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Alcohol resistant enteric pharmaceutical compositions

BACKGROUND OF THE INVENTION

[0001] Unintended, rapid drug release in a short period of
time of the entire amount or a significant portion of the drug
contained in a dosage form is referred to as “dose dumping”.
Dogse-dumping poses a significant risk to patients because of
safety issues and/or diminished efficacy, particularly in
controlled release dosage form where the active drug may be
present in relatively high amounts. In these controlled release
dosage forms, the rate of drug released from the dosage form is
controlled by the release-rate-controlling mechanism. Typical
release-rate-controlling mechanisms include swellable polymers,
gel matrixes and polymeric coatings, to name a few. A compromise
or failure of the release-rate-controlling mechanism is a likely
cause of dose dumping. The likelihood of dose-dumping for certain
controlled release products when administered with food has been
recognized for more than twenty vyears. See Hendeles L, Wubbena
P, Weinberger M. Food-induced dose dumping of once-a-day
theophylline. Lancet. 22: 1471 (1984).

(00021 In addition to food, the presence of alcohol can
compromise release-rate-contrelling mechanisms of ceontrolled
release dosage forms. Certain controlled release dosage form
emplaying release-rate-controlling mechanisms are mofe
susceptible to dose dumping in the presence of alcohel than other

release-rate~controlling mechanisms.

[0003] Tn 2005, the United States Food and Drug Administration
(FDA) required the withdrawal of several drugs from the market or
required a change in the warning labels because of the effects of
ethanol on the controlled release formulations of the drug. For
example, the FDA asked Purdue Pharma of Stamford, CT to withdraw
Palladone® {(hydromorphone hydrochloride) extended release

capsules from the market because a pharmacokinetic study showed
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that when Palladone® was taken with alcohol, its extended release
formulation was compromised and resulted in dose dumping (cf. FDA
Press Release of Jul. 13, 2005)}. The FDA concluded that the
overall risk versus benefit profile of the Palladone® drug
product was unfavorable due to its alcohol induced dose dumping
susceptibility. The FDA declision was based, in part, on an a
pharmacokinetic study in healthy subjects (utilizing a naltrexone
block), which demonstrated that co-ingestion of Palladone® with
240 mL (8 ounces) of 40% (80 proof) alcohol resulted in an
average peak hydromorphone concentration approximately six times
greater than when taken with water. Furthermore, one subject in
this study experienced a 16-fold increase when the drug was
ingested with 40% alcohol compared with water. This study also
showed that 8 ounces of 4% alcohol (equivalent to 2/3 cof a
typical serving of beer) could in some subjects result in almost
twice the peak plasma hydromorphone concentration than when the
drug was ingested with water. FDA Alert £for Healthcare
Professionals (July 2005): Hydromorphone Hydrochloride Extended-
Release Capsules (marketed as Palladone®) .

i‘xttp 1/ /vwww. £da.gov/cder/drug/InfoSheets/HCP/hydromorphoneHCP . pdf .,

[0004] An in vive alcohol dose dumping resistance test is not
the preferred approach due to potential harm the test could pose
to a human subject. The preferred approach, according to the
FDA, ig an in vitro dissolution test in the presence of 40%
ethanocl. At the Pharmaceutical Sciences Advisory Committee
Meeting of Oct. 26, 2005, OPS (Office of Pharmaceutical Science)
personnel £from CDER (Center for Drug Evaluation and Research)
presented data showing that in an alcohol susceptible controlled
release dosage form, a higher concentration of ethancl {(e.g.,
40%) is likely to trigger faster drug release than a lower
concentration of ethanol (e.g., 20% or 4%). This may or may not
be the case depending on the specifics of the controlled release

formulation. (See Presentations at the Pharmaceutical Sciences
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Advisory Committee Meeting Oct. 26, 2005). Accordingly, the
Division of Bioequivalence - 2, Office of Generic Drugs CDER/FDA
on 13 May 2009 at the AAPS workshop, Physical Pharmacy and
Biopharmaceutics issued proposed dissolution testing for alcohol-
induced dose-dumping of generic MR oral drug products. The
proposed digsclution study is designed to compare dissolution
performance of the generic (test) product and the corresponding
reference listed drug. Conditions for dissolution include 0.1N
HCL media with differing amounts of ethancol (v/v} added to give
the following percentages of ethanol in the media: 0.0%, 5.0%,
20%, and 40%. Protocols similar to these prescribed dissolution
studies were adopted to ascertain the robustness of the alcohol

registant pharmaceutical composition of the present invention.

[0005] At least one attempt has been made to make a controlled
release formulation resistant to ethancl-induced ddse dumping.
U.S. Published Patent Application No. 2007/0212414 assigned to
Penwest Phérmacauticals Co., of Patterson NY (herein incorporated
by reference), claims a method of preventing dose-dumping of a
drug in the presence of ethanol by providing a patient likely to
consume ethanol while being treated with the drug an effective
amount of the drug in the form of an ethanol-resistant sustained
release formulation. The drug and a sustéined release delivery
gystem include at least one heteropolysaccharide gum, at least
one homopolysaccharide gum, and at least one pharmaceutical
diluent. This ethanol-resistant sustained release formulation is
claimed to essentially retain its sustained release dissclution

profile in the presence of ethanol.

[0CL6] There 1s a need 1in the art for enteric coated
pharmaceutical formulations that resist ethanol-induced dose

dumping.



SUMMARY

[0007] The present disclosure 1ig related to an alcohol-
resistant pharmaceutical - composition which pharmaceutical
composition includes an active agent having an enteric layer
registant to degradation or dissolution at a pH of less than 5.5
and an alcohol protectant in an amount sufficient o prevent
substantial release of the active agent in the presence of

alcohol.

[0007a}] In an aspect, there is provided an alcohol-resistant

pharmaceutical composition comprising:
(1) an active agent;
{ii) an enteric system; and

{iii} an alcohol protectant containing organic based
cellulose acetate phthalate tc retard release of the active agent
in the presence of alcohol wherein the alcohol protectant ig in an

amount of from 10% to 500% by weight gain of each bead.

[0007b] In ancther aspect, there is provided an alcchol-
registant pharmaceutical compositlon comprising an active agent, an
enteric éystaa and an organic based cellulose acetate phthalate
alcohol protectant, wherein the alcochol protectant is in an amount
of from 10% to 500% by welght gain of each bead and wherein
formulation releasges legss than 50% o©of the active agent in 20%
ethanelic acid (0.1N HCL} in 2 hours compared to a commercially
eguivalent formulation when both are placed in the same alcohcol

environment.



[0007¢] In another aspect, there 1s provided an alcochol
registant pharmaceutical composition comprising an active agent, an
enteric system containing an enteric component sgelected from the
group consisting of aguecus and organic based hydroxyl propyvl
methyl cellulose acetate succinate, poly vinyl acetate phthalate,
organic based cellulose acetate phthalate, and poly {(methacylic
acid-co-ethyl acrylate) anionic¢c copolymers and an alcoheol

protectant containing an organic based cellulose acetate phthalate.

[0007d] In another aspect, there ig provided an alcochol
resistant pharmaceutical mulitiparticulate composition comprising a
plurality of beads wherein sach bead comprises an active agent, an
enteric sYstem containing an enteric component selected from the
group consisting cof agueous and organic based hydroxyl propyl
methyl cellulose acetate succinate, poly vinyl acetate phthalate,
organic based celliulcose acetate phthalate, and poly (methacylic
acid~co-ethyl acrylate) anicnic copolymers, and an alcohcl

protectant containing an organic based cellulose acetate phthalate.

[o008] In another embodiment, the present disclosure 1is
related to a composition having an alcochol protectant that
prevents release of the active agent from the composition when
placed in an alcohol environment in an amount that is less than
the amount of active agent released by the same composition

without the alcohol protectant in the same alcohol environment.

[0008] Also described is a method of treating a digease with
an active agent by administering to a patient afflicted with the
disease an effective amount of an alcohol-registant
pharmaceutical composition comprising the active agent suitable

for treating the dissase.
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f0010] In a further embodiment, the present disgclosure is
related to an alcohol resistant pharmaceutical composition having
an active agent and an alcohol protectant, which alcohol
protected formulation has a similar in vitro dissolution profile
in 40% ethanolic acid ({0.1N HCl} for 2 hourg (USP I or III}
followed Dby phosphate buffer pH 6.8 (USP I or II) for 4 hours

when compared to a commercially eqguivalent product.

[o011] In yet a further embodiment, the present disclosure is
related to an alcohol protected formulation that bioceguivalent to

a commercially equivalent product.

BRIEF BESCRIPTICN OF THE DRAWINGS
[0012] Fig 1 is a plot of the average released amount of drug,

duloxetine hydrochloride (% released) over time {(min) in 5%, 20%,
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and 40% ethanolic acid of uncoated, commercially avallable
Cymbaltam beads (Example 1).

[0013] Fig. 2 is a plot of the average released amount of
drug, duloxetine (% released) over time (min) in 40% ethanclic
acid of ‘(1) uncoated, commercially available Cymbalta® beads
(Example 1}; (2) Cymbalta® beads coated with agueous-based CAP
(AQUACOAT - CPD by FMC Biopolymer of Philadelphia, PA) (Example
20); and (3) Cymbalta@ beads coated with organic-based CAP

dispersion {Example 7).

{0014] Fig. 3 is a plot of the released amount of drug,
duloxetine (% released) over time (min) in 40% ethanolic acid of
Cymbalta® beads coated with aqueocus sodium alginate and organic-
based CAP dispersicon (Example 9) and Cymba,lta@ beads coated with
agueous HPMC/Polyplascione@ XL and organic-based CAP dispersion
{Example 10).

[0015] Fig. 4 is a plot of the released amount of drug,
duloxetine (% released) over time (min) in 40% ethanolic acid of
Cymbaltag beads coated with agueous HPMC and organic-based CAP
dispersion (Example 11) and Cymba.lta® beads coated with aqueous
HPMC and organic-based CAP dispersion (Example 12).

[0016] Fig. 5 dis a plot of the released amount of drug,
duloxetine (% released} over time (min) of the following samples
in 0.1N HC1l {2 hrs) and phosphate buffer (pH 6.8, 4 hrs) in USP
ITE (1) Cymbalta® beads coated with agueous sodium alginate and
organic-based CAP dispersion (Example 9}; (2) Cymbalta® beads
coated with agueous HPMC/ Polyplasdone® XI. and organic-based CAP
dispersion (Example 10); and (3) Cymbalta@ beads coated with
~agueous HPMC and organic-based CAP dispersion (Example 11);

foo17] Fig. 6 is a plot of (1) uncoated, commercially

available Cymbaltaw beads din 20% Ethanolic acid in USP III

{(Example 1b}; (2} Cymbalta@ beads coated with agueous HPMC and

organic-based CAP digpersion in 20% Ethanolic acid in USP III
5
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(Example 12}; (3) Cymbaltam beads coated with agueous HPMC and
organic-based CAP dispersion in 40% Ethanolic acid in USP III

(Example 12).

[oo1s] Fig 7 1is a plot of the released amount of drug,
duloxetine (% released) over time {min} of the following samples
in 0.1IN HCLl (2 hrs) and phosphate buffer (pH 6.8, 4 hrs) in USP
III (1) uncoated, commercially available Cymbalta® beads (Example
1); and (2) Cymbalta®’ beads coated with agueous HPMC and organic-
based CAP dispersion (Example 12)

[0018] Fig. 8 is a plot of the % release of duloxetine in 0.1
N HC1/40% ethanolic acid (2 hours) followed by phosphate buffer
(4 hours) of the formulation described in Examples 12,

[0020] Fig. 9 is a plot of the % release of fenofibric acid in
ethanolic phosphate (pH 3.5) for 2 hours followed by phosphate
buffer (pH 6.8) of TriLipix® as described in more detail at

Example 13.

(00213 Fig. 10 is a plot of the % release of fenofibric acid
in ethanolic phosphate (pH 3.5) for 2 hours followed by phosphate
buffer (pH 6.8) of a formulation of TriLipix® coated according to |
an embodiment of the invention as described in more detail at

Example 13.

[0022] Fig. 11 is a plot of the % release of esomeprazole
magnesium from NEXIUM® beads in 0.1IN HC1/40% ethanolic acid (2
hours) followed by phosphate buffer (4 hours) of the £0rmulati6n
described in Examples 13.

(0023} Fig. 12 is a plot of the % release of esomeprazole
magnesium from NEXIUM® beads coated with 63% and 77% CAP in 0.1N
HC1/40% ethanolic acid (2 hours) followed by phosphate buffer (4

hours) .
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[0024) Fig. 13 1is plot of the % release of esomeprazole
magnesium from NEXIUM® beads and CAP coated NEXIUM® beads in 6.1
NECl followed by phosphate buffer (4 hours).

[0G25] Fig. 14 1is plot of the % release of esomeprazole
magnesium from NEXIUM® coated with 30% Eudragit § in 0.1N HC1l/40%
ethanolic acid (2 hours) followed by phosphate buffer {4 hours).

[0026] DETAILED DESCRIPTION OF THE INVENTION

[06027] The FDA has indicated that for controlled release
dosage forms, in vitro testing for alcchol-induced dose dumping
may be advisable as a routine characterization test. Not only
would these test be relative to opioids, such a hydormorphone an
morphine, it would be recommended for certain other drugs, forxr
example but not limited to, drugs with a narrow therapeutic index
or drugs that if dose dumped result in dire consequences of high
Crax ©r low Cpin or drugs that if dumped would result in adverse
toxicological events. FDA prefers that formulations be made
ethancl-resistant by design, rather than simply a confirmation
that dose dumping does not occur through an in vivo study. {cf.
Summary of FDA's position on alecohol-induced dose dumping as
presented at the Pharmaceutical Sciences Advisory Committee
Meeting Oct. 26, 2005).

[0028] The FDA has suggested conducting the in-vitro
dissolution testing of the controlled release dosage forms for
two hours in varying éoncentrations of Ethanolic HCl (¢.1N}, such
as 5% Ethanclic HCL (0.iN}, 20% Ethanolic HCL (0.1N), and 40%
Ethanclic HC1 (0.1N) sampling every 15 minutes when appropriate
followed by a phosphate buffer bath at pH 6.8 for four (4) houré.
Bath conditions are determined appropriately based upon the
dosage form, and include U.S. Pharmacopeia Apparatus (USP) I
(basket, 40 mesh) paddle speed 75 rpm (media volume: %00 wlL @
37°C) with a weight based equivalent of 60 mg of active agent or
USP IIT (40 mesh) media volume 250 mL 37°C with a weight based
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equivalent of 15 mg of active agent. (See Dissolution Testing:
An FDA Perspective, AARPS Workshop, Physical Pharmacy and
Biopharmaceutics, Division of Bioequivalence-2, Cffice of Generic
Drugs, CDER/FDA, 13 May 2009) Such a test was used to study the
pharmaceutical formulations of the present invention. As of the
2009 AAPS Workshop, the FDA does not request dissolution profiles

in multimedia for DR products.

[00259] In one asgpect, the present invention is directed to
thoge active agents that should not be allowed to dissolve in the
stomach, e.g. because they are not absorbed, or they may undergo
acid degradation or théy may irxritate the stomach, but are
dissolved when the dosage form reaches a more neutral pH, such as
that of the lower or small intestine. Typically, these active
agents would'require a pharmaceutical formulation that prevents
dissolution in the stomach - commonly referred to as enteric
formulations (“EC”) or delayed release (“DR”) formulations. In
contrast to these formulations are other formulations referred to
as “extended release ER or XR,” “controlled release CR,” “once-
daily”, or “once-a-day” products {see e.g., COREG® CR (once—awdéy
carvedilol phosphate, GlaxoSmithKline) and ADDERALL® XR,
(amphetamine, dextroamphetamine mixed salts, Shire US Inc.)).
Thegse non-enteric formulations are specifically designed to
release a portion of the active agent in the stomach as well as

release active agent in the small intestines in a controlled

manner. Notwithstanding whether the product is called
“controlled release,” “extended release,” “once-daily”, or “once-
a-day” for the purposes on this invention, the critical

determination is whether the pharmaceutical formulation does or
does not allow the release of the active agent in the stomach.
According to one exemplary embodiment, the present invention is
directed to those active agents that should not be allowed to

significantly dissoclve in the stomach.
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f00301] The term “dumping” as used herein describes either a
catastrophic release of the active or a release which would not
be biocequivalent according to FDA standards for Chax, Toax and/or
AUC parameters. The United States Food and Drug Administration
{FD2) has defined Dbioceguivalence as, “the absence of  a
significant difference in the rate and extent to which the active
agent or active wmoliety in pharmaceutical equivalents or
pharmaceutical alternatives becomes available at the site of drug
action when administered at the same molar dose under similar
conditions in an appropriately designed study.” (¥FDA, 2003) In
other words, the FDA considers two producte bioeguivalent if the
90% CI of each or all the relative mean Cuax, AUC(o-ty and AUC(g.«
of the test formulation to reference formulation should be within
80.00% to 125.00%.

[oo31] When biocequivalency studies cannot be completed because
it would put the subject harms way, an in vitro dissoclution test
of the test formulation is compared to a reference formulation
{e.g., a commercially equivalent product). This is an FDA
acceptable determination of whether the test formulation (e.g.,
the alcohol protected formulation of the present invention) is
equivalent to the reference formulation (e.g., a commercially
eguivalent product). When comparing the test and referenée
formulations, dissolution profiles should be compared using a
similarity factor (£2). The similarity factor is a logarithmic
reciprocal square root transformation of the sum of squared error
and i1s a measurement of the similarity in the percent (%) of
dissolution between the two curves. Two dissolution profiles
are considered “similar” when the £2 value is 250. See Waiver of
In Vivo Bicavailability and Biceguivalence Studies for Immediate-
Release Solid Oral Dosage Forms Based on a Biopharmaceutics
Classification System, U.S. Department of Health and Human
Services, Food and Drug Administration Center for Drug Evaluation

and Research (CDER), August 2000.
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[O032] There are a number of known formulations to prevent
release of the active agent from the formulation as it passes
through the stomach. Examples include those formulations
discussed in U.S. Patent Nos. 7,011,847; 6,159,501; 5,273,760;
and U.S. Published Patent Applns. 2008/0085304; 2004/0170688; and
2008/0226711 herein incorporated by reference. |

[0033] Materials used in these systems include, for example,
fatty acids, waxes, shellac and plastics. Typically, the
materials that make of such systems are segregated into two
groups: agueocus-based and solvent-based systems. Most enteric
systems work by presenting a surface that is stable at the highly
acidic pH found in the stomach, but breaks down rapidly at a less
acidic ({relatively wmore basic) pH. For example, the enteric
systems will not dissolve in the acidic Juices of the stomach
{about pH 3), but they will dissolve in the higher pH (approx.

above pPH 5, such as 5.5} environment present in the small

[0034] Any system that prevents dissolution of the active
agent in the stomach, including but not limited to those
exemplified above, are herein referred to collectively as
“enteric systems.” Non-limiting examples of entexric systems
include agueous and Drgaﬁic based HPMC-AS: hydroxyl propyl methyl
cellulose acetate succinate -HF (AQOAT sold by Shin-Etsu Chemical
Co., Ltd. of Japan); PVAP: poly vinyl acetate phthalate
(SURETERIC by Colorcon, Inc., Harleysville, PA); agueous-based
CAP: cellulose acetate phthalate (AQUACOAT®-CPD by FMC Biopolymer
of Philadelphia, PA); organic based CAP: cellulose acetate
phthalate (Eastman C-A-P, Eastman Co.); poly(methacylic acid-co-
ethyl acrylate) anionic copolymers sold under the tradename

EUDRAGIT" grade L, 8, and FS (Evonik Degussa, Darmstadt, DE}.
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{0035} The enteric system is applied to the dosage form as a
layer or coating, or is in the form of a matrix. The enteric

gystem is a single material, or a combination of materials.

[0036] Exemplary commercially available pharmaceuticél
formulations that employ an enteric system in the form of a
coating or layer to prevent the active agent from dissolving in
the stomach include CYMBALTA® (duloxetine HCl, Lilly USA, LLC);
NEXIUM® (esomeprazole, AstraZeneca LP); ACIPHEX® (rabeprazole
sodium, Eisai Inc. and Ortho-McNeil-Janssen Pharmaceuticals,
Inc.); ASACOL® HD (mesalamine, Procter & Gamble Pharmaceuticals,
Inc.); LIALDA® (mesalamine, Shire US Inc.); PENTASA® (mesalamine,
- Shire US Inc); ENTECORT® EC (budesonide capsules, AstraZeneca
LP); LAMICTAL® XR (Lamotrigine tablets, GlaxoSmithKline) ;
KAPIDEX® (dexlansoprazole, Takeda Pharméceuticals North America,
Inc.); Creon® (pancreatin capsules, Solvay &.A); ULTRASE®
{pancrelipase capsules, Axcan Pharma Us); PROTONIX®
{pantoprazole, Pfizer Inc.); DEPAKOTE® (divalproex sodium, Abbott
Laboré.tories); PROLOSEC® {omeprazole, AstraZeneca LP); PREVACID®
(lanzoprazole, Novartis Consumer  Health, Inc.); ARTHOTEC®
(diclofenac sodium, Pfizer Inc.); STAVZOR® (valproic acid, Noven
Therapeutics LLC); TRILIPIX® (fenofibric acid delayed release
capsules, Abbott Laboratorieg); and VIDEX® EC (didanosine,
Bristol-Myers Saguibb).

[0037] Exemplary active agents {whethexr available in
commercially sold products or not) that employ or may employ an
enteric layer to prevent the active agent from dissolving in the
stomach include aspirin, bisacodyl, naproxen, erythromycin,
sodium rabeprazole, adenovirus vaccine type 4, calcitonin,
darapladib, mesalzine, alendronic acid, eprcotirome, NE-F
(Nephritic factor), glatiramer, CH-1504 (a non-metabelized
antifolate from Chelsea Therapeutics International, Ltd.),
ORAZOL® (bisphosphonate (zoledronic acid) compound, Merrion
Pharmaceuticals), mercaptamine, larazotide, and oral insulin.
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[0038] The present invention is not limited to the currentily
commercialized enteric dosage forms and is contemplated to be
used with an active agent that is susceptible to ethanol-induced
dumping.

[0039] An exemplary embodiment of the alcchol-resistant
pharmaceutical composition of the present invention utilizes an
*alcohol protectant” to prevent or retard ethancol-induced dumping

of the active agent from the dosage form.

[0040] The alcohol protectant may be a single material, e.g. a
polymer, or a combination of materials, e.g., a combination of
polymers in an excipient solution. The alcohol protectant is

deposited in layer or coating, or it is in the form of a matrix
in alternative embodiments. Suitable alcohol protectant
materials include, but are not limited, to organic based
cellulose acetate phthalate, ammonium methacrylate copolymers,
methacrylate ester copolymers, methacrylic acid copolymers,
natural and synthetic starches, polyalkylene oxides, and natural
and synthetic celluloses including modified celluloses such as
hydroxypropylmethyicellulose (HPMC), hydroxypropylcellulose (HPC)
hydroxymethylcellulose {HMC) , methylcellulose {(MCy,
hydroxyethylcellulose (HEC), and carboxymethylcellulose (CMC),
waxesg such as insect and animal waxes,.vegetable waxes, minergl

waxes, petroleum waxes, and synthetic waxes.

(0041} In an exemplary embodiment, the alcohol protectant is
an organic based cellulose acetate phthalate sold under the trade
name EBastman C-A-P® or Cellacefate, NF by the Eastman Chemical

Company, Kingsport, TN USA.

[o042] The alcohol protectant may be present in the
formulation in an amount sufficient to impart alcohol resistance
at a given ethanolic concentration. According to one aspect of
the invention, the alcohol protectant is add to a commercially

eguivalent formulation in an amount of 20%, 25%, 30%, 35%, 40%,
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45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% 100%, 150%,
200%, 250%, 300%, 350%, 400%, 450% and 500% by weight gain.

10043] The pharmaceutical composition of the present invention
ig alcohol resistant based upon a relationship between the
percentage release of active agent from the dosage form in an
alcohol enviromment, or in an non-alcohol senvironment after the
dosage form was exposed to an alcochol environment. In other
exemplary embodiments, the present invention is an alcohol-
resistant pharmaceutical composition that provides resistance to
ethanol-induced dumping and is bicequivalent to the commercially

equivalent formulation of the active agent.

[0044] As discussed previocusly, in order to quantify the
resistance to ethanol-induced dumping, a dissclution test was
performed in 5%, 20%, and 40% ethanolic HCl (see FDA Guidelines
discussed above) for two hours. Applicants added ethanolic

concentrations at 30% and 35% as well.

[0045] In another experiment to guantify the resistance to
‘ethancl-induced dumping, two, separate dissolution tests were
performed, one in 0.1N HCI (2 hours, as described above}, then
another (using a different sample) in phosphate buffer pH 6.8 (4

hours). The dissclution profiles of each were then analyzed.

[0046] In vyet another experimental design to gquantify the
“resistance to ethanol-induced dumping, sequential dissolution of
* the same sample was performed. This dissolution test involved
dissgolution in ethanolic acid (2 hours) followed by phosphate
buffer pH 6.8 (4 hours). The sequential ethanoclic acid and
phosphate buffer baths are intended to mimic in vivo conditions
of a person imbibing alcohol concomitantly  with  the
administration of the dosage form. The dosage form that would
first ©pass through the alcoholic/acidic stomach (average
gastrointestinal residence time ~ 2 hrs) and then pass through

into the small intestines, which are at a more neutral pH
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(average gastrointestinal residence time ~ 4 hrs). Ethanol is
not believed to be in the lower intestine as is it rapidly
absorbed in the stomach.

[0047] Dissolution studies were performed using USP Apparatus
I (Baskets, 40 mesh) @ 75rpm [Media Volume: %00mL @ 37°Cl with a
60 mg weilght equivalent of active; and USP Apparatus III (40
mesh) [Media Volume: 250 mL @ 37°C] with a 15 mg weight

equivalent of active.

[0048] One would not want the enteric coat of a formulation
containing an active agent known to form toxic degradents in the
stomach to fail when exposed to an alcochol environment. One such
product that suffers this fate is CYMBALTA® (enteric coated
‘duloxetine HCl) sold by Lilly, Inc. As reported in The
Rearrangement of Duloxetine Under Mineral Acid Conditions, RJ
Bopp, AP Breau, TJ Faulkinbury, PC Heath, C Miller, 206th Natl.
Am. Che. M. Soc. Meeting; Mar 13 1993, Abstract# 111; duloxetine
HCl rapidly undergoes solvolysis and rearrangement in agueous HCL
to yield a 1-({(2-thieayl)carbinol, naphthol, and a 1-(2-thienyl)
2- and 4-substituted naphthols.

[0049] Now consider an enteric-coated formulation containing
an active which is not known to cause toxic effects if allowed to
dissolve or even dose-dump in the stomach, but rather tﬁe
consequence of dose dumping is a sub-therapeutic effect of the
active. One such example of this is TriLipix® (fenofibric acid
also referred to as choline fenofibrate), manufactured by Abbott
Laboratories of North Chicago, IL. aAbbot conducted a series of
studies demonstrating that £fenofibric acid immediate release
tablets had a significantly higher (1.4 £fold) Cmax, a lower (0.67
fold) Tmax, and a fed/fasted variability compared to Tricor®-145
(fenofibrate). Their reglospecific study led to the conclusion
that in order to develop a formulation bicequivalent to the

commercially available fenofibrate tablet, the release profile of
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the formulation containing fenofibric acid (i.e., TriLipix®)
needed to be slowed in order to match the slower absorption
properties of fenofibrate (Tricor®-145) in the GI tract. See
TriLipix® SBA Study K LF178P 03 03 KH 05 02 (regiospecific study)
page 43. With this in mind, according to the Summary Basis of
Approval, the Trilipix’  Medical Review Table 7.2.1.D.
Demographics and Baseline Characteristics for Study M05-758
identified 52.3% of the target patient population of TriLipix® as
"“Drinkers,” 7.2% as “Ex-Drinkers,” as 40.5% were “non-drinkerg.”
Thus, should the fenofibric acid of Trilipix® be allowed to
release in the stomach as a consequence of ethanol-induced
dumping, it would result in a higher Cmax and shdorter Tmax of the

active ingredient.

[0050] In one embodiment, the present invention prevehts or
retards ethanol-induced dumping of the active agent of the
formulation to the degree where no measurable active agent is
releagsed when the desage form i1s placed in  40% ethanol.
Accordingly, the alcohol protectant imparts resistance to
ethanol-induced dumping when not more than 1%, 2%, %, 8%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
B0%, 85%, 90%, 95%, or 99%, of the active is released from the
dosage form in 40% ethancl after 0.25, 0.5, 0.75, 1, 1.25, 1.5,
1.75, or 2 hrs. Additionally, the alcohol protectant imparts
registance to ethanol-induced dumping when not more than about
1%, 2%, 5%, %, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 53%,
60%, €5%, 70%, 75%, B80%, 85%, 90%, 95%, or 99% of the active is
released from the dosage form in 35% ethancl after 0.25, 0.5,
.75, 1, 1.25, 1.5, 1.75, or 2 hrs. Yet additionally, the
alcohol protectant imparts resistance to ethancl-induced dumping
when not more than about 1%, 2%, 5%, 8%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
or 99% of the active is released from the dosage form in 30%

ethanol after 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.78, or 2 hrs.
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Still yet, the alcohol protectant imparts resistance to ethanol-
induced dumping when not more than about 1%, 2%, 5%, 8%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, B85%, 90%, 95%, or 9%% of the active is releagsed from the
dosage form in 20% ethanol after 0.25, 0.5, 0.75, 1, 1.25, 1.5,
1.75, or 2 hrs. Still further yet, the alcohol protectant
imparts resistance to ethanol-induced dumping when not more than
about 1%, 2%, 5%, 8%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% of the
active is released from the dosage form in 5% ethanol after 0.25,
0.5, 0.75, 1, 1.25, 1.5, 1.75, or 2 hrs.

[0051] In another embodiment, the invention is directed to a
formulation that prevents or retards ethanol-induced dumping of
the_active agent where the amount of the aciive agent released is
legs than the amount of active agent released from a commercially
equivalent formulation. By “commercially equi%alent formulation
or product” it 1is understood to mean that formulation of the
active agent which is approved for use by the FDA, but which does
not have the alcohel protectant feature of the present invention.
For example, according to this embodiment, the invention is
directed to a formulation where an amount of active agent is
released in the presence of alcohol, but that amount is less than

the amount released by the commercially equivalent formulation.

[0052] Accordingly, the alcohol protectant imparts resistance
to ethanol-induced dumping when not more than 1%, 2%, 5%, 8%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 9%%, or 99%, of the active is released from
the dosage form in 40% ethanol after 0.25, 0.5, 0.75, 1, 1.25,
1.5, 1.75, or 2 hrs when compared to the amount of active agent
released by the commercially equivalent formulation in the same
concentration of ethancl for the same time. Additionally, tbe
alcohol protectant imparts resistance to ethanol-induced dumping
when not more than about 1%, 2%, 5%, 8%, 10%, 15%, 20%, 25%, 30%,
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35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
or 99% of the active is released from the dosage form in 35%
ethancol after 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, or 2 hrs when
compared to the amount of active agent released by the
commercially eguivalent formulation in the same concentration of
ethancl for the same time. Yet additionélly, the alcohol
protectant imparts resistance to ethanol-induced dumping when not
more than about 1%, 2%, 5%, 8%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
99% of the active is released from the dosage form in 30% ethanol
after 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, or 2 hrs when compared
to the amount of active agent released by the commercially
equivalent formulation in the same concentration of ethanol for
the same time. Still wvet, the alcohol protectant imparts
resistance to ethanol-induced dumping when not more than about
1%, 2%, 5%, 8%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 20%, 95%, or 9%% of the active is
released from the dosage form in 20% ethancl after 0.25, 0.5,
0.75, 1, 1.25, 1.5, 1.75, or 2 hrs when compared to the amount of
active agent released by the commercially equivalent formulation
in the same concentration of ethanol for the same time. 8till
further vyet, the alcochol protectant imparts regigtance to
ethanol-induced dumping when not more than about 1%, 2%, 5%, 8%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 99% of the active ig released from
the dosage form in 5% ethanol after 0.25, 0.5, 0.75, 1, 1.25,
1.5, 1.75, or 2 hrs when compared to the amount of active agent
released by the commercially equivalent formulation in the same

concentration of ethancl for the same time.

[0053] In another aspect, the invention is related to
formulations that do not dose dump in an alcochol environment, and
when subseguently placed into a phosphate buffer (to gimulate the

digestive track changes in pH downstream of the stomach) have
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substantially the same release profile when compared to the same
formulation in  phosphate Dbuffer dissolution, where the
formulation has not undergone previous exposure to ethanolic
acid. In this aspect of the invention, the formulation of the
invention has a release rate in phosphate buffer that is not
substantially affected by the previous exposure to an alcohol
environment. Table 2 shows some commercially available dosage
forms (i.e., commercially equivalent dosage forms) that appear to
be robust in an ethanolic acid environment, but when subsequently
tested in phosphate buffer, show a change in their dissolution

rate.

[0054] Table A

Brug Product  §Single Stage |2 Stage RMedia (0 - 2 ) hr§Coating (& inactive ingredients)
Wedia (0-2) hr in 01N HCI, 40%
in 0.1 NHCl JAlcohol (2~ 4h}rin
and 40% Phosphate Buffer, pH )
Aciphex DR No peaks Drug released 10min Sugar spheres, magnesium carbonate, sucrose, low-
Tablets abserved sarlier after 40% Alcohol Isubstituted hydroxynropyl cotlulose, titanium dioxide,
{Rabeprazoie treatment than in 0.1N hydroxypropyi celiulose, hypromeliose 2810, talc, methacrylic
sodium} HCI alone. acid copolymer, polyethylene glycol 8000, triethyl citrate,
polysorbate 80, and colioidal silicon dioxide.
Bead 1. Eudragit L30 D-85 or Eudragit L100-55
Bead 2: Blend of Eudragit 5100 and Eudragit L-100
Kapidex DR Mo peaks Significant difference in
Capsuies chserved drug release rate, i
{Dexiansoprazole) Collcidal silicon dioxide; crospovidone; hydrogenated castor oil;
‘ typromellose, lactose; magnesium stearate; methacrylic acid
copoiymer; microcrystaliine cellulose, povidone (polyvidone) K-
30; sodium hydroxide; starch (corn); tale; tristhyl citrate.
[00585] According to this embodiment of the invention, the

formulation of the invention do not dose dump in an alcohol
environment, and when subsequently placed into a phosphate
buffer, demonstrates substantially the same in vivo bioceguivalent
pharmacokinetic profile and/or similar in vitro dissolution
profile when compared to the same formulation in phosphate
buffer, but which has not been previously exposed to an alcohol

environment.,
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[0056] Accordingly, the alcohol protectant imparts resistance
to ethanol-induced dumping when, after 2 hours in ethanolic acid
(40% ethanol in O0.1IN HCl), no measureable active agent is
released and the difference between the amount of active agent
released by the alcohol protected formulation of the invention
and that amount released by the commercially equivalent
formulation when both formulations are subsequently placed in
phosphate buffer pH 6.8 (4 hours) is 1%, 2%, 5%, 8%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 9%%%. The alcohol protectant imparts resistance
to ethanol-induced dumping when, after 2 hours in ethanolic acid
(35% ethancl in O0.1IN HCl), no measureable active agent is
released and the difference between the amount of active agent
released by the alcohol protected formulation of the invention
and that amount released by the commercially equivalent
formulation when both formulations are subsequently placed in
phosphate buffer pH 6.8 (4 hours) is 1%, 2%, 5%, 8%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 99%. The alcohol protectant imparts resistance
to ethanol-induced dumping when, after 2 hours in ethanolic acid
{(30% ethanol in 0‘.1N HCl), no measureable active agent is
released and the difference between the amount of active agent
released by the alcohol protected formulation of the invention
and that amount released by the commercially eguivalent
formulation when both formulations are subseqguently placed in
phosphate buffer pH 6.8 (4 hours) is 1%, 2%, 5%, 8%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 99%. The alcohol protectant imparts resistance
to ethanol-induced dumping when, after 2 hours in ethanolic acid
(20% ethancl in 0.1N HCl), no measureable active agent 1is
released and the difference between the amount of active agent
released by the alcohol protected formulation of the invention

and that amount released by the commercially eguivalent
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formulation when both formulations are subsequently placed in
phosphate buffer pH 6.8 (4 hours) is 1%, 2%, %, 8%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 20%, 95%, or 9%%. The alcohol protectant imparts resistance
to ethanol-irduced dumping when, after 2 hours in ethanolic acid
(5% ethanol in 0.1N HCl), no measureable active agent is released
and the difference between the amount of active agent released by
the alcochol protected formulation of the invention and that
amount released by the commercially equivalent formulation when
both formulations are subseguently placed in phosphate buffer pH
6.8 (4 hours) is 1%, 2%, 5%, 8%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 20%, 95%, or
99%.

[0057] According to one exemplary embodiment of the alcohol-
resistant pharmaceutical composition of the invention where the
dosage form is a multiparticulate, the alcohol protectant is
applied as a layer or coating during the manufacturing of the
dosage form. It is not important that the coating or layer
formed with alcohol protectant may have slight or microscopic
gaps, cracks, crevices, or holes. Rather, the critical feature
is whether the coating or layer imparts the formulation with

registance to ethanol-induced dose dumping.

[0058] In the embodiment where the alcohol protectant is a
layer or coating, the alcohol protectant is exterior to the
active agent, whether that active agent is part of a core, layer
or dispersed within a matrix. For example, in one embodiment,
the alcochol protectant may be applied as a coating directly to
the active agent in bulk form. For example, typical bulk drug
has a particle size greater than 10 pm,‘ These bulk drug
particles may be directly coated with the alcohol protectant and
then compressed into a tablet, which tablet receives an enteric
coat. Alternaﬁively, the alcohol-protected coated drug particles
may be placed within a matrix, which is made from an enteric
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material, or which matrix is itself coated with an enteric coat.
In a further embodiment, the material that comprises the alcohol
protectant is not a layer or coating, but is co-mixed, admixed,
commingled with or blended with the active agent within the

dosage form.

[0059] In some embodiments, the ability to prevent the active
from dose dumping in the presence of alcohol and the ability to
prevent the active from dissolving in the acidic enviromment of
the stomach are embodied in a combination of materials or
polymers combined in an excipient mixture or embodied in a single
polymer system and disposed in a layer, coating or formed into a
matrix. For the purposes herein, it is understood that when
referring to the alcohol protectant, it is envisage that it may
have enteric properties. Likewise, it is understood that when
referring to the enteric material, it is envisage that it may

retard ethanol induced dose dumping.

{00607} In the embodiment where the dosage form is a
multiparticulate bead, to apply the alcohol layer onto a
multiparticulate bead, the beads (30g io 50g) were coated using
fluidised bed coater {(Mini Vector, MFL 01)}.

[0061] The amount of alcchol protectant (and disintegrant
discussed below) included in the alcohol-resistant pharmaceuticél
composition of the present invention 1s determined by a
percentage weight gain. For example, in the embodiment where the
dosage form is a multiparticulate bead, the bead to be coated
weighs 10 gm and a 10% by weight layer of alcohol protectant is
to be coated thereon, then a sufficient amount of alcohol
protectant layer 1s sprayed onto the bead so that the total
weight of the bead would increase to 11 gms. Mathematically,
(1gm of added alcohol protectant/10gm original bead
weight) *100%=10% weight gain). In another example, if one

desires to add a disintegrant {(discussed in more detail below) to
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a bead with a 20% weight gain, then one would spray enough
disintegrant material onto the bead in a layer or coating to add
2 gms of weight to the bead. If one wants to add the alcohol
protectant onto this bead (which now has a total weight of 12 gm)}
at a 50% weight gain, one would spray a sufficient amount of
alcohol protectant material to bring the total weight of the bead
to 18 gm ({6gm of zlcohol protectant material / 12 gm bead)*100%
is 50% weight gain).

[0062] The alcohol protectant material is present in the
dosage form in an amount that provides a percentage weight gain
ranging from 20% to 80%, 30% to 70%, 40% to 60%, or 45% to 55%.
Altermatively the alcohol protectant material is present in the
dosage form in an amount that provides a percentage weight gain
of about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, &65%, 70%,

75%, or 80%.

[0063] In a further embodiment, the present invention includes
a disintegrant which is comprised of a swellable material and/or

a superdisintegrant.

{00641 Exemplary swellable materials include, but are not

limited to, agar, alginic acid, carbomers, carregeenan, cellulose

acetate, chitosan, guar cum, hydrcxyproyyl cellulose,
hypromellose, hypromellose acetate succinate, hypromellose
phthalate, methyl cellulose, poloxamer, polycarbophil,

polyethylene oxide, povidone, sodium hyaluronate, xanthan gum,
and zein. The swellable material present in the disintegrant is
in-an amount of from about 1%, 2%, 3%, 5%, 7%, 9%, 10%, 12%, 14%,
15%, 17%, 18%, 20%, 22%, 23%, 24%, 25%, 27%, 28%, 30%, 32%, 35%,
38%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80, 85%, 920%, 95%,
98%, 99%, or 100% (when the disintegrant is all swellable

material).

[0065] Exemplary superdisintegrants include, but are not

limited to Polyplasdone® XL or XL-10 (l-ethenylpyrrolidin-2-one,
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isP Pharmaceuticalsis, Columbia, MD) ; calcium alginate,
carboxymethylcellulose calcium, carboxyﬁethylcellulose sodium,
cellulose, chitosan, colloidal silicon dioxide, croscarmellose
sodium, crospovidone, docusate sodium, guar gum, hydroxypropyl
cellulose, magnesium aluminium silicate, methylcellulose,
microcrystalline cellulose, polarcrillin potassium, povidone,
sodium alginate, sodium starch glcolate, and starch. The

superdisintegrant is present in the disintegrant is in an amount

of from about 1%, 2%, 3%, 5%, 7%, 9%, 10%, 12%, 14%, 15%, 17%,
19%, 20%, 22%, 23%, 24%, 25%, 27%, 29%, 30%, 32%, 35%, 38%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, B0, 85%, 920%, 95%, 98%, 99%,
or 100% {(when the disintegrant is all superdisintegrant).

jooes] . The disintegrant (whether comprised solely  of

superdisintegrant or a combination of superdisintegrant and
swellable material) 1s present in the dosage form in an amount

that provides a percentage weight gain ranging from about 20% to

80%, 30% to 70%, 40% to 60%, or 45

oe

to B55%. Alternatively the
digintegrant is present in the dosage form in an amount that
provides a percentage weight gain of 20%, 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, or 80%.

[0067] Under certain circumstances, the alcohol protectant may
interact with the active agent an effect the dissolution/release
of the active. Accordingly, in vyet another embodiment, the
alcohol-resistant pharmaceutical composition includes a barrier

material disposed between the active agent and the alcohol

protectant.

EXAMPLES
[006e8] The following examples are given to i1llustrate the
present invention. I+ should be understood, however, that the

invention is not to be limited to the specific conditions or

details described in these examples.
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[0062] Table 1 tabulates the studies conducted on the
commercially available Cymbalta® duloxetine HCL immediate release

capsules.

Table 1

Cymba}.ta@’ >98 {UsPp measurablel>99 (USP
Example 1a [beads NOME N/A 80 {(Usr I)iT) drug )

No

Cymbalta® >99 (USP measurablel>99% (USSP

1b beads NONE w/A ITE) Not Tested f[drug ITI}
EXAMPLE 1 (a and b)
[0070] Commercially available Cymbalta® (duloxetine HCl) 60

mg, delayed release capsules (referred to herein as “Cymbalt‘a@
beads”) released 80% drug at 2 hrs in 20% ethanolic acid (USP I)
and substantially all the drug was released at 2 hrs in 40%
Ethanolic acid (USP I). Cymbalta® beads released substantially
all the drug at 2 hrs in 20 % ethanolic acid while using USP III.

[0071] Further dissolutlion testing was conducted in 0.1N HCL
(two hours, USP I and USP III) followed by phosphate buffer (pH
6.8, 4 hours, USP I and USP III). No measurable drug was

released in the acid and substantially all the drug was releasged

in phosphate buffer after 4 hours.

Table 2 tabulates the results described in Examples 2-5.

Tabie 2
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Pable 2

Example Za

Cymbaltam
beads

agueous
hydroxyl propyl
methyl
cellulose

acetate
succinate-HF

15

PCT/US2011/627736

60

=99

2b

Cymbaltaﬂ
beads

aguaous poly
vinyl acetate
phthalate

15

Not
Tested

>80

2¢

Cymbaltam
beads

agqueous CAP

10
and
50

Not
Tested

>899

>898

Example 3

Cymbalta@
beads

organic-based
ethyl acrylate,
methyl
methacrylate

polymers50:50

ratio

40

=20

»99

Example 4

Duloxetine
IR beads

organic-based
ethyl acrylate,
methyl
methacrylate
polymers 50:50

30

>90

Not
Tested

Duloxetine
IR beads

ratio
crganic-based
ethyl acrylate,
methyl
methacrylate
polymers 40:60
ratio

30

>99

Not
Tested

Duloxetine
IR beads

organic-~based
ethyl acrylate,
methyl
methacrylate
polymers 60:40
ratio

30

=399

Not
Tested

Example 5

Cymba].'t.:a.‘m
beads

organic-based
ethyl acrylate,
methyl
methacrylate
polymers 50:5%0
ratio filled in
V-Caps®

50

39

EXAMPLE 2 (a, b, and c¢)

[0072] Cymbalta® coated with agueous based enteric dispersions

such as Hydroxyl Propyl Methyl Cellulose Acetate Succinate -HF
{AQOAT sold by Shin-Etsu Chemical Co., Ltd. of Japan), Poly Vinyl
Acetate Phthalate (SURETERIC® by Colorcomn,

25
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PA) and agueous-based Cellulcose Acetate Phthalate (AQUACOAT®-CPD
by FMC Biocpolymer of Philadelphia, PA) released substantially all
the drug at 2 hrs in 40% ethanolic acid.

EXAMPLE 3

T00731 Cymbaltdbbeads ccated with Eudragit? RS and Eudragit® L
(50:50) (ethyl acrylate, methyl methacrylate polymers, Evonik
Industries, Essen GE) {targeted 40% wt. gain) released less than
20% of drug 2 hrs in 20% ethanolic HCl (USP I} and released
substantially all the drug at 2 hrs in 40% ethanolic HCL.

[0074] The ethyl acrylate, methyl methacrylate mixture was
prepared by dissolving Eudragit® RS polymer in denatured
dehydrated alcohol in a low sheer mixer. Eudragit® 1. polymer was
added to the solution until dissolved. Triethyl citrate and talc
were added to the solution and mixed until well dispersed. The
final composition of the ethyl acrylate, methyl wmethacrylate

mixture that was coated on the Cymbalta? beads is set forth in
Table 3.

Table 3

Material Composition {g)
Eudragit® RS PO 3.5
Budragit® L 100 55 3.5
Triethyl Citrate 1.4
Talc 3.5
Denatured Dehydrated 83.2
Alcohel, USP (SDA-
3C)
Purified Water 4.9
Total 100.0

Total Scolid content: 11.9% w/w, Dry polymer content: 7.0% w/w

EXAMPLE 4
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[0075] Duloxetine  immediate release (“IR") beads were
manufactured by applying duloxetine dispersion (Table 4) on non-
peril sugar beads (Surespheresg, nonpareil spheres 30/35,

Colorcon Ltd.) using a fluid bed spray drier (Glatt 1.1).

Table 4
Material Composgition (g)

Duloxetine HC1 ' 7.0

hydroxypropylimethylce 5.0

llulocse

Purified Watex 88.0
Total 160.0

[0076] Duloxetine IR beads coated with Eudragit® RS and

Eudragitm L {(ethyl acrylate, methyl methacrylate polymers, Evonik
Industries, Essen GE) (50:50, 40:60 and 60:40) (30% - 42% target
wt. gain) released substantially all drug at 2 hrs in 20%
ethanolic HC1 (USSP I).

EXAMPLE 5

[0077] Cymbalta? beads coated with Eudragitm RS and Eudragit® L
(50:50) (ethyl acrylate, methyl wmethacrylate polymers, Evonik
Industries, Essen GE) (targeted 50% wt. gain) filled in V—caps®
(hydroxypropyl methylcellulose two-piece capsules by Capsugelm of
Greenwood, 8C) released 4% of drug at 2 hrs in 20% ethanolic (USP
I} and released 39% drxug at 2 hrs in 40% ethanolic acid (USP
ITII).
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Table 5
CAP
Example | Dulexetine | {Solvent )
[ IR beads baged) 50 25 Not Tested 1,5 60
38 and 31 No €5 and %4
R Cap 7 in 35% (UsP I and measurable (USSP I and
Exanple Cymbalta {(solvent ethohanolic IIx, drug IT1T,
beads baged) 42 acid respectively) release regpectively)
EXAMPLE 6
fooTel Tabulated in Table 5, Duloxetine IR beads coated with

Phthalate  {CAP) {(50%
targeted wt gain), released 25% of drug at 2 hrs in 20% sthanolic
HC1 (USSP I).

hourg, USP I) followed by phosphate buffer (pHE 6.8, 4 hours, USP

Cellulcse  Acetate solvent-dispersion

The dissolution was also conducted in 0.1N HCLI (two

0.1N 1.5% of drug was released. AL 4 nors

60

I}. At Z hrs in HCL,
%

in phosphate buffer, of drug was released.

[0079]
CAP in isopropyl alcohol and water.

The (AP golventi-dispersion was prepared by dissolving
Te that solution was added
triethyl citrate and talc. The solution was stirred for 12-15
minutes. The fimal CAP solvent-dispersion composition ig set

forth in Table 6.

Table 6

Material Composition (g)
Cellulose acetate B.6
phthalate
(Eastman CAP)
Triethyl Citrate 1.7
Talc 1.7
Purified Waterxr 2.0
Acetone 43,0
Iaopropyl Alcohol 43.0
(IPA)
Total 100.0
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Total Solid content: 12% w/w, Dry polymer content: 8.6 % w/w,

Plasticizer: 19.77% of polymer
EXAMPLE 7

[0080] Cymbaltégbeads-coated with CAP solvent-dispersion (42%
wt, gain) {as prepared in Example &) released 7% of drug at 2 hrs
in 35% ethanolic (USP I} and 36% of drug at 2 hrs in 40%
ethanclic HC1 (USP I} {31% when utilising USP III apparatus) (See
Table 5). Further dissclution testing was conducted in 0.1lN HCL
(two hours, USP I} followed by phosphate buffer (pH 6.8, 4 hours,
USP I}. At 2 hre in acid, no measurable drug was relesased. At 4
hrg in phosphate buffer, 65% of drug was released (USP I).

Utilising USP apparatug III, no meagurable drug was released in
the acid (0.1N HCl, two hours) and 74% of the drug was released

in the phosphate buf fer {(pH 6.8, 4 hours).

[co8L]

of the embodiments of the invention incorporating a disintegrant,

Examples 8-12, tabulated in Table 7, are illustrative

which comprises a swellable agent and/cor a superdisintegrant.

agqueous HPMC and Total 84%
Duiopxetine CAP (molvent {24 and 60 70 Mo meagurable 81
Example B IR heads based)} respectively} {USE I) drug release (USSP I}
23 and 17
. acueous sodium Total 101% {USP I and 55 and 87
Cymbalta alginate and CAP (2% and 75 III, Mo maagurable {USP T and YTIX,
Example 9 beads ({solvent based) raspectively} respactiveliy) drug release raspactively}
aguecus HPMC/ 38 and 30
. Poelyplaadone® XL Total 63% (Gsp I and 61 and 86
HBxample Cymbalta and CAP (sclvent (9 and &0 b e 8 Mo measurable {UsSP I and IXI,
ig beads kaged) regpectively) respectively} drag release respectively)
N agqueous HPMC and Total €3%
Example Cymbalta CAP (=olwvent {20 and 43 36 No measurable
11 beads based) respectively) {Usp III) diug release 82 {USE IIT)
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{2 in 20%
R aqueous HEMC and Total 5% ethanolic
Example Cymbalta CAP (sulvent (20 and 75 acid) No measurable
12 beads based) respectively) USP TIT drug release 97 (UEE ILI)
EXAMPLE 8
[ooB2] Duloxetine IR beads coated with agueous HPMC {24% wt

gain) and CAP soivent—dispersion. (60% wt gain) (B4% total wt
gain) (as prepared in Example &) released 70% of drug at 2 hrs in
40% ethanolic HCL (USP I).

10083} Further dissolution testing was conducted in 0.1N HCI
(two hours, USP I) followed by phosphate buffer {pH 6.8, 4 hours,
USF I). No measurable drug was released in acid after two hours

in HCl. At 4 hrs in phosphate buffer, 91% of drug was released.

[ooB4] The agqueous HPMC coating was prepared by digsolving
HPMC and talc in water and mixing for 15-30 minutes until all
components were digsolved. The regulting dispersion was filtered
through a 150 Micron screen to remove aggregates.' The final

compcsition of the aqueous HPMC dispersion is set forth in Table

8.
Table 8
Material Composition (g)
HPMC (Phamacoat? 5.0
603)
Talc 7.0
Purified Watexr 88.0
Total 100.0

Total Solid content: 12.0% w/w; dry polymer content: 5%, Talc:
140% of polymer

EXAMPLE S

[0085] cymbalta® beads coated with aqueous sodium alginate (25
% wt gain) and CAP solvent-dispersion {75% wt gain) (101% total

wi gain) (as prepared in Example 6} released 23% of drug at 2 hrs
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in 40% ethanolic HC1 (USP I)}. A similar dissolution was
conducted utilizing USP apparatus III. At 2 hrs in 40% ethanolic
HC1, 17% of drug was released.

[0086] Further dissolution testing was conducted in 0.1N HCIL
(two hours, USP I) followed by phosphate buffer (pH 6.8, 4 hours,
USP I). At 2 hrs in the acid, no measurable drug was released.
At 4 bhrs in phosphate buffer, 65% of drug was released.
Utilising USP apparatus III, no measurable drug was released in
the acid (0.1N HC1l, two hours) and 87% of the drug was released
in phosphate buffer (pH 6.8, 4 hours).

[0ce7] To prepare the aqueous sodium alginate dispersion, "a
first solution containing triethyl citrate and talc was prepared
in water. Separately, sodium alginate was mixed in a high shear
vortex mixer. The sodium alginate was then added tc the first
solution of triethyl citrate and talc under constant stirring for
at least 30 minutes. The final cowmposition of the agueous sodium

alginate dispersion is set forth in Table 9.

Table %

Material Composition (g)
Sodium Alginate | 0.85
Triethyl Citrate | 0.1

Talc 0.45
Purified Water 98.6

Total 100.0

Total Solid content: 1.4% w/w, Dry polymer content: 0.85% w/w;
Plasticizer is 11.7% of dry polymer, Talc is 52.9% of dry polymer

EXAMPLE 10

[0088] Cymbalta®’ beads coated with aqueous HPMC/Polyplasdone®
XL (9% wt gain) and CAP solvent-dispersion (60% wt gain) (69%
total wt gain) (as prepared in Example 6), released 35% of drug
at 2 hrs in 40% ethanolic HCl (USP I). A similar dissolution was
conducted utilizing USP apparatus III. At 2 hrs in 40% ethanolic
acid, 30% of drug was released (USP III).
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[00838] Further dissolution testing was conducted in 0.1N HCl
(two hours, USP I) followed by phosphate buffer {pH 6.8, 4 hours,
USP I). No measurable drug was released in acid. At 4 hrs in

phosphate buffer, 61% of drug was released (USP I). Utilising USP
apparatus III, no measurable drug was released in the acid {0.1N

HCl, two hours) and 86% was released in phosphate buffer (pH 6.8,
4 hours) .

[0090] To prepare the HPMC/Polyplasdone© XI, dispexrsion a first
solution of HPMC was prepared in water. Separately, crospovidone
and talc were mixed din a high shear vortex mixer. The
crospovidone and talc dispersion was added to the HPMC solution
under constant stirring for at least 30 minutes. The £final

composition of the HPMC/Polyplasdone® XIL: dispersion is set forth
in Table 10.

Table 10
Material Compogition (g)
HPMC (Phamacoat 5.0
£03)
Talc 2.5
Crospovidone 0.5
(Polyplasdonea
XL)
Purified Water 92.0
Total 100.0

Tctal Scolid content: B.0% w/w, Disintegrant content: 0.5% w/w

EXAMPLE 11

[00S1] Cymbalta® beads coated with agueous HPMC (20% wt gain)
and CAP solvent-dispersion (43% wt gain) (63% total wt gailn) (as

prepared in Example 6), released 36% of drug at 2 hrs in 40%
ethanolic HC1 (USSP III).

[00982] Further disscolution testing was conducted in 0.1N HCL
{two hours, USP III) followed by phosphate buffer (pH 6.8, 4

hours, USP III). At 2 hrs in the acid, no measurable drug was
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released. At 4 hrs in phosphate buffer, 92% of drug was released
(Csp III).

EXAMPLE 12

(00831 Cymbalta® beads coated with agqueocus HPMC (20% wt gain)
and CAP solvent-dispersion (75% wt gain) (95% total wt gain) (as
prepared in Example 6), released 15% of drug at 2 hrs in 40%
ethanolic HC1 (USP III) and 2% of drug at 2 hrs in 20% Ethanolic
HC1 (USP III}. The bheads after 40% ethanolic acid study were
studied for dissolution in phosphate buffer (pE 6,8{ 4 hours, USP
I1T), which released 55 % of drug.

[0084] Further dissolution testing was conducted in 0.1N HCl
(two hours, USP III) followed by phosphate buffer (pH 6.8, 4
hours, USP III). At 2 hrs in the acid, no measurable drug was
released. At 4 hrs in phosphate buffer, 97% of drug was
released.

[0095] The disselution characteristics of Example 12 ware also

studied under slightly different conditions. The composition was
pilaced in 0.1 N HCL/40% ethanolic acid (2 hours) followed by
phosphate Dbuffer (4 hours) (USP IITI). The results of this

sequential dissclution test are shown in Fig. 8.

EXAMPLE 13

[G026] The dissolution characteristics of TriLipix® (choline
fenofibrate delayed release capsules for oral administration)
were studied. Each delayed release capsule contains enteric
coated mini-tablets comprised of choline fenofibrate. Fenofibric
aclid, active metabolite of cheline fenofibrate, has Thigher
agqueous solubility than fenofibrate at alkaline pH. The FDA and
abbott agreed that a representative dissolution/release testing
in acid (pH 3.5) is more informative of the drug activity. See
NDA 22-224 Clinical Pharmacology and Biopharmaceutics section

2.6, pages 46-48. Accordingly, ccommercially available TriLipix®
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(delayed release capsules) released about 8% of the drug at 2 hrs
in 20% ethanolic¢ acid (pH 3.5) (USP Apparatus II), and released
greater than 58% of the drug at 2 hrs in 40% ethanolic acid (?H
3.5) (USP Apparatus II). See Figure 9. Subsegquent dissolution in
phosphate buffer (pE 6.8) demonstrates that 100% of the drug was
released from the delayed release formulation after 6 hours.

[G087] Trilipix® mini-tablets were coated with Celliulose
Acetate Phthalate (CAP) solvent-dispersion in an amount of about
30% weight gain. Figure 10 shows the dissoclution and release of
fenofibric acid for this coated formulation. No measurable drug
was releagsed at 2 hrs in 0%, 20%, and 40% ethanolic acid (pH
3.5) {USP Apparatus II). Subsequent digsolution in phosphate
buffer (pH .6.8) demonstrates that 100% of the drug was released

from the delayed release formulation after 6 hours.

EXAMPLE 14

[0098] Nexium ° beads were studied in 20% and 40% ethanolic
acid (Figure 11) and complete dose dumping was observed in 40%
ethanolic acid. Nexium ° beads were coated with a similar
cellulose acetate phthalate solvent-dispersion (63% weight gain)
as described in Example 6. This formulation released 20% of the
drug in 40% ethanolic HCl and 80% of the drug was released in
phosphate buffer pH 6.8 (Figure 12). Nexium ° beads were also
coated with cellulose acetate phthalate solvent-dispersion to
obtain a 77% wt. gain, which released 1.5% of the drug in 40%
ethanolic HCLl and 90% drug was released in phosphate buffer pH
6.8 (See also Figure 12). Nexium® beads and CAP-coated Nexium®
beads (77% weight gain) did not reslease a measurable amount of
drug in 0.1N HCl and 90% of the drug was released in phosphate
buffer pH 6.8 (Figure 13). CAP cocated Nexium® beads (77% weight
gain) did not release a measurable amount of drug in 30%
ethanolic HCl and 90% of the drug was released in phosphate
buffer pH 6.8 (Figure 13).
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[0099] Nexium® beads coated with Eudragit® 8§ solvent-
dispersion (to a 30% weight_ gain), which released 60% drug in 40%
“ethanolic HC1L (Figure 14). To prepare the Eudragit® S
dispersion, the materials shown in the Table 11 were mixed in a
low shear mixer. Water and IPA was added slowly until the
mixture dissolved. Triethyl citrate and talc were added and

stirred for 12-15 min.

[00100]

Table 11
Material Composition (g}
Eudragit® S 7.5
Triethyl Citrate 0.8
Talc 3.9
Purified Water 3.0
Acetone 34.0

The beads were coated using a fluidised bed coater.
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What is Claimed:

1. An alcohol-registant pharmaceutical composition

comprising:
{1) an active agent;
{ii} an enteric system; and

(iii) an alcohol protectant containing organic based
cellulose acetate phthalate to retard release of the active agent
in the presence of alcchol wherein the alcohol protectant is in

an amount of from 10% to 500% by weight gain of each bead.

2. The composition of claim 1, wherein the protectant
further contains hypromellose phthalate, ethyl acrylatemethyl
methacrylate copolymers, poly (methacylic acid-co-ethyl acrylate)

anionic copeclymers, and mixtures thereof.

3, The composition of c¢laim 1, wherein the amount of
alcohol protectant sufficient to prevent release of the active
agent in the presence of alcohol is in an amount selected from
the group consisting of 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, &5%, 70%, 75%, B0C%, 85%, 50%, 95% 100%, 150%, 200%, 250

o

I

300%, 350%, 400%, and 450% by weight gain.

4, The composition of claim 1, wherein the release of the
active agent 1in the presence of alcohol is defined by a
percentage of active agent released, which percentage is selected
from the group congisting of less than or about 1%, 2%, 5%, 8%,

10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50% in 40% ethanolic HCIL

in 2 hours.

5. The composition of claim 1, wherein the percentage of
active agent released is less than or about 35% in 40% ethanoclic

HCl in 2 hrs.
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6. The composition of claim 1, wherein the active agent
selected from the group consisting of duloxetine  HC1,
esomeprazole, rabeprazole sodium, mesalamine, budegonide,
lamotrigine, dexlansoprazole, pancreatin, pancrelipase,
divalproex sodium, omeprazole, lanzoprazole, diclofenac sodium,
~valproic acid, fenofibric acid, didanosine, aspirin, bisacodyl,
naproxen, erythromycin, sodium rabeprazcle, adenovirus vaccine
type 4, . calcitonin, darapladib, mesalzine, alendronic acid,
eprotirome, NE-# (Nephritic factor;, glatiramer, CH-1504,
bisphosphonate {zoledronic acid) compound, mercaptamine,

larazotide, oral insulin, and mixtures or combinations thereof.

7. The composition of claim 1, wherein the enteric system
is incorporated into the composition in a form selected from the
group consisting of a° coating, a laver, a wmatrix,  and

combinations thereof.

8. The composition of claim 1, wherein the enteric system
comprises components selected from the group consisting of
agqueocus and organic based hydroxyl propyl methyl cellulose
acetate succinate, poly vinyl acetate phthalate, organic based
cellulose acetate phthalate, and poly(methacylic acid-co-ethyl

acrylate) aniconic copolymers.

9. The compositicn of claim 1, further comprising a

disintegrant selected from the group consisting of a swellable

material, a superdisintegrant, and mixtures or combinations
thereof.
10. The composition of claim 1, further comprising a

barrier material disposed Dbetween the active agent and the

alcohol protectant.
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11. An alccohol-resistant pharmaceutical composition
comprising an active agent, an enteric gystem and an organic
based cellulcse acetate phthalate alcohol protectant, wherein the
alcohol protectant is in an amount of from 10% to 500% by weight
gain of each bead and wherein formulation releassgs less than 50%
cf the active agent in 20% ethanclic acid (0.1N HCl) in 2 hours
compared to a commercially equivalent formulaticn when both are

placed in the same alcchol environment.

i12. An alcohol resistant pharmaceutical composition
comprising an active agent, an enteric gystem containing an
enteric component selected from the group consisting of agueous
and oxrganic based hydroxyl propyl methyl cellulose acetate
succinate, poly vinyl acetate phthalate, organic based cellulose
acetate phthalate, and poly (methacylic acid-co-ethyl acrylate)
anionic copolymers and an alcohol protectant containing an

organic basged cellulose acetate phthalate.

13. An alcohol resistant pharmaceutical multiparticulate
composition comprising a plurality o©f beads wherein each bead
comprises an actlive agent, an enteric gystem containing an
enteric component selected from the group consisting of agueous
and organic based hydroxyl propyl methyl cellulose acetate
succinate, peoly vinyl acetate phthalate, organic based cellulose
acetate phthalate, and poly (methacylic acid-co-ethyl acrylate)
anionic copolymers, and an alcohcl protectant containing an

organic based cellulose acetate phthalate.
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14. The compositicn of claim 13, wherein less than 5% of
the active agent is released in 40% ethanolic acid (0.1N ECl) in

2 hours.
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