﬂﬁﬂ%dh%?ﬁgﬁ ut 80 ny

to about 120 erern t he
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claim 41, V@ er r%lagnets,lﬂr% c%%nzﬁté o?%atgrt]e%iu?nuglflcat | ng agent Is about
28. The method of claim 1, 2, 3, or 13-21, wherein the buffering agent comprises
at least one of calcium acetate, calcium glycerophosphate, calcium chloride, calcium
hydroxide, calcium lactate, calcium carbonate, calcium bicarbonate, calcium gluconate, or
15  other calcium salts.
29. The method of claim 1, 2, 3, or 13-21, wherein the buffering agent comprises
sodium bicarbonate. |
30. The method of claim 29, wherein the sodium bicarbonate is in an amount from
about 250 mg to about 4000 mg.
20 31. The method of claim 29, wherein the sodium bicarbonate is in an amount from
about 1000 mg to about 1680 mg
32. The method of claim 29, wherein the sodium bicarbonate is in an amount of at
least about 700 mg.
33. The method of claim 1, 2, 3, or 13-21, wherein the buffering agent comprises
25  calcium carbonate.

34, The method of claim 33, wherein the calcium carbonate is in an amount from

about 250 mg to about 4000 mg.
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10 nEq to about 70 nEq. 61. The nethod of claim4l, wherein the anmount of
the buffering agent is at least 10 nEq. 62. The nethod of claim41,

wherei n tweoaoeisst of the buffering agent is about 10 20pecEESH®Rowbout 40
nEq. 63. The nethod of claim4l, wherein the buffering agent conprises a
conmbi nation of calcium carbonate and sodi um bi carbonate. 64. The nethod of
claim4l, wherein the buffering agent conprises a bicarbonate salt of a
Goup IA netal. 15 65. The nethod of claim4l, wherein the buffering agent
conprises at |east one of nmagnesium hydroxi de, magnesi um | act ate,

nmagnesisum gl ucgpat e Th{REMES LRI 3R here NBRNQR L £B6HRRNAfnean affouiBERLST UM
silicate. 66. The nethod of claim4l, wherein the buffering agent conprises

at | east aofguGho @B%ﬁ&ﬂ?‘l@(ﬁﬁ%gt e, cal cium gl ycerophosphate, cal cium
chl oride, cal ciumhydroxide, calcium 20 |actate, cal cium carbonate, calcium

bicarbonate, cagci U%&%ﬁ@?&‘@f&aim%, Shdteh tﬁ@éa?ciidﬁ%ﬁg&{a?e-is gxﬁa?ra ba: JTai hog of

claim4l, wherein the ering agent conprises sodium bicarbonate. 68.
The net ho j , Wherein the sodi um bi carbonate is in an anmount from
about 250%%%"@%@6? ‘4000 . 25 69. The method of claim 67, wherein the
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38. The method of claim 1, 2, or 3, wherein the composition further comprises a
disintegrant, flow aid, lubricant, adjuvant, excipient, colorant, diluent, moistening agent,
preservative, or a pharmaceutically compatible carrier.

15 39. The method of claim 1, 2, or 3, wherein the composition further comprises a
flavoring agent comprising aspartame, chocolate, root beer, peppermint, spearmint, or

watermelon, and combinations of any of the foregoing.

40. The method of claim 1, 2, or 3, wherein the composition is administered once
or twice a day.
20 41. A method of making a pharmaceutical composition for oral administration,
comprising:

admixing the proton pump inhibiting agent and the buffering agent;
wherein upon oral administration to a subject, the buffering agent is in an amount
sufficient to increase the pH of an absorption pool of the subject to a pH that inhibits acid
25  degradation of the proton pump inhibiting agent and to allow absorption of the proton pump
inhibiting agent from the absorption pool into blood serum of the subject in an amount
greater than the absorption of the proton pump inhibiting agent in the absence of the

buffering agent; and
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about 250 ng to about 4000 ng. 73. The nethod of claim 71, wherein the
cal cium carbonate is in an anount from 10 about 500 ng to about 1000 ng.
74. The nwohwomeB4 cl ai m 71, wherein the cal ci um car bonat e PcI/USe3/ars4@nount
of at |east about 800 ny. 75. The nmethod of claim4l, wherein the
conposition is in a dosage formselected fromthe group consisting of a
tabl et, powder, suspension tablet, chewable tablet, capsule, 15 _

ef fervescent powder, effervescent tablet, pellet, and granule. 76. The
met hod of claim4l, wherein the conposition further conprises a

di sintegrant, fJeWiPhs protdtunfpaRtivitiadhgheRtn afahbt Qtficiet® QhRVE 2 di | uent,
noi steni ng agent, preservative, or a pharnaceutically conpatible carrier

77. The method.Of sGhAicBhdhuran¥ies Bk Bidol Serimir ftlsubRs 288 Al mirBdiAliedy 20
gastrointestinal disorder. 78. The nmethod of clarm 77, wherein the disorder

IS selectqge§&ﬁ£1the group consisting of duodenal ulcer disease, gastric
ul cer di sease,” gastroesophageal reflux di sease, erosive esophagitis,
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conposition Turther conprising a 1pravo?l rPg agen éonﬁrl S ng aspartame,
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80. The nethod of claim4l, wherein the conposition is adm nistered once or
twice a day. 149  The method of claim 41, wherein the amount of buffering agent achieves a
measurable serum concentration of the proton pump inhibiting agent greater than about 0.15
ug/ml from about 15 minutes to about 1 hour after administration of the composition.
44.  The method of claim 41, wherein the amount of buffering agent achieves a
15 measurable serum concentration of the proton pump inhibiting agent greater than about 0.15
ug/ml from about 15 minutes to about 1.5 hours after administration of the composition.
45.  The method of claim 41, wherein the amount of buffering agent achieves a
measurable serum concentration of the proton pump inhibiting agent greater than about 0.1
pg/ml within about 15 minutes after administration of the composition.
20 46. The method of claim 41, wherein the amount of buffering agent achieves a
measurable serum concentration of the proton pump inhibiting agent greater than about 0.1
pg/ml from about 15 minutes to about 1.5 hours after administration of the composition.
47. The method of claim 41, wherein the composition is administered via a route
selected from the group consisting of oral, nasogastric, and stomach tube.
25 48.  The method of claim 41, wherein the pharmaceutical composition is in a form
selected from the group consisting of a tablet, capsule, powder, suspension tablet,
effervescent tablet or capsule, granules, and a liquid created by mixing any of the foregoing

with an aqueous medium.

165



10

15

20

25

WO 03/061584 PCT/US03/01640

49.  The method of claim 41, wherein the proton pump inhibiting agent is enteric
coated.

50.  The method of claim 41, wherein the proton pump inhibiting agent is acid
sensitive.

51. The method of claim 41, wherein the proton pump inhibiting agent is selected
from the group consisting of omeprazole, lansoprazole, rabeprazole, esomeprazole,
pantoprazole, pariprazole, and leminoprazole, or an enantiomer, isomer, derivative, free base,
or salt thereof.

52.  The method of claim 41, wherein the amount of the proton pump inhibiting
agent is about 5 mg to about 300 mg.

53. The method of claim 41, wherein the amount of the proton pump inhibiting
agent is about 10 mg to about 100 mg.

54.  The method of claim 41, wherein the amount of the proton pump inhibiting
agent is about 15 mg.

55.  The method of claim 41, wherein the amount of the proton pump inhibiting
agent is about 20 mg.

56. The method of claim 41, wherein the amount of the proton pump inhibiting
agent is about 30 mg.

57. The method of claim 41, wherein the amount of the proton pump inhibiting
agent is about 40 mg.

58.  The method of claim 41, wherein the amount of the proton pump inhibiting
agent is about 80 mg to about 120 mg.

59. The method of claim 41, wherein the amount of the buffering agent is about

0.1 mEq to about 2.5 mEq per mg of proton pump inhibiting agent.
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5 60. The method of claim 41, wherein the amount of the buffering agent is about

10 mEq to about 70 mEq.

61.  The method of claim 41, wherein the amount of the buffering agent is at least
10 mEq.
62.  The method of claim 41, wherein the amount of the buffering agent is about

10 20 mEq to about 40 mEgq.

63. The method of claim 41, wherein the buffering agent comprises a combination
of calcium carbonate and sodium bicarbonate.

64. The method of claim 41, wherein the buffering agent comprises a bicarbonate
salt of a Group IA metal.

15 65.  The method of claim 41, wherein the buffering agent comprises at least one of
magnesium hydroxide, magnesium lactate, magnesium gluconate, magnesium oxide,
magnesium carbonate, or magnesium silicate.

66.  The method of claim 41, wherein the buffering agent comprises at least one of
calcium acetate, calcium glycerophosphate, calcium chloride, calcium hydroxide, calcium

20 lactate, calcium carbonate, calcium bicarbonate, calcium gluconate, or other calcium salts.

67. The method of claim 41, wherein the buffering agent comprises sodium
bicarbonate.
68. The method of claim 67, wherein the sodium bicarbonate is in an amount from

about 250 mg to about 4000 mg.
25 69. The method of claim 67, wherein the sodium bicarbonate is in an amount from
about 1000 mg to about 1680 mg
70. The method of claim 67, wherein the sodium bicarbonate is in an amount of at

least about 800 mg.
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5 71. The method of claim 41, wherein the buffering agent comprises calcium
carbonate.
72. The method of claim 71, wherein the calcium carbonate is in an amount from

about 250 mg to about 4000 mg.
73. The method of claim 71, wherein the calcium carbonate is in an amount from

10 about 500 mg to about 1000 mg.

74. The method of claim 71, wherein the calcium carbonate is in an amount of at
least about 800 mg.
75. The method of claim 41, wherein the composition is in a dosage form selected

from the group consisting of a tablet, powder, suspension tablet, chewable tablet, capsule,
15  effervescent powder, effervescent tablet, pellet, and granule.

76. The method of claim 41, wherein the composition further comprises a
disintegrant, flow aid, lubricant, adjuvant, excipient, colorant, diluent, moistening agent,
preservative, or a pharmaceutically compatible carrier.

77. The method of claim 41, wherein the subject has an acid related

20  gastrointestinal disorder.

78. The method of claim 77, wherein the disorder is selected from the group
consisting of duodenal ulcer disease, gastric ulcer disease, gastroesophageal reflux disease,
erosive esophagitis, poorly responsive symptomatic gastroesophageal reflux disease,
pathological gastrointestinal hypersecretory disease, Zollinger Ellison Syndrome, and acid

25  dyspepsia.

79. The method of claim 41, wherein the composition further comprising a

flavoring agent comprising aspartame, chocolate, root beer, peppermint, spearmint, or

watermelon, and combinations of any of the foregoing.
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80. The method of claim 41, wherein the composition is administered once or

twice a day.
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