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UNITED STATESDISTRICT COURT
DISTRICT OF NEW JERSEY

CELGENE CORPORATION, NOVARTIS
PHARMACEUTICALS CORPORATION and

NOVARTISPHARMA AG,

Plaintiffs,
V.

MYLAN PHARMACEUTICALSINC,,

Defendant.

N N N N N N N N N N N N N

Civil Action No.

COMPLAINT FOR PATENT
INFRINGEMENT

(Filed Electronically)

Plaintiffs Celgene Corporation (“Celgene”), Novartis Pharmaceuticals Corporation and

Novartis Pharma AG (together, “Novartis”) (collectively, “Plaintiffs”), by their attorneys, for

their Complaint against defendant Mylan Pharmaceuticals Inc. (“Mylan” or “Defendant”), allege

as follows:



Case 2:33-av-00001 Document 16751 Filed 12/07/12 Page 2 of 95 PagelD: 375417

Natur e of the Action

1. This is an action for patent infringement under the patent laws of the United
States, 35 United States Code, arising from Defendant’s filing of an Abbreviated New Drug
Application (“ANDA”) with the United States Food and Drug Administration (“FDA”) seeking
approval to market a generic version of Novartis’ patented FOCALIN XR® drug products prior
to the expiration of Celgene’s United States Patent Nos. 5,908,850 (the “‘850 patent™), 6,355,656
(the “‘656 patent”), 6,528,530 (the “*530 patent™), 5,837,284 (the “1998 ‘284 patent”), 6,635,284
(the “2003 284 patent”), and 7,431,944 (the “‘944 patent”), all of which cover the FOCALIN
XR® products or its use.

The Parties

2. Plaintiff Celgene Corporation is a corporation organized and existing under the
laws of the State of Delaware, having a principal place of business at 86 Morris Avenue,
Summit, New Jersey 07901.

3. Plaintiff Novartis Pharmaceuticals Corporation is a corporation organized and
existing under the laws of the State of Delaware, having a principal place of business at 59 Route
10, East Hanover, New Jersey 07936.

4. Plaintiff Novartis Pharma AG is a corporation organized and existing under the
laws of Switzerland, having an office and place of business at Lichtstrasse 35, CH-4056 Basel,
Switzerland.

5. Defendant Mylan Pharmaceuticals Inc. is a corporation organized under the laws
of the State of West Virginia, having its principal place of business at 781 Chestnut Ridge Road,
Morgantown, West Virginia, 26505. Upon information and belief, Mylan is registered to do
business in New Jersey and has appointed as its agent for receipt of process Corporate Service

Company, 830 Bear Tavern Road, West Trenton, New Jersey 08628.
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6. Upon information and belief, Mylan is in the business of manufacturing,
distributing, and selling generic pharmaceutical products, which are copies of products invented
and developed by innovator pharmaceutical companies.

7. Mylan initially prepared and filed with the FDA, pursuant to 21 U.S.C. § 355()),
ANDA No. 202580 concerning proposed generic versions of FOCALIN XR® in a 30 mg dosage
strength. Within forty-five (45) days of receiving notice of that ANDA filing, Celgene and
Novartis instituted a lawsuit in this Court captioned Celgene Corporation, Novartis
Pharmaceuticals Corporation and Novartis Pharma AG v. Mylan Pharmaceuticals Inc., Civil
Action No. 11-1882 (SDW)(MCA) (D.N.J.) (the “First Mylan Lawsuit”). Pursuant to a
confidential settlement agreement, the First Mylan Lawsuit was resolved and dismissed without
prejudice by this Court on January 9, 2012. The First Mylan Lawsuit and the resulting
settlement concerned only Mylan’s proposed 30 mg product (the only dosage strength included
in Mylan’s ANDA No. 202580).

8. After the First Mylan Lawsuit was resolved, Mylan informed Celgene and
Novartis, via Paragraph IV notice dated October 26, 2012, that it had filed a new ANDA, No.
204266, which included its proposed generic product in 5, 10, 15, 20, 25, 35, and 40 mg dosage
strengths. The present complaint and lawsuit concerns these additional dosage strengths of
Mylan’s proposed generic products and is filed within forty-five (45) days of Plaintiffs’ receipt
of that notice.

Jurisdiction and Venue

9. This Court has jurisdiction over the subject matter of this action pursuant to
28 U.S.C. §§ 1331 and 1338(a).
10. Upon information and belief, this Court has personal jurisdiction over Mylan at

least because: 1) Mylan is in the business of manufacturing, marketing, importing and selling
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pharmaceutical drug products, including generic drug products, which, either directly or through
its subsidiaries, agents and/or alter-egos, Mylan manufactures, distributes, markets and sells
throughout the United States and in this judicial district; i1) Mylan purposefully has conducted
and continues to conduct business, directly, and/or through its subsidiaries, agents and/or alter-
egos in this judicial district; iii) this judicial district is a likely destination of Mylan’s product that
is the subject of this lawsuit; iv) Mylan retains a registered agent in this judicial district; and v)
Mylan has previously consented or otherwise failed to contest personal jurisdiction in this
judicial district in connection with numerous lawsuits. Through these and other acts, Mylan has
engaged in continuous and systematic contacts with New Jersey and/or purposefully availed
itself of this forum.

11.  Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391 and
1400(b).

The Patents-in-Suit and the FOCAL IN XR® Drug Products

12. The ‘850 patent, entitled “Method of Treating Attention Deficit Disorders With
D-Threo Methylphenidate,” duly and legally issued to Celgene on June 1, 1999, by the United
States Patent and Trademark Office (“PTO”). A copy of the ‘850 patent is attached hereto as
Exhibit A. The ‘850 patent includes claims directed to methods of treatment using d-threo
methylphenidate.

13. The ‘656 patent, entitled “Phenidate Drug Formulations Having Diminished
Abuse Potential,” originally duly and legally issued to Celgene on March 12, 2002, by the PTO.
An Ex Parte Reexamination Certificate, which amended certain claims of the ‘656 patent and
added new claims, issued on March 27, 2007, by the PTO. Copies of the ‘656 patent and the Ex
Parte Reexamination Certificate for the ‘656 patent are attached hereto as Exhibit B. The ‘656

patent claims are directed to, €.g., pharmaceutical unit dosages of d-threo methylphenidate.
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14. The ‘530 patent, entitled “Phenidate Drug Formulations Having Diminished
Abuse Potential,” duly and legally issued to Celgene on March 4, 2003, by the PTO. A copy of
the ‘530 patent is attached hereto as Exhibit C. The ‘530 patent claims are directed to
pharmaceutical unit dosages that include pharmaceutical compositions of d-threo
methylphenidate.

15. The 1998 ‘284 patent, entitled “Delivery of Multiple Doses of Medications,” duly
and legally issued to Celgene on November 17, 1998, by the PTO. A copy of the 1998 ‘284
patent is attached hereto as Exhibit D. The 1998 ‘284 patent includes claims directed to
extended release dosage forms of methylphenidate drug products.

16. The 2003 ‘284 patent, entitled “Delivery of Multiple Doses of Medications,” duly
and legally issued to Celgene on October 21, 2003, by the PTO. A copy of the 2003 ‘284 patent
is attached hereto as Exhibit E. The 2003 ‘284 patent includes claims directed to an extended
release dosage form and claims directed to a method of treating disease with certain extended
release dosage forms.

17. The ‘944 patent, entitled “Delivery of Multiple Doses of Medications,” duly and
legally issued to Celgene on October 7, 2008, by the PTO. A copy of the ‘944 patent is attached
hereto as Exhibit F. The ‘944 patent includes claims directed to dosage forms for oral
administration of a methylphenidate drug.

18. Celgene is the owner by assignment of all right, title and interest in the ‘850
patent, the ‘656 patent, the ‘530 patent, the 1998 ‘284 patent, the 2003 ‘284 patent, and the ‘944
patent (collectively referred to herein as the “Patents-in-Suit”). Novartis Pharma AG is the

exclusive licensee, in certain fields of use, of the Patents-in-Suit.
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19.  Novartis Pharmaceuticals Corporation holds an approved New Drug Application
for extended release capsules, including 5, 10, 15, 20, 25, 35, and 40 mg dosage strengths, of the
hydrochloride salt of d-threo-methylphenidate (also known as dexmethylphenidate
hydrochloride), which it sells as commercial products under the trade name FOCALIN XR®.
These commercial products or their use are covered by one or more claims of the Patents-in-Suit.

Acts Giving Rise To This Action

20. Mylan prepared and filed with the FDA, pursuant to 21 U.S.C. § 355(j), ANDA
No. 204266 to obtain FDA approval to engage in the commercial manufacture, use, offer for
sale, sale, or importation into the United States of extended release dexmethylphenidate
hydrochloride capsules, 5, 10, 15, 20, 25, 35, and 40 mg dosage strengths (“Mylan’s Proposed
Products”), prior to the expiration of the Patents-in-Suit.

21. In connection with the filing of its ANDA as described in the preceding
paragraph, Mylan provided written certification to the FDA, as called for by 21 U.S.C.

§ 355(G)(2)(A)(vii)(IV) (“Paragraph IV Certification™), alleging that all claims of the Patents-in-
Suit are invalid, unenforceable, and/or will not be infringed by Mylan’s Proposed Products or the
activities described in Mylan’s ANDA.

22. By letter dated October 26, 2012, Mylan notified Celgene and Novartis (the
“Notification Letter”), that it had filed with the FDA ANDA No. 204266, including its Paragraph
IV Certification, to obtain FDA approval to engage in the commercial manufacture, use, offer to
sell, sale, or importation into the United States of Mylan’s Proposed Products.

23. Upon information and belief, Mylan’s ANDA No. 204266 contains information
showing that Mylan’s Proposed Products (a) are bioequivalent to the patented FOCALIN XR®
products; (b) have the same active ingredient as the patented FOCALIN XR® products; (c) have

the same route of administration and strength as the patented FOCALIN XR® products; (d) have
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the same, or substantially the same, dosage form and proposed labeling as the patented
FOCALIN XR® products; and (e) have the same indication and usage as the patented FOCALIN
XR® products.

24, Upon information and belief, if ANDA No. 204266 is approved, it is the intention
of Mylan to commercially manufacture, use, and sell Mylan’s Proposed Products in the United
States.

25. This action is being brought pursuant to 21 U.S.C. § 355(j)(5)(B)(iii) before the
expiration of forty-five days from the date of receipt by Plaintiffs of the Notification Letter.

Count |: Mylan’'s Filing of the ANDA Infringesthe ‘850 Patent.

26. Plaintiffs repeat and reallege the allegations of paragraphs 1-25 as though fully set
forth herein.

217. Mylan’s submission of ANDA No. 204266 to the FDA, including its Paragraph
IV Certification, to obtain approval to engage in the commercial manufacture, use, offer to sell,
sale, or importation into the United States of Mylan’s Proposed Products prior to the expiration
of the ‘850 patent, constitutes infringement of one or more claims of that patent under 35 U.S.C.
§ 271(e)2)(A).

28. Unless enjoined by this Court, upon FDA approval of ANDA No. 204266, Mylan
will infringe the ‘850 patent under 35 U.S.C. § 271 by making, using, offering to sell, selling, or
importing into the United States Mylan’s Proposed Products.

29. Plaintiffs will be substantially and irreparably damaged and harmed if Mylan’s
infringement of the ‘850 patent is not enjoined. Plaintiffs do not have an adequate remedy at law

for this infringement.
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Count I1: Mylan’sFiling of the ANDA Infringesthe ‘656 Patent.

30. Plaintiffs repeat and reallege the allegations of paragraphs 1-25 as though fully set
forth herein.

31. Mylan’s submission of ANDA No. 204266 to the FDA, including its Paragraph
IV Certification, to obtain approval to engage in the commercial manufacture, use, offer to sell,
sale, or importation into the United States of Mylan’s Proposed Products prior to the expiration
of the ‘656 patent, constitutes infringement of one or more claims of that patent under 35 U.S.C.
§ 271(e)2)(A).

32. Unless enjoined by this Court, upon FDA approval of ANDA No. 204266, Mylan
will infringe the ‘656 patent under 35 U.S.C. § 271 by making, using, offering to sell, selling, or
importing into the United States Mylan’s Proposed Products.

33. Plaintiffs will be substantially and irreparably damaged and harmed if Mylan’s
infringement of the ‘656 patent is not enjoined. Plaintiffs do not have an adequate remedy at law
for this infringement.

Count I11: Mylan’s Filing of the ANDA Infringes the ‘530 Patent.

34, Plaintiffs repeat and reallege the allegations of paragraphs 1-25 as though fully set
forth herein.

35. Mylan’s submission of ANDA No. 204266 to the FDA, including its Paragraph
IV Certification, to obtain approval to engage in the commercial manufacture, use, offer to sell,
sale, or importation into the United States of Mylan’s Proposed Products prior to the expiration
of the ‘530 patent, constitutes infringement of one or more claims of that patent under 35 U.S.C.

§ 271(e)(2)(A).
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36. Unless enjoined by this Court, upon FDA approval of ANDA No. 204266, Mylan
will infringe the ‘530 patent under 35 U.S.C. § 271 by making, using, offering to sell, selling, or
importing into the United States Mylan’s Proposed Products.

37. Plaintiffs will be substantially and irreparably damaged and harmed if Mylan’s
infringement of the ‘530 patent is not enjoined. Plaintiffs do not have an adequate remedy at law
for this infringement.

Count 1V: Mylan’sFiling of the ANDA |nfringesthe 1998 ‘ 284 Patent.

38. Plaintiffs repeat and reallege the allegations of paragraphs 1-25 as though fully set
forth herein.

39.  Mpylan’s submission of ANDA No. 204266 to the FDA, including its Paragraph
IV Certification, to obtain approval to engage in the commercial manufacture, use, offer to sell,
sale, or importation into the United States of Mylan’s Proposed Products prior to the expiration
of the 1998 ‘284 patent, constitutes infringement of one or more claims of that patent under
35 US.C. § 271(e)(2)(A).

40. Unless enjoined by this Court, upon FDA approval of ANDA No. 204266, Mylan
will infringe the 1998 ‘284 patent under 35 U.S.C. § 271 by making, using, offering to sell,
selling, or importing into the United States Mylan’s Proposed Products.

41. Plaintiffs will be substantially and irreparably damaged and harmed if Mylan’s
infringement of the 1998 ‘284 patent is not enjoined. Plaintiffs do not have an adequate remedy
at law for this infringement.

Count V: Mylan’'sFiling of the ANDA |nfringes the 2003 ‘ 284 Patent.

42. Plaintiffs repeat and reallege the allegations of paragraphs 1-25 as though fully set

forth herein.
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43.  Mylan’s submission of ANDA No. 204266 to the FDA, including its Paragraph
IV Certification, to obtain approval to engage in the commercial manufacture, use, offer to sell,
sale, or importation into the United States of Mylan’s Proposed Products prior to the expiration
of the 2003 ‘284 patent, constitutes infringement of one or more claims of that patent under
35 U.S.C. § 271(e)(2)(A).

44. Unless enjoined by this Court, upon FDA approval of ANDA No. 204266, Mylan
will infringe the 2003 ‘284 patent under 35 U.S.C. § 271 by making, using, offering to sell,
selling, or importing into the United States Mylan’s Proposed Products.

45. Plaintiffs will be substantially and irreparably damaged and harmed if Mylan’s
infringement of the 2003 ‘284 patent is not enjoined. Plaintiffs do not have an adequate remedy
at law for this infringement.

Count VI: Mylan’sFiling of the ANDA |nfringesthe ‘944 Patent.

46. Plaintiffs repeat and reallege the allegations of paragraphs 1-25 as though fully set
forth herein.

47. Mylan’s submission of ANDA No. 204266 to the FDA, including its Paragraph
IV Certification, to obtain approval to engage in the commercial manufacture, use, offer to sell,
sale, or importation into the United States of Mylan’s Proposed Products prior to the expiration
of the ‘944 patent, constitutes infringement of one or more claims of that patent under 35 U.S.C.
§ 271(e)(2)(A).

48. Unless enjoined by this Court, upon FDA approval of ANDA No. 204266, Mylan
will infringe the ‘944 patent under 35 U.S.C. § 271 by making, using, offering to sell, selling, or

importing into the United States Mylan’s Proposed Products.
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49. Plaintiffs will be substantially and irreparably damaged and harmed if Mylan’s
infringement of the ‘944 patent is not enjoined. Plaintiffs do not have an adequate remedy at law
for this infringement.

Prayer For Relief

WHEREFORE, Plaintiffs respectfully request the following relief:

(A) A Judgment that Mylan has infringed one or more claims of the ‘850 patent;

(B) A Judgment that Mylan has infringed one or more claims of the ‘656 patent;

(C) A Judgment that Mylan has infringed one or more claims of the ‘530 patent;

(D) A Judgment that Mylan has infringed one or more claims of the 1998 ‘284 patent;

(E) A Judgment that Mylan has infringed one or more claims of the 2003 ‘284 patent;

(F) A Judgment that Mylan has infringed one or more claims of the ‘944 patent;

(G)  An Order that the effective date of any FDA approval of ANDA No. 204266 be a
date which is not earlier than the later of the expiration of the ‘850 patent, or any expiration of
exclusivity to which Plaintiffs are or become entitled;

(H)  An Order that the effective date of any FDA approval of ANDA No. 204266 be a
date which is not earlier than the later of the expiration of the ‘656 patent, or any expiration of
exclusivity to which Plaintiffs are or become entitled;

D An Order that the effective date of any FDA approval of ANDA No. 204266 be a
date which is not earlier than the later of the expiration of the ‘530 patent, or any expiration of
exclusivity to which Plaintiffs are or become entitled;

J) An Order that the effective date of any FDA approval of ANDA No. 204266 be a
date which is not earlier than the later of the expiration of the 1998 ‘284 patent, or any expiration
of exclusivity to which Plaintiffs are or become entitled;

(K)  An Order that the effective date of any FDA approval of ANDA No. 204266 be a

11 -
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date which is not earlier than the later of the expiration of the 2003 ‘284 patent, or any expiration
of exclusivity to which Plaintiffs are or become entitled;

(L)  An Order that the effective date of any FDA approval of ANDA No. 204266 be a
date which is not earlier than the later of the expiration of the ‘944 patent, or any expiration of
exclusivity to which Plaintiffs are or become entitled;

(M)  Preliminary and permanent injunctions enjoining Mylan and its officers, agents,
attorneys and employees, and those acting in privity or concert with them, from making, using,
offering to sell, selling, or importing into the United States Mylan’s Proposed Products until after
the expiration of the 850 patent, or any expiration of exclusivity to which Plaintiffs are or
become entitled;

(N)  Preliminary and permanent injunctions enjoining Mylan and its officers, agents,
attorneys and employees, and those acting in privity or concert with them, from making, using,
offering to sell, selling, or importing into the United States Mylan’s Proposed Products until after
the expiration of the ‘656 patent, or any expiration of exclusivity to which Plaintiffs are or
become entitled;

(O)  Preliminary and permanent injunctions enjoining Mylan and its officers, agents,
attorneys and employees, and those acting in privity or concert with them, from making, using,
offering to sell, selling, or importing into the United States Mylan’s Proposed Products until after
the expiration of the ‘530 patent, or any expiration of exclusivity to which Plaintiffs are or
become entitled;

(P) Preliminary and permanent injunctions enjoining Mylan and its officers, agents,
attorneys and employees, and those acting in privity or concert with them, from making, using,

offering to sell, selling, or importing into the United States Mylan’s Proposed Products until after
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the expiration of the 1998 ‘284 patent, or any expiration of exclusivity to which Plaintiffs are or
become entitled;

(Q)  Preliminary and permanent injunctions enjoining Mylan and its officers, agents,
attorneys and employees, and those acting in privity or concert with them, from making, using,
offering to sell, selling, or importing into the United States Mylan’s Proposed Products until after
the expiration of the 2003 ‘284 patent, or any expiration of exclusivity to which Plaintiffs are or
become entitled;

(R)  Preliminary and permanent injunctions enjoining Mylan and its officers, agents,
attorneys and employees, and those acting in privity or concert with them, from making, using,
offering to sell, selling, or importing into the United States Mylan’s Proposed Products until after
the expiration of the ‘944 patent, or any expiration of exclusivity to which Plaintiffs are or
become entitled, or any expiration of exclusivity to which Plaintiffs are or become entitled;

S) A Declaration that the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products will directly infringe or induce
and/or contribute to infringement of the ‘850 patent;

(T) A Declaration that the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products will directly infringe or induce
and/or contribute to infringement of the ‘656 patent;

) A Declaration that the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products will directly infringe or induce
and/or contribute to infringement of the ‘530 patent;

V) A Declaration that the commercial manufacture, use, offer to sell, sale, or

importation into the United States of Mylan’s Proposed Products will directly infringe or induce
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and/or contribute to infringement of the 1998 ‘284 patent;

(W) A Declaration that the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products will directly infringe or induce
and/or contribute to infringement of the 2003 ‘284 patent;

X) A Declaration that the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products will directly infringe or induce
and/or contribute to infringement of the ‘944 patent;

(Y) If Mylan engages in the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products prior to the expiration of the
‘850 patent, a Judgment awarding damages to Plaintiffs resulting from such infringement,
increased to treble the amount found or assessed, together with interest;

(Z)  If Mylan engages in the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products prior to the expiration of the
‘656 patent, a Judgment awarding damages to Plaintiffs resulting from such infringement,
increased to treble the amount found or assessed, together with interest;

(AA) If Mylan engages in the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products prior to the expiration of the
‘530 patent, a Judgment awarding damages to Plaintiffs resulting from such infringement,
increased to treble the amount found or assessed, together with interest;

(BB) If Mylan engages in the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products prior to the expiration of the
1998 ‘284 patent, a Judgment awarding damages to Plaintiffs resulting from such infringement,

increased to treble the amount found or assessed, together with interest;
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(CC) If Mylan engages in the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products prior to the expiration of the
2003 ‘284 patent, a Judgment awarding damages to Plaintiffs resulting from such infringement,
increased to treble the amount found or assessed, together with interest;

(DD) If Mylan engages in the commercial manufacture, use, offer to sell, sale, or
importation into the United States of Mylan’s Proposed Products prior to the expiration of the
‘944 patent, a Judgment awarding damages to Plaintiffs resulting from such infringement,
increased to treble the amount found or assessed, together with interest;

(EE) A Judgment that this is an exceptional case pursuant to 35 U.S.C. § § 271(e)(4)
and 285, entitling Plaintiffs to their reasonable attorneys’ fees;

(FF)  Costs and expenses in this action; and

(GG) Such further and other relief as this Court may deem just and proper.

Dated: December 7, 2012

By: s/ William J. O’Shaughnessy

William J. O’Shaughnessy
Jonathan M.H. Short
MCCARTER & ENGLISH, LLP
Four Gateway Center

100 Mulberry Street

Newark, New Jersey 07102
(973) 639-2094
woshaughnessy @mccarter.com

OF COUNSEL.:

Henry J. Renk

Tara A. Byrne

FrrzPATRICK, CELLA, HARPER & SCINTO
1290 Avenue of the Americas

New York, New York 10104

(212) 218-2100

Attorneys for Plaintiffs

Novartis Pharmaceuticals Corporation
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Respectfully submitted,

By: s/ Charles M. Lizza
Charles M. Lizza
William C. Baton
SAUL EWING LLP
One Riverfront Plaza
Newark, New Jersey 07102-5490
(973) 286-6700
clizza@saul.com

OF COUNSEL.:

Anthony M. Insogna

JONES DAY

12265 El Camino Real, Suite 200
San Diego, California 92130-4096
(858) 314-1200

Jason G. Winchester
JONES DAY
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and Novartis Pharma AG 77 West Wacker
Chicago, Illinois 60601-1692
(312) 782-3939

Attorneys for Plaintiff
Celgene Corporation
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CERTIFICATION PURSUANT TOL.CIV.R.11.2& 40.1

I hereby certify that the matters captioned (i) Celgene Corporation, Novartis
Pharmaceuticals Corporation and Novartis Pharma AG v. IntelliPharmaCeutics Corp., Civil
Action No. 12-4039 (SDW)(MCA) (D.N.J.), (ii) Celgene Corporation, Novartis
Pharmaceuticals Corporation and Novartis Pharma AG v. Actavis South Atlantic LLC, Civil
Action No. 12-1688 (SDW)(MCA) (D.N.J.), and (iii) Celgene Corporation, Novartis
Pharmaceuticals Corporation and Novartis Pharma AG v. Par Pharmaceutical, Inc., Civil
Action No. 11-6640 (SDW)(MCA) (D.N.J.) are related to the matter in controversy because the
matter in controversy involves the same Plaintiffs and the same six patents.

I further certify that, to the best of my knowledge, the matter in controversy is not the

subject of any other action pending in any court, or of any pending arbitration or administrative

proceeding.

Dated: December 7, 2012 Respectfully submitted,

By: s/ William J. O’ Shaughnessy By: s/ Charles M. Lizza
William J. O’Shaughnessy Charles M. Lizza
Jonathan M.H. Short William C. Baton
MCCARTER & ENGLISH, LLP SAUL EWING LLP
Four Gateway Center One Riverfront Plaza, Suite 1520
100 Mulberry Street Newark, New Jersey 07102-5426
Newark, New Jersey 07102 (973) 286-6700
(973) 639-2094 clizza@saul.com
woshaughnessy @mccarter.com
OF COUNSEL: OF COUNSEL.:
Henry J. Renk Anthony M. Insogna
Tara A. Byrne Richard D. Whitlow
FrrzPATRICK, CELLA, HARPER & SCINTO JONES DAY
1290 Avenue of the Americas 12265 El Camino Real, Suite 200
New York, New York 10104 San Diego, California 92130-4096
(212) 218-2100 (858) 314-1200
Attorneys for Plaintiffs Jason G. Winchester
Novartis Pharmaceuticals Corporation JONES DAY
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and Novartis Pharma AG 77 West Wacker
Chicago, Illinois 60601-1692
(312) 782-3939

Attorneys for Plaintiff
Celgene Corporation
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EXHIBIT A
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United States Patent (19

Zeitlin et al.
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(57] ABSTRACT

Methods for treating Attention Deficit Disorder, Attention
Deficit Hyperactivity Disorder, AIDS Dementia Complex
and cognitive decline in HIV-AIDS while minimizing drug
hypersensitivity, toxicity, side cffects, cuphoric cffect, and
drug abusc potcntial by administration of d-thrco-
methylphenidate or pharmaceutically acceptable salts
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1
METHOD OF TREATING ATTENTION
DEFICIT DISORDERS WITH D-THREO
METHYLPHENIDATE

This is a continuation of application Ser. No. 08/567,131,
filed Dce. 4, 1995, now abandoned, disclosurc of which is
herein incorporated by reference.

The present invention relates to methods of treating
certain Central Nervous System disorders such as Attenlion
Deficit Disorder (ADD), Attention Deficit Hyperactivity
Disorder (ADHD), HIV/AIDS cognitive decline, and AIDS
Dementia Complex with decreased side effects, reduced
euphoric effect, and reduced drug abuse potential.

" BACKGROUND OF THE INVENTION

Altention Deficit Disorder (ADD) is the most commonly
diagnosed illness in children. Patrick et al., J. Pharmacol. &
Exp. Therap., 241:152-158 (1987). Symptoms of ADD
include distractibility and impulsivity. A related disorder,
termed Attention Deficit Hyperactivity Disorder (ADHD), is
further characterized by increased symptoms of hyperactiv-
ity in patients. Racemic methylphenidate (e.g., Ritalin®) is
a mild Central Nervous System stimulant with pharmaco-
logical activity qualitatively similar to amphetamines, and
has been the drug of choice for symptomatic treatment of
ADD in children. Greenhill, L., Child & Adol. Psych. Clin.
NA., Yol. 4, Number 1:123-165 (1995). Current adminis-
tration of racemic methylphenidate, however, results in
notable side effects such as anorexia, weight loss, insomnia,
dizziness and dysphoria. Additionally, racemic methylpheni-
date which is a Schedule II controlled substance, produces

" a euphoric effect when administered intravenously or
through inhalation, and thus carries a high potential for
substance abuse in patients.

At lcast 70% of HIV-infected individuals who have devel-
oped Acquired Immunodeficiency Syndrome (AIDS) even-
wally manifest cognitive defects, and many display signs
and symptoms of dementia. See Navia et al., Annals of
Neurology, 19:517-524 (1986). Complaints of forgetfulness,
loss of concentration, fatigue, depression, loss of
altentiveness, mood swings, personality change, and thought
disturbance are common in patients with Human Immuno-
deficiency Virus (HIV) disease. Douzenis et al., Proc. 7th
Int’l. Conf. AIDS, 1, MB, 2135:215 (1991); Holmes et al., J.
Clin. Psychiatry, 50:5-8 (1989). Racemic methylphenidate
has been used to treat cognitive decline in AIDS/ARC
patients. Brown, G., Intl. J. Psych. Med. 25(1). 21-37
(1995). As described above, racemic methylphenidate which
is a Schedule II controlled substance, produces a euphoric
effect when administered intravenously or through
inhalation, and thus carrics a high potential for drug abuse
in AIDS paticats.

Glutathione is an important antioxidative agent that pro-
tects the body against electrophilic reactive compounds and
intracellular oxidants. It has been postulated that HIV-AIDS
patients suffer from drug bypersensitivity due to drug over-
load and an acquired glutathione deficiency. See Uetrecht et
al., Pharmacol. Res., 6:265-273 (1989). Patients with HIV
infection have demonstrated a reduced concentration of
glutathione in plasma, cclls and broncho-alveolar lavage
fluid. Staal et al., Lancet, 339:909-912 (1992). Clinical data
suggests that HIV-seropositive individuals display adverse
reactions to the simultaneous administration of several oth-
erwise therapeutic drugs. Rieder et al., Ann. Intern. Med,,
110:286-289 (1989). 1t is therefore desirable to provide for
the administration of methylphenidale in reduced dosages
among patients with drug hypersensitivity due to HIV
infection.
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Methylphenidale possesses lwo centers of chirality and
thus can exist as four separate optical isomers. The four
isomers of methylphenidate are as follows:

H
i
C—OCH,
H
HN
d-(2R:2'R) threo 1-(28:2'S)
H
O
<]:|> u C—oO0CH,;
CH;0—C
H H
HN NH
d~(2R:2'S) erythro 1-(28:2'R)

Diastereomers are known in the art to possess differing
physical properties, such as melting point and boiling point.
For example, while the threo- racemate of methylphenidate
produces the desired Central Nervous System action, the
erythro- racemate contributes to hypertensive side effects
and exhibits lethality in rats.

Additional studies in animals, children and adults have
demonstrated pharmacological activity in the d-threo isomer
of methylphenidate (2R:2'R) . See Patrick et al., J. Phar-
macol. & Exp. Therap., 241:152-158 (1987). Although the
role of the l-isomer in toxicity or adverse side effects has not
been Lhoroughly examined, the potential [or isomer ballast
in methylphenidate is of concern for many patient groups,
particularly those drug hypersensitive patients as described
above.

Although I-threo-methylphenidate is rapidly and stereo-
sclectively metabolized upon oral administration, intrave-
nous administration or inhalation results in high I-threo-
methylphenidate serum levels. Srinivas et al., Pharmacol.
Res., 10:14-21 (1993). Intravenous administration and inha-
lation are the methods of choice by drug abusers of current
methylphenidate formulations. The present invention pos-
tulates that the euphoric effect produced by current formu-
lations of methylphenidate is due to the action of I-threo-
methylphenidate.

Accordingly, it has been discovered that the use of the
d-thrco isomer (2R:2'R) of methylphenidate, substantially
free of the 1-threo isomer produces a methylphenidate medi-
cation which retains high activity levels and simultaneously
possesses reduced euphoric effect and reduced potential for
abuse among patients.

U.S. Pat. No. 2,507,631, to Hartmann et al. describes
methylphenidate and processes for making the same.

U.S. Pat. No. 2,957,880, to Rometsch et al. describes the
conversion of a-aryl-a-piperidyl-(2)-acetic acids and
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derivatives thereol (including methylphenidate) into their
respeclive racemates.

Holmes et al.,J. Clin. Psychiatry, 50:5-8 (1989) reported
on the use of racemic methylphenidate (Ritaline®) and
dextroamphetamines in the trcatment of cognitive impair-
ment in AIDS patients.

Srinivas et al., J. Pharmacol. & Exp. Therap.,
241:300-306 (1987) described use ol racemic dl-threo-
methylphenidate (Ritalin®) in the treatment of ADD in
children. This study noted a 5-fold increase in plasma levels
of d-threo-methylphenidate in children treated with racemic
methylphenidate, but was otherwise inconclusive with
regard to the efficacy of a single methylphenidate isomer at
therapeutically significant doses.

Srinivas et al, Clin. Pharmacol. Ther, 52:561-568
(1992) studied the administration of dl-threo, d-threo and
I-threo-methylphenidate to children suffering from ADHD.
While Srinivas et al. reported the pharmacodynamic activity
of dl-threo-methylphenidate resides in the d-threo isomer,
this study investigated neither the adverse side effects of the
I-threo isomer, nor the euphoric effects of the single isomers
or racemale. Single isomer dosages below ¥ of the racemale
dosage werce not studied.

Patrick et al., J. Pharmacol. & Exp. Therap.,
241:152-158 (1986) examined the pharmacology of the
enantiomers of threo-methylphenidate, and assessed the
relative contribution of each isomer to central and peripheral
actions of Ritalin®.

Brown, G., Intl. J. Psych. Med., 25(1):21-37 (1995)
reported the use of racemic methylphenidate for the treat-
ment of AIDS cognitive decline.

Patrick ct al., Psychopharmacology: The Third Genera-
tion of Progress, Raven Press, N.Y. (1987) examined the
pharmacokinetics and actions of methylphenidate in the
treatment of Attention Deficit Hyperactivity Disorder
(ADHD). Patrick noted the d-threo isomer possesses higher
activity than the l-threo isomer, and that d-threo meth-
ylphenidate may be responsible for the therapeutic activity
in the racemic drug.

Aoyama et al., Clin. Pharmacol. Ther, 55:270-276
(1994) reported on the use of (+)-threo-methylphenidate in
the treatment of hypersomnia. Aoyama el al. describe a
correlation between sleep latency in patients and plasma
concentration or (+)-threo-methylphenidate.

SUMMARY OF THE INVENTION

The present invention is based on the discovery that
d-threo-methylphenidate (2R:2'R) possesses enhanced
therapeutic activity with reduced side effects, and 1-threo-
methylphenidate produces undesirable side effects, euphoria
and drug abuse potential in patients suffering from Altention
Deficit Disorder, Attention Deficit Hyperactivity Disorder,
AIDS cognitive decline, and AIDS Dementia Complex.

The present invention thus relates to methods of treating
Attention Deficit Disorder and Attention Deficit Hyperac-
tivity Disorder in children and adults while providing for
reduced side effects, reduced euphoric effect and reduced
potential for abuse potential through administration of
d-threo-methylphenidate (2R:2'R) of the formula:
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or a pharmaceutically acceptable salt thereof, substantially
free of the 1-threo isomer.

The invention further relates to methods of treating AIDS-
related dementia and rclated cognitive disorders while pro-
viding for reduced side effects, reduced euphoric effect, and
reduced abuse potential through administration of d-threo-
methylphenidate (2R:2'R) of the formula:

or a pharmaceutically acceptable salt thereof, substantially
free of the l-threo isomer.

Prescription of methylphenidate to treat AIDS cognitive
decline and AIDS Dementia Complex associated with HIV
infection is becoming increasingly popular. However, high
doses in excess of 40 mg/day are not well tolerated by a
substantial number of HIV-infected patients when treated
over weeks or months. Brown, G., Int’lJ. Psychiatry. Med.,
25:21-37 (1995). The d-threo isomer use of the present
invention thus enables a lowered dosing therapy resulting in
improved efficacy for diseased patients and particularly
HIV-infected patients.

Moreover, administration of the d-threo isomer to palients
will resull in decreased side effects, reduced euphoric effect,
and substantially reduce the potential for abuse of the
product.

DETAILED DESCRIPTION OF THE
INVENTION

Racemic methylphenidate and its individual isomers are
known. See U.S. Pat. Nos. 2,507,631 and 2,957,880. They
can be prepared by conventional techniques, and can be
oblained from a variety of commercial sources,

The d-threo isomer of the present invention can be
administered orally, rectally, parenterally, or transdermally,
alone or in combination with other psychostimulants,
antidepressants, and the like to a patient in need of treatment.
Oral dosage forms include tablets, capsules, dragees, and
similar shaped compressed pharmaceutical forms. Isotonic
saline solutions containing 20-100 milligrams/milliliter can
be used for parenteral administration which includes
intramuscular, intrathecal, intravenous and intra-arterial
routes of administration. Rectal administration can be
effected through the use of suppositories formulated from
conventional carriers such as cocoa butter. Transdermal
administration can be effected through the use of transder-
mal patch delivery systems and the like. The preferred routes
of administration are oral and parenteral.
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The dosage employed must be carefully titrated to the
patient, considering age, weight, severity of the condition,
and clinical-profile. Typically, the amount of d-threo-
methylphenidate administered will be in the range of 5-50
mg/day, but the actual decision as to dosage must be made
by the attending physician.

The present invention provides cnhanced relicf for
patients suffering from Attention Deficit Disorder and Atten-
tion Deficit Hyperactivity Disorder while providing for
reduced side effects, reduced euphoric effect, and reduced
abuse potential through admipistration of d-threo-
methylphenidate substantially free of the l-threo isomer.

The invention further provides for treatment of AIDS-
rclated dementia and related cognitive disorders with
d-threo-methylphenidate substantially free of the I-threo
isomer while providing for reduced side effects, reduced
euphoric effect, and reduced abuse potential.

The term, “substantially free of the I-threo-isomer” means
that the composition contains at least 90% by weight of
d-threo-methylphenidate, and 10% by weight of 1-threo-
methylphenidate. In the most preferred embodiment, the
term “substantially free of the I-threo isomer” means that the
composition contains at least 99% by weight ol d-threo-
methylphenidate and 1% or less of 1-threo-methylphenidate.

The following examples will serve to further typify the
nature of the invention, but should not be construed as a
limilation on the scope thereol, which is defined solely by
the appended claims.

EXAMPLE 1

Tablets for chewing, each containing 5 milligrams of
d-threo-methylphenidate, can be prepared in the following
manner:

Composition (for 1000 tablcts)

d-threo-methylphenidale 5.00 grams
mannito! 15.33 grams
lactose 10.00 grams
tale 1.40 grams
glycine 0.83 grams
stearic acid 0.66 grams
saccharin 0.10 grams

5% gelatin solution q.s.

All the solid ingredients are first forced through a sieve of
0.25 mm mesh width. The mannitol and the lactose are
mixed, granulated with the addition of gelatin solution,
forced through a sieve of 2 mm mesh width, dried at 50° C.
and again forced Lhrough a sieve of 1.7 mm mesh width. The
d-thrco-methylphenidate, the glycine and the saccharin arc
carefully mixed, the mannitol, the lactose granulate, the
stearic acid and the talc are added and the whole is mixed
thoroughly and compressed to form tablets of approximately
10 mm diameter which are concave on both sides and have
a breaking groove on the upper side.

EXAMPLE 2

Tablets, each containing 10 milligrams of d-threo-
methylphenidate, can be prepared in the following manner:
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Composition (for 1000 tablets)

d-threo-methylphenidate 10.0 grams
lactose 328.5 grams
corn starch 17.5 grams
polyethylene glycol 6000 5.0 grams
tale 25.0 grams
magnesium stearate 4.0 grams

demineralized waler g.s.

The solid ingredients are first forced through a sieve of 0.6
mm mesh width. Then the d-threo-methylphenidate, lactose,
lalc, magnesium stearate and half of the starch are intimately
mixed. The other half of the starch is suspended in 65
milliliters of water and this suspension is added to a boiling
solution of the polyethylene glycol in 260 milliliters of
water. The resulting paste is added to the pulverulent
substances, and the whole is mixed and granulated, if
necessary with the addition of water. The granulate is dried
overnight at 35° C., forced through a sieve of 1.2 mm mesh
width and compressed to form tablets of approximately 10
mm diameler which are concave on both sides and have a
breaking notch on the upper side.

EXAMPLE 3

Gelatin dry-filled capsules, cach containing 20 milligrams
of d-threo-methylphenidate, can be prepared in the follow-
ing manner:

Composition (for 1000 capsulcs)

d-threo-methylphenidate 20.0 grams
microcrystalline cellulose 6.0 grams
sodium lauryl sulfate 0.4 grams
magnesium slearate 1.6 grams

The sodium lauryl sulfate is sieved into the d-threo-
methylphenidate through a sieve of 0.2 mm mesh width and
the two components are intimately mixed for 10 minutes.
The microcrystalline cellulose is then added through a sieve
of 0.9 mm mesh width and the whole is again intimately
mixed for 10 minutes. Finally, the magnesium stcarate is
added through a sieve of 0.8 mm width and, after mixing for
a further 3 minutes, the mixture is introduced in portions of
28 milligrams each into size 0 (elongated) gelatin dry-fill
capsules.

EXAMPLE 4

A 0.2% injection or infusion solution can be prepared, for
example, in the following manner:

d-threo-methylphenidate 5.0 grams
sodium chloride 22,5 grams
phosphate buffer pH 7.4 300.0 grams

demineralized water to 2500 mL.

The d-threo-methylphenidate is dissolved in 1000 milli-
liters of water and filtered through a microfilter or slurried in
1000 mL of H,0. The buffer solution is added and the whole
is madc up to 2500 milliliters with water. To prepare dosage
unit forms, portions of 1.0 or 2.5 milliliters each are intro-
duced into glass ampoules (each containing respectively 2.0
or 5.0 milligrams of d-threo-methylphenidate).

What is claimed is:

1. A method of treating at least one of Attention Deficit
Disorder and Attention Deficit Hyperactivity Disorder and
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providing enhanced (herapeutic activity, reduced side elfects
euphoric effect, or potential for drug abuse as compared to
racemic threo methylphenidate, said method comprising
administering to a human exhibiting symptoms of such
disorder therapeutically effective amounts of D-threo meth-
ylphenidate or pharmaceutically acceptable salt thereof,
substantially free of L-threo methylphenidate, on a daily
basis.

2. The method according to claim 1 wherein the amount
administered is 5 mg to 50 mg per day.

8

3. The method according 1o claim 1 wherein the amount
of d-threo-methylphenidate or a pharmaccutically accepl-
able salt thereof is greater than 99% by weight.

4. The method according to claim 1 wherein said D-threo
methylphenidate is administered together with a pharma-
ceutically acceptable carrier.
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PHENIDATE DRUG FORMULATIONS
HAVING DIMINISHED ABUSE POTENTIAL

This application is a continuation-in-part of Ser. No.
08/827,230), filed Apr. 2, 1997, now U.S. Pat. No. 5,908,850
which is a continuation-in-part of Ser. No. 08/567,131 filed
Dec. 4, 1995, now abandoned and Ser. No. 08/583,317, filed
Jan. 5, 1996, now U.S. Pat. No. 5,733,756 both assigned to
the assignee hereof. The foregoing applications are incor-
porated herein by reference.

FIELD OF THE INVENTION

The present invention relates (o phenidate drug compo-
sitions for treating certain Central Nervous System disorders
such as Allention Deficit Disorder (ADD), Atlention Deficit
Hyperactivity Disorder (ADHD), HIV/AIDS cognitive
decline, and AIDS Dementia Complex. This invention fea-
tures such drugs having decreased side effects, reduced
euphoric effect, and reduced drug abuse potential.

BACKGROUND OF THE INVENTION

Attention Deficit Disorder (ADD) is the most commonly
diagnosed nervous system illaess in children. Patrick et al,,
J. Phamacol. & Exp. Therap., 241:152-158 (1987). Symp-
toms of ADD include distractibility and impulsivity. A
related cisorder, termed Attention Deficit Hyperactivity Dis-
order (ADHD), is further characterized by increased symp-
loms of hyperactivity in patients. Racemic methylphenidate
(c.g., Ritalin®) is a mild Central Nervous System stimulant
with pharmacological activity qualitatively similar to
amphetamines, and has long been the drug of choice for
symptomatic treatment of ADD in children. Greenhill, L.,
Child & Adol. Psych. Clin. N.A., Vol. 4, Number 1:123-165
(1995).

Current administration of racemic methylphenidate,
however, often results in notable side effects such as
anorexia, weight loss, insomnia, dizziness and dysphoria.
Additionally, racemic methylphenidate, which is a Schedule
II controlled substance, produces a euphoric effect when
administered intravenously or through inhalation, and thus
carrics a high potcntial for substance abusc in paticnts.

Atleast 70% of HI V-infected individuals who have devel-
oped Acquired Immunodeficiency Syndrome (AIDS) even-
tually manifest cognitive defects, and many display signs
and symptoms of dementia. See Navia et al., Annals of
Neurology, 19:517-524 (1986). Complaints of
forgetfulness, loss of concentration, fatigue, depression, loss
of attentiveness, mood swings, and thought disturbance are
common in patients with Human Immunodeficiency Virus
(HIV) disease. Douzenis et al., Proc. 7th Int’l. Conf. AIDS,
1, MB, 2135:215 (1991); Holmes et al., J. Clin. Psychiatry,
50:5-8 (1989). Racemic methylphenidate has been used to
treat cogpitive decline in AIDS/ARC patients. Brown, G.,
Intl. J. Psych. Med. 25(1): 21-37 (1995). As described
above, racemic methylphenidate, a Schedule II controlled
substance, produces a euphoric effect when administered
intravenously or through inhalation, and thus carries a high
potential for drug abuse.

U.S. Pat. No. 2,507,631, to Hartmann et al. describes
methylphenidate and processes for making the same. U.S.
Pat. No. 2,957,380, to Rometsch et al. describes the con-
version of a-aryl-o-piperidyl-(2)-acetic acids and deriva-
lives thereof (including methylphenidate) into their respec-
tive racemates. Each of these patents is incorporated herein
by reference.

Holmes et al.,.J. Clin. Psychiatry, 50:5-8 (1989) reported
on the use of racemic methylphenidate (Ritalin®) and dex-
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troamphetamines in the treatment of cognitive impairment in
AIDS patients.

Srinivas et al.,J. Pharmacol. & Exp. Therap., 241:300306
(1987) described use of racemic dl-threo-methylphenidate
(Ritalin®) in the treatment of ADD in children. This study
noted a S5-fold increase in plasma levels of d-threo-
methylphenidate in children treated with racemic
methylphenidate, but was otherwise inconclusive with
regard to the efficacy of a single methylphenidate isomer at
therapeutically significant doses.

Srinivas el: al.,, Clin. Pharmacol. Ther., 52:561-568
(1992) studied the administration of dl-threo, d-threo and
1-threo-methylphenidate to children suffering from ADHD.
While Srinivas et al. reported the pharmacodynamic activity
of dl-threo-methylphenidate resides in the d-threo isomer,
this study investigated ncither the adverse side effects of the
1-threo isomer, nor the euphoric effects of the single isomers
orracemate. Single isomer dosages below % of the racemate
dosage were not studied.

Patrick et al.,J. Pharmacol. & Exp. Therap., 241:152158
(1986) examined the pharmacology of the enantiomers of
threo-methylphenidate, and assessed the relative contribu-
tion of each isomer to central and peripheral actions of
Ritalin®.

Brown, G., Intl. J. Psych. Med., 25 (1): 21-37 (1995)
reported the use of racemic methylphenidate for the treat-
ment of AIDS ’cognitive decline.

Patrick et al., Psychopharmacology: The Third Genera-
tion of Progress, Raven Press, N.Y. (1987) examined the
pharmacokinetics and actions of methylphenidate in the
treatment of Attention Deficit Hyperactivity Disorder
(ADHD). Patrick noted the d-threo isomer possesses higher
activity than the 1-threo isomer, and that d-threo meth-
ylphenidate may be responsible for the therapeutic activity
in the racemic drug.

Aoyama et al., Clin. Pharmacol. Ther., 55:270-276
(1994) reported on the use of (+)-threo-methylphenidate in
the trcatment of hypersomnia. Aoyama at al. describe a
corrclation between sleep latency in paticnts and plasma
concentration of (+)-threo-methylphenidate.

Glutathione is an imporiant antioxidative agent that pro-
tects the body against clectrophilic reactive compounds and
intracellular oxidants. It has been postulated that HIV-AIDS
patients suffer from drug hypersensitivity due to drug over-
load and an acquired glutathione deficiency. See Uetrecht et
al.,, Pharmacol. Res., 6:265-273 (1989). Patients with HIV
infection have demonstrated a reduced concentration of
glutathione in plasma, cells and broncho-alveolar lavage
fluid. Staal et al., Lancet, 339:909-912 (1992). Clinical data
suggests that HIV-seropositive individuals display adverse
reactions to the simultaneous administration of several oth-
erwise therapeutic drugs. Rieder et al., Ann. Intern. Med.,
110:286-289 (1989). It is desirable to provide for the
administration of methylphenidate in reduced dosages
among palients with drug hypersensitivity due o HIV
infection,

There is a long-felt and very intense need for phenidate
drug compositions, especially methyl phenidate, which are
less susceptible to unlawful abuse and which exhibit dimin-
ished side effects while retaining therapeutic efficacy.

SUMMARY OF INVENTION

Phenidate drugs in accordance with this invention have
the structure:
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where R, is C,—C, alkyl and R, is either C,—C, alkyl or
hydrogen. OF this family of drugs, methylphenidate, where
R, is methyl and R, is hydrogen, is the most well known,
having long been prescribed under the trade mark Ritalin®.
Phenidate drugs are a-aryl-a-piperidyl-2-acetic acids and
comprise two centers of asymmetry, existing as four separate
optical isomers as follows:

2R, 2'R; D-THREO

2R, 2'S; D-ERYTHRO

28, 2'R; L-ERYTHRO

28,2'S; L-THREO

It is known that certain physiological propertics of meth-
ylphenidate and other phenidate drugs are dependent upon
stereochemistry. Thus, while the threo racemate of meth-
ylphenidate is understood to produce the desired central
nervous system action, the erythro racemate is thought to
contribute 1o hypertensive side elfecls.

It is now believed, however, that another stereochemical
distinction also applies. Studies in animals, children and
adults have demonstrated pharmacological activity in the
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n-threo isomer of methylphenidate (2R,2'R). See Patrick et
al.,J. Pharmacol. & Exp. Therap.,241:152-158 (1987). The
role of the L-threo isomer in toxicity or adverse side effects
has not been examined heretofore although the potential for
isomer ballast in methylphenidate and other phenidate drugs
is of concern for many patient groups, particularly those
drug hypersensitive patients as described above.

Although 1.-threo-methylphenidate is rapidly and stereo-
selectively metabolized upon oral administration by exten-
sive first pass metabolism, intravenous administration or
inhalation results in high L-threo methylphenidate serum
levels. Srinivas el al., Pharmacol. Res., 10:14-21 (1993).
Intravenous administration and inhalation are methods of
choice by drug abusers of current, racemic methylphenidate
formulations. It is now believed that the euphoric effect
produced by current formulations of methylphenidate is due
to the action of L-threo-methylphenidate, rather than the
pharmaceutically efficacious D-threo compound.

Accordingly, it has now been discovered that the incor-
poration into pharmaceutical formulations of the D-threo
isomer (2R,2'R) of a phenidale drug, especially
methylphenidate, with the substantial exclusion of the other
three isomers of the phenidate, especially the L-threo isomer,
produces a phenidate medication dosage form which retains
high pharmaceutical efficacy levels upon administration to
patients, while simultaneously possessing fewer or reduced
side-effects, reduced euphoric effect and reduced potential
for abuse.

Patients suffering from Attention Deficit Disorder, Atten-
tion Deficit Hyperactivity Disorder, AIDS cognitive decline,
and AIDS Dementia’ Complex are benefitted by receiving
phenidate drug, especially the preferred methylphenidate, in
a dosage form which substantially excludes three of the four
stereoisomers, D erythro, Lerythro, and L-threo. Stated
alternatively, such dosage forms comprise D-threo phenidate
in the substantial absence of L-threo and both erythro
slereoisomers.

The present invention also provides dosage forms of
phenidate drugs for treating Attention Deficit Disorder and
Attention Deficit Hyperactivity Disorder in children and
adults while providing for rcduced side cffects, reduced
euphoric effect and reduced potential for abuse. This is
accomplished by formulating dosage forms for administra-
tion to patients comprising D-threo-phenidate or a pharma-
ceutically acceptable salt thereof, substantially free of the
I-threo isomer and both erythro isomers. The invention
further provides methods of treating AIDS-related dementia
and related cognitive disorders while providing for reduced
side effects, reduced euphoric effect, and reduced abuse
potential comprising administering D-threo-phenidate (2R,
2'R) of the formula:

or a pharmaceutically acceplable salt thereof, substantially
free of the other three stereoisomeric [orms of the drug.
In accordance with the invention, R, is methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl or tert-butyl. It is pre-
ferred that R, be methyl. R, may be hydrogen, methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl or teri-butyl and may
appear either ortho, meta or para to the acetic acid moiety.
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Additional substitutients may also appear in the phenidate
drug molecule, either in the aryl ring, in the pipiridine
heterocycle of in the ester function, however, extensive
substitution is not preferred.

Salts of phenidates, such as the conventional hydrochlo-
ride salts, are also within the spirit of the invention and all
such salts are specifically contemplated hereby.

Preferably, R, is methyl and R, is hydrogen such that the
phenidate drug is methylphenidate. )

Prescription of methylphenidate to treat AIDS cognitive
decline and AIDS Dementia Complex associated with HIV
infection is becoming incrcasingly popular. However, high
doses in excess of 40 mg/day are not well tolerated by a
substantial number of HIV-infected patients when treated
over weeks or months. Brown, G., Int*lJ. Psychiatry. Med.,
25:21-37(1995). The exclusive D-threo isomer formulations
of the present invention enable a lowered dosing (herapy
with avoidance of the administration of the sterecisomer
believed to be responsible for adverse side effects and abuse
potential resulting in improved cfficacy for discascd paticnts
and particularly HIV-infected patients.

Racemic methylphenidate and its individual isomers are
known. See U.S. Pat. Nos. 2,507,631 and 2,957,880. They
can be prepared by conventional techniques, and can be
obtained from a variety of commercial sources. Moreover,
the D-threo- isomer of methylphenidate and other phenidate
drugs can be prepared in accordance with Ser. No. 08/583,
317 filed Jan. 5, 1996, which application forms a parcnt to
this application and has been incorporated herein by refer-
ence. Examples forming part of this application set forth
certain preferred synthetic routes to the phenidate com-
pounds useful in the practice of this invention. Persons of
ordinary skill will be able to modify such procedures to
prepare the lower alkyl substituted phenyl derivatives and
lower alkyl esters contemplated herein without undue
experimentation. Thus, preparation of cthyl, propyl, isopro-
pyl ctc. esters is a simple matter in view of the synthetic
schemes set forth. Likewise, substituting the phenyl ring
with one or more alkyl or other substituients may also be
accomplished,

The dosage forms of the present invention can be admin-
istered orally, rectally, parenterally, or transdermally, alone
or in combination with other psychostimulants,
antidcpressants, and the like to a paticnt in nced of treatment.
Oral dosage forms include tablets, capsules, dragees, and
other conventional, pharmaceutical forms. Isotonic saline
solutions, conveniently containing about 1—40 milligrams of
drug per milliliter can be used for parenteral administration
which includes intramuscular, intrathecal, intravenous and
intra-arterial routes. Rectal administration can conveniently
be effected through the use of suppositories such as can
casily be formulated from conventional carriers such as
cocoa butter. Transdermal administration can be effected
through the use of transdermal patch delivery systems and
the like. The preferred routes of administration are oral and
parenteral. ‘

The dosage employed should be carelully titrated to the
patient, considering age, weight, severity of the condition,
and clinical-profile. Typically, the amount of d-threo-
methylphcnidate administered will be in the range of 1-50
mg/day, but thc actual decision as to dosage will depend
upon the exact phenidate drug being employed and will be
made by the attending physician as a matter of routine. Such
physician can, however, determine an appropriate regime
employing well-known medical considerations. Such per-
sons will appreciate that the overall dosage amount will be
significantly smaller than that used with the corresponding
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racemic drug, since the undesired enantiomers are not
included in the present dosage forms.

Accordingly, a pharmaceutically elfective amount of a
phenidate drug in accordance with this invention will be
understood by persons of ordinary skill in the art to be that
amount of the selected D-threo phenidate which, upon
administration to a patient, would result in a sensible and
therapeutically useful effect.

When phenidates other than methylphenidate are to be
administered, it will be appreciated that the effective amount
of drug will likely be different than for methylphenidate.
Determination of such amount, however, is well within the
routine skill ol the practitioner. In accordance with preferred
embodiments, from 1 to about 50 mg will be administered
1o patients, with from about 2 10 about 20 mg per day being
still morc preferred. In still more preferred embodiments,
patients will receive from about 2% to about 12 mg per day.

It is desirable to provide unit dosage forms for adminis-
tration of compounds of the invention comprising from
about 1 to about 50 mg of drug, with amounts of from about
2 to about 20 and particularly from about 2% to about 12 mg
being still more preferred. Oral administration is the proto-
col of choice, however other routes of administration, such
as intravenous, intraperitoneal, rectal and the like may also
be employed in formulating the unit dosage forms of this
invention. Carriers, diluents and excipicnts are convention-
ally employed in formulating unit dosage forms and the
same are selected as a matter of routine depending upon the
selected route of administration. For oral administration,
formulation into tablets using tabletting excipients are con-
veniently employed, although capsular and other oral forms
are also useful. :

The present invention provides enhanced relief for
patients suffering from Attention Deficit Disorder and Atten-
tion Deficit Hyperactivity Disorder while providing for
reduced side cffects, reduced cuphoric cffect, and reduced
abuse potential through administration of D-threo-methyl-
phenidate substantially free of the L-threo and other isomers.
The invention gives rise o methods of treatment of AIDS
related dementia and relaied cogaitive disorders with
p-threo-methylphenidate substantially free of the remaining
isomers.

The term, “substantially free as it applies to a stereoiso-
mer in accordance with a composition of this invention
means that the composition contains no more than 10% by
weight of the isomer in question. It is preferred that such
composition have less than about 2% of the unwanted
isomers and even more preferred that less than 1% be
present. When applied to a plurality of stereoisomers, then
all of the isomers, taken together, comprise no more than
10% by weight of the composition and preferrably less than
2%. 1t is preferred that compositions characterized as being
“substantially free” of all stereoisomers but the D-threo
isomer comprise no more than about 5% of other isomers. It
is still more preferred that no more than 1% of the undesired
isomers be present.

The following examples will serve to further typify the
nature of the invention, but should not be construed as a
limitation on the scope thereof, which is defined solely by
the appended claims.

EXAMPLES

A suitable salt medium for the microbiological transfor-
mations described in the [ollowing examples has been
denominated “media A” and has the following composition:
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MgS0, 1.00 g/l

CaCl, 0.021 g/L

ZnS0,.7H,0 0.20 mg/L
MnSO,.4H20 0.10 mg/L
H,BO, 0.02 mg/L
CUS0,.5H20 0.10 mg/L
CoCL,.6H,0 0.05 mg/L
NiCl,.6H20 0.01 mg/L
FeSO, 1.50 mg/l.
NaMoQ, 2.00 mg/l.
Fe EDTA 5.00 mg/L
KH,PO, 20.00 mg/L
NaOH to pH 7

Example 1
Preparation of D-threo-2-(piperid-2-yi)-2-phenyl-acetic acid
from trans-7-phenyl-1-azabicyclo (4,2,0)-octan-8-one

Preparation of Biocatalyst

Lactamasc is obtained from Pscudomonas cepacia grown
on 1-2% penicillin as the sole carbon and nitrogen source in
a minimal media. Fifty milliliters of Media A containing 2
g/l of penicillin is inoculated with Pseudomonas cepacia.
After the mixture is incubated at 30° C. for 48 hours, 10 ml
of the mixture are subcultured into 250 m] of Media A with
2 g/l penicillin. After 40 hours of incubation at 30° C., the
cells are concentrated to a paste by centrifugation at 10,000
G and washed with 50 ml phosphate buffer pH 7 and again
concentrated to a paste by centrifugation at 10,000 G. The
washed paste then is passed through a French Press al
17,000 psi Lo ruplure the cells and produce cell extract. Cell
debris is removed by centrifugation for one half hour at
100,000 G and the enzyme-containing supernatant collected.

Racemic (+/-)trans-7-phenyl-1-azabicyclo (4,2,0)octan-
8-one (0.5 g) is added to a mixture of 20 ml of 50 mM
potassium phosphate buffer pH 7 and 1 ml cell extract of
lactamase. The reaction is maintained at 30° C. until the
enantiomer excess as determined by chiral chromatography
is no less than 98% of D-ritalinic acid, generally about 3
hours under these conditions. A lactamase with opposite
stereoselectivity obtained from a microorganism such as
Rhodococcus rhodochrous can be used to resolve (+/-)trans-
7-phenyl-1-azabicyclo(4,2,0)-octan-8-one to L-ritalinic acid
and the D-trans-7-phenyl-1-azabicyclo (4,2,0)-octan-8-one.
This lactam is then hydrolyzed to the D-ritalinic acid by
conventional means.

Trans-7-phenyl-i-azabicyclo(4,2,0)-octan-8-one may be
prepared by the method of Corey, Mol, or Earle (Corey et al.,
J. Amer. Chem. Soc., 87:2518 (1965); Earle et al., J. Chem.
Soc. C., 2093 (1969);Moll F. Naturforsch., Teil B, 21:297
(1966).

Isolation of D-lactam.

The reaction mixture prepared above is extracted with
methylene chloride and the organic layer is dried with
MgSO,. The organic layer is then filtered and concentrated
by rotary evaporation at 30° with reduced pressure, to yield
an oil product. The oil product may be further purified by
column chromatography.

Example 2

Preparation of D-threo-2-(piperid-2-yl)-2-phenylacetic acid
from threo-2-(piperid-2-y!)-2-phenyl-2-acetamide

Preparation of Amidase

Amidase is obtained from Acinetobacter baumanni grown
on 30 mM 2-cyanobutane as the sole carbon and nitrogen
source in a minimal media. Fifty milliliters of Media A
containing 30 mM 2-cyanobutane is inoculated with Acine-
lobacter baumanni. After the mixture in incubated at 30° C.
for 48 hours, 10 ml of the mixture are subcultured into 250
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ml of Media A with 30 mM 2-cyanobutane. After 40 hours
of incubation at 30° C., the cells are concentrated to a paste
by centrifugation at 10,000 G and washed with 50 ml
phosphate buffer pH 7.5 and again concentrated to a paste by
centrifugation at 10,000 G. The washed paste then is passed
through a French Press at 17,000 psi to rupture the cclls and
produce cell extract. Cell debris is removed by centrifuga-
tion for one half hour at 100,000 G and the enzyme-
containing supernatant collected.

Racemic threo-2-(piperid-2-yl)-2-phenyl-2-acetamide
(0.5 g) prepared by, e.g. the method of Hartmann; U.S. Pat.
No. 2,507,631, is added to a mixture of 20 ml of 50 mM
potassium phosphate buffer pH 8 and 1 ml cell extract of
amidase. The reaction is maintained at 30° C. until the
enantiomer excess as determined by chiral chromatography
is no less than 98% of p-ritalinic acid, generally about 5

- hours under these conditions. Ao amidase with opposite

stereoselectivity obtained from a microorganism such as
Rhodococcus rhodochrous can be used to resolve DL-threo-
2-(piperid-2-yl)-2-phenyl-acetamide to L-ritalinic acid and
the D-threo-2-(piperid-2-yl)-2-phenyl-acetamide. This
amide is then hydrolyzed to the D-ritalinic acid by conven-
tional means.

Example 3

Preparation of D-threo-2-(piperid-2-y})-2-phenyl acetic acid
from trans-7-phenyl-1-azabicyclo(4,2,0)-octan-8-one.

Racemic trans-7-phenyl-1-azabicyclo(4,2,0)-octan-8-one
(0.5 g) is added to a mixture of 20 ml 50 mM phosphale
buffer pH 7.5 and 1 m! of Pseudomonas putida cell extract.
The reaction is maintained at 30° C. until the enantiomeric
excess as determined by chiral chromatography is no less
than 98% D-ritalinic acid, generally about 24 hours under
these conditions. Alternatively, a cell extract containing an
amidase of opposite stereoselectivity may be used to effect
a resolution of racemic trans-7-phenyl-1-aza-bicyclo(4,2,0)-
oclan-8-one where L-ritalinic acid is produced and the
D-lactam is isolated as the product.

Isolation of D-lactam

The reaction mixture prepared above is extracted with
methylene chloride and the organic layer dried with MgSO,.
The organic layer is then filtered and concentration by rotary
evaporation at 30° with reduced pressure, to yield an oil. The
oil product may be further purified by column chromatog-
raphy.

Example 4
Preparation of D-threo-2-(piperid-2-yl)-2-phenyl-acetic acid
from threo-2-(piperid-2-yl)-2-phenyl-acetonitrile

Nitrile hydratase and amidase are obtained from Alcali-
geoes faecalis grown on 30 mM 2-cyanobutane or
2-phenylacetonitrile as the sole carbon and nitrogen source
in a minimal media. Fifty milliliters of Media A containing
30 mM 2-cyanobutane is inoculated with Alcaligenes facca-
lis.

After the mixture is incubated at 30° C. for 48 hours, 10
mi of the mixture are subcultured into 250 ml of Media A
with 30 mM 2-cyanobutane or 2-phenylacetonitrile, After 40
hours of incubation at 30° C., the cells are concentrated to
a paste by centrifugation at 10,000 G and washed with 50 ml
phosphate buffer pI1 7.5 and again concentrated to a paste by
centrifugation at 10,000 G. The washed paste then is passed
through a French Press at 17,000 psi to rupture the cells and
praduce cell extract. Cell debris is removed by centrifuga-
tion for one half hour at 100,000 G and the enzyme-
containing supernatant collected.

Racemic threo-2-(piperid-2-yl)-2-phenyl-2-acetonitrile
(0.5 g) is added to a mixture of 20 ml of 50 mM potassium
phosphate buffer pH 8 and 1 ml cell extracl of Alcaligenes
faecalis with nitrile hydratase and amidase activity. The
reaction is maintained at 30° C. until the enantiomer excess
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as-determined by chiral chromatography is no less than 98%
ol p-ritalinic acid, generally about 5 hours under, these
conditions.

Example 5
The use of an esterase/lipase for the stereoselective enrich-
ment of DL-thrco-a-phenyl-a-piperidyl-acetic acid methyl
esler

A microbial source of a stereoselective esterase or lipase
may be obtained from commercial sources such as Novo
Nordisk’s “Humicola lipolase” or an ATCC Pscudomonas
strain 31809 or 31808. Estcrase/lipase is obtained from
Pseudomonas sp. ATCC strain 31809 grown on 1% olive oil
in media A supplemented with 8 g/l nutrient broth. Fifty ml
of media A containing the 1% olive oil and 8 g/l nutrient
broth is inoculated with Pseudomonas sp. ATCC strain
31809. Afler the mixture is incubated at 30° C. for 48 hours,
10 ml of the mixture are subcultured into 250 ml of media
with 1% olive oil supplemented with 8 g/l nutrient broth.
After 24 hours of incubation at 30° C., the cells are con-
cenlraled lo a paste by centrifugation at 10,000 G and
washed with 50 ml phosphate buller, pH 7.5 and again
concentraled to a paste. Cells are ruptured as above.

DL-threo-a-phenyl-a-piperidylacetic acid methyl ester
(0.5 g) prepared by the method of Hartmann is added to a
mixture of 20 ml of 50 mM potassium phosphate buffer pH
7 and 1 ml cell extract. The reaction is maintained at 30° C.
until the enantiomeric excess, as determined by chiral
chromatography, is no less than 98% D-threo-
methylphenidale, generally in about 25 hours under these
conditions.

PREPARATION OF EXEMPLARY DOSAGE
FORMS

Example 6

Tablets for chewing, each containing 5 milligrams of
D-threo-methylphenidate, can be prepared in the following
manner: Composition (for 1000 tablets)

D-threo-methylphenidate 5.00 grams
mannitol 15.33 grams
lactose 10.00 grams
tale 140 grams
glycine 0.83 grams
stearic acid 0.66 grams
saccharin 0.10 grams

5% gelatin solution g.s.

The solid ingredicals are each forced through a 0.25 mm
mesh sieve. The mannitol and the lactose are mixed, granu-
lated with the addition of gelatin solution, forced through a
2 mm mesh sieve, dried at 50° C. and forced through a 1.7
mm mesh sicve. The D-threco-methylphenidate, glycine and
saccharin are carefully mixed, the granulated mannito! and
lactose, stearic acid and talc added and the whole mixed
thoroughly. The mass is compressed to form tablets of
approximately 5 mm diameter which are concave on both
sides and have a breaking groove on the one side.

Example 7

Tablets, each containing 10 milligrams of D-threo-
methylphenidate, can be prepared in the following manner:
Composition (for 1000 tablets)

10
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D-threo-methylphenidate 10.0 grams
lactose 328.5 grams
corn starch 17.5 grams
polyethylene glycol 6000 5.0 grams
talc 25.0 grams
magnesium stearate 4.0 grams

demineralized water q.s.

The solid ingredients are first forced through a 0.6 mm
mesh sieve. Then the d-threo-methylphenidate, lactose, talc,
magnesium slearate and hall of the starch are intimately
mixed. The other half of the starch is suspended in 65
milliliters of water and this suspension is added to a boiling
solution of the polyethylene glycol in 260 milliliters of
water. The resulting paste is added to the pulverulent
substances, and the whole is mixed and granulated, if
necessary with the addition of water. The granulate is dried
overnight at 35° C., forced through a sieve of 1.2 mm mesh
and compressed to form tablets of approximately 5 mm
diameter which are concave on both sides and have a
breaking notch on the upper side.

Example 8

Gelatin dry-filled capsules, cach containing 20 milligrams
of D-threo-methylphenidate, can be prepared in the follow-
ing manner: Composition (for 1000 capsules)

D-threo-methylphenidate 20.0 grams
microcrystalline ccllulose 6.0 grams
sodium lauryl sulfate 0.4 grams
magnesium stearate 1.6 grams

The sodium lauryl sulfate is sieved into the D-threo-
methylphenidate through a 0.2 mm mesh sieve and the two
components intimately mixed for 10 minutes. The micro-
crystalline cellulose is then added through a 0.9 mm mesh
sieve and the whole again intimately mixed for 10 minutes.
Finally, the magnesium stearate is added through a 0.8 mm
mesh sieve and, after mixing for a further 3 minutes, the
mixture is introduced in portions of 28 milligrams each into
gelatin dry-fill capsules.

Example 9

A 0.2% injectable or infusible solution can be prepared, in
the following exemplary manner:

D-threo-methylphenidate 5.0 grams
sodium chloride 22.5 grams
phosphate buffer pH 7.4 300.0 grams
demineralized water to 2500 ml.

‘The D-threo-methylphenidate is dissolved in 1000 milli-
liters of water and filtered through a microfilter or slurried in
1000 ml of H,0. The buffer solution is added and the whole
is made up to 2500 milliliters with watcr. To prepare unit
dosage forms, portions of 1.0 or 2.5 milliliters cach arc
introduced into glass ampoules such that each contains,
respectively 2.0 or 5.0 milligrams of D-threo-
methylphenidate.

What is claimed is:

1. A pharmaceutical unit dosage comprising from about 1
lo about SO milligrams of D-threo-methylphenidate or a
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pharmaceutically acceptable salt thereof said dosage having 3. The unit dosage of claim 1 comprising from about 2%
less than 10% by weight of other stereoisomers of meth- 1o about 12 milligrams of D-threo-methylphenidate.
ylphenidate or the salt thereof. 4. The unit dosage of claim 1 in a form suitable for oral

2. The unit dosage of claim 1 comprising from about 2 to administration.
about 20 milligrams of D-threo-methylphenidate. L R
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EX PARTE
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claim 1 is determined (o be patentable as amended.

Claims 2, 3 and 4, dependent on an amended claim, are
determined to be patentable.

New claims 5-40 are added and determined to be patent-
able.

1. A pharmaceutical unit dosage comprising from about 1
to about 50 milligrams of D-threo-methylphenidate or a
pharmaceutically acceptable salt thereof mixed with a phar-
maceutically acceplable carrier, diluent or excipient, said
dosage having less than 10% by weight of other stereoiso-
mers of methylphenidate or the salt thereof.

5. The phavimaceutical unit dosage of claim 1 wherein 3

said excipient is a tableting excipient.

6. The pharmaceutical unit dosage of claim 1 wherein the
pharmaceutically acceptable carrier, diluent or excipient is
selected from the group consisting of mannitol, lactose, talc,
glycine, stearic acid and saccharin.

7. The pharmaceutical unit dosage of claim I wherein the
pharmaceutically acceptable carrier, diluent or excipient is
selected from the group consisting of lactose, corn starch,
polvethylene glvcol, talc and magnesium stearate.

8. The pharmaceutical unit dosage of claim 1 wherein the
pharmaceutically acceptable carrier, diluent or excipient is
selected from the group consisting of microcrystalline cel-
lulose, sodium lauryl sulfate and magnesium stearale.

9. The pharmaceutical unit dosage of claim 1 that com-
prises a pharmaceutically acceptable salt of D-threo-meth-
yiphenidate.

10. The pharmaceutical unit dosage of claim 9 that
comprises a hydrochloride salt of D-threo-methylphenidate.

11. The jharmaceutical unit dosage of claim 4 that is a
solid oral dosage form.

12. The pharmaceutical unit dosage of claim 11 that is a
tahblet.

13. The pharmaceutical unit dosage of claim 4 that is a
capsule.

14. The pharmaceutical unit dosage of claim 4 that is a
dragee.

15. The pharmaceutical unit dosage of claim I that is
suitable for parenteral administration.
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16. The pharmaceutical unit dosage of claim 1 that is
suitable for transdermal administration.

17. The pharmaceutical unit dosage of claim 16 that is a
transdermal palch.

18. 4 pharmaceutical unit dosage comprising 1 milligram
of D-threo-methylphenidate or a pharmaceutically accept-
able salt thereof mixed with a pharmaceutically acceptable
carrier, diluent or excipient, said dosage having less than
10% by weight of other sterecisomers of methylphenidate or
the salt thereof.

19. The pharmaceutical unit dosage of claim 18 that is a
tablet.

20. The pharmaceutical unit dosage of claim 19 that
comprises a hydrochloride salt of D-threo-methylphenidate.

21. A pharmaceutical unit dosage comprising 2 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceplable sall thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
yiphenidate or the salt thereof.

22. The pharmaceutical unit dosage of claim 21 that is a
tablet.

23. The pharmaceutical unit dosage of claim 22 that
comprises a hydrochloride salt of D-threo-methylphenidate.

24. A pharmaceutical unit dosage comprising 2% milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
yiphenidate or the salt thereof.

25. The pharmaceutical unit dosage of claim 24 that is a
tablet.

26. The pharmaceutical unit dosage of claim 25 that
comprises a hydrochloride salt of D-threo-methylphenidate.

27. A tablet comprising 5 milligrams of D-threo-meth-
ylphenidate or a pharmaceutically acceptable salt thereof
mixed with a pharmaceutically acceptable carrier, diluent or
excipient, said dosage having less than 10% by weight of
other stereoisomers of methylphenidate or the sall thereof.

28, The tablet of claim 27 that comprises a hydrochloride
salt of D-threo-methylphenidate.

29. A pharmaceutical unit dosage comprising 10 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
viphenidate or the salt thereof.

30. The pharmaceutical unit dosage of claim 29 that is a
tablet.

31. The pharmaceutical unit dosage of claim 30 that
comprises a hydrochloride salt of D-threo-methylphenidate.

32. 4 pharmaceutical unil dosage comprising 12 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceplable sall thereof mixed with a pharmaceulically
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acceptable carrier, diluent or excipient, said dosage having
less that 10% by weight of other stereoisomers of meth-
Yiphenidate or the salt thereof.

33. The pharmaceutical unit dosage of claim 32 that is a
tablet.

34. The pharmaceutical unit dosage of claim 33 that
comprises a hydrochloride salt of D-threo-methylphenidate.

35. A pharmaceutical unit dosage comprising 20 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
yiphenidate or the salt thereof.

36. The pharmaceutical unit dosage of claim 35 that is a
tablet.

w

4

37. The pharmaceutical unit dosage of claim 36 that
comprises a hydrochloride salt of D-threo-methylphenidate.

38. A pharmaceutical unit dosage comprising 50 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
ylphenidate or the salt thereof.

39. The pharmaceutical unit dosage of claim 38 that is a
tablet.

40. The pharmaceutical unit dosage of claim 39 that
comprises a hydrochloride salt of D-threo-methylphenidate.
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EX PARTE
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claim 1 is determined to bhe patentable as amended.

Claims 2, 3 and 4, dependent on an amended claim, are
determined 1o be patentable.

New claims 5-40 are added and determined to be patent-
able.

1. A pharmaceutical unit dosage comprising from about 1
to about 50 milligrams of D-threo-methylphenidate or a
pharmaceutically acceptable salt thereof mixed with a phar-
maceulically acceptable carrier, diluent or excipient, said
dosage having less than 10% by weight of other stereoiso-
mers of methylphenidate or the salt thereof.

5. The pharmaceutical unit dosage of claim 1 wherein

said excipient is a tableting excipient.
\

6. The pharmaceutical unit dosage of claim 1 wherein the
pharmaceutically acceptable carrier, diluent or excipient is
selected from the group consisting of mannitol, lactose, talc,
glycine, stearic acid and saccharin.

7. The pharmaceutical unit dosage of claim I wherein the
pharmaceutically acceptable carrier, diluent or excipient is
selected from the group consisting of lactose, corn starch,
polyethylene glveol, talc and magnesium stearate.

8. The pharmaceutical unit dosage of claim 1 wherein the
pharmaceutically acceptable carrier, diluent or excipient is
selected from the group consisting of microcrystalline cel-
lulose, sodium laury! sulfate and magnesium stearale.

9. The pharmaceutical unit dosage of claim 1 that com-
prises a pharmaceutically acceptable salt of D-threo-meth-
yiphenidate.

10. The pharmaceutical unit dosage of claim 9 that
comprises a hydrochloride salt of D-threo-methylphenidate.

11. The pharmaceutical unit dosage of claim 4 that is a
solid oral dosage form.

12. The pharmaceutical unit dosage of claim 11 that is a
tablet.

13. The pharmaceutical unit dosage of claim 4 that is a
capsule.

14. The pharmaceutical unit dosage of claim 4 that is a
dragee.

15. The pharmaceutical unit dosage of claim 1 that is
suitable for parenteral administration.

—
o
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16. The pharmaceutical unit dosage of claim 1 that is
suitable for transdermal administration.

17. The pharmaceutical unit dosage of claim 16 that is a
transdermal patch.

18. A pharmaceutical unit dosage comprising 1 milligram
of D-threo-methylphenidate or a pharmaceutically accep-
able salt thereof mixed with a pharmaceutically acceptable
carrier, diluent or excipient, said dosage having less than
10% by weight of other stereoisomers of methylphenidate or
the salt thereof.

19. The pharmaceutical unit dosage of claim 18 that is a
tablet.

20. The pharmaceutical unit dosage of claim 19 that
comprises a hydrochloride salt of D-threo-methylphenidate.

21. 4 pharmaceutical unit dosage comprising 2 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable sall thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
ylphenidate or the salt thereof.

22. The pharmaceutical unit dosage of claim 21 that is a
tablet.

23. The pharmaceutical unit dosage of claim 22 that
comprises a hydrochloride salt of D-threo-methylphenidate.

24. A pharmaceutical unit dosage comprising 2% milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth--
yiphenidate or the salt thereof. \

25. The pharmaceutical unit dosage of claim 24 that is a
tablet.

26. The pharmaceutical unit dosage of claim 25 that
comprises a hydrochloride salt of D-threo-methylphenidate.

27. A tablet comprising 5 milligrams of D-threo-meth-

s ylphenidate or a pharmaceutically acceptable salt thereof

mixed with a pharmaceutically acceptable carrier, diluent or
excipient, said dosage having less than 10% by weight of
other stereoisomers of methylphenidate or the salt thereof.

28, The tablet of claim 27 that comprises a hydrochloride
salt of D-threo-methylphenidate.

29. A pharmaceutical unit dosage comprising 10 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceplable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
ylphenidate or the salt thereof.

30. The pharmaceutical unit dosage of claim 29 that is a
tablet.

31, The pharmaceutical unit dosage of claim 30 that
comprises a hydrochloride salt of D-threo~-methylphenidate.

32. A pharmaceutical unit dosage comprising 12 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceplable sall thereof mixed with a pharmaceutically
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acceptable carrier, diluent or excipient, said dosage having
less that 10% by weight of other stereoisomers of meth-
yiphenidate or the salt thereof.

33. The pharmaceutical unit dosage of claim 32 that is a
tablet.

34. The pharmaceutical unit dosage of claim 33 that
comprises a hydrochloride salt of D-threo-methylphenidate.

35. A pharmaceutical unit dosage comprising 20 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
ylphenidate or the salt thereof.

36. The pharmaceutical unit dosage of claim 35 that is a
tablet.

s

4
37. The pharmaceutical unit dosage of claim 36 that
comprises a hydrochloride salt of D-threo-methylphenidate.

38. A pharmaceutical unit dosage comprising 50 milli-
grams of D-threo-methylphenidate or a pharmaceutically
acceptable salt thereof mixed with a pharmaceutically
acceptable carrier, diluent or excipient, said dosage having
less than 10% by weight of other stereoisomers of meth-
ylphenidate or the salt thereof.

39. The pharmaceutical unit dosage of claim 38 that is a
tablet.

40. The pharmaceutical unit dosage of claim 39 that
comprises a hydrochloride salt of D-threo-methylphenidate.
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PHENIDATE DRUG FORMULATIONS
HAVING DIMINISHED ABUSE POTENTIAL

This application is a continuation of U.S. application Ser.
No. 09/318,151 filed May 25, 1999, now U.S. Pat. No.
6,355,656 which is a CIP of U.S. application Ser. No.
08/827,230 filed Apr. 2, 1997, now U.S. Pat. No. 5,908,850,
which is a continuation of U.S. application Scr. No. 08/567,
131 filed Dec. 4, 1995, now abandoned the contents of
which are incorporated herein in their entirety.

FIELD OF THE INVENTION

The present invention relates to phenidate drug compo-
sitions for treating certain Central Nervous System disorders
such as Attention Deficit Disorder (ADD), Attention Deficit
Hyperactivity Disorder (ADHD), HIV/AIDS cognitive
decline, and AIDS Dementia Complex. This invention fea-
tures such drugs having decreased side effects, reduced
cuphoric effect, and reduced drug abuse potential.

BACKGROUND OF THE INVENTION

Attention Deficit Disorder (ADD) is the most commonly
diagnosed nervous system illness in children. Patrick et al.,
J. Phamacol. & Exp. Therap., 241:152-158 (1987). Symp-
toms of ADD include distractibility and impulsivity. A
related disorder, termed Attention Deficit Hyperactivity Dis-
order (ADHD), is further characterized by increased symp-
toms of hyperactivily in paticnts. Racemic methylphcnidate
(c.g., Ritalin® ) is a mild Central Nerveus Sysiem stimulant
with pharmacological activity qualitatively similar to
amphetamines, and has long been the drug of choice for
symptomatic treatment of ADD in children. Graenhill, L.,
Child & Adol. Psych. Clin. N.A., Vol. 4, Number 1:123-165
(1995).

Current administration of racemic methylphenidate,
- however, often resulls in notable aide effects such as
anorexia, weight loss, insomnia, dizziness and dysphoria.
Additionally, racemic methylphenidate, which is a Schedule
IT controlled substance, produces a euphoric effect when
administcred intravenously or through inhalation, and thus
carrics a high potential for subslance abusc in paticnts.

Atleast 70% of HIV-infected individuals who have devel-
oped Acquired Immunodeficiency Syndrome (AIDS) even-
ally manifest cognitive defects, and many display signs
and symploms of dementia. See Navia at al., Annals of
Neurology, 19:517-524 (1986). Complaints of forgetfulness,
loss of concentration, fatigue, depression, loss of
attentiveness, mood swings, and thought disturbance are
common in patients with Human Immunodeficiency Virus
(HIV) disease. Douzeuis et al., Proc. 7th int’l. Conf. AIDS,
1, MB, 2135:215 (1991); Holmes et al.,J. Clin. Psychiatry,
50:5-8 (1989). Raccmic methylphenidate has been used to
treat cogoitive decline in AIDS/ARC paticnts. Brown, G.,
Inil. J. Psych. Med. 25(1): 21-37 (1995). As described
above, racemic methylphenidate, a Schedule II controlled
substance, produces a euphoric effect when administered
intravenously or through inhalation, and thus carries a high
potential for drug abuse.

U.S. Pat. No. 2,507,631, to Hartmann et al. describes
methylphenidate and processes for making the same. U.S.
Pat. No. 2,957,880, to Rometsch et al. describes the con-
version of a-aryl-a-piperidyl-(2)-acetic acids and deriva-
tives thereof (including methylphenidate) into their respec-
live racemates. Each of these patents is incorporated herein
by reference.

Holmes et al., J. Clin. Psychiatry, 50:5-8 (1989) reported
on the use of racemic methylphenidate (Ritalin®) and dex-
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troamphetamines in the treatment ol cognitive impairment in
AIDS patients.

Srinivas et al.,J. Pharmacol. & Exp Therap., 241:300306
(1987) described use of racemic dl-threo-methylphenidate
(Ritalin®) in the treatment of ADD in children. This study
noted a S5-fold increase in plasma levels of d-threo-
methylphenidate in children treated with racemic
methylphenidate, but was otherwise inconclusive with
regard to the efficacy of a single methylphenidate isomer at
therapcutically significant doscs.

Srinivas el: al., Clin. Pharmacol. Ther, 52:561-568
(1992) studied the administration of dl-threo, d-threo and
1-threo-methylphenidate to children sulfering from ADHD.
While Srinivas et al. reported the pharmacodynamic activity
of dl-thrco-methylphenidate resides in the d-threo isomer,
this study investigated ncither the adverse side effects of the
1-threo isomer, nor the euphoric effects of the single isomers
or racemate, Single isomer dosages below ¥ of the racemate
dosage were not studied.

Patrick et al.,J. Pharmacol. & Exp. Therap., 241:152158
(1986) examined the pharmacology of the enantiomers of
threo-methylphenidate, and assessed the relative contribu-
tion of each isomer to central and peripheral actions of
Ritalin®.

Brown, G., Intl. J. Psych. Med., 25 (1) :21-37 (1995)
reported the use of racemic methylphenidate for the treat-
ment of AIDS’ cognitive decline.

Patrick et al.,, Psychopharmacology: The Third Genera-
tion of Progress, Raven Press, N.Y. (1987) examined the
pharmacokinetics and actions of methylphenidate in the
treatment of Attention Deficit Hyperactivity Disorder
(ADHD). Patrick noted the d-threo isomer possesses higher
aclivity than the 1-threo isomer, and that d-threo meth-
ylphenidate may be responsible for the therapeutic activity
in the racemic drug.

Aoyama et al., Clin. Pharmacol. Ther, 55:270-276
(1994) reported on the use of (+)-threo-methylphenidate in
the treatment of hypersomnia. Aoyama cl al. describe a
corrclation between sleep latency in paticnts and plasma
concentration of (+)-threo-methylphenidate.

Glutathione is an important antioxidative agent that pro-
tects the body against electrophilic reactive compounds and
intracellular oxidants. It has been postulated that HIV-AIDS
patients suffer from drug hypersensitivity due to drug over-
load and an acquired glutathione deficiency. See Uetrecht et
al., Pharmacol. Res., 6:265-273 (1989). Patients with HIV
infection have demonstrated a reduced concentration of
glutathione in plasma, cells and broncho-alveolar lavage
fluid. Staal et al., Lancet, 339:909-912 (1992). Clinical data
suggests that HIV-seropositive individuals display adverse
reactions 1o the simultaneous administration of several oth-
erwise therapeutic drugs. Rieder et al., Ann. Intern. Med.,,
110:286-289 (1989). It is desirable 1o provide for the
administration of methylphenidate in reduced dosages
among patienls with drug hypersensitivity due to HIV
infection.

There is a long-felt and very intense need for phenidate
drug compositions, especially methyl phenidate, which are
less susceptible to unlawful abuse and which exhibit dimin-
ished side effects while retaining therapeutic efficacy.

SUMMARY OF INVENTION

Phenidate drugs in accordance with this invention have
the structure:
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where R, is C,—C, alkyl and R, is either C,~-C, alkyl or
hydrogen. Of this family of drugs, methylphenidate, where
R, is methyl and R, is hydrogen, is the most well known,
having long been prescribed under the trade mark Ritalin®.
Phenidate drugs are a-aryl-a-piperidyl-2-acetic acids and
comprise two centers of asymmelry, existing as four separate
optical isomers as follows:

N
o] H 0
2R,2'S; D-ERYTHRO
Ry

28.2'R; L-ERYTHRO 28,2'S; L-THREO

It is known that certain physiological properties of meth-
ylphenidate and other phenidate drugs are dependent upon
stereochemistry. Thus, while the threo racemate of meth-
ylphenidate is understood to produce the desired central
nervous syslem action, the erythro racemate is thought to
contribute to hypertensive side effects.

It is now believed, however, that another stereochemical
distinction also applies. Studies in animals, children and
adults have demonstrated pharmacological aclivity in the

D-threo isomer of methylphenidate (2R,2'R). Sce Patrick et 5

al.,J. Pharmacol. & Exp. Therap., 241:152-158 (1987). The
role of the L-threo isomer in loxicity or adverse side effects
has not been examined heretofore although the potential for
isomer ballast in methylphenidate and other phenidate drugs
is of concern for many patient groups, particularly those
drug hypersensitive patients as described above.

Although L-threo-methylphenidate is rapidly and stereo-
selectively metabolized upon oral administration by exten-
sive first pass mclabolism, intravenous administration or
inhalatinn results in high L-threo methylphenidate serum
levels. Srinivas et al., Pharmacol. Res., 10:14-21 (1993).
Intravenous administration and inhalation are methods of
choice by drug abusers of current, racemic methylphenidate
formulations. It is now believed (hat the euphoric effect
produced by current formulations of methylphenidate is due
to the action of L-threo-methylphenidate, rather than the
pharmaceutically efficacious D-threo compound.
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Accordingly, il has now been discovered that the incor-
poration into pharmaceutical formulations of the D-threo
isomer (2R,2'R) of a phenidate drug, especially
methylphenidate, with the substantial exclusion of the other
three isomers of the phenidate, especially the L-threo isomer,
produces a phenidate medication dosage form which retains
high pharmaceutical efficacy levels upon administration to
patients, while simultaneously possessing fewer or reduced
side-effects, reduced euphoric effect and reduced potential
for abuse.

Patients suffering from Attention Deficit Disorder, Atten-
tion Deficit Hyperactivity Disorder, AIDS cognitive decline,
and AIDS Dementia Complex are benefitted by receiving
phenidate drug, especially the preferred methylphenidate, in
a dosage form which substantially excludes three of the four
stereoisomers, D erythro, Lerythro, and L-threo. Stated
allernatively, such dosage forms comprise D-threo phenidate
in the substantial absence of L-threo and both erythro
slereoisomers.

The present invention also provides dosage forms of
phenidate drugs for treating Attention Deficit Disorder and
Altention Deficit Hyperactivity Disorder in children and
adults while providing for reduced side effects, reduced
euphoric effect and reduced potential for abuse. This is
accomplished by [ormulating dosage [orms [or administra-
tion Lo patients comprising D-threo-phenidate or a pharma-
ceutically acceptable salt thereof, substantially free of the
L-threo isomer and both erythro isomers. The invention
further provides methods of treating AIDS-related dementia
and related cognitive disorders while providing for reduced
side effects, reduced euphoric effect, and reduced abuse
potential comprising administering D-threo-phenidale (2R,
2'R) of the formula:

or a pharmaceutically acceptable salt thereof, substantially
free of the other three stercoisomeric forms of the drug.

In accordance with the invention, R, is methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl or tert-butyl. It is pre-
ferred that R, be methyl. R, may be hydrogen, methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl or teri-butyl and may
appear either ortho, meta or para Lo the acetic acid moiety.
Additional substitutients may also appear in the phenidate
drug molecule, either in the aryl ring, in the pipiridine
heterocycle of in the cster function, however, extensive
substitution is not preferred.

Salts of phenidates, such as the conventional hydrochlo-
ride salts, are also within the spirit of the invention and all
such salts are specifically contemplated hereby.

Preferably, R, is methyl and R, is hydrogen such that the
phenidate drug is methylphenidate.

Prescription of methylphenidate to treat AIDS cognitive
decline and AIDS Dementia Complex associated with HIV
infection is becoming increasingly popular. However, high
doses in excess of 40 mg/day are not well tolerated by a
substantial number of HIV-infected patients when treated
over weeks or months. Brown, G., Int’lJ. Psychiatry. Med.,
25:21-37 (1995). The exclusive D-threo isomer formulations
of the present invention enable a lowered dosing therapy
with avoidance of the administration of the stereoisomer
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believed (o be responsible for adverse side elfects and abuse
potential resulting in improved efficacy for diseased patients
and particularly HI'V-infected patients.

Racemic methylphenidate and its individual isomers are
known. See U.S. Pat. Nos. 2,507,631 and 2,957,880. They
can be prepared by conventional techniques, and can be
obtained from a variety of commercial sources. Moreover,
the p-threo-isomer of methylphenidate and other phenidate
drugs can be prepared in accordance with Ser. No. (08/583,
317 filed Jan. 5, 1996, which application forms a parent to
this application and has been incorporated herein by refer-
ence. Lxamples forming parl of this application set forth
cerlain preferred synthetic routes to the phenidate com-
pounds useful in the practice of this invention. Persons of
ordinary skill will be able to modify such procedures to
prepare’ the lower alkyl substituted phenyl derivatives and
lower alkyl esters contemplated herein without undue
experimentation. Thus, preparation of ethyl, propyl, isopro-
pyl elc. esters is a simple matter in view of the synthetic
schemes set forth. Likewise, substituting the phenyl ring
with onc or morc alkyl or other substituients may also be
accomplished.

The dosage forms of the present invention can be admin-
istered orally, rectally, parenterally, or transdermally, alone
or in combination with other psychostimulants,
anlidepressants, and the like to a patient in need of treatment.
Oral dosage forms include tablets, capsules, dragees, and
other conventional, pharmaceutical forms. Isotonic saline
solutions, conveniently containing about 1-40 milligrams of
drug per milliliter can be used for parenteral administration
which includes intramuscular, intrathecal, intravenous and
intra-arterial routes. Rectal administration can conveniently
be effected through the use of suppositories such as can
easily be [ormulated from conventional carriers such as
cocoa butter. Transdermal administration can be effected
through the use of transdermal paich delivery systems and
the like. The preferred routes of administration arc oral and
parenteral.

The dosage employed should be carefully titrated to the
patient, considering age, weight, severity of the condition,
and clinical-profile. Typically, the amount of d-threo-
methylphenidate administered will be in the range ol 1-50
mg/day, but the actual decision as to dosage will depend
upon the exacl phenidate drug being employed and will be
made by the attending physician as a matter of routine. Such
physician can, however, determine an appropriate regime
employing well-known medical considerations. Such per-
sons will appreciate that the overall dosage amount will be
significantly smaller than that used with the corresponding
racemic drug, since the undesired enantiomers are not
included in the present dosage forms. .

Accordingly, a pharmaceutically effective amount of a
phenidate drug in accordance with this inveation will be
understood by persons of ordinary skill in the art to be that
amount of the selected D-threo phenidate which, upon
administration to a patient, would result in a sensible and
therapeutically useful effect.

When phenidates other than methylphenidate are to be
administered, it will be appreciated that the effective amount
of drug will likely be different than for methylphenidate.
Dctermination of such amount, however, is well within the
routine skill of the practitioner. In accordance with preferred
embodiments, from 1 to about 50 mg will be administered
to patients, with from about 2 to about 20 mg per day being
still more preferred. In still more preferred embodiments,
patients will receive from about 2% (o about 12 mg per day.

It is desirable to provide unit dosage forms for adminis-
tration of compounds of the invention comprising from
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about 1 to about 50 mg of drug, with amounts of from aboul
2 to about 20 and particularly from about 2% to about 12 mg
being still more preferred. Oral administration is the proto-
col of choice, however other routes of administration, such
as intravenous, intraperitoneal, rectal and the like may also
be employed in formulating the unit dosage forms of this
invention. Carriers, diluents and excipients are convention-
ally employed in formulating unit dosage forms and the
same are selected as a matter of routine depending upon the
selected route of administration. For oral administration,
formulation into tablets using tabletting cxcipients are con-
veniently employed, although capsular and other oral forms
are also useful.

The present invention provides cnhanced relief for
patients suffering from Attention Deficit Disorder and Atten-
tion Deficit Hyperactivity Disorder while providing for
reduced side effects, reduced euphoric effect, and reduced
abuse potential through administration of D-threo-methyl-
phenidate substantially free of the L-threo and other isomers.
The invention gives rise to methods of treatment of AIDS
related dementia and related cognitive disorders with
D-threo-methylphenidate substantially free of the remaining
isomers.

The term, “substantially free as it applies 10 a stereoiso-
mer in accordance with a composition of this invention
means that the composition contains no more than 10% by
weight of the isomer in question. It is preferred that such
composition have less than about 2% of the unwanted
isomers and even more preferred that less than 1% be
present. When applied to a plurality of stereoisomers, then
all of the isomers, taken together, comprise no more than
10% by weight of the composition and preferrably less than
2%. It is preferred that compositions characterized as being
“substantially free” of all stereoisomers but the D-threo
isomer comprise no more than about 5% of other isomers. It
is still more preferred that no more than 1% of the undesired
isomers be present.

The following examples will serve to further typify the
nature of the invention, but should not be construed as
limitation on the scope thercof, which is defined solely by
the appended claims.

EXAMPLES

A suitable salt medium for the microbiological transfor-
mations described in the following examples has been
denominated “media A” and has the following composition:

MgSO, 100 gL
CaCl, 0.021 gL
7ZnS0,.TH,0 0.20 mg/l.
MnSO,.411,0 0.10 mg/L
H,BO0, 0.02 mg/L
CUS0,.5H,0 0.10 mg/L
CoCL,.6H,0 0.05 mg/L
NiCl,.6H,0 0.01 mg/L
FeSO, 1.50 mg/L
NaMoO, 2.00 mg/L
Fe EDTA 5.00 mg/L
KH,PO, 20.00 mg/L
NaOH topH 7
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Example 1

Preparation of D-threo-2-(piperid-2-y1)-2-phenyl-
acetic acid from trans-7-phenyl-1-azabicyclo(4,2,0)-
octan-8-one

Preparation of Biocatalyst

Lactamase is obtained from Pseudomonas cepacia grown
on 1-2% penicillin as the sole carbon and nitrogen source in
a minimal media. Fifty milliliters of Media A containing 2
g/l of penicillin is inoculated with Pseudomonas cepacia.
Afler the mixture is incubated at 30° C. for 48 hours, 10 ml
of the mixture are subcultured into 250 ml of Media A with
2 g/l penicillin. After 40 hours of incubation at 30° C., the
cells are concentraled to a paste by centrifugation at 10,000
G and washed with 50 m] phosphate buffer pH 7 and again
concentrated 10 a paste by centrifugation at 10,000 G. The
washed paste then is passed through a French Press at
17,000 psi to rupture the cells and produce cell extract. Cell
debris is removed by centrifugation for one half hour at
100,000 G and the enzyme-containing supernatant collected.

Racemic (+/--)trans-7-phenyl-1-azabicyclo(4,2,0)octan-
8-one (0.5 g) is added to a mixture of 20 ml of 50 mM
potassium phosphate buffer pH 7 and 1 ml cell extract of
lactamase. The reaction is maintained at 30° C. until the
cnantiomer cxcess as determined by chiral chromatography
is no less than 98% of D-ritalinic acid, generally about 3
hours under these conditions. A lactamase with opposite
stereoselectivity obtained from a microorganism such as
Rhodococcus rhodochrous can be used (o resolve (+/-)trans-
7-phenyl-1-azabicyclo(4,2,0)-octan-8-one to L-ritalinic acid
and the D-trans-7-phenyl-1-azabicyclo (4,2,0)-octan-8-one.
This lactam is then hydrolyzed to the D-ritalinic acid by
conventional means.

™
o

25

30

Trans-7-phenyl-1-azabicyclo(4,2,0)-oclan-8-one may be |

prepared by the method of Corey, Mol, or Earle (Corey et al.,
J. Amer. Chem. Soc., 87:2518 (1965); Earle et al., J. Chem.
Soc. C., 2093 (1969); Moll F. Naturforsch., Teil B, 21:297
(1996).
Isolation of n-lactam

The reaction mixture prepared above is extracted with
methylene chloride and the organic layer is dried with
MgSO,,. The organic layer is then filtered and concentrated
by rotary evaporation at 30° with reduced pressure, to yield
an oil product. The oil product may be further purified by
column chromatography.

Example 2

Preparation of D-threo-2-(piperid-2-yl)-2-
phenylacetic acid from threo-2-(piperid-2-yl)-2-
phenyl-2-acetamide

Preparation of Amidase

Amidasc is obtained from Acinetobacier baumanni grown
on 30 mM 2-cyanobutane as the sole carbon and nitrogen
source in a minimal media. Fifty milliliters of Media A
containing 30 mM 2-cyanobutane is inoculated with Acine-
tobacter baumanni. After the mixture in incubated at 30° C.
for 48 hours, 10 ml of the mixture are subcultured into 250
ml of Media A with 30 mM 2-cyanobutane, Afller 40 hours
of incubation at 30° C., the cells are concentrated to a paste
by centrifugation at 10,000 G and washed with 50 ml
phosphate buffer pH 7.5 and again concentrated to a pastc by
centrifugation at 10,000 G. The washed pastc then is passed
through a French Press at 17,000 psi to rupture the cells and
produce cell extract. Cell debris is removed by centrifuga-
tion for one half hour at 100,000 G and the enzyme-
containing supernatant collected.

Racemic threo-2-(piperid-2-y1)-2-phenyl-2-acetamide
(0.5 g) prepared by, e.g. the method of Hartimann, U.S. Pat.
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No. 2,507,631, is added to a mixture of 20 ml of 50 mM
potassium phosphate buffer pH 8 and 1 ml cell extract of
amidase. The reaction is maintained at 30° C. until the
enantiomer excess as determined by chiral chromatography
is no less than 98% of D-ritalinic acid, generally about 5
hours under these conditions. An amidase with opposite
stereoselectivity obtained from a microorganism such as
Rhodococcus rhodochrous can be used to resolve DL-threo- .
2-(piperid-2-yl)-2-phenyl-acetamide to L-ritalinic acid and
the D-threo-2-(piperid-2-yl)-2-phenyl-acetamide. This
amide is then hydrolyzed to the D-ritalinic acid by conven-
tional means.

Example 3

Preparation of D-threo-2-(piperid-2-yl)-2-phenyl
acelic acid from trans-7-phenyl-1-azabicyclo(4,2,0)-
octan-8-one

Racemic trans-7-phenyl-1-azabicyclo(4,2,0)-octan-8-one
(0.5 g) is added to a mixturc of 20 m! 50 mM phosphate
buffer pH 7.5 and 1 m! of Pseudomonas putida cell extract.
The reaction is maintained at 30° C. until the enantiomeric
excess as determined by chiral chromatography is no less
than 98% D-ritalinic acid, generally about 24 hours under
these conditions. Alternatively, a cell extract containing an
amidase of opposite stereoselectivity may be used to effect
a resolution of racemic trans-7-phenyl-1-azabicyclo (4,2,0)-
octan-8-onc where L-ritalinic acid is produced and the
D-lactamis isolated as the product.

Isolation of D-lactam

The reaction mixture prepared above is extracted with
methylene chloride and the organic layer dried with MgSO,,.
The organic layer is then filtered and concentration by rotary
evaporation at 30° with reduced pressure, to yield an oil. The
oil product may be further purified by column chromatog-
raphy.

Example 4

Preparation of D-threo-2-(piperid-2-yl)-2-phenyl-
acetic acid from threo-2-(piperid-2-yl)-2-phenyl-
acetonitrile

Nitrile hydratase and amidase are obtained from Alcali-
genes faecalis grown on 30 mM 2-cyanobutane or
2-phenylacetonitrile as the sole carbon and nitrogen source
in a minimal media. Fifty milliliters of Media A containing
30 mM 2-cyanobutane is inoculated with Alcaligenes faeca-
lis. After the mixture is incubated at 30° C. for 48 hours, 10
ml of the mixture are subcultured into 250 ml of Media A
with 30 mM 2-cyanobutane or 2-phenylacetonitrile. After 40
hours of incubation at 30° C., the cclls arc concentrated a
paste by centrifugation at 10,000 G and washed with 50 ml
phosphate buffer pH 7.5 and again concentrated to a paste by
centrifugation at 10,000 G. The washed paste then is passed
through a French Press at 17,000 psi to rupture the cells and
produce cell extract. Cell debris is removed by centrifuga-
tion for one half hour at 100,000 G and the enzyme-
containing supernatant collected.

Racemic threo-2-(piperid-2-yl)-2-phenyl-2-acetonitrile
(0.5 g) is added to a mixture of 20 ml of 50 mM potassium
phosphate buffer pH 8 and 1 ml cell extract of Alcaligenes
faecalis with nitrile hydratase and amidase activity. The
reaction is maintained at 30° C. until the enantiomer excess
as determined by chiral chromatography is no less than 98%
of D-ritalinic acid, generally about 5 hours under these
conditions.
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Example 5

The Use of an Esterase/lipase for the
Stereoselective Enrichment of DL-threo-ci-phenyl-a-
piperidyl-acetic acid methyl ester

A microbial source of a stereosclective esterase or lipase
may be obtained from commercial sources such as Novo
Nordisk’s “Humicola lipolase” or an ATCC Pseudomonas
strain 31809 or 31808. Lsterase/lipase is obtained from
Pseudomonas sp. ATCC strain 31809 grown on 1% olive oil
in media A supplemented with 8 g/l nutrient broth. Fifty ml
of media A containing the 1% olive oil and 8 g/l nutrient
broth is inoculated with Pseudomonas sp. AT'CC strain
31809. After the mixture is incubated at 30° C. for 48 hours,
10 m! of the mixture are subcultured into 250 ml of media
with 145 olive oil supplemented with & g/l nutrient broth.
After 24 hours of incubation at 30° C., the cells are con-
centrated to a paste by centrifugation at 10,000 G and
washed with 50 m! phosphate buffer, pH 7.5 and again
concentrated to a paste. Cells are ruptured as above.

DL-threo-a-phenyl-a-piperidylacetic acid methyl ester
(0.5 g) prepared by the method of Hartmann is added to a
mixture of 20 ml of 50 mM potassium phosphate buffer pH
and 1 ml cell extract. The reaction is maintained at 30° C.
until the cnantiomeric cxcess, as dctermincd by chiral
chromatography, is no less than 98% D-thrco-
methylphenidate, generally in about 25 hours under these
conditions.

Preparation of Exemplary Dosage Forms
Example 6
Tablets for chewing, each containing 5 milligrams of

D-threo-methylphenidate, can be prepared in the following
manner:

Composition (for 1000 tablets)

D-threo-methylphenidate 5.00 grams
mannilol 15.33 grams
lactose 10.00 grams
tale 1.40 grams
glycine 0.83 grams
stearic acid 0.66 grams
saccharin 0.10 grams

5% gelatin soution q.s.

The solid ingredients are each forced through a 0.25 mm
mesh sieve. The mannitol and the lactose are mixed, granu-
lated with the addition of gelatin solution, forced through a
2 mum mesh sieve, dried at 50° C. and forced through a 1.7
mm mesh sieve, The D-threo-methylphenidate, glycine and
saccharin are carefully mixed, the granulated mannitol and
lactose, stearic acid and talc added and the whole mixed
thoroughly. The mass is compressed to form lablets of
approximately 5 mm diamecler which arc concave on both
sides and have a breaking groove on the one side.

Example 7

Tablels, each containing 10 milligrams of bp-threo-
methylphenidale, can be prepared in the following manner:
composition (for 1000 tablets)
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D-threo-methylphenidate 10.0 grams
lactose 328.5 grams
cora starch 17.5 grams
polyethylene glycol 6000 5.0 grams
talc 25.0 grams
magnesium stearate 4.0 grams

demineralized water g.s.

The solid ingredients are first forced through a 0.6 mm
mesh sieve. Then the d-threco-methylphenidate, lactose, tale,
magnesium stearate and half of the starch are intimately
mixed. The other half of the starch is suspended in 65
milliliters of water and this suspension is added to a boiling
solution of the polyethylene glycol in 260 milliliters of
water. The resulting paste is added to the pulverulent
substances, and the whole is mixed and granulated, if
necessary with the addition of water. The granulate is dried
overnight at 35° C., forced through a sieve of 1.2 mm mesh
and compressed to form tablets of approximately 5 mm
diameter which are concave on both sides and have a
breaking notch on the upper side.

Example 8

Gelatin dry-filled capsules, each containing 20 milligrams
of D-threo-methylphenidate, can be prepared in the follow-
ing manner:

Composition (for 1000 capsules)

D-threo-methylphenidate 20.0 grams
microcrystalline celiulose 6.0 grams
sodium laury| sulfate 0.4 grams
magnesium slearate 1.6 grams

The sodium lauryl sulfate is sieved into the D-threo
-methylphenidate through a 0.2 mm mesh sieve and the two
components intimately mixed for 10 minutes. The micro-
crystalline cellulose is then added through a 0.9 mm mesh
sieve and the whole again intimately mixed for 10 minutes.
Finally, the magnesium stearate is added through a 0.8 mm
mesh sieve and, after mixing for a further 3 minutes, the
mixlure is introduced in portions of 28 milligrams each into
gelatin dry-fill capsules.

Example 9

A 0.2% injectable or infusible solution can be prepared, in
the following exemplary manner:

D-threo-methylphenidate 5.0 grams
sodium chloride 22.5 grams
phosphate buffer pll 7.4 300.0 grams
demineralized waler

lo 2500 mi.

The D-threco-methylphenidate is dissolved in 1000 milli-
liters of water and filtered through a microfilter or slurried in
1000 m] of H,0. The buffer solution is added and the whole
is made up to 2500 milliliters with waler. To prepare unit
dosage forms, portions of 1.0 or 2.5 milliliters each are
introduced into glass ampoules such that each contains,
respectively 2.0 or 5.0 milligrams of p-threo-
methylphenidate.
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Whal is claimed is: or a pharmaceutically acceptable salt thereof, wherein R, is
1. A pharmaceutical unit dosage comprising from about 1 C,-C, alkyl, and R, is hydrogen or C,-C, alkyl, in a
to about 50 milligrams of compound having the formula: pharmaceutically acceptable carrier or diluent, said dosage

form having less than 10% by weight of other stereoisomers
5 of the compound or salt.
2. The unit dosage of claim 1 comprising from about 2 to
about 20 milligrams of said compound.
3. The unit dosage of claim 1 comprising from about 2%
lo about 12 milligrams of said compound.
10 4. The unit dosage of claim 1 in a form suitable for oral
administration.
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[57) ABSTRACT

Dosage forms for oral administration of a methylphenidate
drug are provided. The dosage forms provide a substantially
immediate dose of methylphenidate upon ingestion, fol-
lowed by one or more additional doses al predelermined
times. By providing such a drug release profile, the dosage
forms eliminate the need for a patient to carry an additional
dose for ingestion during the day. The dosage forms and
methods provided are useful in administering methylpheni-
date and pharmaceutically acceptable salts thereof, which
generally require one or more doses throughout the day.
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DELIVERY OF MULTIPLE DOSES OF
MEDICATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation in part of application
Ser. No. 08/567,131, filed Dec. 4, 1995, now abandoned;
application Ser. No. 08/583,317, filed Jan. 5, 1996; and
application Scr. No. 08/647,642, filed May 15, 1996,

FIELD OF THE INVENTION

The present iovention relates to improved dosing of
medications. In particular, the present invention relates to
improved dosing of a medication whereby two or more
effective, time-separated doses may be provided by admin-
istration of a single dosage unit. The second, and any later,
dose is time-deiayed following administration. Based on
predictable in vitro release times, the dosage forms can be
formulated to deliver delayed doses in vivo al desired times.

The dosage [orms and methods of the present invention
are particularly suitable for the administration of meth-
ylphenidate hydrochloride, and especially for the adminis-
tration of a single isomer, d-threo-methylphenidate hydro-
chloride.

The administration of dosage forms which contain an
immediale dosage and a delayed second dosage provides for
reduced abuse potential, improved convenience of
administration, and belter patient compliance, especially
when methylphenidate is used to treat certain central ner-
vous system disorders.

BACKGROUND OF THE INVENTION

Attention Deficit Disorder (ADD), a commonly diag-
nosed nervous system illness in children, is generally treated
with methylphenidate hydrochloride (available commer-
cially as, c.g., Rialin®). Symptoms of ADD include dis-
tractibility and impulsivity. A related disorder, termed Atten-
ion Deficit Hyperactivity Disorder (ADHD), is [urther
characlerized by symploms of hyperactivity, and is also
treated with methylphenidate hydrochloride. Methylpheni-
date drugs have also been used to treat cognitive decline in
patients with Acquired Immunodeficiency Syndrome
(AIDS) or AIDS related conditions. Scc, c.g., Brown, G.,
Intl. J. Psych. Med. 25(1): 21-37 (1995); Holmes et al., J.
Clin. Psychiatry 50:5-8 (1989).

Methylphenidate exists as four separate optical isomers as
follows:

N

9
I-threo d-erythro

H H
R» R2

N N v

H CO:CH; H CO:CH;
d-three l-erythro

wherein R, is phenyl. Pharmaceutically acceplable salts are
generally administered clinically. Other phenidate drugs,
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which also can be administered according to the invention,
include those in which the methyl group in the above
structures is replaced by C,-C, alkyl and R, is optionally
substituted with C,—C, alkyl.

Clinically, the threo pair of enantiomers of methylpheni-
date hydrochloride is generally administered for the treal-
ment of ADD and ADHD. The hydrochloride salt is com-
monly referred to simply as “methylphenidate”. Unless
indicated otherwise, the term “methylphenidate” is used
broadly herein to include methylphenidate and pharmaccu-
tically acceptable salts thereof, including methylphenidate
hydrochloride.

The threo racemate (pair of enantiomers) of methylpheni-
date is a mild central nervous system stimulant with phar-
macological activity qualitatively similar to that of amphet-
amines. Undesirable side effects associated with the use of
the dl-threo racemate of methylphenidate include anorexia,
weight loss, insomnia, dizziness and dysphoria.
Furthermore, the racemate, which is a Schedule 11 controlled
substance, produces a euphoric effect when administered
intravenously or through inhalation or ingestion, and thus
carries a high potential for abuse.

Srinivas et al. studied the administration of dl-threo-,
d-threo, and I-threo-methylphenidate to children suffering
from ADHD, and reported that the pharmacodynamic activ-
ity of dl-threo-methylphenidate resides in the d-threo isomer
(Clin. Pharmacol. Ther, 52:361-568 (1992)). Therefore,
while dl-threo-methylphenidate is generally used
therapeutically, this racemate includes the 1 isomer which
apparently makes no significant contribution to the pharma-
cological effectiveness of the drug, but likely contributes to
the associated side effects. It is thus desirable to administer
only the active d-threo form of the drug.

An additional problem is that children being treated with
dl-threo methylphenidate must generally take one or more
doses during the day. This creates a problem for school
administrators who must storc a controlled substance on
school premises, with the associated risk that it may be
stolen for illicit use. Furthermore, children may be trauma-
lized by ridicule from peers when they must take medication
at school.

Sustained release formulations of di-threo methylpheni-
date have been developed, which provide for slow release of
the drug over the course of the day. However, it has been
observed that peak plasma concentrations of the drug are
lower when sustained release formulations are used. In some
studies, sustained release formulations of methylphenidate
have been shown to have lower efficacy than conventional
dosage forms.

There remains a need for methods for delivering meth-
yiphenidate with maximum effectiveness and minimal
potential for abuse. Furthermore, it has been determined that
there is a need for a dosage form which provides, in one
administration, an initial release followed, at a predictable
delay, by a sccond release, of maximally cffeclive meth-
ylphenidate. This will eliminate the risk of theft or loss of the
second dose, while minimizing undesirable side effects and
maximizing ease of administration. The present invention is
directed to these, as well as other, important ends.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an in vitro time-concentration relationship
(releasc profile) for certain preferred dosage forms in accor-
dance with the invention.

FIG. 2 depicls a schematic representation of in vivo
plasma concentration of a drug released according to the
release profile shown in FIG. 1.
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SUMMARY OF THE INVENTION

The present invention provides, in one embodiment, a
therapeutic composition for the oral administration of a
methylphenidate drug comprising a dosage form containing
two groups of particles, each containing the methylpheni-
date drug. The term “particles”, as used herein, includes
pellets, granules, and the like. The first group of particles
provides a substantially immediate dose of the methylpheni-
date drug upon ingestion by a mammal. The first group of
particles can also comprise a coating and/or sealant. The
second group of particles comprises coated particles, which
comprise from about 2% to about 75%, preferably from
about 2.5% to about 50%, and more preferably from about
5% 1o about 20%, by weight of the second group of particles,
of the methylphenidate drug, in admixture with onc or more
binders. The coaling comprises a pharmaceutically accept-
able ammonio methacrylate copolymer in an amount suffi-
cient to provide a delay of from about 2 hours to about 7
hours following ingestion before release of the second dose.
I desired, one or more additional doses may be delivered by
additional particles, coated in a similar manner, but with a
sufficient amount of ammonio methacrylate copolymer coat-
ing 1o provide the dosage after an additional delay. Meth-
ylphenidate and pharmaccutically acceptable salls thercol,
including methylphenidate hydrochloride, can be prepared
into the dosage [orms of the invention.

In one embodiment of the present invention, the first
group of particles comprises a methylphenidate drug and
provides a substantially immediate dose of the methylpheni-
date drug upon ingestion by a mammal. The first group of
particles may comprise a coating and/or sealant. The second
group of particles compriscs coated particles, which com-
prise from about 2% to about 75%, preferably from about
2.5% 10 about 50%, and more preferably from about 5% Lo
about 20%, by weight of the particles of the methylphenidate
drug in admixture with one or more binders. The coating
comprises a pharmaceutically acceptable ammonio meth-
acrylate copolymer in a quantity sufficient to provide a dose
of methylphenidate delayed by from about 2 hours to about
7 hours following ingestion.

For cxample, the first group of particles can comprise a
pharmaceutically acceptable salt of methylphenidate, such
as methylphenidate hydrochloride, in powder form, or
coaled or uncoated particles containing the methylphenidate
salt. The amount of methylphenidate salt in each group of
particles can vary, depending upon the dosage requirements
of the patient to whom the drug is to be administered.
Generally, the daily dosage requirement for methylphenidate
drugs is from about 1 mg to about 50 mg per day, preferably
lrom about 2 mg 1o about 20 mg, and more preferably (rom
about 2.5 to about 12 mg per day. The actual dosage (o be
administered will be determined by the atlending physician
as a matter ol routine. 'Thus, depending upon the amounts of
coaling and/or and optional excipients and other additives,
the amount of methylphenidate drug can be, for example,
from about 2% to about 99% by weight of the first group of
particles. In addition to the methylphenidate drug, the sce-
ond group of particles comprises a filler, such as a hydro-
phobic filler, onc or more ammonio meclhacrylate
copolymers, and sptional excipients and other additives. The
filler can be present in an amount of, for cxample, from
about 35% to about 45%, by weight, based on the total
weight of the second group of particles.

Another embodiment of the present invention provides a
method for treating disease, such as, for example, ADD,
ADHD, or AIDS-related dementia, in a patient in need of
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treatment. This treatment comprises administering to the
patient a dosage form providing once-daily oral administra-
tion of a methylphenidate drug such as methylphenidate
hydrochloride. The dosage form comprises at least two
groups of particles, each containing the methylphenidate
drug. The first group of particles comprises from about 2%
1o about 99% by weight of the methylphenidate drug,
depending upon desired the daily dosage, and provides a
substantially immediate dose of methylphenidate upon
ingestion by a mammal. The first group may comprise a
coating and/or sealant. The second group of particles com-
prises coated particles. The coated particles comprise the
methylphenidate drug in admixture with one or more
binders, wherein the amount of melhylphenidate drug is
from about 2% to about 75%, preferably from about 2.5% to
about 50%, and more preferably from about 5% to about
20%, by weight of the sccond group of particles, and a
coaling comprising an ammonio methacrylate copolymer in
a quantity sufficient to provide a dose of methylphenidate
delayed by from about 2 hours to about 7 hours following
ingestion. The components of the two groups of particles can
vary as described hereinabove. ‘The initial dose can be
administered separately from the.delayed dose, if desired.

A further embodiment of the present invention provides
dosage forms for the oral administration, in a single dosage
[orm, of two doscs of a pharmaceutically acceptable salt of
d-threo-methylphenidate. The dosage forms comprise par-
ticles containing within their interiors from about 2% to
about 75%, preferably from about 2.5% to ahout 50%, and
more preferably from about 5% to about 20%, of. the
d-threo-methylphenidate salt, in admixture with one or more
binders. The particles have a coating exterior to the meth-
ylphenidate salt, which compriscs an ammonio methacrylate
copolymer in a quantity sufficient to delay release of the
d-threo-methylphenidate salt contained within by from
about 2 hours to about 7 hours following administration. The
dosage forms also comprise, exterior to the coating, an outer
layer comprising from about 2% to about 99% by weight of
the d-threo-methylphenidate salt, based on the weight of all
components in the outer layer, to provide a substantially
immediate dose of the d-threo-methylphenidate salt upon
administration. The layer comprising the immediate dose of
the d-threo-methylphenidate salt can, if desired, further
comprise an ouler sealant layer. If desired, the two doses of
the d-threo-methylphenidate salt can be approximately
cqual.

The present invention also provides dosage [orms pro-
viding plasma concentration profiles for methylphenidate
having two maxima, temporally separated from each other
by from about 2 hours to about 7 hours. Preferably, the
magnitude of said maxima differs by no more than about 30
percent, more preferably by no more than about 20 percent,
and most preferably by no more than about 10 percent.

“Methylphenidate” as used herein, includes all four opti-
cal isomers of the compound and all pharmaceutically
acceplable salts thereof. When one or more particular iso-
mers is contenplated, the isomer is indicated, as in d-threo,
l-threo, etc. The combined threo isomers may be indicated
simply as “threo ” and the erythro isomers as “erythro . For
therapeutic use in treating conditions treatable by meth-
ylphenidate drugs, dl-threo methylphenidate hydrochloride
is generally used, while d-threo methylphenidate hydrochlo-
ride is preferred according to the present invention.

As discussed, the four isomers have exhibited varying
levels of therapeutic activity, and have been shown to differ
generally in producing unwanted side effects. The present
invention provides dosage forms which maximize therapeu-
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lic effectiveness and minimize undesirable side effects. In
certain preferred embodiments, the dosage forms of the
present invention provide administration of the two threo
forms of methylphenidate. In particularly preferred
embodiments, the dosage forms ol the present invention
provide administration of a single isomer, d-threo-
methylphenidate, albeit in two or more doses.

The dosage forms of the present invention are intended
for oral ingestion by a mammal, particularly a human. The
dosage forms of the present invention are particularly suit-
able for the administration of methylphenidate drugs, in al
least two doses. Most preferably, the dosage forms provide
two doses of a d-threo methylphenidate drug such as d-threo
methylphenidate hydrochloride. The second dose can be
delayed by from about 2 hours to about 7 hours, preferably
from about 3 hours to about 6 hours, and most preferably
from aboul 4 honrs Lo about 5 hours, following ingestion of
the dosage form by a mammal. This eliminates the need for
a patient, for example a child being treated for ADD, to carry
a second dose for ingestion several hours after ingestion of
a first dose. The exclusion of the 1 isomers and the d-erythro
isomer climinates the concurrent ingestion of forms of
methylphenidate principally believed to be associated with
adverse side ellfeets and/or reduced effectiveness.

The temporal separation of the two doses provided
according to the present invention can be represented
graphically as in FIG. 1. FIG. 1 is an in vilro drug release
profile of a dosage form of the present invention. The data
were obtained by measuring the rate ol dissolution of drug
as a function of time. In this embodiment two doses are
provided. The release of the first dose preferably occurs
substantially immediately; for example, within about 30
minutes following administration. Following a period of
little or substantially no drug release, the second dose is

released. The two releases can be referred to as “pulses”, and

such a release profile can be referred 1o as “pulsatile”.

FIG. 2 is a schematic representation of the plasma con-
centration of drug resulling from a release profile according,
o FIG. 1. The maximum concentration duce to the first dose,
C,, occurs at 1, preferably from about 1 hour to about 3
hours after ingestion, most preferably about 2 hours after
ingestion. The release of the first dose is followed by a
period during which substantially no drug is released, which
lasts approximately 2-6 hours, preferably 3-5 hours, post
ingestion. The second dose is then released, with the maxi-
mum concentration, C,, at L,, which is preferably about 6
hours post-ingestion. Preferably at least about 80% of the
lotal drug has been released by about 6 hours following
administration. In the embodiment represented by FIG. 2,
the levels ol drug released at the two maxima are nearly
cqual. Preferably, if two approximately equal doses are
released, the release of the two doses provides a plasma
concentration profile having two maxima, which differ from
cach other by no more than about 40 percent in magnitude,
preferably by no more than about 30 percent, and more
preferably by no more than about 25 percent. This is
determined by the relationship:

[Ci=Cl/Cy

In such embodiments is most preferred that the maxima
differ by no more than 20%. However, embodiments in
which the maxima of the two relcasces differ by more than 40
percent are within the scope of the invention. The appro-
priate relative amounts of drug in each release can be readily
delermined by one skilled in the art.

Dosage forms of the present invention provide controlled
release of a methylphenidate drug, including pharmaceuti-
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cally acceptable salts of methylphenidate, whereby an initial
dose for immediate release can be combined with a delayed
release ol onc or more additional doscs. Such desage forms
may alternatively be referred to as “pulsatile” dosage forms.

“Immediale release”, as used herein, means release within
about a half hour following ingestion, preferably about 15
minutes, and more preferably within about 5 minutes fol-
lowing ingestion. “Delayed release”, as used berein, refers to
a drug release profile which includes a period during which
no morc than about 10 percent of the drug in a particular
dosage form is released, followed by a period of from about
0.5 hour to about 2.5 hours, preferably about 1.5 hours, more
preferably about 1 hour, in which no less than about 70
percent, preferably no less than about 80 percent, and more
preferably no less than about 90 percent, of the drug is
released. The terms “medication” and “drug” are used
interchangeably herein.

According to the present invention, delayed release dos-
age forms can be combined with forms which provide
immediate release of a drug. Thus, two or more dosage
forms can be combined, one dosage form providing a
portion of a patient’s daily dosage needs of a drug and
subsequent dosage forms providing additional portions of a
patient’s daily dosage needs. For example, a drug can be
administered to a patient in two dosage forms
simultancously, one providing, ¢.g., about 30-50 percent of
the patient’s daily requirement of the drug and the second
providing the remainder of the patient’s daily requircment.
Alternatively, and preferably, a single dosage form can be
administered which includes an immediate dose of some
portion of a patient’s daily requirement and one or more
delayed doses to provide the remaining portion or portions
of the patient’s daily requirement.

Dosage forms of the present invention provide an initial
dosc of a drug such as, for example, a pharmaceutically
acceplable salt of d-threo-methylphenidate (also referred to
herein as d-MPD), followed by an interval whercin substan-
tially no additional drug is released, followed in turn by
release of a second dose. If desired, a second substantially
release-free interval may be provided following the second
release, followed in turn by a third dose. Thus, dosage forms
providing 3 or more doses are contemplated by the present
invention. However, dosage forms providing 2 or 3 doses are
generally preferred for therapeutic use, with 2 doses being
more preferred. For example, the first dose can provide from
about 30 percent to about 70 percent of a patient’s daily
prescribed intake of the drug and the second dose provides
from about 70 percent to about 30 percent. If two approxi-
mately equal doses are desired, the initial dose preferably
provides from about 40 percent to about 60 percent, and the
second dose preferably provides from about 60 percent lo
about 40 percent, of a patient’s prescribed daily intake of the
drug. If desired, the first dosc and the second dose can each
provide about 50 percent of a patient’s prescribed daily
intake of drug. However, as will be apparent (o one skilled
in the art, the effect of drug metabolism in the body may
require adjustment of the relative amounts of each dose, so
that, for example, the second dose may have to be adjusted
to provide more of the drug than the first dose, to compen-
sate for any competition between drug release and drug
metabolism. This can be observed in FIG. 2, which, as
discussed above, represents the blood plasma level of a drug,
such as a methylphenidate drug, delivered in a dosage form
which provides a release profile as illustrated in FIG. 1.

The initial dose of methylphenidate drug in the dosage
forms of the present invention can be provided by incorpo-
rating the methylphenidate drug into a form which allows
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for substantially immediate release of the drug once the
dosage form is ingested by a paticnt. Such forms include, for
example, powders, coated and uncoated pellets, and coated
and uncoated tablets. The dose for immediate release can be
administered in a tablet or capsule [orm which may also
include the delayed dose. For example, two or more groups
of pellets may be combined within a hard gelatin capsule or
compressed into a tablet. Powders can be granulated and can
be combined with pellets and excipients and/or other
additives, and contained within a capsule or compressed inlo
a tablet. These and other dosage forms will be familiar to
those skilled in the art.

The delayed dose of a methylphenidate drug in the dosage
forms of the present invention is provided in part by the use
of certain copolymers referred 1o as “ammonio methacrylate
copolymers”™. Ammonio mcthacrylate copolymers comprise
acrylic and/or methacrylic ester groups together with qua-
lernary ammonivm groups. According to the present
invention, the copolymers are incorporated into a formula-
tion which is used to coat particles containing a medication.

The “acrylic and/or methacrylic ester groups” in the
copolymers used in the compositions and methods of the
present invention aré referred to herein collectively as
“acrylic groups”. The acrylic groups are preferably derived
from monomers selected from C,~Cg alkyl esters of acrylic
acid and C,—C; alkyl esters of methacrylic acid. Preferred
arc C,~C, alkyl esters of acrylic acid and methacrylic acid.
Suitable monomers include, for example, methyl acrylate,
cthyl acrylate, methyl methacrylate, and cthyl methacrylate.
Ethyl acrylate and methyl methacrylate are preferred, and
copolymers containing ethyl acrylate and methyl methacry-
late are highly preferred. Also preferably, the copolymers
have a molecular weighl of about 150,000.

Quaternary ammonium groups in copolymers vseful in
forming coatings for use in the dosage forms of the present

invention can be derived from monomers comprising qua- 35

ternary ammonium groups. Preferably, the monomers are
alky! csters of acrylic or methacrylic acid, comprising alkyl
groups having from 1 1o 6 carbon atoms and a quaternary
ammonium group in the alkyl portion. Monomers compris-
ing quaternary ammonium groups can be prepared, for
example, by reaction of monomers containing amino groups
with alkylating agents such as, for example, alkyl halides,
especially methyl chloride. Suitable monomers containing
amino groups include 2-(N,N-dibutylamino)ethyl acrylate,
2-(N,N-dibutylamino)ethyl methacrylate, 4-diethylamino-1-
methyl-butyl acrylamide, and 4-dicthylamino-1-mcthyl-
butyl methacrylamide. Other useful monomers containing
amino groups are disclosed in U.S. Pal. No. 5,422,121, the
disclosure of which is incorporated herein by reference.
Particularly preferred as a monomer comprising a quater-
nary ammonium group is trimethylammonioethyl methacry-
late chloride (TAMCI).

While ammonio mcthacrylate copolymers such as those
described herein have been used for sustained delivery of
cerlain medicaments, i.¢., for the relatively constant admin-
istration of a drug, it has been surprisingly and unexpectedly
found that dosage forms comprising a methylphenidate drug
and a coaling prepared from one or more ammonio meth-
acrylate copolymers and certain fillers, can provide delayed
or pulsatile release of the drug, a very distinct phenomenon.
Methylphenidate drugs are amine-containing, rely upon
hody or membranc loading for cfficacy, and are psychotro-
pic. The ability to provide delayed release of a methylpheni-
dale drugs using ammonio melhacrylate copolymers is due
10 a combination of factors, including the composition of the
ammonio methacrylate copolymers used, and the amount
and composition of filler.
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The ratio of acrylic groups to quaternary ammonium
groups in the ammonio methacrylate copolymers influcnces
the properties of the copolymers utilized in forming the
coatings of the present invention. For use in the dosage
forms and methods of the present invention, the ratio of
acrylic groups 1o qualernary ammonium groups in the
copolymers is preferably from about 10:1 to about 50:1,
more preferably from about 15:1 to about 45:1. Preferably,
in preparing a dosage form according to the present
invention, two or more copolymers are used in combination.
Also preferably, one of the copolymers compriscs acrylic
groups and quaternary ammonium groups in a ratio of from
about 25:1 to about 45:1, more preferably from about 30:1
to about 40:1, and another of the copolymers comprises
acrylic groups and quaternary ammonium groups in a ratio
of from about 10:1 to about 25:1, more preferably from
about 15:1 to about 20:1. Even more preferably, two ammo-
nio methacrylale copolymers are used: a first copolymer
comprising acrylic groups and quaternary ammonium
groups in a ratio of from about 30:1 to about 40:1 and the
second copolymer comprising acrylic groups and quaternary
ammonium groups in a ratio of from about 15:1 to about
20:1. Most preferably, the copolymers are copolymers of
methyl methacrylate, ethyl acrylate, and TAMC], in ratios of
2:1:0.1 for the first copolymer and 2:1:0.2 for the second
copolymer.

When two such ammonio methacrylate copolymers are
used to form the coatings, the relative amounts of the two
polymers is partly determinative of the delay and release
properties of the dosage forms of the present invention. It is
preferred that the ratio between the first polymer, most
preferably having an acrylic group/quaternary ammonium
group ratio of from about 30:1 10 about 40:1, and the second
polymer, most preferably having an acrylic group/
quaternary ammonium group ratio of from about 15:1 to
about 20:1, be from about 93:7 to about 97:3. More
preferably, the ratio of the first polymer to the second
polymer is from about 96:4 to about 94:6, and most pref-
erably about 95:5.

Ammonio methacrylate copolymers used in the coatings
of the dosage forms of the present invention can be prepared
by methods known to those skilled in the art. Exemplary
methods include emulsion polymerization, bulk polymeriza-
tion and suspension polymerization. A suitable procedure is
described in U.S. Pat. No. 3,979,349, the disclosure of which
is incorporated herein by reference. Suitable ammonio meth-
acrylate copolymers are known per se, and can be purchased
from commercial providers. For example, suitable ammonio
methacrylate polymers are/ available from Huls America
under the Eudragil® trademarks. The Eudragil® polymers
and similar polymers, including methods for preparation, are
described in Klaus O. R. Lehman, “Chemistry and Appli-
cation Properties of Polymethacrylate Coating Systems”,
Aqueous Polymeric Coatings for Pharmaceutical Dosage
Forms, 2nd. Ed., pp. 101-174, James Mc Ginity, Ed., Marcel
Delker, Inc., New York (199G), the disclosure of which is
incorporated herein by reference.

The coatings of the present invention also preferably
include a filler. The filler is preferably in powder form and
is preferably hydrophobic. Exemplary fillers include talc,
colloidal silica, fumed silica, gypsum, and glycerine
monostearate. Talc is a particularly preferred filler.

The quantity of filler used in preparing coatings for the
dosage forms of the present invention should be sufficient to
minimize agglomeration of the particles. Agglomeration is
highly undesirable because the agglomerates, rather than
discrete particles, will become coated. Agglomerates are
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susceptible to breaking into discrete particles, which will be
partially uncoated, resulting in unwanted variability in
release rates. Preferably, the amount of filler is from about
30 percent to about 50 percent by weight, based on the total
weight of the dry polymer, commonly referred (o as “total
solids”. More preferably the amount of filler is from about
35 percent to about 45 percent of total solids, and most
preferably about 40 percent.

Coatings used in the dosage forms of the present inven-
tion also preferably include a matcrial which improves the
processing of the copolymers. Such materials are generally
referred 1o as “plasticizers” and include, for example, citric
acid eslers, adipales, azelales, benzoales, citrates, slearales,
isoebucales, sebacales, propanelriol acetate, polyethylene
glycols, diethyl phthalate, dibutyl sebacate, propylene glycol
and ethylene glycol. Citric acid esters are preferred, and
triethyl citrate is particularly preferred. The amount of
plasticizer to be used in the coating is preferably from about
10 pereent to about 30 percent, more preferably from about
15 percent to about 25 percent, and most preferably about 20
percent, based on the weight of the dry polymer, i.e., total
solids. .

Dosage forms of the present invention preferably com-
prise particles containing d-MPD. In one embodiment, the
dosage form comprises two groups of particles. A first group
of particles provides the initial dose of d-MPD. As stated
hereinabove, the initial dose can be in powder, pellet or other
particulate [orm and can be uncoated. If the initial dose is in
the form of a powder or sufficiently small particles, it can,
if desired, be pressed into a solid form such as a tablet or
caplet. In this embodiment, the delayed dose is provided by
a second group ol particles. The second group of particles is
preferably in the form of pellets. The pellets can be of any
shape, such as, for example, spheroids or ellipsoids, or may
be irrcgularly shaped.

Suitable pellets for the initial dose and/or the second dose
can be formed by, for cxample, depositing a layer of drug,
and optional excipients, carriers, and other optional
materials, onto small, pharmaceutically acceplable particles
such as nonpareils. Such a layer can be deposited by
methods known to those skilled in the art, such as, for
example, spraying, using methods and equipment known to
those skilled in the art. For example, a Wurster air suspen-
sion coater can be used. Spraying can also be accomplished
using a pan coating system, wherein the drug is deposited by
successive spraying accompanied by tumbling in a rotaling
pan. Alternatively, pellets can be formed, for either or both
of the initial and delayed dose, by extrusion of the drug with
suitable plasticizers and other processing aids as necessary.

Tablets or caplets, or other solid dose forms, comprising
the initial dose and/or delayed dose or doses, can conve-
niently be administered. A solid dose form can be prepared
by methods known to those skilled in the art. For cxample,
the d-MPD, filler and other optional components may be
compressed into tablets or inserted into capsules, If desired,
the drug and other components of the dose form can be
granulated, using processing aids, fillers, aqueous or non-
aqueous solvents, and binders known to those skilled in the
art. Granules can be filled into capsules, if desired.
Alternatively, the d-MPD can be blended with a solvent and
processed by known methods such as ball-milling,
calendcring, stirring, or roll-milling, then pressed into a
desired shape. Suitable solvents useful in forming the par-
ticles comprising d-MPD, and other components ol the
dosage [orms of the invention, include inert organic and
inorganic solvents which do not adversely affect the com-
ponents of the dosage forms. While water can be used for
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many drugs, including methyiphenidate, useful solvents can
be selected from the group consisting of aqueous solvents,
alcohols, ketones, eslers, cthers, aliphatic hydrocarbons,
halogenated solvents, cycloaliphatics, aromatic heterocyclic
solvents, and mixtures thereof. Other solvents include
acetone, methanol, ethanol, isopropy! alcohol, butyl alcohol,
methyl acetate, ethyl acelate, isopropyl acetate, n-butyl
acetate, methyl isobutyl ketone, methyl propyl ketone,
n-hexane, n-heplane, ethylene glycol monoethyl ether, eth-
ylene glycol monocthyl acetate, methylenc dichloride, cth-
ylene dichloride, propylene dichloride, nitroethane,
nitropropane, tetrachloroethane, diglyme, and aqueous and
non-aqueous mixtures thereof, such as acetone and water,
acetone and methanol, acetone and ethyl alcohol, and eth-
ylene dichloride and methanol.

Following the formation of suitable particles, those par-
ticles to be used to deliver the delayed dose are then coated
with a polymer-containing coaling as described herein. The
amount of coating to be used in forming the dosage forms,
particularly the delayed dose, of the present invention, will
be determined by the desired delivery properties, including
the amount of drug to be delivered, the delay time required,
and the size of the particles. Preferably, the coating on the
particles providing the delayed dose, including all solid
components of the coating such as copolymer, filler, plasti-
cizer and optional additives and processing aids, is from
about 10 percent to about 60 percent, more preferably from
about 20 pereent 1o about 50 pereent, most preferably from
about 30 percent to about 40 percent, of the total final weight
of the particles. The appropriate amount of coating can
advantageously be determined using in vitro measurements
of drug release rates obtained with selecled amounts of
coating. The coating can be deposited by any method known
to those skilled in the art, such as spray application. Spraying
can be carricd out hy pan coating or by usc of a fiuid bed,
such as the, Wurster fluid bed described for use in depositing
a drug.

After deposition of the drug, a sealant can be applied 1o
any and/or all of the parlicles, prior to application of the
polymeric coating. A sealant provides a physical barrier
between the drug and the coating, to minimize or prevent
interaction between the drug and the coating. Suitable seal-
ants can be prepared from malerials such as biologically
inert, permeable, pharmaceutically acceptable polymers,
such as, for example, hydroxypropylalkylcelluloses,
wherein “alkyl” refers to C,—C4 hydrocarbon chains. Exem-
plary materials include hydroxypropyl methylcellulose,
hydroxypropylethylcellulose, hydroxypropyl
propylcellulose, and hydroxypropylbutylcellulose. Hydrox-
ypropylmethylcellulose is preferred. While other materials
are known to those skilled in the art for use as sealants, such
as, for example, cellulose acetate methyl carbamale, cellu-

losc acetate dicthyl aminoacclate, semipermeable

polyurethanes, semipermeable sulfonated polystyrenes,
semipermeable cross-linked polymers such as poly
(vinylbenzyltrimethyl)ammonium chloride, these are not
preferred as they may affect the release rate of certain drugs
including d-MPD. A sealant can be prepared by adding the
malerial to water, and agitating for a time and at a rate
sufficient 1o form a solution. The formation of a solution will
be indicated, for example, by transparency and the absence
of visually obscrvable suspended material. The amount of
material added 10 the waler is not critical but is determined
by viscosily. A solution which is too viscous will present
difficulties in spraying. Generally, the amount of material
should not exceed about 20 weight/volume percent, i.e., 20
g sealant material per 100 ml of water. Preferably, the
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amount of material in the water is from about 5 percent to
about 15 weight/ volume percent, and more preferably about
10 weight/volume percent.

Following deposition of the optional sealant and the
coating, the coated particles are cured. “Curing” means that
the particles are held at a controlled temperature for a time
sufficient to provide stable release rates. Stability in release
rate is indicated when further curing does not affect the
release rate. In contrast, instability of release rate means that
as the cure time is increased, the release rate continues to
vary. Curing for a sufficient time ensures that substantially
the same release rate is obtained with all particles of a
particular size coated with a given amount of a given coating
composition. A suitable curing time can be determined by
onc of skill in the art without unduc cxperimentation, by
noting the variability in in vitro rclease times as curing time
is varied. As a general guideline, many formulations can be
cured in about 24 hours.

Curing can be accomplished, for example, in a forced air
oven. Curing can be carried out at any temperature above
room temperature, “room temperature” being defined as
from about 18° C. to about 25° C. Preferably, curing is
carried out at a temperature of from about 30° C. to about
50° C., more preferably from about 35° C. to about 45° C.,
and most preferably about 40° C. Curing lime can range
from several hours to several days. Preferably, the coated
particles arc cured for at Icast about 24 hours, more prefer-
ably at least about 2 days, even more preferably al least
about 3 days, still morce preferably at least about 4 days, still
even more preferably at least about 5 days, even more
preferably at least about 6 days, and most preferably for
about 7 days. While no significant adverse effects or advan-
lages have been observed when Lhe particles are cured for
longer than about 7 days, it has been found that curing for
less than about 24 hours may result in relatively poorer
storage stability as compared to particles cured for longer
periods of time.

The amount of methylphenidate drug contained in the first
and second groups of particles depends upon the prescribed
dosage lo be delivered 1o a patient. The first group of
particles can consist substantially entirely of a methylpheni-
date drug. “Substantially entirely” means that about 95
percent or more of the weight of the first group of particles
can consist of a methylphenidate drug,. If desired, the first
group of particles can also contain pharmaceutically accept-
able carriers, excipients, and other components which do not
interfere with the substantially immediate relcase of the
medication. “Substantially immediate” release, as used
herein, means that at least about 90 percent of the medica-
tion is released within about 30 minutes from the time the
drug is ingested. The second group of particles can contain
from about 2 percent to about 75 percent, preferably from
about 4 percent 1o about 50 percent, medication, based on
the total weight of the particles including the coating to be
deposited thereon.

According (o the invention, a first and a second group of
particles can be administered simultaneously as part of one
dosage form. Any dosage form can be used., For example,
the two groups of particles can be combined within a
capsule. Alternatively, the two groups of particles can be
pressed into a solid form such as a tablet. In pressing the
particles into a solid form, suitable processing aids known to
thosc skilled in the art can be used. Aliernatively, particles
coated to provide a delayed dose of a medication can be
dispersed within or blended with, the medication in powder
form.

As discussed, the dosage form can comprise a single
group of particles providing both a substantially immediate
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dose of a methylphenidate drug, and a delayed dose of
mcthylphenidate drug. The particics comprise, in admixture
with one or more binders, from about 2% to about 75% by
weight of a methylphenidate drug for delayed release, and a
coating comprising the pharmaceutically acceptable, sub-
stantially neutral copolymers described herein. The particles
further comprise, exterior lo the coating, an outer layer
comprising methylphenidate drug, to provide an initial,
substantially immediate, dose. The substantially immediate
dose is prelerably released within about 30 minutes, more
preferably about 15 minutes, and most preferably within
about 5 minutes following ingestion. The outer layer can
optionally comprise additives such as, for cxample, binders,
excipients, and lubricants known to those skilled in the art.

The dosage forms provided by the invention can be of any
shape suitable for oral administration of a drug, such as
spheroidal, cube-shaped, oval, bean shaped, or ellipsoidal.
The dosage form may be in the form of granules, which may
be irregularly shaped. In any of the embodiments ol the
present invention, although the size of the particles is

generally not critical, a certain particle size or sizes can be-

preferred depending upon the characteristics of the dosage
form. For example, the dosage form can comprise a capsule
containing a first and/or sccond group of particles. The
particles should then be of a size which allows for ease in
handling, and which allows for (he particles comprising a
desired quantity of drug to be readily measured and inserted
into the capsule. If the dosage form comprises a single group
of particles providing a substantially immediate dose and a
delayed dose, the particles are preferably of a size and shape
which facilitate oral administration. For example, the par-
ticles can be in the form of tablets, caplets, etc. Alternatively,
the particles can be contained within a capsule of suitable
size and shape for oral administration. If desired, various
fillers and/or binders known to those skilled in the art can be
included in the particles to provide the desired size and
shape.

It will be recognized by one skilled in the art that the
dosage forms of the present invention may include, in either
or both of the first dose and any delayed dose, pharmaceu-
tically acceplable carriers, extenders, fillers, processing aids,
and cxcipicnls known to those skilled in the art.

The following examples are merely illustrative of the
present invention and should not be considered limiting of
the scope of the invention in any way. These examples and
equivalents thereof will become more apparent to those
skilled in the art in light of the present disclosure and the
accompanying claims.

EXAMPLE 1

Preparation of layered pellets containing d-MPD
hydrochloride

A solution of d-MPD hydrochloride was prepared as
follows. To 300 grams (g) of deionized water were added
100 g of d-MPD hydrochloride, followed by moderate
mixing, using a stirring paddle, for 5 minutes. A 10 percent
(weight) solution of hydroxypropy! methylcellulose (HPMC
E-6 from Dow Chemicals, Midland, Mich.; 250 g) was
added, followed by homogenization for 5 minutes using an
emulsifier head (Silverson, Chesham, UK; Model L4R).
After addition of another 150 g of deionized waler, the
solution was sonicated for 15 minutes (Sonicor Model
SC-150T; Instruments Corporation, Copiague, N.Y.), at
which time the solution was clear.

A second solution was prepared by combining 300 g of
deionized water and 300 g of a 10% (wt) HPMC E-6
solution and mixing for 5 minutes.
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The first solution was sprayed onto 25/3(0) mesh non-pareil
seeds (Ozone Co., Elmwood Park, N.J.) in a fuid bed
apparatus (GPCG-1, Glatt Air Techniques, Inc., Ramsey,
N.J.) using a Wurster head. The second solution was then
sprayed 1o form a scalant. For both solutions, the spray rale
was 8-9 g/minute. Inlet temperature was 50°~55° C. and the
non-pareil seeds were maintained at 35°~40° C. Air volume
was 6-7 meters per second (m/s).

EXAMPLE 2

Preparation of Coated Pellets containing d-MPD
hydrochloride :

A dispersion of 844 g of Eudragit® RS30D
(ammoniomethacrylate copolymer from Huls America,
Somerset, N.J.; EAIMMMA/TAMCI 1:2:0.1), was screened
through a 60 mesh screen, then stirred for 15 minutes. A
dispersion of 44 g of Eudragit® RL30D (EA/MMA/TAMCI
1:2:0.2) was similarly screened and stirred. The two disper-
sions were combined and stirred for 15 minutes, forming a
combined dispersion. Triethyl citrate (TEC; from Moreflex,
Greensboro, N.C.; 54 g) was added, followed by an addi-
tional 15 minutes ol stirring. Deionized water (664 g) was
added, followed by 15 minutes of stirring. Tale (108 g; from
Luzenac, Englewood, Colo.) was added, followed by further
stirring for 15 minutes.

The resulting combined dispersion was sprayed onlo
layered pellets prepared according to Example 1, using a
fluid bed apparatus as used in Example 1. Spray rate was
9-10 g/minute, inlet temperature 40°—45° C., and air volume
5-6 m/s. The non-pareils were maintained at 30°-35° C.
during spraying. A total of 960 g of dispersion was sprayed

onto the pellets, representing a 30% weight increase due to

the applied coating,
EXAMPLE 3

Evaluation of drug release profile for coated pellets
prepared according to Example 2

Pellets were prepared according to Example 2, varying
the ratios of the polymers between 90:10 and 93:7.
Dissolution measurements

Dissolution was carried out in order 1o determine rale of
release of d-MPD from the pellets. USP Apparatus I (United
States Pharmacoepia Convention, Rockville, Md.) was used.
The dissolution medium was 900 ml of deionized water
(unless otherwise specified) and the temperature was main-
tained al 37° C. The sample cell size was 1 cm (a [ow
through cell), and the samples were stirred continuously at
100 rpm. The apparalus was cquipped with a diode array
spectrophotometer, and absorption at 220 napometers
(nanometers (run)) was measured to determine Lhe concen-
tration of d-MPD. Samples were measured at 60, 120, 180,
240, 360, 480, 600, 720, 840, 900, 960, 1080, 1200, 1320
and 1440 minutcs.

Results ol the dissolution measurements are presented in
Table 1. The results indicate that the amount of drug relcased
is influenced by: amount of coating, ratio of the two
polymers, amount of tale, and curing time,

EXAMPLE 4

Comparative Example

Adispersion of 911.25 g of Eudragit® RS30D was passed
through a 60 mesh screen and mixed with a similarly
screened dispersion of 101.25 g of Eudragit® RL30D for 15
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minutes at moderate speed. Triethyl citrate (61 g) was added,
followed by an additional 15 minutes of mixing. After
mixing, 991.5 g of deionized water, then 61 g of talc were
added with 15 additional minutes of mixing following each
addition. The resulting dispersion (1600 g) was sprayed onto
800 g of layered sealed pellets prepared according to
Example 1.

No delay was observed; substantially all of the drug was
released within approximately one hour. Result is shown in
Table 1 (Trial 1).

EXAMPLE 5
Comparative Example

A dispersion of 600 g of Eudragit® NE30D was screened
through a 60 mesh screen and mixed with a 600 g dispersion
of magnesium stearate for 15 minutes at moderale speed.
The resulting dispersion (750 g) was sprayed onto 750 g of
layered and sealed pellets prepared according to Example 1.

After a delay of 2 hours, release of the drug was observed.

About 85% of the drug was released afier 14 1otal hours.
TABLE 1
RELEASE TIMES

Time [or
Trial Cure 85%

No. % coal Ratio  Delay ‘Tule, % time release
1 40 90:10  none 20.0 24 hrs 1.0
2 30 95:5 4.0 20.0 " 8.0
3 30 95:5 4.0 20.0 " 8.0
4 30 93:7 1.0 20.0 " 3.0
5 40 93:7 1.0 20.0 “ 4.0
6 30 93.5:6,5 2.0 20.0 " 5.0
7 40 " 2.0 20.0 " 5.0
8 30 94.5:55 2.0 20.0 ! 8.0
9 40 o 1.0 20.0 " 5.0
10 30 94:6 2.0 20.0 " 5.0
11 40 " 2.0 20.0 " 5.0
12 30 95:5 2.0 40.0 ! 5.0
13 40 " 3.0 40.0 " 8.0
14 30 96:4 4.0 40.0 " 10.0
15 40 " 5.0 40.0 . 10.0
16 30 " 4.0 40.0 7 days 10.0
17 20 95:5 2.0 40.0 " 5.0
18 30 " 3.0 40.0 " 6.0
19 30 " 3.0 40.0 " 6.0
20 30 " 2.0 40.0 “ 6.0
21 40 " 3.0 40.0 " 8.0

What is claimed is:

1. A dosage form for the oral administration of a meth-
ylphenidate drug, comprising two groups of particles, each
containing said drug, wherein:

a) said first group of particles provides a substantially
immediate dose of said drug upon ingestion by a
mammal, and

b) said second group of particles comprises coated
particles, said coated particles comprising from about
2% 1o about 75% by weight ol said drug in admixture
with one or more binders, said coating comprising a
pharmaceutically acceptable ammonio methacrylate in
a quantity sufficicnt to provide a dosc of said medica-
tion delayed by from about 2 hours to about 7 hours
following said ingestion.

2. The dosage form of claim 1 wherein said first group of
particles comprises a pharmaceulically acceptable salt of
methylphenidate in powder form.

3. The dosage form of claim 1 wherein said second group
of particles comprises coated particles comprising a phar-
maceutically acceptable salt of methylphenidate.
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4. The dosage form of claim 2 wherein the amount of said
pharmaceutically acceptable salt of methylphenidate in said
first group of particles is from about 2% to about 99% by
weight, based on the weight of said particles.

5. The dosage form of claim 4 wherein said pharmaceu-
tically acceptable salt of methylphenidate comprises
dl-threo methylphenidate hydrochloride.

6. The dosage form of claim 3 wherein said pharmaceu-
tically acceptable salt of methylphenidate comprises
dl-threo methylphenidate hydrochloride.

7. The dosage form of claim 1 wherein said second group
ol particles comprises from about 20% by weight lo about
50% by weight of filler, based on the total weight of the
copolymer.

8. The dosage form of claim 7 wherein said filler is
selected [rom the group consisting of talc, colloidal silica,
fumned silica, gypsum, and glycerine monosiearate.

9. The dosage form of claim 8 wherein said filler is talc.

10. The dosage form of claim 9 wherein the amount of tale
is from about 35% to about 45% by weight, based on the
lotal weight of the copolymer.

11. ‘The dosage form of claim 10 wherein the amount of
talc is from about 38% to about 42% by weight, based on the
total weight of the copolymer.

12. The dosage form of claim 11 wherein the amount of
talc is about 40% by weight, based on the total weight of the
copolymer.

13. The dosage form of claim 1 wherein the ammonio
methacrylate copolymer comprises acrylic groups and qua-
ternary ammonium groups in a ratio of from about 10:1 to
about 50:1.

14. The dosage form of claim 13 wherein said ratio is
from about 15:1 to about 45:1.

15. The dosage form of claim .14 wherein said ratio is
from about 15:1 to about 20:1.

16. The dosage form of claim 15 wherein said ratio is
from about 3(0:1 1o about 40:1.

17. The dosage form of claim 1 comprising a first ammo-
nio methacrylate copolymer comprising, as polymerized
units, acrylic groups and trimethylammonioethyl methacry-
late in a ratio of from about 30:1 to about 40:1, and a second
ammonio methacrylate copolymer comprising, as polymer-
ized units, acrylic groups and trimethylammonioethyl meth-
acrylate in a ratio of from about 15:1 to about 20:1.

18. The dosage form of claim 17 wherein the ratio of said
first copolymer to said second copolymer is from about
90:10 to about 99:1.

19. The dosage [orm of claim 18 wherein the ratio of said
first copolymer to said second copolymer is from about 93:7
io about 97:3.

20. The dosage form of claim 19 wherein the ratio of said
first copolymer to said second copolymer is about 95:5.

21. The dosage form of claim 1 wherein said delay is from
about 3 hours to about 6 hours.

22. The dosage form of claim 1 wherein said delay is from
about 4 hours te about 5 hours.

23. A dosage form for once-daily oral administration of a
methylphenidate drug comprising:

a) particles comprising from about 2% by weight to about

99% by weight of said methylphenidate drug, in admix-
ture with one or more binders,
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b) a coating exterior to said methylphenidate drug, com-
prising an ammonio methacrylate copolymer in a quan-
tity sufficient to provide a dose of said methylphenidate
delayed by from about 2 hours to about 7 hours
following administration, and

c) on the exterior surface of said coating, a layer com-
prising said methylphenidate drug, to provide a sub-
stantially immediate dose of said methylphenidate
upon administration.

24. The dosage form of claim 23 wherein said meth-

ylphenidate is dl-threo-methylphenidate hydrochloride.

25. The dosage form of claim 23 wherein said meth-
ylphenidate is d-threo-methylphenidate hydrochloride.

26. The dosage form of claim 23 wherein said coating
comprises a first ammonio methacrylate copolymer
comprising, as polymerized units, acrylic groups and trim-
ethylammonioethyl methacrylate in a ratio of from about
30:1 to about 40:1, and a second ammonio methacrylate
copolymer comprising, as polymerized units, acrylic groups
and trimethylammonioethyl methacrylate in a ratio of from
about 15:1 to about 20:1.

27. A dosage form for the oral administration of d-threo-
methylphenidate hydrochloride comprising two groups of
particles, each containing d-threo-methylphenidate,
wherein:

a) said first group of particles comprises d-threo-
methylphenidate hydrochloride and provides a substan-
tially immediate dose of said d-threo methylphenidate
upon ingestion by a mammal, and

b) said second group of particles comprises coated
particles, said coated particles comprising from about
2% 1o about 75% by weight of d-threo-methylphenidate
hydrochloride in admixture with one or more binders,
said coating comprising a pharmaceutically acceptable
ammonio methacrylate copolymer in an amount suffi-
cient to provide a dose of said d-threo-methylphenidate
delayed by from about 2 hours to about 7 hours
following said ingestion.

28. A dosage form of a pharmaceutically acceptable salt
of d-threo-methylphenidate providing an in vitro release
profile comprising two pulses of drug release, wnerein said
pulses are temporally separated by from about 2 hours to
about 7 hours.

29. A dosage form of a pharmaceutically acceptable salt
of d-threo-methylphenidate providing an in vivo plasma
concentration of said d-threo-methylphenidate comprising
two maxima, whercin said maxima arc temporally scparated
by from about 2 hours to about 7 hours, and wherein the
magnitude of said maxima differ by no more than about 30
percent.

30. A dosage form according to claim 23 wherein said
ammonio methacrylate copolymer comprises a first copoly-
mer of methyl methacrylate, ethyl acrylate and TAMCl in a
ratio of 2:1:0.1 and a second copolymer of methyl
methacrylate, ethyl acrylate, and TAMCI in a ratio of
2:1:0.2.
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DELIVERY OF MULTIPLE DOSES OF
MEDICATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of application
Ser. No. 08/892,190), filed Jul, 14, 1997, now U.S. Pat. No.
5,837,284 which is a continuation in part of application Ser.
No. 08/567,131, filed Dec. 4, 1995 now abandoned; appli-
cation Ser. No. 08/583,317, filed Jan. 5, 1996 now U.S, Pat.
No. 5,733,756; and application Ser. No. 08/647,642, filed
May 15, 1996 now abandoned.

"FIELD OF THE INVENTION

The present invention relates to improved dosing of
medications. In particular, the present invention relates to
improved dosing of a medication whereby two or more
efTective, lime-separated doses may be provided by admin-
istration of a single dosage unit. The second, and any later,
dosc is time-delayed following administration. Based on
predictable in vitro release times, the dosage forms can be
formulated to deliver delayed doses in vivo at desired Limes.

The dosage forms and methods of the present invention
arc particularly suitable for the administration of meth-
ylphenidate hydrochloride, and especially for the adminis-
tration of a single isomer, d-threo-methylphenidate hydro-
chloride.

The administration of dosage forms which contain an
immediate dosage and a delayed second dosage provides for
reduced abuse potential, improved convenience of
administration, and better patient compliance, especially
when methylphenidate is used to treat cerlain central ner-
vous systcm disordcrs.

BACKGROUND OF THE INVENTION

Attention Deficit Disorder (ADD), a commonly diag-
nosed nervous system illness in children, is generally treated
with methylphenidate hydrochloride (available commer-
cially as, e.g., Ritalin®). Symptoms of ADD include dis-
tractibility and impulsivity. A related disorder, termed Atten-
tion Deficit Hyperactivity Disorder (ADHD), is further
characlerized by symptoms of hyperactivity, and is also
treated with methylphenidate hydrochloride. Methylpheni-
dale drugs have also been used to treal cognitive decline in
patients with Acquired Immunodeficiency Syndrome
(AIDS) or AIDS related conditions. See, e.g., Brown, G.,
Intl. J. Psych. Med. 25(1): 21-37 (1995); Holmes et al., J.
Clin. Psychiatry 50: 5-8 (1989).

Methylphenidate exists as four separate optical isomers as
follows:

CO.CH;3

I-threo d-erythro

w
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R, R,
CO,CH, €0,CH,

d-threo l-erythro

wherein R,, is phenyl. Pharmaceulically acceptable salts are
generally administered clinically. Other phenidate drugs,
which also can be administered according to the invention,
include those in which the methyl group in the above
structures is replaced by C,-C, alkyl and R, is optionally
substituted with C,—C, alkyl.

Clinically, the threo pair of enantiomers of methylpheni-
date hydrochloride is generally administered for the treat-
ment of ADD and ADHD. The hydrochloride salt is com-
monly referred to simply as “mcthylphenidate”. Unless
indicated otherwise, the term “methylphenidate” is used
broadly herein to include methylphenidate and pharmaceu-
tically acceptable salts thereof, including methylphenidate
hydrochloride.

The threo racemate (pair of enantiomers) of methylpheni-
date is a mild central nervous system stimulant with phar-
macological activity qualitatively similar to that of amphet-
amines. Undesirable side effects associated with the use of
the dl-threo racemate of methylphenidate include anorexia,
weight loss, insomnia, dizziness and dysphoria.
Furthermore, the racemate, which is a Schedule II controlled
substance, produces a euphoric effect when administered
intravenously or through inhalation or ingestion, and thus
carries a high potential for abuse.

Srinivas et al. studied the administration of dl-threo-,
d-threo, and Il-threo-methylphenidate to children suffering
from ADHD, and reportced that the pharmacodynamic activ-
ity of dl-threo-methylphenidate resides in the d-threo isomer
(Clin. Pharmacol, Ther., 52: 561-568 (1992)). Therefore,
while dl-threo-methylphenidate is generally used
therapeutically, this racemalte includes the I isomer which
apparently makes no significant contribution to the pharma-
cological effectiveness of the drug, but likely contributes to
the associated side effects. It is thus desirable to administer
only the active d-threo form of the drug.

An additional problem is that children being treated with
dl-threo methylphenidate must generally take one or more
doses during the day. This creates a problem for school
administrators who must store a controlled substance on
school premises, with the associated risk that it may be
stolen for illicit use. Furthermore, children may be trauma-
tized by ridicule from peers when they must take medication
at school.

Sustained release formulations of dl-threo methylpheni-
date have been developed, which provide for slow release of
the drug over the course of the day. However, it has been
observed Lhat peak plasma concentrations of the drug are
lower when sustained release formulations are used. In some
studies, sustained release formulations of methylphenidate
have been shown 10 have lower efficacy than conventional
dosage forms.

There remains a need for methods for delivering meth-
ylphenidate with maximum effectiveness and minimal
potential for abuse. Furthermore, it has been determined that
there is a need for a dosage form which provides, in one
administration, an initial release followed, at a predictable
delay, by a second release, of maximally effective meth-
ylphenidate. This will eliminate the risk of theft or loss of the
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second dose, while minimizing undesirable side effects and
maximizing ease of administration. The present invention is
directed to these, as well as other, important ends.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an in vitro time-concentration relationship
(release profile) for certain preferred dosage forms in accor-
dance with the invention.

FIG. 2 depicts a schematic representation of in vivo
plasma concentration of a drug released according to the
release profile shown in FIG. 1.

SUMMARY OF THE INVENTION

The present invention provides, in one embodiment, a
therapeutic composition for the oral administration of a
methylphenidate drug comprising a dosage form containing
two groups of particles, cach containing the methylpheni-
date drug. The term “particles”, as used herein, includes
pellets, granules, and the like. The first group of particles
provides a substantially immediate dose of the methylpheni-
dale drug upon ingestion by a mammal. The first group of
particles can also comprise a coating and/or sealant. The
sccond group of particles compriscs coated particles, which

comprisc from about 2% to about 75%, preferably from ,

about 2.5% to about 50%, and more preferably from about
5% to about 20%, by weight of the second group of particles,
of the methylphenidate drug, in admixture with one or more
binders. The coating comprises a pharmaceutically accept-
able ammonio methacrylate copolymer in an amount suffi-
cient to provide a delay of from about 2 hours to about 7
hours following ingestion before release of the second dose.
1f desired, one or more additional doses may be delivered by
additional particles, coated in a similar manner, but with a
sufficient amount of ammonio methacrylate copolymer coat-
ing to provide the dosage after an additional delay. Meth-
ylphenidate and pharmaceutically acceptable salts thereof,
including methylphenidate bydrochloride, can be prepared
into the dosage forms of the invention.

In one embodiment of the present invention, the first
group of particles comprises a methylphenidate drug and
provides a substantially immediate dose of the methylpheni-
date drug upon ingestion by a mammal. The first group of
particles may comprise a coating and/or sealant. The second
group of particles comprises coated particles, which com-
prise from about 2% to about 75%, preferably from about
2.5% 10 about 50%, and more preferably [rom about 5% to
about 20%, by weight of the particles of the methylphenidate
drug in admixiure with one or more binders. The coating

compriscs a pharmaccutically acccptable ammonio meth- &

acrylate copolymer in a quantity sufficient to provide a dosc
of methylphenidate delayed by from about 2 hours to about
7 hours [ollowing ingestion.

For example, the first group of particles can comprise a
pharmaceutically acceptable salt of methylphenidate, such
as methylphenidate hydrochloride, in powder form, or
coated or uncoated particles conlaining the methylphenidate
salt. The amount of methylphenidate salt in each group of
particles can vary, depending upon the dosage requirements
of the patient to whom the drug is to be administered.
Generally, the daily dosage requirement for methylphenidate
drugs is from about 1 mg to about 50 mg per day, preferably
from about 2 mg to about 20 mg, and more preferably from
about 2.5 to about 12 mg per day. The actual dosage to be
administered will be determined by the altending physician
as a matter of routine. Thus, depending upon the amounts of
coating and/or and optional excipients and other additives,
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the amount of methylphenidate drug can be, for example,
from about 2% to about 99% by weight of the first group of
particles. In addition to the methylphenidate drug, the sec-
ond group of particles comprises a filler, such as a hydro-
phobic filler, one or more ammonio methacrylate
copolymers, and optional excipicnts and other additives. The
filler can be present in an amount of, for example, from
about 35% 1o about 45%, by weight, based on the total
weight of the second group of particles.

Another embodiment of the present invention provides a
method for treating disease, such as, for example, ADD,
ADHD, or AIDS-related dementia, in 2 patient in need of
treaiment. This trealment comprises administering to the
patient a dosage form providing once-daily oral administra-
tion of a methylphenidate drug such as methylphenidate
hydrochloride. The dosage form comprises at least two
groups of particles, each containing the methylphenidate
drug. The first group of particles comprises from about 2%
o about 99% by weight of the methylphenidate drug,
depending upon desired the daily dosage, and provides a
substantially immediate dose of methylphenidate upon
ingestion by a mammal. The first group may comprise a
coating and/or sealant. The second group of particles com-
prises coated particles. The coated particles comprise the
methylphenidate drug in admixturc with one or more
binders, wherein the amount of methylphenidate drug is
from about 2% to about 75%, preferably from about 2.5% to
about 50%, and more preferably from about 5% to about
20%, by weight of the second group of particles, and a
coating comprising an ammonio methacrylate copolymer in
a quantity sufficient to provide a dose of methylphenidate
delayed by from about 2 hours to about 7 hours following
ingestion. The components of the two groups of particles can
vary as described hereinabove. The initial dose can be
administered separately from the delayed dose, if desired.

A further embodiment of the present invention provides
dosage forms for the oral administration, in a single dosage
form, of two doses of a pharmaceutically acceptable salt of
d-threo-methylphenidate. The dosage forms comprise par-
ticles containing within their interiors from about 2% to
about 75%, preferably from about 2.5% to about 50%, and
more preferably from about 5% 1o about 20%, of the
d-threo-methylphenidate salt, in admixture with one or more
binders. The particles have a coating exterior to the meth-
ylphenidate salt, which comprises an ammonio methacrylate
copolymer in a quantity sufficient to delay release of the
d-threo-methylphenidate salt contained within by from
about 2 hours to about 7 hours following administration. The
dosage forms also comprise, exterior to the coating, an outer
layer comprising from about 2% to about 99% by weight of
the d-threo-methylphenidate salt, based on the weight of all

“components in the outer layer, to provide a substantially

immediate dosc of the d-threo-methylphenidate salt upon
administration. The layer comprising the immediate dose of
the d-threo-methylphenidate salt can, if desired, further
comprise an outer sealant layer. If desired, the two doses of
the d-threo-methylphenidate salt can be approximately
equal.

The present invention also provides dosage forms pro-
viding plasma concentration profiles for methylphenidate
having two maxima, temporally separated from each other
by from about 2 hours to about 7 hours. Preferably, the
magnitude of said maxima differs by no more than about 30
percent, more preferably by no more than about 20 percent,
and most preferably by no more than about 10 percent.

“Methylphenidate” as used herein, includes all four opti-
cal isomers of the compound and all pharmaceutically



Case 2:33-av-00001 Document 16751 Filed 12/07/12 Page 73 of 95 PagelD: 375488

US 6,635,284 B2

5

acceplable salts thereol. When one or more particular iso-
mers is contemplated, the isomer is indicated, as in d-threo,
I-threo, etc. The combined threo isomers may be indicated
simply as “threo " and the erythro isomers as “erythro ”. For
therapeutic use in treating conditions treatable by meth-
ylphenidate drugs, dl-threco methylphenidate hydrochloride
is generally used, while d-threo methylphenidate hydrochlo-
ride is preferred according to the present invention.

As discussed, the four isomers have exhibited varying
levels of therapeutic activity, and have been shown to differ
generally in producing unwanted side effects. The present
invention provides dosage forms which maximize therapeu-
tic ellectiveness and minimize undesirable side effects. In
certain preferred embodiments, the dosage forms of the
present invention provide administration of the two threo
forms of mecthylphenidate. In particularly preferred
embodiments, the dosage forms of the present invention
provide administiration of a single isomer, d-threo-
methylphenidate, albeit in two or more doses.

The dosage forms of the present invention are intended ,

for oral ingestion by a mammal, particularly a human. The
dosage forms of the present invention are particularly suit-
able for the administration of methylphenidate drugs, in at
least two doses. Most preferably, the dosage forms provide
two doses of a d-threo methylphenidate drug such as d-threo
methylphenidaie hydrochloride. The second dose can be
delayed by from about 2 hours to about 7 hours, preferably
from about 3 hours to about 6 hours, and most preferably
from about 4 hours to about 5 hours, following ingestion of
the dosage form by a mammal. This eliminates the need for
a patient, for example a child being treated for ADD, 1o carry
a second dose for ingestion several hours after ingestion of
a first dose. ‘The exclusion of the 1isomers and the d-erythro
isomer eliminates the concurrent ingestion of forms of
methylphenidate principally believed to be associated with
adverse side cffects and/or reduced effectiveness.

The temporal separation of the two doses provided
according to the present invention can be represented
graphically as in FIG. 1. FIG. 1 is an in vitro drug release
profile of a dosage form of the present invention. The data
were obtained by measuring the rale of dissolution of drug
as a function of time. In this embodiment two doses are
provided. The release of the first dose preferably occurs
subslantially immediately; for example, within about 30
minutes following administration. Following a period of
little or substantially no drug release, the second dose is

released. The two releases can be referred to as “pulses”, and
such a rclease profile can be referred to as “pulsatile”.
FIG. 2 is a schematic representation of the plasma con-
centration of drug resulting from a release profile according
1o FIG. 1. The maximum concentration due to the first dose,
C,, occurs at ty, preferably from about 1 hour to about 3
hours after ingestion, most preferably about 2 hours after
ingestion. The release of the first dose is followed by a
period during which substantially no drug is released, which
lasts approximately 2-6 hours, preferably 3—5 hours, post
ingestion. The second dose is then released, with the maxi-
mum concentration, C,, at 1, which is preferably about 6
hours post-ingestion. Preferably at least about 80% of the
tolal drug has been relcased by about 6 hours following
administration. In the embodiment represented by FIG. 2,
the levels of drug released al the two maxima are nearly
equal. Preferably, if two approximately equal doses are
released, the release of the two doses provides a plasma
concentration profile having two maxima, which differ from
each other by no more than about 40 percent in magnitude,
preferably by no more than about 30 percent, and more
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preferably by no more than about 25 percent. This is
determined by the relationship:

[Ci-Cal/Cy

In such embodiments is most preferred that the maxima
differ by no more than 20%. However, embodiments in
which the maxima of the two releases differ by more than 40
percent are within the scope of the invention. The appro-
priate relative amounts of drug in each release can be readily
determined by one skilled in the art.

Dosage forms of the present invention provide controlled
release of a methylphenidate drug, including pharmaccuti-
cally acceptable salts of methylphenidate, whereby an initial
dose for immediate release can be combined with a delayed
release of one or more additional doses. Such dosage forms
may alternatively be referred to as “pulsatile” dosage forms.

“Immediate release”, as used herein, means release wilhin
about a half hour following ingestion, preferably about 15
minutes, and more preferably within about 5 minutes fol-
lowing ingestion. “Delayed release”, as used herein, refers to
a drug release profile which includes a period during which
no more than about 10 percent of the drug in a particular
dosage form is released, followed by a period of from about
0.5 hour to about 2.5 hours, preferably about 1.5 hours, more
preferably about 1 hour, in which no less than about 70
percent, preferably no less than about 80 percent, and more
preferably no less than about 90 percent, of the drug is
relcascd. SThc terms “medication” and “drug” arc uscd
interchangeably herein.

According to the present invention, delayed release dos-
age forms can be combined with forms which provide
immediate release of a drug. Thus, two or more dosage
forms can be combined, one dosage [orm providing a
portion of a patient’s daily dosage needs of a drug and
subsequent dosage forms providing additional portions of a
paticnt’s daily dosage needs. For cxample, a drug can be
administered 1o a patient in two dosage forms
simulianeously, one providing, e.g., about 30-50 percent of
the patient’s daily requirement of the drug and the second
providing the remainder of the patient’s daily requirement.
Alternatively, and preferably, a single dosage form can be
administered which includes an immediate dose ol some
portion of a patient’s daily requirement and one or more
delayed doses to provide the remaining portion or portions
of the patient’s daily requirement.

Dosage forms of the present invention provide an initial
dose of a drug such as, for example, a pharmaceutically
acceptable salt of d-threo-methylphenidate (also referred to
herein as d-MPD), followed by an interval wherein substan-
tially no additional drug is released, followed in turn by
release of a second dose. If desired, a second substantially
release-free interval may be provided following the second
release, followed in turn by a third dose. Thus, dosage [orms
providing 3 or more doses are contemplated by the present
invention. However, dosage forms providing 2 or 3 doses are
generally preferred for therapeutic use, with 2 doses being
more prelerred, For example, (he first dose can provide [rom
about 30 percent to about 70 percent of a patient’s daily
prescribed intake of the drug and the second dose provides
from about 70 pereent to about 30 percent. If two approxi-
matcly cqual doses arc desired, the initial dosc preferably
provides from about 40 percent to about 60 percent, and the
second dose preferably provides from about 60 percent to
about 40 percent, of a patient’s prescribed daily intake of the
drug. IT desired, the first dose and the second dose can each
provide about 50 percent of a patient’s prescribed daily
intake of drug. However, as will be apparent to one skilled
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in the ari, the eflect of drug metabolism in Lhe body may
require adjustment of the relative amounts of each dose, so
that, for example, the second dose may have to be adjusted
to provide more of the drug than the first dose, 1o compen-
sate for any competition between drug release and drug
metabolism. This can be observed in FIG. 2, which, as
discussed above, represents the blood plasma level of a drug,
such as a methylphenidate drug, delivered in a dosage form
which provides a release profile as illustrated in FIG. 1,

The initial dose of methylphenidate drug in the dosage
forms of the present invention can be provided by incorpo-
rating the methylphenidate drug into a form which allows
for substantially immediate release of the drug once the
dosage form is ingesled by a patient. Such forms include, for
example, powders, coated and uncoated pellets, and coated
and uncoated tablets. The dose for immediate release can be
administered in a lablet or capsule form which may also
include the delayed dose. For example, two or more groups
of pellets may be combined within a hard gelatin capsule or
compressed into a tablet. Powders can be granulated and can
be combined with pellets and excipients and/or other
additives, and contained within a capsule or compressed inlo
a tablet. These and other dosage forms will be familiar to
those skilled in the art.

The delayed dose of a methylphenidate drug in the dosage
forms of the present invention is provided in part by the use
of certain copolymers referred 1o as “ammonio methacrylate
copolymers”. Ammonio mcthacrylate copolymers comprise
acrylic and/or methacrylic ester groups together with qua-
ternary ammonium groups. According to the present
invention, the copolymers are incorporated into a formula-
tion which is used to coat particles containing a medication.

The “acrylic and/or methacrylic ester groups™ in the
copolymers used in the compositions and methods of the
present invention are referred to herein collectively as
“acrylic groups”. The acrylic groups are preferably derived
from monomers selected from C,—Cg alkyl esters of acrylic
acid and C,—C; alky! esters of methacrylic acid. Preferred
are C,—C, alkyl esters of acrylic acid and methacrylic acid.
Suitable monomers include, for example, methyl acrylate,
ethyl acrylate, methyl methacrylate, and ethyl methacrylale.
Ethyl acrylate and methyl methacrylate are preferred, and
copolymers containing ethyl acrylate and methyl methacry-
latc arc highly preferred. Also preferably, the copolymers
have a molecular weight of about 150,000.

Quaternary ammonium groups in copolymers useful in
forming coatings for use in the dosage forms of the present
invention can be derived [rom monomers comprising qua-
ternary ammonium groups. Preferably, the monomers are

alkyl esters of acrylic or methacrylic acid, comprising alkyl s

groups having from 1 to 6 carbon aloms and a qualernary
ammonium group in the alkyl portion. Monomers compris-
ing qualernary ammonium groups can be prepared, for
example, by reaction of monomers containing amino groups
with alkylating agents such as, for example, alkyl halides,
especially methy] chloride. Suitable monomers containing
amino groups include 2-(N,N-dibutylamino) elhyl acrylate,
2-(N,N-dibutylamino) ethyl methacrylate, 4-diethylamino-
1-methyl-butyl acrylamide, and 4-diethylamino-1-methyl-
butyl mecthacrylamide. Other usceful monomers containing
amino groups arc disclosed in U.S. Pat. No. 5,422,121, the
disclosure of which is incorporated herein by reference.
Panicularly preferred as a monomer comprising a quater-
nary ammonium group is trimethylammonioethyl methacry-
late chloride (TAMCI).

While ammonio methacrylate copolymers such as those
described herein have been used for sustained delivery of
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certain medicaments, i.e., for the relatively constant admin-
istration of a drug, it has been surprisingly and unexpectedly
found thal dosage forms comprising a methylphenidate drug
and a coating prepared from one or more ammonio meth-
acrylate copolymers and certain fillers, can provide delayed
or pulsatile release of the drug, a very distinct phenomenon.
Methylphenidate drugs are amine-containing, rely upon
body or membrane loading for efficacy, and are psychotro-
pic. The ability to provide delayed release of a methylpheni-
date drugs using ammonio methacrylate copolymers is due
1o a combination of [actors, including the composition of the
ammonio methacrylate copolymers used, and the amount
and composition of filler.

The ratio of acrylic groups to quatcrnary ammonium
groups in the ammonio methacrylate copolymers influences
the properties of the copolymers utilized in forming the
coatings of the present invention. For use in the dosage
forms and methods of the present invention, the ratio of
acrylic groups (o qualernary ammonium groups in the
copolymers is preferably from about 10:1 to about 50:1,
more preferably from about 15:1 to about 45:1. Preferably,
in preparing a dosage form according to the present
invention, two or more copolymers are used in combination.
Also preferably, one of the copolymers comprises acrylic

5 groups and quaternary ammonium groups in a ratio of from

about 25:1 to about 45:1, more preferably from about 30:1
to about 40:1, and another of the copolymers comprises
acrylic groups and quaternary ammonium groups in a ratio
of from about 10:1 to about 25:1, more preferably from
about 15:1 to about 20:1. Even more preferably, two ammo-
nio methacrylate copolymers are used: a first copolymer
comprising acrylic groups and quaternary ammonium
groups in a ratio of from about 30:1 to about 40:1 and the
second copolymer comprising acrylic groups and quaternary
ammonium groups in a ratio ol from about 15:1 to aboul
20:1. Most preferably, the copolymers are copolymers of
methyl methacrylate, ethyl acrylate, and TAMCI, in ratios of
2:1:0.1 for the first copolymer and 2:1:0.2 for the second
copolymer.

When two such ammonio methacrylate copolymers are
used to form the coatings, the relative amounts of the two
polymers is partly determinative of the delay and release
properties ol the dosage forms of the present invention. It is
preferred that the ratio between the [irst polymer, most
preferably having an acrylic group/quaternary ammonium
group ratio of from about 30:1 to about 40:1, and thc second
polymer, most preferably having an acrylic group/
quaternary ammonium group ratio of from about 15:1 10
about 20:1, be from about 93:7 1o about 97:3. More
preferably, the ratio of the first polymer to the second
polymer is from about 96:4 to about 94:6, and most pref-
erably ahout 95:5.

Ammonio methacrylate copolymers used in the coatings
of the dosage forms of the present invention can be prepared
by methods known to those skilled in the art. Exemplary
methods include emulsion polymerization, bulk polymeriza-
tion and suspension polymerization. A suitable procedure is
described in U.S. Pat. No. 3,979,349, the disclosure of which
is incorporated herein by reference. Suitable ammonio meth-
acrylate copolymers are known per se, and can be purchased
from commercial providers. For example, suitable ammonio
methacrylate polymers are available from Huils America
under the Eudragit® trademarks. The Eudragit® polymers
and similar polymers, including methods for preparation, are

5 described in Klaus O. R. Lehman, “Chemistry and Appli-

cation Properties of Polymethacrylate Coating Systems”,
Aqueous Polymeric Coatings for Pharmaceutical Dosage
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Forms, 2nd. Ed., pp. 101-174, James Mc Ginity, Ed., Marcel
Dekker, Inc., N.Y. (1996), the disclosure of which is incor-
porated herein by reference.

The coatings of the present invention also preferably
include a filler. The filler is preferably in powder form and
is preferably hydrophobic, Exemplary fillers include talc,
colloidal silica, fumed silica, gypsum, and glycerine
monostearate. Talc is a particularly preferred filler.

The quantity of filler used in preparing coalings for the
dosage forms of the present invention should be sufficient to
minimize agglomeration of the particles. Agglomeration is
highly undcsirable bccause the agglomerates, rather than
discrete particles, will become coated. Agglomerales are
susceptible o breaking into discrete particles, which will be
partially uncoated, resulting in unwanted varability in
release rates. Preferably, the amount of filler is from about
30 percent to about 5() percent by weight, based on (he total
weight of the dry polymer, commonly referred to as “total
solids”. More preferably the amount of filler is from about
35 percent to about 45 percent of total solids, and most
preferably about 40 percent.

Coatings used in the dosage forms of the present inven-
tion also preferably include a material which improves the
processing of the copolymers. Such materials are generally
referred 10 as “plasticizers” and include, for example, citric
acid esters, adipates, azelales, benzoates, cilrates, stearates,
isoebucates, sebacates, propanetriol acetate, polyethylene
glycols, dicthyl phthalate, dibutyl scbacate, propylenc glycol
and cthylene glycol. Citric acid esters are preferred, and
triethyl citrate is particularly preferred. The amount of
plasticizer 1o be used in the coating is preferably from about
10 percent to about 30 percent, more preferably from about
15 percent to about 25 percent, and most preferably about 20
percent, based on the weight of the dry polymer, i.e., total
solids.

Dosage form's of the present invention preferably com-
prise particles containing d-MPD. In one embodiment, the
dosage form comprises two groups of particles. A first group
of particles provides the initial dose of d-MPD. As stated
hereinabove, the initial dose can be in powder, pellet or other
particulate form and can be uncoated. I the initial dose is in
the form of a powder or sufficiently small particles, it can,
if desired, be pressed into a solid form such as a tablet or
caplet. In this embodiment, the delayed dose is provided by
a second group of particles. The second group of particles is
preferably in the form of pellets. The pellets can be of any
shape, such as, for example, spheroids or ellipsoids, or may
be irregularly shaped.

Suitable pellets for the initial dose and/or the second dose

can he formed by, for example, depositing a layer of drug, s

and optional excipients, carriers, and other optional
materials, onto small, pharmaceutically acceptable particles
such as nonpareils. Such a layer can be deposited by
methods known to those skilled in the art, such as, for
example, spraying, using methods and equipment known to
those skilled in the art. For example, a Wurster air suspen-
sion coater can be used. Spraying can also be accomplished
using a pan coaling system, wherein the drug is deposited by
successive spraying accompanied by tumbling in a rotating
pan. Alternatively, pellets can be formed, for cither or both
of the initial and delaycd dose, by extrusion of the drug with
suitable plasticizers and other processing aids as necessary.

Tablets or caplets, or other solid dose forms, comprising
the initial dose and/or delayed dose or doses, can conve-
niently be administered. A solid dose form can be prepared
by methods known to those skilled in the arl. For example,
the d-MPD, filler and other optional components may be

20

40

45

55

60

65

10

compressed into tablets or inserted into capsules. If desired,
the drug and other components of the dose form can be
granulated, using processing aids, fillers, aqueous or non-
aqueous solvents, and binders known to those skilled in the
art. Granules can be filled into capsules, if desired.
Alternatively, the d-MPD can be blended with a solvent and
processed by known methods such as ball-milling,
calendering, stirring, or roll-milling, then pressed into a
desired shape. Suilable solvents useful in forming the par-
ticles comprising d-MPD, and other components of the
dosage forms of the invention, include inert organic and
inorganic solvents which do not adversely affect the com-
ponents of the dosage forms. While water can be used for
many drugs, including methylphenidate, useful solvents can
be selecled from the group consisting of aqueous solvents,
alcohols, ketones, esters, ecthers, aliphatic hydrocarbons,
halogenated solvents, cycloaliphatics, aromatic heterocyclic
solvents, and mixtures thereof. Other solvents include
acetone, methanol, ethanol, isopropyl alcohol, butyl alcohol,
methyl acetale, ethyl acetate, isopropyl acclate, n-butyl
acetate, methyl isobutyl ketone, methyl propyl ketone,
n-hexane, n-heptane, ethylene glycol monoethyl ether, eth-
ylene glycol monoethyl acetate, methylene dichloride, eth-
ylene dichloride, propylene dichloride, nitroethane,
nilropropane, tetrachloroethane, diglyme, and aqueous and
non-aqueous mixtures thereof, such as acetone and water,
acetone and methanol, acetone and ethyl alcohol, and eth-
ylene dichloride and mcthanol.

Following the formation of suitable particles, those par-
ticles to be used to deliver the delayed dose are then coated
with a polymer-containing coating as described herein, The
amount of coating to be used in forming the dosage forms,
particularly the delayed dose, of the present invention, will
be determined by the desired delivery properties, including
the amount of drug to be delivered, the delay time required,
and the size of the particles. Preferably, the coating on the
particles providing the delayed dose, including all solid
components of the coating such as copolymer, filler, plasti-
cizer and optional additives and processing aids, is from
about 10 percent to about 60 percent, more preferably from
about 20 percent to aboul 50 percent, most preferably from
about 30 percent to about 40 percent, of the total final weight
of the particles. The appropriate amount of coating can
advantageously be determined using in vilro measurcments
of drug release rates obtained with selected amounts of
coating. The coating can be deposited by any method known
to those skilled in the art, such as spray application. Spraying
can be carried out by pan coating or by use of a fluid bed,
such as the Wurster fluid bed described for use in depositing
a drug.

After deposition of the drug, a sealant can be applied to
any and/or all of the particles, prior to application of the
polymeric coating. A sealant provides a physical barrier
between the drug and the coating, to minimize or prevent
interaction between the drug and the coating. Suitable seal-
ants can be prepared from materials such as biologically
inert, permeable, pharmaceutically acceptable polymers,
such as, for example, hydroxypropylalkylcelluloses,
wherein “alkyl” refers to C,—C,4 hydrocarbon chains. Exem-
plary materials include hydroxypropyl mecthylcellulose,
hydroxypropylcthylecllulose, hydroxypropyl
propylcellulose, and hydroxypropylbutylcellulose. Hydrox-
ypropylmethylcellulose is preferred. While other materials
are known to those skilled in the art for use as sealants, such
as, for example, cellulose acetate methyl carbamate, cellu-
lose acelate diethyl aminoacelate, semipermeable
polyurethanes, semipermeable sulfonated polystyrenes,
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semipermeable cross-linked polymers such as poly
(vinylbenzyltrimethyl)ammonium chloride, these are not
preferred as they may affect the release rate of certain drugs
including d-MPD. A sealant can be prepared by adding the
material to water, and agitating for a time and at a rate
sufficicnt to form a solution. The formation of a solution will
be indicated, for example, by transparency and the absence
of visually observable suspended material. The amount of
material added to the waler is nol critical but is delermined
by viscosity. A solution which is too viscous will present
difficulties in spraying. Generally, the amount of material
should not exceed about 20 weight/volume percent, i.e., 20
g scalant material per 100 ml of water. Preferably, the
amount of material in the water is from about 5 percent to
about 15 weight/volume percent, and more preferably about
10 weight/volume percent.

Following deposition of .the optional sealant and the
coating, the coated particles are cured. “Curing” means that
the particles are held at a controlled temperature for a time
sufficient to provide stable release rates. Stability in release
rate is indicated when further curing does not affect the
release rale. In contrast, instability of release rate means that
as the cure time is increased, the release rate continues to
vary. Curing for a sufficient time ensures that substantially
the same release rate is obtained with all particles of a
particular size coated with a given amount of a given coaling
composition. A suitable curing time can be determined by
one of skill in the art without undue experimentation, by
noting the variability in in vitro rclcasc times as curing time
is varied. As a general guideline, many formulations can be
cured in about 24 hours.

Curing can be accomplished, for example, in a forced air
oven. Curing can be carried out at any temperature above
room temperature, “room lemperature” being defined as
from about 18° C. to about 25° C. Preferably, curing is
carried out at a temperature of from about 30° C. to about
50° C., morc preferably from about 35° C. to about 45° C.,
and most preferably about 40° C. Curing time can range
from several hours to several days. Preferably, the coated
particles are cured for at least about 24 hours, more prefer-
ably at least about 2 days, even more preferably at least
about 3 days, still more preferably at least about 4 days, still
even more prelerably at least about 5 days, even more
preferably at least about 6 days, and most preferably for
about 7 days. While no significant adversc cffects or advan-
lages have been observed when the particles are cured for
longer than about 7 days, it has been found that curing for
less than about 24 hours may result in relatively poorer
storage stability as compared to particles cured for longer
periods of time.

The amount of methylphenidate drug contained in the first
and second groups of particles depends upon the prescribed
dosage to be delivered to a patient. The first group of
particles can consist substantially entirely of a methylpheni-
date drug. “Substantially entirely” means that about 95
percent or more of the weight of the first group of particles
can consist of a methylphenidate drug. If desired, the first
group of particles can also contain pharmaceutically accept-
able carriers, excipients, and other components which do not
interfere with the substantially immediate release of the
mcdication. “Substantially immediate” relcase, as used
herein, means that at lcast about 90 percent of the medica-
tion is released within about 30 minutes from the time the
drug is ingested. The second group of particles can contain
from about 2 percent to about 75 percent, preferably from
about 4 percent to about 50 percent, medicalion, based on
the total weight of the particles including the coaling to be
deposited thereon.
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According to the invention, a first and a second group of
particles can be administered simultaneously as part of one
dosage form. Any dosage form can be used. For example,
the two groups of particles can be combined within a
capsule. Alternatively, the two groups of particles can be
pressed into a solid form such as a tablet. In pressing the
particles into a solid form, suitable processing aids known to
those skilled in the art can be used. Alternatively, particles
coaled lo provide a delayed dose ol a medication can be
dispersed within or blended with, the medication in powder
form.

As discussed, the dosage form can comprise a single
group of particles providing both a substantially immediate
dose of a mcthylphenidate drug, and a delayed dosc of
mcthylphenidate drug. The particles comprisc, in admixture
with one or more binders, from about 2% to about 75% by
weight of a methylphenidate drug for delayed release, and a
coating comprising the pharmaceultically acceptable, sub-
stantially neutral copolymers described herein. The particles
further comprise, exterior to the coating, an outer layer
comprising methylphenidate drug, to provide an initial,
substantially immediate, dose. The substantially immediate
dose is preferably released within about 30 minutes, more
preferably about 15 minutes, and most preferably within
about 5 minutes following ingestion. The outer layer can
optionally comprise additives such as, for example, binders,
excipients, and lubricants known to those skilled in the art.

The dosage forms provided by the invention can be of any
shape suitable for oral administration of a drug, such as
spheroidal, cube-shaped, oval, bean shaped, or cllipsoidal.
The dosage form may be in the form of granules, which may
be irregularly shaped. In any of the embodiments of the
present invention, although the size of the particles is
generally not critical, a certain particle size or sizes can be
preferred depending upon the characleristics of the dosage
form. For example, the dosage form can comprise a capsule
containing a first and/or second group of particles. The
particles should then be of a size which allows for ease in
handling, and which allows for the particles comprising a
desired quantity of drug to be readily measured and inserted
into the capsule. If the dosage form comprises a single group
of particles providing a substantially immediate dose and a
delayed dose, the particles are preferably of a size and shape
which [lacilitate oral administration. For example, the par-
ticles can be in the form of tablets, caplets, etc. Alternatively,
the particles can be contained within a capsule of suitable
size and shape for oral administration. If desired, various
fillers and/or binders known to those skilled in the arl can be
included in the particles to provide the desired size and
shape.

It will be recognized by one skilled in the art that the
dosage [orms of the present invention may include, in either
or both of the first dose and any delayed dose, pharmaceu-
tically acceptable carriers, extenders, fillers, processing aids,
and cxcipients knowan to thosc skilled in the art.

The following examples are merely illustrative of the
present invention and should not be considered limiting of
the scope of the invention in any way. These examples and
equivalents thereof will become more apparent to those
skilled in the art in light of the present disclosure and the
accompanying claims.

EXAMPLE 1
Preparation of Layered Pellets Containing d-MPD Hydro-
chloride
A solution of d-MPD hydrochloride was prepared as
follows. To 300 grams (g) of deionized water were added
100 g of d-MPD hydrochloride, followed by moderate
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mixing, using a stirring paddle, for 5 minutes. A 10 percent
(weight) solution of hydroxypropy! methylcellulose (HPMC
E-6 from Dow Chemicals, Midland, Mich.; 250 g) was
added, followed by homogenization for 5 minutes using an
emulsifier head (Silverson, Chesham, UK; Model L4R).
After addition of another 150 g of dcionized waler, the
solution was sonicated for 15 mioutes (Sonicor Model
SC-150T; Instruments Corporation, Copiague, N.Y.), at
which time the solution was clear.

A second solution was prepared by combining 300 g of
deionized water and 300 g of a 10% (wt) HPMC E-6
solution and mixing for 5 minutes.

The first solution was sprayed onto 25/30 mesh non-pareil
seeds (Ozone Co., Elmwood Park, N.J)) in a fluid bed
apparatus (GPCG-1, Glatt Air Techniques, Inc., Ramsey,
N.1.) using a Wurster head. The second solution was then
sprayed 1o form a sealant. For both solutions, the spray rate
was 8-9 g/minute. Inlet temperature was 50-55° C. and the
non-pareil seeds were maintained at 35-40° C. Air volume
was 6—7 melers per second (m/s).

EXAMPLE 2
Preparation of Coated Pellets Containing d-MPD Hydro-
chloride

A dispersion of 844 g of Eudragit® RS30D
(ammoniomethacrylate copolymer from Huils America,
Somerset, NJ.; EAIMMA/TAMCI 1:2:0.1), was screened
through a 60 mesh screen, then stirred for 15 minutes. A
dispersion of 44 g of Eudragit® RL30D (EA/MMA/TAMCI
1:2:0.2) was similarly screened and stirred. The two disper-
sions were combined and stirred for 1S minutes, forming a
combined dispersion. Triethy! citrate (TEC; from Moreflex,
Greensboro, N.C.; 54 g) was added, followed by an addi-
tional 15 minutes of stirring. Deionized water (664 g) was
added, followed by 15 minutes of stirring. Talc (108 g; from
Luzenac, Englewood, Colo.) was added, followed by further
stirring for 15 minutes.

The resulting combined dispersion was sprayed onto
layered pellets prepared according to Example 1, using a
fluid bed apparatus as used in Example 1. Spray rale was
9-10 g/minute, inlet temperature 40—45° C., and air volume
5-6 m/s. The non-pareils were maintained at 30-35° C.
during spraying. A total of 960 g of dispersion was sprayed
onio the pellets, representing a 30% weight increase due to
the applied coating.

EXAMPLE 3
Evaluation of Drug Release Profile for Coated Pellets Pre-
pared According to Example 2

Pellets were prepared according to Example 2, varying
the ratios of the polymers between 90:10 and 93:7.
Dissolution Measurements

Dissolution was carricd out in order 1o determine rate of
rclcase of d-MPD from the pellets. USP Apparatus I (United
States Pharmacoepia Convention, Rockville, Md.) was used.
The dissolution medium was 900 ml of deionized water
(unless otherwise specified) and the temperature was main-
tained al 37° C. The sample cell size was T cm (a flow
through cell), and the samples were stirred continuously at
100 rpm. The apparatus was equipped with a diode array
spcctrophotometer, and absorption at 220 nanomcters
(nanometers (nm)) was measured 10 determine the concen-
tration of d-MPD. Samples were measured at 60, 120, 180,
240, 360, 480, 600, 720, 840, 900, 960, 1080, 1200, 1320
and 1440 minutes.

Results of the dissolution measurements are presented in
Table 1. The results indicate that the amount of drug released
is influenced by: amount of coaling, ratio of the two
polymers, amount of talc, and curing time.
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EXAMPLE 4: COMPARATIVE EXAMPLE

A dispersion of 911.25 g of Eudragit® RS30D was passed
through a 60 mesh screen and mixed with a similarly
screened dispersion of 101.25 g of Eudragit® RL30D for 15
minutes at moderate speed. Triethyl citrate (61 g) was added,
followed by an additional 15 minutes of mixing. After
mixing, 991.5 g of dcionized waler, then 61 g of talc were
added with 15 additional minutes of mixing following each
addition. The resulting dispersion (1600 g) was sprayed onto
800 g of layered sealed pellets prepared according to
Example 1.

No delay was observed; substantially all of the drug was
released within approximately one hour. Result is shown in
Table 1 (Trial 1).

EXAMPLE 5: COMPARATIVE EXAMPLE

A dispersion of 600 g of Eudragit® NE30D was screened
through a 60 mesh screen and mixed with a 600 g dispersion
of magnesium stearate for 15 minutes at moderate speed.
The resulting dispersion (750 g) was sprayed onto 750 g of
layered and sealed pellets prepared according to Example 1.

After a delay of 2 hours, releasc of the drug was observed.
About 85% of the drug was released after 14 total hours,

TABLE 1
RELEASE TIMES
Time for
Trial Cure 85%
No. % coal Ratio  Delay Tale, % time releasc

1 40 90:10  none 20.0 24 hrs 1.0
2 30 95:5 4.0 20.0 " 8.0
3 30 95:5 4.0 20.0 8.0
4 30 93:7 1.0 20.0 3.0
5 40 93:7 1.0 20.0 " 4.0
6 30 93.5:6.5 2.0 20.0 " 5.0
7 40 " 2.0 20.0 " 5.0
8 30 94.5:5.5 2.0 20.0 " 8.0
9 40 " 1.0 20.0 5.0
10 30 94:6 2.0 20.0 " 5.0
11 40 " 2.0 20.0 " 5.0
12 30 95:5 2.0 40.0 5.0
13 40 " 3.0 40.0 " 8.0
14 30 96:4 4.0 40.0 " i0.0
15 40 " 5.0 40.0 “ 10.0
16 30 " 4.0 40.0 7 days 10.0
17 20 95:5 2.0 40.0 " 5.0
18 30 " 3.0 40.0 " 6.0
19 30 " 3.0 40.0 " 6.0
20 30 " 2.0 40.0 " 6.0
21 40 “ 3.0 40.0 " 8.0

What is claimed is:

1. A method for treating disease amenable to treatment
with a phenidate drug in a patient in need of such treatment
comprising administering to the patient a dosage form
providing oncc-daily oral administration of d-thrco-
methylphenidate hydrochloride, said dosage form compris-
ing two groups of particles, each containing d-threo-
methylphenidate, wherein:

a) said first group of particles comprises from about 2%
to about 99% by weight of d-threo-methylphenidate
hydrochloride and provides a substantially immediate
dose of said d-threo methylphenidate upon ingestion by
a mammal; and

b) said second group of particles comprises coated
particles, said coated particles comprising from about
2% 1o about 75% by weight of d-lhreo-methylphenidate
in admixture with one or more binders, and a coating
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consisting of an ammonio methacrylate copolymer in
an amount sufficient to provide a dose of said d-threo-
methylphenidate hydrochloride delayed by from about
2 hours to about 7 hours following said ingestion.

2. A dosage form of a pharmaceutically acceptable salt of
a methylphenidate providing an in vivo plasma concentra-
tion of said methylphenidate comprising two maxima,
wherein said maxima are temporally separated by from
aboul two hours to about seven hours and wherein (he
magnitude of said maxima differ by no more than about
30%.

3. A mcthod for treating discasc amenable to trcatment
with a phenidate drug in a patient in need of such treatment
comprising administering to the patient a dosage form
providing once-daily oral administration of the phenidate
drug, said dosage form comprising two groups of particles,
each containing the drug wherein:

a) said first group of particles comprises from about 2%
to about 99% by weight of the phenidate drug and
provides a substantially immecdiate dose of said pheni-
date drug upon ingestion by a mammal; and

b) said second group of particles comprises coated
particles, said coated particles comprising from about
2% 1o about 75% by weight of the phenidate drug in
admixture with one or more binders, and a coaling
consisting of an ammonio methacrylate copolymer in
an amount sufficient to provide a dose of said phenidate
drug delayed by from about 2 hours to about 7 hours
following said ingestion.

4. The method of claim 3 wherein said delay is at least

about 3 hours.

30
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S. The method of claim 3 wherein said delay is at least
about 4 hours.

6. The method of claim 1 wherein said delay is at least
about 3 hours.

7. The method of claim 1 wherein said delay is at least
about 4 hours.

8. The dosage form of claim 2 wherein the temporal
separation is at least about 3 hours.

9. The dosage form of claim 2 wherein the temporal
separation is at least about 4 hours.

10. A method for treating discase amenable to treatment
with a phenidate drug in a patient in need ol such treatment
comprising administering 1o the patient a dosage form of a
pharmaceutically acceptable salt of d-threo-
methylphenidate, said dosage form providing an in vitro
release profile comprising two pulses of drug release,
wherein said pulses are temporally separated by from about
2 hours to about 7 hours.

11. A method for treating disease amenable to treatment
with a phenidate, drug in a patient in need of such treatment
comprising administering 10 the patient a dosage form of a
pharmaccutically acceptable salt of d-thrco-
methylphenidate providing an in vivo plasma concentration
of said d-threo-methylphenidate comprising two maxima,
wherein said maxima are temporally separated by from
about 2 hours to about 7 hours, and wherein the magnitude
of said maxima differ by no more than about 30 percent.

* ok % * *
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DELIVERY OF MULTIPLE DOSES OF
MEDICATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of applica-
tion Ser. No. 09/038,470, filed Mar. 11, 1998, now U.S. Pat.
No. 6,635,284, which is a divisional application of applica-
tion Ser. No. 09/892,190, filed Jul. 14, 1997, now U.S. Pat.
No. 5,837,284, which is a continuation-in-part of application
Ser.No. 08/647,642, filed May 15, 1996, now abandoned, and
a continuation-in-part of application Ser. No. 08/583,317,
filed Jan. 5, 1996, now U.S. Pat. No. 5,733,756, and applica-
tion Ser. No. 08/567,131, filed Dec. 4, 1995, now abandoned,
all of which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to improved dosing of medi-
cations. In particular, the present invention relates to
improved dosing of a medication whereby two or more effec-
tive, time-separated doses may be provided by administration
of a single dosage unit. The second, and any later, dose is
time-delayed following administration. Based on predictable
in vitro release times, the dosage forms can be formulated to
deliver delayed doses in vivo at desired times.

The dosage forms and methods of the present invention are
particularly suitable for the administration of methylpheni-
date hydrochloride, and especially for the administration of a
single isomer, d-threo-methylphenidate hydrochloride.

The administration of dosage forms which contain an
immediate dosage and a delayed second dosage provides for
reduced abuse potential, improved convenience of adminis-
tration, and better patient compliance, especially when meth-
ylphenidate is used to treat certain central nervous system
disorders.

BACKGROUND OF THE INVENTION

Attention Deficit Disorder (ADD), a commonly diagnosed
nervous system illness in children, is generally treated with
methylphenidate hydrochloride (available commercially as,
e.g., Ritalin®). Symptoms of ADD include distractibility and
impulsivity. A related disorder, termed Attention Deficit
Hyperactivity Disorder (ADHD), is further characterized by
symptoms of hyperactivity, and is also treated with meth-
ylphenidate hydrochloride. Methylphenidate drugs have also
been used to treat cognitive decline in patients with Acquired
Immunodeficiency Syndrome (AIDS) or AIDS related con-
ditions. See, e.g., Brown, G., Intl. J. Psych. Med. 25(1): 21-37
(1995); Holmes et al., J. Clin. Psychiatry 50: 5-8 (1989).

Methylphenidate exists as four separate optical isomers as
follows:
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-continued
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l-erythro

CO,CH;3
d-threo

wherein R, is phenyl. Pharmaceutically acceptable salts are
generally administered clinically. Other phenidate drugs,
which also can be administered according to the invention,
include those in which the methyl group in the above struc-
tures is replaced by C,—C, alkyl and R, is optionally substi-
tuted with C,-C, alkyl.

Clinically, the threo pair of enantiomers of methylpheni-
date hydrochloride is generally administered for the treat-
ment of ADD and ADHD. The hydrochloride salt is com-
monly referred to simply as “methylphenidate”. Unless
indicated otherwise, the term “methylphenidate” is used
broadly herein to include methylphenidate and pharmaceuti-
cally acceptable salts thereof, including methylphenidate
hydrochloride.

The threo racemate (pair of enantiomers) of methylpheni-
date is a mild central nervous system stimulant with pharma-
cological activity qualitatively similar to that of amphet-
amines. Undesirable side effects associated with the use of
the dl-threo racemate of methylphenidate include anorexia,
weight loss, insomnia, dizziness and dysphoria. Furthermore,
the racemate, which is a Schedule II controlled substance,
produces a euphoric effect when administered intravenously
or through inhalation or ingestion, and thus carries a high
potential for abuse.

Srinivas et al. studied the administration of dl-threo-,
d-threo, and l-threo-methylphenidate to children suffering
from ADHD, and reported that the pharmacodynamic activity
of dl-threo-methylphenidate resides in the d-threo isomer
(Clin. Pharmacol. Ther, 52: 561-568 (1992)). Therefore,
while dl-threo-methylphenidate is generally used therapeuti-
cally, this racemate includes the 1 isomer which apparently
makes no significant contribution to the pharmacological
effectiveness of the drug, but likely contributes to the associ-
ated side effects. It is thus desirable to administer only the
active d-threo form of the drug.

An additional problem is that children being treated with
dl-threo methylphenidate must generally take one or more
doses during the day. This creates a problem for school
administrators who must store a controlled substance on
school premises, with the associated risk that it may be stolen
for illicit use. Furthermore, children may be traumatized by
ridicule from peers when they must take medication at school.

Sustained release formulations of dl-threo methylpheni-
date have been developed, which provide for slow release of
the drug over the course of the day. However, it has been
observed that peak plasma concentrations of the drug are
lower when sustained release formulations are used. In some
studies, sustained release formulations of methylphenidate
have been shown to have lower efficacy than conventional
dosage forms.

There remains a need for methods for delivering meth-
ylphenidate with maximum effectiveness and minimal poten-
tial for abuse. Furthermore, it has been determined that there
is a need for a dosage form which provides, in one adminis-
tration, an initial release followed, at a predictable delay, by a
second release, of maximally effective methylphenidate. This

Page 89 of 95 PagelD: 375504



Case 2:33-av-00001 Document 16751 Filed 12/07/12 Page 90 of 95 PagelD: 375505

US 7,431,944 B2

3

will eliminate the risk of theft or loss of the second dose, while
minimizing undesirable side effects and maximizing ease of
administration. The present invention is directed to these, as
well as other, important ends.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an in vitro time-concentration relationship
(release profile) for certain preferred dosage forms in accor-
dance with the invention.

FIG. 2 depicts a schematic representation of in vivo plasma
concentration of a drug released according to the release
profile shown in FIG. 1.

SUMMARY OF THE INVENTION

The present invention provides, in one embodiment, a
therapeutic composition for the oral administration of'a meth-
ylphenidate drug comprising a dosage form containing two
groups of particles, each containing the methylphenidate
drug. The term “particles”, as used herein, includes pellets,
granules, and the like. The first group of particles provides a
substantially immediate dose of the methylphenidate drug
upon ingestion by a mammal. The first group of particles can
also comprise a coating and/or sealant. The second group of
particles comprises coated particles, which comprise from
about 2% to about 75%, preferably from about 2.5% to about
50%, and more preferably from about 5% to about 20%, by
weight of the second group of particles, of the methylpheni-
date drug, in admixture with one or more binders. The coating
comprises a pharmaceutically acceptable ammonio meth-
acrylate copolymer in an amount sufficient to provide a delay
of from about 2 hours to about 7 hours following ingestion
before release of the second dose. If desired, one or more
additional doses may be delivered by additional particles,
coated in a similar manner, but with a sufficient amount of
ammonio methacrylate copolymer coating to provide the dos-
age after an additional delay. Methylphenidate and pharma-
ceutically acceptable salts thereof, including methylpheni-
date hydrochloride, can be prepared into the dosage forms of
the invention.

In one embodiment of the present invention, the first group
ofparticles comprises a methylphenidate drug and provides a
substantially immediate dose of the methylphenidate drug
upon ingestion by a mammal. The first group of particles may
comprise a coating and/or sealant. The second group of par-
ticles comprises coated particles, which comprise from about
2% to about 75%, preferably from about 2.5% to about 50%,
and more preferably from about 5% to about 20%, by weight
of'the particles of the methylphenidate drug in admixture with
one or more binders. The coating comprises a pharmaceuti-
cally acceptable ammonio methacrylate copolymer in a quan-
tity sufficient to provide a dose of methylphenidate delayed
by from about 2 hours to about 7 hours following ingestion.

For example, the first group of particles can comprise a
pharmaceutically acceptable salt of methylphenidate, such as
methylphenidate hydrochloride, in powder form, or coated or
uncoated particles containing the methylphenidate salt. The
amount of methylphenidate salt in each group of particles can
vary, depending upon the dosage requirements of the patient
to whom the drug is to be administered. Generally, the daily
dosage requirement for methylphenidate drugs is from about
1 mg to about 50 mg per day, preferably from about 2 mg to
about 20 mg, and more preferably from about 2.5 to about 12
mg per day. The actual dosage to be administered will be
determined by the attending physician as a matter of routine.
Thus, depending upon the amounts of coating and/or and
optional excipients and other additives, the amount of meth-
ylphenidate drug can be, for example, from about 2% to about
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99% by weight of the first group of particles. In addition to the
methylphenidate drug, the second group of particles com-
prises a filler, such as a hydrophobic filler, one or more ammo-
nio methacrylate copolymers, and optional excipients and
other additives. The filler can be present in an amount of, for
example, from about 35% to about 45%, by weight, based on
the total weight of the second group of particles.

Another embodiment of the present invention provides a
method for treating disease, such as, for example, ADD,
ADHD, or AIDS-related dementia, in a patient in need of
treatment. This treatment comprises administering to the
patient a dosage form providing once-daily oral administra-
tion of a methylphenidate drug such as methylphenidate
hydrochloride. The dosage form comprises at least two
groups of particles, each containing the methylphenidate
drug. The first group of particles comprises from about 2% to
about 99% by weight of the methylphenidate drug, depending
upon desired the daily dosage, and provides a substantially
immediate dose of methylphenidate upon ingestion by a
mammal. The first group may comprise a coating and/or
sealant. The second group of particles comprises coated par-
ticles. The coated particles comprise the methylphenidate
drug in admixture with one or more binders, wherein the
amount of methylphenidate drug is from about 2% to about
75%, preferably from about 2.5% to about 50%, and more
preferably from about 5% to about 20%, by weight of the
second group of particles, and a coating comprising an
ammonio methacrylate copolymer in a quantity sufficient to
provide a dose of methylphenidate delayed by from about 2
hours to about 7 hours following ingestion. The components
of the two groups of particles can vary as described herein-
above. The initial dose can be administered separately from
the delayed dose, if desired.

A further embodiment of the present invention provides
dosage forms for the oral administration, in a single dosage
form, of two doses of a pharmaceutically acceptable salt of
d-threo-methylphenidate. The dosage forms comprise par-
ticles containing within their interiors from about 2% to about
75%, preferably from about 2.5% to about 50%, and more
preferably from about 5% to about 20%, of the d-threo-
methylphenidate salt, in admixture with one or more binders.
The particles have a coating exterior to the methylphenidate
salt, which comprises an ammonio methacrylate copolymer
in a quantity sufficient to delay release of the d-threo-meth-
ylphenidate salt contained within by from about 2 hours to
about 7 hours following administration. The dosage forms
also comprise, exterior to the coating, an outer layer compris-
ing from about 2% to about 99% by weight of the d-threo-
methylphenidate salt, based on the weight of all components
in the outer layer, to provide a substantially immediate dose of
the d-threo-methylphenidate salt upon administration. The
layer comprising the immediate dose of the d-threo-meth-
ylphenidate salt can, if desired, further comprise an outer
sealant layer. If desired, the two doses of the d-threo-meth-
ylphenidate salt can be approximately equal.

The present invention also provides dosage forms provid-
ing plasma concentration profiles for methylphenidate having
two maxima, temporally separated from each other by from
about 2 hours to about 7 hours. Preferably, the magnitude of
said maxima differs by no more than about 30 percent, more
preferably by no more than about 20 percent, and most pref-
erably by no more than about 10 percent.

“Methylphenidate” as used herein, includes all four optical
isomers of the compound and all pharmaceutically acceptable
salts thereof. When one or more particular isomers is contem-
plated, the isomer is indicated, as in d-threo, 1-threo, etc. The
combined threo isomers may be indicated simply as “threo”
and the erythro isomers as “erythro”. For therapeutic use in
treating conditions treatable by methylphenidate drugs, dl-
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threo methylphenidate hydrochloride is generally used, while
d-threo methylphenidate hydrochloride is preferred accord-
ing to the present invention.

As discussed, the four isomers have exhibited varying lev-
els of therapeutic activity, and have been shown to differ
generally in producing unwanted side effects. The present
invention provides dosage forms which maximize therapeutic
effectiveness and minimize undesirable side effects. In cer-
tain preferred embodiments, the dosage forms of the present
invention provide administration of the two threo forms of
methylphenidate. In particularly preferred embodiments, the
dosage forms of the present invention provide administration
of a single isomer, d-threo-methylphenidate, albeit in two or
more doses.

The dosage forms of the present invention are intended for
oral ingestion by a mammal, particularly a human. The dos-
age forms of the present invention are particularly suitable for
the administration of methylphenidate drugs, in at least two
doses. Most preferably, the dosage forms provide two doses
of a d-threo methylphenidate drug such as d-threo meth-
ylphenidate hydrochloride. The second dose can be delayed
by from about 2 hours to about 7 hours, preferably from about
3 hours to about 6 hours, and most preferably from about 4
hours to about 5 hours, following ingestion of the dosage form
by a mammal. This eliminates the need for a patient, for
example a child being treated for ADD, to carry a second dose
for ingestion several hours after ingestion of a first dose. The
exclusion of the 1 isomers and the d-erythro isomer eliminates
the concurrent ingestion of forms of methylphenidate princi-
pally believed to be associated with adverse side effects and/
or reduced effectiveness.

The temporal separation of the two doses provided accord-
ing to the present invention can be represented graphically as
in FIG. 1. FIG. 1 is an in vitro drug release profile of a dosage
form of the present invention. The data were obtained by
measuring the rate of dissolution of drug as a function of time.
Inthis embodiment two doses are provided. Therelease of the
first dose preferably occurs substantially immediately; for
example, within about 30 minutes following administration.
Following a period of little or substantially no drug release,
the second dose is released. The two releases can be referred
to as “pulses”, and such a release profile can be referred to as
“pulsatile”.

FIG. 2 is a schematic representation of the plasma concen-
tration of drug resulting from a release profile according to
FIG. 1. The maximum concentration due to the first dose, C,,
occurs at t,, preferably from about 1 hour to about 3 hours
after ingestion, most preferably about 2 hours after ingestion.
The release of the first dose is followed by a period during
which substantially no drug is released, which lasts approxi-
mately 2-6 hours, preferably 3—5 hours, post ingestion. The
second dose is then released, with the maximum concentra-
tion, C,, at t,, which is preferably about 6 hours post-inges-
tion. Preferably at least about 80% of the total drug has been
released by about 6 hours following administration. In the
embodiment represented by FIG. 2, the levels of drug
released at the two maxima are nearly equal. Preferably, if
two approximately equal doses are released, the release of the
two doses provides a plasma concentration profile having two
maxima, which differ from each other by no more than about
40 percent in magnitude, preferably by no more than about 30
percent, and more preferably by no more than about 25 per-
cent. This is determined by the relationship:

IC,-C,l/C,
In such embodiments is most preferred that the maxima differ

by no more than 20%. However, embodiments in which the
maxima of the two releases differ by more than 40 percent are
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within the scope of the invention. The appropriate relative
amounts of drug in each release can be readily determined by
one skilled in the art.

Dosage forms of the present invention provide controlled
release of a methylphenidate drug, including pharmaceuti-
cally acceptable salts of methylphenidate, whereby an initial
dose for immediate release can be combined with a delayed
release of one or more additional doses. Such dosage forms
may alternatively be referred to as “pulsatile” dosage forms.

“Immediate release”, as used herein, means release within
about a half hour following ingestion, preferably about 15
minutes, and more preferably within about 5 minutes follow-
ing ingestion. “Delayed release”, as used herein, refers to a
drug release profile which includes a period during which no
more than about 10 percent of the drug in a particular dosage
form is released, followed by a period of from about 0.5 hour
to about 2.5 hours, preferably about 1.5 hours, more prefer-
ably about 1 hour, in which no less than about 70 percent,
preferably no less than about 80 percent, and more preferably
no less than about 90 percent, of the drug is released. The
terms “medication” and “drug” are used interchangeably
herein.

According to the present invention, delayed release dosage
forms can be combined with forms which provide immediate
release of a drug. Thus, two or more dosage forms can be
combined, one dosage form providing a portion of a patient’s
daily dosage needs of a drug and subsequent dosage forms
providing additional portions of a patient’s daily dosage
needs. For example, a drug can be administered to a patient in
two dosage forms simultaneously, one providing, e.g., about
30-50 percent of the patient’s daily requirement of the drug
and the second providing the remainder of the patient’s daily
requirement. Alternatively, and preferably, a single dosage
form can be administered which includes an immediate dose
of some portion of a patient’s daily requirement and one or
more delayed doses to provide the remaining portion or por-
tions of the patient’s daily requirement.

Dosage forms of the present invention provide an initial
dose of a drug such as, for example, a pharmaceutically
acceptable salt of d-threo-methylphenidate (also referred to
herein as d-MPD), followed by an interval wherein substan-
tially no additional drug is released, followed in turn by
release of a second dose. If desired, a second substantially
release-free interval may be provided following the second
release, followed in turn by a third dose. Thus, dosage forms
providing 3 or more doses are contemplated by the present
invention. However, dosage forms providing 2 or 3 doses are
generally preferred for therapeutic use, with 2 doses being
more preferred. For example, the first dose can provide from
about 30 percent to about 70 percent of a patient’s daily
prescribed intake of the drug and the second dose provides
from about 70 percent to about 30 percent. If two approxi-
mately equal doses are desired, the initial dose preferably
provides from about 40 percent to about 60 percent, and the
second dose preferably provides from about 60 percent to
about 40 percent, of a patient’s prescribed daily intake of the
drug. If desired, the first dose and the second dose can each
provide about 50 percent of a patient’s prescribed daily intake
of'drug. However, as will be apparent to one skilled in the art,
the effect of drug metabolism in the body may require adjust-
ment of the relative amounts of each dose, so that, for
example, the second dose may have to be adjusted to provide
more of the drug than the first dose, to compensate for any
competition between drug release and drug metabolism. This
can be observed in FIG. 2, which, as discussed above, repre-
sents the blood plasma level of a drug, such as a methylpheni-
date drug, delivered in a dosage form which provides arelease
profile as illustrated in FIG. 1.

The initial dose of methylphenidate drug in the dosage
forms of the present invention can be provided by incorpo-
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rating the methylphenidate drug into a form which allows for
substantially immediate release of the drug once the dosage
form is ingested by a patient. Such forms include, for
example, powders, coated and uncoated pellets, and coated
and uncoated tablets. The dose for immediate release can be
administered in a tablet or capsule form which may also
include the delayed dose. For example, two or more groups of
pellets may be combined within a hard gelatin capsule or
compressed into a tablet. Powders can be granulated and can
be combined with pellets and excipients and/or other addi-
tives, and contained within a capsule or compressed into a
tablet. These and other dosage forms will be familiar to those
skilled in the art.

The delayed dose of a methylphenidate drug in the dosage
forms of'the present invention is provided in part by the use of
certain copolymers referred to as “ammonio methacrylate
copolymers”. Ammonio methacrylate copolymers comprise
acrylic and/or methacrylic ester groups together with quater-
nary ammonium groups. According to the present invention,
the copolymers are incorporated into a formulation which is
used to coat particles containing a medication.

The “acrylic and/or methacrylic ester groups” in the
copolymers used in the compositions and methods of the
present invention are referred to herein collectively as
“acrylic groups”. The acrylic groups are preferably derived
from monomers selected from C,—C, alkyl esters of acrylic
acid and C,—C; alkyl esters of methacrylic acid. Preferred are
C,—C, alkyl esters of acrylic acid and methacrylic acid. Suit-
able monomers include, for example, methyl acrylate, ethyl
acrylate, methyl methacrylate, and ethyl methacrylate. Ethyl
acrylate and methyl methacrylate are preferred, and copoly-
mers containing ethyl acrylate and methyl methacrylate are
highly preferred. Also preferably, the copolymers have a
molecular weight of about 150,000.

Quaternary ammonium groups in copolymers useful in
forming coatings for use in the dosage forms of the present
invention can be derived from monomers comprising quater-
nary ammonium groups. Preferably, the monomers are alkyl
esters of acrylic or methacrylic acid, comprising alkyl groups
having from 1 to 6 carbon atoms and a quaternary ammonium
group in the alkyl portion. Monomers comprising quaternary
ammonium groups can be prepared, for example, by reaction
of monomers containing amino groups with alkylating agents
such as, for example, alkyl halides, especially methyl chlo-
ride. Suitable monomers containing amino groups include
2-(N,N-dibutylamino) ethyl acrylate, 2-(N,N-dibutylamino)
ethyl methacrylate, 4-diethylamino-1-methyl-butyl acryla-
mide, and 4-diethylamino-1-methyl-butyl methacrylamide.
Other useful monomers containing amino groups are dis-
closed in U.S. Pat. No. 5,422,121, the disclosure of which is
incorporated herein by reference. Particularly preferred as a
monomer comprising a quaternary ammonium group is trim-
ethylammonioethyl methacrylate chloride (TAMCI).

While ammonio methacrylate copolymers such as those
described herein have been used for sustained delivery of
certain medicaments, i.e., for the relatively constant admin-
istration of a drug, it has been surprisingly and unexpectedly
found that dosage forms comprising a methylphenidate drug
and a coating prepared from one or more ammonio methacry-
late copolymers and certain fillers, can provide delayed or
pulsatile release of the drug, a very distinct phenomenon.
Methylphenidate drugs are amine-containing, rely uponbody
or membrane loading for efficacy, and are psychotropic. The
ability to provide delayed release of a methylphenidate drugs
using ammonio methacrylate copolymers is due to a combi-
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nation of factors, including the composition of the ammonio
methacrylate copolymers used, and the amount and compo-
sition of filler.

The ratio of acrylic groups to quaternary ammonium
groups in the ammonio methacrylate copolymers influences
the properties of the copolymers utilized in forming the coat-
ings of the present invention. For use in the dosage forms and
methods of the present invention, the ratio of acrylic groups to
quaternary ammonium groups in the copolymers is prefer-
ably from about 10:1 to about 50:1, more preferably from
about 15:1 to about 45:1. Preferably, in preparing a dosage
form according to the present invention, two or more copoly-
mers are used in combination. Also preferably, one of the
copolymers comprises acrylic groups and quaternary ammo-
nium groups in a ratio of from about 25:1 to about 45:1, more
preferably from about 30:1 to about 40:1, and another of the
copolymers comprises acrylic groups and quaternary ammo-
nium groups in a ratio of from about 10:1 to about 25:1, more
preferably from about 15:1 to about 20:1. Even more prefer-
ably, two ammonio methacrylate copolymers are used: a first
copolymer comprising acrylic groups and quaternary ammo-
nium groups in a ratio of from about 30:1 to about 40:1 and the
second copolymer comprising acrylic groups and quaternary
ammonium groups in a ratio of from about 15:1 to about 20:1.
Most preferably, the copolymers are copolymers of methyl
methacrylate, ethyl acrylate, and TAMCI, in ratios of 2:1:0.1
for the first copolymer and 2:1:0.2 for the second copolymer.

When two such ammonio methacrylate copolymers are
used to form the coatings, the relative amounts of the two
polymers is partly determinative of the delay and release
properties of the dosage forms of the present invention. It is
preferred that the ratio between the first polymer, most pref-
erably having an acrylic group/quaternary ammonium group
ratio of from about 30:1 to about 40:1, and the second poly-
mer, most preferably having an acrylic group/quaternary
ammonium group ratio of from about 15:1 to about 20:1, be
from about 93:7 to about 97:3. More preferably, the ratio of
the first polymer to the second polymer is from about 96:4 to
about 94:6, and most preferably about 95:5.

Ammonio methacrylate copolymers used in the coatings of
the dosage forms of the present invention can be prepared by
methods known to those skilled in the art. Exemplary meth-
ods include emulsion polymerization, bulk polymerization
and suspension polymerization. A suitable procedure is
described in U.S. Pat. No. 3,979,349, the disclosure of which
is incorporated herein by reference. Suitable ammonio meth-
acrylate copolymers are known per se, and can be purchased
from commercial providers. For example, suitable ammonio
methacrylate polymers are available from Hiils America
under the Eudragit® trademarks. The Eudragit® polymers
and similar polymers, including methods for preparation, are
described in Klaus O. R. Lehman, “Chemistry and Applica-
tion Properties of Polymethacrylate Coating Systems”, Aque-
ous Polymeric Coatings for Pharmaceutical Dosage Forms,
2nd. Ed., pp. 101-174, James Mc Ginity, Ed., Marcel Dekker,
Inc., NY (1996), the disclosure of which is incorporated
herein by reference.

The coatings of the present invention also preferably
include a filler. The filler is preferably in powder form and is
preferably hydrophobic. Exemplary fillers include talc, col-
loidal silica, fumed silica, gypsum, and glycerine monostear-
ate. Talc is a particularly preferred filler.

The quantity of filler used in preparing coatings for the
dosage forms of the present invention should be sufficient to
minimize agglomeration of the particles. Agglomeration is
highly undesirable because the agglomerates, rather than dis-
crete particles, will become coated. Agglomerates are suscep-
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tible to breaking into discrete particles, which will be partially
uncoated, resulting in unwanted variability in release rates.
Preferably, the amount of filler is from about 30 percent to
about 50 percent by weight, based on the total weight of the
dry polymer, commonly referred to as “total solids”. More
preferably the amount of filler is from about 35 percent to
about 45 percent of total solids, and most preferably about 40
percent.

Coatings used in the dosage forms of the present invention
also preferably include a material which improves the pro-
cessing of the copolymers. Such materials are generally
referred to as “plasticizers” and include, for example, citric
acid esters, adipates, azelates, benzoates, citrates, stearates,
isoebucates, sebacates, propanetriol acetate, polyethylene
glycols, diethyl phthalate, dibutyl sebacate, propylene glycol
and ethylene glycol. Citric acid esters are preferred, and tri-
ethyl citrate is particularly preferred. The amount of plasti-
cizer to be used in the coating is preferably from about 10
percent to about 30 percent, more preferably from about 15
percent to about 25 percent, and most preferably about 20
percent, based on the weight of the dry polymer, i.e., total
solids.

Dosage forms of the present invention preferably comprise
particles containing d-MPD. In one embodiment, the dosage
form comprises two groups of particles. A first group of
particles provides the initial dose of d-MPD. As stated here-
inabove, the initial dose can be in powder, pellet or other
particulate form and can be uncoated. If the initial dose is in
the form of a powder or sufficiently small particles, it can, if
desired, be pressed into a solid form such as a tablet or caplet.
In this embodiment, the delayed dose is provided by a second
group of particles. The second group of particles is preferably
in the form of pellets. The pellets can be of any shape, such as,
for example, spheroids or ellipsoids, or may be irregularly
shaped.

Suitable pellets for the initial dose and/or the second dose
can be formed by, for example, depositing a layer of drug, and
optional excipients, carriers, and other optional materials,
onto small, pharmaceutically acceptable particles such as
nonpareils. Such a layer can be deposited by methods known
to those skilled in the art, such as, for example, spraying,
using methods and equipment known to those skilled in the
art. For example, a Wurster air suspension coater can be used.
Spraying can also be accomplished using a pan coating sys-
tem, wherein the drug is deposited by successive spraying
accompanied by tumbling in a rotating pan. Alternatively,
pellets can be formed, for either or both of the initial and
delayed dose, by extrusion of the drug with suitable plasti-
cizers and other processing aids as necessary.

Tablets or caplets, or other solid dose forms, comprising
the initial dose and/or delayed dose or doses, can conve-
niently be administered. A solid dose form can be prepared by
methods known to those skilled in the art. For example, the
d-MPD, filler and other optional components may be com-
pressed into tablets or inserted into capsules. If desired, the
drug and other components of the dose form can be granu-
lated, using processing aids, fillers, aqueous or non-aqueous
solvents, and binders known to those skilled in the art. Gran-
ules can be filled into capsules, if desired. Alternatively, the
d-MPD can be blended with a solvent and processed by
known methods such as ball-milling, calendering, stirring, or
roll-milling, then pressed into a desired shape. Suitable sol-
vents useful in forming the particles comprising d-MPD, and
other components of the dosage forms of the invention,
include inert organic and inorganic solvents which do not
adversely affect the components of the dosage forms. While
water can be used for many drugs, including methylpheni-
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date, useful solvents can be selected from the group consist-
ing of aqueous solvents, alcohols, ketones, esters, ethers,
aliphatic hydrocarbons, halogenated solvents, cycloaliphat-
ics, aromatic heterocyclic solvents, and mixtures thereof.
Other solvents include acetone, methanol, ethanol, isopropyl
alcohol, butyl alcohol, methyl acetate, ethyl acetate, isopro-
py! acetate, n-butyl acetate, methyl isobutyl ketone, methyl
propyl ketone, n-hexane, n-heptane, ethylene glycol monoet-
hyl ether, ethylene glycol monoethyl acetate, methylene
dichloride, ethylene dichloride, propylene dichloride, nitro-
ethane, nitropropane, tetrachloroethane, diglyme, and aque-
ous and non-aqueous mixtures thereof, such as acetone and
water, acetone and methanol, acetone and ethyl alcohol, and
ethylene dichloride and methanol.

Following the formation of suitable particles, those par-
ticles to be used to deliver the delayed dose are then coated
with a polymer-containing coating as described herein. The
amount of coating to be used in forming the dosage forms,
particularly the delayed dose, of the present invention, will be
determined by the desired delivery properties, including the
amount of drug to be delivered, the delay time required, and
the size of the particles. Preferably, the coating on the par-
ticles providing the delayed dose, including all solid compo-
nents of the coating such as copolymer, filler, plasticizer and
optional additives and processing aids, is from about 10 per-
cent to about 60 percent, more preferably from about 20
percent to about 50 percent, most preferably from about 30
percent to about 40 percent, of the total final weight of the
particles. The appropriate amount of coating can advanta-
geously be determined using in vitro measurements of drug
release rates obtained with selected amounts of coating. The
coating can be deposited by any method known to those
skilled in the art, such as spray application. Spraying can be
carried out by pan coating or by use of a fluid bed, such as the
Waurster fluid bed described for use in depositing a drug.

After deposition of the drug, a sealant can be applied to any
and/or all of the particles, prior to application of the poly-
meric coating. A sealant provides a physical barrier between
the drug and the coating, to minimize or prevent interaction
between the drug and the coating. Suitable sealants can be
prepared from materials such as biologically inert, perme-
able, pharmaceutically acceptable polymers, such as, for
example, hydroxypropylalkylcelluloses, wherein “alkyl”
refers to C,—C, hydrocarbon chains. Exemplary materials
include hydroxypropyl methylcellulose, hydroxypropyleth-
ylcellulose, hydroxypropyl propylcellulose, and hydroxypro-
pylbutylcellulose. Hydroxypropylmethylcellulose is pre-
ferred. While other materials are known to those skilled in the
art for use as sealants, such as, for example, cellulose acetate
methyl carbamate, cellulose acetate diethyl aminoacetate,
semipermeable polyurethanes, semipermeable sulfonated
polystyrenes, semipermeable cross-linked polymers such as
poly(vinylbenzyltrimethyl)ammonium chloride, these are
not preferred as they may affect the release rate of certain
drugs including d-MPD. A sealant can be prepared by adding
the material to water, and agitating for a time and at a rate
sufficient to form a solution. The formation of a solution will
be indicated, for example, by transparency and the absence of
visually observable suspended material. The amount of mate-
rial added to the water is not critical but is determined by
viscosity. A solution which is too viscous will present diffi-
culties in spraying. Generally, the amount of material should
not exceed about 20 weight/volume percent, i.e., 20 g sealant
material per 100 ml of water. Preferably, the amount of mate-
rial in the water is from about 5 percent to about 15 weight/
volume percent, and more preferably about 10 weight/vol-
ume percent.



Case 2:33-av-00001 Document 16751 Filed 12/07/12 Page 94 of 95 PagelD: 375509

US 7,431,944 B2

11

Following deposition of the optional sealant and the coat-
ing, the coated particles are cured. “Curing” means that the
particles are held at a controlled temperature for a time suf-
ficient to provide stable release rates. Stability in release rate
is indicated when further curing does not affect the release
rate. In contrast, instability of release rate means that as the
cure time is increased, the release rate continues to vary.
Curing for a sufficient time ensures that substantially the
same release rate is obtained with all particles of a particular
size coated with a given amount of a given coating composi-
tion. A suitable curing time can be determined by one of skill
in the art without undue experimentation, by noting the vari-
ability in in vitro release times as curing time is varied. As a
general guideline, many formulations can be cured in about
24 hours.

Curing can be accomplished, for example, in a forced air
oven. Curing can be carried out at any temperature above
room temperature, “room temperature” being defined as from
about 18° C. to about 25° C. Preferably, curing is carried out
at a temperature of from about 30° C. to about 50° C., more
preferably from about 35° C. to about 45° C., and most
preferably about 40° C. Curing time can range from several
hours to several days. Preferably, the coated particles are
cured for at least about 24 hours, more preferably at least
about 2 days, even more preferably at least about 3 days, still
more preferably at least about 4 days, still even more prefer-
ably at least about 5 days, even more preferably at least about
6 days, and most preferably for about 7 days. While no sig-
nificant adverse effects or advantages have been observed
when the particles are cured for longer than about 7 days, it
has been found that curing for less than about 24 hours may
result in relatively poorer storage stability as compared to
particles cured for longer periods of time.

The amount of methylphenidate drug contained in the first
and second groups of particles depends upon the prescribed
dosage to be delivered to a patient. The first group of particles
can consist substantially entirely of a methylphenidate drug.
“Substantially entirely” means that about 95 percent or more
of the weight of the first group of particles can consist of a
methylphenidate drug. If desired, the first group of particles
can also contain pharmaceutically acceptable carriers, excipi-
ents, and other components which do not interfere with the
substantially immediate release of the medication. “Substan-
tially immediate” release, as used herein, means that at least
about 90 percent of the medication is released within about 30
minutes from the time the drug is ingested. The second group
of particles can contain from about 2 percent to about 75
percent, preferably from about 4 percent to about 50 percent,
medication, based on the total weight of the particles includ-
ing the coating to be deposited thereon.

According to the invention, a first and a second group of
particles can be administered simultaneously as part of one
dosage form. Any dosage form can be used. For example, the
two groups of particles can be combined within a capsule.
Alternatively, the two groups of particles can be pressed into
a solid form such as a tablet. In pressing the particles into a
solid form, suitable processing aids known to those skilled in
the art can be used. Alternatively, particles coated to provide
a delayed dose of a medication can be dispersed within or
blended with, the medication in powder form.

As discussed, the dosage form can comprise a single group
of particles providing both a substantially immediate dose of
a methylphenidate drug, and a delayed dose of methylpheni-
date drug. The particles comprise, in admixture with one or
more binders, from about 2% to about 75% by weight of a
methylphenidate drug for delayed release, and a coating com-
prising the pharmaceutically acceptable, substantially neutral
copolymers described herein. The particles further comprise,
exterior to the coating, an outer layer comprising meth-
ylphenidate drug, to provide an initial, substantially immedi-
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ate, dose. The substantially immediate dose is preferably
released within about 30 minutes, more preferably about 15
minutes, and most preferably within about 5 minutes follow-
ing ingestion. The outer layer can optionally comprise addi-
tives such as, for example, binders, excipients, and lubricants
known to those skilled in the art.

The dosage forms provided by the invention can be of any
shape suitable for oral administration of a drug, such as sphe-
roidal, cube-shaped, oval, bean shaped, or ellipsoidal. The
dosage form may be in the form of granules, which may be
irregularly shaped. In any of the embodiments of the present
invention, although the size of the particles is generally not
critical, a certain particle size or sizes can be preferred
depending upon the characteristics of the dosage form. For
example, the dosage form can comprise a capsule containing
a first and/or second group of particles. The particles should
then be of a size which allows for ease in handling, and which
allows for the particles comprising a desired quantity of drug
to be readily measured and inserted into the capsule. If the
dosage form comprises a single group of particles providing
a substantially immediate dose and a delayed dose, the par-
ticles are preferably of a size and shape which facilitate oral
administration. For example, the particles can be in the form
of tablets, caplets, etc. Alternatively, the particles can be
contained within a capsule of suitable size and shape for oral
administration. If desired, various fillers and/or binders
known to those skilled in the art can be included in the
particles to provide the desired size and shape.

Itwill be recognized by one skilled in the art that the dosage
forms of the present invention may include, in either or both
of the first dose and any delayed dose, pharmaceutically
acceptable carriers, extenders, fillers, processing aids, and
excipients known to those skilled in the art.

The following examples are merely illustrative of the
present invention and should not be considered limiting of the
scope of the invention in any way. These examples and
equivalents thereof will become more apparent to those
skilled in the art in light of the present disclosure and the
accompanying claims.

EXAMPLE 1

Preparation of Layered Pellets Containing d-MPD
Hydrochloride

A solution of d-MPD hydrochloride was prepared as fol-
lows. To 300 grams (g) of deionized water were added 100 g
of d-MPD hydrochloride, followed by moderate mixing,
using a stirring paddle, for 5 minutes. A 10 percent (weight)
solution of hydroxypropyl methylcellulose (HPMC E-6 from
Dow Chemicals, Midland, Mich.; 250 g) was added, followed
by homogenization for 5 minutes using an emulsifier head
(Silverson, Chesham, UK; Model L4R). After addition of
another 150 g of deionized water, the solution was sonicated
for 15 minutes (Sonicor Model SC-150T; Instruments Cor-
poration, Copiague, N.Y.), at which time the solution was
clear.

A second solution was prepared by combining 300 g of
deionized water and 300 g of a 10% (wt) HPMC E-6 solution
and mixing for 5 minutes.

The first solution was sprayed onto 25/30 mesh non-pareil
seeds (Ozone Co., Elmwood Park, N.J.) in a fluid bed appa-
ratus (GPCG-1, Glatt Air Techniques, Inc., Ramsey, N.J.)
using a Wurster head. The second solution was then sprayed
to form a sealant. For both solutions, the spray rate was 8-9
g/minute. Inlet temperature was 50-55° C. and the non-pareil
seeds were maintained at 35-40° C. Air volume was 6-7
meters per second (m/s).
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EXAMPLE 2

Preparation of Coated Pellets Containing d-MPD
Hydrochloride

A dispersion of 844 g of Fudragit® RS30D (ammoni-
omethacrylate copolymer from Hiils America, Somerset,
N.J.; EA/MMA/TAMCI 1:2:0.1), was screened through a 60
mesh screen, then stirred for 15 minutes. A dispersion of 44 g
of Eudragit® RL30D (EA/MMA/TAMCI 1:2:0.2) was simi-
larly screened and stirred. The two dispersions were com-
bined and stirred for 15 minutes, forming a combined disper-
sion. Triethyl citrate (TEC; from Moreflex, Greensboro,
N.C.; 54 g) was added, followed by an additional 15 minutes
of stirring. Deionized water (664 g) was added, followed by
15 minutes of stirring. Tale (108 g; from Luzenac, Engle-
wood, Colo.) was added, followed by further stirring for 15
minutes.

The resulting combined dispersion was sprayed onto lay-
ered pellets prepared according to Example 1, using a fluid
bed apparatus as used in Example 1. Spray rate was 9-10
g/minute, inlet temperature 40-45° C., and air volume 5-6
m/s. The non-pareils were maintained at 30-35° C. during
spraying. A total of 960 g of dispersion was sprayed onto the
pellets, representing a 30% weight increase due to the applied
coating.

EXAMPLE 3

Evaluation of Drug Release Profile for Coated
Pellets Prepared According to Example 2

Pellets were prepared according to Example 2, varying the
ratios of the polymers between 90:10 and 93:7.

Dissolution Measurements

Dissolution was carried out in order to determine rate of
release of d-MPD from the pellets. USP Apparatus I (United
States Pharmacoepia Convention, Rockville, Md.) was used.
The dissolution medium was 900 ml of deionized water (un-
less otherwise specified) and the temperature was maintained
at37° C. The sample cell size was 1 cm (a flow through cell),
and the samples were stirred continuously at 100 rpm. The
apparatus was equipped with a diode array spectrophotom-
eter, and absorption at 220 nanometers (nanometers (nm))
was measured to determine the concentration of d-MPD.
Samples were measured at 60, 120, 180, 240, 360, 480, 600,
720, 840, 900, 960, 1080, 1200, 1320 and 1440 minutes.

Results of the dissolution measurements are presented in
Table 1. The results indicate that the amount of drug released
is influenced by: amount of coating, ratio of the two polymers,
amount of talc, and curing time.

EXAMPLE 4
Comparative Example

A dispersion of 911.25 g of Eudragit® RS30D was passed
through a 60 mesh screen and mixed with a similarly screened
dispersion of 101.25 g of Eudragit® RL.30D for 15 minutes at
moderate speed. Triethyl citrate (61 g) was added, followed
by an additional 15 minutes of mixing. After mixing, 991.5 g
of deionized water, then 61 g of talc were added with 15
additional minutes of mixing following each addition. The
resulting dispersion (1600 g) was sprayed onto 800 g of
layered sealed pellets prepared according to Example 1.

No delay was observed; substantially all of the drug was
released within approximately one hour. Result is shown in
Table 1 (Trial 1).
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EXAMPLE 5

Comparative Example

A dispersion of 600 g of Eudragit® NE30D was screened
through a 60 mesh screen and mixed with a 600 g dispersion
of magnesium stearate for 15 minutes at moderate speed. The
resulting dispersion (750 g) was sprayed onto 750 goflayered
and sealed pellets prepared according to Example 1.

After a delay of 2 hours, release of the drug was observed.
About 85% of the drug was released after 14 total hours.

TABLE 1
RELEASE TIMES
Trial % Talc, Cure Time for 85%
No. coat Ratio Delay % time release
1 40 90:10 none 20.0 24 hrs 1.0
2 30 95:5 4.0 20.0 " 8.0
3 30 95:5 4.0 20.0 " 8.0
4 30 937 1.0 20.0 " 3.0
5 40 937 1.0 20.0 " 4.0
6 30 93.5:6.5 2.0 20.0 " 5.0
7 40 " 2.0 20.0 " 5.0
8 30 94.5:5.5 2.0 20.0 " 8.0
9 40 " 1.0 20.0 " 5.0
10 30 94:6 2.0 20.0 " 5.0
11 40 " 2.0 20.0 " 5.0
12 30 95:5 2.0 40.0 " 5.0
13 40 " 3.0 40.0 " 8.0
14 30 96:4 4.0 40.0 " 10.0
15 40 " 5.0 40.0 " 10.0
16 30 " 4.0 40.0 7 days 10.0
17 20 95:5 2.0 40.0 " 5.0
18 30 " 3.0 40.0 " 6.0
19 30 3.0 40.0 6.0
20 30 2.0 40.0 6.0
21 40 3.0 40.0 8.0

What is claimed:

1. A solid dosage form comprising d-threo methylpheni-
date or salt thereof providing a plasma concentration profile
of said d-threo methylphenidate or salt thereof comprising
two maxima temporally separated by from about two hours to
about seven hours, said solid dosage form comprising:

(a) a first group of particles comprising from about 2% to
about 99% by weight of d-threo methylphenidate or salt
thereof;, and

(b) a second group of particles comprising coated particles,
said coated particles comprising from about 2% to about
75% by weight of d-threo methylphenidate or salt
thereof in admixture with one or more binders and a
coating comprising an ammonio methacrylate copoly-
mer.

2. The solid dosage form of claim 1, wherein said solid

dosage form is a tablet.

3. The solid dosage form of claim 1, wherein said solid
dosage form is a capsule.

4. The solid dosage form of claim 1, wherein the d-threo
methylphenidate or salt thereof is d-threo methylphenidate
hydrochloride.

5. The solid dosage form of claim 1, wherein the first group
of particles provides a substantially immediate dose of said
d-threo methylphenidate upon ingestion by a mammal.

6. The solid dosage form of claim 1, wherein the magnitude
of said plasma concentration profile maxima differ by no
more than about 30%.





