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UNITED STATES DISTRICT COURT

DISTRICT OF NEW JERSEY
SHIRE LABORATORIES, INC., AND
SHIRE LLC,
Plaintiffs, : Civil Action No. 2:06-CV-05394 (KSH)(PS)
v. . DOCUMENT ELECTRONICALLY-
FILED

ANDRX PHARMACEUTICALS, LLC,
ANDRX CORPORATION, AND
WATSON PHARMACEUTICALS, INC,,

Defendants.

AMENDED COMPLAINT FOR PATENT INFRINGEMENT
AND DECLARATORY RELIEF

Plaintiffs Shire Laboratories, Inc. and Shire LLC (collectively “Shire”), by their

attorneys, for their Complaint, alleges as follows:
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Nature of the Action

1. This action arises under the patent laws of the United States, 35 U.S.C. § 1
et seq., and the Declaratory Judgment Act 28 U.S.C. §§ 2201 and 2202. Shire seeks declaratory
relief, i.e., declarations that the patents in suit are infringed, injunctive relief precluding
infringement, and attorneys’ fees.

The Parties

2. Shire Laboratories, Inc. (“Shire Labs™) is a corporation organized and
existing under the laws of the State of Delaware and has its principal place of business at 1550
East Gude Drive, Rockville, Maryland 20850.

3. Shire LLC is a limited Hability company organized and existing under the
laws of the State of Kentucky and has its principal place of business at 9200 Brookfield Ct.,
Suite 108, Florence, KY 41042. On or about December 15, 2006, Shire Labs merged with and
into Shire LLC.

4, Upon information and belief, defendant Andrx Pharmaceuticals, LL.C
(“Andrx LLC”) is a limited Hlability company organized and existing under the laws of the State
of Delaware and has its principal place of business at 4955 Orange Drive, Davie, Florida 33314.
Upon information and belief, Andrx LLC operates, conducts, and transacts business in New
Jersey and contracts to supply goods and services in New Jersey. Upon information and belief,
Andrx LLC is a wholly-owned subsidiary of Andrx Corporation (*Andrx Corp.”).

3. Upon information and belief, defendant Andrx Corp. is a corporation
organized and existing under the laws of the State of Delaware, and has its principal place of
business at 4955 Orange Drive, Davie, Florida 33314, Upon information and belief, Andrx
Corp. operates, conducts, and transacts business in New Jersey and contracts to supply goods and

services in New Jersey. Upon information and belief, Andrx Corp. operates and transacts
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business in New Jersey by and through its subsidiaries which are registered to do business in
New Jersey. Upon information and belief, Andrx Corp. is a wholly-owned subsidiary of Watson
Pharmaceuticals, Inc. Upon information and belief, Andrx Corp. manufactures numerous
generic drugs for sale and use throughout the United States, including in this judicial district,
alone or through its subsidiaries.

6. Upon information and belief, defendant Watson Pharmaceuticals, Inc.
(“Watson™) is a corporation organized and existing under the laws of the State of Nevada and has
its principal place of business at 311 Bonnie Circle, Corona, California 92880. Upon
information and belief, Watson operates, conducts, and transacts business in New Jersey and
contracts to supply goods and services in New Jersey. Upon information and belief, Watson
operates and transacts business in New Jersey by and through its subsidiaries which are
registered to do business in New Jersey. Upon information and belief, Watson manufactures
numerous generic drugs for sale and use throughout the United States, including in this judicial
district, alone or through its subsidiaries.

Jurisdiction and Venue

7. This is a civil action for patent infringement arising under the patent laws
of the United States, Title 35 of the United States Code, for infringement of United States Patent
Nos. 6,322,819 B1 (“the *819 patent”™), and 6,605,300 B1 (“the *300 patent”™). This Court has
jurisdiction over the subject matter of this action pursuant to 28 U.S.C. §§ 1331, 1338(a), 2201,
and 2202.

8. Andrx LLC, Andrx Corp. and Watson are subject to personal jurisdiction
in this judicial district by virtue of, infer alia, their conducting of business in the state,

9. Venue is proper in this judicial district under 28 U.S.C. §§ 1391 and

1400(b).
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Resulatory Requirements for Approval of New and Generic Drugs

10.  Any person wishing to market a pioneering drug — that is, a new drug that
has not previously been approved by the Food and Drug Administration (“FDA”) — must first file
a new drug application (“NDA”) with FDA demonstrating that the drug is safe and effective for
its intended use. 21 U.S.C. § 355(b). To secure approval of an NDA, the NDA applicant must,
among other things, collect and submit to FDA extensive animal and human clinical trial data at
a substantial cost of ime and money.

11, A person wishing to market a generic copy of a pioneering drug that has
previously been approved by FDA may follow a truncated approval process by filing an
abbreviated new drug application (*“ANDA?”) for the generic version of the drug. In the ANDA,
the applicant must demonstrate, among other things, bioequivalence of the generic copy of the
pioneering drug. 21 U.S.C. § 355(})(2)(AXiv). To demonstrate bioequivalence, the ANDA
applicant must show that the rate and extent of absorption of the therapeutic ingredient in the
generic drug does not significantly differ from that in the pioneering drug, or, if the rate of
absorption differs, that such difference is intentional, is reflected in the proposed labeling, is not
essential to attain effective body drug concentrations on chronic use, and is considered medically
insignificant for the drug. 21 U.S.C. § 3550)(7)(B).

12.  However, unlike an NDA applicant, an ANDA applicant is not required to
include safety and effectiveness data, The ANDA applicant is not required, for example, to
conduct well controlled clinical trials concerning the safety and effectiveness of the proposed
drug. Instead, the ANDA applicant is permitted to piggy-back on the safety and effectiveness
data developed and submitted by the NDA holder. 21 U.S.C. § 355().

13, Nor does an ANDA applicant establish any new conditions of use for the

proposed drug product. Instead, an ANDA applicant may only seek approval for conditions of
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use that have previously been approved in connection with an approved NDA. 21 U.S.C.
§ 355(NE@NAND).

14, No person may market a new drug in the United States without an
approved NDA or a generic version of a drug without an approved ANDA. 21 U.S.C. § 355(a).

Plaintifs Approved Adderall XR® Drug
15. Shire LLC is the assignee of the 819 and "300 patents, which are the

subject of this civil action, having acquired the patents on or about December 15, 2006,
following & merger with Shire Labs. Shire Development Inc. is currently the holder of approved
New Drug Application (“NDA”) No. 21-303, which was approved by FDA for the manufacture
and sale of a pharmaceutical composition containing mixed amphetamine salts for treatment of
Attention Deficit Hyperactivity Disorder (‘ADHD”), having acquired the NDA on or about
December 1, 2006, from Shire Labs. Shire US Inc. markets and sells this composition in the
United States under the trade name Adderall XR”.

16, FDA has listed the *819 and *300 patents in the Orange Book -- formally

known as Approved Drug Products With Therapeutic Equivalence Evaluations -- in connection

with NDA 21-303.

17.  The *819 patent qualifies for listing in the Orange Book in connection with
NDA No. 21-303 because it claims a drug product that is the subject of the NDA.

18. The *300 patent qualifies for listing in the Orange Book in connection with
NDA Neo. 21-303 because it claims a pharmaceutical preparation that is the subject of the NDA.

The Andrx ANDA
19. Upon information and belief, Andrx LLC submutted, and Andrx Corp.

caused to be submitted, an abbreviated new drug application, Abbreviated New Drug

Application (“ANDA™) No. 78-436 (“Andrx ANDA™), to FDA under § 505(j) of the Federal

-
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Food, Drug, and Cosmetic Act, 21 U.S.C. § 355(j). seeking approval to engage in commercial
manufacture and sale of capsules containing mixed amphetamine salts at the 5 mg, 10 mg, 15
mg, 20 mg, 25 mg and 30 mg strengths.

20.  Upon information and belief, Andrx Corp. and Andrx LLC sent Shire
Labs (the former NDA holder) a “Patent Certification Under 21 C.F.R. § 319.94 and Notice of
Certification or Noninfringement of a Patent Under 21 C.F.R. § 314.95” (“the Notice Letter”).
The Notice Letter represented that Andrx LLC had submitted to FDA the Andrx ANDA and
purported paragraph 1V certifications under section S05()(2)(A)(vii)(IV) of the Federal Food,
Drug. and Cosmetic Act (“"FDCA™), 21 U.S.C. § 355()(2)A)(vii)(IV), for capsules containing
mixed amphetamine salts at the 5 mg, 10 mg, 15 mg, 20 mg, 25 mg and 30 mg strengths that are
purportedly bioequivalent to Shire’s Adderall XR® products. The purpose of the Andrx ANDA
and purported paragraph IV certifications was to obtain approval under section 505(j) of the
FDCA to engage in the commercial manufacture and sale of its capsules containing mixed
amphetamine salts before the expiration of the patents listed in the Orange Book for NDA No.
21-303. Hence, Andrx’s purpose in submitting the Andrx ANDA is to market its products
described therein before expiration of the "819 and 300 patents.

21. The Andrx Notice Letter offered to grant Shire Labs access to certain
confidential information in the Andrx ANDA. Shire Labs requested that Andrx LLC and Andrx
Corp. provide certain product information on a confidential basis. Although Andrx LLC and
Andrx Corp. indicated to Shire Labs that the requested information would be forthcoming, they
failed to provide that information before the expiration of the statutory period under 21 U.8.C. §

355()(SHB)(il).
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22, Upon information and belief, Andrx LLC, Andrx Corp and Watson have
assisted with, participated in, provided material support to the preparation and submission of,
and/or intend to support the further prosecution of the Andrx ANDA,

23.  Upon information and belief, if the Andrx ANDA is approved by FDA,
Andrx LLC, Andrx Corp. and Watson will manufacture, offer for sale, or sell the products for
which approval is sought in ANDA No. 78-436.

24.  Upon information and belief, if the Andrx ANDA is approved by FDA,
Andrx LLC, Andrx Corp. and Watson will induce or contribute to the manufacture, offer for
sale, or sell the products for which approval is sought in ANDA No. 78-436.

COUNT !
(Patent Infringement of the 8§19 Patent)
25.  Shire re-alleges paragraphs 1 through 24 above as fully set forth therein.

20. On November 27, 2001, the United States Patent and Trademark Office
duly and legally issued the *819 patent, entitled “Oral Pulsed Drug Delivery System.” A true and
correct copy of the "819 patent is attached hereto as Exhibit A.

27.  The "819 patent discloses and claims, inter alia, a pharmaceutical
composition for delivery of one or more pharmaceutically active amphetamine salts.

28.  Upon information and belief, the submission of the Andrx ANDA to FDA
with a paragraph IV certification for the "819 patent for the purpose of obtaining approval to
engage in the commercial manufacture, use, or sale of a drug product before the expiration of the
819 is an act of infringement under 35 U.S.C. § 271(e)(Z)}(A).

29.  Upon information and belief, Andrx LLC’s, Andrx Corp.’s, and Watson’s
commercial manufacture, use, sale, offer for sale, or importation into the United States of the

proposed drug products that are the subject of the Andrsx ANDA would infringe one or more
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claims of the *819 patent, and Andrx LLC, Andrx Corp., and Watson would be liable jointly and
severally as infringers under 35 U.S.C. §§ 271(a) and/or (g).

30.  Upon information and belief, Andrx LLC’s, Andrx Corp.’s, and Watson’s
commercial manufacture, use, sale, offer for sale, or importation into the United States of the
proposed drug products that are the subject of the Andrx ANDA would actively induce and
contribute to infringement of the *819 patent, and Andrx LLC, Andrx Corp., and Watson jointly
and severally would be lable as infringers under 35 U.S.C. §§ 271(b) and/or (c).

31.  Andrx LLC, Andrx Corp., and Watson had actual and constructive notice
of the 819 patent prior to filing the Andrx ANDA and filed the Andrx ANDA with a baseless
paragraph IV certification without adequate justification for claiming the patent to be invalid and
non-infringed. In addition, those entities sent a baseless notice of paragraph IV certification to
Shire Labs that included a confidential offer of access in support of their claim of non-
infringement, but failed to provide the requested information before the expiration of the
statutory period under 21 U.S.C. § 355(G)(5)(B)(iii). Andrx LLC’s, Andrx Corp.’s, and Watson's
conduct in filing the Andrx ANDA and certifying non-infringement has been, and continues to
be, wiliful.

32, Shire will be irreparably harmed if Andrx LLC, Andrx Corp., and Watson
are not enjoined from infringing or actively inducing or contributing to infringement of the "819
patent. Shire does not have an adequate remedy at law and, considering the balance of hardships
between Shire and Defendants, a remedy at equity is warranted. Further, the public interest
would not be disserved by a permanent injunction.

COUNT H
(Patent Infringement of the '300 Patent)

()
()

Shire re-alleges paragraphs 1 through 24 above as fully set forth therein.
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34, On August 12, 2003, the United States Patent and Trademark Office duly
and legally issued the *300 patent, entitled “Oral Pulsed Drug Delivery System.” A true and
correct copy of the *300 patent is attached hereto as Exhibit B.

35.  The *300 patent discloses and claims, infer alia, a pharmaceutical
preparation for the delivery of mixed amphetamine salts.

36. Upon information and belief, the submission of the Andrx ANDA to FDA
with a paragraph IV certification for the 300 patent for the purpose of obtaining approval to
engage in the commercial manufacture, use, or sale of a drug product before the expiration of the
’300 patent is an act of infringement under 35 U.S.C. § 271(e)(2NA).

37. Upon information and belief, Andrx LLC’s, Andrx Corp.’s, and Watson’s
commercial manufacture, use, sale, offer for sale, or importation into the United States of the
proposed drug products that are the subject of the Andrx ANDA would infringe one or more
claims of the ‘300 patent, and Andrx LLC, Andrx Corp., and Watson would be liable jointly and
severally as infringers under 35 U.S.C. §§ 271(a) and/or (g).

38. Upon information and belief, Andrx LLC’s, Andrx Corp.’s, and Watson’s
commercial manufacture, use, sale, offer for sale, or importation into the United States of the
proposed drug products that are the subject of the Andrx ANDA would actively induce and
contribute to infringement of the “300 patent, and Andrx LLC, Andrx Corp., and Watson jointly
and severally would be liable as infringers under 35 U.S.C. §§ 271(b) and/or (c).

39, Andrx LLC, Andrx Corp., and Watson had actual and constructive notice
of the 300 patent prior to filing the Andrx ANDA and filed the Andrx ANDA with a baseless
paragraph IV certification without adequate justification for claiming the patent to be invalid and

non-infringed. In addition, those entitics sent a baseless notice of paragraph IV certification to

100465624.00CY9



Case 2:06-cv-05394-KSH-PS Document 5 Filed 12/19/06 Page 10 of 48 PagelD: 68

Shire Labs that included a confidential offer of access in support of their claim of non-
infringement, but failed to provide the requested information before the expiration of the
statutory period under 21 U.S.C. § 355()(5)B)(iii). Andrx LLC’s, Andrx Corp.’s, and Watson’s
conduct in filing the Andrx ANDA and certifying non-infringement has been, and continues to
be, willful.

40, Shire will be irreparably harmed if Andrx LLC, Andrx Corp., and Watson
are not enjoined from infringing or actively inducing or contributing to infringement of the *300
patent. Shire does not have an adequate remedy at law and, considering the balance of hardships
between Shire and Defendants, a remedy at equity is warranted. Further, the public interest
would not be disserved by a permanent injunction,

Prayer for Relief
WHEREFORE, Shire seeks the following relief:

A. A judgment that Andrx LLC, Andrx Corp., and Watson have infringed the
’819 and 300 patents under 35 U.S.C. § 271{(e)(Z}(A);

B. A judgment providing that the effective date of any FDA approval of the
Andrs ANDA be not earlier than the expiration date of the *819 and "300
patents, including any extensions or regulatory exclusivities appended
thereto;

C. A judgment declaring that the making, using, selling, offering to sell, or
importing of the products for which approval is sought in the Andrx
ANDA would constitute infringement of the *819 and "300 patents, or
inducing or contributing to such conduct, by Andrx LLC, Andrx Corp.,

and Watson pursuant to 35 U.S.C. § 271(a), (b), (¢) and/or (g);
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D. A judgment permanently enjoining Andrx LLC, Andrx Corp., Watson,
and their officers, agents, servants and emplovees, and those persens in
active concert or participation with any of them, from making, using
selling, or offering to sell in the United States, or importing into the
United States, the products for which approval is sought in the Andrx
ANDA, or any product that infringes or induces or contributes to the
infringement of the *819 and "300 patents, until the expiration of those
patents, including any extensions or regulatory exclusivities appended
thereto;

E. A finding that this is an exceptional case, and an award of attorneys’ fees
in this action pursuant to 35 U.S.C. § 285;

F. Costs and expenses in this action; and

G. Such further and other relief as this Court determines to be just and proper.
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Respectfully submitted,

SAIBER SCHLESINGER SATZ

& GOLDSTEIN, LL.C

Attorneys for Plaintiffs Shire Laboratories, Inc.
and Shire LL.C

Of Counsel:

By: _/s/ Arnold Calmann
George F. Pappas Arnold B. Calmann
Roderick M. McKelvie Jeffrey Soos
Christopher N. Sipes One Gateway Center, 13™ Floor
Jeffrey B. Elikan Newark, New Jersey 07102-5311
Paul A. Ainsworth Tel:  (973)622-3333
Alissa K. Lipton Fax:  (973)622-3349

COVINGTON & BURLING LLP
1201 Pennsylvania Avenue, NW
Washington, D.C. 20004

Tel:  (202) 662-5416

Fax: (202) 662-6291

Dated: December 19, 2006
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LOCAL CIVIL RULE 11.2 CERTIFICATION

I HEREBY CERTIFY that this matter is not the subject of any other action

asserted by plaintiff herein, except for a matter captioned Shire LLC v. Andrx Pharmaceuticals,

LLC, Andrx Corporation and Watson Pharmaceuticals, Inc., filed contemporaneously herewith

in the United States District Court for the Southern District of Florida, and a matter captioned

Shire Laboratories Inc. v. TEVA Pharmaceutical Industries LTD. and TEVA Pharmaceuticals

USA, Inc.. concerning the same patents and now pending before the United States District Court

for the Eastern District of Pennsylvania.

Of Counsel:

George F. Pappas

Roderick M. McKelvie
Christopher N. Sipes

Jeffrey B, Elikan

Paul A. Ainsworth

Alissa K. Lipton
COVINGTON & BURLING LLP
1201 Pennsylvania Avenue, NW
Washington, D.C. 20004

Tel:  (202) 662-5416

Fax: (202) 662-6291

Dated: December 19, 2006

Respectfully submitted,

SAIBER SCHLESINGER SATZ

& GOLDSTEIN, LLC

Attorneys for Plaintiffs Shire Laboratories, Inc.
and Shire LLC

By: _/s/ Amold Calmann
Arnold B. Calmann

Jeffrey Soos

One Gateway Center, 13" Floor
Newark, New Jersey 07102-5311
Tel:  (973) 622-3333

Fax:  {973) 622-3349
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LOCAL CIVIL RULE 201.1 CERTIFICATION

Pursuant to L. Civ. R. 201.1, the undersigned counsel for plaintiff hereby certifies

that the amount in controversy, excluding interest, cost and punitive damages exceeds $150,000,

and that this action is not appropriate for compulsory arbitration.

Of Counsel.

George F. Pappas

Roderick M. McKelvie
Christopher N, Sipes

Jeffrey B. Elikan

Paul A. Ainsworth

Alissa K. Lipton
COVINGTON & BURLING LLP
1201 Pennsylvania Avenue, NW
Washington, D.C. 20004

Tel:  (202) 662-5416

Fax: (202) 662-6291

Dated: December 19, 2006
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Respectfully submitted,

SAIBER SCHLESINGER SATZ

& GOLDSTEIN, LLC

Attorneys for Plaintiffs Shire Laboratories, Inc.
and Shire LI.C

By: _/s/ Arnold Calmann

Arnold B. Calmann

Jetfrey Soos

One Gateway Center, 13" Floor
Newark, New Jersey 07102-5311
Tel:  (973) 622-3333

Fax:  (973)622-3349
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ORAL PULSED DOSE DRUG DELIVERY
SYSTEM

This invention pertains 1o a multiple dosage form deliv-
cry syslcin COmprising one of more amphelamine salis for
administering the amphetamine salls o a recipient.

BACKGROUND OF THE INVENTION

Traditionally, drug delivery systems have focused on
constant/sustained drug auput wilh the ebjective of mini-
mizing peaks and valleys of drug concentrations in the body
to optimize drug efficacy and Lo reduce adverse effects. A
recuced dosing frequency and improved paticnl compliance
can also be expecied for the controlled/sustained release
drug delivery systems, compared to immediate release
preparations. However, for certain drugs, suslained release
delivery is not suitable and is affected by the following
faclors:

Firsl pass melabolism: Some drugs, such as 3 blockers,

[-estradiol, and salicylamide, underge extensive first pass
metabolism and require fast drug input o saturate metabo-
lizing enzymes in order to minimize pre-systemic melabo-
Hsm. Thus, a copstant/sustained oral mcthod of delivery
wourld result in reduced oral bicavailability.

Biological iolerance: Continuous release drug plasma
profiles are often accompanied by a decline in the pharma-
catherapeutic effect of the drug, ¢.g., biologival tolerzace of
iransdermal nitroglycerin.

Chronopharmacology and circadian rhythms: Circadian
rhythms in certain physiclogical functions are well estab-
lished. 1t has been recognized thai many symploms and
onset of disease accur during specific time periods of the 24
hour day, ¢.g.. asthma and angina pecloris attacks are most
frequently in the moroing hours (1,2},

Local therapeutic neec: For the treatment of local disor-
ders such as infiammalory bowel disease, the delivery of
compotnds to the site of inflammation with po loss due o
absorption in the small intestine is highly desirable to
achieve the erapeutic effect and lo minimize side effects.

Gasiric irrilation or drug inslability in gastric (uid: For
compounds with gastric irmitation or chemical instability in
gasric fluid, the use of a sustained release preparation may
exacerbale gastric irrilation and chemical instability in gas-
tric fluid.

Drug absorption differences in various gastroinlesiinal
segments: In general, drug absorption is moderately siow in
the stomach, rapid in the small iniesline, and sharply declin-
ing in the large intestine, Compensalion for changiog
ahsorplion characteristics in the gastrointestinal ract may be
important for some drugs. For example, it i3 rational for a
delivery system to pump oul the drug much faster when the
systemn reaches the distal segment of the intesting, 1o avoid
the eplombment of the drug in the feces.

Pulsed dose delivery systems, prepared as either single
unit or multiple unit formulations, and which are capable of
releasing the drug after a predetermined time, have been
studied o address the aforementioned problematic areas for
sustained release preparations, These same [relors are also
problematic in pulsed dose formulation development. For
example, gasirointestinal transit times vary nol only from
patient o patient bul also within patieals a5 @ result of food
intake, stress, and illness; thus a single-usil pulsed-release
systcm may give higher variability comparced to a multipie
unit system. Additionally, drug laycring or core meking for
multiple unit syslems is 2 time-consuming and hard-to-
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oplimize process. Particularly challenging for formulation
scientists has been overcoming two conflicting burdles for
pulsatile formulation development, ie., lag time and rapid
release.

Various enteric malerials, e.g., celulose acetate phthalate,
bydroxypropy! methylcellulose phihatate, polyvinyl acetate
phthalale, and the EUDRAGIT® acrylic polymers, have
been uscd as gastroresisiant, enleroscluble coatings for
single drug pulse release in the intestine (3). The enteric
materials, which arc seluble at higher pH values, are fre-
quently used for colon-specific delivery systems. Due to
their pH-dependent attributes and the uncertainty of gastric
relention lime, in-vive performance as well as inler- and
intra-subjeqt variability are major issues for using eateric
coaled syslems as a time-conirolied release of drugs.

A relarding swellable hydrophilic coating has been used
for oral delayed release systems (4,5), It was demonstrated
that lag time was lincarly correlated with coaling welght
gain and drug release was pH independent.

Hydroxypropyl methyicellulose barriers wilh erodibie
and/or gellable characteristics formed using press coaling
technology for tablet dosage forms have been described to
schieve time-programmed release of drugs (6). Barrier for-
mulation variables, such as grade of hydroxypropyl
methyleellulose, water-soluble and water-insolubie
excipients, significantly altered the lag time and the release
rate from the center cores.

Special grades of bydroxypropyl methylcellulose, e.g.,
METOLOSE® 60SH, 90SH (Shin-Etsu Ltd., Japan), and
METHOCEL® FaM (Dow Chemical Company, USA), as a
aydraphilic malyix material have been used 1o achive
nimodal drug release for severs] drugs, ie., aspirim,
fbuprofen, and adinazolam (7). Bimodal release is charac-
ferized by a rapid initial release, followed by a period of
constant release, and fioalized by a sccond rapid drug
reigase.

Tablets or capsiles coated with a hydrophobic wax-
sucfactant layer, made from an aqueous dispersien of car-
nanba wax, beeswax, polyoxyethylene sorbiten monooleate,
and hydroxypropyl methylcelinlose have been used for rapid
drug release after a predetermined lag time. For example,.
However, even though a two-hour lag time was achieved for
the madel drug theophyltine at a higher coating level (60%),
three hours were required for a coraplete release of theo-
phyitine afler the lag time. (8)

A sustained-release drug delivery system is described in
US. Pat. No. 4,871,549, When this system is placed into
dissolution medium or Lbe gastrointestinal iract, water influx
and the volume expansion of the swelling ageni cause the
explosion of the waler permeable membrane. The drug thus
releases afler & predetermined lime period.

The OROS® push-pull system {Alza Company} has been
developed for pulsatile delivery of water-soluble and water-
inscluble drugs ( a specific site {¢.g. colon} in the gas-
troigtestinal tract (11). The drug formulation is contained
within a water-insoluble capsule body and is sealed with a
hydrogel plug. Upon oral administration, the capsule cap
dissolves in the gastric juice and the hydrogel plug swells.
Al a controlled and predetermined time point, the swollen
pleg is ejected from the PULSINCAP® dosage [orm and the
encupsulated drug is released. A pulsatile capsule system
comaining captopril with release afier o nominal 5-hr period
was found to perform reproducibly in dissolution and
vamma scintigraphy studies. However, in the majority of
subjects, no measurable amounts of the drag wers chserved
in the blood, possibly due to instability of the dreg in the
distal intestine. (12)
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ADDERAL® comprises a mixture of four amphetamine
sulfate salis which, in combination is indicated for treatment
of Attention Deficit of age. One disadvantage of current
treatment is that a tablel form is cormmonly used which many
young children have difficulty in swallowing. Another dis-
advanlage of current treatment s thal Lwo separale doses are
administered, one in the moming and one approximately
4-6 hours later, commonly away from home snder other
than parental supervision. This current form of treatment,
therefore, requires a second treaiment which is tme-
consuming, inconvenient and may be problematic for those
children having difficulties in swallowing table | formula-
tions.

SUMMARY OF THE INVENTION

Accordingly, in view of a need for successfully adminis-
tering a multiple pelsed dose of amphetamive salts and
mixtures thereof, the present inveniion provides an oral
multiple pulsed dose delivery system for amphetamine salls
and mixtures thereof, FIG. 1 illustrates the desired farget
plasma level profile of the pharmaceutical active contained
within the delivery system.

In accordance with a preferred embodiment of the present
Invention, there is provided a pharmaceutical composition
for detivering one or mor¢ pharmaceuticaily active amphet-
amine salis that includes:

(2) one or more pharmaceulically active ampbelaming
salts that are covered wilh an immediale relesse
coating, and

(b) one or more pharmaceutically active amphetamine
salts thal are covered with an enferic release coating
wherein (1) the enteric release coaling has a defined
minimum thickness and/or (2) there is 2 prolective
layer between the at least one pharmaceulically active
amphelamine salt 2nd the enteric release coaling andfor
(3) there is a prowective Jayer over the eneric release
coaling.

In cne embodiment, the immediate release and enteric
release portions of the composition are present on the same
core.

In 2nother embodiment, the immediale release and enteric
release components are present on different cores,

1t is also comemplated that the composition may iaclude
a combination of the hereinabove referred 1o cores {one or
more cores Lhat include both components on the sume cote
and one or more cores thai inglude only one of the two
components on the core).

The present invention provides & composilion in which
there is immediate release of drug and enteric release of drug
wherein the cnteric release is & pulsed releasce and whereln
the drug includes ooe or more amphetamine salis and
mixtures thereof.

The immediate release componen! releases the pharma-
ceutical agest in a pulsed dase upon oral administration of
ke delivery system.

The enteric release coating layer retards or delays the
release of the pharmaceutical active ur drug for & specified
time period (“lag time™) until a predetermined time, at which
time the release of the drug is rapid and complele, ie., the
entire dose is released within aboul 30-60 minutes under
predetermined environmental conditions, ie. u particular
location within the gastrointestinal {ract.

The delay or lag time will 1ake imo consideration factors
such as trapsil limes, food cffects, inflammalory bowel
disease, use of anlacids or other medicaments which aller the
pH of the G} tract.
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In a preferred embediment, the lag time period is only
time-dependent, Le., pH independent. The lag time is pref-
erably within 4 1o 6 hours after oral adminisiration of the
delivery syslem.

In one aspect, the present invention is directed to 2
composition that provides for enteric releass of at Jeast one
pharmaceulically aclive amphetamine sall, including at least
one pharmaceutically aclive amphetamine sali that is coated
with an enteric coating wherein {1} the enteric release
coaling bas 2 defined minimum thickness andfor {2} there is
a prolective layer between the at least one pharmaceutically
active amphetamine sall aod the enteric release coating
and/or (3) there is a protective layer aver the enteric release
coaling.

In attempting to provide for enteric release of an amphet-
amiae sait, applicants found that use of an enteric release
coating as geperally practiced in the art did not provide
effective enteric release.

Typical enteric coating levels did not meet the above
requirements for the desired dosage profile of amphetemine
szlts. Using the typical amount of enteric coating (10-20 )
resulted in undesired premature leakage of the drug from the
delivery system inlo the upper gastrointestinal tract and thus
no drug delivery at the desired location in the gastrointes-
tinal tract afler the appropriate lag timme. Thus this coating
did not meet the requirements for the drug release prefile o
provide [ull beneficial therapeutic activily at the desired
time.

Surprisingly, applicants found that using = thicker appli-
cation of enteric coating on the formulation allowed for the
second pulsed dose to be released only and completely at the
appropriale time in the desired predetermined area of the
gastrolntestinal tracy, i.e., in the intestine.

‘Th is was surprising because an iacrease in thickness of
about 5-10 pof enteric coatings above 2 minimum thickness
of about 10~20 aypically does not have a significant effect
on release of ¢ rug from within such coatings. Enteric
coalings lypically are pH dependent and will only dissolve/
disperse when e¢xpesed to lhe appropriate environment.
Typicalty, application of a thicker coating (greater than 20 )
will onuly marginally increase the time for complete release
al the appropriate environmental condition ie., for a brief
period of time (20 minutes). Using the typical coaling,
appiicants could not schieve the desired resuil—rather, the
coating leaked before the predetermined time in en inap-
propriate environment resulting in significant loss of the
therapeulic agenl.

Accordingly, in one aspect, the pulsed enteric release of
the amphetamine salls is accomplished by employing a
certain minimum thickness of the enieric coaling .

In one embodiment of the invention, the pulsed dose
delivery comprises a composition which comprises one or
more pharmaceutically active amphelamine szlis; an enteric
coating over the one or more pharmaceutically active
amphetamine salts, wherein the thickness of the enteric
coaling layer is al least 25 g a further layer of one or more
pharmaceutically active amphetamine salis over the enteric
coating layer; and an immediale release layer coating. The
ihicker enferic coaling surprisingly provides the required
delayed i m mediate rejease of the pharmaceutically active
amphetamine salt at the desire d time in the desired area of
{he gasirointestinal tract. FIG, 2 illusirates a model of this
delivery system.

{n this aspect, the one or more pharmaceutically active
amphelamine salis can be provided within or as a part of a
core seed around which the enleric coaling is applied.
Alernatively, a core sced can be coated wilh one or more
tayers of one or more pharmaceuticaily active amphetamine
salts,
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It has further been discovered that a delaved immediate
release drug delivery can also be accomplished by coaling
the drug first with a protective layer prior o applying the
enleric coating.

Thus, in another embodiment, the pulsed enteric release is
accomplished by employing a profective layer between he
drug and lhe enteric coaling, When using a proteclive
caating, the enteric coating may be of an increased thickness
or may be of lower thickness.

Thus, in another aspect, the object of the invention is met
by providing & composition comprising oac or more phar-
maceutically active amphetamine salts; a protective layer
coating over the one or more pharmaceulically aclive
amphetamine salt layer(s), and an enleric coating layer over
the prolective coating layer; a further pharmaccutically
active amphelamine salt layer and an immediate release
layer coating. In a preferred embodiment of this aspect, the
thickness of the eateric coaling is at least 25 u, and the
protective layer comprises an immediale release coaling.

With respect io this embodiment of the invention, the one
or more pharmacentically active amphetamine salis can be
provided within or as a part of a core seed, during the core
seed manufacturing process, around which the protective
coating is applied. Aliernatively, a core seed can be coaled
with one or more layers of one or mose pharmaceutically
active amphetamine salls.

In another embodiment, the pulsed enleric release is
accomyplished by employing a prolective layer over the
enteric coating,.

Accordingly, in this embodiment of the present iavention,
there s provided a pulsed dose release drug delivery sysiem
comprising one or more pharmaceutically active amphel-
amine sails; an enlenic coating layer over the pharmaceuti-
cally active amphelamine salt layer(s); and & protective layer

over the enteric coating; a second pharmaceutically active 33

amphbelamine salt layver; and an immediate release layer
caating.

1o one aspecl of this embodiment, the protective layer is
comprised of one or more components, which includes an
immediate release layer and a modifying layer. The modi-
fying layer is preferably comprised of 2 semi water-
permeable polymer. Applicants have surprisingly found that
a semi-permeable polymer coating used in combination with
an immediate release layer coaiing provided a delayed
pulsed release drug delivery profile when iayered over the
enteric coaling.

Thus, in this embodimen!, the protective fayer COMPrises
a semi-permeable polymer and ap immediate release coating
layer. 1 a preferred embodiment, the modifying layer com-
prises a first layer of & semi-permeable polymer which is
adjacenl to the enteric coating layer and a sccond coating
layer over the sermi-permeable polymer copting layer com-
prising an immediate release polymer coating layer.

In one aspect of this embodimenl, a semi-permeable
polvmer, which may comprige 2 low waler-permeable
pH-insensitive palymer, is layered onlo the outer surface of
the enteric layer, in order to obuin prolonged delayed
release time, This semi-permeable polymer coating controls
the erosion of the pH-sensitive enisric polymer in an alka-
line pH environment in which a pH-sensitive polymer will
dissolve rapidly. Another pH-sensitive Tayer may be wpplied
onto the surface of & low waler-permesability layer to further
delay the release time.

In 2 still further aspect of the invention, in addition (o a
prolcetive layer, the composition comprises an acid which is
incorporated into the pharmaccutical aclive layer or coated
onto the surface of the active laver o reduce the pH value
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of the environment zround the enteric polymer layer. The
scid laver may aise be applied on the outer layer of the
pH-sensitive eateric polymer laysr, followed by a layer of
low water-permeability polymer. The release of the active
thus may be delayed and the dissolution rate may be
increased in an alkaline environment.

in a further embodiment, the protective coating may be
used both over the drug and over the enteric coating.

With respect to this embodiment of the iavention, the one
or more pharmaceutically active amphelamine salts can be
provided within or as a part of a core seed, during the core
seed manufacturing process, around which the enteric coat-
ing is applied. Alternatively, a core seed can be coated with
one or more layers of one or more pharmaceutically active
amphetamine salts,

The drug delivery system of the present imvention as
described herein preferably comprises one or a sumber of
beads or beadlets in a dosage form, either capsule, tablet,
sachet or other methed of orally administering the beads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Hustrates a multiple pulse drug delivery system
targel plasma profile of the drug delivery system of the
present invention. The profile reflects an immediate-release
component followed by a delayed-release component.

F1G. 2 schematically illusirates the delayed-release sys-
wem of the present invention.

FIG. 2z graphically illustrates 2 pulsed dose delivery
system.

FIGS. 26 and c graphically Hlusirate the drug release
mechanism from the proposed delivery system.

FIG. 3 is a plot of the percent drug released versus lime
fram Lhe drug-loaded pellets described in Example 1 which
exemplifies the immedizte release component of the present
invention.

FI1G. 4 is a plot of the percen! drug released versus time
from the coated pellets described in Example 2 which
cxemplifies the immediate release compopent and the
delayed release components of the present invention,

FIG. 5 is & plot of the percen drug released versus time
from the coated pellets of Example 3 which exemplifies the
immediate release component and the delayed release com-
ponents of the present iovention,

FI1G. 6 illustrates the drug release profile of coaled pellets
described in Example 4 which exemplifies the immediate
release component and the delayed release components of
the present invention,

DETAILED DESCRIPTION OF THE
INVENTION

The present ipvention comprises a core or slarling sced,
cither prepared or commercially available product. The
cores or starting seeds can be sugar spheres; spheres made
from microcrystalline cellulose and any suitable drug crys-
tails.

The materials that can be employed in making drug-
containing pellets are any of those commonly used in
pharmacettics and should be selected on the bdsis of com-
patibility with the active drug and the pbysicochemical
properties of the pellets. The additives excepl active drugs
are chosen below as examples:

Binders such as cellulose derivatives such as
meihylesliulose, hydroxyethyl cellulose, hydroxypropyl
vellulose, bydroxypropyl methyleellulose,
polyvinyipyrrolidone, polyvinylpyrrolidone/vinyl acetate
copolymer and the like.

86
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Disintegration agents such as corn starch, pregelatinized
slarch, cross-linked carboxymethvleellulose (AC-Di-
SOL®), sodium starch glycolate (EXPLOTAB®), cross-
linked polyvinylpyrrolidone (PLASDONE® XL}, and any
disintegration agents used in tablet preparations.

Filling agents such as laclose, caleiurn carbonate, calcium
phosphate, calcium sulfate, microcrystaliine cellulose,
dextran, starches, suverose, xylitol, tactited, manaiiel,
sorbitol, sedivm chloride, polyethylene glycol. and the Like.

Surfactants such as sodivm lauryl sulfate, sorbilan
monooleate, polyoxyelhylene sorbilan monooleate, bile
salls, giyceryl monostearate, PLURONIC® line (BAST),
and the like.

Solubiiizer such as citric acid, succinic acid, fumaric acid,
malic acid, tartaric acid, maleic acid, glutaric acid sodium
bicarbonate and sodium carbonate and the like.

Stabilizers such as any antioxidation agents, baflers,
acids, and the like, can also be utilized.

Methods of manulacturing the core include

a. Extrusion-Spheronization—Drug(s) and olher additives
are granulated by addition of a binder solution. The weimass
is passed through an extruder equipped with a certain size
screen, The exirudates are spheronized in a marumerizer,

The resulting pellets are dried and sieved for funiber appli- 23

cations.

b. High-Shear Granulation—Drug(s) and other additives
are dry-mixed and then the mixture is welled by addition of
a binder solulion in a high shear-granulator/mixer. The
granules are kneaded after wetting by the combined aclions
of mixing and milling. The resulting granules or peliets are
dried znd sieved for further applications.

. Solution or Suspension Layering—A drug solution or
dispersion with or without a binder is sprayed onto starting
seeds with & certain particle size in 2 fuid bed processor or
other suitable equipment. The drug thus is coaled on the
swrface of the stanting seeds. The drug-loaded pellels are
dried for further applications.

Far purposes of the present invention, the core particles
bave a diameter in the range of about 500-1500 microns;
preferably 100-800 microns.

These particles can then be coaied in a Huidized bed
apparatus with an allernating sequence of coating layers.

The core may be coated directly with & layer or bayers of
at lessl one pharmaceutically sctive amphclamine salis
and/or the pharmaceutically active amphetamine salt may be
incorporated into the core material. Pharmaceutical active
amphelamine salts coniemplated o be within the scope of
the present invention include amphelamine base, all chemi-
cal and chiral derivalives and salis thereof; methylphenidale,
all chemical and chiral derivatives and salls thereol; phe-
nylpropanolamine and its salts; and all other compuounds
indicated for the treatment of attention deficit hyperactivily
disarder {ADHI»).

A protective fayer may be added on iop of ¢ he pharma-
ceutical active contaiming layer and also may be provided
between active layers. A separation or protective layer may
he added onto the surface of the aciive-loaded core, and then
the enteric layer is coated thersupon. Another active layer
may zlso be added 1o the enteric layer (o deliver an initial
dose.

A proteciive coating layer may be applied immediately
outside the core, either a drug-conlaining core of a drug-
layered core, by conventional coating iechnigques such as
pan coating or fluid bed coating using solutions of polymers
in water or suitable organic solvents or by using aquecus
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polymer dispersions. Suitable materials for the protective
layer include cellulose derivatives such as hydroxyethyl
cellulose, hydroxvpropyl cellulose, hydroxypropyl
methyvicellulose, polyvinyipyrrolidone,
pelyvinylpyrrolidone/vinyl acetate copolymer, ethyl cellu-
lose aqueous dispersions (AQUACOAT®,
SURELEASE®), EUDRAGIT® RL 30D, OPADRY® and
the like. The suggested coating levels are from 1 to 6%,
preferably 2-4% (w/w).

The enleric coating layer is applied onto the cores with or
without scal coating by conventional ceating techniques,
such as pan coating or fluid bed coating using solutions of
polymers in waler or suitable organic solvents or by using
aqueons polymer dispersions. All commercially available
pH-sensitive polymers are included. The pharmaceutical
active is not released in the acidic stomach envirenment of
approximalely below pH 4.5, but not limited 1o this value.
The pharmaceutical active should become available when
the pH-sensitive layer dissolves at the greater pH; after a
certain delayed time; or after the unit passes through the
stomach, The preferred delay time is in the range of two to
51X hours.

Enteric pelymers inciude ceflulose acetate phihatate, Cel-
lulose acetate trimellitate, hydroxypropyl methyicellulose
phihalate, polyvinyl acetate phthalate,
carboxymethylethyleellulose, co-polymerized methacrylic
acid/methacrylic acid methyl esters such as, for inslance,
rnaterials known under the trade name EUDRAGIT® L12.5,
L100, or EUDRAGIT® $12.5, S100 or similar compounds
used 1o obtain enteric coatings. Agucous colloidal polymer
dispersions or re-dispersions can be also apphied, e.g.
EUDRAGIT® L 30D-55, EUDRAGIT® LI100-55,
EUDRAGIT® S100, EUDRAGIT® preparation 4110D
{Rohm Pharma); AQUATERIC®, AQUACOAT® CPD 30
{FMCY;, KOLLICOAT MAE® 30D and 30DP (BASF);
EASTACRYL® 30D (Eastman Chemical}.

The enteric polymers used in this invention can be modi-
fied by mixing with other known coaling products that are
iot pH sensitive. Examples of such coating products include
the neutral methacrylic acid esters with a smail portion of
irtmethylammonioelby! methacrylate chloride, sold cur-
rently woder the trade names EUDRAGIT® and
EUDRAGIT® RL; a neutral ester dispersion without any
functicoal groups, sold under the trade names
EUDRAGIT® NE30D and EUDRAGIT® NE30; and other

s pH independent coating products.

The modifying component of Lhe protective layer used
over lhe enteric coaling can include a waler penetration
harrier layer (semipermeable polymer) which can be suc-
cessively coated after the enteric coating to reduce the water
peneiration rate through the enteric coaling layer and thus
increase the lag time of the drug release. Sustained-release
coalings commonty kaown to one skilled in the ari can be
used for this purpose by conventional coaling techniques
such as pan coating or fluid bed coating using solutions of

s polymers In water or suitable organic solvents or by using

agueous polymer dispersions. For example, the following
materials can be used, bui not imited 1o Cellulose acetate,
Cellulose acetate butyrate, Cellulose acetale propionate,
fithyl cellulose, Fatty acids and their eslers, Waxes, zein, and
agueous polymer dispersions such as EUDRAGIT® RS and
R1. 30D, EUDRAGITE® NE 306D, AQUACOAT®,
SURELEASE®, cellulose acetale latex. The combination of
sbove polymers and hydrophilic polymers such as Hydroxy-
ethyl cellulose, Hydroxypropy] cellulose (KLUCEL®, Her-

s cules Corp.), Hydroxypropyl methyleellulose

(METHOCEL®, Dow Chemical Corpl, Polyvinyipyrroli-
done can also be used.

87
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An overcoaling layer can further oplionally be applied 10
the composition of the preseni invention. OPADRY®,
OPADRY 1i® (Colorcon) and corresponding color and col-
orless grades from Colorcon can be used 1o protect the
pellets from being tacky and provide colers to the product,
The suggesled levels of protective of color coating are from
1 to 6%, preferably 2-3% (wiw).

Many ingredients can be Incorporated inlo the overcoat-
ing formula, for example lo provide a quicker immediate
release, such as plasticizers: acelylyiethyl cirate, tricthyl
citrate, acetyliributyl citraie, dibutylsebacate, triacelin, poly-
ethylene glycels, propylene glycol and the others; lubri-
cants: lale, colloidal silica dioxide, magnesium stearale,
calcium stearate, titanium dioxide, magnesium silicate, and
the like.

The composition, preferably in beadiet form, can be
incorporated into hard gelatin capsules, either with addi-
tional excipients, or alone. Typical excipients to be added 1o
a capsule formulation include, but are not limited to: fillers
such as microcrystalline cellulose, soy polysaccharides, cal-
cium phosphate dihydrate, calcium sulfate, laciose, sucrose,
sorbitol, er apy other inent filler. In addition, there can be
fow aids such as fumed silicon dioxide, silica gel, magne-
sium stearate, calcium stearate or any other material impart-
ing Bow lo powders. A lubricant can further be added if
necessary by using polyethylenc glycol, leucine, glyceryl
behenate, magnesium stearate or calcium sicarate.

The composition may also be incorporated into a lablet, in
particular by imcorporation into & tablet matrix, which rap-
idly disperses the particles zfer ingeston. In order to
incorporate these particles iato such a tablet, a filler/binder
must be added 1o a table that can accept the particles, but will
gol allow their destruction during the tableting process.
Materials that are suitable for this purpose include, but are
not Hmited to, microcrystaliine celiulose (A VICEL®], soy
potysaccharide (EMCOSOY®), pre-golatinized starches
(STARCH® 1500, NATIONAL® 1551}, and polyethylene
giveois (CARBOWAX®). The materials should be present
in the range of 5-75% {w/w), with a preferred range of
25-50% {w/iw).

In addition, disintegranis are added in order to disperse
the beads once the lablet is ingested. Suilable disintegrants
include, but are not limited to! cross-linked sodium car-
boxymethyl cellulose {AC-DI-SOL®), sodium starch gly-
colate (EXPLOTAB®, PRIMOJEL®), and cross-linked
polyviaylpotypyrrolidone (Plasone-X1). These malerials
should be present in the rate of 3-15% (wiw), with a
preferred range of 5-10% (w/w).

Lubricanis are also added to assure proper tableting, and
these can include, but are not limited tor magnesium
slearate, calcium stearale, stearic acid, polyethylene glveol,
leucine, glyceryl behanate, and hyvdrogenaled vegetable oil.
These lubricants should be presen! in amoums from
€.1-10% (w/w), with a preferred range of 0.3-3.0% (w/w).

Tablets are formed, for example, as lollows. The particles
are introduced into a blender along with AVICEL®, disin-

tegrants and lebricant, mixed for a set number of minulesto ~

provide a homogeneous blend which is then pui in the
hopper of a tablet press with which tablets are compressed.
The compression force used is adequaie io lorm a lableg
however, not sufficient to fracture the beads or coatings.

It will be apprecialed that the multiple desage form of the
present invention can deliver rapid and complete dosages of
pharmaceulically active amphetanine salis 10 achieve the
desired levels of the drug in a recipient over Ihe course of
about 8 hours with a single oral administration.

In sc doing, the levels of drug in blood plasma of the
pharmaceutically active amphetamine salts will reach a peak
fairly rapidiy after about 2 hours, and after about 4 bours z
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second pulse dose is released, wherein a second fairly rapid
additive increase of plasma drug levels occurs which slowly
decreases over the course of the next 12 hours.

The following examples arc presented to illustrate and do
not limit the isvention.

EXAMPLES

Example 1

Immediate release formulation

The following formulation was used to layer the drug onto
sugar spheres. Nonpareil seeds (30/35 mesh, Paulaur Corp,,
NI}, 6.8 kg were put into a FEM-15 fluid bed processor with
2 9" Wurster column and finidized at 60° C. The suspension
of mixed amphetamine salts {MAS) with 1% HPMC E5
Premivm {Dow Chemical}-as & binder was sprayed onto the
seed under suitable conditions. Almost no agglomeration
and no fines were observed with a yield of af least 98%. The
drug-loaded cores were used 1o test enteric coatings and
suslzined release coalings.

TABLE 1
Ingredients Amount {%)
Nonparsil seed 88.00
mixed amphetamine sakis 11.40
METHOCEL ® ES Premium 0.60
Waler ) *

“removed during provessing

“The drug release profile of the drug-loaded peliets of this
example is shown in FIG. 3.

Example 2

The following formulation was used to coal the mixed
amphelamnine salts loaded (MASL) peliets from Example 1
wilh the EUDRAGIT® L 30D-55 (Rohm Pharma,
Germany) coating dispersion. 2 kg of MASL pellets were
oaded into a flumd bed processor with a reduced Wurster
column equipped with a precision coater (MP 2/3, Niro Inc.}.
The coating dispersion was prepared by dispersing Triethyl
citrate, Tale and EUDRAGIT® L. 30D-53 inio water and
mixing for ai least 30 minutes. Under suitable fluidization
copditions, the coating dispersion was sprayed onto the
fluidized MASL peliets, The spraying was continued untif
the targeted coating level was achigved {20 u). The coated
pelicts were dried at 30-35° C. for 5 minutes before stopping
the process. The enteric coated PPA pellets were tested at
different pH buffers by a USP paddle method. The drug
content was analyzed using HPLC. The results showed that
the enteric coating delayed the drug refease from the coated
peilets untl afier exposuze 1o pH 6 or higher. {Reference #
AR98125-4)

TABLE 2
Ingredients Amount (%}
MASL pellets 40.00
EUDRAGIT ® L 30D-35 2488
Triethy! citrate 2.52
Tailc 250
Water *

“removed dusing processing
The drug release profile of the coated pellets of this
example is shown in FIG, 4.
Example 3

The following formulation was used to coat the MASL
peilets from Example 1 with the EUDRAGIT® 4110D
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{Rohm Pharma, Germany) ceating dispersion. MASL peliets
(2 kg ) were loaded in a fluid bed processor with a reduced
Warster column (GPGC-15, Glalt). The ceating dispersion
was prepared by dispersing Triethyl citrate, Tale and
FUDRAGIT® 4118D into water and mixing for at least 30
minutes. Under suitable fluidization condijons, the coating
dispersion was sprayed onlo the Auidized MASL pellets.
The spraying was continued until the targeted coaling level
was achieved. The coated peilets were dried 2t 30-35° C. for
5 minutes before stopping the process. The eateric coaled
MASL pellets were tested v sing a USP paddle method atl
different pH buffers. The drug content was analyzed using
HPLC. The enteric coating delayed the drug release for
several hours from the coated pellets unti] the pH value
reached 6.8 or higher. (Reference # ARSBI25-3)

TABLE 3
fngredients Amount (%)
MASL pellews 0.0
EUDRAGIT @ 21100 3624
Tristhyl citrale 076
Tale 308
Water *

*removed during processing

The drug release profile of coaled peliets of this exampie
is shows in FIG. 5.

Example 4

The following formulation was s¢lected 1o coal tbe enteric
coated MASL pellets. Coated MASL pellets from Example
2 or coated MASL pellets from Example 3 (2 kg of either}
were Joaded imto 2 fuid bed processor with a reduced
Wurster columa (GPGC- 1 5, Glatt). The eoatieg dispersion
was prepared by mixing SURELEASE® (Colorcon) and
water for al least 15 minutes prior to spraying. Under
suilable fluidization conditions, the coating dispersion was
sprayed onto the Ruidized pellets. The spraying was conlin-
ued until the targeted coating level was achieved, The coated
pellets were coated with a thin layer of OPADRY® while
(Coloreon) {2%) 1o prevent the tackiness of the coated
pellets during storage. The coated pelicts were then dried ai
35-40° C. for 10 minutes before dischurging from the bed.
The drug dissolution from both costed pellels was per-
formed using a USP paddle method at different pH buiers.

The drug content was analyzed using HPLC. The 3%

SURELEASE® coating slightly sustained ihe deug release
from EUDRAGIT® L 30D-55 coated pellets al pH 7.5
buffer, while the SURELEASE® coating delayed the drug
release up to 2 hours after the buffer switched from pH 1 1o
pH 7.5. (Reference ## ARGRIZS-1)

TABLE 4

Ingredienls Amodl, kg

Enjeric coated MASL peliels
SURLEASE ®

QPADRY @ white

Water

EARE

*removed during processing

The drug release profile of the voated pellets from this

example is shown in FIG. 6.
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What is claimed is:

1. A pharmaceutical composition for delivery of one or
more pharmaceutically active amphetamine sals, compris-
ing:

(a) one or more pharmacentically active amphetamine

salis covered with an immediate release coaling; and

() one or more pharmacsutically active amphetamine

salis thal are covered wilh an enleric release coating
that provides for delayed pulsed enteric release,
wherein said enteric release coating releases essentially
all of said one or more pharmacestically active amphet-
amine salts coated wilh said enteric coating within
about 60 minuies afler initiation of said delayed pulsed
enleric release.

2. The composition of claim 1 wherein said enleric release
coaling has a thickness of at least 254

3. The pharmaceutical composition of claim I wherein the
ane or more pharmaceulically active amphetamine salts are
coaled onlo a core.

4, The pharmaceutical composition of claim 1 wherein the
ane of more pharmacentically active amphetamine salts are
incorporated mlo & core.

3. The pharmaceutical composition of claim 1 wherein the
one of more pharmaceulically active amphetamine salts
covered with ap imrmediate release coating and the one or
miore pharmaceutically active amphetamine salts covered

s with an enleric release coating arc present on a single core.

6. The pharmaceutical composition of claim 1 wherein the
one of more pharmaceutically active amphetamine salls
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covered with an immediate release coatiog and the one or
more pharmaceuiically active amphetamine salls covered
with an enteric release coating are present on different cores.

7. The composition of claim 1 whersin said enteric release
coating is 2 non-pH dependent enteric release coating.

& A pharmaceutical composition for delivery of st Jeast
one amphetamine salt, comprising:

(a) at least one pharmaceulicatly active amphetamine salt

covered with an immediate release coating; and

{b} at least one pharmaceutically active amphetamine salt

covered with an enteric release coating, said compo-
nent (a) providing for an immediate release of amphet-
amine salt lo provide a first blood level of amphetamine
salt apd component (p) providing a delayed pulse
enieric release of amphetamine salt that increases the
blood level of amphetamine salt (o a second level thal
is greater than the first level provided by component
(z), wherein said enteric release coating releases essen-
taily ali of said one or more pharmaceutically active
amphetamine salts coated with said enteric coaling
within about 60 minuies after initiation of said delayed
pulsed enteric release.

9. The pharmaceutical composition of claim 8 wherein the
one or more pharmaceutically active amphetamine salis arc
coated onio 3 cofC.

10. The pharmaceutical compesition of claim 8 wherein
the one or more pharmacertically active amphetamine salts
are incorporated inio a core.

11. The pharmaceutical composition of claim § wherein
the one or more pharmaceutically active amphetamine salts
covered with an immediale release coating and the one or
mose pharmaceuticaily active amphetamine salis covered
with an epteric release coaling are present on a single core.

12. The pharmaceulical composilion of claim 8 wherein

the one or more pharmaceutically active amphelamine salts

covered with an immediate release coating and the ope or
more pharmaceutically active amphetamine salts covered
wilh an enteric release coating arc prosent on different cores.

13. A pharmaccutical composition for delivering one or

more pharmacentically active ampbetamine salis compris-
ing:

{2) one or more pharmaccutically active amphelamine
salts covered with an immediate release coating:

{b) coe or more pharmaceutically active amphelamine
salts that are covered with an enieric release coating
that provides for delayed pulsed enteric relesse,
wherein said enteric release conting releases essentially
ali of said one or more pharmaceutically active amphet-
amine salts coated with said enteric coaiing within
about 60 minules after initiation of said delayed puised
enteric reloase; and

{c) a protective layer over the enteric release coaling.

14. The pharmaceutical composition of claim 13 wherein

the on¢ or more pharmaceutically active amphetamine salts $3

are coated onto a core.
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15. The pharmaceutical composition of claim 13 wherein
the one or more pharmaceutically active amphetamine salts
ere incorporated into a core,

16. The pharmaceuiical composition of claim 13 wherein
the ope or more pharmaceutically active amphetamine salls
covered with an immediate release coating and the one or
more pharmaceutically active amphelamine salls covered
with ap enteric release coating are presenl on & single core.

17. The pharmaceutical composition of claim 13 wherein
the one or more pharmaceutically active amphetamine salis
coversd with an immediate reloase coating and the one or
raore pharmaceutically active amphetamine salls covered
with an enleric release coating are present Omn different
cores,

18. A pharmaceutical composition for delivery of one or
more pharmaceulically active amphelamine salis compris-
g

{a) one or more pharmaceuvtically active amphetamine

salis covered with an immediate release coaling;

{t+} one or more pharmaceutically active amphetamine
salts that are covered with ap enteric release coating
that provides for delayed pulsed enleric release,
wherein said eneric release coating releases said one or
more pharmaceutically active amphetamine salis
coated with said enteric coating within about 80 mip-
utes afler initiativn of said delayed pulsed enteric
release; and

(c) a protective layer between the at least one pharma-
ceutically active amphbetamine salt and the enteric
releuse coating.

19, ‘Ihe pharmaceutical composition ¢f ¢laim 18 wherein
The delayed puised release is from 4 to 6 hours after
administration of the pharmaceutical composition.

28, The pharmaceutical composition of claim 18 wherein
the delayed pulsc eoteric release, releases the amphetamine
salt in aboul 30 (o 60 minutes afier initiation of the release.

21. The pharmaceutical compaosition of claim 18 wherein
the ope or more pharmaceutically active amphetamine salts
are coaled onlo a core,

22. The pharmacentical composition of claim 18 wherein
the one or more pharmaceutically active amphetamine salis
are incorporaled inlo a core.

23, The pharmaceutical composition of claim 18 wherein
the one or more pharmaceutically aclive amphetaming salts
covered with an immediate release coating and the one or
more pharmaceutically active amphetamine salts covered
with an enteric release coating are present on a single core.

24, The pharmaceutical composition of claim 18 wherein
the one or more pharmaceutically active amphetamine salts
covered with an immediate release coating and the one or
more pharmaceutically active amphelamine salis covered
with an enteric release coating are present on different cores.
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ORAL PULSED DOSE DRUG DELIVERY
SYSTEM

This application is & 371 of PCT/USG9/24554 filed Oct.
20, 1999, which is continuation-in-pari of application Ser.
No. 09/176,542, filed Oct. 21, 1998, now U.S. Pal No.
6,322,819 the contents of which are incorporated herein by
reference.

This invenation pertains lo a multiple unit dosage form
delivery system comprising one or more amphetamine salls
for administering the amphetarmine salts 1o a recipient.

BACKGROUND OF THE INVENTION

Traditionally, drug delivery systems have focused on
conslant/susiained drug outpul with the objective of mini-
mizing peaks and valleys of drug concentrations in the body
10 optimize drug efficacy and to reduce adverse effecis. A
reduced dosing frequency and improved paliest compliance
can also be expected for the conmtiolied/sustained release
drug delivery sysiems, compared lo immediate release
preparations. However, for certain drugs, sustained release
delivery is not suitahle and is affected by the following
factors:

First pass metabolism: Some drugs, such as B blockess,
B-estradiol, and salicylamide, undergo extensive first
pass metabolism and require fast drug input lo sahiraie
metabolizing epzymes in order lo mickmize pre-
systemic metabolism. Thus, a constant/sustained oral
method of delivery would result in reduced oral bio-
availability.

Biological tolerance: Continnous release drug plasma
profiles are often accompanied by a decline in the
pharmacotherapeutic effect of the drug, .2, biclogical
tolerznce of transdermal nitrogiycerin.

Chronopharmacology und circadian thythms: Circadian
thylhms in certain physiological funclions are well
established. It has been recognized thal many symp-
toms and onset of disease occur during specific time
periods of the 24 hour day, c.g., ssthma and 2ngina
pecloris attacks are most frequently in the moraing
hours (1,2).

Local therapeutic need: For the treatment of local disor-
ders such as inflammatory bowel disease, the delivery
of compounds (o the site of inflaramation with ne loss
due to absorplion in the small intestine is highly
desirable to achieve the therapeutic effect and to mim-
mize side cifects.

Gastric irritation or drug instability in gastric fluid: For
compounds with gastric irniation or chemicel instabil-
ity in gastric fluid, the use of a sustained release
preparalion may exacerbate gastric irritation and
chemical instability in gastric Auid.

Drug sbsorption differences in varicus gastrointestinal
segments: In general, drug absorption is moderately
slow in the stomach, rapid in the small intestine, and
sharply declining in the large intestine. Compensation
for changing absorplion characteristics in the gas-
trointestinal tract may be impertant for some drugs. For
example, it is rational for a delivery system (o pump cut
the drog much faster when the system reaches the distal
segmenl of the inlesline, to avoid the entombment of
the drug in the feces.

Pulsed dose delivery syslems, prepared as cither single
unit or multiple unit formulations, and which are capable ol
releasing the drug after & predetermined time, have been
studied 1o address the aforementioned problematic areas for
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sustained rekease preparations. These szme faclors are also
problematic in pulsed dose fermulation development. For
example, gasirointestinal transit times vary not oaly from
patient 1¢ patient but also within patients as a result of food
intake, stress, and ilness; thus a single-unit pulsed-relcase
sysiem may give higher variability compared to a multiple
unil system. Additionally, drug layering or core making for
multiple unit syslems i a time-consuming and hard-to-
optimize process, Particularly chellenging for formulation
scientists has been overcoming two conflicting hurdles for
pulsatile fnrmulation development, i¢., lag time and rapid
release.

Varlous enteric materials, e.g., cellulose acetate phibalate,
hydroxypropyl methyicellulose phthalate, polyvinyl acetate
phihaiale, and the EUDRAGIT® acrylic polymers, have
been used as gaslroresistant, enferosoluble coatings for
single drug pulse release in the intestine (3). The enteric
materials, which are soluble a1 higher pH values, are fre-
quently used for colen-specific delivery systems. Due to
their pH-dependent altributes and the uncertainty of gastric
retention time, in-vivo performance as well as inter- and
intra-subject variability are major issues for using entetie,
coaled systems as a time-controiled release of drugs.

A retarding swellable hydrophilic coating has been used
for oral delayed release systerns {4,5). 1t was demonstrated
ihat lag time was lincarly correlated with coating weight
gain and drug release was pH independent.

Hydroxypropy! methyleeliulose barriers with crodible
andfor gellable characteristics formed using press coating
technology for tablet dosage forms have been described to
achieve time-programmed refease of drugs (6). Barder for-
mulition variables, such as grade of hydroxypropyl
methylecilulose, water-soluble and water-insoluble
excipients, significantly aliered the lag time and the release
rate from the center cores.

Special grades of hydroxypropyl methylcelltlose, e.g.,
METOLOSE® 60SH, 90SH (Shin-Etsu Lid., Japan), and
METHOCEL® F4M (Dow Chemical Company, USA), as a
hydrophitic malrix material have been used o achieve
bimodal drug release for several drugs, ie., aspirin,
ibuprofen, and edinazolam (7). Bimodal release is charac-
terized by a rapid initial release, followed by a period of
constant release, and finalived by a second rapid drug
release.

Tablets or capsules coated with a hydrophobic wax-
surfactant layer, made from an agueous dispersion of car-
pauba wax, beeswax, polyoxyethyiese sorbilan monooleate,
and hydroxypropy! methylcellulose bave bees used for rapid
drug release afler a predetermined leg time. However, even
though a two-hotr lag lime was achieved for the model dmg
theophylline at 2 higher coating level {60%), three hours
were required for a complete release of theophyliine after
the lag time. (8)

A sustained-release drug delivery system is described in

s US. Pat. No. 4,871,549, When this systern is placed into

dissolution medium or the gastrointestinal tract, water influx
and the volume expansion of the swelling agent cause the
explosion of the waler permeable membrane. The drug thus
releases after a predetermined time period. The OROS®
push-pull system (Alza Company) has been developed for
pulsatile delivery of water-soluble and water-insoluble drugs
{9,10), eg. the OROS-CT® system and is based on the
swelling properties of an osmotic core compartment which
provides a pH-independent, time-controlled drug release.
The PULSINCAPE dosage {orm releases ils drug content
al either 4 predetermined time or at a specific site (e.g.,
colon) in the gastrointestinal tract {11). The drug formula-
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tion is conlained within 2 waler-inscluble capsule body and
is sealed with a hydrogel plug. Upon oral administration, the
capsule cap dissolves in the gastric juice and the hvdroge!
plog swells. At a controtled and predetermined time poini,
the swollen plug is ejected from the PULSINCAP® dosage
form and the encapsulated drug is released. A pulsatile
capsule system containing captopril with release after a
nosminal 5-hr peded was found to perform repraducibly in
dissolution and pamma scintigraphy studies. However, in
the majority of subjects, no measurable amounts of the drug
were observed i the blood, possibly due 1o instability of the
drug in the distal intestine. {12)

ADDERALL® comprises a mixture of four amphetamine
salts, dextroamphetamine suifate, dexlrcamphelamine
saccharate, amphetamine aspariate monchydrate and
amphetamine suifate, which in combination, are indicated
for treatment of Attention Deficit Hyperactivity Disorder in
children from 3-10 years of age. Qne disadvantage of
current treatmment is thal a tablet form is commonly used
which many young children have difficulty in swallowing,
Another disadvantage of current treatinent is thal two sepa-
rate dose are administered, ope in the morning and one
approximately 4-6 houss later, commonly away from home
under other than parestal supervision. This current form of
\reatnent, therefore, requires a second (realment which is
{ime-consutaing, inconvenicnl and may be problematic lor
those children baving difficulty in swaltowing table formu-
lations.

SUMMARY OF THE INVENTION

Accordingly, i view of 2 need for successfully adminis-
tesing a multiple unit pulsed dose of amphetamioe salts and
mixtures thereof, the present iavention provides an oral
muitiple unit pulsed dose delivery system for amphetamine
salts and mixtures thereof. FIG. 1 iflusirates the desired
target plasma level profile of the pharmaceutical active
contained within the delivery system.

I accordance with a preferred embodiment of the present
invention, there is provided a pharmaceutical composiiion
for delivering one or more pharmaceutically aclive amphet-
amine salts that inchudes:

{#) one or more pharmaceutically active amphelaming
salts thal are covered with ap immediate releasc
coating, and

{b} one or more pharmaceutically active amphetamine
salts thal are covered wilh an eateric release coating
wherein (1) the enteric release coating bus 2 defined
minimum thickness and/er (2) there i 8 protective
layer between the al least oue pharmaceutically active

amphetamine sait and the cnteric release coating and/or 5

{3) there is a protective layer over the enleric releuse
coating.

ln one embodiment, the immediate release and enferic
release portions of the composition are present on lhe same
Core.

1o ancther embodiment, the irmmediate release and eateric
release components are present on different cores.

I is aiso contemplated that the composition may include
a combination of the hereinazbove referred to cores {anc or
more cores that include both components on the same core
and one or more cores thal include only one of the two
components on the core).

The present inventlion provides & composition in which
there is immediate release of drug and enleric release of drug
whergin the enteric release is 3 pulsed release and whereln
the drug imcludes one or more amphetamine salls and
mixtures thereol.
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The immediaic releass component releases the pharma-
ceutical agant in & pulsed dose upon oral administration of
the delivery system.

The enteric release coating layer retards or delays the
release of the pharmaceutical active or drug for a specified
time period {“lag lime™) until a predetermined lime, at which
time the release of the drug is rapid and complete, ie., the
entire dose is released within about 30-60 minutes vnder
predetermined environmental conditions, ie. & particular
iocation within the gasiroiatestinal tract.

The delay or lag time will take into consideration factors
such as transit times, food effects, inflammatory bowel
dissase, vse of antacids or other medicaments which alter the
pH of the GI tract.

in & preferred embodiment, the lag time peried is only
time-dependent, i.e., pH independent. The lag lime is pref-
erably within 4 1o 6 houes after oral administration of the
delivery system.

s ome aspecl, the prescnt invention is direcled to a
composition that provides for enteric release of at least one
pharmaceutically active amphetamine sall, including at least
ane phermaceuticaliy aclive amphetamine salt that is coated
with ap enteric coating wherein (1) the enteric release
coating has a defined minimum thickness and/or (2) there is
2 protective fayer between the al least one pharmaceutically
active amphelamine sall and the enteric release coaling
andfor {3) there s a protective layer over the enteric release
coating.

In sltempling to provide for enteric release of an amphel-
amine salt, applicants found that use of an enteric release
coaling as generzlly practiced in the art did not provide
effective enleric release.

Typical enteric coating levels did not meet the above
requirements for the desired dosage profile of amphetarning
sails. Using the typical amount of enteric coating (10-20u)
resulted in undesired premature leakage of the drug from the
gelivery system igto the upper gastrointestinal tract and thus
no drug delivery at the desired location in the gastrointes-
tinal tract after the appropriate lag time. Thus this coating
did not meel the requirements for the drug release profile to
provide full beneficial therapeutic activity at the desired
time.

Surprisingly, applicants found that using a thicker apphi-
cation of enleric coaling on the formulation allowed for the
second pulsed dose to be released only and completely at the
approgriale lime in the desired predetormined area of the
gastrointestinal tracl, Le., i the intestine.

This was surprising because an increase in thickaess of
about 5—10u of eneric coutings above a minimum (hickness
of apeut 10-20u typicalty does not have a significant offect
on telesse of drug from wilhin swch coatings. Enteric
coatings typically are pH dependent and will only dissolve/
digperse when exposed lo the appropriate environment.
Typically, application of a thicker coating (greater than 2000
will only marginally increase the time for complete release
al the appropriate environmental condition ie., for a brief
peried of time {20 minuies), Using the typical coating,
applicants could not achicve the desired resubi-—rather, the
coaling, loaked before the predetermined fime in an inap-
propriate epvironment resulling in sigoificant loss of the
therapeutic agent,

Accordingly, in one aspect, the pulsed enteric reloase of
the amphetamine salls is accomplished by employing 2
certain minimum thicksess of the enteric coating.

In ene embodiment of the imvention, the pulsed dose
delivery comprises @ composition which comprises one or
more pharmaceuticaily active amphelamine salts; an enteric
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coaling over the ane or mor¢ pharmaceutically active
ampheiamine salts, wherein the thickness of the enteric
coaling layer is al least 254 a further layer of one or more
pharmaceutically active amphetamine salis over the enteric
coating layer; end an immedizale release layer coating. The
thicker eneric coating surprisingly provides the required
delayed immediate release of the pharmaceulicslly active
amphetamine salt al the desired time in the desired arca af
the gastrointestinal tract. FIG. 2 illustrates a model of this
delivery system.

in this aspect, the one or more pharmaceutically active
amphetamine salis can be provided within or as a partof a
core seed around which the enteric coating is applied
Alternatively, a core seed can be coated with ong or more
layers of one or more pharmaceutically active amphetamine
sails.

It has further heen discovered that a delayed immediate
release drug delivery car also be accomplished by coating
the drug first with a protective layer prior o applying the
enteric coating.

Thus, in another embodiment, the pulsed enteric release is
accomplished by employing a protective layer between the
drug and the enteric coating. When using & prolective
coating, the enteric coating may be of an increased thickness
or may be of lower thickness.

Thus, in another aspect, the object of the invention is mel
by providing a composition comprising one or more phar-
maceutically active amphetamine salts; a protective layer
coating over the one or more pharmaceutically active
amphetamine sali layer(s}, and an enteric coating layer over
the protective coating layer; a funher pharmaceutically
active amphelamine sait layer and an immediaic release
fayer coating. In a preferred embodiment of this aspect, the
thickness of the enteric coating is at least 25, and the
protective layer comprises an immediate telease coating.

With respect to this embodiment of the inveniion, the one
or more pharmacetticaily aciive amphelamine salis can be
provided withio or as a part of a core seed, during the core
seed manufacturing process, around which the protective
coaling is applied. Alternatively, @ core seed can be conted
with one or more layers of on¢ or more pharmaceutically
active amphelarsine salts.

ln another embodiment, the pulsed enleric release is
accomplished by employing a protective layer over the
enteric coating,

Accordingly, in this embodiment of the present Lyveation,
there is provided a pulsed dose release drug delivery system
comprising one or more phammaceutically active amphet-
amine salls; an enleric coating layer over the pharmaceuti-

cally active amphetamine sail layer(s); and a profective layer 3

aver the eateric coating; a second pharmaceuiically active
amphetamine sall layer; and an immediale release layer
coating.

In one aspect of this embodiment, the protective layer is
comprised of one or more components, which includes an
immediate release layer and a modifying layer. The modi-
fying layer is preferably comprised of a semi water-
permeable polymer. Applicants have surprisingly found that
a semi-permeable palymer coating used in combination with
an immediate release layer coating provided a delayed
pulsed release drug delivery profile when layered over the
enteric coating.

Thus, in this smbodiment, the protective layer comprises
a semi-permeable polymer and an immediate release coaling
laver, In a preferred embodiment, the modifying layer com-
prises a first layer of 2 semi-permeable polymer which is
adiacent io the enleric coating layer and a second coaling
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tayer over the semi-permeable polymer coaling layer com-
prising an immediate release polymer coating layer.

in one aspect of this embodiment, a scmi-permeable
polymer, which may comprise a low water-permeable
pH-insensitive polymer, is layered onto the culer surface of
the enteric laver, in omler 0 obtain prolonged delayed
rolease time. This semi-permeable polymer coating controls
the erosion of the pH-sensilive enteric polymer in an alka-
line pH environment in which a pH-seasitive polymer wili
dissolve rapidly. Another pH-seasitive layer may be applied
onto the surface of 2 low waler-permeability layer to furiher
delay the release time.

In a still further aspect of the invention, in addition 1o a
protective layer, he composition comprises an acid which s
incorporated igto the pharmaceutical aclive layer or coated
onto the surface of the aclive layer lo reduce the pH value
of the environment around the enteric polymer layer. The
acid layer may also be applied on the outer layer of the
pH-sensilive enteric polymer layes, foliowed by 2 layer of
low water-permeability polymer. The release of the active
thus may be delayed and the dissolution rate may be
increased in ap alkaline environment.

In & further cmbodiment, the protective coaling may be
used both over the drag and over the enieric coating.

With respect lo this embodiment of the invention, the coe
or more pharmaceutically active amphetamine salts can be
provided within or as a part of a core seed, during the core
seed manufacturing process, around which the enteric coat-
ing is applied. Alternatively, a core seed can be coated with
one or more layers of one or more pharmaceutically aclive
amphielamine saHs,

The drug delivery sysiem of the present invention as
described herein preferably comprises one or a number of
beads or beadlets in a dosage form, either capsule, lablet,
sachet or otber method of orally administering the beads,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 fllustrales a maltiple pulse drug delivery system
target plasma profile of the drug delivery system of the
present invention. The profile reflects an immediale-release
componen! followed by a delayed-release component.

FIG. 2a graphically illustrates a pulsed dose delivery
system.

FiGS. 2b and ¢ graphically ilusirate the drug release
mechanism from the proposed delivery system.

FIG. 3 is a plot of the percent drug released versus time
from the drug-loaded pellets described in Example 1 which
exemplifies the immediate release component of the present
invention.

F1G. 4 is a plot of the percent drug refeased versus time
from the coated peliets described in Example 2 which
exemplifies lhe immediale relesse component and the
delaved release components of the present invention.

FIG. 5 is @ plot of the percent drug released versus time
from the conted pellels of Example 3 which exemplifies the
immediale release component end the delayed release com-
ponents of the present invention.

FIG. 6 illusirates the drug reicase profile of coated pellets
described in Example 4 which exemplifies the immediate
release componenl and the delayed release componenis of
the present invention.

FIG. 7 is a plot of a profile of plasme amphelamine
coneentration afler administration of a composile capsule
containieg the immediate rolease pellels and delayed release
pellets from Examples 1 and 2, respectively.

FIG. 8 is a plol ol 2 profile of plasms amphetamine
concentration after administration of 2 composite capsule
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containing the immediate release pellels and delayed release
pellets from Examples 1 and 3, respectively.

DETAILED DESCRIPTIGN OF THE
INVENTION

The present invention comprises a core of starling seed,
either prepared or commercially available product. The
cores or starting seeds can be sugar spheres; spheres made
from microcrystaliine cellufose and any suitable drug crys-
tals,

The materials thal can be employed in making drug-
coptaining pellets are any of those commonly used in
pharmaceutics and should be selected on the basis of com-
patibility with the aclive drug and the physicochemical
properiies of the pellets. The additives excepl active dyugs
are chosea below as examples:

Binders such as cellulose derivatives such as
methyleeliuiose, hydroxyeiiyl cellulose, hydroxypropyi
cellulose, hydroxypropyl methylcellulose,

polyvinylpyrrolidone, polyvinylpyrrolidone/vinyl acetate 2

copolyroer and the like.

Disintegration agents such as corn starch, pregelatinized
starch, cross-linked carboxymethyleellulose (AC-DI-
SOLE), sodium siarch glycolate {EXPLOTAB®), cross-
linked polyvinylpyrrolidene (PLASDONE XL®), and aoy
disintegration agents used in lablet preparations.

Filling agents such as laciose, calcium carbonate, cajcium
phosphate, calcium sullate, microcrystaliine celivlose,
dextran, starches, sucrose, xyliol, lactitol, manuiiol,
sorbitol, sodivm chloride, polyethylene glycol, and the fike.

Surfaclanis such as sodivm lauryl sulfate, sorbitan
monooleate, polyoxyethylens sorbitan monooleats, bile
salis, glyceryl monostearale, PLURONIC® lne {BASF),
and the Hke.

Solubilizers such as chiric acid, succinic acid, fumaric
acid, malic acid, tartaric acid, maleic acid, clutaric acid
sodium bicarbonale and sodium carbonate and the like,

Stabilizers such as any antioxidalion agents, buffers,
acids, and the ke, can also be ufilized.

Methods of manufacturing the core include

a. Extrusion-Spheronization-—Drug{s} and other additives

azre granulated by addition ol a binder solution. The wet
mass is passed through an extruder eguipped with o
cerlain size screen. The extrudates are spheronized ina
marumerizer, The resulting peiiets arce dried and sieved
for further applications.

. High-Shear Granulation—Dmg(s) and other additives
are dry-mixed and then the mixture is weited by

o

addition of a biader solution i a high shear-granulator/ s

mixer. The granules are kneaded after wetting by the
combined actions of mixing and milling. The resulting
granules or pellets are dried and steved for further
applications.

¢. Solution or Suspension Layering—A drug solution or

dispersion with or without a binder is sprayed onlo
starling seeds with & cerlain particle size i u fiuid bed
processor ar other suitable equipment. The drug thus is
coated on the surface of the siarting seeds. The drug-
loaded pellels are dried for further applicatinas.

For purposes of the present invention, the core pariicles
have a diameter in the rangs of sbout 501500 microns;
preferably 100-80C microns.

These particles caa then be coated in a fruidized bed
apparatus with an allernaling sequence of coaling layers.

The core may be coated directly with a layer o1 layers ol
al least one pharmacenticalty active amphelamine salis

i
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andfor the pharmaceutically active amphetamine salt may be
incorporated into the core material. Pharmaceutical active
amphetamine szits contemplated to be within the scope of
the present invention include amphelamine base, all chemi-
cal and chiral derivatives and salts thereof; metliylphenidate,
all chemical and chiral derivatives and salls thereof; phe-
nylpropanoiamine and its salls; and #ll other compournds
indicated for the treatment of atiention deficit byperactivity
disorder (ADHID).

A protective layer may be added on top of the pharma-
ceulical active containing layer and also may be provided
between active layers. A separation of prolective layer may
ibe added onto the surface of the active-loaded core, and then
ihe enteric laver is coated thereupen. Another active layer
may also be added 1o the enlenc layer o deliver an imitial
dose.

A protective coating layer may be applied immediately
outside the core, either a drug-containing core or & drug-
layered core, by conventional coaling techniques such as
pan coating or fiuid bed coating using solulions of polymers
in waler or suitable organic selvents or by using agqueous
polymer dispersions. Suitable materials for the proteciive
layer inclade celiulose derivatives such as bydroxyethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl
methyleellulose, polyvirylpyrrolidone,
polyvinylpyreolidone/vinyl acetale copelymer, ethyl cellu-
lose agucouns dispersions (AQUACOAT®,
SURELEASE®), EUDRAGIT® RL 30D, OPADRY® and
the like. The suggested coating levels are from 1 to 6%,
preferably 2—4% (w/w),

The enleric coaling tayer is applied onto the cores with or
without seal coating by conventional coating techniques,
such as pan cealing or fluid bed coating using solutions of
polymers in waler or suitable organic solvents or by using
agueous polymer dispersions. All commercially available
pH-sensitive polymers are included. The pharmaceutical
aclive is nol released in the acidic stomach environment of
approximetely below pH 4.5, bul not limited ta this value.
The pharmaceutical sctive should become available when
the pH-sepsitive layer dissolves al the greater pH; after a
certain delayed time; or after the unit passes through the
stomach. The preferred delay time is in the range of two to
81X hours.

Entere polvmers include celluloss acelate phthalate, Cel-
fulose acelale tnimellitate, hydroxypropyl methylcellnlose
phihalate, polyvisyl acetate phthaiate,
carboxymelhylethyleeliulose, co-polymerized methacrylic
acidfmethaerylic acid methyl eslers such as, for inslance,
materials known under the trade name EUDRAGIT® L12.5,
100, or EUDRAGIT® §12.5, 8100 or similar compounds
psed o abiain enleric coatings. Aquecus colloidal polymer
dispersions or re-dispersions can be alse applied, e.g.
EUDRAGIT® L 30D-55, EUDRAGIT® L100-55,
EUDRAGIT®E $100, EUDRAGIT® preparation 41100
{Roba Pharma); AQUATERICE, AQUACOAT® CPD 30
{FMC); KOLLICOAT MAE® 30D and 30DP (BASF);
EASTACRYL® 30D (Eastman Chemical).

The eateric polymers used in this invention cas be miodi-
ficd by mixing with other known coating products that are
not pH sensitive. Examples of such coating products inclade
the neutral methacrylic acid esters with & small portion of
frimethvlammonioethyl metbacryiate chlende, sold cur-
rently upder the irade names EUDRAGIT®@ RS znd
SUDRAGIT® RL; a neulral ester dispersion without any
functivaal groups, sold upder the trade pames
FUDRAGITE NE30OD; snd other pH independenl coating
products.
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The medifying component of the protective layer used
aver the enteric coating can include a waler penetration
barrier layer {semipermeable polymer) which can be suc-
cessively coated after the enteric coating to reduce the waler
penctration rate through the enleric coating layer and thus
increase the lag time al the drug release. Sustained-release
coalings commonly known to one skilled in the arl car be
used for this purposc by conventional coaling lechniques
such as pan coating or fluid bed coating vsing solutons of
polymers in waier or suitable organic solvenls or by using
aqueous polymer dispersions. For example, the following
materials can be used, but not mited 1o: Cellulose acetale,
Cellulose acetate bulyrate, Cellulose acetale propionale,
Ethy! celiulose, Falty acids and their esters, Waxes, zein, and
aqueous polymer dispersions such as EUDRAGIT® RS and
RL 30D, EUDRAGIT® NE 30D, AQUACOAT®,
SURELEASE®, cellulose acelate latex. The combination of
above polymers and hydrophilic polymers such as Hydroxy-
ethyl celiulose, Hydroxypropy! celiulose (KLUCEL®, Her-
cules Corp.), Hydroxypropyl methylcelluiose
{METHOCEL®, Dow Chemical Corp.), Polyvinyipyrroli-
done ¢an also be used.

An overcoaling layer can further optionally be apphied 1o
the composition of the presemt invention. OPADRY®,

QPADRY 1@ (Colorcon) and corresponding calor and col- 2

orless grades from Colorcon can be used 1o protect the
pellets from being tacky and provide colors (o the product.
The suggesied levels of protective or color coaling are from
1 1o 6%, preferably 2-3% (wiw).

Many ingredients can be incorporated into the overcoai-
ing formula, for example o provide a quicker immediate
release, such as plasticizers: acetyliriethy] cilrate, Iricthyl
cilrale, acelyltributyi citrate; dibutylsebacate, iriacelin, poly-
ethylene glycols, propylene glyeol and the others; hubri-

cams: tale, colleidal stlica dioxide, magnesium stearale,

calcium stearate, titaniten dioxide, magnesium silicaie, and
the like.

The composition, preferably in beadlet form, can be
incorperated inle hard gelatin capsules, either with addi-
ticnal excipients, or alope. Typical excipients to be added 1o
a capsufe formulation include, but are not limited to: fillers
such as microcrysiatline cellulose, soy polysaccharides, cal-
cium phosphate dihydrate, calcium sulfate, lactose, sucrose,
sarbitol, or any ather inert filler. In addition, there can be
fiow aids such as furned silicon dioxide, silica gel, magne-
sium stearate, calclum stearate or any other material impart-
ing flow lo powders. A lubricant can further be added if
necessary by using polyethylene glyeol, levcing, glycery!
behenate, magnesium siearale of caloium slearate.

The composition may also be incorporated inter a tablet, in
particular by incorporation inte a tablet matrix, which rap-
iy disperses the particles after ingestion. in order 10
incorporale these particles inte such a tablel, a filler/binder
musl be added 10 a table thal can accept the parlicles, but will
pot allow their destruction during the tableting process.
Materials that are sujtable for this purpose include, but are
nol Emited lo, microcrystatline cellulose (AVICEL®), soy
polysaccharide (EMCOSOY®), pre-gelatinized siarches
(STARCH® 1500, NATTONAL® 1331), and polyethylene
glycols (CARBOWAX®). The malerials should be present
in the range of 5-75% {w/w), with a preferred range of
25-50% {wiw).

In addition, disintegrants are added iz order o disperse
the beads once the tablet is ingested. Sultable disinlegrants
include, bul are not lmited o cross-linked sodium ar-
boxymethyl cellulose {AC-DI-SOL®), sodium starch gly-
colate (EXPLOTAB®, PRIMOIEL®), and cross-linked

[
w

3G

40

540

10

polyvinylpelypyrrolidone (Plasone-XL). These malerials
should be present in the rate of 3-13% (w/w}, with a
preferred range of 5-10% (w/iw).

Lubricants are also added 1o assure proper tablieting, and
these can include, bul are not limited to: magnesivm
stearale, calolum slearale, stearic acid, polyethylene glycol,
lsucing, glyveryl behanale, and hydrogenated vegelable oil.
These lubricanls should be present in amounts from
0.1-10% (w/w), with a preferred range of 0.3-3.0% (whwv).

Tablets are formed, for example, as follows. The particles
are introduced into a blender slong with AVICEL®, disin-
tegrants and lubricant, mixed for 2 set pumber of minuies to
provide a homogeneous blend which is then put in the
hopper of a tablel press with which tablets are compressed.
The compression force used is adeguale lo form a (ablel;
however, ot sullicient (o [racture the beads or coatings.

Tt will be appreciated that the multiple dosage form of the
present invention can deliver rapid and complete dosages of
pharmaceulically active amphetamine salls to achieve the
desired levels of the drug in a recipient over the course of
aboul 8 hours with a single oral administralion.

In so doing, the levels of drug in blood plasma of the
pharmaceutically active amphetamine salts will reach a peak
{airly rapidly afler aboul 2 hours, and after about 4 hours a
second pulse dose is released, wherein a second fairly rapid
additive increase of plasma drug levels occurs which slowly
decreases over the course of the next 12 hours.

The following examples are presented to illusirate and do
not limit the invention.

EXAMPLES
Example 1

Immediate Release Formulation

The following formulation was used to layer the drug onte
sugar spheres, Nonparei! seeds (30/35 mesh, Panlaur Corp.,
NI, 6.8 kg were put into a FLM-15 fluid bed processor with
a 9" Wurster column and fluidized at 60° C. The suspension
of mixed amphetamine salts (MAS) with 1% HPMC ES
Premium {Dow Chemical) as a binder was sprayed onto the
sesd under suitable conditions, Almost no agglomeraiion
and no fines were observed with a yield of at least 98%. The
drug-oaded cores were used 0 test enleric coatings and
sustained release coalings.

TABLE 1
ingredicnis Amount (%}
Monpareil seed 28.00
mixed amphetamine salis 1140
METHOCEL ® ES Premium 666
Water *

=removed during processing

The drug release profile of the drug-loaded pellets of this
exampie is shown o FIG. 3.

Example 2
The following formulation was used 10 coal the mixed
amphetamine salts loaded (MASL) pellets from Example 1
with the BEUDRAGIT® L 30D-55 (Robm Pharma,
Germany) coating dispersion. 2 kg of MASL pellets were
loaded into a fluid bed processor with a reduced Wurster

s colurnn equipped with a precision coater (MP 2/3, Niro Inc.).

The ceating dispersion was prepared by dispersing Triethyl
citrate, Tale and BEUDRAGIT® L 30D-55 into water and
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mixing for at least 30 minutes. Under suitable fluidization
conditions, the coating dispersion was sprayed oplo the
finidized MASL peliets, The spraying was continued unti
the largeted coating level was achieved (20u). The coated
pellets were dried a1 30-35° C. for S minutes before stopping
the process. The enteric coated PPA pellets were tesled al
different pH buffers by 2 USP paddie method. The drug
content was analyzed using HPLC. The results showed that
the enseric coaling delayed the drug release from the coated

pellets until afler exposure 1o pH 6 or higher (see Table 2 3

below). (Reference #AR98125-4)

TABLE 2
Ingredients Amount (%}
MASL pellets 4n.8c
EUDRAGIT ® L 30D-53 24.88
Trigthyl citrate .52
Taic 2.50

Water

*removed during processing

The drug release profile of the coated pelleis of this
example is shown it FIG. 4.
Example 3

Tae following formulation was used to coai the MASL
peliets from Example 1 with the EUDRAGIT® 4110D
(Rohm Pharma, Germany) cozling dispersion. MASL. pellets

(2 kg) were loaded in a Auid bed processor with a reduced

Waurster column (GPGC-15, Glat). The coating dispersion
was prepared by dispersing Triethyl citrate, Tale and
EUDRAGIT® 41165 into water and mixing for al teasl 30
misutes. Under suitable fluidization conditions, the coating

dispersion was sprayed onte the fluidized MASL pellels. 3

The spraying was conlinued uptil the targeted coating level
was achieved. The coated pellets were dried at 30-35° C, for
5 minules before stopping Lhe process. The enteric coated
MASL peliets were lesied using a USP paddle metzod at
different pH buffers. The drug content was analyzed using
YPLC. The enteric coating delayed the drug release for
several hours from the coated pellets until the pH value
reached 6.8 or higher, as shown below in Table 3. (Reference
#AR98125-3)

TABLE 3
Ingrediens Amounl £%}
MASL peilets HLOG
Eudragit ® 471300 26.24
Triethyl citrate 0.7
Tele .00
Water *

*remuoved during processing

The drug release profile of coated pellets of this example
is shown in FIG. 5.

Example 4

“The following formulation was selected o coat the enteric
coated MASL pellets. Coated MASL pellets from Example
7 or coaled MASL pellets from Example 3 {2 kg of either)
were loaded into a Buid bed processor with & rednced
Wurster column (GPGC-13, Glat). The costing dispersion
was prepared by mixing SURELEASE® (Colorcon} and
water lor al least 15 minuies prior o spraviog. Under
suitable fuidization conditions, the coating dispersion was

L
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spraved onto the Ruidized pellets. The spraying was conlin-
ved uniil the targeted coating tevel was achieved. The coated
pellets were coated with 2 thin layer of OPADRY® while
(Colorcon) (2%) 10 prevent the tackiness of the coaled
pellets during slerage. The coated peliels were then dried at
35-40° C. [or 10 minutes before discharging from the bed.
The drug dissolution from both coated pelists was per-
formed using a USP paddle method at different pH buffers.
The drug content was analyzed using HPLC. The 8%
SURELEASE® coating stightly sustained the drug release
from EUDRAGIT® L 30D-55 coated peliets at pH 7.5
buffer, while the SURELEASE® coaling delayed the drug
release vy 10 2 hours afier the buffer switched from pH 1 10
pH 7.5. {Reference ##AR98125-1)

TABLE 4
Ingredients Amount, (%}
Beateric coated MASY, pelicis %100
SURELEASE® 800
OPADRY ® white 06
‘Water *

*removed during processing

The drug release profile of the coated pellels from ihis
sxample is shown In FIG. 6.

Example 5

Apulsatile delivery syslem can be achieved by combining
the immediale release pellets (Example 1) wilh delayed
reloase pellets (Example 2 or Example 3). The immediate-
release peliels equivalent to half the dose and the detayed-
release pellets equivalent 1o half the dose ate fliled inio a
hard gelatin capsule to produce the oral pulsed dose delivery
system. The delayed-release portion releases lhe ampbei-
amine salts rapicly and completely, after a specified lag time.
The capsule products containing immediate-release pellets
and delayed-release pellets (Example 1 plus Example 2 and
Example 1 plus Example 3} were lesied in & crossover
human study. FIGS. 7 and 8 show the typical profiles of
plasma amphetamine concentration afier administration of a
composite capsule containing the immediate-release pellets
and delayed-release pellets from Examples 1 and 2 (10 mg
dose each pellet type) and a capsule containing the pellets

s from immediate-release peliets and delayed-release peliets

from Examples 1 and 3 (10 mg dose each pelet type),
respectively. The general plasma profiles are similar to the
desired 1arget plasma level profile shown in F1G. 1.

it is to be understood, however, that the scope of the
present invention is not 1o be limited to the specific embodi-
ments described above. The invention may be practiced
other than as particularly deseribed and still be within the
scope of the accompenying claims.
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What is claimed is:

1. A pharmaceutical formulation for delivery of a mixture
of amphetamine base salis effective to weat ADHD in 2
human palient comprising:

an immediale release dosage form that provides immedi-
ate telease upon oral administration 1o said palient;

a delayed enteric release dosage form that provides
delayed release upon oral administration to said patient;
and

a pharmaceutically acceptable carrier;

wherein said amphetamine base salis comprise dextroam-
phetamine sulfale, dexiroamphetamine saccharale,
amphetamine aspariale monohydrate and ampheiamine
sulfate;

wherein said pharmaceutical formulation is sufficient to
matnlain an effective level of amphetamine base salls in
the patient over the course of at least § hours without
further adminisiralion of amphetamine base sall, and
the peak plasma concestration of amphelamine base
salts reached after release of said delayed enteric
release dosage [orm exceeds the peak plasma concen-
tration previously reached after release of said imme-
diaie release dosage form; and

wherein said pharmacestical formulation, when contain-
ing abaut a total dose of 20 mg, will produce in a
humarn individual a plesma concentration versus Ume
curve {ng/m] versus hours) having an area under the
curve (AUC) of about 467 to about 714 ng hr/ml.

2. A formulation of claim | wherein said plasma concen-
tration curve has a maximum concentration (C, ) of about
22.5 to about 40 ng/m! for about a total dose of 20 mg.

3. A formulation of claim 2 wherein the ime afler said
oral administration to reach said C,,,, value is abowt 7 1o
aboul 10 hours,

4. A formulation of cleim 1 wherein the time aller said
oral administration 1o reach maximum concentration of said
plasma concentration curve is about 7 to about 10 hours,

5. A formulation of claim 2, 3 or 4 wheredn said AUC is
about 714 ng hr/mi.
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6. A formutlation of claim 3 wherein said AUC is about
714 ng b/, the time after said oral administration lo reach
said C,, .. value is about 7 hours and C,, . is about 40 ng/ml.

7. A formulation of claim 2 wherein C,,,, is about 40
ng/mk

8. A formulation of claim 3 or 4 wherein said time is about
7 hours.

9. A formulation of one of ¢laims 14, 6 or 7 wherein said
salls are contained in aboul equal amounts within each of
said dosage forms.

10. A formulation of one of ¢laims 1-4, 6 or 7 wherein
said delayed eateric release dosage form comprises a coaling
of a thickness of at least 20 um which comprises dried about
30% (dry substance) squeous dispersion of an amionic
copolymer based on methacrylic acid and acrylic acid ethyl
ester, said coaling being soluble at a pH of about 5.5
upwards,

11. A formulation of claim 10 wherein said thickness is at
least 25 um.

12. A pharmaceutical formulation for delivery of a mix-
ture of amphetamine base salts effective to treat ADHD in a
human patient comprising:

an immediate release dosage form that provides immedi-
ate release upon oral administration to said patieat;

a delayed enteric release dosage form thal provides
delayed release upon oral administyation to said patient,
wherein said enteric release dosage form comprises a
coating of a thickness of at least 20 um which com-
prises dried agqueous dispersion of an apionic copoly-
mer based on methacrylic acid and acrylic acid ethyl
esler, said coating being soluble at a pH of aboul 3.5
upwards; and

a pharmaceutically acceptable carrier;

wherein said amphetamine base salis comprise dextroam-
phetamine suifale, dexiroamphetamine saccharate,
amphetamine aspartate monohydrate and amphetamine
sulfate;

wherein said pharmaceutical formulation is sufficient t©

maintain an ¢Hective level of amphetamine base salis in
the palienl over the course of at least 8 hours without
further administration of amphetamine base salt, and
the peak plasma conceniration of amphetlamine base
salls reached after release of said delayed enteric
release dosage form exceeds the peak plasma concen-
tration of said salis previously reached after release of
said immediate release dosage form.

13. A formulation of claim 12 wherein said thickness is at
feast 25 g,

14. A formulation of claim 12, wherein said dried agueous
dispersion of an anfonic copolymer is & dried about 30% (dry
substance) agucous dispersion of an anionic copoiymer.

15. A formulation of claim 1 formulated for a total dose
of 20 mg.

16. A formulation of claim 2 formulated for a total dose
of 20 mg.

17. A foraulation of claim 1 formulated for a total dose
different from about 20 mg and having an AUC proportional
o said 20 my AUC.

18. A formulation of claim 2 [ormulated for 4 1o4a] dose
different from about 20 mg and having & €. proporiional
to said 20 mg C
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