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UNITED STATES DISTRICT COURT FOR THE
EASTERN DISTRICT OF MICHIGAN
SOUTHERN DIVISION

ABBOTT LABORATORIES, an Illinots
corporation,

Plaintiff, Case: 2:08-cv-10498

Judge: Edmunds, Nancy G

Referral MJ: Hluchaniuk, Michael J.

V. Filed: 02-04-2008 At 02:24 PM

CMP ABBOTT LABORATORIES V SUN PHARMACEUTICAL

SUN PHARMACEUTICAL INDUSTRIES, INDUSTRIES LTE! (EW)

LTD., an Indian corporation,

Defendant.

COMPLAINT

Plaintiff Abbott Laboratories (“Abbott”), for its complaint against defendant SUN
Pharmaceutical Industries, Ltd. (“SUN™), alleges as follows:

THE PARTIES

1. Abbott is a corporation organized under the laws of the State of Illinois, having its
headquarters and principal place of business at Abbott Park, lllinois 60064.

2. SUN is a corporation organized under the laws of India, having its corporate
hf:adquarters at Acme Plaza, Andheri Kurla Road, Andheri (East), Mumbai — 400 059, India.

JURISDICTION AND VENUE

3. This Court has subject matter jurisdiction over this suit pursuant to 28 U.S.C.
§ 1331 and § 1338(a), as it arises under an Act of Congress relating to patents, Title 35, United
States Code, §§ 1, et seq.

4. This Court has personal jurisdiction over SUN by virtue of, among other things,

SUN’s systematic and continuous contacts with this judicial district.
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5. SUN also notified Abbott, via letter, that SUN would consent to personal
Jurisdiction in this Court for purposes of any patent infringement action brought by Abbott
relating to ANDA No. 90-026.

6. Venue properly exists in this judicial district pursuant to 28 U.S.C. § 1391 and
§ 1400(b).

FACTUAL BACKGROUND

A. The Abbott Patents

7. Abbott sells a prescription drug product under the trademark Depakote®, which
product is indicated for the treatment of epileptic seizures or convulsions, bipolar disease, and
migraine headaches. The active ingredient in Depakote® is divalproex sodium.

8. On August 4, 2000, the United States Food and Drug Administration (“FDA”)
approved Abbott’s New Drug Application No. 21-168 to market Depakote® ER (extended-
release) tablets in a 500 mg dosage strength. Depakote® ER was subsequently approved in a 250
mg dosage strength on May 31, 2002. As a result, Depakote® ER is included in the FDA’s list of
“Approved Drug Products With Therapeutic Equivalence Evaluations,” also known as the
“Orange Book.” Approved drugs listed in the Orange Book may be used as the basis of a later
applicant’s Abbreviated New Drug Application (““ANDA") to obtain approval of the applicant’s
generic drug product under the provisions of 21 U.S.C. § 355(j).

9. Abbott is the owner of and has the right to enforce United States Patent No.
6,511,678 (the “*678 patent™), entitled Controlled Release Formulation of Divalproex Sodium.
(A copy of the *678 patent is attached as Exhibit A, and is incorporated by reference.) The <678

patent issued on January 28, 2003, and expires December 18, 2018.
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10.  Abbott is the owner of and has the right to enforce United States Patent No.
6,528,090 (the ““090 patent™), entitled Controlled Release Formulation of Divalproex Sodium.
(A copy of the 090 patent is attached as Exhibit B, and is incorporated by reference.) The ‘090
patent issued on March 4, 2003, and expires December 18, 2013.

11. Abbott is the owner of and has the right to enforce United States Patent No.
6,713,086 (the ““086 patent”), entitled Controlled Release Formulation of Divalproex Sodium.
(A copy of the ‘086 patent is attached as Exhibit C, and is incorporated by reference.) The ‘086
patent issued on March 30, 2004, and expires December 18, 2018.

12.  Abbott is the owner of and has the right to enforce United States Patent No.
6,720,004 (the ““004 patent”), entitled Controlled Release Formulation of Divalproex Sodium.
(A copy of the ‘004 patent is attached as Exhibit D, and is incorporated by reference.) The 004
patent issued on April 13, 2004, and expires December 18, 2018.

13.  The ‘678 patent, the ‘090 patent, the ‘086 patent, the ‘004 patent, and other
patents, are listed in the FDA’s Orange Book in association with both the 500 mg and 250 mg
strengths of Depakote® ER.

B. SUN Notifies Abbott Regarding the Filing of ANDA No. 90-026.

14. On January 4, 2008, Abbott received a letter from SUN dated December 20, 2007,
stating that (i) SUN submitted ANDA No. 90-026 to the FDA, requesting approval to market a
generic version of Depakote® ER—called “divalproex sodium extended release tablets”—in 500
mg and 250 mg dosage strengths; (ii) the ANDA included a Paragraph IV Certification (21

U.S.C. § 355()(2NA)(vii}(IV)) directed to the ‘678 patent, the ‘090 patent, the ‘086 patent, and
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the ‘004 patent; and (iii) SUN sought FDA approval to market SUN’s proposed generic product
before these and other patents expire.

15.  SUN attached to its December 20, 2007 letter a purportedly “Detailed Statement
of the Factual and Legal Bases for SUN India’s Opinion that each Claim of the ‘953 Patent, the
‘090 Patent, the ‘091 Patent, the ‘678 Patent, the ‘086 Patent, and the ‘004 Patent Is Not
Infringed by the Product Which Is the Subject of SUN India’s ANDA No. 90-026[.]" See 21
U.S.C. § 355()(2)(B)(1v); see also 21 C.F.R. § 314.95(c)(6)(i) - (11). SUN stated its position 1n
that document regarding whether its proposed product would infringe the ‘678 patent, the ‘090
patent, the ‘086 patent, and the ‘004 patent, but did not argue that any of these patents are invalid
or unenforceable.

16.  The active ingredient in SUN’s proposed generic drug product is divalproex
sodium, and the ANDA purports to describe a formulation for achieving a controlled release of

divalproex sodium in patients.

COUNT I: INFRINGEMENT OF THE ‘678 PATENT

17.  Abbott repeats and incorporates by reference each and every allegation of
paragraphs 1-16 as if fully set forth herein.

18. Under 35 U.S.C. § 271(e)(2), the submission of an ANDA under 21 U.S.C.
§ 355()) for a drug product or formulation claimed in a patent or for a drug use claimed in a
patent is an act of infringement if the applicant seeks FDA marketing approval effective prior to
the expiration of the patent. SUN’s submission of ANDA No. 90-026 for approval to sell

divalproex sodium extended release tablets in 500 mg and 250 mg dosage strengths before the
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expiration of the ‘678 patent constitutes an act of infringement of that patent pursuant to 35
U.S.C. § 271(e)(2).

19.  One or more of the two dosage strengths of SUN’s proposed generic versions of
Depakote® ER, as described in ANDA No. 90-026, utilizes a controlled-release formulation that
infringes the ‘678 patent.

20.  SUN 1s liable for infringement of the *678 patent.

21.  Abbott has no adequate remedy at law to redress SUN’s infringement.

COUNT II: INFRINGEMENT OF THE ‘090 PATENT

22.  Abbott repeats and incorporates by reference each and every allegation of
paragraphs 1-16 as if fully set forth herein,

23, Under 35 US.C. § 271(e}?2), the submission of an ANDA under 21 U.S.C.
§ 355(3) for a drug product or formulation claimed in a patent or for a drug use claimed in a
patent 1s an act of infringement if the applicant seeks FDA marketing approval effective prior to
the expiration of the patent. SUN’s submission of ANDA No. 90-026 for approval to sell
divalproex sodium extended release tablets in S00 mg and 250 mg dosage strengths before the
expiration of the ‘090 patent constitutes an act of infringement of that patent pursuant to 35
US.C. § 271(e)}2).

24.  One or more of the two dosage strengths of SUN’s proposed generic versions of
Depakote® ER, as described in ANDA No. 90-026, utilizes a controlled-release formulation that
infringes the ‘090 patent.

25. SUN is liable for infringement of the ‘090 patent.

26. Abbott has no adequate remedy at law to redress SUN’s infringement.
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COUNT II: INFRINGEMENT OF THE ‘086 PATENT

27.  Abbott repeats and incorporates by reference each and every allegation of
paragraphs 1-16 as if fully set forth herein.

28. Under 35 U.S.C. § 271(e)(2), the submission of an ANDA under 21 U.S.C.
§ 355(;) for a drug product or formuiation claimed in a patent or for a drug use claimed mn a
patent is an act of infringement if the applicant seecks FDA marketing approval effective prior to
the expiration of the patent. SUN’s submission of ANDA No. 90-026 for approval to sell
divalproex sodium extended release tablets in 500 mg and 250 mg dosage strengths before the
expiration of the ‘086 patent constitutes an act of infringement of that patent pursuant to 35
U.S.C. § 271(e)(2).

29.  One or more of the two dosage strengths of SUN’s proposed generic versions of
Depakote® ER, as described in ANDA No. 90-026, utilizes a controlled-release formulation that
infringes the ‘086 patent.

30.  SUN s liable for infringement of the ‘086 patent.

31.  Abbott has no adequate remedy at law to redress SUN’s infringement.

COUNT IV: INFRINGEMENT OF THE ‘004 PATENT

32.  Abbott repeats and incorporates by reference each and every allegation of

paragraphs 1-16 as if fully set forth herein.

33, Under 35 U.S.C. § 271(e)(2), the submission of an ANDA under 21 US.C.
§ 355(j) for a drug product or formulation claimed in a patent or for a drug use claimed in a
patent is an act of infringement if the applicant seeks FDA marketing approval effective prior to

the expiration of the patent. SUN’s submission of ANDA No. 90-026 for approval to sell
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divalproex sodium extended release tablets in 500 mg and 250 mg dosage strengths before the
expiration of the ‘004 patent constitutes an act of infringement of that patent pursuant to 35
U.S.C. § 271(e)}2).

34. One or more of the two dosage strengths of SUN’s proposed generic versions of
Depakote® ER, as described in ANDA No. 90-026, utilizes a controlled-release formulation that
infringes the ‘004 patent.

3s. SUN is liable for infringement of the ‘004 patent.

36.  Abbott has no adequate remedy at law to redress SUN’s infringement.

PRAYER FOR RELIEFK

WHEREFORE, Abbott prays for the following relief:

(a) a judgment that the ‘678 patent remains valid and enforceable and is infringed
under 35 U.S.C. § 271(e)(2) by the filing of ANDA No. 50-026;

(b) an order declaring that ANDA No. 90-026 cannot be approved earlier than the
expiration date of Abbott’s ‘678 patent;

(c) an injunction prohibiting SUN, any of its affiliates, or those working in concert
with it, from commercially manufacturing, selling, offering to sell, importing, or using a
formulation covered by the ‘678 patent, or otherwise infringing one or more claims of the ‘678
patent during the life of the patent;

(d) a judgment that the ‘090 patent remains valid and enforceable and is infringed
under 35 U.S.C. § 271(e)(2) by the filing of ANDA No. 90-026;

(e) an order declaring that ANDA No. 90-026 cannot be approved carlier than the

expiration date of Abbott’s ‘090 patent;
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® an injunction prohibiting SUN, any of its affiliates, or those working in concert
with it, from commercially manufacturing, selling, offering to sell, importing, or using a
formulation covered by the ‘090 patent, or otherwise infringing one or more claims of the ‘090
patent during the life of the patent;

(2) a judgment that the ‘086 patent remains valid and enforceable and is infringed
under 35 U.S.C. § 271(e)(2) by the filing of ANDA No. 90-026;

) an order declaring that ANDA No. 90-026 cannot be approved carlier than the
expiration date of Abbott’s ‘086 patent;

(1) an injunction prohibiting SUN, any of its affiliates, or those working in concert
with it, from commercially manufacturing, selling, offering to sell, importing, or using a
formulation covered by the ‘086 patent, or otherwise infringing one or more claims of the ‘086
patent during the life of the patent;

§)] a judgment that the ‘004 patent remains valid and enforceable and is infringed
under 35 U.S.C. § 271(e)(2) by the filing of ANDA No. 90-026;

(k}  an order declaring that ANDA No. 90-026 cannot be approved earlier than the
expiration date of Abbott’s ‘004 patent;

(1) an injunction prohibiting SUN, any of its affiliates, or those working in concert
with it, from commercially manufacturing, seclling, offering to sell, importing, or using a
formulation covered by the ‘004 patent, or otherwise infringing one or more claims of the ‘004
patent during the life of the patent;

(m) an award of Abbott’s costs and attorneys’ fees pursuant to 35 U.S.C. § 271(e)(4)

and § 285; and
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{n) such other and further relief as this Court may deem just and proper.

Dated: February 4, 2008

Of Counsel
Daniel E. Reidy, Illinois Bar No. 2306948
E-mail: dereidy@jonesday.com
James R. Daly; Illinois Bar No. 6181714
Email: jrdaly@jonesday.com
Jason G. Winchester; Illinois Bar No.
6238377,
Email: jgwinchester@jonesday.com
JONES DAY
77 West Wacker Drive, Suite 3500
Chicago, Illinois 60601-1692
(T): 312.782.3939
(F): 312.782.8585

Perry C. Siatis

ABBOTT LABORATORIES

100 Abbott Park Road

Abbott Park, Illinois 60064-6034

Respectfully submitted,

N 0 SES, i

Damel N. Sharkey (P53837)
Deborah J. Swedlow (P67844)
sharkey@butzel.com
swedlow@butzel.com
BUTZEL LONG

350 S. Main Street, Suite 330
Ann Arbor, Michigan 48104
(T): 734: 995-3110

(F): 734-995-1777

Melissa B. Hirst (admission pending)
mbhirst@jonesday.com

JONES DAY

77 West Wacker Drive, Suite 3500

Chicago, Illinois 60601-1692

(T): 312.782.3939

(F): 312.782.8585

Attorneys for Abbott Laboratories
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Exhibit A
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AR A

United States Patent

(10) Patent No.: US 6,511,678 B2

(12)
Qiu et al. #5) Date of Patent: *Jan. 28, 2003
(54) CONTROLLED RELEASE FORMULATION 4699927 A 1071987 Deboeck
OF DIVALPROEX SODIUM 4013906 A 4/1990 Friedman et al.
4,988,731 A 1/1991 Meade
(75) Inventors: Yihong Qiu, Gumee, [L. (US); J. 5,009,897 A 471991 Brinker ct al.
Daniel Bnl!lnger, Libertyville, IL (US); 5,017,613 A 5/1991 Aubert et al.
Sandeep Dutta, Waukegan, IL (US) (List continued on next page.)
Howard S. Cheskin, Gleacee, IL (US);
Kevin R. Engh, Kenosha, WI (US); FOREIGN PATENT BOCUMENTS
Richard P. Poska, Mundelein, IL (US) EP 0141267 BL 81987
EP 0 430 287 B2 6/1951
(73) Assignee: Abbott Laboratories, Abbott Park, IL  gp WO SR B T v 1008
us) WO WO 94/27587 1271934
WO WO 00/37055 6/2000
{*)} Notice: Subject to any disclaimer, the term of this WO WO 00/45793 Al 872000
patent is extended or adjusted under 35
US.C. 154(b) by 4 days. OTHER PUBLICATIONS
. . . . . Colins et al., “Depakate CR; Biopharmaceutical and Phar-
This patcat is subject to & lemminal dis- macokinetic Studies of a New Formulation for Once Daily
claimer. Dosing”, Neurology, vol. 50(), Supplemental 4, Apr. 1998,
p. A426."
(21) Appl. No.: 09/748,567 .
. (List contineed on next page.)
(22) Filed: Dec. 22, 2000
Primary Examiner—Thurman K. Page
(65) Prior Publication Data Assistant Examiner—1Isis Ghali
US 20010020039 Al Sep. 6, 2001 (74) Anarney, Agent, or Firm—Paul D. Ylsgef
Related U.S. Application Data 7 ABSTRACT
L o Anew oral polymeric controlled refease formulation suitable
(63) g"“’l’;a‘;gg;"'p‘m of application No. 09/216,650, filedon  far the once-a-day administration of valproate compounds,
“ 15 " such as divalproex sodium, has been discovered. This for-
(51) Int. CL7 s AG1K 9/00  mulation exhibits significant advantages over the sustained
(52) US.CL ... 424/464; 442/465; 442489, release valproaie formulations of the prior art. This formu-
442/499; 442/468; 442/470 lation minimizes the variation between peak and trough
(58) FleM of Search ...........coworeune... 424/454, 486, plasma levels of valproate over a 24 hour dosing period. This
424/458, 459, 461, 462, 470, 490, 494, formulation follows a zero-order release pattern thus pro-
495, 497 ducing esseptially flat plasma levels of valproate, once
. steady-state levels have been achieved. This results in a
(56) References Cited significantly lower incidence of side cffects for patients
consuming such a formulation.
U.S. PATENT DOCUMENTS
4369,172 A 1/1583 Schor et al. 8 Claims, 4 Drawing Sheets
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US 6,511,678 B2
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U.S. PATENT DOCUMENTS

5,019,398 A 5/1991 Daste

5,055,306 A 10/1991 Barry et al.

5,169642 A 12/1992 Brinker et al.

5,185,159 A %1993 Aubert et al.

5212326 A 571993 Meade

5589191 A 121996 Ukigaya et al.

5593600 A * 1/1997 Akiyama el al. ......... 424/457
5§503694 A * 11997 Hayashida etal. ... 424/464
6,077,542 A 6/2000 Sherman

6150410 A 112000 Enghetal.

QOTHER PUBLICATIONS

Colins, ¢t al., “Depakote CR: Biopharmaceutical and Phar-
macokinetic Studies of a New Formulation for Once Daily
Dosing”, Neurology, vol. 50(4), Supplement 4, Apr. 1598, p.
A426.

Samara, et al., “Bioavailability of a ControlledRelesss For-
mulation of Depakote”, No. 3.053, Epilepsia, vol. 38, Suppl.
8, 1997.

Cavanaugh, et al., “Effect of Food on the Bioavailability of
a ControlledRelease Formulation of Depakote Under Mul-
tipleDase Conditions™, Na. 2.002, Epilepsia, vol. 38, Suppl.
8, 1997.

Freitag, et al, “Depakote ER in Migraine Prophylaxis”,
Abstract No, $07.003, Nucrology 54 Apr. 2000 (Suppl 3), p.
Al4

Physicians’ Desk Reference, (Web Version}, 2001, Depakote
ER, published by The Medical Economics Company.
Abstract of Collios, et al., “Extended Release Formulations
of Anticonvulsant Medications Clinical Pharmacokinetics
and Therapeutic Advantages”, CNS Drugs, New Zealand,
2000, 14/3 (203-212).

Abstract of Bialer, ¢l ab., “Criteria to Assess in Vivo DPer-
formance and Bicequivalence of Generic Controlled—
Release Formulations of Carbamazepine”, Epilepsia United
States, 1998, 39/5 (513-519).

Abstract of Chun, et al, “Multiple—dose Evaluation of the
Absorption Characteristics of Divalproex Sodium Tablets, a
Delayed—Release Preparation of Valproate, in Healthy Vol-
unteers”, Clinical Drug Investigation, New Zealand, 1995,
10/1 (40-47).

Abstract of Bressolle, et al, “A Double Weibull input
Function Describes the Complex Absorption of Sustained—
Release Oral Sodium Valproate”, Journal of Pharmaceutical
Sciences, United States, 1994, 83/10 (1461~-1464).
Abstract of Hussein, el al., “Pharmacokinetics of Valproate
after Multiple—dose Oral and Intravenous Infusion Admin-
istraton: Gastrointestinal-related Diurnal Variation”, Journal
of Clinical Pharmacology, United States, 1994, 2477
(754-759.

Abstract of Wilder, et al, “Gastrointestinal Tolerance of
Divalproex Sodium”, Neurology, United States, 1983, 33/6
(808-811).

Abstract of Wilder, et al., “Twice-daily Dosiag of Valproate
with Divalproex”, Clinical Pharmacology and Therapeutics,
United States, 1983, 34/4 (501-504).

Bialer et al, Int. J. Pharmaceutics, 20: 53-63 (1984).
Bialer et al., Biopharmaceutics and Drug Dispositon, 6:
401411 (1985).

Bialer et al., Isracl J. Med. Sci., 20: 4649 (1984).
Collins ¢t al., Extended Release Formulations of Anticon-
vulsant Medications Clinical Pharmacokinetics and Thera-
peutic Advantages, CNS Drugs 200s0 Sep. 14 (3): 203-212.

* cited by examiner
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US 6,511,678 B2

H

CONTROLLED RELEASE FORMULATION
OF DIVALPROEX SODIUM

CROSS REFERENCE

This application is a continuation-in-part of U.S. patent
application Ser. No. 09/216,650, filed Dec. 18, 1998, the
contents of which are hereby incorporated by refercnce.

TECHNICAL FIELD

The present invention relates to pharmaceutical formula-
tions. More parsicularly, the presem invention concerns a
formulation comprisiag valproic acid, a pharmaceutically
acceplable salt, ester, or amide thereof, or divalproex
scdium, in a contolled release formulation. These con-
trolled release dosage forms have ap impraved pharmaco-
kinetic profile. These dosage forms minimize the varance
between peak and trough plasma levels of valproate, result-
ing in a reduction in the incidence of side effects.

BACKGROUND

2-Propylpentanoic acid, more commonly known as valp-
rojc acid (“VPA™) is effective as an antiepilpetic agesl. After
ingestion, the free acid dissociates to the valproate ionm
within the gastrointestinal traci. The valproate jon is

" absorbed and produces the therapeutic effect descrnbed
above, Physicians Desk Reference (“PDR™), 52 Edition,
page 426 (2000).

Divalproex sodium is effective in the treatment of
cpilepsy, migraine, and bipolar disorders. It also dissociates
to the valproate ion within the gastrointestinal tract. This
substance is described in more detail in US. Pat. No.
4,988,731, and U.S. Par. No. 5,212,326, the contents of bath,
which are hereby incorporated by reference.

in

20

Laa
ry

The acid moiety of valproic acid has been functionalized ~

in arder to produce prodrugs capable of geperating a val-
proate jon in-vivo. For example, the amide of valproic acid,
valpromide (“VPO"), has been produced, as well cerfain
salts and esters of the acid,

Despite the efficacy of these drugs in the trestment of
conditions such as epilepsy, they all suffer from a common
disadvantage. These valproate compounds have a relatively
short half life. For example, the half life of valproic acid is
reported to be between six and seventeen hours tn adults and
berween four and fourieen hours in children. This leads wo
substantial fluctuations in the plasma copcentration of the
drug, especially in chronic administration. To maintain rea-
sonably stable plasma concentrations, it is necessary to
resort to frequent dosing, and the resulting inconveaience to
the patient often results in lowersd compliance with the
prescribed dosing regimen. Moreover, widely fluctuating
plasma concentratioas of the drug may result in administra-
tion of less than therapeutic amounts of the drug in a
conservabive dosing regimen, or amounts too large for the
particular patient ia ao aggressive dosing regimen. The
logical solution Lo this problem would be 10 develop sus-
tained release dosage forms that decrease the dosing fre-
quency of the compounds.

However, the pharmacokinetics of valproic acid, and
other valproate compounds, has complicated such develop-
ment efforts. The relationship between plasma concentration
and clinical response is not well documented for valproate.
One contributing factor is the ponlinear, conceatration
dependent profein binding of valproate, which affects the
clearance of the drug. As the dose of valproate increases,
serum levels rise faster than mipht be expected since pro-

45

50

60
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portionately less of the dose is bound to piasma proteins. For
example, because the plasma protein binding of valproate is
concentration dependant, the free fraction increases from
approximately 10% at 40 kg/ml to 18.5% at 130 ug/mi.

These nonlinear kinetics significantly increase the diffi-
culty of designing sustained release dosage forms. Identical
doses of the valproate compound can produce vastly differ-
ent blood levels depending upon the rate at which the
valproate compound is released from the dosage form.

Further complicating development efforts is the fact that
a correlation belween valproate fevels and efficacy is
unknown for disease states otber than epilepsy. For example,
therapeutic concentrations required 10 treat migrzine head-
aches and bipolar disorders have not been established.

What impact valproate levels play in a number of side
effects is also unknown at the present time. Gl irritation is
very common in patients copsuming valproate, affecting up
to one third of patients. The incidence increases at clevated
doses. It is unknown if this side effect is caused by local
irritation within the GI tract or is mediaied via the stioula-
tion of a receptor within the central nervous system (and thus
is dependant upon plasma valproate levels). Other side
¢ects such as asthenia, dizziness, somnolence, alopecia,
and weight gain ar¢ quite comeon. It is also unknown if
these side effects can be comrelated with plasma levels of
valproate. A more detailed discussion of valproate side
effects may be found in PDR supra, page 421437,

In spite of the nonlincar kinetics of the compounds, a
concerted effort has been devoted fo the discovery of val-
proate formulations that will maintain more constant plasma
levels of the drug following administration. The ultimate
goal of these studies has been the discovery of a formulation
which affords stable plasma levels in a once-a-day dosing
regimen. These efforts fall generally into one of two cat-
egories: (a) finding a form of the active ingredient which is
more slowly released to the body metabolically, and (b)
finding a formulation which delivers the drug by either a
timed- or controlled-release mechanism.

U.S. Pat. No. 4,369,172 to Schor, et al. describes, for
example, a projonged release therapeutic composition based
on mixtures of hydroxypropyl methylcellulose, ethyl cellu-
lose and/or sodium carboxymethy] cellulose. The patentees
provide a long list of therapsutic agents which they suggest
¢an be incorporated into the formulation including sodium
valproaie.

U.S. Pai. No, 4,913,906 to Fnedman, ¢\ al. discloses a
controlled release dosage form of valproic acid, its amide, or
one of its salts or esters in combination with a natural or
synthetic polymer, pressed into a tablet under high pressure.

U.S. Pat. No. 5,009,857 to Brinker, et al. discloses
grapules, suitable for pressing into tablets, the granules
comprising a core of divalproex sodivm and a coating of a
mixture of a2 polymer and microcrystalline cellulose.

U.S. Pat. No. 5,019,398 to Daste discloses a sustained-
release tablet of divalproex sodium in a matrix of hydrox-
ypropyl methyleetlulose and bydrated silica,

U.S. Pat. No. 5,055,306 o Barry, et al discloses an
effervescent or water-dispersible granular sustained release
formulation suitable for use with a vadety of therapeutic
agents. The granules comprise 4 core comprising the active
ingredient and at least one excipient, and a water insoluble,
water-swellable coating comprising 2 copolymer of ethyl
acrylate apd methyl methacrylate and a water soluble
bydroxylated cellulose derivative. The patentees. suggest a
list of therapeutic agents which may be used in the formu-
lation of the invention, incleding sodium valproate,
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1J.5. Pat. No. 5,165,642 to Brinkler, ¢t al. discloses a
sustained release dosage form comprising granules of dival-
proex sodium or amides or esters of valproic acid coated
with a sustained release composition comprising cthyl cel-
lulose or a methacrylic methyl ester, a plasticizer, a detacki-
fying agent, and a slow-rejease polymeric viscosity agent.

U.S. Pat. No. 5,185,159 to Aubert, et al. discloses a
formulation of valproic zcid and sodivm valproate which is
prepared without the use of either a binder or a graoulating
solvent. The formulation optionally comtains precipitated
silica as an anli-sticking or detackifying agent.

U.S. Pat. No. 5,589,191 to Exigua, ¢t al. discloses a slow
release sodium valproate tablel formulation in which the
tablets are coated with ethyl cellulose coataining silicic acid
anhydride.

Published PCT application WO 94/27587 to Ayer, ct al.
discloses a method for control of epilepsy by delivering a
therapeulic composition of divalproex sodium in combina-
tion with a poly (alkylene oxide).

Bialer, et al., “Metabolism of Antiepileptic Drugs,” pp.
143-151, R. H. Levy, Ed., Raven Press, New York, 1984;
Int. J. Pharmacewics, 20: 53-63 (1984); and Bigpharma-
ceuties and Drug Disposition, 6: 401—411 (1985); and Israel
J. Med. Sci., 20: 46-49 (1995) rcport the pharmacokinetic
evaluation of several sustained release formulations of val-
proic acid,

Despite all of these cfforts, there remains the need for 2
sustained release formulation of divaproex sodium, and
other valproate compounds, that will permit once-a-day
dosiog. Further, there remains the need for a formulation
which will effectively maintain plasma concentrations of the
drug at more constan( levels over a 24 hour dosing period
(i.e. minimize the variation between peak zod trough plasma
levels). Further, sustained release formulations are needed
that will decrease the incidence of side effects associated
with valproate therapy. More specifically, there remains the
need to reduce the incidence of nausea, vomiting, asthenia,
somnolence, alopecia, weight gain, ctc. in patients under-
going valproate therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which form a part of this specification:

FIG. 1 is a graphical represcntation of the release of drug
from several lesis controlled release lablet formulations
under in vitro conditions.

FIG. 2 is a graphical representation of in vitro release of
drug from two preferred controlled refease lablet formula-
tions of the invention.

FIG. 3 is a graphical representation of plasma valproate
levels of two qd (once-a-day) and one bid (twice-a-day)
dosage form.

FIG. 4 is 2 graphical representation of plasma valproate
levels of a gd {once-a-day) and bid (twice-a-day) dosage
form.

SUMMARY OF THE INVENTION

In accordance with the present invention, a mew oral
controlled releass formulation suitable for the once-a-day
administration of valproate compounds, such as divalprocx
sodium, has been discovered. This formulation exhibits
significant advaniages ovet the sustained release valproate
formmulations of the prior art. This formulation minimizes the
variation between peak and trough plasma levels of val-
proate over a 24 hour dosing period. This formulation
follows a zero-order release pattern thus producing essen-
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tially Rat plasma levels of valproate, once steady-state levels
have been achicved. This results in a significantly lower
incidence of side ecffects for patients consuming such a
formulation.

The gd formulation produces the following pharmacoki-
netic profile. Peak concentrations of valproate, C,,.., are
statistically significantly (p<0.05) below those produced by
valproate dosage forms suitable for twice a day administra-
tion (over a 24 hour period). Trough levels of valproate,
C_,, are not statistically significantly different from those
obtained with a twice-a-day dosage form {over a 24 bour
period). The extent of absorption, as defined by area uader
the curve (AUC), is equivalent to those produced by the
twice a day valproate dosage forms (over a 24 hour period).
Such a combiration of properties has unexpected benefits. It
allows therapeutic levels of valproate to be maintained over
2 24 hour dosing period. Further, it has been discovered that
a significantly lower incidence of side cffects kes been
achieved by this reduction in peak plasma conceatration.
Gastrointestinal side effects, alopecia, and certain CNS side
cffects bave been reduced.

The controlled release once-a-day formulation (qd”) is
bydrophilic matrix dosage form. It comprises a valproate
compeund that is in admixture with a sufficient quantity of
at least one pharmaceutically acceptable polymer. A suffi-
cient quantity of the polymer is utilized, so that said formu-
lation exhibiis the following in-vitro dissolution profile,
when measured in a type 2 dissolution apparatus (paddle) at
100 rpm, 8t a tempenature of 3720.5° C., in 500 ml of 0.1N
HC! for 45 minutes, followed by 900 ml of 0.05M phosphate
buffer containing 75 mM sodiuvm tavre] sulfate (pH 5.5), for
the remainder of the testing period:

i. no more than about 30% of tolal valproate is released

after 3 hours of measurement in said apparatus;

ii. from about 40 1o about 70% of total valproale is
released after 9 hours of measurement in said appara-
us;

iii. from about 55 to 95% of total valproate is released
after 12 hour of measurement in said apparatus; and

iv. not less than 85% of total valproate is released after 18
hours of measurement in said apparatus,

Upan ingestion, a formulation meeting this profile pro-
duces the C, ... C,z 20d AUC described above. Further,
this formula produces steady state plasma valproate levels
having a degres of fluctuation that is lower than that pro-
duced by a corresponding twice-a-day valproate dosage
form. The qd formulation also provides for total absorption
of the valproate compound that is at least 80% of that
achieved by a daily dose of the corresponding twicc-a-day
formulation. Such a pharmacokinetic profile leads to 2
reduction in side effects associated with valproate therapy.

A more specific embodiment of this invention is directed
to a once-a-day divalproex sodivm dosage form. This for-
mulation will meet the dissolution profile listed immediately
above. Tt has a degree of fluctuation that is less thaa that
achieved hy a divalproex sodium delayed release tablet. This
qd dosage form also produces total valproate absorption that
is at Jeast 30% of that achieved by the divalproex sodium
delayed release tablets. Peak steady state plasma valproate
levels obtained with the gd dosage form are 10-20% lower
than that produced by the divalproex sodium delayed release
tablets. Trough levels, which arc important in maintaining
contro} of epileptic scizures, arc not statistically significantly
different from those obtained with the divalproex sodium
delayed release tablets. This qd dosage form has a reduced
incidence of side effects when compared to the divalprocx
delayed release tablets.
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DETAILED DESCRIFTION

I. Definitions and Background Information

As poted above, the invention relates {0 new and
improved dosage forms of valproic acid and oiber valproate
compounds which disassociate in-vivo to produce a val-
proate ion. Several valproate compounds are currently avail-
able commercially in the Ugiled States or have been
described in the literature.

One such compound is valproic acid. Valproic acid may
be represented by the following stnicture:

B3;C—CHy—CH, O
4
CH=—
HAC=—CH;—CH; OH

Valproic acid is available commercially from Abbott
Laboratories of Abbott Park, Ill. Methods for its synthesis
are described in Oberreil, Ber. 22, 1998 (1896) and Keil, Z.
Physiol. Chem. 282, 137 (1947). It's activity as an antiepi-
leptic compound is described in the Physician Desk
Reference, 52 Edition, page 421 (1998). Upon oral inges-
tion within the gastrointestinal tract, the acid moiety disas-
sociates to form a carboxylale moiety (i.e. & valproate ion).

The sodium salt of valproic acid is also known in the art
as an anti-epileptic agent. It is alsc known as sodium
valproate and is described in detail in The Merck Index, 12™
Edition, page 1691 (1996). Further descriptions may be
found in the Physician Desk Reference, 52 Edition, page
417 (1998).

Divalproex sodium is effective as an antiepileplic agent
and is also used for, migraine and bipolar disorders, Methods
for its preparation may be found in U.S. Pat. Nos, 4,988,731
and 5,212326, the contents of both whick are hereby
incorporated by reference. Like valproic acid, it also disas-
sociates within the gastrointestinal tract to form a valproate
ion.

In addition to these specific compounds, one of erdinary
skill in the art would readily recognize that the carboxylic
moiety of the valproate compound may be functionalized in
a variety of ways. This includes forming compounds which
readily metabolize in-vivo 1o produce valproale, such as
valproate amide (valproimide), as well as other pharmaceu-
tically acceptable amides and esters of the acid (ie.
prodrugs). This alse includes forming a variety of pharma-
ceutically acceptable salts.

Suitable pharmaceutically acceptable basic addition salts
include, but are not limited to cations based on alkali metals
or alkaline earth metals such as lithium, sodium, potessivm,
calcium, magnesium and aluminum salts and the like and
nontoxic quaternary ammonia and amine cations including
ammonium, tetramethylammonium, tetraethylammonivm,
methylamine, dimethylamine, trimethylamine,
triethylamine, diethylamine, ethylamine and the like. Other
representative organic amines useful for the formation of
base addition salts include ethylenediamine, ethanolamine,
diethanolamine, piperidine, piperazine and the like.

Other possible compounds include pharmaceutically
acceptable amides and esters. “Pharmaceutically acceptable
ester” refers to those esters which retain, upon hydrolysis of
the ester bond, the biological cffectiveness and properties of
the carboxylic acid and are not biologically or otherwise
undesirable. For a description of pharmaceutically accept-
able csters as prodrugs, see Bundgaard, E., ed., {1985)
Design of Prodrugs, Elsevier Science Fublishers,
Amsterdamn, which is hereby incorporated by reference.
These esters arc typically formed from the corresponding

10

15

20

3

35

45

50

65

6

carboxylic acid and an alcobol. Generally, ester formation
can be accomplished via conventional synthetic fechniques.
(See, e.g., March Advanced Organic Chemistry, 3 Ed.,
John Wiley & Sons, New York p. 1157 (1985) and references
cited therein, and Mark et al. Encyclopedia of Chemical
Technology, John Wiley & Sons, New York (1980), both of
which are hereby incorporated by reference. The alcohol
component of the ester will generally comprise (i) a2 C—C,,
aliphatic alcohol that can or can not conlain ong or more
double bonds and can or can pot contain branched carbons
or (ii) a C~C,, aromatic or beteroaromatic alcohols, This
invention also contemplates the use of those compositions
which are both esters as described herein and at the same
lime are the pharmaceutically acceptable salts therzof.

“Pharmaceutically acceptable amide” refers to those

amides which retain, upon hydrolysis of the amide bond, the

biological effectiveness and properties of the carboxylic acid

and are not biologically or otherwise undesirable. For a

description of pharmaceutically acceptable amides as

prodrugs, see Bundgaard, H., Ed., (1985) Design of

Prodrugs, Elsevier Science Publishers, Amsterdam. These

amides are typically formed from the corresponding car-

boxylic acid and an amine. Generally, amide formation can
be accomplished via conventional synthetic techmiques.

{Se¢, e.g., March Advanced Organic Chemistry, 3™ Ed,

John Wiley & Sons, New York, p. 1152 {1985) and Mark et

al. Encyclopedia of Chemical Techoology, John Wiley &

Sons, New York {1980}, both of which are hereby incorpo-

rated by reference. This invention also contemplates the use

of those compositions which are amides, as described
herein, and at the same time are the pharmaceutically
acceptable salts thereof. As used in this application:

a) any reference to “valproate” or “valproate compounds”
should be construed as inchiding a compound which
disassociates within the gastrointestinal tract, or within
in-vitro dissolution media, to produce & valproate jon
includiag, but not limited to, valproic acid, the sodium
salt of valproate, divalproex sadium, any of the various
salts of valproic acid described above, and any of the
prodrugs of valproic acid described above. Divalproex
sodium is the most preferred valproate compound of
the present invention.

b) “C,,." means maximum plasma concentration of the
valproate ion, produced by the ingestion of the com-
position of the invention or the twice-a-day comparator
(BID).

¢) “C,..." means minimum plasma concentration of the
valprozte ion, produced by the ingestion of the com-
position of the invention or the BID comparaior.

d) “C,,,” means the average conceniration of valproate
ion within the 24-bour interval produced by the inges-
tion of the composition of the invention or the BID

comparator. C,,, is calculated as AUC over a 24 hour

interval divided by 24.s

) “T,... means tme to the maximum observed plasma
concentration produced by the ingestion of the com-
position of the invention or the BID comparator.

f) “AUC” s uscd berein, means arca under the plasma
concentration-time curve, as calculated by the trapezoi-
dal rule over the complete 24-hour interval for all the
formulations.

g) “Degree of Fluctuation (DFL)" as used herein, is
expressed as:

DFLn(C,,55=Copin)/Cunyg produced by the ingestion of
the composition of the invention or the BID com-
parator.
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k) “Pharmaceutically acceplable” as used herein, means
those salts, polymers, and excipients which arc, within
the scape of sound medical judgment, suitable for use
in contact with the tissues of humaas and lower animals
without undue toxicity, irritation, allergic response, and
the like, in keeping with a reasoaable benefit/risk ratio,
and effective for their intended use in the treatment and
prophylaxis of migraine, epilepsy, bipolar disorders,
ete.

i) “Side effects™ as used herein, means those physiological
effects to various systems in the body such as
cardiovascular, nervous, digestive, and the body as a
whole, which cause pain and discomfort to the indi-
vidual subject, and which are the direct result of the
ingestion of the valproate compouad.

) “Decreased incidence of side effects™ refers to a reduced
incidence of side effects in a patient population, and nol
10 a iotal absence of side effects, when measured in a
comparable population consuming a valproate dosage
form suitable for twice daily administration. As is well
known to those skilled in the art, even placebo dosage
forms made of sugar produce some measurable inci-
dence of side effects. Thus an improved side effect
profile must be interpreted in light of the relevant ari.

k) “delayed release divalproex sodium tablets™ refers to
an enteric coated dossge form conlaining divalproex
sodium intended to delay the release of the medication
until the dosage form has passed through the stomach.

1) “bid” refers lo lhe administration of a formulation twice
during a 24 hour period.

m) “gd” refers to the administration of a formulation once
during 2 24 hour period.

n) Any reference in the specification, or cleims, 1o an
in-vitro dissolution profile should be construed as refer-
ring to a dissolution test in which the {otal amount of
valproate released is measured utilizing a Type 2 appa-
ratus (paddle) at 100 rpm, a temperature of 37+0.5 C.,
a test solution of 500 ml of 0.1N HQC for the fiest 45
minutes, followed by a test solution of 900 ml of 0.05M
phosphate buffer containing 75 mM sodium laurel
sulfate (pHS5.5) for the remainder of the testing period,
and utilizing one tablet (i.c. 2 single dosage form).

o) A statistical test is said to be “statistically significant”
when the resulting p-value is less than or equal to 0.05,
unless otherwise noted. “Equivalence” and “statistical
significance” are not synonoms.

As used in this application, the terms “C,...” and “trough
levels”, should be considered synonyms. Likewise, the
terms “C,.,." and “peak levels” should also be considered
synonyms. Any reference o a plasma conceniration of
wvalproate ion, and more specifically to any quantification
thereof, such as, for example, C, ..., Cxe AUC, DFL, etc,,
should be considered 10 have been determined at steady state
in a fasting popnlation, unless expressly stated otherwise.

As is well known to those skilled im the art, in-vitro

dissolution profiles are routinely used in the manufacture of
pharmaceuticals, They serve as quality control devices to
insure that different batches will have the same dissolution
profile and thus produce comparable biological responses.
Sometimes, dissolution profiles can serve as a reliable
predictor of in-vive blood levels. This 15 accomplished by
establishing an in-vivo/in-vitro comrelation (iv/ivc). Metbods
for carrying oul such studies are described by the FDA at
www.usfda.gov. The procedune outlined by the FDA in this
website was utilized in developing the dissolution profiles
described above and throughout this application.
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Thus, the in-vitro dissolution profile described above is a
reliable predicior of the pharmacokinetic profile of a hydro-
phitic matrix dosage form. Any valproate containing hydro-
philic matrix formulation meeting the dissolution param-
elers above will provide the advamages of once daily dosing
and a decreased incidence of side cfects. Such benefits will
be obtained regardless of the specific polymers or excipients
contained within tbe hydrophilic matrix formulation.

The dissolution testing described above is carried out as
is known in the art, A detailed discussion of such techpiques
may be found in United States Pharmacopeia (USP) Vol. 23,
pp- 1791-1793 (1995). H is important to note that all of the
compounds encompassed by this invention disassociate
within the gastroiniestinal tract to generale a valproate ion,
which is ultimately responsible for the biological activity.
Therefore, even though a compound such as divalproex
sodium is inlroduced into the dissolution media, the media
is assayed for valproate content, not divalproex content, elc.
Methods for assaying valproate content may be accom-
plished using a TDX fluotesence radioimmune assay which
is available from Abbott Laboratories. Methods for camying
out this assay are described in the TDX system operation
manual, List No. $520-22 Abbott Labaratories, Diagnostics
Division, Abbott Park, 1ll. 60064 (1992).

II. Dosage Forms

As noted abave, a new valproate dosage form has been
discovered that possess significant advantages over the
sustained release formulations of the prior art, These for-
mulations provide zero {(0) order release of valproale, mini-
mizing the variance between pezk and rough plasma Jevels
of valproate. All of the formulations of this invention arc
moatrix systems.

Matrix systems are well known in the art. In a matnx
sysiem, the drug is homogenously dispersed in a polymer in
association with conventional excipients. This admixture is
typically compressed under pressure to produce a lablet.
Drug is released from this tablet by diffusion and erosion.
Matrix systems are described in detail by (i) Handbook of
pharmaceutical controfled release technology, Ed. D. L.
Wise, Marcel Dekker, Inc. New York, N.Y. (2000}, and (ii}
Treatise on conirolled drug delivery, fundamentals,
optimization, applications, Ed. A. Kydonieus, Marcel
Dekker, Inc. New York, N.Y. (1992), both of which are
hereby incorporated by reference.

The enhanced pharmacokinetic profile, described in detail
below, can be obtained by the administration of a hydro-
philic matrix formulation suitable for once-a-day adminis-
tration comprising:

a) a valproate compound, typically preseat in an amount
sufficient to provide the required daily dosc of said
valproate compound, and;

b) said valproate compound is in admixture with a suffi-
cien! quantity of a pharmaceutically acceptable
polymer, so that said formulation exhibits the following
in-vitro dissolution profile, when measured in a type 2
dissolution apparatus (paddle) at 100 rpm, al a tem-
perature of 3705 C., in 500 ml of 0.1N HC1 for 45
minutes, followed by 900 ml of 0.05M phosphate
buffer, containing 75 mM sodium laure] sulfate (pH
5.5), for the remainder of the testing period:

i. no more than sbout 30% of total valproate is released
after 3 hours of measurement in said zpparatus;

ii. from about 40 to about 70% of total valproate is
released afier 9 hours of measurement in said appa-
ratus;

iii. from about 55% to about 95% of total valproate is
released after 12 hour of measurement in said
apparatus, and;

iv. not less than 85% of tota] valproate is released afier
18 hours of measurcment in said apparatus.



Case 2:08-cv-10498-NGE-MJH Document1 Filed 02/04/08 Page 21 of 50

US 6,511,678 B2

9

In a more preferred embodiment, the formulation exhibits
the following in-vitro dissolution profile, when tested under
the same conditions:

a. from about 15% to about 30% of total valproate is
released after 3 hours of measurement in sajd appara-
fus;

b, from about 40% to about 70% of total valproate is
released after 9 bours of measurement in said appara-
fus;

c. from about 55% to about 90% of total valproate is
released after 12 hours of measurement in said
apparatus, and;

d. not less than 88% of total valproate is released after 18
hours of mecasurement in said apparatus.

In a more specific embodiment, the formulation exhibits
the foliowing in-vitro dissolution profile, when tested nader
the same conditions:

i. from about 15% lo about 27% of total valproate is
released after 3 hours of measurement in said appara-
tus;

ii. from about 44% to about 69% of total valproate is
released afier ¢ bours of measurement in said appars-
s,

iii. from about 59% 10 about 90% of twial valproate is »

teleased after 12 hours of measurement in said
apparafys, and;

iv. not less than 88% of total valproate is released after 18

hours of measurement in said apparatus.

The matrix formulations of this invention comprise a
valproate compound and a phamaccutically acceptable
polymer. Preferably, the valproate compound is divalproex
sodium. The amount of the valproate compound varies from
about 40% to about 80% by weight of the dosage form.
Preferably, the dosage form comprises about 45% to about
65% by weight of the valproate compound.

The phammaceutically acceptable polymer is a water-
soluble hydrophilic polymer, or a water insoluble hydropho-
bic polymer (including waxes). Examples of suitable water
soluble polymers include polyvinylpymolidioe, hydroxypro-
pyl cellulose, hydroxypropylmethyl cellulose, methyl
cellulose, vinyl acetate copolymers, polysaccharides (such
as alignate, xanthum gum, etc.) polyethylene oxide, meth-
acrylic acid copolymers, maleic anhydride/methyl vinyl
ether copolymers and derivatives and mixtures thereof.
Examples of suitable water insotuble hydrophobic polymers
include acrylates, cellulose derivatives such cthyleellulose
or ¢ellulose acetate, polyethylene, methacrylates, acrylic
acid copolymers and high molecular weight polyvinylaleo-
hols. Examples of suitable waxes include fatty acids and
glycerides.

Preferably, the polymer is sclecied from hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, and methyl cel-
lulose. More preferably, the polymer is hydroxypropylm-
ethyl cellulose, Most preferably, the polymer s a high
viscosity hydroxypropylmethyl cellulose with viscosity
ranging from about 4,000 ¢ps to about 100,000 cps. The
most preferred high viscosity polymer is a hydroxypropyl-
methyl cellulose with a viscosity of about 15,000 cps,
commercially available under the Tradename, Methocel,
from The Dow Chemical Company.

The amount of the polymer in the dosage form gencrally
varies from about 20% to about 50% by weight of the
composition. Preferably, the amount of polymers varies
from about 25% to about 45% by weight of the dosage form.
Most preferably, the amount of polymer varies from about
30% to about 40% by weight of the dosage form.
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The composition of the invention also typically includes
pharmaceulically acceplable excipients. As is well known 1o
those skitled in the art, pharmaceutical excipients are rou-
tinely incorporated into solid dosage forms. This is done to
case the maoufacturing process as well as to improve the
performance of the dosage form. Common excipients
include diluents or bulldng agents, lubricants, binders, ete.
Such excipients are routinely used in the dosage forms of
this invention.

Diluents, or fillers, are added in order to increase the mass
of an individual dose to a size suilable for tablet compres-
sion. Suitable diluenis include powdered sugar, calcium
phosphate, calcium sulfate, microcrystalline cellulose,
laclose, munoitol, kaolin, sodium chiorde, dry starch,
sorbitol, etc.

Lubricants are incorporated into a formulation for a
variety of reasons. They reduce friction between the granu-
lation and die wall during compression and ecjection. This
prevents the granulate from sticking to the tablet punches,
facilitates its ejection from the tablet punches, etc. Examples
of suitable lubricants inchude tale, stearic acid, vegetable oil,
calcium stesrate, Zinc stearate, magnesium stearate, etc,

Glidant’s are also typically incorporzted into the formu-
iation. A glidant improves the flow charseteristics of the
granulation. Examples of suilable glidani’s include tale,
silicon dioxide, and corostarch.

Binders may be incorporated into the formulation. Bind-
ers are typically utilized if the manufacture of the dosage
form uses a granulation step. Examples of suitable binders
include povidone, polyvinylpyrrolidone, xanthan gum, cel-
lulose gums such as carboxymethyicellulose, methyl
cellulose, hydroxypropylmethyleeltulose, hydroxyceliulose,
gelatin, starch, and pregelatinized starch.

Other excipients that may be incorporated into the for-
mulation include preservatives, antioxidants, or any other
excipient commaonly used in the pbarmaceutical industry,
ete.

The amount of excipients used in the formulation will
correspond to that typically used in a matrix systern. The
total amount of excipients, fillers and cxtenders, etc. varies
from about 10% to about 40% by weight of the dosage form.

The matrix formulations are gemerally prepared using
standard techniques well known in the art. Typically, they
are prepared by dry blending the polymer, filler, valproate
compound, and other excipients followed by granulating the
mixture using an alcohol uniil proper granulation is
cbtained. The granulation is done by methods known in the
art. The wet granules are dried in a fluid bed dryer, sifted and
ground to appropriate size. Lubricating agents are mixed
with the dried grapulation to obtain the final formulation.

The compositions of the invention can be administered
orally in the form of tablets, pills, or the granulate may be
loose filled into capsules. The tablets can be prepared by
lechniques known in the art and cootain a therapeutically
useful amount of the valproate compound and such excipi-
¢nts as are necessary to form the tablel by such techniques.
Tablets and pills can additionally be prepared with enteric
coatings and other release-controlling coatings for the pur-
pose of acid protection, easing swallow ability, etc. The
coating may be colored with a pharmaceutically 2ccepted
dye. The amount of dye and other excipients in the coating
liquid may vary and will sot impact the performance of the
extended release tablets. The coating Liquid generally com-
prises film forming polymers such as hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, cellulose esters or
ethers such as ccllulose acetate or ethyleellulose, an acrylic
polymer or a mixture of polymers. The coating solution is
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generally an aqueous solution of an organic solvent further
comprising propylene glycol, sorbitan monoleate, sorbic
acid, fillers such as Gtanium dioxide, a pharmaceutically
acceptable dye.

A particularly prefemred matrix system comprises: from
about 50 weight percent to about 55 weight percent of a
valproate compound; from about 20 weight percent to about
40 weight percent of hydroxypropyl methyleelulose; from
about 5 weight percent to about 15 weight percent of lactose,
from shout 4 weight perceat to about 6 weight percent of
microcrystalline cellulose, and from about 1 weight percen
to aboul 5 weight percent of silicon dioxide, in which said
silicon dicxide has an average particle size ranging between
aboul 1 micron and about 10 microms; and all weight
percentages based upon the total weight of the dosage form.

This preferred embodiment of the invention also extends
to a dry granular composition suitable for compressing into
a tablet dosage form, the granular composition comprising
particles of a size smaller than about 1 mm and comprising
from about 50 weight percent 1o zbout 55 weight percent of
an active ingredient selected from the group consisting of
valproic acid, 2 pharmaceutically acceptable salt or ester of
valproic acid, divalproex sodium, and valpromide; from
about 20 weight percent to about 40 weight percent of
hydroxypropyl methyleellulose; from about 5 weight per-
cent 1o about 13 weight percent of lactose, from about 4
weight percent to about 6 weight percent of microcrystaltine
cellulose, and from about 1 weight percent to about 5 weight
percent of silicon dioxide, in which said silicon dioxide has
an average particle size ranging between about 1 micron and
about 10 microns; and all weight percentages based upon the
total weight of the granular composition.

More specifically, a divalproex matrix may be prepared by
a) dry blending a mixture of from about 50 weight percent
to about 55 weight percent divalproex sodium, from about
20 weight perceat to about 35 weight percent hydroxypro-
pylmethyl cellulose, from about 5 weight percent to about 15
weight peroent lactose to form a uniform mixture of the dry
ingredients; b) wet granulating the dry uniform mixture from
step a); ) drying and sizing the wet grasules from step b) to
sclect pranules having an average size below 1 mm; d) dry
blending the granules with from about 4 weight percent to
about § weight percent mictocrystalline cellulose, and from
about | weight percent to about 5 weight percent silicon
dioxide baving an average particle size ranging between
about 1 micron and abour 10 microns; and ¢) compressing
the biended granules of siep h) under a force ranging
between about 2000 1bf {about 8.9x1(° Newions) and
10,000 Ibf (about 4.45x10* Newtons). Ino a similar manper,
the microcrystalline cellulose can be dry blended in step (a)
with the divalproex sodium, hydroxypropyl methylcellulose
and lactose,

I1. Pharmacokinetic Profile

As noted above, the invention resides in the discovery that
a matrix formulstion mecting the dissolution profile above
will simuitancously accomplish two results. First, it will
provide a dosage form of valproate that will maintain
therapeutic levels of the valproate ion over a 24 hour dosing
period, thus providing once daily dosing. Secondly, it will
reduce the incidence of side effects associated with valproate
therapy. Formulations matching the dissolutions profiles
above, will provide the pharmacokinetic profile described
below.

In order to obtain these benefits, it is necessary for the
once-a-day valproale dosage form to achieve certain phar-
macokinetic parameters, when compared to a BID valproate
dosage form, The qd dosage form must reduce peak plasma
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levels of valproate {“C,,..”") without significanily impacting
cither trough levels (“C,.") or the extent of valproate
absorption (“AUC”). Further, the qd dosage form will
exhibit a Degree of Fluctuation (“DFL") that is lower than
that exhibited by a corresponding bid valproate dosage form.

C,... for thc gd dosage form should be statistically
significantly lower than the C,, . for a bid dosage form of the
same valproate compound, when each is measured at steady
state in a fasting population. For cxample, a once-a-day
divalproex sodium dosage form will exhibit a C,, that is
statistically significantly lower than that produced by a
divalproex sodiem delayed reloase tablet, when each is
measured at steady state in a fasting populaticn. Typically,
peak plasma levels of valproate are reduced at Jeast 10%.
More typically, these peak plasma levels are reduced up to
about 20%. This reduction must be accomplished with out
any significant reduction in trough tevels or total absorption
of valproate.

C,.., for the gqd dosage form should not be statistically
significantly differcnt from that obtained with 4 bid dosage
form of the same valproate compound, when sach is deter-
mined at steady stale in a fasting population. More
specifically, C, ,, for a once-day divalproex sodinm dosage
form should not be statistically significantly different from
that obtained with a delayed release divalproex sodium
tablet when cach is measured at steady state in a fasting
population. Maintaining comparable trough levels to those
obtained with the prior art bid dosage forms is necessary to
maintain the therapeutic efficacy of the valproate compound.
Inadequaic trough levels are associated with scizures in
epileptic patients.

In addition to reducing peak vaiproate levels as described
above, it is also important that the total amount of valproate
absorbed from the qd dosage form not be decreased
significanily, when compared lo a bid dosage form of the
same valproate compound over a 24 hour dosing interval.
Total drug absorption is also referred to as AUC (area under
the curve). Methods for quantifying drug absorption are well
knowa to those skilled in the art and have been standardized
by the United States Food and Drug Administration at
www.fda gov/cder/guidance/stat-two.pdf, the contents of
which are bereby incorporated by reference.

AUC for the qd dosage form will be equivalent 1o the
AUC of the bid dosage form of the same valproate com-
pound when each is measured at steady state in a fasting
population over a 24 hour period. Equivateoce of a phar-
macokinetic parameter refers o the 90% confidence interval
of the ratio of the central values of the pharmacokinetic
parameter of the test formulation to the reference formula-
tion being contained within 0.80 to 1.25. More specifically,
the AUC of gd divalproex sodium dosage form will be
equivalent to that obtained with a delayed releasc divalproex
sodium tablet when each is determined at steady state in a
fasting population over a 24 hour dosing period.

An AUC of 2t least 80% should be achieved with the
formulations of this invention, when compared to a bid
dosage form over a 24 hour interval. Values below 80% tend
to negatively impact trough levels leading to sub-therapeutic
concentrations of valproate and loss of epileptic control, ¢fc.
AUC’s in excess of 125% should also be avoided. Thus with
respect to the extent of absorption, the formulations of this
invention should be considered cquivaient to the corre-
sponding bid valproate dosage form.

Degree of Fluctuation is 2 measurement of how much
plasma levels of & drug vary over the course of 2 dosing
interval. The closer the DFL is to zero (0), the less varance
there is over the course of a dosing period. Thus a reduced
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DFL signifies that the difference in peak and trough plasma
levels has besn reduced. The DFL for a qd dosage form of
this invention wili be lower than that of the corresponding
bid dosage form, for the same valproate compound, when
cach is evaluated at steady sfale io a fasting population. In
& more specific embodiment, a gd divalproex sodium dosage
form will have a DFL that is lower than that achieved with
a bid delayed release divalproex sodium tabiet when each is
cvaluated at steady state in a fasting population,

5

14
EXAMPLES
Example 1

The following example provides a summary of the experi-
meatal work culminating in the formulation of the present
invention. It also discloses a dissolution method which does
oot comrelate with an in-vivo/in-vitro comrelation profile.

One gram tablets containing 538 mg of divalproex
sodium, magnesium stearate, dicalcium pbospbate, microe-
rystalline cellulose (Avicel®, FMC Corporation,

i Despite thc'uumc.rous therape utze advaulagc_s Df.va.!pmalc 1 Philadelphia, Pa., USA) and/or lactase and various hydro-
_crapy, _ccrtam patienls consuming li?csc [ll:ledlCall()n.‘: ﬂ)fps- philic polymers were prepared. Hydmp[:ul:c POI)"!I]CI'S tested
rience side effects. For examplc, with chvalpro_cx sodium ipcluded hydroxypropyl methylcellulose, mefhylcellulose
delayed release tablets, approximately 7% of patients report {(Methocel® grades K100LVP CR, K4MP CR, K15MP CR
alopecia (bair loss), PDR supra, page 435436. Up 0 8% of  3pd K100MP CR, Dow Chemical, Midlaad, Mich., USA);
patients report significant weight gain, PDR supra, page 15 hydroxypropyl cellulose (Klucel® LF, Hercules, Inc.,
435-436. Such side effects can have disasterous conse- Wilmington, Del,, USA); and alginate (Keitone® grades
quences for the self image of patients, especially for LVCR and HVCR, Keleo Co., San Diego, Calif., USA).
femnales, or younger patients. It is unknown whether this hair Bulk drug was milled prior to use and was sized to pass
loss or weight gain is associated with obtaining or main- a 40 mesh sieve (0.42 mm nominal mesh opening). The
taining certaic plasma levels of valproate. 20 milled and sieved bulk drug was dry-mixed with polymer
Likewise, up to one-third of paticots consuming dival- and excipients in a Colletie Gral 10 high shear mixer for 5
proex sodium delayed release tablets complain of nausea. min at a kigh chopper speed of 3000 rpm and impeller speed
‘While such ap event is certainly not life threstening, it is of 200 trpm. Granules were prepared by adding 70 mi/kg of
unpleasant for the patient. The pausea can lead to mon-  gramulation fuid (water or water/cthanol mixtures) o the
compliance and subsequent worsening of the patient’s dis- 25 polymer/dmg/excipient powder mixture over a 1-2 minute
case. Dizziness, tremor, asthenia, somnolence are also com- period at high chopper speed of 3000 rpm and impeller
mon with valproate therapy, The impact of plasma levelson  speed of 500 rpm. Additional fluid of 10-165 mi was added
these side effects is also nnknowa. For 1 more complete in one step as needed in order to reach granulation end-point.
discussion of valproate side effects, please refer to PDR  Total gramulation time ranged from 2-18 min.
supra, page 435-436. 30 Tablet matrix ingredients included microcrystalline
The incidence of fhese side effects can be reduced sig- cellulose, lactose, magnesivm stearate, and silicon dioxide.
nificantly by reducing peak plasma levels of valproate by The resulting granules were tray dried at 50° C-55° C.
approximately 10-~20%. Further, therapeutic control can be ovemnight under reduced pressture. The dried granules wece
mazintained by meeting the C,,,, DFL and AUC guidelines mixed with lubricant (magnesium stearaie) in a bag and then
discussed above., Suck a finding was totally unexpected. The 35 passed through a 20 mesh (0.84 mm nominal opening) sicve.
literature clearly documents that the correlation between — Tablets weighing 1 g were pressed in a Model C Carver
side cffects and plasma valproate levels is unknown. For- Press tableting machine using a 0.747 joch (1.9 cm)x0.360
mulations meeting the dissolution profiles above will exhibit inch (0.91 ¢m) ovaloid die at a2 compression force between
this reduced incidence of side effects. about 2000 1bf (about 8.9x10° Newtons) and about 10,000
The following examples are presented in order to further 40 1bf (sbout 4.45x10* Newtons), preferably between about
illustrate the invention. These examples should not be con- 2300 1bf (1.02x10* Newtons) to about 5000 Ibf (2.25x10*
strued in any manoer lo limit the invention. Newtons). The tablet compositions are presented in Table 1.
TABLE 1
Test Dii Meirix Tables Formulati
Ingredient A B c D E F <1 H X
Divalproex 50 50 50 50 50 518 538 538 538
sodium
Metbocel @ 18 20 — - — — —_ - 10
KIGOLVPCR
Methocel ® E — —_ — — — ~ — —
K4MPCR
Klucel @ LF — 20 — - — — — — —
Kelwone ® — — k] —_ —_ — — — -
HVCR |
Meihow] @ — — — — 30 26 35 — 16
KISMPCR
Methocel & — - —_ 15 - -_ — 30 —_
FI00MFCR
Lacioss 3 95 95 295 M5 147 57 107 147
Avictl @ - 0 5 5 5 s 5 s 5
PHI0Y
PVP? —_ — [ _ - - — -
Maghesium 1 6.5 05 o5 05 05 0.5 0.5 0.8
Steamte

‘Percent by weight, based upon the ol toblet weight

'Paly({vinylpyrolidone)
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Initial Formulation Screening

Initial screening of the matrix tablet formulations was
performed using a number of tests. Teblet hardness for each
formulation was measured using a Model VK2000 VanKel
tablet hardness analyzer and recorded in units of kiloPounds
(kP) as the average of len trials.

Friability of the tablets were tested by rotating the tablets
samples 100 times using a Erweka TA friabilator. Friability
of tablets for each formulation were calculated based on the
weight loss of the tablets in this test.

Bulk density of the formulation granules was measured by
carefully filling a glass graduated cylinder to the 100 ml
mark. Tap density was determined following 100 taps of the
fitled cylinder.

Determination of granufe size distribution was performed
by coliecting granules larger than 140 mesh (about 0.105
mm nominal mesh opening} and 40 mesh (about 0.42 mm
nominal mesh opening) for evaluation of the percentage of
fines and large granules.

In vitro dissolution tests were conducted using Apparatus
11 described in the United Staie Pharmacopeia XXI/National
Formulary XV1. Samples aliquots of 1.5 ml were withdrawn
and filtered through a 0.45 ym Blter and assayed by TDX®
fluorescent polarization immunoassay. Upon withdrawal of
cach sample, an equal volume of medivm was added to the
test mixture 1o maintain constant volume. The test condi-
tions were as foliows:

Apparatus USP I, paddle

Medium 1M HQ for ane hour; remaining time
pH 6.8 buffer

Volume of medium 900 ml

Temperatuse I oBE 0 i oA

Paddle speed 100 rpm

Sampling volume 15 ml

Sampling times 0,0.5,1,2, 4,6 8,13, 24 hours

The results of these tests are presented in Table 2,
Based upon these initial studies, and the data appearing in
Table 2 above, the following conclusions were drawn:

(1) Effects on tablet hardness: The use of ethanol as a
graoulation fluid tends 1o increase tablet hardness.
There is a strong interaction betwesn ethanol and
particle size of the bullk drug. The increase in hardness
was only observed for formulations containing drug of
larger particle size. The opposite cffect was found for
drug of smaller particle size. )

{2) Effects on friability: The use of drug having a smal}
particle size reduced friability. However, this effect was
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significant only for formulations using water as graou-
lation fluid.

{3) Effects on density: The usc of ethanol s a granulation
fiuid was shown to decrease the density of the grapulcs.
However, significant interactions of ethapol with the
use of Klucel®, and of ethanol with drug particle size
were observed. Ethanul decreased the density only of
formulations containing drug of larger particle size
and/or formulations without Kiucei® present. The
opposite effects were found for formulations containing
smaller drug particles and/or Klucel®. The same con-
clusions were obtained with either tap or bulk density
as response.

{4) Effects on size of granules: More granules of larger
size were obtained with the usc of dmig having a larger
particle size. Moreover, interaction between ethanol
and Klucel® was found to be significant ie. use of
elhanoi fends (o generate larger granules when there is
ne Klucei® present in the formulation. No effect was
observed for formulations containing 4% Klucei®.
Factors that showed significant influences on the per-
centage of fines in the granules included ethanol, drug
particle size, and their interaction. Using stailer drug
particles tended to yicld more fines in the granules.
More fines were generated when ethanol was used as a
granulation fiuid. The effect of ethanol was most sig-
nificant for formulations containing drug of z small
particle size.

{5} Effects on granulation fluid volume: In order to obtain
granulation end-point, more fluid volume was needed
for formulations containing either drug of a smaller
particle size or with the use of ethanol as granulation
Auid.

(6) In vitro drug release: In viro percent release of
valproic acid from controlled-release tablets are shown
in FIG. 1. The difference in release profiles among
formulations was small. In the study, percent relcase at
8 hours {Qg,,} Was used to represent release rate for
data snalysis. It was found that the use of Klucel® or
drug of a larger paticle size in the formulation resulted
in an increase in release rate. Similar results were
obtained when Q,,,, 0r Qu,,, Was used to estimate the
rclease rate.

Formulations containing high load and high viscosity
grades of polymers often showed poor compressibility. This
is belicved to be the result of the increase in polymer order
and elasticity with increasing molecular weight. Hardoess of
the tablets remained slmost unchanged under compression
forces ranging from about 3000 Ib (1.3x10* Newtons) to
about 10,000 Ib (4.45x10* Newlions).

TABLE 2
Tap Bulk % Grnpule
Form-  Gmaculsting  Herdness  Frisbility Density Density — Size Quuw
uiation  Floid Volume xP) (% loss) (g/ml) (gml) »40 Mesh Finea® (%)
A 10¢ n.e 0049 0504  0.429 226 6.1 2.6
B 30 12 .16 0.515 0.438 313 9.8 290
c 115 122 0.025 0.459 0.39 302 33 28.6
D 80 8.4 Q.162 0.459  0.406 382 6,6 304
E 235 10.4 0.060 0599 0.509 215 40,7 270
F 110 122 0.006 0.400 0340 492 18 28.0
G 200 0.4 0085 0.596  0.506 240 287 .7
H 150 12.9 0.142 0593 Q.504 350 228 3o
I 130 9.5, 0015 0.475 0.404 EERS 12 28.8

'Defined as peroeot granules passing 3 0.105 mm somina! mesk apcaing
*Defined b5 percent drug released in an 8-bour period under the in vilro test condiuoes
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In order to increase the hardocess of tablets, microcrystal-
line cellulose and colloidal silicon dioxide were tested by
externaily adding small amounts to the granules at levels of
1-5%. Table 3 shows the results from the test. It was found
that external addition of small amounts of microcrystalline
cellulose or colloidal silicon dioxide significantly increased
tablet hardness.

TABLE 3

Effect of External Addition of Microcrystalline

Gellulose o; Silicon Digxide

Hardness Test Haxdness
Formmulation Addilive {xF)
fa None 62
It 5% Aviext ® 2.6
1 5% Avicel ® and 1% sificon 138
dioxide!
s None —
{Ib 1% Silicon dipxide® 10.9
fic 5% Avicel ® ond 1% silicon 14.4
diaridet
14: None 58
[111:] 1% Silicon dioxide* 10.8
Ile 5% Avice]l ® snd 1% silicon 14.8
dioxide!

1Silicon dioxide was Cab-O-Sil M-5 fumed silica (Cabot Carp.,
Boyertown, PA, USA) baving avemge particle size of between about 0.2
wnd 0.3 microns

As shown by the data in Table 3, the addition of ¢cither 1%
silicon dioxide or 5% microcrystalline cellulose to the
hydrophilic matrix formulations of the invenlion almost
doubled 1ablet hardeess, while adding both resulted iz a
greater than doubling of tablet hardness. However, although
the results shown above demonsirated improvement of tablet
bardness by the combined use of the external addition of
Avicel® microcrystalline cellulose and Cab-o-sil® silicon
dioxide, problems of sticking and relatively low demsity
persisted. The low bulk density {i.e. 40 g/I) of the small
particle size Cab-0-511® fumed silica led to the problem of
not being able to load sufficient material inlo the tablet die.

In response to this problem, a different silicon dioxide
having a larger average partick size ranging from about 1
micron to about 10 mictops, preferably ranging between
about 2 microns 1o 2bou! 5 microns, and mos! preferably
about 2-3 microns was used. One such material is available
as Syloid® 244, available from W. R. Grace, Lexingion,
Mass., USA. When this material was used, initially intended
as a de-tackifying and bardening agent for tableting, a
surprising and vnexpected benefit was conferred upon the
formulation, as shown below. The material was added
“externally” to the formulation: that is, the active ingredient,
polymer(s) and excipients were dry biended, wet granulated,
and then dried and sized. The silicon dioxide was then added
to the granular formulation and tbe resulting mixture
blended prior te pressing into tablets.

On the basis of the above findings, preferred tablet
formulations were chosen for an in vivo absorption smudy in
healthy human subjects. The ingredicats of the formulations
and in vitro release rates are shown in Table 4 and FIG. 2,
respectively. The formulations were designed to have dif-
ferent release rates by using high viscosity HPMC alene or
blended with low viscosity HPMC. The target in vitro
release rates were chosen to release drug in vivo for 16-20
bours. Formulation B was subsequently used in the phar-
macokinteic studies and clinical trail described in Examples
4-6 of this application.
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TABLE 4

Preferved Controlled Releass Formulations
of the lnvention

Prefermed
Ingredient Formulation A Formulation B
Divaiproex sodium 53.82%° 53.82%
(milled)’
Hydroxypropvi 3% 0%
methylcellulose
{Msthocel ® K15M, CR)
Methyl cellulose 18% —
(Methoce] ® K1001, CR}
Anhydrous |actose 12.18% 8.16%
Microcrystatline cclluloge 5% 5%
{Avicel & PH 101)
Silicon dioxide % 3%
{Average particie size
1 pm< >10 pom)
(Syloid ® 244)
Total tablet weight 1g 1g

'Butk drug sized to pass & 40 mush sieve (0,42 ;mm nominal meah opea-

ng
Al perceniages in the Table expressed as weight percentages based upon
the total weight of the tablet

Exampiec 2

This Example illustrate the mamfacture of a preferred
dosage form of the present invention at a larger scale,

Divalprocx sodium was mitled through a 0.040" band
with impact forward (flat edge) using a Fluid Air Mill
operating at 50~75 rpm feed rate and 3500 rpm mill speed.
81 kg of milled drug was vacuum loaded directiy into the
Collette Gral-600 high sbear mixer and mixed with 12.3 kg
of lactose, 7.5 kg of microcrystalline cellulose and 45 kg of
hydroxypropylmethycellulos for 5 minutes. The mixture of
drug and ¢xcipicnts was granulated using 18 kg of purified
water for a total of 7 minutes and dried in a fuid bed dryer
unti] the average moisture conlent of the granules, measured
by a gravimetric test, is below the in-process control limit of
1.0% ww. The dried granules are sized using a speed sifter
and the oversize gramules are milled through a 0.078" band
with impact forward (flat edge) using a Fluid Air Mill
operating at 50 rpm feed rate and 3500 rpm mill rate. The
two fractions of granules are then recombined and blended
with 4.5 kg of silicon dioxide in a twin-shell blender. The
biended mixture is compressed into 1.00 gram tablets with
approximately 0~12 kN precompression and 24 kN main
compression foree using a rotary tableting machine (Fette
2090) operating at 35-50 rpm.

Example 3
Multiple Dose Study
The bioavailability and plasma concentration versus time
profile of valproate from an oral cxtended-release tablet
formulation of divalproex sodium (made as in Example 2)
determined under fasting and ponfasting cooditions was
compared o those of a commercially available enteric
coated divalproex sodium delayed-release tablet formulation
{Depakote®, Abbott Laboratories; reference) determined
under fasting conditions in bealthy subjects. The study was
conducted according to a multiple-dose, open-label, three-
period, randomized, complete crossover design. In each
period, a six-day regimen was administered with a minimum
of 16 days scparating the first doses of consecutive periods.
The three regimens wers:
Regimen A: Extended-retease formulation 1000 mg q24 b
admimistered under fasting conditions {1est/invention)
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Regimen B: Extended-release formulation 1000 mg q24 b
administered 30 minutes after breakfast was served

(tesi/invention)
Regimen C: Depakote enteric coated tablet 500 mg 12 b

administered under fasting conditions (refereace/bid -

comparator)
A schedule of the doses and meal times for the three
regimens follows.

TABLE 5
Formula- Time Break-
Regimen tion of Dose fast Lunch Dinner  Snack
A Test ER 6:00 8:00 12N 800 pm 10:30 pm
a.m. am.
B Test ER 600 5:30 12N A00 pm 1H0:30 pm
a.m. em.
< Reference  6:00 8:00 12N 8:00 pm 10:30 pm
DR o.m. am
6:00
p-m.

ER = Extended-Release; DR = Delayed Raleass (eatsric-coated),

Fourteen healthy adult subjects (11 male and 3 female

10

=

subjects) compleied all phases of the study. The mean age 5

was 27 years (range 19-51 years), mean height was 69
inches (range 63-74 inches) and weight was 161 pounds
(range 120-200 pounds).

Blood samples (7 mL) were eollected at 0, 12, 24, 36, 48,
60, 72, 84, 96, 108, 120, 121, 122, 123, 124.5, 126, 127.5,
129,130.5,132, 133, 134, 135, 136.5, 138, 139.5, 141, 1425
and 144 hours after the first dose of cach period. Plasma
samples were analyzed for valproic acid using a validated
gas-liquid chromatographic method with flame ionization
detection at Oneida Research Services, Inc., Whitesboro,
NY.

Pharmacokinetic and Statistical Analyses

Pharmacckinetic paramelers were estimaled by noncom-
partmental techniques, For Day 6 data, these included C,, .,
Toass Couiws AUCq 34, and degree of fluctuation (DFL). If
Conax for the reference occurred after the second dose of Day
6, T, .. was taken 10 be the time since the second dose rather

than the time from the first dose.

Analyses of variance (ANOVAS) appropriate for cross-
over models were performed for T, DFL, and for the
natural logarithms of C_,.,, Ch.er a0d AUC, .. Within the
framework of the ANOVA, the regimens were compared
pair-wise, each comparison done by a test at significance
level of 0.05. Equivalence of the two formulations with
respect 10 AUC was addressed by performing the two
one-sided tests procedure at significance level 0.05 within
the framework of the ANOVA on the logarithm of AUC. As
a further aid for assessing the characteristics of the ER
formulation, 95% confidence intervals for the ratos of the
ER formulation central values to the reference regimen
central value were obtained from the ANOVAs for loga-
rithms of C,,;, and C,,... 1o sddition, a two one-sided tests
procedure was carried out fo compare the fasting and
nonfasting extended-release formulation regimens.

The mean valproic acid plasma coencentration-time pro-
files for the three regimens are shown in FI1G. 3.

The pharmacokipetic results for Day 6 of each regimen
are swnmarized in the following Table 6.
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TABLE &
—  Moaa (Siaodard Deviston) n =26
Tax Cote AUCs a2
Regimen (hr} (ugimL) {pgiml) (ug - b/ml) DFL
A 13.6 80.5 48.2 1592 0.523
(6.3 (186 (17.0) (402) 0.231)
B 159 850 55.1 1709 0432
4.5 (125 (13.3) (276) 0.127)*
C 3.6 9.4 54.1 1788 0.623
(A9 {15.7) (13.1) (332) (0.160}

*Statigtieally signifieantly different from Regimen C.

Regimen A: Divalproex Sodium ER; 2 x 500 mg once dally, Essdng.
Regimen B: Divaiproex Sodiue ER; 2 x 500 mg once daily, nonfasting.
Regimen C: Depakote Tablet;, 500 mg twice daily, fasting.

‘The mean T,,. for Regimens A and B were aboul
three-fald longer than that of Regimen C. The differences in
T, .. between Regimens A and C and between B and C were
statistically significant. Regimens A and B tended to have
lower C,,,,, than that of Regimen C, and these differences
were statistically significant. The regimens did not differ
statistically significantly with respect.lo C,,. The mean
DFL for both ER Regimens A and B was lower than that of
the reference, and the difference between Regimen B and the
reference was statistically significant.

The 95% confidence intervals for bioavailability of the
ER regimens relative to the reference for C,,,, and G, are
given below. 'The point estimate for the ratio of the central
values for both C,___and C,_,, for Regimen A, and C,_,_for
Regimen B, were lower than 1,0, The point estimate of the
ratio for C,,;, for Regimen B was approximately unity.

TABLE 7
Refative Bioavailability
Conux Crie,
5% 95%
Regimen Point Confidence Poiot Confidence
Test  Reference  Estimate Enterval Estimate Tnterval
A C 0.811 0.742-0.887 0.847 0.672~1.067
B o 4.861 0.786-0.941 1.026 0.824-1.293

Regimen A: Divalproex Sodium ER; 2 x 500 mg oncs daily, fasting.
Regimen B: Divalproex Sodium FR; 2 x 500 mg once daily, nonfesting.
Regimen C: Depakote Thbict; 500 mg twicc daily, fanting.

The results for the two one-sided tests procedure for
equivalence assessment of the regimens via a2 90% confi-
dence interval based on the natural logarithm of AUG, ., are
given below.

TABLE 8
Two One-Sided Teats Procedure for Equivalence Ascessment,
Dy 6 AUC
—Relarive Bosvailability
90% Confidence
Test Reference Point Estiuste loterval
A C 0.891 0.617-0.971
B C 0.970 0.890-1.058
A B 0.918 0.842-1.001

Regimen A Divalproex Sodium ER; 2 x 500 mg once daily, [asting.
Regimen B: Divalproex Sodium ER; 2 x 500 mg once dally, nonfasting.
Regimen C: Depakote Tablel; 500 mg twice daily, fasting.
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The 90% confidence intervals for AUC on Day 6 for the
test ER formulation administered under fasting (A) and
nonfasting (B) conditions versus the reference fasting (C),
both satisfied the 0.80-1.25 criterion for equivalence.
Additionally, the 90% confidence interval for the ratio of
ceotral values of AUC for the test ER formulation fasting-
:nonfasting regimens also satisfied the equivalence criteron.

The extended-release formulation performs well. The
exiended-release regimens are equivalent to the reference
regimen with respect to extent of absorption as characterized
by AUC. The two test regimens did not differ statistically
significantly fom the reference regimen with respect to
Crine The lower C, ., and later T,,,, central values of the
extended-release regimens compared the reference regimen
supgest that the ER formulation provides extended release of
valproic acid in vivo under [asting and nonlasting condi-
tions. The mean DFL for the extended-retease formulation
administered under nonfasting conditions is lower (-31%)
than that of the reference regimen (observed means of 0.432
and 0.623, p<0.05). The mean DFL for the extended-release
formulation administered under fasting conditions was also
lower (~16%) than that of the reference regimen although
statistical significance was nol attained (observed means of
0.523 and 0.623, p=0.126),

Example 4
Multiple Dosc Study

The bicavailsbility and plasma concentration-time profile
of valproic acid from a new oral extended-release tablel
formulation of divalproex sodium (invention, made as in
Example 2) was compared 1o that from the currentiy mar-
keted divalproex sodium enteric-coated delayed-release tab-
let (Depakote® Abbott Laboratorics; reference) under
multiple-dose conditions.

Sixteen subjects enrolled in the study. They had a mean
age of 34 years (range 19-55 yecars), mean height of 69
inches (range 65-75 inches), and mean weight of 180
pounds (range 148-209 pounds). This was a multiple-dose,
open-label, 2-period, crossover study wilh no washow
between periods in healthy adult male and female subjects
comparing the extended-release (ER/invention) test formu-
lation (2500 mg qd) with the delayed-release (DR/bid/prior
art) Depakote enteric-coated tablet (500 mg q12 h) as the
reference. In one part of the study (Groups 1 and II), 4
subjects started on the ER test tablet in the moming and
switched over to the 500 mg DR tabiet bid on Day 7 {¢nd of
Period 1) and continued on it through Day 12 (Period 2). The
other four subjects (Group II) started with the DR tablet and
switched over to the ER test tablet in the morning of Day 7
and continued through Day 12. The second part of the study
{Groups III and IV) was a repeat of the first part excepi that
ihe test formulation was given in the evening instead of in
the morning. The ER formulation was administered after a
meal, and the DR tablet was given under fasting conditions.

A schematic of the formulations administered and the
meal times follows.

TABLE ¢

Time
Formulation of Dose  Breakfast Lunch  Dinaer Snack
Morming Dose for
ER Formulaticns
ER 6 am 53 am 12N S0pm 10:3pm
DR 6em, 800sm 1ZN &00pwm 10:30pm

6 pm

30

35

45

55

65

TABLE 9-continued

Time
Formulation of Dose  Brealfast Lunck  Dinger Snack
Evening Daose for
ER Formulalions
ER 6 pm 5:30am 12N 530pm 10:30 pm
DR 4 pm, 8:00 am 12N 8:00 pm 10:30 pm

6 am

ER = Extended-Releass {invention); DR = Delnyed-Ralease (prior art).

Regimens: The regimens administered were as follows.

A: Divalproex sodium extended-release tablets, 500 mg
valproic acid equivalents; 2x500 mg tablets onee every
24 hours starting with a morning dose. (invention)

B: Divalproex sodium enteric-coated delayed-release tab-
lets (same as Depakate, Abbott Laboratories,
reference); one 500 mg tablet once every 12 hours
starting with a morning dose.

C: Divalproex sodium extended-release tablets, 500 mg
valproic acid equivalents; 2x500 mg tablets once every
24 hours starting with an evening dose. (invention}

D: Divalproex sodium enteric-coated delayed-release tab-
Iets (same as Depakole, Abbott Laboratories, reference;
one 500 mg tablet once every 12 hours starting with an
evening dase.

Blood samples (7 ml) were taken at 0, 12, 24, 36, 48, 60,
12, 84,96, 108, 120, 121, 122, 123, 124.5, 126, 127.5, 129,
130.5, 132, 133, 134, 135, 136.5, 138, 139.5, 141, 142.5 and
144 hours from the first dose of each period. Blood samples
were taken on the same schedule for Groups HI and [V
except that they were 12 hours later than for Groups I and
I (i.e., first blood sample at 6 p.m. instcad of 6 2.m.). Plasma
samples were analyzed for valproic acid using a validated
gas-liquid chromatographic method with flame ionization
detection at Oneida Laboratories, New York.

Pharmacokinetic and Statistical Analyses

Pharmacokinetic parameters were estimated by noncom-
partmental techniques, For Day 6 and 12 data, C,,... Tocrr
Conins AUCq 5 and DFL were calculated. If T,,,, occurred
after the second dose of Day 6 or 12, T, ,, was taken to be
the time since the second dose rather than the time from the
first dose.

Analyses of variance (ANOVAs) were performed for
T, s DFL, and for the natural logarithms of C,,,,, C,..e and
AUC, ;.. The model had effects for time (whether subject
received ER formulation in morpning or evening), formula-
lion sequence, subjects nested within time by formulation
sequence, fonmulation period, and the inleraction of tme
with each of formulation sequence, formulation and period.
Subject effects were random and all other effects were fixed.
Equivalence of the two formulations with respect to AUC
was addressed by performing the two one-sided tests pro-
cedure within the framewark of the ANOVA on the loga-
tithm of AUC. This confidence interval for relative bioavail-
ability was obtained by exponeatiating the endpoints of a
90% confidence interval for the difference of logarithm
means (difference of formulation main effects). As a further
aid for assessing the characteristics of the ER formulation,
95% confidence intervals for bioavailabilily relative 1o that
of the reference formulation were obtained from the ANQ-
VAs far Jogarithms of C,,,, and C, ..

The mean plasma valproic acid concentrations following
administration of the 1000 mg test formulation once every



Case 2:08-cv-10498-NGE-MJH Document1 Filed 02/04/08 Page 28 of 50

US 6,511,678 B2

23

24 bours (Regimens A and C) or the 500 mg reference
formulalion opce every 12 hours (Regimeas B and D) for
Days § and 12 are shown iz FIG. 4.

The pharmacokinetic results for Day 6 of each regimea

are summarized in the following table.
TABLE 10
Mean (% ient o istion
Cnmt Cum AUCQ-:-
Regimen {pg/ml)  (ug/ml) fug - byml) DFL
ER formulation in morming
(b =8)
A 0-24 br 87 55.5 1771 0.46
(173) {38.7) (22.8) (55.9)
B 0-24 hr 102 533 1784 .67
(165 262 (16.6) (31.2)
ER formulation in evening
N8
c 024 hr & 574 1728 0.3%
(100) (149)  (125) (19.7)
D 024 br %8 54.7 1747 .60
{10.2) (13.9) {10.5} (12.3)
All groups combined
Aand C 0-24 br 86 564 1749 0.42
(13.8)  (8.1) (17.9) (44.3)
Band D 024 br 100 540 1773 G.64
(03) (02)  (136) (24.9)

Regimen A: Divaiproex Sodium ER; 2 x 500 mg in a.m., ponfasting,
Regimen B: Depakote DR Tablet; 500 mg in s.m. and 500 mg in p.m.,
g:?’;ﬁ;n C: Divalproex Sodium ER: 2 x 500 mg in p.m., gonfasting.
Regimen D: Depakote DR Tablet; 500 mg in p.m. and 500 mg in e.m.,
fasting.

There were no statistically significant differences in the
pharmacokinelic resulis between subjects who received the
ER formulation in the moming and those who received the
ER formulation in the evening. Hence, the conclusions are
based on the combined data of the groups.

The mean DFL of the ER formulation was statistically
significantly lower than that of the reference. The two
formulztions differed statistically significantly with respect
to C, .. but not with respect to C_, and AUC. For C___ and
Cpnins the 95% confidence interval for bioavailability of the
ER formulation relative 10 that of the reference was 0.80 to
0.9% and 0.89 to 1.18, respectively, The 90% confidence
interval by which the two one-sided tests procecdure was
performed for AUC was 0924 to 1.041, being eatirely
within the equivalence range of (.80 to 1.25.

Mean C,,,, for the test formulation on Day & for both
periods, when the plasma valproic acid concentrations were
characterized, was lower than the reference formulation and
was statistically significantly different. Mean AUC, ,, for
Day 6 of each period was oot significantly different between
the test and reference formulations. Relative bicavailability
based on the ratio (test:reference) of mesn logarithm of
AUC, ,, (90% confidence interval) was 0.981 (0.924 1w
1.041). The degree of fluctuation was statistically signifi-
cantly smaller for the tes! formulation (0.42) than for the
reference (0.64). The results demonstrate the extended-
release characteristics of the test formulation and its simi-
larity in bioavailability based on AUC when compared to the
reference formulation

Example 5

Bascd on the results of one multicenter, randomizred,
double-blind, placebo-controlled clinical trial, the formula-
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tion of Example 2 (hercinafter “Depakote ER™) was well
tierated in the prophylactic weatment of migraine head-
ache. Of the 122 patients exposed lo Depakote ER in the
placebo-controlled stdy, 8% disconiinued for adverse
events, compared to $% for the 115 placebo patients.
a. Invention
The study below describes tbe side e¢ffect profile of a qd
divalproex sodium dosage form according to this invention.
Table 11 includes those adverse events reported for
patients in the placebo-controlled trial where the incidence
rate in the Depakote ER-treated group was greater than 5%
and was greater than that for placebo patients.

TABLE 11

Adverse Events Reported by >5% of Depakote Extended Release
(ER/Invention) Paticnts During the Mignine Placebo-Extended Trial

with 2 Greater Incidence then Patients Taking Piacebo®

Body Syatem Depaknte ER Placebe
Event (N=12) (N = 115)
Gastroiatestinal

Natsea 15% %
Dyspepsia 1% 4%
Diarrhea % 1%
Vomiting % 2%
Abdominal Pain % 5%
Nervous Systent

Somaolence % 2%
Other

I[nfection 15% 14%

“The foliowing adverse events occurred in grestes than 5% of Depakots
ER-treated patients snd at a greater incidence for placcbo than for Depa-
knte ER: asthenia and flu syndrome.

The following additional adverse events were reported by
greater than 1% bul not more than 5% of Depakote
ER-treated patients and with a greater incidence than pla-
cebo in the piacebo-controlled chinical tral for migraine
prophylaxis:

Body as a Whole: Accidental injury, viral infection.
Digestive System: Increased appetite, tooth disorder.
Metabolic and Nutritional Disorders: Bdema, weight gain.
Nervous System: Abnormal gait, dizziness, hypertonia,
insomaia, nervousness, tremor, vertigo.
Respiratory System: Pharyngitis, rhinitis.
Skin and Appendages: Rash.
Special Senses: Tinaitus.
b. Prior Art
The smdy below describes the side effect profile of
Depakote DR.

Based on two placebo-controlled clinical trials and their
long term extension, Depakote DR 1ablets were generally
well tolerated with most adverse events rated as mild to
moderale in severity. Of the 202 paticnts exposed to Depa-
kote DR tablets in the placebo-controlled trials, 17% dis-
continued for intolerance. This s compared to a rate of 5%
for the 81 placebo palients. The adverse events reported as
the primary reason for discontinuation by greatet than or
equal to 1% of 248 Depakote DR-treated paticnis were
alopeciz (6%), nausca and/or vomiting (5%), weight gain
(2%), remor (2%, somnolence (1%), clevated SGOT and/
ot SGPT (1%), and depression (1%).

Table 12 includes those adverse events reported for
patients in the placebo-controlled trials where the incidence
rate in the Depakote DR-treated group was greater than 5%
and was greater than that for placsbo patients.
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TABLE 12

Adversc Events Reported by »5% of
Depakote DELAYED-RELEASE (DR/priorart)
Paticnts During Migraine Placebo-Extended Trinis with a Greater

slocidence than Patients Taking Placebo®

Body System Depakote DR Placeho
Event (N~ 202) (N = 81)
Gastroistestinal System

Nausen 31% W%
Dyspepsia 13% 9%
Diarrhea 2% %
Vomiting 11% 1%
Abdominal Pain 9% 4%
Tocreased Appetite &% 4%
Nervous Szzlem

Asthenia 20% 9%
Somedltnce 17% 5%
Dizziness 12% 6%
Tremot 9% 0%
Other

Weight Gain i 1%
Back Pain 8% 6%
Alopecia % 1%

*The following adverse events occurred in greater than 5% of Depakote
DR-treated patients apd al 3 greater incidence for placebo then for Depa-
kote DR: fiu syndrome and pharyngitis.

The following additional adverse svents not referred to
above were reported by greater than 1% but not more than
5% of Depakote DR-treated paticnts and with a greater
incidence than placebo in the placebo-controlled clinical
trials:

Body as a Whole: Chest pain.

Cardiovascular System: Vasodilatation.

Digestive System: Constipation, dry mouth, flatulence,

stomatitis,

Hemic and Lymphatic System: Ecchymosis.

Metabolic and Nutritional Disorders: Peripheral edema.

Musculoskeletal System: Leg cramps,

Nervous System: Abnormal dreams, confusion,

paresthesia, speech disorder, thigking aboormalitics.

Respiratory System: Dyspnea, sinusitis.

Skin and Appendages: Pruritus.

Urogenital System: Metrorrhagia.

Although the safety of ER and DR formulations were not
assessed in the same study, a cross-study comparison of the
data presented in Tables 11 and 12 suggest that the rate of
adverse events were similar in the placebo-treated paticnts
of the three well-controlied randomized studies. It is evident
from Tables 11 and 12 that while the adverse events in the
placebo-treated subjects were similar, Depakote ER-treated
patients had lower number of adverse events compared to
the Depakote DR-treated patients. It can be deduced that the
reduced adverse events seen with Depakote ER treatment
compared to Depakote DR treatment is probably due 1o the
cxpected lower maximal plasma concentrations (C,,..) and
DFL that would be achieved, as illustrated in Examples 3 &
4, following administration of equal doses of two the for-
mulations. It is reasonably believed that the reduced adverse
effects, as well as lower frequency of dosing (once-a-day)
dosing achicved with Depakote ER, would lead to better
compliance.

The controlled release tablet formulations of the present
invention thus provide an cffective delivery system for the
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once daily adeinistration of valproic acid (divalproex
sodiuga) Lo patieats in need of suck treatment. The formu-
tations of the invention provide substantially level plasma
conceniraiions of valproic acid falling withia the therapeutic
range of the drug over & period which permits administration
once daily. Further the incidence of side effects assoctated
with valproate therapy has been reduced with this new
formulation.

Example 6

Dissolution Method and Data

The following example illustrates the dissolution method
of this application carried out on a tabiet prepared as in
Examuple 2.

Dissolution of tablet was tested using USP dissolution
apparatus 2 operating at 37° C. with a paddle rotating speed
of 100 rpm. The tablet was tested in 500 ml of 0.1N HC1 for
the first 45 minutes, followed by 900 ml of 0.05M phosphate
buffer containing 75 mM SLS at pH 5.5. Samples were taken
at 1, 3, 5, 9, 12 and 18 hours and assayed using TDx
fluorescence polarization immuncassay (FPLA) technology.
Dissolution dala of commercial tablet:

18.00
101.10

12.00
71.30

5.00 9.00
29.00  48.40

3.00
1790

100
3.60

Time (br)
% dissalved

While there have been shown and described what are the
preferred embodiments of the invention, one skilled in the
pharmaceutical formulation ant will appreciate that various
modifications ia the formulations and process can be made
without departing from the scope of the invention as it is
defined by the appended ¢laims.

We claim:

1. An oral hydrophilic matrix formulation suitable for
ance-a-day administration comprising:

a) from about 40 1o about 80 w/w % of divalproex
sodium;

b) said divalproex sodium is in admixture with about 20
to about 50 w/w % of a pharmaceutically acceptable
hydrophilic polymer selecied from the group consisting
of polyvinylpyrolidine, bydroxypropyl cellulose,
hydroxypropylmethyl cellulose, methyl cellulose, vinyl
acetale copolymers, polycthyleine oxide, methacrylic
acid copolymers, and maleic anhydride/methyl vinyl
gther copolymers, and;

c} said formulation exhibits the following in-vitro disso-
lution profile, when measured in a type 2 dissolution
apparatus, paddle, at 100 rpm, at & temperature of
37+0.5 C,, in 500 ml of G.1IN HCI for 45 minutes,
followed by 900 mi of 0.05M phosphate buffer con-
taining 75 mM sodium laurel sulfate, pH 5.5, for the
remainder of the testing period:

1. no more than about 30% of total valproate is released
after 3 hours of measurcment in szid apparatus;

ii. from about 40 to about 70% of total valproate is
released after 9 hours of measurement in said appa-
ratus;

iii. from about 55 to about 95% of total valproate is
released after 12 hour of measurement in said
apparatus, and;

iv. pot less than 85% of total valproate is released after
18 hours of measurement in said apparatus.
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2. The formulation according to claim 1 tn which said
formulaticn cxhibits the following in-vitro dissolution pro-
file:

i from about 15% to about 30% of total valproate is
released after 3 hours of measurement in said appara-
tus;

ii. from about 40% to about 70% of total valproate is
released after 9 hours of measurement in said appara-
tus;

ili. from about 55% 1o about 90% of total valproate is
released after 12 hours of measurement in said
apparatus, and;

tv. not less than 88% of total valproate is released after 18
hours of measurement in said apparatus.

3. The formulation according to claim I in which said
divalproex sodium is present in the amouet of from about 45
to about 65 wiw %, based upon the total weight of the
formulation.

4. The formulation according to claim 1 which funther
comprises one or more pharmaceutically acceptable excipi-
ents.

5. The formulation according to claim I, which when
ingested orally by heaithy human subjects:

a. produces & C,,,, that is statistically significanily lower
than tbe C,,,, produced by a delayed release enteric
coated divalproex sodium tablet given twice daily,
whep cach is determined at steady state in a healthy
fasting population;

b. produces a C,,, that is not statistically significantly
differeat from the C,,, produced by said delayed
release divalproex sodium tablet, when each is deter-
mined at steady state in a healthy fasting population,
and,

c. sajd formulation produces an AUC value that is equiva-
lent to the AUC value penerated by said divalproex
sodium delayed release tablet, when each is determined
at steady state in a healthy fasting population,
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6. An oral hydrophilic malrx formulation suitable for
once-a-day adminisiration comprising:
a) from sbout 40 to about B0 wiw % of divalproex

sodium;

b) said divalproex sodiwm is in admixture with about 20

to about 50 w/w % of a pharmaceutically acceptable
hydrophilic polymer selected from the group consisting
of polyvinylpyrolidine, hydroxypropyl celtulose,
hydraxypropylmethyl cellulose, methyl cellulose, vinyl
acetate copolymers, polyethyleine oxide, methacrylic
acid copolymers, and maleic anhydride/methyl vinyl
ether copolymers, and

¢) said formulation exhibils the following in-vitro disso-

lution profile, when measured in a type 2 dissolution

apparatus, paddle, at 100 rpm, at a temperature of

37405 C., in 500 ml of 0.1N HCI for 45 minutes,

followed by 500 ml of 0.05M phosphate buffer con-

taining 75 mM sedium laurel sulfate, pH 5.5, for the
remainder of the testing period:

i. from about 15% to about 27% of total valproate is
released afier 3 hours of measurement in said appa-
ratus;

ii. from about 44% 1o about §9% of total valproate is
released after 9 hours of measurement in said appa-
ratus;

iii. from about 59% to about 90% of total valproate is
released after 12 hours of measurement in said
apparatus, and;

iv. not less than 88% of total valproate is released after
18 hours of measurement in said apparatus.

7. A method for the treatment of migraine comprising the
administration of a formulation according to claim 1 to a
patient in need thereof.

8. A method for the treatment of migraine comprising the
administration of a formulation according to claim 6 to a
paticnt in need thereof.

- o 2 x &
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CONTROLLED RELEASE FORMULATION
OF DIVALPROEX SODIUM

CROSS REFERENCE

This application is a continuation-in-part of U.S. Patent
application Ser. No., 09/216,650 filed Dec. 18, 1998, pow
U.S. Pat. No. 6,419,953, the contents of which are hercby
incorporated by reference.

TECHNICAL FIELD

The present invention relates 10 pharmaceutical formula-
tions. More particularly, the present invention concerns a
formulation comprising valproic acid, a pharmaceutically
acceptable salt, ester, or amidc thereof, or divalproex
sodivm, 2 2 controlled release formulation. These con-
trolled release dosage forms have an improved pharmaco-
kinetic profile. These dosage forms winimize the varagce
between peak and trough plasma levels of valproate, result-
ing in a reduction in the incidence of side effects.

BACKGROUND

2-Propylpentanoic acid, more commonly known as valp-
roic acid (“VPA™} is effective as an antiepilpetic agent. After
ingestion, the free acid dissociates to the valproate jon
within the gastrointestinal tract. The valproate ion is
absorbed and produces the therapeutic effect described
above. Physicians Desk Reference (“PDR”), 52* Editios,
page 426 (2000).

Divalproex sodium is effective in the freatmeni of
epilepsy, migraine, and bipolar disorders. It also dissociales
to the valproate ion within the gastrointestinal tract. This
substance is described in more detail in US. Pai. No.
4,988,731, and U S. Pat. No. 5,212,326, the contents of both,
which are hereby incorporated by reference.

The acid moiety of valproic acid has been functionalized
in order to produce prodrugs capable of generaling a val-
proate ion in-vivo. For example, the amide of valproic acid,
valpromide (“VPO™), has been produced, as well certain
salts and esters of the acid.

Despite the efficacy of these drugs in the treatment of
conditions such as epilepsy, they all suffer from a common
disadvantage. These valproate compounds have 2 relatively
short half life. For example, the half life of valproic acid is
reported to be between six and seventeen hours in adults and
between four and fourtesn hours in children. This leads to
substantial Ructuations in the plasma concentration of the
drug, especially in chronic administration. To maintain rea-
sonably slable plasma concentrations, it is necessary io
resort to frequent dosing, and the resulting inconvenience to
the patient often results in lowered compliance with the
prescribed dosing regimen. Moreover, widely fluctuating
plesma conceatrations of the drug may result in administra-
tion of less than therapeutic amounts of the drug in a
conservative dosing regimen, or amounts 100 large for the
particular patieni in ap aggressive dosing regimen. The
logical solution to this problem would be 1o develop sus-
lained release dosage forms that decrease the dosing fre-
quency of Ihe compounds.

However, the pharmacokinetics of valproic acid, and
other valproate compounds, has complicaled such develop-
menl efforts. The relationship between plasma concentration
and clinical response is not well decumented for valproate.
One contributing factor is the nonlinear, conceatration
dependent protein binding of valproate, which affects the
clearance of the drug. As the dosc of valproate increases,
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servm levels rise faster than might be expected since pro-
portionately less of the dose is bound lo plasma proteins. For
example, because the plasma protein binding of valproate is
concentration dependant, the free fraction increases from
approximately 10% al 40 pg/wl to 18.5% at 130 pg/ml.

These nonlinear kinetics significantly increase the diffi-
culty of designing sustained release dosage forms. Identical
doses of the valproate compound can produce vastly differ-
ent blood levels depending upon the rate at which the
valproate compound is released from the dosage form.

Further complicating development efforts is the fact that
a comrelaion between valproate levels and efficacy is
unkoown for disease states other than epilepsy. For example,
therapeutic concentrations required to ireat migraine head-
aches and bipolar disorders have not been established.

What impact valproate levels play in a number of side
effects is also unknown at the present time. Gl irritation is
very common in palients consuming valproate, affecting up
to one third of patients. The incidence increases at elevated
doses. It is unknown if this side effect is cavsed by local
irritation within the Gl tract or is mediated via the stimula-
tion of a receptor within the central nervous system {and thus
is dependant upon plasma valproate levels). Other side
effects such as asthemia, dizziness, somaolence, alopecia,
and weight gain are quite common. It is also unknown if
these side effecls can be correlated with plasma levels of
valproale. A more detailed discussion of valproale side
¢ffects may be found in PDR supra, page 421-437.

In spite of the nonlinear kinetics of the compounds, a
concerted effort has been devoted to the discovery of val-
proale formulations thal will maintain more constant plasma
levels of the drug following administration. The ultimate
goal of these studies has been the discovery of a formulation
which affords stable plasma levels in a unce-a-day dosing
regimen. These efforts fall geoerally into one of two cat-
egories: (2) finding a form of the active ingredient which is
more slowly released to the body metabolically, and (b)
finding a formulation which delivers the drug by either a
timed- or controlled-release mechanism.

U.S. Pat. No. 4,369,172 to Schor, el al. describes, for
example, a prolonged release therapeutic composition based
on mixtures of hydroxypropyl methylcellulose, ethyl cellu-
lose andjor sodium carboxymethyl cellulose. The patentees
provide a long list of therapeutic agents which they suggest
can be incorporated into the formulation inchiding sodium
valproate.

U.S. Pat. No. 4,913,906 to Friedman, el al discloses a
controlled release dosage form of valproic acid, its amide, or
one of its salts or csters in combination with a patural or
synthetic polymer, pressed into a tablet under high pressure.

U.S. Pat. No. 5,009,897 to Brinker, et al discloses
granules, suitable for pressing info lablets, the granules
comprising a core of divalproex sodium and a coating of a
mixture of a polymer and microcrystalline cellulose.

U.S. Pat. No. 5,019,398 to Daste discloses a sustained-
release tablet of divalproex sodium in a matrix of bydrox-
ypropy] methyleelulose and hydrated silica.

U.S. Pat. No. 5,055,306 to Barry, e! al. discloses an
effervescent or water-dispersible granular sustained release
forroulation suitable for use with a variety of therapeutic
agents. The granules comprise a core comprising the active
ingredient and at least one excipient, and a water insoluble,
water-swellable coating comprising a copolymer of ethyl
acrylate and methyl methacrylate and a water soluble
hydroxylated celiulose derivative. The patepiees suggest a
list of therapeutic agents which may be used in the formu-
lation of the invention, including sodium valproate.
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US. Pat. No. 5,169,642 to Brinkler, et al. discloses a
sustained release dosage form comprising granules of dival-
proex sodium or amides or esters of valproic acid coated
wilh a sustained release composition comprising ethyl cel-
lulose or a methacrylic methyl ester, a plasticizer, a detacki-
fying agent, and a slow-release polymeric viscosity agent.

.S, Pat. No. 5,185,159 1o Aubert, e1 al. discloses a
formulation of valproic acid and sodivm valproate which is
prepared without the use of either a binder o1 a granulating
solvent. The formulation optiopally contains precipitated
silica as an anti-sticking or detackifying agent.

U.S. Pat. No. 5,589,191 1o Exigua, et al discloses a slow
release sodium valproale Lablet formulation in which the
tablets are coated with ethyl cellulose containing silicic acid
anhydride.

Fublished PCT application WO 9427587 to Ayer, et al.
discloses a method for control of epilepsy by delivering a
therapeutic composition of divalproex sodium in combina-
tion with a poly (alkylene oxide).

Bialer, et al., “Metabolism of Antiepileptic Drugs,” pp.
143-151, R. H. Levy, Ed.,, Raven Press, New York, 1984;
Int. J. Pharmaceutics, 20; 5363 (1984); and Biepharma-
ceutics and Drug Disposition, 6: 101-411 (1985); and Israel
J. Med. Sci,, 20; 46-49 (1995) reporl the pharmacokinetic
evaluation of several sustained release formulations of val-
proic acid.

Despite all of these efforts, there remains the need for a
sustained release formulation of divaproex sodium, and
other valproate compounds, that will permit once-a-day
dosing, Further, there rernains the need for a formulation
which will effectively maintain plasma concentrations of the
drug at more constant levels over a 24 hour dosing period
(i.c. minimize the variation between peak and trough plasma
levels). Further, sustained release formulations are needed
that will decrease the incidence of side effects associated
with valproate therapy. More specifically, there remains the
need to reduce the incidence of nausea, vomiting, asthenia,
somnolence, alopecia, weight gain, elc. in patients under-
going valproaie therapy.

BRIEF DESCRIFTION OF THE DRAWINGS

In the drawings, which form a part of this specification:

FIG. 1 is a graphical representation of the release of drug
from several tests controlled release tablet formulations
under in vitro conditions.

FIG. 2 is a graphical representation of in vitro release of
drug from two preferred controlled release tablet formula-
tions of the invention.

FIG. 3 is a graphical representation of plasma valproate
levels of two qd (once-a-day) and one bid (twice-a-day)
dosage form.

TIG. 4 is a graphical representation of plasma valproate
levels of a qd {once-a-day) and bid (twice-a-day) dosage
form.

SUMMARY OF THE INVENTION

In accordance with the present invention, a pew oral
polymeric controlied release formulation switzble for the
once-a-day administration of valproale compounds, such as
divalproex sodium, has been discovered. This formulation
exhibits significant advantages over the sustained release
valproate formulations of the prior art. This formulation
minimizes the variation between peak and trough plasma
fevels of valpruate over a 24 bour dosing period. This
formulation follows a zero-order release pattern thus pro-
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ducing essentially flat plasma levels of valproale, once
steady-state levels bave been achieved. This resulls in a
significantly lower incidence of side effccts for paticnts
consueming such a formulation.

Peak cooceatrations of valproate, C_,, are statistically
significantly (p<0.05) below those produced by valproate
dosage forms suitable for twice a day administration when
measured over a 24 hour period. Trough levels of valproate,
C,uire 3T DO statistically significantly different from those
obtained with a twice-a-day dosage form (over 24 hours).
The extent of absorption, as defined by area under the curve
(“AUC"), is equivalent to those produced by the twice-a-day
valproate dosage forms (over 24 hours). Such a combination
of properties has unexpected benefits. It allows therapeutic
levels of valproate to be maintained over a 24 hour dosing
period, Further, it has been discovered that a significantly
lower incidence of side effects has been achieved by this
reduction in peak plasma concentralion. Gaslroinlestinal
side effects, alopecia, and certain CNS side effects have been
reduced.

The once-a-day formulation (“qd") comprises a valproale
compound that is in association with al least one pharma-
ceutically acceptable polymer. A sufficient quantity of the
polymer is utilized, so that upon ingestion, steady staic
plasma valproate levels are obtained baving a degree of
fluctuation that is lower than (hat produced by a correspond-
ing twice-a-day valproale dosage form. The qd formulation
also typically provides for total absorption (AUC) of the
valproate compound that is at least 80% of that achieved by
a daily dose of the corresponding twice-a-day formulation.

It is importanl to emphasize thal the formulations of this
invention are not limited (o any one particular mechanism of
drig release. Given the guidance of this patent application,
one skilled in the art could achieve the enhanced pbarma-
cokinetic and side effect profile using any oral controlled
release polymeric dosage form known in the art. This
includes osmotic pump systems, matrix syslems, Of reservoir
syslems,

A more specific emhodiment of this invention is directed
1o a once-a~day divalproex sodium dosage form. This for-
mulation has a degree of fluctuation that is less than that
achieved by a divalprocx sodium delayed release tablel. This
qd dosage form also produces lotal valproate absorption that
is at least 80% of that achieved by the divalproex sodinm
delayed releasc tablets. Peak steady state serum valproate
levels obtained with the qd dosage form are 10-20% lower
than that produced by the divalproex sodium delayed release
tablets. Trough levels, which ar imporlant in maintaining
control of epileplic seizures, are not statistically significantly
different from those obtained with Ihe divalproex sodium
delayed release lablels.

DETAILED DESCRIPTION

1. Defipitions

As noled above, the invention relates to pew and
improved dosage forms of valproic acid and otier valproale
compounds which disassociale io-vivo to produce a val-
proate ion. Several valproate compounds are currently avail-
able commercially in the United States or have been
described in the literature.

One such compound is valproic acid. Valproic acid may
be represented by the following structure:
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HyC—CH;~—CH, (o]
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CH—
HyC—CHy—CHY OH

Valproic acid is available commercially from Abbott
Laboratories of Abbot Park, Il Meshods for its synthesis
are described in Oberreit, Ber. 29, 1998 (1896) and Keil, Z.
Physiol. Chem. 282, 137 (1947). It’s activity as an anticpi-
leplic compound is described in the PDR, 52nd Edition,
page 421, 1998. Upon oral ingestion within the gasirointes-
tinal tract, the acid moiely disassociates to form a carboxy-
late moiety (i.c. a valproate ion}. ’

The sodium salt of valproic acid is also known in the art
as an anti-epileptic agent. It is also known as sodivm
valproate and is described in detail in The Merck Index, 12
Edition, page 1691, (1996). Further descriptions may be
found in the PDR, 52™ Edition, page 417, {1998).

Divalproex sodium is ¢ffective as an antiepileptic agent
and is aiso used for migraie and bipolar disorders. Methods
for its preparation may be found in 1.5. Pat. No.'s 4,988,731
and 5212,326, the contents of both which are bereby
incorporated by reference. Like valproic acid, il also disas-
sociales within the gastrointestinal tract to form a valproate
ion.

In addition to these specific compounds, one of ordinary
skill in the art would readily recognize that the carboxylic
moiety of the valproate compound may be functienalized in
a varety of ways. This includes forming compounds which
readily metabolize in-vivo to produce valproate, such as
valproate amide {valproimide), as well as other pharmaceu-
tically acceptable amides and esters of the acid (i.e.
prodrugs). This also includes forming a variety of pharma-
ceutically acceptable salts.

Suitable pharmaceutically acceptable basic addition salts
include, but are oot limited to cations based on alkali metals
or alkaline earth metals such as lithium, sodiur, potassivm,
calcium, magnesium and aluminum salis and the like and
nontoxic qualcmary ammonia and amine cations including
ammonium, letramethylammonium, tetracthylammoniun,
methylamine, dimethylamine, trimethylamine,
triethylamine, diethylamine, ethylamine and the like. Other
representative organic amines useful for the formation of
base addition salls include ethylenediamine, ethanolamine,
diethaoolamine, piperidine, piperazine and the like.

Other possible compounds include pharmaceutically
acceptable amides and esters. “Pharmaceutically acceptable
ester” refers o those esiers which retain, upen hydrolysis of
the ester bomd, the biological effectivencss and properties of
the carboxylic acid and arc not biclogically or otherwise
undesirable. For a description of pharmraceutically aceepl-
able eslers as prodrugs, see Bundgaard, E, ed, (1985)
Design of Prodrugs, Elsevier Science Publiskers,
Amsterdam, which is hereby incorporated by reference.
These esters are typically formed from the corresponding
carboxylic acid and ap aleohol. Generally, ¢ster formation
can be accomplished via conventional syntbetic techniques.
{See, ¢.g., March Advanced Organic Chemistry, 3rd Ed,
John Wiley & Sops, New York (1985) p. 1157 and references
cited therein, and Mark et al. Encyclopedia of Chemical
Technology, John Wiley & Sons, New York (1980)), both of
which are hereby incorporaled by reference. The alcohol
componenl of the ester will generally comprise (i) a C-Cy,
aliphatic aleoho! thal can or can hot conlain onc or more
double bonds and can or can not contain branched carbons
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or {ii) 2 C,—C,, aromatic or heteroaromatic alcohols. This
invention also contemplates the use of those compositions,
which are both esters as described herein, and at the same
time are the pharmaceutically acceptable salts thereot,

“Pharmaceutically acceptable amide” refers to those

amides which retain, upon bydrolysis of the amide bond, the
biological e Fectiveness and properties of the carboxylic acid
and arc oot biologically or otherwise undesirable. For a
description of pharmaceutically acceplable amides as
prodrugs, sec Bundgaard, H,, Ed., (1985) Design of
Prodrugs, Elsevier Science Publishers, Amsterdam. These
amides are typically formed from the corresponding car-
boxylic acid and an amine. Generally, amide formation can
be accomplished via conventionzi synihetic techniques.
(See, £.g., March Advanced Organic Chemisiry, 3d Ed.,
John Wiley & Sons, New York (1985) p. 1152 and Mark et
al. Encyclopedia of Chemical Technology, Jobo Wiley &
Sons, New York (1980)), both of which are hereby incor-
porated by reference. This invention also contemplates the
use of those compositions, which are both amides as
described herein, and al the same time are the pharmaceu-
tically acceptable salts thereof,

As used in this application:

a) any reference to “valproate” or “valproate compounds”
should be construed as including 2 compound which
disassociales within the gastrointestinal tract to pro-
duce a valproate jon including, but not limited to,
valproic acid, the sodium salt of valproate, divalproex
sadium, any of the various salts of valproic acid
described above, and any of the prodrugs of valproic
acid described above. Divalproex sodium is the most
preferred valproate compound of the present invention.

b) *C, ...~ means maximum plasma concentration of the
valproate ion, produced by the ingestion of the com-
position of the invention or the twice-a-day comparator
(BID).

¢€) “C,,,," means minimum plasma concentration of the
valproate ion, produced by the ingeslion of the com-
position of the invention or the BID comparator.

d) “C,,," means the average concentration of valproate
jon within the 24-bour interval produced by the inges-
tion of the composition of the invention or the BID
comparator. C,,, is calculated as AUC over a 24 hour
interval divided by 24.

) “T,,.." means lime to the maximum observed plasma
concentration produced by the ingestion of the com-
position of the invention or the BID comparator.

f) “AUC” as used herein, means area under the plasma
concentration-time curve, as caleulated by the trapezoi-
dal rule over the complete 24-hour interval for all the
formulations.

g) “Degrec of Fluctuation (DFLY” as used herein, is
expressed as: DFL~(C,,,,~C,.;.)/C,,, produced by the
ingestion of the composition of the invention or the
BID comparator.

) “Pharmaceutically acceptable” as used herein, meaps
those salis/polymers/excipicnts which are, within the
scope of sound medical judgment, suilable for use in
conlact with the tissues of humans and lower animals
without undue loxicity, irritation, allergic response, and
the like, in keeping with a reasonable benefii/risk ratio,
and effective for their intended use in the treatment and
prophylaxis of migraine, cpilepsy, bipolar disorders,
elic.

i) “Side effects” as used herein, means those physiological
effects to various systems in the body such as cardio-



Case 2:08-cv-10498-NGE-MJH Document1 Filed 02/04/08 Page 41 of 50

US 6,528,090 B2

7

vascular systems, nervous syslem, digestive syslem,
ardd body as a whole, which cause pain aod discomfort
10 the individual subject, and which are the direct result
of the ingestion of the valproate compound.

7} “decreased incidence of side effects” refers to a reduced
incidence of side cifects in a patient population, and not
1o 2 total absence of side effects, when measured in a
comparable population consuming 2 valproate dosage
form suitable for twice daily administration. As is well
known 1o those skilled in the art, even placebo dosage
forms made of sugar produce some measurable inci-
dence of side effects. Thus an improved side effect
profile must be interpreted in light of the relevant art.

k) “delayed release divalproex sodium tablets™ refers to
an epleric coated dosage form containing divalproex
sodium intended to delay the release of the medication
until the dosage form bas passed through the stomach.

1) “bid” refers 1o the administration of a formulation twice
during a 24 hour period.

m) “qd” refers to a dosage form thal may be administered
occe during a 24 hour peried.

n) A statistical test is ssid to be statistically significant
where the resulling p-value is less than or equal t0 0.05,
unless otherwise noted. Equivalence and statistical
significance are pot synonymous.

As used in this application, the terms “C,,,,” and “trough
fevels”, should be considered synonyms. Likewise, the
terms “C,.." and “peak levels” should also be considered
synonyms. Any reference to a plasma concentration of
valproate ion, and more specifically to any quantification
thereof, such as, for example, C,.c.r Crae AUC, DFL, etc.,
should be considered 10 have been determined at steady state
in a fasting population, unless expressly stated otherwise,

[1. Pharmacokinetic Profile

As noted above, the invention resides in the discovery that
a formulation having an improved pharmacokinetic profile
will simultanecusly accomplish two results. First, it will
provide a dosage form of valproate that will mainfain
therapeutic levels of the valproate ion over a 24 hour dosing
period, thus providing once daily dosing. Secondly, it will
reduce the incidence of side effects associated with valproate
therapy.

In order 1o obtain these benefils, it is necessary for the
once-a-day valproate dosage form to achieve certain phar-
macokinetic parameters, when compared to 2 bid valproate
dosage form. The qd dosage form must reduce peak plasma
levels of valproate (C,..) Wwithoul significanily impacting
either trough levels (C,,,;,) or the extent of valproate absorp-
tion {AUC). Further, the qd dosage form will exhibit a DFL
that is lower thap that exhibited by a corresponding bid
valproate dosage form,

C,... for the gd desage form should be statistically
significantly lower than the C,, for a bid dosage form of the
same valproate compound, whea each is measured zl steady
slale in a fasting population. For ¢xample, a once-a-day
divatproex sodium dosage form will exhibit a C,,,, that is
statistically significantly lower than that produced by a
divalproex sodium delayed release lablet, when cach is
measured at steady state in a fasting population. Typically,
peak plasma levels of valproate are reduced at least 10%.
More typically, these peak plasma levels are reduced up to
about 20%. This reduction must be accomplished with out
any significant reduction in trough levels or 1otal absorption
of valproate.

C,,., for the gd dosage form should not be statistically
significantly different from that oblained with a bid dosage
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form of the same valproale compound, when each is deter-
mined at steady stale in a fasling population. More
specifically, C,,,,, for a once-day divalproex sodium dosage
form should not be statistically significantly different from
that obtained with a delayed release divalproex sodium
tablet when each is measured at stcady staie in 2 fasting
population. Maintaining comparable trough levels to those
obtained with the prior ant bid dosage forms is pecessary to
maintain the therapeutic efficacy of the valproale compound.
Inadequate trough levels are associated with seizures in
epileptic palients.

In addition to reducing peak valproate levels as described
abave, it is also important that the total amount of valproate
absorbed from the qd dosage form oot be decreased
significantly, when compared 1o a bid dosage form of the
same valproate compound when dosed over a 24 bour
dosing interval. Total drug absorption is also referred to as
AUC (area under the curve). Methods for quantifying drug
absorption are well known 1o those skilled in the art and

have been standardized by the United States Food and Drug
Adminisiration al
v i tat. . the contents of

which are hereby incorporated by reference.

AUC for the gd dosage form will be equivalent to the
AUC of the bid dosage form of the same valproate com-
pound when each is measured al steady state in a fasting
population over a 24 hour period. Equivalence of a phar-
macokinelic parameter refers to the 90% confidence interval
of the ratio of the central values of the pharmacokinetic
parameter of the test formulation to the reference formula-
tion being contained within 0.80 to 1.25. More specifically,
the AUC of gd divalproex sodivm tablet form will be
equivalent 1o that obtained with a delayed release divalproex
sodium dosage form when each is determined at sicady state
in a fasting population over a 24 hour dosing period.

An AUC of at least 80% should be achieved with the
formulations of this invention, when compared to a bid
dosage form over a 24 hour interval. Values below 80% tend
10 negatively impact trough levels leading to sub-therapeutic
copcentrations of valproate and loss of epileplic control, eic.
AUC’s in excess of 125% shouid also be avoided. Thus with
respect 1o the extent of absorption, the formulations of this
inveation should be considered equivalent to the corre-
sponding bid valproate dosage form.

Degree of Fluctuation (“DFL”) is a measurement of how
much plasma levels of a drug vary over the course of a
dosing interval. The closer the DFL is to zero (0), the less
variance there is over the course of a dosing period. Thus a
reduced DFL signifies that the difference in peak and trough
plasma levels has been reduced. The DFL for a qd dosage
form of this invention will be lower than that of the
corresponding bid dosage form, for the same valproate
compound, when each is evaluated at steady state in a
fasting population. In a more specific embodiment, a qd
divalproex sodium dosage form will have a DFL that is
lower than that achieved with a bid delayed release dival-
proex sodium lablet when cach is evalvated at steady state
in a fasting population.

Despite the numerous therapeutic advantages of valproate
therapy, certain patients consuming these medications expe-
rience side effects. For example, with divalproex sodium
delayed release tablets, approximately 7% of patients report
ajopecia (hair loss) PDR supra, page 435-436. Up to 8% of
patients report significant weight gain PDR supra, page
435-436. Such side cffects can have disasterous conse-
quences for the self image of patients, especially for
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females, or younger patients. It is unknown whether this bair
loss or weight gain is associated with obtaining or main-
taining cerlain plasma levels of valproate

Likewise, up lo one-third of palients consuming dival-
proex sodium defayed release lablets report suffering from
nausea. While such an evenl is certainly not life threatening,
it is unpleasant for the patient. The nausea can lead lo
non-corapliance and subsequent worsening of the patient’s
disease. Dizziness, tremor, asthenia, somnolence are also
common with valproate therapy. The impact of plasma
levels on these side effecls is also unknown. For a more
complete discussion of valproate side cffects, please refer to
PDR supra, page 421437,

The incidence of these side effects can be reduced sig-
nificantly by reducing peak plasma levels of valproate by
approximaiely 10-20%. Furtber, therapeutic control can be
maintained by meeting the DFL, C,,;,.» and AUC guidelines
discussed above. Such a finding was totally unexpected. The
literature clearly documents thal the correlation between
side effects and plasma valproate levels is unknown.

1. Dosage Forms

As noted above, the benefits of this invention are not
limited to a single type of dosage form having a particular
mechanism of drug release. This enhanced pharmacokinetic
profile can be obtained with any of the oral sustained release
dosage forms in usc today, following the teachings above.

As of the filing date of this application, there are three
types of commonly used oral palymeric countrolled release
dosage forms. This includes malrix systems, osmolic pumps,
and membrane controlled technology (also referred to as
reservoir systems). Bach of thesc systems is described in
greater delail below. A detailed discussion of such dosage
forms may also be found in: () Handbook of pharmaceutical
controlled release technology, ed. D. L. Wise, Marcel
Delker, Inc. New York, N.Y. (2000), and (ii). Treatise on
controlled drug delivery, fundamentals, optimization, and
applications, ed. A. Kydonicus, Marcel Dekker, Inc. New
York, N.Y. (1992), the contents of ecach which is hereby
incorporated by reference.

A) Matrix Systems

Matrix systems are well known in the ant. In a matdx
system, the drug is homogenously dispersed in & polymer in
association with conventional excipients. This admixture is
typically compressed under pressure to produce a tablet.
Drug is released from this tablet by diffusion and crosion.
Malrix systeos are described in detail by Wise and
Kydonieus, supra.

The matrix formulations of this invention comprise 2
valproate compound and a pharmaceutically acceplable
polymer, Preferably, the valproate compound is divalproex
sodium. The amount of the valproate compound varies from
about 40% to about 80% by weight of the dosage form.
Preferably, the dosage form comprises about 45% to about
65% by weight of the valproate compound.

The pharmaceutically acceplable polymer is a waler-
soluble hydrophilic polymer, or a water insoluble bydropho-
bic polymer (including waxes). Examples of suitable water
soluble polymers include polyvioylpyrrolidioe,
hydroxypropylceliulose, bydroxypropylmethy! cellulose,
methyl cellulose, vinyl acetate copolymers, polysaccharides
{such as alignate, xanthum gum, elc.), polycthylene oxide,
methacrylic acid copolymers, maleic anhydride/methyl
vinyl ether copolymers and derivatives and mixtures thereof.
Examples of suilable water insoluble polymers include
acrylates, cellulose derivatives such ethyleellulose or cellu-
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lose acetate, polyethylene, methacrylates, acrylic acid
copolymers and high molecular weight polyvinylalcohals.
Examples of suitable waxes include falty acids and glycer-
ides.

Preferably, the polymer is selecled from hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, and methyl cel-
lulose. More preferably, the polymer is hydroxypropylm-
elhyl cellulose. Most preferably, the polymer is a high
viscosity bydroxypropyl-methy! cellulose with viscosity
ranging from about 4,000 ¢ps to about 100,000 cps. The
most preferred high viscosity polymer is a hydroxypropyl-
methyl cellulose with a viscosity of about 15,000 cps,
commercially available under the Tradename, Methocel,
from The Dow Chemical Company.

The amount of the polymer in the dosage form generally
varies from about 20% 1o about 50% by weight of the
composilion. Preferably, the amount of polymers varies
from about 25% to about 45% by weight of the dosage form.
Mosl preferably, the amount of polymer varies from about
30% 1o about 40% by weight of the dosage form.

The composition of the invention also typically includes
pharmaceuticatly acceptable excipients. As is well known 1o
those skilied in be art, pharmaceutical excipienis are rou-
tinely incorporated into solid dosage forms. This is done o
ease the manufacturing process as weil as to improve the
performance of the dosage form. Common excipienis
include dilsenis or bulking agents, lubricants, binders, eic.
Such excipients are routinely used in the dosage forms of
this iovention.

Diluents, or fillers, are added in order fo increase the mass
of an individual dose to a size suitable for tablet compres-
sion. Suitable diluents include powdered sugar, calcium
phosphate, calcium sulfate, microcrystaltine cellulose,
lactose, mannitol, kaolin, sodivm chloride, dry starch,
sarbitol, ete.

Lubricants are incorporated into a formulation for a
variety of reasons. They reduce friction between the granu-
lation and die wall during compression and ejection, This
prevents the granulate from sticking o the tablet punches,
facilitates its ejection from the tablet punches, etc. Examples
of suitable lubricants include talc, stearic acid, vegetable oil,
calcium slearate, zinc stearate, magnesium stearate, elc.

Glidant’s are also typically incorporaled into the formu-
Iation, A glidant improves the flow characteristics of the
granulation. Examples of suitable glidant’s include talc,
silicon dioxide, and comnslarch.

Binders may be incorporated info the formulation. Bind-
ers are typicalty utilized if the manufacture of the dosage
form uses a granulation step. Examples of suitable binders
include povidone, polyvinylpyrrolidone, xanthan gum, cel-
lulose gums such as carboxymethylcellulose, methyl
cellulose, bydroxypropylmethyloeliulose, hydroxyceliulose,
gelatin, starch, and pregelatinized starch.

Other excipients that may be incorporated into the for-
mulation include preservatives, antioxidants, or any other
excipienl commoonly used in the pharmacoulical indusiry,
etc. The amount of excipients used in the formulation will
correspond to (hat typically used in a malrix system. The
total amount of excipients, fillers and extenders, eic. varies
from about 10% to about 40% by weight of the dosage form.

The malrix Formulations are gencrally prepared using
standard techriques well known in the art, Typically, they
are prepared by dry blending the polymer, filler, valproate
compound, and other excipients followed by grapulating the
mixlure using an alcohol uniil proper graonulation is
obtained. The granulation is done by methods known in the
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an. The wet granules are dried in a fluid bed dryer, sifted and
ground to appropriate size. Lubricating agents are mixed
with Lhe dried granulation to obtain the fral formulation.

The compositions of the invention can be administered
orally iz the form of tablets, pills, or the granulate may be
loose filled into capsules. The tablets can be prepared by
techniques known in the art and contain a therapeutically
useful amount of the valproate compound and such excipi-
eots as are necessary (o form the tablet by such techniques.
Tablets and pills can additionally be prepared with enteric
coatings and other release-controlling coatings for the pur-
pose of acid protection, easing swallow ability, elc. The
coaling may be colored with a pharmaccutically accepted
dye. The amount of dye and other excipients in the coating
liquid may vary and will not impact the performance of the
extended release tablets, The coating liquid generally com-
prises film forming polymers such as hydroxypropyl
cellulose, hydroxypropylmethy! cellulose, celtulose esters or
ethers (such as cellulose acetale or ethylcellulose), an acrylic
polymer or a mixture of polymers. The coaling solution is
generally an aqueous solution or ap crganic solvent further
comprising propylene glycol, sorbitan monoleate, sorbic
acid, fillers such as titanium dioxide, a pharmaczutically
acceplable dye.

A particularly preferred matrix system for the extended
release of the valproate compound there from comprises:
from about 50 weight percenl to aboul 55 weight percent of
a valproate compound; from about 20 weight percent to
about 40 weight percent of hydroxypropyl methylceliulose;
from about 5 weight percent to about 15 weight percent of
lactose, from about 4 weight percent to abowt 6 weight
percent of microcrystalline cellulose, and from about 1
weight percent to about 5 weight percent of silicon dioxide,
in which said silicon dioxide has an average particie size
ranging between about 1 micron and about 10 microns; and
all weight percentages based upon the total weight of the
dosage form.

This preferred embediment of the invention also extends
a dry granular composition suitable for compressing into a
tablet dosage form, the granular composition comprising
particles of a size smaller than about 1 mm and comprising
from about 50 weight percent to about 55 weight percent of
an active ingredient sclected from the group consisting of
valproic acid, a pharmaceutically acceptable salt or ester of
valproic acid, divalproex sodivm, and valpromide; from
about 20 weight perceni to about 40 weight percent of
hydroxypropyl methylcellulose; from about 5 weight per-
cent fo about 15 weight percent of lactose, from about 4
weight percent to about 6 weight perceat of microcrystalline
cellulose, and from about 1 weight percent to about 5 weight
percent of siticon dioxide, in which said silicon dioxide has
an average particle size ranging between about 1 micron and
about 1) microns; and all weight percentages based upon the
total weight of the granular composition.

More specifically, 2 divalproex matrix may be prepared by
a) dry blending a mixture of from about 50 weight percent
to about 55 weight percent divalproex sodium, from about
20 weight percent to about 35 weight percent hydroxypro-
pylmethyl cellulose, from about 5 weight percent to about 15
weight percent lactose to form a uniform mixture of the dry
ingredients; b) wet granulating the dry uniform mixture from
step a); ¢) drying and sizing the wet granules from step b) to
select granules having an average size below 1 mm; d) dry
blending the granules with from about 4 weight percent to
aboul & weight percent microcrystalline celluluse, and from
about 1 weight percent lo aboul 5 weight percent silicon
dioxide having an average particle size ranging between
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about 1 micron and about 10 microns; and ¢) compressing
the blended granules of siep h) under a force ranging
between about 2000 Ibf {sboul 8.9x10° Newicns) and
10,000 Ibf(about 4.45x10* Newtons). In a similar manner,
the microcrystailine cellulose can be dry blended in step {a)
with the divalproex sodium, hydroxypropyl methylcellulose
and lactose.

B) Osmotic Pumps

In an osmotic pump system, a tablet core is encased by a
semipermeable membrane having at least one orifice. The
semipermeable membrape is permeable to water, but imper-
meable to the drug. When the system is exposed to body
fluids, water will penetzale through the semipermeable
membrane into the tablet core containing osmotic excipicats
and the active drug. Osmotic pressure increases within the
dosage form and drug is released through the orifice in an
aftempt to equalize pressure.

In more complex pumps, the tablet core contains two
internal compariments. The first compartment contains the
drug. The second compartment contains a polymer which
swells op contact with fiuid. After ingestion, this polymer
swells into the drug containing compartment at a predeier-
mined rate and forces drug from the dosage form at thal rale.
Such dosage forms are ofter used when are zero order
release profile is desired, such as in the instant invention.

Osmotic pumps are well known in the art and have been
described in the literature. U.S. Pat. Nos. 4,088,864; 4,200,
008; and 5,573,776; all of which are hereby incorporated by
refereace, describe osmotic pumps and methods for their
manufacture. Osmotic pumps containing valproate
compounds, such as divalproex sodium, have been described
by Ayer ¢t al in U.S. Pat. No. 5,980,943, the contents of
which are bereby incorporated by reference. One skilled in
the art, taking inlo accouni this applications teachings and
those of the '864, *098, *776 and *943 patents could produce
ap osmolic pump matching the pharmacokinelic profile
described above.

As a general guideling, 1he osmotic pumps of this inven-
tion are typically formed by compressing a tablet of an
osmotically active drug {or an osmotically inactive drug in
combination with an osmotically active agent or osmagent)
and then coaling the tablet with a semipermeable membrane
which is permeable 1o an exterior aquecus-based fluid bul
impermeable 10 ihe passage of drug and/or csmagent. Ooe or
more delivery orifices may be drilled through the semiper-
meable membrane wall. Alternatively, orifice(s) through the
wall may be formed in situ by incorporating leachable pore
forming materials in the wall In operation, the exierior
aqueous based fluid is imbibed through the semipermeable
membrane wall and contacts the drug and/or salt to form a
solution or suspeosion of the drug. The drug solution or
suspension is then pumped out through the orifice as fresh
fluid is imbibed through the semipermeable membrane.

in a further preferred embodiment, the tablet contains two
distinct compartments. The first compartment contains the
drug as described above. The second compartment conlains
an expandable drving member consisting of a layer of a
swellable bydrophilic polymer, which operates lo diminish
the volume occupied by the drug, thereby delivering the
drug from the device at a controlled rate over an extended
period of time.

Typical materials for the semipermeable membranc
include semipermeable polymers known to the art as osmo-
sis and reverse osmosis membranes, such as cellulose
acylate, cellulose diacylate, cellulose triacylate, cellulose
acetate, cellulose diacetate, cellulose triacetate, agar acetate,
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amylose triacetale, beta glucan acelate, acetaldehyde dim-
ethyl acetate, cellulose acetate cthyl catbamale, polyamides,
polyurethanes, sulfonated polystyrenes, cellulose acetate
phthalate, cellulosc acetale methyl carbamate, cellulose
acetale succinate, cellulose acetate dimethyl aminoacetate,
celiulose acetale ethyl carbamate, ccllulosc acetate
chloracetate, cellulose dipalmitate, ceflulose dioctamoate,
cellulose dicaprylate, cellulose dipentanlate, cellulose
acetate valerate, cellulose acelate succinate, cellulose pro-
pionate succinale, methyl cellulose, cellulose acelale
p-toluene sulfonate, cellulose acetate butyrate, cross-linked
selectively semipermeable polymers formed by the copre-
cipitation of a polyanion and a polycation as disclosed in
U.S. Pat. Nos. 3,173,876; 3,276,586; 3,541,005; 3,541,006;
and 3,546,142, semipermeable polymers as disclosed by
Loch and Sourirajan in U.S. Pat. No. 3,133,132, lightly
cross-linked polystyrene derivatives, cross-linked poly
(sodium styrcne sulfonate), poly(vinylbenzylirimethyl
ammonium chloride), cellulose acetate having a degree of
substitution up to 1 and an acetyl comtent up to 50%,
cellulose diacetate haviog a degree of substitution of 110 2
and an acetyl content of 21 to 35%, cellulose triscetate
having a degree of substitution of 2 to 3 and an acetyl
content of 35 1o 44.8%, as disclosed in U.S. Pat. No.
4,160,020.

The osmolic agent present in the pump, which may be
used when the drug itself is not esmotically active, are
osmotically effective compounds soluble in the fuid hat
entets the device, and exhibils an osmotic pressure gradient
across the semipermeable wall against the exterior fluid.
Osmotically effective osmagents useful for the present pur-
pose include magpesinm sulfate, calcium sulfate, magne-
sium chloride, sodium chloride, lithium chloride, polassium
sulfate, sodium carbonate, sodium sulfite, lithivm sulfate,
potassium chloride, sodium sulfate, d-mannito}, urea,
sorbitol, inositol, raffinose, sucrese, glucose, bydrophilic
polymers such as cellulose polymers, mixtures thereof, and
the like. The osmagent is usually present in an excess
amount, and it can be in any physical form, such as particie,
powder, granule, and the like. The osmotic pressure in
atmospheres of the osmagents suitable for the invention will
be greater than zero and generally up to about 500 atm, or
higher.

The expandable driving member is typically a swellable,
hydrophilic polymer which interacts with water and agueous
biological fluids and swells or expands fo an equilibrium
state. The polymers exhibit the ability to swell in water and
retain a sigoificant portion of the imbibed water within the
polymer structure, The polymers swell or expand o a very
high degree, usually exhibiting a 2 to 50 fold volume
increase. The polymers can be noncross-linked or cross-
linked. The swellable, hydrophitic polymers are in one
presently preferred embodiment lightly cross-linked, such
cross-links being formed by covalent ionic bonds or hydro-
gen bonds. The polymers can be of plant, animal ot synthetic
origin. Hydrophilic polymers suitable for the present pur-
pose include poly(hydroxy alkyl methacrylate) having a
molecular weight of from 30,000 to 5,000,000; kappa
carrageenan, polyvinylpyrolidone having molecular weight
of from 10,000 to 360,000; anionic and cationic hydrogels;
polyelectrolyte complexes; poly(vinyl alcohel) having 2 low
acetate residual, cross-linked with glyoxal, formaldehyde, or
glutaraldebyde and baving a degree of polymerization from
200 to 30,000; a mixture of methyl cellulose; cross-linked
agar and carboxymethyl cellulose; a water insoluble, waler
swellable copolymer produced by forming a dispersion of
finely divided copolymer of maleic anhydride with styrene,
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ethylene, propylene, butylene or isobutylene cross-linked
with from 0.001 to about 0.5 moles of saturated cross-
linking agent per mole of maleic anbydride in copolymer;
waler swellable polymers of N-vinyl lactams, and the like.

The expression “orifice” as used herein comprises means
and methods suitable for releasing the drug from the system.
The expression includes one or more apertures or orifices
which have been bored through the semipermeable mem-
brane by mechanical procedures. Allernatively it may be
formed by incorporating am erodible element, such as a
gelatin plug, in the semipermeable membrane. In cases
where the semipermeable membrane is sufficiently perme-
able to the passage of drug, the pores in the membranc may
be sufficient to release the agent/drug in therapeutically
effective amounts. In such cases, the expression “passage-
way" refers to the pores within the membrane wall even
though no bore or other orifice has been drlled there
through. A detailed description of osmotic passageways and
the maximum and minimum dimensions for a passageway
are disclosed in U.S. Pat. Nos. 3,845,770 and 3,916,899, the
disclosures of which are incorporated herein by reference.

The osmotic pumps of this invention are manufactured by
stapdard techniques. For example, in one cmbodiment, the
drug and other ingredients that may be housed in one area of
the compariment adjacent lo the passageway, are pressed
into a solid possessing dimension that corresponds lo the
internal dimensions of the arca of the compartment the agent
will occupy, or the agent and other ingredients and a solvent
are mixed into 2 solid or semisolid form by conventional
methods such as balimilling, calendaring, stirring or
rollmilting, and then pressed into a preselected shape. Next,
a layer of a hydrophilic polymer is placed in contact with the
layer of agent in a like manner, and the two layers sur-
rounded with a semipermeable wall. Tbe layering of agent
formulation and hydrophilic pelymer can be fabricated by
conventional two-layer press techaniques, The wall can be
applied by molding, spraying or dipping he pressed shapes
into a wall forming material. Anotber and presenlly pre-
ferred 1echnique thal can be usc for applying the wall is the
air suspension procedure. This procedure consists of sus-
pending and tumbling the pressed agent and dry hydrophilic
polymer in a current of air and a wall forming composition
until the wall is applied to the agent-hydrophilic polymer
composite. The air suspension procedure is describedin U S.
Pat. No. 2,799.241; }J. Am. Pharm. Assoc., Vol. 48, pp.
451-459, (1979). Other standard maoufacturing procedures
are described in Modern Plastics Encyclopedia, Yol. 46, pp.
62-70 (1965); znd in Pharmaceutical Sciences, by
Remington, Fourieenth Edition, pp. 1626-1678 (19709, pub-
lished by Mack Publishing Company, Eastoa, Pa.

C) Reservoir Polymeric Syslems

Reservoir sysiems are well known io the art. This 1ech-
nology is also commonly referred to as microencapsulation,
bead technology, or coated tablets. Small particles of the
drug are encapsulated with pharmaceutically acceptable
polymer. This polymer, and its relative quantity, offers a
predetermined resistance to drug diffusion from the reservoir
to the gastrointestinal tract. Thus drug is gradually released
from the beads into the gastrointestial tract and provides
the desired sustained release of valproate compound.

These dosage forms are well known ia the art. U.S. Pat.
Nos. 5,286,497 and 5,737,320, both of which are hereby
incorporated by reference, describe such formulations and
their methods of production. U.S. Pal. Nos. 5,354,556;
4,952 .402;: and 4,940,588; all of which are hereby incorpo-
rated by reference, specifically discuss using such technol-
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ogy to produce sustained releass dosage forms of valproate
compounds such as sodium valproate. One skilled m the art,
taking into account this applications teachings and those of
the °556, *402, '588, '320, and the 497 patents could
produce a bead or pellet based dosage form matching the
pharmacokinetic profile descrbed above.

As a general puideline however, a pellel is formed with a
core of a valproate compound, optionally in association with
conventional excipeints. This core is then coated with one,
or more, pharmaceutically acceptable polymers. Often, the
coating polymer is an admixture of a major proportion of a
pharmaceuticaily acceptable water insoluble polymer and a
minor proportion of a pharmaceutically acceplable water
soluble polyoer, The central core may be prepared by a
number of techniques known in the art. Typically the val-
proate compound is bound to an inert carrier with a con-
ventiona] binding agent. The incrt carrier is typically a starch
or sugar sphere. Before the valproate is bound to ihe inert
carrier, it is typically blended with conventional excipients
10 expedile its handiing and 10 improve the properties of the
final dosage form. These excipicnts are identical to thosc
described above for the matrix systems. The quantity of
these excipients can vary widely, but will be used in con-
ventional amounts. The central core is then produced by
utilizing a binding agent to attach the powdered valproate
blend fo the solid camier. This can be accomplished by
means kaown in the art for producing pharmaceutical beads.
Suitable means include utilization of a conventional coating
pan, an automalic coating machine, or a rotograoulator. The
production of these central cores is described in more delail
in Pharmaceutical Pelletization Technolugy, ed. 1. Ghebre-
Sellassie, Marcel Dekker, Inc. New York, N.Y. (1989) which
is hereby incorporated by refereoce.

The second major component of the beads is the poly-
meric coating. As noted above, the polymeric coating is
responsible for giving the beads their sustained release
characteristics. The polymeric coating may be applied to the
central core using methods and techniques known in the art.
Examples of suitable coaling devices include fuid bed
coalers, pan coaters, elc. The application techniques are
described in more detail in: 1) Aqueous polymeric coatings
for pbarmaceutical dosage forms, ed. §. W. McGinity, Mar-
cel Dekker, Inc. New York, N.Y. (1997); and 2} Pharma-
ceutical Dosage Forms: Tablets Vol. 3. ed. H. A. Lieberman,
L. Lachman and ). B. Schwartz, Marcel Dekker, Inc. New
York, N.Y. pp. 77-287, (1990), the contents of each which
are hercby incorporated by refercnee.

Examples of suitable polymers include cthyleellulose,
cellulose acetate, cellulose propionate (lower, medivm or
higher molecular weight), cellulose acetate propionate, cel-
lulese acetate butyrate, cellulose acetate phihalate, cellulose
triacetate, poly(methyl methacrylate), poly(ethyl
methacrylate), poly(butyl methacrylate), poly(isobutyl
methacrylate), poly(bexyl methacrylate), poly(isodecyl
methacrylate), poly(lauryl methacrylate), poly(phenyl
methacrylate), poly(methyl acrylate), pely(isopropyl
acrylate), poly(isobutyl acrylate), poly(octadecyl acrylate),
poly(ethylenc), poly(ethylene) low density, poly(cthylenc)
high density, poly(propylene), poly(ethylene oxide), poly
(cthylene terephthalate), poly(vinyl isobutyl ether), poly
{vinyl acetate), poly(vinyl chloride) or polyurethane or mix-
tures thereof,
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Once the beads have been prepared, they may be filled
into capsules as is known in the art. Alternalely, they may be
pressed into tablets using techniques conventional in the ast.

The following examples are prescoted in order to further
illustrate the invention. While all of the examples specifi-
cally relate to matrix dosage forms, their relevance extends
to any of the dosage forms described above. One skilled in
the ari could use their teachings lo prepare reservoir systems
or osmotic pumps baving e pharnacokinmetic profile
described above.

EXAMPLES
Example 1

The following example provides a summnary of the experi-
mental work cutlminating in the formulation of the present
invention.

One gram fablets contzining 538 mg of divalproex
sodium, magnesium stearate, dicalcium phosphate, microc-
rystalline cellulose (Avicel®, FMC Corporation,
Philadelphia, Pa., USA) and/or lactose and various bydro-
philic polymers were prepared. Hydrophilic polymers tested
included hydroxypropyl methylcellulose, methylcellulose
{(Methocel® grades K100LVP CR, K4MP CR, Ki5MP CR
and K100MP CR, Dow Chemical, Midland, Mich.; USA);
hydroxypropyl cellulose (Klucel® LE, Hercules, Inc,
Wilminglon, Del; USA); and algiate (Keltone® grades
1VCR and HVCR, Kelco Co., San Diego, Calif.; USA).

Bulk drug was milled prior 1o use and was sized to pass
a 40 mesh sieve (0.42 mm pominal mesh opening). The
milled apd sieved bulk drug was dry-mixed with polymer
and excipients in a Collette Gral 10 high shear mixer for 5
min at a high chopper speed of 3000 rpm and impeller speed
of 200 rpm. Granules were prepared by adding 70 mi/kg of
granulation Auid (water or waler/ethanol mixtures) 1o the
polymer/drug/excipieal powder mixture over a 1-2 minuis
period at high chopper speed of 3000 rpm and impeller
speed of 500 rpm. Additional fluid of 10-165 ml was added
in one step as needed in order to reach granulation end-point.
Total graoulation time ranged from 218 min.

Tablel matrix ingredients included microcrystalline
cellulose, lactose, magresium stearzie, and silicon dioxide.
The resulting granules were tray dried at 50° C~55° C.
overnight under reduced pressure. The dried granules were
mixed with lubricant (magoesinm stearate) in a bag and then
passed through a 20 mesh (0.84 mm nominal opening) sieve.
Tablets weighing 1 g were pressed in a2 Model C Carver
Press tableting machine using a 0.747 inch (1.9 cm)x0.360
inch (0.91 cm) ovaloid die at a compression force between
about 2000 1bf (about 8.9x10* Newtons) and about 10,000
Ibf (about 4.45x10* Newlons), preferably between about
2300 Ibf (1.02x10° Newtoos) to about 5000 Ibf (2.25x10*
Newtons). The tablet compositions are presented in Table 1.

TABLE 1

Test Divalprocx Matrix Tablet Formulations
A B C D E F G
50 50

Ingredicnt?

Divalproex 5¢ 50 50 538 5348 538
sodium
Methocel ®
K100LVPCR
Methocel ® 8
KaMPCR
Klucel & LF
Kelione ®

HVCR

18 20 10

20

& |
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TABLE 1-continued

Test Divalproex Matrix Tablet Formulations

lagredient* A B C D E F G H I
Methocel @ —_ - - - X 26 35 16
K15MPCR

Methocel ® —_ — — 15 — — - X —
F100MPCR

Lactose 23 95 95 205 143 147 57 107 147
Avicel ® — 0 5 5 5 5 5 5
PH101

PVP" _— 5 - - —_ _ —_ —
Magnesinm 1 0505 05 05 0.5 0.5 0.5 0.5
Stearate

'Percent by weight, based upon the lofal tablet weight
TPaly(vinylpyrrolidene)

Initial Formulation Screening

Initial screening of the matrix lablet formulations was
performed using a number of tests. Tablet hardness for each
formulation was measured using 2 Model VE2000 VanKel
tablet hardness analyzer and recorded in units of kiloPounds
(kP) as the average of ten trials.

Friability of the tablets were tested by rotating the tablets
samples 100 times using a Erweka TA friabilator. Friability
of tablets for each formulation were calculated based on the
weight loss of the tablets in this test.

Bulk density of the formulation granules was measured by
carefully filling a glass graduated cylinder to the 100 ml
mark. Tap densily was determined following 100 taps of the
filled cylinder.

Determination of granuie size distribution was performed
by collecting granules larger than 140 mesh (about 0.105
mm oominal mesh opening) and 40 mesh (about 0.42 mm
nominal mesh opening) for evaluation of the percentage of
fines and large granules.

1n vilso dissclution lests were conducted using Apparatus
[ described in the Undted State Pharmacopeia XXI{National
Formulary X V1. Samples aliquois of 1.5 mi were withdrawn
and filtered through a 0.45 g filter and assayed by TDX®
fluorescent polarization immunoassay. Upon withdrawal of
each sample, an equal volume of medium was added (o the
test mixture to mainiain constant volume. The test condi-
tions were as follows:

Apparatus USP II, paddie

Medium 1 M HCI for one bour; remaining time
pH 8.8 buffer

Volume of medium S00 ol

Temptrature 3T C =05

Paddle speed 100 pm

Sampling volume 1.5 mi

Sampling times 0,05, 1,2 4,6 8, 13, 24 hours

The results of these lesls are presented in Table 2.
Based upan these initial studies, and the dala appearing in
Table 2 ahove, the following conclusions were drawn:

(1) Effects on tablet hardness: The use of ethanol as a
granulation fluid tends lo increase {ablet bardness.
There is a strong interaction between ethanol and
particle size of the bulk drug. The increase in hardness
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was only observed for formulations contaiving drug of
larger particle size. The apgosite effect was found for
drug of smaller particle size.

(2) Effects on friability: The use of drug bavieg 2 small
particle size reduced friability. However, this effect was
significant oaly for formulations using water as granu-
lation fluid.

(3) Effects on density: The use of ethanol as a granulation
fluid was showa to decrease the dessity of the granules.
However, significant interactions of ¢thanol with the
use of Klucel®, and of ethano] with drug particle size
were observed. Ethanol decreased the density only of
formulations containing drug of larger particle size
andfor formulations without Klucel® present. The
opposite effects were found for Formulations containing
smaller drug particles and/or Klucel®. The same con-
clusions were obtained with eitber lap or bulk density
as response.

(4) Effects on size of granules: More granules of larger
size were obtained with the use of drug baving a lamger
particle size. Moreover, interaction between ethanol
and Klucel® was found to be significant ie. use of
ethanol tends to generale larger gracules when there is
no Klucel® present in the formulation. No effect was
observed for formulations containing 4% Klucel®.
Faciors that showed significant influences on the per-
centage of fines iz the granules included ethanol, drug
particle size, and tbeir interaction. Using smaller drug
particles teoded 1o yield more fines in the granules.
More fines were generated when ethanol was used as a
granulation Auid. The effect of ethapo] was most sig-
pificant for formulations coataining drug of a small
particle size.

(5) Effects on granulation fluid volume: In order to obtain
granulation end-point, more fuid volume was needed
for formulations containing either drug of a smaller
particle size or with the use of ethanol as granulation
fHuid.

(6) In vitro drug release: In vitro percent release of
valproic acid from controlled-release tablets are shown
in FIG. 1. The difference in release profiles among
formulations was small. In the stedy, percent release al
8 hours {Qg,,)} was used (o represent release rate for
data analysis. It was found that the use of Klucel® or
drug of a larger particle size in the formulation resulted
in an increase in release rate. Similar resulls were
obtained when Q, gy, or Qo4p, Was used (o estimate the
release rate.

Formulations confaining high load and high viscosity
grades of polymers often showed poor compressibility. This
is believed to be the resull of the increase in polymer order
2nd elasticity with increasing molecular weight. Hardoess of
the tablets remained almost unchanged under compression
forces ranging from about 3000 b (1.3x10 Newtons) lo
about 10,000 Ib (4.45x10" Newlons).
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TABLE 2
Granulating Tap Bulk % Graoule
Form- Fluid Hardness  Friability Densily Density Sizs Qp n
ulation Volume (KP) (% Loss) {gfml) {g/ml)  »40 Mesh  Fines! (%)*
A 106 119 0.049 0504 0429 2.6 6.1 276
B 80 7.2 0.16 0.515 C.438 313 9.8 29.0
c 135 1.2 0.025 0.459 0.39 30.2 33 28.6
D 80 8.4 0.162 0459  0.406 38.2 6.6  30.4
E 235 10,4 0.060 0.59% 0.509 21.5 40.7 270
F 0 122 0.006 0.40¢ 0340 49.2 1.8 289
G 200 9.4 0085 0.5%6 0.566 24.0 297 297
H 150 12% 0.142 0.593 0504 35.0 228 300
I 130 2.5 0015 0.475 0.404 338 1.2 288

*Defined as percent granules passing 2 0.305 mm pominal mesh opening

2Defined as percent drug released in an 8-hour period under the in vitro test condition

. . 25
In order to increase the hardness of tablets, microcrystal-

line ceilulose and colloidal stlicon dioxide were tested by
externally adding small amounts to the granules at Jevels of
1-5%. Table 3 shows the results from the test. It was found
that external addition of small amounts of microcrystalline
cellulose or colloidal silicon dioxide significantly increased
tablet bardoess.

TABLE 3

Effect of External Additicn of Microcrysialline
Cellulose or Silicon Dipxide

Hardacss Test Hardness
Formulation Additive (kP)
£ Nonc 6.2
Ik 5% Avicel ® 9.6
Ic 5% Avicel @ and 1% siticon 13.8
dioxide’
ECY None —
Iib 1% Silicon dioxide! 10.9
lic 5% Avicel ® and 1% sificon 14.4
dioxide!
Ila Nope 58
110 1% Sikicon dioxide! 10.8
HIc 5% Avicel ® and 1% sificen 14.8
dioxide’

I5ikicon dioxide was Cab-0-5il M-5 fumed sitica (Cabot Comp.,
Boyenown, PA, USA) having average particle size of between about 0.2
and 0.3 microns

As shown by the dala in Table 3, the addition of either 1%
silicon dioxide or 5% microcrystalline cellulose 10 the
hydrophilic matrix formulations of the invention almost
doubled tablet hardness, while adding both resulied in 2
greater than doubling of tablet hardness. However, although
the results shown above demonstrated improvement of tablet
hardness by the combined use of the external addilion of
Avicel® microcrystalline celiulose and Cab-o-sil® silicon
dioxide, problems of sticking and relatively low density
persisted. The low butk density (i.c. 40 g/) of the small
particle size Cab-O-Sil® fumed silica led to the problem of
ot being able 1o load sufficient material into the 1ablet die.
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In response to this problem, a different silicon dioxide
having a larger average particle size ranging from about 1
micron 1o about 10 microns, preferably ranging between
about 2 microns to about 5 microns, and most preferably
about 2-3 microns was used. One such material is available
as Syloid®244, available from W. R. Grace, Lexington,
Mass., USA. When this material was used, initially intended
as a de-tackifying and hardening agent for tableting, 2
surprising and unexpected benefit was conferred upon the
formulation, as shown below. The material was added
“externally” to the formulation: thal is, the active ingredient,
polymer(s) and cxcipicnls were dry blended, wet granulated,
and then dried and sized. The silicon dioxide was then added
to the granular formulation and the resulting mixture
blended prior to pressing into fablets.

On the basis of the above findings, preferred tablel
formulations were chosen for an in vivo absorpticn study in
healthy human subjects. The ingredients of the formulations
and in vitro release ralcs are shown in Table 4 and FiG. 2,
respectively. The formulations were designed 1o have dif-
ferent release rates by using high viscosity HPMC alone or
blended with low viscosity HPMC. The target in vitro
release rales were chosen to release drug in vivo for 16-20
hours.

TABLE 4
Prefemed Controlled Release Formalations
Vept]
Preferred Prefeed
Ingredicat Formalation A Formaulation B
Divalproex sodium $3.80%° 53.82%
(mitled)?
Hydroxypropyl 8% 30%
methyleellulose
(Methocel ® K15M, CR)
Methy] celiulose 18% —
(Metbocel ® K1001, CR)
Anhydious lactose 12.18% 8.i8%
Microcrysialline cejlulose 5% 5%

{Avicel ® PH 101}
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TABLE 4-continued

Preferred Controlied Release Formulalions
of the jnveation

Preferred Prefemred
Tagredient Formulation A Formulation B
Silicos dioxide % 3%
{Average particle size
1 m <> 10 pm)
Syloid ® 244)
Total tablet weight 1g 1g

'Bulk drug sized 1o pass 5 40 mesh sieve (0.42 mm pominal mesh apen-

ing
ZAll percentages in the Table expressed as weight percentages based upon
the total weight of the tablet

The controlled release tablet formulations of the preseat
invention thus provide an effective delivery system [or the
once daily administration of valproic acid (divalproex
sodivm) to patients in need of such treatment. The formu-
lations of the invention provide substantially level plasma
concentrations of valproic acid falling within the therapeutic
range of the drug over a period which permits administration
once daily.
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Example 3
Multiple Dose Study

The bioavailability and plasma concentration versus time
profile of valproate from an oral extended-release tablet
formulation of divalproex sodium {made as in Example 2)
determined under fasting and nonfasting conditions was
compared to those of a commercially available enteric
coated divalproex sodium delayed-release tablet formulation
(Depakote®, Abbott Laboratorics; reference) determined
under fasting conditions in bealthy subjects, The study was
conducted according to a multiple-dose, open-label, three-
period, randomized, complete crossover design. In each
period, a six-day regimen was administered with 4 minimum
of 16 days separating the first doses of consecutive periods.
The three regimens were:

Regimen A:  Extended-relcase formulation 1000 mg q24h edministered
under fasting conditions (test/invention)

Regil B:  Extended-rel formulation 1000 mg g24h adminiatzred
30 minutes after breakfast was served (tesyinvention)

Regimen C:  Depakote enteric coated tablet 500 mg q12b administered

upder fasting conditions (referencesbid compamtor)

A schedule of the doses and meal times for the three
regimens follows.

TABLE 5
Regimen Formulation Time of Dose  Breakfast lonch  Dinner  Sosk
A Test ER 6:00 a.m. 00 am 12N 8:00pm 10:30 pm
B Test ER 6:00 a.m. 53 am 12N 8:00 pm 13:30 pm
C Reference DR 6:00 a.m. B0 am 12N 800 pm 10:30 pm
6:00 p.m.

ER = Extznded-Rclease;
DR = Delayed Release {enteric-conted).

Example 2

This Example illusirate the manufacture of a preferred
dosage form of (he present invention al 3 larger scale.

Divalproex sodium was milled through a 0.040" band
with impact forward (flat edge) using a Fluid Air Mill
operating at 5075 rpm feed rate and 3500 cpm mill speed.
81 kg of milled drug was vacurm loaded directly into the
Collette Gral-600 high shear mixer and mixed with 12.3 kg
of lactose, 7.5 kg of microcrystalline cellulose and 45 kg of
hydroxypropylmethycellulos for 5 minutes. The mixture of
drug and excipients was granulated using 18 kg of purified
water for a total of 7 minutes and dricd in a fluid bed dryer
until the average moisture content of the granules, measured
by a gravimetric tesl, is below the in-process control limit of
1.0% wiw. The dried granules are sized using a speed sifter
and the oversize graoules are milled through a 0.078" band
with impact forward (fat edge) using a Fluid Air Mill
operating at 50 rpm feed rate and 3500 tpm mill rate. The
two fractions of granules are then recombined and blended
wilh 4.5 kg of silicon dioxide in a twin-shell blender. The
blended mixture is compressed into 1.00 gram tablets with
approximately 0-12 kN precompression and 24 kN main
compression force using a rotary tableting machine (Fette
2090) operating at 35-50 rpm.

40

30

55

Fourteen healthy adult subjects (1% male and 3 female
subjects) completed all phases of the study. The mean age
was 27 years {range 19-51 years), mean height was 69
inches (range 63-74 inches) and weight was 161 pounds
(range 120-200 pounds).

Biood samples (7 mlL) were collected at 0, 12, 24, 36, 48,
60, 72, 84, 96, 108, 120, 121, 122, 123, 124.5, 126, 127.5,
129,130.5, 132, 133, 134, 135, 136.5, 138, 139.5, 141, 142.5
and 144 hours after the first dose of each period. Plasma
samples were analyzed for valproic acid using a validated
gas-liquid chromatographic method with flame ionization
detection at Oneida Research Services, Inc., Whileshoro,
N.Y.

Pharmacokinetic and Statistical Analyses

Pharmacokinetic parameters were estimated by noncom-
partmental techniques. For Day 6 data, these included C,.,,
Toces Conis AUCy 24, and degree of fluctuation (DFL). If
C.,... for the reference occurred after the second dose of Day
6, T,,,0x Was taken 1o be the time since the second dose rather
than the time from the first dose.

Analyses of variance {ANOVAs) appropriate for cross-
over models were performed for T,,.., DFL, aod for the
natural logarithms of C,,.., Couar and AUC, ,,. Within the
framework of the ANOVA, the regimens were compared
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pair-wise, each comparison doue by a test al significance
level of 0.05. Equivalence of the two formulations with
respect 1o AUC was addressed by performing the two
one-sided tests procedure at significance level 0.05 within

24

TABLE 8

Two One-Sided Tests Procedure for Equivalence Assessment, Day 6 AUC

the framework of the ANQOVA on the logarithm of AUC. As s Relative Bicavailability
a funher‘ aid for assessing lllne characteristics n_f ihe ER 90% Confidence
formulation, 95% confidence intervals for Lhe rativs of the Teal Reference Point Bstimate Interval
ER formulation central valuves to the reference regimen
. A C 0.891 0.817-0.971
central value were oblained from the ANOVAs for loga- 15 B ¢ 0570 0.890-1.038
rithms of C,,, and C,,... In addition, a two one-sided tests A B 0.918 0.842-1.001
proccdl{rc was camied oul fo mm?’arc "h_c fasung aod Regimen A: Divalproex Sedium ER; 2 x 500 mg ooce daily, fasting.
nonfasiing extended-release formulation regimens. Regimen B: Divalproex Sodium ER; 2 % 500 mg once deily, confasting.
The mean valproic acid plasma concenlration-time pro- Regimen C: Depakote Toblet, 300 mg twice daily, fasting.
files for the three regimens are shown in FIG. 3. B
The pharmacokinetic results for Day 6 of each regimen The 90% confidence mtervals for AUC on Day 6 for the
are summarized in the following Table 6. test ER formulation administered under fasting (A) and
TABLE 6
Mean {Standard Devistion), n = 14
Tane Canex Cata AUG, 54
Regimen  (hr) (#g/mL) (agfml) (ug - b/mL) DFL
A 13.6(6.3)* 0.5 (18.6)" 48.2 (17.0) 1592 (402) 0.523 (0.231}
B 159 (4.5)* 850 (12.5)* $5.1{(13.3) 1709 (276) 0.431 (0.127)"
C 16(09) 994 (157) 541(13.1) 1789 (332) 0.623 (0.160)
*Statistically significantly different from Regimen C.
Regimen A. Divaiproex Sodium ER; 2 x 00 mg once daily, fasting.
Regimen B. Divalproex Sodium ER; 2 x 500 mg once daily, nonfzating.
Regimen C: Depakote Tablet, SD0 mg twice daily, fasting.
The mean T, for Regimens A and B were about nonfasting (B) conditions versus the reference fasting (C),
three-fold longer than that of Regimen C. The differences in 35 both satisfied the 0.80-1.25 criterion for equivalence.

T, ... between Regimens A and C and between B and C were
statistically signi%::n;nt. Regimens A and B tended to bave
lower C,... than thal of Regimen C, and thesc differences
were statistically significant, The regimens did not differ
statistically significantly with respect lo C, .. The mecan
DFL for both ER Regimens A and B was lower than that of
the reference, and the difference between Regimen B and the
reference was statistically significant.

The 95% confidence intervals for bicavailabilily of the
ER regimens relative 1o the reference for C,,,, and C;, are
given below. The point estimate for the ratio of the ceniral
values for both €, and C,,,, for Regimen A, and C,,,, for
Regimen B, were lower than 1.0, The point estimate of the
ratio for C,,, for Regimen B was approximately unity.

TABLE 7

Relative Bionvailability

Lo Co
95% 5%
Repimen Point Confidence Point Confidence
Test  Referepee Estimate Interval Estimate Interval
A C 0.811 0.742-0.887 0.847 0.672--1.067
B C 0.861 0.788-0.941 1.026 0.814-1.293

Regimen A: Divalproex Sadium ER; 2 x 500 mg once dnily, fasting.
Regimen B: Divalproex Sodivm ER; 2 x 500 mg once daily, nonfasling.
Regimen C: Depakote Tablet; S00 mg twice daily, fasting.

The results for the two one-sided tests procedure for
equivalence assessment of the regimens via a 90% confi-
dence interval based on the natural logarithm of AUC,_,, are
given helow.
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Additionally, the 90% confidence interval for the ratio of
central values of AUC for the test ER formulation fasting-
:nonfasting regimens also satisfied the equivalence criterion.

The extended-release formulation performs well. The
extended-release regimens are equivalent 1o the reference
regimen with respect to extent of absorption as characterized
by AUC. The two test regimens did not differ statistically
significantly from the reference regimen wilh respect to
C,... The lower C,,_, and later T, central values of the
extended-release regimens compared the refercnce regimen
suggest that the ER formulation provides extended release of
valproic acid in vivo under fasting and nonfasting condi-
tions. The mean DFL for the extended-release formulation
administered under nonfasting condilions is lower (—31%)
thaa that of the reference regimen (observed means of 0.432
and 0.623, p<0.05). The mean DFL for the extended-release
formulation administered under fasting conditions was also
lower (~16%) than that of the reference regimen although
statistical significance was not attained (observed means of
0.523 and 0.623, p=01.126).

Example 4
Multiple Dose Study

‘The bioavailability and plasma concentration-lime profile
of valproic acid from a new oral extended-release tablet
formulation of divalproex sodium (invention, made as in
Example 2) was compared 1o that from the currenlly mar-
keted divalproex sodium entericcoated delayed-release 1ab-
let (Depakote® Abbolt Laboratories; reference) under
multiple-dose conditions.

Sixteen subjects enroiled in the study. They bad a mean
age of 34 years (range 19-55 years), mean height of 69
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inches (range 65-75 inches), and mean weight of 180
pounds (range 148-209 pounds). This was a multiple-dose,
open-label, 2-period, crossover study with no washout
between periods in healthy adult male and female subjects
comparing the extended-release (ER/invention) test formu-
lation (2x500 mg gd) with the delayed-release (DR/bid/prior
art) Depakote enteric-coated tablet (500 mg ql 2 h) as the
reference. In one part of the study (Groups [ and ID), 4
subjects slarted on the ER lest tabled in the moming and
swilched over to the 500 mg DR tablet bid on Day 7 (end of
Feriod 1) and continued on it through Day 12 (Period 2). The
other four subjects (Group 11} started with the DR 1ablet and
switched over to the ER test lablet in the morning of Day 7
and continued through Day 12. The second part of the study
{Groups 11l and IV) was a repeat of the first part except thal
the test formulation was given in the cvening instead of in
the morning. The ER formulation was administered afler a
eal, and the DR tablel was given under fasting conditions.

A schematic of the formulations administered and the

meal times follows.
TABLE 9
Formulation Time of Dose  Breakfast  Lunch  Dinner  Soack
Morning Dose {or ER Formulations
ER 6 am 5:30 am 1N 5:30pm 1030 pm
DR 6 am, 6 pm g00am 12N 800 pm 1030 pm
Evening Doae for ER Formulatioas
ER 6 pm 530em 12N 530 pm 10:30 pm
DR 6 pm, 6 am g:00am 12N 800 pm 10:30 pm

ER = Exicnded-Release (invention);
DR = Delayed-Release (prior art).

Regimens: The regimens administered were as follows.

A: Divalproex sodium extended-release tablets, 500 mg
valproic acid equivalents; 2x500 mg tablets once every
24 hours slarting with 2 moming dose. {invention)

B: Divalproex sodium enteric-coated delayed-release tab-
lets (same as Depakote, Abbott Laboratories,
reference); one 500 mg tablet once every 12 howrs
starting with a morning dose.

C: Divalproex sodium extended-release tablets, 500 mg
valproic acid equivalents; 2x500 mg tablets once every
24 hours starting with an evening dose. (invention)

D: Divalproex sodium enteric-coated delayed-release fab-
lets (same as Depakoie, Abbott Laboratories, reference;
one 500 mg tablet once every 12 hours starting wilb an
evening dose.

Blood samples (7 mL) were taken at 0, 12, 24, 36, 48, 60,
72, 84, 96, 108, 120, 121, 122, 123, 124 5, 126, 127.5, 129,
130.5, 132, 133, 134, 135, 136.5, 138, 139.5, 141, 142.5 and
144 hours from the first dose of each period. Blood samples
were taken on the same schedule for Groups III and 1V
except that they were 12 hours later than for Groups I and
11 (i.c., first blood sample at 6 p.m. insicad of 6 a.m.). Plasma
samples were analyzed for valproic acid using a validated
gas-liquid chromatographic method with flame ionization
detection al Oncida Laboratlorics, New York.

Pharmacokinetic and Statistical Analyses

Pharmacokinetic parameters were estimated by noncom-
partmental techniques, For Day 6 and 12 dats, C e Toor
C,oir AUCq. 54 and DFL were calculated. If T, occurred
after the second dose of Day 6 or 12, T,,,, was laken (0 be
the lime since the second dose rather than the time from the

first dose.
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Analyses of variance (ANOVAs) were pecformed for
T, .o DFL, and for the natural logarithems of C, ., C,, ., and
AUC, ., The model bad effects for time (whether subject
received ER formulation in morning or evening), formula-
tion sequence, subjects nested within time by formulation
sequence, formulation period, and Lhe interaction of time
with each of formulation sequence, formulation and period.
Subject effects were random and al) other effects were fixed.
Equivalence of the two formulations with respect to AUC
was addressed by performing the two one-sided tests pro-
cedure wilhin the framework of the ANOVA on the loga-
rithm of AUC. This confidence interval for relative bioavail-
ability was obtaived by exponeatiating the endpoints of a
90% confidence interval for the difference of logarithm
means {difference of formulation main effects). As a further
aid for assessing the characteristics of the ER formulation,
95% confidence intervals for bioavailability relative to that
of the reference formulation were obtained from the ANO-
VAs for logarithms of C,,,, and C, ...

The mean plasma valproic acid concentrations folowing
administration of the 1000 mg test formulation cnce every
24 hours (Regimens A and C) or the 500 mg reference
formulation once every 12 hours (Regimens B and D) for
Days & and 12 are shown in FIG. 4,

The pharmacokiretic results for Day 6 of each regimen
arc summarized in the following table.

TABLE 10
Mcan (% Cocfficient of Variation)
Caux Coin AUC, 20
Regimen (ug/ml) (ug/ml)  (pg - biml) DFL
ER formulation in morning (o = 8)
A D24 br §7(17.3) 555(387) 1771 (22.8) 0.46 (55.9)
BO-2ahr  102(105) $33(262) 1798 (166) 0.7 (31.2)
ER formulation in evening (p = B)
C 024 br 85 (100) 57.4(14%) 1728 (125) 039{19.7)
D 0-24 be 98 {102) S4.7(139) 1747 (105)  0.60 {12.3)
All groups combined
Asnd CO-24 br 86 (13.8) 56.4(28.1) 1749 (179) 042 (44.3)
Baod D O0-24 br 100 (103) $4.0{20.7) 1773 (136) 0.64 (24.8)

Regimen A: Divalproex Sodium ER; 2 x 500 mg in a.m., nonfasting.
Regimen B: Depakote DR Thblet; 500 mg in a.m. and 500 mg in p.m.,
fosling.

Qdi

2 C: Divalp ER; 2 x 500 mg in p.m., nonfasting.
Regimea D: Depakote DR Tablet; 500 mg in p.ot. so0d 500 mg in am.,
fasting.

There were no statislically significant differences in the
pharmacokinetic results between subjects who received the
ER formulation i the morping and those who received the
ER formulation in the evening. Hence, the conclusions are
based on the combined data of the groups.

The raean DFL of the ER formulation was statistically
significantly Jower than thal of the reference. The two
formulations differed statistically significantly with respect
to C,,,.. but not witk respect te C,,, and AUC. For C,_,, and
Cuor Ibe 95% confidence intervak for bicavailability of the
ER formulation relative to that of the reference was 0.80 1o
0.91 and 0.89 10 1.18, respectively. The 90% confidence
interval by which the two one- sided tests procedure was
performed for AUC was 0.924 to 1.041, being entirely
within the equivalence range of 0.80 to 1.25.

Mean C,,,. for the test formulation on Day 6 for both
periods, when the plasma valproic acid concentrations were
characterized, was lower than the reference formulation and



