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5 NOVEL SUBSTITUTED BENZIMIDAZOLE DOSAGE FORMS
AND METHOD OF USING SAME

TECHNICAL FIELD _
The present invention relates to pharmaceutical preparations comprising substituted

10  benzimidazole proton pump inhibitors.

BACKGROUND OF THE INVENTION
Omeprazole is a substituted benzimidazole, 5-methoxy-2-{ (4-methoxy-3,5-dimethyl- |

2-pyridinyl) methyl]} sulfinyl]-1H-benzimidazole, that inhibits gastric acid secretion.
Omeprazole belongs to a class of antisecretory compounds called proton pump inhibitors
15  (“PPIs”) that do not exhibit anti-cholinergic or H; histamine antagonist properties. Drugs of

this class suppress gastric acid secretion by the specific inhibition of the H' X'-ATPase

enzyme system (proton pump) at the secretory surface of the gastric parietal cell.
Typically, omeprazole, lansoprazole and other proton pump inhibitors ére foﬁnulated
in an enteric-coated solid dosagé form (as either a delayed-release c_:apsule or tablet) or as an
20 intravenéus solution (as a product for reconstitution), and are prescribed for short-term
treatment of active duodenal ulcers, gastric uicers, gastrc;esdphégeal reflux dise#se (GERD),
severe erosive esopﬁagit_is, poorly responsive symptomatic GERD, and Apzltt]'nological |
hypersecretory conditions such as Zollinger Ellison syndrome. These éonditions are ca._u_sed
by an imbalance between acid and pepsin production, called aggressivé_faétors, and mucous,
25  bicarbonate, and prostaglandin producﬁon,_ called defensive factors. These above-listed |
| conditions commonly.arise in healthy or critically il} patients, and may be accompanied by
significant upper gastrointestinal bleeding. |
H,-antagonists, antacids, and sucralfate are commonly administered to minimizre the

pain and the complications related to these conditions. These drugs have certain
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“disadvantages associated with their use. Some of these drugs are not completely effective in

the treatment of the aforementioned conditions and/or produce adverse side effects, such as

* mental confusion, constipation, diarrhea, and thrombocytopenia. Hp-antagonists, such as

ranitidine and cimetidine, are relatively costly modes of therapy, particularly in NPO patients,
which frequently require the use of automated infusion pumps for continuous intravenous

infusion of the drug.

 Patients with significant physiologic stress are at risk for stress-related gastric:

_ mucosal damage and subsequent upper gastrointestinal bleeding (Marrone and Silen,

Pathogenesis, Diagnosis and Treatment of Acute Gastric Mucosa Lesions, CLIN
GASTROENTEROL 13: 635-650 (1984)). Risk factors that have been clearly associated with
the development of stress-related mucosal'damage.aré'mechanical ventilation, coagulopathy,
extensive burns, head injury, and organ transplant (Zinner et a]., The Prevention af '
Gastrointestinal Tract Bleeding in Patients in an Imensivé Cﬁre Unit, SURG. GY‘&BCOL.
OBSTET., 153: 214-220 (1981); Larson et al., Gastric Response to Severe Head Injury, AM. J.

SURG 147 97—105 (1984); Czaja et al., Acute Gasrroduodenal Disease Afier Thermal Irywy:

An Endoscaptc Evaluanan of Im::dence and Natural History, N ENGL. J. MED 291 925-929

(1974); Skillman et al., Respiratory Failure, Hypotension, Sepsis and Jaund:‘ce’: A Clinical
Syndrome Associaléd with Lethal Hémqrrhage From Acute S}ress Ulcefation, AM. J. SURG.,
117: 523-530 (1969); and Cook et al., Risk Factors for Gastrointestinal BIeedfng in Critic&lly _
1l Patients, N ENGL. J. MED., 330:377-381 (1994)). One or more of fhese factors are often
found in critically ill, intensive care unit i)atients. A recent cohort study challenges other risk
factors previouély identified such as acid-bése disorders, multiple trauma, significant
hypertension, major sufgery, multiple operative procedures, acute renal failure, sépsié, and:

coma (Cook et al., Risk Factors for Gastrointestinal Bleeb'ing in Critically Ill Patients, N.
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ENGL. J. MED., 330:377-381 (1994)). Regardless of the risk type, stress-related mucosal

damage results in significant morbidity and mortality. Clinically significant bleeding occurs

" in at Jeast twenty percent of patients with one or more risk factors who are left untreated

_(Martin et al., Continuous Intravenous cimetidine Decreases Stress-related Upper Gastro-

intestinal Hemorrhage Withaut Promoting Pneumopia, CRIT. CAREMED., 21: 19-39 (1993)).-.
Of those who bleed, apia’roximately ten percent require surgery (usually gastrectomy) with a. |
repo_rtcd mortality of thirty percent to fifty percent (Czaja etal, Acute Gastroduodenal
Disease After T?:erma( Injury: An Endoscopic Evaluation of Incidence aﬁd Natural History,
NENGL. ] . MED, 291: -925-929 (1974); Peura ahd Johnson, Cimetidine for frevention and
Treatment of Gastroduodenal Mucosal Lesions in Paiiem.s in an Intensive Care Unit, ANN - .
INTERN MED., 103: 173-177 (1985)). Those who do not need surgery often require multiple
transfusions and prolongéd hosbitaiization. frevention of stress-related upper gastrointestinal
bleeding is an important clinical goal. |
Omeprazole (Prilosec®), lansoprazole (Pre\;acid®) and olhe_r PPis reduce gastric acid

produc;tion by inhibiting H' K -ATPase of the parieiél cethe final common pathway fo} :
gastric acid secretion (Felienius et al; Substituted Beﬁzimidazoles Inhibit Gastric Acid
Secretion by Blocking H' . K* -ATPase NATURE, 290: 159 161 (1981); Wallmark et al, The
Relationship Between Gastric Acid Secretion ana' Gasmc H, K" -ATPase Activity, ).
BIOL.CHEM., 260: 13681-13684 (1985); Fryklund et al., Function and Structure of Parietal
Cells Afier H',K"-ATPase Blockade, AM. J. PHYSIOL., 254 (3 PT 1); G399-407 (1988)).

' I;Pls contain a sulﬁﬁyl group: in a bridge between subst_ituted;bgnzimidazole and

f)yridine rings, as iHustrated below.
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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
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_pafieta] ‘celis from the blood and diffuse into the secretofy canaliculi, where the dmés become

protonated and thereby trapped. The protonated agent rearranges 10 form sulfenic acid and

. a sulfenamide. The sulfenamide interacts covalently with sulfhydryl groups at critical sites in

the extracellular (luminal) domain of the membrane-spanning H+_,K+-ATPase {Hardman et

al., Goodman & Gilman’s The Pharmacological Basis of Therapeutics, p. 907 " ed. 1996)).

Omeprazole and lansoprazole, therefore, are prodrugs that must be activated to be effective.

The specificity of the effects of PPIs is also dependent upon: (a) the selective distribution of

H' K -ATPase; (b) the requirement for acidic conditions to catalyze generation of the |

. reactive inhibitor; and (c) the trapping of the protonated drug and the cationic sulfenamide

within the acidic canaliculi and adjacent to the target enzyme. (Hardman et al., 1996).

Omcprazole and lansoprazole are available for oral administration as entenc-coated
gréﬁules in gelatin capsules. Other proton pump inhibitors such as rabeprazole and
pantoprazole are suppi-icd as _g:ntc;ic-coated dosage forms. The enteric dosage forms of the
prior art have been employed because they arer acid _labi,le; thus, it is important that these
drugs not be exposed to low pH gastric acid prior to absorption. Although these drugs are
stable at alkaline pH they are destroyed rapidly as pH falls (e.g., by gastnc acid). ‘Therefore,
if the m:cro-encapsu!anon or the entenc coanng is disrupted (e g., trituration to comp0und a
liquid, or chewing the capsuie), the dosage forms of the pnor art will be exposed 0
dégi-édation by the gastric acid in the stomach. |

The absence of an intravenous or oral liquid dosage form in the United States has
limited the testing and use of omeprazole, lansoprazole and rébepraZole in the critical care
patient populat.ion..Barie et al., Therapeutic Use of Omeprazole for Refractory Stres.?-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 controt .

5
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éastroimestinal hemohhage in a critical care patient with multi-organ failure. However, such
pellete are not ideal as they can aggregate and occlude such tubes, end they ahe not suilahle
for patients who cannot swallow the pellets. Aum]. HEALﬁ-SYST PHARM $6:2327-30 (1999).

Proton pump inhibitors such as on-ieprazole repreeent an advantageous alternative 10
the use of Hy-antagonists, antacids, and sucralfate as a treatment for complications related to _
stress-related mucosal damage. However, in their current form (capsules containing enteric-
coated granules or enteric-coated tablet.s),' proton pump inhibitors can be difficult or
impossible to administer to patients who are either unwilling or unable to swallow tablets or
capsules, such as critieally ill patients, ehildren the elderly, and patients suffering from
dysphagla Therefore, it would be desirable to fonnuiate a proton pump inhibitor solution or
suspensxon whlch can be enterally dehvered toa patnent thereby prowdmg the benefits of the
proton pump inhibitor without the drawbacks of the current enteric-coated solid dosage
forms.. .. | |

Omeprazole, the first hfbton pump inhibitor introduced into use, has been formulated
in many different embodiments such as ina mixture of polyeﬂlyiene 'glyeols, adeps solidue
and sodium lauryl sulfate ina s_olubie, basic amino acid to yield a formh_lation designed for |
administration in the rectum as taught by United States Patent No. 5,219,870 to Kim.

Uhited States Patent No. 5,395,323 10 Behglund ('323) discloses a device for miiing a
phanhaceutical from a solid supply into a parenterally acceptable liquid form for parenteral
admlmstrauon 10 a patient. The '323 patent teaches the use of an omeprazole tablet which is
placed in the device and dissolved by normal saline, and infused parenterally into the panent
This device and method of parenteral infusion of omeprazole does not provnde the
omeprazole sol.ution as an enteral product, nor is this omeprazole solution di_rectly

administered to the diseased or affected areas, namely the stomach and upper gastrointestinal
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tract, nor does this omeprazole formulation provide the immediate antacid effect of the

present formulation.

United States Patent No. 4,'?86-,505 to Lovgren et al. discloses a phami#ceutical
preparation containing omeprazole together with an alkaline reac_._ting compound or an
alkaline salt of omeprazole optionally together with an alkaline compound as a core material
in a tablet formulation. The core is then enterically coated. The use of the alkaline materi:;zl;
which can be chosen from such substances as the sodium salt of carbonic acid, are uséd to
form a “micro-pH” around each omeprazole partitl:le 10 protect the omeprazole which is
highly sensitive to acid pH. The powder mixture is then fom‘mlatéd into en_teric-coated small
beads, pellets;, tablets and may be loaded into capsules by conventional pharmaceutical
prof:edures. This formulation of orﬁeprazole does not teach a non-enteric-coated omeprazole
dosage form which can be enterally admi_nistcrgd 10 a patient who may be unable and/or
unwilling to swallow capsules, tablets or.pellets, nor does it ieach a qonvenieni form which
can be used to make an omeprazole or other proton pump inhibitor solutior} or suspeﬁsion.

Several buffered omeprazole oral solutions/ suspensions have been disclosed. For
example, Pi]brant.et al., Development of an Oral Formul:atian of Omeprazole, SCAND. §
(GASTROENT. 20(Supbl. 108): 113-120 (1985) teaches a suspension of micfoniz_ed
omeprazole, 60 mg, in 50 mi of water also containing 8 mmc;les 6f sodium bicarbonate. The
suspension was administered as follows: After fasting for at least 10 hours, patients were
given a solunon of 8 mmoles of sodium bicarbonate in 50 mi of water. Five minutes later the _
patients took the omeprazolc suspenswn and rinsed it down with another 50 ml of sodium
bicarbonate solution. Ten (10}, 20 and 30 minutes later, a further 50 ml of sqdium

bicarbonate sofution was administered. -
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Andersson et el.,.Pharmacokinerics of Various Single Imraveﬁous and Oral Doses of
Omeprazole, EUR J. CLIN. PHARMA(_;OL. 39: :195-197 (1990) discléses 10 mg, 40 mg, and 90
mg of oral omeprazole dissol\;ed in PEG 400, sodium b:icarbonate and weltter.. The
concentration of omeprazole cannot be determined, as vﬁlumes of diluent are not disclosed.._
Nevertheless, it is apparent from this reference that multiple doses of sodium bicarbonate
were administered with and after the omeprazole suspension.

Andersson et al., Pharmacokinétics and Bioavailability of Omeprazole After Single
and Repeated Oral r4dministrdlion in Healthy Subjects, BR. J. CLIN. PHARMAC. 29: 557-63
(1990) teaches the orél .use of 20 mg of omeprézole,_which was dissolved in 20g of PEG 400 |
(sp. grévity=1 .14) and diluted with 50 ml of water-containing 8 mmoles of sodium

bicarbonate. In order to protect the omcpraz_ole from gastric acid, the buffered solution was

- given with 48 mmoles of sodium bicarbonate in 300 mi of water.

Regardh et al., The Pharmacokinetics of Omeprazole.in Humans—-A Study of Single
Intravenous and Oral Dases; THER. DRUG MON. 12: 163-72 (1990) discloses an oral dose of
omeprazole at a concentration 0.4 mg/ml after the drug was_dis;solved in PEG 400, water and
sodium bicarbonate (8 mmoles). A- solution containing 16 rﬁmoies of sodium bicarbﬁnatc in
100 ml of water was concomitantly givén with the omeprazole solution. That dose was
followed by a solution of 50 m} of 0.16 mol/L sodium Bicarbonate that was used for r-inrsing '
the vessel. In both the IV and oral experiment, 50 ml of 0.16 mol/L sodium bicarbonate was
administered 5 minutes before édministration, and 10, 20 and 30 minutes post-dose.

Landahl et al .» Pharmacokinetics Study of Omeprazole in Elderly Healthy Volunteers,

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

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

disclose the final concentrations utilized. Again, this reference teaches the rﬁultiplc
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administration of sodium bicarbonate {8 mmol/L and 16 mmol/L) after the omeprazole
soiutien '

Andersson ¢t al., Pharmacokmeucs of [ My Omeprazole in Patients with Liver
Cirrhosis, CLIN. PHARMACOKINETICS 24(1): 71-78 (1993) dlscloses the oral administration of

40 mg of orneprazole, which was dissolved in PEG 400, water and sodium bicarbonate. This

reference does not teach the final concentration of the omeprazole solution administered,

although it emphasizes the need for pre, concomitant and post sodium bicarbonate dosing

with a total of 48 mmoles to prevent acid degradation of the drug.

Nakagawa, et al., Lansoprazole;' Phase I Study of lansoprazole (4G-1749) Anti-ulcer |
Agent, ]. CLIN. THERAPEUTICS & Mf,D.(l991) teaches the oral administration of 30 mg of

lansoprazole suspended in 100 ml of sodium bicarbonate, which was administered to patients

~_througha nasogastrlc tube.

20

25

All of the buffered omeprazole solunons 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 ina solution including sodium bicarbonate,

as a pH bu_ffer, in order 1o protect the acid sensiﬁve omep}azole during administration. Inall
of these studies, repeated administration of sodium bicarbonate both prior io, during, and
following omepraZOIe 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 mgested fora smgle dose of
orneprazole to be orally admm:stered.

The buffered omeprazole solutions of the above cited prior art require the ingestien of
!argc amounts of sod:um bacarbonate and large volumes of water by repeated administration.

Thls has been conSIdered necessary 1o prevent acid degradanon of the omeprazole. In the
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abovc;cited studies, baéically healthy volunteers, rather than sick patients, were g‘iven dilute
buffcrcd omeprazole utilizing pre-dosing and post-dosing ;Nilh large volumes of sodium |
I_:uicarb.onatc.- |

The administration of large amounts of sodium bicarbonate can produce at least siﬁ

significant adverse effects, which can dramatically reduce the efficacy of the omeprazole in

patients and reduce the overall health of the patients. First, the fluid volumes of these dosing

protocols woild not be suitable for sick or critically ill patients wi_lo must receive multiple
doses of omeprazole. The large volumes would result in the distention of the stomach and
increase the likelihood of cofnplications in critically ill patients such as the aspiration of
gastric conteﬁts. |

Second, because bicarbonate is usually neutralized in the stomach or is absorbed, such
that belching results, patienté with gastfoesophageal reﬂux may e;iacerbate or worsen their
reflux disease as the belching can cause ﬁpward movement of stomach acid (Brunton, Agents
for the Control of Gastric Acidity and Treatment of Peptic Ulcers, lﬁ, Goodman AG, et al.

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

Third, patiénts with conditions such as hypertensitm or hean failure are standardly
advised to avoid the intake of excessive sodium as it can cause aggravatidn or exacerbation of -
their hypenensive conditions {Brunton, supra). The ingestion of large amounts gf sodiuﬁ
bicarbonate is inconsistent with this adﬁce.

Fourth, patients with numerous conditions that typically accozhpany critical illness
should avoid the intéi(é 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 r_esurl.t in erig

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

10
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pH, antacids can alter rates of drug dissolution. and absorption, bioavailability, and renal
elimination (Brunton, supra).

Sixth, because the buffered omeprazole solutions of the prior art require prolonged
administration of sodium bicarbpnate, it ﬁakes it difﬁcult'.for patients to comply with the
regiﬁens of the prior art. For e).(ample,.Pilbrant et al. disc.lose an oral omeprazole
administration protocol calling for the administration to a subject who has been fasting for at
le.ast ten hours, 2 solution of 8 mmoles of sodium bicarbonate in 50 mi of water. Five.
minutes later, the subject ingests a suspension of 60 mg of omeprazole in 50 ml of water that
also contaips 8 mmoleé of sodium bicarbonate. This is rinsed down with another 50 mlof 8
mmoles sodium bicarbonate solution. Ten minutes after the ingestion of the omeprazole
dose, the subject ingésrs 50 mi of bicarbohatersolution (8 mmoies). This:is repeated at twenty
minutes and thirty minutéé posf omeprazole dﬁsing to yield‘ a tot;tl of 48 mmoles of sodiurﬁ
bicarbonate and 300 mi of water in total that are ingest_ed by the subject fora single
omeprazole dose. Not only does this regimen requ'ire the ingestion of excessive amouﬁts of .
bicarbonate and water,-which is likely to be dangerous to some patients, it is unlikely that
even healthy pétients 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 efﬁ"cacy._ of the buffered omeprazol@e_
solutions of the prior art would be expected to be reduced due to non-compliancé.
Compliance has been found to be m.arkédly. reduced whéh patients are required to deviate

froma échcdule 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
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oomeprazole regimen in order to achieve efficacious results is clearly in contrast with both
current drug compliance theories and human nature. |

The prior art (Pilbrant et al., | 1985) teaches that the buffered omeprazole suspension
can be stored at refrigerator temperatures for a week and deep frozen for a year while Stl“
mamtammg 99% of its initial potency 1t would be desnrable 1o have an omeprazole or other
proton pump inhibitor solution or suspension that could be stored at room temperature or in a
refrigerator for periods of time which exceed these of the prior art while still maintaining
99% of the initia] potency. Additionally, it would be advantageous to have a form of the
omeprazole and bicarbonate which can be utilized to instantly make the omeprazole
solution/suspension of the present invention which i.s supplied in a sofid form which imparts
the advantages of improved shelf-life at room temperature, lower cost to produce, less
expensive shipping costs, ana which is_less expensive to store.

1t would, therefore, be desirable fo have a proton pump inhibitor formulation, which
provides a cost-effective means for the treatment of the aforemennoned conditions without
the adverse effect profile of H, receptor antagonists, antacxds, and sucraifate Further, it
would be desirable to have a proton pump inhibitor fon'nulat:on which is convenient to
prepare and administer to patients unable to ingest solid dosage forms -such as tablets or
capsules, whieh is rapidly absorbed, and can be orally 6r'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

- delivery.

It would further be advantageous to have a potentiator or enhancer of the
pharmacologlcal activity of the PPls It has been theorlzed by applicant that the PPis can

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

12




10

15

20

25

17 JAN 2005

applicant has identified, as discussed below, pariétal cell activators that are administered to
synergistically enhance the activity of the PPIs.

Additionally, the intravenous dosage forms of PPls of the prior art are gﬁen
administered in larger doses than the oral‘ forms. For exampie, the typical adult IV dbsé of
omeprazole is greater than 100 ‘mg./day whereas the adult oral dose is 20 to 40 mg/day. Largé
IV doses are necessary to achieve the desired pharmacologic effect. because, it is be'liéved,_ :
many of the parietal cells are in a resting phase (mostly inactive) during an IV dose given t§
patients who are not taking oral substances by mouth {npo) and, tﬁerefore, there is little active

that which is inserted into the secretory canalicular membrane) H K -ATPase to inhibit.
hat which is inserted into th licul brane) H" K™-ATP hib

Because of the clear disparity in the amount of drug necessary for IV versus oral doses, it

would be very advantageous to have compositions and methods for IV administration where

‘significantly less drug is required.

SUMMARY OF THE INVENTION AND ADVANTAGES

The foregoing advantages and objects are accomplished by t_he present invention. The
present :nvenuon provides an oral soiutnonfsuspensron compnsmg a proton pump inhibitor
and at least one buffermg agent. The PPI can be any substituted benzmldazole compound

having H' K -ATPase inhibitihg activity and being unstable to acid. The inventive

composition can alternatively be formulated as a powder, tablet, suspension tablet, chewable
wblet, capsule, two-part tablet or capsule, effervescent powder, effervescent tablet, pellets
and granules. Such dosage forms are advantageously devoid of any enteric coating or

delayed or sustamed-release delwery mechamsms and comprise a PPI and at least one

‘buffering agent to protect the PPI against acid degradation. Both the hquld and dry dosage

forms can further include anti-foaming agents, parietal cell activators and flavoring agents.

13
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In another embodiment, oral dosage forms are disclosed comprising a combination of

enteric-coated or delayed-released PPI with an antacid(s). Such forms may optionally

~ comprise non-enteric-coated PPL.

Kits utilizing the inventive dry dosage forms are also disclosed herein to provide for
the easy preparation of a liquid composition from the dry forms.

In accordance with the present invention, there is further provided a method of

treating gastric acid disorders by orally administering to a patient a pharmaceutical

composition(s) and/pr dosage form(s) disclosed herein.

Additionally, &e present invention relates to a method for enhancing the
pharmacological activity of an intravenously administered proton pump inhibitor in which at.
jeast one parietal cell activator is orally administered to the patient before, during and/or after
the intravenous administratio.n of the prdton pump inhibitor.

Finally, the present invention relaies toa métbod for d_ptimizing the type and amount

of buffer desirable for individual PPIs.

BRIEF DESCRIPTION OF THE DRAWINGS

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

7 .Figurc lisa graph showing the effect of the omeprazole solution of the pfcsent
invention on gastric pH in patients at risk for upper gastrointestinal bleeding ffom stress--
related mucosal damage; |

Figure 2 is a flow chart illustrating a patient entollment schéme;

Figure 3 is a bar graph ill-ustrating gastric pH both pre- and post—adminis_tratibri of .

omeprazole solution according to the present invention;

14
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Figure 4 is a graph illustrating thé stomach pH values after the oral administration of
both ChocoBasé plus lansoprazole and lansoprazole alone;

Figure 5 is a graph illuétrating a pH probe confirmation of GERD;

Figure 6 is a graph illustrating an. endoscopic confirmation of GERD;

Figure 7 is a graph illuétrafing the percentage of patients who had undergone ény type
of reflux therapy in the past; | | |

Figure 8 is a graph illustrating the effectiveness of the Choco-Base Formulation 1;

and
Figure 9 isa éraph illustrating the environmentai pH values after administration ofthe
PPI/buffer formulation. | |
DETAILED DESCRIPTION OF THE INVENTION

L Introduction
1n general, the present invention relates to a pharmaceutical composition comprising a
proton pump inhibitor and a buffering agent with or without one or more parieta! cell

activators, and which is not enteric coated, sustained or delayed-release. While the present

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 iilusn'a_ted.

| For the purposes of this application, the term “proton pump'inhibitor" {or “PPI™) s_hall

mean any substituted benzimidazole possessing pharmacological activity as an inkibitor of

H+,K+~ATPasc, including, but not !ir_nitéd to, omeprazole, lansopra.iole, pantc_)pfazolc,

_ rabeprazole, esomeprazple, 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
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form of salts, esters, amides, enantiomers, isomers, tautomers, prodrugs, derivatives and the

like, provided the salt, ester, amide, enantiomer, isomer, tautomer, prodrug, or derivative is
suitable pharmacologically, that s, effective in the present methods, combinations and

compositions. Salts, esters, amides, enantiomers, isomers, tautomers, prodrugs and other

_derivatives of the active agents may be prepared using standard procedures known to those '

skilled in the art of synthetic organic chemistry and described, for example, by J. March, .
Advanced Organic Chemistry; Reactions, Mechanisms and Stmctl._lre, 4th Ed. (New York:
Wiley-lnterscienqé, 1992). |

The therapeﬁtic agehts of the present invention can be formulated as a single
pharmacéutiéa! composiﬁon or as independent multiple pharmaceutical dc.asage forms.
Pharmaceutical compositions accoxﬁing'to the present invention include those suitable for-

oral, rectal, buccal (for example, subiingual), or parenteral (for example, intravenous)

~ administration, aithough the most suitable route in any given case will depend on the nature

and severity of the condition being treated and on the nature of the particular compdund
which is being used. '

As explained further herein, the PPIs generally iﬁhibit 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 corﬁprises dry formulations, solutions and/or suspensions
of the protoh pump inhibitors. As used herein, the terms “suspension™ and “solution” are

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
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~ intending to be bound by any one theory, research suggests that when PP} is in the form of a -

weak base and is non-ionized, it freely passes through physiologic membra;'les, including the

cellu}ar mernbranes of the panetal cell. Ttis believed that the non-ionized PP1 moves into the

acid-secreting portion of the panetal cell, the secretory canaliculus. Once in the acidic mlheu a
of the secretory canaliculus, the PPl is apparently protonated (ionized) and converted to the
active form of the drug'. Generally, iohfze_d proton pump inhibitors are membrane
imp.ermeable and form disulfide covalent bonds with cysteine residues. in the alpha subunit of
the proton pump. Such active forms are included within the definition of “PP1” herein.

The inventive bharma’ceutical composition comprising a proton pump inhibitor such

as omeprazole, lansoprazole or other proton pump inhibitor and derivatives thereof can be

used for the treatment or prevention of gastrointestinal conditions including, but not limited

‘to, active duodenal ulcers, gastric u]cers,'dyspepsia, gastroesophageal reflux disease (GERD),

severe erosive esophagitis, poorly responéive symptomatié GERD, and patholocicai
hypersecretory conditions such as Zollinger Ellison Syndrome. Treatment of these conditions
is accomphshed by administering to a patient an effective amount of the pharmaceuucal
composition according to the present invention.

The proton pump inhibitor is administered and dosed in accordanéé with good
medical practice, taking into account the clinical condition of the individual patient, the“si.te
and method of administration, scheduling of administration, and other factors known to
medical practitioners.” The term “effective amount” means, consistent with considerations

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

‘ . . . . ' . o + 2o+
transfusion, improved susvival rate, more rapid recovery, parietal cell activation and H ,K -
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ATPase inhibition or improvement or elimination of symptoms, and other indicators as are
selected as appropriate measures by those skilled in the art.

' The dosage range of onﬁeprazole or other proton pump inhibitors can range from less
than approximately 2 mg/day to approxlir'nately 300 mg/day. For example, the standard
approximate adult daily oral désage is typically 20 mg of om;prazole, 30 mg lansoprazole, 40
mg pantoprazole, 20 mg rabeprazole, 20 mg esomeprazole, and thf; pharmacologically
equlva]ent doses of pariprazole, and leminoprazole.

A pharmaceuncal formulation of the proton pump inhibitors utlhzed in the present
invention can be administercd orally or enterally to the patient. This can be accomplished, for -
example, by administering the solution via a .nas.ogastric (ng) tube or othei; indwelling tubes
placed in the G tract. In order to avoid the critical disadvantages associated with |
administering large amoﬁnts of sodium bica;bonate, the PPI solution of the present invention
is administered in a single dose which does not require any further adm_inistratién of
bicarbonate, or other buffer following the admi_nisiration of the PPI solution,_ nor does it
require a ]arge amount of bicarbonate or buffer in total. That is, unlike the prior art PPI -
solutions and administration protocols outlined above, the formulation of the present
invention is ng;n 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 dqse admi'ﬁistra'tion of the present invention is less

than thé amount of bicarbonate administered as taught in the prior art references cited above.

~IIL. 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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granules (Prilosec.® AstraZeneca), or omeprazole base, or other proton pump inhibitor or
derivatives thereof with a solution including at least one buffering agent (with or without a
parietal cell activator, as discussed !ﬂ:elléw). In one embodiment, omeprazole or other proton
pump inhibitor, which can be obtained from powder, capsuies, aqd tablets or obtained from
the solution _for parenteral administratiqn, is mixed with a sodium bicafbonate solutipn to
achieve a desired final omeprazole (Qr ofher PPI) concentration. As an example, thel
concentration of omeprazole in the solution can range from approximately 0.4 mg/mlto
approximately 10.0 mg/ml. The preferred conceﬂuatioh for the omeprazole in the solution
ranges from approx:mately 1.0 mg/mi to approximately 4.0 mg/ml with 2.0 mg/ml being the

standard concentration. For lansoprazole (Prevacid® TAP Pharmaceutlcals Inc) the .

concentration ca’n range from about 0.3 mg/ml to 10 mg/mi with the preferred concentration

being about 3 mg/ml. -

Although sodium bicarbonate is tfle préferred bufferihg agent to proteci the PPIs
against acid degradation, many other weak and strong bases (and mixtures thereof) can be
utilized. For the purposes of this application, “buffenng agent” or “buﬁ'e > shall mean any
pharmaceutically appropriate weak base or strong base (ahd mixtures thereof) that, when
formulated or delivered with (e.g., before, during and/or after) the PPI, fuﬁctions to
substantially prevent or inhibit the acid degradation of the PP1 by.gastri'c acid sufﬁcieht to
preserve the bioavailability of the PPI administered. The buffering agént is administered in
an amount sufficient to substantially achieve the above functionality. Therefore, the
buffering agent of the present invention, when in the presence of gastric acid, must only
elevate the pH of the stomach sufﬁﬁicntly to achieve adequate bioavailabi.lity of the drug )

effect therapeutic action.
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Accordingly, examples of buffering agents include, but are not limited to, sodium
bicarbonate, potassium bicarbonate, tﬁagncsiqm hy&roxide, magnesﬁum lactate, magncsihm
gluconate, other magnesium salts, aluminum hydroxide, aluminum hydroxide/ sodium
bicarbonate coprecipitate, a mixture of anr amino acid and-arbuffer, a mixture of aluminum
glycinate and a buffer, a mixture of an acid salt of an amino acid and a buffer, and a mixture
of an alkali salt of an amino acid and a buffer. Additional buffering agents include sodium
citrate, sodium tartarate, sodium acetate, sodium carbonate, sodium polyphosphate, potassium
polyphosphate, sod iﬁ_m pyrophosphate, potassium pyrophosphate, disodium
hydrogenphosphate, dipotassium hydrogenphosphate, trisodium phosphate, tripotassium
phosphate, sodium acetate, potassium metaphospha'te‘ magnesium oxide, magnesjum
hydroxide, magnesium carbonate, magnesmm silicate, calcium acetate, calcium
glycerOphosphatc calcmm cholnde calcivm hydroxide, calcmm lactate, calcium carbonaie
calcium bicarbonate, and other calcium salts.

| The pharmaceutically acceptable carrier of the oral liquid may comprise a bicarbonate
salt of Group IA metal as buffering agent, and can be prepared by mlxmg the b:carbonate salt

of the Group 1A meta] preferably sodium bicarbonate, with water. The concentration of the

 bicarbonate salt of the Group 1A metal in the composition generally ranges from

approximately 5.0 percent to approximately 60.0 “percentr. In one embodiment, the content of -
the bicarbonate salt of the Group JA metal ranges from about 3 mEq to about 45 mEq per oral
dose.

. In another embodiment, the amount of sodium bicarbonate 8.4% used in :_he solution
of the present invention is approximately 1 mEq (or mmdle) sodium b{carbonéte per2 mg_

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

omeprazole.
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In an embodiment of the present invention, enterically-coated omeprazole particles

are obtained from delayed release capsules (Prilosec® AstraZeneca). Alternatively,

- omeprazole base powder can be used. The enterically coated omeprazole particles are mixed

with a sodium bicarbonate (NaHCQO;) solution {8.4%), which dissolves the enteric coating
and forms an omeprazole solution.
The inventive solutions and other dosage forms of the present invention have

pharmacokinetic advantages over standard enteric-coated and time-released PP dosage

~ forms, including: {a) more rapid drug absorbance time (about 10 to 60 minutes) following

administration for the PPI solution or dry form versus about 1 to 3 hours following
administration for the enteric-coated pellets; (b) the buffer solution protects the PP1 from acid
degradation prior to absorption; (c) the buffer acts as an antacid while the PP} is being

absorbed for rapid antacid relief; and (d) the solutions can be administered through an

existing indwelling tube without clogging, for exampie, nasog'astric or other feeding tubes

(jejunal or duodenal), including small bore needle éathcter feeding tubes. . .

Solutioné, suspensions and powders for reconstitutable delivery systems inciude
vehicles such aé sﬁspcnding agents (for example, gums, xﬁmﬁané, ceiluquics and sdgarsj,
humectants (for example, sorbiiol), solubilizers (for example, ethanol, water, PEG and
propylene glycol), surfactants (for example, sodium Iaur;vl sulfate, Spaﬂs, Tweens, and cf:tyl
pyridine), preservatives and antioxidants (for example, parabens, vitamins E and C, and
ascorbic acid), anti-caking agents, coatihg égems,_ and chelating agents; (for example, EDTA). |

| _ Additibnally, vérious additives can be incorporated inio the inventive solution to
enhance its stability, sterility and isotonicity. Antimicrobial prescrvatiﬁes, such as a_mbicih;
antioxidants, chelating agents, and additional buffers can be added. However,

microbiological evidence shows that this formulation inherently possesses antimicrobial and
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antifungal activity. Various antibacterial and antifungal agents such as, for example,

parabens, chlorobutanol, phenol, sorbic acid, and the like can enhance prevention of the

~ action of microorganisms,

In many cases, it would be desirable to include isotonic agents, for example, sugars,
sodium chloride, and the like. Additionally, thickening agents such as methyl cellulose are

desirable to use in order to reduce the settling of the omeprazole or other PPl or derivatives 7

thereof from the suspension.

The liquid oral solution may further compﬁse flavoring agents (e.g., chocolate,
thalmantin, aspartame, root beer or Watennelon) or other flavorings stable at pH 7 to 9, anti-
foaming agents (e.g.,-simeth‘icone 80 mg, Mylicon®) and périeta] cell activators (discussed
below). |

' The present invention further includes a pharmaceutical composition comprising
omeprazole or other proton pump inhibitor and derivatives tﬁcreof and at least um;e 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
for enteral adminigtration toa Subjéct. The phannaceutieél comﬁositio'n_is in a solid for;n
prior to dissolution or suspension in an aqueous solution. The omeprazolé or other PPls and
buffering agent can be formed into a tablet, capsule, pellets or gmnules; by methods well
known to those skilied in the art.

The résultant_ onieprazble solution is stable z_it room temperature for several weeks and
inhibits the growth of Sacteria or ﬁmgi as shown in Example X below. Indeed, as established
in Example X111, the solution maintains greéter than 99% of its potency for I;Z months. By
providing a pharmaceutical ‘composition including omeprazole or other PP with buffer in a

solid form, which can be later dissolved or suspended in a prescribed amount of aqueous
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solution to yield the desired concentration of omeprazole and buffer, the cost of production,

shipﬁing’, and storage are greatly reduced as no liquids are shipped (reduciﬁg weightand -

cost), and there is no need to refrigerate the solid form of the composition or the solution.

Once mixed the resultant solution can then be used to provide dosages for a single patient

over a course of time, or for several patients.

III.  Tablets and Other Solid Dosage Forms
As mentioncd above, and as described in part in Phillips U.S. Pat. No. 5,840,737, the

formulations of the present invention can also be manufactured in concentrated forms, such

as powders, capsules, tablets, suspension tablets and effervescent tablets or powders, which

can be swallowed whole or first dissolved such that upon reaction with water, gastric
secretions or other diluent, the aqueous form of the present invention is produced.

The present pharmaceﬁtical tablets or other solid dbsage forms disintegrate rapidly in

aquedus media and form an aqueous solution of the PPl and buffering aéent with minimal

shaking or agitation. Such tablets utilize commoniy available materials and achieve these andd_;__
other desirable objectives. The tablets or other solid dosage forms of this invention provide -
for precise dosing of a PPI that may be of low solubility in \';rater. They may Be particularly
usgful for medicating childrenl and the elderly and others in a way that is much more
acceptable than swallowing or chew.ing a tablet. The tablets that are produced have low
friability, making them easily ransportable.

The term “suspension .tablet.s” as used hcréin refers to compressed tablets which

rapidly-dis_imegrate afier they are placed in waler, 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

23




10

15

20

23

17 JAN 2005

disintegrant. More particularly, the suspension tablets comprise about 20 mg omeprazole and

about 4-30 mEq of sodium bicarbonate.

Croscarmellose sodium is a known disintegrant for talﬂet fonnulationé, and is _
available from FMCVCorporation, Philadélphia, Pa. under the trademark Ac-Di-Sol®. Itis
frequently blended in compressed tableting formulations either alone or in combination with
microcrystalline cellulose to achieve rapid disintegration of the tablet.

Microcrystalline cellulose, alone or co p.roces-sed with other ingredients, is alsoa
common additive for compressed tablets and is well known for its ability 10 improve
compressibility of difficult to c_ompresé tablet materials. It is cornmercially available under
the Av1cel® trademark Two different Av;cel@ products are utilized, chel® PH whlch is |

mlcrocrystallme cellulose, and Avicel® AC 815 aco proccssed spray dned residue of

‘ mlcrocrystallme cellulose and a calcium-sodium alginate complex in which the calcium to

sodium rétio is in the range Qf about 0.40:1 to about 2.5:1. While AC-815 is comprised of
85% microcrystalline cellulosé (MCC) and 15% of a calcium-sodium algina‘te complex, for
purposes of the present invention this ratio may be lfaried from about 75% MCC to 25% |
alginate up to abclut 95% MCC to 5% alginate. Depending on the particular formulation and
active ingredieht, these two c‘omponcms may be present in approximately equal amounts or in
unequal amounts, and either may clomprise from about 10% to about 50% by weight of the
tablet.

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

above, coritain 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 emplbyed, although croscarmellose sodium is preferred.
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In addition 1o the suspension tablet, the solid formulation of the present invention can

be in the .form of a powder, a tablet, a capsule, or other suitable solid dosage form {e.g.,a

- pelieted form or an effervescing tablet, troche or powdcf), which creates the inventive

solution‘in the presence of diluent or upon ingestion. For example, the water in fhe stomach
secretions or water, which is used to swallow the solid dosage form, can Serve as the aqueous.
diluent.

Compressed tablets are solid doéage forms prepared by compacting a formulation
containing an active ingredient and excipients selected to aid the processing and improve the
properties of the product. The term "coﬁzpressed tablet" generally refers to a plain, uncoated
tablet for oral ingesiion, prepared by a single compression or by pre-compaction tapping
follo@ed by a final cémpressio_n. | |

) | Dry ora} formulations can contain excipients such as binders (for example,
hydroxypropylmgthylcellulose, polyvinyl pyrilodone other cellulosic materials and starch),

diluents (for example, lactose aﬁd other sugars; starch, dicalcium phosphate.and cel)ulosic

materials), disintegrating agents (for example, starch polymers and cellulosic materials) and "

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 examﬁle, one or more of lactose, mannitol, corn starch, potato starch,
micrbcryslaliine_cellulose, acacia, g_elatin, colloidal silicon dioxide, 'croscannellose sodium,

tale, magnesmm stearate, stearic acid, and other excipients, colorants diluents, buffering

agents, monstemng agents, preservatwes, flavoring agents, and pharmaceut:cally compat:ble

carriers. The manufactunng processes may employ one, or a combination of, four estabhshed

methods: (1) d'ry 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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tablets may also comprise film coatings, which preferably dissolve upon oral ingestion or

upon contact with diluent.

Non-limiting examples of bufTe.ring agents which could be utilized in such tablets
include sodium bicarbonate, alkali earth metal salts such as calcium carbonate, calcium
hydroxide, calcium Jactate, calciufn glycerophosphate, calcium acetéte, magnesium
carbonate, magnesium hydroxide, magnesium silicate, magnesium aluminate, aluminum - .‘
hydroxide or aluminum magnesium hydroxide. A particular alkali earth metal salt uséﬁ.tl for
making an antacid tablet is calcium carbonate. |

An example of a low dens.i-ty alkali earth metal salt useful for making the granules
according to the present invention is extra light calcium carbonate available from Specialty
Minerals lnc., Adams, Me. The density of the extra iight calcium carbonate, prior to being
processed according to the present invention, is about 0.37 g/mi. Other acceptaBie buffers are
provided throughout this application. 7- . |

The granules used to make the tablets according to one embodiment of the present
inifemipn are ﬁade by either spray drying or pre-compacting the raw materials. Prior to being
proceésed into granules by either process, the density of ‘the alkaii earth metal salts uséful in
the present inventibn 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 1o about 0.42 giml,

Additionally, the present invention can be manufactured by utiliziﬁg micronized
compounds-in plaéc of the g.ranulles”or powder. Micronization is the process by which solid
drug particles are redﬁced in size. Sincé 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 dissclution rate. Although micronization results in increased

surface area possibly causing particle aggfegation, which can negate the benefit of
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‘micronization and is an expensive manufacturing step, it does have the significant benefit of

increasing the dissolution rate of relatively water iﬁsoluble drugs, such as (;meprazole'and
other proton pump inhibitors.

The present invention also relates to administration kits to ease mixing and
administration. A month’s supply of powder or tablets, for example, can be packaged with a
separate month’s Supply of diiuent, an’d a re-usable plastic dosing cup. More specifically, the
package could contain thirty (30) suspension tablets contaiﬁing 20 mg omeprazole each, 1 L '
sodium bicarbonéte,8.4% solution, and a 30 m) dose cup. _The user places the tablet in the
empty dose cup, fills it to the 30 m] mark with .-the sodium bicarbonate, waits for it to dissolve |
(gentle stirring or agitation may be used), and theﬁ ingésts the suspension. One skilled in the .
art will appreciate tHat such kits may coﬁtain_ many different variations 6f the above
components. For example, if ;hc tablets or powder are cor‘.npounded to contain PPl and
buffefing agent, the diluent may be water, sodium bicarbonaﬁé, or other lcompatible 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.

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 swallowa.bie tablrers. “Therefore, the intermediaté
formulations as well as the process for preparing them provide additional novel aspects of the
present invention.

: Effervescent tablets and powders are also prepared in accordance with the present
invention. Effervescent salts have been used to disperse medicines in water fbr 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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When the salts are added to water, the acids and the base react to liberate carbon dioxide gas,-
thereby causing “effervescence.”

" The choice of ingredients for effervescent granui_e.:s depends both upon fhe
requirements of the manufacturing process and the necessity of making a preparaﬁon which
dissolves readily in watef. The two required ingredient# are at east one acid and at least one -
base. The base releases carbon dioxide upon reaction with the acid. Examples of such acids |
mclude, but are not hrmted to, tartaric acid and citric acid. Preferably, the acu:l isa
cornbination of both tartaric acid and citric acid. Examples of bases include, but are not
limited to, sodium cafbonﬁte, potasslium' bicarbo.nate and sodium bicarbonate. Preferably, the
base is sodium bicafbonate, and the effervescent combination has a pH of about 6.0 or higher.

| Effervescent é.alts preferably inclu&e the following ingfedients, wﬁich 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 combmatlon which results in the llberatlon of carbon dioxide

could be used in place of the combination of sodmm blcarbonate and cnnc and tartaric acxds
as long as the ingredients were suitable for pharmaceutical use, and result i inapHof about
6.0 or higher. '

It should be noted that it requires 3 molecules of NaHCOs to neutralize 1 molecule of
citric acid and 2 molecules of NaHCO; to neutrahze 1 molecule of tartanc acld It is desired
that the apprommate ratio of ingredients i is as follows: .

Citric Acid:Tartaric Acid: Sod:um Bicarbonate = 1:2:3. 44 (by weight). Thls ratio can be .
varied and continue to produce an effectiv_e release of carbon dioxide. For example, tanos of

about 1:0:3 or 0:1:2 are also effective.
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The method of preparation of the effervescent granules of the present invention

employs three basic processes: wet and dry granulation, and fusion. The fusion method is :

* used for the preparation of most commercial effervescent powders. It should be noted that

although these methods are intended for the preparation of granules, the formulations of
effervescent salts of the present invention could also be prepared as tablets, according to well:
known prior art technology for tablet f)rcparation.

Wet granulation is the oldest method of granule preparétion. The individual steps in
the wet granulation process of tablet preparation include milling and sieving of the
ingredients; dry powder mixing; wet maﬁsing; granulation; and final grinding.

B Dry granu]aﬁon involves compres_sing a powder mixture into a rqugh tablet or "slug“l o
on a heavy-duty rota?y tablet press. The slugs are then broken up into granular panicles bya
grinding operation, usually by passage through an osciliation granulator. The individual steps
include mixing of the powders; compressing (slugging); and grinding (slug reduction or
granﬁ!ation). No wet binder or fﬁoisturc is involved in any of the_._ste_ps.

The fusion method is the most preferred metﬁod for preparing the granules of .the
present invention. In this. method, the compressing (slugging) step of the dry granuihtion :
process is eliminated. Instead, the powders are heated in an oven or othéi’ suitable source of
heat.

IV. PPIs Administered with Parietal Cell Activators

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

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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sodium bicarbonate, calcium (e.g., calcium carbonate, caicium gluconate, caleium hydroxide,
calcium acetate and calcium glycerophosphate), peppermint oil, spearmint oil, coffee, tea and

colas (even if decaffeinated), caffeine, theophyiline, theobromine, and amino acids

(panicularly aromatic amino acids such as phenylalanine and tryptophan) and combinations

thereof, and the salts thereof.

Such parietal cell activators are administered in an amount sufficient to produce the.

desired stimulatory effect without causing untoward side effects to 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
administeredto a niamm'al, particularly a human, in the context of the present invention
should be sufficient to effect-a therapeutic response (i.e., enhanced effect of PPI) overa

reasonable time frame. The dose will be determined by the strength of the particulﬁr 7

-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 wil! be determined by the existence, nature,
and extent of any adverse side effects that might accompany the administration of a particulaf

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) ~ S mg 1o 2.5 g
Sodium bicarbonate — 7 mEq to 25 mEq
Calcium carbonate — 1 mgto 1.5 g '
Calcium gluconate—- I mgto 1.5 g

" Calcium lactate- T mgto 1.5 g
Calcium hydroxide— I mgto 1.5 g
Calcium acetate~0.5mgto 1.5 g
Calcium glycerophosphate - 0.5 mgto 1.5 g
Peppermint oi! — (powdered form) 1 mgto 1 g
Spearmint oil - (powdered form) 1 mgtol g
Coffee - 20 ml to 240 ml
Tea - 20 ml to 240 ml
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Cola - 20 ml to 240 m]

- Caffeine — 0.5 mgto 1.5g

. Theophylline — 0.5 mg to 1.5g
Theobromine — 0.5 mg to 1.5g" -
Phenylalanine — 0.5 mg to 1.5¢
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 éo_mpos‘idon and -
by the particular method used to administer the composition. Accordingly, there is a wide

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

V. * Examples

The present invention is further illustrated by the follo;ving formulations, which

should not be construed as limiting in any way. The practice of the present invention will

‘employ, unless otherwise indicated, conventional techniques of pharmacology and.

pharmaceutics, which are within the skill of the art

Example I
A. Fast Disintegrating Suspension Tablets of Omeprazole.

A fast disintegrating tablet is compounded as foilows: C_roscaxmelloSe sodium 3‘90 g
is added to the vortex of a rapidly stirred beaker containing 3.0 kg of deionized water. This
slurry is mz\ted for 10 minutes. Omeprazole 90 g (powdered) is placed in the bowl of a
Hobart mixer. After mlxmg, the slurry of croscarmellose sodium is added slowly to 1he

omeprazole in the mixer bowl, forming a granulation, which is then placed in trays and dried .

~ at 70°C for three hours. The dry -grériulation is then placed in a biender, and to it is added

1,500 g of Avicel® AC-815 (85% microcrystalline cellulose coprocessed with 15% of a
calcium, sodlum algmate complex) and 1,500 g of Avicel® PH-302 (microcrystalline
cellulose). After this mixture is thorough]y blended, 35 g of magnesium stearate is added and

mixed for 5 minutes. The resulting mixture s compressed into tablets on a standard tablet
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press (Hata HS). These tablets have an average weight of about 0.75 g, and contain about 20
mg omeprazole. These tablets have low friability and rapid disintegration time. This

formulation may be dissolved in an aqueous solution cdntaining a buffering agent for

immediate oral administration.

Alternatively, the suspension tablet may be swallowed whole with a solution of
buffering agent. In both easee, the preferred solution is sodium bicarbonate 8.4%. Asa
further altemative, _sodium bicarbonate powder (about 975 mg per 20 mg dose of omeprazole
(or an equipotent amount of other PPI) is cqmpounded directly into the tablet. Such tablets
are then dissolved in water or sodium bicarbonete 8.4%, or swallowed whole with an aqueous |
diluent.

Bl. 10 mg Tablet Formula.

Omeprazole 10 mg (or lansoprazole or pantoprazole
3 or other PPI in an equipotent amount)

Calcium lactate - 175mg

Calcium glycerophosphate - 175mg

Sodium bicarbonate 250mg

Aspartame calcium (phenylalanine) 0.5mg

Colloidal silicon dioxide - 12mg

Com starch , 15mg-

Croscarmellose sodium 12 mg

Dextrose : 10mg

Peppermint 3mg

Maltodextrin _ ~ 3mg

Mannitol 3mg

Pregelatinized starch 3mg

B2. 10 mg Tablet Formula.

-PPL: one of the following:

Omeprazole ' 10mg -
Lansoprazole 15mg
Pantoprazole sodium - 20mg
Rabeprazole sodium 10mg
Other PP in 2n equipotent amount :
Calcium lactate '375mg
Calcium glycerophosphate . 375mg
Aspartame calcium (phenylalanine) 0.5mg
_Colloidal silicon dioxide - 12mg
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Com starch
Croscarmellose sodium
Dextrose

Peppermint
Maltodextrin

Mannitol :
Pregelatinized starch

B3. 10 mg Tablet Formula. .
PPi: one of the following:

Omeprazole
Lansoprazole

. Pantoprazole sodium

Rabeprazole sodium

~ QOther PPI in an equipotent amount

Sodium bicarbonate -

Aspartame sodium (phenylalanine)
Colloidal silicon dioxide

Com starch ,
Croscarmellose sodium

Dextrose

Peppermint

Maltodextrin

Mannitol

Pregelatinized starch

C1. 20 mg Tablet Formula.
Omeprazole |

Calcium lactate

Calcium glycerophosphate
Sodium bicarbonate _
Aspartame calcium (phenylalanine)
Colloidal silicon dioxide '
Comn starch

Croscarmellose sodium
Dextrose

Calcium hydroxide.
Peppermint

Maltodextrin

Mannitol

Pregelatinized starch

C2. 20 mg Tablet Formula.

7 AN 205

15mg
12 mg
10 mg

3 mg

20 mg
30 mg
0mg -

10 mg
15mg
20mg
10mg

750 mg
0.5 mg
12 mg
15 mg
12 mg
10 mg
3mg
20 mg
30 mg
30 mg -

20mg (or lansoprazole or pantoprazole or

other PPI in an equipotent amount)
175mg
175mg
250mg
0.5mg
12mg
15 mg
12 mg
10mg
10mg
3mg
3mg
3mg
3mg
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PPL: One of the following:
Omeprazole

. Lansoprazole

Pantoprazole

Other PPI in an equipotent amount
Calcium lactate

Calcium glycerophosphate
Aspartame calcium (phenylalanine)
Colloidal silicon dioxide

Com starch

Croscarmeliose sodium

Dextrose

Peppermint

Maltodextrin

Mannitol

Pregelatinized starch’

C3. 20 mg Tablet Formula.

_PPI: One of the following:

Omeprazole
Lansoprazole
Pantoprazole

Other PPI in an equipotent amount
Sodium bicarbonate

Aspartame sodium (phenylalanine)
Colloidal silicon dioxide

Com starch

Croscarmellose sodium

Dextrose '

Peppermint -

Maltodextrin

Mannitol

Pregelatinized starch

D1.  Tablet for Rapid Dissolution.
Omeprazole |

Caicium lactate

Calcium glycerophosphate

Sodium bicarbonate

Calcium hydroxide

Croscarmellose sodium

D2. Tablet for Rapid Dissolution.
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Wmg
30 mg
40mg

375mg’
375mg
0.5mg
12mg
15mg
12mg
10 mg

. 3mg

20 mg
I0mg
30 mg

20mg
30 mg

.40 mg

750mg
0.5mg -
12mg
1Smg
12 mg
10 mg
3mg
20mg
0mg -
30 mg

~ 20mg (or lansoprazole or pantoprazole or -

other PPI in an equipotent amount)
175mg

175mg

500mg

50mg

12 mg
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PPI: One of the following:
Omeprazole

_ Lansoprazole

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

47 JAN 2005

20mg
30 mg
40 mg
20mg.
20mg

- 300mg

360mg
50mg
12mg

20mg
30mg
40 mg
20mg
20mg

700 mg-
100 mg
12 mg

El.  Powder for Reconstitution for Oral Use {or per ng tube). |

Oﬁcprazole

Calcium lactate

Calcium glycerophosphate
Sodium bicarbonate
Calcium hydroxide
Glycerine

20mg (or lansoprazole or pantoprazole or
other PP] 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 _ :

35

20mg
30 mg
40 mg
20mg
20mg

- 300mg
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Calcium glycerophosphate
Calcium hydroxide
Glycerine

S 1w

300mg
50mg
200mg

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

PPI: One of the followmg
Omeprazole
Lansoprazole
Pantoprazole
Rabeprazole sodium
Esomeprazole magnesium

Other PPl in an equlpotent amount
Sodium bicarbonate
Trisodium phosphate

F1. - 10 mg Tablet Formula.
Omeprazole

Calcium lactate

Calcium glycerophosphate
Sodium bicarbonate
Polyethylene glycol
Croscarmellose sodium
Peppermint

Magnesium silicate
Magnesium stearate

F2. 10 mg Tablet Formula.

PPI: One of the following:
Omeprazole
Lansoprazole
Pantoprazole sodium
Rabeprazole sodium
Esomeprazoie magnesium

Other PPI in an equ;potent amount
Calcium lactate

Calcium glycerophosphate
Polyethylene glycol
Croscarmetllose sodium
Peppermint '
Magnesium silicate’

Magnesium stearate
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30 mg
40 mg

- 20mg

20mg

850 mg
50mg

10mg (or lansoprazo!e or pantoprazole or
other PPI in an equipotent amount)
175mg

175mg

250mg

20mg

12mg

3mg

lmg

Img

0mg
15mg
20mg
10mg

-10mg

475 mg
250 mg
20mg
12 mg
3mg
10 mg
10 mg
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F3. 10 mg Tablet Formula.

_ PPI: One of the followi_hg: _

Omeprazole

Lansoprazole

Pantoprazole sodium
Rabeprazole sodium
Esomeprazole magnesium -

Other PP in an equipotent amount
Sodium bicarbonate '
Polyethylene glycol
Croscarmellose sodium
Peppermint

Magnesium silicate

Magnesium stearate

G1. 10 mg Tablet F ormula.

Omeprazole -

Calcium lactate

Calcium glycerophosphate
Sodium bicarbonate
Croscarmeliose sodium

" Pregelatinized starch

G2. 10 mg Tablet Formula.

PPI: One of the following:

Omeprazole

Lansoprazole
Pantoprazole sodium
Rabeprazole sodium
Esomeprazole magnesium

Other PPI in an equipotent amount
Calcium lactate o
Calcium glycerophosphate
Croscarmellose sodium

- Pregelatinized starch

G3. 10 mg Tablet Fi ormula.

_ PPL: One of the foliowing;

Omeprazole
Lansoprazole
Pantoprazole sodium
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10mg

- 15mg

20mg
10mg
10mg

700 mg
20 mg
12mg
3Img

10 mg
10 mg

~ 10mg (or lansoprazole or pantoprazole or

other PPl in an equipotent amount)
200mg ‘

. 200mg

400mg
12 mg
3mg

10mg
15mg
20mg
10mg
10mg

400mg
400mg
12 mg
3mg

10mg
15mg
20mg
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Rabeprazole sodium ' 10mg
Esomeprazole magnesium 10mg

Other PPl in an equipotent amount

Sodium bicarboante ‘ - 750mg
Croscarmellose sodium 12mg
Pregelatinized starch Img

All of the tablets and powders of this Example may be swallowed whole, chewed or

mixed with an aqueous medium prior to administration.

Eiample i |
Standard Tablet of PPI and Buffering Agent.

Ten (10) tablets were prepared using a standard tablet press, each tablet comprising
about 20 rﬁg omepr_azble and about 975 mg sodium bicarbonate uniformly di#perséd
throughout the tabiet. To test the disintggration rate of the tablets, each was a&ded to 60 m]
of water. Using previously pﬁ:pared liquid omeprazoie/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 ac'cording to tﬁis Example evaluated the
bioactivity of the tablets in five (5) adult critical care p.'«;ltiehts. Each subject \;.ras administered
one tablet via ng with a small amount of water, and the pH of ng aspir_até was monitored
using paper measure. Th.e pH for each patient was evaluated for 6 hours and remained above
4, thus demonétrating 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 rémoved sodium bicarbonate powder was then triturated
with tlhe contents of a 20 ﬁ1g Prilosec® capsule and the resulting mixture was then packed-into

the hole in the tablet and sealed with glycerin.
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Example III
~ PPI Central Core Tablet.

Tablets are prepared in a twb-step process. First, about 20 mg of omcpi'azole is
formed i_n;o a tablet as is known in the ari to be used as a céntrai core. Second, about 975-mg :
sodium bicarbonate USP is uséd to uniformly surround the central core to form an outer
protectjve cover of sodium bicarbonafe. The centfal core and outef cover are both preparéd 7"
using standard binders and other excipients to create a finished, pharmaceutically acce‘ptable-. |

tablet. The tablets may be swallowed whole with a glass of water.

Example IV
Effervescent Tablets and Granules.

The granules of one 20mg Prilosec® capsule were emptied into a mortar and

triturated with a pestle to a fine powder.- The omeprazole powder was then geometrically

'dilutcd 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 bow_der. This poWder was then added to about 60 ml of water whereupon the
powder reacted with the water to create effeweéceﬁce. 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 Interyal pH Measured
Immediately prior to dose - | 2
1 hour post dose 7
2 hours pdst dose 6 |
4 hours poét dose 6
.6 hours post dose 5
8 hours post dose 4
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One skilled in the art of pharmaceutical compounding will appreciate that bulk
powders can be manufactured using the above ratios of ingredients, and that the powder can

be pressed into tablets using standard binders and excipients. Such tablets are then mixed

with water to activate the effervescent agents and create the desired solution. In addition,

lansoprazole 30 mg (or an equipotent.dose of other PPI) can be substituted for omeprazole.
The effervescent powder and tablets can alternatively be formulated by employing the

above mixture but adding an additional 200 mg of sodium bicarbonate USP to create a

resulting solution with a higher pH. Further, instead of the excess 200 mg of sodium

bicarbonate, ,l 00 mg of qalc_ium glycerophosphate or 100 mg of calcium lactate can be

employed. Combinations of the same can also added.

-ExampleV _
Parietal Cell Activator “Choco-Base™” Fi ormulations and Efficacy.

Children are affected by gastro esophageal reflux disease (GERD) with atypical
manifestations. Many of these atypical symptomé are difﬁ;ult to control with tradit:ional
drugs such as Hs-antagonists, cisapride, or sucralfate. PPIs are more effective in cpmrolling
gastric pH and the symptoms of GERD than other agents. However, PPls aré not available in
dosage forms that are easy to administer to young children. To address tiﬁs problem,
applicant employed omeprazole or jansoprazole in a buffered chocolate suspensipn (Chbco-
Base), in children with manifestations_bf GERD.

Applicant performed a retrospeétive evaluation of children with GERD referred to the
ﬁniversity of Misséuri’-Coiumbia from 1995 tor 1998 who received treatment with the

experimental omeprazole or lansoprazole Choco-Base suspension formulated in accordance

‘with Formulation 1 stated below. Data were included on all patients wn.h 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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to greater than 5 years. Most patients had a history of numerous unsuccessful attempts at

ameliorating the effects of GERD. Medication histories indicated many t;-ials of various
drugs. |

The primary investigator reviewed all charts for uniformity of data collection. When
insufficient data was available in the University charts, attempts were made to review charts.
in the local primary care physicians® offices for follow-up data. If information was stitl
unavailable to review, attempts were made to contact family for follow-up. If data were still
unavailable the patients were considered inevaluable.

Patient charts were reviewed iﬁ detail. .Data noted were date of commencement of |
therapy, date of termination of therapy and-any reason for termination other than response -
treatment. Patient dremographics,were aiso recorﬂed, as were any other .medi'cal illnesses.
Medical illncssés were divided grossly into those that are associated with or 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, qﬁamiﬁcat\ion of symptomatology bascdlor.l'
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,
deciine or lack of change were examined and recorded.

Results.

A total of 33 pediatric patients to date have been treated with the above-described
suspension at the University of Missouri - Columbia. Of the 33 patients, 9 were excluded
from the study, all based upon insufficient data about commencemem‘;, duration or outcome in
treatment with PPI therapy. This left 24 patients with enough data to draw conqlusions.

Of'the 24 remaini.ng patients, 18 were males aﬁd 6 females. Ages at implementation

of PPI therapy ranged from 2 weeks of age 09 years old. Median age at start of 1hcrapy was
| 41
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26.5 months [mean of 37 mo.]. Early on, reflux was usually documented by endoscopy and

confirmed by pH probe. Eventually, pH probe was dropped and endoscopy was the sole -

_ method for documenting reflux, usually at the time of another surgery (most often T- tubes or

adenoidectomy). Seven patients had pH probe confirmation of GERD, whereas '18 had
endoscopic confirmation of reflux including all eight who had pH probing done (See Figure 5
and 6). Reflux was diagnosed on endoscopy most commonly by cobblestoning of the

tracheal wall, with laryngeal and pharyngeal cobblestoning as findings in a few patients. Six

: patiéms had neither pH nor endoscopic documentation of GERD, but were tried on.PPI

therapy based on symptomatology alone.

Past medical history was identified in each chart. Ten patients had reflux-associated -

diagnoses These were most commonly cerebral palsy, prematurity and Pierre Robin . |

-sequence Other diagnoses were Charcot-Marie-Tooth disease, Velocardlofactal syndrome

Down syndrome and De George’s syndrome.  Non-reflux medical hlstory was also identified
and recorded separately (See Table 2 below).

Patients were, in general referral patients from local farﬁaly pracnce clinics,
pediatricians, or other pcd:atnc health care professionals. Most patients were. referrcd to
ENT for upper airway prob!ems, sinusitis, or recurrent/chronic otitis media that had been

refractory to medical therapy as reported by the primai'y care physician. Symptoms and signs

- most 'commqnly found in these patients were recorded and tallied. All signs and symptoms

were broken down into six méjcir categories: (1) nasal; (2) otologic; (3) respiratory; 4)
gastrointestinal; (5) sleep-related; ahd (6) other. The most common problems fell into one or
all of thé first 3 caiegorie’s (See Table 1 below).

Most patients had been treated in the past with medical therapy 'm the form of

antibiotics, steroids, asthma medications and other diagnosis-appropriate therapies. In
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addition, nine of the patients had been on reﬂux therapy in the past, mostAcommon]y in the |
form of conservative therapy such as head of bed elevation 30°, avoidance of evening snack;
avoidance of caffeinated beverages as well as cisapride and ranitidine (See Flgure 7.

The proton pump inhibitor suspension used in this group of patients was Choco-BaEe |
suspension of either Iaﬁsoprazo]e or omeprazole. The rdosing was very uniform, with patients
receiving doses of either 10 or 20 mg of omeprazole and 23 mg of lansoprazole. lnitially, in |
April of 1996 when therapy was first instituted 10 mg of omeprazole. was used, There.-werc 3
pétients in this early phase who were treated initially with 10 mg po qd of omeprazole. All
three subsequently were increased tb either 20 mg po qd of omeprazole or 23 mg po qd of
lansoprazole. All remaining patients were given either the.20 mg omeprazole or the 23 mg

lansoprazole treatment qd, except in one case, where 30 mg of lansoprazole was used.

‘Patients were instructed to take their doses once per day, preferably at night in most cases.

~ Suspensions were ali filled through the Univefsity of Missouri Pharmacy at Green Meadows.

This atlowed for ti'acking of usage through refill data.

Most patients responded favorably to and tolerated the once daily dosing of Choco-
Base proton pump inhibitor sﬁépension. Two pat'ients had docunﬁented adversé effécts |
assoc:ated with the use of the PPI suspensmn In one panent the mother reported increased
burping up and dyspepsia, which was thought 10 be related to treatment failure. The other
patient had smal! 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
sequellae. The other 23 patients had no documcnted adverse effects.

Patients were categorized based on review of clinic notes and chart review into

| general categories: (1) improved; (2) unchangéd; (3) failed; and (4) inconclusive. Of 24

patients with sufficient data for follow up, 18 showed improvement in symptomatology upon
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commencement of PPl therapy [72%)]. The seven who did not respond were analyzed and

grouped. Three showed no change in symptomatology and clinical findings while on therapy,

.one complained of worsening symptoms while on'therapy, one patient had therapy as

prophylaxis for surgery, and two stopped therapy just afier its commencement (see Figure 8).
Setting aside the cases in which therapy was stopped before conclusions could be drawn and
the case in which PPI therapy was for purely prophylactic reasons, leaves (17/21) 81% of -
patients that responded to Choco-Base suspension. This means that 19% (4/21) of patients
received no apparent benefit from PPI therapy. Of all these patients, only 4% complaihed of
worsening symptoms and the side effects were‘4% (1/21) and were mild bloody stool that
completely resolvéd upon cessation of therapy.

Discussion.

GERD in the pediatric population is relatively comﬁmn, affecting almost 50% of
newborns. Even though most infants outgrow physiologic reflux, pathdlogic reflux still
affecﬁs approximately 5% of all children throughout childhood. Recently considerable data
has point-ed to reflux as an etiologic factor in extra-esophageal areas. GER.D has been
attributed to sinusitis, dental caries, otitis media, asthma, apﬁea, arousai, pneﬁmonia,
bronchitis, and cbugh_, among others. Despite the common nature of réﬂux, there seems to
have been little improvement in therapy for reflux, espébially in the non-surgical arena.

~ The standard of therapy for the treatment of GERD _in the pediatric population has
become a progression: from cdnServative therapy to a combination of a pro-kinetic agent and
H-2 blocker therapy. Nonetheless, many patients fail this treatment protocol angl become
surgical candidates. In adults, PP! therapy is effective in 90% of thosc; treated for
gastroesophageal reflux disease. As a medical alternative to the H-2 blockers, the px;oton

pump inhibitors have not been studied exténsively in the pediatric popuiation. Part of the

" reason for this lack of data may be related to the absence of a suitable dosage formulation for
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this very young population, primarily under 2 years of agé, that does not swallow capsules or

‘tablets. 1t would be desirable to have a true liquid formulation (solution or suspension) with

good palatability such as is used for oral antibiotics, deconggstants, antih.istamines, H-2
blockers, cisapride, metocloﬁramide, etc. The use of iansoprazole granules (removed from
the gelatin capule) and sprinkled on applesaﬁcc has beén approved by the Féod and Drug
Administration as an alternative method of drug administration in adults but not in children. |
Published data are lacking on the efficacy of the lansoprazole sprinkle method in children.
Oméprazoié has been studied for bioequivalence as a sprinkle in adults and appears to
produce comparable serum conccnt_raﬁons when compared to the sﬁndard capsule. Again no |
data are available on the omeprazole sprinkle in children. An additional disadvantage of
omeprazole is ité taste whiéh is quinine-like. Even when sqspended in juice, applesauce or-r
the like, the bitter _natur'e of the medicine is easily tasted'even if ohe granule is ;:hg-;;red. Fcnf
this ‘reason applicant eventually progressed to use lansoprazole in Choco-Base. Pantoprazole
and rabeprazole are avail.ab!e as enteric-coated tablets only.” Currently, none of the proton
pump inhibitors ayailable in the United States are approved for pediatric use. There is some
controversy as to what the appropriate dosage should be in this group of patients. A recent

review by Israel D., et al. suggests that effeélive PPI dosages shouid be higher than that

originally reported, i.e., from 0.7 mg/kg to 2 or 3 mg/kg omeprazole. Since toiicity with the

PPIs is not seen even at >56mgfkg, there appears littie risk associated with fhe'hfgher
dosages. Based on.obsgrvatioﬁs ét the University of Missouri Consisteﬁt with the findings of
this review, applicant established a simple fixed dosagé regimen of 10ml Choco-Base
suspension daily. This 10m! dose provided 20mg omeprazole or 23 mg lansoprazole.

In the ICU setl.in'g, the University of Missouri-Columbia has been using an unﬂavdred

PPI suspension given once daily per various tubes (nasogastric, g-tube, jejunal feeding tube,
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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 helpi'ng in reducing noncompliance. In the process, applicant discovered

that the dosing could be standardized, which nearly eliminated dosing complexity.

Choco-Base is a product which protects-drugs which are acid labile, such as p;oton -
pﬁnip inhibitors, from acid d_egradation. The first few pediatric patients with reflux prescribed
Choco-Base were sicker patients. They had beén on prior fherapy and had been diagnosed
both by pH probe and endoscopy. In the first few months, applicant treated patients with 10 - . '
mg of oméprazole qd (1 ﬁxg/kg) and fOund this to be somewhat i_neffecti#e, and quickly
increéased the ddsing 10 20 mg (2 mg/kg) of omeprazole. About halfway through the study,
applicant began using lansoprazole 23 mg po Qd. Applicant’s standard tﬁerapy 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 concgntrgtion was 2.25 mg/ml, aﬁd
applicaﬁt desired to keep dosi.ng simple, so he used a 10 mi suspension.. _

The patients.t.hat were treated represented a tertiary care center population, and they
were inhefently sicker and refractory to medical therap'yl in the past. The overall 72‘% success
rate is s]ighﬂy lower than tﬁe 90% success rates of PPIs in the adult p_opulalution,r but thiscan
be attributed to the reﬁfactory natﬁre of their illness, most ha\;ing failed. prior non-PP]
treatmeﬁt. 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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: TABLE 1 , ‘
Symptloms Paticnt Numbers
Nasal: 35

Sinusitis 7
Congestion 8
Nasal discharee 16
Other. 4
Otologic: 26
Oritis Media 17
Ortorthea 9
Respiratory: 34
Cough 10
‘Wheeze 11
Respiratory Distress: 5
Pneumonja 2
Other _6
Gastrointestinal: 10
Abdominal Pain 1
Reflux/Vomiting 4
Other ' 4
Sleep Disturbhances: il
Other 2
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TABLE 2
Reflux_Associated: 12
Premature : 5
Pierre-Robin 2
Cerebral Palsy 2
Down Syndrome 1
Charcot-Marie-Tooth 1
Velocardiofacial Syndrome 1
Other Medical History j2
Cleft Palate 3
Asthma 3
Autism 2
Seizure Disorder 1
Diabetes Mellitus 1
Subelottic Stenosis 1
Tracheostomy Dependent 1
The Choco-Base product is formulated as follows:
_ FORMULATION 1

PART A INGREDIENTS - 1 AMOUNT (mg)

Omeprazole - 200

Sucrose 26000 .

Sodium Bicarbonate 2400

Cocoa 1800

Com 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 (mi)

Distilled Water 100

T 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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_ FORMULATION 2

PART A INGREDIENTS (mg) - AMOUNT (mg)
Sucrose ' 26000

| Cocoa 1800
Com Syrup Solids 6000
Sodium Caseinate 1000
Soy Lecithin 150
Sodium Chloride 35
Tricalcium Phosphate 20
Dipotassium Phosphate 12
Silicon Dioxide 5
Sodium Stearoyl Lactylate 5
PART B INGREDIENTS AMOUNT
Distilled Water 100 m!
Sodium Bicarbonate 8400 mg
Omeprazole 200mg
COMPOUNDING INSTRUCTIONS
Mix the constituents of Part B together thoroughly
and then add to Part A. This resuits in a total
volume of approximately 130 ml with an omeprazole
concentration of about 1.5 mg/ml.
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, FORMULATION3 .
PART A INGREDIENTS (mg) AMOUNT (mg) -
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
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
fina! volume of about 130 ml is created having an
omeprazole-concentration.of about 1.5 mg/ml.
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FORMULATION 4
PART A INGREDIENTS (mg) AMOUNT (mg)
Sucrose 26000
Cocoa 1300
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
Distilled Water 100 ml.
Sodium Bicarbonate 8400 mg
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
1 final volume of about 130 ml is created having an
omeprazole concentration of about 1.5 mg/ml.

‘In ali 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 _omeprazo!é} Additionally, aspartame can be substituted for sucrose, and

the foliowing other ingredients can be employed as carriers, adjuvanis and excipients:

maltodexirin, vanilla, carrageenan, mono and diglycerides, and lactated monoglycerides.

One skilled in the art will appreciate that not all of the ingredients are necessary to create a

Choco-Base formulation that is safe and effective.

Omeprazole powder or enteric-coated granules can be used in each formulation. If

inactivated by trituration in the compounding process.
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- Applicant additionally analyzed the effects of a lansoprazole Choco-Base formulation
on gastric pH using a j)H meter (Fisher Scientific) in one aault patient versus lansoprazole
alone. The patient was first given a 30 mg oral capsu]é of _!ansopﬂrazole (Pfevé_cid@), and the
patient’s gastric pH was mca-sured at 0,4,8,12, and .]6 hours post dose. The results are |
iltustrated in Fig. 4, | | :

The ChocoBase product was corﬁpounded accordingzto Formulation 1 above, excépt
300 mg of lansoprazole was used iﬁstead of orﬁeprazole. A dose of 30 mg lansoprazole

Choco-Base was ofally administered at hour 18 post lansoprazole alone. Gastric pH was

. measured using a pH meter at hours 18, 19, 24, 28, 32, 36, 40, 48, 52, and 56 post

lansoprazole alone dose.

Figure 4 illustrates the lansoprazole/cocoa combination resulted in higher pH; at hours

© 19-56 than lansoprazole alone at hours 4-18. Therefore, the combination of the lansoprazole

with chocolate enﬁanced the pharmacologic activity of the léhsoprazolc. The rg-su]té establish
that the sodimp Bicarbonate as well as chocolate flavoring and calcium were all able to ‘.
stimulate the activation of ther proton pumps, perhaps due to the release of gastrin. Proton
pump inhibitors work by functionally inhibiting the proton pump and effectively block
activated proton pumps (primarily those ir;;sened into the secretory canalicular membi_'anc).
By further.administering the protoﬁ pump inhibitor with one of these activatofs or enhancers,
there is a synchronization of activation of the proton pump with the a_bsorptioh and
subsequent parietéli ceil concéntraﬁbhs of the proton pump inhibitor. As illustrated in Figure
4, this combination produced a much longer pharmacologic effect than when the proton pump

inhibitor was administered alone.
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Example VI
Combination Tablet Delivering Bolus And Time-Released Doses of PPI

Tablets were compounded using known methods by forming an inner core of 10mg

"omeprazole powder mixed with 750 mg sodium bicarbonate, and an outer core of 10 mg

omeprazole enteric-coated granﬁlés mixed with known binders and excipients. Upon
ingestion of the whole tablet, the ablet dissolves aﬁd the inner core: is dispersed in the
stomach where it is absorbed for immediate therapeuﬁc effect. The enteric-coated granules.
.arc later absorbed in the duodenum to provide symptomatic relief Yater in the dosing cycle.
This tableg is panicuiﬁrly us..cful in patients who experience breakthrough gastritis berween

conventional doses, such as while sleeping or in the early moming hours.

Example VII
Therapeutic Application. :

Patients were evaluable if they met the following criteria: had two or more risk factors

for SRMD (mechénical ventilation, head injury; severe burn, sepsis, multiple trauma, adult

respiratory distress syndrome, major surgery, acute renal faiiure multiple operative

procedures, coagulotherapy, s1gmﬁcant hyportens:on acnd-base disorder, and hepatic fallure)
gastnc pH of < 4 prior to study entry, and no concomitant prophylaxis for SRMD

The omeprazole solution was prepared by mixing 10 m) of 8.4% sodlum blcarbonate
with the contents of a20 mg capsule of omeprazole (Merck & Co. Inc., West Point, PA) to
yleld a solution havmg a final omeprazole concentration of 2 mg/mil.

Nasogastnc (ng) tubes were placed in the patients and an omeprazole dosage protoco!

of buffered 40 mg omeprazole solutnon (2 mg omeprazole/1 ml NaHCO;- 8.4%) followed by

40 mg of the same buffered omeprazole solution i in eight hours, then 20 mg of the same
buffered omeprazole solution per day, for five days. After each buffered omeprazole solutlon

admlmstrauon, nasogastrlc suction was tumed off for thirty minutes.
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Eleven palienté were evaluable. All patients were mec;hanically ventilated. Two _ -
hours after the initial 40 mg dose of buffered omeprazole so‘lution,. all pati;nts had ﬁn increase
in gastric pH to greater than eight as shown in Figure 1. Ten of the eleven.paﬁents
maintained a gastric pH of greater than or equal to four v&hen administered 20 mg omcpraioie |
solution. One patient required 40 mg omeprazole solution per day (closed head injury, five
total risk factors for SRMD). Two patients were changed to omeprazole solution after 'havir'lg
developed clinically significant upper gastrointesliﬁal bleeding while receiving conventional
intravenous Hz-antégonists. Bleeding subsided in both cases after twenty-four hours. -
Clinically significant upper gastroi-ntest'inal blcéding did not occur in the other nine patients.
Overall morfa]ity was 27%, mortality attributable to ﬁppcf gastrointestinal bleeding was 0%. .

Pneumonia developed in one patient after initiating omeprazole therapy and was present upon

the initiation of omeprazole therapy in another patient.. The mean length of prophylaxis was

five days.

A pharmacoeconomic analysis revealed 2 difference in the total cost of care for the
prophylaxis of SRMD:

ranitidine (Zantac®) continuous infusion intrévenously (150 mg/24 hours) X ﬂvé days
$125.50; |

cimetidine (Tagamet®) conlinqous infusibn intrévenous]):f (900 mg/24 ‘hours) X ﬁve
days $109.61;

sucrélfatc one g slurry four times a day perr(ng) tube x five daj's $73.00; and

buffered omepfazolé solution rcgimen per (ng) tube x-ﬁve days $65.70. _

This example illustrates the efficacy of the buffered 'omep'razolle solut'_ibn of the |
present invgntion 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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Example. VIII
 Effect on pH. :

- Experiments were carried out in order to determine the effect of the omeprazole
solution (2 mg omeprazole/1 ml NaHCO3 - 8.4%) administratlon on the accuracy of
subsequent pH measurements through a nasogastric tube.. |

After preparing a total of 40 mg of buffcrec-! omeprazole solution, in the manner of
Example VII, doses were administered into the stomach, usually through a nasogastric (ngj .
tube. Nasogastric tubes from nine different institutibns were gathered for an evaluation.
Artificial gastric ﬂuigl (gf) was prepared according to the USP. pH recordings were made in
triplicate using a Micrbc0mputer Portable pH meter model 6007 (Jenco Electronics Ltd.,
Taipei, Taiwan). .

~ First, the terminal portion (tp) of the nasogasfric tubes was placed into a glass beaker
containing the gastric ﬂuid. AS nﬂ aliquot of gastric fluid was é’s_pirated through each tube
and the pH recorded; this was called the “pre-omeprazole solutionfsqspehsion méasufemenf."
Second, the terminal portion (tp) of each of the n.asbgastric tubes was removed from the
beaker of gastnc fluid and placed into an empty beaker. Twenty (20) rﬁg of omeprazole
solution was delwered through each of the nasogastric tubes and flushed with 10 ml of tap
water. The termi_mﬂ portion (tp) of each of the nasogastric tubes was placed back into the

gastric fluid. After a one hour i‘ncubation, asml aliqu‘oﬁ of gastric fluid was aspiratéd _

~ through each nasogastric tube and the pH recorded; this was catled the “after first dose SOS

[Simplified Omeprazole Solution] measurement.” Third, after an additional hour had passed,

~ the second step was repeated; this was called the “after second dose SOS [Simplified

Omeprazole Solution] measurement.” In addition to the pre-omeprazole measurement, the
pH of the gastric fluid was checked in triplicate aﬁer.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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“used to compare the results. The Friedman test is a two way analysis of variance which is

used when more than two related samples are of interest, as in repeated measurements.

The results of these experiments are outlined in Table 3.

TABLE 3

ngl ng2 ng3 ngd ngs . ngé ng? ng8 np9

- [} gf 1.3 0 13 1.3 13 13 1.3 L3 i3 1.3
Pre
SOS
2 efp 1313 13 13 13 13 13 13 13
1¥ dose

1.3+check of gf pH

[Blefp R 1.3 14 1.4 14 13 14 1.3 13

20 | |
"Dose

1.3—check of gf pH : . ) SOSpH=9.0

- Table 3 illustrates the results of the pH measurements that were taken d.uring the .
course of the: experiment. These results ilustrate that tﬁcrc were no statistically significant
latent effects of omeprazole solution administration (per nasogastric mi';e) on the accuracy of
subsequent pH measurements obtained through the same nasogastric tube.

Example IX
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 i}l 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-

additional risk factor for stress-related mucosal damage.
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Interventions: Patients received 20 ml omeprazole solution (prepared as per Example
V11 and containing 40 mg of omeprazole) initially, followed by a second 20 ml dose six 10
eight hours later, then 10 mi (20 mg) daily. Omeprazole solution éccording to the present:
invention was administered through a nasogastric tube, followed by 5-10 ml of tap water.

The nasogastric tube was clamped for one to two hours after each administration.

Measurements and Main Results: The primary outcome measure was clinically

significant gastrointestinal bleeding determined by endoscopic evaluation, nasogastric

aspirate examination, or heme-positive coffee ground material that did not clear with lavage

and was associated with a five percent decrease in hematocrit. Secondary efficacy measures
were gastric pH measured four hours after omeprazole was first administered, mean gastric

pH afier.omeprazole was started, and the lowest gastric pH during omeprazole therapy.

Safety-related outcomes included the incidence of adverse events and the incidence of.

pneumonia. No patient experienced clinically significant upp'er gastrointestinal bleeding after
receiving omeprazole suspension. The four-hour post omeprazole gastric pi-l was 7.1 (mean),
the mean gastric pH afier starting omeprazole was 6.8 {mean) and the lowest pH afier starting
omeprazole was 5.6 (mean). The incidence of pneumonia was twelve i)ergent. No patient in
tﬁis high-risk population experi.enced an adverse event or a drug interaqtion that was
attributable to omepraioie.

Conc?usions: Omeprazole solution prevented clinically s gniﬁc;ant ﬁpper
gastrointestinal bleeding and mainté'iﬁed gastric pH above 5.5 in mechanically ventilated

critical care patients without producing toxicity.

The study protocol was approved by the Institutional Review Board for the University

of Missouri at Columbia.
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Study Population: Alladult (>18 years old) patients admitted to the surgical imensiv;re
care and burn unit at the University of Missouri Hospital with an intact stomach, a
nasogastric tube in place, and an anticipated intensive care unit stay of at least'fony-eéght.
hours were considered for inclusion in the study. To be included patients also hﬁd to havé a
gastric pH of <4, had to be mechanically ventijated and have one of the foliowing additional
risk factors for a minimum of ;twenty-four hours after initiation of omeprazole suspension: - |

head injury with altered level of consciousness, extensive burns (>20% Bbdy Surface Area),

acute renal failure, acid-base disorder, multiple trauma, coagulopathy, multiple operative

procedures, coma, hypotension for longer than one hour or Sepsis (see Table 4). Sepsis was
defined as the presence of invasive pathogemc orgamsms or their toxins in blood or tissues -

resultmg in a systematic response that included two or more of the followmg temperature

_ greater than 38°C or less than 36°C, heart rate greater than 90 beatslrnmute resp:ratory rate

greater than 20 breaths/mmute {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 iﬁ :
whom H;-amagoﬁist therapy-had failed or who experienced an adverse event while receiving
Hg-antagomst therapy were also included.

Patients were excluded from the study if they were receiving azole ant:fungal agents
through the nasogastric tube; were likely to swallow blood (e-g., facial andlcr sinus fractures,
oral ]aceratlons), had severe thrombocytopema (platelet count less than 30,000 celis/mm®);
were receiving enteral feedsngs through the nasogastnc tube, or had a hlstory of vagotomy,
pyloroplasty, or gastroplasty In add:t:on, panents with a gastric pH above four for forty-
e:ght hours after ICU admission (wnhout prophy!axls) were not ehglble for partu::pauon

Patients who developed blecdmg within the digestive tract that was not stress-rclated mucosal
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damage (e.g., endoscopically verified variceal bleeding or Mallory-Weiss tears, cral lesions,
nasa) tears due 1o placement of the nasogastric tube) were excluded from the efficacy
evaluation and categorized as having non-stress-related mucosal bleeding. The reason for
this exclusion is the confounding effect of non-stress-related mucosal bleeding on efficacy-

related outcomes, such as the use of nasogastric aspirate inspection to define clinically

significant upper gastrointestinal bieeding.

Studv Drug Administration: Omeprazole solution was prepared immediately béfore
administration by the paticntfs nurse using the following instructions: empty the contents of
one or two 20 mg omeprazole capsule(s) into aﬁ empty 10 ml syringe (with 20 gauge needle
in place) from which the plunger has been removed. (Omeprazole delayed-release capsules,
Merck & Co., Inc., West Point, PA); replace the plunger and uncap the ﬁcedle; withdraw 10
ml of 8.4% sodium bicarbonate solution or 20 ml if 40 mg given (Abbott Labora;éﬁes, Noﬂh
Chicago, IL), to create a concentration of 2 mg omeprazole per mi of 8.4% sodium

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

=30 minutes (agitation is helpful). The omeprazole in the resultant preparation is partially

dissolved and partially suspended. The preparation should have a milky white appearance

with fine sediment and should be shaken before administration. The so]ution 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% pbtency for seven days al.room temperature. This preparation remained free

of bacterial and fungal contamination for thirty days when stored at room temperature (See

Table 7).

The.inftial 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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administered through the nasogastric tube. The nasogastric tube was then flushed with 5-10

m) of tap water and clamped for at least one hour. Omeprazole therapy was continued until

~ there was no longer a need for stress ulcer prophylaxis (usually after the nasogastric tube was

removed and the patient was taking water/food by mouth, or afier the patient was removed

from mechanical ventilation).

Primarv Quicome Measures: The primary outcome measure in this smdy was the rate

of clinicaily signiﬁqam stress-related mucosal bleeding defined as endoscopic evidence of
stress-related rnucosa{ bleeding or bright red biood per nasogastric tube that did not clear
after a 5-minute lavage or persistent Géstroccuit (SmithKline Diagnostics, Sunnyville, CA)
positive coffee ground material for four consecutive hours that did not clear with lavage (at’

least 100 mi) and prdduced as% decreasé in hematocrit.

Secondary Quicome Measures: The secondary efficacy measures were gastric pH

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

ormeprazole and lowest gastric pH during omeprazole administration. Gastric pH was

measured immediately after aspirating gastric contents through the nasogastric tube. pH

" paper (pHydnon improved pH papers, Microessential Laboratory, Brooklyn, NY) was used to

measure gastric aspirate pH. The pH range of the test stnps was 1 to 11, in increments of one
pH unit. Gastric pH was measured before the initiation of omeprazole solution therapy,-r
immediately before each dose, and everj/ four hours between doses.-

Other secondary outcome measures.were incidence of adverse events (inciuding drug
interacﬁéns) and pnevmonia. 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 (Gamer 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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on physical examination of the chest or has a chest radiograph that shows new or progressive
infiltrate(s), consolidation, cavitétion, or pleural effusion and has at least two of the following
present: new purulent sputum or changes in character of the s_putum', an organism isolated
from blood culture, fever or leukocytosis, or evidence of infection from a protective specim?n
brush or bronchoalveolar lavage. Patients who met the ;:riteria for pneumonia and were
receiving antimicrobial agents for the treatment of pheﬁmonia were included in the

pneumonia incidence figure. These criteria were also used as an initial screen before the first

- dose of study drug was administered to determine if pneumonia was present prior to the start

of omeprazole suspension.

Cost of Care Analysis: A pharmacoeconomic evaluation of stress ulcer prophylaxis

" using omeprazole solution was performed. The evaluation included total drug cost

(acquisition and administration), actual costs associated with adverse events (e.g., psychiatry

consultation for mental confusion), costs associated with clinically significant upper

~ pastrointestinal 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
needle; nursing time (drug administration, pH monitoring); pharmacy time (drug

preparauon), and disposal costs. Costs associated with clinically s:gmﬁcant upper

gastrointestinal bleeding included endoscopy charges and accompanying consultatlon fees,

procedures required to stop the bleeding (e.g., surgery, hemostatic agents, endoscoplc
procedures), increased hospital lengiH'Of stay (as assessed by the attending physician), and
cost of drugs used to treat the gastrointestinal bleeding.

Satistical 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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omeprazolé solution administration with the mean and lowest gastric pH value measured aftef
beginning omeprazole.

Results:

Sévenry-seven patients met the inclusion and exclusion criteria and received
omeprazole solution (Seé Figure 2). Two patients weré excluded from the efficacy -
evaluation because the protocol for orﬁeprazole administration was not followed. Inone

case, the omeprazole enteric-coated pellets had not completely broken down prior to the

- administration of the first two doses, which produced an erratic effect on gastric pH. The

gastric pH increased to above six as soon as the patient was given a dose of omeprazole
solution (in which the enteric coated pellets of omeprazole had been allowed to compietely B
breakdown). | |

The reason for the second exclusion was that nasogastric. suctioning was ndi turned.
off afier 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. Twp patients were considered efficacy failures because omeprazole failed to
maintain adequate gastric pH c;ontrollon the standard oméprazole 20 mg/day mainténanc,e
dose. When the omeprazole dose was increased_to 40 mg/day (40 mg once/day or 20 mg
twice/day), gastrié pH was maintained above four in both patients. These two patients were

included in the safety and efficacy evaluations, including the gastric pH analysis. Afterthe

- two patients were declared failures, their pH values were no longer followed. -

The ages of the remaining sevcﬁty-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

62




10

15

20

25

17 JAN 2005

risk factors in this population were mechamcal venmatlon and ma_}or surgery. The range of

rlsk factors for any gwen patient was two 10 ten, with a mean of 3 (£1) (standard deviation).

- Five patients enrolled in the study had developed chmcaliy significant bleeding while

receiving continuous infusions of ranitidine (150 mg/24 hr) or cimetidine (900 :rig/24 hr). ln-.
al] five cases, the bleediﬁg subsided and the gastric pH rose to above five within thirty-six
hours after initiating omeprazole therapy. Three patients were enrolled after having
developed two.consecutive gastric pH values below three while receiving an H--antagonist
(in the doses outiined above). In all three cases, gastric pH rose to above five within four
hours after omeprazole therapy was iniﬁated. l;'our other patients were enrofled in this study
after experiencing confusion (n=2) or thrombocylopema {n=2) during Hz-antigens therapy.

Within thirty-six hours of sthchmg therapy, these adverse events resoived

* 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 gastrointgstinal bleeding bgfore study "
entry, bleeding diminished to the pfesence of occult blood only (Gastroécult—positiﬁe) within
elghleen hours of starting omeprazole soluuon bleedmg 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
omeprazoie solution.'

VGaszric pH: The niea'n (« standard deviation) pre-omeprazole gastric pHwas 3.5%

1.9. Within four hours of omeprazole administration, the gasiric pH rose to 7.0 % L1 (See

Figure 3); this dif‘ferencé 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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administration (6.8 = 0.6 and 5.6 = 1.3, respeciively) were also statistically significant
(p<0.001).

Safery: Omeprazole solution was well tolerated in this group of critically ill patients.
Only one patient with sepsis experienced an adverse event that may have been drug—.relateﬂ
thrombocytopenia. However, the piage!et count contiﬁued to fail after omeprazole was
stopped. The platelet count then retumed to normal despite reinstitution of omepraiolel

therapy. Of note, one patient on éjet 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 _signiﬁcam I_drug interactions with omeprazole were noted during the study
period. As stated above, metabolic _alkalosis is a potential concern in patients receiving
sodium bica_rboﬁate. However, the amount of sodimﬁ bicarbonate in omeprazole sofution '
was small (12 mEq/10 mi) 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.

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 ﬁrophylaxis of st-_ress-rel'ated upper
gastrointestinal bleeding are listed in Table 5. There were no costs to add i.'rom'toxicity
associated with omeprazole solution. Since two of seventy-five p}itients required 40 mg of
omeprazole solution daily to.adequatelyrcontrol gastric pH, the acquisitioh!preparation cost
should reﬂcr':t_this. The additional 20 m.g 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).

64



7 JAN 2015

5 Omeprazole so_luti.on is a safe and effective therapy for the prevention of clinically
signiﬁcant stress-related mucosal bleeding in criticai care patients. The cc.J.mribution of many
- risk factors to stress-related mucosal damgge has been ch‘all.cng.ed recently. All of the

patients m this study had at least one risk factor that has ciearly been associated with stress-
related mucosal damage - mechanical ventilation. Previous trials and data from a recently

10 published study show that stress ulcer prophylaxis is of proven benefit in patients at risk and,
therefore, it was thought to be unethicaf to include a placebo group in this study. No |
clinically significant upper gastrointestinal bleeding occurred-during omeprazole solution
therapy. Gastric pH was maintained above 4 pﬁ omeprazole 20 mg/day in seventy-threé of
seventy-five patient;.;. No adverse events or drug iﬁteraction assqciated with omeprazole were .

' 15 encountered.

TABLE 4

Mech  Major Multi-  Head  Hype- Renal Muliiple Acid/ Liver
Vent Surgery rauma  Injury - tension Failure  Sepsis © Operation Base Coma Failure Bum
75 61 L3 16 i 14 4 1”2 10 4 2 2

Risk factors present in patients in this study (n =75} -
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TABLES
Per day
. RANITIDINE (dav 1-9)
Rantidine 150 mp/24 hr ) 6.15
Anciliary Product (1) Piggyback (60%) Q.75
Ancillary Product {2) " micro tubing (etc.) 2.00
Ancitlary Product (3) filter 0.40
Sterile Prep required © yes ‘ g
R.N. time ($24/hr) 20 minutes/day (includes pH 3.00
) . monitoring) )
R.Ph. time, hood maint. 3 minutes ($40/hr) 2.00
Pump cost $29/24 hrs x 50%) 14.50
TOTAL for 9days 304.20
RANITIDINE Cost per day 33.80
CIMETIDINE (day 1-9)
Cimetidine 900 mg/24 hr 3.9
Ancillary Product (1} - Piggyback 1.25
Ancillary Product (2) micro tubing {etc.) - 2.00
Anciltary 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) 200
Pump cost o $29/24 hrs x 50%) 14.50
" TOTAL for 9 days 288.99
CIMETIDINE Cost per day 3211
SUCRALFATE (day 1.9) .
Sucralfate Tgx4 240
Ancillary Product (1) syringe 0.20
Sterile Prep required no
" RN, time ($24/hr) 30 minutes/day (includes pH 12.00
monitoring)
TOTAL for 9 days - 131.40
SUCRALFATE Cost per day . : ' . 14.60 -
Note: .

Does not include the cost of failure and/or adverse effect.

Acquisition, preparation and delivery costs of traditional agents.
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= ——
The averaze length of teatment was 9 davs. Cost of care was calculated from these date
Per Day Total
OMEPRAZOLE (day 1
Product acquisition cost 40 mg load x 2 (5.66/dose) 11.32 1132
Anciliary product materials for solution preparation 0.41 0.41
Ancillary product syringe wineedle 0.20 040
Sierile prepatration required no
SOS preparation time (R.N.) 6 minutes 240 4.80
R.N. time ($24/hr) 2] minutes/day {includes pH monitoring} 8.40 8.40
OMEPRAZOLE (days 2-9
Product acqusition cost "20mg perday 2.80 2265
Ancillary product 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 ($24lhr) . 18 minutes/day (includes pH monitoring) 8.40 57160
2/75 patient require 40 mg simplified omeparzole solution per day (days 2-9) ’
No additionat cost for adverse effects or for failure
TOTAL
Simplified Omerprazole Solution cost per dav
Pharmacoeconomic evaluation of omeprazole cost of care
TABLE 7
Time 1 hour 24hour  2day 7 day 14 day
Conc (mg/ml) 2.07 194 1% 197 198

Stability of Simplified Omeprazole Solution at room temperature

(25° C.) Values are the mcan of three samples

Example X

Bacteriostatic and Fungistatic Eﬂ'ects of Omeprazole Soiuuon

The amlmlcroblal or bacteriostatic effects of the omeprazole solutlon were analyzed

by applicant. An omeprazole solution (2 mglml of 8.4% sodium bicarbonate) made

according to the present invention was stored at room temperature for four weeks and then

was analyzed for fungal and bacteria] growth. Following four weeks of storage at room

temperature, no bacterial or fungal growth was detected.

An omeprazole solution (2 mg/mi of 8.4% sbdium bicarbonate) made in accordance

with the present invention was stored at room temperature for twelve weeks and then was
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analyzed for fungal and bacterial growth. After twelve weeks of incubation at room

temperathre, no fungal or bacterial growth was detected.

The results of these experiments illustrate the bacteriostatic and fungistﬁtic

characteristics of the omeprazole solution of the present invention.

. Example XI
A. Bioequivalency Study.

Healthy male and female study participants over the age of 18 will be randomized to

receive omeprazole in the following forms:

" (A) 20 mg ofa liquid formulation of approxxmately 20 mg omeprazole in 4.8 mEq

sodium bicarbonate gs to 10 m] wnth water;

(B) 20 mg ofa liquid formulation of approximatety 2 mg omeprazoie per 1 ml of

. 8.4% sodium bicafbonate.

(93] Prilosec® (omeprazole) 20 mg capsule;

(b) Capsule prepared by inserting non-enteric coafed omeprazole 20 rﬁg iqlo a#4
empty gelatin capsule (Lilly) uniformly dispersed in 240 mg of sodium bicarbonate powder
USP to form an inner capsule. The inner capsule is then insened iﬁto a #00 empty gelatin-
capsulé (i.iliy) together with a homogeneous mixture of 6b0 mg sodium bicarbonate USf’ and
110 mg pregelatinized starch NF. |

After appropriate screening and consent .healthy voluntcel;s will be randomizéd.to
receive one of the following four regimens as randomly assigned by Latin Square Each
sub_;ect will be crossed to each regimen according to the randomization sequence until all
subjects have received all four regimens (w:th one week separating each regimen).

Regimen A (20mg omeprazole in 4.8 mEq sodium bicarbonate in IOml volur_ne);l '
Regimen B (20mg omeprazole in 10m! 8.4% sodium bicarbonate in lOm_I volume); Regimen

C (an intact 20mg omeprazole capsule); Regimen D (CapSule in capsuie formulation, see
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5 aBove). For each dose/week, subjects will have an i.v. saline lock placed for blood sampling.

i0

20

25

For each regimen, blood samples will be taken.over 24 hours a total of 16 times (with the last

B

_two specimens obtained 12 hours and 24 hours aﬁer-drug: administration).

Patient Eligibility

Four healthy females and four healthy males will be consented for the study.

C.

Inclusion Criteria

Signed informed consent.

. D.
1.

2.

3.

4.

- 5.

9.

E.

Exclusion Criteria
Currently taking Hz-receptor antagonist, antacid, or sucralfate.

Recent (within 7 days) therapy with la_nsopfaiolé, omeprazole, or other proton

15 pump inhibitor.

Recent (within 7 days) therapy witﬁ warfarin,

History of variceal bleeding. |

History of peptic ulcer disease or currently active G.1. bleed.

History of vagotomy or pyloropiasty.

 Patient has received an investigational drug within 30 dajs.

Treatment with ketoconazole or itraconazole.
Patient has an allergy to omeprazole.

Pharmocokinetic Evaluation and Statistical Anabvsis

‘Blood samples will be centrifuged within 2 hours of collection and the plasma will

then sepa_ratéd and frozen at—10° C (or lower) until assayed. Pharmacokinetic variables will

include: time to peak concentration, mean peak concentration, AUC (0-t) and (O-inf'mity)f ‘

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.
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F. HPLC Analysis
| Omeprazole and internal standard (H168/24) will be used. Omeprazole and imérnal :
standard wil} be measured by modification of the proced-urc described by Amantea and .
Narang. (Amantea MA, Narang PX. Iméroved Procedure for Quantification of .Omeprazole‘ :
and Metabolites Using Reversed-Phased High Performance Liquid Chromotography. J.
CHROMATOGRAPHY 426; 216-222 (1988)). Briefly, 20ul of omeprazole 2mg/ml NaHCO; or

Choco-Base omeprazole suspension and 100ul of the internal standard are vortexed with

- 150ul of carbonate bgffer (pH=9.8), 5 ml of dichloroethane, 5 ml of hexane, and 980 ul of

sterile water. After the sample is céntrifuged, the organic layer is extracted and dried over a
nitrogen stream. Each péllet is reconstituted with ISd ul of mobile phase (40% methanol,
52% 0.025 phosphate‘ buffer, 8% acétonin"ile, .pH=7.4.). Of the rgconstitﬁtcd sample, 75ul is
injected onto a Cyg 5 U column equi!ibratf:d with the same rhobilc_phase at 1.1mV/min. Under
these conditions, omeprazole is eluted at approximately 5 miﬁutes, and the intefnal standard
at approximately 7.5 miﬁutes. The standard curvé is linear over the concentration range 0-3
mg/mi (in previbus work with SOS), and the between-day coefficient of \-.rariation has beenr

<8% at all concentrations. The typical mean R? for the standard curve has been 0.98 in prior

- work with SOS (omeprazote 2mg/ml NaHCO; 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 grahules of

formulation (c). Additionally, applicant expects that although there will be a difference in rthe

' .ra_tes of absorption among forms (a) through (d), the extent of absorption (as measured by the

‘area under the curve (AUCQ)) should be similar among the formulations (a) thljdugh (d)
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_ Example XI¥ _
" Intraveneous PPl in Combination With Oral Parietal Cell Activator

Sixteen (16) normal, healthy male and female study subjects over the age of 18 will

be randomized to receive pantoprazole as foliows:

(a) 40 mg IV over 15 1o 30 minutes in combination with a 20 ml oral dose of

sodium bicarbonate 8.4%; and

(b) 40 mgIV over 135 to 30 minutes in combination with a 20 ml oral dose of
water.
| The subjects will receive a single dose of (a) or (b) above, and will be crossed-over to
(a) and (b) in random fashion. Serurh ébncentraﬁons of pantoprazole versus.time after
administration-data will ch collected, as well as gastrié pH control as measured with an
indwelling pH probe.

. Furthef, similar studies ére contemplated wherein chocolate_ or other parietai cell
activatdr is substituted for the parie.tal cell activator sodium biéarbonate, and otﬁcr PP}s are |
substituted for pantoprazole. The parictal cell activétor can be administ;:red either within
about 3 minutes before, during or within about 5 minutes after thé v dosé‘of I_?Pl.

Applicam ckpects that these studies will dcmonstraie that .signiﬁca_nt!y 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
packaged in mény various forms for ease of administration and to optimize packing and
shipﬁihg the product. Sﬁch kits can be in ﬁnit dose or multiplé dose form.

'Example XIH
Six (6) Month Stability of Omeprazole Suspension.

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

produce a final concentration of 2 mg/ml to determine the stability of omeprazole solution
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‘after 6 months. The resultant preparation was stored in clear glass at room temperature,

refrigerated and frozen. Samples were drawn afier thorough agitation from the stored

- preparations at the prescribed times. The samples were then stored at 70°C. Frozen samples

remained frozen until they were analyzed. When the collection process was completed, the
samples were shipped to a laboratory overnight on dry ice for analysis. Siamplé’s were
agitated for 30 seconds and sample aliquots were analyzed by HPLC in triplicate according to
well known methods. Omeprazole and the internal standard. were measured by a modification
of the procedure described by Amantea and Narang. (Amantea MA, Narang PK, Impréved
Procedure For Quantitation Of Omeprﬁzole And Metabolites Using Reverse-Phased High-
Pér;fbrmance Liqui;i_ Chromatography, J. CHROMATOGRAPHY, 426: 216-222 (1988)). Twenfy '

(20) ul of the omeprazole 2mg/ml NaHCO; solution and 100 ul of the internal standard

‘solution were vortexed with 150 ul of carbonate buffer (pH = 9.8), 5 ml dichloroethane, S ml

hexane, and 980 ul of sterile water. The sample was centrifuged and the organic layer was
extracted and dried over a nitrogen stream. Each pellet was reconstituted with 150 ul of

mobile phase (40% methanol, 52% 0.025 phosphate buffer, 8% acetonitrile, pH=7.4). Of the

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

- mobile phase at 1.1 mUmin. 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. |

The 6 month samplé 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/m).
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VL. PPI Compositions and Method for Optimizing the Buffer to be Administered in
Combination With a PP1 .

‘A.  Introduction

The compositions of the prescn-t invention are des.igned to produce répid release of
actjve drug to the site of .delivery (typically the stomacﬂh) without the necessity of enteric
coatings or delayed released dosage forms, while preventing acid dégradation ofthedrug.
Acid labile PPls, for example, can be fé)rrﬁuiated or coadministered with one or more buffers _

sufficient to protect the PPI in any environment, with the ultimate goal being to deliver a PPI

~ to the stomach (or other environment) either via a liquid, a powder or solid dosage form that

produces an immediate release of active drug to the site of delivery such that the PPl is

quickly available for absorption. Accordingly, Applicant has found that certain amounts of

 buffers coadministered or mixed with certain PPIs prevent acid degradation of the PPI when -

the buffers produce a pH in the stomach or other site of énvironmeht that is equal to the pKa‘
of the PPI plus an amount sufficient to protect the PPI from acids and provide undegréded
and bioactive PPI to the blood upon administration (e.g.; a final pH of pKa of PP1 + 0.7 log ~
v_a]ue. will reduce the degradation to about 10%). Such buffers should interact with hydrogen
ion at rates that exceed the inte.raction of hyd_rogen ion with the PPL. Thus, the solubilities of
1hé buffers and PPIs are important considerations because solubility is a key determinant of
the rate of interaction of H+ ion with another conipound. |
Typically, a PPI_formulati‘on of the present invention comprises two pri:ﬁary
components: a PP and an Essential ﬁuf‘fer. 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 thé PP interacts with -t‘he same acids. When placed in a liquid phase (usually in
water), the Essential Buﬁ'ér produces and maintains a pH of at least the pKa of the PPL In

one embodiment, by raising the pH of the environment to the same of the pKa of the PPI plus
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about 0.7 log value {or greater), the expected degradation (ionization) can be reduced from

about 50% to about 10%. As used herein, the “Essential pH™ is the lowest pH of the

_environment of interest needed to minimize or eiiminate the acid-induced degradation of the

PPI. The buffering agent(s) employed may raise the pH of the environment to the Essential ”
pH such that 30%, 40% br 50% of the PPI is undegraded, or be present in an amount
sufficient to substantially protéct (i.e., greater than 50% stability) the PP1.

In another embodimcnt, the Essential pH is the pKa of the PPL. In a further
embodiment, the Essemial pH is the sum of the pKa of the PPI plus log 0.7. A log value of
about 0.7 is added to the pKa, which re';'aresent_sua decrease ot" about 5.01187% in stability of
the PPI from the pKa plus 1 log value, thus resu!ting in a stability of approximat_ely 90%, a

value widely accepted as desirable in phannacéuti'cal products. In some cases it may be

'pel'l‘l'HSSlb]e to accept a value of less than log 0 7.

One aspect of the mventlon provides that there is also sufﬁcsent buffer available to
provide the neutralization capacily (Essential Buffer Capacity (“EBC™)) to maintain the
elevated pH of the environment (usually gastric) thrbughout Fhe ;lwell time that the PPl is | o
passed from the environment and into the blood.

B. Essential Bufferjs.

Essential Buffers can be divided into two .groups-:- Pringry Essential Buffers and
Secondary Essential Buffers. Every formulation is combined .with, either directlyor -
indirectly, at least one Primary Essential Buffer. The Primary Essential Buffers, when used
alone-of in co.mbination, prdvide !)uffering activity below the value that leads to tissue
i_xritation or damage and above a lower limit for the Essential pH of thc‘ PPL S”econda'ry :

Essential Buffers are not required in evéry formulation but can be combined with Primary
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Essential Buffers to p_rod.uce a higher pH and added neu.tralization capacity for the
formﬁlation.

Determining the type and dose of buffer to protcét acid labile substituted
benzimidqzoie PPls (and other drugs) is useful for ef'ﬁcaéious PPI delivery to and acﬁon upon
parietal cell proton pumps, particularly when the PP is administered as an immediate release
product designed to disintegrate in the stomach rather than a traditional delayed-release

product designed to disintegrate beyond the stomach in higher pH environments such as the

duodenum. The present compositions and methods employ determinations of the nature of

- the buffer(s) to be used, as well as dalculations to determine E_sséntial pH, buffering capacity, |

and volume measurements for individual PPI doses based on their respective solubilities and - .

. pKa’s. Such inventive methods are appiii:abl_e for defermining the type énd amoun.t of

buffer(s) necessary to protect the PPI in an array of environments'(e.g.,' mouth, esdphagus,
étomach, duodenum, jejunum, rectal vault, nasogastric tube, 6r.a powder, tablef, E-.aps_ule,
liquid, etc. in storage before administration). Dosage forms in storage may be eqused to
various environments, but a typical set of storage conditions includes stérage at room
temperature (65-80°F), and minimal or no exposure to heat, cold, light ér humidity as is |
known in the art. |

The present method includes all substituted benzimidazole PPIs,V their salts, eSiel;s,
amides, enantiomers, racemates, prodrugs, derivatives and the like, and.is not limited to those
PPIs used to éxemplify the following calculations.

The Essential Bﬁffering Capacity (“EBC”) is the capa-city of a PP1/buffer formulation
to resist degradation from its environment. The buffering capacity of a PPIIbﬁﬂ'er |
formulation is érimarily’ derived from components of the formulation that possess the ability

to combine with acids (H+ ions) from the ehvironmcnt. The EBC contributes to both acid
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neutralization (antacid éffect) and to maintaining an environmental pH > pKa + 0.7 to protect
PPIs from ac_id degradation throughout the dwell time. The Primary Essential Buffef is
designed to maintain the pH of stom‘ach contents (or other environment) at a sbﬁcwhat

constant level within a desired range for a period of time so that the' PPI canbe absorbed from |
the gastric or other environment. Accg;dingly, the Essential Buffer is generally more rapid in
its complexation with HC1 (or other acid) than the PPI administered so that the Essential
Buffer is capable of protecting the PPL.

- Any weak base, strong base, or combinatioﬁ thereof may b;a a suitable Essential
Buffer. Essential Buffers include, but are not limited to, electrolytes containing the cations
sodium, potassium, calciﬁm,. magnesium or bismuth. In addition, amino acids, proteins or
protein hydrolysates can serve as Esﬁeﬁti_al Buffers oWing_ to their ability to rapidly neutralize
acid. When PPIs are mixed with the tsscntial Buffer, the PPIs may be in the free base form,
such as omeprazole or lansqpmzole; in the sodium salt form, .Such as g:somcpraioie sium,:

omeprazoie sodium, rabeprazole sodium, pantoprazole sodium, etc.; or in a magnesium salt

* form such as esomeprazole magnesium or omeprazole magnesium or calcium salt forms; or

other salt forms. Essential Buffers provide the Essential Bufferiﬂg Capacity either alone or in

combination with Secondary Essential Buffers.

Tribasic sodium phosphate and sodium carbonate are éxamples of Secondary

. Essential Buffers for adjusting the pH of any Primary Essential Buffer. Secondary Essentia}

Buffers may éSsist the Primary Essential Buffer in producing the desirable pHg over the dwell
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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increase the pH gnd provide additional buffering capacity in combination with a Primary
Essential Buffer. |
Secondary Essential Buffers dé not play an impoﬁaﬁt role in protecting the PPI from

early acid-induced degradation. Because ihey do not work as rapidly, they do not play a
major role in PPI protection through the dwell time. Other buffers (“Non-Essential Buffers”) 'A
can be added to the Primary and/or Secondary Essential Buffers to proyide a latent antacid
effect that extends beyond the antacid effect of Essential Buffers.

| Many addition_al buffers can be used, alone or in combination, to achieve an effectivé
buffering capacity for i’P]s or acid labile drugs. A desirable characteristic of buffers includes
rapid neutralization of acid environments to greater thén pKa + 0.7 for the drug being

considered.

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

Tables 8 and 9 below.
- TABLE 8
Examples of Primarv Essential Buffers
Essential Buffer ' Solubility} pH§ MW
Sodium bicarbonate 9.96 g/100 mL §-84 84
Sodium sesquicarbonate 6.3 g/100 mL 9.9-10 174
Dibasic sodium phosphate 10 /100 mL 8.6-93 142
Sod.ium tripolyphosphate 6 gm/100 mL T 9.7-10 T 368
Tetrasodium pyrophosphate 5 /100 mL 9.8-103 266
Sodium citrate 72 g/160 mL 5 294
- Calcium citrate 10 mg/100 mL 6.8 498
Calcium carbonate 1.5 mg/100 mL 6.1 -17.1 100
Magnesium oxide 0.62 mg/100 mL 9.5-105 - 40
Sodium gluconate 60 g/100 mL 6-8 218
Sodium lactate 40 g/100 mL 7 112
Sodium acetate 119g/100 mL 8.9 82
Dipotassium phosphate 150 g/100 mL 9.3 174
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Tetrapotassium pyrophosphate 185 /100 mL 10.4 330
Potassium bicarbonate 36 /100 mL 8.2 100.
Calcium lactate _ 6 2/100 mL -7 218 -
Calcium glycerophosphate 6 /100 mL 7 210
Calcium gluconate . 3g/100mL 7.4 430
Magnesium lactate 10g/100mL - 3.5-7.5 269
Magnesium gluconate 16 g/100 mL .13 414
5 3 solubility is altered by temperature ,

§ pH is altered by concentration and temperature

Note: hydrated and anhydrous forms are acceptable provided they meet the criteria of a Primary
Essential Buffer. ‘

TABLE 9

Examples of Secondary Essential Buffers _

These buffers are too caustic to be used alone but are suitable for addition in low

quantities to the Primary Essential Buffers from Table 8. :

Essential Buffer Solubility} pH§ MW
Sodium carbonate 45.5 g/100 mL 106-114 106
Potassium carbonate : 11.5 | 138
Sodium phosphate {tribasic) 8 /100 mL | 10.7-12.1 163

~ Calcium hydroxide 185 mg/100 mL 12 74

Sodium hydroxide 114-132 40

10 % solubility is altered by temperature

~ § pH is altered by concentration and temperature

Note: hydrated and anhydrous forms are acceptable provided they meet the criteria of a Secondary
. Essential Buffer. . : :

15 - Amino acids can also b_e' employed as Primary or Secondary Essential Buffers, the

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

TABLE 10 : .
One Letter | Three Amino Acid | MW pH _ Solubility
Symbol Letter 14 | (g/100g
Symbel ' H20 at
' ] ' - 25°C
A Ala Alanine 89 1.6 - | 16.65
C Cys Cysteine 121 15.02 | 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 2499
H His - | Histidine 155 1747 4.19
1 Ile Isoleucine 133 594 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 - 1541 3.53
P Pro Proline 115 6.30 162.3
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Gln

79

1Q Glutamine 146 5.65 |25
R Arg Arginine 174 11.15 15
S Ser Serine 105 5.68 5.023
T Thr Threonine 119 5.64 | Very
vV - Val Valine 117 5.96 8.85
|w Trp Tryptophan 204 5.89 1.136
Y Tyr Tyrosine i81 5.66 0.0453
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- C, The Essential pH (ng) ' |

Substituted benziniidazole PPis are labile under acidic.conditiqns. Oral!y

~ administered PPls must be protected from the strongly acidic conditions of the stomach,

whethef acidic from gastric acids or acids introduced through tube feeds or other sources. In
general, the higher the pH of the gastric environment, the grcéter the stab.illity éf the PPI, é.nd
thus the more time it has to undergo absorption into the blood and réach and act upon the
proton pumps of the gastric parietal cells.

_As mentioned, the “Essential ﬁH” is the lowest pH of the cnviroﬁmcht of interest

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 PP1/buffer, such as temperature, pH,' aﬁd the presence or absence of water. The dwell |
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time is the time that the PPl dwells in a specific environment, i.e., the Gl tract prior to its

passage into a different environment, i.e. the bloodstream. The sheli-life is another example

_of a.dwell time, in which case, the specific environment may be a container of dry, powdered

formulation. As used herein, ‘fR_esultant pH” is the pH tha-t is the result of 'adding a
PPL/buffer formulation to an environment of interest. “Formulation pH” is the pH of the
PPU/buffer formulation when it is in liquid form.

A PP1 dose within its calculated .pHE range is designed to ensure sufficient PP1
protection from acid degradation such that delivery to and action upon proton pumps occur.
In one desirable embodiment, the pHg is the sulii of the j:K—a of a given PPI plus about 0.7.
The pKa is defined as the pH at which 50% of a chenﬁcal is in the ionized form. When the
pH of the environme;it equals the pKa of the PPI, then 50% ionization (degradation) of the
PPl occurs. However, by addil;g the factor of 0.7, this iouﬁation is reduced to 90%.

Th'e Sﬁbility Range Factor (“SRF”) is the range of pH elévation 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

- 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

_knowiedgé of the time of exposure expected aﬂel; the drug is administered and before the

drug reaches the blood (i.e., the dwell time).

. The upper limit of tﬁe SRF is a function of the tolerability of the gastrointestinal |
mucosa tb alkaline substances, which is determined by the Formulation pH and the
concentration of alkaline material presented. For p?actical purposes, pH = 10.9 delineateséﬁ

upper limit of the SRF. It is acknowledged that the amount of buffer is an important aspect
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of the tissue des!ructivé potential of an alkaline substance. Therefore, the SRF for any given
PP1 begins at the sum of the pKa of tﬁe PP1 +0.7, and extends upwards to a pH of about 10.9.

The Essential pH used with the SRF establishes 5 desirable range for the stability to
the actions of H+ ion (or other acidic coﬁponent) on the f’P]/buffer formulation. Sufficient _ '
buffering capacity maintains an Essen;ial pH as described below as “Essential Buffering
Capacity.”

Examples of pHE calculations with SRF for specific PPIs are as follows:

-pHE of PPI =. pKa of PPI +0.7.

- SRF = the range: pHg to 10.9.

SRF for omeprazdle = (pKé 6meprazole +0.7)10 10.9 = (3.9+0.7Y=4.61010.9.

. SRF for lansoprazolc = (pKa lansdprazole-+ 0.7)t0 10.9 = 4.1 + 0.7)=4810109. -
. SRF for rabeprazole = (pKa rabeprazole + 0.7)to0 16.9 =(4.9+0.7)=5.6 10 10.9.

SRF for pantoprazole = (pKa pantoprazole +0.710109=3+ 0-.7) = 3.7 to 10.9.

In most instancés, the lower end of each of the above rariges is increased by one pH
unit to minimize, by a factor of 10, any local eﬂ‘ects within t.he stomach that may producc |
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-quuivalent to about 12-24 mEq of HC1. Therefore, an
equal amount of base will neutralize this acid. If about 12-24 ﬁEq of sodium bicarbonate is
employed as the buffer, the resuiting pH will be left at the pKa of the conjugat;; acid of
Isodium bicarbonate (carbonic acidj, 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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bicarbonate with omeprazole protects greater than 95% of the drug when encountering 12-24

mEq of HC1. Because sodium bicarbonate complexes with HC] at a rate that exceeds ihe.

rate of interaction of omeprazole, it is considered a suitable buffer.

It should be noted that depending on age and diseése, the amount of acid to bé ‘

encountered can be significantly more or less than the 12-24 mEq range, but is generally from

-about 4 mEq to about 30 mEq.

Using magnesium oxide or magnesium hydroxide in an amount of 12 to 24 mEq also

provides sufficient neutralizing capacity leaving the pH at-approximately 7 (lowered only

slightly by the minimal hydrolysis of magnesium). However, magnesium hydroxide is not

rapid in onset and care should be taken to ensure that early degradation of the PPI does not

" occur. Early degradétion can be avoided by making a tablet comprising two layers: an inner

layer of PPI and sodium Eicarbonafe, and an outer layer of llnagnes.ium hydroxide dried gel or
magnesium oxide with suitabie_disintegraﬁt such that the magnesium pxide would rapidly
disinfegrate in the stomach. Alternatively, the inner layer can contain the magnesium -buffer
and the oﬁter layer has the PP! and sodium bicarbonate.r | |
Additionally, micronization of the slower acting bﬁﬁ'ér can be usé_d 10 enhance its.
ability to combine with acid. Calcium carbonate {and many other caicium Buffers) isa

similar slower acting (compared to sodium bicarbonate) but potent buffer. Therefore, if i.lsed,

' it would be best suited in an outer layer of a tablet formulation with the inner iayér

comprising a fapid acting buffer with PPI (or vice versa). Alternatively, mixtures of the
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, reSpg:ctively).
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Modifications to the formulations may entaif adjusting the pH of products*with basic

or acidic chemicals, including but not limited to, chemicals described throughout this

application. Modifications of buffer pH based on the pHe may or may not be performed in

specific instances, depending upon speciés, age, disease aﬁd othér variations between
patiehts. |

D.  pKaand Solubility of PPIs

As mennoned above, the pKa of a given PPI indicates mherem stability with respect
to acid degradahon the lower the pKa, the more stable the PP1. The solublhty of the PP1 w1ll
also dictate the rate at wh ich the PP complexes with, and is degraded by, acid. These two °
physicochemical character-isticsr {pKa and solubility) of the PPI interact with the
physicochemical characteristics of the buﬁ'er(s) (pH, buffering capac1ty and rate of buffering

acnon) in the presence of acid in the environment to determine the degradatlon of the PP1

. overtime. The less soluble a PPI is in water, the lower the initial degradanon when placed in

an acidic environment. The following Table 11 elaborates on the time for 50% of drug to be

degraded (t 172), pKa and solubility in water of several PPls.

TABLE 11 o
PH Pantoprazole| Omeprazole Lansoprazole Rabeprazole
12 | 46mm 78 min 2.0 min 13 min
5 28hr 1.0 hr 1.1 hr .
5.1 4.7 hr L4hr 15hr 7.2 minutes
-6 21 hr 7.3 hr 64 hr
7 73 hr 39hr 35hr ,
PKa 3 3.9 4.} 4.9
Solubility | very soluble | slightly soluble | very Isl::‘glhtly Very soluble
- soluble :

Biological in vitro Correlates, PHARMACOLOGY 1998; 56:57-70,
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Although pantoprazole sodium, With a pKa of 3, is inherently more stable in an acidic

environment than other PPIs, it is also very soluble in water and thus could undergo 50%

~ degradation in an acidic stomach with a2 pH of 1.2 in less than 5 minutes. Therefore, itis

important for the buffer(s) used with pantoprazole sodium to interact with H+ jon (or other
acidic substances) more rapidly than the pantoprazole sodium interacts with such acids and
maintain the rapid complexation through the dwell time; otherwise, additional dosing of

buffer may be required. The overall pH of the gastric contents should be kept at least ﬁt the

. pKa+ 0.7 (i.e., 3.7) from the time the PP} in solution comes into contact with the gastric acid

continuing throughout the d“lfell time. .Essential Buffers for liquid formulations of
pantoprazole sodium incfudc those buffers whose conjugaté acids possess apKa>3.7and
which are very solub.le (e.g., potassium bicarbonate aﬁd sodium bicarboﬁate) Oral solid
formulatibns likewise would réquire buffers whose conjugﬁte acid possesses a pKé >37and
rapi.d f;omplexation potential. Most magnesium, calcium and aluminum salts &e .not Vsuitabi.c
unless the pantoprazole sod‘iﬁm' is placed (with or without additional buffer) in an inner
portion 6f a tablet or capsule with such antacids, and surrounded by a rapid acting buffer \Qith
a rapid disintegrant. Another formulation method for panfoprazéle 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 iﬁ water. and'éould undérgo 50% degi-adation
in an acidic stomach with a pH of 1.2 in less than 1_.5 minutes. It is not very stable to acid - _
degradation dﬁe to its highér pKa of 4.9. A suitabie buffer(s) for rabeprazole sodium
imeractﬁ with H+ ion (of other acidic subétances) more rapidly than the rabeprazole sodium
interacts with such acids to prevent early degradation, and should possess high n.eutraliizing'
capacity to enable rab_cprazole to survive through the dwell time. Sodium or potassium

bicarbonate would be good choices in this instance.
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Another option for rabeprazole sodium (as \Qell as any sodium salt of a proton pump
inhibitor, which would tend to be more soluble than the base form) is to reduce the sélubility
of rabeprazole sodium when in aqueous form such as usfng a less soluble salt form or using
the non-salt form. This decreases early degradation b'ecat-lsc the rabeprazole must first
undergo dissolution in water before it is degﬁded by acid. Inthis embodiment, the suitable
buffer(s) for rabeprézole sodium should possess high neutralizing capacity to enable
rabeprazole to survive through the dwell time.

For PPIs that possess high pKa’s, such as rabeprazole sodium, a two-part liquid
formulation can be utilized. The liquid part has the PPI and a high pH, but.a low mEq
buffering capacity. The iiquid part is added to a second part that possesses a lower pH but a

higher mEq bufféring' capacity. When thése two parts are added together just prior to

-administration, a formulation with a lower pH and a higher buffering capacity is pfoduced

which will neutralize stomach acid but not be too caustic to tissues. Examples of such

~ formulations are provided below.

For highly soluble PPIs, the formulation may be prodpced ina soiid dosage form sﬁch'
as a tablet, capsule or powder with a Buffer(s), which di§integrat§ and reach soiution at alrate
that exceeds the PPI and thereby p&ovidés the Essential pH for protection of the PP prior to
its dissolution and interaction with the acid in the lcnviroﬁmcnt. Further, the tablet or cﬁﬁsule
may be formulated to possess an outer portion of buffer and an inner portion coxﬁprising PP1,
or a blend of PPI and buffer. Additional methods include formulating the Buffer in a smaller
particle size. (e.g., micronized) and the PPi in a larger particle size. This results in the
disintegration of the buffer component pﬁor to disintegration of the PPl compénent. All of
these methods of formulation aim to create an envifonment of stability: for the PPI during the

dwell time.
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The dosage form fnay affect the suitability of a buffer for use in a formulation. For |

example, magnesium oxide is a buffer with high buffering capacity but slow onset when -

~ formulated as a tablet. However, when formulated as a powder, or a tablet of low

compression, or with tablet disintegrants such as pregelati_nized starch, it disintegrateﬁ more
rapidly.

Omepraiole base is only slightly soluble in water and, as such, less of the drug is
subject to early and continued deg_radaﬁon. The soluble portion of omeprazole is vulnerable
to earlj degradation :n the gastric environment. Dissolution of the remaining insolubie
portion is expected to occur within rhiniltesvof éncountering' the water of the gastric
secretions. Tﬁis diSsqutién time provides some protection against early degradation
provided that relativély low v_olumeé of Water are USed.during delivery or in the product
formulation. After several minutes in the gastric environmént, upon complete dissolution,-
ome;-:razc.ilc could undergo 50% degradation in less than 3 minutes. Omeprazoie is
rnoderate‘ly stable owing to ;ts pKaof3.9. A suital;.tle buffer(s) for omeprazole is rapid acting .-
and possesses at least moderate neutralizing capacity to enable omeprazﬁle 1o survive throﬁgh
the dwell time. | | | |

As used herein, “rapid aciing" in the context of a buffer means a buffer that raises Athe
pH of the énViron_ment to greater than or equal to the pH;g-: ofa particularr PPl in a time .
sufficient 10 prevent significant degradation of the PPL. In one embodiment, the rapid acting
buffer raises tﬁe pH to at least the pKa of the PPI plus 0.7 log value wifhin 10 minutes.

Preferred buffer(s) produce an enﬁronment where the- Resuitant pH of the
environment is equal to or greater than the Essential pH such that: (1) the onset of pH chaﬁge
to equal to or greater than the pHg + 0.7 begins before the acid-induced degradation of the

PPI occurs, and (2) the Resuitant pH at or greatcr than the pHg + 0.7 lasts throughout the

87




10

15

20

25

17 JAN 2005

dwell time; which is typically a minimum of 30 minutes in the case of gastric emptying for an
adult. It is desirable that the buffer be rapid acting to minimize early acid-induced

degradation. The most rapid acting buffers are water soluble (or soluble in the environment).

High solubility, however, is not an absolute necessity as magnesium oxide and calcium

carbonate, both only slightly soluble, are capable of significant complexation with gastric ‘
acid albeit at a slower rate. If a dry foi'mt_llation is used, such as a tablet, the particle size of

the buffer(s) can be reduced to enhance the dissolution rate while the particle size of the PP1 .

can be increased. Disintegrants can be added to enhance the availability of poorly soluble

Buffers.

Lansoprazole base is very slightly Soluble in water and, as such, Jess of the drug is

subject to early degradation. The soluble portion is vulnerable to early degradation.

Dissolution of the remaining insoluble portion is expected to occur within several .l';iinhtes of
encoﬁntering the water qf the-gastric secretions: This dissolution time provides some -
protection against early degradation provided that relatively low volumes of water are used-
for delivery or in jthe product formulation. Afier several m_inmcs, upon complete dissoiution,
lansoprazole could ;Jndergo 50% degradation in 2 minutes. Lansoprazole. i; 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 lan-sqprazolé 1o 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 PP] in solution comes into contact with the gastric

acid continuing throughout the dwell time.
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E. Calculatirlg the Acid Neutralizing Capaclty of Buffers
The acid neutralizing capacity (“ANC”) of soluble buffers nlay be used to assist in -
selecting a preferred amount of buffer(s) needed to provnde the EBC. The ANC uses both the
formula wexoht (FWt.) and the valence to deterrmne buffermg capacity.
_ An example of an ANC calculation for sodium bicarbonate is as follow’s: :

Sodium Bicarbonate, Na"HCO5, FWt.=84, valence=1. The
conversion equation from equivalent weight to grams is:

(Equivaleht Weight (“EW”)}(]I i 000mmol)(1mmol/1mEq) =
grams of NaCHO;

EW=(FWt.)/(valence) = 84/1 = 84 g/mol.

(84g/mol)(1mol/1000mmol)(1mmol/ImEq)(4mEq)=0.34g
NaHCOQ; needed for 4mEq of buffering capacity.

 Accordingly, for 10mEq, one needs 0.840 g NaHCO3, and for 30 mEq, 2.52 gm is
required. The range of 4-30m Eq is used because that is the .range of mEq of acid to be
encountered in most patients. i |
" The ANCs of other buffers are similasly ealclilated. 'ANC determinations are from _

Drake and Ho!lander, Neutralz‘zing Capacity And Cost Eﬁéctivenéss of. Antacids, ANN

_ INTERN. MED. 109:215-17 (1981). Generally, the formulanons of the present invention need

about 4 to about 30 mEq of buﬁ'ermg capacity although h1gher amounts could be used in

some patients.

" Sodium bicarbonate in solution possesses a pH> pHg of omebrazole and rapidly
neutralizes acidic environments. As stated above, rapid complexation with HClisa
desirable characteristic of an Essential Buffer. Ideally, but not necessarily required as
irldicated ln formulations that contain a tablet in a tablet, the Essential Buffer compiexes with

the acid at a faster rate than the PP1 it is intended to protect.
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In selecting Essential Buffers, a knowledge of buffering capacity is also useful since

they possess differing pHs at various concentrations. The magnitude of the resistance of a’

buffer to pH changeé is referred to as buf_fer capacity (Beta). 1t has been deﬁned by Koppel, _

.Spiro and Van Slyke as the ratio of the increment of stronig acid (or base) to the change in pH

brought about by addition of acid. The following formula is used to. measure buffer capacity: -
Buffer capacity = the increment- (in gram equivalents per liter) of strong acid added to the
buffer solutioﬁ 10 produce a pH change (éhange as measured in absolute tgnns), or buffer |
cépacity = change in acid/change in pH. Improvements in the formula have been made to
improve the precision, and these form the basis _f;Jr ma'thematical comparison of buffers for
consideration. See Koppel, BioChem, Z. (65) 409-439 (1914), Van Slyke, ). BIOL. CHEM.
52:525 (1922). . | | |

- When the PPLbuffer fonﬁulation is placed in the envisonment, the PP] is subjectto

de_gradafion' by the acid in that environment. As depicted in Figure 9, PPI sotubility, the pKa

-of the PPI, and the amount and édnccntration of acid (H+ ion) encountered in the

environment are variables that can be used to determine the appropriate candidate as an
Essential Buffer. Early degradation occurs when the soluble portion of the PPI (that ﬁortion

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 mteracuon with H+ ion. The pKa of the PPI and the pH of

. the environment of the stomach (or other site of interest) after addlt:on of the PPl/buffer

fon'nulat:on (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 grdph of pH over time can then be used to evaluate various buffgrs. ’
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Such a graph can be developed for a potential buffer or buffer combination using the
Rossett-Rice test (Rosset NE, Marion L: 4n In Vitro Evaluation Of The Efficacy Of The

More Frequently Used Antacids With Particular Attention To Tablets. ANTACIDS 26: 490-95

.(1954), modified with continual addition of simulated gastric fluid. See USP XXIII, 'f_'h_q

United States Pharmacopeia, 23™ Revision, United States Pharmacopeia Convention, Inc.

Briefly, the test employs 150 mL of simulated gastric fluid consisting of 2 Gm of sodium

. chloride and 3.2 Gm of pepsin, which aré dissolved in 7 mL of IN -HCI, g.s. to 1000 mL with

 distilled water. The pH of the simulated gastric fluid is 1.2. A container of 150 mL of this

fluid is stirred at 300 pm + 30 rpm with a magnétic stirrer and kept at 37.1°C. A pH

electrode is kept in the upper region of the solution. The test buffer or the subject

formulation is added-to the container to start the evaluation. At 10 minutes, a continuous drip

of simulated gastric fluid is addéd to the test container ata r#te of 1.6 m)/min to simulate

gastric secretion. Approximately 1.6 mL/min is removed from the test coﬁtainef to keép 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 |

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,

ARZNEM-FORSCH/DRUG RES 1984; 34 (10A):1350-4; Kerkhof NJ, et al, pH-Stat Tiration of

" Aluminum Hydroxide Gel, 3. PHARM. SC1. 1977; 66: 1528-32.

Using this method, a pH tracing can be developed for evaluating buffers as well as -

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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for 30 minutes or greater, can be considered suitable Essential Buffers. In one embodiment,

as depicted in Figure 9, the pH was r;.corded over 10 second intervals,

A number of buffers may be ‘applicabl.e for use as Essential Buffers. Therefore, once
an Essential Buffer is chosen, ;he amount necessary to prb\;ide thf: EBC is calculated. As
used herein, the EBC is the buffering qapacity, or amount of alkaline buffer, included in the’

dose and calculated to maintain the Essential pH range and thereby protect any substituted |

‘benzimidazole PP in the gastric (or other) environment. In patients requiring continuihg PPI
administration (e.g. daily), more buffering capacity may be necessary with the first dose or

first few doses than with subs.equent doses because the PPI may encounter more acid with the

initial doses. Subsequent doses will require less bufféring capacity because the initial PPI
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 subjecﬁ showed an effective EBC range of a

first dose of omeprazole to be about 4 to about 20 mEq (“EBC-O range”) of sodium

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 ona knowledge of basal and maximal acid outputs of 2 and 25 mEg/hour,

rcspectivély. These studriesrhave been repbrted 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 HC {equating to about
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'12-24 mEq of acid) in a fasting stomach. Variations in the acid encountered in the

environment will affect the Essential Buffering Capacity required. The above EBC ranges

relate to adult patients. Children, however, produce less acid per unit time in comparison to

- adults. Therefore, depending on the patient population, the amount of Essential Buﬁ‘eringz |

Capacity required may be altered.

Numerous references are available to assist the skilled artisan in idemifying.a.suitable
buffer.companion with a PP] to determine the desirable characteristiés stated herein. See,
e.g., Holbert, et. al, A Study ofAntacid Buffers: 1. The Time Factor in Neutralization of
Gastric Acidity, J. AMER. PHARM. ASSN. 36: 149-51 (1947); Lin, et. al., Evgluation of

Buffering Capacity and Acid Neutralizing pH Time Profile of Antacids, J. FORMOSA MED.

ASSN. 97 (10) 704-710 (1998); Physical F"harmacx, pp 169-189; Rgminéton: The SgieLc_e
and Practice of Pharmacy (2000). - | |
. F . The Desirable Volume _

The Desirable Volume (“DV”) of a PPI dose may affect PP1 ‘-deli\'rerry.. to and action
upon parietal cell proton pumps. The DV of a dose is partly based on the EBC. For liquid'
formulations, a desirable volume sﬁould deliver sufficient buffer to act as an antacid to
neuiralize a substantial amount;of gastric or other acids. Eor solid formulaﬁons such as
tablets, 2 nominal amount of water or other fluid will be éonsumed to afd in swallowiﬁg the
tablet.. Liquid preparations of the present invention use voh_nmes as small as about 2 ml or in
excess of about 60 ml. Voluniés smaller than 2 ml and Jarger than 60 ml are contemplated,
and_'m_ay' be used as deﬁire,d, to suit individual patients, such as those of advanced or very
young age or of &ifferent species. Very ]arge volumes may lead .to highcr améums of less
soluble PPls (é.g., omeprazole, lansoprazole base forms) going into solution, which could

result in vuinerability to early degradation.
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For instance, volumes smaller than about 2 ml may be used in newboms or premature

infants, or in small animals, because of their smaller stomach size. Also, a large DV may be

 required for doses formulated with dilute buffer concentrations, to achieve the EBC. The

relationship between the EBC and DV isin part shown below:l

If EBC(mg buffer)=Buffer cbnc.(rng/ml) X DV(rnl),

then DV(ml)=EBC(mg)/Buffer conc.(mg/ml).

Altematively, mEq can be substituted for mg in the fofmula. |

G. Secoﬂdary Components of the Formulations

Secpndary comj)onenis are a0t required but may be used to enhanoq the
pha_nnacologica!‘action of as phannéceutical aids. Seéorndary components may inélude, but
are not limited to, parietal cell activétoﬁ_énd other ingredicnts. Parietal cell Aactivators, as
discussed ablove, are comﬁounds that produce an increase m protﬁn pump activity such that

protor: 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 functlons For example, sodium blcarbonate is an Essential Buffer as well asa parletal

cell activator, chocolate is a panetal cell activator and a flavoring agent, and aspartame,

which contains phcnylalanme, 1s 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
the stomach to rise to above 5); 2) amino acids, protein hydrolysates and proteins; 3) calcium
containing compounds such as calcium chioride or calcium carbonate; and 4) cbmpositions '

such as coffee, cocoa, caffeine and peppermint.
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The other ingredients comprise components of a formulation that are secondary to the

primary components. Other ingredients include, but are not limited to, thickening agents,”

~ flavoring agents, sweeteners, antifoaming agents (such as simethicone), preservatives,

antibacterial or antimicrobials agents (such as cefazolin, .ﬁmoxicillin, su]famethdﬁazole,
sulfisoxazole, erythromycin and other macrolides such as clarithromycin or azithromycin),
and Secondary Essential Buffers.

Desirable flavoring agents may be added to the dosage fonnﬁ, and may or may not
need to be buffered to the pHg: Flavoring agents with pH values inherently suitable to the
range of pHg values of PPis include, but are n_ot-limited to, apple, caramel, meat, chocolate,
root beer, maple, cherry, coffee, mint, licorice, nut, bﬁttcr, butterscotch, and peanut butter
ﬂavorings,' used aloﬁé or in any combinaﬁbn. ‘Sim’ilarly, all substances iﬁc]uded in the
formulation of any PPI pr-oduct; including but not limited t(;, activators, antifoaming agents, -
potentiatdrs, antioxidants, antimicrobial agents, chelators, sweeteners, th.i‘ckeners,
preservatives, or other additives or substances may be buffered to the pHg. -

I-I.‘ Exampies Utilizing the Calculations - , H | ‘

The pHg, the EBC, and the DV of a PPI dose may afféct PPI deliQery to, and action
upon, parietal cell proton pumps. The following calculations tailor an Essential Buffer dose
for any substituted benzimidazole PP to promote PPI efﬁcacy in an oral administration. _

Example 1: To deliver a 20 mg dose of omeprazole (pKa = 3.9) in sodium.

' bicarbonate:

 Step I: The pHg of omeprazole = pKa of omeprazole + 0.7 = 4.6. The SRF of
omeprazole = pHg to 10.9=4.6 t0 10.9. At a Formulation pH of 4.6 to0 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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- of 6.14, which is within the SRF of 4.6 to 10.9. Sodium bicarbpnaté would make a suitable

choice as a buffer.

Step 2: The EBC 4 1030 mEq buffermg capacnty equivalent.

.Step 3: To determine the amount of sodium blcarbonate to administer with the
omeprazole, the ANC for sodium bicarbonate is calculated. The ANC for sodium ‘
bicarbonate (MW=84 for 4 — 30 mEq) = (EWX1/1000mmol)(1 mmol/lmEq)(EBC)

EW = MW/(valence) = 84/1 = 84 g/mol |

" (84 g/mo!)(lmpl/l 000mmol)(1mmol/1ImEg)(4 to 30 mEé) =034gw02.52¢g

Step 4: For liquid formuiations, if the DV = 20 ml, then DV = Essential Buffer (EB)
(mg)/Buffer cénc. (mg/ml) . |

‘Buffer conc. = EB/DV = 340 mg to 2520 mg/:o ml =17 mg/ml 0 126 mg/ml. -

- Therefore, for 20 mg of émeprazol_e to be adeque.ueb.!‘ buffered in 20 mi of s&lution,
the concentration of sodium bicarbonate should be 17 to 126 mg/ml .
Example 2: To deliver a 20 mg dose of omeiarazole (pKa= 3,.9). in dibasic sodium

phosphate:

Step 1: The pHg of omeprazole = pKa of omeprazole + 0.7. The SRF of oméprézole

=(3.9+0.7) to 10.9= 4.6 to 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

sodium phosphate (MW—]42) (EW)Y(1/ 1000mmol)(lmmol/lmEq)(EBC)
EW = MW/(valence) = 142/2 =71 g/mol.

(71 g/mol)(1mol/1000mmol)(1 mmol1mEq)(4 to 30 mEq) =028 g0 2.13¢
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Step 4: For liqufd formu]at.ions, if the DV = 20 ml, then DV = EB (mg)/Buffer con_c.-'
(mg/ml) o

Buffer conc. = EB/DV =280 ﬁ:g to 2130 mg/20 ml = 14 mg/m! to 107 mg/ml. |

Therefore, for 20 mg of omeﬁrazole to be 'adequatelyl buffered in 20 ml of so]u.tion,.
the concentration of dibasic sodium phqsphate should be 14 to 107 mg/ml. The pka of

disodium phosphate is 7.21. Therefore, an amount of disodium phosphate equivaierit to the |

- amount of acid to be encountered would produce a pH of approximatély 7.2. Thus, disodium.

phosphate would make a suitable choice as a buffer.

Example 3: To deliver a 30 mg dose of lansoprazole (pKa =4.1) in sodium

bicarbonate:

- Step ): The pHg of lansoprazole = pKa of lansbprazole + 0_.7. The SRF of
fansoprazole = (4.1 +0.7) t0 10.9=4.8 to 10.9.
- Step2: The EBC = 4 — 30 mEq buffering capacity eqﬁivalent.

Step 3: 'Téa determine the amount of sodium bicgrbonate to administgr with thé .
lansoprazole, thé ANC for sodium bicarbonate is ca!culafed. The ANC for sodium
bicarbonate (MW=84) = (EW)(1/1000mmo)(1mmol/1 mBﬁ)(EBC)

EW = MW/valence = 84/1 g/mol

(84g!mol)(]moill 000mmol)(1mmol/ImEq)(4 .to 30 mEq)=0.34 éto 252¢

Step 4: For liquid formulations, if the DV = 20 ml, then DV =EB (rhg)lBuffcr conc.
(mgmh) |

Buffer conc. = EB/DV = 340 mg to 2520 mg/20 mi = 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

bii:arbonatc:
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Step 1: The pHg of pantoprazole = pKa of pantoprazole + 0.7. The SR¥ of
pantoprazole = (3+ 0.7 10 10.9=3.7 10 10.9.

Step 2: The EBC =4 - 30 mEq buffering capacity ecjuivalent.

Step 3: To determine the amounf of sodium bica;bonate to administer with the

pantoprazole, the ANC for sodium bicarbonate is calculated. The ANC for sodium

~ bicarbonate (MW=84) = (EW)(1/1000mmol} 1mmol/1mEq)}EBC)

EW = MW/(valence) = 84/1 g/mol

(84 g/mol)(]pjol/l ObOmmol)(lmmoUlmEq)(tl to 30 mEq)=034gt02.52¢

Step 4: For liquid formulations, if the DV =20 ml, then DV = EB (mg)/Buffer conc.
(mg/mi) |

Buffer conc. = EB/DV =340 mg to 2_520 mg/20 mt =17 mg/ml io 126 mg/ml.

Therefore, for 40 mg of pantoprazole to be adcquafély buffered in 20 ml, the
conc_entrétioﬁ of sodium bicarbonate should be about.17 to 126 mg/ml. |

| Example 5: To deliver a 20 mg dose of raﬁeprazole (pKa = 5} in sodium phosphate

dibasic: 7 o |

Step I: The pHg of rabepraiole =pKa ,Of rabeprazole + 0.7. The SRF of rabeprazole
=49+0.7)10109=5.61t0 10.9.

Step2: The EBC=4 ~30mEq buffeﬁng capacify equivalent.

Step 3: Therefore, to determine the amount of sodium phosphate dibasic to
administer with the rabcprazolc, the ANC for potassium sodium dibasic is calculated. The

ANC for sodium phosphate dibasic (duchydrate) (MW=174) =

(EW)(1/1000mmol)(1mmol/1mEq)(EBC) -

EW = MW/valence = 178/1 g/mol
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(178g/mol)(1momooommol)(lmmom mEq)(4 to 20 mEq)~0.712 g0 5.34 g sodiu_m"

phosphate dibasic.

Step 4: For liquid formulations, if the DV = 20 mi, then DV = EB (mg)/Buffer conc.

(mg/ml).

Buffer cone. = EB/DV =0.712 g t0 2 g/20 ml = 35.6 mg/ml to 100 mg/ml. In this
case, the solubility of disodium phosphate would limit the amount that could be dissolved in

20 mL. Obviously, this would exceed the solubility of disodium phoéphate (sodium

) phosphate dibasic). Therefore, for 20 mg of rabeprazole to be adequately buffered in 20 ml

of solution, the concentration of sodium phosphate dibasic should be about 35.6 mg/ml to 100 E

mg/ml at a pH range of about 6910 10.9. The pka of disodium phosphate is 7.21. Thus, an

~ amount of disodium phosphate equivalent 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 suitﬁbility of buffers relates to their use immediately after
mixing. In order to enhance the shelf-life, higher pH values would be aﬁ_t_icipated within the
range of acceptablt;:. pHe for a given PPL. Asan e#ample, ;abcprézoie suspensions contaiﬁing
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. After2 weeks

... the foliowing 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/16ml. | white white 10.3 |
‘Disodium phosphate 700mg; white T white 10.5
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Trisodium phosphate 100mg/10mL

- Similar calculatioris may be performed for any subs_tituted benzimidazole PP] and '
appropriate buffer(s) including, but ;_101. limited to, t'hos.e_.e_xempliﬁéd above. One skilled in
the art will appreciate that the order of the above stepé is not critical to the invention. The.
above calculations may be used for formulations co’mprisi'ng one or more PPl and one or
more bu'ffers.' N

L Veterinafy Formulations
Horses produce stomach acid continuous_ly throughout the day. ltlis the basal acid
secretion from the stomach in the absen.ce of feeding that i§ responsible for the erosion of the

squamous mucosa in the stomach and ulcers. Horses on pasture normally secrete a

continuous supply of saliva, which buffers the stomach acid. When horses are being ridden -

fegulér]y, 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 capacfty should provide approx.irﬁately 25
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 reduired) and a typical wéight for a horse is 500
kg. Similar dosages are expected for rabeprazole and lansoprazole.
' Dogs can also suffer from _uicers and their dosage is approximately ] mg/kg/day. The :
following formulations‘are designed fof use in horses but sma_lier amounts can be used in

dogs with an EBC of 10 to 20 mEq.
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5
Formaulation 5: Veterinary Formulation of Omeprazole
This formulation is particularly well suited for animals rather than humans because
the dose of PPI is high. :
{EBC=75mEq
Essential pH (omeprazole pKa=3.9 +0.7> 4, 6) :
PPI: Omeprazole powder 500 mg (a anof 350 10 700mg) _
Primary Essential Buffer(s): _
Sodium bicarbonate : 52(59.5 mEq) -
Dibasic sodium phosphate (anhydrous) 2 g(14 mEq)
Optional Secondary Essential Buffer(s): '
Tribasic sodium phosphate 200 mg. (1.2mEq)

{* Any Secondary Essential Buffer(s) may be added in higher or lower amounts to adjust pH for
desired stability and additive antacid or buffering effect.)

Powders of the above compounds are combined as is known in the art 10 create é
10  homogenous mixture with the addition of a thickener such as guar gum 350 mg, artificial
map.le_. flavor powder 100 mg, thaumatin powder 10 mg (to mask the bitterness of
omeprazole), and sucrose 25 Gm. Q.s. to 100 mL. with distifled water to achieve a final
.omel;‘razolc concentration of 5 mg/mL. Different volumes of water may be added u; achieve
omeprazole concentrations ranging from about 0.8 to about 20 'mg/mL.
15 Ahiematively, this formulation may be divided into two parts. The dry paﬁ may be .

r_econstituted with the liquid part at the time of use.

Formulation 6: Veterinary Formulation of Lansoprazole
Essentia! pH (lansoprazole pKa=4.1 + (.7 > 4.8)
EBC = 71.4 mEqg
PPI: Lansoprazole powder 750 mg
Primary Essential Buffer(s): ,
Sodium bicarbonate 6 (714 mEq)

{* Any Secondary Essential Buffer(s} may be added in higher or lower amounts to adjusl 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
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5  refrigerated after reconstitution. Different volumes of water may be added to achieve
lansoprazole concentrations ranging from 0.8 to 20 mg/mL.
Alternatively, this formulation may divided into two parts. ‘The dry paﬁ may be

reconstituted with the liquid part at the time of use.

Formulation 7: Veterinary Formulation of Lansoprazole

Essential PH (lansoprazole pKa=4.1 + 0.7 > 4.8)

EBC = 63.3 mEq
PPIL:
Lansoprazole powder 750 mg

Primary Essential Buffer(s)

. [Sodium bicarbonate - - 5 (395 mEq)

Secondary Essential Buffer(s):

Sodium carbonate y — 200 mg* (3.8 mEq)

. (* Any Secondary Essential Buffer{s) may be added to ad_|u51 pH for desured stability and additive
10 antacid or buffering effect.)

Powders of the above compounds are combined as is known in the art to creatg a
homogenous mixture with the addition of a thickener su@;h as hydroxypropyl methyl cellulose
300 mg, artiﬁ_ciai maple flavor 100 r_ng; and sucrose 35 Gm. Q.s.t0 100 mL‘withrdistil!e‘t:l
15  water to achieve a final iansopfazole 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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Formulation 8: Veterinary Formulation of Esomeprazole Magnesium

Essential pH {esomeprazole pKa = 3.9 + 0.7 > 4.6)

EBC =53.2 mEq
PPL: _
Esomeprazole magnesium pbwder 300 mg

Primary Essential Buffer(s):

Sodium bicarbonate 5 g (47.6 mEq)

| Dibasic sodium phosphate - 800 mg (5.6 mEq)

(* Any Secondary Essential Buffer(s) may be added in higher or lower amounts to adjust pH for
desired stability apd additive antacid or buffering capacity.) '

Powders of the above compounds are corﬁbincd as is known in the art to create a
10 i;omogenous mixture with the addition of a thickenci' sﬁch as hydroxypropyl cellulose 300
mg, artificial butterscotch ﬂavor 100 mg, thaumatm powder 5 mg, and sucrose 30 Gm. Q..
10 100.mL with distilled water 1o achleve 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 Sodmm 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): _ :
Tr:sodlum phosphate ' 1000 mg* (6.2 mEq)
15 _ (* Any Secondary Essential Buﬂ‘cr{s) may be added in higher or lower amounts to adjust pH for

desired stability and additive antacid or buffering capacity.)

Powders of the above compounds are combined as is known in the art to create a

homogenous mixture with the addition of a thickener such as hydroxypropyl cellulose 300
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mg, artificial butterscotch flavor 100 mg, thaumatin powder 5 mg, and sucrose 30 Gm. Q..
to 100 mL with distilled water to achieve a final paﬁtoprazole concentration of 10 mg/mL.

Different volumes of water may be added to achieve esomeprazole concentrations ranging

from 0.2 to 20 mg/mL.

Formulation 10: Veterinary Formulation: Buffer Base Without PPl
EBC = 71.4 mEq '

Primary Essential Buffer: : '

Sodium bicarbonate 6g 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
stability and additive antacid or buffering capacity.)

Powders of the above compounds are combined as is known in the art to create a
homogenous mixture with the addition of a thickener such as hydroxypropyl celiulose 300
mg, artificial bune;scotch flavor 100 mg, thaumatin poﬁder-s mg, and sucrose 30 Gm. .Q.s.
to 100 mL with dlsulled water. A PPI or other acid- lablle drug may be added by the
compounding pharmaclst selected from avallable PPls or acnd-labllc drugs from powder or
enteric-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 emp__loyeé,
the range of concentrations would be as required to deliver the normal dosage in an
aéceplable vo.lume of 1 mL to 30 mL. The a:ﬁount 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, th‘e"dn_lg 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
added to the Iicjuid portion which §vould 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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For ali of the veterinary and human oral dosage forms disclosed herein, sweeteners,

parietal cell activators, thickeners, preservatives, and flavoring agents may also be added.

. Sweeteners include but are not limited to com syrup, simple syrup, sugar, thaumatin, and

aspartam'e. Thickeners include but are not limited to metﬁylcellulose, Xanthan gﬁm,
carrageenan, and guar gum. Preservatives may be added to retard spoilage and include but:
are not limited to sodium benzoate, rﬁéthylparaben and propylparaben. Flavoring agents in
these formulatilons‘include but are not limited to apple, caramel, maple, peanut buﬁer, meat,
etc.
_J. ~ Other Formulat_ions‘
- For all formulations herein, the tota] amount 61‘ Essential Buffer may range from

about 4 mEq o about 30 mEq per dose

Formulatmn 11: Oral Bul‘l‘er Complex Without PPI (for general use to protect
acid Iabile drugs) Multidose Composmon

anary Essential Buffer:

Dibasic sodium phosphate or sodium bncarbonate 10 g (range 2 gto 10 g)

Optional Secondary Essential Buffer: 200 mg

Tribasic sodium phosphate or sodium carbonate

Other ingredients: .

Sucrose : ' 26g

Maltodextrin _ 2g

Cocoa processed with alkali 1800 mg

Com syrup solids - 6000 mg

Sodium caseinate : 100 mg

Soy lecithin 80 mg

(*Any Secondary Essential Buffer may be added in higher or lower amounts to adjust -

pH for desired stability and additive antacid or buffering capacity.)

Thoroughly blend the powder, then store in a container protected from light and

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

as xanthan gum, guar gum, or hydroxymethyl propy} celiulose can be flavoring égems in

these formulations include chocolate, caramel, maple, butter pecan and other flavorings as
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5 have been outlined previously. Different volumes of water may be added to achieve PPl

concentratlons ranging from 0810 20 mg/mL. |

Weigh out approximately 60 g of the formuiatlon 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 distilied water.

Formulanon 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 t0 10 g) (595 mEq)
Optional: Secondary EssentialBuffer - '
None*

(* Any Secondary Essennal Buffer may be added in higher or lower amounts to adjust
pH for desired stability and addltlve antacid or buffering capacity.)

Other in _gredlents

Sucrose 260

Maltodextrin ‘ 2g

Cocoa processed with alkali 1800 mg

Corn syrup solids ) 6000 mg

Soy lecithin 80 mg
10 - Note that cocoa is 2 perietal cell activator. '

Thoroughly blend the powder then store in a contamer protected from light and
moisture, such as in a foil packet. Weigh out approxlmately 60 g of the formulation. Add
PPI (or other acid-.labile drug) typically in the amount equivalent to 10 doses (range = | dose
15  to 30 doses). |
Qss. to 100 mL with distilled water. Different volumes of water may be added tso :

. achieve PPI concentrations ranging from 0.8 to 20 mg/mL.
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Formulation 13: Buffer Complex Witheut PPI For General Use to Protect Acid

PPI:

Labile Drugs; Protein Free, Lactose Free Multidose Example

| None (1o be added later, e.g. by compounding
pharmacist)

Primary Essential Buffer(s):

Sodium bicarbonate

8g(range2gto10g)

Other ingredients: _

Sucrose 26¢g
Maltodextrin 2g

Cormn syrup solids 6000 mg
Partially hydrogenated soybean oil 400 mg
Dipotassium phosphate 300 mg
Carame] flavor 270 mg
Soy lecithin 80 mg
Sodium silico aluminate 20 mg -
Titanium dioxide 10 mg

Thoroughly blend the powdér, then store in a contéainer protected from light and

moisture, such as in a foil 'packet.

- 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

ranging from 0.3 10 20 mg/mL.

~ with distilled water. Different volumes of water may be added to achieve PPI concentrations

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(range2 gto 10 o)
-| Other ingredients: '
Sucrose 26g
-| Maltodextrin 2g
Butterscotch flavor (270 mg
Corn syrup solids 6000 mg
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Thoroughly blend the powder, then store in a container protected from light and
moisture, such as in a foil packet.
Weigh out approximately 60 g of the formulation. Add PP1 (or other acid-labile drug)

typically in the amount equivalent to 10 dbses_ (range =1 ﬂose to 30 doses). Q.s.-' to 100 mL |

10 -

15

with distilled water. Different volumes of water may be added to achieve PPl concentrations

ranging from 0.8 to 20 mglmL;

Formu!atlon 15: Buffer Complex Wnthout PP1 For General Use to Protect Acid
Labile Drugs; Protein Free, Multi-Dose Example

| PPI:

None (to be added later, e.g. by compoundmg
phamacist)

1 Primary Essential Buffer(s).

Sodium bicarbonate

Secondary Essential Buffer(s)

S8g(rangelgtol0g)

Trisodium phosphate 1.5g(rangeOgtod g)
Other ingredients: - '

Sucrose 26g

Maltodextrin 2

Butterscotch flavor 270 mg

Corn syrup solids 6000 mg

Thbroughly blend the powder, then store in a container prétected'from light and

moisture, such as in a foil packet. Weigh out approxlmately 60 g of the formulation. Add

PP (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
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Formulation 16: One Phase Lansoprazole 30 mg Tablet

Lansoprazole hasa pKa of 4.1; thus, the Essential pH=4.1 + 0.7 > 4.8

Examples of buffers that produce a solution with pH 4.8 or greater and produce the
Essential Buffering Capacity include, but are not limited to, sodium bicarbonate,
sodium carbonate, dibasic sodium phosphate, and d:potassmm phosphate.

Enough powder for 11 tablets is weighed out:

PPI:

Lansoprazole powder 330 mg
Primary Essential Buffer(s):

Sodium bicarbonate USP 5500 mg
Dibasic sodium phosphate 2200 mg _

The resuitant powder is thoroughly mlxed Then 720 mg of the homogeneous mixture

is poured into a tablet reservoir‘ (1/2 inch diameter) and press_ed through a full motion of the

press as is known in the art. The resultant tablet contains:

Lansoprazole 30 mg
Sodium bicarbonate USP 500 mg
| Disodium hydrogen phosphate 1 200 mg

- The tablet contains 6 mEq sodium Bicarboriate aod 1.4 mEq dibasic sodium

phosphate Vananons in this tablet may include a wblet contammg all dibasic sodium

phosphate or all sodium blcarbonate or other buffers from the Essential Buffers list. The

amount of Effective Buffer Capacity per tablet may range from as little as about 4mEqtoas

much as about 30 mEq.

Additional tablet disintegrants such as croscarmelose sodium, pregelatinized starch, or

* providone, and tablet binders such as tapioca, gelatin, or PVP may be added. Further, a film

coating may be placed on the tablet to reduce the penetration of light and improve ease of

swallowing.
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Formulation_17: One Phase Omeprazole 20 mg Tablet
Omeprazole has a pKa of 3.9; thus, the Essential pH =3.9+0.7> 4.6
Examples of buffers that are soluble at pH 4.6 or greater include, but are not limited
| to, sodium bicarbonate, sodium carbonate, disodium hydrogen phosphate (dibasic
sodium phosphate), and dipotassium phosphate.
Enough powder for 11 tablets is weighed out:
PPI: e _
Omeprazole powder USP 220 mg_
Primary Essential Buffer(s):
Sodium bicarbonate USP 6500 mg
Magnesium oxide powder 1650 mg
Croscarmelose sodium 300 mg

The resultant powder is thoroughly mixed. Then 788 mg of the homogeneous mixture
i« 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 3 20 mg
Sodium bicarbonate USP 390 mg
Magnesium oxide 150 mg
Croscarmelose sodium - 2727 mg
10 ' ‘ '

The tablet contains 7 mEq sodium bicarbonate and 3.75 mEq magnesivm 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 excipienté, tablet binders, and ﬁim 6oating of Formulation 16 rhay
also be added.

Formulation 18: One Phase Omeprazole 40 mg Tablet
Enough powder for 11 tabiets is weighed out:
PPI: L
Omeprazole powder USP | 440 mg
Primary Essential Buffer(s): : '
Sodium bicarbonate USP 6500 mg
Magnesium oxide 1650 mg
Pregelatinized starch 500 mg

1‘5' . . .
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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Omeprazole USP : 40 mg
Sodium bicarbonate USP 1590 mg
Magnesium oxide - 150 mg-
Pregelatinized starch ' 45.45 mg

The tablet contains 7 mEg sodium bicarbonate and 3.75 mEq magne#iun% oxide. The
amou_ni of Effective Buffer Cahécity may range from as fittle as 4 .mEq to as much as 30 |
mEq. The tablet excipients, tablet binders, and ﬁlm coating of Fo.l.'rﬁulation 16 may .alSO be_' : |
added. | |

| Esomepfa_zolé magnesium or other proton pump iﬁhibitors Which are of low soiubility
(such as the Base forms) may be used in placé 01" omcpfazole_ or lansoprazole in the above |
formulatioﬁs. The tablet excipients, tablet binders, and film coétings of Foﬁhulation 16 may
also be added. In addition, powders of any of the formulations _dis;:losed herein _niay be
manufactured by thoroughly mixing tﬁe pbwdérs as when making tablets and omitting the '

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% wiw. For bitter tasting PP_lS such as

pantoprazole, omeprazole, esomperazole and rabeprazole, the use of thaumatin in a quantity

- of 5 to 10 ppm may be useful in masking the bitterness. Sweeteners such as sucrose or

aspartame may also be employed. Tablet disintegrants such as croscarmelose sodium and

| glidants such as magnesium stearate may additionally be used.

11




17 JAN 2005

5 _ :
~ Formulation 19: Omeprazole Powder Formulations (single dose)
PPI: ) :
Omeprazole powder USP _ © | 20mgor40 mg
{or esomeprazole magnesium). ' -
Primary Essential Buffer(s): :
Sodium bicarbonate USP powder (60 micron) 1000 mg
Magnesium oxide USP powder 500 mg
Optional Secondary Essential Buffer(s): :
Tribasic sodium phosphate _ 200 mg*
Other ingredients:
Dextrose 60 mg
Xanthan gum (Rhodigel ultra fine) 15 mg
Thaumatin (Flavor enhancer) 5to0 10 ppm
Thoroughly blend the powder, reconstitute all of the powder with 5 ml to 20 m!
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
Sodjum bicarbonate USP 1500 mg
Parietal cell activator:
Caicium chloride , 200mg
Other ingredients: b
Dextrose ‘ ' 60mg
Xanthan gum (Rhodigel ulta fine) 15mg
Thaumatin (Flavor enhancer) | 5 to 10 ppm
10 Thoroughly blend the powder. Reconstitute atl 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 : - 26g
Maltodextrin 200 mg
Cocoa processed with alkali* 180 mg
Corn syrup solids - 600 mg
Xanthan gum 15 mg
Aspartame ' 15.mg
Thaumatin . |2mg
Soy lecithin 10 mg

*Parietal ¢cell activator
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5 Thoroughly blend the powder. Reconstitute all of the powder with 10 mL to 20 mL '

distilled water at the time of use.

" Formulation 22: Unflavored Lansoprazole Powder (single dosé)
Lansoprazole powder USP 15 mg or 30 mg
Sodium bicarbonate USP - ' ~ ] 400 mg to 1500 mg

Optionally: Tribasic sodium phosphate to adjust pH for longer stability and enhanced buffering
capacity (alternatively other Essential Buffers may be employed)

10 Thoroughly blend the powder. Reconstitute all of the powder with S mL to 20mL

distilled water at the time of use.

Formulation 23: Flavored Lansoprazole Powder (single dose)
PPI: '
Lansoprazole powder USP ' {30mg
Primary Essential Buffer(s): '
‘J Dibasic Sodium Phosphate USP or 1500 mg
Sodium bicarbonate USP : : .
Sucrose . l26¢g
Maltodextrin ' . 2g
Cocoa processed with alkali* E 18 mg
Corn syrup solids ' 600 mg
Soy lecithin ' 80 mg -
“*Parietal cell activator -

Thoroughly b]end the powder. Reconstitute all of the powder with 5'mL to 20 mL

15  distilled water at the time of use.

Formulation 24: Unflavored Rabeprazole Powder (single dose)
PPI:
Rabeprazole sodium powder USP : 20 mg
Primary Essential Buffer(s): -
Disodium phosphate duchydrate USP 2000 mg
Optional Secondary Essential Buffer(s)
Tribasic sodium phosphate 100 mg

Thoroughly blend the powder and reconstitute with distilléd water prior o
~ administration, Optxonally, thickeners and flavoring agents may be added as stated.
throughout this application. The ant:cnpatcd 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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common ion effect whereby sodium causes a “salting out™ of rabeprazole sodium. This

causes the rabeprazole sodium to remain insoluble thereby increasing its stablllty

‘ Formulation 25: Unflavored Rabeprazole Powder (single dose)
PPI: ' :
Rabeprazole sodium powder USP [20mg
Primary Essential Buffer(s):
Sodium bicarbonate USP | 1200 mg
Secondary Essential Buffer(s): '
Trisodium phosphate USP : 300 mg
Optional Secondary Essential Buffer(s)
Sodium hydroxide or Tribasic potassivm may be added in higher or lower amounts to
adjust pH for desired stability and additive antacid or buffering capacity.

Thoroughly blend the powder and reconstitute with 15 mL distilled water at the time

of use.

Altematively, a two part product may be employed comprising one part of about 5 to

. about 15 mL distilled water with a low cthcntration of Sec;ondai'y Essential Buffer (e.g.

trisodium phosphate (100 mg) or sodium hydroxide (50 mg)) used to dissolve an enteric-

coaled tablet of rabeprazole thereby producing a stable solution/suspension. This highly

alkaline suspension containing low neutralization capacity and rabeprazole sodium may then

be added with a second part containing the Primary Essential Buffer(s) having significant
neutralization capacity. If desired other Secondary Essential Buffer(s) méy'bé included with

the Primary Essential Buffers. This formulation is designed to enable the use of the

- commercially available enteric-coated tablet of rabeprazole as the source of the PPI. This

tablet requires _diéintegratiop prior to use as a liquid' .formu!ation. Part 1 (the low
concentration of Secondary Essential Bﬁﬂ'er) produces rapid dissolution of the deléyed-
release tablet as well as prqldnged stability of rabeprazole sodi1‘1m in the liguid foﬁn. This
enables the preparation to be f)rep;red prior to admin.istration and‘simply added to the |

Primary Essential Buffes(s) (part 2) prior to.use.
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Formulation 26: Unflavored Rabeprazole Powder (single dose)

PPIL: ' ' :
Rabeprazole sodium powder USP _ 20 mg
Primary Essential Buffer(s): ‘

| Calcium lactate USP 700 mg
Calcium glycerophosphate B 700 mg
Secondary Essential Buffer(s): '

| Calcium hydroxide USP ' 15mg .
5 (Other Secondary Essential Buffers with cations of sodium or potassium may be added in hlgher or

Iowcr amounts to adjust pH for desirable stability.) ‘
Thoroughly blend the powdcr. Reconstltute the p_owdcf with a liquid pé.rt -comptisiﬁg
10 mL glycerol and 10 mL distilled water at the time of use. Altem;:ltive!y, the liquid for
10 reconstitution may be only water (e.g. distilled) and contain some of the buffer. The liqﬁid
for reconstitution may be supplied as a buffered broduct (to bl-l'9-l 1) for dissolving

'rabepfazol_e sodium dgiayed-re]ease tablets (if used as a source of rabeprazole sodium).

Formulation 27: Unflavored Esomeprazole Powder (single dose)
PPIL: ] . '
Esomeprazole magnesium powder USP . ‘ 20 mg
Primary Essential Buffer(s): . ‘ .
Calcium lactate USP 800 mg
Calcium glycerophosphate : 800 mg
Secondary Essential Buffer(s): :
Calcium hydroxide USP 15 mg

{Other Secondary Essential Buffers with cations of calcium or rnagnesmm may be added in hlgher or
lower amounts to adjust pH for desirable stability.)

. Thoroughly blend the powder. Reconstitute the powder with é.liqﬁid part comprising
of 10 mL distilled water at the time of use. The liquid for reconstitution may be_supplied asa
buffered product (to pH 8-11) for dissoh}ing esomeprazole magnesium delayed ;elease
granules (if used as a source of esornep;azole maghesium).

- 20
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Formulatlon 28 Omeprazole Two Part Tablet

Two part tablets contain an outer buffer phase and inner buffer/PPI core. Enough for
6 tablets is weighed out.

1 Inner Core:
PPI: ..
Omeprazole powder USP . ‘ 120 mg
(or esomeprazole magnesium or omeprazole sodlum) '
Primary Essential Buffer(s):

Sodjum bicarbonate USP - : 1200 mg
Quter Phase: o ' :
Sodium bicarbonate USP 3960 mg

(Secondary Essential Buffers such as trisodium phosphate, lnpotassmm phosphate or sodium carbonate
or others may be added to enhanee neutralization capacity.)

Thorough]y blend the powders for the inner core, then weigh out approximately 220

1

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 pHibufféring zone, E.nou.{gh ,

sodium bicarbonate for 6 tablets is weighed out with approximétely 280 mg per tablet:for'a '

‘total of 1680 mg sodium bicarbonate USP. Then weigh out épproximately 280 mg of the |

resultant blend and add to a die_of 1/2” diameter. Press through a full motion to compact the
powder into a tablet. Place the tablet back into the 1/2 inch die and thén ﬁlaée the smaller

3/5“ tablet (inner tablet) on top of th.le 12” taSlet and center it. Add apprqx_ima;ely 3SQ mg
sodium bicarﬁoriate 1o the die on top of the 1/2” tablet aﬁd the 3/8” tablet. Press ﬁjfough a full
motion to compla'ct the material; intq one tablet. The approximate Weight of each tablet is 815 -
mg 10 390 mg containing 20 mg omei;;féque. Binders such as tapioca or P\_(P and

disintigrants such as pregelatinized starch may be added. The outer layer may also comprise

| phannaceuticélly acceptablé tablet exipients. Optional coatings can also be employed, for

example, light film coatingé and coatings to repel ultraviolet light as is known in the art.
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Magnesium oxide or magnesium hydroxid.e may be substituted for the sodium
bicarbonate outer phase. Enough magnesium oxide for 6 tablets is weighed out with |
approximately 280 mg per tablet for a total of 1680 mg mﬁgnesium oxide USP. Then weigh

out approximately 280 mg of the resultant blend and add to a die of 4" diameter. Press

~ through a full motion'to 'cbmpact the powder into a tablet. Place the mbiet back into the Y2
- inch die and then place the smaller 3/8” tablet (inner tablet) on top of the 2 tablet and center

it. Add aﬁproximately 380 mg magnesium oxide to the die on top of the 4" tablet and the

3/8” tablet. Press through a full motion to compact the materials into one tablet. The
approximate weight of each tablet is 815 mg 0 390 mg containing 20 mg omeprazole.
Binders such as taploca or PVP and dlsmtlgrants such as pregelatinized starch, croscarmelose

sodlum or mlcrocrysta!lme ceilulose (MCC) and colloidal snhcone dioxide {CSD) may be

" added. The outer layer may also comprise phannaceutlcally acceptable tablet exipients.

Optional coatings can also be employed, for example, light film coatings and coatings to

- repel ultravnolct light as is known in the art.

The outer phase can altematwely comprise a combmatlon of sodium blcarbonate and

magnesium oxide.

| Formaulation 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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‘mg to 900 mg. Binders such as tapioca or PVP and disintigrants such as pregelatinized starch

Enough for 6 tablets is weighed out.

| Formulation 30: Pantoprazole Two Part Tablet

Inner Core:

PPI:

Pantoprazole powder USP
{ (or pantoprazole sodium)

240 mg

Primary Essential Buffer:

Sodium bicarbonate USP

1200 mg

Outer Phase:

Sodium bicarbonate USP

3960 mg

~ Thoroughly Blénd the powders for the inner core, the_:n weigh out approximately 220

. mg of the resultant biend and add to a die of 3/8” diameter. The inner and outer tablets are .

10

13

then formed as Qescribed in Formulation 28. The approximate weight of each tablet is 835 mg

t0 910 mg. Binders such as tapioca or PVP and disintigrants such as pregelatinized starch or

croscarmelose sodium may be added.

Enough for 6 tablets is weighed out.

Formulation 31: Omeprazole or esomeprazole two part tablet

Inner Core: .

PPI:

Omeprazole powder USP (or esomeprazole or
omeprazole sodium).

120 mg

.} Primary Essential Bufier:

Sodium bicarbonate

1200 mg__

Outer Phase:

Sodium bicarbonate

3960m£

Thoroughly blend the powders of the inner core, then wcigh-out_ approxi‘matel.y 220 -

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 approximaté 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, tripotﬁssium
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Formulation 32: Lansoprazole Two part tablet
Enough for 6 tablets is weighed out.

Inner Core:

PPI:

1| Lansoprazole powder USP

180 mg

Primary Essential Buffer:

Sodium bicarbonate

1200 mg

QOuter Phase:

Sodium bicarbonate

3060mg

“Thoroughly biend the powder of the inner core, then weigh out approximately 230 mg

of the resuitant blend and add to a die of 3/8” diameter. The inner and outer tablets are then

formed as described in Formulation 28. The approiimate weight of each tablet is 825 mg to

900 mg. Binders such as tapioca or PVP and disintigrants have been mentidn_ed 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.

Formulation 33: Pantoprazole Two part tablet
Enough for 6 tablets is weighed out.

Inner Core:

PPL:

Pantoprazole sodium powder USP

240 mg

Primary Essential Buffer:

Sodium bicarbonate

1200 mg

QOuter Phase:

Sodium bicarbonate

3960mg

Thoroughly blend the powders of the inner core, then weigh out approximately 220

" 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 Foﬁnulation 28. The approximate weight of each tablet is 835

mg to 910 mg. Binders such as tapioca or PVP and disintegrants may also be added.

Secondary Essential Buffers, such as trisodium phosphate, tripotassium phosphate, sodium

carbonate or others, may be added to enhance neutralization capacity.
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Formulation 34: Omeprazole 20 mg Two-Part Tablet
Inner Core:

PPL: ‘
Omeprazole enteric coated granules (base, or - 20 mg
sodium salt or esomeprazole sodium or magnesium) |
Quter Phase:
Sodium bicarbonate powder USP 1000 mg

The inner core is created as is known in the art such that the enteric coatings on the
granules remain substantially intact. The outer phase is bound to the inner core as described
in Formulation 28. Other variations of this tablet include a uniform enteric coating

10 surrounding the PPI of the inner core instead of separate enteric coated granules.

Formulation 35: Lapsoprazole 30 mg Two-Part Tablet
Inner Core:
PPL: . '
Lansoprazole enteric coated granules . 30 mg
Outer Phase: ‘ '

'| Sodium bicarbonate powder USP 1000 mg

This two-part tablet is fdrmulated as per Formulation 34.

Formulation 36: Rabeprazole 20 mge Two-Part Tablet
Inner Core:

PPI:

Rabeprazole enteric coate_granules_ 20 mg
Quter Phase:

Sodium bicarbonate powder USP 1000 mg

This two-part tablet is formulated as pér Férmulaﬁon 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
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The omeprazole and sodium bicarbonate of the inner core are homogeneously mixed

and formed as in Formulation 28. The outer phase is combined with the inner core asin

Formulation 28.

Formulation 38: Combination Antacid
and Enteric Coated Dosage Form

Omeprazole enteric coated granules or 20 mg (or an equivalent dose of another PPI)
enteric coated tablet '

Calcium carbonate ' 11000 mg

. The above components are combined with care exerted 1o énsure that the enteric

coating is not crushed or otherwise compromised. The resulting combination is then formed

" into compressed tablets or placed in caﬁeules as is known in the pharmaceutical art. If enteric

coated granules are employed, they are gen-erally, but not required, dispersed throughout the 7'

tablet or capsule. If an enteric coated tablet is alternatively utilized, it forms a central core,
which is uniformly surrounded by the calcium carbonate in either a compressed tablet or in a

larger capsule. In another embodiment, a capsule containing enteric coated granules of 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 c.alcium carbonate. The buffer(s) employed is present in an amouﬁt of at
leastlabout 5 mEq' per dose of the composition with the prefefred range been 7.5t0 15 mEq.
For example, sodium bicarbonate may be preferred over calcium carbonate and other antacids -

(such as magnesium or alummum salts) because in many cascs, sodium blcarbonate more

quickly iowers gastric pH.

Formulation 39: Combination Rapid
Release and Delayed Released PP1 and
Antacid

Inner core:

Omeprazole enteric coated granules or - | 10 or 20 mg (or an equivalent dose of another
enteric coated tablet : __| PP

Quter phase:

‘Omeprazole powder 10 or 20 mg (or equivalent dose of another
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PPD)

Calcium Carbonate powder 1000 mg

The constituents of the outer phase are uniformly mixed. The inner core is..crcated ‘&s
is known in the art such that the enteric coatings on- the granules or tablet remai-n substantially -
intact. The outer phase is bound to the inner core as described herein and as known in the art.
Formulation 40: Soft Chewable PP1-Buffer Doéagei Form
Omeprazole 10 or 20 mg (or an equivalent doge of another PPI) is combined with thé

ingredients of a soft chewabie antacid tablet (¢-8., Viactiv®), which comprises calcium

" carbonate 500 or 1000 mg, com syrup, sugar, chocolate non fat milk, cocoa butter, salt, soy

lecithin, glyceryl monostearate, flavoring (e.g., caramel), carrageenan, and sodium phosphate,

Vitamins D3 and/or K1i can aiso be added. The finished chew tablets are administered to

| patients once to thrice daily for gastric acid related disorders.

For all formulations herein, multiple doses may 5e proportionally -;:ompéﬁnded as is
known in the art. | .

The invention ﬁas been described in an illustrative manner, ahd it is to-be understood
the tcrm.inolog).( used is intended 1o be in the nature of description rather than of limitation.
All patents and other references cited herein are incorporated herein by reference in their

entirety. Obviously, many modifications, equivalents, and variations of the present invention

_ are possible in light of the above teachings. Therefore, it is to be understood that within the

scope of the appended claims, the invention may be practiced other than as specifically

" described.
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CLAIMS

‘What is claimed is:

An orally deliverable pharmaceutical composition comprising omeprazole or an
enantiomer, an alkaline salt of an enantiomer, an isomer, a derivative, a salt, or a neutral
form thereof, at least a portion of which is not enteric coated, and at least one buffering
agent present in a total amount of at least about 4 mEq, wherein:
(a) the composition is a solid dosage form; and
(b) the buffering agent is selected by type, amount and particle size such that upon
oral administration of the composition to a fasted adult subject, pH of the
subject’s stomach secretions is maintained at not less than the pKa of omeprazole
plus 0.7 from at latest about 10 minutes post administration to at earliest about 30
minutes post administration.
The pharmaceutical composition of claim 1 wherein the omeprazole is present in an
amount of about 2 mg to about 300 mg.
The pharmaceutical composition of any of the proceeding claims, wherein the at least one
buffering agent is selected from the group consisting of sodium bicarbonate, potassium
bicarbonate, magnesium hydroxide, magnesium lactate, magnesium gluconate, aluminum
hydroxide, aluminum hydroxide/sodium bicarbonate coprecipitate, sodium citrate,
sodium tartarats, sodium acetate, sodium carbonate, sodium polyphosphate, potassium
polyphosphate, sodium pyrophosphate, potassium pyrophosphate, disodium
hydrogenphosphate, dipotassium hydrogenphosphate, trisodium phosphate, iripotassium
phosphate, sodium acetate, potassium metaphosphate, magnesium oxide, magnesium
carbonate, magnesium silicate, calcium acetate, calcium glycerophosphate, calcium

hydroxide, calcium lactate, calcium carbonate, calcium bicarbonate, and mixtures thereof,

The pharmaceutical composition of claim 3, wherein the at least one buffering agent is

selected from sodium bicarbonate, magnesium hydroxide, and calcium carbonate.

The pharmaceutical composition of claim 4, wherein the buffering agent is a mixture of

sodium bicarbonate and magnesium hydroxide.
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A pharmaceutical composition according to any of the proceeding claims, further
comprising at least one pharmaceutically acceptable excipient selected from the group
consisting of parietal cell activators, anti-foaming agents, flavoring agents, sweetening
agents, preservatives such as antimicrobial preservatives, antioxidants, chelating agents,
isotonic agents, thickening agents, flow aids, Iubricants, tablet adjuvants, disintegrants,

colorants, diluents, moistening agents, binders, and pharmaceutically compatible carriers.

A pharmaceutical composition according to any of the proceeding claims, wherein the

omeprazole is present in an amount of about 10 to about 40 mg.

A pharmaceutical composition according to any of the proceeding claims, wherein at

least some of the omeprazole is micronized.

A pharmaceutical composition according to any of the proceeding claims, wherein the

composition further comprises a disintegrant, a flavoring agent, and a lubricant.

An orally deliverable pharmaceutical composition comprising:

(a) omeprazole, at least a portion of which is not enteric coated, and

(b) at least one buffering agent present in a total amount of at least about 4 mEq,
wherein the buffering agent is selected by type, amount and/or particle size such that
upon oral administration of the composition to a fasted adult subject, pH of the subject’s
stomach secretions is maintained at not less than the pKa of omeprazole plus 0.7 from at
latest about 10 minutes post administration to at earliest about 30 minutes post
administration.

The pharmaceutical composition of claim 10 wherein the omeprazole is present in an
amount of about 2 mg to about 300 mg.

The pharmacentical composition of any of claims 10 - 11, wherein the at least one
buffering agent is selected from the group consisting of sodium bicarbonate, potassium
bicarbonate, magnesium hydroxide, magnesium lactate, magnesium gluconate, aluminum
hydroxide, aluminum hydroxide/sodium bicarbonate coprecipitate, sodium citrate,
sodium tartarate, sodium acetate, sodium carbonate, sodium polyphosphate, potassium
polyphosphate, sodium pyrophosphate, potassium pyrophosphate, disodium
hydrogenphosphate, dipotassium hydrogenphosphate, trisodium phosphate, tripotassium

phosphate, sodium acetate, potassium metaphosphate, magnesium oxide, magnesium
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carbonate, magnesium silicate, calcium acetate, calcium glycerophosphate, calcium

hydroxide, calcium lactate, calcium carbonate, calcium bicarbonate, and mixtures thereof.

The pharmaceutical composition of ¢laim 12, wherein the at least one buffering agent is

selected from sodium bicarbonate, magnesium hydroxide, and calcium carbonate.

A pharmaceutical composition according to claim 13, wherein the buffering agent is a

mixture of sodium bicarbonate and magnesium hydroxide.

A pharmaceutical composition according to any of claims 10 - 14, further comprising at
least one pharmaceutically acceptable excipient selected from the group consisting of
parietal cell activators, anti-foaming agents, flavoring agents, sweetening agents,
preservatives such as antimicrobial preservatives, antioxidants, chelating agents, isotonic
agents, thickening agents, flow aids, lubricants, tablet adjuvants, disintegrants, colorants,

diluents, moistening agents, binders, and pharmaceutically compatible carriers.

A pharmaceutical composition according to any of claims 10 - 15, wherein the

omeprazole is present in an amount of about 10 to about 40 mg.

A pharmaceutical composition according to any of claims 10 - 16, wherein at least some

of the omeprazole is micronized.

A pharmaceutical composition according to any of claims 10 - 17, wherein the

composition further comprises a disintegrant, a flavoring agent, and a lubricant.
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