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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF FLORIDA

o 08-8021 "

Plaintiffs, (,ﬂ. - Y:’L {.‘{‘F‘Y‘E

V.
ANDRX PHARMACEUTICALS, INC. and | UANK J. LYNCH, R
ANDRX PHARMACEU [ICALS, LLC, | peiE SIATES MAGYSTRATE JUOGE
Defendants. <
COMPLAINT b

Pfizer Inc. ("Pfizer”) and AlL.ZA Corporation (“Alza") (collecti\';ly. f‘Plai‘n'tiffs")
by their attormevs, for their complaint against Andrx Pharmaccuticals, Inc. ("Andrx Inc.”) and
Andrx Pharmaceuticals, LLC ("Andrx LLC™) (collectively, "Defendants™ or “Andrx™) allege as
follows:

The Parties

1. Pfizer 1s a corporation organized and existing under the laws of the State
of Delaware and has a principal place of business at 235 East 42nd Street, New York, New York.

2. Alza 1s a corporation organized and existing under the laws of the State of
Delaware and has its principal place of business at 1900 Charleston Road, Mountain View.
California 94039.

3. Upon information and belief, Andrx Inc. is a corporation organized and
existing under the laws of the State of Florida, having its principal place of business at 4955

Orange Drive, Davie, Florida 33314.
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4. Upon information and belief, Andrx LLC is a limited liability company
organized and existing under the laws of the State of Delaware and having its principal place of
business at 4955 Orange Drive. Davie, Florida 33314.

Nature of Action

5. This 1s an action by Pfizer and Alza against Andrx for infringement of
United States Letters Patent Nos. 4,612,008 (the “’008 patent™), 5,082,668 (the ‘’668 patent”),
5.091,190 (the “’190 patent™) and 5,591,454 (the 454 paiciit”). A copy of each of the
foregoing patents is attached hercto. This action is based upon the Patent Law of the United
States, 35 U.S.C. § 100, et seq.

6. Pfizer and Alza have previously brought an action for infringement of the
"008. °608, 190 and 454 patents against Andrx in this Court and that action is currentlv pending
as Case No. 01-8636 Civ. - Hurley/Lynch.

Jurisdiction and Venue

7. This Court has jurisdiction over the subject matter of this action pursuant
to 28 U.S.C. §§ 1331, 1338(a) and 1400(b).

8. Andrx Inc. and Andrx LLC are subject to personal jurisdiction in this
judicial district. Upon information and belief, Andrx Inc. is a Florida corporation and Andrx
LLC has its principal place of business in the State of Florida.

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

FIRST CLAIM FOR RELIEF: INFRINGEMENT OF THE 008 PATENT

10.  Plaintuiffs reallege paragraphs 1 through 9 above as if fuily set forth herein.
1 On September 16, 1986, the United States Patent and Trademark Office

(the "PTO™) 1ssued the 008 patent, entitied “Osmotic Device With Dual Thermodynamic

o
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Activity,” which had been assigned to Alza. Alza is currently and continuously has been the title
owner of the "008 patent since it was issued. Pfizer is the exclusive licensee under the 008
patent for extended release glipizide oral products, including Pfizer’s Glucotrol XL", 5 mg
tablets.

12. Pfizer holds an approved New Drug Application for Glucotrol XL®, 5 mg
tablets, which it sells under the registered name Glucotrol XL*.

13. Pursuant to 21 U.S.C. § 355(b)(1), ihe *G08 patent is identified in the FDA
publication entitled “Approved Drug Products with Therapeutic Equivalence Evaluations” (the
*Orange Book™), as covering Pfizer’s Glucotrol XL* 5 mg tablets.

4. Upon information and beliet, on or before February 6. 2003, Andrx LLC
submitted Abbreviated New Drug Application ("ANDA™) No. 76-621 to the United States Food
and Drug Admuustration ("FDA™) under § 505()) ot the Federal Food, Drug and Cosmetic Act
(21 U.S.C. § 355(3)), and Andrx LLC 1s the nained applicant Andrx 1 1.C’s ANDA seeks FDA
approval necessary for Andrx to engage 1 the commercial manufacture., use, offer for sale and
sale of Glipizide Extended-release Tablets, 5 mg.

15.  Upon information and belief, Andrx Inc. participated in developing and
testing the Ghpizide Extended-release Tablets, 5 mg, and Andrx Inc. also participated in
preparing ANDA No. 76-621.

16. On or about February 11, 2003, Pfizer and Alza received a letter dated
February 6, 2003 from Andrx LLC (“Andrx LLC’s ANDA certification letter”), stating that
ANDA No. 76-621 had been filed with the FDA, seeking approval to manufacture, use, and sell

Glipizide Extended-release Tablets, 5 mg, before the expiration of the *008 patent.

586412 1.DOC 3



Case 9:03-cv-80216-DTKH Document1 Entered on FLSD Docket 03/21/2003 Page 4 of 80
; j

17. Andrx LLC’s ANDA certification letter states that ANDA No. 76-621
certifies, pursuant to 21 U.S.C. § 355(b)(2)(A)(iv) (“paragraph IV certification”), that the
manufacture, use or sale of Andrx’s Glipizide Extended-release Tablets, 5 mg, will not infringe
the "008 patent, and that the "008 patent is invalid and/or unenforceable.

18. Andrx LLC has mfringed the 008 patent under 35 U.S.C. § 271(e)(2)}(A)
by filing ANDA No. 76-621, which includes the paragraph IV certification as to the 008 patent
and which seeks approval from the FDA to engage in the cominicreial manufacture, use, or sale
of Andrx’s Glipizide Extended-release Tablets, 5 mg, prior to the expiration of the 008 patent.
Moreover, if Andrx LLC commercially manufactures, uses, offers for sale or sells Glipizide
[xtended-release Tablets. 5 mg, it would turther intringe the "008 patent, or induce or contribute
to such conduct. under 35 U.S.C. § 271(a), (b) and/or (c).

19. Andrx Inc. 1s jointly and severally hable for the infringement of the "008
patent because, upon information and pehel, Aidia inc. participated in preparing, contributed to,
aided. abetted and induced the preparation and submission of ANDA No. 76-621 and 1its
paragraph [V certification to the FDA. In addition, upon mtormauon and belief, Andrx Inc. will
promote and sell Glipizide Extended-release Tablets, 5 mg, after final approval by the FDA of
ANDA No. 76-621.

20. Andrx Inc.’s participation in preparing, contribution to, aiding, abetting
and inducement of the submission of said ANDA and the paragraph IV certification to the FDA
constitutes infringement of the "008 patent under 35 U.S.C. § 271(e)(2)(A). Moreover, if Andrx
Inc. promotes, offers for sale or sells Glipizide Extended-release Tablets, 5 mg, it would further
infringe the *008 patent, or induce or contribute to such conduct, under 35 U.S.C. § 271(a), (b)

and/or (c).
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21, Andrx had actual and constructive notice of the *008 patent prior to filing
ANDA No. 76-621. Accordingly, Andrx’s infringement of the 008 patent has been, and
continues to be, willful.

22.  Pfizer and Alza will be irreparably harmed if Andrx is not enjoined from
infringing or actively inducing or contributing to infringement of the *008 patent. Pfizer and
Alza do not have an adequatc remedy at law.

SECOND CLAIM FOR RELIEF: INFRINGEMENT OF THE 668 PATENT

23, Plamtiffs reallege paragraphs 1 through 22 above as if fully set forth
herein.

24 On January 21019920 the PTO issucd the 668 patent. entitled “Controlled-
Release System With Constant Pushing Source,” which had been assigned to Alza. Alzais and it
continuously has been the title owner ot the "608 patent since the PTO issued it. Pfizer is the
exciusive fieensce uindei the "G6S patent oo oxtonded release olipizide oral products. including
Pfizer's Glucotrol XL, 5 mg tablets.

25. Pursuant to 21 U.S.C. § 335(b)(1), the "668 patent is identified in the
Orange Book as covering Pfizer’s Glucotrol XL*, 5 mg tablets.

26.  On or about February 11, 2003, Pfizer and Alza received Andrx LLC’s
ANDA certification letter, stating that ANDA No. 76-621 had been filed with the FDA, seeking
approval to manufacture, use, and sell Glipizide Extended-release Tablets, 5 mg, before the
expiration of the "668 patent.

27.  Andrx LLC’s ANDA certification letter states that ANDA No. 76-621
includes a paragraph IV certification as to the '668 patent, that the manufacture, use, or sale of its

Glipizide Extended-release Tablets, 5 mg, will not infringe the *668 patent.
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28. Andrx LLC has infringed the 668 patent under 35 U.S.C. § 271(e)(2)(A)
by filing ANDA No. 76-621, which includes the paragraph IV certification as to the '668 patent
and which seeks approval from the FDA to engage in the commercial manufacture, use, or sale
of Andrx’s Glipizide Extended-release Tablets, 5 mg, prior to the expiration of the '668 patent.
Moreover, if Andrx LLC commercially manufactures, uses, offers for sale or sells Glipizide
Extended-release Tablets, 5 mg, it would further infringe the "668 patent, or induce or contribute
to such conduct, under 35 U.S.C. § 271(a), (b) and/or (c).

29. Andrx Inc. is jointly and severally liable for the infringement of the "668
patent because, upon information and belief, Andrx Inc. participated in preparing, contrnibuted to,
aided, abetted and induced the preparation and submission of ANDA No. 76-021 and its
paragraph IV certification to the FDA. In addition. upon information and beliet, Andrx Inc. will
promote and sell Glipizide Extended-release Tablets, 5 mg, after final approval by the FDA of
ANDA No. 76-621.

30.  Andrx Inc.’s participation in preparing, contribution to, aiding, abetting
and inducement of the submission of said ANDA and the paragraph [V certification to the FDA
constitutes ringement of the 008 patent under 35 U.S.C. § 271(e)(2)(A). Moreover, if Andrx
Inc. promotes, offers for sale or sells Glipizide Extended-release Tablets, 5 mg, it would further
infringe the 668 patent, or induce or contribute to such conduct, under 35 U.S.C. § 271(a), (b)
and/or (c).

31. Andrx had actual and constructive notice of the *608 patent prior to filing
ANDA No. 76-0621.  Accordingly, Andrx’s infringement of the 668 patent has been, and

continues to be, willful.
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32 Pfizer and Alza will be irreparably harmed if Andrx is not enjoined from
infringing or actively inducing or contributing to infringement of the '668 patent. Pfizer and
Alza do not have an adequate remedy at law.

THIRD CLAIM FOR RELIEF: INFRINGEMENT OF THE 190 PATENT

33.  Plaintiffs reallege paragraphs 1 through 32 above as if fully set forth

herein.

X3 .
e
Delivery

34. On February 25, 1992, the PTO issued the "i90 paient, entiticd
System for Administration Blood-Glucose Lowering Drug,” which had been assigned to Alza.
Alza is and it continuously has been the title owner of the "190 patent since the PTO issued it.
Pfizer is the exclusive heensee under the "190 patent for extended release ghpizide oral products,
including Ptizer's Glucotrol NL . 5 my tabiets.

3s. Pursuant to 21 U.S.C. § 355¢b)(1), the 19U patent 1s identified in the
Orange Book as covering Ptizer s Glucotroi ALSS iy tablets.

36. On or about February 11, 2003, Pfizer and Alza received Andrx LLC’s
ANDA certification letter, stating that ANDA No. 76-621 had been filed with the FDA, secking
approval to manufacture, use, and sell Glipizide Extended-release Tablets, 5 mg, before the
expiration of the "190 patent.

37. Andrx LLC’s ANDA certification letter states that Andrx No. 76-621
includes a paragraph IV certification as to the "190 patent, that the manufacture, use, or sale of its
Glipizide Extended-release Tablets, 5 mg, will not infringe the *190 patent.

38. Andrx LLC has infringed the “190 patent under 35 U.S.C. § 271(e)(2)(A)
by filing ANDA No. 76-621, which includes the paragraph 1V certification as to the *190 patent
and which seeks approval from the FDA to engage in the commercial manufacture, use, or sale

of Andrx’s Glipizide Extended-release Tablets, 5 mg, prior to the expiration of the 190 patent.
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Morcover, if Andrx LLC commercially manufactures, uses, offers for sale or sells Glipizide
Extended-release Tablets, 5 mg, it would further infringe the *190 patent, or induce or contribute
to such conduct, under 35 U.S.C. § 271(a), (b) and/or (c).

39.  Andrx Inc. is jointly and severally liable for the infringement of the 190
patent because, upon information and belief, Andrx Inc. participated in preparing, contributed to,
aided, abetted and induced the preparation and submission of ANDA No. 76-621 and its
paragraph [V certification to the FDA. In addition, upon information and beiief, Andrx Tinc. will
promote and sell Glipizide Extended-release Tablets, 5 mg, after final approval by the FDA of
ANDA No. 76-621.

40. Andrx Inc.’s participation in preparing, contributton to, aiding, abetting
and inducement of the submission of satd ANDA and the paragraph [V certification to the FDA
constitutes infringement of the "190 patent under 35 U.S.C. § 271(e)(2)(A). Moreover, if Andrx
Inc. promotes, offers for sale or sells Glipizide kxtenaea-reicase Tabicis, & mig, ib would further
infringe the '190 patent. or induce or contribute to such conduct, under 35 U.S.C. § 271(a), (b)
and/or (c).

41.  Andrx had actual and constructive notice of the 190 patent prior to filing
ANDA No. 76-621. Accordingly, Andrx’s infringement of the 190 patent has been, and
continues to be, willful.

42, Pfizer and Alza will be irreparably harmed if Andrx is not enjoined from
infringing or actively inducing or contributing to infringement of the 190 patent. Pfizer and
Alza do not have an adequate remedy at law.

FOURTH CLAIM FOR RELIEF: INFRINGEMENT OF THE ’454 PATENT

43. Plaintiffs reallege paragraphs 1 through 42 as if fully set forth herein.
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44, On January 7, 1997. the PTO issued the *454 patent, entitled “Method for
Lowering Blood Giucose,” which had been assigned to Alza. Alza is and it continuously has
been the title owner of the 454 patent since the PTO issued it. Pfizer is the exclusive licensee
under the ’454 patent for extended release glipizide oral products, including Pfizer’s Glucotrol
XL", 5 mg tablets.

45. Pursuant to 21 U.S.C. § 355(b)(1), the 454 patent is identified in the
Orange Book as covering Pfizer’s Glucotrol XL®, 5 mg tablets.

46. On or about February 11, 2003, Pfizer and Alza received Andrx LLC’s
ANDA certification letter, stating that ANDA No. 76-621 had been filed with the FDA, seeking
approval to manufacture, use, and sell Glipizide Extended-release Tablets, 5 my, before the
expiration of the 454 patent.

47. Andrx LLC's ANDA certification letter states that ANDA No. 70-621
includes a paragraph IV certification as to the 454 patent, that wic inaiafactaie, yuse, or sale of ite
Glipizide Extended-release Tablets, 5 mg, will not infringe the "454 patent.

48. Andrx LLC has infringed the '454 patent under 35 U.S.C. § 271(e)(2)(A)
by filing ANDA No. 76-621, which includes the paragraph 1V certification as to the 454 patent
and which seeks approval from the FDA to engage in the commercial manufacture, use, or sale
of Andrx’s Glipizide Extended-release Tablets, 5 mg, prior to the expiration of the "454 patent.
Moreover, if Andrx LLC commercially manufactures, uses, offers for sale or sells Glipizide
Extended-release Tablets, 5 mg, it would further infringe the *454 patent, or induce or contribute
to such conduct, under 35 U.S.C. § 271(a), (b) and/or (c).

49.  Andrx Inc. is jointly and severally liable for the infringement of the ’454

patent because, upon information and belief, Andrx Inc. participated in preparing, contributed to,

586412_1.0D0OC 9
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aided, abetted and induced the preparation and submission of ANDA No. 76-621 and its
paragraph IV certification to the FDA. In addition, upon information and belief, Andrx Inc. will
promote and sell Glipizide Extended-release Tablets, 5 mg, after final approval by the FDA of
ANDA No. 76-621.

50.  Andrx Inc.’s participation in preparing, contribution to, aiding, abetting
and inducement of the submission of said ANDA and the paragraph IV certification to the FDA
constitutes infringement of the 434 patent under 35 U.S.C. § 271(e)(2)(A). Moreover, if Andix
Inc. promotes, offers for sale or sells Glipizide Extended-release Tablets, 5 mg, it would further
infringe the ’454 patent, or induce or contribute to such conduct, under 35 U.S.C. § 271(a), (b)
and/or (c).

51 Andrx had actual and constructive notice of the "454 patent prior to filing
ANDA No. 76-621. Accordingly, Andrx’s infringement of the '454 patent has been, and
continues to be, willful.

52, Phizer and Alza will be irreparably harmed if Andrx is not enjoined trom
infringing or actively inducing or contributing to infringement of the 454 patent. Pfizer and
Alza do not have an adequate remedy at law.

Pravyer for Relief

WHEREFORE, Pfizer and Alza request the following relief:
A. A judgment providing that the effective date of any FDA approval
for defendants to make, use, sell, offer for sale, or import the Glipizide Extended-release Tablets,
5 mg, described in ANDA No. 76-621 be no earlier than the date on which each of the *008,

"668, "190 and *454 patents expires;
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B. A judgment declaring that Andrx’s making, using, selling, offering
to sell, or importing of the Glipizide Extended-release Tablets, 5 mg, described in ANDA No.
76-621 would constitute infringement of each of the 008, *668, "190 and ’454 patents, or

inducing or contributing to such conduct.

C. A judgment permanently enjoining Andrx, its officers, agents,
servants and emplovees, and those persons in active concert or participation with any of them,
from making, using, selling, offering to sell, or importing the Glipizide Extended-release Tablets,
5 mg, described in ANDA No. 76-621 or any product that infringes or induces or contributes to

the infringement of the 008, 668, 190 and 454 patents;

D. A judgment awarding monctary relief if Andrx commercially
makes, uses, sellscoffers 1o selll or mports the Ghpizide Extended-release Tablets, 5 mg, within

the United States prior to the exprration ot the cachi of the "00E, 668, 7100 and *454 natents. and

that monctary relief be trebled and awarded to Pfizer and Alza with prejudgment interest;

E. Attorneys’ fecs in this action pursuant to 35 U.S.C. § 285;

F. Costs and expenses in this action; and

586412_1.DOC 11
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G. Such further and other relief as this Court determines to be just and

proper.

SHUTTS & BOWEN LLP
Attomeys for Plaintiffs

By ok Wb £ W it
KU\UCDL 1'7acassso
Florldd Bar No. 959928
Jonathan Cohen
Florida Bar No. 384305
1500 Miami Center
201 South Biscayne Boulevard
Miami, Florida 33131
(305) 358-6300 (telephone)
(305) 347-7802 (facsimile)
e-mail" rfracasso@shutts-law.com

Of Counsel

KAYE SCHOLER LLP
(ierald Sobel

Milton Sherman

Steven D. Roth

425 Park Avenue

New York, New York 10022
(212) 836-8000

Attorneys for Pfizer Inc.

PATTERSON, BELKNAP, WEBB & TYLER LLP
Jeffrey I.D. Lewis

Richard J. McCormick

1133 Avenue of the Americas

New York, New York 10036

(212) 336-2000

Attorneys for Alza Corporation

Dated: March 20, 2003
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{57) ABSTRACT

An osmotic system is disclosed compiisiag 2 wall
formed in at lesst a part of a semipermeable material
that surroyads a compartment. The compartment con-
tains a first osmotic composition comprising a beneficial
agent, and a second and different gsmoti¢ composition.
A passageway ip the wall connects the ficst compaosition
with the exterior of the system.

27 Claims, 14 Drawing Figures
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4,612,008

1

OSMOTIC DEVICE WITH DUAL
THERMODYNAMIC ACTIVITY

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application is & continuation-in-part of U.S. Pat.
Appln. Ser. No. 493,760 filed on May 11, 1983, now

~ abandoned, which application is incorporated herein by’
reference and benefit is claimed of its filing date, This

application is copending with the applicants’ applica-
tion- ARC 1019 CIP-2 identified as U.S. Pat. Appln.
685,687 filed Dec. 24, 1984. These patent applications
are assigned to the ALZA Corporancm of Palo Alto,

- Califgrmia.

5

—
(=}

15

2

bibed through the semipermeable wall into the com-
partmenl at a rate determined by the permeability of the
semipermezble wall and the osmotic pressure gradient
across the semipermeable wall to produce an aqueous
solution containing- useful agent that is dispensed
through the passageway from the system. These sys-
tems arc extraordinarily effective for delivering & useful
agent that is soluble in the fluid and exhibits an osmatic
pressure gradient across the semxpcrmublc wall against’
the external fluid.

A pioneer advancement in osmotic delivery systems,
manufactured in the form of an osmotic device, was
presented to the dispensing arts by inventor Felix
Theeuwes in U.S. Pat. No. 4,111,202 In this patent, the

delivesy-kinetics-of-the-osmatiedevice-are-eahanced-for—————---

FIELD OF THE INVENTICON
This invention pertamns to both. 2 novel and uiiguc
delivery system. More pardcularly, the inveation re-

- lates 10 ar osmotic device comprising 2 wall formed in

at least a part of 2 scmipermeable material that sur-
rounds a compartment comprising: (1) a first osmatic
composition comprising a beneficial agent, an osmagent
and an osmopolymer, said composition in contacting
arrangemect with (2) 8 second osmotic composition
comprising an gsmagent and an osmopolymmer. A pas-

sageway through the wall connects the exterior of the

osmotic device with the first asmatic composition con-
taining the bereficial agent for delivering the first com-
position from the osmotic device. The osmatic device is
useful for delivering beneficial agents that because of
their solubilities are difficult to deliver in 2 known
amount a: a controlled rate from an osmotic dispensing
system, o ’
BACKGROUND OF THE INVENTION
Sinra tha beginning of antiquity, both pharmacy and
medicine have sought a delivery system for sdminister-
ing a beueficial drug, The first written reference to &
delivery system is to the Eber Papyrus, written about
1552 B.C. Tke Eber papyrus mentons delivery systems

is 30

35

made as dosage forms such as anal suppositorics, vagi-

pal pessaries, ointments, oral pill formulations, and
other dosage preparations. About 2500 ‘yéars passed
without any advaace in delivery system development,
when the Arab physician Rhazes, 865-925 A.D., in-
vented the coated pill. About & century later the Persian
Avicenna, 980-1037 AD., coated pills witk gold er
silver for increasing patient scceptability and for en-
hancing the effectiveness of the drug. Also around thig
time the first tablet was described in Arzbian manu-
sctipts writted by al-Zahrawi, 936-1009 AD. The
manuscripts déscribed a tablet formed from the follow
impressions in two facing tablet molds. Pharmacy aad
medicine waited about 800 years for the next innovation
in delivery systems, when in 1883 Moathes firveated the
capsule for administeting drug. The next quantum leap
in dosage forms came {n 1972 with the invention of the
osmotic delivery system by mventors Theeawes and
Fhiguchi ss disclosed in U.S. Pat Nos. 3,845,770 and
3,916,899, The osmotic system disclosed in those pa-
tents comprise & semipermeable wall that surrounds a
compartment containtng a useful agent. The wall is
permeable to the passage of an external fiuid, .and it is
substantially impermeable to the passage of useful
agent. There is an osmotic passageway through the wall
for delivering the useful ageat from the osmotic system.
These systems refease a useful agent by fluid being im-

o

5

50

60

delivering useful ageats, including drugs that are insolu-

ble to very soluble in the fluid, by manufacturing the

usmotic device with & usaful agant socmpartmant sod gn

osmagent campartment separated by as intemal film.
The internal film is movable from 4 rested to &n ex-
panded state The osmotc device delivers agent by fluid
being imbided through the semipermeable wall into the
osmagent compartment producing a solution that
causes the corupartment to incregse in volume and act
as g driving force that'is applied against the film. This
force urges the film to expand in the device lgai.nst thc
useful agent compartment and, correspondingly, dimin

ish the volume of the useful agent eompamncnt
whereby useful agent is dispensed through the passage-
way from the osmotic device. While this device oper-
ates successfully for its intended use, and while it ean
deliver numerous useful agents of varying solubilities,
its use can be limitad because of the manufacturing steps
and costs nezded for fabricating and placing the mov-
able film in the compaitment of the osmatic device.

In U.S. Pat. No. 4,327,725 pateatees Richard Cortese
and Felix Theeuwrss provided an osmotic dispensing
device for defivering beneficial agents that, because of
its solubilities in aqueous and biological fluids, are diffi-
cult to deliver iu meaningful amouats at controlled rates
over time. The asmotic devices of this pateat comprise
2 semipertoeable wall surrounding 8 compartment con-
taining & beneficial agent that is insoluble to very solu-
ble in aquecas and bialogical fluids and an expendable
hydrogel. In operation, the hydrogel expands in-the
presence of external fluid that js imbided into the device .
and in some operations mixes with the beneficial agent,
thereby forming a dispentable formulation’ that is 'dis-
pensed through the passageway from the device. This
device operates successfully for its mtended use, aad it
delivers many difficult to deliver beneficial agents for
their intended purpose. Now it has bean observed, its
use can be Lnited because the hydrogel.can lack & pres-
eot sbility to imbide sufficient fluid for the maximum
self-expansion needed for urging all beneficial agent .
from the device.

It will be ppreciated by those verscd in the dispens.
ing art, that if an osmdtic device can bcpmvxded that
exhibits 2 high Jevel of csmotic sctivity for delivering 2
beueficial agent by gencrating in situ an expanding force
sufficient for delivering the maximom amount of agent
at a controlled rate such as osmotic device would have
8 positive value and represeat an advancement in the
dispensing art, Likzwrsc, it will be immediately appreci-
ated by those versed in the dispensing art that if an
osmotic device is made available passessing dusl-ther-
modynamic osmotic activity for delivering increased
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amounts of 2 beneficial agent, said osmotic device
would find practicz] applicatian in the fields of phar-
macy and medicine.

OBJECT OF THE INVENTION .

Accordingly, in view of the above presentation, it is
an immediate object of this invention to provide an
osmotic system that can be manufactured by standard
manufacturing techniques into osmotic devices of vari-
ous sizes, shapes and forms that represent a furthar
improvement and advancement in the dispensing art.

Another object of the invention is to provide an os-
motic systam manuvfactured in the form of an osmotic
device for delivering io vivo a beneficial drug that is

5

difficult to deliver and now can be delivered by the 15

o e . _osmotic_device in therapeutically effective amoun

over time.
‘Anather object of the invention is to provide an os-

motic system possessing dual osmotic activity that aper-
ates as a unt, which system comprises a compartment
containing a first osmotic composition comprising a
drug, an osmagent and an osmopolymer, and a second
osmotic composition comprising an csmagent and an
osmapolymer, with the compesitions acting in concert
for delivering the drug through an osmotic passageway
from the osmotic device.

Yet another object of the invention is to provide an
osmolc device having means for high losding of a
witer insoluble or 2 slightly water soluble drug and
means for delivering the drug in ecither instance at a
contralled rate and continuously over time to a drug
recipiant.

Vet ancrtker oblect of the invention is to provide an
cosmatic device that can deliver a pH dependen: benehi-
cial agent by providing a neutrai medium for delivering
the beneficial agent in a finely dispersed form for in-
ereasing its surface area and for maximizing the dissolu-
wwa faiz o the beneficial ggant

Stll yet another object of the invention is to provide
an oswotic system for delivering & drug having a very 40
low dissolution rate that is the rate limiting step for
delivering the drug from the system, but now can be
delivered by osing an osmotic compasition that func-
tions in situ 8s 2 carrier, or a suspeusion sgent, s &
wetting agent and a solubilizing agent for increasing the
dissolution rate and the solubility of the drug, thereby
echancing its delivery from the osmotic system.

Stll yet another object of the invention is to provide
an gsmotic system comprising means for maintsining &
high level of osmotic activity of a polymer ased for 50
delivering a beaeficial agent from the osmotic system.

A further object of the inveation is to provide an
osmatic, therapeutic device that can administer & com-
plete pharmaceutical dossge regimen comprising
poorly solable ta very soluble agests, at a controlled 55
rate and continuously for a particular time period, the
use of which raquires intervention only for the mitiation
and possibly for the termination of the regimen.

Snll 2 further object of the invention is to provide an
osmotic device that passesses the ability to deliver 2
broad range of drug delivery rates and simoltaneously
can deliver the drug according to 2 predetermined drug
time release pattern to a biclogical recipient over time.

Other objects, features, aspects and advantages of the
invention will be more apparent to those versed in the
dispensing art from the following detailed specification
taken in conjunction with the figures and the accompa-

nying claims.

25
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BRIEF DESCRIPTION QF THE DRAWINGS

1a the drawings, which are not drawn ta scale, but are
set forth to illustrate various embodiments of the inven-
tion, the drawing figures are as follows:

FIG. 1 is an isometric view of an osmotic device
designed for orally administering a beneficial agent to
the gastrointestinal tract;

FIG. 2 is an opened view of the osmotic device of

10 FIG. 1illustrating the structure of the osmotic device of

FIG. 1;

FIG. 3 is 20 openad view of the osmotic device of
FIG. 1 Mlustrating the osmotic device in operation 2nd
delivering a beneficial agent from the osmotic device;

FIG. 4 is an opened view of the osmotic device of

device in operation and delivering 8 major amount of a
beneficial agent from the osmotic device;

TIG. 5 shows an Gsmotic therapentic davies with its
wall partially broken away, designed for delivering a
beneficial agent into a body passageway, such as the
ano-rectal and vaginal passageways;

FIG. ¢ shows the osmotic device of FIG. § with a
different wall structure;

FIG. 7 shows the osmotic device of FIG. § depicting
a different wall structure thao the wall structure de-
picted in FIG. 6;

FIG. 8 represents the weight gain a5 a2 function of
time for 2 polymer encapsulated in a semipermeable
membrane when the encapsulated polymer is placed in
water;

FIQ. ¢ depicts the cumulative amount of drug re-
leased from 2 device comprising an esmopolymer hav-
icg two differest molecular weights;

FIG. 10 depicts the osmotic pressure curves for 2
number of osmagent and a number of osmopolymer/os-
magent compositions;

FIG. 11 depicts the cumulative release profile for an
osmotic system using two different osmopolymers;

FIG. 12 depicts the release rate per hour for an os-
motic system different from FIG. 9 containing aa os-
mopalymer having two differeat molecular weights;

FIG. 13 depicts the cumulative amount released from
2 single composition device tomprising only one layer;

FIG. 14 illustrates the in vivo and in vitro cumulative
release for one drug delivered by the osmotic device;

In the drawings and the specification, like parts in
related figures are ideatified by likc parts. The tarms
sppearing earlier in the specification and iu the descrip-
tion of the drawings, s well 23 embodiments thereof,
are further detailed elsewhere in the disclosure.

DETAILED DESCRIFTION OF THE
DRAWINGS

Tuming now to the drawings in detail,-which are
examples of various osmotic devices provided by the
invention, and which examples are not to be construed
as limiting, one example of an osmotic device is seen in
FIG. L In FIG. 1, osmotic device 10 is seeen compris-
ing a body member 11 having & wall 12 and & passage-
way 13 for releasing a beneficial ageat from osmotic
device 10,

In FIG. 2, osmotic device 10 of FIG. 1 is seen in
opeaed section. In FIG. 2, osmotic device 10 comprises
2 body 11, & semipermeable wall 12 that surrounds and
forms intemal cowmpartment 14, that cormmunicates
through a passageway 13 with the exterior of asmotic
device 10, Compartment 14 contains & first osmotic

—FIG..1 considered with . FIG .3 illustratingthe.osmotic ———mmmwn_
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compasition comprising 2 beneficial sgent 13, repre-
seated by dots, which agent 15 can be from insoluble to
very soluble in fluid imbibed into compartment 14, an
asmagent 16, represented by wavy lines, that is soluble
in fluid imbibed into compartment 14 and exhibits an 5
osmotic pressure gradient across semipermeable wal| 12
against an external fluid, and, an osmopolymer 17, rep-
resented by horizontal dashes, that imbibes fluid into
compartment 14 and exhibits an osmotic pressure gradi-
ent across sediipermeable wall 12 ggainst an exterior
fluid present in the environment of use Wall 12 is
formed of a semipermeable compasition that is substan-
tially permeable to the passage of the exterior fluid, and
it is substantially impermeable to the passage of agent
15, osmagent 16 and osmopolymer 17, Semipermeable

4,612,008

H

FaF+Q [{}]
Since the boundary between the first composition and
the second composition hydrates very little duting the
funcuomng of the asmotic device, there is insignificant
water migration between the compositions. Thus, the
water imbibition rate of the second composition, Q.
equals the expansion of its volume:

Gl Q)
= =q

The tota] delivery rate from the asmotic device js then,

T wall 127 non-oxic and R mamfains its physical and
chemical int:gn'ry during the delivery life of device 10.

. Compartment i4 also sezoad csmotic com-
posmou that is distant from passageway 13 and it con-
tacting relation with the first compositioa. The second 2
camposition is 2a expandable driving force that acts in
cooperation with the first expandable osmotic composi-
tion for delivering the maximum amount of beneficial
agent 15 from osmotic device 10. The second osmotic
composition comprises ag osmageat 18, that is soluble in,
fluid imbibed into compartment 14 and exhibits &a os-
motic pressure gradient across semipermeable wall 12
sgainst an external fluid, blended with an osmopolymer
19 that imbites fluid into compartment 14 and exhibits
an osmotic pressure gradient across semipermesbie wall 30
12 against external fluid. Osmopolymer 17 and os
mopolymer 19 are hydrophilic water soluble or lightly
crass-linked water insoiuble polymers, and they possess
asmotic properties such as the ability to mbibe extemnal
fluid through the semipermeable wall, exhibit an os-
motic pressure gradient across the semipermeable wall |
against the external fluid, and swell or expand in the
preseace of the fiuid in the compartment. Osmopoiym-
ers 17 and 19 are mixed with osmageat 16 and 18, re-
spectively, for imbibing the maximum volume of exter-
nal fluid into comparanent 14. This:ﬂuid is available to
osmopolymers 17 tnd 19 to optimize the volumetric
ratz and for total axpansioc of osmapolymers 17 gnd 18.
That is, csmopolymers 17 aad 19 absorb fluid imbibed
into cornpartment 14 by the osmotic imbibition action f 45
oswopolymers 17 and 19 supplemented by the osmotic
imbibition action of osmagents 16 aod 18 for effecting
the maximum expassion of osmopolymers 17 and 19 to
an ealarged state.,

In operation, the dedivery of beneficial agent 15 from
osmetic device 10 is carried out, in one presently pre--

[ A"

LOUsSs a Fe i Uoua

(=]
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‘ ferred emtbodiment, by (1) imbibitioa of fluid by the first -

. compositios to forz # fluid composition @ situ and
delivery of the fluidic compasition through the passage-
way; and concurrently by (2) imbibition of fluid by the S5
second compoasition causing the second compasition to
swell and cooperate with the first compasition for driv-
ing the agent n.upcnnon through the paslagcway Ac-
cording to the operation deséribed, the osmotic device
may be visualized a5 a cylinder, with the secoad compo- 60
sition expanding like the movemeat of & piston for aid-
ing in delivering the 2gent composition from the os-

-motic device. For the purpose of the present analysis,
‘the volume rate delivered by the osmotic device F is
composed of two sources; the water imbibition rate by. 65
the first compositiou F, ead the water imbibition rate by

the sccond composition Q whcrcm.

Ln e FCu(FtQC 0

" wherein C is the concentration of beneficial agent in the

delivered slurry. Conservation of the osmotic device
volume, V, and the surface area, A, gwes equations (4)

and (5):

VaVes A 4

AmAg+Ay )
wherein Vg and V, equal the volumes of the first com-
position and the second composition, respectively; and
wherein Agand A equal the surface 2rea contact with
the wall by the first composmou and the second compo-
sition, respectively. In operation, both V, and Ay in-

crease with time, while Vyand Asdecrease with time as

the device delivers beneficial agent.
The volume of the second camposition that expands
with time when fluid is imbibed into the compartmeat is

given by equation (6):

";-f(-—:;:—’—)

whereis W is the weight of fluid imbibed by the sec-
ood composition, W, is the weight of the second com-
pcmaou ‘initially present in the devics, WH/Wns the
retio of fluid to initial solid of the second compomtxou.

and

® -

(g
. W, W,

/0 ( 1+ -}_V{') —;L
wherein p is the density of the second composition . -
carresponding to Wg/W,. Thus, based on the geomelry
of a cylinder, where r is the radius of the cylinder, the .
area of imbibition is related to the volume of the swollen
second compoasition 3¢ fallows: :

. W )
dpmwd et -—;’-(1 + W) @
. Ad= A~ A' ’ [¢)] '-
The fluid imbibition rates into each compo'siu'én are:

R ' @
F= ({-) U bxd) '
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-continued
an

Q-(-:-) (dy - by) .

wherein k equals the osmotic permeability of the wall, h
equals the wall thickness, Amgand A, are the osmotic
gradients for the first compasition and the second com-
position, respectively. The total delivery rate, there- 1p
fore, is:

(2

W,
.:_':'_--f-c([,«-vﬂ--z— —;Lu+mf/w,)] Aa+ 15

F
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sure and, therefore, 8 constant delivery rate in conjunc-.
tion with the second composition. The swelling and
expansion of the second composition, with ils accompa-
nying increase in volume, along with the simultaneous
corresponding reduction in volume of the first composi-
tion assures the delivery of beneficial agent at a con-
trolled rate over tima.

Device 10 of FIGS. 1 through 4 can be made into
many embadiments including the presently preferred
embodiments for aral use; for releasing either 2 locally
or systemically acting therapeutic agent in a gastrointes-
tinal tract. Oral system 10 can have various conven-
tional shapes and sizes such as round with a diameter of
3/16 inches to § inches. In these forms system 10 can be
adapted for administering beneficial agent to numerous

animalssincluding-warm-bloaded-animals-humans-avi

W,
[ + 2 e w,,/w,).f am, }
L 4 r - E
20

FIGS. 3 and 4 illustrate the osmotic device in opera-
tion as described for FIGS. 1 and 2. In FIGS. 3 and 4,
for osmotic devica 10, fluid is imbibed by the first com-
position at & rate determined by the permeability of the
wall and the osmotic pressure gradieat across the wall. 25
The imbibed fluid continuously forrs a solution con-
taining beneficial agent, or a solution of a gel of osma-
geat and osmopolymer contzining beneficial sgent in
suspensiog, which salution ar suspension in either oper-
atiop is released by the combined operations of device
10. These operations inelude the solution, or the suspen-
sion being osmotically delivered through the passage-
way due tc the countinuous formation of solution or
suspension, and by the swelling and increasing voiume
of the second composition, represented by the increase
in height of the vertical lines in FIGS. 3 and 4. This
latter swelling and increase in volume applies pressure
agaicst the sclution or snspension thereby aiding the
first composition and simultancously causing delivery
of beacficial agen? to the exterior of the device. Thus,
the osmotic device provided by this inveation ceg be
viewed as a single unit construction device comprising
two compasitions coctaining two polymeric structures
actng in ccacert for effective drug administration to 2
patieat. .

The first composition 2nd the second compositian act
together to substantially insure that delivery of benefi-
cizl agent from the compartment is constant over a
prolonged period of time by twa methods. First, the
first composition imbibes external fluid across the wall,
* thereby forming either 1 solution or s suspension the
latter which would be substantially delivered at non-
zero order (without the second composition preseat),
since the driving force decays with time. Second, the
second composition operates by twa simultageous oper- 55
ations: (1) the second compasition operates to coutinu-
ously coucentrate beaeficial ageat by imbibing some
fluid from the first composition to help keep the concen-
tration of beoeficial agent from falling below saturation
and, (2), the second composition by imbibing external 60
fluid across the wall and creating continuous increases
in volume, thereby exerting 2 force against the first
composition and diminishing the volume of beneficial
ageat, thusly directing beaeficial agent to the passage-
way in the compartment Additionally, as the extra 65
solution or suspension formed in the first compasition is
squeezed out, the osmatic camposition closely contacts
the internal wall and generates a constant osmotic pres-

40
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50

ans, reptiles aand pisces.

FIGS. §, 6 and 7 show another embodiment provided
by this mventica. FIGS. &, € and 7 thow an osmiotic
device 10 designed forplacement in a body passageway,
such a$ a vagina, or the ano-rectal canal. Device 10 has
an clongated, cylindrical, self-sustzining shape with 2
rounded lead end 20, a trailing end 21, and it is equipped
with manually controlled strings 22 for easily removing
device 10 from the biological passageway. Device 10 is
structurally identical with the device described above in
FIGS. 1 through 4, and it operates in 4 like manner. In
FIG. 5, device 10 is depicted with a semipermeable wall
23, in FIG. 6 with a laminated wall 24 comprising an
inner semipermeable lamina 25 adjacent to compart-
meat 14 and an external microporous lamina 26 distant
from compartment 14. In FIG. 7, device 10 comprises a
laminated wall 28 formed of a microporous lamina 29
next to compartment 14, and & semipermeable lamina 30
facing the enviroameat of usc and in lammar arrange-
ment with microporous lamina 29. The semipermesble
lamina used for manufacturing these asmatic devices is
poocszlactive since it ic permesble to the passage of
fluid and substantially impermeable to the passage of
agent, osciagent and osopolymer. Device 10 delivers
4 beneficial agent for absorption by the vaginal mucosa,
or the ano-rectal mucosa, to produce an in vivo local or
systemic effect over 2 prolonged period of time.

The osmotic devices of FIGS. 1 through 7 can be
used for delivering numerous agents including drugs at
2 controlled rate independent of the drug pH depen-
deacy, or where the dissolution rate of the agent can
vary between low and high in fluid eavironments, such
as gastric fluid and intestina] fAinid. The osmotic devices
alsa pravide for the high Ioading of ageats of low solu-
bility and their delivery at meaningful, therapeutic
amounts. While FIGS. 1 through 7 are illustrative of
various osmotic devices that can be made according to
the inveation, it is to be understoad these devices are
not to be coastrued as limiting, as the devices can take
2 wide variety of shapes, sizes and forms adapted for
delivering beneficial agents to the environment of use.
For example, the devices include buccal, iraplant, arti-
ficial gland, cervical, intrauterine, ear, nose, dermal,
subcutaneous, and like delivery devices. The devices
also can be sized, shaped, structured and adapted for
delivering an active agent in streams, aquariums, ficlds,
factories, reservoirs, laboratory facilities, hot houses,
transportation means, naval means, military reans, hos-
pitals, veterinary clinics, nursing homes, farms, zoos,
sickrooms, chemical reactions, and other environments

of use.
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DETAILED DESCRIPTION OF THE
INVENTION

Ia accordance with the practice ol this invention it
has naw been found that osmotic delivery device 10 can 5
be manufactured with a first osmotic composition and a
second osmatic composition mutually housed in coop-
erative relationship in the compartment of the device.
The compartment is formed by a wall semipermeable
comprising a material that does nat adversely affect the 10
beneficial agent, osmagent, osmopolymer,- and the like.
The semipermeable wall is permeable to the passage of
an external fluid such as water and biological fluids, end
it is substantially impermeable ta the passage of 1gents,
osmagents, osmopolywers, and the like. The wal

n.mmil. or host. or the components comprising the de-
vice, aud the selectively seminarmeable materials used
for forming the wall are non-erodiblc and they are insol-
uble in fluids. Typical materials for forming the wall arc 20
in one embodiment cellulose esters, cellulose ethers and
cellulose ester-ethecs. These cellulosic polymers have &
degree of substitution, D.S., on the anhydroglucose
unit, from greater than 0 up to 3 inclusive. By degrae of
substitution is meant the average number of hydroxyl 25
groups originally present oe the sahydroglucose unit
camprising the czllulose polymer that are replaced by a
substituting groug. Representative matenals include a
memxber selected from the group consisting of cellulose
acylate, cellulose diacylate, cellulose triscylate, cellu- 30
lose acstate, cellulose diacetate, cellulose triacetate,
moni, di and tricellulose alkanylates, mono, di and tr-
celluiose aroylatss, and the like. Exemplary polymers
include cellulose acetate baving a D.S. up to 1 and an
acetyl conteat up to 21%; cellulose acatate having an 33
acetyl content of 32 to 39,8%; cellulose acetate having

2 D.S. of 1 to 2 and an acety] content of 21 1o 35%;
cellulose acetate having a D.5. of £ v J and az acery! .
content of 35 to 44.8%, and the like. More specific
celiclosic polywers inclade cellulose propioaate having 43

a D.S. of 1.8 2ud s propiony! content of 39.2 to 45% and

a hycdroxyl ccntent of 2.8 to 5.4%; cellulose acetats
tutyrate haviag 8 D S. of 1.8, an acetyl contentof (310 -
15% and a butyry! content of 34 to 39%:; cellulose ace-
tate butyrate having au acetyl coatent cf 210 29%, & 45
butyryl content of 17 td 53% ead a hydroxy! content of
0.5 o0 4.7%; cellulose triacylates-having 1 D.S. of 29 to

3 such as cellulose trivalerate, cellulose trilaurate, cellu- -
Jose tripalmitate, cellalose trisuccinate, and cellulose
trioctanoate; callulose diacylates having a D.S. of 2.2 to 50
2.6 such as cellulose disuccinate, cellulose dipalmitate,
cellulose dioclanoate, cellulose dipentale, co-esters of
cellulose such 2 cellulose scetate butyrate md cellulase
acetate propionate, and the like.

Additional semipermeable polymers m:ludc cellulose
acetaldchyde dimethyl acetate, cellulose acetate ethyl
carbamate, cellulose acetate methyl carbamate, cello-
lose acetate dimethyl aminoacetate, semipermeable
polyamides, semipermeable polyurethanes, semiperme-
able sulfonated polystyrenes, semipermeable cross-
linked selectively polymers formed by the coprecipita-
tion of 2 polyanion and s polycation as disclosed in U.S.
Pat. Nas. 3,173,876; 3,276,586; 3,541,005; 3,541,006; and
3,546,142; scmlpermeable polym:rs as disclosed by
Loeh and Sourirajan in U.S. Pat. No. 3,133,132; semi-
permeable lightly cross{inked polystyrene derivatives;
semipermesble crosslinked paly(sodium styrene sulfo-
pate); semipermeable cross-linked poly(vinylbenzyl-

60
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trimethyl amonium chloride); semipermeable polymers
exhibiting & fluid permeability of 10-3 to 10-!
(ce.mil/cm?. hratm) expressed per atmosphere 10-3 of
hydrostatic or osmotic pressure difference across the
sermpcrmeablc wall. The polymers are known to the art
in U.S. Pat. Nos. 3,845,770; 3,916,899; and 4,160,020,
and in Handbook of Common FPolymers by Scott, J. R.
and Roff; W.J, 1971, published by CRC Press, Cleve-
land, OH.

" The laminated wall comprisiag & semipermesble fam-
in2 and 1 microporous lamina are in laminar arrange-
ment and they act in concert to form an integral lami-
nated wall that maintains its physical and chemical
integrity and does not separate into the original famina

is 15 throughout the operative agent release history of the .
osmotic device The semipermesble. lamina is made

e -a—u—m-—-ﬂomcMndMnmomm

from the semipermeable polymeric materials presented
sbovs, the seminsrmeable homopolymers, the semiper-
meable copolymcrs, sad the like.

Microporaus lamina suitable for manufacmrmg the
laminated osmatic device generally comprises pre-
formed microporous polymeric materials, and pcly
meric reaterials that can form 1 microporous lamina in
the environment of use. The microporaus materials in
both embadiments are laminated to a semipermesble
lamina to form the laminated wall. The preformed ma-
terials suitable for forming the microporous laming area
esseatially inerr, they maintain their physical and chemi-
cal integrity during the period of agent release and they
can be described generically as having ¢ sponge like
2ppearance that provides a supporting structure for a
semipermeable lamina and alsa provides a supporting

structure for sticroscopic sized interconnected pores or

voids, The materials can be isotropic wherein the struc-
ture is homogeneous throughout a-cross soctiona! area,
or they can be anisotropic wherein the structure & nog-
bomogeneous thtoughout 2 cross sectional area. The
pores can be contiouous pores that have an gpening on
~ both faces of microparous lamina, pores interconnécted
through totuous paths of regular and irregular shapes,
including curved, curved-linear,” rmdomly oriented
continuous pores, hindered connected pores and other
porous patbs discernible by microseopic examinatioa,
Gcnerauy, microparous lamina are defined by the pore
size, the number of pores, the tortuosity-of the r.mcropo-
rous path gnd the porosity which relates to the size end
the number of pores. The pore size of a microporous
lamina is easily ascertained by measuring the observed
pore diameter. at the surface of the material under. the
electron microscope. Generally, materials possessing

" from 5% to 95% pores and having a pore size of from.

10 sngstroms to 100 microns can be used for making 2
microporous lamina The pore size and other parame-
ters characterizing the microporous structure also can
be obtained from flow measurements, where a liquid
flux, J, is produced by a pressure difference AF, scross’
the lamina. The Liquid flux through & lamina with pores
of uniform radius extended through the. lamina and
pcrpcndxculnr to its surfzce with ares A given by rela- -

tion (13):

I Nrdsp (13)
lr,A.x

wherein J is the volume transported .per unit time and
lamina ares containing W number of pares of radius r, p
is the viscosity of the liquid and AP is the pressure
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difference across the lamina with thickness Ax. Far this
type of lamina, the number of pores N can be caleulated
from relation (14), wherein € is the porosity defined as
the ratio of void volume to total volume of the lamina;
and A is the cross sectional area of the lamina contain-
ing N pores.

Na a4

r
The pore sadius then is calculated from relation (15):

(19

1
r-flni‘;r—-e—l.}

10

'

12

repaifing microporous materials are described in Syr-
theric Palymer Membranes, by R. E. Kesting, Chapters 4
and §, 1971, pubdlished by McGraw Hill, Inc.; cAemical
Reviews, Ultrafiitration, Vol. 18, pp 373 to 455, 1934;
Folymer Eng. and Sei, Vol. 11. No. 4, pp 284-288, 1971;
J. Appl. Poly. Sei, Vol. 15, pp 811-829, [971; and in U.S.
Pat. Nos. 3,565,259; 3,615,024; 3,751,536; 3,801,692;
3,852,224, and 3,849,528.

Microporqus materials useful for making the lamina
include microporous palycasbonates camprised of lin-
ear palyesters of carbonic acid in which carbanate
groups recuc in the polymer chain; microporous materi-
als prepared by the phosgenadon of a dihydroxyl aro-
matic, such as bisphenol A; microporous poly(vinyl
chloride); microporous polyamides such ss polyhexa-

mcﬁy}ctlmimmimmmmh/

wherein J' is the volume flux through the lamina per
unit area produced by the pressure difference AF across
the lamina, p, € and Ax have the meaning defined above
and T is the toctuosity defined as the ratio of the diffu-
sional path length in the Iamina to the lamina thickness.
Relatians of the above type are discussed in Transport
Phenomena In Membrones, by Lakshminatayanaiah, N.
Chapter 6, 1969, published by Academic Press, Inc.,
New York

As discussed in this reference, supra, on page 336, fn
Tahle 6.13, the porosity of the lamina having pores with
radius r can be expressed relative o the size of the
transported molecuwle having & radius 2, 8ad as the ratio
of malecular radius 10 pore radius a/r decreases, the
lamina becomes porous with respect to this molecule.
That is, when the ratio &/r is less than 0.3, the lamina
becomes substantially microporous as expressed by the
osmotic reflection coefficient o which decreases below
0.5. Microporous lamina with a reflection coefficient o
in the range of less than 1, usually from O to 0.5, and
poeferably lace than 01 with respect to the active agent
are suitable for fabricating the system. The reflection
coefficient is determined by shaping the material in the
form of 2 lamina and carrying out water flux measure-
mients as & function of hydrostatic pressure differegce
and 8s a feaction of the osmotic pressure difference
caused by the sctive agent. The osmotic pressure differ-
ence creates a hydrostatic volume flux, and the reflec-
ton coefficient is expressed by relation (16):

(L)

o= asmotic volume flux
hydrostauz volume flux

Properties of microporaus materials are described in
Science, Vol. 170, 1970, pp 1302-1305; Nature, Vol. 214,
1967, page 285; Polymer Engineering and Science, Vol
11, 1971; pp 284-288; U.S. Pat. Nos 3,567,809 and
3,751,536; aad in Industrial Processing With Membranes,
by Lacey, R. E., and Loeb, Sidaey, 1972, pp 131-134,
Microporous materials having a preformed structure
are commercially available and they can be made by art
known methods. The microporous materials can be
made by etching, nuclear tracking, by coaling 2 solution
of flowable polyraer below the freezing paint whereby
solvent evaporates from the solution in the form of
crystals dispersed in the polymer and then curing the
polymer follawed by removing the solveat crystals, by
cold or hot stretching at low or high temperatures uatil
pores are formed, by leaching from a polymer a soluble
componeat by an appropriate solvent, by jon exchange
reaction, and by polyelectrolyte process. Process for

20

25

ko)

&

(3]

mess including those formed from poly(vinylchloride)
60% and acrylonitrile; styrene acrylic and its copoly-
mers; porous polysvifones characieriied by digheny!-
ene sulfope groups in a inear chain thereof; halogenated
poly(vinylidene); polychloroethers; acetal polymers;
polyesters prepared by esterification of a dicarboxylic
acid or anhydride with an alkylene polyol; poly(alky-
lenesulfides); phenolic polyesters; microporous poly(-
saccharides); microporous poly(saccharides) having
substituted and unsubstituted anbydroglucose units ex-
hibiting an incressed permeability to the passage of
water and biological fluids than a nonporous semiper-
meable lamina; asymmetric porous polymers; cross-
linked olefin polymers; hydrophobic ar hydrophilic
microporous homopolymers, copolymers or interpaly-
mers having a reduced bulk density; and materials de-
scribed in 118, Pat. Nos. 3,597,752; 3,643,178; 3,654,066;
3,709,774, 3,718,532; 3,803,061; 3,852,224; 3,853,60;
and 3,852,388; in British Patent No. 1,126,849, and in
Chem Abst, 1969, Vol 71 4274F, 22572F, 22573F.

Additional microporous materisls include micropo-
tous poly(urethanes); microporous cross-inked, chain
extended poly(urethanes); microporous poly(urethanes)
in US. Pat. Ng. 3,524,753; microporous poly(imides);
microparous poly(benzimidazoles); regenerated nuicro-
porous proteins; semi-solid cross-linked microporous
poly{vinylpyrrolidone); microporous roaterials pre-
pared by diffusion of multivalent catioas into polyelec-
trolyts sols as in U.S. Pat. Na. 3,565,259; aaisotropic
microparous materials of ianically 2ssociated polyelec-
trolytes; porous polymers formed by the coprecipitation
of a polycation and a polyznioa 25 described in U.S. Pat.
Nos. 3,276,589; 3,541,055; 3,541,066 and 3,546,142 de-
rivatives of poly(styrene), such gs microporous poly(-
sodium styrenesulfonate) and microporous poly(viayl
benzyltrimethyl-ammonium chloride); the microparous
materials disclosed in U.S. Pat No. 3,615,024; and U.S.
Pat. Nos. 3,646,178 and 3,852,224,

Further, the micropare forming matsarial used for the
purpase of the mvention includes the embodiment
wherein the microporous lamina is formed in situ by &
pore former being removed by dissolving or leaching it
to form the microporous lamina during the operation of
the system. The pore former can be 1 solid or a liquid.
The term liquid, for this inveation, embraces semi-solids
and viscous fluids. The pore formers can be inorganic or
organic. The porc formers suitable for the invention
include pore formers that can be extracted without any
chemical change in the polymer. The pore formiog
solids have a size of sbout 0.1 to 200 micrometers and
they include alkali metal salts such as sodium chloride,
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sodium bromide, potassium chloride, potassium sulfate,
potassium phosphate, sodium benzoate, sodium acetate,
sodium citrate, potassiurn nitrate, and the like. The al-
kali earth metal salts include calcium phosphate, cal-

14
the inside and the outside of the compartment havmg 2
value up to 20 atmospheres.

The osmatically effective compounds that can be
used for the purpose of this invention include inorganic

cium nitrate, and the like. The transition metal salts 5 and organic compounds that exhibit an osmotic pressure

include ferric chloride, ferrous sulfate, zinc sulfate,
cupric chloride, manganese, fluoride, mangagese
fluorosilicate, and the like. The pore formers include
organic compaunds such as polysaccharides. The poly-

gradieat across the semipermeable wall, or across a
semipermesble microparous laminated wall, against an
external fluid. The osmotically effective compounds,
alang with the osmopolymers, imbibe fluid into the

saccharides include the sugars: succrase, glucose, fruc- 10 osmotic device thereby making available in situ fluid for

tose, mannitol, mannose, galactose, aldohexose, altrase,
talose, sorbitol, lactose, monosaccharides and disaccha-
rides. Also, organic aliphatic and aromatic oils and

cols, alkylene glycols, poly(a-w)tlkylenediols esters or
alkylene glycols and the like; water soluble cellulosic
polymers such as hydroxyloweraikyi celiulose, Lydica-
ypropyl methylcellulose, methyl cellulose, methylethy]
cellulose, hydroxyethyl cellulese and the like; water

“soluble polymers such as polyvinylpyrrolidone, sodium

carboxymethyleellulose and the like. The pore-formers
are oontoxic and on their removal from the lamina

‘channels are formed through the lamina. In a preferred

embodiment the non-toxic, poreforming agents are se-
lected from the group conssting of inorganic and or-
ganic salts, carbohydrates. polyalkyleae glycals, poly-
{a-w)-alkylenc-diols, esters of alkylene glycols, glycols
and waler soluble polvmers used for for forming & mi-
croporous lamina in a biclogical environment. Gener-
ally, for the purpose of this mvention, whea the poly-
mer forming the lamina cootaing more than 15% by
weight cf a poreformer, the polymer is a precursor
microporous lamina that on removing the poreformer
yields a lamina which is substantialiy microporous.
The expression passageway as used berein comprises
means and methads suitable far releasing the agent cr
drug from the osmotic system. The expression includes
osmotic aperture, csmotic orifice, osmotic hole or os
motic bore through the semipermasble wall or the lami-
nated wall. The osmotic passagéwsy can be formed by
mechinical drilling, laser drilling or by eroding an erod-

ible element such as 1 gelatin plug in the environmeat of .
- use, A detailed descnptzon of osmotic passageways, and

the maximum and minimum dimensions for & passage-
way, are disclosed in U.S. Pat Nos. 3,845,770 and
3,916,899, The osmotic passageway has ¢ maximum
cross-sectional area, A, defined by the relation (17) as
follows:

| an -

. . L
f‘xmc)-FX-Q,Lx-Eg—

wherein L is the leagth of the passageway Qp/t is the

mass delivery rate of the ageat, D is the diffusion caeff- -

‘cient of the agent, S is the solubility of the agent in the
fluid, and F is from 2 to 1000, said passageway having a
minimum area A defned by relation (18) as follows:

and AP is the hydrostatic pressure difference between

S

imbibition by mm osmopolymer to enfiance its expansion,
and/or for forming a solution or suspension containing
a beneficial ageut for its delivery through the passage-
way fram the asmotic device. The asmatically effective

solids, including diols and palyols, as exemplified by
—.__polyhydmc aleohals, paly(alkylene glycals), -polygly- 15 compounds are Jmown slso as_osmotically effective .
solutes, or osmagcnts. The osmotically effective com-

pounds are used by mixing them with s beneficial agent
and osmopolymer for forming a solution, or suspeasion
containing the beneficial egent that is osmotically deliv-

20 ered from the device. The expeession limited solubility

as used herein meanus the agent has 2 solubility of about
fess then 5% by weight in the aqueous.fluid preseat in
the eavironment The osmotic solutas are. used by ho-
mogeneously or heterggeneously mixing the solute with

25 the agent or csmopolymer and thea charging them into

the reservoir. The solutes and esmopolymers attract
fuid into the resexvoir producing & solution of solute in
a gel which is delivered from the system concomitantly
transporting tmdissolved and dissolved beneficial agent

3C to the extediar of the ¢ystem. Osmotically effective

solutes used for the former purpose include magnesiam
© sulfate, magnesium chloride, potassium sulfate, sodium
sulfate, lithivw sulfate, potassium acid phospbate, d-
mannitol, urea, mositol, magriesium suceinate, tartaric
3 acid, carbohydrates such as nmnosc. sucrdse, glucase,
a-d-lactose manohydrzt; and mixtores thereof. The
amount of osroageat in the compzrtmcnt will gf.nmlly
be from $.01% to 30% or higher i the first composi-
tion, and usually from 0.01% tb 40% -or higher in the -

4 second compaosition.

- The osmotic salute is mitially prﬁcn\‘. in excess aad it
can be in aay physical form that is compatible with the
beneficial ageant, the osmagent, and osru0polymﬂ' The
osmotic pressure of saturated solutions of various os-

45 motically effective compounds and for mixtures of com-

pounds at 37° C, in ‘water, is hsted in Table 1. In the
table, the osmotic pr&uze a7, i in atmospheres, atm. -

The osmotic pressure is measured in & commercially

available osmometer that measures the vapor pressure

30 difference between pure water and the solution to be

analyzed and, scoording to standard thcrmodyumuc

principles, the. vapar pressyre ratio is coaverted into -
" osmotic presswe difference. In Table 1, osmotic pres-

sures of from 20 atm to 500 atm are set forth. Of course,

35 the invention includes the use of lower osmotic’ pres-

sures from zero, and higher ‘osmotic pressures thad
those set forth by way of example in' Table 1. The os-
mometer used for the present measurerients is identified
1s Mode! 3208, Vapor Pressure. Osmometet, manafac- -

& tured by the Hewlett Packard Cg., Avondale; PA.

[ g - ay TABLE 1 .
: ““"""’ =TT XEXEE COMPOUND 0SMOTIC PRESSURE
. OR MIXTURE ' AT™
- wherein L is the length of the passageway, v/t is the 65 LactowFruciose . . %0
ageat salution volume delivery rats, ¥ is 3:14; p is the ? ose-Fructose L. . 450
B . . . . ucrose-Fructase . <430
viscosity of ageat solution dispensed from the device Mannitol-Fructase . &8
Sodium Caloride - S 56
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TABLE I-continued

COMPQUND OSMOTIC PRESSURE
OR MIXTURE ATM
Fructose 358
Lactose-Suerose 250
Potassivm Chloride U5
Lactase-Dextrose ns
Mannhiol-Dexirose s
Drex(rose-Sucrose 190
Manital-Sucraie 1

Dextrose n
Potassium Sulfate 19

Mannitol k]

Sodiym Phosphate Tribasic [2H;0 3

Sodiurm Phospbate Dibasic TH;0 3

Sodium Phosphate Ditasic 12H10 k1

Sodium Phosphate Divasic Ankydrous 2
Sodium-Phosphate-Monohasie-H6 -24

3

16
amount of osmopelymer in the first osmotic composi-
tion is about 001 to 90%, aand the amaquat of og-
mopolymer in the second osmotic compasition is 15 to
95%. In a presently preferred embodiment, the os-

5 mopolymer identified as Py comprising the first compo-
sition can be different than the osmopolymer identified
as Py comprising the second compasition. The os-
mopolymer in the first compomxon can be structurally
different than the osmopolymer in the second composi-

10 tion, or the osmopolymers can be substantially structur-
ally identical with the molecular weight of the os-
mapolymer in the second asmotic composition larger
than the molecular weight of the osmopolymer in the
first osmotic composition. The osmapolyrer Py com.-

1.
4 prising_the fisst compasition serves_as 2 phammaceuti—

The csmopolymcrs suitable for forming the first os-
raotic COmpU:m.uu, and alsg svitable for forming the

cally acceptable carrier for the active agent and it con-
tributes to the driving force that cooperatss with os-
mopolymer P; comprising the second composition that
daltvers the agent through the passageway from the
device. Durmg aperation “of the device flvid is imbived

second osmotic composition, are osmopolyme.rs that 20
~ o e dEviee rEsulting tn the viscosity of Pz bemg

exhibit_fluid-imbibition-properties The osmopolymers

are swellable, hydrophilic polymers which osmopolym-
ers interact with water and aqueous biological fluids
and swell or expand to an equilibcium state. The os-
mopolymers exhibit the ability to swell in water and
retain 2 significant portion of the imbibed water within
the polymer structure. The osmopolymers swell ar
expand to a very high degree, usually exhibiting 2 2 to
50 fold volume increase. The osmopolymers can be
noncrass-linked or cross-linked. The swellable, hydro-
philic polymers are in one presently preferred embodi-
mea! lightly cross-linked, such cross-links being formed
by covalent cr ionic bonds. The osmopolymers can be
of plant, animai or syathetic origin. The osmopolymers
are hydropkilic polymers. Hydrophilic polymers suit-
able for the present purpase include poly(hydroxyalkyl
methacrylate) having a3 molecular weight of from
30,000 to 5,000,000; poly{vinylpyrrolidone) having mo-
lecular weight of from 0,000 & 360,000, acionic xnd
catiotic hydrogels; polyelactrolyts complexas; poly(vi-
ryl alcohal) having a low acetate residual, cross-li

with glyoxal, formsaldekyde, or glutaraldehyde and
having 2 degres of polymerization from 200 to 30,000; a

mizxtuze ¢f methyl cellulose, cross-linked agar aod car- .
- 45 of water imbibed. The initial imbibition pressure was

boxymethyl cellulose; a water insoluble, water swell
able copolymer reduced by forming a dispession of
finely divided copolymer of maleic anhydride with

- styrente, ethylene, propylene, butylene or isobutylene

cross-linked with from 0.001 to about 0.5 moles of poly-
unsaturated cross-linking agent per mole of maleic an-

hydride in the copolymer; water swellable polymers of

N-vinyl lactams, and the like.

Other osmopolymers include polymers that form
Eydrogels such as Carbopal ® acidic carboxy polymers
havieg a molecular waght of 450,000 to 4,000,000
Cyanamer ® polyacrylamides; cross-linked water

" swellable indene-maleic anhydride polymers; Good-
rite @ polyacrylic acid having s molecular weight of

£0,000 to 200,000; Polyox ) polyethylene oxide poly-
mers having a molecular weight of 100,000 to 5,000,000;
starch graft copolymers; Aqua-Keeps @ acrylate poly-
mer; diester cross-linked polyglucan, and the like. Rep-
resentative polymers that form hydragels are known to
the prior art in U.S. Pat. No. 3,865,108 issued to Hartap;
U.S. Pat. No. 4,002,173 issued ta Maaning; U.S. Pat

No. 4,207,893 issued to Michaels; and in Handbook of

Car;xrr;on Polymers, by Scott and Roff, published by the
Chemical Rubber Company, Cleveland, OH The

greater than the viscosity of Py. In this operation P|and
P1 operate as a single unit substantially free of 2 void
25 between the interfaced contacting surfaces of os-
mopolymer P; and P; for successful delivery of the
beneficial agent from the osmotic device.
Osmopolymer fluid imbibition datermination for a
chosen palymer can be made by following the proce-
0 dure described below. A § inch rouad disk, fitted with
8 § inch diameter stainless steel plug, is charged with &
known quantity of polymer with the plugs extending
out either end. The plugs and the die were placed in a
Carver press with plates between 200° F. and 300° F. A
35 pressure of 10,000 to 15,000 psi was applied to the plugs.
After [0 to 20 minutes of heat and pressure the electrical
headng to the plates was turned off, and tap water cir-
" culated through the plates. The resulting ¢ inch disks
were placed in an xir suspension coater charged with
& M8 kg saccharide cores and coated with eellulose ace-
tate having an acetyl content of 39.8% dissolved ia 94:6
w/w, CH,Cly/CH30H, to yleld a 3% w/w solution
The coated systems were dried overnight at 50° C. The
coated disks were immersed in water at 37° C, and
periodically removed for @ gravimetric determination

La

calculated by using the water transmission constant for
the cellulose acetate, after normalizing tmbibitian val-
ues for membrane surface area axd thickness. The poly-

50 mer used in this determination was the sodium deriva-
tive of Carbopol-934 @ polymer, prepared sccording to
the procedure of B. F. Goodrich Service Bulletin GC-
36, “Carbopol ®) Water-Soluble Resins”, page 5, pub-
lished by B. F. Goodrich, Akron, OH.

ss  Thecomulative weight gain values, y, 251 functog of
time, t, for the water soluble polymer disk coated with
the cellulose acetate were used to determine the equa-
tion of the line y=c+bt-+at? passing through those
points by at least square fitting technique.

go The weight gzin for the Na Carbopal-934 ®) is given
by the equation (19) that follows: Weight gain equsls
0.35940.665t—0.00106t2 wherein t is elapsed time in
minutes. The rate of water flux at any time will be equal
to the slope of the line that is given by the following

¢s equatioas {19) acd (20}
(19)

dv _ _0.359 + 0665 — 0.001067)
dr dt
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~continued

2w 0665 - 000212 (0
To determine the initial rate of water flux the derivative
is evaiuated at t=0, and dy/dt=0.665 u/mir., which is
equal to the coefficient b, Then, normalizing the imbibi-
tion rate for time, membrane surface acea and thickness,
and the membrane permesbility constant to water, K
may be detecmined according to the following equation

Gl):
ay

IS
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The expression active agent as used herein, includes
any beneficial agent, or beneficial compound, that can
be delivered from the device to produce a beneficial and
useful result The agent can be msoluble to very sojuble
in the exterior fluid that enters the device and it can be
mixed with an osmatically effective compound and an
osmopolymer. The term active agent includes algicide,
antioxidant, air purifier, biocide, bactericide, catalyst,
chemical reactant, disinfectant, fungicide, fermentution

.agent, fertility inhibitor, fertility promoter, germicide,

herbicide, insecticide, microorganism attenuator, pesti-
cide, plant growth promoter, plant growth inhiditor,
preserative, rodenticide, sterilization ageat, sex steril-
ant, and the like. . '

TnthE Specification and The accompanying claims, the

—~ [}
K= = 0.665 pl/min. X L T

\Ix

“ym Y [ ooosem
1000 | 186 cm

term beneficial agent also includes drugs. The term
drugs includes any physiologically or pharmacologi-
cally active substance that produces a local or systemic
effect, in animals, including warm blooded mammals,

humans. md_pnmztes;muu,.houschold.-rponmdﬁm —_—

with K =1.13X ]0—*cml/br. The r value for NaCl was
determined with a Hewlett Packard - vapor pressure
osmometer to be 345 atm+10%, and the K value for
cellulose acetate used in this experiment calculatad from
NaCl imbibition values was determined to be 1.9 10-7

cml/hr atm
Substituting these values into the caleulated K ex-

pression,
cm?br gives 7 =600 atm 2! 1 =0. As 2 method for evalo-
ating the efficiency of & polymer with respect to dura-
tion of zero order driving force, the percent of water
uptake was selected before the water flux values de-
creased to 90% of their initial values The value of the
slope for the equation of s straight line emanating from
the percent weight gained axis will be equal to the initia}
value of dv/dt evaluated at t=0, with the y intereept ¢
defining the linear swelling time, with (dy/dtjo=0.663
and the y intercept=0, which yields y=0.665t+0.359.
Ig order tc determine when the value of the cumulative
water uptage'is 90% below the initial rate, the following
expression is solved for t:

(1.9 X 10-7/cm¥/hr atm)(r)=1.13 X 10—+

25

30

35

40

45

@)
nr’ bt .
b+ w o
—~0.00106 @ + 0.665 ¢ + 0.359_- @y |
0563 1+ 0359 = 03, aad
salving for t,
~0.00106:2 + C.0CE5 + 0.0359 = 0 @4

—0.0665 % [(Q.0665P ~ 4(—0.00106X0.0339)}1
= I(—0.0a16)

t=62 min and the weight pgain

—0.00106(622+ (0.665)(62)+0359=38 pl, with the
initial sample weight =100 mg, thus
(Aw/vw)9X 100=38%. The results arc presented in
FIG. 8 for 2 graphical representation of the values.
Other methods available for studying the hydrogel solu-
tion interface include rheglogic analysis, viscometric
analysis, ellipsometry, contact angle mrasurements,
clectrokinetic determinations, infrared spectroscapy,

55

60

o
[

optical microscopy, interface morphology and micro-

scopic examination of an operative device.

animals; laboratory animals; fishes; reptiles and zoo

‘animals, The term physiologically, as used herein, de-

aotes the administration of 2 drug to praduce generally
norma! levels and functions. The term pharmacologi-
cally denates generally vadations in tesponse to amount
of drug administered to the host. See Stedman's Medica!
Dictionary, 1966, published by Williams end Wilkins,
Baltimore, MD. The phrise drug formulation as used
herein means the drug is in the compartment mixed with
ann osmotic solate tnd/or 1n osmopolymer and, if appli-
cable, and with x binder and lubdcant. The active d.rug
that can be delivered includes inorganic and organic
compounds. The term drug includes, for example, mus-
cle relaxants, auti-parkinson agents, analgesics, anti-in-
flanmatory agents, local anesthetics, muscle contract-

‘a.an, mﬁ~mi¢;robia]s, anti-malarials, hormanal agents,

contraceptives, sympathamimetics, diuretics, aati-para-
stics, neoplastics, bypeglveemnics, cphthalmu:s electro-
Iytes and diagnostic agents. :

Excmplary drugs that are very soluble in water and
can be delivered by the devices of this inventioa include
prochlorperazine edisylate, ferrous suolfate, amimoca-
proic acid, potassium chloride, mecamylamine hydro-
chloride, procainamide hydrochloride, amphetamine
sulfate, benzphetamine hydrochloride, isoproternol sul-
fate, methamphetamine hydrochloride, phenmetrazine
hydrochloride, bethanechol chloride, ‘methacholine
chidride, pilocarpine hydrochloride, atropine sulfate,
methascopolamine bromide, stropine gulfyte, isoprapa-
mide iodide, tridihexethyl chloride, phenformin hydro-
chlatide, methylphenidate hydrochloride, - oxpreaclal
hydrochbloride, metoprolol tartrate, cimetidine hydro-
chloride, theophylline cholinate, cephalexin hydrochlo-
ride, and the like,

Exemplary drugs that are poorly soluble in wuer and
that can be delivered by the devices of this invention -
inclode diphenidol, prochlorperazine maleate, phenoxy-
beazamine. thiethylperazine ma.l:axc, anisindoue, di-
phenadione :rythn!yl tetranitrate, dizoxin, isofuro-
phate, reserpine, acetarolamide, methazolamide, ben-
droflumethiazide, chlorpropamide, tolazamide, clor-
madinone scetate, phenaglycodol, allopurinol, alumi-
num aspirin, met.hotruztz, acetyl sulfisoxazole, erthro-
mycit, progestins, esterogenic progestational, cortico- -
steroids, hydrocortisane, hydrocorticosterone acetate,
cortisane acetate, triameinolone, methyltesterane, 178-
estradiol, ethiny! estradiol, cthiny] estradiol 3-methyl

“ether, pednisalone, 178-hydroxyprogesterone acetate,
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19-nor-progesterone, norgestrel, norethindone, nore-
thiderone, progesterone, norgesterone, norethynadrel,
angd the hike.

Examples of other drugs that can be delivared by the
osmotic device ioclude. aspirin, indomethacin, na-
proxen, fenoprofen, sulidac, diclofenac, indoprofen,
nitroglycerin, propranolol, metoprolol, valproate, ox-
preaolol, timolol, atenolol, alprenolol, cimetidine, cloni-
dine, imipramine, levedopa, chloropromazine, reser-
pine, methyldopa, dihydroxyphenylalanine, pivaloylox-
yethyl, ester of a-methyldopa hydrochloride, theophyl-
ltae, caleium gluconate, ketaprofen, tbuprofen, cepha-
lexin, erythromycin, zomepirac, ferraus lactate, vinca-
mine, diazepam, phenoxybenzamine. The beneficial

—
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added osmotically effective compound optionally may
be not needed; if the agent has limited solubility in the
fluid, then an osmotically effective compound can be
incorporated into the device. Numerous other methods
are available for the determination of the solubility of an
agent in a fluid. Typical methods used for the measure-
ment of solubility are chemical and electrical condue-
tivity. Details of various methods for determining solu-
bilities are described in United States Public Health Sor-
vice Bulletin, No. 67 of the Hygienic Laboratory; Ency-
clopedia of Science and Technology, 1971, Vol. 12, pp 542
ta 556, published by McGraw-Hill, Inc.; and Encpeloge-
dia Dictionary of Physics, 1962, Val. 6, pp 547 to 557,
published in Pergamon Press, Inc.

dougs_are_known _to_the art in Phacmacsutical Sciences 15 The asmotic davice of the inveation is manufactured

1979, 14th Ed., edited by Reminglan, published by
Mack Publishing Co., Easton, PA; The Drug, The
Nurse, The Patient, Including Current Drug Handbook,
19741976, by Falconer, et al., pubiished Dy Saunder

by standard techniques. For example, in one embadi-
ment the beneficial agent is mixed with an osmagent and
osmopolymcr, and pressed into a solid possessing di-

that correepand to the fnternal dimensions of

po S .

WLnsions wat oo

Company, Philadelphia, PA; and Medicinal Chemistry, 10 the compartment adjacent to the passageway; or the

Interscience, New York.
The drug can be in various forms, such as vocharged

molecules, molecular complexes, pharmacologically

— ———3ry-Ed Vol 2ty BTy publisher-by Wiley— tremefitial agE T ot YormuIation (onmng NEredi-

ents and & sofvent are mixed into 2 solid or a semisolid
by conventional methods such as ballmilling, calender-
ing, stirring or rollmilling, and then pressed into a prese-

acceptable salts such as hydrochloride, hydrobromide, 25 lected shape. Next, a layer of & coraposition comprising

sulfate, laurylate, palmitate, phosphate, nitrite, borate,
acetale, maleate, tartratz, oleate and salicylate. For
acidic drugs, saltc of metals, amines or crganic cations;
for example, quaternary ammonium can be used. Deriv-
atives of drugs such as ester, etbers acd amides can be
used. Also, a drug that is water insoluble can be used in
a form that is a water soluble derivative thereof to serve
35 2 solute. and on its release from the device, is con-
verted by enzymes, hydrolyzed by body pH or other

an osmagent and an osmopalymer is laced in contact
with the layer of beaeficial agent formulation, and the
two layers surrounded with a semipermeable wall. The
layering of the beneficial agent compasition and the

30 osiagent/osmopolymer can be accomplished by con-

ventional two-layer tablet press techniqu& The wall
can be applied by molding, spraying, or dipping the
pressed shapes into wali-forming materials, Agother
and preseatly prefarred technique that can be used for

metabolic processes to the original biologically acdve 35 applying the wall is the sir suspension coating proce-

form The agent, including drug, can be present in the
compartment with s binder, dispersant, wetting agent,
suspending agent, tubricant and dve Representative of
these include suspending agents such a5 2cacia, agar,

dure. This procedure consists iz suspendiag and tum-
bling the pressed compositions in a current of air and 1
wall forming compasition uati] the wall sucrounds and
coats the two pressed compositions. The procedure s

calcium carrageenan, alginic acid, algin, agarose pow- 40 repeated with a differeat lamina formiug compasition to

der, collagen, colloidal magnesium silicate, pectin, gela-
tin and the like; binders like polyviny! pyrrolidone,
lubricants such as magnesinm stearate; wetting ageats
such as fatty amines, fatty quaternary ammonium salts,

form a laminated wall, The air suspensioa procedure is
described in U.S. Pat. Na. 2,799,241; J. Am. Pharm
Assoc., 1979, Vol 48, pp 451 to 459; md, ibid, 1960, Val.
49, pp 22 to 84. Other standard mmufzcturing proce-

and the like. The phrase drug formulation indicates the 45 dures are described in Modern Plasties Encyclopedia,

drug is present in the compartment sccompanied by an
osmagnet, osmopolymer, & binder, and the like. The
amount of beaeficial agent in a device generally is about
from 0.05 ag to § g or more, with individual devices

1969, Vol 46, pp 62 to 70; and in Pharmaceutical Sci-

ences, by Remington, 1970, 14th Ed., pp 1626 to 1978,

published by Mack Publishing Co., Eastoq, PA.
Exemplacy solveats suitable for manufacturing the

coutzin'ing, for example, 25 ug, 1 mg, 5 mg, 125 mg, 250 50 laminates and lamiaae include inert inocganic and or-
wmg, 500 mg, 750 mg, 1.5 g, snd the like. The devicescan  ganic solvents that do not adversely harm the materials

be administered one, twice or thrice daily.
The solubility of a beneficial agent in the fluid can be
determined by known techniques. One method consists

and the final laminated wall The solveats broadly in-
clude members selected from the group cousisting of
aqueous solvents, alcohols, ketones, esters, ethers, al.i-

of preparing a saturated solution comprising the fluid 55 phatic hydrocarbons, halogenated solveats, cycloali-

plus the agent as ascertained by analyzing the amouat of
agent present in & definite quantity of the fluid. A sam-
ple epparatus for this purpose consists of & test tube of
medium size fastened upright in 2 water bath maintained

phatics, aromatics, heterocyclic solvents, and mixtures
thereof. Typical solvents include acetone, diacetone
alcohol, methanol, ethanol, isopropyl alcohol, butyl
alcohol, methy) acetate, ethyl acetate, isopropyl ace-

at constant temperature and pressure, in which the fluid 60 tate, o-butyl acetate, methyl isobutyl ketone, methyl

aad agent are placed and stized by 2 rotating glass
spiral. After a given period of stirring, & weight of the
fluid is analyzed and the sticring continued ea additional
period of time. If the analysis shaws na increase of

propyl ketone, n-hexane, n-heptane, ethylene glycol
manoethy) ether, ethylene glycol monoethyl acetate,
methylene dichlodde, ethylene dichloride, propylene
dichloride, carbon tetrachlonde, chlaroform, nitraeth-

dissalved agent after successive periods of stirring, in 65 ane, nitropropane, tetrachloroethane, ethyl ether, iso

the presence of excess salid agent in the fluid, the salu-
tion is saturated and the results are taken as the solubil-
ity of the product in the fluid. If the agent is soluble, an

propyl ether, cyclohexane, cyclo-octane, benzene, tolu-
ene, naphtha, [4-diaxane, tetrahydrofuran, diglyme,
water and mixtures thereof, such as acetone and water,
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acatone and methanol, acetone and ethyl alcobicl, meth-
ylene dichlodde and methanal, and ethylene dichloride
and methanol.
DETAILED DESCRIPTION OF EXAMPLES 5

The following examples are merely il{ustrative of the
present invention, and they should not be considered as
Iimiting the scope of the inveation in any way, 25 these
examples and other equivalents thereof will become
appareat to those versed in the art in the light of the 10
present disclosure, the drawings and the accorapanying
claims. )

EXAMPLE {

,008
22

comprising an osmagent and an osmopolymer. The
semipermeable wall of the bag is formed af callulose
acetate having an scety! content of 39.8% The measure-
ments are made by weighing the dry ingredients of the
semipermeable bag, followed by weighing the blotted
semipermeable bag, after the bag is in & water bath at
37 C. for various lengths of time. The incresse in
weight is due to water imbibition across the semiperme-
able wall caused by the osmotic pressure gradient
across the wall. The osmotic pressure curves are fllus-
trated in FIQ. 10. In FIG. 10 .the curved line with the
triangles repeesents the osmotic pressure for poly(e~
thylene)oxide having 1 molecular weight of 5,000,000,
the curved line with the circles represents the osmatic

Anosmotic—therapeuticdevice for the-deliveriogof-15

the drug sodium diclofeaac for uses as an anti-inflamma-
tory is prepared by first-pressing in a Manesty press an
cemotic drug compaosition .containing 75 mg of sodium

diclofenae, 300 mg of sorbitol, 30 mg of sadium bicar-
bonate, 26 mg of pectin, 10 mg of polyvinyl ol- 20

idone, and 5§ mg of stearic acid, and pressing the compo--
sition in & cavity to 1 solid layer. Next, the cavity is
charged with a second and greater force generating
compaosition camprisicg 122 mg of pectin baving 2 mo-
lecular weight of 50,000 to 130,000, 32 mg of mannitol, 25
20 mg of polyvinyl pyrrolidone, and 2 mg of magnesium
stearate and pressed to form 1 second layer in contact-
ing refation with the first layer. The second layer hes a
density of 1.28 g/cm? and a hacdness scare of greater

than {2 kP. Next, the two layer core is surrounded with 30 th

a semipermeable wall comprised by coating £5 g of
cellulose acetate having an acetyl content of 39.8%, and -
15 g cf polyethylzne glycol 4000, 3 wt/wt percent solid
in a wall forming solvent comprising 1,960 ml of methy-
lene chioride and 819 ml of methanol The coated de- 35
vice is dried for 72 bus. at 50° C, aad then 8 0.26 mm
diameter passageway is laser drilled through the wall
The senupermeabie wall is C. £ mum thick, the device has
ax area of 3.3 em? and it has an average rate of drug
release of 5.6 mg per hour over a 12 hour period. The
cumulative arount released is illustrated in FIG. 9. The
small vertical bars represent the minimum-and maxi-
cum drug release for five systems measured at that
time. :

! 45

EXAMPLE 1A

The procedure of Example 1 is followed for provid-
ing an osmotic device wherein the compartment con-
tained a blend of osmapolymers. The compartment
contained a first composition weighing 312 mg and
consists of 48% sodium diclofenac drug, 389 poly-
(ethylene -oxide)}osmopolymer ‘having ‘v molecular
weight of 200,000, 1095 poly(ethylene glycoljos-
mopolymer baving & molecular weight of 20,000, 2%
sodium- chlaride, .and 2% magoesiom stearate; and, &
second compasition weighing 150 mg and consisting of
93% poly(ethylene oxide) baving s molectlar weight of
5,000,000, 5% sodium chloride, and 2% magnesiom

stearate.

0

55

EXAMPLE 2
1n'this example, the increase in osmotic pressure for 1
pumber of compositions comprising an osmagent and a5
oswopolymer are made for demounstrating the operative

pressure for & composition comprising poly(e-
thylene)oxide having a2 molecular weight of 5,000,000
acd sodium chloride with the ingredients present in the
composition in the rdtio of 9.5 parts osmopolymer (o 0.5
parts osmagent; the curved line with squarces represents

-compesitioncomprisingthesameosmopofymer B~~~

osmagent in the ratio of 9 parts osmopalymer to one

part osmagent; the curved lines with. hexagon repre-

seats the same composition comprising the os-

mopolymer aad osmagent in the ratio of 8 parts to 2
_ parts; aad, the dashed lines represent the osmageat so-

diuvm chloride. The mathematical calculations arc made

using the formula dw/di=A(K7)/h, wherein dw/dt is

the rate of water imbibition over time,  is the osmotic
pressure, A is the arza of the semipermezble wall, h is
e semipermeable wall thickness, and K is the permea-
bility coefficient. Also, in FIG. 10, Wg/W, is the
amount of water imbibed divided by the weight of os-
mopolymes plus osmagent. - :

: EXAMPLE 3

_An osmotic therapeutic device for dispensing sodium
diclofenac is prepared by screening through 2 40 mesh
screen 2 Composition- comprising 49% of sodium di-
clofenac, 44% poly(cthylene)oxide having & molecular

40 °
wedght of 100,000, 2% sadium chloride and 3% bydrox-

ypropylmethyleeltlose, and then blending the screened
composition with an alcohol solvent used in the ratio of
75 ml of solvent to 100 g of granulation. The wet granu-
lation is screcned through 1 16 mesh screen, dried at
room temperature for 48 hours under vacoum, passed
through a 16 mesh screen, and blended with 2% 80
mesh screed magnesium stearate. The compasition is
compressed g5 described above.

Next a composition comprising 73.9% of pectin hav-
ing a molecalar weight of 96,000 to 130,000, 5.8% mj-
crocrystalline cellulose,* 5.8% polyviny! pyrrolidone,
14.3% sodium chlocide .and 2% sucrose is passed
throagh a 40 mesh screen, blended with'an organic
solvent in the ratio of 100 ml of solvent to 100 g of
gragulation of 25 minntes, passed through a 16 mesh
screen, dried for 48 hours at room température under
vacuum, again passed through a 16 mesh screen,
blended with 29% magnesium stearate,-snd then com-

60 pressed onto the compressed layer described in the

above paragraph. The dual layered drug core is coated
by dipping in & wall forming composition comprising
80% celiulose acetste having an acetyl content of -
39.8%, 10% polyethylene glycol 4000, -aad 10% hy-

advantage provided by the mvention The measure- 65 droxypropylmethyleellulose. A passageway is drilled

ments are made’ by measuring the amount of water

- irnbibed across the semipermeable wall of 3 bag contain-

ing an oswmagent, or an osmopalymer, or 2 composition

through the well communicating with'the drug contain-
ing composition. The passageway diameter is 0.38 mm.-
The cumulative release profile for the device is depicted
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in FIG. 11. FIG. 12 depicts the release rate in mg per
hour for the osmatic device.

EXAMPLE 4
The procedure of Example 3 is repeated with all 5§
conditions as described except that the osmopolymer in
the drug composition is polyoxyethylene polyoxypro-
pylene block capalymer having a molecular weight of
about 12,500.
10

EXAMPLE 5

An asmotic device is made by following the above
procedures. The device of this example comprises &
single composition comprising 50% of sodium di-

clofeasc, 46% of

lar weight cf 100,000, 2% sodium chloride and 2%
magnesium stearate. The device has 2 semipermenble
wall comprising 90% cellulose acetate comprising
39.8% acetyl, and 10% polyethylene glycol 4000, The

cumulative amount relessed for this device comprising 20

i
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character of the system. The novel osmolic system of
this invention unexpectedly and unobviously achieves
controlled delivery while using at least two molecularly
or structurally different polyrers that exhibit different
osmotic pressure gradients across a semipermeable wall,
exhibit different rates of fluid imbibition thraugh the
semipermeable wall, exhibit different rates of expansion
in the preseace of fluid imbibed into the osmatic system,
and exhibit different physical and chemical kinetics
while in operation zcting as a integrated unit for dis-
pensing a beneficial agent at meaningful rates and at
useful amounts from the osmotic system. While thers
has been described and pointed out features and advan-
tages of the invention as applied to the presently pre-

will appreciate that various modifications, changes,
additions, and omissions in the system illustrated and
described can be made without departing from the spirit
of the inveation

We claim:

thesingle-compcsitiomris40% of thedeviceTomprisiog—

two campositions. The cumulative amount released is
illustrated in FIG. 13.

EXAMPLE 6

The in vivo and in vitro mean cumnlative releases of
diclofenac sodium from an osmotic device comprising 2
first osmotic composition comprising 75 mg of di-
clofenac sodium, 67 mg of poly(ethylene)axide having 2
molecular weight of 100,000, 3.0 mg of sodium chloride, 30
4.5 mg of kydroxypropy!methyleelinlase and 3.0 mg of
maguesium stearate; a second osmotic composition dis-
rant from the releasing paysageway camprising 51 mg of
poly(thevleneloxide having a molecular weight of
5,000,000, 72.5 g of sodium chioride, aad 1.5 mg of 35
magnesium stearate; and, surrounded by 1 semiperrae-
able wall comprising %0% cellulose acetate having ao
acety. wontzt of 29,892 end 10% palvethylene glycol
4000 was measured in vivo and in vitro in laboratory
dogs. The amcunts of drug released at various times in 40
vivo were determined by administering & series of de-
vices to the anims] and measuring the amount released
from the correspanding device at the appropriate resi-
dence time. The results are depicted in FIG. 14,
wherein the circles with the bars are the in vitro means
cumnlative releases and the triangles with the bars are
the in vivo means cumulative releases.

EXAMPLE 7

The procedure of Example 0 is followed for making 50
an osmotic therapeutic delivery system comprising: 2
first or drug composition weighing 638 mg and consist-
ing of 96% cephalexin hydrochloride, 2% Povidone
(polyviny! pytrolidone) and 296 maguesium stearate; &
secoud, or osmotic deriving composition weighing 200 55
mg and cousisting of 68.5% poly(ethylene oxide) hav-
ing 2 molecular weight of §X 105, 29.49% sodium chlo-
ride, end 29 magnesium stearate; & semipermeable wall
weighing 55.8 mg consisting of 0% cellulose acetate
having an acetyl conteat of 39.8%, 10% polycthyleae &
glycol 4000, and 10% hydroxypropylmethylcellulose;
and an osmotic orifice having a diameter of 0.039 mm.
The device has an average rate of release of abaut 54 g
per bour over a pericd of 9 hours,

The novel asmotic system of this invention used dual 65
means for the attainment of precise release rale of drugs
that are difficult to deliver.in the enviconment of use,
while simultancously maintaining the integrity and the

45

L An osmotic device for the delivery at a controlied
rate & beneficial agent to an envirooment of use, the
osmotic device comprising:

(a) 2 wall comprieing in &t least a part & semiperme.-
able composition permeable to the passage of an
exterior fluid present in the environment of use and
substantially impermeable to the passage of a bene-
ficial agent, the wall surrounding and forming:

(b) 2 compartment;

(c) a first composition in the compartment, said first
composition comprising a beneficial agent, an os-
magent that exhibits an osmotic pressure gradient
across the wall against 2n external fluid, aod an
osmopolymer that exhibits an osmotic pressure
gradient across the wall against 20 external fluid;

(d) 2 second compaosition in the compartment, said
second composition comprising an osmageat that
exhibits az osmotic pressure gradient across the
wall agzinst 20 external fluid, and 21 osmopolymer
that exhibits an osmatic pressure gradient across

ke wall against an external fluid; and,

(e) at least one passageway in the wall communicat-
ing with the first composition and the exterior of
the device for delivering the beneficial ageat
through the passageway from the device,

2. The osmotic device for the delivery at a controlled
rate the beneficial agent according to claim 1, whercin
the semipermeable composition is & member selected
from the group consisting of cellulose acylate, cellulase
diacylate, cellulose triacylate, cellufase zcetate, cellu-
lose diacetate and cellulose triscetate.

3. The osmotic device for the delivery at  controlled
rate the benelicial agent sccording to claim 1, whéren
the beneficial agent is 2 member selected from the group
cousisting esseatially of algicide, germicide, herbicide,
fungicide, insecticide and pesticide.

4. The csmotic device for the delivery at 2 controlled
rate the beneficial ggent according to claim 1, wherein
the first composition is in the compartmest as a layer,
angd the second composition is in the compartment as s
layer.

5. The osmotic device for the delivery at 2 controlled
rate the beneficial agent according to claim I, wherein
the first composttion imbibes external fluid through the
wall into the compartaent, and the second composition
imbibes external fluid theaugh the wall into the com-

partment.

g 2.malecls L5 forred-embodimentsthose-skitted-ir thedispensing ar——————
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6. The osmotic device for the delivery at a controlled
rate the beneficidl agent sccording to claim 1, wherein
the osmopolymer comprising the second composition
has a molecular weight greater than the molecular
weight of the osmopolymer cormprising the first compo-
sition.
7. An osmotic device [or the controlled delivery of a
beneficial drug to a biological environment of use, com-
prising;:

(a) a shaped wall permeable in at Jeast a part to the
passage of aa exterior fluid preseat in the environ-
ment of use, and substantially impermeable to the
passage of drug, the wall surrounding and forming:

(b) a compartment comprising: (1) 2 compasition

—

0
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tion containing compound and polymer, whereby
through the combined operations of (1) and (2) the
formulation coataining drug is delivered through the
passageway from the compartment to the exterior of the
osmotic device over time.

13. The osmotic device for the coatrolled delivery of
the beneficial drig according to claim 7, wherein the
polymer comprising composition (1) is water soluble.

14. The osmotic device for the controlled delivery of
the beneficial drug according to claim 7, wherein the
palymer comprising compasition (1) is cross linked.

15. The osmotic device for the controlled delivery of
the beneficial drug according to claim 7, wherein the

polymer comprising composition (2) is water, soluble
16. The osmotic device for the controlled delivery of

comprising a2 dosage ammount of a drug, an osmoti- 15
cally effective compound that exhibits an osmotic
pressure gndient acrass the wall against an exter-

nai fluid, asd & polymer that axhihite an osmatie

pressure gradient across the wall ngamst an exter- _

the beneficial drug according to claimt 7, wherein the

polymer comprising compasition (2) is cross linked.
17. An osmotic device for the controlled delivery of

2 beneficial drug formulation to 2 biological euviron-

_nal fluid,-and- €2)-8 composition-comprising-an-0s—20- ment-of-use;comprising:—
(3) a shaped wall pcrmcnble in at least & part to the

—_————— motically effective compound that exhibits an os-

motic pressure gradient gcross the wall agaiast an
external fluid, and a polymer that exhibits an os-
motic pressure gradient across the wall against an
external fluid; and,

(c) at least one passageway in the wall communicat-
ing with the exteriar of the device and the compo-
siion comprising the drug for delivering a therz- -
peutically effective smount of drug from the de-
vice ata controlled rate over a prolonged period of 30
time.

8. The osmatic device for the controlled delivery of
the beneficia! drug to the biological environment of usa
according to claim 7, wherein the device when in opera-
tiou in the environment of use, the osmotically effective 3§
compound present in composition (1) comprising the
drug imbibes fluid through the wall into the compart-
ment 2nd the polymer present in said composition ({;
irabibes fluid through the wall into the compartment for
osmotically delivering the drug from the gsmotic de- 4
vice,

9. The osmotic device for the control]ed delivery of

the baneficlal drug to the biclogical eovironment of use

according to claim 7, wherein the device when in opera-

tion in the environment of use, compasition (2) compris- 45

ing the osmotically. effective compound aad the poly-

mer imbibes fluid throngh the wall into the compart-
ment.

10. The osmotic device for the controlled ddxvery of
the beneficial drug to the biological eavironment of gse 50
according to claim 7, wherein the shaped wall Is formed
of 8 semipermeable material, selected from the group
cansisting of cellulose scylate, cellulose dxacylabc. and -
cellulose tnacylatc ‘

1L The osmotic device for the controlled delivery of 55
the beaeficial drug to the-biolagical enviconment of use
according to claim 7, wherein the shaped wall is a lami-
nate comprising 8 sempermczble [amina and & micropo-
rous lamina.

12. The osmotic device for the coatrolled delivery of 60
the beaeficial drug a.cootding to claim 7, whecein the .
device whea in operaﬂau in the enviroament of use, (1)
the composition comprising drug, csmotically effective
compotnd and polymer imbibes flnid into the compart-

"ment aud forms a formulation containing drug, com- 63
poucd aad polymer, aad (2) the composition comprisicg
osmotically effective compound and polymcr imbibes
fluid into the compartment and forms in sitn & formula-

25

passage of an exterior biological fluid and substan-
tially impermeable 1o the passage of drug formula- -
tion, which wall surrounds and forms:

() 2 compartment comprising: (1) a drug formula-
tion, which formulation compnsa a drug that is
insoluble 10 very soluble in the biological fluid, an
osmotically effective solute that is soluble in the
exterior fluid and exhibits an osmotic pressure gra-
dient across the wall sgainst the fluid and a poly-
mer that imbibes fluid and absorbs fluid that enters
the compartment; and (2) a delivery formulation,
which formulation compri.m an osmotically effec-
tive solute that is soluble in the exterior fluid and
exhibits an osmotic pressure gradient across.the
wall sgainst the fluid and a polymer that imbibes
fluid and sbsorbs fluid that enters the compzn-
ment; zod,

(c) at least one passageway in-the wall connecting the -
exterior of the dévice with the drug formulation for
delivering the drug formulation from the device to
the environment at 2 controlled rate over 2 pro-
_Jonged period of time.

18. The osmotic device for the delivery of the benefi-
cial drug formulation ascordmg to claim 7, wherem the -
biological environment of use is 8 human.

19. The osmotic device for the delivery of the benefi- -
ciaf drug formalation according to claim 7, wherem the
biologiczl enviromment of use is the gustromtestinal
tract, and the device is shaped and adapted for oral
admittance therein: :

20: A composition of matter useful for formmg adrug
delxvcry system, the composmon compnsmgu: combi-
natioa: (1) a first composition comprising’a drug, an
osmagent and an osmopolymer; and, (2) a sccond com-
position in laminar arrangement with the first compasi-
tion (1), which second composition (2) comprises .an

" osmageat and an osmopolymer, and wherein compasi-
tions (1) aod (2) exinbit an osmatic prssure gradient

1cross g temipermeable- polymcnc film agaiost fluid
sclected from the. group consisting essentially of aque-
ous and bxologxcal fluids.

21 The osmotic device for the dehvcry at a con-
trolled rate the beneficial agent to the environment of
use sccarding to claim 1, wherein the passageway is

- formed in the enviroument of vee.

22. The osmotic device far the delivery at a con-
r.r,oll'ed rate the beneficial agent to 4n environment of
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use according to claim 1, wherein the wall comprises in
at Jeast 2 part a microporous compasition comprising a
pore former that is remaved during the operation of the
devics providing &t least one passageway.

23. The osmotic device for the delivery of a beneficial
drug to g biological environment of use according to
claim 7, wherein the passageway is formed in the envi-
ronmeat of use.

24. The osmotic device for the controlled delivery of
31 beneficial drug to a biological environment of usa
according to claim 7, wherein the wall comprises in at
least a part a microparous composition coruprising a
pare former that is removed during operation of the

1 benefictal drug to a biological environment of usa

according ta claim 7, wherein the wall comprises in at

least a pari » imCTOpOroUS compasition comprising the

{s]

20

28
pare [armer sorbital that is removed from the wall
during operation of the device.

26. An osmotic device for the contrelled delivery of
a beneflicial drug formulation to a bialogical eaviroa-
ment of use according to claim 17, wherein the passage-
way in the wall is formed in the enviranment of use.

27. An osmotic device {or the controlled delivery of
2 beneficial drug formulation to 2 biological enviroa-
ment of use according to claim 17, wherein the wall
comprises in at least a part 2 microporous composition
comprising & pore former that is 2 member selectad
from the group counsisting of sucrose, glucose, fructase,
manaitol, mannose, galactose, aldohexase, altrose, ta-

device.
———25. The-osmatic-devica for-the-controllad-dslivery-of4s—0scsorbitol -and Jactese-that-is-removed-from-the- wall—— M ———

in the environment of use providing r passageway in the
wall,

3G
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CONTROLLED-RELEASE SYSTEM WITH
CONSTANT PUSHING SOURCE

This patent application is a continuation-in-part of §
U.S. Pat. Appln. Ser. No. 07/212,552, filed on June 28,
1988 which pateat application is a coatinuatiog-in-part
of U.S. Pat. Appla. Ser. Na. 06/912,712, filed on Sept.
29, 1986, mow U.S. Pat. No. 4,783,337 issued on Nov. §,

1988, which Appla. Ser. No. 06/912,712 is & continua- 10

tion-in-part of U.S. Pat. Appln. Ser. No. 06/685,687
filed 0n Dec. 24, 1984 (now sbandoned), which Appla.
Ser. No. 06/685,687 is a continuation-in-part of U.S.
Pat. Appln. Ser. No. 06/493,760 filed May 11, 1983

Case 9:03-cv-80216-DTKH Document1 Entered on FLSD Docket 03/21/2003 Page 44 of 80

P
H

2

meable to the passage of an external {luid, aud it is sub-
stantially impermeable to the passage of a beneficial
agent. There is at least one passageway through the
wall for delivering the beneficial agent from the os-
motic system. These systems release 2 beneficial agent
by fluid being imbibed throagh the semipermeable wall
into the compartment at a rate determined by the thick-
oess and permesbility of the semipermeable wall and the
osmotic pressure gradient across the semipermeable
wall to produce an aqueous solution containing 2 bepefi-
cial agent that is dispensed through a passageway from
the systern, These systems are extraordicanlly effective
for delivering a beneficial agent that is soluble in the
fluid and exhibits an osmotic pressure gradicut across’

(no;v nb.mcioncdj which applications are incorporated 15 the semipermeable wall against the external fludd,

filing dates. These patent applications are assigned to

the ALZA Corp,, of Palo Alto, Calif.
This invention pertains to bath & novel and uaigic

delivery system, More particularly, the invention re- 20

lates to a delivery device comprising a wall that sur-
rouads & compartmeat comprising: (1) a first composi-
tion comprising a bencficial agent, an osmopolymer and
optionally an osmagent, ssid first composition in ar-
rangement with (2) 8 second composition comprising &
constant pushing means for pushing the first compaosi-
tion from the device. The device comprises &t least one
passageway hrough the wall that connects the exterior
of the device with the compactment for deliveriag the
fisst composition comprising the beneficial agent from
the device. The device in one presently preferred em-
bodiment is useful for delivering (3) beneficial agents
that because of their solubilities are difficult to deliver in
1 knowz amount st a controlled rate from a delivery
device, and for delivering (4) beneficial agents that are
therapeutically very active and are dispensed in small
amounts, that is in minidoscs, at a controlled rate from
the dispensing 5y stem.
BACKGROQUND OF THE INVENTION

Since the beginaing of antiquity, both pharmacy aad
medicine have sougk! a delivery system for administer-
ing 2 beneficial drug. The first written relereace to a
delivery system is In the Eber Papyrus, written about
1552 B.C. The Eber Papyrus mentioos delivery systems
such as &nal suppositories, vaginal pessaries, ointmeats,
oral pill formulations, sad other delivery systems.
Aboat 2500 years passed without sy advance in dosage
form development, when the Arsh physician Rhazes,

865-925 A.D., invented the coated pill. About a century 50

Iater the Persian Avicerns, 9801037 A.D., coated pills
with gold or silver for incressing patient acceptability
snd for eabancing the effectiveacss of the drug. Also
around this time, the first tablet was described in Ars-

bisn manuscripts written by al-Zahrawi, 936~1003 A.D. 55

The manuscripts described 8 tablet formed from the
hollow impressions in two facing tablet molds. Phar-
macy aad medicine waited sbout 800 years for the next
ingovation in delivery systems when, in 1883, Mothes

invented the capsule for sdministering drug. The next &

quantum leap in dosage forms came in 1972 with the
inveation of the osmotic delivery system by inveators
Theeuwes and Higuchi a5 disclosed in US. Pat Nos.
3,845,770 and 3,916,889.

The asmotic systems disclosed in U.S. Pat Nos
3,845,770 and 3,916,389 comprise in at least part 2 semi-
pcrmrzbic wall that surrounds 2 compartment coatain-
ing a beneficial agent. The semipermeable wall is per-
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manufactured in the form of aa asmotic device, was

presented 1o the dispensing arts by iavestor Felix
Thecuwses i T1.S. Pat. No. 4.111,202. In this patent, the
delivery kinetics of the osmotic device is enhanced for
delivering beneficis] agents, including drugs, that are
insoluble to very soluble in the fluid, by manufscturiog
the osmotic device with a beneficial agent compartment
and an osmagent compartment scparated by an internal
film. The internal film is movable from 2 rested to an
expanded state. The osmotic device delivers the beachi-
cial agent by fluid being imbibed theongh the semiper-
meable wall into the osmagent compartment producmg
a solution that causcs the compartment to increase in
volume and-act s a driving force that is applied against
the film. This force urges the filio to expand in the
device against the beneficial ageat compartment and,
correspondingly, diminich the volume of the beacficial
Egcat compartment, whereby beneficial agent is dis-
pensed throagh the passageway from the osmotic de-
vice. While this device operates successfully for its
intended usc, and while it can deliver numerous useful
agents of varying solubilitics, its use can be Hmited
because of the manofacturing steps aad costs needed for
fabricating s0d placing the movable film in the com-
partwent of the cemotic device.

In the U.S. Pat. No. 4,327,725 patentees Richard
Ccrtese sud Felix Thecuwes provided an osmatic dis-
peusing device for delivering beneficial sgeuts that,
because of their solubilitics in squeous and biological
fluids, are difficult 1o deliver in meaningful amounts at
controlled rates over time. The osmotic devices of this
patent comprise & scmxpczmcsblc wall rurmuud.mg 1
compartment containing a beueficial agent that is insol-
uble to very soloble in wqueous zad bmlnpul fluids,
and an expandable hydrogel. In operation the hydrogel
expands in the presence of external fuid that is imbibed
into the device thereby dispensing the beneficlal sgent
through the passagewy from the device, This device
operates successfully for its intended use, and it delivers
maay difficult to deliver beneficial ageats for their in-
tended purpose.

Now it bas beca observed that the value of the prior
art system descrbed immediately above can be en-
hanced unexpectedly by the present invention pravid-
ing an unobvious composition comprising the beneficial
2gent and & pharmaceutically acceptable carrier gel,
which composition cooperates with & separstc expand-
ing hydrogel for pushing the beneficial agent from the
device, thereby leading to impraved administration and
to improved therapy. It will be appreciated by thase
versed in the act, that-if such aa osmotic device can be
pravided that cxhibits a high level of delivery activity,
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such an osmatic device wauld have 2 pasitive value and
represent an advancement in the dispensing art. Like-
wise, it will be immediately appreciated by those versed
in the dispansing art that if an osmotic device is made
available possessing dual thermodypamic osmotic activ-
ity for delivering increased amounts of a beneficial
ageat accompanied by a pharmacsutically acceptable
carrier at 2 controlled rate, said osmotic device would
find practical application in the fields of pharmacy and
medicige.
OBJECT OF THE INVENTION
Accordingly, m view of the above presentation, it is

5

10
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Sull ancther abject of this invention is to provide an
osmotic device, which device can house a small amount
of a therapeutic agent and dispense swall doses, that is
nminidoses, of the therapeutic agent at a cantrolled rate
to the gastromtestinal tract throughout the leagth of the
gastroiatestinal tract,

Still another object of the invention is to provide an
improvemest in an osmotic device manufactured with a
compartment bousing 2 first drug polymer means and a
second drug free polymer means in spaced arrangement
that simultaneously maintain their ongmz] identity and
function as an integrated layered unit for delivering the

beaeficial drug accompanied by the first drug polymer
5 otir———————

an mmmediafe object of tis 1nvenhda 10 providz A dzav- "

dEvie

EXY s ¥A1A00 Thal Cag b Frnutantirs by Sengars many=

facturing techniques into osmotic devices of various
sizes, shapes and forms that represant a further improve-
ment 20d advancement in the dispensing art.

Another object of the invention is to provide a deliv-
ery system manufictured in the form of an osmotic
device for delivering in vivo a beneficial agent includ-
ing drug that is difficult ta delivery and now caa be
delivered by the device provided by this invention in
therapeutically effzctive amounts over time.

Aanother chject of the invention is to provide a deliv-
ery system possessing dual osmotic activity that oper-
ates as an integrated unit, which system comprises 2
compartment containing a first osmotic composition
comprising a beneficial agent suck a5 a drug, and an
csmopolymer carries for the sgent or drug and option-
ally an osmagent, and a sccond osmotic compasition
comprising && osmopelymer, an optional osmagent and
free of agent or drzg, with the compasitions acting iu
concert for delivering the drug through s passagewany
of controlled dimeasions from the osmotic device.

Yet another object of the fnvention is to pravide a
delivery device having meass for high loading of »
water insoluble or a slightly water soluble beneficial
2gent such as a drug and means for delivering the bene-
ficial agent in either instasce 4t @ oontrolled ratz snd
continaously over time to s drug recipient.

Yet anotker object of the invention is to provide an
osmotic device that can deliver a pH dependent bepefi-
cial agent by praviding & geutral medium for delivering
the beneficial agent in 2 finely dupcrscd form for in-
creasing its surface area and for maximizing and dxs:olu-
tian rate of the beneficial agent. .

Still yet another object of the invention is to provide
an osmotic device for delivering & drug having s very

low dissolution rate that is the rate limiting step for.

delivering the drug from the device, but now can be
delivered by using sn owmotic compasition that func-
ticns in situ as & carrier that is delivered with the drug,
thereby enhancing the drug's delivery &om the osmotic
device.

Aunother object of the inveation is to pravide an os-
motic device comprising means for maintaining a high
level of osmotic activity of 1 polymer which polymer is
used for delivering a beneficial agent fom the osmotic
device.

Still 1 further object of the inveation is to provide an
asmatic, therapeutic device that can administer a com-
plete pharmaceutical dosage regimen comprising
poorly soluble to very soluble ageats, at a1 controlled
rate and coptinuously for a particular time period, the
use of which requires intervention only for the initiation
and possible termination of the regimen.

Sl a further object of this invention is to provide 2

d:liv:x)f device that possesses the ability to deliver
drugs over a broad range of drug delivery rates, and can

deliver the drugs aceording to & predetermined drug

2 release rate paitern to a biological recipient over time

40

50

&
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A still further object of the invention is to provide a
delivery system that avoids patient compliance prod-
Jems and uses less drug, minimizes side effects and
thereby provides efficiency in treatment for better
health,

Orther objects, features, aspects and advantages of the
invegtion will be more apparent to those versed in the
dispensing art from the following detailed specification
taken in conjunction with the figures and the accompa-
nying claims,

BRIEF DESCRIPTION OF THE DRAWINGS

in the drawings, wkich are not drawn ta scale, but are
set Jorth to illustrate vasious embodiments of the inven-
tion, the drawing fgures are as fallows:

FIG. 1 is an isometric view of & delivery device de-
signed for orally administering a beneficial agent to the
gastroimntestinal tract;

FIG. 2 is an opened view of the device of FIG. 1
Qiustrating the structure of the device of FIG. 1;

FIG. 3 is an gpened view of the device of FIG. 1
ilustrating the device in operation and deliveriog s
beneficial agent from the device;

FIG. 4 is an opened view of the device of FIG. 1
coasidered with FIG. 3 illustrating the device in opera-
tion snd oompnnng more than ope passageway for
delivering 2 major amount of & beneficial agent from the
device;

FIG. 5 shows 2 therupeatic device with its wall par-
tially broken sway, designed for delivering a beaeficial
ageat into & body passsgewny, such ss the auo-rectal

and vaginal passageways;
FIG. 6 shows the device of FIG. 5 with & differeat

wall structre; .

FIG. 7 skows the device of FIQ. § depicting & differ-
ent wall structure than the wall structure depicted in
FIG. ¢

FIG. 8 represeuts the weight ga.m 1s 2 function of
time for a polymer encapsalated in & semipermeable
membrane when the encapsulated polywer is placed in
water; ]
FIG. 9 depicts the osmotic ‘pressure of 2 polymer
containing aa osmagent that develops osmotic pressure
at two different pumping rates;

FIG. 10 depicts the release rate for three delivery
systems, the top release rate pattern for 8 system cow-
prising 9% mg of 2 drug, the middle line for a system
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comprising 66 mg of a drug, and the bottom line for a
system comprising, 33 mg of 8 drug;

FIG. 1 depicts the cumulative amount of drug re-
leased from a device comprising two osmapolymer
having two different molecular weights;

FIG. 12 depicts the osmotic pressure curves for an
osmagent and s pumber of osmopolymer/csmagent
compasitions;

FIG. 13 illustrates the i vivo and in vitro cumulatie
release for a drug delivered by an osmatic device.

In the drawiogs and the specification, like parts in
rclated ﬂg'urcs arc identified by reference numerals. The

appeznng carlier in the specification sod in the

wall 12 agaiost an external fluid, blended with a pres-
ently preferred osmopalymer 19, represented by verti-
cal lines, that imbibes fluid into compartment 14 and
exhibits an osmotic pressure gradient across semiperme-
able wall 12 against external fluid. Osmopolymer 17 and
osmopalymer 19 are hydrophilic water soluble or
lightly cross-linked water soluble polymers, and they
passess osmotic properties such as the ability to imbibe
exterpal fluid through the semipermeable wall, exhibit
an osmotic pressure gradient across the semipermeable
wall against the external fluid, and swell or expand in
the presence of the fluid in the compartment Os-

mopolymers 17 and 19 prefersbly are mixed with an
ent 16 and 2n optional gsmagent 18,

af the drawings, as_well 23 embodiments __optiogal osmagen
theranf, are furthee detgiled efsewhere in the disclosure. 1S gespectively, for imbibing the optimal maximum vol-

DETAILED DESCRIPTION OF THE
DRAWINGS

Turning sow to the drawings in detali, whick are
examples of various devices provided by the invention,
tud which examples are pot (0 be construed as limiting,
one example of & device is seen in FIG. L In FIG. 1,
device 10 is seen comprising a body member 11 having
8 wall 12 and at Jeast one passageway 13 for releasing a
bencficial agent from device 10 to a fluid eaviroament
of use. The phrase “fluid cavironment of use™ as used
for the purpose of this invention denotes the gastrointes-
tnal fract, ..ompﬂsmg the stomach and the intestine,
and other fluid containing areas in an animal cuviron-
meat

In FIG. 2, device 10 of FIG. 1 is scen in opened
section. In FIG, 2, device 10 comprises a body 11, 2
wall 12 thzt yurrnunds and forms internal compartment
14, tha! commanjcates through & passageway 13 with
the exterior of device 10, Wall 12 comgprises totally &
semipermeable composition or at Jeast in part a semiper-
meable composition. When wall 12 comprises at least in
part a semipermeable compasition the remainder of the
wall is comprised of 2 ccn-semipermesble composition.
Cowmparimeat 14 coptains a first composition compris-
ing & beacficial agent 15, represeated by dots, which
agent 15 can be from insoluble to very soluble in fluid
imhibed into compartment 14, aa optional osmagent 16,
represented by irregular Lines, that is soluble in fluid
imbibed into compartment 14 and exhibits an osmotic
pressure gradient across semipermeable wall 12 against
1 external fluid and an osmapolymer 17, represented
by horizontal dashes, that imbibes and/or absorbs fluid
into compartment 14 and exhibits an asmotic pressure
gradient across semipermeable wall 12 against so exte-
rior fluid preseat in the environment of ase. Wall 12
comprises a semipermenble composition that is sabstan-
tially permeable to the passage of the exterior fluid, and
it is substantially impermeable to the passage of agent
15, osmagent 16 and osmopolymer 17. Semipermeable
wall 12 is gon-toxic and it maintains its physical and
chemjcal integrity during the delivery fife of agent 15

from device 10.
Compartment 14 also houses & second composition

that is distant from passtgeway 13 and in spaced ﬁh- &

tion with the first compositioa. The second composition
contributes aa expaadable driving farca that pushes and
acts in coaperation with the first composition for-deliv-
ering the maxdmum amount of beneficial sgeat 15 from
device 10. The sccond composition comprises an op-
tianal osmagent 18, represented by wavy lines, that is
solable in fluid imbibed into compartment 14 2ad exhib-

its an osmotic pressure gradient acrass semipermeable

bibed fluid is available (o osmopolymers 17 and 19 to
optimize the volumetric rate and for total expansion of
gsmepalymer 17 and 19, That is, osmopolymers 17 and
15 absorb fluid imbibed into compartment 14 by the
osmotic imbibition action of osmapolymers 17 and 19
supplemented by the osmotic imbibition sction of op-
tiona! osmagents 16 aad 18 for effecting the optimal
maximum expassion of osmopolymers 17 and 19 from a
rested 0 en ealarged, that is, aa expanded state,

In operation, the delivery of beneficial agent'15 from
osmotic device 10 is carried out, in one presently pre-
ferred embodiment, by (1) imbibition of fluid by the first
composition to form a fluidic composition in situ and
delivery of the suspension theongh the passageway; and
concurrently by (2) imbibition of flidd by the second
composition causing the second composition to swell
and cooperate with the first composition for driving the
ages! formulation through at Jeast ooe, or more than
oue, passageways. The sgent formulation is preferably
delivered as 2 ribbon, which is a viscous or paste-like
strip. According to the operation described, the device
may be considered as 1 cylinder, with the secand com-
position expanding like the movemes? of « pistac far
aiding in delivering the beneficial-agent composition
from the device Forthe porpose of the present analysis,
the volume rate delivered by the device Fyis compased
of two sourcas: the water imbibition rate by the first
composition F, and the water imbibition rate by the
sccond composition Q wherein: ’

Fr=F+Q ¢}
Since the boundary between the first compasition and
the second composition hydrates very little during the
ﬁmctioning of the device, there is insignificant water

migration between the compositions. Thus, the water
imbibition rate of the second eomposxbou, Q, equnls the
expaasian of its volume:
dr, @)
ik’

The total delivery rate from the osmotic device is then,

L e FCmFiOC 2

wherein C is the ooncentration of beneficial agent in the
deliverad slurry or solution. Conservation of the os-
motic device volume, V, and the surface area, A, gives

equations (4) and (5):

mf—examﬂ—ﬂmd—m:o—aamp@mc—lmxs—mh____
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wherein Vgand Vp equal the volumes of the first cam-
position and the second composition, respectively; and
wherein Ay and A, equal the surface area in contact
with the wall by the first composition and the secoad
camposition, respectively. In operation, both Vpand A,
igcrease with time, while Vyand Aydecrease with time
ss the device delivers beneficial agent.

The volume of the second compaosition that expands
with time when fluid is imbibed isto the compartment is
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tion af a rate determined by the permeability of the wall
and the osmotic pressure gradient across the wall. The
imbibed fluid continuously forms a composition com-
prising a beneficial agent and the ge!, which composi.
tion is released by the combined operations of the first

5
compasition and the second composition device 10.

10

These operations include the composition being osmati-
cally delivered through the passageway due to the con-
tinuous formation of the compositian, and by the swell-
ing and increasing volume of the different second com-
position, is represented by the increase in height of the
vertical lines in FIGS. 3 aad 4. This latter swelling and
increase in volnme spplies pressure against the first

—giding the-first-Compositicn-aad—
livery—of -beanaficial-agent

given by equation (8):

A U X
Jj—sim«&mneeusht—enwsiag—da

©

#,
-f e

b= 15

wherein Wy is the weight of fluid imbibed by the sec-
ond composition, W, is the weight of the second com-
position initially present in the device, Wg/W, is the
ratio of fluid to initial solid of the second compasition,

and
ly!

Fr

R,
V,-:(x +-—;‘,—,-)__L

]

wkherein p is the density of the second composition
cortespanding to Wg/W,. Thus, based on the geometry
of a cylinder, where r is the radius of the cylinder, the
ar=a of imbibition is related to the volume of the swollea

second composition as follows:
)

2

#,
k.
=+ RaRy)

J,=1rr1+

The fluid imbibition rates into each compasition are:
AdA—Ay G;
The fluid imbibiion rates into each composition are:
Q)
F= (—,,’L)w ey,
' an
2] (‘f‘)(‘, . A'p)
whercin k equals the osmotic permeability of the wall, h
cquals the wall thickness, Amqand Amrpare the osmotic

gradieats for the first composition and the second com-
position respectively. The total delivery rate, therefore,

is equation (12):
{12)
S L/ SN P/ W) Jamg +

dm L3
di ’TC( 4wl ]

W,
[x + -%- 7’-—0 + Wyl Wy) ]Arg)

FIGS. 3 and 4 illustrate the osmotic device in operation
as described for FIGS. 1 and 2. In FIGS. 3 and 4, for
osmotic device 10, fluid is mbibed by the first composi-

0
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device. The device can comprise more thaa one pas-
sageway, & passageway made s a microporous insert,
or drug releasing pores formed by leaching s icchablz
pore-former thereby providing pare-passageways for
releasing drug to the exterior of the device. Thus, the
osmotic device provided by this invention cas be
viewed as & single unit construction device comprising
two compasitions containing two polymeric structures
acting in couacert for effective drug administration to 2
patient. .

The first composition and the sccond compasition act
together to substantially insure that delivery of benefi-
cial agent from the compartment is controlled 2nd con-
stant over a prolanged period of time by two methods.
First, the first composition mbibes external fluid across
the wall, thereby forming s dispensalbe composition,
whick is substantially delivered st non-zero order rate,
without the second composition present, since the driv-
ing force decays with time, Second, the second compo-
sition operating by Imbibing exterual fluid across the
wall continuqusly and, consequently, increases in vol-
DIne as well as imbibitior ares, thereby exerting a foree
which caa be constant, incressing or decressing with
time {depending oa the osmotic formulation) against the
first compositios #nd diminishing the volume of benefi-
cial agent first camposition, tkusly directing beaeficial
ggent to the passageway at s controlled rate from the
compartmeat. Additiopally, as the first composition is
squeczed out, that is, delivered from device 10, the
osmotic composition closely coatacts the internal wall
and generates s constant oymotic pressure and, there-
fore, effects & constant delivery rate in conjunction with
the sccond composition. The swelling and exprasion of
the second composition, with its accompanying in-
crease in volume, slong with the simultaneous corre-
spouding reduction in volume of the first compositicn,
zssures the delivery of beacficial agent throngh the
oamotic passageway at a confrolied rate over time.

Device 10 of FIGS. 1 through 4 can be made into
many embodiments including the presently preferred
embodiments for oral use far releasing a locally or sys-
temically acting therapéutic agent in r gastrointestinal
tract. Oral system 10 cag bave various conveotional
shapes and sizes, such as rouad with a diameter of 3/16
inches.to § inches In these forms system 10 can be
edapted for administering begeficial z2gent to aumeraus
animals, including warm blooded animals, humans, avi-
ans, reptiles and pisces.

FIGS. 5, 6 and 7 show anather embodiment provided
by this invention. FIGS. 5, 6 and 7 show an osmotic
device 10 desigoed for placement ia 2 body passageway,

through the osmotic passagewsy to the exterior of the



5,082,668

9
such as a vagina, or the ano-rectal canal. Device 10 has
an elongated, cylindrical, self-sustaining shape with a
corved lead end 20, a trailing end 21, and it is optionally
equipped with manually cantrolled strings 21 for easily
removing device 10 from the bialogical passageway.
Device 10 is structurally identical with the device de-
scribed above in FIGS. I through 4, and it operates in 2
like maaner. In FIG. 5, device 10 is depicted with
semipermeable wall. 23, in FIG. 6 with 2 laminated wall

24 compti sing an inner semipermeable lamina 25 adja-,

cent to compartment X4 and an external microporous
lamina 1§ distant from compartment 14. Micro parous

laming 26 can have prct'ormed pores, or its pores caz be
formed when device 10 is in the environment of use, the s ter
mmﬂ bt terialfro - gn aahydroglucase uait, [rom grea than Oupto 3
ups-nn@zﬂrpxucm—an

the————
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that does not adversely affect the bencficial agent, os-
magent, osmopolymer, and the like. The wall is permea-
ble to the passage of an external Ruid suck as water and
biological (luids, and it is substantially impermeable to
the passage of agents, osmagents, osmopolymers, and
the like. The wall comprises & material that does not
adversely affect an animal, or host, or the components
comprising the device, and the selectively semiperme-
able materials used for forming the wall are non-erodi-
ble and they are insoluble in fuids. Typical materials for
forming the wall are, in one embodiment, cellelose
esters, callulose ethers and cellulose ester-ethers. These
cellulasic polymers have s degree of substitutios, D.S.,

ina-The-poresof iaming-26-gre—of wumﬁﬂrﬁﬂmmm

size, and they can function as pore-passageways far the
release of beneficial agent 15 from device 10. In FIG. 6,
a pore controlled-relessing-passageway aad ¢ laser con-
trolled-releasing-passageway function as the composite
passageway 13 for rc!cning sgent 15 from device 10. In
FIG. 7, device 10 comprises & laminated wall 28 formed
of a microporous lamina 29 pext to compartment 14,
1nd 2 semipermeable laminz 30 facing the environmeat
of use and ig lamicar arrangement with microporous
lamina 29, The scmipermeable lamina used for manufac.
turing these osmotic devices is permselective since it is
permeable to the passage of fiuid 2nd substantially im-
permeable to the passage of agent, osmagent and os-
mopolymer. The micropores of lamina 29 can slign

20

5

witk the pa;f»sagc way of lamina 30 for releasing drug

from device 10, Device 10 delivers 1 beneficial agent for

shsorptios by the vagina! mucosz, or the anorectal
mucosa, to produce an in vivo Jocal of systemic effect
over & prolonged period of time,

The devices of FIGS. 1 through 7 can be used for
delivering pumerous beneficial agents including. drugs
&L s conoclsd rate independent of the drug pH depen-
deacy, or where the dissolution rate of the agent can
vary betweer low and high in fluid environments, such
1s gastric fluid and iotesting! fluid. The osmotic devices
alsa provide for low/high loading of sgents of low
solubility and their delivery at meaningful, therapeutic
amaounts. While FIGS. 1 through 7 gre illustrative of
various devices that can be made sccording to the in-
veation, it is (o be uaderstood these devices ace not to

is

45

be construed as limiting, as the devices can take 2 wide

variety of shapes, sizes and forms adapted for delivering
beneficial agents to the environment of use. For exam-
ple, the devices include buccal, implant, rumen, artific-
ial gland, cervical, intrauterine, ear, nose, dermal, vagi-
nal, percataneous, subcutaneous, anal, and like delivery
devices. The devices slso can be sized, shaped, struc-
tured and sdapted for delivering ap active sgent in
streams, aqoariums, ficlds, factories, reservoirs, labara-
tory facilities, bot houses, transportation means, naval
means, military means, hospitals, veterinary clinics,
nursing bomes, farms, zoos, sickrooms, chemical reac-
tions, xud other environmeats of nse.

DETAILED DESCRIFTION OF THE
. INVENTION
In accordance with the practice of this mvention it
has now been found that delivery device 10 can be

manufaciured with a first composition and 2 different
secoud composition mutually honsed in cooperative

65

anhydroghucose unit comprising the cellulose polymer
that sre replaced by a substituting group. Representa-
tive matorials include a member selected from the group
cousisting of cellulose acylate, cellulose diacylate, caliu-
Jose trizcylate, cellulose scetate, cellulose diacetate,
cellulose triacetats, moao-, di- and tricellulose glkany.
lates; moao-, di- and tricellulose aroylates, and the like.
Exemplary palymers laclude cellulose sectate haviag a
D.S. up to I and sn acecyl content up to 219%; cellulose
Ecetate baving au acetyl coatent of 32% to 39.8%; cel-
lulose zcetate having s D.S. of 1 10 2 and an acetyl
cootent of 219 to 35%; celluloss acetate having a D.S.

of 2to 3 and an scetyl content of 35% t0 44.895, and the
fike. More specific cellulosic polymers incfude cellulase
propionate having & D.S. of 1.8 and & propyl content of
39.2% to 45% and 2 hydroxyl content of 2.8% to 5.4%;
cellulose acetate batyrate having s D.S. of 1.8, ga scety!

coatent of 13% 10 15% and 2 butyryl content of 34% to

39%; cellulose acetate butyrate having an acetyl con-
tent of 2% to 29%, = batyryl content of 17% ta 53%
and a hydroxyl coutent of 0.5% to 4.7%; cellufose tris-
=vlates having s .S, 0F 2.9 to 3 such as cellulose trival-
ecgte, cellulose trilaurate, cellulose wripalmitate, cellu-
Jose tristecinate, and cellulose triocta poate; cellulose
diacylates having s D.S. of 2.2 to 2.6 such as ccllulose
disuccinate, cellulase dipalmitate, cellulose dicctanoate,
cellulose dipentanoate, co-esters of cellulose such as
caliulese acetate butyrate and cellulose scetste propio-
pate, and the like

Additionx! polymers include cthyl cellulose of vari-
ous degree of ctherification with ethoxy content of from
40% to 55%, scetaldehyde dimethy] cellnlose acetate,
cellulose sootate ethyl carbamate, cellulose scetate
methyl cxrbamate, cellulose aoetate dimethy! aminoace-
tate, sampermablc polyamides; semipermesble paly-
vrethanes; semipenmeable sulfonated  polystyreaes;
semipermenble cross-linked selective polymers formed
by the coprecipitation of & palyanion zad & polycstion
ss disclosed in U.S. Pat Nos. 3,173,876; 3,276,586;
3,541,005; 3,541,006, and 3,546, 142; semipermesble pol-
ymers as disclosed by Looeb and Sourirajan in U.S. Pat.
No. 3,133,132; semipermeable lightly cross-linked paly-
styrene derivatives; semipermeable cross-linked paly(-
sodium styrene sulfonate); semipermeable cross-linked
paly(vinylbeazyltimethy! ammonium chioride); water
permeable membrane exhibiting 2 fuid perméability of
2510~ to 25x10~4 (cm?/hratm) expressed per
stmosphere of hydrostatic or osmatic pressure differ-
eace across the wall. The polymers are known to the art
in U.S. Pat. Nos. 3,845,770; 3,916,899; and 4,160,020,

telationship in the compartmeat of the device. The
compartmeat is formed by & wall comprising 2 material  and ix Handbook of Common Polymers by Scott, I. R
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and Roff, W. J, (1971), published by CRC Press, Cleve-
land, Ohio.

The laminated wall comprising a semipermeable lam-
ina and a microporous lamina are in laminar arrange-
ment and they ict in concert to form an integral lami-
nated wall that maintains jts physical and chemical
intagricy and does not separate into the original lamina
thronghout the aperative sagent relesse histary of the
osmotic device. The semipermeable lamina is made
from the semipermeable polymeric materials, the segi-
permeable homopolymers, and the semipermesble co-

polymers prescated nbovc, and Lhc lxk:
anufactuna

meric materials that can form 2 microporous lamina in
the enviromacit of use. The microporous materials in
bath embodiments are laminated to form the laminated
wall. The preformed materials suitable for forming the
micraporous lamina are essentially inert, they maintain
their physical and chemical integrity during the period
of agent release and they can be described generically as
having z sponge lixe sppearance that provides a sup-

porting structure for & semipermeable lsminz and also
provides a supparting structure for microscopic sized
inierconnected pores or voids. The microporons mate-
rials can be isatropic wherein the structure is bomoge-
peous throughout a cross sectional ares, or they can be
saisotropic whersin the structure is non-homogencaus
througbout a cross sectional area The pores cao be
enstinuous pores that bave an opening on both faces of
3 microporous lamina, pores intercomected through
tortuous paths of regular and irregular shapes, including
curved, curved-linear, randomly oriented coatinuous

pores, hindered connected pores and other porous paths

le S3 =ioresnopic examination. Generally,

microparous lamina are defined by the pore size, the
pumber of pores, the tartuesity of the uucroporous path
aud the porosity which relates 1o the size and the num-
ber of pores. The pore size of a microporous lamina is
easily ascertained by measuring the observed pore di-
ameter at the surface of the material under the electron
microscope. Generally, materisls possessing from 5% to
95% pores 204 having & pore size of from 10 angstroms
to 100 microns can be used for making & miczoparous
lamina, |
© The pore size aud other par:mcters chanctmnn

the microporous structure also can be obtained from
flow measurements, where a liquid flux, J, is produced
bylprmurcdxﬂ'arcnecAP scross the lamina. The
liquid flux through a lamina with pores of uniform ra-
dius extended through the lamina and perpendicular ta

tts surface with arez A given by relation (13):
s NrAAR ay
lqA.r

wherein J is the volume transported per uait time end
Iamina srea containing N number of pores of rudius r,m
is the viscosity of the liquid and AP is the pressure
differcace across the lamina with thickness Ax. For this
type of lamina, the sumber of pores N caa be calculated
from relation (14), wherein € is the porosity defined as
the ratio of void volume to tatal volume of the lamina;
and A is the cross sectional area of the Jamina contain-

ing N pores.
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N:-—— (14)

=
The pore radius then is calculated from relation (15):
1 (15)

r-[lq i‘::: J'J

wherein J' is the volume flux through the lamina per

unit area pro duccd by the pressure differeace AP across
i d_Ax have the meaning defin

and 7 is the wrtuosu defined as the ratio of the diffu- .
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Phenomana In Membranes, by Lakshminstayanaish, N.
Chapter 6, (1969, published by Academic Prrs< Inc.,
New York.

As discussed in this reference, supra, on page 336, in
Table 6.13, the porosity of the lamina having pores with
radius r can be expressed relative to the size of the
transported molecule having s radius a, and as the ratio
of molecalar radius to pare radius a/r decreasss, the.
famina becomes porous with sespect to this molecule. .
That is, whexn the ratio 2/r is less thas 0.3, the lamina
becomes substantially microporous as expressed by the
osmotic reflection coefficient o which decreases below
0.5. Microporous lamina with a reflection coefficient o
in the range of less than I, usually from O to 0.5, and
preferably less than 0.1 with respect to the active agent
are suitable for fabricating the system. The reflection
cocfficient #s determined by shaping the materia! in the
form of x laminz sad car rying out water flux mezsure-
mexnts a3 a function of hydrostatic pressure difference
and s & function of the osmotic: pressure difference
cavsed by the sctive agent. The osmotic pressure differ-
eace creates 8 bydrostatic volame flux, and the reflec-
tioo coefficient is expressed by relation (16):

e

- = osmotic volume flux
bhydrostetic volome Qux

Properties of micraporous materials are described in

Science, Vol 17, pp 1302-1305, (1970); Nature, Vol

214, page 285, (1967); Polymer Engineering and Science,

Vol 11, pp 284-288, (1971); U.S. Pat. Nos. 3,567,809

aod 3,751,536; and in Jadustrial Processing With Mem-

argm;e; by Lacey, R. E., sod Loch, Siducy, pp 131-134,
2).

Microparous materials having & preformed structure
are commercially available snd they cun be made by art
known methods. The microporous materials can be
made by etching, ioclear tracking, by cooling & salution
of flowzble polymer below the freering point whereby
solvent evaporstes from the solution in the form of
crystals dis persed in the polymer and then curing the
polymer followed by remaving the solvent crystals, by
¢old or hot stretching at low or high temperatures until
pares are formed, by leaching from 2 polymer & soluble
componeat by an appropriate solvent, by ioa exchange
reaction, and by polyelectrolyte process. Procass for
repairing micraparous materials are described in Syn-
thetic Polymer -Membranes, by R. E. Kesting, (1971},
Chapters 4 and 5, published by McGraw Hill, Inc;
Chemical Reviews, “Ultrafiltration™, Vol. 18, pp 373 to
455, (1934); Polymer Eng. and Sci, Vol 11, No. 4, pp
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284-288, (1971); /. Appl Paly. Sci, Vol. 15, pp 811-829,
(1971); and in U.S. Pat. Nos. 3,565,259; 3,615,024,
3,751,536; 3,801,692; 3,852,224, and 3,849,528,

Microporous materials useful for making the wall or
the lamina include microporous polycarbonates com-
prised of linear polyestess of carbonic acid in which
carbanate groups recur in the polymer chain; micropo-
rous materials prepared by the phosg:nztion of a dihy-
droxyl aromatic, such as bisphenol A; microparous

5
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metal salts include ferric chlonde, ferrous sulfate, zine
sulfate, cupric chloride, manganese fluoride, manganese
fluorosilicate, and the like. The pore formers include
organic compounds such as palysaccharides. The poly-
saccharides include the sugars: sucrose, glucoss, fruc-
tose, mannose, galactose, zldohexose, altrose, talase,
lactase, manosiccharides and disaccharides; 204 polyal-
cohols such as mannpitol and sorbital. Also, organic
aliphatic and aromstic oils end solids, including diols
lyols, ss exemplified by polyhydric alcohals,

poly(vinyl chloride); microporous polyumds such as 10 and
poly(alkylene glyeals), polyglycols, alkylene glycols,

polybexamethylene adipamide; microporous mod-
acrylic copolymers including those formed from 609%
vinyl ch.londc and 40% scrylonitrle; styrese acryhc

poly(slpha-omega)alkylene diols esters or alkylene
glycols and the hke; water soluble cellulosic polyme:s

nhcnvl:ug_ﬁn]fo i i etb.ylc:dluloy,_mah Acellul sc,_mcth.ylct.h)d_ccﬂu-__” —
¥ o
————————poly(vinyificwe)alides; poiyciloroethers-soctak HﬁmmmwmxmmmmuMﬁ———
polymers such s sodium carboxymethyleallulase tod

mess; palyesters prepared by esterification of & dicar-
boxylic srid or anhydride with an alkylene polyol;
poly(nlky!cnmulﬁdcs); phenolic polyesters; micropo-
rous poly(saccharides); microporous polymers baving
substituted and unsubstituted anhydroglucose units €x-
hibiting 2 higher permeability to the passage of water
and biclogical fluids than & semipermeable lamina;
ssymmetric porous polymers; eross linked olefin poly-
mers; hydrophobic or hydrophilic microporous homo-
polym:rs, copolymers or interpalymers haviag » re-

uced bulk dapsity; 2nd materials described in U.S. Pat.

20

il

the like. The pore-formers on their removal from the
lamina form channels through the lamina. Thest can
serve as pore-passageways for effective release of agent
from the system. In a preferred embodiment the non-
toxic, pore fonmng agents are selected from the group
consisting of inorganic and organjc salts, carbobydrates,
polyalkylene glycals, poly (a)pha-amcga)-zlkylcncdmls,
esters of alkylene glyeals, glycols, aleohols, hydrc-
slcahals, and water soluble polymers used for forming a
microporous lamina in a biological environment. Gen-

Moo snasn NGASITE 36se0es yns e Tcioporou ological cat. Gen-
3535 805061 3852224 IAMEL and  mapr B Ao of s venton, when the pe.
¥ shan 15% by weight of 2 pore former, the palymerisa

3,852,388, in British Patent No. 1,126,849, and iz Chen
Abse, Vol, 71 4274F, 22572F, 22573F, (1969).
Additional microporous materials include micropo-
PEENTS ,m,(m zthazesh misroporous cross linked, chain
eaizaded paly{urstbanes); microporous paly(urethanes)
in U.S. Pat. No. 3,524,753; microporous poly(umides);
microparous poly(beazimidazoles); regeae rated micro-
porous prateins; semi-solid cross linked microporons
poly(vinyipyrrolidonej; m"'opc'cu materials pre-
pared by diffusion of multivalent cations into polyelec-
trolyte sols a5 in U.S. Par No. 3,565,259; snisctropic
microparous materials of lonically associated polyelec-
trelytes; porous polymers formed by the coprecipitation
of 2 palycation and & polyenion #s described in U.S. Pat.
Nos. 3,276,589; 3,541,055, 3,541,066 snd 3,546,142
deriva tives of poly(styreae), such as microporous
poly(sodium styreacsulfonate) and microparous -poly(-
vinyl b:nzy!tmncthyl—mmouxm chloride), the micro-
parous materials disclosed in U.S. Pat. Nos. 3,618, 024,
U.S. Pat Nos. 3,646,178, 3,852,224, and the like.
Further, the m.lcropor: forming material used for the
purpose of the invention includes the embodiment
whereia the microporous wall or the lamioa is formed
io situ by a pore former being removed by dissolving,
extracting, eroding, or lezchmg it to form the micropo-
rous lamina during the operation of the system. The
pore former cun be a solid ar & liquid. The teem, “lig-
uid,” for this invention, embraces semi-salids and vis-
cous fluids The pore formers can be norganic or or-
ganic. The pore formers suitable for-the invention {u-
clude pore formers that can be extracted, dissolved or
leached without any chemical change in the polymer.
The pore forming solids have s size of about 0.1 to 200
micrometers and they include alkali metal salts such &s
sodium chloride, sodivm bromide, potassium chloride,
poussiur sulfate, potassiumt phospbate, sodizm benzo-
ate, sodium acetate, sodium citrale, potassium gitrate,
and the like. The alkali earth metal salts include calcium
phosphate, calcium nitrate, and the like. The transition

s
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precurser microporous lamina that on removing the
pore former yields 2 lamina which is substantially mi-
croporous.

The expression. “passageway,' a5 used herein com-
prises means and methods suitable for releasing the
ageat or drug from the asmotic system. The expression,
“passagewny,” mcludes aperture, orifice; hole, porous
cement, kallow fber, capillary tube, microparous ia-
sert, pore, micraporous overlay, or bore, aad the like,
through the semipermesble lamins, the microporous
lamina, or through the laminated wall The passageway
can be formed by mechanical drilling, laser drilling,
eroding an erodible element, extracting, dissolving,
bucsting or leaching a2 passageway former from the
wall. One description of a presently preferred passage-
way an the maximum and minimum dimensions for such
2 passageway, arc disclosed in ULS. Pet. Nos. 3,845,770
and 3,916,899, The osmotically calibrated passageway
has & maximum cross scctional area, A, defined by the

relstion (17) s follows:

Aney = e x @
wherein L is the lcégth of the passagewry Qp/t is the
mass delivery rate of the ageat, D is the diffusion coefB-
cient of the zgent, § is the solubility of the agent in the
fluid, and F is from 2 to 1000, said passigcway having a
wminimum area A, defined by relation (18) as follows:

: ae).
e = [ LT ]
wherein L is the leagth of the passageway, v/t is the

agent solution volume delivery rate, = is 3.14; v is the
viscosity of agent solution or suspension dispensed from
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the device and AP is the hydrostatic pressure difference
between the inside and the outside of the compartment
having a value up to 20 atmospheres. [n addition, one oc
more passageways can be introduced into the device.
The number of passageways can be large, but should
satisfy the condition that the delivery rate is substan-
tially governed by the imbibition flux of water across
the surrounding wall.

The passagesvay can be g pore formed by leaching
sorbitol, and the like, from 2 wall, as disclosed in U.S.
Pat. Na. 4,200,098. This patent disclases pores of con-
trolled size-porosity formed by dissolving, extracting or
lesching g material from a wall, such as sorbito] from
cellulose acetate. The pore-passageways extend from

of beneficial sgent including a drug to the exterior of
the system. In U.S. Pat. No. 4,285,987 & composite de-
Lvery svstem is disclosed comprising a first device that
surround & second device. The first comprises a celiu-

The insigE et vutsideof thewal-foreffective release 1 5—pimmifist s Model 3208V por - Pressure-Gsaromater

of various asmoatically effective compouads and for
mixtures of compounds at 37° C,, in water, are listed in
Table 1. In the table, the osmotic pressure o, is in atmo-
spheres, atm. The osmatic pressure is measured in a

5 commercially available osmometer that measures the

vapor pressure difference between pure water and the
solution ta be analyzed and, according 1o standard ther-
madynamic principles, the vapor pressure ratio is con-
verted into osmotic ptessure difference. Iz Table I,

I8 osmotic pressures of from 20 atm to 500 atm are set

forth. Of course, the invention includes the nse of lower
osmotic pressures from zero, aod higher osmotic pres-
sures than those set forth by way of example in Table 1.
The osmometer used for the present measurements is

manufactured by the Hewlett Packard Co,, Avoudzle,'
Pa,

forming a pore for releasing osmotically sctive potas-
sium chloride from an osmotic core. The second device
releases drug through a laser drilled passageway. The
patent thereby discloses drug released through passage-
ways forned by differeat techniques.

The osmotically effective compounds that can be
us=d for the purpose of this invention include inorganic
wné orgezic compeunds that exhibit an osmotic pressure
gradient acrass & semipermesble wall, or across s micro-
porous, or & laminated wall, against an externa! fuid.
The osmoticlly effective compounds, along with the
osmopalymers, imbibe fluid into the osmotic device
thereby msking available in situ fluid for imhibition
znd/or shsorption by an gsmopolymer to enhance its
expansior, and/or for forming 2 solution or suspension
containing & beneficial ageat for its delivery through 2
passageway form the osmotic device.

The osmotcaly effectve compounds are known alse

s osmatically effective solutes, and also us osmagents.
The osmetically eflectve compounds are used by mix-
ing them withk & beneficial agent, or with an os-
mopelymar for formirg a soletion, or suspension con-
taining the beneficial ageat that is osmotically delivered
from the device. The expression, “limited solubility,” as
usad herein mezns the agent bas a solubility of sbout less
than $% by weight in the aqueous fluid present in the
cavironment. The csmotic solutes are used by bomoge-

.ncously or heterogenequsly mixing the solute with the

ageat or osmopolymer and then charging them into the

_Jose acetate wall comprising Jeachable sorbitol for 20 COMPOUND
OR MIXTURE —ATH
00

TABLE |
QSMOTIC PRESSURE
Lactose-Fructose
Destrose-Fructase 450
Sucruse-Fruciose : 410
Maznitol-Froctase 415
25 Sadium Chloride 156
Fructose 355
Lactosz-Sucrose - | 30
Potastium Chioride 2145
Lactose-Dextrose s
Maanito}-Dextrose 25
30 Dextrote-Sucrose 190
Masitol-Sucrose N
Dextrosc [ 7]
Potsainm Sulfatc 39
Mxunital 38
Sodivm FPhosphate Trbasic 12H;0 36
35 Sodiwm Phosphate Dibasic 7 H;0 K}
Sodium Phospbate Dibasic 13Hz0 31
Sodium Phospbate Dibasic Achydraus »
Sodhem Phosphaez Moacbhasic HzO L]

4«  The osmopolymers suitable for forming the first drug

containing csmotic composition, and also suitable for
forrming the second drug free osmotic compasition, are
osmopaiymers that exhibit fluid imbibition properties.
The osmopolymers sre swellable, hydrophilic hydrogel

45 polymers which esmopolymers interact with water and

aqueous biological fluids and swell or expand to an
equilibrium state, The osmopolymers exhibit the ability
to swell in water and retain a sigmificant portion of the
imbibed water within the polymer structure. The os-

[ymers swell or expand to a very high degree,

reservotr, The solutes and osmapolymers stiract fluid 50 TOpo! h
usually exhibiting & 2 to 50 fold volume incresse. The

into the reserveir producing a solution of solute in a gel
which is delivered from the systew coacomitantly
transporting nadissolved and dissolved beneficial agent
to the exterior of the system. Osmotically effective
solutes nsed for the former purpose include magnesiam
rulfats, magnesium chloride, potassium sulfate, sodium
sulfate, lithinm sulfate, potassinm acid phosphate, d-
maanitol, urea, inosital, magnesium succinate, tartaric
acid, carbohydrates such as raffinose, sucrose, glucose,
alpha-d-lactose monobydrate, sorbitol, and mixtures
thereaf, The amount of osmagent in the compartment
will generally be from 0.019 to 30% or higher in the
first composition, and usually from 0.01% to 40% or
bigher i the secoud composition.

The osmotic solute is preferably initially present in
excess and it can be in any physical form that is compati-
ble with the beneficial agent, the device, and the os-
mopolymer. The osmotic pressure of saturated solutions

osmapolymers can be noucross-linked or cross-linked.
The swellable, hydrophilic polymers are, in one pres-
catly preferred embodiment, lightly crossdinked, such

55 ccoss-liaks being formed by covalent bouds, bydrogea

boads, jonic bonds or residue crystalline regions after
swelling. The osmopolymers can be of plant, animal or
syathetic origin. The ommopolymers are hydrophilic
polymers. Hydrophilic polymers suitable for the present

60 purpose include poly(bydroxy-alkyl methacrylate) hav-

ing & molecular weight of fram 30,000 to 5,000,000,
zoiouic and cationic hydrogels; polyelectrolyte cam-
plexes; poly(viny] alcohol) having a Jow acetate resid-
ual, cross{inked with glyaxal, formaldehyde, or glutar-

65 aldehyde and having a degree of polymerization from

200 to 30,000; 2 mixtare of methylcellulose, cross-linked
sgar and carboxymethyl celiulose; a mixture of hydrox-
ypropyl methyleellllose and sodium carboxymethyleel-
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Iulgse, hydroxypropyl-methylcallulose and sodium car-
boxymethy! cellulose; a water insoluble, water swell-
able copolymer reduced by forming a dispersion of
finely divided copolymer of maleic anhydride with
styrene, ethylene, propylene, butylene or isobutylene
crosslinked with from 0.00! to about 0.5 moles of satu-
rated crass-linking agent per mole of maleic anhydride
in copolymer; water swellable polymers of N-viny!
lactams; polyoxyethylene-polyoxypropylene gel; po-
lyaxybutylene-palyethylene block copolymer gel;
earob gum, polyacrylic gel; polyester gel; polyurea gel;
polycther gel; polyamide gel; polyimide gel; polypep-
tide gel; polysmina acid gel; palycellulosic gel; poly-
gum gel; initially dry hydrogels that generally imbibe

5
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dure described below. A rouad die having an inner
diameter af | inch, fitted with ¢ § inch diameter stainless
stee! plug, is charged with a known quantity of polymer
with the plugs extending out either ead. The plugs and
the die were placed in 8 Carver press with plates be.
tween 200° F. and 300" F. A pressure of 10,000 to 15,000
psi was applied to the plugs. After 10 to 20 minutes of
heat and pressure the electrical heating to the plates was
turged off, and tap water circulated through the plates,
The resulting { inch disks were placed in an air suspen-
sion coater charged with 1.8 kg ssccharide cares, pla-
ceba cares, made of any sugar such as lactose, and so
forth, and coated with cellulose acctate having an ace-
| content of 39.8% dissolved in 94:6 w/w,

il A ty
and absorb water which penetrates the glassy hydrogel 15 CH,Cly/CH30H, to yield 2 3% w/w salution. 'ﬂ'u:

(O T3

coated sysicos were OVETRig

and Jowers ifs glss fransiion
Qther osmopolymers include hydrogels such as Car- * coated disks were immersed in water n Kyl ot md

bopol ® acidic carboxy polymcrs, a polymer of acrylic
Al sucrosa, alen known as

periodically removed for & gravimetric determination
of water imbibed. The initial imbibition pressure was

acid crossiinked wita a polyallyl sucre
casboxypolymethylene and carboxyvinyl palymes hav- 20 caleulated by using the witer transmissian constani for

A= __the-ccllulosescetate, after normaliring imbibitiogwal

namer @) polyscrylamides; eross-linked water swellable
indene-malcic anbydride hydroge! polymers; .Good

rite @ polyacrylic scid having 8 molecular weight of

80,000 to 200,000; Polyox | polyethylene oxide poly-
mers baving 2 maolecular weight of 100,000 to 5,000,000
* and higher; starch graft copolymers; Aqua-Keeps ®
scrylate polymer polysaccharides composed of con-
densed glucose units such as diester cross-linked poly-
glucan; and the like Representative polymers that form
hydrogels are known to the prior art in U.S. Pat. No.
3,865,108 issued to Hartop; U.S. Pat. No. 4,002,173
issued to Manning: U.S Pat No. 4,207,893 issued to
Michaels; asd o Handbook ¢f Common FPolpmers, by
Scatt and Roff, published by the Chemical Rubber
Company, Cleveland, Ohio. The amount of os-
mopolymer in the first composition is aboat 10% to
9045, and the amount of osmopolymer in the second
compasition is 20% to 1009, with the total weight of
1!l ingredients in a composition equal to 100%. In 2
prescutly preferred embodiment, the osmopelymer
identified as Py comprising the first composition is dif-
ferent than the osmopelymer idantified a5 Py comprisiog
the sscond composition. The csmopolymer in the first
compasition g, be structurally different than the os
mopolymer iu the secand composmoa. Or, the os-
mopolyma‘s molecular weight in the second csmotic
composition is Ixrgcr than the molecular weight of the
osmopolymer in the first composition. The os-
mopo!ymcr P comprising the first composition com-
prising the beneficial agent serves ssa phzrmzceunaﬂy
scceptable carder for transporting the active agent
from the device in the form of & paste or gel-like ribbon,
and it 8lsa coctributes to the driviag force that cooper-
ates with osmopolymer Py comprising the tecond com-
position that delivers the agent through the passageway
. from the device. The phrase, “pharmaceutically accept-
" able carrier,” as used for the purpose of this nvention,
means the drug is mixed with & gel and is transported

with the get from the device. During operation of the €

device fluid is lmbibed into the device resulting in the
viscosity of Pp being greater than the viscosity of Pr. In
this operation Py and P; operate as & single unit substan-
tially free of a void between their interfaced cantacting

surfaces of osmapolymer Py and P; for successful deliv- 65

ery of the beneficial agent from the osmotic device.
Osmopalymer fluid imbibition determination for a
chasea polymer can be made by following the proce-

ues for membrane surface ares and thickness. The poly-
mer nsed in this determiriation was the sodium deriva-
tive of Carbopol-934 ® polymer, prepared accarding to

25 1the procedure of B, F. Goodrich Service Bulletin GC-

k]

- 45

50

35

36, “Carbopol @ Whater-Soluble Resins,™ page S, pub-
lished by B. F. Goodrich, Akron, Ohio.’

The cumulative weight gain values, y, as a function of
tizme, t, for the water soluble polymer disk coated with
the cellulose acetate were used to determine the equa-
tion of the line y=c+bt+-atl passing through those
points by at least square fitting technique.

The weight gain for the sodium salt of Carbopol-
934 @ is giver by the equation (19) that follows: Weight
gain equals 0.359+0.665t~0.001062 wherein 1 is
clapsed time io minutes. The rate of water flux at any
time will be equal to the slope of the line that is givea by
the following equaticns (19) and (20):
_dv_ 0359 4 0.665¢ - 00106 )

dr

dr

)

—:"—.,osas = G.0MIL

To determmine the initial rate of water flux the detivative
ts evaluated &t t=0, and dy/dt 0.665 ul/min., which is
equal to the coefhicient b, Then, normalizing the imbibi-
tio rate for time, membranc surface trea and thickness,
aad the membrane permeability constant to water, Kv
may be determined according to the following equation

)< ()4

0.008 con

&0 mio
286 cm?

)

with Kr=1.13X10-¢ cat/hr. The 7 value for NaCl
was determined with 8 Hewlett Packard vapor pressure
osmcmeter to be 345 stm+-1095, and the K value for
cellulose acetate used in this experiment calculated from
NaCl imbibition values was determined to be 1.9 107
cmi/hratm.

Substituting these values into the calcalated K ex-
pression, (LIXI10-V/cmi/hr atm¥m)=1.13X10—4
cmihr gives w=£00 atm at t=0. As 8 method for evalu..
ating the efficiency of - palymer with respect to dura-
tion of zero order driving focce, the percent of water

Kr:O.SGSyJ/mmX(
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uptake was selected before the water flux values de-
creased to 902 of their initial values. The value of the
slope for the equation of a straight line emanating from
the percent weight gained axis will be equal to the initial
value of dy/dt evaluated at t=0, with the y intercept c
defining the linear swelling time, with (dy/dt) 0=0.665
and the y intercept=0, which yields y=0.665t+0.359.
In order to determine when the value of the cumulative
water uptake is 90% below the initial rate, the follawing

expression is solved for t

09 = #ﬁ‘-’-"L‘— -4% o9 @}
(23)

000106 & + 06631 + 0359 o4

10

20

cholinergic receptors, nervous system, skeletal muscles,
cardiovascular system, smooth muscles, blood circula-
tory system, synaptic sites, neuroeffector junctional
sites, endocrine system, hormone systems, immunologi-
cal system, reproductive system, skeletal system, auta-
caid systems, alimentary and excretory systems, inhibi-
tory of autocaid systems, alimentary and excretory
systems, inhibitoty of autocoids snd histamime systems.
The active drug that can be delivered for acting on
these recipients ioclude anticonvulsants, analgesics,
anti-inflammatories, calcium antagonists, anesthefics,
aotimicrobials, sntimalacizls, antiparasitic, antibyper-
teasives, aatihistamines, antipyretics, aipha-adrenergic
sgnoist, alpha-blockers, biocides, bactericides, bron-
chizl-dtaters-beta-adrenergio-bloaldng-drugs—contra

0.685 1 + 0359
and solving fort,

~0.00106 2 + 0.0065 1 + 0.0359 = 0
Q24

ccptives, cardiovascular drugs, calcium channel inhibi-
tors, depressaats, diagnostics, diuretics, electrolytes,
hypuotics, hormanals, hyperglycemics, muscle con-
tractaats, muscie relaaaals, opthalmice, pevehic ener-
gizers, parasympathomimetics, sedatives, sympathomi-

metics, tranquilizers, urinary tract drugs, vagioal drugs,

— 00663 + [(0.0643)2 — &(—0.00105XD.0355))}
f= T~ 0.00106)

t=62 min and the weight gan is
—0.00106(62)2 +(0.665)(62)-+0.359 18 g1, with the Ini-
tial sample weight=100 mg, thus (Aw/w)
0.9 x 100=38%. The results are presented in FIG. 8 for
s graphical repcesentation of the values, Other methods
available for studying the hydrogel sojution interface
include rheclogic analysis, viscometric azalysis, ellip-
sometry, con‘act augle measursments, clectroldnetic
determinations, infrared spectroscapy, optical micros-
copy, interface morphclegy and microscopic examina-
tion of an operative device.

The expression, “beneficial ‘agent,” as used herein,
includes aoy beneficial agent, or beneficial compound,
that can be delivered from the device to produce 2
beneficial and usefui therapeatic result The beneficial
sgent can be insoluble to very soluble in the exterior
fluid that emters the device and it optiopally can be
mixed with sn osmotically effactive compound 2ad an
osmopolymer. The term, “beneficial agent,” includes
algicide, antioxidant, air purifier, biocide, bactericide,
catalyst, chemical reactant, disinfectant, fuagicide, fer-
mentation agect, fertility inhibitor, fertdity promoter,
germicide, plant growth promater, plant growth inhibi-
tor, prescrative, rodenticide, sterilization agent, sex
sterilant, -and the like.

In the specification and the scoompanying claims, the
term, “beneficial agent,” also includes drug. The term,
“drug,” mcludes any physiologically or pharmacologi-
cally sctive substance that produces a local or systezmic
effect, in animals, including warm-blooded mammals,
humans and primates; avians; household, sport and farm
apimals; laboratory animals; fishes; reptles and zoo
saimals. The term, “physiologically,” as used herein,
denotes the administration of & drug to produce gener-
ally normal levels aad functions. The term, “pharmaco-
logically,” denotes generally variations in respanse to
the amount of drug administered to the host. See Sted-
man'’s Medical Dictionary, (1966), published by Williams
and Wilkins, Baltimore, MD. The phrase, “drug formu-
lation," 8s used herein, means the drug is in the com-
partment mixed with the osmopolymer and, if applica-
ble, with a binder and optional Jubricant The active
drug that can be delivered includes inorganic and or-
ganic compounds without limitation, including drugs
that act oa the peripheral nerves, adreaergic receptars,

r
in

&

vitamins, nonsteroidal anti-inflamenatory drugs, angio-
tensin converting eazymes, polypeptide drugs, and the
like,
Exemplary drugs that ere very soluble in water aad
can be delivered by the osmatic devices of this ven-
tion include prochlor perazine edisylate, ferrous sulfate,
smingcaproic acdd, potassium chloride, mecamylamine
hydrochloride, procainamide hydrochloride, ampheta-
minc sulfate, beozphetamine bydrochloride, iso-
proteronol salfste, methamphetamine hydrochleride,
pbeometrazine hydrochloride, bethanechol chloride,
methacholine chloride, pilocarpine hydrochloride, atro-
pine sulfate, scopolamine bromide, isopropamide io-
dide, tridibexethy! chlaride, phenformin bydrochloride,
methylphenidate hydrochloride, cimetidine hydrochlo-
ride, theophylline cholinate, cephalexin hydrochloride,
and the like

Exemplary drugs that are poorly soluble in water sad
that cag be defivered by the devices of this invention
{nclude diphenidol, meclizine hydrochloride, prochlor-
perazine maleate, phenoxybenzamine, thiethylperazine
maleate, anisindone, diphenadione erythrityl tetrani
trete, digoxin, isoflurophate, scetazolamide, methazola-
mide, bendro-fumethiszide, chlorpropamide, tolaza-
mide, chlormadinone scetate, phenaglycodol, allopu-
rinol, alumigum aspirin, methotrexate, scety! sulfisoxa-
zole, erythromycin, progestins, sterogenic, progesta-
tional, corticosteroids, hydrococtisone hydrocorticost-
crone acetate, cortisone acetste, trismcigoloue, me-
thyltesterone, 17 beta-estradial, ethiny! estradial, ethi-
nyl estrsdiol F-methyl cther, pednisalone, 17 beta-
hydroxyprogesterone  acetate, [9-nor-progesterone,
norgesteel, norethindrone, morethisterone, norethieder-
one, progesterone, norgesterone, norethynodrel, and
the {ike.

Examples of other drugs that can be delivered by the
osmotic device iclude sspirin, indometbacin, pa-
proxen, feaoprofes, sulindar, mdoprofen, nitroglycerin,
isosorbide dinitrate, propranalal, timolol, atenolol, al-
prenolol, cimetidine, clonidine, imipramine, levodapz,
chloropromazine, methyldopa, dihydroxyphenylala-
nine, pivaloyloxyethyl ester of alpha-methyldopa hy-
drochloride, theaphylline, calcium gluconate, keto-
profen, ibuprofen, cephalexin, erythromycin, haloperi-
dol, zomepirac, ferrous lactate, vincamine, diazepam,
pheaoxybeazamine, diltiszem, milrinone, captopril,
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madol, quanbenz, hydrochlorothiazide, ranitidine, {ur-
biprofen, fenbufen, fluprofen, tolmetin, slolo(enac,
meflenamic, flufenamic, difuninal, nimodipine, nitrendi-
pine, nisoldipine, nicardipine, felodipine, lidoflazine,
tiapamil, gallopamil, amlodipine, mioflazine, lisinolpril,
cnalapril, ceptoprl, ramipril, endlapriat, famotidine,
nizatidine, sucralfate, etintidine, tertatolol, minaxidd,
chlordiazepoxide, chlordiazepoxide hydrochloride,
diszepan, amitriptylic hydrochloride, impramine hy-
drochloride, imipramine pamoate, enitabas, and the like.
The beneficial drugs are known to the art in Pharmaceu-
tical Sciences, 14th Ed., edited by Remington, (1979)
published by Mack publishing Co., Easton, Pa; The

e Nurse, The Patient, Including Current Drug

Saunders Company, Philadelphia, Pa; Medicinal Chem-
tstry, 3rd Ed.,, Vol. | aad 2, by Burger, published by
Wilay Intereoience New York: and in Physicians’ Desk

wLlY

Reference, 38th Ed., (1984) published by Medica! Eco-
pomics Co., Oradell, NJ.

—
(=]

Drg T3
Handbook by Faleancs,ctal. (1974-1976) published by 15413 tachniques—For-example-in-one-cmbodiment-the
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be not needed; if the agent has limited solubility in the
fluid, thea 2a csmotically effective compound can be
incorporated into the device. Numerous other methods
are available for the determination of the solubility of an
agent in z fluid. Typical methods used for the measure-
ment of solublity are chemical and electrical conduc-
tivity. Details of various methods for determining solu-
bilities are desctibed in the United States Public Health
Service Bulletin, No. 67 of the Hygienic Laboratory;
Encyclopedia of Science and Technology, Vol. 12, pp 542
o 556, (1971) poblished by McGraw-Hill, lac.,; and
Encpelopedia Dictionary of Physics, Vol. 6, pp 547 to 557,
(1962) published in Pergamon Press, Lac.

The device of the inventioa is manufactured by stan-

beneficial agent i mixed with &5 osmagent aad os-
mopolymer, and pressed into 2 solid possessing dimen-
sions that correspond to the interma! dimensions of the
compartment adjacent to the passageway; or inc benefi-
cial agent mnd other formulation forming ingredients
and a solvent are mixed into a solid or a semisolid by

The drug can bc in vanous forms, Sich &8 Uncharged
molecules, molecular complexes, pharmacalogically
acceptable salts such as hydrochloride, hydrobromide,
sulfate, laurate, palmitate, phosphate, mitrite, borate,
acetate, maleate, tartrate, oleate and salicylate. For
acidic drugs, salts of metals, amines or organic catios;
for example, guarternary smmoninm can be used. De-
rivatives of drugs such s ester, ethers and amides can
be used. Also, & drug that is water insoluble can be used
in a form that is water soluble derivadve thercof to
serve 2s 2 solote, and on its release from the device, is
converted by enzymes, bydrolyzed by body pH or
other metabolic processes to the original biologically
active form. The agent, including drug, can be present
in the compariment with a binder, dispersant, wetting
agent, suspeading agent, lubricant and dye. Represents-
tive of these include suspending sgents such as acacia,
agaz, calcium carragsenan, siginic acid, algin, agarose
powder, callagen, colloidal magnesinm silicate, pectin,
gelans and the like; binders ke polyviny! pyrrolidoue,
lobricants such as magnesium stearmte; wetting sgests
such as fatty amines, farty quaterpary ammonium salts,
and the like. The phrase, “drug formalation,” indicates
the drug is present in the compartment accompaaied by
20 osmagent, osciopolymer, a binder, and/or the like,
The amount of beneficial ageat in a device generally is
about from 0.05 og to 5 g or more, with individual
devices containing, for example, 25 ng, 1 mg, 5 mg, 10
mg, 25 mg, 125 mg, 250 mg, 500 mg, 750 mg. 10 g l2

g 1.5 g, sad the like. The devices can be administered 5

one, twice or thrice daily.

The solubility of 8 beneficial agent in the fluid can be
determined by known techniques. One method consists
of preparing 2 saturated solution comprising the fluid

15

30
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plus the agent as ascerteined by analyzing the amount of 55

agent present in & definite quaatity of the foid. A sam-
ple apparatus for this purpose consists af & test tube of
medium size fastened upright in & waterbath maintained
at constant temperature and pressure, in which the fluid
and agent are placed and stirred by 2 rotating glass
spiral. After a given period of stirring, a weight of the
fluid is analyzed and the stirring contimued aod addi-
tional period of time. If the analysis shows no increase
of dissolved agent after successive periods of stirring, in
the pressace of excess solid agent in the fluid, the solu-
tioa is saturated and the resulrs are taken a5 the solubil-
ity of the product in the fluid. [f the ageat is saluble, an
added osmotically effective compound optian ally may

60

conventional methods such a5 ballmilling, calenderiang,
stirring or rollmilling, sad then pressed into & prese-
lected shape. Next, & layer of a compasition comprising
an osmagent and an osmopolyzer is laced ig contace
with the layer of beneficial agent formulation, and the
two layers sumrounded with 2 semipermeable wall, The
layering of the beeeficial sgent composition and the
osmagent/osmapolymer can be sccomplished by can-
veational two layer tablet press techniques. The wall -
can be applied by molding, spraying, or dipping the
pressed shapes into wall-forming materials. Another
and presently preferred technique that can be used for
2pplying the wall is the air suspension costing proce-
dure. This procedare consists in suspepdiag and tum-
bling the pressed compositions in & current of air sad =
wall forming compasition untl the wall surrounds and
coats the two pressed compositions, They form & lami-
pated wall. The air suspension procedure is deseribed in
U.S. Pat. No. 2,799,241; J. Am. Pharm. Assoc, Vol 48,
pp 451 10 459 (1979); and, ibid, Vol 49, pp 82 to 84
(196Q). Otber standard manufacturing procedures are
described in Modem Plastics Encyclopedic, Vol. 46, pp
62 to 70 (1969); 2od in Pharmaceutical Science, by Rem-

‘ington, 14th Ed, pp 1626 to 1978 (1570), published by

Mack Publishiug Ca., Easton, Po i

- Excmplary solvents suitable for manufacturing the
wall, the Jaminates aad laminae, {nclude inert inorgsnic
and organic salvents, that do not sdversely hasm the
soaterizls and the final wall or the fins! lsminated wall
The solvents broadly include members selected from
the group consisting of squeous solvents, alcohols, ke-
tones, esters, ethers, aliphatic hydrocarbons, haloge-
nated solvents, cycloaliphatics, aromatics, heterocyelic
solveats, aud mixtares thereof. Typical solvents include
acetone, dizcetonc aleokol, methaaol, ethanal, isopro-
pyl alcahal, butyl aleohol, methyl scetate, ethyl scetate, .
isoprapyl zcetate, n-batyl acetate, methyl kobutyl ke-
tone, methy!l propyl ketone, n-hexane, n-heptane, ethyl-
ene glycol mouoethyl ether, cthylene glycol monoethyl
acctate, methylene dichloride, ethyleae dichloride,
propylene diclhlaride, carbon tetrachloride, chloro-
form, nitrocthane, nitropropane, tetrachloroethane, .
ethyl ether, isopropyl ether, Eyclohexane, cyclo-octane,
benzege, tolueae, naphtha, |,4-dioxane, tetrabydrofu-
raa, diglyme, aqueous and nopaqueous mixtures
thereof, such as acetoae and water, acetone and metha-
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ool, acetone and ethyl alcohol, methylene dichlonde
and ruethanol, and ethylene dichloride and methanol.

DETAILED DESCRIPTION OF EXAMPLES

The following examples are merely illustrative of the 5
present invention, and they should not be considered as
limiting the scope of the invention in any way, as these
examples aad other equivalents thereof will become
appareat ta those versed in the art in the light of the
preseat disclosure, the drawings and the accompanying

claims,

[}

EXAMPLE |
The operation of a device 10 manufactured according
o the-invention v set-forthimrtho s exammpte: The-votume:
imbibition rate of the push formulation composition is
equal to the volume rate of water imbidition (dV/dt)p
ftc the acmntic push agent formalation composition

j

24
~continued
an
1 Ld Py Fo
pmried (i)

Therefare, the volume rate of water imbibition is ex-

pressed by:
Q2)
i 2 Py )W. )
( ) ( rl+ (1 +tow B S AT

The release rate of drug from the dispenser can be

written as shown in equation (3) where F and Q are
ey the-volunre flow intothedrug and-osmote———————
push compartment.

e Y Y @3

Here Cyis the conceatration of drug in the dispensad

exprcsscd by equation (25) as follows: 20
v & @9
T)’ e A
25

where k is the water permeability of the semipermeable
wall, h is the thickness of the wall, Ay is the wall surface
of the push compartment exposed to the osmotic pro-
cess, and A7 is the osmouc pressure differecce cf the
pust formulation across the wall. The geometrical
shape considered here is as shown in FIG. §, with {lat
bonom and cylindrical body. The volume rate of water
imbibition can be related to the total surface area for

ater transport A from the exd and cylindrical sectiozs

from equations (26) and (27):

30

it

Agmbr41nd el

where { is the beight of the asmouc formwasac.
40

J,-rr’+-lz,—!’ n

where V s the volume of cswotic formulation. The
volume expansion of the osmotic driving meérber 45
equals

VeVt Vg

where V,and Vg are, respectively, the volumes of dry so
esmotic agent formulation and water jmbibed. Alterna-

tively, (28) can be writtes

@)

¥, Wu @9)
Vo —
P + PH 55

where p, is the density of dry osmotic ageat formula-
tion, W, and Wy are the weights of osmatic agent and

water imbibed, and pgis the deusity of water,
Rearranging terms within the equatioss, the follow-

ing equation results:
Po )
P

", ( .
Peo W

6

o)
R/
W

Ve

and

formulation. Equation (33) cousidered in conjunction
with (32), allow for numerous delivery rates and drug
programs derived from systew 10 geometry and the
osmotic pressure Aw programmed ia the dispenser as 3 -

function of time.
For developmert of the example, equation (34) will

be substituted in the subsequent equatians.
Wy )
=%

The composition of the driving push composition is
fermulated with an osmotically active polymer compo-
sition 2s shown in FIG. 9 which exhibits an osmotic
pressuce a5 & function of hydration as shawn for mem-
brenes of two pumping rates. The osmotic pressure can
be descrived &y equationy (15) and (36)

Q3)

a9

A {8Q arm for ARO.{S

A w227 exp (0331 X) for H>Q.1S8

Substituting equation (36) sad equation (37) in equa-
tion (25) equation (38) results as follows:

A,cmwi+-—(x+~—— )—-—
), -+

In addition, equation (39) holds for the volume of
shsorbed water Vg

én

ey
< AQE) - Am(H)

) G9)

W
Vi e e s Y e 77

Since the volume of formulation displaced equation
(40) is related to H by equation (39),

(4),-

d¥y )
dr
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it follows that equation (41) results

H 41

The solution of this differential equation will result in
H(t) which can be substituted in equation (38) to yield
the release rate. The solution to equation (41) was

solved by numerical integration, resulting in the simuyla- 10

tions for the release rates given by the numerical inte-
gration of equation (41) is obtained from equation (42)

as follows:

“D s
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concentration of solids dispensed and Fp the fraction of
drug in the dispensed formulation. This fraction of drug
Fpcan assume to be equal to the fraction of drug formu-
lated in the drug compartment in the dry state if the
drug formulation is dispensed uniformly; 74 is the den-
sity of the drug formulation.

These push-pull systems operate favorably in a region
where the drug compartment formulates drug in sus-
pension &t a constant rate and wherein the push com-
partment dispenses this formulation at & constant rate.
Such condition is schieved when the majority of semi-
solid drug formulation is dispeased such that the total
drug delivery rate can be expressed by equation (50).

(50)

The fina! valie at shuedown for system 10 for Hracd ¢
ic given hy equation (43):

43)

£ or
-f
() e
7

The influx of water in the drug compartment

W

ﬂ‘ Pde FVI

Here my-and Wy are the density and weight of the drug
composition. The function H(t) is obtained by finding

the time ¢ 8ssociated with the bydration value Hy. The

final value of H, Hyequation (43) can be reached after m
equal steps AH, such that equation (44) rcsuhs and also
equation (45).
iy 2 “
m
“35)

R -1£.w

The time t;associated with Hyis calculated from equs-
tion (46) where 37, uv:ragc value of cxprcssxon “4n
between the start and end of the interval ;

om d 45 )
J=

Here Atjis given by (47)

/R “7

5= Ry~

From equarions (39), (40), and (47), it follows then 50

that the volume push rate

JV)
L
(),

ss 2 fusction of time is given by equation (48).

L3
(4 )o-5-5t

The concentration Cyof drug in the dispensed formu-

&)
()60

Jation can be written as shown in equation (49) where 65

C,yis the

ConCofp (49}

(%),

B respoasible for converting the solid 2rug forzulation

into a fluid farm of drug concentration Cy. The valume

flux F adds to the osmotic driving flux

¥ield equation (51).

L c@+h-c on

By equating equations (33) and (51) and cansidering
eyiaton (45}, the soncentration of dispensed solids Cp
can be found to be given by equation (52), siso Cocan

(52}

- Pt
C"F+Q

be verified independently.
Based on the above description, three push-pull os-

motic systems were designed to deliver & water soluble
drug with perameters ss listed in Teble 2. The density of
the push and drug compartment was respectively 1:4
and 1.2 gr/ml The osmotic pressare in the dcug com-
partment was 70 atm. The volume was allowed to swell
25 percent 4l hydration H=0.15, end the diameter and
system area during that time decreased by sbout 15
percent. The release rate from these systems schieved 2
release rate as shown in FIG. 10 based on equations (48)
end (50). The concentration of dispensed solids
achieved 2 range of 500 to 900 mg/ml

TABLE 2
Design Paramcters For lasoluble Drug

Dismeter (cmx) b/ 1.03 Lis
Drug costent (mg) 33 65 9
Weight of drug 165 330 493
ayer (mg)
Weight of push oS 168 1475
Tayer (mg) '
Membnane thickeess 12 % 10-3 1t x 10-3 99 % 10~3
(cm)

£35x 10-7 635 x 10-7 635 x 197

Membroe
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TABLE 2-continued
Design Paramecers For [nsaluble Drug

permeahility
(cni/mr atem) 5
Touwl system 4.1
wtz A (emd)

the semipermeable wall. The coated cares are then
spread an a tray aud the solvent evaporated in z circu-
lating air oven at 50" C. for 65 bouss. After cooling to
room temperature, 2 0.26 mm diameter passageway is
laser drilled through the semipermeable wall connect-
ing the exterior of the asmotic device with the composi-
tion containing the drug, The osmotic device weighed
262 mg and it contained 30 mg of drug in the first com-
position weighing 1350 mg, the second composition

EXAMPLE 2
10 vweighed 75 mg and the semipermeable wall weighed 37

Axq osmotic delivery device manufactured in the ap-
pearance of an osmotic tablet shaped, sized and adapted
for oral sdmittance into the gastrointestinal tract is
made as follows: & fust osmotic drug composition is

mg. The first composition of the osmotic device com-
prises 30 mg of the calcium wategonists, 106 mg of poly-
(cthylene oxide), 3 mg of potassium chloride, 7.5 mg of
bydeoxypropylmethylcelldose aod 3 mg of magnesium

. prepared by screening 355 g of poly(ethylens oxide) -

having an approximate molecular weight of 200,000,
through a 40 mesh stainless steel screen, then 100 g of &
calcium zotsgonist is passed through the 40 mesh
sceeen, 25 g of hydraxypropyimethyicelinlase i3 passed
through the 40 mesh screcn and, finally, 10 g of potas-

Next, all the screened ingredients are added to the bowi
of a laboratory blender and the ingredients dry blended
for 15 to 20 minutes to produce 2 bomogeneous blend.

: Then, a granulaticn fuid is prepared comprising 250 ml
-of ethanol and 250 ml of isoprapyl alcohol, and the 2

granulating fluid added to the blending bowl; first, 50
m! is sprayed into the bow! with constant blending, thea
350 ml of the granulation fluid is edded slowly to the
bow! and the wet mass bleaded for agother 15 to 20
minutes. Then, the wet granules are passed through a [6
mesh screen and dried st room temperature for 24
hours. Next, 10 g of magnesium stearate is added to the
dry granules, and the ingredients rell-mixed for 20 to 30
minutes oa a standard two-roll mill

Next, a second osmotic compasition is prepared as
follows: first, 170 g of poly(ethylene oxidc) having 2
molecular weight of 5,000,000 is screened through z 40
mesh screen, then 725 g of sodium chioride is passed
through the 40 mesh screen, and the ingredients added
tc @ mixing bow! and blended for 10 to 15 minutes. 40
Thea, & granulation flud is prepared by mixing 350 ol
of methanc! and 150 ml of isopropy! alcohol, 1aod the
graculation fluid added to the blending bowl in two
steps. First, 30 ml of the graanlation fluid is sprayed into
the bowl! with constaat blending; thea 350 ml of the 45
granulation fluid is slowly sdded to the bowl sad the
wet blend mixed for 15 to 20 minutes to a homogeneous
blend. Then, the wet blend is passed through a 16 mesh
screen, spread on a stainless steel teay and dried at room
temperature of 22.5° C. for 24 bours. The dried blead is 30
passed through 2 16 mesh screen, then roll milled with
5 g of maguesium stearste on & two-roll mill for 20 to 30
minutes. )

A nuraber of drug cores are prepared by pressing the
two compositions on 8 Manesty Layerpress, The drug 55
containing composition is fed into the cavity mold of
the press and temped into 1 solid layer. Then, the sec-
ond osmotic composition is fed into the cavity overlay-
ing the tamped layer and compressed into 2 sqlid layer
to form & two-layered drug core. €0

The drug cares next are coated with & semipermeable
wall forming composition comprising 95 g of cellulose
acetate having an acetyl content of 39.8% and § g of
paly(ethyleae glycol) 4000 ia 2 solvent comprising 1960
m] of methylene chloride and 820 ml of methanol, The
drug cares are coated with the semipermeable wall
forming compositon until the wall surrounds the drug
care. A Wurster air suspeasicn Coater is used to form

65

stearate. The second osmatic composition comprises 51
mg of poly(cthylene oxide), 22 mg of sodium chloride
and 1.5 mg of magnesium stearate, The device has a
diameter of 8 muo, & surface area of }.8 cm? and the
semipermeable wall is 0.17 mm thick. The cumuiative

EXAMPLE 3

Osmotic delivery systems are prepared having x first
composition comprising 25 to 1000 mg of a calcium
channel blocker 100 to 325 mg of poly(ethylene oxide)
having a malecular weight of 200,000, 2 to 10 mg of
potassium chloride, § to 30 mg of hydroxyprapylme-
thylcellulose, and 2 to {0 mg of magnesium stearate; and
a second composition comprising 30 to 275 mg of poly-

1 (cthylene oxide) baviog 2 molecular weight of

5,000,000, 20 to 75 mg of sodiuw chloride and 1to S mg
of magnesiom stearste. The procedure of Example 1 is
repeated for prepating osmotic devices having the fal-

35 lowing compositions: (a) an osmotic device having a

first composition comprising 60 mg of the calcium chan-
nel blocker, 212 mg of poly{(cthylene oxide), 6 mg of
potassium chloride, 15 mg of hydroxypropylmethylcel-
Inlose and 6 mg of magnesimm stearale, aod 1 second
compasition comprisiug 102 mg of poly(ethylese ox-
ide), 44 mg of sodtura chlaride, 2nd 3 mg of magoesium
stearate; and, (b) an osmotic device having a first com-
pasition comprisiag 90 mg of the calcium channel
blocker, 318 mg of poly{ethylene oxide), 9 mg of potas-
sium chioride, 22.5 mg of hydroxypropylmethylcel-
lolase, and 146 mg of poly(ethylene oxide), 66 mg of
sodium chloride, and 4.5 mg of magnesiom stearate. In
an embadiment, the osmotic device described in (2) and
(b) further comprise a pufse coated layer of drug carried
on the outer semipermeable wall The pulse coat com-
prises 30 mg of the calcium channel blocker and hy-
droxypropylmethylcellalose. In operstion in the fluid
environment of use, the pulse cost provides instaat drug
availability for instent drug therspy.
EXAMPLE 4

An osmotic delivery system is prepuced sccording to
the procedure described above for administering a ther-
apeatically effective amount of a member selected from
the group cousisting of nimodipine, nitrendipine, nisol-
dipine, micardipine, felodipine, diltiazem, lidoflazine,
tiapamil, gallopamil, amlodipine, end mioflazine

) EXAMPLE §

An ora] osmoatic delivery device useful for the man-
agement of cardiovascular diseases is prepared accard-
ing to the mode and manner of the invention. The de-
vice comprises 2 first composition, a drug compasition,
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comprising 33 mg of 2 calcium antsganists, 122 mg of
poly(ethylens cxide) baving a malecular weight of
100,000, 8.25 mg of hydroxypropylmethylcellulose and
1.65 mg of magnesium stearate; and a second composi-
tion, 8 push composition, comprising 52.8 mg of poly-
(cthylene oxide) baving a molecular weight of
5,000,000; 23.9 mg of sodium chioride, 4.13 mg of hy-
droxypropylmethylcellulose and 0.83 mg of magnesium
stearste. The first aad sccond composition are sur-
rounded by & semipermeable wall comprising 95% cel-
lulose scetate baving an acety! content of 39.8% and
5% poly(ethylene glycol) 4000. The osmotic device has
at Jeast one osmotic passageway 0.35 mm in diameter in
the semipermeable wall connécting the drug compasi-
tion-with-the-cxterior of the osmatic device. The dewi

of 24 hours.
EXAMFPLE ¢

5

The procedure of Examples 2 to 4 is repeated for 20

preparng osmolic devicess con
mg of the drug. A serics of osmotic devices ace pre-
pared containing 5 mg, 10 mg, 30 mg, 60 mg and X mg,
up to 150 mg. These devices can comprise in the first
composition from 50 mg to 750 mg of an osmopolymer
and, optionally, | mg to 15 mg of an osmagent, and in
the secand composidon from 20 mg to 320 mg of os-
mopaiymer and 10 mg to 82 mg of osmagezt The de-
vices have st least cae osmatic passageway of 5 to 30
wmils 10 diameter for delivering the diug. Iadividual
devices can be prepared by following the procedures
that have 2 rate of release of 025 mg, 0.5 mg, 0.6 mg, 0.8
mg, 1.3 mg, 2.7’ mg azd 3.0 mg per hour for 24 hours:
The osmotic device is indicated for the management of
plasmi levels and it is indicated for treating cardiovas-
cular conditions.
EXAMPLE 7

The procedures of the shove examples are followed
with all conditions as previgusly described except that
the drug in the drug compasition is an orally sdminis-
tered drug indicated for the management of cardiovas-
cular diseases and it is 3 member selected from the
group consisting of fendiline, diltiazem, pechexiline, azd
prenylamine.

EXAMPLE §

Ar osmotic thecapeutic device for the controlled and
the continuous oral release of the beneficial calcium
channel blocker drug verapami is made as follows: 90
mg of verapemil, 50 mg of sodivm carboxylvinyl poly-

25

0

35

40

4

Lo

mer having a molecular weight of 200,000 snd sold

under the trademark Carbopol ® polymer, 3 mg of
sodinm chloride, 7.5 mg of hydroxypropylmethylcel-
Iulose and 3 mg of magnesium stearate are mixed thor
oughly as described in Example {, and pressed in a
Manesty ® press with a 5/16 inch punch using 2 Light
pressure to produce 3 layer of the drug compasition

- 55

Next, 51 mg of the carboxyvinyl polymer baving a
&

molecular weight of 3,000,000 end sold under the trade-
mark Carbopol ® polymer, 22 mg of sodiwn chloride
and 2 mg of magnesium stearate are blended thoroughly
and added to the Manesty press, and pressed to form &
layer of expandable, osmotic composiﬁou in contact
with the layer of osmotic drug composition.

Next, 3 scmipermeatle wall is formed by bleading
170 g of cellulase scetate, having ar scetyl content of
39.89%, with 900 m! of methylene chlocide 20d 400 m! of

41

1
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methanol, and spray coating (he twa layered compart-
ment forming member in an air suspession machine
until 5.1 mil thick semipermesble wall surrounds the
compartment. The coated device is dried for 72 hours at
50° C. and then a 8 mil osmotic passageway is laser
drilled throngh the semipermesble wall to connect the
layer containing drug with the exterior of the device for
releasing drug over a prolonged period of time.
EXAMPLE S

An osmotic therapeutic drug delivery device is pre-
pared by following the procedure of Example 6, with
all manufacturing conditions as described heretofore,

except that in the preseat example the drug composition
of verapamil, 50 mg of sodium carbox-

delivers 1.7 mg/hr of the drug over a prolonged pecod yvinyl polymer Raving 2 moleculsr weight of 200,000,

7.5 wg of hydroxypropylmethylcellilose 2ad 3 mg of
magnesium stearate.
EXAMPLE 10

50— Atrosmoticy therspeatic-deviec for-the-deliveryofthe ———

drug ketoprofen for uses as an anti-inflammatory is
prepared by first pressing in 2 Magesty press an csmotic
drug composition containing 75 mg of ketoprofen, 300
mg of sorbitol, 30 mg of sodium bicarboaate, 26 mg of
pectin, 10 mg of polyviny! pymrolidone, and 5 mg of
stearic zcid, and tamping the mmposnou in 2 cavity to
& singic layer. Next, the cavity is chargad with a2 second
aod greater foree gemerating composition comprising
122 mg of pectin having 2 molecular weight of 0,000 to
130,000, 32 mg of maanital, 20 mg of polyviny] pyrrol-
idone, and 2 mg of magnesium stearate and pressed to
form a second layer in contacting relation with the first
layer. The second Iayer bad s density of 128 g/cm? snd
& hardness score of greater than 12 kP. Next, the two
fayer core is surrounded with a semipermeable wall
comprising 85 g of ceflulose acetate having an scetyl
content of 39.8%, and 15 g of polyethylene glycol 4000,.
3 (wt/wt) percent salid in & wall forming solvent com-
prising 1960 ml of methylene chloride 2ad 819 ml of
methanol The coated device is dried for 72 hours at 50°
C., aud then & 026 mm diameter passagewsy is laser
drilled through the wall. The semipermeable wall is 0.1
mm thick, the device has an ares of 3.3 em?, and it
releases drug over a 12 hour period.

EXAMPLE 11{

The procedure of Example {0 is followed for provid-
ing an osmotic device wherein the compartmeat con-
taiced & blead of osmopalymers. The compartment
contained & first composition weighing 312 mg aod
consists of 48% ketoprofen drug, 38% paly(cthylenc
oxide) osmopolymer having 2 moleculsr weight of
200,000, 10% poly (ethylene glycol) osmopolymer bav-
ing a molecular weight of 20,000, 29 sodium chloride
and 29 magnesium stearate; and & second composition
weighing 150 mg and consisting of 93% poly{cthylene
oxide) heving a molecular weight of 5,000,000, 5%
sodium chloride and 2% magnesium stearate.

EXAMPLE 12

In this example, the increase in osmotic pressure for 2
number of campasitions comprising an osmageat and an
osmopalymer are measured for demonstrating the oper-
ative advaatsge provided by the invention. The mea-
sucemcents are made by measuring the amount of water
imbibed across the semipermeable wall 6f ¢ bag coatain-
ing 20 osmageat, or 21 dsmopolymer, ora compasition
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comprising an osmagent and an osmopolymer. The
scmipermeable wall of the bag is formed of cellulose EXAMPLE 14
The procedure of Example 11 is repeated with all

acetate having an acetyl content of 39.89. The mea-

surements are made by weighing the dry ingredients of  coanditions as described, except that the osmopolymer in
the semipermesble bag, fallowed by weighing the blot- 3 the drug composition is polyoxyethylene polyoxypro-
ted semipermeable bag, after the bag is in 2 water bath pylenc block copolymer baving a molecular weight of
at 37* C. for various lengths of time. The increase in 400Ut 12,500.

weight is due 10 water imbibition across the semiperme-
sble wall caused by the osmotic pressure gradient 10
across the wall. The osmotic pressure curves sce illus.
trated in FIG, 10. In FIG. 11 the curved line with the

trizngles represeats the osmatic pressure for poly(ethy- .

- - e oxide) having a moleculsz- weight of 000,000, the g =2 o 10 ST TS me o PEy(elyene ocide)
curved line with the circles represents the osmotic pres- 15 guym chloride, 7.5 mg of hydroxypropylmethylcel-
sure for a composition comprising poly(cthyleac oxide)  julgse, and 3 mg of magnesium stearate; 8 composition
baving a molecular weight of 5,000,000 and sodium  distant from the passageway comprising 52 mg of poly-
chiorfide wilth Uic ingrediznte present in the compositx'on (cthylene ij'dc) h;ving a molecular dehl aof
in the ratio of 9.5 parts esmopolymer to 0.5 parts osma- 5,000,000, 22 mg of sodium chioride asd {5 =g of mag-
geat; the curved lipe with squares represents a composi- 20 neshnm stearate; and a semipermeable well comprising
tion comprising the same osmopalymer and asmagent in 95% ccliulose acetate having sn acetyl content of
the ratio of 9 parts osmopolymer to one part asmagent;  39.8% and 5% hydroxypropylmethyleellulose is mea-
the curved lines with hexagoo represents the same com-  sured fn vivo i laboratory dogs and in vitro in the
position comprising the asmapolymer an osmagent in  lsboratory. The amauats of drug relessed at various.
the ratio of § parts to 2 parts; and, the dashed lines 25 times in vivo were determined by sdainistering & series
represent the osinagent sodivm chloride The mathe-  Of devices to the animals "}d measuring the amount .
matical calculations are made using the formula  felessed from the corresponding device at the appropri-
dw/dt=KAmA/h, wherein dw/dt is the rate of water e resideace time. The results are depicted in FIG. 13.
imbibition over tine, A is the tres of the semipermeable 0 ::]:Isfnfd ﬁﬁgg:ﬁ;ﬁ: ‘;:‘l‘:’ ;‘:{“;“1;::;
wall, and K is the permeability coefficient Alsa, in cumulative rel

EXAMPLE 15
The in vivo ead in vitro mean comulative release of a
calcium antagonist from sn osmotic device comprising
1 composition sdjacent to the passageway comprising

FIG. 12, Wg/W, is the amount of water imbibed di-
vided by the dry weight of osmopolymer plus osma- EXAMPLE 16
geat The procedure of Example 12 is followed for making
EXAMPLE 13 35 an osmotic therapeutic delivery system comprising: a
first drug composttion weighing 638 mg ind consisting

! of 96% cephalexin hydrochloride, 2% granular core
FroXea 15 preparen & - starch xod 296 magnesium stearate; 4 second, Or osmotic
screed 8 composition coxprising 49% of naproxen, | driving composition weighing 200 mg and consisting cf
465 poly{etaylene axide) baving s molecular weight of 4 £8.5% poly(cthylene oxide) having a molecular weight
100,000, zad 3% hydroxypropylmethylcellulose, and  of 5,000,000, 29.5% sodinm chloride, and 2% mague-
then blending the screeaed composition with an alcoho!  siom stearate; a scmipermeable Wwall weighing 55.8 mg
sclvent used in the ratio of 75 ml of solvent 1o 100 g of  consisting of 30% cellulose acetate having an scety!
granulation. The wet granclation is screened through a  content of 39.8%%, 10% polycthylene glycol 4000, and
16 mesh screen, dried at room temperature for 48 hours 45 10.% hyd:?xypmpyl methyleellulose; and an asmotic
under vacuua, aind blended with 295 magnesium stea-  orifice having a diameter of 0.39 mm. The device has an
rate that has been passed through en 80 mesh screep.  Average rate of releasc of about 54 mg per bour aver &
The composition is compressed as described above, period of § hours.
Next, & compasition comprising 73.9% of pectin hav- EXAMPLE 17
ing a molecular weight of 90,000 ta 130,000, 5.6% mi- 0 : L
: . : . The procedures described above are followed in this
crocrystalline cellulose, 5.89 polyviny! pyrrolidone, - . . .
: : : exsmple for manofacturing an osmotic device for deliv-
14.39% sodium chloride and 2% sucrase is passed . . . ) .
. . ering the aatipsychotic drug halaperidol ta the gastroin-
through a 40 mesh screer, blended with ar organic 3 PR
. : testinal fract of & human The osmotic delivery system
salvent in the ratio of 100 ml of solvent to 100 g of . X e A
ulation {or 25 minutes, passed through 2 16 mesh 55 comprises & first ot drug composition comprising 11 mg
graa drind for 45 hotie ot e oature qad of halaperidal, 245 mg of poly(ethylene oxide) having a
e e ey auen s e o ey, molecular weight of sbout 100,000, 13.8 mg of hydraxy-
vacuutl, 2gain passed through a 16 mesh scrwen,  oopnoimest Icellulose and 5.5 mg of magnesium stea-
blended with 2% magnesium stesrate and then com- rate; and, & second composition, initially in laminar
pressed cuta the compressed layer described 0 the g5 yrranpement with the first composition, which second
abave parsgraph. The dual layered drug coreiscoated  composition consists essentially of 122 mg of poly(ethy-
by dipptag in 2 wall formiog composition cOmprising  jepe oxide) baving & molecular weight of mbaut
80% cellulose acetate having an scetyl conteat of  §000,000, 56 mg of sodium chlaride, 10 wg of hydroxy-
39.8%, 10% palycthylene glycol 3350, and 10% hy-  propylmethy! cellulose and 0.95 mg of magnesium stea-
droxypropylmethylcellulose. An osmotic passageway is 65 rate. The twa compositions are surrounded by & semi-
drilled through the wall communicating with the drug ~ permeable wall comprising 22.5 mg of cellulose acetate
containing composition. The osmotic diameter is 0.38  having an scctyl content of 39.8% and 2.5 mg of poly-
(cthylene glycol) 3350. The device has an osmotic pas-

eciecty

An osmotic therapeutic device for dispessing na-
by screxcicg through 3 40 mesh
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sageway of 0.36 mar. The device delivers about 0.8 mg  10% (4.5 mg) hydroxypropylmethyl ceilulose. The
per hour over a {4 hours time period. device has an osmotic passageway with a diameter of
EXAMPLE 18 0.5! mm and is cluuca]ly'mdxcatfed for zbc_rcluatmu af
smooth muscle and treating angina pectors.
The procedure of Example 17 is repeated for prepar- 5

ing a series cf osmotic devices housing a drug composi- EXAMPLE 22

The procedures described above are followed for

tion contaiaing from | mg to 125 wg of haloperidol for
dispensing a dosage of 0.1 mg, 1 mg, 2 mg, or I0mgper  making an osmotic device comprising a drug layer of
bour aver & prolonged period of at least 12 bowrs, cr2 250 mg of alpha-methyldopa, levo-3-(3,4-dikydrazy-
cumulative dosage of 0.0l mg/kg/day fo 0075 10 phenyl)}-2-methylalamine, 97.2 mg of poly{ethylenc
" mg/kg/day. The osmotic devices can be sdministered  oxide) having & molecular weight of 200,000, 18.5 mg of
ooce, twice oc thrice & day, hydroxypropyl methylcellulose and 8.7 mg of magne-
EXAMPLE 19 sium stearate, and a second layer of 226.6 mg of poly-
R LE__ iy . fethylene axide) having & molecular weight of

The procedure set forth abGve 1 repeated for provid- 15 5,000,000, 123 mg of Bydroxypropylmethylcelfulase, ~

ing #a osmotic device for dispensing the nonsteroidal, * gng 4, 9 mg of magnesium stearate. The device has a
anti-inflammatary, antipyretic, analgesic drug WU gomipermesble wall comprising 65 weight percent (wt
profen. The orll_c:sz‘nouc ?-c:,?: compnsdaﬁrstlamma %), (15.5 mg), of cellulose acetste having an acetyl
/ composidon caisistiag of 198 mg of 'b“?mf@ and ? content of 39.8%, 17.5 wi % (4.2 mg), poly(cthylene
second lamina cgmposmqn consisting o 132_mg of 20 glycal) 3350, a2d 17.5 wt % (4.2 mg) afhydroxypropyi-
poly(ethylene oxide) having 8 molecular weight of methylcellulose. The device has an asmotic passageway
of 0.5]1 mm communijcativg with the dmg lamina for

5,000,000. The laminae compositions are surrounded by
s semipermeable wall copsisting essentially of 48.1 mg % . 5 . g
of cellulose acetats baving an acetyl conteat 32%. The uun:nfnthl::hr;; i:’h: dm“‘. ?;:::g;;fse

device bas an osmotic passagewsy connecting the first 25 .7, —. A .
lamina compositica with the exterior of the device. The ﬂiwrrmz aﬂ;d h: m;(;b Smn;‘md":w
device has an average rate of release of 12.7 mg per prepared g mgla fg of the drug.
haar gver a 12 ho:; dispeasing petiod. Similar gégm:}c EXAMPLE 23
devices are prepared containing 50 mg, 150 mg, mg, .
300 mg, 400 mg, 500 mg, 2ad 600 meg for the anti-inflam- 30 pﬁ;ggfzg | Gesoried gg;; mﬁgfiu&‘ﬁfé
matory, enalgesic and satipyretic activities. layer comprising S0 mg of hydrochlorothiazide, 189 mg
EXAMPLE 20 af pcly(cthylenc oxide) having 3 molecular weight of

The procecurss described sbove sre followed for 200,000, 1.0 mg of hydroxypropylmethyloellulose, and
providing an osmotic device housing the noa-steroidal 3¢ &9 I§ ©f magaesium stearate; and 2 second expandable
drug, with anti-inflammatory, antipyretic and apalgesic ~ Push iayer comprising 280 mg cf poly(ethylene oxide)
properties, indomethacia. The compartmeal of the de-  BAVIDE & molecular weight of 5,000,000, 15.4 mg of
viz= bouses 2 first layer comprising 50 mg of indometh-  Bydroxypropylmethyleellulose, and 0.2 mg of maguc-
acin, 8.3 mg of hydroxypropy! methyl celluiose, 3.5 mg ~ Sum stearate. The device bas 2 semipermesble wall
of magnesium stearate aod 105 mg of poly(ctbylenc 40 Comprising 95 wt % (54.4 mg) of cellulose acetate bav-
oxide) having 2 molecular weight of 100,000; and s 198 &3 acetyl content of 39.8% and $ wt % (2.9 mg) of
second [ayer consistng of 515 mg of poly(ethylene  Paiy(ethylene glycol) 3350. The deviee has ag gsmatic
oxide) having a molecular weight of 5,000,000, 242 mg ~ Passageway with a diameter of 0.51 mm in the semiper-
of sodium ckloride, 4.2 mg of kydroxypropylmethyleel-  mesble wall commonicating with the drug. Clinically,
lulose and 1.67 mg of magnesium stearate. The device 45 bydrochlorathizride is & divretic-antihypertcusive. The
bas 1 semipermeable wail comprising 95%.{19.0 mg) osmotc devica can coptain from 12.5 to 250 mg given in
cellulose acetate havisg an acetyl content of 39.8%, 2ad 1 to 3 doses daily.

EXAMPLE 24

5% (1 mg) poly(ethylene glycol) 4000. The device hss
20 0smotic passagewty of 0.36 mm diameter for release :
The procedures described sbove are followed for

of indomecthacia. The device delivers 93% of the indo- 50
methicin over 18 hours. Similar devices are provided ° providing aa asmotic device comprising # first drug
bousing 25 mg aad 75 mg of indomethacin for adminis- Inyer comprising of 6 mg of an alpha sdresoreceptor
tering b.id. or tid. for establishing stczdy-suu: plasma  blocker, 135 mg of paly(ethylene oxide) having a mo-
levels. lecular weight of 100,000, 7.5 mg of hydroxypropylme-
ss thylcellulose, sad 3.0 mg of magnesium stearate; sad xn
EXAMPLE 2] expandable push layer initially in close contacting ar-
The procedures described sbave are followed for  raugement comprising 41.3 mg of poly{cthylene oxide)
providing an osmotic device comprising a drug layer of - having & moleculat weight of 5,000,000, 21.8 mg of
80 mg of isosorbide di-nitrate, 80 mg of lactose, 208 mg  sodium chloride, 3.8 mg of hydroxypropylmethyleel-
of poly(ethylene oxide) having s molecular weight of & lose, and 1.5 mg of magnesium stearate. The device has
200,000, 19.5 mg of hydroxypropylmethylceliulloss and & semipermeable wall comprising 95 wt 9% (25 mg) of
3.9 mg of magnesium stearate, and x second expandable  cellulose scetate having an soetyl content of 39.8%, and
layer of 233 mg of poly(ethylede oxide) having amolec- 5 wt % (1.32 mg) of poly(cthylene glyecol) 4000. The
ular weight of 5,000,000, 13 mg of hydroxypropylme-  device has an osmotic passageway of 0.37 mm. The
thyleellulese, and 5.2 mg of maguesium stearate. The €5 device, after 2 start-up of sbaut | bour, delivers thout
device has a scmipermeable wall comprising 80% (36 0.24 mg per Bour over a pericd of 26 hours. Devices
mg) cellulose acetate having an xcetyl content of  containing from 1 mg to 125 mg of drug can be pre-
35.89, 10% (4.5 mg) poly(cthylene glycol) 4000, 2nd  pared for their vasodilator effect as related to blockade

-
Q
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of posesynaptic alpha-adrenoceptors. The device also
can be used for the treatment of hypertension.

EXAMPLE 25

b

36
EXAMPLE 41

A dasage form for administering the beneficial, gas-
trointestinal administrable drug, salbutamo! hydrochlo-

The procedure of Example 24 repeated for providing S ride, is made sccording to the above procedures. The

osmotic devices containing in the first layer from 1 mg
to 15 mg of 2 blocking alpha adrenoreceptor from 25
mg to 375 mg of osmopolymer and, optionally, from 0.5
mg to 7.5 mg of osmagents and a second lsyec compris-
ing 15 mg to 250 mg of osmopolymer and, optionally,
from 10 mg to 75 mg of osmagent.

_EXAMPLE2S

fng an osmotc device comprising: a first layer composi-
tion weighing 150,70 mg comprising 4 wt % of a block-
ing aiphs-adrznoreceptor drug. 89 wt % Polyox ®
N-10 poly(ethylenc oxide) having a molecular weight of
100,000, 5§ wt 9% hydroxypropylmethyleellutase, and 2
Wt 9 magnesium stearate; 5 second layer composition
weighing 150.70 mg comprising 92 wt % Polyox ®
Coagulant poly(ethylene oxide) having a molecular
weight of 5,000,000, § wt % bydroxypropylmethylcel-
iulose, 1 wt % ferric oxide, and 2 wt % magnesium

10

5

2 ointestinal sdministrable drug,

5

stearate. The osmotic device semipermeable wall

weighed 21.70 mg comprising 95 wt 9% cellulose acetate
having an scetyl content of 39.8% and § wt % poly-
(ethylene glycal) 4000. The osmotic passageway has a
diameter of 0.370 mm coanecting the exterior of the
device with the drog layer.
LES 27-28
The procedurss described above are repeated with al!
procedures as previously described, except that the
osmotic device contained an alpha-adrenergic blocking
drug selected from the the group consisting of
tri:nazosin, phenoxybenzamine hydrochionae and
phentolamine bydrochloride.
EXAMPLES 29-3C

The procadures described above are repeated with all
procedures as described, extept that in the preseat de-

ki

EH

Le]

vices the first composition in the compartment con- 4

tained from 1 mg to 125 mg of 2 member selected from
the group consistiag essentially of anhydraus theophyl-
line, salbutamal base, diazepam and furosemide. .

EXAMPLES 31-34

The procedures for manufacturing an osmotic device
for dispensing an angiotensin converting earyme drug
through at least oge pore in 2 cellulose acylate wall of
the device is manufactured as describe berein with the
angiotensin converting enzyme inhibitor & member se-
Jected from the group cousisting of lisinopril, esalapril,
captopri, ramipril 20d enalapriat.

EXAMPLES 3540

The procedures for manufacturing an osmotic device
for administering a gastrointestinal histamine receptor
antagonists in a therapeutically effective amouat for
treating ulcers through at feast one pore-passageway of
a cellulosic wall is followed with the manufacture as set
forth with the drug selected from the group consisting
of famotidine, cimetidipe, ranitidine, nizatidine and etin-
tidine, from 100 mg to 450 mg every 12 to 24 hours one
to three times dafly.

50

55
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wall in the presest example is applied in an air suspen-
sion machine and it comprises & microporous waliform-
ing composition. The microporous composition com-
prises 45% by weight of cellulose acetate having an
acetyl content of 39.8%, 459 by weight of sorbitol, and
10% by weight of palyethylene glycol 400. In opera-
tion, in the fluid environument of the gastrointestinal

- .——tract, the. sorbitol is Jeached from the wall providing.

thereby 8 plurality of micraporous passageways of con-
trolled porosity for reletse of the drug salbutamol hy-
drochloride from the dosage forms.

EXAMFLE 42

A dosage form for administering the beneficial gas-

theophylline iso-
propanolamioe is mzde sccording to the abave proce-
dures. The wall in the present example is applied in an
&ir suspension machige and it comprises & microporous
wallforming composition. The micraporous composi-
tion comprises 559 by weight of cellulose scetate hav.
ing aa acetyl countent of 39.8%, 40% by weight of sorbi-
tol aod 5% by weight of palyethylene glycol 400. 1a
operation, in the flnid eavironment of the gastrointesti-
nal tract, the sorbitol is Jeached from the wall providing
» plurality of micropares. The micrapores of controlled
porosity provide fluid access through the wall 1o the
osmopolymers. The osmopolymers sct in concert ta
deliver the drug throngh a preformed passageway in the

wall to the drug formulation.
The novel osmotic system of this invention uses dual

means for the sttzinment of precise relezse rute of drugs
£t are difficult to deliver in the envirooment of use,
while simnltaneously maintatning the integrity and the
charecter of the systemn. While there has beea described
and pointed out featurss and zdvantages of the igven-
tiou as applied to the presently preferred embodiments,

those skilled in the dispensing art will appreciste that
various modifications, changes, additions, and omis-

sions in the system illustrated and described can be

msde without departing from the spirit of the invention.

We claim:

1. An improvement in 2 device for delivering & berte-
ficia] sgent compasition to a fluid environment of usc,
wherein the device comprises:

(x) 2 wall comprising & composition that is permeable

to the passage of fluid and is substantially impernme-
able to the passage of ageat, which wall surrounds

aad forws;
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(t) s compartment, and wherein the improvement -

comprises;
(c) 2 beneficial agent compesition comprising a bene-
ficial ageat and 10% to 90%% of an esmopolymer in
the compuriment, which beneficial agent composi-
tiou is delivered substantially as a ribbon, at a rate

expressed by

d i :
& “(T) + o wheria G-
1
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is the does o[' beneficial agent defivered in unit
time,

(+)
o
L4
is the total volume of the agent composition deliv- .
ered iz unif time, 20d Cpis the amoust of beneficial

agent mixed with the osmopolymer composmcu
delivered from the device;

. _ _(d)apush composmou In contact with the beaeficial
agest composmou i the compartment, which push ™
composition, in the presence of fluid that eaters the
device, increases in dimension and pushes the bene-
ficial sgent compasition from the device; and,

(¢} exit means in the wall for delivering the beneficial
agent compasition from the device, &t & cantrolled

10

rate over time.
2. Aa improvement in a device for delivering & bcneﬁ-

cial agent to » fluid environment of use, wherein the
device comprises:

(2) 2 wall comprising & composition that is permeable
to the passage of fluid end is substantially imperme-
able to the passage of agent, which wall surrounds
and defines;

(b) & compartment, and wherein the improvement
comprises; '

(¢} 2 beneficial 3gent composition in the compartment
comprising 10% to 90% of aa csmopolymer and an
osmagent that exhibit fluid influx, which beneficial
agent compasition is. delivered substaatially as a
ribbon, and when the device is in operatioa in g

fluid environment, 2 fluid mflux 35

Fe _t_v_)

wherein dV is the volume influxed in unit time d¢;

(d) a push composition in contact with the beneficial
ageat compaosition in the compartment, said push
composition exhibiting, when the device is in oper-
atiog, & fluid influx

- Pis
o-(%)
r
whereln dV is the volume influxed i unit time d;
and,

43

L]
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(e) at least one exit orifice in the wall for deliverng
the beneficial agent by the cooperating operation
of beneficial agent composition and the push com-
position acting together for delivering the benefi-
cial agent throngh said orifice.

3. An improvement in a device for delivering a bene-
ficial agent to a fluid eovironment of use, wherein the
device comprises:

(a) 2 wall comprising a compasition that is permeable
to the passage of fluid and is substantially imperme-
able to the passage of agent, which wall surrouads;

(b) & compartment, and wherein the improvement
-~ COMPISES: = —— et = —me - o

(c) 2 beuelicial agent composition in the compartment
that is delivered substantially as a ribbon, which
compasition campriscs [0% to 30% of means for
sbsorbing fluid that eoters the compartment at a

rate

- (%),

for praviding at least 4 fraction of the composition
camprising fluid in unit time dt;

(d) = push composzuon in contact with the beneficial
sgent composition in the compartment, which push
composition absorbs fluid that eaters the compart-

ment at 2 rale

-(2)

far providing at least in pact & fraction of the push
needed for pushing the beneficial agent compoition
from the device at & rate comprising

('—“) -Fg Flc

whezein Fpithe £ action of beneficial agent in the
agent composition and pee is the demsity of the
beneficial sagent composition; xad,

(€) at least one exit pore passageway in the wall for
delivering the beacficial sgeat composition from
the device, at & rate governed by the wall, the
beneficisl ageat composition aad the push compo-
sition interacting to deliver the beneficial agent
through the orifice.

¢« & ¥ 8 ®
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A dosage form is disclosed comprising the antidiabetic
drug glipizide for administering to 2 patient in need of
glipizide therapy.
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DELIVERY SYSTEM FOR ADMINISTRATION
BLOOD-GLUCQOSE LOWERING DRUG

CROSS-REFERENCE TO CO-PENDING 5
APPLICATION

This application is 2 continuation-in-part with LS.
appiication Ser. No. 07/402 314, filed Sept. 5, 1989, now

U.S. Pat. No. 5,024,843 issued Jun. 18, 199! and is co- 10

pending with an application now U.S. Ser. No.
07/650,822, filed Jan. 22, 1991,

DISCLOSURE OF TECHNICAL FIELD

This invention pertains 1o a dosage form comprising
the hypoglycemic drug glipizide. The invention coa-
cerns also & method for administering glipizide to a
recipient in need of glipizide therapy.

DISCLUSUKRE OF BACKGRCOUND OF THE

INVENTION

A clinical need exists for a dosage form for delivering
an oral blood-glucase lowering drug to & patient need-
ing this therapy. Glipizide is an oral blood-glucose low-
ering drug and it is indicated for the control of hyper-
glycemia and its associated symptamatology in patients
with non-insulin dependent diabetes mellitus Glipizide
is useful therapeutically as an oral hypoglycemic drug
bezause it stimulates insulin seeretion from the beta cells
of pancreatic-islet tissue, it increases the concentration
of insulin ir: the pancreatic vein, and because it exhibits
extrapancreatic action such as the ability to increase the
number of insulin receptars. :

Glipizide is known chemically as N-[2-[4[[{(cy-
clohexviamine) carbonyljamina)sulfonyl]phenyijethyl}-
S-methylpyrazinecarbozxamide. Glipizide is & white, 35
odorless powder with & pKa of 5.9, and it is iasaluble in
both water and alcohol These physical and chemical
propesic 2P glinizide do not lend the drug to formula-
tion inlo a dosage form that can administer glipizide at
& controlled and kncwn rate per unit time. The proper-
tes of glipizide arc disclesed in Martindale The Extra
Pharmacopoeiz 29th Ed., p 390, (1989); and, AHFS
Drug Information, pp 174145, (1989).

In the light of the above presentatios, it will be appre-
ciated by those versed in the pharmaceutical dispensing
art to which this invention pertains, that a pressing need
exists for & rate-controlled dosage form that can deliver
the valusble drug glipizide t0 2 paticat in clinical need
of blood-glucase lowering therapy. The pressing need
exists also far an ard] dotage form thet can deliver glipi-
ride at a controlled rate in 1 substandally constant dose
per unit time for its beneficid therapeutic effects, and
remain substentially independent of the changing envi-
ronment of the gastrointestingl tract It will be appreci-
ated further by those skilled in the dispeasing art, that if
such g novel and unique dosage form is made svailable
that can administer glipizide in & rate-controlled dose
over time, end simultanecusly provide blood-glucose
lowering therapy, the dosage form would represent an
sdvancement and a valuable contribution to the medical &

Lt

«

20

1.
L7

DISCLOSURE OF OBJECTS OF THE
INVENTION
Accordingly, i view of the above presentation, it is 65
" a5 immmediate object of this invention ta provide a dos-
1ge form for delivering glipizide in 2 rate coatcolled
amount, and which dosage form substantially over-

20
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2
comes the deficiencies and omissions associated with
the prior art.

Another object of the present invention is to pravide

4 dosage form for orally administering glipizide in 2
ratecontrolled dose for blood-glucose lowering ther-
apy. .
Another abject of the invention is to provide a phar-
maceutical dosage foom that makes available controlled
and sustained glipiride therapeutic activity to a patient
in need of glipizide therapy.

Another object of the inveation is to provide a novel
dosage form manufsctured as an osmatic device that
can administer glipizide 10 a biological receptor site to
produce the desired glipizide pharmacological effects.

Aunother object of the present invention is to provide
s dosage form manufactured as an osmotic dosage form
that maintains glipizide in the dosage form until released
from the dosage form, thereby substantially reducing
and/or substandally eiiminating ibe unwanied influ-
ences of the gastrointestinal environment of use and stiil
provide controlled administration of glipizide over time

Another object of the present inveation is to provide
a dosage form that can deliver the substantially aquegus
insoluble drug glipizide at¢ 2 controlled and beneficial

known rate over time. .
Another object of the present invention is to provide

"¢ dosage form adapted for the oral administration of

glipizide and which desage form comprise a first com-
pasition and a contacting second composition that oper-:
ate in combination for the controlled administration of
glipizide.

Another object of the present invention is 10 provide
3 complete pharmacrutical glipizide regimen compris-

§ ing # compasition comprising glipizide that can be dis-

pensed from 2 drug delivery dosage form, the usc of
which requires intervention only for initiation and pos-
sibly for termination of the regimen.

Another object of the invendcs is to provide a
method for treating hyperglycemia by orally adminis-
tering glipizide in a rate-contralled dose per unit me 1o
2 warm-blooded animal in nced of hyperglycemia ther-
apy.
Arather object of the invention is (o provide & dos-
ggc form comprising the drug N-[2-[4-{({(cyclohex-
ylamino})  carboayl}-aminolsulfony(jphenyljethyl}-5-
methylpyrazinecarboxamide and a pharmaceutically
scceptable carrier that forms and provides & dispensable
composition when the dosige form is delivering the
drug to the patient. .

Other objects, festures and advantages of this inven-
tion will be more spparent to those versed in the dis-
pensing arts from the lollowing detailed specification,
taken in conjunction with the drawings aad the accom-
panying claims.

BRIEF DISCLOSURE OF THE DRAWINGS

In the drawings, which are not drawn to scale, but are
set forth to llustraté various embodiments of the inven-
tion, the drawing figures are as follows:

Drawing FIG. 1 is a view of ¢ dosage form designed
and shaped for orally administering glipizide to the
gastrointestinal tract of 3 warm-blooded animal, includ-
ing humans;

Drawing FIG. 2 is an opened view of the dasage
form of drawing FIG. 1 fllustrating the structure of the
dosage form comprising glipizide;
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Drawing FIG. 3 is an opened view of the dosage
form of drawing FIG. 1 depicting a difTerent internal
structure embodiment provided by the invention;

Drawing FIG. 4 is a graph that depicts the release
rate pattern {rom one embodiment aof the dosage form
provided by the invention; and,

Drawing FIG. § is a graph that depicts the release
rate pattern for a different embodiment of the dosage
form provided by the invention.

In the drawing figurcs gnd in the specification like |
parts in related drawing figures are identified by like
numbers The tcrms appearing earlier in the specifica-
tion and in the description of the drawings, as well as
embodiments thereof, are further described elsewhere

in the disclosure.

DETAILED DISCLOSURE OF THE DRAWING
FIGURES

Turming nOw 10 tiic diawing Higures in detail, which
drawing figures are examples of the dosage forms pro-
vided by this invention, and which examples are not to
be construed as limiting, one example of the dosage
form is illustrated in drawing FIG. 1 and designated by
the numera! 10. In drawing FI1G. 1, dosage form 10
comprises & body 11, which body member 11 comprises
& wall 12 that surrounds snd encloses an internal com-
partment, not seen in drawing FIG. 1. Dosage form 10
comprises at least one exit means 13 for connecting the
interior of dosage fonmn 10 with the exterior environ-
ment of use.

Ia drawing FIG. 2. dosage form 10 is seen in opened
view. In drawing F1G. 2, desage form 10 comprises &
body member 1§ compnising wall 12, which wall sur-
rounrds and delines an intemnaj compantment 14 Wall 12
comprises at least ane exit means 13 that cecanects inter-
nal compariment 14 with the exterior of dosage form
10. Dosage form 10 can comprise more than one exit
ccans 11 Wa' 13 0% Ansage form 10 comprises in total,
or in at least 2 past, a compositioa that is permaesbie to
the passage of an exterior fluid present in the environ- 40
ment, and wall 12 is subsuntially impermeable to the
passage of glipizide and other ingredients present in
campartment 14. The composition comprising wall 12 is
semipermeable, it is substantially inert, and wall 12
maintains its physical and chemical integrity during the
dispensing life of glipizide from dosage form 10. The
phrase, keeps its physical and chemical integrity,”
means wall 12 does not Jose its structure, and it does nat
change chemically during the glipizide dispensing life
of dosage form 10. : 50

Wall 12, in a presently preferred emmbodiment, com-
prises 80 weight percent (wt %) to 100 weight percent
of 1 composition comprising & cellulose polymsr The
ccliulose polymer comprises & member selected from
the group cousisting of a cellulose ester, cellulase ether,
cellulose ester-cther, cellulose acylate, cellulose diacy-
lste, callulose triacylate, cellulose acetate, cellulose
discetate, and cellulose triacetate. Wall 12, in another
preferred manufacture, comprises from 0 weight per-
cent to 25 weight percent of s member selected from the 60
group cousisting of hydroxypropyleellulose and hy-
droxypropylmethyleellulose, and from 0 to 20 weight
percent of polyethylene glycol, with the tota] amount of
2!l wall-forming components comprising wall 12 equal
to 100 weight percent.

[ntemnal compartment 14 comprises an internal glipi-
zide lamina 15, which glipizide lamina can be defined
optionally as a glipizide camposition 15. Internal com-
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pariment 14 zlso comprises an internal displacement
lamina 16, which displacement famina can be defined
optionally as a displacement compasition 16. The glipi-
zide lamina 15 and the displacement lamina 16 initially
are io laminar arrangemen( and they cooperate with
each other and with dosage form 10 for the cffective
delivery of glipizide from dosage form 10.

The glipizide composition 15, in a presently preferred
embadiment, as seen in FIG. 2, comprises about 1.0 mg
to 100 mg of glipizide identified by dots 9; from 100 mg
0 320 mg of a polyethylene oxide camprising 80,000 to
350,000 molecular weight and identified by dashes 17,
which performs 2s & pharmaceutically acceptable car-
vier for glipizide to provide a dispensable formulation
for the substantially squecus insoluble glipizide from 5
mg to 50 mg of bydroxypropylmethylcellulose compris-
ing 2 9,200 to 22,000 molecular weight and identified by
vertical Imes 18; and from 0 mg to 7.5 mg of & lubricant
such as stearic acid, magnesium stearate, and the like.

The displacement lamina 16, as scen in drawing FiG.
2, comprises 70 mg to 125 mg of a polycthylenc ozide
comprising a 4,000,000 to 8,000,000 molecular weight
identified as lines 19; from 20 ing to 50 mg of an osma-
gent selected fram the group consisting of sodium chlo-
ride and patassivm chloride identified by wavy line 20;
and from 5 mg to IS mg of a hydroxypropylmethylcel-

“[ulose having 2 9,000 to 25,000 molecular weight identi-

fied by vertical slashes 21. Displacement larina 16 op-
tionally comprises from 0.1 mg 10 5 mg of ferric oxide
and fromm 0.01 mg to 5 mg of a lubricant such as magne-
sium stezrate or stearic acid.

Drawing FIG. 3 depicts in opened section another
osmotic dosage form 10 provided by the invention. In
drawing FIG 3. dosage form 10 comprises a body 11, a
wall 12, which wall 12 surrounds an intemal compart-
ment 14 with an exit passageway 13 in wall 12, Internal
compartment 14, in this dosage form, comprises 1n
internal glipizide lamina 15, which glipizide lamina 15
comprses 2 mg i 25 mg of aqueous insoluble drug
glipizide identified by dots ; from 100 mg to 150 mg of
1 hydroxypropyleellulose comprising 1 40,000 to 80,000
molecular weight identified by angle 21; and from 490
mg to 70 mg of 2 polyvinylpyrrolidone comprising &
30,000 to 70,000 molecular weight and identified by half’
circle 23. Internal compartment 14 comprises a dis-
placement laminz 16 comprising 30 mg to 150 mg of
sodium carboxymethyleellulose having 200,000 to
1,000,000 malecalar weight identified by wavy lines 24;
from 20 xag to 70 mg of an osmagent selected from the
group coasisting of sodium chioride and potassium
chloride identified by circle 25; and from 0.5 mg to 10
mg of 3 hydroxypropylmethylcellulose comprising a
9,200 to 22,000 molecular weight ideatified by squares
26. Displacement lamina 16 optionally comprises from 0
mg to 5 mg of ferric oxide and optionally 0 mg to 7 mg
of a Jubricant.

The expression, “exit means 13," as used herein, com-
prises mesns snd methods suitable for the controlled
metered release of glipizide 9 from compartment 14 of
dasage form 10. Tac exit means 13 comprises at least
one passageway, orificz, or the [ike, through wall 12 for
communication with glipizide 9 in compartment 14,
The expression, “at least one passageway," includes
aperture, orifice, bare, pace, aor porous element through
which glipizide can be released, or hollaw fiber, czpil-
lary tube, porous overlay, porous insert, and the like.

- The expression also includes a material that erodes or is

fluid-leached from wall 12 in a fluid environment of use
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to produce 2t least one pore-passageway af governed
release rate pore-size in wall 12, Representative materi-
als suitable for forming &t least one passageway, or 2
multiplicity of passageways, comprise an crodible poly-
glycalic acid, or a palylactic acid member in wall {2, 2
gelatinous (ilament, palyviny! alcohal, lcachable mate-
rials such as a {luid remavable pore forming polysac-
charide, salt, oxide, polyol, or the like. A passageway or
a plurality of passageways can be formed by lesching z
material such as sorbitol, lactase, or the like, from wall
11. The passageway can have any shape such as round,
trizagular, square, elliptical, aad the like, for assisting in
the metered release of glipizide § from dosage form 10.
Dosage form 10 can be constructed with one or more
passageways in spaced apart relations, or mare than one
passageway on a single suiface of dosage form 10. Pas-
sageways and equipment for forming passageways are
disclosed in U.S. Pat. Nas. 3,845,770 issued 11/74 0
1necuwes ci o, 3,515,299 issued 11775 1a Theeuwes et
a); 4,016,880 issued 4/77 to Thecuwes et al; 4,063,064
issued 12/77 to Saunders et al; 4,088,864 issued 5/78 (0
Theeuwes et al; and, passageways formed by leaching

are disclosed in U.S, Pat. Nos. 4,200,098 issued 4/80 t0

Avyer et al; 4,235,236 issued 11/80 1o Theeuwes; and, -

4,285,987 issued to Ayer e &l

Dosage form 10 of this invention is manulactured by
standard techniques. For example, in one manufacture
the drug glipizide is mixed with other composition-
forming ingredients and the mix then pressed into a
solid lumina possessing dimensions that correspand to
the internal dimensiens of the compartment space adja-
cent tc the passageway. In another embodiment the
beneficial drug glipizide and other composition forming
ingredients and a solveni are mixed inte 2 solid, orinto
2 semisolid, by conventiona) methods such as ballmill-
ing. calendering, stiming, or rollmilling, and then
pressed into a preselected lamina forming shape. Next, 2
lamira composition comprising the osmopalymer and
the osmagent are placed i contact with Lhe iamisia
cemprising the beneficial drug glipizide, and the twg
larina comprising the laminate are surrounded with 1
semipermeable wall. The {amination of the glipizide
compositict and the osmopolymer displacement com-
position can be accomplished by using 2 two-layer tab-
let press technique. The wall can be applicd by molding,
spraying, or dipping the pressed shapes into wall-form-
ing formulations. Another preferred technique that can
be used for applying the wall is the air suspension coat-
ing procedure. This procedure consists in suspending
and tumbling the two layered laminate in & current of
air until the wall forming composition surrounds the
laminate The air suspension procedure is described in
U.S. Pat. No. 2,799,241; in J. Pharm Assoe, Sci Ed.
Val. 48 pp 451-59 (1959); and ibid Val. 49, pp 82-84,
(1960). Other standard manufacturing procedures arc
described in Modemn Plastics Encyclopedia Vol 46, pp
62-70, (1969); and in Pharmaceuvtical Sciences, by Rem-
ington, 14th Ed., pp 1626-1978, (197Q), published by
Muck Publishing Co., Eastan, PA.

Exemplary solvents suitsble for manufacturing the
wall, the laminute, and laminae, comprise inert inor-
gaiic and organic solvents that do not adversely affect
the {inal wall and the fins] laminates. The solvents
broadly comprise ¢ member sclected from the group
consisting of aqueous solvents, alcohols, ketones, esters,
ethers, aliphatic hydrocarbons, halogensted solvents,
cycloaliphatics, eromatics, heterocyclic solvents, and
mixtures thereof. Typical solvents comprise scetonc,
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diaceione, alcohol, methanol, ethanol, isopropyl alco-
hol, butyl alcahal, mechyl acetate, ethyl scetate, isopro-
pyl acetate, n-butyl! acetate, methyl isabutyl ketone,
methylpropy! ketone, n-hexane, n-heptane, ethylenc
glycol monoethy! cther, ethylene glycol monoethyl
acclate, methylene dichlorde, cthylene dichloride,
propylene dichloride, acetone and water, acetone and
methanal, acetone and ethyl aleshol, methylene dichlo~
ride and methanol, ethylene dichloride and methanol,

and the like.

DETAILED DISCLOSURE OF EXAMPLES OF
THE INVENTION

The following examples are merely fllustrative of the
present invention, and they should not be considered as
limiting the scope of this invention in any wiy, as these
examples and other equivalents thereof will become
apparent to those versed in the art in the light of the
present disclosure, the drawings and the sccompanyin

claims.

EXAMPLE |

An oral dosage form, adapted, designed and shaped
85 an osmatic drug delivery system far admittance into
the gastrointestinal tract of 2 paticat in reed of glipizide
is manufactured as follows: furst, 369 g of pharmaceuti-
cally scceptable hydroxypropyleeilulose comprising a
60,000 average molecular weight is passed through 2 20
mesh screen, followed by passing through 1 40 mesh
screen 162 g of pharmaceutically accepuable polyviny)-
pyrrolidone comprising a 40,000 average molecular
weight. Next, the twa screened ingredients are blended
with 66 g of glipizide to form a homagenequs blend.
The blend is suspanded in a fluidized bed and sprayed
with an atomized spray comprising an cthanol:water
(70:30 vol:vol) solation until granules are fortmed of the
three ingredients. The freshly prepared granules then
are passed through 2 20 mesh screen. Finally, the
sececned granulition ic mixed with 3 g of magnesium
stearate in 1 rollermill for § minutes.

Next, a scparate hydrogel granulation is prepared as
follows: first, 389 g of pharmaceutically - acceptable
sodiur carboxymethyleellulose having 700,000 molec-
ular weight, 174 g of sodium chloride, 30 g of pharma-
ceutically acceprable  hydroxypropylmethylcellulase
comprising 2 11,200 molecular weight and 6 g of feryic
oxide separately are screened through £ 40 mesh screen.
Then, all the screened ingredients are mixed ta produce
a homogencous blend. Next, 300 ml of denatured anhy-
drous ethanol is added slowly to the blead with continu-
ous mixing for about 5 minutes The freshly prepared
wet granulation is screened through & 20 mesh screen,
sllowed to dry at room temperature for 16 hours, and
again passed through a 20 mesh screen. The screenéd
granulatios is mixed with 1.5 g of magnesiun stearate in
& rollermill for about 5 minutes,

Next, the glipizide granulation, and the hydrogel
graulation are compressed into 2 bilaminate tablet
arrangement. First, 200 mg of the glipizide composition
is added to a 0.375 inch (9,5 mm) punch and tamped,
then, 140 mg of the hydrogel granulation js added to the
punch and the two laminac are pressed Into a solid,
contacting arrangement.

Next, the bilaminate is coated with 2 semipermeable
wall. The semipermeable wall-formiag composition
comprises 93% cellulose acctate having 2 39.8% acery!
contenat, and 7% polyethylene glycol having a 3350
malecular weight. The wall-forming compasition is
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dissolved in a cosolven! comprising acectone: water
(90:10 wi:wt) to make a 4% solids soiutian. The wall-
farming compasition is sprayed anto and around the
bilaminate in an Aeromatic @ Air Suspension Coater.
Then, a2 25 mil (0.615 mm) exil arifice is mechanically
drilled on the glipizide side of the osmotic dosage form.
The residual solvent is removed by drying the osmotic
system for 48 hours st 50° C. and 50% humidity. The
osmotic systems are dricd for | hour at 50° C. to remove
excess moisture. Attached drawing FIG. 4 shaws the in
vitro release rate profile for glipizide from the finished
osmotic systerm as released in distilled water. The error
bars represent the standard deviation added to and sub-
tracted from the mean af five osmatic delivery system.
An osmotic dosage form provided by the invention
comprises 1} wi% glipizide, 61.50 wi% hydroxypro-
pyl- cellulase of 60,000 molecular weight, 27.0 wt%
polyvinylpyrrolidane of 40,000 malecular weight, 0.5%
magnesiva sicarale in the ghipizide composition; 64.8
w1% sodium carboxymethylcellulose of 700,000 molec-
ular weight, 29 wi% sadium chloride, § wt% hydroxy-
propyl-methylecellulose of {1,200 molécular weight and
1.0 wit% ferric oxide, 0.2% magnesium stearate in the
hydrogel cornpuosition; and, 93.0 wt% cellulose acetate
kaving a 39.8% acetyl content, and 7.0 wt % polysthyl-
ene glycol having a 3350 molecular weight in the semi-
permeatle wall formulation.

EXAMPLE 2

A dosage form adapted, designed and shaped as an
csmotic drug delivery system is manulactured as fol-
Jows: first, a glipizide compasition is provided by blend-
ing together into a homogeneous blend 478 g of phar-
maceutically acceptabie polyethyiene oxide comprising
1 200,000 molecular weighy, 66 g of glipizide and 54 g of
pharmaceutically scceptable hydroxyprapylmethyleel-
luiose comprising 3 11,200 molecular weight. Then, ¢25
! of derarired anhvérous ethanol is added slowly with
continuous mixing over § micutes. } ae ireskiiy prepared
we! granulation is screened through a 20 mesh screen
thrcugh 2 20 mesh screen, dried at room temperatuse
for 16 hours, and again screened through a 20 mesh
screzn. Finally, the screaned granulation is mixed with
1.5 g of magnesium stearate in a rollermill for § minutes.

Next, 2 hydrogel composition is prepared as foilows:
first, 412.5 g of pharmaceutically acceptable polyethyl-
cne oxide comprising 8 7,500,000 molecular weight, 150
g of sodium chloride and § g of ferric oxide separately
are screened through & 40 mesh screen. Then, all the
screened ingredieats are mixed with 30 g of hydroxy-
propylmethyleellulose comprising a 1(,200 molecular

- weight ta produce 2 homogeneous blend. Next, 300 mg
of denatured anhydrous alcohol is added slowly ta the
blend with contisuous mixing for § minutes. The freshly
preparcd wet granulation is passed through s 20 mesh
screen, mllowed to dry at room femperature for 16
hours, and again passed through & 20 mesh screen. The
screened granulation is mixed with 1.5 g of magnesium
stearate in 2 roflermill for § minutes.

Next, the glipizide composition and the hydrogel
composition arc compressed into blaminate tablets.
First, 200 mg of the glipizide is added to & 0.375 inch
(8.5 mm) punch and tamped, then, 140 mg of the bydro-
gel composition is idded and the laminae are pressed
under z pressuce head of 2 tans into z coatacting lami-
nated srrangement.

Then, the bilaminate arrangements are coated with g
semipermeable wall. The wall forming composition
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comprises 93% cellulose acetate having a 39.8% acevi
content, and 7% palyethylene glycal having a malecy-
lar weight of 3350. The wall-forming composition is
dissolved in an acetone:water (90:10 wi:wt) cosolvent
to make a 4% salids solution. The wall forming compo-
sition is sprayed onto and around the bilaminate in an
Accamatic ® Alr Suspension Coater.

Next, = 25 mil (0.635 mm) exit passageway i§ mechan-
ically drilled through the semipermeable wall to con-
nect the glipizide drug lamina with the extedor af the
dosage system. The residual solvent is rernoved by dry-
ing for 48 hours at 50° C. and 50% humidity. Next, the
asmatic systems sre dried for § hour at 50° C. to remove
excess maisture. The dosage form produced by this
manufacture peovides = glipizide composition compris-
ing 11 wt% glipizide, 79.7 wt% polyethylene oxide of
200,000 molecular weight, 9 wt% hydroxypropylme-
thylcellulase of 11,200 molecular weight, and 0.3 wi%t
magnesium stearate; a hydrogel composition compris-
ing 688 wi% poiycthyicnc cxide comprising a
7,500,000 malecular weight, 25 wt% sodium chloride, §
w1% hydroxypropylmethylcellulose, 1.0 wi% ferric
oxide and 0.2 wt% magnesium stearate; ind a semiper-
mesable wall comprising 93 wt% cellulose acetate com-
prising a 39.8% acctyl content, and 7.0 wt%z polyethyl-
ene glycol comprising 2 3350 molecular weight.

Accomparying drawing FIG. 5 depiets the in vitro
release rate profile of glipizide released from the final
gosage form for four dosags forms. The error bars rep-
resent the standard deviation added to and subtracted
from the mean of the dosage form.

DISCLOSURE OF A METHOD OF USING THE
INVENTION

An embodiment of the inventicn pertains to a method
for delivering tke beneficial drug glipizide orally at a
contzolied rate 1o 2 warm blooded animal in need of
glipizide therapy, which method comprises the steps of:
{4} admitting inta the warnm-blooded animal 2 dosage
from comprising: {1} & wall surrounding & compart-
mert, the wall comprising at least in pant a sermiperme-
&bit paiymeric cempesiton permesble to the passage of
fluid and substantially impermeable to the passage of
glipizide; (2) a pharmaceutically acceptable composi-
tion in the compartment comprising about 2.5 mg to 50
mg of hypoglycemic glipizide for performing an antidi-
sbetic program; (3) a hydrogel composition in the com-
pantment comprising & member selected from the group
coasisting of a polyethylene oxide having a 4,000,000 to
7,500,000 molecular weight snd & sodium carboxy-
methyleeallulose having a 200,000 1o 1,000,000 molecu-
lar weight for imbibing and absorbing fluid for pushing
the glipizide composition from the dosage formy; and, (4)
1t lexst one passageway in the wall for releasing glipi-
#de; (B) imbibing fluid through the semiperyeable wall
at 1 rate determined by the permeability of the semiper-
meable wall and the osmotic pressure gradient across
the semipermeable wall causing the hydrogel composi-
tion to expand axd swell; and (C) delivering the beaefi-
cial glipizide from the dosage form through the exit
passage to the warm blooded animal over s prolonged

- period of time to produce the desired hypoglycemic

effect.
In summary, it will be appreciated that the present
invention contributes to the art an unexpected and un-
forscen dosage form that passesses the practica! utility
for adainistering aqueous insoluble glipizide from an
osmatic dosage fonz at a dase metered release rate per
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uait time. While the invention has been described and
painted out in detail with reference 10 operative em-
bodiments thereol it will be understood that those
skilled in the art that vacious changes, modificadons,
substitutions and omissions can be made without depart-
ing fram the spirit of the inventdion. It is intended, there-
fore, that the invention embrace those equivalents
within the scape of the claims which follow.

We elaim:

1. A method for stimulatiag insulin secretion from the
beta cells or pancreatic-islet tissue in a patient in need of
insulin secretian, wherein the method comprises:

(a) admitting orally into the patient a dosage form

comprising:

(1) a wall comprising 8 member szlected from the
group consisting. of a cellulose ester, cellulose
ether and cellujose cster-ether, which will de-

fines:

2] & lumen;

(3) a first composition in the compartment compnis-
ing | mg 1o 100 mg af the drug N-[2-[+[{[(cy-
clohexylamino) ° carbonyljaminojsulfonyl]-
phenyl]ethyl]-5-methylpyrazinecarbozamide for
stimulating tnsulin secretion and a pharmaceut-
cally acceptable carrier therefore;

(4) & second compasition in the compartment cam-
prising a therapeutically accepuble hydrogel;
(5) an exit passageway in the wall far delivering the

first cempositucr frem the lumen;

(b) imbibing Muid into the dosage form causing the
first composition to provide a dispensable aqueaus
composition and the second composition to expand
and push against the first compaosition, whereby the
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first campasition is delivered from the dosage
form; and,

(c) stimulating insulin secretion by delivering the first
compaosition comprising | mg to {00 mg of the
drug to the patient,

2. An improvement in a dasage form for administer-
ing an aatidiabetic drug to 2 patient, whercin the dosage
form comprises:

(2) a wall comprising 2 member selected from the
group consisting of a cellulase acylate, ceflulose
diacylate, cellulose triacylate, celluose scetace,
ccllulose diacetate and cellulose triacetate, which

wall defines;
(b) 8 compartment;
(c) 3 displacement compasition in the compartment
" coniprising » therapeutically acceptable hydrogen
that absorbs fluid, expands and pushes a drug com-
position from the compartment;

{d) an exit passagewyy in the wall for delivering a
drug composition from the compartment; and
wherein the improvement comprises:

(¢) a drug composition in the compartment, said drug
composition comprising | mg to 100 mg of substan-
tially aqueous inmsoluble N-[2-[4{[{(cyclchex-
ylamino) carboryl]amino]sulfonyl]phenyl)ethyl]-5.
methylpyrazinecarboxamide and & pharmaceuti-
cally accepuable carrier therefore, which composi-
tion when in the presence of 2n aqueous fluid that
enmers the dosage form provides @ dispensable
agueous compasition that delivers I mg to 100 mg
of the antidiabetic drug 1o the patient.

L] . LJ » *
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METHOD FOR LOWERING BLOOD
GLUCOSE

CROSS-REFERENCE TO CO-PENDING
APPLICATION

This application is a division of applicaion Ser. No.
08/180,408, filed Jan. 11, 1994, aand henefit of the filing date
of said earlier filed application is claimed under 35 U.S.C.

which is a continuation-in-part of U.S. gpplication Ser. No. 4

07/650,822 fled Jan. 22, 199!, U.S. PaL No. 5545413
which Scr. No. 07/650,822 is a division of U.S. application

Ser No, 07/402,314, filed Sept 5. 1989 whi

07/402,314 now is 11.5. PaL No. 5,024,843 issued Jun .18, . . .

1991, aud was copeading with U.S. Sec. No. 07/652.717 3

now TIS. Pat No. 5,091,190 issued Feb. 25, 1992, and
benefit of these fling dates is claimed berein, -

This invention pertainy to dosage forms comprising the
drug glipizide. The iavention relates also w0 compositions
comprising glipizide, and the inveation concems addition-
ally 3 method for administering glipizide to a patient in need

of glipinde therapy.

PISCLOSURE OF BACKGROUND OF THE
ONVENTION

A clinical need exists for a dosage form and for 2 method
for delivering ac oral bload-ghucose lowedng drug to a
padent needing s tierapy. Glipizde is av oral blood-
glucose lowering drug and it is indicated for the control of
hyperglycemis and its associated Symptomatology io
patents with non-insulin dependent diabetes mellitus. Glip-
iride is useful therapeutically as an oral hypoglycemic drug
because it stiroulates suim seeretion from the beta cells of
pancreatic-islet tissue, it increases the concentration of insu-
Yia iz the pancrealic veiz, and becavse it exhibits extrapan-
creatic action such as the zbility to increase the number of
insulin receptors.

Giipizide is kmowe chemically as N-[2-[4-[[[(cyclohexy-
lamino)carbonyl]aminosulfonylphenytjethyl]-5-meth-
ylpycazinecarboxamide. Glipizide is a white, odorless pow-
der with 2 pKa of 5.9, and it is insoluble in both water and
alcahol. These physical and chemical properties of glipizide
do not lend the drug to formulation into 2 dosage form, and
these properties do mot lead to & method, that in both
iostances that can administer glipizide at a controlled acd
known rate per ugit timte to produce the inteaded therapy.
The propezties of glipizide are disclosed in Martindale The
Extra Pharmacopeia, 25th B4, p 390, (1989); and, AHFS
Drug Information, pp 174145, (1989).

In the light of the above presentarion, it will be appreci-
ated by thosc versed in the medical and ia this pharmaceu-
tical dispeasing art to which this invention pertains, that a
pressing need exists for dosage forms that can deliver the
valuable drug glipizide in a rate<ontrolled dose to 2 patient
in clinical necd of blood-glucosc lowering erapy. The
pressing need exists also for an oral dosage formt aad for &
method of therapy that can deliver glipizide at a controlled
rate io a substandally coastant dose per uail tme for its
beneficial therapeutic effects, and remain subsantially inde-
peadent of the changing enviroument of the gastrointestinal
tract. It will be appreciated further by those skilled in the
dispensing art, that if such a novel and unique dosage form
and ruethod as made available that can administer glipizide
in a ratc-controlled dose over time, and simultaneousty
provide 2 methed of blood-glucose lowering therapy, the
dosage form and the accompanying method would represent
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an advancement and 2 valuable contribution to the medical
ar.

DISCLOSURE OF OBJECTS OF THE
INVENTION

Accordingly, in view of the above presentation, it is an
immediate object of this invention to provide a dosage fomp
far delivering glipizide in a rate controlled amount, and
which dosage form substantially overcomes the defideneics
and omissions associated with the prior rt.

Anatber object of the preseat inveation is to provide g
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osage Tor for ordlly administEntg_gUpide 1o 1 rale-
“controlled dose for Blacd-glucose lowering thexapy.
Anather object of che invention is to provide a pharma-
ceutical dosage form that makes available coutrolled and

Anotber object of the invenlion is to provide 2 novel
dasage form manufactured a5 sn osmotic, diffasional, bio-
erodible or ioo-cxchange deviee that can sdminister glipiz-
jde to a biological reecptor site to prodoce the desired
glipizide pharmacological effects. :

Another object of the present invention is tc provide a

dosage form manufactured es an osmotic, diffusional, bio-

erodible, or ion-exchange dosage form that maistains glip-
izide in the dosage form until released from the dosage form,
thereby substantially reducing end/ar substantially eliminat-
ing the unwanted infiluences of the gastruintestinal environ-
ment of use and still provide controlled sdmindstration of
glipizide over time.

Another object of the present invenfion is to provide 2
dosage form thar can deliver the substaghally aqueous
insoluble drug glipizide at a controlied and beneficial knowa
raie oves Hme.

Anotber object of the present inventivo is to provide a
dosage form adaped for the oral administration of glipizide
and which dosage form comprise a first compesition and 2
contacting secord composition that operate fn combination
fcr the controlled administation of ghpizde.

Another object of the present invetion is fo provide 2
complete pharmacestical glipizide regimen comprising a
composiion comprsing glipizide that caz be dispensed
from a drug delivery dosage form, the use of which requires
interventon oaly for initiation and possibly for termination
of the regimen.

Another object of the invention is to provide a method for
treatiog hyperglycemia by orally administering glipizids in
a rate~conlrolled dose per umit time to a wacn-blooded
animat in need of hyperglycemia thexapy.

Anoather object af the inveation is to provide a method that
engages osruotic, diffusionsl, biocrodible, ar foo-cxchange
delivery for administering glipizide in a therapentic dose per
ugit Ume or ao exteaded Gme to 2 humas paticnt in need of
glipizide therapy. '

Other objects, featnres and advantages of this inveation
will be more appareat to those versed in the dispensing arts
from the following detailed specification, takea in conjunc-
tion with the drawings and the accompanying claims.

BRIEF DISCLOSURE OF THE DRAWINGS

In the drawings, which are pot drawn to scale, but are sot
farth to itlustratc various embodimeats of the mveaticn, the
drawing figures are as follows:
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Drawing FIG. L is a view of one dosage {orm provided by
the invention designed and shaped for orally adminislering
glipizide to the gasuwointestinal ract of a wam-bloaded
animal, including humans;

Drawing FIG. 2 is an opented view of & dosage form of
drawing FIG. 1 illustrating the structure of the dosage form
comprising glipizide;

Drawing FIG. 3 is an opeoed view of the dosage form of
drawing FIG. 1 depicting a different intemnal structure
cmbodiment provided by the inveation;

Drawing FIG. 4 is a graph that depicts the release rate

4
percent to 25 weight pereent of 2 member selected from the
group consisting of hydroatkylcellulose, hydroxypropyla-
lkylecllulose, bydroxypropyleellulose, and hydroxypropyl-
methylcellulose, and from @ to 20 weight percent of poly-

5 cthylene glycol, with the total amount of all wall-forming
companeats comprisiag wall 12 equal to 100 weight pec-
cent.

Internal campartment 14 in one dosage form comprises an
internal glipizide lamina 15, which glipizide lamina can be

10 defined as glipizide composition 15. Intemal compartment

14 alsa comprises an intecnal displacement lamina 16, which
disp]z:cmcnt lamina can be daﬁnad s di.sphcmnt com-

ed
pattem from gne embodiment of the dosage form provid ition 16 Tue-glipizid n lacement
--Jarmina-16-initially -are-in-laminar srangement -and they

by e Tctind of e mm'mr'ﬂm 3] "g‘rﬁ‘i‘x [va]

2 rate-controlled by the dosage form overan extended period

of therapy; and,
Drawing FIG. 5 is a graph that depicts the reiease ric
pauem fur 2 dxﬂ'cn:nc cmbod:.mcnt of the dos:gc form

e th,
pravace u) et

istered by 2 mclhod cmploymg an psmotic, dxﬂ'uaoua]
bigeradibie, or fon-exchange dosage form.

In the drawing fgures and in the specification like parts in
related drawing figures are identified by like numbers. The
terms appearing eardier in the specificaon and in the
description of the drawings, as well as cmbodiments thereof,
arc further described elsewhere in the disclosure.

DETAILED DISCLOSURE OF THE DRAWING
FIGURES

Turping mow fo the drawing fipures in detail, which
drawing Egures are exampies of the dosage forms provided
by this invention, and which examples are nol to be coa-
strued as limiting, ome example of the dosage fomm is
illustrated in drawing FIG. 1 and designated by the numeral
1. in drawisg FIC. 1, 2os2ge form 10 comprises a body 11,
which body member 11 comprises g wall 12 that sasrounds
and eacloses an internal compartment, not seen in drawing
FIG. 1. Dosage form 10 comprises a1 least one exit means 13
for coanecting the intedor of dosage form 10 with the
exterior environment of use.

In drawing FIG. 2, dosage form 10 is seen in opened view.
In drawing FIG. 2, dosage form 10 comprises & body
member 11 comprising wall 12, which wxll surrounds and
defines an intemal compartment 14, Wall 12 comprises al
least onc exit means 13 that connedls intemal compartment
14 with the exterior of dosage form 10. Dosage form 10 can
comyprise mare than one exit meaas 13. Wall 12 of dosage
form 10 comprises in total, or in at least a part, a composition
that is permeable to the passage of an exterior fluid present
in the environment, and wall 12 is substantially impenmne-
able to the passage of glipizide and other ingredients present
in compartment 14. The compositioa comprising wall 12 is
scmupermedble, it is substantially inert, and wall 12 main-
tains its physical and chemical integrity during the dispens-
ing lifc of glipizide from dosage form 10. The phrase, “keeps
its physical and chemical integrity,” means wall 12 does not
Jose its structure, and it does not change chemically during
the glipizide dispessing life of dosage forra 10.

Wall 12, in a prescat cbodiment, comprises 60 weight
percent (wi %) to 100 weight percent of a composition
corprising a ccliulose polymer. The cellulose polymer
comprises 3 member selected from the group consisting of
a cellulase ester, cellulase cther, ccllulose ester-ether, cel-
Tulose acylate, celiulose diacylate, cellulose triacylate, cel-
Iulose acetate, cellulose diacctate, and cellulose triscetate.
Wall 12, in another manufacture, comptses from O weight

50

55

15 cooperate with each other aud with dosage form 10 for the
effective delivery of glipizide frum dasage form 10.
The glxpmdc composmon 15, ma pr:m cmbcd.r:.:-'

gﬁpmdc ideatified by dats 9; ﬂ'um 100 mg o 320 mg 0{1

x polycthyleac oxide comprising 80,000 10 350,000 molecular

weight ideatified by dashes 17; from 5 mg 10 S0 mg of
hydroxypropylmethyleellulose comprising 2.9,200 to 22,000
molecular weight ideatified by vertical lines 18; and from 0
mg to 7.5 mg of a lubricant such as stearic acid, magoesium

B stearate, and the Like,

The displacement lamina 16, as seen fn drawing FIG. 2,
comprises 70 mg to 125 mg of a polyethylene axide com-
prising 2 4,000,000 tc 8,000,000 molecular weight identified
as lines 19; from 20 mg to 50 mg of an osmagent selected

% fom the group cousisting of sedium chlogde aod potassium

chioride identified by wavy line 20; and from Smg to 15mg
of a hydroxypropylmethy!cellulose having a 9,000 to 25,000
molecular weight identified by vertical slashes 21 Displace-
cent lamina 16 optionally comprises fom 0.1 mg o 5 mg

» of feric oxide azd from 0.01 mg to 5 mg of a lubdcant such

&s magnesium steacaie of sweanic acid.

Dosage form 10, in ancther mambacture the internal
compartment 14 comprises 2 homagenoas eompasition
comprising 2.0 mg 10 750 mg of plipizide and sn osmagent
that exhibits a0 osmotic pressure gradient across semiper-
mesble wall 12 agaiost an external 2qoeous or biological
fluid. The osmageats are knowa also as osmotically efective
solute and as osmotically effective compound. The amount
of osmagent is [ mg ta 350 mg for providing the composi-

s
tion comprising glipizide. The osmagent operable for the

purpose of this dosage forru comprises 2 member selected
from the group consisting of water-soluble morganic salts,
water soluble sugars, organic osmagents and organic salts,
Representative osmagents inclnde sodium chioride, potas-
sium chloride, potassium acid phosphate, tartaric scid, citric
acid, raffinose, magnesium sulfate, magnesium chloride,
urea, inositol, sucrose, glucose, and sorbitol Osmageats are
known in U.S. Pat. No. 4,783332.

Drawing FIG. 3 depicts in opened section smother dosage
form 10 provided by the inveution In drawing FIG. 3,
dosage form 10 comprises a body 11, a wall 12, which wall
12 surrounds an intermal compariment 14 with an exit
passageway 13 in wall 12. Internal compartment 14, fn this

60 dosage form, comprises an internal glipizide lamina 15,

which glipizide lamina 15 comprises 2 mg W 225 mg of
aqueous insoluble drug glipizide identified by dots 9; from
100 mg to 250 mg of a hydroxypropyleellnlose comprising
2 40,000 to 80,000 malecular weight idcntificd by aagle 22;

6 and from 40 mg o 70 mg of a polyvinylpyrrolidone com-

prising 2 30,000 to 70,000 molecular weight aud identificd
by half circle 23. Internal compartment 14 comprises a
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displacernent lamina 16 comprising 30 mg to 150 mg of

sadium carboxymethyleellulose baving 200,000 to 1,000,
000 malecular weight ideatified by wavy lines 24; fram 20
mg to 70 mg of an osmagent selected from the group
coasisting of osmogent Sodiurn chlorde, and potassium
chiloride identified by circle 25; and fom 0.5 mg to 10 mg
of a hydroxypropylmethylcellulose compdsing a 9,200 o
22,000 molecular weight identified by squares 26, Displace-
ment lamina 16 optionally comprises from 0 mg to 5 mg of
ferric axide and optionslly O mg to 7 mg of a Jubricant,
The expression, “exit means 13," as used herein, com-
prises means and methods suitable for the cooltrolled

© passageway, orifice, ot the like, through wall 12 for com-
munication with glipizide 9 in compartment 14, The expres-
sion, “at least one passageway,” includes aperture, orifice,
bore, pare, or porous clcmcnt thmugh whu:h glxpmde can be

porous msm, ard the hkc 'I‘bc cxpr:ssxon also mcludcs 2
matedal that erodes or is fluid-leacked from wall 12 in 2
fluid environment of use to produce at leaset one pore-
passageway of govemed relezse rate pore-size in wall 12.
Representative materials suitsble for forming at least oae
passageway, or a moltiplicity of passageways, comprise an
erodible polyglycelic acid, or a polylactic acid member in
wall 12, & gelatinous filament, polyvinyi alcohal, leachable
matedals such as a fluid removable pore forming polysac-
charide, salt, oxide, polyol, ar the like. A passageway or
plurdlity of passageways can be formed by leaching a
material such as sorbitol, lactose, or the like, from wall 12,
The passageway can have any shape suck 2s round, trizg-
gular, square, elliptical, and the like, for assisting in the
etered release of glipizide 8 from dosage form 10. Dosage
form 10 can be constructed with oge or more passagewsys
L spaced apa relations, or more than one passageway on
a yingle surface of dosage form 10. Passageways and equip-
meat for forming passageways are disclosed in U.S, Pat
Nos. 3,845,770 issued Nov. 1974 to Theeuwes et al; 3,916,
899 issued Nov. 1975 to Theeuwes et al; 4,016,880 issued
Apr. 1877 to Thesuwes et al; 4,063,064 issued Dec. 1977 to
Saunders et al; 4,088,864 issued May 1978 to Theeuwes et
al; aod, passageways formed by leaching are disclosed in
U.S. Pat Nos. 4,200,098 issued Apr. 1980 to Ayer el al;
4,235,236 issued Nov. 1980 o Thecuwes; and, 4,285,987
issued to Ayer et al,

Dosage form 10 used for the purpose of the invention
includes also dosage forms 10 that mediate the efficiency of
glipizide by imparting enhanced therapy from administeriog
glipizide by the method of the invegtion. Dosage forms 10
contemplated by the icvection alsa camprise dosage form
selected from the group consisting of a bicerodiabic-medi-
ated dosage form, diffusion-mediated dosage form and ioa-
exchange mediated dosage form.

The bioerable-mediatcd dosage form 10 cornprises a
biocrodable polymer matrix contaiping glipizide. Dosage
form 10 provides a mediated-release rate of glipizide deliv-
ered o a glipizide~drug receptor as the polymer matrix

biocrodes at a release-rate controlled by the biocroding |

matrix over time. Bioerodable palymess for forming the
dosage form containing glipizide include 3 member selected
from the group consisting of paly(ester) poly{amiae), poly
(lactide), poly(glycolide), poly(lactide-co-glycolide), poly-
(capralactone), poly(hydroxybutyrei acid), poly(arthoester),
poly(octhocarbonate), poly(acetal), poly(carbohydrate),
paly(peptide), and poly(dehydropyran). The biocrodable-
mediated dosage form comprises 2.0 mp to 750 mg of
glipizide compouaded with the biocrodable polymer.
{

- dosage forma 10. The exit means 13.comprises at leastone _ ..

6

The diffusios-mediated dosage farm 10 comprses a
merobranecontrolled diffusion that permits diffusion of
glipizide through a polymer miembrane or diffusion of
glipizide through a porous polymer mewbrane, The diffu-

5- sion mediated dosage farm 10 structurally fncludes a poly-
mer matix with glipizide thereon that is released by the
process of diffusion, and a resecvoir or depot palymer
dosage form with glipizide in the reservoir that is released
therefrom by a process of diffusion through a contacting

10 polymer rate-governiog membraae, Represeatative of poly-
mes for providiag a diffusional daa,e foun comprise 2
memiber selected from the group cuns:sung of paly (olefin),

lyGvinyd)-poty-{carbohydrate)-po
“Bensation); poly(rubber), rrid" poly(silicos); ‘anmenuuv:'

15 of spaaﬁc polymers are 2 member selected from the group
cousisting of poly(ethylene), poly(propylese), copoly(eth-

paly{vnylzc-

ylenevinylacetate), pc(y(xsouuxymy;w:;,
linked
wly(dbcr)

late},  poly(amide), poly(estcr)
20 poly(silicone).

The ijon-exchange mediated dosage form. comprses
waler-jnsoluble-crosslinked polymers with glipizide bound
to the resin, The glipizide is released ot a rate controfled by
the glipizideresin complex by the ionic environment within

25 the gastrointestinal tract. The jon-exchanged mediated dos-
age form comprises cation-exchange resins coataining elec-
tronegative charges and anioo-exchaage resins oontaining
electrapasitive charges, The cation-£xchange resing include
strong-acid weak-acid resings zs with sulfonic add, exrboxy-

¥ Tc acid, 2nd phosphonic acid, and the aniou-exchauge resins
include srocg-tase and weak-base resine a¢ with quaternary
ammoniem, secondary amine, tertiary amine aromatic, and
tertiary amine aliphatic resins. Specific examples of jon-
exchange resins mextion is made of acidic iom-exchange

35 resins mentioo is made of a.cidic-ion-exchangnxdns suchas

Ambetlite IR-120, basic ion-exchange rosios suck as

Ambedite IRA-400, and weak basic ion-exchage mms

such as Amberlite [R-45,

PROCEDURES FOR MANUFACTURING THE
DOSAGE FORM

Dosage form 10 of this invention is mamdactmed by
standard techmiques. For example, in one mamfacture the

4 drug glipizide is mixed with other composition-forming
ingredients and the mix then pressed into 4 solid lamina
possessiag dimensions thar comespood o the intemal
dimensions of the campartmeqt space adjacent to the pas-
sageway. In znother embodirpent the beneficial dmg gliplz-

50 ide and other compesition forming ingredieats and a solveat
are mixed into a solid, or into a semisolid, by conventional
methods such as ballmilling, calendecing, stiring, or roli-
milling, and then pressed into 2 preselected lamin forming
sbape. Next, a lamina composition compdsing the

55 osmopolymer aud lhe osmagenl are placed in cootact with
the lamina comprising the beaeficial drug glipizide, and the
two lamins comprising the laminaie are surrounded with 2
semipermeable wall. The [amination ofthcxﬁ;mdcpam-
position and the osmopolymer displacement courpesition
60 can be accomplished by using 1 two-layer tablet press
technique. The wall can be applied by molding, spraying, or
dipping the pressed shapes {oto wall-forming fommlztions.
Another preferred technique that can be used foc zpplying
the wall is the air suspensiva coaling procodure. This

&5 procedurc consists in Suspendiig and wmbling the two
- layered laminate in a current of air yotil the wall forming
compasition surrounds the laminate The air saspeasion

“

o
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procedurc is described in U.S. Pat No. 2,799,241; in /.
Pharm. Assac., Sci. Fd., Yal. 48 pp 451-59 (1959); and ibid,
Vol. 49, pp 82-84, (1960). Other standard manufactring
procedures arc described in Modern Plastics Encyelopidia,
Vol. 46, pp 62-70, (1969); and in Pharmaceutical Sciences, s
by Remington, 14th Ed,, pp 1626-1978, {1970}, publishcd
by Mack Publishing Co., Easton, Pa

The bioerodable-mediated dosage form is provided by
dispensing or mixing the drug into the bicerodible polymer
by bicnding by spatula, in & v-shaped blender, or on a 1
three-roll mill The blend is heated until pliable to thor-
oughly mix the polymer and drug to yield the loaded
polymer. After the blend cools 10 room temperature, the
blead can be molded inco & prsc i

_. and sized for therapeutic use. .. . . e
A diffusion-mediated dosage form is fabricated by mixing 15

the drug in particulate form with # polymer, which can be in
sotid, semi-solid o¢ liquid focms, and distibured therethrough

-5 minutes. -~

8
tract of 2 patient in need of ghpizide is magufactured as
follows: first, 369 g of pharmaccutically acceptabie hydrox-
ypropyleellulose comprising a 60,000 average molecular
weight is passed through a 20 mesh screen, followed by
passing through 2 40 mesh screen 162 g of pharmaceutically
acceptable polyvinylpymmolidone compdsing 2 40,000 aver-
age molecular weight. Next, the two screened ingredients
are bleaded with 66 g of glipizide to form 2 homogeaeous
blend. The blend is suspended in 2 fuidized bed and sprayed
with a0 stomized spray comprising am ethanol:water (70:30
vol:vol) solution until granules are foaned of the three
ingredieats, The freshly prepared gramules then arc passed
through 2 20 mesh screen. Finally, the screencd granulation
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Next, 2 separate hydrogel gramulation is prepared as
follows: first, 389 g of pharmacentically scceptable sodium
carboxymethylealinlage having 700,000 molecalar weight,
174 g of sodium chloride, 30 g of phaonacewticsilly aceept-

by ballmilling, calendering, stirring, or'shaking. Monomers

_or
formed in siti. A reservoir, or mattix comprising drug o9

distributed therethrough can be fagred into 2 solid shape by
molding, casting, prossing, extruding or drawing. A poly-
meric membrane is applied to a reservoir by wrapping,
laminating or heat sh.n'nﬁing.-or the polymer membrane can
be formed by drawing or stamiping the polymer thereto. A
preformed shape of the polymer, such as lube can be filled 5
with drug and scal to form 2 closed diffusional form A
polymer membranc, or matrix can be converted to a solid by
curing to yicld the desired dosage form.

Az ion-exchanged mediated dosage form where the
absacption of the drug onto the ion-exchange resin to form
a drug resin complex, is provided by mixing the drug with
an aqueous suspeasion of the resio and the complex is then
dried. Absorption of the drug onto the resin is detected by 2
change in the pH of the reaction medium, The ion-exchange
resin drug complex can be solvated by the use of solvaling 45
agents such as polvethylene glycol to enable this complex to
release the drug at a controtied-raze over an exiended pesicd
of drug therapy.

Exemplary scivents sufuadle for manufaciaring the wall,
laminate, compositions, comprse inert inorganic and
organic solvents that do not adversely afect the final wall
and the final lamsinates. The solvents beoadly comprise a
member selected from the group consisting of aqueous
solveats, alcohols, ketones, esters,-ethers, dlipbatic hydro-
carbous, halogevated solvents, cycloaliphatics, aromatics,
heterocyclic solvents, and mixtures thereof. Typical solvents 4
comprise acewone, diacetone, alcohol, methanol, ethanol,
isopropyl alcohol, butyl alcchol, methy! acetate, cthyl
acetate, isapropyl acetate, n-butyl acetate methyl isobutyl
ketone, methylpropyl keloae, n-hexane, o-heptaae, ethylene
glycol moncthyl ether, ethylene glycol monethyl acetate, %
methylene dickloride, ethylene dichloride, prapylene dichlo-
ride, acetone and waler, acetone and methanol, acetous and
_ cthyl alcohol, methylene dichloride and methanal, ethylene

dichloride and methanol, and the like.

DETAILED DISCLOSURE QF EXAMFPLES OF
THE INVENTION

The following examples are merely Dlustrative of the
present invention, and they should oot be considered s
limiting the scope of this invention in any way, as thesc
examples and other equivalents thereaf will become appar-
ent to those versed in the art in the light of the present
disclosure, the drawings and the accompanying claims.

EXAMPLE 1 p

An oral dosage form, adapted, designed and shaped as
drug delivery system for admittance inta the gastrotatestinal

ac

8

able hydroxypropylmethylcellulose comprsing 2 11,200
molecular weight and 6§ g of ferric axide separately are
screened through a 40 mesh screen. Then, all the screened
ingredients are mixed 1o produce a homogeaecous blend.
Next, 300 ol of denatured snhydrons etnol is added
slowly to the blend with coaolinvons mixing for about 5

- minutes. The freshly prepared wet granatation is screencd

through 2 20 mesh screen, allowed to dry at room temperz-
wre for 16 hours, and again passed tirough a 20 mesh
screen. The screaned granulation is mixed with 1.5 g of
maguoesiura slearate in 2 rollermill for aboat 5 minutes,

Next, the glipizide granulation, and the hydrogel granu-
lation are compressed into a bilaminate tablet arrangement.
First, 200 mg of the glipizide compasition is added to a
0375 inch (5.5 mum) punch and tamped, then, 140 mg of the
hydrogel granulation is added to the punch and the two
laminae are pressed into a solid, contacting arangement

Weal the blaminas s coated with 2 semipermesble wall.
The scmipermeable wall-forming composition compriscs
§3% celluiose acetate having a 39.8% acety! content, and
7% pclyethylene glycol having a 3350 malecular weight
The wall-forming composition is dissolved io 2 cosolvent
comprising acctone: water (90:10 wtwt) to make a 4%
solids solution. The wall-forming composition is sprayed
oo and around the blaminate o an Acromatic® Air
Suspeasion Coater.

Then, a 25 mil {0.635 mm) exit odfice 15 mechanically
drilled on the glipizide side of the osmmotic dosage form. The
residual solveat is removed by drying the osmotic system for
48 hours at 50° C. and 50% homidity. The asmotic systems
are dried for 1 hour at 50 * C, to remove excess moisture.
Altached drawing FIG. 4 shows the in vilro release rate
profile for glipizide from the finished osmotic system as
releascd in distilled water The ecor bars represent the
standard deviation added to and subtracted from the mean of
fve osmotic delivery system. An asmotc dosage form
pravided by the invention comprises 11 wt % glipizide,
61.50 wt % hydroxypropyl- cellulose of 60,000 molecular
weight, 27.0 wt % polyvinylpyrrolidone of 40,000 malecu-
lar weight, 0.5% magoesium stearate in (e glipizide com-
pasition; 64.8 wt % sodium carboxymcthylcellulosc of
700,000 molecular weight, 29 wt % sodium chlorde, 5 wt
% bydroxypropylmethylcellulose of 11,200 molecular
weight and 1.0 wt % [lerric oxide, 0.2% magnesium sicarale
in the hydrogel composition; and, 93.0 wt % ccliulose
acetate baving a 39.8% acetyl confent, and 7.0 wt %
polyethylene glycol having 2 3350 molecular weight in the,
semipermeable wall formulation,
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EXAMPLE 2

A dosage form -adapted, designed and shaped as an
osmatic delivery system is menufacatred 13 follows: first, &
glipizide compasition is provided by bleading together into
a homageaeaus blead 478 g of phacmareutically scceptable
polyethylene oxide comprising a 200,000 rolecular weight,
66 g of glipizide and 54 g of pharmaceutically acceptable
hydroxypropylmethylcellulose  comprising a 11,200
molecular weight. Then, 425 ml of desaured anhydrous
ethanal is added slowly with coatiouous mixing over 5
minutes. The freshly prepared wet granulation is screened
through a 20 mesh screen through a 20 wesh screen, dried

10
deviation added to z0d subtracted from the mean of the
dosage form.

EXAMPLE 3

A therapeutic dosage form for administering glipizide is
made as follows: first, 125 mg of glipizide is sizved through
2 No. 40 mesh sieve and dry mixed with 125 mg of sorbital,
100 mg of hydroxypropylmethyicelinlose, 25 mg of micro-
crystalline and 5 mg of sodium chlodide. Ther, the mixture
is bleaded with ethanol jnto 2 uniform, doughy mass. The
resulting dough is passed through & No. 20 mesh sieve to

form damp granules. The gragules arz air dried ovdmzhl.__._____

— 4 room—iemperture—for—t6-hours—and—sgain—sereened

‘through-a 20-mesh-screen. Finally, the screeped granulation

is mixed with 1.5 g of magnesium stearate in a rollermill for
5 mmiautes.

Next, a hydrogel oomposmou is prepared as follows: ﬁrst,

_4125g0ofp

comprising & 7,500,000 molecular weight, 150 g of sodiurn
chloride gnd 6 g of ferric oxide separatcly are screened
through a 40 mesh sereen, Then, il the screened ingredients
are mixed with 30 g of bydroxypropylmethylcslilose com-
pdsing a 11,200 molecular weight lo produce 4 homage-
neous blend. Next, 300 mg of denawred anhydrous alcohol
is added slawly 10 the blend with continuous mixieg for 5
minutes. The freshly prepared wet granulation is passed
through a 20 mesh screen, allowed to dry at room tempera-
mre for 16 hours, and again passed through a 20 mesh
screen, The screcned granulation is mixed with 1.5 g of
magnesium stearate in a rolleroll for 5 mimutes.

Next, the glipizide composition and the hydroge! campo-
sition are compressed into bilaminate tablets. Ficst, 200 mg
of the glipizide is added to 2 0.375 inch (9.5 mm) punch and
tamped, then, 140 mg of the hydrogel composition is added
end the laminae are pressed under 8 pressure head of 2 tons
into a coptacting laminated amrangemeat.

Tben, the bilaminate arangements are coated with

emipermesble wall The wall forming composition com-
prises 93% cellulose acetate having a 39.8% acety! conteat,
and 7% polyethylene glycol having a molecular weight of
3350. The wall-forming compasition is dissolved in an
acetone:water (90:10 wt:wt) cosolvent to make 2 4% solids
solution. The wall forming composition is sprayed onto and
around the bilaminate in an Aeromatic® Air Suspeasion
Coater.

Next, 2 25 rail (0.53S mm) exit passagcway is mechani-
cally drilled through the semipeameable wall to connect the
glipizide drug lamina with the exterior of the dosage system.
The residual solveqt is removed by drying for 48 hours at
50° C. and 50% humidity. Next, the osmotic systerns are
dried for 1 bour at 50° C. to remove excess moisture. The
dosage form produced by this manufacture provides a glip-
izide composition compdsing 11 wt % glipizide, 79.7 wt %
palyethylene oxide of 200,000 molecular weight, § wt %

’ hydmxypropylmahylccllulose of 11,200 molecular weight,
and 0.3 wt % magacsium stearate; a hydrogel composition
comprising 68.8 wt % palyethylene oxide comprising a
7,500,000 molecular weight, 25 wt % sodium chloride, 5 wt
% hydroxypropylmethylcetulose, 1.0 wt % ferric oxide and
0.2 wt % rmagnesium stearate; and & semipermeable wall
comprising 93 wt % cellulose acetate comprising 2 39.8%

acetyl content, and 7.0 wt % polyethylene glycol comprising
a 3350 molecular weight

Accompanylag drawing FIG. 5 depicts the in vitro n:lcasc
rate profile of glipizide relcased from the final dosage form
for four dosage forms. The error bars represent the standard

then re-passed through & No. 20.mesh sieve. Next, the sieve-
comgposition is compressed into a 15 mm oval tablet tooling
&t 2 togs pressuce. The resulting compressed cares coapris-
ing the homogenous glipizide formulation is coated with
ahout 50 mg of a /50 wt % mixture of cellnlose acetate and

water solution. Thea, the coated dosage form is air dried

% overnight, and aa- exit port drilled through the sexmiparme-

63

able wall connecting the exterior of the dosage form with the
glipizide.

EXAMPLE 4

A diffusion-mediated dosage form is prepared as follows:
first 75 mg of glipizide is mixed with SO parts of poly(dim-
ethyisiloxane) and 1 part of silicode ofl, and to this well-
stirred mixture is added Q.15 parts by weight of stannous
actoate curing catalyst, and the mixture igjected into a
poly{ethyleae) tube and cured for 30 minutes. Then, the
cured reservoir is remaved from the paly(ethylenc) tube and
placed inside & ratecontrolling copoly{ethylene-vinyl
acetate) tube and sealed with paly{ustralluacoethylene) plugs
and cyanoacrylate adhesive. The dosage formm!mes glip-
zide cver 24 hours,

. EXAMPLE 5

A biocrodible delivery system is prepared by heating
poly(2.2-dioxo- trans- 1, 4-cyclohexane dimethylane let-
rahydrofuran) to 120° C. 2nd bleading therein glipizide and
dispersed with mixing for § minutes into the bot melt of the
palymer. After cooling to room temperamre, the glipizide-
biocrodable polymer formulation is pressed toto 2 film under
10,000 psi for 5 minutes and placed inside a capsule, and oo
oral adouinistration the dosage form releases glipizide aa

rate controlled over tme.

DISCLOSURE OF A METHOD OF USING THE
INVENTION

The invention pertains further to a2 method for deliveriog
the beacficial drug glipizide orally at a controlled rate 1o 2
warm blooded animal in peed of glipizide therapy by 2
method selected from the group coosisting of osmolic,
diffusion, bioerosion and ion-exchange. Ooe method pro--
vided by the invention comprises the steps of: (A) admitting
into the warm-blooded animal 2 dosage form comprising:
(1) 2 wall'Surrounding 2 compartment, the wall comprising
gt least in pant a scmipermeable polymede composition
permeable to the passage of fluid and substantially imper-
raesble to the passage of glipizide; (2) @ pbarmaccutically
scceptable compasition in the compartment comprsing
abat 20 mg to 730 mg of hypoglycemic glipizide for
performing sa antidiabetic prograny; (3) a bydiugel compo-
sition in the compartmeat compcising a poly(ethylenc) oxide
having a 4,000 to 7,500,000 molecular weight for imbibing
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and absocbing fuid for pushing the glipizide composition
{rom the dosage form; and, (4) at least one passageway in the
wall for rcleasing glipizide; (B) imbibing fluid through the
seoniperracable wall &t a cate determined by the permeability
of the semipermeable wall and the osmotic pressure gradieat
across the scmipermesble wall causing the bydrogel com-
position to cxpand aad swell; and (C) delivering the bea-
cficial glipizide from the dosage form through the exit
passage to the warm blooded animal over a prolonged period
of time 0 produce the desired hypaglycemic effect.

Another dosage form administered zccoding o the

12
Io summary, it will be appreciated that the present inven-
tion cuntributes to the art an unexpected and unforseen
dosage form that possesses the peactical otility for admin-

. istering aqueous insolublc glipizide from g dosage form ata

dose metered release rate per unit time. While the invention
has been described and painted cuc in detail with reference
lo operative emhodiments thereof it will be tnderstood that
those skilled in the art that various changes, modifications,
substitutions and omissions can be made without depacting
from e spirit of the invention. It is inteaded, therefore, that
the invention embrace those equivalents within the scope of

whith fatlow:

W& Tt

ting into 2 patient in need of glipizide thesapy 2. dosage form
g P 2P 2Py ]

CUTITHT i . wall

comprising a2 semipermeable composition permeable to the
passage of fluid and substantially impermeable to the pas-
sage of glipizids; (3) 2 plinizide pharmaceutically aceeptable
composition in the compartrment comprising 2.0 mg to 750
mg of hypoglycemic glipizide for performing an antidiabetic
program; an expandable, push compasition in the compart-
ment comprising a carboxymethylcellulose baving 2 200,
000 (o 1,000,000 molecular weight for imbibing and sbsorb-
ing fluid for pushing the glipizide compositian from the
dosage form; 2ad, (4) at least one passageway io the
seaipermesble causing the expandable composition o
expand aod push the glipizide composition from the dosage
form; and (C) delivering the glipizide &t 2 rate of 10 g to
25 mg per hour over 2 period of 2 to 24 hours from the
dosage form through the exit port to produce the desired
hypoglycemic effect

The glipizide can be administered by administeriog ‘2
dosage form comprising a4 semiperrmeable wall that sur-
rounds 8 comparumen! housing a composition comprising
glipizide and an osmotic effective solute that imbibes fluid
through the semipermeablc wall into the compartment
thereby causing the glipizide ta be pumped through the exit
port at a rate controfled by the dosage form at 10 ag to 25
mg per bour over an extended perod up to 24 bowrs.

The method comprises further admivistering glipizide
from a dosage forn comprising a diffusion-releasing poly-
mer that release glipizide from 2 polymer glipizide matrix or
through 2 polymer from a glipizide reservoir at a diffusion
controlled-rate of administration over ag extzoded time. The
methad comprises also administering glipizide at a bioerod-
able controlled-rate and at an fon-exchange controlled-rate

over ag extended period of time.

s

20

X

1. A method for treating hyperglycemia in a patieat,
wherein the method comprises administering to the patient
a dosage form comprising 2 mg to 750 mg glipizide that is
admiaisicred ai a therapenically effecive dose sf 10ag
25 mg over 24 hours from the dasage form comprising 1 mg
0 300 osmagent aod 2 hydrogel selected from the group
consisting of poly(ethylene oxide) having a 4,000,000 to
8,000,000 molecular weight and a carboxymethylcaliulose
having 1 200,000 to 1,000,000 molecular weight to the
patieat 1o produce the intended effect in the patieat.

2. A method for treating hyperglycemia in 2 patient,
wherein the method comprises administering to the patient
1 dosage form.comprising a composition that comprises 2.0
mg to 750 mg of a glipizide that is administered at & dase of
10 ng to 25 rog per hour over an extended period of 24 hours,
from the compasition that comprises 100 mg to 320 mg of
a poly(ethylene oxide} having a 80,000 to 350,000 molecu-
lar weight and 5 mg to 50 mg of & hydroxypropylmethyl-
cellulose having & 9,200 (0 22,000 molecular weight ta

produce the intended theragy.
3. A method for lowering blood sugar in the treatment of

¥y diabetic patient, which method comprises orally adminis-

tering 1o the patent an ellzclive blood suger lowericg dose
of & compasitioa comprising glipizide and a pharmaccuti-
cally acceptable carrier, which carrier comprises 100 mg o
250 mg of a bydroxypropylmethylectiulose of 40,000 w
80,000 molecular weight and 40 mg to 70 mg of palyvi-
nylpytrolidoae of 30,000 to 70,000 molecular weight, which
blood sugar lowering compasition {5 admuinistered over ime
1o produce the inlended lowering of the blood sugar in the

patieat.
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