WO 03/ 009846 PCT/ US02/ 21368 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 macewpa®alogssepar at i ons conpri si ng substituted 10 bemgirrisdazisbge pr ot on
punp i nhibitors. BACKGROUND COF THE | NVENTI ON Oreprazole is a substituted
benzi m dazol e, 5-nmethoxy-2-[ (4-nethoxy-3,5-dinethyl- 2-pyridinyl) nethyl]
sul finyl]-1H benzi m dazole, that inhibits gastric acid secretion.

Orepr.azol e bel o j |l ed proton punp
o Btors 1o (ERHC sOPRIPRGTERSAAARRT A2 OHY oG or Hb i stan ne
antagoni st properties. Dr AND METHODOEUSESGSAMEess gastric acid secretion
by the specific inhibition of the H+, K+- ATPase enzynme system (proton punp)
at the secretory surface of the gastric parietal cell. Typically,
oneprazol e, |ansoprazol e and orhEHNRCALFIERDP i nhibitors are formul at ed

in an enterl%,coated solld osa e forn1& ﬁ ei ther a del ayed-rel ease capsul e
or tablet) orhgRresHt '"Z?Ptloﬁlr @B%’"@Eﬁ“ £ Brepgrguons CBE“BH%]E% Sypgjjtuted
reconstitution), and are prescribed for short-termtreatnment of active
duod%haleGF@éP§”¢&@§PﬂWE¢UWE@W§S gastroesophageal reflux disease (GERD),
severe erosive esophagltl responsi ve s tomati ¢ GERD, and

pat hol ogi cal  hyper secr BAf é%ﬂﬂ%? E 'yggilinger El | i son syndrone.
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conditio co nly ariséin healthy of critica patients, and may be
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H2- ant agoni'st's, sucralfate are co nistered to

m ni J8 Z€. o ns. These
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with thejr use. Sone o se drugs are C J ve in the

't cat ot SR HEPERGRaHE AL SHEHOL SR BR SRS WHORES SHibHLR-SIRAY se of do
effects, such as nental confusion, constipation, diarrhea, and

t hr onbocepepesystam (pRtcarnuapo Al the secretnny surfase of the gastric parietal cell.

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
20  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 GERD, 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,
25  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.
H,-antagonists, antacids, and sucralfate are commonly adrﬁinistered to minimize the

pain and the complications related to these conditions. These drugs have certain



ranitidine and cinetidine, are relatively costly nodes of therapy,
particularly in NPO patients, which frequently require the use of

aut omat edwiormBwssae punps for conti nuous intravenous 10 i nfragise2/of3cs he
drug. Patients with significant physiologic stress are at risk for
stress-related gastric nucosal danage and subsequent upper

gastroi ntestinal bleeding (Marrone and Silen, Pathogenesis, D agnosis and
Treatment of Acute Gastric Miucosa Lesions, CLIN GASTROENTEROL 13: 635-650
(1984) ) dispgvaptagesasoriated th theirise paeme off these Apenare 4ot campistaly ¢ffective inhe

devel opment of stress-rel ated nmucosal danmage are nechani cal ventilation,
coagul opttreptmengef tegaforementinngd condgigns arjdiar produercpdyerstanide effepispuetnds (Zi nner et
al., The Prevention of Gastrointestinal Tract Bleeding in Patients in an

| nt ensi wen@heanfugiring congiyREon, divnireornd thB®PETopenips 31:-aptegordy sychag1) ;. Lar son
et al., Gastric Response to Severe Head Injury, AM J. SURG 147: 97-105
(1984) ; rdutadize and cahetidinacant relaGaely costly otalnad! tBirapyapastigiarbyrin NROrpatiénts,nj ury: 20
An Endoscopi ¢ Eval uation of Incidence and Natural History, N ENG.. J. MED,
291: 925%h@A9req(dr@ly 49quirSkticluserafimutimagid. infulkes pampstfor gonfi@iousiineavenlyysot ensi on,
Sepsis and Jaundice: A dinical Syndrome Associated with Lethal Henorrhage
Fr om0 Ac tiifesi®t sfabesdrub.cerati on, Am J. SURG, 117: 523-530 (1969); and Cook

et al., Risk Factors for Gastrointestinal Bleeding in Critically 111
Patients, N. P&Nals.with.sightDant pBP0oI13gd stdfd are hOIk)for sti@serelated gastic of t hese
factors are often 25 found in critically ill, intensive care unit patients.

A 1 ecentmeedadddmagt uitysudkeglidnt BERS g@trbiatestinas KleedijcMr®npaMiiRus| y 1 dentifi ed
such as aci d-base disorders, multiple trauma, significant hypertension,

MBj OF  SWugREdhesiWikdridk® aPEledinieMofPlcire erbidf R Mucosdleiong TRl f ai l ure, sepsis,
and coma (Cook et al., R sk Factors for Gastrointestinal Bleeding in

Criti caldagtrdenTERILI181633-650.(1984WORGR/ 1RASS 4t RVEbbEaQPdan) 368 ciated Fi¥L. J. MED.,
330: 377-381 (1994)). Regardless of the risk type, stress-rel ated nucosal

damgge gRsdsbisprhdht 8 @i iemf imu¥BaPifhhdo¥ aRNFechB it bidiYatiof o tPathy,
significant bleeding occurs in at |east twenty percent of patients with

one or RERivd tifns! RAH Hjsry MAE ofdaf thfdplantHifRALGH, THNBESRoRYr al -, Conti nuous

I ntravenous cineti di ne”Decreases Stress-rel ated Upper Gastro- intestinal

] R R T A PRy o Bhrgte, 8 )
gastr eCt(ﬁ@}?T.,‘MS&:@]Q—HO (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:
20  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.,
117: 523-530 (1969); and Cook et al., Risk Factors for Gastrointestinal Bleeding in Critic&lly
Ill Patients, N. ENGL. J. MED., 330:377-381 (1994)). One or more of these factors are often
25  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

hypertension, major surgery, multiple operative procedures, acute renal failure, sepsis, and

coma (Cook et al., Risk Factors for Gastrointestinal Bleeding in Critically Ill Patients, N.



reported nortality of thirty percent to fifty percent (Czaja et al., Acute
Gastroduodenal Disease After Thermal Injury: An Endoscopi c Eval uati on of

| nci dencewarnd/obdsar al Hi story, N ENGL. J. MED, 291: 925- $29/(Sh278y8 Peur a
and Johnson, Cinetidine for Prevention and Treatnent of Gastroduodenal
Micosal Lesions in Patients in an Intensive Care Unit, ANN 15 | NTERN MED. ,
103: 173-177 (1985)). Those who do not need surgery often require nultiple

tr an§f u%N??gJI %@gg??ﬁgﬁgﬁﬂéﬁ?ﬁg&g&hégquﬁ%&)ﬁs?gﬁ%?%{eis&&la?%d oS et

uppefr gas s an 1 r inical” 'goal. Omeprazol e

(Prilosec(r | ansoprazol e (Prevaci d(r, nd at her. PPl s. reduce gastric

bor - paanpeeleaS BTBHARR Fork S EA RO, MM B S B E  he e
common pat hway for 20 stric acid secreti Fel | eni et al,,

Sobot 1t o B aems Pvrakn LB ehf B ReASTpRsRElrS T Bt I s boki ng

H+, K+- ATPase, Qf\ng}RE 290: 159-161 _92&%; V\alr%'rrark et 8" The

Rel at i o¥ATtY ehl [RBHHeHS yraengys dmedlairecbictrasemyressyelarsacUnRer K9sRTPase
Activity, J. BIO..CHEM., 260: 13681-13684 (1985); Fryklund et al.,

Funct i orfeiiaaldianseriage ihous Srqraqring Presanqnia, AR{Te FARE MED AT BASS 981 B0ade, Am

J. PHYSIQL., 254 fS PT 1); G399-407 (1988)). 25 PPls contain a_ sulfinyl

gr odB i Pfahase e klepd pRRIeHmatsh<ER PHIE@ETeRH RGPSy gAtrectopw) Witha ri ngs, as
illustrated bel ow. 3 WD 03/009846 PCT/US02/21368 A OCH 2CF3 OCH3 O CH3 CH3
O CH3  Kepsrtedompitlity of\hirey PersrBAPRAY errEert(§ R aavERRIszeIFasire¢iodgial UL FENAM DE

SULFENIC ACID OCH3 OCH3 CH3 CH3 CH3 CH3 N N
Disease After Thermal Injury: An Endoscopic Evaluation of Incidence and Natural History,

N ENGL. 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
15  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.
Omeprazole (Prilosec®), lansoprazole (Prevacid®) and other PPIs reduce gastric acid

production by inhibiting H' K'-ATPase of the parietal cell—the final common pathway for

20  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 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)).

25 PPIs contain a sulfinyl group in a bridge between substituted benzimidazole and

pyridine rings, as illustrated below.



SNNHSOH N'" N " 0O00CH33 OCHEnzyne - SH OCH3 CH3 / CH3 + 1 N S
- S - Enzyme N~ NH OOCH3 ENZYME-| NH Bl TOR COWLEX 5 At neutral pH,

onepr azolwp idamsapr azol e and other PPls are chenically st @olrajSot/epesl-

sol ubl e, weak bases that are devoid of inhibitory activity. These neutral
weak bases reach 4 WD 03/009846 PCT/US02/21368 5 parietal cells fromthe
bl ood and diffuse into the secretory canaliculi, where the drugs becone
protonated and thereby trapped. The protonated agent rearranges to forma
sul fenic acid and a sulfenam de. The sulfenam de interacts covalently with
sul fhydryl groups at critical sites in the extracellular (lumnal) domain
of the nenbrane-spa‘glng F&Kﬁﬁ AlPase (Har dmegc }g at., Goodman & Gl man's
The Phar nmacol ogi cal 'Basi s 'ﬁl}_?q:rapeuthﬁ1 p. L 90%4 9th ed. 1996)). 10

Orepr azol e and | ansoprazo erefore, ar rugs that nust be activated

to be effective. The spe ity of the ef of PPIs is al so dependent
upon: (a) the selective d|§ir| ution of H+, -A Pase (b) the requirenent
for acidic conditions to c Lyze generatlon reactive inhibitor;
and (c) the trapping of ‘H/otéhated dr thé’catlonlc sul f enami de
wi thin the acidic cana Hnd adj acen target enzyne. (Hardman et
at., 1996).
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At neutral pH, omeprazole, lansoprazole and other PPIs are chemically stable, lipid-

soluble, weak bases that are devoid of inhibitory activity. These neutral weak bases reach

4



15 Oreprazol e and | ansoprazol e are available for oral adm nistration as
enteric-coated granules in gelatin capsules. Qther proton punp inhibitors
such as rwbapnesmast e and pantoprazole are supplied as ent ecrmSozatiesl dosage
forms. The enteric dosage forns of the prior art have been enpl oyed
because they are acid labile; thus, it is inportant that these drugs not
be exposed to |low pH gastric acid prior to absorption. Although these drugs
are %0 S&aﬁahﬁce%féﬁﬁ‘ﬂ?é 61(?&1 a?x@’diﬁ.?gtﬁﬁoaﬁ)gsé%?e?&rggz}/n%ﬂc:lﬁa bgle)(headsmg[?lgeéo%el s (e.g.,
by gastric acid). Therefore, i e m Cro-encapsufation or T he enteric
coating is i uid [

di d .q. i | i .
the capdtiey {38 eFarhes, b bR P Ren SRR Blofaufpb duadhe,
d dat i by .t h ic.acid in th t h b . of .an.
i averbeRnigs oA o B S PP G O LGt BRRLSE 55 1§ i ¢ el

the testing and use of oneprazole, |ansoprazole and rabeprazole in the
criti caltheaytacellyler (laminap dpupintof dig mamhrang-spanning H . KhATBpeHardmaget of
Oreprazole for Refractory Stress-induced Gastric Micosal Henorrhage, CRIT.
CARE MNELRI., G28imaA¥ GAthhn’6 THE Pharmavdogiens Basidefhetageutise p. 947 Ofredriags).e
enteric-coated pellets adm nistered through a nasogastric tube to control 5
VO 0 0098éraAdCTanEMRp2dzd 63 theef@a Site modrugssthat malst becaztivatébig de effectiver i ti cal
care patient with nmulti-organ failure. However, such pellets are not idea
as they TRRpagwie@aihe effads ORHAIsIEalss degentidhbason: @nthetsElestivadatrvatiosoff t abl e

for patients who cannot swallow the pellets. AMJI. HEALTH SYST PHAR 4

56: 2327- 30 (. h9Bk: (b) Fe L RiteRBHor deliddoh@fiSnst e4lal9e fig7 &k ' epresent an
advant ageous alternative to the use of H2-antagohists, antacids, and

sucral fate .as. a.treat for .co ications.relajed to .10 stress-rel ated
icooal TetagEnioRRE TR te BbmiE Pk rBlontes e B stiionic TR ng
enteric- goated granules.or, enteric-coated tablets), proto unp inhibitors
can be dVifyR thyppidigeanali b%’kdia@aéenttbo e fAreft Erzmey gﬁiﬂé’f‘i"g?‘hai’ w%g)'are ei t her
unwi | I ing or unable to, swallow tablets. o capsul.es,. such as critically ill
pat 1 Bnt oo ohiTeHPBHoIe b BYHERP o CHY0 D18 PESTE CACRUR PR GS PRGROBGE phagi 2.
Therefore, it would be desirable to formlate a proton punp inhibitor

sol ut i orer@iulepsdn gelatipearsulss: (HeE protsPupw ibHbitarssuck agigbsriazokdnd o a pati ent
t hereby providing the benefits of the proton pung,inhibitor wi t hout the
F8%y

chew ng

dr anbac KEnepragele are SHPRAGE assteicieated desage oans. dihs g dogagg fpgms of the

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

20 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
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

25  limited the testing and use of omeprazole, lansoprazole and rabeprazole in the critical care
patient population. Barie et al., Therapeutic Use of Omeprazole for Refractory Stress-induced
Gastric Mucosal Hemorrhage, CRIT. CARE MED., 20: 899-901 (1992) have described the use

of omeprazole enteric-coated pellets administered through a nasogastric tube to control

5



Oreprazole, the first proton punp inhibitor introduced into use, has been
formulated in many different enbodi nents such as in a m xture of

pol yet hylwoa3ghyge®l s, adeps solidus 20 and sodi um | auryl psaiifsat/ei3ssh a
sol ubl e, basic amno acid to yield a formnul ati on designed for

adm nistration in the rectumas taught by United States Patent No.
5,219,870 to Kim United States Patent No. 5,395,323 to Berglund ('323)

di sc|l oses a. devi for, mxing.a, pharmaceutical froma solid suppgly into a
par oht oBSF PRl DGRt NN P PP WP EWHrar™ iTss HPREYEAREh t o a
patient. The' 323 patent teaches the uscﬁ of an orre%rahzol e tabl.et, which is 25
pl aced PHletREe RRiVIcakAsIPRY ap asesrspiedndgochutesuin this; 49d they ate nohsiieRly

par ent er al Ity into the patient. This device and nethod of parenteral

i nf usi ofPrERIGHERRGGABIY sYak the Pellsiovidie BENEH-DRE bHABN P&2 & (1) as an
enteral product, nor is this onmeprazole solution directly admnistered to
t he di seasedPratfonpumpdnhdbitoss welsas ggpEazglerepsessnt sRadYRNRRePUS pliapative to
gastrointestinal 6 WO 03/009846 PCT/US02/21368 5 tract, nor does this
onepr az dieas§ of Hadndagonists pinngidgieand pecrdlfatpeadjadreatmgnt fae sampdications rebfiedthe present
formulation. United States Patent No. 4,786,505 to Lovgren et al. discloses
a ph@r meteessrrdlaed mugnsaplamagd. dtpwswen i theingprisnifpina capsales geptiniag entetity an

al kal i ne reacting conmpound or an alkaline salt of onmeprazole optionally

t oget heroatid grarantesat kuttricaenatsd tabdats)coraten aurop mbibitatseei b diffuitior a t abl et

formul ation. The core is then enterically coated. The use of the al kaline
mat er i aimposyible ¢hadnainisteetoqhtieenwhe amesher hngilingtoanoabde taswalley sbldiswom sal t  of
carbonic acid, are used to forma "mcro-pH' around each oneprazole

parti cl eapsoleqsathes critidadly dihpgoiestz,chédratyitidheldesly, ndghatigntsmifering frant o aci d pH.
The powder m xture is then fornulated into enteric-coated small beads,

pel | et s dydphidigt Bhesaforeniaywotie bt dasiteble tofoamwlatp 8 praeen fuymciohibzotsomriod or
pharmaceutical 15 procedures. This fornul ati on of oneprazol e does not teach
a nQR- eBliPersionGaatedn baepeanplidiveda sagpatearthersdyi providiag thedensfitestahd y

adm nistered to a patient who may be unable and/or unwilling to swall ow
capsul egrotérifting ifhibitorRathoet tbe draMbadtOESthé turfedtéiferR-doatey sdlidaidkagkor m whi ch

can be used to make an oneprazol e or other proton punp inhibitor solution
or suspegssison. Several buffered onmeprazol e oral solutions/ suspensions have
been di scl osed. For 20 exanple, Pilbrant et al., Devel opnent of an Oal

Fornul ati on @fmef MBI, AOfirSt pratbfPlinp thhibitor introduced into use, has been formulated
in many different embodiments such as in a mixture of polyethylene glycols, adeps solidus
20  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.

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

25  placed in the device and dissolved by normal saline, and infused parenterally into the patient.
This device and method of parenteral infusion of omeprazole does not provide the
omeprazole solution as an enteral product, nor is this omeprazole solution directly

administered to the diseased or affected areas, namely the stomach and upper gastrointestinal



GASTROENT. 20( Suppl. 108): 113-120 (1985) teaches a suspension of

m croni zed oneprazole, 60 ng, in 50 mM of water also containing 8 mmoles
of sodi unwbiosasdsemat e. The suspension was adm ni stered a®Cralshomsss Af t er
fasting for at |east 10 hours, patients were given a solution of 8 mmles
of sodi um bi carbonate in 50 mM of water. Five mnutes |later the 25 patients
t ook the oneprazol e suspension and rinsed it down with another 50 m of

sodi ym LCALRANARR ARbHLLLBrmfllof AQVide A0 iARCIALLOULAS hafher , a further

50 nI” of sodium Dbicarbonate sol ution was m ni st er ed 09846

PCT/ USO Andersson et el., Pharmacokinetics of Various Single
Intraver?'i/(r)%éﬁg%gu%t@q Doses of Omreprazole, EURJ. CLIN PHARVACOL. 39:

195-197 (1990). djscl oses and . f oral oneprazole

di ssol ved i n%lﬁé %ﬁtﬁs E@%ndi%g)mg’g?%é}r%ﬁgg%%enaeﬁgg\ggggsre? afﬁaermag%’ﬂﬁ ntration of
oneprazol e c;?nnottbe determ |i1etd as vtgl unﬁsl. of d'{.l uent ar(f not di scl osed.
Never t hdf@awtion gonfaining pmgpragole togeiuer with ap gikglin reactipg cmpolipd prane  joses of
sodi um bi,car bopat.e 10 re admnistered with and after the omepr.azole

s pensilitneh aF Sogaaie SOl toethet itk AbtIRY B SHRPEO AL AEPROTIT Y of
Oreprazqle After Single, and Repeated al Administration in Healthy

Subj '&ct é",‘aﬁﬁI"t \P.rméﬂti‘?q{ﬂ' Wﬁ%@?‘e?@ter% ¥ gosted 1895 qg@c’ﬁ@é‘“‘i‘i‘?@w%ﬁlal use of
20 ng of oneprazole, which was dissolved in 20g.of PEG 400 (sp.

gravi t yhicfugan he,ghagen {iera guaky sphstangesas thsrsodimenalt ehsarbaniciaslyh aredpidites of sodi um
15 bicarbonate, In order to protect the omeprazole fromgastric acid, the
buf f er edoEbt UbictnPiagrounst spehomsnrazoledparticls te grogrct big amgpraie whisbifat e i n 300
of water. Regardh et at., The Pharmacokinetics of Oreprazole in Humans -A
St udy ofhighibngsnsitive taagid e dlss pavder apixturerpdies formpiated imtRextenigppatedzmali 63- 72
(1990) discloses an oral dose of oneprazole at a concentration 0.4 ng/m
af ter t theadsy prijetactablets gabmexbe opdepity qapulesieyt emventigna phyroarawtirddi car bonat e (8
nmol es). A solution containing 16 mvl es of sodi um bi carbonate in 100 m
of wet erpregadureso Addfiorraation afiomeprazdle does het teash pnar-ontericedatadiomeprazdlat dose
was followed by a solution of 50 m of 0.16 nol/L sodi um bi carbonate that
was usedlosage forimngliighycantbhentesdls eliministerdsigo b patient Who snag bonedblessugler i nent, 50 ni
of 0.16 nol/L sodium bi carbonate was admi nistered 5 m nutes before

adm ni stunafliingito sevaldovt Ggps@les, sabtkt36 peilats) hersdopo 8 teadtos eanvenient 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

20  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
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

25  patients took the omeprazole suspension and rinsed it down with another 50 ml of sodium
bicarbonate solution. Ten (10), 20 and 30 minutes later, a further 50 ml of sodium

bicarbonate solution was administered.



25 Landahl et al., Pharmacokinetics Study of Oreprazole in Elderly Healthy
Vol unteers, CLIN. PHARMACOKI NETICS 23 (6): 469-476 (1992) teaches the use
of an or awodoesesad 40 ng of oneprazol e dissolved in PEG 200/USs22i368n

bi carbonate and water. This reference does not disclose the final
concentrations utilized. Again, this reference teaches the nmultiple 8 WO
03/ 009846 PCT/ US02/21368 5 adm nistration of sodium bi carbonate (8 mmol /L

and 6 mmol / wndafsgo%ret &1h9>h9m519zé?ic@oﬁ%luw Shele ww@{o%ww 8Fal Bbses of

Phar macoki netics of [14C] Omeprazole’in Patients with Liver ~Qrrhosis,
CLIN. P t
adm ni stration OPEE %I}%%%k%ﬁ%%r’ g&?ﬁgﬁ SOQJC% ?lgsrm%e andF?IgG 400,

ater ange SOAMUMABLOA B0 PR QoA shaS atggﬁdsxagl%t gach the final

concentra%l on o & GIEpr azol e Sol Ut on adm ni st er hough it

enphasi zes t ngom t.an um b| bopat e dosi ng
eTples 0 g g B B gn%t?vséeﬁ?n 8 o 5035“? e ARl BRI

Nakaga Lanso Z0 Phase ) AG 1749)

Nt ol Qs s SRR 58 ?Hﬁﬁﬁ%%ﬁf%ém&fjw&d%fefé’gﬁdo @%%ﬂhgmi%e or al
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buffer, in order to prot ect the acid sensitive onmeprazol e durin

admi ni st 3800 isAches fhe gral uset 20 CStearPEe, MHUpBI ARIOHBIN708 O BEG 8RO of sodi um
bi carbonate both prior to, during, and follow ng orreprazol e adm nistration
were redsk-_eEyity - b aed d‘ﬂ‘ﬁedp‘f"éf\/mi forvater gegfpiangd remolss of sedigmonepr azol e gi ven
via the oral route of adm nistration. In the above-cited studies, as much

as 49 rmitasonae. Hoerfents piotest the amerrazole 300 gmtrimci%meéwuffmésolw@niwgest ed for
a single dose of 25 oneprazole to be orally adm nistered. The buffered
omepr az adivengyihAs romgles of sodinmdtienponate ire300om} efrwatart require the ingestion of
| arge anounts of sodi um bi carbonate and | arge vol unes of water by repeated
adni ni str at i &egardh et al., The Pharmacokinetics of Omeprazole in Humans—A Study of Single

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

20  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
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.

25 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
omeprazole dissolved in PEG 400, sodium bicarbonate and water. This reference does not

disclose the final concentrations utilized. Again, this reference teaches the multiple



Thi s has been consi dered necessary to prevent acid degradation of the
oneprazole. In the 9 WO 03/009846 PCT/US02/21368 5 above-cited studies,
basi cal | ywbealoodsye vol unt eers, rather than sick patients, werasgrviem dil ute
buffered onmeprazole utilizing pre-dosing and post-dosing with | arge vol unes
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condi ti SH® a(tBﬁaﬁ?ﬁ‘@ %lﬁbtg%eve“l‘ﬁ@ |dﬁ§ré§"tti°BH? %Tuérge anounts of sodi um

bi carbonate is inconsistent with this advice, Fourt atients with

numrer ous condifk3eane o Plal-apipprEar] i’h%déf«ffaﬁweﬁopwelé(fi 748 ti-weershoul d
avoid the intake of excessive sodium bicarbonate as it can cause netabollc
al kal osi4gent h&LMN: THERABEUTIES & MED-d 891) denghsndhecutliadppindstratiomoi 3 maof

condition. Fifth, excessive antacid intake (such as sodlun1b|carbonate) can

resulSt ilansepraggle suppeadagon il ghe! efradiupybicaeanatsevhigh yasatiministered g patieats For

exanple, by altering gastric and urinary 10 WO 03/009846 PCT/ US02/21368
through a nasogastric tube.

All of the buffered omeprazole solutions described in these references were
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,
20 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
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
25  omeprazole to be orally administered.
The buffered omeprazole solutions of the above cited prior art require the ingestion of
large amounts of sodium bicarbonate and large volumes of water by repeated administration.

This has been considered necessary to prevent acid degradation of the omeprazole. In the



5 pH, antacids can alter rates of drug dissolution and absorption,

bi coavail ability, and renal elimnation (Brunton, supra). Sixth, because
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down w bhramopither 50 nl of 8 mol es sodi um bi carbonate sol uti on. Ten
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i ngested by the subject for a single oOneprazole dose. Not only does this

regijgen Eﬁ‘éﬂ&'a'hé rédnee thsle@éénmnmftﬁéﬁa%ﬁasvleumwmla vOlhimeDbERLLARELE and

wat er, mhlc I's kely to be dangerous to sone patients, it 1s unlikely
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t wo (usugmny(pg ing and night) doses of a nedication per day. The use of
t he pr|§ "UPT er ed oneprazole sol utions which require adnlnlstratlon

prot.Qcol s ner o ere sodi,um. bi.ca

bredbacor e +StRrd A el naE syl ybrfee'ﬁ?ﬂ 5t PO AR ¢ 11 e
al | ot ment ween each stage of the t 11 WO 03/009846 PCT/ US02/21368
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Jfor 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)).

20 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
their hypertensive conditions (Brunton, supra). The ingestion of large amounts of sodium
bicarbonate is inconsistent with this advice.

Fourth, patients with numerous conditions that typically accompany critical illness

25  should avoid the intake of excessive sodium bicarbonate as it can cause metabolic alkalosis
that can result in a serious worsening of the patient's condition.

Fifth, excessive antacid intake (such as sodium bicarbonate) can result in drug

interactions that produce serious adverse effects. For example, by altering gastric and urinary

10



can be stored at refrigerator tenperatures for a week and deep frozen for a
year while still mintaining 99% of its initial potency. It would be

desi r abl ewDo3lesses an omeprazol e or other 10 proton punp i maTisvze13s®l uti on
or suspension that could be stored at roomtenperature or in a

refrigerator for periods of tinme which exceed those of the prior art while
still maintaining 99% of the initial potency. Additionally, it would be

advant agepbigadids daiRerdattO6MINGS didsbRtioPARIbSFRIR, Bibslalitigy haaadnal whi ch can be
utilized to instantly make the oneprazole solution/suspension of the

present eipyfanbd @ruMbBh Ghphp supplied in a solid formuwhich inparts 15 the
advant ages of inproved shelf-life at roomtenperature, |ower cost to
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sucﬁeas%?gIV%?goﬁg%hggﬁéﬁwéggﬂpzP%ﬁ“??“?%ﬁV’Ubegﬁgggﬁghﬁgg%ﬁn%gﬁ ﬁe orally
or enterall% el iver a f.or sol. | s desirabl e

S | i qui . ar for [t
that thd® ’bﬁ%]"?’grscr)rlu%ﬁ%rf ?fogﬁmrﬁ‘(o) S%’ids88‘“ r%d%gtfqnf‘tﬁén ?%ﬁgg&%ﬂcﬁl“gs nasogastric
tubes or_.other siml|ar tubes, and whi acts as an.antacid i iately upon
05 e | vy STriet B PR p BBl n gt ot e B BT Bef: o
enhancer  of the har macol pgi cal  activity of the PPLs. It has been
Cheor | 2@OBGMERHE PIIIE 4 Reditp RiSaeerae. cliye s Shgey dBwaryithianeher Drrdles on
H+, K+- ATPase en the parietal cells are active. Accqordingly, 12 WO
03] 0005 B~ PEr ORI OToFR e i1 [RaRP T Hi FaeFHE SRORRPRElEs6d bel ow
parietal cell activators thg@fare adm nistered tqQ synergistically enhance
t he lact i995% {hesrbiptidngeps 20 mhofhicarpnate sglution{@ mmplesly dRS USRI GEYBPs of
PPIs of the prior art are often admnistered in |arger doses than the oral
forms. MRputesanddhigy nipges Rosh aneprazelg dpsipgtogisdda fptal OBﬁgﬁlmMOésqdyngr eat er
than 100 ng/ day whereas the adult oral dose is 20 to 40 ng/day. Large 10 .

| V dosedicgruonsie ards2Wrmyl af gvatee i tetabthatnse gettaddry thhsubiestler agingleef f ect because,

it is believed, | . _ _ _ )
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
20  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.
Compliance has been found to be markedly reduced when patients are required to deviate

25  from a schedule of one or two (usually morning and night) doses of a medication per day.
The use of the prior art buffered omeprazole solutions which require administration protocols
with numerous steps, different drugs (sodium bicarbonate + omeprazole + PEG 400 versus

sodium bicarbonate alone), and specific time allotments between each stage of the total

11



many of the parietal cells are in a resting phase (nostly inactive) during
an |V dose given to patients who are not taking oral substances by nouth
(npo) andwotleoshere, there is little active (that whi chpca/iseserssed i nto
the secretory canalicul ar nenbrane) H+, K+- ATPase to inhibit. Because of
the clear disparity in the anount of drug necessary for |V versus oral
doses, it 15 would be very advantageous to have conpositions and net hods

for 5V aglebraieid feginielin Wier 6 actiéwgriffidaciaid redulth B feadly Ulconfrast @G ibb@d. SUMVARY
OF THE | NVENTI ON AND ADVANTAGES The foregoi ng advant ages and objects are

acconpl psh@ddhy cbhplidAtEeHhestes bV RIMdnRrelNe  present invention provides an
oral sol ution/suspension conprising a proton punp inhibitor 20 and at | east

one bufferi nghAagenhrt (PilbeanPEl al C AR5 PRaRY thatthshitfeddthepRRglk Higlataine conpound
havi ng H+, K+- ATPase inhibiting activity and being unstable to acid. The

inventi g, pGRPSid s g&&gﬁem@&%ﬁm%ﬂ MEle¥ aREddep HrOBNALELyAS whilPGWder . tablet,

i
suspension tablet, che e tablet, capsule, two-part”tablet or capsul e,

ol { o1 Ve MiniRO Y or iChiifl %ﬁéﬁgng AR el desiRBlehive OB bPherSUCT

dosage torns a vant age any enteric coating or 25 del ayed
taj -rel. I i i t | t
one 10 L P B8 o R B S B e B e 2 R he
l'i quid d ) f ' . AR i ng. ts,
I qui ar}g%ﬁr{tgra tgo? ?e\a;'%?s off thd Rhigflkced thgs%g)f | Efpglgldzﬁ'&\gﬁ%t%lgﬁag%tg@w%gen S

. €
parietaf“'c ators and f1avoring age

PCT/ USO 1268 . .5 I n. anot ... enbodi nen ral. dos for a di scl osed
conpri sgé;é ozglgd?rlg?lﬁg%efl%yn ’g(f&téoﬁg&’iltcvy%u(l)% Elt V%nrtagﬁ%lfsggg Yeraeloglégétge PPl with an
antacid C

. Sych f ti ! i -enteric- ted PPI.
Lo L PRRRE PR alE W s Db SO RRINS TR e BhteRatt oo her ei h to
rovide for ,the eas reparation of a liquid.co sition fromthe dr
Do ms. 10 BT e Werht iR afhds Huises BRot it which Skt er
providquf nethodggf trﬁq}hq astric acid gi sorders bﬁ orally
admilfi stheradirptasss of mRtovedshe 'g‘h TRRIR LRRCELre, I8t Profss) lesthd/ or  dosage
fornm(s) disclosed herein. Additionally, the present invention relates to a

met hod EHRENEKHEPRPIMEFOtRend BIEN ARleSH FHFEHF ¥ Fvity of an intravenously

adm ni stered_proton punp inhibitor in which at ) )
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

20  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
nasogastric tubes or other similar tubes, and which acts as an antacid immediately upon

25  delivery.

It would further be advantageous to have a potentiator or enhancer of the

pharmacological activity of the PPIs. It has been theorized by applicant that the PPIs can

only exert their effects on H' K'-ATPase when the parietal cells are active. Accordingly,

12



15 |l east one parietal cell activator is orally admnistered to the patient
before, during and/or after the intravenous adm nistration of the proton
punp i nhiwptoao09ské nal | y, the present invention rel ates toprPaTnsohokes or
optim zing the type and anount of buffer desirable for individual PPIs.

BRI EF DESCRI PTI ON OF THE DRAW NGS 20 O her advantages of the present
invention wll be readily appreciated as the sanme becones better

undesst applicay hae fdentifindeastdisctidsed baddw,patictal celb bctivhtods the acradpiiniseredvoen
considered in connection with the acconpanyi ng drawi ng wherein: Figure 1 is

a graph sgieogistiglly bshasdefltReictioity 6fitke PRIEPr azol e sol ution of the present
i nvention on gastric pHin patients at risk for upper gastrointestinal

bl eedi ng fr omdaktibeas; the tfagdndtiedbsaaedomal of PRIEAG €ic Priogatt &edfibp @ 1 ow chart
illustrating a patient enroll nent schene; Figure 3 is a bar graph

i 11 ust r alimigstGedinllhrgerddshdn thY 6al 1Bk, TP ExatplE, tHeS¥picl Adlk 19fdosdd¥epr azol e
solution according to the present invention; 14 WO 03/009846 PCT/ US02/ 21368

5 Fi gur @nfbpiaSoldisPreiid? than! 106 ﬁiayweffesgem§s&mm daé-é V20 e RIS Thipe oral
adm ni straF| on of both ChocoBase plus | ansoprazol e and | ansoprazol e al one;

Fi gype l"_IV'd%sé- aflf RBAsAr| I irhie®d § ﬂh@ Hesiredd EH?&Q&%g@@éﬁe‘cf BRAsO Qbelf&D:  Figure 6

is a graph illustrating an endoscopi ¢ confirmation of GERD;, Figure 7 is a

raph il ny type
J0°0r 1 ot of B pRG ARG FRHARE pfise BAbIE MR AL IRL 0NN BTV VP

ef fecti é[ fontsy ark QG 1 &al%ﬁ?&arﬁ@sr %gl}stﬂ Q{ﬁ{))land %@rgfogé HYEis BietleS: ]QﬁVegr aph

illustr e enviro nt a mnidtration o
PPl / buf fer farulatio E f«LEDDE%/CRIP O\iél: INVE ON 1.
Tt v odudiiry 'f*hlsgf&ﬁfe'?ﬂrm]‘ HSTH SRS ETAIROI BIOBATeY Kt TR 5 R maceut i cal
COITDOSI tion co n’grl Si ng
Because of the clear dlsparlty in the amount of drug necessary for IV versus oral doses, it
15  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

present invention provides an oral solution/suspension comprising a proton pump inhibitor

20  and at least one buffering agent. The PPI 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, tablet, suspension tablet, chewable
tablet, capsule, two-part tablet or capsule, effervescent powder, effervescent tablet, pellets
and granules. Such dosage forms are advantageously devoid of any enteric coating or

25  delayed or sustained-release delivery mechanisms, and comprise a PPI and at least one
buffering agent to protect the PPI against acid degradation. Both the liquid and dry dosage

forms can further include anti-foaming agents, parietal cell activators and flavoring agents.
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proton punp inhibitor and a buffering agent with or wi thout one or nore
parietal cell activators, and which is not enteric coated, sustained or
del ayed- r@baamassdthi | e t he present 20 invention may be eniraditesd2/2rsesrany
different fornms, several specific enbodinents are discussed herein with
t he understanding that the present disclosure is to be considered only as
an exenplification of the principles of the invention, and it is not

i ntepded t o Id diothet dibodirMenE dtdl @sakOfdkhiSare AREIdiedRBinpridind 41sdnitAta86n of Or t he
pur poses of this application, the term"proton punp inhibitor™ (or "PPI")

shal | 2htefi®adutedtr dslasitrelchle® SPDRRI AARRLZRY)E SRASBASShAGpRidAdIFacol ogi cal
activity as an inhibitor of H, KATPase, including, but not Iimted to,

onepr azebfpride AR RREALOLed PNt OPr azol e, rabeprazol e, esomeprazol e,
pari prazol e, and | em noprazole. The definition of "PPI" also neans that

the active a : £l j : aa i &t .f desired,
ntha 15 vernghdile hOGBESET ok BX I AR Sk RN R e ol |, CO8

enant | ORResy proRIoR of & ALNiQ BRAiSsiti3h HAUAS arydikisval | ves and the 1 ke,

provi de ester, , enantione i soner, tautomer, prodrug, or

der ilﬁat hve i f cé&ﬁ&rﬁgk’v@thm r%ﬁ%&gii&ﬁmgs its }ﬁgﬁgr ﬂrg‘gﬁkﬁg xﬁcgté{)cy & in the

present nethods, conbinations a conposi ers, am des,

enanti o i .S odruas. and ..ot her, rivatives of the
active gggetﬁxfgg&ngggﬁid%é@%grggg&agf“ﬁé’négegnééor%&ﬁlr%&g@ OTe g‘lge tlﬁ?a)]vm to those 10
skilled in the t of ntheti ¢ organi.c chem stry and descri bed, for

exanpl e,CO’B&’/OSkhl!O“%F% c,)r d%% Vancy Sé d59 EY ihc?re@nem stry; Reactions, Mechani sns
and Structur At h E New, .Yor k. /|l ey-Interscience 92). The

t her apeutic %8%'?1‘??“5’%‘? éﬂrgseﬁf Beaen f%@sn%iadlhé}bogﬁgrbeéﬂ?%mg%t ed as a single
phar maceptical conposition .or as independent nultiple pharnaceutical dosage
Porm. PEvpRaPpERt R rener uRpnereBera e et e s bR BHCh A ont | on
inclyde those suitable for . oral, rectal, buccal (for exanpl subl i ngual ),
or dgr e Mi30RF PEHLH CQLM%{ is P@V&%W&tﬁﬁd toélherﬁaHF%t&’F’gﬁ’ BHINEARGEEN t he st
suitable route in ny,sg_i ven case will depend on the nature and severity of
t he coné*iet‘l“?ﬁﬁ’e%‘éisﬁé“t At rEhePreien PrEP HHRIPE of the particul ar compound
which is being used. 20 As explained further herein, the PPIs generally

i nhi bit ATPakiBalp tltefpéesgngﬁ%vew relates to a method for optimizing the type and amount

of buffer desirable for individual PPIs.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Other advantages of the present invention will be readily appreciated as the same
becomes better understood by reference to the following detailed description when
considered in connection with the accompanying drawing wherein:

Figure 1 is a graph showing the effect of the omeprazole solution of the present
invention on gastric pH in patients at risk for upper gastrointestinal bleeding from stress-

25  related mucosal damage;

Figure 2 is a flow chart illustrating a patient enrollment scheme;
Figure 3 is a bar graph illustrating gastric pH both pre- and post-administration of

omeprazole solution according to the present invention;
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Differences in onset and rel ative potencies are largely due to differences
inthe acid instability of the parent conpounds. The inventive conposition
conpr i sesworog/obwaerul at i ons, sol uti ons and/ or suspensi ons Paff/tSz236®t on
punp inhibitors. As used herein, the terns "suspension™ and "sol ution" are
25 interchangeable with each other and nean sol utions and/ or suspensions of
the substituted benzim dazoles. . After absorption of the PPl (or

adm 5i st rat i digurent isa\eeapb tlbisiritinghie domegh ipsl vdkles afear dat ovdl adminfiseratidnaddst ream t o
various tissues and cells of the body including the parietal cells. Not 16
VO 03/ 00:38AChde6B4stiPi2 lardaipdoleand Rinsopetizolg alode;oe bound by any one theory,
research suggests that when PPl is in the formof a weak base and is

non- i oni zed, Fidurd 3 RalgyapRasseainghrdLigbbddtyisiedtiegoLGERDPr anes, incl uding the

cel lular menbranes of the parietal cell. It is believed that the
non-ioni zed PRurd®¥agrdpRifusiritthg afehdbseRid @htifithtibR6f GBRDOT the pari etal
cell, the secretory canaliculus. Once in the acidic mlieu of the

secretory camghictlsdSraphMfustPiilngitfe RPRAENS patiBli OV RORIdeAdérbOiag £ e 2Nd
converted to the 10 active formof the drug. Generally, ionized proton punp

i nhi i t QJSeffik ShefBThh #RPasti Mper meabl e and form di sul fide coval ent bonds with
cysteine residues’in the al pha subunit of the proton punp. Such active
forms are ingfouogliswigtbh fidsBRindehd didkliRelof thEChocdIBEE FrmyilipninVeNt i ve
phar maceut i cal” conposition conprising a proton punp I nhi Bl tor such as
onmeprazql.g, |ansoprazole or other proton punp inhibitor and derivatives
thereof can be 15 used for the treatment or prevention of gastrointestinal
Condi LT ons 1 MM 09 erBHY RG4S od e W CHOP BB T imc025L [ ©
ul cers, dyspepsi a, g§s roesophggea reflux sease , Severe erosive

esophagif;l,iy%uff&qg“lx t{Ogsponsi ve synptomati c GERD, and pat hol ogi cal
hypersecretory conditions such as Zollinger Ellison Syndrone. Treatnent of

thesg conditions i i j i i pati ent an

ef fective anount of ﬁ%m@h@sgkﬁgﬁgﬁﬁﬁgm'@@@ccor ding to the

present I nvemitreductibhe proton punp inhibitor is adm nistered and dosed in

accordance with good nedical practice, taking into account the clinical

condi ti on of Ii gamerahdhevirebast!inyeatiorenelates tde plsirmaceuteaticomgtokitidn ofmprising a

adm ni stration, scheduling of adm nistration, and other factors known to
proton pump inhibitor and a buffering agent with or without one or more parietal cell

activators, and which is not enteric coated, sustained or delayed-release. While the present
20  invention may be embodied in many different forms, several specific embodiments are
discussed herein with the understanding that the present disclosure is to be considered only as
an exemplification of the principles of the invention, and it is not intended to limit the
invention to the embodiments illustrated.
For the purposes of this application, the term “proton pump inhibitor” (or “PPI”) shall

25  mean any substituted benzimidazole possessing pharmacological activity as an inhibitor of
H+,K+—ATPase, including, but not limited to, omeprazole, lansoprazole, pantoprazole,

rabeprazole, esomeprazole, pariprazole, and leminoprazole. The definition of “PPI” also

means that the active agents of the present invention may be administered, if desired, in the

15



medi cal practitioners. The term"effective. anmount” means, consistent with
considerations 25 known in the art, the anount of PPl or other agent

ef f ecti vewD®3aedsiieve a pharnacol ogi c effect or therapeut iPCTiUspz/ZM6esENt

wi t hout undue adverse side effects, including but not limted to, raising
of gastric pH, reduced gastrointestinal bleeding, reduction in the need for
bl ood transfusion, inproved survival rate, nore rapid recovery, parieta
cel | sactfomadf saits, &stersHmides, dnidntWh 03 90008 4GutBLers | Js0dh 2] 3G B atites Addhs e
inhibition or inprovenent or elimnation of synptons, and other indicators
as are dikgubededthe sdPEsHP)dndll€ enEaSHERS BoRyr, tabger, pkddrlgeor defivitive iart . The
dosage range of oneprazole or other proton punp inhibitors can range from
| ess  t hamabippiaracsRighly, ZhaliB/ efytivetn @RIPrExhtHRiIRIAY, coMBinalyndayd For exanpl e,
the standard approximate adult daily oral dosage is typically 20 ng of
ONMEPr aZ Ghipodhor3D ShidNERRS, amles endiiodersIBoRers itaidniers) pfodrild aRoth@bepr azol e,
20 ng esoneprazol e, and the pharmacol ogically equival ent doses of

pari pr azdah@ative@slfth;@mﬁm@%ea%% be Prephiall TBEEhrdeA pré 8 oo fbsd he proton
punp inhibitors utilized in the present T1nvention can be adm nistered

oral{py QkiiRB§Ehahh ¥r quthl%ﬁl@orgém& Shnistrlthd dé‘s@ﬂbe_@?foﬁ@%?ﬁig, by N8darcif,0r  exanpl e,

by adm nistering the solution via a nasogastric (n t ube or other

i ndwel | i e i . : 9 ' e critical
o sadvark Sght el AR, KRR, Feokdnlsh and Su@ie aul Bo IO Yol

bi car bongt %)-Intté} iPEL 1g@hution of the present invention is administered in
a single d se ich’doeg'not require any further admnistration of

bi carbonat e, 1‘?15 th%FaB%ticQgéJt%ftﬂeoglei%m iﬂgenﬁi*&:?ca%[dr@ tlJt@dtst%rli f the PRI
sol ution, nor does’'It equire arge anount of Dbicarbonate or buffer in
total. 'I;)F}llg;m Ic?uticglgtloglggsitti&e%r%é%ng%;%e%{i?tné ﬁ%ﬁ)t%)?%fh%ﬁ%%&%%éﬁdgﬁ%% fgrql@] nistration

prot ocol's outTine ove, u invention is

i i ingle d ...wWhi_ch t i dnjnistrati f
01 Ve, | el BRI SRR bl bR UL RS B o coon

[ ti | i m nat th d t - t-d ith additi I I
ooy Rl S Be e L S SE El  or ol ures
via the single dose adm nistration of the present L?gent'on is less 25 than
the amoUHmIBITSPRATBOIEALEE o HioBIe aptien Dy BiR e Pl HRENG0T W nai

references cited above.  I]l. Preparation of Oral Liquids
and severity of%he condition being treaPed and on the nature of the pa Pcu%r compound

which is being used.

20 As explained further herein, the PPIs generally inhibit ATPase in the same way.
Differences in onset and relative potencies are largely due to differences in the acid instability
of the parent compounds.

The inventive composition comprises dry formulations, solutions and/or suspensions
of the proton pump inhibitors. As used herein, the terms “suspension” and “solution” are

25  interchangeable with each other and mean solutions and/or suspensions of the substituted
benzimidazoles.

After absorption of the PPI (or administration intravenously) the drug is delivered via

the bloodstream to various tissues and cells of the body including the parietal cells. Not

16



As described in Phillips U S Pat. No. 5,840,737, the liquid oral

phar maceuti cal conposition of the present invention is prepared by m xing
onepr azolwoanersike- coat ed 18 WO 03/ 009846 PCT/ US02/ 21368 PCH/Uugnamibes
(Prilosec(r) AstraZeneca), or oneprazol e base, or other proton punp

i nhibitor or derivatives thereof with a solution including at |east one
buffering agent (wwth or without a parietal cell activator, as discussed
bel 0%y . inténdivgao erbaacd g Ay orertikgorg zatactosuggdstseliat phei PP is thgoformlof i t or

whi ch can be obtained from powder, capsules, and tablets or obtained from
t he sol wehiobast Bid Pacehedit feediy pabsst thadugh Physictogid xetlbiahdshinalugiagthem

bi carbonate solution to 10 achieve a desired final oneprazole (or other

PPl) cop@afiM: hithitedhes Hh@parRiBOq. & is bllR veBAGRIMdhabhigdl FH nvePih@amd € in the
solution can range fromapproximately 0.4 nmg/m to approximtely 10.0

ng/ m . The-seir&fngpoRdn ©Phe pabdtackD thd LérefoREcafiTRANSZOh& ih helddRlicSRilibE | ON
ranges fromapproximtely 1.0 ng/m to approximately 4.0 ng/m, with 2.0

my/ M bef g stdiGory ShAMEAhS e FPE QPR Prothifked! (RARSDIAd bR k&I BVIRCT d(r) TAP
Pharmaceuticals, "Inc.) the 15 concentration can range from about 0.3 ng/m

t i dio : 1 i -s - /m. Alth h
0 %Qmﬂgétme fm & thd\Gupr §LREAIS ﬁ@gﬁﬁ%ﬁ b ShhibStsek ABAMGanS MU oug

sodi u I car ate s the préferr buffering agent to protect the PPls

agai nst glﬂgérﬁle%gegmm BRI al8 tfﬂ,sﬁdswahe\,gt@g? ﬁ{s[?gssgn RASAsha GARMHext Ur es

t her eof an utrl1zed. For the purpos I's application, "buffering

agent” Qf %&9& L% dﬁnﬁlaLtiJﬁ%s%Win&Pc}e%?ﬂgl{ﬂ?tﬁg\H%f&]nq | ¢ <BPPHER[ at e weak base

or strong ‘base m xtures thereo ormul ated or delivered
subst ant -l 1§ uguE MSRRR P8l ol R oo b By BRI L case i o
The. but FePHgale Rrs Pl Sty gy BRIFal dheflagh Fubgbe i ™ = oot
20em o EHaY B BEURF of DB EEN o e BRI Ta ol et OROE By Py FrdRaci a, et
bi oava ISBEHEO BRI Ea S AT priegts Forapetieees sEr e S EPaT 0seas
PCT/USO 2s/evzca:rl'ese?cé)gsive esophagitis, poorly responsive symptomatic GERD, and pathological
hypersecretory conditions such as Zollinger Ellison Syndrome. Treatment of these conditions
is accomplished by administering to a patient an effective amount of the pharmaceutical
20  composition according to the present invention.
The proton pump inhibitor is administered and dosed in accordance with good
medical practice, taking into account the clinical condition of the individual patient, the site
and method of administration, scheduling of administration, and other factors known to
medical practitioners. The term “effective amount” means, consistent with considerations
25  known in the art, the amount of PPI or other agent effective to achieve a pharmacologic effect

or therapeutic improvement without undue adverse side effects, including but not limited to,

raising of gastric pH, reduced gastrointestinal bleeding, reduction in the need for blood

. . . . . . . + +
transfusion, improved survival rate, more rapid recovery, parietal cell activation and H ,K -

17



5 Accordi ngly, exanples of buffering agents include, but are not limted
to, sodium bi carbonate, potassium bi carbonate, nagnesi um hydroxi de,

magnesi urwbagsnedses magnesi um gl uconat e, ot her magnesi um ParEse2/2036811 NnuM
hydr oxi de, al um num hydr oxi de/ sodi um bicarbonate coprecipitate, a m xture
of an amno acid and a buffer, a mxture of alum num glycinate and a
buffer, a mxture of an acid salt of an am no acid and a buffer, and a

m Xt Gr e AllPaed inhibit@h loaimprsaintentdr elimirmnvmal ssopmaad atheuinfieatorsAddiet | onal
buffering agents include sodium citrate, sodiumtartarate, sodium acetate,
sodi um calkliedat ppropriste wEamedsybhy iaspblalied, in petastssi um  pol yphosphat e, sodi um
pyrophosphat e, potassi um pyrophosphate, disodium hydrogenphosphate,

di pot assi um Inyeldeggimhgsdiidaieprazdlé bissbkr protgpsipliaiiBitors Ednpad gRSoniss
phosphate, sodium acetate, potassium netaphosphate, magnesium oxi de,

nmagnesi UrRanlpplay ity o éng/diRENGpraxim &ally BOM ApRlay. "BGRREhPIONtd dtadadde, cal ci um
acetate, calcium glycerophosphate, calciumcholride, calcium hydroxide,

cal ci um{ h%&@taeeadgnhslnymmgég@r@ty@cauml rivg SOk 2618 030hE lanspshzOke @ cal ci um

salts. e pharmaceutically acceptable carrier of the oral [iqui d may

CONMDYyi S §n@pdtdpRizBRNAS rﬁ% raéb@hrhzol, 2%%@@@&%%@& pHafh&bicgRagent , and can

be prepared by m xing the bicarbonate salt 20 of the Grolp I'A netal,

preferal Mlv§1ggldgggslgfﬁﬁf DOR! Shd l%ﬁmbpr £r. The concentration of the
bi car bongte salt of Goup A netal i'n the conposition generally ranges

f rom appr oxi ’lﬁﬁh%wacéutﬂza%lffnﬁﬁ& on o‘?t}%gy?%ona&}g& ﬁh%xt&@ hi%ﬂruﬁ:ﬁ:@t&}reséx{? one

enbodi nent content o bic salt o t he p I'A netal

Langes APPSR AR, R REbaRRE T o lBE e

o 5 Sl A PRI R e PO
’ 03/009846 / 02/ 21368 5 In

nEq mml e r.a
an chibodrel b G f etpfrne%%ﬁ?@ AR Sy RS A e ool

particles _ar.e obtained fro ed rel e a e Prilosec(r.
hot r azerRBL) e BR APy S STl b“rﬁé%?‘%a@e%‘g‘_Sgﬁ‘\ﬁ&'é?“é%lﬂm%e@ Bt e
enter| Cails L.(}/ml%gtaé¥' qn grsrl?lgle%%gel W acgc;[els gétergqu?ig: %nyn}u)lgtﬁgr administration of

bicarbonate, or other buffer following the administration of the PPI solution, nor does it
require a large amount of bicarbonate or buffer in total. That is, unlike the prior art PPI
20  solutions and administration protocols outlined above, the formulation of the present
-invention is given in a single dose, which does not require administration of bicarbonate
either before or after administration of the PP1. The present invention eliminates the need to
pre-or post-dose with additional volumes of water and sodium bicarbonate. The amount of
bicarbonate administered via the single dose administration of the present invention is less
25  than the amount of bicarbonate administered as taught in the prior art references cited above.

II1. 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
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Wi th a sodi um bi carbonate (NaHCO3) solution (8.4%, which dissolves the
enteric coating and forns an oneprazole solution. 10 The inventive

sol uti onswendoasher dosage fornms of the present inventi onPOaWEsS02/21368

phar macoki neti ¢ advant ages over standard enteric-coated and tine-rel eased
PPl dosage forns, including: (a) nore rapid drug absorbance tinme (about 10
to 60 mnutes) followng admnistration for the PPl solution or dry form
Ver sus 3 | Qwi 1[I ' L he . ri c- coat ed
ol 1 6 s Pt BherppRuferBl, bRt AE PP, bBhiraBn bl b BELEL TGt on
prior tao rption: {c f t tdwhile the PPl is
bei ng aeggar%ﬁlgg&%rg&vrvéhp% Scfthgln zﬁéﬁ“jc??’{rgeﬁ??eé'?‘;ﬁgﬁ‘g&( @?E?ﬁ%‘%@‘g}%ﬂ‘%‘ﬁ% %an be
admi ni st er.ed t hrou an ,. exi st i ndwel 1 ing tube without clogging, for
excanpl o Haa o Rr R st Ry TR 8 Ame CSbiriadis o sy

i ncluding smal.l. bore needl e, cat het er feedi ng tubes., Solutiaons,_ suspensions
and povddrE bSPTIR G OLBINES FRPRys: LpRENE AP LR B el oo such

as suspendi ng. agents (for exanple,. guns ant hans,. cel lul osics and sugars),
urmo: adbesonioh T papteis S aiTRsS s TSR § SORET bpSPorBlaaBNGS ot hano!
water, PEG and, pro ene gl ycol urfactants (for exanple, sodiumlauryl
sul 18 e,alass‘éﬁ?s@es%@ﬂ?m%%%épﬁme%ﬂx @perairationy Asep GxamRledhend
antioxidants (for exanple,. parabens, vitanmins E and C, and ascorbic acid),
ant i - cakPhgBgoRE omeRsazaleyy thigiomtien cayyangefem arprdkimgieki0 pest texanyl e,
EDTA). 25 Additionally, various additives can be incorporated into the
i nvent i \EPE¥IMatehy H-Q Big/main The ersferied canegpratiop for the @iaqpqupg i g splyBemni ci ty.
Antim crobi al preservatives, such as anbicin, antioxidants, chelating
agent s, Taegs Bermiapprexiglatebyl-f ayedmida appsexigdiebat-0 melely with 2.0mg/mbbring bgi cal
evi dence shows that this fornulation inherently possesses antimn crobial and
21 WO 03tduss@ cpptiosobyrdasegazol ErvasidRJAP Riatmacenticals\iac.) thes
anti bacterial and antifungal agents such as, for exanple, parabens,
chl oiSobsorgsoiratiopisemeenge kem bbapt 83inek/mhted! Otrhgmll ivick theame femdtegooesnpatéanent | on of
the action of mcroorganisns. In many cases, it would be desirable to
i ncl ude bemgtabeit 3 mggmwht s, for exanple, sugars, sodiumchloride, and the
| i ke. Additionally, thickening agents such as nethyl cellulose are 10
desirabl e t oAltbeighsodingidicatbonate iiitbeprefeered baffdringggoit td gpretecirtePRIzol e or ot her
PPl or derivatives :

against acid degradation, many other weak and strong bases (and mixtures thereof) can be

utilized. For the purposes of this application, “buffering agent” or “buffer” shall mean any

20  pharmaceutically appropriate weak base or strong base (and mixtures thereof) that, when
formulated or delivered with (e.g., before, during and/or after) the PPI, functions to
substantially prevent or inhibit the acid degradation of the PPI by gastric acid sufficient to
preserve the bioavailability of the PPI administered. The buffering agent is administered in
an amount sufficient to substantially achieve the above functionality. Therefore, the

25  buffering agent of the present invention, when in the presence of gastric acid, must only
elevate the pH of the stomach sufficiently to achieve adequate bioavailability of the drug to

effect therapeutic action.
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thereof fromthe suspension. The liquid oral solution may further conprise
flavoring agents (e.g., chocolate, thalmantin, aspartane, root beer or
wat er mel owp odmosuher fl avorings stable at pH 7 to 9, anti PCramer/ageagent s
(e.g., sinethicone 80 ng, Mylicon") and parietal cell activators (discussed
15 below). The present invention further includes a pharnmaceuti cal

conposi tion corrpri sing oneprazole or other proton punp inhibitor and -

deri ati ves LeanLN ARG Rles bEATr ARG ANGAHN wRAENImiG 3 HAG conveni ent

for Storage, ere e co tion 1s placed into an gueous
| ut | di
S PR zpﬁglb?c@@%h%?w R BT L g o

conposi tjon is i brior to.dissol utig suspension in an
agueous ‘*%‘f)clou"fte therﬁnﬁén%mm id ESZSU l@fdﬁoé‘r&P% gindin f yIaB i sr‘ﬁﬁl §' agent can be

f or med a tabl et. a eI | ets ar hods wel |  known
to thosé’ %Oﬂ?téa"?fﬁc‘? Wge’gm"ft”ﬂfﬁga? %'EWP?%!H?%)%@B#G&Z"CW'&XE%? AYYRUTs stable at
room te eratur sever.al eks,and . 25 j nhi. E‘BF gﬁgwth of bacteria
or fung erE?(ﬁ‘r‘mrgo anaid el of AR 29 a d:? H-HE 4 MXHCE anpl e
X solutl nmalntalns r than9% f . its patency for 12 nonths.
By 19 O\H an ﬁéa'ésagtlﬁtaﬁﬁ‘@lé‘ﬁtapéé‘%% ‘hfg‘“és IBPM ‘iﬁﬁgﬁée"gﬁfﬁﬁl‘ fi@mor ot her

PPl with buffer in a SO|Id form which can be | ater di ssol ved or suspended
in a pr &S pRUVE SRR s9diup st sobumerrbaratip SRSl PRbYPhosintepRaigssiums
solution to yield the desired concentrati on of oneprazole and buffer, the
cost of PﬁFY@HQRPP?tBﬁOd‘E'ﬁlpﬁfﬂph‘@SP %{ﬁd’o?ﬁ%‘rfﬁglémal?%plﬁ‘?eﬂtsﬂfmﬁeduced as no |iquids
are shipped (reduci ng weight and cost and there is no need to

r ef ri gerwewgenpBowbite dincsshirmhydieecnpbpspbat trisndiugt Phosehaisolripelassium  Once ni xed
the resultant solution can then be used to provide dosages for a single
pat i ent Phesphptegsodiggy asetats pataspism regtaphesphatesmegibsiypokidatmagnegdum | | . Tabl et s
and Qther Solid Dosage Forns As nentioned above, and as described in part

i n PHi | IliydeoxideSnagngsium Keyborgiteg 1@ gR8inm diligate, ¢abinm hetatorvelcivin t he pr esent

i nvention can al so be manufactured in concentrated fornms, such as powdlers,
capsul esglycemiphesphate, salsarchiolide tcalsiva hycmmrddeeﬁdle'umdmaemcaltiam @ttonge, powder s,
whi ch

calcium bicarbonate, and other calcium salts.
The pharmaceutically acceptable carrier of the oral liquid may comprise a bicarbonate
salt of Group 1A metal as buffering agent, and can be prepared by mixing the bicarbonate salt
20  of the Group IA metal, preferably sodium bicarbonate, with water. The concentration of the
~ bicarbonate salt of the Group IA metal in the composition generally ranges from
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.
25 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.
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can be swal | owed whol e or first dissolved such that upon reaction with
wat er, gastric 15 secretions or other diluent, the aqueous form of the
present iwoanteaci s produced. The present pharnmaceuti cal pcalser/s1368 ot her
solid dosage forns disintegrate rapidly in aqueous nedia and form an
aqueous solution of the PPl and buffering agent with mniml shaking or
agitation. Such tablets utilize commonly available materials and achi eve

thesq and ol feciARaAPLANORESRE bVERon, Therital ghe Q&ep%mer@ﬁhasd dosage

forms of this i1 nvention precrs osin that may be

of |ow SO' Lf)l?l ?eﬁtf}/onr (cijele\ll\}lah releaae-:rpat% ul??()sriggecp% {r!l%:e}%'nl % letem%H/e f or medi Cat i ng

chi | dred™an e accept abl e
th | | t b d ha I
i | OGRS s pmiwg%% 15 PR seisd T aPaeS ?*ﬂ%w%@ﬁwaﬂécu%%%né*ﬁg tabl ets"

as used herei 0 ssed t bI ts i.ch 25 rapidly disintegrate
after tHd luB‘Iebal ﬁ(&&g@{)s sali Ho E%g‘sfﬂ‘éﬁﬁ < F‘éc%/aémgorm ag

suspensi on cont ai nin eci se dosage of the PPI. The suspension tablets
of thi saP%fPé‘ﬁfF'bﬁmeng?‘?%ﬁ%L“é‘ ™ n conbination, a therapeutic amount of a PPI,
a buffering agent, and a 23 WO 03/ 009846 PCT/ US02/ 21368 5 disintegrant.
Mor d0art i cuirg § Inyentivp, solutinns andsothiss dpsage fqrms ehihe preseat yetion Jigvery omepr azol e
and about 4-30 nEq of sodium bicarbonate. Croscarnellose sodiumis a known
di si nt e@h%rmacqlwreﬂfa%\faétangma&f’?réﬁgten@rﬁwtquandé.%rrplaeﬂeé PPl dpspgene

Cor por ation, Philadel phia, Pa. under the trademark Ac-Di-Sol(r). It is
frequenthSblm@lHéfel (Pm@rsm%@éab%b@n@ttmg(abw AQ rot0 raimyted) foleying| one or in
conbination with 10 mcrocrystalline cellulose to achieve rapid

di si nt egdainisyatior for the FPhssleton oplyrfoun yersusiabouid te @ hpws &dlowing one or co
processed with other ingredients, is also a comon additive for conpressed
t abl et s admihistrgtiorefor theeatric-bented; pelletai(b) the Yuftey selnemavetects thePe frointsicidi ty of -
difficult to conpress tablet materials. It is comrercially avail abl e under
t he 1Avi clegradation prortmabdorptidnp(c)xithé buefiferacts Avancantacid) wipledbiiRRISSs beieg ut i | i zed,
Avicel (r) PH which is 15 mcrocrystalline cellulose, and Avicel (r) AC 815,
a co pr absszddorgppidyntdeid edief; @sd @ thesblutionsaanbe ydbniaisteradahroeg anl ose and a

cal cium sodi um al gi nate conplex in which the calciumto sodiumratio is in
t he rangeistig iabeeitinuiOwithdu clapging, f@r. éxarhple \WasdgastACoBdtheri feedirgnptseéssed of

(jejunal or duodenal), including small bore needle catheter feeding tubes.
Solutions, suspensions and powders for reconstitutable delivery systems include
20  vehicles such as suspending agents (for example, gums, xanthans, cellulosics 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
ascorbic acid), anti-caking agents, coating agents, and chelating agents (for example, EDTA).
25 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
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85% m crocrystalline cellulose (MXC) and 15% of a cal ci umsodi um al gi nate
conplex, for purposes of the present invention this ratio nmay be varied
from abouwOmBMMEC t 0 25% 20 al gi nate up to about 95% MCCrra/iBYe/ai3gs nat 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 _tablef. The.suspension.tablet co sition may, in addition to the

| ngr dl, GGG ST o i KGO Brie AoH ABHTES) MR RGP eABRlt Con used i n
pharmaceutical tablets, including f]avori agents, sweetenjng agents,
f1ow ai déraberipehlerg ‘1%"06rphatqhéwb&ﬁ%wdtta%ﬂgﬁCaagiﬁmsﬁﬂrgxen%@ " be
apparent to those skilled in the art. Qther disintegrants, such as

cr 0spoviddBAECTINArOSEaNISHS- st arch gl ycol ate may be enpl oyed, alt hough
croscarnel |l ose sodiumis preferred. 24 WD 03/009846 PCT/US02/21368 5 In
addi tion to dhBaBYEenk Wehldibgdpdiabletpmckids isptonis pasitsafar xanyle, spgarspr esent
invention can be in the formof a powder, a tablet, a capsule, or other
sui t abl eodigmjchlogigeage thedikp (ddionally, thigkdningagents ichppmethyl esiltlesesss ci ng
tablet, troche or powder), which creates the inventive solution in the
pr eskdnc elesifablii tb yemin ogler tpyeduce tgesttlingrof thie@mepsazelp Peotherb®] ordegivatives t he
stonmach secretions or- water, which is used to swallow the solid dosage

f orm caheredifiom the sushensmgueous 10 diluent. Conpressed tablets are solid
dosage forns prepared by conpacting a forrmulation containing an active

i ngredi ent afdte &gwil prabsithgion ebaydorder tongisd fiaheing rgors®ign gheoothtd, mpr ove t he
properties of the product. The term "conpressed tablet" generally refers to
a pl ai n,thalmeatat, egpartdned) k@it béeo or Waternmeilony esdtherflavirgp atabld atpyH d ts9,natie
conpressi on or by pre-conpaction tapping 15 followed by a final

conpr essbating Bpentsae al, sirerhiachagid mgsMgHtonCparidgiarietelael] petdmatoss @isclssais bi nder s
(for exanple, hydroxypropyl nethyl cellul ose, polyvinyl pyrilodone, other
cel Isl otiedbwynt eri al s and starch), diluents (for exanple, |actose and ot her
sugars, starch, dical cium phosphate and cellulosic materials),

di si nt egr at i Me peedht fvédtdh fRNMERdessd phafhach@lciN®iposdiich &tprigingsi C

materials) and 20 lubricating agents (for exanple, stearates and talc).

omeprazole or other proton pump inhibitor and derivatives thereof and at least one buffering
agent in a form convenient for storage, whereby when the composition is placed into an
aqueous solution, the composition dissolves and/or disperses yielding a suspension suitable

20  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 PPIs and
buffering agent can be formed into a tablet, capsule, pellets or granules, by methods well
known to those skilled in the art.

The resultant omeprazole solution is stable at room temperature for several weeks and

25 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 PPI with buffer in a

solid form, which can be later dissolved or suspended in a prescribed amount of aqueous
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Such solid forns can be manufactured as is well known in the art. Tabl et
forms can include, for exanple, one or nore of |actose, mannitol, corn
starch, pwooaBmosuarch, mcrocrystalline cellul ose, acaci 2CTgedozi3ng
colloidal silicon dioxide, croscarnellose sodium talc, nagnesium
stearate, stearic acid, and other excipients, colorants, diluents,
buffering 25 agents, noistening agents, preservatives, flavoring agents,
and phar e j . L er } .Qcesses nay
gy BREGHL' i b d%é?!ép %é.'hctélgﬁuoﬁ gfj &hegar : gﬁl}?g RLE%QH&%%%@’ Sd?gd(u%lo%

enpl one, or “a conbi nati res dry m xing;

Lat han PP R P SRR s Rt po RAag 4 IERIRAREHD o BRARY Do) sucn

25 WO 03/.009846 PCT/ US02/21368 5 tahlets al so .conpr.ise . filmcoatings,
ahi ot preRb A iged RUBFOL GhGeassat SMieget e GriRuBRTRahe Suton s h i | uant.
Non-limting.e | es, of fferi agenis which could be utilized in such
abi et 5 0T IaRersatan, olLas B Rk o dofreiPaf Suepeidhicn as

cal ci um carbonat e, .cal cium hydroxide, calciumlactate, calcium

gl ycer opNEsHIe4EsE of tme.or fRhsayest Aet¥MSrmgnesi um 10 carbonate, magnesi um

hydr oxi de, magnesium silicate nesi um al um nate, al um num hydroxi de or
al uniOnurft Tl Dhex Solid QS| ar al kali earth nmetal salt useful
for making gn _antacid tablet i.s calciumc n .G An e e of a | ow
density al kalf® "&gperd ARevg; ar@é’lsfjesﬁg%fddl’ P%ﬁr‘?ﬁﬁi’%@t Pf’é'r}@?g?ﬁ}ﬁggz e cording -
to the qres nt invgntion is extra Ikﬁgt ca cigﬂtcarbonate avail apl e from
Speci al tfrmuaioRs pfdhepresephjpventian gapalsoe mappiactyeedn eqpeeptrateddormsy ugh | j gt

cal ci um car bonat e, Prior to being processed according to the present

i nvent i G POYers SRt tabjetyy syapensigniehlets andesbennsposntyatilete pepoyydsrs whishi ded

t hroughout this applicatign. The granul es used to nake the tablets '
accor di rfign bosievedyhelr REHESt ¢issofusd syshdlab Hpon reactiem ith Nater«2afiitle by ei t her
spray drying or pre-conmpacting the raw materials. Prior to being 20

pr ocle's s eECTRiNG ogypthendilaentyye aquepnsifont efdbapeseptisvandips istpjodyeed-he al kal i earth
metal salts useful in the present invention ranges fromabout 0.3 g/m to
about 0.55 g/Tht preganepharmssieyticabgblets@r gther sgligrflosage fopoudisiptegBiteyapiflly imven nore
preferably about 0.37 g/m to about 0.42 g/m. Additionally, the present

i nvent i cxquesainmigdia pechipfmen aquedusplution bf the RBI anddufpiingsagent with minimal

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
20  for precise dosing of a PPI 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 tablets that are produced have low
friability, making them easily transportable.
The term “suspension tablets” as used herein refers to compressed tablets which
25 rapidly disintegrate after they are placed in water, and are readily dispersible to form a
suspension containing a precise dosage of the PP1. The suspension tablets of this invention

comprise, in combination, a therapeutic amount of a PPI, a buffering agent, and a
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conpounds in place of the granules or powder. Mcronization is the process
by which solid 25 drug particles are reduced in size. Since the

di ssol utiwp @046 s directly proportional to the surfaceParasontidshe
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 can negate the benefit of 26 WD 03/009846 PCT/US02/21368 5

ni cr 8ni Asintegrangnlorespagticulackyethe pusaensian tabletst wMPAEE ahori20 mg omensazoleAnd t he
significant benefit of increasing the dissolution rate of relatively water
i nsol ublabouwjAtd§anEgefcsediam tieashonateol e and ot her prooton punp inhibitors. The
present invention also relates to adm nistration kits to ease m xi ng and
admi ni st r at i ©mscaxmaiiese lkodium igknpwo fdispegriant fayitables irsuktiodspanddxanpl e, can be
packaged with a 10 separate nonth's supply of diluent, and a re-usable

pl ast i ¢ adokbledrooupMCNBorporstiec Pliiladelphiy, Pat inelepthe kadgmadodé-Di-Sol®@. diis thirty
(30) suspension tablets containing 20 ng oneprazole each, | L sodium

bi car bordetpeen8y #¥ndal intoopressadhtiblatidDfomhulatasie eithep alodher insenbiphtaedtht he t abl et
in the enpty dose cup, fills it to the 30 M mark with the sodi um

bi capbomgitrecrysaliihscdllalose to dchiedt rapid disintegtgonof the sdbilet.r i ng or agi tati on may be
used), and then ingests the suspension. One skilled in the 15 art wll
appreci at e t Ma¢rostisthilike tedlulvrey aloanbradopravasigd dith beheeingrediatits,as hlgs of the
above conmponents. For exanple, if the tablets or powder are conpounded to
cont ai n cBiRhoAadditiibf npress@etltts addie wall kiemi foray ahiRtyWairggroves 0di um

bi carbonate, or other conpatible diluent, and the dose cup can be | arger

or snal lcehplehanligQf aiffituk 5 caBpred et nfakefAlskit isScofibrdiflyRasHia@amded N uni t
dose form or as weekly, nonthly, or yearly kits, etc. 20 Al though the

t abl et's yof A¥ib1® thaBMRAK] Do dFfereRt ABI® pYodubik 8RAGHZ IS ARicSIRSNE Ak dosage
form the granulations used to formthe tablet may al so be used to form

rapigly dbsbitEBhatdNbse, aheWoRLI® A@RH §la%o PfrOe8&RISHay dricdGhEd e @7 SWal | owabl e
tablets. Therfefore, the internmediate fornulations as well as the process

for prepged, stEEI][ﬁlﬁéQe@lhR)\éé SR A9 RIm Q%}gﬁ% c@ﬁBPcSEtiéw{-?ifch tHiQalcREFRENt

i nvention. 2 ervescent tablets and ers are also prepared in

accor dang, iiddh i HENDRASEH avol AN Bu B PWRRGCYS SRICh ApfiH G Deen used

to disperse nedicines In water for or

85% microcrystalline cellulose (MCC) and 15% of a calcium-sodium alginate complex, for
purposes of the present invention this ratio may be varied-from about 75% MCC to 25%

20  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.

The suspension tablet composition may, in addition to the ingredients described

25  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.
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adm nistration. Effervescent salts are granules or coarse powders
containing a nedicinal agent in a dry m xture, usually conposed of sodium
bi car bonawe,03pbasné ¢ acid and tartaric acid. 27 WO 03/ 009826 TRSZ2/218362/ 21368
5 When the salts are added to water, the acids and the base react to

| i berate carbon di oxi de gas, thereby causing "effervescence." The choice
of ingredients for effervescent granul es depends both upon the
requirenents_of the nuf act uri process and the.npecessity of nmaking a
preparation Wﬂdé’r‘im"&‘?n@%‘l‘sv@:?‘of’éag’g‘?t’lt&e ?Onlfdiﬂfr\é‘ F'Oﬁ'ﬂfétg‘? NESMERYFIIER @ hgr edi ent s
are at | east ogne acid and at | east one 10 base. The base rel eases carbon

di oxi de bapoife fasmalip AV Htabkie 2 sisyle, eispiuaablefolididosags dorms(e-gi. acl ude, but
are not limted to, tartaric acid and citric acid. Preferably, the acid is
a - conbippligteddarme pr Hoxfervesgingiablet. eghg onprivder) whigh sisntes thesmyapives of bases
include, but are not I|imted to, sodium carbonate, potassium bicarbonate
and sodiselridn is drcerance. of Bilegneeratpoy ingestion. Bersaampledbrivaien ibithestdmasht e, and
the effervescent conbination has a pH of about 6.0 or higher. 15

Ef f er vesexgiionser wajerpwhick isalstdtoiswellaydthe tsolid dosdgde dovim gan segpeead iteratissoushi ch
actually produce the effervescence: sodium bicarbonate, citric acid and

t artlfri cileent.d. \When added to water the acids and base react to liberate
carbon dioxide, resulting in effervescence. It should be noted that any
aci d- base cofbmp&ssed mbirks ardisolid slodaps farms pleparkd hyecomipactingaf foomuldion di oxi de
could be used in place of the conbination of sodium bicarbonate and citric
and t ar tcadthiging@n ddjve iBedisit hraingycipentshdedteo adi teeprocassing arsliinipadyvke eéhef or
pharmaceutical use, and result in a pH of about 6.0 or higher. It should
be not egrdpbaies bfithe pqudt.ckhe IertiDkarapreasd abletNakkeclyt refersau b piin, afcohtedol ecul e of
citric acid and 2 nol ecul es of NaHCO3 to neutralize | nolecule of tartaric
aci d. | tablles fet@sd] irdstioh @tpardiebyapitigled ok @sibbi by [é-comghceich pfiiig | S as
follows: 25 Citric Acid: Tartaric Acid: Sodi um Bi carbonate = 1:2:3.44 (by

wei gist ) .followed bgatﬂ'nél c@a]prelagon,vari ed.and continue to produce an effective

rel ease of carbon dioxide. For exanple, ratios of about 1:0:3 or 0:1:2 are

al so ef fecti pgy ordBloMiAIS RO OCARtaREktibreRR sdchI8 Binders (for example,

hydroxypropylmethylcellulose, polyvinyl pyrilodone, other cellulosic materials and starch),
diluents (for example, lactose and other sugars, starch, dicalcium phosphate and cellulosic -
.. materials), disintegrating agents (for example, starch polymers and cellulosic materials) and

20  lubricating 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,
talc, magnesium stearate, stearic acid, and other excipients, colorants, diluents, buffering

25  agents, moistening agents, preservatives, flavoring agents, and pharmaceutically compatible
carriers. The rﬁanufacturing 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
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5 The nethod of preparation of the effervescent granules of the present

i nvention enploys three basic processes: wet and dry granul ati on, and

fusi on. TWe oBueisasy net hod is used for the preparation of peagiSoroisner ci al

ef fervescent powders. It should be noted that although these nethods are
intended for the preparation of granules, the fornul ations of effervescent
salts of the present invention could also be prepared as tablets, according

to I known, prior .art technol far tahle reparation. Wt

or ant) ac TR POV OB bR e iim st ARRS oY i s PR Bt neRion 81 vi cua
steps in_the wet .grdalnul ation process of tablet preparation include mlling
and si ePRB coraqt Bt Aig¥edi ents; dry powder nixing: wet nassing;

granul ation; _and. fi.nal gri ndi Dry granul ati i nvol.ves conpressing a
powder mi xtur]\@“ﬂﬂ?‘ﬂn%\e’f"’gl?&ﬁ O% Q%Tegpg pgents Yy "CO”'%%e('J‘H]'%?dH‘é -taggafsy rotary
tabl et press. The slugs are then broken up into granular particles by a

gri ndi ng"gpds sedivgrbicaqnate; 3kalicaph metalsalts prich gy rrRIcitm SaEPIAte £2l6HMgr anul at or .
The individual steps include m xing of the powders; conpressing

(sl uggi Myfroxidegcaliym dackids. caltivg ehvseraphaseliiteo FAICIHP ARRIMSIPAEATSIUMO wet bi nder or
moi sture is involved in any of the steps. The fusion nethod is the nost

pr ef K r exdrhosethgBagneyiup hudya¥iie gnagprsivgr akialce agiesivmealunipatp aligeingm i nvent i on.
In this nethod, the.conpressin% éslpgging) step of the dry granul ation
process hydraxidersr alnménim magnesinm hydiesidpohwoastienlaakali arthenictplsaliusedulder or ot her
sui tabl e source of heat. IV. PPls Adm nistered with Parietal Cel

Act i vat onskingppl dntrgidttatiletds ealdwupewberdtey di scovered that certai n conpounds,
such as chocol ate, 25 cal cium and sodi um bi carbonate and ot her al kal i ne
subst ances, d$An exainaleefthev dawsitedldli e@sh hetahsudt usefhfanmeking thegramnlencol ogi ¢
activity of the PPl adm nistered. For the purposes of this application,
"pari et adccadinlg tatht ipreatro inveation'inedtiaVightoalcivgharbonae amaikhle foomPmeaiatty or m xt ure
of conpounds possessing such stimulatory effect including, but not limted
t 0, thocMiirgtads In2 AW L) 310 UBBdLnsiBOHNSARA AR G8Iciun @debnar) doioe arteingat e,
calcium (e.g., calciumcarbonate, calciumgluconate, calcium hydroxide,

cal ci um preaissddacanting®l thd prasedl iyl cetion hioshp el ) g/mhePmer atceptabdd buffesspar m nt
oil, coffee, tea and colas (even if decaffeinated), caffeine,

t heophy!l proviged thhagisudthiswpli@fieh.am no aci ds

The granules used to make the tablets according to one embodiment of the present
invention are made by either spray drying or pre-compacting the raw materials. Prior to being
20  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
compounds in place of the granules or powder. Micronization is the process by which solid
25  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
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(particularly aromatic am no acids such as phenyl al ani ne and tryptophan)
and conbi nations thereof, and the salts thereof. 10 Such parietal cell
acti vat orwOoas®omdéri ni stered in an anmount sufficient to pr@dmasormeses desired
stinmulatory effect wi thout causing untoward side effects to patients. For
exanpl e, chocolate, as raw cocoa, is admnistered in an anount of about 5
ng to 2.5 g per 20 ng dose of oneprazole (or equival ent pharmacol ogi ¢ dose
of other .PPl). .The dose of actiyv r. admnistered tao a.m I
part i5cu|’%‘ﬁ°{/’?z%“%‘uar¥8rﬁi A EXPEEN® E‘SH‘iaft%‘ﬁP“'@rsq‘iPh‘é d?ﬁsz’é Gipe SRR PO shoul d be
sufficient to effect a ther uti c respon (J.e., enhanced effect of PPI)
over a ‘P%%Fé@ﬁilﬂﬂ ‘gssﬂuﬁ‘é" 'Fafeafﬁg‘? at*f’ﬁ@%"srém\ﬂi‘ﬂ%fe JB‘égsdsé‘Flé?srﬁ'ﬂ%’ﬂazﬁﬂ‘?aP e strength
of the particular conpositions enployed and the condition of the person,
as wel | T PIERYERP ‘U\;BNF‘&H?‘ of the person to be treated. The size of the
dose also will be determ ned by the existence, nature, A and extent of any
adver se si de T8f P&eant invendion AlsgFiatesde admiaisrationkits ¢heass @ixing andn of a
particular 20 conposition. The approximate effective ranges for various
pari et alad@&"f“aéle‘ﬂ-rgéi%ﬂ’és yeply 2bpavyfca establets, fonsramplezeinde paskagedu itad ent dose
of other PPI) are: Chocolate (raw cocoa) - 5 ng to 2.5 g Sodi um
bi caPborsapasate mpnifisguprly obdilvewy, andm reasable plastia dpdregue. More spgcifieally, ieg Cal ci um
gl uconate - 1 to 1.5 g Calciumlactate - 1 ng to 1.5 g Calcium
hydr oxi deckage copd eantain hirty 3Qaspencnsiomiebletstcentaing30 myg anaeptazblegad9 1 Cal ci um
gl ycer ophosphate - 0.5 ng to 1.5 g Peppermnt oil - (powdered form 1 ny
to | g sSpusrbidanionate8.4% (ohvinniendd 30 arldpsd cupy Thouser glaceStfeftatdetin®® nl to 240
m Tea - 20 M to 240 m 30 WO 03/009846 PCT/ US02/ 21368

empty dose cup, fills it to the 30 ml mark with the sodium bicarbonate, waits for it to dissolve

(gentle stirring or agitation may be used), and then ingests the suspension. One skilled in the

15  art will appreciate that such kits may contain many different variations of the above
components. For example, if the tablets or powder are compounded to contain PPI and
buffering agent, the diluent may be water, sodium bicarbonate, or other compatible diluent,
and the dose cup can be larger or smaller than 30 ml in size. Also, such kits can be packaged
in unit dose form, or as weekly, monthly, or yearly Kits, etc.

20 Although the tablets of this invention are primarily intended as a suspension dosage
form, the granulations used to form the tablet may also be used to form rapidly disintegrating
chewable tablets, lozenges, troches, or swallowable tablets. Therefore, the intermediate
formulations as well as the process for preparing them provide additional novel aspects of the
present invention.

25 Effervescent tablets and powders are also prepared in accordance with the present
invention. Effervescent salts have been used to disperse medicines in water for oral
administration. Effervescent salts are granules or coarse powders containing a medicinal

agent in a dry mixture, usually composed of sodium bicarbonate, citric acid and tartaric acid.
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5 Cola - 20 mM to 240 ml Caffeine - 0.5 ng to 1.59g Theophylline - 0.5 ny
to 1.59g Theobromne - 0.5 ng to 1.59 Phenylalanine - 0.5 ng to 1.5g 10
Trypt ophawo0-0300846g to 1. 5g Pharnaceutically acceptabl e cacTiEos286e
wel | -known to those who are skilled in the art. The choice of carrier wll
be determ ned, in part, both by the particular conposition and by the
particul ar nmethod used to adm nister the conposition. Accordingly, there is

a wde 15 variety of suitable formulations of the pharnaceutical
conpdsi Whensheolts e added savater, theapids e the Rase magtip liegate pasbyy digdd g8 nvent i on

is further illustrated by the follow ng formulations, which should not be
const r uthgrehy chusirig ‘effgrvessensdy way. The practice of the present invention
will enploy, unless otherw se indicated, conventional techniques of

phar macol ogyThmnehok® of ngredinute firiefferveschitgranales deriendsibothtypondlie | | of the art.
Exanple | A Fast Disintegrating Suspension Tablets of Oreprazole. A fast

di si nt eggqatrements afithemandacowinp proveks dndithe hedebsitwef makiog e areperaligswhiglodi um 300 ¢
is added to the vortex of a rapidly stirred beaker containing 3.0 kg of

dei oni zdidsobadseeadily i water2Bhestvorrequired ingrediedtsfacr at Iddstrone adid and Dieagroagzol e 90 ¢
(powdered) is placed in the bow of a Hobart m xer. After m xing, the

sl unoy 6hsecTinsknas rekhies s@bandlionide uppn achdech wittoikk ycitl Extalnples ofeph adidd e i n t he
m xer bow, formng a granulation, which is then placed in trays and dried

at 70C fifelude/vue eremotiimited th@arthily agid anditiici a20id. Preferdvdy) telaaiddslai n a bl ender,
and to it is added 1,500 g of Avicel(r) AC-815 (85% m crocrystalline

cel | ul ogemeRMACEDsMdarnkit Aeid B Gricacid OE:Gadplds WibassOltlude, dhidirewadte conpl ex)
and 1,500 g of Avicel(r) PH 302 (mcrocrystalline cellulose). After this

M Xt ur e fiingtell B Qe karbsaRNER ks iufhiChritnatd RN SSiukibisArBéna8d. Breféataglded and
m xed for 5 mnutes. The resulting m xture is conpressed into tablets on a

st andar @adeabtdtunsBichEO R, MBS ErrdPletéddDOM AAa3RR has a pH of about 6.0 or higher.

15 Effervescent salts preferably include the following ingredients, which actually
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,

.20 as long as the ingredients were suitable for pharmaceutical use, and result in a pH of about
6.0 or higher.

It should be noted that it requires 3 molecules of NaHCOj to neutralize 1 molecule of
citric acid and 2 molecules of NaHCO; to neutralize 1 molecule of tartaric acid. It is desired
that the approximate ratio of ingredients is as follows:

25  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.
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5 press (Hata HS). These tablets have an average wei ght of about 0.75 g,
and contain about 20 ng oneprazole. These tablets have low friability and
rapi d di swotiegosté on tinme. This formulation may be di ssolpreadiSom2168 aqueous
solution containing a buffering agent for immediate oral admnistration.

Al ternatively, the suspension tablet may be swall owed whole with a solution
of 10 buffering agent. In both cases, the preferred solution is sodium

bi carbonate 8.4% As a further alternative, sodium bicarbonate powder
(abo6it 975 nihqeethodofmepdoion of the nifgvezoi grafdes eftheggedepoinemtiomnount  of

other PPI) is conmpounded directly into the tablet. Such tablets are then
di ssol vesiplogs thadechasio prosesdésuweting drnbpaatleiot,. ad@fusem. Theafubionedthotiad e wi t h an
aqueous diluent. 15 B1. 10 ng Tablet Formula. Qreprazole 10 ng (or

| ansopr ag«alfer te peparhtigr dawlseconterdiltegervefkntipowders deshoplitbe mbted hatint )
Calciumlactate 175ng Cal ci um gl ycer ophosphate 175nmg 20 Sodi um bi car bonat e
250Ny ARNigh 8iEee wethedswne inrhésdytbethe plepahtidd. o gEnuleq tedofhadlatiink b£on di oxi de
12ng Corn starch 15 ng Croscarnel |l ose sodium 12 ng 25 Dextrose |0ng

Pepper meffbrvéd®ent sNBIJf dexdsentiinvéiGon d¥alinildo®k paipared B¢ @BRIsaddcstdmgdo stiar ch 3ng
30 B2. 10 ng Tablet Fornula. PPI: one of the follow ng: Oneprazole 10 ny
10 known prior art technology for tablet preparation.
- Wet granulation is the oldest method of granule preparation. The individual steps in
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"
15 on aheavy-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
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
20  present invention. In this method, the compressing (slugging) step of the dry granulation
process is eliminated. Instead, the powders are heated in an oven or other suitable source of

heat.

IVv. PPIs Administered with Parietal Cell Activators

Applicant has unexpectedly discovered that certain compounds, such as chocolate,
25  calcium and sodium bicarbonate and other alkaline substances, stimulate the parietal cells and
enhance the pharmacologic activity of the PPI 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,
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Lansoprazole | 5ng 35 Pantoprazol e sodi um 20ng Rabeprazol e sodi um 10ng
QG her PPl in an equi potent anount Calciumlactate 375ng Cal ci um

gl ycer ophwophats4875nmy 40 Aspartane cal ci um ( phenyl al ani e/ iGoyarpes

Col l oidal silicon dioxide 12ng 32 WD 03/009846 PCT/US02/21368 5 Corn
starch 15 ng Croscarnel |l ose sodium 12 ng Dextrose 10 ng Peppermnt 3 ny
Mal t odextrin 20 ng 10 Mannitol 30 ng Pregelatinized starch 30 ng B3. 10
ng Tablet Fornula. 15 PPI: one of the follow ng: Oreprazole 10

Lansdpr sadéine bieghgpate, PalfiL B &2 %l@u@@erbamﬁtezeﬁ@uma%em%felpr@mswdrqmeaorrg 20

Qther PPl in an equi potent anount Sodi um bi carbonate 750 part ame
sodi um ¢gitiemyakethta anchesicign BlyeeyophCsphiats).drappegnint eibApagimaiat oib cq eemga 2151 Corn
starch 15 ny

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.
10 Such parietal cell activators are administered in an amount sufficient to produce the
desired stimulatory effect without causing untoward side effects to patients. For example,
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 PPI). The dose of activator
administered to a mammal, particularly a human, in the context of the present invention
15  should be sufficient to effect a therapeutic response (i.e., enhanced effect of PPI) over a
reasonable time frame. The dose will be determined by the strength of 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
20  composition.
The approximate effective ranges for various parietal cell activators per 20 mg dose of
omeprazole (or equivalent dose of other PPI) are:

Chocolate (raw cocoa) -5 mgto 2.5 g
Sodium bicarbonate — 7 mEq to 25 mEq

25 Calcium carbonate — 1 mgto 1.5 g

" 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

30 Calcium glycerophosphate — 0.5 mgto 1.5 g
Peppermint oil — (powdered form) 1 mgto1 g
Spearmint oil — (powdered form) 1 mgto 1 g

Coffee — 20 ml to 240 m]
Tea— 20 ml to 240 ml
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Croscarnel |l ose sodium 12 ng Dextrose 10 ng Peppermint 3 ng Mltodextrin
20 mg 30 Mannitol 30 nmg Pregelatinized starch 30 ng Cl. 20 ng Tabl et
Formul a. vowpnemsaed e 20ngy (or | ansoprazol e or pant oprazol epror/us8B2Bther PP

i n an equi potent anount) Calciumlactate 175ng Cal ci um gl ycer ophosphat e
175mg Sodi um bi carbonate 250ng Aspartane cal ci um (phenyl al ani ne) 0.5ng 40
Coll oidal silicon dioxide 12ng Corn starch 15 ng Croscarnell ose sodi um 12
ng Dextrose 10ng Cal ci um hydroxide 10ng 45 Pepperm nt 3ng Maltodextrin
3mg SMvanni t oCoBng0 neritegéd el i ni zed starch 3ng 50 C2. 20 ng Tabl et Formul a.
33 WO 03/ 009€4feimCTP 801868 5 PPl: One of the foll owing: Omeprazol e

20ny LansopTheophgli®d- 6 mgRardtdgpr azol e 40 ny
Theobromine — 0.5 mg to 1.5g

Phenylalanine — 0.5 mg to 1.5g
10 Tryptophan — 0.5 mgto 1.5g
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

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

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

20  pharmaceutics, which are within the skill of the art.

Example I
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

25  slurry is mixed for 10 minutes. Omeprazole 90 g (powdered) is placed in the bowl of a
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

30  calcium, sodium alginate complex) and 1,500 g of Avicel® PH-302 (microcrystalline
cellulose). After this mixture 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
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QO her PPl in an equi potent anmount 10 Calcium |l actate 375ng Cal ci um

gl ycerophosphate 375ng Aspartane cal ci um (phenyl al anine) 0.5ng Col | oi dal
silicon dwooB@essing Corn starch 15 ng 15 Croscar nel | ose psadiSome 28 ng
Dextrose 10 ng Peppermint 3 ng Mltodextrin 20 ng Mannitol 30 ng 20
Pregel atinized starch 30 ng C3. 20 ng Tablet Fornula. PPlI: One of the
foll ow ng: Oreprazole 20my 25 Lansoprazole 30 ng Pantoprazole 40 ngy

Q her. PPl in an equi potent amount Sodi um bi carbonate 750nmg 30 Aspartane
sodi dm (qsese Ajatatidni Hespe Bblstiavezs averngraycight of abayt 81762 and csmt?flg abqye¥ starch
15 nmg Croscarnell ose sodium 12 Dextrose 10 ng 35 Pepperm nt 3 ng

Mal t odexng PREZazoly TWﬁblﬁféha\Gdowr‘rTgﬂabPMegé! rapifl dispdegradiontigls- Jdisng 40 DL.

Tabl et for Rapid Dissol ution.
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
10  buffering agent. In both cases, the preferred solution is sodium bicarbonate 8.4%. As a
further alternative, sodium bicarbonate powder (about 975 mg per 20 mg dose of omeprazole
(or an equipotent amount of other PPI) 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.
15 Bl. 10 mg Tablet Formula.
Omeprazole 10 mg (or lansoprazole or pantoprazole
or other PPI in an equipotent amount)
Calcium lactate 175mg
Calcium glycerophosphate 175mg
20 Sodium bicarbonate 250mg
Aspartame calcium (phenylalanine) 0.5mg
Colloidal silicon dioxide 12mg
Corn starch ‘ ' 15 mg
Croscarmellose sodium 12 mg
25 Dextrose 10mg
Peppermint 3mg
Maltodextrin 3mg
Mannitol 3mg
Pregelatinized starch ' 3mg
30
B2. 10 mg Tablet Formula.
PPI: one of the following:
Omeprazole 10 mg
Lansoprazole 15mg
35 Pantoprazole sodium 20mg
Rabeprazole sodium 10mg
Other PPI in an equipotent amount
Calcium lactate 375mg
Calcium glycerophosphate 375mg
40 Aspartame calcium (phenylalanine) 0.5mg
Colloidal silicon dioxide 12mg
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Oreprazol e 20mg (or | ansoprazole or pantoprazole or other PPl in an

equi potent anount) Calciumlactate 175ng Cal ci um gl ycer ophosphate 175ng
45 Sodi unwbiosasdsacat e 500ng Cal ci um hydroxi de 50ng Cr oseamrshi/ases sodi um
12 g D2. Tablet for Rapid D ssolution. 34 WD 03/009846 PCT/US02/21368 5
PPI: One of the follow ng: Oreprazole 20ng Lansoprazole 30 ng

Pant oprazol e 40 ngy Rabeprazol e sodi um 20ng 10 Esoneprazol e nagnesi um 20ny
QG her PPl in_an equi potent anmount Cal ciumlactate 300ng Cal ci um

gl ycér ophosphg®et28ony 15 Cal ci um hydr oki 8 50ny Croscarnel | ose sodi um 12
ng D3. Tabl etos¢gmeliasppadiym ssol uti on. PPI2M@ne of the fol | owing: 20

Onepr azol e Zbﬁ’gmsﬁansoprazol e 30 ng Pani®PBazole 40 ny Rabeprazol e sodi um
20ny EsonepPeppeimintyagnesi um 20y 25 2 3mg

Maltodextrin 20 mg
10 Mannitol 30 mg
Pregelatinized starch 30 mg

B3. 10 mg Tablet Formula.

15 PPI: one of the following:
Omeprazole 10 mg
Lansoprazole 15mg.
Pantoprazole sodium 20mg
Rabeprazole sodium 10mg
20
Other PPI in an equipotent amount
Sodium bicarbonate 750 mg
Aspartame sodium (phenylalanine) 0.5 mg
Colloidal silicon dioxide 12 mg
25 Cormn starch 15 mg
Croscarmellose sodium 12 mg
Dextrose 10 mg
Peppermint 3mg
Maltodextrin 20 mg
30 Mannitol 30 mg
Pregelatinized starch 30 mg

C1. 20 mg Tablet Formula.

Omeprazole 20mg (or lansoprazole or pantoprazole or
35 other PPI in an equipotent amount)
Calcium lactate " 175mg
Calcium glycerophosphate 175mg
Sodium bicarbonate 250mg
Aspartame calcium (phenylalanine) 0.5mg
40 Colloidal silicon dioxide 12mg
Corn starch 15 mg
Croscarmellose sodium 12 mg
Dextrose 10mg
Calcium hydroxide 10mg
45 Peppermint 3mg
Maltodextrin 3mg
Mannitol 3mg
Pregelatinized starch 3mg
50 C2. 20 mg Tablet Formula.
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O her PPl in an equi potent anount Sodi um bicarbonate 700 ng Trisodi um
phosphat e dodecahydrate 100 ng Croscarnellose sodium 12 ng 30 El. Powder
for Recorwviosmodsan for Oral Use (or per ng tube). QOreprazeCe/udongL3tor

| ansoprazol e or pantoprazole or other PPl in an equi potent anount)
Calciumlactate 175ng 35 Cal ci um gl ycerophosphate 175ng Sodi um bi car bonat e
500ng Cal ci um hydroxi de 50ng @ ycerine 200ng 40 E2. Powder for
Reconstitution for Oral Use (or per ng tube). PPI: One of the follow ng:
OrepPazol e 28Ry Oneghthgfelloyonze 30 ny Pantoprazol e 40 ny 45 Rabeprazol e

sodi um 20ny OmeprEpleazol e magnesi um 20ng 20@egher PPl in an equi pot ent anount
Cal ci um | act &ersop@Enlg 35 WO 03/ 009846 PEIMgS02/ 21368 5 Cal cium

gl ycer ophospRattepra®@bng Cal ci um hydroxi de48@ey d ycerine 200ng E3. Powder
f or Reconst i Other BRI han e@ipdtentigmognr per ng tube). 10 PPI: One of the

fol 116wi ng:  Calcium lactate 375mg
Calcium glycerophosphate 375mg
Aspartame calcium (phenylalanine) 0.5mg

Colloidal silicon dioxide 12mg
Corn starch 15 mg
15 Croscarmellose sodium 12 mg
Dextrose 10 mg

. Peppermint - 3mg
Maltodextrin 20 mg
Mannitol 30 mg
20 Pregelatinized starch 30 mg

C3. 20 mg Tablet Formula.

PPI: One of the following:

Omeprazole 20mg
25 Lansoprazole 30 mg
Pantoprazole 40 mg

Other PPI in an equipotent amount

Sodium bicarbonate 750mg
30 Aspartame sodium (phenylalanine) 0.5mg
Colloidal silicon dioxide 12mg
Corn starch 15 mg
Croscarmellose sodium 12 mg
Dextrose 10 mg
35 Peppermint 3mg
Maltodextrin 20 mg
Mannitol 30 mg
Pregelatinized starch 30 mg
40 D1. Tablet for Rapid Dissolution.
Omeprazole 20mg (or lansoprazole or pantoprazole or
other PPI in an equipotent amount)
Calcium lactate 175mg
Calcium glycerophosphate 175mg
45 Sodium bicarbonate 500mg
Calcium hydroxide 50mg
Croscarmellose sodium 12 mg

D2. Tablet for Rapid Dissolution.
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Orepr azol e 20ngy

Forrmul a. Oreprazole 10ng (or
an equi potent anount)

| ng> F2. 10PRf

10ny

Lansoprazole 30 ng Pantoprazole 40 ng Rabeprazole sodium
20nmg 15 Esoneprazol e magnesi um 20ng  Other PPl in an equi potent anount

Sodi um biwarlboomste 850 ngy Tri sodi um phosphate 50nyg 20 FIPCTAGOnYI3dRADbI et

| ansopr azol e or pantoprazol e or [
Calciumlactate 175nmg 25 Cal ci um gl ycer ophosphat e
175mg Sodi um bi car bonate 250ng Pol yet hyl ene gl ycol

sodium 12 ng__Peppermnt 3ng 30 Magnesiumsilicate |
C%&l?fﬁlefﬁwﬂﬂia. PPI :

ot her

Esonepr azol elLagsggpegolem 10mg 40 Cther PPBOmg an equi pot ent anmount

10

15

20

25

30

35

40

45

Pantoprazole
Rabeprazole sodium
Esomeprazole magnesium

Other PPI in an equipotent amount
Calcium lactate

Calcium glycerophosphate
Calcium hydroxide
Croscarmellose sodium

D3.  Tablet for Rapid Dissolution.

PPI: One of the following:
Omeprazole
Lansoprazole
Pantoprazole

Rabeprazole sodium
Esomeprazole magnesium

Other PPI in an equipotent amount
Sodium bicarbonate

Trisodium phosphate dodecahydrate
Croscarmellose sodium

40 mg
20mg
20mg

300mg
300mg
50mg

12 mg

20mg
30 mg
40 mg
20mg
20mg

700 mg
100 mg
12 mg

El1.  Powder for Reconstitution for Oral Use (or per ng tube).

Omeprazole

Calcium lactate

Calcium glycerophosphate
Sodium bicarbonate
Calcium hydroxide
Glycerine

20mg (or lansoprazole or pantoprazole or
other PPI in an equipotent amount)
175mg

175mg

500mg

50mg

200mg

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

PPI: One of the following:
Omeprazole

Lansoprazole
Pantoprazole

Rabeprazole sodium
Esomeprazole magnesium

Other PPI in an equipotent amount
Calcium lactate

20mg
30 mg
40 mg
20mg
20mg

300mg

20mg Croscarnel | ose
ng Magnesium stearate
One of the follow ng: 35 Oreprazole
Lansopfaxpraolesny  Pant opr azol e sodfh 20ng  Rabeprazol e sodi um 10ng



Calciumlactate 475 ng Cal cium gl ycerophosphate 250 ng Pol yet hyl ene
glycol 20 ng 45 Croscarnell ose sodium 12 ng Peppermnt 3 ng Magnesium
silicate WO mmossagnesi um stearate 10 ng 36 WO 03/ 009846 PRT/NBOBL1368 5
F3. 10 ng Tablet Fornula. PPlI: One of the follow ng: Oreprazole 10ny
Lansoprazol e 15ng 10 Pantoprazol e sodi um 20ng Rabeprazol e sodi um 10ny
Esoneprazol e magnesium 10ng Oher PPl in an equi potent anpunt 15 Sodi um

bi carbonate 700 . Pol yet hyl ene glycol 20 mg Croscarnell ose sodium 12 ng
Peppegrjm' nt 3 eqm%{f @glﬂﬂ*ﬂ’ '9icate 10 rrg30§6‘gl\/agnesi umstearate 10 ng 4.
10 ng Tabl et 7RI .roﬁqﬁpr azol e 10ny (or5 soprazol e or pantoprazole or
other PPl in @N°EHSi potent anount) 25 Cal?9%0m& | actate 200my Cal ci um

gl ycerophospl"% e

200Ny

Sodi um bi car bonat e 400ny
Powder for Reconstitution for Oral Use (or per ng tube).

10 PPI: One of the following:
Omeprazole 20mg
Lansoprazole 30 mg
Pantoprazole 40 mg
Rabeprazole sodium 20mg
15 Esomeprazole magnesium 20mg
Other PPI in an equipotent amount
Sodium bicarbonate 850 mg
: Trisodium phosphate 50mg
20
F1. 10 mg Tablet Formula.
Omeprazole 10mg (or lansoprazole or pantoprazole or
other PPI in an equipotent amount)
Calcium lactate 175mg
25 Calcium glycerophosphate 175mg
Sodium bicarbonate 250mg
Polyethylene glycol 20mg
Croscarmellose sodium 12 mg
Peppermint 3mg
30 Magnesium silicate Img
Magnesium stearate Img
F2. 10 mg Tablet Formula.
PPI: One of the following:
35 Omeprazole 10mg
Lansoprazole 15mg
Pantoprazole sodium 20mg
Rabeprazole sodium 10mg
Esomeprazole magnesium 10mg
40
’ Other PP1 in an equipotent amount
Calcium lactate 475 mg
Calcium glycerophosphate 250 mg
Polyethylene glycol 20 mg
45 Croscarmellose sodium 12 mg
Peppermint 3mg
Magnesium silicate’ 10 mg
Magnesium stearate 10 mg
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Croscarnel | ose sodium 12 ng Pregelatinized starch 3ng 30 &. 10 ng Tabl et
Formula. PPI: One of the follow ng: Oreprazole 10ng Lansoprazole 15ng 35
Pant opr azwloas®omitem 20ny Rabeprazol e sodi um 10ng Esonepr @ralesopapaesi um
10ng O her PPl in an equi potent anmount 40 Calcium |l actate 400ng Cal ci um
gl ycer ophosphate 400ng Croscarnell ose sodium 12 ng Pregel atinized starch
3ng 45 G3. 10 ny Tablet Fornmula. PPlI: One of the follow ng: Oreprazole
10ng Lansoprazole 15 Pant opr azol e sodi um 20ng 37 WO 03/ 009846

PCT/ 8502/ 213E% 51%&2%4”&’2@'@" di um 10ny Esoneprazol e nagnesi um 10ny

Gt her PPl in_an equipotent anount Sodi um bicarboante 750ng 10

Croscar el | oBRI: O8eipithe fallopipg: Pregel ati ni zed starch 3ng All of the tablets
and powders ©mepnzde Exanpl e may be swal | 80wg whol e, chewed or

Lansoprazole 15mg
10 Pantoprazole sodium 20mg
Rabeprazole sodium 10mg
Esomeprazole magnesium 10mg

Other PPI in an equipotent amount

15 Sodium bicarbonate 700 mg
Polyethylene glycol 20 mg
Croscarmellose sodium 12 mg
Peppermint 3mg
Magnesium silicate 10 mg

20 Magnesium stearate 10 mg

G1l. 10 mg Tablet Formula.

Omeprazole 10mg (or lansoprazole or pantoprazole or
other PPI in an equipotent amount)
25 Calcium lactate 200mg
Calcium glycerophosphate 200mg
Sodium bicarbonate 400mg
Croscarmellose sodium 12 mg
Pregelatinized starch 3mg
30
G2. 10 mg Tablet Formula.
PPI: One of the following:
Omeprazole 10mg
Lansoprazole . 15mg
35 : Pantoprazole sodium 20mg
Rabeprazole sodium 10mg
Esomeprazole magnesium 10mg
Other PPI in an equipotent amount
40 Calcium lactate 400mg
Calcium glycerophosphate 400mg
Croscarmellose sodium 12 mg
Pregelatinized starch 3mg
45 G3. 10 mg Tablet Formula.
PPI: One of the following:
Omeprazole 10mg
Lansoprazole 15mg
Pantoprazole sodium 20mg
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m xed with an aqueous nediumprior to adm nistration. 15 Exanple 11
Standard Tablet of PPl and Buffering Agent. Ten (10) tablets were prepared
usi ng a swerdana4é abl et press, each tablet conprising abear/uk02/o368
oneprazol e and about 975 ng sodi um bi carbonate uniformy dispersed

t hroughout the tablet. To test the disintegration rate of the tablets, each
was added to 60 m 20 of water. Using previously prepared liquid

oneprazol e/ sodi um bj carbonate solution as_a visual conparator, it was
obsefved t haRaeRearolesplivn was conpl etel y !@M8persed in under three (3)

mi nut es. AnoERUREPEIZQlEyMagassian t he t abl et s 18®Epounded according to this
Exanpl e evaluated the bioactivity of the tablets in five (5) adult
critical car @thsaPPbineg equpeient gubjréct was administered 25 one tablet via ng
with a small S micagfoanteit er, and the pH788m&g aspirate was nonitored using
papdP neasur Eroswrmelesessedivieach pati ent wdd mgval uated for 6 hours and

remai ned aboVeegelatinizddistardbenonst rati ng t hémgher apeuti c benefit of the
tablets in these patients. Tablets were al so prepared by boring out the
center of sodilohthyitetdeth amigiosvdeSPf BkEExampletrad)l tetssvalldwdd vehotayichewed Mbst of t he
renmoved sodi um bi carbonate powder was then triturated 30 with the contents
of a 20 migedRvith asaméous nedpsuprer anadintihistratiesul ti ng m xture was t hen packed
into the hole in the tablet and sealed with glycerin. 38 WD 03/009846
PCT/16¥S02/ 21368 5 Exanple 111 PPl Ekempledl Core Tablet. Tablets are prepared
in a tw-ste roc Fi , t, 20 of oneprazole is forned into a
tabl et as isg‘[gﬁgﬂﬁ}"zlef#elg}?ﬁ’f'd%bﬂ?fg’é"%ééfr}ﬂas a central core. Second, about
975 my sodi Tea (i0g ablavakEpreifartd BingSethntigrd tbid presd, Yachuabla wodprisigy cent r al
core to forman outer 10 protective cover of sodium bicarbonate. The
central a66Wt20aMpbrdpkLblcand SHoutd 7B MOEJUiN BRAbEte WisfoRglydispadar d bi nders and
ot her excipients to create a finished, pharmaceutically acceptable tablet.

The t ablygbggH¥ayhbabrwatd ek Mtk atb rAtedf Headftet kadkBi BadddDe s | V

20  of water. Using previously prepared liquid omeprazole/sodium bicarbonate solution as a
visual comparator, it was observed that each tablet was completely dispersed in under three
(3) minutes.
Another study using the tablets compounded according to this Example evaluated the
bioaétivity of the tablets in five (5) adult critical care patients. Each subject was administered
25  one tablet via ng with a small amount of water, and the pH of ng aspirate was monitored
using paper measure. The pH for each patient was evaluated for 6 hours and remained above
4, thus demonstrating the therapeutic benefit of the tablets in these patients.
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
30  with the contents of a 20 mg Prilosec® capsule and the resulting mixture was then packed into

the hole in the tablet and sealed with glycerin.
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Ef f ervescent Tablets and Granul es. 15 The granules of one 20ng Pril osec(r)
capsule were enptied into a nortar and triturated wth a pestle to a fine
powder. TWe osnei@zol e powder was then geonetrically dil wcadseetise@bout
958 ng sodi um bi carbonate USP, about 832 ng citric acid USP and about 312
ng pot assi um carbonate USP to form a honogeneous m xture of effervescent
onepr azol e powder. This powder was then added to about 60 m of water

wher eupon the 20 powder reacted with the water to create effervescence. A
bubblS ng solution resulted of onBpamplellH and principally the antacids

sodi um ci tratﬁlggﬂtrgf@qggﬁﬁg) citrate. The solution was then adm nistered
orally to oné adult "nal € subj ect and gastric pH was neasured using

pHydri on papéiablefFhe pregsuddtis a wer-stepprofesk.| Bives,.abdut 28 nignifemeptazélisMeasur ed 25
| medi ately prior to dose 2 1 hour post dose 7 2 hours post dose 6 4
hour s pdstmealdste aBabl@ ahBknswp osthe aio 8ebehis@Dasd denteal sop.oSécodda®out 978Mg\VO

03/ 009846 PCT/US02/21368 5 One skilled in the art of pharnmaceutical .
conpoundiodigmbitarbeapte USP iatied tdwatifobulylsupowdaksceandl coe totsmfaaduiter ed usi ng the
above ratios of ingredients, and that the powder can be pressed into

tabl gt s pistedtyesbandhsodivai bic@bshah dhex&itii @R £nd oBtee Bovenlte Bbth padparetihen mi xed
wth water to activate the effervescent agents and create the desired

sol ut i onusinlgitaAgkl bin@éts and ARG @REIFEME & BehtdWIfikiHed AhaRRebRRABMAccERR Of Ot her
PPI) can be substituted for oneprazole. 10 The effervescent powder and

tabl ets @ ght ebREihMeeswaRV QWAL RE 2 BYsEdTNaQYI Ng the above mixture but
addi ng an additional 200 ng of sodium bi carbonate USP to create a

resulting solution with a higher Elﬂ,mﬁérﬁzher, i nstead of the excess 200 ngy
of sodium bicarbonate, 100 of cal cium gl ycer ophosphate or 100 ng of
cal ci um | act dﬁf@”@éﬁ?"b@‘“@ﬁwdg@d!‘le@omi nations of the sane can al so added.

15 The granules of one 20mg Prilosec® capsule were emptied into a mortar and
triturated with a pestle to a .ﬁne powder. The omeprazole powder v;'as 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
omeprazole powder. This powder was then added to about 60 ml of water whereupon the

20  powder reacted with the water to create effervescence. A bubbling solution resulted of
omeprazole and principally the antacids sodium citrate and potassium citrate. The solution
was then administered orally to one adult male subject and gastric pH was measured using

pHydrion paper. The results were as follows:

Time Interval pH Measured
25 Immediately prior to dose 2

1 hour post dose 7

2 hours post dose 6

4 hours post dose 6

6 hours post dose 5
30 8 hours post dose 4
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15 Exanple V Parietal Cell Activator "Choco-BaseTM Fornul ations and
Efficacy. Children are affected by gastro esophageal reflux disease (GERD)
wi t h at ypwoal/oossa6i f est ati ons. Many of these atypical sSynpCanmsozeses
difficult to control with traditional drugs such as H2-antagoni sts,

ci sapride, or sucralfate. PPIs are nore effective in controlling 20 gastric
pH and the synptons of GERD than ot her agents. However, PPlIs are not

avail able in _dosage forns that are easy to administer to young children.
To address t Kin§ skillghindhs art ef phpimageticd gpinpguading alb prpsesiate et bulinsopr azol e in
a buffered chocol ate suspension (Choco- Base), in children with

mani f estretdens sarbe mERctusgdsingdhr abgeg fatipnefdngiedients andsbeittheponderdanat i on of
children with GERD referred to the 25 University of M ssouri-Colunbia from
1995 t o bEPeSsagtintortabdeds ysnk standard inderswnd ¢xciphients. Sugheteblatsatestheromppd azol e or

| ansopr azol e Choco-Base suspension fornulated in accordance wth

For nul atwidrwdterstb attedtelshd efiorveBnbagaats end eredteithe desinad sdlitiopatln edditonwi t h f ol | ow
up information sufficient to draw concl usions about pre/post treatnent
(usual | yiarsofrazdeBhm} (or aflzquipoteve dese2 othat PRINta batsabshetedt fheomeprdazelei a for this
eval uati on. Age range was several weeks 40 WD 03/009846 PCT/ US02/-21368 5

t o diveat er t MaseBeryeass powes tind@abler Ramsalttadtieelnbs fonnylaed by uiplogitg the
unsuccessful attenpts at aneliorating the effects of GERD. Medi cati on

hi st or i ebovendixaae bet adding ait dddétlonal@00 vl df@bGum Bicd@dnatd USP By ¢re@¢y | nvest i gat or
reviewed all charts for uniformty of data collection. Wien insufficient
dat a wasreqtaiglsalution with b RghdpHy EMusthéry inslad dfXhe &lctsS DO MgWEERiuRde to revi ew
charts 10 in the local primary care physicians' offices for foll ow up

data. | fpitaoantepiooany dRalchin il cerdph¥sphhidlbl 0dfg bR IRfaleediPbs Were made to
contact famly for followup. If data were still unavail able the patients

vere congifiye@dconpmaidag bl e sdiad daBRfso gieiit s were reviewed in detail. Data
noted were date of commencenent of therapy, date of term nation of therapy

and-gny reason for term nation ot fE%mgW response to 15 treatnent.
Patient denographics were al so recorded, as were any other nedical
i1l nesses. yriesl Cell Hetivaiop SCheaoBaseNY dentmglagiany andi Efficnayhose that are

associ at ed WichfldRh a%@f@@t@@ﬁy §astro esophageal reflux disease (GERD) with atypical

manifestations. Many of these atypical symptoms are difficult to control with traditional
drugs such as Hp-antagonists, cisapride, or sucralfate. PPIs are more effective in controlling
20  gastric pH and the symptoms of GERD than other agents. However, PPIs are not available in
dosage forms that are easy to administer to young children. To address this problem,
applicant employed omeprazole or lansoprazole in a buffered chocolate suspension (Choco-
Base), in children with manifestations of GERD.
Applicant performed a retrospective evaluation of children with GERD referred to the
25  University of Missouri-Columbia from 1995 to 1998 who received treatment with the
experimental omeprazole or lansoprazole Choco-Base suspension formulated in accordance
with Formulation | stated below. Data were included on all 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
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GERD and those that do not. Patient charts were exam ned for evidence of
response to therapy. As this was largely a referral popul ation, and a

ret rospecwiows/oneé ew, quantification of synptonatol ogy ba®ed/ 0221368 scores,
office visits and ED visits was difficult. Therefore, applicant exam ned
charts for evidence of an overall change in patient synptons. Any data to
poi nt towards inprovenent, decline or |ack of change were exam ned and
recorded. Results. A total of 33 pediatric patients to date have been
treated Wanter frnghsve- Nosiratigighadadisiery pbrmesops apsucpessiuhitigawtsiat y  of

M ssouri - Colunmbia. O the 33 patients, 9 were excluded fromthe study,

al | base@mélipoaiing thepffeste pEGERBa Medichtinn higteriayéndicated many thialsef veriowsr  out come i n
treatment with PPl therapy. This left 24 patients with enough data to draw
conclusidmgs. Of the 24 remmining patients, 18 were nales and 6 femal es.
Ages at inplenentation of PPl therapy ranged from 2 weeks of age to 9
years ol d. Mekhepnimageinedstigttanreviofed diehapyfonasfornity ¥iaG370063184.6When

PCT/ US02/ 21368 5 26.5 nonths [nean of 37 no.]. Early on, reflux was

usual | y oedticemtdet vy aerildbls ¢rothy Uandrsip cliiarts,napemptg werd ipadehie reviewestbnal |y, pH
probe was dropped and endoscopy was the sole nethod for docunenting

refl ux, inshealotal paeimatylveretpghysciods’ affotdfer folowaprdyta( Miaforitiodrvalstill ubes or
adenoi dect onry) . Seven patients had pH probe confirmation of GERD, whereas
18 had endaitabREb cevieon hitghias wed ntatle todbhtdx fhmily fodifsipwaly. 1edghivershiall had pH
probi ng done (See Figure 5 10 and 6). Reflux was di agnosed on endoscopy
most conumphijabRythCptibhte stebngdeddd ihbvaluableacheal wall, with |aryngeal and
pharyngeal cobbl estoning as findings in a few patients. Six patients had

neither pH NoFatieRIRSBARIECrelRGEIM el VataGlotddmRR ddibf dWhnRntdmeatoon PPl
t herapy based on synptonmatol ogy al one. Past nedical history was identified

in each ﬁllaﬁFy,-da%Qmeﬂatan&tm@yraaﬁw@saﬁ@&it&ﬁqﬁﬁtioaéme&it_ﬁﬁmﬁ%ﬁse ighese were
nost comonly cerebral palsy, prematurity and Pierre Robin sequence. O her

di agposegeRER. PhrhtRirolRbhRs Waehlo HcsRRE as wWRlA¢ Bt AEAEL HneSydr one,
Down syndronme and De George's syndrome. Non-reflux nedical history was al so
bdenti T gldicANAnds&es WeRlaivid&PAbRhShY hosehal 20h8odail® WHbr exacerbate

GERD and those that do not.

Patient charts were examined for evidence of response to therapy. As this was largely
a referral population, and a retrospective review, quantification of symptomatology based on
20  scores, office visits and ED visits was difficult. Therefore, applicant examined charts for
evidence of an overall change in patient symptoms. Any data to point towards improvement,

decline or lack of change were examined and recorded.

Results.

A total of 33 pediatric patients to date have been treated with the above-described
25  suspension at the University of Missouri - Columbia. Of the 33 patients, 9 were excluded
from the study, all based upon insufficient data about commencement, duration or outcome in
treatment with PPI therapy. 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 PPI therapy ranged from 2 weeks of age to 9 years old. Median age at start of therapy was
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Patients were, in general, referral patients fromlocal famly practice
clinics, 20 pediatricians, or other pediatric health care professionals.
Most patiwotos/owsae referred to ENT for upper airway problpemajsosersasitis,
or recurrent/chronic otitis nmedia that had been refractory to nedical
therapy as reported by the primary care physician. Synptons and signs nost
connnnly found in these patients were recorded and tallied. Al signs and
nptons. were broken down into six major categories: (1) nasal; (2)
ot ol égu 26-YByntheksisan af 3 po.1( Barlym, t8ux pas wualbt Jasumentedshy epdesspryradat ed;  and
(6) other. The nost common problens fell into one or all of the flrst 3
cat egor i esfipngddyPibprebs. Eyentwoljy, PiVipstbe pas deonpes and andoseopy e titesalei n t he past
with medical therapy in the formof antibiotics, steroids, asthma
medi cat i roetBodafied desunenting rafiwro 8$usngdheomé aﬁaeotthhreeruegyr}e(mosu oftend2 G @3/ 009846
PCT/ US02/ 21368 5 addition, nine of the patients had been on reflux therapy
i n the palstqidartesty).c Semen phtienisthad hid pfabe wpffrmetoseffGERD, wehetdagt &lmd such as head
of bed el evation 30, avoi dance of evening snacks, avoidance of caffeinated
bever agesidasopie kénfamatiinsepefludénchriing Alndighit diho ad [3é probingulose Ree Fighe Spr ot on
punp i nhi bitor suspension used in this group of patients was Choco-Base
suspEnsiand 6nf Refhixivens disgnssedvmaaalogopy mosepmawalyady chbidestiasiggf twas very
uniform wth patients 10 receiving doses of either 10 or 20 ny of
onepr az akRhandal 3vitilaghgdahinighagagdabeobblRitbnifg hyfindings Ap4 febv witiert %ix when
therapy was first instituted 10 ng of omeprazole was used. There were 3
pat i ent Spainté Rddsne@Rdr|py fh addsopR doBlBerkdtdAbLAERD biutaleky/trial bAPAIO My po qd of
oneprazole. Al three subsequently were increased to either 20 ng po qd of
onMepr azoh&apy baddi dikyRPtdithidbgy digRsopr azol e. All remaining patients were
given either the 20 ng oneprazole or the 23 ng 15 | ansoprazol e treat nent

qd, except i Ipa@igedicabistoMhieds 8dealfiélin @hohl RS OPEAZALRSs MRSreSEaksocidt@f | ent s
were instructed to take their doses once per day, preferably at night in

m)Stl§asﬁ§gtnose§u$9&9we%'}§o§{\@&ﬁ’m@fllﬂ' cérbl&r!aleﬁls?kﬂr%&hmgaﬁd PRI ROEIKt Y Oof M ssouri
Phar macy at G een Meadows This” all owed for tracking of usage through

refill dﬁﬁ&nc%erﬂﬂéén@&% Sef SRR HE A O AR Ysel ?el@&%lgﬁélgfﬁﬁ@rgmg he once

daily dosing of Choco- 20 Base proton punp inh hibitor suspension. Two

pat i ent spfad ﬁﬁfo%%ﬂ&% @@Yg@‘ gnﬁé%lﬁcﬁén iR %gﬁ%ﬁﬁstégz%a%ﬂ&d‘éﬁt?ﬁ Qf the PPl

suspensi on. n one patl ent, reportead I ncr
and recorded separately (See Table 2 below).

Patients were, in general, referral patients from local family practice clinics,

20 pediatricians, or other pediatric health care professionals. Most patients were referred to
ENT for upper airway problems, sinusitis, or recurrent/chronic otitis media that had been
refractory to medical therapy as reported by the primary care physician. Symptoms and signs
most commonly found in these patients were recorded and tallied. All signs and symptoms
were broken down into six major categories: (1) nasal; (2) otologic; (3) respiratory; (4)

25  gastrointestinal; (5) sleep-related; and (6) other. The most common problems fell into one 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
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bur pi ng up and dyspepsia, which was thought to be related to treatnent
failure. The other patient had small anmounts of bl oody stools per nother.
Thi s patiwoto3nesses had his stool tested, as his bl oody straaluSpz/orsps |y

resol ved upon cessation of therapy, with no further 25 sequellae. The ot her
23 patients had no docunented adverse effects. Patients were categorized
based on review of clinic notes and chart reviewinto general categories:
(1) inproved; (2) unchanged; (3) failed; and (4) inconclusive. O 24

pat i ént sdditioh nangrafithe Rarientyhad degnom ey Berapyin thepast B ¢ommenbyietent | n
synptonatolo y upon 43 WD 03/009846 PCT/ US02/21368 5 commencenent of PP

t her apy fprmpofjconsaneative therapwpush @ bicad of bedesigyotien 38ravoidarde\pf evkningdnasksuped.
Three showed no change in synptonatol ogy and clinical findings while on

t her apy ,avoidanse ob pffeariated berragapassiali asgisgyridetandrsnitidinedSepFighre Papy, one

patient had therapy as prophylaxis for surgery, and two stopped therapy
just after i{Tse potongropmenbitef sepersiogusel i8 this giSep of patjers wakeChidve-Basses i n

whi ch t herapy was st opped before concl usions could be drawn and 10 the case
i N whi chufpehsidrhefieithyr lavasprimie @uneprpzge.opleydoaint was vaaanifiam, ihypatien(s17/ 21) 81
% of patients that responded to Choco-Base suspension. This neans that 19%
(4/ 2D) abcepaig dnzéssof eitbe @0 ve2D ng ohppeireole dad 8 higlofiansopréBle. Thigslapin O al |

t hese patients, only 4% conpl ai ned of worsening synptons and the side

ef f ect s Ayeil of #996(viHeR herapavavvirseindiitdd DD aRMY oflepr@tolé Wad use€ OTRkEwakB resol ved
upon cessation of therapy. 15 Discussion. GERD in the pediatric popul ation
i s rel atgavetyinGRiseay, phadeh @t dagiradidmiaikiabP¥R i 0 maealaonsmefriAnk. tA1IPUgh nDSt

i nfants out grow physiologic reflux, pathologic reflux still affects

appr oxi e bubs&ffe@fy drk infehaded ﬁ@é]th‘émwg BEYH of fthépidroRGr 2R tdddof

consi derable data has pointed to reflux as an etiologic factor in
extra- eSgnRbReaN. Al mm%ﬁ@em&ekwﬁﬁh@%@o% SfleproR RURi Bigg dent al

caries, otitis nmedia, asthma, apnea, arousal, pneunonia, bronchitis, and

cougp, qma&aﬁlé‘f%a%nerpﬁémxééﬁt inRfie CRBTIRE S Mg%ffaﬁso&ﬁfz&l%as hfgre seens to
have been little inprovenent in therapy for reflux, especially in the

non- sur g.Gals @51%%tru&@@to%%}l@m@lrdi)s&font:pﬁé’r%gy aéralslg%t digRah FB&aQf. GERD in

the pediatric popul ation becone a prog fessi 0 m conservative

t her apy §u9p<§15189mér9 i Tﬂ&i tﬂIoth e anwe&% LEMVAGGEH Pﬁd?xqacy at Green Meadows.

This allowed for tracking of usage through refill data.
Most patients responded favorably to and tolerated the once daily dosing of Choco-
20  Baseproton pump inhibitor suspension. Two patients had documented adverse effects
associated with the use of the PPI suspension. In one patient, the mother reported increased
burping up and dyspepsia, which was thought to be related to treatment failure. The other
patient had small amounts of bloody stools per mother. This patient never had his stool
tested, as his bloody stool promptly resolved upon cessation of therapy, with no further
25  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
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25 H 2 bl ocker therapy. Nonethel ess, many patients fail this treatnent
prot ocol and becone surgical candidates. In adults, PPl therapy is

ef fecti vewD3@Ws©®f those treated for gastroesophageal reCrwsodisense. As
a medical alternative to the H 2 blockers, the proton punp inhibitors 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 fornul ation for 44 WO 03/009846 PCT/US02/21368 5 this very young
populsat icommepedmant P RPl tiredepy [Z2%e dihs sofn ade didirvatespind svenmdnalyaad dndw capsul es
or tablets. It would be desirable to have a true liquid fornulation

(sol ut i @mouped silsgeshswedto avagde in gyagudorpatblagyivid dlihicaldindmgasvhils onithedpy,or or al
anti biotics, decongestants, antihistam nes, H 2 blockers, cisapride,

met ocl opmacodplained of wdrkaningsemptons avhile ph decdpe, (e patidnelsad(thaapyved from the
gelatin capul e) and sprinkled on appl esauce has been approved by the Food
and Dr ugrdfhyRslisifod sstdegyt, aaitwastoppedahérapynatiiafer isRbohafdnedmetlt e Agure 8).strati on
in adults but not in children. Published data are | acking on the efficacy
of the Ikam@pEide Hekasepin wikitietherapywsk steppedibd ek @Bnclusidne P& ad B¢ GraWAandeen
studied for bioequival ence as a sprinkle in adults and appears to produce

CONP@r akhé&cas€ mMUnhiStOPIRIGRd-ApH v s poRNpro pIRALIE etatdhs IBReSt1aNd g B, 6aPSUI €.
Again no data are available on the oneprazole sprinkle in children. An

addi ti onatierld Gad¥aRh@d8 Ohoch BRERRPAERhE TS nichSs thAIHR WD FEF dadents
qui ni ne-1i ke. Even when suspended in juice, applesauce or" the |ike, the

bitter nateiVed n@hpididit BBRHCHNEPPELESSY. | f dIARLE Pafh&Nod] 49NSnPaRHIE S
chewed. For this reason applicant eventually progressed to use

| ansopr w&&idg@ggg%e-aﬁmesidE’aﬂéc@s%az @%eu/z@md][@ét?ﬁmamo&y ab& yayai | abl e as

enteric-coate ets only. Currently, none o e proton punp inhibitors
avai|ab|c%thtélP%sMOéJ n HshtiDs ofhErafPPr oved for pediatric use. There is
sonme 20 controversy as to at the propri ate dosage should be in this
group of péfﬁi onts. Arecent review by Israel D, et al. suggests that
effective f dosages shoul d be higher than that originally reported,
i .e., from 0GERRynKbe padiagricropalatiqy ik celgsivelyrcampion, afictimgalmostisé¥etof wit h t he
PPIs is not seen even at >50ng/ kg, there appears little risk associated
wi t h t henelwbginer Evaddbaigh si0stBafertd outgravbglesiviigiconBuxapathdlegitmflinessll t y. of
M ssouri consistent wth the findings of 25 this review, applicant
est abl i sififedts apsoxphielyf 5% efthlidb#dge threghmarchiddhob@nRedEhiby conidseble datapensi on
daily. This 10m dose provided 20ng oneprazol e or 23 ng | ansoprazol e.

has pointed to reflux as an etiologic factor in extra-esophageal areas. GERD has been

20  attributed to sinusitis, dental caries, otitis media, asthma, apnea, arousal, pneumonia,
bronchitis, and cough, among others. Despite the common nature of reflux, there seems to
have been little improvement in therapy for reflux, especially in the non-surgical arena.

The standard of therapy for the treatment of GERD in the pediatric population has
become a progression from conservative therapy to a combination of a pro-kinetic agent and

25  H-2 blocker therapy. Nonetheless, many patients fail this treatment protocol and become
surgical candidates. In adults, PPI therapy is effective in 90% of those treated for
gastroesophageal reflux disease. As a medical alternative to the H-2 blockers, the proton
pump inhibitors have not been studied extensively in the pediatric population. Part of the

reason for this lack of data mav be related to the absence of a suitable dosage formulation for
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In the 1 CU setting, the University of M ssouri-Colunbia has been using an
unfl avored PPl suspension given once daily per various tubes (nasogastric,
g-tube, jwousabssheedi ng tube, 45 WO 03/009846 PCT/ US02/ 2P86AIS0%2186® t ube,
etc.) for stress ulcer prophylaxis. It seenmed only logical that if this

t herapy could be nade into a palatable form it would have many ideal drug
characteristics for the pediatric population. First, it would be |iquid,
and therefore could be adm nistered at earlier ages. Second, if nade

f 1 avor f vhis very youngipdielafon, grimadly vades dryewrsrpf dganibet dogsjot ghvallow qapwyiled o&f f or d
once daily dosing, also heIEing in reduci ng nonconpliance. In the process,
appl i carteblets.skt wpelddg degirablgde havae tre Swid fooulatiobeokitiemerasustiersieh) withi ch near |y
el i m nat ed dosi ng conplexity. Choco-Base is a product which protects drugs
whi ch argeodpalatabifityi sueh asgsiedad &g opal extibivticp uiegonigestantsi endihsstanfinesnkl-dci d
degradation. The first few pediatric patients with reflux prescribed

Choco- Badekevsr@sapridk erctoplpiagndes etc. Thigyush afllab@prazan gpniles (rétheved fipmand had
been di agnosed both by pH probe and endoscopy. In the first few nonths,
appl i canhe gelamtoagulpeaind eprinkledion lappléaide hagbezh appreyedayeheFapd agd DA/ kg) and
found this to be sonewhat ineffective, and quickly increased the dosing to
20 n® ( 2Adwminks@ationfas emelpi@riot methdbotidrupadriimBirationiadiits bieosinwtitdren.appl i cant
began using | ansoprazole 23 ng po qd. Applicant's standard therapy was then
ei ther 2QiblithedUata aRNEcKIQl0R tR e fHACYHf tAE 1ansupsLPk 3g@ke: MEwed Mahilden. The extra 3
ng of |ansoprazole is related only to the fact that the final

concent r@héRikoldiss BeedStudpt Mr bickgeivaeh@RPh kiamle if &l add hgpelseap dosi ng
sinple, so he used a 10 m suspension. The patients that were treated

r epr eserngr&fhic@cdipdrdb® fnGRERcGRRtiGTs WheR bbabdrQto R hntA8apsiRl Aghinhgr ent |y
sicker and refractory to nedical therapy in the past. The overall 72%

SUCCESS dafaBh€aVafatiit bIOthE binehradid sphihRB if S810RAYA5UAE 8BSl BRERAn@fe SPIS i1 n the
adult popul ation, but this can be attributed to the refractory nature of

theiys i !dn%?a%ole@%taﬁ@whieﬂisfqﬁinhlﬁ%l@f EQ& WRS shEended ih {u‘?&t, Msaucd BE _
population'in this study is not indicative of 'general practice popul ations.

Concl ust @Bl HRFRARK of BeiheIRREH Gl nkBFERRGHELGARK ORBLLAG 1 eat ment

of reflux related synptons in the pediatric p tion. I'ts once daily

dosi _ . . Por | : o
osing apd r&&%ﬁ%ﬁh%ﬁ?%htﬂﬁf@g?@&g%deﬁﬁg@laﬂ%%ra%lte*Pn endBl Bk itdpfd B! at i on

makes it an | ar naco

and rabeprazole are available as enteric-coated tablets only. Currently, none of the proton
pump inhibitors available in the United States are approved for pediatric use. There is some
20  controversy as to what the appropriate dosage should be in this group of patients. A recent
review by Israel D., et al. suggests that effective PPI dosages should be higher than that
originally reported, i.e., from 0.7 mg/kg to 2 or 3 mg/kg omeprazole. Since toxicity with the
PPIs 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
25  this review, applicant established a simple fixed dosage regimen of 10ml Choco-Base
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

PPI suspension given once daily per various tubes (nasogastric, g-tube, jejunal feeding tube,
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46 WD 03/ 009846 PCT/ US02/ 21368 5 TABLE 1 Synptons Patient Nunbers Nasal:
35 Sinusitis 7 Congestion 8 Nasal discharge 16 Oher 4 Gologic: 26
Qitis Moa3bd9s4&x orrhea 9 Respiratory: 34 Cough 10 Wie€aarshi/21368
Respiratory Distress: 5 Pneunpbnia 2 Oher 6 Gastrointestinal: 10

Abdom nal Pain | Reflux/Vomtin 4 Qher 4 Sleep D sturbances: 11. O her
2 47 WD 03/009846 PCT/ US02/21368 5 TABLE 2 Refl ux Associated: 12

Premature 5° . .
5  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 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 noncompliance. In the process, applicant discovered
10 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 inhibitors, 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 diagnosed
both by pH probe and endoscopy. In the first few months, applicant treated patients with 10

15 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
lansoprazole is related only to the fact that the final concentration was 2.25 mg/ml, and

20  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 PPIs in the adult population, but this can
be attributed to the refractory nature of their illness, most having failed prior non-PPI

25  treatment. The population in this study is not indicative of general practice populations.

Conclusion.

PPI therapy is a beneficial therapeutic option in the treatment of 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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Pierre-Robin 2 Cerebral Pals 2 1 -Down Syndrone Charcot-Marie-Tooth 1 1
Vel ocar di of aci al Syndrone Other Medical Hi story 12 Cdeft Palate 3 Asthma
3 Autisnwdo3Bedisaaur e Di sorder Diabetes Mellitus 1 Subgl otrCirawsst/ernesi s 1
Tracheost ony Dependent | The Choco-Base product is formul ated as foll ows:
FORMULATI ON 1 PART A | NGREDI ENTS AMOUNT (mg) Omreprazole 200 Sucrose 26000
Sodi um Bi carbonate 9400 Cocoa 1800 Corn Syrup Solids 6000 Sodium

Casei nate 1000 Soy Lecithin 150 Sodium Chloride 35 Tricalcium Phosphate
20 Dipotassium Phosphate 12 SiliTGWBLBloxi de 5

Symptoms Patient Numbers
Nasal: 35
Sinusitis 1
Congestion 8
Nasal discharge 16
Other 4
Otologic: 26
Otitis Media : 17
Otorrhea 9
Respiratory: _ 34
Cough 10
Wheeze 11
Respiratory Distress: 5
Pneumonia 2
Other 6
: Gastrointestinal: 10
Abdominal Pain 1
Reflux/Vomiting 4
Other 4
Sleep Disturbances: 11.
Other 2
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Sodi um St ear oyl

mg/ m .

() AMOUNT (ng)

Lactylate 5 PART B | NGREDI ENTS AMOUNT (m)
100 COVPOUNDI NG | NSTRUCTI ONS Add Part B to Part A to create a total

of appr owomatwedsye 130 ml with an oneprazol e

Distilled Wat er
vol une
concentr at i orcafusabyoisss 1. 5

48 WD 03/ 009846 PCT/ US02/ 21368 5 FORMULATI ON“2"PART A | NGREDI ENTS
Sucrose 26000 Cocoa 1800 Corn Syrup Solids 6000 Sodium

Casei nate 1000 Soy Lecithin 150 Sodium Chloride 35 Trical cium Phosphate

20 Di potassi um Phosphate 12 Silicon Dioxide 5 Sodium Stearoyl Lactylate
5 PART B | NGREDI ENTS AMOUNT Distil et er 100 ml Sodi um Bi car bonat e
8400 ny _QOneprazale 200 npg  COVPOINDING -NSTRUCH-ONS—-M-x—the—eeRstituents
r thorouahl y an t hanl ~Add —A—TFhi ;
?I)t Zlart Reflux Assocnatea’ H anrdt henadd—t+o—Part .12 Fhirs—+estlts in a
Premature 5
Pierre-Robin 2
Cerebral Palsy 2
Down Syndrome 1
Charcot-Marie-Tooth 1
Velocardiofacial Syndrome 1
Other Medical History 12
Cleft Palate 3
Asthma 3
Autism 2
Seizure Disorder 1
Diabetes Mellitus i
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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vol ume of approximately 130 ml with an oneprazole concentration of about
1.5 mg/m . 49 WO 03/009846 PCT/US02/21368 5 FORMULATI ON 3 PART A

| NGREDI ENW® 03g984AMOUNT (mg) Sucrose 26000 Sodi um Bi car ramatse2/9¢369 Cocoa
1800 Corn Syrup Solids 6000 Sodium Casei nate 1000 Soy Lecithin 150

Sodi um Chloride 35 Tricalcium Phosphate 20 Di potassi um Phosphate 12
Silicon Dioxide 5 Sodium Stearoyl Lactylate 5 PART B | NGREDI ENTS AMOUNT
Distilled Water 100 Ml Oreprazole 200 ng COVPOUNDI NG | NSTRUCTI ONS Thi s

forngall ?tl on i sdreconf‘tl tuted at the tinme of use by a pharmacist. Part Bis
m xe | rst_an Ls—then uH-f-orr-v—px
final volune of about 130 EO'RM mm Ag reprazele bﬁgref']t 'I'A\at f\on
of about EA§M/INGRF#HENTS{WQ)00946 PCTLUSORABKOIEN T{mg)

Sucrose 26000

Cocoa 1800

Corn Syrup Solids 6000

Sodium Caseinate . 1000

Soy Lecithin _ R . 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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5 FORMULATI ON 4 PART A I NGREDI ENTS (ng) AMOUNT (ng) Sucrose 26000 Cocoa
1800 Corn Syrup Solids 6000 Sodi um Caseinate 1000 Soy Lecithin 150

Sodi um ChworoBdessdd Tri cal ci um Phosphate 20 Di pot assi um Pooashase8 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
COMPOUNDI NG | NSTRUCTI ONS This formulation is reconstituted at the tinme of
use by a pharmacist. Part Bis mxed first and is then -uniformy m xed
wi th5the conmponents of Part A A final voI une of about 130 ml is created

havi ng an—ereprazote—concentt I 5 mg/m-—tmart fpur of the
above forpulatie ARSORT "z"?gwﬁéﬁer 'AM’ ' mbgy'ubti tuted| f or
onmepr azol EPAB\T N)("R 2 .LNlén.u 1S~ Xatt pl ‘260 oU 1Y of iﬁﬁSupl zol e may
be subst|tI¥B8 for the 200 ng—of omsp.r azote di-t-onatHy—aspat t ane can
be subst i [FSpdien BIATDARAE 0se_and 10 the foll dwiiy—other—i-ngredients can be
enpl oyed dsoceairriers ad] uvan'r s_and excipi n'rlgg_ds’ —maltodextrin—vanill a,
car r ageengorn Spnip Saléb di gl ycerides, and | act 080 monoglycerides | One
skil | ed i|Sadhen Gaseinafiel | appreciate that not |al%0of the ingredients are
necessary| Soy lerigldb e a 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

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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Choco-Base fornulation that is safe and effective. QOreprazol e powder or
enteric-coated granules can be used in each formulation. If 15 the
ent eri c- cweatoedogr@nul es are used, the coating is either diPssaisopai3bg t he
aqueous diluent or inactivated by trituration in the compoundi ng process.
51 WD 03/009846 PCT/ US02/21368 5 Applicant additionally analyzed the
effects of a | ansoprazol e Choco-Base fornul ation on gastric pH using a pH
nmeter. (Fisher Scientific) in one adult patient versus |ansoprazole alone.
The éatient was first given a 30 ng oral capsule of |ansoprazole
(Prevaci d[T)), and the patlenqujkﬁﬁ@ifﬁq@NQh Wwas neasured at 0, 4, 8, 12,
and 16 ho utts are | bﬂﬁ@ﬁ rlg 4—10 The
ChocoBase PAR] %?N%@ngéﬁg d—accordim 'ﬁ IIUI g{lél}un t—above, except
S P . 36000
300 ng of Cauogupl azote—was—us ose—of{30 ngy
IanSOpr azp % uluug.ll.b;s?ac Was Ste DU at—Aot 8 S :
Iansoprazugg?§V”WeP'bus%ric eg—Hoi-hg—a—pH-Aet at—hours 18,
19, 24, 2Q3mhwntkg?mﬂb, 48 t m&.uopﬁazo.e alone-dose. 15
Figure 4 Poyjdcithines ¢ he !ansopLa;gLechgga_cdﬁ%Lnatinn resultedli n higher
pHs at ho pedium hipside 41y | ansoprazol e al ane at35hours 4-18_ Thereflore, the
conbi nat i pfriesiciymEhosph¥epr azal e with chocollat?® enhanced the pharjmacol ogi ¢
activity pPiporesipmihesphateol e. The results edtaBlish that the sodi um
bi car bonat 8iligen Riekideas chocol ate fl avoring dndScalciumwere all dble to
st i nul at e| 8drBuraStaanoyt Lastylaé t he prot on punps, perhaps due to the |rel ease of
gastrin. Proton 20 punp inhibitors work by [functionally inhibitilng the
proton pufrp and ef Pamt1i BENGRBDIEKTSact i vat ed AviouNT punps (primar|i |y t hose
i nserted [Disalnéhwagecretory canalicular nenfrapem By further -
adm ni st ef §&GurhBecaporhten punp Tnhibitor WiH gef these activatjors or
enhancer s{onfchREQe! S @ synchroni zation of actqm@nion of the protgn punp

with the gbsorption and ‘Suosequent parreral concentratlons of the
proton pu IEdM] bﬂN‘IﬁNG T'RU ngeu T Frgure 25 4, this combimnati on
produced g g} sré)cld 0 é’det e getthanmwhen—the—protonjpunp

I nhi bi t or g\aa pﬁan%aé &t BYs 9&1%2%2‘15 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 PPI 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 for sucrose,.and

10 the following other ingredients can be employed as carriers, adjuvants and excipients:
maltodextrin, vanilla, carrageenan, mono and diglycerides, aqd 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.
Omeprazole powder or enteric-coated granules can be used in each formulation. If
15 the enteric-coated granules are used, the coating is either dissolved by the aqueous diluent or

inactivated by trituration in the compounding process.
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WD 03/ 009846 PCT/ US02/ 21368 5 Exanple VI Conbinati on Tabl et Delivering

Bol us And Ti ne- Rel eased Doses of PPl Tabl ets were conpounded usi ng known
nmet hods wofoamsmg an i nner core of 10nmg oneprazol e powd@CTrisezei3es t h 750
ng sodi um bi carbonate, and an outer core of 10 ng oneprazole -
enteric-coated granules mxed with known bi nders and exci pients. Upon 10

i ngestion of the whole tablet, the tablet dissolves and the inner core is
di spersed in the stomach where it is absorbed for inmediate therapeutic
effeck. The ehpbicant additigneltly epabired s effentseofladansppradolsdtiivset Biase formeulationdenum t o
provi de synptomatic relief later in the dosing cycle. This tablet is

part i cul @rgagtrigplk usingjarphpmeteeitishentieisntifipgen preradelt batisakvenus legbopgasker i ti s

bet ween conventional doses, such as while sleeping or in the early norning
hours. 1&omex dilplpetieyt was fiiktegivgnendingg dpidapsidet 4f dansopPablegBteyacid®)p amitht uabl e i f
they met the followng criteria: had two or nore risk factors for SRVD

( mechani pasikntisegastric aHiveas mehsaal at Q) 418y 12, asd/ B leubsipost, dosee PRieSesuliart i pl € traunm,
adult respiratory distress syndrone, nmjor surgery, acute renal failure,
mul ti pl eillopetedtin ¥g. 20 pr ocedures, coagul ot herapy, significant hyportension
aci d- base di sorder, and hepatic failure), gastric pHof < 4 prior to study
entryy and ndrhe@hocuBabaprbdyat apdWonipsusdel @écommg\ ForbBatNEbav) keepto] Ut i on
was prepared by mxing 10 ml of 8.4% sodi um bi carbonate wth the contents
of a 20 3@ mapslsepraiolOWeDIsad Ms@ad MdnfelradolOA db&of 30 Weshnsdpiapdle PA) to
yield a solution having a final onmeprazole concentration of 2 nmg/m . 25
Nasogast Chdto{Big) whsdieisy AT ifistled eEfdut 18 pdREIaRRpIa8ANE BloR IGARICYIERAPZ0!l € dosage
protocol of buffered 40 ng oneprazole solution (2 ng oneprazole/1 m
NaHCOB - m8asth4 u§iﬁ%b pMBktdd ¥t hot®s 1801900413335 3pRa0 s fser & s@yBRr azol e sol ution
in eight hours, then 20 ng of the sane buffered oneprazole solution per
day, foriahdopRzélayene fster each buffered omeprazol e sol ution '

adm ni stration, nasogastric suction was turned off for thirty mnutes. 53

VIO 07 009846 {ACTL USR AL3ABIan Bl SIYESLoR R Fon RS R HhdtRDIE bl PRLT €Nt s

were nechanically ventil ated. _
19-56 than lansoprazole alone 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 inhibitors 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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hours after the initial 40 ng dose of buffered oneprazole solution, all
patients had an increase in gastric pHto greater than eight as shown in
Fi gure 1.woaw/00d846 he el even patients maintained a gastri ecgHisot2p6eat er
than or equal to four when adm nistered 20 ng oneprazole solution. One
patient required 40 ng omeprazol e solution per day (closed head injury,
five 10 total risk factors for SRVMD). Two patients were changed to
oneprazol e solution after having developed clinically significant upper

gast$oi ntestinal bleeding while feewipld iy conventional intravenous
H2- ant agoni st.s. .. ' ' ' th o 1), W8 ty-four hours.
Clinically sé‘g%?‘?%tg)ztg{ﬂ%égg}?@gag?ﬁg‘?#?'gs%%ge?égsleeeg?ﬁé)ym not occur in the

ot her ni ne phiblethvere corapanddd usingrknewn methpdssbyXpuninga inagrcole AtlPMBbut abl e to
upper gastrointestinal bleeding was 0% 15 Pneunoni a devel oped in one

pat i ent omtgprezolé pivtdernmingd wotvdpP sgcbdumthésarhopateyad emeutpreoeaftlOmeon  t he
initiation of onmeprazole therapy in another patient. The nean | ength of

pr ophyl axbgrasdsentdricweatddgsnulgs pixad with deoonitinders andzkgipiestsr Bpeml ed a
difference in the total cost of care for the prophylaxis of SRVD: 20
raniipi didgesticdanthasoe)tatdanthe nbleudissohvesisidahe innérrcaresim dispdrsed (8 g/ 24 hour s)
x five days $125.50; cinetidine (Taganet(r)) continuous infusion

i Nt r avepematywhaO0 ivapsdedfotihapediatd therapeutiayKedb1 D8k dicricswated priaatles one g
slurry four tinmes a day per (ng) tube x five days $73.00; and 25 buffered

OMEPr azZ gfe@at&0dbsdrb&din teCi udBdhumab pfovglke shpromxtid ielief 1atayia tiaisii@ cycledhi s exanpl e
illustrates the efficacy of the buffered oneprazole solution of the

present Tilﬁ\{ﬁil@tii%rtm&ﬂ? uSdTultii BaticRs MR SRpdrRn@as éakittoyphl gagficieywernd cost of
the buffered oneprazole solution as a nethod for SRVD prophyl axis. 54 WO

03/ 009846RftidnehReés2 428 8s whildEepg®r M the edeifyfRsihingRolrkl  Experiments were

carried out in order to determne the effect of the oneprazole solution (2
ng q@eprazol e/l n NaHCCB - 8. 4%gp,adipl¢WwAtration on the accuracy of

Therapeutic Application.

Patients were evaluabl¢ if they met the following criteria: had two or more risk factors
for SRMD (mechanical ventilation, head injury; severe burn, sepsis, multiple trauma, adult
respiratory distress syndrome, major surgery, acute renal failure, multiple operative

20 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
yield a solution having a final omeprazole concentration of 2 mg/ml.

25 Nasogastric (ng) tubes were placed in the patients and an omeprazole dosage protocol
of buffered 40 mg omeprazole solution (2 mg omeprazole/1 ml NaHCOs - 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

administration, nasogastric suction was turned off for thirty minutes.
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subsequent pH neasurenents through a nasogastric tube. 10 After preparing a
total of 40 ng of buffered oneprazole solution, in the manner of Exanple
VI, dosewowsmessaelm nistered into the stomach, usually threaglsoz21368
nasogastric (ng) tube. Nasogastric tubes fromnine different institutions
were gathered for an evaluation. Artificial gastric fluid (gf) was
prepared according to the USP. pH recordings were made in triplicate using

a Mar oconpuwveﬁgaﬁeaak@rmarmmerAn}aslﬁéms@&wmédﬁﬁnem eﬁﬁla{eemr% Ltd., 15
Tai pei, Taiwan irst, the termnal portion (tp) of the nasogastrlc t ubes

was pl agRgs am,othéugﬂ.aaaé n@%@af buff&ed g@@ér%let Jaﬁmeﬁ%hraaﬁ%ﬁé qua m%re"aséﬂ

al i quot of gastric fluid was asplrat hrough each

recor ded;, ﬁ%gajlcsppg@os%gﬂgljtgﬁl D ae st%‘g rQ?}OH'%% glhé«' 1139.:'}5 %Ha?senSI on

nmeasur ene ernlna I on t he nasogastric
tub t
(ubcs. v TR0 DSkl B B G TLPIFLAESS AT © 0

f E?&. 5%1% Sl aj'%’%fffe? fi‘;‘;’%g 3% m%?‘tﬁfazl sggéggiprgf &, fpscheid f”"ﬁ\r%w?evgf bgggf.r o
Al e G A Sinbarie i
Sol ut | oV eed SR it dpb et R Afee BT St et LD

DS ol i AR %?é{aeaﬁ%%rﬁ%&% %“f?gﬂé%ﬂ s B TR Do ¢ hfos

pr e- onepr.azo sur ement e . gastric fluid was checked in
tripli cdrica w.gﬂ lﬁ%rltga%eaﬁﬁ"aw&stefﬁr Plge f&%ﬁé NOtRCETAM Hig offier ninp gatfspfs.
measur enent s of its.was considered significant. The Friedman test

was 55 \meo%l/re@@é%wéﬁ/’/umsabtmsﬁbut@lﬁ@éwpﬁr&aﬁmaﬁhealtbﬂfédmé@@F p%: The

Friedman test is a tw. way anal ysis of variance which is used when nore
t hant3t wd’newnetiz developpt @sonspétlea'r afieﬁtnéraégs omgprazole therapatndvaseseseitdpetht s.  The
results of these experinents are outlined in Table 3. TABLE 3 ngl ng2 ng3
ng4 ng5 theyBitiggon piganspgrgoletharapyfin anogher pagient. 3The ngean lepgth of propBylaxigwas 3
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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Pre SOS [2] gf p1.31.31.31.31.31.31.31.31.3 1" dose 1.3-check of
gf pH[3] of p 1.3 1.3 1.41.41.41.31.41.31.3 2nd Dose 1.3F-check of
gf pH SOSvpH3woB4® 10 Table 3 illustrates the results of PChASpR1368
measurenents that were taken during the course of the experinment. These
results illustrate that there were no statistically significant |atent
effects of oneprazole solution adm nistration (per nasogastric tube) on the
accursacy of subsequent pH neasupgiRples/PPt @i ned through the sane
nasogastric &onptppl € 1 X 15 Efficacy of Buffered Oreprazole Solution in
Ventilated Pg ,%e?m{eﬁts kPGS f MK B d%%rmemffe& &laf&ut I%Pazgl@t erm ne the

efficacy, safety, and cost of buffered oneprazole so n in mechanically

vent! | algtliof (ol Gfbinzold | mPREEO] thwnggam\as%n%qn dnPhe @A @ddi L1 onal 1 sk

factor for st ated nucosal " dal Patients y-five adult,
factor FarediefBlt e B ARral, Ml bBES\ 703 coosdo. pT U0zl 21368 5
Exangl o Vi1 Shg aerr e R Y ﬁ%o%guf'@m‘) LR R s S
?E%Egﬁ b5t T Rk bt ardafo%Qf%%p e ﬁvglgﬁm*suap%@é%}*sﬁaés&gst%% d?'s'tﬁred

o SRR et B P B Rl o R BB Biin ™™
B e SR T BT o,
endos Coerllglxcgt\t/eaﬁlsllﬁlg El II\/Ecrocc?n?psu(EQ%%}'ter&;lg 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 mlaliquot 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] measurément.” 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 iwo (Seemsaelary ef fi cacy neasures were gastric pH reagsozeisbour
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

TP ARl RO IOR Bmah R PEL R b PERRIIS SR G S LGTR Y

signiTicant gastroi ntestina ee prazol e
suspensi he f Rr mean), the
mean gasir fi (V:V?;p e’t{ éarnr}& rel&?drglégamcgﬁﬁeoﬁérftge é‘%reﬁe%géa “%‘8"4 he | owest pH
after starti 2[?‘ o fB‘;azo was 5.6 ‘(l da [he i nci dence of pneunoni a was
twel ve per cenit'® RS HHHTERFXREAMERtR pre opliged o Tﬂ?e opul ati on experienced an
adverse event or a drug interacti omaBn®iz was attributable to oneprazole.
Concl usi ons=—Qmmprazole-solution provented clinically significant upper
gastroi ntestinal bl eedi ng angynai r@i ai Rad gast ri GgepH ;;-)gboveng5 5 nhgn

mechani cals=y=verti-tatet—2b—ceiticalcaro patientcwithoul - produc i ng
toxicity. Nipiferials andibet hosls: iThe study iprotacol was approwvied by the
Institutional Review Board for the University of Mssouri at Colunbia. 57
WO 03/ 00984® PCT/ US02/ 21368 ed to the surgical intensive 5 Study

Popul ati ongoAl | adult (>18 years old) patients admitt care and burn unit at
the University of Mssouri Hospital with an intact stomach, a nasogastric
tube in pl &« and an anBi ci pat edid nt ansi vascarasuni t3stays of it | east
forty-eight, hours were considered for inclusion in the study. To be

i ncl uded pdt&nts also had to have a gastric pH of <4, had to be

nmechani cal hy-Nankis@at ed and have one of the follow ng add| tional 10 risk
factors for a mnimmof twenty-four hours after initiation of orreprazole
suspensi onpBlsfhead i njury w th al tered4 evek of iGonsakousness,isext ensive
burns (>20% Body Surface Area), .acute renal failure, acid- base di sorder,
nul tiple tfauna, coagul opathy, nultiple operative procedures, coma,

hypot ensi og,f or | onger than one hour or sepsis (see Table 4). Sepsis was

1.3¢-check 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 thét there were no statistically significant
latenf effects of émeprazoié sdlution administration (per nasogastric tube) on 'the accuracy of
subsequént 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 mBobdsas ng: tenperature greater than 38C or | es3/usan38$C,

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. 5 19: 27.Ifta9eriions: PRagntsgntesved 30 20 owlaprazdiscdinion dlerepased astper Bpynplead f ai | ed
or who experienced an adverse event while receiving H2-antagoni st therapy
wer e al SdI amicdouthidng 4Rahg efdrsepveple) extallydeldowaddmatsbend 20 dht dode sixtey wer e
receiving azol e antifungal agents through the nasogastric tube; were

| i kel y tetghskalrs laver,bheaodd nfl€2@mg) dAlyi @imepraddlosolstionuscdrdiag taithe gresenor al

| acerations); had severe thronbocytopenia (platelet count |ess than 30, 000
cel | s/ miBjentictbwaseddeninigered whraghambeigadtrid b ifs1Rsveld by 6UQhmitdfeapras@gast ri c
tube; or had a history of vagotony, pyloroplasty, or gastroplasty. In

addi t i orphe padolg@MtiGtubé ik angRAT6H e PdtwalRUR aftebact A¥mihietritn. €1 ght hour s

after 1CU adm ssion (w thout prophylaxis) were not eligible for

par tigci pat i ONfeasiParhd @ Vired MAIR REGYS! D in\%rf&ﬂi:dihﬂ: Médshye vak BEniclIgest i ve tract

t hat was not stress-rel ated nucosal 03/009846 PCT/ US02/ 21368 5

damage (sgmficant@AStRsReRhAddeNiny Qétbintifdl tyantisesdic RSN aggaddll | Or Y- Vi ss
tears, oral l|esions, nasal tears due to placenent of the nasogastrlc t ube)

wer e ex%kﬁlﬁ?éjexfaﬁl%lgm%r ﬁé‘nié ﬁlwe cONR| BRIk AhRAkh ST PRAIARLRitRBVARYI NY

non-stress-rel ated nucosal bl eeding. The reason for this exclusion is the
conf oundj,p Qa?gsfs@&&tecp&'ltmé’ﬂvéé] r@eﬁ?dé’cﬁéa@ B e AMGARAEeDhERFEARYMm&E b Lacy-
rel ated outcones, such as the use. nasogastric aspirate’inspection to

define %eraga%aiclpxq I%Qas&.le@gsrufa ;xgnfrmftéf%ﬂm%f)ra%él}vﬁsof'@tta%ﬁﬁﬁn eredbrjn%%%'aﬂﬁy St udy

Drug Adm nistration e solutlon was prepare bef ore

2 131 S P B it AR B8 UG8 B o Shi 0 olsg  UoL T ons:

ty t He conte one or prazo into an enpty

10" ¥k g,gfeelag‘eg%u&oa& g@fag@q eﬂsfhgt eo@awe?g%%xeﬁﬁ;&mthglnﬁgenchg&p' unger has

been renov razo *eade capsule ., Inc.
West Poi nt 5e£ t he e:. wi, thdraw 10 rri

nd
0 b, aoubim Tl e SRS pde e ARy SRS e S-S rBLe I

Labor at Oréelevsmg o’\nlgeptragole 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 Missouri at Columbia.
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Chicago, IL), to create a concentration of 2 ng oneprazole per m of 8.4%
sodi um bicarbonate; and allow the enteric coated pellets of oneprazole to
conpl et elwolseedsdown, z30 m nutes (agitation is hel pful) PCTRSoDmBps azol e
in the resultant preparation is partially 20 dissolved and partially
suspended. The preparation should have a m | ky white appearance wth fine
sedi nrent and shoul d be shaken before adm nistration. The sol uti on was not
adm ni stered with acidic substances. A high-pressure |iquid chromatography
study was p&iutPapdationa b FI8ystreald) paiients pdnittsd the sirgiel indensEnpli f i ed
onmepr azol e suspension maintains >90% potency for seven days at room

t enper atcateand Phinginy pthaMatvewsity pdMissoveididspicad Wi apintishstome¢hak and f ungal
contam nation for thirty days when stored at roomtenperature (See Table
7). The nastighstad tubio Beplask, adep paticidatedsusensiviesarewnis stay ofag leapidbitpexght by a second
40 mg dose six to eight hours later, then a 20 ng daily dose adm nistered
at 8: 00 haius weactvnsidsed fommchOiondd 08 5100R SAGbeRETNdI8P2YiIZO® hal telthve Ai st er ed

t hrough the nasogastric tube. The nasogastric tube was then flushed with
5-10 m gaétrit pH ofvad, diad anlet ro¢chapedly fventilaed dnddste aref heubllovingpiditivakle t her apy
was continued until there was no |longer a need for stress ulcer

proploy! aik Sacfarsfoah mniafutnest tvérey-fas bgasiftdr initiatioe of\@seprizteapvgendnd t he
patient was taking water/food by nouth, or after the patient was renoved

f r om neaRaninfiay witk Bltdrédlel ) B) conddloushdseRkiensDt mme(>MEa Bade Surfab Argy)i mar y
outconme neasure in this study was the rate of clinically significant

st r ess- raghtat&@dl AU SId-tkedicirag, detippeduns cNIRpanp) Gultyle dpaawveof
stress-rel ated nucosal bl eeding or bright red blood per nasogastric tube

that di gr&l@Hured, @dtha, hgpdt@isiod f&m%wthen biMRELoIREpPEGE] EdbRM). Sastsvagcul t
(Sm thKl'i ne Diagnostics, Sunnyville, CA) positive coffee ground materi al

for fourdefRRsRGHH fré8ndfinvalifdfattbgthiOSiloafibBddr théif Bxind ARG d(Rkisskes | east 100
m ) and produced a 5% decrease in hematocrit. Secondary CQutconme Measures:

The l%ecqgﬁﬁfnlé ith ?sfe?rﬁaﬁc PRAHIE fiat WEL&dIRS bf %&e%&*the%@&%ﬁ?ﬁerﬁ&‘r‘&m@our s after
oneprazol e was adm ni stered, nmean gastric pH after starting oneprazole and

| owest %ﬁéa‘tériﬂgm%b@w ILRGhHTBRE Atk Fat B (R R e AYmifiAS s fratBy @S
measured | medi ately after aspirating gastric contents through the
nasogas tgréaQerR%%O bRAaths/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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20 'paper (pHydrion inproved pH papers, M croessential Laboratory,

Brookl yn, NY) was used to neasure gastric aspirate pH The pH range of the
test striwomaesiicto 11, in increments of one pH unit. GRETrUSo2/p¥68aS
measured before the initiation of oneprazole solution therapy, imrediately
before each dose, and every four hours between doses. O her secondary

out cone neasures were incidence of adverse events (including drug 25
interactions) and pneunoni a. Any adverse event that devel oped during the

st udy’ wamagg(cot-dfagdoscepieatbrysiibedyasceablpsding Qs Mallgry-Weise teesy eraldesignsed f r om
the Centers for Disease Prevention and Control definition of nosocom a
pneunoni #sql tepFsrBie te plaggment afglggnasogasteie fulie)were exsluded femahé ¢fficics, a pati ent
who has pneunonia is one who has rales or dullness to percussion 60 WO

03/ 00984Balea@iynynd 2ata@Eed ashaping porystiesatelatodamiqosd! bisnding. Threresshe&ir or has a
chest radi ograph that shows new or progressive infiltrate(s),

consol i dhisiestlysieraiy itheaonfonnding effsceafman-stedst-udatehmandalivdesdiat oh effisbcyt wo of t he
following present: new purul ent sputum or changes in character of the

sput um ralatedog@pinensicheb dease offmasngaitiosgirate inspcdon foalefine dinidatpkocyt osi s, or
evi dence of infection froma protective speci nen brush or bronchoal veol ar

| avalfe. dRaificant ppehgastnaintedtinel bdeeldingr i a f or pneunoni a and were 10 recei Vi ng.
antinicrobial agents for the treatnment of pneunonia were included in the
pneunoni a i nchudle Meeg Hilmiatsearickh O parolt eolitionWeds PrephR0 itisedial baford Ni ti al
screen before the first dose of study drug was adm nistered to determ ne

i f pneundmigistw@ion py eReatienps hese dsthgtiitefoBéwihE ins@hctRAR haAPHR csM&REHSI on.  Cost
of Care Anal ysis: A pharmacoeconom ¢ eval uati on of stress ul cer prophylaxis
15 usi I’lg)n@I’dSBWcﬁKDh@o&%rﬁidl@d’&p%ﬂ’é{s)pﬁbfaﬁ)élﬂ'ﬁl@-lO-Eh%yﬁﬂ/%@({'}ﬁtl hOBaighabdyted total
drug cost (acquisition and adm nistration), actual costs associated with

adver se ifpROE)Sronewhich tHRPHHRERTE Yeen GaASEN Eh&RabRr de[ﬁ?éﬂ;?bllea%FéiﬁésP n), costs
associated with clinically significant upper gastrointestinal bleeding.

Tot ajs drverck @sto. a8, Wabahlred: RYIa8IHE PAntdd SnPVRLANE nbOfd: Wil R costs
of omeprazole 20 ny capsules, 50 m sodi um bi carbonate vial's, and 10 ni

SYr i NgesnMifisoR NG BlcSiborftt Siuign bi i@n(i@'ﬁb‘&g?ﬁxf?n'ﬂhﬁ%ﬂdé%&tor%b@ﬂﬂ! toring);

pharmacy tinme (drug preparation); and disp costs. sts dssoci at ed

with cl iéﬂi&%b,' 1Y), Rkt b CAREtHRBEbF 2 Slg%h{ep{a%lggéﬁir@goggﬁ%%%m i ncl uded

endoscopy chargés and acconpanyi ng consultati

bicarbonate; and allow the enteric coated pellets of omeprazole to completely breakdown,

. =30 minutes (agitation is helpful). The omeprazole in thé 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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procedures required to stop the bleeding (e.g., surgery, henostatic agents,
endoscopi ¢ procedures), increased hospital length of stay (as assessed by
t he attemdorg/opsysi ci an), and 25 cost of drugs used to tr ear/ush®y21368
gastrointestinal bleeding. Statistical Analysis: The paired t-test
(two-tailed) was used to conpare gastric pH before and after oneprazole
solution adm nistration and to conpare gastric pH before 61 WO 03/ 009846
PCT/ US02/ 21368 oneprazol e solutigon adm nistration with the nean and
owest  GUETREre) hrOu Qi RRetin Lot | B saiagiin HPR Y 25 e SR B Rl 1o
Seventy-seven patients net the inclusion and exclusion criteria and

r ecei ved?! BiaspvasTand clapped fosat leasnedo, (Qmeprazolplerapyt wassentinged entidy c| uded
fromthe efficacy 10 eval uati on because the protocol for omeprazole

adni ni stthHE MehnuREEs dtesdior et lcar prophwlaxis Giseallyrafier theraaspgasticdube was
enteric-coated pellets had not conpletely broken down prior to the

adni ni stre@eyedringthetpaeent Wﬂ%takmwaagg@é by witeuthh opafistithe patienhwes rempiesl ef f ect on
gastric pH The gastric pHincreased to above six as soon as the patient
was giv rpnam@@élcalfveomtmr&zol e solution (in which the enteric coated

pell ets of oneprazole had been allowed to conpletely 15 breakdown). The
reasidn for t Rereey.@ na MeasyrasnTheesintanaouterascogees tre i thissgitdy oves g revas  not
turned off after the oneprazol e dose was admi nistered. This resulted in a
t ransi emf cififalytsignificgatstressgelatpdmudise! beedinigaiefin@ss eadosegpicofvidensetdf subsequent
oneprazol e doses, and control of gastric pH was achieved. Two patients
wer e corssedearledd efucobldyeding dr brige risbidendsier ompgasaicalitee thatididebt tiear20 mai nt ai n
adequate gastric pH control on the standard oneprazole 20 ny/ day

mai nt enafieea S-dosee lavigeror prsistemefasadol e (ShogK lina Didgnosties Sefnyvilled0ANY/ day (40
ng once/day or 20 ng tw ce/day), gastric pH was maintai ned above four in
bot h patpositivscoffeh gamnd watepial foefotusconsst etivei haatsulike didinot tlbg witfage @nd ef fi cacy
eval uations, including the gastric pH analysis. After the two patients

wer e1sdedtat B rhdahdipreduced B6Yordeprehséad heasatorgit.e no | onger followed. 25 The
ages of the remaining seventy-five patients ranged from ei ghteen to

ei ght y- seven Sed@adrs Ot @b WidaWWoed Thé SRbisdaWedrBcArphRadined dnd sdsitictphr ee were.
female. Al patients were

measured four hours after omeprazole was administered, mean gastric pH after starting

ezls

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 (Garner 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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mechani cal ly ventilated during the study. Table 4 shows the frequency of
risk factors for stress-related bleeding that were exhibited by the

pati ents WO 0Bhis46t udy. The nost common 62 WO 03/ 009846 PETTUS02234868 5
risk factors in this popul ation were nechani cal ventilation and maj or
surgery. The range of risk factors for any given patient was two to ten,
with a nean of 3 (1) (standard deviation). Five patients enrolled in the
study had devel oped clinically significant bleeding while receiving

cont § nuouphyisisheseminstion ofithaméhestdr has a(chsn radipieraph ihay shows aewer pigi¢esiy©000 ny/ 24
hr). In all five cases, the bl eeding subsided and the gastric pHrose to
above f infidtran($)ncamseliationy caiitaticn) otwenrsl effusien aridrias ptdedshiyvoofelwr falovieg t her apy.
Three patients were enrolled after having devel oped two consecutive

gast ri cpeknvakwgsnibeit sputinh pechanges incchaecter ofitgspatuntian arghmigoniotated (i n t he
doses outlined above). In all three cases, gastric pH rose to above five
wi t hin fromlodd@uitsre et or oYy @Zialoe etilarcapf/infkasgorn frorh b ptaattivégucinehher
patients were enrolled in this study after experiencing confusion (n=2) or
t hr onboeykppEstbRchbalFd)ar (vagd Patizhtawhe gense triveiafoy pnelimoliatahd weitehi r t y- si x
hours of sw tching therapy, these adverse events resolved. Stress-rel ated
Micqgal rdBkiomdian@mrisbidVagdnil foi e tréddnent of phei@oniaxleye ihtludeddattieent s who

recei ved buffered omeprazole solution as their initial prophylaxis against

st ress- pRluafoff ind18Hes BLurb! BREE Bderilovat aRE Use@uekit infifal SdréchibeRld tie Sitsgni f i cant
upper gastrointestinal bleeding. In four of the five patients who had

devel opggke WPREEy SR WaObdthifRletdaab ddibaasl it pndafioRiatyas breddht gHoeb teystard eedi ng

di m ni shed to t'he presence of occult blood only (Gastroccult-positive)

W t hin Op$ﬂaﬁﬁﬁQsﬂg%h§0Qf starti-ng oneprazol e solution; bleeding stopped in
all patients wthin thirty- six hours. The overall nortality rate in this

group of crig)gafEdreldnbnBatd SlftachBonsthR \EohluatRBLE Rftlss uldlt PG AxMas

attributabl e to upper gastrointestinal bleeding or the use o oneprazol e

sol ygi Oﬂsiﬂgg\ggj?ogé sf%llﬁl?n 3'-596?{6‘{1:1?91. (TrRiINdAIH itle)dead tdiQWhud¥osr OMepr azol e

gastric p n four hours of omeprazol e adm nistration,

ga W 19 ! omepr az .
Signir1 Cnf BB Asdlm, ol RS AR Bt R C TP EREITT ¢ o
and the [eaf 3 for ea Lol Gs® bl BB WRREM S gh M RTRREAZ0! € 63

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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WO 03/009846 PCT/US02/21368 5 administration (6.8 0.6 and 5.6 1.3,
respectively) were also statistically significant (p<0.001). Sae :

Orepr azolwoggloedsk®©n was well tolerated in this group of cricoiusat/ibises | |
patients. Only one patient with sepsis experienced an. adverse event that
may have been drug-related thronbocytopenia. However, the platelet count
continued to fall after onmeprazole was 10 stopped. The platelet count then
returned to normal .despite reinstitution ( oneprazol e therapy not e,
one pPat iHPragple golugen aﬂén@'ftraa%w'thammmat'@ OV’C\%‘)@EB%T‘?B‘&V%]P‘F mle?sa{)‘ff‘a@e ol aced in
her stomach up and out through her nouth, and thus was unable to continue
on oneprbggivniag omepragdle.ni cal |y S|gn|f|cant drug interactions wth oneprazol e
were noted during the study period. As stated above, netabolic al kal osis
is a potenti esddtpacern in patients receivi ng 15 sodi um bi carbonat e.

However, the amount of sodium bicarbonate in onmeprazole solution was snall
(:-'12 rrEq/ 1Gevdnfy-saven prtieats met the inglusion brrbexehision catsrigwndaedeinedd. Pneunoni a:
Pneunoni a devel oped in nine (12% patients receiving oneprazole solution.
Pneunonimnepeegolp selstort (SeaFigure 23 dTwo patights fwereeexplati¢defnom theeefiaaey t he start of
oneprazol e therapy. 20 Phar-macoeconon ¢ eval uation: The average | ength of
t r ealtOne revalaonriepaselthy protoEhiefor crogirazofe adanigstohéivm was eot folltwed. Inpngabl es 5 and
6. The costs of drug acquisition, preparation, and delivery for sone of

t he tr adiatd, chieamepgedsit snteriecbaied peliees ladaphgongtétdy bfoksi devaspricekeathed upper
gastrointestinal bleeding are listed in Table 5. There were no costs to add
f rom t oxddaiidiytratias sDe Atsetvordokds, whieh padoded as otratid effect obi gasteic pido Thé
seventy-five patients required 40 ng of 25 onmeprazole solution daily to
adequat elaytric Atih@tasgBDlabb @ sPhis sbditasakdpatisnttwae glven @ dadealf omepraasé shoul d
reflect this. The additional 20 ng of oneprazole with vehicle adds seven
cents péefplutid@yintwhidhike éesic codtedllets of BREMEIEhadbben didvey tc@gipletdly care f or
oneprazol e solution in the prophylaxis of stress-related nucosal bl eeding
was %12 K(0kases). Tabl e 6). 64 WO 03/009846 PCT/ US02/21368 5 QOmeprazole
solution is a safe and effective therapy for the prevention of clinically

significant. stheesSod @Bl At e&omdGRARIon Wagafdt RBodBtrisidtiofmk wadh& tiaéd ents. The
contribution of nmany

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
mechanically 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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risk factors to stress-rel ated nucosal damage has been chal |l enged recently.
All of the patients in this study had at |east one risk factor that has
clearly bwernimsmsaeci ated with stress- related nucosal dama@eTruSomeisani cal
ventilation. Previous trials and data froma 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
inthis s clinically signifi can e astr0|nt stinal .bl eedi ng
occurr ed‘sggﬂ\‘iloﬁsg'“(S'H%B‘?pé’%‘P%W§ | "B ﬂ?ﬂﬂca Yo a&B@)E“‘{%% PriEEPt ﬁ)ﬁ ng&eht ai ned
above 4 on _oneprazole 20 ng/day in sevepnty-thre e patients.
No advergk aé@éhﬁoga'argltsﬁnm@“‘?wéfwtp&? ag %&emﬁ?(%lm ﬁaégf%%’low were 15
encountered. TABLE 4 Mech Major Miulti- po- Renal NUItlpIe Aci d/

Li ver vdiye matignesnyolied i iig S‘IUHY WW@H&‘?“GH“‘%M%%@H@?@ ngydlst i on Base Coma
Failure Bum 75 61 35 16 14 14 14 12 10 4 2 2 Risk_factors present in

pat i ent geqeiyingroatirpopgipfysipns-ofmyitidige (160 om/3Idubersipetifingdse) meashr). & TABLE 5
Per day RANITIDINE (day 1-9) Rantidine 150 ng/24 hr 6.15 Ancillary

Pr oduct aflfive pasgyy{isddsedng ouksidgd amd thpgesirid piF spspiog@ave fivepyithia Birty-sixibi ng (etc.)
2.00 Ancillary Product (3) filter 0.40 Sterile Prep required yes RN

t i mel0( $ s pfterdaitiptinguneepradely therapy| Ttiees pian® vaoe ennddlsdaBeihaging R Ph. ti ne,

hood maint. 3 mnutes ($40/ r) 2.00 Punp cost $29/24 hrs x 50% 14.50
TOTAL f alev@opgtd ywo G@ecRiive gastric pH values below three while receiving an H;-antagonist

(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

after 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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RANI TI DI NE Cost per day 33.80 CIMETIDI NE (day 1-9) C netidine 900 ng/24 hr
3.96 Ancillary Product (1) Piggyback 1.25 Ancillary Product (2) mcro
tubi ng (ewo.0p/0@8@ Ancillary Product (3) filter 0.40 St ecTriEsoReBps
required yes 8.00 R N time ($24/hr) 20 m nutes/day (includes pH
monitoring) R Ph. tine, hood maint. 3 minutes ($40/hr) 2.00 Punp cost
$29/ 24 hrs x 50% 14.50 TOTAL for 9 days 288.99 Cl METIDI NE Cost per day

32.1 SgCRA F )k Su Product (1)
Syri Elsge meSLt aé-g%é ?j% ng Sr%ggﬁlé gét%e%) ﬁle])é aﬁogta?%?ﬁlﬁﬂs' mé‘%k% nut es/ day
(incl ude(s (PQQ}J)Z 00 noni tor| ng) TOTAL for 9 days 131.40 SUCRALFATE Cost
per day Not e: Does not include the cost of failure and/or adverse

SR T TS T AR e N
was 9 dagﬁqu onceo patt1er?tfw1ﬁxasr6851¥\g(%eg§1|cgdu zlnaatdsgsg erv(grrxrt1 t}tlat msa(;"/ hg\?et b(:éerllD Srug ErDeelXtec-ir otal
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 concern 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.
Preumonia: 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 pétients 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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OVEPRAZOLE (day 1) Product acquisition cost 40 ng load x 2 (5.66/dose)
11.32 11.32 Ancillary product materials for solution preparation 0.41 0.41
Anci | | ar ywprosaossts syri nge w needle 0.20 0.40 Sterile preparatSoveu3sequi red
no SCS preparation time (R N.) 6 mnutes 2.40 4.80 RN time ($24/hr) 21

m nut es/ day (includes pH nonitoring) 8.40 8.40 OVEPRAZOLE (days Product
acqusition cost 20 ng per day 2.80 22.65 Ancillary product materials for
sol uti on preparat.li 41 .0 } r i:nge l e 0.20
160" Sreri | anspispdPschih P i oyl Bilrdh B0 oV BOGEMRERT) © 6%, s
2.40 4.80 . R N ti 24/ hr), .18. m.nut es/ day (i ncl.udes moni-t ori ng) 8. 40
5760 SRrbcertnpepbd Tl R R RS PP bRb e gay
(days 2-9) .No additional cost for adverse effects or for failure TOTAL

S ot £ 7ok B e gl P Mg ren iy LU oABITR e eval uat i on
of oneprazole cqost of care TABLE 7 Ti ntrgl .1 hour 24 hqur 2 day 7 day
14 day Pedsaes 1o s ?H“fy hed g east g fis.kefﬁc‘%qgaé%ﬁgefﬁi.b% asgciafad WSS S hpl i fi ed
Oreprazol e Solution at roomtenperature (25 C.) Valges are the nean of
three sa&fprésuqesa § emsehaniedl eprtdationt Previgntitrielfigd Svafiom aeqeatlY s of
Omeprazol e Sol ution The antinicrobial or bacterjostatic effects of the
omepPaz orblisges sedyohowdiad stegsar s dgophplaxia st iproysr benghit 1B patisnts i rigk &Wh uti on (2
mg/ M of 8. 4% sodi um bi carbonate) made according to the present invention
was st ortkagefare, it wafihowghbta berwiebicrlp inchide apkaeghs 25erp ip feinstudy. 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
Vent Surgery trauma  Injury  tension Failure  Sepsis Operation Base  Coma Failure Bumn
75 61 35 16 14 14 14 12 10 4 2 2

Risk factors present in patients in this study (n = 75)
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15 was anal yzed for fungal and bacterial growth. Follow ng four weeks of
storage at room tenperature, no bacterial or fungal growth was detected.
An omepr awolos/oss4eat i on (2 mg/ M of 8.4% sodi um bi car bonat @CTrEsd® 21368
accordance wth the present invention was stored at roomtenperature for
twel ve weeks and then was 67 WO 03/009846 PCT/US02/21368 5 anal yzed for
fungal and bacterial growth. After twelve weeks of incubation at room
tenperature, no fungal or bacterial rovvth was det ect ed ~The results of
these experinents illustrate the BAE

characteristics of the omeprazole sol uti on of t he present me«ea‘,\tl on.
Exanple XI 10 A Bioequival ency Stud Heal thy male and femal e study
partici pants_over fﬁ age of 18 Wl %e random zed to receive oneprazol e
in the fo%%%ﬁs: (A) 20 ng of a liquid formulation of approxi mately
20 ng omepLakel e in 4.8 nEq sodiwmyhbincar bonate gs to 10 m eawth water; 15
(B) 20 nyaafiargerdduagi d f or mul at i obisestfackgfdier oxi mately 2 ng- orrep)ﬂézol e per 1 ni
of 8.4% éﬁfd‘?fu?f?db‘i‘ hr bonate. (C) "EPiPS&Ee(r) (oneprazole) 2G4y capsul e;
(D) Capsul;‘%ﬁl aé« 4 by insertingsnon-enteric coated oneprazole 20 ng.into
a #4 errptzw.tges yn capsul e (Lil Izqm)muumﬁ(m\mWHdl spersed in 290 ng of sodium
bi car bonat e powder. 20 USP to fo Pﬁ“%{‘ﬁg Jiner capsule. The in capsule is
then i nseffBdrsKe'd™8" #00 enpty g Aﬁ;psul e (Lilly) togethwr with a
hormgeneoueT';mfagbwse of 600 ny SOdI um b| carbonate USP and 13340ny

pregel at i BA¥E@NSICet whiaNF. Aft er appropriate screening and cét¥ent, healthy
volunteers wll be random zed to receive one of the foll ow ng four-

regi nens Wi gned by Latin Square. Each 25 subject will be
crossed t0 each reginmen according to the random zati on sequence until all
subj ects have received all four reginens (wth one week separating each
regi nen). Clme&l men A .(20ng onepr a%&lm%mp 4.8 nEq sodi um bi carphgnate in | QO

vol unme) ;  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 R 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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Regi men B (20ng omeprazole in | Or 8.4% sodi um bi carbonate in | On
volune); Reginen C (an intact 20ng oneprazol e capsule); Reginen D (Capsule
i n capsulwofoawemsk@at i on, see 68 WO 03/ 009846 PCT/ US02/ 21368CTAISaboMey . For
each dose/week, subjects will have an i.v. saline |lock placed for bl ood
sanpling. For each reginen, blood sanples will be taken over 24 hours a
total of 16 tines (wth the last two specinens obtained 12 hours and 24
hours after drug adnlnlstratlon) B Patlent EI|g|b|I|ty Four healthy

hy males wiTABEE G oncantad for tha otud —10 C.
| ncl usi Oﬂea%-ggl%ﬂl§v§lnmeg9&aﬂf @b@tmge»@@aﬁ%tifromt@edeﬁxd usion Criteria 1.
CUrrentIy taking H2-receptor antagonist, antacid, or sucralfate. 2. Recent
(within 7 days) therapy mnth Iansoprazole oneprazolé*”bY otheFmﬁroton 15
punp i nhibhi-tor 2 i ’ 4.
Hlstory'@ﬁmﬂﬁmmsﬁah)bleedlng 5. Hlstory of peptlc ulcer dlsease or
currently active G 1. bleed. 6. Hlstor of vagotony or, pyloroplasty. 20 7.
Pat i ent fristrwiiirgdd an i nvest fHEEOITAT mlmggmmnthln 30" gays. w8 Treat nent
wth ket é& Qﬁp or itraconazg ifbe wiikedld aplent has an ald2rgy be oneprazol e.
E. Pharmmﬁekhﬁabmamﬁvaluatlon and Statistical Analysis Blood sanples wll
be cent rof exetionfin=tfiy) 2 hour s pingss| | ect i on and the pl & wi Bf5 25 then
separ at AR HPdzen at -10 C COPFEREPGAT M RS

assayed. Pharnmacoki netic

variables will include: tinme to peak concentration, nean peak
concent r aEPRAZOLAIGs1-9D-t) and (O-infinity). Analysis of variance wll be
used to detect statistical difference. Bioavailability will be assessed by
0 i _ i

t he 90/6}99”acqu e.interval ofz&ggﬂgwo one-si ded tests pf thepgatura
l ogar| t hmcnﬁ - " materials for solution preparation 0.41 0.82

Ancillary product syringe w/needle 0.20 1.60

Sterile preparation required no

SOS preparation time (R.N.) 6 minutes ) 2.40 4.80

R.N. time ($24/hr) 18 minutes/day (includes pH monitoring) 8.40 57.60

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 Simplified 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.

An omeprazole solution (2 mg/ml of 8.4% sodium bicarbonate) made in accordance
with the present invention was stored at room temperature for twelve weeks and then was
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69 WD 03/009846 PCT/US02/21368 5 F. HPLCAnal ysis Onmeprazol e and internal
standard (H168/24) will be used. Oneprazole and internal standard will be
measur ed W9 awodsiie cati on of the procedure described by Anmeatramozases Nar ang.
(Amantea MA, Narang PK. Inproved Procedure for Quantification of QOreprazole
and Metabolites Using Reversed-Phased Hi gh Performance Liquid

Chr onot ogr aphy. J. 10 CHROVATOGRAPHY 426; 216-222 (1988)). Briefly, 20ul of
oneprazol e 2ny/ H or . Choco- Base oneprazpl e .suspensi on and 100ul of
the Pnt é?ﬂ)éﬂegg?r::{dl%gfﬂ‘%gger% rg’foé‘SE}édA%rttWClviggﬁi og?’c%bgﬁ‘ﬂ'gﬁé‘f%" buf f er

(pH=9.8), 5 m of dichloroethane, 5 m of hexane, and 980 ul of sterile
wat er . AmeRsratyrpdnodypgdf o agterial giawth Wgedetetsde or ganic layer is extracted and
dried over a nitrogen stream Each pellet is recon IEl:nt,ut ed with 150 ul of
nobi | e phaseTugssief thasssrperimentsibystratg s R?ﬁ'ﬁ‘é‘bﬁ‘?é‘ﬁé“‘i I8tC 8og acetonitril e,
pH=7.4). O the reconstituted sample, 75ul is _.injected onto a C18 5 U

col utm  ebarkdtéristies efdhagmegrazele selutien ofdlhs nresepHASAURR 1. I nd/nin. Under these
conditions, onmeprazole is eluted at approximately 5 m nutes, and the
internal standard at approxi mat ExampléXhki nutes. The standard curve is

| i negr over the c b At ange 0-3 ng/m (in previous work with SOS),
andeltahe bet méén-dgeg oélﬁl?}c?%ﬁ% of variation has been 20 <8% at all

concent r at i oHealthyieale apdifernale sradynparticipants ovpraheags g 4P Wilkbs padamizeddeen 0.98 in

prior weﬁe%%Era%in(tQ%HB@i}l?lf&n‘%m/ m NaHCC3 8.4% . Applicant expects
Xp ts w Il

that the above erinments. denonstrate there is nore rapid absorption
of formul ati &&s (&) me fA liguidiforraylatien dfeppraxisdiehozd Mg owerrazolein Al gr anul es
of formulation (c). Additionally, applicant expects that although there
wi || be sedidinficerbonateqs to 10md viith wakeres of absorption anong forns (a) through
(d), the extent of absorption (as neasured by the area under the curve
( AUQB) shoul Bhe 20 mg bta liqumdbfegmelagorf afrepproxitriatehys? g emepragalg er(lapl of 70 WO
03/ 009846 PCT/ US02/21368 5 Exanple Xl1 Intraveneous PPl in Conbi nation
Wth O @& 4%ssdieh dicartGaedake. Act i vat or Si xteen (16) nornal, healthy male and
femal e study subjects over the age of 18 w |
© Prilosec® (omeprazole) 20 mg capsule;
(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
20 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.
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
25  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).
Regimen A (20mg omeprazole in 4.8 mEq sodium bicarbonate in 10ml volume);

Regimen B (20mg omeprazole in 10m! 8.4% sodium bicarbonate in 10ml volume); Regimen

C (an intact 20mg omeprazole capsule); Regimen D (Capsule in capsule formulation, see
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be random zed to receive pantoprazole as follows: (a) 40 nmg IV over 15 to
30 mnutes in conbination with a 20 ml oral dose of 10 sodi um bi carbonate
8. 4% andwQlp/odB46rg |V over 15 to 30 minutes in conbinati @aTWiSON2E3620
oral dose of water. The subjects will receive a single dose of (a) or (b)
above, and wll be crossed-over to (a) and (b) in random fashion. Serum
concentrations of pantoprazole versus tinme. after 15 adm nistration data

ill b | 1 ect ed, [ tri H ki
vl TR p EbOb St uf o Rk i, SRE T2k RS TEBOEnbibgl B0,
chocol ate or other pari et

| | tivator | bstjt.uted . i etal
Col | actansemhredst HmdsreRrbbit R s ar ey bl ) B Rabithe b33 P '

pant opr azol e, The Pari et al ceIJ ctivator cap .be e%d {nistered either within
20 aboutvospeaimersedtaned d 2 dourg g %S‘OB‘ES tHPRH2UHBET 2 8™ nut es after the 1V
dose of PPI. Applicant expects that these studies wll denonstrate that

si gni fi cant |B: | edgtigny Blipibilits  required to achi eve therapeutic effect when

it is given in conbipation wth an oral rietal 1, actij vator.

Addi t i onal | yFoupbsathy Emales pRhioRy lﬂeémz%m%?ﬁ |bea?ﬂ{5|se'<‘}F‘§f°’6}éer%%’e‘ft‘/al cel |
actyyator can be p,dasippekaand in many various fornms for ease of
admnistration and to optim ze packing and shipping the product. Such kits
can be in unijbnedqsrdd ddtdehi. pl € dose form Exanple X 11 Six (6) Mnth
Stability of prazol e Suspension. A suspension was prepared by m xing

8. 4% sodi umBi car¥6taios Gif€'i oneprazole to 30 produce a final

concentration of /m to . determne the s {1 onepr azol e sol ution
71 WD 03/ 009846 Igéfrr/gﬁl%‘?y’ﬂggﬁecegora%fa@? nigh ?TI%%? 8} gu¥‘f1aglfatre'esul tant preparation
was stored in clear glass agt, roomte rature, ;refri a J ozen.
Sanpl es wer e2-dr a\?ﬁfc%{%l(”é?h‘? 28%8%%%5%“8%@? Sne T?Pé%g%?%gh&g?oé%ar ations
at the prescribed tines. The sanples were then stored at 70C. Frozen.

sanﬂﬁespum%ﬁ"&?bd@ﬂ frozen until they were anal yzed. When the coll ection

rocess was conpleted, the . .
P P Recent (within 7 days) therapy with warfarin.

4. History of variceal bleeding.
5. History of peptic ulcer disease or currently active G.1. bleed.

6. History of vagotomy or pyloroplasty.

20 7. Patient has received an investigational drug within 30 days.
8. Treatment with ketoconazole or itraconazole.
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
25  then separated and frozen at—10° C (or lower) until assayed. Pharmacokinetic variables wvil'l
include: time to peak concentration, mean peak concentration, AUC (0-t) and (O-infinity).
Analysis of variance will be used to detect statistical difference. Bioavailability will be

assessed by the 90% confidence interval of the two one-sided tests on the natural logarithm of

AUC.

69



sanpl es were shipped to a | aboratory overnight on dry ice for analysis.
Sanpl es were 10 agitated for 30 seconds and sanple aliquots were anal yzed
by HPLC iwotmiopsseat e according to well known net hods. Oreprizsobseand t he
internal standard were neasured by a nodification of the procedure

descri bed by Amantea and Narang. (Amantea MA, Narang PK, | nproved
Procedure For Quantitation O QOreprazole And Metabolites Using

Revekse- Phas Hi P, mance Li quid Chronmat ography, J. CHROVATOGRAPHY,
426:5216-222??198§?§?£§&éﬁ§y 15 (20) ul of the oneprazole 2ng/ M NaHCO3

sol ution andolfrable fd ihfifhal ﬂ&rﬁmf{mém’@%ﬂ He 12! BilepRNELEA HRFdaexed Wi th
150 ul of carbonate buffer (pH = 9.8), m di chl oroet hane, 5 nl hexane,

and 980 il 408 will 6 it u&fg%grn_odigb&;oﬁ%m'eﬁrmr@@egmeehbagg%amq ahd'€ organic

layer was extracted an ried over a nitrogen strea Each pell et was
phosphat Gt (AP A. Kol i PRV Aot F QUENARROL b ORI o .
ToU Yo OB S RSN SO SO A Al o2 | o ¢
R T R LT gt e s AR
ConC et it 2R N Bt BTl B el BPRarPou o, o P
o 5o B LTy, by F O TP b P B 002050,
(0 e PULEAS e S bR B AP CHIBNLS, o o e
O e i b B b B 3 Bhab B ey o o e
B SR R S ot e S it £ °
Do Pl R STV LOMIERLy WAL Lo L1 TR Q02 0 1,10 el ver
or soll ctlhe(;le(:) goar‘l%iej\tio];g rorTeérQ?éle 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

20  <8% at all concentrations. The typical mean R? for the standard curve has been 0.98 in prior
work with SOS (omeprazole 2mg/ml NaHCOs3 8.4%).
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 (c). Additionally, applicant expects that although there will be a difference in the

25  rates of absorption among forms (a) through (d), the extent of absorption (as measured by the

-area under the curve (AUC)) should be similar among the formulations (a) through (d).
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produces an imedi ate rel ease of active drug to the site of delivery such
that the PPl is 15 quickly available for absorption. Accordingly, Applicant
has foundwDlawoases t ai n anmounts of buffers coadm ni st er ed Pom/usoxedesv t h
certain PPls prevent acid degradation of the PPl when the buffers produce
a pHin the stomach or other site of environnment that is equal to the pKa
of the PPl plus an anobunt sufficient to protect the PPI from acids and
provide undegraded and bioacti v%)g%l gt he bl ood upon admi nistration
(e.g-, a final pH of pKa of PPl + 0. e]og 20 value will reduce the
degr adat i on {ngraatyeagus BBy, CoRufiration Wity @rad Ravittal Calk Aatinator wi t h hydr ogen i on
at rates thag; i J { i | . Thus,
the sol ubili %%ge)séﬁgﬁn% el’t})]l%%@g?%ﬁéa%g f%lgﬁﬁﬁgﬁﬁﬁ%?&éﬂe 8rr?¥squd‘gilﬁati ons
because bs sinddrnized tp reesive pretpprdedieasfolewst of the rate of interaction of H+
lon wth a”O@EeF chPrH?’f\VBQer.J}’oDi(ﬂgk.L%és i ofmbinaliol &Hnﬁlg%b 0 ol 44 Pr esent
i nvention conprises two primry corrponenr{ S a andah™ESsent i al
Buf fer. An E ser%tiql @Qf_fe({ may include a buffer or conbination of buffers
ﬁaf—i&l 0, arl

that1 i nCerace Wt (Or other acids in the environnent of interest)

phase (usual 131 0 MTLFE o R tbotule PP PRI Gh Vo BADERCPLRIEREI i ai ns & ph

of at least the pKa of .the PPI. In one enbodinment, by raising the pH of
the envi'®Sfirent to the same of the pKa of the PPl plus 73 WD 03/ 009846

PCT/ US02/ 21368 .about 0.7 |og val ue r eater), ft expect ed

egr adat | on TRGHDEAS P eoEin® DU Soats Pr Burebeniat bt GoaBuarerioss As
used herein, the "Ess%n i al %H' is the | owest pH of the _environnent of

i nt er es{®FEGHAIN BRI fshiPD e SEPM SPRGRIFRLIORS @iantqriagole MeTsusdinefdigh adat i on of
the PPlI. The huffering agent(s) enployed may raise the pH of the
envi1|50nﬁé’ﬁtmsfrét'(f'}‘ﬂ?taééf@g?ﬁqogqcmdpﬁ gl gstrag PR gogtrol somepsunsd oithant he PPl i s
undegraded, or be present in an amount 10 sufficient to substantially

pr ot ect dweding pEraeer t han 50% stability) the PPl. In another enbodi nent,
the Essential pHis the pKa of the PPI. In a further enbodinent, the
Essential pH #rdher lsanilay augies arpeonpuapleged whesreipphogslaiesor atheer parfetal aell og val ue of
about 0.7 is added to the pKa, which represents a decrease of about

5. 01187 %tivatos isesybstituted fof thetppretabpp!l agqtivator sediynkbicgbenate, andygtherdPlsare t hus
resulting in a stability of approximately 90% a 15 value w dely accepted
as desi salstimtadfopiratoprcelat Thaparigtabetlicrgvatdrivas bhainvnisesdicitherayitiie

20  about 5 minutes before, during or within about 5 minutes after the IV dose of PPI.
Applicant expects that these studies will demonstrate that significantly less IV PPI is
required to achieve therapeutic effect when it is given in combination with an oral parietal
cell activator.
Additionally, administration kits of IV PPI and oral parietal cell activator can be
25  packaged in many various forms for ease of administration and to optimize packing and
shipping the product. Such kits can be in unit dose or multiple dose form.

Example XIII
Six (6) Month Stability of Omeprazole Suspension.

A suspension was prepared by mixing 8.4% sodium bicarbonate with omeprazole to

30  produce a final concentration of 2 mg/ml to determine the stability of omeprazole solution
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perm ssible to accept a value of less than log 0.7. One aspect of the

i nvention provides that there is also sufficient buffer available to

provi de twe mmmsaal i zati on capacity (Essential Buffer Capacimiuysot2BBC')) to
maintain the elevated pH of the environnent (usually gastric) throughout
the dwell time that the PPl is 20 passed fromthe environnment and into the
bl ood. B. Essential Buffers Essential Buffers can be divided into two

Por mih atthBhe PENeGmDIeTER i eitP g ?m%‘%‘s"aer?iwt s %ﬁ%ﬁ%ﬁ‘%ﬁrgﬁ‘u‘rfeéfr east one
Primary E%"gentl al uffer The Primary ent| al Buffers used 25 al one
or in cdRBRHAEH aRd Wavﬁﬂap IBUY B PN g Yrvsp SRy o g 3 _that leads to

tissue irritation or ean,ﬁ]aboveal mi for the entlal pH
of the MEiParadaRsH rwesc@gggm% CEYPRIET Wergf nﬁ@fedraé%fhﬂ e“aoqeﬁs

formul ati on but can be conmbined with Primary 74 WO 03/ 009846 PCT/ U802/21368
5 EssentPapinglfrezsn enyldheyrvgenehachi Yhet thp el éﬁé?“a&&?féﬁ? Wassemaletedathf on
capacity for the fornulation. Determning the type and dose of buffer to
prot ect sa@plgs wamsishigped o &(l3horAtesy ovasrighti o div ise fos apysis. (Camplesther drugs) is
useful for efficacious PPl delivery to and action upon parietal cell
protién paiped fopap sqcendsand sanyiealiquers wem anplyzeddiiHRLLE ateplicats ageprdingrindi at e

rel ease 10 product designed to disintegrate in the stomach rather than a

t radi t i ovellkndwhayedpds.dImepsazolend the dnterdelstagdard wets rgasired bys arodifioaticond t he
stomach in higher pH environnments such as the duodenum The present
conposi tafthreprensduradedeobiel bynphayeaded dlarangatAnamgeadfiAt NorangPKirlespofved t he
buffer(s) to be used, as well as calculations to determ ne Essential pH,
buf f er i MyocdpadidrQuanidinton/@f CmeprambestrdoMenhdaitds disingmévarsad BbdsedPHighd oses based
on their respective solubilities and 15 pKa's. Such inventive nethods are
appl i cabreefotmance &igaidd nomgroghaphyt, ¥.SSRONATAGRAPHY, 4216: DI6FI2Rr(1288)ndvengary t o
protect the PPl in an array of environnents (e.g., nouth, esophagus,

st onexc h, (2@ dEthe omepragala2my/mi 8aHED; scdutidn, and a6Dgads theiitteinabstandad a powder ,
tablet, capsule, liquid, etc. in storage before adm nistration). Dosage
forns i rsohtion age voRyxddavithXI30 aLef catbonata b it $pIe B \9L8) Editidorobthihineds i pi cal set
of storage conditions includes storage at room

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
20  reconstituted sample, 75ul were injected onto a C185u column equilibrated with the same

- 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.

25 The 6 month sample showed stability at greater than 90% of the original

concentration of 2 mg/ml. (i.e., 1.88 mg/ml, 1.94 mg/ml, 1.92 mg/ml).
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20 tenperature (65-80F), and mnimal or no exposure to heat, cold, light or
humdity as is known in the art. . The present nethod includes all
subst i t utwo deomueri dazol e PPls, their salts, esters, am ®eI/USenarsss oner s,
racemat es, prodrugs, derivatives and the like, and is not limted to those
PPIs used to exenplify the follow ng cal cul ati ons. 25 The Essenti al
Bufferlng Capacity ("EBC') is the capacity of a PPI/buffer fornmulation to

resi ra ion framits € er| C of a
bt/ Buf 19 ? F pprifiET f*)igtﬁ fqr?f:@gw 3“%‘6%‘8’ faﬁgo‘#@ﬂ lekg
formul ati on & ! ‘ ; ., ions) from
the environ il;ne EBtC contr| butes to bot h acid 75 WO 03/ 009846

PCT/ US02/ 213 L? Fatl zat i on (antacid effect) and to mai ntaining an

envi ronment aky, ngwm%%ns onheﬁ{Esgln_)r AR ARGH gplas? aﬁ)rgé&ﬁfg ra%?ﬂe%gs%talf on

t hroughout the I mary Eesenm esigned to
mai nt ai e e nt .a sonmewhat
const an'i11 Cﬁt“g:vder&_l Oqﬁ%atte%%aggfyr @hﬁgfgﬁthg Stfogra ¢ gv%tgrg'm St ?)fen erf hat the PPI
can ? %bgtor bed, from astric or

tia

h d ly, h
fond B Pod @ heidals ‘1%?%%6 s Vrv'ap.tpaeevrew?f%é“ O%gcﬁwpgi e o U h het
th th d d E t Buf f
capab ee%%f%bg%%% oo B A Bl B S b DR Bt | on

t her eof uita Essent.i al  Buf Essent rs include, but
are not SPHenc Bra et f“oﬁ"%F%ErOcPHﬁPta?”HF s werc e Briee Sl G arFor assi um
cal ci um nesi umor, bisputh. In addit 0 aci ds rot eins or 15
protein t?lg‘gg@ﬂf‘g%c’éché%ﬁ“'g%‘?’\‘/eé‘t)féthﬁs"é‘b%l“i“%‘t‘i‘ al?ﬂ?"?%rroé Stk dr?é gedomBet apility
to rapidly, neutrali eim d. When PPIs are mixed with the Essential Buffer,
the PPI §f¥9&9€5@@ impedifs rFIFase Ofpete 1ry8 iR the sitrcd dglivephaush Habihe PBES| ansopr azol e;

the sodiumsalt form such as esoneprazol e sodi um orreprazol e sodi um
rabe‘ér aleclélysad?jlﬂqﬁ’ﬂﬁfob%Pﬁ?@B?Ihz%ﬂcérdm dvpplicepichas foynd fthat %FW‘]‘WG salt form
such as esoneprazol e magnesi um or omeprazol e magnesi um or cal ci um sal t
forms; duffory coadministgeg or mbredsvith Eg%%PFIa|preBentfa@fi§e$rua@ﬁ;ioaef the EPEghemt i al
Bufferl ng Capacity either alone or in conbination wth Secondary Essenti al
Buf f er s.thefpufisesgiredusea prin phisstopiaett er athey sisoefi coviranarepbihattisequabtodhemid es of

Secondary
of the PPI plus an amount sufficient to protect the PPI from acids and provide undegraded

and bioactive PPI to the blood upon administration (e.g., a final pH of pKa of PPI + 0.7 log
20  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 PP1. Thus, the solubilities of
the buffers and PPIs are important considerations because solubility is a key determinant of
the rate of interaction of H+ ion with another compound.
Typically, a PPI formulation of the present invention comprises two primary
25  components: a PPI and an Essential Buffer. An Essential Buffer may include a buffer or
combination of buffers that interact with HCI (or other acids in the environment of interest)
faster than the PPI interacts with the same acids. When placed in a liquid phase (usually in
water), the Essential Buffer produces and maintains a pH of at least the pKa of the PPI. In

one embodiment, by raising the pH of the environment to the same of the pKa of the PPI plus
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Essential Buffers for adjusting the pH of any Primary Essential Buffer.
Secondary Essential Buffers may assist the Primary Essential Buffer in

pr oduci ngwOhg/oekssé r abl e pHE over the dwell 25 tine. Secomdarysossenti al
Buffers neutralize HCl (or other acids in the environnent) simlarly to the
Primary Essential Buffers; however, they produce pH values too high to be
used al one, as they would |lead to gastrointestinal mucosal irritation. They

y
are yse 7. 984 / L21 S e th d provide
tdi b oatp Sl AR ads, B ol it RS TRRR GRPRIGRAC PO
Buf fer. Sec rv, E tial ffers do not a n inportant role in

pr ot ect iaﬁau@ﬁ%’qﬁéw@?% Aég?q%j‘eﬁeé’}’gj-ei e a&Bgeértg%lngF;gr?h (ggbeause t hey do
not work as rapidly, the not play a. major role in PPl protection

o ouoh SRRl £ Meermismetgefl o M Lo Pringli et dfinsd a2 850 0 be
added t he Prijmary and/ or Secondar ssential Buffers t rovide a | atent
St aci o PPL; TReourRY <R et E] B A e Shiherai PR i e B o

Buf fers. Many additional b(yffers can be used, alone or in combination, to
achi eve péhsucszf*@&%%ém/wwwfﬁ'& R pawdesradeg  orpppeesgt Ity ahqubi | e drugs. A
desirable characteristic of buffers includes _rapid neutralization of acid
envi Wonrafficient 9 sybstantially Rrefgef (piesreate thant58ye stabditghtiyPei ng 15 consi der ed.

Non-limting exanples of Primary and Secondary Essential Buffers are set

forth in TaBpawter gRbpdimend| thaEssyipl PH & sl plete BRI [t 2 fusthyr Essent i al
Buffers Essential Buffer Solubilitvt H MV Sodi um bi carbonate 9.96 g/ 100 mL
8 - 8. 4 ebodimisat, the\Esecntjalintlis Bsriameof hepKg/of 6@ PRI plgs bpg 0.7 A Jopaalupiobasi ¢
sodi um phosphate 10 g/ 100 nL 8.6-9.3 142 Sodiumtripol yphosphate 6 gm 100
mL 9.7 -abowt 0368 adued teathe Kerwlpgir ispisernisradeeregse gf alpot D1 187%- inctabilingd  Sodi um
citrate 72 g/100 nL 5 294 '
the PPI from the pKa plus 1 log value, thus resulting in a stability of approximately 90%, a
15  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
provide the neutralization capacity (Essential Buffer Capacity (“EBC”)) to maintain the
elevated pH of the environment (usually gastric) throughout the dwell time that the PPl is .

20  passed from the environment and into the blood.

B. Essential Buffers

Essential Buffers can 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
25  alone or in combination, provide buffering activity below the value that leads to tissue
irritation or damage and above a lower limit for the Essential pH of the PP1. Secondary

Essential Buffers are not required in every formulation but can be combined with Primary
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Calciumcitrate 10 ng/ 100 mL 6.8 498 Cal ci um carbonate 1.5 ng/100 nL
6.1-7.1 100 Magnesi um oxide 0.62 ng/ 100 nm. 9.5-10.5 40 Sodi um gl uconate
60 g/ 100 wb 08/0®820.8 Sodi um | actate 40 g / 100 nL 7 112 Sedirarsoazesate 119
g/ 100 nmL 8.9 82 Di potassium phosphate 150 g/100 nL 9.3 174 77 WO

03/ 009846 PCT/ US02/21368 Tetra potassium pyrophosphate 185 100 nL 10.4 330
Pot assi um bi carbonate 36 g/ 100 n. 8.2 100 Calciumlactate 6 g/100 nm. 7 218

430 Wagnst i BAEF R 6° fafg by bl e RSl BT conate 16

g/ 100 m_ 7 31 414 5t sol ub| lity is altered by tenperature pHis altered
by conceﬁ?frp'é?ﬁloéln and terrperature Not e: hydrated and anhydrous forns are
accept abl e provided t the.criteria of ti mar ssential Buffer.
TABLE 9 Exa eé?mb?'“%‘ésﬁﬁaé? Oéggfel?ﬂf#eéﬁo pﬁl’.}?cfté?‘ lalgH%gES%ttﬁegers are too
caustic to be,use ut, are suit bI for addition in low quantities
to the ﬁ?‘inﬁ’ﬁ‘r@ﬂz%g’gﬂﬁ(?‘éﬂe Ot%ﬁfifl@ﬁ)sls ecSihior.affiacigus 1l deliyeruo dphattion UERN ubi | tyl
H MV Sodi um carbonate 45.5 100 nml. 10.6-11.4 106 Potassium carbonate 11.5
138 Sodi Rimeighesdinreip PypRs; pasdquiarlygvhen s Pis admimistared as angimmedigtedrlaasehy dr oxi de

185 /100 nmL 12 74 | . .
1 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 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 PPI doses based on their respective solubilities and

15 pKa’s. Such inventive methods are applicable for determining the type and amount of
buffer(s) necessary to protect the PPI in an array of 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 conditions includes storage at room

20  temperature (65-80°F), and minimal or no exposure to heat, cold, light or humidity as is
known in the art.

. The present method includes all substituted benzimidazole PPIs, their salts, esters,

amides, enantiomers, racemates, prodrugs, derivatives and the like, and is not limited to those
PPIs used to exemplify the following calculations.

25 The Essential Buffering Capacity (“EBC”) is the capacity of a PPI/buffer formulation
to resist degradation from its environment. The buffering capacity of a PPI/buffer
formulation is primarily derived from components of the formulation that possess the ability

to combine with acids (H+ ions) from the environment. The EBC contributes to both acid
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Sodi um hydroxide 11.4-13.2 40 10 $ solubility is altered by tenperature

pH is altered by concentration and tenperature Note: hydrated and anhydrous
fornms ar ewaosemsabl e provi ded they neet the criteria of aPBFasnzizn3gs
Essential Buffer. 15 Ami no acids can al so be enployed as Primary or
Secondary Essential Buffers, the doses of which may be cal cul ated
according to the followng information. TABLE 10 One Letter Three Am no

R e T
£ 8 o) BT I R oo 157
|1 o0l g Bl e RSB M e 55 14,
G it am riEnas 1Seb8Ty 3 pg e oAy G Apros e 0 gt s Vel can b absored from @ <
the gastric or other environment. Accordingly, the Essential Buffer is generally more rapid in
10  its complexation with HC1 (or other acid) than the PPI administered so that the Essential
Buffer is capable of protecting the PPI.
Any weak base, strong base, or combination thereof may bé a suitable Essential
Buffer. Essential Buffers include, but are not limited to, electrolytes containing the cations
sodium, potassium, calcium, magnesium or bismuth. In addition, amino acids, proteins or
15  protein hydrolysates can serve as Essential Buffers owing to their ability to rapidly neutralize
acid. When PPIs are mixed with the Essential Buffer, the PPIs may be in the free base form,
such as omeprazole or lansoprazole; in the sodium salt form, such as esomeprazole sodium,
omeprazole sodium, rabeprazole sodium, pantoprazole sodium, etc.; or in a magnesium salt
form such as esomeprazole magnesium or omeprazole magnesium or calcium salt forms; or
20  other salt forms. Essential Buffers provide the Essential Buffering Capacity either alone or in
combination with Secondary Essential Buffers.
Tribasic sodium phosphate and sodium carbonate are examples of Secondary
Essential Buffers for adjusting the pH of any Primary Essential Buffer. Secondary Essential
Buffers may assist the Primary Essential Buffer in producing the desirable pHg over the dwell
25 time. Secondary Essential Buffers neutralize HC1 (or other acids in the environment)

similarly to the Primary Essential Buffers; however, they produce pH values too high to be

used alone, as they would lead to gastrointestinal mucosal irritation. They are used to
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S Ser Serine 105 5.68 5.023 T Thr Threonine 119 5.64 Very V Val Valine
117 5.96 8.85 WTrp Tryptophan 204 5.89 1.136 Y Tyr Tyrosine 181 5.66

0. 0453 5w0I3MDsOB/ 009846 PCT/ US02/ 21368 5 References: | BRATSI2BI368

Conmi ssi on on Bi ochem cal Nonenclature (CBN), Rules for Naming Synthetic
Modi fications of Natural Peptides, (1966); ARCH BIOCHEM BIOPHYS. 121: 6-8
(1967); BIOCHEM J. 104: 17-19 (1967), corrected 135: 9 (1973);

o T R e G, Ry T3 L 107

379- 381 196 orrect ed 45: 3 (1974); Hoppe- Seyler's,Z., PHYSIO.. CHEM
348: 26% %a 7) (in German); J. BIOL. CHEM 242 555-557 (1967): MOL.
BIOL. 2: 466:469 (1968). (i si an): PURE APPL, .CHEM 31 47- 653 (1972);
PUPAC Gormm SSstaRdash %ﬁ&ib Ef‘fra?%n%fp A IR a5l S PRy P! Kehonci at ui &

of 15 Organi¢, Chem stry EIF REC. E. (1974), PURE APPL CHEM 45:
11-30 ( fgr%md @égcedgr:%radamyc H‘\’é:ﬁﬁ?é eymr?shw&taafa@%éhemép aPRiMbcunent s,
PORTLAND PRESS. 2: 1-18 (1992 C. The Essenti al FE)HE) Substltuted
benzi mi QEBIrde prrl pé%ctnoamr%% me"éevedu@hwﬁﬁm( Buffessihi ni st er ed
PPI's nust be protected fromthe strongly acidic conditions of t he stonach,
20 wlet Kt beadded to the Brimeyy and/prSesenday Espentiali Budfersip petisicadateniepiagith t ube f eeds
or other sources. In general, the higher the pH of the gastric

envi r onsEeet that exdengs bexoad thetpatagid sHpatiof gsséﬂtla! Beff@p| | and thus the nore tine
it has to undergo absorption into the blood and reach and act upon the

prot on punpsMshy editiqakhufiers oprb¢ esedl alane for i combinatien, toarbigye aeffectesent i al

pH' is the | owest pH of the environment of interest 25 needed to mnim ze
or el i nibnéeringtoapacity fat-PPischreeid labdg drngat A desiable charadeisticl of buftgrstihdudeael | ti me
in the environnent. It is generally expressed herein as pH range. Such pH

i s the mpapidheutralization of acid environments to greater than pKa + 0.7 for the drug being

15  considered.

Non-limiting examples of Primary and Secondary Essential Buffers are set forth in

Tables 8 and 9 below.
TABLE 8
Examples of Primary Essential Buffers

Essential Buffer - Solubility} pH§ MW

Sodium bicarbonate 9.96 g/100 mL 8-84 84
Sodium sesquicarbonate 6.3 g/100 mL 99-10 174
Dibasic sodium phosphate 10 g/100 mL 86-93 142
Sodium tripolyphosphate 6 gm/100 mL 9.7-10 368
Tetrasodium pyrophosphate 5 g/100 mL 9.8-103 266
Sodium citrate 72 g/100 mL 5 294
Calcium citrate 10 mg/100 mL 6.8 498
Calcium carbonate 1.5 mg/100 mL 6.1-7.1 100
Magnesium oxide 0.62 mg/100 mL 9.5-10.5 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 93 174
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the environnment in which the PPI/buffer fornulation resides. For exanple,
the environnent nay be a storage container or the stomach. The environnent
present s WOa09si6 conditions to the PPI/buffer, such as rempspatuse, pH,
and the presence or absence of water. The dwell 80 WD 03/009846

PCT/ US02/ 21368 5 tinme is the tirme that the PPl dwells in a specific
environment, i.e., the G tract pr|or to its passage into a different

envi ronme 'Tetrépoﬁpsnb T8 h’éélﬂﬁa | eamlgiéﬁoauﬁi f=1 M zanot hei—3§8\=aﬁpl e of a
dwel | tinmg;—t Iotvglslllum iGosme: Te | SPey b OeEl..L e ht 3, tray—be pntal ner of
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enbodi nent , P@pr'HE‘ailtsfedthémBﬂBW%f the pKa of a gi ven PPI _plus about 0.7.
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I oni zation (degradatlon) of the PFABE&E)WS Hovvever by addi ng the factor
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an i nportant aspect 81

15 Amino acids can also be employed as Primary or Secondary Essential Buffers, the

b
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doses of which may be calculated according to the following information. |

TABLE 10
One Letter | Three Amino Acid MW pH Solubility
Symbol Letter (g/100g
Symbol H20 at
25°C
A Ala Alanine 89 6 - | 16.65
C Cys Cysteine 121 5.02 Very
D Asp Aspartic Acid | 133 2.77 0.778
E Glu Glutamic Acid | 147 3.22 0.864
F Phe Phenylalanine | 165 5.48 2.965
G Gly Glycine 75 5.97 24.99
H His Histidine 155 7.47 4.19
I 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
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of the above ranges is increased by one pH unit to minimize, by a factor of
10, any local effects within the stomach that nmay produce 20 areas of

| ower pH that m ght cause PPl degradation. A value of +1 log value is also
supported by the observation that weak bases operate nost efficiently at
neutralizing acid beginning at +1 | og val ue above the pKa. For exanpl e,

one woul d expect to encounter about 100-150 ml of 0.11 to 0.16N HCl in the
adult fasting stomach, which is equivalent to about 12-24 nEq of HC 1.
Therefore, an 25 equal anmount of base will neutralize this acid. |If about

12-24 nkEg of sodi um bi carbonate is enployed as the buffer, the resulting pH
will be left at the pKa of the conjugate acid of sodium bicarbonate
(carbonic acid), which is about 6.14 or greater. This is greater than the
lower Iimt of the pHE for oneprazole of 4.6. Thus, adm nistering 12-24 nEq
of sodium 82 WO 03/009846 PCT/US02/21368 5 bicarbonate with oneprazol e
protects greater than 95% of the drug when encountering 12-24 nEq of HC 1.
Because sodi um bi carbonate conplexes with HCI at a rate that exceeds the
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rate of interaction of omeprazole, it is considered a suitable buffer. It
shoul d be noted that depending on age and di sease, the anmpbunt of acid to be
encount erwo occamshe significantly nore or |ess than the 12Pe4/ushe2riahge, but
is generally from 10 about 4 nEq to about 30 nmEg. Using magnesi um oxi de or
magnesi um hydroxi de in an anmount of 12 to 24 nEq also provides sufficient
neutralizing capacity leaving the pH at approximately 7 (lowered only
slightly by the gi.a.nmal hydrolysis of nagnesiun). However, magnesium
hydroxide is not rapid in onset and care should be taken to ensure that

ly d d t t b
Vol ded by makrAG- aBt%ommlfsweo%r?cé?'%zgaﬁwewsﬂéfrﬁghyfiﬂﬁ% Fuger of epi
d sod b t h dried I
or " magriseylis et of i FLpPLA bR CARahETRTEN BRARY AL tnest um
d dl t h Al t t ly, th
?Q'ye? cgiéﬁﬁf&rﬁﬁ' e ﬂe%g?gﬂaﬁ%&%gw P4 R aw%s&?g'pvﬁg;eﬁheepb{‘”ihd
d t 20 Ad t t I t
bur i dadhtced BEPuRh AR ThEd- syegé“vfé‘”‘ﬂt a%ﬁ%m?@ow@hss@%“ﬁr Gl ol tm
car bonate 47 and man ot her _cal cium buffers | ar_ sl ower acting
(conpar €&’ N‘&S&?“ﬁ > Uy BOREE) - Bt 3%‘0@8 )%UF‘ft%dr“ FREY8):dlogpe-i f used, it
woul d be best _suited in an outer a tablet formulation with the
i nner | alpxler's, 2 o RBYSIQl- GHEY. I43p? Q- %ét(i/?ﬁi) buﬂeevarth RIObPEHENG 243 5 %587 sa) .
Alternatively, mxtures of the 25 buffers can be enployed for the outer
| ayer . I(ﬁ9ﬁfé\}\49bpﬁl% 25446-409; (0B finRusiany PUBE Aﬁ”p@\'l@ér“ PEH-633@0TBt i t uti on,

a mxture of a rapid acting buffer and sl ower acting buffer can be used

(e.qg., JEFAGH TGO @neapldtmbef{&sminChsnide, ((NGAPedvingralafyre 063 WD

03/ 009846 PCT/ US02/ 21368 5 Modifications to the fornulations may entail
adj ubX i rfgreumie Ghemistry, STEREGCHEMAREChE A874), IREAPPIICHEMNYri 1d B0<]1976hcSegdi ng but
not limted to, chem cals described throughout this application.

Modi f i cealdodtigchemical¥ dreanclotirbaisbiblaed DoaimphiE RORTLAND IRESS. Bot-19E 992X f or med i n
specific instances, dependi ng upon species, age, disease and ot her ‘
vari ati ons bd&l.weeilhe Bssen@altpd] (pHR) D. pKa and Solubility of PPIs

Substituted benzimidazole PPIs are labile under acidic conditions. Orally
administered PPIs must be protected from the strongly acidic conditions of the stomach,

20  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 PPI, 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.

As mentioned, the “Essential pH” is the lowest pH of the environment of interest

25  needed to minimize or eliminate the acid-induced degradation of the PPI 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 PPI/buffer formulation resides. For example, the environment
may be a storage container or the stomach. The environment presents a set of conditions to

the PPI/buffer, such as temperature, pH, and the presence or absence of water. The dwell
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As mentioned above, the pKa of a given PPl indicates inherent stability
with. respect to acid degradation; the |lower the pKa, the nore stable the
PPl . The wolwbbdsséy of the PPl will also dictate the ratecatusebreshst he PPI
conpl exes with, and is degraded by, acid. These two physicochem cal
characteristics (pKa and solubility) of the PPl interact with the 15

physi cochem cal characteristics of the buffer(s) (pH buffering capacity

and rat .of.gijffer' tion). i thf%Fﬁore ce.of 'ﬁinth .envi ronnment
o ad eri i e AL SN ' el UGG .2 R Sy thetol BT Lol o5 e
is in water IR)e # wer the initial d@ radat i V\ﬂ .pl.aced in_ an acidic
envi r onrBreee Pie? lgfrf'bt\/ﬁnﬁﬁonﬂ?ﬂf’ée‘flie g%f%%?ag{' 2@‘33 gfhé 1§ PEF BYP™B5% of drug
to be degraded (t. 1/2%, Kg and.solubility in water.of veral, PPI's. 20
TABLE 110t BWell iy A1 heabsoihs SREFUfecenY BRncnsal maw s SORIAUISF SbUN POV um sodi um
1.2 46 mn 2,8 nmn20mnl3mn5 2 8 H*ra,l.o hr 1.1 hr 5.1 4.7 hr 1.4
hr 1.5 HPmulation; pyused he@'@lRﬁ%“ﬁai“.tﬁﬂhﬂs the DH Hyat i thegesylt odgddipe 85 hr pra 3 3.9
4.1 4.9 Solubility very soluble sl i_ghtlé“sol uble very slightly Very
sol ubl e Pl’é@v{fmf@mr@ i £0 iy enyirongnent pf iptepsste nErgnulatiop pHPes % 8 9E thact i vat i on
Rat es of Substituted Benzim dazoles and Biological in vitro Correl ates,
PHARNMACARbEv ferdomnulation svhery i is ig Aiquigfersy. 009846 PCT/ US02/ 21368 5 Al t hough
pant oprazole sodium wth a pKa of 3, is inherently nore stable in an
aci di ¢ envi r dnRiiose wiflrin 8% epdqulatedh pHe rapgejisdegigaed wepsuresiffigen PPh wat er and
thus coul d undergo 50% degradation in an acidic stomach with a pH of 1.2
i n | ess Aretagtion figmmgidedegragtpfennspely at delivary to andrpesionamen protontpymppodober (s) used
wi th pantoprazole sodiumto interact with H+ ion (or other acidic
subst andaone dasiredle empbadiinpernt.ithepHihie thesnmep thepdlaef ¢ givien AP plueztwotE7.wi t h such
aci ds and
The pKa is defined as the pH at which 50% of a chemical is in the ionized form. When the
15  pH of the environment equals the pKa of the PPI, then 50% ionization (degradation) of the
PPI occurs. However, by adding the factor of 0.7, this ionization is reduced to 90%.
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 PPI +0.7 log, and the upper limit is the pH at which
- elimination of acid degradation occurs without producing tissue irritation from extreme
20 - 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
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
25  mucosa to alkaline substances, which is determined by the Formulation pH and the

concentration of alkaline material presented. For practical purposes, pH = 10.9 delineates an

upper limit of the SRF. It is acknowledged that the amount of buffer is an important aspect
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10 maintain the rapid conplexation through the dwell tinme; otherw se,

addi tional dosing of buffer.my be required. The overall pH of the gastric
cont ent s wibailoodvshe kept at |east at the pKa + 0.7 (i.e., PETA)Sobe13a8t he
time the PPl in solution conmes into contact with the gastric acid

continui ng throughout the dwell tine. Essential Buffers for liquid

formul ati ons of pantoprazol e sodiuminclude those buffers whose conjugate

b1 carboraies adr Ao nhelPler e e Ao e hoke R HE KRRy kB <o ot o
coml oxatoRePeRe Rl SRLERA nRE R e SR EPRFR SRRt B2 ar o ot
2ddi 1 onal  DUTREITH PRLPRNGD Mesr o Bhprs S0 R Conts o S SuPUYPL h such

G s/ nt ogPaATOSHUTRER (Pt Faric G RERb " o R PEen: Sifbetiecr case

its sol ut%' I'.itg such as by SE| ecting a less soluble salt formor the
non- sal t°% %F‘Pﬁ WANDIPHEZEF an Esseiipb Bi 2y dnseribed delom a5 s Essentinl Baffsringol ubl e i n
wat er and coul d undergo 50% degradation in an acidic stomach with a pH of
1.2 1%h 1e¥&cidhan 1.5 minutes. It is not very stable to acid degradation
due to its higher pKa of 4.9. A suitable bu;‘fergﬁfg5 for rabeprazol e sodi um
25 i nt er act s ExpmRlepf pRyrajyfatiptshuith SR for epesifis PPlraseas) follwse rapidly than the
rabeprazol e sodium interacts with such acids to prevent early degradation,
and shoul d p@sls@§EPhT BRa pERRIA.7-zi ng capacity to enabl e rabeprazole to
survive throusc];& the dwel |l tinme. Sodium or potassium bicarbonate woul d be
good choi ces T the sangepispldned 0.985 WO 03/ 009846 PCT/ US02/ 21368 5 Anot her
option for rabeprazole sodium (as well as any sodiumsalt of a proton punp
i nhi bitor, wHREHoner¢pdazotert(pKe onepragnie+ 84D tbl 09 A +HOHR = 10 ) is to
reduce the solubility of rabeprazole sodium when in aqueous form such as
usi ntp a | ess SRl fablarsoprakele Fdpia Bnsopsizolg+ A Heo o -s@Llt+ 0.3y AM.8Thi&9decr eases
early degradation because the rabeprazole nmust first undergo dissol ution
in wat er bef GRE fot rabeprarelpraghid ribgpmedlel+ 017 td H1.%= Do di PyertL6 totlo®. sui t abl e 10
buffer(s) for rabeprazol e sodi um shoul d possess high neutralizing capacity
to enabl e r &BFfoazntoprazolesUpKa pantdpgrazolegh0.vhe 1dwet (3 + 0.me= 3.Fes 1031 s t hat
possess high pKa's, such as rabeprazole sodium a two-part |iquid

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
- 20 areas of lower pH that might cause PPI degradation. A value of +1 log 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 HC1

in the adult fasting stomach, which is equivalent to about 12-24 mEq of HC1. Therefore, an

25  equal amount of base will neutralize this acid. If about 12-24 mEq of sodium bicarbonate is
employed as the buffer, the resulting pH will be left at the pKa of the conjugate acid of
sodium bicarbonate (carbonic acid), which is about 6.14 or greater. This is greater than the

lower limit of the pHg for omeprazole of 4.6. Thus, administering 12-24 mEq of sodium
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formul ation can be utilized. The liquid part has the PPl and a high pH, but
a low nEq buffering capacity. The liquid part is added to a second part

t hat posswelemom4é ower pH but a 15 hi gher nEq buffering capaaisvy213vhen
these two parts are added together just prior to adm nistration,
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.

Exanpy esbles‘rbq%ufehmﬁ&%égﬂzafe RS o3 e \]@/E%renle&gnﬁeri}éézg-lzwbl e PPIs,

theforrrulatlonma hasolid osa

bl d h
o e N e e
pH for E:ttérg&log f&gﬁpeaztole E %ﬁsx&ereq%suntﬁggﬁg | ution and interaction with

t he ac' e envir on Tor capsule may be
buf f and an i.nner portion

forrrulatedt Qs an .o ortion o

conpri si ng PPl &ou%%egotﬁ? gﬁg‘se(gf“ Onf%G 2 c{ﬁ'feé?e’tﬂ(iﬂ’io’t"?té’ a¢id tillenods i ncl ude
formul atin e t si ze m croni zed)
and t he PRELC S Sizp Tty Pheordrs i i 0 Cifa Robe kb deterab iy at | on
of t e b ffe ior to disintegration of the PPl conmponent. All
of ‘{rﬁﬁﬂig)ag’f) rk&r’ﬁ‘ftzﬂ ation aimto create an environnent of stability
for the PPI ring the dwell tinme. 86 WO 03/009846 PCT/US02/21368 5 The
dosage form 8JP48RETUR RIS O 'P%F%"l“’f‘)l?y@f’x‘ge BianpEeuRtef 12 6:24 mEgalso

formul ati on. For_ exanple, magnesium oxide is a buffer with high buffering
capaci t yProifesspifipicahnestraliging fapacsy raviae dy phkat appraymately Tdowsred onlyhen

formul ated as a powder, or a tablet of |ow conpression, or with tabl et

di si nt egiightiysb yStb%ﬁma@aBryé@@fsmqf HiagRsgiugy a Fiewevers maginesivm bydraxide ismot e

rapidly. 10 Oreprazole base is only slightly soluble in water and, as such,
| ess of Tepid inipnsgf and carg shpuithe takendeprisyreshay e@ifyrﬂqgr@d@twn@é@edﬂﬁﬂmmot The -

sol ubl e portion of oneprazole is vulnerable to early degradation in the
gasth ¢ asawri Eerydegradapbrernibaeyeideddty making atrbletiomgrising bialeyes: guontéron i s
expected to occur within m nutes of encountering the water of the gastric
secr et i dager off ARland seriwh bicarbonatd, ped gr owdr daysr efonaenpsivon bydroxide drigali gabor ear | y
degradation 15 provided that relatively | ow volunmes of water are used.

duri ng dedgnesuy ogide withtshigablerdixintegrant 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 PPI and sodium bicarbonate.

20 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
comprising a rapid acting buffer with PPI (or vice versa). Alternatively, mixtures of the

25  buffers can be employed for the outer layer. If developing a liquid formulation or a powder
for reconstitution, a mixture of a rapid acting buffer and slower acting buffer can be used

(e.g., sodium bicarbonate and magnesium oxide, respectively).
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formul ation. After several mnutes in the gastric environnment, upon
conpl ete dissolution,. oneprazole could undergo 50% degradation in |ess
than 3 mwote®Is@reprazole is noderately stable ow ng toPcraspMaided 3.9. A
suitable buffer(s) for oneprazole is rapid acting and possesses at |east
noderate neutralizing capacity to enabl e oneprazole to survive through 20
the dwell tinme. As used herein, "rapid acting” in the context of a buffer
neanssg a buf f . - rad . A t- 1 r.e r .t han or

5 %lo_iﬁéhg%noﬁ@fo%ﬁesfol; at}oggl_q?;'le ﬁgga(ﬁﬁ%}@éé %S@gﬁﬁmlf glrogH st%B%

equal to the p a particula BrEvent

i gni i cgnp: i o of Dy | ehodi. the rapid acti
uf Tor r o SRRl BRuhe bilel T BORie T RRCURE Yone ¥ 6% og Val e

i thin 10 m put Preferred puff d i t_where th
Resul {antP PR DgtastpS pERERPA tecedgh He bl b o psp S berheA A dn Escent | ol

pH such that.: . the onset of pH change to equal to or greater than the
pHE + O.Sf’eggﬁf"%é%%eéf%i’g‘prg%? 9??13%%88"%86’?%‘%';%“%??“8?5‘? €enpp| occurs,
and (2) the Resultant pH at or greater than the pHE + 0.7 | asts throughout
the 87 VE36%7009846 PCT/ US02/21368 5 dwell time which is typically a
m'nipumof 30 mnutes in the case of gastric enptying for an adult. It is
desi thbl e t hdl t h@KagedSelubdlity sPRIsacting to minimize early acid-induced

degradati on. .The st, rapid acti buf Ss.,are water sol.uble (or soluble in
the envi r onmeghtyemiongg ag?ﬂges&eﬁgalo??ﬁfve‘hg%{}@?%tesi'\é‘aeﬁ%‘fS l?‘fl“éfﬁ’élgﬁ-rﬁﬁpé"tnecessi ty
as magnesi um oxi de. an al ciu car bonat both only slightly soluble, are
capabl e 8f° idﬁgfia‘?z}t‘(?ﬁﬁge E’&’ﬁb‘hé%ﬁ’it %mﬁﬁetsﬁgbé%"tl?mcT&W‘%&H‘W&f@éf? Iwill 2 sl ower
rate. |f a‘grtx f.or mul at'higg is used, such as a tablet, the particle size of
t he buf f&qUY2tE e 1Bl 2f whighk the PPOcmmense with.pad ¢ deg@rer o Acid.afkesehra e t he
particle size of_tg(iefl PPl . can _be increased. Disintegrants can be added to
enhance Rhyaicophemicalfhpsagtorigics gerang salphility) ef the,PRkintesact wighthepr azol e base i s
very slightly soluble in water and, as such, less of the drug is 15 ,
subj brt Riysieshemicakehiametatistisnof tire butfesis)ipHe byiring erparisy andirate ofbifering ear | y
degradation. . Dissolution of the remaining insoluble portion is expected to
occur W IHPH i8 thgdresencriohagidin thy enveﬁ@wmce%twgin@w@ degradationfof thedPPgast ri ¢
secretions.- This dissolution time provides some - protection against early
degr adat 9¥shtipe-oVhadess spivble arPPI istin wetey thedowershaimisial ddgradatiar wheneplacseé th

1

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 PPIs.

20 TABLE 11
PH Pantoprazole| Omeprazole Lansoprazole Rabeprazole
sodium ' sodium
1.2 | 4.6min 2.8 min 2.0 min 1.3 min
5 2.8 hr 1.0 hr 1.1 hr
5.1 4.7 hr 1.4 hr 1.5hr 7.2 minutes
6 21 hr ‘ 73 hr 6.4 hr
7 73 hr 39 hr 35hr
PKa 3 3.9 4.1 4.9
Solubility | very soluble | slightly soluble | very slightly Very soluble
soluble

Kromer W, et al. Differences in pH-Dependent Activation Rates of Substituted Benzimidazoles and
Biological in vitro Correlates, PHARMACOLOGY 1998; 56:57-70.
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for delivery or in the product formulation. After several m nutes, upon
conpl ete dissolution, 20 | ansoprazol e coul d undergo 50% degradation in 2
m nut es. wansomsazol e is noderately stable owing to its pKa/ush2/2i3as A
suitable buffer(s) for |ansoprazole should be rapid acting, and should
possess noderate to high neutralizing capacity to enable | ansoprazole to
survive through the dwell tine. The pH of the gastric contents (or other

envi ronment oul.d be Kkept t gr.eat than .about 4.8 fromthe tinme the

o 1 s ut Ol e R sofim S0 e ¢ Ry Ry HioBes dbid i B g ng

t hr oughout . t he |l . tinme. .88 WO 03/ 846 PCT/ US02/ 21368 5 Cal cul atin

'E hiNZA;gI) f%]cﬁlgﬁ?rfﬁé’li?%’ Eﬁ'e?;%%d'i g 9‘5‘31’“%&‘3'([’)@?5'%338 fiﬂsﬁ T%ﬂeigﬁﬁ&/" capa](c:i ty dg
ol uhl e buffers .be us 0, assist in selecting. a preferre

amount ~ of°eBEfHB( 852 %H@Ha?r}g‘x‘ %‘?/ﬁ&gﬂg I‘fble%s‘gf" é_r‘ﬁé‘“ﬁNCT’EFé:%@f% th the

formul a wei and the valence to determ ne bufferi n?%capam ty. An

ht (FW.. \ [ . .
exanpl e lmpogwt ﬁq@%ﬁff@dﬁ)at%wﬂf pAnteprIP IS sP PR AP BésRact with d+den fasiothsts:  ~ 10

Sodi um Bi car bonat e, Na+HCO3 FW =84, valence=l. The conversion equation
from equAcidis Bislangesgrare rapidhy tasthe pantorrazelf spdiveYinteragtsgyith such acids and
("EW))(1/1000mml ) (Immol /1 nEq) _ grans of NaCHO8 15 EW-(FW.)/(val ence)
= 84} ﬂnmta@/thwpld(cemgkmop(tlzowabuthqgﬂdhﬂmﬁ)omerwwwdﬁlmhwsm@é) =0. 34¢
NaHCO3 needed for 4nEq of bufferi ng@capag:i ty. 20 Accordingly, for | OrEq,
one needyfigr @apbeyrena he gypialk it o3tbe gdstic RnBots ghnuidsbe keptatileasicht thEhe r ange
of 4-30m Eq is used because that is the range of nkEq of acid to be
encount eredt 9.7 (st 7) feni tbatime HERPT ANGiution comérantolsafithd vathahegasiriviacir | y
cal cul ated. ANC determ nations are from Drake and Hol | ander, Neutrali zing
Capaci t ycoatmhigpthtougtidug the idwelh Ems. - Bfsantiad Butfers foxNigui@SomiTdEhs ofVED. 109: 215- 17
(1981). Cenerally, the formul ations of the present invention need about 4
t 0 aboutpaB®@prazoje edditbu frfichide hyscaftecs whosatdrpaghacids gbssess apiiat 37 aslul d be used
in
15 which are very soluble (e.g., potassium bicarbonate and sodium bicarbonate) Oral solid
formulations likewise would require buffers whose 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 surrounded by a rapid acting buffer with
20  arapid disintegrant. ‘Another formulation method for pantoprazole is to decrease its
solubility such as by selecting a less soluble salt form or the non-salt form, pantoprazole.
Rabeprazole sodium is also very soluble in water and could undergo 50% degradation
in an acidic stomach with a pH of 1.2 in less than 1.5 minutes. It is not very stable to acid
degradation due to its higher pKa 0f 4.9. A suitable buffer(s) for rabeprazole sodium
25  interacts with H+ ion (or other acidic substances) more rapidly than the rabeprazole sodium
interacts with such acids to prevent early degradation, and should possess high neutralizing

capacity to enable rabeprazole to survive through the dwell time. Sodium or potassium

bicarbonate would be good choices in this instance.
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sonme patients. Sodi um bi carbonate in solution possesses a pH> pHE of
oneprazole and rapidly neutralizes acidic environnents. As stated above,
rapi d conwyloawsabisae with HCl is a 30 desirable characteri PUTWSOL28368
Essential Buffer. Ideally, but not necessarily required as indicated in
formul ations that contain a tablet in a tablet, the Essential Buffer
conplexes with the acid at a faster rate than the PPl it is intended to

tect. 89 VIO 03/ 009846 PCT/ US02/ 21368 t Essential Buf f
B Kl edge OOt SRT A rabgsraa% e BF e B SO e ry patBess

differin var centr The itude of the resistance of
a buffe!'?h €1 r \@?["E‘Mﬂ‘&aée'\d W@F?gﬂb?g‘aﬁéh%ﬁn@ﬁ“%éﬁh@f"ﬂcﬁ ﬂ(eee{“aﬁlty It has
been defi naj)d by Kop Spiro arp?d Van Sly gs the ratio of the increnent
of strofd eprazwodmeyervaaﬂwe% %@eh.aﬁuima Foirble salb & g5 ysiagldi ti on of
aci d. The following fornmula is used to neasure buffer capacity: 10 Buffer
capaci t yhenanyaltiferay. @flﬂé?ﬂec’(eﬁ%?s g eeigdation bessuss thetabenrazelemest fist r ong aci d
added to the buffer solution to produce a pH change (change as neasured in
absol ut dndeepdissoleion iy pier befera gavdagiaded binapityenithis erebadimentythesuitablpH,

| mprovenents in the formul a have been made to inprove the precision, and
t hesl® f duffer(Hdotyabapezele sodiam sleqvid passess bishpatriakizoing eabadityftp emablef or -

consi deration. See Koppel, BioChem Z. (65) 409-439 (1914), Van Sl yke, J.
BI.-OL. CHEWDraZQB’tCS@r\BQ@h(OllQlQQI)‘:.dwﬂ%eimet he PPI/buffer fornulation is placed in
the environment, the PPl is subject to degradation by the acid in that
envi r onnent . FasPRiehiatiossess mglFpl§ais.such aspiepsoble badivn,ya twotpartpifeid of t he PPI,
and the amount and concentration of acid (H+ ion) encountered in the

envi r onrfemiulaioe carabe wiizeds Thidiquid part bas the BRI and adiéghartlyibnea IbivenExppr opri at e
candi date as an 20 Essential Buffer. Early degradation occurs when the

sol ubl e boffetingmaparfityt ke KRiRlid parhiatddeditd & sacondypasti thatlpbssedses a lowertH hiite
interaction with H+ ion) undergoes hydrolysis by H- ion. PPIs differ in
theils sadligher inEt putierthg chpeeitef When thedease phidtadre added pagethesjabtpbibetohave a
potential for a higher portion of PPl degraded by early interaction with
H+ i on. adinigiédonh formldibh wathd 16wee pPiRn@fa highbebuEfeying O4patittis plodhde@ St.omach

(or other site of interest) after addition of the PPI/buffer 25 fornul ation
( Resul t avttichoklll readaliBestomech dcll HEhSHF G CabR 6l 8SuERHxemBRS 6Mdutidl Buffer. By
formulations are provided below.
For highly soluble PPIs, the formulation may be produced in a solid dosage form such
20 as a tablet, capsule or powder with a buffer(s), which disintegrate and reach solution at a rate
that exceeds the PPI and thereby provides the Essential pH for protection of the PPI prior to
its dissolution and interaction with the acid in the environment. Further, the tablet or capsule
may be formulated to possess an outer portion of buffer and an inner portion comprising PPI,
or a blend of PPI and buffer. Additional methods include formulating the buffer in a smaller
25  particle size (e.g., micronized) and the PPI in a larger particle size. This results in the
disintegration of the buffer component prior to disintegration of the PPI component. All of

these methods of formulation aim to create an environment of stability: for the PPI during the

dwell time.
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measuring the Resultant pH over tine, the pH data versus tine can be
plotted as seen in Figure 9. The graph of pH over tinme can then be used to
eval uat e warasmos4buf fers. 90 WO 03/ 009846 PCT/ US02/ 21368 PETAS0M2B6§r aph
can be devel oped for a potential buffer or buffer conbination using the
Rossett-Rice test (Rosset NE, Marion L: An In Vitro Evaluation O The
Efficacy O The More Frequently Used Antacids Wth Particular Attention To

S mulat e gadtF FRe G ateqlts KOl Rk ein ST B Fiacope .
23" d Revision, United Stat P opei a Co tion, Inc. 10 Briefly, th
Cost omTaYEe B R BP U AT g JLCEh P PoE O SEPHRS DS Gm of *sodi um

chl oride. and 3, 2 of pepsin, jch are dissqQlved in 7 nL of INHC, q.s.
to 1000 fMmylgtedas a&?@‘?’r ﬁé@v%‘ﬁwowfﬁﬁ&fw & & aAblst dowyastric fluid is
1.2. A container of_f}%% nh_of this fluid is stirred at_ 300 rpm 30 rpm
with a rfQGRESTen Of Mith plehdiginfegsnts shchps pregelatinizedistarchy, i disintepgatesgn®ept in t he
upper regi.on of the solution. The test buffer or the subject 15 fornul ation
i s added?®i@¥t he container to start the evaluation. At 10 minutes, a
continuous drip of sinmulated gastric fluid is added to the test container
at al ate of Omeprazplebpss is QﬁlléFllﬁgtléﬁ‘éUblgmfﬁ?f@n@@éﬁ@i lg#s. of ypdrudismat el y 1. 6
m/mnis removed fromthe test container to keep the volunme in the test
cont ai nesubjegraeailyiand wpdinsddegredation. dbmsdlvhieporfigry ofameprrasle i0GInerable es. Thi s
met hodol ogy allows for a dynam c eval uation of buffering capacity in a
nmodel 20 exfbslegradationgn theghgrigenvironment Rissalvtiontad theobmaihing lieslubleen descri bed
in part for use in evaluating antacids by Beneyto JE, et. al., Evaluation
of a Neworisndséxpectad tomgerravithinxRANES M FORBEIHNDRIIG MREST 12@4dstrid4 ( 10A) : 1350- 4;
Ker khof NJ, et al, pH-Stat Tiration of Al um num Hydroxide Gel, J. PHARM
Sci . 197%%sretg@s. TS 8isutiopsimegproides sore¢ protkction gpkinstready degradatiobe devel oped
for evaluating buffers as well as 25 finished products. In addition, a
sanplse qgfrovtided that selataelyddw solumanofreatérakeused duringgietiveey oeixples prodiat t o eval uate
the extent of PPl degradation at various tinmes. Those buffers with a

sui t abl efominuddtiohe Afisr exaaiphinbteeit thagdsirig eneirddmzhl, epdncofiplens @bsolufibh,gr eat er
than or equal to pHE 91 WO 03/009846 PCT/ US02/ 21368

omeprazole could undergo 50% degradation in less than 3 minutes. Omeprazole is

moderately stable owing to its pKa of 3.9. A suitable buffer(s) for omeprazole is rapid acting -

and possesses at least moderate neutralizing capacity to enable omeprazole to survive through
20  the dwell time.

As used herein, “rapid acting” in the context of a buffer means a buffer that raises the
pH of the environment to greater than or equal to the pHg of a particular PPI in a time
sufficient to prevent significant degradation of the PPI. In one embodiment, the rapid acting
buffer raises the pH to at least the pKa of the PPI plus 0.7 log value within 10 minutes.

25 Preferred buffer(s) produce an environment where the Resultant pH of the
environment is equal to or greater than the Essential pH such that: (1) the onset of pH change
to equal to or greater than the pHg + 0.7 begins before the acid-induced degradation of the

PPI occurs, and (2) the Resultant pH at or greater than the pHg + 0.7 lasts throughout the
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5 for 30 mnutes or greater, can be considered suitable Essential Buffers.
In one enbodi nent, as depicted in Figure 9, the pH was recorded over 10
second i nvermsabws4s A nunber of buffers nmay be applicabl e f®CTUS02/2368
Essential Buffers. Therefore, once an Essential Buffer is chosen, the
anount necessary to provide the EBCis calculated. As wused herein, the EBC
is the buffering capacity, or anount of al kaline buffer, included in the'

10 dgse ang cal cul ated tq maintain e Essentj al range and thereby

pr ot &ct dif?ﬂ“é’t?ﬂ%’ Icﬁdﬁtéﬂcaa‘éfé‘rﬁinfﬁ‘%ﬁ g BRiCS I“ntl‘? ?i’é‘? riE empiyinedprag )
environment. | n patients requiring continuing PPl admnistration (e.qg.

dai | y), Hbit-elt Bdesizblagate fer be raRid aptingde puigvgepatly pqid-induced; r st dose or
first few doses than with subsequent doses because the PPl may encounter
nor e acidgeraationt fhe mpgtiranichactins Seiders ag peates srdvhle Ry selublgin the erydrgnment). ess
buffering capacity because the initial PPl 15 doses will have reduced
gast ri c YHeh eplyhibgulayeser. is TheanEbolwte neagssithies mpgnesiumeoxidecind edlcivm  subsequent
doses. The product's buffering capacity nmay be fornmul ated as desired, for

. i nst ancarbanaté bothgadicslightly gedubiles e cappble of sigtificand complexsdtion witbgpsri¢ nent al  dat a
fromadult human subjects showed an effective EBC range of a first dose of
onepi¥az @kd albgitlata slbwertratd. e digp bumulGomiEgsed; §BiTas Dableh ¢ 'partisle sszedif um 20

bi carbonate, with a range of about 12 to about 25 nmEq suitable in nost

i nst ancdle buffe(skrrobateddadds emdfanartiepdissobition ragwhilethé paticlEBE ofthe APla r ange of
about 4 to 15 nEq sodium bicarbonate. In one enbodinent, this latter EBC
range preaw belinophsednDisindegrauts cmbp added teenhsnis plensiaidabilitg ot pocstyaolablet 0 pati ents
wi th varying degrees of gastrointestinal transit and acid output, based on
a know effersof basal and nmaxi mal acid outputs of -2 and 25 nEq/ hour, 25
respectively. These studi es have been reported in Phillips J.O et al.,

CRI T. - CARE MEBhsofi@9d¢ bask &sdeyy ighty soluble in RGN, b9 8ith, IB&E thettud ise - EBC- O
range, the above ANC cal cul ation can be enployed. Additionally, it is
expest edubjectnenlydegiadAidaUThe &Ubladriida i9TullerdblbltdKatly degudlibng t o about 92
WD 03/ 009846 PCT/US02/21368 5 12-24 nEq of acid) in a fasting stonmach.

Var i at i ghigsolufioh BEtha ednthiRAERLHIIE SsHibiseRRecRA Y bROMWIhin Wvetal AfifueGlort he
Essential Buffering Capacity required. The above EBC ranges relate to

adul t pahéRRleding HiWatkr 81the BRNRYREretibHsO THE Aids S8 BorAGth&lpdSideddide tiNME N
conparison to
protection against early degradation provided that relatively low volumes of water are used -
for delivery or in the product formulation. After several minutes, upon complete dissolution,
20 lansoprazole could undergo 50% degradation in 2 minutes. Lansoprazole is moderately
stable owing to its pKa of 4.1. A suitable buffer(s) for lansoprazole should be rapid acting,
- -and should possess moderate to high neutralizing capacity to enable lansoprazole to survive
through the dwell time. The pH of the gastric contents (or other environment) should be kept

at greater than about 4.8 from the time the PPI in solution comes into contact with the gastric

25  acid continuing throughout the dwell time.
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adults. Therefore, depending on the patient population, the anount of
Essential Buffering Capacity required nay be altered. 10 Nunerous

ref erencewoamsmomvai | abl e to assist the skilled artisan inPcaarso2fisesg a
suitable buffer conpanion with a PPl to determ ne the desirable
characteristics stated herein. See, e.g., Holbert, et. al., A Study
ofAntaC|d Buffers: I. The Tine Factor in Neutralization of Gastric

A di , R ﬂ"ﬁlRMx 40w &in, et. al., Evaluati
o L%lf eri ngwgapagl ty aﬁﬁﬁiul %tr’lh %SZJ% @q’"d‘éerr gfi I 2 of A\rllgag?dls?n
J. FORMOSA MgRe o381, 97, «ZQé 7k o ' ,

169- 189 Reﬁgt%‘ﬁ Apaving daphd) A% Fégclgﬁggg%fs}éﬁ%?én‘g%tﬁ%ggﬁ e PP e

Desi r abls@leé{mglég}?efy?& Mn{ &ﬁ)luﬁ'er\lﬁln é@d o;;jf?%nae t‘HI: EQCPFflhe %%@W ect PPl

delivery to action upon parret rot on punps a dose

is partl ﬁn?@; 5@]&?%? Eﬁg%u%: r(celt frIVIMe Y ne?bgférg)l{grmbﬁr},ons a desirable vol une

shoul d o act as an ‘an d to neutralize a

substanti al %’E‘%%% glagfslfjl Ecilc%rtlo()r;[pr sodlau% OlfeHbona lsac]tl a?f ormul ati ons such

as tablets, "4 nom anDu or | Ui Y be consuned to
aid |n smallomnng t et ations t he present invention
use Vol unes as sn%Fr q@ e, zhﬂag? P%$ gggw %qiﬁout 60 m . Vol unes
smal l er than 2 n &HﬂSPafﬁﬁlmf e@ﬂvﬂ?1§F5 BHENIFat ed, 25 and may be
very aioﬂﬁé' sge ofEagpaley d'gﬁtk?ﬁ BT BR G FTERE RS s may | ead to.
hi g anmount s ofg?@ég ble PPls (e.g., oneprazole, |ansoprazole base
for goi ng |nto ould result in vulnerability to early
degr adat i on. Vﬁﬁgﬂﬁﬁ M&ﬁ@ %@éOQ&bq@Bé 5 For instance, volunes
smal | er than abou used in newborns _qr premature infants, or in

smal | ani mal s, @é@/é’lé’l)élfm%@?qm@ﬂ%lWQ}OI@‘PE%‘HHE‘BFQ 4¢ Al so, a large DV may
be required for HeEQ: nesrsa fondmla of huifering P& iuf f er concentrations, to

b | eSO O B e P
DV(ni ) = requ rg?.) ue]c rLr?ée o%%n3%m(g;1g 1sr1115gd 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 Ejj’ectivenéss of Antacids, ANN
25 ° INTERN. MED. 109:21‘5-17 (1981). Generally, the formulations of the present invention need
about 4 to about 30 mEq of Abuffering capacity although higher amounts could be used in
some patients. '
Sodium bicarbonate in solution possesses a pH> pHg of omeprazole and rapidly
neutralizes acidic environments. As stated above, rapid complexation with HClisa
30  desirable characteristic of an Essential Buffer. Ideally, but not necessarily required as

indicated in formulations that contain a tablet in a tablet, the Essential Buffer complexes with

the acid at a faster rate than the PPI it is intended to protect.
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Al ternatively, nEq can be substituted for ng in the fornula. G Secondary
Conmponents of the Formul ati ons Secondary conponents are not required but
may be uswo wmomahance the pharmacol ogi cal action or as paarusazelsss cal

ai ds. Secondary conponents nmay include, but 15 are not limted to,
parietal cell activators and other ingredients. Parietal cell activators,
as di scussed above, are conpounds that produce an increase in proton punp

activyity suc rot.Q s,are, rel aedfromsto e sites of the
pari étal cel Pn Sepec mg i nt1aPBngl£ei”§C)laknow e%geﬁ% B ntgeca%%mw SR% %f‘(lcsﬁle?ﬁge at the

EaE Hiaﬁz?%ri«fmt%%nsi b Y A il e
0
TS b SR SRR B el B ol 2 ™

smeetengg as wel | ﬁ Farlet cell actlvator Parietal cell activators
can be diPPaetYamBlyke gthe {jfle)a ¢ ingjemenf §rong i obRAsTdP dechanee B weak
bases, strong bases or. conbinations thereof that also produce a rapid onset
of ef f edroughtabouthy additips of acidn dine Sollping fprmyle isrusedfe measurebufifes caperiBiist ed:
these buffers typically cause the pH of 25 the stomach to rise to above 5);
2) afi nBudler eppacityrpihe insrameat @ gramegyivalpnts par dites) of stromp)acidaddediimthe ont ai ni ng
conmpounds such as cal cium chl oride or cal cium carbonate; and 4

conposi tbufprssolusige kp Rreduse p pHehangg (dangesasmfeasuned i ﬁblsowmsensh ertbuffers WO

03/ 009846 PCT/ US02/21368 5 The other ingredients conprise conponents of a
f or nul atcppasity fighange én acediehanizeriy pHo Imbreveméntsin phecfomponkaye beendnatdsrto | ngr edi ent s
i nclude, but are not limted to, thickening agents, flavoring agents,

sweet enemsrovamemmasmnn@datg@n fm(tlsmbﬂmsef@r rgdthematicd enmparispn eSleuffeat fov es,

anti bacterial or antimcrobials agents (such as cefazolin, anDX|C|II|n,

sul f ametchuosidezasios, Seeskibppels BiodhetheZ. (6F)yH0R#3P/I0il #), ¥audl Skykérdr BioectHEM. des such as
clarithromycin or azithronycin), 10 and Secondary Essential Buffers.
Desilsabls@:52b éd8@R).ng agents may be added to the dosage forns, and may or nmay
not need to be buffered to the pHE. Flavoring agents with pH val ues

i nherent |y sWHhealthePRLbufféreforntudanige isofladetiin tiakbnvdé®nméntRARE BPI isclitieteto but are

not limted to, apple, caranel, neat, chocolate, root beer, nmaple, cherry,

cof f ee, dapralatioh ibg il a2, in tHat envhitrirhent., AbuéfiQédiaFigie 9, PPUsqIewNy] thepKher

of the PPI, 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

20  Essential Buffer. Early degradation occurs when the soluble portion of the PPI (that portion
available for immediate interaction with H+ ion) undergoes hydrolysis by H+ ion. PPIs differ
in their solubility and, therefore, those that are more soluble have a potential for a higher
portion of PPI degraded by early interaction with H+ ion. The pKa of the PPI and the pH of
the environment of the stomach (or other site of interest) after addition of the PPI/buffer

25  formulation (Resultant pH) can be used to determine the desirable Essential Buffer. By

measuring the Resultant pH over time, the pH data versus time can be plotted as seen in

Figure 9. The graph of pH over time can then be used to evaluate various buffers.
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15 flavorings, used alone or in any conbination. Simlarly, all substances
included in the formulation of any PPl product, including but not limted
to, activaDasspsa6tifoam ng agents, potentiators, anti oxiPdarts2/21368

antim crobial agents, chelators, sweeteners, thickeners, preservatives, or
ot her additives or substances may be buffered to the pHE. H Exanples
Uilizing the Calculations 20 The pHE, the EBC, and the DV of a PPl dose
my ffeCt PE\!lchCLI éc!aﬁ\ﬁ X bé geve%n df% Slﬁgt%ltlayg Ppl%rfﬁeféombd%a%gn u%) {hon punps.

The oIIovm n I ONS ta or a sen

substit ted nzi m P

admi ni s# gﬁcetg(é ﬁs%l\% E%S“’H@T @Wgrﬁga{{ﬁ% ?g?%ijlg %5%‘1 e (pKa =
3.9) in od| um onate r pKa of
omepr az 8¢ & re@”@imp "’?ﬁ@‘ %{Fﬁﬁ’@f”cu{?ﬁ‘gﬁ%%?@ HEAFB“Cigs %’Z'-%Olr% to 10.9.
At a For Iatlo 6 1o.10.9 base of  _sodi um

bi car bobPd: (ot Eﬁm@ ca&teluryl w&gloaotak@uh%eﬁga BT e ARXXUR Beount of

sodi um b| car bonate eqU| val ent to the ampunt of acid tg be encountered would
pr oduce ted Stgies Rearmagapeiga’s Rstisjanshpited 5ises Phgrpacopgia Gonvgpiiginlnes wi t hin t he
SRF of 4.6 to 10. 9 Sodi um bi carbonate would nmake a suitable choice as a
buf 8r . Bgefly ﬂze te%fﬁ@pEBelSO mLobsigulaadpagic fladicagsitiapat? Bip dgedival ent . Step

3: To determ ne the anount of sodium bicarbonate to adm nister with the
onepr az &pleride 3d 3ANEmfof pepsing Whieh isrecissplyedhing mk of BN Hil1ag-edo 160emanithf or

sodi um 10 bi carbonate (MA84 for 4 - 30 nEc]

(EW ( 1/ dtbedwatyr (Thaph/of HegimEbse) gastrig/nidipl 2y m@é)er of BA/mL of @i g/ nol (84
g/ mol ) (1nmol /1 000mol ) (I nol / 1nEq) (4 to 30 nEq) 0.34 gto 2.52 g Step 4:
For | i qdlbid is gtirredlat3QQmm, + 36 rprrheithDy/magmegic mnerm@kwmﬂ 1E€sepilal Buf fer (EB)
(mg)/Buffer conc. (nmg/m) . 15 Buffer conc. = EB/DV = 340 ng to 2520 ny/ 20
m 17 ngleatrodeas Kepbinrthy wiiper reFior péthe selutidno The Geshippfisf orthepubierbl e to be
adequately buffered in 20 m of solution, the concentration of sodium

bi cdfbofatalasihn isladddsito the contaib26tostpftrthe evaluation. At 10 minutes, a continuous drip

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.
This methodology allows for a dynamic evaluation of buffering capacity in a model
20  designed to mimic a fasting human stomach: It has been described in part for use in
evaluating antacids by Beneyto JE? et. al., Evaluation of a New Antacid, Almagate,
ARZNEIM-FORSCH/DRUG RES 1984; 34 (10A):1350-4; Kerkhof NJ, et al, pH-Stat Tiration of
Aluminum Hydroxide Gel, J. PHARM. SCI. 1977; 66: 1528-32.
Using this method, a pH tracing can be developed for evaluating buffers as well as
25 finished products. In addition, a sample of the test solution can be taken during the
experiment to evaluate the extent of PPI degradation at various times. Those buffers with a

suitable profile as exemplified in Figure 9 able to maintain pH greater than or equal to pHg
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Exanple 2: To deliver a 20 ng dose of omeprazole (pKa = 3.9) in dibasic
sodi um phosphate: 20 Step 1: The pHE of oneprazole = pKa of oneprazole +
0. 7. The SBR3o9sasrepr azole =(3.9+0.7)to 10.9 = 4.6 to 10PeT/USOZPI3RS The
EBC = 4 to 30 nEq buffering capacity equivalent. Step 3: To determ ne the
anount of dibasic sodi um phosphate to adm nister with the oneprazole, the
ANC for dibasic sodi um phosphate is cal cul ated. The ANC for di basi C 25

sodi um phefphRLEs b é}zéan:Be(cg\gc{e;e/dlsu%Q'Wn}léﬂ BUIRk, TAEAD dfdd@iment
MWV (val ence) = 142/ 71 g/mol. (71 g/ nol) (IerI/IOOOmTDI)(l mTDI/IrrEq)(4

t.o 30 ir US02/ 21368 5 St 4:
Fgr | ﬁge flgfgdrrﬁﬁ:] %gstgeéi?“g%reg@rdm@%%@&%ﬁgﬁ%(s/ = EB (ng)/ Buffe(rapconc

(ng/mi) Buff lndneF fbufiglg/nlr;r?igbefa Ogaﬁgf(}rgfezajs%gseggéla fms Th%r% gglp to 107

ng/ M. Therefore, nmeprazole to equat e &red in 20

[”O 2875%h;ﬁﬁsr%eﬂﬂa']hBJfﬂﬁls%R&(éqgﬁ%d Prhe%gsps)%g Pogﬁbfldé 819 IE#@ZIE Qaacsllﬁ 2%% ?Ofgom d be 14
anount 'e%éagltggwgostﬁpg}fﬁngg B ol il BB SerEh 6 4 0

encountere woul uce proxi mat el’y I e

h h i . Ex : i
%0 gg@%e ce';swatsﬁ Z@%H%ma*ﬁkﬁssen”% R4 rdnge grg%’fﬁﬂﬁtey BPEApLsIds S ep 10
The pHE .0

SRF of
|ansoprabfm'@' S0BPAAR sy o Bipeny SMOGRGREC 15 patishis &bquly g °°'“I‘Hlé‘?"§é’c?l 4 - 30

nEq bufferin Cit ui v Ste To determ.ne t mount of

sogi um BEEEY B‘H‘&‘?é 83/‘5'331‘ g?tg‘?”"ﬁaci‘?i‘c{%h@ay Pereeisry rdthdhe rﬁ OB\ for sodium
bi carbonate is calcul a The NC for um 20 bi carbonate (MAE84) =

(EW ( 1/ %aﬁéwj?%ee t}' Is\iﬁ 'ﬁfx@’@la%yn%omtw%e #fd|th the

initial doses. Subsequent doses will require less buffering capacity because the initial PPI
15  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.
Experimental data from adult human subjects showed an effective EBC range of a
first dose of omeprazole to be about 4 to aBout 20 mEq (“EBC-O range”) of sodium
20 bicarbonate, with a range of about 12 to about 25 mEq suitable in most instances.
Subsequent doses of omeprazole require less EBC, with a range of about 4 to 15 mEq sodium
bicarbonate. In one embodiment, this latter EBC range proved optimal for an omeprazole
suspension administered to patients with varying degrees of gastrointestinal transit and acid
output, based on a knowledge of basal and maximal acid outputs of 2 and 25 mEg/hour,
25  respectively. 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.

Additionally, it is expected to encounter about 100-150 mL of 0.1 N HCI (equating to about
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(84g/mol) (I mol /1 000nmol ) (I ol /1 nEq) (4 to 30 nEq)=0.34 g to 2.52 g Step 4:
For liquid fornmulations, if the DV = 20 m, then DV = EB (ng)/Buffer conc.
(my/ M) 280Bakéwsre conc. = EB/DV = 340 ng to 2520 ny/ 20 nl PETAROMYI3nE to 126
ng/mM. Therefore, for 30 ng of |ansoprazole to be adequately buffered in
20 M of solution, the concentration of sodium bicarbonate should be about
17 to about 126 ng/m . Exanple 4. To deliver a 40 ng dose of pantoprazole
(pKa & 3)o.t i bi . ; . IS02/ 21368 5 Step 1:
The e B R, Y e il

of
pant opr agrBnriere 11 Gerdol e Bkl gtﬁggrirééa‘f)géigrer?%ui%&.%h%%bo@ﬁ}sg'?’%gz 4 - 30 mEq

buf fering capacity equival ent. rmne e Anpunt ot ‘sodi um

bi b 1 0L.St er . t ql t. ANC for. [

bi car bor s PRIBLHEHS, é@%ﬁo&%‘énf%?ﬂéeﬁ%sﬁa%9|f§f q1t3§a%naa§w§£rv§x%%éﬁ?‘ -
1/1 | /1 n BO). EW= MV = 84 84

G ol ) (1 RAT bRt e e s oo ekt ERPSURG! s Budy o' Slep 4.

For quuéidaf. rrnullligetion 'hfg}he Dv = 20 m, then DV = EB (ng)/Buffer conc.
(ng/m ) TEP2ED FApredamay vealtered. iy — 340 g to 2520 ng/20 M = 17 ng/m to 126

/ Therefore, for 40 of. ntoprazol e to he adequately buffered in
20 ™0 he- Ut Seredies o Sutb iy BRE B oL ErCio B e B SRt [ o 126

/. le 5:.To deliver a 20 ose of rabeprazole (pKa = 5) in
rsrgdi um E‘ﬁ@ ﬁ%{?l@“'c’aivﬂg’ﬁ ‘!&P\{ ‘%@ft%'f"é’ﬁq%éj lestheragteriztics gpied helew- Seeyka of
rabeprazole + 0.7. The SRF of rabeprazole =4.9+0.7)to 10.9=5.6t0 10.9.
St epp2: "IﬁeH@E?ft’ft'&l"—‘? %Mé"mﬁ@%ﬁﬁg Ic dpalimeFagguinfauwgatizatigr ey 3.

Therefore, to determ ne-the anount of sodi um phosphate dibasic to
Gastric Acidity, J. AMER. PHARM. ASSN. 36: 149-51 (1947); Lin, et. al., Evaluation of

Buffering Capacity and Acid Neutralizing pH Time Profile of Antacids, J. FORMOSA MED.

15  ASssN. 97 (10) 704-710 (1998); Physical Pharmacy, pp 169-189; Remington: The Science

and Practice of Pharmacy (2000). -

F.  The Desirable Volume
The Desirable Volume (“DV”) of a PPI dose may affect PPI delivery to and action
upon parietal cell proton pumps. The DV of a dose is partly based on the EBC. For liquid
20 formulations, a desirable volume should deliver sufficient buffer to act as an antacid to
neutralize a substantial amount of gastric or other acids. For solid formulations such as
tablets, a nominal amount of water or other fluid will be consumed to aid in swallowing the
tablet. Liquid preparations of the present invention use volumes as small as about 2 ml or in
excess of about 60 ml. Volumes smaller than 2 ml and larger than 60 ml are contemplated,
25  and may be used as desired to suit individual patients, such as those of advanced or very
young age or of different species. Very large volumes may lead to higher amounts of less
sczluble PPIs (e.g., omeprazole, lansoprazole base forms) going into solution, which could

result in vulnerability to early degradation.
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adm nister wwth the rabeprazole, the ANC for potassium sodiumdibasic is
cal cul ated. The 25 ANC for sodi um phosphate di basic (duohydrate) (MAL174)
_ (E W (1w0Olo3oeBmerol ) (1 mmol /1 nEq) (EBC) EW = MNval ence 2CIA®b22g6810] 98
WO 03/ 009846 PCT/US02/21368 5 (178g/nol) (I nol/1 000nmol ) (I mrol /1nEqQ) (4 to
20 nEq)=0.712 g to 5.34 g sodium phosphate dibasic. Step 4. For liquid
formulations, if the DV = 20 ml, then DV = EB (ng)/Buffer conc. (ng/m).

Buf f Qr conc. g5 IFT%AIRX \i:Ol Qn%?sﬁn)a}ﬁ’eé;ﬂ%&%ls)%g%l%aﬁ/rbe% xdGn Hg('lmmdstcﬁip?ﬁg% fm. In

this™ 10 case, e sol ubi i'um phosphat e wou e anount
t hat coul beordi ssol ved .in CSJD\E/1 hi s, woul.d ed .t he

20 . iousl . e
sol ubi | i't )?m%f Tt li aﬁ’h@%ﬁggcﬁﬁgtoerpnf 4ot B%S%p a(b)}é% eat‘%ls%iaﬂ%{gf @)Q’em hbgr ef ore,
for 20 of raheprazol e to .he. t el uffered.in 20 f solution,
the condeniral SR%s REBuR SERIE GriabiioSiS s Beien "8 o/ ot to
100 no/nd .at,.a pHran f £.6.9 to 10.9. The pka of disodium
phosphat® aﬁ‘(g‘Shi'PQ%.we - Wg%Bgr?"?gﬁgﬁﬁ%Pﬁ“ %?WHBQBW um phosphat e equi val ent to
the anmount of_ acid to_be encountered would produce a pH of approxinmately
7.2. Accordi ﬁfg‘?‘%ﬁ,("’&ibé‘gg’i%ﬂ‘l‘fg‘?ﬁﬁ% hWoVdmPake a suitable choice as a
buffer. It should be noted. that the suitability of buffers relates to
theil® use i nthsaPH@DTERF{(BE)/Byifex pong.(meilbr der to enhance the shel f-1ife,
hi gher pH val ues woul d be anticipated within the 20 range of acceptable
pHE for a gi ¢damptprely, mEaLan b abpitated foxmedp thedpenWdyspensi ons cont ai ni ng
various buffers were eval uated for col or change because degradation of PPls
resul ts in aGeol obecondmp&@mpenprtyafithe Fophwlationsnl | puf f er suspensi ons

started out white in color. After 2 weeks the foll ow ng observati ons were

made: 20 ny REASBFATESYNROTERS YgmobiGeuirsdbpianay s ysedte cohySe tRef r i ger at-ed
Conditions As Suspensions Buffer Oiginal Color Color 14 days pH at 14
days SoHRmRCYIPRisH Befiratos anpigRyrocEiRal difs. tSecandayrompgnents may include, but |

15 arenot limited to, parietal cell activators and other ingredients. Parietal cell activators, as
discussed above, are compounds that produce an increase in proton pump activity such that
proton pumps are relocated from storage sites of the parietal cell, i.e. tubulovesicles, to the
site of H+, K+ exchange at the secretory canaliculus. A parietal cell activator may also serve

- other functions. For example, sodium bicarbonate is an Essential Buffer as well as a parietal

20  cell activator, chocolate is a parietal cell activator and a flavoring agent, and aspartame,
which contains phenylalanine, 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 combinations 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

25  the stomach to rise to above 5); 2) amino acids, protein hydrolysates and proteins; 3) calcium
containing compounds such as calcium chloride or calcium carbonate; and 4) compositions

such as coffee, cocoa, caffeine and peppermint.
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Di sodi um phosphate 800nmg/1 O white white 10.3 Disodi um phosphate 700ny;
white white 10.5 99 WD 03/009846 PCT/ US02/ 21368 Trisodi um phosphate

| OOrg/ 10nwom3809s4é ar cal cul ati ons may be perfornmed for anycauise/tdas ed
benzi m dazol e PPI 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

lcwl ati f | ati LSl PPI d
cal oyl 2t one B bE A Cinf R LTS ARG IR SH Ch Gy EP! a0t

one or 10 nore e ornu 1 ons

acid conti nuousl| rogghout the day. Lt is the. al..qcid secretion from
the storaCha® oggngﬁsgﬂgréngfélf;'g%ﬁ?%&e’ Ay ph ‘ggi%é‘l' CRINE 38e0fShe er osi on
of the uanous nucosa in the stomach and ul.cers. Horses qn pasture

nor nal | ﬁagg&%%nté SYESIRRSEY PHUBIRING BR5PISySUS a%%\?‘Fé)‘é??“Wrﬁﬁl‘?”Bﬂ’f’qser s the
stomach agid. VWen horses are being ridden regularl trained for shows or
pr epar edfRActeLia] rantimig, ’aésraege?fé&él 35 crlappling ﬁ'“%’f‘%!ilinss‘\%%@ﬁth&‘azt’ﬁe day. Under
t hese conditions, the natural salivary buffering nechanismis disrupted and
acid i ralfigeeeriserg ﬁoewcanélgﬁmhsr. magrotides sueh ag ﬁargg@mycm@oaﬁ’éqor@rc"auf fer
capacity shoul d provide approximately 2.5 20 hours of neutralization for a
hor 9. PRE Serondary EseatidBuigispr azol e ranges from0.7 to 1.5 ny/ kg/ day
(doses up to 4_n%/k /day may be required) and a typical weight for a horse
is 500 kg. DBepirablerilayerngresntsmay b prded exthe dosagefoaps andbmay emmay ratsopr azol e.
Dogs can also suffer fromulcers and their dosage is approximately |

g/ kg/ daged tprhe buffered tnvihepHs: flaneriag pgsnts veithepHeadiiegighgrently suitableitmthor ses but
smal | er amounts can be used in 25 dogs with an EBC of 10 to 20 nEq. 100 WO
03/ 009848 geciPdsvaines pEBBIs imlude, but are not limited to, apple, caramel, meat, chocolate,

root beer, maple, cherry, coffee, mint, licorice, nut, butter, butterscotch, and peanut butter

15 - flavorings, used alone or in any combination. Similarly, all substances included in the
formulation of any PPI product, including but not limited to, activators, antifoaming agents, -
potentiators, antioxidants, antimicrobial agents, chelators, sweeteners, thickeners,
preservatives, or other additives or substances may be buffered to the pHE.

H. Examples Utilizing the Calculations

20 . The pHg, the EBC, and the DV of a PPI dose may affect PPI delivery to, and action
upon, parietal cell proton pumps. The following calculations tailor an Essential Buffer dose
for any substituted benzimidazole PPI to promote PPI efficacy in an oral administration.

Example 1: To deliver a 20 mg dosé of omeprazole (pKa = 3.9) in sodium
bicarbonate: .

25 . 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
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Formul ati on 5: Veterinary Formul ati on of Oreprazole This fornmulation is
particularly well suited for animls rather than humans because the dose
of PPl i swbioghossiEBC = 75 nE Essential pH (oneprazol e pKa=2C3/080221368 4. 6)
PPl : Oreprazol e powder 500 ng (a range of 350 to 700nmg) Primary Essenti al
Buffers : Sodium bi carbonate 5 g (59.5 nEq) Dibasic sodi um phosphate
(anhydrous) 2 g (14 nE Optional Secondary Essential Buffers : Tribasic

sodi ym . 2 * . Secaondary Essenti al ffer(s) may
be a deygﬁgmﬁ’erﬁ%@%&é&é’%ﬁ% fso'?'/;@aﬁ’&ﬁ“h@f r% afegrouldmakagtgbie i 1y and
addi tive ant aci buffering effect.) Powders of the above conpounds are

d .or
conbi ne&h?a'ge ?ssa%%{;m inthe art to create a 10 honbgenous m xture with the
addi ti on of t i';l{f}e r. S cu as_guar. .gum 350 ng, artificial nmaple flavor
powder 100 rrgt,—e‘lllih ﬁ@ﬁﬂr‘g é?E‘g@ﬂff‘é‘g% F@aﬂﬁ/selgg't"ﬁlémbi tterness of
oneprazol e), _.and sucrose 2 Gm&rg . 1o 100 mL with distilled water to
achieve a f |§¥¥£‘ ﬁuﬁé{ﬁﬁeaﬁ‘BF €eBA h)? pogiyng Ricgpbongte tg Adpinistervigythért  vol unes of
wat er nmay be (%dded to achi eve . oneprazol e concentrations ranging from about
0.8 to ABtaEzIe AN forsodium bicarbanateds salcutatids The, ANY 19f sedimmy be di vi ded
into two parts. The dry part may be reconstituted with the liquid part at
t he Y0 mbigroopye MPGELEvr + 3hmEa) Vet dEMIEY1P0Pmmel)(lsmad i) EBE3 opr azol e
Essential pH_(lansoprazol e gKa:4. 1 +0.7>4.8) EBC=71.4 nEq PPI:
Lansopr azol e ENoTEV/(vadenceyy~ 843 ri¥digymessential Buffers : Sodi um bi carbonate
6 g (71.4 ”E@ﬁ (* Any Secondary Essential Buffer(s) nmay be added in higher
or | ower ano(fftemeb(lag)/ LA0mmqlmmmoldetia@do 3¢ mia) + 04 artd288di ti ve ant aci d
or buffering effect.?
Step 4: For liquid formulations, if the DV =20 ml, then DV = Essential Buffer (EB)
- (mg)/Buffer conc. (mg/ml) .
15 - Buffer conc. = EB/DV = 340 mg to 2520 mg/20 ml = 17 mg/ml to 126 mg/ml.
Therefore, for 20 mg of omeprazole to be adequately buffered in 20 ml of solution,
the concentration of sodium bicarbonate should be 17 to 126 mg/ml.
Example 2: To deliver a 20 mg dose of omeprazole (pKa = 3.9) in dibasic sodium
phosphate:
20 Step 1: The pHg of omeprazole = pKa of omeprazole + 0.7. The SRF of omeprazole
=(3.9+0.7)t0 10.9=4.6to 10.9.
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
25  sodium phosphate (MW=142) = (EW)(1/1000mmol)(1mmol/ lmEq)(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
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20 Powders of the above conmpounds are conbined as is known in the art to
create a honpbgenous m xture with the addition of a thickener such as
xant han gewmB0Mmsag, artificial peanut butter flavor powd@®CTA®O2/21ps8 and
sucrose 35 Gn Qs. to 100 nL with distilled water to achieve a final

| ansoprazol e concentration of 7.5 ng/nL. The suspensi on should be 101 WO
03/009846 PCT/ US02/21368 5 refrigerated after reconstitution. D fferent

vol ugres of . . . . Leve FRZO ions
anging ronsees [l ARG AROLECd ANSARIA LR GRIBERY/BAL OGS, oo
into t\rl\rgmg/arl)ts. The dry part may be reconstituted with the liquid part at
the ti Pluse. Formulation 7: Veteri nary Formul ation of Lansoprazol e

Essential p ansopr =4.1.+0 > 4.8) EBC =_63.3 nEq PPI:
Lansopr azol 53\#8%8'? 7%911%8 %ﬁl ?}}&@g/ﬁaf’g|‘4'éu‘%%/@ﬁ°sl)07§(ﬁ§?lhm bi car bonat e
59 (59.5 Secondary Essential Buffer(s): Sodiumcarhonate 400 ng*
(358" ey (- ey n bt o BRGRMOTP DB AT PG BOGRGb i st pH
for desired stabjlity and additiv 1 ntacj d buyf ing effect.)

Powder sﬂwomgtra&wwéglewpwgwagpwﬁw@osgﬁlﬁﬁ@a%@ 1P "ISZ‘B(Aﬁ‘[}FrP%? art to
create a honogenous mixture with the addition of a thickener such as

hy di & xy pisedyn PResphate isced ]| (fihgrstore, apgmpynt of dispdiym phosphaipequivalentiothe 00 g, and
sucrose 35 Gn Qs. to 100 nL with distilled 15 water_to _achieve a final

| ansopr aBens ofwsitiorhecagquatsrediwopldpragicas PHf ppRIpdmetelyo] hinBwsgtisodipgt er may be
added to achi eve | ansoprazol e concentrations ranging from0.3 to 20 ng/ niL.

Al t er naphasphaje wend makep pritable ickricasya baffos- ded i nto two parts. The dry part

may be reconstituted with the quuidfpart at the time of use. 102
Example 3: To deliver a 30 mg dose of lansoprazole (pKa = 4.1) in sodium

bicarbonate:
15 Step 1: The pHg of lansoprazole = pKa of lansoprazole + 0.7. The SRF of
lansoprazole = (4.1 +0.7) to 10.9 = 4.8 to 10.9.
Step 2: The EBC =4 — 30 mEq buffering capacity equivalent.
Step 3: T;) determine the amount of sodium bicarbonate to administer with the
lansoprazole, the ANC for sodium bicarbonate is calculated. The ANC for sodium
20  bicarbonate (MW=84) = (EW)(1/1000mmol)(1mmol/1ImEq)(EBC)
EW = MW/valence = 84/1 g/mol
(84g/mol)(1mol/1000mmol)(1mmol/1mEq)(4 ;to 30 mEq)=0.34gt02.52 g
Step 4: For liquid formulations, if the DV = 20 ml, then DV = EB (mg)/Buffer conc.
(mg/ml)
25 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.

Example 4: To deliver a 40 mg dose of pantoprazole (pKa = 3) in sodium

bicarbonate:
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WD 03/ 009846 PCT/ US02/21368 5 Formulation 8: Veterinary Formnul ation of
Esoneprazol e Magnesium Essential pH (esoneprazole pKa = 3.9 + 0.7 > 4.6)
EBC = 53.\WO0mBq09siRPl . Esoneprazol e magnesi um powder 500 nyPCRrUSOE2N68
Essential Buffer(s): Sodium bicarbonate 5 g (47.6 nkEq) Dibasic sodium
phosphate 800 ng (5.6 nEq) (* Any Secondary Essential Buffer(s) may be
added in higher or |ower anobunts, to adjust pH for desired stability and

addi 1 ve ant agiq. o . L8l 0, £3RACHE Y cbu ROISES: 9% rhesppaye compounds are

conbi'ned as reate onbgenous ‘m xture with the
addition_of a thi h h oxypropyl cellulose 300 ng, artificial
butterscpSPt(‘?ﬂra??lgvg?qugmﬁég‘g t%thﬁréﬁn powder 5 ng, and sucrose 30 Gn Q s.
to 100 nL with djstil _wat 0 hi eve a final K esomeprazole

concentrati onﬁc’t—egfd—i%@dﬁgfﬁ;?ﬁf%kﬂgﬁgﬁwg\?maﬁ%%q“ma]%t er may be added to
achi eve eso razql e, concentrations. rangin fromO0.8 .to 20 ng/nL.

Formul ation SRt 46&5@@6@%&9%&?%&35% bﬁgWP%? T R

Pant opr azol e Ba}se Powder Essential pH.(pantoprazole sodiumpKa =3 + 0.7 >
3.7) ESenterszolg hedNpAAt whum birabustitiralyigdadhe fREZ 0 #04WB0 my . powder
Primary Essenti al Bufferé%: Sodi um bi carbonate 4 g (47.6 nEq) Secondary
Esseltft i dricaghenpts (MW 8417 (EWai1 (1P PmpepHanec 1 mb9)(RBC) (6. 2 nEq) 15 (* Any

Secondary Essential Buffer(s) nay be added in higher or |ower anobunts to
adj ust pH f oEW =MW/(valence) = 84/1 g/mol , . .

(84 g/mol)(1mol/1000mmol)(1mmol/1mEq)(4 to 30 mEq) =0.34 gto 2.52 ¢
Step 4: For liquid formulations, if the DV =20 ml, then DV = EB (mg)/Buffer conc.
" (mg/ml)
- 15 Buffer conc. = EB/DV = 340 mg to 2520 mg/20 ml = 17 mg/ml to 126 mg/ml.
Therefore, for 40 mg of pantoprazole to be adequately buffered in 20 ml, the
concentration of sodium bicarbonate should be about 17 to 126 mg/ml.
Example 5: To deliver a 20 mg dose of rabeprazole (pKa = 5) in sodium phosphate
dibasic:
20 . Step 1: The pHg of rabeprazole = pKa of rabeprazole + 0.7. The SRF of rabeprazole
=49+0.7)t0 10.9=5.6 to 10.9.
Step 2: The EBC =4 - 30 mEq buffering capacity equivalent.
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
25  ANC for sodium phosphate dibasic (duohydrate) (MW=174) =
(EW)(1/1000mmol)( Immol/ImEq)(EBC)

EW =MW/valence = 178/1 g/mol
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desired stability and additive antacid or buffering capacity.) Powders of
t he above conpounds are conbined as is known in the art to create a
honogenouwomsxbesie with the addition of a thickener such a@E€Thisde/ewsgpr opyl
cel lul ose 300 103 WO 03/009846 PCT/US02/21368 5 ng, artificial
butterscotch flavor 100 ng, thaumatin powder 5 ng, and sucrose 30 Gn Q s.
to 100 nL with distilled water to achieve a final pantoprazole

concentratio f 1 / Differe I W r y. be ded to

eni ve osonbprezsPErE Rl e bargihs et 75 o 6 3 wgfie

Formul ation 10: Veterinary Formul ation: Buffer Base Wthout PPI EBC = 71.4
nEq Pri MaPPhEe dibatit-al Buffer: Sodi um bicarbonate 6 71.4 nE Opti onal
Secondary Essential Buffer: Tribasic_sodium phosphate 1000 * (* Any
Secondary EsS€R#i &Pr imyid opmplations.df the BYo 26 mbithard?V 5rEB GomBusispemits to
adjust pH for desired 10 stability and additive antacid or buffering
capaci t Ymgmdpwder s of the above conpounds are conbined as is known in the
art to create a honpgenous mxture with the addition of a thickener such
as hydr oxypr Bpffer coat. FHBBY 30012 g19,2 &2¢ inf + 85 &imzHut todP8 enefroh Inthéssor 100 ny,
t haumatin powder 5 ng, and sucrose 30 Gn Qs. 15 to 100 nmL with distilled
wat df. Aafepthe solublityerf disedidm|phésphase would limdtthbameund thdt ¢opld becdissolvgbinndi ng
pharmaci st sel ected fromavail able PPIs or acid-labile drugs from powder or
ent eri c-20audt.c@boowly, il walilldosegiehd sulubslity O disatiwm phasphaierésedioh wat er may be
added to achieve PPl concentrations ranging fromO0.8 to 20 ng/nmL. If other
aci d | alphbsphale dipssigr Fhemfolrd) @0 mg dfeabepragae of becdoqerdy atffeonisn @mlid be as
required to deliver the normal dosage in an 20 acceptable volune of | nL to
30 L. Tfieclatimmuthe caicelnttibe bf sodipdi phesphiae divasicabduld beatdntdp.6 mg/ndtesid on wi | |
al so determne the mniml feasible volunme. This fornulation may be in the
f orm of mg/@h&t-apdt tange dddbiait 6(9 to 400 d The plarof disodium phosphpalis 7.pr. Ofhus,tan( | 1 qui d
and dry), for exanples. In the two-part exanple, the drug to be added to

t he 1f50r nioaht oFdiso@MmphospHste dqdidlent to the amount of acid to be encountered would

~ produce a pH of approximately 7.2. Accordingly, disodium phosphate would make a suitable
choice as a buffer.
It should be noted that the suitability of buffers relates to their use immediately after
mixing. In order to enhance the shelf-life, higher pH values would be anticipated within the
20  range of acceptable pHg for a given PPI. As an example, rabeprazole suspensions containing
various buffers were evaluated for color change because degradation of PPIs results in a color
change to brown or black. All buffer suspensions started out white in color. After 2 weeks

the following observations were made:

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 o brown _ 83
Disodium phosphate 800mg/10mL | white white 10.3
Disodium phosphate 700mg; white white 10.5
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the dry forrmulation and the liquid part may be added at the tinme of use, or
the drug may be 25 added to the liquid portion which would be buffered to
a pH abowwotohaosssequi red for disintegration of enteric-co&Ceasdr/ages

formul ations (typically pH of 6.8 or greater). 104 WO 03/009846

PCT/ US02/ 21368 5 For all of the veterinary and human oral dosage forns

di scl osed herein, sweeteners, parietal cell activators, thickeners,
preservatLyﬁgaaypggﬁgqmgﬁﬁaqjjgcnt> ey gt so—be—addeg——Sweeteney s i ncl ude
but are npt limted to corn syfrup, sinple syrup, sugar, thaumatijp, and
aspant ame. Thi ckeners 1 nclude but are not Timted to nethylcellTul ose,

xant han gum gisfifaf EALRRIBANaRBEp@tAhedifdMinyRuBRRI6chYR%dARY PPEar@dded to
retard spoil age and incl ude bug.lo are not limted to sodi um benzoate,

met hy| p%g&l?ﬁ&%@&?ffe%ﬂ%’lb&ﬁ%%‘ﬂ?ﬁbt 1By R 1hB&k &8RpliffediaBovel MR 8Kil10d fful ati ons

include but are not Timted to apple, caranel, maple, peanut butter, neat,

etc. J. F Aty I : b0 t | anmount of
élfgagﬁ\ﬁll él?[)r@:'l%f'éttllla(? B o oftht %l;ogé %‘%ﬁ% h%%gitl{fhg 'Eo:tlBQ mv[ﬂh%nhghé‘

Essent i may range from 1 out 3 g per dose.
For mul at j . I f.f - W\ . PP e to protect
acid | atlg%)‘fve% Cé%ﬂlagﬁﬁﬁﬁeﬁgide@%@%% %ér}%ﬁsfdr%)rn g@é@é@%ﬁ?%ﬁ@@g}b er: Dibasic

sodium 1ate or sodium bicarbonate 10 g (range 2 g to 10 g) Optional
Sec&#dagggigggﬁ%ial Buf fer: 200 ng Tribasi c sodi um phosphate or sodi um

car bonate Ciher kqgﬁgdigpg%hkéwcgose 26 g Mltodextrin 2 g Cocoa
processed w t'h al % i f d’ng Y n syrup solids 6000 ng Sodium casei nate
100 nmg  Soy hﬁfs%§ ﬁbﬁ'ucggtomch 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 |
15  continuous supply of saliva, which buffers the stomach acid. When horses are being ridden
regularly, trained for shows or prepared for sales, they are usually kept in stalls much of the
day. Under these conditions, the natural salivary buffering mechanism is disrupted and acid
indigestion often results.
Almost 40 to about 100 mEq of buffer capacify should provide approximately 2.5
20  hours of neutralization for a horse. The usual dose of omeprazole ranges from 0.7 to 1.5
mg/kg/day (doses up to 4 mg/kg/day may be réquired) and a typical weight for a holrsebis 500
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

25  dogs with an EBC of 10 to 20 mEq.
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(*Any Secondary Essential Buffer may be added in higher or |ower anmounts to
adjust pHfor desired stability and additive antacid or buffering

capaci ty.woThoosughl y bl end the powder, then store in a ce®ecraisn®213ps ot ect ed
fromlight and noisture, such as in a foil packet. Preservatives my be
added to retard spoilage and include but are not limted to sodium
benzoat e, nethyl paraben, and propyl paraben. Thi ckeners such 20 as xant han

gum %guar gum or hydroxynet hyI propyl ceI I uI ose can be flavori ng agents in
t hes

fOrTrul mlUllo | LI ||p| ULL\II '\J\/\J An and
ot her fIa S agorﬂﬂgt'ﬁ ﬂ%’lévoﬂ‘,"f' Qgg@ ave been outlined
previ ousl q“’oﬁg’fl 1G01S Dt S\‘Il}é‘idefPr 2‘%’ ﬁa‘Baﬁ F&e PpI
t
=4/

concentr g i Ej‘g'f‘rom 0.8 to 20 rrg/m_ ) V\él gh out apprOX| mately 60 g
of the fadmta/PHY Adc or ot he d- y in the
anount ecﬁﬂ&kﬂﬂiﬂﬂl@!ﬂﬂﬁﬁﬁf_@cﬁﬁd&ﬁﬁhmp fo.a0 dnqp'ﬂ Qs th 100 n

with di st|iBBIe@meprazele powden)l ati on 12: (P mp(Ereege af3ihioR00me} houi PPl For
Gener al Udtrimarydissentid Bufferi(s): Labile Drligs: Protein Free, Milti-Dpse Exanple
Primary Hs®dium kitarBuffeer : Sodi um bi car ppg4i%5 BEg) (range 2 g to 10 g) (59.5
nEq) Opt|iRibaic so§moophdsphvteEsdedbiug] Buf 2 e(14NoBgr (* Any Secondary
Essent i al| (Bticnal Sevanddrg FEaskildal Buffdr(sphel or | ower amounts to adjust pH for
desired StRbaiic sodianghapihied | ve ant aci d| 200 mgf(l.emEqp capacity.) O her

I ngredi ent's Guay Ses@dadoEsgntiaNBkrérgiesy e ddBedzn HgherGOIGRA afiu@Ce sHEChHMbt h al kal i
1800 ng Cor qsisy stabpitysind qddjsve @00 omyfferifpaffedteci t hin 80 ng 10 Note that cocoa

Is a parietal cell activator.
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
mapie 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 paft 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
PPI: Lansoprazole powder 750 mg
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

to achieve a final lansoprazole concentration of 7.5 mg/mL. The suspension should be

101



Thor oughly bl end the powder, then store in a container protected fromlight
and noisture, such as in a foil packet. Wigh out approxinmately 60 g of

t he for mavetsoms4sAdd PPl (or other acid-labile drug) typipcalusy2/213cs he
anount equivalent to 10 doses (range = | dose 15 to 30 doses). Qs. to 100
m. with distilled water. Different volunmes of water nmay be added to

achi eve PPI concentrations ranging from0.8 to 20 ng/nL. 106 WO 03/009846

PCT/ S02/ 1368 F .| Buf f | W t F Ge |
7 o0 BB affer ¥ Ttfon B PblsFLot PR B of iR i echiens 1 ¢ dosa
EX | PPI : b dd , .0..b di h t
Pr ??Qrﬁ @é@éwr%%gﬁﬁ?%wgfﬁggggﬁ m Bl s 0 ange’2 b o0 o)
O h di t t olids 6000 -
S St W e B S

Caranel flavor 270 lecithin 80 ng Sodiumsilico alum nate 20 ng
Ti t ani uﬁ?cﬁp%%t%wilbthﬁé‘qq‘ﬂ(ﬁ%ﬁn‘g}m R}mf)P*é‘ﬁE the powder, then store in a
cont ai ner protect ed fromli nht and _moisture such as in a fOI | acket .

Opti onal [Secondar yFaeawdationdi Vsu¢rirary Formulation of Lansoprazole
Essential pH (lansoprazole pKa =4.1 + 0.7 > 4.8)

EBC =63.3 mEq
PPI:

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)

(* Any Secondary Essential Buffer(s) may be added to adjust pH for desired stability and additive
10 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
300 mg, artificial maple flavor 100 mg, and sucrose 35 Gm. Q.s. to 100 mL with distilled
15  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. The dry part may be

reconstituted with the liquid part at the time of use.
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10 Tri basi c sodi um phosphate 1000 ng Wi gh out approximately 60 g of the
formul ation. Add PPl (or other acid-labile drug) typically in the anpunt
equi val enwotos/od46loses (range = 1 dose to 30 doses). Q s. PCA/USOD21368 Wi t h
distilled water. Different volumes of water may be added to achi eve PPI
concentrations 15 ranging fromO0.3 to 20 ng/nL. Fornmul ation 14: Buffer
Conmpl ex Wthout PPl For General Use to Protect Acid Labile Drugs; Protein
Free l\/UItl-Dose Exanpl e PPI: None (to be added later, e.g. by conpoundi ng
phar?racm Br-y—Esse al B —Di-bs oL C e 8 g (range
2 gto 1d g) Formuk "Phé'r é’areéwegyzﬂsewm OZ@SQ"‘CWF?%B@,%P?S'H“Z g
Butt ersca ﬂm)q_ I3 $YOUR- 89 | dS 6000 ng 107 WO 037D09846
PCT/ U802/21368 horoughl y bl end the powder, then store in a cpntainer
pr ot ect ed E‘Br(bmSBﬁg'Pﬁq and noisture, such as in a foil packet. Wjgh out
appr oxi msrtﬁymu g of —thefornutatton—jAdd—PP—(or other—acrd=t=abi | e drug)
typically in the amount equivalent to 10 doses (range = | dose tp 30
doses). C}Bombmaﬂc@@mngﬂésmwpdedl stilled smm@. Di fferent vol umes|of water
may be add 0 Yﬁ eohrcentratHons—i0—+angtrg—F+roem-6-8-+1 0 20

g/ ni. Fc?ﬁﬂl’%‘fﬂ%‘ﬁe“ﬁo" Bﬁ?ﬁ(sér Conpl ex Wthout PPl For General Use to

Protect AQodiunl&ibdrbehaler UQS; Prot el n Fr 86 g (MaletmEQose Exanpl € PPI None (to
be added later eg h\l r‘ﬁl’Y‘pﬁllh_dl ng—

‘Dibasic sodlum 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 ﬁomogenous 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 hydroxypropy! cellulose 300
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pharmaci st) Primary Essential Buffers : Sodi um bicarbonate 8 g (range | g
to 10 g0 Secondary Essential Buffers : Trisodi um phosphate 1.5 g (range O
g to 5 g)wo@Blhess4é ngr edi ents: Sucrose 26 g Maltodextrin 2Ccg/usBeret3es scot ch
flavor 270 ng Corn syrup solids 6000 nmg Thoroughly bl end the powder, then
store in a container protected fromlight and npisture, such as in a foil
packet. Weigh out approximtely 60 g of the formul ation. Add PPI (or other

aC|d | abi | e m)unt e valent to s (range =1
dose? 15mtgoa gc'ap%‘é‘g'ﬁég"“%aiavgﬁg’% m\?&ﬁ"l 1?10‘\'#‘5% M8t %erlj% t ent

vol unmes _ of ter be added chi eve PPI concentra ans r ngi ng from
0.8 to %! ith 5116 6EH8 B RGPl oGS ALY 6. Cne
Phase Lansoprazol e 30 ng Tabl et Lanso razole has -a pKa of 4.1; thus, the
Essent i Riffeseptvolumes of ypater ’&ayd’e&i‘d%ﬁﬁ?‘%%”e&?o"lfﬂfaiz&F §°‘%°ﬁ%ltfat'ﬁ%'i§ﬁ%ég a sol ution
with pH 4.8 or greater and produce the Essential Buffering Capacity

i ncl udefromft2 @r2® mgmLli i mited to, sodium bicarbonate, sodium carbonate,

di basi ¢ sodi um phosphate, and di ot assi um phosphate. Enough powder for 11
t abl et s i|Foxmiultiiod hVeterinpry Foranationa Buffer BassW¥ithgg®My Prinary Essenti al
Buf f ers :| BRSdT Ubhtiligar bonat e USP 5500 ng Di basi c sodi um phosphate 2200 ny

‘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 hydroxyprdpyl cellulose 300
mg, artificial butterscotch flavor 100 mg, thaumatin powder 5 mg, and sucrose 30 Gm. VQ.s.

15  to 100 mL with distilled water. A PPI or other acid-lébile drug may be added by the
compounding pharmacist selected from ‘available PPIs or acid-labile drugs from “powder or
¢nteric-coated oral solid dosage forms. Different volumes of water may be added to achieve
PPI concentrations ranging from 0.8 to 20 mg/mL. If other acid labile drugs are employed,
the range of concentrations would be as required to deliver the normal dosage in an

20  acceptable volume of 1 mL to 30 mL. The amount of buffer required 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 added at the time of use, or the drug may be

25  added to the liquid portion which would be buffered to a pH above that required for

disintegration of enteric-coated drug formulations (typically pH of 6.8 or greater).
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The resul tant powder is thoroughly m xed. Then.720 ng of the honbgeneous
mxture 1is poured into a tablet reservoir (1/2 inch dianmeter) and pressed
t hrough awbuBloossaé i on of the press as is known in the artCTmise2eBs881 t ant
tabl et contains: Lansoprazole 30 ng Sodi um bi carbonate USP 500 ng

Di sodi um hydrogen phosphate 200 ng 10 The tablet contains 6 nEq sodi um

bi car bonat e and 1.4 nEq di basic sodium phosphate. Variations in this

tablet may in t abl et containing all sqdi um phosphate or all
Sod uth by sar DRI GG Ol v P afen Ses drp Aoy PEFETPRa: - The
anount of EffeC|ve Buf f er Capacity per | et. ma ranefro little as
about 4 megetglgelhactivaers,fgke 438?56‘?5 atkyps, ?r‘l‘_gg avREEE 25eBisaraYalg be ¢ ‘ﬁasi nt egr ant s
such as croscarnel ose sodiu pregel atinized starch, or_ providone, and
tabl et. ISwsetepess wiglude bt a’f"'d]?nlﬁ'@é d‘@éP'&tsV‘d‘P’ ImPleyBURE e ethayiertid. a0 ur t her, a
film coating be placed on the tablet to reduce the penetration of

l'i ght an@snaﬁwgvﬁh@ss@érsmcludgm TRt Hgnited tp metby loghulpse. GourbareeuneT/ US02/ 21368

5 Fornulation 17: One Phase One razole 20 ma Tabl et Oreprazol e has a Ka of
3.9; thusamrageenapsadguaregump reseryatives my pe sdded ¢o Eiaadinodagesnd inefudepat t hat are
soluble at pH 4.6 or greater include, but are not limted to, sodium

bi carlBonatenot Emiied o sodirindiepzoete, lnﬁthbldarabnnldeWEhallgb@s piaybeng diewadi ¢ sodi um
phosphate), and di potassium phosphate. Enough powder for 11 tablets is

wei ghed dhsse forRPlatiorGnmghrdg bot are paideited WS PRL Caramel, RapleppegnuEbyitsntnieat, Buf fers

etc.

J. Other Formulations

For all formulations herein, the total amount of Essential Buffer may range from

15  about4 mEq to about 30 mEq per dose.

Formulatlon 11: Oral Buffer Complex Without PPI (for general use to protect
acid labile drugs) Multidose Composition

Primary Essential Buffer:

Dibasic sodium phosphate or sodium bicarbonate | 10 g (range 2 gto 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 Essentlal 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
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

20  as xanthan gum, guar gum, or hydroxymethyl propy! cellulose can be flavoring agents in

these formulations include chocolate, caramel, maple, butter pecan and other flavorings as
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Sodi um bi car bonate USP 6500 ng Magnesi um oxi de powder 1650 ngy

Croscarnel ose sodium 300 ng The resultant powder is thoroughly m xed. Then
788 ng ofwohs/ohesae®geneous m xture is poured into a tabl etCrasereses (1/ 2

inch diameter) and pressed through a full notion of the press as is known
in the art. The resultant tablet contains: Oneprazole USP 20 ng Sodium

bi carbonate USP 590 ng Magnesi um oxi de 150 ng Croscarnel ose sodi um 27. 27
g } B %hvge bte%P (l)uqi e%ﬁ)}[r%v%u?@&?if@%e%@? QI?Aé%JS%égV;SI a"gu{“%%&é@ea goﬁ giege? PlgiEq magnest um

oxi de. anoun u omas little as
about 4 nEg to. as nuch_.as bout 30 nEg. The tabl et excipients, tablet
bi nder s ° g'&lraglppsrﬁa%5¥ frrg Oofﬁo%gﬂ??fplat ion 16 may al so be added. Fornmul ation

18: One Phasg, Ore razol e 40 Tahl et nough er for t.abl ets is

nei ghed out sroul Sy 80 shiteiormaBianadl PR, oth ac e R oLt 1 or s

. Sodi um bi car bonate USP 6500 Magnesi um oxi de, 1650 ng Pregel ati ni zed

starch maﬁ@m tha%‘é’tF‘@ﬂﬂ?ﬁt"éFﬂn%pj&?ﬁﬁgP"F’sl 1956 FOLHI5S) mi xed. Then 826 ng of

t he honbgenegus m xture  is poured into a tablet reservoir (1/2 inch

di anet er) anf-Spied84ay- vith disigliedavatetii | notion of the press as is known in

the art. The resultant tablet contains: 110 WD 03/009846 PCT/ USQ?2/ 21368
Formulation 12: Oral Buffer Complex Without PPI 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
10 Note that cocoa is a parietal cell activator.

Thoroughly blend the powder, then store in a container protected from light and
moisture, such as in a foil packet. Weigh out éppr@ximately 60 g of the formulation. Add
PPI (or other acid-labile drug) typically in the amount equivalent to 10 doses (range = 1 dose
15  to 30 doses).
Q.s. to 100 mL with distilled water. Different volumes of water may be added to

achieve PPI concentrations ranging from 0.8 to 20 mg/mL.
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Oreprazol e USP 40 ng Sodi um bi carbonate USP 590 ng Magnesi um oxi de 150 ng
Pregel atini zed starch 45.45 ng 5 The tablet contains 7 nEq sodi um

bi car bonawe oanesd 75 nmEq magnesi um oxi de.
Capacity may range fromas little as 4 nEq to as nuch as 30 nEq. The

tabl et excipients,
added. 10 Esoneprazol e nagnesi um or ot her

al so be
mhic@ are

t abl et bi nders,

of |OM/SO|Ubi|ity

The

anount of BCrasvy/yseBuffer

and filmcoating of Formulation 16 may
proton punp inhibitors
(such as the base fornB) may be used in place

of ofrepra
exci pi ent
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5 Formulari on 19gg

prazol e Powder For

nmul ati ons

(single d

SSthum Sk altdNRleAZ0t € powder  USP

39npy Or 40 g

Titanium dioxide

10 mg .

Thoroughly blend the powder, then store in a cont;ainer protected from light and

moisture, such as in a foil packet.

10

Optional Secondary Essential Buffer:
Tribasic sodium phosphate 1000 mg

Weigh out approximately 60 g of the formulation. Add PPI (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 PPI concentrations

15

ranging from 0.3 to 20 mg/mL.

Formulation 14: Buffer Complex Without PPI For General Use to Protect Acid
Labile Drugs; Protein Free, Multi-Dose Example

PPI:

None (to be added later, e.g. by compounding
pharmacist)

Primary Essential Buffer(s):

Dibasic sodium phosphate

8 g (range 2 gto 10 g)

Other ingredients:
Sucrose 26 g

-| Maltodextrin 2¢g
Butterscotch flavor 270 mg
Corn syrup solids 6000 mg
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(or esoneprazole magnesium) . Primary Essential Buffers : Sodi um bi carbonate
USP powder (60 micron) 1000 ng Magnesi um oxi de USP powder 500 ny

Opti onal ,wBaconsasy Essential Buffers : Tribasic sodi um progpsat/e13s®0 ng*

O her ingredients: Dextrose 60 nmg Xanthan gum (Rhodigel ultra fine) 15 ny
Thaumatin (Fl avor enhancer) 5 to 10 p pm Thoroughly bl end the powder,
reconstitute all of the powder with 5 mM to 20 M distilled water and

admi gi st er thﬁo@ugmfm%h@me%@J«@Jrathwst&e if H\SonBitet s;ra&ecteE%mu V%E hfan 20:
Unfl avored Ore razol e Powd (si ngl e dose) Oneprazole powder USP 20 ng or

40 ny S%lmebgugﬁgpﬂq%ﬁ 44pR 1500 gy Parietal cell activator: Calcium
chloride 200 ng Gh Rgredi ents Dextrose 60 ng Xant han gum ( Rhodi gel

he- pouder 1@%%“3? ?”é““%?ly( fihe GRARRRA, ol rEP ol Bl - 1%3%‘18“@“; led
I I
i e R L
D1 basi ¢ gl gg?gcrﬁ’gggephﬁg{%m%béqhqdr 500, 0 r@oaﬂo 55 bc%ﬂ&%sat%%ﬁ’ 840 my
10  ranging from 0.8 to 20 mg/mL. -

Formulation 15: Buffer Complex Without PPI For General Use to Protect Acid
Labile Drugs; Protein Free, Multi-Dose Example
.| PPI: '
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 1.5g(range0gto 5 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 backef. Weigh out approﬁimatély 60 g of th.e formulation. Add
PPI (or other acid-labile drug) typically in the amount equivalent to 10 doses (range = 1 dose
15 t030 _doses). Q.s. to 100 mL with distilled water. Different volumes of water may be added

to achieve PPI concentrations ranging from 0.8 to 20 mg/mL.
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Cocoa processed with alkali* 180 ng Corn syrup solids 600 ng Xanthan gum
15 ng Aspartane 15.ng Thaumatin 2 ng Soy lecithin 10 ng Varietal cell
act i vat orw02/0040©3/ 009846 PCT/ US02/ 21368 5 Thoroughly blpemdisoneissowder .
Reconstitute all of the powder with 10 nL to 20 nL distilled water at the
time of use. Formulation 22: Unflavored Lanso razol e Powder (single dose)
Lansoprazol e powder USP 15 ng or 30 ng Sodi um bi carbonate USP 400 ng to
15005ng Optional ly: Tr| ba5| ¢ sodium phosphate to adj ust pH for |onger
]

stability—ant en..aF. BfF § apget-ty—(at-terratiy Iy other—Essent i al

Buf f ers ry‘n\l ha A J Q\rl}l\q-l tlof’ﬂ q"h HQPE e\ aﬂ ;(gp é‘z e—@ TAI E Rocnnc t ut e al |
. ansoprazoje had 2 pKa gt ,lf,,t 5, :E& jal pH = -E,O“l>"2f8 b s

of the po Ufonﬁzp ha-L ?‘R 4) F & pthl B hetime ofd use.

For mul at i |orxapples ﬁf W&ffetaatwé?fgla %%ﬂbhu}% INRTLT S pgrraieTand pEdyce thip,
Lansopr azldiseentiglBeferingSapgsit h#rg “@é%ﬁ’f’ o sodiyp pgaohatey hasi ¢ Sodi um
Phosphat e sodipmyzarbprafe dibasics Wﬂjﬂh‘PﬁP hatg.13ad éllpﬁtaﬁﬁi’lm phiosphdea 2g g al t odextrin

2 9 Coc aEnepah paveden fagil { frbltsdaWeishadowy orn syrup solids 600 my  Soy
| eci t hi n [Plag :

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:

Lansoprazble | 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 soaium bicarbonate or other buffers from the Essential Buffers list. The
amount of Effective Buffer Capécity 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 impfove ease of
swallowing.

20
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*Parietal cell activator Thoroughly blend the powder. Reconstitute all of
the powder with 5 mL to 20 nL 15 distilled water at the tine of use.

For mul at i wio :34098wef | avor ed Rabe razol e Powder (single doseCT/iRBL/21368
Rabepr azol e sodi um powder USP 20 ng Primary Essential Buffers : Disodium
phosphat e duohydrate USP 2000 ng Optional Secondary Essential Buffer(s)
Tri basi ¢ sodi um phosphate 100 ng Thoroughly bl end the powder and
recogstitute with distilled water prior to admnistration. Optionally,

t hi ckeners—amd—+= ;&drmugtlﬁlﬁ;tju}t i}ne‘qiha .e?)ﬁ%%r%%oldiﬂ'gt d‘f‘a':h‘flet throughout this
n _% PLALY

gggg C.?_L: meprazo,leohasg"i( S5 e the Essen a.Lu O of TL.per .20
rabéprazo fﬂglea p %‘@?8 IBlGAK PH B Oorgrsatss jnslyde but 4 521868 5
commmon i orf ESP RAnatg, Sodium Garho %tﬁ d‘étml'g fogfm phosphate (gibasighepr azol e
sodi um THREMEHRE ° n m-to remain insoluble thereby

i ncr easi ngEnoueh pevadsy qrﬂl/tabletsdﬁw\qtgmd.wﬁ 25! Unflavored Rahe razolé Powder ..
(single dd®} PPl - Raheprazale sodium poder USP 20 ng Primary|Essenti al
Buf fers :| Goeftreaplanowdeio®it e USP 1200 ny | 2¥oosidary Essential Buffers :

Tri sodi um rimaphEssentigbBuffe@)ny ot i onal Secondary Essential Buffers :

Sodi um hy|dyadiindcayborifitei B8 ¢ pot assi um naly6398 neglded i n _hi gher or || ower
anmount s t|Magsiwstoxjklpbwederdesi red stabil i 658mi additive antaci d|or

buf f eri ng @agamédlyse sddimnoughl y bl end the pmt[iﬁg and reconstitute{with 15 nL
distilled water at the tine

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 12727 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:
PPI:
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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of use. 10 Alternatively, a two part product may be enpl oyed conprising one
part of about 5 to about 15 nlL distilled water wwth a | ow concentration of
Secondar ywbssenisdal Buffer (e.g. trisodi um phosphate (10®cTg)Soneis®©di um
hydr oxi de (50 ng)) used to dissolve an enteric- coated tablet of
rabeprazol e thereby producing a stabl e solution/suspension. This highly

al kal i ne suspensi on containing |ow neutralization capacity and rabeprazole
SOdi um man t+ hon 15 ho_added wth A carnnd nart r\thﬂl nl ngjhn Drlnary

“uuaoaoeua VAL LA A [SAVAVAw . AW | rJ 1T C CUTTC
Essent i al | BaEferLs

2
3-3;5
g:
%

AV rm si-gnif -gani—%um&;a;mp_capac% | f desired
ot her Sec m/b\éﬁﬁ:’%‘mq USP g £ gL(_s_)_mb,e__Mpd with the Prilmary
Essenti al Magresipm oxidsi s fornul ation is desi gm0 enable the use of the
commer ci al Broseasinizediphent er i c- coat ed_t abl et 4%45 Mabeprazol e as the source
of the PPI. This tablet requires disintegration prior to use as a liquid
f or mul at i on. TRatableticofitaims 7 robg stdivobicazbanatetand 3.76 fmE3poagndsinm okrls.ctibé al

Buf fer) produces rapid dissolution of the del ayed- rel ease tablet as well
as prol engeat of Effoctive Bpffof Capmbigpnazehge fsoalaslintle as 4 mEqlto aprnakhfagBon  Thi s
enabl es the preparation to be prepared prior to admnistration and sinply
added t enHdaeThe Ratilevexojpitigs eatlldt AindBefahe fi{s odting of Fénupation 6 may wis€be 114 WO
03/ 009846 PCT/ US02/21368 Formul ation 26: Unfl avored Rabe razol e Powder
(singl eaddsle) PPlI: Rabeprazol e sodi um powder USP 20 ng Primary Essenti al
Buffers : Calciumlactate USP 700 ng Cal cium gl ycerophosphate 700 ng
Secandary EsgemidppdzolBuialgRéstun orGathet iptoonpiepoixhidortSRich aredy 16w ECRBIR
Secondary Essential Buffers with cations of sodiumor potassiumnay be
added i fsudh @BE baxe forrBy\Rky BEBNGA irSplice o Binkisthzold-bril&isotesdi¢ mth@absta@bi i ty. )
Thoroughly bl end the powder. Reconstitute the powder with a liquid part

conpr i siff¢hulatiSndTLTHe bt edipiants] tabflet Bladeks, Sdnti IfilR doMRb 61 RrmbiaGod 16MaPf - USE.
Alternatively, the liquid ?

also be added. In addition, powders of any of the formulations disclosed herein may be

manufactﬁred by thoroughly mixing tﬁe 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 PPIs such as

20  pantoprazole, omeprazole, esomperazole and rabeprazole, the use of thaumatin in a quantity
of 5 to 10 ppm may be Vuseful in masking the bitterness. Sweeteners such as sucrose ox;
aspartame may also be employed. Tablet disintegrants such as croscarmelose sodium and

glidants such as magnesium stearate may additionally be used.
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10 reconstitution may be only water (e.g. distilled) and contain sone of

the buffe

product (WO oplod4d1l) for dissol ving
tablets (i

Unf | avor e
powder

hydr oxi de
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r. The liquid for
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Cal cium |l actate USP 800 ng
Cal ci um

cal cium o
for desir

||QD 11: 2" o+ e-coRa T
Qrﬂw}iﬂgﬁ b0 ole;Po

Ie ctapilityv ) 15 Thnrmmhl y blen

LI =, B = O} I g o) |

e

\*a=ay

H

powder wi
of use. T
product (

t meprpzolg pevdsBPPP conpri sing  of 10
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-ons of

adj ust pH
itute the
the tine
br ed

t RrimarysEssential Buffgr(®)sol vi ng esonepra

rol_e_nmagnesi um del ayé

2d r el ease

granul es
03/ 009846

($ddivns kidarbenate W9 paveden(60asiowar az ol
Maphe a2k ite 38 powdeor nul ati on 28:

P 108gmesi unm) . 20 115

Dh@mazol e Two Part T

WO
abl et Two

part tabl

e0ptiamhSaiondany Essdntinl Bufffiéres): phase a

nd i nner buffer/ PPl ¢

ore. -

Enough fo

I Tritfasit addiwh phosphaei ghed out. | nner

Cp0%emg* PPl : QOrepr azol

e powder

USP 120 n

DOtHeP Ingeediémr az0l € magnesi um or om

b razol e sodiunm.

Dextrose

60 mg

Xanthan gum (Rhodigel ultra fine)

15 mg

Thaumatin (Flavor enhancer)

5to 10 ppm

Thoroughly blend the powder, reconstitute all of th

e 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) 15mg.
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 2.6¢g
Maltodextrin 200 mg
Cocoa processed with alkali* 180 mg
Corn 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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Primary Essential Buffers : Sodi um bi carbonate USP 1200 ng Cuter Phase:
Sodi um bi carbonate USP 3960 ng (Secondary Essential Buffers such as

tri sodi unwphiospdsaé e, tri potassi um phosphate or sodi um car Irematse2/21368 ot her s
may be added to enhance neutralization capacity.) Thoroughly blend the
powders for the inner core, then weigh out approximately 220 10 ng of the
resultant blend and add to a die of 3/8" dianeter. The powder m'xture IS

;?EgedL?rersM Ee%%ﬁ' ioriﬁvsfwiad %c%gﬁéitgﬁﬁéf@% %&oﬁ@ﬁngg?ﬁf ROl 1 1 nner
T PP
t abl et Séﬁlsi lhaéa‘fgtﬁreae}ﬂ%nt SI%E ayer surroundi ng the tabl et serves as a

pH buf f US&odi um bi carbonate for 6 tablets is wei ghed out

with appr Yi—rat-el y 280 ng—per tablet for g L5 total-of 1680 g sodi um

bi car bona hUnflavosph Lansopgazale Povder inzlrdosele ¢ esullt ant bl end
and add t aglsmm}ﬁfpowﬂw' aneter  Press thriokdid®8 @ 30ME notion tq conpact

the powdiebodivip bicarbpngig USP place the tablet [HRBMEAAS0GMe 1/2 indh die and
t hen pl ace t Retiogaly Tribpsic sagljugrphqsphpte ioradipst pihfarlonserigiptility ang pphanegd befferinghe 1/ 2"

tabl et and cEREHY Cimativay e FFEX PRSI 22388  sodi um bi carbonate to the
di e 19" top Ofl"h&ljaﬁg glen&ﬁ?b&*e@%c%&ﬁw% ﬁnof(tﬁegéowd?%@{tﬁ§ﬁmt 19 hafull 20

notion to conpact e mate S I Nnto one I’OXII’TB.eV\BIght of

each tatﬁsﬂled&'g\ﬁl‘?ﬁme 14,890 ng cont ai ning 20 ny oneprazol e. Binders such
as tapioca or I'srntigrants such as pregel atini zed starch may be

added. Th ter ayef e Fpr+se har-rpcegti-cgi-y—aceeptabl e

a &3‘1] red Lansgprazole Powde Y
tabl et exji ?nts. %i‘ don | gléi.r? SRS PTaZoe HK _\5@? g e j’fm exanpl e,
l'i ght fil pcoatings .H.cm‘*'n"s torepel—ultravioletlight-asig known in
the art. S .EIPMQ'AIZ CT/ US02/ 21368 & i i lgnesi um

hydr oxi dewﬁﬁﬂl&lﬂuffﬁﬂﬂ for the sodiumbicarbonate outer phdse. Enough
magnesi um BibpteSedym Shesphate USPios wei ghed out 130te  appr oxi mat el y |280 ng per
t abl et f opSadiymbisprbesateldS) ny nagnesi um oxi e USP. Then weigh oyt
appr oxi ma ¥Icyose80 ng of t he resultant blend|3hg add to a die of/2"
di anet er . | Makadextrinhr ough a full notion to' cpigact the powder intgq a tablet.

Pl ace t he| €Cadohptocksaekwitinglbali*he V2 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 ilse.

Formulation 24: Unflavored Rabeprazole Powder (single dose)
PPI:
-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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10 inch die and then place the smaller 3/8" tablet (inner tablet) on top of
the '/2" tablet and center it. Add approximately 380 ng magnesium oxide to
the di e owotspossiict he' ' /2" tablet and the 3/8" tablet. Prestshbesdgh a
full notion to conpact the materials into one tablet. The approximte

wei ght of each tablet is 815 ng to 890 ng containing 20 ng omeprazol e.

Bi nders such as tapioca or PVP and di si ntigrants such as pregel atinized

o 8 BB RO SOML TR P GIRE A b RSblihe 555 10T anc

coll oid i cone 88484 é may al so

conprise eu al l.y accept.abl e et exipients tional coatings
canrrpal sSa'%gsathe r‘ﬁ’ E/raza‘ﬁe ?08?/ "ég?aﬁg?la mSP é%l%hel’?blyﬁﬂ'cé Gal'p %%tal?iﬁ@‘ coatings to

r epel uIt.a‘vL.Le!e h—as +s—Kkrewn—+nthe—ar The-—outerphase—gan :
al t er nat i pely—co Wﬂ”ﬁgt'@é&mﬂmd\ﬁ beprazole P-??.V"}ﬁ'e(%‘,ﬂ%l&ﬂaﬂ;_am__i.o

magnesi un?&_d_g Formulation 29: lansoprazole Two Part Tablet Fnough for 6
tabl et's i|sRabspgriesadinm pawres ISPy o PPl - V4¥&o0prazol e powder USP 180 ny
Primary EsRempryaEssential Buffe®di um bi car borlate USP 1200 ng Quter Phase:

Sodi um bi [csadbwmbicerbeBR BSB0 ng Thor oughl v BPemg t he powders of the inner
core, therSesendpry EstentigBufferGrt ely 230 np of the resultant blend and add
to a di e [ofris83dBin phospimetediSP The i nner and [B0erg t abl ets are then|forned as
descri bed Optidmi SedoadaryEsgdhtialBeffayy)s oxi nat e wei ght of each tablgt is 825
117 WO 03/ S bydréxidd £502ibasiSpdiassfam Fayt e LAY iAGighBi st dew& agieaRts &S [t api oca or
PVP and dj siju3t pig fadtsired y@bilifsandae@itl Sdritdti @ buFtaigidipacitpy be added.
Formul ati on 30: Pantoprazole Two Part Tablet Enough fTor 6 tablets is

wei ghed out . 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 enteri.c-
coated tablet of rabeprazole thereby producing a stable solution/suspension. This highly
alkaline suspension containing low neutralization capacity and rabeprazole sodium may then

15 beadded with a seqond 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
commercially available enferic-coated tablet of rabeprazole as the source of the PPI. This
tablet requires disintegfation prior to use as a liquid formulation. Part 1 (the low

20  concentration of Secondary Essential Buffer) produces rapid dissolution of the delayed-
release tablet as well as prolonged stability of rabeprazole sodiﬁm 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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| nner Core: PPlI: Pantoprazole powder USP 240 ng (or pantoprazol e sodium
Primary Essential Buffer: Sodium bicarbonate USP 1200 ng CQuter Phase:
Sodi um bi warisonesie USP 3960 ng Thoroughly bl end the powdersTisn2/21368 i nner
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 Fornulation 28. The approxi mate wei ght of each tablet is

835 ng t 916 o, PYP |o IrI.IUI ants such as
pregel at i ized Sorm \,lah %\j}é?@&?rr?g?@g%prf’ﬁ“ EW@%}S'E 8¥éa—Fornul ation

. reprazol-e—-two-part tablet uaoh far 6. t 2 i
i (R N e s
120 ny E;:"HF‘%‘%’nE_%e'H‘?JIBHmrQDH mary Essential Buffer: Sodium bicarbonate
1200 ny |AldvmpncialeUSRA 4T ym bi car honat e | 38808y Thor oughly blend|the -
powder s dfCaltiwmighiserophasphate t hen wei gh out] 7@meoxi mately 220 15 hyg of the
r esul t ant| SecentaryBssential Buffes(sdi e of 3/ 8" |di aneter. The inner_and]outer
t abl et s gr@lciemdpdibwdetl§Pas descri bed i n |H6mmul ati on 28. The appfoxi nmate
wei ght of ea@ithet &iph@ty HsgntiglByiferymgjthicmio@0sogigm orBptmelem wayhaaddedsishighapr oca or PVP

and di si lntlgPﬁﬁ?@“ﬁ‘é\?édl‘E?é@rf‘”rﬁ*éﬁ'fﬁqk‘dﬁé‘bfyéndh may be added. Secondaryh
E t
Sod um car bohireSest Gidepind® DaoeRhRae S et il ear BomBrgRE capact ty.

10 mL glycerol and 10 mL distilled water at the time of use. Alternatively, the liquid for

1

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)
PPI:
Esomeprazole magnesium powder USP 20mg
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 magnesmm may be added in higher or
lower amounts to adjust pH for desirable stability.)

-1 ’ 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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118 WD 03/ 009846 PCT/ US02/ 21368 Fornmul ati on 32: Lansoprazole Two part

tabl et Enough for 6 tablets is weighed out. |Inner Core: PPlI: Lansoprazole
powder USROWB00sgs Prinmary Essential Buffer: Sodi um bi car lromaise2/1i369 ng

Qut er Phase: Sodi um bi carbonate 3960ng 5 Thoroughly bl end the powder of
the inner core, then weigh out approximately 230 ng of the resultant blend
and add to a die of 3/8" dianeter. The inner and outer tablets are then
fornmed as descri bed in Forrml ation 28. The approxi mat e vvei ght of each

tabl &t is h as Lapl oca—ot+—PVP—and

di sintigr g‘“’ﬂgg %?e?ﬁ“%ﬁ%"r“’o ﬁ.&%‘&é 1Q ﬁ? %’P ry| Essenti al
Buf fers ductP Rt HHPHABE pHEEEP a3 g0 (5'{"81'3%‘1 {5 g‘ﬁcé’éep Hé}b sodi um
car bonat tﬁblﬁﬁsllﬁn"ﬂeég \]9 e added-to-enhance-neutralizati-on capac ty

For nul at i |dAner&ones e ooy 270l e Two part tablet  Enbugh for 6 tablets is

wei ghed (BPL: | nner_Core: PPl - Pantoprazole sodijum powder USP 24D ngy
Primary HeQmenrpzele mudedySP Sodi um bi car bonat e 120p129gne Qut er . Phasp: Sodi um
bi car bonat(er SoBeprazolrgsasimer pnepiazolcsedigmlder s pf the inner cork, then
wei gh out| Bippaxydsseritial Buffa@s): ng of the resultant| blend and add tp a die of
3/ 8" di aneSodium HibarbinatediSPand outer tablets are | 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 PPI tablet serves as a pH—bufféring zone. Enou'gh
sodium bicarbonate for 6 tablets is weighed out with approximately 280 mg per tablet for-a
15 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 tabletvback into the 1/2 inch die and then place the smaller
‘ 3/8” tablet (inner tablet) on top of the ,1/. ” tablet and center it. Add approximately 380 mg
sodium bicarbonate to the die on top of the 1/2” tablet and the 3/8” tablet. Press through é full
20  motion to coméact 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 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.
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15 then fornmed as described in Fornulation 28. The approxi mate wei ght of
each tablet is 835 ng to 910 ng. Binders such as tapioca or PVP and

di si nt egrwotms/onssye al so be added. Secondary Essential Buff@ca/usSeietsess
trisodi um phosphate, tripotassi um phosphate, sodium carbonate or others,
may be added to enhance neutralization capacity. 119 WO 03/ 009846

PCT/ US02/ 21368 5 Fornul ati on 34: Oreprazole 20 ng Two-Part Tablet |nner

Cores PPI . ﬂ%[grpersﬁ‘x Ax‘i"deeo’i‘ e‘élu&w&&tﬂdﬂﬁ%ﬁbs& e Ty thE scittun] sodi um sal t

or esorrepr azo um or gnhesi hase: i UM DI car bonat e powder
ent er i o CERRPTRE Rl eseC e B ST B oL bR 1gr1§ﬂ"e%?3ist T e outer
Var at %vé‘)%?ﬂg&eh%‘) C@Fa% en P Gl 3 e ﬁa%%ms%% 051 TP 355 roundi ng
For mul aPHARPREm s e e s SndGoRand ot e 4| IRBRCeIres PPl
ponder BepEads i 'ngnrﬁf%g%ﬁ%a%%?rigggﬁéﬁ?@ ?émmb sk Tiainegbr mut at | on
B dfr S 5h it e Glace0e SR a(k, (Dlet (Bapt (1) on top of the 14" able 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 té conipact the materials into one tablet. The
approximate weight of each 'tablet is 815 mg to 890 mg containing 20 mg omeprazole.
Binders such as tabiééa or PVP aﬁd disintigrants such as pregelatinized starch, croscarmelose

15 sodiumio'r haicrocrystalline cellﬁlose (MCC) and colloidal silicone dioxide (CSD) may be
added. The outér layer may also comprise pharmaceuticaliy acceptable tablet exip-ients.
Opﬁonal coatings can also -be empfoyed, for exaﬁmple, iight film coatings and coatings to
repel ultraviolet light as is known in the art.

The outer phase can altemafively éomprise é combination of sodium bicarbonate and

20  magnesium oxide.

Formulation 29: Lansoprazole Two Part Tablet
Enough for 6 tablets is weighed out.

Inner Core:
PPI:

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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Qut er Phase: Sodi um bi carbonate powder USP 1000 nmg This two-part tablet is
formul ated as per Formulation 34. Fornulation 37: Oreprazole Two Part

Tabl et Erwogh/obmsic 6 tabl ets is wei ghed out [Inner Core: OreEpraaptsed20 ngy
Sodi um bi car bonat e power USP 1200 ng Quter Phase: Magnesi um oxi de 1500 ng
Optional - cal cium carbonate 3000 ng 15 120 WO 03/009846 PCT/ US02/ 21368 5
The oneprazol e and sodi um bi carbonate of the inner core are honbgeneously

: . : . o : Cthoih
e ot 00T, Bdcrd e ol o o i A s BPR e B BPYEE ' "ot
Enteric Q?%E?gldcfla)osage Form Oreprazol e enteric coated granules or 20 ng (or

an equi vaY en ose of another PPlI) enteric coated tablet Cal cium carbonate

A Oy S S

1000 ng The—above ed—w-th—eare—exerted—+toe—ensure t hat
t he enterli I ¢

ety her wi se conpromi sed. The
resul ting : pl aced in

capsul es é&ﬂs%bm_i_n@er;phaumwmi c—coated granul es
are enpl >RP(I they are generally but not required dispersed thioughout
the tabl|dtanpragelpgender USP an enteric coated (&M ®8 is alternatiVely
utilized,| (Ptpantoprazols sedivh) 3| core, which is bniformy surrounded by the
cal ci um qdtrbomtEssentiabBuffer: a conpressed tablet or in a 15 | argen capsul e.

| n anot hgrSodivibobirarbenate @SR apsul e cont ai ni ng eni2ddmg coat ed granuljes of PPI

: Outer Phase: o : :
Sodium bicarbonate USP 3960 mg

e Trgdpatit

~ 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 lthcn 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:

PPI:

Omeprazole powder USP (or esomeprazole or 120 mg
omeprazole sodium).

-{ Primary Essential Buffer:

Sodium bicarbonate . 1200 mg
Outer Phase:
Sodium bicarbonate 3960mg

Thoroughly blend the powders of the inner core, then weigh out appfoximately 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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can be placed within a |arger capsule containing the cal cium carbonate. It
shoul d be noted that other buffering agents can be utilized in lieu of or
in conbiwatazmmoswe t h cal ci um carbonate. The buffer(s) enplrayacor/s13p8 esent
in an anount of at |east about 5 nEq per dose of the conposition with the
preferred range been 7.5 to 15 nEq. 20 For exanpl e, sodium bi carbonate may
be preferred over cal ci um car bonate and ot her ant aC| ds (such as nagnesi um
or al um 4m sa ""ause i ."m """"""" sodtum-biearborate—ore . qui ckly
| oners g3 F‘éh‘g] 6 fog{I\T-fE p’t%?r%ﬂﬂatlon Rapi d Rel ease and Del ayed
Rel eased r ﬁﬂ‘?%“?&ﬂ e core: Qmeprazol e enteric coated granul es or
10 or 20 —att cqu1 vatent—dose oated—tabhl et PP')
Qut er phasg "ércg%rﬁrazc! e—powder—L0—or—20—rE—(gF ent—dose—ef anot her
121 W0 034808846 PCT/USQ2/ 21368 PPl Cal citniCa powder—1000 ng 5
The constlilt¥saprazo fpofvﬁﬂﬁﬁ_e_;pha_s_e are unifar mgm wed. The in br  core

i s. cr eat ddPrimary EssefiahBuffer:t he art such t hat 'rhp enteric coatings on the
gr anul es |diodivatbiearbenateni n substantially int 4d290MBe outer phaselis bound
to the inrfewtecBhasens described herein and as lknown in the art. Fornul ation
40: Soft |CedinabbiearbyriateBuf f er Dosage Form 10. O¥8pmgole 10 or 20 g (or an
equi 9al ent dose of another PPl) is conbined with the ingredients of a soft
chewabl e ant Hedroughlbbletd thepavder M the tnher(doje) themtveigh ootapproxeaely aB& mgm
carbonate 500 or 1000 ng, corn syrup, sugar, chocolate non fat m |k, cocoa
butt er, oftk kesultay blehdaidtadil m a djk yEB8Y Hiamewp SThednret end duta wbldtae (teng.

car arrel) "carrageenan, and sodi um phosphate. Vitam ns D3 and/or Kl can

al so be fafdéds debbrébell imF ahatitiohzsy Thrbippilogintateweightiofieheibdd id 825 mg to

o + o

U (J.TIUL IICI CTTe T
o !

< T

n

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:

PPI:

Pantoprazole sodium powder USP 240 mg
Primary Essential Buffer: '
Sodium bicarbonate 1200 mg
Outer 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 tfisodium phosphate, tripotassium phosphate, sodium

carbonate or others, may be added to enhance neutralization capacity.
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15 patients once to thrice daily for gastric acid rel ated disorders. For
all formulations herein, nmultiple doses nay be proportionally conpounded as
i's knowworsthes4@rt. The invention has been described i nran/isht/eses ati ve
manner, and it is to be understood the term nology used is intended to be
in the nature of description rather than of limtation. 20 Al patents and
other references cited herein are incorporated herein by reference in their
entlgety Qovi ously, many m)dl ficat | ons equi vaI ents, and variations of the
r nt imprentt-on 655+ he ubuw teachings— Ther ef or
|pt e|S§ EO *,Ql'm.ll Zopfﬁ z)n W?ZQ‘(Q rQ—;ElgT“@ZPm'ETRNSt of the :\nnnnrlnrlgr-l ai n‘g, et ﬁee1
inventior.1 - describedy 122 WO
03/ 009846 PBET/ US02/ 21368 5 CLALMS. \at 19 claimed is- 1 A solid
conposi t il SngrEzolsycaferis goated eranulasi(baset® a subjleBe, conprising: a) a

non- ent er|isedivmsaks ar ¢sameprazaly sodwangirmagnesitain acid | abile proton punp

i nhi bi t ol GaeeRhasd: from the group consisting of omeprazole, |ansoprazol e,
pant opr az SodiumlificarbdreteawderdJSResonepr azol e, | W8P imgr azol e, and | eni nopr azol e,
or an enantioner, isomer, derivative, free base, or salt thereof, in an
anmount of apfhedxnerabreliycrBatedpstiokmpymrin enettsedthythat3Oenitayic castthgaon thet | onal
Primary Essential Buffer; and b) an outer |ayer surrounding the inner core
conpr i sgragules femalmsoystdmiakyintast. ThBwhiee phadeid batndxp thednmdr c&ie @ dekariedEssent i al
Buf fer; 15 wherein, the total anount of the Primary Essential Buffer of the
i nner chrrandtiéh28. Gthedwariytions s£this talletBatiddera valfomt fteraamgar y Essenti al
Buffer of the outer layer is approximately 0.1 nEg to approximately 2.5

nEq1per suibubding tHRPPD oPHEThntr Udtdinktedd of 3EfArdid et RIEBEd briafdiled. S @ Non-enteric
coated two-part tablet. 2. The conposition of claim1, wherein the proton

punp i nhiffokRuldtion! 35: MansoepPa Al the TWPAPPIRE Nat eIy 10 Ny (0
appr oxi l[Iubéf'Gl(Wé ng. S. Ihe Con‘pOSIﬂ on offclaim 1, whnereinm rhe pI’Ot on
punp i nhiflggypT 'S OMEpPrazof e. »

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: '

PPI:

Rabeprazole entenc coated granules , 20 mg
Quter Phase:

Sodium bicarbonate powder USP 1000 mg

This two-part tablet is formulated as pér 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

15

120



4. The conposition of claim1l1l, wherein the proton punp inhibitor is

| ansoprazole. 5. The conposition of claiml1l, wherein the proton punp

i nhi bi t orwD3/0@B4pant oprazol e. 6. The conposition of clai mCI/USMZI368 N t he
proton punp inhibitor is rabeprazole. 7. The conposition of claim1,
wherein the proton punp inhibitor is esonmeprazole. 123 W 03/009846

PCT/ US02/ 21368 5 8. The conposition of claim 1 wherein the proton punp

| nhi E) itor i ST lpaclgme%rz%zf% and sodlunbplcar% nPeo t}tlel 181r11er core .4 eahomog?neg‘xg{w\kx%dt he proton

punp”i nhi bi tor em no he corrp03| ion wherein

the Prinma ent al f the nner the Primary Essenti al
Buf f er 8‘?({%’ oﬁ‘t"é rﬂ??#‘(?ﬂggi ﬁlé U & asieﬁsacé’ﬂg’ gm'tmhe BB EPEES "{0 sodi um
bi car bonat e, um sesqui car bonat e, di basi c sodi um phosphat e, sodi um
tripol ygﬂfé’%ﬁ% " tetrasodi um pyrophosphate, sodiumcitrate, calcium

citrat pn-oxide—sodi-um-ghuconate, sodi um
| act at %Eﬁo%ﬂi‘ﬂﬂﬁ‘ é%e?&'!‘@'“aﬂf"bé?&scﬂ um| phosphate, tetrapotassium
pyr oph QMEPR"C&Q‘*MWM‘F#} bonate | calciumlactate_ calcium

gl ycer pPrsarele snteriggaated gragnise onat e, | RAGHCST Uhiduireleat dose ﬁ%@n@snmﬁ
gl uconageteriegoated tablghnesi um hydroxi de.l 11. The conposition of claim|10,

wher ei hCelenPearbagete Essential Buf f er |d6meses sodi um bi carbonate.] , 12.
The conposition of claim1l, wherein the sodium bicarbonate is in an anmount
from about 40 abgve @nmpooernts a4 O@nbimed With das: exthied toenposihti thereraéricc| ai m 11,
wherein the sodi um bi carbonate is i.n an amount of at |east about 700 ny.
14. 10he ceainp ¢siot croshed br ctherwise tOmpoldsedi Mhd tesulitig comibinakiss anhdéndbrnidudf f er

conpri ses. cal cium carbonate. 15. The conposition of claim 14, wherein the
cal ci ummacdmpredsed taklets or placedrim tapbules as is known in the pharmaceutical art. If enteric

coated granules are employed, they are geﬁera]ly; but not réquired, dispersed throughout the
tablét or capsule. If an enteric coated tablet is altema;ively utilized, it forms a central core,
which is uniformly surrounded by the calcium carbonate in either a complfessed tablet or in a

15  larger capsule. In another embodilﬁent, a capsule céntaining enteric coated granules of PPI
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.

20  For example, sodium bicarbonate may be preferred over calcium carbonate and other antacids
(such as magnesium or aluminum salts) because in many éases, sodium bicafbonate more

quickly lowers gastric pH.

Formulation 39: Combination Rapid
Release and Delayed Released PPI and
Antacid

Inner core: o
Omeprazole enteric coated granules or 10 or 20 mg (or an equivalent dose of another
enteric coated tablet PPI)

Outer phase:
Omeprazole powder 10 or 20 mg (or equivalent dose of another
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25 from about 400 ng to about 4000 ng. 124 WO 03/009846 PCT/US02/21368 5
16. The conposition of claim 14, wherein the calciumcarbonate is in an
anount fwomsabsué 500 ng to about 1000 ng. 17. The conpo®Ticse2/of3cg! ai m
14, wherein the calciumcarbonate is in an anount of at |east about 700
ng. 18. The conposition of claim 10, wherein the Primary Essential Buffer
of the 10 inner core is sodium bicarbonate and cal cium carbonate. 19. The

conposit+en—oef—etat-m-10—wherern—the '1]:; rar-y—Essental—But-fer—oef—the outer
sur rour\rli lLavar ¢ cadium hi carhn t Xlland caleliim carhnanat o 20 The

X d L) L} p"%‘ It‘, ‘)W\Jd.dl AT U: AT oOoTT < TI\A AT UT UTTT UAT VUTTU U WY —\Jv i
conposiLGAIIR A0PtepOWdeh nar o n t he d Inpri ses

sodi 8m car bonat e, pot assi um carbonate, trisodi um phosphate, tri potassium
15 phosphat e TheeanstitieatsRidheotd @hass aredmifprary Fjxrdo dihg dnercpre ivgEatedanosi ti on
of claim1, wherein the conposition is dissolvable by gastric fluid upon
oral adnf osmrimthesr sueh thatdhagnissic cegtinguprohe giasules onthldef reradie sehsntially pPri mary
Essential Buffer, the Secondary Essential Buffer and the proton punp
i nhi bi t dntaginTbe euter phasstis baund fa thel inngrxoreTdsalessoihgsblesirein and astknewaintheart.wher ei n
t he amount of the Primary Essential 20 Buffer is sufficient to elevate
gastric fl ui Hophhlafion #b SofbChovabioPBEk-BufferdRos3ge/Fdmmom ti ne t he proton punp
i nhibitor conmes in contact with the gastric acid throughout dwell tinme. 23.
The 16onposi t Dowrprfole | bnd(28g (ontar eqiivalenh dosg af andtter PPl iiccoptiinefi withéhesubj ect i s
at least 4.6. 24. The conposition of claim?22, wherein the gastric fluid
pH of t hegrediditectia sof chéwabREintaeistblet (8g., Yhactivid)ewbishpaespriseocaldgdmc!| ai m 22, .
wherein the gastric fluid pH of the subject is at . least 5.6. 125 WO
03/ 00984arbBMaté £08052/1 20MBHE, col Fbup, dupar, clurphs doh dat niitk, cdcab butR?, salysey ei n t he
gastric fluid pH of the subject is at :

lecithin, glyceryl monostearate, flavoring (e.g., caramel), carrageenan, and sodium phosphate.

Vitamins D3 and/or K1 can also be added. The finished chew tablets are administered to
15 | patiénts once‘ to thrice daily for gastric acid related disorders.
For all formulations herein, multiple doses may be proportionally éorﬁpounded as is
known in the art. |
The invention Has been described in an illustrative manner, and it is to be understood
the temﬁnology used is intended to be in the nature of description rather than of limitation.
20  All patents and other references cited herein are incorporated herein by reference in their
entirety. Obviously, many modifications, equivalenfs, and variations of tﬁe present invention»
are possible in light of the above teachings. Therefore, it is to be underétood that withiﬁ thé
scope of the appended clairﬁs, the invention may be practiced other than as speciﬁcélly

.descril%Jed.
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| east 6.5. 27. The conposition of claim22, wherein the dwell time is equal
to or less than about 30 m nutes. 28. The conposition of claim1, further
conpri si nyoas/ohwsast one flavoring agent. 10 29. The conp@sirtison2168 cl ai m
28, wherein the flavoring agent conprises aspartane, chocol ate, root beer,
pepperm nt, spearmnt, or waternelon, and conbinations of any of the
foregoing. 30. The conposition of claim1, further conprising an

anti-foam ng agent. 31. The conpgsi ti of claim1, further conprising a
disifte ant,, flow aid, 15 |ubri %j'rﬁlwdj uvant, excipient, colorant, -

di | uent %ﬂﬁ?g?%‘fdd& agent, preservative, or pharmaceutically conpatible
carrier. 32. The conposition of claim1, wherein the conposition conprise
mul tiple inner (?b?og‘g."o%“gc.’s't)?“sfﬁrl qre adminiRyetion 193 sphiFCtFOMPrS&i ni stration to a
subj ect, conprising: 2Q a) a.non-enteric_ coated inner core conprising an
aci d | abi | e @r ot GriOPBRAISTIC FOtAdERTER FOre EMTRRItSES ap PEifhlabHE PEILY Wonsi sti ng of
onmepr azol e, | ansoprazol e, pantoprazole, rabeprazole, esoneprazole,

par i pr aindibior sglegte SiomyiBp ereup Faasisting of emeparrls. denspprazoleo piitorrazgley i vat i ve, free
base, or salt thereof, in an anount of approximately 5 ng to approximately
30010y, rakeidazale, ejoncpraacle.maripigzaje, madleminoprazalgfor ap enagfigmersispmeran out er | ayer
surrounding the inner core conprising a Primary Essential Buffer and an
opt i onaflerSativentieg YasEs salt thereofBmfan amounited priireximptel yPrmgyter approximeately al  Buf f er
of the inner core and the Primary Essential Buffer of the outer

sur r ounddtmg,.lang en opticmal Bribeqse Rebential Puldert agt ed from t he group consi sting of
126 WO 03/009846 PCT/ US02/ 21368 5 sodi um bi carbonate, sodi um ’
sesqui car boriat e, adiobts lagersouiounding ithespiea tere cewphiising & Primparyy \Hsfeogdhat e,
tetrasodi um pyrophosphate, sodiumcitrate, calciumcitrate, calcium

car bonaBefferraad ne sptiomuiSecorelarydisshintiah Bylffeconat e, sodi um | actate, sodi um
acetate, dipotassium phosphate, tetrapotassi um pyrophosphate, potassium
bi cas bonat e, wixaéin, thenotahamaire of the Pdinany Essential Buffer of the inner core and the

Primary Essential Buffer and the Secondary Essential Buffer of the oufer layer is
approximately 0.1 mEq to apbroximately 2.5 mEq per mg of proton pump inhibitolr; and
the composition is a non-enteric coated two-part tablet.
2. The composition of claim 1, wherein the proton pump inhibitor is in an

20  amount from approximately 10 mg to approximately 100 mg.

3. The composition of claim 1, wherein the proton pump inhibitor is omeprazole.

4. The composition of claim 1, wherein the proton pump inhibitor is
lansoprazole.

5. The composition of claim 1, wherein the proton pump inhibitor is

25  pantoprazole.

6. The composition of claim 1, wherein the proton pump inhibitor is rabeprazole.
7. The composition of claim 1, wherein the proton pump inhibitor is
esomeprazole.
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gl ycer ophosphat e, cal ci um gl uconate, magnesium | actate, nmagnesi um

gl uconate, and 10 magnesi um hydr oxi de; the Secondary Essential Buffer is
sel ect ed Wp®R10098¢6 gr oup consi sting of sodium carbonate, POTASSY/2IHS
carbonate, trisodi um phosphate, tipotassium phosphate, cal cium hydroxide,
and sodi um hydroxi de; the total anmount of the Primary Essential Buffer of
the inner core and the Primary 15 Essential Buffer and the Secondary
Essential Buffer e r r

appr (Q)XI Tat el ?{ 5. S'PII ngonlgogﬁ'&n 3t c‘@ﬁ)ﬁ wﬁe?elf’i‘% nﬁ%é"ﬂ%’?‘{ 1¥hlgit(;lr H%ﬁéatzglgrrpoa tion
is.a non-enteric coated two-part tablet 34. A process for the manuf act ure

f l'id i sing:
20 2)- bl ending th Sraraist ot ity editon AmfnlT 2 ary

Essentl ‘éggﬁh of the inner core; b) conpacting the proton punp
i nhi bitor and 1ne optional Primary Essential Buffer of the inner core into

a tablet; c) conpacting the Prinary Essential Buffer and the Secondary
E tial B i nt
abl ot w th S ans ool Al 1 AWEke S AL Al By el ' TP
d I th f t.h t
ayer gl eblfhs 'I’f’l"ﬁbhﬁﬁ%nﬁﬁtﬂﬁ%ﬁr bl ofl %%%Bwﬁ%ﬁy% I5hEEy BegifS 1368 s

t abl E tial Buff d
e TR TR O e NS o

t I d S dar.y Essenti
oo b Al S SR By 2o o
a subj ect e of..,a solid conposition accordin %‘Ftﬁ @l{)%/ of cl ains
e

1-33 forcarBPféag%maﬁ&esym Qreide 208 Blupqpiate; jodimm fagats, spdwimy 1T sor der

in a sub h
osp ate, tetrapotassium pyrophosphate, potassium bicarbonate, calcium lactate, calcium

glycerophosphate, calcium gluconate, magnesium lactate, magnesium gluconate, or

15 magnesium hydroxide.

11.  The composition of claim 10, wherein the Primary Essential Buffer comprises

sodium bicarbonate.

12.  The composition of claim 11, wherein the sodium bicarbonate is in an amount

from about 400 mg to about 4000 mg.

20 13.  The composition of claim 11, wherein the sodium bicarbonate is in an amount

of at least about 700 mg.

14.  The composition of claim 10, wherein the Primary Essential Buffer comprises

calcium carbonate.

15.  The composition of claim 14, wherein the calcium carbonate is in an amount

25  from about 400 mg to about 4000 mg.
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36. Use of a solid conposition according to any of clains 1-33 for the
manuf acture of an oral adm nistration dosage form 37. A nethod of treating
a gastroiwpastbesas di sorder in a subject in need thereof, PCTHSOD2B6$ Si ng
adm nistering to the subject a therapeutically effective anobunt of a solid
conposition according to any of clains 1-33. 128

5 16. The composition of claim 14, wherein the calcium carbonate is in an amount

from about 500 mg to about 1000 mg.

17.  The composition of claim 14, wherein the calcium carbonate is in an amount

of at least about 700 mg. |

- 18.  The composition of claim 10, wherein the Primary Essential Buffer of the

10 inner core is sodium bicarbonate and calcium carbonate.

19.  The composition of claim 10, wherein the Primary Essential Buffer of the

outer surrounding layer is sodium bicarbonate and calcium carbonate.

20.  The composition of claim 1, wherein the Secondary Essential Buffer

comprises sodium carbonate, potassium carbonate, trisodium phosphate, tripotassium
15  phosphate, calcium hydroxide, or sodium hydroxide.

.21. The composition of claim 1, whefein thé cbfnposition is. dissolvable by gastric
fluid upon oral administration to a subject and upon dissolution releases the Primary Essential
Buffer, the Secondary Essential Buffer and the proton pump inhibitor into the gastric fluid.

22. The composition of claim 1, wherein the amount of the Primafy Esécntial

20  Buffer is sufficient to elevate gastric fluid pH of the subject to at least 3.7 from time the
proton pump inhibi.tolr comes in contact with the gaétric acid throughout dwell time.

23.  The composition of claim 22, wherein the gastric fluid pH of the subject is at
least 4.6.

24.  The composition of claim 22, wherein the gastric fluid pH of the subject is at

25 least 48
25.  The composition of claim 22, wherein the gastric fluid pH of the subject is at

least 5.6.
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26.  The composition of claim 22, wherein the gastric fluid pH of the subject is at
least 6.5. |

27. The composition of claim 22, wherein the dwell time is equal to or less than
about 30 rhinutes.

28.  The composition of claim 1, further comprising at least one flavoring agent.

29.  The composition of claim 28, wherein the flavoring agent comprises
aspartame, chocolate, root beer, peppermint, spearmint, or watermelon, and combinations of
any of the foregoing.

- .30. The ccl>mpo'sition of claim 1, further comprising an anti-foaming agent.

31.  The composition of claim 1, further comprising a disintegrant, flow aid,
lubricant, adjuvant, excipient, colorant, diluent, moistening agent, preservative, or
pharmaceutically compatible carrier.

32.  The composition of claim 1, wherein the composition comprise multiple inner
cores. |

33. - ‘A'solid composition for oral administration to a subject, comprising:

a) - anon-enteric coated inner core comprising an acid labile proton pump
inhibitor selected from the group consisting of omeprazole, lansoprazole, pantoprazole,
rabeprazole, esomeprazole, pariprazole, and leminoprazole, or an enantiomer, isomer,
derivative, free base, or salt theredf, in an amount of approximately 5 mg to approximately
300 mg, and an optional Primary Essential Buffer; and

b) an outer layer surrounding the inner core comprising a Primary Essential
Buffer and an optional Secondary Essential Buffer;

wherein the Primary Essential Buffer of the inner core and the Primary Essential

Buffer of the outer surrounding layer are independently selected from the group consisting of

126



10

15

20

25

WO 03/009846 PCT/US02/21368

sodium Bicarbonate, sodium sesquicarbonate, dibasic sodium phosphate; sodium-
tripolyphosphate, tetrasodium pyrophosphate, sodium citrate, calcium citrate, calcium
carbdnate, magnesium oxide, sodium gluconate, sodium lactate, sodium acetate, dipotassium
phosphate, tetrapotassium pyrophosphate, potassium bicarbonate, calcium lactéte, calcium

glycerophosphate, calcium gluconate, magnesium lactate, magnesium gluconate, and

- magnesium hydroxide;

the Secondary Essential Buffer is selected from the group consisting of sodium
carbonate, potassium carbonate, trisodium phosphate, tripotassium phosphate, calcium
hydroxide, and sodiuﬁ hydroxide;

the total amount of the Primary Essential Buffer of the inner core and the Primary -

Essential Buffer and the Secondary Essential Buffer of the outer layer is approximately 0.1 '

imEq' t0 apprbximate]y 2.5 mEq per mg of proton pump inhibitor; and

the composition is a non-enteric coated two-part tablet.
| 34.  Aprocess for the manufacture of a solid composition according to claim any
of claims 1-33, comprising: -
- a) blending the proton pump inhibitor and the optional Primary Essential Buffer
of the inner core;

b) . compacting the proton pump inhibitor and the optional Primary Essential -
Buffer of the inner core into a tablet;

c) compacting the Primary Essential Buffer and the Secondary Essential Buffer
of the outer layer surrounding the inner core into a tablet with a diameter
larger than that of the tablet of the inner core;

d) - placing the inner core tablet in contact with the tablet of the outer layer

. surrounding the inner core; and
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e) compacting the inner core tablet and the Primary Essential Buffer and
Secondary Essential Buffer tablet into a two-p.art tablet by addition of an
amount of Primary Essential Buffer and an optional Secondary Essential
Buffer;

wherein the two-part tablet is suitable for oral administration to a subjéct.

35.  Use of a solid composition according to any of claims 1-33 for preparing a

medicament for treating a gastrointestinal disorder in a subject. -

36.  Use of a solid composition according to any of claims 1-33 for the
manufacture of an oral administration dosage form.

37. A method of treating a gastrointestinal disorder in a subject in need thereof, -

" comprising administering to the subject a therapeutically effective amount of a solid

composition according to any of claims 1-33.
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